
V O L U M E  1 .  N U M B E R  1 . 1 9 6 7

E D IT O R -IN -C H IE F :

S. R. HOLLÁN

E D ITO R :

I. BERNÁT

Editorial Board:

G. A. ALEKSEEV (Moscow)
A. ANDRÉ (Liege)
A. ANTONINI (Rome)
J. ARNAUD (Tours)
G. ASTALDI (Tortona)

I. BARTA (Pécs)
G. BAST (Rostock)
H. BEGEM AN N (München)
E. BENEDEK (Budapest)
J. BERNARD (Paris)
E. BEUTLER (Duarte, California)
H. BRAUNSTEINER (Inns

bruck)
W. DAMESHEK (New York)
E. DEUTSCH (Vienna)
G. DISCOMBE (London)
C.A. FINCH (Seattle, Washington) 
L. GAR BY (Uppsala)
G. GÁRDOS (Budapest)
J. GERGELY (Budapest)
I. GONZÁLEZ-GUZMÁN 

(Mexico City)
F. GRÁF (Budapest)
A. GRAFFI (Berlin)
G. C. de GRUCHY (Melbourne) 
A. HÄSSIG (Bern)
L. HEILMEYER (Freiburg/Br.) 
L. P. HOLLÄNDER (Basel)
J. HOREJSÍ (Prague)

M. HRUBlSKO (Bratislava)
I. A. KASSIRSKY (Moscow)
E. KELEMEN (Budapest)
A. E. KISELEV (Moscow)
E. KOWALSKI (Warsaw)
P. J. LAH (Belgrade)
H. LEHMANN (Cambridge)

J. J. van LOGHEM (Amsterdam) 
G. W. LÖHR (Marburg/Lahn) 
A. E. MOURANT (London)
С. T. NICOLAU (Bucharest)
E. NOVAK (Budapest)
P. A. OWREN (Oslo)
L. A. PÁLOS (Budapest)
K. RÁK (Szeged)
S. RAPOPORT (Berlin)
F. REIMANN (Istanbul)
J. ROSKAM (Liege)
G. RUHENSTROTH-BAUER 

(München)
V. SERAFIMOV-D1M1TROV

(Sofia)
I. SIMONOVITS (Budapest)
J. P. SOULIER (Paris)
S. STEFANOVIÓ (Belgrade)
E. STORTI (Modena)

M. C. VERLOOP (Utrecht)
A. VIDEBAEK (Copenhagen)
S. I. de VRIES (Amsterdam)

AKADÉMIAI KIADÓ
PU BLISHING HOUSE 
OF THE
H U N G A R IA N  ACADEMY 
OF SCIENCES

BUDAPEST

International Quarterly 
of Haematology



H A E M  ATOL OGI  A

Contents

Foreword 3
B e rn a rd , J . :  Remarques sur la tumeur de Burkitt 5
R . H o ltá n , S .,  G . S z e lé n y i ,  J .,  L e h m a n n , H .,  B e a le , D . : A Boston-type haemoglobin M

in Hungary: haemoglobin M Kiskunhalas 11
L e v in , E ., B e u tle r , E . :  Human erythrocyte adenylate kinase 19
S to r t i ,  E ., L u sv a rg h i, E ., G r ig n a ff in i, G . F ., S g a n d u rra , A . :  Biological and clinical sig

nificance of the adrenalin test in haematology 27
H o f e js í ,  J . :  Effect of reduced glutathione on the dissociation curve of haemoglobin.

Possible therapeutic use of glutathione in haemorrhagic shock 35
W a u b k e , R .,  G e r s tm a ir , G ., T rep e l, F .,  P ic h lm a ie r , H . ,  B e g em a n n , H . : Wirkung von 

Röntgen-Ganzkörper- und -Extrakorporal-Bestrahlung auf die Lymphozyten des 
peripheren Blutes 45

Ч ернцова T. А .,  С у с о е в а , В. M .:  Опыт лечения миелобромолом больных хрониче-
ским миелолейкозом 61

P é te r ,  Á . ,  S z a tm á r i ,  É ., R o m h á n y i, J . ,  L e te n y e i ,  K .:  Changes in the myelogram in pan
encephalitis nodosa (Subacute sclerosing leucoencephalitis) 79

Book Reviews 85
Abstracts 88
From the international literature on haematology 96

is a new international quarterly publishing original papers on haematology. It also pro
vides the reader with complex and up-to-date information on both research and clini
cal practice. A General Survey, an Open Forum, Book Reviews, Abstracts of more 
important papers from other periodicals and a Documentation of the well-known and 

the less accessible journals are to serve this purpose.

H a e m a to lo g ia  is published at quarterly intervals, the four issues per year make up a
volume of some 500 pages.

Subscription price : I  12 per volume (per year). Orders may be placed with

K U L T U R A
Trading Company for Books and Newspapers 

Budapest 62. P.O.B. 149

or with its representatives abroad, listed on the verso of the cover.



V O L U M E  1

HAEMATOLOGIA
INTERNATIONAL QUARTERLY OF HAEMATOLOGY

E D I T O R - I N - C H I E F  :

S. R. H O L L Á N

E D I T O R  :

I. B ERNÁT

M E M B E R S  O F  T H E  E D I T O R I A L  B O A R D :

G. A. ALEKSEEV (Moscow) • A. ANDRE (Liege) • A. ANTONINT (Roma) • J. ARNAUD 
(Tours) • G. ASTALDI (Tortona) • I. BARTA (Pécs) • G. BAST (Rostock) • H. BEGE- 
MANN (München) • E. BENEDEK (Budapest) • .1. BERNARD (Paris) • E. BEUTLER 
(Duarte. California) • H. BRAUNSTEINER (Innsbruck) • W. DAMESHEK (New York, 
N. Y.) • E. DEUTSCH (Vienna) • G. DISCOMBE (London) • C. A. FINCH (Seattle 
Washington) • L. GARBY (Uppsala) • G. GÁRDOS (Budapest) • J. GERGELY (Buda
pest) • I. GONZÁLEZ-GUZMÁN (Mexico City) • F. GRÁF (Budapest) • A. GRAFFI 
(Berlin) • G. C. de GRUCHY (Melbourne) • A. HÄSSIG (Bern) • (L. HEIL- 
MEYER (Freiburg/Br.) • L. P. HOLLÄNDER (Basel) • J. HOREJSÍ (Prague) • M. 
HRUBISKO (Bratislava) • I. A. KASSIRSKY (Moscow) • E. KELEMEN (Budapest) 
A. E. KISELEV (Moscow) • E. KOWALSKI (Warsaw) • P. J. LAH (Belgrade) • H. LEH
MANN (Cambridge) • J. J. van LOGHEM (Amsterdam) • G. W. LÖHR (Marburg/ 
Lahn) • A. E. MOURANT (London) • C. T. NICOLAU (Bucharest) • E. NOVÁK 
(Budapest) • P. A. OWREN (Oslo) • L. A. PÁLOS (Budapest) • K. RÁK (Szeged) 
• S. RAPOPORT (Berlin) • F. REIMANN (Istanbul) • J. ROSKAM (Liege) 

G. RUHENSTROTH-BAUER (München) • V. SERAFIMOV-DIMITROV (Sofia) 
I. SIMONOV1TS (Budapest) • J. P. SOULIER (Paris) • S. STEFANOV1Ó (Belgrade) 
E. STORTI (Modena) • M. C. VERLOOP (Utrecht) • A. V1DEBAEK (Copenhagen)

S. I. de VRIES (Amsterdam)

A K A D É M I A I  KI ADÓ
PUBLISHING HOUSE OF THE HUNGARIAN ACADEMY OF SCIENCES

BU DA P ES T 1967





To the Reader

The lively interest aroused by the periodical Haematologia Hungarica 
— although most of its papers were published in Hungarian — induced us to 
develop this journal into an international quarterly. Well-known haematologists 
from 22 countries have kindly contributed to the realization of this object and 
enabled us to present now the first issue of Haemalologia.

It was not our intention to add just one more to the number of haematolog- 
ical journals, a number not negligible in se but still relatively small considering the 
rapid development and growing importance of haematology. It is the aim of 
Haematologia to serve as a forum for the achievements of haematologists carrying 
on research in various countries, thereby paving the way for a closer scientific co
operation.

Beside publishing original papers we also wish to provide our readers with 
complex and up-to-date information on both research and clinical practice. A Gen
eral Survey, an Open Forum, Book Reviews, Abstracts of the more important papers 
from other periodicals and, last but not least, a regular Documentation of the well- 
known and the less accessible periodicals are to serve this purpose.

Entering the respectable family of haematological journals may we ask the 
Reader for support in our endeavour to contribute to the advance of our science.
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Remarques sur la tumeur de Burkitt
EDITORIAL

j . B ernard 

Hőpital Saint-Louis, Paris

(Re?u le 15е juin, 1966)

La tumeur des mächoires est anciennement connue en Afrique Centrale et 
Orientale. Des dessins d’enfants noirs aux visages déformés illustrent les carnets de 
notes des premiers explorateurs, missionnaires ou médecins, qui ä la fin du siede 
dernier décrivirent le royaume millénaire de Bogenda. Mais l’histoire de ces tumeurs 
commence avec les travaux de Burkitt et peut étre partagée en trois périodes:

La période des safaris de Burkitt: En 1962, Denis Burkitt, Chirurgien ä 
Kampala, entreprendplusieurs grandsvoyages. II longe les vertes collines d’Afrique, 
gravit les montagnes du Ruanda-Urundi, parcourt les foréts humides du Tanga
nyika, les savanes, les déserts. II cherche ä préciser la géographie de la tumeur 
particuliere de la mächoire dönt il a on 1958 en Ouganda reconnu la fréquence et 
Poriginalité.

La période suivante est une période de stagnation, de déception, les progrés 
qu’on avait espéré rapides se font attendre. Enfin vient une période de mise au 
point; c’est ä cette mise au point que s’est consacré un récent colloque tenu a 
Kampala.

Ces tumeurs sont en effet trés remarquables par Läge des victimes, par leur 
allure anatomo-clinique, par la géographie. Les enfants sont seuls ou presque 
seuls atteints, surtout les enfants de 5, 6 et 7 ans. La maladie est exceptionnelle 
avant un an, exceptionnelle apres 15 ans. La courbe de fréquence absolue res- 
semble ainsi a celle de la leucémie aigué de l’enfant avec la mérne rareté avantun an, 
le mérne pic dans le seconde enfance, un peu plus tardif pourtant ici que dans la 
leucémie. On compte parmi les malades deux fois plus de garqons que de fiiles. Les 
tumeurs de Burkitt de Fadulte, dönt quelques cas sont connus, ont un double 
intérét, elles frappent des immigrants récents, des personnes qui n’ont pás passé leur 
enfance dans des zones endémiques; elles sont plus viscérales et moins maxillaires 
que les formes de Penfant. Cette autonomie anatomo-clinique de la maladie est 
assurée. Certes, les discussions des cytologistes et des histologistes persistent, 
encore que certains caractéres, la forte basophilie et l’homogénéité du cytoplasme, 
Pabondance des vacuoles, la finesse du réseau nucléaire, l’abondance sur les 
coupes a cőté des cellules tumorales, de grands macrophages chargés de lipides, 
donnent a la tumeur de Burkitt une place assez particuliere parmi les hématosar- 
eomes de la série lymphoi'de. Mais c’est surtout du cőté de la clinique et de Tana-
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6 Bemard: Remarques sur la tumeur de Burkitt

törnie macroscopique que l’individualité de l’affection est manifeste. La maladie de 
Burkitt est un hématosarcome défini par les trois traits suivants: 1. importance et 
précocité des localisations aux mächoires, 2. importance de certaines localisations 
viscérales, surtout ovaires, testicules, Systeme nerveux central, 3. intégrité habi
tuelle de la rate et des ganglions lymphatiques, ce dernier trait étant pour un 
hématosarcome le plus original.

Le trés grand intérét de la tumeur de Burkitt est de servir de modele pour les 
deux problémes fondamentaux des hématosarcomes humains et particulierement 
des leucémies aigués, célúi de l’étiologie, célúi de la physiopathologie et des effets 
du traitement.

Les voyages de Burkitt ont précisé la repartition géographique de la maladie. 
II ne semble pás exister de facteur ethnique, a tout le moins la sarcomatose a été 
observée dans des groupes africains trés divers; les enfants indiens vivant en 
Afrique, les enfants blancs peuvent étre atteints. Les constatations sur lesquelles se 
fonde Burkitt pour imputer la maladie ä des facteurs fournis par Penvironnement ne 
permettent pás cependant d’écarter completement l’intervention de facteurs 
constitutionnels indépendants de la race.

Le röle de deux facteurs d’environnement, la température, l’hygrométrie, a 
été reconnu par les safaris de Burkitt.

La tumeur n’est observée que dans les zones dönt la température moyenne est 
supérieure á 17° C. Elle est fréquente dans la plus grande partié de l’Ouganda, au 
Kenya, au Tanganyika autour des grands lacs. Elle manque completement dans les 
zones montagneusesdel’Ouganda et dans toute l’étendue du Ruanda et de l’Urundi, 
pays montagneux dönt Paltitude dépasse 1600 m. Cette altitude limité va s’abaisser 
avec l’éloignement de l’Equateur. La tumeur connue au Mozambique est inconnue 
dans le Swaziland tout voisin dönt Paltitude n’est que de 600 m. Elle n’est prati- 
quement jamais observée dans Pextréme Sud du continent.

C’est au Nigeria que le role de l’hygrométrie a été le mieux apprécié. Point 
de tumeur dans le Nord désertique du pays, nombreuses tumeurs dans le Sud, la oü 
les pluies sont abondantes. Le role de l’humidité s’explique probablement par 
l’influence qu’elle exerce sur la végétation.

Les enquétes faites par les médecins d’Afrique francophone, particulierement 
par Camain et son école, enquétes rassemblées dans la remarquable these de Melle 
Lambert, ont confirmé ces notions. II est ainsi possible de dessiner autour de 
PAfrique une zone particuliére, la ceinture de Burkitt. Une zone endémique nou- 
velle dans des conditions climatiques comparables a été découverte récemment on 
Nouvelle Guinée. Les cas sporadiques signalés aux Etats-Unis et en Europe ne 
sont pas tous authentiques et demeurent trés peu nombreux. Ainsi le role de la 
température et le role de la végétation paraissent établis. L’intervention d’un 
arthropode vecteur et d’un virus est des lors sérieusement soupqonnée, soupqonnée 
mais non prouvée. On doit cependant noter que la répartition générale de la 
maladie correspond assez bien ä celle de certains anopheles, surtout les anopheles 
Mansoni que les médecins d’Afrique Orientale tiennent actuellement pour un 
vecteur probable.
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Mais les études virologiques piétinent ou paraissent piétiner. Pourtant un 
progrés important est survenu: dans différents laboratoires des lignées de cellules 
de Burkitt ont pu en culture étre obtenues et perpétuées dans des conditions qui 
semblent bonnes. Ces lignées facilitent les recherches virologiques dönt les résultats 
pourtant demeurent encore incertains. Tantőt et le plus souvent, point de virus, 
tantőt trop de virus. Deux sortes de virus ont en effet été isolées: un virus herpétique 
par plusieurs équipes, des rhéo-virus par d’autres. II páráit bien s’agir de virus 
authentiques et non, comme trop souvent dans l’étude des leucémies humaines, de 
débris de plaquettes ou de mycoplasmes. II semble bien que les virus trouvés vien- 
nent de la tumeur de Burkitt. II est plus difficile d’affirmer leur rőle étiologique et 
Ton sait bien que les tissus tumoraux récelent assez souvent des virus innocents ou 
apparemment innocents. L’éloignement géographique, l’insuffisance des équipe- 
ments locaux, d’autres difficultés aussi expliquent peut-etre, pour une part, la 
lenteur des progres. Des efforts trés vigoureux cependant sont envisagés et Ton 
peut raisonnablement espérer des progres dans un avenir pas trop éloigné.

Les effets de la chimiothérapie ont apporté d’autres informations importan
tes. La thérapeutique a en effet été orientée par l’insuffisance des équipements 
locaux. L’Ouganda ne posséde pás de radiothérapie et, fait assez rare en cancéro- 
logie, la tumeur de Burkitt a d’emblée et uniquement été traitée par chimiothé
rapie. Les antimétabolites n’ont pás donné de résultats bien nets. La vincaleuco- 
blastine páráit inefficace, la vincristine n’a pas encore été essayée, la méthylhydra- 
zine n’a été que rarement donnée et sans effet. En fait c’est presque uniquement 
avec la cyclophosphamide que les essais thérapeutiques ont été poursuivis.

La fréquence des remissions est certaine. Dans les deux tiers des cas une 
rémission de bonne qualité est obtenue. Cette remission est souvent trés rapide et 
s’annonce en quelques jours.

Mais le fait le plus notable est la longue durée de certaines rémissions, durée 
et qualité si remarquables que la guérison de ces tumeurs a pu étre envisagée. La 
fréquence des trés longues rémissions ne peut étre évaluée, la surveillance á long 
terme de ces enfants améliorés est en effet trés difficile, mais leur fréquence est 
assurément élevée, de l’ordre de 10 a 15%, beaucoup plus élevée que celle des 
longues rémissions des leucémies aigués. Elles ont généralement été obtenues aprés 
une cure assez courte de cyclophosphamide et sans traitement d’entretien.

Des lors, et c’est Iá l’orientation actuelle probablement la plus féconde des 
recherches consacrées ä la tumeur de Burkitt, [’accent a été mis sur l’intervention 
des mécanismes de défense de l’hőte, sur la réaction de l’höte contre sa tumeur.

Les médecius anglais et africains qui, en Ouganda, au Kenya, au Nigeria, ont, 
avec beaucoup de vigueur, abordé depuis trois ans l’étude de ces problémes, 
ont retrouvé les données établies pour les leucémies aigués par l’école fran- 
qaise dés 1947. 1 Is ont rencontré les memes difficultés. Ils ont étudié, comme 
l’avaient fait les auteurs fran?ais, les effets des transfusions de sang de donneurs 
sains, les effets des transfusions de sang prélevé ä des malades en rémission et 
noté, dans certains cas, des résultats heureux, fonction peut-étre du moment du 
prélévement.

H aem ato log ia  1, 1967



8 Bemard: Remarques sur la tumeur de Burkilt

Le rőle de la posologie et de la durée de la chimiothérapie est probablement 
important. Le traitementappliqué par Burkitt est fort mais court, trés différentdes 
chimiothérapies multiples et prolongées actuellement appliquées autraitement des 
hémopathies malignes communes. Ainsi est renouvelé le débat qui oppose parti
sans de la destruction totale, mathématiques des cellules leucémiques, et partisans 
d’une destruction moins complete, laissant persister non détruits les mécanismes 
de défense de l’hote. II est possible que Burkitt est presque fortuitement trouvé 
d’emblée la dose heureuse, celle qui détruit assez de cellules malignes pour per- 
mettre aux mécanismes personnels de défense respectés d'intervenir efficacement.

Tout récemment, l’application a la maladie de Burkitt de méthodes nouvelles 
(immuno-fluorescence, cytotoxicité) ont permis d’ébaucher la mesure de cet état 
immunologique de l’höte. Klein a pu, ä Stockholm, étudier les effets de sérum pré- 
levé a Nairobi ä des malades atteints de maladie de Burkitt ä differentes périodes 
de Involution sur des cellules de tumeur de Burkitt. Jean Dausset et F. Kourilksy 
ont dans notre laboratoire, en collaboration avec Klein et Madame Klein, entre- 
pris des études comparables. Les premiers résultats sont encourageants. Us doivent 
certes étre interprétés avec prudence. II parait cependant hautement probable que 
le sérum des sujets atteints de maladie de Burkitt contient des anticorps spécifiques 
de la cellule de Burkitt décelés par immuno-fluorescence et que le taux de ces 
anticorps varié avec Tévolution, faible au début, augmentant au moment de la 
rémission, diminuant trés tardivement.

Des lors les questions habituelles se posent: cette réaction immunologique 
est-elle authentique et importante? Si la réponse est affirmative, quelle est sa cible 
vraie, cellulaire ou virale? Existe-t-il une relation entre ces changements immuno- 
logiques et la rémission complete, sa qualité, sa durée? Si eile est heureuse et 
utile, comment fortifier, prolonger cette réponse immunologique? Enfin, les 
méthodes immunologiques peuvent-elles faciliter l’étude épidémiologique de la 
maladie ?

On reconnait lä, presque terme pour terme, les questions qui préoccupent 
actuellement si fortement les leucémologues. Plusieurs laboratoires se consacrant 
auxleucémies appliquent depuis plusieurs années des méthodes identiques mais 
la táche est difficile, plus difficile semble-t-il que pour la tumeur de Burkitt.

Une troisiéme Ieqon a été apportée par ces essais thérapeutique, les aplasies 
provoquées par la chimiothérapie sont remarquablement rares. Les doses données 
par Burkitt sont trés fortes, de l’ordre de 30 á 40 mg par kilo (par voie veineuse une 
fois par semaine) sóit 600 ä 800 mg pour un enfant de 20 kg. La durée du traite- 
ment, et nous l’avons dit, est le plus souvent assez courte, mais les aplasies n’ont 
pratiquement pás été observées et sont en tout cas exceptionnelles. On a proposé 
d’expliquer cette heureuse tolérance par l'hyperactivité latente de la moelle des 
enfants noirs soumis depuis longtemps ä diverses parasitoses anémiantes et avant 
tout au paludisme.

On voit ainsi s’ébaucher une nouvelle chimiothérapie, la chimiothérapie 
géographique qui devra prendre pour theme l’adaptation nécessaire des chimio
thérapies, de leur nature, des posologies, aux groupes humains considérés.
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Bemard: Remarques sur la tumeur de Burkitt 9

Ainsi, en peu d’années, les deux grands problemes que pose l’étude des 
leucémies humaines, célúi des longues rémissions et des principes memes du traite- 
ment, célúi de l’étiologie et du role du virus, se sont trouvés renouvelés et inspires 
par l’étude de la tumeur de Burkitt. 11 est certes possible que l’hypothese virale se 
trouve infirmée, il est possible encore que la tumeur de Burkitt apparaisse comme 
un désordre trés particulier sans signification générale. Mais il est plus raisonnable 
d’escompter et la démonsíration de l’origine virale et la valeur exemplaire de cette 
démonstration.
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A Boston-Type Haemoglobin M in Hungary: 
Haemoglobin M Kiskunhalas

Susan R. H ollán , Judith G. Szelényi, H. Lehmann and D. Beale

Research Institute of Haematology, National Blood Centre, Budapest and 
Abnormal Haemoglobin Research Unit, Department of Biochemistry, Cambridge

(Received August 2, 1966)

An а-chain haemoglobinopathy M was described by us formerly as Hb M 
Kiskunhalas. This anomaly has been now identified by fingerprint analysis as Hb M 
Boston. The relative amount of Hb M showed definite fluctuation when examined at 
different times and there was a change in the Hb M per cent of the patient’s blood 
after a stay under lowered atmospheric pressure.

Congenital cyanosis is the most characteristic symptom of hereditary 
methaemoglobinaemia. Normally, less than two per cent of the total haemoglobin 
is present as methaemoglobin in the erythrocytes. The equilibrium between the 
oxydation of haemoglobin to methaemoglobin and the reduction of the latter to 
haemoglobin may be disturbed either 1. by an enzymatic defect of the methaemo
globin reductase system, or 2. by an abnormality in the molecular structure of the 
globin moiety of the blood pigment.

Hörlein and Weber [1] were the first to describe a family suffering from 
congenital methaemoglobinaemia with unusual spectral characteristics due to an 
abnormality of the globin. The designation of haemoglobin M (Hb M) was sug
gested by Singer in 1955. Since then a number of individuals or families with 
Hb M disease have been described [2—18]. The first report on Hb M Kiskun
halas was presented in 1962, at the 9th Congress of the International Society of 
Haematology and in 1963, at the 9th Congress of the European Society of Haema
tology [19, 20]. Detailed data of this case of Hb M disease are first published 
here.

Case Report

The propositus, M. K., a Hungarian young man, was 19 years old when first 
seen. He was born cyanotic and was mistakenly thought to have congenital heart 
disease. There was a noticeable fluctuation in the degree of cyanosis during all his 
life. He was asymptomatic with the exception of moderate fatigue and dyspnoe on 
strenuous exercise.

There was no history of drug ingestion, and there were no gastrointestinal 
symptoms. On physical examination there was a bluish-gray tinge of the skin, lips 
and nail beds. The lungs were clear. Physical examination, electrocardiograms,
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1 2 Holtán et al.: A Boston-type haemoglobin M  in Hungary

roentgenographic examinations, and the result of heart catheterization failed to 
disclose congenital heart disease. The liver and spleen were not palpable. Treat
ment with ascorbic acid had no effect upon the cyanosis. The haemoglobin level was 
15 g per 100 ml. The red cells numbered 4.4 million, the leukocytes 6200 per 
cubic millimeter. The differential formula and the myelogram were within normal 
limits. The erythrocytes were normochromic and there was no basophilic stippling. 
Thrombocyte count was 250,000 per cubic millimeter. The number of reticulo
cytes was not increased.

The patient’s blood had a chocolate brown colour which was unaffected by 
shaking in the presence of air. Since there was no increase in methaemoglobin, 
haemoglobin M trait was suspected.

Methods

Electrophoresis was carried out in starch-gel and in starch-block at pH 7.1 in 
phosphate buffer, according to Gerald [2].

Absorption spectra were taken in 1/15 M phosphate buffer pH 6.6 using a 
Unicam SP 500 type spectrophotometer.

Hybridization experiments

To one volume of the patient’s Hb (5 — 6 g%), one volume of canine Hb 
(5 — 6 g%) and one volume of 0.5 M acetate buffer, pH 4.7, was added. The 
mixture was dialyzed against the above buffer in a carbon monoxide atmosphere 
at 4° C for 24 hours. The recombination was achieved by a dialysis against Tris- 
buffer, pH 8.8 for 12 hours, in carbon monoxide atmosphere at 4° C [21]. The 
hybrids formed were examined by starch-gel electrophoresis.

Fingerprint analysis

Peptide maps were prepared and the abnormal peptide was separated and 
analyzed by methods previously listed [23].

Results

The oxyhaemoglobin form of the patient’s haemolysate did not differ from 
the normal on paper- and starch-gel electrophoresis at pH 8.6. After oxidizing it to 
methaemoglobin an abnormal fraction could be detected with starch-block and 
starch-gel electrophoresis at pH 7.1. This fraction was characterized by a greyish- 
green colour and decreased cathodic mobility (Fig. 1). Based on its electrophoretic 
behaviour the abnormal fraction could be classified as a variant of the Hb M- 
group.
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The relative amount of Hb M was determined by the two following electro
phoretic methods: 1. the densitometric evaluation of the positive-film made from 
the starch-gel fractions and 2. on the basis of extinction values of the fractions 
isolated by starch-block electrophoresis. The results obtained by the two methods 
were in good agreement (Hb M : 32 and 29 per cent, respectively).

Fig. 1. Starch-gel electrophoretic pattern of oxydized haemoly- 
zates, at pH 7.1 phosphate buffer 7.5 V/cm, three hours pattern 

1 : Hb M disease (present patient). Pattern 2: normal adult

According to the spectrophotometric behaviour of the Hbs M the oxyhaemo- 
globin of the patient’s blood differed only slightly from the normal. In the spectral 
curve of the acid methaemoglobin form of the patient’s haemolysate the usual 
deep absorption minimum at 600 тц [22] was missing, but the absorption curve 
attained the peak at 630 m/t through a flat plateau.

The abnormal spectral absorption curve of the isolated methaemoglobin M 
was even more pronounced. The sharp peak at 630 m/i was completely missing and 
there was a plateau from 580 — 610 m/t (Fig. 2).

Fig. 2. Absorption curves of fractions isolated 
from normal (N) and pathological (P) met
haemoglobin samples by starch-block electro

phoresis

Fig. 3. Changes in absorption of met
haemoglobin M as a function of NaCN 

added
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The absorption spectrum of the cyanmethaemoglobin form of the isolated 
Hb M differed from that of the normal, even after the addition of a large amount 
of NaCN (Fig. 3).

In our hybridization experiments, in addition to the fractions expected, a 
new fraction could be detected near the zone ott ß^m- On the basis of its mobility 
this fraction corresponds to a f  ß%m (Fig. 4). This was indicated also by the 
greyish-green colour of this zone. These results proved that the anomaly resides in 
the a chain. This was also confirmed by hybridizing the abnormal haemoglobin 
with Hb S.

Fig. 4. Starch-gel electrophoretic pattern of fractions obtained by 
hybridization with canine Hb, at pH 8.8. Tris buffer 9.5 V/cm, 

4 /2 hours

The peptide map of the abnormal haemoglobin showed that the histidine 
containing peptide a Tp VII was missing (Fig. 5). This peptide is known to consist 
of residues 57 — 60 of the a chain. The faint spot normally representing the peptide 
a Tp VII — VIII was also missing. A new tyrosine containing peptide was seen near 
to the position of a Tp III. This new peptide had an electrophoretic mobility of
0.56 (compared with lysine =  1.00) at pH 6.4 and gave a transient yellow colour 
with ninhydrin. A very faint additional tyrosine positive spot was also found near 
to the position of ß Tp VII. These observations suggested that the residue at tx 58 
was tyrosine instead of histidine.

Amino acid analysis of the new peptide (electrophoretic mobility = 0.56) 
and a Tp VII from Hb A confirmed the His-Tyr mutation (Table 1). Hb M 
Kiskunhalas is, therefore aj8 H,s-Tyr ß., and this is the formula reported for Hb M 
Boston.
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Table 1
Amino acid analysis of a Tp VII from Haemoglobin A 

and the abnormal peptide from Haemoglobin M Hungary

“T pV II A b n o rm a l peptide

/і moles m o lar
ra t io

ц m oles m olar
ra tio

Gly 0.143 2.1 0.047 2.0
Tyr 0.000 0 0.018 0.8
Lys 0.068 1.0 0.023 1.0
His 0.061 0.9 0.003 0.1

Most variants of Hb M disease observed so far were dominantly inherited 
heterozygote anomalies. Since either in the ascending or in the collateral line of the 
patient’s family it was not possible to detect any Hb abnormality, it may be as
sumed that the occurrence of Hb M in our patient is due to a new mutation. 
Illegitimacy, however, cannot be ruled out.

As it was mentioned above the degree of cyanosis in the patient varied several 
times during his life and during our observations as well. The Hb M content of 
the patient’s blood studied at various periods fluctuated between 25 and 32 per 
cent. However, estimations made simultaneously by various methods corresponded 
well (Table 2).

Table 2
Haemoglobin M values, as determined by different methods 

at the same point of time

S tarch  gel S ta rc h  block
M eth o d elec tropho resis e lec tropho re sis

per cent p e r  cent

Jan. 23 32 29Date A tr, April 10 26 25

Max. deviation 
from mean ±2.5 ±4.5

We have also studied the circulatory and haematologic adjustment of our 
patient to a moderate degree of hypoxia as produced by ascent to an altitude of 
4000 meters in a low pressure chamber. After a stay of 30 minutes under lowered 
atmospheric pressure (480 Hgmm) there were no significant changes in the blood 
count, reticulocyte count and oxygen saturation of the patient’s blood. Physical 
examination and electrocardiograms showed an excellent circulatory adjustment. 
The Hb M content of the patient’s blood was 26 per cent before and increased to 
31 per cent after the experiment. The normal deviation from mean being +2.5 per 
cent.
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Discussion

The paramount importance of Hbs M lies in the fact that they have the only 
known alterations of amino acid sequence that lead directly to an interference with 
the molecular function. Several types of Hbs M have been decribed so far. Some of 
these, although originally thought to be different, have been shown by chemical 
studies to be identical:
Hb M Saskatoon = Hb M Emory = Hb M Kurume =  Hb M Radom =
= Hb M Chicago = ct$ ß f  Tyr
Hb M Boston = Hb Norin = Hb Gothenburg = o<28Tyr 
Hb M Iwate = Hb Kankakee = a87Tyr ß£
Hb M Hyde-Рагк = ß f TyT

Our case represents a Boston-type Hb M (af8 Hls-Tyr ß§) with а partic
ularly interesting characteristic that the degree of cyanosis often changed in the 
patient’s life, and the relative amount of Hb M showed definite fluctuation when 
examined at different times. There was a change also in the Hb M per cent of the 
patient’s blood after a stay under lowered atmospheric pressure.

In hereditary methaemoglobinaemia caused by a deficiency of the methae- 
moglobin-reductase system, the degree of cyanosis, that is the methaemoglobin 
content of blood, changes periodically according to the season or to nutrition. These 
fluctuations reflect probably the changes of vitamin C-uptake. In Hb M disease, 
similar to the other haemoglobinopaihies, the changes of the relative amount of the 
abnormal pigment have not yet been described. It is assumed that not only the 
structure but also the rate of synthesis, and thus the relative amount of normal 
Hbs are genetically determined.

The ratio of normal and abnormal Hbs depends obviously not only on their 
rates of synthesis. All data obtained so far refer to the erythrocytes of the periph
eral blood, and do not consider the whole erythron, that is the sum of the 
erythropoietic cells in the bone marrow and of the extravascular and the circulating 
erythrocytes.

Mature red blood cells do not synthetize Hb and thus the ratio of normal and 
abnormal Hbs presumably does not change in the circulating mature erythrocytes. 
But we have no knowledge yet of the differentiation of the stem cells, of their 
maturation time or of the release of mature elements into the blood stream in this 
anomaly. Neither is it known as yet whether Hb A and Hb M are synthetized 
by the same red cell population. A better insight into the above factors is indis
pensable for the drawing of definite conclusions from the fluctuation of the rela
tive amount of Hb M in our patient’s blood.
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Human Erythrocyte Adenylate Kinase *

E. Levin and E. Beutler

Department of Medicine, City of Hope Medical Center, Duarte, California 

(Received October 12,1966)

A rapid, accurate quantitative method for measuring adenylate kinase activity 
(ATP +  A M P -*2A D P ) in the soluble fraction of erythrocytes is described. The 
reaction is coupled to the oxidation of DPNH so that it may be followed spectrophoto- 
metrically. The conditions and requirements of the reaction, including substrate- 
velocity relationship, and pH optimum are described. Normal values are recorded 
and preliminary data bearing on activity in disease states are recorded.

Erythrocyte adenylate kinase catalyzes the reaction ATP + AMP i^A D P . 
This enzyme is of potential importance in the biosynthesis and degradation of 
ATP. Its presence in the red blood cell has been demonstrated [1, 2, 3]. The 
methods used in the past have been chromatographic [1, 2] or have involved the 
hexokinase reaction to measure the production of ATP [1]. No data are available 
regarding the activity of this enzyme in the normal individual and in disease states, 
nor have the kinetic properties of the enzyme and its stability under storage con
ditions been investigated.

We have developed a method for the determination of adenylate kinase in 
which the reaction of AMP + ATP ^  ADP is coupled to the oxidation of DPNH.

The assay is based upon the method for measurement of ADP as described 
by Adam [4]. The substrate concentration and quantity of pyruvate kinase and 
lactic dehydrogenase have been adjusted so that the amount of erythrocyte adeny
late kinase is the limiting factor. The reactions used can be summarized in three 
equations:

A K ,  M g +  +

1. Adenylic kinase reaction: AMP + ATP rt. 2 ADP
P K .  M g +  +

2. Auxiliary reaction: 2 ADP + 2 Phosphoenolpyruvate < > ATP +
2 Pyruvate

J LDH
3. Indicator reaction: 2 Pyruvate +  2 DPNH ^____ 2 Lactate + 2 DPN.

* This investigation was supported, in part, by Public Health Service Research Grant 
HE-07449.

The following abbreviations are used: ATP =  adenosine triphosphate, AMP =  aden
osine monophosphate, ADP =  adenosine diphosphate, DPN =  diphosphopyridine nucleo
tide (NAD), DPNH =  diphosphopyridine nucleotide, reduced form (NADH), AK =  ade
nylate kinase, PK =  pyruvate kinase, LDH =  lactic dehydrogenase, SFH =  stroma-free 
hemolysate.
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The equilibrium of reactions 2 and 3 is sufficiently far to the right to 
overcome the ADP dismutation and to reduce virtually all of the pyruvate that is 
formed.

M aterials and Methods

Preparation o f stock solutions: The following chemicals were obtained from 
Sigma Chemical Company. In some assays, DPNH from Boehringer was utilized.

1. Adenosine monophosphate, 22.5 //moles/ml. The concentration of this 
solution may be verified both by its optical density at 258 nip and enzymatically by 
the method of Adam [4]. This solution is stable at 4° C.

2. Disodium ATP. 22.5 //moles/ml of 0.04 M Tris borate buffer, pH 9.2. This 
solution has a final pH of 7.55 and is quite stable when frozen. The concentration 
of this solution was verified by its optical density at 258 m// and contamination 
with AMP and ATP was found to be negligible when the solution was assayed 
enzymatically for these compounds [4].

3. Disodium DPNH 45 //moles/ml triethanolamine buffer 0.05 M, pH 7.5.
4. Tricyclohexylammonium phosphoenolpyruvate 43 //moles/ml of 0.05 M 

triethanolamine buffer, pH 7.5.
5. Magnesium sulfate 0.245 M.
6. Potassium chloride 2 M.
7. Triethanolamine buffers 0.05 M, pH 7.5 and 6.9.
Substrate mixture: 270 p\ of the substrate mixture contained the following:

0.1 ml ATP (2.25 /nnole); 0.02 ml DPNH (0.9 /(mole); 0.05 ml phosphoenolpyru
vate (1.72 //mole); 0.04 ml MgSO( (9.8 /(mole); 0.07 ml KCI (140 //mole). A suitable 
multiple of the above individual volumes may be mixed, and stored in frozen 
aliquots suitable for a single day’s work. Care must be taken that the final pH of 
the reaction mixture is between 7.5 and 7.6. The frozen mixture is stable for at least 
one week.

A uxiliary enzymes:

Lactic dehydrogenase (0.1 mg protein/ml). Dilute 0.01 ml crystalline suspen
sion (Type II, Sigma), (10 mg protein/ml) to 1 ml with 2.2 M ammonium sulfate 
solution. This dilute preparation of enzyme is unstable and must be prepared each 
day.

Pyruvate kinase (0.5 mg protein/ml). Dilute 0.1 ml crystalline suspension 
(crystalline from rabbit muscle, Type II, Sigma) (5 mg protein/ml) to 1 ml with 
2.2 M ammonium sulfate solution.

Hemolysate: Unless otherwise stated, blood was collected into ethylene 
diaminetetraacetic acid (EDTA), 1 mg/ml blood. Hemolysates were prepared 
within three hours after collection of blood. One cc of blood was washed with 10 
volumes of cold isotonic saline and the buffy coat was removed by aspiration. 
Packed cells were diluted 1 : 30 with triethanolamine buffer, pH 7.5, and the cells 
were lysed by freezing and thawing the suspension two times. The hemolysate was
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then centrifuged at 4° C, 24,000 g for 45 minutes. The stroma-free hemolysate 
(SFH) was aspirated and used for assay. Assay was carried out 120 minutes after 
the SFH was removed from the centrifuge.

Procedure: The following were pipetted into each of two cuvettes:

2 ml triethanolamine buffer, pH 6.9
0.27 ml substrate mixture
0.02 ml lactic dehydrogenase suspension
0.02 ml pyruvate kinase suspension

Sufficient SFH (0.015 — 0.02 ml) was added to the test cell so that the optical 
density at 540 pm was between 0.06 and 0.085. The O.D.540 is proportional to the 
hemoglobin concentration and is, therefore, a measure of the quantity of red 
cells assayed. The reaction was started by adding 0.1 ml AMP solution to the 
test cuvette. The contents of the cell were mixed rapidly. Spectrophotometric 
measurements were made at a wave length of 340 m/i with a light path of 1 cm, at a 
temperature of 30° C. After an initial lag period of about one-half minute, the 
reaction rate is linear. The enzyme activity is expressed as Д O.D.310/minute/
O.D.540. One international unit, the quantity of enzyme which will transform 1 
pmole of substrate/minute/mg Hb is obtained by multiplying these units by 0.148.

Results and Discussion

I. Conditions affecting enzyme activity o f the hemolysate

A) Anticoagulation and storage stability. Blood collected in EDTA, ACD. 
and heparin gave similar results when the assay was carried out with fresh blood, 
The enzyme activity remained unaltered for at least three months when blood was 
collected in ACD. Similar results have been reported by Tatibana et al. [5].

Fig. 1. The relationship between the total concentration of 
adenine nucleotide and the velocity of the reaction. The 
open and closed symbols represent data obtained with 
different SFH on different days. Assay system as given in 
text except that DPNH content of system was 0.45 pmole
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B) Washing. SFH from unwashed red cells gave results similar to those from 
washed cells except in the samples from patients with chronic myelogenous leu
kemia or myelofibrosis with increased peripheral white blood counts. In the latter 
instances the activity of the unwashed sample was lower than that of the washed 
sample. (Cerletti [2] has found no adenylate kinase activity in the white cells.)

C) The effect o f centrifugation o f the hemolysate. Enzyme assays carried out 
on uncentrifuged red cell hemolysates gave results which were non-linear with 
dilution. These suggested that an inhibitor was present. High speed centrifugation 
of the hemolysate, as described under Methods, appeared to remove this inhibitor, 
and linear results were obtained.

D) Variation in activity o f the SFH as a function o f time. During the study 
of the reproducibility of the method, it was noted that there were fluctuations in the 
activity of the SFH for two hours following removal of the SFH from the centri
fuge. After this period, enzyme activity was identical to that found immediately 
after centrifugation, and enzyme activity remained stable for at least 24 hours.

II. Conditions and requirements o f the reaction

A) Substrate-velocity relationship
1. Nucleotide concentration: Fig. 2 demonstrates the relationship between 

the initial linear velocity of the reaction and the total nucleotide (AMP + ATP) 
concentration. For the assay, equimolar concentrations of AMP and ATP were 
chosen so that the total adenine nucleotide concentration in the reaction mixture 
would be equivalent to the mid-point of the plateau depicted in Fig. 2. The final 
nucleotide concentration was 1.9 /tmole/ml.

Fig. 2. The relationship between the initial linear velocity 
and the concentration of DPNH. Assay as given in text

2. DP NH: The effect of DPNH concentration on the initial linear velocity 
of the reaction is depicted in Fig. 3. The DPNH concentration utilized in the final 
standard assay was chosen from a point on the plateau of the curve. The final 
concentration of DPNH was 0.37 /tmole/ml.

3. Phosphoenolpyruvate: Varying the final concentration of phosphoenol- 
pyruvate from 0.36 /tmole/ml to 1.44 /tmole/ml did not affect the initial linear
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velocity. The value midway between, 0.70 /imole/ml, was chosen for the standard
assay.

4. Magnesium: Magnesium is necessary for the reaction and the final con
centration of 4.05 jumole/ml slows the initial velocity by only 2 / 2 У0  in either case.

5. Potassium was found to be inhibitory at very high concentration (118 
/шюіе/ml) and, in fact, in some hemolysates tested, the concentration used (59 
pmole/ml) slows the initial linear velocity by 9%. However, since potassium 
is necessary for the pyruvate kinase reaction and since we were unable to determine 
if its concentration in some of the hemolysates might be marginal, it was decided to 
add the ion in a final concentration of 59 /imole/ml.

Fig. 3. The relationship between pH and the maximal veloci
ty of reaction. The solid line indicates the pH of the buffer; 
the dotted line indicates the final measured pH of the reac
tion mixture. Conditions of the assay as given in the text

6. Auxiliary enzymes: a) Lactic dehydrogenase: the conditions of the assay 
require an excess of exogenous lactic dehydrogenase. Doubling the amount of 
lactic dehydrogenase which is used in the standard assay does not affect the initial 
linear velocity of the reaction, b) Pyruvate kinase: an excess of exogenous pyruvate 
kinase is also needed in the system, and doubling the amount used in the standard 
assay does not influence the initial linear rate.

B) pH

The reaction has a narrow pH optimum between 7.0 and 7.2. In order to 
insure the stability of the substrates during their storage, it is necessary to buffer 
them strongly at pH 7.5 with the Tris borate buffer. In order to adjust the pH of the 
final reaction mixture to a pH of 7.0 —7.2, it was necessary to use a triethanolamine 
buffer, pH 6.9, in the reaction system. This relationship and the relationship 
between the final pH of the incubation mixture gave the initial linear velocity as 
shown graphically in Fig. 3.
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C) Linearity o f the reaction

The relationship between the amount of enzyme used and the initial linear 
velocity is demonstrated in Fig. 4.

111. Reproducibility

Six replicate determinations were carried out on one normal subject. These 
gave an average value of 2.483 with a standard deviation of 0.055 units of activity. 
Eight replicate determinations on the blood of another subject gave an average 
value of 2.434 with a standard deviation of 0.056 units of activity.

ІѴ. Normal values

Twenty-two normal subjects were found to have an average enzyme activity 
of 2.526 with a standard deviation of 0.329 units of enzyme activity.

V. Disease slates

Two patients with hemolytic disease, one a patient with paroxysmal nocturnal 
hemiglobinuria with a reticulocyte count of 12.5% and one a patient with auto
immune hemolytic disease with a reticulocyte count of 6%, had values which fell 
into a normal range. One patient with acute leukemia, one patient with iron defi
ciency anemia, and one patient with acute intermittent porphyria have been tested. 
Their values were within the normal range.
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The behaviour of the leukocyte resistance tests, before and after the injection 
of adrenalin, was studied in normal and splenectomized subjects. It can be concluded 
that: a) the early leukocytosis (after 20') is particularly due to the “emptying-out” 
of cellular elements from the storage organs; the tardy leukocytosis (after 3 hours) 
is exclusively due to the haemodynamic variations of the peripheral circulation; 
b) the adrenalin test is not useful in obtaining information regarding bone marrow 
function.

The adrenalin test is used in clinical practice both in haematology and in 
endocrinology.

In the former case, this test is founded upon the immediate effect of the drug 
(preadrenocortical effect), consisting primarily in pancytosis. In the normal subject, 
the moment when this pancytosis appears and its degree depend upon the quantity 
of the drug and the mode of administration. Following a still very common opinion, 
if the test is carried out with the standard technique (1 mg of adrenalin hydrochlo
ride l°/oo, subcutaneously or i. m.) the degree and the quality of the response to 
the drug (particularly and in practice the leukocytosis, which is more remarkable 
and controllable than erythrocytosis and thrombocytosis) should supply informa
tion about the functional conditions of the spleen and bone marrow.

In the latter case, the test is founded upon the tardy effect of the drug 
(adrenocortical effect) i.e. upon the decrease of the absolute value of the eosin
ophils in the blood stream (Recant, Forsham and Thorn’s adrenalin test [22]).

Our research is limited to the preadrenocortical effect of the drug, i.e. to 
the “common adrenalin test”, which is expected to shed light on the functional 
activity of the spleen and bone marrow (Doan et al. [9], Chatterjea et al. [7]). But 
before setting forth the data obtained from our experiments, which have been 
carried out by means of the osmotic and mechanical resistance tests in normal 
subjects and in splenectomized ones (due to trauma or therapy), we will briefly 
review the latest principal contributions to this subject.

Bierman et al. [5, 6] published the striking results of their researches in 
man on the effects of adrenalin in the pulmonary and splenic circulations. These 
authors noted the appearance of leukocytosis and thrombocytosis in the arterial 
blood 30" — 60" after the beginning of the administration of the drug (0.1—0.3 mg
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intravenously). The leukocytosis in the venous blood appeared 30"— 120" after the 
arterial one. Therefore, it is obvious that the above-mentioned haematological 
variations originate primarily from the pulmonary circulation which, therefore, 
must be looked upon as a remarkable storage organ of leukocytes and thrombo
cytes. Adrenalin (0.2 —0.3 mg) injected into the human splenic artery gives rise to 
leukocytosis (which will be primarily granulocytic) in the arterial blood 30" — 60" 
after the beginning of the injection, while in the hepatic veins and in the pulmonary 
artery it appears only 2' —3 'later. It is therefore clear — say Bierman et al. [5] — 
that this leukocytosis originates immediately from the lung and then from the 
spleen and other portal organs which are the leukocyte storage depots of the body.

At about the same time, Chatterjea, Dameshek and Stefanini [7] state that 
the response to adrenalin is essentially alike in the normal and in the splenecto- 
mized subjects, and that leukocytosis consists only of mature v/hite blood elements 
of the myeloid and lymphatic series; furthermore, they maintain that in the 
cytopenia due to hypersplenism (with blockage of the marrow) or hypoplasia, 
there is always a close relationship between the response to adrenalin and the 
functionality of the bone marrow, though they attach no diagnostic value to the test 
in any clinical state, as it shows only indirectly the functionality of the marrowand the 
condition of the leukocyte storage organs. Shortly thereafter, Hamilton and Horvath 
[14, 15] experimentally studied the phenomenon in the dog and they sustained the 
pulmonary, hepatic and splenic origin of leukocytosis induced by adrenalin, and 
excluded the mechanism of the intravascular variation in the systemic circulation.

The latest contributions to the significance of the adrenalin test were given 
by Scaltrini and Confalonieri [23], Grifoni et al. [12], Athens et al. [1] and Fieschi 
and Sacchetti [10]. But while the former workers (Scaltrini and Grifoni) just 
studied the problem in its individual stages, stating that after 30' the leukocytosis 
appears due to the “emptying-out” of the primary storage organs (lungs, spleen 
and liver) and that 3 hours later the increase in leukocytes is to be regarded as due 
to the “emptying-out” of the secondary storage organs (bone marrow), Athens 
et al. [1], Fieschi and Sacchetti [10] may have definitely solved the problem by 
studying the leukocyte dynamics by means of DFP32. They have shown that 
neutrophilic leukocytosis by adrenalin and norepinephrine has no clinical signif
icance since it is secondary to a leukocyte shift from the marginated pool (i.e. the 
passage into circulation of the white blood cells lining the vascular bed). As men
tioned in the above review, though it is incomplete, the biological and clinical sig
nificance of the adrenalin test is not yet completely defined. On the contrary, beside 
some authors supporting its clinical value, and limiting the mechanism of leukocy
tosis to a mere splenocontraction, there are some workers attaching little interest to 
the test, since they believe that splenic participation in the increase of white blood 
cells is insignificant or at most scanty.

As we look upon the theory regarding the spleen “ as the single organ” re
sponsible for haematological variations as an old-fashioned concept, there is still to 
inquire as to whether the leukocytosis following the administration of adrenalin is 
caused by a mere “ shifting” of the white cells from the depots in the body (lungs.
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spleen and liver) or by direct stimulation of the bone marrow. In order to solve this 
problem, we have observed the behaviour of the osmotic and mechanical resistance 
tests during adrenalin administration both in normal subjects and in subjects 
splenectomized because of trauma or therapy. We have put together this study to 
confirm previous researches to observe the particular behaviour of leukocytic 
resistances in the splenectomized subject.

The osmotic and mechanical resistance tests, which were applied both in biol
ogy and in clinical medicine by Storti and Pederzini [29] and by Storti, Bellesia 
and Lusvarghi [25], are tests of leukocyte functionality showing a constant beha
viour under normal conditions, while they may undergo important and charac
teristic alterations under experimental and clinical conditions [19, 26,28,30]. 
Therefore, in splenectomized subjects, it was noted that even after eight years, the 
leukocytic resistances, both of poly- and mononucleates, have highly increased as 
compared with normal values, so that this phenomenon becomes constantly asso
ciated with the splenectomized individual [27].

Furthermore, it has been shown that the value of the osmotic resistance of 
a given leukocyte population under examination is proportional to its age, which 
means that the leukocytic resistance of the myeloblast is higher than that of the 
younger granulocyte, and the resistance of the granulocyte with fewer segments is 
higher than that of the older granulocyte [2,3,18]. For instance, the degree of 
leukocytic resistance in a subject with a leukemoid reaction (Arneth’s scheme shifted 
to the left) is higher as compared with the norme, and much higher than in a patient 
suffering from Addison’s anemia (Arneth’s scheme shifted to the right [2]).

It, therefore, follows that by determining the leukocytic resistances (L. R.) 
before and after the injection of adrenalin, we are able to conclude from the 
variations in L. R. as to whether the leukocytosis consists mostly of young cells 
(increased resistance), mostly of older cells (decreased resistance), or simply of ma
ture elements (unchanged resistance). In the first variation, the change could have 
been caused by a direct stimulation of the bone marrow, in the second one, by an 
“ emptying-out” of the storage organs, and in the third, by a simple mechanical 
variation of the blood flow.

M aterials and Methods

Our research has been carried out in 24 healthy subjects, 20 to 40 years of age, 
and in 8 subjects splenectomized 5 months to 8 years previously because of trau
matic (7 cases) or therapeutic (1 case) reasons. The adrenalin test was carried out in 
the standard manner: 1 mg of adrenalin hydrochloride (l°/00) injected s. c. and 
haematological controls before and after 20' (that is when the highest leukocytosis 
appears); ten subjects were also controlled after three hours. The methods of 
osmotic and mechanical leukocyte resistances performed contemporaneously with 
the haematological controls, are those of Storti and Pederzini [29], and of Storti, 
Bellesia and Lusvarghi [25]. The osmotic leukocyte resistance test consists in plac
ing the white blood cells in a hypotonic solution (0.20% NaCl), while the mechan
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ical leukocyte resistance test consists in subjecting the leukocytes to a continuous 
mechanical trauma in order to exceed their physical resistance threshold. For 
further details regarding the above two tests, please refer to the original papers.

Results

Figs 1, 2 and 3 show the variations of the leukocyte counts, and the average 
values of the leukocytic resistance index (L. R. I.) of the polynucleates (neutrophils,

О  Absolute number of poly- or mononucleates 
Index of leukocytic mechanical resistance 

□  Index of leukocytic osmotic resistance

Fig. 1. Absolute numbers and indices of mechanical and osmotic resistances of white blood 
cells (poly- and mononucleates) before and after 20' from the injection of adrenalin (1 mg 

s. c.). Average values on 24 normal subjects

Table 1

Statistical analysis of our results, expressed

average

M echan ical

po lynuc lea tes 

! S. D. P

Before injection of adrenalin 10.106 1.19
Normal subjects 0 .02—0.01

(24 cases) After 20' 11.266 1.02

\ Before injection of adrenalin 8.903 0.68
Splenectomized 0 .01—0.001

subjects (8 cases) | After 2o' 10.441 0.51

Normal subjects Before injection of adrenalin 10.232 1.24
(10 cases) . 0.90—0.80

After 3 hours 10.556 I 2.45 1
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eosinophils and basophils) and of the mononucleates (lymphocytes and monocytes), 
before and after the injection of adrenalin in the three groups of subjects under 
examination.

Fig. 2. Absolute numbers and indices of mechanical and osmotic resistances of the white 
blood cells (poly- and mononucleates) before and after 20' from the injection of adrenalin 

(1 mg s. c.). Average values on 8 splenectomized subjects

Table 1 shows the statistical analysis of the collected experimental data.

as leukocyte resistance indices in cm2

r e s i s t a n c e O s m o t i c r e s i s t a n c e

m o n o n u c l e a t e s p o l y n u c l e a t e s m o n o n u c l e a t e s

a v e r a g e S. D. p a v e r a g e S. D . P a v e r a g e S. D. P

8 . 0 0 7 1 . 6 2

0 . 2 0 — 0 . 1 0

1 8 . 0 2 9 1 . 5 4

0 . 01— 0.001
1 2 . 6 9 7 2 . 1 0

0 . 0 2 — 0 . 0 1

9 . 0 9 7 2 . 0 6 2 1 . 0 4 3 2 . 0 8 1 5 . 6 4 1 2 . 3 9

6 . 0 4 1 1 . 5 1

0 . 1 0 — 0 . 0 5

1 4 . 1 6 5 1 . 2 5

0 . 01— 0.001
8 . 1 8 3 1 . 0 6

0 . 0 1 — 0 . 0 0 1

8 . 2 6 2 1 . 7 6 1 7 . 0 6 8 1 . 3 7 1 0 . 8 5 8 1 . 8 4

8 . 5 8 3 1 . 4 8

0 . 9 0 — 0 . 8 0

1 8 . 4 7 4 1 . 6 3

0 . 7 0 — 0 . 6 0

1 3 . 3 9 6 1 . 7 1

0 . 4 0 — 0 . 3 0

8 . 3 4 5 1 . 3 1 1 7 . 9 8 7 2 . 1 2 1 4 . 6 3 0 2 . 2 1
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Fig. 3. Absolute numbers and indices of mechanical and osmotic resistances of the white 
blood cells (poly- and mononucleates) before and after 3 hours from the injection of adrenalin 

(1 mg s. c.). Average values on 10 normal subjects

Discussion

The following points are brought into focus by our experimental data:
1. A considerable decrease of the osmotic and mechanical resistances of 

human polynuclear cells in the peripheral blood was observed both in the normal 
and in the splenectomized subjects 20 minutes after the subcutaneous injection of 
1 mg of adrenalin hydrochloride.

2. The mechanical resistance of the mononuclear cells (lymphocytes and 
monocytes) is not remarkably affected by the adrenalin stimulus, while the osmotic 
resistance of these elements is significantly decreased.

3. Three hours after the injection of adrenalin, there was a significant vari
ation in the osmotic and mechanical resistances of the mono- and polynuclear cells.

4. The adrenalin induced leukocytosis is identical both in the normal and 
in the splenectomized subjects.

The conclusions are very clear:
a) The early neutrophil leukocytosis (appearing after 20') induced by adre

nalin may be looked upon as the expression of the “emptying-out” of the W. В. C. 
from the storage organs (lungs, spleen and liver); the decreasing leukocyte resis
tance signifies the entrance into circulation of older, “enfeebled” elements, 
which probably originate from the above-mentioned storage organs [19, 26].

b) The mononuclear components (lymphocytes and monocytes) are prob
ably composed of elements derived from the “emptying-out” of the storage organs 
and by the entrance into circulation of younger forms from the lymphatic duct, 
since the osmotic resistance is decreased and themechanicalone remains unchanged.
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c) Since the statistical analysis of our data does not show any significant 
variation of the mechanical and osmotic leukocytic resistances, the modest leuko
cytosis which appears 3 hours after the injection of adrenalin, may be interpreted 
as a cellular shift from the marginated into the circulating pool caused by haemody
namic variations of blood flow.

d) If we bear in mind that the early leukocytosis is particularly due to the 
“emptying-out” of cellular elements from the storage organs, we can easily under
stand the identical behaviour to the adrenalin stimulus of the normal and of the 
splenectomized subjects.

We confirm, therefore, the previous researches of Bierman et al. [5, 6], 
Hamilton and Horvath [14, 15], Athens et al. [1], Fieschi et al. [10] concluding, 
from a biological wievpoint, that the early leukocytosis is due to “demargination” 
(that is, above all, from the “emptying-out” of the storage organs: lungs, liver and 
spleen); the tardy leukocytosis is, therefore, exclusively due to the haemodynamic 
variations of the peripheral circulation, without the participation of any storage 
organs. From a clinical viewpoint, we agree with the past researches of Kreuter [16], 
Schenk [24], Yang [31, 32], Benhamou [4], Patek and Daland [21], Chatterjea, 
Dameshek and Stefanini [7], Mrkos et al. [20], Lucia et al. [17], De Franciscis and 
Polosa [8], Garrey et al. [11], Groisser et al. [13] regarding the identical behaviour 
of the adrenalin test in the normal and in the splenectomized subjects, and we 
furthermore agree with Athens et al. [1], Fieschi and Sacchetti [10], that this test 
is not useful in obtaining information regarding bone marrow function. We limit, 
therefore, the applicability of this test to the semeiological practice of obtaining 
direct information regarding the contractility of the spleen, and in obtaining indi
rect general knowledge about the histo-anatomical structure of this organ.
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Effect of Reduced Glutathione 
on the Dissociation Curve of Haemoglobin

Possible Therapeutic Use of Glutathione in Haemorrhagic Shock

J. H orejsí

Institute of Haematology and Blood Transfusion, Prague, Czechoslovakia

(1) Glutathione influences both the shape and the situation of the dissociation 
curve of oxyhaemoglobin. A higher concentration of reduced glutathione in blood 
causes a shift of the dissociation curve to the right (the Hill’s constant is decreased).

(2) Both the shape and the situation of the dissociation curve may be influenced, 
in vitro, either by the addition of reduced glutathione or by the blockade of sulfhydryl 
groups (e.g., by mercury compounds).

(3) A shift of the dissociation curve to the right improves the conditions for 
supplying oxygen to the tissues since, under conditions otherwise identical, a given 
amount of blood liberates a greater amount of oxygen at a decreased partial pressure 
of oxygen.

(4) An addition of reduced glutathione to preserved blood or to plasma expanders 
— of protein or non-protein character — increases the percentage of survival in 
animals subjected to experimental conditions of a standard haemorrhagic shock.

The presence of reduced glutathione in the erythrocyte is very important 
primarily for the protection of haemoglobin from an irreversible oxidation to 
methaemoglobin. This tripeptide, however, appears to play also an important role 
in the specific function of haemoglobin, i.e. the mediation of the oxygen transport 
from the atmospheric air into the tissues.

Glutathione in the reduced form (GSH) is capable (similarly as are other 
compounds containing the -SH radical) of interaction with a great number of 
proteins, provided that the latter have reactive -SH groups, whereby mixed sulf- 
hydryls are formed. Glutathione takes part also in a variety of enzymatic reactions 
by influencing the activities of some so-called “sulfhydryl-dependent” enzymes 
whose activity is conditioned by the preservation of their sulfhydryl radicals. 
According to Racker [1], GSH protects such enzymes either from oxidation or 
from toxic effects of heavy metals.

The globin component of haemoglobin contains -SH radicals, too. Normal 
haemoglobin A (normal adult human haemoglobin, alpha2beta2) contains six -SH 
groups, one in each alpha chain and two in each beta chain. Among these, of course, 
only two sulfhydryl groups are reactive, viz., those situated in the beta chains in the 
close vicinity of histidine. These sulfhydryl groups are in a position favouring an 
effective influence on the oxygen equilibrium (Taylor [2]).

Behlke and Scheller [3] assumed the existence of weak bonding forces 
between the -SH and vinyl radicals, basing their assumption on the changes
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observed in the redox potential of haemoglobin in the presence of N-ethylmaleimide 
which latter blocks the sulfhydryl. According to Murawski [4], the existence of 
such bonds may be inferred also from the crystallographic analysis of haemoglobin. 
Two electrons of the sulfur atom are apparently available for the creation of a 
labile bond. In the presence of oxygen, these electrons are attracted to the [oxygen- 
iron] complex by the action of the double-bond system present in the porphyrin 
ring of the haem. Thus, to the bond between iron and histidine there acceeds 
another bond, that between the haem and the double-bond system of the poly
peptide chain.

To the action of -SH groups the so-called Bohr’s effect is ascribed, although 
not quite univocally. In this interpretation, the said effect would be conditioned by 
the decreased mutual attraction between a proton and a sulfur atom, the decrease 
being caused by the shifting of an electron within the assumed bond in the course 
of oxidation. The (vinyl-sulfhydryl) bond enhances the stability of bivalent iron 
against oxidation by activating more n electrons. According to Murawski [4], 
the same mechanism increases the forces bonding together haems and globin.

The present concept assumes that the normal S-shaped dissociation curve of 
oxyhaemoglobin is conditioned by an interaction between haems depending on 
the presence of -SH groups. Myoglobins, which do not contain -SH groups, 
exhibit only a very weak interaction, or possibly none at all, and exist mostly in 
the monomeric form. Their dissociation curve has also a different shape, being 
hyperbolic and not S-shaped as is that of haemoglobin. Such a responsibility of 
the -SH groups both for the interaction of haems and for the Bohr’s effect has 
not, of course, achieved general acceptance. Taylor [2] showed that free sulfhydryl 
groups may be eliminated with the aid of cystine, whereby mixed disulfides of 
the type H b - S - S - C H 2-C H  (NH2)-C O O H  are formed. A change of the 
behaviour of this haemoglobin product in relation to oxygen could be expected, 
but in reality its properties are almost identical with those of normal haemoglobin, 
as far as the course of the dissociation curve is concerned.

A haemoglobin-glutathione complex (Hb — GSH) diifers in some properties 
from the original haemoglobin. It was found, e.g., that Hb —GSH complexes have 
a higher electrophoretic motility, pass more easily through ion exchange columns, 
but move more slowly on DEAE (diethylaminoethyl) cellulose. The Hb —GSH 
complex binds also larger amounts of chromium olCr. Huishman [5] showed that 
in blood haemolysates, containing normal haemoglobin as well as some abnormal 
haemoglobins, marked changes take place on the addition of GSH. Thus, in non- 
dialyzed haemolysates of adult human blood, in the course of storage at 4 °C last
ing about 5 months, a gradual formation of 4 additional fractions X, Y, Z, Ald 
was observed. An addition of glutathione markedly accelerates the formation of 
these fractions.

The oxidation of glutathione produces a haemoglobin complex having the 
structure alpha., (SH)2 beta2 (SH2) (SSG)2.

The presence of reduced glutathione protects the beta chain of haemoglobin 
against oxidation. Hill showed that in the presence of oxidants (in vitro) glutathione
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is preferentially oxidized by glutathione peroxidase whereby haemoglobin is pro
tected against oxidation.

Our [6] interest in the mechanism of oxygen transport into tissues in anaemia, 
especially in pernicious anaemia, dates from the year 1933. We studied the disso
ciation curve and its changes. Both the shape and the situation of the dissociation 
curve can be essentially expressed in mathematical form with the aid of the so- 
called Hill’s constant, which determines the relationship between x, the partial 
pressure of oxygen acting upon haemoglobin, and y, the percentage of oxyhaemo- 
globin formed under the given conditions:

(n = 2.5).

Normal values of this constant lie wit hin the range from 18 x ICC4 to 39 x 10~4. 
In pernicious anaemia we found markedly lower values between 47 x 10~5 and 
79x10“ °. The curves characterized by this constant are shifted to the right. 
A similar change of the dissociation curve shape was described at the same time by 
Litarczek et al. [7]. When trying to find an interpretation of this phenomenon, we 
turned our attention to the reduced glutathione level in erythrocytes, expressing it in 
the form of the so-called Gabbe’s index:

GSH in mg per 100 g of erythrocytes 
erythrocytes in millions

We found an indirect dependence between the Hill’s constant and the Gabbe’s 
index which is not linear but has an approximately hyperbolic shape (Fig. 1).

Later on we tried to prove the influence of glutathione upon the shape and 
situation of the dissociation curve by experiments in vitro. After the addition of 
reduced glutathione to the blood we could observe a distinct decrease of the Hill’s 
constant and consequently a shift of the dissociation curve to the right. Cysteine 
exerts an effect analogous to that exerted by reduced glutathione. The Tables 1 and 2 
demonstrate the changes of the Hill’s constant caused by the addition of glutathione 
Table 1) an d of cysteine (Table 2).

Table 1

H ill’s co n s ta n t

E xperim en t 
N o . 1

E x p e rim en t 
N o . 2

Blood, native
Blood +  25 mg of glutathione per 100 ml

0.000250
0.000193

0.000235
0.000182

Blood +  50 mg of glutathione per 100 ml 0.000182
Blood +  75 mg of glutathione per 100 ml 0.000137 0.000156
Blood +  100 mg of glutathione per 100 ml 0.000129
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Table 2

H ill’s co n s ta n t

Blood, native 0.000292
Blood +  25 mg of cysteine per 100 ml 0.000234
Blood +  50 mg of cysteine per 100 ml 0.000198
Blood +  75 mg of cysteine per 100 ml 0.000169
Blood + 1 0 0  mg of cysteine per 100 ml 0.000105

The blockade of -SH groups, e. g., by a mercury compound (we used phenyl- 
mercuric borate), has an opposite effect. The Hill’s constant increases, and the 
dissociation curve shifts to the left. This effect of mercury compounds was observed 
also by Riggs and Wolbach [8] who assumed an influence of glutathione upon the 
interaction of haem units. The effect of mercury compounds can be cancelled by the 
adddition of either glutathione or cysteine. The results of such an experiment are 
presented in the Table 3.

Table 3

H ill’s co n s ta n t

E xperim en t 
N o . 1

E xpe rim en t 
N o . 2

Blood, native 0.000205 0.000173
Blood +  phenylmercuric borate 0.000586 0.000275
Blood +  glutathione 
Blood +  cysteine
Blood +  cysteine +  phenylmercuric borate

0.000123
0.000119 
0.000145
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Fig. 2. The dissociation curve of oxihaemoglobin in 
blood to which rising amounts of reduced glutathi
one have been added. (25—50—75—100 mg %.) The 
values of the Hill’s constant: native blood 29,2 • 10~4, 
1. (25 mg %) 23.4 • ІО-4, II. (50 mg %) 19.8-10 \  
111. (75 mg %)16.9 • ІО-4, IV. (100 mg %) 10.5 • 10 4

Fig. 1. The relation of Gabbe’s 
index to the value of the Hill’s 

constant
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In the course of further studies we used crystalline haemoglobin, prepared by 
the Drabkin method [9] from haemolyzed human blood. We found that a solu
tion of pure haemoglobin did not exhibit any glutathione effect on the shape of the 
dissociation curve. Only when the stromata, previously separated by centrifugation 
from the haemolysate, were added, the effect of glutathione on the shape and 
situation of the dissociation curve was renewed. We assume, therefore, that the 
effect of glutathione on the dissociation of haemoglobin is conditioned by the 
synergism of a component bound on the erythrocyte stroma on whose nature, 
however, we cannot propose any opinion yet.

The possible significance of a shift to the right, due to an elevated concentra
tion of reduced glutathione in the erythrocyte, for the supply of oxygen to the 
tissues may be best demonstrated with the aid of the graph (Fig.2) showing the 
results of one of our experiments. Thenative blood used in the experiment contained
11.8 per cent w/v of haemoglobin. At the oxygen pressure 100 torr and carbon 
dioxide pressure 40 torr this blood, having a Hill’s constant 29.2 x 10~4, binds 
14.55 ml of oxygen. If the oxygen pressure sinks to 40 torr (which corresponds to 
the oxygen pressure in mixed venous blood and roughly also to the oxygen pressure 
in the tissues), then 2.91 ml of bound oxygen per 100 ml of blood are liberated. 
If the Hill’s constant is decreased to 10 x 10-4 by anadditionof reduced glutathione, 
then under conditions otherwise identical as much as 5.96 ml of oxygen are liberat
ed from the same volume of blood, i.e., by 105 per cent more. This effect seems to 
explain (partly at least) the clinical experience that some anaemias, in particular 
pernicious anaemias, are not accompanied by more serious dyspnea even if the 
anaemia has developed to a relatively high degree.

The fact that the shape and situation of the dissociation curve of haemoglobin 
can be influenced by an addition of reduced glutathione, was an impulse for our 
experiments aimed at the investigation of a possible enhancement, with the aid of 
the said mechanism, of the therapeutic efficacy of the transfusion of blood or 
possibly also of substitutive solutions (plasma expanders) in such clinical states in 
which a considerable and rapid loss of blood has taken place, viz., in haemorrhagic 
shock.

The experiments were carried out in dogs exposed to a standard haemor
rhagic shock. The conditions of the experiment have been elaborated in our insti
tute so well that the experimental results can be easily compared and statistically 
evaluated.

The following working scheme has been used for producing the haemorrhagic 
shock [10].

In dogs weighing 17.5 kg on the average the femoral vein and artery were 
prepared under aseptic conditions. Into the artery on the one side a canule con
nected with a manometer was inserted, and from the artery on the other side blood 
was let out at a rate of 1 ml per 1 kg body weight per 1 minute, until the blood 
pressure sank to 110 torr. Then the blood-letting was continued so that during 
further 5 minutes the pressure sank to 84 torr, during another 5 minutes to 60 torr, 
and during final 5 minutes to 40 torr. At this level, the pressure was maintained
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for 60, 70, or 80 minutes by infusion or evacuation of blood, according to the condi
tions of pressure. When the preset duration of hypotension had been achieved, the 
infusion of either blood or another therapeutic solution to be tried was started at a 
rate of 1 ml per 1 kg of body weight per 1 minute. The total volume of the liquid 
infused depends on the magnitude of the previous loss of blood.

Under the described experimental conditions, about 50 per cent of the 
experimental animals died when treated by transfusion of blood alone (preserved 
blood of the experimental animal itself). First of all, the dosage of reduced glu
tathione, necessary for a manifest therapeutic effect, had to be established. We

Fig. 3. Therapeutic effect of blood transfusion 
enriched with rising amounts of reduced gluta
thione. 1. Controls without fortification. 2. Blood 
preserves, fortified with rising amounts of GSH.

3. Therapeutic effect of packed cells

used blood preserves fortified with increasing doses of reduced glutathione, 8—16 — 
40 mg per 100 ml of transfused blood. The graph (Fig. 3) exhibits the results 
showing that the optimal effect was obtained with the concentration of 40 mg per 
100 ml of blood. (In some experiments even higher concentrations were used, but 
since their use did not produce better results, they have been omitted here.) At 
this concentration, more than 90 per cent of the experimental animals survived 
the acute loss of blood, while at the concentration of 8 mg per 100 ml of blood the 
number of surviving animals was equal to that registered when the blood preserve 
alone, without glutathione, was used. At the concentration of 16 mg per 100 ml of 
blood, 70 per cent survived (slightly more than when erythrocyte mass was em
ployed).

The therapeutic effect achieved must be ascribed to glutathione itself, as 
several circumstances show:

(a) There exists an apparent direct proportionality between the effect achiev
ed and the dose used; the optimal effect was found at 40 mg per 100 ml of blood.

(b) Other compounds containing -SH groups did not exhibit any thera
peutic effect. The addition of cysteine to the blood preserve had no favourable 
effect on the experimental result; the percentage of surviving animals was not 
increased.
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(c) The addition of a mixture of amino acids, constituents of glutathione 
(viz., glutamic acid, cysteine, and glycine) in respective amounts proportional to a 
concentration of 40 mg of glutathione per 100 ml of the solution used for the 
therapy, did not exhibit any favourable therapeutic effect.

In 18 dogs treated with blood containing 40 mg of reduced glutathione per 
100 ml, we investigated the changes of the dissociation curves of oxyhaemoglobin. 
The Hill’s constant values were determined, first before the experiment, then im
mediately after the administration of blood with glutathione, and finally about 
1—2 hours later.

The blood samples were saturated in tonometers with gas mixtures containing 
always carbon dioxide at a concentration corresponding to the partial pressure of 
40 torr, and oxygen under varied pressures. The saturation of haemoglobin was 
determined by the usual procedure using Haldane’s apparatus; the compositions 
of gas mixtures in the tonometers were checked with the aid of Haldane’s gas 
analyzer. The results are presented in the Table 4.

Table 4

A verage D ispers ion  variance

(1) Hill’s constant in native blood, average
value from 18 experiments 

(2) Hill’s constant after the application of
33.9x 10 ’ 13.9x 10-*—8.40X 10 1

blood with GSH 13.4 x 10 1 30.0 X 10 -5—2.90x 10 *
(3) Hill’s constant, 1 hour later 14.5x10-* 77.0 X 10“5— 1.95 X 10-*
(4) Hill’s constant, 2 hours later 24.0x10-* 11.Ox 10-*—7.80X 10-*

The administration of blood containing glutathione causes therefore a 
general decrease of the Hill’s constant and a shift of the dissociation curve to the 
right. This decrease remains at almost the same value during the first hour, and 
even after 2 hours the values do not return to the initial levels. Such a course we 
observed in all experimental animals with a single exception in which no change 
followed the administration. A subsequent analysis of the glutathione solution 
administered revealed that the greater part of glutathione was present in the oxi
dized form, the solution having been stored for a relatively long period.

A control experiment in a group of 3 dogs, to which preserved blood con
taining 50 mg of vitamin C per 100 ml was administered, showed results presented 
in Table 5.

A verage D ispers ion  variance

(1) Hill’s constant 28.0x  10"* 25.6x  10-*—З.ЗОХ 10*
(2) Hill’s constant after the application 

of blood with vitamin C 22.0x10-* 13.0X 10-*—2.80X 10-*
(3) Hill’s constant, 1 hour later 36.0X 10-* 22.0X 10-*—5.90x10-*
!4) Hill’s constant, 2 hours later 31.0X 10* 27.0X10-*—3.90X10 *
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It is evident that here, apart from an insignificant decrease of the Hill’s 
constant immediately after the administration of a therapeutic dose of the blood 
with vitamin C, we did not observe any shift of the dissociation curve to the right, 
in contrast to preserves with glutathione added.

Glutathione solution destined for the therapeutic administration was pre
pared from commercial glutathione Hoffmann —La Roche. The substance was 
dissolved in sterile physiological solution, and the solution was passed through a 
Seitz filter. Measured volumes of the solution, necessary for the fortification with

Fig. 4. Therapeutic effect of different preparations in 
the treatment of haemorhagic shock (standard model)

glutathione of the individual preserves, were filled into ampoules which were 
flushed with nitrogen and sealed. In this form the solution of glutathione may be 
stored till the time of use without danger of oxidation. Controls, based on the 
method of chromatographic separation of oxidized glutathione from the reduced 
form, proved that the glutathione administered was present in the reduced form. 
After an ampoule has been opened, the contents must be used up within short time 
since glutathione exposed to air is relatively rapidly oxidized, thus losing the 
therapeutic activity. It is best, therefore, to add the necessary amount of glutathione 
to the therapeutic preparation to be infused immediately before the administration.

Further, we asked the question whether a similarly favourable therapeutic 
effect of glutathione could be observed if we used in the therapy of acute haemor
rhagic shock, instead of whole blood, substitutive solutions of blood plasma 
where no haemoglobin is present which could act as oxygen carrier.
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In further experiments, we employed the most important types of substi
tutive solutions, viz.: Czechoslovak despecificatedplasma,Hémoplasma, BK8 Solu
tion, Subtosan, Dextran (both of medium and high molecular weight), Macrodex, 
homologous plasma. We compared the results with those obtained previously 
either with the physiological solution or with isologous blood. It is apparent from 
the graph (Fig. 4) that favourable therapeutical results fluctuated between 60 and 
70 per cent but never exceeded the upper value even if whole blood was employed.

Another graph (Fig. 5) represents the therapeutic effects achieved in a 
standard haemorrhagic shock model, when certain solutions were administered to

Fig. 5. Survival of experimental animals exposed to the 
standardized model of haemorrhagic shock, and treated 
with blood and different blood expander solutions, after 
fortification with reduced glutathione. 1. Blood pre
serve, 2. Blood preserve with glutathione, 3. Dextran 
(mid-molecular), 4. Dextran (mid-molecular) with glu
tathione, 5. Dextran (high-molecular), 6. Dextran 
(high-molecular) with glutathione, 7. Modified bovine 
plasma, 8. Modified bovine plasma with glutathione

which reduced glutathione had been added in doses of 40 mg per 100 ml. There were 
4 experimental groups to which the following solutions were administered: (i)blood,
(ii) dextran of medium molecular weight, (iii) dextran of high molecular weight, 
(iv) despecificated bovine plasma. To each group belonged a control group treated 
with the appropriate solution without glutathione.

In the group treated with blood, 50 per cent of the animals survived; in the 
group treated with blood containing glutathione, 95 per cent survived. Very marked 
differences are apparent in both groups treated with dextran. The group receiving 
dextran of medium molecular weight had a 100 per cent mortality rate; the addi
tion of glutathione raised the percentage of survival to 60 per cent. Still more 
favourable were the conditions in the group receiving dextran of high molecular 
weight in which the number of surviving animals was increased by 75 per cent in 
comparison with the controls. The enrichment with glutathione showed a favourable 
action also in the administration of despecificated heteroplasma where the number 
of surviving animals was increased by 55 per cent in comparison with the controls.
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All results were evaluated with the aid of the y2 test and were highly 
significant.

In our experiments, glutathione appeared to be a substance favourably 
influencing the therapy of experimental haemorrhagic shock. A satisfactory 
interpretation of this effect is naturally not easy. The shift of the dissociation curve 
to the right, observed at an increased concentration of glutathione in blood, may 
signify an improvement of the conditions regulating the supply of oxygen to the 
tissues, as demonstrated by our experiments. In our opinion, however, this is only 
a partial interpretation of the whole mechanism. Glutathione plays an important 
role in the protection of a variety of enzymes whose activity is conditioned by the 
preservation of intact -SH groups. Probably an effect is exerted also on a number 
of biochemical processes in which such “sulfhydryl-dependent” enzymes play an 
important role. Further experiments aimed at the solution of this side of the prob
lem may possibly shed more light on some of these questions.
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Wirkung von
Röntgen-Ganzkörper- und Extrakorporal-Bestrahlung 

auf die Lymphozyten des peripheren Blutes *’ **

R. W aubke, G . G erstmair, F. Trepel, H. P ichlmaier und H. Begemann

I. Medizinische Abteilung des Städt. Krankenhauses München-Schwabing und 
Chirurg. Univ.-Klinik München

(Eingegangen am 16. Oktober 1966)

Bei einer feineren morphologischen Differenzierung der Lymphozyten lassen 
sich nach Röntgenbestrahlung der Ratte unterschiedliche Reaktionen der verschiede
nen Lymphozytentypen nachweisen. Die Lymphozyten mit basophilem Zytoplasma 
zeigen nach subletaler Ganzkörper-Bestrahlung im peripheren Blut eine raschere 
Regeneration als die Lymphozyten mit hellem Zytoplasma. Nach extrakorporaler 
Bestrahlung des Blutes sind die basophilen Lymphozyten nicht nennenswert vermindert, 
während die hellplasmatischen nachhaltig absinken. Das unterschiedliche Verhalten 
der einzelnen Lymphozytentypen wird durch differierende Proliferation und Rezir- 
kulation erklärt.

Unter verschiedenen Fragestellungen haben sich bereits zahlreiche Autoren 
mit der Wirkung von Röntgenstrahlen auf das lymphatische System beschäf
tigt [2, 3, 7, 13, 16, 18, 37, .38]. Mit dem Fortschritt der Transplanta
tionschirurgie gewinnt die Röntgenbestrahlung des lymphatischen Systems immer 
größere Bedeutung, weil durch den immunosuppressiven Effekt dieser Maß
nahme Transplantat-Rejektionen verzögert werden können. Eine immunolo
gische Fragestellung, über die wir in einer folgenden Veröffentlichung [33] 
berichten werden, war zunächst der Ausgangspunkt der vorliegenden Unter
suchungen.

In dieser Arbeit sollen die Folgen der Ganzkörper- und Extrakorporal- 
Bestrahlung auf die Lymphozyten des peripheren Blutes beschrieben werden, wobei 
diese Zellen nach morphologischen Kriterien genauer differenziert wurden. Andere 
Untersuchungen unseres Arbeitskreises hatten verschiedene Verhaltensweisen 
morphologisch unterscheidbarer Lymphozyten-Untergruppen erkennen lassen, 
beispielsweise bei der Phagozytosefähigkeit [32]. Die Lymphozyten wurden in der 
May — Grünwald — Giemsa-Färbung nach Größe und Zytoplasma-Farbe in sechs 
Untergruppen eingeteilt. In der Nukleolen-Färbung nach Stockinger —Kellner 
wurden makro- und mikronukleoläre Lymphozyten unterschieden. Außer Lympho
zyten wurden auch andere Zellgruppen — Monozyten, Lymphomonozyten, 
Granulozyten — berücksichtigt.

* Mit Unterstützung der Deutschen Forschungsgemeinschaft.
** Die Ergebnisse wurden auszugsweise auf der 11. Tagung der Deutschen Gesell

schaft für Hämatologie in Innsbruck 1965 vorgetragen.
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Die vorliegenden Untersuchungen haben zwei Aspekte: Sie lassen einerseits 
die Wirkung von Röntgenstrahlen auf die Lymphozyten des peripheren Blutes 
erkennen und stellen andererseits einen Beitrag zur Funktion morphologisch 
unterscheidbarer Lymphozyten-Untergruppen dar.

Material und Methoden

Als Versuchstiere wurden 260 — 320 g schwere Sprague -  Dawley-Ratten 
verwendet. Die Ernährung bestand aus Trockenfutter Altromin“ und Wasser, 
dem bei den bestrahlten Tieren sechs Tage lang Tetrazyklin (160 mg/1) zugesetzt 
wurde. — Als Narkotikum erhielten die Ratten während der Bestrahlung intra
peritoneal Chloralhydrat (36 mg/100 g Körpergewicht).

Ganzkörperbestrahlung: 12 Tiere wurden mit 500 r, 5 Tiere mit 550 r be
strahlt (Röntgenstrahlen 250 KV, 20 mA, 0,5 mm Kupfer-Filter, Dosimetrie mit 
Siemens- Dosimeter).

Extrakorporalbestrahlung: Bei 17 Tieren wurde zwischen A. carotis und V. 
jugularis durch einen Polyäthylenschlauch von 4 ml Inhalt ein Shunt gelegt. Der 
Durchfluß des heparinisierten Blutes (500 E/100 g Körpergewicht) betrug in der 
Minute 12 ml, also ca 75% des Gesamtblutvolumens der Ratte. — Bei 10 Tieren 
wurde nach Abdeckung des Körpers mit Bleiplatten die Extrakorporal-Bestrah
lung mit einer Dosis von 1000 r durchgeführt (genaue Angaben bei Pichlmaier, 
[23]). Die Bestrahlsdauer lag zwischen 20 und 25 Minuten. — Nach der Bestrah
lung wurde das Blut aus dem Shunt-System in die Blutbahn zurückgepreßt. — Mit 
7 Kontrolltieren wurde mit Ausnahme der Bestrahlung in gleicher Weise verfahren.

Blutabnahmen: Zu den Zeitpunkten, die aus den Abbildungen ersichtlich 
sind, wurde Blut aus der Schwanzvene entnommen. Die Blutabnahme am Tage 
0 erfolgte zwei Stunden nach Bestrahlung. Um genaue Ausgangswerte zu erhalten, 
wurde jeweils an drei Tagen vor der Bestrahlung Blut entnommen.

Färbemethoden: May—Grünwald —Giemsa-Färbung3 Min., Eosin-Methylen- 
blau-Lösung nach May — Grünwald, 2 Min. gepuffertes (pF! 7,2) Aquadest, 20 Min. 
5%ige Giemsa-Lösung. Modifizierte Nukleolenfärbung nach Stockinger —Kellner 
[5, 30], 15 Min. wäßrige Methylenblau-Lösung, ca 30 Sek. Zitratpuffer nach 
Sörensen (pH 4,96). Die genaue Zeit muß empirisch festgestellt werden, die Kerne 
sollen nur schwach blau angefärbt sein und einen deutlich blau gefärbten Nukleolus 
erkennen lassen.

Zelldifferenzierung. May — Grünwald — Giemsa-Färbung: Die Lymphozyten 
wurden nach ihrer Größe in kleine (Kerndurchmesser bis 7,5 p), mittelgroße 
(Kerndurchmesser 7,5 bis 10,0 p) und große (Kerndurchmesser über 10,0 p) ein
geteilt. Diese Größenordnungen sind bei der Ratte recht konstant, in Relativ
prozent an den Gesamtlymphozyten betragen die kleinen ca 60 — 70, die mittel
großen 10 — 25 und die großen 1 -5  rel%. — Außerdem wurden in den einzelnen 
Größenordnungen Lymphozyten mit tiefbasophilem und Lymphozyten mit wasser
hellem Zytoplasma unterschieden, die im Folgenden kurz als basophile bzw. helle
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Abb. 1. Heller (rechts) kleiner Lymphozyt, basophiler (links) kleiner 
Lymphozyt (May—Grünwald—Giemsa-Färbung)

Lymphozyten bezeichnet werden (Abb. 1). In allen Größenordnungen beträgt der 
Anteil der basophilen Lymphozyten etwa 1/3, der hellen Lymphozyten etwa 2/3. — 
Außer Lymphozyten (80 — 90 rel% der Leukozyten) wurden noch Lymphomono-

Abb. 2. Kleine Lymphozyten (Nukleolenfärbung mit Methylenblau 
nach Stockinger—Kellner). Links und rechts oben makronukleoläre 
Lymphozyten (rechts oben mononukleolär, links oben polynukleolär), 

links unten mikronukleolärer Lymphozyt
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zyten (1 — 3rel%) unterschieden, die morphologisch zwischen Lymphozyten und 
Monozyten stehen sowie Monozyten (1 — 5 rel%) und Granulozyten (5—10 rel %). 
In der Nukleonfärbung nach Stockinger —Kellner wurden nur kleine Lymphozy
ten berücksichtigt und in solche mit deutlich sichtbaren Nukleolen (makronukleo- 
läre, normal ca 90 rel %) und in solche mit nur kleinen oder nicht abzugrenzenden 
Nukleolen (mikronukleoläre, normal ca 10 rel%) eingeteilt (Abb. 2).

Erfahrungsgemäß schwanken die Leukozytenzahlen bei Ratten von Tier 
zu Tier. Mittelwerte aus absoluten Zahlen würden daher besonders bei vorliegen
der Fragestellung das Bild verfälschen. Die absolute Anzahl eines Zelltyps 
(Mittelwert aus drei Voruntersuchungen) wurde beijedem Tier als 100% ange
setzt, hierzu wurden die weiteren Werte in Beziehung gesetzt. Zur Information 
wurden jedoch die absoluten Zahlen trotzdem den einzelnen Kurven beigefügt.

Ergebnisse

Die Untersuchungsergebnisse wurden in den Abb. 3 — 22 dargestellt. In den 
Abbildungen wurden auf der Ordinate die prozentualen Veränderungen angegeben, 
wobei der Ausgangswert, dessen Schwankungsbreite in absoluten Zahlen beige
fügt ist, gleich 100 % ist. Auf der Abszisse wurde die Zeit nach Bestrahlung (am Tage
0) in Tagen aufgetragen. Der mittlere Fehler der einzelnen Meßwerte ist durch 
senkrechte Striche eingezeichnet.

Bei der Ganzkörperbestrahlung von 500 r (Abb. 3 — 7) werden die basophilen 
etwas weniger reduziert als die hellen Lymphozyten. Auffälliger ist der raschere 
Wiederanstieg bei den basophilen Lymphozyten aller Größenordnungen, der im 
Vergleich zu den hellen Lymphozyten am dritten Tage nach Bestrahlung und somit 
ca. 4 Tage eher erfolgt. Während innerhalb der Gruppe der hellen Lymphozyten 
keine größenabhängigen Unterschiede festzustellen sind, steigen die großen und

A b b .  3. G a n z k ö r p e r - B e s t r a h lu n g  5 0 0  r ,  k le in e  h e l le  u n d
b a s o p h i le  L y m p h o z y te n
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Abb. 4. Ganzkörper-Bestrahlung 500 r, mittelgroße helle 
und basophile Lymphozyten

Abb. 5. Ganzkörper-Bestrahlung 500 r, große helle und 
basophile Lymphozyten

A b b . 6 . G a n z k ö r p e r - B e s t r a h lu n g  5 00  r ,  M o n o z y te n  u n d
L y m p h o m o n o z y te n
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Abb. 7. Ganzkörper-Bestrahlung 500 r, Methylenblau- 
Färbung. Makro- und mikronukleoläre kleine Lymphozyten

Abb. 8. Ganzkörper-Bestrahlung 550 r, kleine helle und 
basophile Lymphozyten

A b b . 9. G a n z k ö r p e r - B e s t r a h lu n g  550  r ,  m i t t e lg r o ß e  h e lle
u n d  b a s o p h i le  L y m p h o z y te n
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mittelgroßen basophilen Lymphozyten in der Regenerationsphase stärker als die 
kleinen an. — Die höhere Dosis von 550 r (Abb. 8—11) bewirkt eine ausgeprägtere 
und länger anhaltende Verminderung der peripheren Lymphozyten. Nur die großen 
basophilen Lymphozyten zeigen eine ähnliche rasche Regeneration, wie sie nach 
500 r zu beobachten war. — Zwischen den übrigen basophilen und hellen Lympho
zyten ist in den ersten 10 Tagen nach der Bestrahlung kein Unterschied feststell
bar. Nach dieser Zeit steigen die hellen Lymphozyten schneller als die basophilen 
an, was auch bei Dosis von 500 r gesehen wird. — Ein unterschiedliches Verhalten 
zeigt sich bei den makro- und mikronukleolären kleinen Lymphozyten nicht.

Durch die extrakorporale Bestrahlung (Abb. 13 — 22) werden die basophilen 
kleinen Lymphozyten nicht vermindert (Abb. 14), die mittelgroßen (Abb. 16) 
geringgradig und großen basophilen Lymphozyten (Abb. 18) stärker. Der Abfall

A b b .  11 . G a n z k ö r p e r - B e s t r a h lu n g  5 5 0  r , M o n o z y te n  u n d
L y m p h o m o n o z y te n
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Abb. 10. Ganzkörper-Bestrahlung 550 r, große helle und 
basophile Lymphozyten
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Abb. 12. Extrakorporal-Bestrahlung, kleine Lymphozyten (helle 
und basophile zusammen)

Abb. 13. Extrakorporal-Bestrahlung, kleine helle Lymphozyten

A b b .  14. E x t r a k o r p o r a l - B e s t r a h lu n g ,  k le in e  b a s o p h ile  L y m p h o z y te n
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Abb. 15. Extrakorporal-Bestrahlung, mittelgroße helle 
Lymphozyten

Abb. 16. Extrakorporal-Bestrahlung, mittelgroße basophile 
Lymphozyten

A b b . 17. E x t r a k o r p o r a l - B e s t r a h lu n g ,  g r o ß e  h e lle
L y m p h o z y te n
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Abb. 18. Extrakorporal-Bestrahlung, große basophile 
Lymphozyten

H aem ato log ia  1, 1967

Abb. 19. Extrakorporal-Bestrahlung, Lymphomonozyten

A b b . 2 0 . E x t r a k o r p o r a l - B e s t r a h lu n g ,  M o n o z y te n
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der kleinen Lymphozyten (Abb. 12) wird nur durch die kleinen hellen Lympho
zyten hervorgerufen (Abb. 13). In der Größenordnung der mittelgroßen und großen 
Lymphozyten werden die hellen wesentlich stärker und anhaltender als die baso
philen vermindert. Die operationsbedingte vorübergehende Lymphopenie bei

Abb. 21. Extrakorporal-Bestrahlung, Methylenblau-Färbung, 
makronukleoläre kleine Lymphozyten

Abb. 22. Extrakorporal-Bestrahlung, Methylenblau-Färbung, 
mikronukleoläre kleine Lymphozyten

den Kontrolltieren bildet sich viel schneller als die Bestrahlungs-Lymphopenie 
zurück. — Die Anzahl der mikronukleolären Lymphozyten (Abb. 22) nimmt nach 
Extrakorporalbestrahlung deutlicher ab als die der makronukleolären Lymphozy
ten (Abb. 21).

Die Lymphomonozyten und Monozyten reagieren meist verschiedenartig, 
besonders nach der Ganzkörperbestrahlung von 550 r (Abb. 11) und nach Extra
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korporalbestrahlung (Abb. 19 und 20). Die Monozyten, die in ähnlicher Weise wie 
die Granulozyten reagieren, gleichen den akuten strahlenbedingten Verlust 
schneller aus als die Lymphomonozyten. — Das Verhalten der Granulozyten ist 
uneinheitlich, es kommt nach Extrakorporalbestrahlung und Ganzkörperbe
strahlung von 550 r zunächst zu einem raschen Anstieg, dann zu einem steilen 
Abfall und nach wenigen Tagen zu einer oft sprunghaften Zunahme. Bei der 
Ganzkörperbestrahlung von 500 r war der anfängliche schnelle Anstieg der 
Granulozyten nicht nachweisbar.

Diskussion

Die Strahlenempfindlichkeit des lymphatischen Systems beruht auf der 
Strahlenempfindlichkeit der einzelnen lymphatischen Zelle. Bereits geringe Dosen von 
5 r genügen, um morphologische Veränderungen der Lymphozyten in vitro hervor
zurufen [37]. Bei höheren Dosen werden Kernpyknosen [11], Kernlappungen und 
Kernoedem [27, 28], umvollständige Mitosen [19] und Kernzerfall [1] beschrieben. 
Ähnliche qualitative Veränderungen an Lymphozyten wurden ebenfalls bei den 
vorliegenden Untersuchungen beobachtet. Die Ursache dieser morphologisch 
erfaßbaren Veränderungen dürfte vorwiegend auf Störungen des Nukleinsäure- 
Stoffwechsels beruhen [1, 18, 28, 29 35]. Man macht daher für die besondere 
Strahlenempfindlichkeit des lymphatischen Systems seinen hohen Nukleinsäure
gehalt verantwortlich. Bei einer Ganzkörperbestrahlung gelten 600 — 800 r als 
letale Dosis bei der Ratte [24]; im hohen subletalen Bereich zwischen 500 und 550 r 
nimmt die Strahlenschädigung sprunghaft zu [20]. Hierzu stehen die eigenen 
Beobachtungen der ausgeprägteren und länger anhaltenden Lymphozytendepres
sion bei Steigerung der Strahlendosis von 500 auf 550 r in guter Übereinstimmung. 
Etwa 3 Wochen nach einer Ganzkörperbestrahlung von 500 r war im peripheren 
Blut die Regeneration im Wesentlichen abgeschlossen, bei 550 r nach etwa 6 
Wochen. — Um Verhaltensweisen verschiedener Lymphozytengruppen zu stu
dieren, erscheint der Dosisbereich um 500 r besonders geeignet, weil bei dieser 
Dosierung das lymphatische System vorübergehend massiv geschädigt wird, jedoch 
die Lähigkeit zur raschen Regeneration behält.

Die Verminderung der peripheren Lymphozyten durch die Ganzkörperbe
strahlung wurde von zahlreichen Autoren beobachtet (Zusammenfassungen bei 
[16, 18, 23]). Bei den eigenen Untersuchungen fiel auf, daß die Lymphozyten ver
schiedener Größenordnungen ungleich betroffen wurden, und zwar die kleinen 
Lymphozyten stärker als die mittelgroßen Lymphozyten, und diese wiederum 
stärker als die großen Lymphozyten. In der Regenerationsphase steigen die Lym
phozyten aller Größenordnungen wieder an. Auffällig bei der genaueren morpho
logischen Differenzierung ist das unterschiedliche Verhalten von Lymphozyten mit 
hellem bzw. basophilem Zytoplasma. Die hellen Lymphozyten werden durch die 
Ganzkörperbestrahlung etwas stärker betroffen: Sie sind in den ersten Tagen 
nach Bestrahlung deutlicher vermindert als die basophilen und regenerieren später, 
dann jedoch überschießend.
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Die extrakorporale Bestrahlung des Blutes wurde in den letzten Jahren 
besonders als Modell für kinetische Untersuchungen des lymphatischen Systems 
verwendet [6, 7]. Sie bietet gegenüber der Ganzkörperbestrahlung den Vorteil, 
die peripheren Lymphozyten isoliert zu treffen, ohne dabei die lymphatischen 
Bildungs- bzw. Speicherungs-Organe in Mitleidenschaft zu ziehen. — Bei der 
Extrakorporalbestrahlung wurden in gleicher Weise wie bei der Ganzkörper
bestrahlung Lymphozyten mit basophilem bzw. hellem Zytoplasma unterschied
lich betroffen. Die Anzahl kleiner, mittelgroßer und großer hellplasmatischer 
Lymphozyten sinkt nach extrakorporaler Bestrahlung ab und unterscheidet sich 
auch beim Wiederanstieg deutlich von den Werten, die bei den Kontrolltieren 
gefunden wurden. Dagegen zeigten die basophilen Lymphozyten bestrahlter Tiere 
und unbestrahlter Kontrolltiere keine Unterschiede. Die nachhaltigere Vermin
derung der peripheren Lymphozytenzahl nach extrakorporaler Bestrahlung wird 
also durch das Absinken der hellplasnratischen Lymphozyten verursacht.

Die Lymphozytendepression nach extrakorporaler Bestrahlung zeigte in 
unseren Versuchen ein ähnliches Ausmaß wie bei Cronkite und Mitarb. [7]. Das 
ist umso bemerkenswerter, als Cronkite beim Kalb eine mehrstündige Bestrahlung 
durchführte, während wir bei der Ratte nur 20 Minuten bestrahlten. Die Strahlen
gesamtdosis, die das Blut erhielt, war jedoch in beiden Versuchsanordnungen 
annähernd leicht. Bei Cronkite wurden pro Minute etwa 5 %, bei uns etwa 75 % des 
Gesamtsblutvolumens des jeweiligen Versuchstieres bestrahlt. Cronkite benötigte 
daher die 15-fache Bestrahlungsdauer (nämlich ca 5 Stunden), um denselben 
Effekt wie wir in 20 Minuten zu erreichen.

Bei der Deutung der Versuchsergebnisse sind die Operationsfolgen zu 
berücksichtigen, denn auch die unbestrahlten, nur operierten Tiere zeigten am 
ersten Tag eine vorübergehende Verminderung der hellplasmatischen Lymphozyten. 
Diese kann man im Wesentlichen als Stress-Effekt auffassen, der durch die Aus
schüttung von Cortison hervorgerufen wird. Die Verminderung peripherer 
Lymphozyten und die lymphoklastische Wirkung durch Cortison ist experimentell 
nachgewiesen [4, 8, 12, 15]. Die operationsbedingte Lymphopenie ist jedoch 
flüchtiger und geringer als der Lymphozytensturz nach Bestrahlung.

In der Literatur finden sich für genauere morphologische Differenzierungen 
der Lymphozyten nach Röntgenbestrahlung kaum Hinweise. Wiseman [39], der 
eine ähnliche morphologische Differenzierung wie wir durchführte, berichtete von 
einem Patienten mit strahlenbedingter Lymphopenie, bei der das Verhältnis 
zwischen hellen und basophilen Lymphozyten zu Gunsten der basophilen Lympho
zyten verschoben war. — Für das unterschiedliche Verhalten von Lymphozyten
untergruppen nach Bestrahlung lassen sich grundsätzlich zwei Erklärungen geben: 
Entweder sind die basophilen Lymphozyten weniger strahlenempfindlich, oder sie 
werden im Blut schneller ersetzt als die hellplasmatischen. Ein Unterschied in der 
Strahlensensibilität dürfte vorhanden sein, ist jedoch gering, wie aus den Unter
suchungen mit der Ganzkörperbestrahlung hervorgeht, bei der alle Zellen gleichen 
Bedingungen unterworfen wurden. Weder der frühere Wiederanstieg der basophilen 
Lymphozyten nach der Ganzkörperbestrahlung noch die Tatsache, daß diese
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Zellgruppe bei der extrakorporalen Bestrahlung kaum betroffen wurde, können mit 
der geringeren Strahlenempfindlickeit allein erklärt werden.

Der Grund des unterschiedlichen Verhaltens der basophilen und der hellen 
Lymphozyten dürfte darin zu suchen sein, daß die basophilen Lymphozyten im 
peripheren Blut rascher ersetzt werden. Nach eigenen Beobachtungen enthält 
der Ductus thoracicus der Ratte fast ausschließlich basophile Lymphozyten. Bei den 
großen Mengen von Lymphozyten, die der Ductus thoracicus ständig an das Blut 
abgibt [14, 25], stellt der Ersatz der geringen Anzahl im peripheren Blut kreisender 
basophiler Lymphozyten kein Problem dar. Dieses wird besonders dann klar, wenn 
man den Prozentsatz der im peripheren Blut kreisenden Lymphozyten im Vergleich 
zur Gesamtlymphozytenzahl mit 1% annimmt [17] und die Zirkulationszeit eines 
Lymphozyten im Blut mit 20 — 40 Minuten ansetzt [7, 35].

Im Gegensatz zu den kleinen basophilen Lymphozyten scheinen die kleinen 
hellen Lymphozyten nicht oder nur geringgradig zu rezirkulieren, denn ihr strah
lenbedingter Verlust im peripheren Blut nach Extrakorporalbestrahlung wird so 
langsam ausgeglichen, wie es der Neuproduktion kleiner Lymphozyten entspricht.

Das unterschiedliche Verhalten der kleinen hellen und basophilen Lymphozy
ten nach extrakorporaler Bestrahlung wird ausreichend durch verschiedenartige 
Rezirkulationen erklärt. Die Unterschiede bei den größeren Lymphozyten schei
nen durch Turnover-Differenzen bedingt zu sein. Große und mittelgroße haben 
einen rascheren Turnover als kleine Lymphozyten [10, 22, 26]. Weitere Unter
suchungen unseres Arbeitskreises ergaben, daß die großen und mittelgroßen 
basophilen Lymphozyten einen wesentlich rascheren Umsatz haben als die großen 
und mittelgroßen hellplasmatischen Lymphozyten [31].

Die Lymphomonozyten zeigten nach Bestrahlung ein ähnliches Verhalten 
wie die großen hellplasmatischen Lymphozyten, was für einen lymphatischen 
Ursprung dieser Zellen spricht. Die Monozyten stehen in ihrem Verhalten zwischen 
den einen raschen Turnover zeigenden großen basophilen Lymphozyten und den 
Granulozyten. Das steht in Übereinstimmung mit der neueren Auffassung des 
Monozyten als einer Zelle mit schnellem Turnover, die aus dem Knochenmark 
stammt [10, 21, 34].

Ergänzend zur May — Grünwald — Giemsa-Färbung ergaben die Befunde der 
Nukleolen-Färbung nach Stockinger —Kellner, daß die makronukleolären kleinen 
Lymphozyten durch die Bestrahlung nicht so stark wie die mikronukleolären klei
nen Lymphozyten betroffen wurden. Wenn man die makronukleolären Lymphozy
ten in polynukleoläre und mononukleoläre aufteilt, ergibt sich, daß sich die poly- 
nukleolären wie die basophilen und die mononukleolären (neben den mikronuk
leolären) wie die hellplasmatischen Lymphozyten verhalten. Auch diese ergänzen
den Befunde sprechen für uneinheitliche Reaktionen von morphologisch unter
scheidbaren Lymphozyten-Untergruppen.

Die vorgelegten Untersuchungen stellen einen Beitrag zur Funktion morpho
logisch differenter Lymphozyten dar. Unterschiedliche Verhaltensweisen dieser 
Zellen nach Bestrahlung, bei der Lebenszeitbestimmung [31] und der Phagozy
tosefähigkeit [32] ließen eine genauere Differenzierung wünschenswert erscheinen.
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Während in diesem Teil der Arbeit die Folgen der Ganzkörper- und Extrakor
poral-Bestrahlung erläutert wurden, soll in einer folgenden Arbeit [33] auf immu
nologische Funktionen morphologisch unterscheidbarer Lymphozytengruppen 
eingegangen werden.
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Опыт лечения миелобромолом больных хронический 
миелолейкозом
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Еематологическая клиника Центрального ордена Ленина института гематологии 
и переливания крови, Москва.

(Поступила в редакцию 19 ноября 1966 г.)

1. Миелобромол оказывает сильное и быстрое цитостатическое действие, 
избирательно на клетки гранулопоэза.

Цитостатическое действие миелобромола распространяется и на тромбо- 
цитопоэз. Поэтому при наличии тромбоцитопении лечение миелобромолом должно 
проводиться в сочетании с гемотрансфузиями и кортико-стероидными препара
тами.

2. Миелобромол не оказывает какого-либо тормозящего действия на эритро- 
и лимфопоэз.

3. При первом обострении хронического миелолейкоза лечение миелобро
молом приводит к развитию полноценной ремиссии.

4. Неполная ремиссия достигается при лечении миелобромолом, в соче
тании с гемотрансфузиями и кортико-стероидными препаратами, андрогенами у 
мало курабельных больных, у которых заболевание протекает с вторичным мие- 
лофиброзом, или исходом в ретикулез и в бластный криз. Эти больные рези
стентны к миелосану и к другим цитостатическим средствам.

5. Лечебная доза миелобромола 250—125 мг в сутки.
Для продления ремиссии необходимо систематически применять миело

бромол в поддерживающей дозе и тогда ремиссия может длиться до 9 месяцев 
и возможно более.

6. Поддерживающее лечение миелобромолом проводится в разовой дозе 
не более 125 мг 1—2 раза в неделю, под строгим контролем числа лейкоцитов и 
тромбоцитов.

7. Хорошая переносимость миелобромола, отсутствие каких-либо токси- 
ческих влияний, резистентности в любых стадиях хронического миелолейкоза, 
заставляет ставить вопрос о внедрении миелобромола в широкую лечебную прак
тику.

Миелобромол — дезоксибромманнит или препарат ДБМ, венгерское 
средство, изготовленное заводом Хиноин, в состав которого входят: 1,6- 
дибром, 1,6-дидезокси-Д-маннит. Выпускается в таблетках по 250 мг.

В 1962 году на 8 Международном противораковом конгрессе Шеллеи и 
Экхардт [1] были доложены экспериментальные данные, которые показали, 
что 1-6-Дибромманнит тормозит лейкопоэз. Авторами также применялся 
этот препарат у больных с различными формами лейкоза. Были отмечены 
положительные результаты при лечении хронического миелолейкоза.

При хроническом миелолейкозе авторы применяли повторные курсы 
лечения после интервала от 6 недель до 6 месяцев.

H aem ato lo g ia  1, 1967



6 2 Ч ер н ц о ва , С у с о е в а :  О п ы т  л е ч е н и я  м и е л о б р о м о л о м

Из побочных влияний при лечении миелобромолом, авторы отметили 
у двух больных — агранулоцитоз, у одного — лейкопению и у 6 — тромбо- 
цитопению. Ни один больной не погиб от побочных явлений.

В отчете о клиническом испытании миелобромола из клиники Дебре- 
ценского медицинского института также указывается на эффективность 
его при хроническом миелолейкозе [2]. Наблюдения проводились на протя- 
жении 10 месяцев. Продолжительность курса лечения варьировала от двух 
до 10 месяцев. Ремиссия у больных поддерживалась при систематическом 
контроле и при соответствующей дозировке миелобромола. Резистентности 
к препарату не отмечалось. Только у двух больных (из 10) снижалось число 
тромбоцитов. Одному из них ранее проводилась рентгенотерапия, у другого 
тромбоцитопения носила иммуноаллергический характер.

У всех больных лечение миелобромолом проводилось с хорошим 
терапевтическим эффектом. Заметного снижения числа эритроцитов под 
влиянием лечения не отмечалось. У одного больного при развитии лейко- 
пении (до 1200 в 1 мм3) на протяжении 2—3 недель, наблюдалось выпадение 
волос. У других больных, несмотря на развивающуюся лейкопению, выпа- 
дения волос не было. Нарушения функционального состояния печени за 
период лечения не обнаруживалось.

Авторы отмечают различие индивидуальной чувствительности к пре
парату, иногда достаточно было дозы 250 мг в сутки, при общей дозе 2,0 
для получения клинической ремиссии. Было указано на кратковременность 
ремиссии продолжительностью в 3—4 недели. При повторном лечении 
резистентности к препарату не наступало, была отмечена хорошая тера
певтическая активность при выраженной резистентности к ранее приме- 
няемому милерану.

Авторы пришли к следующим выводам: начальная суточная доза 
миелобромола должна быть от 125 до 375 мг на 50 кг веса больного, клини
ческая и гематологическая ремиссия наступала через 3—6 недель от начала 
лечения. При снижении числа лейкоцитов до 20 000, следует проводить 
поддерживающее лечение через день, а позже через два дня по 125— 
250 мг в сутки. При числе тромбоцитов ниже 100 000 лечение миело
бромолом должно проводиться под защитой гемотрансфузий. Миело- 
бромол противопоказан в комбинации с другими цитостатическими сред
ствами.

Mathé и сотр. [4] с соавторами от 1964 года, приводят данные о лече
нии миелобромолом 13 больных хроническим миелолейкозом, в периоде 
обострения. Больные получали по 250—750 мг миелобромола в сутки. 
Суммарная доза была в среднем 5,25 гр. В результате лечения у 8 больных 
достигнута полная ремиссия, у трех — частичная, и у двух — терапевтиче- 
ского эффекта не наблюдали. Длительность ремиссии варьировала от 3 до 
8 месяцев. Препарат хорошо переносился больными.

*  5{С *
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Переходим к описанию собственных данных.
Миелобромол нами применялся у 34 больных. Мы сочли возможный 

выделить у этих больных три группы.
В первую группу мы отнесли 6 больных хроническим миелолейкозом, 

которым ранее специальное цитостатическое лечение не проводилось Сюда 
вошли больные в возрасте от 32 до 73 лет. Лечение было начато через 2—4 
недели и у одного больного через 4 года от момента установления диагноза 
хронического миелолейкоза Сроки лечения миелобромолом у этих боль-

Рис. 1. Больная А-ва. Размер селезенки до и после лечения

ных были от 28 до 180 дней (до 6 месяцев). Общая доза принятого миело- 
бромола варьировала от 3 до 12,5 гр (в среднем 7,5 гр). Наряду с лечением 
миелобромолом больным назначались витамины В8 и С, гемостимулин.* 
У всех больных этой группы к концу лечения развилась полная клиническая 
и почти полная гематологическая ремиссия. Нормализовались размеры 
селезенки, которая до лечения достигала следующих размеров по Курлову: 
от 6 18/9 до 20 30/22 (рис. 1). Показатели гемоглобина и эритроцитов дости
гали нормальных цифр. Число тромбоцитов снижалось у всех больных, но 
оставалось к концу лечения на нормальном или субнормальном уровне 
(140 000—172 000—281000 в 1 мм3) (рис. 2).

Во вторую группу мы отнесли 12 больных в возрасте от 17 до 63 лет. 
Давность заболевания у этой группы больных было от 2 до 6 лет. Все боль
ные 2 группы ранее получали различные цитостатические препараты. У них 
выявилась резистентность к миелосану** и к другим средствам (допан,

* Дефибринированная сыворотка, ferrum lacticum, cuprum sulfuricum, glucose.
**(=Myleran)
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ренттенотерапия). Сроки лечения миелобромолом были от 20 до 169 дней. 
Общая доза миелобромола варьировала от 5,0 до 17,0 (в среднем 8,9).

У 8 больных (из 12), под влиянием лечения миелобромолом насту
пило выраженное клиническое улучшение (восстановление сна, аппетита, 
уменыпение потливости, прибавка в весе до 2—5 кг), заметное уменьшение 
размеров селезенки. У двух больных этой группы в результате лечения 
миелобромолом наступило небольшое клиническое улучшение. У осталь-

Рис. 2. Периферическая кровь больной К-н Н. Е., 58 лет, 1 группа

ных двух больных почти не наблюдалось никаких сдвигов в сторону улуч- 
шения; миелобромол им был отменен в связи с развитием головных болей, 
тошнот, снижением аппетита.

Трое больных из этой группы, наряду с лечением миелобромолом, 
получали единичные гемотрансфузии.

У 2 больных к концу лечения наступило снижение числа тромбоцитов. 
Одному из них за месяц до поступления проводилось лечение допаном в 
чередовании с миелосаном, но тогда проявлений геморрагического диатеза 
у этого больного отмечено не было. У другого больного довольно выра
женная тромбоцитопения была еще до начала лечения миелобромолом 
(62 000), которая наступила после почти непрерывного применения мие- 
лосана (на протяжении двух с половиной лет). При развитии полной клини
ческой и гематологической ремиссии под влиянием лечения миелобромо
лом, число тромбоцитов оставалось на том же уровне (64 000—62 000).
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Через неделю после окончания лечения миелобромолом число тромбоцитов 
снизилось и при подсчете обнаружить их не удавалось, развились явления 
геморрагического диатеза, а через 3 недели больной умер от массивных 
геморрагий.

На рис. 3 представлено фото-иммерсия стернального пунктата этого 
больного (М — в 18 лет). Миелокариоциты до лечения — 446 000, после

Рис. 3. Фото-имм. стернального пунктата б-го М-ба 
28 лет. До лечения

лечения — 114 000, мегакариоциты до лечения 22,2 в мм3, после лечения 
— не были найдены. Данные гистологического исследования, произведен
ные после лечения, свидетельствовали о наличии в костном мозгу очагов 
гипоплазии, с сохранением мегакариоцитов. Полной аплазии кроветворе- 
ния отмечано не было (рис. 4).

К 3 группе мы отнесли 16 больных, у 13 больных хронический миело- 
лейкоз протекая с вторичным миелофиброзом, у 3 больных имел место 
исход в ретикулоз. У одного из них отмечался вторичный миелофиброз, 
развившийся еще в начальной стадии заболевания. У больных этой группы 
обострение протекало с гемоцитобластным кризом. Возраст больных был 
от 18 до 61 года. Давность заболевания — от 2 до 8 лет. Всем этим больным 
ранее применялось длительное цитостатическое лечение и была выявлена 
резистентность к миелосану. Срок лечения у этой группы больных был от 
1 до 3 месяцев (в среднем 42,5 дня). Общая доза миелобромола на курс 
лечения была — от 4 до 11,5 г (в среднем 6,79).
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Все больные 3 группы получали миелобромол в сочетании с гемо- 
трансфузиями, гормональной терапией (кортикостероидами и андрогенами) 
и 3 с антибиотиками. В результате проведенного лечения у всех больных, 
за исключением трех, наступало выраженное улучшение. У одной больной 
через 6 дней после применения миелобромола полностью нормализовалась 
температура, у другого — через 10 дней после начала лечения миелобро
молом прекратились упорные головные боли, которые расценивались как

результат лейкозной инфильтрации ствола мозга. У всех больных восста- 
новились силы, заметно уменьшились размеры печени и селезенки. Напри- 
мер, размеры селезенки по Курлову уменьшались с 34 42/31 до 14 22/14, с 
21 27/13 до 9 25/12, с 12 27/20 до 6 16/15 (рис. 5).

К концу лечения у больных повышались показатели гемоглобина и 
эритроцитов, хотя полной их нормализации не наступало. Почти у всех 
больных число лейкоцитов к концу лечения снижалось до нормального 
уровня и у двух больных с исходом в ретикулоз снизилось до выраженной 
лейкопении (2500 и 1800). У одной больной (Р-ой 25 лет) с исходом в рети
кулоз, под влиянием лечения миелобромолом исчезли лимфатические узлы, 
селезенка стала пальпироваться у реберного края, в то время как до лечения 
она выступала на 9 см от края реберной дуги.

Для иллюстрации на рис. 7 представлено фото-иммерсия стерналь- 
ного пунктата этой больной. Лечение миелобромолом ей проводилось на

Рис. 4. Фото-имм. стернальнаго пунктата б-го М-ва 
18 лет после лечения
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Рис. 5. Больной Л-ов. Размер селезенки до и после лечения. 
3 группа

Р и с . 6. П е р и ф е р и ч е с к а я  к р о в ь  б -г о  Л - в а  3 гр .
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Рис. 7. Фото-имм. стернального пунктата б-ой Р-ой 
25 лет. До лечения

протяжении 10 дней в общей дозе 4,0 (в течение 6 дней больная получала 
по 500 мг pro die). В результате лечения наступило выраженное опустоше- 
ние костного мозга (рис. 8). На фото-иммерсия показано, что после лечения

Рис. 8. Фото-имм. стернального пунктата б-ой Р-ой 
25 лет. После лечения
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имеются лишь клетки лизиса и эритронормобласты, в то время как до 
лечения, костный мозг был клеточный и был представлен, в основном, 
недифференцированными клетками и незрелыми гранулоцитами.

Под влиянием лечения у больных 3 группы значительно снизилось 
число недифференцированных клеток в периферической крови, а у 4 больных 
полностью исчезли из периферической крови. У одной больной с выражен-

Рис. 9. Фото трепанобиопсии б-ой Ч-ко 18 лет. До лечения

ным гемоцитобластным кризом число гемоцитобластов под влиянием 
лечения снизилось лишь с 62% до 39%, а через 2 недели снова наступило 
почти тотальное бластное обострение.

У других больных этой группы наступило значительное созревание 
клеток гранулоцитарного ряда. Число зрелых гранулоцитов достигало 
55-73% .

У двух больных с вторичным миелофиброзом под влиянием 
лечения развилась умеренная тромбоцитопения и у одной больной — 
лейкопения. Применение миелобромола проводилось у этих больных 
с большой осторожностью в дозе не более 125 мг pro die, иногда не 
каждый день.

На рис. 9, 10 представлены фото трепанобиопсии больной Ч-ко 18 лет, 
у которой хронический миелолейкоз протекал с вторичным миелофиброзом. 
На фото, произведенном до лечения, показано, что в костном мозгу содер
жатся все клетки характерные для обострения хцонического миелолейкоза.
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В трепанате наблюдаются более массивные балки, чем это имеет место 
при обычном миелолейкозе. В костно-мозговых полостях наряду с элемен
тами лейкозной инфильтрации, наблюдается развитие фиброретикулярной 
ткани, вытесняющей на некоторых участках кроветворные элементы кост- 
ного мозга. После лечения у этой же больной отмечается почти полное 
уничтожение кроветворных элементов, костно-мозговые полости заполнены

Рис. 10. Фото трепанобиопсии б-ой Ч-ко 18 лет. После лечения

жировыми клетками различной величины и очень грубой ретикулярной 
стромой.

У двух больных с исходом в ретикулоз, имевшаяся до лечения до
вольно выраженная тромбоцитопения оставалась на том же уровне. У этих 
двух больных ремиссия продолжалась 2—3 недели, затем наступило обост- 
рение заболевания, протекавшее с почти тотальным бластным кризом. 
Один из этих больных погиб от присоединившейся двухсторонней пнев- 
монии, другая больная — от кровоизлияния в головной мозг. Третий боль
ной с исходом в ретикулоз, у которого на раннем этапе был выявлен сопут- 
ствующий миелофиброз, лечился миелобромолом в течение одного месяца 
по 250 мг pro die, общей дозой 8 600 мг, оказался резистентным к применяе- 
мому лечению и ремиссии не наступило,

Таким образом лечение миелобромолом проводилось нами в дозе 
не превышающей 250 мг в сутки. Двум больным пытались назначить суточ
ную дозу до 500 мг на протяжении одной недели, но это способствовало
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лишь быстрому снижению числа лейкоцитов и не оказывало влияния на 
скорость развития ремиссии.

При снижении числа лейкоцитов до сублейкемических цифр доза 
миелобромола снижалась до 250—125 мг через день, а при дальнейшем 
быстром их снижении больной переводился на лечение миелобромолом 
в поддерживающей дозе по 125 мг 1—2 раза в неделю.

При уменыпении числа лейкоцитов до нормальных цифр и тенденции 
к тромбоцитопении, при развитии хотя и неполной ремиссии, лечение 
миелобромолом заканчивалось.

Ремиссия, полученная при лечении миелобромолом была нестойкой 
и продолжалась на протяжении 2—3 недель. У больных, которые лечились 
цитостатическим средством впервые — была 1 1/2 — 4 месяца без поддер
живающей терапии. 11 больных после проведенного курса лечения полу
чали миелобромол в поддерживающих дозах по 125 мг 1—2 раза в неделю, 
при повышении числа лейкоцитов лечение миелобромолом на протяжении 
1—2 недель проводилось чаще — ежедневно или через день по 125 мг. 
У 7 больных несмотря на такую тактику поддерживающего лечения разви
валось бурное обострение заболевания через 4—8 месяцев.

У 4 больных при условии проведения поддерживающего лечения 
миелобромолом ремиссия продолжается от 3 до 9 месяцев.

Мы проводили лечение миелобромолом около двух лет. За этот период 
больным применялись повторные курсы лечения миелобромолом, который 
иногда оказывая меныний лечебный эффект или обнаруживалась резистент
ность к миелобромолу.

При проведении некоторых «функциональных проб» печени до и после 
лечения (билирубин, белки крови, формоловая и тимоловая пробы, холе- 
стерин), нам не удалось выявить какого-либо неблагоприятного влияния 
миелобромола.

С целью оценки влияния миелобромола на кроветворение были про
изведены исследования пунктата костного мозга у 20 больных и у 22 боль
ных трепанобиопсия — до и после лечения. В результате лечения наступало 
заметное уменыпение числа недифференцированных клеток до полной их 
нормализации, значительное снижение клеток гранулоцитарного ряда, 
главным образом, за счет незрелых форм, с полной сохранностью клеток 
красного ряда, и заметным уменынением числа мегакариоцитов (рис. 
11 , 12) .

Для примера приводим рис. 13, на котором представлены диаграммы 
больных с давностью заболевания 2 1/2 года — 6 лет. Обострение миело- 
лейкоза протекало у больных с вторичным миелофиброзом. После лечения 
миелобромолом наряду со снижением числа недифференцированных клеток, 
незрелых гранулоцитов, метамиелоцитов, значительно увеличилось число 
клеток красного ряда и лимфоцитов.

Для установления диагноза хронического миелолейкозе трепанобиоп
сия не имеет преимуществ перед пункцией грудины. Однако данные трепа-
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Рис. 11. Диаграмма миелограммы б-го К-ан 1 группы 
до и после лечения

нобиопсии необходимы для выявления особенностей течения хронического 
миелолейкоза, развитая миелофиброза или трансформации хронического 
миелолейкоза в ретикулоз и гемоцитобластоз. Кроме того трепанобиопсия 
позволяет установить возможное развитие аплазии кроветворения.

\2 / . 'У ///Л  НеЭифференцироЬонные í l i . l  . і і і і і і Д  Зрелые гранулоциты

Неярелые гранулоциты ЙІІШШа Красный ряЭ

1 ■ x s '\Д  Юные I I Лим сроіі,иты

Р и с . 12. Д и а г р а м м ы  м и е л о г р а м м  б о л ь н ы х  2 г р у п п ы  д о  и п о с л е  л е ч е н и я
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59.0

Ѵ / / / / / / Л  НеЭисрференцироБанные Г І ! М і  ІІ Зрелые гринулоциты

І&ЯЧЖД Незрелые гронфюциты ЮШШШІ Красный ряЭ

РЧ̂ чхЧУЧІ Юные I I Лимфоциты

Рис. 13. Диаграммы миелограмм больных 3 группы до и после
лечения

Р и с . 14. Ф о т о  т р е п а н о б и о п с и и  б -г о  К -а н  1 г р у п п ы . Д о  л е ч е н и я
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Для примера приводим фото трепанобиопсии больного К-н (рис. 14). 
До лечения видна масса клеточного состава с преобладанием незрелых 
гранулоцитов, с полным отсутствием жирового недеятельного костного 
мозга; после лечения (рис. 15) масса деятельного костного мозга значи
тельно уменьшилась, появилось большое количество жировых клеток и 
зрелых гранулоцитов. Клиническая ремиссия у этого больного продолжа
лась 4 месяца без применения поддерживающей терапии.

Рис. 15. Фото трепанобиопсии б-го К-ан 1 группы. После лечения

На рис. 16, 17 представлены фото трепанобиопсии больной С, до и 
после лечения."Костный мозг продолжал оставаться богатым клеточными 
элементами, однако клеточный состав их изменился в сторону увеличения 
зрелых форм. Эта больная получила 11,0 миелобромола и ремиссия длилась 
у нее 2 месяца. Поддерживающее лечение проводилось не систематически.

На рис. 18, 19 представлены фото трепанобипсии костного мозга 
больного Б. До лечения костно-мозговые полости густо заполнены клеточ
ными элементами; после лечения миелобромолом масса клеточных эле- 
ментов значительно уменьшена, они располагаются очагово и число жиро
вых клеток ничтожно. Эти последние 2 фото показали, что не у всех боль- 
ных под влиянием миелобромола проявляется тенденция к развитию гипо- 
плазии кроветворения, костный мозг после лечения продолжал оставаться 
богатым, но клеточный состав их изменялся в сторону увеличения зрелых 
форм.
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Рис. 16. Фото трепанобиопсии б-ой С. До лечения

Рис. 17. Фото трепанобиопсии б-ой С. После лечения
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Рис. 18. Фото трепанобиопсии б-го Б-на. До лечения

Рис. 19. Фото трепанобиопсии б-го Б-на. После лечения
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В результате лечения миелобромолом в костном мозгу наступало 
заметное уменыиение числа недифференцированных клеток гранулоцитар- 
ного ряда, главным образом, за счет незрелых форм, с полной сохранностью 
клеток красного ряда, и заметным уменыпением числа мегакариоцитов.

У некоторых больных хроническим миелолейкозом, протекаюіцего 
с очагами миелофиброза, после лечения миелобромолом наблюдалось 
появление большого количества жировых клеток, значительное обеднение 
кроветворными элементами.
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Clinical experience with Myelobromol in the treatment of chronic
myeloleukosis

T. A. Cherntsova, V. M. Susoyeva

Thirty four patients were treated with Myelobromol out of whom six had received no 
previous cytostatic treatment and 12 who had been treated earlier with some cytostatic agent 
and had become resistant to such treatment. Thirteen patients suffered of myelofibrosis, 
three of reticulosis. Myelobromol was found to be a potent rapidly acting cytostatic agent 
with an elective action on granulopoiesis with a slighter action on thrombopoiesis. The drug 
had no inhibiting effect on erythro- and lymphopoiesis. A complete remission was achieved 
by the first serial treatment of myeloleukosis, but only partial remissions were observed 
in cases of myelofibrosis. Patients suffering of the latter disease were resistant to both Myleran 
and other cytostatic agents. The daily dose of Myeolobromol is 125 to 250 mg. With long 
term maintenance doses (125 mg once or twice weekly) nine months or longer remissions 
may be achieved.
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Changes in the Myelogram in Panencephalitis nodosa 

(Subacute Sclerosing L.eucoencephalitis)

Ágnes Péter, Éva Szatmári, J. R omhányi, and Klára Letenyei

Department of Neurology, Department of Medicine No. 1 
and Department of Paediatrics No. 1, University Medical School, Budapest

(Received October 24, 1966)

The cytology of the bone marrow has been studied in 18 cases of subacute 
sclerosing leucoencephalitis (panencephalitis nodosa). In 61 per cent of the cases the 
lymphoid reticular cells, in 50 per cent the eosinophilic cells and in 33 per cent the 
plasma cells were increased in number. Four patients had eosinophilia. In one case 
of cerebral cysticercosis the myelogram showed similarly an increase of reticulum 
and eosinophilic cells, and in one patient suffering from polymyositis the plasma cell 
and lymphoid reticular cell counts were increased in the bone marrow smear. From 
the results it is concluded that the pathologic changes in the myelogram of patients 
with subacute sclerosing leucoencephalitis (panencephalitis nodosa) confirm the view 
that the immunologic processes are different in multiple sclerosis and in panencephalitis 
nodosa. The myelograms found in panencephalitis nodosa indicate that in the patho- 
mechanism of this disease allergic components, too, may play a significant role beside 
the immune processes. In panencephalitis nodosa the relation between the humoral 
and cellular defensive activities of the RES is rather peculiar: the humoral antibodies 
increase in the cerebrospinal fluid, while the cellular reaction is manifest in the nervous 
tissue and bone marrow, in the first place.

In recent years increased interest was devoted to the analysis of the laboratory 
changes accompanying panencephalitis nodosa (in the following: PN, which 
includes also the conditions called subacute sclerosing leucoencephalitis in the 
French and Anglo-Saxon literature). One of the reasons of this is that PN occupies 
a peculiar position among the inflammatory diseases of the nervous system as far 
as the defensive activity of RES is concerned.

An increase of gamma globulins in the cerebrospinal fluid usually indicates 
intense immunological processes, a presence of antibodies. The highest gamma 
globulin concentration in the cerebrospinal fluid is found in PN. Gamma globuli- 
norrachia is characteristic also for multiple sclerosis (in the following: MS) and 
for neurolues.

Now that Bauer and Heitmann fl], Matiar and Schmidt [12], Cervos- 
Navarro and Matiar [3], Frick [5] and others have published their results, it is 
accepted that gamma globulins are produced locally intrathecally. It seems likely 
that gamma globulinorrachia is correlated with the activity of the leptomeningeal 
plasma cells (Cervos-Navarro and Matiar [3], Schmidt [16], Frick [5], Péter 
[13]). In MS and neurolues, however, the increase of gamma globulin concentra
tion in the cerebrospinal fluid is accompanied by alympho-plasmacellularreaction,
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and owing to the morphological changes indicative of plasma cell activity Sayk 
and Schmidt [14], as well as Bischoff [2] go as far as to write about a plasmocytic 
“Reiz” syndrome in such cases. The cytology of the cerebrospinal fluid in PN is 
characterized by oligocytosis, by a preponderance of monocytic cell forms, whereas 
plasma cells occur infrequently and even then without immunoactive properties 
(Kolár [8], Péter [13]).

Beside the data of the cytogram of the cerebrospinal fluid, a difference in 
immunological processes is reflected also by an analysis of the protein spectrum 
of the cerebrospinal fluid. In MS and neurolues it is mainly the fast-migrating frac
tions of gamma globulins that occur at highest concentrations in the cerebrospinal 
fluid (Loewenthal et al. [10], Dencker and Kolár [4]), while in PN the slow gamma 
globulin fractions preponderate [11].

Few attempts have been made to assess the condition of the extraneural RES 
in these diseases. Schmidt found in 30 cases of MS an average of 13 per cent plasma 
cells and 16 per cent lymphoid reticulum cells in the bone marrow punctate, and 
7 per cent of reticulum cells in the blood count of 50 patients with the same disease 
[15]. According to Schmidt, the increase of reticulum cells in blood and bone

Table 1

C e r e b r o s p i n a 1 f l u i d

N u m b e r  o f
No. N a m e Sex D i a g n o s i s G a m m a  globu lin g am m a

rel. % globulin
frac tions

l . Zs. Zs. F Panencephalitis nodosa 20.3* 4
2. H. M. F 43.4* 5
3. N. K. F у  У У У 46.6* 5
4. D. L. M y y  »» 37.6* 6
5. F. A. M УУ 9 9 46.4* 5
6. С. E. F 34.7* 6
7. F. T. M — —

8. B. A. M У У У У 45.2* 5
9. H. I. M У У У У 29.3* 5

10. S z .  1. M УУ УУ — —
11. M. Zs. F УУ УУ 32.8* 5
12. K. I. M УУ УУ — —

13. S z .  M. M УУ У 44.1* 6
14. K. T. M УУ УУ 29.0 —

15. V. J. M У У я 10.4 —
16. T. J. M у  у у у 2 2 . 8 —

17. H. K. F УУ УУ 77.6 —

18. M. P. M У У У У 23.0 —
19. S z .  A . M Cerebral cysticercosis 50.6* 6
20. B. J. F Polymyositis 18.9* 1

* marks the results obtained by agar electrophoresis, otherwise paper electrophoresis 
was used.
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marrow indicates that the RES as a whole participates in the reaction to an organ- 
specific agent.

There is evidence indicating that extraneural non-specific changes occur also 
in PN. Kolár [7] has demonstrated an increase of acid phosphatase in the sera 
from 12 PN patients and that of mucoprotein in a few of them, parallel with the 
progression of the clinical disease. Remission was accompanied by a decrease. 
Kolár ascribes these changes to enzymopathy and to a non-specific reaction of 
connective tissue, respectively.

An increase of extraneural RES activity may also be surmised to occur in 
PN. By immunoelectrophoresis, Kolár [9] demonstrated pathologic changes in the 
gamma G globulins. By agar electrophoresis, Loewenthal [11] showed that in 
10 out of 11 cases of PN the serum gamma globulins separated into 2 to 6 sub
fractions.

In order further to analyse the immune processes in PN, we have studied 
the bone marrow smears and the blood count of our patients. To assess the activ
ity of RES of the NS, the results of the bone marrow studies were analysed in 
regard to the cytogram of the cerebrospinal fluid, the quantity and number of

S e r u m  
N u m b e r  o f  

g am m a 
globu lin 
f rac t ions

C  e r e b r o s p i n a l  f l u i d
Blood

Eosinophi ls

S t e r n u m  p u n c t a t e

Cell c o u n t
P lasma cells P la sma cells E os inoph i ls

/о

L y m p h o id  
re t icu lum cells

%

1 7/3 0 2 1.2 7.0 5.3
2 5/3 2 2 0.5 5.0 2.7
6 16/3 0 2 0.4 8.0 1 .0
2 9/3 1 8 0.5 6.5 8.0

— 24/3 2 2 1.2 8.0 1.8
6 1/3 0 14 5.2 17.8 4.1

— 3/3 0 — 0.8 18.8 1.7
— 0/3 0 0 0 . 0 6.0 0.8

2 13/3 0 10 2.4 22.4 3.6
— 3/3 0 4 5.5 10.2 12.0

4 8/3 0 1 1.6 2.3 0.6
— 5/3 0 0 4.8 3.6 14.0

5 0/3 0 0 3.4 4.0 18.4
— 2/3 0 11 4.4 11.2 1.6
— 15/3 0 1.0 17.2 8.8
— 2/3 0 — 5.2 5.2 10.4
— 4/3 0 — 1.8 18.0 2.0
— 1/3 0 5 0.4 5.2 2.8
— 380/3 52% eo. 9% 6 1.0 11.5 5.2

1 740/3 0 2 5.6 7.2 0.4
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fractions of serum gamma globulin, the quantity and grade of fractionation of the 
gamma globulin of the cerebrospinal fluid.

The bone marrow smear and the blood count were analysed in 18 cases of 
PN, 12 males and 6 females, aged 7 to 15 years. The results are presented in Table 1, 
together with the data for a male adult patient suffering from cerebral cysticer- 
cosis and for one female adult patient with polymyositis, to facilitate comparison.

Two-thirds of our PN patients showed an increase of protein in cerebrospi
nal fluid (60 to 240 mg per cent).

In the majority of our cases the gamma globulin concentration was signifi
cantly increased in the cerebrospinal fluid. Relative per cent values of 20 to 30 
were found in 6 cases, 30 to 40 in 3 and over 40 relative per cent in 6. The CSF from 
3 patients was not subjected to electrophoresis. In 9 cases out of 10 the CSF 
showed 5 to 6 gamma globulin subfractions by agar electrophoresis, carried out at 
the Laboratory of the Bunge Institute, Antwerp, by Dr. Loewenthal.

Sera from 8 patients were studied by agar electrophoresis. With the exception 
of one case, the gamma globulin fraction was separated into 2 to 6 subfractions. The 
serum gamma globulin level was not increased in any of our PN cases.

In the majority of our PN cases qualitative analysis of the CSF protein was 
indicative of an intense neural RES activity, while that of the serum proteins sug
gested extraneural RES activity.

The cell count in the cerebrospinal fluid was increased insignificantly in only 
four of our PN cases. Plasma cells could be demonstrated in the CSF in only 3 pa
tients, amounting to 1 to 2 per cent, i.e. they were present in insignificant quantity.

In the blood marrow smears of our PN cases the reticulum cells and eosino
phils were increased in number, with a less marked increase of the plasma cell 
count. On the basis of the data in the literature (Wintrobe [17], Kelemen [6]) in the 
bone marrow the plasma and lymphoid reticulum cell count is considered to be 
normal up to 2 per cent, and the eosinophilic granulocyte count up to 7 per cent.

Table 2

U n d e r  ~ .
2 /  ] l °

(n o rm a l )  1 70
5 to 10%

10 to  
15%

Over
15%

Plasma cells 11 4 3

Lymphoid
reticulum
cells 7 7 3

1

3 1

Eosinophils:
under 7 % 

(normal) 7 to io°/„

9 2 2 5
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The data for the percentage incidence of various cell types in the sternum 
punctate in 18 cases of PN are presented in Table 2.

In the bone marrow smear an increase of lymphoid reticulum cells was 
demonstrated in 11 patients (61 per cent of our cases). The eosinophil count 
exceeded the normal level in the bone marrow smears from 9 patients (50 per cent). 
In one case the eosinophilic cells amounted to 22.4 per cenb Eosinophilia was 
demonstrated in the peripheral blood in 4 cases, including 3, in which the eosino
phil count was significantly increased in the bone marrow, too. An increase of 
plasma cells in the sternum punctate was demonstrated in 6 patients (33 per cent 
of the cases); values over 5 per cent were found in 3 cases, with the highest 5.5 per 
cent.

In 3 patients a simultaneous increase of the plasma cell, eosinophilic cell and 
lymphoid reticulum cell counts could be demonstrated in the bone marrow. In 
patient С. E. the increases of the three cell forms were rather significant propor
tionately, with a 14 per cent eosinophilia in the peripheral blood count. In patient 
H. I. the eosinophilic cells showed the highest increase, with 10 per cent eosinophils 
in the peripheral blood. On the other hand, in patient Sz. I. the plasma and retic
ulum cell counts increased more markedly.

As far as the increase of eosinophilic cells is concerned, patient K. T. merits 
special attention. In this case we found 11.2 per cent eosinophils in the bone mar
row and 11 per cent in the blood, together with a 4.4 per cent plasmocytosis in the 
bone marrow. Many members of the family of K. T. suffered from allergic condi
tions.

The meningograms of our PN patients have been compared with the bone 
marrow findings of 4 patients suffering from neurological diseases other than PN. 
Patient Sz. A. had cerebral cysticercosis, thus, allergic mechanisms had to be taken 
into consideration in the first place. Patient B. J. had polymyositis, which, as an 
autoimmune process, evoked the reaction of the RES. The bone marrow changes 
in our PN cases showed features similar to those found in allergic reactions of the 
RES.

In patient Sz. A. an increase of eosinophilic and reticulum cells could be 
demonstrated in the bone marrow, with a significant eosinophilia also in the 
CSF (9 per cent). In the case of polymyositis we found only plasmocytosis in the 
bone marrow.

The changes in the myelograms of our PN patients may indicate that i) in the 
genesis of PN allergic mechanisms, too, may play a significant role, alongside the 
immune processes. Kolár, too, speaks about neuroallergic and immunoalterative 
properties in PN. ii) In PN, there is an extremely peculiar relationship between the 
humoral and cellular defensive activities of RES. Gamma globulin is significantly 
increased in the cerebrospinal fluid; the cellular reaction is marked in nervous 
tissue and bone marrow, but not in the cerebrospinal fluid. 3. The immunopatho- 
logical processes involved in PN are significantly different from those of MS. 
a) In MS, Schmidt [15] found in the bone marrow plasmocytosis and reticulocyto- 
sis, while we found in PN reticulocytosis and eosinophilia in the bone marrow.

6* H aem ato log ia  1, 1967



84 Péter et at.: Changes in the myelogram in panencephalitis nodosa

b) The gamma globulin subfractions and the immunoglobulins predominating in 
the CSF in PN are different in properties from those found in MS (Dencker and 
Kolár [4], Loewenthal [11]). c) In MS there is a parallellism between the plasmo- 
cytosis and increase of gamma globulin in cerebrospinal fluid (Schmidt [16]), 
while in PN this correlation is absent (Kolár [8], Péter [13]).
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J. D. Gray and G. Discombc: C linical 
P atho logy . C lin ica l M icro b io lo g y  a n d  the  
P ro cess o f  D isease . Blackwell Sei. Publ. 
Oxford 1966.

Clinical pathology perhaps is the largest 
field o f medical sciences whose outlines are 
hard to draw. The concise character of the 
book including such a vast m aterial, proves 
that authors dispose of a large-scale practical 
knowledge and excellent systematizing capac
ity coupled with an all-round orientation 
in literature.

The principal aim of this book is to serve 
as a guide for general practitioners, clinicians 
and medical students in making best use of 
the results gained from clinical laboratory 
investigations. It also bridges the gap be
tween clinical textbooks and books on labora
tory methodology, as well as the no-m an’s 
land so often separating the way of think
ing and views of clinicians from  those of 
laboratory physicians. This book is of special 
im portance in countries like Hungary where 
the laboratories o f hospitals and clinics are 
headed by laboratory specialists and no t by 
clinical pathologists in the British sense of 
the word.

The book with its 857 pages is divided 
into two parts. In part one 26 chapters deal 
with the problems of clinical microbiology. 
C hapter one “ The microbiologists, the clini
cian and the patient” gives a clear definition 
of clinical pathology and the field of work 
for clinical pathologist as seen with the eyes 
of well-versed specialists. A series o f excel
lent examples show tha t the close collabora
tion of clinicians and laboratory specialists 
has an enormous bearing on the future of

the patient, on the early and correct diag
nosis as well as on the adequate treatm ent 
o f diseases.

A lready in chapter one and furtherm ore 
in connection with various problems it is 
most definitely emphasized that clinical 
pathologists have to devote considerable 
time and energy to the prevention of diseases, 
particularly to the prevention of cross
infection within the hospital.

The next chapter deals with the basic 
problems of infection, inflam m ation, immu
nity and hypersensitivity. Chapters three 
to eight give an account of definitive bac
teriology, virology, protozoology and my
cology. These chapters give the clinician an 
insight into the work done in the laboratory 
w ithout going into technical details. They 
also stress the practical value of the methods 
employed, as well as their limitations. C hap
ters 9 to  16 are arranged according to regional 
anatom y. The reactions o f various organs 
to microorganisms, the differential diagnosis 
of the infections affecting various systems 
of the body are described. The next chapters 
are devoted to problems of generalized 
infections, to  pyrexia of unknow n origin, to  
chemotherapy and cross-infection. Chapters 
20 to 23 deal with the most im portant methods 
of sterilization and disinfection, with the 
principles of artificial im munization and the 
prevention of accidental infection among 
hospital staff. The next three short chapters 
summarize the notifiable diseases, the tech
niques for housemen and the microbiological 
assays o f the B-vitamins.

The second part of the book is devoted 
to the process of disease. Chapters 27 and 
28 give some general concept about disease
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and its activity. The next chapter is an excel
lent review of iatrogenic disease, drug tox
icity and poisoning. Concise chapters inform 
the reader about the basic principles of 
genetics, cytogenetics and autosom al dis
orders. The chapter on inborn errors of 
metabolism is one of the most fascinating 
parts of this excellent book. The tremendous 
lot of up-to-date information concentrated 
in these 47 pages is most impressive.

The next chapters deal with the deficiency 
diseases, with the disorders o f function of 
the gastrointestinal tract and its related 
glands, with the disorders of the endocrine 
glands, with the water and electrolytes of the 
body and with the clinical pathology of bone 
disease. The last 55 pages comprise excellent 
reviews on plasma proteins, autoimm unity, 
disorders of the bleeding and clotting mecha
nisms. There is an interesting chapter on 
blood groups, haemolytic disease of the 
newborn, and blood transfusion. The last 
chapters are devoted to the anaemias, the 
leukocytes and the leukaemias. The amount 
o f valuable information packed into these 
chapters is truly amazing.

The highly enjoyable style of the book 
gives pleasure to the reader. Excellent sys
tematization and the sequence of extremely 
interesting topics are a guarantee that this 
work despite of its concise character is very 
fascinating. R. H o llón

A. Kalaidjiew, J. Segal: D ie  S tr u k tu r  b io 
logisch  a k tiv e r  E iw eisse. Hum boldt Universi
tät, Berlin, 1966.

The correlation between structure and 
biological function is one of the most 
thoroughly studied problems at present. The 
tremendous advance in the methods of struc
ture research in the past ten years led to the 
clarification of the structure of some bio
logically active proteins. These methods 
elucidated not only the prim ary structure 
(amino acid sequence), but also the molecular 
conform ation and the structures of active 
and inactive, native and denatured proteins.

O f the results o f protein study this book 
deals firstly with those supporting the 
so-called “ Faltentromm el” protein model 
claimed to exist by the authors. Thus, the 
book does not claim to give a complete sur

vey of the problem — as proved by the 
relatively small num ber of references.

This is further reflected in the syllabus: 
after the first three chapters on protein 
conformation the following three deal with 
the problem of denaturation. The rest (about 
one third) of the book discusses the inter
action between proteins and ions, structure 
and enzyme activity and the electron m icro
scopic study of globular proteins.

The correlation between protein structure 
and biologic activity is discussed mainly from 
the point of view of the difference between 
native and denatured states. It touches 
briefly on the problem  of primary structure, 
but discusses in detail methods for the detec
tion of the presence of diketopiperazine 
rings. As the presence of diketopiperazine 
rings in native proteins is today a  subject 
o f discussion, it is quite justified tha t the 
authors wish to  bring up as many argum ents 
as possible in support of their hypothesis. 
This question of course cannot be settled 
by indirect experimental data, though the 
authors believe that this hypothetical struc
ture plays an im portant role in the develop
ment of the “ Faltentrom m el” structure which 
they claim is present in globular proteins.

A separate chapter deals with the “ Fal- 
tentrom m el” protein model which has been 
constructed in the Institute of Biology of the 
Hum boldt University. This theory is based 
partly on the X-ray crystallographic and 
electron microscopic studies of haemoglobin, 
myoglobin and other globular proteins and 
partly on certain phenom ena of denaturation. 
Thus they represent a view which to some 
degree differs from  the general opinion con
cerning the helix content and certain func
tional correlations (e.g. haem-haem interac
tion in haemoglobin).

Though it does not claim to give a gener
al survey of the present state of the problem, 
this book nevertheless offers from  many 
points of view very valuable informations. 
In this respect the very detailed and thorough 
methodical part dealing with the processes 
of denaturation and their irreversible charac
ter deserves special attention. This part 
contains the detailed description o f some 
quite simple methods which may be applied 
to different proteins. The experimental 
results and conclusions are grouped from the 
point of view of the “ Faltentrom m el” model
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the authors wish to prove to exist and which 
as a model reflecting the protein in its dy
namic state is undoubtedly highly interesting.

J u d ith  S ze lé n y i

H. Lehmann and R. G. H untsm an: M a n 's  
H aem oglob in . N orth-H olland Publishing 
Company, Amsterdam, 1966.

This is one of the most successful recently 
published textbooks. It may well serve as an 
example of how to summarize one of the most 
interesting branches of research, one which has 
yielded so many results, in a way tha t is fasci
nating to read, gives an extensive survey of the 
pertaining literature and at the same time 
serves as a most up-to-date practical guide. 
This book which truly reflects the present 
state o f haemoglobin research will be indis
pensable to all working in this field.

The book is didactically constructed from 
25 chapters. It deals first with the function, 
origin and degradation o f the prosthetic 
group, the haem. Problems concerning the 
storage and transport of iron, the other 
haem-containing proteins of the organism, 
such as the cytochromes, myoglobin, cata
lase, etc. are discussed in a separate chapter.

A nother chapter introduces the reader to 
the fundam ental conceptions of protein chem
istry which is necessary for the understand
ing of the structure of the haemoglobin 
molecule. The understanding of the section 
dealing with the structure and evolution of 
norm al hum an haemoglobins is facilitated 
by a chapter on the genetical and molecular 
genetical fundamentals. By this thorough 
biochemical survey covering many details it 
is then possible to discuss pathologic haem o
globins and other disturbances of haem o
globin synthesis in the light of the latest 
results of protein research.

In the treatm ent of haemoglobinopathies 
the clinical patterns are traced back to  bio
chemical lesions, and this method, which is 
highly interesting for both the medical practi
tioner and the biochemist, is one of the chief 
merits of the book. N ot only drepanocytic 
anaemia, the H b C, H b D and H b E dis
eases, which have been known for some time, 
are described in great detail, but the recently 
discovered unstable haemoglobins and rarer 
types are also included. Beside the detection

and identification of pathological haem o
globins, therapeutic methods and the progno
sis of the illness are also dealt with.

The book also devotes considerable space 
to the haemoglobin M types which are the 
cause of the disturbed functions of haem o
globin. Several chapters deal with disorders 
of the regulation of haemoglobin synthesis. 
The description of the persisting Hb F, Hb 
Lepore, the haemoglobins containing only a 
single type of polypeptide chain, such as Hb 
Bart’s and Hb H, is followed by a detailed 
essay on the thalassaemia syndrome.

Just as the progress of their research had 
led the authors to geological haematology 
and population genetics, in the next chapters 
the correlation between the distribution of 
haemoglobinopathies and the spreading of 
malaria and other epidemics, between the 
probable paths of the migration of people 
and other historical and geographic observa
tions unfold themselves before the eyes of 
the reader.

Like in the preceding ones, in the last 
five chapters the laboratory tests are dealt 
with in strict logical order. After a brief 
theoretical survey of the basic methods 
(electrophoresis and chrom atography), the 
methods for the study of the primary, secon
dary and tertiary protein structure are de
scribed from the establishing of the amino 
acid sequence to X-ray crystallography.

The book gives details which may excel
lently be used for the practical laboratory 
detection and identification of haemoglobins. 
The problem of differentiation is presented 
step by step together with the solutions to 
the problems, such as electrophoresis at 
different pH-s and in various media, solu
bility and thermal denaturation tests, detec
tion of intracellular haemoglobin and the 
fingerprint method.

Every word in the book reflects the fact 
that the authors are indeed true pioneers of 
haemoglobin research, especially because 
they have extended its scope and at the same 
time traced it back to the molecular level. 
Their fascinating style, the interesting exam
ples taken from history, the original photos 
and ingenious illustrations contribute to the 
appeal and readability of this scientifically 
outstanding, highly comprehensive work.

S u sa n  R . H o llón
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S tu d ie s on iron  absorption. V. T he  e ffe c t o f  
ascorbic a c id  a n d  e th y l a lcohol on the  absorp
tion o f  iron in iron-deficient su b jec ts . E. W. 
Sorensen (M edical Departm ent, School of 
Medicine, University of Bergen, Bergen, 
Norway), A c ta  m ed. scand. 180 , 241 (1966).

Iron absorption has been studied by 
means of oral administration o f ferrous iron. 
The iron has been given together with a 
standard meal with or w ithout addition of 
alcohol o r ascorbic acid to 60 patients with 
iron-deficiency. Based upon analyses of 
serum iron, the results show tha t both alco
hol and ascorbic acid significantly increase 
iron absorption in about the same measure.

I. A r k  у

M ech a n ism en  der Bildung von Inosin m o n o 
phosphat in m enschlichen E ry th ro zy te n . I. 
E ig en sch a ften  der A deny lsäuredesam inase  in 
m ensch lichen  E ry th ro zy ten  (Mechanisms of 
the form ation of inosine m onophosphate in 
human erythrocytes. I. Properties of the 
adenylic acid deaminase in hum an erythro
cytes). H. Banaschak (Institut für Pharm ako
logie und Toxikologie der H um boldt U ni
versität, Berlin) A cta  biol. m ed . germ . 16, 
485 (1966).

The properties of an adenylic acid dea
minase in hum an haemolysates and dialyzed 
haemolysates were investigated. The ATP 
content o f the haemolysates had been de
stroyed by iodoacetate pretreatm ent, the 
ATPase and phosphatase activities were 
inhibited by EDTA. The adenylic acid 
deaminase has an optimal activity at pH 7.8

and 37° C. D ue to  an allosteric effect the 
enzyme is activated by its own substrate 
A M P, as well as by ADP and ATP. The 
enzyme is inhibited competitively by phos
phate, further inhibitors are arsenate, pyro
phosphate and p-chloromercuribenzoate. 
The Michaelis-Menten constant in dialyzed 
haemolysate at pH  7.8 and 37° C is 
2.1 X 10~3 Mol A M P /l.T h e  activity of the 
enzyme in human erythrocytes is estim ated at 
2.5 x  1CU1 Mol AMP/1 of cells/hour.

I. S zá s z

Ü ber die B ee in flu ssu n g  des B lu t- u n d  S e ru m 
cholesterinsp iegels durch  R ö n tgenbestrah lung  
(About influencing blood and serum cho
lesterol level by X-ray irradiation). M. Mor- 
czek, H.-J. O tto, G. Ebert (Strahleninstitut 
und die Strahlentherapeutische Klinik der 
Medizinischen Akademie M agdeburg) Rad. 
biol. ther. 4, 495 (1966).

The introduction of the preparation CoT 
sil for prophylaxis and therapy of nervous 
irritation following X-ray irradiation is based 
on the assumption tha t there is a causal con
nection between a decrease of cholesterol 
level in the blood following X-ray irradiation 
and the development o f radiation syndrome. 
It is remarkable how little justification for 
using the drug is presented. In a study of 
patients with abdom inal and thoracic area 
irradiation, authors found changes in the 
blood and serum cholesterol levels, which 
did not exceed physiological variation. Colsil 
proved hardly effective in the therapy of 
nervous irritation after X-ray irradiation; 
better drugs are available. I. A r k y
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Z u r  B ed eu tu n g  des 2 .3 -D iphosphog lycera t 
Z y k lu s  in E ry th ro zy te n . B eziehungen  zw i
schen M e th ä m o g lo b in -  und  2 .6 -D ich lorphe-  
n o lin d o p h en o l-R ed u k tio n , G lyko lyse  und  2 .3 - 
D iphosphog lycera tb ildung  (On the im portance 
of 2.3-diphosphoglycerate cycle in erythro
cytes. Connexions between methaemoglobin 
and2.6-dichlorophenolindophenol-reduction, 
glycolysis and 2.3-diphosphoglycerate for
mation). W. Schröter, P. Winter (Universi
täts-K inderklinik, Ham burg—Eppendorf)
B lu t 14, 16 (1966).

The form ation of 2.3-diphosphoglycerate 
(2.3-DPG) w ithout A DP in haemolysates 
containing more than 95 per cent methaem o
globin is twice as high as in haemolysates 
with less than 1 per cent methaemoglobin. 
The form ation of 2.3-DPG can be increased 
by the dye 2.6-dichlorophenolindophenol to 
a greater extent than by methaemoglobin. 
Inversely, the reduction of 2.6-dichlorophe- 
nolindophenol in haemolysates with high 
methaemoglobin content can be diminished 
by 2.3-DPG, and this inhibition is partly 
abolished by ADP. 2.3-DPG diminishes the 
reduction of 2.3-dichlorophenolindophenol 
in the absence of A D P by inhibition of the 
form ation of N A D H  in the glyceraldehyde- 
3-phosphate-dehydrogenase reaction. The 
nonenzymatic reduction of 2.6-dichlorophe- 
nolindophenol by N A D H  is diminished by 
2.3-DPG as well. The results are compatible 
with the hypothesis that the 2.3-DPG has an 
im portance as a NADH-saving by-way of 
glycolysis under increased requirements for 
N A D H , e.g. in the case of increased m et
haemoglobin formation.

I. S zá s z

The use o f  a sim p le  w hole-body coun ter fo r  
h a em a to lo g ica l investiga tions. S. T. Callen
der, L. J. W itts, G. T. Warner, R. Oliver 
(The Nuffield D epartm ent of Clinical Medi
cine, Radcliffe Infirmary and Departm ent of 
Radiotherapy, Churchill Hospital, Oxford) 
B rit. J . H a e m a t. 12 , 276 (1966).

A whole-body counting system is used 
for studying the absorption processes of 
haematological im portance, using isotope- 
iron and vitamin Bl2. The counting system 
is described: two cm. sodium iodide crystals 
are m ounted, one above the other, below a

m otorized couch. Collim ators restrict the 
field viewed to some 38 cm. along the couch 
and further lead protection prevents direct 
background radiation from  reaching the 
detectors. The total weight is about 4.5 tons, 
so that installation in norm al hospital labora
tory is possible. 60 patients have been exam
ined, using either 69Fe or 58Co. In 54 patients 
faecal samples were also collected while in 
six patients inconvenience or illness prevented 
collection. Although every effort had been 
made, faecal collection was incomplete in 16 
cases. In the other cases the average ratio  of 
body retention determined by the whole- 
body counter and by measurements of faecal 
samples was 1.01 +  0.12, so that there is no 
systematic difference in the results. The 
avoidance of the inconvenience and uncer
tainty associated with faecal collection is of 
great value in clinical practice.

/. S z á s z

R e d  ce ll “p seu d o m o sa ic ism ” in co ngen ita l 
m ethaem og lob inaem ia . A. S. Keitt, T. W. 
Smith, .1. H. Jandl (Thorndike Memorial 
Laboratory and Second and Fourth H arvard 
Medical Services, Boston City Hospital and 
Departm ent of Medicine, H arvard Medical 
School) N e w  Engl. J. M e d . 275, 397 (1966).

In a patient with congenital m ethaemo
globinaemia caused by D PNH -like m ethae
moglobin reductase (diaphorase) deficiency, 
there was a heterogeneous distribution of 
methaemoglobin, mainly in older erythro
cytes. This resulted from  a decrease in the 
methaemoglobin reducing activity of ageing 
erythrocytes, without a simultaneous de
crease in diaphorase level. In  young cells a 
secondary pathway, depending on GSH and 
the hexose monophosphate shunt, but no t 
necessarily on TPNH, th a t is normally of 
little im portance, is sufficiently active to 
supplement the deficient diaphorase m echa
nism. A fter the decrease in the secondary 
mechanism, the diaphorase deficiency was 
limited and methaemoglobin accumulated, 
producing a  “ pseudomosaic” pattern of 
distribution among the erythrocytes. Several 
curious features of this disease (e.g. its self
limited nature, the tendency to achieve equi
librium, the failure of methaemoglobin to 
cause an appropriate shift in the oxygen-
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dissociation curve and the surprisingly low 
incidence o f polycythaemia) appear to be 
caused by the segregation of methaemoglo- 
bin in a m inor population.

1. S zá sz

T he p re p a ra tio n  o f  c rysta llin e  h u m a n  ery th ro 
c y te  g lyc era ld eh yd e-3 -p h o sp h a te  dehydroge
nase. M. Oguchi, T. H ashim oto, S. Mina- 
kami, H. Yoshikawa (D epartm ent of 
Physiological Chemistry and Nutrition, 
Faculty of Medicine, The University of 
Tokyo, Tokyo) J . B io ch em . (Tokyo) 60, 
99 (1966).

Erythrocyte glyceraldehyde-3-phosphate 
was purified to study the properties of the 
enzyme. H um an erythrocytes were separated 
from out-dated ACD-blood, washed with 
isotonic saline and kept in frozen state. 
After adding 7 volumes of 4 m M  N a3EDTA, 
solid am m onium  sulfate (430 g/1) was cau
tiously added to the haemolysate and the 
resulting mixture was filtered. Solid ammo
nium sulfate was further added to make 90 
per cent saturation. The precipitate was 
dialyzed against 1 mM  N a3EDTA, then 
diluted with water to 1500 ml, and adjusted 
to pH  6.2. Further purification was achieved 
by adsorption to calcium phosphate gel and 
subsequent elution by 0.1 M N a4P20 7, as well 
as by the removal of a precipitate produced 
by 65 per cent amm onium sulfate saturation. 
The enzyme was then precipitated by adding 
ammonium sulfate to 90 per cent saturation, 
desalted on Sephadex G-25 column, applied 
on a DEAE-cellulose colum n and eluted 
with a linear gradient system by increasing 
the concentration to 50 mM EDTA  in 5 mM 
tris-HCl buffer, pH 8.6. The fractions of the 
first protein peak contained all o f the enzyme 
activity. After calcium phosphate gel treat
ment and elution with 0.1 M N a4P20 7 
amm onium sulfate of 70 per cent saturation 
was added. The precipitate was centrifuged 
off. Needle-like crystals appeared in the 
solution within a few hours. The purified 
enzyme gave a constant specific activity 
even after recrystallization, migrated as a 
single peak in ultracentrifugal analysis, and 
showed a  sedimentation velocity comparable 
to that of the rabbit muscle enzyme.

I. S zá sz

C o m p a r iso n o f the  concen tra tions o f  g lu ta th io n e  
a n d  o f  iod ine-reducing  substances in hum an  
e ry th ro cy te s . N. Jesenovec, M. Fiser-Herm an 
(Splosna bolnisnica, Maribor, Zavod za 
Medicinsku, Biokemiju, Domagojeva 2, 
Zagreb) Clin. ch im . A c ta  14, 293 (1966).

Concentrations o f reduced and oxidized 
glutathione (GSH, resp. GSSG) were deter
mined by a specific glyoxalase method and 
by a less specific iodometric m ethod in 
blood cells from healthy persons (including 
pregnant women and newborns as well), 
and from  patients suffering from hepatitis, 
cirrhosis of the liver, uraemia, malignancy, 
leukaemias, pernicious, sideropenic and 
posthaem orrhagic anaem ia and hyperthyroid
ism. W ith the glyoxalase method no signifi
cant changes were detected in liver diseases, 
bu t in other conditions GSSG was increased 
and  GSH reduced. Total glutathione was 
found to be much reduced in malignancy 
and  hyperthyroidism . With the iodom etric 
m ethod GSH levels seemed to be higher 
than  with the enzymatic method. The differ
ence was called by the authors: the non- 
glutathionic oxidizable material. N orm al 
cells contained quite a  large quantity o f this 
material, but much more has been found in 
the cells of patients, particularly in cases of 
uraem ia, pernicious anaemia and malignancy.

/. S zá s z

H e re d ita ry  e llip to c y to s is  and  h yp erh a em o lysis . 
A  com para tive  s tu d y  o f  6 fa m ilie s  w ith  145  
p a tie n ts . R. A. Geerdink, P. W. Helleman 
and M. C. Verloop (Medical D epartm ent, 
University Hospital, Utrecht, The N ether
lands) A c ta  m ed. scand. 179, 715 (1966).

In six families with elliptocytosis, about 
400 individuals were examined. In 145 mem
bers of these families, elliptocytosis was 
diagnosed. A study of haemolysis in the 
patients, the norm al members of the fami
lies serving as controls, disclosed tha t ellipto
cytosis caused hyperhaemolysis as a rule. 
Elliptocytosis did no t influence the haem o
globin concentration, haematocrit value and 
erythrocyte count per volume unit o f blood. 
The patients therefore showed a “ com pen
sated haemolysis” , regardless of whether or 
not they belonged to families in which a
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genetic linkage between elliptocytosis and 
rhesus factors exists (i.e. regardless of whether 
the corresponding genes are or are not 
localized close together on the same chromo
some). A comparative study of the degree of 
haemolysis in the various families disclosed 
that the patients in one “non-linked” family 
showed a more markedly pathological hae
molysis than those in one “linked” family. 
This suggests that, not only genetically but 
also biochemically, at least two types of 
elliptocytosis exist.

I. Arky

Haemoglobin Köln (ß 98 Valine ->- Methio
nine) : an unstable protein causing inclusion- 
body anaemia. R. W. Carrell, H. Lehmann, 
H. E. Hutchinson (M. R. C. Abnormal 
Haemoglobin Research Unit, Department 
of Biochemistry, Cambridge) Nature 210, 
915 (1966).

Haemoglobin Köln moves more slowly 
than Hb A on electrophoresis at alkaline 
pH, and it was confirmed by hybridization 
that the additional positive charge is situated 
in the ß chain. In spite of that no difference 
could be detected in the position of any of 
the tryptic peptides by fingerprinting. On 
staining for bivalent sulphur ß Köln TpXI 
gave a positive reaction. This suggested that in 
Hb Köln a neutral amino acid (among the 
residues 96— 104 of the ß chain) had been 
replaced by methionine. Amino acid anal
ysis of this area confirmed that Hb Köln is 
a2 (if8 Val ~~ Met. Valine in position 98 is in 
direct contact with the haem and it might be 
expected that its replacement by a larger 
residue could interfere with the stability of 
the tertiary structure of the ß chain. The 
increased positive charge of Hb Köln, which 
becomes apparent at pH 8.6, could be con
nected with an increase in the positive charge 
of a histidine near to the Val in question. 
The methionine might displace the histidine 
in position 97, thus bringing it nearer to an 
aspartic acid residue at 99 or possibly 94. 
The greater proximity of the negative charge 
would then produce an increase in positive 
charge of the 97 histidine and this would 
depend on the tertiary structure of the mole
cule maintained. This has been observed in 
fact, when the increased positive charge of

Hb Köln was not demonstrable anymore, 
after the separation of its a and ß chains, or 
after its digestion with trypsin.

Judith SzeUnyi

Investigation of erythrocyte turnover with 
selenium-75-labeled methionine. J. A. Penner 
(Department of Internal Medicine, Simpson 
Memorial Institute, The University of 
Michigan) J. Lab. din. Med. 67, 427 
(1966).

Selenomethionine, a gamma-emitting 
methionine analogue, was employed to 
study erythrocyte production and survival. 
In normal individuals, administration of 100 
pc of selenomethionine resulted in the con
centration of significant amounts of radio
activity in the bone marrow within one hour 
and in circulating erythrocytes, leukocytes, 
and platelets within 48 hours. The major 
portion of erythrocyte activity was found in 
hemoglobin. Erythrocyte radioactivity in the 
normal individual increased rapidly during 
the first 7 days. A relatively sharp decline 
in activity was observed between 100 and 
135 days, indicating that most of the cells 
initially labeled in the marrow and released 
into the circulation had survived throughout 
this period. Patients with acquired hemolytic 
anemia and sickle cell anemia exhibited 
increased incorporation of isotope into 
the red cells initially and a rapid loss of 
activity during the following weeks as the 
labeled cells were destroyed. A similar pat
tern of incorporation was seen in spherocy
tic anemia; however, splenectomy appeared 
to reduce the rate of red cell destruction and 
resulted in a more gradual loss of radioac
tivity. Little, if any, incorporation of labeled 
amino acid was observed in erythrocytes of 
patients with hyporegenerative anemias. 
It was concluded that selenomethionine is a 
useful clinical agent in the evaluation of red 
cell survival and production.

/. Arky

The effect of E-aminocapronic acid on certain 
serological reactions. Yu. Musyatovich, Yu. 
Esuita, M. Belecky (2nd Department of 
Gynaecology and Obstetrics, Bielostok) 
Akusherstvo i Gin. 3, 28 (1966).
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After a brief survey of certain papers on 
the marked action of £-aminocapronic acid 
(EACA) in allergic diseases, the authors 
describe their own experiments. They studied 
the change of isohaemagglutination under 
various conditions both in vivo and in vitro. 
Anti-A, anti-B and anti-D sera with a titre 
of 1 :128, erythrocytes of groups “A”, “B”, 
and “O” (Rh positive) and EACA solutions 
of 10, 15 and 20 mg%, and isotonic NaCl, 
respectively, were used. The following results 
were obtained:

1. At 4° C in systems incubated for 24 
hours with 20 mg% EACA solution the 
isohaemagglutination titre dropped from the 
1 : 128 of the controls to 1 : 8.

2. The agglutinate formed was dissolved 
in EACA; after 18 hours incubation (follow
ing 30 minutes shaking) the bulky agglutinate 
was dispersed, although there was no change 
in the titre.

3. The agglutinability of erythrocytes 
incubated 24 hours in EACA solution and 
then washed, underwent a permanent change; 
there was a significant decrease in the titre 
of the sera used.

4. The isohaemagglutination titre of sera 
treated for 24 hours at 4° C with identical 
quantities of EACA dropped from 1 : 64 
to l  : 16. Dialysis caused no further reduction 
in the titre.

5. When the agglutinates were dissolved 
and centrifuged after 18 hours incubation 
with 15 mg% EACA solution the superna
tant fluid caused no agglutination in dilu
tions up to 1 : 2, while dilutions of 1 : 28 
caused already agglutination in the controls.

P. Tabák

Indophenol oxidase and peroxidase activities 
in mammalian erythrocytes. I. Siegel (Pathol
ogy Department, Albert Einstein College 
of Medicine, New York) J. Histochem. 
Cytochem. 13, 141 (1965).

Cytochrome oxidase and peroxidase are 
two of the enzymes not yet demonstrated in 
mammalian erythrocytes. It was believed 
that in mammalian erythrocytes cytochrome 
loses this enzyme as it obtains the major 
part of its energy by glycolysis. The Nadi 
reaction was used in the present investiga

tions. Enzyme activity was not determined 
quantitatively, but the cytochrome oxidase 
activity found proved the significant respira
tory activity of mature mammalian erythro
cytes. When oxygen was eliminated, the 
G-Nadi reaction stopped, but the M-Nadi 
reaction continued. Potassium cyanide and 
sodium azide partially inhibited the G- and 
M-Nadi reactions. Microscopic examinations 
have shown that the reaction product settles 
at the periphery of the cell. The Ehrlich 
ascites tumour cells and haemolyzed erythro
cyte stroma showed similar results by the 
Nadi test. Fixing and heating inhibited the 
reaction.

Ilona Berzy

Untersuchungen zur Topochemie der eosino
philen Leukozytengranula (Topochemistry of 
eosinophilic leukocyte granules). В. K. 
Brzezinski (Anatomisches Institut der Ernst- 
Moritz-Arndt-Universität, Greifswald) Acta 
histochem. 20, 343 (1965).

Eosinophilie leukocytes were studied 
cytochemically. The results indicate that the 
specific granules contain protein components 
and phospholipids rich in aromatic and basic 
amino acids. They contain no DNA, but 
some RNA, which remains unchanged dur
ing maturation. The granules of eosinophilic 
cells contain no polysaccharides, but some 
neurinic acid, which may explain their PAS 
activity. The known sudanophilia is not due 
to lipids; the granules contain fat peroxide, 
but no cholesterol or choline. Owing to the 
group high in P, the granules show a marked 
gamma metachromasia. The lamellar struc
ture of the granules is due to a suitable ar
rangement of components. The centre of the 
granules is composed of nucleic acid, protein, 
and lipid, surrounded by a peripheral enzyme 
carrier capsule. The experimental results 
indicate that protein is synthesized in the 
granules.

Ilona Berzy

Lysozyme in bone marrow and peripheral 
blood cells. R. S. Briggs, P. E. Perillie, S. C. 
Finch (Department of Internal Medicine, 
Yale University School of Medicine, New 
Haven, Connecticut) J. Histochem. Cyto
chem. 14, 167 (1966).,
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The lysozyme activity of cellular elements 
in the bone marrow and peripheral blood 
was studied by an indirect histochemical 
method. Following anticoagulant treatment, 
blood or bone marrow suspension was 
mixed in a leucocyte pipette with the dried 
suspension of Micrococcus lysodeicticus 
killed by UV irradiation, and after 20 seconds 
smears were prepared. The smears were 
incubated for five to ten minutes in a wet 
chamber, then were air-dried and stained by 
Wright’s method. The lysozyme activity of 
the cells was manifested in a swelling of the 
capsule of the surrounding micrococci and 
the shrinking of the protoplast of the latter. 
A significant lysozyme activity in the mono
cytes and the neutrophilic granulocytes as 
well as in the neutrophilic precursors up to 
the promyelocytes could be demonstrated by 
this method. Occasionally, a few mature 
eosinophilic granulocytes showed traces of 
lysozyme activity. The basophilic granulo
cytes, the erythrocytes and their precursors, 
the megakaryocytes, the blood platelets, the 
plasma cells, the leukocytes in the tissues and 
the reticuloendothelial cells of the bone 
marrow always reacted negatively.

Gy. Lelkes

The ultrastructure of eosinophilic granulocytes 
in the peritoneal cavity of rats following 
injection of ferritin. F. Bro-Rasmussen (De
partment of Anatomy, University of Copen
hagen, Copenhagen, Denmark) Scanci J. 
Haemat. 3, 257 (1966).

The function of the granules of eosino
philic cells is not yet quite clear. It has been 
supposed by several authors that in non- 
sensitized organisms the granules of the 
eosinophilic cells possess phagocytotic prop
erties. In the work presented the granules 
of eosinophilic cells were studied electron 
microscopically, in non-sensitized organisms 
after the administration of foreign proteins. 
The eosinophilic granulocytes were obtained 
from rats following intraperitoneal injection 
of ferritin and peritoneal washing at various 
times with 50 ml saline. Ten minutes after 
the injection inclusion bodies containing 
ferritin and similar to phago-Iysozomes were 
visible in the cytoplasm of the eosinophilic 
granules. Ferritin phagocytosis caused a

morphological change in the eosinophilic 
granules, but the latter did not disappear. 
In the neutrophilic granulocytes of the peri
toneal fluid phagocytosed conglomerates of 
eosinophilic granules were visible, indicating 
a degenerative change. The phagocytosis of 
the eosinophilic granules is regarded as a 
stage in the degradation of eosinophilic 
cells.

Ilona Berzy

The steady-state transport of oxygen through 
hemoglobin solutions. K. H. Keller, S. K. 
Friedlander (Department of Chemical Engi
neering, the Johns Hopkins University, 
Baltimore, Md.), / .  Gen. Physiol. 49, 663 
(1966).

The steady-state transport of oxygen 
through hemoglobin solutions was studied 
to identify the mechanism of the diffusion 
augmentation observed at low oxygen ten
sions. A novel technique employing a plati
num-silver oxygen electrode was developed 
to measure the effective diffusion coefficient 
of oxygen in steady-state transport. The 
measurements were made over a wider range 
of hemoglobin and oxygen concentrations 
than previously reported. Values of the 
Brownian motion diffusion coefficient of 
oxygen in hemoglobin solution were obtained 
as well as measurements of facilitated trans
port at low oxygen tensions. Transport rates 
up to ten times greater than ordinary diffu
sion rates were found. Predictions of oxygen 
flux were made assuming that the oxyhemo
globin transport coefficient was equal to the 
Brownian motion diffusivity which was 
measured in a separate set of experiments. 
The close correlation between prediction 
and experiment indicates that the diffusion of 
oxyhemoglobin is the mechanism by which 
steady-state oxygen transport is facilitated.

G. Gárdos

Formation of a peculiar haem-protein fraction 
in plasmas containing haemoglobin. E. Bottini, 
G. Filippi, F. Cozzi, G. Maggioni (Istituto 
di Genetica, Universitá, Roma) Experientia 
(Basel) 22, 19 (1966).

A particular benzidine-positive fraction 
was observed by means of starch-gel electro

H aem ato log ia  1, 1967



9 4 Abstracts

phoresis, in the Hb containing plasmas of 
children (378 plasmas examined) in various 
physiological and pathological conditions 
(neonatal jaundice, thalassaemia, favism). 
This new fraction migrates faster towards 
the positive pole than the free Hb band and 
is closer to the latter than the MetAlb band. 
Similar results were obtained by incubating 
normal adult Hb with umbilical cord plasma. 
After preserving the plasma for approxi
mately 50 days at 4~ C, the results were less 
apparent. The results of the in vitro experi
ments seem to favour the theory that the 
new benzidine-positive band is to a large 
extent a result of the transformation of Hb 
and that in plasma there are non-ultrafiltrable 
factors capable of accelerating Hb transfor
mation as compared to haemolysates / these 
factors appear to be more active in the first 
few days of life.

Judith Szelényi

Die Wirkung von Trioseredukton auf die 
Kalium- und Natriumpermeabilität roter Blut
körperchen (Effect of triose reductone on the 
permeability of K and Na in erythrocytes).
H. Passow, E. Vielhaeur (II. Physiologisches 
Institut der Universität des Saarlandes, 
Homburg, Saar) Pflügers Arch. 288, 1 (1966).

Inhibition of active transport causes 
potassium leakage accompanied by the 
uptake of a nearly equivalent amount of Na. 
A number of agents, such as fluoride, iodo- 
acetate +  adenosine, and lead not only 
inhibit the uphill movements of K and Na, 
but enhance the downhill movements of K. 
ten- to thirtyfold without appreciably increas
ing the passive Na influx. Triose reductone 
and its hydrazine derivative were found to 
exert similar actions. Triose reductone is 
readily oxidized by atmospheric oxygen at 
high pH values, but is fairly stable in the 
acid range. It reacts spontaneously with 
hydrazine, although the reaction rate is low. 
Enzymes present in the interior of the erythro
cyte enhance this reaction. The product con
tains 2 moles of hydrazine per mole of reduc
tone. Neither reductone nor its hydrazine 
derivatives seem to form chelates with alka
line earth metal ions. Both exert little effect 
on red cell metabolism as judged from the 
fact that they induce but little ATP break
down. They are metabolically converted into

unidentified end products. This process is 
not affected by the presence of ethylenedia- 
minetetraacetic acid (EDTA). The action on 
cation permeability of triose reductone and 
of its hydrazine derivative depends on the 
metabolic state of the cells. In the concentra
tion range studied (0.5—10.0 mmoles/1) 
fresh erythrocytes are scarcely affected where
as cells incubated in the absence of sub
strates prior to the addition of the poison 
lose potassium with little concomitant sodium 
uptake. The hydrazine derivative is much 
more effective than reductone itself. In cells 
preincubated for 16 hours it may cause, 
within 2 hours, a net loss of about 60 mEq 
K/kg cells with Na uptake of as little as 
5 mEq/kg cells. Potassium loss can be induced 
only in the presence of Ca. At 0.5 mmoles/1 
CaCl2 a maximum effect is reached whereas 
an excess of EDTA prevents the permeability 
change to occur.

G. Gárdos

Effect o f oxidized glutathione on some en
zymes of erythrocytes and its relation to eryth
rocytic enzyme activity and electrophoretic 
mobility. H. Walter, Juanita F. Caccam 
(Laboratory of Chemical Biology, Veterans 
Administrations Hospital, Long Beach, Calif.) 
Biochem. J. 100, 21A (1966).

1. Oxidized glutathione (GSSG) reacts or 
interacts with some erythrocytic enzymes 
(glucose 6-phosphate dehydrogenase, aspar
tate aminotransferase), but not with some 
others (lactate dehydrogenase).

2. GSSG does not diminish the activity 
of any of these enzymes and is therefore not 
responsible for the decreased enzyme activ
ities associated with older erythrocytes.

3. It may be that the reaction of aspartate 
aminotransferase with GSSG is the cause 
for the more rapid anodic electrophoretic 
mobility of this enzyme derived from human 
erythrocytes as compared with the mobility 
of the same enzyme from other human 
tissues.

4. A reinterpretation of some related, 
previously published, data with regard to 
the electrophoretic mobility of the above- 
mentioned enzymes from young and old 
erythrocytes is presented.

G. Garbos
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Chemically induced, selective thrombocyto
penic purpura. J. C. Kulis, (Swedish Co
venant Hospital, Chicago, 111.) Arch, intern. 
Med. 116, 559 (1965).

and the diagnosis is made by temporal 
association of the administration of the 
drug and the reappearance of symptoms 
and signs.

Elisabeth Margittay
Chemicals can cause selective thrombo

cytopenia without anemia and neutropenia. 
In the present study two cases have been 
presented: one acute and one chronic. In the 
first case the chemicals involved were 2.2- 
dichlorovinyl-dimethyl-phosphate and Diel- 
drin (insecticidal product containing hexa- 
chloro-octalhydro- dimethano - naphthalane), 
and produced acute thrombocytopenia with 
bleeding into the skin and mucous mem
branes and gross hematuria. This was a 10- 
year-old girl. The second case was a 60-year- 
old man, he had an episode of epistaxis which 
subsided spontaneously, thereafter petechiae 
appeared on extremities and in the gastro
intestinal tract. The patient had been employ
ed for the last seven years spraying clothes 
with “ Mono-Zone Moth Spray” which con
tains pyretkins, lethane and petroleum hydro
carbons. The therapeutic use of blood, plate
lets and steroids in inducing a remission to 
normal has been demonstrated. The possible 
pathogenic mechanism in inducing the throm
bocytopenic purpura:

1. Immunologic damage to circulating 
platelets leading to their premature removal 
from the blood (e.g. chlorothiazide, sulfas, 
phenylbutazolidin).

2. Direct toxicity to platelets is a dose- 
related phenomenon (e.g. ristocetin).

3. Direct toxic depression of the mega
karyocytes (e.g. chloramphenicol or the gold 
salts).

The possibility that a drug is the cause 
must be investigated in each case. A simple 
test for demonstrating antiplatelet antibodies 
has been devised by Weintraub, but the results 
may be negative or inconclusive. The only 
way of proving the diagnosis would be to 
administer a test dose of the suspected drug 
or chemical which is usually too dangerous,

The treatment of autoimmune hemolytic ane
mia with heparin. A. Ten Pas, R. W. Monto 
(Division of Hematology, Henry Ford Hospi
tal, Detroit, Mich.) Amer. J. med. Sei. 251, 
63 (1966).

A patient with disseminated small cell 
lymphoma complicated by severe autoim
mune hemolytic anemia is discussed. The 
anemia was successfully treated with hepa
rin. The hemolytic process was evidenced by 
a positive Coombs’ test, a low complement 
titer, and an elevated serum hemoglobin 
which did not respond previously to splen
ectomy, adrenocortical steroids or chemo
therapeutic agents. Following the adminis
tration of heparin subcutaneously, there was 
a complete remission of thehemolyticprocess. 
The Coombs’ test became negative: the 
serum hemoglobin dropped and the comple
ment titer rose to normal levels. Complement 
apparently is required in some types of red 
cell destruction in autoimmune hemolytic 
anemia. Complement titers are depressed in 
cases with cold agglutinins (50%), but also 
in the presence of warm antibodies (20%). 
The utilization of complement, therefore, is a 
prerequisite in some types of intravascular 
hemolysis produced by antigen-antibody 
reactions. Presumably heparin inhibition of 
this reaction is due to its ability to form loose 
complexes with the globulin components of 
complement and in this manner competes 
with the red cell antibody complex for union 
with the complement. It is suggested that a 
trial of heparin, a less harmful agent than 
corticosteroids or immunosuppressive agents, 
should be the treatment of choice early in 
severe autoimmune hemolytic anemia.

Georgina Sik
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A. BOGSCH and A. LESZLER

D iagnostic Pneum om ediastinum
In English ■ 212 pages ■ 116 figures ■ 1 7 x2 4  cm ■ Cloth • $9.80; D M  39.20;
£ 3 10s
T h e  a u t h o r s  d i s c u s s  t h e  i n j e c t i o n  o f  a i r  i n t o  t h e  m e d i a s t i n u m  a s  a  c o n t r a s t  m e d i u m  

f o r  X - r a y  e x a m i n a t i o n s .  T h e  h i s t o r y  a n d  m e t h o d s  o f  t h e  p r o c e d u r e  a r e  d e a l t  

w i t h ,  a n d  i t s  i n d i c a t i o n s  a n d  c o n t r a i n d i c a t i o n s  a s  w e l l  a s  i t s  s p e c i a l  a p p l i c a t i o n s  

f o r  f a c i l i t a t i n g  d i a g n o s e s  a r e  t r e a t e d .

M. JULESZ AND K. KOVÁCS

Therapie der endokrinen K rankheiten  
und ihre theoretischen Grundlagen
In German ■ 592 pages • 31 figures • 3 tables ■ 17 x  24 cm • Cloth 
$16.00; DM  6 4 . - ;  £5 15s
T h e  p r e s e n t  w o r k  p r o v i d e s  m e d i c a l  p r a c t i t i o n e r s  w i t h  t h e  n e c e s s a r y  f u n d a m e n t a l s  

i n s t e a d  o f  m e r e  f o r m u l e s  f o r  h e a l i n g .  T h u s  t h e  r e a d e r s  w i l l  b e  a b l e  t o  p r o c e e d  b y  

t h e m s e l v e s  t o  f u r t h e r  s t u d i e s  i n  t h e  f i e l d  o f  t h e r a p y .  T h e  c h a p t e r s  o f  t h e  w o r k  

a r e  a r r a n g e d  a c c o r d i n g  t o  t h e o r e t i c a l  a n d  p r a c t i c a l  i s s u e s .

I. WITTMANN

Peritoneoscopy I. II.
In English ■ Vol. I. 187 pages ■ 50 figures • 21 tables ■ Vol. II. 500 coloured photos 
on 171 pages ■ 2 1 x2 9  cm ■ Cloth • Together $32.00; DM  128.—; £11 11s

I n  t h i s  w o r k  t h e  a u t h o r  d i s c u s s e s  t h e  d i a g n o s t i c  m e t h o d s  o f  p e r i t o n e o s c o p y ,  i t s  

h i s t o r y  a n d  h i s  o w n  e x t e n s i v e  e x p e r i e n c e .  V o l u m e  I  d e s c r i b e s  t h e  m e t h o d s ,  i n s t r u 

m e n t s ,  i n d i c a t i o n s  a n d  c o n t r a i n d i c a t i o n s  a s  w e l l  a s  t h e  d a n g e r s  o f  p e r i t o n e o s c o p y .  

V o l u m e  I I  is  a  p e r i t o n e o s c o p i c  a t l a s  c o n t a i n i n g  5 0 0  o r i g i n a l  c o l o u r e d  p h o t o g r a p h s  

a n d  i l l u s t r a t e s  w h a t  h a s  b e e n  d i s c u s s e d  i n  V o l u m e  I .
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Publications of
AKADÉMI AI  KI ADÓ
Budapest

L. BÍRÓ and H. GRÄBER

Klinische Anw endung der K ortisonderivate
In German ■ 459 pages ■ 15 figures ■ 31 tables ■ 17x24  cm • Cloth $12.00; 
DM 48. -  ; £4 4s

T h e  a u t h o r s  d e a l  i n  d e t a i l  w i t h  t h e  t h e r a p e u t i c  e m p l o y m e n t  o f  c o r t i c o i d s  i n  

e n d o c r i n o l o g y ,  c o l l a g e n - f i b r e  d i s e a s e s ,  r h e u m a t i c  f e v e r ,  c a r d i o l o g y ,  a l l e r g i c  

d i s e a s e s ,  h a e m a t o l o g y ,  k i d n e y  a n d  h e p a t i c  d i s e a s e s  a n d  i n  t u m o u r s .  T h e  b i b l i o g 

r a p h y  c o n t a i n s  a l m o s t  2 5 0 0  i t e m s  u p  t o  1 9 6 5 .  T h i s  b o o k  e n u m e r a t i n g  a l l  H u n g a r 

i a n  a n d  f o r e i g n  A C T H  ( c o r t i c o i d )  p r o d u c t s  w i l l  b e  o f  g r e a t  v a l u e  t o  p r a c t i s i n g  

p h y s i c i a n s .

B. ISSEKUTZ

G eschichte der A rzneim ittelforschung
In German ■ In preparation ■ Approx. 450 pages ■ 17x24  cm ■ Cloth ■ Approx- 
$15.00; DM 6 0 . - ;  £5 5s

A n  i n t e r e s t i n g  a n d  i n s t r u c t i v e  c h a p t e r  o f  t h e  h i s t o r y  o f  c i v i l i z a t i o n  is  p r e s e n t e d  

t o  t h e  r e a d e r  i n  t h i s  v o l u m e .  T h e  a u t h o r  g iv e s  a  c o m p r e h e n s i v e  a c c o u n t  o n  t h e  

h i s t o r y  o f  d r u g s ,  t h e i r  d i s c o v e r y ,  r e c o g n i t i o n  o f  p h y s i o l o g i c a l  a c t i o n s ,  i s o l a t i o n  o f  

t h e  a c t i v e  p r i n c i p l e s  f r o m  p l a n t s ,  e l u c i d a t i o n  o f  t h e i r  c h e m i c a l  s t r u c t u r e s ,  a n d  t h e  

s y n t h e t i c  a p p r o a c h  b a s e d  o n  t h i s  i n f o r m a t i o n .  S y s t e m a t i c  i m p r o v e m e n t s  o f  t h e  

p h a r m a c e u t i c a l  v a l u e  h a v e  l e d  t o  o u r  m o d e r n  d r u g s  t h a t  m a y  b e  c a l l e d ,  n o t  

i n f r e q u e n t l y ,  p r a c t i c a l l y  p e r f e c t .

Proceedings o f  the Fourth Congress o f
the H ungarian Assocation o f  M icrobiologists Budapest 1964
EDITED by R. BACKHAUSZ

In English ■ 405 pages - 29 figures ■ 32 tables • 17x24  cm ■ Cloth 
$12.00; DM 4 8 . - ;  £4 4s

T h i s  v o l u m e  c o n t a i n s  t h e  e n t i r e  t e x t  o f  t h e  m o r e  i m p o r t a n t  l e c t u r e s ,  a n d  g i v e s  

a b s t r a c t s  o f  t h e  o t h e r s .  T h e  m a i n  t o p i c s  a r e :  b a c t e r i o l o g i c a l  a n d  e p i d e m i o l o g i c a l  

p r o b l e m s  o f  e n t e r i c  i n f e c t i o n s  a n d  t h e  m i c r o b i o l o g i c a l  p r o b l e m s  o f  c h e m o t h e r a p y .  

F u r t h e r  t o p i c s  i n c l u d e  b a c t e r i u m  g e n e t i c s ,  i m m u n o l o g y ,  v i r o l o g y  a n d  a p p l i e d  

m i c r o b i o l o g y .
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o r  R u s s i a n .
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N O T IC E  TO C O N T R I B U T O R S

HAEMATOLOGIA is designed for the publication of original papers, preliminary 
reports and reviews which contribute to advancement in all fields related to haematol
ogy and blood transfusion. Papers in English, French, German and Russian are accepted 
on the condition that they have not been previously published or accepted for publication.

Manuscripts with a clear carbon copy should be sent to the Editor-in-Chief

Susan R. Elollán, M. D.
Central Research Institute of the 
National Blood Service 
Daróczi út 24 
Budapest XI, Hungary.

If in addition to the original typewritten copy, a duplicate copy, complete with 
figures, tables and references, is submitted, this will speed publication. Although every 
effort will be made to guard against loss it is advised that authors retain copies of 
all material which they submit. The editorial board reserves right to make literary 
corrections.

Manuscripts should be typed double-spaced on one side of good quality paper with 
proper margins and bear the title of the paper, name, address and degrees of the author 
together with the name of the hospital, laboratory or institute where the work has been 
carried out. The name and full postal address of the author who will be responsible for 
reading proofs should also be given. An abstract of 50 to 100 words should precede the text 
of the paper. The paper should not exceed 15 pages including tables and references. The 
approximate location of tables and figures should be indicated in the margin.

References. Only papers closely related to the author’s work should be referred to. 
The citations should include the name of the author and/or the reference number in paren
thesis. A list of numbered references should follow the end of the manuscript.

References to periodicals should mention: (1) name(s) and initials of the author(s); 
(2) title of paper; (3) international abbreviation of the perodical; (4) volume; (5) number of 
the first page; (6) year of publication in parenthesis. Thus: 14. Bean, W., Mills, A.: 
Coronary occlusion, heart failure and enviromental temperature. Amer. Heart. J. 16, 701 
(1938).

References to books should include: (1) author(s)’ name; (2) title; (3) publisher; (4) 
place and year of publication. Thus: 8. Alsted, G.: The incidence of peptic ulcer in Den
mark. Danish Science Press Ltd., Copenhagen 1953.

Illustrations should be selected carefully and only up to a quantity required. Black- 
and-white photographs should be in the form of glossy prints. The author’s name and the 
title of the paper together with the serial number of the figure should be written on the 
back of each print. Coloured illustrations should be given only if indispensable. Legends 
should be brief and attached on a separate sheet. Tables, each bearing a title, should be 
self-explanatory and numbered consecutively.

Authors will receive page proofs which must be sent back by return mail.
Authors are entitled to 50 reprints free of charge.
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In Memory of George Hevesy

G e o r g e  H e v e s y ,  p h y s i c o c h e m i s t ,  w i n n e r  o f  t h e  N o b e l  P r i z e  f o r  C h e m i s t r y ,  

o n e  o f  t h e  g r e a t e s t  a t o m i c  p h y s i c i s t s  o f  a l l  t i m e s ,  d e c e a s e d  J u l y  5 t h ,  1 9 6 6 .  G e o r g e  

H e v e s y  w a s  o n e  o f  t h e  f e w  w h o  u s e d  a t o m i c  e n e r g y  f o r  p e a c e f u l  p u r p o s e s  f r o m  t h e  

v e r y  b e g i n n i n g .  A s  a n  a l l - r o u n d  a n d  i n v e n t i v e  s c h o l a r ,  h e  m a d e  r e v o l u t i o n a r y  

d i s c o v e r i e s  i n  p h y s i c o c h e m i s t r y ,  b i o c h e m i s t r y ,  p h y s i o l o g y  a n d  a l s o  i n  r a d i o -  

b i o l o g y .

N o t  a s  a n  a p p r a i s a l ,  s i n c e  m a n y  a n  o f f i c i a l  f o r i  h a v e  d o n e  s o  w h i l e  h e  w a s  

s t i l l  a l i v e ,  m u c h  m o r e  a s  a  t r i b u t e  o f  r e s p e c t  t o  h i m ,  i n  t h e  n a m e  o f  H u n g a r i a n  

r e s e a r c h e r s  w e  fe e l  i t  o u r  d u t y  t o  g i v e  a  b r i e f  s u r v e y  o f  h i s  l i fe  a n d  s c i e n t i f i c  c a r e e r .  

I t  s h o u l d  a l l  t h e  m o r e  b e  o u r  d u t y  t o  p u b l i s h  t h i s  a p p r a i s e m e n t  i n  Haematologia 
b e c a u s e  i n  n o  o t h e r  b r a n c h  o f  m e d i c i n e  o r  b i o l o g y  h a v e  t h e  n u c l e a r  m e t h o d s  

i n t r o d u c e d  b y  H e v e s y  b e e n  a p p l i e d  s o  w i d e l y  a s  i n  t h e  f i e ld  o f  h a e m a t o l o g y .  I n v e s 

t i g a t i o n s  b a s e d  o n  H e v e s y ’s s c i e n t i f i c  a c h i e v e m e n t s  h a v e  b r o u g h t  a b o u t  r e v o l u 

t i o n a r y  c h a n g e s  i n  t h e  a s p e c t  a n d  k n o w l e d g e  o f  h a e m a t o l o g y  b a s e d  h i t h e r t o  

c h i e f l y  o n  m o r p h o l o g i c a l  a n d  c l i n i c a l  e x p e r i e n c e .

G e o r g e  H e v e s y  w a s  b o r n  in  B u d a p e s t  i n  1 8 8 5 .  H e  s t a r t e d  t o  s t u d y  c h e m i s t r y  

i n  B u d a p e s t .  H i s  s t u d i e s  l e d  h i m  f r o m  B u d a p e s t  v i a  B e r l i n  t o  F r e i b u r g  i n  B r e i s g a u  

w h e r e  h e  t o o k  h i s  d o c t o r ’s d e g r e e  i n  1 9 0 8 .  A f t e r w a r d s ,  t o g e t h e r  w i t h  L o r e n z ,  h e  

w o r k e d  i n  Z u r i c h  a t  t h e  I n s t i t u t e  f o r  C h e m i s t r y  h e a d e d  b y  W i l l s t a e t t e r .  W h i l e  i n  

Z ü r i c h ,  h e  w a s  a n  e n t h u s i a s t i c  v i s i t o r  o f  t h e  l e c t u r e s  d e l i v e r e d  b y  E i n s t e i n .  I n  1911 

h e  w e n t  t o  M a n c h e s t e r  t o  w o r k  u n d e r  R u t h e r f o r d .  W h i l e  w o r k i n g  w i t h  R u t h e r 

f o r d ,  h e  w a s  a n  e y e w i t n e s s  t o  t h e  e p o c h - m a k i n g  d i s c o v e r y  o f  t h e  a t o m i c  n u c l e u s .  

H e r e ,  a m o n g  o t h e r s ,  h e  c o l l a b o r a t e d  w i t h  M o s e l e y  a n d  G e i g e r .  A l s o ,  h i s  l i f e - l o n g  

c l o s e  f r i e n d s h i p  w i t h  N i e l s  B o h r  d a t e s  b a c k  t o  h i s  e a r l y  M a n c h e s t e r  d a y s .  W h e n 

e v e r  p a s s i n g  t h r o u g h  P a r i s ,  h e  n e v e r  f a i l e d  t o  v i s i t  M a r i e  C u r i e ,  I r e n e  C u r i e  a n d  

F r é d é r i c  J o l i o t .

i n  J a n u a r y  1 9 1 3  h e  q u a l i f i e d  a s  a  R e a d e r  i n  p h y s i c o - c h e m i s t r y  a t  t h e  B u d a p e s t  

U n i v e r s i t y  w h e r e  h e  l e c t u r e d  f o r  a  s e m e s t e r .  A s  a n  A u s t r i a n  s u b j e c t ,  h e  s e r v e d  in  

t h e  A u s t r o - H u n g a r i a n  A r m y  f r o m  1 9 1 4  t o  1 9 1 8 .  O n  r e q u e s t  b y  L o r á n d  E ö t v ö s ,  in  

t h e  a u t u m n  o f  1 9 1 8 ,  h e  u n d e r t o o k  t o  b e  t h e  d i r e c t o r  o f  t h e  I I .  I n s t i t u t e  f o r  P h y s i c s  

a t  t h e  B u d a p e s t  U n i v e r s i t y .  B y  t h e  m i d d l e  o f  1 9 1 9  h e  l e f t  H u n g a r y .  I n v i t e d  b y  

N i e l s  B o h r ,  h e  j o i n e d  B o h r ’s t e a m  a t  t h e  I n s t i t u t e  f o r  T h e o r e t i c a l  P h y s i c s  t o  b e
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b u i l t  i n  1 9 2 0  in  C o p e n h a g e n .  I n  1 9 2 6  H e v e s y  w a s  a p p o i n t e d  p r o f e s s o r  o f  p h y s i c a l  

c h e m i s t r y  a t  F r e i b u r g  U n i v e r s i t y  a n d  a t  t h e  s a m e  t i m e  t h e  h e a d  o f  i t s  I n s t i t u t e  f o r  

P h y s i c s  a n d  C h e m i s t r y .

T h e  s t u d y  o f  r a d i o a c t i v i t y  c o n s t i t u t e d  H e v e s y ’s m a i n  r e s e a r c h  f i e ld .  A s  e a r l y  

a s  1 9 1 3 ,  h e  d i s c o v e r e d  t h a t  c h e m i c a l  e l e m e n t s  m i g h t  b e  l a b e l l e d  w i t h  s u c h  t i n y  

a m o u n t s  o f  r a d i o a c t i v e  s u b s t a n c e s  w h i c h  c o u l d  n o t  e v e n  b e  d e t e r m i n e d  b y  c h e m i c a l  

m e t h o d s  e a r l i e r .  T h i s  f i n d i n g  m a r k e d  t h e  b e g i n n i n g  o f  t h e  f i r s t  e r a  o f  u s i n g  i s o 

t o p e  i n d i c a t o r s .  T h e  i n t r o d u c t i o n  o f  t h e  f i r s t  b i o l o g i c a l  t r a c e r  t e c h n i q u e  i s  a l s o  o n e  

o f  H e v e s y ’s m e r i t s .  I n  1 9 2 3  h e  b e g a n  t o  s t u d y  h o w  l a b e l l e d  l e a d  c o m p o u n d s  w e r e  

t a k e n  u p  b y  p l a n t s  a n d  h o w  t h e  s e e d l i n g  l a b e l l e d  t h i s  w a y  r e t u r n e d  t h e  r e s u l t i n g  

r a d i o a c t i v e  s a l t s  t o  i t s  i n a c t i v e  s u r r o u n d i n g s .  T h e s e  e x p e r i m e n t s ,  p e r f o r m e d  w i t h  

t h o r i u m - B  a n d  r a d i u m - D  a s  r a d i o a c t i v e  t r a c e r s ,  w e r e  t h e  f i r s t  t o  p e r m i t  s o m e  i n 

s i g h t  i n t o  t h e  m e t a b o l i c  d y n a m i s m  o f  t h e  l i v i n g  o r g a n i s m .

T h e  s e c o n d  e r a  o f  u s i n g  i s o t o p i c  i n d i c a t o r s  s t a r t e d  b y  U r e y ’s d i s c o v e r y  o f  

d e u t e r i u m .  A s  e a r l y  a s  1 9 3 4  H e v e s y  u s e d  d e u t e r i u m  i n  a  b i o l o g i c a l  s t u d y  o f  i n 

t e r c h a n g e  o f  w a t e r  m o l e c u l e s  b e t w e e n  g o l d f i s h  a n d  t h e  s u r r o u n d i n g  w a t e r .

B y  m a k i n g  u s e  o f  t h e  p r i n c i p l e  o f  i s o t o p e  d i l u t i o n ,  a l s o  i n t r o d u c e d  b y  h i m ,  h e  

d e t e r m i n e d  t h e  w a t e r  c o n t e n t  a n d  w a t e r  m e t a b o l i s m  o f  t h e  h u m a n  b o d y .

T h e  d i s c o v e r y  o f  a r t i f i c i a l  r a d i o a c t i v i t y  m a r k s  t h e  s t a r t  o f  t h e  t h i r d  e r a .  A s  a n  

i n g e n i o u s  m i n d ,  H e v e s y  i m m e d i a t e l y  r e a l i z e d  t h e  p o s s i b i l i t y  o f  i t s  u s e s  i n  b i o l o g y .  

U s i n g  32P ,  in  19 3 5  h e  w a s  t h e  f i r s t  t o  d e m o n s t r a t e  t h e  d y n a m i c s  o f  p h o s p h o r u s  

m e t a b o l i s m  i n  r a t s .  T h i s  e x p e r i m e n t  o p e n e d  u p  a  l o n g  s e r i e s  o f  b i o l o g i c a l  s t u d i e s  

p e r f o r m e d  w i t h  r a d i o a c t i v e  i s o t o p e s .

I n  1 9 4 0 ,  b y  m a k i n g  u s e  o f  t h e  “ i s o t o p e  d i l u t i o n  p r i n c i p l e ”  a g a i n ,  H a h n  a n d  

H e v e s y  w e r e  t h e  f i r s t  t o  d e s c r i b e  t h e  d e t e r m i n a t i o n  o f  b l o o d  v o l u m e  b y  t h e  u s e  

o f  32P .  N e x t ,  H e v e s y  e l a b o r a t e d  a  m e t h o d  f o r  l a b e l l i n g  e r y t h r o c y t e s ,  u s i n g  42K  

( 1 9 5 1 )  a n d  T h - B  ( 1 9 5 3 )  a s  i n d i c a t o r s .  I n  c o - o p e r a t i o n  w i t h  O t t e s e n ,  i n  1 9 4 5 ,  h e  

d e t e r m i n e d  t h e  l i f e - c y c le  o f  t h e  r e d  c o r p u s c l e s  o f  t h e  h e n  b y  i s o t o p e  t e c h n i q u e s .

T h e  u s e  o f  i s o t o p e s  a s  t r a c e r s  i n  r a d i o b i o l o g i c a l  r e s e a r c h  w o r k  is  a l s o  d u e  

t o  H e v e s y ’s i n g e n i o u s  m i n d .

I n  1 9 3 8 ,  H e v e s y  t o g e t h e r  w i t h  H a n s  v .  E u l e r ,  s t u d i e d  t h e  r a d i o s e n s i t i v i t y  o f  

n u c l e i c  a c i d s  in  n o r m a l  a n d  t u m o r o u s  t i s s u e s ,  u s i n g  3L’P  a s  a n  i n d i c a t o r .

T h e  d i s c o v e r y  o f  a c t i v a t i o n  a n a l y s i s ,  a  n e w  b r a n c h  o f  i s o t o p e  t e c h n i q u e ,  r e a l l y  

u n f o l d i n g  t h e s e  d a y s ,  is  a l s o  o n e  o f  H e v e s y ’s m e r i t s .  T h i s ,  i n d e e d ,  r e p r e s e n t s  t h e  

f o u r t h  e r a  o f  i s o t o p e  t e c h n i q u e s .

I n  1 9 3 6 ,  in  c o - o p e r a t i o n  w i t h  H i l d e  L e v i ,  h e  d e t e r m i n e d  q u a n t i t a t i v e l y  t h e  

e u r o p i u m  c o n t e n t  i n  g a d o l i n i u m  a n d  d e m o n s t r a t e d  t h e  p o s s i b i l i t y  o f  m e a s u r i n g  

r a r e  e a r t h  e l e m e n t s  b y  t h e  s a m e  m e t h o d .  T h i s  m e t h o d  is  b e c o m i n g  m o r e  a n d  m o r e  
i m p o r t a n t  n o t  o n l y  in  e x p e r i m e n t a l  b u t  m o r e  r e c e n t l y  a l s o  in  c l i n i c a l  m e d i c i n e .  

A l m o s t  2 0  y e a r s  h a d  t o  e l a p s e  b e f o r e  r e s e a r c h e r s  r e a l i z e d  t h e  i m p o r t a n c e  o f  t h i s  

m e t h o d .

I n  1 9 4 3  P r o f e s s o r  H e v e s y  m o v e d  t o  S t o c k h o l m  t o  w o r k  a t  t h e  I n s t i t u t e  f o r  

O r g a n i c  C h e m i s t r y  a n d  B i o c h e m i s t r y  o f  t h e  U n i v e r s i t y  o f  S t o c k h o l m .  F r o m  t h i s  

p e r i o d  s p e n t  in  S t o c k h o l m  I  s h o u l d  l i k e  t o  f o c u s  t h e  a t t e n t i o n  o n  h i s  r a d i o b i o l o g i c a l
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s t u d i e s  c o n n e c t e d  w i t h  n u c l e i c  a c i d  m e t a b o l i s m ,  b i c a r b o n a t e ,  g l u c o s e  a n d  f a t t y -  

a c i d  m e t a b o l i s m .

I n  r e c e n t  y e a r s  h e  s t u d i e d  i r o n  m e t a b o l i s m ,  c a n c e r  a n a e m i a ,  r a d i o s e n s i t i v i t y  

o f  e x t r a m e d u l l a r y  h a e m a t o p o i e s i s  in  f i s h  a n d  p l a s m a  c o p p e r  t u r n o v e r  u n d e r  n o r 

m a l  a n d  c a n c e r o u s  c o n d i t i o n s .

I n  s e a r c h  f o r  t h e  m i s s i n g  e l e m e n t  7 2  H e v e s y  a n d  C o s t e r  s t u d i e d  z i r c o n i u m  

m i n e r a l s .  B y  a  v e r y  p r o t r a c t e d  f r a c t i o n a t e d  c r y s t a l l i z a t i o n  o f  a m m o n i u m  z i r c o 

n i u m  h e x a f l u o r i d e s  t h e y  s u c c e e d e d  t o  p r e p a r e  “ h a f n i u m ”  in  a  p u r e  s t a t e

I n  r e c o g n i t i o n  o f  h i s  s c i e n t i f i c  m e r i t s ,  i n  1 9 4 3  h e  w a s  a w a r d e d  t h e  N o b e l  

P r i z e  f o r  C h e m i s t r y ,  w h i c h  t h e  w a r  p r e v e n t e d  h i m  f r o m  r e c e i v i n g  u n t i l  1 9 4 4 .

I n  1 9 5 7  h e  b e c a m e  a  m e m b e r  o f  t h e  P e a c e - C l a s s  o f  t h e  G e r m a n  O r d e r  p o u r  la  

M é r i t e .

I n  1 9 5 9  h e  r e c e i v e d  t h e  “ A t o m s  f o r  P e a c e ”  a w a r d ,  N i e l s  B o h r  b e i n g  t h e  o n l y  

o t h e r  p e r s o n  in  t h e  w o r l d  t o  h a v e  d o n e  s o  p r e v i o u s l y .

I t  w o u l d  b e  a  h a r d  t a s k  i n d e e d ,  t o  e n u m e r a t e  h i s  m o s t  i m p o r t a n t  s c i e n t i f i c  

d e c o r a t i o n s ,  t o t a l l i n g  a b o u t  3 0 .  T o  m e n t i o n  b u t  s o m e  o f  t h e m ,  h e  w a s  e l e c t e d  

“ d o c t o r  h o n o r i s  c a u s a ”  b y  t h e  U n i v e r s i t i e s  o f  L o n d o n ,  C a m b r i d g e ,  U p p s a l a ,  

C o p e n h a g e n ,  F r e i b u r g  a n d  B u d a p e s t .  H e  w a s  t h e  h o l d e r  o f  t h e  C o p l e y - ,  F a r a d a y - ,  

B a i l e y - ,  S y l v a n u s - ,  T h o m s o n -  a n d  B o h r - m e d a l s .

H e  w a s  a  g r e a t  s c h o l a r  a n d  a  m o d e s t  m a n .  E v e r y o n e  w h o  k n e w  h i m ,  l i k e d  a n d  

r e s p e c t e d  h i m .  W e ,  w h o  h a d  t h e  h o n o u r  t o  k n o w  h i m  p e r s o n a l l y ,  w i l l  n e v e r  f o r g e t  

h i m .  A n d  m a n k i n d  w i l l  r e s p e c t  h i m  f o r  g e n e r a t i o n s  f o r  h i s  e p o c h - m a k i n g  s c i e n t i f i c  

d i s c o v e r i e s .

L .  Kocsár
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Beitrag zur Hämatologie der Porphyria cutanea tarda*

H. P ietschmann, W. R aab, O. H artl

II. Medizinische Universitätsklinik und Medizinisch-chemisches Institut der Universität
Wien

(Eingegangen am 30. November 1966)

Es wird über 30 meist schwere bzw. fortgeschrittene Fälle von Porphyria 
cutanea berichtet. Während die die Leberfunktion betreffenden Laboruntersuchungen 
zum Teil ein pathologisches Resultat ergaben, wies die Hämopoese in der Mehrzahl 
weitgehend normale Verhältnisse auf. Da die Leberveränderungen schubweise ver
laufen, sollten die Patienten in regelmäßigen Abständen untersucht werden. Wegen 
ihrer hohen Empfindlichkeit wird auf die Bedeutung vor allem der Transaminase- 
bestimmung im Serum hingewiesen.

Die alte Einteilung von Günther [6] unterscheidet — abgesehen von den sym
ptomatischen bei Intoxikationen — akute, chronische und kongenitale Formen der 
Porphyrie. Schmid et al. [20] stellten fest, daß bei der kongenitalen Porphyrie die 
abnorme Porphyrinbildung in den Erythroblasten des Knochenmarkes vor sich 
geht, während bei den anderen Arten die Porphyrinbildung in der Leber gestört ist. 
Die häufigste Form der hepatischen Porphyrie stellt die Porphyria cutanea tarda 
dar. Diese Erkrankung gewinnt zunehmend an Interesse, da einerseits ihre Häufig
keit zunimmt und andererseits sich in der letzten Zeit neue therapeutische Möglich
keiten ergeben haben. Da insbesondere die Diagnose dieser Lebererkrankung 
allein aus den Hauterscheinungen mit hoher Wahrscheinlichkeit gestellt werden 
kann, hat sie auch für den praktischen Arzt großes Interesse.

Die Porphyria cutanea tarda (P. c. t.) weist eine eindeutige Bevorzugung des 
männlichen Geschlechtes auf. Im gemeinsam bearbeiteten Krankengut der II. 
Medizinischen Klinik und der II. Hautklinik fanden sich unter 30 Fällen nur 3 
Frauen. Die erste Manifestation der Erkrankung erfolgte zwischen dem 33. und 75. 
Lebensjahr, im Durchschnitt um das 50. Lebensjahr. Die Patienten mit Porphyria 
cutanea tarda waren vorwiegend in Berufen tätig, die mit einem Aufenthalt im Freien 
verbunden sind, wie Maurer, Landwirte usw. Bei 22 Patienten wurde ein übermäßi
ger Alkoholkonsum festgestellt, dem somit in erster Linie als auslösender Faktor 
Bedeutung zukommt. 3 Patienten hatten eine Hepatitis durchgemacht, bei 2 bestand 
ein Barbituratabusus und ein Patient wurde mehreren Salvarsankuren unterzogen.

Bei allen Patienten fanden sich die dem Dermatologen geläufigen charakteris
tischen Hauterscheinungen, die den Patienten zum Arzt führen: die Blasenbildun-

* Teilweise vorgetragen am Kongreß für Hämatologie, Budapest 1965.
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Tabelle 1
Serumeisenspiegel und Blutbild bei Porphyria cutanea tarda 

(30 Fälle)

Path.
W erte

M ittelwert Bereich

Serumeisen 15 176/100 ml 72—313/100 ml
Serumeiweiß 4 7,4 g % 5,5-9 ,3  g%
Erythrozyten 2 4,3 Mill./cmm 3,4—5,8 Mill./cmm
Hämoglobin 3 14,6 g% 12,8-17,6 g%
Hb£ 0 31,8 27—34
Leukozyten 4 6 300/cmm 3 200— 16 000/cmm

gen an licht- und traumaexponierten Körperstellen. Gesicht und Hände waren 
regelmäßig dunkelbraun pigmentiert. An den Händen und vereinzelt im Gesicht 
fanden sich neben den frischen Blasen scharf begrenzte Narben als Residuen 
älterer Veränderungen.

Während die erythropoetischen Formen der Porphyrie durch die Zeichen 
der hämolytischen Anämie, durch einen Milztumor und durch massive Uropor
phyrin I-Ablagerungen in allen Organen charakterisiert sind, weist die Porphyria 
cutanea tarda prinzipiell andere hämatologische Verhältnisse auf. Die Fälle kön
nen auf Grund des Serumeisenspiegels in 2 Gruppen eingeteilt werden (Ippen [10, 
11]): mit normalem bzw. erhöhtem Serumeisen. Bei unseren Patienten war der 
Eisenspiegel in 15 normal, in den übrigen Fällen war er mehr oder weniger stark 
erhöht. Dagegen unterscheiden sich wie aus der Tabelle 1 zu entnehmen ist, die 
Mittelwerte der Erythrozytenzahl, der Hämoglobinkonzentration und der Leuko
zytenzahl nicht signifikant von den Werten Gesunder. Nur bei einzelnen Patienten 
war die Erythrozyten-, Leukozytenzahl oder die Hämoglobinkonzentration ge
ringgradig erhöht (Heilmeyer [7, 8]). Das gleiche gilt für die Perzentsätze des Diffe
rentialblutbildes. Auch die Untersuchung des Knochenmarkes ergab in der Regel 
normale Verhältnisse, nur vereinzelt war die Erythropoese gesteigert. In mehreren 
Fällen wurde jedoch eine Vermehrung der Plasmazellen festgestellt. Zytochemische 
Reaktionen (wie alkalische Phosphatase nach Kaplow, unspezifische Esterase mit 
Naphthol ASD-Acetat nach Löffler und ATPase nach Wachstein und Meisel) 
zeigten keine Auffälligkeiten.

Im Gegensatz dazu ergaben die Enzymaktivitätsbestimmungen im Serum 
häufig ein pathologisches Resultat. Da bisher abgesehen von einzelnen kasuisti
schen Mitteilungen keine Serumenzymbestimmung bei der Porphyria cutanea 
tarda bekannt geworden ist, haben wir die Aktivitäten einer Reihe diagnostisch 
wichtiger Enzyme verfolgt (Bestimmung im optischen Test). Die Aktivität der 
leberspezifischen Sorbitdehydrogenase war bei 17 von 21 Patienten gesteigert, die 
der FDP-Aldolase in 13 von 24 Fällen. Hingegen wies die Laktatdehydrogenase mit 
zwei Ausnahmen eine normale Aktivität auf. Die ausgeprägtesten Aktivitätssteige
rungen ließen dieTransaminasenerkennen. DieGlutamat-Oxalacetat-Transaminase
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war in 23 von 26 Fällen, die Glutamat-Pyruvat-Transaminase 19 von 21 Fällen 
erhöht (Mittelwert 39,5 m U.; Mittelwert bei Gesunden: 8,2 mU.). Die Aktivität 
der alkalischen Phosphatase war in allen untersuchten Fällen normal (Tabelle 2).

Tabelle 2
Serumenzyme bei Porphyria cutanea tarda

Enzym Anzahl path. Werte M ittelw. in m U./m l Mittelw. b, 
Norm.

Glutam.-Pyruvat-Transaminase 21 19 (90%) 39,5 (6—96) 8,2
Glutam.-Oxalacet.-Transaminase 26 23 (88%) 35,1 (13—77) 9,4
Sorbit-Dehydrogenase 21 17 (81%) 2,6 (0—9,9) 0,3
FDP-Aldolase 24 13 (54%) 1 4,4 (1 — 14) 3,2
Lactat-Dehydrogenase 26 2 ( 8%) 139,0 (48—297) 110,4
alkal. Phosphatase 8 0 31,7 (1 1,7—49,7) 30,0

Die Bestimmungen der Serumenzyme, insbesondere der Transaminasen, 
ergaben bei P.c.t.häufiger pathologische Resultate als die übrigen Leberfunktions
proben. Da die Leberveränderungen bei P. c. t. schubweise verlaufen, sind wieder
holte Untersuchungen der Transaminasen im Serum für die Verlaufskontrolle von 
großem Wert. Liegen erhöhte Serumenzymaktivitäten vor, so ist anzunehmen, daß 
der Krankheitsprozeß progredient ist. Deshalb kommt den Enzymbestimmungen 
neben der diagnostischen eine wichtige prognostische Bedeutung zu (Neumayr 
und Pietschmann [15]).

In einigen Fällen fand sich der Bromsulphaleintest im Normalbereich, 
obwohl die Serumenzymaktivitäten gesteigert waren; ein derartiges Verhalten ist 
bei Lebererkrankungen recht selten. Bei anderen Patienten fanden sich trotz 
fortgeschrittener Leberveränderungen nur relativ geringe Zunahmen der Serum
enzyme; dies kann damit erklärt werden, daß der Enzymaustritt aus den Leber
zellen bei fortgeschrittenem zirrhotischem Umbau parallel mit der Reduktion des 
Leberparenchyms abnimmt (Amelung [1]). Andererseits werden akute, toxische 
Einflüsse (Alkohol) bei vorgeschädigter Leber sehr empfindlich durch die Trans- 
aminaseaktivität angezeigt (Lachnit und Pietschmann [12]).

Auf die verschiedenen Leberfunktionsproben, über die an anderer Stelle 
ausführlich berichtet wird (Pietschmann. Raab und Flartl [18]), kann im einzelnen 
nicht eingegangen werden, die Tabelle 3 gibt einen Überblick. Wegen ihrer prin
zipiellen Bedeutung ist jedoch kurz auf die Ergebnisse der Leberbiopsie hinzu
weisen. Im Verlauf der Porphyria cutanea tarda fehlt manchmal eine vermehrte 
Porphyrinausscheidung im Harn (inaktives Stadium), regelmäßig ist jedoch ein 
vermehrter Porphyringehalt der Leber nachweisbar, der das wesentliche patho
genetische Moment für die Störung der Leberfunktion darstellt (Brugsch [2], 
Holzner und Niebauer [9]). Entsprechend einer primären Hepatose tritt erst in 
weiterer Folge eine Aktivierung des Mesenchyms ein, die zum zirrhotischen 
Umbau führt.
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Tabelle 3
Laboratoriumsbefunde bei Porphyria cutanea tarda

Anzahl patholog.
in

Serumbilirubin 24 и
Gammaglobuline 24 14
Thymolprobe 28 11
Bromsulphaleintest 26 20
Galaktoseprobe 20 16

Auf Grund des familiären Vorkommens der P. c. t. messen Waldenstrom und 
Haeger [21] kongenitalen Faktoren beim Zustandekommen der Erkrankung 
wesentliche Bedeutung bei und bezeichnen die P. c. t. als “ inborn error of meta
bolism” . Die echten hereditären Formen scheinen jedoch die Minderheit darzu
stellen, da trotz gerichteter Anamnese nur selten ein familiäres Vorkommen fest
zustellen ist; im vorliegenden Krankengut konnte nur bei einem Patienten ein 
Familienangehöriger eruiert werden, der ebenfalls an einer P. c. t. erkrankt 
war.

Zur Untermauerung der klinischen Befunde wurden tierexperimentelle 
Untersuchungen an Ratten durchgeführt, denen Hexachlorbenzol verfüttert wurde 
(Raab, Pietschmann und Hartl [19]). Es wurde das Blutbild, das Knochenmark 
sowie die Leber fluoreszenzmikroskopisch untersucht. Nach 6 — 8 Wochen konnte 
eine Zunahme der Porphyrinausscheidung im Harn, Serumfermentveränderungen 
und Leberveränderungen analog der Porphyria cutanea tarda festgestellt werden. 
Der Hämoglobinwert lag bei den hexachlorbenzolvergifteten Ratten jedoch 
signifikant niedriger als bei den Kontrolltieren (10,6 +  0,8 g% gegenüber 13,2 + 
±  1,4%, p < 0,01). Das Differentialblutbild wies granulozytäre Vorstufen und 
lymphozytäre Reizformen auf. Das Knochenmark ließ Zeichen einer toxischen 
Schädigung erkennen. Diese auffälligen hämatologischen Befunde weisen auf die 
wesentlich höhere Aktivität der experimentellen Intoxikation im Vergleich zur 
Porphyria cutanea tarda hin. Auch beim Menschen führt die Intoxikation mit 
Hexachlorbenzol zum Auftreten von Symptomen der P. c. t. (Cam et al. [4], 
Centingil und Ozen [5], Ockner und Schmid [16]).

Bei allen Patienten wurde neben der diätetischen und medikamentösen 
Therapie eine Aderlaßbehandlung durchgeführt, auf die erstmals Ippen [10] hin
gewiesen hat. Wahrscheinlich werden durch den Entzug des Hämoglobins die im 
Überschuß vorhandenen Porphyrinkörper zur Nachbildung des Hämoglobins 
herangezogen. Mit der Verminderung des Überschusses an Porphyrinkörpern 
verschwindet die Licht- und Traumaempfindlichkeit der Haut. Es wurden bis zu 
6 Liter Blut, durchschnittlich insgesamt 2 — 3 Liter entnommen (je 250 bis 500 ml in 
1 — 8 wöchigen Abständen). Wie bei der Hämochromatose tritt auch bei der 
Porphyria cutanea tarda nie eine Erschöpfung der Blutbildung ein, das Hämoglo
bin sank unter der Aderlaßtherapie nie unter 12 g%. Bei einigen Fällen wurde eine
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Desferrioxamintherapie eingeleitet. Die Aderlaßbehandlung stellt unseres Erach
tens zwar nur eine symptomatische Behandlungsform dar, ist aber zweifellos von 
beträchtlichem therapeutischem Wert.
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Beziehungen zwischen der Abstoßung homologer 
Hauttransplantate und verschiedenen Lymphozytentypen 

im peripheren Blut*

F. T repel, G. G erstmair, R. W aubke , H. Pichlmaier, H. Begemann

I. Medizinische Abteilung des Städt. Krankenhauses München-Schwabing, 
und Chirurgische Universitäts-Klinik, München

(Hingegangen am 2. Dezember 1966)

Bei Ratten bestehen Korrelationen zwischen den Verhalten einiger Lymphozy
tenuntergruppen und der Abstoßung von homologen Hauttransplantaten. Bei einer 
Ganzkörperbestrahlung von 500 R 1 Tag vor der Transplantation oder bei einer 
extrakorporalen Bestrahlung des Blutes mit 1000 R 4 Tage nach der Transplantation 
wurden die Transplantate durchschnittlich um 10 bzw. um 8 Tage verzögert abgestoßen. 
Der Beginn des immunologischen Abstoßungsvorganges fiel in beiden Bestrahlungs
modellen mit dem Anstieg der Gruppe der kleinen hellplasmatischen Lymphozyten 
zusammen. Eine weniger enge Korrelation wurde zwischen der Transplantatabstoßung 
und großen bzw. mittelgroßen hellplasmatischen Lymphozyten sowie den mikro- 
nukleolären kleinen Lymphozyten gefunden. Eine Beziehung zu den kleinen, mittel
großen und großen basophilen Lymphozyten sowie zu den Monozyten und Lympho- 
monozyten ergab sich nicht. Die mögliche Rolle des kleinen hellplasmatischen Lympho
zyten als immunkompetente Zelle wird diskutiert.

Ein homologes Transplantat (d. h. Gewebe, das von einem Individuum auf 
ein nicht verwandtes Individuum gleicher Spezies übertragen wird) wird vom 
Empfänger in der Regel nach mehreren Tagen abgestoßen. Diese Abstoßung ist 
bekanntlich ein immunologisches Phänomen, das durch lymphatische Zellen 
(Übersicht bei Billingham und Silvers [5]), genauer: durch kleine Lymphozyten 
(Übersicht bei Gowans und McGregor [13]) des Empfängers ausgelöst wird.

Die Überlebenszeit von homologen Transplantaten kann durch Senkung der 
Lymphozytenzahl mit Hilfe einer länger dauernden Lymphableitung aus dem 
Ductus thoracicus (Pichlmaier und Junginger [20]) oder durch eine Schädigung von 
lymphatischen Zellen mit Hilfe von Zytostatika (Übersicht bei Schwartz [23]) oder 
ionisierenden Strahlen (Dempster et al. [9], Übersicht bei Govaerts [11]), erreicht 
werden. Da vermutet wird, daß nur ein Teil der lymphatischen Zellen immuno
logisch kompetent, ein anderer aber inaktiv ist (Übersicht bei Gowans und 
McGregor [13] bzw. Gorman und Chandler [10]), wäre es wichtig zu wissen, 
ob der immunologisch aktive Zelltyp durch immunosuppressive Maßnahmen 
selektiv oder nur unspezifisch zusammen mit den anderen lymphatischen Zellen 
betroffen wird.

* Diese Untersuchungen wurden von der Deutschen Forschungsgemeinschaft unter
stützt.
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Wir stellten uns die Frage, ob nach verschiedenartiger Anwendung von 
Röntgenstrahlen die Überlebenszeit homologer Transplantate Beziehungen zur 
Lymphozytenzahl im allgemeinen oder zu einer morphologisch erfaßbaren 
Lymphozytenuntergruppe im besonderen erkennen läßt.

M aterial und Methoden

Wir verwenden in Koloniezucht gehaltene weiße männliche Sprague — 
Dawley-Ratten (Gewicht 250 bis 300 g) als Transplantatempfänger und männ
liche Tiere des dunkelhäutigen Inzuchtstammes Berlin-Druckerey IX* als 
Transplantatspender.

Ausgestanzte Hauttransplantate von ca 1,5 cm Durchmesser wurden den 
dunklen Ratten entnommen und in einem gleich großen Haut-Stanzloch der 
weißen Ratten mittels eines Gewebeklebstoffes** implantiert. Zur Kontrolle von 
unspezifischen Veränderungen durch die Operation erhielt jede weiße Ratte 
neben dem homologen Transplantat ein autologes auf der kontralateralen Seite der 
Rückenhaut. Die Transplantate wurden täglich auf Nekrosezeichen untersucht. 
Die Nekrose ist durch Braun-Schwarz-Färbung und Eintrocknung der transplan
tierten Haut makroskopisch feststellbar. Die zur Nekrose führende zelluläre 
Infiltration des Transplantats beginnt 4 — 6 Tage vor der äußerlich sichtbaren 
Nekrose (Brent [8]), womit sich bei normaler wie bei verzögerter Abstoßung 
der Beginn der eigentlichen immunologischen Abwehrreaktion aus dem Zeit
punkt der makroskopischen Nekrose durch Substraktion von 4 — 6 Tagen be
rechnen läßt. Außerdem stellten wir den Zeitpunkt der vollständigen Abstoßung 
des nekrotischen Hautmaterials fest, die der Nekrose meist nach 8 bis 10 
Tagen folgt.

Zwei Formen der Röntgenbestrahlung wurden angewandt: 1. eine hoch
dosierte subletale Ganzkörperbestrahlung von 500 R, 2. eine 20minütige extra
korporale Bestrahlung des durch einen Shunt zwischen Artéria Carotis und Vena 
Jugularis zirkulierenden Blutes mit 1000 R ohne sonstige Strahlenbelastung des 
Tieres (Einzelheiten der Methode bei Sanguinetti et al. [22]).

Die Ganzkörperbestrahlung erfolgte 1 Tag vor der Transplantation. 6 Tiere 
wurden bestrahlt, 6 nur transplantierte Tiere dienten als Kontrolle. Die extrakor
porale Bestrahlung wurde 4 Tage nach der Transplantation bei weiteren 6 Tieren 
vorgenommen. Dabei wurden als Kontrolle 6 transplantierte Tiere verwendet, die 
statt einer extrakorporalen Bestrahlung nur einen 20 Minuten durchströmten 
Shunt zwischen Artéria Carotis und Vena Jugularis erhielten. Die Termine der 
verschiedenen Bestrahlungsarten ergaben sich aus früheren Erfahrungen: Ganz
körperbestrahlung vor Transplantation wirkt immunosuppressiv, nach Transplan-

* Wir danken Herrn Dr. T. v. Kreybig, Toxikolog. Inst, der Universität Tübingen, 
für die Überlassung dieser Tiere.

** Versuchsklebstoff CHBS 64 Ingelheim, С. H. Boehringer, Ingelheim/Rhein.
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tation dagegen eher abstoßungsfördernd (Govaerts [11]). Extrakorporale Be
strahlung am 4. Tag nach Transplantation hatte den besten immunosuppressiven 
Effekt; am zweiten Tag war der Effekt schwächer und am sechsten Tag nicht mehr 
nachweisbar (Sanguinetti et al. [22]).

Ausstriche und Leukozytenzahlen vom Schwanzvenenblut der Tiere wur
den an mehreren Tagen vor Bestrahlung und 1, 3, 5 usw. bis 21 Tage nach Be
strahlung gewonnen. Die methanol-fixierten Blutausstriche wurden nach Mav- 
Grünwald-Giemsa und Stockinger-Kellner (Einzelheiten bei Waubke et al. [26]) 
gefärbt. Nach der May-Grünwald-Giemsa-Färbung wurden die mononukleären 
Zellen differenziert in: Monozyten, Lymphomonozyten, große, mittlere und kleine 
Lymphozyten mit tief-basophilem Zytoplasma und große, mittlere und kleine 
Lymphozyten mit hellerem Zytoplasma. Einzelheiten dieser Differenzierung wur
den an anderer Stelle beschrieben (Trepel et al. [24], [25], Waubke et al. [26]). 
Nach der Stockinger-Kellner-Färbung wurden die kleinen Lymphozyten einge
teilt in solche mit einem oder mehreren großen Nukleolen ( = makronukleoläre 
Lymphozyten) und in solche mit kleinen oder ohne Nukleolen (=  mikronukleo- 
läre Lymphozyten). Einzelheiten der Lymphozytendifferenzierung mit der Nukleo- 
lenfärbung wurden von Grundmann [14] und Begemann et al. [3] mitgeteilt.

Ergebnisse

Die homologen Transplantate wurden nach beiden Formen der Bestrahlung 
um 7 bis 10 Tage verzögert abgestoßen, wobei, wie die Tabelle zeigt, der immuno
suppressive Effekt der Ganzkörperbestrahlung etwas stärker war als derjenige der 
Extrakorporalbestrahlung. Die autologen Kontrolltransplantate heilten bei allen 
Tieren ein.

Tabelle 1
Die Termine (in Tagen) der verschiedenen Grade der Transplantatabstoßung nach Ganz
körperbestrahlung (GKB) und Extrakorporalbestrahlung (EKB) im Vergleich zu den Kon- 
trollwerten ohne Bestrahlung. Hinter den Bereichsgrenzen sind die arithmetischen Mittel

werte der Abstoßungszeiten in Klammern angegeben

Beginn der 
im m unolog. 

R eaktion

Vollständige
N ekrose

Vollständige
Abstoßung

Verlängerung
gegenüber
Kontrolle

GKB 13—16* 17—21 09,5) 23—35 (28) 9—10
Kontrolle 4— 5* 8— 10 (9,3) 13—24 (18,9)

EKB 10— 16* 14—21 0  8,3) 19—32 (27.1)
Kontrolle 5— 6* 9— 11 00) 16—25 (20) 7— 8

* Der Termin des Beginns der immunologischen Reaktion ist durch Abzug von 4—5 
Tagen vom jeweiligen Zeitpunkt der vollständigen Nekrose errechnet.
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Die Veränderungen der verschiedenen Leukozytengruppen nach Ganz
körperbestrahlung und Extrakorporalbestrahlung sind detailliert an anderer 
Stelle beschrieben worden (Waubke et al. [26]). Während die immunosuppressive 
Wirkung der Ganzkörperbestrahlung nur geringgradig stärker war als die der 
extrakorporalen Bestrahlung, hatte die Ganzkörperbestrahlung einen wesentlich 
intensiveren depressorischen Effekt auf die mononukleären Blutzellen als die 
Extrakorporalbestrahlung. Durch die Ganzkörperbestrahlung werden alle Zelltypen

bis zum 21. Tag mehr oder weniger stark vermindert, durch die Extrakorporal
bestrahlung nur die Monozyten, Lymphozyten, die hellen sowie mikro- und 
makronukleolären Lymphozyten bis zum 7. Tag.

Bei einer Synopsis von Transplantatabstoßungszeit und Veränderung der 
einzelnen mononukleolären Gruppen im Blut nach Bestrahlung ergeben sich einige 
Korrelationen:

Nach Ganzkörperbestrahlung sind zu dem Zeitpunkt, an dem die immunolo
gische Transplantatreaktion bei den Kontrolltieren mit normalen Leukozyten
zahlen beginnt (5 — 6 Tage nach Bestrahlung, 4 — 5 Tage nach Transplantation), 
alle Zellgruppen unter 50% des Ausgangswertes gesenkt (Abb. 1 und 2). Die
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Abb. I. Das Verhalten verschiedener Lymphozyten-Untergruppen nach Ganz
körperbestrahlung. Die erste Säule gibt die Zeit der Transplantatabstoßung bei 
den Kontrolltieren mit normalen Lymphozytenzahlen an, die zweite Säule die Zeit 
der verzögerten Abstoßung bei den bestrahlten Tieren.(Mittelwerte von 6 Tieren)
--------  kleine helle Lymphozyten. ——>— mittlere helle Lymphozyten.
— .—  große helle Lymphozyten. — kleine basophile Lymphozyten, 

mittlere basophile Lymphozyten. -  große basophile Lymphozyten
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basophilen Lymphozyten und die Monozyten wie Lymphomonozyten steigen in 
den nächsten Tagen auf ihre Ausgangswerte oder ein neues Niveau an, ohne daß die 
Transplantatreaktion einsetzt. Der Beginn der immunologischen Abstoßung (14 — 
17 Tage nach Bestrahlung, 13—16 Tage nach Transplantation) trifft zusammen 
mit einem Anstieg der hellen Lymphozyten (große: auf ca 60%, mittlere: auf 
60 — 70% und kleine auf 80 — 90%) und der makro- sowie mikronukleolären 
Lymphozyten auf 80% (Abb. 2).

Nach Extrakorporalbestrahlung sind zum Zeitpunkt der Transplantatab
stoßung bei den Kontrollieren, die kaum veränderte Leukozytenzahlen aufweisen 
(1 —2Tage nach Bestrahlung, 5 — 6 Tage nach Transplantatsetzung) die basophilen 
Lymphozyten kaum unter das Ausgangsniveau erniedrigt, während die Monozyten 
auf 60 bis 80%, die kleinen hellen Lymphozyten auf 60%, die großen hellen auf 
50%, die mittleren hellen auf 40% und die Lymphomonozyten auf 30% des 
Ausgangswertes vor Bestrahlung gesenkt sind (Abb. 3 und 4). Die makronukleo- 
lären kleinen Lymphozyten liegen gleichzeitig bei 70%, die mikronukleolären 
bei 50% der Kontrollwerte (Abb. 4). Bei Beginn der durch die Bestrahlung ver
zögerten Transplantatreaktion (6—12 Tage nach Bestrahlung, 10—16 Tage nach

Abb. 2. Das Verhalten von makro- und mikronukleolären kleinen Lym
phozyten sowie von Monozyten und Lymphomonozyten nach Ganz
körperbestrahlung (Mittelwerte von 6 Tieren). Erklärung der Säulen:

siehe Abb. 1
. makronukleoläre Lymphozyten-----------mikronukleoläre Lym
phozyten. ---------M onozyten.------- — Lymphomonozyten
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Transplantation) erreichen oder überschreiten alle vorher erniedrigten Zelltypen 
die 90 %-Grenze ihres Ausgangswertes. Die makronukleolären kleinen Lympho
zyten hatten ihren 100%-Wert bereits einen Tag vor Beginn der Abstoßungs
phase überschritten.

Zusammenfassend ist eine zeitliche Korrelation zwischen verzögerter Trans
plantatreaktion und Wiederanstieg der Zellzahl bei folgenden Mononukleären

Abb. 3. Das Verhalten verschiedener Lym- 
phozyten-Untergruppen nach Extrakorpo
ralbestrahlung. Bedeutung der graphischen 
Linien und Erklärung der Säulen: siehe 

Abb. 1

Abb. 4. Das Verhalten von makro- und mikro- 
nukleolären kleinen Lymphozyten sowie von 
Monozyten und Lymphomonozyten nach 
Extrakorporalbestrahlung. Bedeutung der 
graphischen Linien; siehe Abb. 2 und Er

klärung der Säulen: siehe Abb. 1

festzustellen: Kleine, mittlere und große helle Lymphozyten und mikronukleoläre 
kleine Lymphozyten bei beiden Bestrahlungsmodellen; makronukleoläre kleine 
Lymphozyten nur nach Ganzkörperbestrahlung. Niemals fand sich eine zeitliche 
Korrelation mit den großen, mittleren oder kleinen basophilen Lymphozyten.

Diskussion

Wenn man das Verhalten der einzelnen mononukleären Zellgruppen mit 
der Abstoßung von homologen Hauttransplantaten nach Röntgenbestrahlung 
korreliert und daraus Schlüsse auf die Funktion der Zellen ziehen will, so muß
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man voraussetzen, daß die einzelnen Zellgruppen in sich homogen sind, zumindest 
aber, daß innerhalb einer Gruppe alle Zellen annähernd gleiche Reaktionen auf 
die Strahlen zeigen.

Ehe die immunologische Stellung der Blutzellen aus diesem Vergleich abge
leitet werden könnte, müssen der Eingriff und der Zeitpunkt der Bestrahlung inner
halb des immunologischen Reaktionsablaufes definiert werden:

Bei der Ganzkörperbestrahlung trifft die Schädigung das ganze immunolo
gisch aktivierbare Zellsystem: sowohl im Blut als auch im lymphatischen Gewebe. 
Der Zeitpunkt der Bestrahlung 1 Tag vor der Transplantation bedeutet, daß die 
gesamte immunologische Reaktion in der Nachbestrahlungsphase abläuft. Dabei 
dürfte vor allem der afferente Teil der immunologischen Reaktion, die sogenannte 
Induktionsphase, während derer das Antigen immunkompetente Rezeptor-Zellen 
zur Proliferation anregt (Gowans und McGregor [13], Schwartz [23]), betroffen 
und verlängert sein, weil er in den Zeitraum der schwersten Strahlenschädigung 
fällt. Der efferente Teil der Immunreaktion, nämlich die Produktion von immu
nologisch kompetenten Effektorzellen (Gowans und McGregor [13]), setzt ver
mutlich verspätet aber dann intensiv in der Erholungsphase nach Bestrahlung ein.

Die Extrakorporalbestrahlung trifft naturgemäß nur Blutzellen, während das 
lymphatische Gewebe unangetastet bleibt. Der Bestrahlungszeitpunkt am 4. Tag 
nach Transplantation liegt wohl schon nach dem Abschluß der immunologischen 
Induktionsphase, deren Dauer auf 24 bis 48 Stunden nach Antigenkontakt ge
schätzt wird (Schwartz [23]). Selbst wenn die Induktionsphase länger dauern 
würde, so wird sie durch eine Extrakorporalbestrahlung nicht wesentlich gestört, 
denn eine Extrakorporalbestrahlung 48 Stunden nach Transplantation hatte nur 
einen geringen immunosuppressiven Effekt (Sanguinetti et al. [22]). Die Extra
korporalbestrahlung greift mit großer Wahrscheinlichkeit nur in die efferente 
Phase der Immunreaktion ein, indem immunkompetente Effektorzellen, die auf 
dem (Blut)wege zum Transplantat sind, vernichtet werden. Spezifisch sensibili
sierte Effektorzellen müssen bereits 4 Tage nach Transplantation im Blut vorhanden 
sein, sonst wäre die Extrakorporalbestrahlung zu diesem Zeitpunkt wirkungslos. 
Vom sechsten Tag an sind sie auch von Billingham et al. ([4], [5]) nachgewiesen 
worden.

Da wir eine gewisse Immunkompetenz einer Zellgruppe nur aus dem Ver
gleich zur Transplantatabstoßung erschließen, können wir bei Ganzkörper- wie 
Extrakorporalbestrahlung nur den efferenten Teil der immunologischen Reaktion 
erfassen. Es ist jedoch mit einer unspezifischen Methode, wie der hier verwendeten, 
unmöglich, die wenigen spezifisch gegen ein Hauttransplantat gerichteten immun
kompetenten Effektorzellen im Blut (nach Prendergast [21] handelt es sich um 
weniger als 0,2% der Mononukleären) nachzuweisen. Wir können nur eine Zell
gruppe daraufhin prüfen, ob in ihr die spezifischen immunkompetenten Zellen 
enthalten sein könnten, und ob sie vielleicht die Summe aller auch gegen andere 
Antigene gerichteten Immunozyten darstellt.

Wie beschrieben, treffen diese Bedingungen nur für die großen, mittleren und 
kleinen hellen Lymphozyten sowie für die mikronukleolären Lymphozyten zu.
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Gowans [12] schloß große und mittelgroße Lymphozyten der Ductus-thoracicus- 
Lymphe, ohne basophile von hellplasmatischen Zellen zu trennen, von immuno
logischen Reaktionen aus, während Everett et al. nach immunologischer Reizung 
das Anschwellen kleiner Lymphozyten bis zum Umfang mittlerer Lymphozyten 
im Ductus thoracicus beobachteten. Es ist bemerkenswert, daß den Monozyten 
nach unseren Kriterien keine wesentliche immunologische Effektorrolle zuzubilli
gen ist. Das steht in scheinbarem Gegensatz zu den Befunden, nach denen immu
nologische Reaktionen mit monozytenreichen Entzündungsexsudaten (Braunstei
ner et al. [7], Billingham et al. [6]) übertragen werden konnten, denn auch diese 
Exsudate enthalten Lymphozyten (Harris et al. [15]), deckt sich jedoch mit den 
Vorstellungen nach denen der Monozyt lediglich in der Induktionsphase am immu
nologischen Geschehen beteiligt ist (Übersicht bei Gowans und McGregor [13]).

Nach diesen Befunden und den eingangs erwähnten Voraussetzungen bleibt 
nur der kleine und möglicherweise der mittlere helle Lymphozyt bzw. der mikro- 
nukleoläre kleine Lymphozyt, der gleichfalls eher ein helles als ein basophiles 
Zytoplasma hat, als mutmaßlich immunkompetent übrig. Ist die Immunkompe
tenz hellplasmatischer Lymphozyten nicht ein Widerspruch in sich? Immunkom
petenz auf zytologischer Basis schien bisher stets mit Zytoplasmabasophilie ver
knüpft: 1. Bei Plasmazellen bzw. Plasmoblasten; 2. bei großen pyroninophilen 
(=  basophilen) Zellen, die durch Umwandlung kleiner Lymphozyten aufgrund 
immunologischer Reizung in vivo (Gowans [12]) oder in vitro (Hurvitz et al. [16]. 
Knight et al. [17] u. a.) entstehen. 3. Darüberhinaus beschrieben Wiener et al. 
[27] und Prendergast [21] im zellulären Infiltrat von homologen Transplantaten 
zahlreiche basophile Zellen, darunter auch solche von Lymphozytengröße.

Diese Befunde beweisen jedoch noch nicht, daß immunkompetente kleine 
Lymphozyten ein basophiles Zytoplasma haben müssen:

Zu 1. Die Plasmazellen erfüllen ihre immunologische Funktion durch 
Antikörper- d. h., durch Eiweißsynthese. Diese ist bekanntlich von einem hohen 
RNS-Gehalt im Zytoplasma, der die Basophilie bedingt, abhängig. Für die 
immunologisch aktiven Lymphozyten ist die Synthese von eiweißhaltigen Anti
körpern (z. B. Immunglobulinen) umstritten und wurde bisher in größerem 
Umfang noch nicht sicher nachgewiesen (Übersicht bei Govaerts [11] sowie 
Gowans und McGregor [13]). Es wird auch die Ansicht vertreten, daß Lym
phozyten nur zytophile Antikörper, die von anderen Zellen synthetisiert worden 
sind, an der Zelloberfläche tragen (Govaerts [11]). Ein für die immunologische 
Funktion der Lymphozyten wesentlicher Stoff, der Transfer-Faktor (Lawrence 
[18]), gehört weder zu den bisher bekannten Immunglobulinen noch zur typi
schen RNS. Es ist also keine conditio sine qua non, daß die immunkompetenten 
Lymphozyten ein basophiles (RNS-reiches) Zytoplasma haben müssen.

Zu 2. Die großen basophilen Zellen, die sich aus immunologisch gereizten 
kleinen Lymphozyten entwickeln, sind nach allen Befunden nicht die eigentlichen 
immunologischen Effektorzellen, sie stehen vielmehr am Wendepunkt der immu
nologischen Afferenz zur Efferenz und produzieren die Effektorzellen, nämlich 
kleine Lymphozyten (Gowans und McGregor [13]). Aus basophilen Stammzellen
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müssen nicht unbedingt basophile Endzeilen hervorgehen, wie der Vergleich von 
Myeloblasten und Granulozyten zeigt. Ebenso ist es nicht ausgeschlossen, daß sich 
hellplasmatische kleine Lymphozyten aus basophilen Vorstufen entwickeln.

Zu 3. Die beobachteten zahlreichen basophilen mononukleären Zellen im 
Infiltrat bei Transplantatabstoßung müssen nicht die immunkompetenten Zellen 
sein. Prendergast [21 ] wies nach, daß nur ein sehr kleiner Teil der infiltrierenden 
Mononukleären immunkompetent sein kann, während McCluskey et al. [19] 
zeigten, daß mindestens 80 % der Infiltratzellen bei der Allergie vom verzögerten 
Typ, die der Homotransplantatreaktion ähnelt (Brent [8] sowie Go wans und 
McGregor [13]), nicht immunkompetent sind. Es ist demnach möglich, daß die 
neben den zahlreichen basophilen Rundzellen im Infiltrat vorhandenen hellplas
matischen Zellen (Prendergast [21]) die eigentlichen Immunzellen sind.

Für eine Beziehung zwischen hellplasmatischen Lymphozyten und immuno
logischen Reaktionen vom verzögerten Typ sprechen folgende Befunde:

1. Das Ausbleiben der Transplantatabstoßung während der Depressions
phase der hellplasmatischen Lymphozyten nach Röntgenbestrahlung und das Zu
sammentreffen der Abstoßung mit dem Wiederanstieg der kleinen hellen Lympho
zyten. Im Gegensatz dazu konnte keine Korrelation zu den basophilen Lympho
zyten gefunden werden.

2. Ein gleichartiger Befund bei Ratten, die durch mehrtägige Ductus-thora- 
cicus-Drainage lymphopenisch gemacht worden waren: Diese Tiere stießen Trans
plantate verzögert zu dem Zeitpunkt ab, als die kleinen hellen Lymphozyten wieder 
anstiegen, während keine zahlenmäßigen Beziehungen zu den kleinen basophilen 
Lymphozyten bestanden (Pichlmaier und Junginger [20]).

3. Ähnliche Verhältnisse bei zytostatika-behandelten BCG-immunisierten 
Meerschweinchen: Die Allergie vom verzögerten Typ (Tuberkulintest) war im 
allgemeinen reduziert, wenn die hellplasmatischen Lymphozyten stark vermindert 
waren, während die Menge der basophilen Lymphozyten keinen Einfluß zu haben 
schien (unveröffentlichte Befunde unseres Labors).

4. Gewisse zahlenmäßige Beziehungen bei der antigenbedingten Transfor
mation kleiner Lymphozyten in vitro: Bei der Ratte lassen sich wahrscheinlich 
wesentlich mehr als die bisher beobachteten 19% der Blutlymphozyten transfor
mieren (Knight et al. [17]). Beim Menschen ließen sich 52 — 76% der Blutlympho
zyten transformieren (Bach und Hirschhorn [1 ], Hurvitz und Hirschhorn [16]). Im 
Rattenblut sind 40 bis 75 % der Lymphozyten hellplasmatisch. — In der Ductus- 
thoracicus-Lymphe der Ratte fand Gowans [12] bis zu 5% immunkompetente 
kleine Lymphozyten. Die Ductus-Lymphe der Ratte enthält über 90% basophile 
und unter 10% hellplasmatische Lymphozyten.

5. Die beim Menschen beobachtete Vermehrung von azurgranulierten Blut
lymphozyten bei immunologischen Reizzuständen (Begemann [2]): Ein Teil der 
hellplasmatischen Lymphozyten der Ratte weist gleichfalls Azurgranulationen 
auf, die andererseits in basophilen Lymphozyten nicht gesehen werden.

6. Die besonders lange Lebensdauer der immunologisch kompetenten Lym
phozyten (Gowans und McGregor [13]). Die hellplasmatischen Lymphozyten
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haben im Durchschnitt einen langsameren Turnover als die basophilen (Trepel 
et al. [24] und Waubke et al. [26]).

Trotzdem reichen die vorliegenden Befunde nicht aus, die Identität von klei
nen hellplasmatischen Lymphozyten und immunkompetenten Zellen des Blutes 
zu beweisen. Es haben sich lediglich Anhaltspunkte für diese Auffassung ergeben. 
Technisch schwierigere gezielte Untersuchungen werden zur endgültigen morpho
logischen Identifizierung des immunkompetenten Lymphozyten nötig sein.
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Analysis of Osmotic Fragility as a Routine Test 
in Clinical Practice*
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A rapid micro-method for recording red cell osmotic fragility by continuous 
decrease of salt concentration using the Fragiligraph Model D-2, is described. The 
blood of 601 cases randomly taken from a department of Internal Medicine was 
thus tested. About a third of the cases had abnormal osmotic fragility. The results 
indicate that a more extensive routine use of the test even for cases in which no obvious 
hematological symptoms are apparent might be of value.

Introduction

Conventional laboratory procedures for determining red cell osmotic fragil
ity are laborious and time-consuming. This is probably one of the reasons why 
they are seldom employed in clinical practice, unless a pathological state of the 
red blood cell is actually suspected. Another reason is probably the poor resolu
tion of the conventional test, due to the limited number of points forming the ac
tual curve. As a result of these two limitations little data have been assembled re
garding the erythrocyte osmotic fragility picture in pathological conditions which 
are not of a characteristically hematological nature [1 —6]. In order to gather such 
data, and generally allow the performance of the test as routine clinical practice, 
a method is needed which is rapid, requires neither large volumes of blood nor 
special preparations, and is sufficiently uncomplicated so that it can be carried out 
by a laboratory technician without special skills.

Recently, a rapid micro-method has been developed by means of which 
red cell osmotic fragility curves (“fragiligrams”)can be automatically recorded [7].

The time required to carry out a single test is of the order of 5 minutes and 
only a very small quantity of blood is required (0.04 ml of a 1 : 30 dilution of 
whole blood). The recorded curve is practically continuous.

The measurement is based on subjecting the cell suspension to a continuous 
decrease in salt concentration by dialysis, and recording the light transmission

* This work has been partially presented as a preliminary report in the Third Congress 
of the Asian and Pacific Society of Haematology, and was supported by grant 5/E-2 of the 
Ford Foundation.
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through the blood suspension as hemolysis proceeds. Using this method, a study 
has been made of the osmotic fragility of red blood cells in patients suffering from 
various diseases not necessarily of a hematological nature, taken at random from 
hospitalized cases in a Dept, of Internal Medicine. Cumulative and derivative fra- 
giligrams were recorded, and the results classified on the basis of the clinical diag
nosis. No attempt at follow-up was made, i.e. whether the abnormal osmotic 
fragility determined in some cases later returned to within the normal range was 
not checked.

M aterials and Methods

Blood was withdrawn by means of venipuncture into test-tubes containing 
heparin or citrate as anticoagulant. Fragiligraph Model D2 (Elron, Electronic 
Industries Ltd.. Haifa, Israel) was used.

The samples were diluted 1 to 30 in isotonic NaCl solution, buifered to pH 
7.3 with veronal acetate buffer, and an aliquot of the suspension was introduced 
into a microcuvette of 0.04 ml capacity two walls of which are made of dialyzing 
membrane. This microcuvette which is the container cell of the Fragiligraph is 
held in a distilled water bath which can be maintained at thermostatically control
led temperatures. The cell is positioned so that the membrane window lies in the 
light path of an electrooptical system consisting of a light source and a photoelectric 
cell connected to the recording system. Light transmission is initially low, owing to 
absorption and dispersion due to the presence of the cells. As the medium surround
ing the erythrocytes becomes more hypotonic because of dialysis and salt diffusion 
across the membrane, osmotic hemolysis of the red blood cells takes place. The 
gradual increase in the number of hemolyzed cells with decreasing ionic strength 
of the medium results in a progressive increase in the light transmissibility of the 
suspension, continuous recording of light transmission through the cell suspension 
during the whole process provides a cumulative osmotic fragility curve.

The ordinate of the graph represents degree of hemolysis and the fragiligram 
provides a measure of osmotic fragility as a practically continuous curve, rather 
than in discrete measurements.

A derivative curve, representing incremental hemolysis can be recorded 
(simultaneously or alternatively) by transmitting the signal from the photoelectric 
cell through a differentiating amplifier. Since the dialysis causes the salt concentra
tion to decrease exponentially with time, the linear time scale of the recorded graph 
is essentially identical with an inverse logarithmic scale of salt concentration.

For high accuracy, quantitative measurement of the salt concentration of 
the suspension is monitored and can be recorded simultaneously with the cumu
lative or derivative curves. Direct correlation between fragility and salt concen
tration can thus be obtained, which facilitates comparison of data with that ac
quired by other methods.

Salt concentration is monitored indirectly by measuring the increasing con 
ductivity of the water surrounding the cell which contains the sample, as dialysi
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proceeds. When the blood dilution (1 : 30) is accurately prepared, the base line 
of the cumulative curve indicates the hematocrit.

Fragiligrams of 601 patients were recorded. On the basis of the final clinical 
diagnosis on leaving hospital, the patients were divided into 13 groups. The os
motic fragility of the red blood cells was classified as normal (N), increased fra
gility (I) or decreased fragility (D) and tabulated according to the group divisions.

Results and Discussion

Of the 601 cases examined, 168 abnormal fragiligrams were recorded, 118 
showing increased osmotic fragility outside the normal range, and 50 decreased 
fragility. Tables 1 to 13 present the osmotic fragility findings for the different 
clinically diagnosed groups. These results are summarized in Table 14. Figs 1 and 
2 show typical recordings, Fig. 3 the normal range.

Table 1

1. Blood diseases

Diagnosis Total
Fragility

N. D. I. W. R*

Hemolytic anemia 8 4 2 1 1
Iron deficiency anemia 9 5 4 — —

Megaloblastic anemia 2 2 — — —

Dimorphic anemia of pregnancy 1 — — 1 —

Thalassemia minor 1 1 — — —

H-Hemoglobinopathy 1 1 — — —

Acute leukemia 1 — — 1 —

Chronic lymphatic leukemia 4 4 — — —

Myeloid leukemia 2 2 — — —

Lymphosarcoma 2 — — 2 —

Agranulocytosis 1 1 — — —

Myelofibrosis 4 3 1 — —

Thrombocytopenia 2 — 2 — —

Thrombotic thrombocytopenic 
purpura 1 i

Circulating anticoagulants 1 1 — — —

Waldenstrom’s macroglobulinemia 3 2 — 1 —

Cryoglobulinemia 1 — 1 — —

Multiple myeloma 3 2 — 1 —

Gaucher’s disease 1 — — 1 —

Hemochromatosis 2 1 1 — —

* Wide range

50 29 11 8 2
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Table 2
Diseases of the heart

Diagnos is T o ta l
Fragil ity

N. D. I.

Rheumatic heart disease 2 2 _
Myocarditis 3 3 — —
A. S. H. D. 59 47 2 10
Congestive heart failure 20 16 1 3
Cardiomyopathy 2 2 — —
Benign non-specific pericarditis 4 2 — 2
Hypertensive cardiovascular disease 4 4 — —

94 76 3 15

Table 3
Diseases of the lung

Diagnosis
Fragil ity

N. D. I.

Tb of lung 2 2 _ _
Pneumonia 19 17 — 2
Pleuropneumonia 4 3 l —
Bronchopneumonia 9 8 — 1

Infected bronchiectasis 3 3 — —
Acute bronchitis 4 3 — 1

41 36 i 4

Table 4
Diseases of the hepato-biliary tract (Pancreas included)

Diagnos is
Frag il ity

N. D. I.

Infectious hepatitis 5 2 2 1
Cirrhosis of liver 13 9 3 1
Amebic liver abscess 2 1 — 1
Echinococcus of liver 1 1 — —

Dubin Johnson’s disease 1 — — I
Hepatosplenomegaly 3 1 — 2
Acute cholecystitis 2 1 — 1
Cholelithiasis 22 16 3 3
Acute pancreatitis 4 2 2 —

53 33 10 10
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Table 5
Diseases of the digestive tract

Diagnosis To ta l
Frag il ity

N. D. I.

Stricture of esophagus l l
Peptic ulcer 26 i 6 2 8
Pyloric stenosis l i — —

Ulcerative colitis 4 2 — 2
Colitis 4 4 — —

Gastroenteritis 2 1 1 —

Diverticulosis of large intestine 3 2 — 1

41 27 3 11

Table 6
Diseases of the urinary system

Diagnosis T o ta l
Fragil ity

N. D. I.

Acute glomerulonephritis 5 4 1
Chronic glomerulonephritis 9 4 2 3
Nephrotic syndrome 2 1 — 1
Acute renal failure 4 2 2 —

Chronic renal failure 4 3 — 1
Pyelonephritis 10 8 — 2
Polycystic kidney 1 1 — —
Nephrolithiasis 1 1 — —

36 24 4 8

Table 7
Metabolic diseases

Frag il ity
Diagnosis T o ta l

N. D. 1 I.

Gout 3 3
Hypothyroidism 5 4 l
Hyperthyroidism 5 5 —  —
Diabetes mellitus 33 29 3 1
Congenital dwarfism 1 1 — —
Sheehan’s syndrome 1 l
Acromegaly 2 2 —
Obesity 1 1 — —

51 45 5 1
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Fig. 1. Photograph of original simultaneously recorded cumulative and derivative curves 
made with the Fragiligraph Model D-2. a) Normal Blood, b) Increased fragility in a case of 
myocardial infarction, c) Increased resistance in a case of peptic ulcer with hypochromic 
anemia, d) A case of infectious hepatitis. The derivative curve, recorded with higher amplifica
tion than usual, shows that in this case the red cells consist of at least three populations of 
various osmotic fragility. Ordinate — degree of hemolysis, the plateau indicating complete 

hemolysis. Abscissa — time in minutes, every vertical line =  30 sec.

Table 8

Diseases of connective tissue and collagen

Diagnosis To ta l
Fragil ity

N. D. I.

Rheumatic fever 18 13 l 4
Polyarthritis 1 — — 1
Rheumathoid arthritis 10 8 — 2
Disseminated LE 3 3 — —

Myositis 1 — — 1
Myalgia 1 — —  1 1
Paget’s (bone) disease 1 1 1 — —

35 25 l 9
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Table 9

Infectious diseases

D iagnos is T o ta l
Fragil ity

N. D .  I.

Malaria l i
Schistosomiasis l l —  —
Brucellosis 2 2 —  1 —
Colisepticemia 1 1 — 1 —
Typhoid fever 1 1 —  —
Gluteal abscess 1 1 —  —
Staphylococcal septicemia 3 2 l 1 —
Acute tonsillitis 1 1 —  —
Sinusitis 4 1 1 2
Upper respiratory infection 3 1 2
Prostatitis 2 2 ---- ----
Dysenteria 1 1 ---- ----
Mumps orchitis 3 I 1 1 1
Infectious mononucleosis 4 3 —  1
Meningo-encephalitis 1 I ---- ----
Encephalitis 2 1 1
F. U. O. 24 2 0 2  2
Meningococcic meningitis 1 - —  1

56 41 6 9

Table 10

Neoplastic diseases

D i a g n o s i s T o t a l

F r a g i l i t y

N . D . I.

Anaplastic Ca of skin i l
Ca of breast 1 l — —

Ca of lung 2 2 — —

Ca of peritoneal cavity 2 1 — 1

Ca of pancreas 1 2 1 2 — —
Ca of stomach 8 7 l —

Ca of colon 2 — — 2

Ca of bladder 2 1 — 1

Tumor of brain 2 1 — 1

Tumor of hypophysis 2 2 — —

Thyroid nodule 1 — — 1

Generalized carcinomatosis 2 1 — 1

3 7 2 9 1 7
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Table 11

Thrombo-embolic diseases

D i a g n o s i s T o t a l

F r a g i l i t y

N . D . I.

Myocardial infarction 5 2 2 3 3 2 6

Cerebrovascular accident 1 2 9 — 3

Pulmonary embolism 
Infarction of kidney

1 0

1

8

1

i 1

Thrombophlebitis of leg 1 1 — —
Endarteritis obliterans 1 1 — —

7 7 4 3 4 3 0

Table 12

Poisoning

D i a g n o s i s T o t a l

F r a g i l i t y

N . D . I.

Barbiturate 2 l _ 1
Snake bite 4 2 — 2

Insect bite 1 1 — —
Largactil 1 1 — —

8 5 — 3

Table 13 

Miscellaneous

D i a g n o s i s T o t a l

F r a g i l i t y

N . D . 1.

Chorea minor i i _ _
Concussion of brain 1 l — 1 —
Epilepsy i l _

1 1 —
Urticaria 5 5 —
Migraine 4 4 — -

Bronchial asthma 1 0 8 — 2

2 2 2 0 — 2

H ae m a to lo g ia  1, 1967



Dánon et at.: Analysis of osmotic fragility 139

Without considering detailed findings, i.e. on the basis of classifying only 
increases and decreases outside the normal range, the proportion of deviation from 
the normal seems rather high. There is a considerable proportion of increased 
fragility in those clinical conditions in which there is a valid suspicion that tissue

Fig. 2. Photograph of original simultaneous recording of cumulative fragili- 
gram and change of salt concentration as a function of time. Ordinate of the 
left refers to the exponential salt concentration curve. It can be seen that 
hemolysis started at a salt concentration of 0.48 % NaCl and was completed 

at 0.20% NaCl. CF — Cumulative fragiligram. SC — Salt concentration

Table 14

Normal, decreased and increased fragility of all the cases examined, classified according to the
different clinically diagnosed groups

G ro u p s  o f  diseases
N u m b e r

Frag i l i ty

o f  cases
N.* D.** I.***

1. Blood diseases 50 29 12 9
2. Diseases of the heart 94 76 3 15
3. Diseases of the lung
4. Diseases of hepato-biliary tract (pancreas

41 36 1 4

included) 53 33 10 10
5. Diseases of the digestive tract 41 27 3 11
6. Diseases of urinary system 36 24 4 8
7. Metabolic diseases
8. Diseases of the connective tissue and

51 45 5 1

collagen 35 25 1 9
9. Infectious diseases 56 41 6 9

10. Neoplastic diseases 37 29 1 7
11. Thrombo-embolic diseases 77 43 4 30
12. Poisoning 8 5 — 3
13. Miscellaneous 22 20 — 2

Total 601 433 50 118

*N =  Normal D.** =  Decreased, I.*** =  Increased
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injury may have occurred. A strikingly high proportion was found in cases of 
myocardial infarction, in some of these patients, the osmotic fragility picture was 
followed for several days, and was found to revert to normality on general clinical 
recovery.

In view of these findings it is worthwhile noting that certain cases of arterio
sclerotic vascular and heart diseases show increased osmotic fragility of the red 
blood cells before any sign of myocardial lesion is apparent. It is noteworthy in 
this connection that after experimental soft tissue injury in rabbits there is an in
crease in osmotic fragility of red blood cells [8].

Fig. 3. Range of normal osmotic fragility curves and a salt concen
tration curve---------- fresh blood (157 cases) recorded with salt con
centration. ---------blood tested after being kept at room temperature
for 2 to 12 hours (220 cases). The exponential dotted line rising from 
left to right describes the change of salt concentration as a function 
of time. Note the wider range of osmotic fragility among the blood 

samples left for several hours at room temperature

When a normal red cell population is subjected to increasing osmotic pres
sure the old cells hemolyse first, followed by the mature cells which form the main 
population. Hemoglobin is next released by the young cells, until finally reticulo
cytes are hemolyzed. This sequence of events was described both for drastic [11,12] 
and gradual hemolysis [13].

The micro-method described for automatically recording the osmotic fra
gility of erythrocytes is simple, fast and requires negligible amounts of blood. The 
cumulative osmotic fragility curve, besides providing an overall picture of in
creased or decreased fragility, also gives information on any alteration in age dis
tribution of the red cells or damage attaining one age group in particular as re
flected by modification in the cumulative curve, and even more clearly in the 
derivative curve [9, 10] (see also Fig. 1).

This detailed information cannot readily be acquired from plots derived 
from conventional methods consisting of a limited number, say 6 — 20 points, 
of which only 3 to 5 actually participate in forming the curve. In the present meth-
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od, the curves are practically continuous, consisting of about 250 points. Thus 
a slight change in modality of the sinusoidal curve is readily apparent in the de
rivative curve. The micro-method presently described provides automatically re
corded information rapidly and simply. The clinical results would indicate that a 
more extensive routine use of the test for cases in which no obvious hematological 
symptoms are apparent might be of value.
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1. How do you explain the difficulties in showing viruses responsible for human
leukemias ?

We believe that at present time one can’t bring unequivocal proofs in favor 
or against the viral theory of human leukemias. Very shortly, we would like to 
answer by saying that one of the hypotheses to explain the difficulties in showing 
viruses responsible for human leukemias could derive from the possibility that 
human leukemias are not caused by any viruses. What we have gained so far is 
only some indirect evidence either in favor or against the viral etiology of human 
leukemias. Let us discuss some of the most important findings which have been 
reported in the past few years, and are still waiting for new evidence before any 
definite conclusion.

The discovery of cell-free transmission of mouse leukemia by Gross in 1951 
has led to numerous morphological, biological and biochemical studies of leu
kemia. At present, we know of the electron-micrographic morphology of the 
murine leukemic virus. Furthermore, we know that the transmission of this dis
ease is a vertical transmission, and that the thymus plays an important role in the 
development of some of these leukemias. The mouse leukemic viruses are RNA- 
containing viruses. The so-called infectious part of these viruses is the RNA: 
however, the lipid components also play a considerable role. In fact, the treatment 
of these pathogenic agents with solvents of lipids, especially ether, causes the loss 
of their capacity to reproduce the disease.

Until now, several leukemogenic viruses have been described, such as: the 
Moloney Virus, the Friend Virus, theGraffi Virus, the Rauscher Virus, etc. Molo
ney thinks that these viruses are different members of the same family, whereas

1 Supported by “The Blood Research Foundation”, Washington D. C./USA.
2 Discussion at the International Symposium on Leukemia: Mendoza/Argentina, 

Aug. 1966.
(Participants: G. Astaldi, Tortona/Italy; J. Bernard, Paris/France; C. Bottura, Sao 
Paolo/Brasil; L. Braier, Mendoza/Argentina; G. D ucach, Santiago/Chile; A. D alton , 
Bethesda/USA; E. F reireich, Houston/USA; J. F urth , New York/USA; H. H ayhoe, 
Cambridge/United Kingdom; L. H amilton, Upton/USA; G. H itching, New York/USA;
F. J imenez D e Asua, Buenos Aires/Argentina; J. M aisin, Louvain/Belgium; R. C. Milies, 
Montevideo/Uruguay; S. Moeschlin, Solothurn/Suisse; J. B. Moloney, Bethesda/USA;
G. Oclander, Indianapolis/USA; E. E. Osgood, Portland/USA; A. Pavlovsky, Buenos 
Aires/Argentina; S. W atanabe, Tokyo/Japan; E. W iltshaw, London/United Kingdom).
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Gross believes that there is only one leukemic virus, i.e., the so called Mouse Leu
kemic Virus Type A. In fact, Gross has recently been able to show an antigen com
mon to his virus and to the virus of Moloney.

As far as the avian leukosis is concerned, this also is a viral disease. Its 
transmission is not only vertical, but horizontal, too. Moreover, the avian leukemic 
viruses also are RNA-containing viruses, and the so-called infectious part of these 
viruses is the RNA. The recent results of Beard et al. show that the metabolism 
of the virus-RNA in the infected cells is not influenced by actinomycin D, that is 
to say, the virus-RNA metabolism is independent from the cell-DN A metabolism. 
Moreover, according to Thorell’s investigation, the purine and pyrimidine basis 
composition of the virus-RNA is very different from the cytoplasmic-RNA. 
After the virus infiltration, the cytoplasm of these leukemic cells has an elevated 
RNA content and, in erythroblasts, small amounts of hemoglobin are synthetized. 
The biochemical data show that the virus specifically changes the cytoplasmic 
nucleotid metabolism, and that the ATP-ase activity increases, causing disinte
gration of the cytoplasmic structures and functions.

The avian viruses, as well as those of murine and feline leukemias, are very 
similar to each other. On the other hand, they are definitely different from the 
DNA-containing oncogenic viruses, such as polyoma, Shope papilloma, and the 
adenoviruses. Also, the relationship between the Rous sarcoma virus and the avian 
leukosis virus — as a helper virus — is a very interesting topic, but the problems 
dealing with human leukemia are most exciting.

Several facts contradict the role of viruses in causing human leukemias. First 
of all, human leukemias could not be transmitted to healthy persons by transfusion 
of leukemic blood, or bone marrow. The vertical transmission of leukemias — as 
can be observed in some strains of mice — has not been shown in humans until 
now. Mothers of congenital leukemic children are non-leukemic, and leukemic 
mothers bear non-leukemic children. Up to now we know of more than 150 cases 
in which leukemic mothers had non-leukemic children, and only 2 cases where a 
child born by a leukemic mother died from leukemia. Moreover, the genetic 
characteristics of leukemia — as can be found in some strains of mice — have not 
been observed in humans. However, investigations on leukemic families have 
brought some evidence that genetic factors may play a role in the leukemogen- 
esis, as suggested by the incidence of leukemia and cancer in some families, 
and by the concordance rate with leukemia in identical twins.

During last years, virus-like particles have been observed in leukemic cells 
in man. Especially the contributions by Dmochowski, Graffi, Magrassi, Murphy, 
and Negroni are very important from this point. The electronmicrographic ap
pearance of these virus-like particles is very similar to the murine, avian and feline 
leukemic viruses. However, further investigations have shown that in many in
stances these virus-like particles were simply mycoplasma, which may or may not 
be related directly to leukemia. In any case, taking into consideration all the facts 
known on animal leukemias, especially after the recent observation that also the 
radiation induced leukemia in rats is due to a virus, one gets the feeling that also

H aem ato lo g ia  1, 1967



Astaldi, Airö: Questions and answers on leukemia problems 145

for human leukemias the viral etiology could be possible. Our difficulties in de
tecting viral agents in human leukemias may be simply due to the inadequacy 
of our tests, or the low concentration of the leukemogenic viral agent. Regard
ing this latter possibility, special interest has the observation recently made by 
Moloney. By inoculating of leukemogenic viruses at low concentration, he was 
able to obtain leukemia in experimental animals after a definitely prolonged incu
bation period, and without any possibilities to detect such viruses either in hemic 
cells, or in hemo-lymphopoietic organs of those animals.

In our laboratory, the purine and pyrimidine basis composition of the RNA 
of lymphocytic, as well as of granulocytic cell series in both normal and leukemic 
conditions have been investigated. We have been stimulated in this research pro
ject by the recent results of Tamura and Ivanaga, as well as by those of Rottger, 
who have shown that after infections of RNA-containing virus, the purine and 
pyrimidine basis composition of the RNA in the infected cells became similar to 
the virus-RNA. Besides, it is well known that all the leukemogenic viruses isolated 
until now — from murines, as well as from felines or from avians — are RNA- 
containing viruses. The results of our investigation taken as a whole show that:

1. Peripheral lymphocytes from normal human blood contain quantities 
of the four RNA-nucleotides higher than normal granulocytes, but this difference 
was not significant in the statistical analysis;

2. Peripheral lymphocytes from chronic lymphocytic leukemia contain 
quantities of the RNA-nucleotides significantly higher than those from normal 
blood;

3. Peripheral leukocytes from granulocytic leukemia both chronic and acute, 
contain quantities of the four RNA-nucleotides significantly higher than the peri
pheral leukocytes from normal blood, and a relationship exists between the RNA- 
nucleotide contents, and the percentages of blasts of the examined leukocytes;

4. The molar base ratios of the four RNA-mononucleotides — that is to 
say, the qualitative composition of RNA — resulted always the same, whether the 
leukocytes were of the granulocytic or lymphocytic series, as well as normal, or 
leukemic.

In conclusion, in front of some well known facts, we still have many obscure 
problems in the field of Virology in Leukemias, and all of us fervently hope and 
await that this fundamental problem on the etiology of human leukemia be con
quered in our lifetime.
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2. Do you believe that benzol can cause leukemia?

W h e t h e r  b e n z o l  is  o r  is  n o t  a  l e u k e m o g e n i c  a g e n t  is  s t i l l  d e b a t a b l e .  T h e r e  

a r e  i n  f a c t  r e s e a r c h e r s  w h o  b e l i e v e  t h i s ,  w h i l e  o t h e r s  d o  n o t  b e l i e v e  t h a t  t h i s  s u b 

s t a n c e  c a n  a c t u a l l y  c a u s e  l e u k e m i c  p r o c e s s e s .

I n  t h e  L o m b a r d y  r e g i o n ,  a t  t h e  M e d i c a l  S c h o o l  o f  t h e  U n i v e r s i t y  o f  P a v i a ,  

t o  w h i c h  w e  b e l o n g ,  t h e  S h o e  M a n u f a c t u r i n g  I n d u s t r i e s  a r e  n u m e r o u s ,  a n d  it  is  

k n o w n  t h a t  b e n z o l  h a s  b e e n  a d o p t e d  a s  o n e  o f  t h e  s o l v e n t s  f o r  a d h e s i v e s  u s e d  

in  t h e  s h o e  m a n u f a c t u r i n g .  T h e  G o v e r n m e n t  R e g u l a t i o n s  c o n t r o l  a n d  p r e v e n t  

t h e  r i s k  f o r  b e n z o l  i n t o x i c a t i o n  i n  t h e  I n d u s t r y ,  b u t  s o m e  p i e c e - w o r k  w a s  g i v e n  

o u t  t o  b e  m a d e  a t  h o m e ,  a n d  c a s e s  o f  c h r o n i c  i n t o x i c a t i o n  o f  b e n z o l  u n f o r t u 

n a t e l y  h a v e  r i s e n  i n  t h e  p a s t  f e w  y e a r s .  S i m i l a r  u n f o r t u n a t e  e v e n t s  m a y  r e p r e s e n t  

s u i t a b l e  c l i n i c a l  m a t e r i a l  f o r  a  p r o s p e c t i v e  s t u d y  o n  t h e  p o s s i b l e  g e n e s i s  o f  b e n z o l i c  

l e u k e m i a ( s ) .  I n  f a c t ,  t h e  s o - c a l l e d  h u m a n  p r o g r e s s  u n f o r t u n a t e l y  m a y  b r i n g  u s  t o  

s u c h  i n v o l u n t a r y  m e d i c a l  e x p e r i m e n t s  o f  h u m a n  b e i n g s ,  f r o m  w h i c h  m a n  c a n
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o n l y  b e  r e h a b i l i t a t e d  i f  h e  l e a r n s  t o  b e n e f i t  f r o m  t h e m  b y  f u r t h e r i n g  t h e  s c o p e  

o f  h e a l t h  a n d  l i f e  f o r  h u m a n i t y .

T h e  l a r g e r  n u m b e r  o f  t h e  a b o v e - m e n t i o n e d  c a s e s  o f  c h r o n i c  i n t o x i c a t i o n  o f  

b e n z o l  w i t h  b o n e  m a r r o w  d i s o r d e r s  h a v e  b e e n  a d m i t t e d  t o  t h e  W o r k e r ’s M e d i c a l  

C l i n i c  a t  t h e  P a v i a  U n i v e r s i t y ,  C h i e f  o f  S t a f f  P r o f e s s o r  M a u g e r i ,  a n d  h e  c h e c k e d  

t h e  p r o g r e s s  o f  s o m e  o f  t h e s e  c a s e s  t o  l e u k e m i c  f o r m s ,  b o t h  s u b a c u t e  a s  w e l l  

a s  c h r o n i c  g r a n u l o c y t i c .  T h e  i n c i d e n c e  o f  l e u k e m i a  a m o n g  t h e  p a t i e n t s  w i t h  b e n -  

z o l i s m  w a s  s u c h  a s  t o  s u g g e s t  a  r e l a t i o n s h i p  b e t w e e n  t h e  b e n z o l  i n t o x i c a t i o n ,  a n d  

t h e  o n s e t  o f  t h e  l e u k e m i c  p r o c e s s .

I t  h a s  b e e n  r e p o r t e d  t h a t  t h e  P h r c h r o m o s o m e  a b n o r m a l i t y  a p p e a r s  i n  t h e  

b o n e  m a r r o w  c e l l s  b e f o r e  t h e  c l i n i c a l  m a n i f e s t a t i o n  o f  l e u k e m i a .  T h i s  w o u l d  s u g 

g e s t  a  p r o s p e c t i v e  s t u d y  o f  t h i s  a b n o r m a l i t y  a m o n g  a l l  t h e  p e o p l e  w i t h  s i g n s  o f  

b e n z o l i s m .  S u c h  a  s t u d y ,  t o g e t h e r  w i t h  p e r i o d i c a l  c o n t r o l s  o f  t h e  b l o o d  p i c t u r e ,  

a n d  t h e  e v a l u a t i o n  o f  t h e  l e u k o c y t e  a l k a l i n e  p h o s p h a t a s e  s c o r e s  m a y  h e l p  i n  p i c k 

i n g  w h e t h e r  a  c h r o n i c  i n t o x i c a t i o n  o f  b e n z o l  r e a l l y  t u r n s  t o  l e u k e m i a .  W h e n  p o s s i b l e ,  

s u c h  o b s e r v a t i o n s  a s s o c i a t e d  w i t h  a  s t a t i s t i c  s t u d y  o n  t h e  f r e q u e n c y  o f  l e u k e m i a  

a m o n g  t h e s e  p a t i e n t s ,  a s  c o m p a r e d  w i t h  t h e  f r e q u e n c y  o f  l e u k e m i a  in  a p l a s i a s  

f r o m  o t h e r  a g e n t s  w i l l  a l l o w  t h e  c o n c l u s i o n  w h e t h e r  b e n z o l  i n t o x i c a t i o n  m a y  r e a l l y  

c a u s e  l e u k e m i a ,  e i t h e r  d i r e c t l y ,  o r  i n  c o n c u r r e n c e  w i t h  o t h e r  e t i o l o g i c  f a c t o r s .

3. What do you think on the leukokinetic of the leukemic process?

W e  a r e  p a r t i c u l a r l y  p l e a s e d  t o  d i s c u s s  t h i s  t o p i c ,  s i n c e  o u r  i n i t i a l  r e s e a r c h  

o n  t h i s  s u b j e c t  u s i n g  t h e  t i s s u e  c u l t u r e  t e c h n i q u e  g o e s  b a c k  t o  1 9 4 7  — 50.

I n  o r d e r  t o  e v a l u a t e  t h e  e x t e n t  o f  p r o l i f e r a t i o n  o f  b o t h  n o r m a l  a n d  l e u k e m i c  

b l o o d - f o r m i n g  c e l l s ,  w e  f i r s t  e l a b o r a t e d  o n  t h e  stathmokinetic test ( A s t a i d i  a n d  

M a u r i ) .  I t  d e v e l o p e d  t h a t  t h i s  t e s t  c a n  p r o v i d e  i n f o r m a t i o n  o f  t h e  n u m b e r  o f  c e l l s  

w h i c h  in  a  g i v e n  c u l t u r e ,  a n d  i n  a  g i v e n  t i m e  e n t e r  m i t o s i s .  T h i s  h a s  b e e n  o b t a i n e d  

b y  a d d i n g  a n  o p t i m a l  d o s e  o f  c o l c h i c i n e  t o  t h e  c u l t u r e  m e d i u m .  S i n c e  a l l  t h e  c e l l s  

e n t e r i n g  m i t o s i s  a r e  a r r e s t e d  a t  t h e  p r e m e t a p h a s e  b y  c o l c h i c i n e ,  t h e  n u m b e r  o f  

m i t o s e s  a c h i e v e d  i n  a  g i v e n  t i m e  (stathmokinetic index) d e r i v e s  f r o m  t h e  n u m b e r  

o f  t h e  c e l l s  w h i c h  h a v e  e n t e r e d  m i t o s i s ,  i . e . ,  f r o m  t h e  a v e r a g e  d u r a t i o n  o f  i n t e r 

k i n e s i s .  I n  t h i s  c o n d i t i o n ,  t h e  s t a t h m o k i n e t i c  i n d e x  s h o w s  t h e  e x t e n t  o f  p r o l i f e r a 

t i o n  o f  t h e  c e l l s  u n d e r  e x a m i n a t i o n .

I n  u s i n g  t h i s  m e t h o d ,  f i r s t  o f  a l l  i t  w a s  f o u n d  t h a t  t h e  e x t e n t  o f  p r o l i f e r a t i o n  

f o r  a  g i v e n  b l o o d - f o r m i n g  c e l l  s e r i e s  d e c r e a s e s  w i t h  t h e  p r o g r e s s  o f  m a t u r a t i o n .  

B u t  a s  f a r  a s  t h e  l e u k e m i c  p r o c e s s  is  c o n c e r n e d ,  w e  f o u n d  f r o m  t h e  v e r y  b e g i n n i n g  

o f  t h o s e  i n v e s t i g a t i o n s  t h a t  t h e  b l a s t s  o f  a c u t e  l e u k e m i a ,  a s  a v e r a g e  o f  a l l  c e l l  p o 

p u l a t i o n ,  a r e  c h a r a c t e r i z e d  w i t h  a  v e r y  l o w  p r o l i f e r a t i v e  a c t i v i t y .  T h i s  s h o w e d  t h a t  

t h e  f u n c t i o n a l  d e f e c t s  i n  a c u t e  l e u k e m i a  c e l l s  d o  n o t  c o n s i s t  o n l y  i n  a n  a b s o l u t e  

i n c a p a c i t y  f o r  d i f f e r e n t i a t i o n  o r  m a t u r a t i o n ,  b u t  a l s o  i n  a  l o w  p r o l i f e r a t i v e  a c t i v i t y .  

F u r t h e r m o r e ,  u s i n g  t h e  a b o v e - m e n t i o n e d  m e t h o d ,  i . e . ,  t h e  s t a t h m o k i n e t i c  t e s t  i n  

t i s s u e  o r  c e l l  c u l t u r e s ,  i t  w a s  f o u n d  t h a t  a l s o  i n  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a  t h e
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p r o l i f e r a t i o n  a c t i v i t y  o f  t h e  g r a n u l o c y t i c  s e r i e s  is  n o t  i n c r e a s e d  i n  r e s p e c t  t o  t h e  

s a m e  a c t i v i t y  o f  t h e  c o r r e s p o n d i n g  n o r m a l  c e l l  s e r i e s .  I n  p a r t i c u l a r ,  n o  s i g n i f i c a n t  

d i f f e r e n c e  w a s  o b s e r v e d  a t  t h e  p r o m y e l o c y t i c  s t a g e ,  w h e r e a s  a t  t h e  m y e l o c y t i c  

s t a g e  t h e  e x t e n t  o f  p r o l i f e r a t i o n  w a s  l o w e r  f o r  t h e  ce l l s  f r o m  l e u k e m i c  p a t i e n t s  

t h a n  f o r  t h o s e  f r o m  n o r m a l  s u b j e c t s .  A l s o ,  t h e  l y m p h o b l a s t s  o f  c h r o n i c  l y m p h o 

c y t i c  l e u k e m i a ,  a s  w e l l  a s  t h e  p l a s m o b l a s t s  o f  p l a s m o c y t o m a  w e r e  e n d o w e d  w i t h  

a  l o w  p r o l i f e r a t i v e  a c t i v i t y .

A t  t h a t  t i m e ,  o u r  r e s u l t s  s h o w i n g  a  l o w  p r o l i f e r a t i o n  o f  c e l l s  i n  l e u k e m i c  p r o 

c e s s e s  b r o u g h t  s o m e  d i s o r i e n t a t i o n  n o t  o n l y  t o  u s ,  b u t  a l s o  a m o n g  t h e  h e m a t o l o 

g i s t s  w h o  w e r e  c o n v i n c e d  o f  t h e  h y p e r p r o l i f e r a t i v e  c o n d i t i o n  o f  t h e  l e u k e m i a  c e l l s .  

B u t  i n  m o r e  r e c e n t  y e a r s ,  o u r  f i n d i n g s  h a v e  b e e n  c o n f i r m e d  b y  s e v e r a l  a u t h o r s  

f r o m  d i f f e r e n t  c o u n t r i e s ,  m o s t l y  a f t e r  t h e  i n t r o d u c t i o n  t o  t h e  s t u d y  o f  c e l l u l a r  

k i n e t i c s  o f  t h e  r a d i o i s o t o p  l a b e l e d  n u c l e i c  a c i d  p r e c u r s o r s .  F o r  e x a m p l e ,  L a j t h a  

r e p o r t e d  t h a t  b l a s t  ce l l s  i n  l e u k e m i a  s h o w  a  s l o w e r  r a t e  o f  D N A - s y n t h e s i s ,  a n d  a  

l o n g e r  c e l l  c y c l e  t h a n  n o r m a l  m y e l o c y t e s  o r  n o r m o b l a s t s .  G a v o s t o  e t  a l .  i l l u s t r a t e d  

t h a t  t h e  i n c o r p o r a t i o n  o f  l a b e l e d  t h y m i d i n e  i n  a c u t e  l e u k e m i a  c e l l s  is v e r y  l o w ,  

c o m p a r e d  w i t h  t h a t  o f  t h e  b l o o d - f o r m i n g  c e l l s  o f  n o r m a l  b o n e - m a r r o w .  U s i n g  

t r i t i a t e d  t h y m i d i n e ,  K i l m a n  e t  a l .  f o u n d  l a b e l e d  b l a s t s  o n l y  s e v e r a l  h r s .  a f t e r  t h e  

i n j e c t i o n  o f  t h y m i d i n e ,  a n d  t h e  p e a k  o f  t h e  l a b e l e d  b l a s t s  w a s  r e a c h e d  a f t e r  3 6  — 

4 8  h r s .  T h u s ,  K i l m a n  c o u l d  c a l c u l a t e  t h e  g e n e r a t i o n  t i m e  o f  l e u k e m i c  b l a s t s  

t o  b e  5 0  — 6 0  h r s . ,  s u g g e s t i n g  t h a t  t h e s e  c e l l s  d o  n o t  d i v i d e  m o r e  f r e q u e n t l y  t h a n  

t h e  n o r m a l  g r a n u l o c y t i c  p r e c u r s o r s .  C r a d d o c k ,  i n  s t u d y i n g  t h e  p r o l i f e r a t i o n  o f  

l e u k e m i c  c e l l s  a s  r e f l e c t e d  b y  t h e  “ in  v i t r o ”  D N A - s y n t h e s i s  f o u n d  a  l o w e r  r a d i o 

i s o t o p i c  u p t a k e  a s  c o m p a r e d  t o  t h e  n o r m a l  p r e c u r s o r s  o f  h e m i c  c e l l s ,  a n d  i n t e r 

p r e t e d  t h e s e  f i n d i n g s  a s  e v i d e n c e  o f  a  d e f i n i t e l y  p r o l o n g e d  g e n e r a t i v e  t i m e  o f  t h e  

a c u t e  l e u k e m i a  ce l l s .  M a n y  o t h e r  r e p o r t s  h a v e  c o n f i r m e d  t h e s e  r e s u l t s .  T h e  l o w  

r a t e  o f  p r o l i f e r a t i v e  a c t i v i t y  i n  t h e  l e u k e m i a  c e l l s  is a s s o c i a t e d  w i t h  a  l o w  a c t i v i t y  

o f  t h e  e n z y m e s  c o n c e r n e d  w i t h  t h y m i d i n e  p h o s p h o r y l a t i o n ,  a n d / o r  w i t h  n u c l e o t i d e  

t r i p h o s p h a t e  p o l y m e r i z a t i o n  i n t o  D N A .

T h e  s p e c t r o p h o t o m e t r i c  m e t h o d  a l s o  h a s  s h o w n  d i s o r d e r s  i n  t h e  D N A -  a n d  

R N A - c o n t e n t s  in  l e u k e m i c  c e l l s ,  c o n s i s t i n g  o f  a n  i n c r e a s e  o f  t h e s e  n u c l e i c  a c i d s .  

T h i s  f a c t  is  b e l i e v e d  t o  b e  c o n n e c t e d  w i t h  t h e  d e l a y e d  n u c l e i c  a c i d  m e t a b o l i s m ,  

a n d  t h e r e f o r e  w i t h  a  l o w  p r o l i f e r a t i v e  a c t i v i t y .  A g a i n ,  t h e  p h a s e - c o n t r a s t  c i n e m a 

t o g r a p h y  o f  l i v i n g  ce l l s  i n  t i s s u e  o r  ce l l  c u l t u r e s  h a s  s h o w n  t h a t  t h e  m i t o t i c  t i m e  in  

a c u t e  l e u k e m i a  c e l l s  is  a l m o s t  d o u b l e ,  a s  c o m p a r e d  t o  t h a t  o f  n o r m a l  g r a n u l o c y t i c  

c e l l  s e r i e s  (2  h r s .  a n d  2 0  m i n .  v e r s u s  1 h r .  a n d  15 m i n . ) .

T h e  l o w  p r o l i f e r a t i v e  a c t i v i t y  o f  a c u t e  l e u k e m i a  c e l l s  c o u l d  b e  c o n n e c t e d  

w i t h  t h e  i n c a p a c i t y  o f  t h e s e  c e l l s  t o  d i f f e r e n t i a t e .  I n  f a c t ,  b e c a u s e  o f  t h e i r  a b s o l u t e  

d e f e c t i v e  m a t u r a t i o n ,  t h e  a c u t e  l e u k e m i a  c e l l s  b e c o m e  p r o g r e s s i v e l y  o l d e r  f r o m  

t h e  b i o c h r o n o l o g i c a l  v i e w p o i n t ,  a n d  t h u s  l e s s  a c t i v e  i n  p r o l i f e r a t i o n .  I n  o t h e r  

w o r d s ,  t h e  c e l l  p o p u l a t i o n  s h o u l d  b e  v e r y  h e t e r o g e n e o u s  w i t h  r e s p e c t  t o  t h e  a g e  o f  

t h e i r  s i n g l e  c e l l  c o m p o n e n t s ,  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e y  a r e  m o r e  o r  l e s s  s i m i l a r  

t o  e a c h  o t h e r  f r o m  t h e  m o r p h o l o g i c  p o i n t  o f  v ie w .  W e  b e l i e v e  t h a t  t h i s  c o n d i t i o n  

m a y  f u r n i s h  a  p o s s i b l e  e x p l a n a t i o n  f o r  u n d e r s t a n d i n g  t h e  d e f e c t i v e  c a p a c i t y  in
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p r o l i f e r a t i o n  s h o w n  in  a c u t e  l e u k e m i a  b y  t h e  b l a s t  c e l l  p o p u l a t i o n  t a k e n  a s  a  

w h o l e .

T h i s  c o n c e p t ,  t h a t  w e  h a d  o r i g i n a l l y  p r e s e n t e d  i n  o r d e r  t o  e x p l a i n  t h e  l o w  

c e l l  p r o l i f e r a t i o n  i n  l e u k e m i a s ,  h a s  b e e n  m o r e  r e c e n t l y  a l s o  e m p h a s i z e d  b y  o t h e r s .  

K i l m a n  e t  a l .  h a v e  s u g g e s t e d  t h a t  n o t  a l l  t h e  b l a s t s  in  a c u t e  l e u k e m i a  h a v e  t h e  

c a p a c i t y  o f  f u r t h e r  d i v i s i o n ,  a n d  t h a t  s o m e  o f  t h o s e  b l a s t s  m a y  b e  sterile. G a v o s t o  

e t  a l .  h a v e  r e p o r t e d  a  m o r e  a c t i v e  p r o l i f e r a t i o n  o f  t h e  l e u k e m i c  b l a s t s  d u r i n g  t h e  

f i n a l  b l a s t i c  c r i s i s  o f  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a ,  a s  w e l l  a s  d u r i n g  r e m i s s i o n s  

o f  a c u t e  l e u k e m i a ,  in  w h i c h  t h e  c e l l  p o p u l a t i o n  is  m o r e  h o m o g e n e o u s  w i t h  r e 

s p e c t  t o  t h e  a g e  o f  t h e  s i n g l e  c e l l  c o m p o n e n t s .  G a v o s t o  h a s  a l s o  o b s e r v e d  t h a t  in  

a c u t e  l e u k e m i a  t h e  b l a s t s  m a y  b e  d i v i d e d  i n t o  t w o  c l a s s e s ,  a c c o r d i n g  t o  t h e  c e l l  

d i a m e t e r .  T h e  b l a s t s  w i t h  h i g h e r  c e l l  d i a m e t e r  — t h e  y o u n g e r  o n e s ,  s h o w  a  p r o l i f 

e r a t i v e  a c t i v i t y  c l o s e  t o  n o r m a l  v a l u e s .  O n  t h e  c o n t r a r y ,  t h e  b l a s t s  w i t h  s m a l l e r  

c e l l  d i a m e t e r  — t h e  o l d e r  o n e s ,  s h o w  a  m u c h  l o w e r  p r o l i f e r a t i v e  a c t i v i t y .

F r o m  t h e  r e p o r t e d  d a t a  t a k e n  a s  a  w h o l e ,  i t  s e e m s  l o g i c a l  t o  c o n c l u d e  t h a t  

a s  a  r e s u l t  o f  t h e  a c t i o n  o f  t h e  l e u k e m o g e n i c  a g e n t s ,  t h e  b l o o d - f o r m i n g  c e l l s  l o s e  

t h e  g e n e t i c  i n f o r m a t i o n  i n v o l v e d  in  t h e  s y n t h e s i s  o f  s p e c i f i c  p r o t e i n s ,  o r  i n v o l v e d  

i n  t h e  a c t i v i t y  o f  t h e  e n z y m e s  p e r t a i n i n g  t o  d i f f e r e n t i a t i o n  o r  m a t u r a t i o n .  I n  c o n 

s e q u e n c e  o f  t h e  f a u l t  o f  t h e s e  p r o c e s s e s ,  t h e  c e l l s  p r o g r e s s i v e l y  a g e  i n  t h e  b l a s t i c  

s t a g e ,  a n d  t h e i r  p r o l i f e r a t i v e  c a p a c i t y  p r o g r e s s i v e l y  d e c r e a s e s  i n  s u c h  a  w a y  t h a t  

t h e  e x t e n t  o f  p r o l i f e r a t i o n  w i t h i n  t h e  w h o l e  b l a s t  c e l l  p o p u l a t i o n  is  d e f i n i t e l y  
l o w e r .

References

1. Astaldi, G.: Differentiation, proliferation and maturation of haemopoietic cells studied
in tissue culture. In Ciba Foundation Symposium on Haemopoiesis. London, J. and 
Churchill Ltd., p. 99, 1960.

2. Astaldi, G.: Opening remarks at the section on tissue culture of hemic cells at the IX
Congress of the International Society of Hematology. Proc. IX. Congr. Int. Soc. 
Hematol. 2, 1649 (1962).

3. Astaldi, G., Mauri, C.: La valutazione dell’attivita proliferativa delle cellule midollari.
Studio di un “test statmocinetico”. Haematologica 33, 321 (1949).

4. Astaldi, G., Mauri, C.: New criteria for the evaluation of the bone marrow cells’ mitotic
activity. Le Sang 21, 378 (1950).

5. Astaldi, G. et al.: Experimental investigations of the proliferative activity of eryth-
roblasts in their different stages of maturation. Experientia 3, 1 (1947).

6. Astaldi, G. et al.: Ricerche sperimentali sui processi riproduttivi del midollo normale e
patologico. Boll. Soc. It. Biol. Sper. 23, 40 (1947).

7. Astaldi, G., Mauri, C.: Recherches sur l’activité proliferative de l’hemocytoblaste de
leucémie aigue. Rev. Beige Path. Med. Exp. 23, 69 (1953).

8. Boll, J .: Granulocytopoese unter physiologischen und pathologischen Bedingungen.
Springer-Verlag, Berlin, 1966.

9. Boll, L, Gansan, O .: Die Mitosedauer der Paraleukoblasten. Acta Haematol., 27,229 (1962).
10. Craddock, C. G.: Cellular proliferation in normal and leukemic states as reflected by in

vitro DNA synthesis. Proc. 9th Congr. Int. Soc. Hemat. Mexico 1962.
11. Craddock, C. G., Nakai, G. S.: Leukemic cell proliferation as determined by in vitro

deoxyribonucleic acid synthesis. J. Clin. Invest. 41, 360 (1962).

H aem ato lo g ia  1, 1967



150 Astaldi, Airö: Questions and answers on leukemia problems

12. Fitzgerald, P. H., Adams, A.: Chromosome studies in chronic lymphocytic leukemia and
lymphosarcoma. Journ. Nat. Cancer Inst. 34, 827 (1965).

13. Gavosto, F. et al.: Proliferative capacity of acute leukaemia cells. Nature 187, 611 (1960).
14. Gavosto, F. et al.: Nucleic acids and protein metabolism in acute leukaemia cells. Blood 16,

1555 (I960).
15. Gavosto, F. et al.: Proliferation and maturation defect in acute leukaemia cells. Nature

203, 92 (1964).
16. Gavosto, F. et al.: Thymidine incorporation in the chromosomes of human acute leukae

mia. In Current Research in Leukaemia. Ed. by F. G. Flayhoe, Cambridge, University 
Press, p. 177 (1965).

17. Gross, R.: Quantitative cytochemical examinations in cases of acute leukaemia. Proc. 9th
Congr. Soc. Europ. Flaemat. Lisbon 1, 164. S. Karger, Basel/New York, 1963.

18. Fiale, A. J., Cooper, H.: Studies on DNA replication in leukaemic and non-leukaemic
leukocytes. In Current Research in Leukaemia. Ed. by F. G. Hayhoe, Cambridge, 
University Press, p. 95 (1965).

19. Kilman, S. A. et al.: Estimation of phases of the life cycle of leukemic cells from labelling
in human beings in vivo with tritiated thymidine. Lab. Invest. 12, 671 (1963).

20. Lajtha, L. G .: On DNA labeling in the study of the dynamics of bone marrow cell popula
tion. In The Kinetics o f Cellular Proliferation. New York/London, Grune and Stratton, 
1959, p. 173.

21. Mauer, A. M., Fisher, V.: Comparison of the proliferative capacity of acute leukaemia
cells in bone marrow and blood. Nature 193, 1086 (1962).

22. Mauer, A. M. et al.: Kinetics of leukaemic cells. 11th Congr. Int. Soc. Flaematol. Plenary
Sessions, Sydney, Aug. 1966, p. 42.

23. Muller, D .: The nucleic acid content of normal and leukemic granulocytes and the influence
of cytostatic treatment. Proc. 9th Congr. Europ. Soc. Haemat., Lisbon 1963, p. 170. S. 
Karger, Basel/New York.

24. Pileri, A. et al.: Cytogenetical and proliferative characteristics of acute promyelocytic
leukaemia cells. Europ. J. Cancer 2, 189 (1966).

25. Salera, U .: Studies on the mitotic growth of haemopoietic cells by the stathmokinetic
method. Proc. 9th Congr. Int. Soc. Haemat., Mexico, D. F., 1962.

26. Storti, E., Torelli, E .: RNA and protein metabolism in normal and leukaemic leukocytes
as studied by autoradiography. In Current Research in Leukaemia. Ed. by F. G. Hayhoe, 
Cambridge, University Press, 1965, p. 108.

27. Thorell, B.: Studies on the formation of cellular substances during blood cell production.
Acta Med. Scand. Suppl. 200 (1947).

4. What is your opinion of the real development o f the leukemic process: hyperplastic,
neoplastic, displastic?

A t  t h a t  t i m e  o u r  T e a c h e r  P r o f e s s o r  F e r r a t a  u s e d  t o  g o  a r o u n d  t h i s  q u e s t i o n  

b y  s a y i n g :  Leukemias are leukemias. I n  f a c t ,  e v e n  i f  h e  i n w a r d l y  f e l t  t h a t  l e u k e m i a  

is  a  n e o p l a s t i c  p r o c e s s ,  h i s  o p t i m i s t i c  t e m p e r a m e n t  w a n t e d  s o m e h o w  t o  r e b e l  

a g a i n s t  a c c e p t i n g  a  c o n c l u s i o n  t h a t  w o u l d  d e p r i v e  t h e  l e u k e m i c  p a t i e n t s  o f  s o m e  

h o p e  o f  b e i n g  c u r e d  n o t  o n l y  a t  t h a t  t i m e ,  b u t  f o l l o w i n g  t h a t  p a r t i c u l a r  t i m e  a l s o ,  

a s  i t  w a s  t h e n ,  a n d  u n f o r t u n a t e l y  i s  s o  t o d a y .  B e c a u s e  o f  t h i s ,  w e  c a n n o t  i g n o r e  t h e  

e x i s t e n c e  o f  c e r t a i n  f u n d a m e n t a l  b i o l o g i c a l  d e f e c t s  c o m m o n  t o  l e u k e m i a  a n d  c a n 

c e r  w h i c h  w o u l d  s u g g e s t  a  n e o p l a s t i c ,  r a t h e r  t h a n  a n  h y p e r p l a s t i c  o r  d i s p l a s t i c  

n a t u r e  o f  t h e  l e u k e m i c  p r o c e s s ,  e v e n  t h o u g h  o u r  i g n o r a n c e  o f  t h e  m e c h a n i s m  o f
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l e u k e m o g e n e s i s  a n d  c a n c e r o g e n e s i s  m a k e s  i f  d i f f i c u l t  t o  e s t a b l i s h  t h e  e x a c t  p o s i 

t i o n  o f  l e u k e m i a  a n d  c a n c e r  a m o n g  a l l  t h e  p a t h o l o g i c a l  c o n d i t i o n s .

T w o  m a i n  b i o l o g i c a l  a b n o r m a l i t i e s  h a v e  b e e n  r e c o g n i z e d  a s  f o r  n e o p l a s t i c  

( l e u k e m i c  a n d  c a n c e r )  c e l l s :  1. genetical alterations, a s  s h o w n  b y  t h e  c h r o m o s o m e  

a l t e r a t i o n s  p r e s e n t  b o t h  i n  a n i m a l  l e u k e m i a s ,  a s  w e l l  a s  in  h u m a n  l e u k e m i a s ,  a n d  

i n  a n i m a l  a n d  h u m a n  c a n c e r ;  2 .  failure o f  cellular differentiation, f r o m  w h i c h  

d e r i v e s  t h e  l o w  d e g r e e  o f  p r o l i f e r a t i v e  a c t i v i t y  i n  h u m a n  l e u k e m i a s ,  a s  w e  h a v e  

d i s c u s s e d  i n  t h e  p r e v i o u s  p a r a g r a p h .

T h e s e  t w o  a l t e r a t i o n s  a r e  c o n s e q u e n t  t o  t h e  a c t i o n  o f  t h e  e t i o l o g i c a l  f a c t o r .  

H e r e  a g a i n ,  w e  o b s e r v e  t h a t  l e u k e m i a  a n d  c a n c e r  s h a r e  t h e  s a m e  e t i o l o g i c a l  a g e n t s : 

r a d i a t i o n s ,  c h e m i c a l  c o m p o u n d s ,  a n d  v i r u s e s  a r e  t h e  b e s t  k n o w n  c a u s e s  o f  n e o 

p l a s t i c  d i s e a s e s .  T h e  l e u k e m o g e n i c  e f f e c t  o f  r a d i a t i o n  e i t h e r  i n  h u m a n  b e i n g s ,  o r  

in  e x p e r i m e n t a l  a n i m a l s  a n d  p l a n t s  h a s  b e e n  k n o w n  l o n g  s i n c e ;  b u t  t h e  b e s t  e v i 

d e n c e  h a s  c o m e  a f t e r  t h e  o b s e r v a t i o n  o f  t h e  h i g h  i n c i d e n c e  o f  l e u k e m i a  a m o n g  t h e  

p o p u l a t i o n  e x p o s e d  t o  t h e  a t o m i c  b o m b  i n j u r y ,  a n d  a m o n g  p e o p l e  s u b m i t t e d  t o  

X - r a y  r a d i a t i o n  f o r  t h e i r  p a r t i c u l a r  j o b  ( r a d i o l o g i s t s ) ,  f o r  t h e r a p e u t i c  r e a s o n s  ( s u c h  

a s  i n  i r r a d i a t e d  c a s e s  o f  s p o n d y l a r t h r i t i s ) ,  o r  o f  d i a g n o s t i c  p u r p o s e s  ( d i a g n o s t i c  

r a d i o g r a p h y  in  p r e g n a n t  w o m e n ) .  O n  t h e  o t h e r  h a n d ,  i t  i s  w e l l  k n o w n  t h a t  e x p o 

s u r e  t o  r a d i a t i o n  m a y  i n d u c e  l o c a l i z e d  t u m o r s  b o t h  i n  e x p e r i m e n t a l  a n i m a l s  a n d  

in  p l a n t s .

A s  f a r  a s  t h e  c h e m i c a l  c o m p o u n d s  a r e  c o n c e r n e d ,  t h e  l e u k e m o g e n i c  e f f e c t  

o f  b e n z o l  h a s  b e e n  d i s c u s s e d  b y  s e v e r a l  p e o p l e  j u s t  in  t h i s  m e e t i n g ,  t o o .  A l s o  

p h e n y l b u t a z o n e  h a s  b e e n  d i s c u s s e d  h e r e  f r o m  t h e  v i e w p o i n t  o f  i t s  l e u k e m o g e n i c  

e f f e c t .  O t h e r  c o m p o u n d s ,  s u c h  a s  m e t h y l c h o l a n t h r e n e ,  d i m e t h y l b e n z a n t h r a c e n e ,  

b e n z o p y r e n e ,  e tc .  c h i e f l y  c a u s e  s o l i d  t u m o r s ,  a l t h o u g h  s o m e  o f  t h e m  h a v e  b e e n  

r e p o r t e d  t o  i n c r e a s e  t h e  i n c i d e n c e  o f  l e u k e m i a  i n  e x p e r i m e n t a l  a n i m a l s .  W e l l  

k n o w n  is  t h e  a l r e a d y  m e n t i o n e d  r o l e  p l a y e d  b y  v i r u s e s  i n  i n d u c i n g  t u m o r s  a n d  

l e u k e m i a  i n  e x p e r i m e n t a l  a n i m a l s .  T h e  d e m o n s t r a t i o n  b y  G r o s s  o f  v i r a l  l e u k e m i a  

i n  m i c e ,  t r a n s m i s s i b l e  f r o m  m o t h e r  t o  o f f s p r i n g  v i a  m i l k ,  o r  t o  i m m u n o - i n c o m p e -  

t e n t  r e c i p i e n t s ;  t h e  l o n g  k n o w n  v i r a l  c h i c k e n  l e u k e m i a ;  t h e  R o u s - s a r c o m a  v i r u s  

c a p a c i t y  o f  t r a n s f o r m i n g  “ in  v i t r o ”  n o r m a l  c e l l s  t o  m a l i g n a n t  c e l l s  a r e  c e r t a i n l y  

u n e q u i v o c a l  p r o o f s  o f  t h e  l e u k e m o g e n i c  a n d  c a r c i n o g e n i c  p o t e n t i a l i t y  o f  s o m e  v i 

r u s e s .  A s  f a r  a s  h u m a n  l e u k e m i a  is  c o n c e r n e d ,  a f t e r  s e v e r a l  r e p o r t s  i n d i c a t i n g  t h e  

e x i s t e n c e  o f  v i r u s - l i k e  p a r t i c l e s  in  l e u k e m i c  c e l l s ,  e v i d e n t  i n  e l e c t r o n m i c r o g r a p h y ,  

i t  h a s  b e e n  f o u n d  t h a t  i n  m a n y  i n s t a n c e s  t h o s e  v i r u s - l i k e  p a r t i c l e s  w e r e  in  e f f e c t  

m y c o p l a s m a ,  a n d  t h e s e  m i c r o o r g a n i s m s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  b e  u n r e l a t e d  

t o  t h e  l e u k e m i a  e t i o l o g y .  O n l y  a  m a l i g n a n t  l y m p h o m a  i n  A f r i c a n  c h i l d r e n ,  t h e  

B u r k i t t  t u m o r ,  is  p r o v e d  t o  b e  a n  i n f e c t i o u s  d i s e a s e  t r a n s m i t t e d  b y  i n s e c t s .  T h i s  

t u m o r ,  a s  w e l l  a s  o t h e r  m a l i g n a n t  l y m p h o m a s  m a y  e n d  w i t h  a  l e u k e m i c  p i c t u r e  

t h u s  s u g g e s t i n g  a  c o m m o n  o r i g i n  o f  t h e s e  d i s e a s e s .

W h a t e v e r  t h e  e t i o l o g i c a l  a g e n t s  o f  l e u k e m i a  a n d  c a n c e r  m a y  b e ,  t h e  c o n s e 

q u e n c e  o f  t h e i r  a c t i o n  o n  t h e  c e l l s  is  a  g e n e t i c  o n e ,  a n d  t h i s  m e a n s  t h a t  t h e  c o m p l e x  

m e c h a n i s m  w h i c h  r e g u l a t e s  t h e  a c t i o n  o f  g e n e s  is  i n v o l v e d  a t  f i r s t ,  a s  a  c o n s e 

q u e n c e  o f  d i s t u r b a n c e s  i n  t h e  m e t a b o l i s m  o f  n u c l e i c  a c i d s .  B e c a u s e  o f  t h e s e  g e n e t -
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ic  a l t e r a t i o n s ,  t h e  a f f e c t e d  c e l l s  k e e p  t h e  p o t e n t i a l i t y  o f  t r a n s m i t t i n g  t h e  a c q u i r e d  

b i o l o g i c a l  d i s o r d e r  t o  t h e  d a u g h t e r  c e l l s ,  a n d  t h i s  c a p a c i t y ,  c o m m o n  t o  b o t h  l e u 

k e m i a  a n d  c a n c e r  c e l l s ,  is  t h e  m o s t  i m p o r t a n t  c h a r a c t e r  w h i c h  p o i n t s  t o  t h e  n e o 

p l a s t i c  n a t u r e  o f  t h e  l e u k e m i c  p r o c e s s .

References

1. Astaldi, G., Mauri, C .: Recherches sur l’activité proliferative de I’emocytoblaste de
leucémie aigue. Rev. Beige Path. Med. Exp. 23, 69 (1953).

2. Gavosto, F .: Le leucemie acute. Aggiornamenti ciinico-terapeutici. Ed. Minerva Medica
(1966), p. 1.

3. Nowell, P. C., Flungerford, D. A.: The etiology of leukemia: some comments on
current studies. Seminars in Hematology 3, 114 (1966).

5 . What is the diagnosticantl prognostic significance o f the Philadelphia chromosome ?

T h e  d i s c o v e r y  b y  N o w e l l  a n d  H u n g e r f o r d  o f  a  c h a r a c t e r i s t i c  c h r o m o s o m e  

a b n o r m a l i t y  i n  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a  m a y  b e  c o n s i d e r e d  a s  o n e  o f  t h e  

m o s t  i m p o r t a n t  f i n d i n g s  o b s e r v e d  i n  h u m a n  l e u k e m i a  c e l l s .  A s  i t  is  w e l l  k n o w n ,  

i t  c o n s i s t s  i n  t h e  l o s s  o f  a  s u b s t a n c e  i n  t h e  l o n g  a r m  o f  o n e  o f  t h e  s m a l l  a c r o c e n t r i c  

c h r o m o s o m e s  o f  t h e  g r o u p s  2 1 / 2 2  o f  t h e  D e n v e r  c l a s s i f i c a t i o n .  T h e  t e r m  “ P h i l a 

d e l p h i a  c h r o m o s o m e  o r  P h i  c h r o m o s o m e ”  h a s  b e e n  s u g g e s t e d  b y  T h o u g h  i n  o n e  

o f  t h e  e a r l y  r e p o r t s  o n  t h i s  t o p i c .

N u m e r o u s  r e p o r t s  a p p e a r e d  a f t e r  N o w e l l ’s f i r s t  o b s e r v a t i o n ,  c o n f i r m i n g  t h e  

e x i s t e n c e  o f  t h i s  c h r o m o s o m e  a b n o r m a l i t y ,  a n d  i n  a l l  o f  t h e m ,  t h e  p e c u l i a r i t y  o f  t h e  

c h r o m o s o m e  a b n o r m a l i t y  f o r  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a  h a s  b e e n  s t r e s s e d .  W e ,  

o u r s e l v e s ,  h a v e  o b s e r v e d  i t  in  I t a l y  f o r  t h e  f i r s t  t i m e .  A c c o r d i n g  t o  R u d k i n  e t  a l . ,  t h e  

q u a n t i t y  o f  s u b s t a n c e  l o s t  in  t h e  P h i - c h r o m o s o m e  a m o u n t s  t o  3 9 %  o f  t h e  t o t a l  

D N A  p r e s e n t  i n  a n  a n a l o g o u s  n o r m a l  c h r o m o s o m e ,  t a k e n  a s  100. W h e t h e r  t h i s  s u b 

s t a n c e  is r e a l l y  l o s t  o r  o n l y  t r a n s p o r t e d  t o  o t h e r  c h r o m o s o m e s ,  is  n o t  y e t  e s t a b l i s h e d .

I t  is i m p o r t a n t  t o  m e n t i o n  t h a t  t h e  P h  1 - a b n o r m a l i t y  is p r e s e n t  i n  b o t h  g r a n u 

l o c y t e  a n d  e r y t h r o c y t e  p r e c u r s o r s ,  a s  w e l l  a s  i n  m e g a k a r y o c y t e s ,  w h e r e a s  i t  is 

a b s e n t  in  l y m p h o i d  c e l l s  a n d  s k i n  c e l l s  o f  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a  p a t i e n t s .  

T h e  d i a g n o s t i c  i m p o r t a n c e  o f  t h e  P h i - c h r o m o s o m e  c o m e s  f r o m  t h e  f a c t  t h a t  i t  

h a s  b e e n  f o u n d ,  w i t h  r a r e  e x c e p t i o n s ,  o n l y  in  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a .  N e i 

t h e r  h e a l t h y  p e r s o n s ,  n o r  p a t i e n t s  w i t h  o t h e r  m y e l o p r o l i f e r a t i v e  d i s o r d e r s ,  i n c l u d 

i n g  m y e l o s c l e r o s i s  w i t h  m y e l o i d  m e t a p l a s i a ,  p o l y c y t h e m i a  v e r a , e t c .  s h o w  t h e  P h l -  

c h r o m o s o m e  a b n o r m a l i t y .  T h i s  a b n o r m a l i t y ,  t o g e t h e r  w i t h  t h e  l o w  s c o r e s  o f  l e u 

k o c y t e  a l k a l i n e  p h o s p h a t a s e  r e p r e s e n t  t h e  m o s t  i m p o r t a n t  a i d  i n  c l a r i f y i n g  a  c l i n 

i c a l  d o u b t  in  t h e  d i a g n o s i s  o f  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a .

I t  h a s  b e e n  s o m e t i m e s  f o u n d  t h a t  t h e  P h i - c h r o m o s o m e  a p p e a r s  i n  t h e  b o n e  

m a r r o w  c e l l s  b e f o r e  t h e  c l i n i c a l  m a n i f e s t a t i o n s  o f  l e u k e m i a .  T h i s  i n d i c a t e s  t h e  

i n q u i r y  o f  t h e  P h i - c h r o m o s o m e  a s  a  m a r k e r ,  in  o r d e r  t o  a n t i c i p a t e  t h e  d e v e l o p 

m e n t  o f  a  l e u k e m i c  p r o c e s s  i n  t h e  p r e l e u k e m i c  s t a g e .  T h i s  c o u l d  b e  i m p o r t a n t  n o t
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o n l y  in  t h e  c a s e  o f  i r r e v e r s i b l e  d i s e a s e s ,  s u c h  a s  m y e l o s c l e r o s i s  a n d  p o l y c y t h e m i a  

v e r a ,  b u t  a l s o ,  a n d  a b o v e  a l l ,  i n  a c q u i r e d  b o n e  m a r r o w  d i s o r d e r s ,  s u c h  a s  b e n z o l  

i n t o x i c a t i o n ,  i r r a d i a t i o n  i n j u r i e s ,  e t c .  T h e  s a m e  i m p o r t a n t  v a l u e  f o r  a  p r o s p e c t i v e  

i n q u i r y  o f  t h e s e  p a t h o l o g i c a l  c o n d i t i o n s  w o u l d  b e  s c r e e n e d  f o r  a  d r o p  in  t h e  l e u k o 

c y t e  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y .

W i t h  r e g a r d  t o  t h e  p r o g n o s t i c  v a l u e  o f  t h e  P h i - c h r o m o s o m e ,  i t  h a s  b e e n  

e s t a b l i s h e d  t h a t  i t  d i s a p p e a r s  f r o m  t h e  b o n e  m a r r o w  c e l l s  n e i t h e r  d u r i n g  t h e r a 

p e u t i c  r e m i s s i o n s ,  n o r  d u r i n g  t h e  b l a s t i c  c r i s e s .  O n  t h e  o t h e r  h a n d ,  s i n c e  t h e  n u m 

b e r  o f  t h e  P h i - p o s i t i v e  c e l l s  i n  p e r i p h e r a l  b l o o d  d r o p s  a f t e r  t h e r a p y  a c c o r d i n g  t o  

t h e  d e c r e a s e  o f  c i r c u l a t i n g  i m m a t u r e  c e l l s ,  t h e  s t u d y  o f  t h e  i n c i d e n c e  o f  t h i s  c h r o 

m o s o m e  a b n o r m a l i t y  i n  p e r i p h e r a l  l e u k o c y t e s  m a y  p r o v i d e  s o m e  i n f o r m a t i o n  o n  

t h e  e f f e c t  o f  t h e  t r e a t m e n t .

W e  s h o u l d  l i k e  t o  c o n c l u d e  b y  m e n t i o n i n g  t h a t  t h e  h y p o t h e s i s ,  t h a t  t h e  l o w  

p h o s p h a t a s e  a c t i v i t y  i n  l e u k o c y t e s  f r o m  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a  c o r r e l a t e d  

w i t h  t h e  l o s s  o f  a  s u b s t a n c e  i n  t h e  s m a l l  a c r o c e n t r i c  2 1 /2 2  c h r o m o s o m e ,  h a s  n o t  

b e e n  c o n f i r m e d .  M e r k e r  h a s  p o i n t e d  o u t  t h a t  t h e  l e u k o c y t e  a l k a l i n e  p h o s p h a t a s e  

a c t i v i t y  in  c h r o n i c  g r a n u l o c y t i c  l e u k e m i a  m a y  r e t u r n  t o  n o r m a l  o r  a b o v e  n o r m a l  

r a n g e s  d u r i n g  r e m i s s i o n ,  b l a s t i c  c r i s i s ,  a n d  m a r r o w  i n s u f f i c i e n c y  a f t e r  t r e a t m e n t ,  

w h e r e a s  t h e  P h i - c h r o m o s o m e  is  c o n s t a n t l y  p r e s e n t .  T h i s  w o u l d  s u g g e s t  a  g r e a t e r  

i m p o r t a n c e  o f  P h  1- c h r o m o s o m e  f o r  d i a g n o s t i c  p u r p o s e s ,  a n d  o f  l e u k o c y t i c  a l k a 

l i n e  p h o s p h a t a s e  a c t i v i t y  f o r  t e s t i n g  t h e  e f f i c a c y  o f  a  t r e a t m e n t .
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6. Do you believe that a differentiation among acute leukemias may have either 
theoretical or practical interests?

W e  b e l i e v e  t h a t  a  s e p a r a t i o n  a m o n g  a c u t e  l e u k e m i a s  a t  l e a s t  in  t h e  l y m p h o 

c y t i c ,  g r a n u l o c y t i c ,  a n d  h y s t o - m o n o c y t i c  t y p e s  is  c o n v e n i e n t  f r o m  b o t h  t h e o r e t i c a l  

a n d  p r a c t i c a l  v i e w p o i n t s .  T h e  s u b s e q u e n t  d i v i s i o n  o f  t h e  g r a n u l o c y t i c  l e u k e m i a  in  

h e m o c y t o b l a s t i c  ( m y e l o b l a s t i c ) ,  a n d  p r o m y e l o c y t i c  t y p e s  h a s  m o s t l y  a  t h e o r e t i c a l  

v a l u e ,  i n  t h a t  it  s h o w s  t h a t  t h e  l e u k e m o g e n i c  a g e n t  m a y  s t o p  c e l l  d i f f e r e n t i a t i o n  

o r  m a t u r a t i o n  a t  d i f f e r e n t  s t a g e s .  S u c h  s e p a r a t i o n  c o u l d  h e l p  i n  u n d e r s t a n d i n g  t h e
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m e c h a n i s m  o f  l e u k e m o g e n e s i s .  I t  w i l l  b e  e a s i e r  t o  f o l l o w  t h e  b i o c h e m i c a l  a n d  b i o 

l o g i c a l  m o d i f i c a t i o n s  ( i f  a n y )  c a u s e d  b y  t h e  l e u k e m o g e n i c  a g e n t  i n  a  s i n g l e  c e l l  

l i n e ,  a s  w e l l  a s  t o  c o m p a r e  t h e  a l t e r e d  c e l l s  w i t h  t h e  n o r m a l  c e l l s ,  w h e n  w e  s e p a r a t e  

o n e  t y p e  o f  l e u k e m i a  f r o m  t h e  o t h e r .  T h e  d i f f e r e n t  c e l l  l i n e s  m a y  d i f f e r  o n e  f r o m  

t h e  o t h e r  i n  t h e i r  o r i g i n ,  b i o c h e m i s m ,  k i n e t i c s ,  e tc .

T h e  m o r p h o l o g i c a l  d i s t i n c t i o n  o f  t h e  a b o v e - m e n t i o n e d  c e l l  l i n e s  o r  c e l l  

s t a g e s  m a y  b e  s u b s t a n t i a t e d  o n e  f r o m  t h e  o t h e r  b y  m e a n s  o f  c y t o c h e m i c a l  t e s t s .  

H e m o c y t o b l a s t s  a r e  P A S -  a n d  S u d a n - n e g a t i v e .  P r o m y e l o c y t e s  a r e  P A S - p o s i t i v e ,  

a s  w e l l  a s  p e r o x i d a s e -  a n d  S u d a n - p o s i t i v e .  L y m p h o b l a s t s  a r e  s l i g h t l y  P A S - p o s i 

t i v e ,  b u t  a l w a y s  p e r o x i d a s e - n e g a t i v e .  M o n o c y t e s  a r e  P A S - p o s i t i v e  a n d  s l i g h t l y  

p e r o x i d a s e - p o s i t i v e .  T h e s e  c y t o c h e m i c a l  b e h a v i o r s  s u g g e s t  t h a t  t h e  m a j o r i t y  o f  

t h e  m e t a b o l i c  s y s t e m s  i n  l e u k e m i c  c e l l s  a r e  n o t  d e f i n i t e l y  a l t e r e d ,  w i t h  r e s p e c t  t o  

t h e  n o r m a l  c e l l s  o f  t h e  a n a l o g o u s  c e l l  l i n e .

A n o t h e r  f u n c t i o n  c o n n e c t e d  w i t h  b l o o d  c e l l s ,  a n d  n o t  a l t e r e d  in  a c u t e  l e u 

k e m i a  is  t h e  i m m u n e  r e a c t i v i t y  i n  b o t h  t h e  h u m o r a l  a n d  c e l l u l a r  f o r m s .  I n  a  g r o u p  

o f  a c u t e  l y m p h o c y t i c  l e u k e m i a  w e  h a v e  s h o w n  t h a t  t h e  r e a c t i v i t y  o f  t h e s e  l y m p h o 

c y t e s  t o  p h y t o h e m a g g l u t i n i n  ( P H A )  i n  c e l l  c u l t u r e s  is  w e l l  p r e s e r v e d .  O n  t h e  c o n 

t r a r y ,  i n  c h r o n i c  l y m p h o c y t i c  l e u k e m i a ,  a s  w e l l  a s  i n  o t h e r  d i s o r d e r s  o f  t h e  l y m 

p h o i d  s y s t e m  t h e  l y m p h o c y t e  r e a c t i v i t y  i n  c e l l  c u l t u r e s  t o  a n t i g e n i c  s t i m u l a t i o n  is  

d e f e c t i v e ,  a s  is  a l s o  t h e  i m m u n e  m e c h a n i s m  “ i n  v i v o ” . T h e s e  o b s e r v a t i o n s  s o m e 

w h a t  i n d i r e c t l y  s u b s t a n t i a t e  t h e  c l o n a l  t h e o r y  o f  l e u k e m i a ,  a n d  t h e  d i f f e r e n t  c h a r 

a c t e r i s t i c s  o f  t h e  l e u k e m i c  c e l l s .  F u r t h e r m o r e ,  t h e  c a p a c i t y  t o  r e a c t  t o  t h e  P H A -  

s t i m u l a t i o n  i n  c e l l  c u l t u r e  m a y  h e l p  i n  d i s t i n g u i s h i n g  a c u t e  l y m p h o c y t i c  l e u k e m i a  

f r o m  a c u t e  g r a n u l o c y t i c  l e u k e m i a  ( t h e  h e m o c y t o b l a s t i c  f o r m ) .

F i n a l l y ,  t h e r a p e u t i c  r e q u i r e m e n t s  a n d  p r o g n o s t i c  c o n s i d e r a t i o n s  f u l l y  j u s t i f y  

t h e  s e p a r a t i o n  o f  l y m p h o c y t i c  a c u t e  l e u k e m i a  f r o m  g r a n u l o c y t i c  a c u t e  l e u k e m i a .  

I t  i s  a  w e l l - k n o w n  f a c t  s i n c e  t h e  f o r m e r  is  f a v o r a b l y  i n f l u e n c e d  b y  c o r t i c o s t e r o i d  

a n d  a n t i m e t a b o l i t e  t r e a t m e n t s ,  a n d  m a y  l a s t  y e a r s ,  s o m e t i m e s  a s  l o n g  a s  5 y e a r s  

o r  e v e n  m o r e ,  w h i l e  t h e  l a t t e r  is  a l m o s t  u n i n f l u e n c e d  b y  t r e a t m e n t s ,  a n d  i t s  d u r a 

t i o n  i s  o n l y  a  f e w  m o n t h s  l o n g .
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7. Do you accept the belief that the leukemic cells must be eradicated in order to
cure leukemia?

S i n c e  o u r  e a r l y  r e p o r t s  o n  t h e  l o w  p r o l i f e r a t i v e  a c t i v i t y  o f  l e u k e m i c  

c e l l s ,  a n d  a f t e r  t h e  o b s e r v a t i o n s  t h a t  n o  f u n d a m e n t a l  m e t a b o l i c  d i f f e r e n c e s  

d o  e x i s t  b e t w e e n  n o r m a l  a n d  l e u k e m i c  c e l l s ,  w e  h a v e  o c c a s i o n a l l y  p o i n t e d  

o u t  t h a t  t h e  a c t u a l  t h e r a p e u t i c  a p p r o a c h e s  f o r  t r e a t i n g  l e u k e m i a s  a r e  b a s i 

c a l l y  i n c o n s i s t e n t .  T h e  u s e  o f  a n t i m i t o t i c  d r u g s  c o u l d  b e  a c t i v e  o n l y  o n  t h e  

e x i s t e n c e  o f  a  h i g h e r  p r o l i f e r a t i o n  i n  n e o p l a s t i c  c e l l s ,  a s  c o m p a r e d  w i t h  n o r 

m a l  o n e s .

O n  t h e  o t h e r  h a n d ,  t h e  u s e  o f  a n t i m e t a b o l i t e s  a l s o  i n d i c a t e s  t h e  n e c e s s i t y  

o f  t h e  e x i s t e n c e  o f  q u a l i t a t i v e  d i f f e r e n c e s  b e t w e e n  t h e  b i o c h e m i c a l  s y s t e m  o f  t h e  

f o r m e r  a s  c o m p a r e d  t o  t h e  l a t t e r .  T h e  i d e a l  s i t u a t i o n  f o r  t h e  u s e  o f  a n t i m e t a b o l i t e s  

w o u l d  b e  in  t h e  e x i s t e n c e  i n  n e o p l a s t i c  c e l l s  o f  s u c h  a  t y p e  o f  m e t a b o l i t e  o r  m e t a 

b o l i c  r e a c t i o n ,  l a c k i n g  in  n o r m a l  c e l l s .  In  t h i s  c a s e  t h e  a n t i m e t a b o l i t e  w o u l d  b e 

h a v e  s t r i c t l y  s e l e c t i v e  o n  t h e  n e o p l a s t i c  c e l l s  w i t h o u t  d a m a g i n g  t h e  n o r m a l  o n e s .  

U n f o r t u n a t e l y ,  n o  s u c h  p e c u l i a r  m e t a b o l i t e  o r  m e t a b o l i c  r e a c t i o n  h a s  y e t  b e e n  

f o u n d  i n  l e u k e m i c  c e l l s .  O n  t h e  o t h e r  h a n d ,  t h e  l a c k  o f  c e r t a i n  m e t a b o l i c  f a c t o r s  

i n  n e o p l a s t i c  c e l l s  w o u l d  b e  o f  n o  s i g n i f i c a n c e  i n  a  s p e c i f i c  t r e a t m e n t  b a s e d  o n  

a n t i m e t a b o l i t e s .  A s  a  m a t t e r  o f  f a c t ,  i t  h a s  b e e n  b r o u g h t  e v e n  m o r e  in  e v i d e n c e  

t h a t  l e u k e m i c  c e l l s  s h o w  s o m e  m e t a b o l i c  d e f i c i e n c i e s .  I t  s e e m s  m o r e  r e a s o n a b l e  t o  

d i r e c t  o u r  e f f o r t s  i n  c o r r e c t i n g  t h e  b i o l o g i c a l  d e f e c t s  i n  l e u k e m i c  ce l l s  t r y i n g  t o  

n o r m a l i z e  t h e i r  m a t u r a t i o n  p r o c e s s ,  r a t h e r  t h a n  d i r e c t i n g  o u r  e f f o r t s  in  i n h i b i t i n g  

t h e  g r o w t h  o f  l e u k e m i c  c e l l s .
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8. Do you think that some antileukemic vaccines could be realized, and what should
be their practical utilization?

T h e  c o n c e p t  t h a t  t h e  n e o p l a s t i c  p r o c e s s e s  i n c l u d i n g  l e u k e m i a s  m a y  b e  i n 

h i b i t e d  i n  t h e i r  g r o w t h  b y  s o m e  i m m u n o l o g i c  m e c h a n i s m s  is  a n  o l d  o n e ,  b u t  o n l y  

r e c e n t l y  s o m e  e x p e r i m e n t a l  e v i d e n c e  i n  t h i s  d i r e c t i o n  h a s  b e e n  b r o u g h t .  S i n c e  

1 9 2 4 ,  J .  B. M u r p h y  o b s e r v e d  t h a t  t h e  r e s i s t a n c e  t o  m a l i g n a n t  t u m o r s  b o t h  i n  

e x p e r i m e n t a l  a n i m a l s  a n d  in  m a n  m a y  h a v e  s o m e  c o r r e l a t i o n  w i t h  t h e  l y m p h o i d  

t i s s u e ,  a n d  i n  t h e s e  l a s t  y e a r s  t h e  c e n t r a l  r o l e  p l a y e d  b y  t h e  l y m p h a t i c  s y s t e m  o n  

i m m u n e  r e a c t i o n s  h a s  b e e n  w i d e l y  r e c o g n i z e d .

M a c  P h e r s o n ,  i n  a  s e r i e s  o f  b r i l l a n t  e x p e r i m e n t s  w a s  a b l e  t o  s h o w  t h a t  n o r 

m a l  h a m s t e r  c e l l s  c u l t u r e d  in  a  m e d i u m  t o  w h i c h  t h e  R o u s - s a r c o m a  v i r u s  w a s  

a d d e d  b e c a m e  m a l i g n a n t ,  i.  e . ,  c a p a b l e  o f  r e p r o d u c i n g  t h e  t u m o r  w h e n  i n o c u l a t e d  

i n  a n o t h e r  h a m s t e r .  I n  t h e s e  a n i m a l s ,  t h a t  r e c e i v e d  t r a n s p l a n t s  o f  v i r u s - t r a n s 

f o r m e d  m a l i g n a n t  c e l l s ,  a n t i b o d i e s  a p p e a r e d  w h i c h  n e u t r a l i z e d  t h e  R o u s - v i r u s .  

T h e  t r a n s f o r m e d  m a l i g n a n t  c e l l s  c o u l d  b e  r e v e r t e d  t o  n o r m a l  c e l l s  b y  t r a n s f e r r i n g  

t h e m  s e v e r a l  t i m e s  i n  a  n e w  c u l t u r e  m e d i u m .  T h e  t r a n s p l a n t a t i o n  o f  t h e  l a t t e r  c e l l s  

i n  h a m s t e r s  w o u l d  n o t  c a u s e  a n y  a n t i b o d y  f o r m a t i o n  a g a i n s t  t h e  R o u s - v i r u s :  t h a t  

i s  t o  s a y ,  t h e  a n t i b o d i e s  w e r e  s p e c i f i c a l l y  f o r m e d  a g a i n s t  t h e  v i r u s - m a l i g n a n t  c e l l .

W e  w o u l d  a l s o  l i k e  t o  m e n t i o n  t h a t  a t t e m p t s  h a v e  b e e n  m a d e  t o  o b t a i n  

a n t i b o d i e s  a g a i n s t  t h e  v i r u s - l i k e  p a r t i c l e s  o b s e r v e d  i n  t h e  l e u k e m i c  c e l l s  a n d  p l a s m a .  

R a b b i t s  h a v e  b e e n  i n o c u l a t e d  w i t h  t h e  p o r t i o n  o f  l e u k e m i c  p l a s m a  i n  w h i c h  t h e  

v i r u s - l i k e  p a r t i c l e s  a r e  f o u n d  a f t e r  u l t r a c e n t r i f u g a t i o n .  B y  i m m u n o f l u o r e s c e n t  

t e c h n i q u e s  i t  w a s  s h o w n  t h a t  a n t i b o d i e s  a g a i n s t  l e u k e m i c  l e u k o c y t e s  c o n t a i n i n g  

t h e  v i r u s - l i k e  p a r t i c l e s  w e r e  d e v e l o p e d .  S u c h  a n t i b o d i e s  n e v e r  r e a c t e d  w i t h  n o r 

m a l  l e u k o c y t e s .  M o r e o v e r ,  a  c r o s s  r e a c t i o n  c o u l d  b e  o b t a i n e d  b e t w e e n  a n t i b o d i e s  

p r e p a r e d  i n  r a b b i t s  a g a i n s t  m o u s e  l e u k e m i a  a n d  h u m a n  l e u k e m i a  ce l l s .

A n y o n e  c a n  u n d e r s t a n d  t h e  i m p o r t a n c e  o f  s u c h  i n t e r e s t i n g  a n d  s t i m u l a t i n g  

o b s e r v a t i o n s ,  e v e n  i f  s o m e  j u s t i f i e d  c r i t i c i s m  h a s  b e e n  p r o m o t e d  b y  t h e s e  i n v e s t i 

g a t i o n s .  T h e  r e s u l t s  b y  A l e x a n d e r ,  D e l o r m e ,  a n d  t h e i r  g r o u p ,  h a v e  s h o w n  t h a t  t h e  

g r o w t h  o f  t h e  f i b r o s a r c o m a  i n d u c e d  b y  3 : 4 - b e n z o p y r e n e  w a s  r e t a r d e d  w h e n  t h e  

l y m p h o c y t e s  f r o m  t h e  t h o r a c i c  d u c t  o f  s p e c i f i c a l l y  i m m u n i z e d  r a t s  w e r e  i n j e c t e d

i. v .  i n t o  t u m o r - b e a r i n g  r a t s .  P o s i t i v e  r e s u l t s  w e r e  r e a c h e d  o n l y  w h e n  t u m o r  f r a g 

m e n t s  o f  t h e  r e c i p i e n t  r a t s  w e r e  u s e d  t o  i m m u n i z e  t h e  d o n o r  o f  l y m p h o c y t e s ,  t h u s  

s h o w i n g  a  t u m o r  s p e c i f i c  r e s p o n s e .  I n  s u b s e q u e n t  e x p e r i m e n t s ,  t h e  s a m e  a u t h o r s  

s h o w e d  t h a t  l y m p h o c y t e s  f r o m  i m m u n i z e d  h e t e r o l o g o u s  a n i m a l s  w e r e  a l s o  c a 

p a b l e  t o  i n h i b i t  t h e  s p e c i f i c  g r o w t h  o f  t h e  t u m o r .  T h e  c e l l s  r e s p o n s i b l e  f o r  t h i s  r e a c 

t i o n  p r o b a b l y  a c t  b y  s t i m u l a t i n g  t h e  i m m u n e  s y s t e m  o f  t h e  h o s t ,  r a t h e r  t h a n  b y  a  

d i r e c t  c y t o t o x i c  e f f e c t  a g a i n s t  t h e  c e l l s  o f  t h e  t u m o r .

A  c o m p l e t e  i n h i b i t i o n  o f  t h e  g r o w t h  o f  t h e  c e l l s  o f  t u m o r s  a f t e r  t h e i r  t r a n s 

p l a n t a t i o n  i n t o  s y n g e n e i c  h o s t s  w a s  o b t a i n e d  b y  K l e i n  a n d  b y  M i k u l s k a ,  b y  

m i x i n g  t h e  t u m o r  c e l l s  “ i n  v i t r o ”  w i t h  l y m p h o c y t e s  f r o m  i m m u n i z e d  a n i m a l s  

i m m e d i a t e l y  b e f o r e  i m p l a n t a t i o n .  F u r t h e r m o r e ,  s p e c i f i c  i n h i b i t i o n  o f  g r o w t h  o f  

m e t h y l c h o l a n t h r e n e - i n d u c e d  s a r c o m a s  e i t h e r  “ i n  v i v o ”  o r  “ i n  v i t r o ”  b y  s e n s i t i z e d
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i s o l o g o u s  l y m p h o i d  c e l l s  h a s  b e e n  o b t a i n e d  b y  R o s e n a u  a n d  M o r t o n  in  m i c e .  

P r o m i s i n g  r e s u l t s  h a v e  b e e n  o b t a i n e d  b y  M a t h é  a n d  h i s  c o w o r k e r s  ( S c h w a r z e n -  

b e r g e r  e t  a l . )  i n  t h e i r  a t t e m p t s  a t  t r e a t i n g  h u m a n  l e u k e m i a  u t i l i z i n g  t h e  “ g r a f t -  

v e r s u s - h o s t ”  i m m u n e  r e a c t i o n ,  c o n s e q u e n t  t o  t h e  i n o c u l a t i o n  o f  i s o l o g o u s  l y m 

p h o c y t e s .
A l l  t h e  a b o v e - m e n t i o n e d  r e s u l t s  c l e a r l y  s u g g e s t  t h a t  e l i c i t a t i o n  o f  t h e  i m m u n e  

d e f e n s e  m e c h a n i s m  m a y  s u c c e s s f u l l y  h e l p  i n  t h e  b a t t l e  a g a i n s t  m a l i g n a n t  c e l l s .  

T h e r e f o r e ,  a t t e m p t s  a t  p r e p a r i n g  h u m o r a l  o r  c e l l u l a r  f a c t o r s  c a p a b l e  t o  r e a c t  

a g a i n s t  m a l i g n a n t  ce l ls  a r e  w e l l  j u s t i f i e d ,  a n d  h o l d  m u c h  h o p e  s i n c e  t h e i r  t a r g e t  is  

o n l y  t h e  m a l i g n a n t  ce l l  i n  r e s p e c t  t o  a l l  o t h e r  c e l l u l a r  c o m p o n e n t s  o f  t h e  b o d y .
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9. Do you believe that leukemia will be cured?

W e  h a v e  a l r e a d y  s t r e s s e d  t h e  n e c e s s i t y  t h a t  t h e  t r e a t m e n t  o f  l e u k e m i a s  

s h o u l d  a i m  a t  t h e  c o r r e c t i o n  o f  d e f e c t s  i n  t h e  n e o p l a s t i c  c e l l s ,  r a t h e r  t h a n  a t  t h e i r  

d e s t r u c t i o n .  T h i r t y  y e a r s  o f  e x p e r i e n c e  h a v e  c o n f i r m e d  t h e  d i f f i c u l t y  t o  f i n d  a n  

a g e n t  c a p a b l e  o f  d e s t r o y i n g  “ i n  v i v o ”  t h e  m a l i g n a n t  c e l l s ,  w i t h o u t  d e s t r o y i n g  t h e  

n o r m a l  o n e s .  W e  w o u l d  l i k e  t o  b e l i e v e  t h a t  t h e  l e u k e m o g e n i c  a g e n t  p r o d u c e s  

g e n e t i c a l  a l t e r a t i o n s ,  f o r  w h i c h  a  d i s o r d e r  o f  t h e  g e n e t i c a l  i n f o r m a t i o n  t o  t h e  s y s 

t e m  f o r  p r o t e i n  s y n t h e s i s  i n  n o r m a l  c e l l s  m a y  o c c u r .  T h i s  d i s o r d e r  c o u l d  v e r y  w e l l  

b e  r e s p o n s i b l e  f o r  t h e  l e u k e m i c  t r a n s f o r m a t i o n  o f  t h e s e  c e l l s ,  a n d  t h e  r e m o v a l  

o f  t h i s  c o n d i t i o n  c o u l d  r e v e r t  t h e  l e u k e m i c  c e l l s  t o  n o r m a l c y .

B i o c h e m i s t r y  h a s  c l a r i f i e d  t h e  a c t i o n  o f  d i f f e r e n t  c o m p a r t m e n t s  o f  R N A .  

W e  k n o w  t h a t  t h e  m e s s e n g e r - R N A  ( m - R N A )  is  f o r m e d  o n  t h e  g e n e ,  a n d  t h a t  it  

c a r r i e s  t h e  g e n e t i c a l  i n f o r m a t i o n  t o  t h e  c y t o p l a s m a  in  o r d e r  t o  i n d u c e  t h e  s p e c i f i c  

p r o t e i n  s y n t h e s i s .  T h e r e  a r e  o n l y  a  f e w  p a p e r s  d e a l i n g  w i t h  b i o l o g i c a l  a c t i v i t y  o f  

t h i s  m - R N A .  N e v e r t h e l e s s ,  i t  i s  w e l l  e s t a b l i s h e d  t h a t  m - R N A  — e v e n  f r o m  o t h e r  

o r g a n s  a n d  s p e c i e s  — is  v e r y  r a p i d l y  r e s o r b e d  b y  m a n y  k i n d s  o f  c e l l s .  N i u  f o u n d  

a n  i n d u c t i o n  o f  e n z y m e  s y n t h e s i s  i n  t u m o r  c e l l s  o f  l i v e r ,  b y  i n c u b a t i n g  t u m o r  c e l l s
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i n  a  s o l u t i o n  o f  l i v e r  m - R N A .  B y  t h e  a c t i o n  o f  m - R N A  “ in  v i t r o ”  i t  is  e v e n  p o s s i b l e  

t o  i n d u c e  i m m u n i t y ,  o r  t h e  s p e c i f i c  b e h a v i o r  i n  c e l l s  o f  o t h e r  s p e c i e s ,  a s  w e l l  a s  

t o  i n d u c e  p r o t e i n  p r o d u c t i o n  o f  t h e  s p e c i e s  o f  t h e  d o n o r  o f  m - R N A .  A k s e n o v a  

e t  a l .  s u c c e e d e d  i n  n o r m a l i z i n g  l i v e r  t u m o r  c e l l s  b y  t h e  a c t i o n  o f  l i v e r  m - R N A ,  

i n  s o  f a r  a s  t h e  t u m o r  c e l l s  r e m a i n e d  a l i v e ,  b u t  d i d  n o t  g r o w  a f t e r  t r a n s p l a n 

t a t i o n .

T h e s e  r e s u l t s  s e e m  t o  j u s t i f y  t h e  h o p e  t h a t  a  n o r m a l i z a t i o n  o f  l e u k e m i c  c e l l s  

c o u l d  b e  a r r i v e d  a t  u n d e r  t h e  i n f l u e n c e  o f  a n  o r g a n - s p e c i f i c  m - R N A .  R e g a r d i n g  

t h i s ,  W r b a  h a s  s u g g e s t e d  t h a t  t h e  f i r s t  s t e p  o f  s u c h  a  r e s e a r c h  p r o j e c t  s h o u l d  b e  t h e  

i s o l a t i o n  o f  a  b i o l o g i c a l  a c t i v e  m - R N A  f r o m  a  h e m a t o p o i e t i c  t i s s u e .  T h e  s e c o n d  

s t e p  s h o u l d  b e  t h e  s t u d y  o f  t h e  p o s s i b i l i t y  o f  s t i m u l a t i n g  t h e  a c t i v i t y  w i t h  t h i s  

m - R N A  i n  a  s y s t e m  o f  p r o t e i n  s y n t h e s i s  “ in  v i t r o ”  (i . e . ,  r i b o s o m e s ,  l a b e l e d  a m i n o  

a c i d s ,  a n d  A T P ) .  I n  c a s e  o f  a  p o s i t i v e  r e s u l t ,  t h e  t h i r d  s t e p  s h o u l d  b e  t o  i n v e s t i g a t e  

t h e  e f f e c t  i n  c e l l  c u l t u r e s  o f  t h e  a b o v e - m e n t i o n e d  m - R N A  o n  t h e  m a t u r a t i o n  p r o 

c e s s  o f  l e u k e m i c  c e l l s .  T h e  f i n a l  s t e p  o f  t h i s  c o n c e p t  f o r  c a u s a l  t r e a t m e n t  o f  t h e  

l e u k e m i c  p r o c e s s  s h o u l d  b e  t h e  e x p e r i m e n t s  in  p a t i e n t s  — c h e c k i n g  t h e  a p p l i c a 

t i o n ,  t h e  d o s a g e ,  a n d  t h e  f r e q u e n c y  o f  a d m i n i s t r a t i o n s  o f  t h e  c o m p o u n d s ,  e t c .  

R e g a r d i n g  t h i s ,  i t  is  i n t e r e s t i n g  t o  n o t e  t h a t  N i u  h a s  s h o w n  t h a t  i n  s e v e r a l  c a s e s  

t h e  a c t i v i t y  i n d u c e d  “ in  v i t r o ”  b y  m - R N A  r e m a i n s  s t a b i l i z e d  “ i n  v i v o ”  f o r  a t  

l e a s t  2 0  w e e k s .

T h e s e  c o n c e p t s  a r e  s u b s t a n t i a t e d  b y  t h e  f a c t  t h a t  s o m e  e x p e r i m e n t a l  a n d  

c l i n i c a l  t u m o r  r e v e r s i b i l i t i e s  h a v e  b e e n  o b s e r v e d  in  t h e s e  p a s t  y e a r s .  A  r e v i e w  o n  

t h i s  s u b j e c t  h a s  b e e n  r e c e n t l y  m a d e  b y  G e l l h o r n ,  b u t  w e  s h o u l d  l i k e  t o  c o n f i n e  

o u r s e l v e s  o n l y  t o  f e w  e x a m p l e s .

I n  g r o w i n g  a  t r a n s p l a n t a b l e  m o u s e  l y m p h o s a r c o m a  f o r  s e v e r a l  y e a r s  i n  c e l l  

c u l t u r e s ,  W i l l e m i n a  D e  B r u y n  h a s  b e e n  a b l e  t o  o b t a i n  f o u r  c e l l u l a r  s t r a i n s  w i t h  

d i f f e r e n t  b i o l o g i c a l  b e h a v i o r s .  O n e  s t r a i n  c o n s i s t s  o f  l y m p h o b l a s t s  a n d  f i b r o 

b l a s t s  w h i c h  g r o w  t o g e t h e r ,  a n d  w h e n  i n j e c t e d  i n t o  s u s c e p t i b l e  m i c e  i t  r e p r o d u c e s  

t h e  o r i g i n a l  t u m o r .  T h e  s e c o n d  s t r a i n  c o n s i s t s  o n l y  o f  f i b r o b l a s t s ,  w h i c h  d o  n o t  

r e p r o d u c e  t h e  t u m o r .  T h e  t h i r d  s t r a i n  c o n s i s t s  o n l y  o f  l y m p h o b l a s t s ,  w h i c h  a r e  

d e r i v e d  f r o m  t h e  f i r s t  s t r a i n : t h e s e  l y m p h o b l a s t s  a f t e r  4  m o n t h s  o f  g r o w t h  i n  c e l l  

c u l t u r e  w i t h o u t  f i b r o b l a s t s  l o s e  t h e i r  c a p a c i t y  t o  r e p r o d u c e  t h e  t u m o r .  T h e  f o u r t h  

s t r a i n  h a s  b e e n  d e v e l o p e d  u s i n g  a  d i f f e r e n t  m e d i u m ,  a n d  t h i s  s t r a i n  c o n s i s t s  o f  

l y m p h o b l a s t s  o n l y .  A l t h o u g h  b o t h  t h e  t h i r d  a n d  f o u r t h  s t r a i n s  c o n s i s t  o f  l y m p h o 

b l a s t s  o n l y ,  o n l y  t h e  f o u r t h  s t r a i n  is  c a p a b l e  t o  r e p r o d u c e  t u m o r .

S i m i l a r  e v i d e n c e  o f  n e o p l a s t i c  c e l l  r e v e r s i b i l i t y  t o  n o r m a l c y  h a s  b e e n  s e e n  

in  t h e  w o r k  o f  M a c P h e r s o n .  H e  c u l t u r e d  n o r m a l  c e l l s  f r o m  h a m s t e r s  in  s o f t  a g a r ,  

t o  w h i c h  R o u s - s a r c o m a  v i r u s  w a s  a d d e d ,  a n d  t h o s e  c e l l s  b e c a m e  m a l i g n a n t ,  a s  

s e e n  b y  t h e i r  t u m o r  r e p r o d u c i n g  c a p a c i t y .  M a c P h e r s o n  i s o l a t e d  s i n g l e  c e l l s  f r o m  

t h e s e  t r a n s f o r m e d  c l o n e s ,  a n d  t r a n s p l a n t e d  t h e m  i n t o  a  n e w  c u l t u r e  m e d i u m .  T h e s e  

c e l l s  g r e w ;  b u t  a f t e r  a  w e e k l y  t r a n s p l a n t a t i o n  o f  8  w e e k s ,  9 8 %  o f  t h e  s i n g l e  c e l l  

c l o n e s  h a d  r e v e r t e d  t o  n o r m a l .

P i e r c e ,  i n j e c t i n g  c e l l s  f r o m  a n  a s c i t e s  t u m o r  g r o w n  f o r  s e v e r a l  y e a r s  t o  a  r e 

c i p i e n t ,  c o u l d  o b s e r v e  a f t e r  a  p e r i o d  o f  t i m e  t h e  f o r m a t i o n  o f  t u m o r s  h i s t o l o g i -
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c a l l y  c o m p o s e d  e i t h e r  b y  t u m o r  c e l l s ,  o r  b y  a  n u m b e r  o f  b e n i g n  t i s s u e s ,  s u c h  a s  

c a r t i l a g e ,  n e r v e  t i s s u e ,  a n d  c e l i a t e d  e p i t h e l i u m .

A n  e x a m p l e  o f  h u m a n  c a n c e r  r e v e r s i b i l i t y  h a s  b e e n  s u b s t a n t i a t e d  b y  t h e  o b 

s e r v a t i o n s  o f  K i s t e r .  H e  f o u n d  t h a t  a  f u l l  g r o w i n g  e n d o m e t r i a l  c a n c e r  w a s  c o n 

v e r t e d  t o  n o r m a l  d e c i d u a  a n d  n o r m a l  s e c r e t o r y  e p i t h e l i u m ,  i n  c o n s e q u e n c e  t o  t h e  

a p p l i c a t i o n  o f  p r o g e s t e r o n e  d i r e c t l y  i n t o  t h e  u t e r i n e  c a v i t y .

A l l  t h e s e  f a c t s  s h o w  t h a t  n e o p l a s t i c  c e l l s  a r e  n o t  a l w a y s  i r r e v e r s i b l y  c h a n g e d ,  

b u t  t h a t  t h e y  m a y  s t i l l  h a v e  t h e  p o s s i b i l i t y  t o  b e c o m e  b e n i g n  a g a i n .  I n  v i e w  o f  t h i s ,  

o u r  e f f o r t s  s h o u l d  b e  d i r e c t e d  t o  u n d e r s t a n d i n g  t h e  m e c h a n i s m  o f  t u m o r  r e v e r s i 

b i l i t y ,  a n d  i n  t r y i n g  t o  p r o v o k e  s u c h  r e v e r s i b i l i t y  i n  l e u k e m i a .  T h e  e x p e r i m e n t s  

o f  M a c P h e r s o n  s h o w e d  t h a t ,  w h e n  a  c e l l  b e c a m e  m a l i g n a n t ,  i t  c o n t a i n e d  t h e  

R o u s - v i r u s ,  a n d  w h e n  t h e  m a l i g n a n t  c e l l  r e v e r t e d  t o  n o r m a l  a f t e r  s e v e r a l  t r a n s p l a n 

t a t i o n s  i n  a  n e w  c u l t u r e  m e d i u m ,  i t  l o s t  t h e  v i r u s .  I f  t h i s  m o d e l  c a n  b e  u s e d  f o r  

h u m a n  l e u k e m i a ,  w e  r e a l l y  m a y  c o n s i d e r  t h e  p o s s i b i l i t y  t h a t  t h e  l e u k e m o g e n i c  

a g e n t  p r o d u c e s  t h e  g e n e t i c a l  a l t e r a t i o n s  w h e r e b y  a  ce l l  b e c o m e s  l e u k e m i c ,  a n d  t h a t  

t h e  r e m o v a l  o f  t h i s  a g e n t  c o u l d  r e v e r t  t h e s e  l e u k e m i c  c e l l s  t o  n o r m a l c y .
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Comparaison du taux moyen de complément dans 
un échantillon de malades et dans un échantillon 

de personnes normales
C o n s i d é r a t i o n s  m é t h o d o l o g i q u e s  e t  a p p l i c a t i o n  a u  c a s  d e s  u l c é r e s  d u o d é n a u x  e t

g a s t r i q u e s  

( N o t e  p r é l i m i n a i r e )

G .  Lennes, A .  A ndre , C .  Lhoste

Université de Liege, Centre de Génétique Humaine, et Laboratoire des Groupes Sanguins
(Regit ie 28 Février 1967)

Considérations méthodologiques

L e  d o s a g e  d u  c o m p l é m e n t  c o n t e n u  d a n s  le  s é r u m  e s t  f o n d é  s u r  l a  l ó i  d e  v o n  

K r o g h ,  m e t t a n t  e n  r e l a t i o n  le  p o u r c e n t a g e  Y  d ’h é m o l y s e  o b s e r v é  d a n s  l e  S y s t e m e  

h é m o l y t i q u e  e t  la  d o s e  X  d u  s é r u m  é t u d i é  i n t r o d u i t e  d a n s  c e  S y s t e m e .  O n  a :

о й  — e s t  u n e  c o n s t a n t e  b i e n  d é t e r m i n é e ,  a y a n t  t h é o r i q u e m e n t  u n e  v a l e u r  d e  0 ,2  
n

l o r s q u ’o n  u t i l i s e  le  S y s t e m e  h é m o l y t i q u e  d e  K a b a t  e t  M a y e r  [4 ] .

O n  v o i t  d o n e  q u e  s i  Y  = 0 , 5  ( 5 0 %  d ' h é m o l y s e ) ,  o n  a  X5n =  K; K  n o u s  

d o n n e  d o n e  l a  q u a n t i t é  d e  s é r u m  r e q u i s e  p o u r  p r o d u i r e  5 0 %  d ’h é m o l y s e .  L o r s q u e  

K  =  1, o n  d i t  q u e  le  s é r u m  c o n t i e n t  u n e  u n i t é  h é m o l y t i q u e  5 0 % ;  l o r s q u e  AT = 0 , 1  

p a r  e x e m p l e ,  le  s é r u m  c o n t i e n d r a  10  u n i t é s  5 0 % ,  s ó i t  1 =  0 ,1 .

D ’u n e  f a ? o n  g é n é r a l e ,  n o u s  u t i l i s o n s  le  s é r u m  h u m a i n  d i i u é  a u  1 /1 0 ° ,  d e  

s o r t é  q u e  s i  X30 e s t  l a  q u a n t i t é  d e  s é r u m  d i l u é  p r o v o q u a n t  l ’h é m o l y s e  5 0 % ,  le 

t a u x  d e  c o m p l é m e n t  d e  c e  s é r u m  e x p r i m é  e n  u n i t é s  h é m o l y t i q u e s  5 0 %  s e r a  d o n n é  

p a r  l a  r e l a t i o n

10
^ 5 0  =  Т Г -  л  50

E n  a p p l i q u a n t  l a  t r a n s f o r m a t i o n  l o g a r i t h m i q u e ,  l a  r e l a t i o n  d e  v o n  K r o g h  

p e u t  s ’é c r i r e :

Y
l o g  I — -  =  n l o g  X  — n l o g  K

P o u r  le  S y s t e m e  h é m o l y t i q u e  d é c r i t  p a r  K a b a t  e t  M a y e r ,  o n  d o i t  a v o i r  n =
I 1 1

=  5 o u  = 0 , 2  . C e t t e  v a l e u r  d e  — =  0 , 2  e s t  é v i d e m m e n t  t o u t e  t h é o r i q u e ;  d e
\ n n
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n o m b r e u x  a u t e u r s  c o n s i d e r e n t  e n  p r a t i q u e  q u e  d e s  v a l e u r s  c o m p r i s e s  e n t r e  0 ,1 7  

e t  0 ,2 3  s o n t  e n c o r e  c o m p a t i b l e s  a v e c  le  S y s t e m e  h é m o l y t i q u e  d e  K a b a t  e t  M a y e r .  

B e a u c o u p  d ’e n t r e  e u x  s e  b o r n e n t  e n  f a i t  ä  r é a l i s e r  le s  c o n d i t i o n s  e x p é r i m e n t a l e s  d e  

K a b a t  e t  M a y e r  e t  ä  c a l c u l e r  l e  t a u x  d e  c o m p l é m e n t  e n  u n i t é s  h é m o l y t i q u e s ,  t o u t

e n  s u p p o s a n t  n = 5 o u  — =  0 ,2 І  . U n e  l o n g u e  p r a t i q u e  d e s  a n a l y s e s  d u  c o m p l é -

m e n t  n o u s  a  e n s e i g n é  t o u t e f o i s  l ’u t i l i t é  d e  c a l c u l e r  c h a q u e  f o i s  ( o u  t o u t  a u  m o i n s  

d e  d é t e r m i n e r  g r a p h i q u e m e n t )  l a  p e n t e  d e  l a  d r o i t e  d e  v o n  K r o g h .  C e t t e  d é t e r m i -  

n a t i o n  d e  l a  p e n t e  p e r m e t  d e  v é r i f i e r  r a p i d e m e n t  q u e  l e s  c o n d i t i o n s  e x p é r i m e n t a l e s  

n ’o n t  p a s  v a r i é .

O r ,  le s  v a r i a t i o n s  d e s  c o n d i t i o n s  e x p é r i m e n t a l e s  p e u v e n t  s ' i n t r o d u i r e  t r é s  

a i s é m e n t  a  l ’i n s u  d e  l ’e x p é r i m e n t a t e u r :  v i e i l l i s s e m e n t  p r é m a t u r é  d u  l o t  d ’h é m a t i e s  

u t i l i s é ,  v a r i a t i o n s  d e  l a  s e n s i b i l i s a t i o n  d e s  h é m a t i e s  l o r s  d ’u n  r e n o u v e l l e m e n t  d e  

l ’a m b o c e p t e u r ,  e t c  . . . I I  n o u s  e s t a r r i v é  p a r  e x e m p l e  d ’o b t e n i r  d e s  p e n t e s  v o i s i n e s  

d e  0 , 2 7 ;  a  l ’e x a m e n  r é t r o s p e c t i f  d e s  c a u s e s  d ’e r r e u r ,  n o u s  n o u s  s o m m e s  a p e r q u s  

p o u r  q u e l q u e s  é c h a n t i l l o n s  q u e  le s  h é m a t i e s  u t i l i s é e s  a v a i e n t  é t é  f r a g i l i s é e s  p a r  

u n e  s t a t i o n  t r o p  p r o l o n g é e  d a n s  u n  r é f r i g é r a t e u r  d ö n t  l a  t e m p é r a t u r e  é t a i t  t o m -  

b é e  a u  d e s s o u s  d e  0° .
C e p e n d a n t  le  c a l c u l  d e  l a  d r o i t e  d e  v o n  K r o g h  n e  s e r t  p á s  s e u l e m e n t  ä  d é -  

t e c t e r  les v a r i a t i o n s  a n o r m a l e s  d e s  c o n d i t i o n s  e x p é r i m e n t a l e s .  L o r s q u ’o n  c o m p a r e  

le s  t a u x  d e  c o m p l é m e n t  d e  d e u x  s u j e t s  d o n n é s  A  e t  B, o n  c o m p a r e  e n  f a i t  l e u r  t a u x  

d e  c o m p l é m e n t  e n  u n i t é s  5 0 %  o u ,  e n  d ’a u t r e s  t e r m e s ,  l e s  c o n c e n t r a t i o n s  d e  c o m 

p l é m e n t  q u i  c h e z  le s  d e u x  s u j e t s  p r o d u i s e n t  u n e  h é m o l y s e  d e  5 0 %  d e s  h é m a t i e s  d u  

S y s t e m e .  U n e  t e i l e  c o m p a r a i s o n  d ó i t  e n  f a i t  é t r e  i n d é p e n d a n t e  d e  r e f f e t  c h o i s i  e t  

o n  d e v r a i t  o b t e n i r  u n  m é r n e  r a p p o r t  p o u r  le s  s u j e t s  A  e t  B  si  o n  a v a i t  c h o i s i  u n e  

h é m o l y s e  d e  2 0 % ,  o u  u n e  h é m o l y s e  d e  8 0 % .  U n e  t e l l e  C o n s t a n c e  d u  r a p p o r t  d e s  

t a u x  d e  c o m p l é m e n t  e n t r e  l e s  i n d i v i d u s  A  e t  B e s t  g a r a n t i e  p a r  le  p a r a l l é l i s m e  d e s  

d r o i t e s  d e  v o n  K r o g h  c o r r e s p o n d a n t  a u x  s u j e t s  A  e t  B.

Le choix d'un échantillon

N o u s  a l l o n s  m a i n t e n a n t  c o m p a r e r  le  t a u x  d e  c o m p l é m e n t  d a n s  u n  é c h a n t i l l o n  

d e  p e r s o n n e s  s o u f l f r a n t  d ’u n  u l c e r e  d u ó d é n á l  d ’u n e  p a r t  e t  d a n s  u n  é c h a n t i l l o n  d e  

p e r s o n n e s  n o r m a l e s  s o u s  le  r a p p o r t  d e  l ’u l c é r e  d ’a u t r e  p a r t .  ( N o u s  n o u s  a t t a c h e -  

r o n s  é g a l e m e n t  a u  c a s  d e  l ’u l c é r e  g a s t r i q u e . )

P o u r  c e  f a i r e ,  o n  a u r a i t  p u  é v i d e m m e n t  p r e n d r e  a u  h a s a r d  u n  é c h a n t i l l o n  

d ’u l c é r e u x  e t  u n  é c h a n t i l l o n  d e  p e r s o n n e s  n o r m a l e s ,  d é t e r m i n e r  l e s  m o y e n n e s  

c o r r e s p o n d a n t  ä  c e s  d e u x  é c h a n t i l l o n s  i n d é p e n d a n t s  e t  le s  c o m p a r e r  e n s u i t e  p o u r  

j u g e r  d e  l a  s i g n i f i c a t i o n  s t a t i s t i q u e  d u  r é s u l t a t .

C e  p r o c é d é  n o u s  p á r á i t  c e p e n d a n t  d a n g e r e u x .  D a n s  u n e  n o t e  p r é c é d e n t e ,  

n o u s  a v o n s  m o n t r é ,  c o n f i r m a n t  p a r  l ä  d e s  r é s u l t a t s  d e  B a s e v i  e t  F u r l a n ,  q u e  le  

t a u x  d e  c o m p l é m e n t  a  t e n d a n c e  ä  a u g m e n t e r  e n  f o n c t i o n  d u  p o i d s  [1 ]. L o r s q u ’o n  

p a s s a i t  d e  5 0  a  1 1 0  k g ,  o n  o b s e r v a i t  d a n s  n o t r e  é c h a n t i l l o n  u n e  a u g m e n t a t i o n  d u
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t a u x  d e  c o m p l é m e n t  d e  2  u n i t é s ,  s ó i t  e n  m o y e n n e  u n e  a u g m e n t a t i o n  d e  0 ,3 3  u n i t é s  

p a r  t r a n c h e  d e  10 k g .  L e s  u l c é r e u x  é t a n t  e n  g é n é r a l  c a r a c t é r i s é s  p a r  u n  p o i d s  l é g é -  

r e m e n t  i n f é r i e u r  ä  c é l ú i  d e s  p e r s o n n e s  n o r m a l e s ,  l a  d i f f e r e n c e  q u e  T o n  r i s q u e r a i t  

d e  m e t t r e  e n  é v i d e n c e  e n  p r e n a n t  a u  h a s a r d  u n  é c h a n t i l l o n  d e  c o n t r ó l e  p o u r r a i t  

é t r e  i m p u t é e  a  l a  d i f f e r e n c e  d e  p o i d s  c a r a c t é r i s a n t  le s  d e u x  é c h a n t i l l o n s .

C ’e s t  l a  r a i s o n  p o u r  l a q u e l l e  ä  c h a q u e  u l c é r e u x ,  n o u s  a v o n s  a s s o c i é  u n  t é -  

m o i n  a y a n t  le  m é r n e  p o i d s ,  o u  t o u t  a u  m o i n s  u n  p o i d s  t r é s  v o i s i n .  ( L a  d i f f e r e n c e  

d e  p o i d s  e s t  t o u j o u r s  i n f é r i e u r e  a  10 k g . )  D a n s  le  c h o i x  d u  t é m o i n ,  n o u s  n ’a v o n s  

p a s  s e t t l e m e n t  t e n u  c o m p t e  d u  p o i d s ,  m a i s  é g a l e m e n t  d e  l ’á g e .  B a s e v i  e t  F u r l a n  

o n t  e n  e f f e t  m o n t r é  é g a l e m e n t  q u e  le t a u x  d e  c o m p l é m e n t  a  t e n d a n c e  ä  a u g m e n t e r  

a v e c  l ’ä g e ;  n o u s  a v o n s  a u s s i  r e t r o u v é  c e t t e  t e n d a n c e  d a n s  u n  g r o u p e  é t u d i é  p r é c é -  

d e m m e n t .  L o r s q u ’o n  p a s s a i t  d e  l a  c l a s s e  c o r r e s p o n d a n t  ä  2 5  a n s  ä  c e l l e  c o r r e s p o n -  

d a n t  ä  6 5  a n s ,  o n  n ó t á i t  u n e  a u g m e n t a t i o n  d e  0 , 8  u n i t é s ,  s ó i t  u n e  a u g m e n t a t i o n  

d e  0 , 2  u n i t é s  p a r  t r a n c h e  d e  10 a n s ,  m a i s  n o u s  n ’a v i o n s  p a s  t r o u v é  d ’e ffe t  s i g n i f i c a -  

t i f .

N i  le s  g r o u p e s  s a n g u i n s  ( A B O ,  R h é s u s ) ,  n i  l e  s e x e  n ’o n t  d ’e f fe t  m a r q u é  s u r  

le  t a u x  d e  c o m p l é m e n t .  N o u s  n o u s  s o m m e s  d o n e  b o r n é s  ä  a s s o c i e r  t é m o i n  e t  

u l c é r e u x  s e l o n  le  s e x e .

L e s  p r é l é v e m e n t s  d e  s a n g  c h e z  le  t é m o i n  e t  c h e z  l ’u l c é r e u x  a i n s i  q u e  le s  d é t e r -  

m i n a t i o n s  d u  c o m p l é m e n t  o n t  t o u j o u r s  é t é  f a i t s  d a n s  d e s  c o n d i t i o n s  i d e n t i q u e s .  

N o u s  a v o n s  p a r t i c u l i é r e m e n t  v e i l l é  á  c e  q u e  c e s  o p é r a t i o n s  s o i e n t  e f f e c tu é e s  a  l a  

m é r n e  d a t e  p o u r  u n  c o u p l e  d e  p e r s o n n e s  d o n n é e s  a f i n  d e  n o u s  m e t t r e  ä  l ' a b r i  d e s  

v a r i a t i o n s  s y s t é m a t i q u e s  d e s  t a u x  d e  c o m p l é m e n t  q u i  p o u r r a i e n t  é t r e  d u e s  a u  t e m p s  

e t  d e s  l é g e r e s  v a r i a t i o n s  d u  S y s t e m e  h é m o l y t i q u e  q u i  n e  s o n t  p á s  t o u j o u r s  d é c e l é e s  

p a r  l a  m é t h o d e  d e  v o n  K r o g h .

L e s  r é s u l t a t s  d e  n o t r e  é t u d e  s o n t  c o n s i g n é s  d a n s  le  t a b l e a u  s u i v a n t .  S u r  u n e  

m é r n e  l i g n e  s e  t r o u v e n t  le s  v a l e u r s  c o r r e s p o n d a n t  ä  u n  c o u p l e  d é t e r m i n é ,  t é m o i n  

e t  u l c é r e u x .  L a  p r e m i e r e  c o l o n n e  d o n n e  le  t a u x  d e  c o m p l é m e n t  d u  t é m o i n  ( T ) ,  

l a  s e c o n d e  le  t a u x  d e  c o m p l é m e n t  d e  l ’u l c é r e u x  ( U ) ,  l a  t r o i s i é m e  l a  d i f f e r e n c e  

( T  — U ) .  D a n s  l a  q u a t r i é m e  c o l o n n e ,  n o u s  t r o u v o n s  l ’e s t i m a t i o n  d e  la  p e n t e  d e  l a  

d r o i t e  d e  v o n  K r o g h ,  p e n t e  c o m m u n e  a  l a  d r o i t e  d e  l ’u l c é r e u x  e t  ä  ce l le  d e  s o n  t é 

m o i n .  C e t t e  p e n t e  a  é t é  d é t e r m i n é e  p a r  l a  m é t h o d e  d e s  m o i n d r e s  c a r r é s ;  o n  n o t e r a  

q u e  le s  v a l e u r s  d e  l a  p e n t e  c o r r e s p o n d a n t  a u x  d i f f é r e n t s  c o u p l e s  s o n t  t r é s  p r o c h e s  

le s  u n e s  d e s  a u t r e s  e t  t o u j o u r s  i n t é r i e u r e s  ä  l ’i n t e r v a l l e  d e  t o l é r a n c e  g é n é r a l e m e n t  

a d m i s  ( 0 , 1 7 0  a  0 , 2 3 0 ) .  L e s  c i n q u i é m e  e t  s i x i é m e  c o l o n n e s  d o n n e n t  les  p o i d s  r e -  

s p e c t i f s  d u  t é m o i n  e t  d e l ’u l c é r e u x ,  l e s s e p t i é m e  e t  h u i t i é m e  c o l o n n e s ,  l e u r  á g é ,  l a  

n e u v i é m e  e t  d e r n i é r e  c o l o n n e ,  l e  s e x e .

L a  d e r n i é r e  l i g n e  d o n n e  l e s  m o y e n n e s  a r i t h m é t i q u e s  c o r r e s p o n d a n t  a u x  d i 

v e r s e s  c o l o n n e s  d e  v a l e u r s  n u m é r i q u e s .

L a  s é r i e  d e s  c a s  d ’u l c é r e  d u ó d é n á l ,  t o u t  c o m m e  c e l l e  d e s  c a s  d ’u l c é r e  g a s t r i -  

q u e  s e m b l e n t  c a r a c t é r i s é e s  p a r  u n  t a u x  d e  c o m p l é m e n t  i n f é r i e u r  ä  la  n o r m a l e  d e  

l ’o r d r e  d e  2  u n i t é s .

2 8 , 6 5  <  3 0 , 9 4  e t  3 0 , 4 2  <  3 3 ,0 2
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Ulcere duodenal

T au x  de  c o m p lem en t
Pente s

P o ids
( K g )

A g e  en 
1967

Sexe

T u T - U T u T u

35,1 20,8 +  14,3 0,224 59 65 62 51 F
29,4 28,3 +  1,1 0,204 70 70 42 51 M
29,7 21,7 +  8,0 0,222 72 70 34 34 M
34,7 31,6 +  3,1 0,217 78 77 59 52 M
37,0 27,5 +  9,5 0,218 70 76 46 48 M
32,0 39,4 — 7,4 0,225 61 63 52 63 M
26,5 34,0 - 7,5 0,201 44 43 43 35 F
34,5 34,8 — 0,3 0,215 6 6 67 51 61 M
29,2 29,2 0 0,217 6 8 65 63 61 M
29,7 15,9 +  13,8 0,198 55 53 55 58 M
23,5 30,7 — 7,2 0,202 69 75 54 65 M
34,2 27,8 +  6,4 0,225 57 57 37 32 M
26,7 30,7 — 4,0 0,212 63 67 51 47 F

30,94 28,65 +  2,29 0,2138 64,0 65,2 49,9 50,6

Ulcére gastrique

Taux de co m p lém en t
Pentes

Poids
(K g )

A g e  en 
1967

Sexe

T и т -и т и T u

36,9 30,7 +  6,2 0,207 65 65 60 62 M
36,3 28,4 +  7,9 0,210 49 49 54 52 F
25,0 28,1 —3,1 0,192 61 63 61 62 M
32,6 27,4 +  5,2 0,198 106 105 46 49 M
34,3 37,5 —3,2 0,226 56 62 61 64 M

33,02 30,42 +  2,60 0,2066 67,4 68,8 56,4 57,8

C e s  r é s u l t a t s  n e  s o n t  t o u t e f o i s  p a s  s t a t i s t i q u e m e n t  s i g n i f i c a t i f s .  P o u r  l ’u l -  

c é r e  d u ó d é n á l ,  l a  m o y e n n e  d e s  d i f f e r e n c e s ,  s ó i t  2 ,2 9  n e  d i f i é r e  p a s  s i g n i f i c a t i v e -  

m e n t  d e  0  (t = 1 ,0 7  p o u r  1 2  d d l  : P >  0 , 0 5 ) .  II e n  v a  d e  m é r n e  p o u r  l ’u l c é r e  

g a s t r i q u e  o ü  2 , 6 0  n e  d if l fé re  p a s  n o n  p l u s  s i g n i f i c a t i v e m e n t  d e  0  {t — 1 ,0 9  p o u r  

4  d d l  : P >  0 , 0 5 ) .
T o u t e f o i s ,  le  f a i t  q u e  l e s  d e u x  s é r i e s  d e  m a l a d e s  d o n n e n t  d e s  r é s u l t a t s  a l l a n t  

d a n s  le  m é r n e  s e n s ,  p i á i d é  e n  f a v e u r  d ’u n e  d i f f é r e n c e  e n t r e  l e s  c a s  d ’u l c é r e  d i g e s t i f  

e t  les  p e r s o n n e s  n o r m a l e s  s o u s  c e  r a p p o r t .  II n e  s ’a g i t  l ä  p o u r  l ’i n s t a n t  q u e  d ’u n e  

h y p o t h é s e  d e  t r a v a i l ,  m a i s  e i l e  n o u s  p á r á i t  s u f f i s a m m e n t  p l a u s i b l e  q u e  p o u r  n o u s  

i n c i t e r  ä  c o n t i n u e r  n o t r e  é t u d e .

P a r  a i l l e u r s ,  f u n  d e  n o u s  a v a i t  a u p a r a v a n t  é m i s  l ’h y p o t h e s e  q u ’e n  c a s  d ’in -  

c o m p a t i b i l i t é  A B O ,  u n  f o e t u s  u l c é r e u x  e n  p u i s s a n c e  ( c ’e s t - a - d i r e  a y a n t  u n e  h é r é d i t é
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le  p r é d i s p o s a n t  ä  l ’u l c e r e  d u ó d é n á l )  a v a i t  p l u s  d e  c h a n c e s  d ’e t r e  é l i m i n é  p a r  le  

j e u  d e  c e t t e  i n c o m p a t i b i l i t é  q u ’u n  f o e t u s  n ’a y a n t  p a s  u n  t e l  p o t e n t i e l  h é r é d i t a i r e .  

C e t t e  h y p o t h e s e  p e r m e t  d ’e x p l i q u e r  n o t a m m e n t  l ’e x c é s  d e  p e r s o n n e s  d u  g r o u p e  

0  q u e  T o n  o b s e r v e  c h e z  l e s  p e r s o n n e s  s o u f f r a n t  d ’u n  u l c e r e  d u ó d é n á l  s a n s  f a i r e  

a p p e l  a  l ’h y p o t h é s e  d e  l a  p l é i o t r o p i e  d u  g r o u p e  0 .  E l l e  p e r m e t  é g a l e m e n t  d ’e x p l i 

q u e r  l e  t r é s  f a i b l e  p o u r c e n t a g e  d e  c o u p l e s  i n c o m p a t i b l e s  q u e  l ’o n  t r o u v e  c h e z  le s  

p a r e n t s  d e  c e s  u l c é r e u x  (11  c o u p l e s : m e r e  A  +  p e r e  0  c o n t r e  u n  c o u p l e :  m e r e  0  
р ё г е  А ) .

I I  n o u s  а  p a r u  d e s  l o r s  i n t é r e s s a n t  d e  r e c h e r c h e r  c h e z  le s  u l c é r e u x  u n e  m a n i 

f e s t a t i o n  é v e n t u e l l e  d e  c e t t e  p r é d i s p o s i t i o n  h é r é d i t a i r e  q u i  le s  r e n d r a i t  p l u s  v u l n é -  

r a b l e s  a  l ’i n c o m p a t i b i l i t é  A B0.

L e  c o m p l é m e n t  j o u a n t  u n  r ő l e  t r é s  i m p o r t a n t  d a n s  l ’i n c o m p a t i b i l i t é  A B O .  

e t  p a s  d e  r ő l e  d u  t o u t  s e m b l e - t - i l  d a n s  l ’i n c o m p a t i b i l i t é  R h é s u s ,  le  t a u x  d e  c o m p l é 

m e n t  n o u s  p a r a i s s a i t  d o n e  d e v o i r  é t r e  é t u d i é  e n  r e l a t i o n  a v e c  l ’u l c é r e  d i g e s t i f .

L a  d i m i n u t i o n  d u  t a u x  m o y e n  d e  c o m p l é m e n t  q u e  T o n  o b s e r v e  c h e z  c e s  

m a l a d e s  d a n s  n o t r e  é c h a n t i l l o n  p o u r r a i t  s e l o n  n o u s  s ’e x p l i q u e r  p a r  u n  p h é n o m é n e  

d e  c o n s o m m a t i o n ,  le s  u l c é r e u x  c o n s o m m a n t  p l u s  d e  c o m p l é m e n t  q u e  le s  n o r m a u x  

d a n s  l a  m e s u r e  о й  l e u r  p r é d i s p o s i t i o n  h é r é d i t a i r e  le s  r e n d  p l u s  s e n s i b l e s  a u x  p h é n o -  

m e n e s  i m m u n i t a i r e s  d e  t y p e  A B O .

C e l a  n ’e s t  é v i d e m m e n t  q u ’u n e  h y p o t h é s e  a  l ’h e u r e  a c t u e l l e .  D e  n o m b r e u s e s  

a n a l y s e s  s e m b l a b l e s  a u x  n ő t r e s  d e v r o n t  e n c o r e  é t r e  e f i fe c tu é e s  a v a n t  d e  p o u v o i r  

é t r e  p l u s  a f f i r m a t i f s .  II  n o u s  a  p a r u  c e p e n d a n t  i n t é r e s s a n t  d e  s o u l i g n e r  d é s  m a i n t e -  

n a n t  l ’a s p e c t  m é t h o d o l o g i q u e  d ’u n e  t e l l e  r e c h e r c h e  e t  d ’i n d i q u e r  b r i é v e m e n t  le  

c a d r e  d a n s  l e q u e l  e i l e  s ’i n s c r i t .
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P r e v i o u s  i n v e s t i g a t i o n s  h a v e  s h o w n  t h a t  d i g e s t i o n  o f  I g G  w i t h  p a p a i n  i n  

t h e  a b s e n c e  o r  p r e s e n c e  o f  c y s t e i n e  p r o d u c e s  t w o  d i f f e r e n t  m o l e c u l a r  p o p u l a t i o n s .  

T h e  p a p a i n - s e n s i t i v e  I g G  is  d i g e s t i b l e  w i t h  p a p a i n  in  t h e  a b s e n c e  o f  c y s t e i n e ,  

w h e r e a s  t h e  p a p a i n - i n s e n s i t i v e  o n e ,  o n l y  i n  t h e  p r e s e n c e  o f ,  o r  a f t e r  p r e t r e a t m e n t  

w i t h ,  c y s t e i n e .  T h e  d i f f e r e n c e  b e t w e e n  t h e s e  t w o  t y p e s  is o n e  o f  m o l e c u l a r  c o n f o r 

m a t i o n  a n d  d e p e n d s  o n  t h e  F c  p a r t  o f  t h e  m o l e c u l e s  [1] .

T h e  i o d i n a t i o n  o f  t h e  I g G  a n d  i t s  p a p a i n - i n s e n s i t i v e  p o p u l a t i o n  s u p p l i e d  

f u r t h e r  e v i d e n c e  o f  t h i s  s u p p o s e d  c o n f o r m a t i o n a l  d i f f e r e n c e .

I m m u n o c h e m i c a l  p u r e  I g G  p r e p a r a t i o n s  o b t a i n e d  f r o m  i n d i v i d u a l  h u m a n  

s e r a  w e r e  t r a c e - l a b e l l e d  w i t h  131I  i s o t o p e  u s i n g  t h e  c h l o r a m i n e - T  m e t h o d  [2 ] .  

T h e  a m o u n t  o f  r a d i o a c t i v i t y  w a s  m e a s u r e d  o n  a  w e l l - t y p e  s c i n t i l l a t i o n  c o u n t e r  

( F r i e s e k e  — H o e p f n e r  F H  4 9  t y p e ) .  T h e  p r o t e i n  c o n t e n t  o f  t h e  I g G  s o l u t i o n s  w a s  

d e t e r m i n e d  b y  m e a s u r i n g  o p t i c a l  d e n s i t y  a t  2 8 0  m / t  a s  w e l l  a s  b y  e s t i m a t i n g  

n i t r o g e n  c o n t e n t  b y  t h e  m i c r o - K j e l d a h l  m e t h o d .  T h e  s p e c i f i c  a c t i v i t y  o f  t h e  “ w h o l e ”  

I g G  p r e p a r a t i o n s  w a s  2 0 0 , 0 0 0  — 5 0 0 , 0 0 0  c p m / 1  m g  p r o t e i n .  T o  p r e p a r e  t h e  p a p a i n -  

i n s e n s i t i v e  p o p u l a t i o n  d i g e s t i o n  o f  t h e  131I  l a b e l l e d  I g G  in  t h e  a b s e n c e  o f  c y s t e i n e  

w a s  f o l l o w e d  b y  g e l - f i l t r a t i o n  o n  S e p h a d e x  G . 1 0 0  [1 ] .

A s  d e t e r m i n e d  i n  s i x  i n d i v i d u a l  h u m a n  I g G  p r e p a r a t i o n s  a n d  t h e i r  p a p a i n -  

i n s e n s i t i v e  p o p u l a t i o n s  t h e  s p e c i f i c  a c t i v i t y  w a s  m a r k e d l y  l o w e r  i n  t h e  l a t t e r  
( T a b l e  I) .

Table I

Specific activities of IgG preparations and their 
papain-insensitive populations; cpm/mg protein

P r e p a r a t i o n  , •‘W h o l e ' ’ Papain- insensitive

IgG 4 350,000 210,000
IgG 5 360,000 190,000
IgG 9 100,000 50,500
IgG 10 135,000 80,000
IgG 20 132,000 50,000
IgG 21 228,000 186,000
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T h e  p r e t r e a t m e n t  o f  I g G  w i t h  c y s t e i n e  r e s u l t s  i n  a  c o m p l e t e  d i g e s t i b i l i t y  o f  

p r o t e i n  w i t h  p a p a i n  w i t h o u t  f u r t h e r  a d d i t i o n  o f  c y s t e i n e .  O p t i c a l  r o t a t i o n  m e a s u r e 

m e n t s  r e v e a l e d  a n  i n c r e a s e  i n  t h e  l e v o r o t a t i o n  o f  t h e  c y s t e i n e - t r e a t e d  I g G  i n d i 

c a t i n g  t h a t  s o m e  c h a n g e  in  t h e  t e r t i a r y  s t r u c t u r e  h a s  o c c u r r e d  [1] .

C o n s i d e r i n g  t h e s e  d a t a  w e  i n v e s t i g a t e d  t h e  e f f e c t  o f  c y s t e i n e  t r e a t m e n t  o n  

t h e  i o d i n a t i o n  o f  t h e  p a p a i n - i n s e n s i t i v e  I g G .

S a m p l e s  o f  c y s t e i n e - t r e a t e d  a n d  u n t r e a t e d  p a p a i n - i n s e n s i t i v e  I g G  p r e p a r a 

t i o n s  w e r e  l a b e l l e d  w i t h  131I  i s o t o p e .  T h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  c y s t e i n e - t r e a t e d  

I g G  ( i n c u b a t i o n  f o r  6 0  m i n  a t  3 7 ° C  w i t h  0 .0 1  M  c y s t e i n e ,  f o l l o w e d  b y  a n  e x h a u s t i v e  

d i a l y s i s )  w e r e  m a r k e d l y  h i g h e r  a s  c o m p a r e d  w i t h  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  s a m e  

u n t r e a t e d  p a p a i n - i n s e n s i t i v e  I g G  p r e p a r a t i o n  ( T a b l e  I I ) .

Table It
Specific activities on untreated and cysteine- 
treated papain-insensitive IgG; cpm/mg protein

P r e p a r a t io n U n t rea t ed Cys te ine- trea ted

IgG 4 330,000 510,000
IgG 10 93,000 190,000
IgG B 57,000 81,000
IgG 13 71,000 196,000

T h e  l a b e l l i n g  o f  I g G  m y e l o m a  g l o b u l i n s  s h o w e d  a  h i g h e r  s p e c i f i c  a c t i v i t y  

o f  t h e  p a p a i n - s e n s i t i v e  t y p e s .

T h e  l o w e r  s p e c i f i c  a c t i v i t y  o f  t h e  p a p a i n - i n s e n s i t i v e  I g G  a s  w e l l  a s  t h e  i n 

c r e a s e  o f  t h e  s p e c i f i c  a c t i v i t y  a f t e r  t r e a t m e n t  w i t h  c y s t e i n e  m a y  a l s o  i n d i c a t e  a  

c o n f o r m a t i o n a l  d i f f e r e n c e  b e t w e e n  t h e  p a p a i n - i n s e n s i t i v e  a n d  p a p a i n - s e n s i t i v e  

p o p u l a t i o n s  o f  I g G .

F u r t h e r  d e t a i l s  w i l l  b e  p u b l i s h e d  l a t e r .
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1. In Kahler’s disease the metabolism of calcium and phosphate has been 
studied. 14 cases were characterized by electroforesis, immunoelectroforesis, detailed 
X-ray examination of the skeleton and testing of the renal function. According 
to X-ray findings all cases were divided in 2 groups: with osteolytic changes and with 
diffuse osteoporosis.

2. In osteolytic forms we have observed more frequently (in 62%) the gamma 
G paraproteinaemia. In osteoporotic cases the incidence of gamma A and gamma G 
paraprotein was of the same proportion (50 ; 50%).

3. There were no differences in calcium and phosphate blood levels in both 
kinds of bone changes.

4. The excretion of calcium in urine after the restricted intake of calcium in 
the diet was higher in osteoporotic changes than in cases with osteolytic lesions. 
The excretion of phosphate was similar (equal) in both groups.

5. After the intravenous administration of calcium (10 mg/kg body weight) 
the blood calcium curve was similar in both groups. But the excretion of calcium in 
urine was remarkably increased in osteolytic cases (especially in males). In these forms 
of osseous changes there was also quite distinct elevation of phosphate excretion.

6. The changes observed in myeloma cannot be explained either by activation 
of hyperparathyreoid secretion or renal regulatory mechanism. They are perhaps due 
to the specific metabolic activity of the myelomatous tumorous tissue itself and by 
its influence on bone metabolism.

I n  K a h l e r ’s d i s e a s e  ( m u l t i p l e  m y e l o m a )  c h a r a c t e r i s t i c  b o n e  c h a n g e s  a r e  

a l m o s t  r e g u l a r l y  p r e s e n t .  T h e y  c a n  b e  s e e n  i n  r a d i o g r a p h s  e i t h e r  a s  o s t e o l y t i c  f o c i  

i n  v a r i o u s  p a r t s  o f  t h e  s k e l e t o n  o r  a s  d i f f u s e  d e c a l c i f i c a t i o n ,  o s t e o p o r o s i s .  S o m e 

t i m e s  c o m b i n a t i o n s  o f  b o t h  t y p e s  o f  c h a n g e s  c a n  b e  o b s e r v e d .  T h e s e  c h a n g e s  o f  

t h e  b o n e  s t r u c t u r e  a r e  a l m o s t  i n t e g r a l  p a r t  o f  t h e  c l i n i c a l  p i c t u r e  o f  m y e l o m a .  

N e v e r t h e l e s s  n o t  m u c h  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h e  m e t a b o l i s m  o f  b o n e  m i n e r a l s ,  

n a m e l y  o f  c a l c i u m  a n d  p h o s p h o r u s .

I n  s o m e  p a p e r s  p u b l i s h e d  r e c e n t l y  h i g h e r  b l o o d  c a l c i u m  l e v e l s  h a v e  b e e n  

d e s c r i b e d  ( e .g .  B e n t z e l  e t  a l .  [1 ] ,  S c h m u t z i g e r  [2 ] ,  M e r i v a l  [3 ]) .  S c h m u t z i g e r  a n a 

ly s e d  t h e  m e t a b o l i s m  o f  c a l c i u m  a n d  p h o s p h o r u s  i n  m y e l o m a  a n d  s u g g e s t e d  t h a t  

i n  s o m e  c a s e s  m e t a b o l i c  c h a n g e s  w e r e  s i m i l a r  t o  t h o s e  s e e n  i n  h y p e r p a r a t h y r o i d 

i s m .  T h e s e  o b s e r v a t i o n s  s u g g e s t e d  t h a t  i n  m y e l o m a  s u b s t a n c e s  s i m i l a r  t o  p a r a t 

h o r m o n e  i n  t h e i r  e f f e c t  o n  C a  a n d  P  m e t a b o l i s m  m i g h t  b e  p r o d u c e d .  I n  s o m e  c a s e s  

t h e  u r i n a r y  o u t p u t  o f  p h o s p h a t e  w a s  h i g h ,  w h i l e  i n  o t h e r s  i t  w a s  l o w .
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R e c e n t l y  w e  h a d  t h e  o p p o r t u n i t y  t o  s t u d y  i n  m o r e  d e t a i l  t h e  m e t a b 

o l i s m  o f  c a l c i u m  a n d  p h o s p h a t e  i n  a  s e r i e s  o f  p a t i e n t s  w i t h  K a h l e r ’s d i s e a s e .  

W e  h a v e  r a i s e d  t w o  q u e s t i o n s :  1. M i g h t  t h e  c h a n g e s  i n  c a l c i u m  a n d  p h o s 

p h o r u s  m e t a b o l i s m  b e  d u e  t o  a  c h a n g e  i n  p a r a t h y r o i d  f u n c t i o n ?  2 .  I s  t h e  

m e t a b o l i s m  o f  P  a n d  C a  i n  t h e  o s t e o l y t i c  f o r m  d i f f e r e n t  f r o m  t h a t  i n  t h e  o s t e o 

p o r o t i c  o n e ?
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Material and Methods

T h e  p a t i e n t s ,  d i v i d e d  i n t o  t w o  g r o u p s  o n  t h e  b a s i s  o f  t h e  c h a n g e s  i n  b o n e  

s t r u c t u r e ,  a s  d e m o n s t r a t e d  b y  d e t a i l e d  r a d i o g r a p h y  o f  t h e  s k e l e t o n ,  w e r e  a l l  e x 

a m i n e d  b y  p a p e r  a n d  i m m u n o - e l e c t r o p h o r e s i s ,  t o  a n a l y s e  p a r a p r o t e i n a e m i a .  B o n e  

m a r r o w  s m e a r s ,  i m p o r t a n t  i n  d i a g n o s i s ,  w e r e  a l s o  s t u d i e d .  T e s t s  w e r e  m a d e  f o r  

N P N  a n d  c r e a t i n i n e  c l e a r a n c e  t o  a s s e s s  r e n a l  f u n c t i o n .

C a l c i u m  a n d  p h o s p h o r u s  m e t a b o l i s m  w a s  s t u d i e d  b e f o r e  c y t o s t a t i c  t r e a t 

m e n t .  T h e  b l o o d  c a l c i u m  le v e l  w a s  d e t e r m i n e d  b y  m a n g a n o m e t r i c  t i t r a t i o n ,

Table 1

N a m e
Im m u n o e le c t ro -

foresis P rote inuria Elec t roforesi s
Bo n e  m a r ro w  
sm ea rs  % o f  
p la sm ocyte s

A) Osteolytic forms

J. K. V g
kryoglob

+

+  +  +  
para у2, ß2

Total protein 10,5 
A 40.6 g% 

6,72
*2 9.88 у 11.4 
ß 31,3

37%

J. J. V g +  +  +  
para y3

Total protein 12,8 
A 29,8 
ax 4,30
a.. 8.1 у 49.8 
ß 7.9

18%

J. S. V g + Total protein 11.1 
A 47.7 
я, 5.8
* 2  9.2 у 24.3 
ß 14.8

—

L. B. Mikropara B. J. + Total protein 8.15 
A 56.20
Of, 6.11
ót, 10.07 у 16.6 
ß 10.9

44%
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p h o s p h a t a e m i a  b y  t h e  c o l o r i m e t r i c  m e t h o d  o f  F i s k e  — S u b b a r o w .  T h e  e x c r e 

t i o n  o f  b o t h  c a l c i u m  a n d  p h o s p h a t e  w a s  d e t e r m i n e d  i n  u r i n e  c o l l e c t e d  f o r  

2 4  h r s .  a f t e r  s t a n d a r d  d i e t  w i t h  r e s t r i c t e d  c a l c i u m  i n t a k e  w h i c h  h a d  b e e n  g i v e n  

f o r  3 d a y s  b e f o r e  t h e  e x p e r i m e n t .  P a t i e n t s  w e r e  t h e n  i n j e c t e d  w i t h  c a l c i u m  g l u c o 

n a t e  i n t r a v e n o u s l y  a n d  1 0  m g / k g  b o d y  w e i g h t  w e r e  a d m i n i s t e r e d  i n  t h e  c o u r s e  

o f  3 h r s .  i n t e r v a l .  T h e  c a l c a e m i a  w a s  t e s t e d  r e p e a t e d l y  i n  t h e  p e r i o d  o f  18 h r s .  

a f t e r  i n j e c t i o n  ( 1 0 '  — 3 0 ' — 1 h r .  — 2 — 4  — 6 — 18 h r s . ) .  A n d  c a l c i u m  a n d  p h o s p h o r u s  

e x c r e t i o n  i n  u r i n e  w a s  d e t e r m i n e d  2 4  a n d  4 8  h r s .  a f t e r  t h e  c a l c i u m  a d m i n i s 

t r a t i o n .

A l l  p a t i e n t s  t h u s  e x a m i n e d  w e r e  d i v i d e d  i n  2  g r o u p s  a c c o r d i n g  t o  s k e l e t a l  

c h a n g e s  ( X - r a y  f i n d i n g s ) .  2 4  p a t i e n t s  w e r e  e x a m i n e d  a l t o g e t h e r .  B u t  n o t  e v e r y  

c a s e  w a s  a n a l y s e d  a n d  e v a l u a t e d .  M i x e d  f o r m s  ( w i t h  b o t h  o s t e o l y t i c  a n d  o s t e o p o 

r o t i c  c h a n g e s )  w e r e  e l i m i n a t e d  a n d  a l s o  c a s e s  i n  w h i c h  o s t e o p o r o s i s  m i g h t  h a v e  

b e e n  c a u s e d  b y  a n o t h e r  m e c h a n i s m ,  a s  e .g .  b y  o s t e o p o r o s i s  o f  e l d e r l y  p e o p l e  a n d  

o f  w o m e n  a f t e r  m e n o p a u s e .  O u r  s t u d y  i n c l u d e s  14 c a s e s ,  8 w i t h  o s t e o l y t i c  a n d  6 

w i t h  d i f f u s e  o s t e o p o r o t i c  s k e l e t a l  c h a n g e s .  T h e  l a b o r a t o r y  f i n d i n g s  a r e  p r e s e n t e d  in  

T a b l e  1.

N P N
Crea t in in e
clea rance

Calcaem ia
P h o sp h a te  
in b lo od  

serum

C a exc re tion  
in u r in e  24/hrs

P hosph.  excre tion  
in urine 24/hrs

30.4 mg % 
F 122 ml 
R 99.3

10.5 2 . 2 1. 90 mg 
II. 660 mg 

ill. 140 mg

—

45.4 mg % 
F 81 ml 
R 98.1

10.8 2 . 6 I. 20 mg 
II. 85 mg 

III. 36 mg

520.8 mg 

35.1 mg

25.3 mg% 10.0 3.8 I. 49.8 mg
II. 174.4 mg 

III. 413.5 mg

29.5 mg 
278.3 mg 
458.6 mg

28.0 mg%
F 102.0 ml 
R 99.0

10.8 3.3 1. 142.0 mg
II. 909.0 mg

III. 211.0 mg

1145.0 mg
1208.0 mg 
840.0 mg
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N am e
Im m u n o e lec t ro -

foresis P r o te in u r ia
B o n e  m arrow

Elect roforesis  s m ea rs  % o f  
p lasm ocyte s

M. M. у  A 0 Total protein 7.85 
A 55.7 23.6% 

5.3
*2 8.6 у 19.9 
ß 10.4

M. K. V g +  +  +  
para у 2

Total protein 7.25 
A 55.4 92% 
a ,  7.9
a2 14.1 у 8.6 
ß 14.4

B. K. V g + Total protein 11.2 
A 35.4 10.2% 
2 , 4.4 у 46.2 
íj 7.0 
ß 6.8

A. H. since para + Total protein 6.6 
A 57.0 60.5% 
a, 8.0
cf2 11.2 у  10.8 
ß 12.9

B) Osteoporotic forms

L. S. У  A 0 Total protein 7.6 
A 42.2 9.6% 
a, 3.3 у 5.4 

13.3 
ß  35.8

A. Sv. V  g +  +
B. J. +  +

Total protein 12.4 
A 47.2
y ,  4.2 у  33.0 37.2% 

7.8
ß  7.7

F. B. V  ё + Total protein 11.4 
A 31.5 16% 
y l  3.3 у 55.2 
*2 4.4
ß  5.6

J. J. У g +  +  + Total protein 6.0 
A 49.5 43% 

7.1 у  19.3 
«2 13.9 
ß  10.2

Table I
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coni.

N P N
Crea t in in e
c learance

C a lcaem ia
P h o s p h a te  ^, , Ca ex c re t io n  
in b lo o d  1 in u r in e  24 /h rs

serum

P h o sp h .  excre tion  
in u r in e  24/h rs

30.2 mg % 
F 72 ml 
R 99.1

10.3 3.0 I. 316.0 mg 
H. 426.0 mg 

III. 156.0 mg
—

79.6 mg % 
F 18.0 ml 
R 92

10.4 9.1 I. 100.0 mg 
11. 140.0 mg 

III. 109.0 mg

378.0 mg
434.0 mg
324.0 mg

29.3 mg °/0 
F 74.3 ml 
R 99.1

9.5 3.2 I. 298 mg 
11. 314.0 mg 

III. 145.0 mg

972.0 mg
720.0 mg
597.0 mg

34.0 mg % 
F 67.7 ml 
R 99.4

9.6 4.2 1. 279.0 mg 
11. 478.0 mg 

III. 227.0 mg
801.0 mg
440.0 mg

34.6 mg % 
F 86.0 ml 
R 99.0

10.0 —
I. 384.0 mg 

11. 665.0 mg 
III. 212.0 mg —

20.6 mg% 
R 44.5 10.0 3.4

I. 154.0 mg 
II. 432.0 mg 

III. 223.0 mg

543.0 mg
379.0 mg
575.0 mg

37.8 mg%
10.6 4.5

1. 324.0 mg 
II. 614.0 mg 

III. 226.0 mg

840.0 mg
742.0 mg
975.0 mg

45.0 mg % 1. 156.0 mg —

F 56.0 ml 10.3 3.9 II. 268.0 mg
R 98.8 III. 110.0 mg
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Name Im m unoelectro-
foresis Proteinuria Eiectroforesis

Table 1

Bone marrov 
smears % o f 
plasmocytes

A. S. V A 0 Total protein 10.5 
A 33.2
a, 4.6 у 13.9 
z, 5.5 
ß 42.7

—

J. V. у A + Total protein 9.0 
A 38.8
aj 7.1 у 9.7 
a2 7.5 
«2 36.6

10%

Results

A c c o r d i n g  t o  t h e  b i o c h e m i c a l  f i n d i n g s  5 7 %  o f  t h e  c a s e s  h a d  g a m m a  G  t y p e  

o f  p a r a p r o t e i n s  i n  b l o o d  s e r u m .  I n  o s t e o l y t i c  c a s e s  t h e  i n c i d e n c e  o f  g a m m a  G  

p r o t e i n  is  a  l i t t l e  h i g h e r  ( 6 2 % ) ,  i n  c a s e s  w i t h  d i f f u s e  o s t e o p o r o t i c  c h a n g e s  t h e r e  is  

a l m o s t  e q u a l  f r e q u e n c y  o f  g a m m a  A  a n d  g a m m a  G  t y p e  o f  p a r a p r o t e i n a e m i a  

( 5 0  : 5 0 % ) .  I n  m o s t  c a s e s  t h e  t o t a l  p r o t e i n  l e v e l  is  h i g h  d u e  t o  t h e  h i g h  p r o p o r t i o n  

o f  p a r a p r o t e i n .  I n  8 c a s e s  d i s t i n c t  p r o t e i n u r i a  w a s  p r e s e n t  b u t  o n l y  i n  2  c a s e s  t h e r e  

w a s  B e n c e - J o n e s  p r o t e i n  p r e s e n t  i n  t h e  u r i n e .  R e n a l  f u n c t i o n s  t e s t e d  b y  N P N  

a n d  c r e a t i n i n e  c l e a r a n c e  t e s t  w e r e  w i t h i n  n o r m a l  l i m i t s  i n  a l l  c a s e s  b u t  o n e  w h e r e  

r e n a l  f a i l u r e  a n d  p r e u r a e m i c  s t a t e  w e r e  p r e s e n t .

T h e  v a l u e s  f o r  c a l c i u m  a n d  p h o s p h o r u s  m e t a b o l i s m  a r e  s h o w n  in  T a b l e  2 . 

I t  i s  e v i d e n t  t h a t  i n  b o t h  g r o u p s  o f  p a t i e n t s  t h e  b l o o d  c a l c i u m  l e v e l  d o e s  n o t  d i f f e r  

a n d  i s  w i t h i n  n o r m a l  l i m i t s  (9 .1  — 1 0 .8  m g % ) .  T h e r e  a r e  n o  d i f f e r e n c e s  b e t w e e n  t h e  

g r o u p s  o f  m e n  a n d  w o m e n .  T h e  b l o o d  p h o s p h a t e  l e v e l s  a r e  a  l i t t l e  m o r e  e l e v a t e d  

( 3 .7  m g % )  i n  t h e  g r o u p  w i t h  d i f f u s e  o s t e o p o r o t i c  c h a n g e s  t h a n  i n  t h e  o s t e o l y t i c  

c a s e s  ( 3 .2  m g % ) .  T h e  e m p i r i c a l  p r o d u c t  C a x P  is  l o w  i n  o s t e o l y t i c  a n d  c l o s e  

u n d e r  t h e  l o w  n o r m a l  l i m i t  i n  o s t e o p o r o t i c  c a s e s ,  i t s  v a l u e s  f a l l  w i t h i n  n o r 

m a l  r a n g e .

A f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  t h e  m a x i m u m  e l e v a t i o n  o f  b l o o d  C a  

w a s  r e a c h e d  i n  a l l  c a s e s  w i t h i n  6 0 ' .  I n  a b o u t  o n e  h a l f  o f  c a s e s  t h e  h y p e r c a l c -  

a e m i a  n o r m a l i z e d  i n  6 h r s .  ( t h e r e  w a s  n o  c o r r e l a t i o n  w i t h  t h e  c h a r a c t e r  o f  t h e  

b o n e  c h a n g e s ) .  T h e  t o t a l  e l e v a t i o n  o f  C a  i n  b l o o d  is  a  l i t t l e  h i g h e r  i n  t h e  

o s t e o l y t i c  f o r m s  t h a n  i n  t h e  o s t e o p o r o t i c  o n e s .  T h e  e l e v a t i o n  o f  t h e  c a l c i u m  

i n  b l o o d  c a n  b e  e x p r e s s e d  in  r e l a t i o n  t o  t h e  o r i g i n a l  l e v e l  b e f o r e  t h e  i n j e c t i o n ,  

a s  a  q u o t i e n t ,  t h e  v a l u e  o f  w h i c h  is  1 .45  i n  o s t e o l y t i c  c a s e s  a n d  1 .3 0  i n  c a s e s  

w i t h  d i f f u s e  o s t e o p o r o t i c  c h a n g e s .  I n  a b o u t  5 0 %  o f  t h e  c a s e s  e x a m i n e d  t h e  

b l o o d  c a l c i u m  l e v e l  r e t u r n e d  t o  t h e  p r e i n j e c t i o n  le v e l  w i t h i n  6  h r s .  i n  b o t h  

g r o u p s  o f  p a t i e n t s .
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corn.

N PN
Creatinine
clearance

Calcaemia
Phosphate 
in blood 

serum

C a excretion 
in urine 24/hrs

Phosph. excretion 
in urine 24/hrs

36.0 mg % 
F 128.0 ml 
R 99.0

9.1 3.7
I. 406.0 mg 

II. 699.0 mg 
III. 191.0 mg

—

30.0 m g %  
F 96.7 ml 
R 99.1

10.6 3.2
I. 59.8 mg 

II. 435.0 mg 
III. 169.0 mg

390.0 mg
220.0 mg
434.0 mg

A f t e r  t h e  i n t r a v e n o u s  i n j e c t i o n  u r i n a r y  C a  o u t p u t  i n c r e a s e d  i n  b o t h  g r o u p s  

o f  p a t i e n t s .  T h e  q u a n t i t y  o f  c a l c i u m  e x c r e t e d  i n  2 4  h r s .  b e f o r e  t h e  i n j e c t i o n  o f  c a l 

c i u m  a n d  in  2 4  h r s .  a f t e r  t h e  i n j e c t i o n  c a n  b e  e x p r e s s e d  a s  t h e  r e l a t i o n  o f  t h e  t w o  
v a l u e s  ( q u o t i e n t  o f  c a l c u r i a ) .  T h e  v a l u e  o f  t h i s  q u o t i e n t  is h i g h e r  i n  t h e  o s t e o l y t i c  

f o r m .  T h i s  h a s  b e e n  e s p e c i a l l y  r e m a r k a b l e  i n  m e n ,  w h e r e  v e r y  l o w  c a l c i u m  e x c r e 

t i o n  h a s  b e e n  o b s e r v e d  a f t e r  t h e  f e e d i n g  o f  l o w - c a l c i u m  d i e t .  T h e  h i g h e r  v a l u e s  o f  

p h o s p h o r u s  e x c r e t i o n  i n  u r i n e  a f t e r  c a l c i u m  a d m i n i s t r a t i o n  h a s  b e e n  o b s e r v e d  

o n l y  i n  o s t e o l y t i c  f o r m s ,  a n d  n e v e r  i n  c a s e s  w i t h  d i f f u s e  o s t e o p o r o t i c  c h a n g e s .

Table 2

Name
Ca in 
blood

P in
blood

Q of
calcaemia

Q o f Ca 
excretion 
in urine

Q o f P
excretion 
in urine

A) Osteolytic forms

J. K. 10.5 2.2 1.34 7.3 —

J. J. 10.8 2.6 1.4 4.0 —

J. S. 10.0 3.8 1.5 3.5 8.5

L. B. 10.8 3.3 1.4 6.5 1.0

M. M 10.3 3.0 1.36 1.3 -

M. K. 10.4 9.1 1.34 1.4 1.1

B. K. 9.5 3.2 1.2 1.0 0.8

A. H. 9.6 4.2 1.9 1.6 —
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Table 2 cont.

C a in P in Q o f Q o f C a 1 Q of P
Name b lood  blood calcaem ia , ехсге,юл excret.on

in urine 1 in urine

B) Osteoporotic forms

L. §. 10.0 — 1.6 1.7 -

S. Sv. 10.0 3.4 1.3 2.8 0.7

F. B. 10.6 4.5 1.2 1.9 0.9

J. J. 10.3 3.9 1.3 1.7 —

A. S. 9.1 3.7 1.2 1.7 —

J. V. 10.6 3.2 1.24 7.2 0.56

As a control 4 patients were studied without any signs of myeloma and 
also with normal X-ray picture of the skeleton. In all of these cases both calcium 
and phosphorus blood levels were normal (8.9 mg% Ca and 3.0mg%P) and also 
the excretion of both minerals in urine was within normal limits (308 mg Ca and 
717 mg P in 24 hrs.). After the intravenous administration of calcium the excretion 
of calcium was more than doubled (Q =  2.6), the excretion of P was unchanged
( Q=  10).

Discussion

From our findings concerning Ca and P metabolism in Kahler’s disease we 
can conclude that there are no signs of changes which could be attributed to the 
alteration of parathyroidal hormonal control. In hyperthyreosis with characteris
tic bone changes there are always characteristic changes in calcium metabolism 
present, the blood calcium level is high and blood phosphate level low. The nor
mal excretion of phosphate in urine which we have found in myeloma is also very 
much against the possibility of increased parathyroid secretion. The excretion of 
phosphate in hyperparathyreosis is elevated because of the impairment of phos
phate reabsorption in renal tubuli.

In calcium and phosphorus metabolism an important role is also played by 
the kidney. That is regularly damaged in myeloma, namely in evolutive period 
of the disease, when pathological changes involve also the kidney tissue (myelo- 
matous kidney). In our cases no changes in the renal function have been found 
(of course, only as far as can be concluded from the NPN level and creatinine 
clearance test). Only in one patient (woman with osteolytic bone changes) there 
were signs of renal failure and here the phosphate blood level was remarkably
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elevated (9.1 mg%). But the excretion of both calcium and phosphate in urine 
even here was normal and also after the calcium administration we did not observe 
any characteristic changes.

Renal osteodystrophia can be caused both by glomerular incompetence and 
tubular impairment. In the first case blood calcium levels are low and there is 
hyperphosphatasaemia. In tubular lesions there are signs of phosphate diabetes. 
Nothing of that was observed in our cases.

In both groups of skeletal changes in myeloma we did not see any difference 
in blood calcium and phosphate level. Differences can be seen only in the values 
of excretion of calcium which is higher in osteoporotic forms of skeletal changes. 
After the intravenous calcium administration we have observed quite distinct 
increase of calcium excretion only in cases with osteolytic changes where also 
phosphaturia was elevated. This is in contrast with observations in control group.

The increase of calcium and phosphorus excretion in osteolytic forms after 
the injection of calcium can be perhaps estimated as an evidence of inability of the 
organism to utilize calcium in a normal way in bone tissue. The administration of 
calcium in injection seems to stimulate the mobilization of the bone calcium and 
phosphate. From our present observations we cannot find any feasible explanation 
for these changes. Only one conclusion can be made: These changes are not due 
to the elevation of the parathyreoid activity and also the renal mechanism is not 
involved. The changes we have observed in the metabolism of calcium anf phos
phate are perhaps due to the metabolic influence of tumorous, myelomatous tissue 
itself. Its high metabolic activity is also expressed by high levels of serum alkaline 
phosphatase. It is of course very remarkable that this high enzymatic activity is 
not accompanied by washing of calcium and phosphorus out of the bone tissue, 
where we would expect to find elevated levels of these minerals in the blood plasma.
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The data of four leukaemic patients are described. Three of the cases suffered 
from acute lymphoid, one of acute monocytoid leukaemia. No. 3 is an example of 
neuroleukaemia developing in haematological remission. No. 4 is one of the rare 
cases in which monocytoid leukaemia is accompanied by neurological involvements.

The authors suggest that on the basis of the CSF cytogram leukaemic infiltration 
may be primarily responsible for the neurological symptoms of their patients.

In one of the cases hemiplegia, in two symptoms of increased cerebral pressure, 
in two symptoms of the cranial nerves, and in all four symptoms of meningeal irri
tation were observed. In all four cases immature cells of the same formation as the 
pathological cells in the bone marrow were also found in the CSF, together with a 
number of cells in mitosis.

The authors believe that the cytological examinations of CSF in leukaemia may 
not only lead to an early diagnosis of neurological involvements but also to an evalua
tion of the success or failure of the therapy applied.

The neurological symptoms accompanying leukaemia may be produced by 
leukaemic infiltration, haemorrhage due to thrombopenia or vascular occlusions 
leading to ischaemia. Vascular occlusion may result from blast cell thrombi or 
from compression of blood vessels by leukaemic infiltrations. Haemorrhage and 
neurological changes produced by ischaemia (degeneration of nerve cells, demye- 
linization, cerebromalacia) may be regarded as secondary consequences of leukae
mia. Leukaemic infiltrations of the nervous system belong into the group of systemic 
leukaemias, and only this second group of changes is called neuroleukaemia.

There is a certain contradiction in the literature as to the incidence of ner
vous manifestations in leukaemic patients. Leiner [19] demonstrated neurological 
changes in two out of 27 leukaemic cases, Vivoli [31] in one out of 53, Brandt 
[4] in 17 out of 206, Schwab and Weiss [27] in 39 out of 334, Shaw et al. [26] in 
25 out of 150 cases.

As compared to the microscopic lesions, the neurological symptoms are 
usually quite negligible [8, 12, 27, 29]. There is a marked difference between the 
clinical and histological patterns especially in untreated acute leukaemias, because, 
as compared to other systemic leukaemias, neuroleukaemia develops slowly and 
the patient may die before the cerebral lesions are so extensive that they cause 
noticeable symptoms.
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A significant change has taken place in the problems related to the neuro
logical manifestations of leukaemia since the use of antimetabolites and steroids 
(1948—1949). As the modern therapeutic agents tend to prolong the life of leu
kaemia patients, the incidence of the meningeal form has increased and more 
than once its occurrence coincides with the period of haematological remission 
[9, 12, 24, 27].

Up to 1945 (the date of publication of Stodtmeister’s great concise work) 
the histological characteristics and clinical features of neurological lesions of leu- 
kaemic origin were essentially clarified. Today an early diagnosis and the evalua
tion of the therapeutic results are the problems of central importance. On the basis 
of our experience we believe that CSF cytodiagnosis may offer a significant assist
ance in finding the correct answer to the latter questions. In the following we wish 
to point out the importance of CSF cytodiagnosis as illustrated by the tests carried 
out in four leukaemic patients.

In Hungary neurological lesions accompanying haemopoietic diseases were 
discussed in the work of Ambrózy et al. [1], and László and Gaál [18].

Case Reports

Case 1, P. H., aged three years

The boy was admitted for the first time at the age of one year after three 
weeks of high fever and pains in the lower extremities and abdomen. On admis
sion: Pale skin, many pinpoint petechiae on the chest, swollen cervical, axillary 
and inguinal lymphnodes, enlarged liver and spleen were found. Laboratory find
ings: sedimentation rate: 30 mm in one hour; serum electrophoresis: normal; 
serum calcium, phosphorus, alkaline phosphatase: normal; serum bilirubin:
0.5 mg%; thymol: 2.6 U; gold sol: negative. Blood count: erythrocytes: 2,200,000; 
leukocytes: 18.000, Se: 1%, Ly: 20%, paraleukoblasts: 79%. Myelogram: para- 
leukoblasts only. There were hardly any normally mature granulocytes and eryth
rocytes. X-ray of the chest: negative. X-ray showed reduced calcium content in 
the long tubular bones.

Course: The patient was given for six weeks gradually decreasing doses of 
Prednisolone and reached a state of complete clinical and haematological remis
sion. After the first relapse intermittent doses of Prednisolone brought about a few 
weeks’ improvement followed by a deterioration of the patient’s condition. On 
second admission the lymph nodes, liver and spleen were enlarged. Prednisolone 
and Purinethol therapy resulted in a remission of ten months of duration. The 
second relapse was preceded by some infectious disease. The peripheral blood count 
contained 10 per cent paraleukoblasts. Prednisolone and Methotrexate treatment 
was ineffective, the patient was then given blood transfusion and once a week 0.1 
mg per kg vincristine sulphate (Onkovin) intravenously. There was a temporary 
further deterioration in the differential blood count and meningeal irritation 
symptoms appeared. At the time of the appearance of meningeal leukaemia the
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blood count showed 80% of paraleukoblasts. In the CSF the cell count was 58%, 
protein 18mg%, sugar 54mg%. In the meningogram 38% of paraleukoblasts 
were found. A partial haematological remission was manifest at the end of the 
Onkovin treatment. Meningeal leukaemia healed on the administration of 3 times 
5 mg of Methotrexate injected intralumbarly, the CSF was normal.

Summing up Case l : Meningopathy occurred in a three-year-old child in the 
third attack (second year of the disease) of acute lymphoid leukaemia, during 
vincristine therapy. Eighty per cent of paraleukoblasts were found in the blood, 
and 38 per cent in the CSF. After the intralumbar administration of Metho
trexate, the neurological symptoms disappeared and the CSF turned normal, but 
vincristine produced only a partial haematological remission.

Case 2, E. P., aged five and a half years

The girl was admitted with high fever and swollen and painful lower extremi
ties. During the second week in hospital hepatosplenomegaly developed. Her 
myelogram showed practically only paraleukoblasts, so that she was admitted to 
the 1st Paediatric Department where after four weeks of Prednisolone and Amino- 
pterin treatment remission set in, the differential blood count showed 24%, the 
myelogram 12% of paraleukoblasts. Repeated Prednisolone and Aminopterin 
treatments resulted in a complete remission. On the intermittent administration 
of Prednisolone for three months headache and vomiting appeared, followed 
within two months by symptoms of meningeal irritation. The blood count showed 
3% paraleukoblasts, cell count in the CSF was 170/3, protein 140 mg%, sugar 
20 mg%. The meningogram showed practically only paraleukoblasts with a num-

Fig. 1
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ber of cells in mitosis (Figs 1 and 2). Therapeutic X-ray irradiation of the skull 
abolished the clinical symptom and complaints, without a change in the CSF 
cytogram. On the administration of Prednisolone and Aminopterin the meningeal 
excitation symptoms reappeared within a short time, followed by bilateral abdu
cent paresis and incipient papilloedema. Parallel with the aggravation of neuro
logical symptoms, changes characteristic of a leukaemic attack were found in the 
blood count. The blood count was the following at the time of the meningeal 
symptoms: erythrocytes 4,360,000, leukocytes 13,000, haemoglobin: 82%, Se:

Fig. 2

3%, Ly: 3%, paraleukoblasts 94%. The cell count in the CSF was 124/3, protein 
222mg%, sugar 38mg%. In response to Prednisolone, blood transfusions and 
X-ray irradiation of the skull, a certain remission in neuroleukaemia set in, but 
the general condition of the patient was extremely serious with septic fevers, cuta
neous and mucous haemorrhages. In the last stage of the disease the parents in
sisted on taking the child home.

Summing up Case 2: Clinical and CSF meningitis appeared during the remis
sion following the first attack of acute lymphoid leukaemia of a five and a half- 
year old little girl. Prednisolone, Aminopterin and X-ray relieved neuroleukaemia, 
but in the final stage the parents took the child home.

Case 3, S. P., aged eleven years

The boy had periods of high fever before admission. On admission his skin 
was pale, his body covered with suffusions and petechiae, the peripheral lymph 
nodes were swollen, the liver and spleen were enlarged. Laboratory findings: 
ESR 85 mm in one hour. Serum electrophoresis: normal. Blood count: erythro-
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cytes 2,600,000, leukocytes 6,000, Se 3%, Ly: 9%, paraleukoblasts 88%. In the 
myelogram practically only paraleukoblasts were found.

Course: During the first week in hospital haematoma and abscess developed 
at the site of the sternal puncture, accompanied by septic fever and icterus. Ther
apy consisted of transfusions and the administration of Prednisolone. After 
temporary serious leukopenia and the lytic disappearance of fever a clinical and 
haematological improvement set in and maintenance doses of Prednisolone kept 
the patient in remission for six months. The second leukaemic attack came on

Fig. 3

with nausea, vomiting and vertigo. The myelogram showed more than 50% of the 
nucleated cells to be paraleukoblasts. CSF cell count: 413/3, protein: 72mg%, 
the meningogram showed 92% of paraleukoblasts (Fig. 3 and 4). The CSF menin
gitis was not accompanied by clinical meningitis. Prednisolone, Leupurine and 
X-ray irradiation of the skull resulted in a partial remission lasting for two weeks 
followed by symptoms of meningeal excitation and abducent paresis on the right 
side. The fundus was intact. CSF: cell count: 90/3, protein and sugar: normal. 
Leupurine and repeated local X-ray irradiation produced for ten days a complete 
neurological remission, but after ten days CSF and clinical meningopathy re
appeared, which was relieved by intralumbarly injected Methotrexate. Transfu
sions and Prednisolone therapy led to partial haematological remission, after 
which the peripheral paraleukoblast count rose to 76%. Death was preceded by 
fainting, epileptic seizure and the development of hypotonic hemiplegia. CSF 
findings remained negative even after the development of the cerebral symptoms. 
Autopsy revealed signs of cerebral oedema. There was no evidence of gross haem
orrhage, cerebromalacia or intraparenchymal leukaemic infiltration in the brain 
slices studied.
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Summing up Case3: an 11-year-old boy suffered for 11 months from acute 
lymphoid leukaemia. Only partial haematological remissions could be achieved 
during this period. The patient had five leukaemic attacks. In the second active 
phase symptoms of CSF meningitis, in the third and fourth phases symptoms of 
CSF and clinical meningitis were manifest. While a complete remission of neuro
leukaemia was achieved by repeated X-ray irradiation of the skull and intralum- 
barly administered Methotrexate, the haematological pattern continued to deteri
orate.

Case 4, L. Cs., aged 11 months

The baby boy had prior to hospitalization high fever for a week with pur
purne on the lower extremities. On admission his skin was pale, with small 
haemorrhages of the skin and mucosa throughout the body. The lymph glands 
were swollen, liver and spleen were three fingers’ width larger than normal. Labo
ratory tests gave the following results: ESR 15 mm in one hour, serum calcium, 
phosphorus, alkaline phosphatase: normal; thymol: 2.5 U; gold sol: negative. 
Serum electrophoresis: normal. Blood count: erythrocytes 3,000,000; leukocytes 
49,000; haemoglobin: 12.2%, promyelocyte: 1%; St: 1%; Se: 10%; Eo: 1%; 
Ly: 12%; blast: 7%; monoblast: 3%; atypical monocytoid: 12%; atypical 
lymphocytoid: 23%. In the myelogram half of the nucleated elements were 
monocyte-shaped cells. There was ample erythrophagocytosis and reduced quan
tities of elements formed by normal erythro- and granulopoiesis. X-ray of the 
chest revealed in the lower part of the hilum a bean-sized lymph gland. In the 
middle part of the parietal bone a hazelnut-sized area was suggestive of osteo
porosis.

Fig. 4
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Course: in spite of the administration of Prednisolone, antibiotics, vincris
tine and repeated transfusions, the condition of the patient constantly deteriorated. 
The swelling of the liver and spleen increased and extremely serious anaemia 
(erythrocyte count: 1,900,000) developed without haemorrhage. In the third week 
of the illness meningeal excitation symptoms and peripheral facial paresis devel
oped. CSF cell count was 40/3, protein 120 mg%, sugar 40 mg%. In the meningo- 
gram 10% of atypical monocytoid cells were found (Fig. 5).

Summing up Case 4: in the third week of the first attack of acute mono
cytoid leukaemia of an 11-month-old baby, the clinical and CSF symptoms of 
meningeal leukaemia were observed during Vincristine and Prednisolone therapy.

Discussion

In four children suffering from acute leukaemia neurological symptoms were 
observed in various stages of the disease. The youngest of the patients was 11 
months, the oldest 11 years old; the duration of the illness varied between four 
weeks and two years.

Three of the patients had acute lymphoid, one acute monocytoid leukaemia. 
Reference may be found in the literature to neurological symptoms both in acute 
and chronic lymphoid and myeloid leukaemia, but only a few authors mention 
neurological lesions associated with monocytoid leukaemia. Shaw et al. [26] 
found three cases in Anglo-American literature referring to neurological lesions 
caused by monocytoid leukaemia. Stodtmeister [28] quotes only the case of Litte-
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ral and Malamud [20], the above Case No. 4 is thus a noteworthy pathologic 
rarity.

The symptoms of meningeal irritation developed in the two acute lymphoid 
leukaemic patients during combined Prednisolone and antimetabolite therapy, 
in the case of hyperacute monocytoid leukaemia during Prednisolone and Vincris
tine therapy in the leukaemic period; before death in the first acute phase (Case 
No. 4), in the second year of the illness during the third attack (Case No. 1) and 
in the nine months’ period of the disease meningeal irritation accompanied the 
second, third and fourth attacks (Case No. 3). Case No. 2 is an example of a pecu
liar form of leukaemic involvement which occurs occasionally since the use of 
modern therapy, namely the appearance of neurological symptoms during hae- 
matological remission.

Sansone and Hauser [24, 15] were the first to mention neuroleukaemia in 
complete medullary and haematological remission. Since then several authors 
have called attention to the isolated occurrence of meningeal leukaemia. Gasser
[12] observed in five out of ten cases neuroleukaemia. Out of the 17 leukaemic 
attacks in one of Gasser’s patients nine exhibited neuropathological symptoms 
only. Dost [9] observed in one case, Shaw et al. [26] in eight cases out of 25 me- 
ningopathy in the haematological remission period of leukaemia. The isolated 
leukaemic invasion of the nervous system may be explained by the negligibly 
small transgression of orally administered cytostatics through the blood-brain 
barrier [32].

The neurological syndromes accompanying leukaemia may be classified 
histologically and clinically [6, 29] or only on the basis of the clinical evidence 
[11, 28]. Most of the authors fail to analyse the correlation between the nature of 
histopathological lesions and the type of leukaemia, while others deny the existence 
of any such correlation [8, 29]. Stodtmeister [28], on the other hand, maintains 
that lymphoid leukaemia is more liable to produce infiltrations, while myeloid 
leukaemia produces primarily haemorrhages.

The clinical symptoms are determined by the localization of the lesion. 
Stodtmeister [28] presents a detailed analysis of the nature of the neurological 
symptoms and the development of the clinical pattern. On the basis of essentially 
clinical aspects two forms of neuroleukaemia, accompanied namely by 1. cerebral 
and 2. spinal symptoms may be distinguished. The cerebral form may cause cap
sular, extrapyramidal or diencephalic lesions, mental confusion, etc. Paraplegy, 
on the other hand, is one of the spinal symptoms. The leukaemic cells may infil
trate the cerebral or spinal nerves. The neurological manifestation of leukaemia 
may be localized to the cerebral or spinal meninges and may produce symptoms 
accompanied by increased intracranial pressure. In all four of the above cases 
there were clinically meningeal irritation symptoms: rigidity of the nuchal muscles and 
Kernig’s sign positivity. The gradual development of the clinical changes and the 
morphological nature of the cellular elements in the CSF led us to try to find an 
explanation for the neurological lesions in the leukaemic infiltration of the menin
ges. In Case No. 3 death was preceded by an epileptic seizure and dextrolateral
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hemiplegia. The epileptic seizure was brought into correlation with the cerebral 
oedema, and hemiplegia might have been the result of thrombi formed by the blast 
cells. Autopsy failed to reveal the nature of the gross lesions. The assumed vascular 
occlusion might have developed just before death, thus there was not enough 
time for the development of necrosis visible to the naked eye.

On the basis of their 146 cases Schwab and Weiss [27] estimate the incidence 
of meningeal leukaemia at 17.8%. Up to 1945 Stodtmeister found autopsy evi
dence of meningeal leukaemic infiltration in 36 cases.

In two out of our four cases symptoms of increased cerebral pressure, i. e. 
vomiting, abducent paresis and convulsions were observed. Case No. 2 displayed 
congested papillae. There are many reports on symptoms in leukaemia indicating 
increased intracranial pressure [12, 24, 26, 28]. Sullivan points out their signif
icantly higher incidence since cytostatic drugs are used.

In Case No. 3 abducent paresis might have been caused by local leukaemic 
infiltration, as one of the most frequently occurring neurological changes of leu
kaemia is manifest in the lesion of the cerebral and peripheral nerves due to in
filtrations proceeding from the meninges towards the roots. Schwab and Weiss 
[27] mention in 30% of their cases cerebral nervous symptoms. Shaw et al. [26] 
found in nine out of 25 leukaemic patients cerebral nervous symptoms. Facial 
peripheral paresis has a particularly high incidence (see e. g. Case No. 3). Accord
ing to Stodtmeister [28] up to 1945, 39 leukaemic patients reported in the litera
ture had peripheral facial paresis. Eisenlohrs [10] case is a classic example. Para
lysis of the oculomotor nerve has also been observed [6, 8, 23].

In all four cases clinical meningitis was accompanied by an increase in the 
CSF cell count (40/3— 418/3), but considerably higher values had also been report
ed. Schwab and Weiss [27] mention counts as high as 4000/3, Gasser [12] 7000/3, 
Shaw et al. [26] 11,000/3.

In agreement with published data the protein content of the CSF rose in 
our cases only slightly or remained normal. According to Schwab and Weiss [27] 
in meningeal leukaemia an increase in CSF protein has a higher incidence than 
increase in cell count. They found in 52% of their cases higher protein content and 
only in 41.4% an increase in the cell count.

In one of our cases CSF sugar showed a significant, in another a slight de
crease. This agrees with the observations of Gasser [12], Schwab and Weiss [27] 
and Shaw et al. [26] who found in some of their cases a lower than normal sugar 
content of the CSF. The cause for this decrease in CSF sugar might be sought in 
the high glycolytic activity of the leukaemic cells, or in the high number of blast 
cells in the CSF [13, 27].

In all four cases paraleukoblasts were found among the cellular elements of 
the CSF; i. e. the presence of young monocytoid cell forms could be demonstrated. 
In one case (Case No. 3) neuroleukaemia was diagnosed from the CSF cell pattern 
prior to the development of the meningeal irritation symptoms. It was not only 
possible to set up an early diagnosis on the neurological involvements of leukae
mia from the examination of the CSF cytogram, but the latter also indicated the
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success or failure of local therapy. Thus in Case No. 2 during the period of clinical 
remission the CSF cytogram indicated the unsatisfactory nature of therapy and 
after repeated X-ray irradiation of the skull it was again the CSF cytogram which 
demonstrated the effect of the treatment.

There are but comparatively few reports on the importance of CSF cytodiag- 
nosis. Up to 1945 only in 50% of the neuroleukaemic cases was lumbar puncture 
carried out; the majority of the authors refers to the cells as lymphocytes. Miere- 
ment [22], Barker [2], Litterer [21], Ravenna [23], Heissen [16], Hatta [14], and 
later Gasser [12], Gilbert and Rice [13], Sansone [24], Shaw et al. [26] describe 
immature leukoblast type cell forms. Apart from our own material only the paper 
by Sayk [25], Bischoff [3], Dost [9] and Viala [30] contained of the available liter
ature pictures of paraleukoblasts found in the CSF. The cell formations found in 
the CSF of our Case Nos 2 and 3 showed close morphological similarity to the 
cells observed by the above authors. No reference to immature monocytoid cells 
was found in the literature on CSF cytology.

Our experience suggests the expediency of CSF tests during haematological 
remission as part of the control tests of leukaemic patients. In the case of symptoms 
indicating neurological involvement the first task is to disclose the nature of the 
lesion causing the symptoms of mental confusion. Neurological symptoms due to 
ischaemic lesions and haemorrhages are less easy to influence. In the case of leu
kaemic infiltration local treatment (skull X-ray,irradiation, intralumbar antimetab
olites) should be applied after which a regression of the meningeal symptoms, i. e. 
of the CSF syndrome has been observed by a number of authors [12, 26, etc.]. 
The results obtained by the local treatment of the central nervous system, though 
it may not have a decisive influence on the fate of the patient, may nevertheless 
have a significant temporary effect.
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Zur Bedeutung der Zellelektrophorese für hämatologische
Fragen

R. A rnold

Max-Planck-Institut für Biochemie, München 

(Eingegangen am 10. April 1967)

Die peripheren Blutzellen des Menschen und verschiedener Versuchstiere 
lassen sich auf Grund ihrer negativen Oberflächenladung in die 3 Gruppen: Erythrozy
ten, Lymphozyten und Granulozyten einteilen. Bei der myeloischen und lymphatischen 
Leukämie, der Lymphogranulomatose und bei akuten entzündlichen Erkrankungen 
treten charakteristische Abweichungen dieses normalen »Hämozytopherogramms« 
auf. Lfm den Mechanismus der im menschlichen pathologischen Hämozytopherogramm 
auftretenden Veränderungen verstehen zu lernen, wurden die Blutzellen von Ratten- 
und Mäuseleukämien verschiedener Ätiologie zellelektrophoretisch untersucht. Auch 
hier traten charakteristische Veränderungen im Hämozytopherogramm auf.

Die Ausschleusung membranunreifer, schnell beweglicher Leukozyten aus den 
Blutbildungsstätten bei akuten entzündlichen Erkrankungen wird wahrscheinlich 
durch die Milz kontrolliert.

Die Zellelektrophorese erlaubt die Charakterisierung von Zellen auf Grund 
ihrer Wanderungsgeschwindigkeit im elektrischen Feld. Alle bisher untersuchten 
Wirbeltierzellen besitzen auf ihren Oberflächen mehr negative als positive Ladungs
einheiten [1, 2]. Werden diese Zellen in einer Elektrolytlösung suspendiert, wan
dern sie daher beim Anlegen eines elektrischen Feldes zur Anode. Intakte Zellen 
verschiedenster Herkunft besitzen damit eine dem jeweiligen Oberflächenpotential 
entsprechende charakteristische elektrophoretische Beweglichkeit [2].

Für die Bestimmung der elektrophoretischen Beweglichkeit von verschiede
nen Zellarten hat sich die mikroskopische Beobachtung als besonders vorteilhaft 
erwiesen. Dadurch können Zellen unterschiedlicher Gestalt und Größe auf Grund 
ihrer negativen Überschußladung charakterisiert werden. Das gilt in besonderem 
Maße für die Bestimmung der elektrophoretischen Beweglichkeit von Blutzellen 
[1, 3]. Die zu messenden Zellen werden in einer möglichst physiologischen Elek
trolytlösung aufgeschwemmt und in eine Meßkammer gebracht. Davor befindet 
sich in einem bestimmten nur wenige mm betragenden Abstand das Objektiv 
eines Mikroskops.

Die theoretischen und experimentellen Grundlagen der Zellelektrophorese 
gehen bis ins Ende des vergangenen Jahrhunderts zurück. Die ersten arbeits
fähigen Apparaturen konstruierten aber erst Northrop und Kunitz (1925), Abram
son (1929) sowie Alexander und Sagyers (1948); doch entsprachen sie noch nicht 
allen Anforderungen. Besonders Ponder (1951), dessen Elektrophoresemodell auf
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einer rektangulären, vertikal-waagrechten Anordnung der Meßkammer beruht, 
trug durch Verbesserung des Elektrodensystems zur weiteren Entwicklung arbeits
fähiger Apparaturen bei. Darauf aufbauend wurde im Arbeitskreis Ruhen
stroth-Bauer ein Modell entwickelt, das sich besonders durch die Konstruktion 
eines Kühlmantels um die Meßkammer zur Ableitung der bei der Messung in 
störender Weise entstehenden Joule’schen Wärme sowie in der Entwicklung lei
stungsfähiger Elektroden von den vorhergehenden unterscheidet [4, 5]. Die op-

Abb. 1. Das Hämozytopherometer (Zeiss, Oberkochen)

ischen Voraussetzungen dazu wurden von der Firma Zeiss (Oberkochen) geschaf
fen (Abb. 1).

Kernstück der Apparatur ist eine flache Meßkammer aus Glas. Um konstante 
Temperaturbedingungen zu gewährleisten, ist die Kammer von einem Kühlmantel 
umgeben. Beidseits der Kammer werden die Elektroden angelegt. Diese Anlage 
ist in ein Spezialmikroskop eingebaut. Es ermöglicht eine licht- als auch phasen
optische 400 bzw. SOOfache Vergrößerung. Das erwies sich besonders bei der 
Untersuchung der weißen Blutzellen als notwendig. Die Bestimmung der negativen 
Überschußladung einer Zelle erfolgt innerhalb der Meßkammer in einer der 
beiden durch die Elektroendosmose bedingten, definierten stationären Ebenen. 
Mit Hilfe einer Stoppuhr wird die Zeit gemessen, welche eine Zelle für eine be
stimmte Strecke eines im Okular befindlichen Eichgitters benötigt. Daraus läßt
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sich die elektrophoretische Beweglichkeit berechnen. Sie ist Ausdruck der negati
ven Überschußladung und wird, auf die Feldstärke 1 bezogen, in [cm2 sec-1 
V-1] IO”4 angegeben.

I. Elektrophoretische Untersuchungen an Blutzellen des Menschen

Die Blutzellen des Menschen lassen sich nach ihrer elektrophoretischen Be
weglichkeit in 3 Gruppen einteilen [1, 3]. Das kommt im sogenannten Hämozyto- 
pherogramm zum Ausdruck (Abb. 2). Hierbei werden die Ergebnisse der elektro-

Abb. 2. Das Hämozytopherogramm eines Gesunden. In den Abbildun
gen 2—8 stellen die Basen der Dreiecke die Streuung der elektro
phoretischen Beweglichkeiten der jeweiligen Zellart und die Höhen der 

Dreiecke die relative Anzahl der gemessenen Zellen dar

phoretischen Messung der einzelnen Zellarten in Form von Dreiecken aufgetra
gen. Die Basen der Dreiecke geben die Standardabweichung der elektrophoreti
schen Beweglichkeit und die Höhen das Zahlenverhältnis der gemessenen Zellen 
zueinander wieder. Die Gruppe mit der größten elektrophoretischen Beweglich
keit besteht aus Erythrozyten. In der nächsten etwas langsamer wandernden Grup
pe befinden sich die Lymphozyten. Die geringste elektrophoretische Beweglich
keit besitzen die Granulozyten. Die Streuung der elektrophoretischen Beweglich
keit innerhalb der 3 Zellgruppen beträgt nur wenige Prozente.

Die Relation der gemessenen Zellen im Hämozytopherogramm entspricht 
nicht dem Differentialblutbild, da für die Bestimmung der elektrophoretischen 
Beweglichkeit die weißen Blutzellen mittels einer Schrägsenkung angereichert 
werden müssen. Die Zahl der gemessenen Erythrozyten wird mit 100% angegeben, 
da die Erythrozyten in beliebiger Zahl vorhanden sind.

Untersucht man das elektrophoretische Verhalten der Zellen in den Blut
bildungsstätten, so erhält man das in Abb. 3 wiedergegebene Bild [3]. Man findet 
nur eine einzige Gruppe schnell beweglicher kernhaltiger Zellen. Das Differential-
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blutbild zeigt, daß es sich dabei um alle Vorstufen der weißen und roten Blutkörper
chenreihe handelt. Offenbar besitzen also die Zellmembranen der myeloischen 
Reihe eine größere Dichte der negativen Überschußladung als jene der peripheren 
Granulozyten, während sich die elektrophoretische Beweglichkeit der Erythrozy
tenvorstufen nicht von derjenigen der ausgereiften Form unterscheidet. Normal 
bewegliche Lymphozyten oder Granulozyten sind im Knochenmark kaum zu 
finden. Man muß bei der großen Fülle morphologisch ausgereifter Granulozyten 
im Knochenmark deshalb annehmen, daß auch diese Zellen eine höhere negative

Überschußladung besitzen, welche derjenigen der myeloischen Vorstufen ent
spricht. Wahrscheinlich kommt es erst beim Austritt der reifen Blutzellen aus dem 
Knochenmark zu einem plötzlichen Verlust der negativen Überschußladung auf 
den Wert der peripheren Granulozyten [1 ].

In den Bildungsstätten des lymphatischen Gewebes (Abb. 4) findet man im 
Zytopherogramm 2 Gruppen von Zellen, die sich hinsichtlich ihrer elektrophore
tischen Beweglichkeit unterscheiden [3]. Die eine besitzt die elektrophoretische 
Beweglichkeit der Lymphozyten im peripheren Blut, die andere Gruppe zeigt ein 
ähnliches Verhalten wie die im Knochenmark auftretende schnell bewegliche kern
haltige Fraktion. Da sich, wie die Abb. 4 zeigt, die beiden Lymphozytengruppen 
nicht scharf von einander abgrenzen lassen, kann nicht eindeutig festgestellt wer
den, ob auch im Lymphknoten, ähnlich wie im Knochenmark, der Membranrei
fungsschritt von den unreifen Vorstufen zum reifen Lymphozyt sprunghaft erfolgt.
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Abb. 3. Das Zytopherogramm des Sternal- 
punktats eines Gesunden

Abb. 4. Das Zytopherogramm eines nor
malen menschlichen Lymphknotens
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Abb. 5. Das Hämozytopherogramm bei einer myeloischen Leukämie (a), bei einer lymphati
schen Leukämie (b), bei einer Lymphogranulomatose (c), bei einer akuten Entzündung (d)

Bei verschiedenen Erkrankungen wurden nun Abweichungen vom normalen 
Hämozytopherogramm gefunden. Dabei werden, wie die Abbildungen 5a —d zei
gen, nur die weißen Blutzellen, niemals aber die Erythrozyten betroffen. So tritt
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bei der myeloischen und lymphatischen Leukämie (Abb. 5a, b) jeweils eine Gruppe 
schnell wandernder kernhaltiger Zellen auf [1,3]. Bei der myeloischen Leukämie 
fehlt dabei weitgehend die Gruppe der normal beweglichen Granulozyten, bei 
der lymphatischen Leukämie die der Lymphozyten. Bei den sehr akuten Formen 
der lymphatischen bzw. myeloischen Leukämie findet man keine normal bewegli
chen Lymphozyten bzw. Granulozyten mehr. Die Beweglichkeit der bei den be
sprochenen Leukämieformen auftretenden schnell beweglichen Zellfraktion ent
spricht der schnell beweglichen Fraktion aus dem Knochenmark und Lymph
knoten. Bei der Lymphogranulomatose dagegen findet man eine breite Streuung 
in der elektrophoretischen Beweglichkeit der weißen Blutzellen an Stelle der im 
Hämozytopherogramm des Gesunden deutlich von einander abgesetzten Lym
phozyten- bzw. Granulozytenblöcke (Abb. 5c). Dabei treten einerseits vereinzelt 
weiße Blutzellen mit einer geringeren elektrophoretischen Beweglichkeit als die 
der Granulozyten auf. Andererseits finden sich vereinzelt auch Zellen, die schnel
ler als Lymphozyten wandern. Das elektrophoretische Verhalten der weißen Blut
zellen bei der Lymphogranulomatose weist demnach auf Unterschiede in der 
Membranladung bei sonst scheinbar unveränderten weißen Blutzellen hin. Im 
Remissionsstadium der Lymphogranulomatose zeigt das Hämozytopherogramm 
nur ein angedeutetes Streubild. Hier steht im Vordergrund häufig eine zusätzliche 
schnell bewegliche Fraktion kernhaltiger Zellen, wie man sie regelmäßig u. a. bei 
entzündlichen Erkrankungen, bei Tumoren mit Knochenmetastasen, beim Lym
phosarkom und bei Autoimmunkrankheiten findet (Abb. 5d) [3]. Die elektro
phoretische Beweglichkeit dieser Zellfraktion entspricht wiederum der im Kno
chenmark bzw. Lymphknoten auftretenden kernhaltigen Zellgruppe mit erhöhter 
negativer Überschußladung. Im Hämozytopherogramm der zuletzt genannten 
Gruppe finden sich daneben noch die normal beweglichen Lymphozyten und 
Granulozyten.

In manchen Fällen von sehr akuten Entzündungen mit ausgeprägter reaktiver 
Leukozytose kann im Hämozytopherogramm jedoch anfangs das Bild einer mye
loischen Leukämie entstehen, da die Gruppe der normal beweglichen Granulo
zyten verschwindet. Doch schon nach wenigen Tagen nehmen im Falle der Ent
zündung die schnell beweglichen Leukozyten ab und es entsteht ein Bild wie in 
Abb. 5d. Das Auftreten der schnell beweglichen Leukozytenfraktion bei Patienten 
mit entzündlichen Erkrankungen, Tumoren mit Knochenmetastasen oder Auto
immunkrankheiten deutet darauf hin, daß morphologisch ausgereifte Zellen 
aus dem Knochenmark und vielleicht auch aus dem Lymphknoten mit einem noch 
erhöhten Membranpotential ausgeschleust werden. Der normal auftretende, 
sprunghafte Verlust der negativen Überschußladung beim Austritt der reifen Zellen 
aus dem Knochenmark bzw. dem Lymphknoten scheint also gestört zu sein. 
Dabei läßt sich kein Zusammenhang mit dem Ausmaß der Linksverschiebung im 
Differentialblutbild herstellen.

Das beschriebene Verhalten der Blutzellen ist ähnlich wie bei den anderen 
Wirbeltierzellen durch die Membranstruktur bedingt, wobei ein Teil der negativen 
Überschußladung durch Neuraminsäure bedingt ist [6]. Die Faktoren des Blut-
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plasmas haben auf die elektrophoretische Beweglichkeit der Blutzellen sowohl im 
Normalfall als auch in den aufgeführten pathologischen Fällen keinen Einfluß.

Die dargestellten Befunde zeigen u. a., daß die Zellelektrophorese in Zu
sammenarbeit mit den üblichen klinischen Methoden besonders bei der Sicherung 
der Diagnosen von Leukämie- und Lymphogranulomatose-Erkrankungen wert
volle Dienste erweisen kann.

II. Elektrophoretische Untersuchungen an den Blutzellen der Ratte und Maus

In einfacher Weise lassen sich mit Hilfe dieser Methode auch die Blutzellen 
von Laboratoriumstieren sowie anderer Wirbel- und Säugetiere untersuchen. Das

Abb. 6. (a) Hämozytopherogramm einer gesunden Ratte 
(b) Das Zytopherogramm des Knochenmarks einer gesunden Ratte

ist deshalb von Bedeutung, da man bei diesen Tieren experimentell in ihrer Ätio
logie gesicherte Krankheiten erzeugen kann. So ist die Gegenüberstellung der 
bei den Tierleukosen zu beobachtenden zellelektrophoretischen Ergebnisse und 
der beim Menschen gefundenen im Hinblick auf die noch unbekannten Ursachen 
menschlicher Leukämien wünschenswert. Weiterhin gelingt es im Tierexperiment. 
Parallelen zu der schnell beweglichen Fraktion kernhaltiger Zellen zu finden, 
welche beim Menschen im Zuge entzündlicher Prozesse neu auftritt. Dabei läßt 
sich eine Beteiligung der Milz am Entstehen dieser zusätzlichen Fraktionen nach- 
weisen [7].

Auch die Blutzellen gesunder Ratten und Mäuse lassen sich wie die gesun
der Menschen nach ihrer elektrophoretischen Beweglichkeit in 3 Gruppen eintei
len (Abb. 6a). Im Gegensatz zum menschlichen Hämozytopherogramm treten 
allerdings bei Ratte und Maus vereinzelt auch schnelle, kernhaltige Zellen auf, 
deren elektrophoretische Beweglichkeit etwas geringer als die der Erythrozyten 
ist [8].
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Bei der zellelektrophoretischen Untersuchung von Knochenmarkszellen der 
Ratte und Maus erhält man das in Abb. 6b wiedergegebene Bild. Neben den nur 
schwach ausgeprägten Gruppen mit der Beweglichkeit peripherer Lymphozyten 
und Granulozyten findet man 2 Blöcke schnell beweglicher kernhaltiger Zellen. 
Die Beweglichkeit des einen dieser Blöcke ist etwas geringer als die der Erythro
zyten. Sie entspricht damit den schnellen kernhaltigen Zellen, die vereinzelt im 
Hämozytopherogramm des peripheren Ratten- und Mäuseblutes gefunden wer

den. Die Beweglichkeit der anderen Gruppe ist etwas größer als die der Erythro
zyten [8].

Von den bei Ratten und Mäusen zu beobachtenden Leukämien wurden die 
Friend-Leukämie der Maus, die Shay-Leukämie der Ratte und die Graffi-Leukä- 
mie der Ratte untersucht. Bei der Friend-Leukämie der Maus handelt es sich um 
eine Virus-bedingte, mit einem Milztumor einhergehende Retikulumzell-Leukä
mie [9]. 2 — 3 Wochen nach der intraperitonealen Übertragung von Leukämie
blut kommt es zu einer ausgeprägten Leukämie. Zu dieser Zeit verschwindet im 
Hämozytopherogramm die Gruppe der normal beweglichen Granulozyten fast 
vollständig (Abb. 7a). Dafür treten schnell bewegliche kernhaltige Zellen auf. 
Ihr Potential entspricht der Fraktion kernhaltiger Zellen im Zytopherogramm des 
Knochenmarks der gesunden Ratte, die etwas schneller als die Erythrozyten 
wandern [8]. Die Shay-Chloroleukämie der Ratte ist im Gegensatz zur zellfrei
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Abb. 7. Das Hämozytopherogramm der Friend-Leukämie (a), der Shay- 
Leukämie (b), der Graffi-Leukämie (c)
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übertragbaren Friend-Leukämie nur zellulär überimpfbar [10, 11]. Sie wurde 
ursprünglich durch Methylcholanthren erzeugt und manifestiert sich je nach Art 
der Transplantation in 2 verschiedenen Erscheinungsbildern. Einmal entwickelt 
sich nach subkutaner Injektion von Tumorzellen an der Transplantationsstelle 
ein lymphoretikuläres Sarkom, welches weiter übertragen werden kann. Injiziert 
man dagegen neugeborenen Ratten eine Suspension dieser Tumorzellen intra
peritoneal, so entwickelt sich innerhalb weniger Tage eine akute periphere Leukä
mie mit zahlreichen Paramyeloblasten, an der die Tiere nach 2 Wochen sterben. 
Das Elämozytopherogramm (Abb. 7b) in diesem Stadium gleicht genau dem Bild, 
wie man es bei der Friend-Leukämie findet [8].

Bei der Virus-bedingten zellulär als auch zellfrei übertragbaren Rattenmye
lose nach Graffi entwickelt sich an der Transplantationsstelle ein Tumor mit rund
kernigen, plasmareichen, wenig polymorphen Zellen, die Myeloblasten entsprechen 
könnten, der bei den meisten Tieren nach 4 — 6 Wochen wieder verschwindet [12]. 
5 — 6 Wochen später treten bei einigen Tieren im Blut vereinzelt unreife Elemente 
auf. Das Hämozytopherogramm dieser Tiere ist in Abb. 7c wiedergegeben. Man 
findet eine breite Streuung der elektrophoretischen Beweglichkeit der Leukozyten. 
Sie erinnert stark an das Hämozytopherogramm, das man bei der menschlichen 
Lymphogranulomatose beobachtet [8, 13].

Bei der Virus-bedingten Friend-Leukämie und der Shay-Leukämie finden 
sich, wie gezeigt wurde, zellelektrophoretisch gleichsinnige Veränderungen. Es 
tritt jeweils eine Gruppe kernhaltiger Zellen auf, deren elektrophoretische Beweg
lichkeit größer ist als die der Erythrozyten. Sie entspricht der schnelleren Knochen
marksfraktion bei der Ratte. Man kann deshalb vermuten, daß es sich bei dieser 
Fraktion sowohl im Blut als auch im Knochenmark um morphologisch wie auch 
hinsichtlich ihrer Membran sehr unreife Vorstufen der Myelopoese handelt. Beim 
Menschen wurde eine entsprechend schnell bewegliche Gruppe in einigen Fällen 
von sehr akuten Leukämien gefunden. In diesen Fällen fanden sich ebenso wie 
bei der Friend- und Shay-Leukämie im peripheren Blut Paramyeloblasten. Diese 
unreifste Zellart wird jedoch unter normalen Umständen nur im Knochenmark 
gefunden.

Die Virus-bedingte Graffi-Myelose zeigt dagegen in der breiten Streuung 
der elektrophoretischen Beweglichkeit der Leukozyten ein von den bisher bei 
Leukämien gewohnten Hämozytopherogrammen abweichendes Bild. Vergleich
bar findet sich eine solche breite Streuung der elektrophoretischen Beweglichkeit 
der weißen Blutzellen auch bei der menschlichen Lymphogranulomatose. Ein 
weiterer Fall einer breiten Streuung innerhalb einer morphologisch einheitlichen 
Zellpopulation wurde von Goldhamsternierenzellen beschrieben, welche mit 
Polyomavirus infiziert waren [14]. Außerdem kann man bei L- oder HeLa-Zellen 
eine breite Streuung der elektrophoretischen Beweglichkeit bereits wenige Augen
blicke nach Besetzung der Zellen mit Sendai-Virus nachweisen [15].

Aus den Ergebnissen der beschriebenen Tierleukosen geht hervor, daß eine 
Virusätiologie bei ein und demselben Krankheitstypus zellelektrophoretisch zu 
ganz verschiedenen Erscheinungsbildern führen kann. Andererseits erhält man
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bei der Friend- und Shay-Leukämie trotz verschiedener Ätiologie gleichsinnige 
Veränderungen im Hämozytopherogramm.

Ähnlich wie bei der Leukämie, gelingt es auch bei Ratten, experimentell eine 
zusätzliche Fraktion schnell beweglicher Leukozyten zu erzeugen, wie sie beim 
Menschen vor allem bei akuten entzündlichen Prozessen auftritt.

Um diesen Mechanismus, welcher in den Ausschüttungsmechanismus der 
Blutbildungsstätten eingreifen muß, besser verstehen zu lernen, wurden 2 — 3 
Monate alte Sprague-Dawley-Ratten einer Röntgenganzkörperbestrahlung unter
zogen. Die Einzeldosen betrugen dabei 800, 400 und 150 R. In bestimmten Ab

ständen nach Bestrahlungsende wurde den Tieren Blut entnommen und zellelek
trophoretisch untersucht [8, 16]. Bereits 5—10 Minuten nach einer Bestrahlung 
mit 800 R treten im Blut vermehrt schnell bewegliche kernhaltige Zellen auf, 
deren elektrophoretische Beweglichkeit etwas geringer als die der Erythrozyten 
ist; Abb. 8 zeigt das Hämozytopherogramm solcher Tiere. In der Abb. 9 ist außer
dem das ungefähre prozentuale Verhältnis der schnellen Leukozyten zu den normal 
beweglichen Granulozyten wiedergegeben. Bestimmt man dieses Verhältnis nach 
einer Ganzkörperbestrahlung mit 800 R als Funktion der Zeit, so ergibt sich 
folgendes Bild: die normal beweglichen Granulozyten verschwinden in zunehmen
dem Maße, so daß nach 4 Stunden nur noch schnelle Zellen gefunden werden. 
Der Block der Lymphozyten bleibt dagegen, wie die Abb. 8 zeigt, erhalten. Nach 
10 Stunden treten langsam wieder normal wandernde Granulozyten auf, während 
die schnell beweglichen Zellen wieder abnehmen, um nach 1 —2 Tagen völlig zu 
verschwinden. Die mitgeteilten quantitative Relationen sind mit der angewandten 
Methode der Leukozytenanreicherung gut reproduzierbar [17], sie sind jedoch 
für die genauen quantitativen Verhältnisse der Zellzahlen im peripheren Blut nicht 
repräsentativ. Daß die Ursache der schnell beweglichen Zellen unter den beschrie

Abb. 8. Hämozytopherogramme von Ratten vor und nach Bestrahlung
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benen Bedingungen nicht in Denaturierungsvorgängen an den Zellmembranen zu 
suchen ist, geht aus den Hämozytopherogrammen hervor, die man nach in vitro 
Bestrahlungen von Rattenbluten mit 800 und 400 R erhält [8].

S td .n a ch  Bestrahlung

Abb. 9. Prozentuales Verhältnis zwischen elektrophoretisch normal 
beweglichen Granulozyten (schraffiert) und »schnellen« Leukozyten 
(nicht schiaffiert) von Ratten nach einer Ganzkörperbestrahlung in 

Abhängigkeit von der Strahlendosis und Zeit

Die beschriebenen Veränderungen im Hämozytopherogramm von Ratten 
nach einer Ganzkörperbestrahlung sind wahrscheinlich auf eine überstürzte 
Ausschwemmung von membranunreifen Zellen aus dem lymphatischen Gewebe, 
vielleicht auch aus dem Knochenmark zurückzuführen [18, 16]. Sie können wohl 
als organspezifische Antwort der Blutbildungsstätten auf einen den ganzen Or
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ganismus betreffenden Insult angesehen werden. Es kommt also zu einer veränder
ten Reaktion des Mechanismus, welcher den Nachschub der Leukozyten aus der 
Reserve der Blutbildungsstätten in die Peripherie reguliert. Unter den vielen or
gan- und systemspezifischen Reaktionen, welche in erster Linie das Knochenmark, 
den Intestinaltrakt und das zentrale Nervensystem betreffen, ist bisher keine strah
lenspezifische Antwort des Organismus auf einen Strahleninsult bekannt, die in 
so kurzer Zeit nach Einwirkung der Bestrahlung und mit so geringem Aufwand 
nachgewiesen werden kann: mit Hilfe der Zellelektrophorese läßt sich eine Ganz
körperbestrahlung bereits nach 5 Minuten nachweisen. Außerdem kann man eine 
Abhängigkeit von der Strahlendosis sowie dem Zeitpunkt feststellen, zu dem die 
Bestimmung der elektrophoretischen Beweglichkeit der weißen Blutzellen nach 
einer Bestrahlung erfolgt (Abb. 9).

Die Ausschleusung membranunreifer Zellen aus den Blutbildungsstätten 
nach einer Ganzkörperbestrahlung wird wahrscheinlich durch die Milz kontrol
liert [7]. Das konnte durch eine Splenektomie gezeigt werden, welcher die Ratten 
1—2 Tage vor einer Ganzkörperbestrahlung unterzogen wurden. Das Hämozyto- 
pherogramm eines Tieres, dem 2 Tage vor einer Ganzkörperbestrahlung mit 800 R 
die Milz entfernt wurde, entspricht dem Hämozytopherogramm eines gesunden 
Tieres. Durch diesen Befund, nach dem der Milz bei der Ausschüttung der 
schnell beweglichen Zellen aus den Blutbildungsstätten Bedeutung zukommt, 
konnte gezeigt werden, daß man mit Hilfe der Zellelektrophorese auch in der 
Frage der Beziehung Milz —Blutbildungsstätten wichtige Anregungen erhalten 
kann.

Dieser Bericht sollte einen Eindruck von den Anwendungsmöglichkeiten 
der Zellelektrophorese in der hämatologischen Forschung und Diagnostik ver
mitteln. Durch diese Art der Charakterisierung von Zellen ist ein neuer Weg 
eröffnet, auch innerhalb morphologisch scheinbar einheitlicher Zellpopulationen 
Unterscheidungen vorzunehmen.
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Effect of Different Washing Solutions on some 
Characteristics of Erythrocytes
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Some characteristics of erythrocytes (maintenance of shape, ion-transport, 
ATPase and NADPase activities, maintenance of GSH level, permeability of non
electrolytes) are significantly damaged by washing of the cells with physiological NaCl. 
This damaging effect is even more pronounced when using isotonic washing solutions 
of low ionic strength (e. g. sucrose). Damages caused by washing in physiological 
NaCl are partly reversible, partly irreversible. By the use of physiological NaCl supple
mented with glucose and Mg the above damages can be prevented to a great 
extent.

The elimination of plasma or serum by washing is often necessary for the 
study of erythrocyte chemistry. Most authors use buffered physiological saline 
as the washing solution. Attention is given to the ionic composition of washing 
solutions when studying the cation transport processes of reconstituted erythro
cyte ghosts [1, 2]. Mollison’s studies proved even the fact that the grade of chro
mium elution from 51Cr-labelled erythrocytes is determined in the first place by 
the composition of the washing solutions used (physiological saline, ACD, etc.) 
[3]. In contrast with this,inmost of the studies of metabolism, enzyme activities 
and other characteristics of erythrocytes, this aspect is not respected. It is well 
known from the literature that magnesium activates many enzymes and is taken 
up very slowly [4, 5]. Thus,eventual losses occurring during washings cannot be 
replaced by the cell. It is also known that a great deal of glucose, the main sub
strate of erythrocytes, is also lost during washings [6]. This may damage the cells 
secondarily.

With this in mind, we have investigated the changes of some erythrocyte 
characteristics (maintenance of shape, K-transport, enzyme activities, etc.) caused 
by washing of the cells. Beside washing solutions of ionic character we have also 
studied the metabolic effect of non-ionic washing solutions (e. g. sucrose) used 
by some authors [7] for protecting the protein coat of erythrocytes.

Abbreviations used: ATP: adenosine triphosphate, ATPase: adenosine triphosphatase, 
G6PD: glucose-6-phosphate dehydrogenase, NADPase: nicotinamide-adenine dinucleotide 
phosphatase, AchE: acetylcholinesterase, GSH: reduced glutathione, lm: morphological 
index, ACD: acid citrate dextrose
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Methods

Fresh, defibrinated human blood was used. Erythrocytes were washed three 
times with four volumes of washing solutions. Centrifugations were performed at 
room temperature for 10 minutes at 3500 r. p. m. The following washing solutions 
were used:

1. 166 mM NaCl
2. 6 mM glucose, 163 mM NaCl
3. 5 mM MgCl2, 158 mM NaCl
4. 6 mM glucose, 5 mM MgCl2, 155 mM NaCl
5. 6 mM glucose, 1 mM MgCl2, 290 mM sucrose

The pH of each washing solution was adjusted to pH 7.4 by Tris.
Iodoacetate and sodium fluoride were used as glycolytic inhibitors. 75% 

of the experimental system consisted of defibrinated blood or washed erythrocyte 
suspension. The effective agents were applied in 25% volume, so the haematocrit 
value was around 30%. The mixtures were incubated at 37°C.

The morphology of erythrocytes was investigated in an isotonic trisodium 
citrate solution containing 1 % formalin described by Dacie [8], between slide and 
coverslip, with phase-contrast microscope at a 800-fold magnification. The mor
phological index (IOT) was determined as described in our previous paper [9].

ATP determinations were carried out in two ways: 1. by the spectrophoto- 
metric analysis at 260 m/i of the fractions obtained from Dowex-l-Cl ion exchange 
column [10]; 2. enzymatically with the aid of glyceraldehyde-3-phosphate dehydro
genase and phosphoglycerate kinase, according to the Boehringer test [11]. The 
measured values were expressed as percentages of the original values.

Potassium was determined by flame photometry, magnesium by complexo- 
metry [12]. Glucose determinations were carried out with the aid of a specific 
enzymatic test (Boehringer).

ATP utilizing (“ATPase”) enzyme activities were measured in haemolysates 
prepared by freezing and thawing the erythrocytes twice. In 0.6 ml volume 
5 /(M ATP, 5 /<M MgCl2, 100 /(M NaCl, 20 /<М KC1 and 30 цМ Tris-HCl 
buffer (pH 7.4) were added to a haemolysate of 0.4 ml erythrocyte sediment, 
and at 0 minute and after 30 minutes of incubation at 37°C the inorganic phos
phate was determined in the deproteinized supernatants according to Fiske and 
Subbarow [13].

Glucose-6-phosphate dehydrogenase activity of erythrocytes was determined 
by ICornberg and Horecker’s method as modified by Marks et al. [14], acetyl
cholinesterase activity by Michel’s [15], reduced glutathione by Mortensen’s [16], 
glutathione stability by Beutler’s [17] and the number of superficial SH-groups by 
Szelényi’s [18] method. Erythrocyte permeability for isotonic solutions of non
electrolytes (glycerol and thiourea) was investigated by the method of Jacobs [19].
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Results

When K-free washing solutions were used, the K-loss of erythrocytes did 
not surpass 1 — 2 %. In Mg-free washing solutions the Mg-loss amounted to 3 — 5 %. 
In glucose-free washing solutions 65 — 70% of the glucose content of erythrocytes 
disappeared. In some blood samples the ATP level decreased by 10 to 15%, in 
other samples it did not decrease at all. In washing solutions to which 4 mM in-

Fig. 1. Kinetics of ATP breakdown (lower 
lines) and morphological degeneration (upper 
lines) in the presence of 1 mM iodoacetate, 
in human erythrocytes washed three times 
in different washing solutions, о —  О de-
fibrinated blood, о ---- О washing in 166 mM
NaCl о .... О washing in 6 mM glucose,
163 mM NaCl, о -----О washing in 5 mM
MgCl2, 158 mM NaCl, о  —  О washing in 
6 mM glucose, 5 mM MgCl,, 155 mM 

NaCl

Fig. 2. Effect of washing and resuspension on 
the kinetics of K-outflow of human erythro
cytes caused by 16 mM NaF. о — О defi- 
brinated blood, о — О washing and resus
pension in 166 mM NaCl, О....О washing
in 166 mM NaCl, resuspension in fresh se
rum, о --------- О washing in 6 mM glucose,
5 mM MgCl,, 155 mM NaCl, resuspension 
in Tyrode solution, о  —  О washing in 6 mM 
glucose, 5 mM MgCl,, 155 mM NaCl, resus

pension in fresh serum

organic phosphate had been added, the ATP breakdown was prevented in every 
case. On treatment with washing solution 5 of low ionic strength, significant mor
phological degeneration and decrease in enzyme activities resulted because 70 to 
80% of ATP had been broken down.

The rate of ATP breakdown and morphological degeneration in the presence 
of glycolytic inhibitors was greatly slowed down as a result of the three washings 
in physiological NaCl. When applying washing solution 2, there was no decrease 
in the initial ATP level and the rate of ATP breakdown in the presence of glycolyt-
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ic inhibitors slowed down only to a smaller extent. The effect of washing solution 
3 on the rate of ATP breakdown was similar to that of washing solution 2. On 
washings with washing solution 4 the curve of ATP breakdown in the presence of 
glycolytic inhibitors was essentially the same as in the case of defibrinated blood. 
In the Im values, compared to that of the ATP levels, changes of other type were 
observed. Erythrocytes washed with physiological NaCl and physiological NaCl 
containing Mg degenerated at a slower rate.

Fig. 3. “ATPase” activities of haemolysates of 
human erythrocytes washed in different wash
ing solutions. A: washing in 166 mM NaCl, 
B: washing in 6 mM glucose, 163 mM NaCl, 
C: washing in 5 mM MgCl2, 158 mM NaCl, 
D: washing in 6 mM glucose, 5 mM MgCL, 

155 mM NaCl

Fig. 4. G6PD activities of human erythro
cytes washed in different washing solutions. 
A: defibrinated blood, B: washing in 6 mM 
glucose, 5 mM MgCl2, 155 mM NaCl 
C: washing in 166 mM NaCl, D: washing 
in 6 mM glucose, 1 mM MgCl2, 290 mM 

sucrose

The erythrocytes washed with washing solutions 2 and 4 did not differ sig
nificantly from defibrinated blood (Fig. 1). ATP and Im values were not changed 
even then, when erythrocytes washed three times were resuspended in fresh serum.

It is interesting, however, that while with erythrocytes washed three times 
and resuspended in physiological NaCl the rapid K-outflow well known for de
fibrinated blood in the presence of high concentrations of NaF [20, 21] did not 
occur, with erythrocytes washed three times in physiological NaCl and resuspended 
in serum, it partly reappeared. Erythrocytes washed in washing solution 4 and re
suspended in Tyrode or serum behaved like defibrinated blood (Fig. 2).

The “ATPase’ ’ activities of haemolysates of washed and unwashed erythrocytes 
were not identical. When to demonstrate Mg-loss, Mg was left out of the activity 
measuring system, it was found as a rule that the haemolysates of erythrocytes 
washed with physiological NaCl had the lowest activity. The activity of haemoly
sates prepared of erythrocytes washed with physiological NaCl containing either
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Mg or glucose, was higher and the highest activity was represented by haemoly- 
sates prepared of erythrocytes washed with physiological NaCl containing Mg and 
glucose (Fig. 3). However, the activity of haemolysates prepared of unwashed 
erythrocytes was mostly lower than that of the haemolysates prepared of washed 
erythrocytes.

Fig. 5. GSH level of human erythrocytes washed in different washing 
solutions. For symbols see Fig. 4

Comparing the effect of the various washing solutions on further character
istics of erythrocytes, changes were found in G6PD activity, GSH content and 
permeability for non-electrolytes, while there was no significant change in AchE 
activity and in the number of superficial SH-groups. According to our examina
tions, the results corresponding best to the defibrinated blood can be obtained by 
the use of washing solution 4. The increase in G6PD activities after washings with

Fig. 6. Flalf time of glycerol and thiourea penetration of human erythro
cytes washed in different washing solutions. For symbols see Fig. 4
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physiological NaCl, resp. sucrose is represented in Fig. 4 and suggests damage to 
the membrane NADPase [22]. Fig. 5 shows the decrease in GSH-level when differ
ent washing solutions were used. Fig. 6 demonstrates that after having washed 
the cells with physiological NaCl, and even more after the washings with sucrose, 
the rate of penetration of non-electrolytes decreased.

Discussion

It is known from the literature that Na-loss of erythrocytes in Na-Ringer 
solutions is minimal [6]. According to our measurements K-loss is not consider
able either, and though K —Na sensitive enzymes (phosphofructokinase, pyruvate 
kinase, aldehyddehydrogenase, transport ATPase, etc.) occur in erythrocytes, no 
functional differences were observed when K-free and K.-containing washing solu
tions had been used. On the other hand, our experiments with Mg-free washing 
solutions referred to the manifold functional injury of erythrocytes, which can be 
explained by the role of enzymes activated by magnesium (hexokinase, pyruvate 
kinase, enolase, ATPase, etc.). With respect to the very slow Mg uptake of human 
erythrocytes, magnesium loss is to be prevented by magnesium applied in higher 
concentration than that of the cell (2 — 2.5 mM) during washings.

It is known that the half time of glucose exchange in human erythrocytes is 
short [23]. On this basis Glynn [6] assumes that during washing glucose disappears 
from the cells or at least decreases to a minimum. According to our experiments 
with specific enzyme test, glucose did not disappear from the cells, but diminished 
essentially, and this was manifest in functional changes, too. When applying glu
cose-free washing solutions, a small decrease in ATP level may occur. We have 
found that in these cases, the presence of inorganic phosphate — the regulator of 
ATP synthesis — is advantageous. But, as it can be supposed that the maintenance 
of ATP level occurs in these circumstances partly through the breakdown of 2.3 
diphosphoglyceric acid, we deem that the physiological equilibrium of the cell can 
be maintained only by application of washing solutions containing glucose.

It was pointed out by Wilbrandt and Passow [24, 25] that low ionic strength 
induced a rapid Cl —OH exchange with strong alkalinization of erythrocytes. 
Indeed, we observed a rapid ATP breakdown — similar to that occurring on al
kalinization — when using these solutions. Thus, for the examination of metabo
lism, cells washed in this way cannot be used at all, at the same time, however, 
their immunoglobulin coat remains intact. The role of the different ions in this will 
be described elsewhere [26].

Nakao et al. [27] studied the correlation between ATP content and bicon
cave shape on erythrocytes washed three times with physiological NaCl. Our pres
ent experiments clearly show that this relatively simple intervention influences the 
phenomenon to a great extent. We have found that the relatively high ATP level 
cannot be utilized adequately for the maintenance of the biconcave shape. This 
indicates that in erythrocytes washed with physiological NaCl the so-called 
“shape maintaining ATPase” was damaged, too. One of the causes of this damage
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is the loss in the activator Mg ions during washings. The fact that a greater “ATP
ase” activity can be measured in haemolysates from washed than from unwashed 
erythrocytes shows that the elimination of platina hexokinase inhibitor plays 
a role in the extent of “ATPase” activity. The irreversible nature of the damage of the 
shape maintaining function is proved by the fact that in erythrocytes washed 
with physiological NaCl, even after resuspension in serum, the original ATP 
content: morphology relation does not reappear.

Davson [28] described interesting results in connexion with K-outflow from 
erythrocytes washed three times in physiological NaCl and resuspended in isotonic 
solutions of different composition. He demonstrated that in the absence of Mg, 
there is no rapid K-loss caused by NaF in high concentration. We experienced that 
in erythrocytes washed with a solution containing Mg and glucose and resuspended 
in Tyrode solution or serum, the rapid K-loss can be fully regenerated, while in 
erythrocytes washed in physiological NaCl it is only partly attainable.

The fact that the washing solution containing both glucose and Mg causes 
the least membrane damage is manifested even in that, that the loss in membrane 
NADPase acting as an inactivator of G6PD is in this case the smallest. This is 
indicated by the fact that the smallest increases in G6PD activity were observed on 
treatment with this washing solution.

The damage to erythrocyte membrane is also indicated by the slower pene
tration of non-electrolytes (isotonic glycerol and thiourea). According to our un
published investigations, this depends on the extent of membrane damage, and it 
can be used as an indicator of this. Even in this case the results imply that the smal
lest damage was caused by washing solution containing glucose and Mg.

The small decrease in GSH level presumably reflects already intracellular 
changes. According to Carson et al. [29] this can be explained by the role the 
erythrocyte membrane played in erythrocyte metabolism, or simply by the damage 
occurring in substrate-free medium. The latter is supported by our experiments 
with erythrocytes preserved for 48, resp. 96 hours, when the decrease in GSH sta
bility was the most pronounced.

Based on new aspects our experimental results draw attention to the fact 
emphasized in recognized classical works [30 — 32] that isotonic NaCl is not a 
“physiological” washing, resp. suspending medium for erythrocytes. We deem this 
necessary because a great number of authors do not take sufficient care of the qual
ity of washing solutions when elaborating methods to determine the chemical 
composition, resp. functions of erythrocytes. Consequently, these procedures 
offer results, which are reproducible, but which deviate more or less from the char
acteristics of intact erythrocytes. This fact hinders the comparative evaluation of 
different erythrocyte functions and characteristics. To obtain comparable results 
it is of great importance that physiological ion composition and energy supply 
should be maintained during washing processes of erythrocytes.

*

For the skilful and precise technical assistance thanks are due to Miss Mary Hasitz, 
Mrs. Eva Irmai, Miss Susan Keresztes and Mrs. Kate Lendvay.
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Open Forum

MODERN TRENDS IN THE TEACHING AND SPECIALIZATION OF 
HAEMATOLOGY AND BLOOD TRANSFUSION

There has been a dramatic increase in the knowledge of haematology in the 
last 30 years. Research in this field has expanded both in intensity and in scope. 
This resulted in further disintegration and a growing number of isolated speciali
ties. Haematology — once limited to morphology and to the clinic of blood dis
eases — includes today cytochemistry, genetics, immunology, isoserology, bio
chemistry (especially protein chemistry), blood coagulation and rheology, blood 
preservation, nuclear science, etc.

It is utterly impossible for the practising physician to keep abreast of this 
formidable advance. As a consequence there is a great need for experts in haema
tology and blood transfusion throughout the world. At the same time it is a matter 
of course that time and again the question arises in what way a working synthesis 
could be achieved in our era of specialization.

It is highly desirable to re-examine the scope of haematology. In a number of 
universities there are special courses for haematology. In others it is taught as a 
part of internal medicine, paediatrics, biochemistry, pathophysiology, etc. In some 
countries there are chairs for immunohaematology and blood transfusion.

It is believed that many countries would profit from an exchange of experi
ence in this field, and a lively discussion would greatly further the teaching of 
haematology and blood transfusion.

With this aim in mind prominent scientists from various countries have been in
vited to participate in the discussion.

GREAT BRITAIN
J. V. Dacie, M. D., F. R. С. P., Professor of Haematology, Postgraduate Medical School o!

London

Problems of Organization*

New knowledge and expansion in the field of haematology poses new prob
lems for the present and future. The problems I have in mind are three: firstly, 
the staffing and organization of a department or section of haematology and its

* Part of the inaugural address to the Haematology Society of Australia delivered on 
August 7, 1962, reprinted by the courtesy of J. V. Dacie, Professor of Haematology, Post
graduate Medical School of London and R. R. Winton, F. R. A. С. P., Editor of The Medical 
Journal of Australia.
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relationships to the clinical-pathological laboratory and the medical department of 
a hospital; secondly, the staffing and organization of a blood transfusion service 
in a hospital and the relationship between the blood transfusion laboratory and 
the department of haematology; thirdly, but not least, organization for research 
in the blood and its diseases.

Before making specific suggestions on each of these topics, I must stress the 
very varied nature of the services and organization in haematology which are now 
available. I refer in this context primarily to hospital diagnostic services rather than 
to organization for research. The arrangements in fact differ widely in different 
parts of the world, even across the border between England and Scotland.

In England particularly, haematology has mostly, although not exclusively, 
been the province of the clinical pathologist and has been carried out in a section 
of the general clinical-pathological laboratory of the hospital. In England, there
fore, a haematologist at the present time is almost always a pathologist who has 
spent the greater part of his professional life in a laboratory. He may spend all his 
timeonhaematologicalwork,runningaroutinediagnostic service and investigating 
patients suffering from blood diseases, or he may do this in addition to undertak
ing another branch of clinical pathology — probably bacteriology or morbid anat
omy. However, more and more the trend in the larger laboratories is towards the 
appointment of a pathologist primarily to do haematological work, to run (prob
ably in addition) the hospital transfusion service, and to help with other branch
es of clinical pathology only in emergencies or when another member of the staff 
is on holidays. In large institutions, particularly in the teaching hospitals, the labo
ratory haematologist, as I have called him (Dacie, 1960), often has his own staff 
of medically qualified assistants and technicians.

This is the pattern even in teaching hospitals, where one or more members 
of the professorial medical unit may perhaps specialize in haematology, and where 
this unit has its own laboratory and staff in which investigations on its own pa
tients are carried out. Even when this is so, the haematological work of the rest of 
the hospital is usually carried out under the supervision of a laboratory haemato
logist in the hospital’s main clinical-pathological laboratory.

In Scotland, although there have been some recent changes, much of the rou
tine work in the past used to be done by students or technicians in side rooms 
attached to wards under the supervision of physicians in charge of wards, with occa
sional consultation or reference to a physician specializing in haematology, who 
might perhaps be a member of an academic department of medicine. However, 
within the last few years, central haematological laboratories have been set up 
in several centres and haematologists have been appointed, with the organization 
approaching the orthodox English pattern.

In European countries the usual arrangement seems to be for each section 
of the hospital or ward or group of wards to have its own laboratory, scantily 
staffed by technicians who usually work under the minimum of supervision, and 
for one or more members of the medical staff to have a particular interest in hae
matology. However, it is rare, I believe for a physician to deal solely with patients
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suffering from blood diseases; he usually practises general internal medicine in 
addition to a greater or lesser extent. In America, either system may be found; 
usually the haematological diagnostic work is under the remote charge of a phy
sician and is done in clinical side rooms or in a single central laboratory which is 
part of the department of medicine, or less frequently the man in charge may be a 
clinical pathologist. In America, as indeed in Europe and throughout the world, 
the great majority of the laboratory work is done by technicians who may occasion
ally hold a degree in science, but certainly not in medicine.

Although the various systems I have outlined above sometimes work well 
— depending on the amount of technical help available and the enthusiasm of the 
medical man in charge — the diagnostic service provided usually falls short of 
what is desired, and the same is true of the standard of investigation of patients 
known to be suffering from a blood disease. Although it may be possible to carry 
out a thorough investigation on a patient suffering from a particular type of disease 
and to arrive at a precise diagnosis, it is usually next to impossible to cover all 
areas of haematology effectively. Not only are premises and equipment often inade
quate, but there is almost invariably far more work to do than can be properly 
accomplished. There are usually too few technicians; they are often inadequately 
trained and insufficiently supervised, and the limited medical staff has too much to 
do. I have met with few people in Britain, in America, or on the continent of Eu
rope who are even remotely satisfied with the organizations with which they find 
themselves associated. The reason for this does not seem to me to be in any way 
obscure. It is because the haematological services — manpower, organization and 
premises — have been developed in a haphazard fashion from existing facilities, 
often in a desperate attempt to keep pace with the advancement and application of 
medical knowledge and the ever-increasing demands for haematological and trans
fusion services from every section of a hospital. Few haematological departments 
have been built as such and almost all are under-staffed. The maintenance of a 
really high standard of work is almost impossible under such circumstances.

I shall start from the premise that every large hospital should have a depart
ment or section of haematology, and that even the smallest hospital must provide 
facilities for the carrying out of basic procedures, such as blood counts and the 
cross-matching of blood. I visualize the department in the largest institutions as 
being an autonomous one, with close links with both the clinical-pathological 
laboratories and the medical department.

Departments of Haematology: their Function and Organization

I visualize the functions of the department of haematology as being five in 
number. Firstly, it should provide an efficient screening and diagnostic service for 
the whole hospital, and a service by which the effects of treatment given to patients 
may be accurately assessed and regulated. This service implies the provision of 
accurate and expertly interpreted elementary haematological data on in-patients
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and out-patients from all sections of the hospital — for example, haemoglobin 
and packed-cell volume estimations, leucocyte counts, platelet counts, reports on 
blood films, prothrombin times and so on. Such work more often than not fails 
to demonstrate any abnormality. It is time-consuming and wearisome, but neces
sary, and should be carried out by technicians under the supervision of a haemato- 
logist, who should look at, or see that a member of his medical staff looks at, the 
blood film of every new patient. It is important that the haematologist should 
take a personal interest in this type of work, for in this way he can bolster up the 
morale of his technicians by making them feel that the work they do, although 
routine in nature, is very worth while.

All blood films should be covered with a cover-glass, permanently labelled 
and, ideally, kept. The centralization of this type of service in a single laboratory 
enables this to be done and high standards to be maintained, and it makes possible 
the early diagnosis of blood diseases. The volume of such work may be very great 
and clinicians can help enormously by leaving the decision as to what should be 
done and what need not be done in a particular case to the haematologist’s 
judgement.

The second function of the department of haematology is the investigation of 
patients whose blood is abnormal. It goes without saying that all blood and bone- 
marrow films made in this type of case should be kept and filed away. We should 
aim to investigate quite deeply every patient suffering from a blood disease so that 
the diagnosis can be established with accuracy, the response to treatment can be 
correctly assessed and as much as possible can be learnt from each patient’s illness. 
We can in this way enhance greatly the interest of our work and make the best of 
the opportunities to advance knowledge that come our way. This is in fact our 
plain duty, and 1 will have a little more to say on this later.

The third function of the haematologist and his staff is the care of patients 
admitted to beds reserved for haematological cases, and the provision of a consul
tative service for patients elsewhere in the hospital who present with, or who de
velop, blood disorders.

The question of special beds for patients with haematological disorders is 
perhaps slightly controversial, but I believe that, where there is a well organized 
department of haematology, there ought to be a number of beds reserved for pa
tients with blood diseases, who, because they present with particular or long-term 
haematological problems, or because they were first referred to the haematologist 
because of his known interest in a particular field, are best looked after by him or 
his staff. I do not want to suggest that all patients with blood diseases should nec
essarily be transferred to haematological beds, but, in addition to patients need
ing complicated haematological investigation, there are others needing repeated 
hospital admission for, say, blood transfusion or chemotherapy, who would ben
efit by having this type of bed available for them also.

A further function of the department of haematology would be the provi
sion of out-patient follow-up clinics for patients with certain categories of blood 
disease — for example, haemophilia and other haemorrhagic disorders, megalo
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blastic anaemia (perhaps these patients should be cared for in a clinic conducted 
jointly with a gastroenterologist), haemolytic anaemias, haemoglobinopathies, 
leukaemia and polycythaemia (again, perhaps a radiotherapist should help to 
conduct the clinic). In this way, patients with different types of haematological 
disorder can be brought together, and continuity in their treatment or surveillance 
can be assured.

In this connexion I should like to stress how important it is for patients with 
blood diseases that each hospital should have on its staff a physician who special
izes in chemotherapy, and also a radiotherapist who specializes in, or has a partic
ular interest in, blood diseases. These specialists might well have part-time appoint
ments in the department of haematology. The joint participation of haematolo- 
gist, chemotherapist and radiotherapist in the management of patients with leu
kaemia, polycythaemia and allied disorders, can be of great benefit to the patient. 
Chemotherapy and radiotherapy should be looked upon as complementary (not 
rival! modes of treatment; by attending clinics managed jointly in this way, 
the patient can get the treatment best suited to his own particular clinical 
problem.

I should perhaps mention at this point clinics for the control of anticoagulant 
therapy. This is a controversial subject and, without going into the merits or other
wise of long-term therapy, I believe that, if anticoagulants are given at all, the regu
lation of the dosage should be in the hands of a cardiologist, and not a laboratory 
haematologist. In this way the dosage of the drugs is regulated by a physician, who 
has a better chance of knowing the patient than has the haematologist, and is in a 
better position to assess the significance of a patient’s symptoms. Whether the 
tests are actually carried out by a member of the technical staff of the haematology 
department or of the medical department seems immaterial. A haematological 
technician might well be lent to the cardiologist for the number of sessions re
quired.

The last function of the department of haematology that I wish to refer to is 
the running of hospital blood transfusion services. In Britain blood transfusions 
are usually administered by the haematologist or his designated deputy, and I 
think this is the best arrangement. Blood diseases and blood transfusion are so 
inextricably mixed together that it seems to me to be wrong to separate them. More
over, as examinations for technicians are now organized by the British Institute 
of Medical Laboratory Technology, students are examined in haematology and 
blood transfusion technique in the one examination. It is desirable, therefore, to 
be able to rotate technicians between haematological and blood transfusion 
work.

Although the technical work of blood grouping and cross-matching can be 
very well and expertly done by technical staff, it seems to me most desirable that a 
medical man with, if possible, a genuine special interest in transfusion work should 
be in charge. Only he or she is in a position to discuss with the clinical staff on 
equal terms the allocation of blood to particular patients when blood supplies are 
short, as they so often are.
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Staff and Premises of a Department of Haematology

Next I come to staff and premises. For a department of haematology to 
accomplish all I have just described, it obviously needs a staff of doctors, techni
cians, secretaries and clerks which is probably considerably larger than that at 
present allocated to most hospitals, but a large staff is essential if the work is to be 
done at a high standard. I shall deal with staff first. Should the director of the de
partment be a pathologist or a physician? This may be thought to be an artificial 
and even unnecessary question, as both can be and are haematologists. Personally, 
I believe, it is a mistake to differentiate too sharply between pathologists and physi
cians, or between laboratory workers and clinicians. Both assume important re
sponsibilities in respect of their patients, and in relation to the present problem it 
does not seem to me to be of great significance whether a particular haematologist 
has been trained predominantly as a pathologist or as a physician, as long as he is 
sufficiently experienced and has a deep interest in blood diseases. In any case, 
local circumstances may well have already decided the issue, an excellent man — 
pathologist or physician — being already in charge. However, if a new appoint
ment is contemplated, or when the staff of a new hospital is being planned, then 
there is an opportunity for thought and deliberate selection.

I certainly used to believe that a wide training in laboratory work was essen
tial for a successful haematologist. I still believe this to be desirable, but I now 
would place less stress on experience in branches of clinical pathology, such as 
bacteriology, morbid histology and chemical pathology, than I would have done 
10 or so years ago. I now in fact rate a wide clinical experience and a good general 
knowledge of medicine as of more importance to a haematologist than extensive 
experience in other branches of clinical pathology. I think this change of viewpoint 
has come about partly as the result of the gradual change in the type of work clin
ical pathologists now undertake. More and more of the technical work is being 
undertaken by non-medical technical staff and less and less by the doctors. This 
applies to all branches of clinical pathology and not only to haematology. One 
hopes that any lack of skill and breadth of experience in laboratory techniques 
shown by one’s trainees is more than compensated for by their practical and theo
retical knowledge of the whole field of medicine and of the mechanisms of disease.

The extent of the haematologist’s supporting staff naturally has to be related 
to the size of his department. If the director is primarily a physician, then it is 
clearly desirable that his first assistant should be a pathologist and that the techni
cal supervision of the laboratories should be made over to him. On the other hand, 
if the director is by training a pathologist, then he should have a first assistant, a 
man or woman who has primarily been trained as a physician. He or she would 
naturally assume responsibility for the clinical care of the patients occupying the 
haematological beds and the follow-up clinics. A joint appointment in the depart
ments of haematology and medicine would appear to be appropriate.

Thus my concept of the department of haematology is that it should be an 
autonomous department closely linked to the other hospital laboratories, because
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it shares with them the responsibility for the laboratory investigation of patients, 
and to the medical department, because of the overlapping clinical responsibilities. 
As I have indicated above, the director may be pathologist or physician, depend
ing on local circumstances. Junior staff, too, should consist of both pathologists 
and physicians in training, who could divide the work between them according to 
which branch of the subject they wished to specialize in.

The premises in which haematological work is carried out have only too 
seldom been designed for the purpose. Often an old ward, a temporary hut or 
converted corridor is all that is provided. It goes without saying that the laboratories 
and ancillary rooms should be properly designed and that they should be in a 
central site in the hospital area. A laboratory clerk and a proper record organiza
tion are most important.

Blood samples for routine tests should be submitted to the laboratory by the 
clinical staff — if EDTA is used as anticoagulant this is practicable — rather than 
the laboratory staff being expected to go to the wards to find the patients and to 
bleed them there. Needless to say we should welcome the introduction of automat
ic procedures and time-saving gadgets into haematological laboratory work. 
Electronic counters and automatic staining machines should be widely available. 
The blood transfusion laboratories should be closely adjacent; again they should 
be designed for the purpose, with a properly equipped bleeding room if blood is 
obtained locally, as well as refrigeration facilities close at hand.

The creation of a haematological department on the scale and of the standard 
I am suggesting will certainly cost a great deal of money. I sincerely hope a larger 
proportion of the vast cost of running hospital services will be channelled into depart
ments of haematology than in the past. The importance of the subject to my mind 
clearly merits it.

Research and Haematology, and the Future

I have left consideration of research until last. This is no accident, for the 
carrying out of research should be our ultimate and highest aim. We cannot be 
content to let this to be the province of the other man. To make major discoveries 
needs opportunity, high intelligence, intuition, luck, perseverance, hard work and 
adequate (but not necessarily generous) facilities. Very few of us are likely to make 
a major discovery, but something can be done, for instance, by careful observations 
on patients, the collection of statistical data and the accurate recording of facts. 
But we can do this type of work — which, if done by many people, ultimately adds 
up to a great deal — only if the haematologist and his staff have adequate premises 
and sufficient time to investigate, study and follow-up their patients properly, 
are not continuously submerged in an avalanche of routine work, and are encour
aged to make the best of the opportunities which surround them.

I mentioned earlier the way in which research in blood diseases soon takes the 
research worker into more basic scientific disciplines. The problem he is pursuing 
he soon finds, perhaps to be essentially a biochemical one (for example, the exact
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nature of the metabolic defect in congenitally defective red cells) — or a physico
chemical one, if he wants to know why certain red cells are the shape they are — 
or a problem of protein chemistry, if he is trying to isolate and characterize the 
nature of erythropoietin or intrinsic factor — or even a problem of cytology, if 
he wants to study chromosome aberrations in leukaemia. Is he likely, whether he 
be by training primarily a laboratory haematologist or a physician, to be person
ally sufficiently master of the chemical, physical or cytological techniques which 
he will have to apply to his problem to make this type of research a practical prop
osition, even if he has time to apply himself seriously to his problem. The answer 
is I think that it is most unlikely. As I see it, the only way that fundamental hae- 
matological research and the type of problem 1 have mentioned can be carried out 
satisfactorily is for the medical research worker who has the problem in front of 
him, who thinks he knows how to tackle it and who has his patients close at hand, 
to be able to invite non-medical scientists, chemists, biochemists, biophysicists, 
biologists and so on, to join his research team, and to be able to offer them the 
prospects of satisfactory careers in medical research as scientists with the expec
tancy of permanent posts in the field, if they make a success of their work. At the 
moment the opportunities for non-medical scientists to work on a long-term basis 
in the field of medical research are far too restricted, and I would like to see this 
remedied. By the same token, there should be far more openings than there are at 
present for permanent appointments in medical research for medical graduates who 
have shown originality of thought and who wish to make research their career.

I am conscious that I have said little or nothing about the future. The over
increasing pace of advance in medical knowledge which has taken place in recent 
years should encourage us to hope that many of the blood diseases which now de
feat us will surely eventually be conquered, but it would be foolish to suggest which 
problem is likely to be settled within the next decade or two and which will be 
solved much more quickly than this. Some diseases will no doubt be conquered 
fairly soon but we may be sure that others will remain serious problems throughout 
our lifetime, and that haematologists here and throughout the world will for 
many years to come have plenty to do in diagnosing and treating disease and in 
unravelling further the complexities of the blood and its disorders.

FRANCE

Professeur Jean Bernard, Directeur de l’lnstitut de Recherches sur les maladies du sang 
ctait si gentil de répondre ä nos questions concernant l’enseignement et la spécialisation de 
l’hématologie et de la transfusion sanguine en France.

Comment est organisé l’enseignement de l’hématologie et de la transfusion 
sanguine dans votre pays?

L’enseignement de l’hématologie est organisé sous la direction de l’Univer- 
sité. L’enseignement préparatoire ä la transfusion sanguine est généralement fait
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au Centre National et dans les différents Centres Régionaux de Transfusion San
guine qui dépendent du Ministere de la Santé Publique.

L’enseignement de l’hématologie est obligatoire dans le curriculum des 
études médicales.

11 est fait ä deux périodes:
a — en Зёше années des études médicales, l’hématologie-biologie est en- 

seignée ä la mérne période que la bactériologie et la parasitologie.
b — D’autre part, les étudiants font obligatoirement un stage de trois mois 

dans un service se consacrant aux maladies du sang, ce stage а généralement lieu 
en 4eme ou en 5éme année des études.

Quelles sortes de cows spéciaux sont organisées pour les techniciens?
Des cours spéciaux pour les techniciens sont organisés par les chaires d’hé- 

matologie des Universités.

Quelle est Г organisation du service de transfusion sanguine dans voire pays?
La transfusion est en France un service national organisé sous la direction du 

Ministere de la Santé Publique. II comprend un Centre National de Transfusion 
Sanguine, une Commission Consultative de la Transfusion Sanguine au Minis- 
tere de la Santé, et une série de centres régionaux et départementaux dans chaque 
département.

Est-се qu'un Institut d’hématologie existe-t-il dans votre pays? Y a-t-il des 
chaires d'hématologie á votre Faculté de Medicine?

11 existe plusieurs Instituts d’hématologie en France. II existe trois chaires 
universitaires, l’une a PUniversité de Paris, la deuxiéme a l’Université de Stras
bourg, la troisiéme a PUniversité de Toulouse. La chaire de Paris a été la premiere 
chaire universitaire au monde consacrée ä Phématologie.

Est-се que les chaires d'hématologie sont en connexion avec des services de 
transfusion sanguine?

II existe dans plusieurs villes de France des liaisons étroites entre le service 
de transfusion et la chaire d’hématologie, par exemple le Professeur titulaire de la 
chaire d’hématologie de Toulouse, le Professeur titulaire de la chaire d’Hémato- 
logie de Strasbourg sont Pun et l’autre Directeur du Centre Régiónál de Transfu
sion Sanguine de leur ville.

Y a-t-il une possibilité d'aequérir un diplőme d'hématologie et de transfusion 
sanguine ?

11 existe deux Certificate: L’un, le Certificat d’Études Spéciales d’Hémato- 
logie. L’autre, le Certificat d’Études Spéciales d’Hématologie Supérieur. lls sont 
destinés aux médecins, étudiants en fin d’études, vétérinaires et éventuellement 
pharmaciens.
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II existe des diplómes délivrés aux éleves qui ont passé avec succés sóit le 
Certificat Spécial, sóit le Certificat Supérieur d’Hématologie. D’autre part comme 
je Гаі mentionné les Centres de Transfusion organisent un enseignement particulier 
qui est sanctionné par un diplőme. Ce diplőme n’a pás de valeur gouvernementale, 
alors que les diplómes d’hématologie sont obtenus aprés un examen passé sur le 
plan national et ont une valeur officielle. II est possible d'obtenir séparément ces 
différents diplómes.

Que! enseignement théorique et pratique doit passer un médecin qui veut étre 
hématologiste?

Le médecin désirant se consacrer ä l’hématologie doit avoir passé aumoinsun 
an a suivre l’enseigmenet théorique et pratique préparatoire au Certificat d’Étu- 
des Spéciales d’Hématologie, le médecin désirant devenir un hématologiste de 
haut rang doit avoir passé au moins trois ans a préparer le Certificat Supérieur 
d’Hématologie.

A ces données, il faut ajouter qu’il existe un concours spécial pour obtenir 
le titre de Professeur Agrégé dans les universités frangaises Pun concernant l’hé
matologie théorique et biologique, l’autre les maladies du sang. Ces concours 
supposent des épreuves théoriques, legon faite aux étudiants et épreuve de rédaction 
sur un sujet déterminé, et des épreuves cliniques et pratiques selon le cas.

THE NETHERLANDS
To inform our readers about the present state of haematology and blood transfusion 

in the Netherlands Professor Verloop of Utrecht and Professor Van Loghem of Amsterdam 
have been kindly invited to contribute to this discussion.

How is the teaching o f haematology and blood transfusion organized in your 
country?

Dr. Verloop: The teaching of haematology at the universities in the Nether
lands is a part of the teaching in general medicine to undergraduate students. 
When these students become internists, haematology is usually taught by weekly 
demonstrations of patients. Important facts about blood transfusion and immuno- 
haematology are also taught.

Dr. Van Loghem: Haematology is taught at the University Medical Schools 
by professors and readers. Most universities subdivide “ haematology” into mor
phology, clotting, immunohaematology and blood transfusion, and often there are 
specialists for each of these subjects.

Is it a compulsory subject in medical education?
Dr. Van Loghem: Yes, to a certain extent, as part of the examinations deal 

with questions on patients suffering from haematologic diseases and a specialist 
in internal medicine has to follow a stay in haematology, under the guidance of a 
professor or a reader in haematology.
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Dr. Ver loop: Haematology is one of the main sub-specialities in the teaching 
of general medicine to undergraduates.

On what level is it included in the curriculum o f medical schools?
Dr. Verloop: Haematology is included in the curriculum of general medicine 

of the medical faculties of the universities in Holland.
Dr. Van Loghem: It is taught throughout the medical curriculum, e.g. in 

the third year of the medical study blood morphology and immuno-haematology 
are treated as part of the lectures on immunology.

Are there postgraduate courses for haematology and blood transfusion?
Dr. Verloop: Postgraduate teaching in haematology and blood transfusion 

is taken care of at the half-yearly meetings of the Dutch Society of Haematology 
(more than 200 members). Haematology is also included in postgraduate courses 
for physicians and for specialists in internal diseases and paediatrics, organized 
by the universities in The Netherlands.

Dr. Van Loghem: Incidentally postgraduate courses are given, dealing with 
certain aspects of haematology and blood transfusion.

What sort o f training is devoted to haematologic techniques?
Dr. Van Loghem: Medical students are trained in all kind of laboratory tech

niques, including haematological methods.
Dr. Verloop: Usually the internists are trained to be able to perform simple 

haematologic estimations, e. g. blood-grouping and cross-matching, determination 
of haemoglobin, erythrocyte, leucocyte and thrombocyte count. They are also 
taught blood cell morphology.

How is blood transfusion service organized in your country?
Dr. Van Loghem: Blood Transfusion Service in The Netherlands is under 

Red Cross control, and comprises 112 blood-transfusion services. Each service 
has a medical leader, mostly an internal medicine specialist. He controls the medi
cal centre, which is housed in a hospital or municipal medical service, and he is 
appointed by the Board of the local branch of the Dutch Red Cross. The medical 
leaders of a province choose from their midst a provincial leader. The eleven pro
vincial leaders are all members of the so-called Central Medical Blood Transfusion 
Committee. This Committee is directly responsible to the Central Executive Com
mittee of the Dutch Red Cross. Besides the provincial leaders, a few leaders of the 
Central Executive Committee of the Dutch Red Cross are also members of this 
Committee as well as representatives of the Dutch Public Health Service, the Head 
of the Central Laboratory and a few doctors who have made themselves useful in 
the blood transfusion service.

The Central Medical Blood Transfusion Committee sees to the uniformity 
of the blood transfusion services in Holland. Rules resulting from consultations 
ensure the interests of the patients as well as of the donors.
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The donor service in Holland is very much centralized under the banner of 
the Red Cross. Besides, the organization is flexible enough to meet local needs. 
It leaves freedom for forming blood banks, the need of which varies greatly lo
cally. The demands which the blood to be transferred has to meet are, however, 
uniform and binding.

The Central Laboratory of The Netherlands Red Cross Blood Transfusion 
Service, the origin of which dates from 1939, is guided by a foundation in which 
participate the Dutch Government, The Netherlands Red Cross and the Muni
cipality of Amsterdam.

A staff of qualified physicians, chemists, pharmacists and biologists is 
charged with the leading of the different departments and laboratories. The 
Central Laboratory which is operating on a non-profit basis, is the medico-technical 
centre of the blood transfusion organization in The Netherlands. It provides the 
majority of Dutch hospitals with blood transfusion equipment and blood deriva
tives. Besides the large-scale investigations in blood grouping and antibody 
screening in pregnant women and Red Cross donors, research work is done on 
various subjects covering the large field of blood transfusion, biochemistry of 
blood proteins and blood cell preservation, immunohaematology, blood group 
serology, white cell and platelet serology, immunopathology (autoimmune dis
eases, transplantation immunology), immunochemistry, biochemistry of blood 
clotting, blood cell chemistry, blood group genetics and seroanthropology. 
The Central Laboratory comprises four producing departments and several 
laboratories.

Is there an Institute for Haematology in your country ? Is it a chair o f the Uni
versity Medical School?

Dr. Verloop: Every University Hospital in The Netherlands has a Depart
ment for Haematology, usually divided into a Department for Coagulation, a 
Department for Clinical Haematology and a Haematological Research Laboratory. 
At the universities of Amsterdam, Leiden, Utrecht and Nijmegen one or more 
readers (lectors) have been appointed for the teaching of haematology or one of 
its sub-specialities. In Groningen University there is a chair for haematology occu
pied by a professor in haematology.

Is there a possibility o f obtaining a degree in haematology and blood transfu
sion? Can these degrees be obtained separately from each other?

Dr. Verloop: In The Netherlands haematology is not an acknowledged spe
ciality. Most doctors working in the field of haematology and blood transfusion 
are specialized in internal diseases. In the haematological departments of the uni
versity hospitals there are always doctors and internists who acquire training in 
haematology. There is no possibility, however, for obtaining a special degree in 
clinical haematology or blood transfusion.

Dr. Van Loghem: It is possible to choose a sub-specialism, such as haematol
ogy after training in paediatrics or internal medicine. Such specialists are called
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“paediatrician-haematologist” or “ internal medicine-haematologist” . To become 
a specialist one must be trained for a certain number of years in a recognized 
university centre, but no examinations are required.

What suggestions would you have for promoting the development o f haematol
ogy and blood transfusion (education, medical care and research)?

Dr. Verloop: My suggestion for promoting the development of haematology 
is that care should be taken for haematology to remain a clinical specialism, one 
of the sub-specialisms of the mother-specialism of internal medicine. Naturally 
it will be necessary for scientific development of some branches of haematology, 
such as coagulation, immunohaematology and blood transfusion service, and for 
the development of haematological laboratory techniques to train haematological 
pathologists, specially versed in these subjects, and to co-operate with chemists, 
geneticists, etc. I think, however, that it is of utmost importance that clinical hae
matology should remain the foster-mother. To bring haematology on a higher level 
at the universities it should be taught by clinical specialists in haematology; at the 
same time close co-operation between the sub-departments in haematology (co
agulation, immunohaematology and haematological research) should be guaran
teed in order to prevent the disintegration of haematology.

Dr. Van Loghem: We do not think that people should be trained in haematol
ogy and blood transfusion as a whole. We prefer experts in certain aspects of this 
very complicated and differentiated field of science. It also depends on whether one 
wishes to study haematology as a clinical or as a laboratory worker. In our country 
all kinds of education are possible; haematology is sub-divided into clinical hae
matology, cytochemistry, genetics, immunology (immunohaematology), blood 
protein chemistry, immunochemistry, blood coagulation, blood preservation, 
including cryobiology, etc.

The University of Amsterdam has a chair of immunopathology (since 1959). 
The University Laboratory of Immunopathology, which is incorporated in the 
Central Laboratory of The Netherlands Red Cross Blood Transfusion Service, 
deals with studies on immunogenetics, immunohaematology, immunochemistry, 
autoimmune diseases (other than blood disorders), transplantation immunology, 
immuno-endocrinology, etc.

ÖSTERREICH

Prof. Dr. E. Deutsch, Vorstand der I. Medizinischen Universitätsklinik, Wien

In Österreich werden Hämatologie und Bluttransfusion nicht in einer eige
nen Serie von Vorlesungen vorgetragen, sondern sie sind Teil der Hauptvor
lesungen der Inneren Medizin (Hämatologie), der Chirurgie (Bluttransfusion) 
und der Serologie. Da sie einen Teil des Lehrstoffes dieser Pflichtvorlesungen dar
stellen, sind sie ein Pflichtgegenstand in der medizinischen Ausbildung, insbeson
dere in der Inneren Medizin. Diese Vorlesungen werden zwischen dem 6. und 10. 
Semester gehört. Im Rahmen von Fortbildungskursen, die z.B. von der Wiener
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Akademie für Ärztliche Fortbildung abgehalten werden, wird auch Hämatologie 
und Bluttransfusion vorgetragen. Während der auf das abgeschlossene Studium 
folgenden praktischen Ausbildung wird sehr grosser Wert auf die Erlernung häma- 
tologischer Techniken und ganz besonders auf die Erlernung der ordnungsge
mässen Durchführung von Bluttransfusionen gelegt.

In allen grossen Städten, sowie in den grösseren Krankenhäusern sind Blut
banken organisiert. Diese Blutbanken werden zum Teil vom Roten Kreuz betrie
ben, zum Teil jedoch von den Krankenhäusern selbst, ln den Krankenhäusern 
ist der Bluttransfusionsdienst meist in den Händen der Chirurgen oder Anaesthe- 
sisten, jedoch bestehen beträchtliche örtliche Unterschiede. Es gibt kein eigentliches 
Institut der Haematologie in Österreich, und es gibt auch keinen Lehrstuhl für 
Hämatologie. Es besteht aber in neuester Zeit die Möglichkeit, sich für Innere 
Medizin unter besonderer Berücksichtigung der Hämatologie zu habilitieren. 
Die Hämatologie ist Schwerpunktsprogramm verschiedener Universitätskliniken 
(z.B. I. Med. Univ. Klinik in Wien, Med. Univ. Klinik in Innsbruck, sowie der 
Schwerpunkt verschiedener grosser Krankenhausabteilungen, z. B. Hanuschkran- 
kenhaus in Wien u. a.). Darüber hinaus wurde z.B. an der I. Med. Univ. Klinik 
in Wien ein Zentrales Gerinnungslaboratorium und ein Thrombosedienst errichtet. 
Am pathologisch-anatomischen Institut der Universität in Wien besteht eineaus
serordentlich aktive Blutgruppenserologie, von der aus die serologische Forschung 
in ganz Österreich wesentlich befruchtet wurde. Eine besondere Subspezialisierung 
in Hämatologie ist nicht vorgesehen. Es gibt daher keine Fachärzte für Hämato
logie. Dasselbe gilt aber auch für andere Teilgebiete der Inneren Medizin (z.B. 
Gastroenterologie oder Cardiologie). Wenn durch die strikte Beantwortung der 
gestellten Fragen der Eindruck erweckt wird, dass in Österreich Hämatologie nicht 
gepflegt wird, so ist dies grundsätzlich falsch. Die hämatologische Forschung war 
in Österreich immer ausserordentlich aktiv und ist dies auch heute noch, wenn sie 
auch keineswegs in starre präformierte Bahnen gelenkt wird. Die bei uns vertretene 
ganzheitliche Auffassung von der Inneren Medizin lässt eine zu weitgehende Sub
spezialisierung nicht angezeigt erscheinen, so dass es bisher nicht zur Schaffung 
von hämatologischen Instituten, Lehrstühlen oder Fachärzten für Hämatologie 
gekommen ist. Diese Entwicklung hat auch einen wesentlichen historischen Hin
tergrund. Es hat sich nämlich die morphologische und humorale Hämatologie 
mehr in der Inneren Medizin, die Transfusionsforschung im Schosse der Chirurgie, 
und die Serologie im Rahmen der pathologisch-anatomischen Institute selbständig 
entwickelt. Es besteht zwischen diesen Abteilungen eine sehr intensive und frucht
bringende Zusammenarbeit, wenn es auch noch nie zu einer Vereinigung dieser 
Sparten zu einem grösseren Ganzen unter Loslösung von den Mutterwissenschaf
ten gekommen ist.

❖

In the next issue of Haematologia answers from other contributors participating in 
this discussion will be published.

Further contributions to this discussion or suggestions concerning anyone of the 
questions would be highly appreciated.
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F. Grämlich: Die Rezeptorfunktion der Ery
throzyten (Receptor Function of Erythro
cytes). Karger S. Basle, 1966.

Investigations into the processes taking 
place on the surface of erythrocytes are 
highly important not only in haematological, 
but also in general biological research. The 
erythrocyte is namely one of the objects 
which are easiest to study, and its surface 
properties are relatively well known, be
cause of its clinical importance. On the other 
hand, as a “unit membrane” it may be readi
ly used as a model in investigations concern
ed with the processes taking place on the 
surface of cells.

Author discusses the structure and 
composition of the erythrocyte membrane 
as the producer and carrier of specific biolog
ical functions. This furnishes the basis for 
the investigation of the development of 
receptor sites, on the one hand, and of the 
specific combinative reactions, on the other.

The effect of the environment (medium) 
on these surface properties is dealt with in 
detail. Author discusses on an exact physico
chemical basis the adsorption of the plasma 
protein film developing in normal and patho
logical (e.g. dysproteinaemic) conditions 
and illuminates its theoretical and clinical 
importance.

The reactions taking place on the surface 
of the erythrocyte membrane are analysed 
from the point of view of the linkage of 
blood group antibodies (iso-antibodies and

autoantibodies) and from the angle of the 
membrane-modifying effect. In this connec
tion the clinical importance of the surface 
reactions in vivo is also discussed.

When dealing with heterologous sub
stances (heterohaemolysins, phytohaemagglu- 
tinins, heterologous proteins, semi-antigens 
and microorganisms), author invariably 
analyses the course of the reactions, their 
dependence upon the actual condition of the 
surface (i.e. the erythrocyte), as well as the 
clinical observations.

It is obvious from the book that author 
discusses every process on the basis of firm 
experimental foundations. The techniques 
necessary to carry out the experiments men
tioned in the book are dealt with so thor
oughly that these two chapters might be used 
also as a separate laboratory manual. The 
reader is told how to carry out preparation 
of antigens, labelling with isotopes 35S, 
6ICr, 131I, sensitization, surface modification, 
and so forth. This detailed account of the 
methods is one of the greatest merits of the 
book.

Beside presenting his own results, author 
evaluates and surveys comprehensively the 
pertinent literature, too. It is certain that the 
publication and wide distribution of this 
small monograph will contribute to a more 
thorough examination and study of the as 
yet unclarified extracellular haemolytic syn
dromes and through that to a better under
standing of their pathogenesis.

Judith Szelényi
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Isolated fluorochroming of multiple mye
loma- antI Waldenstrom-cells. S. Raptis et al. 
(II. Medizinische Universitätsklinik, Vienna). 
Wien. Z. Inn. Med. 47, 220 (1966).

Bone marrow smears of patients with 
various types of paraproteinaemia were 
treated with gamma-globulin and thiazine 
red fluorochrome. Isolated fluorescence of 
the cytoplasm of plasmocytes was observed 
in cases of |S2A-type multiple myeloma and 
Waldenstrom’s disease. In normal bone 
marrow smears plasmocytes exhibited only 
minimum fluorescence, while the fluorescence 
was entirely absent in reticulosis, acute lym
phoid leukaemia, and agammaglobulinae- 
mia. It has been assumed that the observed 
phenomenon is due to a special affinity of 
fluorochrome to the paraproteins. Probably 
the dye enters the cytoplasm through the 
secretory pores by diffusion.

Попа Berzy

Haemolysis elicited by Neo-Salvarsan in 
glucose-6-phosphate dehydrogenase deficiency, 
combined with hepatic jaundice. F. Michot 
et al. (I. Med. Abt. Städt. Krankenhauses, 
München-Schwabing, G. F. R.). Schweiz. 
Med. Wschr. 96, 985 (1965).

A Rhodesian negro treated with Neo- 
Salvarsan developed viral hepatitis accom
panied by haemolytic jaundice. Glucose-6- 
phosphate dehydrogenase deficiency could 
be detected in the patient and the clinical 
picture, the case history, as well as the sero
logical examinations supported the diagnosis 
of haemolysis elicited by Neo-Salvarsan. 
It could not be established to what extent

hepatitis, as a virus infection, was responsiblt 
for haemolysis. Till now, Salvarsan has noe 
been recognized as a drug which elicits 
haemolysis in glucose-6-phosphate dehydro
genase deficiency.

Ilona Berzy

Cytoplasmic granule formation in myelocytes. 
An electron microscope radioautographic study 
on the mechanism of formation of cytoplasmic 
granules in rabbit heterophilic myelocytes. 
M. E. Fedorko, J. G. Hirsch (The Rocke
feller University, New York, N. Y.). J. 
Cell Biol. 29, 307 (1966).

Immature white cells in the bone marrow 
actively forming cytoplasmic granules are 
suitable for a study of lysosome formation. 
The intracellular flow of tritiated lysine as 
revealed by electron microscope radioautog
raphy was investigated in heterophilic my
elocytes of rabbit marrow. Label over the 
Golgi complex rose to a maximum of 37 % 
of total cytoplasmic grains 30 min after ini
tial exposure to the tracer and fell to 11 % 
after 3 to 4 hr of incubation. Coincident with 
decrease in label over the Golgi complex, 
grain counts over granules rose to 32% after 
3 to 4 hr. The time sequence of incorporation 
and flow of tritiated lysine and the percent
age distribution of label were similar in 
bone marrow myelocytes under in vivo and 
in vitro conditions. The results demonstrate 
that the Golgi complex incorporates or packs 
certain basic amino acids or proteins into 
the cytoplasmic granules of heterophilic 
myelocytes.

S. Szalontai
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Autophagic vacuoles in human red cells. 
G. Kent, O. T. Minick, F. J. Volini and E. 
Orfei (Department of Pathology, West Sub
urban Hospital, Oak Park, 111.). Amer. J. 
Path. 48, 831 (1966).

Membrane-enclosed bodies containing 
cytoplasmic organelles, iron particles and 
segments of erythrocytic cytoplasm were 
demonstrated in the erythrocytes and circu
lating reticulocytes of all persons examined. 
The autophagic vacuoles displaying acid 
phosphatase activity were increased in num
ber in individuals without spleen or in 
those with abnormalities of erythropoiesis. 
They were most abundant in splenectomized 
persons with concomitant haematologic 
disorders. Their incidence was high in retic
ulocytes, even in normal individuals. The 
bodies appear to play a role in the final stages 
of red cell differentiation in physiologic 
and pathologic conditions; their residues are 
eliminated efficiently in the presence of an 
intact spleen but accumulate in its absence. 
In order to attain maximum efficiency, the 
developing red cell must evidently surrender 
all superfluous material. According to the 
study it enlists the aid of the spleen for the 
effective removal of undigested residues.

S. Szalontai

Investigations into the local blood state of 
vascular tumours of the skin. I. Pastinszky 
and M. Kovács (Hungarian Army Medical 
Corps). Magyar Onkológia 1, 38 (1965).

The investigations have been carried out 
in 23 patients with giant-haemangioma,differ
ent in type and extent, but not associated 
with purpura. On six occasions in every case, 
invariably in the morning after fasting over
night, upper extremital venous blood was 
tested for erythrocyte, leucocyte, absolute 
eosinophil and basophil, as well as thrombo
cyte counts. Subsequently, blood samples 
taken from the cavity of the haemangiomas 
were examined for the same parameters. In 
every case the thrombocyte count was sig
nificantly lower in the blood samples from 
he angioma than in the circulating blood. 
The platelet count was 57.8 per cent (mean 
value) lower in the haemangioma blood than 
in the peripheral blood. In the blood taken

from the cavity of haemangioma the eosino
phil count was 40 per cent higher and the 
basophil count was 60.3 per cent lower. 
In the intraangiomal blood serum the albu
mins were decreased by 33.2 per cent and the 
beta-globulins were increased 3.5-fold. Anti- 
thrombocytic antibodies could be detected 
neither in the peripheral, nor in the haeman- 
giomal blood samples.

Authors attribute the intraangiomal 
thrombocytopenia to an increased utilization 
of these elements of blood within the haem
angioma. The platelets have not only a me
chanical reparative effect, but also influence 
vasoconstriction. If they decrease in number 
and if their function is impaired, haemor
rhages may occur, but the condition of the 
vascular wall may also be affected and the 
symptoms of angiopathy may develop. The 
decrease of basophil count and the increase 
of the eosinophil count are also considered 
to be part of a mechanism protecting the 
vascular wall. The changes in albumin and 
globulin values are ascribed to an alteration 
of the permeability of the vascular wall. 
It may be assumed that also such a shift 
in the protein pattern may play a role in the 
genesis of bleedings from angiomas.

( Autoreferate)

Thrombelastographic studies in physical urti
caria. I. Pastinszky and M. Kovács (Hun
garian Army Medical Corps). Allergologia 4, 
243 (1966).

To study the role of blood coagulation 
relations in physical urticaria, authors have 
determined the thrombocyte count and car
ried out thrombelastographic examinations 
before and after the allergic episodes in cold 
urticaria (8 patients), heat urticaria (2 pa
tients) and light urticaria (2 patients). It has 
been found that in patients suffering from 
physical urticaria there were no changes in 
the thrombocyte count or in the coagulation 
pattern as determined by thrombelastog- 
raphy before the application of the stimu
lus. In every case the induction of urticaria 
was followed immediately by an increase in 
the thrombocyte count and by an inhibition 
of fibrinolysis. Thirty minutes later, the 
thrombocyte count was 49.71 per cent lower 
and the rate of fibrinolysis was 164.4 per
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cent higher. The other values of the thromb- 
elastogram remained practically unchanged. 
Authors are of the opinion that the 
changes of both the thrombocyte count and 
the fibrinolysis serve to prevent the develop
ment of damage to the vascular wall during 
the allergic episode. The mobilization of 
thrombocytes and the decreased rate of 
fibrinolysis prevent an increase of the per
meability of the vascular wall. The fall in 
the thrombocyte count proves that the plate
lets have been utilized to restore the integ
rity of the damaged vascular wall. The re
lease of an activator from the vascular wall 
parallel with the disintegration of thrombo
cytes results in plasmin production, which 
is manifested in an increased rate of fibrino
lysis.

The results tend to indicate that the intra
vasal blood clotting relations play an impor
tant role in the control of vascular wall per
meability in physical urticaria.

( Autoreferate)

Biochemical metamorphosis of hemoglobin 
in Яапа catesbeiana. II. Further studies on 
the structure and properties o f tadpole and 
frog hemoglobins. K. Hamada, R. Shukuya 
(Department of Biochemistry, Nippon Medi
cal School, Tokyo). J. Biochem. (Tokyo) 59, 
397 (1966).

Using Rana catesbeiana as source mate
rial, tadpole and frog hemoglobins were 
each separated into two kinds of polypep
tide chains by use of carboxymethyl cellu
lose (referred to as a and ß). Tadpole ß- 
chain is responsible for the prominent ab
sorption of tadpole hemoglobin near 290 mg. 
Frog /З-chain contains two moles of reactive 
sulfhydryl group as calculated on the basis 
of the molecular weight being 17,000 for 
the polypeptide chain. Both tadpole and 
frog а-chains have the same N-terminal 
sequence, Gly. Leu and the same C-terminal 
group, His. On the other hand, the N-ter
minal sequence and C-terminal group of 
tadpole /1-chain are Val. Ala and Ala, re
spectively, while those of frog /З-chain are 
Gly. Ser and Glu, respectively. Tryptic and 
chymotryptic peptide maps prepared from 
tadpole a-chain are of the same pattern as 
those obtained from frog x-chain, but those

prepared from tadpole and frog |S-chains 
differ from each other in several peptide 
spots.

G. Gárdos

Electrophoretic demonstration of stromal 
effects on haemolysate glucose-6-phosphate 
dehydrogenase and 6-phosphogluconic de
hydrogenase. P. E. Carson, F. Ajmar, F. 
Hashimoto and J. E. Bowman (Genetics 
Clinic, Department of Pathology, Univer
sity of Chicago). Nature 210, 813 (1966).

Authors previously reported some stro
mal effects on haemolysate enzymes. The 
induced changes are 1. inactivation of glu- 
cose-6-phosphate dehydrogenase, 2. appar
ent activation of glutathione reductase, and 
3. partial inactivation of 6-phosphogluconic 
dehydrogenase. The electrophoretic demon
strations of these effects are reported in the 
present paper. The results show that the loss 
of G-6-PD activity by heat denaturation or 
by incubation with stromata can be prevent
ed by added NADP. For 6-P-GD it was 
shown that the usually distinguishable bands 
have merged, there was no specific removal 
of any band. The decrease in 6-P-GD activ
ity of haemolysates induced by incubation 
with stromata and NADP may be associated 
with an actual alteration of enzyme protein. 
Unlike the inactivation of G-6-PD, NADP 
is also necessary to effect this change. Thus 
although NADP does not seem to be directly 
necessary for protection of the catalytic 
activity of 6-P-GD, NADP may affect its 
structural state. The erythrocyte membrane 
does appear to have the capability of alter
ing the metabolism of the erythrocyte by 
effecting changes in the cytoplasmic enzymes.

Judith G. Szelényj

Rh antibody type in haemolytic disease of 
the newborn. S. Murray (Regional Transfu
sion Centre, Newcastle upon Tyne). Vox 
Sang. 12, 81 (1967).

Between 20% and 30% of antenatal sera 
from Rh negative immunized mothers con
tain saline agglutinating anti-Rh in addition 
to the incomplete Rh antibody. Saline anti
bodies are not merely an early response 
but recur quite frequently in subsequent
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pregnancies and in stillbirths. The presence 
of saline antibody in the mother is signifi
cantly related to increased severity of the dis
ease in the infant both in 1 st and later affected 
cases. This is not affected by the ABO group, 
compatibility status or Rh genotype of the 
infant, but in 1st affected cases only it seems 
to be related to the mother’s ABO group, 
and could conceivably be affected by the 
naturally occurring antibodies of the ABO 
system already present. It is with the lower 
titres of incomplete Rh antibody that the 
saline antibodies are important, and if cases 
with saline anti-Rh are excluded, there is then 
a highly significant relationship between in
direct Coombs’ titre and severity of disease.

Jolanda Simon

Determination of phosphate: Study of labile 
organic phosphate interference. E. S. Baginski, 
P. P. Foa and B. Zak (Detroit General Hos
pital, Detroit Mich. USA). Clin. Chim. Acta 
15, 155 (1967).

A newer method for the determination of 
inorganic phosphate is applicable to the study 
of phosphate-splitting enzymes. This simple 
and sensitive procedure for phosphate deter
mination eliminates error due to non-enzy- 
matic hydrolysis of phosphate. A unique 
feature of the method concerns the fact 
that the reagents (ammonium molybdate, 
and citrate-arsenite solution) form a stable 
colored complex with the inorganic phos
phate present, and any additional phosphate 
liberated after the reagents have been added, 
cannot react. This procedure appears to be 
quite suitable for the determination of in
organic phosphate, phospholipids, nucleo
tides or enzyme hydrolyzed phosphate.

Edith Soós

Effect o f ferritin on globin synthesis. J. Van 
Stone, R. D. Coleman, P. Heller (Veterans 
Administration West Side Hospital and 
University of Illinois College of Medicine, 
Chicago, 111.). Nature 210, 843 (1966).

The effect of ferritin on globin synthesis 
was investigated in a cell-free system meant 
to imitate the conditions in sideroblasts. 
Ribosomes and the enzyme fraction were

obtained from reticulocytes and the amount 
of incorporated valine-l-14C into the nondia- 
lysable fraction was considered to be a meas
ure of globin synthesis. Experiments were 
done with the addition of ferritin, pyridoxal, 
pyridoxine, pyridoxamine, deoxypyridoxine, 
or glutathione. The results suggested that 
ferritin inhibited globin synthesis. This in
hibition was counteracted by excess of gluta
thione in the incubation medium. Pyridoxine 
and its derivatives neither stimulated globin 
synthesis nor counteracted the effect of ferri
tin. It is suggested that in thalassaemia the 
high ferritin content has some role in the 
inhibition of globin synthesis but the slightly 
ameliorating effect of pyridoxine in this 
disease is indirect through the action of 
pyridoxine on haem synthesis.

Judith G. Szelényi

Mechanismus der Bildung von Inosinmono
phosphat in menschlichen Erythrozyten. II. 
Synthese des Inosinmonophosphat aus Inosin 
nach phosphorolytischer Spaltung des Inosins 
(Mechanism of formation of inosine mono
phosphate in human erythrocytes. II. Synthe
sis of inosine monophosphate from inosine 
upon phosphorolytic decomposition of ino
sine). H. Banaschak (Institut für Pharmako
logie und Toxikologie der Humboldt Uni
versität, Berlin) Acta biol. med. german. 17, 
261 (1966).

In stroma-free, human haemolysates the 
IMP synthesis from inosine and ATP is 
defined by adenylic acid deaminase and ino
sine kinase reactions. IMP synthesis is de
pendent on Mg++, K+ and phosphate. 
Phosphate-dependent are both the nucleoside 
phosphorylase and the IMP pyrophosphory- 
lase reactions, the latter representing the K + 
dependent stage. The individual stages of the 
reaction are studied in details. It is concluded 
that the ribose-5-phosphate pyrophospho- 
kinase reaction is the speed-limiting step in 
this way of the IMP synthesis.

Ilma Szász

Control o f glycolysis in the human red blood 
celt. I. A. Rose, J. V. B. Warms (Depart
ment of Biochemistry, Philadelphia, Penn. 
1911). J. Biol. Chem. 241, 4848 (1966).
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Out of the effects of inorganic phosphate, 
resulting in the increase of glycolysis rate, 
the stimulation of hexokinase and phospho- 
fructokinase is recognized, but the cause of 
the necessary rate increase of pyruvate ki
nase is not. Therefore kinetic studies with 
this enzyme from normal and mutant (pyru
vate kinase deficient) human red blood cells 
have been performed. It was established 
that the increase in the rate of formation of 
phosphoenolpyruvate is primarily respon
sible for the increase of the reaction rate in 
the kinase step. Mutant cells with about 10% 
enzyme activity reached even saturating 
levels of phosphoenolpyruvate. According 
to the authors the explanation for the accu
mulation of fructose diphosphate and di- 
hydroxyacetone phosphate at high glycolyt
ic rates in normal and deficient cells is that 
glyceraldehyde phosphate dehydrogenase be
comes rate limiting as a result of an increased 
ratio of reduced to oxidized NAD and 1,3- 
diphosphoglyceric acid.

Ilma Szász

Studies on erythrocyte glycolysis. II. Free 
energy changes and rate limiting steps in 
erythrocyte glycolysis. S. Minakami, H. 
Yoshikawa (Department of Physiological 
Chemistry and Nutrition, Faculty of Medi
cine, University of Tokyo). J. Biochem. 
(Tokyo) 59, 139 (1966).

The mass action ratios and the free energy 
changes of the individual steps of glycolysis 
occurring in erythrocytes under physiologi
cal conditions are calculated. The thermo
dynamic data indicate that three reactions 
catalyzed by hexokinase, phosphofructo- 
kinase and pyruvate kinase are rate limiting 
steps in glycolytic process in erythrocyte. 
The free energy change for the erythrocyte 
glycolysis may be calculated to be —52.5 
kcal or —53.8 kcal. The efficiency of ATP 
formation by the steady state glycolysis of 
erythrocytes is calculated to be about 50%.

G. Gárdos

Plasma volume expanding effect o f dextran 
and plasma. U. F. Gruber, S. E. Bergentz 
(Kirurgiska kliniken I, Gothenburg, Sweden). 
Nord. Med. 76, 1277 (1966).

The plasma volume expanding effect 
of an infusion of 500 ml plasma, and a dex
tran solution was studied in healthy volun
teers following withdrawal of 500 ml blood. 
There was immediate expansion of the plasma 
volume to almost twice the infused volume. 
After 2 1/2 hours the plasma volume had 
decreased to the pre-bleeding value. Auto
logous plasma infusion immediately restored 
the plasma volume to the pre-bleeding val
ue and it remained unchanged at the end of 
2 1/2 hours. Homologous fresh plasma had 
the same immediate effect but there was a 
marked decrease in the plasma volume 
amounting to the whole volume infused. Two 
subjects had urticaria and one, chills. Since 
the blood groups were wholly identical, the 
reactions probably were due to the presence 
of immunoglobulins or viable leukocytes, 
causing an antigen-antibody reaction. It is 
concluded that the plasma volume expanding 
effect of homologous plasma infusion is 
not predictable as that of infusion of dex
tran or autologous plasma.

E. Benedek

Gm(b) factor in the у globulin of non-human 
primates. J. C. Allen (Department of Med
icine, The Johns Hopkins University School 
of Medicine, Baltimore, Md.). Nature 209, 
520 (1966).

Inhibitory effect of pooled sera from dif
ferent species of non-human primates and 
that from an individual gorilla was compared 
with the effect on incomplete anti-D coated 
red cells—anti-Gm(b) agglutinator system. 
A rheumatoid and a non-rheumatoid hu
man serum and a serum from an immunized 
Rhesus monkey were used as agglutinators. 
The non-human primate sera were inhibi
tory to a different extent when the human 
agglutinators were used; but only the human 
serum was an effective inhibitor of the mon
key agglutinator. No Vi H-chain sub-group 
antigenic determinant was found in the 
non-human primate sera.

G. A. Medgy esi

Biologische Normalwerte bei Wistar-Ratten 
( Jena) verschiedenen Alters. I. Das normale 
rote und weisse Blutbild (Normal biological
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data of Wistar rats (Jena) at different ages.
I. The normal data of erythrocytes and leu
kocytes). H. Hoffmann, L. Kersten. (Institut 
für Pharmakologie der Friedrich-Schiller- 
Universität, Jena). Z. Versuchstierk. 8, 227 
(1966).

The alterations in the red and white 
blood-cell counts of Wistar rats (Jena) of 
different ages are reported. The number of 
erythrocytes increases to the value of the 
adult rats after 3 1/2 months (8 .52+  0.152 
Mill./mm3), while haemoglobin attains these 
values after about 2 months (16.6+  0.15 
gr %). There are real differences in the haemo
globin content between male and female 
rats during the maturation and also in the 
numbers of erythrocytes of adult rats. The 
white blood-picture develops more rapidly, 
for standard values of adults in both sexes 
were found after 15 days of life (distribution 
of leukocytes in differential blood picture) 
and at the end of the 2nd month of life 
(complete leukocyte-counts).

Esther Cholnoky

Die Normalwerte des Thrombelastogramms 
bei gesunden Hunden (The normal data of 
the thrombelastograms of healthy dogs).
J. Pospisil, M. Beran (Institut für Biophysik 
der Karls-Universität, Praha). Z. Versuchs
tierk. 8, 256 (1966).

The thrombelastograms of 60 healthy 
fasting dogs were evaluated. The average 
values are as follows: r =  9.6vt +  1.8, 
k =  5.7vt +  1.3, ma =  60.8mm +  6.1.

Esther Cholnoky

Pyridoxine responsive anaemia determined 
by an X-linked gene. M. W. Elves, M. S. 
Bourne, M. C. G. Israels (Department of 
Clinical Haematology, The Royal Infirmary 
and University, Manchester). J. Med. Gen. 
3, 1 (1966).

A family is described of which 83 indi
viduals have been investigated, a pyridoxine 
responsive anaemia being found in 6 middle- 
aged men. The salient features of this dis
ease are an anaemia that may vary from mild 
to severe, and evidence of iron loading. Two

of the patients had normal haemoglobin 
levels at the start of the study, but both 
showed iron loading which responded to 
pyridoxine therapy. Osmotic fragilities and 
haemoglobin studies by electrophoresis re
vealed no departure from normal in any case. 
It is suggested that the anaemia in this family 
is an X-linked recessive condition. Other 
published familial cases are discussed and 
all would be consistent with such a mode of 
inheritance. It was found that the gene re
sponsible was not closely linked to that deter
mining the Xg blood groups.

Esther Cholnoky

Neutrale Plasmalogene und Alkoxydiglyzeride 
in menschlichem Depotfett (Neutral plasmalo- 
gens and alkoxydiglycerides in human fat 
deposit). H. H. O. Schmid and H. K. Man
gold (Hormel Institute, University of Minne
sota, Austin, Minn.). Biochem. Z. 346, 13 
(1966).

Neutral plasmalogens (O-Alken-l-yl-di- 
glycerides) and 1-alkoxydiglycerides are 
isolated, as pure lipid classes, from human 
perinephric fat obtained at post mortem 
from a patient with leukaemia. The aldehydes 
in the neutral plasmalogens and the glyceryl 
ethers in the alkoxydiglycerides are mainly 
saturated and monounsaturated. However, 
the quantitative compositions of correspond
ing constituents of the two lipid classes are 
different. The neutral plasmalogens and al
koxydiglycerides contain the same fatty acids, 
but in different proportions. Each of these 
lipid classes exhibits a specific fatty acid 
pattern.

Elisabeth Török

Die Veränderung der Enzymkapazitäten von 
Hexokinase, Phosphofruktokinase und Pyru
vatekinase roter Blutzellen bei Konservierung 
in ACD und zitratfreien Stabilisatoren (Chan
ges of hexokinase, phosphofruktokinase 
and pyruvic kinase activities of red blood 
cells under preservation in ACD and citrate- 
free stabilizers). G. Jacobasch, H. J. Rade- 
recht with assistance of S. Scheerer, Ch. 
Boese, R. Eisner (Physiologisch-chemisches 
Institut der Humboldt-Universität, Berlin). 
Acta biol. med. german. 17, 275 (1966).
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The hexokinase, phosphofructokinase 
and pyruvic kinase activities of red blood 
cells were followed in the course of blood 
preservation, using three stabilizer solutions: 
ACD, AMD (glucose: 133 mM/1, malonic 
acid: 114 mM/1, NaOH: 218 mM/1) and ABD 
(glucose: 150 mM/1, HC1: 30 mM/1, sodium 
diaethylbarbiturate: 42 mM/1, sodium ace
tate: 3 H20  :44 mM/1). Phosphofructokinase 
proved to be the most susceptible enzyme, 
being inactivated by 50 per cent within 6 to 
8 hours in ACD medium. After 30 days of 
preservation, the activity loss exceeded 80 
per cent, whereas pyruvic kinase by more 
than 50 per cent. The initial inactivation of 
phosphofructokinase in AMD and ABD 
media was not as high. Since in haemolysate 
both phosphofructokinase and pyruvic ki
nase may be inactivated by citrate it is sup
posed that the inactivation of these two en
zymes in ACD medium is accelerated by the 
action of citrate. Ilma Szász

Blood-volume changes in severe anaemia in 
pregnancy. K. A. Harrison, M. B. Lond 
(Department of Obstetrics and Gynaecol
ogy, University of Ibaden, Nigeria). Lancet 
7480 (I), 20 (1967).

The blood-volume changes were esti
mated by means of chromium labelling 
methods and by Evans-blue dve technique 
in anaemic and healthy pregnant women. 
In severe anaemia in pregnancy, the haemo
globin concentration and the packed cell 
volume of the venous blood give a very 
good indication of the total red cell value 
before the anaemia is treated. In cases of 
multiple pregnancies, gross splenomegaly, 
anaemic failure and larger plasma-volume 
expansion are found. Total blood-volume 
is reduced in 25% of the patients in whom 
the haemoglobin concentration is less than 
4.4 g per 100 ml, and the packed cell vol
ume of peripheral venous blood is less than 
14% and the total red-cell mass is less than 
10 ml per kg body weight. In severe anae
mia in pregnancy the haematocrit ratio 
is not constant when the packed cell volume 
is less than 25 %. The total blood-volume can 
therefore be reliably estimated only by si
multaneous measurements of red-cell and 
plasma-volumes. E Benedek

Gleichzeitige Bestimmung von Kalzium- und 
Chloridionen in derselben Serumprobe (De
termination of calcium and Chlorid ions 
in one serum sample). L. Wünsch (Kranken
haus, Usti u/L. Tschechoslowakei). Clin. 
Chim, Acta 15, 127 (1967).

A titration method for the determination 
of calcium and chlorid ions in one serum 
sample is described. First calcium is estimated 
by titration with dinatrium salt of ethy- 
lendiamintetraacetic acid, then are the chlorid 
ions titrated with mercuric nitrate. By the 
titration of calcium fluorexon, and by the 
titration of chlorid diphenylcarbazon is the 
indicator. During the second titration, the 
rising complex of diphenylcarbazon and mer
curic ions is extracted in ethyl acetate to 
make the reaction more sensitive. The pres
ence of coagulated proteins does not inter
fere with the titration. The determination 
can be performed with 0.1—0.5 ml of serum. 
The satisfactory accuracy, simple equipment 
and small amount of serum make the meth
od recommendable for diagnostic purposes 
in children and in other cases where large 
amounts of blood are difficult to obtain.

Edith Sods

Some differences between primary structures 
of hemoglobins of man and monkey ( Macacus 
rhesus). M. Teleha and P. Mäsiar (Depart
ment of Biochemistry, Safárik University, 
Kosice). Collection Czechoslov. Chem. Com
mon. 31, 3383 (1966).

Differences between the primary struc
tures of hemoglobins of man and monkey 
were studied by high-voltage paper electro
phoresis and by chromatography. Acidic 
fragments containing cysteic acid and differ
ing in their chromatographic behaviour were 
isolated from chymotryptic digests of the 
two hemoglobins. The fragment which was 
isolated from monkey hemoglobin did not 
contain threonine. From a combined tryp
tic-peptic digest of monkey hemoglobin 
peptide Ala. Glu. Leu was isolated by chro
matography and electrophoresis. This pep
tide was not found in human hemoglobin 
submitted to an analogous treatment. From 
the results of the analyses of the two differ
ing peptides the authors conclude that one
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of the differences between the primary 
structures of human and monkey (M. rhesus) 
hemoglobin involves position 87 in the 
ів-chains where threonine is replaced by 
glutamic acid in monkey hemoglobin.

V. Sőtér

Agglutination of tanned sheep erythrocytes 
by serum from Nigerian adults and children. 
C. Adeniyi-Jones (University of Ibadan, 
Nigeria). Lancet 7483, 188 (1967).

This investigation shows that the serum 
of Nigerians commonly contains a factor 
capable of agglutinating tanned sheep eryth
rocytes. It has the electrophoretic mobil
ity of gammaglobulin, and is absorbed by 
tanned cells. Its characterization as a macro
globulin, by the action of the reducing sulph- 
hydryl agent mercaptoethanol suggests 
its similarity to the heterophil antibodies 
present in human serum against untanned 
sheep erythrocytes. It is different from the 
antibody to the Forssman antigen, since it 
persists after absorption with normal sheep 
cells and with guinea pig kidney. It is also 
different from the heterophil antibody found 
in patients with infectious mononucleosis 
since it is not absorbed by ox red blood cells. 
It creates difficulties in performing haemag- 
glutination tests using tanned cells sensitized 
with antigen, since it is difficult to determine 
the agglutination titre with specific antibody. 
The usefulness of specific haemagglutination 
tests is thus limited in areas where the factor 
is common. It was absent from cord blood, 
but present in 39% of infants, 71% of 
schoolchildren, 75 % of urban adults, and 91 % 
of rural adults. The titre increased with age. 
The sharing of antigenic determinants among 
organisms and plant tissues is well known 
and Olliver-Gonzalez (1952) described the 
absorption of heterophil antibody against 
normal sheep erythrocytes by a variety of 
bacteria and helminth parasites, showing 
the wide interrelationship of antigens. It is 
therefore not difficult to envisage existing 
antibody reacting with the tanned cell sur
face. The age-distribution of the factor in Ni
gerian serum suggests that it is an acquired 
phenomenon, and its macroglobulin nature 
explains its absence from cord blood. The 
rise in prevalence and titre with age may

indicate increasing exposure to a stimulus 
which is first applied shortly after birth, 
and the lower titres and prevalence in urban 
men may reflect the reaction of population 
subject to a less intense stimulus. From 
early life the Nigerian is assailed by viral, 
bacterial, protozoal, and helminth infections. 
The early appearance of agglutination at a 
time when helminth infection is uncommon 
and malaria not unusual, suggests that a 
relationship between the agglutination reac
tion and malaria infection may well exist.

P. Lépes

Lysozyme in bone marrow and peripheral 
blood cells. R. S. Briggs, P. E. Perillie, S. C. 
Finch (Department of Internal Medicine, 
Yale University, New Haven, Conn.). J. 
Histochem. Cytochem. 14, 167 (1966).

By means of an indirect histochemical 
technique the intracellular lysozyme of the 
formed elements of the peripheral blood 
and bone marrow was estimated. Evidence 
is presented that monocytes as well as mature 
neutrophils and their precursors extending 
back to the progranulocyte, contain signifi
cant amount of this enzyme. A rare mature 
eosinophil demonstrated a trace of lysozyme 
activity. There was no evidence of lysozyme 
activity in basophils, erythrocytes, mega
karyocytes, platelets, plasma cells, tissue 
mast cells or bone marrow reticuloendothe
lial cells.

Georgina Sik

The transfusion of leukocytes from donors 
with chronic myelocytic leukemia to patient 
with leukopenia. E. M. Morse et al. (National 
Cancer Institute, Division of Biology Stand
ards, Bethesda, Md.). Transfusion 6, 175 
(1966).

Leukocytes were collected from donors 
with chronic myelocytic leukemia by plasma
pheresis and transfused into severely leuko
penic recipients. The median transfusion of 
7 X 1010 granulocytes (range 15 to 35 X 1010) 
resulted in a median increase in circulating 
granulocytes of 1,000 per cu. mm (range 0 to 
19,000) one hour after injection. The post
transfusion increment was directly related to
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the number of cells injected. Only 4.8 per 
cent of the injected cells were recovered in 
the circulating blood volume at one hour 
(range 0 to 37 per cent). The per cent recovery 
was directly related to the pretransfusion 
granulocyte count of the recipient, the more 
severe the recipient’s leukopenia, the lower 
was the per cent recovery of transfused cells. 
The transfused granulocytes disappeared 
from the recipient’s circulation with a half 
time of 24 hours. A number of other factors 
were found to influence the results of trans
fusion such as: antileukemic drugs given, 
the presence of fever, the transfusion vehicle, 
the ABO red cell compatibility of donor 
and recipient and the sequence of transfu
sion. Clinical responses as measured by 
disappearance of fever were seen in 54% 
of the recipients. The fraction of febrile 
patients responding increased as the dose of 
leukocytes transfused increased. Severe reac
tions, manifested by dyspnea, cyanosis, and 
lung infiltrates were seen in a small percent
age, but febrile reactions occurred in 67 per 
cent of afebrile patients.

Georgina Sik

Intrauterine transfusion. G. C. Allan, W. M. 
Alpern, E. A. Friedman et al. (Department 
of Gynecology, Chicago Medical School, 
Chicago, 111.). Obstet, gynec. 28, 323 (1966).

Intrauterine transfusion is claimed to be 
effective in preventing intrauterine death 
from severe erythroblastosis fetalis. The 
method administering blood to the fetus in 
utero was first described by Li ley in 1963. 
Twenty-six intrauterine transfusions were 
performed in 17 patients during a year. 
Fresh, 0 Rh negativ packed red blood cells, 
compatible by cross match with the mother’s 
serum were transfused without any anti
biotics. These experiments lead the authors 
to believe that infants bom with erythro
blastosis fetalis can be kept viable and heal
thy by this method.

Georgina Sik

A study of conservative and surgical treatment 
of Werlhof’s disease. D. M. Grozdov, A. S. 
Kukéi, L. S. Tsepa (Central Institute of 
Haematology and Blood Transfusion, Mos
cow). ProbL haemat. 12, 16 (1966).

The paper presents the results of treat
ment of 343 patients with thrombocytopenic 
purpura; 213 of these were subjected to 
surgical intervention. The importance of 
isolation of the immune forms is underlined; 
the latter are mostly encountered in acute 
(subacute) forms and rarely in chronic 
relapsing Werlhof’s disease. Conservative 
therapy with the use of steroid hormones is 
sufficiently effective in acute (subacute) 
forms. In non-immune forms of Werlhof’s 
disease the therapeutic measures, including 
hormonal therapy, at best provide clinical 
remission. In this connection indications of 
splenectomy in this variant of the disease 
should be widened. Postoperative results 
are better when the operation is performed 
at the phase of remission than during the 
haemorrhagic crisis. The mortality rate is 
zero in the first case and 5 % in the second.

Katalin Natonek

The effect on the plasma proteins of peroral, 
enteral, intraportal, and intravenous admin
istration of casein hydrolysate. An experi
mental study in the dog. I. Holm (Department 
of Surgery, Serafimerlas, Stockholm). Acta 
Chir. Scand. 351. Suppl. (1965).

Author has shown that protein-free diet 
leads to hypalbuminaemia. The normal 
plasma protein level can be maintained by 
the peroral administration of casein hydro
lysates. If the same amount of casein hydro
lysate is administered enterally, the protein 
supply is insufficient, due to the evoked 
diarrhoea or polyuria. As injected intra- 
portally or intravenously daily, in rapid 
infusions of short duration, appropriate 
amounts of casein hydrolysate will produce 
hypalbuminaemia and hyperglobulinaemia. 
The repeated, rapid infusion of physiological 
sodium chloride solution evokes the same 
alterations, in spite of the peroral administra
tion of appropriate amounts of N, probably 
because the elimination of albumin from 
the blood is increased by the sodium chloride 
infusion. If casein hydrolysate is administered 
in appropriate amounts but in prolonged 
daily doses, hypalbuminaemia and hyper
globulinaemia can be almost completely 
prevented and normal plasma protein level 
can be maintained in many cases. These
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results suggest that the plasma protein level 
can be kept near to normal by the intravenous 
administration of casein hydrolysate, if the 
daily doses are introduced in small liquid 
volumes and in infusions of relatively long 
duration.

J. Dávid

Separation of contaminating pyrogenic mate
rial from commercial bovine serum albumin. 
B. A. Philip, P. Herbert and J. W. Hollings
worth (Department of Internal Medicine, 
Yale University School of Medicine, New 
Haven, Conn.). Proc. Soc. Exp. Biol. Med. 
123/2, 576 (1966).

The authors found a pyrogenic material 
in commercial bovine serum albumin, 
which proved to be bacterial endotoxin. 
From sterile calf serum non-pyrogenic bovine 
serum albumin was prepared. By Sephadex 
G-100 column chromatography, the pyro
genic material could be separated from 
proteins in commercial bovine serum samples. 
Since bovine serum albumin is widely used 
in immunological and other studies, the 
preparations contaminated with endotoxin 
may modify the results and thus misleading 
conclusions may be drawn.

./. Dávid

The effect of blood exchange transfusion on 
the production of immunologic factors. Z. 
Nejedlá (Institute for Mother and Children 
Welfare, Prague-Podoli). Mschr. Kinder- 
heilk. 114, 107 (1966).

Exchange transfusion removes not only 
the antibodies causing haemolysis, but also 
the ones directed against pathogenic micro
organisms, that enter the foetus from the 
mother through the placenta and that ought 
to protect the foetus in the first months 
of life. The maternal antibodies protect the 
newborn up to 2—3 months; after that the 
infant begins to produce its own antibodies. 
The half-life of antibodies introduced by 
exchange transfusion is only 25—30 days. 
Thus, infants treated by blood exchange are 
poorly protected from the second month 
of life on. Author examined 25 infants treated 
by exchange transfusion and compared the

results with those obtained in infants not 
treated that way. Diphtheria-, tetanus-, and 
pertussis-antibodies belong to the microglob
ulins. They are present in smaller amounts 
in the maternal blood than in donor 
blood. In the blood of healthy newborns and 
of those suffering of erythroblastosis these 
antibodies are present in smaller amounts 
than in the maternal blood. Newborns with 
erythroblastosis show immediately before 
blood exchange unequivocally lower titres 
than the normal ones. During the first week 
after blood exchange the titre values of infants 
are still lower. All infants were immunized 
with diphtheria-tetanus-pertussis triple vac
cine at 3 months of age. In normal infants, 
aged 6 to 9 months, the antibody titres were 
higher as a rule. The gamma globulin levels 
in normal newborns were comparable to the 
maternal. After the third month of age there 
was a sudden fall in the values. In the bloods 
used for exchange transfusion the gamma 
globulin values were lower than in the 
maternal blood. In haemolytic disease of 
the newborn a markedly lower value was 
found already before the blood exchange 
than in the normal newborns. The gamma 
globulin values of this group continued to 
decrease til! the sixth month. The author 
studied the behaviour of E. coli antibodies 
as well, which belong to the macroglobulins 
and cannot pass through the placenta. For 
this reason the E. coli antibody-level of 
normal newborns is very low. After exchange 
transfusion the titre markedly increases, 
and thus the E. coli antibody-level of infants 
submitted to exchange transfusion is higher 
in the first month than in normal infants.

J. Dávid

Antibodies against gamma globulin after 
repeated blood transfusions in man. J. C. 
Allen and H. G. Kunkel (Department of 
Medicine, Johns Hopkins University School 
of Medicine, Baltimore, Md.). J. Clin. Invest. 
15, 29 (1966).

The authors have examined the sera of 
65 children and 85 adults, who had received 
repeated doses of gamma globulin in the 
form of transfusion. It became evident that 
60 per cent of the children and 30 per cent of 
the adults developed some kind of antibodies
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against gamma globulin. In the children 
mainly the anti-gam m a globulin was (Gm) 
genetic factor specific, although non-G m  
specificity and rheum atoid factor-like activity 
could also be detected. The assum ption that 
these Gm-specific antibodies were form ed by 
immunization by the transfused and geneti
cally heterologous gamma globulin, is sup
ported by the following: 1) the anti-G m  
specificity was directed only against Gm- 
factors, which were absent from the patien t’s 
gamma globulin phenotype; 2) the very 
high percentage incidence of activity, as 
compared to contro l individuals w ithout 
transfusion; 3) in a  15-year-old individual 
anti Gm-activity developed during observa
tion, and finally 4) the frequent lack of 
immunizing G m -factor in the m aternal gam
ma globulin. In  adults haemagglutinating 
antibodies were found against hum an in
complete anti-D  antibodies. These might be 
formed via  im m unization by the denatured 
or aggregated gamm a globulin found in the 
transfused preparation, or the im munization 
took place w ith the autologous gamma 
globulin, as the antibodies against the trans
fused erythrocytes (“ anti-antibodies” ). These 
studies have dem onstrated the antigenicity 
o f human isologous gamma globulin and 
have called attention  to  the circumstance 
that Gm-specific antibodies and rheum atoid 
factor-like activity may be brought about by 
immunization with isologous gamma globu
lin. The investigations have shown also the 
origin of antibodies specific to the Gm- 
factor of human gamma globulin in clinically 
healthy persons, and pointed out the an ti
body character o f anti-gamma globulins 
formed in patients suffering of rheum atoid 
arthritis.

J . D á v id

O n the sero log ica l d iagnosis o f  A B O -ery thro -  
b lastosis. F. W. Bube (Blood Center o f Univ. 
Clin., Clin. Chir., Köln). Z . K in d erh e ilk ., 95, 
231 (1966).

The serological methods recommended 
for the exam ination o f ABO-erythroblastosis 
are often very complicated and fail to give 
positive results in all cases. A good method 
should detect complete as well as incomplete 
antibodies, should be well reproducible, 
simple, and must not give aspecific positive 
results. The author replaced the m aternal 
serum by AB-group substance. In this way 
the isoagglutinins are neutralized. Then 
A-erythrocytes pretreated with bromelase 
are added. In addition, fresh AB-serum is 
also added, since complement is required for 
the binding of anti-A or anti-B immune 
antibodies; then the source of agglutination is 
examined in indirect light. If  the test is 
negative, after washing with physiological 
sodium chloride solution anti-hum an globu
lin is added and the mixture is examined again 
for agglutination. If  the test is now positive, 
immune-antibodies are present. (For details 
see the original paper.)

O ut o f 38 cases of pure ABO-erythroblas
tosis the test was positive in 37 cases, and 
similar results were obtained in 26 cases of 
pure Rh-erythroblastosis. Out o f 17 cases of 
ABO +  Rh-erythroblastosis the test was 
positive in 16 cases.

J . D á v id

The lo ss  o f  certa in  ce llu lar co m p o n en ts  f r o m  
hum an e ry th ro cy te s  during  hyp o to n ic  h a e m o 
ly s is  in th e  p resence  o f  d e x tra n . H. Magnus, 
S. G. Ostling and E. G. Persson (University 
H ospital, Uppsala, Sweden). A c ta  P hysio l. 
Sca n d . 67 /1 , 43 (1966).

The loss of certain cellular components 
(catalase, glucose-6-phosphate dehydroge
nase, hexokinase, lactic dehydrogenase, 
ATP, glutathione) was studied in hum an 
erythrocytes treated with haemolytic hypo
tonic salt solution containing dextran. There 
was an inverse relationship between the 
am ount o f components and the relative 
disappearance rate from the cell.

J . D á v id
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Acta Haematologica (Basel) 36 (1966) No. 
5—6

Cell proliferation in leukemia during relapse 
and remission. I. D N A  and RNA syn
thesis o f leukemic cells in the bone marrow 
in vitro. S c h m id , J . R .  et al. (Mayo 
Clinic, Rochester, M inn.), p. 313

Aggregation und Desaggregation von Eryth
rozyten. A h r iy , A . M . et al. (I. Med. Klinik 
und Poliklinik der Univ., Langenbeckstr. 
1, 65 Mainz), p. 323

The transform ation of hum an mononuclear 
leukocytes in vitro. I. Comparison of 
cells in suspension and attached to co- 
verslips. L a m v ik , J . O . (Univ. of Bergen, 
School o f Med., Bergen, Norway), p. 
335

Studies o f lymphocytes and their derivative 
cells in vitro. I. Biochemical constituents. 
G ough, J . e t al. (Dept, o f Clinical Hae- 
mat., The University, M anchester, Eng
land), p. 344

Eosinophil granules and cell m aturity: 
Electron microscopic observations on 
guinea-pig marrow. H u d so n , G. (Dept, 
of Anatom y, Med. School o f the Univ., 
Bristol, England), p. 350

A peculiar benzidine-positive protein frac
tion in the plasma of newborns and 
children with various haemolytic condi
tions. B o ttin i,  E . et al. (Istituto di Genetica, 
Facoltä di Science, Univ. di Roma, 
Roma), p. 361

Über den Retraktionsvorgang beim Blut
plasmagerinnsel. Fonio, А . (Poststrasse 19, 
7000 C hur, Schweiz), p. 371

On the origin o f the skin window macropha
ges. T repe l, F. et al. (I. Med. Abteilung,

Städt. K rankenhaus, München—Schwa
bing), p. 386

Sickle cell disease and glucose-6-phosphate 
dehydrogenase. L e w is , R . A . et al. (N a
tional Inst, of Health and Med. R e
search, P. O. Box 2848, Accra, G hana), 
p. 399

A new thalassemic syndrome: Homozygous 
hemoglobin S disease delta thalassemia. 
T hom pson , R . B. et al. (Dept, of Clin. 
Lab. Sciences, Univ. of Mississippi Med. 
Center, Jackson, Miss.), p. 412

Blood (New York) 28 (1966) No. 3

Effects of erythroid hyperplasia on patterns 
of glycine-2-C14 uptake in heme and 
globin o f hum an peripheral blood in vivo. 
N a th a n , D . G. et al. (Hemat. Lab., Peter 
Bent Brigham Hosp., Boston, Mass.), p. 
303

The production of hemoglobin C in sheep 
carrying the gene for hemoglobin A : 
Hematologic aspects. M o o re , S . L . et 
al. (Clemson Univ., Clemson, S. C.), p. 
314

Extraction o f an erythropoietin-producing 
factor from  a particulate fraction of ra t 
kidney. C o n trera , J . F. et al. (Dept, of 
Biol., G raduate  School of A rts and 
Science, New York, N. Y.), p. 330

Urinary excretion of erythropoietin in no r
mal men and women. A le xa n ia n , R . (The 
Univ. of Texas M. D. Anderson Hosp., 
Houston, Texas), p. 344

Erythropoietin excretion in normal man. 
A d a m so n , J . W . et al. (Div. of Hemat., 
Univ. o f W ashington School of Med., 
Seattle, W ash.), p. 354
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Adverse effect o f raised environmental 
tem perature on the expression of heredi
tary spherocytosis in deer mice. A n derson , 
R u th  et al. (Dept, of Med. and Genetics, 
Univ. of W ashington, Seattle, W ashing
ton), p. 365

Fast hemoglobin in lead poisoning. C harache, 
S . et al. (D ept, o f Med., The Johns H op
kins Univ. School of Med., Baltimore, 
Md.), p. 377

Mechanism o f the hereditary anemia of Slm 
mutant mice. K ales, A . N . e l al. (Dept, of 
Med. and Physiol., Univ. o f Chicago, 
Chicago, 111.), p. 387

Regeneration of locally irradiated bone 
marrow. I. Dose dependent, long-term 
changes in the rat, with particular empha
sis upon vascular and stromal reaction. 
K nospe, W . H .  et al. (Walter Reed Army 
Inst, of Research, W ashington, D.C.), 
p. 398

The development o f Hodgkin’s disease and 
lymphoma during anticonvulsant therapy. 
H y m a n , G. A .  (Columbia Univ. College 
of Physicians and Surgeons, New York, 
N.Y.), p. 416

Characteristics o f cell proliferation in four 
patients with untreated acute leukemia. 
M auer, A . M .  et al. (The Children’s Hosp. 
Research Foundation, Cincinnati, Ohio), 
p. 428

Serum anti-yG globulin factors in paroxysmal 
nocturnal hemoglobinuria. K a p la n , M . E . 
et al. (D ept, o f Hemat., The M ount 
Sinai Hosp., New York, N .Y.), p. 446

The intravascular lifespan of monocytes. 
W hitelaw , D . M . (Univ. of British Colum
bia, Vancouver, Canada), p. 455

Virus-like particles and cytopathic activity 
in urine o f patients with leukemia. A m es, 
R. P . et al. (N ational Cancer Inst., N ation
al Institutes o f Health, Bethesda, Md.), 
p. 465

Factor VIII (A HF) concentration in pH 
6.5 citrate-plasma. M orrison , F. S . (St. 
Mary’s Hosp. Med. School, London), p. 
479

Blood (New York) 28 (1966) No. 4

Hemoglobin H disease. A family study. 
N echeles, Th . F. et al. (New England 
Med. Center Hospitals, Boston, Mass.), 
p. 501

Im pairm ent of red cell viability by exposure 
to “ excess” acid-citrate dextrose. M a y er,
K . et al. (M emorial Hosp. for Cancer, 
New York, N. Y.), p. 513

Platelet function in a patient with throm b
asthenia. Z u c k e r , M a r jo r ie  B . et al. 
(New Y ork Univ. School o f Med., New 
York, N .Y.), p. 524

Erythropoietin in the urine of norm al and 
erythropoietically abnorm al hum an beings. 
Van D y k e , D . et al. (Lawrence Radiation 
Lab., Univ. of California, Berkeley, 
Calif.), p. 535

The periodic acid-Schiff reaction in neutro
phil leukocytes in untreated and Myleran- 
treated chronic myelocytic leukemia. 
A quantitative m icrospectrophotometric 
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L’érythrocinétique dans Fhemoglobinurie 
nocturne paroxystique. N a jea n , Y. et al. 
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рального ордена Ленина ин-та гемато
логии и переливания крови Министер
ства здравоохранения СССР.) с. 28. — 
Some Aspects o f Studying the Function

H aem ato lo g ia  1, 1967



From the international literature on haematology 2 4 9

al State of Thrombocytes in Glanzman- 
Naegeli Disease (Literature survey). Isaa- 
kyan, A. I. p. 28
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института гематологии и переливания 
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боратория проблемы донорства Цент
рального ордена Ленина института ге
матологии и переливания крови Мини
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with Hemophilia A. P a p a ya n -P o krysh eva , 
L . P. p. 46

Организация и проведение «дня донора» 
в Тульской области. Ш карин, В . В . 
(Тульская областная станция перелива
ния крови.) с. 48. — Organization of 
“D onor D ay” in Tula Region. S h k a r in ,  
V. V. p. 48

K вопросу о «стандартном разводителе» 
для антирезус-сывороток. У спенская, О. 
В. (Калининская областная станция пере
ливания крови.) с. 49. — “ Standard D i

luent” for Antirhesus Sera. U spenskaya ,
О . V. p. 49

Заготовка консервированной крови в no- 
суде малой емкости. П ет ров, Д .  Г ., Винц- 
кевич, А . И . (Львовский научно-исследо- 
вательский институт гематологии и пе
реливания крови.) с. 53. — Preparation 
of Preserved Blood in Small Containers. 
P etro v , D . G., V in tskevich , A . I. p. 53

Рецензия на книгу А. Маркуш, M. Цукер 
«Физиология тромбоцитов». Свиридов,
Н . К . с. 54. — Review on the book by 
A. Marcus and M. Zucker “Physiology 
o f Thrombocytes” . S v ir id o v , N . K. p. 54

Рецензия на книгу Ж. Сальмон «Фибрино- 
лиз и сосудистая патология». А льперин, 
П . М . с. 56. — Review on the book by 
Zh. Salmon “ Fibrinolysis and Vascular 
Pathology” . A lperin , P. M . p. 56

Замечание к статье Л. И. Идельсона и Э. Г, 
Радзивальской «Порфириновый обмен 
при анемиях (№  1—66 г. стр. 10). Т ро
ицкий, С. А . с. 59. — А Comment on 
the Article by L. J. Idelson and E. T. 
Radzivalskaya: “ Porphyrin Metabolism 
in Anemia” . T ro iitsky , S .  A . p. 59

Научная сессия по проблеме фибринолиза. 
К ли м о ва , К. И. с. 59. — Scientific Session 
on Fibrinolysis Problem. K lim ova , K. N . 
p. 59

Протокол заседания гематологической сек- 
ции Московского общества гематологов 
и трансфузиологов от 22/2 1966 г. К ова
лева , Л . Г . с. 61. — Proceedings of а 
Meeting of а Hematological Section of 
the Moscow Society o f Hematologists 
and Transfusiologists (Feb. 22, 1966). K o 
va leva , L .  G. p. 61

Отчет о работе Ташкентского общества ге
матологов и трансфузиологов за 1966 г. 
Х а ки м о в , X . А . К алугина , В. И . с. 62. — 
А R eport on the Work of Tashkent Soci
ety o f Hematologists and Transfusiolog
ists for 1966. K h a k im o v , A .,  K a lug ina , V.
/. p. 62

Проблемы гематологии и переливания кро
ви (Москва) 11 (1966) 12

Очередные проблемы хирургического лече- 
ния заболеваний системы крови. Гроздов, 
Д . М . (Центральный ордена Ленина ин
ститут гематологии и переливания крови 
Министерства здравоохранения СССР,
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Москва.) c. 3. — C urrent Problems of 
Surgical Treatm ent o f Diseases of the 
Blood System. G rozdov, D . M .  p. 3 

Клиника и хирургическое лечение болезни 
Верльгофа. Ш абанов, А . Н . (Проф. А. Н. 
Шабанов, Москва.) с. 11. — Clinical 
Picture and Surgical Treatm ent of Werl- 
hof’s Disease. Shabanov , A . N . p. 11 

Показания к консервативному и хирурги
ческому лечению болезни Верльгофа. 
Гроздов, Д .  М „  К упель , А . С ., Ц епа , Л . С. 
(Хирургическая клиника Центрального 
института гематологии и переливания 
крови Министерства здравоохранения 
СССР, Москва.) с. 16. — А Study of 
Conservative and Surgical Treatm ent of 
W erlhof’s Disease. G rozdov , D . M .,  
K u kéi, A . S .,  Tsepa, L . S . p. 16 

Ближайшие и отдаленные результаты сплен- 
эктомии при болезни Верльгофа. Шер- 
м ан, С. И .,  С ечило, Е . А .,  К уралева , В. В, 
А бдулкады ров, К . М .  (Гематологическая 
клиника и хирургическая клиника Ле- 
нинградского института гематологии и 
переливания крови.) с. 21. -— Imme
diate and Remote Results o f Splen
ectomy in W erlhofs Disease. Sherm an, 
S . I . ,  Sech ilo , E . A .,  K ura leva , V. V., 
A b d u lka d yro v , К . M . p. 21 

Обеспечение безопасности спленэктомии 
при заболеваниях системы крови. Д е -  
м идю к, П . Ф ., К араванов, А . Г ., П хакадзе , 
А . Л . (Отдел клинической хирургии 
Киевского научно-исследовательского ин
ститута клинической медицины им. Н. Д. 
Стражеско и хирургическое отделение 
Киевского института гематологии и пе
реливания крови.) с. 25. — Provision of 
Safety o f Splenectomy in Diseases of 
the Blood System. D e m id y u k , P . F ., K a
ravanov, A . G., P k h a k a d ze , A . L . p. 25 

Хирургическое лечение заболеваний си
стемы крови и операции на их фоне. Епи- 
фанов FT. С ., Ж уравлев, В. А ., Корепа- 
пов, В . И ., Садкое, С. А . (Кировский на- 
учно-исследовательский институт пере
ливания крови.) с. 30. — Surgical T reat
ment o f Blood System and Operations 
against the Background of Hematolog
ical Diseases. E p ifa n o v , N . S .,  Z h u ra v 
lev, V. A .,  K orepanov, V. I .,  S a d k o v , S . 
A . p. 30

Влияние сплнеэктомии при болезни Верль
гофа на свертывающую систему крови

и свойства тромбоцитов. Копыст янскиН , 
Н . Р . (Гематологическая клиника Львов- 
ского института гематологии и перели
вания крови.) с. 34. — The Effect of 
Splenectomy in W erlhofs Disease on 
the Blood Coagulation System and the 
Thrombocyte Properties. K o p y s ty a n sk y ,
N . R. p. 34

Отдаленные результаты спленэктомии при 
талассемии. А хунд о ва , А . М . (Гематоло
гическая клиника Азербайджанского на
учно-исследовательского института гема
тологии и переливания крови, Баку.) 
с. 37. — Remote Results of Splenectomy 
in Thalassemia. A kh u n d o v a , A . M . p. 37

Переломы костей у больных гемофилией. 
А бдуллаев , Г . М . (Хирургическая кли
ника Центрального института гематоло
гии и переливания крови Министерства 
здравоохранения СССР, Москва.) с. 40.
-— Fractures o f the Bones in Patients 
with Hemophilia. A bdullaev, G. M . p. 
40

Лечение гемофилии, осложнившейся ан
аэробной инфекпией. А бдуллаев, Г . М .,  
К узьм ича , И . В . (Хирургическая клиника 
Центрального ордена Ленина института 
гематологии и переливания крови Ми
нистерства здравоохранения СССР, 
Москва.) с. 44. — Treatment o f H em o
philia, Complicated by Anaerobic Infec
tion. A b du llaev , G. M ., K u zm in a , I. V.
р. 44

Морфологическая картина крови при бо
лезни Иценко—Кушинга до и после ад- 
реналэктомии. К алинин, А . П ., М ардер ,
O. П . (Хирургическое отделение Инсти
тута экспериментальной эндокринологии 
и химии гормонов АМН СССР, Москва.)
с. 48. —- M orphological Blood Picture 
in Itsenko-Cushing’s Disease before and 
after Adrenalectomy. K alin in , A . P .,  
M a rd er, О. P . p. 48

Протокол заседания секции трансфузиоло- 
гов Московского научного общества ге- 
матологов и трансфузиологов от 18/1 
1966 г. Г роздов, Д .  М ., Герасим ова , Л . И. 
с. 52. — Proceedings of а Meeting of the 
Section of Transfusiologists of the M os
cow Scientific Society of Hematologists 
and Transfusiologists (Jan. 18, 1966).
G rozdov, D . M .,  G erasim ova , L . I. p. 52

Протокол заседания секции трансфузиоло
гов Московского научного общества ге-
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матологов и трансфузиологов от 15/2 
1966 г. Гроздов, Д .  М „  Герасим ова, Л . И . 
с. 53. — Proceedings o f а Meeting of 
the Section of Transfusiologists of the 
Moscow Scientific Society of Hem ato
logists and Transfusiologists (Febr. 15, 
1966) G rozdov, £>. M .,  G erasim ova, L . /.
р. 53

Протокол заседания секции трансфузиоло
гов Московского научного общества ге- 
матологов и трансфузиологов от 22/3 
1966 г. А граненко , В. А .,  Герасим ова, Л . 
И . с. 54. — Proceedings of а Meeting 
of the Section of Transfusiologists of the 
Moscow Scientific Society of H ematolo
gists and Transfusiologists (March 22, 
1966). A g ra n e n ko , V. A .,  G erasim ova, L.
I. p. 54

Отчет о работе гематологической секции 
Ленинградского общества терапевтов им.
С. П. Боткина за 1965 г. А нт онов, В. Б .
с. 56. — А Report on the Work of 
Hematological Section of the Leningrad 
S. P. Botkin Society o f Therapeutists 
for 1965. A n to n o v , V. B . p. 56

Thrombosis et Diathesis Haemorrhagica
(Stuttgart) 16 (1966) No. 3/4

Effects of thorium  dioxide upon blood clot
ting and platelets. I. In vitro studies. 
H jo r t, P . F . et al. (Univ. o f Southern Cali
fornia School of Med., Los Angeles, Calif.), 
p. 333

Effects of thorium  dioxide upon blood clot
ting and platelets. II. In vivo studies in 
rabbits. M cG eh ee , W . G. et al. (Univ. of 
Southern California School of Med., Los 
Angeles, Calif.), p. 354

The influence of EDTA, trisodiumcitrate 
and heparin on the ultrastructure of blood 
platelets. L ib á n sk á , J . (Pediatric Faculty, 
Charles Univ., Prague), p. 371

The effect o f the contact factors of the coagu
lation system on platelet aggregation. 
B a rth , P. et al. (Med. Univ. Clinic, Heidel
berg), p. 378

Suppressive effect o f dextran on platelet 
adhesiveness. C ronberg, S . et al. (Univ. 
of Lund, A llm änna Sjukhuset, Malmö, 
Sweden), p. 384

Elektronenmikroskopische Untersuchungen 
an Throm bozyten des Menschen nach 
Einwirkung verschiedener Gase. D oe-

n ecke , C. et al. (Pathol. Inst., Univ. 
D üsseldorf), p. 395

Untersuchungen zum Nachweis antithrom - 
bozytärer H eteroantikörper durch Im 
munfluoreszenz. M u e lle r -E c k h a rd t, C h. 
et al. (Hygiene-Inst., Univ. Kiel), p. 411 

Clot-dissolving action of Echis colorata  
venom in dogs. D ja ld e tti, M .  et al. (R o
goff and Welcome Research L aboratories, 
Tel-Aviv Univ., Tel-Aviv, Israel), p. 420 

Action of Newcastle disease virus on hum an 
blood platelets. C ohen, 1. et al. (Rogoff 
and Welcome Med. Research L aborato
ries, Tel-Aviv Univ., Tel-Aviv, Israel), 
p. 430

Throm bozytopenie bei chronischem C or 
pulmonale. B eltra m i, G .-M . et al. (Med. 
Univ.-Klinik, Bern), p. 443 

The purification o f human prothrom bin. 
Sh a p iro , S . S . et al. (Dept, of Biol., 
M assachusetts Inst, of Technoi., C am 
bridge, Mass.), p. 469

Chrom atographie differentiation of hum an 
prothrom bins. A ro n so n , D. L . (N ational 
Inst, of Health, Div. of Biol. S tandards, 
Bethesda, Md.), p. 491 

Prothrom bin and antith rom bin : their oppos
ing functions in blood coagulation. 
G rannis, G. F . et al. (The Cardeza F ounda
tion for Hemat. Research, Jefferson Med. 
College, Philadelphia, Penn.), p. 497 

Action of water-insoluble trypsin derivatives 
on fibrinogen clottability. A le xa n d e r , B . 
et al. (Dept, o f Biophysics, The Weiz- 
mann Inst, of Science, Rehovoth, Israel), 
p. 507

Studies on the degradation of hum an fibri
nogen by plasmin and trypsin. B e c k , E . A .  
et al. (The Johns H opkins Univ. and Hosp., 
Baltimore, Md.), p. 526 

K ongenitaler Mangel von Faktor V und 
Faktor VIII (Kasuistische Mitteilung). 
P aar, D . et al. (Zentrallab. der Med. K li
nik, Essen, DBR), p. 541 

Combined Factor V III and IX inhibitors 
in a girl. R eu ssi, C. et al. (Lab. of Coagu
lation and Fibrinolysis Invest., Rivada- 
via Hosp., Buenos Aires, Argentine), 
p. 549

The immunological properties of Factor 
VIII. I. Studies on the inhibitory activity 
of specific antisera to human antihem o
philic globulin. U szyn sk i, L . (Inst, of 
Haemat., Warsaw), p. 559
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Deficiencies and inhibitors of throm boplas- 
tic activity. G rannis, G. F . et al. (The 
Cardeza Foundation for Hemat. Research, 
Jefferson Med. College, Philadelphia, 
Penn.), p. 574

The procoagulant in human urine: Purifica
tion, assay and some biochemical and 
physiological properties. A o k i ,  N . et al. 
(Univ. of Colorado, School o f Med., 
Denver, Colorado), p. 586

Effect of phenobarbital and glutethimide on 
biological half-life of warfarin. C orn , M . 
(George W ashington Univ. Med. Div., 
District o f Columbia Gen. Hosp., W ashing
ton, D. C.), p. 606

Einfluss des A lkohols auf die Antikoagulan- 
tientherapie. R ied ler , G. (Gerinnungs- 
physiol. L abor des Kantonsspitals, Zürich), 
p. 613

Studies on heparin metabolism in hemostati- 
cally different dogs. O liveira , M .  M .  (Inst. 
Oswaldo Cruz, Rio de Janeiro, Brasil), p. 
636

Experimental throm bosis in rabb its: Evi
dence that alkaline phosphatase enhances 
the throm bogenic effect o f the injected 
ellagic acid, la tr id is , P . G. et al. (Univ. 
of North Carolina School o f M ed., Chapel 
Hill, N. C.), p. 645

Effects of ellagic acid upon the hum an fib
rinolytic system, la tr id is , S .  G . et al. 
(Athena Clinic, Athens), p. 657

Comparative studies of fibrinolytic inhibi
tors in vitro. M a k i,  M . et al. (New York 
Univ. School o f Med., New Y ork, N. Y.), 
p. 668

Betalipoproteins and euglobulin lysis time. 
C ucuianu, M .  (Inst, for Med. Research, 
Roumanian Academy of Science, Cluj), 
p. 687

Effects of Staphylococcal enterotoxin B on the 
coagulation mechanism and leukocytic re
sponse in beagle dogs. A preliminary 
study. G ilbert, Ch. F. (US Army Med. 
Unit, W alter Reed Army Med. Center, 
Fort Detrick, Md.), p. 697

Some effects o f purified autoprothrom bin C 
in blood clotting. M ü lle r-B erg h a u s , G. 
et al. (Wayne State Univ. School o f Med., 
Detroit, Mich.), p. 707

A preparation of kininogen for the assay 
of kallikreins. M alo fie jew , M .  et al. (Dept, 
of General and Experimental Pathol., M ed
ical School, Bialystok, Poland), p. 723

Studies o f the coagulation and prothrom bin 
time in the mouse embryo. C aruso, R . 
et al. (Dept, of Preventive Med., Univ. 
o f California School o f Med., San F ran 
cisco, Calif.), p. 732

Further purification o f the antihaemophilic 
Factor (AHF). Veder, H . A .  (Biochem. 
Lab., Paediatric Clinic, Univ. of Amster
dam, Binnengasthuis, Amsterdam), p. 738

The quantitation of platelet aggregation 
induced by four com pounds: A study in 
relation to myocardial infarction. O 'B rien ,
J . R . et al. (Portsm outh and Isle of Wight 
Pathol. Service, Portsm outh, England), 
p. 752

A comparison of platelet stickiness tests 
during an Atromid-S trial. O 'B rien , J . R . 
et al. (Portsm outh and Isle of Wight 
Pathol. Service, Portsm outh, England), 
p. 768

Transfusion (Philadelphia) 6 (1966) No. 5

The effect of dipyridamole on the adenosine 
triphosphate level o f stored human blood. 
G ibson , J . G. et al. (Protein Foundation 
Inc., 110 Francis Street, Boston, Mass.) 
p. 427

Etiology and pathogenesis o f acquired he
molytic anemia. Z u e lze r , W . W. et al. 
(Child Research Center o f Michigan, D e
troit, Mich.), p. 438

Immunochemical studies of the Rh system. 
IV. Hemagglutination assay of antigenic 
expression regulated by interaction be
tween paired Rh genes. G ibbs, M a ry  B . 
et al. (Dept, of Immunochem., Walter 
Reed Army Inst, o f Research, W ashing
ton, D. C.), p. 462

The effect of bilirubin on the mammalian 
erythrocyte. C heung , W an H o  et al. (The 
Long Island Jewish Hosp , New Hyde 
Park, N. Y.), p. 475

Heterophilic antibodies following injection 
o f blood group substances. D avid-  
so h n , I. et al. (M ount Sinai Hosp. Medical 
Center, Chicago, 111.), p. 487

The effect of filters on the efficiency of 
platelet transfusion. M o rriso n , F. S . 
(W right-Fleming Inst., St. M ary’s Hosp. 
Medical School, London, W. 2). p. 
493

A nti-Lub and mild hemolytic disease of the 
new born: A case report. S ch effer , H e len a
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et al. (Dept, o f Pathol., Montgomery 
Hosp., Norristown, Penn.), p. 497

Absence of anti-Tja-like hemolysin in preg
nant aborters in Budapest. H o rvá th , E . 
et al. (Research Inst, o f the N ational 
Blood Service, Budapest), p. 499

Transfusion (Philadelphia) 6 (1966) No. 6

Studies on blood preservation. The relative 
capacities of hexoses, hexitols, and etha
nol to  maintain red cell ATP levels dur
ing storage. B eu tler , E . et al. (City of Hope 
Med. Center, D uarte, Calif.), p. 537

Relationships between metabolic state and 
(1) in vivo survival and (2) density distri
bution of previously frozen human eryth
rocytes. Valeri, R . C. et al. (Naval Blood 
Research Lab., Naval Hosp., Chelsea, 
Mass.), p. 543

Relationships between in vivo survival and 
(1) density distribution, (2) osmotic fragil
ity o f previously frozen, autologous, 
agglom erated, deglycerolized erythrocytes. 
V aleri, R . C. et al. (Naval Blood Re
search Lab., Naval Hosp., Chelsea, Mass.), 
p. 554

Experimental studies on the transfusion of 
blood obtained postmortem. G rayson, G. 
et al. (Kings County Hosp., New York,
N. Y.), p. 565

Preparation and in vivo circulation of hu
man platelets preserved with combined 
dimethylsulfoxide and dextrose. D jerassi, 
I. et al. (Univ. of Pennsylvania School of 
Med., Philadelphia, Penn.), p. 572

On the possible relation of sialic acid to the 
Rh factor. Prager, M . D . et al. (Wadley 
Research Inst, and B lood Bank, Dallas, 
Texas), p. 577

Three examples of anti-Lu b and related data. 
M o lth a n , L y n d a ll  et al. (Temple Univ.

School o f Med., Philadelphia, Penn.), 
p. 584

Anti-s hemolytic disease: A case report. 
L u sh er , Jeanne  M .  et al. (The Child Re
search Center of Michigan, D etroit, Mich.) 
p. 590

Im mune anti-N  agglutinin in hum an serum. 
R eport o f apparent associated hemolytic 
reaction. Yoell, J . H . (M otion Picture 
C ountry Hosp., W oodland Hills, Calif.), 
p. 592

C oncentration of antibodies by freezing 
serum. C astro , A . et al. (Serum Production, 
Specific Serums, Inc., 20 H udson Place, 
H oboken, N. J.), p. 594

Changes o f pH  of blood diluted with plasma 
and plasma substitutes in vitro. T a ka o ri, 
M . (Univ. o f Pittsburgh School o f Med., 
Pittsburgh, Penn.), p. 597

Increased haptoglobin serum levels in a 
group of blood donors. C astro , de  S .  et al. 
(Lab. de Biol., Facultad de Ciencias, 
Univ. de Valladolid, Spain), p. 600

Transfusion (Paris) 9 (1966) No. 3

Le pouvoir inhibiteur de la béta-lipoprotéine 
sur la Streptolysine 0 chez les donneurs 
de sang de la région parisienne avec et 
sans antécédents d ’ictére. B ad in , J . et 
al. (Inst. Prophylactique, Paris 6e), p. 
203

Le test au thymol et la transaminase gluta- 
mino-pyruvique chez les donneurs de 
sang de la région parisienne avec ou sans 
antécédents d’ictére. B adin, J . et al. (Inst. 
Prophylactique, Paris 6e), p. 215

Activité lysozymique de plasma citraté. 
S a in t-B la n ca rd , J . et al. (Centre de Trans- 
fusion-Réanim ation de l’Armée «Jean 
Julliard», 1, rue Raoul-Batany, 92-Cla- 
mart), p. 225
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In memóriám Edward Kowalski
1914 1967

Professor Edward Kowalski, Head of the Department of Radiobiology 
and Health Protection, Institute of Nuclear Research and a member of our 
Editorial Board, died suddenly in Warsaw on April 16 at the age of 53.

He was born in Sepólno, a small Pomeranian town in Western Poland. 
Literature, arts, music, philosophy and languages were his favourite pastimes 
in high school. He wanted to study German philosophy, but financial difficulties 
did not permit a free choice of the subject of study. A private scholarship enabled 
him to study pharmacy and he graduated before World War II at the Pharma
ceutical Faculty of Poznan University. At the same time he studied also chemistry.

During the war he was educated at the underground Medical University 
School in Warsaw, where he received his M.D. degree in 1946. During Nazi 
German Occupation he was an active member of the Polish Resistance movement 
and he worked as a physician during the Warsaw Uprising in 1944. By his heroism 
he saved many people, sick and wounded.

From 1946 to 1951 he worked as a research fellow at the Department of 
Physiological Chemistry of the Medical University School of Warsaw. He received 
his Ph.D. for a dissertation on alkaline phosphatase. From 1951 to 1960 he 
headed the Department of Internal Diseases and Laboratory of Clinical Bio
chemistry, Institute of Haematology, Warsaw. In 1954 he was appointed Research 
Director and in 1959 Professor of Medicine. From 1955 till his death he was 
head of the Department of Radiobiology and Health Protection, Institute of 
Nuclear Research in Warsaw. He was a member of the International Society of 
Haematology, the New York Academy of Sciences, the Czechoslovak Medical 
Society of Purkyne, the International Committee for the Nomenclature of Blood 
Clotting Factors, and the Editorial Boards of the Blood (USA), Blut (FRG), 
the Haematologia (Hungary), the Atomic Energy Review (IAEA), Medicinskaya 
Radiologiya (USSR), and several Polish periodicals. He was also an expert of the 
International Atomic Energy Agency and contributed to solving the problems of 
waste disposal and radiation hazards.

In the early ’fifties he worked on the activation and inhibition of fibrinolysis 
and he described the occurrence of plasminogen-like proenzyme in human con
nective tissues. The most important contribution made by Kowalski and his
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associates was the discovery of the anticoagulant properties of fibrinogen pro
teolysis products (in 1956). Two substances — antithrombin VI (a competitive 
fibrinogen —fibrin conversion inhibitor) and an inhibitor of thromboplastin 
production have been isolated from fibrinogen lysate and partially purified 
(1957— 1958). Further work carried out in the early ’sixties demonstrated two 
types of fibrinogen degradation products: a) “early” or “peak” products, inhibit
ing mainly thrombin action on fibrinogen, b) “ late” products (or “plateau”), 
inhibiting fibrin monomeric polymerization. Subsequently it was found that 
fibrinogen breakdown products form complexes with fibrin monomers and that 
they inhibit clotting. It was further shown that fibrinogen breakdown products 
inhibit platelet functions in haemostasis. According to Kowalski an inhibition 
of platelet aggregation in vivo and in vitro by fibrinogen degradation products 
is a main cause of bleedings in hyperfibrinolytic states. His recent work on 
fibrinogen degradation products has yielded also evidence concerning fibrinogen 
structure.

A practical achievement of Kowalski in the field of coagulation and 
haemostasis was the foundation (in 1956) of an Outpatient Department for 
Long-term Anticoagulant Therapy and a Dispensary for Haemophiliacs at the 
Institute of Haematology in Warsaw. In the late ’fifties the first papers describing 
the results of extensive examination of large haemophiliac population in Poland 
were published. The other papers published in the same period were on the 
pathophysiology of fibrinolysis and treatment of thrombotic disease.

Recently, Kowalski and his associates have studied the role of lysosomes 
in the mechanism of platelet aggregation. He postulated that the activation of 
platelet lysosomes by thrombin may initiate the release reaction.

Professor Kowalski’s achievements in other fields of haematology and 
radiobiology deserve attention. His studies on the biosynthesis of erythropoietin 
in kidney and its interaction with plasma proteins, on haem and porphyrine 
metabolism with particular reference to the influence of ionizing radiation on 
this process, on the use of radiochromatography in biological research and on 
bone marrow transplantation into irradiated animals are the most outstanding. 
Further laboratory research directed by him concerned the mechanism of bone 
calcification, some aspects of the biochemistry of connective tissues, the influence 
of ionizing radiation on leukaemic cells in culture and the role of radium D as a 
contaminant of biosphere and human body.

He published about 130 papers together with his associates.
Professor Kowalski’s early death deprived us of a very good friend, an 

animated scientist and a man of merit.
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Untersuchungen über das exogene Gerinnungssystem* **

E. Deutsch, E. Högenauer, K. Irsigler, B. Köbele,
K. Lechner, G. Schmer

(Eingegangen am 25. Februar 1967)

Im exogenen System beteiligen sich an der Aktivierung von Prothrombin 
die Gewebethrombokinase, die Faktoren VII, X und V sowie Calcium. Ein 
Vergleich mit dem endogenen System zeigt, daß auch dort die Faktoren V und X 
wirksam sind, so daß offenbar beide Systeme in eine gemeinsame Endstrecke 
einmünden. Diese beginnt nach erfolgter Aktivierung von Faktor X. Wir haben 
uns in unseren Untersuchungen auf jene Faktoren beschränkt, die vor dieser 
gemeinsamen Endstrecke wirksam werden, und haben uns die Aufgabe gestellt, 
die in Frage kommenden Faktoren so weit als möglich zu reinigen und festzu
stellen, ob einer von ihnen Fermenteigenschaften besitzt.

Es wurde zunächst an Aminosäure-ß-naphthylamiden geprüft, ob Gewebe- 
und Plasmathrombokinase, sowie Russell-Vipern-Gift imstande wären, diese zu 
spalten. Hierbei zeigte sich zu unserer Überraschung, daß alle drei »thrombo- 
plastischen« Substanzen synthetische Substrate spalteten. Der naheliegende Ver
dacht, die Spaltung könnte durch Verunreinigung der beiden erstgenannten 
Thrombokinasepräparate durch Thrombin bedingt sein, konnte leicht entkräftet 
werden, da sich die beiden Thrombokinasen in ihrer relativen Aktivität ver
schiedenen Substraten gegenüber vom Thrombin grundlegend unterschieden: 
Während Thrombin Arginin-ß-naphthylamid und Tosylarginin-ß-naphthylamid 
viel stärker spaltet als Lysin-/i-naphthylamid, spalten die beiden Thrombokinasen 
das Lysin-/I-naphthylamid viel besser als TA-/3-NA. Russell-Vipern-Gift zeigte 
wieder ein anderes Spektrum: Leucin-ß-naphthylamid wurde etwas besser gespal
ten als Lysin-ß-naphthylamid und dieses wieder viel besser als TA-jS-NA. Hiermit 
war eine durch Thrombin vorgetäuschte Wirkung auszuschließen [4, 15].

Wir gingen nun daran, menschliche Hirnthrombokinase zu reinigen und 
zu prüfen, ob die Peptidase-Aktivität und die Gerinnungsaktivität tatsächlich 
miteinander etwas zu tun haben. Es gelang relativ leicht, jeweils eine Aktivität 
gezielt zu zerstören, wobei die andere weitgehend erhalten blieb: Erhitzen auf

* Vortrag vor der Ungarischen Akademie der Wissenschaften am 9. II. 1967 in 
Budapest.

** Die Untersuchungen wurden mit U nterstützung des National Institute of Health, 
Bethesda, Mid, USA, G rant Nr. HE-06425 durchgeführt.
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mehr als 60 Grad oder Erhöhen des pH über 11 oder Senken desselben unter 
4,5 zerstörte die Peptidase-Aktivität, während die Gerinnungsaktivität erhalten 
blieb. Extraktion des Präparates mit apolaren Lösungsmitteln zerstörte wieder 
die Gerinnungsaktivität, während die Peptidaseaktivität erhalten blieb. In scho
nender Weise konnte die Thrombokinaseaktivität auf der Ultrazentrifuge sedi- 
mentiert und von der Peptidaseaktivität frei gewaschen werden. Die Peptidase 
konnte über Adsorption auf Calciumphosphatgel und Elution mit Phosphat- 
puffer weiter gereinigt werden. Bei einer Testung an einem breiten Spektrum an 
Aminosäurenaphthylamiden konnte gezeigt werden, daß unser Ferment eine 
Exopeptidase ist, da sie die für Endopeptidasen typischen Substrate nicht zu 
spalten imstande war, und daß es ein Wirkungsoptimum gegen Lysinbindungen 
aufweist. Da unsere Untersuchungen zeigten, daß dieses Ferment für die Blut
gerinnung offenbar keine Bedeutung besitzt, wurde von einer weiteren Reinigung 
und Charakterisierung abgesehen. Über die physiologische Bedeutung dieses 
Fermentes ist uns nichts näheres bekannt, es ist aber möglich, daß es mit der von 
anderen Autoren in Hirngewebe gefundenen Leuzinaminopeptidase identisch sein 
könnte [2, 5].

Die Träger der Aktivität der Gewebethrombokinase sind große Teilchen. 
Infolgedessen ließ sich die Thrombokinase nicht mit den üblichen Methoden 
der Fraktionierung und Säulenchromatographie reinigen und wir mußten zu 
physikalischen Methoden Zuflucht nehmen. So wurden die Extrakte, die aus 
acetongetrocknetem menschlichem Hirn hergestellt wurden, zunächst durch lang
sames Zentrifugieren von groben Partikeln gesäubert, dann wurde auf der Ultra
zentrifuge bei 100 000 g zentrifugiert, durch ein besonderes Resuspensionsver- 
fahren nur die kleinen Partikel resuspendiert und diese weiter mit der Ultra
zentrifuge gewaschen. Dieses Material ist praktisch frei von Exopeptidase- 
Aktivität [3, 13].

Da die Annahme gerechtfertigt erschien, daß es sich bei der Gewebe
thrombokinase um ein Lipoid oder Lipoprotein handeln könnte, wurde der 
Einfluß verschiedener Lösungsmittel untersucht, indem die gereinigte Thrombo
kinase zunächst in den Lösungsmitteln suspendiert oder gelöst wurde, dann das 
Lösungsmittel schonend entfernt und der getrocknete Rückstand wieder in 
wässeriger Suspension auf seine Gerinnungsaktivität getestet wurde. Es zeigte 
sich dabei, daß sich die Aktivität durch Lösen in Pyridin und Äther nicht änderte, 
während die Behandlung mit Methanol, Äthanol, Propanol, Chloroform und 
verschiedenen chloroformhaltigen Mischungen die Aktivität weitgehend ver
minderte [3, 13].

Bei Untersuchungen im Mikroskop hatte man den Eindruck, daß in Pyridin 
eine völlige Lösung erfolgt, während in Äther die Partikel weitgehend erhalten 
blieben. Es wurde daher für die weiteren Arbeiten Pyridin gewählt. Wurde dieses 
Material auf Dünnschichtplatten aufgetragen und mit Methanol : Chloroform : 
Wasser entwickelt, so blieb auf der Auftragungsstelle immer ein in Lipidlösungs
mitteln unlösliches Material zurück, welches mit Amidoschwarz angefärbt 
wurde [13].

2 5 8  D e u ts c h  и . M i ta r b . :  U n te r su c h u n g e n  ü b e r  d a s  e x o g e n e  G e r in n u n g s s y s te m
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Die Lipidfraktionen konnten durch Chromatographie in verschiedenen 
Lösungsmittelgemischen, durch zweidimensionale Chromatographie und durch 
Vergleich mit Testsubstanzen als Cholesterin, Cerebroside, Phosphatidyläthanola- 
min, Lezithin, Sphingomyelin, Phosphatidylinositol und Phosphatidylserin iden
tifiziert werden. Der in den Lipidlösungsmitteln unlösliche Anteil erwies sich 
auch in höherer Konzentration in Pyridin als unlöslich und konnte in größerer 
Menge aus einer entsprechenden Menge vorgereinigter Gewebethrombokinase 
angereichert werden. Nach Hydrolyse ergab die zweidimensionale Chromatogra
phie 15 Aminosäuren, nämlich Arginin, Lysin, Asparaginsäure, Glutaminsäure,

Abb. 1. Zweidimensionale C hrom atogram m e des Eiweiß
anteiles (linke Hälfte) und des Lipidanteiles (rechte Hälfte) 

einer menschlichen Hirnthrom bokinase

Cystin, Serin, Glykokoll, Prolin, Alanin, Threonin, Histidin, Tyrosin, Valin, 
Leucin und Phenylalanin. Es wurde angenommen, daß es sich hierbei um ein 
Eiweiß oder ein Polypeptid handeln könnte [13] (Abb. 1).

Die beiden Fraktionen verhielten sich in ihrer P : N Relation grundver
schieden. Während diese Relation in der vorgereinigten Gewebethrombokinase 
1 : 2,24 betrug, war sie im Lipidanteil 1 : 1,42 und im »Proteinanteil« 1 : 41,2 [13].

Die Auftrennung hatte die Charakteristika der Gerinnungsaktivität des 
Materials grundlegend verändert. Der Lipidanteil zeigte eine viel geringere 
Aktivität als das Ausgangsmaterial und eine gewisse gerinnungshemmende Wir
kung mit zunehmender Konzentration. Er war diesbezüglich ähnlich einem lipi- 
den Aktivator, der durch Ätherextraktion aus dem Hirnpulver gewonnen werden 
kann, bei dem allerdings die Hemmwirkung viel deutlicher ist. Der »Protein
anteil« erwies sich als vollkommen inaktiv. Wurden nun Lipidanteil und »Protein
anteil« miteinander rekombiniert, so konnten Präparate gewonnen werden, die 
sogar aktiver als das Ausgangspräparat waren. Allerdings ist für das Rekom-
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binat ein größerer Stickstoffgehalt erforderlich als er im Originalpräparat ent
halten ist [13].

Es ist schon seit langem bekannt, daß Gewebethrombokinasen die kürzesten 
Gerinnungszeiten bei Testung am artgleichen Plasma zeigen. Die Unterschiede 
werden um so größer, je geringer die Verwandtschaft der einzelnen Spezies ist. 
So ist z. B. die Gerinnungszeit mit einer optimalen Konzentration von Rinder- 
hirnthrombokinase mit menschlichem Plasma wesentlich länger als mit Rinder
plasma. Die Charakteristika der Verdünnungskurve sind aber dieselben. Ver
wendet man jedoch Hühnerthrombokinase mit Menschenplasma, so ist nicht nur 
die Gerinnungszeit bei optimaler Konzentration noch wesentlich länger, sondern 
der Kurven verlauf ist wesentlich verändert und gleicht dem eines lipoiden Akti
vators (Abb. 2). Die Speziesspezifität kommt besonders deutlich auch im

Abb. 2. Speziesspezifität der Thrombokinase. Sub
stratplasma vom Menschen, Thrombokinase von 
Huhn, Rind und Mensch. Abszisse: Konzentra
tion der Thrombokinasesuspension. Ordinate: 

Gerinnungszeit in Sekunden

Zweistufenprothrombintest zum Ausdruck. Ein nach Seegers gereinigtes Rinder
prothrombin mit Rinderthrombokinase viel besser aktiviert als mit Hühnerthrom
bokinase [14, 18].

Gewebethrombokinase verschiedener Tierspezies wurde auf der Ultra
zentrifuge gereinigt, in Pyridin auf die Dünnschichtplatte aufgetragen und mit 
dem üblichen Laufmittel zur Chromatographie der Lipoide entwickelt. Es fand 
sich kein charakteristischer Unterschied in den Lipidfraktionen, was natürlich 
nicht bedeutet, daß diese wirklich chemisch identisch sind, sondern nur, daß 
in ihnen dieselben Lipoidklassen enthalten sind.

Die mit Pyridin extrahierten Lipoide gaben mit allen Plasmen Gerinnungs
zeiten, die wesentlich über 60" lagen, wobei noch eine geringe Überlegenheit bei 
Testung am arteigenen Plasma zum Ausdruck kam. Der Lipidanteil der mensch
lichen Thrombokinase zeigte am Rinderplasma und jener der Rinderthromboki-
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nase am menschlichen Plasma die kürzeste Gerinnungszeit erst in entsprechender 
Verdünnung, so daß die Kurven Ähnlichkeit mit jenen lipoider Aktivatoren 
haben. Hecht [10] hat mit Ätherextrakten ganz charakteristische Kurven für 
lipide Aktivatoren erhalten. Diese Extrakte hatten gar keine Speziesspezifität 
mehr aufzuweisen.

Der »Eiweißanteil« erwies sich im Einstufen- und im Zweistufentestsystem 
als völlig inaktiv.

Nun wurden Eiweiß- und Lipidanteil verschiedener Spezies in Pyridin kom
biniert, das Pyridin verdampft und eine wäßrige Suspension des Rückstandes 
hergestellt. Bei Testung an verschiedenen Plasmen zeigte sich eindeutig, daß die

Deutsch и. Mitarb.: Untersuchungen über das exogene Gennnungssystem 2 6 1

Abb. 3. Rekalzifikationszeit eines thrombo
zytenfreien Plasmas von Rind, Mensch oder 
Huhn nach Zusatz eines Thrombokinasere- 
kombinationspräparates bestehend aus Rinder
lipid und Hühnereiweiß. Abszisse: Verdünnung 
des Kombinates in %. Ordinate: Gerinnungs

zeit in Sekunden

kürzeste Gerinnungszeit jeweils dann erhalten wurde, wenn der Proteinanteil 
der Thrombokinase und das Testplasma derselben Spezies angehörten (Abb. 3). 
Auch im Zweistufentest waren entsprechende Ergebnisse zu erzielen. Es kann 
aus diesen Versuchen geschlossen werden, daß die Speziesspezifität der Thrombo- 
kinasen nicht Ausdruck von Unterschieden im Lipidanteil ist, sondern durch 
den »Eiweißanteil« bestimmt wird [14, 18].

In der letzten Zeit haben Hecht und van Lit [11] energisch gegen unsere 
Ansicht, daß es sich bei dem pyridinunlöslichen, mit Amidoschwarz färbbaren 
Anteil um ein Eiweiß oder Polypeptid handeln könnte, Stellung genommen. 
Sie konnten zwar dieselben 15 Aminosäuren in diesem Material nachweisen, 
nehmen aber an, daß es sich entweder um Verunreinigungen handle, die aus dem 
Rohpräparat in das Reinpräparat mitgeschleppt werden, oder um Aminosäuren, 
die in Phospholipide eingebaut sind. Es ist hier nicht der Ort, in Einzelheiten
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einzugehen, um so mehr, als über die biologische Aktivität der Hechtschen Frak
tionen noch nichts bekannt ist. Uns scheint jedoch gerade das Experiment mit 
der Speziesspezifität sehr beweisend dafür zu sein, daß es sich bei dem pyridin
unlöslichen Anteil nicht um ein einfaches Aminosäuregemisch handelt, sondern 
doch um ein für die Thrombokinasewirkung wesentliches Material.

Als nächstes wurden die plasmatischen Reaktionspartner der Thrombo- 
kinase untersucht. Drei von diesen, nämlich Prothrombin, Faktor VII und Fak
tor X verhalten sich bei Anwendung der einfacheren Adsorptions- und Frak
tionierungsmethoden außerordentlich ähnlich. Es war daher zunächst die Frage 
zu klären, ob es sich hier um unabhängig voneinander im Plasma existierende 
chemische Einzelindividuen handelt, oder ob diese etwa gemäß der Konzeption 
von Seegers erst während des Gerinnungsablaufes aus dem Prothrombin ent
stehen.

Es wurde daher zunächst versucht, die genannten Faktoren voneinander zu 
trennen. Für diese Untersuchungen wurde wegen der großen erforderlichen 
Plasmamengen fast ausschließlich Rinderplasma verwendet, aber es wird auch 
über Einzelversuche an menschlichem Plasma berichtet. Rinderprothrombin 
wurde genau nach der von Seegers beschriebenen Methode mit einer spezifi
schen Aktivität von 1200 bis 2500 E/mg Protein hergestellt. Dieses Präparat 
verhielt sich bezüglich Aktivierung in konzentrierten Salzlösungen und mit biolo
gischen Aktivatoren genau so, wie Seegers dies beschrieben hat. Außerdem war 
es möglich, in diesem Präparat mit den üblichen Einstufenmethoden zur Bestim
mung der Gerinnungsfaktoren des exogenen Systems die Aktivität von Faktor 
VII und Faktor X nachzuweisen, eine Beobachtung, die Alexander [1] und 
Streuli [23] bereits bei analogen Präparationen gemacht hatten. Wir waren 
uns natürlich darüber im Klaren, daß aus diesen Aktivierungsversuchen kein 
Rückschluß darauf möglich ist, ob die Faktoren VI1 und X erst während der 
Gerinnung aus dem Prothrombin entstehen, oder bereits vorher in dem Präparat 
enthalten waren.

Es wurde daher versucht, die in Frage stehenden Aktivitäten voneinander 
zu trennen. Rinderprothrombin wurde auf eine DEAE-Zellulose-Säule aufge
bracht. Es konnten zwei Eiweißfraktionen eluiert werden, die erste mit 0,175 m 
Phosphatpuffer pH 7,45, die andere nach Steigerung der Ionenstärke durch 
Zusatz von 0,2 m NaCl. Bei der ersten Fraktion handelte es sich um ein Pro
thrombinpräparat, das in Neutralsalzlösungen nicht mehr zu Thrombin aktiviert 
werden konnte. Es entstand auch nur wenig Thrombin mit Gewebethrombo- 
kinase, Faktor V und Calcium, während nach Zusatz von Faktor X viel Thrombin 
gebildet wurde. Die zweite Fraktion verhielt sich in Einstufentesten wie Faktor X 
und enthielt auch die ursprünglich nachweisbare Faktor-Vll-Aktivität. Wurde 
die 2. Fraktion der ersteluierten zugesetzt, so verhielt sich die Mischung wie das 
Prothrombinpräparat vor der Chromatographie [7, 8] (Abb. 4).

Prothrombinpräparate, die in Citrat nicht aktivierbar waren, wurden vor 
uns bereits von Alexander [1], Soulier [21] und Streuli [23] hergestellt. Mit die
sem Experiment glauben wir aber, gezeigt zu haben, daß es möglich ist, Pro-

2 б 2  Deutsch и. Mitarb.: Untersuchungen über das exogene Gerinnungssystem
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Abb. 4. Aktivierung von DEAE chromato- 
graphiertem Prothrombin mit gereinigter 
Rinderhirnthrombokinase, Faktor V (ver
dünntes bariumsulfatadsorbiertes Rinder
serum) und Calcium mit und ohne Faktor 
X (zweite Fraktion). Abszisse: Inkubations
zeit in Minuten. Ordinate: Einheiten Throm

bin per Minute [16]

thrombin einerseits und die Faktoren VII und X andererseits voneinander zu 
trennen.

Die nächste Frage war, ob sich auch diese beiden Faktoren voneinander 
trennen lassen. Dies war ebenfalls auf DEAE-Zellulose möglich, jedoch unter 
Anwendung eines kontinuierlichen Salz-Gradienten, wobei allerdings eine breite 
Überlappung der Aktivitäten auftrat. Wird jedoch dieser Gradient in zwei kon-

Abb. 5. Trennung von Faktor X von Faktor II und VII mit 
einer DEAE-Zellulosesäule. Abszisse: Nummer der Fraktion. Ordi

nate: Extinktion bei 280 mg
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tinuierliche Gradienten aufgelöst, so kann man Faktor VII völlig frei von Fak
tor X erhalten [5]. Da zu diesen Versuchen Bariumsulfateluat als Ausgangs
material verwendet wurde, enthielt das Versuchssystem auch Prothrombin, wel
ches gemeinsam mit Faktor VII eluiert wurde [6]. Dieser Versuch zeigt, daß 
auch die Faktoren VII und X voneinander getrennt werden können (Abb. 5).

2 6 4  Deutsch и. Mitarb.: Untersuchungen über das exogene Gerinnungssystem

Abb. 6. Trennung von Faktor VII von Prothrombin und Faktor X 
auf einer DEAE-Zellulosesäule. Menschliches Plasma als Ausgangs
material. Abszisse: Nummer der Fraktion. Ordinate: %-Aktivität 

bzw. Extinktion bei 280 m;/ [17]

Als nächster Schritt folgte nun die Trennung von Faktor VII und Pro
thrombin durch Filtration auf Sephadex G 200 [12].

Die Reihenfolge der Trennung der genannten Gerinnungsfaktoren ist 
offenbar bei verschiedenen Spezies unterschiedlich. Verwendet man menschliches 
Plasma, für das eine Voradsorption gar nicht erforderlich ist, so wird von der 
DEAE-Zellulosesäule zunächst Faktor VII eluiert, während Prothrombin und 
Faktor X erst bei höherer Ionenstärke folgen [17] (Abb. 6).

Aus diesen Untersuchungen kann unseres Erachtens mit großer Wahr
scheinlichkeit geschlossen werden, daß die Faktoren II, VII und X auch bei 
Verwendung von Plasma als Ausgangsmaterial voneinander getrennt werden 
können, was nicht möglich sein sollte, wenn sie erst während der Gerinnung aus 
Prothrombin entstehen. Dieser Beweis ist aber hiermit noch nicht erbracht, da 
nicht mit Sicherheit ausgeschlossen werden kann, daß die Faktoren während der 
Präparation aus Prothrombin entstehen, da ein partieller Gerinnungsvorgang 
trotz aller Vorsichtsmaßnahmen nicht verhindert werden kann. Man findet näm
lich nach der Elution aus dem Bariumsulfat eine Aktivitätssteigerung von Fak
tor VII und eine geringe Menge Thrombin, die man auch von der Säule wieder
gewinnen kann. Recht beweiskräftig ist jedoch das geschilderte Experiment mit 
menschlichem Plasma, bei dem Faktor VII von den Faktoren II und X getrennt 
werden konnte, und in keiner Phase der Präparation Thrombin nachweisbar
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war. Es muß daher angenommen werden, daß zumindest Faktor VII als chemisch 
von Prothrombin unabhängiges Individuum im Plasma enthalten ist.

Die Faktoren VII und X wurden weiter gereinigt und charakterisiert. Fak
tor X wurde zunächst nach der von Esnouf und Williams [9] beschriebenen 
Methode hergestellt. Kurz dargestellt bestand die Methode darin, die Faktoren 
an BaSO;1 zu adsorbieren, mit Citrat zu eluieren und an DEAE-Zellulose mit 
stufenweiser Elution zu chromatographieren. Diese Methode wurde aber später

modifiziert, indem das BaSO, mit 0,2 m Phosphatpuffer gewaschen wurde, 
wodurch mehr inertes Eiweiß, vor allem Albumin, entfernt wird. Die Elution 
von der Säule erfolgte mit zwei kontinuierlichen Gradienten, wodurch ebenfalls 
inertes Eiweiß abgetrennt werden konnte. Als weitere Reinigungsstufe wurde 
eine Säule mit Hydroxylapatit verwendet [16].

Von diesem Präparat wurden die C- und die N-terminalen Endgruppen 
mit der Mikromethode von Gray und Hartley mit Fluoreszenzmarkierung der 
Endgruppen, Hydrolyse bzw. Abspaltung der C-terminalen Endgruppen mit 
Carboxypeptidase А und Auftrennung mit Hochspannungselektrophorese oder 
Dünnschichtchromatographie bestimmt [6].

An beiden Seiten wurden Glycin und Serin als Endgruppen gefunden. 
Auf Grund des Verhaltens bei der Gelfiltration kann angenommen werden, daß 
die aktive Fraktion ein dem Prothrombin ähnliches Molekulargewicht, also etwa 
70 000 hat. Dies entspricht annähernd den Angaben von Esnouf und Williams, 
die 82 000 fanden. Neueste Untersuchungen mit der Disk-Elektrophorese haben 
gezeigt, daß auch diese Präparate noch nicht völlig rein sind, sondern noch immer
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Abb. 7. Disk-Elektrophorese 
von gereinigtem Faktor X
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Abb. 9. Fingerprint von Faktor ѴІГ. Laufflüssig
keiten und Laufrichtung in der Abb. angegeben

2 stärkere und 4 sehr schwache Eiweißfraktionen enthalten [9]. Die Faktor X 
enthaltende Fraktion ist uns bekannt und ist noch biologisch aktiv. Die auf diese 
Weise gewonnenen Mengen haben aber noch nicht ausgereicht, die obigen Unter
suchungen zu wiederholen (Abb. 7).

Die Reinigung von Faktor VII stößt auf sehr große Schwierigkeiten. Auch 
hier sind wir von Rinderplasma ausgegangen, haben an BaS04 adsorbiert und 
nach Waschung mit 0,2 m Phosphatpuffer pH 6 mit 0,14 m Natriumcitrat pH 7,4 
eluiert. Dann folgte eine Chromatographie auf DEAE-Zellulose mit Elution mit 
einem kontinuierlichen konvexen Gradienten beginnend mit 0,02 m Phosphat-

Abb. 10. Fingerprint von Faktor X. Laufflüssig
keit und Laufrichtung in der Abb. angegeben
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puffer pH 7 und endend mit Zusatz von 0,25 m NaCl. Hierbei werden Pro
thrombin und Faktor VII nicht getrennt. Die Fraktion ist jedoch frei von Fak
tor X. Dann wurde eine Chromatographie an Hydroxylapatit angeschlossen, 
wobei noch inertes Eiweiß entfernt wurde. Die so erhaltenen Präparationen ent-

2 6 8  Deutsch и. Mitarb.: Untersuchungen über das exogene Gerinnungssystem

Abb. 11. Chromatographie eines bei pH 7,0 
bzw. bei pH 6,0 gewaschenen Bariumsul- 
fateluates aus Rinderplasma. Obere Hälfte: 
Waschung mit Phosphatpuffer pH 7,0, aus
gezogene Linie Prothrombin, о —  о;  Eiweiß, 
. — • : Faktor VII. Untere Hälfte der Abb.: 
Waschung bei pH 6,0. Die Probe enthielt 
kein Prothrombin, Faktor VII: — . — , 
Eiweiß: о — о. Abszisse: Nummer der 
Fraktion. Ordinate: Extinktion bei 280 m// 

bzw. Aktivitätsindex

hielten weder Thrombin noch Prothrombinaktivität, wobei wir nicht wissen, ob 
die Aktivitäten zerstört wurden oder in der Säule verblieben (Abb. 8).

Die Endgruppen dieser Präparation wurden in gleicher Weise wie bei Fak
tor X bestimmt. Es wurden an beiden Enden Glycin und Serin gefunden, ln der 
Absicht, etwas über den gemeinsamen Aufbau der an sich augenscheinlich ähn
lichen Faktoren zu erfahren, wurden von Faktor VII und Faktor X fingerprints 
angefertigt. Hiezu wurde eine von G. Schmer ausgearbeitete Mikromethode ver-
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wendet, die darin besteht, daß das Eiweiß zunächst mit 2 Mercaptoäthanol und 
Harnstoff reduziert, dann mit Jodacetamid alkyliert und mit Trypsin verdaut 
wird. Die Peptide wurden mit einem Fluoreszenzfarbstoff markiert und in zwei
dimensionaler Dünnschichtchromatographie aufgetrennt. Erforderliche Substanz
menge 10 3 // Mol. Hierbei wurde der auffallende Befund erhoben, daß keine grund
sätzliche Ähnlichkeit der fingerprints gefunden werden konnte [6] (Abb. 9, 10).

Das Molekulargewicht wurde auf Grund des Verhaltens in der Gelfiltration,

wo Faktor VII knapp vor dem А-Peak eluiert wird, mit ca 70 000 geschätzt. Dies 
ist aber offenbar nicht immer so [6].

Im Verlaufe der Ausarbeitung der Methodik war aufgefallen, daß die 
Trennung auf Sephadex G 200 in Abhängigkeit von der Waschung des an BaS04 
adsorbierten Materials unterschiedlich verläuft. Wird nämlich das BaS04 mit 
einem Phosphatpuffer pH 7 gewaschen, so dürfte das Molekül kleiner sein und 
erscheint erst nach dem А-Peak. Für dieses Molekül wurde ein Molekular
gewicht von 59 000 berechnet. Die Aktivität dieses Materials ist deutlich gerin
ger. Es muß daher angenommen werden, daß der Faktor VII in mindestens zwei 
Molekülgrößen vorkommt (Abb. 11). Diese Präparate weisen in der Disk- 
Elektrophorese noch immer 3 Banden auf [6] (Abb. 12).

In den letzten beiden Monaten ist es uns gelungen, mit Hilfe der Disk- 
Elektrophorese präparativ einen nach unserem heutigen Wissen wirklich reinen 
Faktor VII zu gewinnen. Die Mengen haben noch nicht ausgereicht, um End
gruppenanalysen und fingerprints zu machen.
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Abb. 12. Disk-Elektrophorese von Serumbariumsulfat
adsorbat nach Dialyse (D I), nach DE AE Chromato
graphie (D II) und nach anschließender Hydroxylapatit- 

chromatographie (H 3 VII)



Es kann kein Zweifel bestehen, daß die im exogenen System wirksamen 
Gerinnungsfaktoren in Gruppen hintereinander reagieren. Am besten abgeklärt 
ist die Aktivierung von Faktor X. Dieser aktiviert gemeinsam mit Phospholipid, 
Faktor V und Calcium das Prothrombin.

Esnouf und Williams [9] haben als erste die Möglichkeit der Aktivierung 
eines gereinigten Faktor X durch Russell-Vipern-Gift aufgezeigt. Sie haben auch 
demonstriert, daß der aktivierte Faktor X ein kleineres Molekül hat als seine 
inaktive Vorstufe. Wir haben fast gleichzeitig mit Spaet und Cintron [22] eine 
Aktivierung von gereinigtem Faktor X durch Citrat bzw. Ammonsulfat nach
gewiesen [16]. Spaet und Cintron sind vom Serum zur Präparation von Faktor X 
ausgegangen, während wir Plasma als Ausgangsmaterial verwendeten. Die 
Aktivierung in Citrat erfolgt langsam, wie dies Seegers für sein Prothrombin 
gezeigt hatte.

Der aktivierte Faktor X verhält sich biologisch wie Autoprothrombin C. 
Es ist nun von Interesse, daß in den Seegersschen Aktivierungsexperimenten 
immer gleichzeitig Thrombin und Autoprothrombin C entstehen. Während 
Seegers annimmt, daß sein Prothrombinmolekül die Muttersubstanz beider Fer
mente ist, muß man auf Grund der eingangs erwähnten Ergebnisse der Säulen
chromatographie eines derartigen Prothrombinpräparates annehmen, daß das 
Thrombin aus dem Prothrombin, das Autoprothrombin C aber aus dem in dem 
Präparat enthaltenen Faktor X entsteht. Bei diesem Aktivierungsprozeß greift 
das Citrat eindeutig am Faktor X an und nicht an dem von Faktor X abgetrenn
ten Prothrombin. Daher ist das von Faktor X getrennte DEAE-Prothrombin 
auch nicht mit Citrat aktivierbar, sondern erst nach Mischung mit der zweiten 
von der Säule abgetrennten Fraktion, nämlich dem Faktor X [8].

Faktor X-Präparationen können auch mit Gewebethrombokinase aktiviert 
werden. Diese Reaktion verläuft wesentlich schneller als die Aktivierung mit 
Citrat. Es war auffallend, daß verschieden hergestellte Faktor X-Präparate ver
schieden schnell mit Thrombokinase aktiviert werden konnten. Es zeigte sich 
dann, daß mit zunehmender Reinheit die Aktivierung langsamer wurde, ln einer 
nächsten Versuchsserie wurde gereinigter Faktor VII neben der Thrombokinase 
zu dem reinsten verfügbaren Faktor-X-Präparat zugesetzt. Hierbei zeigte es sich, 
daß die Aktivierung entsprechend beschleunigt wurde, ohne daß die Menge des 
aktivierten Faktor X wesentlich beeinflußt wurde. Ob eine Aktivierung von Fak
tor X völlig ohne Faktor VII möglich ist, können wir nicht sagen, da wir kein 
absolut Faktor-VII-freies System zur Verfügung hatten [16].

Wie aus den Untersuchungen von MacFarlane und Ash [19] hervorgeht, 
erfolgt die Aktivierung von Faktor X im endogenen System durch aktivierten 
Faktor VIII. Weiters ist auch eine Aktivierung durch kleine Mengen von Trypsin 
möglich. Es zeigt sich also, daß Faktor X durch ganz verschiedene Substanzen 
biologisch und rein experimentell aktiviert werden kann, wobei es sich offen
kundig um eine proteolytische Reaktion handelt. Gereinigter Faktor VII allein 
vermag Faktor X nicht zu aktivieren. Gereinigte Thrombokinase kann Faktor X 
höchstwahrscheinlich allein nur äußerst langsam, wenn überhaupt, aktivieren.

2 7 0  Deutsch и. MitarbUntersuchungen über das exogene Gerinnungssystem
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Bringt man Thrombokinase und Faktor VII zusammen, so ist die volle 
Aktivität fast augenblicklich vorhanden. Dies steht in einem krassen Gegensatz 
zu den immerhin recht langen Inkubationszeiten, die für die Aktivierung von 
Faktor X erforderlich sind [16]. Die Vermutung liegt nahe, daß es sich hier um 
zwei grundverschiedene Reaktionen handelt. Zu analogen Ergebnissen ist 
Williams [24] gekommen, der außerdem einmal eine Spontanaktivierung von 
Faktor VII beobachtet haben will.

Wir können unsere bisherigen Ergebnisse dahingehend zusammenfassen, daß 
es uns möglich war, wahrscheinlich zu machen, daß die Faktoren VII und X von 
Prothrombin unabhängige, im Plasma bereits vorhandene Substanzen sind. So 
gelingt es, durch einen einfachen säulenchromatographischen Arbeitsgang Faktor 
VII von Prothrombin und Faktor X in menschlichem Plasma zu trennen. Lechner 
benützte dies zur Ausarbeitung einer einfachen Faktor-VII-Bestimmungs-

V e r s u c h s a n s a t z  TAMe Einheiten

TAMe 0
THROMBOKINASE +  TAMe 0
FAKTOR X +  VII +  TAMe 0,03
FAKTOR X +  VII +  Ca +  TAMe 0,07
FAKTOR X +  VII +  TH ROM BO KIN. +  Ca +  TAMe 2,3

Abb. 13. Entstehung von Esteraseaktivität in Faktor X Präparaten 
durch Thrombokinase, Faktor VII und Calcium

methode [17]. Prothrombin kann von Faktor X und VII unter anderen Ver
suchsbedingungen ebenfalls mit DEAE-Zellulose getrennt werden.

In diesem Zusammenhang dürfte es zweckmäßig sein, einige Worte über 
die unterschiedliche Interpretation der Ergebnisse durch Seegers und durch uns 
Zusagen. Nach Seegers ist die gemeinsame Muttersubstanz der Autoprothrombine 
bzw. Faktor VII, IX und X Prothrombin. Dieses zerfällt durch Einwirkung von 
Thrombin in 3 Teile, nämlich Prothrombin, die eigentliche Vorstufe des Throm
bins, einen Hemmstoif und Autoprothrombin III, die Vorstufe von Autopro
thrombin C. Wie schon erwähnt, entstehen in den Seegersschen Citratexperimen
ten immer Thrombin und Autoprothrombin C praktisch gleichzeitig. Wir konn
ten zeigen, daß DEAE-Prothrombin nicht mehr mit Citrat aktivierbar ist, sondern 
erst nach Zugabe von Faktor X, an dem das Citrat angreift. Man müßte nun 
mit Seegers annehmen, daß auf der DEAE-Säule ein analoger Molekülzerfall 
stattgefunden hat, wie er von Seegers für die Thrombinwirkung postuliert wird. 
Dagegen sprechen aber die Molekulargewichte. Prothrombin hat nach Seegers 
ein Molekulargewicht von 68 000. Faktor X nach den Berechnungen von Esnouf 
und Williams [9] ein solches von 86 000, nach unseren Berechnungen ein solches 
von etwa 70 000, was bei Verwendung so unterschiedlicher Methoden eine gute
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Übereinstimmung darstellt. Außerdem glauben Harmison und Seegers bei Esnouf 
einen Rechenfehler gefunden zu haben, wodurch sich ihr Wert etwas verringern 
würde. Auf Grund dieser Berechnungen ist es unmöglich anzunehmen, daß das 
Prothrombinmolekül Faktor X und die eigentliche Vorstufe des Thrombins ent
hält. Auch das Molekulargewicht unseres Faktor VII ist so groß, daß man kaum 
annehmen könnte, daß Faktor VII ein Teil des Prothrombins ist. Es wäre lediglich 
möglich anzunehmen, daß aus dem Prothrombin durch Absprengung verschiede
ner sehr kleiner Polypeptide die Faktoren VII oder X entstehen. Dann müßten 
aber Faktor VII und Faktor X weitgehend denselben Aufbau aufweisen. In die
sem Fall müßten sich die fingerprints weitgehend gleichen, was nicht der Fall ist.

Die Aktivierung von Faktor X ist in verschiedenen Systemen möglich, so 
mit Citrat; Thrombokinase und Faktor VII; Faktor V illa; Trypsin oder Russell- 
Vipern-Gift. Es ist dies eine enzymatische Reaktion, in der Faktor X das Sub
strat ist, da von seiner Menge die gebildete Menge von Faktor Xa abhängt. 
Hingegen beeinflussen Thrombokinase +  Faktor VII, Russell-Vipern-Gift etc. 
die Schnelligkeit der Bildung des aktivierten Faktor X. Diese haben daher Ferment
wirkung.

Faktor Xa selbst ist ein Ferment, denn während der Aktivierung entsteht 
Esterase-Aktivität [16] (Abb. 13). Sehr wahrscheinlich gibt es von Faktor X drei 
verschiedene Zustandsformen, einen Plasma-Faktor X, einen Serum-Faktor X und 
einen aktivierten, der aus beiden vorgenannten Formen entstehen kann. Faktor VII 
allein vermag Faktor X nicht zu aktivieren. Hierzu ist außerdem Thrombokinase 
erforderlich. Die Reaktion zwischen Thrombokinase und Faktor VII ist eine 
außerordentlich schnelle, über deren Art noch nichts Sicheres bekannt ist. Die 
Annahme, daß sich Faktor VII in irgendeiner Weise auf dem großen Molekül 
der Thrombokinase ausbreitet, ist naheliegend, doch fehlen dafür noch sichere 
experimentelle Unterlagen. Es ist per analogiam sehr wahrscheinlich, daß Throm
bokinase +  Faktor VII gemeinsam als Ferment zur Aktivierung von Faktor X 
wirken, wenn es auch noch nicht gelungen ist, ihre fermentative Aktivität an 
synthetischen Substraten zu erweisen.

2 7 2  Deutsch и. Mitarb.: Untersuchungen über das exogene Gerinnungssystem
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Лечение больных идиопатическим миелофиброзом

М. С. ДУЛЫДИН, Н. Ф. КЛИМОВА

Гематологическая клиника Центрального ордена Ленина института гематологии и пере- 
ливания крови Министерства здравоохранения СССР, Москва

(Поступила в редакцию в апреле 1967 г.)

1. Миелобромол является эффективным средством для лечения идиопати- 
ческого миелофиброза. В течение 2—4 недель обычно препарат назначается по 250 
мг в день, а в последующие две недели по 125 мт в день.

Миелобромол не вызывает никаких побочных токсических явлений.
2. Миелобромол оказывает медленное цитостатическое действие, не только 

на миелобластические клетки, но и на фиброзную ткань, в меньшей степени влияет 
на тромбопоэз и не влияет на эритропоэз.

Как правило, через 2 недели, по окончании курса лечения развивается депрес- 
сия лейкопоэза, которая обычно быстро восстанавливается.

3. Ремиссия, достигнутая лечением миелобромолом, продолжается обычно 
от 4 до 12 месяцев. Поддерживающее лечение миелобромолом в дозе по 125 мг 
2 —3 раза в неделю удлиняет продолжительность ремиссии.

4. Ценным качеством миелобромола является полное отсутствие резистент
ности к препарату и это позволяет проводить повторные курсы лечения миело
бромолом.

Впервые ассоциадию фиброза костного мозга с лейкемоидной картиной 
крови описал Wood в 1871 году, и с тех пор это заболевание много раз опи
сывалось под самыми различными названиями. Наиболее часто употреб
лялись следующие названия: миелоидная метаплазия, лейкоэритробласти
ческая анемия, алейкемический миелоз, хронический не лейкемический 
миелоз, идиопатический миелофиброз и др .; за самые последние годы это 
заболевание обозначается как идиопатическая миелоидная метаплазия 
(Gardner и соавторы, 1961; Pitcock и соавторы, 1962). Мы пользуемся 
термином идиопатический миелофиброз.

Идиопатический миелофиброз в морфологическом плане может рас- 
сматриваться как миелопролиферативное заболевание, характеризующееся 
фиброзной мезенхимной пролиферацией костного мозга. Если просмотреть 
естественный ход течения заболевания, то обращает на себя внимание 
прогрессивное увеличение селезенки. Выраженная спленомегалия часто 
сопровождается вторичным гиперспленизмом (гемолитической анемией 
или тромбоцитопенией, либо тем и другим).

Мы полагаем, что спленомегалия у больных миелофиброзом обусло
влена не только компенсаторным механизмом, развивающимся в резуль- 
тате фиброретикулярной пролиферации костного мозга, но и такого же
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процесса в селезенке. Эти изменения развиваются у больных постепенно на 
протяжении 5— 10 лет.

Наиболее частой причиной для обранцения к врачу служит дискомфорт 
в брюшной полости, наступающий в результате увеличенной селезенки.

На ранних стадиях наличия идиопатического миелофиброза, когда 
обычно имеет место незначительная анемия (или она отсутствует) и неболь
шое увеличение селезенки, мы не советуем прибегать к цитостатической 
терапии. Наша тактика в таких случаях заключается в регулярной наблю- 
дении за больным и применении общеукрепляюшей терапии.

При прогрессировании миелофиброза лечение должно быть построено 
на следующих трех принципах:

1) создание условий стимуляции мезенхимных и ретикулярных клеток 
к формированию активного гемопоэза. Это достигается, повидимому, лучше 
всего с помощью препаратов с направленностью анаболического действия 
— андрогенов,

2) снятие явлений гиперспленизма (применяются кортикостероидные 
гормональные средства),

3) задержка прогрессирования спленомегалии. С этой целью обычно 
применяются цитостатики.

В литературе имеются сообщения о благоприятных результатах лече- 
ния идиопатического миелофиброза милераном (Dameshek и соавторы, 
1958; Videbaek, 1956) с ремиссией ог 4 месяцев до 4 лет.

По данным К. А. Хасановой, милеран не способствует уменьшению 
размеров селезенки и печени у больных с миелофиброзом; он вызывает 
лишь улучшение общего состояния больных, уменьшение боли в костях 
и селезенке. Мы не применяли милеран нашим больным, так как на преды- 
дущих этапах лечения он способствовал лишь быстрому снижению числа 
лейкоцитов и не сокращал размеров селезенки. Поэтому мы решили изу
чить влияние венгсрского препарата миелобромола (Dibrommanit).

Препарат применялся 12 больным с выраженной гепатоспленоме- 
галией, из них было 7 женщин и 5 мужчин, в возрасте от 40 до 59 лет, с дав
ностью заболевания от 2 до 16 лет.

Диагноз идиопатического миелофиброза был установлен на осно- 
вании наличия гепатоспленомегалии, лейкоэритробластических показа
телей в периферической крови, стабильных сублейкемических нифр числа 
лейкоцитов на всем протяжении заболевания, изменения в морфологии 
эритроцитов (выраженного анизо- и пойкилоцитоза), фиброза костного 
мозга.

Однако необходимо отметить, что трепанобиопсия не может рассмат- 
риваться как единственный метод, пригодный для диагностики идиопати
ческого миелофиброза, так как нередко из-за очагового поражения фиброз 
костного мозга может быть не обнаружен в определенных полях трепано- 
биопсии. Как дополнение к диагностике у 8 больных применялись цито- 
химические и цитогенетические методы. У 7 больных активность щелочной
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фосфатазы в лейкоцитах была повышенной и колебалась в пределах от 78 
до 236 Ед, у одной больной она была в пределах нормы — 45 Ед. У всех 
8 больных филадельфийская хромосома отсутствовала.

Основной жалобой всех больных была общая слабость, чувство дис
комфорта в брюшной полости, из-за увеличения селезенки, повышенная 
утомляемость. Были и другие симптомы: потеря веса у 6 больных, одышка 
— у 2-х, боли в суставах — у двух.

Увеличение лимфоузлов отмечалось лишь у одной больной.

Гистология костною мозга

При гистологическом изучении костного мозга, полученною методом 
трепанобиопсии, у всех больных установлен различной степени фиброз. 
Степень фиброза варьировала от вовлечения неболыпих участков костного 
мозга до участков полностью вытесняющих кровотворные клетки фиброз
ной ткани.

У 5 больных наряду с фиброзом костного мозга отмечались участки 
новообразования кости.

Гистологическое исследование костного мозга, проведенное у 4-х 
больных повторно через 1—2 года, показало заметное нарастание фиброза 
и склероза в костном мозгу.

Миелограмма

При стернальной пункцииу 10 больных миелофиброзом игла проходила 
в кость легко, но аспирация костного мозга была затруднена, по-видимому, 
из-за фиброзного разрастания в нем. При этом удавалось получить лишь 
небольшое количество пунктата.

У 2 больных костный мозг получить не удалось: у одного из-за плот
ности кости и у одной—аспирация не позволила извлечь костно-мозговую 
ткань.

Содержание миелокариоцитов у 5 больных находилось на нормальном 
уровне, число их не превышало 51 400 — 77 200. Костный мозг был беден 
клеточными элементами у 3 больных, и умеренно клеточным — у 2 больных.

При подсчете миелограммы число недифференцированных элементов 
колебалось от 0,6 до 6,8%; незрелые гранулоциты были в пределах от 
10,6% до 23,4%, зрелые гранулоциты составляли 48,4—67,2%. Отмечалось 
снижение числа клеток красного ряда у всех больных (выраженное у 5 боль
ных от 1,6 до 6%, у 5 — умеренное: от 10,6 до 17,8%).

Г емограмма

Хотя лейкоцитоз был выявлен у всех больных, однако число лейко- 
цитов в течение заболевания не превышало 50 000 в 1 мм3. В периферической 
крови содержание незрелых гранулоцитов колебалось в пределах 3— 15—
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20%. Непостоянно встречались недифференцированные клетки, число гемо- 
цитобластов не превышало 2—2,5%. Таким образом, наблюдались коле- 
бания от относительно нормального дифференцированного подсчета, до 
приближающегося к развернутой картине, свойственной обострению хрони- 
ческого миелолейкоза.

Эозинофилы, моноциты отмечены у всех больных; они не превышали 
3%, и лишь у отдельных больных эозинофилы достигали 4%.

Число тромбоцитов у 9 больных было в пределах нормы. Только у 
двух больных число тромбоцитов повышалось до 554 000 — 635 000 в 1 мм3, 
а у одной больной число тромбоцитов снизилось до 102 000 в 1 мм3.

Базофилия рассматривается как один из характерных признаков лей
коза.

У наших больных базофилы встречались редко и не превышали 3% 
— изредка — 4% и у одной больной составляли 5,5%.

Нормохромная анемия отмечалась у 3 больных, выраженная анемия 
(8,4 г%) у 2 и у одной — умеренная (Нв — 10,8 г%).

В периферической крови постоянно наблюдались ядерные формы 
красных клеток в болыпинстве случаев они не превышали — 5—3%, у от
дельных больных наблюдалось увеличение их до 8%.

Одним из характерных признаков миелофиброза является выражен
ный анизоцитоз, пойкилоцитоз и полихроматофилия.

4 из этих больных раньше получали лечение другими цитостатиче
скими средствами; (двое-миелосан, один — допан и одна больная — миелосан 
и рентгенотерапию на область селезенки) без эффекта.

Миелобромол мы назначали по 250 мт в день в течение 2—4 недель, 
затем доза уменьшалась до 125 мт pro die. По истечении 5—6 недель, пере
ходили на поддерживающие дозы (обычно по 125 мг 2—3 раза в неделю). 
Курсовая доза — минимальная 4 г, максимальная 9,6 г. В результате те- 
рапии миелобромолом самочувствие больных улучшалось, проходила сла
бость, улучшался аппетит, увеличивался вес.

У всех больных на 9— 12 день приема препарата значительно умень
шались размеры печени и селезенки. Нормализации размеров селезенки не 
получено ни у одного больного, однако у 2-х больных (В. с давностью за- 
болевания 10 лет и X. с давностью заболевания — 2 года) после лечения 
миелобромолом селезенка стала пальпироваться у края реберной дуги; 
до лечения размеры селезенки были: 6—15/8 см, 5—18/19 см. Размеры пе
чени у этих больных тоже заметно уменьшились.

У всех больных на 3—4 день от начала приема миелобромола отме- 
чалось повышение числа лейкоцитов, затем число лейкоцитов медленно 
снижалось; курс лечения продолжался в течение 17—47 дней. Препарат 
обычно отменяли при уменыпении числа лейкоцитов до 6 000.

Миелобромол хорошо переносится больными и не вызывает никаких 
побочных явлений.

После отмены препарата наблюдалось последуюгцее снижение числа
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лейкоцитов в течение 6—10 дней: у 3 больных — до 2600—3400; у 4-х — до 
4000 и только у одной больной В. число лейкоцитов снижалось до 900 (при 
общей дозе миелобромола 9 250 мг). Обычно через две недели число лейко
цитов повышалось. У 4-х больных число лейкоцитов не снижалось ниже 
6000.

У всех больных, за исключением одного, отмечалось улучшение со
става лейкоцитарной формулы: исчезали недифференцированные элементы, 
уменьшалось число незрелых гранулоцитов (с 15—10% до 0—1—2%).

Снижение числа тромбоцитов ниже 100 000 наблюдалось у 3-х боль
ных. У двух — до 50 000 и 37 000 на 10—12 день, а у одной больной лечение 
было прекращено на 28 день из-за снижения числа тромбоцитов до 59 000. 
Нужно отметить, что лечение миелобромолом у этой больной было начато 
при наличии 102 000 тромбоцитов. Через 2 недели число тромбоцитов 
повысилось до исходных цифр.

Уровень Нв и число эритроцитов за период лечения миелобромолом 
оставались на исходных показателях.

На 7— 10 день после окончания приема препарата отмечалось сниже
ние уровня Нв с 13—12 г% до 10,6 г% у четырех больных.

Назначение нерабола способствовало повышению уровня Нв и числа 
эритроцитов до исходных показателей. У 8 больных уровень Нв не изме- 
нялся.

После проведенного курса лечения миелобромолом при подсчете 
миелограммы у 6 больных особых изменений, по сравнению с миелограм- 
мами до лечения, не отмечалось.

Только у 4-х больных наблюдалось уменьшение числа недифференци- 
рованных клеток и зрелых гранулоцитов почти вдвое (с 67,2 до 36,6, с 57% 
до 20%) и увеличение числа эритро-нормобластов (с 1,6% до 5,4%, с 2,4% 
до 7.6%; с 10.6% до 16,2%, с 17,8% до 38,4%).

При гистологическом исследовании (трепанобиопсия) костного мозга 
у этих же больных отмечено уменьшение числа клеточных элементов миело- 
идного ряда с сохранением клеток красного ряда. В ряде участков волок
нистая ткань становилась более нежной и количество ее уменьшалось 
(рис. 1).

Следовательно миелобромол, в основном, влияет на гранулопоэз. 
Создается впечатление, что в какой-то мере он способствует рассасыванию 
фиброретикулярной ткани и возможно подавляет пролиферацию фибро- 
бластов. Это предположение подтверждается также резким уменьшением 
размеров селезенки у этих больных под влиянием лечения миелобромолом.

Мы уже указывали, что спленомегалия у больных миелофиброзом 
обусловлена не только компенсаторной миелоидной метаплазией, но в 
селезенке, так же как и в костном мозгу, происходит пролиферация мезен- 
химных ретикулярных клеток и фибробластов.

Возможно этим же процессом объясняется и неэффективность миело- 
сана у больных с миелофиброзом, так как милеран действует направленно
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на миелоидную гиперплазию и не влияет на пролиферацию мезенхимных 
клеток и фибробластов.

У всех больных под влиянием лечения миелобромолом получены не
посредственно хорошие результаты.

Из 12 больных у 5 ремиссия длилась от 4 до 6 месяцев (с поддержи- 
вающим лечением миелобромолом). После повторного курса лечения 
миелобромолом (также при условии поддерживающего лечения) длитель
ность ремиссии увеличивалась до 8—12 месяцев. За остальными 7 больными

Рис. 2. Гигантская селезенка у больного С. Диагноз: идиопатический
миелофиброз

наблюдение продолжается пока в пределах от 1 до 12 месяцев. Больные 
чувствуют себя хорошо и продолжают получать поддерживающие дозы пре
парата.

Двое больных поступили в клинику для проведения 3 курса лечения 
миелобромолом.

Приводим краткую выписку из истории болезни.
Б-ной С. Л. Е., 41 года. Страдает идиопатическим миелосклерозом 

с 1950 г. До 1963 г. состояние его оставалось удовлетворительным, а затем 
печень и селезенка стали быстро увеличиваться в размерах, нарастала сла
бость и потливость. Лечение кортикостероидами особенного эффекта не 
дало. В марте 1965 г. больной в тяжелом состоянии поступил в гематологи
ческую клинику. Истощен, кожные покровы и видимые слизистые — бледны. 
Живот резко увеличен в объеме за счет огромной, плотной селезенки, кото
рая занимала почти всю брюшную полость. Размеры селезенки по Кур- 
лову — 34—48/32 см (см. рис. 2).
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Рис. 3. Трепанобиопсия. Разрастание атипичной коркой 
и фиброзной ткани в костномозговой полости. Кле- 
точный полиморфизм. Больной С. Диагноз: идиоп- 

атический миелофиброз

Печень выступала из-под реберного края на 8 см. Анализ крови от 
6/111—65 г. Нв — 15,8 г%, эр. — 5 090 000, л. — 36 000, гемоцитобласты — 
0,5%, миелобласты — 0,5%, промиелоциты — 0,5%, миелоциты — 12,5%, 
метамиелоциты — 4%, п. — 23%, с. — 46,5%, лимф. — 8.5%, баз. — 3%, 
эоз. — 1 %, ретикулоциты — 2 тромбоциты — 350 000, РОЭ — 1 мм а 
час, анизоцитоз, пойкилоцитоз, встречаются ядра мегакариоцитов.

Рис. 4. Резкое уменьшение размеров селезенки у 
больного С. после лечения миелобромолом
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При гистологическом исследовании костного мозга выявлено повы
шенное костеобразование в виде наслоений незрелой костной ткани и 
остеоида. Обнаружено разрастание фиброретикулярной ткани; местами 
она диффузно заполняет костномозговые полости. Клеточный состав поли- 
морфен, однако преобладают эритробласты. Много мегакариоцитов (см. 
рис. 3).

Во всех костях на рентгенограммах отмечено уплотнение спонгиоз- 
ного вещества, на фоне которого отмечаются островки склероза.

Рис. 5. Трепанобиопсия. Гипоплазия кроветворения с сохранением клеток 
красною ряда. Уменьшение фиброзной ткани после лечения миелобромолом

При стернальной пункции получить костный мозг не удалось из-за 
плотности грудины.

В течение 20 дней проводилось лечение миелобромолом в дозе 250 мг 
в сутки. При снижении числа лейкоцитов до 15 600 доза была уменьшена 
до 125 мг в сутки, однако через 10 дней препарат пришлось отменить из-за 
снижения числа тромбопитов до 50 590; число лейкоцитов было в пределах 
10— 12 000 .

Через 12 дней после отмены миелобромола число тромбоцитов воз
росло до 78 470, а число лейкоцитов снизилось до 3400.

Всего на курс лечения общая доза миелобромола равнялась 6,5 г.
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Размеры селезенки уменьшились до 14—25/18 (см. рис. 4). Заметно сократи
лась печень, она пальпировалась на 4 см ниже реберной дуги. В результате 
проведенного лечения улучшилось общее состояние больного, исчезла сла
бость и потливость. Несмотря на уменынение размеров селезенки больной 
прибавлял в весе.

Улучшился также состав периферической крови. Анализ крови от 
24/ІѴ—65 г.: Нв 15,4 т%, эр. 4 380 000. цветной показатель — 1, л.
- 3400. Миелобласты — 1%, миелоциты — 1 %, п. 12,5%, с. — 20%, 

лимф. — 61,5%, баз. — 2%, эоз. — 1,5%; ретикулоциты — 2% 0, тромбоциты
— 78 470, РОЭ — 3 мм в час, плазматические клетки — 0,5%.

Гистологическое исследование костного мозга, произведенное после 
лечения миелобромолом, показало развитие гипоплазии кроветворения, и 
в ряде участков волокнистая ткань стала более нежной (см. рис. 5). Больной 
был выписан в удовлетворительном состоянии 27/1V. С 15/V—65 г. начал 
принимать миелобромол в поддерживающих дозах по 125 мт через день. 
Число лейкоцитов к этому времени возросло до 9500, а тромбоцитов до 
270 000. Всего в амбулаторных условиях он получил 3,25 г миелобромола. 
Ремиссия длилась 4 месяца.

Повторный курс лечения миелобромолом был начат 1 сентября 1965 г. 
и продолжался 31 день — всего он получил 6 г. Размеры селезенки умень
шились с 30—49/33 до 13—26/20, печень уменьшилась с 13 до 5 см.

Улучшился состав периферической крови: полностью исчезли недиф
ференцированные клетки, а число незрелых гранулоцитов снизилось с 7 
до 2,5%. Число тромбоцитов уменьшилось с 381 000 до 133 000.

Миелобромол был отменен при снижении числе лейкоцитов до 5050.
Через 10 дней после отмены препарата число лейкоцитов снизилось 

до 2800, число тромбоцитов к этому времени возросло до 190 000, уровень 
Нв снизился с 13,8 до 10 г%, число эритроцитов уменьшилось с 4 250 000 
до 3 170 000.

В связи с развившейся анемией и лейкопенией больному был назначен 
преднизолон (короткий курс). Через 2 недели количество Нв возросло до 
11 г%, эр. - до 3 500 000. лейкоцитов — до 6800.

Ремиссия длилась 10 месяцев. В амбулаторных условиях получал 
регулярно поддерживающие дозы миелобромола по 125 мг сначала еже
дневно, а затем через день.

Последний месяц миелобромол он не принимая, и у него вновь насту
пило ухудшение, выражавшееся в резком увеличении селезенки.

В третий раз больной поступил в гематологическую клинику для 
лечения миелобромолом. и вновь были получены хорошие результаты.

2 8 4  Дульцин, Климова: Лечение больных идиопатическим миелофиброзом
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Treatment of Idiopathic Myelofibrosis

M. S. D ulcin, N. F. K limova

1. Myelobromol is an effective drug against idiopathic myelofibrosis. Its daily dose 
is 250 mg for 2 to 4 weeks, then 125 mg for another two weeks. It has no toxic side effects.

2. Myelobromol exerts a slow cytotoxic effect on both the myeloblasts and fibrous 
tissue. It influences thrombopoiesis to a lesser extent, and erythrocytopoiesis not at all. 
At the end of the fortnight following discontinuance of administration, leucopoiesis is 
depressed temporarily.

3. Remission usually lasts 4 to 12 months. Administration of maintenance doses 
(125 mg two or three times a week) prolongs remission.

4. As no drug resistance develops, myelobromol treatment may be repeated later, 
if necessary.
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Structure and Function of Erythrocytes, III. 
Effect of Membrane Modifications on the Mechanism 

Maintaining Biconcave Shape

Ilma Szász, I. Á rky, G. G árdos 
Research Institute of the National Blood Centre, Budapest, Hungary

(Received April 25, 1967)

The superficial treatments of the erythrocyte membrane (protein-film desorp
tion, tannin treatment, A1»03 treatment) have no effect on the shape transformation 
produced by alteration of the ATP content. Contrary to this, the disk-sphere trans
formation caused by glycolysis inhibitors is slowed down to a great extent by trypsin 
and papain and to a smaller extent by antibody sensitization. The shape regenera
tion accompanying fermentative ATP resynthesis is also advantageously influenced 
by trypsin and papain. To explain these phenomena, the effects of agents mentioned 
above on glucose transport, glycolysis rate and ATP utilizing reactions were studied. 
It was established that ATP utilization] of haemolysates decreased after antibody- 
sensitization, papainization and trypsinization; glycolysis of intact erythrocytes was 
diminished by trypsin treatment, while glucose transport was enhanced by papain 
treatment. Probably trypsin and papain activate the “shape-maintaining ATPase” 
and produce excess ATP by inactivating other ATP-utilizing reactions. Antibody 
sensitization has no direct effect on the shape-maintaining mechanism but, through 
diminishing hexokinase activity and active K-transport, provides more ATP for the 
shape-maintaining mechanism. Pancreatic lipase proved to be an effective sphering 
agent, causing reversible sphering without haemolysis. An attempt was made to give 
a synthetic explanation of the results.

The maintenance of the biconcave shape of erythrocytes requires ATP [1]. 
The utilization of the energy of ATP is carried out most probably by a contractile 
membrane protein with ATPase activity. Recently the extraction of an actomyosin- 
like protein from erythrocyte membrane was reported [2]. At the same time it 
is known that through a direct membrane effect, so e.g. with haemolysins attack
ing both the protein and lipid constituents of the cell membrane, a rapid loss of 
biconcave shape can be attained [3]. On the basis of this there are still followers 
of the conception that the maintenance of biconcave shape is secured by the 
composition and localization of membrane lipids [4, 5].

Abbreviations used in the paper:

ATP:
ATPase:
ІА:
IgG:
Im:

adenosine triphosphate 
adenosine triphosphatase 
iodoacetate (Na-salt) 
immune gamma globuline 
morphological index
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In our present work we investigate the influence of different membrane 
modifications on the maintenance of the biconcave shape of erythrocytes. To pro
duce superficial membrane modification, desorption of the protein-film, elimina
tion of the labile lipid fraction, and tannin treatment were carried out. For modifi
cation of the membrane structure protein and lipid-splitting enzymes and Rh„(D) 
antibodies were used.

Methods
Preparation o f the experimental materia/

Fresh, defibrinated human blood and washed erythrocyte suspensions, resp. 
were used. The average haematocrit value of the experimental mixtures was 30%. 
The erythrocytes were washed three times with 4 volumes of washing solutions, 
and were centrifuged at room temperature for 10 minutes at 3500 r.p.m. Two 
kinds of washing solutions were used:

A: 5 mM MgCL, 158 mM NaCl
B. 6 mM glucose, 5 mM MgCL, 155 mM NaCl

In the experiments involving fermentative ATP resynthesis [6], erythrocytes 
washed twice in washing solution B were incubated with 16 mM NaF, and the 
suspension was washed once in 10 volumes of washing solution A at 4° C. Follow
ing this, ATP resynthesis was secured by addition of glucose and incubation 
at 37° C. The other agents (trypsin, etc.) were added to the system together 
with glucose.

Desorption of the protein film was done by Furchgott’s [7] glass bead 
method, elimination of the labile lipid fraction by Lovelock’s [8] A120 3 method. 
Tannin effect was investigated on washed erythrocytes in the presence of glycolysis 
inhibitors at 1 : 10 000 and 1 : 20 000 final concentrations of tannin. The effectivity 
of the glass bead treatment was controlled with erythrocytes labelled with 125I- 
albumin, the effectivity of the lipid detachment by the lipid analysis of A120 3, 
the effectivity of tannin treatment by the Coombs-reaction following protein 
sensitization.

Erythrocytes were trypsin-treated with the preparation “ Lyotryp” (Institute 
for Serobacteriological Production “Humán”, Budapest). One ml of erythrocyte 
sediment washed previously three times in washing solution B was incubated 
for 30 minutes at 37° C with 0.4 ml of 0.25% trypsin dissolved in a 1 : 1 mixture 
of 110 mM phosphate buffer (pH 7.4) and 166 mM NaCl. Trypsin was eliminated 
by washing with solution B.

Papain treatment of erythrocytes was performed with crystalline papain 
(Merck). To 1 ml erythrocyte sediment washed previously three times in solution B, 
1 ml 0.2% papain activated by 0.25 mg 1-cysteine, dissolved in buffered saline 
was given and the suspension was incubated at 37° C for 30 minutes. Papain 
was eliminated by Washing with solution B.

Lipase treatment of erythrocytes was performed with the preparation 
“ Lipáz” (Reanal, Budapest). To the erythrocytes, previously washed three times in
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solution B, 0.1% lipase in aa. volume, dissolved in 166 mM NaCI was given, 
and the suspension was incubated for 60 minutes at 37° C. Lipase was removed 
by using washing solution B.

For the antibody sensitization Rh0(D) positive erythrocytes and immuno- 
chemically pure IgG prepared from human sera of high incomplete anti-Rh0(D) 
titre were used. To I ml erythrocyte sediment 1.5 mg IgG dissolved in 166 mM 
NaCI was added, and it was incubated for 30 minutes at 37° C. The grade of 
sensitization was checked by 125I-labelled IgG. Under our experimental con
ditions 7—12% of the IgG of high antibody content was bound to the surface 
of erythrocytes.

Determinations

Morphology of erythrocytes was studied in an isotonic trisodium citrate 
solution containing 1 % formalin described by Dacie [9], between slide and 
coverslip, with phase-contrast microscope, at an 800-fold magnification. The 
morphological index (Im) was determined as described in our previous paper [10].

ATP determinations were carried out in two ways: 1. By the spectro- 
photometric analysis at 260 m/i of the fractions obtained from a Dowex-l-Cl 
ion exchange column [11]; 2. enzymically with the aid of glyceraldehyde-3- 
phosphate dehydrogenase and phosphoglycerate kinase, according to the Boehrin- 
ger test [12]. The measured values were expressed as percentages of the original 
ones.

The activity of enzyme systems utilizing ATP (hexokinase, ATPases) was 
measured in haemolysates prepared by twofold freezing and thawing of erythro
cytes. In 0.6 ml volume 5 /(M ATP, 5 /<M MgCL, 100 ^M NaCI, 20 ^M KCI 
and 30 /(M Tris-HCl buffer (pH 7.4) were added to a haemolysate of 0.4 ml 
erythrocyte sediment, and at 0 minute and 30 minutes of incubation at 37° C 
the inorganic phosphate was determined in the deproteinized supernatants accord
ing to the method of Fiske and SubbaRow [13]. There was no measurable libera
tion of inorganic phosphate when ATP was omitted from the system.

Glycolysis rate was determined by measuring glucose consumption iodo- 
metrically [14] and lactate production colorimetrically [15].

Glucose transport processes were studied according to the method of 
LeFevre and McGinnis [16].

Potassium influx was investigated by the aid of 42KC1. The radioactivities 
were measured in a well-type scintillation counter.

Results

Effect o f superficial membrane treatments
Elimination of the protein-film and the labile lipid fraction, as well as tannin 

treatment did not influence significantly the changes in shape caused by the 
decrease in ATP level in experiments with glycolysis inhibitors (1 mM IA, 
5 - 1 6  mM NaF).
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Effect o f trypsin treatment

Trypsin treatment produced no detectable changes in the morphology and 
ATP content of erythrocytes. But when ATP was broken down by glycolysis 
inhibitors (1 mM IA, 5—16 mM NaF) in erythrocytes pretreated with trypsin, 
or in the presence of trypsin, we found that while the rate of ATP breakdown

Fig. 1. Kinetics of ATP breakdown 
(broken lines) and morphological 
degeneration (solid lines) in the pre
sence of 8 mM NaF with human 
erythrocytes pretreated by trypsin, 

papain and anti-Rh0(D).
•  »Control; О ------otrypsin;

papain;
Д ------Д anti-Rh„(D)

Fig. 2. Effect of trypsin, papain and 
anti-Rh0(D) on fermentative ATP resyn
thesis (broken lines) and morphological 
regeneration (solid lines). For symbols 
see Fig. 1, for details of experiment 

see text

Table 1
Glucose consumption and lactate production in human erythrocytes 

pretreated with trypsin and papain

C o n tro l T rypsin Papain

T im e
m in.

G lucose L actate G lucose L actate G lucose L actate

in /Xm oles/m l e ry th rocy te  suspension

0 15.6 0.28 16.2 0.11 15.9 0.29
60 15.0 1.44 15.7 1.10 15.3 1.45

120 14.4 2.64 15.4 1.70 14.6 2.84
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Fig. 3. “ATPase activity” of haemolysates 
of human erythrocytes pretreated with 
trypsin, papain and anti-Rh„(D). 1 : con

trol; 2: trypsin; 3: anti-Rh„(D);
4: papain

Fig. 4. Kinetics of glucose transport of human 
erythrocytes pretreated with trypsin, papain 
and anti-Rh„(D). Glucose content of eryth
rocytes is represented by broken lines, glu
cose content of the medium by solid lines.

For symbols see Fig. 1

decreased only to a very small extent in trypsin-treated erythrocytes, morpholog
ical degeneration slowed down significantly (Fig. 1). On fermentative regeneration 
of erythrocytes in the presence of trypsin the rates of both the ATP resynthesis 
and morphological regeneration increased (Fig. 2). ATP utilization by trypsin- 
treated erythrocytes decreased a little (Fig. 3), both glucose consumption and 
lactate production slowed down (Table 1), but the rate of glucose uptake did not 
change (Fig. 4). Neither did the 42K influx differ from that of the untreated 
erythrocytes.

Effect o f papain treatment

Pretreatment or treatment with papain produced the same changes in 
morphology and ATP content as trypsin: the rate of ATP breakdown in the 
presence of glycolysis inhibitors slowed down to a small, that of the morphological 
degeneration to a significant extent (Fig. 1), the fermentative resynthesis and 
morphological regeneration accelerated (Fig. 2). Unlike trypsin, papain caused 
a pronounced decrease of ATP utilization by erythrocytes (Fig. 3). The rate of 
glycolysis did not change significantly (Table 1), the rate of glucose transport, 
however, increased significantly (Fig. 4). There was no change in the rate of 
12K influx as compared with that of untreated erythrocytes.

H aem ato log ia  I, 1967



2 9 2 Szász et at.: Structure and function of erythrocytes, 111.

Effect o f sensitization with anti-Rhf Dj

The rate of ATP breakdown in the presence of glycolysis inhibitors decreased 
to a well measurable extent in Rh0(D) positive erythrocytes sensitized with anti- 
Rh0(D), and the rate of morphological degeneration slowed down in accordance 
with this (Fig. 1). In the fermentative resynthesis experiments the sensitization 
with anti-Rh0(D) caused no significant changes as compared with the controls 
(Fig. 2). ATP utilization was measurably diminished by this treatment (Fig. 3), 
but glucose transport was practically unaffected (Fig. 4). There was a small 
decrease in the rate of 42K influx.

Effect o f lipase treatment

On lipase treatment washed erythrocytes went through a rather rapid sphere 
transformation (almost 100% within 1 hour) without a significant loss in ATP 
content. But this phenomenon proved to be reversible, in response to serum or 
serum protein fractions the cells regained their original disk form.

Discussion

Ponder [3] demonstrated that the shape-transformation effect of haemolysins 
is strongly influenced by the proteins of the medium and erythrocyte membrane. 
Contrary to this, we have found that the change in shape caused by internal 
changes in metabolism is not influenced by the presence, absence or modification 
of the superficial protein film. As it is known from the works ofSchulman [17,18] 
the drugs with phenolic groups, e.g. tannin and p,p’-dihydroxystilbene get adsorbed 
to protein monolayers, and so modify their structure, but do not disperse them. 
Thus, they cannot penetrate, and haemolyze the cells, and they have, even at 
high concentration, an agglutinating effect only. Our experiments show as well 
that the modification (tanning) of the superficial protein-film of erythrocytes and 
the accessible protein components of the membrane surface, resp. does not influence 
the changes in shape regulated by ATP.

The situation is different in the case of agents reacting with the deeper 
structures of membrane. As it is known, trypsin decomposes the sialic acid layer- 
on the outer surface of the erythrocyte membrane [19, 20] and, penetrating the 
membrane structure, it destroys some blood group antigens (M, N) [21] and 
increases the reactivity of some others [Rhi;(D)] [22]. Furthermore, there is 
Whittam’s [23] conception, according to which both the blood group antigens 
and erythrocyte membrane enzymes are localized in the so-called elinin plaques. 
Among the membrane proteins isolated the elinin rods resemble most closely 
the structure of the myofibrils [24], so it may be supposed that this fraction 
plays a role in the maintenance of the shape of erythrocytes. Furthermore, 
trypsin, on the basis of its known effects, seems to act at the site of the elinin 
plaques. Unfortunately, it cannot be proved directly whether it is the elinin that
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represents the “shape-maintaining ATPase” activity, as Wheeler and Whittam [25] 
demonstrated that the preparative methods used in the isolation of elinin destroy 
ATPase activities.

The most probable explanation for the effect of trypsin on morphology is 
that it activates the “shape-maintaining ATPase” , while diminishes some other 
ATP-utilizing reactions (so e.g. hexokinase activity), providing thus excess ATP 
for the activated shape-maintaining mechanism. In this respect, “shape-maintain
ing ATPase” is similar to the smooth muscle myosin-ATPase, which can be 
activated by trypsin as well [26]. The effect of papain on the shape-maintaining 
mechanism resembles that of trypsin. We cannot tell, however, which ATP- 
utilizing reactions are damaged by papain, how is the excess ATP rendered 
available for the activated shape-maintaining mechanism. The data of the experi
ments on 42K accumulation indicate that transport-ATPase is affected neither by 
trypsin, nor by papain. From the point of view of the site of action of papain, 
theoretically it is interesting that the rateofglucose uptake is significantly enhanced 
by this enzyme. This can be well made consistent with the idea that the glucose 
carrier is localized in the elinin-plaques as well [27].

The decrease in glycolysis rate of Rh0(D) positive erythrocytes sensitized 
in vitro by specific antibodies has already been demonstrated [28]. In our experi
ments we could prove the decrease of ATP utilization of haemolysates prepared 
from erythrocytes coated by anti-Rh0(D). We experienced also the partial inhibi
tion of 42K uptake in antibody-sensitized erythrocytes. Concordant results have 
been obtained in experiments with glycolysis inhibitors, too: there was a well 
measurable decrease in the rate of ATP breakdown which sufficiently explained 
the decrease in the rate of morphological degeneration. This suggests that the 
probable loss in the hexokinase and transport-ATPase activities results in a 
higher ATP level in the presence of IA, and this is utilized by the unaffected 
shape-maintaining mechanism. Naturally, the antibody sensitization resulting in 
a decreased glycolysis rate is not advantageous for the morphology during 
fermentative ATP resynthesis.

We could bring about an effective sphering, similar to the effect of snake 
venoms with haemolytic and phospholipase activity, with a lipid splitting enzyme 
preparation of pancreatic origin. As it is known, the effect of snake-venom 
phospholipase A on erythrocyte membrane lipids comes forth even in the presence 
of serum proteins, but sphering effect does not occur under these circumstances 
[29, 30]. In our experiments the disk shape could be protected or regenerated 
by serum and serum protein fractions as well. The fact that the elimination of 
the labile 30% of the erythrocyte lipids by Lovelock’s method did not result in 
a similar effect shows that the site of action of lipase effect that produces sphering 
must be searched in the stronger bound membrane lipids.

We do not deem contradictory the connection between membrane con
vexity and lipid distribution demonstrated by autoradiographic examinations on 
the one hand, and the data about the dependence of shape on ATP content and 
membrane proteins on the other. In our opinion it seems most probable that

H aem ato log ia  1, 1967



the contractile protein rods, which have different lengths and which possess 
ATPase activity, are connected by lipids. When ATP utilization is possible, 
they are in contracted state, and maintain biconcave shape, but if the fixation 
of the end points at lipoids ceases, contraction is no more possible, sphere trans
formation occurs. Thus in the maintainance of biconcave shape the contractile 
protein rods play an active functional role, while the lipids are of structural 
importance.

*

Authors are indebted to Dr. J. Gergely for the preparation of immuno- 
chemically pure IgG of high anti-Rh0(D) titre. For the skilful and precise technical 
assistance thanks are due to Mrs. Eva Irmai and Miss Susan Keresztes.
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Observations on the Survival of 51Cr-tagged Platelets 
in Healthy Subjects and in Patients with Thrombocytopenia
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D ep artm en t o f  H aem atology, In stitu te  o f  H aem atology, W arsaw , P o land

(Received May 15, 1967)

Survival tim e o f  51C r-tagged platelets was determ ined  and the  surface  rad io
activity  was m easu red  over spleen and  liver in a group of 10 h ealth y  subjects 
and  16 pa tien ts w ith various types o f  th rom bocy topen ia . The norm al values obtained 
in th e  con tro l p a tien ts  approached  those  reported  by  o ther au tho rs . O n the  o ther 
han d , in all 9 pa tien ts with id iopath ic  th ro m b o cy to p en ia  platelet survival was reduced. 
In  one case o f th e  group the  p la te le t life span w as norm alized a fte r  splenectom y. 
A t the  sam e tim e th e  haem orrhag ic  m anifestations d isappeared  and th e  p late le t count 
increased. The p late le t survival was e ither no rm al o r  shortened in th e  group of 
pa tien ts w ith sym ptom atic  th rom bocy topen ia  associated  with im paired  fo rm ation  of 
platelets. D e term in a tio n  o f p la te le t life span and  m orpholog ical exam in atio n  o f  the 
th ro m bopo ie tic  system  are valuable in the d iagnosis o f  the m echanism  o f  th ro m b o 
cytopenia. T he determ ination  o f  the  sp leen-liver index is helpful in setting up 
the  indication  o f  splenectom y.

Determination of the life span of platelets tagged with radioactive isotopes 
is of essential importance in the diagnosis and classification of thrombocytopenias. 
These functional tests can complete the as yet not quite satisfactory morphological 
diagnostic criteria of thrombocytopenia based on the investigations of the 
thrombopoietic system (megakaryocytic and amegakaryocytic thrombocytopenias). 
Determination of the survival of labelled platelets permits us to gain a better 
insight into the mechanism of thrombocytopenia, which may be due to [3, 5, 9]:

1. Increased breakdown of platelets in the peripheral blood associated with 
increased or normal thrombopoiesis (e.g. idiopathic thrombocytopenia, immuno- 
thrombocytopenia).

2. Normal survival time and impaired production of platelets in the bone 
marrow (e.g. postirradiation thrombocytopenia, or thrombocytopenia due to a 
toxic influence of various chemical substances).

3. Impaired production associated with decreased platelet life span (e.g. 
thrombocytopenia in hypersplenism).

The methods of determination of the survival time of tagged platelets are 
also important when it is necessary to assess the biological value of preparations 
of platelet concentrates for clinical use [2, 6, 7]. It has been shown that the auto
logous, as well as the isologous platelets survive in the blood of a healthy recipient 
for 8 — 11 days [4, 5, 8, 9, 10]. This fact has made it possible to use isologous
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platelets for the determination of platelet survival in patients with pronounced 
thrombocytopenia, in whom it is difficult to obtain satisfactory concentrates of 
autologous platelets [9].

Of the radioactive isotopes (3?P, 51Cr, 35S, 14C), radioactive chromium is 
most widely used in clinical investigations for the tagging of platelets [2, 3, 4, 5, 
8, 9, 10] The method allows not only the determination of the platelet survival, 
but also the identification of the site of greatest platelet breakdown by measure
ments of surface radioactivity. The demonstration of increased radioactivity over 
the spleen and simultaneous shortening of the platelet life span might be useful 
for establishing the indications for splenectomy in idiopathic thrombocytopenia 
[3, 5,9, 10].

Consistent results could be obtained by the use of fresh and active platelet 
concentrates. The isoimmunization phenomena appearing in patients after 
repeated blood transfusions restrict somewhat the determination of platelet 
survival time. The frequency of development of anti-platelet isoantibodies which 
shorten the survival time of transfused platelets increases with the number of 
transfusions [5, 9, 13].

This work has been undertaken in order to find the normal value of platelet 
survival and at the same time to evaluate the biological properties of the platelet 
concentrate which is being produced at this Institute. Isologous platelets were 
tagged with 51Cr and the site of their breakdown in various types of thrombo
cytopenia was determined.

Material and Methods

Blood from healthy donors was collected into siliconized bottles containing 
the ACD solution. It was centrifuged at 4° C at 800 r.p.m. for 30 min., then the 
platelet-containing supernatant was decanted and centrifuged again at 1,700 
r.p.m. for 30 min. The residue, which was free of erythrocytes and leucocytes, 
was suspended in 10 ml of a solution made of 1 vol. 0.9% saline and 9 vols. of 
3.3% 51CrO, of neutral sodium citrate. Na251Cr04 (300 pc) was added and the 
suspension incubated for 30 min. Thereafter, 1 vol. of platelet-free plasma was 
added, mixed and 2 ml aliquot was withdrawn for the determination of total radio
activity. The suspension was centrifuged and the sediment resuspended in 30 ml of 
a saline-sodium citrate mixture which contained 100 mg of vitamin C. An aliquot 
(2 ml) was withdrawn for the determination of radioactivity and the platelet 
suspension was transfused into recipients, using a plastic set for blood trans
fusions. Samples of blood (20 ml) were taken from the subjects each day for 
8 consecutive days into siliconized tubes. The platelets were isolated by the 
differential centrifugation method and resuspended in 2 ml of a sodium citrate 
solution in 0.9% saline. The following values were calculated from determina
tions of the radioactivity of samples in a scintillation counter:

1. the effectiveness of tagging: i.e. the ratio of platelet-bound radioactivity 
to total radioactivity applied.
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2. the percentage of platelets recovered in 24 hours after transfusion, using 
the formula given by Baldini et al. [2].

3. the survival time of olCr-tagged platelets, which was determined by 
extrapolation to the radioactivity of samples on consecutive days, accepting as 
100% the radioactivity found 24 hours after the transfusions.

4. the spleen—liver index: measurements of radioactivity over spleen, liver 
and heart, respectively, were performed daily for 8 days by the method of Najean 
et al. [9].

The investigations included:
1. a control group of 10 patients from our Department showing no abnorma

lities in thrombopoiesis and with no transfusion of blood or platelet concentrate 
in the history. The data obtained in this group were accepted as normal values.

2. a group of 16 patients with thrombocytopenia. In 9 cases of this group 
idiopathic thrombocytopenia had been recognized on the ground of the clinical 
and haematological findings. The duration of the disease varied from several 
months to several years. Splenomegaly was present in only one patient (case 2). 
With the exception of one case (case 4), the remaining 8 patients were treated 
with corticosteroids and in 7 of them this treatment was followed by a temporary 
disappearance of the haemorrhagic manifestations and an increase of the platelet 
count. In 7 other cases there was a symptomatic thrombocytopenia associated 
with a proliferative syndrome (cases 10, II, 13, 14, 15), gastric carcinoma (case 16) 
and toxic damage to the bone marrow (case 12).

None of these patients had haemorrhage and none of them was transfused 
when these investigations were being performed. It is known that both haemor
rhage and blood transfusions can affect the life span of platelets. In 12 patients 
investigations were begun at least 4 weeks after the end of treatment with corti
costeroids and in only 5 cases (cases 1,7, 10, 12, 16) these drugs were administered 
as a vital indication during these investigations. Cases No. 10 and 11 with the 
proliferative syndromes were given cytostatic agents. One case was reinvestigated 
(case 1) at 9 months following splenectomy, while cases 3 and 4 were reinvesti
gated after 2 and 10 months of corticosteroid treatment, respectively.

Results and Discussion

The effectiveness of platelet tagging was 25.08 ± 6.71 %, as measured by 
the present method.

After platelet transfusion to 10 recipients from the control group no reactions 
were observed and after 24 hours 29.4 + 12.31 % of the transfused platelets were 
demonstrated in the circulation. Their survival time was 9.00 ± 0.26 days (with 
the range from 8 to 10.5 days). Thus the recovery as well as the survival time 
of the platelets agreed with the results obtained by other authors [2, 3, 4, 5, 8, 
9, 10]. This shows that the method of preparation of platelet concentrates used 
at this Institute of Haematology is satisfactory and such concentrates may be 
used in therapy as well as for the determination of thrombocyte survival.

Pawelski et al.: Survival of blCr-tagged platelets 2 9 9
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Table I

Results o f studies in id iopath ic  th rom bocytopenia

N o.
In itials

Age
Sex

Platelet
coun t,

1 cu . mm

M egakaryocytes in bone m arrow 24-hour
p latelets
recovery

slC r-p la telet 
survival 
in days

S p le e n -
liver
index

R em arks
A pprox im ate

eva luation

Q u an tita tive  \ nr<1 
eva luation  1 T hro m b o p o ie tic  

. function  in 1 cu . m m  j

1.
S. M. 

38, M

38,600 present 50 inhibited 0.56 1 3.0 : 1.0 before splenectom y

148,600 num erous 45 norm al 19.20 8 — 9 m onths after 
splenectom y

2 . K. H.
18, F

18,900 very num erous
—

inhibited 4.30 1 2.1 : 1.0

3 .
B. I.

17, F

38,640 present 35 partly  inhibited 4.30 1 1.4 : 1.0 before trea tm en t

68,200 very num erous 333 norm al 7.50 3.5 1.0 : 1.0 after 10 m onths o f 
prednisone trea t
m ent, 20 mg daily

4 .
Sz. P. 

31, M

single present 20 inhibited 0.84 1 0.5 : 1.0 before trea tm en t

15,250 present 20 norm al 9.12 1 1.2 : 1.0 afte r 2 m onths o f 
prednisone trea t
m ent, 40 mg daily

5 .

6.

P. A. 
19, M

single present 20 norm al 0.12 1 2.0 : 1.0

G . H. 
14, F

single very num erous 73 norm al 0.43 2 1.2 : 1.0

7 . U. T. 
15, F

52,380 present 25 norm al 0.56 3 3.0 : 1.0 during  prednisone 
trea tm en t

8. K. J.
26, F

18,000 very num erous — inhibited 0.77 1 0.4 : 1.0

9. G. R. 
47, M

26,000 present 58 norm al 8.90 3 0.4 : 1.0
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Measurements of surface radioactivity in the control group showed the 
mean spleen-liver index to be 1.2 : 1.0 (range: 0.8 to 1.5—1.0). This was 
accepted as normal.

The results of isotope and haematological studies in the group of idiopathic 
thrombocytopenia are compared in Table I and Figure 1. In all patients in this 
group the survival time of 51Cr-tagged platelets was reduced, associated with the 
presence of numerous megakaryocytes (usually not platelet-forming) in the bone 
marrow. The megakaryocyte count in the bone marrow ranged from 20 to 78

Fig. 1. C urves o f  p la te le t survival in idiopathic 
th rom bocy topen ia  (the first curve is th a t  of cases 
1, 2, 3, 4, 5, 8). T he hatched  area corresponds to 

the range o f  norm al values

Fig. 2. M easurem ents o f surface 
rad ioactiv ity  from  51C r platelets in a 
case  o f  idiopath ic th rom bocy topen ia  

w ith good effect o f  splenectom y

(per 1 cu.mm.) with a marked prevalence of immature forms (Types I and II).* 
No close correlation could be found between decreased survival and the platelet 
count.

In 4 cases the spleen-liver index was increased (from 2 : 1 to 3 : 1), while 
in the remaining cases this index was normal or even decreased.

The data obtained permit us to recognize the shortening of the survival 
time of the platelets as the main cause of thrombocytopenia in this group. In 4 
cases (cases 2, 3, 6, 7) decreased survival of 51Cr-tagged platelets could be attributed 
to previous blood transfusions. The absence of detectable anti-platelet isoanti
bodies in these cases does not permit one to rule out completely their presence, 
since the methods for the detection of these antibodies are far from being precise.

In case 1 splenectomy was performed because of marked shortening of the 
survival time of 51Cr-tagged platelets, their increased sequestration in the spleen 
(Fig. 2) and failure of prednisone therapy. Immediately after operation haemor-

* T hanks are  due to E. W ichrzycka, M. D., w ho prepared  the m egakaryocytogram s 
and furnished certain  d a ta  included in th is work.
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T able  II

R esults o f  investigations in sym ptom atic  th ro m bocy topen ia

M egakaryocytes in bone m arrow 24-hour
51C r-p la telet 

survival 
in days

N o. Age
Sex

C lin ica l d iagnosis coun t
in 1 cu. mm A pprox im ate

eva luation

Q uan tita tive  
eva luation  

in  1 cu . mm

T h ro m b o -
poietic

function

platelet
recovery

%

Spleen—liver 
index

10 . D. E.
27, M

C hronic  m yelo
cytic leukaem ia

55,500 single — norm al 26.5 8.5 0.7 : 1.0

11 . E. W. 
23, M

C hronic  m yelo
cytic leukaem ia

24,960 single 1 norm al 64.7 8.5 3.0 : 1.0

12. S. A.
25, F

D rug-induced
throm bocy topen ia

51,600 single — norm al 21.9 9 .0 1.0 : 1.0

13. Ch. F. 
36, M

A cute myelocytic 
leukaem ia

32,040 single 7 norm al 5.4 2.5 1.7 : 1.0

14. B. s.
25, M

Flodgkin’s disease 63,800 single — norm al 12.5 4 .0 1.8 : 1.0

15. Ch. W. 
52, M

C hronic lym pho
cytic leukaem ia

single present 13 norm al 10.0 5 .0 0.5 : 1.0

16. K. A.
72, F

G astric  cancer 40,000 present 16 norm al 8.1 4 .5 1.0 : 1.0
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rhagic manifestations disappeared and the platelet count was normalized. Nine 
months after splenectomy these investigations were repeated showing that the 
survival time of 53Cr-tagged platelets and the thrombopoietic activity of the 
bone marrow (increased percentage of megakaryocytes type III and IV) have 
been normalized.

In two other patients (cases 3 and 4) prednisone treatment in daily doses 
of 20 and 40 mg for 10 months and 2 months, respectively, was followed in 
case 3 by a disappearance of overt signs of haemorrhagic diathesis, a twofold 
increase of platelet count and a slight increase of platelet survival, with a simul
taneous increase of the megakaryocyte count to 333 per 1 cu.mm, and return 
of the normal thrombopoietic activity. In the second patient only a slight improve
ment was noted, with a decrease of the intensity of haemorrhagic manifestations. 
The platelet count in the peripheral blood remained, however, low and there was 
a striking shortening of the platelet survival.

Among the secondary thrombocytopenias (Table II) in 3 cases (cases 10, 
11. 12), with the platelet count in the peripheral blood from 24,960 to 55,500 per 
1 cu.mm., the 24-hour platelet recovery and survival were normal. In all these 
cases only single megakaryocytes were found in the bone marrow. This was 
true also for case 12, in which thrombocytopenia was supposed to be due to 
the toxic action of previously taken drugs (pyramidon. Gardan, phenacetin).

In the remaining 4 cases (cases 13, 14, 15, 16) decreased platelet recovery 
after 24 hours and shortening of the survival time were observed. These mani
festations were, however, less pronounced than in the group of patients with 
idiopathic thrombocytopenia. The bone marrow of these patients was hypoplastic 
and it contained fewer megakaryocytes, with mature forms (types III and IV) 
prevailing.

The results for the patients with secondary thrombocytopenia show that 
in the first 3 cases thrombocytopenia was due exclusively to a decreased thrombo- 
poiesis. In the remaining 4 cases decreased platelet survival might suggest that 
thrombocytopenia was due not only to a decreased thrombopoiesis, but also to 
thrombocytolytic factors present in the peripheral blood. Because of numerous 
blood transfusions performed in the 4 latter patients the possibility of isoimmuniza
tion should be taken into account, even though no thromboagglutinins were 
found. The reduction of platelet survival time indicates that, irrespective of the 
mechanism of this reduction, the possibility of treating these patients with throm
bocyte concentrates is limited.

The results of the platelet survival determinations, as presented by us, 
are in agreement with the data reported by other authors concerning idiopathic, 
as well as secondary thrombocytopenia [3, 4, 5, 6, 9, 10]. In case of idiopathic 
thrombocytopenia the platelet survival is always reduced, apart from the periods 
of complete remission [5, 9, 10]. In certain cases in this group the platelet survival 
time may be normalized by treatment with corticosteroids or by splenectomy 
[5, 9, 10]. The treatment is followed by a disappearance of haemorrhagic mani
festations and an increase of the count in the circulation. The latter effect, as
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brought about by splenectomy, is mainly due to the removal of the primary 
destruction site of thrombocytes. The spleen is also known to delay the release 
of mature platelets from the bone marrow [5].

In most cases of secondary thrombocytopenia due to hypoplasia or aplasia 
of the thrombopoietic system the platelet survival is normal [3, 7, 9, 10] and the 
only cause of thrombocytopenia in these conditions is an impairment of platelet 
formation in the bone marrow. The investigations of Cohen et al. [5], just like 
ours, have shown, however, that hypoplasia of the thrombopoietic system may 
be associated with a shortened platelet survival. This phenomenon is commonly 
caused by immunological processes: autoimmunization due to the main disease 
(e.g. proliferative and neoplastic diseases) or isoimmunization due to blood trans
fusions. The unreliability of the present serological methods of detection of 
autoantibodies and isoantibodies does not permit to demonstrate a close correla
tion between their presence in the blood of patients with thrombocytopenia and 
shortening of the platelet survival. There is also no correlation between the fre
quency of detection of isoantibodies and the number of transfusions, or the volume 
of transfused blood [5, 9, 10, 13]. Shortening of the platelet survival, particularly 
in malignancy, may also be associated with thrombotic phenomena, which cause 
an increased breakdown of autologous, as well as of transfused platelets [12, 14]. 
Marked splenomegaly represents an additional factor which affects the platelet 
survival, due to an increase of the splenic pool of platelets. It has been shown 
that the spleen can accumulate up to 90% of all platelets causing an apparent 
shortening of their survival [1, II].

The use of the spleen-liver index as a criterion to indicate splenectomy in 
idiopathic thrombocytopenia has increased the percentage of favourable results 
of this treatment. In 19 cases out of 22 described by Najean et al. [9], in which 
increased breakdown of 51Cr-tagged platelets in the spleen was observed, very 
good late results of splenectomy have been obtained. Of 17 other patients with 
a low index, or even with an increased breakdown of 51Cr-tagged platelets in the 
liver, only 6 benefited from splenectomy. Favourable late results of splenectomy, 
as in case 1, allow one to conclude that a more widespread use of the isotope 
criteria in indicating splenectomy in thrombocytopenias will be helpful in prog
nosis.

3 0 4  Pawelski et al.: Survival o f  blCr-tagged platelets

Conclusions

1. Normal survival time of 51Cr-tagged platelets is 8 to 10.5 days, and 
the normal index of the spleen-liver surface radioactivity ranges from 0.8 to 
1.5 : 1.0.

2. In the group of 9 patients with idiopathic thrombocytopenia shortening 
of the survival time of 51Cr-tagged platelets was identified as the basic cause of 
thrombocytopenia.

3. In 3 patients out of 7 with secondary thrombocytopenia the survival 
time of 51Cr-tagged platelets was normal and the only cause of thrombocytopenia
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was a decreased production of platelets by the bone marrow. In the remaining 
4 cases thrombocytopenia was due to a decreased platelet production and to 
thrombolysis.

4. Determination of the survival time of platelets and the morphological 
examination of the thrombopoietic system help to clarify the mechanism of 
thrombocytopenia.

5. The use of the spleen-liver index may be useful for establishing the 
indications for splenectomy in thrombocytopenia, as the prognosis of splenectomy 
can be predicted more accurately.
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Inherited Beta-Lipoprotein Characters 
(Ag- and Lp-System)

P. G u t h , R. B u d v á r i

Institu te  o f  Forensic M edicine, U niversity M edical School, Pécs

(R eceived M ay 26, І967)

The hu m an  isoprecip itins o f  the b e ta-lipopro te in  type, discovered by A llison 
and  B lum berg  in 1961, offer p ro o f  th a t hum an  b lo o d  serum  p ro te in s have antigenic 
activity  w ith in  the  species (“ a llo ty p ia” ). They have  clinical significance in the m echa
nism  o f developm ent o f  com plications follow ing transfusion , in the  com patib ility  o f  
transp lan ted  tissues and  organs, a n d  in the possib ility  o f foeta l-m aternal im m uniza
tion. As inherited  serum  p ro te in  systems, be ta-lipopro teins play  a significant ro le 
also in cases o f  disputed p a tern ity . A uthors hav e  tested 532 b lo o d  sera for Lp(a, x) 
character. T he Lp(a) character occurred  in 39.47 pe r cent, the  L p(x) one in 17.29 
per cent o f  the  sera tested. By studying these p roperties, in p a te rn ity  proceedings, 
4.8 per cent exclusion could be  achieved.

The theory of “horror autotoxicus” , i.e., that the human or animal organism 
does not produce antibodies against its own substances (cells, proteins, erythro
cytes) prevailed for a long time in classical immunology. The discovery of blood 
groups pierced the first hole into this theory, because it has meant the existence 
of “isoantibodies” within the species. Later, also “organospecific” antigens have 
been discovered, but until 1959 there had been no evidence to indicate that 
antibodies against proteins of normal blood serum would exist in man, although 
it had already been suspected that such an “allotypia” might exist. This hypothesis 
was supported, on the one hand, by the fact that, not infrequently, complications 
best explainable by a “protein incompatibility” developed, despite a strict ad
herence to transfusion regulations, following the transfusion of bloods com
patible from apparently all respects. On the other hand, since 1956 various 
hereditary variants of the proteins of human blood serum, the so-called serum 
groups (haptoglobin groups, transferrin-, gamma globulin groups, Gc-, InV- 
system, etc.) have been discovered and shown to be capable of producing by 
virtue of their antigenic properties antibodies within species.

The first antibody of isoprecipitin nature was discovered in 1961 by Allison 
and Blumberg in the serum of a patient (C. de B.) who had received repeated 
transfusions [1]. This serum precipitated 57 per cent of the normal human serum 
samples in the Ouchterlony agar-gel diffusion test. The antigen, designated by 
the symbol Ag(a), proved to be a beta-lipoprotein. Within a relatively short 
time, several antigens belonging to this system have been discovered and desig
nated Ag(a), Ag(b) and Ag(x), in analogy to the designations used in the Gm
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system. The Ag(b) character was discovered in 1963 by Blumberg and Riddel [5], 
and the Ag(x) by Hirschfeld [15]. According to Bundschuh [8], in Berlin the 
incidence of the Ag(a) property was 65 per cent, of the Ag(x) 35 and of the Ag(b) 
97 per cent. In Hungary, Horváth and Simon [16] demonstrated the Ag(a) 
character in 58.8 per cent, while according to Kobiela it occurred in 40.7 per cent 
in Poland.

Attempts have been made by a few researchers to produce by artificial 
immunization anti-lipoprotein antibodies, which were obtained earlier from a 
natural source: the blood serum of patients who had received repeated trans
fusions. (Strictly speaking, in Hungary Gergely et al. [12], studying the immuno- 
pathological mechanism of arteriosclerosis, had prepared rabbit serum containing 
anti-lipoprotein antibodies.)

In 1963, Berg produced anti-lipoprotein serum by injecting purified human 
beta-lipoprotein into rabbits. This serum, however, precipitated only 34.08 per 
cent of the sera, i.e. in a lower percentage than the anti-Ag(a) serum. The newly- 
discovered lipoprotein antigen was designated by Berg with the symbol Lp(a) [2].

In 1964, Bundschuh immunized horses with various human sera, in an effort 
to prepare anti-Gc serum. Following absorption with Lp(a)-negative human sera, 
the precipitating anti-human horse serum proved to be suitable for use also for 
the demonstration of the Lp(a) character. The blood samples examined by this 
serum showed in about 20 per cent double precipitation band, invariably associated 
with the Lp(a) property. Bundschuh [8, 10] designated the new antigenic char
acter, closely conjugated with the Lp(a) one, with the symbol Lp(x). According 
to Bundschuh and Vogt the Lp(a) character had almost the same incidence rate, 
35 per cent, as that reported by Berg. Vámosi and Prokop report on a 35.1 per 
cent [19], Jarosch [17] for Upper Austria a 35.3 per cent incidence of the Lp(a) 
character in the sera tested. Recently, Bundschuh (personal communication) [7] 
has probably discovered by means of his anti-Lp rabbit serum a new Lp-charac- 
ter, called for the time being Lp(e). It seems to occur in 50 per cent.

In 1965, Berg reported to have found in the serum of a polytransfused 
patient such an isoprecipitin which reacted in 42 per cent with normal human 
sera [3]. In view of the fact that, like the characters Ag(a), Ag(b), Ag(x), Bp(a) 
and Lp(x), the newly-detected antigen proved to be a low-density lipoprotein, 
it was designated Ld(a). It was also called cold precipitin, being active from 
4 to 20° C, but not at 37° C.

Thus, today we know 6 different, inheritable antigens of the beta-lipo
protein of blood serum, each of which can be demonstrated exclusively with 
homologous anti-serum: Ag-system: Ag(a), Ag(b), Ag(x); Lp-system: Lp(a), 
Lp(x), Lp(e) ?; Ld-system: Ld(a).

In view of the fact that all the different isoprecipitins have shown beta- 
lipoprotein specificity and the antigens are all low-density beta-lipoproteins, 
Blumberg [5] suggested that they should be uniformly termed Lp-system. By 
immunological and statistical methods Rittner [18] (1966) showed, however, 
that the Ag-system and the Lp-system are independent systems in the human
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Fig. 1. Agar-gei diffusion p repara tion  (stained) 
for the determ ination  o f Lp(a) and Lp(x) characters

blood serum, therefore it has remained justified to designate them with different 
symbols. At the same time, he suggested that the Ag- and Lp-antigens might 
be linked to the same beta-lipoprotein molecule as partial antigens.

In 1966, at the beta-lipoprotein symposium in Marburg, Berg [2] pointed 
out the technical difficulties of demonstrating the Ag- and Lp-properties. Accord
ing to this author evaluation may be falsified or unreliable in case anti-Lp or 
anti-Ag sera are over- or under-absorbed or the agar-gel is contaminated. Circular 
lipoprotein orecipitates around the wells and sera from haemolyzed blood present 
further sources of error in the Ouchterlony techniques. Therefore the participants

Fig. 2. P recip ita tions o f norm al hum an sera 
a fte r e lectrophoresis with u n abso rbed  anti- 
Lp(a, x) horse serum . N ote th ick  beta-lipopro 

tein band
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of the symposium agreed in that the reproducibility of the results with the same 
serum under standard circumstances (distance of diffusion, temperature, time of 
reading the result, staining, etc.) is an essential requirement of the reliability 
of testing.

Fig. 4. In  cen tra l well V. E .’s serum , in wells 1 
to  6 a d u lt n o rm al hu m an  sera. Only ad u lt serum  

2 was n o t precip itated

H aem ato lo g ia  1, 1967

Fig. 3. In cen tral well abso rbed  an ti-L p(a , x) horse 
serum , in  well 4 m ate rn a l serum , in well 5 serum  

from  V. E ., aged 4 m onths
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It is necessary to check the results for instance in paternity cases, at other 
Institutes.

Since 1965, routine tests are being carried out using anti-Lp(a, x) horse 
serum received from Dr. Bundschuh at the Institute of Forensic Medicine, 
University Medical School, Pécs. The immune precipitation technique is used. 
On suitably defatted slides 1.5 per cent veronal or phosphate bulfer agar-gel is 
poured to a layer thickness of about 2 mm. After the gel has solidified, 7 wells 
2 to 2.5 mm in diameter each are made in it, and the gel is sucked off from the 
wells. In the central well (C) horse serum absorbed with Lp(a, x) human serum 
is placed, and clock-wise the serum samples to be tested (Fig. 1). Diffusion lasts 
24 hours at room temperature, in a wet chamber. After washing and soaking in 
saline and distilled water, and drying, the preparations are stained with Sudan 
black or Amido-black.

The anti-Lp antibody content of the anti-Lp(a, x) horse serum had been 
demonstrated by running in agar-gel normal human sera, which were precipitated 
with our unabsorbed anti-Lp(a, x) horse serum, in an immunoelectrophoretic 
system. In stained preparations thick beta-lipoprotein band(s), staining selectively 
with Sudan black, were obtained from the start hole toward the anode, behind 
the alpha.>-macroglobulin arc and between the transferrin and the start hole 
(Fig. 2).

During the past 2 years we tested 532 serum samples, received partly from 
blood-typing material, partly from the Blood Service, Pécs; 39.47 per cent of the 
sera were Lp(a) positive and 17.29 per cent were Lp(x) positive [in association 
with Lp(a) character].

Not much is known as yet about the biological significance of the Lp-system. 
Berg, on the basis of his experiments, assumes that the survival time of trans
planted human skin is correlated with the Lp-compatibility of the donor and 
recipient. It is another important observation that isoprecipitins may be produced 
not only in response to repeated transfusions, but also as a result of foetal- 
maternal incompatibility. In 1965, Diirwald demonstrated anti-beta-lipoprotein 
antibodies in sera from women pregnant the sixth or the seventh time [11 ]. We, too, 
have regularly tested sera from infants 3 to 6 months of age against maternal 
sera, to demonstrate whether they contained antibodies precipitating maternal 
proteins. Sera from two children proved to do that. In one case, that of an infant 
four months of age, precipitating antibodies were produced following the trans
fusion of 60 ml of blood of the same blood group after antrotomy [6, 14] (Fig. 3). 
In the other case, that of a 6-month-old child, the mother had been treated 
against syphilis during pregnancy, the infant was given no transfusion. In both 
cases the infants’ sera strongly precipitated the maternal serum, as well as about 
90 per cent of the normal adult human sera tested (Fig. 4).

Geserick et al. [13] have shown that the mechanism of inheritance for the 
antigens of beta-lipoprotein character is identical with that of the Gm-characters 
and thus the Lp-system may be used in paternity tests. Theoretically paternity 
may be excluded in 18 per cent of doubtful cases. In our material of 131 cases
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we could rule out 7 men out of 144, i.e. 4.8 per cent. The exclusion of two of the 
seven men was confirmed on the basis of ABO and Rh characters. Owing to 
the technical difficulties outlined above, the routine use of the beta-lipoprotein 
system is not yet practicable in the cases of questionable affiliation.

References

1. Allison, A ., B lum berg, B. S.: A n isoprecip ita tion  reaction  distinguishing hum an  serum
pro tein  types. L a n c e t 1, 634 (1961).

2. Berg, K . : A  new  serum  type system  in m an —  th e  L p system. A c ta  P a th , m ic r o b io l .  sc a n d .
59 , 369 (1963).

3. Berg, K .: A  new  serum  type system  in m an —  the L d system. V o x  S a n g . 10 , 513 (1965).
4. Blumberg, B. S., A lter, H . J., R iddel, N . M ., E rlan d so n , M .: M ultip le antigenic spec

ificities o f  serum  lipopro te ins detected w ith sera o f transfused patien ts . V ox  S a n g .
9, 128 (1964).

5. B lumberg, B. S., R iddel, N . M .: Inherited  antigenic differences in h um an  serum  beta-
lipopro te ins. A  second an tiserum . J . c lin . In ve s t. 4 2 , 867 (1963).

6. Budvári, R .: A  szérum fehérjék ö rö k lő d ő  csoporttu la jdonságainak  jelentősége. O r v .
H eti!. 3 7 , 1729 (1965).

7. B undschuh, G .:  Personal com m unication .
8. B undschuh, G .:  A nti-Lp(a, x) vom  Pferd. Á r z t i .  L ah . 10 , 309 (1964).
9. B undschuh, G ., Geserick, G ., M arek, Z ., F ü n fh au sen , G .: A nti-A g nach  16 T ransfusio 

nen— F requenz  in der B erliner Bevölkerung. D tsc h . G esu n d h e itsw esen  18 , 819 (1963).
10. B undschuh, G ., Vogt, A .: D ie H äufigkeit des M erkm als Lp(x) in der B erliner Bevölke

rung. H u m a n g e n e tik  1, 379 (1965).
11. D ürw ald, W ., Leopold, D ., K räm er, K .-H .: T he form ation  o f p recip ita ting  antibodies

after m ultip le  pregnancies. V o x  S a n g . 10 , 94 (1965).
12. Gergely, J., G erő , S., Jak ab , L ., Székely, J., V irág, S., C zuppon, A .: V izsgálatok  beta-

lipopro te id  antigénnel. O rv . H e ti t .  102 , 1450 (1961).
13. Geserick, G ., B undschuh, G ., R ingk, H .: Ü ber die V erw ertbarkeit der m enschlichen

Serum eigenschaft Ag in der forensischen Serologie. D tsc h . G esu n d h e itsw esen  18 , 
1668 (1963).

14. G uth , P., B udvári, R .: V orkom m en eines an ti-L p(a) ähnlichen Iso p räzip itin s im  Säug
lingsserum . In  press.

15. Hirschfeld, J . : Investigations o f  a  new  anti-A g an tiserum  w ith p a rticu la r reference to
the re liability  o f Ag typing by m icro-im m unodiffusion  tests in ag ar gel. S c ie n c e  T o o ls
10, 45 (1963).

16. H orváth, E ., Sim on, J .:  A nti-A g ellenanyag e lőfordu lása  po litran sz fu n d á ltak  savóiban.
H a e m a t. h ung. 6 , 209 (1966).

17. Jarosch, K . : E in  »neues« E rbm erkm al des m enschlichen Serum s Lp(a) und seine P haeno-
typenfrequenz in O berösterreich . W ien. k lin . W sch r. 115 , 839 (1965).

18. R ittner, C h .: Bestehen Beziehungen zwischen dem  Ag- und dem L p-System ? Z. 1m m .
A lle rg . K lin . 1m m . 130 , 229 (1966).

19. Vám osi, M ., P rokop , O .: Ü b er die F requenz von Lp im R aum  Halle. Z . ä r z t i .  F o r tb ild .
60 , 827 (1966).

H aem atologia 1, 1967



Study of Blood Coagulation in Familial Benign Chronic 
Pemphigus of Gougerot-Hailey-Hailey

I. P a s t in s z k y , M. K o v á c s

H ungarian  A rm y M edical C orps 

(Received M ay 28, 1967)

D etailed  coagulation  studies have been m ade in 15 cases o f ch ro n ic  fam ilial 
pem phigus, o rig inating  from  10 families.

The R um pel— Leede sign was alw ays negative. In  two cases pinhead-sized  
haem orrhages were seen in the  skin o f the  neck, where it was in  touch w ith th e  collar. 
In  these patien ts pinching the neck produced  bleedings o f  pinhead-size (Jürgens’ 
test). In som e cases the  cu taneous changes appeared  a t tim es as b loody-serous crusts, 
obviously vascu lar in origin, as show n by th e  norm al th ro m b o cy te  count a n d  coagulo- 
gram . T he th rom belastog ram  show ed an  increased coagulab ility  in one case an d  an 
increased ra te  o f fibrinolysis in ano ther. U ltim ately, no  co n stan t defect in th e  co agu la
tion  system  could  be dem onstra ted  in chron ic  benign fam ilial pem phigus, ju s t  like 
it is the  case w ith the  various types o f  epiderm olysis hered ita ria  bullosa, the  o ther 
com m onest type o f vesicular genoderm atosis.

Blood clotting studies in cases belonging to the pemphigus group of disease 
were carried out for the first time by Soulier [22]. This author demonstrated an 
increased antithrombokinase activity in three cases accompanied by manifest 
haemorrhagic diathesis.

In a previous paper (Pastinszky et al. [17]) we described 12 cases of pem
phigus and demonstrated true hypoprothrombinaemia in 9 patients, an increased 
antithrombokinase activity in 1 case. The three cases of true hypoprothrombin
aemia that were given vitamin K gave but a transient response. A moderate 
hypoprothrombinaemia was observed in only one of our six cases of dermatitis 
herpetiformis Duhring.

Especially interesting are the reports describing in various kinds of bullous 
dermatitis (pemphigus vulgaris, pemphigus erythematosus, dermatitis herpeti
formis), conditions similar to haemophilia, due to the presence in circulating blood 
of antithrombokinase-like anticoagulant substances (“ Hemmkörper Haemophilia”, 
Taylor’s disease) (Soulier [22]; Klingmüller et al. [10, 11]). It might be suggested 
that the pemphigus disease itself might evoke the process of autosensitization 
against the patient’s own thrombokinase.

Among the genodermatoses accompanied by bullous efflorescence the two 
commonest are chronic benign familial pemphigus (in the following: CBFP) 
and epidermolysis hereditaria bullosa (EHB), while the bullous types of Darier’s 
disease, ichthyosis bullosa and epidermodysplasia verruciformis bullosa (Herz- 
berg [5, 8]) are less common.
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Blood clotting has been studied by numerous authors (Dorn [5]. Tiong 
Hoo Tio et al. [23], Plenert [18], Sardinsky [19], Baumann [2], Cox [4], Lewis
[13], Zum Winkel [24], Langhof [12]) in the various forms of EHB. viz., (1) EHB 
simplex Köbner, (2) EHB dystrophica or polydysplastica Hallopeau-Siemens 
(including Herlitz’s lethal epidermolysis bullosa), (3) EHB dystrophica Cockayne- 
Touraine (including Pasini’s EHB albopapuloides). Most of the authors described 
hypercoagulopathy, a tendency to thrombosis, in EHB [4, 7, 13, 24]. A reduction 
of clotting time was found by Dorn [5], as well as Tiong Hoo Tio [23]. Alexander 
et al. [1] have observed an association of EHB and parahaemophilia (hereditary 
deficiency of factor V) in three generations, without the two diseases having 
influenced each other. In the Köbner type of EHB Plenert [18] found increased 
thrombocyte counts at intervals. Linser [14] demonstrated, with normal coagula
tion time, an increased heparin-like antithrombin level. The coagulogram was 
often normal (Sardinsky [19], Tiong Hoo Tio [23]). Recently, Schnyder et al. [20], 
who thoroughly studied EHB cases collected in Switzerland, found no abnormality 
in the coagulation.

In the past few years we examined clinically and subjected to detailed 
laboratory studies 15 individuals from 10 families, suffering from chronic benign 
familial pemphigus.

There is variance of opinion in the literature as to the nosological place 
of this rare bullous genodermatosis.

(1) Some authors believe it to be a bullous variant of Darier’s disease;
(2) others claim that it is a variant of EHB;
(3) most authors, including us, consider it to be an independent nosological 

entity.
As it is known, in this irregularly inherited pemphigoid genodermatosis 

there is a tendency to acantholytic bullation, a congenital weakness of the epider
mis to exogenous (mechanical, thermal, actinic, chemical, etc.) microtraumas. 
In the cases observed by us pea-sized confluent vesicles and bullae and erosions, 
on dime- to palm-sized erythemic bases were visible marginally, then polycyclic, 
mycosiform erythemato-squamous-ulcero-crusted plaques were seen in the areas 
of predilection: on the nape, collar-like on the side of the neck, in the ocular 
and oral angles, also in the face (after shaving), most often in the contact fold 
areas (in the armpits, under the breast, in the perianal-genital-pubic-crural 
regions), less frequently in the umbilical region and on the limbs. Fetid papillary 
vegetations were common in the folds. The changes heal with slight pigmentation. 
The Nikolsky sign is positive around the large bullae. After removal of adhesive 
tape vesiculous-erosive, punctate haemorrhages are visible in the skin (Sonck 
[21])-

In a smaller number of our cases some lesions were covered by bloody, 
dried crusts. In two cases in the area where the collar rubbed against the skin 
of the neck fine pinhead-sized bleedings were visible and the Jürgens pinching 
test was positive. The Rumpel —Leede sign was negative. Similar punctate haemor
rhages of the skin at sites exposed to tugging and rubbing have been described
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by Forman and Calnan [6]. Crust-coated haemorrhagic lesions have also been 
described by several workers (Casala and Abulafia [3], Orbaneja Morales, 
Robledo у Casto [15]).

We have been inspired to undertake coagulation studies in our CBFP 
cases by the above observations, by the literary data suggesting that in the pem
phigus group disorders of the physiological coagulation often occur and, finally, 
by the inconsistent data published as regards the other common bullous geno- 
dermatosis, EHB.

Гп the literature available for us we have found no publication dealing with 
coagulographic studies in CBFP.

Pastinszky, Kovács: Blood coagulation in chronic familial pemphigus 3 1 5

Methods

The Rumpel—Leede and the Jürgens tests were carried out by the usual 
techniques.

In analysing the coagulogram (involving fresh citrated and native blood 
samples), coagulation time was determined by Duke’s method, clotting time of 
recalcified plasma was determined by the fibre-pulling technique.

The Quick index for the prothrombin level, being a relative value, was not 
calculated.

Percentage prothrombin level was estimated by comparison with diluted 
control plasma.

Acceleration of clotting by serum (per cent) was determined according to 
Horn et al.

Percentage prothrombin consumption was determined by a modification 
of the Biggs and Macfarlane method. The value of consumption reflects the rate 
of autocatalytic thrombin production, i.e. the functions of factors VIII, IX, X 
and XI, as well as of the thrombocyte factor 3.

Clotting time in the presence of thrombin (sec.) was determined according 
to Horn et al. From the thrombin time we wished to draw conclusions as to the 
presence of antithrombin.

Clotting time in the presence of thrombin and toluidine blue (sec.) was 
determined also according to Horn et al. The test demonstrates the quantity of 
free heparin.

The rate of thrombin inactivation was determined by Gerendás’ method. 
This test indicates the capacity of serum to eliminate thrombin activity; this is 
calculated graphically, and the k value given in dm represents the speed coefficient 
of the reaction.

Fibrinogen was measured gravimetrically.
Percentage fibrinolysis was calculated by comparison of the 24-hour gravi

metric values.
In the evaluation of the thrombelastogram we relied upon the normal 

values described by Hartert.
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r — 8 min. 40 sec.
k — 3 min. 20 sec.

amax -  55 mm.

Deviations not exceeding 3.5 per cent, 10 per cent and 2.3 per cent from
the respective normal values were not considered pathological.

Thrombocyte count was determined by the direct counting method of 
Feissly-Lüdin, taking into consideration the tendency of thrombocytes to agglu
tinate.

For lack of an exact standardization method, we omitted the heparin 
tolerance test.

Other examinations (blood grouping, Rh, cryoglobulin, liver function, 
direct and indirect Coombs tests) were done as usual at our Flospital.

Results

The results are presented in Table I.
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1. We. F. neg. neg. 280 5.4 13.5 98 150 180 90 15
2. B. Gy. neg. neg. 300 4.8 7.7 92 160 220 85 17
3. Sz. F. neg. neg. 280 4.46 6.1 82 140 180 95 20
4. W. J. neg. neg. 220 4.82 4.9 94 120 190 80 17
5. L. F. neg. neg. 320 4.6 5.4 84 130 200 90 18
6. Z. Gy. neg. neg. 260 4.32 11.0 89 130 170 90 29
7. We. M. neg. neg. 290 3.9 10.5 83 100 185 100 19
8 . Sz. K. neg. neg. 360 4.9 9.9 91 130 275 100 22
9. B. F. neg. neg. 270 5.0 8.7 93 115 160 70 18

10. Wo. M. neg. neg. 260 4.5 10.0 88 115 170 100 21
11. Wo. F. neg. neg. 360 4.76 9.1 91 150 190 100 18
12. K. A. neg. neg. 310 4.20 8.7 87 170 240 80 20
13. S. F. neg. neg. 290 4.3 9.6 85 190 210 85 19
14. F. K. neg. neg. 260 4.7 8.4 90 180 200 90 17
15. В. T. neg. neg. 270 4.2 7.0 86 190 210 110 18
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Discussion

The number of our cases is relatively low, yet it would be rather difficult 
to collect more cases of such a rare genodermatosis.

Evaluation of the results has shown no constant defect in the mechanism 
of blood clotting in CBFP. Except in two cases, the results obtained were normal.

In Case No. 3 (Sz. F.) the thrombelastogram showed increased coagulability, 
the r and k values were shorter, the elasticity of the thrombus was increased. 
In Case No. 4 (W. J.) the r, k and amax values were normal, but fibrinolysis was 
increased.

The punctate haemorrhages observed in the skin of the neck exposed to 
rubbing as well as the bloody-crusty changes visible at times may be explained 
by a local mechanical lesion of vascular origin and consequent haemorrhage.

The coagulographic results obtained by us are in harmony with those 
published by Schnyder et al. [20] as found in EHB; thus, no constant defect or 
disorder in the mechanism of blood coagulation exists in these two commonest 
forms of bullous dermatosis.
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40 to 

70
23 to 

26
k =0 .2 5  
to 0.35

15 to 
18

200 to 
400

10 to 
20

nega
tive

nega
tive

n ega
tive

n ega
tive

60 26 0.30 17 260 20 neg. A + neg. neg. neg.
70 24 0.30 17 350 18 neg. A + neg. neg. neg.
60 26 0.30 18 300 17 * 0 + neg. neg. neg.
70 19 0.35 18 250 30 neg. AB — neg. neg. neg.
66 25 0.28 18 320 20 neg. 0 — neg. neg. neg.
60 25 0.28 19 320 15 neg. 0 + neg. neg. neg.
58 18 0.27 18 280 21 neg. A + neg. neg. neg.
57 19 0.32 16 200 23 neg. 0 + neg. neg. neg.
62 20 0.29 17 380 19 neg. 0 + neg. neg. neg.
64 20 0.31 19 210 18 neg. AB — neg. neg. neg.
49 24 0.32 17 330 19 neg. AB + neg. neg. neg.
66 25 0.29 16 290 20 neg. 0 + neg. neg. neg.
68 26 0.32 17 300 18 neg. В + neg. neg. neg.
72 25 0.30 18 260 17 neg. A + neg. neg. neg.
56 24 0.28 17 310 19 neg. A + neg. neg. neg.

* increased coagulability
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Prednisolone-Induced Acute Changes 
in Circulating Neutrophil Granulocytes

I. In Cases of Normal Granulocyte Reserves

I. S t r a u s z , J. B a r c s á k , E. K é k e s , Á g n e s  S z e b e n i  
T hird D epartm en t o f M edicine, P ostgraduate  M edical School, B udapest

(Received June 5, 1967)

P redniso lone has the im m ediate effect o f  inducing n eu tro p h il granulocytosis 
w ithout a  shift to  the left, releasing cells from  granulocy te  reserves; it is accom panied  
by m ultiphasic changes in the  alkaline p h o sp h a tase  activity o f  granulocytes. T his 
com plex action  o f p rednisolone m ay be utilized  fo r  functional test since the extent 
o f  quan titative  changes is characteristic, un d er conditions o f n o rm al granulocyto- 
poiesis and sufficient granulocyte reserves.

Neutrophil granulocytosis induced by the administration of ACTH, 
cortisone or metisteroids is accompanied by changes in granulocytic alkaline 
phosphatase activity (GAPA). The extent and course of these reactions depend 
on the intensity of granulocytopoiesis and the size of granulocyte reserves, as 
well as on the amount of steroids and the duration of administration. This study 
is concerned with the acute effect of prednisolone on the number of circulating 
granulocytes and their alkaline phosphatase activity in individuals with normal 
granulocytopoiesis.

Material and Methods

Twenty-four patients, 12 males and 12 females, between 20 and 60 years 
of age and with normal hemopoiesis were studied.

The patients received one or two doses of prednisolone within a day, the 
second following the first by 8 to 12 hours. Administered orally, the single or 
first dose was 5 to 50 mg, the second dose 5 to 25 mg. The intravenously injected 
dose did not exceed 12.5 mg.

The following examinations were made usually before, and 1/2, 1, 2, 4, 6, 
12, 24, 48 and 72 hours after the first dose: leucocyte count and differential 
blood count; number of lobes of the neutrophilic granulocyte nucleus (Hynek’s 
index); GAPA-score according to Kaplow [6]; absolute number and percentage 
of cells belonging to each group of various grades of GAPA.

Results

Administration of prednisolone was followed in some cases by a slight 
drop of the granulocyte count after 15 to 30 min., but the number of granulo
cytes began to rise in most cases after the first 30 min., reached a peak at very
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different times (between the 3rd and 24th hours), and returned to the pretreat
ment level mostly after 24 to 72 hrs. Both the intensity of the reaction and its 
duration depended on the quantity of the single or double dose: smaller single 
doses induced moderate and shorter reactions than the single or repeated admin
istration of larger ones.

The diagrams illustrate the results of the peroral administration of two 
daily doses of 25 mg each. Such dosage — regarded as “standard” — had been

3 2 0  Strausz et o.l.: Prednisolone-induced changes in neutrophil granulocytes, I.

Fig. 1. E. N ., fem ale aged 21, w ith  norm al hem opoiesis; 
a) acu te  effect o f  p redniso lone  o n  granulocyte c o u n t and 
G A PA -score, b) on  the ab so lu te  num ber o f g ranulocytes 
a t the  various grades acco rd ing  to  K ap low ’s sco ring  of 

ph o sp h a tase  activity

found suitable for the study of the granulocytosis induced by prednisolone under 
both physiological and pathological conditions of hemopoiesis. The granulocyte 
count rose two- or threefold, but we regarded an absolute numerical rise of 3000 
to 10,000 as characteristic for normal reaction.

Neutrophil granulocytosis was not accompanied by a shift to the left, and 
changes in the number of lobes of neutrophilic granulocyte nucleus were not 
regular. It occurred only in less than one third of the cases that an initial diminu
tion in the number of lobes of granulocyte nucleus was followed by a rise which 
coincided with a decrease or cessation of granulocytosis. In the majority of cases,

H aem ato log ia  1, 1967



however, the number of lobes of granulocyte nucleus remained unchanged or, 
its changes were rhapsodic.

The GAPA-score usually decreased after the first dose of prednisolone, 
and the duration of this phenomenon covered a fairly wide range (1 to 6 hrs) 
also when using the same doses. This was followed by a gradual rise with a peak 
between the 24th and 48th hours, mostly at a time when the granulocyte count

Strausz et a!.: Prednisolone-induced changes in neutrophil granulocytes, I. 3 2 1

was descending or approached (and even returned to) the base-line value. Single 
intravenous injection of 5 to 12.5 mg prednisolone induced a decrease of GAPA- 
score, and a subsequent rise was absent or very moderate.

Observations on the changes in the ratio of granulocytes of different GAP 
activity, determining the GAPA-score, result that at the time when the GAPA- 
score went down, the number of cells with no (grade zero) or slight alkaline- 
phosphatase activity (grade I) showed notable increase, determining also the 
measure of granulocytosis. At this initial period, cells of grades III and IV (if

H aem ato log ia  1, 1967

Fig. 2. I. L ., hem atologically  no rm al fem ale, aged 38; 
a) acute effect o f p redniso lone  on  g ranulocy te  count 
and  G A PA -score, b) on  th e  abso lu te  num ber o f g ra 
nulocytes a t  the  various g rades accord ing  to  K ap low ’s 

scoring o f  p h o sp h a tase  activity



322 Strausz et a l.: Prednisolone-induced changes in neutrophil granulocytes, I.

present) disappeared and the number of those belonging to grade II decreased. 
It was 1 to 6 hrs after the administration of prednisolone that cells of grade III, 
and after 3 to 12 hrs that ones of grade IV appeared or reappeared. The peak 
of granulocytosis usually coincided with the highest number of cells belonging 
to grades zero and I; there were, at this time, also granulocytes of the higher 
grades present; they were few but widely different in number so that, at this

Fig . 3. F. G ., 22 years old m ale, w ith  norm al h em o p o 
iesis; a) acute effect o f  prednisolone on  granulocy te  coun t 
a n d  G A PA -score, b) on  the ab so lu te  num ber o f  g ran u lo 
cytes a t the v a rio u s grades acco rd ing  to  K ap low ’s scoring 

o f  phosphatase  activity

time, as compared to the initial level, the GAPA-score was higher. Thereafter, 
the number of cells of grades zero and I diminished and that of the GAP-negative 
ones usually dropped below the initial value after 48 to 72 hours. There occurred 
a simultaneous increase in the number of cells with higher activity, which then 
became predominant. The ratio of the values regained its original level after 
72 hours, in most cases still later. The percentage distribution of cells in Kaplow’s 
various groups at the onset and at the time of maximum GAPA-score is shown 
in Table I.

H aem ato log ia  1, 1967



T able  I

Percentage d istribu tion  o f  G A P-negative granulocy tes 
and ones o f various grades o f  G A P A  before the  ad m in 
istra tio n  o f  p rednisolone a n d  a t the tim e o f  m axim al 

G A PA -score

Strausz et al.: Prednisolone-induced changes in neutrophil granulocytes, I. 3 2 3

Grades o f GAP 
activity

Neutrophil granulocytes 
per cent

(after Kaplow)
Before treatm ent j

At time o f maximal 
GAPA-score

0 40—70 7—20
I 25— 50 18—40

и 5—20 21—25
in
IV 0— 5

10—30
8—21

Discussion

The effect of prednisolone on the number of circulating granulocytes and 
on the GAPA-score has been studied by several authors (Valentine et al. [15, 16]; 
Trubowitz et al. [14]; Plenert [9]; Strausz et al. [12]). Our previous experiments 
showed that granulocytosis induced by prednisolone consists initially of granulo
cyte release from the reserves (Strausz et al. [12]). The acute effect of one or two 
daily doses of prednisolone on neutrophil granulocytes was studied in the present 
investigations. It was found that no shift to the left in the differential blood count 
accompanied the increase in granulocyte count. The changes observed were 
similar to those caused by the injection of pyrogenic substances (Pyripher, 
Pyrexal). It was demonstrated by Craddock et al. [4], Athens et al. [1] and 
Sacchetti [10] that the increase in leucocyte count following the administration 
of Pyrexal was due to a mobilization from the marrow granulocyte pool. The 
so-called “Pyrexal test” measuring the quantity of granulocytes mobilizable from 
the marrow reserve is based on this assumption. The granulocytosis elicited by 
prednisolone, like that due to pyrogens, is not accompanied by a shift to the left 
in cases of normal hemopoiesis. Notwithstanding the similarity, the effect of 
pyrogenic substances on the release of granulocytes seems not to be due to adreno
cortical hormones (Soylemezoglu and Wells [11]).

Changes in GAPA-score, as elicited by prednisolone, can also be induced 
by pyrogenic substances (Merker [8]): decreasing first, the “score” begins to 
increase and usually reaches a peak 24 hours after the maximum of granulocytosis 
at a time when the granulocyte count is already diminishing, or has even returned 
to the normal value. It has already been noted that after a single intravenous 
injection of 12.5 mg prednisolone the rise following the diminution of the GAPA- 
score was either slight or absent, whereas a significant rise of GAPA-score was 
invariably registered after the peroral administration of a single dose of 50 mg.

H aem ato log ia  1, 1967



or two daily doses of 25 mg each. The fact that a significant elevation of the 
GAPA-score requires prolonged treatment with prednisolone has been observed 
also by Valentine et al. [16].

It is clear from the diagrams, and was found also after the peroral admin
istration of a single prednisolone dose of 25 to 50 mg that the rise in the number 
of GAP-negative cells, and cells belonging to the various grades of GAPA, began 
successively, and reached peak values at different times; likewise it turned to, or 
below the initial levels also at different times. Thereafter the number of GAP
negative (i.e. enzymatically inactive) cells dropped usually below the initial level, 
while — simultaneously — the number of grade III and IV cells rose to the max
imum. Pretreatment values were restored after 72 hours and even later. If initially 
present, cells of grades III and IV temporarily disappeared and the number of 
grade II cells decreased before they began to appear in large numbers. These 
phenomena are illustrated in the diagrams in 5 diphasic curves, and it can be 
seen that the ascending and descending phases of the various curves are displaced 
in time: where, for instance, the curve representing the number of GAP-negative 
cells is ascending, that representing the number of the most active cells is de
scending.

Changes in the absolute number and in the relative value of GAP-negative 
and differently GAP-active cells determine changes in GAPA-score. It is evident 
that the first or only effect of prednisolone is a rise in the number of GAP
negative and slightly positive cells, and a reduction in that of the more active 
cells, an effect invariably observed, irrespective of the dose or route of administra
tion. Increase in number of highly GAP-active cells is not the rule: it may fail 
to occur after a single intravenous dose of prednisolone. It was observed by 
Plenert [9] in cases of rheumatic carditis of children that leucocytosis was accom
panied by a diminution of GAPA-score during prolonged treatment with pred
nisolone.

Like Plenert [9], we regard changes in the alkaline phosphatase activity of 
granulocytes as a multiphasic reaction. The first sign of the prednisolone effect 
is a disappearance of highly active granulocytes from circulation, presumably 
due to selective sequestration (Trubowitz et al. [14]). Simultaneous increase in 
the number of GAP-negative cells is so sudden that they must be supposed to 
originate from depots. It is most probable that cells of grade I come from the 
same depot as the GAP-negative cells; this depot is presumably in the bone 
marrow, because medullary granulocytes contain less alkaline phosphatase than 
peripheral ones (Trubowitz et al. [13]). Some authors state that also cells of high 
phosphatase activity derive from the bone marrow, and ascribe their арреагапсэ 
and their increasing number to the cell-maturating effect of prednisolone 
(Valentine et al. [15]; Plenert [9]). Short-term treatment resulted in the elevation 
of Hynek’s index after 24 hours in the studies of Jährig and Brieger [5], a phenom
enon, which they regarded as a sign of accelerated maturation. We did not 
find this regularly, as it was only in a third of the cases that Hynek’s index and 
the GAPA-score changed parallelly.

3 2 4  Strausz et al.: Prednisolone-induced changes in neutrophil granulocytes, I.
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Considering that Weissel and Lohmann [18] demonstrated the presence of 
“activator” substances in the blood, which are capable of promoting the alkaline 
phosphatase activity of granulocytes, it is conceivable that prednisolone increases 
the phosphatase activity of granulocytes by means of this factor. Certain authors 
(Trubowitz et al. [14]; Wiltshaw and Moloney [19]) observed no direct effect of 
prednisolone and hydrocortisone on the enzymes of the granulocytes, while 
Knudtson and Evanger [7] found that hydrocortisone elevated the GAPA-score 
in vitro; again, Cox and McLeod [3] demonstrated that the presence of pred
nisolone in the culture medium considerably increased alkaline phosphatase 
activity in cultures of epithelial cells. Athens et al. [2], as well as Sacchetti [10] 
showed that following long-term administration of prednisolone granulocytes 
remained in the blood stream longer than normally. Elevated GAPA is, according 
to Wachstein [17], a sign of physiological maturity. If the rise of GAPA takes 
place only in the peripheral blood, the effect of prednisolone would mean that 
the number of mature or “overmature” cells became higher in the circulat
ing blood.

Considering that the granulocytosis caused by adrenaline is due to cells 
mobilized from marginal depots (Athens et al. [1]; Sacchetti [10]) and is 
accompanied by an elevation of the GAPA-score, the possibility cannot be excluded 
that cells with high alkaline phosphatase activity — appearing in increasing 
numbers after prednisolone administration — are also of marginal origin 
(Trubowitz et al. [14]).

The mechanism through which prednisolone produces the described effects 
is still not fully elucidated. Our investigations have shown that in cases of normal 
granulocytopoiesis and of sufficient granulocyte reserves changes in the number 
of granulocytes and in the GAPA-score following administration of prednisolone 
should be regarded as characteristic.

Strausz et al.: Prednisolone-induced changes in neutrophil granulocytes, 1. 3 2 5
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Prednisolone-Induced Acute Changes in Circulating 
Neutrophil Granulocytes

II. In Cases of Deficient Granulocyte Reserves

I. St r a u s z , J. B a r c s á k , E . K ékes, Á g n es  Szeb en i 
Third Department of Medicine, Postgraduate Medical School, Budapest 

(Received June 5, 1967)

In cases of deficient granulocyte reserves, prednisolone increased the circulat
ing neutrophil granulocyte count less than normally. This increase am ounted mostly 
to a few hundred cells, and never reached 3000. A slight shift to the left occurred 
in half of the cases. Changes in GAPA-score are usually multiphasic similar to, but 
smaller in extent and shorter in duration, than normally. W hether the granulocyto- 
poiesis and granulocyte reserves are norm al or deficient, increase in number of 
granulocytes is o f characteristic extent: it indicates the am ount of mobilizable granulo
cyte reserves. Therefore, prednisolone can be employed for the purposes of functional 
tests and has in this respect many advantages over Pyrexal.

The increase in the number of neutrophil granulocytes and changes in their 
quality, as induced by certain agents (bacterial lipopolysaccharides; adrenaline), 
serve to measure the size of granulocyte reserves and the intensity of granulocyto- 
poiesis [3, 2, 1, 5]. Administration of prednisolone elicits a characteristic acute 
reaction, such as granulocytosis and changes in the GAPA-score, if granulocyte 
reserves and granulocytopoiesis are sufficient, but the response is quantitatively 
different if they are deficient [7].

M aterial and Methods

The material of the present study consisted of 10 female and 6 male patients 
aged from 45 to 62 years, whose granulocyte count was less than 3000. The 
following factors were responsible for granulocytopenia:

cytostatics (malignant disease of
haemopoietic organs) in 6 cases

amidazophen „ 2 „
hypersplenia (cirrhosis of the liver) „ 4 „
unknown aetiology ,, 4 ,,

The patients received two peroral prednisolone doses of 25 mg, each with 
a ten-hour interval between them. The following determinations were made 
before, and 1/2, 1, 2, 4, 6, 12, 24, 48 and 72 hours after the first dose: the number 
of leucocytes and differential count; number of lobes of the neutrophil granulo
cyte nucleus (Hynek’s index); GAPA-score according to Kaplow [4]; absolute
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number and percentage of cells belonging to each group of various grades of 
GAPA. The bone marrow was examined in every case prior to the experiment. 
In six cases investigations were repeated after the cessation of granulocytopenia.

3 2 8  Strausz et a!.: Prednisolone-induced changes in neutrophil granulocytes, II.

Results

The acute changes caused by prednisolone in granulocyte count and in 
granulocytic alkaline phosphatase activity (GAPA) are illustrated in 4 cases. The

Fig. 1. P. S., 61 years old female, with cirrhosis of the 
liver and granulocytopenia caused by hypersplenia; a) acute 
effect of prednisolone on granulocyte count and GAPA- 
score, b) on the absolute num ber of granulocytes at the 
various grades according to K aplow’s scoring of phos

phatase activity

pretreatment value of GAPA-score was normal in the first three cases. Administra
tion of prednisolone resulted in a slightly increased granulocyte count; the 
maximum increase did not exceed a few hundred cells. The differential blood count 
remained unchanged in one case, while in the other two the number of neutrophil 
bands has doubled. The Hynek’s index did not change. After a temporary decrease, 
the GAPA-score began to rise, reached a peak after 24 to 48 hours, and then 
sank back to the initial value. As it can be seen from the diagrams, alterations 
of the GAPA-score were due to changes in the ratio of GAP-negative and GAP
positive cells of various enzymatic activity: increase of GAP-negative cells was
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accompanied by a decrease in the number of GAP-positive cells, while the sub
sequent reduction in the number of GAP-negative cells occurred at the same time 
as that of the highly GAP-positive cells increased.

In one of the cases the value of GAPA-score was high before the treatment 
(Fig. 4). The administration of prednisolone provoked no significant rise of the 
granulocyte count. The GAPA-score decreased because of the appearance of

Strausz et al.: Prednisolone-induced changes in neutrophil granulocytes, 11. 3 2 9

Fig. 2. L. M., 56 years old male, with granulocytopenia 
of unknown etiology; a) acute effect o f prednisolone on 
granulocyte count and GAPA-score, b) on the absolute 
num ber of granulocytes at the] various grades according 

to K aplow’s scoring of phosphatase activity

GAP-negative cells, while the ratio of cells of high activity slightly diminished. 
Increase in GAPA-score was not observed even at a later period.

Changes in the other cases were similar to those shown in the diagrams: 
the numerical increase of granulocytes rarely amounted to more than one 
thousand cells. In half of the cases we observed a slight shift to the left, that 
is an average duplication of neutrophil bands only. The number of lobes of 
granulocyte nucleus remained unchanged; changes in the GAPA-score, i.e. 
changes in the proportion of cells of various GAPA depended on whether the 
GAPA-score was normal or elevated before the treatment. The phenomena 
elicited by the administration of prednisolone were as in the first three cases, 
or like those in case 4, accordingly.

Prednisolone, administered after the cessation of granulocytopenia elicited 
a normal reaction: without a shift to the left, the number of granulocytes rose; 
the maximum increase was always higher than 3000 cells [8].
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Discussion

Administration of prednisolone to patients with deficient granulocyte 
reserves of various aetiology elicited abnormal reactions [7]. Increase in the 
granulocyte count amounted to a few hundred cells only, while in cases of normal 
reaction, it always amounts to more than 3000. Experience has shown that in 
case the granulocyte count does not increase by 3000 cells, the extent of the reaction

Fig. 3. S. G., 75 years old male, suffering from lym pho
sarcoma with granulocytopenia during treatment with 
Endoxan; a) acute effect of prednisolone on granulocyte 
count and GAPA-score, b) on the absolute num ber of 
granulocytes at the various grades according to Kaplow’s 

scoring of phosphatase activity

is smaller than the normal, where a decrease in the number of mobilizable 
granulocytes can be inferred. This is usually a sign of insufficient granulocyto- 
poiesis. As regards alkaline phosphatase activity, the changes in the proportion 
of “mobilizable” granulocytes were similar to the normal cases, although in some 
instances the extent and duration of the rise of GAPA-score were lower than the 
average. The reaction produced by prednisolone became normal after the ces
sation of granulocytopenia.

Granulocytosis, usually accompanied by pyrexia, can be induced with 
bacterial lipopolysaccharides. This reaction serves as a functional test for the 
measurement of medullary granulocyte reserves (Pyrexal test). If the elevation
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of the granulocyte count is slight, or absent, it indicates deficiency of reserves: 
in other words, the number of mobilizable granulocytes is reduced. In such cases 
the differential blood count shows a shift to the left. In clinical practice, Heil- 
meyer [3], Craddock et al. [2], as well as Sacchetti [5] have found the Pyrexal 
test useful.

Granulocytopenia may occur without damage to the bone marrow, and so 
without a deficiency of medullary granulocyte reserves. In such cases the reaction

to the administration of prednisolone or Pyrexal is normal. Examination of the 
bone marrow points in certain cases, especially in lymphocytic leukaemia, to the 
possibility of deficient granulocyte reserves; in cases like this, we have observed 
a normal reaction to prednisolone.

Discussing the usefulness of the Pyrexal test, Craddock et al. [2] suggested 
the possibility that an insufficient reaction need not indicate, as a rule, a primary 
depletion of granulocyte reserves. It should be taken into account that the 
“consumption” of granulocytes is accelerated (as in experimental leucopheresis), 
and that a mechanism of this kind may, for instance, play a role in hypersplenia.

H aem ato lo g ia  1, 1967

Fig. 4. A. Sch., 69 years old female, suffering from 
lym phosarcoma with granulocytopenia during treatm ent 
with Endoxan; a) acute effect o f prednisolone on granulo
cyte count and GAPA-score, b) on the absolute num ber 
o f granulocytes at the various grades according to  Kap- 

low’s scoring of phosphatase activity



As far as the changes in granulocyte count and in GAPA-score are concerned, 
the effect of prednisolone is similar to that of Pyrexal; there is, however, no 
evidence to prove that the action of Pyrexal requires mediation of adrenocortical 
hormones [6]. Like Pyrexal, prednisolone can be used for functional test. 
Following its administration the extent of the increase in granulocyte count 
indicates the amount of mobilizable granulocytes. Prednisolone has many advan
tages over Pyrexal: 1) a single dose of 25 mg, or a daily dose of 2x25 mg may 
be administered to any patient without risk; 2) prednisolone causes no undesir
able side effects; 3) it is readily available.

After the administration of prednisolone the GAPA-score underwent the 
same multiphasic changes as in normal hematopoiesis, but, in general, they 
were numerically smaller and shorter in duration. This was due to the fact that 
the proportion of GAP-negative cells and cells of various GAP-activities was like 
the normal, independently of their absolute number.

J 3 2  Strausz et al.: Prednisolone-induced changes in neutrophil granulocytes, II.
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Open Forum

M O DERN  TREN DS IN  TH E TEA CH IN G  A N D  SPECIALIZATION 
O F HAEM ATOLOGY AND BLOOD TRA N SFUSIO N

Haematology — once limited to morphology and to the clinic of blood 
diseases — includes today cytochemistry, genetics, immunology, isoserology, 
biochemistry (especially protein chemistry), blood coagulation and rheology, 
blood preservation, nuclear science, etc. It is utterly impossible for the practising 
physician to keep abreast of this formidable advance. As a consequence there is 
a great need for experts in haematology and blood transfusion throughout the 
world. At the same time it is a matter of course that time and again the question 
arises in what way a working synthesis could be achieved in our era of specializa
tion. It is believed that many countries would profit from an exchange of experience 
in the teaching of haematology and blood transfusion. With this aim in mind 
prominent scientists from various countries have been invited to participate in 
the discussion.

In our previous issue the first contributions to this discussion were published.
J. V. Dacie, Professor of Haematology, Postgraduate Medical School of 

London, acquainted our readers with the organization of haematology in England 
and Scotland. In his paper, which is a part of his inaugural address to the Haema
tology Society of Australia delivered in 1962, he dwells at length on problems 
concerning the organization and function of haematological departments, the 
providing of high standard diagnostic service and treatment of patients with 
haematological disorders, the running of hospital blood transfusion services, the 
training and research in haematology and the future of this branch of medicine.

Professor Jean Bernard, Director of the Research Institute for Blood 
Diseases in Paris described the organization and function of haematology, the 
organization of the blood transfusion service, the system of teaching and post
graduate training and the possibility of specialization in France.

Professor J. J. Van Loghem of Amsterdam, Professor M. C. Verloop of 
Utrecht and Professor E. Deutsch of Vienna made us acquainted with the state 
of haematology and blood transfusion in their respective countries.

As the comments made hitherto have revealed, the organization and function 
of this new and rapidly developing field of science show great variety according 
to countries, especially in the relationship between haematology and blood 
transfusion and with other branches of medicine, respectively. The aspects of
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teaching and postgraduate training of haematology and blood transfusion in 
the above countries are essentially different, too.

Further contributions to the discussion are given in this issue.

NORW AY

Dr. P. F. H jort, Head of the Departm ent for Haematology and Blood Transfusion.
University Clinic, Oslo

The teaching of haematology and blood transfusion is organized within 
the scope of the universities. It is a compulsory subject in medical education 
during clinical training, i.e. in the 4th —6th years. Postgraduate courses are organ
ized for attaining knowledge in the application of haematologic techniques during 
their training. Doctors specialized in internal medicine and paediatrics during 
the course of medical training are taught the simple haematologic techniques 
(scanning of blood smears and bone marrow).

Blood Banks generally are attached to larger hospitals. The University 
Clinic in Oslo has a Department for Haematology whose head is assistant professor 
of clinical haematology. Blood Banks function independently of the Department 
of Haematology.

Haematology so far is not recognized as an independent specialty. Degrees 
cannot be obtained in this subject and examinations are not compulsory.

I share the opinion that university clinics should have departments for 
haematology with inpatient and out-patient services and research laboratories. 
In general hospitals no special sections are required for haematology but a staff 
of well-trained internists and paediatricians specialized in haematology.

POLAND

Professor W. Rudowski, Director o f the Institute of Haematology, Warsaw

The teaching of haematology in Poland is included in the curriculum of 
internal diseases while the teaching of blood transfusion is attached to general 
surgery. As a matter of course neither of these subjects require a separate examina
tion. On what level the teaching of haematology and blood transfusion is included 
in the curriculum, depends on the individual interest of the lecturer in the subject. 
Postgraduate courses in haematology and blood transfusion are organized regular
ly. Training in haematologic techniques is mainly devoted to morphology.

The Institute of Haematology in Warsaw consults in all transfusion problems 
and supervises the Blood Transfusion Centres of the country. The network of 
Blood Banks attached to hospitals are controlled by the Blood Transfusion 
Centres. There are no chairs for haematology at the University Medical School. 
There is only one at the Postgraduate Medical School.

To qualify in blood transfusion the first degree of specialization in one of 
the basic branches of medicine (surgery, internal medicine, gynaecology and
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obstetrics, paediatrics, chemical pathology) is compulsory, after which the 
candidate is obliged to acquire a three-year training in serology, microbiology, 
blood preservation and storage, etc. in a Blood Transfusion Centre or a Blood 
Bank. This is followed by a final examination, a prerequisite of the second degree 
in blood transfusion.

For promoting the development of haematology and blood transfusion 
(education, medical care and research) the following suggestions are made:

Haematology

The modernization of laboratory equipment and diagnostic methods in the 
university hospitals as well as in the larger hospitals, and providing the Institute 
of Haematology with modern laboratory equipment and technical facilities are 
indispensable.

Blood transfusion

Postgraduate teaching should be extended with a possibility for specializa
tion in serology for doctors and biologists. Units of immunopathology for preg
nants should be organized. International collaboration for standardizing the 
production of blood derivatives and the equipment used in blood processing and 
blood transfusion should also be promoted.

FRANCE

Docteur G. Bilski-Pasquier, Professeur ä la Faculté de Médecine,
Médecin des Hőpitaux de Paris

L’enseignement de l’hématologie se fait de deux fagons en France:

a) l’hématologie proprement dite est enseignée a la Faculté de Médecine,
b) la transfusion sanguine est enseignée dans le cadre merne du Centre 

National de Transfusion, au cours d’un enseignement de trois mois destiné aux 
futurs Chefs de Centre de transfusion, Penseignement comportant des exposés 
théoriques et des travaux pratiques a Tissue desquels des épreuves écrites et orales 
donnent droit, si Ton est admis, a une attestation d’Ancien Éléve du Centre Natio
nal de Transfusion Sanguine.

L’enseignement de Thématologie est obligatoire dans le courant des études 
médicales.

L’enseignement de Thématologie est fait en 3cme année de médecine, pendant 
30 heures, comportant un enseignement théorique et, surtout, enseignement dirigé 
par, petits groupes et travaux pratiques. L’enseignement est sanctionné, d’une 
part, par un examen théorique en fin d’année.

II existe des cours d’hématologie et de transfusion sanguine destinés aux 
médecins et pharmaciens. II s’agit d’une part du Certificat d’Études Spéciales
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d’Hématologie et, d’autre part, du Certificat d’Études Supérieures d’Hématologie, 
le premier comportant des cours, des travaux pratiques, un stage, un examen 
final, le deuxieme nécessitant en plus la rédaction d’un mémoire, un stage dans 
un service d’hématologie et un examen final.

De plus, il existe un certain nombre de cours complémentaires de cytologie, 
d’immunologie, d’hémostase, aussi bien a Paris que dans les facultés de province. 
Tous ces cours comportent évidemment des manipulations pratiques nombreuses.

Le service de la transfusion sanguine en France dépend essentiellement des 
Centres de Transfusion Sanguine, coiffés par le Centre National de Transfusion 
Sanguine ä Paris, avec de nombreuses directions régionales correspondant dans 
l’ensemble ä des villes de Faculté ou d’Ecole de Médecine.

De plus, quelques groupes privés se chargent de transfusions sanguines en 
vilié mais représentent quelque chose d’assez négligeable par comparaison avec 
l’importance des centres officiels.

II existe un Institut d’Hématologie dirigé par Professeur Jean Bemard, 
a FHöpital Saint-Louis, institut de recherches et de traitement groupant de 
nombreux laboratoires et un matériel d’enseignement considérable.

II existe une Chaire de Clinique des Maladies du Sang dönt le titulaire, 
ä Paris, est le Professeur Jean Bemard, une deuxieme chaire a Strasbourg, titulaire 
Professeur Waitz, une troisieme chaire ä Toulouse dönt le titulaire est le Pro
fesseur Ruffie. De plus, un certain nombre de professeurs ont une vocation 
hématologique, trois ä Paris, deux ä Lyon, un a Marseille.

L’Institut d’Hématologie de Paris est en liaison assez souple avec la Trans
fusion Sanguine par l’intermédiaire du Professeur Agrégé Dausset qui est immu- 
nologiste et par les liens qu’il a avec le Centre National de Transfusion Sanguine.
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И диопат ический м иелоф иб роз и вт оричный  
м иелоф иброз при хр о н и ч ес к о й  м иелолейкозе

(Idiopathic myelofibrosis and secondary 
myelofibrosis in chronic myeloid leukaemia). 
M. S. Dultsin, N. F. Klimova, T. A. Chern- 
tsova, A. V. Zacharova (Central Institute 
of Haematology and Transfusion, Moscow) 
Probl. G em at. 12, 1 (1967).

Idiopathic myelofibrosis is distinguished 
as an individual disease, differing from 
chronic myeloid leukaemia, and character
ized by fibrous mesenchymal bone marrow 
proliferation. There is always a slow, pro
gressive enlargement o f the spleen and liver. 
Marked splenomegaly is often accompanied 
by secondary hypersplenism, haemolytic 
anaemia or thrombocytopenia, or by both. 
Observations carried out in patients with 
secondary myelofibrosis in chronic myeloid 
leukaemia indicated that the former was 
capable o f developing at various stages of 
the disease. Secondary myelofibrosis in 
chronic myeloleukaemia failed to improve 
the course o f leukaemic process, and evi
dently prom oted the development of early 
resistance to cytostatics.

K ata lin  N a to n ek

In travenous p y e lo g ra p h y  in m u ltip le  m yelom a. 
V. A. Vix (Veterans Administration Hospital, 
Minneapolis, Minn.) R a d io lo g y  87, 896 
(1966).

Bartels et al. reported the case of a 
patient with multiple myeloma (MM) in 
1954, who died in acute renal failure follow

ing intravenous pyelography (IVP). Since 
then more such cases have been reported 
in the literature. As a result of these observa
tions, several investigators have claimed 
that IVP is absolutely contraindicated in 
MM. Based upon the chart-review of his 
own patients, the author has attempted to 
determine the hazards of IVP in cases 
of MM. The material examined, dating back 
to 1949, contained 99 histologically con
firmed cases of MM. First of all it has been 
clarified whether IVP was performed or not, 
but particular attention has been paid 
naturally also to blood urea nitrogen, serum 
and urine electrophoretic data. Out of the 
88 patients, IVP was performed in 40 on 
52 occasions, mostly in a search for malignant 
tum ors before establishing the diagnosis. 
Normal excretion was found in 33 cases, 
while pathologically decreased excretion was 
found in 7 cases. In the latter 7 patients 
pronounced Bence—Jones proteinuria or 
amyloidosis (on postmortem examination) 
was detected. As to azotemia, 48 patients 
out of 85 had it. It is noteworthy that 21 
patients had azotemia out of the 23 who 
showed Bence—Jones proteinuria. Out of the 
23 patients 13 were submitted to IVP. 
Comparison of the renal status and IVP, 
yielded the following evidence. Although 
blood-urea-nitrogen determinations were not 
carried out in every case immediately after 
IVP, its elevation, however, has never been 
observed and no rapid change has taken 
place in the clinical condition of any patients 
after the examination. Rapidly progressing 
azotemia was observed in 14 cases. Out o f 
these, in 8 cases IVP had not been performed 
at all, while in the remaining cases there

H aem ato log ia  1, 1967



Abstracts

was no correlation in time. The paper 
mentions also some pathologically clarified 
renal disorders accompanied by M M  and in 
this connection some pathogenetic problems, 
partly unsolved. Summing up, au thor claims 
tha t the origin of renal damage plays no 
role in the contraindication to IVP; the 
same precautions should be taken in cases 
o f MM as in any other disease with poor 
renal function. If IVP is performed in the 
presence of moderately impaired renal func
tion, on the basis of an appropriate indica
tion, dehydration is to be avoided by all 
means and a higher amount o f contrast 
medium should be administered in high 
dilution. Finally, on the basis o f clinical 
experience, au thor definitely denies that the 
contrast medium (diatriozate) would by 
itself have an adverse effect in MM.

J . Forrai

33 8

E ffe c t  o f  s tren u o u s  and  g ra d ed  exerc ise  on 
fib r in o ly tic  a c tiv ity . I. Sudhakaran Menőn, 
F. Burke, H. A. Dewar (D epartm ent of 
Medicine, Royal Victoria Infirmary, New
castle upon Tyne, G. B.) L a n c e t 7492  (I), 
700 (1967).

Notably increased fibrinolytic activity 
after strenuous exercise has been observed 
in 58 trained athletes and to a lesser but 
still significant degree in 10 volunteers after 
moderate graded exercise. The maximum 
increase in fibrinolytic activity in the un
trained volunteers was reached within 1 1/2 
min. of their exercise and no greater effect 
was achieved by prolonged further exercise. 
The increase in activity was, however, found 
to persist for a t least 1 hour after the exercise. 
To obtain the beneficial effects o f exercise 
and prevent thromboem bolism it is not 
necessary to involve the actual endangered 
part of the body — exercise of the arms, for 
instance, will benefit a leg encased in plaster.

C ecilia  Z s d d n sz k y

The indication  fo r  transfusion  o f  fr e sh ly  
drawn blood. H. A. Oberman (D epartm ent 
o f Pathology, University o f Michigan, 
Chicago, 111.) J A M A  93, 199 (1967).

The use o f freshly draw n blood for 
transfusion should be justified by the clinical

and laboratory findings manifested by the 
patients in relation to the known effects of 
storage of blood. Empirical adm inistration 
of this product is wasteful, for it depletes the 
available donor pool and interferes with 
blood-bank inventory. This review of a 
variety of clinical special situations (chronic 
anaemia, thrombocytopenia, extracorporeal 
circulation, leukopenia, haemolytic disease 
of the newborn, some coagulation disorders, 
severe liver diseases, haemolydialysis) that 
frequently occasion request for freshly drawn 
blood, indicates that most can be treated 
optimally with specific blood components, 
in relatively fresh blood.

E. B enedek

C h rom osom e stud ies in a cu te  leu ka em ia . 
M. K. Jensen, S. Killmann (Haematological 
Section, Medical Departm ent A, Riks- 
hospitalet, Copenhagen) A cta . M ed . Scand. 
181, 41  (1967).

The cytogenesis of five patients with 
acute leukaemia was studied. The patients 
were selected according to some criteria: 
the bone marrow metaphases show aneuploid 
modes and at the same time at least ten 
per cent o f the mitotic figures o f the bone 
m arrow aspirates occurred in the erythroid 
series. In four of the patients the percentage 
of mitoses which occurred in the erythroid 
series clearly exceeded the percentage of 
normal metaphases. The data suggested that 
in acute leukaemia abnorm al karyotypes are 
present not only in the leukaemic blast cells 
but also in the red cell population. In 
contrast, lymphocytes cultured from the 
peripheral blood showed normal karyotypes. 
The presence of abnorm al karyotypes in 
both the red cell and white cell series implies 
tha t the erythroid precursors in acute 
leukaemia are not rem nants of normal 
erythropoiesis but are directly involved by 
the leukaemic process concurrently with the 
white cells.

E. B enedek

S ta n d a rd iza tio n  o f  the one-stage  pro th ro m b in  
tim e  fo r  the  con tro l o f  a n ticoagu lan t therapy. 
R. Biggs, K. W. E. Denson (Medical 
Research Council, Churchill Hospital, Ox
ford, G. B.) B rit. m ed. J . 1, 84 (1967).
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The control of anticoagulant therapy by 
the one-stage prothrom bin time suffers from 
the fact that the results of this test are 
reported differently at different centres. 
Therefore it seems advisable to improve the 
general standard control. The calibration 
scale of commercial preparations could be 
adjusted to the scale, preparations made 
individually in clinical laboratories could be 
similarly calibrated. Moreover, attention to 
sensitivity to the coumarin defect would 
undoubtedly improve the reliability of 
control. A method of standardizing the test 
has been devised so that all may use the same 
scale of measurement adjusted in each case 
to fit the preferred thromboplastin. The 
method is based on the preparation of the 
standard throm boplastin with which other 
preparations can be compared.

E dith  S o d s

A r a p id  m e th o d  f o r  th e  iso la tio n  o f  C oeru lo
p la sm in . R. P. Stokes (D epartm ent of 
Experimental Pathology, Medical School, 
University of Birmingham, G. B.) C lin. 
C him . A c ta  15 , 517 (1967).

A simple method for the isolation of 
Coeruloplasmin is described. The method obvi
ates precipitation procedures and employs 
two-stage ion exchange chrom atography 
using both diethylaminaethyl (DEAE) Se- 
phadex, an anion exchanger, and carboxy- 
methyl (CM)-Sephadex, a cation exchanger, 
which are capable of dealing with volumes 
of plasma, or equivalent amounts o f Cohn 
fraction 1V-1 of the order of 1000 ml/g dry 
weight of the powdered exchanger. Using 
this technique, Coeruloplasmin has been 
recovered from plasma, serum or Cohn 
fraction 1V-1 at a recovery rate of approxi
mately 70% and in an acceptable state of 
purity as judged by immunochemical, 
electrophoretic and ultracentrifugal criteria.

E dith  S o d s

U ntersuchung  der verschiedenen W irkung  von  
H eparin  und  S tre p to k in a se  a u f  d ie E iw e iß 
s to ffe  des m ensch lichen  B lu tp la sm a s m it 
H ilfe  der D iffu s io n  u n d  E lektro p h o rese  in 
F ibrin -A gar-G ei (Investigation of the various

effects o f heparin and streptokinase on 
human blood plasma proteins by diffusion 
and fibrin-agar-gel electrophoresis). I. Ste- 
pánek, J. Andrasina, M. M attová et al. 
(Institut für Seren und Impfstoffe, Prag) C oli. 
Czech. C hem . C om m . 32 , 466 (1967).

Die neuesten Erkenntnisse über die W ir
kung des Heparins au f die Fibrinolyse 
sprechen für einen komplizierten Reaktions
mechanismus, wobei die Ansicht überwiegt, 
daß die Anwesenheit des Heparins eine 
fördernde Wirkung auf die Fibrinolyse hat. 
In dieser Mitteilung ist die Untersuchung der 
W irkung des Heparins und der Strepto
kinase au f die Eiweißstoffe des menschlichen 
Blutplasmas mit Hilfe der elektrophoreti
schen Analyse und des Verfahrens der dop
pelten Diffusion in Fibrin-Agar-Gel gege
ben. Es ist sehr wahrscheinlich, daß das 
Plasminogen, das durch Einwirkung von 
Streptokinase in die fibrinolytisch aktive 
Form übergeht, der profibrinolytische F ak 
tor, der durch Einwirkung von Heparin in 
die fibrinolytisch aktive Form  übergeht, und 
der autoaktivierende fibrinolytische Faktor 
durch verschiedene Mechanismen in den 
Zustand fibrinolytisch aktiver Eiweißstoffe 
umgewandelt werden. Die fibrinolytisch ak ti
ven Form en dieser Eiweißstoffe sind w ahr
scheinlich ein Bestandteil des komplexen 
fibrinolytischen Mechanismus, der für die 
Lyse des Fibrinkoagulums verantwortlich 
ist. Die von uns vorgelegten Ergebnisse 
stehen im Einklang m it den Arbeiten, 
wonach Plasminogen kein homogener Ei- 
weißstoff ist.

E lisabeth  T ö rö k

D ih y d ro x ya ze to n s to ffw e ch se i in B lu thäm oly-  
saten  b e i L eb ererkra n ku n g en  (Dihydroxy- 
acetone metabolism in haemolysates with 
liver diseases). E. Bielik (Central Laboratory 
of the D istrict Hospital, Banská Bystrica) 
Z. g es. Inn . M ed. 22, 93 (1967).

Haemolysates of sixty healthy persons, 
resp. patients without liver diseases, thirty 
hepatitic and fifteen cirrhotic patients were 
investigated. In the haemolysates of erythro
cytes from  patients with cirrhosis, dihydroxy- 
acetone was utilized half as fast as in the 
normal controls. The dihydroxyacetone con
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sumption could be normalized by the addition 
of ATP, adenosine, inosine and adenine. 
The limiting factor of the consumption of 
dihydroxyacetone seems to be the ATP, 
present in a lower concentration in the 
erythrocytes of patients with parenchymal 
liver lesion.

Urna S zá sz

A denosine triphospha tase  a c tiv ity  o f  ery thro 
cy te  m em b ra n e  in hered ita ry  spherocytosis.
K. N akao, Sh. Kurashina, M. Nakao 
(Third Departm ent of Internal Medicine, 
University o f Tokyo, Tokyo) L ife  Sc iences  
6 , 595 (1967).

Five patients with hereditary sphero
cytosis and ten control persons were inves
tigated. The erythrocyte membranes were 
prepared from a hypotonic haemolysate of 
washed erythrocytes, and the ouabain- 
sensitive, N a—K —ATPase activity and the 
ouabain-insensitive ATPase activity of these 
preparations were determined. The quotient 
of the ouabain-sensitive and ouabain- 
insensitive ATPase activities were found to be 
lower than 1.0 (range: 0.08—0.67) in normal 
persons and higher than 1.0 (range: 1.4— 
11.3) in patients with hereditary sphero
cytosis. The decrease in ouabain-insensitive 
ATPase activity in hereditary spherocytosis 
was more significant than the increase in 
ouabain-sensitive ATPase activity. These 
results elucidate the aethiopathogenesis of 
hereditary spherocytosis better than the 
data about the increased turnover of Na 
known before.

Ilm a  S zá s z

R a d io p h o sp h a te  “c losed” s y s te m  e fflu x  ra te  
c o n sta n t a n d  A T P  m e ta b o lism  in in ta c t 
h u m a n  re d  cells. J. J. Imarisio, T. R. Jamison 
(Radioisotope Service, Veterans Administra
tion Hospital, Cincinnati, Ohio) J . Lab. Clin. 
M ed . 69, 23 (1967).

The 32P efflux rate constant of red cells, 
previously incubated with isotope phosphate 
was accurately determined using perfusion 
dialysis technique in “closed” conditions, in 
which only efflux of phosphate following 
uptake of isotope phosphate was allowed.

The ATP/ADP quotient was determined 
chromatographically. Phosphate flux was 
shown to be dependent almost exclusively 
on the synthesis and degradation o f ATP. 
Experiments with glucose deprived fresh red 
cells proved that the method was suitable 
for studying the A TP losing state o f cells. 
The 32P efflux rate constant was closely 
reproducible on repeated determinations on 
the same cells, but showed great variation 
from patient to patient. In spite o f this, 
selected untreated thyreotoxic patients show
ed a statistically significant difference in 32P 
efflux rate constant from a group of eu- 
thyreoid controls. The method seems suitable 
for the comparative study of endocrine and 
o ther influences on the ATP metabolism 
o f intact cells.

I lm a  S zá s z

N e w  an ticoagulan t fr o m  lysed  fib r in o g e n . 
E. Triantaphyllopoulos, D. C. Triantaphyl- 
lopoulos (D epartm ent of Physiology, Uni
versity of Alberta, Edmonton, Alberta) 
B r it.  J. H aem . 13, 28 (1967).

Once fibrinogenolysis had been initiated, 
few, if any fibrinogen molecules remained 
unaffected. Even the fraction which could 
still be precipitated by 0—25 per cent 
ammonium sulphate saturation showed dif
ferences from intact fibrinogen. Its solubility 
decreased very early, its coagulability grad
ually disappeared and the fraction itself 
acquired anticoagulant properties. The ability 
o f the 0—25 per cent fraction to prolong 
the thrombin clotting time of intact fibrin
ogen varied with incubation in a way 
similar to that of the 25—50 per cent frac
tion (AF1F). It was, however, less potent 
and it disappeared after heating a t 60°C for 
15 minutes. The two anticoagulant fractions 
could be differentiated by the electrophoretic 
and thermostable protein patterns, the 
degree of precipitability by ether, the effect 
o f alkaline pH buffers and the effect of 
fraction concentration on the inhibitory 
activity. The main electrophoretic com
ponent of the 0—25 per cent fraction, 
responsible for the bulk of the inhibitory 
effect at 100 per cent coagulable period (CP), 
had  a slightly slower mobility and  lower 
specific activity than  the main com ponent of
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the 25—50 per cent fraction. Purified 
throm bin liberated acid soluble protein 
fragments from the 0—25 per cent fraction 
equal to about 1.5 per cent of the total 
protein.

C ecilia  Z s d d n s z k y

F urther stud ies on th e  e ffe c t o f  aden ine  in 
b lo o d  preserva tion . O. Akerblom, C. H. De 
Verdier, M. Finnson, L. G arby, C. F. 
Högman, S. G. O. Johansson (D epartm ent 
o f Clinical Chemistry, Blood Transfusion 
Service, Uppsala) Transfusion  7, 1 (1967).

Clinical and experimental studies on 
effect of adenine supplementation to ACD 
blood are reported. The frequency and type 
of transfusion reactions in 5,595 trans
fusions of ACD-adenine blood (storage 
time 0—35 days) was the same as in 4,519 
transfusions of ACD blood (storage time 
0—21 days). There was no change in the 
plasma haptoglobin level in 10 recipients 
during and after transfusion of 29 to 35 days 
old ACD-adenine blood. The relation 
between posttransfusion viability in vitro 
hemolysis, erythrocyte ATP content and 
duration of storage were studied. Supple
mentation with adenine increased the post
transfusion viability and the erythrocyte 
ATP content, these effects were noticeable 
after two weeks of storage. A negative 
correlation was found with respect to  post
transfusion viability and the concentration 
of total lipids in the medium. A significant 
covariation between the concentrations of 
the three nucleotides ATP, ADP and AM P 
was found. This indicates that erythrocyte 
adenylate kinase dominates in the regulation 
of relative concentrations of these nucleo
tides.

C ecilia  Z s d d n s z k y

A  rev ised  sta in ing  procedure  fo r  hap tog lob ins. 
Priscilla J. Singh (The New Y ork Blood 
Center, New York) V o x  Sang . 12, 78 (1967).

The most often used method of staining 
for the demonstration of haptoglobin is the 
benzidine-hydrogenperoxide method follow
ing starch gel electrophoresis, suitable for 
staining haeme-containing complexes. The

disadvantages of the m ethod are that the 
boundaries o f the haptoglobin bands are not 
sharp enough, the stained gel must be read 
immediately, therefore attem pts have been 
made to  prevent diffusion of the dye. The 
procedure described by Singh is a variant 
of the G iblett—Steinberg method; the gel is 
stained with benzidine HC1 according to 
Smithies, the excess dye is removed by 
washing and contrast staining is employed 
with am ido black 10 B. In the preparations 
so stained the boundaries o f the haptoglobin 
bands have very sharp outlines. It is suggest
ed tha t at the site of the haptoglobin bands 
insoluble benzidine-amido black complexes 
are fixed.

M aria  A m b ru s

L a c k  o f  lin ka g e  betw een th e  L p  a n d  A g  serum  
sy s te m s. K. Berg (University Institute o f 
Forensic Medicine, Rikshospitalet, Oslo) 
Vox S a n g . 12, 71 (1967).

By precise analysis o f the pedigree o f 
8 Norwegian families, au tho r has studied the 
genetical relationship of two beta-lipoprotein 
antigens, Lp(a) and Ag(a). Anti-Lp(a) serum 
from rabbit, homologous anti-Ag(a) and 
C. de B. serum obtained from Blumberg 
have been used.

M athematical analysis has shown that 
the Lpa and Aga antigens occupy two differ
ent loci, which are not correlated either 
closely or distantly.

The free or the 0.5 recom bination frac
tion is apparently the m ost likely. From 
Berg’s family studies we have to conclude 
that the Lp and the Ag loci are not correlated 
with each other, we deal with two separate 
loci or systems within the structure of beta- 
lipoproteins.

M aria  A m brus

P o lym o rp h ism  o f  the h u m a n  low -density  
lipopro te ins. R. Biitler (Central Laboratory 
of the Blood Transfusion Service of the 
Swiss Red Cross, Berne) V o x  Sang. 12, 2 
(1967) An Editorial.

The most complex group of human 
serum proteins is that o f the lipoproteins. 
They are classified by ultracentrifugal sedi
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mentation analysis, on the basis of which 
distinction is made between low-density and 
high-density variants. The heterogenous 
class of lipoproteins is represented by the 
low-density lipoproteins (LDL), having a 
density of 1.063 to 0.90 per g/ml, correspond
ing flotation constants of from St 0 to 400, 
mol weight from 1 to 100 million, diameter 
o f spherical particle 200 to 400 Ä. In electro
phoretic analysis they migrate as beta- 
lipoproteins.

Their lipid content is 75 to 90 per cent, 
in the form of triglycerides, phosphatides, 
esterified and non-esterified cholesterol and 
free fatty acids. Their chemical properties 
are determined by the protein component. 
In their antigenicity an im portant role is 
played by their carbohydrate component, 
representing 3.2 per cent of the total sub
stance, in the form of hexose.

In 1961, Allison and Blumberg described 
the presence of isoprecipitin in the serum 
of a polytransfused patient. Later, it was 
shown to be an anti-LDL antibody and 
authors proved that LDL was a hetero
genous serum protein fraction not only 
physicochemically, but also immunologi- 
cally, and that it showed genetically deter
mined antigenic specificity. [The anti-LDL 
isoprecipitin found in the patient’s serum 
was called anti-Ag(a), the inductor antigen 
Agfa) (1961).]

In his detailed referate, Bütler deals 
with the problem of terminology, which 
truly reflects the polymorphism of the LDL 
system.

At present, two groups of LDL group 
variants are known:

1. Ag-groups
2. Lp-groups
Standardization of the Lp-nomenclature 

is in progress. In  1965, Berg suggested the 
introduction of a new symbol, the “ Ld- 
system” , which did not seem justified 
because he had dem onstrated the LDL 
factor discovered by him by means of 
human isoprecipitin, consequently, we had 
on hand a formerly unknown Ag factor.

A recently discovered genetical variant of 
the LDL system is represented by the 
“ double beta-lipoprotein” described by 
Seegers (1965).

By two-dimensional (paper/starch) elec
trophoresis Seegers dem onstrated the pres

3 4 2

ence of a double LDL band in the serum 
from  a female, aged 42 and suffering from 
post-gastrectomy anaem ia, as well as in the 
sera from 6 members of her family. I t  was 
stated that this was a new group variant of 
the LDL system, and  the gene responsible 
for it had a low frequency. In the paper 
the mode of development of the group- 
specific anti-LDL antibodies is discussed, 
attributing significance in the first place to 
the number of transfusions and to the basic 
disease. In addition, DUrwald’s results for 
sera from m ultipara are described. The 
results of the family studies by Berg and 
M ohr are dealt with in detail, in which the 
mode of heredity of Lp groups has been 
clarified and it has been shown th a t the 
LDL antigens are not related to other 
serum groups. A uthor discusses also the 
investigations of Hirschfeld, who elucidated 
precisely the genetical process o f the Ag 
groups, as well as the exact antibody speci
ficities of the C. de B. serum.

Finally, Bütler emphasizes tha t the Lp 
and Ag groups raise a number of interesting 
population-genetical problems. The LDL 
polymorphism is also of immunobiological 
interest, because beside the Gm groups the 
Ag ones stand alone as verified human 
anti-plasmic isoimmunization factors. Al
though to this date there are no reports 
on clinical manifestations, plasma incom
patibility, the discovery is of great interest.

M a ria  A m b ru s

A bsorp tion  o f  u n w a n ted  a n ti-A -B  agglu tin ins  
f r o m  a n ti-R h  D  g roup ing  sera using  tim e- 
e xp ire d  fo rm a liz e d  h ea t-trea ted  A VB R h  D  
p o sitive  red  cells. J. V. Lockyer (Regional 
Transfusion Centre, Bristol, G.B.) V o x  Sang. 
12, 75 (1967).

A simple and reliable method is re
commended for the elimination of anti-A 
and anti-B agglutinins from specific antibody- 
containing 0 sera. The method is based on 
Milgrom’s experiment, who used stroma 
material obtained by lysis of AB Rh0 (D) 
positive erythrocytes for the absorption of 
0 anti-D test serum with success, without 
observing a change in the reactivity or 
titre of anti-D. Later, Gold, Lockyer and 
Tovey dem onstrated that on treatm ent with
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formalin the A antigen carrier erythrocytes 
lost their agglutinability, but continued to 
absorb unchangedly anti-A agglutinin, 
whereas the Rhesus antigens lost both 
properties. The resistance difference o f the 
antigens of the two blood group systems 
may be utilized in the absorption procedures, 
when we may use instead of AB Rh negative 
test cells Rh positive ones.

A uthor describes his own method, by 
means of which it has been proved that it 
is only the antigens of the ABO system, 
and to some extent also those of the MNSs 
system tha t resist treatm ent with formalin, 
while the antigens of other blood group 
systems have the same resistance as the Rh 
antigens. To avoid interference by dena
tured Hb, the test cells were previously 
fixed by heat (autoclave, at 120° C for 30 
minutes), then the heat-treated cells were 
incubated in formalin solution diluted 1 in 
30 for 24 hours at 37 C. The formalin- 
treated test suspension was incubated with 
equal volume of test serum a t+ 4 ° C f o r  2 
hours, then the absorbed serum was tested 
for presence of anti-A and anti-B agglutinin 
in salty medium at + 4  C and was subjected 
to enzyme test. Comparison of the pre
absorption specific antibody titre with the 
postabsorption one, made in every case, 
never showed a decrease in titre.

After use, the absorbed agglutinins were 
removed by washing from the surface of the 
heat-fixed, formalin-treated cells and the 
test cells were stored in a bacteriostatic 
solution at + 4 °C  till next used.

The procedure has been employed for 
the absorption of a wide variety of test 
sera (anti-C, D, E, c, e, M, N, S, P,, Fya, 
Kpb), with full success.

M aria  A m b ru s

S tu d ie s  o f  6 -N -h yd ro xy!a m in o -9 -ß -D -rib o -  
fu ra n o sy lp u rin e  in m ouse  leukaem ia . I. H. 
Burchenal, M. Dollinger, I. Butterbaugh, 
D. Stoll, A. G inor-Sorella (Divisions of 
Experimental Chemotherapy and Biological 
Chemistry, Sloan-Kettering Institute for 
Cancer Research, New York, N. Y.) B io- 
chem . P harm aco l. 16, 423 (1967).

An adenosine analog, 6-N-hydroxyl- 
amino-9-/?-D-ribofuranosylpurine (HAPR)

has shown activity against transplanted 
mouse leukaemias L 1210 and P 815 and 
against sublines of these resistant to 6- 
mercaptopurine, methotrexate, vinicristine, 
and l-/3-D-arabinofuranosyl cytosine (Ara C). 
Conversely, a line of L 1210 resistant to 
HAPR was still sensitive to 6-mercapto- 
purine, methotrexate, 5-fiuorouracil and 
Ara C but was cross-resistant to 6-methyl- 
mercaptopurineriboside (6 MeM PR). Aden
osine given simultaneously, blocked the 
antileukaemic effects of HAPR, but adenine 
and guanine did not. It is postulated by 
analogy with 6 MeMPR that HAPR may 
be phosphorylated to an active nucleotide 
by adenosine kinase activity. The an ti
leukaemic effects of HAPR were potentiated 
by 6-mercaptopurine.

E lisabeth  T ö rö k

D egradation  o f  hum an fib r in o p e p tid e s  in 
serum . A. Teger-Nilsson, B. Blombach 
(Blood Coagulation Research Department, 
Karolinska Instituted Stockholm) A cta  C h em . 
Scand . 21, 307 (1967).

Fibrin formation is preceded by the 
release of fibrinopeptides from fibrinogen. 
Appreciable amounts o f fibrinopeptides 
were thus expected to be present in blood 
serum. They may, however, rapidly degrade 
after their release from fibrinogen. Fibrino- 
peptide B, lacking its C-terminal arginine, 
was recently isolated from clot super
natants o f throm bin-treated purified fibrin
ogen from several species. It was suggested 
that the peptide derivative was produced 
through enzymatic degradation by a con
tam inating exopeptidase of plasmatic origin. 
It is known from the work on blood kinin- 
ases tha t blood contains carboxypeptidase 
B-like enzymes. The present investigation 
was undertaken in order to study the fate 
of fibrinopeptides in serum.

E lisabe th  T örök

Im m u n e  a n ti-N  agglutinin in h um an  serum . 
J. H. Yoell (Motion Picture Country 
Hospital, W oodland Hills, Calif.) T rans
fu s io n  6 , 592 (1966).

A case of apparent hemolytic trans
fusion reaction due to presence in serum of
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anti-N  is reported. The reaction was charac
terized by dem onstration of anti-N in the 
patient’s serum and M N cells in the offend
ing unit. The patient’s phenotype proved to 
be M. Reasons for reporting this unusual 
case are: 1) It is believed to be the second 
instance of hemolytic transfusion reaction 
due to anti-N yet reported, and 2) Cases of 
this type again underscore the ease with 
which saline agglutinating antibodies can 
be missed in routine crossmatch practice, 
unless meticulous attention is paid to 
examination of microscopic agglutinates 
after the “ immediate spin” technic.

Jolán S im o n

Inh ib ition  o f  the an ti-g lobu lin  reaction  by  
nonspec ific  a lly  ce ll-b o u n d  hum an g a m m a G -  
im m unoglobulin . P. J. G rob, A. Vaucher, 
H. Isliker (Institute o f Biochemistry, Univer
sity of Lausanne, Lausanne) Vox Sang . 12, 
132 (1967).

The positive direct anti-globulin (Coombs) 
reaction displayed by a number of patients 
with agammaglobulinemia can be sup
pressed by intravenous administration of 
human gammaG-immunogiobulin (IgG). In 
an attem pt to explain this in vivo phenom 
enon the authors have studied the in vitro 
reaction between anti-D  sensitized human 
red cells and anti-globulin serum in the 
presence and absence of cell-bound non
specific human IgG. The following conclu
sions can be drawn: in vitro a positive anti
globulin reaction o f anti-D  sensitized human 
red cells may be suppressed by reacting 
these cells with non-specific IgG. The in
hibitory effect is proportional to the am ount 
of IgG fixed per cell. No significant difference 
was observed when the red cells were in
cubated with non-specific IgG before or 
after sensitization with anti-D . Evidence is 
presented that the anti-globulin elutes cell- 
bound IgG, which is thus removed from 
the cells by the form ation of specific com 
plexes. It is open to question whether the 
suppression of the positive anti-globulin 
reaction in patients with agammaglobuline
mia by intravenous administration of 
human gammaG-immunoglobulins can be 
explained by a similar mechanism.

Jo lán  S im o n

K nochenm arksveränderungen  bei T yp h u s ab 
dom ina lis  (Changes in bone m arrow in 
Typhus abdominalis). R. J. Oechslin (M edi
zinische Klinik des Bürgerspitals, Solothurn) 
A c ta  haem at. 37 , 11 (1967).

Bone marrow studies in 7 patients with 
acute typhoid fever revealed hyperplastic 
and left shifted granulocytopoiesis. This 
finding was considered to correspond with 
the pronounced toxic neutrophilic reaction 
in the peripheral blood observed. Erythro- 
poiesis was decreased in the marrow, im
m ature forms predominating. The most 
striking and unusual findings were diffusely 
scattered large reticular cells with charac
teristic features o f phagocytosis. These 
phagocytic marrow cells apparently corre
spond to proper typhoid cells as they may be 
recognized in microscopic section materials.

S usan  K ö szeg h y

D e la yed  h a e m o ly tic  transfusion  reactions  
sim u la tin g  a u to -im m u n e  h aem oly tic  anaem ia. 
B. E. E. Croucher, M. C. Crookston, J. H. 
Crookston (Blood Transfusion Laboratory, 
Toronto, Ont.) V ox Sang. 12, 32 (1967).

Seven cases, in which the presence of a 
blood group iso-antibody was unsuspected 
until several days after transfusion, are 
described. In one case the rapid appearance 
of multiple antibodies produced signs and 
symptoms simulating auto-immune haem o
lytic anaemia. In two of the seven cases, 
antibodies were detectable in the pre
transfusion serum only when cells containing 
a double dose of the corresponding antigen 
were used.

S usan  K ö szeg h y

T rea tm en t o f  haem ophilia  ( Factor- V I11 de
f ic ie n c y )  w ith h um an  an tihaem ophilic  fa c to r  
prep a red  b y  the  cryoprecip ita te  process. 
C. R. M. Prentice, R. T. Breckenridge, 
W. B. Form an, O. D. Ratnoff (Department 
of Medicine, University Hospitals of Cleve
land, Cleveland, Ohio) L a n ce t 1, 457 (1967).

A plasma fraction rich in antihaem o
philic factor (A .H .F.) made by the cryopre-

H aem ato log ia I, 1967



Abstracts 345

cipitate process has been evaluated in the 
treatm ent of 11 bleeding episodes in eight 
haemophilic patients. In  vitro assay of the 
material as diluted for infusion showed the 
average bag of cryoprecipitate contained 
113 units of A .H .F. but there was a great 
deal of variability. The activity of cryopre
cipitate after infusion into patients was, on 
average, 81% of the in vitro activity. 393 
precipitates were used for the treatm ent of 
the 11 bleeding episodes. This material could 
be made easily by the hospital blood bank, 
and no other supplies o f A.H.F. concentrate 
were needed once a stock of precipitates 
had been built up. A fter the extraction of
A .H .F. the whole blood was used for most 
routine blood-transfusion purposes. No ex
cessive blood-loss or complications due to 
haemorrhage were noted in any patient. One 
patient developed jaundice 2 months after 
therapy, but otherwise no serious complica
tions arose from the use of the material. 
In particular, there has been no resistance 
to therapy or development of a circulating 
anticoagulant, although the latter complica
tion has been observed elsewhere. A pro
visional scheme for the treatm ent of haem o
philic patients is given.

Jud ith  P in te r

The F actor- V I I I  a c tiv ity  in fre sh  a n d  s to red  
p lasm a . A. E. Preston (Oxford Regional 
Blood Transfusion Centre, Churchill H os
pital, Headington, Oxford) Brit. J. H a em a l. 
13, 42 (1967).

An investigation into the Factor-V III 
activity in fresh and stored plasma is reported 
and  the present methods of production at 
the Oxford Regional Blood Transfusion 
Centre are described. Simple methods for in
creasing the Factor-VIII activity of therapeutic 
plasma are suggested. Special equipment did 
not prevent the loss o f activity which occurs 
following the freezing, storage and thawing 
o f fresh frozen plasma. A comparison 
between plasma stored at 4 C for less than 
18 hours is made with fresh frozen plasma 
and the use of the form er is suggested for 
routine treatment o f minor injuries when 
fresh frozen plasma is not available.

Jud ith  P in tér

H y p o fib r in o g en a em ia  w ith o u t increased  f i 
b rino lys is in leu ka em ia . J. Hirsh, J. G. Bucha
nan, G. C. Gruchy, A. G. Baike (University 
of M elbourne, Departm ent of Medicine, 
St. V incent’s Hospital, Melbourne) L a n ce t  
I ,  418 (1967).

A bnorm ally low levels o f plasma-fibrino
gen are described in 4 cases of leukaemia. 
M easurements of coagulation and related 
tests revealed no evidence of increased 
fibrinolysis, but in each case there was 
indirect evidence of excessive utilization of 
fibrinogen. In hypofibrinogenaemia the 
am ount o f fibrin in a blood clot is diminished, 
so methods for demonstrating increased 
fibrinolysis which depend on the patient’s 
blood to provide substrate may give false 
results. Hypofibrinogenaemia in acute leu
kaemia has been thought to be associated 
mainly with promyelotic leukaemia, but the 
findings in these 4 cases do not support 
this. Haemorrhagic effects were severe in 
these cases, possibly because the hypo
fibrinogenaemia was associated with throm 
bocytopenia and other coagulation defects.

G eorgina S ik

A n a lys is  o f  p le io trop ic  e ffe c ts  o f  W  an d  f  g en ic  
su b s titu tio n s  in the m ouse. Elizabeth S. 
Russell, Eleanor C. M cFarland (The Jackson 
Laboratory, Bar H arbor, Maine) G enetics  
53, 949 (1966).

An inbred mouse strain, FL/Re-f/f, has 
been developed along with congenic stocks 
differing at the W and f  genetic loci. This 
makes possible quantitative evaluation of 
effects o f these genic substitutions on post
natal blood values and body growth (0—60 
days) and distribution of hair pigmentation. 
— At birth f/f mice have fewer and smaller 
red cells, and lower mean hematocrit per
centages than congenic norm al mice; all 
evidence of anemia has disappeared by 
7 days postnatal. — Intralitter paired com
parisons have demonstrated a highly signif
icant increase in number and decrease in 
mean cell volume in W /+  mice over the 
observed congenic + / +  mice, without 
evidence of anemia, since these opposing 
effects balance each other. (This unequivocal 
microcytosis in W /+  mice is surprising,
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since W/W mice suffer from very severe 
macrocytic anemia.) Substitution o f f/f for 
f /+  results in significantly impaired total 
body growth, already apparent a t birth and 
persisting at least to 60 days postnatal. 
W /+  versus + / +  genic substitution has no 
significant effect on body growth. — Both 
f/f versus f /+  genic substitution and W /+  
versus + / +  genic substitution, lead to a 
m oderate degree of ventral white-spotting; 
combination of these two gene substitutions 
(W /+  f/f mice) produces a hyperadditive 
spotting effect. The pigment restriction and

З 4 6

restricted growth associated with f/f versus 
f /+  genic substitution may be secondary 
results of fetal anemia, or may result from 
direct action of f genes in primarily affected 
tissue. The pigment restriction associated 
with W /+  versus + / +  genic substitution, 
and the hyperadditive portion of pigment 
restriction in W /+  f/f mice, may be attributed 
to primary gene action in primarily affected 
tissues rather than to secondary of W gene 
action in hematopoietic tissue.

E sth er C h o ln o ky
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The transform ation of human mononuclear 
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(Univ. of Bergen, School of Med., Bergen, 
Norway), p. 32.
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Clin. Haemat., The University, Manches
ter, England), p. 42.

Aconitase activity in iron deficiency. Sw arup , 
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Relationship o f paroxysmal nocturnal hemo
globinuria to  other pH-dependent hemo
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Med. Center, Boston, Mass.), p. 88.

Survey for erythrocyte glucose-6-phosphate 
dehydrogenase deficiency in Hawaii. J im , 
R. T. S . (Professional Center, 1481 S. 
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The potential of lymphocytes from  patients 
with leukaemia and reticuloses to trans
form under the influence of phytohaem- 
agglutinin. E lves, M . W .' et al. (The 
Robert Jones and Agnes H unt Ortho
paedic Hosp., Oswestry, Shropshire, Eng
land), p. 100.

Failure of shielding the thymus to induce 
recovery of bone marrow after radiation. 
A d a m s, D . (Dental School, Heath, Car
diff, Wales), p. 109.

The nuclear segmentation of eosinophils 
under norm al and pathological conditions. 
S parrevohn , S . et al. (Ewaldsvej 15, 
Rungsted Kyst, Denmark), p. 120.

Hämolytische Anämie bei Sarkoidose der 
Milz. W yss, S . et al. (Med. Abtl., Kreis
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A case of idiopathic aplastic anaemia asso
ciated with trisomy-21 and partial endo- 
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Multiple antigenic changes in a case of acute 
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mentő de Puericultura e Pediatria, Univ. 
Federal do Pará, Belém, Pará, Brazil), 
p. 150.

Acta Haematologica (Basel) 37 (1967) No. 4.

Effet de l’insuline et de quelques autres 
facteurs sur la glycolyse des leucocytes 
humains mesurée in vitro. A nton io li, J .  A . 
et al. (Clin. méd. de l’Univ., Lausanne, 
Suisse), p. 161.

Haemoglobin Koelliker: A new acquired 
haemoglobin appearing after severe hae
molysis: or2 minus 141 Arg ß2. M a rti,  
H . R . et al. (M ed. Univ. Poliklinik, 
Hebelstrasse 1, Basel), p. 174.

The thalassaemia syndromes. VI. Two sub- 
types of sickle cell-beta thalassaemia 
disease: (a) Norm ocytic type of sickle 
cell-beta thalassaemia disease, (b) M icro
cytic type of sickle cell-beta thalassaemia 
disease. A k s o y , M .  et al. (Istanbul Med. 
School, Capa In ternal Clinic, Vakif 
G uraba Hosp., Istanbul), p. 181.

Identification of ferritin within G aucher 
cells. An electron microscopic and im- 
munofluorescent study. Lorber, M . et al. 
(Dept, of Physiol, and Biophy., G eorge
town Univ. Schools of Med. and D en
tistry, W ashington, D .C.), p. 189.

Characterization of glucose-6-phosphate de
hydrogenase in Sardinian children with 
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Pediatrica dell’Univ., Policlinico 171, Bari, 
Italia), p. 198.

Übergang einer arzneimittelempfindlichen 
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dehydtogenase-M angel in eine chronische 
hämolytische Anämie. Busch, D . et al. 
(Med. Univ.-Klinik, Hugstetter Strasse 
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Christm as disease in a girl with female 
karyotype. R o zm a n , C. et al. (Intern. 
Clinic, Dept, of H aem at., Univ. of Bar
celona), p. 217.
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Patogeneza idiopatske trombocitopenijske 
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Klinicka slika idiopatske trombocitopenijske 
purpure. Ruvidic, R . et al. (No address 
given), p. 13.

Laboratorijski nalazi u nasih bolesnika sa 
1TP. R is tic , M .  et al. (No address given),
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Beogradu. K onecni, J. et al. (N o address 
given), p. 33.

Rezultati lecenja idiopatske trom bocito
penijske purpure. B erovic, R . et al. 
(Interne Klinike B Med. Fakulteta, Beo
grad), p. 39.

Iskustva u lecenju hronicne idiopatske 
trombocitopenijske purpuré na klinici za 
unutrasnje bolesti VMA. R adojiS ic, B. 
et al. (K linika za unutrasnje bolesti VMA), 
p. 45.

Terapija prim arnih trombocitopenija (Akut- 
nih i hronicnih). S to jim iro v ic , E . et al. 
(Pedijatrijska klinika Med. Fakulteta, 
Beograd), p. 55.

Nasa iskustva u lecenju idiopatskih trom bo
citopenija (ITP) kod odraslih. N edel-  
k o vsk i, J . et al. (Interna klinika Med. 
Fakulteta, Skopje), p. 63.

Nase iskustvo u tretiranju trombopenicnih 
purpura kod dece. S a d ika r io , A . et al. 
(Decja klinika Med. Fakulteta, Skopje), 
p. 71.

Osvrt na lijecenje esencijalne trombopenicne 
purpuré na internim klinikam a medi- 
cinskog fakulteta u Sarajevu. Ibrahim - 
begovic, F. et al. (Interne klinike Klinicke 
bolnice, Sarajevo), p. 83.

Zavrsni osvrt. Berovic, R . (Interne Klinike
B. Med. Fakulteta, Beograd), p. 87.

Neka ispitivanja u vezi krvnih grupa sistema 
Lewis. L a ta l-D u a n c ic , M . et al. (Zavod za 
transfuziju krvi SRH, Zagreb), p. 95.

Blood (New York) 28 (1966) No. 6.

A study of histamine in myeloproliferative 
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Hemat., M ount Sinai Hosp., New York, 
N.Y.), p. 795.

Classification and evolution o f patterns of 
erythropoiesis in polycythemia vera as 
studied by iron kinetics. P o llyco ve , M . et 
al. (D onner Lab., Univ. o f California, 
Berkeley, Calif.), p. 807.

Further cases of Hb Q-H disease (Hb Q-a  
thalassemia). L ie-ln jo  L o a n  E n g  et al.
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Blood (New York) 29 (1967) No. 1.

The effects of two alkaloids derived from 
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p. 68.

Vitamin B12 absorption by inhalation. 
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Antithrom bin activity of serum from the 
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Gelation o f soluble fibrin in plasma by 
ethanol. G odal, H . C. et al. (Haemat. 
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Spontaneous fibrinolysis demonstrated by 
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The effect of trasylol on blood coagulation 
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Soluble unclottable complexes formed in the 
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Anticoagulant properties of an acid muco
polysaccharide preparation isolated from 
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Rh antibody type in haemolytic disease o f 
the newborn. M u rra y, S h . (Regional 
Transf. Centre, Newcastle upon Tyne, 
England), p. 81.

The favorable effect of ACD on the viability 
of fresh and stored hum an platelets. 
M orrison , F. S . et al. (Blood Preservation 
Hosp., Chelsea, Mass.), p. 90.

A simple concentration osm ometer and its 
application to the determination of the 
oncotic efficiency of plasma substitutes. 
N itsch m a n n , H s. (Inst, for Organic Chem
istry, Freiestrasse 3, 3012 Berne), p. 106.

The effect o f exchange transfusion on the 
development of immunological factors. 
N ejed lá , Z .  (Inst, for the Care of M other 
and Child, Prague-Podoli), p. 118.
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A m sterdam ), p. 161.

M onospecific lym phocytotoxic an tise ra , an 
ab so rp tion  study. W a tfo rd , R . L . et al. 
(D ept, o f  Patho l., Univ. o f C alifo rn ia  
School o f M ed., Los Angeles, C alif.), p. 
173.

Leukocyte antigens and  the m ixed lym pho
cyte cu ltu re  reaction . Iv á n y i, D . e t al. 
(Inst, o f D ent. Res., Acad, o f  Sciences, 
Prague), p. 186.

Blocking effect o f  rheum atoid  fac to r on 
com plem ent fixation by th rom bocy te  iso 
antibodies. K is sm e y e r -N ie lse n , F. e t al. 
(B lood Bank, A rhus K om m unehosp ., 
A rhus, D enm ark), p. 199.

H em m aglutin ins (lectins) extracted  from  
M aclura pom ifera. Jon es, J . M . et al. 
(D ept. Biol., W ichita  State Univ., W ichita, 
K ansas), p. 211.

T w o new antibodies, an ti-N b and  an ti-N c in 
the  N blood group  system in pigs. S a iso n , 
R uth  (Univ. G uelph , O ntario  Vet. College, 
G uelph , O nt., C anada), p. 215.

Sul, a new group  antigen in the M N system . 
K o n u g res , A n g e ly n  et al. (B oston Lying-In 
H osp., B lood Bank, Boston, Mass.),
p. 221.

F u rth e r family da ta  to the inheritance of 
Ag(x). R ittn e r , C h . (Inst, o f Forensic M ed., 
Univ. o f  Bonn, G erm any), p. 225.

C old  agglutinins o f anti-specificity in a lco h o l
ic cirrhosis. R u b in , H . et al. (D ept. H em a- 
to l., M t. Sinai H osp ., New Y ork, N .Y .), 
p. 227.

The precipitin in the anti-L d(a)-serum . 
B erg , K . et al. (Rockefeller U niv., New 
Y ork, N .Y .), p. 231.

A new m ethod fo r the  cytological d ifferen tia
tion  o f foetal and  adult ery throcytes. 
S z e lé n y i,  J u d ith  G . et al. (R esearch  Inst, 
o f  N ational Blood Service., B udapest), 
p. 234.

Vox Sanguinis (Basel) 12 (1967) No. 4.

S tudies on agg lu tination  by m acrom olecular 
antibodies. III. A gglutination  by im m une 
antibodies. T ü n dér, О . (The Broegelm ann

R esearch Lab. for M icrob io l., Univ. o f  
Bergen, N orw ay), p. 241.

N onspecific in teraction  o f  the  papain- 
insensitive and  papain-sensitive popula
tions o f  hum an IgG  w ith erythrocytes. 
G e r g e ly , J . et al. (Inst, o f  H em at., N ational 
B lood C enter, B udapest), p. 252.

T hrom bocytopenia  due to  quinidine or 
quin ine. R eport on a  series o f  28 patients. 
W e e rd t, C h .M . van d e r  (C en tra l Lab. o f  
the N etherlands Red C ross B lood Transf. 
Service, Plesm anlaan 125, A m sterdam -W , 
N etherlands), p. 265.

The d irect antiglobulin  (C o o m b s’) test in 
hypertensive patients. F e iz i , T. et al. 
(The R oyal Free H osp ita l, L ondon, 
W .C. L), p. 273.

The a m o u n t o f  an ti-D  on red cells in 
haem olytic  disease o f  th e  newborn. 
H u g h e s-J o n e s , N . C . et al. (Exp. H aem at. 
R esearch U nit, W righ t-F lem ing  In st., 
L o ndon , W. 2.), p. 279.

A  new reagent, an ti-K e, in th e  K blood 
group  system of pigs. S a iso n , R uth  (D ept, 
o f V eterinary  Bacteriol., O n ta rio  Veteri
nary  College, Univ. o f  G uelph , O ntario , 
C an ad a), p. 287.

C aryogram m es from  stored  blood. G o v a e r ts , 
A .E . et al. (The B lood B ank, U niv . 
H ospitals, Brussels, Belgium ), p. 293.

C ytotoxic effect o f h u m an  alloim m une 
an tibodies on epiderm al cells. IvaS ková , 
E v a  (Inst, o f  Exp. Biol, an d  Genetics, 
C zechoslovak Acad, o f  Science, Prague 4.), 
p. 295.

In  v itro  effects o f d ipyridam ole  on platelet 
adhesiveness to glass. A prelim inary 
com m unication . R o sn er , P . et al. (Lab. o f  
H aem ostasis, Blood T ransf. C enter, G e 
neva 1200, Sw itzerland), p. 300.

A no ther exam ple o f a “ na turally -occurring” 
an ti-K . T eg o li, J. e t al. (B lood Bank, 
M em orial Hosp. M ed. C enter, 444 East 
68th S treet, New Y ork, N .Y . 10021), p. 
305.

The tu rn o v er o f a lpha2-m acroglobulins in 
the nephro tic  syndrom e. K lu th e , R. et al. 
(M ed. U niv. Policlinic, F reiburg  i. B r., 
G erm any), p. 308.

A m odified m ethod o f determ ining th e  
ABO group  o f blood sta ins on textiles. 
H a h o r s e n , K . et al. (B lood  G ro u p  L ab ., 
H au k elan d  Hosp., Bergen, Norw ay), p. 
312.
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Possible sources o f e rro r in  the blood 
grouping  o f dried blood sta ins on textiles. 
N o rd h a g e n , R . (B lood G ro u p  Ref. L ab 
o ra to ry , N ational Inst, o f  Public H ealth, 
G eitm yrsveien 75, Oslo, N orw ay), p. 317.

G m  typing w ith m icro titer plates. B o re l, 
H a lin a  et al. (T he New Y ork  B lood 
C enter, 310 E ast 67th Street, N ew  Y ork, 
N .Y . 10021), p. 319.

News items
X IIth IN T E R N A T IO N A L  C O N G R E S S  O F B L O O D  T R A N S F U S IO N

The XIIth International Congress of Blood Transfusion will be held in Moscow, 
Soviet Union, in August, 1969.

Scientific Programme: The following subjects have been chosen for the plenary 
sessions: transfusion of blood and plasma volume expanders, problems of 
immunology, preservation of blood and blood cells, transplantation ofhaemo- 
poietic tissue and other organs.
A session will be devoted to the discussion of leucosis.
Documentary films on blood donation will be projected.

Languages: Papers may be given in Russian, English and French. Application 
to present a paper should reach the Secretariat before December, 1968.

Registration: Application for participation will be accepted not later than 
January, 1968.
All correspondence and inquiries concerning the Congress should be addressed 
to:
The Secretariat of the Soviet National Organization Committee 
Central Institute of Haematology and Blood Transfusion 
Novozykovski proezd 4 
Moscow A - 167, USSR

Professor Dr. A. E. KISSELEV
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Le système Hu-1

J. D ausset

Institut de Recherche sur les Maladies du Sang, Hôpital Saint-Louis, Paris, France

(Reçu le 28e juillet 1967)

Le système Hu-1 est le système principal d’histocompatibilité de l’homme ana
logue au système H-2 de la souris. Il est composé de plusieurs antigènes qui sont ras
semblés en trois séries d’antigènes fréquemment associés. Les séries «3» et «7» montrent 
une distribution contrastée. L’existence d’un système principal est montrée par les 
études familiales. Les allèles du système Hu-1 ont été calculés à partir des phénotypes 
et déduits à partir des familles. L’importance de ce système principal en oncogenèse 
et en transplantation est soulignée.

Depuis la dernière décade un travail considérable a été fait pour définir les 
antigènes leucocytaires mais c’est seulement maintenant que le concept d’un 
système principal de groupe leucocytaire auquel apparemment la majorité des 
antigènes connus a été complètement accepté.

Nos connaissances sur ce système principal sont dues aux recherches de 
plusieurs équipes travaillant indépendemment.

En 1958 Dausset a décrit le premier antigène leucocytaire, l’antigène Mac 
et a émis l’hypothèse que ces antigènes pourraient jouer un rôle essentiel en trans
plantation [4], En 1960 il a observé que les reins greffés fonctionnels étaient ceux 
pour lesquels n’existait pas d’incompatibilité décelable à l’aide d'une batterie de 
sérums de spécificité inconnue [5]. Van Rood et al. décrivent deux autres 
antigènes (4a 4b) et par une analyse statistique ils montrent qu’ils se comportent 
comme des allèles et décrivent ensuite d’autres antigènes [23 — 25]. Payne et al. [18] 
et Bodmer et al. [1] définissent les antigènes LA 1 et LA 2 (analogue à l’antigène 
Mac) et LA 3 et montrent qu’ils se comportent également comme des allèles. Pour 
un certain temps on a cru que ces derniers antigènes appartenaient à un système 
différent de ceux décrits par Van Rood. Cependant Dausset, Tvanyi et Ivanyi [7] 
ont décrit 10 antigènes (dont cinq n’avaient pas encore été décrits). Ils observent 
leurs associations dans la population caucasienne et postulent qu’ils appartiennent 
à un seul système immunogénétique très complexe qu’ils proposent, en suivant 
Snell et al. [22] d’appeler le système Hu-1 (Histocompatibilité Humaine n° 1). 
Des greffes de peau en collaboration avec F. T Rapaport ont montré clairement 
que la survie des greffes pouvait être prédite des rapports existant entre les groupes 
leucocytaires des donneurs et des receveurs. Il a ainsi été démontré que les antigènes 
1 (Mac), 3 (4a) et 7 (4b) étaient des antigènes de transplantation. Une telle démon
stration a également été faite par Van Rood et al. [25] pour l’antigène 10 (7e).
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Tableau 1 
Études familiales

Étude par double back cross des relations entre les antigènes leucocytaires

Combinaisons chez les enfants
étudiés + + + - -  +

1 et 3 2 2 p <  0,03
1 2

1 et 4 1 2 2 3 p <  0,02

1 et 10 3 1
2 2 p <  12- I0-5
7 4

1 et 11 2 0

1 et 12 7 4 p <  12- I0-5
3 1

11 et 3 2 1 p <  0,008
2 4

11 et 4 2 4 p <  0,03

Il et 10 3 5 p <  0,008

12 et 3 3 3 p <  0,03

12 et 4 3 3 p <  0,03

12 et 5 3 3 p <  0,03

12 et 10 4 4
3 0
4 7
2 1

3 2 p <  1 ■ 10-7
3 2

3 et 4 2 4
4 4 p <  8• I0 -6
1 2
3 3

3 et 5 1 2
3 3 p <  2 ■ 10-6
5 5

4 et 5 3 3 p <  0,03
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L’hypothèse de l’existence d'un système principal d’histocompatibilité chez 
l’homme (comme c’est le cas pour toutes les espèces étudiées jusqu’ici) a été 
fermement établie par des études familiales. De telles études ont été faites en 
utilisant la méthode du «double back-cross» [10—12], Il n’a été trouvé aucune 
ségrégation indépendante entre les antigènes leucocytaires au cours de notre 
première étude sur 18 familles et de notre seconde étude sur 31 familles. La 
probabilité d’un «linkage» par exemple entre les antigènes 1 (Mac) et 10 (7e) 
est de p < 12-10° (tableau 1). Au contraire il a été démontré que le système Hu-1 
était indépendant des systèmes érythrocytaires ABO, Rh, MNSs, Kell, P, Jk, Duffy 
et Secréteur, des systèmes sériques Hp, Tf, Gm et Gc et du système plaquettaire 
Ko. D’autres familles étudiées en commun au cours de la Workshop de Turin 
(1967) ont également souligné l’absence de ségrégation indépendante entre les 
antigènes appartenant au système principal.

Il est ainsi possible de faire maintenant une decription plus détaillée des 
caractères du système Hu-1. C’est le système le plus complexe connu chez l’homme, 
plus complexe que le système Rhésus.

Tableau 2
Exemple de déduction des allèles Hu-1

Père
Antigènes 1, 7, 8, 12, 10

Allèles 1 7 8

Supposés l 12 7 10

Mere 

11, 3, 13, 4

3, 13, 4

11, 3, 13, 4

Type 1 
3 Enfants

Type II 
4 Enfants

Antigènes 1, 3, 13, 4, 7, 8 11, 1 ,3 , 13, 4, 7, 8

Allèles

Supposés

3, 13, 4 Il 3, 13, 4,

1 7 8 1 7 8

Type III 
2 Enfants

Antigènes 11, 12, 3, 13, 4, 7, 10 

Allèles ! 11 3, 13, 4,

Supposés 12 7 10

Type IV 
2 Enfants

12, 3, 13, 4, 7, 10

3, 13, 4

i  12 7 10
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Chaque antigène est défini par plusieurs anticorps réagissant presque identi
quement. Mais il est probable que certains de ces antigènes sont définis artificielle
ment car tous les anticorps utilisés à cette définition ne sont pas dirigés contre la 
même spécificité mais contre des spécificités qui sont fréquemment associées dans 
une population donnée [14]. On peut prendre comme comparaison l’antigène D 
du système Rhésus: Il a été montré être composé de plusieurs facteurs antigéniques 
RhA, RhB, Rhc et RhD lorsque des anticorps anti-D apparemment monospéci
fiques ont été testés et absorbés sur des hématies de populations noires. La même 
situation existe déjà dans les groupes leucocytaires et être même pour eux, la 
situation la plus habituelle.

Correspondance approxim ative des nom enclatures Fréquence

Dausset Payne Van Rood Shulm an Térasaki
dans la popula

tion

1 (Mac) LA2* 8a* PIGrLyB 1* 2* 56

2 6a 85

3 4a* 3 69

13 42

4 44

14 PIGrLyF 1 43

5 4 e* 6 14

6 33

7 4^* 7 67

8 7d 20

9 6”* 46

10 4U 7e* (6e) 5 29

11 LAI* 1* 23

12 LA3 33

T PIGrLyC 1 26 à 30
7 b 76

9a 65

5a 33

5b 97

* Correspondance vérifiée par échange de sérums avec les antigènes de Dausset.
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Ces antigènes ainsi définis du système Hu-1 forment des séries ou mosaïques 
d’antigènes fréquemment associés.

Tl est remarquable qu’il existe ainsi trois grandes séries d’antigènes:
— La série «1 » ou Mac est actuellement constituée seulement par les antigènes 

1 et 2 mais il a été récemment montré [12] que cette série possède d’autres antigènes 
qui n’ont pas encore reçu de nombre. Ces antigènes ont été détectés soit par des 
études familiales, soit en absorbant des sérums anti-1 sur des cellules d’individus.

Fig. 1. Distribution des antigènes 
de la série «1» (Mac) chez 100 in
dividus. Elle est composée des 
antigènes 1 et 2. L’antigène 1 est 

«inclus» dans l'antigène 2

Fig. 2. Distribution antigènes de la série «3» chez 
100 individus. Elle est composée de 6 antigènes 
fréquemment associés dans la population fran
çaise. Les antigènes 13 et 5 sont inclus dans 
l’antigène 3. L’antigène 5 est inclus dans l’antigène 
14. Les antigènes 4 et 5 ont une relation négative

— La série «3» ou 4a est composée de 6 antigènes fortement associés avec 
l’antigène 3 qui est le plus fréquent de cette série. L’antigène 3 peut être considéré 
comme le «marqueur» de cette série. On peut remarquer que les antigènes 13 et 5 
sont complètement «inclus» dans l’antigène 3 (fig. 1) c’est à dire que par exemple il 
n’existe aucun individu 13 + 3 - .  L’antigène 5 est complètement «inclus» dans 
l’antigène 14 (qui est l’antigène PlGrLyF1 de Shulman et al. [21]. Les antigènes 
4 et 5 présentent une association négative quoiqu’ils soient, tous deux, pratique
ment «inclus» dans l’antigène 3 (fig. 2).
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— Dans la série «7», l’antigène 7 est le plus fréquent des 6 antigènes de la 
série. L’antigène 10 est complètement «inclus» dans l’antigène 9. L’antigène 8 est 
«inclus» dans l’antigène 7.

Cette série possède encore les antigènes 11 (LA 1) et 12 (LA 3) qui se com
portent comme des allèles (fig. .3).

Les séries «3» et «7» présentent une distribution contrastée dans la population 
caucasienne comme le montre la fig. 4. Le fait que les antigènes 11 et 12 sont

Fig. 3. Distribution des antigènes 
de la série «7» chez 100 individus. 
Elle est composée de 6 antigènes. 
L'antigène 8 est «inclus» dans l’an
tigène 7. Les antigènes 11 et 12 ont 

une relation négative

Fig. 4. Distribution des 14 antigènes du système 
Hu-1 chez 100 individus non apparentés de la popu
lation française. Les séries «3» et «7» sont classées de 
façon à faire apparaître leur distribution contrastée. 
La série «3» est groupé vers le haut. La série «7» vers 
le bas. Les antigènes hachurés 1, Il et 12 se com

portent comme des allèles

également allèles de l’antigène 1 rend vraisemblable que ces antigènes appartiennent 
à un seul système quoiqu’il n’y ait pas de corrélation significative entre l’antigène 
1 et les antigènes des deux autres séries.

Cette hypothèse a été largement vérifiée par les études familiales dont il a 
déjà été fait mention. Ces études ont également montré que les antigènes de chaque 
parent sont transmis en deux groupes d’antigènes qui constituent les allèles du 
système. Un exemple est donné dans le tableau 2. Pas plus de quatre types d’enfants 
n’ont été observés comme cela était attendu si tous les antigènes étudiés apparte
naient bien à un seul système.
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Le système Hu-1 est composé à l’heure actuelle d’au moins 14 antigènes 
dont on trouvera les synonymes et les fréquences dans le tableau 3. Parmi eux 
les plus immunogéniques, — comme par exemple l’antigène 1 ou Mac — ont 
été déterminés par différents auteurs et de ce fait ont reçu plusieurs noms.

11 est certain que d’autres antigènes déjà décrits comme les antigènes 6a, 
7a, 7b [25] et d’autres antigènes non encore décrits, appartiennent également à ce 
même système.

Au contraire on sait déjà que les antigènes 5a 5b [16] et probablement 9a 
[25] appartiennent à d’autres systèmes.

Il doit aussi être souligné que les antigènes spécifiques des granulocytes 
comme NA1 et NB1 [15] ou des lymphocytes comme LyD1 [20] n’appartiennent 
pas au système Hu-1. Il en va de même naturellement pour les antigènes spécifiques 
des plaquettes comme ceux des systèmes Zwa (P1A1) — Zwb [19], [26] ou Koa 
Kob [27], [6] Les antigènes du système Hu-1 sont présents sur les plaquettes mais 
également sur tous les tissus de l’organisme.

Les fréquences des différents allèles du système ont pu être grossièrement 
estimées à partir des fréquences des phénotypes en se basant sur les calculs de 
Bernstein. Les plus fréquents allèles sont présentés sur le tableau 4. La fréquence 
des allèles a aussi été déduite de ceux trouvés chez les 50 parents de 25 familles. 
Ces fréquences ainsi calculées et déduites sont relativement proches (tableau 5).

De nombreuses études sont encore nécessaires pour connaître les détails 
du système Hu-1 dont la complexité est extrême. C’est dès maintenant un bon 
instrument pour les études anthropologiques. Des études préliminaires ont été 
faites chez les japonais, les noirs et les asiatiques [7 — 8] qui ont montré des diffé
rences parfois franches.

Tableau 4

Les 35 allèles les plus fréquents du système Hu-1

1, 2, 3, 13, 4 1,2 2, 1, 7 4,0 2, 1, 9 1,6
1,2, 3, 13,4, 14 1,7 2, 1, 7, 10 1,7 2, 1, 9, 10 3,0
1,2, 3, 13, 6, 5, 14 3,0 K> -J OO 3,1 12, 9, 6 1,2
1, 2, 3, 4 5,3 2, 1, 7, 8, 9, 10 1,2 12, 6 3,3
1, 2, 3, 6 1,3 H, 7 2,5
1, 2, 3, 6, 14 3,6 11, 7, 10 1,2

11, 2, 3 1,1 11, 7, 8 3,9
U, 2, 3, 4 1,5 11, 7, 8, 9 2,1

2, 3, 13, 4 4,2 12, 7 3,0
2, 3, 13, 4, 14 7,7 12, 7, 10 1,8
2, 3, 13, 6, 5, 14 2,9 12, 7, 9 3,8
2, 3, 13, 14 1,0 12, 7, 9, 10 5,1
2, 3, 4 1,5 7, 9 5,3
2, 3, 14 2,2 7, 9, 10 1,1
2, 3 2,9 7 1,5
2, 4 1,1
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Tableau 5

Allèles Hu-1 pour les antigènes 1, 3, 7

1 I  3 7

0,081
+  I ■ 0,051

+ 0,270
+ 0,313

+  + 0,176
+  —  + 0,109

1,000

Tableau 6

Comparaison des fréquences des allèles calculés à partir des phénotypes 
avec celles des allèles déduits à partir de 25 familles

A l l è l e s
c a l c u l é s

%

A l l è l e s
d é d u i t s

1 — 3 1 7 , 6 1 3

1 1 — 3 2 , 6 4

1 2 — 3 1 , 2 2

1— 7 1 0 , 9 1 0

1 1 — 7 9 , 7 7

1 2 — 7 1 3 , 7 1 2

3 2 3 , 9 2 4

7 7 , 9 1 8

nul 1 3 , 7 9

L’importance en biologie de l’existence d’un système principal d’histo
compatibilité chez l’homme est un fait heureux. Il a d’ores et déjà permis des 
succès relatifs à l’homotransplantation entre individus apparentés. 11 peut être espéré 
qu’à côté des antigènes A et B du système ABO qui ont été montré être de forts 
antigènes de transplantation [3, 8—10], un nombre limité d’antigènes du système 
Hu-1 seront pris en considération au cours des futures transplantations d’organes. 
Il n’a pas encore été déterminé avec certitude quels antigènes jouent le plus grand 
rôle en transplantation mais il peut être supposé que, comme chez la souris, les 
antigènes qui sont sérologiquement les plus immunogènes sont aussi les plus 
importants en transplantation.

Il est aussi très vraisemblable que les antigènes de transplantation jouent 
un rôle important dans la défense de l’organisme contre les mutations [2]. Toutes 
les cellules mutantes et les cellules néoplasiques peuvent être considérées comme 
des homogrelîes et sont peut être rejetées par le même mécanisme.
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Dausset et Dupuy [13] ont aussi suggéré que les antigènes viraux ou les 
néo-antigènes induits par les virus pourraient être aussi reconnus par les systèmes 
d’histocompatibilité. Seuls les individus possédant des antigènes proches des 
antigènes viraux ou des néo-antigènes viraux seraient susceptibles à ces virus. 
La découverte de Lilly et al. [17] que la susceptibilité de la souris au virus leucémi
que de Gross était liée à H-2K est en faveur de cette hypothèse.
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Immunologische Charakterisierung Graffi-Virus-infizierter
Zellen der Maus*

G. Pasternak, L. Pasternak

Institut für Krebsforschung der Deutschen Akademie der Wissenschaften zu Berlin, 
Experimenteller Bereich, Berlin-Buch

(Eingegangen am 21. August 1967)

Graffi-Virus-induzierte Leukämien der Maus enthalten spezifische Antigene, 
die in vivo durch Erzeugung von Transplantationsresistenz und in vitro mit der Fluores- 
zenz-Antikörper-Technik, dem Zytotoxizitätstest und durch Absorptionsversuche 
nachgewiesen werden können. Die an der Membran der Leukämiezellen lokalisierten 
spezifischen Antigene entstehen unter dem Einfluß der Virusinfektion. Diese Antigene 
scheinen jedoch nicht nur in leukämischen Zellen produziert zu werden. Bereits 14 
Tage nach Infektion neugeborener Mäuse mit dem Graffi-Virus besitzen Zellen der 
Milz die charakteristischen virusinduzierten Oberflächenantigene, obgleich die Tiere 
zu dieser Zeit noch keine Leukämien entwickelt haben. Weitere Untersuchungen über 
Virus-Zell-Wechselwirkungen mit immunologischen Methoden wurden an »natürlich« 
und »künstlich« mit dem Graffi-Virus infizierten neoplastischen Geweben durchgeführt, 
ln diese Versuche wurden einbezogen: 1. das Landschütz Sarkom 1, 2. Gross-Leuk
ämien des AK R-Stammes, 3. chemisch induzierte Leukämien und 4. ein UV-induziertes 
Sarkom. Probleme der antigénén Konversion durch das Graffi-Virus sowie der Diffe
renzierung zwischen viralen und neuen zellulären Antigenen in der Membran infizierter 
Zellen werden diskutiert.

Verschiedene Probleme der viralen Leukämogenese der Maus lassen sich 
mit immunologischen Methoden untersuchen. Es konnte nachgewiesen werden, 
daß infizierte Zellen charakteristische Antigene enthalten, mit denen der Organis
mus in bestimmter Wechselwirkung steht. Während immunologisch inkompetente 
Mäuse gegen diese Antigene tolerant werden und Leukämien entwickeln, zeigen 
normale erwachsene Tiere dagegen Abwehrreaktionen, die die Entstehung einer 
Leukämie nahezu vollständig verhindern. Übereinstimmende Befunde wurden für 
die Leukämieviren von Graflfi, Gross (Passage A) und Moloney berichtet [1, 2; 
3 -5 ] ,

Die Anwesenheit spezifischer Antigene wurde zuerst in Leukämiezellen 
festgestellt [6—10]. Durch Behandlung von Mäusen mit virusenthaltenden Gewe
ben oder mit Viruspräparationen konnte Resistenz gegen syngen transplantierte 
Leukämiezellen induziert werden. Leukämien gleichen viralen Ursprungs zeigten 
unabhängig vom histologischen Typ Kreuzresistenz [11, 12]. Damit war ange
deutet, daß sie identische tumorspezifische Transplantationsantigene besitzen und 
daß die Antigene durch das Virus kodiert werden, ln den Sera resistenter Tiere

*) Nach einem Vortrag auf dem »European Cancer Meeting« in Wien, 3. Juli 1967.
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waren außerdem Antikörper vorhanden, die mit Leukämiezellen in vitro reagierten 
und das Leukämievirus neutralisierten [13]. Wie die indirekte Immunofluoreszenz- 
technik und der Zytotoxizitätstest zeigten, waren spezifische Antigene an der 
Oberfläche der Zellen lokalisiert. Die Antikörper konnten durch Leukämiezellen 
vollständig aus den Immunsera absorbiert werden. Für die erwähnten Techniken 
ist jedoch noch nicht geklärt, ob sie identische oder auch differente antigene 
Spezifitäten messen.

Abb. 1. Nachweis der Produktion von Graffi-Virus 
in »natürlich« und »künstlich« infizierten neopla

stischen Geweben der Maus 
•  Chemisch induzierte O Primäre Graffi-Leuk- 

Leukämie, infiziert ämie
mit dem Graffi-Virus ] Landschütz-Sarkom I 

y  Graffi-Virus-infiziertes a Graffi-Virus-infizierte 
UV-Sarkom Gross-Leukämie 664967 b

ln unseren Untersuchungen mit dem Graffi-Leukämievirus der Maus interes
sierte uns, wann diese Antigene nach Infektion von Mäusen auftreten und welche 
Zellen überhaupt in der Lage sind, virusinduzierte Antigene zu bilden. Es konnte 
mit Hilfe der Absorptionstechnik festgestellt werden, daß bereits 14 Tage nach 
Infektion neugeborener Mäuse mit dem Graffi-Virus die charakteristischen virus
induzierten Oberflächenantigene der Leukämieze.len in den Zellen der Milz vor
handen waren [14]. Zu diesem Zeitpunkt besteht noch keine Leukämie. Zellen 
aus Lymphknoten und Thymus absorbierten nicht die spezifischen Antikörper. 
Werden erwachsene Mäuse mit dem Virus infiziert, so kann zwar das Virus im 
Knochenmark, in der Milz und in den Lymphknoten nachgewiesen werden, die 
charakteristischen Oberflächenantigene fehlen jedoch anscheinend in den Zellen 
der genannten Organe. Möglicherweise werden sie sofort nach ihrer Entstehung 
zusammen mit den Zellen durch Immunprozesse eliminiert. Das Virus selbst 
scheint aber, wenn es intrazellulär in bestimmten Zellen lokalisiert ist, vor der 
Immunreaktion geschützt zu sein. Verschiedene »natürlich« und »künstlich« mit
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dem Graffi-Virus infizierte neoplastische Gewebe wurden in die Versuche zur Virus- 
Zell-Wechselwirkung einbezogen und auf die Anwesenheit von Virus und virus
induzierten Antigenen untersucht. Als »natürlich« mit dem Graffi-Virus infiziert 
wurde das Landschütz-Sarkom I bezeichnet, aus dem 1954 das Graffi-Virus 
isoliert worden war [15]. »Künstliche« Infektionen mit dem Graffi-Virus wurden 
durchgeführt, indem die vorher als nicht infiziert nachgewiesenen neoplastischen 
Gewebe bis zu 5mal auf Graffi-virämischen Tieren passagiert wurden. Anschließend 
wurden die Tumoren auf normale Rezipienten transplantiert. Folgende maligne 
Gewebe wurden untersucht: Gross-Leukämien des AKR-Stammes, Methyl- 
nitrosoharnstoff-induzierte Leukämien und ein UV-induziertes Sarkom. Die 
Anwesenheit des Graifi-Virus in den Geweben wurde mit dem M AP-Test bestimmt 
[16]. Hierbei wird die Fähigkeit des Virus, Antikörper gegen Leukämiezellen zu 
induzieren, für einen quantitativen Virusnachweis verwendet. Die Latenz der Anti
körperbildung ist umgekehrt proportional zur Virusdosis. Antikörper wurden mit 
der Immunofluoreszenztechnik gemessen, und es wurde ein Index errechnet, bei 
dem Werte ^  0,3 als signifikant positiv bewertet wurden.

In Abb. 1. ist gezeigt, daß alle »künstlich« oder »natürlich« mit dem Graffi- 
Virus infizierten Gewebe das Graffi-Virus ständig produzieren. Spätestens 4 
Wochen nach Beginn des MAP-Tests enthalten alle Sera Antikörper. Vergleichs
weise ist der MAP-Test mit einer primären Graffi-Leukämie dargestellt; hier sind 
bereits 2 Wochen nach Injektion Antikörper nachweisbar.

Eine Übersicht über die Anwesenheit Graffi-Virus-induzierter Antigene in 
primären Virusleukämien ist in Tabelle I dargestellt. Während die Graffi-Virus
induzierten Leukämien aller untersuchten Mäusestämme die mit verschiedenen 
Techniken nachgewiesenen Antigene enthielten, fehlten sie in den spontanen 
Gross-Leukämien. Beide Leukämieformen gehören unterschiedlichen Antigen
systemen an. Tabelle 2 enthält eine Übersicht über die Antigene in »künstlich« 
und »natürlich« mit dem Graffi-Virus infizierten Geweben. Insgesamt wurden 10 
verschiedene Gross-Leukämien mit dem Graffi-Virus infiziert [17]. Nur eine ein
zige zeigte das von Stück und Mitarb. [18] beschriebene Phänomen der antigénén

Tabelle 1

Nachweis von Graffi-Virus und -Virus-induzierten Antigenen in primären Virusleukämien

Tum orspe
zifische

Transplan
ta tions
antigene

Antigene, nachgewiesen 
durch Graffi-Vi-

Im m uno-
fluoreszenz

Zytotox-
technik A bsorption

rus

Graffi-Leukämien (CBA, XVII, 
C57 BL) + + + + +

Graffi-Leukämien (AKR) + + + + +

Spontane Gross-Leukämien (AK.R) — — — — —
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Tabelle 2

Nachweis von Graffi-Virus und-Virus-induzierten Antigenen in »künstlich« und »natürlich« 
mit dem Graffi-Virus infizierten neoplastischen Geweben

Tum orspe
zifische

Transplan
tations
antigene

Antigene nachgewiesen 
durch Graffi-

Immuno-
fluoreszenz

Zytotox-
technik

Absorption
Virus

Gross-Leukämien

a) antigen konvertiert + + + + +
b) nicht konvertiert — ( ± ) — ( ± ) +

Chemisch induzierte Leukämien

a) + + n. g. n. g. +

b) — ( ± ) n. g. n. g. +

UV-induziertes Sarkom t + ) ( ± ) n. g. n. g. +

Landschütz-Sarkom I (natürl. inf.) _
( ± ) — ( ± ) +

n. g. =  nicht getestet

Konversion. Ihre Zellen besaßen alle Graffi-Virus-induzierten Oberflächenantigene. 
Die anderen 9 Leukämien waren im Immunofluoreszenztest nur schwach positiv. 
In gleicher Weise konnte auch nur ein schwacher Absorptionseffekt der Zellen 
mit Graffi-Immunsera festgestellt werden. Alle anderen Techniken ergaben sogar

Abb. 2. Verlust virusneutralisierendei Aktivität von Graffi- 
Immunsera, die mit Sarkom I-Zellen absorbiert waren

O =  zellfreies Homogenisat : nicht absorbiertes Grafifi-Immunserum 
□ =  ,, ,, Sarkom I-absorbiertes Graffi- ,,
•  =  „ ,, + mit normalen Zellen absorb. „ ,,
■  =  „ ,, + Normalserum
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negative Resultate. Chemisch induzierte Leukämien zeigten ein ähnliches Ver
halten. Wieder waren antigen konvertierte Leukämien festzustellen und Leukämien, 
die zwar das Graffi-Virus produzierten, jedoch die induzierten Membranantigene 
quantitativ vermindert enthielten oder nur einen Teil qualitativ differenter Antigene 
zu produzieren schienen. Sowohl das UV-induzierte Sarkom als auch das Land
schütz-Sarkom I verhielten sich im wesentlichen wie die nicht konvertierten 
Leukämien. Ursachen für das unterschiedliche Verhalten von Geweben hinsicht
lich der Expression virusinduzierter Antigene sind noch unklar.

Zur Natur der Antigene in Graffi-Virus-infizierten Zellen wird die Hypothese 
aufgestellt, daß die ständig Virus freisetzenden Graffi-Leukämiezellen sowie alle 
durch das Virus antigen konvertierten Leukämien virale und neue zelluläre Anti
gene in der Membran enthalten. Die Graffi-Virus-infizierten Sarkome und die 
nicht konvertierten Leukämien enthalten dagegen nur virales Antigen [19].

Das abschließend auf Abb. 2. dargestellte Versuchsergebnis stützt diese 
Hypothese. Landschütz-Sarkomzellen, die das Graffi-Virus enthalten, eliminieren 
virusneutralisierende Antikörper aus einem Graffi-Immunserum, ohne die Anti
körper zu absorbieren, die mit der Oberfläche von Leukämiezellen reagieren. 
Weitere Untersuchungen zu dieser Hypothese werden durchgeführt.
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Antisera were prepared by absorption of rabbit immunesera against different 
human serum proteins with sera of various mammals. The cross-precipitation patterns 
obtained on animal sera using these absorbed antisera are discussed. The group- 
and/or species-specificity of antigenic structures shared by human and animal serum 
proteins was investigated by means o f comparative immunodiffusion tests using non- 
absorbed and absorbed antisera.

Due to the antigenic relationship of animal (including human) serum 
proteins, an antiserum prepared against a serum protein of one animal species 
will cross-react with respective serum proteins of other species. Based on this 
cross-reactivity, various serum proteins of mammalian origin were compared with 
the use of the immunodiffusion test of Ouchterlony in this institute by Roulet et 
al. [15*]. The results obtained led the authors to speculate on the minimum 
number of antigenic determinants in human serum proteins and on the number of 
different antibodies contained in the immune sera. A number of investigators have 
used comparative immunodiffusion methods with animal sera for the study of 
antigenic structures of human (and animal) serum proteins [1, 6, 8, 9, 10, 12, 13, 
14, 16, 17]. Our own experiments were initiated by the question of whether some 
of the antigenic structures of human serum proteins which can be demonstrated 
in this way are the expression of group specificity or whether they merely reflect 
species specific differences.

Materials and Methods

L Human sera
A pool of 200 normal sera, as well as individual sera from healthy blood 

donors of Berne were used, the latter representing the standard serum panel 
used in our studies of serum protein polymorphisms [4],

2. Animal sera
Fresh sera of the following nine mammalian species were used: rhesus 

monkey, cat, dog, cow, sheep, pig, horse, guinea pig and mouse.

* Because of repeated quotation of this reference the number is only indicated once.
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3. Antisera
The following eight immune sera against human albumin, transferrin, a2- 

macroglobulin and LDL (low density lipoprotein) were at our disposition: anti
albumin Nr. 929 F (Behringwerke, Marburg/Lahn), anti-transferrin Nr. 682 c 
(Behringwerke, Marburg/Lahn), anti-a2-macroglobulin Nr. 777 b (Behringwerke, 
Marburg/Lahn), anti-betalipoprotein (anti-LDL) Nr. 1002 (Behringwerke, Mar
burg/Lahn), anti-a2-macroglobulin 929 (Berne), anti-LDL K2 (Berne), anti-LDL 
K3 (Berne) and anti-LDL K4 (Berne). The four sera mentioned last are rabbit 
antisera which we had prepared for another investigation: the anti-a2-macro- 
globulin serum 929 was obtained by immunization of a rabbit with an antigen/anti- 
body complex (a2-macroglobulin/anti-a2-macroglobulin) using a2-macroglobulin of 
a single donor [5]; the three anti-LDL sera were obtained by immunization of 
rabbits with single donor LDL (prepared according to Burstein).

4. Comparative immunodiffusion experiments
The rosette pattern was used in all experiments (6 wells arranged around a 

central well; well diameter 5 mm; distance between wells 5 mm). Absorbed or 
non-absorbed antiserum was placed in the central well, human or animal sera to 
be compared were placed in the peripheral wells. Experimental conditions of the 
immunodiffusion experiments have been described in detail in a previous publi
cation [4].

5. Absorption experiments
In a preliminary step, the antiserum was mixed with increasing amounts of 

an animal serum and incubated at 37°C for 1 hr and at 4°C for 12 hrs. Precipi
tates were removed by centrifugation. Supernatants were placed in the peripheral 
wells of a rosette with the central well containing either pooled human serum 
(positive control) or the animal serum used for absorption (negative control). 
Absorption of the antiserum was considered to be complete when no precipita
tion lines were obtained with the animal serum used for absorption; the corre
sponding ratio of antiserum to animal serum was used for absorption of larger 
quantities.

General conditions of immunoprécipitation remained unchanged.

Results and Discussion

In preliminary studies some of the experiments performed by Roulet et al. 
were repeated. As could be expected, the results obtained differed from those 
of Roulet et al. because different antisera were used. If the principles as outlined 
by Roulet et al. were applied to the interpretation of our results, a smaller number 
of “antigenic determinants” had tobe postulated for the different serum proteins 
under investigation. This behaviour may be explained on the basis of the assump
tion that our immunesera contained less antibodies against common antigenic
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structures of human and animal serum proteins. In addition, differences in general 
experimental conditions cannot be excluded. Results of these preliminary investiga
tions will not be detailed in this paper.

If the immunesera indeed contained a mixture of multiple antibodies 
directed against different antigenic structures of the respective human and animal 
serum proteins, it should be possible to reduce the number of these antibodies 
by absorption with different animal sera; the absorbed sera would then give 
“ more specific” reactions with certain antigenic structures of the respective serum 
proteins than non-absorbed sera. Thus, in the first series of experiments, absorption 
studies were carried out.

/. Reaction patterns o f antisera against human serum proteins after absorption 
with animal sera

Two anti-oco-macroglobulin immunesera (serum 929 Berne and serum 111 b 
Behring) as well as four anti-LDL immunesera (serum 1002 Behring and sera 
K2, K3 and K4, Berne) were absorbed with all animal sera cross-reacting in precipi
tation tests (see Table 1); absorption ratios were varied until no precipitin reaction 
occurred with the animal serum used for absorption. The absorbed sera were 
set up both against human sera and against all animal sera giving cross-reactions. 
The results are summarized in Tables 2 to 7; the different animal species are 
listed according to the decreasing number of positive reactions obtained with 
absorbed antisera.

The following conclusions may be drawn from these experiments :
i) Antisera against human serum proteins when absorbed with cross-reacting 

animal sera give different and distinct reaction patterns in tests against human

Table 1

Cross-precipitation reactions of antisera against human serum proteins with animal sera

Im m une
serum

Animal
serum

anti- 
albu
min 

929 F 
(Beh
ring)

anti- 
transf. 
682 c 
(B eh
ring)

anti- 
a2m 

777 b 
(Beh
ring)

anti-
a2m
929

(Berne)

anti-
LDL
1002

(Beh
ring)

anti-
LDL

K2
(Berne)

anti-
LDL
K3

(Berne)

anti-
LDL
K4

(Berne)

rhesus monkey + + + + + + + +
cat + + + + + + +
dog + + + + + + +
horse + + + + + + +
sheep + — + + + + + +
cow + — + + + + + +
pig + — + + + + + +
guinea pig — + — — + + ~ r T
mouse — — — 0 0 0 0 0

+  cross-precipitation — no cross-precipitation 0 not done
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Table 2
Cross-precipitation reactions of anti-a2-macroglobulin 777 b (Behring) absorbed with different

animal sera

Immuneserum absorbed with

with rhesus
monkey cat horse sheep cow Pig dog

not
abs.

man + + + + + + + +
rhesus monkey — + + + + + + +
cat — _ + + + + + +
horse — + — + + + + +
sheep — + + — + + + +
COW — + + — — + + +

pig — — — — — — + +
dog — — — — — + — +

Table 3
Cross-precipitation reactions o f anti-«2-macroglobulin 929 (Berne) absorbed with different

animal sera

Immuneserum absorbed with
Reaction

w i t h r h e s u s
m o n k e y

c a t h o r s e p ig s h e e p c o w d o g
n o t
a b s .

man + + + + + + + +

rhesus monkey — + + + + + + +

cat — + + — + — +

horse — — — + + + — +

Pig — — — — — — + +

sheep — — — — — — — +

cow — — — — — — — +

dog — — — — ‘ — +

Table 4
Cross-precipitation reactions of anti-LDL 1002 (Behring) absorbed with different animal sera

Reaction
with

Im m uneserum  absorbed with

rhesus
monkey cat dog pig

guinea
pig

sheep horse cow
not
abs.

man + + + + + + + + +
rhesus m. — + + + + + + + +
cat — — + + + + + + +
dog — — — + + + + + +
Pig — — + — + + + + +
guinea pig — — + + — + + + +
sheep — — + + + — + — +
horse — — + + + + — — +
COW — — + — — — — — +
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Table 5
Cross-precipitation reactions of anti-LDL K2 (Berne) absorbed with different animal sera

Im m uneserum  absorbed with

with rhesus
monkey cat horse pig

guinea
pig dog sheep cow

not
abs.

man + + + + + + + + +
rhesus m. — + + + + + + + +
cat — — + + + + + + +
horse — + — + + + + + +
pig — + + — + + + + +
guinea pig — + + + — + + + +
dog — + — + + — + + +
sheep — + — + + + — + +
COW — + — ■ + + + +

Table 6
Cross-precipitation reactions of anti-LDL K3 (Berne) absorbed with different animal sera

Reaction
with

Im m uneserum  absorbed with

rhesus
monkey cat dog horse pig

guinea
pig

sheep cow not
abs.

man + + + + + + + + +
rhesus m. — + + + + + + + +
cat — — + — + + + + +
dog — — — — + + + + +
horse — — — — + + — + +

Pig — — — + — — + — +
guinea pig — — — — — — + + +
sheep — — — — — + — — +
COW +

Table 7
Cross-precipitation reactions of anti-LDL K4 (Berne) absorbed with different animal sera

Reaction
with

Im m uneserum  absorbed with

rhesus
monkey cat horse sheep dog

guinea
Pig pig cow

not
abs.

man + + + + + + + + +
rhesus m. — + + + + + + + +
cat — — + + + + + + +
horse — + — + + + + + +
sheep — + + — + + + + +
dog — + + + — + + + +
guinea pig — + + + + — + + +
pig — + — + + — — + +
cow — + — — + +
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or animal sera. The most likely explanation for this phenomenon may be that 
different antigenic structures are shared by human and the corresponding animal 
serum proteins. Those animal serum proteins which react positively with the 
greatest number of different absorbed antisera would thus possess the greatest 
number of such common antigenic structures. Furthermore, it could be shown 
that practically with each of the animal sera used for absorption, a specific reac
tion pattern was obtained; it can be expected, therefore, that a great number of 
additional reaction patterns may be obtained by the use of immunesera absorbed 
with additional animal sera.

ii) The different antisera against human serum proteins obviously contain 
a series of antibodies directed against several of these common antigenic structures.

2. Problems in connection with the relative contribution o f comparative 
immunodiffusion and absorption experiments in study o f antigenic structures o f 
human serum proteins

From results obtained in absorption experiments as described above, and 
from results of comparative studies by Roulet et al. and other authors it may 
appear that human serum proteins possess a complex antigenic make-up part 
of which is also present in corresponding serum proteins of certain lower mammals. 
This interpretation of course prompts reflections as to the minimum number of 
“antigenic determinants” contained in different serum proteins; estimates of this 
kind were presented by Roulet et al. However, some facts should be emphasized 
which, in our opinion, have not been sufficiently taken into consideration.

a) Some methodological sources of error have to be considered. It is well 
known that patterns obtained in comparative immunodiffusion may be divided 
into three main categories: the reactions of “non-identitv” , of “partial identity” 
and of “identity” . It is generally accepted that spur formation is the expression 
of partial identity or antigenic relationship. This interpretation is, however, 
subject to some restriction: when the concentrations of the two compared antigens 
are very unequal (non-balanced system), sometimes a spur formation may be 
observed in spite of complete antigenic identity of the two antigens [11]. On the 
other hand, the difference in the antigenic structures of closely related antigens 
may be so small that spur formation is either absent or hardly recognizable. Thus, 
comparative immunodiffusion experiments may lead to erroneous results, too 
many reactions of partial identity being found in the first and too few in the 
second case. It may well be that some of the contradictory results obtained by 
Roulet et al. are attributable to errors of this kind.

b) Errors cannot be excluded in absorption experiments. Very small quanti
ties of antibody not detectable by visible precipitation may still be present in 
“absorbed” antisera. In this case it would be expected that the number of positive 
reactions observed will be too small.

c) Of more importance, in our opinion, than such methodological short
comings is the interpretation of the results. Roulet et al. interpreted their results 
on the basis of an immunological model in which the reaction of simple “specific”
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antibodies, i.e. antisera containing mixtures of many such antibodies, with complex 
antigens composed of a number of different antigenic determinants, is postulated. 
Hirschfeld [7] has recently pointed out that immunological reactions may also 
be interpreted in a different fashion. In his terminology the model mentioned 
above would be a “simple-complex” system; in addition to this model, “complex- 
simple” systems (=  reactions of complex “polyspecific” antibodies with simple 
antigens) and “complex-complex” systems are employed for the explanation of 
immunological reactions. The “complex-complex” system very likely represents 
the true serological condition. Assuming methodological reliability of our absorp
tion experiments, closer inspection of Tables 2 to 7 appears to indicate that the 
results cannot be interpreted without contradiction on the basis of a “simple- 
complex” model. Since absorption experiments revealed the presence of multiple 
antibodies in the immunesera used, a pure “complex-simple” model may not apply. 
We have to assume, therefore, that human and also animal serum proteins are 
complex antigens bearing a multitude of antigenic determinants; furthermore, it 
appears that the corresponding antisera against human serum proteins contain 
mixtures of both simple and complex antibodies; these antisera obviously do 
not contain only simple “monospecific” antibodies directed each against a single 
antigenic determinant, as stated by Roulet et al. For the interpretation of our 
absorption experiments a complicated “complex-complex” model would have 
been required which, on its part, would have represented only a tentative approach 
to the real serological situation. Since the main subject of the present investigation 
was the question of whether or not species- and/or group-specificity of common 
antigenic structures of human and animal serum proteins could be demonstrated, 
no attempt was made to create adequate immunological models and to speculate 
on the number of antigenic determinants of human serum proteins.

3. Studies on group- and species-specificity o f antigenic structures shared by 
human and animal serum proteins

This problem has been approached by three different lines of experiments.
3.1. Comparison o f individual human sera with animal sera in immunodiffusion 

test against non-absorbed immunesera. When pooled human serum is compared 
with animal sera in immunodiffusion against antihuman serum protein antisera, 
reactions of partial identity are always obtained. Human serum proteins, therefore, 
possess at least one antigenic structure which is different from those contained 
in the corresponding animal serum proteins (cf. [15]). In a first series of experi
ments we replaced the pooled human serum by individual human sera in the follow
ing arrangement.

A pair-wise comparative test was performed with a cross-reacting animal 
serum and individual human sera against the total of 8 antisera at our disposal 
(see Materials and Methods). A total of 24 individual human sera was compared 
with each of the cross-reacting animal sera (according to Table 1). Reactions of 
partial identity were obtained in each of the 1320 combinations (24x55); not a 
single indisputable reaction of identity was observed.
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The following conclusions may be drawn from these results. Antibodies 
present in the immunesera on a random basis revealed among others, antigenic 
structures which human albumin, transferrin, ou-macroglobulin, and LDL, respec
tively, possess in addition to those contained in the corresponding animal serum 
proteins used for comparison. Since these “human specific” antigenic structures 
could be demonstrated in all the 24 individual human sera tested, they very likely 
are species-specific.

3.2. Comparison o f individual human sera in immunodiffusion tests against 
absorbed immunesera. The demonstration of reactions of partial identity in a pair
wise comparison of individual human sera against an unabsorbed immuneserum 
would be indicative of the presence of group-specific antigenic differences of human 
serum proteins. Reactions of identity are, however, regularly obtained with individ
ual human sera in such experiments, as we could confirm in a series of preliminary 
investigations. Considering the possibility that in a given immuneserum a weak 
antibody supposedly directed against a group-specific antigenic structure may be 
present among a number of additional strong antibodies directed against species- 
specific configurations, then it appears entirely possible that the theoretically 
expected spur-formation fails to occur in spite of the immunologic non-identity 
of the respective serum proteins in the two individual human sera compared. As 
outlined above, the number of antibodies present may be reduced by absorption 
of the immunesera with different animal sera, thus increasing the specificity. It 
may be possible, therefore, that a suitable antiserum can be prepared by absorp
tion, containing the supposed antibody directed against a group-specific antigenic 
determinant either alone or together with a reduced number of additional anti
bodies. It may be expected that group-specific differences of serum proteins are 
more easily revealed by means of absorbed antisera.

Tn a first series of experiments, a total of 6 immunesera (anti-a2-macroglobulin 
929 Berne, anti-a2-macroglobulin 777b Behring, anti-LDL 1002 Behring, anti-LDL 
K2 Berne, anti-LDL K3 Berne and anti-LDL K4 Berne) was exhaustively absorbed 
with rhesus monkey serum. In a pair-wise comparison of 8 individual human 
sera against all absorbed immunesera, reactions of identity were obtained in all 
the 168 combinations (6 x 28); in no instance was a definite spur-formation observ
ed. Rhesus monkey serum was chosen for absorption in these experiments since 
absorption experiments (see Tables 2 to 7) revealed that antisera obtained 
in this fashion contain only antibodies which react exclusively with human serum 
proteins, while no reaction occurs with corresponding animal serum proteins. 
The results of these experiments demonstrate, however, that these antibodies 
obviously are directed against species-specific antigenic structures.

In a second series of experiments, one immuneserum (anti-a2-macroglobulin 
777 b Behring) was absorbed exhaustively with cross-reacting animal sera of four 
different species (cat, sheep, horse, cow). Again, only reactions of identity were 
observed in a total of 112 combinations (4x28) when 8 individual human sera 
were compaired pair-wise against each of the absorbed antisera. It is, therefore, 
very unlikely that an antibody against a group-specific antigenic structure of the
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human a2-macroglobulin should be present in immuneserum anti-a2-macroglobulin 
111 b Behring, provided that this antigenic configuration was present in one of the 
8 individual human sera used in this experiment. It may indeed be assumed that 
an antibody directed against a group-specific antigenic structure should have 
been present in a sufficiently pure form in one of the absorbed antisera to give a 
reaction of partial identity.

Another experimental arrangement would have been, of course, the compari
son of individual human sera against antisera absorbed with different individual 
human sera instead of animal sera. It is well known that experiments of this kind 
have led to the discovery of the Lp-serum group system [2, 3]. A series of such 
experiments using the immunesera employed in this investigation failed to reveal 
group-specific factors of the respective serum proteins. Details are not given in 
this report as we confined ourselves to the study of supposed group-specific anti
genic structures shared by human and animal serum proteins.

3.3. Comparison o f individual human sera with animal sera in immuno
diffusion test against absorbed immune sera. Again, it is assumed that an antibody 
against a group-specific antigenic structure A of the cross-reacting serum protein 
is present in the immuneserum used. It is further assumed that by absorption of 
an immuneserum with a suitable animal serum, we succeed in obtaining an anti
serum which, in a given animal X, reacts exclusively with the common antigenic 
structure A (being group-specific for the human serum protein). In comparison 
of human serum from an A( + ) individual with serum of animal X against the 
absorbed antiserum a reaction of partial identity may be expected to occur (spur- 
formation because of the additional species-specific antigenic determinants in the 
human protein); on the other hand, a reaction of non-identity (crossing of the 
precipitation lines) should be obtained when serum of an A( —) individual is 
being compared with the serum of animal X.

These theoretical considerations have been experimentally tested with anti- 
LDL immuneserum K2. This antiserum, absorbed exhaustively with each cross
reacting animal serum, was set up against 24 individual human sera and each of 
them was compared pair-wise with an animal serum; of course, only animal sera 
still cross-reacting with the absorbed antiserum were used (see Table 3). In all 
instances a reaction of partial identity was observed; not a single reaction of 
complete non-identity (pure cross-precipitation) was obtained. Therefore, immune
serum K2 obviously contains no antibody against a group-specific antigenic 
structure of human LDL; this confirms the results of the experiments described 
above.

4. Final considerations
In summary, our results show that the 8 rabbit immunesera against human 

albumin, a2-macroglobulin and LDL, respectively, contain mixtures of antibodies 
— probably simple and complex — directed against serum protein structures 
shared by man and some other mammals. The common antigenic structures 
which were detectable with immunesera at our disposal seemed to be species-

H aem ato lo g ia  4, 1967



specific throughout; these immunesera appeared unsuitable for the demonstration 
of group-specific structures. Nevertheless, the experimental arrangements used 
in this study may still be regarded as promising for the detection of new group- 
specific iso-antigenic structures of human serum proteins. Success of course will 
mainly depend on the particular antibody content of the immunesera available 
for studies of this kind. Theoretically, one should expect that differences in iso- 
antigenic structures may be revealed with the highest probability when immunesera 
are being used which were obtained by immunization with single donor serum 
proteins (e.g. immunesera 929, K2, K3 and K4). However, since Bundschuh [3] 
was successful in demonstrating group-specific iso-precipitins against human LDL 
in a polyvalent horse immuneserum, the examination of immunesera prepared 
by immunization with pooled human serum proteins should also be promising.

In the interpretation of our results it has to be taken into consideration that 
only a relatively small number (24) of individual human sera was used in compara
tive studies. Group-specific iso-antigenic structures of a low incidence could, 
therefore, have been missed.

More experimentation will be necessary to answer the question of whether or 
not group-specific antigenic structures shared by human and animal serum 
protein may be detected. It is difficult to predict which of the experimental arrange
ments used in this study will be the most suitable for this purpose.
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Dynamics of Blood Coagulation 
Introducing a New Coagulation Factor: “Velocity Gradient”

L. D in t e n f a s s
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This paper presents a review of work carried out in my laboratory in the field 
of rheology of blood coagulation. Coagulation of human blood is studied by means of 
the rotational cone-in-cone viscometer and the variable-frequency thromboviscometer 
(VFTV). Coagula formed in these instruments represent a spectrum of clots, red 
thrombi, white thrombi and “suspension coagula” (suspension of microthrombi), the 
particular type of the morphology depending on the flow velocity (velocity gradient) 
at which the coagulation process proceeds. In a parallel manner, the latent clotting 
times, the thrombus formation times, and the consistency of clots or thrombi are affect
ed by the velocity gradient at which the process of coagulation proceeds. An increase 
of the velocity gradient leads to the decrease of clotting times and decrease of clot 
(thrombus) consistency. These phenomena are mirrored by the colloidal and molecular 
changes in the structure of coagula. The basic effect of the velocity gradient is due to an 
increase in the diffusion rate, increase in the frequency of collision of coagulation fac
tors, and in orientation of the polymerization process of fibrinogen-fibrin transition. 
The coagulation phenomena are influenced by the velocity gradient-induced mechano- 
chemical transformations, although the details are still unclear. It is suggested that the 
velocity gradient represents a basic coagidation factor, and that a study of coagulation 
under dynamic (as against static) conditions is required in order to appreciate physi
ology and pathology of coagulation in vivo.

Introduction

It is rather amazing to review the field of blood coagulation and note that, 
with few exceptions, the bulk of the studies is carried out in test tubes under 
static conditions. It is amazing, as the obvious point, that blood flows and that 
coagulation processes must take place under the conditions of flow (even if only 
of slow flow), is somehow lost or disregarded.

Surely the question could be asked whether the coagulation processes proceed 
in a similar manner under conditions of flow as under static conditions? or is 
the role of coagulation factors or profactors affected by the flow of blood and 
by the velocity and nature of this flow? or is the significance of the levels of factors 
or profactors found in the test tube (that is, in a static test) similar or even relevant 
to the levels of these factors in the flowing blood? These questions should be 
pondered about in the future, but my aim is a less ambitious one: to show that 
blood flow velocity (or more strictly, the velocity gradient) is one of the basic 
coagulation parameters.
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My studies lead to a conclusion that the velocity gradient affects the triad 
of clotting times, consistency and morphology of blood coagula, in a predetermined 
manner; changes in the numerical values of the velocity gradient resulting in a 
spectrum of coagulation processes, spectra of clotting times, consistencies and 
morphologies.

Instrumentation and Techniques

Two basic instruments were developed and used in these studies. The first 
one was a cone-in-cone rotational viscometer [1, 2, 3, 4] equipped with a copper 
beryllium torsion strip of 0.025x0.002 inch cross-section. The rotational visco
meter permits measurement of the viscosity of blood over a large range of rates 
of shear; it is also a very sensitive tool for following changes in the blood viscosity 
during the initial stages of coagulation. The viscometer (Fig. 1) operates at the 
temperature of 37°C, the temperature being controlled by a uJUMO" mercury- 
contact thermometer. Deflections of the internal cone, suspended on the torsion 
strip, are observed as movements of a lightspot on a semicircular scale.

The second instrument, the variable-frequency thromboviscometer, named 
VFTV [5, 6], is an oscillating version of the cone-in-cone viscometer, and is fitted 
with a much stiffer torsion strip of 0.075 x 0.008 inch cross-section (Fig. 2) 
The thromboviscometer allows to follow changes in the viscosity of coagulating 
blood, and permits determinations of consistency of final clots or thrombi, and 
determination of the clotting times. Plots of experimental data resemble the 
tuning fork-like curves of the thrombelastograph. Flowever, in contradistinction 
to the latter, the VFTV operates over a frequency range from 1 to 300 cycles 
per minute, and over a range of amplitude from 1 to 120 degrees. Consequently, 
the lower range of shear rates in VFTV is about hundred-fold higher than that 
existing in the thrombelastograph.

Under experimental conditions, in which oscillation of large amplitude 
is used, the deflection of the torsion strip has enough time to come to equilibrium 
within each oscillation; consequently, the deflection of the torsion strip is a measure 
of the viscosity of the fluid (or gel) tested. This viscosity can be expressed in the 
fundamental units of viscosity, poises.

The coefficient of proportionality between the rate of shear and the number 
of revolutions per minute equals 0.732 for the cone-in-cone rotational viscometer. 
The mean shear rate in the VFTV is equal to frequency of oscillations (double 
amplitude/360°) x 0.732

In tests run at the fixed amplitude of 110 degrees (a complete arc swept 
during one cycle being 220 degrees), the deflection of the torsion strip corresponding 
to a standard oil of 1 poise is 0.138 scale units at 10 cycles per minute, 0.83 scale 
units at 60 cycles per minute, etc.

Samples of blood were obtained from healthy donors and from patients, 
using either glass or plastic syringes. In the case of plastic syringes, timing started 
from the moment when blood was poured into the gap between the two cones.
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Fig. 1. The cone-in-cone rotational viscometer. The pho
tograph shows the top of the trolley viscometer. The centre 
is occupied by the coaxial cone-in-cone unit enclosed in a 
thermostated jacket. The copper beryllium torsion strip 
is supported by a suspension controlled by two (a hori
zontal and a vertical) micrometers. A deflection of the 
torsion strip is measured by means of a lightspot reflected 
from a galvanometer mirror onto a semi-circular plastic 
scale. Blood sample is poured into the space between 

the cones

In the case of glass syringes, the stop-watch was started as soon as the first drop 
of blood appeared in the syringe. There is no fundamental difference between 
results obtained both ways; clotting times obtained from blood samples collected 
by means of plastic syringes are usually 20 to 30 seconds shorter than when glass 
syringes are used.

Coagulation times are defined as follows. The latent clotting time is measured 
till the moment when blood viscosity starts to increase, the maximum consistency
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of thrombus (clotting) time is measured till the moment when the maximum consis
tency of thrombus (or clot) is observed; the actual thrombus formation time is 
the difference of the two clotting times described.

Fig. 2. Diagrammatic representation of the reciprocal drive 
of the variable-frequency thromboviscometer (VFTV). The 
instrument is resembling the one showed in Fig. 1. The 
sample to be tested is poured into the gap between the two 

cones

Rheological nomenclature :
The “ rate of shear” or the “velocity gradient" is a function of the velocity 

of the fluid laminae or of the surfaces surrounding the fluid, and of the geometry 
of these surfaces. In the simple case of two parallel surfaces, spaced apart by a 
gap d, with one surface remaining stationary and the other moving at a velocity 
V, the velocity gradient between these two surfaces is equal to V/d; the units of 
velocity (crn/sec) are divided by the units of distance (cm) in order to yield the 
units of the rate of shear (sec-1).

Discussion and Review of Results

The key role of the velocity gradient on the clotting time of blood was recog
nized first by Dintenfass [1,3], although a vague and diffuse knowledge that shaking 
affects clotting time has been prevalent for a long time. Most investigators of 
coagulation and thrombosis employ tests based on timing of the onset of clotting 
in a tilted test tube, or in thrombelastographs, although such tests produce a blood 
clot. Yet the morphology of a thrombus is known from the year 1882 to be different
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from that of a clot [7, 8]. The Chandler’s apparatus [9] helps to bridge the gap 
between clotting in a tube and thrombosis in the body, but does not permit an 
investigation of the influence of the various levels of the velocity gradient on the 
clotting time, consistency or morphology of coagula, and does not permit a quanti
tative approach to these phenomena.

Fig. 3. Changes of blood viscosity, with time, during the ini
tial stages of the coagulation process (after Ref. I). Curves 
were obtained at low shear rate (circles, left-hand vis
cosity scale) and at medium shear rates (dots, right-hand 
viscosity scale). Viscosity in poises is plotted against time 

in minutes

The techniques for production of white and red thrombi by means of the 
cone-in-cone viscometer were established by Rozenberg and Dintenfass [10, 11] 
in 1963. The influence of the velocity gradient on the consistency and molecular 
rheology of clots and thrombi formed in the variable-frequency thromboviscom- 
eter was reported [5] first during the annual meeting of the Haematology Society 
of Australia (Adelaide, April 9, 1965).

Subsequent studies crystallized our thoughts on the role of the velocity 
gracient in blood coagulation in healthy donors, and our attention was then 
directed to the velocity gradient-affected pathology of coagulation [12, 13, 14, 
15, 16].

The first observed variation in the coagulation process was that of the latent 
clotting times. Figure 3 illustrates one of the first experiments; viscosity of blood 
is plotted against time at two, low and high, shear rates (0.18 and 56 sec-1). 
Figure 4 illustrates the effect of velocity gradient on the latent clotting time in 
blood of six donors; in this figure the relative increase in viscosity is plotted 
against time. A more informative summary of the data obtained by means of the 
cone-in-cone viscometer is contained in Figure 5 in which clotting time is plotted 
against a function of the velocity gradient. It is of particular interest that the dotted 
line (Fig. 5), which was originally suggested and plotted on purely theoretical 
grounds, was confirmed in its validity by more recent experiments in which 
siliconized needles and syringes were employed for venipuncture.
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The numerical values of the latent clotting times, obtained by the cone-in
cone viscometer and the VFTV, differ at lower range of the velocity gradients. 
This is due to the fact that a stiffer torsion strip of the VFTV reacts later, as it 
responds to a certain elevation of the viscosity of the coagulating blood. Flowever, 
it appears, at this stage, to be more convenient to standardize on the results 
obtained by means of the VFTV (Table 1).

T i m e ,  mi nu t es

Fig. 4. Changes of blood viscosity during the initial stages 
of coagulation. Data obtained by means of the cone-in
cone viscometer and plotted as the relative viscosity in
crease (that is, the ratio of viscosity measured during 
coagulation to the viscosity of uncoagulated blood). Six 
male donors were tested at two shear rates each (s-1 =  
shear rate in reciprocal seconds; H =  haematocrit; M 45 

=  male aged 45 years)

An increase in the velocity gradient leads to a pronounced decrease in the 
clotting times. The clotting times of some minutes duration at near-zero shear 
rates are giving way to the clotting times of a minute or two duration at higher 
shear rates, or a few seconds duration at shear rates above 400 sec-1.

The VFTV supplies information not only on the duration of latent clotting 
time, and on the duration of time required for the formation of the maximum 
consistency-thrombus, but supplies information on the consistency and rheology 
of the coagula forming and formed during the coagulation process. Figure 6
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Table 1

Effect of the velocity gradient on clotting times in VFTV (after [16])

C oag u 
la tio n
system

M ean  shear 
ra te , 
sec—1

L a ten t clo tting  
tim e

M axim um  th ro m b u s  c o n 
sistency c lo ttin g  tim e

1 0.55 5 min 4 sec 14 min 24 sec
IV 26.5 3 min 11 sec 7 min 33 sec
VI 79 2 min 14 sec 3 min 57 sec

VII 400 0 min 10 sec below 30 sec

Fig. 5. Latent clotting times as a function of the velocity 
gradient (after Ref. 5). Results obtained by means of 
the rotational cone-in-cone viscometer. Clotting time 
in seconds is plotted against the velocity gradient in 
reciprocal seconds. Zero time is the moment of veni
puncture, as glass syringes were used. The broken hori
zontal line (60 seconds line) indicates the beginning of 
the test proper. Areas described as a, b and c repre
sent schematically the frequency distribution of latent 
clotting times at three shear rates. Function D2/3 was 
employed in order to obtain a straight line. The inclin
ed dotted line represents an approximate function of 
the latent clotting time and velocity gradient when no 
time is lost due to the required preparatory work and, 
thus, coagulation tests can proceed immediately after 
venipuncture. This approximation has been confirmed 
recently by tests in which siliconized needles and syr

inges have been used
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illustrates a complete test on a single blood sample. The results, obtained at 10, 
60 and 180 cycles per minute, are plotted as viscosity in poises against the coagula
tion time in minutes. Figure 7 supplies the actual tuning-fork like curves obtained 
in the VFTV and plotted in the scale units against time.

Fig. 6. A typical VFTV pattern seen in a sin
gle donor when coagula are cast at different 
velocity gradients (different frequencies of 
oscillations), r with a subscript 180, 60 or 10 
refers to the latent clotting time measured at 
180,60 or 10 cycles per minute. The maximum 
thrombus consistency clotting time is measur
ed till the moment when a stable (maximum) 

consistency is obtained

Fig. 7. Typical VFTV patterns seen in healthy 
donors. Viscosity of coagulum is plotted 
in the scale units against time in minutes. The 
maximum thrombus consistency is marked 
in poises; the frequency of oscillations em
ployed during the particular test is marked in 

cycles per minute (cpm) (Ref. 16)

The velocity gradient may affect the clotting times through at least three 
mechanisms:

i. by a directly facilitated diffusion and collision frequency of the coagulation 
factors and profactors;

ii. by a decrease in blood viscosity, which follows an increased shear rate 
in a thixotropic medium, and thus by facilitated diffusion and collision of coagula
tion factors;

iii. by an influx of the mechanical energy which might affect the chemical 
integrity of the red cells and platelets, with a possible release of some additional 
coagulation factors.

Of these three mechanisms, the first two are already adequate to trigger off 
an effect akin to an explosive polymerization. In the process of coagulation the 
first stages, as exemplified by Macfarlane’s cascade [17], are the slowest stages
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of coagulation. These mechanisms enable to accelerate the processes in these 
first stages.

Microscopic examination reveals [10, 11, 12] that an increase in the velocity 
gradient influences the morphological structure of the blood coagula. When the

Time, minutes

coagulation of blood takes place at near-zero rates of shear, a red clot is formed 
in which the red cells are embedded in a random mesh of fibrin. When coagulation 
proceeds at higher rates of shear (30-100 sec-1), an artificial white thrombus is 
formed, containing large masses of platelet aggregates. Blood coagula formed at 
intermediate velocity gradients show characteristics intermediate between the red 
clots and white thrombi. The degree of platelet aggregation increases as the velocity 
gradient, employed in the particular coagulation process, increases (Fig. 8). As the
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Fig. 8. Aggregation of platelets as a function of the 
velocity gradient (after Ref. 11). The area of amor
phous masses, composed of platelet aggregates, S, is 
determined from all sections of each of the blood 
coagula (clots or thrombi) formed in the cone-in-cone 
viscometer and is plotted as S^/S against D2/:i, where 
D is the velocity gradient at which the respective clot 
or thrombus was formed. The slope of each curve de
pends on the intrinsic adhesiveness of platelets and is 

specific to each individual donor
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velocity gradient increases, more and more blood remains fluid and less and less 
volume is occupied by the coagulation products. When blood coagulation proceeds 
at velocity gradients above 400 sec-1, the coagulated blood remains quite fluid, 
the coagulation products being composed of discrete globular or irregular particles 
of fibrin and platelet aggregates. It is, in fact, a suspension of such discrete particles 
in fluid blood; hence, the term “suspension coagulum”.

The changes in the morphology are mirrored in the changes in the consistency 
of coagula. The consistency and rheology of blood coagula depend on the velocity 
gradient at which such coagula are formed, as well as on the velocity gradient 
at which these coagula are tested. The “casting” velocity gradient determines 
the final rheological (as also morphological) properties of the clots and thrombi. 
Coagula formed at very low rates of shear exhibit gel-like and highly viscous and 
thixotropic properties, and show viscosities of the order of 100 to 1000 poises 
(if tested at low shear rates). Coagula (red thrombi and white thrombi), formed 
at medium shear rates (appr. 20 to 60 sec-1) exhibit viscous and thixotropic 
properties but of only few, or less, poises. Suspension coagula formed at high 
velocity gradients show viscosities analogous to the viscosities of the original, 
uncoagulated, blood (Table 2).

The rheology of blood coagula and their morphology are intimately inter
twined. In clots formed at zero rate of shear, the dominant feature is the three- 
dimensional network of fibrin, the meshes of this network retaining the aggregates 
of red cells. A slight increase in the rate of shear leads to certain orientation of the 
network structure, the holes in the network permitting some of the disaggregated

.3 9 6

Table 2

Effect of velocity gradient on consistency and morphology of coagula formed in VFTV
(in parts after [5] and [16])

C oag u la 
tion

system

M ean  shear 
ra te* , 
sec 1

V iscosity o f  
u n coagu la ted  

blood** 
poises

M ean m axim um  
viscosity +  o f  the  

th ro m b u s, x, 
poises

M orphology

l 0.55 1.1 910 red thrombus
II 1.8 0.74 125 red thrombus

III 9.4 0.2 20 red/white
IV 26 0.1 17 white thrombus
V 44 0.08 3 white thrombus

VI 79 0.06 1.7 white thrombus
VII 400 0.04 0.04 “suspension coagulum

* used during the coagulation process;
** a decrease of blood viscosity with increasing shear rate is due to thixotropy;

+ although thrombi are slightly thixotropic, the levels of thixotropy and viscosity are 
reduced over the whole range of shear rates when coagulation proceeds at increasingly higher 
rate of shear (Ref. 5).
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red cells to escape. Simultaneously, platelets, which formerly took part in the 
network structure while retaining their individuality, now become aggregated 
(agglutinated), and platelet masses become prominent. Coagulation proceeding 
at still higher shear rates leads to highly orientated fibrin polymerization, to a 
complete disaggregation and escape of the red cells, and to formation of large 
masses of platelet aggregates. At very high shear rates, fibrin tends to polymerize 
in a globular form. The changes in the fibrin strands on a molecular level (changes 
in the organization, sequence, orientation, etc.) might be affected by the stresses 
and strains acting during the polymerization and induced by the velocity gradient. 
If fibrin formation proceeds through a stage of reversible fibrinogen-fibrinogen 
polymerization, breakage and reformation of bonds may be greatly influenced by 
the state of flow.

Behaviour of platelets under the velocity gradient is not yet completely 
understood, although it clearly leads to their aggregation. The rate of platelet 
aggregation increases as the shear rate employed during the coagulation increases. 
Usually, in suspensions of the reversibly aggregated cells or colloidal particles, 
an increase in the rate of shear leads to a disaggregation of these cells or particles. 
A progressive process of platelet aggregation, at the simultaneously increasing 
shear rates, suggests an irreversible phenomenon; i.e., that the surface properties 
of the platelets undergo a profound change. Such a change will cause such a 
system to become, from the colloidal point of view, a new entity in each of the 
subsequent short periods of time. It may be speculated that the process of aggrega
tion of platelets under velocity gradient is due to some irreversible change in the 
platelet membrane. It might be a purely biochemical sequence of events (involving, 
perhaps, a release of some chemical agents) or, alternatively, it might be due 
to some mechano-chemical transformation.

Consequently, mechano-chemical transformation might play a role in the 
coagulation proceeding under a velocity gradient, via aggregation of platelets, 
orientation of the fibrin network, and orientation of the fibrin polymerization.

A principal point emerges that the blood flow velocity, or the velocity 
gradient, exerts a parallel effect on the clotting time of blood, on the rheology 
of the coagula, and on the colloidal and morphological structure of these coagula. 
The possible spectrum (Table 3) of the various types of clots, red thrombi, white

Table 3

Effect of velocity gradient on blood coagulation in vitro

V elocity  g rad ien t L ow : near zero M edium H igh (ap p r. 400 sec - 1 )

Clotting times 
Consistency

Some minutes 
High: a gel

Few min 
Medium

Few seconds 
Low (nearly that of 

blood)
“Suspension coagulum”Morphology Red clot White thrombus
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thrombi and suspension coagula depends on the progressive variation in the follow
ing factors, which — in their turn — depend on the velocity gradient:

(a) on the progressively increasing diffusion and collision frequency of 
coagulation factors and profactors, especially in the first stages of coagulation, due 
to the presence of a velocity gradient as such, and due to the lowered blood 
viscosity;

(b) on the progressive orientation of the fibrin network, an orientation of 
the molecular structure of the fibrin fibres, a progressive fracture of the network, 
and finally on the “balling in” of fibrin;

(c) on the progressive disaggregation of the red cell aggregates, and a 
progressive escape of the single red cells from the fibrin network;

(d) on the progressive aggregation of platelets, the degree of aggregation 
resulting from the presence of the velocity gradient being modified by the intrinsic 
adhesiveness of platelets peculiar to the individual donors.

It must be made clear that, in this outline, a progressive variation in the 
diffusion and collision of the clotting factors, orientation of fibrin, disaggregation 
of red cells, and aggregation of platelets, indicates a functional dependence on the 
velocity gradient. A new equilibrium is obtained at each step of the progressive 
increase in the value of the velocity gradient. The actual levels of these equilibria, 
and thus the final details of the blood coagula, can be expected to be affected also 
by the genetic, metabolic, dietary, etc. etc., background of the individual donor.

But not only triad of clotting times, consistency and morphology of clots 
and thrombi is affected and, indeed, directed by the velocity gradient. Thrombus 
contraction [16] takes place within few minutes at high or medium velocity gradient. 
It is worth noting that the usual time, under static conditions, is of the order of 
one hour [18]. Hartert already recognized [19] that retraction in a glass tube 
does not reflect the conditions in vivo; he also realized the importance of the 
viscosity of the fluid obstructing the pathways of the contracting fibrin network. 
We observed [16] not only that the presence of high and medium velocity gradients 
(ca. 20—100 s e c '1) decreases the viscosity of the fluid in the pathway of fibrin 
network, but also that fibrin network formed at such velocity gradients might 
offer, perhaps, less resistance to movement. As already described, the velocity 
gradient causes aggregation of platelets and might affect their function through a 
mechano-chemical transformation. Fonio suggested recently [20] that clot retrac
tion under static conditions is already motivated by a mechano-chemical process 
triggered off by the lactic acid; were this valid, how many times greater an effect 
could be expected under flow conditions.

The question studied by us now is if the mechanism of fibrinolysis is affected 
by the velocity gradient. A related work on perfusion lysis was reported recently 
by Bouvier et al [21].

Finally, in order to illustrate the relevance of the ranges of shear rates used 
in our studies to the conditions in vivo, a few words on the numerical values of 
shear rates in vessels. The rates of shear (velocity gradients) existing in circulation 
vary greatly not only from one vessel to another, but also within any single vessel.
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Due to the presence of a “profile” of the velocity gradient, blood travelling along 
the axis of any vessel is under conditions of near-zero or zero shear rate. The 
maximum rate of shear is in the layer adjacent to the vessel wall. The flow pattern, 
and thus the rate of shear, varies with time, not only as a result of physiological 
loading on the cardiovascular system, but also due to the pulsatile nature of flow. 
Consequently, the shear rate varies from zero to a certain maximum value at the 
wall, but even the latter value may vary from zero to a maximum with each pulse. 
Approximate mean values for shear rates in arteries will be from 20 to 100 sec"1, 
with maxima up to 500 sec-1 possible under certain conditions: in veins, the mean 
shear rates will be from 10 to 30 sec-1, with maxima of 50 sec-1 quite possible; 
in capillaries, the mean shear rates would be between 10 to 20 sec-1. It should be 
remembered that the mean shear rates given here will correspond to the maximum 
value in each of the velocity gradient profiles, and that zero shear rate is a part 
and parcel of each of such profiles.

Conclusions

It is my belief that the velocity gradient plays a key role in the fields of 
thrombosis and coagulation, and that the velocity gradient should be considered 
one of the basic factors or parameters.

The role of the velocity gradient might be of paramount importance in the 
dynamic balance existing between thrombosis and fibrinolysis in blood circulation. 
A delicately balanced equilibrium between coagulation and fibrinolysis, suggested 
by Astrup [22], can perhaps be shifted into one or other direction by the velocity 
of flow or velocity gradient existing in a particular vessel. This balance might be 
affected by the molecular rheology of the blood and the blood cells.

It appears reasonable that coagulation should be studied as a dynamic 
process, a process affected by the velocity of blood flow. As the conditions of 
flow, and thus the levels of velocity gradients, vary from vessel to vessel, as well 
as they vary with time, the rate and direction (reversibility) of the coagulation 
process should vary from vessel to vessel and should vary in time.

Extraordinary importance could be ascribed to the existence of suspension 
coagula. These might play a key role in some disorders of microcirculation.

It might appear significant that the general pattern of response of coagula
tion processes to the increasing velocity gradient is as true for normals as for 
thrombotics or haemophiliacs, although the rates of response are different.

On the basis of our experience, it is possible to suggest that it is quite feasible 
that blood coagulation tests, restricted to static conditions, might tend, eo ipso, 
to misrepresent coagulation processes as they take place under physiological 
and pathological conditions. If it is our aim to understand and control processes 
of coagulation, thrombosis or fibrinolysis, we might have perhaps to accept that 
experimental conditions more alike those in vivo, that is dynamic rather than 
static, should be employed.
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A thrombohaemorrhagic phenomenon (THP) can be elicited in rats by certain 
polysaccharides or metals when given in conjunction with catecholamines. The coagu
lation defect observed is characterized by simultaneous decrease of fibrinogen level and 
thrombocyte count, low prothrombin content, prolonged recalcification, partial throm
boplastin and thrombin times and decreased thromboplastin generation. Some of these 
changes occur within one hour and all of them are obvious four hours after treatment. 
The blood coagulation changes in THP are due to extensive intravascular clotting fol
lowed by depletion of some coagulation components.

A thrombohaemorrhagic phenomenon (THP) can be elicited regularly in the 
rat and other species by several agents (mostly polysaccharides and metals), 
especially if these are given in conjunction with catecholamines and other vasocon
strictors or severe systemic stressors. The syndrome is characterized by multiple 
haemorrhages and microthromboses which are located mainly in the kidney, 
duodenum, heart and lung, depending upon the eliciting agents used. In addition, 
very severe and sometimes necrotizing thrombohaemorrhagic lesions are observed 
at the site of catecholamine injection. In its morphologic manifestations the THP 
resembles the generalized and local forms of the Sanarelli — Shwartzman phenome
non and, although elicited by different means, like the latter it can be prevented 
by heparin [1, 4, 6].

Since intravascular clotting plays an important role during the production 
of THP, we have studied the blood coagulation changes in two forms of the 
phenomenon elicited by different means. The first form is characterized by intes
tinal lesions [5]; the second affects the small and large veins of certain muscles 
[6, 7],

Materials and Methods

One hundred and twenty female Sprague-Dawley rats with an initial body 
weight of 204 g (range 195 — 210 g) were divided into 12 equal groups for two 
experiments. The animals of Group 1 received 1 ml of distilled water intravenously 
and served as controls for both experiments.

In the first experiment (Table 1) the animals of Groups 2, 3 and 4 received 
8 mg of agar (Agar, U.S.P., Brickman and Co., Montreal, Canada) in 1 ml of

H aem ato log ia  4, 1967



4 0 2 Solymoss et al.: Blood coagulation changes in T  HP

warm (40 C) distilled water intravenously and were killed 1,4 and 24 hours later, 
respectively.

In the second experiment (Table 2) Groups 2 and 3 received I ml of 
distilled water intravenously and four intramuscular injections of 5 pg epinephrine 
in 1 ml distilled water in each leg (in the lower and upper calves and thighs). 
Groups 4 and 5 received 4 mg scandium chloride (ScCl3, K and K Laboratory, 
Plainview, N.Y., U.S.A.) in I ml distilled water intravenously and immediately 
thereafter four injections of 1 ml distilled water intramuscularly, in each of 
the hind legs, as the rats of Groups 2 and 3. Groups 6 and 7 were given both 
epinephrine and ScCl3 as described above. Groups 8 and 9 received ScCl3 
as Groups 6 and 7 and in addition a single subcutaneous injection of 40 pg of 
epinephrine in 0.5 ml distilled water on the scalp. Groups 2, 4, 6 and 8 were 
exsanguinated one hour and Groups 3, 5, 7 and 9 four hours after the treatment.

All the manipulations were performed under light ether anesthesia. We 
used the exposed left jugular vein for intravenous injections. 4.5 ml of blood were 
taken by aorta puncture and mixed in a ratio of 9 : 1 with 1.34% sodium oxalate 
solution in a siliconized tube. Immediately thereafter, we examined the thrombo
plastin generation [8]; recalcification time [9]; partial thromboplastin time [10] 
with Platelin® (Warner-Chilcott. Toronto, Ont., Canada); prothrombin content 
[11] with Calsoplastin® (Baltimore Bacteriological Laboratory, Baltimore, Md., 
U.S.A.); thrombin time [12]; fibrinogen content [12]; thrombocyte and leucocyte 
counts [12],

The organs were inspected with a binocular magnifier and the intensity of 
the thrombohaemorrhagic lesions was estimated in terms of an arbitrary scale in 
which 0 =  no lesion, 1 = just detectable, 2 = moderate and 3 = most pronounced 
lesions, as described previously [5],

Results

THP lesions and blood coagulation changes induced by agar. As seen from 
Table 1, one hour after the intravenous injection of agar there was a significant 
decrease in recalcification time and thrombocyte count (P < 0.001) and an increase 
in thrombin time (P < 0.005). At this time mild thrombohaemorrhagic duodenal 
lesions were already present.

More pronounced changes were observed at four hours. There was an 
increase in recalcification (P < 0.001) partial thromboplastin (P <  0.001) 
and thrombin times (P < 0.001); and a decrease in thromboplastin genera
tion (P < 0.005), prothrombin content (P < 0.005), fibrinogen concentration 
(P < 0.001), thrombocyte (P < 0.001) and leucocyte counts (P < 0.005). The 
severity of duodenal lesions was increased.

Twenty-four hours after the treatment, there was still a significant increase 
in recalcification time (P < 0.001) and a decrease in thrombocyte count 
(P < 0.001). The intensity of the duodenal lesions was less marked than in 
the groups killed four hours after the agar administration.
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TH P lesions and blood coagula lion changes induced by ScCI3 and epinephrine. 
The findings in the animals treated with epinephrine and ScCl3 and killed after 
1 hour are shown in Table 2. Epinephrine caused a significant increase in partial 
thromboplastin time (P < 0.001), thrombin time (P < 0.001) and thrombocyte 
count (P < 0.001).

ScCl3 elicited a decrease in thromboplastin generation (P <  0.001), pro
thrombin content (P < 0.001) and fibrinogen concentration (P < 0.005) with a 
parallel increase in recalcification time (P < 0.001), partial thromboplastin time 
(P < 0.001) and leucocyte count (P < 0.001). In 20% of the animals small 
thrombi were observed in the femoral and iliac veins, in the neighbourhood of 
muscles injected with distilled water.

Table I

G roups 1 2 3 4

T im e o f
Tests au to p sy C on tro ls 1 h o u r 4 hours 24 hours

Thromboplastin generation 
(sec) at:

4 min 9.7 10.6 14.2 11.0
±0.5 ± 0 .2 ± 1 .4 ±0.5

8 min 10.3 10.9 14.5 12.1
± 0 .4 ± 0 .4 ± 1 .2 ±0.5

12 min 11.3 11.6 15.2 12.9
± 0 .6 ± 0 .2 ±1.1 ±0.4

16 min 11.4 12.3 16.6 13.2
±0.3 ±0 .3 ±  1.1 ±0.6

Recalcification time (sec) 66.8 51.8 89.7 84.8
±6.5 ±  1-7 ± 5 .0 ±4.8

Partial thromboplastin time (sec) 40.6 44.1 79.1 36.8
±  1.8 ±2 .3 ±4.1 ±2.3

Thrombin time (sec) 18.7 21.5 21.8 18.8
±0.3 ± 0 .7 ± 1 .4 ±0.8

Prothrombin (%) 95.8 86 60 100
±2.1 ± 3 .0 ± 5 .0 ±5.0

Fibrinogen (mg%) 463.5 408.0 383.0 545.5
±  14.3 ±  12.8 ±25.7 ±  18.4

Thrombocyte count (per mm:l) 626,000 355,000 198,000 288,000
±20,500 ±  20,400 ±  27,000 ±  30,600

Leucocyte count (per mm1) 8,100 7,600 6,100 9,900
±460 ±665 ±420 ±760

Duodenal lesions:
% of incidence 0 70 90 760

degree (scale 0—3) 0 1.5 2.3 1.0

H aem ato lo g ia  4, 1967

Duodenal lesions and changes in blood coagulability produced by agar



404 Solymóss et al.: Blood coagulation changes in T HP

The most marked changes were found in the Group treated with epinephrine 
and ScCl3. Compared with the animals treated with ScCl3 only (Group 4), there 
was a further increase in recalcification time (P < 0.001), partial thromboplastin 
time (P < 0.001) and a decrease in prothrombin content (P < 0.001), fibrinogen 
concentration (P < 0.001), thrombocyte and leucocyte counts (P < 0.001). In all 
animals large thrombi were found in the femoral and iliac veins.

Group 8 received the same amounts of ScCl3 and epinephrine as Group 6 
but epinephrine was administered in a different region. Here, thrombi did not

Table 2

Thrombosis and changes in blood coagulability after

Groups 1 2 3

T re a tm e n t

Tests

C o n tro l s
Ep inephrine  i. m.

1 h o u r  4  h ours

Thromboplastin generation
(sec) a t:

4 min 9.7 10.0 11.2
± 0 .5 ± 0 .3 ± 0 .5

8 min 10.3 10.7 1 1.9
± 0 .4 ± 0 .4 ± 0 .4

12 min 11.3 1 1.8 12.5
± 0 .6 ± 0 .4 ± 0 .3

16 min 1 1.4 12.4 13.2
± 0 .3 ± 0 .5 ± 0 .2

Recalcification time (sec) 66.8 78.0 68.1
± 6 .5 ± 4 .8 ± 2 .9

Partial thromboplastin time (sec) 40.6 73.2 49.8
±  1.8 ± 3 .1 ± 2 .6

Prothrombin (%) 95.8 86 86
±2.1 ± 6 .2 ± 4 .0

Thrombin time (sec) 18.7 25.1 20.6
± 0 .3 ± 0 .9 ± 1 .0

Fibrinogen (mg%) 463 445.5 560.5
±  14.3 ±  8.8 ±  12.5

Thrombocyte count (per m m 3) 626,000 822,000 843,000
±  20,000 ±  31,000 ±  32,000

Leucocyte count (per mm3) 8,100 8,900 8,500
± 4 6 0 ± 6 8 0 ± 3 9 0

Venous thrombosis: % of
incidence 0 0 0

Venous thrombosis: degree
(scale 0—3) 0 0 0
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develop; there was a significant difference between Groups 6 and 8 in thrombo
plastin generation (P < 0.005), recalcification time (P < 0.005), partial thrombo
plastin time (P < 0.001), prothrombin content (P < 0.001), fibrinogen concentra
tion (P < 0.001 ), thrombocyte count (P < 0.001 land leucocyte count (P < 0.005).

The blood coagulation changes and thrombotic lesions of the animals killed 
4 hours after treatment are summarized in Table 2. The results of Group 3 show 
that epinephrine did not have a lasting effect on the different parameters. Partial 
thromboplastin and thrombin times were normal and the fibrinogen concentration

epinephrine and scandium chloride administration

4 5 6 7 8 9

ScCl i. V. Epinephrine  i.m . 
+  ScCl3 i.v.

E p in ep h r in e  s.c. 
+  S cCl3 i. v.

1 h o u r 4 hours 1 h o u r 4 h o u rs 1 h o u r 4 hours

14.1 12.3 16.4 22.7 11.0 11.0
+  0.5 +  0.7 +  0.9 +  1.2 +  0.5 +  0.6

14.8 12.1 16.1 19.4 12.9 11.2
+  0.6 +  0.7 +  0.7 +  0.7 +  0.8 +  0.3

15.4 13.5 17.5 19.6 12.7 13.3
+  0.7 +  0.5 +  0.6 +  0.3 +  0.7 +  0.6

17.3 14.9 17.5 20.8 14.7 14.4
+  0.6 +  0.4 +  0.6 +  0.7 +  0.6 +  0.3
208.3 203.7 275.4 >300 184.3 167.7

+  16.2 +  20.8 +  13.3 +  21.0 +  29.6
148.4 107.9 333.5 389.4 106.3 69.3

+  10.3 +  17.1 +  43.0 +  38.9 +  5.2 +  6.8
30 27 10 4 55 82

+  4.0 +  2.0 +  2.1 +  2.1 +  10.0 +  4.0
>100 >100 >100 >100 97.2

± 1 .5
97.3 

+  2.7
414.5 374.0 264.5 184.1 423 446.5

+  16.7 +  15.5 +  20.0 +  41.4 +  10.9 ±23.1
620,000 507,000 345,000 235,000 832,000 705,000

+  20,900 +  27,000 +  32,400 +  16,500 +  37,700 ±  19,000
12,700 9,200 9,700 11,600 12,500 12,000
+  720 +  720 +  750 +  410 +  800 +  590

20 20 100 100 0 0

0.5 0.7 2.6 2.8 0 0
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was increased (P < 0.001) in comparison with Group 2. On the other hand, 
the changes induced by ScCl3 after 1 and 4 hours were similar.

In Group 7 the changes of blood coagulation were still more marked than 
in Group 6. The thromboplastin generation (P < 0.005), prothrombin content 
(P < 0.005) and thrombocyte count (P < 0.005) were further decreased.

In Group 9 partial thromboplastin time (P < 0.001) and prothrombin 
content (P <  0.005) returned to normal as compared with Group 8.

Discussion

Agar is a mixture of at least two polysaccharides, agarose and agaropectin. 
After careful purification its sulphate content is below 1%, hence, agar does not 
possess the anticoagulant properties of sulphated polysaccharides [13, 14]. On 
the contrary, it might enhance thrombocyte aggregation and intravascular clotting 
as several colloidal solutions do [15]. It is possible also that endotoxin contamina
tion or shock, produced by agar, play a role in the activation of intravascular 
clotting. The THP elicited in rats by agar is characterized by duodenal lesions. 
The peculiar localization of these lesions might be partly due to the sensitivity 
to anoxia of the gastro-intestinal mucosa and its particular susceptibility to 
injury produced by intravascular clotting [16].

ScCI:i delays blood coagulation in vitro and in vivo [22]. Its effect on pro
thrombin content is similar to that caused by other rare earth metals [23], In spite 
of this anticoagulant action, the administration of ScCl;! together with epinephrine 
produced thrombosis in vivo [7, 22]. However, the mechanism of this reaction is 
not yet clear.

Epinephrine has a dual eifect on blood coagulation and thrombus formation 
in that small doses promote whereas large doses inhibit these processes [17, 18], 
The effect of small doses might be partly due to the release of a thromboplastic 
substance from the arterial wall [19], In addition, epinephrine is known to increase 
thrombocyte count and aggregation [20, 21]. Accordingly, our rats showed an 
increase in thrombocyte count already one hour after the treatment.

It has been found that in the vessel wall epinephrine induces an oedematous 
reaction consisting of an enlargement of amorphous extracellular spaces in the 
subendothelial and medial layers accompanied by a fractionation of elastic and a 
dissociation of collagen fibres [24], Recent observations reveal that anticoagulants 
might enhance platelet deposition at the site of endothelial injury [25]; hence, a 
similar mechanism may also play a role in our experiments.

Increased intravascular coagulation may be suspected when low fibrinogen 
concentration and thrombocyte count, decreased prothrombin content and 
thromboplastin generation are found simultaneously. All these changes were 
demonstrated in our experiments. In both experiments, the thrombocyte count 
was markedly affected, suggesting that thrombocytes might play an important 
role in the THP. We cannot exclude that other factors (e.g., stasis and vascular 
lesions) also participate in the development of THP.
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In both experiments thrombocyte count, fibrinogen and proth ombin content 
were decreased while recalcification and partial thromboplastin titres increased as 
soon as one hour after the treatment. All these changes became more marked 
four hours later.

At the present time there are no satisfactory techniques to correlate predis
position to thrombosis with blood coagulation changes. Our results confirm this 
view, but the above-mentioned signs (low fibrinogen concentration and thrombo
cyte count, decreased prothrombin content and thromboplastin generation) may 
have a definite value in the early recognition of widespread thrombosis.
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Lipid structure, non-electrolyte permeability, electrophoretic mobility, AchE 
and G6PD activity o f human foetal and adult erythrocytes were studied. Between the 
lipid composition of the two cell types the most consistent difference was found in 
fatty acids esterified to total phospholipids. The concentration of linoleic acid (C]8:2) 
was significantly lower, the oleic acid (CU:1) content slightly lower and the palmitic 
acid (C16:0) level higher in foetal red cells. Eicosotrienoic acid (C20:3) was detected in 
nearly 50 per cent o f the cord blood samples while in none of the adult red cells.Per- 
meability of the foetal cells to non-electrolytes was decreased. Both isotonic glycerol 
and thiourea penetrate slower into foetal erythrocytes than into adult ones. Electro
phoretic mobility o f adult red cells was found to be slower than that o f foetal cells. 
AchE activity was lower and G6PD activity higher in foetal red cells. Based on differ
ences in the membrane structure of the two cell types a new method was developed for 
their cytological differentiation. Differences of the structural organization and perme
ability of foetal and adult erythrocytes are discussed from the point of view of cell 
differentiation, red cell life-span and the intricate interaction between haemoglobin 
and its normal environment, the red cell.

It is well known that foetal erythrocytes contain predominantly Hb-F 
(a2 y2), while Hb-A (a2 ß2) is the major component of the blood pigment in adult 
red cells. In the switch from Hb-F to Hb-A production the synthesis of one type 
of polypeptide chain, that of the y-chain, is repressed and the synthesis of the 
/(-chain is initiated. Since the chemical structure of both haemoglobins involved 
is well defined, this simple biochemical system proved to be useful in the study 
of the genetic control of differentiation. We are still far from understanding the 
mechanism by which the switch from foetal to adult Hb synthesis takes place. 
As foetal erythrocytes have significantly higher oxygen affinity than their adult 
counterparts, it has been suggested that the change in oxygen tension from intra
uterine life to extrauterine environment might be the activating factor which is 
repressing y-chain synthesis and derepressing or activating /(-chain synthesis [1, 2]. 
But neither this hypothesis, nor the assumption that gonadotropic hormones 
might play this role [3] can give an explanation for the occurrence of Hb-F 
synthesis in some haematological diseases during adult life. On the basis of a 
definite correlation between increased erythropoietic activity and the reappearance 
of Hb-F synthesis it has been assumed by Baglioni [4, 5] that red cells produced
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after few cell divisions from stem cells may possibly contain more Hb-F than 
red cells produced after several divisions of the erythroblasts. The theoretical 
consideration that the differentiation of protein synthesis is linked to a definite 
cellular differentiation is confirmed by the fact that foetal red cells differ not only 
in their haemoglobin content from adult erythrocytes. However, the three types 
of Hb-F containing cells: the foetal red cells, the erythrocytes in “ high F gene” 
anomaly, and the postulated pathologically differentiated Hb-F containing eryth- 
roid clones in thalassaemia and other severe anaemias, differ in their cellular 
structure and function in many respects. In spite of this Hb-F shows the same 
chemical structure in all these conditions. A comparison of the cellular membranes 
is much more difficult, because our knowledge of the chemistry and physics of 
the normal foetal red cell membrane is inadequate and often contradictory. It is 
the major purpose of this paper to investigate and correlate some structural 
and functional characteristics of normal human foetal and adult red cell membranes.

Materials and Methods

Thirteen cord blood samples were obtained at the end of term pregnancies. 
Delivery was uncomplicated and the infant appeared normal at birth in each 
case. Blood was drawn from the umbilical vein immediately after the delivery 
of the placenta using sodium citrate as anticoagulant (1 vol. to 4 vol. blood). 
Adult blood samples were taken from 20 healthy blood donors. The blood was 
centrifuged at +  4° C and the erythrocytes were washed with physiological saline 
at the same temperature until the supernatant was free of protein.

Red blood cell lipids were extracted by the III method of Ways and Hanahan 
[6]. The only modification was the addition of BHT~ as antioxidant to the solvents 
at a final concentration of 0.005 per cent. The extracts were stored in sealed 
glass vials under N2 at +4° C.

Cholesterol was determined by the Lieberman-Burchard method, total 
esterified fatty acids (TEFA) as described by Hack [7], and lipid phosphorus 
as described by Allen [8],

Thin layer chromatography of the main lipid classes was performed on 
0.25 mm Kieselgel G layers, activated at 110°Cfor25 minutes. Petroleum ether- 
diethyl ether—acetic acid (90 : 10 : 1, v : v : v) mixture was used as solvent. The 
spots were revealed by spraying with phosphomolybdenic acid solution and 
heating at 110° C for 20 — 25 minutes. Phospholipids were separated on Kieselgel 
H (Merck) layers. The adsorbent was suspended in 0.001 mol Na2C 03. The plates 
were activated at 110° C for one hour. Before activation a mixture of chloroform, 
methanol, acetic acid and water, 75 : 45 : 12 : 6 (v : v : v : v) was run through 
the layer for cleaning. The same solvent was used for the development of the 
chromatogram [9]. The spots were revealed by exposure to iodine vapour or by 
spraying with 50 per cent H2SOt and heating at 180°C for 30 minutes. *

* 4-methyl-2,6-ditertiary butyl phenol.
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The fa tty  acid distribution of red cell total phospholipids was studied by 
gas-liquid chromatography of the corresponding fatty acid methylesters. Phos
pholipids were converted into methyl esters using methanolic sulphuric acid. 
Gas-liquid chromatography was performed on a 5 feet column using an Aerograph 
A-600-C type gas chromatograph (PL flame detector) with diethylene glycol 
succinate as the stationary phase. The column temperature was 188° C.

Non-electrolyte permeability of foetal and adult red cells was studied in 
fresh blood drawn into citrate solution (v/v 9 : 1). The permeability studies were 
carried out according to the method of Jacobs [10] using isotonic (0.3 M) glycerol 
or thiourea solutions previously adjusted to pH 7.5; 0.02 ml blood was mixed 
with 3 ml of the penetrating agent. The change in optical density was read at 600 m/f 
every 15 seconds. The half-time of haemolysis was determined graphically from 
the plotted curves.

Acetylcholinesterase (AchE) activity of erythrocytes was determined by 
Michel’s [11], glucose-6-phosphate dehydrogenase (G6PD) by Marks’ [12] and 
reduced glutathion (GSH) by Mortensen’s [13] method.

Electrophoretic mobility of foetal and adult red cells was measured with 
an Opton Cytopherometer at 6 mA by the method of Pollack et al. [14]. All 
electrophoretic measurements were made on erythrocytes washed thrice in physio
logic saline solution and brought to a final 0.2 per cent suspension with M/15 
phosphate buffer of pH 7.45, the osmolarity of which was adjusted to 0.3 by 
the addition of NaCI. All mobility determinations were carried out at +25° C. 
At least 30 determinations were made in both directions by changing the polarity 
of the electrodes and the average commuting time determined. Differentiation of 
foetal and adult cells in blood smears was carried out with the acid elution [15] 
and the urea methods [16].

Results

Main lipid class levels. Quantitative determination of cholesterol, tota 
esterified fatty acids and lipid phosphorus revealed considerable individual 
differences (Table 1). Most of the values were, however, within or near thel 
normal adultrange.

Thin layer chromatography of the main lipid classes using the petroleum 
ether—diethyl ether-acetic acid solvent system did not reveal any difference between 
the cord blood and normal adult erythrocyte extracts. The presence of free choles
terol and free fatty acids was detected in both, while only traces of triglycerid and 
cholesterol esters were found. Phospholipids were resolved into sphingomyelin, 
phosphatidyl choline, phosphatidyl serine, phosphatidyl ethanolamine, and 
phosphatidyl inositide fractions. Sphingomyelin, phosphatidyl choline and phos
phatidyl ethanolamine have been identified by comparison with the chromatogram 
of hen egg yolk phospholipids. Comparing the phospholipids of cord blood eryth
rocytes with those of normal adult blood we have found in some of the cord 
blood samples a markedly stronger spot of phosphatidyl inositides (Figs. 1 and 2).
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Table 1

Main lipid class levels o f foetal erythrocytes

C o rd  blood  sample  
No.

T E F A Lipid P
10-12 mg/cell

135 88 128 11.3
187 83 250 16.8
225 170 237 15.1
245 236 208 17.2
252 328 332 8.8
253 182 172 12.3

17 306 415 18.8
42 170 178 5.8
49 129 113 3.6
62 126 133 4.2
67 124 165 10.9
83 83 125 5.6
90 180 192 13.5

Adult RBC normal range 
(30 blood donors) 100— 145 146—214 9.5— 13.5

The fa tty  acid distribution o f the total phospholipids of cord blood erythrocytes 
was found to differ from that of adult red blood cells in its significantly lower 
level of linoleic acid (C18:2), in the higher concentration of palmitic acid (C16;0),

Fig. 1. Phospholipid fractions of adult 
erythrocytes separated by TLC

Fig. 2. Phospholipid fractions of 
foetal erythrocytes separated by TLC
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and a lower oleic acid (C18:1) content. Eicosotrienoic acid (C2n:3) could be detected 
in 4 of the 9 cord blood samples (Table 2).

Permeability to non-electrolytes o f foetal and adult red cells was studied by 
following the rate of haemolysis in isotonic solutions of glycerol and thiourea.

Table 2

Fatty acid distribution of the total phospholipid o f adult and foetal 
erythrocytes (major components in relative percentage)

F a t t y  a c i d s  a s  
m e t h y l  e s t e r s

A d u l t  + F o eta l  + +

C l  G ; 0 2 3 . 3  ( 1 9 . 9 — 2 5 . 9 ) 2 8 . 9  ( 2 5 . 8 — 3 1 . 0 )

C jg : 1 2 . 0  ( 0 . 7 —  3 . 6 ) 2 . 2  (  1 . 6 —  3 . 4 )

C i  8 : o 2 0 . 8  ( 1 8 . 7 — 2 3 . 4 ) 2 0 . 7  ( 1 8 . 2 — 2 2 . 7 )

C j 8  : I 2 0 . 2 ( 1 7 . 5 — 2 3 . 6 ) 1 7 . 1  ( 1 6 . 6 — 1 7 . 6 )

C j s  : 2 1 2 . 6 ( 1 0 . 9 — 1 4 . 5 ) 5 . 5  (  4 . 3 —  6 . 6 )

C 20  ; 3  + + + 2 . 7  ( 2 . 3 —  3 . 9 )

C 20  : 4 2 1 . 0 ( 1 7 . 0 — 2 4 . 7 ) 2 2 . 5  ( 1 8 . 9 — 2 7 . 5 )

+ Average of 30 experiments.
+ + Average of 9 experiments.
+++ C2n . 3 acid was found in 4 out o f 9 cases.

The curves in Fig. 3 represent the clearing of the cell suspension due to haemolysis 
of the cells which resulted from the penetration of the non-electrolyte into the 
cell. The rate of haemolysis is inversely proportional to the permeability of the 
cell. The permeation of both glycerol and thiourea is slower into the foetal red 
cell than into the adult. This is well reflected in the differences of the values for 
the half-time of haemolysis (Table 4).

Fig. 3. Rate of haemolysis of adult and foetal 
erythrocytes in isosmotic glycerol and thiourea
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There were striking differences in AchE and G6PD activity between foetal 
and adult erythrocytes. Foetal red cells had significantly lower AchE activity and 
significantly higher G6PD activity than adult erythrocytes. The GSH level showed 
more marked individual variations in foetal than in adult erythrocytes. There 
was, however, no significant difference in the average GSH level between the two 
cell types (Table 3).

Microelectrophoretic measurements showed that foetal erythrocytes have a 
much higher electrophoretic mobility than adult red cells (Table 4).

Based on the differences in the organization and permeability of foetal 
and adult erythrocytes a new method was developed for the detection of foetal 
erythrocytes in fixed blood smears [16, 17]. Fig. 4 represents an artificial mixture 
of equal volumes of adult and cord blood after urea treatment. (Ethanol fixed 
blood smears were incubated for 5 min at 37° C in a 4 molar urea solution at 
pH 7.6.) The method allows a clear-cut differentiation of foetal from adult cells. 
The membrane of the foetal cells is affected only slightly and the Hb remains 
in the cell, in contrast to the adult cells which are freed most of their Hb. In 
parallel studies with Kleihauer-Betke’s acid elution method and the urea method 
there was perfect correlation in the results of cord blood samples, and in those

Table 3

AchE and G6PD activities and GSH levels o f adult and foetal erythrocytes

A d u l t  R B C F o e t a l  R B C

AchE (. IpH/h) 0.75 (0.60—0.90) 0.42 (0.25—0.58)

G6PD (JOD/min/g Hb) 10.3 (8.0— 12.0) 15.2 (12.7—22.6)

GSH (m g/100 ml RBC) 69 (60— 100) 66.1 (37—81)

Table 4

Non-electrolyte permeabilities and electrophoretic mobilities of adult and foetal erythrocytes

A d u l t  R B C F o e t a l  R B C

Non-electrolyte
permeability

t/2 glyc + 22 ( 19— 26) 53 ( 37— 63)

t/2 thio + + 123 (115— 132) 140 (116— 175)

Electrophoretic
mobility

( 10-“4 cm2/sec/volt)
1.28 (1.20— 1.38) 1.43 (1.34— 1.50)

+ Half-time of haemolysis (in sec) in isotonic glycerol. 
+ 1 Half-time of haemolysis (in sec) in isotonic thiourea.
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of the blood of newborns and infants of different ages. The two methods gave 
similar results when applied for the detection of foetal cells in maternal circulation. 
In haemolytic anaemias and in other conditions associated with reticulocytosis 
the urea method revealed less false-positive foetal cells [17, 18].

Fig. 4. Urea treatment of the smear of an artificial mixture 
of equal volumes of normal adult and cord blood

Discussion

Membrane biochemistry occupies a central position in modern biology. 
Erythrocyte ghosts, being readily isolated, present a unique opportunity for 
investigating the chemical composition and molecular structure of biointerfaces. 
The abundance of lipids in the red cell ghost raises the question of how these 
compounds are arranged molecularly. Based on results of electron microscopy 
and X-ray analysis, the cell membrane is proposed to be a bimolecular lipid 
layer sandwiched between proteins. There is, however, considerable evidence for 
the globular micellar orientations of the lipid molecules in the membrane lipopro
tein complex [19, 20]. There is good reason to believe that transitions occur 
between the different lipid phases being in dynamic equilibrium [21 ]. Predominantly 
globular proteins are absorbed to the cytoplasmic envelope [22], The external 
envelope of the plasma membrane possesses polysaccharide compounds [23].

In spite of accumulating data we still lack information concerning the detailed 
structure and metabolism even of the normal adult red cell membrane. The suggest
ed membrane models are extremely tentative. We know still less about the differen
tiation of the cell membrane, about the structure and function of the foetal cell.

From the membrane components the lipids have thoroughly been analyzed 
[6, 24, 25, 26, 27] whereas the data of foetal erythrocytes are few and contradictory 
[28, 29, 30]. Detailed data have been published recently by Crowley et al. [31].
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Minor differences in the methods of extraction and the oxidation of unsatu
rated fatty acids during the lipid analysis may result in different experimental data. 
To avoid this risk a powerful antioxidant was used and extreme care was taken in 
the extraction procedures. In spite of these we have found great individual differ
ences in the results of the quantitative determination of the main lipid class and 
the phospholipid class levels. This may originate from the varying relative amount 
(60-80 per cent) of foetal cells in different cord blood samples.

The analyses of the fatty acid composition of foetal erythrocyte phospholipids 
gave more unequivocal results. In good agreement with the data of Crowley et al. 
[31], the linoleic acid (C18:2) content of foetal red cells was found to be significantly 
lower, and their oleic acid (C18:1) content slightly lower than those of the adult 
erythrocytes. Besides these we have found higher concentration of palmitic acid 
(C18:0) in foetal red cells. Eicosotrienoic acid (C20:3) could be detected in nearly 
50 per cent of the cord blood samples, while in none of the adult erythrocyte 
extracts.

The lower linoleic acid (C18:2) content and the appearance of eicosotrienoic 
acid (C20:3) were found to be characteristic of red blood cells produced during a 
fat-free diet [32].

A resemblance can be found between the decreased permeability to non
electrolytes of foetal red cells and that of red cells in certain haematological 
diseases. Changes in non-electrolyte permeability could be observed in the same 
group of diseases where alterations in the lipid structure of the red cell membrane 
and the shortening of the life span of the erythrocytes could be demonstrated as 
well [33, 34], Alterations in lipid structure, non-electrolyte permeability and de
creased red cell survival characterize the red cells of animals kept on fat free 
diet [32, 35]. These data correspond well with the shorter life-span of foetal 
erythrocytes [36] differing in their lipid structure and non-electrolyte permeability 
from their adult counterparts.

The membrane component responsible for the slower penetration of glycerol 
and thiourea in these cases is not yet known. On the basis of changes in the non
electrolyte permeability of red blood cells exposed to lipase [37] and considering 
the species differences in erythrocyte permeability connected with the lipid compo
sition [38, 39], it was concluded that membrane lipids might be important deter
minants of permeability. In spite of these, a close correlation could not be detected 
between fatty acid distribution, phospholipid composition, and non-electrolyte 
permeability [35, 40].

To obtain a many-sided approach to the problem, further functional and 
structural characteristics were studied. The activity of AchE, which is known 
to be a membrane-bound enzyme, was determined. The significantly lower AchE 
activity of foetal cells was in good agreement with the results of Kaplan et al. [41] 
and referred again to their shorter life-span. The higher G6PD activity observed 
is considered to be characteristic of young red blood cell population [42], although 
it may have also resulted from an irregularity of the stromal NADPase-inhib- 
itor [43],
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There are a few data concerning the other membrane components. Since 
the first description of isolated structural proteins of biomembranes a great deal 
of work has been done to characterize their structure and function [44 — 49], 
Membranes can maintain their integrity after the removal of a major portion 
of their lipid. The structural proteins appear to be key elements in the regulation 
of enzyme activities and protein synthesis. Actually only a few methods for prepa
ration and electrophoretic characterization of red cell membrane proteins have 
been published [50, 51, 52] and a new model of the protein conformation in cellular 
membranes has been proposed [53].

The mucoid components determining the surface charge of erythrocytes 
were studied by microelectrophoresis. In agreement with literary data [54] dif
ferences in mobility between adult and foetal erythrocytes were observed. This 
argues again for the immaturity of the membrane of foetal red blood cells, because 
it is well known that cells lose the negative excess charge of the surface during 
maturation. Since the charge distribution of the surface is an important factor 
of the membrane, it might influence certain functional behaviour of the cell.

The above characteristics of foetal erythrocyte membranes permit their 
cytological differentiation from adult ones, based on their different resistance to 
urea [16]. AchE is an integral part of the red cell membrane. Decrease of its 
original activity can serve as a convenient parameter for investigations of the 
effects of chemical treatment on intact red blood cells and their respective ghosts. 
A gradual decrease of AchE activity was observed by Lauf and Poulik [55] when 
erythrocytes or ghosts were treated with urea in concentration less than 4 M. 
A complete inactivation of AchE occurred when the urea molarity was raised from 
4 to 8 M. The 4 M urea concentration proved to be very suitable for the differenti
ation of the structurally differing foetal and adult erythrocytes. The results obtained 
by the urea treatment were in good agreement with the results of the acid elution 
method in cases of erythrocytes produced during foetal life. The overestimation 
of the number of cells containing foetal haemoglobin in cases of haemolytic 
anaemia, determined by the acid elution method [15], might have been due to the 
discussed similarities of foetal membranes to those produced under increased 
erythropoietic activity. Owing to the intensive action of urea on membranes, the 
number of overestimated cells is less if this agent is used for the cytological differen
tiation of adult and foetal erythrocytes.

By comparing normal adult erythrocytes with foetal ones it can be shown 
that most of the investigated characteristics are divergent. Apart from those 
discussed above, there are differences in their ultrastructure [56], size [57], mechan
ical [58] and osmotic fragility [59]; heat [60] and acid-resistance [61] as well.

The basic functional characteristic of foetal erythrocytes, their greater 
affinity to 0 2, cannot be explained by the properties of Hb-F. It does not exist in 
solutions of Hb-F, or in erythrocytes of adults with hereditary persistence of 
Hb-F [62]. This fact draws attention to differences in the cellular organization of 
erythrocytes containing Hb-F. The structure of Hb-F is the same in erythrocytes 
of different origin, while their metabolic activities and presumably their membranes
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are different. Since in connection with the affinity to 0.2 the metabolic state of 
the cell is negligible [62], it might be the membrane structure which influences 
this behaviour.

Effects of the membrane on the affinity to 0 2 of Hb-A was demonstrated 
by Horejsi and Komarková [63]. On the other hand, Benesch and Benesch suggested 
that certain organic phosphate compounds might induce allosteric modifications 
in the haemoglobin structure which result in changes of its affinity to 0 2 [64]. 
As discussed previously [17], the haemoglobin and the membrane might mould 
each other’s structure. Results presented in this paper support this assumption. 
On the basis of the revealed differences a specific phospholipid-protein interaction 
is suggested which may have a considerable influence on the allosteric properties 
of haemoglobin. This may even explain the higher affinity to 0 2 of erythrocytes 
produced during foetal life.
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Seven cases of methaemoglobinaemia due to failure of the reducing systems of 
erythrocytes have been observed; six of them belonged to the same family. The erythro
cytes of three siblings failed to utilize glucose as well as lactate for reduction of methae- 
moglobin. This suggested, in addition to cytochemical findings, a simultaneous defi
ciency or inactivation of both methaemogiobin reducing specific enzymatic systems. 
Other members of the family showed a deficiency of one of these systems. The presence 
of non-oxidized haemoglobin in cases of probable failure of both reducing systems is a 
proof of the important role of the structure of the haemoglobin molecule in the in
activation of oxidizing factors. On the other hand, failure of the methaemogiobin re
ducing systems seems to lead to grave functional disturbances, as shown by its frequent 
association with mental deficiency. In one case psychological testing revealed a long
standing mental retardation.

G i b s o n  [3 ]  in  1948  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  t w o  i n d e p e n d e n t  m e t h a e 

m o g i o b i n  r e d u c i n g  e n z y m a t i c  s y s t e m s  i n  t h e  h u m a n  e r y t h r o c y t e .  T h e  f i r s t  o f  

t h e s e  m e t h a e m o g i o b i n  r e d u c t a s e s  ( c a l l e d  f o r m e r l y  d i a p h o r a s e )  l i n k e d  t o  N A D H »  

a n d  u t i l i z i n g  d i r e c t l y  l a c t a t e  a s  h y d r o g e n  d o n o r  w a s  i s o l a t e d  a n d  o b t a i n e d  in  

p u r e  f o r m  i n  1 9 6 2  [1 3 ] .  T h e  s e c o n d  r e d u c t a s e  l i n k e d  t o  N A D P f T  a n d  u t i l i z i n g  

g l u c o s e  ( o r  r a t h e r  i t s  6 - p h o s p h a t e  e s t e r )  a s  h y d r o g e n  d o n o r  w a s  p u r i f i e d  a  y e a r  

l a t e r  [1 4 ] .

U n d e r  p h y s i o l o g i c a l  c o n d i t i o n s  r e d u c t i o n  o f  m e t h a e m o g i o b i n  in  t h e  e r y t h 

r o c y t e  t a k e s  p l a c e  m a i n l y  t h r o u g h  t h e  a c t i o n  o f  t h e  N A D P U - d e p e n d e n t  r e d u c t a s e ,  

w h i l e  t h e  N A D P P U - d e p e n d e n t  o n e  r e m a i n s  a  r e s e r v e  s y s t e m ,  a l t h o u g h  r e c e n t l y  

i t  h a s  b e e n  s h o w n  [6 ]  t h a t  g l u t a t h i o n e  c a n  a l s o  b e  t h e  r e s e r v e  s y s t e m  in  c a s e s  

o f  f a i l u r e  o f  t h e  N A D P U - d e p e n d e n t  r e d u c t a s e .  D e f i c i e n c y  o f  o n e  o f  t h e s e  m e t 

h a e m o g i o b i n  r e d u c i n g  s y s t e m s  is  c o n g e n i t a l  a n d  i t  is  i n h e r i t e d  a s  a  r e c e s s i v e  a u t o 

s o m a l  c h a r a c t e r .  T h e  r e s u l t  o f  t h i s  d e f i c i e n c y  is  m e t h a e m o g l o b i n a e m i a  w i t h  

c y a n o s i s  a s  t h e  p r e s e n t i n g  s y m p t o m .  G  l u t a t h i o n e  d e f i c i e n c y  l e d  t o  m e t h a e m o g l o b i n 

a e m i a  in  o n l y  s o m e  o f  t h e  r e p o r t e d  c a s e s  [1 2 ,  18],

T h e  c l o s e  a s s o c i a t i o n  o f  t h e  m e t h a e m o g i o b i n  r e d u c i n g  s y s t e m s  w i t h  t h e  

m e t a b o l i c  p a t h w a y  o f  g l u c o s e  is  t h e  c a u s e  w h y  h a e m o g l o b i n a e m i a  m a y  

d e v e l o p  in  r e s p o n s e  t o  n o n - s p e c i f i c  c a u s e s ;  t h e  n o s o l o g i c a l  s y n d r o m e s  o b s e r v e d  

t h e n  m a y  b e  p a r t l y  d i f f e r e n t .  B e c a u s e  o f  t h i s  w e  t h o u g h t  i t  w o r t h w h i l e  t o  r e p o r t  

s e v e r a l  c a s e s  o b s e r v e d  b y  u s .  T h r e e  o f  t h e m  s e e m  t o  h a v e  b e e n  c a u s e d  b y  a  s i m u l t a 

n e o u s  f a i l u r e  o f  b o t h  m e t h a e m o g i o b i n  r e d u c t a s e  s y s t e m s .
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Methods

B l o o d  m e t h a e m o g l o b i n  l e v e l  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  o f  E v e l y n  a n d  

M a l l o y  [3 ] .  B l o o d  h a e m o g l o b i n  w a s  e s t i m a t e d  a s  c y a n m e t h a e m o g l o b i n  [2 ] .  

A c t i v i t y  o f  t h e  m e t h a e m o g l o b i n  r e d u c t a s e  s y s t e m s  w a s  m e a s u r e d  b y  t h e  m o d i f i e d  

m e t h o d  o f  P i s c i o t t a  e t  a l .  [ 11 ] a n d  B e t k e  e t  a l .  [ U -  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  

in  a  p r e v i o u s  p a p e r  [1 0 ]  e x c e p t  f o r  u s i n g  5 0  m M  s o d i u m  n i t r i t e  i n s t e a d  o f  5 m M .  

T h e  p r e s e n c e  o f  m e t h a e m o g l o b i n  in  e r y t h r o c y t e s  w a s  d e t e c t e d  b y  t h e  m e t h o d  o f  

K l e i h a u e r  [ 7 ] ,  F o e t a l  h a e m o g l o b i n  w a s  d e t e r m i n e d  b y  o n e - m i n u t e  a l k a l i n e  d é n a 

t u r a t i o n  [1 5 ] .  G l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  a c t i v i t y  in  t h e  e r y t h r o c y t e s  w a s  

m e a s u r e d  b y  t h e  m e t h o d  o f  Z i n k h a m  [1 9 ]  a n d  g l u t a t h i o n e  s t a b i l i t y  w a s  t e s t e d  

a c c o r d i n g  t o  t h e  m e t h o d  o f  S z e i n b e r g  e t  a l .  [ 1 7 ]  i n  t h e  p r e s e n c e  o f  g l u c o s e .

Case Reports and Results of Investigations

Case 1. A  m a l e  p a t i e n t  a g e d  3 8  y e a r s  w a s  a d m i t t e d  b e c a u s e  o f  e a s y  f a t i g a 

b i l i t y  a n d  d y s p n o e a  o f  e f f o r t ,  t h o u g h t  p r e v i o u s l y  t o  b e  d u e  t o  s t e n o s i s  o f  t h e  

p u l m o n a r y  a r t e r y .  T h e  c y a n o t i c  h u e  w a s  n o t  l i m i t e d  t o  t h e  f a c e  b u t  i n v o l v e d  a l s o  

t h e  e a r  l o b e s ,  t h e  o r a l  m u c o s a  a n d  t h e  d i s t a l  p a r t s  o f  t h e  e x t r e m i t i e s .  A  s y s t o l i c  

m u r m u r  w a s  h e a r d  o v e r  t h e  c a r d i a c  a r e a ,  l o u d e s t  o v e r  t h e  p u l m o n a r y  a r t e r y  a n d  

a t  t h e  p o i n t  o f  E r b .  X - r a y s  o f  t h e  l u n g s  a n d  h e a r t ,  E C G ,  p h o n o c a r d i o g r a p h y ,  

s p i r o m e t r y ,  a n  e x a m i n a t i o n  i n v o l v i n g  t h e  u s e  o f  C a r d i o g r e e n  t o  e x c l u d e  i n t e r a t r i a l  

o r  i n t e r v e n t r i c u l a r  s h u n t ,  w e r e  w i t h i n  n o r m a l  l i m i t s .  E r y t h r o c y t o s i s  w a s  f o u n d  

i n  p e r i p h e r a l  b l o o d  ( h a e m o g l o b i n  v a l u e s  r e a c h i n g  18 .3  g  p e r  1 0 0  m l ) ;  t h e r e  w e r e  

3 5 . 2 %  e r y t h r o b l a s t s  i n  t h e  b o n e  m a r r o w .  T h e  m e t h a e m o g l o b i n  l e v e l  w a s  5 g  p e r  

100  m l  a t  a d m i s s i o n  a n d  10 g  p e r  1 0 0  m l  l a t e r  ( p r o b a b l y  a s  a  r e s u l t  o f  t h e  d i e t  

l o w  in  v i t a m i n  C ) .  E l e c t r o p h o r e s i s  o f  t h e  h a e m o g l o b i n  [1 6 ]  a n d  t h e  a b s o r p t i o n  

s p e c t r u m  o f  a c i d  m e t h a e m o g l o b i n  s h o w e d  n o  a b n o r m a l  h a e m o g l o b i n s .  T h e  c o n t e n t  

o f  f o e t a l  h a e m o g l o b i n  w a s  1 . 4 % .  G l u t a t h i o n e  s t a b i l i t y  a n d  g l u c o s e - 6 - p h o s p h a t e  

d e h y d r o g e n a s e  a c t i v i t y  o f  t h e  e r y t h r o c y t e s  w e r e  n o r m a l .  T h e  e r y t h r o c y t e s  r e p e a t -

Per cen t  o f  methaemo-
Erythrocytes globin  after 5 hours

in glucose in lactate

Control 46 47
Case 1 86 87
Case 2 64 65
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Table 1

Reduction of methaemoglobin by erythrocytes 
after 5 hours incubation with lactate or glucose, 
expressed in per cents of the initial amount of 

methaemoglobin
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e d l y  f a i l e d  t o  r e d u c e  m e t h a e m o g l o b i n  ( p r o d u c e d  b y  s o d i u m  n i t r i t e )  i n  t h e  p r e s e n c e  

o f  l a c t a t e  o r  g l u c o s e  ( T a b l e  1).  M e t h y l e n e  b l u e  (1 m g  p e r  1 k g  o f  b o d y  w e i g h t  

w i t h  a n d  w i t h o u t  v i t a m i n  C )  a d m i n i s t e r e d  t w i c e  i n t r a v e n o u s l y  l o w e r e d  t h e  m e t 

h a e m o g l o b i n  le v e l  ( F i g .  1).

Fig. 1. Case ]. Effect of methylene blue and ascorbic acid on 
methaemoglobin content in blood cf Case I

E x a m i n a t i o n  o f  t h e  p a t i e n t ’s f a m i l y  r e v e a l e d  s i m i l a r  d i s t u r b a n c e s  o f  m e t 

h a e m o g l o b i n  r e d u c t i o n  i n  t w o  o f  t h e  p a t i e n t ’s s i b l i n g s .  T h e  e r y t h r o c y t e s  o f  t h r e e  

o t h e r  m e m b e r s  o f  t h i s  f a m i l y  s h o w e d  n o  a b i l i t y  t o  u t i l i z e  l a c t a t e  a s  a  s o u r c e  o f  

h y d r o g e n  f o r  t h e  r e d u c t i o n  o f  m e t h a e m o g l o b i n ,  a l t h o u g h  in  t h e  p r e s e n c e  o f  g l u c o s e  

t h e y  r e d u c e d  m e t h a e m o g l o b i n  n o r m a l l y  ( F i g .  2) .

Case 2. A  g i r l  a g e d  15 y e a r s  w a s  a d m i t t e d  t o  t h e  S e c o n d  D e p a r t m e n t  o f  

C l i n i c a l  M e d i c i n e ,  P o m e r a n i a n  M e d i c a l  S c h o o l ,  w i t h  t h e  d i a g n o s i s  o f  m e t h a e m o 

g l o b i n a e m i a .  H e r  c o m p l a i n t s  i n c l u d e d  e a s y  f a t i g a b i l i t y ,  p e r i o d i c a l  h e a d a c h e s  a n d

Fig. 2. Case 1. Family tree
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Fig. 3. Blood smears stained by Kleihauer’s method, (a) erythrocytes in Case 1 ; (b) 1 : 1 
mixture of normal erythrocytes and erythrocytes containing 100% methaemoglobin; (c) 1 : 1 

mixture of normal and patients’ (Case I) erythrocytes

H aem ato lo g ia  4. 1967
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e p i s o d e s  o f  p a l p i t a t i o n  a n d  c a r d i a c  p a i n .  T h e  l i p s ,  c h e e k s ,  e a r  l o b e s  a n d  f i n g e r t i p s  

w e r e  m o d e r a t e l y  c y a n o s e d .  C h e s t  X - r a y s ,  E C G ,  p h o n o c a r d i o g r a m ,  s p i r o m e t r y  

y i e l d e d  n o r m a l  f i n d i n g s .  T h e  b l o o d  m e t h a e m o g l o b i n  le v e l  r a n g e d  f r o m  2 .1  t o  

3 .0  g  p e r  1 0 0  m l .  T h e  b l o o d  h a e m o g l o b i n  le v e l  w a s  1 3 — 14 g  p e r  1 0 0  m l .  E r y t h 

r o b l a s t i c  a c t i v i t y  in  t h e  b o n e  m a r r o w  w a s  n o r m a l .  S t a r c h  g e l  e l e c t r o p h o r e s i s  o f  

h a e m o g l o b i n  d i d  n o t  r e v e a l  a b n o r m a l  c o m p o n e n t s .  F o e t a l  h a e m o g l o b i n  a m o u n t e d  

t o  0 . 4 % .  T h e  a b s o r p t i o n  s p e c t r u m  o f  a c i d  m e t h a e m o g l o b i n  w a s  n o r m a l .  T h e  

e r y t h r o c y t e s  s h o w e d  a  d e c r e a s e d  m e t h a e m o g l o b i n  r e d u c t i o n  i n  t h e  p r e s e n c e  o f  

l a c t a t e  o r  g l u c o s e  ( T a b l e  1), b u t  t h e  r e s u l t s  o b t a i n e d  in  t h r e e  c o n s e c u t i v e  d e t e r 

m i n a t i o n s  v a r i e d  o v e r  a  w i d e  r a n g e .  N o  c y a n o s i s  w a s  o b s e r v e d  in  t h e  m o t h e r ,  

t h e  f a t h e r  a n d  t w o  b r o t h e r s  o f  t h e  p a t i e n t .

I n  b o t h  c a s e s  b l o o d  f i lm s  w e r e  e x a m i n e d  in  o r d e r  t o  d e t e r m i n e  t h e  d i s t r i b u 

t i o n  o f  m e t h a e m o g l o b i n  i n  t h e  e r y t h r o c y t e  p o p u l a t i o n .  T h e  m e t h o d  o f  K l e i h a u e r  

[7 ]  w a s  n o t  s u f f i c i e n t l y  s e n s i t i v e  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  m e t h a e m o g l o b i n  

in  a n y  o f  t h e  p a t i e n t s ,  e v e n  w h e n  t h e  b l o o d  m e t h a e m o g l o b i n  lev e l  ( C a s e  1) a m o u n t 

e d  t o  1 8 %  o f  a l l  h a e m o g l o b i n  ( F i g .  3 a ) .  A n  a r t i f i c i a l  m i x t u r e  o f  5 0 %  n o r m a l  

e r y t h r o c y t e s  w i t h  5 0 %  e r y t h r o c y t e s  e x p o s e d  p r e v i o u s l y  t o  s o d i u m  n i t r i t e  s h o w e d  

t h e  p r e s e n c e  o f  t w o  t y p e s  o f  ce l l s ,  o n e  t y p e  c o n t a i n i n g  o x y h a e m o g l o b i n ,  t h e  o t h e r  

m e t h a e m o g l o b i n  ( F i g .  3 b ) .  T h e  c o n t e n t  o f  m e t h a e m o g l o b i n  i n  t h e  e r y t h r o c y t e s  

o f  t h e  p a t i e n t s  w a s  t o o  s m a l l  t o  b e  d e m o n s t r a t e d  b y  t h i s  m e t h o d  e v e n  w h e n  w e  

s t a i n e d  a  1 : 1 m i x t u r e  o f  n o r m a l  e r y t h r o c y t e s  a n d  o f  t h e  p a t i e n t ’s e r y t h r o c y t e s  

( F i g .  3 c ) .

Discussion

T h e  p r e s e n c e  in  t h e  h u m a n  e r y t h r o c y t e s  o f  i n d e p e n d e n t  e n z y m a t i c  s y s t e m s  

c a p a b l e  o f  c h a n g i n g  m e t h a e m o g l o b i n  i n t o  i t s  f u n c t i o n a l l y  a c t i v e  d e r i v a t i v e  p r o v i d e s  

a  c o n s i d e r a b l e  p r o t e c t i o n  o f  h a e m o g l o b i n  a g a i n s t  t h e  a c t i o n  o f  o x i d a t i v e  f a c t o r s .  

M o r e  o r  l e s s  p r o n o u n c e d  m e t h a e m o g l o b i n a e m i a  r e s u l t s  f r o m  f a i l u r e  o f  o n e  o f  

t h e s e  r e d u c i n g  s y s t e m s .  T h e  g r e a t e r  p a r t  o f  m e t h a e m o g l o b i n  r e m a i n s ,  h o w e v e r ,  

in  t h e  a c t i v e  f o r m ,  w h i c h  d e p e n d s  o n  t h e  u n d i s t u r b e d  f u n c t i o n  o f  t h e  r e m a i n i n g  

m e t h a e m o g l o b i n  r e d u c i n g  s y s t e m s .  N u m e r o u s  e x a m p l e s  o f  c o n g e n i t a l  m e t h a e m o 

g l o b i n a e m i a  r e s u l t i n g  f r o m  f a i l u r e  o f  o n e  o f  t h e  m e t h a e m o g l o b i n  r e d u c t a s e  

s y s t e m s  h a v e  b e e n  d e s c r i b e d .  T h e  b l o o d  m e t h a e m o g l o b i n  le v e l  in  c a s e s  o f  N A D F F -  

d e p e n d e n t  r e d u c t a s e  d e f i c i e n c y  r e a c h e d  4 0 %  a n d  in  c a s e s  o f  N A D P H 2- d e p e n d e n t  

r e d u c t a s e  d e f i c i e n c y  [9 , 10 , 12] i t  a p p r o a c h e d  1 0 %  o f  a l l  h a e m o g l o b i n .  D e t e r 

m i n a t i o n s  o f  t h e  a c t i v i t y  o f  m e t h a e m o g l o b i n  r e d u c i n g  s y s t e m s  s h o w e d  i n  t h e  

c a s e s  o f  N A D F L - d e p e n d e n t  r e d u c t a s e  d e f i c i e n c y  a n  i n a b i l i t y  o f  t h e  e r y t h r o c y t e s  

t o  u t i l i z e  a s  d i r e c t  h y d r o g e n  d o n o r s  l a c t a t e  — a n d  i n  s o m e  c a s e s  a l s o  g l u c o s e .  

I n  t h e  c a s e  r e p o r t e d  b y  M ü l l e r  e t  a l .  [ 1 0 ]  r e d u c t i o n  o f  m e t h a e m o g l o b i n  o c c u r r e d  

o n l y  i n  t h e  p r e s e n c e  o f  l a c t a t e  a n d  t h e  a u t h o r s  e x p l a i n e d  t h i s  p h e n o m e n o n  a s  

a  s e l e c t i v e  d e f i c i e n c y  o f  N A D P F F - d e p e n d e n t  r e d u c t a s e .  I n  o u r  p a t i e n t  ( C a s e  1) 

a n d  i n  h i s  t w o  s i b l i n g s  t h e  e r y t h r o c y t e s  f a i l e d  t o  u t i l i z e  g l u c o s e  a s  w e l l  a s  l a c t a t e  

a s  h y d r o g e n  d o n o r s  f o r  m e t h a e m o g l o b i n  r e d u c t i o n .  T h i s  s u g g e s t e d  a  s i m u l t a n e o u s
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d e f i c i e n c y  o f  b o t h  r e d u c i n g  e n z y m e s  a n d  m a y  e x p l a i n  t h e  h i g h  m e t h a e m o g l o b i n  

l e v e i  ( 5 4 % )  i n  t h i s  c a s e .

C y t o c h e m i c a l  i n v e s t i g a t i o n s  f a i l e d  t o  s h o w  n o n - s t a i n e d  e r y t h r o c y t e  p o p u l a 

t i o n s  i n  i s o l a t e d  N A D H 2- d e p e n d e n t  r e d u c t a s e  d e f i c i e n c y .  T h e  a c t i v i t y  o f  t h e  r e m a i n 

i n g  m e t h a e m o g l o b i n  r e d u c i n g  s y s t e m s  t h e n  d e p e n d s  o n  g l u c o s e - 6 - p h o s p h a t e  

d e h y d r o g e n a s e ,  a c t i v i t y  o f  w h i c h  e n z y m e  d e c r e a s e s  w i t h  t h e  a g e i n g  o f  e r y t h r o 

c y t e s  [6 ] .  I n  t h e s e  c a s e s  t h e  p o p u l a t i o n  o f  “ o l d ”  e r y t h r o c y t e s  c o n t a i n e d  c o n s i d e r 

a b l e  a m o u n t s  o f  m e t h a e m o g l o b i n  a n d  t h e s e  e r y t h r o c y t e s  u n d e r w e n t  e l u t i o n  in  

t h e  c o u r s e  o f  K l e i h a u e r ’s s t a i n i n g  m e t h o d .  T h e  l a c k  o f  n o n - s t a i n e d  e r y t h r o c y t e s  

m a y  s u g g e s t  t h e  f o l l o w i n g  e n z y m a t i c  d i s t u r b a n c e s  i n  t h e s e  t y p e s  o f  m e t h a e m o 

g l o b i n a e m i a :  a  d i s t u r b a n c e  o f  t h e  e n z y m a t i c  s y s t e m  d e p e n d i n g  o n  t h e  a c t i v i t y  o f  

g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  a n  e n z y m a t i c  b l o c k  in  t h e  m e t a b o l i c  p a t h w a y  

o f  g l u c o s e ,  a n d  a  f a i l u r e  o f  b o t h  m e t h a e m o g l o b i n  r e d u c t a s e  s y s t e m s .  T h e  

f i r s t  p o s s i b i l i t y  c a n  b e  e x c l u d e d  o n  t h e  b a s i s  o f  t h e  r e s u l t s  o f  o t h e r  i n v e s t i g a t i o n s .  

A s  t o  t h e  s e c o n d  p o s s i b i l i t y  t h e r e  a r e  n o  e x p e r i m e n t a l  d a t a  a v a i l a b l e  t o  s u p p o r t  it . 

T h e  c y t o c h e m i c a l  r e s u l t s  t h u s  a r e  s u g g e s t i v e  o f  a  f a i l u r e  o f  b o t h  m e t h a e m o g l o b i n  

r e d u c t a s e  s y s t e m s .  T h e  c y t o c h e m i c a l  a b n o r m a l i t i e s  i n  t h e s e  c a s e s  o f  m e t h a e m o 

g l o b i n a e m i a  s h o w e d  a t  t h e  s a m e  t i m e  a  u n i f o r m  d i s t r i b u t i o n  o f  m e t h a e m o g l o b i n  

i n  t h e  w h o l e  e r y t h r o c y t e  p o p u l a t i o n .

In  t h e  l i t e r a t u r e  c o n c e r n i n g  c o n g e n i t a l  m e t h a e m o g l o b i n a e m i a  d e p e n d i n g  

o n  a  f a i l u r e  o f  t h e  e n z y m a t i c  r e d u c i n g  s y s t e m s ,  c a s e s  h a v e  b e e n  r e p o r t e d  d i s p l a y i n g  

a n  a b s e n c e  o f  o n e  o f  t h e  t w o  e n z y m a t i c  s y s t e m s ,  a n d  o t h e r  c a s e s  w i t h  a n  a b s e n c e  

o f  t h e N A D f T - d e p e n d e n t  r e d u c t a s e  w i t h  s i m u l t a n e o u s  d e c r e a s e  o f  g l u t a t h i o n e  [1 2 ] ,  
O n l y  L a m y  e t  a l .  [8 ]  r e p o r t e d  a  c a s e  w i t h  a  m e t a b o l i c  d e f e c t  r e s e m b l i n g  t h e  o n e  

o b s e r v e d  i n  o u r  C a s e  1. H o w e v e r ,  d e s p i t e  a  s e e m i n g l y  p r o f o u n d  m e t a b o l i c  d i s t u r 

b a n c e  a l m o s t  h a l f  o f  t h e  h a e m o g l o b i n  r e m a i n e d  i n  t h e  r e d u c e d  f r o m .  T h i s  s h o w s  

t h a t  t h e  s p e c i f i c  s t r u c t u r e  o f  t h e  h a e m o g l o b i n  m o l e c u l e  is  o n e  o f  t h e  m o s t  i m p o r t a n t  

f a c t o r s  k e e p i n g  t h e  i r o n  o f  t h e  h a e m o g l o b i n  in  t h e  b i v a l e n t  s t a t e .  T h e  n o n - e n z y m a t i c  

s u b s t a n c e s  p r e s e n t  i n  t h e  e r y t h r o c y t e  r e d u c e d  g l u t a t h i o n e ,  i n  t h e  f i r s t  p l a c e  a n d  

t o  s o m e  e x t e n t  a s c o r b i c  a c i d  a n d  s u l p h h y d r y l  c o m p o u n d s  l i k e  c y s t e i n e  a n d  e r g o -  

t h i o n e i n e ,  m a y  a l s o  p r e v e n t  o x i d a t i o n  o f  c e r t a i n  a m o u n t s  o f  h a e m o g l o b i n .  O n  t h e  

o t h e r  h a n d ,  a  m e t h a e m o g l o b i n  r e d u c t a s e  d e f i c i e n c y  c a u s e s  g r a v e r  f u n c t i o n a l  

d i s t u r b a n c e s  t h a n  a n  i s o l a t e d  m e t h a e m o g l o b i n a e m i a .  T h i s  is  i n d i c a t e d  b y  t h e  

f r e q u e n t  o c c u r r e n c e  o f  m e n t a l  r e t a r d a t i o n  i n  c a s e s  o f  m e t h a e m o g l o b i n a e m i a  

a s s o c i a t e d  w i t h  f a i l u r e  o f  t h e  r e d u c i n g  s y s t e m s ,  a n d  n o r m a l  m e n t a l  d e v e l o p m e n t  

i n  c a s e s  o f  m e t h a e m o g l o b i n a e m i a  d u e  t o  p r e s e n c e  o f  h a e m o g l o b i n  M .  S i n c e  1 9 6 0 ,  

e l e v e n  p a t i e n t s  b e l o n g i n g  t o  7  f a m i l i e s  h a v e  b e e n  d e s c r i b e d  o f  c o n g e n i t a l m e t h a e m o -  

g l o b i n a e m i a  a s s o c i a t e d  w i t h  m e n t a l  r e t a r d a t i o n  a n d  w i t h  n o n - c h a r a c t e r i s t i c  

n e u r o l o g i c a l  d i s t u r b a n c e s  i n  s o m e  c a s e s .

O u r  p a t i e n t s  d i s p l a y e d  n o  n e u r o l o g i c a l  a b n o r m a l i t y .  I n C a s e  1, p s y c h o l o g i c a l  

e x a m i n a t i o n  s h o w e d  m e n t a l  r e t a r d a t i o n  w i t h  a n  I . Q  o f  7 5  a c c o r d i n g  t o  W e c h s l e r .  

H o w e v e r ,  t h i s  t e s t  f a i l e d  t o  s h o w  a n y  e v i d e n c e  o f  i n t e l l e c t u a l  d e g r a d a t i o n ,  w h i c h  

s u g g e s t s  t h a t  t h e  m e n t a l  d e f e c t  w a s  a  l o n g - s t a n d i n g  o n e ,  p r o b a b l y  b e g i n n i n g  in  

e a r l y  c h i l d h o o d .

H aem ato log ia  4, 1967



Rechowicz et a i: Methaemoglobinaemia A ll

A s  t o  t h e  c a u s e  o f  t h e  a s s o c i a t i o n  o f  m e n t a l  r e t a r d a t i o n  w i t h  m e t h a e m o g l o 

b i n a e m i a  d u e  t o  m e t h a e m o g l o b i n  r e d u c t a s e  d e f i c i e n c y  h y p o t h e t i c a l  s p e c u l a t i o n s  

h a v e  o n l y  b e e n  o f f e r e d  [4 ] ,  I t  s e e m s ,  h o w e v e r ,  t o  b e  c e r t a i n  t h a t  t h e  m a i n  c a u s e  

o f  t h e  m e n t a l  d e f e c t  i s  n o t  a  c h r o n i c  h y p o x i a  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .  I t  

i s  e v i d e n t l y  a  c o n t r i b u t i n g  f a c t o r  a n d  s h o u l d  b e  t r e a t e d  e a r l y  w i t h  m e t h y l e n e  

b l u e ,  v i t a m i n  C ,  a n d  s i m i l a r  d r u g s .
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Differentiation and Maturation of Haemopoietic 
Stem Cells in Spleen Colonies
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Quantitative and qualitative composition of colonies arising in the spleen of 
BALB/c mice irradiated with 750 R 6"Co and given 10’ bone marrow cells were studied. 
Colonies dissected from the spleen were studied in smears. This method allowed a 
finer differentiation than the conventional histological processing, and yielded values 
for the qualitative composition of colonies which were different from those reported in 
the literature in that 63% erythroid, 10.1% granuloid and 26.9 % mixed colonies were 
found. The maturation degree of colonies arising from the same bone marrow pool 
and studied at the same date ranged between wide limits.

S e v e r a l  m e t h o d s  h a v e  b e e n  d e v e l o p e d  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  

o f  h a e m o p o i e t i c  s t e m  c e l l s .  T h e  m e t h o d s  o f  G u r n e y  [5 ] ,  H o d g s o n  [6 ]  a n d  B l a c k e t t  

[2 ]  m e a s u r i n g  t h e  t o t a l  a m o u n t  o f  t h e  s t e m  c e l l  c o m p a r t m e n t  b y  t h e  i n c o r p o r a t e d  

o9F e  a r e  s u i t a b l e  t o  d e t e r m i n e  o n l y  s t e m  c e l l s  d i f f e r e n t i a t e d  i n t o  e r y t h r o n .

P r o v i d e d  t h e  c e l l s  f o r m i n g  c o l o n i e s  in  t h e  s p l e e n  a r e  i d e n t i c a l  w i t h  h a e m o p o i 

e t i c  s t e m  c e l l s ,  t h e  m e t h o d  d e v e l o p e d  b y  T i l l  a n d  M c C u l l o c h  [ 1 2 ]  m a k e s  i t  p o s s i b l e  

t o  c o u n t  s t e m  c e l l s  d i f f e r e n t i a t e d  i n t o  a n y  d i r e c t i o n .

A s  a  r u l e ,  t h i s  m e t h o d  i s  u s e d  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  s t e m  

c e l l s .  H o w e v e r ,  t h e  r e c o g n i t i o n  t h a t  e a c h  c o l o n y  o r i g i n a t e s  f r o m  a  s i n g l e  l o d g e d  

s t e m  c e l l  a n d  i s  t h u s  a  c l o n e ,  r e n d e r s  t h e  m e t h o d  m o s t  s u i t a b l e  f o r  t h e  s t u d y  o f  

f a c t o r s  a c t i n g  u p o n  t h e  l o d g i n g  a n d  d i f f e r e n t i a t i o n  o f  s t e m  c e l l s .  M o s t  a u t h o r s  

u s i n g  t h e  m e t h o d  h a v e  c o n t e n t e d  t h e m s e l v e s  w i t h  c o u n t i n g  t h e  c o l o n i e s  o n l y ;  

o n l y  a  f e w  h a v e  s t u d i e d  t h e  q u a l i t a t i v e  d i s t r i b u t i o n  o f  t h e  c o l o n i e s ,  p r o b a b l y  

o w i n g  t o  t h e  f a c t  t h a t  a c c o r d i n g  t o  t h e  o r i g i n a l  d e s c r i p t i o n  [ 1 2 ] ,  t h o u g h  t h e  c o l o 

n i e s  a r e  e a s i l y  d i s t i n g u i s h e d  f r o m  s p l e n i c  t i s s u e  i n  a n y  h i s t o l o g i c a l  s e c t i o n ,  t h e  

d i f f e r e n t  c e l l  t y p e s ,  e s p e c i a l l y  t h e  i m m a t u r e  f o r m s ,  a r e  d i f f i c u l t  t o  r e c o g n i z e .

O u r  e x p e r i m e n t s  w e r e  d e s i g n e d  t o  s t u d y  t h e  a c t i o n  o f  h u m o r a l  f a c t o r s  o n  

t h e  l o d g i n g  a n d  d i f f e r e n t i a t i o n  o f  s t e m  c e l l s .  W e ,  t h e r e f o r e ,  n e e d e d  a  m e t h o d  

t h a t ,  in  a d d i t i o n  t o  c o u n t i n g  t h e  c o l o n i e s ,  w o u l d  a l l o w  a  d e t a i l e d  a n a l y s i s  o f  t h e i r  

q u a l i t a t i v e  d i s t r i b u t i o n .  T o  s a t i s f y  t h e s e  r e q u i r e m e n t s ,  w e  h a v e  d e v e l o p e d  a n  

a l t e r n a t i v e  o f  T i l l  — M c C u l l o c h ’s m e t h o d .
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Materials and Methods

A  t o t a l  o f  121 m a l e  a n d  f e m a l e  i n b r e d  m i c e  8 — 12 w e e k s  o l d ,  w e i g h i n g  

18 — 2 5  g ,  o f  t h e  s t r a i n  B A L B / c  w a s  u s e d .  T h e  a n i m a l s  w e r e  i r r a d i a t e d  w i t h  7 5 0  R  

60C o  g a m m a  r a y s  ( d o s e  r a t e ,  1 0 6  R / m i n ) .  F i v e  h o u r s  a f t e r  i r r a d i a t i o n  t h e  a n i m a l s  

w e r e  g i v e n  1 x  10° i s o l o g o u s  b o n e  m a r r o w  c e l l s  i n  0 .3  m l  v o l u m e ,  i n t r a v e n o u s l y .  

B o n e  m a r r o w  c e l l s  w e r e  o b t a i n e d  f r o m  t h e  t h i g h s  o f  i s o l o g o u s  d o n o r s  a n d  s u s 

p e n d e d  i n  s a l i n e .  T h r e e  p a r a l l e l s  w e r e  u s e d  t o  d e t e r m i n e  i n  a  h a e m o c y t o m e t e r  t h e  

n u c l e a t e d  c e l l  c o u n t  in  t h e  s u s p e n s i o n .  T h e  r e q u i r e d  ce ll  c o n c e n t r a t i o n  w a s  a d j u s t e d  

b y  a d d i n g  s a l i n e  a n d  2 0 0  I U / m l  p e n i c i l l i n  w e r e  a d d e d  t o  t h e  s u s p e n s i o n .  T h i s  

w a s  h a n d l e d  s t e r i l e ,  k e p t  i n  t h a w i n g  i c e  a n d  in j e c t e d  t o  t h e  r e c i p i e n t s  w 'i t h i n  3 0  

m i n .  a f t e r  p r e p a r i n g  t h e  s u s p e n s i o n .

T h e  a n i m a l s  w e r e  k e p t  o n  n o r m a l  l a b o r a t o r y  d i e t  w i t h  1 — 2 / t g / m l  o f  Oxy
t e t r a c y c l i n e  i n  t h e i r  d r i n k i n g - w a t e r .

T h e  r e c i p i e n t s  w e r e  a l w a y s  p r o c e s s e d  o n  t h e  1 0 th  d a y  a f t e r  t h e  i n j e c t i o n  o f  

b o n e  m a r r o w  c e l l s .  U p  t o  t h i s  t i m e  a b o u t  4 0  t o  6 0 %  o f  t h e  i r r a d i a t e d  e x p e r i m e n t a l  

a n i m a l s  d i e d  s p o n t a n e o u s l y .

O n  t h e  1 0 th  d a y  t h e  s u r v i v i n g  a n i m a l s  w e r e  k i l l e d  b y  c e r v i c a l  d i s l o c a t i o n .  

T h e i r  s p l e e n  w a s  r e m o v e d  a n d  w e i g h e d .  C o l o n i e s  o n  b o t h  s i d e s  o f  t h e  s p l e e n  

w e r e  c o u n t e d  u n d e r  a  b i n o c u l a r  l u p e ,  f r e e d  f r o m  s p l e n i c  t i s s u e ,  s u s p e n d e d  i n  a  

d r o p  o f  s e r u m  a n d  s m e a r e d  o n  s l i d e s  c o v e r e d  w i t h  c h r o m i u m  g e l a t i n .  A f t e r  

f i x in g  i n  m e t h a n o l  a n d  s t a i n i n g  w i t h  G i e m s a - s o l u t i o n  b u f f e r e d  t o  p H  6 ,  t h e  s l i d e s  

w e r e  s t u d i e d  u n d e r  h i g h  p o w e r .

Experimental

I n  t h e  f i r s t  e x p e r i m e n t  t h e  m e a n  s p l e e n  c o l o n y  c o u n t  f o r  8 g r o u p s  o n  t h e  

1 0 th  d a y  a m o u n t e d  t o  7 . 4 4 4 0 . 5  c o l o n y / s p l e e n .  T h e  s t a n d a r d  e r r o r  o f  t h e  m e a n  

w a s  r a t h e r  h i g h  w i t h i n  t h e  s i n g l e  e x p e r i m e n t a l  g r o u p s  w h i l e  t h e  d i f f e r e n c e  b e t w e e n  

t h e  m e a n s  w a s  s l ig h t .  A f t e r  i r r a d i a t i o n  w i t h  t h e  s a m e  d o s e ,  0 . 7 5  s o - c a l l e d  e n d o g e 

n o u s  c o l o n y  p e r  s p l e e n  h a s  f o r m e d  i n  a n i m a l s  n o t  g i v e n  b o n e  m a r r o w  c e l l s .  T h e  

a v e r a g e  w e i g h t  o f  t h e  s p l e e n  w a s  5 2 .6  4  8 m g  ( T a b l e  1).

S o m e  a u t h o r s  [9 ]  f o u n d  a  s t r i c t  c o r r e l a t i o n  b e t w e e n  s p l e e n  w e i g h t  a n d  

c o l o n y - c o u n t .  A c c o r d i n g l y ,  t h e y  s u g g e s t e d  t h a t  i n s t e a d  o f  t h e  l a b o r i o u s  c o l o n y 

c o u n t i n g ,  w e i g h i n g  o f  t h e  s p l e e n  w o u l d  a l s o  su f f ice .  W e  s t u d i e d  t h i s  c o r r e l a t i o n  

u n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s .  I n d e e d ,  a  s t r i c t  c o r r e l a t i o n  w a s  f o u n d  b e t w e e n  

a v e r a g e  c o l o n y - c o u n t  a n d  a v e r a g e  s p l e e n  w e i g h t .  H o w e v e r ,  w h e n  p l o t t i n g  i n d i v i d u 

a l  v a l u e s  i t  a p p e a r e d  t h a t  t h o u g h  s p l e e n  w e i g h t  is  s u i t a b l e  f o r  i n f o r m a t i v e  s t u d i e s ,  

o w i n g  t o  t h e  h ig h  s t a n d a r d  e r r o r  i t  c a n n o t  r e p l a c e  c o l o n y - c o u n t i n g  i n  i n d i v i d u a l  

c a s e s  ( F i g .  1). T h e  c o r r e l a t i o n  b e t w e e n  c o l o n y - c o u n t  a n d  s p l e e n  w e i g h t  h a s  b e c o m e  

e v e n  m o r e  s l a c k  if, s u b s e q u e n t  t o  b o n e  m a r r o w  t r a n s p l a n t a t i o n ,  t h e  r e c i p i e n t  

m i c e  w e r e  g i v e n  s o m e  f a c t o r  a c t i n g  o n  c o l o n y  f o r m a t i o n .  F i g .  2  d i s p l a y s  t h e  c o r r e 

l a t i o n  b e t w e e n  s p l e e n  w e i g h t  a n d  c o l o n y - c o u n t  in  r e c i p i e n t s  g i v e n  2  C o  IJ  e r y t h r o 

p o i e t i n  o r  0 . 0 6  fig S. typhi e n d o t o x i n  d a i l y .  U p o n  t h e  e f f e c t  o f  t h i s  t r e a t m e n t  t h e
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Table 1

Colony-count in the spleen of mice irradiated with 750 R and injected with 
I05 bone marrow cells

Serial 
N o  o f  
experi 

ment

N u m 
ber o f  

an imal s

Mean colony-  
count

S. E.* M ean  spleen 
weight

S. E.**

1 15 7.00 +  5.35 50.1 +  16.8
2 17 7.53 +  1.52 51.3 +  19.8
3 16 7.32 +  5.85 50.7 +  20.6
4 14 7.57 +  1.40 52.7 +  24.4
5 14 7.96 +  1.62 58.4 +  18.2
6 4 7.75 +  7.45 43.8 +  18.9
7 13 8.00 +  3.78 58.7 +  23.9
8 8 6.43 +  5.90 55.0 ±28.0

Mean 7.44 0.53** 52.58 4.84**

* S. E.: quadratic deviation of individual results 
** S. E. : quadratic deviation of means for groups

Fig. 1. Correlation between spleen weight Fig. 2. Correlation between spleen weight
and colony-count in control BALB/c and colony-count in BALB/c mice treated

mice with erythropoietin or endotoxin
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c o l o n y - c o u n t  i n c r e a s e d .  A c c o r d i n g l y ,  s p l e e n  w e i g h t  c o r r e l a t e d  w i t h  t h e  c o l o n y -  

c o u n t  e v e n  le s s  t h a n  in  t h e  u n t r e a t e d  g r o u p  s h o w n  i n  F i g .  1.

Q u a l i t a t i v e  c l a s s i f i c a t i o n  o f  c o l o n i e s  w a s  d o n e  o n  t h e  b a s i s  o f  s m e a r s  p r e p a r e d  

f r o m  d i s s e c t e d  c o l o n i e s .  B y  t h i s  m e t h o d  t h e  c o l o n y  t y p e  c a n n o t  b e  r e c o g n i z e d  in  

m o r e  t h a n  5 t o  6  %  o f  t h e  c a s e s .  T h e  s m e a r s  t h a t  c a n n o t  b e  c l a s s i f i e d  c o n t a i n  m o s t l y  

c e l l u l a r  f r a g m e n t s  a n d  s o m e  c e l l s  r e s e m b l i n g  l y m p h o c y t e s .  S u c h  p r e p a r a t i o n s  

d e r i v e  p r o b a b l y  f r o m  t h e  s m e a r i n g  o f  s p l e n i c  n o d u l e s  a p p e a r i n g  l i k e  c o l o n i e s  

u n d e r  t h e  l u p e .  N a t u r a l l y ,  t h e s e  u n d i s t i n g u i s h a b l e  p r e p a r a t i o n s  w e r e  d i s r e g a r d e d  

w h e n  e v a l u a t i n g  t h e  e x p e r i m e n t  a n d  w e r e  d e d u c t e d  a l s o  f r o m  t h e  m a c r o s c o p i c  

c o l o n y - c o u n t .

4 3 2  Gidáli, Fehér: Differentiation and maturation of haemopoietic stem cells

Fig. 3. Qualitative distribution of colonies in recipient 
mice injected with 105 bone marrow cells 

(Mean of 121 mice)
E: erythroid colony, G: granuloid colony, M: mixed colony

U n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s ,  6 3 %  o f  t h e  c o l o n i e s  c o n t a i n e d  e r y t h r o i d ,  

a n d  1 0 . 1 %  o f  t h e m ,  g r a n u l o i d  e l e m e n t s ,  w h i l e  2 6 . 9  %  w e r e  m i x e d  c o l o n i e s  c o n t a i n 

i n g  b o t h  e r y t h r o i d  a n d  g r a n u l o i d  e l e m e n t s  ( F i g .  3).  O n l y  t h o s e  c o l o n i e s  w e r e  

s p e c i f i e d  a s  m i x e d  w h i c h ,  i n  a d d i t i o n  t o  t h e  p r e d o m i n a n t  c e l l  t y p e ,  c o n t a i n e d  a t  

l e a s t  5 %  m a t u r e  a n d  i m m a t u r e  e l e m e n t s  o f  t h e  o t h e r  c e l l  s e r i e s .
N e x t ,  t h e  r a t i o  b e t w e e n  i m m a t u r e  a n d  n a t u r e  e l e m e n t s  in  c o l o n i e s  f o r m e d  

f r o m  t h e  s a m e  b o n e  m a r r o w  s u s p e n s i o n  w a s  s t u d i e d .  T h e  a n i m a l s  w e r e  t r e a t e d  

a s  a b o v e .  T h e  c o l o n i e s  w e r e  d i s s e c t e d  o n  t h e  1 0 th  d a y  f o l l o w i n g  b o n e  m a r r o w  

t r a n s p l a n t a t i o n .  I n  e v e r y  s m e a r  1 0 0 0  c e l l s  w e r e  c o u n t e d .  C e l l s  s t i l l  c a p a b l e  o f  

d i v i d i n g  w e r e  s p e c i f i e d  a s  i m m a t u r e ,  n o n - d i v i d i n g  c e l l s  a s  m a t u r e  o n e s .

A l t h o u g h  a l l  t h e  c o l o n i e s  h a d  o r i g i n a t e d  f r o m  t h e  s a m e  s u s p e n s i o n  a n d  

g r e w  f o r  t h e  s a m e  p e r i o d  a n d  u n d e r  i d e n t i c a l  c o n d i t i o n s ,  t h e  r a t i o  o f  i m m a t u r e  t o  

m a t u r e  c e l l s  w i t h i n  t h e  s i n g l e  c o l o n i e s  v a r i e d  b e t w e e n  w i d e  l i m i t s .

I n  g r a n u l o i d  c o l o n i e s  t h e  r a t i o  o f  m a t u r e  e l e m e n t s  r a n g e d  f r o m  10 t o  5 0 % .  

F o r m s  m o r e  m a t u r e  t h a n  m e t a m y e l o c y t e s  o c c u r r e d  in  1 t o  2 % .  H o w e v e r ,  s i n c e  

p o l y m o r p h o n u c l e a r  g r a n u l o c y t e s  in  a  l i k e  p r o p o r t i o n  w e r e  f o u n d  in  t h e  e r y t h r o i d
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c o l o n i e s ,  t h e  f o r m e d  c e l l s  m a y  h a v e  c o m e  i n t o  t h e  c o l o n i e s  f r o m  t h e  c i r c u l a t i o n  

( T a b l e  2) .

T h e  e r y t h r o i d  c o l o n i e s  a l s o  d i s p l a y e d  d i f f e r e n t  d e g r e e s  o f  m a t u r a t i o n  

( T a b l e  3) .

A s  e x p e c t e d ,  in  m i x e d  c o l o n i e s  t h e  d e g r e e  o f  m a t u r a t i o n ,  a n d  t h e  r a t i o  o f  

t h e  t w o  c o m p o n e n t s  v a r i e d  b e t w e e n  w i d e  l i m i t s  ( T a b l e  4) .

T h e  m i t o t i c  i n d e x  in  t h e  a b o v e  c o l o n i e s  w a s  a l s o  s t u d i e d .  M i t o s e s  p e r  1 0 0 0  

c e l l s  c o u n t e d  i n  e a c h  c o l o n y  a n d  t h e  m i t o t i c  i n d e x  w a s  e x p r e s s e d  in  p e r  m i l  ( T a b l e s

Table 2

Granuloid colonies originating 
from the same bone marrow pool

Serial Rat io  im mature : M ito t ic  index
No. matu re  cells* per  thousand

1 0.65 22
2 0.93 21
3 1.25 24
4 1.38 22
5 4.00 32
6 4.06 27

* Immature cells: Myeloblast, promyelocyte, myelocyte.
Mature cells: Metamyelocyte, band cell, polymorphonuclear granulocyte.

Table 3

Erythroid colonies originating from 
the same bone marrow pool

Serial
No.

Rat io  im mature : 
m a tu re  cells*

M ito t ic  index 
per  th o u san d

l 1.03 24
2 1.78 63
3 2.56 18
4 59.00 6
5 14.80 19
6 4.15 1 1
7 18.10 12
8 1 .1 2 10
9 21.00 7

10 2.12 12

* Immature cells: normoblast, basophilic normoblast.
Mature cells: polychromatic normoblast, orthochromatic normoblast.
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2, 3, 4). N o  c o r r e l a t i o n  w a s  f o u n d  b e tw e e n  m a t u r a t i o n  d e g r e e  a n d  m i to t i c  i n d e x  
o f  th e  c o lo n i e s .  E sp e c ia l ly  f o r  e r y t h r o i d  c o l o n i e s ,  th e  m i t o t i c  in d e x  s h o w e d  a  
m a r k e d  f l u c t u a t i o n  f r o m  6 t o  63  p e r  mil.

4 3 4  G id á li, F e h é r :  D i f fe r e n tia t io n  a n d  m a tu r a t io n  o f  h a e m o p o ie t ic  s te m  c e lls

Table 4

Mixed colonies originating from the same bone marrow pool

Serial
No.

Ratio  g r a n u 
loid : ery thro id  

co lonies

Rat io im m a tu r e  : matu re 
cells* Mitotic

index
per  thousanderythroid

series
granulo id

series

l 0.26 37.0 2.26 6
2 0.34 8.0 0.47 17
3 0.36 3.0 4.55 30
4 0.45 3.3 0.74 18
5 0.54 21.6 0.70 42
6 0.70 17.8 1.28 27

* See Footnotes to Tables 2 and 3.

Discussion

A m o n g  t h e  u s u a l  m e t h o d s ,  t h a t  o f  T i l l  a n d  M c C u l l o c h  [12] is t h e  o n e  
b e s t  su i t e d  f o r  t h e  s tu d y  o f  t h e  d i f f e r e n t i a t i o n  o f  s t e m  cells .  I n  th i s  o r i g in a l  f o r m ,  
h o w e v e r ,  t h e  m e t h o d  d o e s  n o t  a l l o w  a  d e t a i l e d  a n a ly s is  o f  t h e  c o lo n ie s ,  a n d  in  
th e  ca se  o f  y o u n g e r  c o lo n i e s ,  n o t  even  t h e  r e c o g n i t i o n  o f  t h e  c o lo n y  t y p e .  O n  
th e  o t h e r  h a n d ,  c o u n t  a n d  l o c a t i o n  o f  c o l o n i e s  in  s p l e n ic  t i s su e  c a n  e a s i ly  be  
s tu d ie d  in  h i s to l o g ic a l  s e c t i o n s  fixed a c c o r d i n g  to  B o u in  o r  H e lly  — M a x i m o w  
a n d  s t a in e d  w i th  h a e m a t o x y l i n - e o s i n .  In  s u c h  s e c t io n s ,  h o w e v e r ,  o n ly  m a t u r e  
cells  o f  a  c h a r a c t e r i s t i c  s t r u c t u r e  such  a s  m e t a m y e l o c y te s  o r  n o r m o b l a s t s ,  c a n  
re l iab ly  b e  r e c o g n iz e d .  A c c o r d in g l y ,  i f  t h e  q u a l i t y  d i s t r i b u t i o n  o r  m a t u r a t i o n  
d e g re e  o f  t h e  c o lo n i e s  m u s t  a l s o  b e  s tu d ie d  t h e  c o lo n ie s  s h o u l d  b e  d i s s e c te d  a n d  
th e i r  s m e a r s  b e  a n a ly z e d .

T h e r e  is b u t  o n e  t e a m  [3] w h o  r e p o r t e d  o n  th e  n u m b e r  o f  u n id e n t i f i a b l e  o r  
u n d i f f e r e n t i a t e d  c o lo n ie s  in  h i s to lo g ic a l  s e c t io n s .  T h e  f r e q u e n c y  g iv en  b y  t h i s  t e a m  
a g re e s  w ell  w i t h  o u r  5 %  i n c i d e n c e .

A s  a l r e a d y  m e n t i o n e d ,  m o s t  a u t h o r s  n e g le c te d  t o  o b s e r v e  th e  q u a l i t a t i v e  
c o m p o s i t i o n  o f  t h e  c o lo n i e s ,  e v e n  in  e x p e r i m e n t s  d e s ig n e d  t o  s tu d y  t h e  s t im u l i  
a c t i n g  o n  t h e  d i f f e r e n t i a t i o n  o f  s t e m  cells  [4] , I n d e p e n d e n t l y  o f  e a c h  o t h e r ,  t h r e e  
r e s e a rc h  t e a m s  h a v e  sp e c i f ie d  t h e  e r y t h r o i d - c o l o n y  c o u n t  w i t h  42, 43 a n d  4 5 % ,  
re s p e c t iv e ly  [8, 3, 7],  In  o u r  e x p e r i m e n t s  t h i s  v a l u e  w as  f o u n d  to  be  6 3 % ,  in  g o o d  
a g r e e m e n t  w i t h  th e  6 3 %  f o u n d  in  s m e a r s  b y  J u r a s k o v a  e t  a l .  [7], In  c o n t r a s t  to  
th e  21, 35  a n d  1 4 %  g r a n u l o i d  c o lo n ie s  f o u n d  b y  th e  a b o v e  a u t h o r s ,  w e  f o u n d
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s u c h  c o lo n i e s  in 10. i %  o n ly .  H o w e v e r ,  t h e  r a t i o  o f  m i x e d  c o lo n i e s  ( 2 6 .9 % )  e x c e e d e d  
t h e  v a lu e s  16, 13 a n d  2 3 %  o b s e r v e d  b y  t h e  m e n t i o n e d  t h r e e  t e a m s  [8, 3, 7].  In  a l l  
p r o b a b i l i t y ,  t h e  d i f f e r e n c e s  w e re  d u e  t o  th e  h ig h e r  s e n s i t i v i t y  o f  t h e  s m e a r  m e t h o d  
r a t h e r  t h a n  t o  th e  sp e c i f ic  r e a c t io n  o f  t h e  m o u s e  s t r a i n  u s e d  b y  us. I n  s t a in e d  
s m e a r s  t h e  s in g le  ce lls  a r e  e a s i ly  d i s t i n g u i s h e d  a n d  in  a d d i t i o n  to  t h e  p r e d o m i n a n t  
ty p e ,  r e p r e s e n ta t i v e s  o f  o t h e r  ser ies  c a n  a ls o  be  r e c o g n i z e d .

In  o u r  e x p e r i m e n t s ,  a b o u t  3 0 %  o f  t h e  c o l o n i e s  w e r e  m ix e d  o n e s .  T h e  r a t i o  
o f  th e  tw o  k in d s  o f  cell s e r ie s  v a r i e d  p e r  c o l o n y  ( T a b l e  4) .  I f  t h e y  o c c u r r e d  in  a b o u t  
th e  s a m e  n u m b e r ,  c l a s s i f i c a t io n  o f  t h e  c o lo n y  w a s  e a s y .  H o w e v e r ,  w h e n  b e s id e s  
cells  c o n s t i t u t i n g  th e  m a j o r  p a r t  o f  t h e  c o l o n y  th e  o t h e r  ce l l  s e r ie s  w a s  r e p r e s e n te d  
b y  o n ly  a  f e w  c h a r a c t e r i s t i c  p r e c u r s o r s  a n d  m a t u r e  ce l ls ,  th e  c o l o n y  ty p e  w a s  
d if f icu l t  to  d e t e r m i n e .  A c c o r d i n g  t o  t h e  c lo n a l  o r i g in ,  i r r e s p e c t iv e  o f  t h e  n u m e r i c a l  
r a t i o  o f  t h e  c o m p o n e n t s ,  a l l  t h e  c o lo n i e s  t h a t  c o n t a i n e d  e l e m e n t s  o f  m o r e  t h a n  a  
s in g le  cell  s e r ie s  s h o u l d  b e  c o n s i d e r e d  a s  m i x e d  c o l o n i e s ,  b u t  in  o u r  e x p e r i m e n t s  
10 d a y s  a f t e r  t r a n s p l a n t a t i o n  t h e r e  w a s  h a r d l y  a n y  c o l o n y  w h ic h  w o u l d  n o t  h a v e  
c o n t a i n e d  s p o r a d i c  r e p r e s e n t a t i v e s  o f  t h e  cell ty p e  o t h e r  t h a n  t h e  p r e d o m i n a t i n g  
o n e .  T h e  p r e s e n c e  o f  m a t u r e  e le m e n ts  w a s  e a s y  to  e x p l a i n  b y  a s s u m i n g  t h a t  th e y  
h a d  o r i g i n a t e d  f r o m  c i r c u l a t i n g  b l o o d .  T h i s  e x p l a n a t i o n  w a s  h a r d l y  a c c e p t a b l e  
f o r  t h e  p r e s e n c e  o f  i m m a t u r e  f o r m s .  A c c o r d in g l y ,  c o n s i d e r e d  m i x e d  o n e s  w h e n  
t h o s e  c o lo n i e s  w e re  b o t h  t h e  m a t u r e  a n d  i m m a t u r e  e l e m e n t s  o f  t h e  n o n - d o m i n a n t  
cell se r ie s  o c c u r r e d  in  a t  l e a s t  5 % .  N o  s u c h  n u m e r i c a l  d e f i n i t i o n  o f  m ix e d  c o lo n ie s  
h a s  b e e n  u s e d  b y  a n y  o f  t h e  a u t h o r s ,  p r o b a b l y  b e c a u s e  t h e  c o n v e n t i o n a l  h is to lo g ic a l  
e v a l u a t i o n  m e t h o d  d o e s  n o t  y ie ld  s u c h  e x a c t  v a lu e s .  T h e  h ig h  n u m b e r  o f  m ix e d  
c o lo n i e s  f o u n d  by  us  w a s  p r o b a b l y  a l s o  d u e  to  th e  a p p l i e d  t e c h n i q u e .  A  s im i la r ly  
h ig h  n u m b e r  o f  m ix e d  c o l o n i e s  w a s  f o u n d  b y  J u r a s k o v a  e t  a l .  [7] w h o  w e r e  w o r k 
in g  w i th  a  m e t h o d  r e s e m b l i n g  o u r s .

S p le e n  c o lo n ie s  a r e  u n d o u b t e d l y  o f  c lo n a l  o r i g i n  [1], b u t  h o w  d o  m ix e d  
c o lo n i e s  a r i s e ?  I t  is i m p r o b a b l e  t h a t  t h e y  s h o u l d  o r i g i n a t e  f r o m  tw o  s te m  cells  
l o d g e d  n e a r  e a c h  o t h e r  b u t  d i f f e r e n t i a t e d  in t o  d i f f e r e n t  d i r e c t io n s .  B o th  th e  h ig h  
r a t i o  o f  m i x e d  c o lo n ie s  a n d  t h e  o c c u r r e n c e  o f  e l e m e n t s  b e l o n g i n g  to  t h e  o t h e r  cell 
ty p e  in  a l m o s t  e v e ry  c o l o n y  c o n t r a d i c t  t h e  a s s u m p t i o n .

T h e  h y p o th e s i s  t h a t  t h e  m ix e d  c o l o n y  a ls o  o r i g i n a t e s  f r o m  a  s in g le  s tem  
cell is m u c h  m o r e  c o n s i s t e n t  w i th  e x p e r i m e n t a l  f a c t s .  I t  m a y  b e  s u p p o s e d  t h a t  
d u r i n g  th e  f i r s t  d iv i s io n s  t h e  p l u r i p o t e n t  s t e m  cell  d i f f e r e n t i a t e s  i n t o  b o t h  d i r e c 
t i o n s ,  b u t  t h e n  s o m e  i n h i b i t i n g  f a c t o r  s t o p s  s t e m  cell d i f f e r e n t i a t i o n  in  o n e  o f  th e  
d i r e c t io n s .  I f  th i s  i n h i b i t i o n  o c c u r s  e a r ly ,  th e  c o l o n y  will c o n t a i n  b e s id e s  th e  
p r e d o m i n a n t  cell se r ies  a  f e w  cells  b e l o n g i n g  to  th e  o t h e r  ce l l  se r ie s .  I f  t h e  i n h i b i t i o n  
o c c u r s  l a t e r ,  t h e  n u m b e r  o f  t h e  l a t t e r  e l e m e n t s  will b e  c lo s e r  to  t h e  p r e d o m i n a n t  
o n e s .

A r i s a i  o f  m ix e d  c o lo n i e s  m i g h t  b e  im a g in e d  a l s o  i n  t h e  w a y  t h a t  r i g h t  a t  
t h e  b e g i n n i n g  th e  s t e m  cell  d i f f e r e n t i a t e s  b u t  in  o n e  d i r e c t i o n  a n d  i ts  d i f f e r e n t i a t i o n  
i n t o  t h e  o t h e r  d i r e c t i o n  s t a r t s  b u t  la te r .

O u r  o b s e r v a t i o n  t h a t  c o lo n ie s  a r i s i n g  f r o m  s t e m  ce lls  o f  t h e  s a m e  b o n e  
m a r r o w  p o o l  d i s p la y  d i f f e r e n t  m a t u r i t y  d e g re e s  a t  t h e  s a m e  d a t e  ( T a b le s  2, 3, 4)
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is  a n a l o g o u s  w i th  th o s e  o f  S i m i n o v i t c h  e t  al.  [10]. T h e s e  a u t h o r s  d e m o n s t r a t e d  
t h a t  th e  s t e m  eell c o u n t  r a n g e d  b e t w e e n  w id e  l im i ts  i n  c o lo n i e s  o r i g i n a t i n g  f r o m  
th e  s a m e  b o n e  m a r r o w  p o o l .  T h e y  a s s u m e d  t h a t  th i s  p h e n o m e n o n  w a s  b a s e d  o n  
th e  r a n d o m  d i s t r i b u t i o n  o f  “ b i r t h ”  a n d  “ d e a t h ”  p r o c e s s e s  in  a  c o lo n y .

T h e  a s s u m p t i o n  t h a t  m i to s e s  in  t h e  c o lo n ie s  o c c u r  in a  r a n d o m  f a s h io n ,  
f u r n i s h e s  a n  e x p l a n a t i o n  f o r  t h e  o b s e r v a t i o n  t h a t  o f t e n  n o  c o r r e l a t i o n  c a n  b e  
d e m o n s t r a t e d  b e tw e e n  th e  m a t u r i t y  d e g r e e  o f  th e  c o l o n y  a n d  i t s  m i t o t i c  in d e x .  
T h i s  h y p o t h e s i s  is c o n f i r m e d  b y  th e  f a c t  t h a t  c o lo n i e s  h a r d l y  c o n t a i n  o r  d o  n o t  
c o n t a i n  m a t u r e  e le m e n ts  d u r i n g  th e  f i r s t  5 d a y s  a f t e r  t r a n s p l a n t a t i o n  w h i le  th e  
n u m b e r  o f  m a t u r e  e l e m e n t s  i n c r e a s e s  a b r u p t l y  a t  l a t e r  d a te s .

4 3 6  G id á li , F e h é r:  D if fe r e n tia t io n  a n d  m a tu r a t io n  o f  h a e m o p o ie t ic  s te m  c e lls
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Tuberculosis of Peripheral Lymph Nodes
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Among the patients admitted with lymphadenopathy to our Department during 
the year 1966, 12 suffered from isolated cervical lymph node tuberculosis. Enlargement 
of the cervical, supraclavicular, axillary and inguinal lymph nodes varied from case to 
case. It is often possible to differentiate lymphogenic genesis from the haematogenic 
one. In generalized lymphadenopathy the lymph nodes are seldom larger than a nut, 
are dense, painless, show no tendency to breaking through. The clinical symptoms are 
not characteristic, the routine laboratory tests are non-contributory. The highly increas
ed sensitivity to tuberculin is conspicuous. Biopsy plays the decisive role on establish
ing the diagnosis. After an analysis of differential diagnostic problems it is empha
sized that the clinical pattern of tuberculosis of the lymph nodes has changed, its de
velopment has shifted in the direction of adulthood, coalescence does not occur and 
scrofulosis has practically disappeared. This may be attributed to a modification of the 
immune activity of lymphoreticular tissue as a result of BCG inoculation, chemother
apy and chemoprophylaxis.

T h e  r o le  o f  l y m p h  n o d e s  in  t h e  g en es is  a n d  c o u r s e  o f  t u b e r c u l o s i s  is c le a r ly  
s h o w n  b y  th e  f a c t  t h a t  t h e r e  is p r a c t i c a l ly  n o  t u b e r c u l o s i s  w i t h o u t  s o m e  f o r m  o f  
l y m p h  n o d e  in v o l v e m e n t .  M o s t ly  t h e r e  a r e  o n ly  lo c a l  foc i  s h o w i n g  a  t e n d e n c y  t o  
d e m a r c a t i o n ,  e n c a p s u l a t i o n ,  b u t  s o m e t i m e s  tu b e r c u l o s i s  is r e s t r i c t e d  to  th e  l y m p h  
n o d e s .  S in c e  it  h a s  b e c o m e  p o s s ib l e  t o  s tu d y  in vivo s o m e  o f  t h e  h id d e n  ly m p h  
n o d e s  ( t h e  c e rv ic a l  a n d  s u p r a c l a v i c u l a r  o n e s  by  p r e s c a l e n u s  b io p s y ,  t h e  m e d ia s t in a l  
o n e s  b y  m e d i a s t i n o s c o p y ,  t h e  r e t r o p e r i t o n e a l  o n e s  by  l y m p h a d e n o g r a p h y ) ,  i t  
c o u ld  b e  p r o v e d  t h a t  t h e  i n c id e n c e  o f  n o n - l o c a l i z e d  tu b e r c u l o u s  l y m p h a d e n o p a t h y  
is h i g h e r  t h a n  it  h a d  b e e n  a s s u m e d .  In  t h e  la rg e  p a t i e n t  m a t e r i a l  o f  S e th ,  even  w h e n  
i s o l a t e d  t u b e r c u lo s i s  h a d  b e e n  d i a g n o s e d ,  severa l  r e g i o n s  w e re  f o u n d  to  h a v e  b e e n  
i n v o l v e d  in  30  p e r  c e n t  o f  t h e  cases .

T h e  s a m e  a p p l i e s  t o  t h e  a f f e c t io n  o f  p e r i p h e r a l  ly m p h  n o d e s .  E v en  w h e n  it  
is in  a  s in g le  r e g io n  t h a t  t h e  c h a n g e  a p p e a r s ,  l a t e r  a  c o n s i d e r a b l e  p a r t  of ,  o r  s o m e 
t im e s  t h e  e n t i r e ,  p e r i p h e r a l  ly m p h  n o d e  sy s te m  m a y  b e c o m e  i n v o l v e d .  T h e  p a t i e n t  
t h e n  d o e s  n o t  r e p o r t  a t  a  tu b e r c u lo s i s  d i s p e n s a r y ,  b u t  w ill  b e  a d m i t t e d  to  a  m e d ic a l  
d e p a r t m e n t  a n d  th is  a c c o u n t s  f o r  t h e  s e e m in g  d e c r e a s e  in  th e  in c i d e n c e  o f  l y m p h  
n o d e  t u b e r c u lo s i s  in  t h e  s p e c ia l i z e d  in s t i tu te s .  R e c e n t l y ,  w e  h a v e  b e e n  im p r e s s e d  
b y  t h e  f a c t  t h a t  a s  r e l a t e d  t o  l y m p h a d e n o p a t h i e s  o f  o t h e r  a e t i o l o g y  t h e  in c id e n c e
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o f  g e n e r a l i z e d  ly m p h  n o d e  t u b e r c u l o s i s  is r e m a r k a b l y  h igh .  T a b l e  I s h o w s  t h e  n u m 
b e r  a n d  p e r c e n t a g e  o f  s u c h  p a t i e n t s  a d m i t t e d  to  o u r  D e p a r t m e n t  in 1966.

T h e  12 p a t i e n t s  w i th  p e r i p h e r a l  l y m p h  n o d e  t u b e r c u l o s i s  r e p r e s e n t  1 7 .4 % .  
T h e  v a r i o u s  r e g io n s  w e re  d i f f e r e n t ly  in v o l v e d ,  in m o s t  c a s e s  b i l a te r a l  e n l a r g e m e n t  
o f  th e  c e rv i c a l  ly m p h  n o d e s  w a s  in  t h e  f o r e g r o u n d ,  b u t  ir, s o m e  cases  i n v o l v e m e n t  
o f  t h e  c e r v i c a l ,  s u p r a c l a v i c u l a r ,  a x i l l a r y  a n d  in g u in a l  o n e s  c o u l d  b e  n o te d .  T o  i l lu s 
t r a t e  t h e  v a r i a b i l i t y  o f  th e  c l i n ic a l  p a t t e r n  o f  ly m p h  n o d e  tu b e r c u lo s i s  d e p e n d i n g  
o n  th e  r e g i o n  o r  re g io n s  i n v o l v e d ,  w e  sh a l l  r e p o r t  s o m e  p e r t i n e n t  cases .

Table 1

Tuberculous lymph-
adenitis 12

Lymphogranulomatosis 26
Chronic lymphadeno

sis 23
Lymphosarcoma 4
Reticulosis 3
Reticulosarcoma 1

Total 69

Case 7. M r s .  K. J . ,  a g e d  41. I n  1960 a  ly m p h  n o d e  h a d  b e e n  e x c is ed  f r o m  th e  
r i g h t  s id e  o f  th e  n eck .  H i s t o l o g i c  e x a m i n a t i o n  sh o w e d  n o  s ig n  o f  t u b e r c u l o s i s  o r  
m a l ig n a n c y .  A f t e r  h a l f  a  y e a r  o f  i n c r e a s i n g  a n o r e x i a ,  w e a k n e s s ,  a n d  a  lo s s  o f  w e ig h t  
o f  a b o u t  10 k g ,  sh e  w as  a d m i t t e d  o n  O c t o b e r  1, 1966, w i th  s u b f e b r i l i t y  a n d  e n la r g e d  
c e rv i c a l  l y m p h  n o d e s .

O n  b o t h  s ides  o f  t h e  n e c k  th e  ly m p h  n o d e s  w ere  p e a  t o  b e a n - s iz e d ,  p a in l e s s ,  
m o b i le .  P h y s i c a l  e x a m i n a t i o n  o f  th e  t h o r a x  a n d  a b d o m e n  re v e a le d  n o  c h a n g e s .  
T h e  n e r v o u s  s y s te m  w a s  n o r m a l .  L a b o r a t o r y  te s ts :  u r i n e  a n a ly s i s  n o r m a l .  B lo o d  
c o u n t s :  e r y t h r o c y t e s  3 ,7 0 0 ,0 0 0  p e r  cu .  m m ,  H b  13.2 g  p e r  100 m l ,  le u c o c y te s  
4 ,8 0 0  p e r  c u .  m m .  D i f f e re n t i a l  c o u n t :  e o s i n o p h i l  1, p o l y m o r p h o n u c l e i  7 1 ,  ly m 
p h o c y te s  2 3 ,  m o n o c y t e s  5 % .  E S R :  13 m m  in 1 h o u r .  S e r u m  e l e c t r o p h o r e s i s :  
a l b u m i n  5 0 % ,  a lp h a ,  g lo b u l in  4, a l p h a 2 13, b e t a  12, g a m m a  g lo b u l in  2 4 % .  M a n t o u x  
t e s t :  s t r o n g l y  p o s i t iv e  a t  1 in  100 ,0 0 0  d i l u t i o n .  O n  ch e s t  X - r a y s  a  h o r i z o n t a l  n a r r o w  
b a n d  w a s  v is ib le  e x t e n d i n g  f r o m  th e  r i g h t  h i l u m  la te ra l ly .  H is t o lo g i c  e x a m i n a t i o n  
o f  t h e  e x c i s e d  ce rv ic a l  ly m p h  n o d e  ( I n s t i t u t e  o f  P a th o l o g y ,  P é c s )  re v e a le d  t u b e r c l e 
l ik e  fo c i  b o u n d e d  b y  e p i t h e l o i d  cells  a n d  f ib ro s is .  T h e  p a t i e n t  w as  t r e a t e d  w ith  
s t r e p t o m y c i n  a n d  i s o n ia z id .  F o u r  m o n t h s  l a t e r  sh e  w a s  a fe b r i l e ,  g a i n e d  w e ig h t ,  
t h e  l y m p h  n o d e s  d e c r e a s e d  in  size.

T h i s  c a s e  s h o w s  t h a t  c e rv i c a l  l y m p h  n o d e  tu b e r c u l o s i s  m a y  o c c u r  a l s o  in 
o l d e r  a g e .  T h e  p r o c e s s  m a y  b e  b i l a t e r a l  a n d  t h e  ly m p h  n o d e s  d o  n o t  m e r g e .  T h is  
w a s  f o r m e r l y  a  s u r g ic a l  d i s e a s e ,  n o w  i t  is a  p r o b l e m  f o r  t h e  p h y s ic ia n .

Case 2. V . G y . ,  m a l e ,  a g e d  31 y e a r s ,  w a s  a d m i t t e d  o n  J a n u a r y  2, 1966 , w ith  
f e v e r  o f  38 °  C  o f  a b o u t  o n e  w e e k ’s d u r a t i o n ,  a n o r e x i a  a n d  sw e l l in g  in  t h e  r ig h t
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a r m p i t .  O n  th e  le f t  s id e  s u p r a c l a v i c u l a r l y  a n d  in  th e  a r m p i t  p e a  to  b e a n - s i z e d  ly m p h  
n o d e s ,  o n  th e  r i g h t  s id e  in th e  a r m p i t  o n e  n u t - s i z e d  a n d  s ev e ra l  b e a n - s i z e d  ly m p h  
n o d e s  w e re  p a l p a t e d .  P h y s ic a l  e x a m i n a t i o n  s h o w e d  n o r m a l  c o n d i t i o n s .

Laboratory tests. T h e  u r i n e  w a s  n o r m a l .  B lo o d  c o u n t s :  e r y t h r o c y t e s
4 .2 0 0 .0 0 0  p e r  c u .  m m ,  H b  15.5 g  p e r  100 m l ,  l e u c o c y te s  4 ,2 0 0  p e r  cu .  m m . 
D if f e re n t i a l  c o u n t :  e o s i n o p h i l s  10, p o l y m o r p h o n u c l e i  4 4 ,  ly m p h o c y te s  41 , m o n o 
cy te s  3 % .  E S R :  20  m m  in 1 h o u r .  S e r u m  e l e c t r o p h o r e s i s :  a l b u m i n  5 8 % ,  g lo b u l in s  
a lp h a ,  7, a lp h a , ,  7, b e t a  17, g a m m a  1 1 % .  M a n t o u x  te s t  s t r o n g ly  p o s i t i v e  a t  I in
10 0 .0 0 0  d i l u t i o n .  C h e s t  X - r a y s  s h o w e d  p a t h o l o g i c  c h a n g e .  H is t o lo g i c  e x a m i n a t i o n  
o f  th e  ly m p h  n o d e  e x c is e d  f r o m  h e  r i g h t t  a r m p i t  r e v e a l e d  u n d e r  t h e  c a p s u l e  d e l i m 
i t e d  sm a l l  n e c r o s e d  a r e a s  c o n t a i n i n g  m a n y  K o c h  b a c i l l i  a n d  s o m e  e p i t h e lo i d  
cells .  T h e  p a t i e n t  w a s  t r e a t e d  w i th 3 5  g  o f  s t r e p t o m y c i n  a n d  d a i ly  10 t a b l e t s  o f i s o n i a -  
z id .  O n e  y e a r  l a t e r  h e  h a d  n o  c o m p l a i n t s  a n d  o n l y  a  f e w  ly m p h  n o d e s  c o u l d  b e  p a l 
p a t e d .

In  th is  c a s e  t h e  d i s e a s e  p r e s e n te d  i t s e l f  a s  a n  a c u t e  l y m p h a d e n o p a t h y  e x t e n d 
in g  to  a  n u m b e r  o f  r e g i o n s  a n d  th e  d i a g n o s i s  c o u l d  b e  e s t a b l i s h e d  o n l y  o n  th e  b a s i s  
o f  b io p s y .  T h e  a c u t e  a f f e c t io n  w a s  c u r e d  b y  a n t i t u b e r c u l o t i c  t r e a t m e n t .

Case 3. M r s .  B. A . .  4 6  y e a r s  o f  a g e ,  h a d  n o t i c e d  e n l a r g e m e n t  o f  t h e  ce rv ica l  
ly m p h  n o d e s ,  s u b f e b r i l i t y ,  f a t ig u e  a n d  a  lo ss  o f  w e ig h t  o f  10 k g  4  t o  5 m o n t h s  b e 
fo r e  a d m i s s i o n .  O n  a d m i s s i o n  sh e  w a s  p a le ,  a s t h e n i c ;  b e a n  to  n u t - s i z e d  ly m p h  
n o d e s  c o u l d  b e  p a l p a t e d  b e h in d  th e  s t e r n o c l e i d o m a s t o i d  m u s c le  o n  b o t h  s ides,  
in  th e  a r m p i t  o n  th e  le f t  s id e  a n d  in  t h e  in g u in a l  r e g i o n  o n  b o t h  s id e s .  P h y s ica l  
e x a m i n a t i o n s  y i e ld e d  n o r m a l  c o n d i t i o n s  e x c e p t  e n l a r g e m e n t  o f  sp l e e n  a n d  liver.

Laboratory tests. T h e  u r in e  w a s  n o r m a l .  B lo o d  c o u n t :  e r y t h r o c y t e s  4 ,2 0 0 ,0 0 0  
p e r ç u ,  m m ,  H b  14.0 g  p e r  100 m l ,  l e u c o c y te s  9 ,2 0 0  p e r  c u .  m m .  D i f f e r e n t i a l  c o u n t :  
e o s i n o p h i l s  4, p o l y m o r p h o n u c l e i  72, l y m p h o c y t e s  2 1 ,  m o n o c y t e s  3 % .  E S R :  
35  m m  in  1 h o u r .  S e r u m  e l e c t r o p h o r e s i s  : a l b u m i n  65 % , a l p h a ,  8, a lp h a . ,  2, b e t a  13, 
g a m m a  g lo b u l in s  1 2 % . M a n t o u x  te s t  s t r o n g l y  p o s i t i v e  a t  1 in  1 0 0 ,0 0 0  d i lu t i o n .  
C h e s t  X - r a y s  s h o w e d  n o  c h a n g e .  C e r v i c a l  l y m p h  n o d e  b io p s y  ( I n s t i t u t e  o f  P a t h o l 
o g y ,  P éc s )  re v e a le d  c o n f l u e n t  e p i t h e l o i d  foci w i th  s e v e r a l  L a n g h a n s - t y p e  g i a n t  
ce lls  in  t h e m  ; in  t h e  c e n t r e  o f  a  few  tu b e r c l e s  c a s e a t i o n  w a s  f o u n d .  A f t e r  6 m o n t h s  
t r e a t m e n t  w i th  s t r e p t o m y c i n  a n d  i s o n ia z i d  t h e  c o n d i t i o n  g r e a t ly  i m p r o v e d ,  t e m 
p e r a t u r e  w a s  n o r m a l ,  b o d y  w e ig h t  in c r e a s e d ,  th e  E S R  r e t u r n e d  t o  n o r m a l .  S m a l l  
l y m p h  n o d e s  c o u l d  sti l l  b e  p a l p a t e d  in  t h e  c e rv i c a l  r e g io n s .

T h i s  c a s e  is  i l lu s t r a t iv e  o f  th e  g e n e r a l i z e d  f o r m  o f  ly m p h  n o d e  a f f e c t io n .  
T h e  p e r i p h e r a l  l y m p h  n o d e s  w e re  e n l a r g e d  in  a l m o s t  e v e r y  re g io n .

Diagnosis and Differential Diagnosis

T h e  c l in ic a l  s y m p t o m s  o f  p e r i p h e r a l  l y m p h  n o d e  tu b e r c u lo s i s  a r e  n o t  c h a r 
a c te r i s t ic .  T h e  p a t i e n t  u s u a l ly  s e e k s  m e d i c a l  a d v ic e  a f t e r  a  p e r i o d  o f  w e a k n e s s ,  
f a t ig u e  a n d  loss  o f  w e ig h t ,  c o m p l a i n i n g  o f  e n l a r g e d  l y m p h  n o d e s  in  t h e  ce rv ic a l  
a r e a  o r  in  t h e  a r m p i t .  T h e  a c u te  d i s e a s e  is a c c o m p a n i e d  b y  r e m i t t e n t  fev e r ,  th e  
c h r o n i c  f o r m  b y  s u b f e b r i l i t y ,  b u t  fe b r i l e  a n d  a f e b r i l e  p e r i o d s  m a y  a l t e r n a t e .  T h e

6 * H aem ato lo g ia  4, 1967



4 4 0 B a r ia , P a ta k fa lv i :  T u b e rc u lo s is  o f  p e r ip h e r a l ly m p h  n o d es

l a b o r a t o r y  te s ts  a r e  n o n - c o n t r i b u t o r y .  I n  th e  b l o o d  c o u n t s ,  m o d e r a t e  h y p o c h r o 
m ic  a n a e m i a ,  a t  t h e  o n s e t  l y m p h o c y to s i s ,  in  th e  g e n e r a l i z e d  f o r m  l e u c o p e n i a  a n d  
l y m p h o p e n i a  a r e  f o u n d .  E x c e ss iv e  l e u c o c y to s i s  w i th  l e u k a e m o i d  r e a c t i o n  is e x c e p 
t i o n a l l y  o b s e r v e d .  T h e  E S R  is i n c r e a s e d ,  in  t h e  e l e c t r o p h e r o g r a m  s o m e t i m e s  a n  
i n c r e a s e  o f  a lpha . ,  a n d  g a m m a  g lo b u l i n s  m a y  b e  d e m o n s t r a t e d .  T h e  M a n t o u x  t e s t  
is  s t r o n g ly  p o s i t iv e ,  a n d  th i s  is w h a t  m o s t l y  ca l l s  a t t e n t i o n  to  t h e  t u b e r c u l o u s  
a e t io lo g y .  T h e  d e c is iv e  e v id e n c e  is, o f  c o u r s e ,  s u p p l i e d  b y  ly m p h  n o d e  b io p s y .

I n  th e  s m e a r s  t h e  c y to lo g ic  p a t t e r n  is v a r i a b l e ,  t h o u g h  c e r t a i n  c o m m o n  
c h a n g e s  m a y  a lw a y s  b e  d e te c te d .  In  t h e  in i t ia l  p h a s e  (F ig .  1) n o  c h a r a c t e r i s t i c  
c h a n g e s a r e d e m o n s t r a b l e ;  l y m p h o c y t i c  a n d  r e t i c u lo c y t i c  h y p e r p l a s i a  m a y  o c c u r  in  
o t h e r  i n f l a m m a t o r y  c o n d i t i o n s ,  t o o ,  b u t  th e  lo w  n e u t r o p h i l i c  l e u c o c y te  c o u n t  is 
c o n s p i c u o u s .  T h e  ce l l s  ty p i c a l  o f  t u b e r c u l o u s  i n v o l v e m e n t  (F ig .  2) a p p e a r  o n ly  
la te r .  T h e  e p i th e lo id  cell c o u n t  v a r ie s  o v e r  a  w id e  r a n g e .  D e g e n e r a t i o n  o f  t h e  n u 
c le u s  a n d  c y to p l a s m  m a r k s  t h e  o n s e t  o f  c a s e a t io n .  T h u s ,  t h e  c y to lo g ic a l  p r e p a r a t i o n  
a l l o w s  c o n c lu s io n s  a s  to  w h e t h e r  e x u d a t i o n ,  p r o l i f e r a t i o n  o r  c a s e a t i o n  d o m i n a t e s  
in  th e  p ro c e s s .  T h e  n u c le i  o f  th e  L a n g h a n s  ce lls  (F ig .  3) a r e  n o t  l o c a t e d  so  r e g u l a r 
ly a s  in  t h e  s e c t io n s ,  w h e r e  in  a d d i t i o n  t o  th e  p r e s e n c e  o f  spec if ic  e l e m e n t s  t h e  a r 
r a n g e m e n t  o f  cells  is  a l s o  c h a r a c t e r i s t i c ,  a l t h o u g h  in  t h e  e a r l y  s t a g e  sp ec i f ic  c h a n g e s  
a r e  i n f r e q u e n t .  D e t e c t i o n  o f  M y c o b a c t e r i u m  t u b e r c u l o s i s  o f  c o u r s e  d e c id e s  th e  
d ia g n o s i s .

In  d i f fe re n t ia l  d i a g n o s i s ,  v a r i o u s  c o n d i t i o n s  s h o u l d  b e  r u l e d  o u t ,  t h u s  in  
th e  e a r l y  s ta g e  a c u t e  b e n ig n  g e n e r a l i z e d  l y m p h a d e n o p a t h y  [1] a n d  in f e c t io u s  
m o n o n u c l e o s i s ,  e s p e c i a l l y  i ts  a ty p i c a l  f o r m s  w i th  u n c h a r a c t e r i s t i c  h a e m a t o l o g i c a l  
a n d  s e r o lo g ic a l  c h a n g e s .  I t  is m o r e  d i f f ic u l t  t o  ru le  o u t  n o n - s p e c i f i c  c h r o n i c  l y m p h a d 
e n o p a t h y ,  in  th e  e a r l y  s t a g e  o f  w h ic h  t h e r e  is p r o l i f e r a t i o n  o f  r e t i c u l u m  ce l ls  j u s t  
l ike  in  t u b e r c u lo s i s .  T h e  e p i t h e lo i d  g r a n u l o m a  o f  s a r c o i d o s i s  is e a s i ly  m i s t a k e n  f o r  
a  t u b e r c l e .  T u b e r c u l o u s  l y m p h a d e n i t i s  is o f t e n  s u r p r i s in g ly  s i m i l a r  t o  l y m p h o g r a n u 
lo m a to s i s .  D i f f e r e n t i a t i o n  f r o m  m a c r o f o l l i c u l a r  l y m p h o b l a s t o m a  is  m a d e  p o s s ib le  
b y  n e e d le  b io p s y  a n d  f r o m  a  l y m p h o -  o r  r e t i c u l o s a r c o m a  b y  th e  h i s to l o g ic a l  c h a n g e s .

Discussion

G e n e r a l i z e d  t u b e r c u l o u s  l y m p h a d e n o p a t h y  m a y  d e v e lo p  b y  t h e  l y m p h o 
g e n ic  o r  h a e m a t o g e n i c  r o u t e .  F y m p h o g e n i c  i n f e c t i o n  b e g in s  in  o n e  r e g i o n ;  in  th e  
b e g i n n i n g  o n e  s in g le  l y m p h  n o d e  is o n l y  a f f e c te d ,  t h e n  t h e  p r o c e s s  s p r e a d s  to  a d j a 
c e n t  o n e s  a n d  t h r o u g h  th e  l y m p h a t i c s  t h e  t u b e r c l e  b a c i l l u s  r e a c h e s  t h e  n e x t  re g io n  
w h e r e  i t  a ffec ts  o t h e r  l y m p h  n o d e s .  T h e  a f f e c t io n  m a y  b e g in  in  th e  c e rv i c a l ,  s u p r a 
c l a v i c u la r ,  a x i l la r y  o r  in g u in a l  l y m p h  n o d e s .  A  se le c t iv e  e n l a r g e m e n t  is , h o w e v e r ,  
m o s t l y  t r a n s i t o r y  a n d  e v e n  i f  t h e  p r o c e s s  r e m a i n s  lo c a l i z e d  f o r  a  l o n g  t im e ,  l a t e r  
o t h e r  r e g io n s  b e c o m e  a f f e c te d .  T h u s ,  e v e ry  c h a n g e  e x t e n d i n g  to  m o r e  t h a n  o n e  
r e g io n ,  so  a l s o  b i l a t e r a l  c e rv ic a l  t u b e r c u l o u s  l y m p h a d e n o p a t h y ,  s h o u l d  b e  c o n s i d e r 
ed  a  s ig n  o f  a  g e n e r a l i z e d  p r o c e s s .  I f  t h e  p r i m a r y  f o c u s  e s c a p e s  d e t e c t i o n ,  i t  is d if f i
c u l t  t o  r e c o n s t r u c t  t h e  r o u t e  o f  in f e c t io n .
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Fig. 1. Large number of reticulum cells with 
light blue plasma and big nuclei among the 

lymphocytes

Fig. 2. Lymphocytes, epitheloid and reticu
lum cells

Fig. 3. Langhans-type cells with an irregular 
nuclear arrangement
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A n o t h e r  t y p e  o f  t u b e r c u l o u s  l y m p h a d e n o p a t h y  is d u e  t o  h a e m a t o g e n i c  
in f e c t io n .  T h i s  is  su g g e s te d  b y  a  s i m u l t a n e o u s  b i l a te r a l  s y m m e t r i c a l  e n l a r g e m e n t  
o f  t h e  n o d e s ,  b y  t h e  a b s e n c e  o f  c o a le s c e n c e ,  t h e  p r e s e n c e  o f  ca lc if ied  fo c i  o r  i n 
a c t i v e  c h a n g e s  in  t h e  lu n g s  o r  p l e u r a ,  o r  e v e n tu a l ly  b y  a  ty p ic a l  h i s to r y .  A c t iv e  
p u l m o n a r y  t u b e r c u l o s i s  s e ld o m  o c c u r s  t o g e t h e r  w i th  g e n e r a l i z e d  spec if ic  l y m p h a d 
e n o p a t h y .  B a u m g a r t n e r  s h o w e d  m o r e  t h a n  50  y e a r s  a g o  t h a t  g e n e r a l i z e d  l y m p h 
a d e n o p a t h y  m a y  b e  a ls o  h a e m a t o g e n i c .  H e  in j e c te d  a  h o m o g e n e o u s  s u s p e n s i o n  o f  
tu b e r c u lo s i s  b a c i l l i  i n t o  t h e  c a r o t i d  o f  a n i m a l s ,  a n d  o b s e r v e d  th e  d e v e l o p m e n t  o f  
e x te n s iv e  i s o l a t e d  ly m p h  n o d e  tu b e r c u lo s i s .

In g e n e r a l i z e d  tu b e r c u l o u s  l y m p h a d e n o p a t h y  t h e  l y m p h  n o d e s  s e l d o m  e x 
c e e d  n u t  s i z e ;  t h e y  a r e  d e n se ,  p a in l e s s ,  d o  n o t  a d h e r e  t o  t h e  e n v i r o n m e n t  a n d  d o  
n o t  s h o w  t h e  s l ig h t e s t  s ign  o f  a  t e n d e n c y  t o  b r e a k  t h r o u g h .  A p a r t  f r o m  t h e  r e l a 
t iv e ly  h ig h e r  i n c i d e n c e  o f  th i s  f o r m  t h e  o t h e r  f a c t  d is c lo s e d  by  o u r  in v e s t i g a t i o n s  
is  t h a t  th e  c l i n ic a l  p a t t e r n  o f  c e r v ic a l  t u b e r c u l o u s  l y m p h a d e n o p a t h y  h a s  u n d e r g o n e  
r e m a r k a b l e  c h a n g e s .  S c ro f u lo s i s ,  a  c la s s ic a l  e n t i t y  a  few  d e c a d e s  a g o ,  h a s  d i s a p p e a r 
e d .  C o a le s c e n c e  a n d  f i s tu la  f o r m a t i o n  d o  n o t  o c c u r .  T h e  c o n d i t i o n  h a s  b e c o m e  a  
d i s e a s e  o f  a d u l t s ,  t h o u g h  f o r m e r l y  i t  w a s  o b s e r v e d  m a i n ly  in  c h i l d r e n  a n d  w as  
a t t r i b u t e d  t o  b o v i n e - t y p e  i n f e c t i o n  [3, 4, 5, 6, e tc . ] .

W h a t  a c c o u n t s  f o r  th e  d e l a y  in  t h e  d e v e l o p m e n t  o f  ly m p h  n o d e  t u b e r c u l o s i s  
a n d  f o r  th e  a l t e r a t i o n  o f  th e  n a t u r e  o f  t h e  p r o c e s s ?  I t  is e a s i e r  t o  e x p la i n  w h y  th e  
d i s e a s e  n o w  o c c u r s  in  a d u l t s .  B C G  v a c c i n a t i o n ,  c h e m o t h e r a p y  a n d  c h e m o p r o p h y l 
a x is  a r e  d e l a y i n g  th e  p r i m a r y  in f e c t i o n  till  e a r l y  o r  l a t e  a d u l t h o o d ,  a s  a  r e s u l t  o f  
w h ic h  t u b e r c u l o s i s  o f  th e  l y m p h  n o d e s  a l s o  d e v e lo p s  la te r .  I t  is m o r e  d i f f ic u l t  to  
e x p la i n  w h y  t h e  n a t u r e  o f  th e  p a t h o l o g i c a l  p r o c e s s  h a s  c h a n g e d .  I t  is m o s t  p l a u 
s ib le  t o  seek  t h e  c a u s e  o f  th is  in  t h e  i m m u n o l o g i c a l  r e l a t i o n s .  A  d e f e c t iv e  f u n c t i o n  
o f  ly m p h a t i c  t i s s u e  r i c h  in  i m m u n o c y t e s  is d i f f ic u l t  t o  d e m o n s t r a t e ,  a s  i n  t u b e r c u l o 
sis  th e  o r g a n i s m  d o e s  n o t  p r o d u c e  s u c h  sp ec if ic  a n t i b o d i e s  b y  th e  e s t i m a t i o n  o f  
w h ic h  th e  f u n c t i o n  o f  cells  p r o d u c i n g  i m m u n o g l o b u l i n s  c o u l d  b e  a p p r a i s e d .  O n e  
o f  us, c o - o p e r a t i n g  w i th  G y e n e i ,  h a s  a t t e m p t e d  t o  g a in  in s ig h t  by  s p l e e n  b io p s y  
i n t o  t h e  i m m u n e  a c t iv i ty  o f  t h e  o r g a n i s m  in  v a r i o u s  f o r m s  o f  p u l m o n a r y  t u b e r c u 
lo s is .  T h e  r e t i c u l u m  a n d  p l a s m a  ce lls  a n d  t h e  t r a n s f e r  f o r m s  s h o w e d  t h e  m o s t  c o l 
o u r f u l  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  c h a n g e s  w h ic h  w e r e  i n t e r p r e t e d  a s  a  s ign  o f  
d e fe n s iv e  a c t iv i t y .  It a p p e a r s  l ik e ly  t h a t  n o t  o n ly  t h e  m o d i f i c a t i o n  o f  t h e  lo ca l  
p r o c e s s ,  b u t  a l s o  i ts  g e n e r a l i z a t io n  m a y  b e  a s c r ib e d  to  a n  in su f f ic ie n t  f u n c t i o n  o f  
i m m u n e  ce l ls .

Treatment

T h e  d i a g n o s i s  o f  t u b e r c u l o s i s  m u s t  a lw a y s  b e  e s t a b l i s h e d  a s  e a r l y  a s  p o s s ib le  
a n d  spec if ic  t r e a t m e n t  m u s t  b e  b e g u n  a s  e a r l y  a s  p o s s ib le .  A s  s e v e r a l  r e g i o n s  a r e  
a f f e c te d ,  m e d i c a l  t r e a t m e n t  s h o u l d  b e  i n s t i t u t e d  in th e  f i r s t  p lace .  I f  c o m b i n e d  
i s o n ia z id ,  P A S  a n d  s t r e p t o m y c i n  t r e a t m e n t  fa i ls  to  c a u s e  t h e  ly m p h  n o d e s  t o  d is 
a p p e a r ,  o r  d e c r e a s e  in size, o t h e r  c o m b i n a t i o n s  s h o u l d  b e  u sed  e v e n t u a l l y  w ith
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c y c lo s e r in e ,  e t h i o n i a m i d e ,  p y r a z i n a m i d e  o r  v io m y c in .  C o n d i t i o n s  a s s o c i a t e d  w i t h  
a  h y p e r e r g i c  r e a c t i o n  a r e  b e s t  in f lu e n c e d  b y  c o r t i s o n e .  S u rg ica l  t r e a t m e n t  s h o u l d  b e  
c o n t e m p l a t e d  e x c lu s iv e ly  w h e n  th e  p r o c e s s  is r e s t r i c t e d  to  o n e  s in g le  re g io n .
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Open Forum

I n  t h e  la s t  tw o  i s s u e s  o f  H a e m a t o l o g i a ,  J .  V . D a c ie .  P r o f e s s o r  o f  H a e m a t o l 
o g y ,  P o s t g r a d u a t e  M e d i c a l  S c h o o l  o f  L o n d o n ;  P r o f e s s o r  J e a n  B e r n a r d ,  D i r e c t o r  
o f  t h e  R e s e a r c h  I n s t i t u t e  f o r  B lo o d  D is e a s e s ,  P a r i s ;  P r o f e s s o r  J .  J .  V a n  L o g h e m ,  
D i r e c t o r  o f  t h e  L a b o r a t o r y  f o r  B lo o d  T r a n s f u s i o n ,  A m s t e r d a m ;  P r o f e s s o r  M .  C .  
V e r lo o p ,  U n iv e r s i ty  M e d i c a l  S c h o o l ,  U t r e c h t ;  P r o f e s s o r  E. D e u t s c h ,  U n iv e r s i ty  
M e d i c a l  S c h o o l ,  V i e n n a ;  P r o f e s s o r  P. F. H jo r t ,  U n iv e r s i t y  M e d i c a l  S c h o o l ,  O s lo ,  
P r o f e s s o r  G .  B i l s k i - P a s q u ie r ,  U n i v e r s i t y  M e d i c a l  S c h o o l ,  P a r i s  a n d  P r o f e s s o r  
W .  R u d o w s k i ,  D i r e c t o r  o f  t h e  I n s t i t u t e  o f  H a e m a t o l o g y ,  W a r s a w ,  h a v e  c o n t r i 
b u t e d  t o  t h e  d i s c u s s i o n  o f  “ M o d e r n  t r e n d s  in  t h e  t e a c h i n g  a n d  s p e c i a l i z a t i o n  o f  
h a e m a t o l o g y  a n d  b l o o d  t r a n s f u s i o n ” .

I n  t h i s  se r ies  o f  d i s c u s s io n s  f u r t h e r  c o n t r i b u t i o n s  a r e  p r e s e n t e d :

SOVIET UNION

Professor A. E. Kiselev, Director of the Central Institute for Haematology and Blood 
Transfusion, Moscow, has been invited to acquaint our readers with the teaching and speciali
zation of haematology and blood transfusion in the Soviet Union.

How is the teaching o f  haematology and blood transfusion organized in your 
country?

R e s e a r c h  w o r k  a n d  p r a c t i c a l  t r a i n i n g  in h a e m a t o l o g y  a n d  b l o o d  t r a n s f u s i o n  
o n  a  h ig h  level a r e  p e r f o r m e d  in  th e  in s t i t u t e s  o f  h a e m a t o l o g y  a n d  b l o o d  t r a n s 
f u s io n  a n d  in  t h e  la r g e  r e g i o n a l  c e n t r e s  o f  e v e ry  R e p u b l i c  o f  t h e  S o v ie t  U n i o n .

Is it a compulsory subject in medical education and on what level is it included 
in the curriculum o f medical schools?

T h e  c u r r i c u l u m  o f  t h e  m e d ic a l  u n iv e r s i t ie s  s t i p u l a t e s  f o r  m e d ic a l  s t u d e n t s  
t h e  s t u d y  o f  h a e m a t o l o g y  a n d  b l o o d  t r a n s f u s i o n .  H o w e v e r ,  d u e  t o  t h e  o v e r c r o w d e d  
s c h e d u l e ,  t h e  t im e  d e v o t e d  t o  th e s e  s u b j e c t s  is  n o t  su f f ic ie n t  f o r  a c h i e v in g  th e  lev e l  
t h a t  w o u l d  m e e t  p r e s e n t  sc ien t i f ic  r e q u i r e m e n t s .

Are there postgraduate courses fo r  haematology and blood transfusion?
P o s t g r a d u a t e  t r a i n i n g  c o u r s e s  in  h a e m a t o l o g y  a n d  b l o o d  t r a n s f u s i o n  a r e  

c o n d u c t e d  in th e  p o s t g r a d u a t e  m e d ic a l  s c h o o ls .  In  a d d i t i o n ,  t r a i n i n g  c o u r s e s  f o r
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d o c to r s  w o r k i n g  in  p r e v e n t iv e - c u r a t i v e  m e d i c a l  se rv ice s  a r e  a l s o  h e ld  r e g u l a r l y  in 
t h e  in s t i tu t e s  o f  h a e m a t o l o g y  a n d  b lo o d  t r a n s f u s i o n  a n d  in  th e  l a r g e  r e g i o n a l  
c e n tr e s .

N e w  m e t h o d s  fo r  t h e  p r o d u c t i o n  o f  p r e s e r v e d  b l o o d  a n d  b l o o d  d e r iv a t iv e s  
a s  well a s  t e c h n i c a l  m e t h o d s  u s e d  in  h a e m a t o l o g y  a r e  w o r k e d  o u t  in  t h e  in s t i t u t e s  
a n d  re g io n a l  c e n t r e s  o f  t h e  B lo o d  T r a n s f u s i o n  Serv ice .

Is there a possibility o f  obtaining a degree in haematology and blood transfu
sion ?

S cien t if ic  d e g re e s  fo r  r e s e a r c h e r s  a n d  s p e c i a l i z a t i o n  f o r  t e c h n i c a l  a s s i s t a n c e  o f  
t h e  S o v ie t  B lo o d  T r a n s f u s i o n  S e rv ic e  a r e  o b t a i n a b l e  b o t h  in  h a e m a t o l o g y  a n d  
b lo o d  t r a n s f u s i o n .  A p a r t  f r o m  t h e  u n iv e r s i t y  m e d i c a l  s c h o o l s  a n d  th e  S o v ie t  M e d i 
c a l  A c a d e m y ,  t h e  C e n t r a l  I n s t i t u t e  fo r  H a e m a t o l o g y  a n d  B lo o d  T r a n s f u s i o n  is 
a l s o  a u t h o r i z e d  to  a c c e p t  t h e s e s .  M a n y  c a n d i d a t e s  fo r  d o c t o r a t e  a n d  d o c t o r s  o f  
m e d ic a l  s c i e n c e s  a r e  o n  t h e  s t a f f  o f  th e s e  in s t i tu t e s .

What technical training and examinations are required for specialization ?
T h e  t r a i n i n g  o f  d o c t o r s  a n d  s e c o n d a r y  p e r s o n n e l  ( n u r s e s )  is g o v e r n e d  b y  a n  

o rg a n iz e d  p r o g r a m  w h ic h  s t i p u l a t e s  245 h o u r s  o f  s t u d y  f o r  d o c t o r s  a n d  2 2  h o u r s  
f o r  nu rses .

What suggestion would you have for promoting the development o f  haematology 
and blood transfusion (education, medical care and research) ?

T o  c o n d u c t  su cces s fu l  w o r k  in  h a e m a t o l o g y  a n d  b l o o d  t r a n s f u s i o n  w h ic h  
will m e e t  t h e  s t a n d a r d s  o f  u p - t o - d a t e  sc ien t i f ic  r e q u i r e m e n t s  c a l l s  f o r  e x te n s iv e  a n d  
c o m p le x  i n v e s t i g a t i o n s  c a r r i e d  o u t  by  r e s e a r c h e r s  f r o m  v a r i o u s  f ie lds  o f  sc ie n c e .  
In  a d d i t i o n ,  a n  e x c h a n g e  o f  r e s e a r c h e r s  a n d  i n f o r m a t i o n  b y  w a y  o f  i n t e r n a t i o n a l  
m e e t in g s  a n d  s y m p o s ia  a r e  o f  g r e a t  i m p o r t a n c e  in  m a i n t a i n i n g  a d v a n c e d  r e s e a r c h  
in  h a e m a t o l o g y  a n d  b lo o d  t r a n s f u s io n .

U N I T E D  S T A T E S

Dr. Tibor J. Greenwalt, Medical Director, Blood Program, American National Red Cross

T h e  h o r i z o n s  o f  h e m a t o l o g y  h a v e  e x p a n d e d  in to  a  v a s t  m u l t i d i s c ip l i n a r y  
c o m p le x .  T h i s  d iv e r s i f i c a t io n  s e e m s  to  b e  a  m a j o r  f a c t o r  in  m a i n t a i n i n g  a n  a d e 
q u a t e  i n p u t  o f  q u a l i f i e d  a n d  m o t i v a t e d  t r a in e e s  s o  t h a t  n o  g e n e r a l  s h o r t a g e  o f  t r a in e d  
p e r s o n s  in t h i s  f ie ld  exists.  U n f o r t u n a t e l y  b l o o d  t r a n s f u s i o n  a n d  i s o i m m u n o h e m a -  
to lo g y  h a v e  n o t  d o n e  so  w e ll  a s  w e  sha l l  see.

T h e r e  is n o  fixed p a t t e r n  f o r  t e a c h i n g  h e m a t o l o g y  in  o u r  m e d ic a l  s c h o o l s .  
I n  s o m e  i n s t i t u t i o n s  th e  r e l a t e d  l a b o r a t o r y  t r a i n i n g  is g iv e n  in  t h e  d e p a r t m e n t  o f  
p a th o l o g y  a n d  th e  h e m a t o l o g i s t s  h a v e  c o n t a c t  w i th  t h e  m e d i c a l  s t u d e n t s  o n ly  
d u r i n g  th e  c l i n ic a l  y ears .  I n  o t h e r  m e d ic a l  s c h o o l s  th e  e n t i r e  p r o g r a m  o f  t e a c h in g  
is in  th e  h a n d s  o f  h e m a t o l o g i s t s  w h o  m a y  a l s o  b e  r e s p o n s ib l e  f o r  t h e  o p e r a t i o n  o f  
t h e  c l in ica l  h e m a t o l o g y  l a b o r a t o r i e s  a n d  t h e  b l o o d  t r a n s f u s i o n  se rv ice .  T h e  e x t e n t
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o f  t r a i n i n g  in  h e m a t o l o g y  g iv e n  t o  s t u d e n t s  v a r i e s  g re a t ly  a n d  d e p e n d s  t o  s o m e  
e x te n t  o n  th e  f a m e  a n d  p e r s o n a l i t y  o f  th e  C h i e f  o f  th e  H e m a t o l o g y  S e c t io n  a n d  t h e  
s u p p o r t  g iv e n  b y  t h e  C h a i r m a n  o f  t h e  D e p a r t m e n t  o f  M e d i c in e .  A la s ,  t r a i n i n g  in  
b l o o d  b a n k i n g  a n d  h e m o t h e r a p y  c a n  b e  s t a t e d  in  g e n e ra l  t o  b e  a l m o s t  n o n e x i s t e n t  
in m e d ic a l  s c h o o ls .

P o s t g r a d u a t e  t r a i n i n g  in  h e m a t o l o g y  c a n  b e  o b ta i n e d  in  s e v e r a l  w ay s .  M o s t  
o f t e n  it  is in  t h e  f o r m  o f  p o s t d o c t o r a l  f e l l o w s h ip s  fo l lo w in g  a  m e d i c a l  i n t e r n s h i p  
a n d  r e s id e n c y .  F in a n c i a l  s u p p o r t  is m o s t  f r e q u e n t l y  t h r o u g h  t r a i n i n g  g r a n t s  o r  
f e l lo w s h ip s  s u p p o r t e d  by  th e  N a t i o n a l  I n s t i t u t e s  o f  H e a l th .  O c c a s io n a l ly  t r a i n i n g  
c a n  b e  o b t a i n e d  a s  p a r t  o f  t h e  r e s id e n c y  p r o g r a m  o f  a  h o s p i t a l .  A  few  a r e  t r a i n e d  
b y  w o r k i n g  in  p r a c t i c e  w i th  a  q u a l i f i e d  h e m a t o l o g i s t .  C o u r s e s  s p o n s o r e d  b y  t h e  
A m e r i c a n  C o l l e g e  o f  P h y s i c ia n s  o r  i n d e p e n d e n t l y  by  u n iv e r s i t i e s  a re  a v a i l a b l e  
b u t  t h e s e  a r e  s h o r t  t e r m  re v ie w s  w h ic h  d o  n o t  q u a l i fy  a  p e r s o n  a s  a  sp e c i a l i s t .  
S o m e  in t e r n i s t s  h a v e  b e c o m e  q u a l i f i e d  h e m a t o l o g i s t s  b e c a u s e  o f  a  well d i r e c t e d  
in t e r e s t ,  a t t e n d a n c e  a t  m e e t in g s  a n d  t a k i n g  o f  sp e c i a l  c o u r s e s .

T h e r e  is n o  n a t i o n a l  i n s t i t u t e  f o r  h e m a t o l o g y  o r  b l o o d  t r a n s f u s io n  in  t h e  
U n i t e d  S ta t e s  a n d  in  t h e  m e d i c a l  s c h o o l s  h e m a t o l o g y  is a  s e c t i o n  o f  th e  D e p a r t 
m e n t  o f  M e d i c i n e  h e a d e d  b y  a  f a c u l ty  r a n k  o f  A s s o c i a te  P r o f e s s o r  o r  P r o f e s s o r .  
T h e r e  is n o  b o a r d  f o r  c e r t i f y in g  o r  sp ec ia l  d e g r e e s  a w a r d e d  t o  sp e c i a l i s t s  in H e m a 
t o l o g y  o r  b l o o d  t r a n s f u s i o n  a t  t h e  d o c to r a l  leve l .  T h i s  p o s s ib i l i ty  h a s  b e e n  d i s c u s s e d  
b y  c o m m i t t e e s  i n v o l v e d  in  c e r t i f y in g  in t e r n i s t s  a n d  c e r t i f y in g  p a t h o l o g i s t s .  F o r  t h e  
p r e s e n t  p e r h a p s  i t  is b e s t  to  le t  t h e  h e m a t o l o g i s t  a n d  t r a n s f u s i o n i s t  g a in  r e c o g n i t i o n  
o n  t h e  b a s i s  o f  h is  a c h i e v e m e n t s .

B lo o d  b a n k i n g  a n d  b l o o d  t r a n s f u s i o n  t h e r a p y  e n jo y  a  m u c h  less  a d v a n t a g e o u s  
p o s i t i o n .  M e d i c a l  s t u d e n t s  u s u a l ly  rece iv e  p r a c t i c a l ly  n o  t r a i n i n g  in  t h i s  s u b 
je c t .  T r a i n i n g  p r o g r a m s ,  f e l lo w s h ip s  a n d  r e s id e n c i e s  in  t h i s  f ie ld  a r e  p r a c t i 
c a l ly  n o n e x i s t e n t .  T o  m y  k n o w l e d g e  t h e r e  a r e  o n ly  t h r e e  i n s t i t u t i o n s  o f f e r 
in g  f o r m a l  t r a i n i n g  in  b l o o d  b a n k i n g  a n d  r e l a t e d  d is c ip l in e s .  T h o s e  a c t iv e ly  e n 
g a g e d  a s  b l o o d  b a n k  d i r e c to r s  g e n e r a l ly  h a v e  s t r a y e d  in to  t h e  f ie ld  f r o m  h e m a t o 
lo g y ,  p a t h o l o g y ,  a n a e s t h e s i o lo g y ,  su r g e ry ,  e tc .  a n d  p ic k e d  u p  t r a i n i n g  f r o m  e x p e 
r i e n c e  a n d  a s s o c i a t i o n .

R e la t iv e ly  f e w  b l o o d  b a n k s  a r e  d i r e c te d  b y  p h y s ic ia n s  w i t h  spec ia l  t r a i n i n g  
a n d  m a n y  p o s i t i o n s  a r e  o p e n .  T h i s  d e p l o r a b l e  s i tu a t io n  h a s  m u l t i p le  o r ig in s .  
H e m a t o l o g i s t s  a r e  th e m s e l v e s  to  b l a m e  b e c a u s e  t h e y  h a v e  f o r  t h e  m o s t  p a r t  t r e a t e d  
b l o o d  b a n k i n g  a s  a  f ie ld  o f  l i t t le  i n t e r e s t  to  t h e m  a n d  n o t  w o r t h y  o f  m u c h  a t t e n t i o n .  
T h i s  is p r o b a b l y  t h e  c a s e  w i th  o t h e r  p h y s i c ia n s ,  m a n y  o f  w h o m  se e m  to  fee l  t h a t  
i t  is s i l ly  f o r  a  q u a l i f i e d  p h y s i c i a n  t o  d e v o te  h is  fu l l  t im e  to  t h e  o p e r a t i o n  o f  b l o o d  
b a n k i n g  a n d  t r a n s f u s i o n  se rv ic e .  T h e s e  a t t i t u d e s  r e s u l t  f r o m  t h e  la c k  o f  r e a l i z a 
t i o n  o f  w h a t  a  b r o a d  a n d  c o m p l e x  m u l t i d i s c i p l i n a r y  a r e a  th e  f i e ld  o f  b lo o d  b a n k i n g  
a n d  h e m o t h e r a p y  h a s  b e c o m e  a n d  th e  p o s s ib i l i t i e s  f o r  r e s e a r c h  a n d  d e v e l o p m e n t  
w h ic h  ex is t .  T h e  la c k  o f  o r g a n i z a t i o n  o f  t r a n s f u s i o n  fac i li t ies  in  t h i s  c o u n t r y  is a l s o  
t o  b l a m e .  T h e  B lo o d  P r o g r a m  o f  t h e  A m e r i c a n  N a t i o n a l  R e d  C r o s s  h a s  56 R e g i o n 
al B lo o d  C e n t e r s  w h ic h  c o l l e c t  a l m o s t  t h r e e  m i l l i o n  p in t s  o f  b l o o d  a n n u a l l y  f r o m  
v o l u n t e e r  b l o o d  d o n o r s .  T h e  m e m b e r s  o f  t h e  A m e r i c a n  A s s o c i a t i o n  o f  B l o o d
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B a n k s  c o l l e c t  m o s t  o f  th e  r e s t  o f  th e  b lo o d .  T h e  m a j o r i t y  o f  t h e  m e m b e r  b a n k s  o f  
th e  A m e r i c a n  A s s o c i a t i o n  o f  B lo o d  B a n k s  a r e  sm a l l  h o s p i t a l  b l o o d  b a n k s .  T h e  
R e d  C r o s s  a n d  t h e  A A B B  h a v e  e s t a b l i s h e d  s t a n d a r d s  w h i c h  th e y  m a i n t a i n  b y  
r e g u l a r  i n s p e c t i o n s  o f  f a c i l i t ie s .  B lo o d  b a n k s  a r e  a l s o  r e g u l a t e d  b y  th e  D iv i s io n  o f  
B io lo g ie s  S t a n d a r d s  o f  th e  D e p a r t m e n t  o f  H e a l t h ,  E d u c a t i o n  a n d  W e l f a r e  w h e n  
th e y  s h ip  p r o d u c t s  o v e r  s t a t e  l in e s  o r  v o l u n t a r i l y  seek  l i c e n s u r e  b y  th is  a g e n c y .

T h e  m a j o r  d e f ic ie n c ie s  o f  b lo o d  b a n k i n g  c o u l d  b e  r e m e d i e d  i f  th e  p r o b l e m s  
o f  t r a i n i n g  q u a l i f i e d  b l o o d  b a n k  d i r e c to r s  c o u l d  b e  so lv ed .  T h i s  is a  t w o - p r o n g e d  
p r o b l e m :  t r a i n i n g  p r o g r a m s  m u s t  be  e s t a b l i s h e d  a n d  s u i t a b l e  c a n d i d a t e s  f o r  t r a i n 
in g  m u s t  b e  r e c r u i t e d .

BULGARIA

Professor V. Serafimov-Dimitrov, Director of the Research Institute of Haematology 
and Blood Transfusion, Sofia

T o d a y ’s sc ien ti f ic  e f f o r t s  h a v e  led to  a  s o  f a r  u n e x p e r i e n c e d  a d v a n c e  o f  t h e  
a n a ly t i c a l  s t u d i e s  in  all  f ie ld s  o f  m e d ic in e .  M e d i c a l  d i s c ip l in e s  h a v e  i n c r e a s e d  in  
n u m b e r  a n d  n e w  sp e c ia l i z e d  f ie ld s  o f  k n o w l e d g e  h a v e  d e v e l o p e d  w i th in  t h e  l i m i t s  
o f  th e  c la s s ic a l  sp e c ia l i t ie s .  T h e y  r e q u i r e  a  c o n s i d e r a b l y  n a r r o w e r  p ro f i le  a n d  s p e 
c ia l i z a t io n  o f  p h y s i c i a n s  e m p l o y e d  in  sc ien ti f ic  a n d  p u b l i c  h e a l t h  i n s t i tu t io n s .  H a e -  
m a t o lo g i c a l  s c i e n c e  h a s  a l s o  b e e n  a f fec ted  b y  t h i s  p ro c e s s .  F o r  in s ta n c e ,  h a e m o c y -  
t o lo g y  c e a s e d  t o  b e  a  p a r t  o f  c l in ic a l  h a e m a t o l o g y .  I s o s e r o l o g y  d e v e lo p e d  i n t o  a 
s e p a r a t e  d i s c ip l in e  a n d  b e c a m e  a  n ew  s c i e n c e  b y  itself. A l m o s t  i m m e d i a t e l y  t h e  
b a s i s  w a s  l a i d  f o r  th e  d e l i m i t a t i o n  o f  i m m u n o h a e m a t o l o g y .  C h e m i s t r y  a n d  p h y s i c o -  
c h e m i s t r y  p r o v i d e d  a  n u m b e r  o f  n e w  m e t h o d s  o f  i n v e s t i g a t i o n  o f  th e  p r o t e in  c o n 
te n t s  o f  b l o o d  p l a s m a  a n d  f r a c t i o n a t i o n  o f  p l a s m a  w a s  i n t r o d u c e d  in  m e d i c a l  
p ra c t ic e .  A  b r o a d  field o f  h a e m a t o l o g y ,  b l o o d  c lo t t i n g ,  h a s  b e c o m e  a  sc ien ce  per se. 
P r e s e r v a t i o n  o f  b l o o d  a n d  h a e m a t o p o i e t i c  t i s s u e s  d e v e lo p e d  i n t o  a  s e p a r a t e  b r a n c h .  
T h e  use  o f  i o n i z i n g  r a d i a t i o n s  in bas ic  r e s e a r c h ,  in d u s t r y  a n d  m e d i c in e  le a d s  t o  t h e  
d e v e l o p m e n t  o f  n u c l e a r  h a e m a t o l o g y .  T h e  l i s t  o f  h a e m a t o l o g i c a l  d is c ip l in e s  h a s  
b e c o m e  q u i t e  a  l o n g  o n e  a n d  th i s  n e c e s s i ta te s  t h e  c r e a t io n  o f  sp e c ia l i z e d  b r a n c h e s  
o f  c o n t e m p o r a r y  h a e m a t o l o g i c a l  sc ience.  In  m y  o p in i o n ,  t h e  d i f f e r e n t i a t i o n  o f  t h e  
sp e c ia l i z e d  h a e m a t o l o g i c a l  d i s c ip l in e s  im p l i e s  t h e  c r e a t io n  o f  a  g e n e ra l iz e d  s c i e n c e  
w h ic h  s h o u l d  u n i f y  th e  f u n d a m e n t a l  p r o b l e m s  o f  h a e m a t o l o g y .  G e n e r a l  h a e m a 
to lo g y  c o u l d  b e c o m e  t h e  b a s i s  o f  e a c h  s p e c i a l i z e d  h a e m a t o l o g i c a l  d is c ip l in e .  It 
s h o u ld  a ls o  t r e a t  t h e  p r i n c i p a l  p r o b l e m s  o f  n o r m a l  a n d  p a t h o l o g i c a l  m o r p h o l o g y ,  
p h y s io lo g y ,  b io c h e m i s t r y  a n d  i m m u n o l o g y  o f  t h e  h a e m o p o i e t i c  sys tem .

U p  t o  n o w ,  sc ien ti f ic  a n d  p r a c t i c a l  w o r k  h a s  m a d e  it  n e c e s s a ry  t o  c r e a t e  
e ig h t  p a r a c l i n i c a l  a n d  t w o  c l in ic a l  d is c ip l in e s .  T h e  e ig h t  p a r a c l in i c a l  o n e s  a r e :  
h a e m o c y t o l o g y ,  h a e m o h i s t o l o g y ,  h a e m o c y t o b i o c h e m i s t r y ,  n u c l e a r  a n d  f u n c t i o n a l  
h a e m a t o l o g y ,  b l o o d  c l o t t i n g ,  p r e s e r v a t i o n  o f  b l o o d ,  i s o s e r o l o g y  a n d  i m m u n o 
h a e m a t o l o g y .  T h e  tw o  c l in ic a l  d is c ip l in e s  a r e  c l in ica l  h a e m a t o l o g y  a n d  t r a n s f u -  
s io n a l  h a e m a t o l o g y .
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T h e  p r o b l e m s  o f  h a e m a t o l o g y  s h o u ld  o c c u p y  a d e q u a t e  s p a c e  in  th e  t r a i n 
in g  p r o g r a m  o f  m e d i c a l  s t u d e n t s  a n d  p h y s i c ia n s .  K n o w l e d g e  in  h a e m a t o l o g y  is 
n e e d e d  b y  all p h y s i c i a n s ,  i n d e p e n d e n t l y  o f  th e i r  sp e c ia l i ty .  W h a t  s h o u l d  b e  th e  l i m 
i t s  o f  h a e m a t o l o g i c a l  t r a i n i n g  in  u n d e r g r a d u a t e  a n d  p o s t g r a d u a t e  e d u c a t i o n ?  
N o  d o u b t ,  m o d e r n  h a e m a t o l o g i c a l  d ia g n o s i s  a n d  t h e r a p y  c o u ld  b e  p ro v id e d  o n l y  
b y  s p e c ia l ly  t r a i n e d  p h y s i c i a n s .  T h e  g e n e ra l  c o u r s e  o f  u n d e r g r a d u a t e  u n iv e r s i t y  
t r a i n i n g  s h o u l d  t h e r e f o r e  c o v e r  k n o w le d g e  in  g e n e r a l  h a e m a t o l o g y .  T h is  d o e s  n o t  
im p ly  t h a t  p h y s i c i a n s  w h o  g r a d u a t e  f r o m  h ig h e r  m e d i c a l  i n s t i t u t e s  a r e  p r e p a r e d  to  
p r o v i d e  q u a l i f i e d  h a e m a t o l o g i c a l  a s s i s t a n c e .  N o n t h e l e s s  u n d e r g r a d u a t e  t r a i n i n g  
s h o u l d  p r o v id e  a  m i n i m u m  o f  k n o w l e d g e  w h ic h  w o u l d  r e n d e r  t h e  y o u n g  p h y s i c i a n  
a d e q u a t e  t r a i n i n g  in t h e  f ie ld  o f  h a e m a t o p o i e t i c  d i s o r d e r s  a n d  e n s u r e  a m i n i m u m  
e x p e r i e n c e  in l a b o r a t o r y  t e c h n i q u e s  e m p l o y e d  in  g e n e ra l  t h e r a p y .  In B u lg a r i a ,  
m e d i c a l  s t u d e n t s  a c q u i r e  b a s i c  k n o w le d g e  in  c l i n ic a l  h a e m a t o l o g y  a t  th e  d e p a r t 
m e n t s  o f  m e d ic in e .  S t r e s s  s h o u l d  b e  la id  o n  t h e  f a c t  t h a t  a t  l e a s t  f o r  the  p r e s e n t  
t h e i r  t r a i n i n g  in  h a e m a t o l o g y  c o u l d  n o t  p r e t e n d  f o r  t h o r o u g h n e s s ,  s ince  n o n e  o f  
t h e  u n iv e r s i t y  d e p a r t m e n t s  o f  m e d i c in e  a r e  sp e c i a l l y  d e v o te d  to  h a e m a to lo g y .

T r a i n i n g  in  t r a n s f u s i o n a l  h a e m a t o l o g y  is a c q u i r e d  a t  th e  i n s t i t u t e s  o f  b io lo g y ,  
p a t h o p h y s i o l o g y ,  a n d  f o r e n s ic  m e d i c i n e  ; n d  a t  t h e  d e p a r t m e n t  o f  su rg e ry .  T e a c h 
in g  o f  i s o s e ro lo g y ,  i m m u n o h a e m a t o l o g y ,  a n d  o f  p a t h o l o g y ,  c l i n ic a l  s y m p t o m 
a t o l o g y  a n d  t r e a t m e n t  o f  h y p o v o l e m i c  d i s o r d e r s  is p a r t i a l  a n d  n o n s y s t e m a t i z e d .  
I n  i t s  p r e s e n t  f o r m  it  t h e r e f o r e  a n n i h i l a t e s  t h e  c h a n c e  f o r  t h e  a c q u i s i t i o n  o f  so l id  
k n o w l e d g e  a n d  p r a c t i c e  in  h a e m a t o l o g y  n e e d e d  b y  e a c h  p h y s i c i a n .  A t t e m p t s  a r e  
n o w  m a d e  t o  p r o v i d e  a  m o r e  c o n c e n t r a t e d  t r a i n i n g  o f  m e d ic a l  s t u d e n t s  in t r a n s 
f u s io n a l  h a e m a t o l o g y  a n d  a  m o r e  f u n d a m e n t a l  k n o w l e d g e  in  c l in ic a l  h a e m a t o l 
o g y .  In  m y  o p i n i o n  t h e  r e s p o n s ib i l i t y  fo r  t r a i n i n g  in  c l in ica l  a n d  t r a n s f u s io n a l  
h a e m a t o l o g y  in  m e d i c a l  fa c u l t i e s  s h o u l d  b e  e n t r u s t e d  t o  th e  d e p a r t m e n t s  o f  m e d i 
c in e  w h ic h  s h o u l d  b e  e q u i p p e d  w i th  a  p r o p e r  c y to l o g ic a l  a n d  c o a g u l a t i o n a l  l a b o 
r a t o r y  a n d  a  w e l l - o r g a n i z e d  c e n t r e  f o r  b lo o d  t r a n s f u s i o n  w i th  i s o s e ro lo g ic a l  a n d  
i m m u n o h a e m a t o l o g i c a l  l a b o r a t o r y .

O n  th e  b a s i s  o f  t h e  p r e s e n t  s t a g e  o f  d e v e l o p m e n t  o f  h a e m a t o l o g i c a l  d i s c i 
p l in e s  i t  is a s s u m e d  t h a t  s p e c i a l i z a t i o n  in  b o t h  h a e m a t o l o g i c a l  b r a n c h e s  — c l in ic a l  
h a e m a t o l o g y  a n d  t r a n s f u s i o n a l  h a e m a t o l o g y  — s h o u l d  b e  a c c o m p l i s h e d  in  p o s t 
g r a d u a t e  t r a in i n g .  S p e c ia l i z a t io n  in  c l in ica l  h a e m a t o l o g y  n o w  e x is t s  w o r l d o v e r  
a n d  im p l i e s  n o  m o r e  u n r e s o lv e d  q u e s t io n s .  S o m e w h a t  d i f f e r e n t  is th e  s i t u a t io n  
w i th  t r a n s f u s i o n a l  h a e m a t o l o g y .  A l m o s t  e v e r y w h e r e ,  i t  is c a l l e d  t r a n s f u s io lo g y .  
I n d e p e n d e n t l y  o f  w h e t h e r  o r  n o t  a n  off ic ia l e x a m i n a t i o n  is r e q u i r e d  f o r  th e  a c q u i 
s i t i o n  o f  th is  sp e c i a l i ty  t h i s  is a l r e a d y  i m p o s e d  b y  e v e r y d a y  p r a c t i c e .  N e v e r th e l e s s  
in  m a n y  c o u n t r i e s  t r a i n i n g  in  t r a n s f u s io lo g y  is q u i t e  l im i te d ,  n o t  s y s te m a t ic ,  a n d  
c o v e r s  o n ly  a  n a r r o w  p ro f i l e  o f  th e  fie ld .  F o r  t h i s  r e a s o n  w e  h a v e  c h a n g e d  n o t  o n l y  
t h e  d e s i g n a t i o n  o f  t h e  s p e c ia l i ty  b u t  a l s o  th e  p r o g r a m  f o r  s p e c i a l i z a t i o n .  In m y  
v ie w  t r a n s f u s i o n a l  h a e m a t o l o g y  r e p r e s e n t s  a  m e d i c a l  d is c ip l in e  w i t h  a  b r o a d  s p e c 
t r u m ,  b a s e d  o n  i s o s e r o l o g v ,  i m m u n o h a e m a t o l o g y ,  b l o o d  c lo t t i n g ,  p r e s e r v a t i o n  o f  
b l o o d  ( a l s o  t h e  p r o b l e m s  o f  b l o o d  d o n a t i o n )  a n d  p l a s m a  f r a c t i o n a t i o n .  T h is  is 
w h y  t h e  t r a n s f u s i o n a l  h a e m a t o l o g i s t  s h o u l d  m a s t e r  t h e s e  d is c ip l in e s .  I t  is t h e r e f o r e
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c le a r  t h a t  t r a n s f u s i o n a l  h a e m a t o l o g y  is a  c l i n i c o - l a b o r a t o r y  d i s c ip l in e  w i t h  a  t h e r 
a p e u t i c  a s p e c t .

F o r  t h e  p r e s e n t  o n ly  o n e  h a e m a t o l o g i c a l  sp ec ia l i ty  e x i s t s  in th is  c o u n t r y  — 
c lin ica l  h a e m a t o l o g y .  T h e  a d o p t i o n  o f  t h e  s p e c i a l i ty  o f  t r a n s f u s i o n a l  h a e m a t o l o g y  
will s o o n  f o l lo w .  T h e  tw o  h a e m a t o l o g i c a l  s p e c ia l i t i e s  c o u ld  b e  m a s te r e d  b y  p h y s i 
c ia n s  w i th  a  p re v io u s  b a s i c  t r a i n i n g  s u c h  a s  in te rn a l  m e d i c i n e  o r  p a e d i a t r i c s  fo r  
c l in ic a l  h a e m a t o l o g y  a n d  i n t e r n a l  m e d ic in e ,  s u r g e r y  o r  g y n a e c o l o g y  a n d  o b s t e t r i c s  
f o r  t r a n s f u s i o n a l  h a e m a t o l o g y .  S p e c ia l i z a t i o n  in  t r a n s f u s io n a l  h a e m a t o l o g y  s h o u l d  
b e  a l l o w e d  a f t e r  o n e  y e a r  p r e l i m i n a r y  a p p r e n t i c e s h i p  in t h e  b a s i c  s p e c i a l i ty ,  w h i le  
t h a t  in  c l i n ic a l  h a e m a t o l o g y  s h o u l d  f o l lo w  s p e c i a l i z a t i o n  in  i n t e r n a l  m e d i c i n e  o r  
p a e d ia t r i c s .  S p e c ia l i z a t io n  in  t r a n s f u s i o n a l  h a e m a t o l o g y  s h o u l d  c o n t i n u e  f o r  f o u r  
y e a r s  a n d  in  c l in ic a l  h a e m a t o l o g y  f o r  t w o  y e a r s  ( a f te r  t h r e e  y e a r s  o f  s p e c i a l i z a t i o n  
in  th e  b a s i c  sp e c ia l i ty ) .  P o s t g r a d u a t e  t e a c h i n g  in  clin ical a n d  t r a n s f u s i o n a l  h a e m a 
to lo g y  is d i r e c t e d  b y  th e  d e p a r t m e n t  o f  h a e m a t o l o g y  a t  t h e  P o s t g r a d u a t e  M e d ic a l  
I n s t i t u t e  ( 1 S U L ) ,  w h ich  is a r r a n g i n g  a n n u a l  c o u r s e s  o f  f o u r  m o n t h s  in  c l in ic a l  
h a e m a t o l o g y  a n d  o f  t h r e e  m o n t h s  in  t r a n s f u s i o n a l  h a e m a t o l o g y .  E v e ry  s p e c i a l i z 
in g  p h y s i c i a n  s h o u l d  c o m p l e t e  t h e  c o u r s e .  S p e c ia l i z a t io n  i t s e l f  is a c q u i r e d  in  c e r t a i n  
i n s t i t u t i o n s  o f  th e  H a e m a t o l o g y  a n d  B lo o d  T r a n s f u s i o n  S e r v i c e  a c c o r d i n g  t o  a  
p r o g r a m  d e v i s e d  b y  th e  C h a i r  in H a e m a t o l o g y  a n d  a p p r o v e d  by  t h e  M i n i s t r y  
o f  P u b l i c  H e a l t h  a n d  S o c ia l  W e l f a r e ,  a n d  is b o u n d  t o  p a s s i n g  a n  e x a m i n a t i o n  
in  t h e  t h e o r e t i c a l  a n d  p r a c t i c a l  a s p e c t s  o f  t h e  field. D u r i n g  t h e  t r a i n i n g  p e r i o d  
th e  p h y s i c i a n  sp e c ia l i z in g  in  c l in ic a l  h a e m a t o l o g y  s h o u l d  m a s t e r  1. t h e  f u n 
d a m e n t a l s  a n d  th e o r ie s  o f  g e n e r a l  h a e m a t o l o g y ;  2. p a t h o g e n e s i s ,  c l i n ic a l  s y m p 
t o m a t o l o g y ,  d ia g n o s i s  a n d  t h e r a p y  o f  s y s t e m i c  d i s o r d e r s  o f  t h e  b l o o d ;  3. i n t e r 
p r e t a t i o n  o f  h a e m o g r a m s ,  m y e l o g r a m s  a n d  h a e m o p o i e t i c  t i s s u e  b i o p s y ;  4 .  th e  
n e c e s s a r y  m i n i m u m  in  i m m u n o l o g i c a l ,  i s o s e r o lo g ic a l  a n d  c o a g u l a t i o n a l  t e s t s ;  
5. t h e  n e c e s s a r y  m i n i m u m  in  th e  p r o b l e m s  o f  t r a n s f u s i o n a l  t h e r a p y .  D u r i n g  
th e  t r a i n i n g  p e r io d  th e  p h y s i c i a n  s p e c i a l i z in g  in  t r a n s f u s i o n a l  h a e m a t o l o g y  
s h o u l d  m a s t e r  1. th e  t h e o r e t i c a l  b a s i s  o f  g e n e r a l  a n d  t r a n s f u s i o n a l  h a e m a t o l o g y ;
2. th e  c l i n i c a l  s y m p t o m a t o l o g y  a n d  t h e r a p y  o f  h y p o v o l e m i c  d i s o r d e r s ,  o f  t r a n s 
f u s i o n a l  r e a c t i o n s  a n d  c o m p l i c a t i o n s ,  o f  s y s te m ic  d i s o r d e r s ,  o f  t h e  b l o o d  ( th e  
l a t t e r  w i t h i n  t h e  r a n g e  o f  a  n e c e s s a r y  m i n i m u m ) ;  3. s u f f ic ie n t  t h e o r e t i c a l  a n d  l a b 
o r a t o r y  e x p e r i e n c e  in i s o s e r o l o g ic a l  a n d  i m m u n o h a e m a t o l o g i c a l  t e s t s ;  4 .  t h e o 
re t ic a l  a n d  p r a c t i c a l  m i n i m u m  o n  c o a g u l a t i o n a l  a n d  c y to l o g ic a l  m e t h o d s  o f  
e x a m i n a t i o n ;  5. de f in i te  t h e o r e t i c a l  a n d  p r a c t i c a l  k n o w l e d g e  o f  t h e  sc ie n t i f ic ,  
p r a c t i c a l  a n d  o r g a n i z a t i o n a l  p r o b l e m s  o f  o b t a i n in g ,  p r e s e r v a t i o n  a n d  t r a n s 
fu s io n  o f  b l o o d  a n d  th e  p r e s e r v a t i o n  a n d  t r a n s f u s io n  o f  b o n e  m a r r o w .

B lo o d  t r a n s f u s i o n  is a  w id e s p r e a d  p r o c e d u r e .  S ti l l  n o  officia l r u l e s  e x i s t  in  
th is  c o u n t r y  a s  r e g a r d s  s p e c i a l i z a t i o n  o f  t r a n s f u s io lo g i s t  p h y s i c ia n s .  T r a i n i n g  is 
u n i l a t e r a l ,  m a i n l y  in t e c h n i c a l  a n d  i n d u s t r i a l  p r o b le m s .  T h i s  h a s  d e p r i v e d  t h e  w o r k  
o f  t r a n s f u s i o l o g i s t s  o f  i t s  c h a r a c t e r  a n d  h a s  n o t  a s s is ted  t h e  i m p r o v e m e n t  o f  th e  
sc ien ti f ic  leve l  o f  th e i r  p r a c t i c e .  W e  t h i n k  t h a t  th e  i n t r o d u c t i o n  o f  a  s p e c i a l i t y  in  
t r a n s f u s i o n a l  h a e m a t o l o g y  w o u l d  c h a n g e  m a t t e r s  f a v o u r a b l y .  T h e  d e s i g n a t i o n  o f  
th e  s p e c i a l i s t  i t s e l f  w i tn e s s e s  a  c l i n i c o - th e r a p e u t i c  t e n d e n c y .  S im u l t a n e o u s l y ,  in
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order that no drawback should occur in the technical, productional and laboratory 
activities, at the transfusion centres, special training of nurses and laboratory 
technicians will be organized. They will also specialize in courses organized by 
the Section for the specialization of nurses, medical and laboratory technicians 
at the Ministry of Public Health and Social Welfare. This will soon place the tech
nical and laboratory activities of the Transfusion Service predominantly in the 
hands of highly qualified and specialized nurses and laboratory technicians.

It is clear that specialization in clinical and transfusional haematology could 
not alone satisfy the demands of everyday practice. Clinical haematology requires 
specialists qualified in cytology, blood clotting and immunohaematology, whereas 
transfusional haematology requires specialists qualified in isoserology, immuno
haematology, blood clotting and preservation of blood. Specialists in these fields 
are mainly needed at the big haematological and transfusion centres. In fact, the 
problem concerns the qualification of specialists in haematology who would devote 
themselves to these more specialized fields. One thing needed in this country and 
which we are aiming at is that specialization and perfection should follow the train
ing and specialization in clinical and transfusional haematology. Besides, every 
haematologist should master the basis of haematological science, general 
haematology. This would allow to avoid the harmful tendency to specialize in a 
definite haematological branch without previous broad training in general hae
matology. Stress should be laid upon the fact that specialization has a number 
of advantages, but also serious drawbacks. One of these drawbacks is the lack of an 
outlook on the general problems in medicine, on the condition of the patient. 
Man is an integral and indivisible phenomenon. The pathological changes in a 
biological system never remain isolated. For that reason, therapeutic assistance 
administered by a narrow specialist should always be combined with a broad clin
ical outlook which could not be cultivated without solid knowledge in a basic 
medical discipline. This is why we claim that haematologists need training in 
general haematology.

Specialization in haematology cannot be accomplished without an adequate
ly qualified teaching staff. Well equipped clinical departments and laboratories 
where specialization could take place are also needed. Teachers in haematology 
should also possess a definite profile. The theoretical and practical courses in clin
ical and transfusional haematology should be conducted by haematologists — cli
nicians, cytologists, coagulationists, experienced specialists in blood taking and 
preservation. Therefore we insist on training physicians in haematology by spe
cialized teaching teams. This provides a high theoretical level and a good practical 
training for the specializing haematologist.

For the present in Bulgaria the main centre for specialization in haematology 
is the Scientific Research Institute in Haematology and Blood Transfusion. At the 
same time it is the basis for the Department of Haematology of the Postgraduate 
Medical Institute in Sofia. The haematological clinic and the laboratories of the 
immunological, pathophysiological, morphological, biochemical, organizational 
and methodological sections of this Institute provide conditions for a completely
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modern training in haematology. The same Institute producer test sera and 
assists the laboratory for fractionation and the lyophilization laboratory and other 
departments of the Blood Transfusion Centre in Sofia. District Centres of Haema
tology are now being organized. Each of them will provide highly specialized hae- 
matological assistance to the population of an area with 1,500,000 inhabitants. 
These centres will also train specialists in clinical and transfusional haematology. 
The country’s Haematological Service which is already almost completely orga
nized will rely upon these centres. Together with the Institute and the Department 
of Haematology they will train specialists not only in these two but also in other 
fields of haematology.

In our country there exists a tendency to create such a structure of the Hae
matological Service which would help the specialization and integration of modern 
haematology. I hope that the above-mentioned notes illustrate the tendency of our 
Ministry of Public Health and Social Welfare and its Haematological Institute 
to provide specialized haematological assistance by means of creating narrow speci
alities and specialists.

A few words are also needed on integration. Integration is a prerequisite 
of the advance of haematology, the mutual coverage of the spheres of the haema
tological disciplines. In this respect, highest integration results from the interrela
tionship between clinical and transfusional haematology. For example, immuno- 
haematology is an important section of clinical haematology which developed on 
the basis of isoserology, a basic discipline of transfusional haematology. Preser
vation of blood was a specialized field with a biochemical profile serving the aims 
of blood transfusion only. Now the problems of bone marrow preservation com
prise a considerable part of this discipline which thus became a necessity in clinical 
haematology. Considerable integration occurs also in blood clotting where the 
problems of clinical and transfusional haematology intermingle. Presently, haenio- 
stasiology is a necessary component of both haematological disciplines. For that 
reason we insist on their unification for the purposes of a more monistic approach 
in organizing the Haematological Service, the training of specialists and the thera
peutic activities in haematology.

The recent advance of the haematological sciences has created a consider
able number of specialized haematological disciplines. At the same time the sig
nificance of haematology within medical science has greatly increased. This leads 
to the necessity for specialization with integration within the scientific studies, 
everyday practice and training in haematology. In our opinion the various prob
lems of training and specialization in haematology could be solved in the follow
ing manner:

1. Medical faculties should provide a concentrated fundamental training in 
general haematology; the young physician should start his practice with some 
knowledge and personal experience in clinical and transfusional haematology.

2. Only specialized physicians should be allowed to haematological practice 
for which two specialization profiles are needed: clinical and transfusional hae
matology. On the basis of these specialities new, more specialized branches
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should be created in cytology, isoserology, immunohaematology, haemostasio- 
logy, etc.

3. Integration of the specialized haematologists is needed. This integration 
demands that training specialization, therapeutic activities and scientific studies 
should be performed at complex haematological institutions.

4. The principle of specialization and integration has been applied in the 
organization of the educational, research and therapeutic institutions in Bulgaria.

POLAND

Professors A. Aleksandrowicz and H. G aertner, University Medical School, Warsaw

An “Open Forum” discussion becomes today necessary at the parting of 
the ways leading either to the highest specialization or to the sensible integration 
of sciences. It is not necessary to explain how difficult it is for us haematologists to 
follow at the same time both trends, specialization and integration. The growing 
intensity of research, progressing differentiation of science and expanded medical 
and social needs of populations outride the means and trends in the teaching of and 
specialization in haematology and transfusiology. Therefore, the training of experts 
in haematology and transfusiology at special faculties or courses will not resolve 
any of the arising problems if the medical and social problems of mankind and 
each country or nation are ignored.

From that point of view we regard the answer to the questionnaire as more 
informative than helpful. The fundamentals of haematology and transfusiology are 
taught in Poland as a part of internal medicine, and other subjects of the medical 
studies and postgraduate specialization. To this extent haematology and transfusiol
ogy are compulsory subjects in every year of medical training, especially in the 
fourth and fifth years, in the scope of internal medicine and paediatrics. For those 
who want to specialize in haematology or transfusiology, the Institute of Post
graduate Medical Education in Warsaw organizes different courses devoted to 
haematological problems. In the teaching of haematology and transfusiology only 
the routine methods and techniques are taught.

The organization of the Polish transfusion service is very efficient. The Insti
tute of Haematology in Warsaw, although not a chair of the University Medical 
School, is operated by well-known academic workers and supervises the whole 
blood transfusion service which consists of large regional centres and smaller 
blood transfusion services in hospitals.

In Poland we have no possibility to obtain a scientific degree in haematology 
or transfusiology. Even professors or associate professors specialized in haematol
ogy receive their scientific degree in internal medicine or other medical branches. 
After the highest (second) degree of specialization in any fundamental medical 
speciality (e.g. internal medicine, paediatrics) the physician may obtain a speciali
zation in haematological fields. This is separated from other professional speciali
zations.
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With the present necessarily narrow way of haematological specialization 
and the more or less successful integration of haematology with other (medical 
and non-medical: classical, social and technical) sciences and even arts — our ideas 
and deeds aim at improving the prevention of proliferative diseases. In view of the 
leukaemogenic effect of many an industrial product or by-product, especially in 
the war industry, we postulate an appropriate sanitary control of industry and a 
limitation of armaments or even better — a total disarmament. Therefore, our 
Department participates in the Peace Research program of the Polish Academy of 
Sciences concerning the prophylaxis of proliferative diseases by means of military 
and psychological disarmament. The problems of prophylaxis are closely related 
to those of epidemiological, geographical, genetic and social haematology. We 
study these intricate and interesting problems together with other scientific insti
tutes in order not only to solve some of these questions but also to emphasize their 
importance to medical students and workers. With anthropometric, dactylographie 
and enzymatic methods we are attempting to select the predisposed people who 
should be kept away from the environments invaded by leukaemogens. At the 
same time we are stressing the leukaemogenic danger of radiation (e.g. abuse of 
X-rays), of chemical detergents, insecticides and weed-killers. This is why our 
Department seeks co-operation with the technical and classical sciences in the fight 
against the diseases of civilization, especially those manifesting themselves with 
proliferative conditions.

We see the progress of haematology in the solution of the entangled problems 
of the interactions between biophysical and social environment and the population 
and its members, especially those with genetic predisposition, between viruses, 
genes and chromosomes, between ribonucleases and ribonucleins (which also form 
the subject of our studies). To achieve such a progress it is necessary to include 
the problems of social haematology not only in medical training but also in medical 
practice and research and to arouse for these problems the interest of all nations 
throughout the world.
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Book Review

D ie S tö ru n g en  der B lu th ä m syn th ese  m it be

sonderer B erücksich tigung  der sideroachre-  

stisch en  A n ä m ien  und ery thropoetischen  P or

phyrien . (Disturbances of blood haeme 
synthesis, with special reference to sidero
achrestic anaemias and erythropoietic por
phyrias.) By L. Heilmeyer, Freiburg/Br. Co
authors, R. Clotten and L. Heilmeyer, Jr. 
August, 1964. 182 pages, 88 illustrations, 35 
tables, size 15.5 x 23 cm. Price 56 DM (Georg 
Thieme Verlag, Stuttgart)

In this excellent monograph the distur
bances of haeme synthesis in various patho
logical conditions, and especially in those 
specified in the title, are discussed systema
tically. At the Freiburg Department of 
Medicine, methods have been developed for 
the determination of haeme precursors in 
erythrocytes, urine and faeces. In addition, in 
incubated mature human erythrocytes the 
process o f porphyrin synthesis from delta 
aminolaevulinic acid to coproporphyrin has 
been studied under normal and pathological 
conditions. It has been demonstrated that in 
the course o f that synthesis the mature 
erythrocytes of healthy man possess the 
same enzymes as the nucleated red blood cells 
of birds, usually involved in experiments of 
this kind. These methods yielded several in
teresting results allowing a better insight 
into the pathophysiology of haeme synthesis.

In the Foreword the hope is expressed that 
the work will open up new fields for clinical 
research.

In the first chapters the symptoms and 
signs of the disturbances of haeme synthesis 
are dealt with. In the next chapter L. Heil
meyer, Jr. is discussing the problems of 
biosynthesis o f haeme. A special part is 
devoted to the methods of examination and 
their critical evaluation, and one, written by 
R. Clotten, to the determination of porphy
rins and their precursors in urine and blood.

This is followed by a chapter on the 
disturbances o f haeme synthesis in iron 
deficiency, regenerative haemolytic anae
mia, sideroachrestic anaemias including 
pyridoxin-sensitive and other symptomatic 
forms (lead poisoning, 1NH, etc.), erythro
poietic porphyrias, various haematological 
conditions (anaemias, panmyelopathies, etc.), 
and infectious diseases. Haeme synthesis by 
leucocytes and the disorders of haeme syn
thesis in diseases of the liver are also dis
cussed.

There is every reason to hope that this 
excellent book will stimulate further research 
into haeme synthesis.

The presentation of the book is a praise to 
the publisher’s excellent standard of pro
duction.

I. B ernât
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S te igerung  der G ly k o ly se  durch den  E in flu ss  
von A m m onium ionen  a u f  die P h o sp h o fru k -  
to k in a se a k tiv itä t . (Enhancement o f the gly
colytic rate by the effect of am m onium  ions 
on phosphofructokinase activity.) F. Klop- 
pick, G. Jacobasch, S. Rapoport (institut 
für Physiologische und Biologische Chemie 
der Humboldt-Universität, Berlin) A c ta  b io i  
m ed . germ . 18, 37 (1967).

Ammonium ions at a final concentration 
o f 12—29 mM are increasing glucose break
down in human erythrocytes, first o f all by 
increasing its utilization through the Emb- 
den— Meyerhof-pathway. This effect o f the 
ammonium ions is apparent between pH 7.0 
and pH 7.4; it is not detectable at pH  8.0. 
Glucose-6-phosphate determinations proved 
tha t the increase in the glycolytic ra te  was 
caused by a disinhibition of phospho
fructokinase. The connexion between the 
stationary hexose phosphate level and the 
glycolytic rate is discussed with regard to pH 
dependence and ammonium effect.

I lm a  S zá s z

D ie  K onzen tra tion  von N u k leo tid en  u n d  ande
ren  säurelöslichen P- Verbindungen im  B lu t der 
R a tte  w ährend d er E ry th ro zy te n -R e ifu n g  
u n d  A lterung. (Concentration of nucleotides 
and other acid-soluble phosphorus com pounds 
in maturing and aging erythrocytes o f the rat.) 
B. Oswald, G. D assler (Institut für Patho
logische Physiologie der Friedrich-Schiller- 
Universität, Jena) A c ta  b io i  m ed . g e rm . 18, 
163 (1967).

In the blood of embryonic (19th and 22nd 
day of pregnancy), pregnant adult (19th and 
22nd day of pregnancy), young (5, 10, 20

and 30 days old) as well as healthy anaemic 
and artificially polycythaemic adult rats, 
nucleotides and inorganic phosphorus, 
hexose m onophosphate (H M P) and 2,3 
diphosphoglycericacid (2,3DPG) from eryth
rocytes were separated by ion exchange 
chrom atography, and analysed qualitatively 
and quantitatively. Inorganic phosphorus, 
HMP and all nucleotides are present in rat 
reticulocytes at high concentration, only the 
2,3DPG level is low. A bout 50% of the total 
nucleotides consists of adenine nucleotide. 
The reticulocytes of adult anaemic rats 
differ from those of embryos and young 
animals by a strikingly high guanosine-5’- 
triphosphate content.

Ilm a S zá sz

V ber den E in flu ss des anorganischen  Phosphats  
a u f  die G ly ko ly se  ; seine U n w irk sa m ke it a u f  die  
H e x o k in a se  des M e n sch en ery th ro zy ten . (Ef
fect of inorganic phosphate on glycolysis; 
its uneflfectiveness on the hexokinase of 
human erythrocytes.)G . Gerber, E. Kloppick, 
S. R apoport (Institut für Physiologische und 
Biologische Chemie der H umboldt-Univer
sität, Berlin) A cta  b io i  m ed. germ . 18, 
305 (1967).

The effect of inorganic phosphate at a 
final concentration of 10 mM on the hexo
kinase activity of human erythrocytes in the 
presence o f glucose-6-phosphate as inhibitor 
has been studied. Hexokinase was separated 
from phosphohexoisomerase by ion exchange 
chrom atography. Inorganic phosphate had 
no effect on this purified hexokinase, though 
in stroma-free haemolysates it caused the 
disinhibition of hexokinase. The explana
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tion o f this is that in haemolysates inorganic 
phosphate accelerates the degradation of 
glucose-6-phosphate by activating phospho- 
fructokinase. This is im portant from the 
point o f view of glycolysis regulation, because 
it means that the hexokinase reaction can be 
excluded as a direct site o f action of inorganic 
phosphate and only phosphofructokinase and 
glyceraldehydephosphate dehydrogenase can 
be regarded as the possible sites of P, action.

Urna S z á s z

B es tim m u n g  des B lu tze ll-u n d  B lu tp lasm ageha l
tes  von Leber, N iere  und  M H z der R a tte . (Deter
mination of the blood cell and blood plasma 
content of liver, kidney and spleen of the rat.)
J. G. Reich, U. Till, H. Frunder (Physiolo
gisch-Chemisches Institut der Friedrich- 
Schiller-Universität, Jena) A c ta  bioL m ed. 
g erm . 18, 383 (1967).

The erythrocyte and blood plasma con
tent o f the rat liver, kidney and spleen has 
been investigated by the 32P, the haemoglobin 
and the Evans blue methods. The procedure 
with 32P labelled erythrocytes proved to be 
the most sensitive and reliable. For routine 
studies it is not suitable because its sources 
of error cannot be controlled. The determina
tion o f the organ erythrocyte content by 
haemoglobin measurements yields reliable 
results if extraction of haemoglobin is made 
with digitonin containing isotonic saline and 
haemoglobin estimation in the turbid organ 
extracts is performed by a 3 wavelength 
method. The cyanhaemiglobin procedure is 
correct but involves higher standard errors. 
The Evans blue method is suitable for the 
determination of the plasma content for 
organs. However, the haematocrit value in 
the blood of the organs differs considerably 
from that in peripheral blood. In liver and 
kidney it is lower, in spleen it is significantly 
higher than in venous blood. The blood plas
ma content of the investigated organs 
am ounts to 18% of the wet weight.

Hma S zá s z

S tu d ie s  on the  preserva tion  o f  hum an blood. 
II. The re la tionsh ip  o f  th e  e ry th ro cy te  adeno
sine tr iphospha te  levels a n d  o ther in vitro  
m easures to  red  cell s to ra g ea b ility . R. J. Dern,
G. J. Brewer, J. J. Wiorkowski (Department 
of Medicine, Stritch School of Medicine,

Ann A rbor, Mich.) J . Lab. d in .  M ed . 69, 968 
(1967).

Blood samples of 37 donors were stored 
at 4°C for 21 and 28 days in either ACD or 
CPD anticoagulant. Subsequently, ATP, 
osmotic fragility, mean corpuscular volume, 
free plasm a haemoglobin, N H 3, dextrose, 
inorganic phosphate, plasma chloride, po
tassium, sodium and pH, were estimated and 
viability o f red cells in vivo  was determined by 
a 24 hour postautotransfusion survival 
method. The highest degree of correlation 
between determinations in v itro  and in vivo  
was found in the case of the poststorage ATP 
level. This correlation was great enough to 
raise the possibility of the use of ATP deter
mination in stored blood to predict in vivo  
RBC viability. Beside ATP only osmotic 
fragility was moderately correlated with 
poststorage viability. The correlation between 
prestorage ATP levels and poststorage RBC 
viability was not o f predictive value.

Ilm a  S zá s z

S o d iu m  a n d  po ta ssiu m  p e rm e a b ility  o f  red  
b lood  ce lls  in dependence o f  the  p H . K. Pfle
ger, W. Rummel, E. Seifen (D epartm ent of 
Pharmacology and Toxicology, University 
o f Saarland, Homburg/Saar) P flügers A rch, 
ges. P h ys io lo g ie  295, 255 (1967).

Permeability of rabbit red cells to sodium 
and potassium ions was found to depend on 
pH. Sodium net flux showed a maximum 
at pH 6.6, potassium at pH 7.0. Isotope stud
ies revealed that the pH-dependent maxima 
of the net flux were due to an increase o f the 
downhill movements, whileuphillmovem ents 
were slightly influenced. Both uphill and 
downhill movements have Q1(l values of more 
than 2.0. Structural elements of the membrane 
with ampholytic character such as proteins 
and phosphatides are assumed to be respon
sible for the change in permeability induced by 
variations in pH.

Urna S zá s z

S y n th e s is  a n d  use o f  O -s tea ro y l po lysa cch a rid es  
in pass ive  h em agg lu tina tion  a n d  hem olys is . 
V. Hämmerling and O. W estphal (Max- 
Planck-lnstitut für Immunbiologie, Freiburg- 
Zähringen) J . B iochem . 1, 46 (1967).

Lipid-free polysaccharides generally are 
not attached to the surface of erythrocytes.
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In contrast O-stearoyl derivatives o f poly
saccharides show a high affinity for red blood 
cells. By reaction of polysaccharides with 
stearoyl chloride in dimethyl formamide as a 
solvent in the presence of pyridine, deriva
tives are obtained which exhibit marked 
erythrocyte-sensitizing activity. The chemical 
conditions for optim al sensitization of eryth
rocytes were investigated for a num ber of 
polysaccharides, e.g. starch, dextran and 
several lipid-free bacterial cell wall poly
saccharides. A content of about 5 % by weight 
o f O-stearoyl groups has been found most 
suitable for producing erythrocyte-sensitizing 
properties without modifications of the sero
logical specificity o f the polysaccharide. 
Sheep erythrocytes coated with O-stearoyl 
polysaccharide are specifically agglutinated 
by anti-polysaccharide antibody (passive 
hemagglutination) or lyzed when guinea pig 
complement is present at the same time 
(passive hemolysis). Further applications of 
the method by using derivatives of O-stea
royl polysaccharides are mentioned.

E lisabeth  T örök

W M M yHoreM aTOJiorHHecKne H cc.ienoBaiiH H  
K ocT H oro M03ra n p n  aH eM nnx. ( I m m u n o -  
h a e m a to lo g ic a l  b o n e  m a r r o w  c h a n g e s  in  
a n a e m ia . )  N .  I. S y u b a e v a  ( M il i ta r y  M e d ic a l  
A c a d e m y , L e n in g r a d )  P robt. G em at. 12, 16 
(1967).

Employment o f the antiglobulin reaction 
with bone m arrow cells in 36 patients with 
various types o f anaemia has offered a 
possibility o f detecting antibodies against 
bone marrow in hypo- and aplastic anaemias. 
Such antibodies were also revealed in cases of 
macrocytic haemolytic anaemia with a 
negative direct Coombs test. No antibodies 
against bone marrow were found in patients 
with iron-deficiency and Bl2-deficiency anae
mia.

N a ta lia  T o m ka

The f ir s t  e x a m p le  o f  a u to -a n ti-X g a. M. 
Yokoyama, D. T. Eith, M. Bowman (The 
Kuakini Research Foundation and St. F ran
cis Hospital, H onolulu, Hawaii) V o x  Sang. 
(Basel) 12, 138 (1967).

The sex-linked antigen, Xga, controlled 
by a gene on the X chromosome, was first

described by Mann et al. in 1962. A patient, 
who had been transfused many times, was 
found at crossmatching to have an antibody 
to a “ new” antigen which was named Xga. 
Two further examples were reported sub
sequently. The present authors observed the 
same antibody in a 6 para 4 pregnant patient 
who thus represented a case of haemolytic 
anaem ia with an autoimm une antibody 
produced against her own red cells. The 
antibody, dem onstrated in her serum  and in 
eluates from her red cells, was found to be 
anti-Xga and is the first case of auto-anti-X ga 
and the first example of the antibody to be 
found in a woman.

Jo lá n  S im o n

P ren a ta l T -T ra n sfo rm a tio n ?  J. R. Jorgensen 
(Blood Bank, University Hospital, C open
hagen) Vox S a n g . (Basel) 13, 225 (1967.

Polyagglutinability means a change in the 
antigenic structure of red cells so that they 
are agglutinated by the majority o f normal 
hum an adult sera. The in vivo  phenomenon 
is found both as a permanent and as a tran
sient condition. Permanent polyagglutina
bility is very rare. Transient polyagglutina
bility has a somewhat greater incidence, 
and is seen especially in patients with severe 
infections, but may also occur in apparently 
healthy subjects. It is generally considered a 
so-called “ T-transform ation” . Transient po
lyagglutinability occurs in all age groups, 
but the incidence is greatest am ong young 
subjects. It has not yet been observed in 
children under the age of 4 weeks. An ac
count is given of the first case o f transient 
polyagglutinability in a newborn infant who 
also had icterus gravis. Polyagglutinability 
is interpreted as a prenatally occurring 
T-transform ation of the foetal erythrocytes. 
No infection which might have caused such a 
T-transform ation could be demonstrated. 
A causal relationship between polyagglutina
bility and neonatal jaundice is considered 
unlikely.

Jo lá n  S im on

S e lten e  D oppelim m unisierung  a ls F o lge  dreier  
S c h w a n g ersch a ften  und  einer B lu ttra n sfu sio n . 
(Rare double-immunization following three 
pregnancies and one blood transfusion.)
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W. Schneider (DRK-Blutspendedienst N ie
dersachsen, Institut Rotenburg) A rzt!. L ab . 
13, 288 (1967).

Homospecific immunization by pregnan
cies and/or transfusions of blood are an 
indirect danger not only for the child, but 
also for the mother if she urgently requires 
blood transfusion, since frequently the p ro 
curing of suitable donor blood may present 
difficulties. This applies particularly to cases 
with antibodies outside the Rh-system and 
Rh-antibodies not directed against the factor 
D. This observation of immunization against 
factor C, with haemolytic disease of the new
born and subsequent additional immuni
zation against the Kell-factor by transfusion 
of only one Kell-positive preserve in childbed, 
calls for preventive serological examination 
of pregnant women and explains the strong 
antigenicity of the Kell-factor.

Jolán S im o n

S u ccess fu lly  o p era ted  g ia n t liver haem angiom a  
in a new born in fan t. ( A n  unusual case o f  
K asabach — M e rr it t 's  syn d ro m e.)  Gy. K o
rányi, A. Rajk, J. Róbert (Péterfy Sándor 
Municipal Hospital, Budapest) H elv. pae- 
diat. A c ta  22, 201 (1967).

A newborn with 3400 g birthweight was 
adm itted on the second day of life with the 
suspicion of intestinal obstruction — then 
was marked jaundice, with an indirect serum 
bilirubin value of 19.7 mg. In the abdomen a 
tum our of apple size was palpable, X-rays 
showed on the left side under the diphragm 
a homogeneous shadow with convex lower 
edge. The tum our increased rapidly in size. 
Surgery on the next day revealed a firm bleed
ing tum our in the left hepatic lobe which 
then was resected and on account of a 
transversal fissure, the spleen was also remov
ed. The cavernous haemangioma weighed 
190 g and measured 10 x 10 x 5  cm. The oper
ation was tolerated well, recovery was com
plete in three weeks. Another interesting 
feature of the case was the massive haemoly
sis with jaundice, w ithout incompatibility. 
After the intervention, the jaundice vanished 
rapidly. The case was at the same time a 
special instance of K asabach— M errit’s syn
drome. Neonatal throm bopenia prevented 
the development of thrombocytosis likely to 
occur after splenectomy. The authors believe

that the cause of both haemolysis and 
thrombocytopenia was the congestion in the 
tum our which acted as an arterio-venous 
shunt. In the literature 4 cases of surgically 
treated neonatal liver haemangioma have 
been reported but all the patients with a 
bleeding haemangioma died before or during 
the operation ; the present case was the first to 
recover.

Autoreferate

Vergleichende U ntersuchungen zw ischen  A C D -  
VoU blutkonserven, E ry th ro zy te n k o n ze n tra t  
und  E ry th ro zy ten resu sp en sio n en . (C om para
tive study of ACD-whole-blood preserves, 
erythrocyte concentrates and resuspended 
erythrocytes.) D. Hoffmann, H. J. Altenbrunn,
H. J. Raderecht (Bezirksinstitut für Blut
spende- und Transfusionswesen, Berlin) 
Z. ges. inn. M e d . 22, 51 (1967).

1. Erythrocytes stored at 4°C in glucose- 
saccharose-citrate solution were studied 
(pH, inorganic phosphate, ATP, ADP, 
potassium, free haemoglobin, osmotic re
sistance and kinetics of the haemolysis) and 
compared with ACD-whole-blood preserves. 
A change of the biochemical criteria was 
found which was nearly of the same kind. 
The phenomena o f haemolysis appeared 
earlier in the erythrocyte concentrates. 2. The 
initial loss determined with 51Cr (second day 
after infusion) was the same in 20 days old 
suspensions of erythrocytes and of ACD- 
whole-blood preserves. In erythrocyte con
centrates, however, it was four to five times 
as much. 3. The half survival time of the 
erythrocytes determined with slCr resisting 
after the initial loss apparently increases 
during storage. This is due to an increased 
reception of 51Cr in erythrocytes which arti
ficially grew old. 4. A part from the determ i
nation of ATP and the kinetics of haemolysis 
above all the determination of the initial loss 
of erythrocytes marked by 61Cr is useful for 
the comparison of the efficiency of conserva
tion ingredients. 5. The erythrocytes in the 
ACD-whole-blood preserves and the suspen
sion of erythrocytes are of the same value 
concerning their durability. Erythrocyte 
concentrates stored for more than two weeks 
should not be used for cell substitution.

J u d ith  P intér

H aem ato log ia  4, 1967



4 6 0 A bst mets

M e ta b o lie  changes in hum an  red  cells during  
incubation  o f  w hole b lood  in vitro . B. D. 
Gomperts (University College Hospital, 
Medical School, London) B iochem  J . 102, 
782 (1967).

Whole blood was incubated a t 37° C 
while being dialyzed against a large volume 
of iso-osmotic bicarbonate-buffer pH 7.4. 
The buffer contained glucose and the essen
tial inorganic com ponents of blood plasma 
in proportion. After 3 hours incubation 
there was a loss o f red cell 2,3 diphospho- 
glycerate. Isotope experiments have shown 
this to have been due to an accelerated rate 
o f destruction of the compound. Sim ulta
neously, there was an increase in red cell 
osmotic fragility. After prolonged incuba
tion there was a decrease in metabolic rate 
and in the ratio lactate production to glucose 
consumption. There is a continuous loss of 
total adenine nucleotide and after the first 
12 hours of incubation, a tendency for in tra
cellular and extracellular Na+ and K+ to 
become equilibrated. The standard devia
tion of osmotic fragility of the red cells in
creased exponentially with the period of 
incubation.

G eorgina S ik

C yto lo g ic  s tu d ies o f  en zym es in m a lig n a n t 
tissues. A. Elizáidé, P. Miller (Division of 
Oncology, D epartm ent of Medicine, Maimo- 
nides Hospital, Brooklyn, N. Y.) C ancer 20, 
423 (1967).

In the aspirated and smeared m alignant 
cells and bone m arrow cells of the patients 
acid and alkaline phosphatase, aminopep- 
tidase and nonspecific esterase activity have 
been studied by cytochemical techniques.

Certain patterns have been determined for 
a number of tumours and these might allow 
to establish their primary site. Distinction 
between certain anaplastic carcinomas and 
lym phoreticular sarcoma is possible on the 
basis o f enzyme studies. Similar distinctions 
appear to be true for pulm onary and geni
tourinary tract carcinomas but it was not 
feasible to determine a general method for 
distinguishing anaplastic carcinoma from 
sarcoma. Further study of the diagnostic 
value of the technique appears to be w ar
ranted.

G eorgina S ik

C O , fo rm a tio n  fr o m  fo r m a te  in red  b lood  
cells. S. Rapoport, M. M üller (Institut für 
Physiologische und Biologische Chemie der 
Medizinischen Fakultät der H um boldt-U ni
versität, Berlin) A cta  b ioch im . po l. 14, 143 
(1967).

The mechanism of C 0 2 formation from 
formate by rabbit red blood cells was studied 
using aminotriazole as specific inhibitor of 
catalase. Inhibition occurs only at low H20 2 
and form ate concentrations. Both erythro
cytes and reticulocytes produce C 0 2 from 
formate under endogenous conditions, which 
indicates the existence o f stationary con
centrations of both formate and H 20 2. The 
more im m ature the cell, the lower the con
centration of H20 2 and the higher that of 
formate. Inhibition studies with am inotria
zole, cyanide and azide indicated that CO., 
formation proceeds via catalase. D ata on 
duck erythrocytes which contain about 0.1 % 
of the catalase activity o f rabbit red blood 
cells, have confirmed the assumption.

E lisabeth  Török
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Acta Haematologica (Basel) 37 (1967) No. 
5 - 6 .

PAS-positive erythroblasts in kidney dis
eases. K lein, H . O. et al. (Univ. o f Cologne, 
Inst, of Pathol., Köln), p. 225.

Die Lokalisation der unspezifischen Esterase 
in foetalen Erythrozyten und deren V or
stufen. P eters, H . (Pathol. Inst., Univ. of 
Kiel, Kiel), p. 240.

Studies on the metabolism of iron sorbitol. 
N a k a o , K. et al. (Univ. of Tokyo, 3rd Dept, 
o f Intern. Med., Tokyo, Japan), p. 253.

Study on nine families with haemoglobin 
Lepore in Campania. Hb Lepore trait, 
heterozygosity for Hb Lepore and ß-  
thalassaemia, homozygosity for Hb Le
pore. Q u a ttr in , N . et al.(Ospedale Cardarelli 
Italia), p. 266

Hereditary méthémoglobinémie cyanosis due 
to diaphorase deficiency in three succes
sive generations. Ö zso y lu , S . (Ankara 
Univ., Hacettepe Faculty of Med., A n
kara, Turkey), p. 276,

Hereditary methemoglobinemia due to 
DPNH-methemoglobin reductase deficien
cy. Report of a family. A ngelopoulos, B. 
et al. (Dept, of Pathol, and Physiol., 
Univ. of Athens, Greece), p. 284.

Metabolism of leucocytes in a case of acute 
leukemia. Salen , G. et al. (Dept, of G astro
enterol., Jefferson Med. College, Phila
delphia, Penn.), p. 294.

Early appearance of blast-like cells in the 
thoracic duct lymph of rats given bacterial 
endotoxins. H a em m erli, G isela  et al. 
(Pathol. Inst., Univ. of Zurich, Switzer
land), p. 301.

Hematological and serological behaviour 
of chicks inoculated with myeloblastosis 
virus. G uilbring. B. et al. (Karolinska 
Sjukhuset, Stockholm, Sweden), p. 311.

Blood (New York) 29 (1967) No. 4.

The Chediak-Higashi syndrome: Cytoplas
mic sequestration in circulating leuko
cytes. W hite , J . G. (Univ. of Minnesota, 
School of Med., Dept, of Pediat., Minne
apolis, Minn.), p. 435.

Cyclic neutropenia in grey collie dogs. 
Lund, J . E. et al. (W ashington State Univ., 
Dept, of Veterinary Pathol., Pullman, 
W ashington), p. 452.

In vitro development of bone marrows from 
patients with neutropenia. L a u , P. et al. 
(Univ. of Pennsylvania, School of Med., 
Dept, of Med., Philadelphia, Pa.), p. 462.

Studies on the regulation of hemopoietic 
spleen colonies. B leiberg, I. et al. (Weiz- 
mann Inst., Scientific Section of Cell 
Biology, Rehovoth, Israel), p. 469.

Hydrogen peroxide toxicity and detoxifica
tion in the erythrocytes of newborn infants. 
G ross, T. R u th  et al. (Albert Einstein 
College of Med., Dept, o f Pediat., New 
York, N. Y.), p. 481.

Conversion of cyanocobalamin to a physio
logically occurring form. R eizen ste in , P. 
(Karolinska Hosp., Dept, o f Internal 
Med., Stockholm, Sweden), p. 494.

Separation of vitamin B,»-binding proteins 
of serum, gastric juice and saliva by rapid 
DEAE cellulose chrom atography. R e tie f ,  
F. P. et al. (Mt. Sinai Hosp. and School 
of Med., Dept, of Hematol., New York, 
N. Y.), p. 501.
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A new technic for the production of an in 
vivo labeled fibrinogen. G ans, H .  et al. 
(Univ. of M innesota, School o f Med., 
Dept, of Surg., Minneapolis, Minn.), 
p. 517.

The uptake of fibrin and fibrin-degradation 
products by the isolated perfused rat liver. 
G ans, H . et al. (Univ. of M innesota, School 
o f Med., Dept, of Surg., Minneapolis, 
Minn.), p. 526.

Disseminated eosinophilic collagen disease. 
Pierce L. E. et al. (Mercy Hospital, Buffalo, 
N. Y.), p. 540.

Brief report: The Di Guglielmo syndrome: 
studies in hemoglobin synthesis. N echeies, 
Th. F. et al. (New England Med. Center 
Hosp., Blood Res. Lab., Boston, Mass.), 
p. 550.

Chronic lymphocytic leukemia —  an accu
mulative disease o f immunologically in
competent lymphocytes. D a m esh ek , W. 
(M t. Sinai Hosp., Dept, o f Hematol., 
New York., N. Y. ), p. 566.

Influence of immunologic hyperstimulation 
on murine viral leukemogenesis. Siegel, 
B. V. et al. (Univ. o f Oregon Med. School, 
Dept, of Pathol., Portland, Oregon), p. 
585.

Comparative response of norm al human 
thymus and lymph node cells to phyto
hemagglutinin in culture. W in ke ls te in , A . 
et al. (Univ. of California, Dept, o f Med., 
Los Angeles, Calif.), p. 594.

Cytoplasmic fibrils in mixed lymphocyte 
cultures. P arker, J . W. et al. (Univ. of 
South California, School o f Med., 
Dept, of Pathol., Los Angeles, Calif.),
p. 608.

Reutilization of DNA breakdown products 
from lymphocytes in lumen of intestine. 
K otan i, M . et al. (Kyoto Univ. Med. 
School, Kyoto, Japan), p. 616.

A method for counting phytohemagglutinin- 
stimulated lymphocytes. S te w a r t, C. C. 
et al. (Univ. o f Pennsylvania, School of 
Med., Dept, of Pathol., Philadelphia, Pa.), 
p. 628.

The effect of phytohemagglutinin upon glu
cose catabolism in lymphocytes, M a c H a ffie  
R . A . et al. (Oregon State Univ., Stu
dent Health Service, Corvallis, Ore
gon), p. 640.

Purification w ithout loss of viability of 
neoplastic plasma-cells from the ascites

passaged mouse myeloma, X5563. Gordon, 
B. L . et al. (Univ. o f California, School of 
Public Health, Berkeley, Calif.), p. 
647.

Chronic myelocytic leukemia with two Phil
adelphia chromosomes and prominent 
peripheral lymphadcnopathy. D uvall, Ch. 
P. et al. (N ational Cancer Inst., Med. 
Branch, Bethesda, Md.), p. 652.

Fine structural demonstration of acid phos
phatase activity in Auer bodies. W hite,
J . G. (Univ. of Minnesota School of Med., 
Dept, o f Pediat., Minneapolis, Minn.), 
p. 667.

Leukocytosis, bone marrow hyperplasia and 
leukemia in chronic magnesium deficiency 
in the rat. M c C re a ry , P a tric ia  A . et al. 
(Presbyterian St. Lukes Hosp., Dept, of 
Med., Chicago, 111.), p. 683.

A plasma factor in chronic lymphocytic 
leukemia which stimulates D N A  synthesis 
and blastogenesis in leukocyte cultures. 
K asa ku ra , S h . et al. (McGill Univ., Royal 
Victoria Hosp., Dept, of Med., Montreal, 
Quebec, Canada), p. 691.

Blut (München) 15 (1967) No. 1.

Die RHS-Clearance wärmeveränderter Ery
throzyten, ein neues K riterium  bei Er
krankungen des Knochenmarks. F ischer, J. 
et al. (Med. Univ.-Klinik. Langenbeck- 
strasse 1, 65 Mainz), p. 1.

Erythroblasten mit elliptischen Kernen. 
L ö ffle r , FL et al. (Med. Univ.-Klinik, 
Klinikstrasse 32b, 62 Giessen), p. 7.

Vergleich zweier Bestimmungsmethoden der 
alkalischen Leukozytenphosphatase.
Ü berla, K . et al. (Inst. f. Med. Statistik u. 
D okumentation, Langenbeckstrasse 1, 
65 Mainz), p. 13.

Zur Anwendung enzymhistochemischer Me
thoden an bioptisch gewonnenem Kno
chenmarkgewebe. L orbacher, P . (New Eng
land Center Hosp., Pratt Clinic, Boston, 
Mass.), p. 19.

Zytochemische Untersuchungen bei unreif
zeiligen Leukosen des Kindesalters sowie 
Pleura- u. Peritonealergüssen des Erwach
senen. N e th , R . et al. (Univ. K inder
klinik, M artinistrasse 52, Hamburg-E), 
p. 29.
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Verhinderung schwerer Menő- u. M etror
rhagien bei hämatologischen Erkrankungen 
durch Ovulationshemmer. B raunsteiner, H . 
et al. (Med. Univ.-Klinik, Innsbruck, 
Austria), p. 31.

Therapieergebnisse bei Behandlung primärer 
u. sekundärer H äm ochrom atosen mit 
Desferal. W ähler, F. (Med. Univ.-Klinik, 
Hugstetterstrasse 55, 78 Freiburg i. Br.), 
p. 33.

Neuere Gesichtspunkte zur Methodik u. 
Anwendung der A utoradiographie. D o r
m er, P . (Inst. f. Hämatologie, Landwehr
strasse 61, 8 München 15), p. 42.

Blut (M ünchen) 15 (1967) No. 2.

Hämolytisch-urämisches Syndrom im Er
wachsenenalter. S c h u b o th e , H . et al. 
(Med. Univ.-Klinik, Hugstetterstrasse 55, 
78 Freiburg i. Br.), p. 65.

Lebensdauer und A bbauort menschlicher 
Thrombozyten. B le ife ld , W. et al. (Abtlg. 
Innere Med. I. der Klinischen Anstalten, 
51 Aachen, Goethestrasse), p. 70.

Untersuchungen zur funktionellen Differen
zierung der mononukleären Leukozyten. 
Trepel, F. et al. (Städt. Krankenhaus 
München-Schwabing, I. Med. Abtlg., 
Kölner Platz 1, 8 München 23), p. 76.

Die Proliferationskinetik des Plasmocytoms 
in vitro und ihre Beeinflussung durch 
Stilbamidin. Boll, Irene  (Rudower Strasse 
56, 1 Berlin), p. 82.

Die Myelotomie bei unklaren Säuglings
anämien, dargestellt an zwei Krankheits
fällen von Myelofibrose. R uhrm ann , G. 
(St. Hedwig-Klinik, 84 Regensburg, 
p. 89.

Quantitative Hämagglutination. A lié r t, U. 
et al. (Radiol. Inst, der Univ., 78 Freiburg 
i. Br., Albertstrasse 23), p. 96.

Gen-Defekte im Haptoglobin-System. 
Schw erd , W. et al. (Inst. f. Gerichtliche 
u. Soziale Med. der Univ., 87 W ürzburg, 
Versbacher Landstrasse), p. 99.

Die immunhämatologische Laboratorium s
diagnostik autoantikörperbedingter A nä
mien. M u eller -E ckh a rd t, Ch. (Med. Klinik 
u. Poliklinik, Justus-Liebig-Univ., 63 
Giessen), p. 101.

Blut (M ünchen) 15 (1967) No. 3.

Ergebnisse cytologischer und cytochemischer 
Untersuchungen an Lymphozyten in vitro. 
F ischer, R  et al. (Univ. Bonn, Pathol. 
Inst., Bonn), p. 125.

Uber den Mechanismus der Lactatbildung 
in Schweineerythrozyten bei Einsatz ver
schiedener Substrate. Reinauer, Fi. et al. 
(Univ. Düsseldorf, Physiol. Chem. Inst., 
Düsseldorf), p. 133.

Das Verhalten des Knochenmarkes bei der 
tierexperimentellen Eiweissmangelanämie 
unter Behandlung mit anabolen Steroiden. 
H u n ste in , W. et al. (M ed. Univ. Göttingen, 
Göttingen), p. 142.

Adenosintriphosphatase activity in heredi
tary spherocytosis. M ircevová , L. et al. 
(Inst. Hematol, and Blood Transf, U 
nemocnice 1, Prague 2), p. 149.

Iron deficiency as a possible contributory 
factor in the development of dislocation 
o f the hip. A k s o y , M . et al. (Capa Intern. 
Clinic, Istanbul Med. School, Istanbul, 
Turkey), p. 153.

Autoradiographische Untersuchungen lym- 
phoproliferativer Erkrankungen nach in- 
vitro-M arkierung. R a s te tte r ,  J. et al. (M ed. 
Abtl. des Städtischen Krankenhauses, 
München), p. 157.

Blut (M ünchen) 15 (1967) No. 4.

Kristallisation von reinem fetalem H äm o
globin aus menschlichem Nabelblut. S tö ff -  
ler, G. et al. (K inderklin. der Univ., 74 
Tübingen, Rümelinstrasse 23), p. 193.

Lysosomen: Untersuchungen zur Feinstruk
tu r und einfacher polarisationsoptischer 
Nachweis. M issm a h l, H . P. et al. (M ed. 
Univ. Klinik, 74 Tübingen, Otfried-Müller- 
Strasse), p. 198.

Verlust der spezifischen Thiom bozytenanti- 
gene bei bösartigen Geschwülsten. M á js k y ,  
A . et al. (Inst. f. H äm atol. und Bluttransf., 
U nemocnice 1, Prag 2), p. 201.

Untersuchungen über die Einwirkung ver
schiedener Hämodiluentien auf das Blut 
bei der extrakorporalen Perfusion. L e u t
sc h a ft, R . (Chirurgische Univ.-Klinik, 
852 Erlangen), p. 206.

Das Verhalten der Faktoren des “ Prothrom 
bin-Komplexes” bei der Säulenchromato
graphie an Anionenaustauschern. Voss, D .

H aem ato lo g ia  4, 1967



4 6 4 From the international literature on haematology

(Med. Univ.-Poliklin., 355 M arburg/Lahn, 
Robert-Koch-Strasse 7/a), p. 214.

Elektronenspinresonanz-Untersuchungen an 
Hämoglobinkomplexen. R ein , H .  et al. 
(Berlin-Buch, Inst. f. Pharm akologie der 
Deutschen Akad. der Wissenschaften), 
p. 221.

Die W irkung von heterologem Antilymphozy
tenserum au f die homologe und heterologe 
Knochenmarksübertragung bei supraletal 
bestrahlten Mäusen. T h ierfe lder, S . et al. 
(Inst. f. Hämatol., 8 München 15, Land
wehrstrasse 61), p. 225.

British Journal of Haematology (Oxford) 13 
(1967) N o. 2.

Familial thrombocytopenic thrombocyto- 
pathy. C u llu m , C. et al. (Stanford Univ. 
School o f Med., Dept, o f Med., Palo 
Alto, Calif.), p. 147.

Erythropoietic cell proliferation during re
covery from acute haemorrhage. L o r d  B. /. 
(Christie Hosp., Holt Radium  Inst., 
Manchester, Lancash., G reat Britain), p. 
160.

Diffusion cham ber studies of ra t peripheral 
leucocytes in the presence o f phytohaem- 
agglutinin. Johnson , L . /. et al. (New York 
Univ., D ept, of Biol., New Y ork, N.Y.)
p. 168.

The effect o f age on the creatine in red cells. 
G riffith s , W . J . et al. (St. Thom as Hosp., 
Med. School., Dept, of Haemat., London), 
p. 175.

Platelets in the carcinoid syndrome: A chemi
cal and ultrastructural investigation. 
C raw ford, N . et al. (Univ. o f Birmingham, 
Dept, o f Physiol. Chemistry, Birmingham, 
Warwick, G reat Britain), p. 181.

Glandulae fever and specific viral infections: 
uptake of tritiated thymidine by circulat
ing leucocytes. Besser, G. M . et al. (St. 
Bartholomew Hosp. Med. College, Lon
don), p. 189.

An electron microscope study o f bone mar
row in rheum atoid disease. W ard le , E . N. 
et al. (U niv. of Manchester, Dept, of 
Clinical Haem atol., Manchester, Lancash., 
Great Britain), p. 194.

Physiology o f the regulation of platelet pro
duction. G abrie le, G. de  et al. (London 
Hosp., London E. 1), p. 202.

Regulation of platelet production: “ Thront- 
bopoietin” . G abriele, G. D . de et al. (Lon
don Hosp., London E. 1), p. 210.

Patient variation in pernicious anaem ia, as 
shown in a clinical trial of cyanocobala- 
min, hydroxocobalamin and cyanocobala- 
min-zinc tannate. Tudhope, G. R . et al. 
(Queens College, Dept, of Pharm acol., 
Dundee, Scotland), p. 216.

Separation of lymphocytes of rat bone 
marrow by combined glass-wool filtration 
and dextran-gradient centrifugation. M o r
rison , J. H. (Kent State Univ., Dept, of 
Biol. Science, Kent, Ohio), p. 229.

The aplastic anaemia-paroxysmal nocturnal 
haemoglobinuria syndrome. L ew is, S . M . 
et al. (Royal Postgraduate Med. School, 
Dept, of Haematol., London W. 12), p. 
236.

Haemoglobin F Texas I (alpha.>gamma2 
5 G lu —> Lys): A variant of haemoglobin
F. Jen k in s , G. C. (London Hosp., London
E. 1), p. 252.

The cellular basis for the defect in haem o
poiesis in flexed-tailed mice. II. The speci
ficity of the defect for erythropoiesis. 
F ow ler, H . J . et al. (Univ. of Toronto, 
D ept, of Biophysics and Med., Toronto, 
O nt., Canada), p. 256.

British Journal of Haematology (Oxford) 13 
(1967) No. 3.

The nature and significance of platelet prod
ucts in human plasma. W olf, P. (Dept, of 
Exp. Pathol., Univ. of Birmingham, G reat 
Britain), p. 269.

Histochemical studies on leucocyte alkaline 
phosphatase in non-leukaemic granulo
cytosis: effects o f anticoagulants and role 
o f zinc and magnesium. P erillie , P. E. 
et al. (Yale Univ. School of Med., Dept, 
o f Intern. Med., New Haven, Conn.), 
p. 289.

Red cell life span in iron deficiency anaemia. 
L oria , A . et al. (Inst. Nációnál de la Nutri- 
ción, Calle Dr. Jiménez 261, México 7,
D. F.), p. 294.

Haemoglobin J-Bangkok: A clinical, haema- 
toiogical and genetical study. P o o tra ku l, S. 
et al. (Div. of Haemat., Univ. of Med. Sei., 
Bangkok, Thailand), p. 303.

The effect of cortisol on the rate o f auto- 
haemolysis of red cells incubated in vitro.
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M o rley , A . A . (Haemat. Dept., Royal 
Postgraduate Med. School, Ducane Road, 
London, W. 12), p. 310.

Potentiation of purified erythropoietin with 
serum proteins. G ardner, E ., Jr. et al. 
(Dept, o f Med., Med. College of Georgia, 
Augusta, Ga.), p. 317.

Atypical hereditary spherocytosis: Biochemi
cal studies and sites of erythrocyte destruc
tion. Z a il, S . S . et al. (Dept, of Haemat., 
South African Inst, for Med. Research, 
Johannesburg, S. A.), p. 323.

Accumulation of iron in mitochondria of 
erythroblasts.G oodm an, J. R . etal.(Research 
Laboratories, Veterans Administration 
Llosp., San Francisco, Calif.), p. 335.

The fine structure o f fibrin. K ay, D . et al. 
(Sir William Dunn School of Pathol., 
Univ. of Oxford, Oxford), p. 341.

Haematological effects of the idiopathic 
splenomegaly seen in Uganda. R ichm ond , 
J . et al. (Dept, o f Med., Univ. of Edin
burgh, Scotland), p. 348.

A diffraction method for measuring the av
erage volumes and shapes of red blood 
cells. C hild, J . A . et al. (Dept, of Haemat.. 
G uy’s Hosp., London), p. 364.

The fibrinolytic response to moderate exer
cise and intravenous adrenaline in the 
same subjects. C ash, J. D. et al. (South
east Scotland Reg. Blood Transf. R e
search Laboratories, Royal Infirmary, 
Edinburgh, Scotland), p. 376.

Regulation of platelet production: “ Hyper
splenism” in the experimental animal. 
G abriele, G. de  et al. (Commonwealth 
Serum Laboratories, Melbourne, A ustra
lia), p. 384.

Köln haemoglobinopathy. Further data and 
a comparison with other hereditary Heinz 
body anaemias. Jones , R . V. et al. (N orth 
West Surrey G roup Lab., St. Peter’s 
Hosp., Chertsey, Surrey, Great Britain), 
p. 394.

The platelet destruction site in throm bocyto
penic purpuras. N a jea n , Y. et al. (L abora
toire de Isotopes, Centre de Recherches 
sur les Maladies du Sang, Hôpital Saint- 
Louis, Paris), p. 409.

Folia Haematologica (Leipzig) 87 (1967) 
No. 1/2.

Die Entwicklung von Fibrinolysehemm
stoffen. M a rk w a rd t, F. (Pharmakologi

sches Inst, der Med. Akademie, 50 Erfurt), 
p. 5.

Diagnose u. Differentialdiagnose der hyper- 
fibrinolytischen Blutungen. Vogel, G. 
(Med. Klinik der Med. Akademie, 50 
Erfurt), p. 15.

Klinische Erfahrungen mit p-Aminomethyl- 
benzoesäure (PAMBA) bei schweren aku
ten Fibrinolyseblutungen in der inneren 
Medizin. Sanderm ann , A . et al. (Med. 
Klinik der Med. Akademie, 50 Erfurt, 
Nordhäuserstrasse 74), p. 22.

Fibrinolyseblutungen in der Chirurgie u. 
ihre Behandlung mit p-Aminomethyl- 
benzoesäure. H etlinger, J . (50 Erfurt, 
Reichartstrasse 19), p. 32.

Das Bild der fibrinolytischen Störung im 
uterinen Blut u. die Beeinflussbarkeit 
durch PAMBA. Flähm ig, M . et al. (Frauen
klinik der Med. Akademie, 50 Erfurt, 
W alkmühlstrasse 7), p. 4L

Die Bedeutung der Fibrinolysesteigerung bei 
Nachgeburtsblutungen u. ihre Behand
lung mit PAMBA. S ieg , V . et al. (Frauen
klinik der Med. Akademie, 50 Erfurt, 
W alkmühlstrasse 7), p. 51.

Untersuchungen über die fibrinolytische 
A ktivität des Liquor cerebrospinalis u. 
ihre Beeinflussbarkeit durch PAMBA. 
H ellinger, J . et al. (50 Erfurt, Reichart
strasse 19), p. 61.

Anwendung von PAMBA in der Zahn- u. 
Kieferheilkunde. R othe , G. 50 Erfurt, 
Augustinerstrasse 38), p. 67.

Hyperfibrinolytische Blutungen in der HNO- 
Heilkunde u. ihre Behandlung mit 
PAMBA. N u ern b erg k , W . (Hals-Nasen- 
Ohren-Klinik der Med. Akademie, 50 
Erfurt, Nordhäuserstrasse 74), p. 72.

Einfluss von p-Aminomethylbenzoesäure 
(PAMBA) auf den fibrinstabilisierenden 
Faktor. Vogel, G. et al. (Med. Klinik der 
Med. Akademie, 50 Erfurt, N ordhäuser
strasse 74), p. 77.

Begleitfibrinolysen bei hämatologischen E r
krankungen u. ihre Beeinflussung durch 
PAMBA. M e y , U. et al. (Med. Klinik der 
Med. Akademie, 50 Erfurt, N ordhäuser
strasse 74), p. 80.

Fibrinolyseblutungen im Kindesalter u. 
ihre Behandlung mit PAMBA. H o ffm a n n , 
W. e ta l. (Kinderklinik der Med. Akademie 
50 Erfurt, Am Schwemmbach 32/a), p. 88.
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Zur Wirkung der Para-Aminomethylbenzoe- 
säure (PAM BA) bei Polyarthritis acuta u. 
progressiva. (Vorläufige Mitteilung.) W essel
G. (Med. Klinik der Med. Akademie, 50 
Erfurt, N ordhäuserstrasse 74), p. 94.

Zur Dosierung der Antifibrinolytika im 
Neugeborenenalter. R ogner, G. (K inder
klinik u. Poliklinik der Univ., 69 Jena, 
Kochstrasse 2), p. 100.

Vergleichende Untersuchungen über A nti
fibrinolytika. L a n d m a n n , H . (50 Erfurt, 
Schillerstrasse 58), p. 106.

Über die Kombinationswirkung von PAMBA 
u. Contrykal. K lö ck in g , H .-P . (Phar
makologisches Inst, der Med. Akade
mie, 50 Erfurt, Nordhäuserstrasse 74), 
p. 113.

Die antifibrinolytische W irkung von p- 
-Aminomethylbenzoesäure in Bakterien- 
u. Gewebekulturen. P erlew itz , J . (Pharm a
kologisches Inst, der Med. Akademie, 
50 Erfurt, Nordhäuserstrasse 74), p. 118.

Bestimmungsmethoden für Fibrinolyse- 
hemmstoffe im biologischen Material. 
R ichter, M . (Pharmakologisches Inst, 
der Med. Akademie, 50 Erfurt, N ord
häuserstrasse 74), p. 123.

Untersuchungen über den Mechanismus der 
Strahlenschutzwirkung der proteolyti
schen Enzyme. D a n y sz , A . et al. (Pharm a
kologisches Inst, der Med. Akademie, 
Bialystok, Polen), p. 128.

Postoperative Komplikationen durch er
worbenen Faktor-X IlI-M angel. Thies, H . 
A . et al. (Chirurgische Klinik, 71 Heil- 
bronn/Neckar, DBR), p. 135.

Folia Haematologica (Leipzig) 87 (1967) 
No. 3.

Ein Beitrag zur Nachweismethodik zirkulie
render Tumorzellen im peripheren Blut. 
Baudach, H. et al. (Robert-Rössle-Klinik, 
1115 Berlin, Lindenberger Weg 80), p. 
153.

Zur Rolle der basophilen Leukozyten und 
Mastzellen in Fibrinolyse u. Allergie. II. 
Wirkung eines Antihistaminikums und 
einer allergischen Sofortreaktion auf Zahl 
und Degranulierung basophiler Leukozy
ten. F rick , G. et al. (M ed.-Univ.-Klinik, 
25 Rostock, Ernst Heydemann Strasse), 
p. 178.

In vitro-Untersuchungen über die Wirkung 
des Zigarettenrauches auf die Vitalität 
der Leukozyten. Schröder, H . et al. (Inst, 
f. gerichtliche Med. u. Kriminalistik, 
Univ. Ham burg, 2 Hamburg-Sollstedt, 
Butenfeld 34), p. 190.

Beitrag zur Zählung und Differenzierung 
der Leukozyten aus beiden Körperhälften. 
F uchsberger, R . (W erkkrankenhaus, Po- 
vazanska Bystrica, Leninstrasse 1134-C-l), 
p. 199.

Das Knochenmarkbild bei Kryoglobulin- 
ämiekranken. B iró , I. et al. (Postgraduate 
Med. School, Szabolcs u. 33, Budapest, 
XIII, Hungary), p. 209.

Untersuchungen des menschlichen Knochen
markes unter Vinblastinsulfatwirkung. 
K ü h b ö ck , J . et al. (2. Med. Univ.-Klinik, 
1090 Wien, Garnisongasse 13), p. 220.

Methodischer Beitrag zum Nachweis throm- 
bozytärer Autoantikörper. G rim m , J. 
et al. (Städt. Kinderklinik, 90 Karl-M arx- 
Stadt, Dresdner Strasse), p. 230.

Nachweis einer diaplazentar übertragenen 
Im m unothrom bopenie mit Hilfe der 
Immunofluoreszenztechnik. B a st, G. et al. 
Bezirkskrankenhaus, Innere Klinik, 25 
Rostock-Südstadt), p. 237.

Modifikationen des H-Erythrozytenantigens 
bei Kranken mit Leukämien. M á js k y ,  A . 
(Inst. f. Hämatol. u. Bluttransf., U nemoc- 
nice 1, Prag 2), p. 249.

Hp-, Gm-, Inv- und Tf-Typen in Santiago de 
Cuba (Cuba). H erzog , P. et al. (Inst. f. 
Hämatol. u. Bluttransf., U nemocnice 1, 
Prag 2), p. 260.

Hémostase (Paris) 6 (1966) No. 5.

Plaquettes et virus. M aupin , B. (Centre de 
Transfusion-Réanimation de l’Armée 
«Jean-Julliard», 92 Clamart, Paris), p. 301.

Two cases o f haemorrhagic disease arising 
from fibrin stabilizing factor deficiency. 
O ttavian i, P. et al. (Inst, o f Med. Semeio- 
tics, Rome Univ., Rome), 317.

Studies on the evaluation of factor X II1 
(fibrin stabilizing factor) by means of the 
MIA-tolerance (visual and thrombelasto- 
graphic technique). N ico la , P . de  et al. 
(Med. Clin., Univ. Pavia), p. 325.

De l’adhésivité et de l’agrégation plaquet
taires chez les diabétiques traités par l’acide
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linolénique. D o u m en c , J . et al. (Lab. d'Hé- 
mostase, Service d’Hématologie de l’Hô- 
tel-Dieu, Parvis Notre-Dame, Paris IVe), 
p. 333.

The initiation of clotting in lipaemic blood: 
Contact phase and platelet participation. 
C occheri, S .  et at. (Inst, for Occupational 
and Preventive Med., Bologna University 
Med. School, Bologna), p. 339.

Mesure de l’agrégation des plaquettes. 
Activité antiagrégante de l’héparine. A zn a r, 
J . (D épart, de Biochimie, Faculté de 
Médecine, Univ. Navarra, Pampelune, 
Espagne), p. 351.

Ellagic acid-induced acceleration of intra
vascular clotting and thrombolysis. Ia tri- 
dis, S . G. (Dept, of Med. Athena Clinic, 
Univ. of Athens), p. 363.

Conception nouvelle des troubles de la co
agulation sanguine dans l’athérosclérose. 
M a tch a b e lli, M . (Avenue Vaja Pchavela, 
Quartier 3, bâtiment 20, Tbilissi 49, 
URSS), p. 373.

A study on hypercoagulability. A k m a n , N. 
et al. (Div. of Hemat., Cerrahpasa Intern 
Clinic, Istanbul Univ., Aksaray, Istanbul, 
Turkey), p. 381.

Il Sangue (M ilano) 40 (1967) No. 2.

Considerazioni sulla conservazione degli 
eritrociti mediante congelamento. M olla , 
W. et al. (Ist. di Transfusione Avis, Milano, 
ltalia), p. 52.

Porpora trom bopenica neonatale e malattia 
emolitica da incompatibilità nel sistema 
Rh. Pecorella , F. et al. (Clinica Pediatrica, 
Ospedale dei Bambini “ G. di Cristina” , 
Univ. Palermo, ltalia), p. 65.

Nouvelle Revue Française d'Hématologie
(Paris) 7 (1967) No. 2.

Érythropoïétine et érythropoïese. A d a m so n , 
J. W. et al. (Univ. of Washington, School 
of Med., Seattle, Washington), p. 157.

Coïncidences ou relations fondamentales 
entre la ieucémogenèse et les antigènes de 
transplantation. D a u sse t, J . et al. (Hôpital 
Saint-Louis, 2, place du Dr.-Fournier,
F.-75-Paris X), p. 161.

Mécanisme de l’action thérapeutique de la 
restauration retardée chez les souris irra

diées. D uplán , J. F. et al. (Inst, du Radium, 
Lab. Pasteur et Fondation Curie, Paris V), 
p. 167.

Protoporphyrie érythropoïétique secondaire. 
A lb a h a ry , C. et al. (Centre Hosp., Serv. 
Med. Interne, St. Denis, France), p. 177. 

Mesure de l’adhésivité plaquettaire au verre. 
R o sn er, P. et al. (Centre de Transf. san
guine, Hôpital univ. Genève), p. 185.

Le test de la filtrabilité érythrocytaire (TFE). 
Une méthode simple d ’étude de certaines 
propriétés microrhéologiques des globu
les rouges. Tettel, P. (Centre d ’Hématolo
gie, Str. dr. Felix 89, Bucarest), p. 195. 

Mycoplasmes et hémopathies humaines. 
L e d e r e ,  J . C. et al. (Hôpital Saint-Louis 2, 
place du Dr.-Fournier, F.-75-Paris X), p. 
215.

Nouvelle Revue Française d'Hématologie
(Paris) 6 (1967) No. 3.

La rubidomycine. B ernard, J . et al. (Hôpital 
Saint-Louis, 2, place du Dr.-Fournier, 
F.-75-Paris X), p. 317.

Corrélations entre les caractéristiques micro
rhéologiques (filtrabilité) des globules 
rouges et leur séquestration splénique et 
hépatique. Teitel, P. (Centre d’H ém ato
logie, Str. dr. Felix 89, Bucarest), p. 321.

Le fer médullaire dans la mucoviscidose. 
M ouriquand , C. et al. (Clinique Médicale 
Infantile, Faculté de Médecine de G re
noble, 21, rue Lesdiguières, F. 38-Greno- 
ble, France), p. 339.

Anomalie de la formation du caillot dans un 
cas de IgG myélome. P raga, C. et al. (Isti- 
tuto di Semeiotica Medica dell’Univ., 
Milano), p. 353.

La maladie de Burkitt hors d’Afrique. 
W illem in -C log , L . et al. (Clinique Médicale 
Infantile, C.H.U ., F. 63-Clermont-Fer- 
rand, France), p. 367.

L'association de la radiothérapie endolym- 
phatique et des agents alkylants dans le 
traitem ent des hématosarcomes rétro
péritonéaux. Bonadonna, G. et al. (Istituto 
Nazionale per lo Studio e la Cura dei 
Tumori, Univ. di Milano, ltalia), p. 381.

Hémoglobinopathies en Tunisie. A propos 
d’une observation familiale avec étude de 
l’arbre généalogique. B en R ach id , M .S .  
et al. (Inst. Pasteur, Tunis), p. 393.
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11poőjicMbi rcMaro.'ioi mm 11 nepc. iiibuiihh kpobh

(M ocK B a) 12 (1967) JVa 1

K  u p o o jicM e  pcm hcchh  npH  neíiK 03ax . K u c-  
cu pcK u ü , M . A .,  (p .ie iu itM a ii, E . B ., P n i i- 
CKan J I .  M. (KjiHHHHecKaa 6 a s a  —  LIght- 
panbH asr KJtHHHHecKaa ö o j ib n u u a  h m . C e- 
M auiKo H . A . M nHHCTepcTBa n y ie i i  c o o 6 -  
meHHB.) c. 3. —  R e m is s io n s  in  L e u k a e m ia .  
K a s s i r s k y ,  I .  A . ,  F le is h m a n ,  E . W ., R y n s -  
k a y a ,  L .  M .  p . 3.

MilHOnaTHHeCKMÍÍ MHeHO([>H6p03 H BTOPMM- 
HblH MHejl0((>H6p03 npH  xpOHHHCCKOM MHe- 
;iojieiiK O 'ie. JJy.tbifuH, M .  C .,  K .iu M o e a , H .  
0 . ,  ’F ep m fo e a , T. A .,  l a x a p o e u ,  A . B . (T e -  
M aTonorH B ecK aa KjiHHHKa h uHTOJiorHHe- 
CKaa jiaô o p a T o p H »  U eH T p an b H o ro  HHCTH
TyTa [C M aiojioiM H  h nepcJiHBanHH k p o b h  
MHHHCTepcT B a 'inpaB ooxpaneiiH H  C C C P , 
M ocK B a.) c . 12. —  I d io p a th ic  a n d  S e c o n 
d a r y  M y e lo f ib ro s is  in C h r o n ic  M y e lo le u -  
k a e m ia .  D u lts in ,  M .  S . ,  K l im o v a ,  N . F .,  
C h e r n ts o v a ,  T . A . ,  Z a k h a r o v a ,  A . V. p . 
1 2 .

K B o n p o cy  o  n a io re n e 's e  h nepcneK iH B ax 
jieneHHB jieüK 03a. A .ie K c a iiâ p o u w i I O . ,  H a -  
CKaAbCKUÜ, F ., lU tta ű ó , B .  ( 3 - h  Kat()eapa h 
KJIHHHKa BHyTpeHHHX 6ojie3H eH  KpaKOB- 
cK oîi MeaHitHHCKofi aKaneM HH, n o j r b m a )  c. 
24 . —- P a th o g e n e s is  o f  L e u k a e m ia  a n d  
P r o s p e c ts  of i ts  T r e a t m e n t .  A le x a n d r o 
v ic h , Y u .,  N a s k a l s k y ,  G .,  S c h n a id ,  Y a . p . 24 .

KjiHHHBecKHe BapnaHTbi x e jiT y x  n p n  Hexo- 
T opb ix  3 a 6 oneBaHHBx cncTeM bi k p o b h . M u- 
m e p e e ,  K ) .  F ., X a s a u o e ,  A .  M . (TnaBHbiH 
BoeHHbiH ro cn H T ajib  um. H. H. EypaeH K o, 
M ocK Ba). c . 27. —  C lin ic a l  V a r ia n ts  o f  
I c te r u s  in  s o m e  D is e a s e s  o f  th e  B lo o d  S y s 
te m . M ite r e v ,  Y u . G .,  K h a z a n o v ,  A . I. p . 
27 .

3 iieK T po(j)ope3  öejiKOB kpobh y öoJibH bix 
BPHTpeMMefi, jreaeHHbix paanoaKTHBHbiM 
(J)OC(J)opoM. H u K o a a e e a , H . B ., í l a n y tu ,
H. JJ. ( T e  m a  t o  a  o  r  h h c c  k a  a  KjiHHHKa h J ta- 
ÔOpaTOPHH (JjpaKUMOHHpOBaHHB ÖejiKOB 
I lcu rp a jib H o ro  HHCTHTyTa rcMaTOJiorHH h 
nepejiHBaHHB kpobh  MHHHCTepcTBa i.ip u - 
BOOxpaHeHHB C C C P , M ocK B a). c . 32. —  
E le c t r o p h o r e s is  o f  B lo o d  P r o te in  in  P a 
t ie n ts  w ith  E r y th r a e m ia  T r e a te d  w ith  R a 
d io p h o s p h o r u s .  N ik o la e v a ,  N . V ., P a -  
p u s h , N .  D .  p . 32.

M eTannacTHHecKHe n p o u e c c u  b xenyaK e m 
c jte n o ii KHuiKe n p n  jieüK 03ax  (peHtreHono-

rHHecKHe HaÖjnojteHHH). M a p m u iu iu u n , F . 
n .  ( PcH I reHOjlOI HHCCKHM OTflCil JleHHH- 
rp a a c K o r o  uayBuo-H CC JicaoB aieJibC K oro hh- 
CTHTy ra  i cmu tojiothh h nepexiHBaHHH k po 
bh .) c. 34. —  M e ta p la s t ic  P ro c e s s e s  in  
th e  S to m a c h  a n d  th e  C a e c u m  in  L e u 
k a e m ia  ( X - r a y  o b s e r v a t io n s ) .  M a r ty s h k in ,
G . P . p . 34.

TIpHMeHeHHe ay tro - h  ajuioTpaHCt|)y3HH koct- 
H o ro  M 03ra b coteTaH H H  c  noBbimeHHbiMH 
ao3aM H  XHM HonpenapaTOB n p n  jieneHHH 
SoiibH bix  BHM (()orpaH yaoM aT030M  h o n y - 
xoneBbiM  peTHKyji030M . X y n u u te u .n i, F .  3 .
( leM aioJio iH M ecK asi KjiHHHKa H e in p a j ih -  
Horo o p a e H a  J le H H H a  HHCTHTyTa reM aTO- 
jtorHH h nepenHBaHHH kpobh MHHHCTep
cTBa C C C P ,  M ocK B a.) c . 37. —  A p p l ic a 
t io n  o f  B o n e  M a r r o w  A u t o - a n d  A l lo t r a n s 
fu s io n  C o n n e c te d  w ith  I n c r e a s e d  D o s e s  o f  
C h e m o p r e p a r a t io n s  in  th e  T r e a tm e n t  o f  P a 
t ie n ts  w ith  L y m p h o g r a n u lo m a to s i s  a n d  T u 
m o u r  R e t ic u lo s is .  K h u ts is h v i l i ,  G . E .  p . 37 .

K  jt h h HKO-Mopt})OJior h necxHe oco ô eH  h octh

JteHK030B y HOBOpOXaeilllblX. IOÖUH, to . r .  
(LIaT0M0p(|)0J10rHHeCKHH OTaeJI M o ck ob- 
ckoto  oÔ JiacT H oro nayH iio-HCCjreaoBaTejib- 
CKOTO HHCTHTyTa HM. M . d>. Bna/tH M H p- 
CK oro.) c. 4L —  C lin ic o - M o r p h o lo g ic a l  
C h a r a c te r i s t i c s  o f  L e u k a e m ia  in  t h e  N e w 
b o r n .  Y u d in , Y u . G .  p . 4 L

K  Bonpocy 0 6  tthojiothh  cnoiiTaHHoro jie ii- 
K03a y M bimefi jihhhh  C 57. H a c m a u ,  E . 
J l y m y ,  M .,  I l c a im ,  F .,  E a  t s ty iu ,  F .,  FIo- 
n e c u y , F p .,  /J o u a , F .,  P y m m e p ,  F .,  ^ y tf ie u y ,
E . (ByxapecT) c. 43 . —  S o m e  D a ta  o n  th e  
A e tio lo g y  o f  S p o n ta n e o u s  L e u k a e m ia  in  
M ic e  o f  th e  C „ s t r a i n .  N a s t a k ,  E . ,L u n g u ,  M . ,  
I s a y a ,  G .,  B a lm u s h , G . ,  P o p e s c u ,  G r . ,  D o n a ,  
G .,  R u t te r ,  G .,  C h u fe c u , E . p . 43 .

AcCOUHaUMSI XPOMOCOM B KpOBeTBOPHblX KjlC I - 
Kax y M biuieii. /K a p o a a , E . M ., P a y u te u ó a x ,  
M . O . (JlaöopaT opM B  naT O Jio rnn  kpobh 
HHCTHTyTa 3KCnepHMeHTaJlbHOH H KJ1HHH- 
HecKoii OHKonoTHH A M H  C C C P ,  M ocK B a). 
c . 47 . —  A s s o c ia t io n  o f  C h r o m o s o m e s  in 
th e  H a e m o p o ie t ic  C e lls  o f  M ic e . Z h u r o v a ,
E . / . ,  R a u s h e n b a k h ,  M . O . p . 47 .

O  TpaKTOBKe H3 MeHeHHH KOJiHHecTBa « 6 a p a -  
ôaHHbtx nanoH eK » b apejib ix  HeHTpotJjHJtax 
n p n  xpoHHaecKOM M Heno3e y x c h u ih h . 
LUaii, B. H. (KjiHHHKO-aHarHOCTHHecKan 
jiaS opaT opH H  HHCTHTyTa ohkojtothh A M H  
C C C P , J leH H H rp aa .)  c. 51. —  A s s e s s m e n t  
o f  th e  C h a n g e s  in  th e  N u m b e r  o f  D r u m 
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s t ic k s  in  M a tu r e  N e u t r o p h i l s  in  W o m e n  
w ith  C h r o n ic  M y e lo s is . S h a tz ,  V. Ya. p . 51 .

3a6oneBaeM O CTb jieftK030M  b C ohh  h T y a n c e . 
Jleőedee, B. H ., Be.m ena, 3. H ., KocmoM a- 
poeu, B. r „  TO um eea, P. X . (FeMaTOJiornHe- 
CKoe o if le jie iiH e  C ohhhc k o to  oHKOJiorHne- 
C K oro  n H cn aH cep a .) c . 52 . —  S o m e  D a ta  
C o n c e r n i n g  th e  I n c id e n c e  o f  L e u k a e m ia  
in  S o c h i  a n d  T u a p s e .  L eb ed ev , V. N ., B e 
lyaeva , Z .  N .,  K o sto m a ro va , V. G ., Y nn i-  
cheva, R . K h . p . 52.

B e n y m n e  n p o ö n e M b i coBpeM eHHoir (jtpam tyT- 
ckom re M a T o n o rn n . A .ieuceee I .  A . c. 54. — 
M a in  P r o b le m s  o f  C u r r e n t  F re n c h  H a e 
m a to lo g y .  A le xe e v  G. A . p . 54.

Ilpoö .icM bi re iu aT o .io i HH u n ép é . iiibuhim  KpoBii
( M ockbu) 12 (1967) JVs 2.

I eM aioJiorH H ccK asi cnytKÓa C C C P  h ÔJtHtKafi- 
iijhc aa/uiMM ee p a iB u r u a .  Hanno, / ' .  <!>. 
(KjlHHHHeCKHH O T fle jI  HHCTHTyTa reM aTO- 
j io n iH  h  nepejiM Bam iH k p o b h  M nH H crep - 
CTBa sap a B o o x p au e n H H  C C C P ,  M ocK B a.) 
c . 3. —  H a e m a to lo g ic a l  S e rv ic e  in  th e  
U S S R  a n d  I m m e d ia te  T a s k s  o f  D e v e lo p 
m e n t.  P a p ko , G. F. p . 3.

KjiHHMKa M jieneH ne cepnoBHAHOKJiexoHHOH 
aH eM nn n ee  BapnaHTOB. n o  naHHbiM Ha- 
ÖjnofleHHÍí b  T aHe. Touapee, TO. H. c. 7. — 
C lin ic a l  P ic tu r e  a n d  T r e a tm e n t  o f  S ic k le -  
-C e ll A n a e m i a  a n d  o f  i t s  V a r ia n t s  ( a c c o r d 
in g  to  O b s e r v a t io n s  in  G h a n a ) .  Tokarev , 
Yu. N . p . 7.

H M M yH oreM aT onornM ecK ne HCCJieAOBaHHH 
KOCTHoro M 0 3 ra  n p n  aH eM nax. Cioőaeea,
H. M. (KjiHHHKa (jiaKyjtbTeTCKOH T e p a n n n  
BoeHHO-MeflHItMHCKOH aKa/teMHM HM. C . M . 
K n p o B a , JleH M H rpa/t.) c . 16. —  I m m u n o -  
h a e m a to lo g ic a l  S tu d ie s  o f  t h e  B o n e  M a r 
ro w  in  A n a e m ia s .  S yu b a eva , N . I. p . 16.

K  B o n p o cy  0 6  oÖMerie 5Kene3a n p n  6o jie3H n 
M apK H atjtaB a—MHKenH. KopuMapn, II. 0 . ,  
JTueandoecKuii.fO . A ., JIopue,K>. M. (T eM a- 
TOJTOrMMeCKaa KjiHHHKa IfeH T panbH O rO  HH
CTHTyTa reMaTOJioTHH h nepejiHBaHHa k p o 
bh M nHHCTepcTBa 3 itp a B o o x p aH e iin a  C C C P , 
M ocK B a.) c . 22 . —  S o m e  d a t a  o n  I r o n  
M e ta b o l is m  in  M a r c h ia f a v a - M ic h e l i  D is 
e a s e . K o rc h m a rk , I. F., L iv a n d o vsky , Yu. A .,  
Lorie , Yu . /. p. 22.

Coaep>KaHHe rjnoK030-6-<i>oc<i>aT t t e r a a p o r e -  
Ha3bi b a p u i pouHTax h  hx yjibTpacTpyK- 
T ypa n p n  6ojie3H H  M apK H atjtaB a— MHKexiH.

JJy.ibiiuna, C. M . (U.M rojiorHHecKaa Jiaöopa- 
TopHH 1 lenipajn.iioro HHCTHTyTa reMaTO- 
JlOrHH H nepejlHBaHHH KPOBH MHHHCTep- 
CTBa TitpaisooxpaHeHHü CCCP, MocKBa.) 
c. 28. — The Content of Glucoso-6- 
- Phosphate Dehydrogenase in Erythro
cytes and their U ltrastructure in M archia
fava-Micheli Disease. D ultsina , S . M .  p. 28.

F anT orjtoÖ H H  n p n  reM O jiH inaccK H x a n e x iu a x  
y actcm . A.tuM oea, M . M .,  EedoKUMoea,
A . M .,fO p K o e ,fO . A ., Kopo.teea, T. C. (M h - 
CTHTyT ncfluaT pH H  A M H  C C C P ,  M ocK B a.) 
c . 31. —  H a p to g lo b in  in  C h i ld r e n  w ith  
H a e m o ly t ic  A n a e m ia s .  A lim o va , M . M .,  
E vd o k im o va , A . /., Y urkov , Yu. A .,  K o ro 
leva, G. S . p .  31.

K B o n p o cy  o Ko6 ajibTOCBH3 biB aiom eH  c n o c o ö -  
HOCTH ÔejIKOB CbIBOpOTKH KpoBH. MdeAb-
coH, JI. M ., JK yuoecuaa, E . JJ. ( T p y n n a  
tteücTB. a jieH a A M H  C C C P  n p o tjt. M . A . 
K a c c n p c K o ro  Ha 6 a 3 e  U eH T paJibH oit k jih - 
HHHecKoii ôonbH H ijb t M nC .) c. 35. —• 
S o m e  D a ta  o n  th e  C o b a l t - B in d ig  C a p a c i ty  
o f  B lo o d  S e r u m  P r o te in s .  Ide lson , L . I . ,  
Z h u k o v sk a y a , E . D .,  p . 35.

CoBpeM eHHbie npe/tCTaBJieHHH 0 6  apH T po- 
no33e b HopMe h naTonornn. Jlunag , A . A . 
(U eH TpajlbH blH  HHCTHTyT TeMaTOJlOrMH H 
nepeJiHBaHHa kpobh  MnHHCTepcTBa 3flpa- 
BooxpaHeHHH C C C P ,  M ocK B a.) c . 38 . —  
M o d e r n  V ie w s  o n  E r y th r o p o ie s i s  in  N o r 
m a l  a n d  P a th o lo g ic a l  C o n d i t io n s  (S u rv e y ) . 
L ip a tz , A . A . p . 38.

C oBpeiueH H oe coctoh hhc  B o n p o ca  0 6  H3Me- 
HeHHH CHCTeMbI KpOBM npH  XpOHHHeCKOH 
6eH 30JlbH 0ii HHTOKCHKaitHH. M alaiU M l, F. 
E. (K a tjte n p a  T e p a n n n  c a n n r a p i io - i  h thchh- 
n ecK oro  tja x y n b T e T a  I  MocKOBCKoro M ettn- 
UHHCKoro HCHCTHTyTa h m . M. M . C en e - 
HOBa.) c . 4 5 . —  C h a n g e s  O b s e rv e d  in  th e  
B lo o d  S y s te m  in  C h r o n ic  B e n z e n e  I n to x i 
c a t io n  (S u rv e y ) .  M agagina , G. E . p . 45 .

OuiHÖKH H AOCTOBepHOCTb «KOJlHHeCTBeHHOÍÍ» 
BH3yajtbHOii itHTotjtOTOMeTPHH. ryp ô a u o e ,
B. n. ( T p y n n a  jic h c tb . H jiena A M H  C C C P  
npotj). M. A . K a cc n p c K o ro , M ocK B a.) c. 
49 . —  E r r o r s  a n d  V e r i ta b i l i ty  o f  “ Q u a n t i 
ta t iv e ”  V is u a l  C y to p h o to m e t r y .  G urbanov, 
V. P .  p .  4 9 .

AyTOHMMyHHart reMOJtHTHaecKasi aHeMHH 
ÔOJlbHOrO xpOHHHeCKHM JTHM(l)OJieHK030M 
c  rH noraM M arjroöyjiH H eM H eH . Baűdsunn, 
B. n., fleopcK uü, JT. M. (K a tjte flp a  TepanHH 
(JtaKyjtbTeTa ycoBepuieHCTBOBaHH» B p aae it
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PllJKCKOIO MeXJHIIMHCKOrO HHCTMTyTa.) c.
57. —  A u to im m u n e  H a e m o ly t ic  A n a e m ia  
in  a  P a t ie n t  S u f fe r in g  f r o m  C h r o n ic  
L y m p h o le u k a e m ia  w ith  H y p o g a m m a g lo -  
b u l in a e m ia .  V aidzinya , V. P ., Y a v o rk o v sk y ,
L. I. p. 57 .

B.IUÍ1HUC pa3J!MHHbIX THnOB HOHH3MPyK>meM 
paflHaUHH M3 pa3J!M4HbIX HCT04HHK0B Ha 
reM ono3TH 4ecK yio TKaHb. (C oB em aH H e tkc- 
n e p ro B  b BeH e.) Hepmnoe, kl. JT., K o  nm eit,
F . 11. c. 60 . —  E ffe c t o f  V a r io u s  T y p e s  
o f  I o n iz in g  R a d i a t io n  f r o m  V a r io u s  
S o u rc e s  o n  H a e m o p o ie t i c  T is s u e  (A  M e e t
in g  o f  E x p e r t s  in  V ie n n a ) .  C h ertko v , I. L ., 
K ozine ts , G. I. p . 60 .

I Ipoô.icMhi reMaTOJioriiH h nope.limanim KpoBii
M ocKBa 12 (1 9 6 7 ) JNb 3.

O  HeoöxoflHM ocTH onpeaeJieiiM si noxiHbix p e - 
3yc-aHTMTejr. YjUHoea, M . A . ( J la ô o p a  ro -  
PHB n o  H3y4eHMK> h CTaHflapTM3auHH r p y n n  
KpoBH IdeH T paxibH oro  HHCTMTyTa reM aTO- 
hothh h nepejiHBaHHH kpobm M ocK B a.) 
c . 3. —  T h e  N e c e s s i ty  o f  D e te r m in in g  
C o m p le te  R h e s u s - A n t ib o d ie s .  U m nova,
M . A . p . 3.

O  B03M03KH0CTH MCn0JIb30BaHHH SPHTPOUH- 
TOB, AJlMTejIbHO KOHCepBMpOBaHHbIX pacT - 
BopoM  Ido jinnK  I s , b  K aaeciB e  CTaHjiapTOB. 
Mna.toecKa.H, T. A ., Eeû.tuna, B. E ., Ca.uy- 
ceea, r .  C. (JlaSopaTopHH no H3y4eHHio h 
CTaHflapTH3auHH r p y n n  kpobm U eH T p a ab - 
Horo HHCTMTyTa reMaTOJiorMH h n ep eaH B a- 
HH4 kpobm M uHHCTepcTBa 3A paB ooxpaH e- 
HHB C C C P ,  M ocK B a.) c. 7. —  S o m e  d a t a  
o n  th e  P o s s ib i l i ty  o f  U s in g  E r y th r o c y te s  
P re s e rv e d  f o r  a  L o n g  T e r m  w ith  T S O L I P K  
7b S o lu t io n ,  leh a lo v ska y a , T. A .,  Beilina, 
V. B., S a m u sev a , G. S . p . 7.

M e m n  T poH H oro  onpeneaeH H Ji s p h t po l w t - 
Hbix n o f lr p y n n  A t— A , n p n  noM om H  (|)MTar- 
rjnoTHHHHOB. ílom anon , M . PI. (H ay4H O - 
HCcnenoBaTenbCKHM HHCTMTyT cyneÔHOM 
MenHUMHbi MHHHCTepcTBa 3ztpaBOOxpaHe- 
HHii C C C P , M ocK B a.) c. 13. —  A  M e th o d  
f o r  T r ip le  D e te r m in a t io n  o f  E r y th r o c y te  
S u b g r o u p s  A ,— A 2 w ith  P h y ta g g lu t in in s .  
P otapov, M .  1. p . 13.

HM M yHOJiorH4ecKoe 3H a4eH ne nna3M 0K Jie- 
T04HbIX OCTPOBKOB. CaC, ß.., KotlU'l, M .
(E y a a n e w T , B eH rpH a.) c. 17. —  I m m u 
n o lo g ic a l  S ig n i f ic a n c e  o f  P la s m a c e l lu la r  
I s la n d s .  S zá s z , G ., K ovács, M . p . 17.

d>yiiKnMOHanbnaa arrMBHOCTb xopbi H aan o - 
4e4HMKOB y  /lOHOpOB. KacuM oe, r .  11 ., r y -  
ceùnoe, r. A . (A3ep6afia>KaHCKHH HayaHo- 
Hccjie/iOBateJibCKMM HHCTHTyT reM aTO Jio- 
rMH h nepeJTHBaHH» kpobh.) c. 20. — 
F u n c t io n a l  A c t iv i ty  o f  A d r e n a l  C o r te x  
in D o n o r s .  K asim ov, G. / . ,  G useinov , G. A . 
p. 20.

TeM onosTH Hbi n p n  o c rp o f i  n o a e a H o ii  He- 
fl0CTaT04H0CTM reMOTpaHC(j)y3HOHHoro n p o - 
MCxo>Kflcnnsi. K axem e.u td ie , M . /  ., Ko.ua- 
poe, Jl. C. (ÜT.TeaeHHe nocTTpaHC<J>y3HOH- 
Hbix ocjioA 'iieiiH H  h reM O /iH aan3a  h naTO- 
(J)H3HOJiorH4ecKaB aaô o p aT o p H H  U eH T paab - 
H o ro  HHCTMTyTa reMaTOJiorMH h n e p e a n -  
BaHHa kpobm MHHHCTepcTBa ia p a is o o x p a -  
HeHHa C C C P .)  c. 23 . —  H a e m o p o ie t in s  
in  A c u te  R e n a l In s u f f ic ie n c y  I n d u c e d  by  
B lo o d  T r a n s f u s io n .  K a k h e te lid ze , M . G., 
K o m a ro v , L. S . p . 23 .

BaHiiHMe noB TopH O ro m a r n a  KOCTHOro M 0 3 ra  
Ha KpoBeTBopeHHe y a o H o p o ß . M asiedo«, 
A . M. (A iepoaiiaJK aH CK H ii H a4no-M C caeao- 
BaTeabCKMM HHCTHTyT reM aTOJiorMH h n ep e- 
nHBaHHH kpobm.) c. 29 . —  T h e  E ffe c t o f  
R e p e a te d  B o n e  M a r r o w  P u n c tu r e  o n  
H a e m o p o ie s is  in  D o n o r s .  M a m e d o v , A . I. 
p. 29.

BnHHHHe nepejiHBaHMH KOHcepBMpoBaHHOH 
KPOBM H a  C O flep iK aH H e 3 JieK T pO JIH T O B  CblBO - 

POTKM H K H C J T 0 T H 0 -m e a 0 4 H 0 e  p a3 H O B eC H e. 

Plaenoea, 3. B ., Cydnc.mt, A . B. ( J la ö o p a -  
T opM H  a n e c T C T M o a o rM H  H H C T M T y T a  S K c n e -  

P M M eH T ajIbH O M  KHHHHHeCKOM OHKOHOTHM

A M H  C C C P ,  M ocK B a.) c . 32 . —  T h e  E ffec t 
o f  T r a n s f u s io n  o f  P r e s e rv e d  B lo o d  in  th e  
C o n te n t  o f  S e ru m  E le c t r o ly te  a n d  th e  
A c id -B a s e  B a la n c e . P avlova, Z .  V., Sud-  
zh ya n , A . V. p . 32.

flopijiHPMH. H d e .tb c o u , J l .  11. (T p y n n a  aeiiCT. 
4jieH a A M H  CCCP npo iji. H . A . K accH p- 
CKoro Ha 6 a3 e  UeHTpaabHOH KaHHM4ecKoii 
ôoabHMUbi M nC .) c. 36. —  P o r p h y r ia  
( L i t e r a tu r e  s u rv e y ) ,  h le l s o n ,  L .  / .  p . 36.

n o  iiOBOjiy CTaTbH K ). H . K p e M e p a  m A . A . 
LLlMMirra «H eKO Topbie acneK Tbi n p o ö aeM b i 
n a p eH T ep a a b H o ro  nMTaHMJi». (ÖMCbMO b 
peaaK U H io.) Man.tbieuna, 3. A .,  E ozomoaob, 
J l .  r. c . 46 . —  C o n c e r n in g  th e  P a p e r  o f  
Y u . N . K r e m e r  a n d  A . A . S c h m id t :  
“ S o m e  A s p e c ts  o f  t h e  P a r e n t e r a l  N u t r i 
t io n  P r o b le m ”  (A  le t t e r  to  t h e  E d i to r ) .  
C haplyg ina , Z .  A .,  B o g o m o lo v , L. G. 
p . 46 .
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OribiT nojryHeHMH b ß o n b u m x  KOJiHBecTBax 
yH H BepcajibH bix c u b o p o t o k  aHTMpe3yc Me- 
t o a o m  a /jco p ö n H H . K p o H Ö ep e , A . II. (M t o - 
cep o jio rn 4 ecK as i n a ß o p aT o p H si n p w v io p -
CKOH KpaeBOH CT3HUHH nepeHHBaHHH KPOBH.)
c. 48 . —  O b ta in in g  o f  U n iv e rs a l  A n t i r h e 
su s  S e ra  in  H ig h  Q u a n t i t i e s  b y  A b s o r p t io n .  
K r o n b e r g ,  A .  Y a . p . 4 8 .

JIM O(|)HJibuaacyú jKa  a in  u p e  sycuoH Cbib o p o t k h . 
A u m e n a iu , A .  B .  (M ypM aH CK aa o ß n acT H aa  
CTaHumi nepejiHBaHHH k p o b h .) c. 49 . —  
F r e e z e - d r ie d  A n t i r h e s u s  S e ru m . A s h k e n a z i ,  
A . Y a .  p .  49 .

143 o n b u a  p aö o T b i p e 3 y c -n a 6 o p a T o p n n  M o ji- 
aaBCKoft pecnyôJTHKaHCKoü CTaHUHH n e p e -  
jiMBaHHB k p o b h . Baücő . tu m ,  P . 14. H JI060 -  

d e ttK o , P .  JI. c. 51. —  T h e  W o rk  o f  t h e  
R h e s u s - L a b o r a to r y  o f  th e  M o ld a v ia n  
B lo o d  T r a n s f u s io n  C e n t r e .  Vaisblit, R .  / . ,  
L o b o d e n k o ,  R . L . p . 51 .

K  B o n p o cy  0  npeaynpe>KfleHHH ocnow H eH uft, 
oôycjtO BiieH H bix nepejinB aH ueM  k p o b h , He- 
coBMecTHMOM n o  CHCTeMe A B O . M a n c u -  
Moe, 17. M . ( rocnH T aJtbH ait xupyprunecK asi 
KJiHHHKa MßaHOBCKoro rvte/iHUHHCKoro h h - 
CTHTyTa h  HßaHOBCKasi o b jia c rH a n  cTaH- 
iiHH nepejTHBaHMH k p o b h .) c . 53. —  P r e 
v e n t io n  o f  C o m p l ic a t io n s  C a u s e d  by  T r a n s 
fu s io n  o f  I n c o m p a t ib le  B lo o d  in  th e  A B O  
S y s te m . Maximov, P. M . p . 53.

HeKOTopbie HOBbie <()opMbi arHTauHH 6e3B03- 
M eaaiibix a o n o p o B . B o .to ö o e e ,  H . A . (H h m - 
KeHTCKan oöJiacT H aa C TaH itna nepejiHBaHH« 
k p o b h .) c . 56 . —  S o m e  N e w  M e a n s  o f  
P r o p a g a n d a  f o r  R e c r u i t in g  V o lu n ta ry  
D o n o r s .  V o h b o e v ,  N .  A .  p . 56.

TeM aTonorH BecK H e noK a3aT ejiH  y x ao p o ß b ix  
m o a e î t  b  ycjiOBHHx KJiHMaTa E e n o ro  M opa. 
J h o ô u M o e a , B . T. c . 58 . —  H a e m a to lo g i -  
c a l I n d ic e s  o f  H e a l th y  I n d iv id u a ls  I n f lu 
e n c e d  b y  C l im a tic  C o n d i t i o n s  o f  th e  W h ite  
S ea . L y u b i m o v a  V. T . p .  58 .

llayHHO-upaKT HHCCKaji Kon(|)epeiIuMH n o  r e -  
MaTOJiorHH h nepejiH BaH H fo k po b h  b M e.iii- 
ÖHHCKe. Y M H oea , M . A .  c. 59 . —  C o n f e r 
e n c e  o n  H a e m a to lo g y  a n d  B lo o d  T r a n s 
fu s io n  in  C h e ly a b in s k .  U m n o v a ,  M . A .  
p . 59.

I Ipofi ievibi reviaTOJiorHH h n epe. iiibuiiihi kpobh

(M ocK B a) 12  (1967) JV° 4 .

Y coB epi n e u e  r b o Ba n n e  p a cx B o p o B  asm  k o h - 
CepBHpOBaHHB 3PHTPOHHTHOH B3BCCH npH  
noJTOHCHTenbHoií T eM nepaT ype. r w r iő y p e ,

0 .  r . ,  C .y x o e a , A . F .,  f f a u g e p ,  77. A .  (B ho- 
xHMHHecKaa n a ß o p a T o p H «  h j iaö o p aT o p H B  
KOHCepBHpOBaHHH kpobh  H eH T p a jib H o ro  
HHCTHTyTa re M aro n o rH H  h nepenHBaHHH 
KPOBH MHHHCTepCTBa xapaBOOxpaHeHHH 
C C C P ,  M ocK B a.) c. 3. —  N e w  M e th o d s  
o f  I m p r o v in g  S o lu t io n s  fo r  P r e s e rv in g  
E r y th r o c y te  S u s p e n s io n  a t  P o s i t iv e  T e m 
p e r a t u r e :  G in z b u r g ,  F . G .,  S u k h o v a ,  A .  G .,  
D  a n t  s e r ,  N . A .  p . 3.

CTaÖHJTbHbie nacT epH 3yeM bie öejiKH n a a 3 Mbi 
h HCTOHHHKH hx nonyneH HH . K u c e j te e ,  A .  E .,  
0 p o M ,  A .  A . ,  H u K u m e n n o , A . A . ,  P y c a n o e ,  
B. M .  (U ,eHTpaabHbiH HHCTHTyT reivtaTO- 
jtorH H  h n é p é n HBaHHsi kpobh  M h h h ctcp- 
CTBa 3rrpaBOoxpaHeHH5i C C C P , M ocK B a.) 
c . 9 —  S ta b le  P a s te u r iz e d  P la s m a  P r o 
te in s  a n d  th e i r  S o u r c e s :  K is e le v ,  A .  E .,  
F r o m , A .  A . ,  N i k i t e n k o ,  A .  A . ,  R u s a n o v ,  
V. M .  p . 9.

YCOBepureHCTBOBaHHbie KOHCepBaHTbl C JIH- 
MOHHOH KHCJIOTOH H HX KJIHHH4eCKOe HCnbl- 
TaHHe. O .td y p o e a ,  C . B . ( jlaö o p ax o p u s i koh- 
cepBHpoBauHa kpobh UeHTpajibHoro opaeH a 
J le H H H a  HHCTHTyTa reMaTOJioTHH h n e p e 
jiHBaHHH KPOBH MHHHCTepCTBa 3APaBO- 
oxpaHeHHH C C C P , M ocK B a.) c. 14. —  
P r e s e rv a t iv e s  I m p r o v e d  by  C itr ic  A c id  
a n d  t h e i r  C lin ic a l  T r ia l .  O ld u r o v a ,  S .  V.
р. 14.

nOCTTpaHC(J)y3MOHHaiI BbDKHBaeMOCTb 3PHT- 
POUHTHOH B3BeCH, KOHCepBHpOBaHHOH Ha 
p acT B o p e  U,oJiHnK-8, o ß o ram eH H o ft h h o - 
3HHOM, aaeHHHOM h >KeJiaTHHoii. T a.ibC K an  
77. H .,  E y p d b tz a  0 .  A . ,  C y x o e a  A . r .  ( J la -  
ÔopaTOpHH KOHCepBHpOBariHH KPOBH IJeHT- 
p a jib H o ro  o p a eH a  JleHHH aHHCTHTyTa re M a- 
TOJIOTHH H nepeJTHBaHHH KPOBH MHHHCTep
CTBa 3ApaBooxpaHeHHH C C C P , M ocK B a.)
с . 17. —  P o s t t r a n s f u s io n  S u rv iv a l T im e  
o f  E r y th r o c y te  S u s p e n s io n  P r e s e rv e d  in  
T S O L I P K  N o . 8 S o lu t io n ,  E n r ic h e d  w ith  
ln o s in e ,  A d e n in e  a n d  G e la t in e .  T a l s k a y a ,
1. N . ,  B u r d y g a ,  F . A . ,  S u k h o v a ,  A .  G . p . 17.

C p a B H H T C J ib H a ii  oneHKa p a 3 J iH 4 H b ix  r iH T a -

TenbH bix c p e ;i a n a  ó aK iep n o jio rM B ecK o ro  
KOHTpoaa Ha C TepnabH ocT b KOHcepBnpo- 
BaHHoii k po b h . E o .w m n u K o n  0 .  77., M a p m u -  
u o e a  B . A . ,  C eA b g o ecK a n  F . C .,  M a p z o /m n a  
A . FI. (B aK T epH oaorH H ecK aa a a ß o p a T o p n a  
U e H T p a ab H o ro  HHCTHTyTa reivtaTonorH H  h 
nepeaHBaHHH kpobh MHHHCTepCTBa 3 a p a -  
BOOxpaHeHHH C C C P , M ocK B a.) c. 20. — 
C o m p a r a t iv e  A s s e s s m e n t  o f  V a r io u s  N u 
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tritive Media fo r Preserved B lood steril
ity Test. B o lo tn ik o v a , F. I., M a r ty n o va ,  
V. A ., S e ltso v sk a y a , G. S ., M argo lina , 
A . N . p. 20.

MiyaCHHC peacHMOB n e  h T p k (jiy r  h p o  ua  n h a k po 
bh  iu ra  yBeJTHMeHHa BbixonoB n n a 3 M b i  h 
HHTaKTHbix apMTpouHTOB. C'edopoea, JT. M., 
Hepnbuueea, 77. H A .i b n e p o e u u ,  B. B. 

O K cn ep n M en  i ajibH O -npoH '!Bo/icT BC im aa jia- 
6 o p a T o p n a  n o JiyneH m i KOMnoHeHTOB h 
npenapaT O B  k p o b h  L fe m p a .ib i io ro  o p a e n a  
JleHMHa HHCTHTyTa ie v ia r o j io r n n  m n e p e jin -  
b3 hhh k po b h  MHHHCTepcTBa 3 A P aB ooxpa- 
HeHHK CCCP, M ocK B a.) c. 23. —  A S tu d y  
o f  th e  B lo o d  C e n t r i f u g a t io n  S y s te m  fo r  
In c re a s in g  Plasma and I n ta c t  E r y th r o c y te  
O u tp u t .  F ed o ro va , L. /., C hernysheva , 
N . N ., A lp e ro v ich , V. V., p . 23.

C o aep acaH u e  17-okchkopthkoct6Pohaob  b 
naa3Me (J)h6 ph h o jih 3hoh k po bh . Kyneiuo«, 

K ). B ., M y p a u io e , E. 0 . ,  C m e/tbM ax, B. M. 
(KjiHHHKa HH(J)eKUHOHHbix 6one3HeM h Ha- 
yBHO-HCCj'ieaOBareabCKasi n a ß o p a T o p u s i 
aeH Tpa k pobh  h  r  Kaueii Roch h o - M e a n  um h- 
ckoh op.aeH a JleH H H a axaaeM HH m m . C. M. 
K n p o B a, JleHHHrpaa.) c. 25. —  17-Oxy- 
corticosteroid Content in Fibrinolytic 
Blood Plasma. K uleshov, Yu. Y a ., M ura- 
shov, B. F ., S te lm a k h ,  V. I. p. 25.

Y  COBepineHCTBOBaHHblH M eiOfl AHO<j)MAbHOH 
cyuiKM mra3Mbi, CTaÖManiHpoBaHHOíi rmo- 
K030ÍÍ. riodoAbCKuh, M . B., K a p jo e a , II. r . ,  
PoreHÔepe, F . B .  (J laô o p aT o p H H  AHO(t>HAH- 
3auHH Ö H onpenapaT O B  h n aô o p aT o p H H  
(tjpaKUHOHHpoBaHHB ôenKOB IfeH T p a jib H o ro  
op aeH a  JleHM Ha HHCTHTyTa re M a T o n o rn H  m 
nepejTHBaHHa k po bh  MHHHCTepcTBa 3 a p a -  
BooxpaHeHHsr CCCP, M ocK B a.) c . 27. — 
Im p r o v e d  M e t h o d  o f  F r e e z e - D r y in g  o f  
P la s m a  S ta b i l i z e d  w ith  G lu c o s e .  P o d o lsky , 
M . V., K a rlo va , N . G., R o zen b erg , G. Ya. 
p . 27.

n  pHroTOBjreHHe c y x o ii K aaaB epH oit njia3M bi 
MeTOflOM JIHO(j)MJIH3aUHH H e e  ÖHOXHMH- 
HCCKaa xapaK T epncT H K a. IJatfioM oe, F. A ., 
IhiKO/ui, K. M ., ApmaMOHoea, C. A .,  rapuna , 
M . M . ( J la ô o p a T o p H a  nepenHBaHHH kpobh 
MocKOBCKoro ro p o flC K o ro  HauHoe-HCCJieflO- 
BaTejTbCKOrO HHCTHTyTa CKOpOH nOMOLUH 
mm. H. B. CKHM(j)ocoBCKoro.) c . 32. — 
P r e p a r a t io n  o f  D ry  C a d a v e r ic  P la s m a  by 
L y o p h i l i z a t io n  a n d  its  B io c h e m ic a l  C h a r 
a c te r is t ic s .  P a fo m o v , G. A ., Z y k o v a ,  K. I., 
A rtam onova , S . A .,  Garina, M . M . p . 32.

0 6  ynacTHM jiHMt̂ aTMHecKOH CMCTeMbi b 6mo- 
CHHTe3e n p o a v K io b ôejiKOBbix rM a p o jim a -  
TOB. Piaea, 77. A., ryceimoe, F. A. ( E h o - 
xHMHHecKasi jraöopaT opH B  A sepőatiavK aH - 
CKoro HaHHO-MCCJieaoBaTejibCKoro hhcth- 
TyTa reMaxojiorHH h nepejiHBaHMa kpobh.) 
c. 37. — The Role of the Lymphatic 
System in the Biosynthesis o f Protein 
Hydrolysate Products. Rzaev, N. A., 
Guseinov, G. A. p. 37.

M cTOflbi nojiyneHMsi kmpoboh 3MyjibCHH m ee 
C B O fiC TB a. Cyida.ieea, B. B., Ma.iaxoea,
F. M., Ka3anoea, F. 77. (J la ô o p a T o p H a  4>m- 
3MKO-XHMHM KpoBM h KpoBeaaMeHHTejieM 
IfeH T p a jib H o ro  o p a e H a  JleHMHa HHCTHTyTa 
reM aTOJiorHH h nepejiHBauMH kpobh M H
HHCTepcTBa 3npaBooxpaH eH H H  CCCP, 
M ocK B a.) c. 40 .— Obtaining o f Fat Emul
sion and its Properties. Suzdaleva, V. V., 
Malakhova, G. M ., Kazakova, G. I. p .  40.

KpoBesaMeHHTejiH b 3KCTpaKopnopajibHOM 
K poB ooôpam eH H H . Ul.toccep, B. (X n p y p rH - 
necK aa ynHBepcHTCTCKaii KjiHHHKa, M a p -  
6 y p r-H a -J IaH e , d>Pr.) c. 43. —  Blood Sub
s t i t u t e s  in  E x t r a c o r p o r e a l  C i r c u la t io n .  
Schlosser, V. p . 43.

C ocT O sm ne kocthomostoboto KpoBeTBopeHHJi 
y  coöaK  n o c jie  aaM em aiom H X  nepejiHBaHHií 
n O C M ep T H O ií K pO B H  OÔJiyHeHHblX 5KHBOT- 

H b ix .  P hi.ne K oh , C. B., BecHOKoe, 77. T., 
Kpbuoea, F. 77. (H ayM K o-H ccjienoB aT ejib- 
a c a ii j ia ô o p a T o p n a ,  ueH Tp kpobh h TKaiieü 
BoeHHO-MeflHUHHCKOH aKaaeM HH hm. C. 
M. K n p o B a. c . 48. — H a e m o p o ie s i s  o f  
D o g  B o n e  M a r r o w  F o l lo w in g  R e p la c e 
m e n t  T r a n s f u s io n s  o f  P o s tm o r t e m  Blood 
o f  I r r a d i a t e d  A n im a ls .  Ryzhkov, S. V., 
Chesnokov, P. T., Krylova, G. P. p .  48.

n jia3M a(J)epe3  n p n  o cT pb ix  O T paB jicm iax  aT- 
ponHHOM. KyihMUH JJ. C ., BedencKuu A . 
(PeHTreHOJiorMHecKHH OTAen h n a ô o p a -  
TopHfl KOHcepBHpoBaHHa h nepecaA K H  TKa- 
Heii h opraH O B JleH H H rpaA C K oro H ayaH o- 
MCCAeAOBaTeAbCKoro HHCTHTyTa nepe.iH B a- 
HHH kpobh.) c. 51. — P la s m a p h e r e s is  in  
A c u te  A t r o p in e  P o is o n in g .  K u zm in , D . S ., 
V edensky , A . N . p . 51.

K  B o n p o cy  KOHcepBHpoBaHHa T p y n H o ro  koct- 
H o ro  M03ra. AcaeHOK, M. C., flanujioe, 
77. 77. ( J la ô o p a T o p H a  KOHcepBupoBaiiHa 
TKaHeii B e n o p y c c K o ro  naHHO -H ccjicaoBa- 
TenbCK oro HHCTHTyTa reM aTOJiorHH h  n e p e -  
AHBaHHB kpobh.) c. 54. — P r e s e r v a t io n
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o f  C a d a v e r  B o n e  M a r r o w .  A s a e n o k , l .  S ., 
D a n ilo v , I. P. p . 54.

O nbiT  p a ö o T b i XlHenponeTpoBCKofí o6 jiacT - 
hoh  CTaHUHH nepeJiHBaHHfl k p o b h  n o  3 a ro -  
TOBKe H KJTHHHMeCKOMy HCn0Jlb30BaHHK> 
(jiHÖpHHOreHa. T pyn oea, J l. M ., U lu m oea ,
B. I f .  (T fnenponeT poB C K .) c. 58. —  T h e  
W o rk  o f  D n ie p r o p ie t r o v s k  R e g io n a l  B lo o d  
B a n k  a n d  T r a n s f u s io n  C e n t r e  c o n n e c te d  
w ith  th e  P r e p a r a t io n  a n d  C lin ic a l  U s e  o f  
F ib r in o g e n .  T ru n ova , L . / . ,  S h ito v a , V. I. 
p . 58.

CTepnnm aitHH miacTHKaTHbix MeniKOB c  
KOHCepBnpyKJUtHM paCTBOpOM MeTOJtOM 
nB yK paT H oro aBTOKJiaBHpoBamia. E .iu h k u h ,
C. A ., rym n u K , P. E ., Eo/tm anoea, 3. M .
(KneBCKMH HayHHO-HCCJieaoBaTejtbCKHH h h - 
CTHTyT reM aT O Jio m n  n  nepejiH baH H B k p o 
bh .) c. 59 . —  S te r i l iz a t io n  b y  D o u b le  
A u to c la v in g  o f  P la s tic  B a g s  w ith  P r e s e rv 
in g  S o lu t io n .  B lin k in , S . A . ,  G u tn ik , R . B. 
B o h a n o va , Z .  M .  p . 59 .

2-oit cnMno3HyM no MeTottaM CTepHJiH3anHH 
bo  BpaneSHOH h (JiapMaueBTHHecKoii npan- 
THKe. BuH Ozpad-OunKe.tb, 0 .  P ., O ed o p o ea , 
JT. M. c. 61. — Second Sym posium  on 
M ethods o f  S terilization in  M edical and 
Pharm aceutical Practice. V in o g ra d -F in k e l, 
F. R ., F e d o ro v a , L . I. p. 61.

I Ipofi.iCMi.i reiviaTo.iorHH ii uepc.iim am r.i kpobh

(MocKBa) 12 (1967) JVa 5

O jtMMtjjottHTe nepHcjtepunecKoíi kpobh. Te- 
p eu n n eea , 3 .  M . (UenTpajibiibiH HHCTHTyT 
reMaTOJiorHH h nepeJiHBaHHH kpobh Mh- 
HHCTepcTBa snpaBOOxpaneiiHii C C C P , 
MocKBa.) c. 3. —  Peripheral B lo o d  L y m 
p h o c y te s .  T e re n tie v a , E . I. p . 3.

THCTOXHMHHecKoe HCCiieflOBanne ccjicschkh 
n p n  6one3HH B ep jib ro ijia . M a p im o e , X. T. 
(JIaoopaiopHH naTOJiorHHecKOH aHaTOMHH 
o n y x o jie ii  ne.’iOBeKa HHCTHTyTa sKcnepH- 
MeHTaJTbHOií H KJIHHMHeCKOH OHKOJIOrHH 
AMH C C C P  h iiaTonoroaiiaioMiuieCKaíi 
naôoparopHsi UeHTpaJibHoro HHCTHTyTa 
reMaTOJiorHH h nepejiHBaiiHH k po b h  M h- 
HHCTepcTBa 3;ipaBooxpaneuHH C C C P , 
MocKBa.) c. 7. — Histochemical Exami
nation of the Spleen in W erlhof’s Disease. 
M a rin o v , K h . G . p . 7.

U H TO X H M H H eCK H e OCOŐeHHOCTH 3JieM eH T O B  

K 0 C T H 0 M 0 3 r 0 B 0 r 0  K pO B eT B O peH H B  npn pa3- 
j iH H H bix  B a p n a H T a x  o c p T o r o  j i e i iK o a a .  JJen-

cnan, P. B., Tepenm beea, 3 .  M. ( U h t o jio t h - 
HecKaa naöopaTopHii h reMaTOJiorHHecKan 
KjiHHHKa UeHTpaJibHoro HHCTHTyTa reMa
TOJiorHH h  nepejiHBaHHH k po b h  M h h h c t c p - 
CTBa 3flpaBooxpanenHsi CCCP, MocKBa.) 
c. 12. — Cytochemical Characteristics of 
Bone Marrow Haemopoiesis in Different 
Variants of Acute Leukaemia. L e n sk a y a ,
R. V., Terentieva , E . /. p. 12.

T  HCT03H3HMaTH4eCKHe HCCJieaOBaHHH B r e 
MaTOJiorHH. J Ia eK o e u u , B ., KuxeMUHCKa- 
f la n n o e u u , I f . ,  lU u u eoA bC K U ü , C .,  J lu m e u n ,  
M .  (B a p in a B a ) c. 18. —  Histoenzymat- 
ic Examinations in Haematology. L a v k o -  
vich , V., K sh em in ska -L a vko v ich , /., S h m i-  
g o ls k y ,  S .,  L itv in , I. p . 18.

K  B o n p o cy  o  i in i o jio i a aecK oß K apm H e nyHK- 
TaTOB JIHMijiaTHHeCKHX y3J10B n p n  XPOHH- 
necKOM jiHM(J)0JieHK03e. C enduut, A . B. (2-aa 
Kacjiezipa TepanHH AjiM a-aTHHCKoro HH
CTHTyTa ycoBepineHCTBOBaHHs B paneil.) c. 
21. —  S o m e  d a t a  o n  th e  C y to lo g ic a l  
P ic tu r e  o f  th e  L y m p h  N o d e  P u n c tu r e  
M a te r i a l s  in  C h r o n ic  L y m p h o le u k e m ia .  
S v ya d ish ch , A . V. p. 21.

IfHTOXHMHHeCKHe HCCJieflOBaHHH xpOHHHe- 
CK oro M Heno- h jiHM tj)ojieHK03a Ha paHHHX 
3 T an ax  paiBHTHii aaöojieBaHUH. TepeH- 
m beea, 3 .  H ., K aianona , JT. I f . ,  Hepnifotia, 
T. A . ( U enT pajib iib iH  HHCTHTyT reM aT O Jio
rHH h  nepejiHBaHHH k p o b h  M miHCTepcTBa 
TjtpaBOoxpaHeHHH CCCP, M ocK B a.) c . 
25. —  C y to c h e m ic a l  In v e s t ig a t io n s  o f  
C h r o n ic  M y e lo id -  a n d  L y m p h o id  L e u k a e 
m ia  in  E a r ly  S ta g e s  o f  D e v e lo p m e n t  o f  
t h e  D is e a s e . T eren tieva , E . L , K a zanova ,
L . / . ,  C herntsova, T. A . p . 25.

H eK O Topbie acneKTbi M opiJiojiorHHecKOH ;iH<t)- 
(JiepeHUHauHH xpoH H H ecK oro jiHMiJioJieH- 
K oaa. MuaHcapnu I f .  T . (AKa/ieMHHec'Kaa 
r p y n n a  HJieHa AMH CCCP H. A. Kaccnp- 
C K oro .) c . 28. — Some A s p e c ts  o f  M o r 
p h o lo g ic a l  D i f f e r e n t i a t io n  o f  C h r o n ic  
L y m p h o id  L e u k a e m ia .  M iansaryan , I. T. 
p . 28.

IfHTOXHMHHecKoe HCCJiejioBaHHe (jiepMeHTa 
rjnoK030-6-<jioc<))aT fle rH jipo reH a3b i n p n  
(jiaBH3Me. jJy.ibiiitHa, C. M .  (H n io jio rH H e - 
CKaa jiaôopaT opH H  U eH T paJibH oro  HHCTH
TyTa reM aTOJiorHH h  nepejiHBaHHH k p o b h  
MHHHCTepcTBa T iipaB ooxpaiieH a C C C P ,  
M ocK B a.) c . 33. —  C y to c h e m ic a l  E x a m i
n a t i o n  o f  th e  G lu c o s o - 6 - P h o s p h a te  De-
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hydrogenase Enzyme in Favism. D u lts in a .
S .  M .  p. 33

0 6  oähom CBOeoôpaiHOM BapnaHTe tutepHoii 
acerMeHTapHH rpaHyjiottHTOB HMHTHpyio- 
meM roM03HroTHyio ijtopMy nenbrepoB- 
CKoii aHOMajiMH neiiKonHTOB. npotj). A jie n -  
c ee e , r .  A .  (3-a Katjicnpa Tcpannn Uem- 
pajibHoro HHCTHTyTa ycoBeputeHCTBOBaHHH 
Bpaneii.) c. 37. — A Characteristic Vari
ant of N uclear Asegmentation of G ran
ulocytes (Stodtmeister type) Imitating 
Homozygus Form  of Pelger Anomaly of 
Leukocytes. A le x e e v ,  G . A .  p. 37.

O  cerMeHTattHH a tte p  HefiTpodtHJiOB kpobh y 
HopM ajtbHbix npoôaH ttoB  H3 ceMeit c  aHO- 
M ajiHeü. U h u t, B . f l .  (KjiHHHKo-aHarHOCTH- 
necKaa n a G o p a T o p n a  HHCTHTyTa ohkojiothh 
A M H  C C C P .)  c. 45. —  N u c l e a r  S e g 
m e n ta t io n  o f  B lo o d  N e u t r o p h i l s  in  N o r 
m a l P r o b a n d s  w ith  P e lg e r  A n o m a ly .  
S h a tz ,  V . Y a .  p .  45.

3aBHCHM0CTb 3(j)<Í>eKTHBH0CTH nepejiHBOK Jieft- 
K03a Mbiuieii ot  coaepataHHa aHeynnottHbix 
KjreTOK b nepeBHBOMHOM MaTepnane. X py- 
c m a n e e , C . A .  (JfaöopaTopHa naTOJiorHH 
KPOBH HHCTHTyTa OKCnepHMeHTaJIbHOH H 
KJTHHHHeCKOH OHKOJIOTHH, MoCKBa.) C. 47. 
—- Relationship of the Effect o f Mouse 
Leukaemia Transplantation on the Con
tent of Aneuploid Cells in the Transplant
ed Material. K h r u s ta le v ,  S .  A .  p. 47.

K Bonpocy o noerynjieHHH jieitKoiTHTOB H3 
nepHtjtepHHecKOH kpobh b k o cthuh  mott. 
C o K o .to e , A .  E . (Katjtettpa (JtapMaKonorHH 
2-ro M ockobckoto Me/iMUMHCKoro HHCTH
TyTa h m . H. M. rinporoBa.) c. 49. — 
Passage of Leukocytes from the Peripheral 
Blood into the Bone M arrow. S o k o lo v ,  
A . B. p. 49.

9pHTpono3THHecKHe CBoitCTBa njta3Mbi npH 
SKcnepHMeHTajtbHOM HetjtpHTe. Mouceeea, 
O. M., P oiguna, I .  M . (jlaöoparopHH 3kc- 
nepHMeHTajibHOii h kjihhhhcckoh reivraTo- 
J10THH HHCTHTyTa (j)H3H0J10rHH HM. H . 14.
naBJtOBa AH CCCP JleHHurpatt.) c. 52. — 
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CTHTyTa reM aTOJtorHH h nepeJiHBaHHH kpo
bh M uHHCTepcTBa 3 a p a B o o x p a n e iin a  C C C P , 
M ocK Ba.) c . 57 . —  C lin ic a l  S ig n if ic a n c e  o f
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K Ka3yHCTHKe o c T p o it reMOJiHTHHecKOit aH e- 
MHH y  JIHIt C HettOCTaTKOM rjHOK030-6-tl)OC- 
c[)aT/terH ttporeH a3bi b  spH T pottH Tax. U e o p -  
K oecK uű, JI. H .  (K a tjte ttp a  T e p a n n n  ((taKyjib- 
TeTa ycoBepmeHCTBOBäHHa B panefl P h >k- 
CKOrO MettHHHHCKOTO HHCTHTyTa.) c . 60. — 
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A new bone marrow biopsy needle. S tavern , 
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Determ ination of fibrinogen (and fibrinoly
sis) in small quantities o f plasma. L á zá r,
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heparin-like substance, SP 54. F itz  G era ld , 
D . E. et al. (Dept, o f Med., Univ. of 
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platelets. S h ive ly , J . A . et al. (Univ. of 
Texas M. D. Anderson Hosp., Houston, 
Texas), p. 508.
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Blood transfusion in the USSR: Notes on a 
short visit. Vaughn, J . (Charlotte Memorial 
Hosp., Charlotte, N. C.), p. 212.

A simple quality control for the anti-globu
lin phase of the compatibility test. A llen ,
T. E. et al. (W alter Reed General Hosp., 
Med. Center, Blood Bank. Sect., W ashing
ton, D. C ), p. 230.
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Vox Sanguinis (Basel) 12 (1967) No. 6.

Relationship of the anticomplement Coombs 
test to the classes of immunoglobulins. 
H udgins, W . R. et al. (Univ. o f Tennessee 
Hosp., Memphis, Tenn.), p. 401.

Factors influencing the agglutinability of 
red cells. 111. Physico-chemical studies on 
ox red cells of different classes o f agglutin
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Further observations on Aj), and pheno
types. B hatia , H . M . et al. (Blood G roup 
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reagents. H irsch fe ld , J . et al. (Statens
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X IIth IN TER N A TIO N A L CONGRESS O F BLOOD TRANSFUSION

The XIIth International Congress of Blood Transfusion will be held in Moscow, 
Soviet Union, in August, 1969.

Scientific Programme: The following subjects have been chosen for the plenary 
sessions: transfusion of blood and plasma volume expanders, problems of 
immunology, preservation of blood and blood cells, transplantation ofhaemo- 
poietic tissue and other organs.
A session will be devoted to the discussion of leucosis.
Documentary films on blood donation will be projected.

Languages: Papers may be given in Russian, English and French. Application 
to present a paper should reach the Secretariat before December, 1968.

Registration: Application for participation will be accepted not later than 
January, 1968.
All correspondence and inquiries concerning the Congress should be addressed
to:
The Secretariat of the Soviet National Organization Committee 
Central Institute of Haematology and Blood Transfusion 
Novozykovski proezd 4 
Moscow A - 167, USSR

News items

Professor Dr. A. E. K1SSELEV



NOTICE TO CONTR I B UTOR S
H A EM A TO LO G IA  is designed for the publication of original papers, preliminary 

reports an d  reviews which contribute to advancem ent in all fields related to  haem atol
ogy and b lood transfusion. Papers in English, French, G erm an and Russian are accepted 
on the condition that they have not been previously published o r accepted for publication.

M anuscripts with a  clear carbon copy should be sent to  the Editor-in-Chief

Susan R. Hollán, M. D.
C entral Research Institute of the 
N ational Blood Service 
D aróczi út 24 
Budapest XI, H ungary.

If in addition to the original typewritten copy, a duplicate copy, complete with 
figures, tables and references, is submitted, this will speed publication. A lthough every 
effort will be made to guard  against loss it is advised that authors retain  copies o f 
all m aterial which they subm it. The editorial board reserves right to m ake literary 
corrections.

M a n u sc r ip ts  should be typed double-spaced on one side o f good quality paper with 
proper m argins and bear the title of the paper, name, address and degrees of the author 
together w ith the name of the hospital, laboratory  or institute where the w ork has been 
carried out. The name and full postal address o f the author who will be responsible for 
reading proofs should also be given. An abstract of 50 to 100 words should precede the text 
of the paper. The paper should not exceed 15 pages including tables and references. The 
approxim ate location of tables and figures should be indicated in the margin.

R efe re n c e s . Only papers closely related to  the au thor’s work should be referred to. 
The citations should include the name of the au thor and/or the reference num ber in paren
thesis. A list o f numbered references should follow the end of the manuscript.

R e fe r e n c e s  to  p eriod ica ls  should m e n tio n :  (1) name(s) and initials o f the author(s); 
(2) title o f paper; (3) international abbreviation of the perodical; (4) volume; (5) num ber of 
the first page; (6) year o f publication in parenthesis. Thus: 14. Bean, W., Mills, A.: 
C oronary occlusion, heart failure and environm ental tem perature. A m er. H e a r t. J ■ 16 , 701 
(1938).

R e fe r e n c e s  to b o o k s  sh o u ld  include: (1) author(s)’ name; (2) title; (3) publisher; (4) 
place and year o f publication. Thus: 8. Alsted, G .: The incidence of peptic ulcer in Den
mark. D anish  Science Press L td., Copenhagen 1953.

I llu s tra tio n s  should be selected carefully and only up to a quantity required. Black- 
and-white photographs should  be in the form o f glossy prints. The au thor’s name and the 
title of the paper together w ith the serial num ber of the figure should be w ritten on the 
back of each print. Coloured illustrations should be given only if indispensable. Legends 
should be brief and attached on a separate sheet. Tables, each bearing a title, should be 
self-explanatory and num bered consecutively.

A uthors will receive page proofs which m ust be sent back by return mail.
A uthors are entitled to  50 reprints free of charge.
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