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GENERALIZED SPIKE-AND-WAVE PATTERN 
MECHANISM AND THE RETICULAR AROUSAL

SYSTEM
COMMENT ON A CASE  

B y

P . H a l á s z  and J. H i d a s i

DEPARTMENT OF NEUROLOGY AND PSYCHIATRY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(R eceived  February 22, 1967)

A case of atypical sta tu s epilepticus characterized by alternating p a ttern s of 
generalized spike-and-w ave and desynchronization seizures, has been reported. The 
possible relationships betw een  generalized spike-and-w ave pattern and th e  reticu lar  
arousal system  have been discussed. On the grounds o f experim ental data and o f  the  
clinical observations as w ell as in the reported case it  is claim ed that cortical inh ib ition  
o f facilitatory reticular in fluence o f the reticular arousal system  plays an im portant 
role in the spike-and-w ave m echanism .

Investigations into the structural factors underlying the regu lation  of 
su scep tib ility  to epileptic seizures have brought in to  prom inence th e  role of  
the diffuse non-specific projection  system s. The discovery o f the reticular  
system  and the recognition o f  its influence on overall electric a c tiv ity  o f  the  
brain have inevitab ly  suggested  th a t th is system  m ust he closely in vo lved  in  the  
seizure m echanism  of generalized spike-and-w ave a c tiv ity . A ssum ption o f  the  
existence o f a centrencephalic in tegrating system  gave rise to the th eory  th a t  
the im pulses to  synchronous b ilateral spike-and-w ave a ctiv ity  were generated  
in thalam ic, non-specific projection  system s [1]. This theory presum es th a t

(i) the cortical reflexions o f  th is subcortical process are m erely passive;
and

(ii) the pattern is produced b y  an excitation  o f the non-specific th a lam ic  
structures.

The theory thus places th e  ep ileptic “focus” in to  the subcortical th a lam ic , 
non-specific , system .

A ttem p ts at laying a solid  experim ental foundation  to this h yp oth esis  
m ay be traced back to the in vestigation s of J a s p e r  and D r o o g l e e v e r - F o r - 
t u y n  [2] who were able to  e lic it a generalized cortical spike-and-w ave pattern  
in cats from  the thalam ic structures adjacent to  the m assa interm edia. Later  
investigators had difficulties in  reproducing these results; in fact, a lthough  
I n g v a r  [3] succeeded in ach ieving it  in a slight m inority o f his experim ents, he 
asserts th a t, quite as J a s p e r  and D r o o g l e e v e r - F o r t u y n , he failed to  e lic it a 
“ self-sustain ing” spike-and-w ave pattern persisting after stim ulation  had  
bf*en discontinued. In other w ords, we can regard the pattern as an expression  
o f frequency dependent evok ed  potentials rather than  as being ep ilep tig  in

1 Acta Medica Academiae Scientiarum Hungaricae 25, 1968
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character. On the ev id en ce  o f  his findings th e  recruiting spike responses elicited 
from  the anterior p art o f  the thalamus are converted to  a spike-and-w ave 
p a ttern  in the case o f  a sim ultaneous exc ita tion  o f the m esencephalic reticular 
structures.

R ecently, a reproducible spike-and-w ave pattern could be elicited in  
y o u n g  cats in superficial barbiturate sleep, b y  th e  excitation  o f the non-specific  
th a la m ic  structures [4 ] . A t th e  same tim e it  has again been confirm ed that the 
p a ttern  m ay also be ev o k ed  by the ex c ita tio n  o f the m esencephalic arousal 
sy ste m  [5].

R ecent in v estig a tio n s have lent litt le  support to  the concept o f a pre
su m ed  “ pacemaker” , “ d r iv in g ” the passive cortex . I t  has been dem onstrated, on 
th e  contrary, that the role o f  the cortex in th e  spike-and-w ave m echanism  is by  
no m eans a passive one. T he pattern is not o n ly  reproducible w hen the cortex  
has been  isolated, i.e. deprived  from subcortical influences, but even  easier to  
reproduce, and w hat is m ore, elim ination o f subcortical influences by itse lf  
m a y  evoke various ty p e s  o f  cortical convulsive a c tiv ity  [6]. I t  has been shown  
b y  m eans of m icroelectrode techniques th a t th e  pattern is due to  the direct 
e ffec t  o f  cortical processes; for instance, th e  slow -w ave com ponent represents 
a superficial reflexion o f  hyperpolarization, i.e . o f  an inhibitory m echanism  
originating in deeper cortica l layers [7].

There is increasing evidence, that th e  spike-and-w ave m echanism  m ay  
b e triggered by cortical foc i, particularly b y  th a t  o f the m esial areas o f the  
fron ta l lobe [8, 9].

On the other han d , th e  part played b y  th e  reticular system  in the m echa
n ism  o f  convulsions, th o u g h  by no means cleared, appears in a d ifferent light 
b y  th e  recent finding th a t  th e  susceptibility to  synchronization and to seizures 
is grea tly  increased b y  th e  elim ination (destruction) of either the non-specific 
th a la m ic  system  or o f  th e  m esencephalic arousal system  [10]. There is evidence  
to  su ggest that it is the in ju ry  o f the reticular form ation  rather than  a presumed 
focu s o f  excitation w ith in  th is  system  w hich is responsible for the increase in 
su scep tib ility  to con vu lsion s, the role o f th e  reticular form ation being presu
m a b ly  o f an inhibitory character [11].

W hether the resu lts o f  these animal experim ents are applicable to  hum an  
su b jec ts  is a different q u estio n . On the evidence o f  stereoencephalographic stud
ies, excita tion  of the non -sp ecific  thalam ic nu cle i fails to produce a spike-and- 
w a v e  pattern and desynchronization  can be e lic ited  from the non-specific th a l
am ic nuclei also [12]. In  a case of petit-m al ep ilep sy  associated w ith  a 3 c/s spike- 
an d -w ave  activ ity  th e  thalam us failed to  revea l any m orphologic abnor
m a lity  [13]. The findings o f  A lem a  et al. [14] clearly  indicate th a t our know l
edge concerning the reticu lar  system , derived ch ie fly  from cat experim ents, are 
n ot va lid  for humans. I t  has been revealed b y  m eans of intravertebral barbit
u ra te  injections that th e  hum an arousal sy stem  is situated higher along the
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neuraxis than the pontine-m esencephalic area, in all probability in the d ien 
cephalon.

Thus, it seem ed interesting to  reassess th e  relationships betw een spike- 
and-wave m echanism  and the reticular arousal system  in the light o f  th a t  
recent evidence.

The follow ing clinical observations seem  to  b e relevant.
1. The 3 c/s spike-and-w ave seizure is accom panied by loss of con sciou s

ness.
2. The hum an spike-and-w ave m echanism  can be activated in drug- 

induced sleep during the phase o f  slum ber [15], sim ilarly, production o f  e x 
perim ental cortical spike-and-w ave pattern b y  th a lam ic  excitation is fac ilita ted  
b y  superficial barbiturate sleep.

3. Arousal stim uli inhibit the sp ike-and-w ave seizure and have a d esy n 
chronizing effect.

4. Adrenergic drugs such as am phetam ine w hich presum ably stim u 
late the arousal system , are inhibiting the spike-and-w ave-m echanism .

5. The clin ical features o f petit-m al seizures are prevalently th o se  of 
m inus sym ptom s, i.e. inhibitory in character.

6. P etit-m al seizures and the 3 c/s sp ike-and-w ave mechanism are often  
associated w ith  fu n ction al disturbances o f th e  diencephalon.

Points 1 to  4 suggest that th e  sp ike-and-w ave activ ity  and ex c ita tio n  
of the reticular arousal system  represent contrasted  (probably incom patib le) 
mechanism s.

In the fo llow ing we shall describe a case o f  sta tu s epilepticus character
ized by alternating seizures o f  generalized sp ike-and-w ave activ ity  and of 
generalized desynchronization.

Report o f a case

The p atien t, a 15-year-old girl, was ad m itted  because of seizures appear
ing in ceaseless succession. D elivery, som atic and m ental developm ent had  
been normal u n til the age o f 6 when she experienced  her first seizure w-ith loss 
o f consciousness, generalized tonic m otor phenom ena and enuresis. D esp ite  con
sequent antiep ileptic drug treatm ent, sim ilar seizures had appeared w ith  
variable frequency in the waking state  as well as during sleep. She was m en ta lly  
backward, she did poorly at school and had to  s ta y  in both the first and the  
second form tw o years. She had becom e unm anageable and had been educated  
since at an in stitu tion  for backward children. On repeated hospital in v estig a 
tions no PEG  and CSF abnorm alities were found . E E G  recording m ade tw o  
years before adm ission revealed bursts o f generalized , high-voltage slow  and 
sharp-wave a c tiv ity  with left tem poral preponderance. A t 13 years o f age her
I. Q. corresponded to  that o f a 9 or 10-year-old ch ild . She had been regularly

1* Acta Medica Acadcmùie Scientiarum Hungaricae 25, 1968
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50 pV  I--- ,

F ig .  1. a)  Spontaneous oculo-clonic spike-and-wave seizure

trea ted  w ith  hydantoin , pyrim idin and barbiturates. Until the tim & of adm ission  
no s ta tu s  epilepticus had occurred.

D esp ite  m assive antiep ileptic trea tm en t including the ab ove drugs, 
o x a zo ly d in  and succinim ide, the seizures s till increased in frequency. B etw een  
th e  seizures she was obnubilated . Two different typ es of seizure w ere w itnessed . 
T he m ain  features o f  the first, the p revalent one, included a to n ic  stare or 
con ju gated  deviation to  either side, eyelid  flu tter  and loss o f consciousness 
w ith o u t other m otor phenom ena. The rarer ty p e , entirely different from  the 
f ir st , w as marked b y  w ide, staring eyes, pupillar dilatation, fac ia l flushing, 
to n ic  adversion to the right side, lifting o f  th e  head, tonic ex ten sion  and ab
d u ctio n  o f the right arm, less frequently o f  b o th  arms. The entire seizure im 
pressed  one as a ton ic caricature o f orientation . The inter-ictal E E G  pattern

Acta Medica Academiae Scientiarum Hungaricae 25, 1968
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.Fig. / . 6^ Spontaneous ton ic  adversive desynchronization seizure. 
(Paper speed 1.5 cm /sec., on the other tracings 3 cm/sec.)

was marked by an almost continuous, slow spike-and-w ave activ ity  w ith ou t  
hem ispheric difference or focal character. The E E G  counterpart o f th e  oculo- 
clonic seizure w as a paroxystic in tensification  o f the spike-and-wave pattern  
and a tendency to  rhythm icity o f  the discharges (F ig. la ).

In the case o f  the rarer ty p e  o f seizure m arked b y  tonic adversive fea 
tures, a generalized 4 to 6 c/s sinusoid rhythm ic slow -w ave discharge appeared  
before the seizure had become m anifest, and at its peak, a generalized d esy n 
chronization (reduction of the am plitudes and prevalence o f beta-frequencies) 
developed. The electric seizure ceased by 1 to  2 c/s spike-and-wave a c tiv ity  
(Fig. lb ).
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b)

F ig .  2. ( a —b: continuous recording). Paradoxical arousal reaction (theta-synchronization) 
and sp ike-and-w ave seizure evoked b y  pinpricks (heavy line)
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Sensory stim uly , such as scintillating ligh t, calling by nam e, nocicep
tiv e  stim uli evoked a generalized h igh-voltage sinusoid theta-synchroniza
tion  (F ig. 2) associated w ith signs o f  awakening, opening o f eyes or turning to 
the side o f the stim ulus.

I f  the stim ulus w as strong enough it evoked oculo-clonic seizures (Fig. 2). 
I f  very  intensive, it resulted in the activation  o f ton ic  adversive desynchroniza
tion  seizures (Fig. 3). The evoked seizures were identical w ith the spontaneous

4 / Ал/уя\^Л11А /Ш ^

ones in both their clinical and electric m anifestations. O ccasionally, th e  evoked  
oculo-clonic spike-and-w ave seizures were follow ed b y  a tonic desynchroniza
tion  seizure. The reverse sequence was never observed.

The status epilepticus proved uncontrollable b y  the usual antiepileptic  
drugs. Chlorpromazine was efficient as far as it reduced or averted th e  seizures 
for the period of the neuroleptic phase; during its effect a low -voltage beta- 
a c tiv ity  appeared. Sensory stim uli applied during th is period either failed to 
elicit any  reaction or evoked the paradoxical arousal response described earlier. 
The statu s epilepticus persisted for three m onths and ceased only when pyrim idin  
and oxazolydin had been com bined with diazepam  in doses o f  5 to  20 mg ad
m inistered intravenously or intram uscularly depending on the clinical state  
and the EEG. Pyrim idin and oxazolydin  then proved sufficient for preventing  
the seizures. Though electric a c tiv ity  was eventually  norm alized, nevertheless 
in barbiturate sleep a generalized spike-and-w ave-like activ ity  becam e m anifest
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a a a ŵ '^ ^ m a /vvv^ ^ A / W Y V V 4 V n~'/' '^ ^  Х^^ДААд/^уl / W

v4M AAr\A/4AAV^AyvAr^^W i^-^M ÍVYl/^'/VA' A / V A 4 A A v  
'-V W V lA /W W H ^ jA A -* ^ ^  \ Д ^ / У \ / /
MYw W M a/vAa/ ^ ^ ^  'AaA 1V/WV\/'W

А д ^ ^ Ч ^ А лДм ЛАл̂ ^  W \ H V M a /1

CJ

Fig.  3. f a —Ь—c: continuous recording). Paradoxical arousal reaction (theta-synchronization) 
and desynchronization seizure evoked by strong pinpricks (heavy  line)
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J_____ L

a )

Induced sleep

y\ZvA\f/JV^
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b)

Fig. 4. R esting activ ity  in  seizure-free sta te  after successful diazepam  therapy: a)  in the  
w aking state, b j  in  hexobarbital sleep

and on beginning to awake, characteristic generalized repetitive rhythm ic fast 
(9 to  12 c/s) discharge w ith  rostral predominance, reminiscent o f  the pattern  
termed “ grand-mal discharge” b y  Gib b s , were observed (Fig. 4).
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Discussion

In  the status ep ilep ticus o f the present p atien t, tw o typ es of seizure were 
a ltern atin g . One was accom panied b y  an E E G  pattern indicative o f excitem ent 
o f th e  reticular arousal sy stem , and clinically rem iniscent of a tonic caricature 
o f  orientation . The other w as marked b y  oculo-clonic phenom ena and a 
generalized  spike-and-w ave pattern . In other w ords, tw o types o f  cerebral activ 
ity  w hich  had seemed incom patib le on the grounds o f  the earlier discussion  
w ere alternating in the sam e case.

W hich m echanism  m a y  possibly account for the incom patib ility  or a 
co m p etitiv e  antagonism  o f th e  tw o functional sta tes ?

From  the circum stances that the petit-m al seizure affects consciousness 
and th a t  it is precipitated b y  drug-induced sleep it m ay he inferred th at during 
its  production  the arousal sy stem  is affected in its functions or th a t it  is under 
th e  predom inance of in h ib itory  influence. This is consistent w ith  the fact that 
th e  w a v e  com ponent o f  th e  spike-and-w ave pattern  results from intracortical 
in h ib ition , though it is b y  no m eans certain w hether it m eets at all the pathw ays 
o f  th e  cortical neurons a c tiv a ted  by the arousal system . The facts th a t spike- 
an d -w ave  seizures are desynchronized b y  arousal stim uli and th a t drugs 
stim u la tin g  the arousal sy stem  interrupt the spike-and-w ave m echanism  sug
g est th a t inhibition o f th e  arousal system  can be overcom e or th a t it is accessible  
to  a com petitive antagonism .

A  com petitive in h ib ition  o f the cortical neurons m ay therefore well 
accou n t for the in com p atib ility  of the two conditions, the arousal system  thus 
b e in g  inhibited  during th e  spike-and-w ave a c tiv ity . It is know n, on the other 
h an d , th a t a suppression o f  non-specific subcortical influences favours the m a
n ifesta tio n  of cortical seizures activ ity .

The present case raises the question w h y  th e  arousal stim uli have failed 
to  in h ib it the sp ike-and-w ave m echanism , though indicated b y  the desynchro
n iza tio n  seizures the arousal system  had obviously  been in a state o f  epileptic  
o v erexcitab ility . Y et the arousal reaction had th e  character o f synchroniza
tio n  rather than o f desynchronization. P aradoxical arousal reactions i.e. 
synchronization  m ay be likew ise observed in  sleep and in certain com atose  
s ta te s . Thus, the occurrence o f  paradoxical arousal reactions is suggestive of a 
lesion ed  arousal system . On the other hand, in tensive arousal stim uli were 
cap ab le  of overcom ing th e  inhibition of th e  reticular system , probably by  
b reak in g  through the sp ike-and-w ave m echanism  holding the entire system  
u n d er its  dominance, lead in g  thus to an ep ileptic arousal reaction, to  a desyn
chronization  seizure.

There is a further p ossib ility , nam ely th a t ep ileptic inhibition  and epileptic  
e x c ita tio n  of the very sam e system , i.e. the reticular arousal system  including  
its  cortical projections, m igh t have been responsible for both  spike-and-w ave-
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as well as for the desynchronization seizure, since m any o f the data  quoted  
earlier indicate that electric exc ita tion  or a lesion o f the reticular arousal system  
m ay result in a cortical sp ike-and-w ave pattern.

The m echanism  of sp ike-and-w ave a ctiv ity  is still far from b ein g  com 
pletely  understood. It seem s, how ever, certain th at cortical structures as well 
as the non-specific system s are b oth  involved in its production.

The literary data quoted earlier as well as the observations in th e  reported  
case strongly suggest that suppression o f the function o f the arousal sy stem , in 
all likelihood b y  an inhibitory m echanism , is an im portant factor in th e  pro
duction of both clinical and electric phenom ena o f p etit-m al seizures.
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CARBON DIOXIDE CONTENT OF BRAIN TISSUE 
AND ACID-BASE BALANCE IN HAEMORRHAGIC 

SHOCK AFTER PRETREATMENT WITH DIBENZYLINE
By

E. M a k l á r i  and A. G. B . K ovach

NATIONAL INSTITUTE OF CARDIOLOGY, AND EXPERIMENTAL RESEARCH LABORATORY, 
UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived  March 24, 1967)

The pH , bicarbonate, and p C 0 2 in carotid and sagittal venous b lood  have been 
exam ined at various stages o f  haem orrhagic shock in phenoxybenzam ine-pretreated  
dogs and in control anim als. Parallel estim ations o f the carbon d iox ide con ten t of 
frontal and occipital cortex, thalam us, hypothalam us, pons and m edulla ob longata  have 
been carried out.

The control anim als developed m etabolic acidosis during the b leed ing period. 
The marked acidosis and hypercapnia found in sag itta l venous blood as contrasted  w ith  
th a t of the carotid artery were suggestive o f  central nervous factors being  involved  in 
the m echanism of haem orrhagic shock. R etransfusion brought about no significant 
change. The considerable cerabral hypercapnia a t the end of the bleeding period and in 
the state o f shock is held responsible for the e levation  of p C 0 2 in sag itta l ven o u s blood. 
H ypercapnia did not affect uniform ly the regions o f the brain; it  w as excessiv e  in  the 
hypothalam ic and cortical areas, whereas the thalam us was less affected . T his suggests 
th a t the individual regions o f the brain are not uniform ly involved in th e  pathom echa- 
nism  of haemorrhagic shock.

In phenoxybenzam ine-pretreated dogs a slight com pensated m etab olic  acidosis 
w as only found, w ith  the pH  values constant during the whole course o f the experim ent. 
H ypercapnia failed to appear in sagitta l venous blood and in brain tissue.

The preventive use of phenoxybenzam ine seem s to reduce sign ifican tly  the adverse 
effects o f impaired circulation and of hypoxia on  tissue m etabolism ; in  th is m echanism , 
central nervous factor seem  to be involved.

In  haemorrhagic shock, profound m etabolic changes occur. There is 
m etabolic acidosis, w ith  a sign ificant reduction o f bicarbonate and  arterial 
p C 0 2 [1, 2, 3]. Blood lactic acid is greatly increased; this is probably one o f  the 
factors responsible for the acidosis [4]. Very little  is however know n about the 
relationship between acidosis and the irreversibility of shock.

In our earlier crossed circulation studies, isolated perfusion o f  th e  head  
w ith  norm al blood was found to  prolong survival of anim als in  shock  [5]. 
Cerebral m etabolism  in shock reveals various abnorm alities [6], such  as an 
increase in hexokinase a c tiv ity  [7] as w ell as in acetylcholine con ten t [8] and a 
shift in the pattern of free am ino acids. The increased 0 9 difference betw een  
fem oral artery and sagitta l vein  blood indicated  that the 0 2 requirem ent of 
brain tissue is higher than  under norm al conditions [9].

Phenoxybenzam ine has been found to  prolong survival in haem orrhagic 
shock [10, 11, 12] and to  norm alize in three or four hours the augm ented  arterio
venous 0 2 difference and the veno-arterial C 0 2 differences [13]. G iven  in the
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a d van ced  hypotensive stage  o f  haemorrhagic sh ock , the drug had no influence  
on acidosis [2, 14].

Phenoxybenzam ine w as found favourably to  influence the m etabolic  
ch an ges produced b y  haem orrhagic shock in brain  tissue; 0 2 consum ption  
fa iled  to  increase in p retreated  animals [15].

The aim of the p resen t study was to exam in e the individual factors of 
acid -b ase balance in rela tion  to  the changes in th e  carbon dioxide content of 
brain  tissue in haem orrhagic shock. In a series o f  experim ents, the effect of 
phenoxybenzam ine adm in istered  before b leed ing on acid-base balance and 
b rain  tissue C 0 2 con ten t w as examined.

Method

A  tota l of 95 dogs o f b o th  sex es under 100 m g/kg chloralose anaesthesia was used. In to  
one carotid  artery, a T cannula  w a s inserted for blood sam pling. A  mercury m anom eter and a 
can n u la  for blood w ithdraw al w ere inserted in the fem oral arteries. The head of the anim al was 
f ix e d  b y  m eans of a stereotax ic  apparatus, and through a hole 1 cm  in diameter bored in  the 
sk u ll a cannula was introduced in to  the sagittal vein. R esp iration  was registered by m eans of a 
M arey-capsule connected to  an intratracheal cannula.

Induction of haem orrhagic shock was done according to  W ig g e r s  [16]. B lood pressure  
w a s m aintained between 50 and  60 m m  Hg for 90 m in. and  betw een  30 and 40 m m  H g for 
an oth er  90 min., then the w ith d raw n  am ount of blood w as reinfused. In the untreated anim als, 
th is  procedure invariably resu lted  in irreversible shock.

40 dogs received a n  in tra v e n o u s  dose of 4 m g/kg  o f p h en o x y b en zam in e  18 hrs. before 
b lee d in g .

B lood  sam ples w ere t a k e n  fro m  th e  caro tid  a r te ry  a n d  fro m  th e  sa g itta l v e in  in  th e  
p r e t r e a te d  anim als as well a s  in  th e  con tro ls, before b leed in g , a t  th e  end  of th e  second period , 
o n e  h o u r  a fte r  re tran sfu sio n  a n d  in  th e  term inal phase  o f  sh o ck . S ince in  th e  u n tre a te d  an im als 
th e  a v e ra g e  in te rval b e tw een  re tra n s fu s io n  and the  te rm in a l  s ta g e  w as 150 m in ., th is  t im e  was 
a d o p te d  fo r th e  las t blood sa m p lin g  in  th e  p re trea ted  a n im a ls , th o u g h  these  d isp layed  no severe 
sh o ck . T h e  p H  was d e te rm in e d  w ith  a M etrohm  353-type  a p p a ra tu s ,  th e  to ta l  C 0 2 a n d  s ta n d 
a rd  b ic a rb o n a te  by  th e  m e th o d  o f  V an  Sly k e  [17]. T h e  p C 0 2 a n d  ac tu a l b ica rb o n a te  were 
d e te rm in e d  fro m  no m o g ram s d e r iv e d  from  the  H e n d e r s o n — HASSEiBALCH-equation, on  the  
b a s is  o f  th e  p H  and th e  to ta l  p la s m a  C 0 2 values [18]. 0 2 s a tu ra t io n  w as estim a ted  b y  m eans 
o f  a n  E lem a  oxym eter a n d  th e  H b , b y  th e  cy an m eth aem o g lo b in  m eth o d  [19].

A fter each blood sam pling, 10 animals were d ecap itated  b y  a single blow. The skull was 
o p en ed  im m ediately, the brain w a s immersed in paraffin; specim ens were excised from  the 
fro n ta l and occipital cortex, th a la m u s, hypothalam us, pons and m edulla oblongata; the sam 
p les w ere pulverized in liqu id  n itrogen  and placed in N aO H . C 0 2 content of the tissu es was 
estim a ted  by the m ethod o f  A n r e p  [20].

Results

I. A cid-base balance in haemorrhagic shock

(a) The figures derived  from the control group have been sum m arized  
in T able I. B y the end o f  th e  bleeding period, carotid  plasm a C 0 2 content had 
fa llen  from the original lev e l o f  2 0 6  mM/1 to  6T m M /1, the standard bicarbon
ate  from  18T mM/1 to  6 .8  m M /1. As expected, th e  actu al bicarbonate showed  
a sim ilar fall, the p C 0 2 decreased from 40 mm  H g to  20 mm Hg, and th e  pH
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from  7-32 to 7-03, indicating severe acidosis. The changes were h igh ly  sign ifi
cant statistically . The values were scarcely affected by retransfusion. There was 
a slight elevation o f pH , largely as a consequence of an increase in th e  bicar
bonate level. In the further course even  the developm ent of shock brought about 
no significant change.

In the blood o f the sagittal v e in , tota l C 0 2 and bicarbonates w ere slightly  
less reduced than  in  arterial blood. On the other hand, p C 0 2 show ed a rise from  
56 mm  Hg to 67 m m  Hg (p <  0 .01). The V —A p C 0 2 difference had th u s grown  
to  thrice its normal value by the end  of the second stage of b leeding (F ig. 1). 
T liis shift in the b icarbonate/C 02 ratio m ust have been associated w ith  still 
low er pH  figures than  in arterial b lood . H ere, too , retransfusion did n ot affect 
th e  C 0 2- and bicarbonate values sign ifican tly . It caused a reduction in p C 0 2 but 
th e  V —A pCO, difference still rem ained tw ice as high as it had been  before 
bleeding. The values were practically  identical in the state of shock, pH  showed  
a slight tendency to  increase but it  rem ained far below its pre-haem orrhage level
(p <  0 001).

Fig. 2 shows the respiratory rate at the four predeterm ined tim es of 
blood sam pling. During bleeding th e  respiratory rate rose from  12/m in. to 
27/m in ., to show a moderate reduction  after retransfusion, b u t rem aining  
sign ificantly  higher than prior to  b leeding (p <  0-001) and rising sign ificantly  
again  during the further course.

Table I

Total C 02, bicarbonate, pC02 and  pH  during haemorrhagic shock in control animals  
(p referred to value» prior to bleeding)

Total CO„ 
inM/1

Standard
bicarbonate

mM/1

Actual
bicarbonate

mM/1
pC02

nun Hg pH

Before bleeding 20-6±0-71 18-1 +  0-42 19-1+0-57 40 +  2-19 7 -3 2 + 0 -2 2

A t the end of 2nd 6-1+0-76 6-8 +  1-76 5-7+0-67 20 +  3-84 7 -0 3 + 0 -0 3

caro- phase of bleeding p <Ç 0 001 p <  0-001 p <  0-001 p <  0-001 p <  0-001

tid 1 hr. after re- 8-3+0-56 8 -2 + 0 -8 7 6-6+0-61 22 +  1-59 7 -1 2 + 0 -1 7
artery transfusion p <  0 001 p <sg 0-001 p <s 0-001 p <  0-001 p <  0-001

Grave shock, 2*5 
hrs. after re
transfusion

9-9±0-67 10-5+ 0-75 9-2+ 0-56 26 + 5 -3 6 7 -2 1 + 0 -0 8
p <  0 001 p <  0-001 p <  0-02 p <  0-01 p <  0-001

Before bleeding 24-6 +  1-31 19-0 + 0 -7 3 22-4+0-50 56 + 2 -0 0 7-2 4 + 0 -0 6

At the end of 2nd 14-6 +  1-06 8-9 +  1-26 11-9+0-87 67 +  5-43 6 -8 8 + 0 -2 3
phase of bleeding p 0 001 p <  0-001 p <C 0 001 p <  0-01 p <  0-01

sagit- 1 hr. after re- 14-7 +  1-30 9-5 +  1-11 13-1 +  1-27 5 3 + 4 -0 0 7 -0 2 + 0 -0 2

vein transfusion p <  0 001 p <  0-001 p <  0-001 p 0*2 p <  0-001

Grave shock, 
2-5 hrs. after 
retransfusion

16-9+0-90 11-9 +  1-17 15-2 +  0-87 5 6 + 5 -7 3 7 -0 8 + 0 -2 0
p 0-001 p <  0-001 p <  0-001 p >  0-9 p <  0-001
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pC02
mmHg □  control

Fig. 1. V — A (sagittal v e in — carotid  artery) 
pCO 2 difference during haem orrhagic shock in 
co n tro l dogs and dogs pretreated  w ith  phe- 
n oxyb en zam ine. A =  before b leed in g; В = a t  
th e  end  o f the 2nd phase o f b leed in g; C =  1 
hr. a fter  retransfusion; D  =  2.5 hrs. after 
retransfusion  (grave shock in  th e  controls)

Fig. 2. R esp iratory rate during haem orrhag
ic shock in  control dogs and dogs pretreated  
w ith  phenoxybenzam ine. A =  before bleeding; 
В =  a t th e  end o f the 2nd phase o f bleeding; 
C =  1 hr. after retransfusion; D =  2.5 hrs. 
after retransfusion (grave shock in  the  

controls)
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о о art. caro tis I dibenzylin 
0-----о V. sá g it J pretrea ted
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A B C D
Fig. 3. 0 2 saturation of carotid  and  sagittal 
v e n o u s blood during haem orrhagic shock in 
co n tro l dogs and dogs pretrea ted  w ith  phe
noxybenzam ine. A =  before b leed in g;B  =  at 
th e  end  of the 2nd p h ase  o f  bleeding; 
С =  1 hr. after retransfusion; D  =  2.5 hrs. 
after  retransfusion (grave sh ock  in the 

controls)

60 J
до-
го-̂

qJ r------r—  I
A B C D

Fig. 4. P ercentual changes in A —V (caro
tid artery— sagitta l vein) 0 2 difference during 
haem orrhagic shock in control dogs and dogs 
pretreated  w ith  phenoxybenzam ine. A  =  be
fore b leed ing; В  — at the end o f the 2nd 
phase o f  bleeding; С == 1 hr. after retrans
fusion; D  =  2.5 hrs. after retransfusion  

(grave shock in the controls)

Arterial 0 2 satu ration  displayed no change during the whole course o f the  
experim ent (Fig. 3), w hereas in the sagitta l v e in  it  fell considerably during 
h yp oten sion , to show a s lig h t transient rise u p on  th e  effect of retransfusion. 
T his involved a nearly  50%  increase in A —Y  0 2 difference during bleeding  
w h ich  diminished tra n sien tly  after retransfusion (F ig . 4).

Acta Medica Academiae Scientiarum Hungaricae. 25, 1968



CARBON D IO X ID E  CO NTENT OF BRA IN  TISSU E 17

(b) In the phenoxybenzainin pretreated dogs the values prior to  bleeding  
were sim ilar to those found in the controls (Table II), while those obtained  at 
the end o f bleeding period diverged from  the figures registered in the controls. 
T otal C 0 2 and bicarbonate levels in arterial as well as in venous blood declined  
to  a far lesser exten t than in the controls. p C 0 2 in carotid and sagitta l venous  
blood show ed a nearly parallel fall, in other words, no rise as evidenced  in  the  
sagitta l venous blood of the controls occurred. In the phenoxybenzam ine-pre- 
treated  anim als the V —A p C 0 2 difference was scarcely affected at the end of 
bleeding (F ig. 1) and showed no sign ificant change (p >  0-2) in  th e  later  
course either. R etransfusion did not m odify  any o f these factors. pH  rem ained  
unchanged during the entire course o f  the experim ent. R espiratory rate (F ig . 2) 
increased in the pretreated anim als during haem orrhage, but the rise from  11 
to  22 per m in. was significantly less (p >• OOl) than that registered in the con
trols, and it declined still more after retransfusion, to  remain at p ractica lly  the  
sam e level in the subsequent course o f the experim ent.

In  the pretreated anim als, as contrasted  w ith  the controls, neither b leed 
ing nor retransfusion had any effect on 0 2 saturation either in carotid or in 
sag itta l venous blood (Fig. 3). In agreem ent w ith  our previous find ings, the 
increase in A —Y  0 2 difference during b leeding was insignificant and becam e  
practically  normal after retransfusion (F ig. 4).

Table II

Total COo, bicarbonate, jiC 02 and pH during haemorrhagic shock in dogs pretreated with phenoxy-
benzamine

Total COa 
raM/1

Standard
bicarbonate

mM/1

Actual
bicarbonate

raM/1
pco,

mm Hg pH

Before bleeding 19-9±1-10 17 -0 ± 0 -5 9 17-8±0-94 4 1 ± 3 -7 8 7-28 ± 0 -0 8

саго-

A t the end o f 2nd 
phase o f bleeding

12-5±0-73
p 0-001

13 -4 ± 0 -6 7  
p <  0-02

l l- 9 ± 0 - 6 6  
p <  0-01

2 5 ± 2  62
p <  0-001

7-3 0 ± 0 -0 5
p >  0-1

tid
artery

1 hr. after re- 
transfusion

13-6±0-63
p <  0 001

12-6±0-80  
p <  0 0 1

12-7±1-14
p <  0 0 1

27± 2 -4 7
p <  0-001

7 -2 7 ± 0 -0 5  
p >  0-3

Grave shock 2-5 
hrs. after retrans
fusion

1 4 -l± 0 -9 6
p <  0 001

14-9 ± 1 -1 5  
p <  0'05

13-5±0-88
p <  0-001

2 3 ± l-9 8
p <  0-001

7 -3 6 ± 0 -0 4
p >  0-02

Before bleeding 23-5±0-77 18-9±0-81 21-3±0-75 61± 3 -6 7 7 -1 9 ± 0 -0 4

sagit
tal
vein

A t the end of 2nd 
phase of bleeding

19-2±0-83
p <  0 0 1

15-2± 0-61
p <  0 0 1

17-4±0-71
p <  0-01

51 ± 4 -5 7
p <  0-001

7 -1 8 ± 0 -0 7  
p >  0-4

1 hr. after re
transfusion

19-2±0-71
p <  0 0 1

15 -4 ± 1 '7 5
p <  0 0 1

17-3±0-76
p <  0-01

50 ± 3 -0 0
p <  0-001

7 -1 8 ± 0 -0 8  
p >  0-4

Grave shock 2-5 
hrs. after retrans
fusion

2 0 - l± l-0 8
p <  0 0 1

l6 - 5 ± l - 8 0
p <  0 02

18-9±0-93
p <  0 02

4 7 ± 2 -8 0
p <  0-001

7 -2 4 ± 0 -0 3  
p >  0-05
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II. CO., content o f in d iv idu a l brain regions

(a) CO2 con ten t o f  cerebral tissue obta ined  from  six  different parts o f  the  
brain ranged betw een  15 and 20 mM/kg prior to  bleeding (Table III). B y  the  
end o f the bleeding period the figures had risen to  40 mM/kg in the hyp oth a la 
m us, to  30-5 m M /kg in  the frontal cortex w hereas the value found in  the th a la 
m us (20-4 mM/kg) w as not significantly higher. R etransfusion was follow ed  
b y  a reduction o f hypercapnia in the hypothalam us and the frontal cortex, 
and b y  its com plete norm alization in pons and m edulla oblongata whereas in 
th e  thalam ic sam ple th e  values rem ained unchanged. W ith increasing severity  
o f shock, the C 0 2 con ten t o f cerebral tissu e rose throughout and the increase 
found in severe shock w as h ighly sign ificant, the values being 35-9 mM/kg in the  
frontal cortex, 36-9 m M /kg in  the occip ital cortex , 26-3 mM/kg in the thalam us, 
40-0 mM /kg in the hypothalam us, 22-8 m M /kg in the pons and 25-2 mM/kg in  
th e  m edulla ob longata. The percentual relations to  the pre-haemorrhagic values  
are presented in F ig. 5 w hich clearly shows th e  ex ten t of hypercapnia affecting  
th e  ind ividual regions.

(b) CO2 va lu es recorded before b leeding were higher in the pretreated  
anim als than  in th e  controls. Levels over 20 mM /kg were, however, confined to  
the frontal cortex (23.1 mM/kg; p <  0-1) and to  the hypothalam us (26-3 mM/kg;

Table III

Tissue  C 0 2 content o f  cerebral areas during haemorrhagic shock in control dogs and in dogs pretreated
with phenoxybenzamine

Controls Pretreated

Before
bleed

ing

At the 
end of 2nd 

phase of 
bleeding

1 hr. after 
retrans
fusion

Grave
shock

Before
bleed

ing

At the 
end of 2nd 
phase of 
bleeding

1 hr. after 
retrans
fusion

2.5 hrs.
after

retrans
fusion

Frontal
cortex

18-8 30-5
p  <  0 0 1

24-8
p <  0-05

36-9
p <c 0 01

2 3 1 15-0
p <  0 02

21-0 
P >  0-2

18-6 
P >  0-2

Occipital
cortex

191 24-8
p  =  0 0 5

25-9 
p <  0*05

36-9
p <  0-01

19-9 13-2
p <  0 02

18-9 
p >  0-5

16-6 
P >  0-2

Thalam us 17-3 20-4
p >  0 0 1

20-8
p >  0-02

26-3
p <  0 0 1

17-7 14-7
p >  0 1

16-3
p >  0-02

1 3 1
p >  0-2

H ypothala
mus

14-9 40-0
p <  0-01

25-3
p <  0 02

4 0 0
p <  0-01

26-3 34-3 
p >  0 1

18-8
p <c 0-02

2 3 1  
P >  0-2

Pons 15 9 23-8
p =  0 0 5

14-4 
P >  0-5

22-8
p =  0-05

17-9 17-9 16-5 
p >  0*5

10-9
p <  0-02

M edulla
oblongata

14-9 18-7
p <  0 0 1

15-7 
P >  0-5

25 '2
p <  0 0 1

15-7 14-2 
p >  0 5

1 9 0
p >  0-1

10-9
p <  0*05
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P <  0-01). In  opposition to  th e  controls, in these anim als the C 0 2 con ten t of 
cerebral tissue dim inished, ex cep t for the hypothalam us, hut apart from  the 
cortical portions, the reduction  was not significant statistica lly . N o tissue 
hypercapnia was found after retransfusion either, and the absolute values of 
tissue CO2 ranged betw een 10 and 21 mM/kg in the further course o f  th e  experi
m ent (Table III). Fig 5 shows th is difference still more clearly.

C02V.
300

a b e d  a b e d  a b e d  a b e d  a b e d  a b e d
1 2 3 4 5 6

Fig.  5. Percentual changes in tissue C 0 2 content o f various brain regions during haem orrhagic 
shock in control dogs and dogs pretreated  w ith phenoxybenzam ine. 1 =  frontal cortex; 2 =  
occipital cortex; 3 =  thalam us; 4 =  hypothalam us; 5 =  pons; 6 =  m edulla oblongata. 
a =  before bleeding; b =  at the end  of the 2nd phase o f bleeding; c — 1 hr. a fter  retransfu

sion; d  =  2.5 hrs. after retransfusion (grave shock in the controls)

Discussion

The acid-base disturbance characteristic o f  haemorrhagic shock  [1, 2, 3] 
has been reproduced in the present study. B y  the end of the b leed in g  period 
there was a substantial reduction  in pH and the bicarbonate level h ad  dropped  
to one third, p C 0 2 to half o f th e  values found prior to haem orrhage. T hese are 
signs o f  m etabolic acidosis. E xam in ing  the tim e relations o f the changes of 
acid-base balance in hypovolaem ia , B a u b k u s  and K i r c h h e i m  ob served  that 
during the early phase o f b leed ing  there is a sudden drop in standard  bicar
bonate which the animal com pensates by hyperventilation , i.e. b y  decreasing  
the p C 0 2. Consequently, pH  rem ains unaffected for a tim e. Later, h ow ever, it 
drops suddenly; this fall has been found to  coincide with the retransfusion of 
blood [3]. In the present s tu d y  the second withdraw al of blood to o k  place at 
the end o f the bleeding period w hen reflow o f blood from the tank  w as already  
in progress. The values found in the respective sam ples therefore reflect the 
conditions subsequent to retransfusion.
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A s shown by th e  p resen t results, acidosis is n o t substantially  reduced by  
retransfusion. A slight r ise  in  th e  bicarbonate le v e l a t unchanged p C 0 2 produces 
an insignificant increase o f  th e  pH. In the fu rth er  course of the experim ent 
th ere  w as no notew orthy change.

The part played b y  acidosis in the pathom echanism  of shock is not clear. 
A ccord ing  to L i l l e h e i  e t  a l. [21] correction o f  th e  p H  alone does not affect the  
o u tco m e. This is in agreem en t w ith  the findings o f  M e h m e l  et al. [22] w ho failed  
to  dem onstrate any re la tio n sh ip  between th e  changes in pH  and the prognosis 
o f  sh ock . D a r b y  and W a t t s  [2] have show n th a t  correction o f acidosis by  
m ean s o f Tham or N a-b icarb on ate  during b leed in g  results in an im provem ent 
o f  cardiac performance, in  a reduction of the resp iratory rate as w ell as o f the 
b lo o d  epinephrine lev e l and  in  an increase o f  arteria l p 0 2. Sc h w e i z e r  et al. [4] 
a d v o ca te  the use o f N a-b icarbonate for the p reven tion  of surgical shock. We 
are, however, still ig n o ra n t o f  the changes in  intracellu lar pH  accom panying  
th e  acidosis.

Comparison o f th e  p H , bicarbonate and p C 0 2 in carotid and sagitta l 
v en o u s blood suggests th a t  th e  central nervous sy stem  m ust be in volved  in the  
disturbance of acid-base b a lan ce. It is striking to  find  a significant increase in 
p C 0 2 in  the blood o f th e  sa g itta l vein during b leed in g , while the bicarbonate 
le v e l declines in the sam e m anner as in arterial b lood . This causes a substan
t ia l fa ll in pH, largely in  consequence of th e  increase in p C 0 2. A cid ity  thus 
increases in the blood p erfu sin g  the brain. T his goes hand in hand w ith  an 
in crease  in the A —У  0 2 difference and a fa ll o f  tissue p 0 2, interpreted by  
K o v a c h  et al. [9] as a sig n  o f  increased cerebral 0 2 consum ption.

The hypercapnia rev ea led  in the cerebral areas at the end o f b leeding was 
n o t uniform . The site o f  th e  m ost significant changes was the hypothalam us, 
n e x t  in  order the cortex; th e  thalamus was less affected . H ypercapnia o f the 
m ed u lla  oblongata w as co n fin ed  to severe shock . From  this it m ay be inferred 
th a t  haemorrhage and a sh o ck  affect the in d iv id u al parts of the central nervous 
sy s te m  to  a different e x te n t  and  not sim ultaneously . Similar differences in cere
b ra l blood distribution h a v e  been found in  earlier haem odynam ic studies in 
th is  laboratory. D uring h yp oten sion  and in a d van ced  shock, blood flow  in the 
hypothalam us and co rtex  w as significantly reduced , whereas in the pons and 
m ed u lla  oblongata it w as m ore or less adequate. T he p 0 2 in these brain areas also 
p o in ts  to  a greater v u ln era b ility  of the h yp oth a lam ic  and cortical parts. During  
b leed in g  p 0 2 in the h yp o th a la m u s fall to 20%  o f  its  original level and even  
su b seq u en t retransfusion fa iled  to restore it  [15]. This applied to  the cortical 
p ortion s as well. The fa ll in  p 0 2 was much to o  great to be ascribed to  a poor 
reg ion a l blood flow a lon e.

Our results seem  to  su g g est that the red u ction  in blood flow  and the in
crease  in  0 2 requirem ent d u rin g  the hypotensive phase lead not only to  hypoxia  
b u t also to metabolic ch a n g es  in the cerebral t issu e , as reflected b y  tissular
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hypercapnia and by increasing acidosis. I t  also em erges from our stu d ies that 
th e  various parts of the brain are not uniform ly affected. The hypothalam us and 
th e  cortex  suffer the severest dam age. This is presum ably in volved  in th e  de
ve lop m en t o f shock.

N one o f the pretreated dogs presented any o f the signs of severe acidosis 
found in  the controls during haem orrhage. The pH  remained con stan t through
ou t. T he presence o f a m oderate and com pensated m etabolic acidosis w as ind i
cated  b y  a slight reduction in the b icarbonate. The m etabolic im balance was 
w ell w ith in  the com pensatory capacity  o f  the anim als as it had indeed been  
overcom e by hyperventilation , i.e. the reduction  o f p C 0 2. In the b lood o f  the  
sa g itta l vein  pH  rem ained constant and no increase in p C 0 2 occurred during  
haem orrhage as it did in the controls; there w as, on the contrary, a slight 
reduction  in p C 0 2 parallel w ith  a decline in the bicarbonate level. In  short, 
th ese factors were not sign ificantly  affected  in  the blood perfusing th e  central 
nervous system  of the pretreated anim als. In  agreem ent w ith  our earlier 
fin d in gs [15], 0 2 consum ption was likew ise w ithin normal lim its in  the 
p retreated  anim als and no cerebral hypercapnia could be observed. The con
tra st betw een  the pretreated and the control anim als is em phasized b y  the  
fact th a t, as has been shown in th is laboratory, the slowing down o f  circulation  
during the bleeding period was practically  o f the same ex ten t in  th e  pre
trea ted  anim als as in the controls.

P henoxybenzam ine is assum ed to  exert a direct influence on tissue  
m etabolism , to  reduce central nervous injury, and to enhance tissu e flow . Its 
protective  influence in haem orrhagic shock is probably connected w ith  these  
factors.
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INDUCED REGENERATION OF THE RAT LIVER 
DURING EXPERIMENTAL CIRRHOSIS

B y

J .  M e n y h á r t  and L. S i m o n *
EXPERIMENTAL RESEARCH DEPARTMENT, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(Received March 28, 1967)

Liver regeneration preferentially affects parenchym al cells. An attem p t has been  
m ade to m ake use of this peculiar character o f regeneration for restoring th e  cellular 
balance of hepatic tissue disturbed by the cirrhotic process.

Liver regeneration following partial liepatectom y was found to be essentia lly  
unaltered in m oderate cirrhosis. The overall picture of the m itotic response elicited  by 
partial hepatectom y resem bled that o f  the norm al group. As a result o f th e  induced  
regeneration, cirrhotic hypertrophy (high L/В  ratio) changed to eutrophy (normal 
range of L/В  ratio).

Conversely, an alm ost com plete loss o f the regeneration potency was observed  
in severe cirrhosis. No m itotic response could be elicited by partial h epatectom y at  
this stage. This explained why atrophy in severe cirrhosis invariably rem ained  
unaffected  by partial hepatectom y.

The significance of a preserved m itotic  response — and the consequence of its 
loss — in restoring cellular proportionality in the cirrhotic liver, and th e  possible  
m echanism  of the beneficial influence o f induced regeneration in cases o f m oderate  
cirrhosis have been discussed.

Parenchym al cells constitute norm ally  90 to  95%  of the to ta l hepatic  
cellular volum e, hut m erely 60 to 65%  o f th e  to ta l cell number. Therefore, 
approxim ately 5 to 10% of the total hepatic cellular mass and 35 to 40%  o f the 
cellular population  is com posed of non-parenchym al elem ents [4, 6].

In cirrhosis, due to  the destruction o f parenchym al cells and th e  growing  
number o f fibrotic com ponents, the characteristic balance of cellular com posi
tion is considerably disturbed. To suspend or even tu a lly  to reverse th is  unde
sirable structural consequence of cirrhosis, th e  num ber of parenchym al cells 
ought to be increased at the expense o f  the fibrotic elem ents.

The idea therefore th at in cirrhosis the tissu e proliferation stim ulus should  
be counteracted by som e kind of a parenchym al regeneration stim ulus seem ed  
only natural.

W hile searching for such a stim ulus it has been found that th e  restora
tion process follow ing partial hepatectom y was preferentially affecting paren
chym al cells [6] and their restoration proceeded much more rapidly th a n  that  
of connective tissue, while collagen form ation started  late at a low  rate when  
parenchym al restoration had been com plete [6].

* Present address: Departm ent of A n atom y, U n iversity  Medical School, B udapest.
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T he few attem pts carried out so far w ith  th e  aim  of using partial hepatec- 
to m y  for restoring th e  disturbed balance o f cellular com position in advanced  
cirrhosis, provided controversial results. Several investigators failed to  induce  
regeneration  in this w ay [3, 8 ], while others [10, 11] were fairly successful in 
correctin g  cirrhotic dam age b y  partial h ep atectom y.

In  the present experim ents an attem p t w as made to find q u an tita tive  
m eans for evaluating th e  real value of partial hepatectom y in abolishing, or at 
lea st dim inishing, the sever ity  o f cirrhotic a lterations in liver tissue. A n addi
tio n a l aim  was to establish  the proportion o f regeneration p otency  escaping  
d estru ctio n  in cirrhosis o f different severity.

Materials and m ethods

A  to ta l o f 176 m ale rats, w eighing betw een 120— 160 g was used for the stu d y . The  
an im als were divided into four groups.

55 in tact rats were used as controls.
In  73 rats m oderate cirrhosis was induced by the subcutaneous adm inistration o f 0-15 

m l/100 g  o f  CC14 on every second day for 8 weeks. One w eek after the term ination  o f  CCI, 
ad m in istra tion , of the 73 rats 49 w ere subjected to abou t 65%  partial hepatectom y, using the  
m eth o d  o f  H ig g in s  and A n d e r s o n  [7]. The rem aining 24 rats were not subjected to  surgery  
and serv ed  as controls.

In  48 rats severe cirrhosis was induced by identical treatm ent. In this case CC14 adm in
istra tio n  w as carried out for 18 weeks. Partial h ep a tec to m y  was perfomed one w eek  after  
CC14 tr ea tm e n t had been term inated. A  number o f anim als was not subjected to  surgery and  
served  for com parative purposes.

T he degree of liver regeneration  was estim ated a t different intervals p ostoperatively , 
in d ica ted  in  the figures. C alculation was based upon m easurem ent of dry w eight o f th e  new ly  
form ed liv er  tissue rem oved at surgery.

T h e  efficacy of regeneration in  restoring the original sta te  was judged by serial determ i
n a tio n  o f  th e  ratios o f liver w eight per body w eight (L /В  ratio) at regular intervals.

F or estim ating the fraction  o f regeneration ca p a c ity  spared by cirrhotic destruction , 
m ito tic  responses of individual livers were regularly follow ed . M itotic counts were done at 
differen t postoperative intervals, as indicated in  the figures. In every case, 2000 cells were  
co u n ted  in  H E  stained sections. V alues were expressed in  per cent, using the form ula

m itotic  figures found among 2000 cells counted
2Ö

F o r  statistical analysis, S tu d en t’s t-test was used.

Results

A) Regeneration (F ig. 1)

1. Control (Curve N o. 1). R egeneration o f norm al livers follow ing partial 
h ep a tec to m y  was alm ost com plete on the 10th postoperative day. V alues in d i
catin g  m ore than 100% “ regeneration” betw een  th e  30th and 180th d ay  (F ig. 
1) w ere n o t considered a resu lt o f a true regeneration process. In stead , th e y  
p resu m ab ly  indicated “ developm ental grow th” o f livers, which kept pace w ith  
the grow ing body-size o f  th e  anim als.
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2. M oderate cirrhosis (Curve N o. 2). The course of tissue restoration , if  at 
all, w as not altered substantia lly  in this group. The curve agreed w ell w ith  th at  
of the control group.

3. Severe cirrhosis (Curve No. 3). R egeneration  following partial h ep atec-  
tom y  w as seriously im paired, if  not com pletely  blocked, in severe cirrhosis. 
H ardly any restoration o f liver parenchym a could he detected even  on the  
30th postoperative day.

Fig. 1. Course o f tissue restoration following partial h epatectom y, observed in norm al (Curve 
No. 1), m oderately cirrhotic (Curve No. 2) and in severely  cirrhotic (Curve No. 3) livers. Ordi

nate: regeneration in per cent. Abscissa:  tim e in days

B) L /В  ratio. (F ig . 2)

Inform ation obtained from L/В ratios w as, in some respects, ev en  more 
conclusive. The preoperative value scattered w id ely  in the different exp erim en 
tal groups: it was 3.65 in the normal group; 5.70 in m oderate, and 2 .57 in  severe  
cirrhosis. The differences were statistically  sign ificant at the five per cen t level 
(normal vs. m oderate cirrhosis p 0.005; norm al vs. severe cirrhosis p <7 0.05). 
L/В  ratios seen preoperatively in m oderate cirrhosis indicated a liver h yp er
trophy. On the other hand, low  values, found m o stly  in severe cirrhosis, pointed  
to liver atrophy.

As a result o f partial hepatectom y, the L/В  ratio diminished irrespective o f  
the sta te  o f the liver. Striking differences betw een  individual groups were 
how ever found in the postoperative course o f  th e  ratios.

1. Control (Curve N o. 1). In in tact an im als, com plete norm alization of 
L/В  ratio occurred by the 10th postoperative day.

2 . M oderate cirrhosis (Curve No. 2). Characteristic were the high L /B  
ratios in the postoperative interval. Loss in b od y  weight due to  th e  CC.l4- 
treatm ent, contributed about 30% to th e  e levation  while for th e  rest the
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a c tiv e  increm ent in liver w eight was responsib le. The preoperatively elevated  
restin g  L /В  ratio norm alized after partial h ep atectom y. After the h igh est value  
had b een  reached around th e  10th day, a characteristic drop of th e  ratio fo l
low ed. A s a result, values approached the control range at the end o f th e  obser
v a tio n  period.

C onversely, m erely a m oderate decrease in  th e  ratio could be d em on strat
ed in  th e  sim ilarly cirrhotic group left w ith ou t surgery (Curve No. 3).

3) Severe cirrhosis (Curve No. 4). C haracteristically low preoperative  
atios w ere found in th is  group. This was all th e  more remarkable, because th is

Fig. 2.  L/В  ratios. Curve N o. 1, control. Curve No. 2, m oderate cirrhosis. Curve N o. 3, m oder
ate cirrhosis w ithout surgery. Curve No. 4, severe cirrhosis. Ordinate: L/В ratios in  per cent.

Abscissa:  tim e in days

phase o f  cirrhosis was dom inated by a radical loss in  body weight. F ollow ing a 
sharp drop in ratios due to partial h ep atectom y, not even the s ligh test te n 
d en cy  tow ards restoration could be detected . Values continued to  rem ain  
low  ev en  on the 30th postoperative day. These anim als showed a poor tolerance  
to  th e  surgical m anipulation . B oth the partial hepatectom y and the con va les
cence period were characterized by an u n u su ally  high m ortality. A s a result 
va lu es o f  three anim als could only be registered on the 30th day; no anim al 
su rv ived  longer.

C) M itotic incidence (F ig . 3)

T he proportion o f regeneration poten cy  spared by cirrhotic destruction  
was determ ined b y  evaluating  the pattern o f m itotic  responses elic ited  by  
partia l hepatectom y.

1. Control (Curve No. 1). The curve started  from  a low level. The stim u 
lus o f  partial hepatectom y increased the m ito tic  incidence considerably u n til
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a peak  had been reached at around th e  30th  postoperative hour. The dow n
ward slope of the curve was equally steep  and the whole m itotic response was 
essen tia lly  over by the 10th  postoperative day.

2 . Moderate cirrhosis (Curve N o . 2). The course of m itotic responses 
started  from a level m uch higher th an  th e  control. It appeared as i f  a phase 
sh ift w ould have occurred; postoperative m itotic  frequency lagged consider
ab ly  behind the norm al, both in tim e and num erical value. A t the 30th  p ostop 
erative hour, when the peak had already been reached in the normal group, the

.0 24 48 72 Щ У Г  10 V ' ÍU
hours days weeks

F ig. 3. M itotic response in livers following partial hepatectom y. Curve No. 1, control. Curve 
N o. 2, m oderate cirrhosis. Curve No. 3, m oderate cirrhosis w ithout surgery. Curve N o. 4, severe 
cirrhosis. Ordinate: m ito tic  incidence in per cen t. A bscissa: tim e in hours, days and weeks

cirrhotic values atta in ed  a mere 10%  o f  th e  control value. H ow ever, in  contrast 
to  th e  control, these values continued to  increase till the highest values had been  
reached around the 72nd postoperative hour, but even this peak am ounted  to 
m erely  50% of the control.

The downward slope of the curve w as less steep. While the norm al curve 
reached its preoperative level around the 10th  postoperative day, the curve 
o f m oderate cirrhosis took considerably longer to decrease, and continued  
to  dim inish progressively below th e  in itia l values. When around th e  30th  day  
th e  curve had established the new lev e l, it was identical with th at o f  th e  con
trol group.

The m itotic curve o f the group w hich  undervent identical CC14 treatm ent 
hut w as left w ithout surgery, also ex h ib ited  a tendency to norm alization (Curve 
N o. 3). This tendency was however s ign ifican tly  weaker than in th e  operated  
group. Accordingly, while m itotic va lu es o f  the operated group reached the
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control value in the 4 th  w eek, the non-operated group achieved the sam e b e
tw een  the 10th and 24 th  week.

3. Severe cirrhosis (Curve No. 4). E q u ally  characteristic was the curve of 
severe cirrhosis. H ere, like in  the in tact cases, preoperative m itotic incidence  
w as scarce. Partial h ep atectom y failed to elic it a m itotic  response. The num ber  
o f m ito tic  figures continued  staying near zero throughout the entire observa
tio n  period, w hether or n ot th e  proliferative stim ulus was present.

D iscussion

Cirrhotic alterations o f  the hepatic parenchym a involve both m orpholog
ica l and functional dev ia tion s from norm al. T h ey  are reflected in d istortion  
o f liver  structure as w ell as in gradual deterioration  o f several d ifferentiated  
organ functions, in add ition  to a considerable sh ift in the haem odynam ics 
o f  th e  organ [1, 9]. A ll these changes are obv iou sly  interrelated and, at the final 
an alysis, th ey  are interfering w ith , or even are based  upon alterations of, ce l
lular m etabolism  in one w ay  or other.

The m ost sign ifican t even t o f regeneration is th e  drastically elevated  rate  
o f cellular m ultip lication . The normal course o f  cellular division requires a 
su b tle  coordination o f  a num ber o f processes, including synthesis o f  nucleic  
acids, building up o f  th e  m itotic  apparatus, n ew  form ation of cellular proteins, 
etc . I t  is equally obvious th a t both resting m ito tic  frequency and patterns o f  
m ito tic  responses ob ta ined  after an appropriate stim ulus, are equally depen
dent on the physiological s ta te  o f the tissue in  question . Thus e.g. the failure o f  
m itotic  m achinery to  be activated  by partial h ep atectom y, could be looked  
upon as a consequence o f  th e  im pairm ent in cellular m etabolism .

In  our experim ents, CC14 cirrhosis developed  through tw o, w ell defined  
stages. One was characterized by tissue h yp ertrop h y (high L/В ratio), while  
th e  other b y  tissue a trop h y  (low  L/В  ratio). T h ey  corresponded to the m oderate  
and th e  severe v a r ie ty  o f  cirrhosis respectively .

Liver hypertrophy b y  itse lf has to be considered a m anifestation o f a 
satisfactorily  m aintained  proliferation potency. T he process of hypertrophiza- 
tion  nam ely  m ust be based  upon a preserved ca p a city  o f cells to divide when  
stim u lated  by the destruction  of liver tissue due to  the cirrhogenic injury. The 
preserved regeneration p oten cy  was convincingly  illustrated b y  the brisk  
proliferation response regularly obtained fo llow ing partial hepatectom y in the  
case o f  hypertrophic livers. A  similar response could not be elicited in atrophic  
livers.

T h u s, it is reasonable to  suppose th at, m aintenance or loss o f the m itotic  
m achinery in a sta te  o f  responsiveness will occasion a lly  decide w hether hyper
trophy or atrophy w ill prevail in a given cirrhotic process. On the other hand,
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this is ex a ctly  w hat determ ines w hether the process w ill belong to the m oderate  
or severe type o f cirrhosis; w hether or not it  w ill be reversible.

R esting m itotic frequency is negligible under normal circum stances  
[6 ] and the L/В  ratio is low . This sta te  corresponds to the “ eu trop h ic” 
condition . In such cases, the m ito tic  m achinery is easily  set into m otion  b y  an 
appropriate stim ulus. The response is quick and extensive.

On the other hand, resting m itotic frequency was found to be e levated  
during m oderate cirrhosis. L/В  ratios were likew ise higher than norm al, in d ica t
ing the hypertrophic state o f  the liver. S im ultaneously , m obilization o f  the  
m itotic m achinery encountered som e d ifficu lty . The augm entation in th e  n u m 
ber o f m ito tic  figures was sluggish after partial hepatectom y, the peak  value  
was also lower than norm ally. The tim e course o f  the m itotic response was 
su b stan tia lly  prolonged. All th ese events m ight be regarded as early  in d i
cations o f a mild disturbance in m etabolic processes underlying m ito tic  cel
lular events.

In severe cirrhosis, resting m itotic incidence, resem bling the norm al, was 
very  scarce, L/В  ratios were unusually  low . This la tter fact pointed to  tissue  
atrophy. In these livers, how ever, unlike in norm al ones, the low  num ber of  
m itosis was presum ably due not to  a lack o f stim ulus, but rather to  th e  cells 
having lo st their capacity  to  respond to stim uli. This supposition has been  
confirm ed by the fact th at, partial hepatectom y — otherwise one o f  the m ost 
powerful proliferation stim uli — failed to  elic it a m itotic response o f  any  
ex ten t. This was indicative o f a severe dam age o f the m etabolic processes 
responsible for cellular division.

The tissue hypertrophy (high L/В  ratio) observed in moderate cirrhosis, 
changed to  eutrophy due to the induced liver regeneration. C oncom itantly, a 
sign ificant norm alization o f the cellular com position  o f the distorted  liver  
parenchym a could be observed. This was associated  in turn b y  a considerable  
im provem ent o f hepatic functions partially  destroyed during the cirrhotic  
process (unpublished data). The striking reorganization of the cirrhotic liver  
parenchym a, described also in the pertaining literature [3, 10], w as based  
presum ably on the peculiar character o f tissu e restoration induced b y  partial 
h epatectom y.

P artial hepatectom y is a powerful stim ulus o f liver regeneration in  the  
rat [2, 7]. R em oval o f about 65%  o f the organ is follow ed as a rule b y  quick  
proliferation, resulting in com plete restoration o f the original liver m ass in  a 
surprisingly short interval [5, 13]. A characteristic feature of th is prolifera
tion  is th a t the different cellular com ponents o f  the parenchym a are represented  
heterogeneously in the process. I t  appears as if  parenchym al cells w ere the  
prim ary targets o f the proliferation stim ulus, w hile the non-parenchym al ele
m ents were much more reluctant in obeying regenerative com m and [5, 6 ]. 
A ccordingly, parenchym al cells appear to be m ore sensitive to the stim ulus [5].
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O w ing to  the ensuing and disproportional activation  of different cellular com 
p on en ts by partial h epatectom y, the relative proportion o f parenchym al cells 
is successively  increasing. B y  this m eans, restoration  o f the original pattern  of 
h ep a tic  cellular com position  is efficiently  supported in the cirrhotic liver.

The efficacy o f  evoked regeneration in  restoring cellular proportionality  
m ay be further supplem ented b y  other m echanism s. C a m e r o n  assum ed that, 
alth ou gh  liver restoration during induced regeneration is m ainly based upon 
proliferation  o f the liver cells, nevertheless th e  active disappearance o f fibrotic  
t issu e  bands m ay be a concom itant factor in  th e  process [3].

T hus, as a result o f th e  regeneration, replacem ent of cirrhotic liver struc
tu re  b y  a nearly norm al one could be reached in  tw o ways, v iz. 1 . b y  increasing  
th e  relative proportion o f parenchym al cells; and 2 . by actively  decreasing the  
am ou n t o f fibrotic tissu e elem ents.

A similar set o f  events could be fo llow ed also in our experim ents. It was 
show n earlier how in m oderate cirrhosis th e  high L/В ratio decreased due to  the  
regeneration  process. It w as also dem onstrated  th a t, following partial h ep atec
to m y  the high m ito tic  incidence characteristic o f  moderate cirrhosis failed  to  
stab ilise  at the preoperative level but dim inished further until it had reached the 
norm al range. It seem ed therefore likely th a t, due to the peculiar character of 
th e  regeneration process elicited by partial hepatectom y — acting predom i
n a n tly  on parenchym al cells [3] and a lleged ly  destroying fibrotic elem ents 
[5, 6 ] — the desorganizing effect o f cirrhosis w as successfully counteracted . A sa  
resu lt, the cirrhotic liver parenchym a w as gradually replaced b y  a nearly nor
m al one. This gave rise to  the eutrophy o f th e  originally hypertrophic liver 
t issu e . In contrast to  the earlier state, th e  recom posed liver parenchym a pre
su m a b ly  ceases to  act as a m itotic stim ulus. Therefore, after the near-norm al 
b alan ce o f cellular com position  had been reached, m itotic frequency decreased  
to  norm al.

I t  m ust how ever be stressed th at, all the assum ed beneficial in fluences of 
p artia l hepatectom y were strictly  confined to  th e  moderate phase of cirrhosis. 
In  th e  severe form , partial hepatectom y failed  to  elicit either a regeneration or a 
favourable change o f  the L/В  ratio, or a m ito tic  response. In th is w ay, the 
effica cy  of evoked regeneration in repairing cirrhotic damage appeared to  be 
determ ined by the phase o f  the cirrhotic process. The borderline seem s to  be 
b etw een  the hypertrophic (reversible or m oderate) and atrophic (irreversible or 
severe) stages. W hile in the first case, the tissu e  still possesses all the biological 
m eans required for the restoration and reorganization of mass and structure, 
resp ective ly , th is ab ility  is gradually lo st in  the second case. Therefore, 
our exp ectation  tow ards elim inating a cirrhotic damage b y  induced liver 
regeneration , should alw ays be based upon the consideration o f the phase of 
cirrhosis.

On t h e  g r o u n d s  o f  t h e  p r e s e n t  d a t a ,  R a b i n o v i c i  a n d  W i e n e r ’s o p t i m i s t i c
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view , attributing an unam biguos curative effect o f  induced regeneration [10], 
cannot be accepted w ithout serious restrictions.

During the developm ent of cirrhosis — since the liver cells are becom ing  
less and less capable o f proliferation and of repairing any damage — th e liver  
as a whole is less capable o f norm alization. E v en tu a lly  a stage is reached when  
the liver shows little  or no tendency to  recover, because the proliferative capa
bility  of its cells is inhibited or blocked. At th is  stage of cirrhosis, n e ith er  the  
“ natural” stim ulus o f tissue destruction a ctiva ted  b y  the cirrhogenic agen t, nor 
the “ artificial” stim ulus o f partial h ep atectom y could provoke tissue regen
eration.

The sta tem en t seems therefore justified  th a t, under appropriate condi
tions, induced liver regeneration m ight present su itab le means for reorganizing  
the cirrhotic liver parenchym a and im proving its  functional capacity. H ow ever, 
for these beneficial influences to be effic ien t, a certain level of functional 
integrity o f cellular m etabolism  m ust be preserved. The latter requirem ent is 
apparently covered in the case of m oderate cirrhosis, but it is far from b eing  so 
in severe cirrhosis.
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A cPh, A L D , GOT, L D H , G -6-PD H  and P E  a c tiv ity  in  erythrocytes has been  
studied in su bjects w ith  chronic hepatitis and m odel experim ents have been designed  
to clarify the influence o f experim ental hepatic injury on reactive haem opoiesis, on the  
reticu locytic response and on th e  connections betw een  m aturation  and enzym e a c tiv ity  
of erythrocytes. Clinical and experim ental evidence a llow ed to differentiate betw een  
potential hepatogenic anaem ia where the erythrocyte count is normal from its m anifest 
form w ith  reduced erythrocyte count. The significance o f enzym atic studies lies in the  
early detection  o f  the la ten t stage and in the assessm ent o f erythropoietic responsive
ness in cases o f  m anifest anaem ia.

A num ber o f  diseases o f enzym opathic origin m ay be identified b y  en 
zym atic analysis o f  the erythrocytes [14, 19, 20, 21]. This gives particular  
interest to the s tu d y  o f the erythrocytic enzym e system s from the aspects  
of diagnosis. Their im portance in acquired diseases has y et to be established. 
The aim of the present investigations was to  clarify the behaviour of erythro
cytic  enzym es in  hepatogenic anaemia.

In vestigatin g  th e  erythrocytic enzym es in 25 cases o f hepatic cirrhosis, 
6 o f acute h ep atitis and 7 o f obstructive jaundice, B o c k  et al. [3] found a 
transitory rise in  erythrocytic  L D H  and H b-reductase concentrations in acute  
hepatitis. Though n ot more than 10% of the patien ts w ith  hepatic cirrhosis had  
anaem ia, A LD , P G A D H  and H b-reductase were sign ifican tly  increased in th e  
eryrhrocytes. H u b e r  [10] observed an increase o f  G-6 -P D H  in 16 cases o f  
hepatic cirrhosis and assum ed th at m acrocytosis and reduction o f the life 
span of the erythrocyte population m ay be connected  w ith  this finding. This 
w as, however, at variance w ith  the results o f M a r k s  e t al. [18] who failed  to

Abbreviations, enzym e standard units and methods:

A cPh =  acid phosphatase [1,11]; U  =  mg phenolphthalein (37° C) 60 min/109 erythrocyte
AlPh =  alkaline phosphatase [1,11] ; U  =  mg phenolphthalein (37° C) 60 min/100 ml serum
ALD =  fructose-1,6-diphosphate aldolase [1,33]; TJ =  m icroliter F D P  (37° C) 60 m in/109 

erythrocyte
GOT =  glutam inic acid-oxalacetic acid transam inase [1,25]; W roblewski-U/109 erythro

cyte
G -6-PD H  =  glucose-6-phosphate dehydrogenase [1]; W roblew ski-U /109 erythrocyte  
P E  =  peptonase [5]; U  =  m g am ino-N (37° C) 24 hrs/109 erythrocyte, or 100 m l serum  
L D H  =  lactate-dehydrogenase [1]; W roblewski-U/109 erythrocyte  
PG A D H  =  3-phospho-glyceraldehyde dehydrogenase

The procedure o f washing and haem olysis has been described earlier [29].
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dem onstrate any close relationship betw een reticulocyte count and erythro
c y tic  G-6 -PD H  level. W e have com pared the concentrations o f  A L D , P E , 
G-6 -P D H , LDH , GOT and A cPh in th e  erythrocytes o f 25 patien ts w ith  
chronic hepatitis w ith  those o f 10 h ea lth y  subjects. The results, as shown in  
T able I and Figs 1, 2 and 3, were as follow s.

Table I

A cP h , A L D , GOT, L D H , G -6-PD H  and P E  activity  o f  erythrocyte population in  chronic hepatitis

Patient AcPh 
(0.085— 

—0.24 U)

ALD 
(20— 

—60 U)

GOT 
(45— 

—120 U)

LDH
(3800— 

—5800 U)

G-6-PDH 
(160— 

—315 U)

PE
(0.28— 

—0.56 U)

I Mill. Ery 
II III

No.
>  4 4—3 3—1

l 0

2 + l

3 + l

4 + l

5 l

6 + + 2

7 + 2

8 -j- 2

9 + + 2

10 + + 2

11 + + 2

12 + + + 3

13 + + + 3

14 + + + 3

15 + + + 3

16 + + + 4

17 + + + + 4

18 + + + + 4

19 + + + + 4

20 + + + 4

21 + + + + + 5

22 + + + + + 5

23 + + + + + 5

24 + + + _i_ + 5

25 + + + + 5

The upper row shows the normal range o f the respective values found in healthy individuals. 
Va ues o f the patients exceeding the normal range are marked by +  • The three colum ns at the 
righ t side represent the groups into which the patients fall on the basis of their erythrocyte counts. 
The figures in the columns represent the number of enzym es w ith increased a ctiv ity
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1. In a significant number of subjects w ith  chronic hepatitis, th e  concen
trations of GOT, Á L D , G-6 -PD H , L D H , A cPh and PE per 109 erythrocytes  
were higher than in the healthy controls.

2. In the m ajority  o f cases, m ore th an  one enzym e is present in  increased  
am ounts. All that m ay  be inferred from  th e various com binations o f  th e  sim ul
tan eou sly  increased enzym e levels is th a t

Acidphosphotose Aldolase GOT G-6-PDH LDH
•• •

и и и и и и
• •

0,500- 700-
•

500- 500- 12000- 20-
• •

0450- 780- 450- 450- .  71000- 1,8'
0.400- 760- 400- .  400- **70000-

•
7,6-

0350- • 740- • 350- 350- • •  9000- 7,4-

0300- • • 120-
• зоо- зоо- Оо X 8000- • • 7,2-

0250-
О

•
100- 250- X 250- оо

оо 1x7000-
X*
• 1,0-

0,200- о
о I 80- 1 * 200- •  200- о 6000- | : 08-

0,150- о°
О

• о О X *
«о 60 о о ! : 150- » 750- 5000- я° 0,6-

8 ° : : о  о X

1«
! •

0,700- • •
• 40- о

о
о

100-
яя I IS 700 4000- о

I• Q4-

0,050- 20- о о 50- § °  X «  50- зооо- Q2-

Peptonase

! :

Fig. 1. A cP h, ALD , GOT, G -6-PDH, L D H  and P E  a c tiv ity  o f erythrocyte pop ulation  in 10 
healthy individuals ( ° ) and in  25 patien ts w ith  chronic hepatitis ( • )

(a) increased enzym atic contents o f  th e  erythrocyte population m a y  occur 
in anaem ia and in  its  absence alike;

(b) on the other hand, the incidence o f  sim ultaneous increase in  th e  con
centrations of several enzym es is related  to  th e  severity  of anaem ia (Table I). 
In Group I (5—4 m illion) comprising 10 cases, 4 individual enzym es showed  
increased concentrations in 2 cases, and 3 enzym es in one case on ly . In  Group 
III  (definite anaem ia) w ith 6 cases, 4 enzym es had increased concentrations in 
5 cases, and 3 in one.

3. No correlation has been found betw een  the enzym atic contents and the  
results o f  liver function  tests. This is illu strated  b y  the evidence o f th e  thym ol 
tu rb id ity  test in F ig. 3, as also by the serum  enzym e values and the electrophor
etic  serum  protein pattern. To see th e  significance of the data show n in Figs
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1 to  3 and in Table I in their proper light, it  should  be borne in m ind th a t the  
en zym atic  contents o f  the erythrocyte change during the successive phases o f  
its ex isten ce  (birth, m atu rity , ageing). Certain correlations reflecting th is b io 
log ica l n ecessity  are d isp layed  in Fig. 4, on th e  grounds of the literature [15, 
16, 17, 24] and our earlier results [29].

m ill. E mill. E mill. E

Fig. 2. E nzym e a c tiv ity  o f eryhtrocyte population p lo tted  against erythrocyte count. The  
horizontal line dividing th e  diagram  represents th e  upper lim it of normal enzym e a c tiv ity , 
and th e  intersecting perpendicular line the lowest norm al erythrocyte count (E =  ery th rocyte)

F ig . 4 shows the follow ing relationships.
1. The enzym atic contents of the eryth rocyte  population (the b lood  

sam ple) depend on the ratio o f  young, m aturing, m ature and ageing elem ents. 
A  h igh  incidence o f you n g elem ents m ay n aturally  account for increased  
en zym atic  activ ity .
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2. During the successive life phases o f th e  erythrocyte, the a c tiv ity  o f  the  
individual enzym es changes to a variable ex ten t. As regards the q u an tita tive  
changes, the enzym es fall into three groups.

T ype a ) .  The m axim al a ctiv ity  o f  these enzym es is confined to  th e  reti
cu locytes, to  dim inish gradually during the process of m aturation to  values  
characterizing the m ature elem ents (G-6 -P D H , ALD).

Fig. 3. E nzym e a c tiv ity  o f erythrocyte population  p lo tted  against the values o f  the thym ol 
turbidity test. The horizontal line dividing the fie ld  represents the upper lim it o f  norm al 
enzym e a c tiv ity , the intersecting perpendicular line the upper lim it o f  normal thym ol turbidity  

values (expressed in M cLagan un its) (E  =  erythrocyte)

T ype b ). These enzym es do not change their activ ity  sign ificantly during  
the process of m aturation. The values per 10я reticulocyte and per 10® m ature  
erythrocyte are nearly equal (D iaphorase).
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% Diaphorase

311IIII 1 1
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PGADH

1 1 1  .
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ill ■___ _
f i g .  4. Individual enzym e activ ities during 
the various life periods o f erythrocytes. Chan
ges in  enzym e activ ities in  the course of the 
m aturation  o f erythrocytes is expressed by  
the h e ig h t o f the colum n, in a m anner that 
the reticu locytic  enzym e activ ities are given  
for each  individual enzym e as 100% . The 
low est part o f the diagram  illustrates that 
liver disease m ay be associated  w ith  a short 
eryth rocyte  life-span but it  is unknown at 
w hich  phase of its developm ent the injury  

responsible for the change occurs

F ig. 5. Changes of ALD , GOT, G -6-PD H , 
A cP h and P E  activ ity  in rabbit eryth rocytes, 
parallel w ith  the production and recovery  
o f phenylhydrazine-anaem ia. The height o f 
the colum ns expresses the percentual changes 
o f the ind ividual enzym es against the in itial 
values assum ed to be 100%. The changes in  
the a c tiv ities m ay be correlated w ith  those of  
the erythrocyte and reticulocyte counts also 
in  their tim e relations. The tim es o f the ph en yl- 

hydrazine injections are marked b y  arrows

T ype c ). These enzym es preserve their original activ ity  throughout, 
ex cep t for a slight decline parallel w ith  ageing o f  the erythrocyte (P G A D H ).

3. The tim e required b y  the individual enzym es to  attain the concentra
tion s characterizing the m ature erythrocytes is individual, as shown b y  the  
present findings (F igs 5, 6 ).

4. It is w ell-know n that the process o f m aturation and ageing o f  the  
eryth rocytes im plicates m etabolic changes affecting the uptake o f 0 2, sugar 
and am ino acids, fa t exchange, electrolyte, A D P  and ATP contents, e tc . It 
need not be em phasized th a t enzym atic a c tiv ity  is in tim ately  involved in these  
changes.
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To understand the pathophysiologic involvem ent o f the en zym atic  proc
esses in liver disease and to  derive diagnostic indications from th ese  changes, 
we m ust know  in which particular phase o f erythrocytic d evelopm ent the 
enzym es assum e pathologic levels. More exactly , we would have to  clarify the 
follow ing questions.

(a) Are the erythrocytes affected b y  liver disease while still w ith in  the 
bone marrow ? This w ould im ply that the very  reticulocytes entering the 
blood stream  have an abnorm al m etabolism , abnorm al enzym atic activ ities;

(b) or is it in the phases o f  m aturation, m aturity  or ageing o f  th e  circulat
ing erythrocytes th at their m etabolism  is dam aged ?

(c) does it bear any relationship  to  the nature or severity  o f  liver  disease 
w hether it affects the eryth rocytes during their intram edullary or extram ed
ullary life or during both ?

H aem atologic studies point partly to  intram edullary [7, 35, 37 ], partly to 
extram edullary damage [3, 8 , 26, 30] o f  the erythrocytes. This still leaves many 
questions open which m ight be clarified b y  m odel experim ents on animals 
suited  for a com prehensive evaluation  o f the hepatogenic and haem atogenic  
factors including the phases o f  erythrocytic m aturation as well as th e  nature and 
severity  o f hepatic dam age. The m ethod described earlier [29] has b een  found to 
suit the purpose. It consists in inducing phenylhydrazine anaem ia in rabbits 
and to analyse the subsequent changes in the blood counts and in th e  erythro
cy tic  enzym es, according to  F ig. 5.

The changes induced in healthy  rabbits presented the fo llow ing pattern.
1. 24 hrs. after the first injection o f phenylhydrazine, s ign ificant anaemia 

and reticulocytosis appear. Seven  days after the third phenylhydrazine injec
tion , reticulocytosis atta ins 70 to  80% and the enzym atic a c tiv itie s  o f  the red 
blood cell population are at their peak.

2. D iscontinuation o f  phenylhydrazine treatm ent is follow ed b y  a succes
sive increase in the erythrocyte count and by a parallel decline in the reti
cu locyte count. The enzym e contents of the red blood cell p op u lation  shows a 
sim ultaneous decline, but the tim e in which the a ctiv ity  characteristic of 
m ature elem ents is atta ined  varies with the individual enzym es.

(a) The PE and A cP h activ ities decline together w ith the reticulocyte  
count. O f all the enzym es exam ined these showed the earliest return to the 
values characteristic o f m ature erythrocytes.

(b) On the 28th day w hen the reticulocyte count has returned to  norm al, the 
GOT, A L D , and G-6-P D H  activ ities in the young erythrocyte population  are 
still higher than in the m ature population.

3. I f  haem opoiesis is w ith in  the physiologic range, in other words, if  it 
has to provide for the rep lacem ent of the physiologic breakdow n o f erythro
cy tes, then  the enzym e concentrations o f the erythrocyte population  are within 
normal lim its.
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4 . Enzym e a ctiv ity  o f  th e  erythrocytes th u s defines the exten t o f  reactive  
erythropoiesis by which th e  norm al bone m arrow responds to anaem ization  
(b y  b lo o d  loss, p h en ylh yd razin e, etc.). The en zym e pattern o f haem opoiesis 
a sso c ia ted  with definite reticu locytosis is characterized b y  an overall increase 
in  th e  GOT, ÁLD, G-6 -P D H , L D H , AcPh and P E  activ ities o f the erythro
c y te s .

5. A  sim ultaneous in crease  in the GOT, A L D , and G-6 -P D H  activ ities  
o f  th e  erythrocyte p o p u la tion  is suggestive o f a c tiv e  erythropoiesis, i.e. o f the  
p reva len ce  of juvenile m atu rin g  elements, even  in  th e  absence o f reticu locy
to s is .

O wing to their regu lar ity , these responses are th u s suited for m odel exp e
r im en ts  in the study o f h e p a tic  lesions. The w ide range o f m etabolic changes 
asso c ia ted  with chronic h ep a tit is  makes it  necessary  to study the reactive  
eryth rop oietic  capacity o f  th e  bone marrow in h ep atic  injury o f various charac
ter  and  severity, released b y  acute, chronic, CC14, ethionine, th ioacetam ide, 
a lco h o l, immune and n u tr it iv e  factors.

T he aim of the stu d ies to  be reported w as to  estab lish  how in rabbits af
ter  CC14 liver injury en zym e erythrocytic a c tiv ity  is affected by

(a) phenylhydrazine anaem ia;
(b) the subsequent rea ctiv e  reticulocytosis;
(c) the process o f m atu ration  of fresh eryth rocytes.

S ince CC14 m ay cause in ju ry  to the bone m arrow  also, we had to  find out 
th e  d ose definitely injurious to  the liver w ithout affecting the hone marrow. 
T he d a ta  of this experim ent are presented in Table II .

T he figures of T able I I  reveal the follow ing:
1. In  rabbits, CCI4 in d u ces hepatic dam age th e  severity  o f which depends 

on th e  dose. The ery th rocyte  count is unaltered even  after the second dose. 
On th e  fourth day there is a s lig h t reticulocytosis w hich  m ay be ascribed to  the  
b lo o d  loss connected w ith  th e  blood samplings since it  was m anifest in the test  
an im als as well as in the in ta c t  controls. This d iscreet reactive reticulosis is one 
o f  th e  v ery  signs that th e  d ose  o f CC14 em ployed in  th e  study has not affected  
th e  b on e  marrow.

2. After the second in jec tio n  of CC14, on th e  e igh th  day o f the experim ent, 
th e  h ep a tic  parenchyma is s t ill  severely affected. T his m ust be stressed because  
o f  b e in g  coincident w ith  th e  b irth  of the new eryth rocyte  population. The pres
en ce o f  liver damage w as reflected  by increased serum  A LD  and GOT levels. 
I ts  criterion , however, w as th e  microscopic appearance o f the liver, since the  
lev e ls  o f  ALD and GOT sh ow ed  no consistent relationships either w ith the 
m orphologic picture or w ith  th e  administered dose o f  CC14. In other words, the  
in crease  in enzyme a c tiv ity  m erely  reveals the presence o f liver dam age w ith 
o u t b e in g  correlated w ith  its  severity.
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Table II

Effects o f  various doses o f  CC14 on reticulocyte count, serum  GOT, and on the morphology o f the liver
in rabbits

Number of

CCI4 ml/kg on 
let and 3rd 

day of study
Reticulocyte per mil 

on
Serum GOT U on M icroscopic appea

rance of liver on the  
8th  day of experi
m ent. (H aem atoxi-

animal
single total 1st 2nd 3rd 4th 1st 2nd 3rd 4th

dose dose
day of experiment day of езcperiment lin-eosin staining)

Controls 1 6 12 10 22 18 20 17 21 _
2 — — 7 11 l i 20 16 19 23 17 —

CC14 3 0.2 0.4 4 10 8 22 20 650 2800 1400 Prevalently centrilobular round cell infiltra-
4 0.2 0.4 8 9 10 23 16 450 2100 1350 tion; cloudy swelling, vacuolation, am itotic 

cell divisions, binuclear cells.

CC14 5 0.4 0.8 7 13 12 29 23 540 2740 860 The foregoing changes w ith  a greater number
6 0.4 0.8 7 10 13 27 30 500 1450 720 of amitoses.

CC14 7 0.6 1.2 10 8 11 24 25 1200 3100 1140 Centrilobular necrosis, round cell infiltration,
8 0.6 1.2 11 10 10 23 18 850 2050 720 vacuolation. The number of am itotic di

visions and of binuclear cells is still greater 
than in the former group.

CC14 9 0.8 1.6 5 7 12 30 17 1150 3200 1250 Centrilobular necrosis is more marked than
10 0.8 1.6 8 8 14 31 21 940 3130 740 in the other groups. Cell divisions and 

binuclear cells are scarcer.
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A fter these prelim inary experim ents acute liver  injury was induced w ith
0.2 m l per kg o f CC14 adm inistered by the oral route on three occasions. In the  
predeterm ined tim es m arked in the diagram s, tw o controls received CC14 
alone, four anim als received  CC14 and su b seq u en tly  phenylhydrazine. R esults  
are show n in Table I I I  and in  Fig. 6 , which represents data of animal No. 5 and  
illu strates the changes in th e  erythrocyte and reticu locyte counts, as w ell as in  
th e  enzym e activ ities o f  the erythrocyte population .

I. Effect o f  CCl4 on erythrocytic and serum  enzyme activity

1. Serum GOT and A L D  levels were increased on the very first day fo l
low ing the first dose o f  CC14.

2. The enzym e con ten ts of the eryth rocyte population rem ained u naf
fected  even after the second dose of CC14, but serum  GOT and A LD  a ctiv ity  
continued  to increase. The reticulocytosis elicited  b y  the blood sam plings was 
to o  sligh t to be m ade recognizable owing to  th e  m easure o f the present scale 
(Table III).

I I . Effect o f  phenylhydrazine in CCl4-pretreated rabbits

1. (a) Phenylhydrazine-induced anaem ia, the accom panying reticu locyto
sis and the eventual norm alization  of the eryth rocyte and reticulocyte counts  
fo llow ed  the same p attern  as in healthy rabbits.

(b) Enzym e a ctiv itie s  per 109 erythrocyte in  the new population in 
creased parallel w ith  the reticulocyte count.

(c) R eticu locytosis reached 80% in the poisoned  rabbits as well.
(d) E rythrocytic P E  and AcPh activ ities declined to values characteristic  

o f  m ature elem ents parallel w ith the reticu locyte count.
(e) E rythrocytic GOT, ALD and G-6 -P D H  activ ities exceeded norm al 

va lu es even after norm alization  o f the reticu locyte count.
2. It  has thus been dem onstrated th at in  CC14 induced liver injury whose 

sev er ity  is characterized b y  centrilobular round cell infiltration, cloudy sw ell
ing and vacuolization , a tendency to am ito tic  cell division and num erous 
binuclear cells:

(a) the m edullary response pattern to  anaem ization  is that o f the h ea lth y  
bone marrow;

(b) reticulocytosis likew ise follows the norm al pattern;
(c) as estim ated  b y  the enzym e activ ities , m aturation of erythrocytes  

developed  during liver injury also proceeds norm ally.
This evidence further suggests that the reticu locytic  enzym e activ ities are 

also norm al, a supposition  vdiich has yet to  be confirm ed.
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Table III

Serum and eryhlrocytic enzymes in rabbits in the course o f  development and subsidence o f  phenyl- 
hydrazine anaemia released during CCI, induced liver injury

Day of 
experi
ment

E
million

Reticulo
cyte per 

mil

Serum enzymes Erythrocytie enzymes

AlPh I GOT j ALD I PE 1 AcPh I COT 1 ALD 1 PE ] G-6-PDH

R abbit No. 1

l  j 4.7 14 0.6 30 1 4.8 49 0.36 90 12 0.67 286

4 4.5 9 1.8 235 27.0 108 0.25 108 11 0.40 273

8 4.6 23 6.5 312 32.0 69 0.32 112 11 0.73 290

12 4.0 18 3.0 46 6.0 82 0.39 115 12 0.80 250

15 4.2 28 0.9 56 4.4 54 0.29 114 13 0.73 287

20 4.2 46 0.7 14 4.8 66 0.26 105 10 0.47 295

26 4.7 20 0.7 30 3.7 53 0.30 110 12 0.67 290

33 4.6 24 0.6 32 4.2 54 0.31 100 12 0.67 292

Rabbit No. 3

1 4.4 19 0.6 18 4.8 65 0.40 100 12 0.83 271

4 4.0 32 4.2 100 12.0 82 0.48 126 15 0.97 264

8 4.2 23 8.4 205 21.0 63 0.47 97 15 0.67 290

12 2.4 632 3.6 57 8.2 66 0.44 420 37 1.60 415

15 1.2 785 0.9 60 12.0 83 0.65 418 44 0.93 754

20 3.4 198 1.0 76 8.8 82 0.65 290 27 0.77 680

26 3.5 22 0.7 80 5.2 60 0.45 330 24 0.90 540

33 4.3 8 0.7 36 4.1 51 0.38 130 18 0.87 392

Rabbit No. 5

1 4.6 25 1.0 16 7.3 79 0.37 102 15 0.75 256

4 4.6 24 7.2 76 11.0 140 0.38 85 16 0.68 274

8 4.2 25 16.0 185 30.0 170 0.36 110 14 0.77 272

12 2.6 242 14.0 52 11.0 100 0.53 310 25 1.36 527

15 1.2 895 5.0 48 15.0 61 0.77 460 39 1.42 842

20 2.9 196 1.4 62 12.0 76 0.53 310 31 1.33 626

26 3.9 22 1.2 61 3.0 70 0.31 240 27 0.87 493

33 4.5 16 0.8 26 5.6 63 0.33 156 23 0.73 401

R abbits N os. 1 and 2 received an oily  solution o f  0.2 m l/kg CCI, through a stom ach  tube 
on the 1st, 3rd and 5th days respectively o f  the study. R abbits Nos 3 jto 6 received 0.2 ml/kg 
CC14 through a stom ach tube on the 1st, 3rd and 5th  days respectively, and 15 m g/kg phenyl- 
hydrazine subcutaneously on the 9th, 11th and 13th days respectively.
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Table III, continued

E
million

Reticulo
cyte, per 

mil

Serum enzymes Erythrocytic enzymes

AlPh GOT ALD j  PE AcPh GOT ALD PE I  G-6-PDH

Rabbit N o . 2

l 4.9 23 0.9 28 6.8 54 0.37 91 13 0.87 260
4 4.9 25 4.9 60 18.0 90 0.50 100 15 1.06 246
8 4.6 18 11.0 210 28.0 120 0.41 90 13 0.93 273

12 4.7 32 7.6 70 10.0 96 0.32 87 13 0.80 298
15 4.3 27 2.1 48 5.0 72 0.37 87 13 0.97 254
20 4.5 18 1.0 32 3.9 70 0.39 87 12 0.70 272
26 4.8 24 1.1 29 4.6 68 0.31 91 13 0.73 278
33 4.7 30 0.8 34 5.2 50 0.37 86 13 0.87 280

Rabbit N o. 4

1 4.6 2 0.5 19 4.2 30 0.28 105 11 0.78 293
4 4.8 11 2.6 166 11.0 22 0.35 97 11 0.73 272
8 4.6 15 6.9 326 27.0 16 0.30 90 11 0.53 310

12 4.3 370 4.1 86 9.0 26 0.32 176 18 0.87 574
15 2.6 889 1.4 86 10.0 15 0.52 264 31 0.50 927
20 2.8 312 0.6 64 6.2 33 0.66 264 39 1.10 632

26 2.9 230 0.5 40 7.1 32 0 .27 . 168 28 1.06 580
33 4.4 18 0.6 22 5.0 32 0.25 140 15 0.72 420

Rabbit No. 6

1 4.8 20 0.6 60 6.2 60 0.37 104 13 0.67 293
4 5.0 14 2.6 200 13.0 100 0.24 107 11 0.66 271
8 4.2 30 4.9 300 21.0 110 0.33 116 15 0.70 250

12 2.1 309 2.8 210 16.0 80 0.33 450 30 1.10 486

15 2.2 608 1.0 70 12.0 70 0.66 470 40 2.08 742
20 3.9 312 0.7 82 8.0 58 0.43 366 33 2.00 452

26 4.3 95 0.8 40 6.4 50 0.35 145 22 1.34 452

33 4.9 17 0.7 26 6.0 52 0.33 130 17 0.70 371
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Fig. 6. Changes in the activ ities o f  erythrocytic ALD , GOT, G -6-PD H , A cPh, P E  and of  
serum A LD  and GOT in rabbit (N o 5) in  the course of develop m en t and recovery of phenyl- 
hydrazine-induced anaem ia during hepatic injury caused b y  CCI,. The height o f the colum ns 
expresses the percentual changes o f the individual enzym es against the initial values as
sum ed to be 100%. The tim e relationship of these changes w ith  those o f the erythrocyte and 
reticu locyte counts emerge from  the diagram. The tim es o f adm inistration  of CC14 are m arked  

by bidirectional, those o f phenylhydrazine b y  unidirectional arrows

Discussion

A gainst the conclusive va lue of the enzym ologic data presented in Table  
I and in Figs 1 to  3 Yve have to  weigh the follow ing inconsistencies:

(a) E nzym e activ ities in th e  erythrocyte population  were unrelated to  the  
evidence o f liver function  tests  reflecting th e  sever ity  o f hepatic dam age.
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(b) The enzym e contents o f the erythrocytes m ay be increased whether 
or n o t the subjects w ith  liver disease were anaem ic. The on ly  find ing  worthy  
o f  n o te  was that the sever ity  of anaem ia seem ed to be related to  th e  number of 
in d iv id u a l enzym es accounting  for the high activ ities in the erythrocyte popu
la tio n .

A  similar in con sisten cy  em erges from  the literature in respect to the 
in cid en ce of haem atologic changes suggestive of erythropoietic dam age in liver  
d isease  and to the possib le connections betw een  these abnorm alities. Com
prehensive studies [2 ,3 ,6 ,1 2 ,2 2 ,3 7 ]  yield  the following inform ation concerning 
th e se  points.

1. In liver cirrhosis th e  incidence o f  anaem ia is 10, 48 , 78% ; increased  
su scep tib ility  of eryth rocytes to  haem olysis 40; anomalies o f folic acid m etabo
lism  30; anomalies o f  v ita m in  B 12 m etabolism  30, 50; la tent in testin a l haem or
rhages 30, 40; m acrocytosis 10, 30% , respectively .

2. It also deserves m entioning that
(a) the above anom alies of haem opoiesis m ay occur in  established liver 

cirrhosis even in the absence o f  anaem ia;
(b) no consistent relationships are dem onstrable betw een the individual 

param eters indicative o f  haem opoietic im pairm ent. For instance, on the evi
d en ce o f  the erythrokinetic studies b y  T a r t a r o g l u  et al. [36] in 25 cases of 
chron ic hepatitis, a shorter life-span o f erythrocytes m ay be found under nor
m al conditions, as w ell as in the presence o f  a pattern o f m edullary hyper
a c t iv ity . On the other hand, a norm al erythrocyte life-span m ay he likewise 
associa ted  with a pattern  o f m edullary h yp eractiv ity . The correlations between  
th e  life-span of erythrocytes and sp lenom egaly emerge from the literature as 
b e in g  sim ilarly inconsisten t. In  50%  of th e  reported cases the life-span of 
eryth rocytes was reduced and in the other 50% , normal. An insignificant 
enlargem ent of the spleen m ay  be associated w ith  a short erythrocyte life-span.

T w o circum stances m ay  be held responsible for the in con sisten cy  in the 
in cid en ce and in the m utual correlations o f the various indicators o f  haenio- 
p o ie tic  impairm ent, even  in typ ica l cirrhosis, viz.:

1. The complex pathogenesis o f  hepatogenic anaemia. A naem ia in liver 
d isease  is the result o f  m ultip le factors such as m etabolic anom alies o f  various 
ch aracter, noxious m etabolites, autoim m une m echanism s, etc ., w hich  m ay 
affec t haem opoiesis at different phases and at different levels, including the  
sites  o f  neurohormonal regulation.

2 . The compensatory capacity o f  the erythropoietic system. A naem ia remains 
p resu m ab ly  absent in liver disease until reactive erythropoiesis is no longer 
su ffic ien t for the com pensation  of the injury to  erythrocytes.

In  the light of th e  above it seem s ju stified  to differentiate (i) “ m anifest” 
from  (ii) “potential''’ hepatogenic anaem ia w hich latter term  refers to  the 
co n d itio n  characterized b y  certain abnorm al features pointing to  erythropoietic
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dam age such as m acroplanocytosis, reduced erythrocyte life-span, one or more 
of th e  above enzym atic abnorm alities, though actual anaem ia is absent.

E arly detection o f potentia l hepatogenic anaem ia is o f obvious im portance. 
The practical issue o f th ese  investigations on the question w hether the changes 
in erythrocytic enzym e activ ities in hepatic disease m ay be regarded as one of 
the early diagnostic signs of hepatogenic anaem ia, and its theoretical issue 
in vo lves the questions (i) whether acquired dam age to  the erythrocytes m ay 
be defined by the enzym e contents o f  the erythrocyte population , and (ii) 
w hether it is the m edullary function or the circulating erythrocytes which 
suffer damage.

1. The present experim ents h ave led to the defin ition  o f the character and 
sever ity  o f a parenchym al diffuse lesion  where

(a) the m edullary function, expressed in term s o f reticu locytosis, is still 
u naffected , i.e. capable o f normal reticu locytic response, and

(b) where the process of erythrocyte m aturation m easured by the changes 
in th e  enzym e a c tiv ity  o f  the population also seem s unaffected.

In hepatic dam age o f the described nature and severity , a sim ultaneous 
increase in the erythrocytic  G-6-P D H , ALD and GOT activ ities is a sign of 
reactive erythropoiesis even in the absence o f reticu locytosis.

As generally know n, certain m orphological and biochem ical characters 
o f th e  erythrocytes are com m on to  all anim al species, others are particular to  
th e  individual species [9, 34]. For instance, the a c tiv ity  of the individual 
enzym es per 109 erythrocyte varies according to th e  species. The erythrocytic  
GOT, ALD , G-6 -P D H , LD H , A cPh and PE activ ities found in the present 
stu d y  apply to rabbits only. H ow ever, the enzym atic changes associated Avith 
erythrocyte m aturation have a general va lid ity  from  theoretical as well as from 
diagnostic aspects, th e  more so as th e  G-6 -P D H , A LD  and GOT activ ities of 
ju ven ile  erythrocytes per 109 is high in hum ans, too .

II. 1. Many subjects w ith chronic hepatitis d isplay increased concentra
tion s per 109 erythrocyte o f one or several enzym es. Increase in GOT, ALD, 
G-6 -P D H  is suggestive o f increased reactive erythropoiesis, i.e. the proportion  
betw een  juvenile and m ature elem ents exceeds the physiological range by 
the prevalence o f th e  former. Arising as a response to  the increased breakdown  
o f  m ature erythrocytes, th is is an indirect sign o f erythropoietic dam age.

2. Some of the patients w ith liver disease studied  in the present series 
show ed increased L D H , AcPh and P E  activ ity . The a ctiv ity  o f other enzym es 
w as increased or norm al. The possible diagnostic va lue o f th is find ing has yet 
to  be established. S till, it m ay be assum ed that the changes in these and pos
sib ly  in other enzym es m ay well be due to dam age to  the m ature rather than to 
the immature elem ents. This is w hat the results o f our earlier experim ents seem  
to  suggest [28]: in severe chronic liver injury the high erythrocytic PE  and 
A cP h  activities were not invariably associated w ith  reactive erythropoiesis.
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3. Our daim s are supported  by the close relationship betw een  the sever
ity  o f  hepatogenic anaem ia and the prevalence o f  the enzym e pattern o f reac
t iv e  erythropoiesis, i.e . a sim ultaneous increase in  the a c tiv ity  per 109 erythro
c y te  o f  several enzym es.

On the grounds o f th ese  considerations hepatogenic anaem ia m ay be 
regarded  as a process w hich  falls into the fo llow ing periods.

1. Erythrocyte count is normal and the GOT, A LD  and G-6 -P D H  activ 
i t y  o f  th e  erythrocyte p op u lation  is in the norm al range. This still does not 
e x c lu d e  the possibility th a t  th e  bone marrow m ay have suffered dam age o f  
so m e k ind , but if  it has, it is certain ly  not o f a degree to  elicit a reactive eryth
rop oiesis reflected b y  th e  erythrocytic GOT, A L D  and G-6 -P D H  activ ities.

2 . The erythrocyte co u n t is normal. Their GOT, A LD  and G-6 -P D H  
a c tiv it ie s  are higher th an  norm al, as a sign of increased reactive haem opoiesis. 
T h e norm al erythrocyte co u n t indicates that the organism  still possesses 
su ffic ien t means of com p en sation  for the dam age to  the erythrocytes (“ poten
t ia l hepatogenic anaem ia” ).

3 . Anaemia is present and  erythrocytic enzym e a c tiv ity  is increased.
T his indicates th a t th e  com pensatory capacity  o f the hone marrow, expres

sed  in  term s of eryth rocyte count, is incom plete (“ partial com pensation  of  
h ep a to g en ic  anaemia” ).

4 . In  the presence o f  anaem ia, there is no increase in erythrocytic GOT, 
A L D  and G-6-PD H  a c tiv ity ;  if  there is any reactive erythropoiesis, it is 
in ad eq u ate . This is su ggestive  o f  major dam age to  haem opoiesis (“ decom pensa
tio n  o f  erythropoiesis” ).

D istinction  of three phases o f  hepatogenic anaem ia is, m oreover, ju sti
fied  on  th e  following clin ical grounds: (a) anaem ia and the enzym atic  changes in  
th e  erythrocyte population  associated  with acute h epatitis are transitory and 
cease  parallel with recovery; (b) permanent anaem ia occurs principally in  
ch ron ic  hepatitis when th e  in ju ry  to  erythropoiesis m ay have exhausted  the  
com p en satory  capacity to  it s  u tm ost lim its. The im portance o f  enzym atic  
stu d ies  in  chronic h ep atitis lies  in the possib ility  o f  detection  o f hepatogenic  
an aem ia  in  its latent p h ase, it  being apt to  reveal the presence o f  reactive  
erythropoiesis arising in  response to  haem opoietic dam age at a stage where 
a n a em ia  is still absent.

I I I .  The blood sam ples contain  damaged ertyhrocytes w hich obviously  
a ffect th e  enzyme co n ten ts  o f  th e  population. I t  is to  be assum ed th at 
m eta b o lic  impairment o f m atu re erythrocytes, for instance their early ageing, 
m u st h a v e  definite con n ection s w ith  changes in  th e  enzym e a c tiv ity  o f  the 
ery th ro cy te  population. T h at hepatic disease affects the m etabolism  o f mature 
ery th ro cy tes  is a fact su b sta n tia ted  by extensive clinical investigations. There 
is ev id en ce  of a reduction in  A T P  content [38] and in the g lutath ion-capacity  
[23] o f  th e  erythrocyte p op u la tion , further o f a d elay  in the oxygen  saturation
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curve o f  haem oglobin [4]. E rythrocytes o f healthy  individuals transfused into  
subjects w ith hepatic cirrhosis m ay suffer m orphologic changes characteristic  
of hepatic disease, including planocytosis as well as reduced life-span [30, 31, 
32]. The questions w hether injury to m aturing erythrocytes is identifiable  
on the grounds o f enzym ologic evidence and if  so which o f the enzym e system s  
will reveal the injury m ust be decided by further studies. This w ill at the same 
tim e help to  reconcile th e  opposing view s voiced in the literature for more than  
eigh ty  years w hether hepatic dam age to the erythrocytes asserts itself 
w ithin  or outside the bone m arrow or possibly in both w ays.

*  *  *
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PROBLEMS OF ERYSIPELAS. Ill
STREPTOCOCCAL VACCINE T R E A T M E N T  OF R E L A PSIN G  E R Y SIP E L A S

By

S. K o r o s s y , ö .  R a j k a , J. B ö s z ö r m é n y i  a n d  M. G ó z o n y

SECOND SECTION OF DERMATOLOGY, KUN STREET MUNICIPAL HOSPITAL, SECTION OF 
DERMATOLOGY, ISTVÁN HOSPITAL, AND INSTITUTE FOR SEROBACTERIOLOG1CAL PRODUCTION 

AND RESEARCH HUMAN, BUDAPEST

(R eceived  May 6, 1967)

A total o f 69 patients w ith  recurrent erysipelas (the num ber of recurrences rang
ing between 2 and 72) has been subjected to active  im m unization w ith  a polyvalent 
A -type streptococcal vaccine prepared from 14 strains prevailing in H ungary, all possess
ing M antigen and being toxic to albino m ice. T he m ajority o f  the p atien ts received 6 
immunizing and 6 booster doses. 29 patients (42% ) had no recurrence during a period 
from 9 to 27 m onths. Considering the individual pattern  or earlier recurrences in these 
cases, this m eans th a t 4.5 recurrences rem ained absen t in each case. In 22 cases (31.9% ) 
relapses appeared as before. 18 patients (26.1% ) had no relapse but were not expected  
to have any, the intervals betw een earlier relapses having been longer than  the follow-up 
period. The skin reaction elicited by intraderm al injection of the streptococcal vaccine  
was enhanced in 7.3%  of the cases in  the course of treatm ent in contrast to that produced 
by the intraderm al injection of the therm ostable factor which dim inished in in tensity  or 
became normal in 20.4% . As regards the circulating antibodies, the titre  o f antistrep- 
to lysin -0  increased in 20.3% , th a t o f antistreptokinase in 11.6%  o f the cases.

The first stu d y  o f this series ( R a j k a  [1966]) was concerned w ith  the  
m echanism  o f sensitization  involved  b y  streptococcal in fections, in the first 
line b y  erysipelas and other streptococcal skin affections. It has been shown  
th at the conditions in question are characterized by a certain im m une defi
ciency, particularly as regards th e  delayed ty p e  o f  sensitization  essentially  
cellular in character, and that persistent recurrences of erysipelas are suggestive  
of a deficiency in  circulating “ p rotective” antibodies.

The second stu d y  ( B ö s z ö r m é n y i  [1967]) dealt w ith  the grouping and 
ty p in g  of streptococci and w ith questions o f  their virulence. The results offered 
an explanation for the deficiency o f “ protective” antibodies, iso lated  strains 
having  been identified  as avirulent or o f slight virulence owing to  the lack of 
M -protein-antigen.

The present stu d y  deals w ith  problems posed by the treatm en t of recur
rent erysipelas.

1. The prim ary task  is to  control the acute inflam m atory process induced  
b y  th e  streptococcal infection. Penicillin  is still generally held to be the drug 
of choice for th is purpose ( A d a m  [1966] , W e b e r  [1966]), a v iew  to which 
the present authors fu lly  subscribe on the grounds o f their own observations. 
Combined with sulphonam ides, it  m ay gain in efficiency ( K o r o s s y  [1964], 
K o r t i n g  [1966]). A llergy to penicillin or to  sulphonam ides calls for erythro
m ycin  in uncom plicated cases ( L i v i n g o o d  [1964]) and for tetracyclin es in the 
case of venous involvem ent ( M e y e r - R o h n  [1961]).
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2 . One of the prerequisites o f  efficient prevention is to deal w ith  the 
p orta l o f  entry of the agent and to  influence the regional factors favourable  
to  th e  infective process ( D o s t r o v s k y  [1955], B e r e z h n o i  [1959], M e y e r - 

R o h n  [1961], R ö c k l  [1965], A d a m  [1966], D i m i t r e s c u  [1966], K o r t i n g

[1966], W e b e r  [1966]). It  has been pointed out earlier ( R a j k a  [1966]) that 
th e  ex ten siv e  spread o f m y co tic  infections has greatly  contributed to  the 
in cid en ce o f recurrent erysipelas, since the in terd igita l erosions, m acerations 
and fissures of m ycotic origin generally harbour streptococci as dem onstrated  
b y  severa l authors ( B a z y k a  [1963], M a i b a c h  [1965], E r e m i n a  [1966], D i 

m i t r e s c u  [1966]). F lare-up o f  the m ycotic process facilitates the access to  
th e  reg ional lym phatics o f streptococci and their spread to  the affected  part, 
th u s g iv in g  rise to a relapse. Prolonged antim ycotic  treatm ent m ay in  itse lf  
lead  to  com plete cure ( B e r e z h n o i  [1959], R ö c k l  [1965]). The source o f  in fec
tio n  m a y  be situated in any region  (e.g. retroauricularly, or in  the subm am m ary  
fo ld s). T he nasal cav ity  o f h ea lth y  carriers is another possible source o f  strepto
coccal contam ination o f c lo th in g  and skin ( H a m b u r g e r  [1946]). Interpretation  
o f th e  pathogenesis of recurrent erysipelas in  the ligh t o f an “ infective strepto
coccal focu s” gave rise to  prolonged treatm ents w ith  high doses o f penicillin, 
e.g . 1 M U daily ( M e y e r - R o h n  [1961], L i v i n g o o d  [1964], A d a m  [1966], 
K o r t i n g  [1966]) continued for ten  further days after the clinical m anifesta
tion s h ad  been brought under control ( M e y e r - R o h n  [1961], L i v i n g o o d  

[1964], A d a m  [1966], K o r t i n g  [1966]). L i v i n g o o d  (1964) suggested m onthly  
in jectio n s o f 1.2 M benzath ine-penicillin , or 400,000 U  every other day  b y  the  
oral rou te , to he continued over  six  m onths.

T h e terrain in w hich th e  process develops should be given due atten tion . 
The recurrent in flam m ations in ev itab ly  affect th e  sk in’s structure and func
tion s. T he high protein co n ten t o f the inflam m atory exudate enhances fibro
b la stic  proliferation ( P f l e g e r  [1964], T a p p e i n e r  [1964]). The subsequent 
sta g es are marked b y  an in durative degeneration of m esenchym al tissue  
( K o n o p i k  [1965]), and ob literation  ( T a p p e i n e r  [1964]), even saccular dila
ta tio n s  ( P f l e g e r  [1964]) o f th e  lym phatics as a result o f proliferative, produc
tive , fibrous inflam m ation. T he process m ay affect regional capillary blood  
flow  b y  a vegetative vascu lar m echanism  ( G o t t r o n  [1965]).

V arious procedures h a v e  been suggested to  reduce th e  effects o f hyper- 
p rotein ization  and to increase tissue perm eability. These procedures consist 
in rep eated  injections o f pen icillin  w ith  hyaluronidase around the affected  area 
( K o n o p i k  [1965]), com pression o f varicous veins ( L i v i n g o o d  [1964], A d a m

[1966]), subaqual m assage ( M e y e r - R o h n  [1961]), com bined application of  
a n tib io tic s  and steroids to  th e  affected part ( M u s s g n u g  [1957], G a l p e r i n  

[I9 6 0 ]) , radiotherapy ( S z o d o r a y  [1964], R ö c k l  [1965], K o r t i n g  [1966]), 
“ general stim ulation” o f th e  organism ’s “ p rotective capacity” (artificial 
p y rex ia , autohaem otransfusions com bined w ith u ltraviolet light, etc.) ( M e y e r -
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R o h n  [1961], A d a m  [1966], K o r t i n g  [1966]). Though these procedures may  
be o f a certain benefit, th e y  are far from w hat m ay be regarded as efficient 
causal therapy.

3. The failure of th e  m ethods in use has prom pted us to  stu d y  the pos
sib ilities of active im m unization  despite the fact th at, as it  turned out later, 
the streptococcal strains responsible for recurrent erysipelas are prevalently  
avirulent, being devoid  o f M -antigen, m oreover the relative im m une defect 
in respect to delayed sensitization  is com bined w ith  a poor production o f certain 
circulating antibodies [an tistrep to lysin -0  (ASL), antistreptokinase (ASK)] 
( B ö s z ö r m é n y i  [1967]). S ince, according to  the general v iew , m icrobial infec
tions o f the cellular ty p e , are none the less inseparable from  a hum oral produc
tion  o f antibodies, the question  arises w hether im m unization w ith  streptococcal 
vaccine induces changes in  the responsiveness o f any o f these im m une m echa
nism s or o f both.

The difficulty in clearing these questions lies in the fact th a t for the  
evaluation  of cellular allergy we had to rely on skin tests , w hile th e  quanti
ta tiv e  and qualitative changes in the circulating antibodies were assessed on 
the basis of the A SL and A SK  titres. It  was nevertheless judged desirable to 
undertake active im m unization  w ith a vaccine obtained from com m on strep
tococcal strains. Our purpose was not to attain  basic im m unity , but to  enhance 
the production o f “ p rotective antibodies” in subjects who did presum bly have 
som e degree o f basic im m u n ity  owing to several past streptococcal infections, 
since in  our view  reinfections in patients susceptible to streptococcal infection  
are caused by a few  persistent strains rather than  by new  typ es.

Our vaccine was therefore intended as a secondary stim ulus capable of 
increasing the im m une response b y  means o f sm all doses. From  N ovem ber, 
1964, onward we have been carrying out streptococcal vaccinations in recurrent 
erysipelas, provided there was no clinical contraindication for such treatm ent. 
Thus far, 69 patients h ave been treated by m eans o f active im m unization  and 
follow ed up for 9 to  27 m onths.

Material and methods

P atient material. From  N ovem ber, 1964, onward 78 successive cases w ith  2 to 72 recur
rences o f erysipelas were subjected  to streptococcal vaccination; o f these , 69 reported for 
follow -up studies.

Composition o f  polyvalen t streptococcal vaccine. Selection of the strains was prom pted by  
the follow ing considerations. 1. to use strains com m on in H ungary, and 2. to se lect virulent 
strains, possessing antigen-M . A s a result o f this selection, types 1, 2, 3, 4, 5, 6, 8, 11, 12, 13, 14, 
19, 25, and 29 were cultured. The virulent strains were grown on K a l b a k ’s m edium  during 16 
hrs. and killed w ith  0.3%  form alin, centrifuged under sterile conditions, w ashed tw ice and 
suspended in sterile physiologic saline containing m erthiolate 1 : 10,000. Suspensions of equal 
density  obtained from  the 14 strains were m ixed in equal parts. The d ilution  o f this stock  
suspension was adjusted to a N -concentration of 0.15 m g/inl, corresponding to approxim ately  
109 germ s per ml. The vaccine was applied after the required tests o f sterility  and innocuity.
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The schedule o f active im m u n iza tion  comprised tw o stages, l. e. prim ary im m unization  
and b o oster  doses. During the f ir s t  stage 48 patients received a to ta l o f 6 doses divided over 
tw o  or three weeks, i. e. one dose ev ery  second or third day. 18 patients received one or two 
doses m ore, 3 patients one or tw o  less. This course was follow ed b y  booster doses a t m onth ly  
in terv a ls . 41 patients had six, th e  others either one or tw o m ore, or one or tw o less, doses. 
T he f ir s t  dose was determ ined b y  th e  character and in tensity  o f  the cutaneous reaction elicited  
b y  th e  intraderm al injection of th e  threshold dose of the vaccine diluted 1 : 800 (vide  Part I). 
On th e se  indications 0.02 to 0.1 m l w ere given of the stock suspension or of its 1 : 10 or 1 : 100 
d ilu tio n s . T hen the volum es as w ell as the concentrations were gradually raised according to the 
loca l reaction , to attain occasionally  0.4 ml of the undiluted vaccine. Doses up to 0.2 ml were 
g iv en  intraderm ally, while higher doses subcutaneously.

A fter  completion of im m unization  the patients were controlled at intervals o f  three or 
s ix  m o n th s. The overall period o f fo llow -up  covered 9 to 27 m onths. Accordingly, the patients 
w ere seen  on one to four occasions. A t follow-up clinical exam ination , routine laboratory 
in v estig a tio n s, a skin test and serologic studies were carried out.

S k in  tests were done at th e  sta r t and on com pletion o f treatm ent and on each follow-up  
s tu d y , w ith  0.1 ml o f a m ixture o f  streptococcal vaccine and therm ostable antigen (L y a m pert  
[1 9 6 4 ]) d iluted to 1 : 800. A d ju stm en t o f the threshold value o f these antigens has been describ
ed ( R a jk a  [1966]). The reaction  w as checked at 48 hrs. and according to the general routine 
fo llo w ed  in the evaluation o f d e la y ed  type reactions, the result was regarded as positive if  
th e  w h ea l measured 8 x 8  m m . D ifferences had to exceed 3 x 3  m m  to be evaluated in either 
direction .

From  the humoral antibodies, A SL and ASK  were studied . In accordance w ith  serial 
te s ts  perform ed in H ungary, 250 U  w as regarded as the h ighest lim it o f the normal range for 
b o th  A S L  and ASK (B ö sz ö r m é n y i [1961, 1965]).

Results

I . Pre-vaccination data

O f the 78 patients 40%  were male, 60% fem ale. In  both  groups the con
d itio n  w as prevalent in th e  age group of 50 to  59. In younger age groups and 
b ey o n d  70 years of age th e  incidence was lower.

Age grouping correlated to sex distribution

Years Males Females

10— 19 — l

20— 29 4 3

30— 39 5 3

40— 49 3 9

50— 59 10 19

60— 69 7 8

70— 79 2 4

31 47

(40% ) (60% )
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D istribu tion o f clin ical types

Erysipelas sim plex 58
Erysipelas vesiculo-bullosum 6
Erysipelas haem orrhagicum 11
Erysipelas haem orrh.-bullosuin 3

78
D istribution o f  site

Legs 69 (88.4% )
Face, ears, nose 6 (7-7% )
Chest, upper arms 3 (3.9% )

78 (100.0% )

Presumable site o f  invasion

M ycosis o f  foot (interdigital erosions,
fissures, vesicular inflam m ation) 58
Injuries to the legs (surgery for 
varicous veins; injuries; throm bosis) 11
R hin itis, otitis (otitis m edia, 
m astoidectom y, rhinitis) 3
U nidentified  6

78

Number o f  relapses

(in m ost cases. betw een 2 and 4)
2 1813 16
4 12 J
5 5
6 5

7 to 72 24

78

46

in terva l between original infection and f ir s t  relapse 
(in m ost cases, between 1 and 4 years)

W ithin 1 year 15’
W ithin 1 to 4 years 35
W ithin 5 to 9 years 11
W ithin 10 to 19 years 11
W ithin 20 to 29 years 5
W ithin 30 to 39 years 1

78

Enlargem ent o f  regional lym ph nodes during the relapse: 34 cases. 
L eucocyte count and erythrocyte sed im entation  rate were determ ined  

in 76 cases.
The leucocytes num bered less than 8000 in m ost cases:

3 0 0 0 -8 0 0 0 46
8 0 0 0 -9 0 0 0 12
9 0 0 0 -1 0 ,0 0 0 6
Over 10,000 12

76
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E rythrocyte sed im en tation  rate, thou gh  increased in m ost cases, was 
n o t regarded as excessive in  v iew  o f the prevalence o f erysipelas in h igher age 
grou p s. The upper lim it o f th e  normal range below  50 years of age w as 15 mm  
per hr. in  males, and 25 m m  in females; beyond th is age, 20 mm in m ales and 
30 m m  in females ( B ö t t i n g e r  [1967]). E xcessive  values were unfrequent.

E S R
5 — 10 mm 6

11 — 20 mm 8
21 — 60 mm 49
61 — 120 mm 13

76

T h e leucocyte count w as found to he unrelated  to  the sed im entation  rate. 
In so m e cases, leucocytosis w as associated w ith  a normal sed im entation  rate 
and vice versa.

T h e urine revealed no abnorm ality excep t for occasional urobilinogenuria  
or on e  or two erythrocytes per high power fie ld .

I I .  A ctive im m unization

T he results m ight have been evaluated in  tw o  w ays, i.e. (i) b y  th e  obser
v a tio n  and analysis o f th e  num ber and frequency o f recurrences, and (it) b y  the  
dem on stration  of “ p rotective” antibodies in serum  after im m unization . W e 
h ad  to  rely  on the first p ossib ility , as the in form ative value o f  th e  second  
w as m ade dubious b y  our failure to recover from  patients w ith  erysipelas  
strep tococca l strains o f  an y  notable virulence, i.e. possessing antibody-M  (see 
P art I I ) , unless we presum e the emergence o f  former virulent streptococcal 
stra in s having  been responsib le for infections o f  other kind. B ut even in  that 
case, dem onstration o f the M -protein would h ave been made difficult b y  the  
resid u a l antibodies orig inating in former relapses as well as b y  the d iversity  
o f ty p e s  used for the vaccin e , m oreover b y  th e  individual character o f  the  
p rim ary  or secondary stim u lu s in each case.

T h e efficacy of vaccin ation  was thus w eighed on the basis w hether it 
w as fo llow ed  by a reduction in  the number o f frequency of relapses established  
at fo llow -u p  in 69 cases. T hirthy-three of these w ere controlled on one occasion, 
17 cases on two, 14 on three and 5 on four occasions. The m aterial w as divided  
in to  th ree  groups according to  the frequency o f relapses to be expected  on the  
grou n d s o f  their pre-vaccination  pattern.

G roup I  included p a tien ts  who during th e  follow-up period had none 
o f th e ir  previously regular relapses. The 29 subjects (42%) falling in to  this 
group had  2 to 72 relapses (average 14.2) prior to  im m unization. This 
m eans th a t to 4.5 recurrences had been inhib ited  per patient (range, 1 to  22).
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Group I I  included 22 patients (31.9% ) w ho had 2 to 70 (average 10.3) 
relapses prior to  vaccination. There w’as one subsequent relapse in 16 cases, 
tw o in  5, and 3 in one betw een the first and 22nd m onths, beyond 7.6 m on th s, 
on th e  average.

The relapses invariably appeared at the original site of the cond ition . 
A second im m unization after the failure o f  the first one was restricted  to  
7 cases.

Group I I I  comprised 18 patients (26.1% ) wdio though having  had no 
relapse during the period of follow -up, were not expected to have any on the  
basis o f  their history. Here the num ber o f relapses ranged betw een 2 and 25 
(average 5.1) and the intervals, betw een  one m onth and 39 years (average  
32.4 m onths). Therefore the fact th a t the present period of observation  was 
free from  relapses had a lim ited value as supportive evidence in favour o f  the  
treatm ent.

Judged, however, on the grounds o f the 51 cases of Groups I and II where 
evaluation  was possible, im m unization proved to  be efficient in 29 cases 
(56.9% ) and failed to prevent relapses in 22 (43.1% ). Though, on the evidence  
o f the early results, streptococcal vaccination  offers protection from  relapses 
in scarcely more than 50%  of the cases, the fact that each patient had been  
saved 4.3 relapses fu lly  justifies the continuation  o f specific vaccine therapy.

Cellular skin hypersensitization o f the delayed  type was likew ise checked  
prior to  im m unization, as well as on its com pletion  and at follow'-up. The 
changes w ill be evaluated together ow ing to  their congruency in all three  
groups.

The proportion o f cases w ith  a delayed skin reaction to the streptococcal 
vaccine prior to  vaccination  hardly exceeded th a t found in non-streptococcal 
skin disease (see Part I), but as a result o f im m unization  this proportion increas-

ТаЫс I

Positive delayed skin reaction to streptococcal vaccination in erysipelas

Groups Number 
of patients

Positive skin reac
tion to intradermal 

streptococcal 
vaccine

Number 
of patients

Positive skin reac
tion to intradermal 

thermostable 
factor

Patients with erysipelas

Pre-im m unization 69 23 33.3 69 25 36.2

Post-im m unization follow-up 69 28 40.6 69 11 15.8

Control groups*

Streptococcal skin affections 45 19 42.2 40 14 35.0

Non-streptococcal skin affections 253 77 30.4 202 59 29.2

* For comparison w ith pre-im m unization values in erysipelas.
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ed b y  7.3%  in the p a tien ts w ith erysipelas, approxim ating the p o sitiv ity  rate 
found  in streptococcal affections o f the sk in .

The ratio o f th e  cases with positive delayed  reaction elicited  b y  the  
therm ostable factor, th ou gh  greater than  in th e  h ea lth y  controls, w as sim ilar 
to  th a t found in a p a tien t material w ith  o th er cutaneous m anifestations of 
streptococcal origin. A s a result of im m unization , it fell, however, b y  20.4%  
to  even  less than th e  ratio  found in the controls.

To gain in form ation  about the hum oral antibodies, ASL and A SK  were 
system atica lly  controlled  (Table II). The p o s it iv ity  rate o f ASL in recurrent

Table II

Positive serologic tests after streptococcal vaccination in erysipelas

Groups Number of 
patients

Titre in excess of 250 U

ASL ASK

number per cent number per cent

Patients with erysipelas

Pre-im m unization 69 47 68.1 34 49.2

Post-im m unization follow -up 69 61 88.4 42 60.8

Control group*

Streptococcal skin affections 45 28 62.2 19 42.2

N on-streptococcal skin affections 253 108 42.7 47 18.5

* For comparison w ith pre-immunization values in  erysipelas

erysipelas was s lig h tly  higher than in other streptococcal skin diseases and rose 
still further after im m unization  to exceed its  in itia l titre by 20.3 per cent at the  
end o f the follow -up period.

The p ositiv ity  rate o f  ASK was lik ew ise sligh tly  higher than  in other  
streptococcal skin d iseases and rose b y  11.6%  after im m unization.

To answer th e  qu estion  of a relationship betw een  the responses o f  cellular  
and hum oral sen sitiza tion  to  im m unization, th e  ratio of cases w ith positive skin  
reaction  and p ositive serological tests w as exam ined . From this com parative  
stu d y  it emerged th a t there is no parallelity b etw een  cellular sensitization  o f the  
delayed  type and th e  production of circulating antibodies.

D iscussion

The attem pt to  in fluence su scep tib ility  to  recurrent streptococcal in fec
tion  b y  means o f v a cc in a tion  raised the fu n dam ental question w hether vaccin a
t io n  had any ad van tage over natural in fection . I f  natural infection  fails to
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confer sufficient protection  to the host from reinfection w ith strains o f id en tica l 
typ e, the fault m ay lie in a deficiency of im m une globulin  or phagocytic h ost  
response. V accination  has no protective value against relapses unless, p h a g o 
cytic  activ ity  being adequate, it m ay be reasonably expected  to elicit a m ore  
active im m une globulin  response than does natural in fection , which is o ften  less  
antigenic than is vaccination .

Im m une treatm en t o f recurrent erysipelas m ay be traced back to  th e  
studies of B i r k h a u g  (1926) into the im m uno-allergic m echanism  of the con d i
tion  and to his first attem p ts at active im m unization  by means of erysipelas  
tox in  and killed streptococci, claimed to secure freedom  from recurrences 
during two years, together w ith  negative skin reactions, in certain cases. A part 
from  a few exceptions ( H É N O C Q  [1964]), later resu lts were less favourable. 
Combined schem es (streptococcal vaccine -|- an atoxin  -)- immune serum (were 
devised in order to  im prove the results ( W e b e r  [1966]). For active im m uniza
tion  in the present stu d y , a polyvalent streptococcal vaccine has been prepared  
from 14 M -protein-carrying strains of type A. T hese have been selected from  
strains prevailing in H ungary. 69 patients w ith 2 to  72 earlier relapses w ere  
treated in this m anner. In 29 o f 51 cases suited for evaluation  no relapse w as  
noted during a period o f 9 to  27 m onths. In other w ords, im m unization had been  
successful in 56.9% . This im plicates that im m unization  alone offers no com plete  
protection from relapses, if  for no other reason th an  because of the vaccin e  
having been prepared from  14 strains, whereas from  th e patients 6 typ es h ave  
only been grown; 5 o f these were included in th e  vaccin e hut isolation o f th e  
other 9 types from  the patients was im possible. The im portance of the la ten t in 
fective focus as w ell as o f the portal of entry has a lready been pointed ou t. On 
the other hand, no benefit seem ed to be gained b y  increasing the num ber o f  
doses (some patien ts had 9, 11, 12, or 18 doses). T he in tensity  o f th e  local 
reaction has no predictive value as regards the effic ien cy  o f treatm ent. R ea c
tions o f  average or greater in ten sity  (vesicular erythem a eventually  w ith  central 
haemorrhage) were equally  represented in both  groups. Focal reactions w ere  
unfrequent, a system ic  reaction did not occur.

It has been suggested  that the streptococci m ay  persist in a “ la te n t” , 
“ attenuated” or “ L” form at the affected site, sim ilarly to herpesvirus, un til 
being rendered in vasive  in consequence of stim u latory  factors affecting th e  
reactiv ity  of the host ( H e g l e r , W e i c h a r d t  [1 9 6 0 ], R ö c k l  [1965], A d a m

[1966] , D i m i t r e s c u  [1966], K o r t i n g  [1966]).
It  has been show n in earlier studies ( R a j k a  [1966], B ö s z ö r m é n y i

[1967] ) th at in erysipelas patients there is some deficiency  of immune rea c tiv ity  
involved in the la te  ty p e  o f  sensitization. This im m une deficiency accounts for  
the contrast betw een  the clinical severity o f th e  infection  and the re la tive ly  
slight virulence o f  the strains. A genetically predeterm ined relative cellu lar  
defect o f the lym p h atic  system  m ay well account for the inadequacy o f  im -
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m u n e response even  to  streptovaccines carrying M-protein, and for the inef
f ic ien cy  o f this treatm ent in 43.1 per cent o f  the cases.

The avirulent strains identified in erysipelas are not deficient in any other 
resp ect beside being devoid  of M -protein w hich  makes them  incapable o f e licit
in g  an adequate production  of typ e-sp ecific  protective antibodies. The other  
circu lating  antibodies, particularly th o se  directed against th e  extracellular  
en zy m e antigens, o f  w hich ASL and A S K  have only been stud ied , increased  
during treatm ent. T his is, however, irrelevant from the point o f  v iew  o f pro
te c tio n . The favourable results of vaccin ation  in more than h a lf o f th e  cases raise 
th e  question to  w hich m echanism  th is m igh t have been due. I t  has been 
p o in ted  out that the p o sitiv ity  rate of d elayed  reactions in recurrent erysipelas 
scarce ly  attained th a t found in the controls. From this it m ay be inferred that 
th e  factor responsible for cellular sen sitization  is not the erysipelas infection  
b u t earlier streptococcal infections of th e  m ost common typ e th e  usual causa
t iv e  agents of which are M -protein-carrying virulent strains capable o f pro
d u cin g  type-specific antibodies ( B ö s z ö r m é n y i  [1967]). Since in th e  m anner o f  
an anam nestic reaction, la ten t sensitization  m ay develop anew on th e  injection  
o f  specific  or related strains, the favourable effect o f im m unization m ay well be 
d u e, a t least in a num ber o f cases, to  a rev iv a l o f im m unity. This is supported  
b y  th e  fact that the vaccin e was prepared from  strains com m onest in H ungary. 
T he other possibility to  be considered is connected  with the fact th a t some of 
th e  strains isolated from  the patients, far from  being to ta lly  avirident, were 
ev en  leth a l at d ilutions o f 1 : 100 to albino m ice. These m ight have elicited the 
production  of “ protective” antibodies in  a num ber of cases w hich rem ained  
u n d etec ted  by the exam inations confined to  A SL and ASK.

The skin reaction elicited  by the tw o  different antigens, i.e. streptococcal 
v a cc in e  and the therm ostable factor, show ed  opposite changes in the course 
o f  treatm en t. The reaction  to  streptovaccine increased in in ten sity  b y  the end 
o f  trea tm en t, i.e. b y  the end of approxim ately  three weeks com prising 6 injec
tio n s . This is in agreem ent w ith the ob servation  that in the course o f  specific  
b acteria l vaccination the delayed skin reaction  grows in itia lly  in  in ten sity  
(u n less being unchanged) and it is only a prolonged treatm ent w hich leads to its 
atten u a tio n  or n egativ ity . B ut even th is intensification  of the delayed  reac
tio n  w hich is in the order o f  7.5%  represents an interm ediate p attern , because, 
as show n by our earlier observations ( R a j k a  [1966]) recurrences reduce the  
p o s it iv ity  rate associated w ith  fresh cases o f  erysipelas by 23.5%  to  the level 
o f  th e  controls.

The p ositiv ity  rate o f  the delayed sk in  reaction to the L y a m p e h t  therm o
sta b le  factor was reduced from  the very o u tse t. Though ignoring th e  cause of 
th is  phenom enon, we m ay possibly connect it  w ith  a relatively poor antigen ic
i ty  o f  the “ cocto” antigen in consequence o f  its deficiency in M -protein and 
in  en zym e antigens.
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The rise in titre o f  the hum oral antibodies (ASL and A SK ), apart from  
being uninform ative o f  the degree of active im m unity , gives no indication  con
cerning the tim e o f in fection  ( C a y e u x  [1966]), w hether the levels had been h igh
er prior to  erysipelas infection  or rose subsequent to  it. Persistent relapses are 
usually  associated w ith  higher titres than fresh infections.
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EFFECT OF CARDIOVASOPATHOGENIC DIET 
ON CARBOHYDRATE METAROLISM

By

I. S z e l é n y i ,  J. S ó s ,  E. N e m e s á n s z k y , L i  B o k  N a m  a n d  J. R i g ó

w ith  th e  te c h n ica l a ssistan ce  of M. J ó n a , F . Gál and  Zs. Sz ő k e  
INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived May 27, 1967)

The influence of the cardiovasopathogenic diet (S.65) on carbohydrate m etab
olism  has been exam ined  in the rat. I t  has been dem onstrated, in conform ity  with  
earlier studies in  vitro, th a t the diet affects the degradation of carbohydrates, as reflected  
by a significant increase in the extracellular pyruvic acid level. The la ctic  acid level 
increased slightly. The d iet has been found to  affect the carbohydrate m etab olism  of the 
liver as well as th a t o f the heart.

Though the breakdow n of the carbohydrates does not fu lly  cover the 
energy demands o f the heart m uscle, the effect o f a cardiovasopathogenic diet 
on carbohydrate m etabolism  is nevertheless w orthy of study, particu larly  in 
vivo, from  the aspect o f  the entire organism . In this Institute H e g y v a r y  et al. 
[6 ] have dem onstrated in vitro a lterations in the carbohydrate m etabolism  o f  
anim als kept on a cardiovasopathogenic d iet, nam ely a reduction in th e  release 
o f lactic acid and an increase in the production of pyruvic acid.

In the present stu d y  the effects o f th e  cardiovasopathogenic d ie t (S. 65), 
rich in  cholesterol, v itam in  D „  sodium and calcium , while poor in  potassium  
and m agnesium , has been exam ined on the carbohydrate m etabolism  in rats.

Material and methods

A total of 60 m ale albino rats of our own stock , weighing between 130 and  150 g, were 
used. Two groups were set up. The daily ratio per control animal was 12 to 14 g standard rat 
food (L a t i, Budapest). The test animals received the cardiovasopathogenic d ie t S. 65. Water 
was allow ed to both groups ad libitum .

In the sixth week the anim als were killed under ether anaesthesia b y  b leed in g  from the 
abdom inal aorta. B lood sam ples were collected in centrifuge tubes containing 10 m g N aF  and 
centrifuged. In the serum  and in heart m uscle specim ens homogenized by grinding w ith  puri
fied  sand in the cold, the follow ing determ inations were made: blood sugar [7], glycogen  
extractab le w ith TCA in the cold [17], lactic  acid [1] and pyruvic acid [5].

The left lobes o f the liver were ground in th e  cold and 0 2-eonsum ption o f  aliquots was 
m easured in Ringer’s so lution  containing 0.20%  glucose and 0.20%  bicarbonate. T he m anom 
eters were gassed w ith  air and allowed to equilibrate a t 37° C for 15 min. O xygen  uptake was 
m easured for 15 min. [16].

The results were eva lu ated  b y  St u d e n t ’s t-test.

Results

The blood sugar level was 112.9 : 11 mg per 100 ml in th e  controls and 
110.5 -f 11.8 mg per 100 ml in the anim als kept on the cardiovasopathogenic  
diet. The glycogen con ten t of the heart show ed no difference either, th ese  being
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0 .2 8 9  +  0.044 g per 100 m l in  th e  controls and 0 .309  +  0.054 g per 100 ml in  the  
t e s t  anim als (Fig. 1).

Serum lactic acid le v e l was 20.1 +  3.82 m g per 100 ml in the controls, 
an d  28 .4  +  7.8 mg per 100 m l in the animals k ep t on the diet (p <  0.05). The 
la c t ic  acid content o f th e  h eart was, how ever, sim ilar in both groups, i.e . 
1.92 +  0.27 mg/g w et t is su e  in  the controls and 1 .97 +  0.19 mg/g in the te s t  
a n im als (Fig. 2).

F ig . 1. E ffect o f card iovasopathogen ic  diet 
o n  b lo o d  sugar level and on  m yocardial 
g ly co g e n  content. C = con tro l; C v p = d ie ta ry  

group

Serum Heart-tissue

mg %

30.0-

C Cvp C Cvp
lp<0.051

F ig . 2. E ffe c t  o f  cardiovasopathogenic d iet  
on the la c tic  acid  concentration in serum  
and m yocard iu m . C =control; C v p = d ie ta ry  

group

T he serum pyruvic ac id  concentrations w as 0 .81 +  0.17 mg per 100 m l in 
th e  controls, whereas 1.28 +  0.31 mg per 100 m l (p <7 0.001) in the d ietary  
group  (F ig. 3).

H epatic 0 2-con su m p tion  was significantly reduced , i.e. 125.4 +  36.5 /Л 
O 2/h r /100  mg dry w eigh t in  th e  dietary group, as against 188.4 +  42 .9  /Л 
O 2/h r/100  mg dry w eight (p <7 0.001) in the controls (F ig . 4).

Discussion

R esults obtained in v ivo  never reflect clearly th e  functional changes o f  an  
iso la ted  organ, since th e y  u su a lly  involve system ic effects.

T he glycogen and la c tic  acid  levels in the h eart m uscle were similar in both  
g rou p s. Under the effect o f  60  m inutes hypoxia , th e  lactic  acid content o f  the
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mg%

1.5-

1.0 -

05-

Щ

C Cvp
Lp<0.001 i

Q o ,

2.0 -

1.0 -

C  Cvp 
lp<0.001-l

F ig . 3. E ffect o f card iovasopathogenic diet 4. E ffect o f  cardiovasopathogenic d ie t on 
on serum pyruvic acid level. C = con tro l; hepatic 0 2 consum ption. C =  control; Cvp=  

C v p = d ie ta ry  group dietary group

m yocardium  increased, indicating a sh ift o f g lyco lysis into the anaerobic  
direction [2 ]. According to  Sós [13] the cardiovasopathogenic d iet brings 
about a narrowing o f the coronaries and this m ay induce prolonged m yocardial 
hypoxia. No increase was, how ever, found in m yocardial lactic acid con ten t. 
This m ay be attributed  to  a reduction o f m yocardial L D H -activ ity  under the  
effect o f the cardiovasopathogenic diet ( S e l m e c i  [11]) which supposedly leads  
to a reduction in lactic acid production and to  a sim ultaneous increase in the  
pyruvate level. The high pyruvate concentrations are, in turn, inh ib itory to  
the L D H j isoenzym e, predom inant in heart m uscle [3, 18].

H ypoxia due to coronary sclerosis is not the on ly  effect o f the cardio
vasopathogenic d iet. For the infarctoid lesions, not so lely the vascular occlu 
sion but som e slow ly developing m etabolic changes are also responsible. The 
unchanged lactic acid and glycogen contents are consistent with our in terpre
tation  th at cardiovasopathogenic diet (S, 65) has an additional direct effect on 
m yocardial m etabolism .

The increase in pyruvic acid production is, m oreover, due to a reduction  
in the a ctiv ity  o f  the S z e n t - G y ö r g y i — K r e b s  cycle , since myocardial succinyl- 
dehydrogenase a c tiv ity  is also affected in anim als kept on a cardiovasopatho
genic diet [10]. The m arked reduction in m yocardial M g-concentration m ay be 
one of the possible causes o f the high pyruvic acid levels, since adequate a c t iv 
ity  o f the condensing enzym e requires the presence of m agnesium  [14]. 
Changes in succinyldehydrogenase, alkaline and acid phosphatase and esterase  
activ ity  belongs to  the pattern o f the m yocardial m etabolic damage caused b y  
the cardiovasopathogenic diet ( P u c s o k  et al. [ 9 ] ) .
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The liver m ay be closely involved in th e  production o f increased serum  
p y ru v ic  and lactic acid levels. The slight increase in lactic acid con ten t m ay be 
con n ected  with an anaerobic shift o f hepatic m etabolism . H epatic 0 2 consum p
tio n  is  reduced b y  th e  cardiovasopathogenic d iet. H epatic succinyldhydro- 
genase activ ity  is also inferior to  that o f  th e  controls [15]; th is fa c t, too , is 
su g g estiv e  of an increased anaerobic carbohydrate breakdown. L D H 5 isoen
zy m e, predom inant in  the liver, is not in h ib ited  b y  the high pyruvate concentra
tio n s  [3, 18]. C onsequently, in addition to  an enhanced carbohydrate break
dow n , th is is one o f th e  factors accounting for th e  high serum lactic  acid level.

The cardiovasopathogenic diet (S. 65) le ft the blood sugar level unaffected. 
H e g y v a r y  et al. [6 ] show ed on the isolated  heart that the cardiovasopathogenic  
d iet does not interfere w ith  the first step o f  carbohydrate m etabolism , w ith  the  
en try  o f  glucose, on ly  w ith  the degradation o f carbohydrates, th at is, the lib 
eration  o f energy. The present findings h ave dem onstrated in vivo  th a t the  
derangem ent of tissue m etabolism  belongs to  th e  essential factors o f cardiopathy.
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EFFECT OF HYDRAZINOPHTHALAZINES ON THE 
SERUM GLYCOPROTEIN LEVELS

I. EFFEC T OF H Y D R A L A Z IN E

B y

L. J a k a b , J .  F e h é r , S. V i r á g  and G y . S z in a y

THIRD DEPARTMENT OF MEDICINE AND INSTITUTE OF 
FORENSIC MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived June 15, 1967)

A study of the effect o f protracted hydrazinophthalazine treatm ent on  the serum  
glycoprotein and protein levels in rabbits revealed peak hexose and serom ucoid levels 
at 6 weeks, peak hexosam ine and sialic acid levels a t 12 weeks. W ith the exception  of 
hexosam ine, the changes were highly significant. The serum protein lev e l show ed a 
significant increase at six  weeks. A t 12 weeks, there was a remarkable increase in the 
globulin level at the expense o f albumin. All these changes occurred before an y  m orphol
ogic abnorm ality had becom e m anifest. The results were suggestive o f changes in 
carbohydrate m etabolism  being involved in the pathom echanism  of hydralazine lupus 
syndrom e and, by analogy, in that o f LED.

H ydrazinophthalazines, i.e. 1-hydrazinophthalazine (A presoline, Ciba and 
1-4-dihydrazinophtlialazine (Nepresol, Ciba) have been applied as anti- 
hypertensive agents since 1951. B oth are know n to  increase renal b lood  flow  
to  relieve sm ooth m uscle spasm , to reduce blood pressure and to  abolish  the 
pressor effect of norepinephrine. On the evidence o f  studies w ith  14C-hydral- 
azine th ey  are elim inated from the organism  b y  the k idneys. T h ey  carry the 
significant hazard o f the so-called hydralazine lupus syndrom e (H L S) or 
lupoid syndrom e, affecting 10 to 12% of th e  cases, particularly w hen used  in 
doses o f  500 mg daily  over 16 m onths, b u t in som e instances th e  syndrom e  
developed after doses o f  100 m g daily for three w eeks, and even w ith  a delay  
o f six  and a half years [3, 8 , 12, 13, 18].

In its early stage, H LS is rem iniscent o f  rheum atoid arthritis [5]. As w ith  
system ic lupus erythem atosus, cutaneous fibrinoid degeneration is charac
teristic o f it. There are typ ica l wire loop changes in the kidney. T he com ple
m ent fixation  test m ay be positive. On discontinuing the drug th e  syndrom e  
disappears except for the LE phenom enon in the bone marrow w hich m ay  take  
one year, occasionally even  three to  seven years to  vanish [8 ].

The syndrome m ay be induced in the dog w ith  all its clinical and labora
tory features, b y  hydralazine adm inistration [3, 6 ], though this experim ental 
m ethod is not infallible [4].  S i g u i e r  induced the syndrom e in guinea-pigs; all 
anim als died in the course o f  tw o to four m onths [17]. L e ö v e y  et al. [11] also 
studied  the syndrom e in guinea-pigs.
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T hough HLS lacks certa in  features o f sy stem ic  lupus erythem atosus, i.e. 
prevalence in wom en, gross urinary abnorm alities, irreversibility, it  shares 
th e  m ajority  of its other characters including th e  abnorm al serologic reactions 
w h ich  suggest a d efin itive relationship betw een th e  tw o syndrom es.

T he actual pathologic process responsible for the collagen diseases includ
ing system ic lupus eryth em atosu s affects th e  connective tissue. The striking  
clin ica l and m orphologic sim ilarity  between H LS and system ic lupus erythem a
to su s presupposes a sim ilar m etabolic disorder in  b oth  cases. A stu d y  o f the  
e ffec t o f  hydralazine on the serum  glycoprotein and protein level seem ed there
fore interesting.

Material and m ethod

R abbits o f random  sex  d istribution  weighing betw een  1.3 to 3 kg were used. Tw elve  
an im als received a dose o f 25 m g hydralazine in traglu teally  daily over 12 weeks. The serum  
glycop rote in  level was estim ated  before treatm ent and after 6 and 12 weeks. Seven anim als 
w ere a liv e  at the end of 12 w eeks, 5 having died in the course o f  treatm ent. The survivors were 
k illed  b y  bleeding. The fo llow ing determ inations were m ade.

Protein-bound galactose and  m annose after St a r y  et al. [19], hexosam ine after R im in g - 
t o n  b y  the E lson-Morgan  rea ction  [15], sialic acid after A y ala  et al. [1], serom ucoid after 
W e im e r  and R e d l ic h -M o sh in  [20]. Serum proteins were estim ated  by the biuret m eth od  at 
6 and  12 weeks and electrophoretically  at 12 weeks. The interior organs were exam ined macro- 
scop ica lly  and m icroscopically. F or statistical evaluation the one- or two-sam ple t-test was used.

Table I

Effect o f  hydralazine treatment on serum glycoprotein level

Hexose 
(mg/100 ml)

Hexosamine 
(mg/100 ml)

Sialic acid 
(mg/100 ml)

Seromucoid 
(mg/100 ml)

Protein 
(g/100 mi)

Before treatment

X 118.5 79.6 45.6 14.1 —

s 10.5 7.1 6.7 1.9 —

A t 6 weeks

X 137.2 78.7 57.6 21.0 8.3

s 21.2 11.9 12.2 4.1 1.0

A t 12 weeks

X 126.8 95.8 74.3 18.7 7.5

s 23.5 18.8
г

14.8 4.6 0.6

S ta tist ic a l analysis (one-sam ple t-test)

Hexose
at 6 weeks —  initial

Hexosamine 
at 12 weeks — initial

Sialic acid
at 12 weeks —  initial

Seromucoid 
at 6 weeks —  initial

t 3.78 1.34 6.24 5.71

P% < 1 > 2 0 < 1 < 0 .1
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Results

The serum glycoprotein level increased during hydralazine treatm en t. 
H exose and serom ucoid reached peak concentrations at 6 weeks, th e  changes 
being significant in both  cases; the levels declined  during the n ex t s ix  w eeks. 
The hexosam ine and sialic acid levels show ed a continuous rise u n til th e  end

о - - - - - - - - - - - о  h e x o s e  о . . . . . . . . . . . «  s i c l i c  a c i d

o -— -o h e x o s a m i n e  o - — - o s e r o m u c o i d

Fig. 1. E ffect o f hydralazine on serum  glycoprotein level

Table II

Effect o f  hydralazine treatment on serum protein fractions

Final value

cm

Albumin Alpha, — Alpha2 — Beta — Gamma-globulin

X 40.3 5.3 17.6 18.6 18.2

s 8.4 2.6 4 .2 3.7 4 .6

Statistical analysis (tw o-sam ple t-test)

Albumin Alpha, — AIphaz — Beta — G a m m a-globulin

Final Normal Final Normal Final Normal Final Normal Final Normal

X 40.3 67 .4 5.3 3.4 17.6 7.7 18.6 13.5 18.2 8.6
t 9.0 2.26 7.8 3.2 5.7

p% < 0 . 1 < 5 < 0 . 1 < 1 < 0 . 1
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o f  th e  12 th  week; th is change was not sign ificant for hexosam ine, w hile de
f in ite ly  so for sialic acid. The serum protein lev e l rose significantly in th e  first 
6 w eek s  to  decline afterwards. Electrophoresis revealed typical changes at the  
end  o f  th ree  months; the g lobulin  fractions w ere significantly increased at the  
e x p e n se  o f  albumin. A bsolute values displayed sim ilar changes (Tables I and II, 
F ig . 1).

A p a rt from a hyperplasia o f the lym p h atic  system , no n o tew orth y  
m orphologic  change was found.

Discussion

T h e m ost im p ortan t, and clinically th e  m ost troublesom e sid e-effec  
o f  h ydralazine treatm ent is H LS. Its m echanism  is still obscure ow ing to  in 
su ffic ie n t knowledge concerning the m etabolism  o f hydralazine. It is character
is tic  o f  th ese  com pounds to  form  stable chelates w ith  certain trace elem en ts and  
to  a c t as antienzym es w hich would account for some o f their side-effects, 
n a m ely  tachycardia , headaches, etc. interpreted  as possible antih istam inase  
e ffec ts  [3].

O bservations o f HLS induced b y  th erap eu tic  or sub-therapeutic doses, 
occa sio n a lly  even long after com pletion o f trea tm en t, plead against a possible 
in v o lv e m e n t of toxic factors. The syndrom e seem s to  correspond to  a hypersen
s i t iv i t y  reaction [14], b eing  reproducible b y  sm all doses w ithin 24 hrs, and 
r ev ea lin g  features rem iniscent o f serum sickness.

T h e  possible hydralazine effect adm its o f  various interpretations in clu d 
in g  v ita m in  deficiency, m etabolic disorders (particularly in respect to  m inerals), 
d ie te t ic  factors, and even in vo lvem en t o f m esencephalic functions.

O f the trace elem ents, m anganese seem s to  be of definite sign ifican ce, 
sin ce i t  has been shown to  protect rats from  th e  effect of lethal doses o f  hv- 
d ra lazin e  and to inhibit th e  m anifestation  o f L H S, including its m orphological 
c h a n g e s  [10].

T h e hydrazinophthalazines seem  to  a ffect the m etabolism  o f glycopro
te in s  and  o f protein-bound polysaccharides, all being structural elem en ts of 
th e  ground  substance o f con n ective  tissue. T h ey  m ay interfere w ith  carbo
h y d r a te  m etabolism  at variou s points. T h ey  m ay  affect the b iosyn th esis of 
oligosaccharides, i.e. conversion  o f glucose to  m onosaccharides, a c tiv a tio n  of 
m onosaccharides and polym erization  o f a ctiv a ted  monosaccharide u n its . T hey  
m a y  furtherm ore interfere w ith  the acety la tion  o f glucosamine in to  U D P -N -  
acety l-ga lactosam in e, w ith  sulphatation , and w ith  the form ation o f protein- 
b o u n d  polysaccharide com plexes. These la st changes would, how ever, be more 
l ik e ly  to  affect the m etab olism  of g lycosam inoglycanes [10, 16]. The p ossib ility  
o f  m eta b o lic  effects o f th is k ind  seems to  agree w ith  the observations in respect
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to  m anganese. B eing inhibitory to the developm ent of HLS, its defic iency  
affects carbohydrate m etabolism  in a characteristic manner b y  reducing the  
am ount o f  glycosam inoglycanes.

The present results suggest that the hydrazinophthalazines affect the  
m etabolism  o f serum  glycoproteins. The changes seemed to be sign ificant 
though  the num ber of anim als allowed no defin ite conclusions. H um oral changes 
o f  sim ilar kind are dem onstrable in system ic  lupus erythem atosus as well 
[2, 7, 9, 21 ]. The observation that the glycoprotein  m etabolism  is affected  before 
an y  structural lesion becom es m anifest m ight be regarded as an ind ication  
th a t alterations o f the ground substance too  sm all to be detectable m icroscopi
ca lly  m ight be present even in the early stage.

The finding th at the derangem ent o f  carbohydrate m etabolism  precedes 
th e  m orphologic changes, connects the m echanism  o f HLS with changes in  the 
m etabolism  of glycoproteins and o f protein-bound polysaccharides. I t  is further
m ore suggestive o f  similar changes being in vo lved  in the pathom echanism  of 
sy stem ic  lupus erythem atosus. This, how ever, aw aits confirm ation. T he obser
v a tion s in respect to m anganese raise therapeutic  possibilities.
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EFFECT OF HYDRAZINOPHTHALAZINES ON THE 
SERUM GLYCOPROTEIN LEVEL

II . EFFEC T OF D IH Y D R A L A Z IN E  

By

L. J a k a b , S. V i r á g , J. F e h é r  and Gy . S z i n a y

THIRD DEPARTMENT OF MEDICINE AND INSTITUTE 
OF FORENSIC MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived June 15, 1967)

The effect o f dihydralazine on serum glycoproteins and proteins have been 
studied in rabbits. The com pound was found to induce changes similar to those elicited  
by hydralazine. Serum  hexose, hexosam ine and serom ucoid reached peak leve ls a t  the 
end of the third m onth, to decline thereafter. Sialic acid reached a peak at the end o f the  
fourth  m onth and declined subsequently. The hexosam ine and sialic acid levels rem ained  
high till the end of the s ix th  month. Serum protein  levels increased at the end o f  the 
third m onth: their electrophoretic pattern was characterized by a progressive reduction  
o f album in w ith a progressive increase of globulins. The mechanism and clinical aspects 
of the changes have been discussed.

D ihydralazine (1-4-dihydrazinophthalazine) differs from hydralazine  
with a second hydrazino group at position 4. Though according to  certain  
authors [6 ] dihydralazine is less toxic than hydralazine, according to others [8 ] 
it is o f  the same to x ic ity , since B r i g g s  and H o l l a n d  [2] have shown th a t the 
hydrazine bond at position  4 o f the phthalazine ring does not affect th e  com 
pound’s a ctiv ity  or to x ic ity .

In an earlier paper [7] we have dealt w ith  the effect o f hydralazine on the  
serum glycoprotein level. Since no data have been  found concerning th is effect 
o f dihydralazine, a stu d y  was performed to  clarify  whether 1. the changes o f  
the serum  glycoprotein level induced b y  hydralazine are reproducible b y  d i
hydralazine? 2. D oes protracted dihydralazine treatm ent induce changes in 
carbohydrate m etabolism ? 3. Do the changes hear any relationship to  the  
hydralazine lupus syndrom e (HLS) or ev en tu a lly  to lupus erythem atosus  
dissem inatus (L E D ).

Material and m ethod

A tota l o f 20 rabbits o f both sexes weighing betw een  1.6 and 3 kg was used. D ihyd ra la 
zine was applied in tragluteally  in doses o f 25 mg daily  over six  months. Serum glycoprotein  
level was estim ated at the start o f  the study and at 1, 2, 3, 4, and 6 months respectively , the  
serum proteins at the start and at three months, their electrophoretic pattern at the start and  
at 1, 2, 3, and 6 m onths. The respective methods have been described earlier [7].

O f the 20 anim als, 12 died in the course of th e  investigation . The rem aining 8 were 
killed by bleeding at the end o f the six th  m onth. The cond ition  of the animals show ed a pro
gressive deterioration w ith  occasional convulsive seizures. The results were statistica lly  e v a lu 
ated by th e  one-sam ple «-test.
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Results

R esu lts are shown in F ig . 1 and in Tables I and II. From the carbohydrate  
fra c tio n s  o f the serum glycoproteins, hexose, hexosam ine and serom ucoid reached  
p ea k  lev e ls  by the end o f th e  third month; th e  changes were h ighly sign ificant 
s ta t is t ic a lly  in all three cases. From the end o f the third m onth onw ard the 
le v e ls  o f  these fractions declined  and at th e  end o f the sixth m onth, th o se  of 
h e x o se  or seromucoid were h ard ly  over the in itia l values whereas th a t o f  h ex o s
am in e  w as still sign ificantly  increased. The sia lic  acid level reached its  peak  
a t  th e  end  o f the fourth m on th , the change in  relation  to the initial va lu e  being

mg%

months
о--------о Hexose о........oSialicacid
о - ------о Hexosamine °------ oSeromucoid

F ig. 1. E ffect o f dihydrazaline on th e  serum  glycoprotein level

v e r y  strongly  significant. T hough from th is tim e onward it declined, at the 
en d  o f  th e  sixth m onth it  s t ill was highly s ign ifican tly  increased as com pared to  
th e  in it ia l value. An increase in  the serum protein  level was noted at th e  end of 
th e  th ird  m onth, the change w as at the borderline o f significance. I ts  electro
p h o retic  pattern also show ed typ ica l changes. T he albumin level declined  until 
th e  en d  o f the sixth m onth , the reduction w as v ery  markedly sign ifican t. The 
a j-g lo b u lin  level reached its  peak at the end o f  th e  third m onth and desp ite of 
d ec lin in g  from this tim e onw ard, at the end o f  th e  sixth  m onth it w as still con
s id era b ly  higher than at th e  onset. Peak o f  a 2-globulin and y-globulin  levels  
occu rred  at the end o f the six th  m onth, th e  changes were significant in both
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Table I

Effect o f dihydralazine treatment on serum glycoprotein levels

Initial value At 1 month At 2 months At 3 months At 4 months At 6 months

Hexose n 20 16 12 12 10 8
mg per 100 ml X 85.40 97.31 89.00 152.42 104.70 88.625

s 10.57 13.44 15.62 22.35 17.58 22.03

H exosam ine n 20 16 13 12 10 8
mg per 100 ml X 71.85 82.94 87.77 99.58 71.70 83.25

8 9.069 16.97 12.99 12.29 11.47 11.93

Sialic acid n 20 16 13 12 10 8
mg per 100 ml X 45.25 60.53 54.00 78.92 94.10 80.00

s 6.672 11.82 7.971 13.87 16.30 14.78

Seromucoid n 20 15 13 и 10 8
mg per 100 ml X 10.10 10.60 8.077 17 18 10.50 10.5

s 1.021 2.444 1.978 3.345 3.808 2.33

Protein n 20 11
g per 100 ml X 6.51 7.073

s 0.81 0.653

3 monthe-initial 3 months — final
4 months 

initial ! final
Final — Initial

He Ha Se Pr He Ha Se Si Si He Ha Si Se

n 12 ! 12 и 11 6 6 6 10 7 8 8 8 8
X 68.3 1 28.25 7.2 0.7 52.0 12.0 4.2 49 9.7 2.6 14.2 36.0 0.5
p% < 0 .1  < 0 .1 < 0 .1 > 5 < 1  > 2 0 > 1 0 < 0 .1 > 1 0 > 7 0 < 5  < 0 .1

1
> 5 0

n =  number of animals 
x  =  mean
s =  standard deviation
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Table II

Effect o f  dihydralazine treatment on serum protein  pattern

Initial value At 1 month At 2 months At 3 months Final value

n 15 15 14 12 8
A lbu m in  % X 67.37 64.653 53.23 45.54 39.41

s 6.310 5.148 9.298 5.688 8.546

n 15 15 14 12 8
a ,-g lo b u lin  X 3.43 3.79 2.65 6.98 4.91

s 1.535 1.527 1.058 5.251 2.411

n 15 15 14 12 8
<Xo-gIobulin X 7.69 8.17 4.61 13.00 18.15

s 1.917 2.087 2.022 4.228 4.113

n 15 15 14 12 8
/5-globulin X 13.51 14.14 23.80 18.72 18.88

s 3.634 3.547 10.7706 7.181 3.885

n 15 15 14 12 8
y-g lobu lin  X 8.65 9.27 15.81 14.37 18.55

s 3.413 3.880 3.030 3.859 4.820

Albumin
Initial-final

a,-glob.
a2-glob.
final-
initial

/3-glob.
y-glob.
final-
initial3 months 

initial
final-
initial

2 months- 
initial

final-
initial

n 8 12 8 8 14 8 8
X 28.51 3.42 0.65 9.72 10.0 5.51 11.32
S 10.94 4.63 1.67 4.99 10.41 5.10 3.70
p% < 0 .1 < 5 > 3 0 < 0 .1 < 1 < 5 < 0 .1

cases. /З-globulin reached its  peak  at the end o f th e  second m onth to decline by  
th e  en d  o f the sixth m on th  to  a level sign ificantly  h igher than the in itial one. 
T h e changes were sim ilar i f  clacu lated  on the basis o f  absolute protein values.

A part from lym p h atic  tissu e  hyperplasia th e  organs displayed no n o te 
w o r th y  morphologic change.

Discussion

On the evidence o f  th e  present study the qu estion  whether the changes 
in d u ced  b y  hydralazine are s tr ic tly  typical o f th e  com pound m ay be answered  
in  th e  negative, since sim ilar changes were produced b y  dihydralazine as w ell. 
T h e present findings sup p ort th e  view  of B riggs and H olland [2] in th a t th e  
a c t iv ity  or tox icity  o f  d ihydralazine is identical w ith  th at of hydralazine,
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or even more in tensive. B oth  drugs induce peak levels  o f  hexose and o f sero- 
m ucoids expressed in hexose, the values subsequently  decline to practically  
normal levels. This change seem s to  be transitory and if  th e  animal survives the  
critical phase, the affected  fractions are even tu a lly  norm alized. On the other  
hand, the hexosam ine and sialic acid levels, though  declining during the last 
m onths of the stu d y , were still increased at the end o f s ix  m onths. This fin d 
ing m ay be o f particular significance since under physiologic conditions the  
hexosam ine o f  glycoprotein  is made up for the greatest part of glucosam ine, 
m oreover, sialic acid is a condensation product o f  m annosam ine and pyruvic  
acid. M annosam ine on its part is formed b y  the epim erization o f glucosam ine.

Prolonged treatm en t w ith  hydrazinophthalazines thus seems to give rise to  
a non-progressive process liable to  chronicity. This is at least what the changes 
of glycoprotein m etabolism  seem ed to suggest. T he general condition o f the  
anim als declined successively  and part of them  died in the course o f treatm ent.

As to  the possible relationship of the changes w ith  HLS and/or L E D , no 
m orphological changes poin ting to HLS were encountered in the present stu d y . 
The L E -phenom enon was not exam ined. The changes in the m etabolism  of 
glycoproteins and o f serum  proteins were, how ever, rem arkable. The form er 
hear an obvious relationship  to HLS as well as to L E D . As to the abnorm alities 
observed in protein m etabolism , th ey  must be regarded as consistent w ith those  
encountered in hum an collagen disease [1, 9]. T he results o f animal experi
m ents w ith hydralazine were inconsistent [3, 4]. T he basic values obtained in 
the present stu d y  are on the whole in agreem ent w ith  those to be found in the  
literature [4, 10]. It was furtherm ore found th at th e  abnorm alities o f protein  
m etabolism  have a progressive tendency, at least if  th e  drug is adm inistered over  
a period of six  m onths.

This leads to the further conclusion that the changes o f proteins and car
bohydrates show no close parallelity  which suggests th a t dihydralazine m ust 
have several points o f a ttack  and that the liver is closely involved in the  
m echanism  o f its effect. This would recommend a prolongation o f the period  
of study in further experim ents in the interest o f a still greater objectiv ity  in  the  
interpretation o f the results.

*

Acknoivledgement. W e w ish  to thank the CIBA Ag. B asel for the donation o f drugs, 
ApresolineR (hydralazine) and N epresolR (dihydralazine) used in the study.
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HAEMODYNAMIC CHANGES IN THE SUBCLAVIAN 
STEAL SYNDROME

By

F .  S o l t i , M. I s k u m , E . Z á d o r y , A. H a r t a i , J. N a g y  a n d  J. R é v

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived June 20, 1967)

Cerebral and extrem ital blood flow in the subclavian  steal syndrom es has been 
studied in p atien ts and anim al experim ents. On th e  evidence o f the latter, in th e  sub
clavian steal syndrom e blood supply to the vascular territory distal to the obstruction is 
provided by reversed blood flow  m ainly through the ipsilateral vertebral artery and in 
the second line through the ipsilateral lower thyroid  artery.

I t  is suggested  th at where the syndrome com bines features of cerebral ischaem ia  
w ith the absence o f ischaem ic sym ptom s of the upper extrem ity there is a substan
tial retrograde flow  in the vertebral artery providing for a sufficient blood supply to  the 
vascular territory d ista l to the obstruction. On the other hand, in the rarer typ e  m arked  
by ischaem ic sym ptom s o f the upper extrem ity  but none of the brain, retrograde 
flow  in the vertebral artery is presum ably insign ificant.

In  the ty p e  m arked by cerebral ischaem ia, cerebral blood flow was abnorm ally  
low and the cerebral fraction of cardiac output w as reduced. It is presum ed th a t the 
vascular resistance in the upper extrem ity has an im portant part in the regulation of 
cerebral blood flow  in the subclavin  steal syndrom e.

The anatom y o f the subclavian steal syndrom e m ay be described as an 
occlusion or stenosis o f the subclavian artery proxim al to the origin o f thever  
tebral artery. The presenting sym ptom s com prize o f  spells of cerebral ischaem ia  
and o f discom fort in  the upper extrem ity  o f the affected  side similar in ty p e  to 
in term ittent claudication . The syndrom e has been  attracting interest for the  
follow ing reasons: (i) In the light of recent in vestiga tion s, narrowing o f the  
subclavian artery has been em erging as one o f  the m ajor causes o f transient 
cerebral ischaem ia o f  h itherto obscure origin, (ii) S tu d y  o f the subclavian steal 
syndrom e offers in sigh t in to  the regulatory m echanism s of cerebral blood flow . 
The pathom echanism  o f the sym ptom s and haem odynam ic changes associated  
w ith  the subclavian  steal syndrom e are n o t fu lly  understood. This has 
prom pted us to jo in  clinical observations w ith  anim al experim ents for a closer 
stu d y  o f the syndrom e and o f the accom panying haem odynam ic changes.

Material and m ethod

Eleven cases o f subclavian steal syndrome were detected  in our patient m aterial in the 
period 1964— 1965. (Since the com pletion  of this paper six. further cases have been identified .)  
There were 4 m ales and 7 fem ales, betw een 32 and 76 years o f age. The following investigations 
were carried out: 1. M easurem ent o f blood pressure in both  upper extrem ities. 2. B ilateral 
sphygm ogram s of brachial and radial arteries. 3. O scillom etry in both upper extrem ities. 
4. Phonocardiogram  recorded from  both  supraclavicular fossae. 5. Bilateral ophthahnodyna-
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m o m etr y  for the m easurem ent o f pressure in the central retinal artery. 6. B ilateral d igital and 
tem p o ra l rheograms. In 7 cases diagnostic  cerebral angiography was carried out, accuracy, in 2 
cases th e  diagnosis was confirm ed at autopsy.

N ine of the 11 p atien ts had proxim al stenosis o f the left, 2 of the right su bclav ian  artery. 
T hree p atien ts had additional stenosis o f the carotid o f the affected side dem onstrated  by an
g io g ra p h y  or at necropsy.

Cerebral blood flow  and m etabolism  were stu d ied  in 4 cases in order to estab lish  how  the  
syn d rom e affected cerebral circulation . Cerebral b lood flow  was estim ated by m eans o f our 
v en o u s isotope dilution tech nique [1]. Cardiac ou tp ut was measured sim ultaneously  b y  means 
o f  E v a n s  blue so as to determ ine the cerebral fraction  of cardiac output. Cerebral О 2 uptake  
w a s calculated  as the product o f  cerebral blood flo w  and o f cerebral arteriovenous 0 2 
differen ce. 0 2 content o f blood w as determ ined by a K ipp oxym eter.

Regulation of cerebral and  extrem ital blood flo w  was studied in dogs w eighing between  
10 to  15 kg. In the first series o f th is  study  (7 dogs) the haem odynam ic effects o f  acu te  occlusion  
o f  th e  proxim al segm ent o f the subclavian artery were exam ined. The proxim al segm en t of the 
le f t  subclavian  artery was exposed  under hexobarbital-ether anaesthesia and ligated  above the 
orig in  o f  the vertebral artery so as to  reproduce the subclavian steal syndrom e. A  rotam eter was 
in ser ted  in to  the initial segm ent o f the left vertebral artery for the registration o f  blood flow. 
In  3 an im als a rotameter w as inserted  into the lower thyroid  artery, i.e. the second m ajor branch 
o f  th e  subclavian artery. For the estim ation of b lood flow  in the upper lim b a T -cannula was 
in ser ted  into  the proxim al segm en t o f the subclavian vein  on both sides, and venous outflow  
w a s m easured directly.

T he other part o f the stu d y  was concerned w ith  the haem odynam ic effects o f  chronic 
o b stru ctio n  of the subclavian artery. In 7 dogs the le ft subclavian artery was ligated  proxi mal 
to  th e  origin of the vertebral artery. A thick thread w as placed below the origin o f th e  vertebral 
artery  and its two ends were carried to the outside of th e  neck by means of a cardiac catheter  
and  f ix e d  there. After local app lication  of penicillin th e  wound was closed. One w eek later 
b lo o d  f lo w  in the upper lim bs w as m easured as in the first part. B y pulling on the ends of the 
th rea d , closure of the vertebral artery could be tigh tened  as desired. Cerebral angiography after 
a cu te  and  chronic closure o f the subclavian artery was carried out in 9 dogs.

T able I presents th e  sym ptom s and findings in the 11 p atien ts. Charac
te r is t ic  were the sym ptom s o f in term itten t cerebral ischaem ia, particularly if 
e lic ite d  b y  m ovem ents o f  th e  upper extrem ity . Typical data were furnished by  
b ila tera l readings o f  b lood  pressure, b ilateral radial sphygm ography, and 
phonoarteriogram s recorded over the supraclavicular fossa. D iagnosis was 
d ecid ed  b y  cerebral angiography. D ata concerning cerebral blood flow  are 
su m m arized  in Table II .

Cerebral blood flow' in  all the 4 cases w as conspicuously less th an  th e  nor
m al va lu e  of 850 +  80 m l/m in obtained previously  on an ex ten sive  m aterial. 
T he fa ll o f cerebral blood flo w  in response to  a sudden reduction o f vascular 
resistan ce  in the upper ex trem ity  after the intraarterial adm inistration  o f 0.08 
g o f  papaverine as observed in Case No. 1 was typ ica l. On the sudden elevation  
o f  v ascu lar  resistance in th e  upper extrem ity  b y  application o f a tourn iquet, a 
sig n ifica n t increase in cerebral blood flow  w as dem onstrable in  Cases N o. 2, 3, 
and 4 and a significant increase in  cerebral 0 2 uptake in Cases N o. 3 and 4. The 
cerebral fraction of cardiac ou tp u t was abnorm ally low  in all four cases (norm al 
v a lu e , 18.0 +  2 %).

E xperim ental find ings were as follow s: A cute occlusion o f th e  subclavian  
artery  resulted in a typ ica l reversal of blood flow  in the ipsilateral vertebral 
artery; th is retrograde b lood flow  exceeded the normal flow  prior to  occlusion. 
B lo o d  flo w  in the upper ex trem ity  o f the affected  side rem ained n early  equal

Acta M e die a Academiae Scientiarum Hungaricae 25, 1968



H A EM O D Ï NAMIC CHANGES IN  T H E  SUBCLAVIAN STEAL SYNDROME 8Î

Table I

Essential sym ptom s and diagnostic signs o f the subclavian steal syndrome in 11 pa tien ts

A) Evidence of 
individual investigation 
B) Presenting symptoms

No. of 
cases 

studied

No. (%)
of positive I  Note 

cases

A) Investigations

20 ram Hg difference in blood 
pressure between the two 
arms и 11 (100)

In 4 cases the difference was 
50 mm Hg

Systolic  sound, thrill over 
supraclavicular fossa

n 10 (91)

Diamond-shaped ejection m ur
mur over supraclavicular fossa 
on affected side

Reduced pulse am plitude of 
brachial and radial arteries 
on the affected side 9 8 (89)

R eduction of the rheogram of 
the fingers and o f the arm 
on affected side 8 5 (62)

Reduced oscillometric index  
on affected side

10 4 (40)

No indication of cerebral
ischaemia in any o f the 4 posi
tive  cases

Reduced pressure In central 
retinal artery on affected  
side 7

B) Sy

2 (29) 

m ptom s

Transitory vertigo
11 7 (6 4 )

In 4 cases typical vertigo  on 
physical work

Transitory faint 11 6 (54) In 3 cases loss o f consciousness 
on physical work

Transient blurring of vision 11 3 (27)

Ischaem ia of upper extrem ity  
on affected side

11 3 (27)

In the 3 cases o f  th is  type  
sym ptom s ind icative o f  cer
ebral ischaemia were absent

_ ____  ____
H eadache

11 3 (27)
In all 3 cases headache on 

physical work

to  th a t o f the other side. Occlusion o f the vertebral artery with reversed blood  
flow  caused a substantia l reduction in flow  in  th e  ipsilateral upper ex trem ity . 
A retrograde flow  o f minor degree was dem onstrable in the lower thyroid  artery  
also. Occlusion o f the ipsilateral thyroid  artery resulted in an in sign ifican t
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Fig. 1. R eversal o f b lood flow  in vertebral 
artery follow ing acute occlusion o f the proxi

m al segm ent of the subclavian  artery 
1. The anterograde flo w  o f the — left — 
vertebral artery before the ligation  of the 
— le ft  — subclavian artery — 2. The retro
grade (reversed) flow  o f  the — left — ver
tebral artery after the liga tion  o f the — left — 
subclavian artery — 3. The retrograde flow  
of the — left — vertebral artery after li
gation  o f the su bclav ian  artery and after 
occlusion of the right com m on carotid artery

F ig. 2. Change in blood flow  of the upper lim b  
fo llow ing acute or chronic occlusion o f  the  
proxim al segm ent of the subclavian artery  

В =  A cute experim ents (im m ediately  after  
the lig a tio n  of the left subclavian artery) — 
A =  Chronic experim ents (after a w eek of  
the lig a tio n  of the left subclavian artery — 
1. B lood  flow  (m l/m in) of the righ t — in ta ct  
— upper lim b — 2. Blood flow  of the le ft  
upper lim b — 3. Blood flow  of the left  
upper lim b after the occlusion o f the le ft  

vertebral artery

Table II

Regulation o f  cerebral blood flow  in subclavian steal ( brachiobasilar)  syndrome

No. Name, age (years), 
sex P RR

mm Hg
CO

1/min.

TPR
dyn.
sec. 

cm- 6

CBF
ml/min.

CVR 
dyn. sec. 

cm-5
c o 2 c

ml/min.
CCOF

%

l* E . J. 59 £ A 150/90 5.0 1750 750 11.600 48.0 15.0
В 140/80 4.8 1600 600 13,200 45.0 12.5

2° N .  Gy. 68 $ A 170/95 5.0 1910 710 13,400 49.0 14.2

B* 180/100 5.3 1910 840 12,000 - 15.5

3° D . L. 62 ? A 220/95 4.5 2400 650 16,600 35.0 14.5
B* 220/90 4.5 2350 750 14,100 40.0 16.8

4° N .  J. 65 $ A 140/90 4.0 2150 650 13,100 45.5 16.2
B* 140/90 — — 700 12,200 49.0 —

Abbreviations: P — Period; A =  Before experim ent; В =  2 minutes after intraarte
rial adm inistration of 0.08 g papaverine into the left brachial artery; B* =  Left upper lim b  
exposed to 220 mm H g pressure b y  tourniquet; R R  =  B lood pressure values refer to the in tact  
(right) upper ex trem ity; CO =  Cardiac output; СВР =  Cerebral (total) blood flow ; CVR =  
Cerebral (total) vascular resistance; C 02C =  Cerebral (to ta l) oxygen consumption; CCOF =  
Cardiac output fraction o f cerebral flow
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reduction  of upper extrem ita l flow  if  compared w ith the effect o f closure o f the  
vertebral artery.

Prolonged occlusion o f the subclavian artery caused no greater difference 
in  upper extrem ital flow  th an  did its acute occlusion. In th is case, however, 
there was only a slight reduction  in blood flow  in the upper lim b o f th e  affected  
side on occlusion o f the ipsilateral vertebral artery.

R esults of the anim al experim ents are shown in Figs 1 and 2.

F i g . 3 . C erebral ang iogram  a f te r  in tro d u c tio n  of c o n tra s t  m edium  in to  th e  a rc h  o f th e  ao rta . 
The r ig h t su b c lav ian  ( J ) and  v e rte b ra l (^) a rte rie s  fill clearly

Cerebral angiography was performed in 7 patients and in 9 dogs. In  5 sub
jec ts  th e  distal segm ent o f  th e  subclavian artery filled via  the vertebral artery, 
in  other words, in th is artery there was a characteristic reversal o f  flow . In 2 
cases the distal segm ent o f  the subclavian artery received blood through the 
thyrocervical trunk, presum ably by reversal o f blood flow  through the lower 
thyroid  artery. A typ ica l case w ith reversed flow  in the vertebral artery is 
presented in Figs 3 and 4.

The angiograms perform ed in dogs showed th at after acute occlusion  o f the 
proxim al segm ent o f the subclavian artery, its d istal segm ent filled  essentially  
through the ipsilateral vertebral artery (Fig. 5).

In case of chronic occlusion o f the proxim al segm ent the d ista l territory  
received its blood supply, apart from the vertebral artery, first o f  all through 
th e  thyrocervical trunk.
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F ig . 4 . Angiogram taken 2" after introduction of contrast medium clearly shows the contrast 
medium reaching the left subclavian artery ( J ) and through retrograde filling of the vertebral 

artery (:}:). (Left subclavian steal syndrome.)

F ig . 5. Cerebral angiogram in dog after occlusion of the proximal segment of the left subclavian 
artery (artificial left subclavian steal syndrome). After the introduction of contrast medium, 

filling of the right subclavian and right vertebral arteries are clearly seen
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Discussion

The subclavian stea l syndrom e is due to  an occlusion o f th e  proxim al 
segm ent o f the subclavian  artery and th e  consecutive changes in  cerebral 
blood flow  [2, 3, 4 , 5]. As judged from the present cases, none o f th e  ind ividual 
sym ptom s alone seem s to  be o f decisive d iagnostic significance. R ecurrent spells 
o f cerebral ischaem ia com prizing dizziness, clouding of consciousness, blurring 
o f v ision  were found, in  accordance w ith data in the literature, to  provide the  
m ost reliable diagnostic clues. The present find ings have shown th a t blood supply  
to  th e  upper extrem ity  is provided essentia lly  b y  a reversal o f  b lood  flow  
through the ipsilateral vertebral artery. After occlusion of the proxim al segm ent 
o f th e  subclavian artery, flow  in the upper extrem ity  was scarcely  less than  
on th e  intact side, in agreem ent w ith  the find ings o f C o n r a d  et al. [ 6 ] .

The subclavian stea l syndrom e seem s to  fall into the fo llow ing tw o  main 
typ es, (i) Sym ptom s o f cerebral ischaem ia w ith  fu lly  preserved b lood su p p ly  to 
the upper limb. This ty p e , term ed also “ brachiobasilar insufficiency syndrom e” 
presupposes a m assive retrograde blood flo w  through the vertebral artery, 
(ii) Ischaem ic sym ptom s o f the upper limb sim ilar in type to in term itten t clau
dication , usually w ith  no cerebral phenom ena. In  these cases cerebral blood  
supp ly  is little  affected because of scanty backw ard flow  through th e  vertebral 
artery. On the ground o f the sym ptom s and findings 7 o f the present cases 
belonged to the first, and 4 to  the second typ e. I t  is the m orphology o f  th e  crani
al vessels, nam ely o f  the carotid and vertebral system s, including th e  circle of 
W illis which determ ines the typ e. Subclavian stenosis com bined w ith  narrow
ing o f  the carotid or o f  th e  vertebral artery results in a great v a r ie ty  o f  clinical 
sym ptom s [7 —11].

The subclavian stea l syndrom e greatly  alters circulation in  th e  brain 
and in the upper lim b. A fter experim ental acute or chronic occlusion  o f the 
subclavian artery, blood flow  in the ipsilateral upper limb was scarcely  less 
than  th at on the unaffected  side. Blood supply  to  the subclavian segm en t distal 
to  the occlusion is prim arily provided b y  th e  ipsilateral vertebral artery. In  
fact, the backward flow  through the vertebral artery of the affected side exceed
ed th e  anterograde vertebral flow  of the unaffected  side, as illu strated  in  F ig. 1. 
The present findings are in agreem ent w ith  those o f R e i v i c h  e t  al. [ 1 2 ] ,  

S a m m a r t i n o  and T o o l e  [13] as well as those o f  H a n d a  et al. [14]. A s expected , 
retrograde flow in  th e  vertebral artery was greatly  influenced b y  th e  com m on  
carotid flow  (Fig. 1). In  addition to the vertebral artery the thyrocervica l 
trunk also takes part in th e  blood supply to  the upper extrem ity . A fter pro
longed occlusion o f th e  subclavian artery, its d ista l portion received blood  from  
the lower cervical artery too , moreover, clam ping o f the ipsilateral vertebral 
artery left the blood supp ly  to  the upper ex trem ity  unaffected (F ig . 2).

Our clinical observations suggest th at in  the type m arked b y  cerebral
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isch a em ia  even the b asic  conditions of cerebral circulation are inadequate. 
C erebral blood flow  w as abnorm ally low and th e  cerebral fraction o f cardiac 
o u tp u t reduced. The resp on se of cerebral flow  to  sudden changes in vascular 
resista n ce  in the upper ex trem ity  was characteristic  o f the syndrom e. In  the 
fir st  p a tien t, an abrupt low erin g  of the vascu lar resistance in the upper limb  
resu lted  in a definite red u ctio n  of cerebral flow . In  the second and third case, 
th e  su d d en  elevation o f th e  vascular resistance in th e  upper extrem ity  w as fol
low ed  b y  a significant in crease in cerebral flow  (Table II). It is assum ed that  
vasocon striction  in th e  d is ta l segm ent of the su b clav ian  artery leads to  a reduc
t io n  in  the pressure d ifferences between the verteb ra l and the subclavian arte
ries, w hich  results in an im pairm ent of retrograde blood flow  in the vertebral 
artery  to  the profit o f  cerebral circulation. The reverse occurs on vasod ila ta 
tio n  in  the distal portion o f  th e  subclavian artery.
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NOUVELLE INTERPRÉTATION PHYSIOPATHOLOGI
QUE DES CARACTÉRISTIQUES DE L’HYPERMÉTRO

PIE «RELATIVE» PRODUISANT L’ÉSOTROPIE, I.
Par

I. R éth y

lia  CLINIQUE OPHTALMOLOGIQUE (DIRECTEUR: PR. T. NÓNAY), UNIVERSITÉ MÉDICALE DE
BUDAPEST

(Reçu le 26 juin 1967)

Résumé

La nouvelle interprétation pathologique de l’hypermétropie «relative» est fondée 
sur sa corrélation étroite avec la force de fusion. A  mesure que la fusion s’affaiblit, le 
domaine de l’hypermétropie «relative» causant le strabisme s’élargit, car la force de 
fusion est incapable de conserver la vision binoculaire contre l’impulsion de l'accommo
dation-convergence à distance.

La conception pathologique de l’hypermétropie «relative» explique aussi les 
cas exceptionnels et offre des possibilités nouvelles du traitement causal de l’ésotropie. 
La nouvelle méthode de traitement conservateur du strabisme nous permet d’envisager 
une réduction considérable du nombre des opérations en cas du strabisme.

Nous traitons la théorie physiopathologique de rhyperm étropie relative  
en cherchant l’explication  étiologique du strabism e convergent et sa théra
peutique causale en nous fondant sur notre expérience.

La notion physiologiquem ent peu déterm inable de rhyperm étropie rela
tive  est redevable à  D o n d e r s , qui a dém ontré avec quelle fréquence elle 
déterm ine le strabism e convergent. Ainsi l ’hyperm étropie relative peut être 
mise en rapport causal avec un grand chapitre de la pathophysiologie de la 
vision , notam m ent avec l ’am blyopie, la fixation  excentrique, la correspondance 
anom ale, les graves conséquences sensorielles du strabism e.

D ’après les principes de D o n d e r s , du point de vue physiologique et 
fonctionnel l’hyperm étropie peut être divisée en deux parties: l ’hyperm é
tropie peu accentuée est facu lta tive  car, par l ’accom m odation binoculaire à 
distance, le m alade est capable de voir convenablem ent des deux yeu x , alors 
que l ’hyperm étropie d ’au-delà d’environ -f- 6.0  D est absolue, puisque le 
m alade ne peut sans abandonner la vision binoculaire bien voir ni de l’un, ni 
de l ’autre œil.

A l’aide de l’accom m odation monoculaire d ’une capacité presque re
doublée l’enfant a tte in t d ’hyperm étropie absolue serait aussi capable de bien  
voir de l’un de ses yeu x , m ais s ’en trouve em pêché par la force de fusion  
d’in ten sité  norm ale, car la convergence se produisant sur l ’autre œ il sim ulta
n ém en t avec l’effort d ’accom m odation produirait une vision  double insuppor-
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ta b le . L ’emploi prolongé de l’accom m odation m onoculaire pour la vue à 
d ista n ce  n’est possible q u ’en cas pathologique, lors de la dégradation de la 
force  de fusion réunissant l ’im age des deux y eu x , le plus sou ven t en cas d ’une 
hyperm étropie m oyenne (entre -+-4.0  D  -+-6.0 D ). Selon D o n d e r s , une h y 
perm étropie de ce degré e s t  relative par rapport à la convergence. Si, pour 
u n e raison quelconque la force de fusion s’affaib lit, un m oindre effort d ’ac
com m odation  peut déjà ex c iter  l ’enfant à la convergence à d istance (strabis
m e), e t  si cela se répète fréquem m ent, l ’exclusion portant du systèm e ner
v e u x  central supprime la  v is io n  sim ultanée sur l ’œ il plus am étrope e t fait ces
ser les  images doubles. D an s ce cas l ’enfant peut garder l’acu ité  visuelle  d’un 
œ il a v ec  une tension perm anente de son accom m odation, alors que des alté
ra tio n s pathologiques sensorielles se produisent sur l’autre œil.

Selon D o n d e r s  le strabism e convergent est la conséquence de l ’accom oda- 
t io n  assurant l’acuité v isu elle  d’un œ il contre l’hyperm étropie relative.

L a conception actu elle  des ophtam ologues sur le développem ent du 
strab ism e convergent et sur son traitem ent causal est peu affectée par l ’ensei
g n em en t de D o n d e r s  sur l ’hyperm étropie relative. La raison principale en est 
l ’im p ossib ilité  d’expliquer des nom breux cas de l’ésotropie par l ’hyperm étropie  
«relative» dans les lim ites physiologiques indiquée par D o n d e r s  et qu’une 
hyperm étropie de ce degré, considérée com m e relative, ne déterm ine pas de 
strab ism e dans tous les cas. La théorie ne se laissa pas réconcilier avec les 
fa its .

A u  cours des derniers 4 ans nous avons tâché de coordonner la  théorie de 
D o n d e r s  avec nos observations. Nous avons exam iné la possibilité de modifier 
la th éor ie  et de nous en servir com m e principe directeur dans le traitem ent des 
en fa n ts  atteints de strabism e. N ous nous proposons de com pléter les m éthodes 
conservatrices de tra item ent pour améliorer considérablem ent les résultats de 
c e tte  thérapeutique.

Le domaine de l ’hyperm étropie relative est généralem ent p lacé entre 
-+- 4 .0  D  et -+- 8.0 D. Or, ce tte  défin ition  ne perm et pas d’expliquer de nom breux  
cas d ’ésotropie dont l ’hyperm étropie se trouve en dehors de ces lim ites, alors 
que, d ’autre part, il y  a beaucoup de cas où l ’enfant ne louche pas to u t en ayant 
une hyperm étropie de ce degré.

Il est, selon K e t t e s y ,  un fa it rem arquable que la littérature ne définit 
pas les lim ites de l ’hyperm étropie relative, ce qui serait dû à la d ifficu lté de la 
d éfin itio n . Par estim ation, K e t t e s y  indique les lim ites de l’hyperm étropie  
r e la tiv e  entre -+- 2.0 D e t  +- 10.0 D . Certes, le dom aine ainsi élargi de l ’hyper
m étrop ie  relative perm et d ’expliquer plusieurs cas de strabism e, m ais pas 
to u s. E n  même tem ps, le nom bre de ceux qui ne louchent pas m algré leur 
hyperm étropie dite «relative», se vo it considérablem ent agrandi. A fin d’ex 
p liquer les exceptions il faudrait donc élargir encore davantage les lim ites de 
l ’hyperm étropie relative m ais en m êm e tem ps les réduire pour arriver à l ’ex-
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plication  d ’un autre groupe d’exceptions, ce qui paraît être une tâche im possib le  
à réaliser.

A ucune des définitons n’est conform e à l ’expérience pratique. Selon notre 
sta tistiq u e, le strabism e convergent se v o it  entre -f- 0.5 D et -f- 11.0 D , avec  
un m axim um  de fréquence entre -)- 4.0  D et -f- 5.0 D. (Fig. 1)

'oeil strabique

+ 1 + 2 +3 +4 + 5 + 6  +7 +8 +9 +10+11 0

casus: 202

70-

*1 +2 +3 +4 +5 +6 +7 +8 + 9 +10+11 D

Fig. 1. Courbe de fréquence de l’hypermétropie sphérique de nos cas d’ésotropie. Les valeurs 
les plus fréquentes sont - f -  4.0 D et +  5.0 D, mais toutes les valeurs se rencontrent entre 
-f0.5 D et -j- 11.0 D. Il n’y eut pas d’emmétropie. — L’interprétation physio-pathologique 

de l’hypermétropie relative explique tous les cas.

Alors, ou bien ce n’est pas vrai que ce n ’est que le secteur «relatif» de 
l ’hyperm étropie qui cause du strabism e e t que l’hyperm étropie «relative» le 
cause toujours, ou bien la conception est fausse selon laquelle le dom aine relatif
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de l ’hyperm étropie se laisse lim iter dans des cas pathologiques. C’est une so
lu tion  rassurante de ce dernier problème que nous tâchons de trouver afin  que 
les d eu x  premières hypothèses soient valables dans tous les cas.

L ’expérience que nous avons dans le tra item en t conservateur du strab is
me ( R É T H Y —Gál) nous a incité à bien repasser dans l’esprit toutes les corréla
tion s de l ’hyperm étropie «relative» avec les défauts de la vision binoculaire. 
N otre hypothèse de travail se fonde sur la conclusion que l’hyperm étropie  
rela tive  étant un concept pathologique, sa défin ition  physiologique n ’a pas 
été  effectuée parce que cela n ’est pas possible. I l fu t prouvé en de nom breux  
cas qu ’aucun degré de l ’hyperm étropie ne p eu t causer du strabism e si la 
force de fusion est durablem ent d’une in ten sité  norm ale. Le rôle pathogène  
de l ’hyperm étropie ne deviendra m anifeste que dans des circonstances que 
l ’on p eu t appeler pathologiques: la faiblesse ou la dégradation de la force de 
fu sion . L ’hyperm étropie «relative» ne peut donc être traitée que dans la 
sphère de la pathologie de la vision.

D o n d e r s  fa it égalem ent m ention du rôle que les facteurs troub lant la 
coopération  des deux y eu x  (macula corneae, anisom étropie) jouent dans la 
genèse du strabism e. La dém onstration du rôle décisif joué par la force de 
fusion  dans toute la question ayant rapport au strabism e se rattache au nom  
de W o r t h . L ’étroite corrélation des deux théories apparem m ent contradictoires 
deviendra m anifeste si l ’on sait que l’im pulsion de l’accom m odation est to u 
jours sim ultanée avec celle de la convergence. Lors de la vision de près la 
coopération  des deux y eu x  peut se faire com m e suit: l ’accom m odation est 
su iv ie  instantaném ent par la convergence. Lors de vision  à distance, les cond i
tion s se trouvent changées. A  cause de l’hyperm étropie l ’accom m odation est 
nécessaire aussi pour la v ision  à distance. D ans ce cas l ’impulsion nerveuse de 
l ’accom m odation et de la convergence est sim ultanée. Or, Faction de la con 
vergence produirait la diplopie lors de la vision à d istance. Dans ce cas, la force de 
fusion  entrave l ’action  de la convergence qui se sépare de celle de l ’accom m oda
tio n . La force de fusion peut neutraliser une im pulsion  de convergence d ’un  
d egré équivalant à la force par laquelle elle concentre les deux yeux sur le m êm e  
p o in t. La capacité de la force de fusion est donc en relation directe avec la 
force  de la convergence qu ’elle peut entraver. Par «force de fusion» nous 
com prenons l ’activ ité  réflective  conditionnelle cérébrale, en résultat de quoi 
les d eu x  im ages vues par les deux yeu x  resten t ensem ble et fusionnent, m algré  
certa ines différences entre les deux images en m atière de grandeur, de form e et 
d’acu ité.

La force de l ’im pulsion de la convergence p eu t être mesurée par l ’accom 
m odation  opérée par une im pulsion d ’accom m odation égale, mais non em pêchée  
dans sa m anifestation . L’accom m odation im posée par l ’hyperm étropie est 
augm entée par l ’application de verres concaves au signe négatif, ta n t que la 
convergence ne se produit pas. Cette donnée que l ’on p eu t exprimer en d ioptries
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est la partie positive de l ’am pleur relative d ’accom m odation qui dépend donc 
de la puissance de fusion.

Il n ’y  a d’ailleurs rien de nouveau dans cette  constatation qui e st décrite  
dans des m anuels (C o r d s , 1930; K e t t e s y , 1962). Ce ne sont que les conséquen
ces que nous avons m anqué d ’en tirer. Car, si la force de fusion est ab sen te dans 
des cas pathologiques et n ’em pêche pas l’apparition de la convergence, il 
s ’ensuit que la corrélation étroite de la convergence et de l’accom m odation  
persiste aussi dans la vision à d istance (F ig. 2). Dans ce cas il su ffit  de la 
m oindre im pulsion d ’accom m odation à d istance pour produire la convergence à 
distance, so it le strabism e convergent. Ainsi l ’im pulsion d ’accom m odation  à

Fig. 2. Le dom aine de l ’accom m odation relative est proportionnel en raison directe  avec  la 
capacité de la fusion. Si l’im pulsion de la convergence accom m odative à d istan ce  dépas
se la force de fusion, l’ésotropie (convergence à distance) se produit. Si la force de fusion  est 
supprim ée, la moindre im pulsion d’accom m odation peut faire persister l’ésotropie. Fusion: 

a =  norm al, b — subnorm al, c =  H Y P , d  =  sine fusione

distance causée par une hyperm étropie non corrigée de -f- 0.5 D p eu t déjà 
m aintenir le strabism e.

Pour cette raison nous lions la défin ition  pathologique de l’hyperm étropie  
«relative» à l’apparition de la convergence à d istance, sans tenir com p te du 
nom bre des dioptries de l’hyperm étropie.

L’hyperm étropie est «relative» si l ’im pulsion d’accom m odation qu’elle 
im pose déclenche en m êm e tem ps la convergence à distance. E n p rêtan t à 
cette  thèse une valid ité  générale, nous arrivons à un résultat que l ’on peut 
qualifier de nouveau et surprenant:

Il y  a lieu d’élargir et en m êm e tem ps de réduire les lim ites de l ’hyperm é
tropie «relative» si le dom aine de cette  dernière est représenté en fon ction  de la 
force de fusion (Fig. 3). La figure représente l ’im age de notre thèse: dans des 
conditions physiologiques et avec une force de fusion normale aucun degré 
d ’hyperm étropie ne peut causer un strabism e convergent. En nous fon d an t sur 
l’interprétation  physio-pathologique il nous est possible d’expliquer tou s les
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cas qui restent incom préhensib les pour la con cep tion  physiologique de la théorie  
de D o n d e r s . Les ex cep tio n s rentrent aussi dans les règles. La figure est semi- 
q u an tita tive  puisque les m éthodes actuelles d’enregistrem ent de la force de 
fu sio n  ne sont pas sa tisfa isan tes ni bien com parables. Il ne nous paraissait 
p as u tile  de comparer une certaine qualité de la  fusion  avec une autre, n otam 
m en t, en cas de d éflex ion  par prismes, le synchronism e des images des deux  
y e u x  jusqu’à une certa ine lim ite avec la résistance contre l ’im pulsion de la 
convergence accom m od ative. N ’ayant pas encore une m éthode se prêtant à la 
m esure directe de la force de fusion, il nous fu t im possib le d’en représenter les 
u n ités .

F ig . 3. Le domaine de l’hyp erm étrop ie  «relative» est inversem ent proportionnel à la capacité de 
la  fu sion . A vec l’affaib lissem ent de la capacité de fusion  apparaît l’hyperm étropie relative  qui 
prou ve son caractère path olog iq ue. Avec la cessation de la  fusion , tou t degré d’hyperm étropie  
p e u t faire persister le strabism e. D an s ce cas les dom aines inoffensifs: facu ltatif e t  absolu de 
l ’hyperm étropie m anquent, e t  seu l le domaine dangereux («relatif») est présent.

Sur cette figure, la force de fusion n’est pas exprim ée en unités quantitatives. Pour le 
m o m en t nous ne disposons pas encore d’une unité de m esure qui pourrait exprimer la grandeur, 
la  lum inosité  et le contraste de l ’ob jet employé pour la  fix a tio n , ainsi que sa d istance de la 

personne exam inée. F usion: a — normal, b =  subnorm al, c =  hypo, d =  sine fusione

La figure nous fa it  comprendre que si la capacité de fusion est forte, 
m êm e une hyperm étropie d e -f- 6.0 D ne p eu t pas déterm iner un strabism e, 
p u isq u e le domaine de l ’hyperm étropie relative dangereuse fut réduit.

I l ressort égalem ent de la figure, la raison pour laquelle une hyperm étro
pie de +  0.5 D peut déjà  m aintenir un strabism e convergent si la capacité de 
fu sion  manque et le d om ain e dangereux de l ’hyperm étropie relative est élargi. 
E n  nous fondant sur notre théorie modifiée, nou s pouvons en tirer des consé
q u en ces pratiques de h a u te  importance. Supposons que la fusion est très 
fa ib le  ou manque to u t à  fa it;  le domaine de l ’hyperm étropie relative étend  
— contrairem ent à  la con cep tion  de D o n d e r s  — aussi sur le domaine facu lta tif  
inoffensif. Dans ce cas c ’est le  principe de la correction optique com plète qu’il 
co n v ien t d’appliquer d ’après notre expérience ophtalm ologique dans le tra ite 
m en t conservateur de l’ésotropie.
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Il est im portant de faire une d istinction quantitative entre le degré de 
l ’hyperm étropie qui cause le strabism e et celui qui le m aintient. Le premier 
dépassera toujours le dernier, car c’est bien l ’affaiblissem ent de la force de fusion  
qui cause l ’apparition du strabism e, mais la fusion est toujours plus forte  avant 
l ’apparition du strabism e ou à son début que pendant sa persistance et sa 
fixa tion . En effet, le strabism e dim inue considérablem ent la capacité de fusion, 
voire m êm e la supprime. A insi, le m aintien du strabism e convergent dem ande  
une accom m odation produite par une hyperm étropie inférieure à celle  qui fut 
nécessaire à sa genèse lorsque la capacité de fusion ne fut pas encore com plè-

STRABISME CONV. PERIOD, 
c a s u s :166

50

40

З О Н

20

ю н
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‘  Х ~~ —  X ------- X ---------- X

+ 1 + 2 + 3 + 4 +5 + 6 +7 +8 + 9 +10 +11 D Hm.

Fig. 4. En cas de strabism e in term itten t l’hyperm étropie de +  2.0 D est la plus fréquente, à 
l ’opposé des valeurs plus élevées observées en cas de strabism e perm anent. E n  cas d ’hyper

m étropie supérieure à -f- 2.0 D l’ésotropie ne reste que rarement in term itten te.
Strabism e conv. period.

tem ent supprimée. Les lunettes ordonnées pour supprimer le strabism e ne 
doivent donc pas seulem ent supprim er le stim ulus de l ’im pulsion accom m oda
tion-convergence suffisante pour déclencher le strabism e; m ais e lles doivent 
aussi décharger lors de la v ision  à distance l ’im pulsion d’accom m odation  de 
-f- 0.5 D , qui fait persister ou fixe  éventuellem ent le strabism e.

Afin que les verres soien t plus agréables à porter au début, il n ’est pas 
adm issible de faire une concession ne fût-ce que d’une dem i-d ioptrie au 
détrim ent de la correction parfaite à réaliser par les lunettes, com m e c’est 
recom m andé encore aujourd’hui à l’étranger. Voir à cet effet les recom m anda
tions officielles du cercle de travail «strabisme et amblyopie» publiés en 1965 
à B onn et à Leipzig sur les principes du traitem ent «moderne» du strabism e. La 
sous-correction assure la persistance du strabism e ! L’enfant louche ne dem ande 
pas m ieux que de conserver une situation  fam ilière et ne porte donc volontiers 
au début que des lunettes qui n ’assurent qu’une sous-correction. L ’ophtalm olo
g iste  ne doit guère encourager ces efforts. U ne autre publication  ( R é t h y — 

G á l  1965) décrit une m éthode sûre d’habituer l’enfant à porter le verre
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correcteur m oyennant l ’adm inistration prolongée d’atropine. T outefois, il 
n ’est  pas toujours possib le  de supprimer v ite  le strabism e de cette manière. 
L ever  les réflexes con d ition n és déjà stabilisés qui règlent le tonus de l’accom m o
d a t io n — convergence, e t les adapter à la s itu a tio n  optique changée prend 
généralem ent un tem ps a ssez  long.

On peut observer l ’élargissem ent du dom aine de l ’hyperm étropie relative  
lorsq u e la fusion est passagèrem ent détériorée pour une raison quelconque, 
p. e x . une maladie fébrile (rougeole, grippe). D ans ce cas le strabism e peut déjà 
se m anifester en présence d ’une amétropie peu im portante. Si la fusion est 
con servée jusqu’à un certa in  degré, le strabism e reste interm ittent. En appli
q u a n t des verres concaves q u i augmentent l’im pulsion  de l ’accom m odation et par 
con séq u en t aussi celle de la  convergence, nous avons pu dans ces cas provoquer, 
au gm en ter  et stabiliser le  strabism e pour un tem p s vou lu , comme il ressort de 
nos prises de vue. Pour c e tte  même raison, le strabism e provoqué par une 
hyperm étropie supérieure à -j- 2.0 D reste rarem ent in term itten t car, par suite  
des périodes de strabism e p lu s intenses et prolongées, la fusion se détériore 
rap idem ent et le strabism e p eu t se stabiliser. D an s les cas de strabism e inter
m itte n t  observés dans n o tre  pratique, nos sta tistiq u es dém ontrent la plus 
grande fréquence de l ’hyperm étropie sphérique de -J- 2.0 D , à l ’opposé des 
v a leu rs de -(- 4.0 et -j- 5.0 D  observées en cas de strabism e perm anent.

Selon la publication de D a r a b o s , la cessation  de la force de fusion, par 
su ite  de la dégradation de la  v u e  d’un œil à cause d ’un accident, a provoqué en 
quelques mois un strab ism e, alors que l’autre œ il fu t attein t par une hyper
m étrop ie  peu im portante (- |-  2 .5  D en m oyenne). V oici donc encore une exp é
rience qui vérifie notre p o in t de vue selon lequel l ’hyperm étropie, facu ltative et 
in o ffen sive  au début, prend, par suite de la cessation  de la fusion, un caractère 
«relatif» et dangereux ca u sa n t l’apparition du strabism e. Il est encore in
téressa n t à noter que le développem ent du strabism e a pris dans tous les cas 
" u elau es mois et que la correction  complète de l ’hyperm étropie n’a eu comme 
r é su lta t  instantané qu’une d im inution de l ’angle strabique. Selon notre expéri
en ce , to u t  comme son d évelop p em en t, la régression com plète du strabism e prend 
éga lem en t quelques m ois ou  m êm e plus, si la correction optique est portée 
constam m ent. Nous ne p ou von s que regretter que l ’intéressant travail de 
D a r a b o s  ne donne pas de renseignem ents à ce su jet.

E n  acceptant la d éfin itio n  dynamique et pathologique de l’hyperm étropie 
re la tiv e , notre hypothèse se lo n  laquelle l’hyperm étropie relative cause dans 
tou s les  cas un strabism e con vergen t se trouve vérifiée. La base du traitem ent 
causal de l ’ésotropie réside dans la neutralisation des im pulsions réflexes de 
l ’accom m odation et de garantir  à la fusion la possib ilité  de s’évoluer en premier 
par u n e correction optique.

E n  c o m p l é t a n t  l a  t h é o r i e  d e  D o n d e r s  p a r  l a  p r i s e  e n  c o n s i d é r a t i o n  d e s  

e f f e t s  p r o v o q u é s  p a r  l e s  c h a n g e m e n t s  d e  l a  f o r c e  d e  f u s i o n ,  l e s  n o m b r e u x  c a s
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cliniques, inexpliqués et apparem m ent inexp licab les jusqu’à présent, d ev ien 
nent en vertu  de l ’interprétation pathologique des cas com préhensibles.

D ans la pratique, aviver la discussion sur le caractère mono- ou polyétio -  
logique du strabism e est dépourvue de sens et mène à des m alantendus. En 
effet, les différents facteurs responsables du strabism e agissent l’un sur l ’autre 
et conjointem ent. En com plétant la théorie de D o n d e r s  il y a lieu de dém ontrer  
des corrélations plus profondes. Notre hyp oth èse se trouve vérifiée: m êm e en cas 
de m yopie, la cause de l ’ésotropie est toujours l ’impulsion d’accom m odation  
qui provoque la convergence, action que la détérioration de la force de fusion  fait 
prévaloir. Sim ultaném ent avec l’accom m odation à distance apparaît la conver
gence à distance (lim itant la possibilité de la vision binoculaire).

T outefois la cause commune provoquant ceci et provenant de plusieurs 
facteurs ne pourrait être discutée que conjointem ent avec le caractère de 
l ’accom m odation dans tous les cas d’hyperm étropie «relative», ce qui dépasse
rait les cadres de ce travail.
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By

G y . I m r e  and M . P á l

SECOND DEPARTMENT OF OPHTHALMOLOCY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived August 10, 1967)

The presence o f vitreous in the anterior cham ber w ith the atten d an t corneal 
oedem a characteristic o f bullous keratopathy has been reproduced in the rabbit eye 
by the introduction o f silicon oil into the anterior cham ber. If the corneal oedem a thus 
induced was accom panied by vascularization, th is  w as confined to the lim bic area. On the 
other hand, vascularization  was never found in those regions which had been in contact  
w ith  the oil and where, consequently, swelling w as th e  m ost intensive. This supports the  
claim  th at loosening o f the corneal structure is on ly  one of the prerequisites, bu t not 
the cause, o f vascularization. Avascular oedem a o f the cornea resulting from  su b stitu 
tion  o f aqueous hum our b y  another medium w as found to be accompanied b y  a significant 
reduction in the lactic  acid content o f the cornea. This emphasizes the sign ifican ce of 
lactic  acid as a vasoproliferative factor and connects the pathom echanism  o f  bullous 
keratopathy w ith  a poor glucose supply of the cornea.

A s h t o n  [1] believes that corneal sw elling m ust reach the lim bic area 
to  allow ingrow th o f new  vessels b y  the agency  o f  the vasoproliferative factor  
present in the cornea. In earlier studies o f th e  present authors [4, 5] th is fac
tor has been identified  as lactic acid. The corneal concentration o f th is substance  
is high even  under norm al conditions [6, 7 ], still more so in case o f  corneal 
sw elling and vascularization  [9]. N evertheless, sw elling of the cornea does not 
necessarily im plicate its vascularization. For instance corneal d ystrop h y  or 
bullous keratopathy occurring in aphakic eyes, are avascular, th ou gh  being  
associated w ith persisten t corneal swelling o f  considerable in tensity .

The aim o f the present study was to clarify  the causes of avascular sw ell
ing o f the cornea.

Material and m ethods

T w elve rabbits w eighing betw een 2.5 and 3.0 kg were used. Under local anaesthesia  a 
sm all incision into the anterior chamber was made through  the upper segm ent o f th e  lim bus of 
the right eye and tw o threads were passed. The aqueous hum our was left to drain off, th en  the 
anterior cham ber was filled  through the wound w ith  silicon oil of 350 cS v isco sity  (SISS  
dim ethyl oil, Daw-Corning 200) and the sutures were fastened .

The anim als were observed daily and extension  o f the corneal oedema and appearance 
of m arginal vascularization  were registered.

Six anim als were k illed on the 14th day o f  the stu dy . Im m ediately after death  cir
cular disks were cu t o u t from  the central parts o f b o th  corneas w ith a 8 mm trep h ine, begin
ning w ith  the right eye in three animals and w ith the left in the other three. The w et fragm ents 
were placed in a 8%  solution  o f trichloracetic acid o f  know n weight so as to preven t further 
m etabolism , weighed, w ashed in  physiological saline, and placed in a desiccator a t room  tem 
perature. The residue was weighed and the lactic  acid concentration of each specim en was 
determ ined by the m ethod o f B a rk er  and Su m m er so n  [2].
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T h e arithm etic m ean and th e  standard deviation  (S D ) of the lactic acid concentration  
in  th e  te s t  and control fragm ents were calculated and the results were evaluated b y  St u d e n t ’s 
t-te s t .

In  tw o clinical cases o f  bu llou s keratopathy associated  w ith aphakia, perforating kera
to p la s ty  w as carried out using a 8 m m  trephine. The cornea was avascular and th e  anterior  
ch a m b er  w as occupied by th e  v itreo u s body in both  cases. T he lactic acid content o f  th e  corneal 
fr a g m e n ts  rem oved in the course o f  the intervention w as estim ated  by the sam e m eth od  as in 
th e  a n im a l tissues.

F ig . 1. R a b b it cornea six w eeks after  introduction o f silicon oil into the anterior cham ber. T he  
corneal disk being in  co n ta c t w ith the oil is c lou dy and exhibits marginal scars

Results

A t  the start of the s tu d y  the silicon oil seem ed  to  fill the anterior cham 
ber, b u t  b y  the second d ay  it  had collected in  th e  central area as a drop 8 or 
9 m m  in  diameter touching th e  cornea nearly over its entire surface. B y  the  
seco n d  or third day the cornea had becom e c lou d y. In  half of the cases sw elling  
h ad  spread  over the w hole cornea involv ing  th e  lim bus too or a t lea st 2/8 
o f  it s  circum ference. From  th e  tw elfth  day  onw ard the cornea began to  clear, 
b u t th e  central area adjoin ing the accum ulated silicon oil remained c lou d y  and  
at it s  ed ges deep linear scars were left b y  th e  end o f  six  weeks (Fig. 1).

I n  9 out of 12 corneas a superficial ingrow th  of new vessels m ade its  
ap p earan ce between th e  th ird  and seventh  d ay, reaching its m axim um , i.e . 
1.0 +  0 .64  (SD)mm, betw een  the eighth and e leven th  day, to  dim inish  sub
se q u e n tly . I t  never in vo lved  th e  area o f m axim al swelling contiguous to  the  
silico n  o il. On the fourteenth d a y , a distinct d ifference was demonstrable in  th e  w et 
w eig h t o f  the six sections cu t ou t from the oedem atous and those from  the con
tro l corneas. The mean dry to  w et weight ratio o f  the oedem atous corneas w as
0 .20  ±  0 .01 (SD), that o f  th e  controls 0.25 ±  0 .004 (SD).

T h e  figures relating to  corneal lactic acid con ten t are presented in T able I , 
th o se  derived  from hum an tissu e , in Table II .
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Table I

Lactic acid content o f  rabbit corneas 
Arithm etic mean i  standard deviation

Lactic acid Test Control

D ry weight /tg/mg 1 .7 8 ± 0 .1 5  (6) 2 .9 7 ± 0 .9 0  (6) p <  0.02

W et weight fig/m g 0 .3 6 ± 0 .0 5  (6) 0 .7 4 ± 0 .2 8  (6) p <  0.01

Table IT

Lactic acid content o f two human corneas with bullous keratopathy

Wet
weight Dry weight Dry per wet 

weight ratio

Lactic acid

Wet weight Dry weight

8.5 — — 1.8

59.5 8.1 0.13 0.21 1.6

D iscussion

B ullous keratopathy, an avascular oedem a o f the cornea, is p revalent after 
surgery for cataract if  the vitreous intrudes in to  the anterior cham ber in an 
am ount sufficient to  form contact w ith  the cornea over a large area. The factor  
responsible for corneal swelling is supposedly  the endothelial dam age due to  the  
exten sive  contact betw een vitreous and cornea. Corneal swelling can dou b tless
ly  be caused b y  endothelial damage alone, still more so if there is som e additional 
factor.

The glucose required by the cornea for the m aintenance o f its m etabolism  
in the dehydrated state is provided b y  th e  aqueous humour. A ccording to 
D a v s o n  and D u i c e - E l d e r  [ 3 ] ,  the v itreous contains less glucose th an  the  
aqueous hum our, in all likelihood partly as a consequence o f its re la tiv e ly  low  
perm eability  for glucose. The additional factor o f  corneal sw elling in  th is case 
is presum ably an inadequate supply o f  glucose. This is in agreem ent w ith  the  
observation  th at when separation o f th e  cornea from  the vitreous w as m ainta in 
ed b y  m eans o f  air insufflation or o f posterior sclerotom y, corneal oedem a even 
tu a lly  ceased [8, 11, 12].

In  the present study the presence o f  v itreous in the anterior cham ber was 
im itated  b y  th e  introduction of silicon oil into th is chamber and th is indeed  
very soon resulted in corneal oedem a associated  with a significant reduction  
in lactic  acid concentration both in relation  to  dry and to wet w eight (p <C 0.02; 
p <  0.01) am ounting to  not more than  59.9 and 48.6%  of the respective normal 
values. In  the corneas obtained from th e tw o cases o f bullous k era top ath y  the
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lactic  acid content w as likew ise m arkedly reduced. I t  emerges from the present 
stu d y  th a t prolonged deprivation of the cornea o f  its  contact with the aqueous 
hum our will in ev itab ly  affect corneal g lycolysis, probably in consequence o f  
an inadequate glucose supply . This is w hat probably happens in bullous 
keratop ath y and also accounts for later en d othelia l damage even if  the endo
th eliu m  has been unaffected .

I t  is probably because o f a similar nutritional disturbance that the cornea  
becom es dull in the presence of extensive precip itates. In bulbar atrophy too  
there is swelling but no vascularization of th e  otherw ise intact cornea. Here th e  
inadequate nutrition  o f the cornea may be connected  w ith the arrest o f secre
tion  o f  aqueous hum our. This is well illustrated  b y  the case of a 78-year-old  
m ale patien t who w as adm itted  to  our departm ent because of com plete b ila t
eral occlusion o f the ophthalm ic arteries, resu lting  in im mediate loss o f ligh t 
sensation . Production o f aqueous humour com p lete ly  ceased. The corneas 
were sw ollen to  tw ice their norm al thickness, nevertheless neovascularization  
w as absent.

In agreem ent w ith  th e  observations o f  M a u r i c e , Z a u b e r m a n  and  
M i c h a e l s o n  [10] th e  present results suggest th a t  loosening of the corneal 
tissu e , though being one o f the prerequisites o f its  neovascularization, is b y  no 
m eans its cause. I f  the corneal swelling induced in  our animals was associated  
w ith  neovascularization , th is  was invariably tran sien t and confined to  the  
m arginal areas, never in volv ing  the sites o f m axim al swelling contiguous to  
the silicon oil. The find ing o f low lactic acid concentrations in these very  areas 
support the claim th a t the vasoproliferative factor is identical w ith lactic  acid  
and explains w hy sw elling of the cornea need not be associated w ith  its v a s
cularization.

Further studies w ill have to clarify w hether in corneal dystrophy asso
ciated  w ith  avascular sw elling the lactic acid con ten t is likewise low  or w h eth 
er in  these cases sw elling o f  the cornea does n o t involve a loosening o f its  
tissue.
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THE CONJUGATING MECHANISM 
IN A CASE OF ETIOCHOLANOLONE FEVER

B y

T. F e h é r  a n d  L. H a l m y

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST AND FOURTH SECTION 
OF MEDICINE, POSTGRADUATE MEDICAL SCHOOL, BUDAPEST

(R eceived Septem ber 27, 1967)

A fem ale patient had in term itten t fever and elevated plasm a unconjugated  
etiocholanolone level. The 17-oxosteroid su lphates in plasma and urine and the glucu- 
ronosides in  urine have been determ ined under basal conditions and after the adm inis
tration  of corticotrophin, m etopirone and testosterone propionate. The find in g  revealed  
th a t the patient failed to produce 5/3 steroids preferentially and had no defect o f  glucu- 
ronoside and sulphate conjugation.

I t  has been shown by K a p p a s  et al. [1 ] that various 5ß  steroids 
h a v e  an intense pyrogenic a c tiv ity  after intram uscular in jection  to  hum ans 
B o n d y  et al. [2] observed patients w ith  periodic febrile episodes and found  
an elevated  free etiocholanolone level in plasm a. W hen the fever subsided the 
am ount o f the steroid decreased to  a norm al value.

Several abnorm alities o f steroid m etabolism  have been suggested  to  
cause fever in patients presenting th e  above syndrom e. Some observations sug
gested  a disorder of the conjugating m echanism , other findings revealed  a nor
m al course of the esterification o f steroid m etabolites [2].

Since few cases o f etiocholanolone fever have been reported and alm ost 
every  case had an unique aetio logy, a stu d y  has been performed o f  the conju
ga tin g  m echanism  in a patient w ith proved etiocholanolone fever. In  th e  course 
o f th e  study, the plasm a level and th e  excretion o f steroid  conjugates  
h ave been determ ined under basal conditions as well as after adm inistra
tion  o f  corticotrophin, m etopirone and testosterone. R esults obta ined  in this 
respect will be described below.

Case record

P atien t BM, a 18 year-old fem ale, was adm itted  in July, 1965, w ith  com plaints o f 
anorexia , malaise, m yalgia, headache, abdom inal pain, nausea, vom iting and subfebrility; these 
sym p tom s had appeared two years earlier. On num erous occasions she had had fever lasting  
for w eeks. Puberty was uneventfu l, the patien t began to m enstruate a t 14 years o f age. There 
w as no correlation betw een the m enstrual cycle and the com plaints.

Stature and body weight below norm al (145 cm and 40 kg). Acne vu lgaris and slight 
exophthalm us were observed. Pulse was 108, blood pressure ranged from 140/90 to  200/110. The 
urine was normal. RBC was 4.2 m illion, W BC 7200, sedim entation rate 55 during fever. H aem o
globin was 15 g per 100 ml, serum cholesterol 204 m g per 100 ml. Serum protein electrophoresis: 
album in , 51.8; alpha-1 globulin, 31.1; alpha-2, 12.0; beta , 14.0; gam m a, 19.1 per 100 ml.
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Serum  electrolytes were w ith in  norm al lim its. Serum protein-bound iodine was 6.7 fi g per 100 
m l. G lucose tolerance test: 110, 140, 170 and 110 m g per 100 m l. G ynaecological exam ination  
revealed  underdeveloped ex terna l genitalia  and uterus. B o d y  hair distribution was norm al. 
V aginal cyto logy  showed a low  oestrogenic and progesterone effec t. Im m unological and haem a- 
to log ica l exam inations revealed norm al values, parasito logical exam ination w as negative. 
A ll therapies except corticosteroids failed to decrease fever.

Determ ination o f  17-oxosteroids in  plasm a and urine. Unconjugated 17-oxosteroids in  
plasm a were determ ined b y  our ow n  m ethod [3]. In  norm al ind ividuals no free 17-oxosteroids 
w ere iso lated  by this technique. T he level o f conjugated 17-oxosteroids in  plasma was estim ated  
b y  a sim ilar m ethod follow ing hydrolysis o f conjugates, purification  of steroids and subse
q u en t th in-layer and paper chrom atographic separation [4]. Several authors assum e th a t  
stero id  conjugates determ ined in  th is  w ay represent su lphate esters o f the hum an plasm a [5].

E xcretion  o f glucuronosides and sulphates o f 17-oxosteroids was determ ined according  
to  S c h e n k e r  et al. [6]. The urinary glucuronosides were subjected  to hydrolysis b y  /i-glucuroni- 
dase (R E A N A L , B udapest) and th e  steroids extracted w ith  ether. The residue of urine was there
after  so lvo lysed  according to  B u r s t e in  and L ie b e r m a n  [7]. A fter  cleaving the sulphate esters, 
th e  stero ids were repeatedly ex tracted  and the extracts evaporated  in  vacuo. A liquots o f the  
ex tra c ts  were chrom atographed separately  on W hatm an N o 1 paper and the zones o f chrom a
togram  evaluated as outlined b y  F e h é r  [8].

I t  has been shown [9, 10] th a t commercial preparations o f /З-glucuronidase, as also the  
one em ployed  in the present s tu d y , have a considerable su lphatase activity. Consequently, 
va lu es for “ steroid su lphates”  appear to be lower than  those m easured by procedures utilizing  
f ir s t  so lvo lysis and thereafter enzym atic  hydrolysis.

F or the control o f  the em ployed  m ethod, we refer to previous papers [3, 4, 8]. Values for 
plasm a were calculated b y  using auth en tic  standards, those for urine were expressed in  andro- 
sterone equivalents.

Functional tests. In  order to  study  the patient’s conjugating system , various functional 
te s ts  w ere performed. The p a tien t and control subjects received  1. 2 x 8 0  U  ACTH (E x a cth in , 
R IC H T E R , Budapest) intram uscularly, 2. 6 x 0 .5  g m etopirone (C IB A , Basel) orally, for raising  
the endogenous production of precursors [10]; finally , 3. testosterone-propionate (Androfort, 
R IC H T E R ) was injected intram uscularly in doses o f 30 m g daily  for 5 consecutive days, and the  
m etab olism  o f exogenous precursors was studied [11]. B lood and urine were exam ined on the  
la st  day  o f  treatm ent.

Results

17-oxosteroids in p lasm a

D eterm ination o f unconjugated  17-oxosteroids in  plasma o f th e  patien t 
during tw o  subsequent episodes o f fever (body tem perature 37.9° C and 37.6° C) 
revea led  an elevated  free etiocholanolone level (11 and 4 fi g per 100 m l, respec
t iv e ly ) . U nconjugated dehydroepiandrosterone and androsterone were present 
at sim ilar levels. Since the physiological range for all unconjugated 17-oxoste
roids is below  1.5 pg  per 100 m l, under basal conditions [12,13] thus u n d etect
able b y  th e  applied m ethod , th e  level of free etiocholanolone in plasm a o f the  
p a tien t had a d iagnostic va lu e .

T able I contains th e  va lu es o f individual 17-oxosteroid  sulphates in plasm a  
o f h ea lth y  fem ale subjects and  patient BM during tw o  episodes o f fever. In  
ad d ition  to  the increased am ount of unconjugated  steroids, the levels o f  
dehydroepiandrosterone and androsterone su lphate were at the lower, and  
etiocholanolone sulphate at th e  upper, lim it o f th e  physiological range, con
seq u en tly  the 5/3/5oc ratio o f  conjugated steroids w as som ew hat increased; the  
increase did not reach s ta tis tica l significance.
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Table I

17-oxosteroid sulphates in  p lasm a o f normal female subjects and o f patient B M  with etiocholan-
olone fever

Age (years)
17-oxosteroid sulphates [ x g / l O O  ml

DEA E A 5/J/5a

Norm al female subjects

16 33 4 32 0.1

20 42 10 25 0.4

23 53 6 21 0.3

24 29 9 20 0.5

Range: 2 9 - 5 3 4 — 10 2 0 - 3 5 0 .1 —0.5

P atient BM

18 10 8 22 0.4

23 12 12 1.0

D EA  =  dehydroepiandrosterone 
E  =  etiocholanolone  
A =  androsterone

17-oxosteroids in urine

In Table II  are show n the urinary va lu es o f individual 17-oxosteroid  
conjugates in control subjects and patient BM  during fever. Values o f  ACTH, 
m etopirone or testosteron e treatm ent indicate increase in mg/24h related  to  the 
resting level.

As can be seen from  Table II , the excretion  o f glucuronoside and sulphate  
conjugates of 17-oxosteroids b y  patient BM during fever and w ithout an y  treat
m ent was practically  norm al. W hen the conjugating system  w as loaded  by  
stim ulating the production  of precursors w ith  ACTH or with exogenous tes
tosterone, the p a tien t’s conjugating ab ility  to  produce glucuronosides or to  form  
sulphates was sim ilar as in the control su b jects. There was a response below  
norm al follow ing m etopirone stim ulation o f  p a tien t BM, but this seem ed to  he 
p itu itary  in origin and not due to a disturbance of conjugation, since the  
response after exogenous ACTH revealed a norm al urinary steroid pattern .

Discussion

The elevated  plasm a level o f unconjugated  etiocholanolone in  patients  
w ith  “ etiocholanolone fever” or “ steroid fever” has been ascribed to  several 
aberrations o f steroid m etabolism  [2]. One o f  the suppositions w as th a t there 
is a tendency for th e  preferential production o f 5/3-steroids; a h yp oth esis  not 
supported by the present study, since the 5/S/5a ratio o f 17-oxosteroids was not
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Table II

17-oxosteroid glucuronosides and sulphates in urine o f  normal female subjects and o f  p a tien t B M  
w ith  eliocholanolone fever under basal conditions and follow ing administration o f A C T H , metopirone

and testosterone-propionate

Treatment

Mode
of

conju
gation

DEA H O E + O E + E HOA 4-A 5Д/5а

N orm al fem ale subjects 

N on e (5) G 0.1* 2.6 1.7 1.5
S 0.4 0.2 0.2 1.0

AC TH  (2) G + 0 .2 * * +  3.6 +  1.9 +  0.2

S + 0 .4 +  0.4 + 0 .2 + 0 .5
M etopirone (2) G + 0 .1 +  4.8 +  1.4 +  0.9

S +  0.1 + 0 .1 + 0 .1 0

T estosteron e (2) G 0 +  3.5 +  2.6 — 0.1
S 0 + 0 .1 +  0.2 — 0.2

P a tie n t BM

N one G 0.2 2.7 2.9 0.9
S 0 0.1 0.1 1.0

ACTH G

*COÖ+

+  3.3 +  1.7 + 0 .4

S +  2.0 + 0 .4 + 0 .4 0
M etopirone G + 0 .2 +  1.0 0 +  0.4

S + 0 .9 + 0 .4 + 0 .4 0
T estosteron e G 0 +  2.5 +  2.5 0

S 0 0 + 0 .1 — 0.5

D E A  +  dehydroepiandrosterone
H O E  +  OE -|- E 11-O H-etiocholanolone +  11-keto-etiocholanolone -)- etiocholanolone
H O A  +  A 11-OH-androsterone +  androsterone
V alu es in parenthesis represent the number o f cases
* m ean hasal, mg/24h
** increase related to basal value, mg/24h
G glucuronoside
S sulphate

e lev a ted  even  after exogenous testosterone, a precursor of etiocholanolone, or 
fo llo w in g  ACTH stim ulation . The supposition th a t  the patients have an exag
gerated  ten d en cy  to form pyrogenic steroids could  n ot he confirmed, either.

A  defect in the conjugating m echanism  to  produce an e levation  o f  the  
free etiocholanolone level in  b lood m ay he another suggestion. The norm al 
rate o f  conjugation  in the present case as w ell as in  th e  case o f S c h e n k e r  et al. 
[6] in d ica te s  that patients w ith  etiocholanolone fever do not have any d etec ta 
ble d e fe c t  o f  glucuronoside and sulphate conjugation  o f steroid m etabolites.

*
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IN VITRO CORTICOSTEROID FORMATION 
BY A BENIGN PHAEOCHROMOCYTOMA

By
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INSTITUTE OF BIOCHEMISTRY AND FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL
SCHOOL, SZEGED

(R eceived Novem ber 2, 1967)

Form ation in  vitro  o f 11-deoxycorticosterone, corticosterone, 11-deoxycortisol 
and cortisol from  14C-progesterone was shown by a benign adrenal phaeochrom ocytom a. 
A lthough in the tum our tissue adrenocortical cells were not detected  h isto log ica lly , the 
possib ility  that steroids were synthesized by such cells could not be excluded .

Steroid h ydroxylation  in vitro by  phaeochrom ocytom a tissu e  was re
ported b y  M u l r o w  et al. (1959), and B e c k  (1959). Similar results have been 
described in the papers o f  C a r b a l l e i r a  and Y e n n i n g  (1964), and A c e v e d o  and 
B e e r i n g  (1965).

In  a recent work F a z e k a s  et al. (1967) reported on corticosteroid  bio
synthesis and catecholam ine form ation in vitro b y  an adrenal phaeochrom o
cytom a containing adrenocortical cells.

In the present stu d y  we have investigated  the corticosteroid form ation  
from 4 -14C-progesterone b y  a benign phaeochrom ocytom a in vitro.

Materials and m ethods

Progesterone-4-14C (R adiochem ical Centre, Am ersham ) was purified b y  chrom atogra
phy, and m ade up in stock solution  (specific activ ity : 4.29 ßC /fM ).

The phaeochrom ocytom a was rem oved from the left adrenal o f a 27-year old male 
patien t w ith  paroxysm al hypertension who at adm ission com plained o f headaches, dizziness 
and cardiac pains. W hile he was at our departm ent, b lood pressure varied from  130/9U to 
180/120 m m  Hg and, during hypertensive episodes to  250/180 m m  H g, som etim es 300 mm  
H g. B lood glucose w as usually  normal, but rose during the hypertensive episodes to  147— 
199 m g per 100 ml. H ypertensive  episodes could be provoked by injections o f h istam ine. Blood  
pressure decreased on the effect o f  sym patholytic  drugs. Urinary catecholam ines am ounted  
to 1000 /tg/24 hrs; urinary VM A to 21 — 35 m g/24 hrs.

A t surgery a 12.6 g encapsulated tum our was rem oved from the left adrenal. P art o f the 
tum our was used for h isto logical exam ination; its m orphological features were those of a be
nign, typ ical phaeochrom ocytom a (Fig. 1).

T he tissue sam ple used for the biochem ical investigation  was rem oved from  the inner part 
o f the tum our. H isto log ica lly , this part o f the tum our was a typical phaeochrom ocytom a; 
adrenocortical cells could not defin itely be recognized in it. H owever, in such tum ours it is 
difficu lt to  differentiate betw een  cortical and m edullary cells ( W a l t e r s  et al., 1962).

Im m ediately after rem oval, 5 g tissue from the tum our was hom ogenized in 25 ml ice- 
cold K rebs— Ringer-phosphate solution (pH 7.4) contain ing 200 m g per 100 m l o f  glucose.

Incubation was carried out in a 100 ml E rlenm ayer flask at 37° C for 3 hours. Progcste- 
rone-4-14C (7. 520, 800 dpm , 250 /ig) was added to the incubate dissolved in 0.1 m l propylene 
glycol.
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A fter incubation, 300 fxg ea ch  o f non-radioactive cortisol, corticosterone, 11-deoxycorti- 
sol an d  11-deoxycorticosterone w ere added to the incubate.

E xtraction  and partition  w ere carried out as described elsewhere (F a z e k a s  e t al., 1966).
T he extract was purified on  1.5 g silica-gel (D avison , grade 12) column. Solvent system  

w a s e th y l acetate (EA) : benzene in  the following sequence:

1. 5% EA in benzene (15 m l)
2. 10% EA in benzene (15 m l)
3. 50%  EA in benzene (20  m l)
4. ethylacetate (20 ml)

T he first and second fra ctio n s were discarded, the third and fourth were com bined and 
ev a p o ra ted  to dryness and ex a m in ed  by thin layer chrom atography (TLC).

Fig. 1. H istological p icture of the phaeochrom ocytom a. H. E . x l7 6

0.25 m m  thick layers o f silica-gel (Silica-gel G, Merck) were used for the chrom atography, 
w ith o u t activation . The silica-gel w a s washed with m ethanol before use ( F a z e k a s  and K ó k a i , 
1967).

S o lven t system s were as fo llow s :
TLC-A: chloroform : m eth a n o l : water (188 : 12 : 1)
TLÇ-1: benzene : e th y l a c e ta te  (1 : 10)
TLC-5: chloroform : aceton e  (95 : 5)
TLC-6: cyclohexane : e th y l aceta te  (50 : 50)
TLC-7: m ethylene chloride : acetone (70 : 30)
TLC-8: cyclohexane : e th y l aceta te  (30 : 70)
TLC-9: m ethylene chloride : acetone (95 : 5)

Steroid  spots were d etected  on  the thin layer p lates b y  exposure to I 2 vapour (Ma t
t h e w s  e t  ah, 1962). Steroids were e lu ted  w ith m ethanol by usin g  a zone extractor ( K ó k a i  and 
F a z e k a s , 1967).

T he quantity of steroids e lu ted  from  the thin layer p lates was determ ined spectrophoto- 
m etrica lly  by measuring 0. D. a t 240 m /i against the eluate o f a blank spot on the same chrom ato
p late .

T he quantity of rad ioactiv ity  w as measured w ith  a th in  end window G. M. tube at 6%  
e ffic ien cy  ( F a z e k a s  and K ó k a i , 1967).

Identification  of the iso la ted  steroids was carried o u t by purification and deriv
a tiv e  form ation  until the specific  a c t iv ity  (désintégrations per m inute//im ole; dpm  // M ) after 
a t le a s t  tw o  consecutive d erivatives and  chromatographies had differed by less than 10% .

Steroids were acetylated  b y  th e  m ethod of D e c o u r c y  e t al. (1955). Chromic acid ox ida
tio n  w a s performed by the m eth od  o f  M a t t o x  and M a s o n  (1956), and hydrolysis o f steroid  
a ceta te s  b y  that of M e y e r  (1953).
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Tabic I

Corticosteroids form ed from  11C-progesterone by phaeochromocyloma homogenate

Steroid isolated Carrier
added

Derivative formed TLC-
system

Rf
values

SA
dpm//j.mole

Total
dpm incorp.

Per
cent
con

version

ll-D eo x y co rti- 300 /fg Free steroid TLC—7 0.89 _
costerone Free steroid T L C - 9 0.66 163 350

A cetate TLC—5 0.84 54 978 51 480 0.68
H ydrolysis of TLC—9 0.66 56 628

acetate

Corticosterone 300 /щ Free steroid T L C -7 0.64 ___

Free steroid TLC—7 0.64 34 647 27 780 0.37
A cetate TLC— 5 0.31 32 083

11-Deoxycor- 300 ,<g Free steroid TLC—7 0.81 —

tisol Free steroid TLC 8 0.55 58 325
A cetate TLC— 5 0.55 48 084 30 990 0.41
H ydrolysis of

acetate T L C -7 0.81 34 650
C r03 oxidation TLC 6 0.60 35 793

Cortisol 300 //g Free steroid TLC—7 0.40 ___

Free steroid TLC—A 0.20 15 691 7 980 0.10
A cetate TLC 1 0.75 9 639
C r03 oxidation TLC 6 0.60 9 639

Results

4 -14C-steroids iso lated  from  the hom ogenate of phaeochrom ocytom a  
incubated with 4 14-C-progesterone were: 11-deoxycorticosterone, cortico
sterone, 11-deoxycortisol and cortisol.

N on-radioactive carrier steroids were added to  the incubates before 
extraction . After ex traction , partition and colum n chrom atographic purifica
tion  the steroids were separated on thin layer plates in system  TLC-7. Steroids 
eluted  from these chrom atoplates were rechrom atographed in TLC system s 
show n in Table 1, w hich shows the specific activ ities (dpm/pM ) o f th e  identified  
steroids and their derivatives, and tota l dpm incorporated into th e  isolated  
corticosteroids. In Table I the percentual conversions of the progesterone-4-14C 
substrate into 11-deoxycorticosterone, corticosterone, 11-deoxycortisol and 
cortisol are also given.

Discussion

The presence o f cortisol in the extract o f a phaeochrom ocytom a was 
reported by R a m s e y  and L a n g l a n d s  (1962). Other in vestigation s revealed 
that phaeochrom atocytom as can form steroid hormones b y  hydroxylating
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su ita b le  precursors at p ositio n s 17 a, 21 and 11/3, and b y  converting zl5-3-hydro- 
x y stero id s  to their corresponding zl4-3-ketosteroids ( M u l r o w  et al., 1959, 
B e c k , 1959, C a r b a l l e i r a  and  V e n n i n g , 1964). A c e v e d o  and B e e r i n g  (1965) 
sh ow ed  that an active 2 -h yd roxylase and 17 ^-oestradiol dehydrogenase m ay  
also  be present. F a z e k a s  e t al. (1967) reported th a t a benign adrenal phaeo- 
chrom ocytom a containing adrenocortical cells can produce cortisol, 11-de- 
oxyco rtiso l and corticosterone from cholesterol -4 -14C and A 5-pregnenolone-16- 
3H  in  vitro.

T he present phaeochrom ocytom a was found to  convert progesterone-4- 
14C in to  11-deoxycorticosterone, corticosterone, 11-deoxycortisol and cortisol.

Comparison o f the re la tiv e  dpm incorporated into cortisol and corti
costeron e showed th at th e  preferential pathw ay had shifted in favour o f cor
ticosteron e biosynthesis in  th is  tumor. The percentage conversions of the  
su b stra te  progesterone-4-14C in to  the steroids iso la ted  were very low  as com 
pared  to  the values ob ta in ed  in  human adrenocortical tum our tissue (44% ) 
( F a z e k a s  et al., 1967). In  th is phaeochrom ocytom a, only 1.56%  of the  
su b stra te  was converted in to  the four identified  m etabolites ind icating a 
v e r y  lim ited  steroid b io sy n th etica l capacity w hich  obviously  cannot have a 
clin ica l significance (9.56 pg corticosteroids syn th esized  b y  the 12.6 g tum our in 
3 hours).

T he fact that we fa iled  to  dem onstrate th e  presence o f adrenocortical 
cells in  the tumour does n o t necessarily exclude th e  p ossib ility  that the steroids 
w ere synthesized by such cells. As indicated previously , in phaeochro- 
m o cy to m a s it is difficult to  differentiate betw een cortical and m edullary cells.
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INFLUENCE OF VITAMIN E ON LIVER INJURY 
AND FAT METABOLISM
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(R eceived N ovem ber 20, 1967)

In  rats, acute or repeated liver injury w as induced by a single or repeated ad m in 
istration  o f carbon tetrachloride. Subcutaneous tocopherol application exerted  no 
protective effect against the liver dam age. Increased liver lipid values were observed  
after a few  w eeks of tocopherol treatm ent. A fter 10 m onths treatm ent no liver steatosis  
could be found, the liver glycogen and collagen content was unchanged, but serum  lip ids 
were sign ificantly  elevated . The results indicate a necessity  for more careful ind ication  of  
vitam in  E  treatm ent.

Liver tissue p lays an im portant role in m etabolism , uptake, storage, 
utilization  and excretion  o f vitam in E . The liver tocopherol content depends  
to  a great ex ten t on the intake w ith food o f the vitam in  the largest dep ot o f  
which in the organism  is the liver. As v itam in  E is excreted m ainly in b ile and  
feaces, liver function  regulates its catabolism . V itam in E exerts an in fluence  
on respiration, protein and fat m etabolism , and the detoxicating processes o f  
the liver.

The therapeutic use o f v itam in E in liver diseases is a controversial su b 
ject. For th is reason we have performed a series o f experim ents, in  order to  
contribute to  th ese open questions.

Materials and m ethods

In the experim ents w hite W istar rats were used. In some experim ents a v itam in  E 
deficient d iet was given , to follow  up the m etabolic changes in vitam in E deficiency. C om posi
tion of the v itam in  E  deficient diet was:

casein 200 g
starch 640
cod liver oil 60
Osborne salt m ixture 40
cellulose powder 40
dried brewer’s y ea st 20

Casein and starch were extracted  w ith acetone to rem ove naturally occurring tocopherols. The 
starch was then enriched w ith  a m ixture o f v itam in  B , choline, p-benzoic acid and ascorbic 
acid [21]. Dried y ea st was extracted  w ith a solution o f  FeCl3 in ether.

To secure su ffic ien t v itam in E saturation in  som e groups of anim als, 30 m g per 100 g 
body w eight o f tocopherol acetate (E revit, Spofa) w as injected subcutaneously once w eekly.

B lood tocopherol was estim ated using a photom etric m ethod based on the reaction  o f  
ferric chloride w ith  2, 2'-dipyridile [7].
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Serum  and tissue esterified  fa tty  acids were estim ated  according to St e r n  and S h a p ir o  
[22 ], phospholipids using the S t e w a r t  and H e n d r y  procedure [23], and the cholesterol content 
w ith  L ieberm ann-Burchard’s colour reaction. For lip id  analysis the tissue sam ples were hom og
en ized  and extracted w ith  F olch ’s m ixture of chloroform  and m ethanol.

L iver glycogen was estim ated  after alkaline hydrolysis using anthrone reagent. For liver 
co lla g en  determ ination we used th e  m ethod based on hydroxyproline analysis [14, 5].

Serum  glutam ic-oxalacetic  transam inase (SGOT) activ ity  was estim ated using th e  colour 
rea ctio n  o f din itrophenylhydrazine w ith  pyruvic acid after incubation of serum  w ith  sub
stra tes  [27].

E xperim ental liver injury was induced by th e  adm inistration of carbon tetrachloride in 
an equa l am ount of sunflower oil through a stom ach tube.

In  experim ent No. 1 we observed the influence o f acute carbon-tetrachloride liver 
in ju ry  on  the serum vitam in  E level.

E xperim ent No. 2 was designed to study th e  signs of vitam in E deficiency in  adu lt and 
w ean lin g  rats kept on a v itam in  E  deficient diet. T hus a m odel of animal tocopherol deficiency  
w as created , on the basis o f  w h ich  we exam ined the m etabolic  effect o f liver injury.

E xperim ent No. 3 had to prove the effect o f acute liver injury in adult v ita m in  E  defi
c ie n t rats.

E xperim ent No. 4 had to reveal the m etabolic effect o f repeated liver injury in  weanling  
v ita m in  E deficient rats.

In  experim ent No. 5 we tried to exclude the possib ility  o f liver steatofibrosis induced by  
rep ea ted  and prolonged dosage o f  tocopherol.

Experim ental design and results

1. To follow the in fluence of hepatic injury on the serum v itam in  E level 
w e exam in ed  in fasting rats o f 200 g b od y w eight the blood tocopherol level 
before and after a single intragastric dose o f 0.1 m l CC14 per 100 g b od y  w eight 
(T ab le I). The results in d icated  a sign ificant fall (in all instances P 0.001) 
o f b lood  tocopherol fo llow ing acute liver injury.

2. In  this experim ent, we could observe in  the first six  m onths sym ptom s  
of tocopherol deficiency (absorption o f pregnancy, sterility, creatinuria). 
A  com p lete  picture o f avitam inosis E (paralyses o f  trunk and lower ex trem ities, 
m icroscopical fragm entation  o f m uscle bundles) could be observed o n ly  in 
w ea n lin g  rats.

Table I

Serum  vitamin E  level in rats given a single intragastric dose o f carbon tetrachloride
Mean values i  S. E. M.

Group of rats
Number

of
rats

Serum vitamin E 
(mg per 100 ml)

Control 17 0 .60± 0 .01

18 hours after CC14 15 0 .45±0 .01

24 hours after CCI, 10 0 .4 6 ± 0 .0 2

48 hours after СС14 15 0 .43± 0 .01
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3. N ex t, we studied  the effect o f different vitam in  E saturation on the  
course o f  acute liver injury in male rats w eighing 200 g. The animals w ere fed  
the v itam in  E deficient d iet for 60 days. In th e  control group, sufficient v ita 
min E saturation  was secured b y  w eekly doses o f  tocopherol acetate. A fter 60 
days, liver injury was induced by a single intragastric dose o f 0.25 ml per 100 g 
body w eight o f CC14. The anim als were sacrificed 18 hours after CC14 adm inistra
tion.

Tocopherol saturation  in this experim ent had no effect on liver dry m atter. 
Tocopherol saturated rats had a significantly higher liver weight, b oth  before 
and after liver injury. Tocopherol treatm ent resulted in an increase o f  esteri- 
fied fa tty  acids and phospholipids in the liver (Table II). In injured livers th is 
increase was not significant. Tocopherol adm inistration  had no effect on liver  
cholesterol in either in tact or CCl4-poisoned rats.

T hough tocopherol saturation had no effect on SGOT a ctiv ity  in the  
rats w ith  an in tact liver (F ig. 1), the liver dam age induced a rem arkably steep  
rise o f  SGOT a ctiv ity  in tocopherol deficient rats.

Serum  protein fractions determ ined b y  paper electrophoresis did not show  
any sign ificant change due to  tocopherol saturation . Microscopic exam ination  
of CC14 poisoned livers did not reveal any rem arkable difference under th e  effect 
of tocopherol saturation.

4 . Conditions o f th is experim ent were sim ilar to those in experim ent N o. 3, 
where m ale rats w eighing 70 g were fed the v ita m in  E deficient diet for 40 days. 
The preventive dose o f  tocopherol in the control anim als was the sam e as in 
experim ent N o. 3. L iver injury was induced b y  four intragastric doses of

Table II

Effect o f  vitam in E  saturation on liver lip ids o f  rats after a single intragastric CCI, dose

Group of rats
Liver esterified 

fatty acids 
mEq/100 g

Liver lipoid 
phosphorus 

mg per 100 g
Liver cholesterol 

mg per 100 g

1 Saturated w ith vitam in E 5 8 .9 ± 5 .0 438.5 ±  9.5 1 2 4 2 ± 7 1

2 Saturated w ith vitam in CCf, 
liver injury 1 0 8 .3 ± 9 .7 290.4 ± 1 3 .2 945 ± 3 8

3 V itam in E deficient 3 9 .8 ± 2 .7 358 .1±28 .9 1 4 1 3 ± 8 4

■1 Vitam in E deficient CCI, liver 
injury 8 9 .0 ± 9 .8 264 .6± 16 .3 8 7 3 ± 3 3

S i g n i f i c a n c e
1 : 3

P <  0.01
1 : 3

P <  0.01
1 : 3

P  >  0.05
2 : 4

P >  0.05
2 : 4

P >  0.05
2 : 4

P  >  0.05
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0.05 m l per 100 g body w eigh t o f CC14 each in four day intervals. S even  days 
after th e  last CC14 dose the anim als were sacrificed in the fasting sta te .

T h is experim ent revealed  similar b iochem ical and m icroscopical resu lts as 
ex p er im en t No. 3. R em arkable was the sign ificant increase o f esterified fa tty  
acids and  phospholipids in the liver of the rats saturated w ith tocopherol.

e c u

F ie . 1. S ign ificantly  increased serum  glutam ic-oxalacetic  transam inase a c tiv ity  after liver
injury in vitam in E deficien t rats

T here w as no significant difference in m orta lity  according to the degree of 
tocop h ero l saturation. W hen the liver had been injured repeatedly, SGOT 
a c t iv ity  did not show any rem arkable difference due to different v itam in  
E sa tu ra tion .

5 . T he liver lipid accum ulation  as a result o f tocopherol treatm en t  
(exp erim en ts No. 3 and N o. 4) was im portant enough to exclude liver steatosis  
and steatofibrosis due to tocopherol.

Y o u n g  male rats o f 120 g starting w eight were fed a natural d iet o f  con
s ta n t com position  in an experim ent lasting 305 days. The control group had  
p h y sio log ica l tocopherol in tak e in the diet. The h igh tocopherol anim als were 
g iven  th e  usual tocopherol doses subcutaneously  every week for 43 w eeks. 
A n im als o f  the control group were given equal am ounts of sterile vegetab le  
oil sub cu tan eou sly  at appropriate intervals (tocopherol acetate is d issolved  in 
sterile  vegetab le  oil). Each group consisted o f 15 anim als. In  this experim ent
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no liver injury was induced. After 305 days th e  anim als were sacrificed after 
an overnight fast.

The weight curves o f the highly saturated rats showed a decline from  the  
31st week onwards. A t the end of the experim ental period the body w eight of 
high tocopherol rats averaged 70 g less than th a t  o f  the control group. Som e o f  
the hypcrsaturated rats died in the course o f  th e  experim ent. At the site o f  the  
tocopherol injections hard subcutaneous nodules developed in a num ber of 
rats. Similar observations were made in earlier experim ents w ith repeated  
subcutaneous tocopherol application. In the control rats, injection o f sterile oil 
caused no such nodules to appear. The nodules consisted m icroscopically of  
calcium  deposits w ith  lipod-like cysts.

Table III

Prolonged vitam in E  hypersaturation results in elevation o f  serum lip ids , but there are no signs o f  
fa tty  infiltration in  the liver and no changes in liver glycogen and hydroxyproline content

Croup of rats
Liver esterified 

fatty acids 
mEq/100 g

Liver glycogen 
g per 100 g

Liver
hydroxy proline

У/1 g

Serum 
esterified 

fatty acids 
mEq/100 ml

Serum 
cholesterol 

mg per 100 ml

l Control 7 .4 ± 0 .5 2 .5 ± 0 .3 5 1 2 .1 ± 1 7 .1 0 .4 8 ± 0 .0 4 3 9 .2 ± 1 .8

2 Vitam in E 
saturated 8 .2 ± 0 .8 2 .6 ± 0 .2 5 2 6 .7 ± 3 4 .6 0 .8 3 ± 0 .0 7 5 8 .1 ± 4 .5

S i g n i f i c a n c e P >  0.05 P >  0.05 P >  0.05 P <  0.001 P <  0.001

Prolonged tocopherol treatm ent (Table II I )  caused no significant change  
in esterified fa tty  acid, collagen or glycogen  content in the liver, nor 
in hepatic dry m atter. In  the rats treated w ith  high tocopherol doses, serum  
cholesterol and esterified  fa tty  acid levels were higher (both P  <7 0.001) than  in 
the control group.

M icroscopic exam ination  of liver tissue did not reveal any rem arkable  
differences in structure, in the am ount o f lip ids and connective tissue after  
repeated tocopherol application.

Discussion

A cute liver injury significantly influences the serum vitam in E level. 
Though a fall o f th is level was observed in th e  present experim ent, th e  pos
sib ility  o f a transient rise in liver injury has n o t been excluded [11]. A decisive  
factor m ay he the m echanism  producing liver  injury and the exten t o f  its 
action. In this respect, acute CC14 poisoning is not quite comparable w ith the  
usual hum an hepatocellu lar damage.
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W e failed to find a decisive p rotective action o f vitam in E w hen trying  
to  in flu en ce  the liver dam age induced b y  different applications o f  CC14. The 
o n ly  fin d in g  supporting the p ossib ility  o f a favourable influence o f  v ita m in  E 
cou ld  h e  th e  behaviour o f SGOT, w hich w as increased in CC14 treated v ita m in  E 
d efic ien t rats. Other b iochem ical and m icroscopical observations, how ever, 
did  n o t  support this possib ility . Changes in  transam inase activ ity  are perhaps 
due to  th e  specific influence o f  tocopherol on protein m etabolism .

T ocopherol saturation undoub ted ly  p lays an im portant role in lipid  
m eta b o lism . This could be sta ted  on the basis o f  results o f several ow n experi
m e n ts , using either a v ita m in  E deficient d iet, a natural diet, or v ita m in  E 
h yp ersatu ration . Only som e differences in the lipid level could be explained  
w ith  differences in the typ e o f  diet. N evertheless, liver lipids increase i f  th e  rats 
rece iv e  h igh  parenteral doses o f  v itam in  E. I t  seem s th at the tendency to  fa tty  
in filtra tio n  o f the liver appears on ly  in the first few  weeks of tocopherol appli
ca tio n , since the liver lipids w ere unchanged after repeated vitam in  E injections  
for m ore than  10 m onths. A fter th is period we failed to find changes in liver 
g ly co g en  and connective tissu e .

T h e present results were in accordance w ith  the rise of liver lipids reported  
in  to co p h ero l saturated m ice [13], guinea pigs [20], and other anim als [10], and 
th u s contradicted  the reports describing a sm aller exten t of lipid in filtration  
after  liv er  injury in tocopherol treated anim als [16, 9, 3]. The p ossib ility  of 
th e  an tio x id a tiv e  influence o f  tocopherol in  relation to liver lipids [26] should  
be ta k e n  into account as an explanation  o f  the higher lipid levels in  v itam in  
E sa tu ra ted  rats.

A  sim ilar metabolic effect of vitam in  E m ay be observed also w hen exam 
in in g  th e  lipid level o f other organs. R epeated  subcutaneous app lication  of 
v ita m in  E led in our experim ents to  higher serum  lipid levels and to  th e  evo
lu tio n  o f  subcutaneous nodules consisting o f degenerated fa tty  tissue. Increased  
v a lu es o f  cholesterol after tocopherol application  have been observed  in 
b lood  [2, 20, 24, 8], liver and aorta [4], thus contributing to the evo lu tion  
o f exp erim en ta l atherosclerosis. P atien ts suffering from arteriosclerosis h ave in 
th e ir  aorta  an inreased v itam in  E content, th e  am ount of which seem s to  be 
prop ortion a l to the degree o f  aortic sclerosis [28]. Treatm ent of these patien ts  
w ith  v ita m in  E resulted in an increase o f to ta l lipids, cholesterol and ph os
p h o lip id s in  blood.

P e l k o n e n  [17] reported on a significant regression betw een th e  serum  
ch o lestero l and blood tocopherol levels in coronary patients as well as in  h ea lth y  
su b jec ts . Im m ediately after m yocardial infarction the blood levels o f  to co p h e
rol an d  cholesterol show sim ilar changes. D a r b y  [6] observed a frequent e lev a 
tio n  o f  b lood  tocopherol in  diseases associated  w ith hypercholesterolaem ia. 
Sim ilar find ings were m ade b y  P o p p e r  [18] in patients w ith diseases o f th e  liver  
and b ilia ry  tract. A positive correlation betw een  the plasma tocopherol and
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cholesterol levels was observed in d iabetes [1, 25] and in thyroid disorders [19]. 
N i k i t i n  [15] on the other hand observed the decrease o f cholesterolaem ia in 
atherosclerotic patients treated w ith  v itam in  E.

I t  m ay be concluded from  the above th a t the prescription o f such a potent 
m etabolic factor as vitam in E should be carefully weighed. The resu lts o f  ani
mal and clinical experim ents have been so contradictory th at the indications 
for tocopherol should be preceded b y  further research.

A fter protracted tocopherol adm inistration  m ost of the rats in  our experi
m ent lost w eight and some o f them  died. As regards the in fluence on liver 
function  o f v itam in  E, its subcutaneous application in high doses for longer 
periods is o f a dubious value in cases o f both acute and chronic liver injury.

Conclusions

In  experim ents on rats we observed no distinct influence o f  tocopherol 
saturation  on the course of CC14 induced liver injury. The steep rise o f  SGOT in 
v itam in  E deficient rats w ith injured livers cannot be considered a favourable 
in fluence o f  the v itam in  on the course o f liver injury, since other biochem ical 
and m orphological findings failed to  support that possibility.

V itam in E saturated rats had higher values for esterified fa t ty  acids and 
phospholip ids in the liver than the deficient rats. This tendency to  liver stea
tosis did not occur when vitam in  E had been applied for 10 m onths. The liver 
o f rats hypersaturated witii v itam in  E show ed no differences in g lycogen  and 
collagen content nor in m icroscopic structure. Serum esterified fa t ty  acids and 
cholesterol values were increased after repeated vitam in E application . The 
adverse biological effect o f this treatm ent was indicated by th e  low er body  
w eight and the higher m ortality o f these anim als as compared to  th e  controls.
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RECENSIO

Experim ental Diabetes M ellitus in  the Rat (Selected Chapters). R udolf K o r e c  M. D., 
Professor of Pathophysiology and E xperim ental Pathology, Faculty of M edicine, P. J . Safárik 
U niversity , K osice Publishing House o f the Slovak A cadem y of Sciences, B ratislava 1967. 
150 pages, 70 illustrations, 18 tables.

The range of the book, greatly understated by its title , comprises all the essentia ls the 
worker em barking upon studies o f carbohydrate m etabolism  in rats m ay w ish to know . The 
various issues o f the subject are presented in the light o f the author’s observations supported  
by reliable statistical figures.

In the introductory section the experim ental m ethods, including nutrition and m anage
m ent of the animals as well as laboratory investigations are described in full detail. The rat’s 
carbohydrate m etabolism , the various typ es o f glucose tolerance test (intragastric, intraduo- 
denal, intraperitoneal, subcutaneous, intravenous) are presented in their theoretical and prac
tical aspects. The author on the evidence of his own studies asserts that in the case o f intra
venous glucose tolerance tests the liver has no significant part in the extraction o f glucose, the 
fall in the blood sugar level being determ ined by the peripheral tissues.

After discussing the biological properties of insulin , the insulin tolerance te sts  are 
described w ith attention  to the effect under various conditions of dosage and of routes o f adm in
istration, also after ligation o f the portal vein and of the hepatic artery. Special sections are 
devoted  to the questions of insulin hypoglycaem ia, neuroglycopenia, and insulin com a. On the  
basis o f own experim ents, the special features o f hypoglycaem ia in adrenodem edullated rats 
are dealt w ith. The glucagon and adrenaline tolerance tests are com bined w ith  insu lin  and 
dihydroergotam ine. In these studies, adrenaline clearly appears as a constant factor in m ain
taining norm oglycaeinia.

The volum e contains a historical survey of experim ental diabetes research. T his is fol
lowed by a detailed account on the hypoglycaem ic conditions induced by 2-deoxy-D -glucose  
through a m etabolic inhibitory m echanism  (“ m etabolic inhibitor diabetes” ). The significance  
o f aurothioglucose in the production of experim ental diabetes is pointed out. The experim ental 
issues o f subtotal and total pancreatectom y including their techniques are presented in  detail. 
The author describes the rat’s response patterns to glucose and tolbutam ine tolerance tests  
on the basis o f own studies, which also point to the d ifficu lty  in eliciting im m unodiabetes in rats.

The section devoted to alloxan diabetes bears the authenticity  of the author’s personal 
experience. In the discussion of experim ental diabetes the study of antid iabetic drugs finds 
its proper place. The significance of the hyperglycaem ic effect of benzothiadizines is po in ted  out. 
In the final chapter dealing w ith the question of calciphylaxis the author has show n that in 
dihydrotachysterol-pretreated rats even subdiabetogenic doses o f alloxan are liable to produce 
glycosuria.

It is a particular merit o f the author to have kept the length of the ind ividual sections 
in harm ony with the im portance of the issues to be discussed. In this m anner he offers a 
source o f com petent critical inform ation on practically every issue of diabetology. H is personal 
observations made in more than one thousand rat experim ents add to the value of the book.

The volum e should appeal to the physician concerned w ith the clinical questions of 
diabetes as well as to the research worker engaged in this field of study. The P ublish ing House 
of the Slovak Academ y of Sciences m erits every praise for its production.

L. B arta
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Р Е З Ю М Е

М ЕХ А Н И ЗМ  Г Е Н Е Р А Л И ЗО В А Н Н О Й  СПАСТИЧЕСКОЙ СПАЙ К-ВО Л Н Ы  
И Р Е Т И К У Л Я Р Н А Я  СИСТЕМА П Р О Б У Ж Д Е Н И Я

П. ХАЛАС и Й. ХИДАШ И

В связи с излож ением атипичного случая эпилептического состояния, слагаю 
щегося отчасти из генерализованных спайк-волн и отчасти из генерализованных при
ступов десинхронизации, обсуж дается связь м еж ду механизмом генерализованной спапк- 
волны и ретикулярной системой пробуж дения. На основе экспериментальных данны х и 
клинического опыта, а такж е результатов обследования больного автора, предполагается, 
что торможение ретикулярной системы пробуж дения играет существенную роль в м еха
низме сиайк-волны.

С О Д Е РЖ А Н И Е  С 0 2 Т К А Н И  ГОЛОВНОГО М ОЗГА И И ЗМ Е Н Е Н И Я  
К И С Л О ТН О ТЦ ЕЛ О Ч нЪ гО  РА В Н О В ЕС И Я  П Р И  ЭКСП ЕРИ М ЕН ТАЛЬН О М  

Ш ОКЕ ОТ О Б Е С К РО В Л И В А Н И Я  ПОСЛЕ П РЕ Д В А Р И Т Е Л Ь Н О Й  Д А Ч И
ДИБЕНЗИЛИНА

Е. МАКЛАРИ и А. Г. Б . КОВАЧ

Авторы исследовали изменения pH , содерж ания бикарбоната и рС02 в крови сон
ной артерии и сагиттальной вены в различных стадиях экспериментального шока от обес
кровливания, у контрольных собак и у  животны х, предварительно получивших дибен- 
зилин. В идентичных фазах они определяли такж е содерж ание СО, ткани лобной и заты
лочной частей коры, таламуса, гипоталамуса, моста и продолговатого мозга.

Было установлено, что у контрольных ж ивотны х в ходе обескровливания разви
вается значительный метаболический ацидоз; на участие центральной нервной системы  
указывает, что по сравнению с артериальной кровыо в крови сагиттальной вены наблю 
далась более значительная кислотность и очень сущ ественное повышение рС 02. Ретранс
фузия не вызвала сущ ественного изменения. К концу обескровливания и в состоянии  
шока в ткани головного мозга авторы определяли значительную  тканевую гиперкапнию. 
Повышение рС 02 в сагиттальной вене по всей вероятности является результатом гипер
капнии. В исследованных участках мозга тканевая гиперкапния была неодинаковой  
степени: наиболее вы раженной она являлась в гипоталамусе и коре, в то время как в 
таламусе она была менее значительной. Этот факт указы вает на то, что в патологическом  
процессе шока от обескровливания отдельные части центральной нервной системы участ
вуют в различной степени.

У собак, предварительно получивших дибензилин, в ходе экспериментов не наблю 
далось изменения pH , был выявлен лишь незначительный, компенсированный м етаболи
ческий ацидоз. Отсутствовало также повышение рС 02 в сагиттальной вене, и гиперкапния  
в ткани головного мозга. По-видимому, предварительная дача дибензилина в больш ой  
мере уменьшает изменения тканевого обмена веществ, вызванные понижением кровообра
щения и гипоксией, и оказывает благоприятное действие и на центральную нерв ну ip 
систему.
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И Н Д У Ц И Р О В А Н Н О Е  ВО С СТ А Н О В Л Е Н И Е  П Е Ч ЕН И  К РЫ С  
П РИ  Э К СП ЕРИ М Е Н ТА Л ЬН О М  Ц И РРО ЗЕ

я . М ЕНЬХ АРТ и Л . ШИМОН

В физиологических у сл ов и я х  частичное удал ение печени вызывает в остаточной  
печеночной ткани интенсивное восстановление.

Авторы старались использовать индуцирем ую  частичной гепатектомией регене
р ац и ю  дл я  воздействия на цирротические процессы различной степени тяж ести , вызван
ные у  крыс введением СС14. Степень цирроза и эффективность индуцированного восста
н ов л ен и я  они проверяли измерением веса регенерированной печеночной ткани, опреде
л ен и ем  соотношения веса печени к весу тела, а та к ж е с помощью анализа митотической  
р еак ц и и .

Б ы ло выявлено, что частичная гепатектомия оказывает благоприятное действие 
на течение циррозов меньшей тяж ести. При далеко заш едш ем циррозе частичная гепатек
том и я  оказывается безэффективной.

А нализ данных показал, что эффективность частичного удаления печени зависит  
от интактности обмена веществ печеночной ткани. В о всех случаях, в которы х цирроти
ч еск ая  ткань еще сохранила свою  реактивную способность в отношении стимулов митоза, 
частичная  гепатектомия оказала благоприятное действие. Когда ж е  вследствие прогрес
си р ов ан и я  процесса митотическая реактивность утрачивается, частичная гепатектомия  
оказы вается  у ж е  неэффективной. Первому состоянию  соответствует гипертрофическая  
ф аза , а  второму — атрофическая фаза цирроза.

Д А Н Н Ы Е К  П АТОФ ИЗИОЛ ОГИЧЕСКИМ  И ДИ АГНО СТИ ЧЕСКИ М  ВОПРОСАМ
ГЕ П А Т О ГЕ Н Н О Й  А Н Е М И И

Исследование содерж ания энзимов в эритроцитах

Ш. Д А Н , Б . Ш АРИ, С. К И Р И Л Л И Н А  и А. КИШ

У  больных хроническим гепатитом авторы определили содерж ание кислой фос
ф атазы , ALD, трансаминазы глю таминовой-щ авелеуксусной кислот, L D H , Q — 6 — P D H  
и Р Е  в эритроцитах. На основе полученных результатов и литературных данны х они 
п р ов оди л и  опыты на модели и исследовали влияние экспериментального пораж ения  
печен и  на реактивный эритропоэз, на ретикулоцитокрилиз и на изменения содерж ания  
эн зи м ов  в популяции эритроцитов, наблюдаемые в процессе созревания эритроцитов. На 
о сн ов е совместного анализа клинических и экспериментальных данных устанавливается, 
что с  точки зрения практики приходится дифференцировать потенциальную гепатоген
ную анемию (нормальное число эритроцитов) от явной гепатогенной анемии (пониж енное  
ч исл о эритроцитов). В первой стадии определение содерж ания энзимов в эритроцитах  
и м еет  больш ое значение для  постановки раннего диагноза, а во второй стадии — для  
оц ен к и  реактивной эритропоэтической способности.

ВОПРОС О Р О Ж Е

III .  П ервы е результаты вакцинации стрептококковой вакциной, больных рецидивирую 
щей рож ей

Ш. КОРОШ И, Э. РАЙКА, Ю. Б Ё С Ё Р М Е Н Ь И  и  М. ГОЗОНЬ

Авторы у  68 повторного рецидировавш их (2  — 72 раза) больных р ож ей  проводили  
вакцинацию  поливалентной стрептококковой вакциной группы А, изготовленной из 
вари антов вирулентных на белы х мышах штаммов микробов типа 14, содерж ащ ей М- 
протеиновы е антигены, чаще всего встречающ ихся в Венгрии. В большинстве случаев 
авторы  проводили 6 им мунизирую щ их и 6 добавочны х прививок. С учетом ритма реци
д и в о в , в течение 8 — 27 м есячного периода наблю дения у  28 больных (41% ) в среднем 4,5  
рец и ди вов  не проявлялось. У  19 больных (29% ) рецидивы появлялись вопреки вакци
н ац и и . У  21 больного (30,9) ср ок  рецидива еще не наступил, но в период наблюдения
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обострения болезни не наблюдалось. Реакция позднего типа, наблюдаемая после внутри- 
кожной прививки стрептококковой вакциной, в 7 ,3%  случаев была повышенной. В то ж е  
время она после внутрикожного введения термостабильного фактора в 20,4%  случаев  
была менее значительной или стала отрицательной. Среди циркулирующих гум оральны х  
противотел количество антистрептолизина-О в 20 ,3 % , а титр антистрептокиназы в 11,6%  
случаев были повышенными.

НОВЫ Е Д А Н Н Ы Е  ОБ И ЗМ Е Н Е Н И Я Х  У Г Л Е В О Д Н О Г О  ОБМЕНА Ж И В О Т Н Ы Х , 
С О Д Е Р Ж А Н Н Ы Х  Н А  К А РДИ О В А ЗО П А Т О ГЕ Н Н О Й  Д И Е Т Е

И. СЕЛЕН И , Ю. ШОШ, Э. НЕМ ЕШ АНСКИ, Л И  БОК НАМ 
и Ю. РИГО

Авторы исследовали изменения, возникающие в углеводном обмене крыс под  
влиянием кардиовазопатогенной диеты (S. 65). Бы ло установлено, что соотвенно резул ь
татам преж них исследований in v itro , нарушается ф аза расщепления в углеводном обмене, 
предоставляющая энергию, и это приводит к значительном у повышению внеклеточного  
содержания пировиноградной кислоты. Н аблю далось и умеренное повышение содер
жания молочной кислоты. П од влиянием диеты сильно нарушается углеводны й обмен  
не только сердца, но и печени.

Д Е Й С Т В И Е  Г И Д Р А ЗИ Н О Ф Т А Л А ЗИ Н О В  НА С О Д Е РЖ А Н И Е  
ГЛ И К О П РО ТЕИ Н А  В С Ы ВО РО Т К Е

I. и И . Исследование действия Апрезолина

Л . Я К А Б, я . Ф Е Х Е Р, Ш. ВИ РА Г и Д . СИНАИ

Авторы исследовали на кроликах действие дачи 1-гидразинофталазина на содер
ж ание гликопротеинов и белков в сыворотке. Бы ло установлено, что под влиянием  пре
парата в сыворотке максимальная концентрация гексозы  и серомукоида достигается по 
истечении полтора месяца, а максимальное содерж ан и е сиалиновой кислоты — по исте- 
пении 3 месяцев. В отношении гексозамина эти изм енения незначительны, а изменения  
концентрации остальных веществ очень достоверные. Ч ерез полтора месяца после введе
ния 1-гпдразинофталазина концентрация сывороточных белков значительно повысилась, 
через 3 месяца наблюдалось сущ ественное пони ж ение содержания альбумина, при зна
чительном повышении концентрации глобулинов. Эти изменения выявляемы еще до 
появления морфологических изменений. Результаты  экспериментов указывают на то, что 
изменения углеводного обмена играют роль в развитии HLS и per analogiam  в развитии  
LED.

И ЗМ Е Н Е Н И Я  ГЕМ О ДИ Н АМ И КИ  П РИ  «SU BC L A V IA N  STEAL SY N D R O M E »

Ф. Ш ОЛЬТИ, М. ИШКУМ, Е. ЗА Д О Р И , А. ХАРТЛИ,
Й. НАДЬ и Ю. Р Е В

Авторы исследовали у  лю дей и в опытах на животных (искусственное создание 
«subclavian stea l syndrome» у  собак) особенности изменений мозгового кровообращ ения  
и кровообращ ения в конечностях, наблюдаемых при этом синдроме.

Согласно результатам опытов на животны х при данном синдроме кровоснабж ение  
сосудистой области верхней конечности, находящ ейся дистально от места закупорки, 
обеспечивается в первую очередь ретроградным кровотоком в позвоночной артерии той 
ж е стороны, а во вторую очередь, ретроградным кровотоком в нижней щ итовидной ар
терии, той ж е  стороны.

На основе своих собственных наблюдений и исследований авторы полагаю т, что 
в случаях с выраженными симптомами ишемии головного мозга в позвоночной артерии  
ретроградный кровоток значителен и в данной верхн ей  конечности кровоснабж ение от-
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носительно очень хорош ее. Случаи с ишемией в в ер хн и х  конечностях наблю даю тся реж е, 
и в таких случаях симптомы церебральной ишемии отсутствуют. П редполагается, что у  
эт и х  больных ретроградный кровоток в позвоночной артерии незначительный.

Согласно результатам проводившихся исследований церебрального кровообра
щ ения при «subclavian steal syndrom e», сопровож даем ом  симптомами гипоксии голов
н ого  мозга, церебральный кровоток патологически низкий и сильно уменьш ена такж е  
ф ракция церебральная м инутного объема. В регулировании церебрального кровообра
щ ения большое значение имеет изменение сосудистого сопротивления в верхней конеч
ности , на стороне стеноза подключичной артерии.

Н О В О Е  ПАТО Ф И ЗИ О Л О ГИ Ч ЕСКО Е Т О Л К О В А Н И Е  ОСОБЕННОСТЕЙ  
О Т Н О С И ТЕЛ ЬН О Й  ГИ П ЕРМ Е Т РО П И И , ОБУ СЛАВЛИ ВАЮ Щ ЕЙ  С Х О Д Я В Щ Е С Я

КОСОГЛАЗИ Е, 1.

И. РЕТИ

Н овая патологическая интерпретация относительной гиперметропии основывается  
на тесн ой  корреляции со способностью к сливанию. Чем слабее эта способность, тем более 
значительной будет степень относительной гиперметропии, вызывающей страбизм , так 
как сила сливания неспособна обеспечить бинокулярное зрение, против им пульса отда
л ен н ого  схож дения, симультанного с аккомодацией.

Патологическая концепция относительной гиперметропии объясняет так ж е случаи  
исклю чения и предоставляет новые возможности для причинного лечения сходящ ег ося 
косогл ази я . Новый метод консервативного лечения страбизма позволяет надеяться на 
значительное уменьшение операций,» производимых по поводу сходящегося косоглазия.

Н А Б У Х А Н И Е  РОГО ВИ Ц Ы  Б Е З  В А С К У Л Я РИ ЗА Ц И И

Д. ИМРЕ и М. П А Л

Введением силиконового м асла в камеру глаза кроликов авторы создали состояние, 
соответствую щ ее камере типа стекловидного тела, в результате чего образовался отек 
роговой  оболочки глаза, подобны й пузырчатой кератопатии. В набухш их роговицах  
возн и к л а лишь минимальная краевая васкуляризация. Соприкасающаяся с силиконом  
и больш е всего набухш ая часть роговицы нигде не показала васкуляризации. Этим фак
том  доказы вается, что уменьш ение плотности роговицы не является причиной, а лишь 
одной  из предпосылок васкуляризации. В н абухш их роговицах без васкуляризации, 
соприкасаю щ ихся с камерной влагой, концентрация молочной кислоты была достоверно  
п он и ж ен н ой . Этот факт говорит за  то, что высокая концентрация молочной кислоты имеет 
зн ач ен и е в процессе васкуляризации, а такж е за  то, что в развитии пузырчатой керато
патии по всей вероятности играет роль пониж ение снабж ения роговицы глю козой.

И ЗМ Е Н Е Н И Е  М Е Х А Н И ЗМ А  К О Н Ъ Ю ГА Ц И И  У БОЛЬНОЙ  
С ЭТИ О Х О Л А Н О Л О Н О В О Й  Л И Х О РА Д К О Й

Т. Ф ЕХ Е Р и Л . ХАЛМ И

Авторы  наблюдали у  больной женщины периодическую  лихорадку и повышение 
со д ер ж а н и я  неконыогированного этиохоланолона в плазм е. В настоящей работе они опре
дел и л и  содерж ание сульфата 17-оксосгероида в плазм е и моче, содержание глю ку роно- 
зи д а  17-оксостероида в моче, в основном состоянии или после дачи кортикотропина, 
м етопирона и тестостерон-пропионата. Они нашли, что у  больной с этиохоланолоновой  
л и хор адк ой  производство 5-стероидов, способность конъюгировать сульфат и глю куро- 
пози д были нормальными.
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О Б Р А ЗО В А Н И Е  КО РТИ К О СТЕРО И ДО В В Д О Б РО К А Ч Е С Т В Е Н Н О Й  
Ф ЕО ХРОМ О ЦИ ТО М Е IN VITRO

К. КО К А И , а . г . Ф АЗЕКАШ  и к . к о в а ч

Авторы выявили, что доброкачественная феохромоцитотома синтезировала из 
4 - С 14-прогестерона 11-дезоксикортнкостерон, кортикостерон, 11-дезоксикортизол и кор
тизон in v itro . Вопреки тому, что при гистологическом исследовании в опухолевой  ткани 
не удалось доказать присутствия клеток коры надпочечников, нельзя исключить воз
можность, что указанные стероиды все ж е были синтезированы клетками коры надпо
чечников.

Д Е Й С Т В И Е  ВИТАМ ИНА Е НА П О Р А Ж Е Н И Е  П Е Ч Е Н И  И НА Ж И РО В О Й
ОБМ ЕН

в. шимко

В опытах на крысах введением четыреххлористого углерода было вызвано острое 
или повторное отравление печени.

П одкож ное введение токоферола не оказало защитного действия против пора
ж ения печени. После введения токоферола на протяж ении нескольких недель были опре
делены более высокие величины липоидов в печени. В случае введения витамина Е в 
течение 10 месяцев ж ирового перерож дения печени не наблюдалось, содерж ание глико
гена и коллагена в печени было неизменным. Однако величины сывороточных липоидов 
были достоверно повышенными.

Эти результаты указы вают на необходимость повышенной осторож ности при на
значении лечения витамином Е.
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ÜBER DIE WIRKUNG VON DESOXYKORTIKOSTERON- 
GLYKOSID AUF DIE SCHILDDRÜSENFUNKTION

Von

K l a r a  G ó l i á n - B a r t h a

INSTITUT FÜR BIOPHYSIK (DIREKTOR: PROF. DR. I. TARJÁN) 
DER MEDIZINISCHEN UNIVERSITÄT, BUDAPEST

(E ingegangen am 16. Januar 1967)

D ie Nebenw irkungen v o n  wasserlöslichem  D esoxycorton  auf die Jodaufnahm e  
und H orm onsynthese der Schilddrüsen wurden un tersu ch t. Zwecks Registrierung der 
W irkung des M ittels auf den Jodstoffwechsel wurde m it der radioaktiven Indikator- 
M ethode die Jodspeicherung der Schilddrüse sow ie die prozentuale Zusam m ensetzung  
der Jodhorm on- und Plasm ahorm onfraktionen analysiert. Anhand der q u alita tiven  
und qu an tita tiven  Analyse der Jodspeicherungskurven war eine hochgradige H em m ung  
der Jodaufnahm e festzustellen: Bei den m it einer T agesdosis von 10 m g/kg behandelten  
Tieren sanken die Werte von 33%  auf 20%. In der Schilddrüse erhöhte sich die anorga
nische Jodphase — zu Lasten der D ijodtyrosinphase — fast auf das D oppelte. Die 
Zusam m ensetzung der Plasm ahorm one wies a u f eine M obilisationsstörung hin: U nter  
der W irkung von  10 m g/kg/Tag D esoxycorton erhöhten sich die Di- und M onojodtyro
sinphasen a u f das Fünffache, während sich die T hyroxinkonzentration auf weniger als 
die H älfte verm inderte.

In A nbetracht der w eitverbreiteten therapeutischen  A nw endung der 
K ortikosteroide ist es notw endig, daß alle m öglichen Gefahren bzw. N eben
wirkungen dieser M edikam ente geklärt werden. D ie anhaltende Ü berdosierung  
der K ortikosteroide hem m t die A C TH -Produktion in derartig bedeutendem  
Maße, daß die gesam te H orm onproduktion des H ypophyse-N ebennierenrin
densystem s eine Störung erleidet. Selbstverständlich  betrifft diese W irkung  
durch V erm ittlung der H ypophyse säm tliche unter der Kontrolle irgendeines 
in  der A denohypophyse produzierten Trophorm ons stehende endokrine Drüsen  
und so auch die Schilddrüse.

Mit dem zw ischen den Nebennierenrindenhorm onen und der Schilddrüsen
funktion bestehenden Zusam m enhang haben sich  im  vergangenen Jahrzehnt 
zahlreiche Forscher befaßt ohne daß sich au f diesem  Gebiet eine einheitliche  
Anschauung entw ickelt hätte. In  manchen Fragen sind sogar w iderspruchs
vo lle  Meinungen lau t geworden. W ährend einige Verfasser über die au f W ir
kung der K ortikosteroide eintreffende Steigerung der Jodaufnahm e insbeson
dere aber der Jodm obilisation berichteten [3, 7, 15, 18], beobachtete eine 
andere Gruppe der Forscher nach Verabfolgung von  Cortisonderivaten eine 
Verminderung des Jodstoffw echsels [10, 11, 12, 17, 20]. F ö l d e s  und M itarb. 
[6], sowie P i t t - R i v e r s  und M itarb. [19] ste llten  fest, daß die erw ähnten  
W irkstoffe den Jodstoffw echsel des Organismus n icht signifikant verändern. 
In der M itteilung von  F e l t  [5] wird über die durch Thyroxinbehandlung aus
gelöste Störung der Nebennierenrindenhorm onproduktion berichtet.
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D ie  angeführten D a ten  veranlaßten uns zur Untersuchung der sekundä
ren N ebenw irkungen des w asserlöslichen D esoxycortons auf die Schilddrüsen
fu n k tio n .

Methodik

D ie  au f den Jodstoffw echsel ausgeübte W irkung des M ittels haben wir in a llen  3 Phasen  
des Jod u m sa tzes m it der rad ioaktiven  Indikatorm ethode registriert [21, 22].

1. D ie  Jodspeicherungskurven wurden q u a lita tiv  und quantitativ  bew ertet;
2. die in der Schilddrüse syn thetisierten  und gespeicherten Jodhorm onkom ponenten  

w u rd en  prozentuell analysiert;
3. die prozentuale Z usam m ensetzung der m obiliserten — in das B lu tp lasm a transpor

t ier ten  — Jodhorm onfraktionen w urde bestim m t.

оо

A bb. 1. 131J-Speicherungskurven der m it wasserlöslichem  D esoxycorton b eh an delten  Tiere

D ie  Experim ente erfolgten an durchschnittlich 200 g schweren, an jodarm er D iä t (nach 
R em in g to n ) gehaltenen A lbinorattenm ännchen. D ie Tiere wurden in 3 G ruppen eingeteilt; 
die zu  der ersten Grappe gehörenden 30 R atten  erh ielten  2 Tage hindurch täg lich  5 m g/kg  
K örp ergew icht wasserlösliches D esoxycorton  i.p ., während den zur zweiten G ruppe gehören
den  30 R a tten  ebenfalls 2 Tage hindurch 10 m g/kg K örpergew icht w asserlösliches D esoxycor
to n  i. p . injiziert wurde; noch kleinere Dosen verursachten keine signifikante W irkung. D ie Tiere 
der d r itten  Gruppe dienten als K ontrolle. G leichzeitig m it dem  Beginn der B ehand lung wurde 
a llen  T ieren 100 ,uCi 131J i.p . injiziert.

D ie  Jodspeicherungskurven wurden anhand v o n  2, 6, 24 und 48 Stu nd en  nach der 
131J-V erabfolgung durchgeführten in  v ivo  M essungen aufgenom m en [16] (Abb. 1).

Ergebnisse

D ie  Jodaufnahm e der Schilddrüse erleidete bei den beh an d elten  Tieren 
b ere its  nach Verabfolgung einer D ose von  5 mg/kg/Tag eine etw a  8% ige 
H em m u n g  (P  < 0  ,05). D iese W irkung steig t m it der Erhöhung der D osis an, 
die Verabreichung von  10 m g/kg/Tag h atte  bereits eine fast 50% ige V erm inde
ru n g  der Jodaufnahm e zur Folge (P  <  0 ,02). D ie quantitative Verm inderung  
w ar 6 Stunden nach Injizierung des M ittels am  ausgeprägtesten, die P -W erte  
b ezieh en  sich ebenfalls au f diesen Z eitpunkt.

D ie Hemmung m anifestierte sich jedoch  n icht nur in der quan tita tiven  
V erm inderung der Jodspeicherung, sondern auch darin, daß sich der Verlauf 
der Speicherungskurven in  charakteristischer W eise veränderte. D ie den
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A ufnahm eabschnitt der Kurve charakterisierende A ngabe, der organische 
B indungskoeffizient (x) wurde bei den Versuchs- hzw . K o n tro llieren  auf 
Grund folgender Form el berechnet [13, 14]:

—  =  x S  — o T  
dt

w obei T  den Jodgehalt der Thyreoidea, S  den Jodgehalt des Serums und a den  
sog. M obilisationskoeffizient bedeutet. Der W ert des a-K oeffizienten , dessen  
Schwankungen eine F unktion der A ufnahm everhältn isse sind, beträgt bei 
norm aler Schilddriisenfunktion durchschnittlich 0,1 [4].

B ei der Berechnung der x-W erte, die anhand der auf den A ufnahm ekur
ven  ersichtlichen M eßpunkte erfolgte, erhielten wir folgende Ergebnisse:

^K ontro lle  =  0,14 h 1 

* 5  mg/kg/Tag =: 0,085 h 1 

*10 mg/kg/Tag =  0,026 h 1

D ie hei den unbehandelten  K on tro llieren  erm ittelten  R esultate en t
sprachen annähernd dem  in der Literatur angegebenen W ert von 0,1, während  
die au f Grund der A ufnahm ekurven der behandelten  Tiere berechneten K oeffi
zienten  auf H ypofunktion hinwiesen.

Angesichts des U m stands, daß für die auf den K ontrollkurven nach 24 
Stunden wahrnehmbare A ktivitätsverm inderung die M obilisation der H orm one  
verantw ortlich ist, dürfte angenom m en werden, daß das Ausbleiben dieser 
Verm inderung, w elche Erscheinung besonders bei den m it großen D osen  
behandelten Tieren zu  beobachten war — m it der gehem m ten M obilisation  
der aktiven Hormone zusam m enhängt.

Für die E ntstehung einer auf H ypofunktion w eisenden Speicherungskurve 
können folgende F aktoren verantw ortlich sein: 1. der gehem m te E inbau des 
aktiven  Jods in die H orm one, 2. die gehem m te M obilisation der H orm one, 
und 3. die gem einsam e W irkung beider Ursachen.

Zwecks K lärung des Problems wurden radiopapierchrom atographische  
und autoradiographische Plasm aanalysen vorgenom m en [1, 8, 9]. D ie R esul
ta te  veranschaulicht A bb. 2.

W ie ersichtlich, änderte sich die prozentuale Zusam m ensetzung der 
verschiedenen H orm onfraktionen bei den behandelten  R atten  in bedeutendem  
Maße. Besonders auffallend war die Veränderung bei den m it einer Tagesdosis 
von 10 mg/kg K örpergew icht behandelten Tieren, bei denen sich die Menge 
des D ijodtyrosins von 33%  auf 20% verm inderte, w ährend sich der W ert der 
anorganischen Jodphase auf mehr als das D oppelte erhöhte. Die für die
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Abb. 2. Prozentualer Jodhorm ongehalt der Schilddrüse der m it wasserlöslichem  D esoxycorton  
beh an d elten  Tiere 48 Stunden nach  m J-VerabfoIgung. Die Pfeile zeigen die Standarddeviation

Ä nderung der einzelnen K om ponenten  charakteristischen s-, t- und P -W erte 
sind  in Tabelle I dargestellt.

Tabelle I

Sign ifikanz der Veränderungen der Abbildung 2

Dijodtyrosin Monojod- 
ty  rosin

Jodid Thyroxin Trijod
thyronin

Gruppe Gruppe
II

Gruppe
I

Gruppe
II

Gruppe
I

Gruppe
11

Gruppe
I

Gruppe
II

Gruppe
I

Gruppe
II

s 2 ,6 3,58 2,85 2,92 2,74 5,14 1,18 1,68 0,25 0,66

t 3,25 8,45 2,70 0,99 0,98 8,55 4,25 3,45 6,80 4,46

p < 0 ,0 1 < 0 ,0 1 < 0 ,0 2 > 0 ,0 5 > 0 ,0 5 < 0 ,0 1 < 0 ,0 1 < 0 ,0 1 < 0 ,0 1 <  0,01

D ie bei den m it einer D osis von 10 m g/kg/Tag vorbehandelten  Tieren 
erhaltenen  Ergebnisse der P lasm aanalyse sind in Abb. 3 zusam m engefaßt.

W ie darauf die Angaben der Abb. 3 hinw eisen, war die D i- bzw. 
M onojodtyrosinkonzentration im  Plasm a der behandelten Tiere etw a  4 —5mal 
höher als bei den K o n tro llieren , w ährend sich der T hyroxingehalt des Plasm as 
au f etw a  die H älfte verm inderte. D ie G esam tm enge des sich in  organischer 
V erbindung befindbchen Jods w ar som it sow ohl bei den behandelten  als 
au ch  b ei den unbehandelten Tieren annähernd gleich groß. D iese Erscheinung  
w urde auch durch die E rgebnisse der im  Plasm a organisch gebundenen Jod- 
B estim m ungen  unterstützt.

D iese R esultate w iesen darauf hin, daß die organisch gebundene Jod
m en ge im  Laufe der M obilisation in  das P lasm a der m it D esoxycorton  behan
d elten  Tiere in  einer ganz anderen Zusam m ensetzung gelangt. D ie von  den 
K ontrollw erten  abw eichenden R esu ltate  enthält Tabelle II.
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ra unbehandelte 
^  Tiere

Abb. 3. Prozentualer P lasm a-Jodhorm ongelialt der m it 10 m g/kg/Tag wasserlöslichem  Des- 
oxycorton  behandelten Tiere 48 Stunden nach 131J-Verabfolgung. D ie Pfeile zeigen die

Sta nd arddeviation

Tabelle II

Signifikanz der Veränderungen der Abbildung 3

Dijodtyroain Monojodtyrosin Jodid Thyroxin Trijodthyronin

s 1,84 3,38 0,30 3,78 0,26
l 13,23 15,63 8,92 24,53 0.17
I> « 0 ,0 1 « 0 ,0 1 « 0 .0 1 « 0 ,0 1 > 0 .0 5

Säm tliche angeführten Ergebnisse stellen die in einem  gewissen Zeit
punkt — nam entlich 48 Stunden nach Verabfolgung des m Jods — erm ittelten  
W erte dar. Die prozentuale Zusam m ensetzung der inaktiven  Serum -Jodhor- 
m one ist in den au f die Verabreichung folgenden verschiedenen Zeitpunkten  
unterschiedlich [2]. D a jedoch säm tliche unserer U ntersuchungen nach 48 Stun
den stattfanden, können die R esultate ohne K orrektion verglichen werden.

Besprechung

Die Verm inderung der Jodaufnahm e und die signifikante Erhöhung des 
anorganischen Jodids zu Lasten der H orm onfraktionen in der Schilddrüse, fer-
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пег d ie hochgradige V erm inderung des P lasm athyroxingehalts, erlauben die 
F olgeru n g , daß unter W irkung von  wasserlöslichem  D esoxycorton  die Jodhor
m onproduktion gehem m t is t . D ie bedeutendste Störung verursachte die 
V erabfolgung des M ittels in der prozentualen Z usam m ensetzung der P lasm ajod
horm onfraktionen. D erartige Störungen kom m en im  Organismus in dem Fall 
v o r , w enn sich der T S H -S p iegel verm indert. In A nbetracht dessen, daß das 
D esoxykortikosteron-G lykosid  primär die ACTH -Produktion der A denohypo- 
p h y se  hem m t, kann an genom m en werden, daß sich au f W irkung des M ittels 
au ch  die Ausscheidung des T S H  verm indert. Infolge der verringerten TSH- 
B lutkonzentration  ändern sich  alle Phasen der Jodhorm onsynthese in R ich
tu n g  der H ypofunktion.

D  as Ziel unserer U ntersuchungen  war n icht die genaue B estim m ung des 
sek u n d ären  N ebenw irkungsm echanism us bzw. A ngriffspunkts des D esoxy- 
co rto n s, sondern lediglich d ie  Erweiterung der m it dem M edikam ent zusam 
m enhängenden K enntnisse.
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BACTERIAL FLORA OF BRONCHIAL SECRETION

B y

E . S z é k e l y  and E. F a r k a s

STATE TUBERCULOSIS SANATORIUM FOR CHILDREN, SZABADSÁGHEGY, BUDAPEST 

(R eceived Ju ly  12, 1967)

A  study was perform ed o f 3867 bacterial cultures and 1407 sen s itiv ity  tests of 
3682 bronchial secretion specim ens obtained at 3602 bronchoscopies in 2432 children 
aged from  0 to 18 years. T he patients were grouped as follows: 1. h ea lth y  controls, 2. 
active  tuberculosis, 3. in a ctiv e  tuberculosis, 4. post-tuberculous bronchiectasis, 5. ru p 
ture o f  lym ph gland in to  a bronchus, 6. bronchial asthm a, 7. chronic pneum onia, 8. 
chronic bronchitis, 9. bronchiectasis unrelated to tuberculosis.

Analysis o f the resu lts allowed the follow ing conclusions.
1. There exists no obligate sterility o f bronchial secretion even  in  hea lthy  indi

viduals.
2. The presence o f  N eisseria  and streptococci in bronchial secretion  should be 

regarded as definitely abnorm al instead of being ascribed to bronchoscopie contam ina
tion.

3. There seem to  be defin ite relationships betw een the bacterial flora  o f bronchial 
secretion and the sev er ity  o f the bronchial process w hether tuberculous or non-tuber- 
culous in origin.

4. The access o f  pathogens to the bronchial lum en m ay be ascribed to  m orpho
logical changes of the w a ll as well as to biochem ical changes o f the m ucus.

5. Similar bacteria l strains isolated from tuberculous and non-tuberculous sub
jects  show different p attern s o f drug sensitivity.

6. Chloramphenicol and erythrom ycin m ay be regarded as the antib iotics of 
choice for haphazard trea tm en t in acute recurrences o f chronic respiratory disease.

7. E rythrom ycin seem s to be specially su ited  for long-term  preven tive  use in 
chronic respiratory d isease , particularly in children.

The aetiologic role o f  bacteria in chronic respiratory d isease presents 
m any a problem. N evertheless it  seems certain th a t bacteria p lay  a definite 
part in its  m aintenance and progression. No successful therapy is therefore 
conceivable w ithout a reliab le identification o f th e  bacterial agents and the 
determ ination of their se n s it iv ity  to antibiotics [60, 61, 62]. The aim  o f the 
present stu d y  was to id en tify  the bacteria occurring in the bronchial secretion  
of children, to  establish th e ir  relationships w ith  th e  severity  o f  th e  condition, 
and to  te s t  their sen sitiv ity  to  antim icrobial agents. This large-scale stu d y  was 
perform ed for the fo llow ing reasons.

1. The diagnostic sign ificance o f bacteria dem onstrable in bronchial secre
tion  is still controversial. T he bacterial population o f the air passages has first 
been identified  from th e sputum  by B e z a n ç o n  and D e  J o n g  in  1913 [8],
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O w ing to  its sim plicity, exam in ation  of the spu tu m  is still one o f  the m ost 
cu rren tly  em ployed procedures though there is am ple proof o f  its lim ited  value. 
L o r i a n  [45] reported in co n sisten t bacteriological find ings o f sputum  and of 
bron ch ia l secretion in no less th a n  73% of 900 com parative tests . P e c o r a  et al. 
[53, 54] also obtained g rea tly  varying results on com paring sputum , bronchial 
secretion  and material o b ta in ed  by intraoperative aspiration from the lower 
air passages. M i s k o v i t s  e t al. [47] found basically  different bacterial popula
tio n s  in  sputum , bronchoscopie samples and transtracheal punctates from  
su b jects  w ith chronic bronch itis. There is also evidence to  the contrary. 
B a r t m a n n  et al. [5] n o ted  a uniform ity o f bacteria l flora o f sputum  and of 
b acter ia l secretion in 90% , and  L a p i n s k y  et al. [37] found a high percentage of 
correspondence betw een th e  bacterial populations o f  specially  prepared sputum  
and o f  transtracheal asp irates.

2. The tests referred to  in  m ost of the pertain ing papers are too  sm all in 
n u m b er to  be suited for con clu sive  statistical eva lu ation  (Table II).

M aterial and m ethod

T he present study in v o lv ed  3867 bacterial cultures and 1407 sensitiv ity  tests  o f 3682 
sp ecim en s derived from 3602 exam in ation s of 2432 patien ts o u t o f 4471 subjected to bron
ch o sco p y  in  the period 1961 to  1966. The age of the patien ts ranged from  0 to 18 years.

A fter  bronchoscopie in tu b a tio n  the secretion seen in th e  tracheal lum en w as rem oved  
b y  a sterile  suction tube as being  p o ten tia lly  contam inated from  the pharynx. This tube was 
discard ed , a fresh sterile suction  tu b e  was introduced, connected  w ith  a glass container and the 
secretion  was removed by m eans o f  a m echanic aspirator from  the area o f the bronchial tree 
w here discharge was seen or w here radiologic changes were present. In  the absence o f any  
m a n ife st  abnorm ality, the d ischarge was removed b ilaterally  from  several sites o f the main 
b ronch i. In  80 cases the sam ples o f  each side were cultured separately. From  certain samples 
sev era l cultures were isolated . T his is w hy the exam inations and the cultures differ in  number. 
T he bacteria l combinations are sh ow n  in Table III.

T he samples were ex a m in ed  in the bacteriological laboratory o f this In stitu te  (Dr. 
G. M á t y á s ). Each sample w as inocu lated  on blood agar and on  chocolate agar, m oreover on 
broth . I f  after 24 hrs the solid  m ed ia  proved sterile whereas th e  broth culture showed bacterial 
gro w th , th is  was subcultured on  b lo o d  agar. I f  the broth was also sterile at 24 hrs, it  was incu
b a ted  for  another 24 hrs and i f  b y  the end of this period no bacterial growth w as seen, this 
p articu lar  sample was considered sterile.

D rug resistance was te sted  on  blood agar plates usin g  B io test discs. The strain to be 
te s te d  w as inoculated on the m ed ium  and this was kept at room  tem perature for 30 m in. Then  
th e  p ap er discs im pregnated w ith  th e  drugs were laid on th e  surface of the m edia. This was 
fo llo w ed  b y  incubation at 37° C for 24 hrs. Zones of inh ib ition  more than  20 m m  in diam eter 
w ere graded as “sensitive” , th o se  betw een  20 and 10 m m  as “ m oderately sensitive” , between  
7 and  10 m m  as “relatively re s is ta n t” , and those of less th a n  7 m m  as “ resistant” . In the case 
o f  p o ly m y x in , “sensitivity”  w as scored from 11 m m  onw ard. Sen sitiv ity  was tested  against 
th e  fo llow in g  antimicrobial agen ts: chloramphenicol, erythrom ycin , O xytetracycline, te tra 
c y c lin e , Chlortetracycline, n eo m y cin , penicillin, strep tom ycin , po lym yxin , sulphathiourea, 
su lphad im idine.

D istribution of the m ateria l w as as follows:

Children w ith no ev id en ce  of pulmonary disease 372, cultures 388
Children w ith p u lm on ary  tuberculosis 1060, cultures 1511
Children w ith n o n -sp ecific  respiratory disease 901, cultures 1806
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Table I
Results o f  3867 cultures fro m  3682 bronchoscopical specim ens in relation to disease groups

Disease group
No. of 
cases

No. of
tests

No. of 
culturing Sterile Sterile

%
No. of 

bacteria

Neisseria Streptococcus non 
haemolyticus

Streptococcus
haemolyticus Staphylococcus aureus Staphylococ

albus
eus Diplococcus

pneumoniae Escherichia coli Klebsiella
pneumoniae Proteus vulgaris Pseudomonas

pyocyanea Haemophilus influenzae Non-identified,
mostly gram-negative bacteria

No. Rel.
%

Abs.
0//о No. Rel.

%
Abs.

О/.0 No. Rel.
%

Abs.
о/ No. Rel.

% No. Rel.
%

Abs.
% No. Rel.

%
Abs.
% No. Rel. Abs.

% No. Rel.
%

Abs.
о//О No. Rel.

о//о
Abs.
% No. Rel.

%
Abs.
% No. Rel.

%
Abs.
% No. Rel.

°/o
Abs.
%

No evidence of respiratory disease 372 384 388 292 75.26 96 51 13.14 53.13 33 8.51 34.38 0 0 0 2 0.52 2.08 2 0.52 2.08 3 0.75 3.13 2 0.52 2.08 0 0 0 l 0.26 1.04 0 0 0 l 0.26 1.04 l 0.26 1.04

Bronchial perforation 100 100 162 38 23.46 124 38 23.46 30.65 17 10.49 13.71 4 2.47 3.22 26 16.05 20.97 15 9.26 12.10 17 10.49 13.71 2 1.23 1.61 0 0 0 3 1.86 2.42 0 0 0 2 1.23 1.61 0 0 0

A ctive tuberculosis 803 1167 1222 649 53.11 573 199 16.29 34.73 216 17.67 37.70 4 0.33 0.70 49 4.01 8.54 36 2.94 6.29 29 2.37 5.06 10 0.82 1.75 2 0.16 0.35 3 0.24 0.51 6 0.50 1.05 10 0.82 1.75 9 0.74 1.57

Inactive tuberculosis 175 186 189 122 64.55 67 23 12.17 34.33 25 13.23 37.32 1 0.53 1.49 5 2.64 7.46 4 2.12 5.97 5 2.64 7.46 1 0.53 1.49 0 0 0 0 0 0 0 0 0 9 1.06 2.99 1 0.53 1.49

Post-tuberculous bronchiectasis 82 97 100 50 50.00 50 25 25.0 50.00 19 19.00 38.00 0 0 0 1 1.00 2.00 2 2.00 4.00 1 1.00 2.00 1 1.00 2.00 0 0 0 0 0 0 0 0 0 l 1.00 2.00 0 0 0

Bronchial asthma 135 166 175 88 50.29 87 34 19.43 39.07 30 17.14 34.48 0 0 0 7 4.00 8.05 3 1.71 3.45 6 3.43 6.09 4 2.29 4.06 0 0 0 1 0.57 1.15 0 0 0 2 1.14 2.30 0 0 0

Chronic bronchitis 159 262 283 77 27.21 206 67 23.68 32.52 64 22.61 31.07 0 0 0 23 8.13 11.17 3 1.06 1.46 18 6.36 8.74 6 2.12 2.91 0 0 0 1 и.:!:, 0.48 0 0 0 23 8.13 11.17 1 0.35 0.48

Chronic pneumonia 383 522 557 241 43.27 316 97 17.41 30.70 89 15.98 28.16 1 0.18 0.32 40 7.18 12.66 21 3.77 6.65 28 5.03 8.86 13 2.33 4.11 1 0.18 0.32 2 0.36 0.63 7 1.2(1 2.21 13 2.33 4.11 4 0.72 1.27

Bronchiectasis unrelated to tuberculosis 224 718 791 123 15.55 668 147 18.81 22.00 165 20.86 24.70 6 0.76 0.90 57 7.20 8.53 21 2.66 3.14 73 9.23 10.93 13 1.64 1.95 2 0.25 0.30 1 0.13 0.15 11 1.39 1.65 156 19.72 23.35 16 2.03 2.40

Legends

Rel.% (relative percentage): global figure for all the cultures. 
Abs.% (absolute percentage) refers to positive cultures.



Table II
Survey o f  the literature

Author Clinical diagnosis No. of 
cases Source of specimen No. of 

cultures Sterile Neisseria
Strepto
coccus 

non haemo- 
lyticus

Strepto
coccus
haemo-
lyticus

Diplo-
coccus

pneumoniae
Klebsiella

pneumoniae
Haemo
philus

influenzae

Esche
richia
coli

Staphylo
coccus
aureus

Staphylo
coccus
albus

Proteus
vulgaris

Pseudo
monas

pyocyanea
Non-

identified
Non-

pathologic
Miscella

neous Aerobacter. Other
bacteria

All ib o n e  e t  al. b ronchiectasis (ch ild ) 32 bronchoscopy 32 84%

Alliso n  e t al. b ronchiectasis 100 bronchoscopy 100 n % som e
t im e s

63% 9% 7%

B acsa e t al. 9 47 bronchial discharge 47 12 4 4 19 8

B en stea d

p u lm o n a ry  tubercu losis 12 bronchoscopy 5 2 9 1 2

b ro n ch itis 11 bronchoscopy 7 2 4 1 1

re sid u al pneum onia 8 bronchoscopy 2 2 5
—

Co bell e t al.
9 100 bronchoscopy 100 - 4 36 9 25 61 1 1 3 —

surgical discharge 100 80 — 4 5 8 6 — — l 2

CSERNOHORSZKY e t al. 9 151 bronchial discharge 115 203 16 21 9 2 8 22 1 3 i 30

D o w ling  e t  al.

ch ron ic  b ronchitis -f- b ro n ch i

ectasis 23 spu tum 301 17% 13% 43% 11% 39%

bronchiectasis 14 spu tum 203 14% 12% 53% 10% 32%

H alász a c u te  bronchitis 126 9 70% 5% 5% 2% 10% 1%

K ovács
p u lm o n a ry  tuberculosis bronchoscopy 630 435 46 11 17 30 7 5 10 9 24 16 17 18

non-specific  p u lm o n a ry  disease bronchoscopy 370 140 10 — 17 43 — 5 5 61 33 — 25 35

L ackner chron ic  bronchitis 102 spu tum 55.9% 61.9% 2% 13.7% 21.6% 3.9% 8.8% 16.6%

L á n y i

chron ic  bronchitis 288 sp u tu m 288 6

2%

5

2%

40

14%

18

6%

16

6%

15

5%

2

1%

3

1%

13

4%

7

4%

22

8%

9

3%

4

1%

125

43%

chron ic  bronchitis 159 bronchoscopy 159 13

8%

2

1%

16

10%

6

4%

19

12%

14

9%

3
2%

5

3%
12

7%
3
2%

5

' з%

50

32%

chro n ic  bronchitis 71 tran s tra ch e a l p u n c tu re 71 24

34%

0 7
10%

4

7%
5

7%
5

7%
5

7%

1

1%

6

8%

11

15%

3
4%

0 0

MiSKOviTS e t a l. ch ron ic  bronchitis 71 tran s tra ch e a l p u n c tu re 71 24 7 4 5 5 4 1 6 11 3 3

R y t e l  e t al.

b ronchiectasis 108 bronchoscopy 11 153 1 12 6 5 3 1

pneum onia 42 bronchoscopy 9 55 1 1 — 1 — —

b ro n ch itis 7 bronchoscopy 1 9 — — — — — —

o th e r  pu lm onary  disease 11 bronchoscopy 2 18 1 — 2 — —

no pulm onary  disease 5 bronchoscopy 1 5 1 — 1 — —

Stu a rt-H a r r is chron ic  b ronchitis 113 sp u tu m 172 8 87

50.5%

2 26

15%

5 20

11.6%

Szita  e t al. b ronchiectasis 195 bronchoscopy 281 71

15.8%

215

47.7%

9

2%

24

5.3%

8

1.8%

4

0.89%

30

6.7%

13

2.9%

12

2.7%

15

3.3%
8

1.8%

41

9-1%
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In addition we evaluated 162 cultures o f bronchial specim ens from 100 cases with  
lym phoglandular bronchial perforation. Owing to the relative rarity o f this com plication , the 
m aterial from  1961/66 had to be com pleted w ith  cases from  the previous years, to m ake up one 
hundred cases. Otherwise there was no selection  or grouping whatsoever.

The patients were divided into the follow ing diagnostic sub-groups (num erical data  
being presented in Table I).

I. Normal

H ealthy controls, judged by the standards o f negative radiographic and bronchoscopie  
findings.

II . P ulm onary tuberculosis

1. Active
This group comprised patients w ith  prim ary or post-prim ary tuberculosis— with  

the exception  o f bronchial perforation—regarded as active in the m om ent o f  bronchos
copy on grounds of the clinical course confirm ed by radiographic evidence and by cultures 
positive  for tubercle bacilli.

2. Inactive
This group comprised cases where the process, according to the above criteria, w as no 

longer considered active.
3. Post-tuberculous bronchiectasis
The patients had been under care for bronchoscopically verified bronchial perforation  

five to ten  years earlier. All were sym ptom -free. R esidual bronchiectasis was d iagnosed on the 
evidence o f  bronchography.

4. Lym phoglandular bronchial perforation
In the patients o f  this group bronchoscopically confirm ed bronchial perforation had 

taken place at the tim e o f the study.

I I I .  N on-specific respiratory disease

1. Bronchial asthma
These were patients w ith bronchial asthm a confirm ed beyond any doubt during their 

sta y  but w ith  no evidence of other bronchopulm onary disease.
2. Chronic bronchitis
The criteria o f  this group were: a h istory suggestive o f bronchitis o f at least three m onths  

in duration, consistent w ith the clinical and radiological signs, bu t exclusive o f other respira
tory disease and w ith bronchoscopie evidence o f chronic inflam m ation of the bronchial m ucosa.

3. Chronic pneum onia
In these patients changes of the pulm onary parenchym a typical o f pneum onia and ex clu 

sive o f tuberculosis or o f  bronchiectasis had been present for more than four weeks. T he m ajor
ity  had been referred to us from other in stitu tes after long-continued antibiotic treatm ent. 
P atien ts w ith  pulm onary abscess, gangrene or em pyem a were excluded from this group.

4. Bronchiectasis unrelated to tuberculosis.
The criteria included bronchographic evidence o f bronchiectasis and proof o f  its non- 

tubereulous origin.

Results

The cultures yielded 12 bacterial strains. Table 1 presents the num erical 
data in term s o f relative and absolute percentage.

The incidence o f  sterile bronchial secretion in the individual groups has 
been found to  dim inish in the follow ing order: normal controls, in active  
tuberculosis, active tuberculosis, post-tuberculous bronchiectasis, bronchial 
asthm a, chronic pneum onia, chronic bronchitis, bronchial perforation, bronch i
ectasis unrelated to  tuberculosis. It w as, how ever, the severity  o f the bronchial 
process rather than  its aetiology w hich seem ed to determ ine the order o f  
succession. In the group w ith no evidence o f pulm onary disease 75%  o f  the
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B acteria l associations in bronchial secretion

Table III

Bacterial associations 
Upper: specific 

Lower: non-specific
Neisseria

Streptococcus 
non haemo

lyticus
Streptococcus
haemolyticus

Staphylo
coccus
aureus

N eisseria ■ 33 2 5

Streptococcus non haem olyticus 37 ■ 1 1

Streptococcus haem olyticus 1 0 ■ 0

Staphylococcus aureus 12 5 1 ■

Staphylococcus albus 5 3 0 0

D iplococcus pneumoniae 21 1 0 8

Escherichia coli 1 0 0 3

K lebsiella  pneumoniae 0 0 0 0

P roteus vulgaris 0 0 0 0

Pseudom onas pyocyanea 1 0 0 0

H aem ophilus influenzae 13 1 1 1

U nidentified , gram -negative 0 0 0 0

The right side o f th e  d ividing line is occupied b y  th e  tuberculous, its  left side b y  the  
non-tuberculous m aterial.

specim ens were fou n d  sterile as against 15%  in  th e  group w ith non-tuberculous 
bronchiectasis. The groups o f  bronchial asthm a and of post-tuberculous bronchi
ecta sis , each y ield in g  50%  sterility, i.e. 50%  p o sitiv e  cultures, occupy a border
lin e  position . It is rem arkable that the incidence o f  Neisseria  and o f Streptococcus 
w as sign ificantly  h igher in  the groups w ith  pulm onary changes th an  in  the  
norm al controls, and particularly high in post-tuberculous bronchiectasis and  
in chronic bronchitis.

Fig. 2 gives a com parative survey o f  th e  occurrence o f bacteria generally  
considered pathogenic as w ell as of Neisseria  and Streptococcus. These figures 
represent the absolu te percentage of th ese organism s in the p ositive cultures. 
T he incidence o f  th e  pathogens in th e  in d iv id u a l groups increased in  the  
fo llow ing order: h ea lth y  controls, post-tuberculous bronchiectasis, bronchial 
asth m a, active tubercu losis, inactive tu b ercu losis, chronic bronchitis, chronic 
pneum onia, bronchiectasis unrelated to  tubercu losis, bronchial perforation

The absolute and  relative figures o f  sen sit iv ity  have been tab u lated  glo
b a lly  instead o f g iv in g  th e  values separately  for each group (Table IY ). The 
12 strains grown from  th e specimens w ere te sted  against 11 antim icrobial 
agen ts.

Acta Medica Academia c Scientiar urn Hungaricae 25, 1968



BA CTERIA L FLORA OF BRONCHIAL SECRETIO N 131

o f  208 patien ts

Staphylo
coccus
albus

Diplococcus
pneumoniae

Escherichia
coli

Klebsiella
pneumoniae

Proteus
vulgaris

Pseudo
monas

pyocyanea

Haemo
philus

influenzae

Un
identified,

Gram-
negative

7 5 l 0 0 i 0 0

0 4 0 0 0 0 0 0

2 0 0 0 0 0 0 0

0 9 0 0 0 0 0 0

■ 2 0 0 0 0 0 1

1 ■ 0 0 1 0 0 0

1 0 ■ 0 0 0 0 0

0 1 0 ■ 0 0 0 0

0 0 1 0 ■ 0 0 0

0 0 0 1 0 ■ 0 0

3 6 1 0 0 1 и 0

0 1 0 0 0 0 1 m

Fig. 3 presents th e  com parative values for the groups o f tuberculosis 
(exclu sive  of bronchial perforation), bronchial perforation, and non-specific  
respiratory disease. These values represent the overall figures o f th e  “ sen sitive” 
and “ m oderately sen sitive” groups.

Discussion

The present analysis was concerned w ith  the following questions:
1. In the healthy individual, is the bronchial tree sterile?
2. Is the presence in bronchial secretion o f bacteria o f  th e  normal 

pharyngeal population o f any pathogenic significance or is it m erely  a result 
o f contam ination ?

3. Is there any relationship between th e  severity  o f the bronchial proc
ess and the bacterial flora?

4. Is the grow th o f  a bacterial population in the bronchial lum en  suffi
c ien tly  explained b y  m orphologic changes o f th e  w all o f bronchi and  o f the 
m ucous m em brane or are there any additional factors involved?

5. Do identical bacteria l strains grown from  tuberculous and non-tuber- 
culous subjects exh ib it th e  sam e pattern o f drug resistance?
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F ig . 1. D istribution  of sterile and positive  cultures in  relation  to disease groups. The overall 
p ercen tage  o f sterile cultures is represented by the descending heavy line, th a t o f  the to ta lity  
o f  b acter ia l cultures by the broken lin e, that of N eisseria  and Streptococcus by the th in  line, 
th a t  o f  pathogens (Streptococcus haemolyticus, Staphylococcus aureus, Staphylococcus albus, 
D iplococcus pneumoniae, Escherichia coli, Klebsiella pneum on iae, Proteus vulgaris, Pseudom o
nas p yo cya n ea , H aemophilus in fluenza  and unidentifiable bacteria) by the ascending h eavy

line

6. W hich are the m ost p o ten t antibiotics for th e  control o f exacerbation  
of chron ic respiratory d isease in  children and w hich  are best su ited  for long
term  p reven tive use ?

A d  1. Bronchial secretion s of healthy children yielded bacteria in  25% ,
i.e . N eisser iae  and streptococci w hich belong to  th e  norm al bacterial population  
o f th e  pharynx, in 13%  and 8 .5% , respectively, and  other strains in  3%  (Table 
I and F ig . 1). These find ings contradict the v iew  represented b y  L e e s  et al. 
[42], L a u r e n z i  et al. [38], K o v a t s  and N y i r e d y  [31] and S z i t a  et al. [65] 
th a t th e  bronchial secretion o f  healthy individuals is sterile, while supporting
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t h e  o b s e r v a t i o n s  o f  R o h m e r  [ 5 6 ]  a n d  C s e r n o h o r s z k y  e t  a l .  [ 1 4 ]  t h a t  t h e  

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

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

Since the bronchial tree com m unicates w ith  the outside world it  is of 
n ecessity  subject to contam ination  w ith m icrobial agents. These fall, how ever, 
very soon victim  to the physiologic functions o f th e  ciliated ep ith eliu m , the  
bactericidal activ ity  of norm al bronchial mucosa and other factors. As dem on
strated  by L a u r e n z i  et al. [40] in anim al experim ents, 95%  of the bacteria  
introduced into the bronchi disappear from there in six hours. In th e  h ea lth y  
subject bacterial clearance proceeds at a norm al rate. This, naturally , im plies 
th a t the bronchial lum en m ay at any tim e contain bacteria w hich h ave not 
y e t been cleared away [23, 29, 39, 40]. It is therefore obvious th at in  case of 
large-scale culturing there is a probability o f dem onstrating bacteria  in  the 
bronchial secretion of h ea lth y  individuals, particularly o f the norm al pharyn
geal population carried by the respiratory flow  into the bronchial lum en.

A d  2. There is a certain controversy concerning th is point, too . C o r e l l  
e t al. [13] as well as G e r n e z - R i e u x  et al. [20] ascribed the occurrence of 
streptococci in bronchial secretion to contam ination. L á n y i  [36] disagrees 
w ith these authors. H a r t m a n n  et al. [6] stressed the pathogenicity  o f  Neisseria.  
Our finding that the incidence o f these bacteria was sign ificantly higher in 
the respiratory disease groups than  in the controls also contradicts th e  role of 
contam ination  (Fig. 1), unless we had any acceptable reason to consider bron
choscopy as a more probable source of contam ination in chronic respiratory  
disease — particularly in post-tuberculous bronchiectasis and in  chronic 
bronchitis — than in the absence o f respiratory disease. W e therefore regard 
Neisseria  or streptococci as part o f the bronchial population w ith ou t having  
to  incrim inate a possible contam ination by the bronchoscope for th is  finding.

A d  3 and 4. A nalysis o f the present evidence decides the qu estion  about 
the relationship between the severity  of the bronchial process and th e  bronchial 
flora in the affirm ative. F ig. 1 clearly shows th a t the bacterial con ten t of 
bronchial secretion increases in proportion to  the severity  o f th e  process. 
In the four groups of greatest severity  the incidence o f  bacteria greatly  exceeded  
the incidence o f the sterile cultures. Dam age to the bronchial m ucosa affects its 
clearing activ ity  thus g iv ing access to the bacterial population o f th e  pharynx. 
This is at least what the high proportion o f Neisseria  and of streptococci found  
in the groups of post-tuberculous bronchiectasis and of chronic bronchitis 
seem s to suggest.

The above relationship provides us w ith  clues to the fourth  question, 
nam ely whether the m orphologic changes o f  the mucous m em brane and of 
the wall o f bronchi are th e  sole factors responsible for bacterial invasion  of 
the lower airways. C onfrontation of the data for the group o f post-tuberculous  
bronchiectasis with those o f the normal group clearly indicates th a t  even  re-
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F ig . 2 . Global figures o f N eisse r ia  and Streptococcus (upper line) and of pathogens (see legend 
for Fig. 1) in rela tion  to  disease groups, expressed  in  absolute percentage

sid u a l changes of healed  bronchopulm onary processes m ay well account for 
b acteria l invasion, th o u g h  prevalently b y  non-pathogenic strains (F ig. 2). 
In  th e  group of chronic bronchitis the incidence o f  positive cultures was still 
higher. Though here to o  th e  proportion o f p athogens showed a substantial 
in crease, it  is nearly d oubled  b y  that of N eisseria  and o f streptococci. All this 
em phasizes the significance o f  th e  histological changes o f the m ucous mem brane 
[25, 29 , 35, 67]. The m ore ex ten sive  the changes affecting bronchial tissue and 
secretion , the more favou rab le  the soil for b acteria l growth. In the groups of  
bronchiectasis and o f bron ch ia l perforation n o t on ly  the high incidence of 
b acteria , but also the p reva len ce  of pathogens over Neisseria  and streptococci 
w as conspicuous.

T he frequent occurrence o f H. influenzae in  chronic bronchitis and in 
bronchiectasis has been stressed  by numerous authors [2, 3, 11, 16, 20, 25, 49]. 
This is  in  agreement w ith  th e  present findings, th ou gh  our figures are lower 
th a n  th o se  quoted in  th e  literature, especially as far as chronic bronchitis is
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Fig. 3. Comparison of drug sensitiv ity  o f bacteria in three disease groups. Thin line: tuberculo
sis w ithout bronchial perforation. Broken line: bronchial perforation. H eavy  line: non-tuber
culous respiratory disease. The figures refer to the g lobal percentage of “ sen s it iv ity ”  and “ mod

erate se n s it iv ity ”

concerned, in all probability because th e  authors referred to  m ade no sharp 
distinction  betw een chronic bronchitis and bronchiectasis.

The high incidence o f staphylococci in th e  group with bronchial perfora
tion  points to  the significance o f staphylococcal superinfection in  th is  com pli
cation  involv ing  gross destructive tissular changes.

A d  5. W e could find no com parative evidence in the literature concern
ing th e  drug resistance o f identical strains iso lated  from tuberculous and non- 
tuberculous cases. Our finding that bacteria isolated from tuberculous cases 
are more sensitive to  large-spectrum  an tib iotics than are similar strains orig
in atin g  from non-tuberculous m aterial, furtherm ore the inverse response to  
streptom ycin  and to neom ycin provided further proof that the long-continued  
use o f  antibiotics w ill invariably lead to  th e  developm ent of bacterial resistance. 
This is bound to  frustrate the benefits o f  classical long-term an tib io tic  treat-
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Fig. 4. Com parison of drug sen sitiv ity  o f Staphylococcus aureus cultured from tuberculous and  
non-tuberculous m aterial. Thin line: tuberculous, heavy line: non-tuberculous cases. T he figures  

represent the global percentage o f “ sensitiv ity”  and “ m oderate sensitiv ity”

m ent o f  chronic respiratory disease and explains th e  demands for newer and  
new er antib iotics [41, 50, 66, 69] (Fig. 3). T hat th e  different patterns o f  drug  
sen sitiv ity  are entirely unrelated to the different bacterial populations o f  the  
tw o groups o f disease is clearly illustrated b y  th e  exam ple of Staphylococcus 
aureus (F ig . 4). The reduced resistance to strep tom ycin  and to neom ycin  in  
the tuberculous groups finds its  explanation in long-term  streptom ycin th erap y  
of th e  prim ary disease and in  th e  cross-resistance betw een  the two antib iotics.

A d  6. It is seen in T able IV  and Fig. 3 th a t th e  overall sensitiv ity  o f  th e  
bacterial strains tested  was h ighest to chloram phenicol and erythrom ycin w hile  
sign ifican tly  lower to O xytetracycline and tetracyclin e  and still less to  the  
other drugs tested . It em erges from  Fig. 5 th a t th e  bacterial strains generally  
considered pathogenic exh ib ited  practically th e  sam e degree of sen sitiv ity  to  
chloram phenicol, erythrom ycin , Oxytetracycline and  neom ycin.

D ecision  on the typ e o f  drug and on th e  duration  of its use in  chronic 
respiratory disease involves no little  responsibility . Their prescription accord-
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Table IV

Global results o f  1407 sensitivity  tests

Drug
No. of

Chlortetracycline Oxytetracycline Tetracycline Chloramphenicol Erythromycin Neomycin Penicillin Polymyxin Streptomycin Sulphatiourea Sulphadimidine

Bacteria
tests

S MS RR R S MS RR R S MS RR R S MS RR R S MS RR R S MS RR R S MS RR R S MS RR R s MS RR R S MS RR R S MS RR R

Neisseria 204 57 71 22 54 100 67 13 24 90 71 18 25 188 8 2 6 106 64 4 30 78 63 18 45 44 44 18 98 4 и 20 169 54 40 14 96 27 28 i6 133 26 23 18 137
27.94 34.80 10.79 26.47 49.02 32.84 6.37 11.77 44.12 34.8 8.82 12.26 92.16 3.92 0.98 2.94 51.96 31.37 1.96 14.71 38.24 30.38 8.82 22.06 21.57 21.57 8.82 48.04 1.96 5.39 9.81 82.84 26.47 19.61 6.86 47.06 13.23 13.73 7.84 65.20 12.75 11.27 8.82 67.16

Streptococcus non haem olyticus 498 216 144 21 117 280 107 25 86 273 103 24 98 422 54 6 16 444 32 7 15 75 153 60 210 279 81 29 109 7 6 11 474 81 168 67 182 100 95 36 267 79 90 40 289
43.37 28.92 4.21 23.50 56.23 21.48 5.02 17.27 54.82 20.68 4.82 19.68 84.74 10.84 1.21 3.21 89.16 6.43 1.40 3.01 15.06 30.72 12.05 42.17 56.02 16.27 5.82 21.89 1.40 1.21 2.21 95.18 16.27 33.73 13.45 36.55 20.08 19.07 7.24 53.61 15.86 18.07 8.03 58.04

Streptococcus haemolyticus 9 2 5
°

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

Staphylococcus aureus 179 70 13 3 93 67 13 4 95 74 14 3 88 68 18 5 88 104 15 16 44 106 53 4 16 15 5 5 154 1 0 1 177 25 21 14 119 3 2 3 171 2 4 4 169
39.11 7.26 1.68 51.95 37.43 7.26 2.23 53.08 41.34 7.82 1.68 49.16 37.99 10.06 2.79 49.16 58.10 8.38 8.94 24.58 59.22 29.61 2.23 8.94 8.38 2.79 2.79 86.04 0.56 0 0.56 98.88 13.97 11.73 7.82 66.48 1.68 1.11 1.68 95.53 1.11 2.23 2.23 94.43

Staphylococcus albus 76 52 11 2 11 52 12 1 11 54 11 1 10 57 5 0 14 68 0 3 5 36 34 1 5 16 6 1 53 7 0 7 62 31 15 9 21 3 5 2 66 4 7 2 63
68.43 14.47 2.63 14.47 68.43 15.79 1.31 14.47 71.06 14.47 1.31 13.16 75.0 6.58 0 18.42 89.47 0 3.95 6.58 47.37 44.74 1.31 6.58 21.05 7.90 1.31 69.74 9.21 0 9.21 81.58 40.79 19.74 11.84 27.63 3.95 6.58 2.63 86.84 5.26 9.21 2.63 82.90

D iplococcus pneumoniae 162 103 24 5 30 125 20 4 13 119 14 6 23 148 10 2 2 152 4 0 6 19 34 17 92 117 19 4 22 2 2 2 156 17 42 16 87 45 33 8 76 44 35 9 74
63.58 14.81 3.09 18.52 77.16 12.35 2.47 8.02 73.46 8.64 3.70 14.20 91.36 6.18 1.23 1.23 93.83 2.47 0 3.70 11.73 20.99 10.49 56.79 72.22 11.73 2.47 13.58 1.23 1.23 1.23 96.31 10.49 25.93 9.88 53.70 27.78 20.37 4.94 46.91 27.16 21.60 5.56 45.68

Escherichia coli 45 2 8 o 35 9 11 3 22 6 12 3 24 22 6 1 16 12 8 1 24 16 19 3 7 1 1 2 41 2 1 5 37 14 6 6 19 3 1 2 39 3 1 2 39

K lebsiella pneumoniae 4 1 0 0 3 1 o 0 3 1 0 0 3 1 0 0 3 0 0 0 4 4 0 0 0 0 0 0 4 1 0 0 3 3 1 0 0 0 0 0 4 0 0 0 4

Proteus vulgaris 11 0 1 1 9 1 2 1 7 1 2 1 7 8 0 0 3 1 1 0 9 6 3 0 2 0 0 0 11 0 0 0 11 5 3 0 3 0 0 0 11 0 0 0 11

Pseudom onas pyocyanea 24 2 0 2 20 2 0 4 18 2 0 2 20 2 2 5 15 0 0 2 22 13 1 9 1 0 0 3 21 5 0 7 12 5 2 3 14 2 3 1 18 0 1 3 20

H aem ophilus influenzae 167 71 76 1 19 106 46 4 11 101 51 8 7 151 и 0 5 112 38 5 12 86 64 4 13 51 56 10 50 7 37 27 96 86 42 9 30 23 39 11 91 23 37 14 93
42.51 45.51 0.60 11.38 63.47 27.54 2.40 6.59 60.48 30.54 4.79 4.19 90.42 6.59 0 2.99 67.07 22.75 2.99 7.19 51.50 38.32 2.40 7.78 30.54 33.53 5.99 29.94 4.19 22.16 16.17 57.48 51.50 25.15 5.39 17.96 13.77 23.36 8.38 54.49 13.77 22.16 8.38 55.69

U nidentifiable, prevalently gram-negative 28 9 8 1 10 11 9
5 3 12 7 5 4 18 3 1 6 16 2 4 6 17 8 1 2 10 0 3 15 2 0 5 21 8 5 6 9 8 0 0 20 5 1 0 22

Total 1407 585 361 58 403 759 290 64 294 737 289 71 310 1092 118 22 175 1024 164 32 187 459 435 117 396 540 212 75 580 38 57 88 1224 330 348 144 585 214 207 82 904 186 200 92 929
41.58 25.66 4.12 28.64 53.94 20.61 4.55 20.90 52.38 20.54 5.05 22.03 77.61 8.39 1.56 12.44 72.78 11.66 2.27 13.29 32.62 30.92 8.31 28.15 38.38 15.07 5.33 41.22 2.70 4.05 6.25 87.0 23.46 24.73 10.23 41.58 15.21 14.71 5.83 64.25 13.22 14.21 6.54 66.03

Signs: S =  sensitive MS =  m oderately sensitive Legend: The upper figures represent the absolute values, the lower ones the percentage.
R =  resistant R R  =  relatively  resistant The per cent values o f  absolute figures below 50 are not represented.
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B A CTERIA L FLO RA  OF BRONCHIAL SECRETION 1.47

Fig. 5. Comparison of drug sen s itiv ity  o f  Neisseria  and streptococci (th in  line) w ith  th a t of 
pathogens (heavy line). The figures represent the global percentage o f “ sen s it iv ity ”  and

“ m oderate sensitiv ity”

ing to  the results o f previous sen sitiv ity  tests [28, 31] is o f  course correct, but 
has th e  following practical lim itations:

1. The bacterial flora o f  th e  sputum  does n o t represent that o f  th e  bron
chial tree.

2. The procedure o f transtracheal puncture to  obtain adequate speci
mens is unsuited for routine use.

3. Bronchoscopy allow s to  obtain reliable specim ens but has n o t been  
universally  adopted for th is purpose.

4. In grave cases, especia lly  in sm all children, bronchoscopy can n ot be 
perform ed.

5. The patients, particularly infants or sm all children m ay be in  a condi
tion  w hich warrants no delay  in volved  by the sen sitiv ity  tests .

In  th is manner th e  physician  has in m any cases the only choice o f  a 
haphazard treatm ent for w hich chloram phenicol, erythrom ycin, oxytetra-

2 Acta Medico Academiae Scientiarum Hungaricae 25, 1968



138 E . SZÉKELY and E. FA RK A S

c y c lin e  and neom ycin seem  to  be best su ited  [9, 13, 44, 57]. The to x ic ity  o f  
chloram phenicol and o f  n eom ycin  limits, how ever, th e  use o f these drugs and 
w arran ts particular cau tion  [1]. In contrast to  num erous authors who reported  
on  a high sensitivity to  sulphonam ides, these drugs were rarely o f  benefit in 
th e  present cases [26, 5 2 ]. T h e low sensitiv ity  to  polym yxin  found in th e  pres
e n t  stu d y  was likew ise at variance with other results [57]. This also applies 
to  H . influenzae, in co n tra st to  the findings o f  F ű z i et al. [19] who found a 
100%  polym yxin se n s it iv ity  o f H. influenzae strains isolated  from  tonsils. 
In  our view , with the p o ssib le  exception o f a few  particular cases, po lym yxin  
h a s no place in the trea tm en t o f  chronic respiratory disease.

As regards the proper selection of an tib iotica  for long-term  prevention  
[46] w e agree w ith K e r t e s  [28] in prescribing th e  m ost specific drug i f  we 
k n o w  the result o f se n s it iv ity  tests while resorting to  the broadest possible 
sp ectru m  in case of hap h azard  therapy. The w id est range o f efficiency is provid
ed  b y  chloramphenicol an d  erythrom ycin [9, 15, 24, 33, 48, 55, 57, 64, 69]. 
T h e  to x ic ity  of ch loram phenicol makes it u nsu ited  for long-term  use [32]. 
N u m erou s authors [16, 17, 18, 48, 55, 68, 70] em phasize th e  benefits as well 
as th e  safety of chronic trea tm en t with O xytetracycline or tetracyclin e. There 
is  on  the other hand ev id en ce  pointing to  an increase o f resistance to  these  
a n tib io tics [16, 57]. S t a u f f e r  [59] described severe dental changes produced  
b y  tetracycline during in trauterine life or later and cautions against the use 
o f  th is  antibiotic during pregnancy and in  children before the six th  year. 
A p parently , erythrom ycin is th e  most efficient and at the sam e tim e the safest 
o f  th e  currently used drugs, therefore it  is particularly su ited  for long-term  
trea tm en t. However, to  he o f  optimal b en efit, th is kind o f treatm ent would 
h a v e  to  be em ployed w ith in  the framework o f a well-organized care o f non- 
tuberculous chronic resp iratory  disease. This w ould  have to  include a broncho
sco p ie  follow-up w ith  rep ea ted  bacterial sen sitiv ity  tests  providing for a correct 
se lec tio n  of specific drugs as w ell as for the necessary adjustm ents during their 
u se .
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RELATIONSHIP BETWEEN THE MUCOPOLYSACCHA
RIDE CONTENT OF GASTRIC JUICE AND THE 

COMPOSITION OF SERUM LIPIDS

By

J .  S z é k e l y , M. B i h a r i - V a r g a  a n d  S .  G e r ő

THIRD DEPARTMENT OF MEDICINE, UNIVERSITY OF BUDAPEST 

(R eceived A ugust 21, 1967)

A total o f 75 p atien ts w ith  diverse abnorm alities o f lipid m etabolism  and 150 
controls have been studied.

1. The correlations o f the concentrations o f gastric hexosam ine, sia lic  acid and 
W in z l e r ’s mucoid w ith  the serum  cholesterol lev e l were practically the sam e in the  
controls and in hypercholesterolaem ic subjects.

2. In clinical c o n d itio n s asso c ia ted  w ith  hyperch o les te ro laem ia , th e  m e a n  con
c en tra tio n s  of h exosam ine, p ro te in -b o u n d  hexose, WiNZLER-mucoid, an d  s ia lic  acid  in 
g a s tr ic  ju ice  were sig n ifican tly  low er th a n  in  th e  con tro ls.

3. The low est concentrations of the gastric M PS com ponents were found in the  
group w ith atherosclerosis.

4. As concerns the relationship betw een the individual MPS com ponents in 
gastric juice and serum o f the sam e subject, hexosam ine concentration show ed a linear 
correlation in the controls as well as in the group w ith  hypercholesterolaem ia, whereas 
in  the control group the curve was of a paraboloid character.

5. No relationship w as dem onstrable betw een the acid ity o f gastric ju ice  and 
its  MPS com position.

6. The MPS pattern o f the gastric wall was sim ilar in  the group w ith  atheroscle
rosis and the control group.

Atherosclerosis is know n to  change the com position of serum lip ids, par
ticu larly  to  increase the low -d en sity  beta-lipoprotein (beta LP) fraction . There 
are, furtherm ore, indications in the literature th a t alim entary lipaem ia  is 
higher in  subjects w ith ischaem ic heart disease than  in healthy ind iv iduals  
[1, 2, 3]. Certain authors ascribe th is difference to  a reduced clearing a c tiv ity  
[4, 5, 6], an assum ption lacking uniform  experim ental support [7, 8, 9, 10]. 
This inconsistency together w ith  the fact that after intravenous adm inistration  
o f  lipids no difference in alim entary lipaem ia was dem onstrable betw een  
subjects w ith coronary disease and healthy individuals [11, 12] has directed  
atten tion  to the possible significance o f fat absorption and o f gastric secretion  
in atherosclerosis.

The studies o f B r o n t e - S t e w a r t  et al. [ 1 3 ,  1 4 ]  are suggestive o f  th e  ex is
tence o f  inverse relationships betw een the degree o f gastric acid ity  and th at  
o f alim entary lipaem ia, thus linking up fat tolerance w ith gastric secretion . 
The finding that gastric anacid ity  is more frequent in subjects w ith  a h istory  
of m yocardial infarction than  in healthy controls has been connected  w ith  a 
possible role o f reduced gastric secretion in the production of ischaem ic heart 
disease. It has been found furtherm ore that in  individuals o f  blood group 0
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the frequency of cardiac infarction was lower w hile that of gastric hyperacid
ity  higher than in those o f  blood groups A and В [15, 16]. In th is manner, 
ischaem ic heart disease m akes no exception to  th e  other hitherto detected  
blood-group-associated d iseases which are invariab ly  related to th e  upper 
gastrointestinal tract [17].

Apart from hydrochloric acid, enzym es, e tc ., gastric juice also contains 
m ucoids w ith diverse, p a rtly  well-known, b io logic  functions [18]. C a n t o n e  

et al. [19, 20, 21, 22] h ave shown the antilipaem ic, clearing, and lipotropic  
a c t iv ity  o f a com plex o f  am inopolysaccharides iso la ted  from gastric mucosa  
and gastric juice. This is in  agreem ent w ith other observations [23, 24, 25, 26]. 
T here is, in addition, ev id en ce of a stim ulating effect o f this m ixture on fat 
absorption [27]. The duodenal heparinoids also possess antilipaem ic properties 
[28, 29, 30] and the drug A teroid  (Crinos, M ilan), one o f  the num erous products 
serving for the reduction  o f  the blood cholesterol level, contains heparinoids 
o f duodenal origin.

I t  is an established fa c t that the blood group substance is also a m uco
polysaccharide (M PS), dem onstrable in th e  sa liva  and in the gastric juice of  
secretors [31, 32]. G l a s s  e t al. were the first to  id en tify  an M PS-containing  
su b stan ce extracted from  th e  gastric wall as being responsible for intrinsic  
factor activ ity  [33, 34]. I t  has long been kn ow n  th a t in pernicious anaem ia  
w hich  is inseparable from  atrophy of the gastric m ucosa, the blood cholesterol 
leve l is low  and atherosclerosis is relatively rare th ou gh  there are observations 
to  th e  contrary [35]. D esp ite  the high incidence o f  m alabsorption including  
steatorrhoea after gastric resection, the serum  lip id  level m ay be high [36, 
37, 38, 39]. F inally, in  clin ical or experim ental atherosclerosis there is an in
crease in  the blood M PS lev e l [40, 41, 42, 43].

The above observations have prom pted us to  exam ine the possible rela
tion sh ip  between the changes in the com position  o f  serum lipids and in  those  
o f th e  MPS pattern o f  gastric secretion. Som e o f  th e  results have already been  
published  [44, 45]. In  th e  present study we exam in ed  the MPS com position  of  
gastric secretion in relation  to  the com position o f  MPS and o f lip ids in  the  
blood  serum  partly o f  subjects w ith norm al b lood  lipids, partly in  clinical 
cond itions affecting lip id  m etabolism . F in a lly  th e  human gastric wall was 
stu d ied  for its MPS com position .

Material and m ethods

T he MPS patterns o f  gastric  secretion and blood serum  as well as the total lip ids, choles
terol, and beta-lipoproteins o f b lood  serum were exam in ed  in a m iscellaneous m aterial o f 150 
su b jects (87 females and 63 m ales from  19 to 76 years o f  age). The same param eters were deter
m ined in 75 patients, i.e. 47 fem ales, 28 males, aged b etw een  18 and 78, w ith the follow ing clin
ical conditions: atherosclerosis (w ith  myocardial in farction  in  the history), 24 cases; diabetes, 
10 cases; diabetes w ith m yocard ia l infarction in the h istory , 10 cases; hypercholesterolaem ia  
o f  un identified  origin (probably connected with coronary sclerosis), 31 cases. Subjects w ith  
dem onstrable gastrointestinal abnorm ality were exclud ed  from  the study.
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G astric juice was collected by m eans of a duodenal tube after an overnight fa st . No  
secretory stim ulants were applied, these having been found to stim ulate MPS secretion  too  
[46, 47]. Gastric juice contam inated w ith  blood, bile, or residues o f ingested food was discarded. 
The m aterial im m ediately after collection was filtered and hom ogenized in a tu rm ix-typ e  
hom ogenizer. The MPS com ponents were estim ated by the follow ing methods: protein-bound  
hexose: Sta r y  et al. [48]; W in z l e r ’s mucoid: W e im e r  and R e d l ic h -Moshin  [49]; sialic acid: 
Ayala  e t al. [50]; fucose: J a c u b e it  et al. [51]; hexuronic acid: D isc h e  [52]; hexosam ine: 
R im in g to n  [53]. The sam e MPS com ponents o f blood serum  were estim ated in parallel tests. 
In addition , serum -total lipids (K u n k e l  e t al. [54]), to ta l cholesterol (R a ppa po rt  and E ic h 
h o rn  [55]) and beta-L P (H o y l e  and Mo ore  [56]) were determ ined. The same m eth ods were 
used for the assay of the MPS m ixtures prepared from th e  gastric wall in our laboratory b y  the  
m odified [57] m ethod o f D y r b y e -K ir k  [58], using structurally  in tact gastric walls obtained  
partly from  atherosclerotic subjects, partly from ind iv idu als w ith  no evidence o f vascular  
abnorm ality. The acid output o f gastric juice was studied , blood group estim ations (A , A B , В , 0) 
were perform ed as well.

Results

1. R elationship between M P S  composition o f  gastric  ju ice and serum lip id  values

Fig. 1 shows that in  healthy controls w ith  serum cholesterol levels  
betw een 180 and 210 mg per 100 ml the hexosam ine concentration o f  gastric 
ju ice  was around 90 m g/g protein. R eduction in the hexosam ine con ten t of
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( тд °/o) о 

о •  control
о о hypercholesterolaemia 

о

оо

о
о
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gastric  ju ice  was associated w ith  a rise in th e  serum  cholesterol level. S im ilar  
correlations were found in  th e  subjects w ith  hypercholesterolaem ia, w ith  the  
on ly  difference th at here th e  graph was sh ifted  to  higher cholesterol values, 
alth ou gh  on ly  one half o f  th e  parabola-shaped graph expressing th ese rela
tio n sh ip s was m anifest, therefore the correlations m ay be considered linear. 
In hypercholesterolaem ia th e  graph started w ith  cholesterol values ranging  
b etw een  260 and 290 m g per 100 ml, but the shape o f  the curve was essentia lly  
the sam e as in the former case.

Sim ilar correlations w ere found betw een th e  sialic acid concentration  
in gastric  ju ice and the blood cholesterol level (F ig . 2).

In  correlation to the WiNZLER-mucoid con ten t o f  gastric secretion, th e  se
rum cholesterol level show ed a similar distribution (F ig. 3). (The graphs were 
p lotted  on  th e  basis o f regression calculations.)

N o correlation was found betw een serum cholesterol and the other gastric  
MPS com ponents, further betw een  the other serum  lipids and gastric M PS..
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2. M P S  composition o f  gastric ju ice in  lip id  metabolism disturbances

The results presented in Table I show that in diseases associated  with  
hypercholesterolaem ia the M PS pattern in gastric juice was w id ely  divergent 
from  th a t found in persons w ith  norm al cholesterol levels. E va lu ated  b y  the  
tw o-sam ple t-test, m ean hexose, hexosam ine, sialic acid, and WiNZLER-mucoid 
concentrations were sign ificantly  lower than  in  the controls, whereas th e  other 
M PS com ponents revealed no significant change.

Table II  shows values for various conditions, not including th e  10 dia
betic subjects w ith a h istory o f m yocardial infarction. On the grounds o f  m athe
m atical analysis com prising analysis of variance (i.e. evaluation  o f overall 
scatter o f the respective groups) and paired tw o-sam ple t-tests, th e  changes 
in  the individual MPS com ponents were as follows.

Hexose. In the diabetic group the mean values were sligh tly  higher, w here
as in  the tw o other groups th e y  were sligh tly  lower (overall scatter 69) than  
in the control group.
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Table I

(a) M ean  values o f M P S  components in  gastric ju ice  
[mg/g protein]

Hexose Hexosamine
Sialic
acid Fucoee Mucoid

Hexuronic
acid

Controls (150 cases) 143.2 76.4 37.7 2.23 42.0 3.35

Hypercholesterol aemi a
(75 cases) 123.6 62.0 28.8 2.56 30.1 2.82

(b ) Sta tis tica l significance o f  differences o f  
mean values o f  the hypercholesterolaemic group fro m  the control values

Hexose Hexosamine
Sialic
acid Fucose Mucoid Hexuronic

acid

t 1.99 3.3 3.6 not
signif.

3.99 not
signif.

P% < 5 * < 1 * * <0.1*** < 0 .1 * * *

* =  significant 
** =  markedly s ign ifican t  

*** _  highly sign ificant

Hexosamine. In th e  atherosclerosis group m ean values were significantly  
low er th an  in the other groups. In diabetes th e  differences were not significant 
and in  “ hypercholesterolaem ia of other origin” th ey  were at the borderline 
o f  significance (S =  28).

S ia lic  acid. W hile in  th e  diabetics m ean va lu es were in  the control range, 
in  th e  atherosclerotics th e y  were significantly low er. In  the group w ith  “h y 
percholesterolaem ia o f  o th er origin” significance w as less d istinct (S =  16).

WiNZLER-mucoid. T he low est mean was fou n d  in  the group w ith athero
sclerosis, whereas in  th e  d iab etes group and in  “ hypercholesterolaem ia o f  other 
orig in” reduction was n o t sign ificant (S =  19). The figures o f fucose and hexu- 
ronic acid  are not represented  in  Table II, h av in g  revealed  no change in any  
o f  th e  groups.

3. M P S  values in gastric ju ice  and serum

The hexosamine co n ten t showed a linear correlation in the hypercholes
tero laem ic  and in the control groups (Fig. 4). R egression o f th e  serum hexosam 
in e va lu es in  relation to  gastric  juice was linear in  b oth  groups. The coefficients 
o f regression were sta tis tica lly  significant.
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Table II

(a) M ean values o f  M P S  components in gastric  ju ice  
[m g/g protein I

Hexoee Hexoeamine Sialic acid Fucose Mucoid Hexuronic
acid

Controls (150 cases) 143.2 76.4 37.7 2.23 42.0 3.35

Atherosclerosis (24 cases) 111.9 47.0 23.2 2.34 23.1 2 .8 6

Diabetes (10 cases) 157.1 71.3 39.0 2.51 30.6 3.57
Hypercholesterolaemia of  

other origin (31 cases) 114.9 62.9 27.6 2.50 36.0 2.62

(b) Sta tistica l significance of differences o f  
o f the hypercholesterolaemic group from  the

mean values 
control values

Hexose Hexoeamine Sialic acid Fucose Mucoid Hexuronic
acid

Atherosclerosis t
p %

2.0
< 5 .0 *

4.8
<0 .1***

3.9
< 0 .1 * * *

not
signif.

4.0
< 0 .1***

not
signif.

Diabetes t  
p%

0.6
> 5 0

0.7
> 4 0

0.2
> 8 0

not
signif.

1.7
> 5

not
signif.

Hypercholesterolaemia t 
of other origin p%

2.1
< 5 *

2.6
< 5 *

3.1
< 1 * *

not
signif.

1.4
> 1 0

not
signif.

* =  significant 
** m arkedly significant 

*** highly significant

Fig. 4
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The concentration o f WiNZLER-mucoid in gastric ju ice in  relation to  
th o se  in serum yielded  a paraboloid curve. This unusual shape w as due to  the  
fa c t  th a t medium concentrations o f serom ucoid were practica lly  never asso
c ia ted  w ith low gastric m ucoid values, in  opposition to low or h igh serum con
centrations where such an association w as not rare. Such relationships were 
n o t dem onstrable in th e  group w ith  hypercholesterolaem ia. T he other MPS 
com ponents of gastric ju ice  and o f serum  failed  to reveal any d efin ite  relation
sh ip .

4. Gastric a c id ity  and M P S  com position o f  gastric ju ice

T he mean values for th e  gastric M PS com ponents in com parison to cases 
w here the fasting ju ice contained no free acid did not diverge sign ificantly  
from  those presented in  T ables I and II, i.e . the degree of acid ity  and the MPS 
p a ttern  o f gastric ju ice collected  w ith ou t stim ulation  of acid o u tp u t revealed  
no correlations.

5. Gastric acid ity  and blood groups

In  150 control subjects, as shown in T able III , the incidence o f  anacidity  
v a ried  w ith  the ind ividual blood groups; it  w as low est w ith blood group 0. In 
th e  hypercholesterolaem ic group the num ber o f the cases tested  w as not suffi
c ien t for evaluation.

Table III

D istribu tion  o f  subjects w ith  anacidity  
according to blood groups 

(150 controls)

Blood group

Anacidity of fraction 
collected after an over

night’s fast 
(in per cent 

of examined cases)

A 52.5

В 62.7

A B 85.5

0 41.8

6. M P S  pattern  o f  hum an gastric wall

A s show n in Table IV , th e  mean values for the individual com ponents 
iso la ted  from  the gastric w all o f  norm al and o f atherosclerotic subjects d isp lay
ed no sign ificant difference.
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Tabic IV

M ean concentrations o f ind ividual M P S  components 
in normal and in atherosclerotic gastric wall 

(m g/100 mg)

Hcxose Hexosamine Sialic acid Mucoid
Hexuronic

arid

N o structural change (20 cases) 27.2 3.0 5.0 12.5 2.0

E vidence o f atherosclerosis (20 cases) 25.0 2.6 4.4 10.0 3.0

Discussion

The above results were suggestive o f  a relationship betw een th e  MPS 
pattern  o f gastric ju ice and the serum cholesterol level. It seem s th a t, i f  for 
reasons still unknown, the concentrations o f  the individual MPS com ponents  
o f gastric secretion are decreased, th e  serum  cholesterol level is increased.

No definite correlation was found betw een the MPS com ponents of 
serum  and those o f  gastric juice.

G l a s s  et al. [59, 60] dem onstrated chem ical and electrophoretic differ
ences betw een the m ucoproteins in serum  and those in gastric secretion. 
The present stu d y  failed to  reveal any relationship between th e  degree of 
acid ity  and the M P S  pattern of gastric ju ice. S c h r ä g e r  [61] found reduced  
hexosam ine concentrations in gastric ju ice after stim ulating acid  output.

It is known th a t the significance o f gastric m ucoids extends b eyon d  the  
gastrointestinal tract. Outside their role as concerns intrinsic factor, blood  
groups, blood lipids, th ey  have a d iversity o f  other functions such as an inhib i
to ry  effect on bacterial virulence, connected  w ith  a grow th-prom oting activ ity  
on Lactobacillus bifidus, inhibition o f virus haem agglutination, grow th-prom ot
ing  effect on young rats, enhancing nitrogen m etabolism  in the rat and haem o- 
poietic activ ity  in rats w ith  induced anaem ia, histam ine-binding effect, in flu 
ence on gastric m otility  etc. [18].

The present results point to a possible involvem ent of gastric M PS in the 
regulation o f th e  serum  cholesterol level and suggest that changes in gastric 
M PS concentration m ay also he responsible for certain disorders o f  lipid  
m etabolism .

*

W e are indebted to Dr. I. J u v a n c z , H ead o f the D epartm ent of B iom etry  of the R e
search In stitu te  o f M athem atics o f the H ungarian A cadem y of Sciences, and to  Mr. J. F i s c h e r  
and Mr. P . Csáki, of the scientific staff o f th a t departm ent, for statistical eva lu ation s.
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After ligation of the hepatic artery in dogs the protein content of hepatic lym ph  
remained lower, its relative a lbum in content higher than in blood plasma. This invali
dates the claim  that the lym ph w hile still of the sam e protein com position as blood  
plasma when leaving the sinusoids, m ight becom e diluted by a filtrate produced in the 
peribiliary capillary system  o f lower perm eability.

Electron m icroscopic studies have revealed the presence of large in ter
cellular gaps betw een the endothelia l cells of the sinusoids, the capillaries o f  the  
portal system , allow ing the b lood  plasm a to pass from the vascular lum en  
directly into D isse’s spaces ( F a w c e t t  [2], H a m p t o n  [3]). The size o f  these  
intercellular pores attains several hundred m/j w hich would be com patib le  
w ith  an entirely unrestricted passage of protein m olecules through th e  sinusoid  
endothelial mem brane w ithout necessarily invo lv in g  a process o f m olecular 
sieving (P a p p e n h e i m e r  [4]). In th is manner th e  extracellular flu id  o f  the 
liver as well as the lym ph draining from this organ would have to  be o f  the 
sam e protein concentration as th e  blood plasma. H epatic lym ph has indeed  a 
high protein content am ounting to  80 to 90, but n ot to  100% of th a t o f  blood 
plasm a ( R u s z n y a k  et al. [5],  Y o f f e y  and Co u r t i c e  [6]).

The fact th at the liver receives blood not on ly  from the portal vein  but 
also from the hepatic artery led to  the assum ption ( B r a u e r  [1])  th a t in 
the peribiliary capillary system  which carries arterial blood, hydrostatic  
pressure m ust he considerably higher than in th e  sinusoids. These capillaries 
differ from the sinusoids in both  structure and perm eability, and th e  difference 
in protein concentration betw een hepatic lym ph and blood plasm a has been 
ascribed to adm ixture of less concentrated  filtrate from these arterial capilla
ries. I f  this is so, after occlusion o f  the hepatic artery, the hepatic lym p h  must 
attain the com position o f blood plasm a. This p ossib ility  has been stud ied  in 
the present experim ents.

M a t e r i a l  a n d  m e t h o d

The studies have been carried out in mongrel dogs o f both sexes under intravenous chlo- 
ralose'anaesthesia (0.10 g per kg body w eight). The abdom en was opened by m idline incision, 
the main lym phatic trunk draining the liver was exposed at the hiluin and a polythene catheter
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w as inserted into it w ith  its  tip  directed distally. A  broad band was placed loosely  around the  
h ep a tic  artery. Lym ph w as co llected  from the opened lym phatic  for 20 to 30 m inutes, then the 
b an d  was tightened to occlude the artery. Thereafter, lym ph  was collected for further two 
period s of half an hour each .

Pressures were recorded b y  means of a Siem ens electrom anom eter w ith  a Statham  strain 
g au ge in  the brachial artery, in  th e  hepatic vein b y  m eans o f a catheter v ia  the right atrium, 
and in  the portal vein b y  a p la stic  cannula introduced through one o f the m inor branches o f  
th e  splenic vein. Infusions or b lood  transfusions were avoided during the experim ent so as to  
keep  th e  composition o f  p lasm a constant.

The protein conten t o f  p lasm a and lym ph sam ples w as determ ined after sulphuric acid 
d ig estio n  by the W a g n e r — P a r n a s s  m icrodestillation m ethod. The protein  fractions were 
estim a ted  by paper electrophoresis (pH =  8.6; barbiturate buffer; acid fuchsin  staining).

Results

A  total of 18 exp erim en ts was carried ou t. The anim als, w ith  their abdo
m en  open during th e  w h ole course of the stu d y , exhibited  a successive decline 
o f  arterial blood pressure, th e  values being 104 ^  5.8 mm H g at th e  start and 
82 ^  6.5 mm Hg at th e  end  of the experim ent. Pressures in  th e  portal and 
h ep a tic  veins also show ed  a slight reduction (Table I).

Table I

M ean blood pressure (m m  H g) during collection of 
hepatic lymph in 18 anim als

Femoral
artery Portal vein Hepatic vein

Prior to experim ent 104± 5 .8 6 .8 ± 0 .4 5 .6 ± 0 .6

At 30 m inutes 9 6 ± 6 .2 5.6 ± 0 .3 4.8 ± 0 .5

At 60 m inutes 8 2 ± 6 .5 4.5 ± 0 .3 4 .0 ± 0 .3

Mean protein concentration  in  hepatic lym ph, which w as 5.02 g per  
100 m l, i.e. 87.7% of th a t  o f  the blood plasm a prior to ligation o f th e  hepatic  
artery , was little affected  b y  ligation of the artery, since the va lues registered  
after th e  procedure did n o t am ount to more th a n  89.8%  of the protein  concen
tra tio n  o f blood plasm a. N o significant change was dem onstrable during the. 
subsequent 30 min period o f  study either (T able II).

Table II

P rotein  content (g j 100 m l) o f  blood serum and 
hepatic lym ph  before and after ligation o f  hepatic artery

Before 
n =  18

30 min 
n =  18

60 min 
n =  16

Serum 5.72±0.13 5 .7 6 ± 0 .0 8 5 .6 2 ± 0 .1 7

Lymph 5.02±0 .16 5 .0 6 ± 0 .1 6 5 .0 8 ± 0 .1 8

Ly/Se X 100 87 .7±3 .5 8 9 .8 ± 3 .0 90.1 ± 2 .4
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Table III

Protein fractions in  serum  and hepatic lym ph before 
and after ligation  o f  hepatic artery

n Albumin a, a7 ß л

Before Se 18 

Ly 18

3 3 .5± 1 .3

3 6 .5± 2 .0

5.3 ± 0 .4  

5 .5 ± 0 .4

14.5 ± 0 .9  

1 2 .8 ± 1 .0

2 6 .5 ± 1 .6  

23.3 ± 1 .0
1 9 .9 ± 1 .1

2 1 .4 ± 1 .6

30 m in  Se 18 

Ly 18

34.1 ± L 2  

3 5 .2± 1 .8

6 .1 ± 0 .3

5 .4 ± 0 .5

1 4 .2 ± 0 .6  

13.7 ± 0 .9

25.1 ± 1 .4  

2 5 .2 ± 1 .6
2 0 .4 ± 1 .3

2 1 .7 ± 1 .9

60 m in Se 16 

Ly 16

34.3 ± 1 .6  

37.7 ±  1.3

7.2 ± 0 .8  

5.7 ± 0 .4

1 4 .6 ± 1 .3

1 2 .4 ± 0 .8

2 3 .6 ± 1 .3  

24.3 ± 1 .6

20.1 ± 1 .3  

19.9 ± 1 .1

Paper electrophoresis revealed  the album in concentration in  hepatic  
lym p h  to  be sligh tly  higher, its globulin  concentration slightly low er th an  in 
th e  blood plasm a. Ligation of th e  hepatic artery did not affect sign ifican tly  
th ese relationships. Correlation o f  th e  values derived from 52 parallel electro
phoretic studies o f  blood plasm a and o f hepatic lym ph revealed th e  mean 
album in concentration of blood p lasm a to be 34% , against 36.4%  o f  hepatic  
lym p h , the difference between th e  tw o values being significant (one-sam ple  
“ t ”  test, p <  0.01).

D iscussion

On the evidence of the present results, the protein content o f  hepatic  
lym p h  corresponds to nearly 90%  o f th at o f blood plasma while th e  album in  
con ten t slightly (but statistica lly  sign ificantly) exceeds th at o f  b lood  plasm a. 
L igation  of the hepatic artery th ou gh  in vo lv in g  a reduction in  arterial and 
portal pressures, in other words in  th e  filtration  pressure, caused no sign ificant 
elevation  in the protein content o f  hepatic lym ph and left its rela tive  album in  
concentration unaffected.

The reduced absolute protein content com bined with an increased relative  
album in concentration points to  a filtration  through a m em brane o f  restricted  
perm eability. W ould the peribiliary capillary system  o f the h ep atic  artery  
provide a m em brane of this description, then on occlusion of the h ep atic  artery  
blood flow in th is  system  would h ave to  cease or at least the h yd rosta tic  pres
sure would have to  fall as low as to  m ake filtration  im possible. Or, in other words, 
on ligation o f th e  hepatic artery, hepatic lym ph would have to  a tta in  the  
protein content o f blood plasm a. Failure o f  th is to  happen in  th e  present 
stu d y  pleads against the existence o f  an independent hepatic arterial capillary  
system  com bining a relatively h igh  hydrostatic pressure with a greatly  reduced
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m em brane perm eability, and suggests th a t, d esp ite  its porous structure, the  
sinusoid  membrane m ight be able to restrict th e  passage of large protein m ole
cules. Thus, the d ifferences in protein content and  com position betw een blood

1. B r a u e r , R . W .: P hysio l. R ev . 43, 115 (1963).
2. F a w c e t t , D. W .: In: The Microcirculation. R e y n o l d s , S. R. M., Zw e ifa c h , В. \Y. ed-.

U niv . Illinois Press, U rbana, 111. 1959. p. 1.
3. H a m pto n , J. C. (1958) A cta  anat. (Basel) 32, 262 (1958).
4. P a p p e n h e im e r , J. R .: P hysio l. R ev. 33, 387 (1953).
5. R u sz n y á k , I., F ö l d i, M., Sza bó , G.: Lym phatics and L ym ph Circulation. Pergam on Press,

London 1960.
6. Y o f f e y , J. M., Co u r t ic e , F. C.: Lym phatics, L ym ph and Lymphoid Tissue. Arnold.

London 1956.

plasm a and hepatic ly m p h  cannot be explained b y  the presence o f tw o  d istinct 
capillary beds w ith d ifferent permeabilities.

R E FE R E N C E S
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BLOOD COAGULATION 
IN POLYCYTHAEMIA VERA

By

G y . N a g y , L. A s z ó d i , I. H a t v a n i  and L. A n t a l

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, 
AND BLOOD TRANSFUSION SERVICE, DEBRECEN

(Received A ugust 24, 1967)

Coagulograrns of patients w ith  polycythaein ia vera have been studied  during 
remissions and exacerbations of the disease. The m ajority of the com plex changes 
dem onstrable during exacerbations had a tendency to disappear in l he course o f rem is
sions.

P olycythaem ia vera is inseparable from hyperactiv ity  o f erythropoiesis, 
as reflected  by an increase in the vo lum e o f circulating blood as also by exces
sive haem atocrit (her) values going hand in hand with hyperviscosity  o f the  
blood. All these factors, joined sooner or later by circulatory failure, greatly  
prolong the circulation tim e. The p la telet count is usually high. A lterations of 
the vascular wall are common, ow ing to  the prevalence of the disease beyond  
the fourth or fifth  decade. All th is  w ould sufficiently explain the high inci
dence o f  throm boem bolic com plications in polycythaem ia vera. There are, 
how ever, still other causes. There is am ple evidence [3, 4, 10, 20, 21] th a t abnor
mal plasm a factors are common in the disease which thus m ay g ive rise to  
throm boem bolic and haemorrhagic episodes in one and the same case [15, 17]. 
This indicates the presence of profound disturbances in blood coagulation .

After earlier studies [5, 6, 16, 18, 19], now the scarcely clarified problem s 
o f individual coagulation factors in tbe various stages of the disease have been 
in vestigated , w ith especial attention  to the questions, (i) which of th e  current 
te sts  are the m ost reliable indicators o f coagulation defects, and (ii) in w hat 
m anner are these affected by exacerbations and remissions of th e  disease.

Material and method

Coagulation studies were carried o u t in 30 cases o f polycythaem ia vera, in 12 m ale and 
18 fem ale patients ranging in age from 33 to 71 (m ean, 55) years. The tests were perform ed in 20 
p atien ts during exacerbation , in 8 during rem ission , in 2 each during both exacerbation  and 
rem ission . In this m anner we had a total o f  32 exam inations as a basis for evaluation . In all 
o f these cases the tests included a coagulogram  [8] and blood clot retraction. In addition , partial 
throm boplastin  tim e (PT T ) was exam ined in 5 cases during exacerbation. Blood counts, haem o
globin (H gb), m yelogram , haem atocrit were routinely checked. These also guided us in deter
m ining whether the prevailing stage at the tim e o f the coagulation studies was th at o f  rem ission  
or o f exacerbation. The criteria of exacerbation included an erythrocyte count o f more than  5.5
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Table I

Coagulation factors in

Stage
Total

number
Retraction Platelet count Thrombin

inactivation
Toluidine blue 

time

of cases N R N I N I N I

E xacerbation 22 8 14 6 16 5 17 10 12

Rem ission

N  =  normal

10 7 3 10 10 10

I =  increased
R  =  reduced

m illion , a haem atocrit o f  m ore than  50% , haem oglobin above 16 g per 100 ml; hypercfellular 
hone marrow, hepatosplenom egaly, dizziness, headaches, itch ing, haemorrhagic phenom ena. 
D uring rem ission, blood counts, haem oglobin and haem atocrit were normal, the liver and 
sp leen  were slightly enlarged or o f normal size and th e  sym ptom s had generally disappeared.

T h e  coagulogram  w as d e te rm in e d  according to  Ge r e n d á s  [8], th e  p la te le t co u n t b y  th e  
d ire c t  m e th o d  of F e is s l y  a n d  L ü d in  as m odified  b y  F is c h e r  an d  Gr em er  [7].

Statistical significance was determ ined by S tu d en t’s t test.

Results

The factors o f b lood coagulation presented in  Table I comprise bleeding  
tim e , recalcification tim e, Q uick’s prothrom bin in d ex , coagulation-accelerat
ing  effect o f blood serum , prothrom bin u tiliza tion , throm bin tim e, toluidine  
blue tim e, throm bin inactivation , platelet count and blood clot retraction, 
during both  rem ission and exacerbation.

A ll coagulation factors showed some abnorm ality  during exacerbation, 
w hereas the values w ere entirely or alm ost en tirely  normal during rem ission.

The m ost d istinct changes were revealed  b y  the prothrom bin index, 
prothrom bin utilization , throm bin inactivation  and platelet count.

The prothrom bin in d ex  was low in 18 out o f  22 cases during exacerbation  
and in  3 out o f 10 during remission (m ean, 55.6 ^  22%  and 86.0 i  18% , 
respectively).

Prothrom bin u tiliza tion  (normal range: 40 to  70% ) was reduced in 19 
ou t o f  22 exam inations during exacerbation and in 6 out o f 10 during rem ission  
(m ean, 16.5 ±  14-1% a n d 3 7 .9  ±  12.8% , resp ectively ). W ith both prothrom bin  
in d ex  and prothrom bin utilization  the deviation  was significant (p =  0.1 to  
1.0 %).

Throm bin in activa tion  (normal range: к =  0.25 to 0.35) was increased  
in 17 ou t o f  22 cases during exacerbation and norm al in all o f the 10 exam ined  
cases during rem ission.

The platelet cou n t exceeded 400,000 in  16 out o f 22 instances during 
exacerbation , being above 700,000 in 9 cases. D uring remission, the p latelet 
cou n t ranged betw een 200,000 and 250,000.
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polycythaem ia vera

Thrombin
time

Prothrombin
utilization Serum effect Prothrombin

index
Rccalcificetion

time
Bleeding

time

N I N R N R N R N I N I

7 15 3 19 10 12 4 18 6 16 3 19

10 — 4 6 9 1 7 3 8 2 10 —

R etraction was slow in 14 out o f 22 in stan ces during exacerbation and in 
3 out o f 10, during rem ission. In som e of th e  cases, bleeding, recalcification , 
throm bin and tolu id ine blue tim es were also abnorm al.

The fibrinogen level was norm al during rem ission and slightly, n o t sign if
icantly , reduced in  a few  cases during exacerbation . We failed to dem onstrate  
labile fibrinogen or any significant alteration  o f fibrinolytic a c tiv ity  in  32 
instances. (These three factors have not been included in Table I.) P artial 
throm boplastin  tim e (normal value: 75") w as exam ined  in 5 cases during e x 
acerbation. I t  was increased in three (120", 130", 165"), normal in tw o  cases

D iscussion

Earlier, throm boem bolic and haem orrhagic phenom ena were th e  m ost 
com m on and often lethal com plications o f p olycyth aem ia  vera. As a resu lt of 
32P  treatm ent, these com plications have becom e scarcer, but they  nevertheless  
do occur [10, 12, 24]. The present authors h ave for instance w itnessed  throm 
bosis and haem orrhages during rem ission [15, 17]. The actual s itu a tion  is, 
therefore, th a t th e  com plex coagulation d efects, though generally subsid ing  
during rem ission, persist to  some degree in a num ber o f cases.

B u r g e r  et al. [4], later N a g y  and B u r g e r  [20] emphasized th a t despite  
the norm al fibrinogen level, correction o f th e  fibrinogen demand according to  
the increased haem atocrit value w ill not fa il to  reveal a relative fibrinogen  
deficiency. T hey found an increased fibrinolytic  a c tiv ity , protracted retraction  
and clotting tim es as w ell as a reduction in m axim um  elasticity, and stressed  
the significance o f  hypocirculation associated  w ith  the disease.

The fibrinogen level was norm al in th e  present cases and exacerbations  
did not effect it  significantly. (W e usually  did not adjust the va lu es to  the  
haem atocrit; in  the few  cases where we did, low er values were found.) I t  m ust 
be m entioned th a t in  the literature there is no agreem ent on th is issu e  [1, 3, 
10, 12, 23, 24].

The m ost d istinct alterations were show n b y  the prothrom bin index, 
prothrom bin utilization , throm bin in activation  and the platelet count.
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R eduction o f th e  prothrom bin index and o f prothrombin u tiliza tion  was 
n o ted  b y  other authors too  [4, 10, 11, 12]. T he former is in d icative o f  liver  
im pairm ent, the la tter o f a derangem ent in th e  pro-phase o f blood c lo ttin g .

The platelet count w as high in 16 out o f  22 cases during exacerbation . 
N um erous authors [2, 9, 13] regard th rom bocytosis as one o f the m ajor factors 
o f throm boem bolism  in polycythaem ia vera. An increased ten d en cy  o f the  
p la te le ts  to  agglutinate has also been observed  [14, 23]. During rem ission all 
o f th e  patients had a norm al platelet count. R etraction was slow in  14 out of 
22 cases during exacerbation  and in 3 out o f  10 during remission, in agreem ent 
w ith  th e  observations o f R e i s s m a n n  [22] and o f  L a v s k y  [12].

In  some bleeding, recalcification, throm bin  and toluidine b lue tim es  
w ere also abnormal. D eficiency in the tw o  last-nam ed factors su ggested  a 
possib le  accum ulation o f circulating anticoagu lant factors. It is o f  in terest 
th a t K o l u t o v a  [10], L a s c h  and L i n k e  [11] have dem onstrated increased  
plasm a heparin levels in polycythaem ia vera , a finding connected b y  these  
authors w ith  the su scep tib ility  to haem orrhage typical o f p o lycythaem ia .
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In  an attem p t to throw ligh t on the pathophysio logic factors accounting for the 
difference betw een the petit mal and the grand m al m echanism s, four cases ha v e  been  
presented where the generalized spike-and-w ave pattern was found in com bination  
with generalized repetitive fast discharge. In th e  first two cases, originally o f  a 3 c/sec. 
spike-and-w ave pattern, during the sam e seizure spike-and-w ave and rep etitiv e  fast 
a ctiv ity  appeared alternatingly parallel w ith  grand mal and petit m al paroxysm s, 
whereas the other two patients show ing p etit m al variant activity had a lternatingly  
seizures e ither of petit mal type w ith  sp ike-and-w ave pattern or tonic fits  w ith  repeti
tive fast discharge.

The observations allowed the follow ing conclusions.
(i) There are dem onstrable transitional E E G  signs between petit m al seizures of 

the spike-and-w ave pattern and grand mal paroxysm s w ith repetitive fa st discharge.
(ii) In epileptic encephalopathy w ith spike-and-w ave variant, ton ic seizures of 

the rep etitive  fast discharge type, w ith  slight m otor and marked vegetative  m anifesta
tions are rela tive ly  frequent during sleep, a fin d in g  consistent with the observation s of 
G a s t a u t  e t al. (1966).

(iii) N a tu ra l or hexobarbital induced sleep , as well as diazepam favour the  
production o i the transitional signs.

In the ligh t o f recent knowledge regarding the neuronal m echanism o f  th e  gener
alized spike-and-w ave and repetitive fast discharge type o f electric seizures ( P o l l e n  
1964, M a t s u m o t o  and A j m o n e  M a r s a n  1964) and o f the decisive role o f  interneuro
nal recurrent collateral inhibition in the rhythm ic  EEG  phenomena ( E c c l e s  1965), 
the present observations were tried to interpret in favour of a unitary m echanism  of  
the two seizure patterns accounting for the difference and com bination as w ell in the  
electric and clinical m anifestations.

In the ligh t o f  accum ulating evidence on th e  pathom echanism  o f  ep ilepsy, 
the petit m al seizures have com e to  he regarded as being distinct, beside the  
special clinical seizure types, in certain respects from other epileptic m anifes
tations. This v iew  is based on (i) the E EG  m orphology, nam ely the synchronous  
bilateral spike-and-w ave pattern, (ii) the rela tive  absence in the 3 c /sec .-typ e  
o f cerebral dam age marked by neurologic sym p tom s, PEG -changes or focal 
interictal E E G  abnorm alities; (iii) The signs pointing to hereditary factors; 
(iv) the presum ed part played by subcortical structures, particularly b y  the  
diencephalic reticular formation in th e  production  o f the seizures.
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I t  is, on the other hand, well known th a t  p e tit  mal epilepsy o f  th e  spike- 
a n d -w a v e  pattern m ay com bine w ith generalized  motor seizures o f  to n ic  or 
ton ic -c lo n ie  type, suggesting  that in p etit m al epilepsy there is also a sus
c e p tib ility  to grand m al seizures. Little is k now n, however, about th e -p a th o 
p h ysio log ic  elem ents connecting or dividing th e  tw o  seizure m echanism s.

I t  seem ed of in terest to  present an an a lysis  o f four cases com bining gen
era lized  repetitive fast discharges* w ith a spike-and-w ave m echanism .

In  m any cases, how ever, the repetitive bursts m ark m otor seizures o f  o n ly  tonic  
ch a ra cter  and therefore G a s t a u t  et al. (1966) ju s tly  criticized the com prehensive term  of 
grand  m al discharge. In the c lon ic phase of grand m al seizures the repetitive fa st  bursts 
b ecom e gradually associated w ith  slower waves; tb e  electric seizures are developed  gradu
a lly  (b y  successively increasing am plitudes), th ey  are o f  fairly long duration and are usu
a lly  fo llow ed  by depression. In  opposition to th is, th e  repetitive fast bursts accom panying  
to n ic  seizures spring abruptly from  the ground a c t iv ity , th ey  are short in duration; slow- 
w a v e  a c t iv ity  is confined to  the ju st term inal phase and  features of postparoxysm al-de- 
p ression  are usually absent. The present authors w ou ld  suggest the com prehensive term  
“ generalized  repetitive fa st discharge” applying to  th e  icta l EEG signs of to n ic , as well 
as o f  tonic-clonic, seizures.

Case reports

I. Com bination o f  a 3 c/sec. generalized spike-and-wave m echanism with repetitive fa s t  discharge

Case 1. V. J ., an 11-year-old boy had had his first grand mal seizure in febrile sta te  at the 
age o f  3 m onths. Subsequently he had had recurrent convulsions, invariably w ith  pyrexia. 
Sin ce th e  age of 6 years he had been  experiencing rep eated  daily spells o f clouding associated  
w ith  eyelid -flu tter  and w ith  conjugated deviation to  th e  le ft, w ith  no loss of tone, occasionally  
w ith  psychom otor features (oral and lim b autom atism s). A ntiepileptic treatm ent w ith  trim etho- 
dion e, hydantoin , prim idone and acetazolam ide was o f  no benefit. His m ental ca p acity  verged  
on  im b ecility . The EEG tracings consistently  showed a generalized 3 c/sec. sp ike-and-w ave m ech
an ism  activated  by hyp erventila tion . On readm ission neurologic signs of focal lesion  were 
a b sen t as th ey  had been before. T he PEG  pointed to  slig h t ventricular dilatation . Serial EEG  
tra c in g s revealed a generalized 3 c/sec. sp ike-and-w ave m echanism  activated by h yp erven tila 
tio n  and  b y  hexobarbital. In  hexobarbital sleep and on  diazepam  adm inistration an occa
sion a l seizure pattern o f oculo-clonic absence w ith  generalized spike-and-wave p a ttern  intro
d u ced  b y  repetitive fast discharge could be observed (F ig . 1); on other occasions, the generalized  
sp ik e-an d-w ave pattern alternated  w ith  generalized rep etitiv e  fast discharge w ith in  th e  same 
p a ro x y sm , clearly reflecting the com petition betw een  th e  tw o mechanisms (F ig. 2). On one 
occa sio n  we were able to record the electric phenom ena accom panying the produ ction  of a 
grand m al seizure. The sp ike-and-w ave activ ity  in troducing  the oculo-clonic seizure gradually  
y ie ld ed  to  repetitive fast discharge, then it was again interrupted  by large slow w aves show ing, 
h ow ever, m ultiple spikes on  the ascending lim bs, and la stly  after a brief period o f  desynchro
n iza tio n , the repetitive fa st discharge built up gradually, parallel w ith the m anifestation  o f  the 
to n ic  p h ase  o f the grand m al seizure. The subsequent c lon ic  phase was marked b y  a gradually  
slo w in g  rhythm ic activ ity  o f  gross spikes w ith slow term inal com ponents. This phase w as fol
low ed b y  postparoxysm al depression (Fig. 3).

T reatm ent w ith diazepam  and primidone proved  o f  sufficient benefit.
Case 2. T. M., a 20-year-old fem ale patient had been  born w ith blue asphyxia and 2200 g 

b o d y -w eig h t. Since her tw e lfth  year she had had ep ilep tic  seizures, prevalently o f  th e  grand 
m al ty p e  introduced by adversion to  the left, occasionally  b y  vocalization. There had also been 
p sy ch o m o to r  and generalized ton ic  seizures and ocu lo-clon ic absences. She had been on regular

* The term  grand m al discharge has been applied  b y  G ib b s  and G ib b s  (1952) to  10 c/sec- 
or faster  generalized rep etitive  bursts believed typ ica l o f  th e  ictal EEG m orphology o f  tonic- 
c lon ic  grand m al seizures.
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F ig. 1. V. J ., 11-year-old boy. 3 c/sec. sp ike-and-w ave seizure introduced b y  rep etitive  fast
discharge
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Fig. 2. V. J ., 11-year-old boy. Still awake after injection o f 0.25 g o f  hexobarbital. Com petition  
o f  spike-and-w ave m echanism  and repetitive fast discharge in the course of a petit m al seizure
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3. V. J ., 11-year-old boy. Still awake after injection o f 0.2 g o f hexobarbital. Conversion o f  
pike-and-wave petit mal seizure into grand mal paroxysm . (Continuous recording.)
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Fig.  4.  T. M., 20-year-old fem ale. Still awake after injection o f 0.3 g o f hexobarbital. Conversion 
o f  sp ike-and-w ave pattern in to  repetitive fast discharge followed by p o stic ta l depression. 
(P ap er  speed at the beginning o f the record and in the first 3 seconds of the seizure, 15 m m /sec.)

Fig. 5. Enlarged detail o f  F ig. 4. Gradual accum ulation o f spike com ponents in  the course 
o f  the conversion o f the sp ike-and-w ave a c tiv ity  into repetitive fast discharge

a n tiep ilep tic  treatm ent for e igh t years, including hydantoin , trim ethadione and prim idone, 
w ith o u t any apparent benefit. H er intellectual capacity  was fu lly  preserved, b u t there were 
ep ilep tic  features in her personality . Neurologic exam ination revealed no abnorm ality. PEG  
sh ow ed  a normal ventricular system . Serial E E G  confirm ed oculo-clonic absences w ith  a 3 
c/sec . spike-and-w ave pattern , reproducible by hyperventilation. In hexobarbita l slumber 
prolonged  generalized spike-and-w ave ac tiv ity  appeared w ithout any noticeable clinical m ani
fe sta tio n . Generalized 3 c/sec. sp ike-and-w ave paroxysm s turning into generalized repetitive  
fa s t  discharges occurred in natural as well as in  hexobarbital induced sleep. In these cases it 
could  be readily discerned how  the spike com ponents o f the spike-and-w ave pattern  becam e  
m ore and more num erous, w hile the slow-w ave com ponents were vanishing. Seizures o f this 
kin d  w ere invariably follow ed b y  postictal depression (F igs 4, 5).

Diazepam  and ethosuccim ide proved o f sufficient benefit.

I I .  Association o f  a spike-and-wave variant mechanism with repetitive fa s t  discharges 
accompanying generalized tonic seizures

Case 1. R. M., a 12-year-old girl had been backward in her m otor and m ental develop
m en t. Since the age of 3 she had been experiencing repeated daily m yoclonic seizures, alternat
ing  w ith  (or joined by) spells o f  absence w ith  loss o f tone, and since her n in th  year she had had
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Fig. 6. R. M., 12-year-old girl. Spike-and-w ave variant paroxysm  in awake state

generalized tonic and occasional grand mal seizures. A ntiepileptic treatm ent w ith  trim etha- 
dione and primidone since the age of 6, produced no benefit. On repeated investiga tion s the 
PEG  had hcen found norm al and the EEG revealed a generalized spike-and-w ave activ ity .

She was adm itted in a status epilepticus m ade up o f m yoclonic absences. There was no 
focal sym ptom  by neurological exam ination. E E G  revealed spike-and-wave bursts a t 2 or 
3-m inute intervals synchronously w ith the clinical m yoclon ic m anifestations. E ven  betw een  
the hursts there was a de lta -activ ity , partly rhythm ic, partly polym orphous in character.

After relief of the sta tu s epilepticus still rem ained a great number of generalized bursts 
of a sp ike-and-w ave varian t (F ig. 6). In hexobarbital slum ber as well as during deeper sleep, 
generalized repetitive fast discharges of 2 to 4 sec. duration  appeared; the sim ultaneous clinical 
m anifestations were confined to a slight tonic ex ten sion  o f the trunk. The discharges usually  
term inated by slow -w ave a c tiv ity  and were follow ed by depression (Fig. 7). Tonic seizures o f  
sim ilar duration associated w ith  repetitive fast discharges occurred w ith great frequency during 
natural sleep. On the evidence o f polygraphic recordings, these discharges were associated  with 
significant vegetative  phenom ena including apnoea and bradycardia (Fig. 8). The m yoclonic  
absences and the pathological activ ity  dom inated b y  the spike-and-wave variant responded  
to diazepam , and later to com bined treatm ent w ith  diazepam , oxazolidine and hyd anto in , in 
contrast to the tonic seizures o f repetitive fast discharges which even increased in frequency. 
After the status epilepticus had ceased, the I. Q. corresponded to idiocy.

Case 2. F. L., a 14-year-old boy suffered asp hyxia  at birth. Since the age o f 6 m onths he 
had had repeated daily spells o f  absence, joined later by generalized tonic fits and grand m al sei
zures. A ntiepileptic drugs including phenytoin, phenacetam ide and primidone had produced 
no benefit. Owing to gross m ental deficiency he had been kept in a special hom e. The general
ized m otor convulsive seizures had a tendency to develop  into a status epilepticus. This had 
been actually  the cause o f his admission. Ilis neurologic state was marked by extrem ital 
rigid ity and by ataxia, the PE G  showed a significant d ilatation  of the lateral ven tric les and 
gross dilatation  of the third ventricle.

The resting EEG  revealed generalized slow spike-and-w ave paroxysm s (F ig. 9). During 
hexobarbital sleep including ligh t sleep as well as the slow -w ave phase, generalized repetitive  
fast discharges 3 or 4 sec. in duration were registered, parallel with apnoea, bradycardia and 
a w eak, barely noticeable axia l tonic fit  (Fig. 10).

Apart from carbam azepine or a com bination o f prim idone and diazepam , no other anti
epileptic drug proved o f any value.
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F,g. 7. R . M., 12-year-old girl. H exob arb ita l sleep. G eneralized repetitive fast discharges fo l
low ed  by postictal depression
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Fig. 8.  R . M., 12-year-old girl. N atu ra l sleep. Tonic seizure w ith  apnoea, bradycardia and repe
titive  fast discharge
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Fig. 9. F. L., 14-year-old boy . Spike-and-w ave variant paroxysm  in awake sta te

Fig. 10. F . L.. 14-year-old boy. H exobarbital sleep. Tonic seizure w ith  apnoe, bradycardia and
rep etitive  fast discharge
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Discussion
Association o f th e  spike-and-w ave p attern  w ith  generalized repetitive  

fa s t  discharges is re la tiv e  rarely dem onstrable. T his m ay he partly due to  the 
circum stance that there is  litt le  opportunity for ic ta l EE G  recordings. N ever
th e le ss , the atlas o f G i b b s  and G i b b s  (1952) conta ins num erous exam ples of 
th is  com bination, even  during  the same seizure in  patien ts w ith  p etit m al and 
grand  mal seizures. H e d e n s t r ö m  and D r e y e r  (1967) described a case w ith  
altern atin g  seizure-types o f  spike-and-wave p attern  during an oculo-clonic  
p e t it  m al, and of rep etitiv e  fast discharge w ith  psychom otor paroxysm s. G a s - 
t a u t  e t al. (1966) c la ssified  L e n n o x ’ syndrom e as a particular ty p e  o f epi
le p tic  encephalopathy m ark ed  by slow sp ike-and-w ave activ ity . The general
ized  ton ic  seizures p rev a len t in  this syndrom e are associated w ith  repetitive  
fa s t  discharges.

W e i r  and S i e  (1966) dem onstrated exp erim en tally  the conversion of 
a m etrazol-induced sp ike-and-w ave pattern in to  grand m al discharges in cats 
w ith  experim ental lesion  o f  th e  rostral pontine structures.

In  the first tw o cases th e  same electric p aroxysm  com bined alternating  
p a ttern s  of a 3 c/sec. sp ike-and-w ave activ ity  and  o f  repetitive fast discharges, 
e ith er  through conversion o f  th e  repetitive fast discharge into a spike-and-wave  
p a ttern , or conversely, th u s  reflecting a com p etitive  m echanism . E vidence of 
p o stic ta l depression w as o n ly  seen after su sta in ed  intensive repetitive fast 
discharge.

In  the second tw o  cases presented in th is  s tu d y  th e  m echanism  o f spike- 
an d -w ave variant w as associa ted  with ton ic  seizures carrying repetitive fast 
discharges.

Clinically an a ltern a tio n  of petit m al seizures w ith  generalized tonic or 
grand  mal paroxysm s w as observed in all four cases. In  the tw o cases illus
tr a tin g  the first typ e o f  com bination  it was possib le to  record the spike-and- 
w a v e  paroxysm  associated  w ith  the oculo-clonic absences, and in one o f them  
also  th e  electric a c tiv ity  during the grand m al seizure. In the other tw o cases 
representing the second com bination  we were able to  record the electric phe
n om en a  during both th e  p e tit  mal and the to n ic  seizures.

A ll the patients p ro v ed  resistant to con ven tion a l antiepileptic drugs and 
in  all o f  them  there w as ev id en ce of cerebral dam age.

Sleep whether n a tu ra l or barbiturate-induced was found to  favour the  
tran sition a l phenom ena, in  other words, it  prom otes th e  com bination of the  
tw o  patterns. Drugs o f  th e  diazepam  type produced  a sim ilar effect w hich was 
p rob ab ly  the reason w h y  transitional phenom ena were dem onstrable in our 
cases.

From the analysis o f  th e  electric phenom ena recorded in the present 
cases i t  clearly emerges th a t  th e  two different m echanism s of generalized epi
le p tic  seizures m ay a ltern a te  or merge in to  one another in one and the same
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subject. This pleads against th e  general belief that the difference betw een  the  
tw o m echanism s is fundam ental.

Comparison of the already explored pathophysiological features o f the  
tw o m echanism s might lead to  a more com prehensive v iew  o f them .

B oth  m echanism s are characterized by rhythm ic, self-sustain ing repe
titiv e  discharge appearing over th e  entire brain. Of their d istinctive features 
th e  rhythm ically  recurring slow -w ave com ponent o f  the sp ike-and-w ave  
m echanism  is the m ost im portant. P o l l e n  (1964) has shown that the slow -w ave  
com ponent represents a superficial reflection o f hyperpolarization generated  
in deeper cortical layers, in  other words, it  is an expression o f an inhib itory  
m echanism . Each spike com ponent is followed by inhibition, ob v iou sly  as a 
rebound phenom enon. In accordance with this interpretation, the clin ical m ani
festations o f the spike-and-w ave m echanism  are m ostly  inhibitory in charac
ter; m otor convulsions, i f  present at all, are confined to m yoclonic tw itch ings  
and even these invariably coincide with the spike com ponents.

As concerns the icta l phenom ena of the repetitive fast discharge pattern, 
it  is known from  intracellular m icroelectrode studies (M a t s u m o t o  and A j m o n e  
M a r s a n  1964) that the discharge starts when it  com es to  paroxysm al depolar
ization  shift in the cell, and th a t during the repetitive fast discharge coinciding  
w ith  the tonic motor phenom ena rhythm ic oscillations o f the m em brane poten 
tia l are dem onstrable. Then, th e  membrane becom es gradually repolarized, 
the oscillations slow down and increase in am plitude. This phase corresponds 
to  the appearance of rhythm ic slow waves in the E EG , and clin ica lly  to  the 
jerks o f the clonic phase. This is followed by the posticta l depression in which 
factors o f  exhaustion as w ell as o f  overlapping hyperpolarization are probably  
involved . I f  the clinical seizure is tonic, the electric pattern is confined to  fast 
repetitive discharge and, according to G a s t a u t  et al. (1963) there is no post
icta l depression either. In  the present cases, how ever, the repetitive fast dis
charges accom panying th e  ton ic  seizures observed during sleep, ended b y  a 
large slow  w ave, and p osticta l depression was also dem onstrable. In  th e  case 
o f spike-and-w ave seizures, to o , th e  rhythm ic spike-and-w ave a c tiv ity  had a 
higher frequency at the onset, to  slow down successively tow ard the end. Here, 
how ever, postictal depression was never observed. If, on the other hand, the 
spike-and-w ave m echanism  turns into repetitive fast discharge, th e  seizure is 
invariably  followed by depression. It seems th at postictal depression is prone 
to  occur if  the depolarization w as excessive, whereas an in tensive, slow -w ave- 
generating inhibitory hyperpolarization m echanism  does not favour its produc
tion . It is therefore h igh ly  doubtfu l whether the presence or the absence of 
posticta l depression m ay be interpreted  in favour o f a possible cortical or sub
cortical origin of a seizure.

The investigations o f  E c c l e s  (1965) connected the rhythm ic w ave phe
nom ena o f the EEG w ith  an interneuronal recurrent collateral inhibition.
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T here are m any ind ications ( J a s p e r  1966) th a t th e  prim ary cause o f  epilepsy 
lies in  a weakness o f cortica l inhibition, and th a t it  is a tem porary breakdown  
o f  th e  cortical inhibitory m echanism  which clears th e  w ay for the icta l phenom 
ena. The mechanism u n d erly in g  the sp ike-and-w ave seizures has presum ably  
th e  particular feature o f  b eing  still com patib le w ith  a rhythm ic recurrent 
in h ib ition . Presum ably in  th e  spike-and-wave variant m echanism  the inhibi
to ry  reverberation is less organized than in the 3 c/sec. spike-and-w ave pattern, 
probab ly  in consequence o f  th e  cortical dam age usually  present in these cases, 
w hich  would account for th e  greater susceptib ility  o f this type to  icta l phenom 
ena accom panied b y  rep etitiv e  fast discharges.

The present cases c learly  show that th e  classical spike-and-w ave m echa
n ism  m ay be converted in to  repetitive fast discharge and th a t, often enough, 
th e  spike-and-wave m ech an ism  results from  a seizure the onset o f which is 
m arked b y  repetitive fa st discharges. It is in all probability  the factor o f recur
rent interneuronal in h ib ition  which determines th e  frequency o f bursts and the 
proportion of the slow -w ave components in b oth  typ es, i.e. in the spike-and- 
w ave pattern as well as in  th e  repetitive fast discharge typ e o f seizure. I f  this 
in h ib itory  mechanism fails to  assert itself, a sp ike-and-w ave m echanism  yields  
to  rep etitive fast discharges, while if  it does, a seizure originally of the repeti
t iv e  fa st discharge ty p e  is converted  into the spike-and-w ave pattern. In  the 
ligh t o f  this interpretation th e  repetitive fast discharges represent th at type  
o f ic ta l seizure m echanism  w here cortical inh ib ition  is at its m inim um  and it is 
on ly  a gradual increase in  m em brane repolarization and lastly  a hyperpolariza
tion  w hich bring the seizure to  an end parallelly w ith  a gradual interpolation  
o f  slow  waves. In the sp ike-and-w avetype it  is, on the contrary, the rhythm ic 
recurrent interneuronal in h ib ition  which gains prevalence until full suppres
sion o f  the seizure has been achieved.

I t  is mainly in  th e  spike-and-w ave m echanism  where the role o f the 
non-specific  system  seem s to  be essential. On th e  grounds o f an earlier study  
( H a l á s z  and H i d a s i  1967) production o f th e  spike-and-w ave m echanism  is 
ascribed to  a functional derangem ent of the reticular activating system  de
creasin g  tonic facilitation  o f  th e  cortical neurons.

The weakening o f th e  facilitating in fluence o f the reticular activating  
sy stem  favours the release and  autonom y o f reverberation o f collateral recur
rent inhibition. A m echanism  o f this kind m ay also favour the developm ent 
o f  grand mal seizures, sleep  having been found to  prom ote the production of 
rep etitiv e  fast discharges in  patien ts with spike-and-w ave variant activ ity . In 
th is  case, however, the recurrent collateral in h ib itory  m echanism  fails to as
sert it s e lf  owing to cortica l dam age.

The working h yp oth esis  outlined in the foregoing connects the tw o seem- 
in g ly  d istinct seizure p attern s and also accounts for their possible com binations. 
It m a y  furthermore help to  understand the differences in the clinical types.
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The sam e recurrent rhythm ic inhibitory m echanism  which determ ines the 
spike-and-w ave pattern, m ay well account for the possible absence o f  gross 
m otor convulsions in petit mal epilepsy. This m ay be due either to  a direct 
inh ibition  o f the m otor neurons or an in h ib ition  o f the facilitating influence 
of the reticular activating  system  on th e  m otor system . These conjectures, 
how ever, are aw aiting further investigation .
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О ВОЗМОЖНОСТИ РАЗВИТИЯ ТОКСИЧЕСКОЙ 
ГЛАУКОМЫ ПОД ВЛИЯНИЕМ ЭТИЛИРОВАННОГО 

БЕНЗИНА И ТЕТРАЭТИЛСВИНЦА

3 . М. СКРИ Г1НИЧЕНКО

ОДЕССКИЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ ИНСТИТУТ ГЛАЗНЫ Х Б О Л Е З Н Е Й  
И ТКАНЕВОЙ ТЕРА П И И  ИМ ЕНИ АКАД. В. П. ФИЛАТОВА

(П оступила 19 декабря 1966 г.)

1. Авторами впервые установлено, что под влиянием ТЭС и этилированного  
бензина, развивается своеобразная форма токсической гиперсекреционной глаукомы.

2. Лабильность состояния внутриглазного давления, повышенное коли
чество водянистой влаги при отсутствии изменений в путях её оттока и увеличение 
концентрации белка в ней, сосудисты е наруш ения в глазу, жалобы  больны х, на
личие вегетативных расстройств и др ., указывают на застойный характер установлен
ной нами гиперсекреционной токсической ТЭС глаукомы.

3. Токсическая ТЭС глауком а является вторым примером известной до на
стоящего времени глаукомы с выявленной этиологией. В отличие от бенгальской, 
токсическая ТЭС глаукома развивается при наличии общих вегетативно-сосу
дистых нарушений в организме и при пораж ении нейрососудистого рефлекторного  
аппарата, регулирующего офтальмотонус.

Тетраэтилсвинец (ТЭС) широко применяется на транспорте. Объясня
ется это тем, что до настоящего времени ТЭС является почти не превзойден
ным антидетонатором. Будучи добавлен в небольших количествах (0,16% ) к 
бензину, ТЭС резко повышает его октановые числа.

Тетраэтилсвинец —  вегетативнососудистый яд. Он быстро и легко 
проникает через гематоэнцефалический барьер. В клинике ТЭС-интокси- 
кации преобладают симптомы, определяющие нарушение функций централь
ных отделов нервной системы.

Нами, начиная с 1945 года, наблюдались молодые, до работы с этилиро
ванным бензином совершенно здоровые люди, у  которых на фоне хронического  
поражения появились изменения в органе зрения. Характерным при этом 
явились; нарушения регуляции внутриглазного давления и изменения 
диска зрительного нерва.

Установленные изменения в органе зрения у  молодых лю дей, сопри
касающихся с этилированным бензином, могли быть обусловлены наличием 
в нём тетраэтилсвинца. Широкое применение в народном хозяйстве тетра
этилсвинца и этилированного бензина, возможность поражения при этом 
органа зрения и развитие глаукомы, обусловили необходимость проведения 
нами дальнейших исследований.

Для выяснения характера влияния тетраэтилсвинца на орган зрения, 
на протяжении пяти лет (1955— 1960) нами проводились профилактические 
обследования более пятисот человек, занимающихся его производством.
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Почти половина наблюдаемых были молодые люди в возрасте до 30 лет. 
Благоприятные условия труда способствовали тому, что лица, занимающиеся 
производством ТЭС, находились на предприятии длительное время, 6— 20 лет 
и более.

Совместно с врачами различных специальностей нами изучалось 
общ ее состояние здоровья лиц, бывших в контакте с ТЭС. По данным 6217 
исследований артериального давления, у  значительного числа обследован
ных лиц были выявлены различные сосудистые нарушения: гипотония, 
наклонность к гипертензии, ангиоспазмы, сосудистые кризы и др. Под влия
нием ТЭС согласно данным электрокардиограмм наблюдались изменения в 
интрамуральной проводниковой системе сердца. Изменения в кислотности 
ж елудочного содержимого определялись в начале значительным повышени
ем, в дальнейшем сниж ением её вплоть до ахилии. При нормальном уровне 
сахара в крови у  большого числа лиц гликемические кривые были с высоким 
подъёмом и замедленной гипогликемической фазой. Изменения в перифери
ческой крови встречались не часто и были не стойкие. Содержание свинца в 
моче не превышало показателя его у здоровых людей. Выявленные изменения 
в общем состоянии здоровья явились характерными для ТЭС-интоксикации.

Лица, находившиеся в контакте с ТЭС, не часто предъявляли жалобы на 
орган зрения. В сравнении с мужчинами, женщины чаще жаловались на 
беспокоившую их боль в области головы, которая сопровождалась тошнотой, 
рвотой и кратковременной потерей зрения. П од влиянием ТЭС отмечалось 
быстрое и легко наступающ ее раздражение коньюнктивы. При отсутствии 
воспалительных явлений имели место расширение сосудов в лимбе и про
растание их в поверхностные слои по периферии роговицы. Диаметр сосудов 
был не одинаков, местами встречались ампулообразные их расширения.

У  лиц, преимущественно с большим сроком пребывания в контакте 
с ТЭС, наступало суж ение и даж е спазм сосудов сетчатки. У ряда лиц встре
чался отёк сетчатки на диске зрительного нерва. Наблюдалось расширение 
физиологической экскавации и перемещение сосудистого пучка в темпораль
ную сторону.

В сравнении с показателями здоровых лю дей, у  лиц, подвергавшихся 
действию ТЭС, давление в центральной артерии сетчатки (ЦАС) было повы
шено. Гипертензия в ЦАС проявлялась на фоне общей гипотонии и сочета
лась с повышением офтальмотонуса. Однако, разница давления в ЦАС 
и внутри глаза была достаточной, чтобы сохранялся нормальный баланс 
питания сетчатки. Именно этим можно объяснить относительно небольшие 
изменения остроты и поля зрения у лиц даж е с нарушенной регуляцией  
офтальмотонуса.

Данные ангиоскотометрии и исследования по Бьерруму также свиде
тельствуют, что ТЭС, как ангиотропный яд, наряду с общим характером  
действия, оказывает такж е влияние и на сосуды глаза.
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Регуляция офтальмотонуса исследовалась методом эластотонометрии 
(ЭК) по Филатова—Кальфа. Контролем явились показатели здоровых людей 
соответствующего возраста.

У  обследованных лиц были сняты 3930 ЭК. Изменения в характере ЭК у  
части лиц определялись высоким уровнем офтальмотонуса, повышенным нача
лом и большим подъёмом кривых.

В сравнении с мужчинами, у  женщин значительно чаще наблюдался 
патологический характер ЭК. Установленный факт наличия у  женщ ин, в 
сравнении с мужчинами, более частого изменения ЭК согласуется с извест
ным положением, что женщины легче и быстрее поражаются ТЭС, к тому ж е, 
как известно, женщины чаще болеют глаукомой.

Показатели ЭК в зависимости от возраста обследованных лиц намного 
отличились от данных здоровых людей. Число лиц с патологическим харак
тером ЭК росло также в соответствии с увеличением срока пребывания в кон
такте с ТЭС.

Нарушение регуляции офтальмотонуса определяет наличие глауко
матозного процесса. Лица с патологическими типами ЭК обследовались  
нами в условиях стационара. У большого их числа уровень офтальмотонуса 
превышал норму. В соостветствии с уровнем внутриглазного давления увели
чивалась амплитуда суточных его колебаний. Изменения в уровне офтальмо
тонуса происходили в различное время и не одинаково на обоих глазах. Для  
лиц, подвергавшихся действию ТЭС, характерным является смешанный тип 
суточных кривых внутриглазного давления.

Необходимо указать, что глаукома развивалась у лиц молодого возраста. 
При повышении офтальмотонуса некоторые больные жаловались на боль в 
области головы, ощущение тумана, кратковременную потерю зрения и сниж е
ние зрения в сумерки. У ряда лиц снижалась острота зрения, развивалась 
гиперметропия, определялось концентрическое сужение границ поля зрения 
и значительно расширялись ангиоскотомы. Примером могут явиться:Б-й  
М. А. К-в, 27 лет, стаж работы 5 лет, срок наблюдения 5 лет; И. И. С-в, 37 лет, 
стаж работы 7 лет, срок наблюдения 5 лет; А. Т. Б-в, 49 лет, стаж  работы 17 
лет, срок наблюдения 5 лет. (Рис. 1, 2, 3.)

Изменения в органе зрения дополняли клинику общей ТЭС-интоксика- 
ции. Несмотря на молодой возраст, у  таких больных наблюдалась эмоцио
нальная неустойчивость, повышенная раздражительность, ослабление памя
ти, тремор пальцев вытянутых рук и др. Имели место также повышенная 
салливация и потливость, экзофтальм, снижение температуры тела, пониже
ние артериального давления, нарушение кислотности желудочного содерж и
мого и характера гликемических кривых. У ряда больных проявлялась на
клонность к гипертензии, ангиоспазмам и др.

Согласно принятой на Всесоюзном совещании (1952) классифи
кации первичной глаукомы, у  наблюдаемых нами лиц была выявлена
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застойная, начальная, компенсированная, либо субкомпенсированная гла
укома.

Данные отдаленных наблюдений (3 -5 лет) позволили установить стой
кий характер нарушения регуляции внутриглазного давления под влиянием 
ТЭС-интоксикации.

Лица, занимающиеся производством ТЭС, находятся под постоянным 
надзором врачей. Ежемесячно подвергаются профилактическим осмотрам. Без 
разрешения врача работать с ТЭС не разрешается. Рабочие с большим сроком 
пребывания в контакте с ТЭС ежегодно на 2 месяца переводятся на работу, 
исключающую возможность влияния токсических веществ. Всем рабочим 
предоставляется усиленное питание и они пользуются 2-х месячным отпуском, 
в период которого широко представляются путевки в санатории и дома 
отдыха.

Для изучения некоторых сторон механизма нарушения регуляции 
офтальмотонуса при ТЭС-интоксикации были проведены экспериментальные 
исследования.

На протяжении шести лет (1954— 1959) в опыте находилось 257 живот
ных. Д ля получения модели хронической ТЭС-интоксикации нами был раз
работан метод затравки животных возрастающими количествами ТЭС. Боль
шая часть кроликов подвергалась затравке повторно и находилась в опыте 
2 и более года.

После длительных исследований нам представилось возможным в опыте 
на кроликах получить модель токсической ТЭС глаукомы. Подъём и большие 
колебания офтальмотонуса, наблюдаемые в период опыта, удерживались на 
протяжении 5—6 месяцев после его прекращения (Рис. 4, 5).

Угнетенине холинэстеразы является характерным для поражения ТЭС. 
Проведенные исследования на 53 кроликах позволили установить, что под 
влиянием ТЭС снижается активность холинэстеразы и нарушается регуляция 
офтальмотонуса. Однако, анализ полученных данных показал, что характер 
расстройства регуляции внутриглазного давления не находился в прямой 
связи от степени снижения активности холинэстеразы.

Для выяснения характера обмена камерной влаги в глазу были прове
дены топографические исследования под контролем ЭК по С. Ф. Кальфа 
(1962, 1964). В сравнении со здоровыми, у  пораженных ТЭС животных 
истинный уровень офтальмотонуса (Ро) повышался в среднем от 10,7 (+ 3 ,0 )  
в контроле, до 12,2 (+ 2 ,5 3 )  мм в опыте. Повышение истинного уровня офталь
мотонуса можно объяснить увеличением минутного объёма камерной влаги 
(F ), который от 0,94 (± 0 ,6 3 )  в контроле, повышался до 2,74 (± 1 ,3 7 )  в опыте. 
При большом минутном объёме камерной влаги легкость оттока (С) также 
повышалась в среднемотО, 1 3 (+ 0 ,0 8 ) д о 0,37 ( +  0,19). Проведенные исследова
ния показали, что под влиянием ТЭС повышалась секреция камерной влаги, 
при этом пути её оттока не нарушались. Зависимость уровня истинного оф-
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тальмотонуса (Ро) от минутного объёма камерной влаги (F) доказана методом 
вариационной статистики. Коэффициент корреляции этих показателей был 
высокий —  0,67 в контроле и 0,59 в опыте.

Повышение объёма влаги под влиянием ТЭС могло быть обусловлено 
нарушением проницаемости мембран глаза. Для выяснения этого был приме
нён биохимический метод нефелометрического исследования по Францешетти 
и Вилянду (1928). Наблюдения велисьна4 3 кроликах (86 глаз). Результаты  
исследования здоровых кроликов согласуются с данными литературы. Если 
количество белка во влаге глаза контрольных животных принять за 100%, 
то у  опытных групп концентрация его, в среднем, повышалась до 80%.

Реактивность нейрорефлекторного аппарата, регулирующего офтальмо
тонус, изучалась путём определения его чувствительности к адреналину,
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атропину и пилокарпину. Нагрузочно-разгрузочные пробы с вегетативными 
ядами, проведенные на 103 животных помогли установить характер изменений 
функциональных расстройств в нервно-сосудистом аппарате, регулирующем  
офтальмотонус. Наруш енная под влиянием ТЭС деятельность этого аппа
рата протекала по типу повышенной чувствительности денервированных 
структур, для которых характерным является, наряду с большой степенью 
проявления, также и неадекватный характер реакции. (Кеннон и Розенблют, 
1961). Функциональную диссоциацию в деятельности нейрососудистого 
аппарата, регулирующего офтальмотонус, можно объяснить нарушением  
нормальных взаимоотношений корковых и подкорковых вегетативных 
центров, что является характерным для ТЭС-интоксикации.

T O X IC  GLAUCOMA IN D U C E D  B Y  E T H Y L A T E D  B E N Z E N E  A N D  T E T R A E T H Y L  LEAD

By

Z. M. SKRIPNYCHENKO

(1 ) I t  has been shown th a t e th y la ted  benzene and tetraethyl lead g ive  rise to a special 
form  o f  to x ic  hypersecretory glaucom a.

(2 ) Lability of intra-ocular tension , increased am ount of aqueous hum our, lack of  
in tra -ocu lar  fluid drainage, high protein content o f the aqueous hum our, vascular lesions in 
th e  e y es , com plaints pointing v eg eta tiv e  disturbances, etc. indicate the congestive nature of 
th e  g laucom a induced by tetra eth y l lead.

(3 ) The one induced by te tra eth y l lead is the second kind o f glaucom a of know'n aetio l
o g y . I t s  developm ent is accom panied b y  changes in the v egeta tive  nervous system  and an 
im p a irm en t of neuro-vascular reflexes regulating intra-ocular pressure.

Д ок тор  мед. наук 3 . M. Скрипниченко 
О десса, Пролетарский бульвар 49/51, 
И нститут им. акад. В. П. Филатова, СССР
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ТКАНЕВАЯ ТЕРАПИЯ ПО В. П. ФИЛАТОВУ

Н. А. П У Ч К О ВС К А Я , Т. У. Г О Р Г И Л А Д З Е  и Е. А. Б У Д И Л О В А

ИНСТИТУТ ГЛ А ЗН Ы Х  Б О Л Е ЗН Е Й  И ТК А Н ЕВ О Й  ТЕРАПИИ И М ЕНИ 
АКАДЕМ ИКА В. П. ФИЛАТОВА, Г. ОДЕССА, СССР

(Поступила 19. декабря  1966 г.)

Научная деятельность выдающегося советского ученого Владимира 
Петровича Филатова богата замечательными открытиями. Творческая 
биография ученого отмечена такими значительными вехами, как предложен
ный им новый метод пластической хирургии, как разработанная и широко 
внедренная им в практику операция пересадки роговой оболочки.

Впервые широко применив роговицу трупных глаз как материал для 
пересадки роговой оболочки, В. П. Филатов отметил, что просветление 
бельма вокруг пересаженной роговицы бывает выражено значительно чаще 
после трансплантации трупной консервированной роговицы, чем после 
пересадки свежей роговой оболочки, взятой от только что удаленного по той 
или иной причине глаза. Это наблюдение, а также более высокий процент 
успеха, отмечавшийся после кератопластики с использованием консервиро
ванной роговицы, а также другие факты, навели В. П. Филатова на мысль 
о том, что в роговичной ткани в процессе консервации накапливаются 
какие-то новые вещества, обладающие высокой биологической активностью.

Поскольку эти вещества образуются не в мертвых, а в еще ж ивы х «пере
живающих» тканях, академик В. П. Филатов назвал их, по происхождению , 
биогенными стимуляторами.

Так начал развиваться метод тканевой терапии.
С начала возникновения метода было накоплено много ценных экспери

ментальных и клинических данных, с очевидностью показавших большую  
биологическую активность консервированных тканей, а также были прове
дены исследования, которые дали основание для последующих теоретичес
ких обобщений.

В. П. Филатов считал, что отделенные от организма животные или расти
тельные ткани при воздействии на них таких факторов среды,которые затруд
няют их жизнь, подвергаются биохимической перестройке. При этом в тканях 
вырабатываются вещества, стимулирующие биохимические процессы в них. 
Указанные вещества, способствующие тканям сохранять жизнь в неблаго
приятных условиях, названы «стимуляторами биологического происхож де
ния» или короче «биогенными стимуляторами».
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В . П. Филатов рассматривает образование биогенных стимуляторов как  
способ приспособления обмена веществ организма к действию условий среды, 
выработанной эволюционным путем. Он подчеркивает также, что биогенные 
стимуляторы образуются в тканях, пока они еще живы, в результате биохи
мической их перестройки и, таким образом, они являются продуктами дея 
тельности живых клеток.

Биогенные стимуляторы, будучи введены в какой-либо организм тем  
или иным путем (имплантация обогащенной ими ткани или инъекции экстракта  
из нее), активируют в нем жизненные процессы. Усиливая обмен веществ в 
организме, они тем самым повышают физиологические функции организма. 
Этим они увеличивают сопротивляемость к патогенетическим факторам и 
усиливаю т его регенеративные свойства, что и способствует выздоровлению. 
Это положение подтверждается огромным количеством клинических и экс
периментальных данных, а также исследованиями гигантского масштаба, 
проведенными в настоящее время в ветеринарии и животноводстве.

В настоящее время широко применяются тканевые экстракты, взвеси, 
мази, порошки и другие виды тканевых препаратов.

Фармакологическим Комитетом при М3 СССР утверждены следующ ие 
тканевые препараты для медицинской практики: экстракт алоэ для инъекций, 
экстракт плаценты, пелоидодистиллат, ФИБС, экстракт алоэ внутрь, 
взвесь плаценты, торфот и др.

В Одессе имеется завод, вырабатывающий тканевые препараты. Если в 
1959 г. завод выпускал 19,5 миллион ампул, то в 1965 г. — 54 милл. ампул» 
Приведенные цифры показывают, как увеличилась выработка и спрос ткане
вых препаратов.

В последние годы тканевая терапия широко стала применяться более 
чем в 20 странах мира.

Прекрасные лечебные качества и широкой диапазон действия, которыми 
обладаю т тканевые препараты, позволили советским медикам широко реко
мендовать их в медицинскую практику с профилактической и лечебной  
целью.

Остановимся теперь на областях применения тканевой терапии. Об
щеизвестно ее применение в офтальмологии. Родившись в этой области, она 
наш ла свое постоянное место.

Накоплен обширный клинический материал, свидетельствующий об 
эффективности тканевых препаратов при ряде глазных заболеваний. Она 
успеш но используется при пигментной дегенерации сетчатки, при атрофиях 
зрительных нервов, особенно токсического происхож дения, при глаукоме, 
тромбозе сосудов сетчатки, при начальной катаракте, при симпатическом 
воспалении. Весьма перспективным является применение тканевой терапии  
с профилактической целью для предупреждения прогрессирования близору
кости, а также для лечения осложенной близорукости. В этих случаях ис
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пользуется свойство тканевых препаратов стимулировать функцию соедини
тельной ткани организма. Тканевая терапия в комбинации со специфичес
кими средствами эффективно используется при токсоплазмозе глаза. Под
конъюнктивальные инъекции препарата торфота оказались весьма эффек
тивными при лечении помутнения роговицы. Применение тканевых препа
ратов значительно улучшает процесс приживления трансплантата при 
кератопластике.

Помимо глазных заболеваний, тканевые препараты нашли ш ирокое 
применение в хирургии как средство, усиливающее регенерацию костной  
ткани, при спаечной болезни, при язвенной болезни, при вяло текущих ранах, 
при эндартериозе и атеросклерозе сосудов конечностей, при каузальгиах и 
фантомных болях, для ускорения рассасывания келоидных рубцов, при 
контрактурах Дюпюитрена, при вяло текущих ранах и язвах тканевая тера
пия способствует появлению сочных грануляций, очищению раны, упло
щению ее краев и энергичной эпителизации гранулирующей поверхности. 
Это сопровождается уменьшением болей в области рубцов и язвенных поверх
ностей и значительным улучшением самочувствия больных. Применение 
тканевых препаратов оказывает большую усл угу  гинекологам и др.

Тканевая терапия сыграла большую роль в годы отечественной 
войны и в послевоенном периоде в деле лечения военных травм и их 
последствий.

Особо важно использование тканевых препаратов в геронтологии. Из 
многих работ известно, что тканевые препараты повышают функции эндо
кринных и в том числе половых желез, регулирую т обменные процессы, по
вышают окислительные процессы в тканях и т. д. Теперь, когда борьба со 
старением становится реальной практической задачей, очень большое значение  
в ее разрешении может иметь тканевая терапия.

Основанием для применения тканевых препаратов в гериатрической 
практике с целью лечения и предупреждения болезненных явлений, которые 
отягощают преждевременное старение организма, послужили многочислен
ные клинические и экспериментальные наблюдения, которые показали, что 
тканевая терапия, являясь одним из методов неспецифического воздействия 
на организм, спосовствует нормализации обменных процессов и активизации 
его компенсаторных механизмов, повышению регенераторных свойств и 
общей его сопротивляемости патогенным влияниям.

Этим свойством тканевых препаратов м ож но объяснить хорош ее их 
воздействие на возрастные изменения, такие как: пресбиопия (повышается 
острота зрения, повышается аккомодация, увеличение ноля зрения, стаби
лизация развития возрастного помутнения хрусталика, а также возрастных 
изменений глазного дна у  людей, прошедших у  нас курсы тканевой терапии  
(гетерокожа, взвесь плацентарной ткани и другие тканевые препараты, 
предложенные В. П. Филатовым).

5* Acta Medico Academiae Scientiarum Hungaricae 25, 1968



1 8 8 Н . Л . П У Ч К О В С К А Я  и  д р .

К ак уж е выше сказано, фармакологическим Комитетом СССР утверж де
но для применения в клинической практике 7 тканевых препаратов. Это: 
экстракт алоэ, плаценты, ФИБС, пелоидодистиллат, пеллоидин, торфот, взвесь 
плаценты.

Лечение проводится обычно по следующ ей схеме: инъекции под кож у  
или внутримышечно по 1,0 мл ежедневно в течение 30—45 дней, курсы  
лечения повторяются 2— 3— 4 раза в году в зависимости от течения и характера  
процесса. Как мы у ж е  говорили, целесообразно сочетать тканевые препараты  
с другими лекарственными веществами. Такие лекарственные средства как 
антибиотики, кортикостероиды или витамины можно вводить одновременно 
с тканевым препаратом. Такж е тканевые препараты могут быть введены в 
организм в виде подсадок автоклавированных тканей, взвесей, ионофореза, 
приема внутрь и в виде примочек и др. Х отя мы не можем говорить о строгой 
специфичности отдельных тканевых препаратов, но на основании много
летних клинических наблюдений мы считаем, что ФИБС предпочтитель
но применять при туберкулезных процессах, при сосудистых наруш ениях, 
у  пож илы х людей с хроническими глазными заболеваниями, у  больных 
глаукомой. При ревматических заболеваниях мы назначаем пелоидодис- 
тиллат. При помутнении роговицы наиболее полезным оказывается торфот, 
экстракт плаценты и экстракт алоэ имеют более широкий диапазон приме
нения —  это высокая близорукость, атрофия зрительных нервов, пигмент
ная дегенерация сетчатки, неспецифические хронические воспалительные и 
дегенеративные процессы в сосудистом и зрительно-нервном аппарате глаза 
и многие другие хронические заболевания.

Природа биогенных стимуляторов, их химический состав до этого 
времени продолжают ж иво интересовать исследователей, т. к. углубленное 
изучение этих вопросов позволит еще больше повысить эффективность ткане
вой терапии и шире внедрять ее в практику.

Р яд биохимических исследований свидетельствует о том, что под вли
янием тканевых препаратов происходят весьма важные изменения в струк
тур е тканей. Белки тканей становятся более лабильными, способность их 
расщ епляться трипсином заметно усиливается. Улучшается биосинтез их.

В опытах на кроликах было показано, что у  животных, предварительно 
обработанных тканевыми препаратами, последующее зараж ение глаза 
герпетическим вирусом вызывало значительно менее тяжелые изменения, 
чем у  контрольных, не подготовленных животных. Наблюдалось такж е по
вышение устойчивости животных, обработанных тканевыми препаратами к 
стрихнинному отравлению, к анилиновым поражениям, к анемизирующим  
факторам, к явлениям токсикоза, возникающим после подкожного введения 
раствора марганцевокислого калия.

Весьма убедительные данные о профилактическом и лечебном действии 
тканевых препаратов получены физиологами нашего института. Н а большом
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экспериментальном материале было показано, что тканевая терапия оказы
вает выраженное благоприятное влияние на течение лучевой болезни. 
Важ но при этом подчеркнуть, что устойчивость животных к действию  
ионизирующей радиации повышалась после предварительной обработки  
животных тканевыми перпаратами. Такая обработка оказывалась даж е более 
эффективной, чем лечебное введение препаратов после уж е развившегося 
поражения. Так, при профилактическом введении тканевых препаратов  
после острого облучения дозой в 600 рентгенов выживало 96% животных, 
при лечебном применении этих препаратов 69% животных, меж ду тем как в 
контроле выживаемость животных равна была 50%. Эти данные находят  
подтверждение и в работах других авторов (К . Н. Чочия, Д . Балдандорж ).

Таким образом, ряд экспериментальных и клинических наблюдений  
свидетельствует о том, что тканевые препараты активируют защитные систе
мы организма и этим благоприятствуют его большей устойчивости и выздо
ровлению.

В последнее время опубликованы весьма интересные данные о ком
плексном применении тканевых препаратов совместно с физическими методами 
лечения при полиомиэлите в восстановительном периоде заболевания и в 
периоде остаточных явлений. Наблюдения над значительным количеством  
больных показали, что лечение с применением общеизвестных медикаментоз
ных средств в сочетании с тканевой терапией приводило к быстрому восста
новлению функций пораженных конечностей.

Весьма актуальное значение имеет вопрос о химическом составе био
генных стимуляторов. В исследованиях А. Ф. Сысоева, изучавшего динамику 
изменений количества органических кислот в консервируемых на холоде  
тканях, было установлено, что органические кислоты накапливаются до 
определенного срока консервации, после чего количество их понижается. 
Кривая накопления кислот приближается к кривой повышения биологиче
ской активности тканевых препаратов. Исследования химического состава 
биогенных стимуляторов требуют еще дальнейшего продолжения. Этому 
вопросу следует уделить большое внимание.

Каждый новый тканевой препарат, предложенный в медицинскую  
практику для профилактических и лечебных целей, предварительно про
ходит длительный путь различных экспериментальных исследований на 
животных по установлению лечебной эффективности, оптимальных доз и 
полной безвредности для организма.

Для каждого нового тканевого препарата разрабатывается индивиду
альный режим технических условий приготовления, который обеспечивает 
наибольший выход биологически активных веществ, высокую лечебную  
эффективность, стандартность препарата и безвредность для организма. 
После проверки препарата на токсичность путем однократных и повторных 
введений различных доз, включая специальные исследования реакции, реак
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ции на введение чуж еробного белка у  разнообразных животных, устано
вления возможности производить стандартизацию по характерным хими
ческим показателям, препарат изучается с точки зрения его биологической 
активности на специально разработанных тестах.

Наиболее простыми и доступными тестами являются так называемые 
«дрожжевой», «роговичный», и др. тесты.

Помимо того, профилактическая и лечебная эффективность тканевых 
препаратов подвергается обязательной проверке при различныхзаболеваниях, 
экспериментально вызванных у  животных.

Модели заболевания: 
различные формы анемии:

а )  выживаемость белых крыс после спленэктомии
б ) после отравления фенил-гидразином
в )  после отравления уксусно-кислым свинцом; 

экспериментальный аллоксановый диабет  
экспериментальный герпетический кератит; 
экспериментальный гепатит с переходом в цирроз; 
экспериментальный миокардит; 
экспериментальный атеросклероз.
Таким образом, при проверке профилактической и лечебной эффектив

ности тканевых препаратов по В. П. Филатову на моделях болезни отчетливо 
проявляется поливалентность действия их и определенное преимущество их 
применения с профилактической целью.

Институт глазных болезней и союзные лечебные учреждения СССР 
располагают огромным клиническим материалом по применению тканевой 
терапии. При таких заболеваниях, как ослож ненная миопия, атрофия зри
тельных нервов, пигментная дегенерация сетчатки, наблюдения насчитывают 
тысячи больных, в течение длительных сроков наблюдения, поэтому в на
стоящее время мы имеем основания рекомендовать широко использовать этот 
метод лечения в клинической практике.

Акад. В. П. Филатов был большим оптимистом в науке, он учил не 
опускать рук у  постели больного, не говорить больному «нет».

Все его научные открытия и в большей мере тканевая терапия являются 
могучим лечебным методом борьбы с безнадежными заболеваниями, которые 
ранее считались неизлечимыми.

Проф. Н. А . Пучковская
Одесса, Пролетарский бульвар 49/51,
Институт им. акад. В . П. Филатова. СССР
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ELECTROENCEPHALOGRAPHS, ELECTRODERMO- 
GRAPHIC AND PUPILLOMOTOR RESPONSES 
UNDER HEXOBARBITAL EFFECT IN MAN*

By

F. Kajtor  and P. H alász
UNIVERSITY MEDICAL SCHOOL,

DEPARTMENT OF NEUROLOGY AND PSYCHIATRY, DEBRECEN

(R eceived O ctober 4, 1967)

The patterns of EEG, EDG , and pupillom otor responses to sensory stim uli have 
been studied from  the aspects o f their interrelations and their dependence on the suc
cessive levels o f hexobarbital e ffec t in 17 subjects.

It has been possible to id en tify  w ell-defined types in the m orphology and am pli
tudes of evoked EEG  activity, each  predom inating at different levels o f  anaesthesia. 
These are as follow s. (1) “ Pure desynchron ization” (arousal response) at the earliest 
or at the final barbiturate effect; (2 ) “ after-synchronization” in deepening anaesthesia; 
(3) “ pure synchronization” in m edium  deep anaesthesia; (4) “ transitional ty p e ” , also in 
deepening anaesthesia; (5) gross depression and, eventually , to ta l absence o f respon
siveness, in deep anaesthesia.

The sam e response patterns occur in reversed order w ith dim inishing depth  of 
anaesthesia.

The m agnitude of EDG am plitud es and the intensity o f pupillom otor responses 
reveal specific relationships to evok ed  E E G  m odifications.

Interruption of sensory ex c ita tio n  during dim inishing barbiturate e ffec t m ay 
precipitate the “ paradoxical” phase o f  sleep which corresponds to a kind of deep anaes
thesia though in some cases it m ay be com patible w ith a considerable degree o f  respon
siveness.

Each o f these response pattern s are assum ed to represent hierarchically organized  
non-specific structures in the brain stem  each carrying and utilizing ind ividual non
specific inform ations, and each hav in g  different barbiturate-sensitivity. I t  is suggested  
that a possible “ energization” of th ese  arousal structures by external or internal stim uli 
generates an energizing interaction betw een the structures. E xcitation  of respiration, 
cardiovascular and motor functions involved  by these reactions are o f significance in 
the com plex m anagem ent of barbiturate coma.

It has been shown that hexobarb ita l anaesthesia is able to  “ a ctiv a te” 
ep ilep tic  spike discharges in the in tericta l period, but spikes o f  different pat
terns and localizations are favoured b y  different levels o f anaesthesia (K ajtor

1964).
Appearance or a definite increase o f generalized 3/sec. sp ike-and-w ave  

a c tiv ity  is confined to the initial and  term inal phases of intravenous hexobar
b ita l effect. On th e  other hand, sp ike bursts o f tem poral lobe ep ilep tic  foci 
are associated w ith  a medium d ep th  o f anaesthesia. The spikes recorded from  
th e  lateral gyri o f  the temporal lob e exposed for surgical rem oval o f  an epilep
tic  focus, and th ose  picked up from  th e  ventricular surface o f  th e  h ippocam pus  
o f th e  same lobe were found in d ifferent phases of anaesthesia. Certain types

* Based on a lecture presented a t th e  5th  International Congress o f E lectroencepha. 
ography and Clinical N europhysiology, V ienna 1965.
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o f basotem poral spike discharges can only he stu d ied  in connection w ith the  
isoelectric phases, under extrem ely deep anaesthesia. Certain individuals 
develop  tw o clin ically  and electrically entire d istinct seizure m echanism s. 
There appear for in stan ce “ psychom otor” seizures at first, joined later b y  
m yoclonic jerks unrelated  to  the first type. The frontocentral spikes and spike- 
and-w ave variants are favoured  by superficial sleep , tem poral spikes b y  deep 
anaesthesia.

Our observations su ggest that the cerebral system s inhibiting discharges 
o f  epileptogenic foci o f  different types and localizations show a different re
sponsiveness to barbiturates.

Severe protracted barbiturate coma is characterized by a fla t, irregular 
E E G . Intensive and long-continued  peripheral sensory (faradic) stim uli in 
crease, however, the am plitudes of the EEG  and d efin itely  reduce its frequency, 
as a typ ica l response o f  hum an cerebral bioelectrical a ctiv ity  in this condition. 
Induced  synchronization o f E E G  m ay be associated  w ith an am elioration o f  
cardiovascular, respiratory and pupillodilator functions, as well as w ith  weak  
incoordinated autom atic m ovem ents ind icating a ten d en cy  to restoration of 
biologic functions. In  superficial anaesthesia, th e  sam e stim uli residt in lower 
am plitudes and higher frequencies.

I t  has been inferred from  these observations th a t the m orphologic re
sponse pattern of the E E G  to  the same stim uli varies w ith  the depth o f barbi
turate-induced sleep ( K a j t o r  and O s z l á n s z k y  1963).

The present stu d y  has been concerned w ith  th e  effects of sensory stim uli 
on th e  m orphology, am plitudes and tim e relations o f  EEG  and EDG  response 
pattern s, furthermore w ith  th e  relationships o f  th ese responses to pupillom otor  
a c tiv ity  at sequential levels o f  hexobarbital anaesthesia . It was also exam ined  
w hether the evoked bioelectric changes were in d icative of any connection  
betw een  the successive levels o f  barbiturate anaesthesia  and certain non-specif
ic structures of the brain.

M a t e r i a l  a n d  m e t h o d s

The study involved 17 male and female subjects, aged between 15 and 48, without any 
indication or evidence of cerebral injury or neuropsychiatrie abnormality and having had no 
drug treatment for at least seven days. The resting records in the awake state revealed no 
abnormality. With exception of two healthy adult volunteers, recordings in induced sleep 
were made because of suspected paroxysmal activity.

Hexobarbital was administered by the intravenous route, with the patient in the recum
bent position. The dose varied between 475 and 1000 mg, according to individual tolerance 
reflected by the EEG. The injection was continued until the examiner had ascertained that the 
generalization of delta-activity had reached its maximum corresponding to age. Establishment 
of full delta-activity was considered the critérium of medium depth anaesthesia.

EEG recording was continued until the patient had opened his eyes or uttered a few 
words in response to a simple question addressed to him in a loud voice.

The recordings were made with an 8- or 16-channel ink-writer machine at a paper speed 
of 30 mm/sec. The time constants were 0.1 to 0.3 sec. for the EEG, and 0.3 to 1 sec. for the 
EDG, adapted to the special requirements of the case, and were maintained throughout. Lon-

Acta Medica Academiae Scientiarum. Hungaricae 25, 1968



EEG, EDG AND PU PILLOM O TO R RESPON SES 1 9 3

gitudinal chains of six  electrodes w ith the sam e interelectrode distances were placed to sy m m et
rical poin ts o f the hem ispheres, the leads being frontocentral, centroparietal, anterotem poral — 
m cdiotem poral, m ediotem poral—posterotem poral. B y varying the m odality, duration  and in
ten sity  o f  the sensory stim uli it was expected  to gain richer inform ation on the dyn am ics o f  
the E E G  and EDG responses than it would be possible by stim uli o f one single m o d ality  and 
a fixed  duration or of rhythm ic recurrence, as for instance by single or paired click  stim uli.

During the actual injection of barbiturate, the stim uli were applied sparsely. As soon 
as the injection was com pleted , all through the entire course of the recording, sensory stim uli 
o f various m odalities were applied at close but varying intervals without interfering in  any 
serious degree w ith the process o f recovery from  barbiturate sleep. The very E E G  changes 
resulting from occasional autom atic voluntary m ovem ents o f the subject were generally su ited  
for evaluation  in the co n tex t o f response patterns.

The auditory stim uli comprised the sound o f an electric buzzer, clapping o f hands, ca l
ling the patient hy nam e in a loud voice, posing him a sim ple question, and a com m and to 
open his eyes. Tactile stim uli were retraction of the eyelid , touching the cornea w ith  co tto n 
wool. A s nociceptive stim uli there were repeated pinpricks and pinching applied to the skin of 
the arm; kinesthetic and proprioceptive stim uli were evoked by passive and autom atic  vo lu n 
tary  m ovem ents; therm ic stim uli: suprapubic cooling by local application of ether in the case 
o f enuretics; vagal interoceptive stimuli were arisen by volun tary  deep inspiration or coughing.

Sensory stim uli were applied at I to 3 m in. intervals during 2 to 5 sec. or longer, in 
groups, particularly w hen the responses to the first stim uli had been indistinct or w hen the 
aspect o f habituation w as being studied. The buzzer stim ulation  was modified in pattern  but 
not in in tensity  during the experim ent. Clapping of hands, verbal stimuli and pinpricks also 
were kept, as far as possible, at a constant in tensity .

The evoked EEG  pattern  was evaluated  by com parison of two segm ents o f  6 sec. dura
tion  each, the first preceding the onset o f stim ulation , the second following its cessation  im m e
d iately . EEG  changes were evaluated as responses w hen appearing inside the first 5 seconds 
and when extending over at least one third o f the period o f evaluation. The E E G  changes  
could best be studied, in the frontocentral and centroparietal recordings, since the m ost d istin ct  
responses were recorded over the anterior h a lf o f the skull, though occasionally the m axim um  
responses appeared over the temporoparietal areas. The EEG  responses appeared sim ultaneously  
on both  sides.

Pupillary diam eter was estim ated after gentle retraction of the eyelid by one o f the 
exam iners who had trained this beforehand on m odel circles o f various sizes. E stim ation  was 
m ade easier by the subdued light in which the tests were carried out and by the sluggishness 
o f pupillary reactions under the influence o f  barbiturate.

For testing the galvanic skin response (E D G ) a bipolar palm to forearm lead was used  
w ith a tim e constant o f 0.2 to 1 sec. being kept unchanged in the same experim ent. B iphasic  
ED G  was measured from tip to tip, m onophasic curves from  the baseline to the peak o f  the  
deflection .

All m anipulations and events to be regarded as stim uli were registered against tim e  
w ithin  one second by m eans of the time m arker. The observations were carried out in a practi
cally  soundproof room w ith  reduced light allow ing the correct estim ation of pupillary diam eter.

Results

D espite the variable duration o f  anaesthesia, the bioelectric p atterns of 
response were consistent throughout. These observations have been reported  
in a prelim inary com m unication ( K a j t o r  1965).

I . M orphology o f  bioelectric responses
The typical changes evoked in E E G  potentia ls registered from th e earliest 

signs o f  barbiturate effect to the som nolent sta te  before awakening, fall into  
four m ain patterns, apart from various in term ediate typ es which are, however.. 
relatively  rare.

1. “ Pure desynchronization” (P D ) is an obvious though not fu lly  com 
plete desynchronization  of background a c tiv ity , identical with the “ arousal
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F ig . 1. D etail of tracing recorded in A -type anaesthesia. Min. =  minute of anaesthesia from  
th e  beginning of hexobarbita l injection; TC =  tim e constan t; calibration =  50 ßw  and 1 sec.; 
F — C =  anterior frontal-central lead; В =  electric buzzer; P =  pinprick; N  =  calling by
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Fig.  2.  Illustrative section s of recording in C-type anaesthesia. Full circles ind icate  pupillary
diam eters
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Fig. 3. В -type anaesthesia. Section 2 shows gradual return of the “paradoxical p h ase” under 
the influence of m assive sensory stim uli (motion)

response” (Fig. 1, m in. 1 and 12; F ig . 2, m in. 2 and 22). Gradual blurring and 
eventual disappearance of this pattern coincide w ith im pairm ent and loss of 
consciousness, while its  gradual return m arks the term inal phase o f  barbitu
rate effect. Near th e  end o f the hexobarbital in jection , the tracings o f  fiv e  sub
jects revealed periods o f generalized low -vo ltage  and increased frequency, 
coinciding in three cases with brief to n ic  seizures o f extension. T he sta te  o f  
deep com a obviously  excludes any relationsh ip  between generalized desyn
chronization and “ arousal” reaction in  th ese  cases.

2. “ A fter-synchronization” (AS) is m ade up o f two phases. The prevalent 
high-am plitude com ponent in the th e ta -d e lta  background a ctiv ity  is preceded  
b y  a desynchronization period of variable degree but none th e  less d istinct 
(F ig. 1, m in. 2, 9, 11; F ig  2, min. 3, 4, 21). O ccasionally, the stim ulus has suf
fic ien t effect to evoke a series of 2 or 3 coupled  responses of th is k ind  (F ig. 1, 
m in. 11); it  seem s as i f  the run of 7 — 3 c/sec. w aves is induced b y  th e  desyn
chronization  com ponent. Though AS m ay be encountered during progression
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o f sleep , it  prevalently coincides w ith the phase o f  decreasing anaesthesia  
being gradually replaced b y  superficial sleep.

3. “ Pure synchronization” (PS) is clearly set o ff  against the background  
a c tiv ity  as a run o f 1 to  5 c/sec. high-am plitude w aves w ithout any in troductory  
or su b seq u en t desynchronization  period (Fig. 1, m in. 3, 8; Fig. 2, m in. 7, 9, 
15; F ig . 3, min. 4). The background activ ity  o f  higher frequency is often super
im p osed  on the evoked high-am plitude w aves.

T he PS response pattern  is in fact identica l w ith  those runs o f slow , high  
am plitude w aves evoked b y  F i s c h g o l d  and M a t h i s  (1959), C h a t r i a n  e t al. 
(1963) and K a j t o r  and O s z l á n s z k y  (1963) b y  m eans o f peripheral sensory  
stim u li in various sta tes o f unconsciousness.

4 . ‘■iT ran sition ar:i responses (TR) were term ed  those relatively rare in ter 
m ed iate typ es w hich differ from  the foregoing patterns by the fo llow ing  
features: (a) slowing w ith  no increase in am plitude; (b) runs of high slow -w aves  
jo in ed  b y  a low -am plitude, high-frequency period (К -com plex); (c) a short 
period o f low -am plitude, 10 — 14 c/sec. activ ity  is in terpolated  between tw o  high  
d elta -w aves.

5. R esponse was considered as “ undefinable” (U R ) when the sensory  
stim u lu s w as insufficient to  precipitate d istin ctly  identifiable EE G  patterns  
(lack o f  E EG -response).

I I .  Quantitative study o f  EEG responses

E E G  tracings recorded during hexobarbital sleep in 17 subjects were 
se lected  for quantitative analysis. The test period extended from the m om ent 
w hen th e  first barbiturate fraction was in jected , un til the appearance o f  the  
first ty p ica l electric and biologic m anifestations o f  recovery from th e drug 
effect. This last phase was m arked by a defin ite preponderance in the num ber  
o f “ arousal” reactions and b y  spontaneous orientation  m ovem ents. The record
ings w ere term inated at th is  point.

E ach  response registered from the start o f  th e  injection until com pletion  
o f recording was id entified  on the grounds o f  configuration and am plitude. 
M orphology and other characteristics of the responses as well as the in effective  
stim u li were marked separately  by Arabic figures (exam ples in Tables I, II  
and II I ) .

1. Viewed in their ind ividual context including distribution and tim e  
relations in respect to  th e  stages o f barbiturate anaesthesia the evoked patterns  
allow ed  to  divide the subjects under stu d y  in to  the following m ain groups.

A) 7 subjects, aged betw een  17 and 48 years (mean, 28.7). The dose o f  
h exob arb ita l ranged betw een  600 and 750 m g (m ean, 696 mg). The tim e o f  
in jectio n  averaged 278 sec. The term inal PD  responses were found to  accum u
la te  betw een  the 11th and 15th  m inute o f global barbiturate effect (Table I A).
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Tabic I

Responses o f  one o f the representatives o f  group A

a) 1 = PD 2 - AS 3 PS 4 TR 5 =  UR Overall E E G  re
sponse pattern . The
sign ’ represents

2 2 614/62 nociceptive stim u
1 2 5 5 3 :i 2 2 1 1 17 years old lus throughout
1 2 2 5 5 3 3 5 3 3 2 ’ 2 1 1 675 mg hexo-
1 1 1 — 3 3 2 3 5 3 ’ 2 2 ’ 1 1 1 barbital

5 10 Iliin 15
1>) Pupillary diam eter,

5 2 5 mm
5 2 5 3 2 2 6 5 6 6 6

6 6 2 2 3 3 2 3 5 5 6 6 6
5 5 5 3 2 3 5 2 2 3 2 6 6 6 6

3 10 min 15
0 KDG oscillations,

14 mm
и 12 11 13

6 10 13 13 12
4 4 3 0 0 0 0 0 0 0 0 11 13 13 13

10 15

Average pupillary diameter, mm/min, in group A, derived from 111 estim ations 

5 4 5 3 3 3 3 3 3 3 4  5 5 6 6

5 10 15

Average height of EDG oscillations, m m /m in, derived from 103 measurements 

5 5 4 0 0 0 0 4 0 8 3 9  10 10 12

5 10 15

B) 4 subjects aged between 15 and 35 (m ean, 23.7) years. B arbiturate  
doses betw een 600 and 900 mg (m ean, 732 m g), average duration o f in jection , 
293 sec. B ioelectric and other arousal m anifestations appeared b etw een  the  
19th and 22nd min. o f the global record (Table II  Л).

C) 6 subjects aged between 15 and 35 years (mean, 20.3). B arbiturate  
doses betw een 475 and 1000 mg (m ean, 777 m g); average duration o f in jection , 
310 sec. The m anifestations of the term inal phase of anaesthesia w ere found  
to occur betw een the 23rd and 25th m inutes o f  th e  to ta l record (Table I I I  A).

2. The stim uli totalled  597 in num ber; 193 in group A, 170 in  group В 
and 234 in group C. The stim uli delivered to  each person during th e  in jection  
of hexobarhital averaged 1.5/min. in group A, 1.6/m in. in group B, and 1.2/m in. 
in group C. On term ination o f the in jection , th e  rates o f stim uli were increased  
to  an average o f  2/m in. in group A, 1.9/m in. in group B, and 1.6/m in. in 
group C.
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Table IA

Percentage distribution o f  response variables in EEG segments o f  identical length 
in the successive phases o f  anaesthesia o f  type A 

(Group A)

anaesthesia, min. 1—2 3 - ^ 5—6 7— 8 9— 10 11—12 13— 14 15

E E G  response pattern

U R  (5 ) 0 1 9 4 7 1 0 0

0 % 6 % 37 % 16% 2 5 % 2 % 0% 0 %

T R  (4 ) 0 2 0 0 1 2 0 0

0 % 1 1 ° /11 /0 0 % no/ 
u  /о 4 % 5% 0 % 0 %

P S  (3 ) 0 3 10 10 6 2 0 0

0 % 16% 42% 42% 21% 5% 0 % 0 %

A S  (2 ) 5 и 4 9 12 19 7 1

2 2 % 6i% 17% 3 8 % 4 3 % 49 % 23 % 1 3 %

P D  (1 ) 18 l 1 1 2 15 22 7

78% 6% 4 % 4 % П О /
* /о 39% 76% 88%

T otal

N um ber o f  stim uli = 1 0 0 % 23 18 24 2 4 28 39 29 8 193

In  group A, the h ighest mean age, i.e . th e  m axim um  drug to lerance, 
to g e th er  w ith  the h ighest average number o f stim u li and the m inim um  o f drug 
doses, w ere responsible for th e  short duration o f  anaesthesia. In  group C, on  
th e  o th er  hand, the low est m ean age, h ighest m ean dose, low est m ean num ber  
o f s tim u li resulted in th e  longest duration o f anaesthesia. Group В represents 
an in term ed iate  typ e betw een  the tw o others.

A fter  separation o f th e  three types o f  anaesthesia, the n ext step  w as to  
fin d  a sta tistica l approach to  the quan tita tive and tim e relationships o f  the  
response variables to  th e  successive phases o f  barbiturate effect. I t  w as ex 
am in ed  in  each narcosis group separately w hether the individual response  
p a ttern s were scattered at random  over th e  entire length o f anaesthesia  or 
w h eth er  each o f the response variables show ed any significant ten d en cy  to  
a ccu m u la te  in one period o f  both the progressing and regressing sleep.

W ith  th is objective in v iew , the overall response patterns o f each subject 
b elon g in g  to  the same group were sum m arized. This procedure was sim plified  
b y  th e  arrangem ent o f Tables I to III; here th e  identical m inutes of th e  overall 
in d iv id u a l response profile were placed in the sam e vertical row. The task  was 
th u s s im p ly  to count each o f th e  five  response ty p es  occurring in each successive  
m in u te  from  the beginning o f  hexobarbital adm inistration  until the end  o f its 
effect. T his resulted in a global pattern o f responses reflecting the num ber o f  
P D , A S , PS, T R  or U R  responses recorded in  each particular m inute over
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Responses o f  one o f  the representatives o f  group В

Tabic II

a) 1 =  PD  2 =  AS 3 =  P S 4 =  TR 5 =  U R

3 3 3 5 2
1 2 2 3  5 5  2 2 2 2 2 3  2 2 2 2 1
1 2 2 3 3 — 3 3 5 2 2 2 2 2 2  Г  2 Г  2 2 2 1 --------------

I I ! ! . I
5 10 15 20 mi n 25

b)
6 3  4 4 5 4  5 6

5 6 4 6 4  6 6 3 4 5 5 5 6 5 6 6 6 6 5 5 5
5 5 7 4 6 5  — 5 5 6 6 7 5 5 6 4 6 5 5 5 6 7 5 5 5

I I I
5 10 15 20 mi n 25

5 5 8 7 14
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 7 3  10 9 14 -

Overall EEG response 
pattern

645/62
26 years old
725 mg hexobarbital

Pupillary diam eter, mm

EDG oscillations, 
mm

10 15 20 m in 25

Average pupillary diameter, m m /m in, in group B , derived from 152 estim ations

5 5 5 5 4 3 3 4 3 4 3 4 5 5 5 4 5 5 5 5 6 6 5 5 5

! I 1 Г
5 10 15 20 m in 25

Average height o f EDG oscillations, mm/min, derived from 122 estimations 

4 2 5 4 0 0 0 0 0 0 0 0  10 6 5 4  5 6 5 6 9  14 -------------

5 10 15 20 mi n 25

the global te s t  period. It was soon observed th a t one-m inute intervals were 
quite unnecessary. In group A  characterized b y  short anaesthesia 2 -m in u te, 
and in groups В and C 3-m inute periods h ave proved adequate for sta tistica l 
evaluation. Since the overall profil of responses in m inutes happened to  corre
spond to  odd num bers, the la st (15th) m inute w as taken  as a separate period in 
group A and the first in groups В and C.

This done, the task was to  calculate th e  percentage distribution o f  the  
response patterns for each successive 2- and 3-m in. segm ent. The results 
of these calculations are show n in Tables I A , II A and III A.

Tables I A, II A, III  A  show clearly th a t in  all three types of barbiturate  
effect, accum ulation of response patterns P S  and U R  is confined to  th e  sole 
phase follow ing im m ediately upon the term ination  o f barbiturate supply , 
whereas th a t o f PD  coincides w ith tw o opposite  periods, of th e  in itia l, 
i.e. progressive, and of the term inal, i.e. regressive, barbiturate effect. T he m ost 
propitious factors for PD  (“ pure desynchronization” ) responses are provided  
by inebriety and drowsiness marking the earliest and the passing barbiturate

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



200 F. KAJTOR and P . H ALÁSZ

Table Н А

Percentage distribution o f  response variables in  E E G  segments o f identical length 
in the successive phases o f  anaesthesia o f  type В 

(Group B)

Phases of 
anaesthesia, 

min.
1 5—7 8—10 11—13 14—16 17—19 20—22 23-—25

E EG  response
p a ttern

UR (5) 0 3 5 8 3 0 3 l 0
0° u о 12% 24% 35% 14% 0% 10% 6% o%

T R  (4) 0 0 5 1 0 0 0 0 0
о°/ u 0 0% 23% 4% 0% 0% 0% 0% 0%

PS (3) 0 2 9 11 9 3 0 0 0
0 ° / u /0 9% 43% 48% 4 1 % 13% 0% 0 ° / u 0 0%

A S (2) 0 16 1 3 10 19 19 2 0

0% 70% 4°/ D /0 13% 45% 83% 66% 13% 0%
P D  (1) 5 2 1 0 0 1 7 12 9

100% 9% J о 0% 0% 4% 24% 80% 100%

Total
N um ber o f

stim u li =  100% 5 23 21 23 22 23 29 15 9 170

e ffec t. W ith  increasing depth  o f narcosis, th a t is from the 2nd to 4 th  m inutes 
in  th e  course of the in jection , these responses disappear very fast th ou gh  
grad u ally , over varying lengths of tim e in th e  three groups and en tire ly  cease 
to  b eco m e again prevalent in  the last m inutes o f  anaesthesia. Parallel w ith  the  
fa st disappearance o f  th e  P D  response, th e  AS (“ after-synchronization” ) 
resp on ses gain prevalence, indicating th at increasing barbiturate concentra
tio n s in  th e  blood favour th e  responsiveness o f  som e other cerebral structure  
too . T he prevalence o f AS responses is also b ip h asic . In this manner, th e  U R  -f- 
PS period  is interpolated betw een tw o AS p h ases. This is particularly clear in 
groups В and C.

A  further deepening o f th e  barbiturate effect involves depression o f  those  
stru ctu res, too , whose response to peripheral stim u li results in the AS pattern , 
th o u g h  th is  functional im pairm ent is less severe and less persistent th a n  th at  
o f th e  PD -producing population  of neurons. As th e  barbiturate effect atta ins  
its m axim al depth, th e  AS responses are overw helm ed by the P S  (“ pure 
syn ch ron ization ”) responses which becom e predom inant in 2 to  3 m inutes. 
D u rin g  approxim ately th e  sam e period the n u m b er o f “unidentified responses” 
(U R ) sudden ly  increases. The appropriate lev e l o f  anaesthesia, nearly coincid ing  
w ith  th e  term ination o f hexobarbital adm inistration , is marked b y  a full
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R esponses o f  one o f the represt m otives o f  group C

Tahié III

1 =  PD 2 =  AS 3 =  PS 2 = TR 5 =  U R Overall EEG  response
pattern

2 1 2 400/65
1 1 2 5 2 5 3’ 3 3 3 2 2 1 1 19 years old

1 1 1 2 4 3  3’ 3 3 3  — 3 — 3 3 3 3 3 4 2 1 1 1’ 1 900 m g hexobarbital
1 1 
5 10

1
15 20 min 25

b)
3 4 3 5 6 Pupillary diameter,

6 6 4 5 5 3 2 4 4 4 3 — 2 2 3 5 5 6 6 — 5 — mm
5 5 7 3 3 3  5 3 2 3 3 5 4 3 3 2 2 3 3 4 5 5 5 5 6

5 10 15 20 mi n 25
<■)

21 17 EDG oscillations,
4 8 7 27 4 12 12 mm

5 2 2 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 2 20 25 17 12 19
1

5 10 15 20 mi n 25

Average pupillary diam eter, mm/min, in group C, derived from 177 estim ations  

6 6 6 5 3 4 4 4 3 3 2 2 2 4 3 3 3 4 4 4 5 5 6 5 6

1T  I
5 10 15 20 min 25

Average height o f  E D G  oscillations, mm/min, derived from 86 estim ations 

5 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 9  18 9 12 16

I I ! I
5 10 15 20 mi n 25

delta -activ ity  w ith som e interspersed short fla t periods indicating th e  m aximal 
depth o f anaesthesia. There are TR and AS responses to he seen , in addi
tion  to  the PS -f- U R  patterns, as a sign o f th e  tem porary am plifying o f the 
stim uli.

Transitional responses (TR) were never dem onstrable during the preva
lence o f the PD  pattern  and tended to appear w hen AS responses were gaining 
predom inance. In tw o  representatives o f group B , th e  number o f T R  was con
spicuously high, particu larly in the U R  +  PS periods. H ow ever, in relation  
to  the global an ount o f  responses, the ratio o f T R  was 3% in all three groups.

A further analysis concerned the percentage distribution o f the individual 
response patterns in  each  o f the three typ es o f  anaesthesia w ith reference to the  
sum m arized response schem e o f these three typ es (Table IV).

The V shows th e  per cent deviation betw een  the m axim um  rates of the 
individual response variables reached in defin ite periods and their rates of 
occurrence outside th ese  periods.
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Table Ш А

Percentage distribution o f  response variables in EEG segments o f  identical length 
in the successive phases o f  anaesthesia o f  typ e  C 

(Group C)

Phases of 
anaesthesia, 

min.
1 2—4 5—7 8—10 11—13 14— 16 17—19 20—22 23--25

E E G  response  
p a ttern

U R  (5)

T R  (4)

P S (3)

A S (2)

P D  (1)

0

0%
0

0%
0

0%
0

0%
6

100%

l

5%
1

5%
1

5%
10

4 8 %
8

3 8 %

8

32%
1

4%
11

44%

5

20%

0

0%

14

45%

1

2%
12

40%

4

12%
0

0 %

10

38%

Í

4%
14

54%

1

4%
0

o%

12

3 7 %

1

3%
11

3 3 %

9

27%

0

0%

7

23%

0
0 ° /  u /о

11

35%

12

39%

1

3%

4

14%
2

7%
0

0%
16

57%
6

21%

0

0 %

0

0 %

0

0 %

8

24%

25

76%

T otal

N um ber of

stim uli =  100% 6 21 25 31 26 33 31 28 33 234

Table IV

PD AS PA UR TR Total

A n aesthesia , type A 67 68 31 22 5 193

3 5 % 35% 16% 11°/ 11 /0 3%
A n aesthesia , type В 33 74 34 23 6 170

19% 44% 20% 14% 3%
A naesthesia , type C 46 65 60 56 7 234

20% О7О/ L 1 /0 26% 24% 3%
597

T he values ind icate, b y  how  m any per cent th e  rate at which th e  in d iv id 
u a l response pattern occurs during its period o f prevalence (expressed in 
m in u te  o f global anaesthesia) exceeds the rate a t w hich the sam e pattern  is 
id en tifia b le  during the o th er phases of anaesthesia (expressed in  their to ta l 
d u ration  in minutes).
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Tabic V

1. P er minute rate o f  EEG response variables 
(in the period of prevalence)

PD AS PS UR

Anaesthesia A min. 1 — 2, 11— 15 3 - 4 ,  9 - 1 2 5— 10 5 — 10
9/min. 7/min. 4.3/min. 3.3/m in.

Anaesthesia В min. 1, 20—25 2 - 4 ,  11— 19 5 - 1 3 5 — 10
3.7/min. 5.3/min. 3.2/inin. 2.2/m in.

Anaesthesia C min. 1 — 4, 20—25 2 - 4 ,  17— 22 . 5 - 1 3 5 - 16
4.5/min. 4.2/m in. 11/min. 3.7/m in.

2. Per minute rate o f EEG response variables 
(in other periods of the sam e recording)

PD AS PS UR

Anaesthesia A 0.7/min. 3/min. 0.5/min. 0 .3/m in.

Anaesthesia В 0.6/min. 0.5/min. 0.3/min. 0.3/m in.
Anaesthesia C 0.07/min. 1.7/min. 1.4/min. 0.9/m in.

3. Difference between the rates o f response o f  the two groups

PD AS PS UR

Anaesthesia A 1885% 133% 860% 633%
Anaesthesia В 517% 960% 967% 633%

Anaesthesia C 5420% 147% 685% 311%

For the independence analysis o f the results we used the chi-square test  
on the ground o f contingency tables. A t the conventional fiducial lim it of 
5 per cent the data presented in Tables I to  I I I  reveal definite correlations 
betw een the sequential accum ulations o f evoked  E E G  response patterns and 
the individual phases o f  anaesthesia, the tw o parts o f  barbiturate effect having  
been evaluated separately. (From Table I yf =  128.217623 -{- 84.2437604; from  
Table II £■ =  119.852607 +  68.672922; from T able Ш  £  =  130.009271 +  
+  130.782139.)

In evaluating the correlations between th e  m agnitudes of E D G -oscilla- 
tions and the level o f  anaesthesia derived from  Tables V I to V III w e have  
divided the duration o f anaesthesia as well as th e  m agnitudes of oscilla tions  
into tw o, more accurately into three, categories, tak ing also the О-values in to
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C hanges in the p u p illa ry  diam eter and in the E D G  oscillations in A -typ e  anaesthesia

Table VI

4 2 6
2 2 4 2 2 3 4 5  

3 4 2 3 2 2 2 4 5 5  
— 4 — 3 3 2 2 4 3 2 3 6 5 --------

Pupillary d iam eter  
mm

598/62

5 10 m in 15

5 2 5
5 2  5 3 2 2  6 5 6 6 6

6 6 2 2 3 3 2 3  5 5 6 6 6
5 5 5 3 2 3 5 2 2 3 2 6 6 6 6 614/62

5 10 15

4 4 5 Total
4 4  3 5 4 5 4 4
4 4  4 3 3 5 5 4 3  6 4

— 4 4 3 3 3 3 3 4 5  4 5 5 5 — 616/62 111

5 10 15

5 4 5 3 3 3 3 3 3 3 4 5 5 6 6  = Average, m in

11 EDG oscillation:
8 mm

15 7 15
5 9 3

5 6 3 0 0 0 0 0 0 0 0 3 3 3 — 598/62

1
5 10 min 15

14
11 12 11 13

6 10 13 13 12
4 4 3 0 0 0 0 0 0 0 0 11 13 13 13 614/62

7 13 9 15

I
1

16 Total
3 4 0 0 0 0 0 4 0  3 3 11 15 4 — 616/62 46

4
5 5 4 0 0 0 0 6 0 8 3  9 '1 0  10 12 = Average, m in

a cco u n t. On the evidence o f  this test the E D G -oscillations increase excessively  
in  am plitude during the la st third phase o f  anaesthesia. Here too th e  correla
tio n s  becom e dem onstrable at a fiducial lim it o f  5 per cent. (From  Table VI 
X2 =  13.431957; from Table V II £  =  41.2438599; from Table V II I  £  =  
=  31.7626521.)
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Table VII

Changes in  the p u p illa ry  diam eter and in the EDG os'illa tions in  B -lyp e  anaesthesia

4 3 2 2 2 2 2 2 2 5 5 5  4 4 4  
4 5 4 2 2 2 2 2 2 2 5 5 5 4 4 4 4 4  
4 4 4 2 2 2 2 2 2 2 4 5 5 4 4 4 4 4

1 1 ! ! 1 
5 10 15 20 mi n 25

P upillary  diam eter  
mm
613/62

6 3  4 4 5 4  5 6  
5 6 4 6 4  6 6 3 4 5 5 5 6 5 6 6 6 6 5 5 5  
5 5 7 4 6 5  5 5 6 6 7 5 5 6 4 6 5 5 5 6 7 5 5 5

! 1 1 !

645/62

5 5 6 5  4 3 5 7  
5 5 6 5 5 6 5  6 3 5  4 3 5 5 6  7 6  
5 5 5 5 4 5 4  4 5 5 4 4 3 5 5 5 5 7 6 7 6 6  -------------

_ l  j j j г
629/62 T otal 152

5 5 5 5 4 3 3 4 3 4 3 4 5 5  5 4 5 5 5 5 6 6 5 5 5  =

1 1 1 1 1

A verage, m in

4 3 5 4 4
4 4 5 5 4 7 6 4  

5 2 5 3 0 0 0 0 0 0 0 0  10 7 5 4 8 7 6 3

1 1 1
5 10 15 20 mi n 25

E D G  oscillations
m m
613/62

15
5 5 8 7 14 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 7 3  10 9 14

1 ! 1 1 1

645/62

8 5 3 6 5 3
2 2 0 0 0 0 0 0 0 0 0 0 0 4 6 5 5 4 6  5 3 -----------

I l i i  1
629/62 T ota l 34

4 2 5 4 0 0 0 0 0 0 0 0  10 6 5 4 5 6 5 6 9  14 -------------

I l i i  1

A verage, m in

In analysing th e  significance o f the changes in pupillar diam eter the 
data presented on each side o f  Table VI to V III  have also been evaluated  
separately. The data in Tables V I and V III reveal definite correlations between  
the individual phases o f  anaesthesia, pupillar diam eter and EEG-response 
pattern at the conventional fiducial level o f 5 per cent (Table V I £2 =  
=  52.1289291 +  54.8126891; as regards Table V II, here sim ilar correlations, 
if any, are not dem onstrable below  the 10 per cent level: =  89.6512468 -f-
+  59.9351157; Table V III  f  =  116.367429 +  105.954868).

Acta Medica Academiac Scientiarum Hungaricae 25, 1968



206 F. KAJTO R and P. HALÁSZ

C hanges in the p u p illa ry  d iam eter and in the ED G  oscillations in C-type anaesthesia

Table VIII

5
3 2 2 2  3 5 3 4 5 5  5 

5 5 3 3 3 5 5  2 2 2 4 4 4 3 3 4 4 5 5 5  
6 6  5 5 4 3 3 4 4 3 2 2 2 3 4 3 2 3 3 3 5 4 6 5 5

Pupillary diam eter  
mm

606/62

! 1 1 1 
5 10 15 20 m in 25

2 2 2 2
3 2 2 2 2 2  4 5 3 3 5  6 

------------------- 3 3 2 2 3 2 2 2 2 2 4 2 2 2 3 2 3 6 6 6  — 553/62

! 1 1 1 ! 

3 2 2 3 7
------------------------  5 6 6 3 3 3 3 2 6 - 6 - 7 -----6 5 - 5 - 269/65

1

6
2 6 

2 5 3 2 5 3 3
— - — • - 2 2 2 2 2 2 2 — -  - 613/62

1 ! ! 1 !

3 4 3 5 6 
6 6 4 5 5 3 2 4 4 — 4 3  — 2 2 3 5 5 6 6  — 5 — 

5 5 7 3 3 3 5 3 2 3 3  5 4  3 3 2 2 3 3 4 5 5  5 5  6 400/65 T otal 177

1 ! ! ! 1 

6 6 6 5 3 4 4 4 3 3 2 2 2 4 3 3 3 4 4 4 5 5 6 5 6  = A verage, m in

7
5 10 9 6

5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  3 10 8 4  19

10
I

15 20 mi n  25

3 21 17
4 8  7 27 4 12 12

5 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  20 25 17 12 19

5 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 9  18 9 12 1 6 =

E D G  oscillations 
mm
606/62

400/62 Total 30

A verage, min

I I I .  Pupillom otor and electrodermographic changes at different levels o f  hexobar-
b ita l anaesthesia

T h e foregoing ob servation s were regarded as consistent w ith  our claim  
th a t  th e  individual EEG  resp on se patterns represent reactions o f  distinct non
sp ec ific  cerebral structures, functionally  separable on the very ground o f their
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different tolerance to  barbiturate. In order to  support this assum ption  the  
pupillom otor and electroderm ographic responses were recorded parallel with  
the changes in th e  level o f barbiturate effect, these having proved , in our 
experience, reliable indicators o f the depth  o f  barbiturate anaesthesia.

E leven  persons were selected from  th e three foregoing groups for these  
studies. Pupillary diam eter was generally checked during the 2 to  3 sec. period 
prior to  sensory stim ulation  and during th e  3 to  8 sec. period subsequent to  it, 
since under the effect o f barbiturate th e  pupillom otor response tak es at least 
2 sec. b u t m ostly  more tim e to becom e m anifest.

E stim ations o f pupillary diam eter y ielded  111 data in group A  (3 subjects) 
152 in  group В (3 subjects) and 177 in  group C (5 subjects). E D G  oscillations 
were recorded 6 tim es in group A (3 subjects), 54 tim es in group В (3 subjects) 
and 30 tim es in group C (2 subjects) th ou gh  103 stim ulations had been  carried 
out in group A, 122 in  group В and 86 in group C. This added up to  440 values 
for pupillary size and 181 for the E D G  reaction.

The pupillary diam eter generally show ed distinct changes parallel with  
th e  successive levels o f  barbiturate effect, particularly in groups A  and C. The 
early  phase o f barbiturate effect was accom panied by m ydriasis in  approxi
m ately  one third o f the cases. In the subsequent phase of anaesthesia there was 
an obvious tendency to  miosis, whereas in  th e  term inal phase again a tendency  
to  m ydriasis, at th is tim e more d istinct and more persistent than  in  the early 
phase o f  drug action.

Peripheral sensory stim ulation evok ing  a transitory m ydriasis in deep 
anaesthesia resulted in  a definite reduction o f spontaneous d ilatation  o f the  
pupil as an effect o f a weak pupillary constriction  at more superficial levels. 
A ll th ese signs required m any tim es 5 to  10 sec. to appear or to  disappear.

The variations in pupillary diam eter often  showed conspicuous relation
ships w ith  the appearance or absence o f  E D G  responses including th e  am pli
tudes o f  oscillations, furthermore w ith  th e  prevalence or fading o f certain  EEG  
response patterns. The phases o f barbiturate anaesthesia marked b y  responses 
o f the PS and U R  typ es were usually associated  w ith miosis but th e  E D G  was 
som etim es inhibited  at levels associated w ith  mydriasis.

The E D G  proved highly sensitive to  barbiturates as illustrated  b y  Tables 
I to  III . B y  the end o f the 4th  m inute after th e  injection o f hexobarbital, the  
E D G  w as abolished and its earliest reappearance was noted at about th e  beginning  
o f the th ird  section o f anaesthesia, and even  th is was exceptional. On the other 
hand, its  am plitudes during the last th ird  o f  anaesthesia in groups A and В 
and during its last fifth  in group C were tw ice or three tim es as h igh  as those  
found in  the alert state  w ithout any drug effect. By the present stim ulation  
procedure it  was rarely possible to elic it an unbroken succession o f  E D G  re
sponses for longer than  one half o f the to ta l length  o f anaesthesia in  any o f the 
three groups.
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Г-C • 600mgE NEEDLE OUT

F ig. 4 . Segm ent 1: В -type anaesthesia . Segments 2 to 4 h a v e  been recorded from another sub
je c t . N o. 2 is from a C -type, N os 3 and 4 .are from  a В -typ e  hexobarbital tracing

ИТ-РТ ГсОЗ

PULLING UP EYELID 17

Fig. 5. D eta ils  o f a tracing recorded during C-type anaesthesia . MT—PT — m ediotem poral—
posteriotem poral pair

T he relationships betw een  the appearance o f  E EG , EDG  and pupillo
m otor responses and the leve ls  o f anaesthesia h ave been presented graphically  
in F igs 6, 7, and 8. I t  clearly em erges from these com plex graphs th at num eri
cal prevalence of any o f th e  E E G  response p attern s I to IY m arking well- 
defined  phases of anaesthesia is closely associated  w ith  definite changes in  
E D G  and pupillom otor a c tiv ity .

A t th e  levels o f barbiturate anaesthesia w here PS and U R  responses were 
predom inant m odifications, m iosis occurred p ractica lly  always, and stim ulation
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resu lting in PS responses was hardly ever followed by definite m ydriasis. 
Spontaneous autom atism s o f posture, as w ell as evoked incoordinated m ove
m ents o f  adversion (Fig. 3, 1 and 2) or “ réponses de som m ation” (F ig. 4, 3) 
were accom panied b y  a slow ly developing m ydriasis. This was, how ever, in  no 
relation  to  the im pressive E EG  responses.

(a) In group A o f short anaesthesias there was an unm istakable tendency  
to  m iosis betw een the 5th and 10th m inutes o f anaesthesia; the num ber o f  
pupillary diam eters o f about 2 mm size occurred in 37% of the to ta l against 
a 5.4%  rate during the first and last th irds o f  anaesthesia.

D isappearance as well as reappearance o f  the EDG  response occurred at 
sim ilar levels o f  anaesthesia. E xcep tion a lly  it  was possible to  elicit a transient 
E D G  response by pinpricks even at superficial sleep level (Table V I, F ig. 6).

(b) In group В the phase o f m iosis w as confined to one subject. I t  was 
how ever, unusually long, persisting u n til th e  end of the 5th to  15th  m inute  
o f anaesthesia and being resistant to  all k inds o f sensory stim uli. Here too, 
th e  E D G  response was abolished during th e  period o f miosis (Table II , F ig. 7).

(c) Type C, i.e. protracted anaesthesia, proved more favourable to  miosis 
th an  did typ e B; the ratio o f m iotic pupils a tta in in g  68.5%  in the period betw een  
th e  5th  and 9th  m inutes as against 19.2%  in the previous and subsequent 
phases. This typ e o f anaesthesia extrem ely  inh ib ited  the E D G -generating neural 
structures. Betw een the 3rd and 20tli m inutes, that is during more than tw o  
thirds o f  the to ta l period o f anaesthesia, even  repeated nociceptive stim uli 
failed to  elicit E D G  responses.

(d) The phases o f sleep associated w ith  miosis were m arked by a high 
incidence o f PS as w ell as of U R  responses. Their joint occurrence totalled  
51.6%  in group A, 41.6%  in group В and 76.6%  in group C. D uring the phase 
o f m iosis the E D G  was entirely paralyzed. I t  was never associated  w ith  PS 
or U R  response but invariably w ith  P D  responses and occasionally  w ith  AS 
responses. During slum ber in the term inal phase o f barbiturate effect there was 
a surprising increase in the EDG  am plitudes w ith sim ultaneous m ydriasis 
(F ig. 2, min. 21 — 22).

I V . Presumable factors affecting the type  o f  EEG response

(a) Though we had to work w ith ou t an autom atic analyser for the  
stu d y  o f E E G  frequencies, close v isu a l stu d y  yielded som e inform ative  
evidence as regards the influence o f  pre-stim ulatory frequency on th e  evoked  
E E G  responses and on other reactions.

In  certain phases o f hexobarbital anaesthesia the basic E E G  frequency  
ten d ed  to  increase and its am plitudes to  dim inish. This process began a few  
m inutes after com pletion o f the hexobarbital injection w ith a basic activ ity  
m ade up o f delta-theta  w aves atta in ing 80 to  200 g \  and resulted  gradually
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F i g s  6 —8.  The prevalence of percentage rates of the individual response patterns and the joint 
changes of pupillomotor and EDG activities reflect the order of succession of the individual 
phases of anaesthesia. The average values of pupillary diameters and of EDG amplitudes are 
given in mm and referred to minutes. The average rates of response variables are referred to 
3-minute intervals, with the exception of the last minute in group A, and the first in groups 

В and C. The divisions of the vertical scale represent 25% changes
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in a m oderately irregular, 10 to  16 C/sec. pattern  o f 20 to 40 /j,v am plitudes 
over th e  entire brain (Fig. 2, min. 15; F ig. 4 , m in. 17— 18; Fig. 5, m in . 13 — 17). 
This phase o f  induced sleep is rem iniscent in  both electrom orphological and 
biological respects o f th at phase o f natural sleep which has been described as 
the “ paradoxical phase” (PP) o f sleep b y  J o u v e t  et al. (1960) and as its 
“ IV th stage” by D e l a n g e  et al. (1962) and w hich is marked by th e  appearance 
o f rapid eye m ovem ents (REM ). The corresponding phase o f  barbiturate- 
induced sleep lacks REM but it does share other features o f  natural sleep, 
nam ely, a considerable reduction o f b ioelectric and other responsiveness.

(b) Certain sections of the tracings revealed  a divergence betw een  elec
tric excitab ility  of the brain and background activity. D ifferent degrees of 
cerebral responsiveness were associated w ith  th e  same background morphol- 
ogy; stim uli o f similar in tensity  resulted  in  dissimilar m odifications o f  the 
E EG . In a m ixture o f 12 — 16 c/sec. low  v o ltage  EEG (Fig. 4, m in. 18), or an 
alpha dom inance (Fig. 5, min. 13, 15) in th e  waking state w ere som etim es 
associated w ith  PS and U R  responses together with m iosis, furtherm ore 
w ith  an absence o f ED G  and of autom atic m ovem ents, and w ith  a relaxation  
of th e  striated muscles those of eyelids too, resulting in spontaneous opening of 
the eyes. In a background activ ity  o f  sim ilar typ e  PD  responses w ere prevalent 
in the term inal phase whereas AS responses were exceptional, and th e  appear
ance o f  high E D G  am plitudes was fairly com m on.

(c) Duration and in ten sity  o f  stim ulation  are of obvious significance, 
particularly w ith  regard to the PS conta in ing  phases of anaesthesia. In  some 
instances, stim ulation  had to be continued  over 2 to 4 minutes to evoke PS re
sponses (Fig. 4, min. 17; Fig. 5, min. 15). The E E G  m odifications o ften  exceeded  
in duration the inductive stim uli (F ig. 1, m in. 3, 8, 9) or, on the contrary, the 
original background activ ity  returned before the end of stim ulation  (F ig. 4, 
m in. 18); again in other cases the E E G  responses disappeared parallel w ith  the 
stim ulation  (Fig. 4 , min. 5; Fig. 5, m in. 17).

H abituation  to  stim uli was rarely observed and never outside th e  phase 
of “paradoxical sleep” (Fig. 4, min. 18). This suggests the in terpretation  that 
during the “ paradoxical” phase, som e sleep-protective m echanism  m anifest
ing itse lf  w ith  a sim ultaneous inhibition  o f  pupillom otor a c tiv ity  and EDG  
m ay becom e prevalent.

(d) The nature o f stim ulus is probably also of significance. D uring the 
peak blood barbiturate levels, i.e. im m ed iate ly  after the end o f  injection , 
nociceptive as well as vagal (coughing), proprioceptive, k inesthetic and ther
mic stim uli seem ed to  influence electric a c tiv ity  o f the brain m ore profoundly  
than  did tactile  or sim ple auditive (buzzer) stim uli. This is indicated  b y  th e  pin
prick-evoked PS responses (Fig. 2, m in. 7) also seen in association w ith  passive  
or autom atic active m ovem ents (F ig. 3, 1; F ig. 4, 2). Moreover, th e  serial re. 
sponses evoked by nociceptive stim uli were interspersed with electric m anifesta .
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tions ty p ica l of more superficial levels of sleep. For instance, there appeared one  
AS am ong the PS responses.

A uditory stim uli o f a personal m eaning such  as calling by nam e w ere 
d ou b tlessly  more efficien t than, for instance, th e  sound of a buzzer. This is 
in agreem ent w ith  th e  observations of O s w a l d  et al. (1956) in hum an natural 
sleep , ind icating  th a t discrim ination o f the m eaning o f words is not com p letely  
abolished  at certain levels o f  unconsciousness.

D i s c u s s i o n

In flow  o f peripheral stim uli into the brain during hexobarbital an aesth e
sia resu lts in bilateral sim ultaneous EEG  responses varying in typ e w ith  the  
level o f  artificial sleep. E voked  m odifications o f  hum an EEG, particularly  
th e  К -com plex associated w ith  barbiturate anaesthesia, have been closely  
stud ied  b y  B r a z i e r  (1954), R o t h  et al. (1956), F i s c h g o l d  and S c h w a r t z  
(1961). H ow ever, to  our know ledge, the claim  th a t  along with the dom inant 
E E G  response patterns characterizing th e  successive levels o f barbiturate  
anaesthesia , the pupillom otor responses and th e  E D G  activ ity  also vary  in  rate  
and in ten sity  in a typ ica l manner, and th at th ese changes are closely co-ordi
n ated , has not been substantiated  thus far b y  sta tistica l evidence.

T he electric response variables specified b y  th e  present authors in barbi
turate-induced  sleep reveal consistent relationships w ith  the successive phases 
of barbiturate effect. E ach individual response variable has some particular  
E E G  segm ent (m axim um  depth of sleep) or segm ents (increasing or d im inish
ing d ep th  o f sleep) as its  optim um . The very  sam e lev e l o f anaesthesia w hich  is 
optim al to  a certain typ e  o f  response m ay be less favourable to (or defin ite ly  
incom patib le  w ith) som e other. The response variables under review  follow  
an unvary in g  chronologic order. Though scarcely affected by the duration o f  
anaesthesia , th ey  are influenced to some degree b y  th e  character and in ten sity  
of th e  stim ulus as well as b y  the rate of in travenous adm inistration o f th e  bar
biturate.

M assive m anifestation  o f any of the m ain response variables marks par
ticular leve l of barbiturate sleep, reflecting at the sam e tim e the responsiveness 
of cerebral electrogenesis and the prevailing level o f  anaesthesia. All the describ
ed b ioelectric variables m ay be regarded as representatives of the a c tiv ity  o f  
separate, non-specific inform ation-carrying structures. Each determ ine the  
m orphology o f evoked electric m odifications at d ifferent levels of anaesthesia. 
Their order o f cum ulative appearance is b y  th is fa c t strictly  depending on the  
successive phases o f th e  la tter. In addition to  th e  tim e locked predom inance o f  
a specific  pattern o f E E G  response it is also th e  degree and tendency o f p u p illo 
m otor and E D G  reactions w hich closely reflect th e  sequence of the phases o f  
anaesthesia.
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It seem s th at, w ith increasing barbiturate blood levels, th e  individual 
P D , AS and PS producing and facilitating non-specific structures are succes
sively  paralyzed in  the order o f  their d ifferent hexobarbital sen sitiv ity . The 
reticular structures o f m axim um  barbiturate sen sitiv ity  make up th e  substrate  
o f “ arousal responses” , whereas the m ost barbiturate-resistant non-specific  
structures em it PS responses. I t  is o f in terest to  recall here th a t particular  
phase o f anaesthesia which resem bles the “ paradoxical” phase o f n atu ra l sleep 
is characterized not only b y  its  electric pattern but also by its h igh  threshold  
o f reactiv ity . Further features adding to  th is  sim ilarity are the PS +  U R  type  
o f  response, distinct miosis and absence o f  E D G .

The biological significance o f  the PS and AS responses is n ot su ffic ien tly  
understood. The PS responses are considered to  represent a functional capacity  
of the brain which m ay be paralleled w ith  an ontogenetic level o f responsiveness  
corresponding to the first days o f  extrauterine life. At this early stage  o f  de
velopm ent, peripheral stim uli produce in th e  hum an being ( K e l l a w a y  1957) 
as well as in animals ( A n o k h i n  1964) high-am plitude, slow -w ave PS re
sponses, instead o f the increased frequency and reduced am plitude, i.e . th e  PD  
(desynchronization) response characteristic o f  th e  adult and child.

I t  is , therefore, reasonable to  assum e th a t the PS response pattern  expres
ses the a ctiv ity  o f the prim ordial arousal system  which in early extrauterine  
life is the sole representative o f  cerebral bioelectric responsiveness. In  th e  course 
of ontogenesis, on this old system  are gradually superimposed m ore differen
tia ted  other arousal structures which produce desynchronization responses 
(PD ) when reaching functional m aturity; nevertheless they  m ay fu n ction  also in 
adult life during certain phases o f natural sleep in the К -com plex m ade up as 
a high-am plitude, slow-wave com ponent. In  conditions affecting consciousness, 
for instance in deep barbiturate anaesthesia or in other com atose sta tes , this 
prim itive arousal system  seem s to  be the on ly  structure capable o f  responding  
to  external stim uli w ith  augm ented cerebral reactivity and o f  signalling  
partial prim itive arousal b y  em itting  h igh-am plitude slow w aves.

There is consistent evidence th a t in ternal as well as extern al sensory  
stim uli stream ing into the brain m ay give rise to  runs of slow -w ave a ctiv ity  
( G r a s t y a n  et al. 1952, B o n v a l l e t  and S i g g  1958a, b, P o m p e i a n o  and 
S w e t t  1962). E lectric stim ulations at slow  frequencies to various cerebral 
structures m ay induce E E G  synchronization  and recruiting responses in 
anim als ( H u n t e r  and J a s p e r  1949, H e s s  1957, M a g n e s  e t al. 1961, 
F a v a l e  et al. 1961, B u c h w a l d  et al. 1961, H ö s s l i  and M o n n i e r  1962, 
MoRUZZi 1964). These E E G  responses are associated w ith a reduction  
o f alertness and m otor a c tiv ity , even  w ith  behavioural p attern s of 
sleep.

In opposition to these observations, P r i n c e  and S h a n z e r  (1966) stated  
to  have induced a high-am plitude synchronized cortical activ ity  in th e  frontal
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area b y  h igh frequency electrical stim ulation o f  th e  pontom esencephalic retic
ular su b stan ce and th e  scia tic  nerve in cats su b jected  to anaesthesia b y  22 
to  27 m g/kg of pentobarbital. The synchronization  response was associated  
w ith  b io logic  signs o f  arousal.

In h ib itory  responses to  excitation o f th e  non-specific thalam ic nuclei 
b y  lo w  frequency electric im pulses have been dem onstrated in m an, ( J u n g  
and H a s s l e r  1960, S p i e g e l  et al. 1960). G eneralization of synchronization  
in  th e  E E G  was closely  fo llow ed  b y  a gradual im pairm ent of concentration  
and o f  awareness until th e  to ta l loss of consciousness.

I t  is certainly d ifficu lt b u t in our view  not im possib le to bridge over the  
gap b etw een  the foregoing observations and our interpretation o f th e  PS  
responses. The d ifficu lty  o f  th is  task  is well illu strated  by the d ivergence o f  
v iew s in  respect o f th e  К -com plex. To quote a few  exam ples:

(a) The К -com plex seem s to  act so as to  m uffle the arousal stim ulus  
( W a l t e r  1953). Its m ajor feature is that it  occurs w ithout arousing th e  su b 
ject ( B r a z i e r  1954). The К -com plex seems to  signal the intake o f  neutral 
afferent im pulses b y  th e  brain ( F i s c h g o l d  and S c h w a r t z  1961). (b) The 
К -co m p lex  represents a b iological correlate o f  a prim ordial perceptual process, 
in  o th er  words, a prim itive sta te  o f vigilance, triggering off the process of 
arousal ( B a n c a u d  et al. 1953, R o t h  et al. 1956,). (c) The h igh slow  
tra n sien t factor seem s to  represent the prim ary process activated  b y  th e  
im p u lse  whereas the rh yth m ic fast com ponent is in  all likelihood the m anifes
ta tio n  o f  the prevailing arousal process ( K e l l a w a y  1957, V e t t e r  and 
B ö k e r  1962).

In  th e  present stu d y , sensory stim ulation  during deep anaesthesia was 
in effic ien t or resulted in PS responses with occasional mydriasis. The pupillary  
reaction  shows that th e  structures producing P S  are capable of em itting arousal 
im p u lses in  response to  excita tory  stim uli. T he appearance of tw o  w ave  
com p on en ts o f opposite nature in the AS responses, particularly those form ing  
short chains from alternating  runs of frequent and slow w ave responses 
during superficial sleep (F ig . 1, min. 3, 9, 11) m ay b e signs of a phasic inh ib ition  
b rought about by bulbar inh ib itory  impulses on th e  A R A S, as dem onstrated b y  
M a g n e s  et al. (1961) in  anim als. D e l l  et al. (1961) as well as B o n v a l l e t  
and A l l e n  (1963) su ggest th e  possibility o f  a m esencephalo-bulbar-m esen- 
cephalic cycle. V e t t e r  and B ö k e r  (1962) b elieve , as do the present authors, 
th a t th e  first desynchronized com ponent o f th e  A S responses m ay w ell repre
sen t th e  stim ulatory (arousing) impulses of th is cycle .

W ith  gradual recovery  from  hexobarbital anaesthesia, the AS responses 
step  b y  step  disappear and th e  num ber of the P D  m odifications increases, parallel 
w ith  extrem e EDG  oscillations during growing in ten sity  of som atom otor and  
p upillom otor responses. M anifestations of returning consciousness and verbal 
r e a c tiv ity  m ay also be observed. These behavioural changes signify th e  rein-
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tegration o f th e  responsiveness and of the m ultip le interplay o f the cerebrocor- 
tica l structures o f  vo lu n tary  activ ity .

On the ground o f  th e  present observations th e  morphologic features o f  
EEG  responsiveness outlined  in the foregoing m ay well represent different 
non-specific brain stem  system s, each influencing th e  EEG , pupillom otor, and 
ED G  a ctiv ity  in d ifferent phases o f anaesthesia, m ost probably in relation  to  
their individual barbiturate tolerance.

E vidence derived from  studies on cats and m onkeys perm its to  connect 
the m echanism  o f barbiturate effect w ith an in h ib itory  influence on the syn ap 
tic functions o f  certain m esencephalic reticular structures ( F o r b e s  and 
M o r r i s o n  1939, K i n g  1956, F e l d m a n  and P o r t e r  1960, F e l d m a n  and 
W a g m a n  1963). It  is reasonable to assum e th a t certain hierarchic and some 
antagonistic tendencies ex isting  between these structures are suppressed in  the  
sta te  o f  consciousness and successively released w ith  deepening anaesthesia. 
B r a z i e r  (1954, 1961, 1963) finds sufficient support to  the claim  th a t deepen
ing barbiturate anaesthesia  gradually abolishes norm al inh ib itory m echa
nism s o f the cerebral cortex, while releasing E E G  rhythm s suppressed in the  
norm al sta te  o f  consciousness.

From the present observations it em erges th a t the m echanism  o f arousal 
from deep hexobarbital anaesthesia is in no w ay  confined to  any single arousal 
structure. Instead , it  m ay be attributed to  an in teraction  of excitatory  in flu 
ences of different non-specific arousal structures, each o f individual barbiturate- 
sen sitiv ity  but in functional hierarchy. A rousal is elicited b y  repeated sensory  
stim uli o f adequate in ten sity , and triggered off, in all probability, b y  the m ost 
barbiturate-resistant, PS-producing structure assum ed to represent th e  pri
mordial arousal system  in ontogenesis. In flow  o f sensory stim uli has an “ ener
gizing” effect on th e  reactiv ity  of th is system , enabling it  under favourable  
circum stances to  em it, on its  part, further “ energizing” stim uli to  th e  less 
barbiturate to lerant AS system  which, in its turn , m ay prom ote the ex c itab ility  
o f the PD  system  b y  a sim ilar m echanism .

These effects o f  th e  peripheral im pulses are coupled with their stim ulating  
influence on cardiovascular functions w hich greatly  enhances the process of 
detoxication  by accelerating elim ination o f th e  drug from the organism .
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EFFECT OF DIMERCAPROL IN ACUTE ORGANIC 
MERCURY POISONING OF THE RAT

B y

S. B o r d á s  and K o r n é l i a  L e h o t z k y

STATE INSTITUTE OF OCCUPATIONAL HEALTH, BUDAPEST

(R eceived N ovem ber 23 , 1967)

Dim ercaprol in a subcutaneous dose o f 20 m g per kg given three tim es in 24 hours 
exerted som e antitoxic a c tiv ity  in  rats poisoned with organic a lkyl, a lkoxy-alkyl, 
and aryl m ercurials. As com pared to m ercury bichloride, the order o f  e ffic ien cy  was 
as follows: m ercury bichloride (HgCl ,)  >  phenyl mercury acetate (PM A ) >  ethyl 
mercury chloride (EMC) >  d ip henyl m ercury (DPM ) >  phenyl m ercury chloride 
(PMC) >  m eth oxyeth y l m ercury chloride (MEMC). On protracted adm inistration  
(6 tim es 10 m g per kg within 2 days, or 12 tim es 5 mg per kg w ithin 3 d ays), dim er
caprol exhibited  a greater effic iency  against MEMC, the m ortality rate being reduced  
to values betw een  those of DPM  and PMC.

It is suggested  that the protracted  adm inistration of dim ercaprol m ay have a 
favourable e ffect in acute poison ing w ith  one o f the above mercurials.

According to  experim ental data  (G i l m a n  et al. [1], B r a u n  et al. [2], 
L o n g  and F a r a h  [3],  N e u m a n  and A l l e n  [4], L e v y  et al. [5]) and clinical 
observations ( L o n g c o p e  and L u e t s c h e r  [6]) dimercaprol is a p o ten t antidote  
in  acute poisoning w ith inorganic mercurial com pounds, particularly mercury 
bichloride. Opinions differ, how ever, about the efficiency o f  dim ercaprol in 
hum an acute poisoning w ith organic m ercury compounds. Som e authors 
( J a l i l i  and A b b a s i  [7], J o r o n  [8 ] ,  K l i m m e r  [9]) believe th at dim ercaprol is 
an effective antidote and therefore th ey  prescribe it w ith or w ith o u t restric
tio n s. Others (A h l b o r g  and A h l m a r k  [10],  H ö ö k  et al. [11], L u n d g r e n  and 
Sw e n s s o n  [12]) are o f the view  th a t dim ercaprol is inefficient, or is efficient 
on ly  in the late phase of acute poisoning, or in chronic in toxication . There are 
also authors (G l ö m m e  and G u s t a v s o n  [13],  H a y e s  [14]) who consider dim er
caprol to be harm ful in such cases and therefore contraindicate its  use in 
organic mercury poisoning.

To study th e  problem, experim ents have been performed on rats poisoned  
w ith  organic mercurials com m only used as fungicidal seed-dressers and indus
tria l protectives, and the value o f  dim ercaprol as an antidote has been tested .

Methods

Compounds tested. A list of the su bstances, w ith  their chemical structures and m elting 
poin ts, is given below . All compounds are w h ite, crystalline, volatile m aterials, w h ich  have a 
m oderate tendency to sublim ate, and are not, or w eakly , soluble in water.
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Name and abbreviation Chemical structure Melting point,
°C

E th y l mercury chloride, EMC C2H 5- H g - C l 249.5 to 253

M ethoxyethyl mercury chloride, MEMC CH30  — C ,H 4- H g - C l 65 to 66

P henyl mercury chloride, PMC C6H 5— H g — Cl 189 to 194

P h en y l mercury acetate, PM A C6H 5—H g -O O C  —CH3 149 to 151

D iphenyl mercury, DPM C6H 5— H g —C6H 5 121

Mercury bichloride, dim ercaprol and sodium phénobarbita l used in the experim ents  
were o f  a purity m eeting th e  requirem ents of the H ungarian pharm acopoeia.

Experim ental an im als. A  to ta l o f 1188 male W istar rats w eighing 200 to 220 g w as used  
in the study. The anim als w ere quarantined for 2 weeks prior to  the experim ents, during w hich  
th e y  were fed a standardized sy n th etic  diet and allowed free access to water. Then the anim als 
were p u t into cages, 10 rats in each , where they received the sam e diet, and water ad lib itum . 
B od y  w eight and general h ea lth  were checked daily. A fter 14 days observation all the rats who 
had not died spontaneously were killed by decapitation. R o u tin e  necropsy, with special a tten 
tio n  to  the kidneys, was undertak en  in each animal.

Method. In the in itia l phase of the experim ents, based on the data of Sw e n s s o n  [15] as 
w ell as S w e n s s o n  and U l f v a r s o n  [16], the LD60 was estim a ted  for mercury chloride and the  
organic mercurials adm inistered b y  the intraperitoneal route , according to the technique o f  
D e ic h m a n n  and L e B l a n c  [17]. T hen the intraperitoneal L D 60 +  S.E . was estim ated w ith  5 
or 6 doses, each dose being te sted  in 10 animals, using the log-probit graphical m ethod described  
by M il l e r  and T a in t e r  [18]. In th e  knowledge of the L D 50 va lu es it was established in groups 
o f 40 rats each to w hat true L D  values corresponded th e  ca lcu lated  L D 7() values.

Thus, the actual to x ic ity  o f  each compound w as determ ined. These com pounds were 
g iven  intraperitoneally to  groups o f 40 rats each, and dim ercaprol was injected subcutaneously  
in doses o f 20 mg per kg, three tim es daily. For prevention , dim ercaprol was injected 5 m in. 
before, and 60 and 180 m in. after, the administration o f the m ercurial. For therapeutic purposes 
dim ercaprol was injected 30, 60, and 210 min. after the m ercurial (N e u m a n n  and A l l e n  [4]). 
In the experim ents where MEMC and phénobarbital were g iven  concom itantly, the barbiturate  
was injected subcutaneously in  doses o f 40 mg per kg, sim ultaneously  w ith the first injection  
o f dimercaprol. For prolonged treatm ent, 6 tim es 10 m g per kg and 12 tim es 5 m g per kg of  
dim ercaprol was adm inistered in  tw o and three days, resp ectively ; the time of adm inistration  
is ind icated  in Table III .

Results

Toxicity. As show n in  Table I, mercury bichloride was the m ost to x ic  
o f th e  compounds. T he alkyl-com pound EMC, and the alkoxy-com pound  
MEMC were 2 to 2 and  a h a lf tim es less to x ic  th a n  mercury bichloride. The 
aryl-typ e com pounds w ere th e  least toxic, am ong th em , PMA exhibited a to x ic 
i t y  4 tim es, PMC 6 and a h a lf tim es, and D PM  ab ou t 16 tim es, less than  th at  
o f  m ercury bichloride. T he L D 50 for subcutaneous dimercaprol was 120 m g  
per kg, in  agreem ent w ith  data in the literature ( D u r l a c h e r  et al. [ 1 9 ] ) .

Part of the poisoned  anim als died on th e  4 th  to  6th  day, in bad condition, 
w ith  slight loss o f  w eig h t, incontinency o f urine, and finally  trem or and 
a tax ia . Necropsy revealed  large white k idneys, w ith  sim ilar histological charac
ter istics as seen in m ercury bichloride poisoning. In  the survivors th e  changes 
w ere less pronounced and resem bled those in  anim als recovering from m ercury  
bichloride poisoning.
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Table I

Acute toxicity o f  mercury bichloride, M E M C , E M C , P M  A, P M C  and D P M  
in male albino rats weighing 200 to 220 g

Compound tested
LD6 X LDe,±S.E. Calculated LD70

mg per kg, intrapcritoneally

Mercury bichloride 
Cl—H g—Cl 3.3 4.0 +  0.3 4.6 =  LD„0

MEMC
C H .,0 -C 2H ,—H g—Cl 16.0 9 .4 + 0 .9 1 2 .0 =  L D (7 j

EMC
C2H 5- H g - C l 16.0 9.9 ± 0 .4 12.0 =  L D jj j

PMA
CeH 5—H g OOC— CH3 15.0 12.0 +  0.3 15.0 =  LD„7 5

PMC
C0H 5—H g - C l 37.0 26.0 +  0.3 30.0 =  l d 80

DPM
CeII j— Hg CeH j 72.0 63.0 +  4.0 72.0 =  LD„0

E fficiency o f  dimercaprol. As shown in Table II , preventive dim ercaprol 
treatm ent had a more favourable effect, except in MEMC poisoning. The order 
of dim ercaprol efficiency was rem arkably different from the order o f  to x ic ity . 
It p o ten tly  antagonized the alkyl and aryl mercurials, while in th e  case o f  
MEMC dimercaprol not only was inefficient, but in doses o f 20 m g per kg

Table II

Effect o f  dim ercaprol in mercury bichloride, M E M C , E M C , ИМ A , P M C  and D P M
poisoning o f  the rat

Compound tested

Preventive administration* Therapeutic administration**

Organic 
mercury, 

mg/kg ip.

Death 
per total 

of animals

Mortality
rate,
о//о

Organic 
mercury, 
mg/kg ip.

Deaths 
per total 

of animals

Mortality
rate,
%

Mercury bichloride 4.6 =  LD90 0/20 0 4.6 1/20 5
MEMC 12.0 =  L D „ .5 33/40 82.5 12.0 33/40 82.5

EMC 12.0 =  L D ü2.5 3/40 7.5 12.0 7/40 17.5

PMA 15.0 =  L D ,,,., 0/40 0 15.0 0/40 0
PMC 30.0 =  LDS() 1/40 2.5 30.0 21/40 52.5

DPM 72.0 =  L D 00 4/40 10.0 72.0 11/40 27.5

* 20 m g/kg of dimercaprol subcutaneously, 5 m in. before, and 60 and 180 m in. after  
the adm inistration of the poison.

** 20 m g/kg of dimercaprol subcutaneously, 30, 90, and 210. min. after the adm inistra
tion  of the poison.
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adm in istered  subcutaneously 3 tim es for 1 day  it  augm ented to x ic ity , increas
ing  th e  ratio o f spontaneous deaths.

T he toxic  effect (4.6 m g per kg) o f intraperitoneal mercury bichloride  
w as fu lly  prevented b y  3 tim es 20 mg per kg o f  subcutaneous dim ercaprol 
g iven  as a prophylactic m eans; when adm inistered therapeutically, th e  sam e  
dose h ad  a 95%  efficiency. These data are in agreem ent w ith the values ob ta in 
ed  b y  N e u m a n  and A l l e n  [ 4 ] .  E xcept for one anim al which died on th e  10th  
d ay  o f  observation, th e  rats poisoned w ith  m ercury bichloride and treated  
w ith  dim ercaprol show ed a satisfactory gain in w eight throughout the experi
m en t; a transitory w eight loss was invariably observed on the first 2 or 3 days. 
In  th e  rat which had died spontaneously th e  k id n ey  displayed changes similar 
to  th o se  observed in th e  untreated  group, w hile the animals which survived  
sh ow ed  at m ost som e m inor changes which resem bled those seen in  convales
cence from  mercury bichloride poisoning.

A gainst PMA, dim ercaprol was fu lly  effic ien t, both in preventive and 
th erap eu tic  treatm ent. In  th e  case of the other mercurials, the antagonizing  
p o ten cy  o f dim ercaprol decreased in the order EMC, DPM, PMC. All survi
vors exh ib ited  an alm ost norm al gain in w eight and practically no sym ptom s  
o f poison ing. In the anim als which had died spontaneously  necropsy revealed  
gross and m icroscopic renal changes som ew hat sim ilar to those observed in 
m ercury bichloride poisoning. The survivors d isplayed normal k idneys and 
occasion a lly  signs o f  reparation.

W ith  the com bination  o f MEMC and dim ercaprol, the m orta lity  rate 
increased  from 67.5%  to  82.5% , irrespective w hether dimercaprol had been  
applied  as a preventive or as a therapeutic m easure. Soon after th e  first dose 
o f dim ercaprol, the anim als exhibited restlessness, then 20 to  30 m in. after 
th e  fir st or second injection  tonic-clonic convulsions developed which resem bled  
th e  sym ptom s occurring after the adm inistration o f tox ic  and lethal doses o f  
dim ercaprol; the fits  ten d ed  to  occur tw ice or th ree tim es and in such case the  
anim als died in consequence o f respiratory arrest during the com atose state  
th a t  fo llow ed the convulsions.

M E M C  +  dim ercaprol 4- phénobarbital (Table III). Sodium  phénobar
b ita l w as potent in  p reven tin g  lethal convulsions in 31 of the 40 rats treated  
w ith  MEMC and dim ercaprol; the acute m orta lity  rate was sign ificantly  reduc
ed as com pared to  th e  group receiving on ly  MEMC and dimercaprol. P héno
barb ita l, however, failed  to  prevent death on th e  4th  to  6th days, characteristic  
o f  MEMC poisoning. The overall m ortality ra te , thus, was not different from  
th a t after MEMC alone. The necropsy find ings w ere similar to  th ose found in  
MEMC poisoning ( B o r d á s  [20]).

M E M C  -j- protracted dimercaprol treatm ent. Results are show n in the  
secon d  part o f Table I I I . In  contrast to  th e  unfavourable results obtained  
w ith  3 tim es 20 mg per kg o f dimercaprol, in 24 hours, either 10 mg per kg 6
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Tabic III

Effect o f  protracted dim ercaprol treatment in acute 
M E M C  poison ing o f  the rat

Mode of treatment
MEMC, 

nag per kg 
ip.

BAL,
mg per kg

sc.

Spontaneous 
deaths per 

No. of 
animals

Mortality
rate,
•/,

1. Dimercaprol treatm ent for 1 day 12.0 3x20.0* I 33/40 I 82.5
2. Dimercaprol -)- phénobarbital sodium  

for 1 day

Control of tests 1 and 2

12.0
12.0
12.0
12.0
12.0

3x20.0** 12/20 60.0
27/40 67.5

6x10.0*** 7/20 35.0
12x5.0**** 6/20 30.0

18/20 90.0

3. Dimercaprol treatm ent for 2 days

4. Dimercaprol treatm ent for 3 days 

Control of tests 3 and 4

* Injection  of dimercaprol 0.5, 1.5 and 3.5 hours after MEMC poison ing.
** In jection  of dimercaprol +  phénobarbital sodium , 40 mg per kg subcutaneously . 

0.5, 1.5 and 3.5 hours after MEMC poisoning.
*** Injection  of dimercaprol 0.5, 1.5, 3 .5, 7, 24 and 28 hours after MEMC poisoning. 

**** Injection  of dimercaprol 0.5, 1.5, 3 .5, 7, 23, 25, 27, 29, 46, 48, 50 and 52 hours 
after MEMC poisoning.

tim es in 2 days, or 5 mg per kg 12 tim es in 3 days proved efficien t in  preventing  
convulsions and reducing m ortality  rate.

According to  present know ledge [1], th e  therapeutic e ffic ien cy  o f  dimer
caprol in m ercury bichloride poisoning is based on the chem ical b in d in g  o f the 
poison.

dim ercaprol +  H gCl2 -*- dim ercaprol—HgCl2com plex I +  dimercaprol dim ercaprol — HgCI.
com plex II

This reaction occurs when dim ercaprol is present in th e  organism  in 
sufficient am ounts. Thus, tw o m olecules o f  dimercaprol neutralize each  m ole
cule o f mercury bichloride, and the product o f  the reaction is a w ater-soluble, 
non-dissociating com plex which is rapid ly  elim inated through th e  k idneys.

According to  polarographic studies o f J o s e p o v i t s  and Y é g i i  [21], PMA 
readily forms a com plex w ith dim ercaprol in  v itro, and the resu lting com plex I,

D iscussion
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w h ich  is not easily transform ed  into dimercaprol— PM A  com plex II, obviously  
ow in g  to  the presence o f  th e  slow ly  dissociating p h en y l radical.

T hus, the dim ercaprol — PM A complex I seem s to  be a substance d issociât -

th e  organism . This is w h y  dimercaprol is an effic ien t antagonist o f PM A.
According to th e  ob servation s of J o s e p o v i t s  and V é g h  [ 2 1 ] ,  form ation  

o f  th e  dimercaprol — D PM  co m p lex  occurs slow ly in  v itro ; th is might he respon
sib le  for the weak effect o f  dim ercaprol in DPM  poisoning.

MEMC a n d  d i m e r c a p r o l  t e n d  t o  f o r m  a  c o m p l e x  I, a n d  t h e n  t h e  d i m e r 

c a p r o l — MEMC c o m p l e x  I I  ( J o s e p o v i t s  a n d  V é g h  [ 2 1 ] ) .

dim ercaprol 4- MEMC->- d im ercaprol—MEMC com plex I d i m e r c a p r o l —MEMC com plex II

There is reason for assu m in g  that (i) as th e  form ation  of the dimercaprol — 
MEMC com plex I takes a t le a st  30 to 60 min. T here is tim e for the MEMC to  
be absorbed and bound at various sites in the organism ; (ii) the lipoid-soluble  
a lk y l radical of the d im ercaprol — MEMC com plex I m ay  in a hitherto unknow n  
w a y  augm ent the to x ic ity  o f  dimercaprol low  concentrations of which cause  
convu lsions which can be antagonized by b arb iturate derivatives [19]; (iii) 
f in a lly , dimercaprol— MEMC com plex II is  capable o f  dissociating m ercury [1], 
w h ich  m ay aggravate th e  c lin ica l picture of th e  poison ing. These considerations 
m a y  offer an exp lanation  w h y  acute dim ercaprol treatm ent (3 tim es 20 m g  
per k g  w ithin a day) fa iled  to  have any appreciable effect on the overall m ortal
i t y  ra te . I f  the ad m in istration  of dimercaprol is protracted, the convulsions  
responsib le for death o f  th e  anim als tend to occur less frequently, presum ably  
as a result of the MEMC -j- dimercaprol syn erg ism . Also, with protracted  
adm in istration , the n eu tra liza tion  of MEMC, o f th e  com plexes of dim ercaprol 
an d  MEMC, and their fu rth er  m etabolites, and th e  elim ination of these su b 
sta n ces  are enhanced and th u s  the poisoning ta k es a favourable course.

A s regards EMC, D P M , and PMC, the resp ective  com plexes of th e  first 
ty p e  are probably form ed w ith  dimercaprol. D istr ib u tion , neutralization, and  
elim in ation  of these co m p lex es are favourable en ou gh  to  ensure a certain degree 
o f  control.

dim ercaprol +  P M A ->- dimercaprol— PM A  com plex I

in g  slow ly  or not at all, w h ich  is water-soluble and  is rapidly elim inated from

S - H g — C ,H 4— OCH

■SNa

•S.
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HISTOCHEMISCHE VERLAUFSBEOBACHTUNGEN 
DER /З-HYDROXYBUTTERSÄUREDEHYDROGENASE 
UND UNSPEZIFISCHEN ESTERASE GANZKÖRPER

BESTRAHLTER RATTEN

Von

G. W a l t h e r  und K . -J .  S c h m i d t

INSTITUT FÜR GERICHTLICHE MEDIZIN (DIREKTOR: PROF. DR. MED. H. LEITHOFF)
UND INSTITUT FÜR KLINISCHE STRAHLENKUNDE (DIREKTOR: PROF. DR. MED. L. DIETHELM) 

DER JOHANNES-GUTENBERG-UNIVERSITÄT, MAINZ

(E ingegangen am 5. D ezem ber 1967)

Die A k tiv itä t der unspezifischen E sterase (In doxylacetat) und H B D H  wurde 
nach  Ganzkörperbestrahlung m it 650 und 1950 R  in 10 Rattenorganen im  Verlaufe  
v o n  72 Std. h istochem isch untersucht. In Leber, Niere, Ovar, Pankreas, Nebenniere, 
Darm  wurde nach anfänglicher Aktivierung eine Abnahm e der E n zy m ak tiv itä t — in 
einzelnen Organen bis zum  völligen Schwund — festgestellt. Im Herzen dagegen konn
te  nach 1950 R eine A ktivierung der H B D H  beobachtet werden. M itursächlich für diese 
Enzym veränderung ist eine Störung des F ettabbaues. Die Hauptursache ist jedoch  in 
der allgem einen A ktivierung des Stoffwechsels zu B eginn der Strahlenkrankheit zu erb
licken. Dieser A ktivierung fo lgt nach 1950 R am  3. T ag ein allgemeiner Zusam m enbruch  
des Stoffw echsels. Bei diesem  Verhalten der H B D H  im  H inblick des F ettsäu rezyk lus ist 
an eine zusätzliche B ereitstellung von R adikalen für den K rebszyklus zu denken. Zu er
w ähnen ist, daß sich Gehirn und Milz hinsichtlich der untersuchten Ferm ente als relativ  
strahlenunem pfindlich erwiesen.

Durch die zunehm ende Verwendung ionisierender Strahlen in Therapie 
und D iagnostik  wird die W irkung dieser energiereichen Strahlung au f die 
einzelne Zelle und den Organismus in den M ittelpunkt des Interesses gerückt. 
D ie radiobiologische G rundlagenforschung der letzten  Jahre hat sich daher 
zunehm end m it strahlenbedingten Schäden des lebenden O rganism us, ins
besondere solcher des Enzym m usters der Zelle, befaßt. Den E nzym en kom m t 
als K atalysatoren  biochem ischer R eaktionsabläufe eine wesentliche B ed eu tu n g  
zu.

A u f lebende Substanz auftreffende E nergiequanten bewirken reversible 
und irreversible Veränderungen an der Zellm em bran, dem Zellkern und den 
Zellorganellen. Man unterscheidet zwischen einer direkten und indirekten  
Strahlenw irkung. Als Folge der direkten Strahlenw irkung treten  R adikale  
verschiedener chem ischer Reaktionsgruppen auf. Es erfolgt eine Änderung  
der Ionenkonzentration  sow ie der spezifischen A ktivatoren und Inhibitoren. 
W eiterhin kann der C oenzym gehalt und auch die chem ische K on stitu tion  des 
Ferm entes selbst geändert werden ( B e r g e d e r , B r e u e r  und P a r c h w i t z ). 
Aus dem  Zusam m enwirken dieser Faktoren resultieren A ktivierungen oder 
H em m ungen der E n zym ak tiv itäten , die den A blauf des intrazellulären und

Acta Medica Acadcmiac Scientiarum Hungaricae 25, 1968



226 G. W A LTH ER and K .-J. SCHM IDT

au ch  interm ediären Stoffw echsels beeinträchtigen. Hierdurch bedingte S toff
w echselentgleisungen  sind als indirekte Strahlenw irkung auf den G esam torga
n ism u s aufzufassen. D em  Strahlentherapeuten sind solche R eaktionen  seit 
la n g em  bekannt. Sie werden unter dem klin ischen  Begriff der Strahlenkrank
h e it  zusam m engefaßt.

In  der vorliegenden A rbeit soll über das V erhalten zweier im  F ettsäu re
sto ffw ech se l beteiligter E n zym e — der /S-H ydroxybuttersäuredehydrogenase  
u n d  der unspezifischen E sterase — unter Zugrundelegung histochem ischer  
U ntersuchungsm ethoden  in  den Zellen lebensw ichtiger Organe vo n  R atten  
n a ch  G anzkörperbestrahlung berichtet w erden. D ie U ntersuchungsergebnisse 
w erd en  im  Zusam m enhang m it dem A blauf des Fettsäurestoffw echsels d isku
tier t .

D er erste Schritt des A bbaues der F ette  is t  die enzym atische Spaltung  
der E sterb indung zw ischen Glyzerin und Carboxysäure:

RCOOR' +  H 20  ^  RCOOH +  R OH

M an spricht von einer L ipase, wenn das Substrat ein Ester einer höheren  
F ettsä u re  m it Glyzerol oder anderen A lkoholen ist. D ie übrigen esterspalten 
d en  F erm ente werden als Esterasen bezeichnet. Je nach dem angebotenen  
S u b stra t spricht man von  einer spezifischen oder nichtspezifischen Esterase. 
Im  vorliegenden Falle h an d elt es sich bei V erw endung von In d o x y la ce ta t um  
d en  N achw eis einer A liesterase.

N eben  der D arstellung der unspezifischen Esterase (U E ) w urde, um  
b esseren  Einblick in den Fettsäureabbau zu erhalten, die /5-H ydroxybutter- 
säuredehydrogenase (H B D H ) histochem isch nachgew iesen. Dieses E n zym  ist 
N A D -ab h än gig  und k ata lysiert die U m w andlung von D-y3-Hydroxybutter- 
säure in  Azetoessigsäure:

D -/3-H ydroxybutyrat -f- D P N + A cetoaceta t -j- D P N H  -j- H

D ie  w ichtigere Funktion der H B D H  ist jed och , m it Coenzym A  an der O xy
d a tio n  der Fettsäuren gekuppelt m it der Syn th ese des aktivierten Coenzym s 
А  — teilzunehm en. W enn die H B D H  als D -B utyratcoenzym -A -D ehydrogenase  
w irk sam  ist, kann man die R eaktion wie fo lg t zusam m enfassen:

D -ß-H ydroxybutyryl-C oA  +  D P N + A cetoacetyl-C oA  -f- D P N H +  H +

D u rch  die A cetyl-CoA-Transacylase kann A cetoacetyl-C oA  und CoA in 2 Mol 
A cety l-C oA  umgelagert w erden. Über dieses aktiv ierte Coenzym A is t  som it die 
V erb in d u n g  zum Zitronensäurezyklus gegeben.
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Das Ferm ent spaltet /З-H ydroxybuttersäure, oxydiert jedoch auch höhere 
/LH ydroxycarbonsäuren bis zu einer K etten län ge von 9 C-Atom en. E s ist 
stereospezifisch und spaltet die linksdrehenden Form en nicht.

Die höchste E n zym ak tiv itä t von den Organen der R atte w eist die Leber 
auf. Es folgen danach N iere, Herzm uskel sow ie Nebenniere und in größerem  
A bstand Pankreas, Gehirn, Skelettm uskel und Milz ( L e h n i n g e r  und M itarb.). 
D ie A k tiv ität der U E  ist in der Leber aller Säugetiere relativ hoch ( F o d o r , 
F a l c o n e r  und T a y l e r , O m a c h i  und M itarb.). In  Darm  (A l d r i d g e ), Pankreas 
(M y e r s  und M itarb.), Ovar und Skelettm uskel (M a t l a c k  und T u c k e r ) sind  
diese A k tiv itäten  niedriger. Sehr wenig A liesterase findet sich im  H irngewebe 
(M y e r s ).

Material und M ethode

Zu den U ntersuchungen wurden 34 weibliche geschlechtsreife R atten  eines W istarstam - 
m es verwendet. D ie Tiere erhielten im Überschuß Standardkost der Interm ast G m bH  sowie 
W asser ad libitum . Zur Zeit des Todes hatten  sie ein  K örpergewicht von 170— 180 g. Die 
G anzkörperbestrahlung erfolgte in einem P lexig lasbehälter entsprechend der Feldgröße von  
10 x 1 5  cm m it dem  R öntgengerät »Stabilipan« der F irm a Siem ens— Reiniger bei 250 КУ  
Röhrenspannung, 15 m A Strom stärke und 1 mm K upferfilterung. Die H albw crtschicht betrug  
2;08 mm Cu, der Focus-Tierabstand 40 cm, die D osisle istung 110 R/m in. Zwei Gruppen von  je 
12 Tieren erhielten eine einm alige G anzkörperbestrahlung von  650 R und 1950 R. 24, 48 und  
72 Stunden nach der Restrahlung wurden je 4 Tiere zur gleichen Tageszeit durch D ekapitation  
getö tet, seziert und sofort histochem isch aufgearbeitet, so daß die zeitliche D ifferenz zwischen  
T ötung und Inkubation der le tzten  G ewebsschnitte n ich t m ehr als 3 Stunden betrug. A ls Ver
gleichsgruppe dienten 10 Tiere, die unter gleichen R edingungen gehalten und g etö tet wurden.

Zur Untersuchung gelangten frische 10 fj starke K ryostatschnitte von  Leber, Niere, 
Herz, Großhirn, M uskel, Pankreas, Nebenniere, Ovar, M ilz und Dünndarm.

Die D arstellung der H B D H  erfolgte nach der von  P e a r s e  angegebenen K obalt-Form a- 
zan-Technik, die von  H e s s  und Mitarb. zusam m engefaßt beschrieben wurde. Wir benutzten  
MTT [3-(4,5-d im ethylthiazolyl-2)-2,5-d iphenyl-tetrazolium brom id] als W asserstoffakzeptor. 
D em  histochem ischen N achw eis der A ktiv ität der U E  wurde die von B a r r n e t t  und S e l ig - 
m a n  und H o lt  angegebene M ethode zugrunde gelegt. A ls Substrat verw endeten wir Indoxylace- 
ta t. D ie R eaktion verläuft wie in Abb. 1 dargestellt.

C - O —СОСИ,

/ \ / с н
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1/2 О- Н .,0

A bb. 1. H istoehem ische E sterasereaktion m it In d o xy laceta t. Bei der hydrolytischen Spaltung  
wird Indoxyl frei, w elches durch den im Gewebe und in der Inkubationslösung vorhandenen  
Sauerstoff sofort zu Indigo oxydiert wird. Indigo ist lich tech t, beständig und in den bei h isto

chem ischen Reaktionen vorhandenen M edien nicht löslich
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Ergebnisse

E nzym histochem ische N achw eise sind in erster Linie qualitative M etho
den, d ie  Inform ationen über die T opik der E nzym e verm itteln . Zur B eurteilung  
der Stoffw echselvorgänge is t  aber auch die H öhe der E n zym ak tiv itä t von  
B ed eu tu n g . Es ist jedoch anhand der Größe und D ichte der Form azangranula  
au f d ie In ten sitä t der F erm entreaktion zu schließen. D ie Höhe dieser F erm en t
a k tiv itä t  wurde in Beziehung zum  E nzym verteilungsm uster der K ontrolltiere  
g esetzt.

ß-H ydroxybuttersäuredehydrogenase  (Ü bersich t — Abb. 2)

Leber :
N a c h  Bestrahlung m it 650 R  zeigte  sich nach 24 Std. eine starke Zunahme der Form a

zangranu la , die auch nach 48 Std. erhalten  blieb. Am  3. T ag bestand immernoch eine deutliche  
E rhöh u n g . N ach  1950 R war die A k tiv ierung nach dem  ersten Tag nicht ganz so stark , aber 
48 S td . p . r. und 72 Std. p. r. gleichartig  ausgebildet. D ie auch bei den K ontrolltieren vorhan
dene le ic h te  Betonung der läppchenzentralen  Gebiete wurde bei der bestrahlten  Gruppe 
deutlich er . D aneben waren besonders bei den m it 1950 R  bestrahlten  Tieren am 2. un d  3. Tag; 
eine d e u tlich  fleckförmige A nordnung ohne B eziehung zum  Läppchenbau des O rganes zu 
b eob a ch ten . Außerdem fiel eine Vergröberung und Verklum pung der Granula auf.

24 Std. 48 Std. 72 Std.

Leber 650 R + + + + + + + +
1950 R + + + + + + +

Niere 650 R  
1950 R

0
-J— 1— J- + 0

Darm 650 R + + + 0
1950 R + + + — —

Muskel 650 R  
1950 R

—
— — —

Herz 650 R  
1950 R

( - )
0

( - )

+ +
0

+ + +
Nebenniere 650 R  

1950 R
+ +

0
0

+
( - )

0

Pankreas 650 R  
1950 R 0

0
( - )

0

Ovar 650 R + + ( + ) 0
1950 R + + + + + + + + +

Abb. 2. /5-H ydroxybuttersäuredehydrogenase (H B D H ). D ie  A k tiv itä t der Norm algruppe w urde  
gleich  N u ll gesetzt und eine Zu- oder Abnahm e in den Organen der bestrahlten Tiere jew eils  
m it +  oder  — angegeben. ( + )  ganz geringer A k tiv itätsan stieg; +  geringer A k tiv itätsan stieg;

+  d eu tlich er  A ktivitätsanstieg; +  -j- -f  starker A k tiv itä tsa n stieg ;--------- starker A k tiv itä ts
abfall; -------deutlicher A k tiv itätsab fa ll; — geringer A ktiv itätsabfall; (—) ganz geringer A k tiv i

tätsabfall
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N iere:
Die m it 650 R bestrahlten Tiere zeigten  am  2. und 3. Tag eine geringe M inderung der 

Form azangranula. N ach 1950 R war 24 Std . p. r. eine starke Aktivierung, die auch nach 48 
Std. noch gering bestand , zu beobachten. 72 Std . p. r. zeigten sich keine V eränderungen im 
Vergleich zur unbestrahlten  K ontrollgruppe. E inzelne Tiere dieser Gruppe ließen  am  3. Tag 
besonders in der R inde grobfleckige A ussparungen in den Tubuli contorti erkennen.

Darm  :
Nach B estrahlung m it 650 R zeigte  sich nach 24 Std. eine deutliche A blagerung von  For

m azangranula in den sonst relativ ak tiv itätsarm en  Zottenepithelien. Auch 48 Std . p. r. war 
diese noch gering vorhanden, während sich  am 3. Tag das B ild der Vergleichsgruppe bot. Nach  
einer Dosis von 1950 R bestand 24 Std . p. r. eine starke Aktivierung, nach 48 und 72 Std . war 
jedoch eine A k tiv itä t nicht mehr nachw eisbar.

M ilz  :
Nur einige Tiere der Versuchsgruppe zeigten  an einzelnen Tagen unregelm äßig eine ganz 

gering stärkere Ausfällung von Form azangranula bei insgesam t äußerst geringer A k tiv itä t.

Nebenniere:
Bei den m it 650 R bestrahlten Tieren konnte nach 24 Std. ein deutlicher A n stieg  der 

F erm entaktiv ität innerhalb der R indenschicht beobachtet werden. 48 Std. p.r. w ar w ieder das 
norm ale V erteilungsm uster zu erkennen, und nach 72 Std. fiel eine ganz geringe M inderung der 
Form azangranula auf. Nach 1950 R zeigte  sich 24 Std. p.r. eine geringe Verm ehrung der For
m azangranula und 72 Std. p.r. bestand das B ild der unbestrahlten K ontrollgruppe. Zwei 
Tiere ließen jedoch eine ganz geringe Abnahm e erkennen.

Pankreas :
Nach einer D osis von 650 R fand sich nur am 1. Tag eine geringe M inderung der Form a

zangranula. W ährend nach 1950 R am  1. T ag keine Veränderung beobachtet w erden konnte, 
zeigte sich bis zum  3. Tag eine leichte Abnahm e der A k tiv ität.

Ovar:
Die m it 650 R bestrahlten Tiere w iesen eine geringe Zunahme der Form azangranula auf, 

die sich bis zum 3. T ag jedoch zurückbildete. N ach 1950 R dagegen war die Zunahm e stark und 
es bestand am  3. T ag immer noch eine deutliche Verm ehrung der Granula.

Skelettmuskel :
Nach B estrahlung m it 650 R war nach 24 Std. eine deutliche M inderung der Form azan

granula zu erkennen, die bis zum 3. T ag anhielt. Bei der Dosis von 1950 R b estan d  24 Std. 
p.r. eine äußerst geringe Zunahme der A k tiv itä t, jedoch nach 48 Std. eine deutliche M inderung, 
und am  3. Tag war praktisch keine F erm en ta k tiv itä t mehr nachweisbar.

Herzm uskel :
Die m it 650 R  bestrahlten Tiere reagierten 24 Std. p.r. nur m it einer äußerst geringen  

Abnahm e der Form azangraim la, die nach  48 Std. etw as deutlicher ausgebildet war. 72 Std. 
p.r. bot sich wieder das normale Bild. N ach  1950 R 48 Std. p.r. konnte eine deutliche Verm eh
rung der F erm entaktiv ität beobachtet werden, die nach 72 Std. stärker ausgeb ildet war. Am  
2. und 3. Tag fiel bei einigen Tieren eine leicht fleckförm ige Anordnung auf.

Gehirn :
Im  Gehirn zeigten sich bei beiden B estrahlungsgruppen keine Veränderungen im  Ver

gleich zur K ontrollgruppe.

Unspezifische E sterase  (Übersicht — A bb. 3)

Leber:
In der Leber war 24 und 48 Std. p.r. m it 650 R ein geringer A k tiv itä tsan stieg  nachw eis

bar, der 72 Std. p.r. wieder abnahhm, jedoch  über der A k tiv ität der K ontrolltiere lag. Von der 
Zunahm e der Ferm entgranula war das gesam te Läppchen betroffen.

N iere:
Ein geringer Aktivitätsabfall fand sich in der Niere nach 48 und 72 Std . sow ohl bei den 

m it 650 als auch bei den m it 1950 R bestrahlten  Tieren in den tubulären A n teilen  der Rinde.
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24 Std. 48 Std. 72 Std.

Leber 650 R + ( + )
1950 R 0 ( + ) +

Niere 650 R 
1950 R

0
0

( - ) { - )  
-  ( - >

Darm 650 R  
1950 R

0 ( - )
—

Muskel 650 R  
1950 R

1
( + )

0
0

0
0

Herz- 650 R  
1950 R

o'
+

0
0

0
0

Gehirn 650 R  
1950 R

0
( + )

0
( + )

0
( + )

Nebenniere 650 R  
1950 R

+ +
+ + +

0
--------.

Pankreas 650 R  
1950 R

J-
+  ( + )

+ +
+ +

+ 4 -
+ + ( + )

Ovar 650 R ( + ) ( + )
1950 R + + +  + + +

Milz 650 R 0 ( + ) 0
1950 R 0 0 0

Abb. 3. U nspezifische E sterase (UE). Erklärung der Zeichen siehe Abb. 2

D arm  :
N ach  650 und 1950 R kon n te  im Darm ein kontinuierlicher Aktivitätsabfall beobachtet 

werden; dieser war nach 1950 R besonders deutlich. V on der Abnahm e waren vornehm lich die 
E pith elien  betroffen.

M ilz:
In der Milz fand sich nur am  2. Tag nach der B estrahlung m it 650 R ein geringfügiger  

A k tiv itätsan stieg .

N ebenniere:
In  der Nebennierenrinde zeigte sich 24 Std. nach B estrahlung m it 650 R ein deutlicher  

A k tiv itä tsan stieg  m it V ergröberung und leichter V erklum pung der Granula und 72 Std. p.r. 
ein auffallend fleckförm iges B ild m it insgesam t erheblicher Ferm entaktivitätsm inderung. 
Ä hnlich  war das Verhalten n ach  Bestrahlung m it 1950 R.

P ankreas :
Im  Pankreas war eine geringe bis deutliche Zunahm e der Ferm entgranula nach 650 und 

1950 R  nachzuweisen.

Ovar :
Im  Ovar zeigten die Esterasereaktionen ein ähnliches V erhalten wie im Pankreas. Von  

der A ktivitätsänderung waren die Graafschen- und Prim ärfollikel und weniger das Z w ischen
gew ebe betroffen (Abb. 4).
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Abb. 4. Veränderung der E sterasereaktion im Ovar. Das obere Bild zeigt die F erm entverteilung  
im Ovar der unbestrahlten R atte . Keine Gegenfärbung. D as linke Bild läßt eine ganz geringe  
Zunahm e am  dritten Tag nach 650 R erkennen, während nach 1950 R (rechtes B ild) diese 
Zunahm e deutlicher ist. H ier ist eine Vergröberung und Verklum pung der Granula auffällig
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Skelettm uskel :
Im  Skelettm uskel zeigten  die m it 650 R bestrahlten  Tiere nach 24, 48 und 72 Std . keine  

A k tiv itätsän deru ng. D ie m it 1950 R bestrahlten Tiere ließen  nur nach 24 Std. eine ganz geringe 
V erm ehrung der Granula erkennen.

H erzm uskel :
In  der H erzm uskulatur waren praktisch die g leichen  Veränderungen wie im  S k ele tt

m uskel zu beobachten.

G ehirn :
Im  Gehirn war nur nach Bestrahlung m it 1950 R  ein  ganz geringer A k tiv itä tsan stieg  

erkennbar.

Besprechung

D ie  Ergebnisse lassen  erkennen, daß sich  nach  einer Ganzkörperbestrah
lu n g  d ie E steraseaktiv ität ändert. In den Zellen fast aller untersuchter Organe 
is t festzu ste llen , daß die esterspaltende A k tiv itä t nach teilweiser A ktivierung  
erheb lich  abnim m t. E ine Ausnahm e bilden Pankreas und Leber. In  diesen  
O rganen nim m t bei höherer Strahlendosis die A k tiv itä t gering zu. Sow eit in  
E inzelversuchen  die E steraseaktiv ität bereits v o n  anderen Autoren untersucht 
w urde und die Ergebnisse vergleichbar sind, kon n ten  die U ntersuchungsbefun
de im  w esentlichen b estä tig t werden. M a i s i n  fand  bei biochem ischen U n ter
su ch u n gen  am D ünndarm  eine deutliche A bnahm e, M a s u r o w s k y  und N o b a k  
am  G ehirn eine geringe Phasenänderung, P a s q u a l i n o  und B o u r n e  bei h isto- 
chem ischer U ntersuchung in  der Leber eine geringe Abnahm e der E n zym ak ti
v itä t  u n d  J o n e k  und M itarb. eine Abnahm e in  der Nebenniere und im  H erz
m u sk el.

D ie  Abnahm e der E steraseaktiv ität w ird von  J o n e k  und M itarb. m it 
einer Störung des F ettstoffw echsels in Zusam m enhang gebracht. D ieser U m 
sta n d  sp ielt sicher insbesondere dann eine R olle, w enn man in  der Nebenniere das 
etw a  gleichsinnige V erhalten der Lipoide und der E steraseaktiv ität b etrachtet. 
D er L ipoidgehalt n im m t im  Verlaufe der Strahlenkrankheit nach einer in  der 
ersten  Stunde zu beobachtenden Erhöhung ab ( K o v á c s , J o n e k  und M itarb.). 
A u ch  die E steraseaktiv ität zeigt nach einer anfänglichen A ktivierung eine 
A bnahm e.

D urch die angew andte M ethode werden w eniger die echten L ipasen, die 
ohne Zweifel am B eginn der F ettspaltung w irksam  sind, als eher E sterasen  
m it einer Substratspezifität für kurzkettige Carboxysäureester — jedoch  
n ich t m it Glycerol — dargestellt. Die in fa st allen Organen b eobachtete  
D epression  der F erm en tak tiv ität dürfte som it vielm ehr im  Rahm en der allge
m ein en  strahlenbedingten Stoffw echselentgleisung zu betrachten sein. D ie 
T a tsa ch e , daß bei einigen Organen mit zentraler Stellung im  interm ediären  
S toffw ech sel zu Beginn der Strahlenkrankheit eine ähnliche A ktivierung ande
rer F erm en tsystem e (K rebszyklus, G lykolyse) zu  beobachten ist, leg t es nahe, 
die Phasenänderung der E steraseaktiv ität gleichartig zu interpretieren.
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U nspezifische Esterasen verm ögen auch Am inosäureester zu hydrolysie
ren (M y e r s ). Hieraus ergibt sich  eine Verbindung zum E iw eißstoffw echsel. 
D ie erhöhte E steraseaktiv ität würde som it au f einen erhöhten U m satz von  
Am inosäuren, d. h. letztlich  au f eine A ktivierung der Proteolyse schließen las
sen. H a g e n  hat ausgehend vo n  völlig  anderen V ersuchsbedingungen die 
A ktivierung der Proteolyse im  R ahm en der Strahlenkrankheit hervor
gehoben.

Bem erkenswert ist das phasengleiche Verhalten der esterspaltenden  
A k tiv itä t und der H B D H  in den untersuchten Organen — ausschließlich  Pank
reas. O hne Zweifel kann m an diese B eobachtung — w ie auch einen gewissen 
Teil der E steraseaktiv ität — im  Zusam m enhang m it einer Ä nderung des 
Fettstoffw echsels betrachten.

H ydroxyacyl-S-C oA -V erbindungen (/3-11 ydroxybutyryl-S-C oA ) sind ein 
w ichtiges Substrat der H B D H . Sie werden durch das E nzym  zu entsprechen
den K etoacyl-S-C oA -V erbindungen oxydiert. D ie H B D H  b ild et som it einen 
R eaktionsablauf innerhalb des F ettsäurezyklus. Die A ktivierung der H B D H  
in  den m eisten Organen zu B eginn der Strahlenkrankheit (N iere, Ovar, Neben
niere, Pankreas, Darm) oder vor dem  endgültigen Zusam m enbruch des Stoff
w echsels (Leber, Herz) w eist au f eine Intensivierung des F ettsäurezyk lus hin. 
Offenbar werden über dieses System  zu Beginn der Strahlenkrankheit dem 
interm ediären Stoffw echsel au f Grund eines erhöhten B edarfes verm ehrt 
C3-R adikale zugeführt. E s können je  nach Anzahl der D urchläufe im  F ett
säurezyklus verschieden lange geradzahlige R adikale entstehen . D as Acetyl-S- 
CoA — das letzte R adikal beim  D urchlaufen des Fettsäurezyklus — ist geeig
n et, m it Oxalessigsäure über das kondensierende E nzym  in den Krebszyklus 
eingegliedert zu werden. B iochem ische U ntersuchungen einiger Ferm ente des 
K rebszyklus zeigten, daß in der ersten Phase der Strahlenkrankheit eine A kti
vierung dieses Stoffw echselsystem s zu beobachten ist ( R o g o v  und R o z e n , 
R i c h  und M itarb.). E ine F unktion  des nach der B estrahlung aktivierten  
Fettsäurezyklus ist anscheinend diesen verm ehrten Bedarf zu decken.

N ach 650 R reicht offensichtlich  der Beobachtungszeitraum  von  3 Tagen 
für diese ausgleichende F unktion  aus, während nach 1950 R  die A ktivierung  
gleichbleibt (Ovar, Leber) oder sogar zunim m t (Herz). In den m eisten  Organen 
jedoch  kann man eine D epression dieser E nzym leistung beobachten . B e r n d t  
und M itarb. fanden bei b iochem ischen U ntersuchungen nach 650 R  in  der Leber 
schon am 2. Tag eine A ktiv itätsm inderung an der Fettsäuresynthese  
beteiligter Ferm ente.

Im  Rahm en dieser B etrachtung soll noch einmal auf das V erhalten der 
E steraseak tiv ität der Leber als dem  Organ m it zentraler Stellung im  interm edi
ären Stoffw echsel hingew iesen w erden. D ieses Organ zeigte im  Verlaufe der 
Strahlenkrankheit eine A ktivierung der H B D H , die ohne Zw eifel au f die oben 
beschriebene Intensivierung zurückzuführen ist.
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V on  vielen Autoren w ird die relative Strahlenunem pfindlichkeit einzelner  
O rgane hervorgehoben. A n h an d  unserer bisherigen U ntersuchungen m ußte  
jed o ch  im m er wieder a u f gegenteilige V ersuchsergebnisse hingewiesen w er
d en . D er  vorliegende B eitrag  über die UE- und H B D H -A k tiv itä t ließ jedoch  
erk en n en , daß Gehirn und M ilz keine oder nur eine ganz geringe P hasen
än d eru n g  zeigten.
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There are essential sim ilarities betw een hab ituation  and the Critical Flicker 
Frequency Series E ffect (C FFSE ). On this basis, it  is assum ed that at least part o f the 
phenom ena w ithin the idea o f habituation are analogous w ith the latter. T his, in turn, 
m eans that habituation is — at least partly — a stress phenom enon: the repetition  of  
identical stim uli exerts a load on the nervous system . Thus, the connection  assum ed  
betw een habituation and fatigue seems justified .

On grounds o f the good agreem ent of h ab ituation  w ith CFFSE, the la tter  m ethod  
m ay seem  adaptable for a more thorough understanding and more precise analysis of 
habituation.

B y  comparing the “recovery” associated w ith  habituation to the e ffec t brought 
about by the so-called regenerative (F ,)  factor o f the C FFSE , it  m ay be assum ed that 
the process o f “ recovery” could also be m easured and clarified. B y using th e  exam ple of 
the F 2 factor, it  is illustrated how  the regenerative effect in the CFFSE m ethodology  
can be characterized by num erical data in a m ost ex a ct manner (which m ight be adapt
able for the purposes o f clinical differential d iagnostics as well).

Its analogy w ith hab ituation  reveals th a t the CFFSE is subject to a very  ex ten 
sive nervous system  influence.

Introduction

Fatigue is one o f the definitions con stan tly  used in every-d ay life. At 
th e  sam e tim e, science is generally very suspicious as far as th is defin ition  is 
concerned. M uscio  suggested  as early as 1921 th a t “ the term  fatigue he abso
lu tely  banished from precise scientific  d iscussions” ( B a r t e n w e r f e r , 1961). In 
stead o f fatigue, therefore, th e  introduction o f defin itions depending on various 
much more readily understandable criteria is usually  recom m ended. One of 
these ideas is the definition o f  habituation.

A lthough habituation  is a much clearer defin ition  than fatigue, it  cannot 
be considered unequivocally  defined. The different v iew s are in best agreem ent 
as to  the tw o features referred to  in the first place o f  the 9 param etric charac
teristics listed  by T h o m p s o n  and S p e n c e r  (1966). W hile stressing th a t habitu
ation does not cover en tirely uniform phenom ena, in  our opinion th e  process 
characterized by the follow ing tw o criteria m ight be essentially  accepted as 
habituation.
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1) Given that a particular stim ulus elicits a response, repeated applica
tio n s o f  the stim ulus resu lt in  a decreased response. The decrease is usually  a 
n e g a tiv e  exponential fu n ction  o f th e  number o f stim ulus presentations.

2) I f  the stim ulus is w ithheld , the response tends to recover w ith  tim e  
(spontaneous recovery).

A s m entioned ab ove, habituation  is generally  considered a phenom enon  
p erta in in g  to the scope o f  fatigue although literature is not quite uniform  on  
th is  aspect. Thus, for exam p le , S c h m i d t k e  (1965) does not discuss th e  problem  
in h is  monograph on fa tig u e , while T h o m p s o n  and S p e n c e r  exclude from  the  
d efin ition  of habituation th e  effector fatigue phenom enon.

In  the following w e shall discuss the problem  whether it  is ju stified  to  
co n n ect habituation to  fa tigu e . Furtherm ore, th e  presentation o f  a possib ility  
for th e  deeper analysis o f  habituation  will be attem pted .

Method

T he investigations have been  performed w ith the Critical Flicker Frequency Series E ffect 
m eth o d  (Á k o s  and Á k o s , 1966).

A s it  is well know n, critical flicker frequency (C F F ) represents the interruptions per 
second  o f  the light o f  a source as expressed in cycles per second (cps), in the very m om ent 
w h en  th e  observer would see th e  h itherto uniform light as flickering, due to the reduction of  
th e  frequency. Thus CFF is a c tu a lly  a psychophysical threshold. In our investigation s, the  
C FF v a lu es were always determ ined  for the same ind ividual, under identical conditions in 50 
co n secu tiv e  instances, and a lw ays in  a descendant m anner, th a t is, by  frequency reduction. 
The lig h t source was an E .M .4 cathode-ray tube controlled by a Solartron generator (OS 
103 .2A ) accurately producing ev en  the tenths of cps values. Instead o f averaging the 50 CFF  
d a ta , th e  fluctuation value w as stu d ied  in chronological succession, whereby a CFF series effect 
could  be found, the existence o f  w hich was then readily traced back to five  different factors. 
The an a lysis of the CFFSE b y  factors represents the C F F SE  m ethod.

Results

T he analogy o f th e  determ ination  o f identica l threshold values recurring 
50 tim es w ith the sam e in d iv id u al, to the recurring stim uli bringing about 
h ab itu a tio n  is quite consp icuous. Here the question  m ay arise w hether th is is 
o n ly  a superficial s im ilarity , or could the C FFSE  be actually com pared to  
h a b itu a tio n ?  To decide th e  problem , let us start from  the m ost typ ica l charac
ter istic  o f  habituation, referred to  by T h o m p s o n  and S p e n c e r  in  the first 
place: th e  reduction o f th e  effect o f recurring stim uli according to  a n egative  
ex p o n en tia l curve.

T he frequency values o f  the 50 CFF data in  th e  CFFSE decrease sim ilarly, 
in 94 .5%  o f the cases, w ith  th e  continuous data collection progressing. (H ence  
th e  insign ificant num ber o f  ascending sequences w ill not be taken in to  consider
a tio n  for th e  developm ent o f  averages.)
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I f  th is decrease actually  follows a negative  exponential curve, th e  reduc
tion w ithin the first 30 data o f the series m ust relatively exceed  th a t o f  the  
entire sequence. Were the value decrease uniform , the difference betw een  the 
m axim um  and the m inim um  of the first 30 data (variation range =  VR) 
w ould exh ib it a ratio o f 30 : 50 to  th a t o f  the entire series. Or, expressed in 
percentages, w ith the Y R  o f the 50 data tak en  as 100, the V R  ca lcu la ted  from  
the first 30 CFF data w ould am ount to 60% .

In practice, how ever, calculating the average of this ratio for a group of 
25 patients differing in age and sex, and suffering from different d iseases and, 
again, calculating th is average ratio from  234 continuous sequences, it  would  
am ount to  76.59% . This m eans th at the series values decrease, on th e  average, 
to  a m uch higher degree in itia lly  than  later on. Initially, the slope o f  th e  curve 
is steep but w ill fla tten  subsequently. T his, in  turn, corresponds to  a negative  
exp on en tia l curve, th at is, it  corresponds to  habituation.

The ratio thus obtained m ay be checked upon w ith  another group of 
hom ogeneous diseases: psoriasis. This group involves other subjects th an  the 
first one did. Now the average o f 243 series rendered hy 26 patien ts o f  sim ilarly  
different age and sex  data is studied. The V R  calculated from the first 30 CFF 
data as expressed in the percentage of th e  V R  exhibited by the en tire series of 
50 am ounts, on the average, to  77.57% .

Thus the ratios o f the tw o groups are in good agreem ent and it  m ay be 
concluded th at from  the aspect o f  effect reduction following a n eg a tiv e  expo
nential curve, CFFSE conform s to  habituation .

N ow  let us study th e  problem  o f spontaneous recovery.
W ith respect to  C FFSE, the gradual decrease of the frequency level of 

C FF data m ay be considered analogous to  the stim ulus reduction in  habituation. 
According to a further analogy, the insertion  of interruptions is exp ected  to 
m ake the CFF values return to  the in itia l level or, at least, to  m ake their 
reduction to  decrease as com pared to  th e  data measured con tin u ou sly . If 
there actually  exists such an interruption effect, it may be verified  as follows. 
Let us compare the V R  o f a continuous series consisting o f  50 continuously  
recorded data to th at o f such a series o f 50 where an interruption o f  30 sec was 
inserted after the determ ination o f every 10 data. An interruption  o f 5 min 
was provided for betw een each continuous and interm ittent series. I f  there is 
an interm ission effect, then  the V R  data o f the continuous and interm ittent 
series pairs should exhib it a difference, since the “recovery” effect o f  interrup
tions w ould decrease the series reduction.

The V R  average o f  234 in term itten t series of 50 was, in th e  percentage 
of 234 continuous ones, 77.74%  in the group consisting o f  p a tien ts suffering 
from different diseases. Thus, the insertion o f interm issions has actu a lly  reduced 
the habituation  decrease o f value reductions. The flatten ing in con form ity  with 
a negative exponential curve was supplem ented by the in terruption  effect
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decreasing the reduction or, in  other words, a ttem p tin g  to  restore the original 
v a lu e  level. I f  in the tw o  sequences the ratio o f  th e  Y R  figures revealed b y  th e  
30 and  50 data sequences are compared to th e  average o f  the 234 series pairs, 
th e  fla tten in g  of in term itten t sequences w ill be found  increasing. W hile th e  
Y R  average o f the first 30 d a ta  in continuous sequences am ounts to 76.59%  
o f  th e  fu ll series, the sam e fig u re  in the in term itten t sequences w ill be as high  
as 84 .0% . In the other group o f hom ogeneous d isease, the ratio is sim ilar: 
th e  in term ittent V R  o f  50 d a ta  amounts to  86.05%  of that in continuous 
seq u en ces, while the V R  o f  30  is 77.57% in con tin u ou s, and 82.42%  in in ter
m itte n t  series.

Thus, this again sh ow s th at the C FFSE corresponds to habituation: 
in terruptions exert a recovery  effect in both cases.

O f the characteristics referred to by T h o m p s o n  and S p e n c e r , another one  
w as te sted  similarly. A ccord ingly , if repeated series o f habituation train ing  
and spontaneous recovery are given, habituation  becom es successively more 
rapid  (th is might be called  poten tia tion  of hab itu ation ). It  should be expected , 
th erefore, that on the su ccessiv e  daily averages o f  three series pairs per day, 
th e  percentage of the V R  d isp layed  by the first 30 data  as related to  th a t o f  
th e  fu ll series would increase continuously, th a t is, th e  flatten ing of the curves  
w ou ld  appear as increasingly  definite. This, how ever, did not take place: 

th e  average V R  per cen t o f  the first 30 data

in 248 continuous series w as, on the first d ay , 78 .19
th e same for 244 con tin u ou s series, on th e  second  day, 76.37
th e same for 238 con tin u ou s series, on th e  th ird  day, 77.08

A lth o u g h  from this aspect th e  description o f h ab itu ation  differs som ew hat 
from  th e  CFFSE behaviour, th e  first two characteristics ju stify  the assum ption  
o f a partial, if  not full, a n a lo g y  between CFFSE and habituation .

Discussion

According to the general opinion, habituation  is an extrem ely widespread  
phenom enon  covering ev ery th in g  from the b ehaviour o f the entire organism  
to  th e  function of certain p arts o f the nervous sy stem . This widespread charac
ter  it s e lf  m ay awake su ffic ien t suspicion as to  th e  p ossib ility  of different pro
cesses being encountered. T h is  impression is confirm ed b y  the num ber o f  
contradictions concerning th e  idea of habituation . T h o m p s o n  and S p e n c e r , 
for exam ple, excluded from  th e  idea of habituation  th e  phenom enon of receptor  
ad ap ta tion  which A s h b y  (1959) considered id en tica l w ith  habituation proper. 
W a l t e r  (1959), on the other h an d , separated the tw o  and identified  habituation  
w ith  learning.
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I f  it  is accepted th a t  C FFSE and habituation  are, at least to  a certain 
exten t, analogous, th is w ill lead to  an easier interpretation  o f habituation  on 
the basis o f  CFFSE analysis.

Previously, C FFSE  was dem onstrated to  represent the result o f a load 
or stress. The relevant evidence w ill be repeated here in brief.

I f  the series actu a lly  represents a stress which is caused b y  the serial 
CFF data registration proper, the result o f  which can he m easured b y  means of 
the V R , then the first 30 data o f the series m ust represent a m uch lesser stress 
than w hat the full series o f  50 does. Thus, com paring the Y R  m agnitude calcu
lated  from the first 30 data  to  th a t of the entire series m ust g ive, both  in con
tinuous and in term itten t sequences, a sign ificantly  lower V R  average as that 
calculated from the first 30 data.

In the above group consisting o f  different patien ts, th is ratio was as 
follows.

Continuous series (234) V R  o f 30: 2.31 cps, VR of 50: 3.08 cps
Interm ittent (234) 2.01 cps, 2.40 cps

If, furthermore, starting  from  the assum ption that th e  insertion  o f inter
m issions would reduce th e  stress effect, the respective in term itten t series 
averages should always be lower than those o f the continuous sequences. The 
above data actually reflect th is statem ent.

The existence o f  stress can be verified , in addition, as follow s. The stress 
m ust appear more in ten siv e  for old subjects than for young ones, since younger 
individuals are capable to  w ithstand  higher stresses. In our group consisting  
o f different subjects, th e  situation  was as follows.

Age group
Continuous Interm ittent

VR of 30 VR of 50 VR of 30 VR of 50

17-35 12 1.97 2.64 1.73 2.10
35 -5 0 8 2.57 3.32 2.04 2.47
over 50 5 3.00 3.80 2.67 3.03

The consistent age gradient indeed shows th a t, in accordance w ith  the biolog
ical reduction of load bearing capacity, an identical stress w ould be lower 
for young subjects than  for old ones.

Thus, CFFSE is th e  result o f a load or a stress. I f  C FFSE is analogous to  
habituation , the fla tten in g  o f th e  sequences should reveal th e  n egative  expo
nential feature characteristic o f habituation  and, according to  age and the  
relative increase o f th e  stress, th is fla tten in g  should increase w ith  age. W hat 
is then the actual situ ation  ?
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In  the group consisting o f  different patien ts, and in a resolution b y  age 
groups, th e  V R  average o f th e  fir st 30 data in th e  percentage o f the V R  exh ib it
ed  b y  th e  complete series w as

Age group Continuous Interm ittent

1 7 -3 5 74.54 82.57
3 5 -5 0 77.43 82.72
over 50 78.96 88.26

T his is w hat had been exp ected : in addition to  representing a stress, 
C F F SE  illustrates also in its  habituation  character th e  gradient corresponding 
to  th e  load  bearing cap acity  o f  the different age groups decreasing w ith  age. 
T hus C FF SE  and habituation  m ay, at least to a certain ex ten t, be considered  
id en tica l. Since, however, C F F SE  is the result o f a stress, habituation  m ay  
also be assum ed to represent a stress phenom enon. The repetition  o f stim uli 
cau sin g  habituation w ould ex ert a load on the nervous system . W ith respect to  
th is  conclusion, it is rem arkable th a t recently L u r i a , S o k o l o v , and K l i m k o v s k y

(1967) have pointed out th e  sign ificant connections betw een habituation  and 
in h ib ition . Thus the outlines o f  a correlation o f hab ituation  to  inhibition  to  
stress are taking shape.

T he connection b etw een  habituation and stress, in turn, supports the  
op in ion  o f those claim ing an essential connection betw een  habituation  and 
fa tigu e.

If, furthermore, the a n a logy  between CFFSE and habituation  is accepted, 
new  possib ilities will open up for habituation research.

In  the case o f C F F SE , th e  findings such as th e  subsidence o f the series 
fo llow in g  a negative exp on en tia l curve have n o t been considered sufficient. 
T he va lu e  fluctuations o f  th e  series have been traced back to the effects of 
factors o f  variable in ten sity  b u t specific direction. In  th e  series, value reduc
tio n  is caused by the effects o f  an Fĵ  factor o f decreasing character, whereas 
th e  atten u ation  and, perhaps, th e  elim ination o f th is  reduction or even an in 
crease o f  ascending character in  course of the further continued m easurem ents 
(th a t is , during a stress increase) m ight be attributed  to  th e  effect o f  an F 3 
factor . And, finally, “recovery” in  the case o f hab itu ation  seem s equivalent to  
th e  m anifestation  of th e  F 2 factor action in  in term itten t CFFSE sequences.

Recovery or regeneration

In  interm ittent sequences, CFFSE w ill develop not only according to  
th e  contradictory effects o f  factor F x decreasing th e  data  standard, and of

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



г а
jFig.  I. Diagram of the uniform F2 effect and F2 factor intensity. Axis L defines E in the percentage of B. Here В represents the difference between 
the maximum and minimum of the 50 CFF data recorded by using the continuous method and expressed in cps. E, in turn, is the difference between 

the maximum and minimum of the intermittent series (that consisting of 50 CFF data recorded with four 30 sec interruptions).
Axis O’ determines D in the percentage of B, where D is the difference between the maximum and the minimum of the first 30 data in the intermit

tent series of 50, expressed in cps.
The line ascending from point О in an angle of 45°, that is, the H =  100 per cent line, corresponds to the points to which E =  D applies, or, in 
other words, where the difference between the maximum and minimum of the first 30 data of the intermittent sequences is identical to that be

tween the maximum and minimum of the complete series of 50.
Lines G partly specify the difference between the maximum and minimum values of the first 30 data in the continuous sequences, expressed 
in the percentage of the difference between the maximum and minimum of the entire series of 50. These possibilities increase from 0 to 100%. On 
the other hand, they determine the location of those points which, in case of a given percentage, and under uniform F2 effect conditions, may occur 
for the intermittent series (L, O’) registered as the counterpart of the continuous sequence; thus, in the case of a uniform interruption effect, the L

and O’ values may only be located along the respective G line.
The intensity (Q) of factor F2 amounts to 100% on the II =  100% line, in conformity with the given G percentage, thus this line represents — at 
the same time — the Q =  100% line as well. The Q =  0% line is at the height of L =  100. The other ratios are indicated on the individual G 
lines by those curves which ascend in the Figure in an exponential ratio. On axis L, the values of 10, 20, 30, etc., at the Q line starting points 

correspond, respectively, to the 90, 80, 70, etc., per cent values, and accordingly intersect the rest of the G lines in the diagram.
(Due to technical reasons, the G lines have not been plotted down to the corner of the co-ordinate system.)
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factor F 3 increasing it, but w ill be affected — as against both  Fj and F3 — by  
factor F 2 representing th e  regenerative influence o f  interm issions.

B y using the CFFSE m ethod , the relatively  abstract description of habit
uation  m ay be m ade m uch m ore exact. As an exam ple, it  w ill be illustrated  
how tw o sim ple figures can characterize, b y  series pairs, th e  regenerative F 2 
factor.

Let us indicate the m agnitude o f the Y R  calcu lated  from the first 30 
data o f  the continuous series b y  A, the Y R  o f the fu ll series b y  B , the V R  of 
the first 30 data in the resp ective in term ittent series b y  D , and that o f the  
first 50 data b y  E. Thus A , B , D , and E w ill be expressed in cps.

Let us indicate the fo llow ing ratio b y  G. :

Г  -  10()A 
В

Since the first 30 data o f th e  sequences are included in th e  first 50 data, A will 
never exceed В and, consequently , the m axim um  o f G w ill be 100 per cent. 
Theoretically, its m inim um  w ill be at the point w here each datum  of the first 
30 values is equal, as in th a t case G is zero.

If, in th e  in term itten t series assum ed as the counterpart o f the continuous 
one, the interm issions do n o t exert any influence w hatsoever, th a t is, i f  the 
effect of factor F 2 cannot be dem onstrated, the V R  figures o f the continuous 
and interm ittent series w ill coincide or, in other words, D =  A and E =  B.

The D and E values o f  the in term ittent sequences m ay be m ade com par
able by expressing them  in  th e  percentage o f B, and b y  illustrating these values 
along the tw o axes o f a co-ordinate system . The horizontal axis represents 
L =  100E /B , the vertical one Ó =  100D /B, and th e  tw o m eet in the zero point 
whence their values w ill linearly  increase up to 100.

One point in the L, Ó co-ordinate system  is represented by th e  case when  
the com plete continuous series coincides w ith  th e  com plete in term ittent se
quence and, at the same tim e , both sequences arrive at their low est points as 
soon  as w ith in  the first 30 values. Here G is 100 per cen t, L is 100 per cent, 
and Ó is sim ilarly 100 per cen t. Along the perpendicular drawn from this point 
to  axis L according to  th e  possibilities offered b y  th e  30 to  50 V R  ratio o f the  
continuous series, that is, in  correspondence to  all th e  G values, those points 
m ay be found, where no in fluence by factor F2 can be observed along the in ter
m itten t series recorded as a counterpart o f  the continuous sequence. Thus, in 
these points any 30 to 50 V R  ratio o f the tw o series w ould coincide: A =  D, 
and B =  E.

In our co-ordinate system , points L and Ó produce a G line corresponding 
to  different G values in th e  case of a uniform F 2 effect. These lines start at the  
height o f L =  100, where th e  F 2 effect is zero, and term inate in the point where 
the VR calculated from th e  first 30 data of the in term itten t series is identical
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to  th a t  o f  the com plete series, th a t is, where D =  E . A D  (V R  o f  the first 30 data  
o f  th e  in term ittent series) h igher th an  th at cannot occur, as th e  first 30 values  
are in clu d ed  in the first 50 v a lu es, th a t is, D =  E , and th e  uniform  F 2 effect 
is a t its  m axim um . In our co-ord inate system , th is ratio is expressed by L =  Ó 
and th e  L =  Ó points are fou n d , from  zero to L =  Ó =  100, on a line o f  45°  
in c lin a tion . (In this la tter  p o in t G =  100, as m entioned above.) The 45° line  
represents the lower lim it o f  th e  G lines which cannot go beyond  it. This is 
th e  H  =  100 per cent line (H  =  100 D /E ).

In  our co-ordinate sy tem , th e  G lines run in an oblique w ay. W hy is 
th a t  so ?

T h e G lines represent th e  in tersections of the L and Ó values, possible 
at a n y  G per cent, in the case o f  a uniform  F 2 effect.

In  th is  case, how ever, L and Ó have a predeterm ined ratio. The first 50 
data  o f  th e  interm ittent sequences in vo lve 4 interruption effects, the first 30 
h ave 2. I t  follows that each o f  th e  first 30 CFF data is under the influence of 
a 2 /30 interruption effect, w hereas th e  same for each o f the w hole 50 is 4/50, 
In case o f  a uniform F 2 effect, th is  m eans th at 83.33 per cent o f the to ta l in ter
ru p tion  effect o f 100 per cent is m anifested  within the V R  o f th e  first 30 data, 
since 2 /30 : 4/50 =  83.33 : 100.

I t  follow s, in turn, th a t i f  th e  Y R  of the first 30 and 50 data, respectively, 
o f th e  in term itten t series form  a ratio corresponding to  th e  uniform  effect of 
F 2, and  i f  th is effect is related  in  percentage to the reduction o f th e  Y R  values 
ex h ib ited  b y  the respective continuous series, then

100(A — D ) 83,33 100(B -  E)
X Too В

D  or E  can be calculated from  th is equation, if  the other is know n, and the  
effect o f  F 2 is uniform. In th e  com plete series, the effect o f F 2 is ind icated  by  
th e  V R  difference betw een th e  continuous and in term itten t pairs, th a t is, by  
(B  — E ). Expressed in the percentage o f B, th is w ill be

100(B  -  E)

В

and its  83 .33 per cent corresponds to  th e  V R  difference as expressed in the per
cen tage o f  A, thus:

_  A  83.33 100(B — E)
~~ 100 100 в
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Consequently,

D =  A -
83.33 A (B  — E) 

100B
16.67 AB +  83.33 AE  

100B

and
B(100 D — 16.67A) 

83.33A

( 2)

(3)

On the basis o f these equations D or E can be calculated for any G value, 
in the form o f L an d Ó, if  the other is known. From  E quations (1), (2), and (3):

B (1 0 0 D  -  16 .67  A)
В -  E 83.33A  83.33 AB -  100 B D  +  16.67 AB
A — D A - D  ~~ 83.33 A ( A - D )

100 AB — 100 B D  100 (A — D) В 100 100B 10000

83.33 A ( A - D )  ” 83 .33  A(A -  D) ~~ 100 -83.33 A ’ 83.33 G

Thus in any per cent of G:

83.33 BG — 10000 (A -  D)
83 .33  G

120 (A — D) 

G

Calculating th e  G lines expressing the uniform F 2 effect, and p lo ttin g  them  in 
the L, Ó co-ordinate system  y ie ld s a diagram w ith  tw o data for an y  F 2 effect 
therein.

The first inform ation is on the in ten sity  o f  the F 2 effect. Conform ing to 
H  =  100 per cent, each G line has its low est point where L =  Ó, th a t is, where 
the F 2 effect arrives at its possib le  m axim um , i f  the F 2 effect is uniform . Along  
the given G line, the F 2 effect w ill decrease from  th at m axim um  up to  the 
L =  100 height where it  w ill be zero. The possibilities characteristic o f  F 2 m ay  
be expressed b y  the size o f th e  Gx section. This Gx begins on the H  =  100%  
line at its in tersection  w ith G, and will ascend, parallel to  L, up to  th e  height 
o f L =  100.

Gx in d ica tes  to  what a m axim um  exten t can a uniform  F 2 effect reduce 
В  in the case o f  th e  given G per cent. In other words, it  indicates th e  possible 
exten t o f the fluctuation  o f a uniform  interruption effect in the case o f  a given  
30 to  50 continuous VR ratio.

Gx
100 (B

в
E) if E D (L =  Ó)
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I f  the effect of F 2 is uniform , and E =  D th en , on the basis o f (3): 

100 B E  — 16.67 AB 16.67 AB
83 .33  A

100 В  -  100  E = 1 0 0  
В

100 В 83.33 А

1667 А ___
100 В 83.33А

and from  the formula o f  G,

A =
BG
100

Gx =  1 0 0 -
1667 BG

10000 В  -  83.33 BG
=  100  -

20
120
G ~

(4)

The intensity o f th e  actu a lly  manifest F 2 effect can be compared to the 
in te n s ity  o f the one ca lcu la ted  with its uniform ity assum ed. The difference of 
th e  a ctu a l E as expressed b y  L  from 100, i.e. 100 — L, gives, in the percentage 
o f  Gx, th e  relation o f th e  a c tu a l m agnitude o f  th e  F 2 effect to  the one possible 
w ith  its  uniform ity assum ed. This relation (Q) is characteristic o f the in ten sity  
o f  th e  F 2 effect:

__ 100(100 — L)

gT
I t  can be calculated sim ilarly , how and to  w hat ex ten t the actual F 2 

e ffec t  w ould  differ from  th e  uniform  one. In th e  case o f a uniform F 2 effect, 
th e  calcu lated  L or 6  va lu es w ould be located  on th e  G line corresponding to 
th e  continuous curve. If, on th e  other hand, the F 2 effect is not uniform , the  
a ctu a l Ó and L values w ould  n ot coincide w ith  th e  given G line hut be located  
at a num erically definable d istance therefrom  and, w ith  Ó taken as a basis, 
e ith er  to  the left (—) or to  th e  right (-}-).

U nder uniform F 2 effect conditions, D o f E quation (2) m ust be substi
tu te d  in to  the formula

(3 _  1000
B ~

w h ereb y

Ó =
16.67 AB + 8 3 . 3 3  A E  

B ~
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The difference o f the Ó value thus calculated , and characteristic o f  th e  
uniform  F 2 effect, from  the actual Ó value represents the measure o f  F 2 effect 
uniform ity:

„  100 D 100 AB +  500 AE
.Г о —

В 6 В2
(5)

In order to  explain how exact com parisons are feasible by using the  
C FFSE  m ethod, a com parative Table based upon the F 2 data is presented  
below. This Table presents the F 2 data as calculated according to (5), for tw o  
patien t groups and categorized by tw o  syndrom es, by making use o f  the  
second (10 o ’clock) series pairs o f the to ta l o f  3 such series pairs recorded daily  
for 3 consecutive days. (N aturally, 18 and 21 patients per group, resp ectively , 
are sufficient on ly  for a superficial inform ation.)

I t  is easy  to  realize the different distribution o f ^  F 2 values in  th e  tw o  
groups.

I f  it  is accepted th at, at least to  a certain exten t, the phenom enon of 
C FFSE and th a t o f  habituation are analogous, th is analogy m ight be extended  
to  the phenom ena o f recovery and regeneration. Thus, investigations in to  the

Clinical epilepsy  (1 8  pa tien ts)

Serial
No. Name Sex Age - Note

1 36 I. M. f 31 10.64
2 113 Gy. N . f 24 7.88 +  neurosis, hysteria?
3 123 I. V. m 20 4.15
4 132 I. K. f 31 5.27
5 136 к .  K . m 27 2.41
6 138 J. s. f 18 1.62
7 139 S. T. m 27 0.06
8 141 G. Sz. m 15 13.86
9 143 F. P. f 27 6.63

10 144 E. M. f 18 13.05
11 145 J. M. m 30 8.50
12 147 F. P. in 23 0.44
13 149 M. K. f 35 1.90
14 153 J. R. in 38 0.08
15 154 B. B. in 35 8.22
16 156 G. M. m 20 23.73
17 161 B. S. f 39 3.96
18 162 I. T. f 51 11.79
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Clinical neurosis (21  p a tien ts)

Serial
No. Name Sex Age + — Note

1 40 D. F . m 33 14.83

2 107 S. N . f 45 12.44 +  hypotension,

clim ax

3 109 P. V. f 53 10.84 +  hypertension,

clim ax
4 110 A. N . m 48 20.58

5 114 K. N . f 44 29.79

6 115 S. L. f 38 14.65

7 127 K. I. f 32 7.64

8 129 I. K. f 28 4.05

9 134 I. J. m 37 2.44

10 137 I. E. f 36 13.22

11 140 A. D. m 18 9.99
12 142 J. O. f 19 0.18

13 146 B. G. m 34 1.82

14 150 E. Cs. m 43 7.33

15 151 F. T. m 41 1.27

16 152 A. M. f 32 7.16

17 155 Gy. F. f 56 33.77

18 157 J. V. f 21 8.96 -f- hypotension

19 158 M. Zs. f 63 1.98

20 159 K . H. f 43 22.68

21 160 F. T. m 21 21.93 -f- hypertension

regenerative factor o f  th e  CFFSE or, more precisely , their possibilities outlined  
above could allow detailed  studies on the recovery  associated w ith  habituation .

U nderstanding th e  CFFSE phenom enon is sim ilarly prom oted b y  th e  
analogy w ith  h ab itu ation . The latter is a v ery  exten sive process. As for th e  
CFF, there is further evidence available to  verify  its being affected b y  an 
extrem ely  m ultila teral influence. Thus, for exam p le , in encephale isolé experi
m ents, th e  p oten tia ls follow ing light im pulses m ay be facilitated  or im peded  
from different parts o f  the non-specific system s o f  the brain (S t e r i a d e  and  
D e m e t r e s c u , 1960). This does not contradict th e  w ell-know n finding b y  B a r t l e y  
(1959), according to  w hich th e  critical, fin a l p o in t o f  CFF origin is the cortex. 
The ex ten sive  connections o f the cortex, in  turn , are well known (see, for e x 
am ple, P a r i k a s h v i l i , 1962). CFFSE dem onstrates th is extensive influence, and  
its stress variations, ju st like its relation w ith  habituation  confirms the opinion  
on its  ex ten siv e ly  affected  nature.
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Certain non-specific stimuli that raise the plasma corticosterone level when 
administered on a single occasion fail to raise it when administered repeatedly whereas 
others raise it independently of the number of administrations. It is suggested that 
stressor agents reach the CRF-secreting hypothalamic cells by different pathways and 
that the CRF-activating mechanism of some stressors does adapt itself to repeated 
stimuli, that of others does not.

It is only since we know th at a w ide v a r ie ty  of acute stress — physical, 
chem ical, em otional and other stim uli — evoke hypophyseal-adrenocortical 
hyperfunction th at a better understanding o f th e  function and the physiological 
role o f  the system  has emerged. A cute stresses increase the corticosteroid con
centration in  the blood, cause adrenal ascorbic acid and lipoid depletion , in vo
lution o f the thym us, eosinopenia, and lym phocytopenia  (S e l y e  1936, 1950, 
1961). According to  S e ly e  (1936, 1950, 1961) repeated exposure results in the  
stage o f resistance in which the adrenal is hypertrophied, adrenal ascorbic 
acid and lipoid concentrations are again norm al, or above norm al, and lipoid  
granules accum ulate. N ot so long ago it  w as w idely  believed th a t th is indicated  
adrenocortical hyperfunction. Other data, how ever, suggested th a t in  th e  stage  
o f resistance the thym us regains its w eight, th e  number of lym p h ocytes and 
eosinophils returns to norm al, and other indirect signs o f hypercorticalism  
disappear (S e l y e  1950, 1961). These find ings seem to show th a t repeated  
exposure to  non-specific stim uli fails to  e lic it adrenocortical hyperfunction.

W hile it is difficult to find one’s w ay in  th e  maze of literary data  concern
ing th e  changes in hormone secretion and m orphology th at follow  acute stress 
of the hypophyseal-adrenocortical system , surprisingly little  a tten tion  has been 
devoted  to  the response o f  th e  horm onal axis to  repeated stressfu l stim uli. 
S e l y e ’s investigations and his reasoning w ere based on m orphological findings 
(S e l y e  1936, 1950, 1961). W e isz  and his coworkers (1959) found th a t repeated  
in jections o f  formalin caused no rise in th e  corticosterone level o f  th e  adrenal 
venous blood. S ch ö nbaum  (1960) observed no increased horm one production  
in v itro b y  the adrenals o f anim als exposed to  cold for several w eeks. W e showed  
(S t a r k  et ah, 1965) that the last o f 14 d aily  injections o f form alin produced a
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sign ifican tly  lesser rise in th e  corticosterone level o f  the peripheral blood than  
d id  a single formalin in jection  administered to  control animals pretreated  for 
th e  sam e number o f days w ith  physiological saline.

A  considerable body o f  experim ental evidence suggests that the operative  
surgery  and cannulation w hich  necessarily precede the collection o f  adrenal 
v en o u s blood intensify the corticosterone production  in a degree beyond w hich  
it  ca n n o t he considerably increased even w ith  exogenous ACTH (H o l z b a u e r  
and V o g t , 1957; Cs a l a y  and F r e n k l , 1962; P a p p  et al., 1964). W e, how ever, 
h a v e  alw ays used the pooled blood of four anim als to  determine plasm a cortico
steron e levels.

T he present experim ents were performed for the purpose o f ascertain ing  
w h eth er our earlier results obtained  w ith form alin were valid for other stressor  
agen ts, and whether a  m ethod  more sensitive ( G u i l l e m i n  et al., 1 9 5 9 )  for the  
determ ination  of corticosterone would confirm them .

In  selecting stressor agents for the present experim ents we were guided  
b y  th e  consideration th at since in the view  o f som e authors (Ma t s u d a  et al., 
1963; D e  W ie d , 1964; M ia l iie -V oloss, 1958; R o c h efo r t  et al., 1959; Ma n g il i  
et a l., 1966; Sm e l ik , 1959; F o r t ie r , 1951) non-specific stim uli activa te  th e  
hypophyseal-adrenocortical sy stem  by different m echanism , it might be possib le  
th a t th e ir  repeated application  will lead to d ifferent degrees of adaptation .

M aterials and m ethods

M ale W istar rats w eighing 160 ± 1 0  g were used (ex ep t the ether-group). W hile being  
trea ted , th e  anim als were kept in  a constant-tem perature room  (2 4 d :l°C ) and fed a sta n 
dard d ie t w ith  water ad lib itum .

Stressfu l stimuli
E ther. R ats were subjected to  etherization stress once daily  for 14 days. E ach anim al 

w as p la ced  for 1 m inute in a 4.5-litre jar im m ediately after 10 m l of ether (Aether ad narcosim  
P h. H u n g . V .) had evaporated in it  during 3 minutes. The control animals were each subjected  
to  m ild  restraint by being placed in  an em pty jar for the sam e length  of tim e. In both  groups, 
24 hou rs la ter  treatm ent was fo llow ed by one more 1-m inute application of ether stress and  
restra in t, respectively. All anim als w ere killed by decapitation  30 m inutes after the la st in ter
ference.

E ndotoxin . Two groups o f rats were treated daily  for 14 days w ith an intraperitoneal 
in jectio n  o f  0.2 ml of an endotoxin  suspension (germ count 100,000/m l). Twenty-four hours 
la ter  th e  anim als in one group were given  an additional endotoxin  injection and those in  the  
other an  in jection  of physiological sa line. Another two groups were treated in the sam e m anner  
w ith  0 .2  m l o f physiological saline and  one of them  received 24 hours later an additional in jec
tio n  o f  ph ysio logical saline and the other group an in jection  o f  0.2 ml o f endotoxin. H avin g  
foun d  in  prelim inary experim ents th a t  intraperitoneal endotox in  took  about 3 hours to  produce  
m axim u m  blood corticosterone concentration, all anim als were exsanguinated 3 hours after  
the la s t  in jection .

Electroshock. For adm inistering the electroshock current a cage having walls o f  p lex y  
and a b o tto m  of parallel m etal bars w as used. Every other bar w as connected w ith a p ositive  
and n eg a tiv e  pole, respectively, th u s ensuring a closed circu it through the limbs and the tail 
o f th e  an im al on the bars. The source o f the shock w as a condenser charged up w ith  300 V 
direct current. The average o f m easurem ents showed the anim als resistance to be 15 kohm ;
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thus the value for the current arising on in itia l stim ulation w as about 20 mA, decreasing expo
nentia lly  until com plete discharge of the condenser. Shock duration was 0.3 — 1 seconds. Separate 
groups o f animals were shocked on a single occasion and once a day on 5, 14 and 30 consecutive  
days.

A ll animals were exsanguinated b y  decapitation 25 m inutes after the adm inistration of 
the la st electric shock because practical experience had revealed th a t betw een 20 and 30 m in
utes had to elapse before the shock raised the blood corticosterone leve l to peak value.

Vasopressin — Tonephin. One group of rats was treated  subcutaneously w ith  1 I.U . o f  
lysine-vasopressin (Sandoz) and another one w ith 5 I.U . T onephin (H oechst A. G.) once  
daily  for fourteen days. Twenty-four hours later one half o f the anim als in each group was 
given  an additional injection  of the stressor, the other h a lf one o f physiological saline. All 
anim als were decapitated one hour after the last injection (Table 4).

Formalin. Two groups of rats w ere injected subcutaneously w ith 1% formalin (0.25  
m l/100 g b. wt.) once daily  for 14 days. The animals in one group received 24 hours later an 
additional formalin injection , and those in the other group an intraperitoneal injection of 
endotoxin  (0.2 ml). Two control groups were treated daily for 14 days w ith physiological saline 
(0.25 ml/100 g b. w t.) administered subcutaneously. T w enty-four hours later this treatm ent 
w as followed in one group by an additional injection of physiological saline, in the other b y  an 
injection of formalin. The animals were bled to death 1 hour after form alin, and 3 hours after 
endotoxin , adm inistered as the last injection .

Corticosteroid determination

The trunk blood caught in heparinized tubes was centrifuged and plasm a corticosterone  
content was m easured b y  the fluorom etric m ethod of G u il l e m in  e t al., (1959).

The adrenals o f  the animals used in our experim ents w ith  endotoxin  and electric shock, 
w hich had been rem oved, cleaned, and weighed im m ediately after killing, were cut into four 
parts and placed in to  flasks containing K rebs—Ringer-bicarbonate-glucose solution. A m ixture  
o f 95%  0 2 and 5% C 0 2 was bubbled through the medium continuously , and incubation carried 
out in  a bath for 1 hour at 37°C ,after S a f f r a n  and S c iia l l y  (1955). A t the end of this incuba
tion period the m edium  was discarded and the adrenals were reincubated w ith fresh m edium  
for 1 hour in the presence of 0.1 I.U . o f  crystalline ACTH per 100 m g o f adrenal (Corticotrophi- 
num , Organon, Oss). From the two incubation media the corticosteroids were extracted  w ith  
chloroform, isolated  b y  paper chrom atography, developed in a solution of tétrazolium  blue, 
and eluated; corticosterone and aldosterone were then m easured spectrophotom etrically, 
using a Unicam S P  500 apparatus ( F a c h e t  et al., 1962).

Results

Ether. Adm inistered 24 hours after 14 daily exposures to mild restraint, a 
single exposure to  etherization stress produced a sta tistica lly  significant rise of 
the plasma corticosterone level. Adm inistered after 14 daily  etherization stresses, 
it  also raised th e  corticosterone concentration b u t to  a significantly lower level 
w hich, however, was higher th an  the control level (Table 1).

Endotoxin. Adm inistered 24 hours after 14 daily  injections o f physiological 
saline, a single exposure to endotoxin  caused a sign ificant rise in the plasm a  
corticosterone level, but when it  followed 14 daily  injections o f  endotoxin  it 
had no appreciable effect on corticosterone concentration. Treatm ent w ith  
endotoxin for 14 days caused adrenal hypertrophy. In vitro, the adrenals 
produced about as much corticosterone and aldosterone during the first hour 
o f incubation as did the controls, but in the presence o f  ACTH (reincubation) 
the corticosterone production increased (Table 2).
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T able 1

Effects o f  single and repeated ether stress

14-day
treatment

Followed 
24 hours 
later by

Body
weight

g

Weight of 
adrenals 

mg

Corticosterone 
fxg/100 ml 

plasma

d aily  1-min. 
restraint

1-min. restraint

386 ± 8 4 3 .8 ± 1 .1 *  (25)

16.3 ± 3 .2  (13) (a)

d a ily  1-min. 
restraint

1-min. etherization
3 7 .4 ± 3 .0  (12) (b)

d a ily  1-min. 
etherization

1-min. etherization

392 ± 8 4 8 .0 ± 1 .6  (23)
2 9 .6 ± 3 .3  (11) (c)

d a ily  1-min. 
etherization

1-min. restraint
22.1 ± 3 .8  (12) (d)

m ean ±  S. E . a —b p <  0.05
num ber of determ inations a—d p <  0.05

c —d p <  0.05 
b —c p <  0.05

Electric shock. W hether given on a single occasion or once a d ay  on 5, 14 
and 30 consecutive days, electric shock resulted in largely the sam e statistica lly  
sign ifican t rises of the blood corticosterone level. Irrespectively o f  th e  number 
o f  applications, electroshock had no effect on adrenal weight. In  relation to the  
con trols, corticosterone production in  v itro increased sign ificantly  in  response 
to  electric shock in all four experim ental groups, but the increase in aldosterone 
production  was insign ificant. The am ount o f  corticosterone produced in the  
presence o f ACTH (during reincubation) sign ificantly  exceeded th e  control 
v a lu e  in  all groups while th a t o f aldosterone fell below it (Table 3).

Vasopressin and Tonephin . A single exposure to  either o f these tw o  stressor 
agents raised the plasm a corticosterone level significantly. T w enty-four hours 
after 14 daily injections o f  vasopressin  or Tonephin the corticosterone concen
tra tion s were on the w hole equal to  those in the controls. Preceded b y  14 daily 
in jection s of vasopressin, an additional vasopressin elicited nearly th e  same 
sign ifican t rise as did a single exposure. Preceded by 14 daily  injections of 
T onephin , an additional T onephin also produced a significant rise, b u t this was 
sign ifica n tly  lower than  th at produced b y  a single exposure (Table 4).

F orm alin. A single exposure to  1% form alin raised the plasm a cortico
sterone level significantly, but one adm inistered 24 hours after 14 daily  form a
lin  in jection s, had a lesser effect. G iven 24 hours after a 14-day treatm en t with  
form alin , a single endotoxin  injection  increased the corticosterone concentra
tion ; th is  increase was sign ificantly  higher than  th at produced b y  a single form a
lin fo llow in g  14 daily form alin in jections (Table 5).

A c t a  M e d i e n  A r a d c m i n e  S c i e n t i a r u m  H u n g a r i c a e  2 5 ,  1 9 6 8
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Table 2

Effects o f  single and repeated endotoxin

14-day
treatment

0.9%  NaCl

0.9%  NaCl

endotoxin

endotoxin

Followed 
24 hours 
later by

0.9%NaCl

endotoxin

endotoxin

0.9% NaCl

Weight of 
adrenals

mg/100 g B. W.

14.4 ±  0.6
( 12)

20.9 ±  1.0 
(15)

24.6 ±  0.7
(22)

23.7 ±  1.0 
(24)

Corticosterone 
/xg/100 ml 

plasma

23.3 ±  2.5 (a)
( 12)

52.1 ±  7.3 (b) 
(17)

26.8 ±  7.4 (c) 
(27)

24.9 ±  2.3 (d) 
(24)

Corticoid production in vitro

without ACTH with ACTH
1

Corticosterone Aldosterone Corticosterone Aldosterone
jU-g/h/100 mg

1
(Xg/h/100 mg fig/h/100 mg jt/g/h/100 mg

3.1 ±  0.5 1.9 ±  0.2 9.3 ±  1.6 (e) 5.6 ±  0.9 (g)
(6) (6) (6) (6)

3.4 ±  0.6
(6)

2.1 ±  0.1
( 6)

12.2 ±  0.1 (f)
( 6)

4.1 ±  0.5 (h)
( 6)

a —b p <  0.001 
a —c p >• 0.40 
a —d p >  0.60 
b —c p <  0.001

e —f  p >  0.16 
g —h p >  0.05
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Table 3

E ffects o f  single an d  repeated electric shocks

Daily shocks 
applied 

for

Weight of 
adrenals

mg/100 g B. W.

Corticosterone 
//g/100 ml 

plasma

Corticoid production in vitro

without ACTH with ACTH

Corticosterone 
/xg/h/100 mg

Aldosterone 
/íg/h/ЮО mg

Corticosterone 
iig/h/lOO mg

Aldosterone 
Mg/h/lOO mg

Control 16.8 ±  0.8 19.5 ±  1.7 2.04 ±  0.37 1.90 ±  0.33 8.30 ±  1.18 3.22 ±  0.52
(18) (20) (5) (5) (5) (5)

1 day 16.1 ± 0 .4 49.1 ±  2.0* 6.40 ±  0.94* 2.60 ±  1.06 13.40 ±  0.55* 2.46 ±  0.24
(10) (11) (5) (5) (5) (5)

5 days 16.6 ±  0.4 41.4 ±  2.8* 9.46 ±  0.71* 1.96 ±  0.32 13.52 ±  1.24* 2.06 ±  0.50
(9) (9) (9) (8) (9) (9)

14 days 16.3 ±  0.8 46.4 ±  4.3* 10.96 ±  1.02* 1.83 ±  0.24 15.78 ±  1.68* 2.96 ±  0.34
(9) (9) (9) (9) (9) (9)

30 days 15.5 ±  0.8 51.6 ±  1.7* 6.76 ±  2.19** 2.40 ±  0.79 11.92 ±  1.27*** 1.86 ±  0.48
(10) (12) (4) (4) (5) (5)

* p <  0.01 vs control ** p >  0.05 vs control *** p <  0.05 vs. control..
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Table 4

Effects o f  single and repeated Vasopressin and Tonephin , respectively

14-day
treatment

Followed 
24 hours 
later by

Body
weight

Weight of 
adrenals 

mg

Corticosterone 
//g/100 ml 

plasma

0.9%  NaCl 0.9%  NaCl 213.0 ±  3.2 43.9 ±  1.5 (a) 13.0 ±  0.4 (10)

0.9%  NaCl Vasopressin (20) (20) 63.4 ±  2.7 (10)*

Vasopressin 0.9%  NaCl 209.8 ±  2.8 49.9 ±  1.8 (b) 12.2 ±  1.7 (10)

Vasopressin Vasopressin (20) (20) 61.8 ±  3.1 (9)*

0.9%  NaCl 0.9%  NaCl 200.4 ±  3.5 46.7 ±  1.6 (c) 15.8 ±  2.2 (6)

0.9% NaCl Tonephin (12) (12) 73.2 ±  3.0 (6)*

Tonephin 0.9%  NaCl 205.0 ±  3.7 50.5 ±  2.2 (d) 11.6 ±  2.0 (6)

Tonephin Tonephin (13) (13) 58.1 ± 3 . 2  (7)*

a -b  p <  0.05 * p <  0.001 vs. controls
c d p > 0 .1 0

Table 5

Effects o f  form alin and endotoxin

14-day
treatment

Followed 
24 hours 
later by

Corticosterone 
jtzg/100 ml 

plasma
Significance

0.9% NaCl 0.9%  NaCl 12.1 ±  1.7 (11) (a) a —b p <  0.01

0.9% NaCl 1% formalin 67.5 ±  4.3 (6) (b) b —c p <  0.05

1% formalin 1% formalin 43.3 3.6 (12) (c) a — c p <  0.05

1% formalin endotoxin 57.2 ér 3.5 (6) (d) d — c p <  0.05

Discussion

In the present work, prolonged exposure to  endotoxin, ether, or formalin  
produced no rise of the corticosterone level or, at m ost, one that w as signifi
cantly low er than  the rise elicited  by a single adm inistration. A lthough  they  
measured adrenal activ ity  b y  m ethods different from the one we used, earlier 
investigators made similar observations w ith  repeated formalin ( V e c s e i , 1962), 
with insulin  ( K r a i c e r  and L o g o t h e t o p o u l o s , 1963), with cold stress ( S c h ö n -
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BAUM, 1960) and w ith  traum atization  in th e  Noble-Collip drum (M iKULAj and 
K v e t n a n s k y , 1966). T he present experim ents showed, how ever, th a t electric 
sh o ck , vasopressin, and T onephin elicited hypophyseal-adrenocortical hyper
fu n c tio n  whether adm inistered repeatedly or on a single occasion.

H ow  is one to exp la in  w h y  certain o f th e  stressors th at raise th e  plasm a cor
tico stero n e  level when adm inistered on a single occasion fail to  raise it  w hen ad
m in istered  repeatedly, w hereas others raise it  independently o f  th e  num ber of 
adm in istrations?  To exp la in  the absence o f  adrenocortical hyperfunction  du
r in g  repeated exposure th ree possibilities offer them selves for consideration: 

(i) R epeated exposure is not accom panied b y  repeated hypersecretion  
o f  ACTH .

(ii) R epeated exposure is accom panied b y  repeated ACTH hypersecre
t io n  b u t the adrenal fa ils to  respond w ith a corresponding increase in  cortico
s tero id  secretion.

(iii) There m ay be increased need for corticoid  hormones in the tissues, i.e. 
a ccelera ted  hormone m etabolism .

T he absence of a rise in  the plasma corticosterone level after repeated  
ex p o su re  to  endotoxin and a presence o f a lesser rise to form alin, cannot be 
ascrib ed  to  reduced adrenal responsiveness to  ACTH (Table 2). N or does 
in creased  corticosteroid elim ination  explain it  since, at least in form alin-treated  
a n im a ls , there is no increased elim ination (St a r k  et ah, 1965). This observation  
agrees w ell with the fin d in g  o f K r a icer  and L ogothetopoulos  (1963) that 
rep ea ted ly  adm inistered insu lin  no longer increases the plasm a corticosterone  
le v e l and  leaves corticosteroid elim ination unchanged.

T hus it  would appear th a t prolonged exposure to certain stressor agents 
fa ils to  raise the plasm a corticosterone level because it is not accom panied by  
rep ea ted  hypersecretion o f  ACTH.

In  an earlier work (St a r k  et ah, 1965) w e show ed that operative traum a  
cau sed  ascorbic acid depletion  in the adrenal o f  anim als treated w ith  form alin. 
T he p resen t experim ents produced evidence th a t  endotoxin raised th e  plasm a  
corticosteron e level in th e  form alin-treated anim als. These facts in d icate th a t  
th e  h yp op h ysis o f anim als treated  w ith form alin is capable of secreting ACTH  
24 hours after prolonged treatm ent.

T h e  conclusion is th a t neither decreased adrenal or hyp op h ysea l re
sp o n siv en ess  (Stark et ah, 1963, 1968) nor increased plasma corticosteroid  
e lim in a tio n  (Stark et ah, 1965) can be evoked to  explain w hy repeated  exp o
sure to  certain  stressors (ether, formalin, and endotoxin) is not fo llow ed b y  a 
rise in  th e  plasma corticosterone level, or on ly  b y  one significantly low er than  
th a t seen  from  a single adm inistration.

T h e  m echanism s o f s tre sso rs  ac tiv a tin g  ACTH  secretion  have  b een  s tu d ie d  
b y  v a r io u s  approaches (F o r t ie r , 1951; Sm e l ik , 1959; D e W ie d , 1964; M ia l h e - 
Vo l o s s , 1958; R o c h efo r t  e t ah , 1959; A r im u r a  e t ah, 1965), a n d  sev era l
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attem pts have been m ade to  subdivide the stim uli according to  th e  w ays 
(“ neurogenic” , “system ic” , “ som atic”) by which th ey  give rise to  ACTH secre
tion  under acute conditions.

The final common p a th w a y  controling ACTH secretion is the corticotro
pin releasing factor (CRF) produced, according to  H a l á s z  et al. (1962, 1967), 
b y  the cells in the hypopliyseotrophic area.

The finding that rep eated  exposure to  certain stressor agents is not, 
whereas th a t of others is , accom panied by repeated ACTH hypersecretion  
m ay be interpreted along th e  line that stressor agents reach the CR F-secreting  
hypothalam ic cells by different m echanisms (pathw ays); and th a t th e  CRF- 
activatin g  mechanism (neural or humoral) o f som e stressors does adapt itse lf  
to  repeated stimuli, th a t o f  others does not.

I f  th is is a valid in terpretation  it m ay lead to  an answer to the question  
w hy hypophyseal-adrenal response is alw ays the sam e to  acute stresses but 
w idely varies after repeated  exposures.

T hanks are due to Mr. B . H ajtm ann for the m athem atical analysis.
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RECENSIONES

Collette, I. M., J antet, G., Schoffeniels, E. New trends in  basic lymphology. P roceedings 
o f a Sym posium  held at Charleroi on 11 to 13 Ju ly , 1966. Birkhäuser Verlag, B asel and S tu tt
gart 1967.

This volum e of 235 pages, the 14th Supplem ent o f Experientia, fully docum ents the  
Sym posium  held under the auspices o f the Council for International O rganizations o f M edical 
Sciences w ith Professor M. Földi presiding. The guests were clinicians and theoretical sc ien tists  
engaged in research on the production of lym ph and on the dynam ism  of lym phatic circulation. 
The subjects included the ultrastructure of the lym ph channels in health and disease, the pas
sage of various substances into the lym ph, the relationships between structure and function  
in the lym phatic network o f the m esentery, contactility  o f hum an lym ph vessels, problem s of 
the lym pho-venous junctions and their response to various factors. Papers were read on the 
histochem ical and histoenzym ological aspects o f the lym phatic  pathways, others dealt w ith  
the functional and structural signs o f lym ph stasis. R adiographic exploration o f the lym phatic  
structures and the results o f  intralym phatic application o f cytostatic  drugs were docum ented  
w ith  im pressive photographic m aterial. The tex t o f the individual papers had been handed out 
to the m embers for previous study. This accounts for the relevant and interesting discussions 
follow ing the reports.

The transendothelial transport o f fluids and solids was suggested to be due to the inter
play o f dynam ic factors. F luid m ovem ent across the interendothelial junctions o f  the lym ph  
capillaries was discussed in detail. I t  would have been welcom ed if the exchange o f  these m ate
rials w ith in  the cell through the interm ediary of the intracellular vesicular elem ents resulting  
from an active function of the endothel cell would have received more atten tion . On the ev i
dence o f electron m icroscopic studies, parallel w ith m uscle relaxation, the wall o f  the lym ph  
capillary opens like a va lve, giving thu s access to the inflow  o f interstitial fluid and solids. On 
the other hand, on m uscular contraction, the m aterials are returned to the in terstitia l com part
m ent. The lym ph is forwarded toward the heart, in add ition  to muscle contraction, by an active  
contraction of the functional unit o f the lym phatic system , the “ lym phangion” , in response  
to an elevation  of the in tralym phatic pressure m ediated  via sym pathetic path w ays. Ample 
evidence has been furnished that dye uptake, lym phographie filling and patency o f lym phatic  
anastom oses are responsive to various drugs. H istochem ical and histoenzym ological studies 
failed to produce evidence o f any d istinctive character betw een blood and lym p h  capillaries. 
On the other hand, certain m etabolic abnorm alities arising in organs after experim ental ob
struction of their lym ph flow  were identified by h istochem ical m ethods. The prelim inary results 
o f intralym phatic application of cyto tox ic  drugs seem  to be promising. The anim ated debates 
and interesting com m ents show th a t the individual contributions had been thought-provoking  
and that the athm osphere was one o f fertile criticism . The production of the vo lum e is exem 
plary, only the legends on pages 14 and 193 are incorrect. The student o f the lym p h atic  system  
will find here a rich source of inform ation and o f stim ulating ideas.

M. Papp

Wandrey, D. and Leütnek, F. N euro-Psychopharm aca in K lin ik  und Praxis. F. K. Schattauer  
Verlag, S tu ttgart 1967.

From  year to year it becom es more and more d ifficu lt to survey the ex istin g  psycho
tropic drugs. The authors o f the present volum e have m ade the best of this task  by bringing the 
vast m aterial up to date until 1967. The book is intended for clinicians and other practising
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ph ysicians. A lthough the authors were prim arily concerned w ith  practical issues and clear pre
sen ta tio n  o f the inform ation was one o f their m ain objectives as seen from the well-arranged  
tab les, th ey  give nevertheless due consideration to  the theoretical background as w ell. I t  is to  
be w elcom ed th a t the references are given separately in stead  o f being inserted in the te x t  which  
w ould have m ade it  too bulky. In  th is manner the reader has less difficulty in find in g  the infor
m ation  he m ay require.

T he authors have not attem p ted  to give any new  classification o f the psychotropic  
drugs, still less to present them  in a new light. W hat th e y  did intend in fact, and w e believe, 
w ith  success, was to g ive  a com plete list o f these agents w ith  a short and accurate but none 
the less full account o f  their pharm acological and clin ical properties. I t  m ust be em phasized  
th a t th e  book is free from  any advertising character. Special sections deal w ith  the psycho
tropic aspects o f  clinical m edicine, derm atology and surgery. The authors have filled  a gap by  
h av in g  com piled evidence on these  little  studied relationships.

A  critical presentation  o f the m aterial would have added much to the va lue o f  th is infor
m a tiv e  volum e, for instance b y  m arking out certain drugs as efficient, certain others as being  
d evoid  o f  any value. In  the absence o f any ind ication reflecting  the authors’ v iew , even  the  
m ost exh au stive  source o f  inform ation remains incom plete.

E . Varga
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ACTA M EDICA
ТОМ X X V  -В Ы П . 2

РЕЗЮ М Е

П О БО Ч Н О Е  Д Е Й С Т В И Е  П РЕ П А РА Т А  Д О К А К В О ЗУ М  (Г Л Ю К О ЗИ Д  
Д Е ЗО К С И К О РТ И К О С Т Е РО Н А ) НА Ф У Н К Ц И Ю  Щ ИТОВИДНОЙ Ж Е Л Е З Ы

К. БАРТА-ГОЛИАН

Проводились эксперименты по выяснению побочного действия препарата Д окак- 
возум на поглощение йода и на синтез гормонов щ итовидной железой. Действие препарата  
на обмен йода исследовалось на основе накопления йода щитовидной ж ел езой , а  такж е  
процентного состава его йодгормонов и гормонов плазмы . Д л я  исследования использова
лась методика радиоактивных индикаторов. Количественная и качественная оценка кри
вых аккумуляции йода показала значительное торм ож ение поглощения йода: при введе
нии 10 мг на кг веса в день оно понизилось с 33%  до  20% . В щитовидной ж ел езе  фаза 
неорганического йодида повысилась почти до двухкратной исходной величины, в ущ ерб  
фазы дийодтирозина. В плазме состав гормонов у к азал  на нарушение мобилизации. При 
введении 10 мг йода на кг веса тела фазы ди- и трийодтирозина повысились до пятикратной  
исходной величины, и содерж ание тироксина понизилось до величины, н и ж е половины  
исходной.

Б А К Т Е Р И А Л Ь Н А Я  Ф Л ОРА В В Ы Д Е Л Е Н И И  И З Б РО Н Х О В

Э. СЕНЕЙ, и Э. Ф АРКАШ

Авторы разработали данные 3867 бактериальны х культур и 1407 исследований  
резистентности, проводившихся на 3682 пробах вы деления из бронхов, полученны х в 
связи с 3602 бронхоскопическими исследованиями 2432  детей в возрасте от О— 18 лет. 
Больных они распределили на девять групп: интактную, активный туберкулез, неактивный 
туберкулез, посттуберкулезное расширение бронхов, прорыв процесса в б р он х , брон
хиальная астма, хронический бронхит, хроническая пневмония, бронхоэктазия.

Установлено, что
1. У здорового человека выделение из бронхов не обязательно стерильное.
2. Наличие нейссерий и стрептококков в бронхиальном  секрете обуславливается не 

загрязнением бронхоскопом, а это патологическое явление.
3. М еж ду бактериальной флорой бронхиального секрета и степенью вы раж енности  

бронхиального процесса наблюдается определенная связь, независимо от того, является ли 
основное заболевание специфическим или неспецифическим.

4. Ответственным за заселение патогенных микробов следует считать анатомические 
и тканевые изменения, а такж е биохимические изменения совместно.

5. Чувствительность к антибиотикам микробов, выращенных из выделений больных 
туберкулезом  и из нетуберкулезного материала различная.

6. Д л я  «слепого» лечения острых вспышек хронических туберкулетиков лучш е всего 
оправдывается хлорамфеникол и эритромицин.

7. Д л я  длительного профилактического лечения больных с хроническим легочным 
процессом, особенно в раннем детском возрасте, лучш е всего оправдался эритромицин.

И С С Л ЕД О В А Н И Е  С В Я ЗИ  М ЕЖ ДУ С О Д Е Р Ж А Н И Е М  М УКО П О ЛИ САХАРИ ДО В  
В Ж Е Л У ДО Ч Н О М  СОКЕ И В Е Л И Ч И Н А М И  ЛИПОИДОВ В К Р О В И

Ю. СЕКЕЙ , М. БИ Х А РИ -В А РГА  и Ш. ГЕРЁ

Авторы проводили исследования на 150 контрольны х лиц и 75 больны х с различ
ными расстройствами липоидного обмена.



1. В  контрольной группе и в группе больных с гиперхолестеринемией связь м еж ду  
содер ж ан и ем  гексозамина, сиалиновой кислоты и м укоида Винцлера и уровнем сывороточ
ного хол естер и н а показывает подобный характер.

2 . П ри заболеваниях, сопровож даю щ ихся холестеринемией средние величины  
со д ер ж а н и я  гексозамина, связанной белками гексозы, м укоида Винцлера и сиалиновой  
кислоты  в ж елудочном соке достоверно более низкие, чем в контрольной группе.

3 . В  желудочном соке исследовавшиеся компоненты МПС оказались самыми 
низкими в группе больных с артериосклерозом.

4 . П ри исследовании связи м еж ду концентрацией одинаковых компонентов МПС, 
обн аруж и в аем ы х в желудочном  соке и в сыворотке т е х  ж е  лиц, содержание гексозамина  
показало как  в группе больных с гиперхолестеринемией, так и в контрольной группе  
ли н ей н ую  связь, в количестве м укоидов Винцлера в ж ел удочном  соке в контрольной группе  
пол уч ал ась  параболоидная кривая в функции содерж ан и я  серомукоида.

5 . М еж ду кислотностью ж елудочного сока и его содержанием МПС не удалось  
выявить связи.

6 . В  группе артериосклеротиков распределение содерж ания МПС в стенке ж ел у д к а  
не отличается от величин контрольной группы.

Д Е Й С Т В И Е  Л И Г И Р О В А Н И Я  П Е Ч ЕН О Ч Н О Й  А РТ Е РИ И  НА СОСТАВ  
П Е Ч ЕН О Ч Н О Й  ЛИ М Ф Ы  

Д ь . САБО и Ж . М А Д ЬЯ Р

П о сл е  лигирования печеночной артерии содерж ан и е белков в печеночной лимфе 
остается низким  и относительная концентрация альбум инов лимфы выше, чем в плазме  
крови. Следовательно, предполож ение, что различный состав белков обуславливается тем, 
что к ж и д к о сти , истекающей из синусоидов, состав которой идентичен с составом плазмы  
крови, примешивается фильтрат, образовавшийся в капиллярной системе с низкой про
ницаем остью  (околожелчные капилляры ), не подтверж дается.

И С С Л Е Д О В А Н И Е  СВЕРТЫ ВАЕМ О СТИ  К Р О В И  У  БО Л Ь Н Ы Х  И С ТИ Н Н О Й
ПО ЛИ Ц И ТЕМ И ЕЙ

Дь. Н А Д Ь, Л . АСОДИ, И. ХАТВАНИ и Л . АНТАЛ

А вторы  анализировали коагулограммы больны х истинной полицитемией в ф азе  
обострения  болезни, а такж е при ремиссии, появляю щ ейся под влиянием лечения радио
фосфором . В  фазе обострения болезни удалось выявить комплексные отклонения, наиболее  
вы раж енны е в протромбиновом показателе, потреблении протромбина, числе тромбоцитов  
и инактивации тромбина. В период ремиссии эти изм енения по большей части вернулись  
к норм е.

П Е Р Е Х О Д Н Ы Е  Э Л Е К Т РО Э Н Ц Е Ф А Л О Г РА Ф И Ч Е С К И Е  Я В Л Е Н И Я  М Е Ж Д У  
Р И С У Н К О М  Г Е Н Е Р А Л И ЗИ Р О В А Н Н Ы Х  С П А Й К -В О Л Н  . И Т А К  Н А З.

П Р И П А Д О Ч Н Ы М И  Г Е Н Е Р А Л И ЗИ Р О В А Н Н Ы М И  ПОВТОРЯЮ Щ ИМИСЯ  
СУ ДО РО Ж Н Ы М И  Р А З Р Я Д А М И

П. ХАЛАС, Д ь . БЕ Л О К , Й. ХИДАШ И и Г. БОДАН

В  ц ел я х  выяснения патофизиологических причин различий, наблюдаемых м еж ду  
м еханизм ом  малого припадка и механизмом больш ого припадка, сообщаются данные 
четы рех больны х, у  которых механизмы генерализированны х спайк-волн или видоизм е
нения спайк-волн переплетались с генерализированными повторяющимися су д о р о ж 
ными р азрядам и. На основании эти х  данных м ож но сделать следующие установления: 

1. В о  время припадка м еж д у  электроэнцефалографическими явлениями малого  
припадка, сопровождающ егося со спайк-волнами и больш ого припадка с повторяющ имися  
быстрыми разрядами можно выявить переходные электроэнцефалографические явления.



2. Подкрепляются наблюдения Гастаута, согласно которым при отдельны х формах 
эпилептической энцефалопатии, показывающих видоизменения спайк-волн, во время сна 
часто наблюдаются тонические припадки, сопровож даю щ иеся с повторяющимися быстрыми 
разрядами, со слабыми двигательными и значительными вегетативными явлениями.

3. Сон — как естественный сон, так и эвипановый наркоз — , и по всей вероятности и 
препараты бенздиазепина, способствуют появлению переходны х явлений.

На основе электрографических данных, вы ясненны х до сих пор фактов механизма 
спайк-волн и невронального механизма повторных быстрых разрядов типа большого 
припадка (П оллен 1964, М атсумото и Аймоне М арсан 1964), а также интерневронального  
торможения коллатералей возвратного нерва, играю щ его решающую роль в ритмических  
электроэнцефалических явлениях (Экклес 1965), авторы делают попытку создать единую  
теорию о механизмах больш ого и малого проиступа и объяснить электрографические и 
клинические различия, выявляемые в этих формах эпилепсии.

Д И Н А М И К А  И ЗМ Е Н Е Н И Й  ЭЭГ, ЭДГ И Ш И РИ Н Ы  ЗРА Ч К О В  У Ч Е Л О В Е К А  ПОД
ВЛ И Я Н И Е М  Г Е К С О БА РБИ Т А Л А

Ф. КАЙТОР и П. ХАЛАС

Авторами исследованы у 17 лиц реакции показателей активности ЭЭГ, ЭДГ и 
изменений ширины зрачков, вызванные периферическими раздражениями, а так ж е их  связь 
с различными уровнями гексобарбитального наркоза. Постепенное углубление действия  
барбитурата вызвало в ЭЭГ всех обследовавш ихся лиц 3 одинаковых доминантны х моди
фикации. К аж дая  из этих модификаций стала доминантным ответным явлением в различ
ных стадиях наркотического действия. Фаза дремоты является оптимальной дл я  ответа 
пробуж дения (a ro u sa l) . П ри поверхностном сне накапливаются двуфазны е ответы 
(синхронизация, присоединяющаяся к десинхронизации), при наркозе средней глубины - 
модификации типа синхронизации. Д ля глубокого наркоза характерно отсутствие ответ
ной реакции.

В ходе уменьшения наркоза, обеспеченного раздражением, скопление выш еуказан
ных ответов ЭЭГ происходит в обратном порядке. М еж ду ЭДГ и активностью пупилло- 
моторной реакцией и изменениями модификаций ЭЭГ наблюдается вы раж енная связь.

Формальные различия электроэнцефалографических ответов, вызыванные при 
различных глубинах гексобарбитального наркоза, связь модификаций формы элементов 
ЭЭГ при тождественной глубине наркоза рассматривается как возможное доказательство  
дифференцирующей чувствительности к барбитуратам, иерархической организованности  
(понтобульбарны х) систем пробуж дения ствола мозга.

Д Е Й С Т В И Е  Д И М ЕРК А П Т О -П РО П АН О Л А  (Б А Л ) ПРИ ОСТРОМ О Т Р А В Л Е Н И И  
КРЫ С ОРГАНИЧ ЕСКИ М И С О Е Д И Н Е Н И Я М И  РТУТИ  

Ш. БОРДАШ  и к. Л ЕХ О Ц К И

У  крыс при остром отравлении органическими соединениями ртути алкилового, 
алкокси-алкилового и арилового типа профилактическая и терапевтическая эффектив
ность димеркапто-пропанола (Б А Л ) в дозах 3 раза по 20  мг на кг веса тела на протяжении  
суток, по сравнению с сулем ой в качестве контроля, показывает следую щ ий порядок. 
Эффективность БАЛ  и в отношение сулемы (HgCl. ) >  фенилуксуснокислой ртути (РМ А) >  
этилмеркурхлорида (ЕМС) >  дифенилртути (D P M ) >  хлорфенилртути (РМС) >- метокси- 
хлорид этилртути (МЕМС). Если применить димеркапто-пропанол в дозировке 6 раз 
10 мг на кг веса тела в течение двух дней, или 12 раз 5 мг на кг веса тела в течение трех 
дней, то его действие на отравление МЕМС более благоприятное и, по вышеприведенному 
порядку, оно находится м еж ду действиями на отравление DPM и РМС.

Й сходя из этих результатов, полученных на кры сах, авторы придерж иваю тся того 
мнения, что при отравлениях людей, вызванных вышеперечисленными органическими  
соединениями ртути, м ож но рекомендовать осторож ное л протяжное применение димер
капто-пропанола, это, предположительно даст сравнительно, благоприятный результат.



ГИ С ТО ХИ М И Ч ЕСКО Е И С С Л ЕД О В А Н И Е  И З М Е Н Е Н И Й  Д Е Г И Д Р О Г Е Н А ЗЫ  
ГИ Д РО К С И М А С Л Я Н О Й  КИСЛО ТЫ  И НЕС П ЕЦ И Ф И Ч ЕСК О Й  Э С Т Е РА ЗЫ , 

Н А Б Л Ю Д А Е М Ы Х  НА К Р Ы С А Х  ПОСЛЕ О Б Л У Ч Е Н И Я  ВСЕГО ТЕЛ А  Ж И В О Т Н Ы Х

Г. В А Л ЬТЕР и к. ю. Ш М ИДТ

Активность индоксилацетата и дегидрогеназы гидроксимасляной кислоты определя
л а с ь  в 10 органах крыс после облучения всего тела дозой  в 650 р и 1950 р гистохимическим  
м ет о д о м  исследования на протяж ении 72 часов. В печени, почках, яичниках, п одж ел удоч
ной  ж е л е зе , надпочечниках и киш ечнике после начальной активации наблюдалось ум ень
ш ение ферментативной активности, в отдельных органах д а ж е  полное отсутствие ее. В про
ти вопол ож ность  этому в сердце после облучения дозой  в 1950 р отмечалась активация  
дегидроген азы  гидроксимасляной кислоты. Изменению активности энзима способствует  
т а к ж е  наруш ение расщ епления ж и р а . Однако основной причиной следует рассматривать  
общ ую  активацию обмена вещ еств, наблюдаемую в начале лучевой болезни. П од влиянием  
дозы  л уч ей  в 1950 р после начальной активации на третий день наблюдается, как правило, 
п ол н ое круш ение обмена вещ еств. П ри таком поведении дегидрогеназы гидроксимасляной  
кислоты  в отношении цикла ж ирны х кислот следует дум ать о том, что организм предоста
в л я ет  дальнейш ие радикалы д л я  цикла Кребса. С ледует отметить, что головной мозг и 
сел езен к а  оказались относительно исследуемых ферментов сравнительно резистентными  
к облучению .

П Р И В Ы К А Н И Е  И Р Е Г Е Н Е Р А Ц И Я  В СВЕТЕ И С С Л ЕД О В А Н И Й , П Р О В Е Д Е Н Н Ы Х  
М ЕТО ДО М  ЭФФЕКТА С Е Р И И  К РИ ТИ Ч ЕСКО Й  Ф У ЗИ О Н Н О Й  ЧАСТОТЫ

к. АКОШ и М. АКОШ

А вторы  выявили сущ ественное сходство м еж ду привыканием и эффектом серии  
критической фузионной частоты (K F F S E ). На основе этого сходства полагается, что по 
к райн ей  м ере часть явлений, относящ ихся к понятию привыкания, аналогична K F F S E . 
Это означает, что привыкание, по крайней мере частично, явление нагрузки, повторные 
одинаковы е раздраж ения означаю т нагрузку для нервной системы. Следовательно привы
кание м о ж н о  с полным правом привести в связь с утом лением .

Н а  основе аналогий м еж ду привыканием и K F F S E , применение методики K F F S E  
м о ж ет  иметь значение при более подробном уяснении и более точном анализе привыкания.

Н а  основе сопоставления «восстановления», связанного с привыканием и действия, 
оказан ного так наз. регенеративным фактором (фактор F J  K F F S E , можно полагать, что 
пр оц есс «восстановления» так ж е м ож н о было бы измерять и более точно выяснить.

Н а примере фактора F2 показывается, каким образом  можно при методике K F F S E  
точно характеризовать цифровыми данными действие регенерации, что, предполож ительно, 
м ож н о использовать и в клинической дифференциальной диагностике.

А нал огия  между привыканием и K FFSE  показывает и то, что последний подвергает
ся значительном у влиянию со стороны нервной системы.

И С С Л Е Д О В А Н И Е  Р Е А К Ц И Й  Г И П О Ф И ЗА РН О -Н А Д П О Ч Е Ч Н О Й  СИСТЕМЫ  
П О С Л Е  П О ВТО РН О ВО  П Р И М Е Н Е Н И Я  Р А З Л И Ч Н Ы Х  Н ЕС П Е Ц И Ф И Ч Е СК И Х

Р А ЗД Р А Ж Е Н И Й

Э. Ш ТАРК, Й. Ф А Х Е Т , Г. Б. МАКАРИ и К. МАХАЙИ

О тдельны е неспецифические раздраж ения, повышающие при первом применении  
у р ов ен ь  кортикостерона в плазме, при повторном применении или совсем не повышают 
или л и ш ь  мало повышают его, тогда как другие раздр аж ен и я  повышают его независи
мо от ч асл а повторений. Авторы обясняю т эти результаты  тем, кто различные неспеци
ф ические раздраж ения достигаю т гипоталамические клетки, производящие C RF, по 
различны м  путям, и что активизирую щ ие CRF механизмы  определенных стрессоров  
приспособляю тся  к новторному применению раздраж ени й , в то время как механизмы  
д р у г и х  стрессоров не адаптирую тся.
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1,6-Dibromo-1,6-dideoxy-D-mannitol 

tablets of 250 mg.

A specific antigranulopoietic agent

Chronic myelocytic leukaemia 
Polycythaemia vera

Highly selective action 
Oral administration
No cross-resistance with other therapies 
Response of patients can be controlled by dosage 
MYELOBROMOL brings about the prolongation of survival
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b) Durchblutungsfördernd bei obiiterativen Gefässerkrankungen

TIauptindikationén:

I. Periphere Durchblutungsstörungen
Bürgersche Krankheit, Raynaudsche Krankheit u. a.

II. Durch Spastizität oder Kontrakturen bedingte Zustände 
Pyramidenbahnläsionen 
Disseminierte Sklerose 
Enzephalomyelitis 
Spinale Automatismen
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The Slovak section  o f the Society for Internal M edicine (section o f  

the Czechoslovak Medical Society J . E . Purkinje) in cooperation  

w ith  other special sections organizes from  June 16—19, 1969 in

Bratislava the

IInd CZECHOSLOVAK CONGRESS OF INTERNAL 
MEDICINE WITH INTERNATIONAL PARTICIPATION 

ON THE TOPIC OF 0EDEM1C STATES

A t the Congress, recent knowledge on pathogenesis and therapy  

o f oedemic states from  the cardiological, nephrological, endocrino

logical, gastroenterological, haepatological and nutrition aspect 

will be treated. 6 m ain lectures and more than  160 papers by authors 

from  Czechoslovakia and abroad will be read in English, German  

and Slovak (or Czech). Sim ultaneous translation  of all lectures, 

papers and discussions will be available.

Inform ation on the Congress can be obtained a t the Congress O ffice, 

Ist Clinic for Internal Diseases, M ickiew iczova 13, B ratislava,

Czechoslovakia



BIER /B R A U N / K ÜM M ELL

Chirurgische Operationslehre
j

8. Auflage, herausgegeben von E. D ER R A , Düsseldorf,

P. HUBER, Innsbruck, und W. SCHMITT, Rostock
!

6 Bände • Etwa 5850 Seiten • Leinen etwa 850.— M 

Anfang 1969 erscheint:

Band 1: ALLGEMEINE OPERATIONSLEHRE

1969. Etwa 650 Seiten mit 487 Abbildungen 
Leinen etwa 90.—  M

D er Bezug des ersten Bandes verpflichtet zur Abnahme des Gesamtwerkes!

Die »Chirurgische Operationslehre« von BIER/BRAUN/K ÜM M ELL  
erschien in den Jahren 1912— 1914 und wurde zuletzt in siebenter 
Auflage 1952— 1958 von den Professoren A. W. FISCHER, E. 
G O H RBANDT und Geheimrat SAUERBRUCH herausgegeben. 
Der Fortschritt der Wissenschaft machte es erforderlich, das gesamte 
Werk weitgehend neu zu konzipieren, um in allen seinen Abschnitten 
den modernen Stand der Chirurgie zu vermitteln. Dabei wurde die 
bisherige Einteilung des Werkes im  wesentlichen beibehalten. Zu 
bewährten langjährigen Mitarbeitern konnten viele international 
hochangesehene Fachgelehrte neu gewonnen werden. Insgesamt be
trägt die Zahl der Autoren jetzt 90. Der Text bevorzugt eine knappe 
aber übersichtliche und erschöpfende Darstellung.
Der neue »BIER/BRAUN/KÜM M ELL« ist das unentbehrliche Nach
schlagewerk, das weder in der Krankenhausbibliothek noch im Bü
cherschrank des Chirurgen fehlen darf. Der erfahrene Fachmann 
wird es gern konsultieren, dem jüngeren Chirurgen vermittelt es als 
Lehrbuch die ganze Fülle der modernen operativen Medizin.

B itte  verlangen Sie den Sonderprospekt zur »Chirurgischen Operationslehre«.

JOHANN AM BROSIUS BARTH LEIPZIG



MIKROLARYNGOSKOPIE
UND ENDOLARYNGÈALE MIKROCHIRURGIE
Technik und typische Befunde 
Von Prof. Dr. O. KLEINSASSER,
Oberarzt der Hals-Nasen-Ohrenklinik der Universität, Köln
Geleitwort von Prof. Dr. L. SEIFERTH, Köln
1968. XI, 128 Seiten, 133 Abbildungen, davon 100 mehrfarbig,
Form at 16x24,5 cm, Balacuir DM 65,—
Die Einführung des Operationsmikroskopes in die Laryngologie eröffnet eine Reihe bisher 
ungenützter diagnostischer und therapeutischer Möglichkeiten. Mit Hilfe des Operationsmikro
skopes kann das Kehlkopfinnere nun erstmals binokular mit fast beliebiger Vergrößerung 
untersucht werden.
Bei der Mikrolaryngoskopie werden eine Reihe von Veränderungen sichtbar, die bisher mit 
Hilfe des Kehlkopfspiegels oder durch ein Laryngoskop nicht erkennbar waren, so daß nun eine 
wesentlich genauere Differentialdiagnose der Erkrankung der Kehlkopfschleimhaut möglich 
wird.
Die Mikrolaryngoskopie dient vor allem auch zur Frühdiagnose des Stimmlippenkarzinoms und 
zur Feststellung der Ausdehnung von Kehlkopfkrebs. Durch die Anwendung der intratrachealen 
Narkose mit dünnen Kathetern, Wechseldruckbeatmung, Operationslaryngoskopen und ver
feinerten Instrumenten ist es nun möglich geworden, ebenso wie bisher im Ohr oder im Auge, 
exakte, die Stimmfunktion erhaltende und verbessernde Operationen im Kehlkopf auszuführen. 
Nach einer genauen Schilde ung der Untersuchungs- und Operationstechnik werden an Hand 
eines Atlas von 100 mikrolaryngoskopischen Farbbildern die wichtigsten chirurgischen Kehl
kopferkrankungen geschildert und deren operative Behandlung dargestellt.

ATLAS DER LAPAROSKOPIE Щ
Von Doz. Dr. К. BECK, Freiburg • Dr. W. D1SCHLER, Freiburg • Dr. M. HELMS, Frei
burg • Dr. B. KIANI, Freiburg • Priv.-Doz. Dr. K. SICKINGER, Göttingen • Dr. R. TEN
NER, Freiburg
Herausgegeben von Doz. Dr. K. BECK, Leiter der Gastroenterologischen Abteilung der
Medizinischen Universitäts-Klinik, Freiburg
Geleitwort von Prof. Dr. Dr. h. c. L. HEILMEYER, Ulm
1968. ca. 224 Seiten, 385 Abbildungen, davon 369 mehrfarbig,
Format 17,5x25,5 cm, Balacuir DM 128,—
Infolge zunehmender technischer Vervollkommnung hat die Laparoskopie inzwischen weite Ver
breitung erfahren. Neue Indikationsgebiete wurden erschlossen. Es bestand deshalb ein drin
gendes Bedürfnis nach einem Atlas, der die Vielzahl der charakteristischen Befunde in natur
getreuer Reproduktion wiedergibt.
Aus einem Archiv von über 10 000 Bildern hat das Team von 6 Autoren 385 Abbildungen 
(davon 369 mehrfarbig) für den Atlas ausgewählt. Die Bilder sind teils nach Organen, teils nach 
pathogenetischen Prinzipien folgerichtig geordnet. Die Legenden sind jeweils auf der gegen
überliegenden Seite zu finden, so daß Bild und Text leicht miteinander verglichen werden können. 
Das Wesentliche eines Bildes wird durch eine kurze Überschrift gekennzeichnet. Die knapp 
gehaltenen Erläuterungen geben neben der reinen Bildbeschreibung Hinweise auf die praktische 
Bedeutung der Befunde, diskutieren ihre Differentialdiagnose und enthalten Anmerkungen zur 
laparoskopischen Technik. Jede Seite steht unter einem Leitwort. Den einzelnen Abschnitten 
des Buches ist eine kurze Einleitung vorangestellt. Mit Hilfe eines ausführlichen Sachregisters 
lassen sich die typischen Befunde gut auffinden.

F. K. SCHATTAUER-VERLAG • STUTTGART • NEW  YORK





The Acta M edica  publish papers on medical science in English, German, French and 
Russian,

The Acta M edica  appear in parts of varying size, making up volumes.
Manuscripts should be addressed to:

Acta M edica
B udapest V III ., Szigony и. 43. 9 P .O .B . 67

Correspondence w ith the editors and publishers should be sent to the same address. 
The rate of subscription to the Acta M edica  is 165 forints a volume. Orders may be 

placed with “ K ultúra”  Foreign Trade Company for Rooks and Newspapers (Budapest I., Fő 
utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta M edica  paraissent en français, allemand, anglais et russe et publient des 
mémoires du domaine des sciences médicales.

Les Acta M edica  sont publiés sous forme de fascicules cpie seront réunis en volumes.
On est prié d’envoyer manuscrits destinés à la rédaction à l’adresse suivante:

Acta M edica
Budapest V II I ., Szigony и. 43. 9 P .O .B . 67

Toute correspondance doit être envoyée à cette même adresse.
Le prix de l’abonnement est de 165 forints par volume. On peut s’abonner à l’Entreprise 

du Commerce Extérieur de Livres et Journaux »Kultúra« (Budapest L, Fő utca 32. — Com pte- 
courant No. 43-790-057-181) ou à l’étranger chez tous les représentants ou dépositaires.

Ы сю  M edica»  публикую т трактаты из области м едицинских наук на р усск ом , 
немецком, английском и французском язы ках.

«Acta M edica» вы ходят отдельными выпусками разного объема. Несколько вы п у
сков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A cta M edica
Budapest V II I .,  Szigony и. 43. 9 P .O .B . 67

По этому ж е  адресу направлять всякую  корреспонденцию для редакции и 
администрации.

Подписная цена «Acta Medica» —  165 форинтов за том. Заказы  принимает п р ед 
приятие по внеш ней торговле книг и газет «K u ltú ra » (Budapest 1., Fő utca 32. Т е к у 
щий счет № 43-790-057-181) или его заграничны е представительства и уполномоченны е.
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Professor Dr. István R u szn yák



Professor István  Rusznyák com pletes his 80th  year of life on January  
22nd, 1969. H is 70th  birthday was celebrated b y  the 13th volum e o f  A cta  
M edica  recording the major turns o f  R u szn yák ’s life and outstanding ach ieve
m ents as a great teacher and research scien tist. On that occasion, his pupils 
and coworkers and the entire H ungarian m edical profession wished him  “good 
health and undim inished energy to lead them fo r  m any years to come an d  to 
im part to them steadfastness and courage in the p u rsu it o f the f in a l a im , human  
health and happiness" .

I t  gives us great pleasure th a t these w ishes have come true. T he past 
decade has seen István  Rusznyák as keenly active  as before both as th e  Presi
dent o f the H ungarian Academ y o f  Sciences and as Director o f th e  In stitu te  
o f E xperim ental M edicine, as well as in the other high offices he holds.

On the solem n occasion we sincerely w ish him  to retain his com prehensive  
m ind and keen interest which go to  produce th e  true scientist and renders him  
ageless.

W hen in 1936 Sándor K orányi had retired, the exciting task  o f  taking  
over and continuing his activities fell to  his pupil, István R usznyák . Many 
scientific achievem ents o f István R usznyák have since becom e integral parts 
o f m edicine.

The R usznyák  school m eans more th an  the mere succession o f  pupils 
highly trained as investigators and physicians. It means groups o f  peop le who 
represent progressive thinking and hum anism .

The part o f  István  R usznyák’s in tellectu al activ ity  which has been pub
lished, w ill rem ain linked up w ith  his nam e. W hat is not dem onstrable with  
data is the effect he has been, and still is, exerting, both as a sc ien tist and as 
a science adm inistrator, on the w hole o f  th e  medical sciences in H ungary, 
directly as well as through his pupils.

István  R usznyák’s name has becom e inseparable from th e H ungarian  
A cadem y o f Sciences. Twenty years ago he was an outstanding advocator  
and reorganizer o f  the country’s h ighest sc ien tific  authority in harm ony with  
the changes in the social structure o f  H ungary. Since th en , during his 
uninterrupted presidency, the sciences in our country have rapidly been m ov
ing forward on a broad front. A s the A cad em y’s president, Istv á n  R usznyák
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em phasizes the im portance not only o f  international relations in general 
b u t takes every occasion to point at the ad van tages o f joint efforts betw een  
n a tio n s  in seeking the solution  o f single problem s.

István  R usznyák is n ot only a great figure o f the m edical sciences in 
H u n gary; the im pact o f  his work and his personal authority are fe lt far beyond  
th e  boundaries o f th is country. He is corresponding member o f the Bulgarian  
A ca d em y  o f Sciences, th e  Academ y o f Sciences o f the Soviet U nion , the  
C zechoslovak A cadem y o f  Sciences, the P o lish  Academ y o f Sciences, the  
G erm an A cadem y o f Sciences in Berlin, th e  Sw iss Academ y o f Sciences, and 
th e  Y u goslav  A cadem y o f Sciences and Arts.

In  recognition o f  his scientific merits he has been decorated w ith  m any  
honours both at hom e and abroad.

István  R-usznyák has been Editor-in-C hief o f Acta Medica since 1959.
T he Board o f E ditors warm ly congratulate him  on his eightiest birthday  

w ish in g  him  further good health and m uch success. As a mark o f their 
esteem , th ey  present th is issue to the P resident o f  the Hungarian Academ y  
o f  S cien ces, the D irector o f  th e  Institu te  for E xperim ental Medicine and the  
E ditor-in -C hief o f A cta  M edica. I t  contains articles written for this particular  
occasion  b y  his present and a few o f his past collaborators.

The Board of E ditors
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ARTERIO-VENOUS SHUNTS OF THE KIDNEY

By

P. G ö m ö r i

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  April 25, 1968)

A sum m ary is presented of the author’s and his collaborators’ investigation s  
into the problem  of arterio-venous shunts o f the k id ney . In the first step, it  was possible  
to reproduce the T rueta-type of shunt, parallel w ith  a dem onstrable im pairm ent of  
renal functions including urinary output, CFR and Т т р д ц -  Subsequent studies based  
on the corrosion technique furnished m orphological proof o f  the existence o f arterio
venous com m unications. In  th e  latest series o f experim ents it  has been dem onstrated  
that these  com m unications have not only the appearance but also the function  o f  
actual shunts.

The problem  of the arterio-venous shunts o f  th e  kidney has repeatedly  
been discussed in the literature, but no general agreem ent has been reached. 
The possib ility  o f this m echanism , originally suggested  by S p a n n e r  (1937, 
1937/38) and later by C l a r a  (1956), has been defin ite ly  rejected by K ü g e l g e n  
et al. (1958, 1960).

Interest in the questions o f arterio-venous shunts received new im petus 
from the classical work o f  T r u e t a  et al. (1947). Their results obtained in 
rabbits were confirmed by D a n i e l  et al. (1952) in  other animal species. T r u e t a  
and his colleagues had dem onstrated the ex istence o f juxtam edullary shunts  
in different typ es of shock, giv ing rise to a diversion  o f renal blood flow  via  
the juxtam edullary glom eruli. As a result, cortical ischaem ia and m edullary  
hyperaem ia arise. The find ings o f T r u e t a  et al. and D a n i e l  et al., though  
strongly suggestive, were n o t conclusive enough to  be uniform ly accepted. 
The existence o f arterio-venous shunts in the k idney  still represents a contro
versial issue.

It is intended here to  g ive  a summary o f our work of the last tw o decades 
by which w e have a ttem pted  to  throw light on th e  question of renal shunts. 
W e began th ese investigations in 1948 (G ö m ö r i , F ö l d i , S z a b ó , 1948, 1961) 
with the aim  o f adding functional evidence to  the findings o f T r u e t a  et al. 
B y excitation  o f the hilar nerves of the k idney  w e were indeed able to  elicit 
in dogs a reduction of urinary output, of G FR , o f  to ta l renal blood flow  (Срдн) 
as well as o f  m axim al tu bu lar excretory cap acity  ( Т т Рдн), parallel w ith  
a distinct blanching of th e  cortical area in contrast to  the dark red colour o f  
the m edullary region, corresponding, on the ev idence o f  benzidine preparations, 
to  cortical ischaem ia and m edullary hyperaem ia. Our findings were consisten t
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w ith  the existence o f shunts as described b y  T ru eta  et al. A s a m atter o f fact, 
w e n ot only had shown th a t their results were reproducible in som e other way  
as w ell, but also th a t th e  m echanism  o f juxtam edullary shunts takes effect 
at. th e  expense of the renal functions. Our finding raised th e  p ossib ility  of an 
in v o lv em en t of sim ilar factors in the renal failure in shock.

Our investigations in to  the problem s o f renal arterio-venous shunts were 
resum ed at a later period (1962) on th e  spur of the finding th a t in  shock 
С ран is significantly lower than indicated b y  the direct estim ation  o f R BF  
(B á l in t  et al., 1961). It w as believed at first th at this d iscrepancy between  
th e  direct method and Срдн m ight be connected with th e  opening up of 
sh u n ts , a possibility ind icated  by our earlier experim ents, w here th e  Trueta- 
ty p e  o f  shunt was clearly associated w ith  im paired renal function  including  
Cpah and C*. It is clear th a t the direct m easurem ent of R B F  w hich merely 
reflects the amount o f b lood leaving th e  renal vein regardless o f th e  perfused 
tissu es , defines the to ta l b lood flow  o f th e  k idney, whereas Срдн is obviously  
a m easure of the blood flow  through th e  renal parenchym a. I t  w as on this 
basis th a t we assum ed th a t, as described b y  T r u eta , arterio-venous shunts 
m ig h t be opening up in th e  course o f shock. In the light of later evidence we 
h ad , how ever, to reconsider th is supposition. Although in these conditions 
С ра н  is indeed less than  th e  R B F  m easured directly from a cannulated  renal 
v e in  (B á l in t  et al., 1964, G öm öri et al., 1961), the cause of th is lies in a reten
tio n  o f  PA H  by the oliguric kidney. Though these facts have cast considerable 
d o u b t on our original supposition , th ey  have given , on the other hand, im petus 
to  further investigations in to  the question w hether the condition o f shock is 
a c tu a lly  associated w ith  shunts as claim ed b y  T r u e t a  et al.

Closer study o f th e  question was facilita ted  by the corrosion technique 
d evelop ed  by Mu n k á csi (1957). The procedure consists in in jecting an acetone- 
cyclohexam ine solution o f РУС into the renal artery o f the rem oved kidney. 
A fter th e  usual corrosion procedure the specim en is exam ined stereom icroscop- 
ica lly . Our studies (G öm öri et al., 1962) revealed  first of all a striking ischae
m ia in  association w ith traum atic, ischaem ic, haemorrhagic or dehydration  
sh ock , a finding consistent w ith  our claim ascribing an im portant role to  ischae
m ia in th e  pathogenesis o f th e  shock-kidney. W hile filling of th e  renal veins 
w as n ever seen in normal specim ens, it w as an invariable, d istinct finding in 
all ty p e s  of shock. The fact th a t filling o f th e  renal veins was confined  to  the 
sh ock -k id n ey  was taken as an indication o f shunts opening up in th e  course of 
sh o ck . I t  m ust be added th a t M u n k ÁCSI’s procedure which in vo lves th e  use 
o f a 5%  solution of РУС leaves the veins em p ty  under normal cond itions, the 
great v iscosity  of th is so lution  being incom patib le w ith its passage through  
th e  capillaries. Therefore, in normal specim ens, apart from the m ajor arteries 
on ly  th e  afferent arterioles, th e  glomerules and a small segm ent o f th e  efferent 
arterioles are reached, whereas th e  postglom erular capillaries or veins remain
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em pty. Thus, filling o f the veins in diverse conditions of shock suggested  
th a t this m ust occur in a retrograde w ay via  arterio-venous anastom oses. 
The foregoing findings were duly reproduced in subsequent stud ies ( G ö m ö r i  

et al., 1965).
Our following task  was to find  m orphologic evidence in support o f the 

shunt m echanism . As a result of th ese investigations ( M u n k á c s i  e t al., 1 9 6 3 )  

we succeeded in furnishing stereom icroscopic proof of the ex istence o f  well- 
defined arterio-venous com m unications m easuring up to 50/t in diameter. 
These are scattered over the entire k idney as corticom edullary or intracortical 
com m unications and m ay also be found in th e  cortex corticis. W e were the 
first to draw attention  to the existence o f glomerules opening directly  into  
veins (paravenous glomerules) and involving by this fact a p otentia l shunt- 
m echanism . Our findings were consistent w ith  those of C l a r a , S p a n n e r  and 
T r u e t a  et al. referred to earlier in  this paper.

W e had, how ever, still failed to  furnish definite functional proof o f the 
existence of a shunt m echanism . M orphological evidence of arterio-venous 
com m unications in the kidney still does not m ean that they  m u st be capable 
of assum ing the function of actual shunts under given conditions. W e received  
orientation for further studies in to  these aspects by the results o f  C a r g i l l  

(1948) who had found that adm inistration of hum an serum album in resulted  
in a reduction of the difference betw een arterio-venous PA H  (P A H -extraction , 
Ердн)- This finding was interpreted by num erous workers including H o m e r  

S m i t h  (1951) as being due to an opening o f arterio-venous shu n ts, supposed  
to  divert the blood stream from the renal parenchym a to th e  renal vein. 
On reproducing these experim ents in dogs ( G ö m ö r i  et al., 1964) w e also found 
a reduction in E PAh and the arterio-venous 0 2 difference. Sim ilar results 
were obtained by the adm inistration of dihydrolazine. Sim ilar results were 
obtained by E l p e r s  and S e l k u r t  (1963) in dogs after adm inistration o f canine 
and bovine sera. In their studies Т т ( дн was not affected, ind icating th a t Е Рдн 
was unrelated to any tubular dam age.

In further studies ( G ö m ö r i  et al., 1965), shock was induced in dogs sub
sequent to unilateral renal denervation. On the evidence of the corrosion casts 
it has been found that 1. denervation prevents renal ischaem ia; 2. while 
Ерли o f the denervated kidney rem ained unaffected, its d efin ite  reduction  
was dem onstrable in the contralateral k idney with in tact nervous supply. 
After serum albumin adm inistration, denervation failed to prevent th e  reduc
tion  of Ердн,  indicating that shock and serum albumin affected  E PAh by 
different mechanisms.

This presum ptive evidence aw aited confirm ation b y  som e functional 
proof. It was to be furnished by our subsequent studies ( G ö m ö r i  et al., 1 9 6 8 )  

in which we made use o f certain recent m ethodological possib ilities. B y  the
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u se  o f  the electrom agnetic flo w  meter we w ere able to measure tota l R B F  in 
th e  renal vein under m ore or less physiological conditions, and in Sa p ir s t e in ’s 
8eR b-extraction  m ethod m odified  by H á r sin g  and P e l l e y  (1965) w e had 
fo u n d  a convenient m eans for assessing capillary blood flow  in the kidney. 
I t  is obvious that the d ifference between to ta l and capillary blood flow  repre
sen ts  th a t fraction o f b lood  flow  which bypasses th e  renal parenchym a; we 
h a v e  term ed this “ inert”  b lo o d  flow. In contrast to  the control anim als where 
th e  in ert blood flow did n o t account for more th an  5%  of R B F , after injection  
o f  serum  albumin it a tta in ed  28%  R BF. This in ev ita b ly  suggested shunts being  
op en ed  which would accou n t for the increase in  th e  inert blood flow . Looking  
for o th er  possible causes, w e m ight consider an increase in the m edullary frac
tio n  o f  blood flow as a d irect effect of serum album in, since it is know n from  
th e  stud ies of R e u b i (1948) th a t there is no m edullary extraction o f PA H . 
T h is conjecture m ay be, h ow ever, left out of account, since adm inistration of 
serum  albumin was found to  cause a fall in th e  ratio of m edullary/cortical 
b lood  flo w  from 40.2 to  32 .1% . This leaves th e  opening of arterio-venous shunts 
as th e  on ly  plausible exp lan ation  of the increase in  inert blood ’flow . H á r sin g  
et al. (1964) have provided  a remarkable counterpart to this evidence by  
h a v in g  raised the inert flo w  from  9.1 to 34.5%  b y  injecting acetylcholine into  
th e  ren al artery. The in terest o f  this lies in th e  consistency  of the figures despite  
th e  u se  o f  different m ethods. F urther interest a ttach es to  a recent work of H á r 
s in g  e t al. (1967) where it  h as been dem onstrated b y  the aid of the stop flow  
m eth o d  th at the ratio b etw een  cortical blood flow  measured by the 8GRb 
tech n iq u e  and R BF falls from  the normal va lu e o f  0.78 to  0.48 and Ердн  
from  0.75 to 0.52 con secu tive  to  stop-flow. A  sim ilar discrepancy betw een  
d irect R B F  measurement and th e  diameters o f th e  perfused portion o f the dog 
k id n ey  during intra-arterial cineradiography in haem orrhagic shock as reveal
ed b y  th e  studies of J ir k a  e t al. (1961), is likew ise consistent w ith  th e  m echa
n ism  o f  arterio-venous sh u n ts. Shaldon  and his colleagues (1963) obtained  
sim ilar results by means o f  s lCr labelled erythrocytes and 131I serum album in.

A ll these data d efin ite ly  indicate that the arterio-venous com m unications 
reproducib le in the k idney u n d er conditions referred to  earlier, represent actual 
sh u n ts  n o t only in m orphological but also in functional respects.

T h e results of our corrosion studies on hum an kidneys obtained from  
su b jects  who had died from  chronic renal disease or uraemia, lend support 
to  sim ilar interpretations ( G ö m ö r i  et al., 1968). One of the features revealed  
b y  th e se  investigations w as a recanalisation, th e  arisal o f anastom oses betw een  
afferen t and efferent arterio les, gradually replacing the degenerating glomer- 
ules. T his results in th e  form ation  of aglomerular vascular structures w hich  
ensure th e  passage of b lood to  th e  capillaries supp ly ing  the tubules when the  
glom eru les are being grad u ally  put out of function . Though being no actual 
arterio-ven ou s shunts in th e  sen se of the foregoing defin ition , they none the
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less represent aglomerular com m unications betw een the afferent and efferent 
arterioles. The significance o f  th is lies in our view  in the possib ility  o f  ensuring  
tubular blood supply even after destruction  o f the glomerular apparatus. This 
accounts for the preservation o f som e degree o f tubular blood supply  and for 
th e  absence o f tubular necrosis in chronic glom erulonephritis associated  w ith  
widespread glomerular destruction and hyaline degeneration. I t  also explains  
th e  reason w hy in chronic renal failure th e  tubular secretion o f certain  sub
stances such as carbam ide, creatinine, phosphorus and potassium , is still pre
served, in other words, elim ination o f these substances exceeds th e  clearance 
o f inulin .

In  the face o f th is evidence it  w ould be no longer tenable to  deny the  
reality  o f arterio-venous shunts. W e not on ly  have m orphological ev idence of 
th e  existence o f arterio-venous com m unications but also fu n ctional proof 
th a t reduction o f Ердн resulting from th e adm inistration o f serum  album in  
reflects an actual bypass o f the functioning renal parenchym a. W hether under 
given  pathological conditions, particularly in shock, the m orphologically  
dem onstrable arterio-venous com m unications are capable o f assum ing the  
role o f actual shunts, aw aits further functional evidence.
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On the basis of the working hypothesis that the cause underlying hirsutism was 
to be sought for in the enzyme systems of the skin and its accessory structures, the 
compounds of sterane-structure have been studied in the skin and hairs. It has been 
shown earlier that in human skin Zimmermann chromogens are present, one-fifth of 
which proved to be ketonic Zimmermann chromogen. In this connection a significant 
difference was found between hairy and hairless skin extracts, in favour of the former. 
In human hairs, mainly in the hairs of the armpit, a number of 17-ketosteroids and 
considerable amounts of dehydroepiandrosterone were found. By histochemical methods 
zl5-3/3-hydroxy steroid dehydrogenase activity could be shown in human skin.

1. By various soaking methods, without digestion steroids could be extracted 
from the hairs.

2. In the hairs most 17-ketosteroids are present in the form of sulphate ester.
3. Human skin was found to metabolize intensively radioactive dehydroepian

drosterone.
4. Male skin synthesized two and a half times as much testosterone and twice 

as much androsterone as the female skin, calculated for 1 g skin. Androst-4-ene-3,17- 
-dione is synthesized at a similar rate by male and female skin. Thus, not only the endo
crine glands, but also the skin is capable of synthesizing steroids of high biological 
activity from biologically less active ones.

5. The skin is converting dehydroepiandrosterone to dehydroepiandrosterone 
sulphate.

6. Pubic skin from an agonadal man was also capable of synthesizing from 
dehydroepiandrosterone androsterone of high radioactivity and testosterone of low 
radioactivity. So far, 11 radioactive metabolites could be identified in the incubate.

7. On incubating androstenedione, androsterone and testosterone were formed. 
In normal skin, the two compounds are produced in roughly the same amounts.

8. In hirsute patients, the skin produces twice as much of androsterone as of 
testosterone, i.e. the ratio is reversed. The sum of the two compounds is higher in hirsute 
than in normal females.

9. Human armpit sweat was found to contain considerable amounts of 17-keto- 
steroid sulphate ester, mostly dehydroepiandrosterone and androsterone sulphate.

Enzymopathies of the skin are assumed to be involved in some cases of idio
pathic hirsutism.

W e began to  study the problem  o f hirsutism  more than  a decade ago. 
Hirsutism , a sym ptom  m anifesting itse lf  at th e  periphery, m ay  h ave several 
causes. Beside th e  forms of known aetio logy  such as adrenocortical, hypophysial 
and ovariogenic hirsutism , in a lm ost h a lf o f th e  cases it is unknow n w h at indu
ces the growth o f hairs. Such cases are called idiopathic, a term  w hich  conveys 
noth ing and in th ese  instances our d iagnostic m ethods are of no aid (J ulesz 
e t ah, 1963; F a r e d in  et ah, 1964).
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According to  our working hypothesis, h irsutism  is due to changes in  the  
en zym e system s o f th e  skin or its accessory structures, and will develop in the  
fem ale around w hose hair follicles the androgen : oestrogen ratio sh ifts iri the  
direction  o f the androgens. I t  is possible th a t the androgenic steroids produced  
in  th e  adrenal cortex or elsewhere reach th e  hair follicles in increased am ounts. 
I t  is possib le that the androgens are bound stronger at the periphery, or the  
target organ, in the present case the hair follicle, w h ich  is more sen sitive to  an
drogens. I t  is also possible th a t the shift in favour o f  th e  androgens is a result o f a 
reduced production or faster breakdown of oestrogens. W e have suggested  th e  
p o ssib ility  th at, at least in  part, androgens are produced in the skin. This 
seem ed plausible in v iew  o f the presence in th e  skin o f cholesterol, th e  p rin ci
pal stero id  precursor.

On th e  basis o f  th is working hypothesis we began to study the various 
sterane-structure com pounds o f the skin and o f  th e  various kinds o f hair.

F irst, it  was show n th a t in the hum an skin Zimmermann chrom ogens 
are p resen t o f which about 1/5 proved to  be k eton ic ( J u l e s z , 1964; J u l e s z , 
1965a, b ;  J u l e s z  et al., 1966). Significant differences were found betw een  
hairy and hairless skin extracts, in favour o f th e  former. This had induced  
us to  ex ten d  our studies to  th e  hairs. The resu lts showed that hum an hairs, 
esp ecia lly  th e  axillary hairs, contained several 17-ketosteroids, m ainly déhydro
épiandrostérone (D H A ). This androgenic steroid w as identified b y  chrom a
tograp h y  and different colour reactions.

A t th e  sam e tim e, we studied  the presence in  human skin and hairs of 
cholesterol, the principal precursor of steroids. S ign ificant quantities o f it  were 
found in  both  the skin and hair extracts and at concentrations sign ifican tly  
above norm al in hairy skin, in  axillary hairs and in  the virile-type hairs of  
hirsute fem ales.

T he question arose w hether the 17-ketosteroids are merely stored in the  
skin, or at least part o f them  was synthesized  there. H istochem ical studies 
( J u l e s z , 1965b) revealed A5-3/?-hydroxy steroid  dehydrogenase a c tiv ity  in

T able  I

E x tra c tio n  o f  17-ketostero id  content

No. Hairs,
mg Extracting solution

~ 2

E
ii

Durati

4

xtracted
subsequ

on of ext 
hours

18

17-KS, 
гпХ. ext гас

raction,

24

ts

48
Total

l 114 Distilled water 9.6 2.8 7.6 2.4 18.8 41.2
2 113 0.5 N NH,OH 23.6 10.4 13.8 11.0 7.2 66.0
3 112 0.5 N NH4OH +  ether 36.8 8.6 11.4 5.6 12.4 74.8
4 115 2.0 N NH4OH 35.6 10.4 14.6 8.0 11.4 80.0
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human skin. The presence o f this enzym e system  was confirmed b y  th e  fact 
that we could dem onstrate in hairs androst-4-ene-3,17-dione and androstane- 
-3,17-dione. Thus, androgenic steroids m ay be synthesized  in the skin and 
its appendages.

In further experim ents ( J u l e sz , 1968) it w as determ ined in w h at form  
the dem onstrated D H A  w as present in the hairs. Since the crude chem ical 
treatm ents used in itia lly  (alkaline digestion -f- hydrochloric acid hydrolysis) 
could have played a role in the form ation o f th e  dem onstrated androgenic  
steroids, to  elim inate th e  possibility of producing artefacts the m ethod  for 
recovering steroids had to  be refined. B y  various soaking m ethods w e have  
succeeded in extracting them  from the hairs w ith ou t destroying th e  la tter. 
It was found that soaking the hairs for 10 days in  2 N  ammonium hydroxide  
and ether, alm ost 100%  of their 17-ketosteroid content could be recovered. 
As seen in Table I , soaking in 2 N N H 4O H  for 4 days yielded 80 fig o f 
17-ketosteroids, then ether was added, w hich increased the yield to  94.4 fig,
i.e. to 821 fig per 1 g o f  hairs of ketosteroid. In  hairs subjected to  d igestion  
following soaking, practically  no 17-ketosteroid could be dem onstrated.

Thin-layer chrom atography of the w ater phase extracts (Silicagel-G  
and A1.,0.,-G Sarfaty L ip sett solvent system : m ethanol, ammonia and ethyl- 
acetate, 5 : 5 : 1 )  proved th at m ost of the 17-ketosteroids are present in the  
hairs in the form o f su lphate ester. As seen in F ig . 1, on the right the authentic  
steroids were run. D H A -glucuronide (DH A-G ) stayed  at the start p o in t, D H A - 
sulphate (D H A -S) ran at medium height, w hile free D H A  m oved alm ost w ith  
the front. The left stripe shows the hair extract, containing almost exclu sively  
17-ketosteroid sulphate esters (17-KS-S).

Thin-layer chrom atography following sulphuric acid solvolysis o f  17- 
ketosteroid-sulphates proved (Fig. 2) that the hairs contained beside th e  large 
am ount o f  D H A  also a sm all quantity  o f  androsterone (А-S). T he left 
chrom atogram  shows th e  authentic A and D H A . N ext to it are th e  tw o  
steroids o f the extract o f  the hairs. There is m ore D H A  and little  androster
one (T ó t h  et al., 1967).

fro m  a x illa ry  hairs

Ext 
in 81

Duration о 
ho

48

racted 17-KS, /xg 
lbsequent extracts

extraction,  ̂
urs Total

48

17-KS, ms
in hairs 
following 
extraction 

and alkaline 
digestion

Total 
17-KS, 
in hairs,

Total
17-KS,
Mg/K 

in hairs

Extraction 32.2 12.0 44.2 4 89.4 784
continued with 11.8 5.6 17.4 2 85.4 756
2.0 N NH.OH +  ether 6.8 2.2 9.0 1.5 85.3 762

11.0 2.4 13.4 1 94.4 821
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Peak:227 000

F ig. 4 . Chromatogram of radioactive metabolites obtained after incubation of abdominal 
skin slices from a normal female (above) and male (below) in the presence of [4-14CJ-DHA.

(Column chromatography: 3 g A120 3, Brockmann III/IV activity)

T he ether extract obtained by the soaking m ethod contained th e  free 
17-ketosteroids present in th e  hairs (Fig. 3).

In  th e  left stripe the authentic steroids ran in the following downward  
sequence: androstane-dione, androstene-dione, A  and DH A. The right stripe  
show s beside androstane-3,17-dione and androst-4-ene-3,17-dione, free A and 
D H A  in  th e  extract of hairs.

T h e question arose w hether the androgenic steroids dem onstrated for 
th e  fir st  tim e by us as occurring in the skin and hairs had been transported  
there b y  th e  blood and then  stored, or w hether th ey  were synthesized  there. 
The problem  was decided by incubation experim ents.

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



Л и then tie steroids:

Front >

From female axillary hairs

17-KS-S >

Start >

Free Dll \

1)11 \-S

1)11 \-(;

1. 17-ketosteroid sulphates isolated from female axillary hairs [A120 3-G thin-layer: 
Sarfaty I -ipsétt solvent system (1966). Detection by Zimmermann reaction]
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Steroids in extract

< Start

b ig . 2. Androsterone (A) and déhydroépiandrostérone (DMA) liberated from the 17-ketosteroid 
sulphates of female axillary hair. ( \ l - G  thin-layer: solvent system “C”. Detection by Zim

mermann reaction)

b ig .  2. Free 17-ketosteroids isolated from female axillary hair. (AI.,().,-G thin-la; 
system “C.” : detection by Zimmermann reaction: extraction by the soaking

er: solvent 
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Rem oved from  the living b od y , under suitable conditions th e  skin con
tinues breathing and consuming sugar for hours. There is aston ish ingly  scarce 
evidence pertinent to  this. According to  th e  investigations o f J u l e s z , Jr. (1965), 
oxygen  consum ption by the hum an skin under sterile conditions is one order 
o f  m agnitude lower than  it was reported  som e decades ago, and th e  skin was 
found to  continue breathing for at lea st 8 hours in Krebs R inger-glucose or 
T yrode solution at p H =  7.2—7.4.

Under such conditions, there w as a possib ility  for incubation experim ents. 
Slices o f  skin were incubated w ith rad ioactive steroids [4-MC ]-D H A  and [4 -14C] 
-androstene-dione in  Krebs—R inger-phosphate-glucose m edium at 37°C for 
5 hours. To the incubating medium  different co-enzym es, (D P N , T P N  and 
A T P) were added a t 10~3 M concentration . The radioactive steroid  extract 
ob tain ed  after incubation was separated according to polarity in to  different 
groups on an alum ina column, th en  the steroid groups so separated  
were subjected to  paper or thin-layer chrom atography. For id en tification , the  
iso la ted  steroid m etabolite and tw o o f  its  derivatives (acetylated  and oxidized, 
or reduced) were tested  for specific a c tiv ity . W hen the 3 specific activ ities  
th u s obtained varied by less than 10% , th e  isolated steroid was considered iden
tified  or radiochem ically pure.

This procedure served not on ly  as a qualitative, but also as a highly  
sen sitive  quantitative method. It w as su itab le, o f course, also for drawing 
conclusions from th e  radioactive m etab olites in the medium as to  w h at kinds 
o f enzym e system  w ere present in th e  skin.

In  Fig. 4 above are the results for a normal fem ale, below  those for 
a norm al male, show ing the chrom atogram s o f the radioactive m etabolites  
obtained  from an alum ina column follow ing incubation of slices o f abdom i
nal skin in the presence of [4-u C ]-D H A . The ordinate shows the a c tiv ity  in 
dpm  o f  the single eluates, the abscissa their serial number. The num bered  
peaks o f  the chrom atogram  mean steroid  groups of the same polarity , from  
w hich the single steroids were then identified  b y  further paper and th in-layer  
chrom atography ( F a r e d i n  et ah, 1968).

Peak I contains the apolar androstane-3,17-dione. Most o f  peak II  is 
unchanged substrate, in  our case [4 -u C ]-D H A  and a small part o f it  is androst- 
-4-ene-3,7-dione form ed of it. In peak I I I , w e find epiandrosterone and a number 
o f unknow n m etabolites. We attribute particular im portance to  th e  steroids 
in peak IV, because it  contains testosteron e and androsterone, i.e . the two  
principal virilizing steroids. Peaks V  to  V III  contain the h igh ly  polar 
radioactive m etabolites (7-keto-D H A , 16 a-O H -D H A , androst-5-ene-3/3, 17/3- 
-d iol, 7/3-OH-DHA and 7a-O H -DH A).

F ig. 4 indicates clearly that th e  hum an skin was in tensively  m etabolizing  
th e  radioactive D H A . According to  our prelim inary investigations, steroids of 
androgenic activ ity  m ay be expected to  occur in peaks I to  IV . W e have
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Table II

S tero id s isolated an d  id en tif ied  a fter  incubation w ith  [ 4 - u C J-deh ydroep ian drosteron e o f  sk in  
slices fro m  norm al fem ale  a n d  m ale

“ Cold” Chro- Specific Total Per-
Steroids carrier Chemical Steroid mato- centage
isolated added,

Mi
reaction derivative graphic

system
activity,
dpm//xM

conversion,
dpm/g con

version

Female skin

Androst- 253 _ Androst-4-ene- Vr. 1 17 814
-4-ene-3,17- NaBH4 -3,17-dione 16 332 1.45
dione reduction Testosterone Vr. 2 18 472

Testosterone 295 _ Testosterone Vr. 2 1 730
Acetylation Testosterone
Cr03 acetate Vr. 6 865 885 0.07
oxidation Androst-4-ene-

-3,17-dione Vr. 1 922

Androsterone 296 _ Androsterone Vr. 2 14 232
Acetylation Androsterone acetate Vr. 6 15 393 15 729 1.40
Cr03 Androstane-3,17-
oxidation -dione Vr. 1 15 103

Male skin

Androst-4-ene-
-3,17-dione

253

NaBH,
reduction

Androst-4-ene-
-3,17-dione

Testosterone
Vr. 1
Vr. 2

19 704 
19 217 17 430 1.55

Testosterone 295 _ Testosterone Vr. 2 3 634
Acetylation Testosterone

acetate Vr. 6 2 134 2 068 0.18
Cr03 Androst-4-ene-
oxidation -3,17-dione Vr. 1 2 019

Androsterone 296 _ Androsterone Vr. 2 33 227
Acetylation Androsterone

acetate Vr. 6 30 874 29 994 2.67
Cr03 Androstane-3,17-
oxidation -dione Vr. 1 29 442

therefore studied the m aterials in these peaks w ith  particular a tten tion . 
I should  like to point out again that peak IV contained the tw o principal 
androgenic steroids, testosterone and A. I f  w e com pare the female and m ale 
peaks IV , the difference in favour of the m ale sk in  is obviously significant. 
Q uantitative assays (Table II) revealed that the m ale skin is capable of syn th e
sizing 2.5 tim es more testosterone and tw ice m ore A than the fem ale skin, 
as calculated for 1 g o f  skin. A t the same tim e, it is also visible that both kinds 
o f sk in  can synthesize androst-4-ene-3,17-dione w ith  the same rad ioactiv ity  
one o f th e  main precursors o f  these two androgenic steroids.
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The steroids dem onstrated in peaks I to  IV  are shown in F ig. 5. The 
substrate is D H A  (on th e  left), o f w hich th e  enzym e A5-3/?-hydroxy steroid  
dehydrogenase produces androst-4-ene-3,17-dione, and this key com pound is 
converted b y  17-carbonyl hydrogenase to  testosterone, through th e  in ter
m ediary 5a-androstane-3,17-dione, to  A , in response to  3-carbonyl hydro
genase.

These investigations proved th a t not on ly  th e  endocrine organs, b u t also 
the periphery, so for instance the skin, is capable o f synthesizing, from b iologi
cally  less active ones steroids of high biological a c tiv ity . The difference betw een  
the fem ale and m ale hum an skin is n o t qu a lita tive, but quantitative.

OH

testosterone
t

17-carbonyl hydrogenase

androsterone
F ig . 5 . Metabolism of [4-I4C]-dehydroepiandrosterone in abdominal skin slices of normal

female and male

These investigations revealed in addition  th a t the skin can convert D H A  
to  D H A -S, thus it  has a marked D H A -sulphokinase activ ity . These data have  
confirm ed the results o f the 17-ketosteroid assays o f  hairs ( F a r e d i n  et ah, 
1968); the significance o f this will be dealt w ith  later.

Identical experim ents were m ade w ith  the pubic skin slices from  an 
agonadal man. As show n in Fig. 6, th is sk in , too , produced A o f sign ificant 
rad ioactiv ity  (peak IV) from DH A ( F a r e d i n  et ah, 1967).

Testosterone w ith  low radioactivity was also present in this skin. Peak  
IV resem bled that found in females. Fig. 7 shows that this skin contained  
a num ber o f enzym e system s capable o f converting D H A  into other steroids.

From the incubate we could id en tify  11 radioactive m etabolites and the  
hypothetica l routes o f  th e  formation o f these m etabolites are shown, furnishing  
the basis for further studies.
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On the grounds of our incubation stud ies w ith DH A there w as reason  
to  assum e that androst-4-ene-3,17-dione had a key role in the synthesis o f  
androgens. It was thought therefore im portant to  carry out incubation experi
m en ts w ith  androstene-dione. Their result is show n in Fig. 8, for the abdom inal 
skin o f  a norm al fem ale above, and for th a t o f  a female w ith adrenocortical 
h irsutism  below ( F a r e d i n  et ah, 196 8 ) .

Several m etabolites were formed w hen androstene-dione was used as the  
su b stra te . Androsterone and testosterone w ere again found in peak IV; their  
ra d io a ctiv ity  (Table III) w as nearly the sam e in normal skin.

F ig . 6 . Pubic skin slices from an agonadal male. Chromatogram of radioactive metabolites 
obtained following incubation with [4-14C]-DHA. (Column chromatography: 3 g A120 3, Brock- 
mann III/IV activity) — A) Incubation of pubic skin slices from a male with agonadism 

with [4-14C]-DHA — B) Incubation of [4-14C]-DHA without skin slices

Acta Mcdica Academiae Scientiarum Hungaricae 25, 1968



NEW  ADVANCES IN  A ND RO GENIC STER O ID O G EN ESIS 281

In the skin o f a patient w ith hirsutism  th e  rad ioactiv ity  of A w as double  
that o f testosterone. The sum of th e  tw o w as h igher in the hirsute th an  in  the  
normal fem ale.

Thus, th e  hum an skin contains several en zym e system s capable o f  sy n th e
sizing and converting androgenic steroids.

The n ex t question was, how do the androgenic steroids dem onstrated  in 
the hairs (D H A , androsterone) enter the hairs from  the skin. The fact th a t these  
steroids could be eluted with aqueous so lu tion s indicated that th e  w ater- 
soluble steroid sulphates could penetrate in to  th e  hairs from the surface and

HCT^4 -'-'

OH
-OH

T6a-hydroxydehydroepiandrosterone-3' androst-5-ene-3ß,17ß -did
4 \

7a- hydroxylase 
OH"" HO'

3fl-hydroxysteroid- 
-  dehydrogenase "o*o S ^ ~  -,0 6 ^

17ß-hydroxyandrost-5-ene-3 

0

. А-ЗД-hgdroxysteroid- 
X.-aehydrogenase ç

testosterone

hydrogenas^

7oc-hydroxydehydroepiandrosterone dehydroepiandrosterone 
7a-hydroxysteroid dehydrogenase

,9

Н0А ~ 'Ч ^ 0
7 - ketodehydroepiandrosterone

c r ^  0'
? androst-4-ene-3,17-dione 5ß-androstane-3,17-dione 
5œ-hydrogenase \ 5 a-hydr0 genase (etlocholandione)

4

5a-androstane-3,17-dione
(androstanedione)

epiandrosterone 3-carbonyl hydrogenase 
I 0

androsterone

F ig. 7. Metabolism of [4-14C]-dehydroepiandrosterone in pubic skin slices from an agonadal
male

that the steroid transfer from skin to  the hairs w as effected by sw eat. T here
fore we have undertaken to  study th e  androgenic steroids of sweat.

As v isib le in Fig. 9, the hum an axillary sw eat contains a considerable  
am ount of th e  w ater-soluble 17-ketosteroid su lp h ate  ester.

These tests  w ere m ade on alum inium  ox id e th in  layer, on w hich th e  au
thentic D H A -glucuronide remained at the start p o in t, DHA-S and А -S ran in 
the m iddle o f th e  chromatogram and free D H A  near the front. The sp o t o f  
sweat extract developed w ith the Zim m erm ann reaction was at th e  lev e l of 
the authentic su lphate esters.

A lum inium  oxide thin-layer chrom atography following so lvolysis (su l
phuric acid hydrolysis) o f sulphates y ielded  m uch D H A  and little  A. T hese  
steroids were identified  with radioactive D H A  and A. In Fig. 10, on th e  left

2* Acta Median Academiae Scientiarum Ilungaricae 25, 1968
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Table Ul
S tero id s  iso la ted  and iden tified  f ro m  incubated  
The abdominal skin slices were incubated in

Fraction
No.

ír

h i

Steroids isolated

0  H 
5a-androstane-3,17-dione

О

/ S I / V
0 / \  

Androst-4-ene-3,17-dione 
OH

о

IV

Chemical reactions

1/2 part NaHB4 
reduction

CrOo oxidation

Acetylation 
CrOo oxidation

Acetylation 
CrOo oxidation

Steroid derivatives

NaHB4 reduction

Free steroid 
Free steroid 
Free steroid 
5a-androstane-3,17-diol

5a-androstane-3,l 7-dione

Free steroid 
Free steroid 
Testosterone

Free steroid 
Free steroid 
Testosterone acetate 
Androst-4-ene-3,17-dione

Free steroid 
Free steroid 
Androsterone acetate 
5oc-androstane-3,17- dione

* Quantity of “cold” carrier steroid (//g) in normal female skin 
** Quantity of “cold” carrier steroid (fig) in hirsutism

w as run the extract obtained  after so lvolysis, on th e  right the spots o f authentic  
stero id s are visible.

A ll these appeared to  prove th at sw eat contains the same steroids w hich  
w ere found in the hairs, w here they  m ight arrive by the following route. The 
m ain  precursor, cholesterol, is in the sebaceous glands, thus th e  androgenic  
stero id s are synthesized  partly  there, and p a rtly  in the sudoriferous glands. 
In  response to  sulphokinase these becom e w ater-soluble and reach th e  outer
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sk in  slices fro m  norm al an d  h irsu te  fem ales  
vitro with [4-14C]-androst-4-ene-3,17-dionc

“ Cold”
carrier steroid 

added, jttg
Chromatographic

system

Normal female 
Steroid identified

Hirsute female 
Steroid identified

S. A.
dpm/^g

total radioactivity S. A.
dpm//ig

total radioactivity

dpm/g skin per cent dpm/g skin per cent

243 V r - lb 154.00 156.75
V r - la 141.00 145.15
Vr—“A” 138.15 152.55
Vr—“E” — 214 400 9.66 280 800 12.65
V r - lb 149.58 157.35

212 V r - “C” 270.60 328.80
V r - la 275.90 1 096 000 49.37 318.10 926 000 41.74
Vr—2 268.09 335.23

288* 337.5** Vr—2 51.26 31.70
Vr—“D” 46.33 34.04
Vr—1 43.60 50 640 2.28 27.96 38 864 1.75
Vr—1 41.92 29.20

296* 328** Vr—2 55.30 100.90
Vr—“C” 52.36 92.41
Vr—“A” 45.63 57 120 2.57 90.20 115 600 5.20
Vr—1 46.80 95.00

surface of the skin and the hairs. The la tter  being hygroscopic, the steroids 
m ay penetrate into them .

Thus far, new facts have been presented concerning the physiology and 
pathophysiology o f the skin. I shall not venture onto the slippery ground of 
speculations, but I feel justified  in asking w hether in addition to  their theoret
ical significance our experim ents m ay yield  practical conclusions. The results 
of the incubation experim ents seem to warrant an answer in the affirm ative.
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F ig . 8 . Chromatograms of radioactive metabolites obtained on incubation with [4-14C]-androst- 
-4-ene-3,17-dione in abdominal skin slices from normal and hirsute females. (Column chromato

graphy: 3 g AI20 3, Brockmann III/IY activity)

Our hypothesis has been confirm ed by our finding in the hairs o f a hirsute 
fem ale  spots of two such steroids which could not he dem onstrated in norm al 
hairs.

B eing a clinician, m y a tten tion  is focussed on therapeutic possib ilities  
and I hope that chem ists and pharm acologists w ill soon find  the m eans of 
b lock in g  certain dermal enzym es which are bringing about hirsutism .

In  th is paper I w ished to  em phasize th e  im portance of the periphery in 
endocrinology on the basis o f  m any decades o f  a collective work in w hich the
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Authentic steroids:

Front >

From axillary sweat

1 7 - k S- S

S ta r t

Free 1)11 \

D l l  \ - S

Dll \-<;

F ig. 9. 1 7-ketosteroid sulphates isolated from axillary sweat. [A120 ;,-G thin layer; Sarfaty 
I .ipsét I solvent system (1966), detection hy the Zimmermann reaction!

Authentic steroids:

Front

Steroids in 
extract

A

DU A

S t a r t

I

— 5a-androstanc-3,1 7-dione 

- Androst- l-ene-3,17-dione

Androsterone

D éh y d ro ép ian d ro s té ro n e

Fig. 10. Androsterone (A) and déhydroépiandrostérone (DHA) liberated from the 17-keto
steroid sulphates of axillary sweat. (ALO;(-G thin-layer; solvent system “C”. Detection hy

Zimmermann react ion)
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form ulation o f a hypothesis on grounds o f theoretical considerations is not 
sufficient,, since it calls for such chem ical knowledge and m ethodical skill 
w hich cannot be possessed by ju st  one individual, and also for such instru
m ents which allow  the com plicated isolation  and identification techn iques to  
be carried out. In  this field the clinician will be able to  reach new results only  
w hen he is aided in his work b y  such prom inent chem ists as m y collaborators 
Dr. I. F a r e d in  and I. T óth , and a h istochem ist like Miss Dr. E . H o r v á t h .

Our work w as supported b y  generous grants from the S cien tific  H ealth  
Council and from  the Hungarian A cadem y o f Sciences. P ersonally, m ost of 
m y thanks and gratitude are due to  Professor I. R u szn y a k , the outstanding  
research worker, who has follow ed m y m odest career from m y stu d en t years, 
trusting, encouraging and criticising m e. It is a great pleasure to  ded icate him  
th is  work, a fa in t reflexion of m y  gratitude, as a gesture o f adm iration and 
respect, on his 80th  anniversary.
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PATHOGENESIS OF MERCURIC CHLORIDE-INDUCED 
RENAL FAILURE IN THE DOG
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INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(Received June 6, 1968)

Parameters of renal function were investigated in dogs following the intravenous 
administration of 2 mg/kg mercuric chloride.

1. There is only a slight decrease in renal blood flow, which cannot account for 
the oligo-anuric renal failure.

2. The decisive factor in the development of renal failure seems to be the definite 
decrease in glomerular filtration rate. The additional role of tubular fluid leakage cannot 
he excluded.

3. Hyposthenuria and asthenuria are regarded as secondary consequence of the 
diminished filtration, thus contributing to the severity of renal failure.

4. The sharp decrease in the secretion and excretion ratio of PAH corresponds 
to the extensive necrosis of the proximal tubular epithelium.

Mercuric chloride (sublimate) is a w ell-know n nephrotoxic substance: 
su itab le doses cause death by eliciting acute anuria and uraem ia. H istologic  
exam ination of the k idney reveals necrosis o f  the terminal tw o th irds o f the 
proxim al tubular epithelium ; the lum ina are filled by cellular debris; in case 
of survival calcification  and regeneration o f th e  tubular epithelium  m ay be 
observed ( E d w a r d s  [ 8 ] ;  O l i v e r , M a c D o w e l l  and T r a c y  [ 2 2 ] ;  S t a e m l e r  

[ 3 0 ] ;  G e s s l e r  and B a s s  [ 1 3 ] ;  N o l t e n i u s ,  S c h e l l h a s  and O e h l e r t  [ 1 9 ] ;  

O l i v e r  and M a c D o w e l l  [ 2 1 ] ;  R o t h e r  [ 2 5 ] ;  S t e j s k a l  [ 3 1 ] ;  etc .).
Generally, th e  oligo-anuria is th ou gh t to  be connected w ith  th e  necrosis 

of th e  tubular epithelium  and with th e  obstruction  of the tubular lum ina by 
cellular debris. R ediffusion of the glom erular filtrate (primary urine) through  
the injured tubular w all is supposed. Inad eq u ate circulation, caused b y  severe 
dehydration, leads to  diminished renal haem odynam ics and is considered an 
accessory factor in th e  developm ent o f  renal failure.

R ecently, how ever, the concept o f th e  tubular genesis o f m ercuric chlo
ride-induced oligo-anuria has been challenged b y  F l a n i g a n  and O k e n  [11]. 
Micropuncture stud ies in the rat suggested  th a t the primary decrease in glo
m erular filtration rate (GFR) is th e  cause o f  anuria. Similar results were 
obtained in rats in th e  early phase o f  glycerol-induced haem oglobinuric acute 
renal failure [20] and in oliguric renal failure induced by the intravenous injec
tion  o f human m ethaem oglobin [ 2 6 ] .  On th e  other hand, B a n k ,  M u t z  and 
A y n e d j i a n  [ 5 ]  found that anuria in  m ercuric chloride poisoning can occur
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w ith  norm al GFR and the role of “ leakage” o f  tubular fluid in th e  genesis o f  
anuria is stressed.

In  other m am m als (including man) th e  role o f haem odynam ic and/or  
tu b u lar  factors in th e  genesis of mercuric chloride induced renal failure w as 
in v estig a ted  prevalently b y  th e  clearance techn ique. It is well know n, how 
ever, th a t  in oligo-anuria clearance results are unreliable ( B á l i n t  [1]; e tc .). 
In order to  elucidate the question  a series o f experim ents was perform ed in  dogs 
w hich had  been given su b leth a l doses of m ercuric chloride and the param eters 
of renal function were in vestigated . Renal haem odynam ics were assessed  b y  
the d irect m ethod (v. infra) w hich  yields reliable resu lts even in extrem e oliguria  
or anuria. The intravenous route of mercuric chloride adm inistration was 
chosen to  avoid the acute gastroenteritis w hich dom inates the picture after  
oral adm inistration  [15, 27]. T he experim ents w ere jo in tly  performed w ith  Drs 
A. F e k e t e  and M. V i s y , histological evaluation w as done by Dr. M. Z o m b o r y  
in th e  Second In stitu te  o f  P athology, U n iversity  Medical School, B udapest.

Methods

The observations were made on mongrel dogs of both sexes. Mercuric chloride dissolved 
in 20 ml physiological saline was administered intravenously. Preliminary experiments revealed 
that 4 mg/kg mercuric chloride caused death in 1 to 3 days. Therefore, in most experiments, 
2 mg/kg of mercuric chloride was administered.

For some days before (control periods) and after the mercury administration the dogs 
were kept in metabolism cages. They were given their usual food and water a d  l ib itu m . Some 
parameters of renal function (NPN, urine volume, endogenous creatinine clearance etc.) were 
determined. In a number of cases spontaneous death or survival was established. As sponta
neous death occurred in all cases within 10 days following the mercuric chloride administra
tion, survival after the 10th day was considered definite.

In 37 cases an acute experiment was performed some hours or days after mercuric 
chloride administration. The timing of the experiment was set arbitrarily. The acute experi
ment was made on dogs under chloralose anaesthesia. The left kidney was approached by 
laparotomy and the left renal vein was connected by means of a plastic catheter to the external 
jugular vein. A T-extension of the tube allowed the direct measurement of renal blood flow, 
and the withdrawal of renal venous blood samples.

Renal blood flow (RBF) was estimated by direct measurement of renal venous outflow 
(ml/min/100 g kidney weight). Arterial blood pressure was estimated continuously by means 
of a mercury manometer. Urine was collected by means of a ureter catheter passed up into 
the renal pelvis. The plasma levels of PAH, inulin and creatinine required in the clearance and 
extraction studies were ensured by the administration of a preliminary dose and by the con
stant infusion of a maintenance dose. In the first part of the experiments the plasma PAH 
level was set to about 2 mg/100 ml (for determination of the extraction ratio), in the second 
part to about 20 mg/100 ml (for determination of TmpÂ ).

The clearances of creatinine and inulin, i.e. glomerular filtration rate (GFR) were 
calculated by the formulas Ccr =  RPF • E cr, and Cjn =  RPF ■ Ejn, respectively, where RPF 
stands for renal plasma flow as determined from RBF measured directly and from the haema- 
tocrit value. E cr and Ejn represent the renal extraction ratios of creatinine and inulin, respec
tively. Determinations of the oxygen and haemoglobin content of renal venous and systemic 
arterial blood were made using a Doppeloxymeter (Atlas), the arterio-venous oxygen differ
ence (AY 1 )0 .. vol%) being corrected for the difference in haemoglobin content, as described 
by B á l in t  and F orgács [2]. Oxygen consumption is the product of RBF and AVDq2-

Tubular PAH secretion (Трдн) was calculated according to the formula

Т р д н  =  R P F ( P a -  P v) —  G F R  • P a ■ 0 .9 2
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where Pa and Pv represent the PAH content of 1 ml arterial and renal venous plasma, respec 
tively. Трдн is considered the maximal secretory mass (Ттрдц) if the tubular load of PAH 
( =  L p a h ) *s at least double of the secreted quantity. Load was calculated by the formula

LpAH =  Pa(RPF -  GFR • 0.92)

PAH was determined according to Sm ith  et al. [29]; inulin by the method of L it t l e  
[18]; and creatinine according to B á lin t  and V is y  [4 ]. Non-protein nitrogen (NPN) was 
estimated by the method of Cl e g h o r n  and J e n d r a s s ik  [6]. Sodium was determined by flame 
photometry (Zeiss). Osmolality of plasma and urine was assayed by means of an osmometer 
(Advanced, model 63-31). Statistical evaluation was made by the usual methods, as described 
by F is h e r  [10].

Results

The to ta l number o f experim ents in w hich  dogs were adm inistered 2 m g/kg  
mercuric chloride in travenously, am ounted to  fifty -tw o . In 18 cases an acute  
experim ent was performed within 24 hours fo llow ing mercury adm inistration  
(Table II). O f the rem aining 34 dogs 15 succum bed spontaneously and 12 were 
killed in the course of an acute experim ent w ith in  10 days follow ing th e  mer
cury adm inistration. T hus 7 dogs were a live b y  the 10th day and w ere con
sidered d efin ite  survivors.

Concerning spontaneous m ortality or survival, 22 experim ents could be 
evaluated. Spontaneous death  occurred in  15 cases and 7 dogs survived. 
Males seem ed to be slig h tly  more susceptib le to  mercury in tox ica tion  than  
females; th e  difference, how ever, did not prove to  be significant.

Thirty-four experim ents were classified  according to the sev er ity  of 
sym ptom s. In  23 cases (17 males and 6 fem ales) progressive azotaem ia , oligo- 
anuria and clinical signs o f uraemia could be observed: “ severe” group. All 
animals w hich died spontaneously, belonged in to  th is group. In 7 cases (2 males 
and 5 fem ales) N P N  values did not exceed 70 m g/100 ml, oliguria w as absent 
and there were no clinical signs of uraem ia: th is group was called  “ m inor” 
(concerning the degree o f  renal failure). In  th e  remaining 4 cases (1 m ale and 
3 fem ales) transient azotaem ia w ith m ild uraem ic sym ptom s w as observed  
and the anim als survived: this group w as called “ moderate” . S ign ificantly  
more m ales than fem ales belonged to the severe group (evaluated b y  th e  d ip - 
test; P  <7 0.05).

The results of the continuous observations are summarized in  T able I. 
In the “ severe” group N P N  values increased by about 5 0 -60  m g/100  ml 
each day. W ithin 24 hours after mercury adm inistration  polyuria w as observed, 
with a sim ultaneous decrease in endogenous creatinine clearance va lu es. The 
ratio o f urine osm olality  to  plasma osm ola lity  showed a progressive decline 
and from th e 3rd day onward asthenuria w as m anifest.

In th e  “ minor” group the mean N P N  v a lu e  did not increase sign ificantly . 
Endogenous creatinine clearance revealed a sign ificant decrease. U rine volum e
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in creased  on the first day and fluctuated about th e  control values during the 
en tire  period of observation . The ratio o f urine and plasma osm ola lity  cor
responded  to the controls allowed to drink w ater  ad libitum. R esu lts for the  
“ m od erate” group w ere in every respect b etw een  those of the “ m inor” and  
“ sev ere”  groups.

Table I

P aram eters o f  renal fu n ctio n  fo llo w in g  the intravenous 
a d m in is tra tio n  o f  2 m g/kg m ercu ric  chloride 

(Chronic experiments)

* ±  (u)

Davs after
HgClz

administra
tion

NPN
mg/100 ml

Pcreat 
mg/100 ml

V
ml/min ^ e n d .c r e a t .

ml/min Uoem/Posm

Controls 32±  1 (41) 1.0±0.1 (47) 0.58±0.07 (36) 48±4 (38) 2.14±0.15 (31)

1 s 60±  5 (10) 2.9±0.5 (9) 1.58±0.28 (10) 25±6 (10) 1.56±0.13 (10)
mo 60 (4)‘ 2.3 (3)1 1.05 (4) 14 (4) 1.05 (4)
mi 48±  3 ( И ) 1 2.30±0.2 (7)1 1.17±0.22 (6) 20±3 (6) 1.42±0.32 (6)

2 s 128± 7 (8) 6.2±0.7 (6) 0.47±0.12 (8) 5±2 (6) 1.40±0.21 (V)
mo 60 (4)> 2.3 (3)1 0.25 (4) 9 (4) 1.35 (4)
mi 48±  3 ( l l ) 1 2.3±0.2 (7 )' 0.63 (4) 18 (4) 2.45 (4)

3 s 187±30 (12) 9.1±1.0 (6) 0.20±0.07 (8) 1±0 (6) 1.07±0.15 (6)
mo 128 (4)2 5.9 (4)2 0.27±0.05 (7)2 4±1 (8)2 1.58±0.12 (9)2
mi 46±  8 (10)2 1.5±0.3 (8)2 0.80±0.17 (9)2 26±6 (9)2 1.83±0.19 (9)2

4 s 247±27 (И ) 11.9 (4) 0.22±0.12 (5) 2 (5) 0.94±0.12 (5)
mo 128 (4)2 5.9 (4)2 0.27±0.05 (7)2 4±1 (8)2 1.58±0.12 (9)1
mi 46±  8 (10)2 1.5±0.3 (8)2 0.80±0.17 (9)z 26±6 (9)2 1.83±0.19 (9)2

5-8 s 276±27 (11) 18.1±2.0 0 ) 0.10 (5) 3±1 (6) 0.97±0.12 (6)
mo 109± 8 (8) 4.1±0.6 (1) 0.43±0.13 (11) 8± 1  (11) 2.45±0.30 (11)
mi 54± 7 (9) 1.2±0.2 (6) 0.52±0.08 (12) 20±4 (12) 2.36±0.19 (12)

9-14 mo 80±17 (6) 2.3±0.5 (1) 0.26±0.03 (10) 7±1 (10) 2.65±0.20 (10)
mi 39±  6 (11) 0.9 (5) 0.45 ±0.11 (8) 22±5 (8) 1.96±0.27 (V)

s =  severe cases; mo =  moderate cases; mi =  minor cases 
1 Days 1 and 2 evaluated together; 2 Days 3 and 4 evaluated together

In  20 cases an acute experim ent was m ade w ithin 24 hours after the  
m ercuric chloride adm inistration. Results are sum m arized in Table I I . There 
w as a w ide scatter of R B F  values; the m eans, how ever, did not differ sign if
ic a n tly  from  those o f th e  control series. A progressive decrease o f Ccr, Е Рдн
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and Т т р д н  could be observed after th e  6th  hour follow ing m ercury adm inistra
tion . There was no correlation betw een R B F  and the other param eters while 
betw een Ccr and Т т р д н  the correlation was h ighly positive (-f-0 .85).

Table II

P aram eters o f  renal fu n c tio n  fo llo w in g  the in travenous 
a d m in is tra tio n  o f  2  m g /kg  m ercuric chloride  

(Acute experiments)

No.

Sex
m: male 
f: female 
pr: preg

nant

Hours
after

HgCl,
admin.

NPN
mg per 
100 ml

Art. 
pressure 
mm Hg

RBF
ml/min Ccrml/min

V
ml/min e pah

TmPAH
mg/min

105/66 in l 35 118 431 73 2.31 0.85 —

108/66 in l 38 128 346 41 0.40 0.83 8.1
85/67 f l 20 137 720 70 2.38 0.73 11.9

109/67 f l 40 157 290 31 7.97 0.74 5.6
58/66 Ш 3 40 115 367 45 9.00 0.77 9.2
60/66 m 3 40 160 181 5 0.52 0.59 7.1
84/67 f, pr 3 42 120 718 73 3.05 0.67 16.7

114/67 f 3 40 107 311 24 1.96 0.70 9.0
45/66 m 6 35 133 297 21 1.85 0.65 7.0

119/67 f 6 40 100 242 12 0.94 0.59 1.8
120/67 r 6 30 163 457 42 1.53 0.64 10.3
41/66 in 12 54 112 256 3 0.04 0.05 0.1
23/65 in 12 45 133 208 15 0.60 0.57 3.2
96/67 f. pr 12 36 120 570 35 0.42 0.69 8.5
97/67 f, pr 12 26 125 430 72 0.56 0.73 15.1
95/66 111 24 70 137 326 2 0.06 0.31 4.0
10/65* m 24 96 135 402 15 0 0.05 0.1
18/65 f 24 72 103 324 0 0 0.03 0
92/66 f 24 54 140 566 63 4.30 0.76 6.6

8/66* f 24 98 123 492 0 0.02 0.02 0.7

Controls** X 29 128 421 52 0.77 0.77 11.7

sx 1 3 14 3 0.10 0.01 0.6

* Quantity of administered HgCl2 : 4 mg/kg 
* *  B á l i n t  and F o r g á c s  [3 ]

In 17 cases acute experim ents were m ade betw een th e  2nd and 15th 
days (Table III). I t  can be seen from  Fig. 1 th at N P N  values w ere in  no cor
relation with R B F  w hich was reduced only  m oderately. On th e  other hand 
Ccr, Е рдн and Т т р д н  decreased in  cases w ith  azotaem ia.
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T h e relation of renal o x y g en  consum ption to  tubular N a-reabsorption  
is sh ow n  in Fig. 2. The regression  equation is

Y  =  3.65 +  0.76 ( ±  0 .07) X

i.e . th e  reabsorption o f 1 m E q  N a + is connected  w ith  the consum ption o f
0 .76 m l ( =  0.135 m Eq) o x y g en  in  the k idney o f  m ercury in toxicated  dogs. 
T he difference from the controls (0.71 ml =  0.127 m E q  [2]) is not significant.

Table III

P aram eters o f  ren a l fu n ction  fo llow in g  the in travenous  
a d m in is tra tio n  o f  2 m g/kg  m ercuric chloride  

(Acute experiments)

No.

Sex
m: male 
f: female 
Pr: preg

nant

Symptoms 
s: severe 

mo: moder
ate

mi: minor

Days
after
HgCl2
admin.

NPN 
mg per 
100 ml

Art.
pressure
mmHg

RBF
ml/min

Ccr
ml/min

V
ml/min EpAH

ТтрАтт 
mg/min

28/65 m S 2 148 164 193 4 0 0.14 0
22/66 m s 3 152 135 469 7 0.04 0 0.6
81/67 m mi 3 32 100 773 59 — 0.58 —
88/67 m s 3 305 114 551 0 — 0 —
92/67 m s 3 108 97 697 7 — 0.08 —
95/67 m s 3 190 100 91 0 — 0 • —
12/66 f s 3 150 100 309 2 0.06“ 0.06 0
71/66 m 8 4 120 130 373 1 0.03 0.09 1.5
35/66 f mi 4 22 120 363 51 0.25 0.75 10.4
49/66 f, pr mi 5 46 145 142 18 0.11 0.72 4.0
72/66 m s 6 164 148 326 4 0.57 0.04 3.6
55/66 f mo 6 106 107 309 32 4.03 0.25 1.0

118/66 m mo 10 138 150 257 10 0.17 0.52 1.7
112/66 f mo 10 78 100 267 29 0.46 0.68 5.0
73/66 f mi 12 26 138 223 27 0.32 0.70 6.2

116/66 f mi 14 40 122 440 41 0.30 0.57 8.3
205/66 f mo 15 28 130 197 16 2.35 0.42 7.9

Controls: see last row of Table III

T h e earliest h isto logical alterations can be d etected  by light m icroscopy  
about 3 hours following th e  m ercury adm inistration. Glomeruli are dilated  
and hyperaem ic. From th e 6 th  hour onward, progressive necrosis o f proxim al 
tu b u li dom inates the p icture (F ig . 3). From the 4 th  day histological signs of 
tu b u lar  regeneration are dem onstrable (Fig. 4). T he lum ina are filled w ith
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cellular debris; from the 3rd day calcium  deposition and casts can be observed. 
In terstitia l lym phocytic and p lasm ocytic infiltration com pletes the picture. 
In som e cases a hom ogeneous pink sta in ing  m aterial is to  be seen in the lumina 
o f th e  Bowm an’s capsule. According to  light m icroscopic studies glomerular 
and tubular alterations appear sim ultaneously.

300- 300
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F ig . 1. Relation of NPN to GFR ( =  Ccr), RBF, Ттрдц and Ердн- Ф'- severe cases: CJ: mod
erate cases; o : minor cases

Tubular reabsorption of sodium, mEq/min

F ig . 2 . Relation of oxygen consumption to tubular sodium reabsorption. X : acute experi
ment made within 24 hours after mercury administration. For other signs, see Fig. 1

Acta Medico Academiae Scieniiarum Hungarica 25, 1968



294 P. BÁLINT

F ig . 3 . Kidney of a dog 48 hours after intravenous administration of 2 mg/kg mercuric chlo
ride. Extensive necrosis of proximal tubular epithelium. (Haematoxylin-eosin)

F ig . 4 . Kidney of a dog 6 days following intravenous administration of 2 mg/kg mercuric 
chloride. Necrosis and regeneration of the epithelium. (Haematoxylin-eosin)

Discussion

R esults will be d iscussed  in the order of the various param eters of renal 
fu n ction .

1. The sharp decrease in  th e  secretion and extraction  of P A H  corresponds 
to  th e  well-known m orphological feature of m ercury in toxication: a m assive 
necrosis o f the proxim al tu bu lar cells. The decrease in extraction  ratio is the  
secon d ary  consequence o f dim inished secretion.

2. The direct determ ination  of R BF revealed on ly  sligh tly  diminished  
v a lu es (Table IV). The sligh t renal ischaem ia cannot be regarded as the cause 
o f th e  fa ta l renal failure. Sim ilar results were obtained b y  E p p i n g e r  et al. [ 9 ]
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Table IV

M ean  ( ±  S .E .)  p a ra m e te rs  o f  renal fu n c tio n  in mercury 
in d u ced  renal fa ilu re

Within 24 hours Severe cases Moderate cases Minor cases

NPN mg/100 ml 46 ±  5 (20) 169 ±22  (8) 85 ±21 (4) 36 ± 4 (5)
RBF ml/rnin 398 ±35 (20) 375 ± 70  (8) 263 ± 3 2  (4) 385 ±111 (5)
Ccr ml/min 32 ± 6  (20) 3 ±  1 (8) 22 ±  5 (4) 40 ± 8 (5)
Kcr 0.13± 0.01(20) 0.03± 0.01(8) 0.11± 0.02(4) 0.15± 0.02 (5)

Kin 0.19± 0.02(20) 0.06± 0.02(8) 0.12± 0.05(4) 0.26± 0.03 (5)
У ml/min 1.90 (20) 0.14 (5) 1.75 (4) 0.25 (5)
KpAH 0.55 ±  0.06(20) 0.04± 0.02(8) 0.18± 0.09(4) 0.66± 0.05(5)
TmpAH 6.7 ±  1.1 (19) 1.0 ±  0.6 (5) 3.5 ±  1.3 (4) 7.8 ± 1.5 (4)

In brackets: number of observations

and Conn et al. [7]. Owing to th e  presence of oligo-anuria, the clearance tech 
nique would have revealed com plete renal ischaem ia.

3. Considering the pathom echanism , evaluation  of GFR is decisive. 
In normal dogs both exogenous and endogenous creatinine clearances are 
generally regarded as a reliable in d ex  of GFR. I t  should, however, be stressed  
th at only those substances are su itab le for th e  determ ination of G FR  which  
are freely filterable in the glom eruli and are neither reabsorbed nor secreted  
by the tubular epithelium . If, as found by R ic h a r d s  [24], part of th e  filtered  
creatinine were reabsorbed by or rediffusing through the damaged epithelium  
of the proxim al tubuli, its clearance would he less than the filtration  rate. 
The possibility o f tubular rediffusion of filtered creatinine cannot be rejected  
offhand.

It can be seen in Table IV th a t the decrease in creatinine clearance cor
responds well to  the severity o f clinical sym ptom s and to  the degree o f  azot- 
aem ia. Does th is  mean that filtration  rate is severely decreased or is an enhanc
ed tubular rediffusion of creatinine with only sligh tly  dim inished filtration  
rate to be assum ed? On the strength  of the clearance results this question  
cannot be answered unequivocally.

E xtraction ratios of creatinine and inulin were equal in control observa
tions (0.21 ^  0.01 and 0.22 ^  0 .01, respectively). In m ercury-intoxicated  
dogs, however, the extraction ratios o f inulin were significantly higher. This 
observation is in favour of an enhanced rediffusion o f creatinine. On th e  other  
hand, extraction ratios of inulin are not reliable w ith  varying urine volum es [3], 
because substantial quantities o f inulin may be cleared from the kidney b y  the  
renal lymph.
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An additional argum ent in favour o f  th e  approxim ate reliability  of the  
creatin ine clearance as a m easure of G FR  w as th e  relation of renal oxygen  
consum ption to tubular sodium  reabsorption (F ig. 2). The regression lines did 
n o t differ from th e controls. Sodium reabsorption was calculated assuming 
th a t  creatinine clearance is a measure o f th e  filtration  rate.

Inferential evidence w as supplied b y  th e  observation th a t decrease in 
creatin ine clearance had preceded tubular necrosis. Creatinine clearances were 
w ell below control va lu es 24 hours after m ercuric chloride adm inistration. 
In  th e  “ minor” series oliguria was absent, nevertheless creatinine clearance 
w as dim inished during th e  entire course o f  th e  observation.

Thus we are inclined  to  suppose th a t in  m ercury-intoxicated dogs the  
decisive  role in the developm ent of oligo-anuria and azotaem ia is p layed by  
th e  decrease in glom erular filtration rate. Changes of the glom eruli can be 
revealed  even by ligh t m icroscopy; studies w ith  the electron m icroscope have 
show n that dam age o f th e  “ filtering apparatus” m ay take precedence of the 
tubu lar lesions [25, 28]. T he dominance o f glom erular factors has been stressed 
b y  R e u b i  [23] and G e s s l e r  [12]; their v iew  w as based on the low  values 
for intrarenal pressure and on the low inulin  content of k idney tissue, respec
tiv e ly .

This, how ever, does n o t mean that th e  role o f “ leakage” o f tubular fluid  
can be excluded. T he m icropuncture data [5, 11] revealed controversial results. 
T he significant difference betw een inulin and creatinine extraction  ratio values 
can n ot be disregarded (Table IV). The jo in t role of decreased filtration  and 
enhanced tubular rediffusion has been em phasized  by La p p  and S c h a f e  [17], 
and G öm öri, J u h á sz  and T a k á c si-N a g y  [14].

4 . The m ercury-intoxicated  dogs w ere n o t exposed to  the stress of water 
deprivation. N evertheless th e  data in th e  la st colum n o f Table I reveal that 
th e  concentrating ca p a city  as compared to  th a t in the control anim als, was 
seriously impaired, and in the “ severe” series asthenuria was m anifest. This 
can be regarded as a secondary consequence o f  the dim inished filtration  rate 
[16] and contributes to  th e  severity o f th e  sym ptom s of fata l renal failure.
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1. In contrast with the classical teaching which ascribes no significant part to 
the lymph circulation in cerebral fluid transport it has been shown that the mechanical 
insufficiency of cervical lymph flow gives rise to lymphostatic encephalopathy.

2. The mechanical insufficiency of cervical lymph flow has been further found 
to induce lymphostatic haemangiopathy.

3. A hypothesis has been formulated on the intramural prelymphatic fluid 
drainage system of the cerebral blood vessels.

4. An interpretation of the possible pathomechanism of lymphostatic encephalo
pathy is offered.

5. The combination of lymphostatic encephalopathy with some neurologic
diseases is discussed.

W hen in 1954 we have shown th a t the experim ental occlusion o f the  
lym phatics o f th e  heart gives rise to  m yocardial lym phoedem a w ith  definite  
functional and m orphological changes [1], our findings despite their  n ovelty  
found no serious opposition since it  w as a w ell-established fact know n even  
from textbooks o f  anatom y th at the heart possesses lym ph vessels.

Our observation  [2—9], nam ely th a t the experim ental occlusion o f the  
cervical lym ph channels results in a functional im pairm ent o f th e  central 
nervous system  w ith  dem onstrable m icroscopical evidence was found by m any  
workers harder to  reconcile w ith  the v iew  th a t the brain is devoid o f  lym phatic  
pathw ays. How should the inadequacy o f lym ph flow  possibly affect th e  struc
ture and function o f an organ which possesses no lym phatic drainage system  
o f its own ?

Our finding o f retinal oedem a, papilloedem a and exophthalm os resulting  
from cervical lym phatic blockade [10, 11] was likewise questioned b y  som e 
critics on the ground o f the alleged absence o f lym phatic channels in the eye.

It m ust be m ade clear at the very  start that in agreem ent w ith  others 
w e too  failed to dem onstrate lym phatics in the brain or in th e  interior o f the  
eye. This is, how ever, in no w ay incom patib le w ith  the cerebral and ophthalm ic  
consequences o f cervical lym ph blockade observed in our studies.

There is, on th e  other hand, undisputed evidence o f the ex istence of 
endothelium -lined lym ph capillaries in the m ucous mem brane o f  th e  nasal 
ca v ity  adjacent to  th e  fila olfactoria, furtherm ore in the epidural tissu e sur-
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rounding th e  spinal nerve roots and also in the orbital loose connective tissue  
as w ell as in the dura over th e  jugular foram en [12, 13]. These lym phatics  
term ed perineurolym phatic pathw ays [14] are held to  play a functionally  
neglig ib le  part in the drainage o f CNS. Since the prim ary biological function  
o f th e  lym phatic system  in vo lves the collection  and transport of proteins 
released from  the blood capillaries and since the CNS contains slight am ounts 
of p lasm a protein, the a llegedly  negligible function  o f th is perineurolym phatic  
system  is view ed as being com patib le w ith th e  transport o f these proteins even  
th ou gh  th e y  m ust pass th e  arachnoidea and the dura to  reach the lym p h at
ic s—b u t then  th is is defin ite ly  th e  pathw ay w hich  intrathecally  injected  
corpuscular elem ents h ave also been found to  traverse.

T he b lood-brain  barrier is regarded b y  th e  m ajority o f neurologists 
an absolute obstacle to  the passage of plasm a proteins from the blood capillaries 
in to  th e  brain. Similar v iew s are held in respect to  th e  eye and it  is asserted  
th a t th e  brain or the eye do not need a lym phatic  system  for protein drain
age [15].

In  opposition to  trad itional view s I have never found it conceivable that 
there should  exist an ideal b lood—brain barrier to ta lly  im perm eable to  protein  
m olecules, and I have, m ore th an  once, challenged th e  theory b y  the question, 
w hat happens if  very m inute am ounts o f protein, ju st a single m olecule per 
hour, should  none th e  less escape through th e  barrier in to  the brain?

T h at this is indeed th e  case has been dem onstrated  by recent isotope  
studies [16, 17, 18].

A  further challenge to  the probability o f an absolute barrier is the  
ex isten ce  o f  cerebral areas (area postrem a, etc.) unprotected  by such a b lo o d -  
brain barrier. Should th en  th ese  areas possess no m echanism  at all for the  
drainage o f protein m olecules entering the brain tissu e?

Furtherm ore, in flam m atory processes, haem orrhages involve the pres
ence o f  protein-containing exudate or of blood in th e  brain or in the interior  
o f th e  eye. These processes are apt to  heal. W hat can be th e  possible m echanism  
provid ing for the transport o f  these large m olecules from the affected sites?

T he last and also th e  m ost com pelling question  m ay be form ulated as 
follow s. The blood vessels are m esenchym al living structures adm itting passage  
to  various substances, including proteins, through their endothelial lin ing. 
For th e  transport o f th ese substances the blood vesse ls possess lym ph channels 
o f th eir  own [19, 20, 21, 22] betw een the vasa vasorum . The cerebral vessels  
m ust necessarily  also h ave a drainage system . W hich are the structures pro
v id in g  for its drainage? — a question  which I w a n o w  [19] had actually  raised  
prior to  the present author w ithout, however, fo llow ing it up any further.

I t  w as this particular question  we set out to  exam ine having recognized  
th a t th e  w alls o f the cerebral blood vessels do rely on a lym phatic drainage 
system . In  conform ity w ith  th is claim , occlusion o f th e  cervical lym phatics
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has been found to  result in severe disease o f the cerebral vessels, a condition  
w hich we have term ed lym phostatic haem angiopathy [28].

In the follow ing four m ain issues w ill be discussed.
After describing the features of lym phostatic haem angiopathy, a theory  

o f th e  prelym phatic drainage o f cerebral blood vessels and o f th e  production  
o f lym phogenous encephalopathy will he outlined. This w ill be follow ed by 
general considerations on the possible role of lym phostatic factors in  certain 
diseases of the nervous system .

( i )  Lym phostatic haem angiopathy. Studying the influence o f  cervical 
lym phatic blockade on the subm icroscopic structure of cerebral vessels in 
th e  rat [23], the m ost typ ica l changes were found in the blood capillaries of 
th e  area postrem a. The reason w hy w e selected this particular region is its 
being unprotected b y  a b lood-brain barrier opposed to the passage o f  “ lymph- 
due” substances, therefore it was expected to  be the m ost vu lnerable by 
lym phatic blockade.

Under normal conditions the blood capillaries of the area postrem a have 
a double basem ent m em brane enclosing a space of 0.1 to 0.5,1* w ith  sparse 
collagenous fibres. Cervical lym phatic blockade results in an accum ulation  of 
oedem a fluid in th is space causing a 15 to  30-fold increase in th e  distance 
betw een the two m em branes. Parallel w ith  the accum ulation o f oedem a fluid 
th e  collagenous fibres increase in number and change their structure as reflected  
b y  a decrease of osm iophilia (F 'igs 1, 2).

The endothelial cells are also severely affected. E ndothelial cells o f normal 
cerebral blood capillaries are generally free from pinocytotic vesic les common 
in th e  endothelium  of blood capillaries o f other organs. Cervical lym phatic  
blockade is followed by the appearance o f endothelial cytop lasm ic vacuoles 
exceeding in size th e  p in ocytotic  vesicles. The cytoplasm ic vacu oles obviously  
represent m anifestations o f  cellular oedem a, described b y  H i l l s  [24] in 
cerebral oedema induced by ligature o f the carotid in com bination  with 
anoxia.

It m ust be stressed on the ground o f studies o f other cerebral regions 
th at the foregoing changes are not confined to  the area postrem a.

Our claim that the m esenchym al elem ents of the cerebral capillary walls 
represent structures relying on lym phatic drainage has been fu lly  borne out 
by the foregoing studies, m echanical insufficiency of cervical lym ph flow  having 
been found to result in lym phostatic im pairm ent of the cerebral b lood  capilla
ries. Apart from th e capillary system , the arteries and veins o f  th e  brain also 
exh ib it signs o f oedem a. On th e  evidence o f electron and ligh t m icroscopic 
findings [25], cervical lym phatic blockade is followed by an oedem atous dila
tation  o f the V irchow -R obin-spaces.

( i i )  Lyinphology draws a distinct dividing line between in terstitia l fluid 
and lym ph. In terstitia l fluid is not regarded as lym ph until it  has entered the
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Fig. 1. N orm al blood capillary in the area postrem a
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J' ig. 2. E xcessive accum ulation  of oedema fluid betw een the two lamellae of the basem ent 
m em brane five  days after cervical lym phatic blockade [23]. Coll — collagen, E =  endoth elium , 
E =  lum en, EBM  =  E xtern al basem ent m embrane, IBM  =  Internal basement m em brane, BM 

Basem ent m em brane, A  A  A  =  pores, EN E ndothelial nucleus, E y  =  Endothelial cy top lasm
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ly m p h  capillaries. The pathw ay covered b y  th e  interstitial flu id  during its 
p assage  to  the lym ph capillaries has been nam ed paralym phatic p a th w a y  or 
system  b y  Ot t a v ia n i ; personally I would prefer the term prelym phatic system . 
In  fa c t, the entire in terstitium  of the subcutaneous connective tissue represents 
a prelym phatic system  since it  is through its  substance that th e  in terstitia l 
flu id  leaving  the blood capillaries finds access to the lym ph capillaries. As 
regards the liver, its prelym phatic system  is represented by D isse’s spaces 
carrying the protein-rich flu id  from the sinusoids to the lym ph capillaries.

T he finding o f engorgem ent and d ila ta tion  of the typ ical intram ural 
sp aces o f  the cerebral b lood  vessels con secu tive  to surgical occlusion o f the 
cerv ica l lym phatic trunks has led us to  th e  working hypothesis th a t  these  
spaces represent elem ents o f  the prelym phatic system , carrying protein-con
ta in in g  interstitial flu id  w hich m ust fin a lly  reach the cervical lym p h atic  chan
n els under physiological conditions. Thus, in our view , the evidence o f  retro
grade congestion, in other words, the auto-in jection  of these spaces b y  inter
s t it ia l flu id  consecutive to  lym phatic b lockade, has finally se ttled  this 
m uch  debated question.

Our findings are in full harmony w ith  recent evidence indicating th a t the  
b a sem en t membranes m ay form channel system s which are often  prim arily  
in v o lv ed  in the transport processes in certain organs. These channels, specified  
as in tervascular being connected  with blood capillaries, are structures approxi
m a te ly  2000 Á in d iam eter w ith their w alls formed by th e  basem ent 
m em branes. “The netw ork of basem ent m em brane duplicates ensheathing  
th e  g lia l processes in th e  area postrem a form s a basem ent m em brane lab y
rin th  . . [26].

“ Though there is litt le  experim ental evidence on the functional signif
ican ce o f  these channels, th e  very fact o f  their  being in close com m unication  
w ith  th e  perivascular spaces of blood capillaries is suggestive enough th a t  they  
are in  closer relations to  th e  tissues than  are th e  blood capillaries. T his makes 
i t  p ossib le  that in those organs which are provided w ith a m em brane system  
o f  th is  kind, the flu id  transport takes p lace v ia  these channels. O pening and 
d ila ta tio n  of this basem ent membrane lab yrin th  has been indeed dem onstrated  
in  cerebral oedema accom panying p entetrazol seizures . . . C onsequently, in 
ad d itio n  to  the blood capillaries m ade up o f  endothelial cells and o f exclu sively  
en d oth elia l structure, there exists a com m unication  system  built up b y  base
m en t m em branes alone . . .” [26, 27, 28, 29].

T here are further facts in support o f  th e  present theory.
In  our investigations [14] into the m icroscopic character o f lym phoede- 

m a to u s soft tissues o f  th e  neck follow ing cervica l lym phatic b lockade in the  
d og, w e have dem onstrated  in the blood capillaries the appearance o f  intra
m ural spaces of exactly  the sam e character as th ose  known as Virchow R obin’s 
spaces o f  the cerebral vesse ls , w ith the difference th at the cervical b lood  vessels
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were surrounded by dilated  lym phatic channels and the boundary betw een  
th e  “Virchow—R obin-spaces” and the perivascular lym phatic vesse ls was 
reduced to ju st one or tw o connective tissue fibres.

It is pertinent to  m ention here that as early as 1 9 1 0  M o t t  [ 3 0 ]  suggested  
th a t the V irchow- Robin-spaces o f  the cerebral vessels were in fact lym phatics. 
So far we w ould not go in our claim  before it  has been possible to  dem onstrate  
in serial sections the ex istence o f an unbroken endothelial lining. I f  future 
studies should prove the case o f M o t t  then the term  prelym phatic system  xvill 
have to  be applied to V irch ow -R ob in ’s spaces w ithout the prefix pre.

It is a w ell-established fact but, thus far, largely unaccounted for, th at  
the fluid accum ulating in th e  Virchow—Robin-spaces of the cerebral blood  
vessels m ay bear the marks o f particular conditions. For instance in  encepha
litis , it has the character o f an exudate, being rich in protein and cells; in cere
bral tumours it contains m alignant cells; in apoplexy, haem oglobin. C s a n d a  

[31] dem onstrated barium  granules in the spaces after intracranial in jection  
of a barium paste to  dogs.

Our hypothesis thus sum s up as follows. The cerebral arteries carry blood  
to , and the cerebral veins from , th e  tissues of the brain. In addition, th e  walls 
of cerebral arteries and veins as well as those o f the blood capillaries, are sites 
of an intram ural prelym phatic flu id  passage to  the lym phatic system , the  
direction of the fluid m ovem ent being opposite to  the arterial, and identical 
w ith  the venous blood flow . In m y belief this is the route of transport for the  
lym ph-due m aterials o f the nervous tissue beside those of the vascular walls. 
B y  producing cervical lym phatic blockade we block at the sam e tim e th e  pre
lym p hatic-lym phatic  drainage system  through w hich the continuous transport 
o f lym ph-due substances of nervous tissue takes place under norm al conditions. 
This is one of the factors accounting for cerebral oedem a induced b y  cervical 
lym phatic blockade.

( i i i )  These considerations bring us d irectly to the third aspect o f the  
present discussion, the pathom echanism  of lym phostatic encephalopathy. The 
m anner in which this is assum ed to  develop has been represented in tb e  Table. 
Cervical lym phatic blockade arrests the transport o f lym ph-due substances  
through the perineurolym phatic pathw ay. This alone m ight be a p o ten t factor  
in th e  arisal o f cerebral oedem a. Cervical lym phatic obstruction results in 
a blockade of th e  intram ural prelym phatic system  o f the blood vessels. Two 
factors prevail here. In  addition to  the haem angiolym phatic b lockade o f the  
transport of lym ph-due substances from the brain, lym phostatic haem angio- 
p ath y  associated w ith  oedem atous swelling o f the blood capillaries leads to 
slow ing of the diffusion processes v ita l to cerebral tissue. Increase in th e  perm e
ab ility  of the blood brain barrier, the presence of which has recen tly  been  
dem onstrated [32] is an im portant contributive factor o f cerebral oedem a and 
ganglion cell lesion by further affecting the nervous tissue.
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( i v )  On the basis o f  th e  foregoing facts w e feel justified  in drawing some 
general conclusions.

a )  D iffuse cerebral haem angiopathy, w hatever its cause, m ay lead to  
a b lockade of the in tram ural prelym phatic pathw ays of the blood vessels 
w here th e  features of lym p h osta tic  encephalopathy join the specific m anifesta
tions o f  th e  primary disease. I t  is by no m eans accidental that cerebrovascular 
collagenosis shares m any features of lym phostatic  encephalopathy.

b)  E xperim ental lym p h ostatic  encephalopathy is the result o f a m echan
ical in sufficiency  of cervical lym ph drainage. B u t, in addition to  th e  possi
b ility  o f  a m echanism o f th is  k ind, all organs provided w ith  a lym phatic drain
age sy stem , so also the brain and its blood vessels, are susceptible to a dynam ic
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failure of lym ph flow  which w ill arise w henever the load o f lym ph-due m aterials 
per tim e unit exceeds th e  transport capacity of the system . T ranslated into  
clinical terms, th is m echanism  superim poses the features of lym phostatic  
encephalopathy on those o f the prim ary disease.

c) Accordingly, th e  functioning o f cerebro-cervical fluid drainage should 
he exam ined in every case associated w ith cerebral oedem a. This also applies 
to  papilloedem a and retinal oedema.

Hum an lym phostatic encephalopathy has been discussed in an earlier 
paper [2]. Through a lym pliologic approach to  certain central-nervous and 
ophthalm ic processes, our studies have thus led to  a better understanding  
of their m echanism. These aspects should be duly considered b y  th e  neurologist 
and the ophthalm ologist. In fact, neurologists have been fam iliar w ith the 
occurrence of an exacerbation o f organic neuropathies consecutive to  trivial 
tonsillitis. In the light o f the foregoing considerations, lym phangitis, lym ph
adenitis or lym phangiospasm  associated w ith  tonsillitis m ay w ell activate  
quiescent or latent processes o f the nervous system .

This view is in harm ony w ith the result of our studies [33] in  which a 
transitory slowing o f the E E G -rhythm , confirmed b y  statistica l analysis, has 
been found in 10 out o f 12 otherw ise healthy subjects after tonsillectom y per
formed because of chronic tonsillitis. T onsillectom y m ay be regarded as a 
source of sym pathetic excitation  resulting in lym phangiospasm . Joined by  
inflam m atory lym phangitis or accom panying lym phadenitis, th e  surgical 
injury m ay well account for the production o f an acute, transitory lym phostatic  
encephalopathy. In our observation tonsillectom y produces far m ore extensive  
transitory E EG -alterations in subjects affected by lym phostatic encephalo
pathy than it does in persons with no neurologic abnorm ality.
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MYOCARDIAL CONTRACTILITY AND OVERALL 
METABOLISM DURING TREATMENT OF CARDIAC 

DECOMPENSATION
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Changes in the myocardial contractility and metabolism in the course of digital
ization have been followed in subjects with left heart failure. Contractility was deter
mined on the basis of the first carotid derivative (dc/dt) and metabolism on that of the 
pressure-time index.

In those subjects who had become compensated, dc/dt was found to increase 
and pressure-time index to diminish in the course of treatment, thus improvement 
of myocardial contractility went hand in hand with a reduction in the metabolic 
demands. In all those cases where the metabolic requirements of the heart muscle 
increased together with its contractility, treatment failed to ensure compensation. 
In the remaining cases where treatment had no influence on contractility, the outcome 
was lethal.

It is inferred from the results that the digitalis glycosides primarily act on the 
metabolism of the heart muscle, the changes in its contractility and lasting compen
sation being determined by myocardial metabolism.

H aem odynam ic research has throw n ligh t on m any aspects o f  cardiac 
decom pensation, b u t the nature o f  th e  underlying myocardial changes is still 
unclear. R eduction in myocardial con tractility  has long been assum ed to  be 
th e  prim ary factor o f  decom pensation. T hat m yocardial contractility  is defin
able by the ve lo c ity  o f the increase in th e  pressures arising in th e  individual 
cham bers of the heart has been dem onstrated  in  recent years. These estim ations  
in volve, however, cardiac catheterization , a procedure far from  harm less, 
particularly to  subjects with decom pensation , and especially as th e  tests  have 
to  be repeated. In v iew  of this w e have developed a clinical m ethod  for the 
estim ation  of the rate of pressure increase [1].

The behaviour o f myocardial m etabolism  represents another essential 
aspect of cardiac decom pensation. A ccording to  recent data, reliable infor
m ation concerning th is point is supplied  b y  th e  pressure-time in d ex .

This paper w ill report on studies in to  th e  mechanism of cardiac decom 
pensation  perform ed by determ ining m yocard ia l contractility and m etab
olism .

Methods
The pressure prevailing in the large vessels and the velocity of its rise were determined 

from a curve recorded from the carotid by external detection. The differentiating R-C 
circuit has a resistance of 50 kOhm, a capacity of 0.0002 to 0.004 farads, the time constant 
was 10 to 15x 1 0 -8 This arrangement provided for a linear amplitude differentiation up to 
50 c/sec without any phase distortion [1].
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The pressure-time index was calculated from the formula: mean arterial pressure X ejec
tion time X frequency.

Ejection time was estimated on the carotid curve from the zero point to the incisure. 
Mean arterial pressure was measured directly by means of a cannula inserted into the femoral 
artery. In some instances, mean arterial pressure was calculated from the systolic and diastolic 
pressures on the basis of the formula

S +  Dmean arterial pressure — ---- ------

(The relationships of the carotid derivative with myocardial contractility had been 
studied in animal experiments. Drugs influencing myocardial contraction were found to affect 
the derivative of the carotid curve both qualitatively and quantitatively in the same manner 
as they influenced the pressure of the left ventricle, the aorta and the carotid [1]. It was felt 
justified on these grounds to regard the behaviour of the first derivative of the carotid pressure 
curve recorded indirectly as an expression of myocardial contractility.)

(a) The patients, all with cardiac decompensation, rested in a semi-recumbent position 
for 30 to 60 minutes prior to recording the ECG, the carotid pressure curve and its first 
derivative. Then Strophanthin or some other quick-acting cardiac glycoside was administered 
intravenously. The foregoing tracings were then repeated at 10-minute intervals during the 
first half hour and at 30-minute intervals during the following four hours.

(b) ECG and carotid pressure were recorded daily, at the same hour of the day and 
under identical conditions until full compensation. In both groups of experiments at each 
examination mean arterial pressure was determined and the pressure-time index was com
puted.

Results

A )  Acute experim ents

T he acute effect o f Strophanthin was stu d ied  in 12 subjects w ith  decom 
pen sation  of different aetio logy. In 5 cases th e  peak  of the first carotid deriva
tiv e  becam e higher w ith in  th e  first 60 m inutes, w h ile  the pressure-tim e index  
becam e lower. In three other cases, how ever, th e  value of the pressure-tim e  
in d ex  also increased; o f th ese  three patients one died and two needed  con
tin u ou s d igitalization for preventing decom pensation.

T he peak of th e  first carotid derivative declined in 4 cases. O f th ese, 
in 3 th e  pressure-tim e in d ex  declined and in  one it  rose. Two of th ese  four 
p atien ts died (Fig. 1 and Table I).

В )  Chronic experim ents

T he changes in th e  peak of the carotid curve and in the pressure-tim e  
in d ex  w ere regularly observed in 25 decom pensated subjects. In 16 o f  these  
the p eak  significantly rose parallel with a d im inution  of the pressure-tim e  
in d ex . Com pensation was successful in all th e  16 cases. In 3 cases th e  peak  
increased parallel w ith  th e  increase of the pressure-tim e index. One o f  these  
p a tien ts  soon died w hile in  6 the peak dim inished in  the course of treatm en t. 
In 3 o f  th e  latter patients th e  pressure-time in d ex  increased and in 3 it  d im in
ished . The first three subjects died whereas th e  other three regained com pen
sation  and working capacity  for some length o f  tim e (Fig. 2, Table II).
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Table I

Percentage changes in  dc/dt at the time o f  restoration o f  compensation, respectively inn 
before death ( +  ), in cases in which compensation could not be restored (D)

No. dc/dt, 
per cent

Pt,
per cent

l +  34.0 — 23.0

2 +  50.0 8.0

3 } 22.0 - 2 2 .0

4 7.0 - 2 0 .0

5 +  8.0 +  25.0

6 — 10.0 - 2 9 .0

7 +  10.0 - 2 9 .0

8 — 50.0 - 1 7 .0 4-
9 - 3 7 .0 +  4.0 +

10 +  92.0 - 1 2 .0

11 +  80.0 +  18.0 и
12 +  125.0 +  32.0 о

dc/dt =  Peak of the first derivative of the carotid curve 
Pt =  Pressure-time index

ediately
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+ Л'/. Pressure time/min

Table II

The numerals in the table express the number o f  cases: the numerals in brackets designate 
the cases in which compensation was not restorable or the patients died

Pressure-time dc/dt
index Increased Reduced Total

Increased 3 3 6
(1) (3) (4)

Reduced 16 3 19

Total 19 6 25

Д %
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D i s c u s s i o n

D irect m easurem ent o f m yocardial contractility  and of the m etabolism  
of the heart is not possible in hum an subjects. It  has therefore been attem pted  
to  gain inform ation on these tw o essentia l param eters by indirect m ethods. 
From  the investigations of R u s h m e r  [ 2 ] ,  G l e a s o n  and B r a u n w a l d  [ 3 ] ,  and 
others, the rate o f  increase in ventricu lar pressure has emerged as th e  m ost 
reliable indicator o f m yocardial contractile  power. The pressure changes 
arising in the large arteries, particularly in th e  aorta and in the carotid , reflect, 
how ever, m yocardial ejection in th e  sam e m anner as do the pressures m easured  
directly  in the individual heart cham bers. Though the pressures recorded from  
the large vessels do not show the absolute va lue of m yocardial contractility , 
the changes in the ve loc ity  of pressure elevation  recorded in the sam e individual 
do correspond to changes in the contractile  power of the heart m uscle. This 
approach was the more recom m endable in th e  present study as all subjects 
concerned were severely  ill and it  w as particularly im portant to  avoid  any  
undue risk or discom fort. Since our purpose w as to  register changes rather than  
to  com pare absolute values, the peak  o f th e  first derivative o f th e  carotid  
curve recorded in th e  course o f treatm en t proved to offer a reliable basis 
for th a t.

For the evalu ation  of the changes tak ing  place in m yocardial m etabolism , 
the pressure-tim e in d ex  has proved to  be th e  m ost reliable indicator [4, 5, 6]. 
H ere, too , we were concerned w ith changes occurring in the ind ividual cases, 
therefore we expressed all the changes in per cents of the pre-treatm ent 
values.

In  5 out of 12 acute and in 16 out o f 25 chronic experim ents th e  peak of 
the first derivative increased and th e  pressure-tim e index dim inished. In these  
cases com pensation was more or less perm anently restored.

The outcom e was different in  those cases where the peak o f th e  first 
d erivative declined, in other words w here m yocardial contractility  dim inished  
instead of im proving in the course o f d ig ita lization . Such a n egative response 
was registered in 6 cases, of Avhich in  three th e  pressure-tim e index increased  
and in three it dim inished. In other words, in the first three cases th e  global 
m etabolic requirem ents of the heart m uscle increased despite its fa iling con
tractility  whereas in the other three th e  m etabolic demands of the heart m uscle  
declined in proportion to its contractile power. The outcom e was leth a l in the  
former three cases whereas in the other three com pensation could be restored  
though not for long.

The present observations suggest certain general conclusions. I t  seem s 
th a t in those cases where contractility  increases during treatm ent w hile the  
m etabolic dem ands dim inish, com pensation  is eventually  restored. I t  has been  
furtherm ore found th a t reduction in the pressure-tim e index generally precedes
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th e  increase in  the peak o f th e  first derivative, in other words, m etabolism  is 
th e  prim ary factor determ ining th e  increase in contractile power. On th e  other  
hand, in  those cases where the pressure-tim e figures increased in opposition  
to  a decline in the peak values o f  the first d erivative, in other words, where 
d esp ite  a m axim al increase in m etabolic dem ands m yocardial contractility  
w as fa ilin g  instead o f gaining in power, treatm en t proved inefficient and the  
p a tien ts  died, as a further proof o f  the m etabolism  o f the heart m uscle being  
th e  prim ary factor o f its contractility .

B y  follow ing up the lines o f  the present s tu d y  it  is hoped to  gain further 
in sigh t in to  the m echanism  o f cardiac decom pensation . It seems ju stified  to  
regard a m etabolic im pairm ent o f the heart m uscle as the primary factor in ter
fering w ith  its contractility , an assum ption aw aiting support by further  
in vestigation s.
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EFFECT OF PREDNISOLONE ON THE DEVELOPMENT 
OF CINCHOPHEN ULCER IN THE DOG

By

A. H á m o r i , T . N e m e s  and T . H a l

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived Decem ber 14, 1967)

Therapeutic doses o f prednisolone adm inistered over a period of three w eeks 
gave rise to ulceration in 20%  of the dogs so treated . The leeions were superficial and  
did not exceed 7 m m  in diam eter. These results raise th e  hope that human prednisolone  
ulcer m ay be detected  in  tim e, if  the patient is subjected  to X -ray exam ination every  
three weeks.

Prednisolone greatly promoted the progression o f cinchophen ulcer. In som e  
cases, giant ulcers developed resembling those seen in  old age.

One of the possible explanations for the ulcerogenic action of prednisolone is 
a iatrogenic adrenal insufficiency.

The giant ulcers are not accompanied b y  gastritis , while in the group treated  
w ith prednisolone on ly  haemorrhagic gastritis develop ed , m ostly w ithout ulcer. Con
sequently, peptic ulcer and gastritis result from  tw o  different m echanisms.

Am ong the untow ard side effects o f steroid treatm ent, gastrointestinal 
com plications represent the gravest hazard. In th e  p ast years we, too, observed  
a number o f cases o f severe upper gastrointestinal haem orrhage and in one case  
there even occurred a perforation o f the sm all in testine. W e have therefore  
undertaken a study o f the ulcerogenic effect o f  prednisolone under experi
m ental conditions, to  answer the questions,

(i) does prednisolone by itse lf induce gastroduodenal ulceration in 
the dog?

(ii) does prednisolone enhance the ulcerogenic effect of cinchophen ?
Our results m ake it possible to  discuss th e  correlations presum ably e x is t

ing betw een gastritis and peptic ulcer and to  interpret the genesis of th e  g ian t 
ulcer o f old age.

Materials and m ethods

Three groups of 12 clogs each were used. In each group four animals were treated  w ith  
prednisolone alone, four w ith  cinchophen alone, while four received prednisolone +  cinchophen . 
The daily dose of cinchophen sodium  was 100 mg per kg bod y weight, adm inistered in tra 
venously in the form of a 5%  solution  over a period of three w eeks according to V a n  W a g o n e r  
and Ch u r c h il l  [8]. Prednisolone (Di-Adreson-F A quosum , Organon) was injected  in tra 
m uscularly in daily doses o f 1 m g per kg. The anim als were kep t in isolation cages, fed a m ixed  
diet not containing bones and were killed after 24 hours o f fasting  on the 22nd day of the exper
im ent by intracardiac injection  of chloroform. The anim als succum bing to upper gastro in tes
tinal haemorrhage of perforation before com pletion of the experim ent were im m ed ia te ly  
subjected to study. The peptic ulcers were evaluated by plan im etry, classifying them  as sm all, 
m edium  and large. Medium size m eant a longest diam eter o f 7 to 8 mm. In the presence of  
several ulcers the largest one was relied upon in classification. Three dogs succumbed to in ter
current disease; these were excluded from the analysis.

F inally , the normal w eight o f the adrenals was determ ined in 13 untreated control dogs.
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Fig. 2. E x te n t o f ulcers in Group 2. D: duodenal ulcer

F ig . 3. E x ten t o f ulcers in Group 3. Shaded area: site  of perforation. D: duodenal u lce -
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Results

R esults are summarized in T able I. A s visible, there w as no negative  
finding.

O f the prednisolone-treated dogs ulceration occurred in tw o. The lesion 
was a small superficial ulcer in one case and a medium one in th e  other. A strik-

ТаЫе I
Results o f prednisolone and cinchophen administration

Drugs used
No. of 
animals Site of lesion Inflam

mation
Size of ulcer No

lesionsSmall Medium Large

Prednisolone -f- cinchophen 12
stom ach 4 12

0
duodenum 6 l 4

Cinchophen 11
stom ach 6 l 8

0
duodenum 7 i 4

Prednisolone
stom ach 8 l l

0
duodenum 8

Fig. 4. Two com mon cinchophen ulcers F ig . 5. Prednisolone-{-cinchophen ulcer.T ype 1
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F ig. 6. Prednisolone -f- c inchophen  ulcer. 
T y p e  2. The giant ulcer is n o t  

accom panied by gastritis

Fig. 7. Circular uuouenal ulcer causeu uy  
prednisolone +  cinchophen treatm ent. 
The anim al died of perforation on the  

17th  day  o f experim ent

ing and more or less regular change of the gastric and/or duodenal m ucosa  
w as its  haemorrhagic ten d en cy  (haemorrhagic gastritis).

Cinchophen ulceration w as greatly enhanced b y  th e  sim ultaneous adm in
istra tion  o f prednisolone. In  th is group there w ere three perforations and 
one d ea th  due to fatal haem orrhages; such com plications did not occur in the  
control cinchophen ulcer group. In  some cases g iant ulcers were visible, sim ilar 
to  th o se  found by us in  earlier experim ents in vagotom ized  and cinchophen  
trea ted  dogs [4, 5]. The size o f  th e  ulcers can be seen in  Figs 1, 2 and 3.

W e distinguished tw o ty p e s  of prednisolone -f- cinchophen ulcer.
T yp e 1. A large, d eep ly  penetrating ulcer as i f  punched out.
T y p e  2. A less deep, b u t  giant ulcer not accom panied by gastritis.
Progression of cinchophen ulcer is prom oted b y  prednisolone not on ly  in  

th e  stom ach , but also in th e  duodenum . In th is w a y  circular penetrating duo
denal ulcers m ay develop. A  few  ulcers are v isib le in  F igs 4, 5, 6 and 7.

T h e adrenal glands w e ie  w eighed at autopsy. In  th e  prednisolone-treated  
group th e y  weighed less th an  norm al. The anim als trea ted  with both predni
solone and cinchophen d isp layed  practically the sam e adrenal weight as th ose
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treated  w ith prednisolone alone (m eans, 0.077 and 0.072 g per kg b o d y  weights 
respectively). B oth  these groups showed a h igh ly  significant difference from  
th e  group treated on ly  w ith  cinchophen (m ean, 0.123). The sta tistica l m ethod  
applied was analysis o f variance, th e  com m ont within-group S .D . 0.0327, 
(P  <  0.01).

The control group w ith its mean o f 0.099 differed from the three treated  
ones. The difference form ally proved on ly  borderline cases. N evertheless, the  
econom ic efficiency o f  experim entation forbade to  double the num ber of ani
m als ju st to  prove again facts well established in the literature.

D iscussion

The ulcerogenic effect of prednisolone m ay  be explained in various w ays. 
Possib le pathogenic factors are as follows:

1. Prednisolone increases the production o f free hydrochloric acid and 
pepsin. B eck  et al. [1] did not observe any significant change in gastric 
secretory activ ity  in various patients and H eidenhain pouch dogs treated  
w ith  high doses of prednisolone.

2. Prednisolone m ay slow down th e  regeneration of gastric mucosa. 
U sing 3H -thym idine, My h r e  [7] studied th e  healing of wounds o f  th e  gastric 
m ucosa and the reaction o f the in tact m ucosa in cortisone-treated rats. A uto
radiography showed th at the dynam ics o f  cellular repair in th e  cortisone- 
treated  animals lagged behind the control ones.

3. Iatrogenic adrenal atrophy. Prednisolone is known to  reduce adrenal 
w eight considerably, obviously by th e  n egative feed-back m echanism . I t  is 
also known that peptic ulcer is com m on in patients suffering from  A ddison’s 
disease. In our earlier experim ents DOCA w as found to prevent th e  develop
m ent o f cinchophen ulcer in the duodenum  and to  diminish it  considerably  
in th e  stom ach [2, 3]. According to  our hypothesis prednisolone treatm ent 
gives rise to a iatrogenic hypom ineralocorticism , which m ay be one o f the  
factors in prednisolone-induced ulcerations.

I f  we compare our present results w ith  those obtained in earlier experi
m ents concerned w ith  the effect of cortisone -f- cinchophen in th e  dog [2, 3], 
th e  ulcerogenic effect o f prednisolone appears to  surpass th at o f  cortisone. 
W e do not consider the question settled , because the experim ents have not 
been carried out sim ultaneously.

From our results we have drawn th e  practical conclusion th a t predni
solone treatm ent should be preceded b y  X -ray  exam ination o f th e  p atien t’s 
stom ach and all th ose showing an ulcer in the stom ach or duodenum  should  
be excluded from such treatm ent. W hen higher doses are prescribed, th e  patient 
should be kept under close control. Prednisolone by itself m ay induce ulcer,
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though  its ulcerogenic effect is far less p otent th an  th at of cinchoplien. In 3 
w eeks on ly  20%  of the dogs developed ulcers, w hich were small and super
fic ia l. T hese results raise th e  hope th at the prednisolone-induced ulcer m ay be 
d etected  in tim e, if  the patien ts treated w ith  large doses are subjected to  X -ray  
exam in ation  at 3 w eek intervals. I f  there is u lceration , treatm ent m u st be  
discontinued  im m ediately. A s a result of th is practice, w e had no case o f gastro
in testin a l bleeding or perforation at our D epartm ent during the past few  
years. A s signs of iatrogenic adrenal insufficiency follow ing the sudden in ter
ruption  o f steroid treatm en t we have observed headache, vertigo, w eakness, 
trem or, tachycardia, anorexia and nausea. To p reven t the interruption sy n 
drom e w e suggest the adm inistration of low  doses o f cortisone, which is less 
ulcerogenic. Experience has proved that daily  20 to  50 mg of cortisone  
in jected  intram uscularly is a suitable dose.

K o n j e t z n y  [6] claim ed th at in man peptic ulcer would develop on the  
grounds o f  inflam m ation. H is v iew  has been adopted  b y  m any authors. In  
response to  treatm ent w ith  prednisolone and cinchophen giant ulcers m ay  
develop w ithout gastritis. On the other hand, in other experim ents we have  
observed the developm ent o f  severe haem orrhagic gastritis w ithout ulcer. 
In an overw helm ing m ajority of cases prednisolone alone gives rise to  haem or
rhagic gastritis only. Earlier w e found that in the dog DOCA inhibited th e  u lce
rogenic action of cinchophen, but had no in fluence on gastritis and duode
n itis [2, 3]. All these suggest th at peptic ulcer and gastritis develop on the  
basis o f  tw o  independent m echanism s. The relationship between th e  tw o  
diseases m ay be similar to  th a t existing betw een arterial hypertension and  
arteriosclerosis. They often occur together, but m ay  be present alone, too .

R ecen tly , an increasing num ber of reports h ave described giant ulcers 
in old age. The pathogenesis of the condition is n o t clear. Earlier, H ámori  
et al. [4 , 5] reported on the developm ent of giant gastric ulcers in cinchophen- 
treated  dogs following vagotom y. In the present stu d y , similar changes have  
been observed following prednisolone cinchophen treatm ent. W e are fu lly  
aware o f  th e  fact th at th e  results o f m odel experim ents cannot be applied  
directly  to  m an, y et th ey  offer tw o possible explanations. One of them  is th a t  
the va g a l nerve ensures eutropism  of the stom ach. In  old age the vagus does 
not p articipate to  a sufficient ex ten t in the defensive m echanism  of th e  gastric  
m ucosa. T hus, u ltim ately , th e  senile giant ulcer m ay  be considered a trophic  
one. T he other explanation m ay be a significant role o f endocrine factors in 
th e  pathologica l process. More closely: there m ay b e a sh ift in the blood gluco
corticoid and m ineralocorticoid levels in favour o f th e  glucocorticoids.

*

T he authors are indebted to I. Juvancz, M .D., for sta tistica l analysis o f results.
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INVESTIGATIONS ON THE EFFECT 
OF LIVER PREPARATIONS
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I. Magyar
FIRST MEDICAL CLINIC (DIRECTOR: PROF. I. MAGYAR) UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived Ju ly  15, 1958)

The effect o f som e current liver preparations has been studied in rats. H isto logy  
and B SP  retention  values appeared to show th a t the preparations prevented and 
m itigated the severity  o f carbon tetrachloride induced liver injury. B oth  in acute  and 
in chronic experim ents the effect m anifested itse lf  m ainly in stim ulating regeneration; 
this was also observed in experim ental cirrhosis o f the liver.

E xtracts o f  rat liver supposedly regenerating from  carbon tetrachloride injury  
were more effective  on carbon tetrachloride poisoned livers than were extracts o f  in tact  
livers, ind icating the existence of a humoral factor stim ulating hepatic regeneration.

Since stim ulation  of regeneration is not alw ays beneficial, the preparations 
were studied for effects on liver m etabolism . A cute and chronic experim ents have  
shown that the liver preparation Solcohepsyl adm inistered both  in vivo  and in vitro 
increases О »-consum ption by both in tact and injured liver tissue.

In the treatm ent of chronic liver d iseases th e  physician can choose  
between four approaches. One is protection and care o f the liver. This includes  
diet, bed-rest, various lipotropic substances o f  questionable value, v itam ins  
and antibiotics. A nother approach is the therapy w ith  steroids w hich, due to  
its influence on connective tissue form ation, in flam m atory and autoim m uni
zation processes, is in m ost cases a beneficial sym ptom atic treatm ent. The 
third approach is im m unosuppressive treatm ent w ith  certain cytosta tics, ch iefly  
6-m ercaptopurine and azathioprine com ing in to  consideration. The value, 
however, o f th is m ethod has not y et been defin ite ly  established. L astly , the  
physician m ay apply liver extracts and hydrolysates to  which m any reports 
attribute the capacity  o f stim ulating liver regeneration. D espite the long use 
of such preparations, there is no agreem ent concerning their value. In som e  
countries, such as the U .K . and the U .S .A . their application is uncom m on, 
while in others, for instance in W est Germ any, th ey  are w idely recom m ended  
on account o f their diuretic and tonic effect and their ability  to  increase the  
serum albumin level and their supposed ab ility  to enhance liver regeneration.

Since in clinical m aterial it is hardly possib le to  establish ob jectively  the  
effect of the la stly  m entioned preparations, in the last few years w e tried to  
obtain data on th e  effect of liver extracts and hydrolysates as well as prepa
rations m anufactured b y  both m ethods, in anim al experim ents. In  our experi
m ents we applied the hom e-m ade Sirepar and tw o Swiss preparations: R ipason  
and Solcohepsyl. The first can be regarded as a hydrolysate, the second as an
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extract and the third as an “ extra lysate” (produced using hydrolysis and 
extraction ).

In  a prelim inary experim ent, 30 rats w eighing 150 to 200 g each received  
a subcutaneous injection of 0.1 ml o f carbon tetrachloride at four-day intervals. 
From  th e  ten th  day on, 10 o f  these anim als were given daily a subcutaneous 
in jection  o f 0.5 ml of R ipason, and another 10 anim als, 0.5 ml o f Sirepar. 
A t th e  end o f the third w eek, all the anim als in th is experim ent were injected  
in traven ou sly  w ith 0.5 mg per 100 g b od y w eight of brom sulphophthalein  
(B SP ) and killed 45 m inutes later b y  decapitation  when blood w as collected  
to  determ ine BSP retention. T he liver was exam ined histologically  [9].

T h e liver of the anim als treated  on ly  w ith  carbon tetrachloride showed  
necrosis and fa tty  degeneration. The h istological picture typ ica l o f  carbon 
tetrach loride poisoning differed strik ingly from th at of the anim als treated  
w ith  th e  liver preparations; in these la tter rats the liver was nearly norm al, 
con ta in in g  no or little  fat and displaying no disintegration  and necrosis. 
N o appreciable histological difference w as detected  betw een the livers treated  
w ith  liver  extract and hydrolysate. A t the end o f the experim ent, m ean BSP  
reten tion  w as 33.7%  for th e  control group, and 9.5%  and 9.1%  respectively , 
for th e  treated  groups. It was 5.3%  for in tact rats.

T hese data showed th a t both  liver h ydrolysate and aqueous liver extract 
are o f  great value in protecting the liver against carbon tetrachloride injury.

In  a second series o f experim ents 10 anim als pretreated w ith  Ripason  
and another 10 pretreated w ith  Sirepar w ere poisoned each w ith  0.1 ml of 
carbon tetrachloride. A third group o f 10 rats received only carbon tetra
chloride, to  serve as a control. O f each group 5 anim als were killed 24 hours, 
and 5, 48 hours after the carbon tetrachloride intoxication , and th e  livers 
were su b jected  to histology.

T his experim ent yielded results sim ilar to  the first one. The liver o f the  
control rats showed a high degree o f hyperaem ia, excessive venous d ilatation , 
haem orrhages, degeneration, necrosis, and breakdown of the lobular structure. 
In th e  treated  animals the h isto logical picture was less severe in th a t at 24 
hours necrosis was less ex ten sive  in degree, and at 48 hours it was absent. 
A t 24 and 48 hours, respectively , B SP  retention  was 56.8%  and 26.8%  in the  
control group, 27.5%  and 13.6% , respectively , in the R ipason-treated  and 
17.6%  and 6% in the Sirepar-treated rats.

T h ese findings showed th a t both  liver extract and liver hydrolysate  
afford a certain degree o f protection  against carbon tetrachloride poisoning.

In  th e  n ext experim ental series [1, 8] were involved 14 control rats, 
25 anim als treated w ith  carbon tetrachloride alone (0.5 m l/100 g adm inistered  
48 hours before m easuring B SP  retention), and 35 anim als treated w ith  carbon 
tetrach loride plus an 0.5 ml intravenous injection  o f Solcohepsyl. F ig. 1 shows 
the B S P  retention values as determ ined by the m ethod of Salingson et al.

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



EF F E C T  OF LIV ER  PR EPA R A TIO N S 325

The differences betw een  the 0.31 mg% value for th e  control and the 1.78 m g%  
and 1.13 mg% values for the two treated groups, respectively, were s ta t is t i
ca lly  significant (p <  0.01).

In a further series o f experim ents we stu d ied  th e  liver preparations for 
their effect in chronic hepatic injury [8].

45 anim als were each given 0.1 ml o f carbon tetrachloride tw ice w eek ly  
for nine weeks. 15 o f  them  were then treated w ith  0.5 ml of Ripason and 15

F ig . 1

w ith  the same am ount o f Sirepar, on a total o f  42 occasions. The rem aining 15 
anim als served as controls. E leven control rats, o f  all the Sirepar-treated, and 
14 o f the R ipason-treated anim als survived the experim ent.

H istology revealed in Group 1 no or slight changes; in group 2, m oderate  
changes; in group 3, severe changes, m ostly o f  degenerative character.

Table I presents th e  group distribution o f the animals.
These investigations appear to show th at, as seen in carbon tetrachloride- 

induced chronic liver injury w ithout cirrhosis, th e  liver preparations under 
stu d y  were about equally  effective in restoring norm al conditions.

Tabic I

Number of animals treated with

carbon
tetrachloride Sirepor Kipason

P  IGrOlip 1 5 9 8
Group II 3 1 4

Group III 3 2 2
Total 11 15 14
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In  60 rats cirrhosis w as induced b y  prolonged exposure to  carbon tetra
ch loride. Each anim al received 0.1 ml o f th e  drug subcutaneously, tw ice  w eekly  
for four m onths. E ighteen  animals died. T he liver o f nine o f th em  showed  
severe cirrhosis, in th e  rest there was degeneration  and diffuse necrosis. The 
42 surviv ing  anim als w ere divided into three groups: one was le ft to  serve as 
con trol, one received 0.5 m l of R ipason, and 0.5 ml of Sirepar, tw ice  w eekly  
for four m onths, all in all on 31 occasions [1].

H isto logy  revealed th a t after carbon tetrachloride had been discontinued, 
d efin ite  hepatic regeneration set in. A lthough  four m onths after th e  cessation  
o f  carbon tetrachloride treatm ent accum ulation  of connective tissu e  w as still 
seen  in  seven control anim als, the livers o f  th e  other seven rats w ere practically  
in ta c t. In  the R ipason-treated  group 11 anim als displayed an in ta ct liver; 
in th ree  cases there w as connective-tissue accum ulation w ith  round cell infil-

ХаЫе II

No.
of animals Treatment BSP retention, 

per cent

14 Carbon tetrachloride 22.8

14 Carbon tetrachloride follow ed b y  Ripason 9.9
14 Carbon tetrachloride followed b y  Sirepar 7.7

tra tio n , but much slighter than  in the control rats. In  the group treated  w ith  
Sirepar eight livers w ere in tact and in the rest, connective-tissue accum ulation  
w as sligh t.

T hese findings perm it th e  conclusion th a t  liver hydrolysates or extracts  
accelerate and stim ulate liver regeneration.

In  the last-described experim ental series aqueous liver extract and liver 
h yd ro lysa te  were found considerably to  reduce RSP retention (T able II).

A ccordingly, our findings seem to  p o in t to  the presence in  th e  tested  
liver  preparations o f som e unidentified , probably  humoral [4, 5 , 7] factor  
capable of stim ulating liver regeneration. T his is supported b y  experim ents  
[5, 12, 13] in which such a factor was revealed  in the serum and th e  hepatic  
ven o u s b lood of partia lly  hepatectom ized anim als, in which th e  regenerative  
response is known to  be considerable. W ith  a v iew  of establishing th e  regen
era tive  action of th is factor we com pared th e  therapeutic effect o f  extracts  
prepared from regenerating livers of carbon tetrachloride-poisoned anim als 
w ith  th a t  o f an extract prepared from in ta c t livers.

Chronic liver injury w as induced in 80 rats w ith  0.1 ml o f carbon tetra
chloride tw ice w eekly, for eight weeks. N in eteen  animals died during th e  ex
perim ental period. The rem aining 61 rats continued  to receive carbon tetra-
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chloride. Of these, 11 animals served as control; 25 animals w ere given the 
extract prepared from  regenerating livers; and another 25 anim als, th e  extract 
prepared from in tact livers.

H istological exam ination [2, 8] revealed th a t the extract prepared from  
the regenerating liver o f poisoned anim als w as considerably more effective in 
enhancing regeneration than th at prepared from  intact livers.

Similar experim ents were then  carried out on a larger scale [3]. 150 rats 
were each given 0.1 ml o f carbon tetrachloride tw ice w eekly for seven  m onths. 
Sixty-e igh t animals survived. E ight anim als continued  to receive carbon tetra
chloride, and the rest w as divided in to  three groups of 20. One group was given 
the extract prepared from intact livers, the other group an extract from  intact 
livers to which carbon tetrachloride was added during hydrolysis, and the 
third group received an extract prepared from  th e liver of anim als pretreated  
w ith carbon tetrachloride.

H istological evaluation  o f the liver in jury, degree of regeneration, 
of connective-tissue accum ulation together w ith  th e  number of anim als lost in 
the individual groups in the course of treatm en t, showed th at the preparation  
m ade w ith carbon tetrachloride afforded th e  least protection. A considerably  
higher protective effect was seen from th e extract of intact livers, and the 
highest, from livers o f  animals that had been exposed to carbon tetrachloride  
poisoning for three m onths [11].

Fig. 2 represents, according to  the liver dam age suffered, th e  number 
of control animals; th a t of animals treated w ith  extract made o f in ta ct livers 
(“ A ” ); that of anim als treated w ith  hydrolyzed intact liver preparation and 
carbon tetrachloride added to it (“ B ” );and th a t o f animals treated w ith  extract 
m ade of the liver o f  rats poisoned w ith  carbon tetrachloride (“ C” ).

E ven  though th e  experim ents so far described seemed to  leave little  
doubt about the ab ility  o f liver extracts and hydrolysates to  enhance the 
regenerative process after liver injury. I t  rem ained, however, a problem  
w hether it is advisable to stim ulate regeneration by therapeutic m eans. The 
m ajor role played in portal hypertension by th e  regenerative nodules com pres
sing the small branches of the hepatic vein , is generally recognized. It is also 
com m on knowledge th a t primary hepatic cancers which develop in  th e  regen
erated areas of the cirrhotic liver, are increasing in incidence w ith  lengthening  
o f survival. Thus, th e  developm ent of both portal hypertension and primary 
hepatom a seem to  som e extent be related to  liver regeneration. B u t if  with  
liver preparations w e merely stim ulate regeneration, shall we actu a lly  attain  
our therapeutic purpose?

Thus, we have studied  w hether the liver preparations affected the organ 
in som e way in addition to stim ulating hepatic regeneration.

In rats, acute poisoning was brought about by a single 0.5 m l/100 g dose 
o f carbon tetrachloride, and chronic poisoning by 0.15 mg/100 g o f  carbon
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tetrach lorid e  dissolved 3 to  10 in oil, adm inistered daily for three w eeks. The 
an im als were killed and slices o f their liver w ere placed in K rebs—Ringer  
p h o sp h a te  medium. To part o f  the slices 0.02 m l o f Solcohepsyl w ere added. 
0 2-consum ption  was then  m easured during 60 m inutes in a Warburg apparatus.

I 1 most cells intact 
lillllill 3/4 of cells intact 

half the cells intact 
regeneration barely appreciable 

I H B  perished
Fig. 2

F ig. 3
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Solcohepsyl was found to  increase 0 2-consum ption b y  in ta c t liver tissue. 
Under th e  influence o f carbon tetrachloride poisoning, 0 2 consum ption  
decreased b y  50% , but Solcohepsyl sign ificantly  increased 0 2 consum ption  
by slices obtained from livers w ith  acute or chronic carbon tetrachloride  
poisoning (Fig. 3).

In another trial [6] rats were g iven 0.05 ml of Solcohepsyl daily  while 
being subjected to chronic carbon tetrachloride poisoning. 0 2 consum ption  
by slices o f  their liver showed a sign ificant increase (Fig. 4). H ence, Solcohepsyl 
was found to  increase hepatic 0 2-consum ption both in vivo  and in vitro , 
in addition  to  enhancing liver regeneration.

The present results [6] cannot o f  course be em ployed unconditionally  
in the treatm ent of patien ts. I f  for no other reason, then because th e  0.5 ml 
dose o f th e  liver preparations applied to  anim als in the regeneration experi
m ents, w ould  correspond to  about 200 m l for a person o f 60 kg b od y  weight; 
and even the dose of 0.05 m l/100 g adm inistered in the 0 2-consum ption  experi
m ents w ould mean a 30 m l hum an dose. Such quantities can n ot, o f  course, 
be applied in humans. The results m ay, how ever, enhance efforts to  isolate 
the active ingredient or ingredients o f th e  liver preparations in pure or at 
least concentrated form.

p i / m g
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FATTY ACID POISONING AS A POSSIBLE FACTOR 
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(R eceived  J u ly  21, 1968)

1. The am ount of free fa tty  acid  lethal to rabbits was practically  the sam e when  
adm inistered in  a single dose or d iv ided  doses. This is ind icative o f a cum ulation  of  
the toxic effect.

2. After adm inistration of 0 .50 m l/kg of triolein, no increase in  lipase a c tiv ity  
of lung tissue w as demonstrable.

3. The sam e dose of neutral fa t caused no elevation of the free fa tty  acid  
content of blood plasm a, lung, liver  and brain tissue.

4. W hen adm inistered in traven ou sly , 0.15 m l/kg of free fa tty  acid disappeared  
rapidly from th e  circulation and w as carried for the greatest part to the lung. The con
centration o f fa t ty  acids in the tissu es soon decreased to the norm al level.

5. M oderate doses of free fa t ty  acid and unem ulsified neutral fa t adm inistered  
intravenously induce considerable oedem a and in flam m atory reaction in  the lung. 
Free fatty  acids elicited these signs im m ediately  while neutral fa ts gradually. T he  
changes culm inated when the m ajority  o f neutral fat had already disappeared from  
the lung.

6. These pulm onary reactions interfere w ith  gas exchange as reflected  by the  
reduction of arterial blood 0 2 saturation .

7. The secondary pulm onary changes in the syndrom e of hum an fa t em bolism  
are ascribed to  th e  gradual release o f  free fa tty  acids from em bolized neutral fa t in 
the lung.

8. The consequential arterial hyp oxia  is regarded as the essential factor leading  
to  the syndrom e o f fa t embolism.

Arterial h yp oxia  arising in consequence o f  certain pulm onary changes 
[11, 18, 19] plays a decisive part in  th e  developm ent o f the syndrom e o f fat 
em bolism . It is, furtherm ore, know n th a t non-esterified fa tty  acids are d efi
n ite ly  toxic, for instance rabbits rap id ly  succum b to  doses of 250 to  300 ing/kg  
[10, 15]. The syndrom e is characterized by a copious pulm onary exudate  
in d icative of severe dam age to the lung capillaries. A t autopsy, th e  lung w eighs 
several tim es m ore than normal and there is excessive alveolar and in terstitia l 
accum ulation of flu id  containing num erous erythrocytes [7, 8]. In fat em bo
lism , 70 to 80% o f th e  fat reaching th e  blood is intercepted by the pulm onary  
capillaries [17], but it  practically disappears from  the lungs in a w eek [16, 
17, 2 2 ], probably after having been sp lit by the lipase present in pulm onary  
tissu e  [6, 1]. The first step of this en zym atic  breakdown is obviously hydrolysis  
o f neutral fat, y ield in g  non-esterified fa tty  acids. Intrapulm onary hydrolysis  
o f fa ts  is proceeding rapidly at a con stan t rate. For instance o f the L D 50 of 
triolein  in the rabbit, i.e. of 1.0 m l/kg [17], at least 30 to 40%  is hydrolyzed
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in th e  first 24 hours. T he to ta l am ount o f free fa tty  acids presum ed to  result 
from  th e  process does, how ever, barely a tta in  th e  q u an tity  lethal in a single 
dose. I t  has therefore been  studied w hether th e  above am ount was equally  
le th a l on slow continuous adm inistration or on th a t divided in several doses. 
N ex t, th e  enzym atic a c t iv ity  o f the tissues w as studied , to  clarify w hether the  
tissu es from which m os to f  th e  neutral lip ids reaching the blood stream  m ay be 
recovered show sufficien t activ ity  for th e  hydrolysis o f th e  intercepted fat 
and w hether the a c tiv ity  o f  these enzym es w as enhanced in  fat em bolism ?  
T he subsequent aim w as to  verify  the presence or th e  possible accum ulation  
o f free fa tty  acids in  th e  lung and brain in experim ental fat em bolism . H aving  
found th a t in these organs th e  free fa tty  acid con ten t w as not affected in exper
im en ta l fat em bolism , w e exam ined the rate at w hich intravenously  injected  
free fa tty  acids d isappeared from the sam e organs as a result o f enzym atic  
breakdow n or of transport b y  the blood stream . The la st issue of our studies 
concerned the effect o f  free fa tty  acids on lung tissu e and their influence on 
gas exchange.

Material and m ethods

R abbits o f both  sexes w eighing between 2 and 4 kg were used. In the first series, 0.07 
m l/kg o f  hydrolyzed bone fa t (“ E la in ” , made by R esearch In stitu te  o f P lant Oils and D eter
gents) w as adm inistered in traven ously  every six hours un til the death  o f the anim als. The prep
aration  contains non-esterified fa t ty  acids o f which 90%  are oleic acid, the rest prevalently pa l
m itic  and a small fraction stearic  acid. In the second series, the anim als were given 0.50 m l/kg 
(0 .516  mM) triolein (half o f th e  L D 5„) intravenously. B lood  sam ples were taken at 2, 24 and  
72 hrs, and then the anim als were killed, the ind ividual organs weighed, the free and esterified  
fa t ty  acid contents estim ated  in  blood plasm a, brain and lung. L ipase a ctiv ity  was estim ated  
in lung and liver tissue.

A  further group o f anim als received 0.15 m l/kg o f E lain , corresponding to 0.47 m Eq/kg  
o f free fa tty  acid, in traven ously . Blood sam ples were drawn at 5 and 30 m inutes, 2, 6, 24 
and 72 hours. The anim als were killed in successive groups and the free fa tty  acid content of 
th e  b lood samples, the lung and  liver was determ ined. In  a num ber of these anim als under 
pentobarbita l anaesthesia (25 m g/kg) a polythene catheter was inserted into th e  exposed  
fem oral artery. After the recovery  from anaesthesia the fa tty  acid was injected and arterial 
blood sam ples were taken  for 0 2 estim ation at predeterm ined tim es.

T he last group o f anim als received 0.15 m l/kg o f m I-labelled E lain. A ttem pts a t tagging  
o f the hydrolyzed fa tty  acids b y  various m ethods y ielded  more or less unsatisfactory results. 
A procedure was fina lly  adop ted  b y  which a m aterial w as produced containing 8 to 10% o f  
free 131I unattached to fa t ty  acids. Moreover, the ph ysica l properties, particularly the v iscosity  
o f th e  m aterial, had suffered som e alterations by the labelling procedure, therefore the reliability  
o f th e  results m ust be considered as dubious unless corroborated b y  those obtained in  experi
m en ts w ith  unlabelled fa t ty  acids.

Chem ical methods

The total esterified fa t ty  acid content o f b lood plasm a and tissues was determ ined by  
th e  ferrihydroxam ate m ethod  o f B a u e r  and H i r s c h  [2] w ith  m inor m odifications. The tissues 
w ere m inced, hom ogenized in  a g lass homogenizer, extracted  in  a m ixture of ether and alcohol, 
evaporated  on a water bath , th e  residue was red issolved in absolute ethyl ether. H ydroxyl- 
am ine-H C l was added so as to  form  hydroxylam inic acid w ith  the esterified fa tty  acids; 
th is  g ives w ith ferriperchlorate a com plex of a characteristic red colour suited for colorim etry.

The free non-esterified fa t ty  acids were determ ined b y  the m ethod of D o l e  [ 4 ] .  The 
fa t ty  acids were extracted  from  the tissue hom ogenates b y  m eans of n-heptane—isopropyl 
alcohol. In the interest o f com parability  the fa tty  acid concentration  w ill be expressed through-
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out this study  in  m E q/kg w et tissue and in m E q/L  plasm a. The free and esterified  fa tty  acid 
content o f lung tissue per un it body weight (/iE q /k g) w as also calculated.

For the estim ation  of tissue lipase the m ethod described by Colowick and Kaplan [3J 
was adapted to  the present requirem ents. A ccordingly, th e  organs were sliced, dehydrated  in 
acetone, pulverized and added to the reaction m ixture in  quantities of 50, 100, 150 and 200 mg. 
Owing to the lack of adequate data in respect to tissue lipase activ ity , i.e. to  th e  k in etics of 
the reaction, a t  least tw o different am ounts were incubated  from each sam ple in  a w ater bath  
of 37°C, under continuous shaking for 4 hours. The reaction  m ixture was com posed o f 1 mM 
triolein em ulsified w ith  p o lyv inyl alcohol, th e  pH  w as adjusted to 7.8 w ith M cllv a in e’s phos
phate-citrate buffer. A fter incubation a m ixture o f acetone and alcohol was added to  prevent 
further hydrolysis. The released fa tty  acids were titrated  w ith  0.05 N NaO H  and the results 
were expressed in  m l alkali used up. Arterial О» saturation  was determ ined b y  m eans of a 
K ipp-type H aem orefleetor apparatus.

Hudioisotope procedures

F ollow ing 131I-E lain  adm inistration, the tissu e sam ples were weighed, d igested  w ith  
20% NaO H  and the a c tiv ity  was estim ated by a w ell-typ e  scintillation detector. Anorganic 
131I was determ ined from  trichloroacetic acid extracts o f  the tissues. In add ition , occasional 
a ctiv ity  determ inations were m ade from tissue ex tracts obtained w ith n -heptane-isopropyl 
alcohol.

The am ount of 131I-fa tty  acid present in the tissu es and in blood plasm a were com puted  
from the results and expressed in m Eq oleic acid per kg tissue and /tEq per kg body w eight 
(i.e. the product o f the former value and the w eight o f the respective tissue per unit body  
weight).

Results

L e t h a l  d o s e s  o j  f a t  y  a c i d . I n  p r e l i m i n a r y  e x p e r i m e n t s  w e  f o u n d  i n  a g r e e 

m e n t  w i t h  P e l t i e r  [ 1 0 ]  t h a t  0 . 2 8  m l / k g  ( 2 5 0  m g / k g )  f r e e  f a t t y  a c i d  c o n s i s t i n g  

o f  m o r e  t h a n  9 0 %  o l e i c  a c i d  k i l l e d  t h e  a n i m a l s  i n  a  s h o r t  t i m e .

The features o f oleic acid in toxication  observed in the present stu d y  — 
blood-stained, frothy nasal discharge, ton ic-clon ic tw itches and convulsions, 
term inal com a ^are in agreem ent w ith  those described by D e  R u i t e r  [12]. 
Autopsy revealed gross swelling of the lungs and filling of the alveolar and 
bronchial lum en w ith abundant haem orrhagic exudate. Subsequently , 6 rab
bits were given  25%  of the above dose at six-hour intervals on several 
occasions. A ll anim als died, one after th e  third (190 m g/kg), and th e  last 
after the n in th  dose (Fig. 1). The average dose w as 343 mg/kg oleic acid. The

Fig, 1. E ffect o f  free fa tty  acids adm inistered in  d ivided doses. Abscissa: N um ber of deaths. 
Ordinate: Doses o f E lain and elapsed times

A da  Módira Academiae Scientiarum Hungaricae 25, 1968



3 3 4 GY. SZABÓ et al.

anim als died 10 to  60 m inutes after the last dose; th e  sym ptom s induced in 
this m anner were sim ilar to  those elicited b y  an undivided lethal dose.

T i s s u e  l i p a s e  a c t i v i t i e s  a f t e r  a d m i n i s t r a t i o n  o f  n e u t r a l  f a t . A  sign ificant 
lipase a c tiv ity  was dem onstrated  in normal rabbit lung and liver; in 4 hours 
600 p,E q  o f free fa tty  acid w as released per 1 g dry lung tissue. The dry w eight 
of lung tissu e corresponded to  21.98%  (S.D . 3.81) o f  fresh tissue (33 anim als). 
Lipase a c tiv ity  in the liver w as slightly  more in ten sive . W hile the a c tiv ity  o f  
lung tissu e  2, 24 and 72 hours following th e  in travenous injection o f triolein  
w as practica lly  unchanged, a c tiv ity  in liver tissu e  exhib ited  a slight increase, 
for in stan ce a 15% one in  th e  72-hour sam ple (p <7 0.05; Table I).

Table I

L ip a se  a c tiv ity  ( m l 0 .05  N  N a O H ) a fter in travenous  
a d m in is tra tio n  o f  0 .50  m l/kg  o f  tr io le in

Lung Liver

too 150 200 100 150 200

mg acetone dried tissue mg acetone dried tissue

Control (9)
1 .1 7 ± 0 .3 3

(9)
1 .8 0 ± 0 .5 7

(6)
2 .3 8 ± 0 .3 9

(10)

1 .5 8 ± 0 .3 8
(9)

2 .19± 0 .42

(10)

2 .7 6 ± 0 .5 1

A t 2 hours
(13)

1 .1 4 ± 0 .2 5
(8)

1 .5 8 ± 0 .3 7
(8)

2 .0 1 ± 0 .5 0

(15)

1 .6 3 ± 0 .4 6

(10)

2 .1 8 ± 0 .5 2

(12)

2 .8 0 ± 0 .5 6

A t 24 hours (7)
1 .3 1 ± 0 .1 9

(4)

1 .9 5 ± 0 .2 7

(4)

2 .4 1 ± 0 .5 7
(8)

1 .8 3 ± 0 .4 6
(8)

2 .47±0 .47
(8)

3 .0 9 ± 0 .5 2

A t 72 hours
(10)

1 .3 2 ± 0 .3 6
(5)

1 .9 6 ± 0 .3 7
(8)

2 .3 4 ± 0 .3 9

(10)

1 .9 7 ± 0 .3 7

(10)

2 .4 6 ± 0 .3 4
(11)

3 .0 3 ± 0 .3 6

(Figures in brackets indicate the number of anim als.)

E s t e r i f i e d  a n d  f r e e  f a t t y  a c i d s  i n  t i s s u e s  a n d  p l a s m a . In the 10 control 
anim als th e  tota l esterified fa tty  acid con ten t o f  blood plasma was 6.05  
(S .D . 2.95) m Eq/L. P ractica lly  the same va lu e w as found at 2 and 24 hours 
after in travenous adm inistration  of 0.50 m l/kg (i.e . 0.516 mM of triolein), 
ind icating  that non-em ulsified fat rapidly disappears from the blood stream . 
The adm inistered am ount o f  fat was recovered practically  i n  to to  from  th e  
lung. T he control lungs contained 58 m E q/kg esterified  lipids (expressed in 
triolein) on the average, w hereas 2-hour sam ples revealed 296 m Eq/kg. Referred  
to  u n it b ody w eight th is gives a surplus o f  1.64 m E q as compared to  the  
adm inistered 1.55 m E q/kg. T he slight difference m ay  be partly ascribed to  the  
determ inations having been m ade in tw o separate animal groups, p artly  to  
a possib le inaccuracy o f th e  procedure, the lungs hav in g  been weighed together  
w ith  th e  bronchi and large vessels. Moreover, slicing of tissues m ay in vo lve
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som e flu id  loss, particularly in presence o f  oedem a resulting from  fa t em bolism  
or fa tty  acid poisoning. Since the lipid content of oedema flu id  is presum 
ably low , th is would produce an increase in tissue lipid concentration .

A t 24 hours there was a considerable reduction in the fa tty  acid  content 
o f th e  lung. The excess w as 43%  less than  at 2 hours and disappeared b y  the 
end o f 72 hours. The cerebral tissue exh ib ited  a m oderate, sta tistica lly  n o t signif
icant (p <  0.30) increase in esterified fa tty  acids at 2 hours (T able II).

There was no significant elevation  o f titratable acidity in th e  heptane  
extracts o f  blood plasm a and of tissues at 2, 24 and 72 hours. In th e  13 controls 
the free fa tty  acids in the plasm a am ounted  to 619 (S.D. 234) p E q /L . The 
slight rise at 72 hours averaging 160 p E q /L  was not significant (p <  0.20). 
In th e  lung the free fa tty  acid content show ed no rise, but as reckoned per

Table II

T otal trig lycerides after in traven ou s adm inistration  
o f  0 .50  m l/kg  o f  trio lein

Blood serum Lung Brain

mEq/L mEq/kg iiEq/kg 
body weight mEq/kg

Control (10)

6.05 +  2.95

(12)

5 8 .0 2 ±  18.25 2 2 7 .6±  103.4

(12)

7 3 .1 7 + 1 9 .1 0

A t 2 hours

(13)

6.19 +  2.47

(14)

2 9 6 .0 0 ± 7 1 .3 5 1868.0± 176.6
(14)

115.50 +  33.61

A t 24 hours (9)
7.24 +  3.67

(12)

1 9 4 .0 0 ± 7 9 .2 6 1210.0±605.0
(9)

89.90 +  14.11

A t 72 hours (П )
5.63 ± 2 .0 0

(И )
8 5 .0 4 ± 2 3 .6 0 783.8 +  226.5

(И )
7 5 .4 3 + 9 .6 2

(Figures in brackets indicate the number o f animals.)

Table HI

Free f a t ty  ac id  content a fter in traven ous adm in istra tion  
o f  0 .5 0  m l/k g  o f  trio le in

Blood serum Lung Brain

No. MEq/L No. mEq/kg
tissue

flEq/kg 
body weight No. mEq/kg

tissue

Control 13 619 +  234 8 1 2 .0 4 + 1 .5 9 5 5 .8 +  8.9 7 30.27 +  5.56
A t 2 hours 8 5 7 7 + 2 0 1 8 11.14 +  2.25 75 .7+25 .3 8 35.28 +  5.56
At 24 hours 6 581 +  165 6 9.58 +  2.14 70.5 +  13.5 6 32.88 +  5.89
A t 72 hours 6 783 +  230 6 1 2 .7 9 + 1 .6 7 123.0+25.5 6 3 6 .3 3 + 2 .3 7
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kg b o d y  w eight it show ed a certain  elevation at 2 hours owing to the increase  
in lu n g  w eight (Table III ) .

F ate o f  free fa t ty  acids after introduction in to  the organism. A fter th e  
in traven ou s injection o f 0 .15  m l/kg of E lain  (approxim ately  470 /tEq oleic  
acid) th is  soon disappeared from  the organism. T h irty  m inutes later the plasm a  
con ta in ed  only 500 /Æ q/L  m ore of free fa tty  acid  th an  in  the controls, and at 
2 hours no elevation w as dem onstrable.

tiEq/l

Fig. 2- E ffect o f 0.47 /Æ q/kg  o le ic  acid on plasma free fa t ty  acid  levels (/tEq/1). C: Control 
values. H orizontal lin e: Average control va lu es. Shaded area: ± 1  S.D.

Fig. 3. E ffect of 0.47 f iE q/k g  o le ic  acid on free fa tty  acid  co n ten t of lung tissue (m E q/kg)  
C: Control values. H o rizo n ta l line: Average control va lu es. Shaded area: i l  S .D .
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Non-esterified lipids introduced into th e  blood arc rapidly in tercepted  by 
the lung. The free fa tty  acid content of lung tissue shows a more than  three
fold incrase five  m inutes after injection as against the controls. Calculated  
from these values and the relative lung w eights, the average am ou n t which 
m ay be recovered from the lung from 0.470 m E q/kg free fa tty  acid  injected  
into th e  blood is 0.317 m E q/kg (67.4% ). In the liver and brain no change in 
fa tty  acid concentration was seen. E ven from the lung the excess o f  free fatty  
acid disappeared fast and by the 30th m inute it fell from the average 5-m inute  
value o f  28 m Eq to 8 m E q and at 2 hours it w as barely higher than  in the con
trol anim als (Table IV).

Studies w ith 131I-oleic acid revealed com parable figures. T he to ta l ac
tiv ity  found in blood plasm a 5 m inutes after adm inistration o f 0 .15 ml/kg 
131I-E lain  corresponded to  1292 //E q/L  free fa tty  acid. H ow ever, 697 /tEq

Table IV

E la in  content in m E q /k g  after in traven ous adm in is tra tio n  o f  0 .1 5  m l/k g

Blood serum I.ung Liver

No. u.Eq/L J No. т Е ч /kg No. mEq/kg

Control IK 751 ± 3 7 0  8 1 2 .0 4 ± 1 .5 9

A t 5 minutes 19 1595 ± 5 8 4  5 4 1 .70± 9 .41 5 1 3 .7 7 ± 1 .3 1
At 30 m inutes 6 I0 7 0 ± 3 5 8  7 2 0 .1 4 ± 7 .1 4 6 1 4 .3 4 ± 1 .5 5
A t 2 hours 9 850 ± 3 2 5  5 14 .64± 8 .57 4 1 1 .7 7 ± 1 .9 4

At 6 hours 4 7 7 8 ±  287 3 8 .2 2 ±  1.13
At 24 hours 2 600 2 12.00

of this could he recovered from the trichloroacetic acid extract, in other words, 
it M as anorganic iodine. Calculated from the actual fatty-acid-bound (heptane- 
extractable) activ ity , the plasm a level of 131I oleic acid did not exceed  381 
//E q/L  and even this decreased to 225 /iE q/L  by the end o f 30 m inutes. The 
radioactive fatty  acids were thus cleared from the blood stream  perhaps even  
more rapidly than the unlabelled ones. The predom inant part o f th e  introduced  
activ ity  м-as again found in the lung. Total a c tiv ity  in this organ corresponded  
to  0.272 mEq oleic acid, i.e. to  58%  of the introduced dose and th e  fraction  
extractable with trichloroacetic acid accounted for less than 10%  of that 
am ount. At 30 m inutes th e  activ ity  in the lung had fallen by m ore th an  50% .

Ten per cent of the adm inistered dose o f  131I-E lain was recovered from 
the liver, M'here the labelled fa tty  acid concentration was approxim ately  1/20 
o f  th at dem onstrable in the lung. From the k idney no more than  2 to  2.5%  
o f the activ ity  was recovered, hut more than  70%  of it was extractab le with 
trichloroacetic acid, ind icating the renal excretion of anorganic iodine. A ctiv ity
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w as insign ificant in th e  m u scles, brain and th yro id . A ctiv ity  in brain corre
sponded  to  0.073 m Eq/kg (S .D . 0.018) of oleic acid , and of this 0.058 m E q/kg  
(S .D . 0 .041) was extractable w ith  trichloroacetic acid (Table Y).

T h u s, free fatty  acids disappear soon from th e  blood stream to  be taken  
up b y  th e  lung. On the other hand, the pulm onary concentration o f fa tty  acid 
d eclin es  fast, probably in  consequence of enzym atic  breakdown.

Table V

A c t iv i t y  a fter  intravenous a d m in is tra tio n  o f  0 .15  m l (0 .4 7  ft E q )  o f  I -E la in  expressed  in  m E q  
p er kg  tis su e  a n d  /lE q  p e r  kg body w eigh t o f  oleic acid

a t  5 m i n u t e s a t  30 m i n u t e s

No. j Total TCE HP
1

No. i Total TCE HP

Lung

m E q  leg 8 35.13 3.74 22.41 8 16.92 2.62 14.60

S .D . ± 11.52 0.71 0.99 9.00 0.80 0.91

/iE q /k g 8 272.30 25.53 153.66 8 149.06 19.49 190.83

S .D . ± 12.53 4.25 5.78 91.16 7.18 20.85

Liver

m E q /k g 8 1.705 0.890 1.383 8 1.232 0.449 1.117

S .D . ± 0.339 0.141 0.360 0.760 0.164 0.197

/< Kq/kg 8 47.27 24.76 38.66 8 40.40 14.09 37.00

S .D . ± 9.63 3.60 7.25 15.39 6.17 11.03

Kidney

m E q /k g 8 2.682 1.514 1.032 8 1.489 0.943 0.525

S .D . ± 0.108 0.089 0.395 0.670 0.324 0.278

ft E q /k g 8 10.23 7.44 5.32 8 7.95 4.60 2.71

S .D . ± 8.94 0.77 1.37 3.27 1.90 0.77

TCE : trichloroacetic acid extract 
HP : n-heptane—isopropyl alcohol extract

I t  is improbable th a t sign ifican t am ounts o f  free fa tty  acids should reach 
th e  brain  whether d irectly  from  the adm inistered dose or indirectly  from  
th e  lung.

E ffect o f  fa t em bolism  an d  fa tty  acid po iso n in g  in the lung. In  earlier 
stu d ies w e have observed in  experim ental fa t em bolism  a substantial en large
m en t and increased d en sity  o f  the lung. The m icroscopical finding was typ ica l
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Table VI

P lasm a  !311 - ja tty  acid (a s  f lE q /L  oleic a c id )  level a fter  in travenous in jec tion  o f  
0.15 m i/k g  (0 .4 7  m E q /k g ) o f  ,3'I -E la in

No. Total TCE H P

At 5 m inutes 8 1 292± 444 6 9 7 ± 3 5 0 3 8 1 ±  69

At 30 m inutes 6 9 6 4 ± 3 0 5 6 7 0 ± 4 6 7 2 2 5 ± 1 1 0

of congestion w ith sign ificant, prevalently in terstitia l oedema and patchy  
intraalveolar accum ulation o f  flu id . After adm inistration of a leth a l dose of 
fat, m assive oedem a developed all over the lung. In  the present stu d y  th e  lung, 
liver and brain were weighed in  animals killed 2, 24 and 72 hours after adm in
istration o f 0.50 ml/kg triolein (corresponding to  5 0 % o fth e  L D 50) a n d in  untre
ated controls. A t 2 hours th ere  was a considerable swelling of th e  lungs, the 
average lung weight per kg b o d y  weight had nearly doubled. This process con
tinued throughout the experim ent, so that for instance at 72 hours th e  relative  
lung w eight was 9.21 g/kg as against 3.81 g/kg in the controls.

Pulm onary swelling w as also significant after the adm inistration  of 
0.15 m l/kg free fa tty  acid. A t 5 m inutes the lungs had doubled th eir  w eight, 
the m axim um  of 10.76 g/kg w as noted at 2 hours. There was m icroscopic ev i
dence of a haemorrhagic intrapulm onary exudate.

The liver and brain did not change sign ificantly  in weight after adm inis
tration of neutral fat or free fa tty  acids (Table V I).

A dm inistration of neutral fat or free fa tty  acids is thus follow ed b y  a sig
nificant intraalveolar and in terstitia l fluid accum ulation in th e  lung. At 5

Tabic VII

Effect o f  0 .5 0  m l/kg  o f  trio le in  on organ weights

Animal weight Lung Lung Liver Brain
(kg) (8) (g/kg) (g/kg) (g/kg)

Control ( n =  13) 3.22 ( 2 .1 - 4 .5 ) 11 .81±1.61 3.81 +  0.84 2 9 .7 5 ± 6 .9 1 3 .1 2 ± 0 .5 9

2 hrs (n 12) 3.35 ( 2 .0 - 4 .2 ) 20 .67± 3 .98 6 .2 6 ± 0 .9 4 2 6 .5 0 ± 7 .3 4 3 .3 8 ± 0 .6 8

24 hrs (n =  9) 2.97 (2.0 — 3.6) 2 0 .1 1± 4 .77 6 .7 9 ± 1 .4 8 2 5 .8 7 ± 2 .6 5 3 .2 1 ± 0 .4 1

72 hrs ( n = l l ) 2.95 (2.1 —4.0) 2 6 .7 0± 7 .10 9 .2 1 ± 2 .4 9 2 8 .5 8 ± 6 .2 5 3 .5 1 ± 0 .4 6

E ffect o f  0 .1 5 m l/kg o f  E la in  on organ  weights

5 min (n =  5) 2.70 (2.3 — 3.0) 2 0 .0 3± 4 .40 7 .6 3 ± 2 .2 3 2 7 .8 6 ± 1 .4 1 3 .5 1 ± 0 .7 3

30 min (n 12) 2.64 ( 2 .1 - 3 .0 ) 21.05 ± 6 .3 4 8.95 ±  1.90 2 8 .1 7 ± 4 .4 9 3 .8 7 ± 0 .5 3

2 hrs (u =  6) 2.63 ( 2 .1 - 3 .0 ) 27 .97± 8 .24 10 .7 6 ± 2 .7 2

6 hrs (n =  3) 4.2 (4.0 —4.6) 39.0 9.24 (8.00 -10.47)

24 hrs (n 2) 4.5 ( 4 .5 - 4 .6 ) 31.4 6.90 (6 .28--  7.53)
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m in u tes  after adm inistration  o f 0.15 ml/kg E la in , m icroscopy revealed marked 
pu lm on ary  oedema w ith  p reva len tly  peribronchial infiltration . The inflam m a
to r y  changes proved progressive; by the 24th  hour th ey  had becom e pre
d o m in a n t in addition to  th e  exudative com ponent.

In  the animals sacrificed  72 hours after adm inistration o f 0.5 ml/kg 
tr io le in , an inflam m atory reaction  with p a tch y  alveolar oedem a w as found, 
in  agreem ent with observation s on humans. I t  m u st be pointed out th at in 
fa t ty  acid  poisoning as also in  fa t embolism oedem a represents a specific tissue  
resp on se  rather than co n g estiv e  oedema.

Fig. 4. E ffect of 0.47 m E q /k g  intravenous oleic acid  on arterial 0 2 saturation

Fig. 5.  E levation  of neutral fa t  co n ten t (zlC) and o f rela tive  w eight (dW ) of lung tissue after 
in traven ou s injection of 0.50 m l/k g  triolein
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The effects o f  experim ental fa t em bolism  on gas exchange, especially  
arterial 0 2 saturation , have been dealt w ith  earlier [19]. In the present study  
the effect o f fa tty  acids was exam ined.

Arterial h yp ox ia  was dem onstrable 5 m inutes after fa tty  acid adm inis
tration , w ithout, however, a tta in ing  a severe degree (apart from  a single 
instance), the average level of arterial blood oxygen  saturation having remained  
above 70% throughout. It is to  be noted  th a t the animals had received only  
50%  of the lethal dose and survived the in terven tion  w ithout exception . Thus, 
the exten t of h yp oxia  is o f less sign ificance than  the invariable reduction  of 
arterial 0 2 saturation  observed in  all anim als w ithout exception  (F ig. 4).

D iscussion

The lethal dose of free fa tty  acid does not noticeably increase b y  being 
divided in several doses. As dem onstrated earlier [1, 6, 5], the lung is adequately  
provided with lip o ly tic  enzymes to  cope w ith  th e  accum ulation o f neutral fats. 
In opposition to  th e  pulmonary tissue o f  rats [1], after the in troduction  of 
neutral fat th at o f  rabbits failed to  exh ib it any  increase in lip o ly tic  activ ity . 
This w as, how ever, o f  no major sign ificance, since the lipase a c tiv ity  in normal 
tissues is more th an  adequate to th is task . T hus, in the course o f 24 hours fol
low ing the adm inistration of 0.50 m '/kg triolein  the excess of neutral fat dem on
strable in the lung w as found to  dim inish b y  43% . Under the present experi
m ental conditions, presum ably m ore free fa tty  acid than the lethal dose w as pro
duced during th at period. H owever, neither th e  blood, nor the tissues including  
the lung exhibited an y  rise in free fa tty  acid con ten t, indicating th at th e  formed 
free fa tty  acids disappear rapidly probably as a result o f enzym atic decarboxy
lation . This is consisten t with the observation  th at the disappearance from  the 
lung o f in travenously  adm inistered free fa tty  acids is a very rapid process. 
The disappearance o f  exogenous fa tty  acids from  the blood stream  is no less 
rapid. As regards th e  brain, here no sign ificant amounts o f exogenous fatty  
acids were dem onstrable, how ever large the introduced dose had been and 
w hether labelled or not labelled lip id  was adm inistered.

A dm inistration of moderate doses o f  neutral fat was followed b y  a gradual 
developm ent o f pulm onary oedem a. H ow ever, considerably sm aller doses 
o f free fa tty  acid were found to  induce pulm onary oedema o f sim ilar, i f  not 
greater, severity  in a few m inutes and culm inating at 2 hours. A fter th e  adm in
istration  of neutral fat, pulm onary oedem a attained its m axim um  at 72 hours, 
when the greatest part of em bolized fat had already disappeared from  th e lung 
(F ig5 . ). This is inconsistent w ith th e  interpretation  ascribing the arisal o f  pul
m onary oedema to  haem odynam ic factors, particularly to an elevation  o f pulm o
nary capillary pressure in consequence o f obstruction . Injury to th e  pulm onary  
capillary bed b y  free fa tty  acids produced by hydrolysis would seem  to  offer
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a m ore probable exp lanation , being also in accordance w ith the m icroscopical 
find ings and it is b y  no m eans contradicted b y  th e  fact that in em bolism  
induced  b y  neutral fa t th e  pulm onary non-esterified  fa tty  acid con ten t did 
n ot increase. The pulm onary non-esterified fa tty  acid content after in tra
ven ou s adm inistration (sim ilarly to  neutral fa t, free fa tty  acid is p revalen tly  
tak en  up b y  the pulm onary capillaries) declined rapidly, and by th e  end o f tw o  
hours th e  excess lip id  practically  disappeared from  th e lung. In pulm onary  
em bolism  resulting from  th e  adm inistration o f  neutral fat, hydrolysis b y  
tissu e  lipase is gradual and th e  fa tty  acids being formed during th is process 
are sp lit at a su ffic ien tly  fa st rate. Accordingly, an equilibrium is established  
b etw een  hydrolysis and decarboxylation, preven tin g  any significant rise in  
th e  concentration  o f free fa tty  acid. (A d ilu tion  o f fa tty  acids b y  th e  accu
m u lating  oedem a flu id  m ight also have a part in  this.)

The released free fa tty  acids m ay w ith ou t an y  conspicuous rise in  tissue  
concentration  dam age the capillary wall. The to x ic  effect of free fa tty  acids 
adm inistered in sm all d ivided doses has been show n to  cum ulate, desp ite the  
fact th a t b y  the onset of acute sym ptom s th e  first dose had obviously  d is
appeared from the lung. A t any rate, after th e  successive adm inistration of 
divided  doses the fu lm inating sym ptom s w hich invariably follow th e  adm in
istration  of a single lethal dose o f fatty  acid h ave remained absent, th e  sy n 
drom e show ed a more progressive course. Sm all doses of free fa tty  acids induced  
a syndrom e quite sim ilar to  th a t observed after th e  adm inistration of sublethal 
doses o f  neutral fa t and characterized b y  in terstitia l and patchy alveolar  
oedem a, the counterpart o f  which is found in hum an fat em bolism . This 
process m ay im pose more or less severe lim ita tion s to  alveolar ven tila tion .

T he am ount o f  fa t ty  acid applied in  th e  present experim ent caused  
a sign ificant arterial 0 2 desaturation in a short tim e. Arterial anoxia, on its 
part, is a decisive factor in th e  clinical syndrom e o f fat embolism [19]. In  tw o  
of our p atien ts, arterial 0 2 saturation was as low  as 60% at the tim e o f the  
clin ical m anifestations.

In  fat em bolism , progressive lipolysis, i.e . cum ulation of the tox ic  effect 
on th e  capillaries and accum ulation of oedem a flu id  takes a certain length  
of tim e. This m ight account for the sym ptom -free interval of 24 to  48 hours 
preceding the clinical m anifestations of fat em bolism .

It does not seem  likely  that a secondary invasion  of the brain b y  free 
fa tty  acids produced in the lung should account for the typical syndrom e. 
On th e other hand, intracerebral release of fa tty  acid resulting from hydrolysis  
of fa t droplets in th e  cerebral capillaries m ay w ell be responsible for som e of 
the sym ptom s. H ow ever, as pointed out earlier [19] arterial anoxia m ay in 
itse lf  account for the neurological signs as w ell as for the typical m icroscopical 
pattern  including the annular perivascular haem orrhages dem onstrable in 
th e  brain.
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In experim ental and clinical fa t em bolism  increased plasm a lip ase  has 
been reported by several authors and it has been attem pted to m ake a diagnos
tic  use o f this find ing  [5, 9, 14]. L ipase has been assumed to orig inate from  
the lung. No increase in pulmonary lipase a c t iv ity  was, however, found  in the  
present study and no relationship could be dem onstrated betw een th e  change  
in blood lipase level and fat em bolism [16, 20 ]. Arterial 0 2 saturation  provides 
obviously a more reliable clue as regards th e  severity  of the pulm onary process 
and its possible clinical consequences.
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RÖNTGENKINEMATOGRAMMETRISCHE ANALYSE 
DER BRONCHIALBEWEGUNGEN

Von

T. S z e n e s

RÖNTGENKLINIK (DIREKTOR: PROF. T. SZENES) DER MEDIZINISCHEN UNIVERSITÄT, SZEGED 

(Eingegangen am 10. A ugust 1968)

Die K öntgenkinem atographie hat zur U ntersuchung der Bewegungsfunktionen, 
zur A nalyse ihrer G esetzm äßigkeiten und M echanism en der w issenschaftlichen F or
schung und auch der praktischen Anwendung der D iagnostik w eite, exakt-m eth od i
sche Perspektiven eröffnet.

Ziel der vorliegenden A rbeit war das röntgenkinem atographisclie Studium  der 
respiratorischen Bewegungserscheinungen des tracheobronchialen System s in  Tier
versuchen. E s wurde festgestellt, daß die G esetzm äßigkeiten der B ew egungen, der 
Charakter ihres physiologischen oder pathologischen Verlaufes an Hand der m ethodi
schen A nalyse des R öntgenkinem atogram m s m it überraschender Ausführlichkeit erfaß
bar sind. Ausdrücklich zu betonen ist, daß eine w iederholte B eobachtung der kon ti
nuierlichen Bew egungserscheinungen am laufenden Film streifen keineswegs hinreichend  
ist, sondern eine unerläßliche Forderung daneben auch die m etrische A nalyse der auf 
Grund der M essung der Längen-, Kaliber- und Lokalisationsänderungen der Bronchien  
an vergrößerten Einzelbildern der Serie konstruierten Bewegungskurven darstellt.

In der R öntgendiagnostik  hat sich von  A nfang an parallel m it der E n t
wicklung der statischen  R öntgenm orphologie und in engem Zusam m enhang  
m it ihr eine dynam ische R öntgenm orphologie herausgebildet: die die R öntgen
sym ptom atologie der verschiedensten Bew egungserscheinungen um fassende  
sogenannte funktionelle R öntgendiagnostik . B eide zusammen bilden eine 
unzertrennliche E inheit. D ie M öglichkeit der U ntersuchung der B ew egungs
funktionen au f röntgenm orphologischer Grundlage ist von großer B edeutung  
nicht nur in der diagnostischen Praxis, sondern auch auf dem G ebiete der 
w issenschaftlichen Forschung. Zahlreiche physiologische und pathophysiolo- 
gische M otilitätsprozesse sind als Ergebnis röntgenologischer U ntersuchungen  
zutage gefördert und ihr W esen und M echanism us geklärt worden.

Einen neuen W eg in den M öglichkeiten der Untersuchung und des 
Studium s der B ew egungsfunktionen haben vor rund anderthalb Jahrzehnten  
die auf elektronenoptischen Prinzipien fußenden modernen röntgentechnischen  
K onstruktionen eröffnet. Die E ntdeckung des R öntgenbildverstärkers hat die 
Durchleuchtung bei wesentlich verringerter Strahlenbelastung am B ilds(hirm  
m it hoher L ichtstärke und dann am Fernseh-M onitor, sowie die Einführung  
der R öntgenkinem atographie erm öglicht. A uf diese W eise sind auch B ew e
gungserscheinungen in ihrer K ontinu ität gut sichtbar dem Studium  zugänglich  
gem acht worden, die zuvor am klassischen D urchleuchtungsschirm  verborgen  
blieben. Andererseits können sie m it H ilfe der R öntgenkinem atographie am
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F ilm  oder m it Video-Telerekorder am m agnetischen B and in ihren feinsten  
E in zelh eiten  festgehalten w erden und sind beliebig oft reproduzierbar. E s gibt 
eine b reite Skala von M öglichkeiten, die sich uns durch die R öntgenkinem ato
graphie nicht nur in  der diagnostischen Praxis, sondern auch in der w issen
sch aftlich en  Forschung darbieten.

Ausgehend von jener, sich für eine statisch-dynam ische E in h eit aus
sprechenden Anschauung, daß die m orphologischen Veränderungen patholo
gisch-funktionelle Erscheinungen zeitigen können und um gekehrt, pathologi
sch e Funktionen Veränderungen des m orphologischen Bildes nach sich ziehen  
k ön n en , haben wir uns in unseren U ntersuchungen das Studium  der Bronchus
bew egungen  zum Ziele gesetzt. In  der R öntgenuntersuchung des tracheo- 
bronchialen  System s m uß der B eobachtung und diagnostischen B eurteilung  
der funktionellen  R öntgensym ptom e eine große Bedeutung beigem essen wer
den . A ls eine entferntere A ufgabe hatten  wir beabsichtigt das Studium  und 
die A n alyse der Erkrankungen der B ronchien, nam entlich eventueller früher 
fu n k tion eller  R öntgensym ptom e des Bronchuskarzinom s, und als nähere A uf
gab e, gewissermaßen als V orstudien, die physiologischen B ew egungen und  
die künstlich  hervorgerufenen, aphysiologischen Bewegungsänderungen des 
tracheobronchialen System s zum G egenstände eingehender U ntersuchungen  
zu m achen . Es war überraschend, wie gering die Zahl der sich m it der Rönt- 
gen-Bronchokinem atographie befassenden A rbeiten in der W eltliteratur ist. 
H ervorzuheben sind darunter die U ntersuchungen von B o n s i g n o r e , P i c o n e  
u n d  B e l l o m o n t e  [1, 2, 3, 4 ] , Y a m a m o t o  und S a s a k i  [9], sowie die M itteilun
gen  v o n  F r a s e r  [5], H o l d e r n  und A r d r a n  [6], M a r s h a l l  und H o l d e r n  [8]. 
D iese  A utoren haben über B eobachtungen an gesunden M enschen, m eistens  
aber an Patienten m it verschiedenen bronchialen Erkrankungen berichtet. 
Sie b eton en  die B edeutung der R öntgenkinem atographie in der funktionellen  
R öntgendiagnostik  der Erkrankungen des B ronchialsystem s, doch stützen  
sich  ihre Feststellungen m eistens auf die laufende Beobachtung des F ilm strei
fen s. E iner Analyse der aufeinanderfolgenden Bilder des F ilm streifens auf 
G rund von  Messungen begegnen wir nur in den A rbeiten ganz weniger A utoren, 
w ie z. B . bei F r a s e r , Y a m a m o t o  und S a s a k i , M a r s h a l l  und H o l d e r n . 
A ls Bahnbrecher im A usbau der technischen  und m ethodologischen E n t
w ick lu n g  der R öntgenkinem atographie und u. a. in  der In itia tive der Broncho- 
R öntgenkinem atographie ist J a n k e r  [7] zu nennen.

A bw eichend von den obigen Autoren haben wir versucht, auf tierexperi
m en tellem  W ege den G rundlagen des M echanism us der Bronchienbew egungen  
näher zu kommen. Zu diesem  Zweck haben w ir bei H unden in Pentobarbital- 
N ark ose  nach der bronchographischen A uffüllung m it B arium suspension oder 
D io n osil m it Hilfe eines Siem ens-B ildverstärkers 7” m it der 35 m m  Arriflex- 
K am era kinem atographische Aufnahm en angefertigt. Neuerdings führen wir 
die U ntersuchungen m it einer 16 mm A rriflex-K am era am Siem ens Sirecon
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duplex Bildverstärker durch. Neben den physiologischen Bewegungen haben  
wir die auf die intrabronchiale Verengerung eintretenden Bew egungsänderun
gen studiert. Die bronchokinem atographischen U ntersuchungen an den K ran
ken beschränkten sich nam entlich  auf die B eobachtung der tum orosén Bron
chusstenosen und die durch schwere, deform ierende Bronchitis bedingten  
funktionellen R öntgensym ptom e. D ie Bew egungsanalysen wurden teils auf 
einem  M ontagetisch durch wiederholte B eobachtung der kontinuierlichen  
Bew egungserscheinungen und andererseits an H and von  M eßanalysen an ver
größerten Standbildserien der aufeinander folgenden B ew egungsphasen auf 
Photopapier, neuerdings am D ocum ator-Lesegerät (Zeiss) durchgeführt.

Abb. 1. Schem a des tracheobronchialen S ystem s des H undes

Im folgenden soll an einigen der Versuchsserie entnom m enen Beispielen  
ein B ild über die von  der R öntgenkinem atographie gebotenen M öglichkeiten  
zur A nalyse der Bronchusbew egungen dargestellt werden.

Abb. I veranschaulicht schem atisch das tracheobronchiale System  eines 
H undes bei postero-anteriorer Strahlenrichtung im Blickfeld des Bildverstärkers. 
D ie Bestim m ung der Bronchienlänge und des Lum endurchm essers geschah  
durch Messung der Länge bzw. des Durchm essers der Strecken zw ’schen den 
m it Ziffern bezeichneten Abzweigungen. Nach D arstellung der M eßdaten im 
K oordinatensystem  in A bhängigkeit von den Z eitpunkten der aufeinander
folgenden B ew egungsphasen entstanden für die Inspirations- und Exspiration 8- 
Längen und K aliberänderungen der Bronchien charakteristische K urven. 
D ie Bronchien als annähernd zylinderförmig aufgefaßt, wurde das G ebiet des
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L um en-Q uerschnittes berechnet und in K urvenform  dargestellt. An dem so 
erh a lten en  Graphikon können die zeitlichen und G rößenzusam m enhänge der 
respiratorischen Bew egungsveränderungen festgehalten  und ob jek tiv  analysiert 
w erd en .

A u f Grund der durchgeführten Tierversuche sollen vier T ypen  der rönt- 
genkinem atographischen A ufnahm eserien der respiratorischen B ronchien
b ew egu n gen  und der davon hergestellten  Bew egungskurven dargestellt werden.

Versuch 1. Physiologische A tm ung. An der röntgenkinem atographischen  
A ufnahm eserie (Abb. 2), w o jed es 8. B ild des m it 24/sec-G eschw indigkeit auf
genom m enen  Film s darstellt, sind die inspiratorische Verlängerung der Bron
ch ien  u n d  die W eitung ihrer K aliber bzw. ihre exspiratorische Verkürzung 
und  V erengerung deutlich sichtbar. D ies ist der typ ischste V organg der respi
ratorisch en  Bronchialbew egungen. D ie Längen- und K aliberänderungen sind 
an der rechten und an der lin k en  Seite gleichen Ausm aßes. N eben  diesen B ew e
gu n gen  fä llt noch besonders ausgesprochen der L okalisationsw echsel in se it
licher R ichtung in den B ronchusästen  des oberen Lappens ins A uge.

D a s Graphikon der B ew egungskurven (Abb. 3) dem onstriert überzeu
gend, w iev ie l größeren A ufschluß diese über die E inzelheiten  des Vor
gan ges der respiratorischen Bronchusbew egungen bieten, als die einfache 
B etra ch tu n g  der röntgenkinem atographischen Aufnahm eserie. D ie  Säulen 
ste llen  d ie Länge der Bronchien  bzw . deren Veränderung, die unteren K urven  
den W ech sel des K aliberdurchm essers und die oberen K urven die Veränderun
gen  des Flächenraum es des L um enquerschnittes dar. Das Graphikon läßt 
fe s ts te lle n , daß sich beim  M axim um  des Inspirium s die B ronchuslänge um 35%  
vergrößert, die Lum enerweiterung mehr als das D oppelte des Exspirium s- 
durchm essers und die Vergrößerung des Q uerschnittes das 5-fache erreicht 
h at. E s  is t  auch ersichtlich, daß unter physiologischen V erhältnissen das Maß 
der Bew egungsveränderungen und der zeitliche A blauf an der rechten und 
linken  S e ite  völlig identisch sind.

Versuch 2. Verengerung des rechten H auptbronchus. D ie Verengerung 
erfolgte durch Einführen einer m it einem B leiknopf versehenen Sonde. Die 
röntgenkinem atographische A ufnahm eserie (Abb. 4) ließ festste llen , daß an 
der eingeengten  Seite neben der inspiratorischen Verlängerung der Bronchien  
(schw arze Säule) eine Lum enerw eiterung n icht zustandekom m t. G leichzeitig  
is t an der intakten Seite nur eine Lum endilatation — ohne B ronchusverlänge
rung — wahrnehmbar. D ie Trachea wird während des Inspirium s im  Bogen  
zur veren gten  Seite gedrängt, während die Bronchien des unteren Lappens 
sich lateralw ärts heben.

A m  Graphikon der B ew egungskurven (Abb. 5) sind diese Erscheinungen  
m etrisch  analysierbar. Es kom m t während des A tem prozesses zur m äßigen  
insp iratorischen  Verlängerung der Bronchien, zur Verringerung des Kalibers 
und noch  eher des Q uerschnittes. An der in takten  Seite ist zu B eginn des
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Abb. 2. Röntgenkinem atogram m . Zwischenzeiten 1/3 sec. Norm ale A tm ung  
Abb. 4. Röntgenkinem atogram m . Zwischenzeiten 1/3 sec. V erengerung des rechten H aupt

bronchus
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mm

Abb. 3. Respirationskurve des R öntgenkinem atogram m s in A bb. 2. Zwischenzeiten 1/6 sec. 
(B ezeichnungen: D: Durchm esser des Bronchus; F: D urchschnittsfläche des Bronchus;

Säulen: Länge des B ron ch u s;-----------------------: rechte Seite, — -----------------: linke Seite)

mm

Abb.  5. R espirationskurve des R öntgenkinem atogram m s in A bb. 4. Zwischenzeiten 1/6 sec.
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Abb. 6. R öntgenkinem atogram m . Zwischenzeiten 3/16 sec. Verschluß des rechten H aupt
bronchus

Abb. 8. R öntgenkinem atogram m . Z w ischenzeiten 1/3 sec. Verengerung der Trachea

Inspirium s eine geringgradige Verkürzung und dann eine leichte Verlängerung  
des Bronchus nachweisbar. W ährend die Lum enerweiterung einen zw eifachen  
W ert erreicht h a tte , war der Querschnitt au f das 4,5-fache gestiegen.

Versuch 3. V erschluß des rechten H auptbronchus. Der Schattenausfall 
im Bronchus-Interm edium  (Abb. 6) in der röntgenkinem atographischen Auf
nahm eserie zeigt, daß nur der Bronchus des unteren Lappens verschlossen, 
der obere Bronchus aber frei ist. Beim  E inatm en  erfährt der verschlossene
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rechte untere Bronchusast überhaupt keine E rw eiterung und eine m inim ale  
L ängsdehnung; der rechte obere Bronchus erw eitert sicht gut. An der in tak ten  
Seite is t  eine geringgradige inspiratorische Bronchusverlängerung und eine sehr 
b ed eu ten d e L um enerw eiterung zu beobachten.

A m  Graphikon der Bew egungskurven (A bb. 7) sind diese E rscheinungen  
in m etrischer D arstellung analysierbar. A ugenfällig  ist die L um endilatation

mm 
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Abb. 7. R espirationskurve des R öntgenkinem atogram m s in A bb. 6. Zwischenzeiten 3/16 see.

des B ronchus der in tak ten  Seite und die Q uerschnittvergrößerung auf das 
6,7-fache.

Versuch 4. Trachea-Verengerung. D ie Verengerung geschah durch  
A bklem m en eines in  die Luftröhre eingebundenen Gummirohres. In  der röntgen- 
kinem atographischen A ufnahm eserie (Abb. 8) fä llt die sym m etrische V eren
gerung des Bronchussystem s im  Vergleich zur N orm  sowie die beträchtliche, 
— aber die N orm alw erte n ich t überschreitende — ebenfalls sym m etrische  
Längsdehnung der Bronchien auf. E in interessanter Befund ist noch die aus
gesprochene Vergrößerung des B ifurkationsw inkels und die D ivergenz der 
B ronchusäste der G egenseite. Beim  Einatm en b ew egt sich die B ifurkation t ie f  
abw ärts.

D ie  B ew egungskurve (Abb. 9) zeigt ein interessantes Bild. W ährend des 
Inspirium s erfolgt die Verlängerung allm ählich und protrahiert, um  hei dessen
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M aximum plötzlich in die Verkürzung während des Exspirium s um zuschlagen, 
die dann ebenfalls protrahiert wird. Die Erw eiterung der Lum endurchm esser  
tr itt dagegen schneller ein, und die Periode der m axim alen D ilatation  ist 
anhaltend verlängert. N och deutlicher tr itt dies an der Q uerschnitt-K urve  
zutage

mm

•fbb. 9. R espirationskurve des R öntgenkinem atogram m s in Abb. 8. Z w ischenzeiten  1/6 see.

Tabelle 1

D ir  Werte der beim M axim um  des Inspiriums beobachteten bronchialen Beicegungsänderungm
(Prozent und M ultiplikationszahl)

Verlängerung 
den Bronchus

Erweiterung 
den Bronchun

Vergrößerung
de*

BronchusquerRchnittee
Erweiterung 
der Trachea

R ‘chte 
Seite

Linke
Seite

Rechte
Seite

Linke
Seite

Rechte
Seite

Linke
Seite

Norm al + 3 5 %
1,35

+  35%  
1,35

+  120%  
2,2

+  120%  
2,2

+  400%  
5,0

О
 Ю

о-f- minimal 
fast 0

Verengerung 
des rechten 
H auptbronchus

+  25%  
1,25

- 5 %  
+  5%  

0,95 
1,05

- 2 0 %
0,8

+  100%  
2,0

35%
0,65

+  350%  
4,5

+  10% 
i , i

Verschluß des 
rechten
Hauptbronchus

+  10%  
1,1

+  15%  
1,15

0%
1,0

+  160%  
2.6

0%
1,0

+  570%  
6,7

+  25% 
1,25

Verengerung 
der Trachea

+  35%  
1,35

+  35%  
1,35

+  80%  
1,8

+  80%  
1,8

+  210%  
3,1

+  210%  
3,1

+  20% 
1,2
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D ie  Konklusionen unserer U ntersuchungen lassen  sich folgenderm aßen  
zusam m enfassen:

1. D ie experim entelle B ronchokinem atographie hat sich als eine höchst 
g ee ig n ete  Methode zum S tu d iu m  sowohl der physiologischen , als auch der 
path o log isch en  Bronchusbew egungen erwiesen.

2 . D ie Auswertung der röntgenkinem atographischen A ufnahm en m ittels  
ein fach er visueller B eob ach tu n g kann hinsichtlich der Feinheiten  kein befrie
d igen d es Ergebnis liefern, w e il die Charakteristika der schnell entfliehenden  
und  ineinander übergehenden Bew egungen und ihre Veränderungen m it dem  
A u ge kaum  zu verfolgen s in d  und so nicht entsprechend bew ertet werden  
k ön n en . Zur Analysie der G esetzm äßigkeiten der respiratorischen B ron
chienbew egungen  ist außer der mehrmaligen B eobachtung des laufenden  
F ilm stre ifen s die ausführliche m etrische A nalyse der aufeinander folgenden  
B ew egungsphasen  mit Flilfe der auf Grund der A usm essung der jedes 3., 4. 
oder 5 . B ild  der röntgenkinem atographischen A ufnahm en enthaltenden, ver
größ erten  Bildserie eine unerläß liche Forderung.

U nseres Erachtens b ew eisen  die geschilderten v ier V ersuchstypen m it 
hinreichender Überzeugung d ie Bedeutung der B öntgenkinem atographie und  
b eson d ers den Wert der K inem atogram m etrie im  N achw eis der physiologischen  
oder pathologisch  veränderten Bew egungsphasen und in der Erforschung ihres 
M echanism us. ж

D ie  experim entellen U n tersu ch ungen  wurden unter M itarbeit von  J. Ökrös durch
geführt.
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POSTIRRADIATION CHANGES IN ULTRASTRUCTURE 
AND ENZYME CYTOCHEMISTRY OF RAT THYMUS

By

I. T ö r ő , E. Bácsy, I. Ö k r ö s , Gy . V a d á sz  and Gy . R a p p a y
INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(R eceived J u ly  18, 1968)

C ytochem ical changes induced in  the rat thym us by sublethal X -ra y  irradiation  
have been studied  b y  means of light and electron microscopy and starch -gel electro
phoresis.

The reticular cells were found to  exh ib it different acid phosphatase  and non
specific esterase a c tiv ity  ratios. These ratios were not affected b y  th e  irradiation, 
though the in ten sity  o f the ind ividual ac tiv ities  increased.

On the evidence of starch-gel electrophoresis X-ray irradiation w as found to 
affect the isozym e spectrum of the th y m u s qualitatively as well as qu antitatively .

E lectron m icroscopic studies revealed  th at the dense bodies o f  th e  m esenchym al 
reticulum  as well as the moniliform m aterial o f the epithelial reticulum  are sites o f acid 
phosphatase a c tiv ity  and, by this fact, identifiab le  as lysosom es.

The m esenchym al reticular cells accum ulate large am ounts o f  lip id  subsequent 
to irradiation.

The origin and functions of th e  ind ividual cell elem ents m aking up the 
framework of th e  thym us are still open  to  controversy. A sta tic  approach to 
these questions b y  the study of the norm al gland provides litt le  inform ation  
unless com bined w ith  observation o f th e  gland under various experim ental 
conditions. It is a w ell established fact [3, 10, 12, 18, 19, 20, 21, 22] th at total 
body irradiation in rats is followed b y  typ ica l changes in the th ym u s; destruc
tion  o f the m ajority o f  thym ocytes occurs w ith in  24 to 48, b u t often in the 
first hours. The place of these cells is occupied by the more resistan t retic
ular elem ents w hich will preserve fragm ents of phagocyted th y m o cy tes  for 
a long tim e.

Irradiation o f rats provides op tim al conditions for th e  stu d y  of cells 
m aking up the fram ework of the th ym u s, not only because dep letion  o f thym o
cytes brings th e  cells o f the basic structure o f the gland into prom inence but 
also because under the stim ulus o f d isintegration these cells, still capable 
of endocytosis, exh ib it m axim um  a c tiv ity . Under such conditions th e  reticular 
cells w ith  different function are exp ected  to  reveal d istinctive features.

These considerations have prom pted  us to subm it th ym u ses of rats 
having received to ta l body irradiation to  electron m icroscopic, enzym e-histo- 
chem ical and isoenzym e studies.
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M aterial and m ethods

F em a le  albino W istarrats ranging in weight from 70 to  80 g were given a sublethal rad ia
tion  dose  o f  450 r (180 kV, 4 m A , 0.5 Cu filter, 50 cm  ST D ), and  were killed successively  a t  
d eterm in ed  intervals betw een th e  fou rth  hour and the e lev en th  day after irradiation.

F o r  light-m icroscopical enzym e-histochem ical studies th e  glands were fixed  overn ight 
in co ld  neutra l 4% form aldehyde containing 0.22 M sucrose, w ashed twice each tim e for one 
hour in  0.22 M cold sucrose, p laced  for 24 hours in H o lt’s gum -sucrose, frozen b y  m eans o f  
carbon d io x id e , then cryostat sec tio n s of 6[i were cut.

F o r  th e  dem onstration o f acid  phosphatase a c tiv ity  naphthol-A S-B S-phosphate was 
used as a substrate and freshly d iazotized  4-chloro-2-toluidine as the coupler in M ichaelis’s 
veron al a c e ta te  buffer pH  5. The nonspecific  esterase incub atin g  m edium  contained naphthol- 
A S -D -a c eta te  as the substrate and  F a st B lue 2B stab ilized  d iazonium  salt as the coupler in  
0.1 M tr is-buffer, pH  7.1. The specim ens were incubated at room  tem perature. The tw o enzym es  
were d em onstrated  in  the sam e preparation . Acid phosphatase a c tiv ity  was indicated b y  a red, 
th a t o f  nonspecific  esterase b y  a b lue end product. D eta ils  o f the m ethod were described  
earlier [1 , 2, 21].

L ip id s were dem onstrated in  cryosta t sections b y  F ettro t staining. A saturated isopropyl 
alcoh o lic  so lution  of F ettrot dye w as diluted  w ith water a t 1 : 1 prior to use, allowed to  stand  
for 2 h ou rs and  filtered. The sections m ounted on slides were rinsed w ith  50% isopropyl alcohol, 
sta in ed  for  20 m inutes, rinsed again  w ith  50% isopropyl alcohol, washed in tap w ater for  
20 m in u tes  and rinsed w ith  d istilled  water.

F o r  electron m icroscopic stu d ies thym us specim ens o f  1 cu.m m  were fixed  in  4.5%  
g lu tara ld eh yd e in  0.1 M sodium  cacod ylate  buffer pH  7.4 a t 4°C for 2 hours, then w ashed  
for 24 hours in  cacodylate buffer containing 0.22 M sucrose and postfixed w ith 1% osm ium  
te tro x id e  in  M illonig’s buffer for 1.5 hours.

F o r  th e  localization of acid phosphatase a c tiv ity  th e  specim ens prepared in  th e  above  
m anner w ere frozen w ith carbon d iox id e , cryostat sections o f 40 fi were floated onto an 0.05 M 
a ceta te  bu ffer  pH  5 for 15 m inutes and then incubated for 30 m inutes at 37°C. The incubating  
m edium  differed from that o f Go m o r i [6] by containing 0.08%  lead  nitrate only. I t  was used  
im m ed ia te ly  after preparation and filtration  so as to  avoid  nonspecific  precipitates liable to  
occur o th erw ise . The specim ens w ere th en  dehydrated in an alcoholic  series and after propylene  
oxide trea tm en t embedded in  Durcupan-ACM . Sections w ere cut by means o f a Porter- 
B lum  I - ty p e  m icrotom e, treated w ith  uranyl acetate, and, i f  required in the interest o f contrast, 
allow ed to  react once again w ith  lead  nitrate, finally  stu d ied  under an electron m icroscope  
of th e  JE M -6-A S type.

F o r  esterase isozym e studies b y  starch-gel electrophoresis the thym uses were weighed  
and b y  ad d itio n  of thrice the am ount of water hom ogenized, centrifuged, and the supernatant 
was exam in ed . The starch-gel electrophoresis was perform ed in  a discontinuous tris-citrate- 
borate bu ffer-system  at room -tem perature. Filter paper strips w ere saturated w ith the hom o
genate  and  fed  in to  the system . B y  th e  aid of our technique [23] parallel, 1 mm thick  sheets  
were c u t  from  the starch blocks, f ix ed  in  4% cold form aldehyde for 30 minutes and w ashed  
in  runn ing  w ater for another 30 m inutes. The sheets were incu b ated  for 2 hours at room  te m 
perature. T he incubating m edium  w as the same as that used for histochem ical dem onstration  
of estera se  a c tiv ity , w ith the d ifference th at the substrate w as a-naphthyl-acetate instead  o f  
nap hth ol-A S-D -acetate .

Results

T h e  radiation reaction o f  th e  thym us w as d istin ct 4 hours after irra
d ia tion , and reached its peak on th e  4th  day. The norm al microscopical pattern  
of th e  g lan d  was practically restored by the end o f 11 days. The tim e relations 
of th e  m icroscopic changes w ill n o t be discussed here in  detail since th ey  w ere 
co n sisten t w ith  the findings o f  other authors [3, 5, 10, 12, 18, 19, 20, 21, 22].

L ig h t microscopical histochemical reaction. In  th e  thym us of untreated  
controls th e  ratio between acid  phosphatase and nonspecific esterase a c tiv ity  
was n o t  uniform  throughout th e  reticular cell population . In certain cells
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which were particularly numerous in the cortical area, nonspecific esterase  
activ ity  w as predom inant. Though exhibiting a marked esterase a c tiv ity  these  
cells also showed a fa in t acid phosphatase reaction  (Fig. 1).

In another group o f reticular cells w hich  w as found to  predom inate at 
the corticom edullary boundary both enzym e reactions were in ten sive (F ig . 2). 
In the m edulla — particularly in connection  w ith  H assal’s corpuscles — 
there were occasional acid phosphatase-active reticular cells w ith  fa in t traces 
o f nonspecific esterase activ ity  (Fig. 3). T he capsular and septal cells were 
negative.

In q u alitative respects irradiation left th e  enzym e reactions o f  th e  retic- 
idar cells unaffected . The ratio betw een acid phosphatase and nonspecific  
esterase a ctiv ity  was d istin ctive of three reticular cell types. The cells belonging  
to  the first tw o groups were generally increased in size, and contained phago- 
cyted  cellular fragm ents m ostly  being in d igestive  vacuoles as ind icated  b y  the 
cum ulation o f enzym e a ctiv ity  characteristic to  each cell typ e (F ig . 4). The 
m ajority o f the capsular and septal fib rocytes exhibited nonspecific esterase  
reactions (Fig. 5). The first, ju st dem onstrable, changes appeared 4 hours 
after irradiation and culm inated by the 4 th  day. On the 11th day th e  general 
appearance o f th e  gland no longer differed from  th at of the controls.

In  th e  control thym uses there W'ere on ly  occasional cells tak ing  up lipid  
stains. In  contrast, in th e  irradiated anim als numerous reticular cells w ith  
lipid droplets were found 4 hours after irradiation. Subsequently, a gradual 
increase in the num ber o f lipid-containing cells as well as in the am ount of 
intracellular lipid w as observed. There w ere som e large cells h eav ily  packed  
w ith lipid droplets, others w ith less, hut fin e ly  dispersed lipid (F ig . 6). There 
w ere still large num bers of lipid-laden cells on the 11th day.

Electron m icroscopic observations. In  th e  cortical cell population  o f the 
thym us o f nonirradiated controls, two typ es o f  reticular cells were represented. 
The first typ e, th e  prevalent one, was id en tified  as epithelial reticu lar cell 
on the evidence o f  its  tonofilam ents, desm osom es, and vacuoles containing  
characteristic m aterial. The second typ e, m arked by numerous dense bodies 
and d igestive vacuoles, was regarded as m esenchym al reticular cell. T he walls 
and contents o f the vacuoles characteristic o f  the epithelial reticular cells as 
well as th e  dense bodies and digestive vacu o les of the m esenchym al reticular 
cells revealed acid phosphatase activ ity . N ow  and then we could see a lysosom e  
in the cytoplasm  o f som e lym phocytes (F ig . 7).

On the first day  after irradiation th ere  was a m assive destruction  of 
thym ocytes. The places of these cells were still unoccupied by th e  apparently  
unaffected reticular cells and the m ajority o f  cellular debris was still outside  
the cells (Fig. 8). T he digestive vacuoles o f  th e  epithelial and m esenchym al 
reticular cells also contained considerable am ounts of cellular debris. P hago
cytic activ ity  becam e more and more m arked and culm inated by th e  4 th  day.
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Fig.  7. Control thym us, acid phcsphatase  reaction. E R C  =  epithelial reticular cell. M RC =  
m esen ch ym al reticular cell. L y  =  lym phocyte. T he arrows point at lysosom es. X 3400

Fig. 8. T hym us 4 hours after irradiation. The pycnotic  lym p h ocytes (PL) are preva len tly  o f  
extracellular site . DV =  digestive  vacuole. X 3400
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Fig. 9. Thym us one day after irradiation. E pithelial reticular cell. DV =  d igestive  vacuoles 
with lym phocyte debris representing interm ediate form s of typical vacuoles (V) o f  the epithelial 

reticulum . TF =  tonofilam ent. X9000

Fig. 10. T hym us 11 days after irradiation. Acid phosphatase reaction in the epithelial
reticular cells. X 20 000
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Fig.  11.  Thym us 4 days after irradiation . Acid phosphatase reaction. L =  lip id . X 8000  

Fig. 12. T h y m u s 4 days after irradiation. X 3900
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Fig. 13. Thym us 11 days after irradiation. X 5200 

Fig. 14. T hym us 11 days after irradiation. M =  m itosis. X 3740
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Fig. 15. T hym us 11 days after irradiation. A cid phosphatase reaction. X 7000

Fig. 16.  E sterase zym ogram  of thym us hom ogenates on starch-gel electrophoresis. S =  norm al 
rat serum . C =  control rat thym us hom ogenate. 1, 3. 4 , 5 =  days after irradiation
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At that tim e the thym us was prevalently m ade up o f reticular cells. T he typical 
vacuoles o f  th e  epithelial reticulum  had increased in number. V arious inter
m ediate form s between d igestive vacuoles filled  w ith lym phocytic debris and 
with m oniliform  inclusions were seen (F ig. 9). All these vacuoles show ed a 
marked acid phosphatase a c tiv ity  (Fig. 10). The cytoplasm  contained scattered , 
m oderately dense lipid droplets, 1 to 2 /t in size. The m esenchym al reticular  
cells exhib ited  large numbers o f vacuoles in various phases of d igestion . The 
digestive vacuoles as well as the lysosom es unrelated to these displayed  
a considerable acid phosphatase activ ity  (F ig. 11). In the v icin ity o f  th e  diges
tive vacuoles and dense bodies there were num erous lipid droplets o f  m oderate  
density, d efin ite ly  larger than  those of the epithelial elem ents, occasionally  
even as large as 3 or 4 /t (F ig. 12). In a num ber of m esenchym al reticular 
cells the greatest part o f th e  cytoplasm  w as occupied by agglom erated fat 
droplets. Cytoplasm ic extensions of the m esenchym al cells were found to  
project in m any places into the epithelial reticular cells (Fig. 13). T he first 
signs of repopulation of the thym us by lym phoid  elements were seen on the  
4th day (F ig . 12). B y the 11th day the proportion between th y m o cy tes  and 
reticular cells was nearly normal (Fig. 14). A t th is tim e the m esenchym al 
reticular cells were still packed with lipid droplets (Fig. 15).

Esterase isozymes. The zym ogram s o f thym us hom ogenates o f  controls 
and irradiated animals are show n in F ig. 16. X -ray  irradiation w as found to  
induce q u an tita tive  and q u alitative changes. A ctiv ity  o f isozym es A , В and C, 
present also in the control hom ogenates, w as found to increase u n til th e  3rd 
day after irradiation and to  return to the control value by the end o f  the 5th  
day. On th e  3rd day the a c tiv ity  corresponding to the band o f isozym e В in 
the controls exhibited greater increase than did A and C, while a c tiv ity  o f band  
D had d efin itely  declined and w as even absent in  som e of the cases. A v ery  in ten
sive enzym e band — a had appeared subsequent to hand C and tw o new  
faint bands were seen, the first b - d irectly  after, and the second, c - 
before, band C.

Discussion

It has long been know n from biochem ical studies [15, 16] th a t  X -ray  
irradiation induces an increase in acid hydrolase activ ity  per tissue u n it. This 
m ight, how ever, be interpreted by the fact th a t in the course o f involution  
the thym us becom es depleted o f the very cell population in w hich these en
zym es are scarce, therefore th e  increase in a c tiv ity  m ight be m erely relative. 
Though th is would explain th e  finding th a t th e  activ ity  of three ou t o f the 
four isoenzym es had increased but could n o t account for the fact th a t this 
increase w as not uniform, and th at a new band of high activ ity  appeared in 
addition to  tw o m oderately active new bands. To explain th is w e not only
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h a v e  to  assume that the originally existing enzym es have increased in  con
cen tra tion  hut also th at new  ones have been form ed or activated, a p ossib ility  
co n sisten t w ith  the observation  that in the in d iv id u al reticular cells, as opposed  
to  th e  controls, there could be seen an increase in  th e  esterase a ctiv ity  dem on
stra b le  b y  light m icroscopy, and in the a c tiv ity  o f  acid phosphatase, as re
v ea led  b y  light and electron m icroscopy alike.

T he fall in the a c tiv ity  of an individual isozym e despite the general 
increase in isozym e a c tiv ity  suggests th at th is  particular isoenzym e m ight 
be p reva len tly  produced b y  th e  lym phocytes sen sitive  to  radiation. T his w ould  
be in  harm ony w ith our ligh t and electron m icroscopical findings of lysosom es  
in th e  thym ocytes as revealed  by their enzym e a ctiv ity  (Fig. 7).

T he finding o f th e  tw o  isozym e hands b and c of faint a c tiv ity  is 
still open to  the in terpretation  that these en zym es need not have been new ly  
form ed but might have been present in the control thym uses of considerably lar
ger vo lu m e and owing to  th is had remained unidentifiab le . As regards, how ever, 
th e  appearance of the h igh -activ ity  band a th ere  can be no doubt w h at
soever about its production under the in fluence o f  irradiation. Though there  
m a y  b e certain relationships betw een this isoen zym e and the isozym e fraction  
o f th e  sam e electrophoretic m obility  present in  th e  serum, there can be no 
q u estion  o f a mere contam ination , since in  th a t  case the other isozym es of 
the b lood  would also have to  be present.

T he vacuoles o f th e  epithelial reticular cells w ith  characteristic inclusion  
m ateria l have been know n for years [4, 9] but it  w as not attem pted to  explain  
th e  origin  of the m aterial; later, contradictory interpretations were published  
[8 , 11, 12]. Our findings seem  to  support th e  th eo ry  o f Klug, not only because  
of th e  evidence of transitional types betw een d igestive vacuoles filled  w ith  
ly m p h o cy te  fragm ents and th ese vacuoles, but also in view  of the acid phos
p h atase  activ ity  exhib ited  b y  the membrane as well as the contents o f the  
v acu o le .

T he lysosom e character o f the dense bodies in the interior of the m esen
ch ym al cells has been confirm ed by their in ten siv e  acid phosphatase a c tiv ity . 
The d igestive  vacuoles also exhibited a m arked acid phosphatase a c tiv ity .

O ne o f the m ost conspicuous post-radiation  findings was an excessive  
increase in the lipids o f m esenchym al reticular cells. On the grounds o f  light 
and electron  m icroscopic evidence we feel ju stified  in connecting the in ten sive  
ligh t m icroscopic lipid reaction  w ith the presence o f  lipids in the m esenchym al 
cells. M assive breakdown and metabolic transform ation of cellular debris 
w ould  account for th is find ing . There m ay, h ow ever, be additional factors. 
T ota l b o d y  irradiation is know n to stim ulate th e  activ ity  o f the p itu itary-  
adrenocortical system . There is evidence [13, 14, 17] that certain b iochem ical 
changes dem onstrable in  th e  thym us are unrelated  to any direct radiation  
effect on the gland, but arise, in all probability , indirectly by a p itu itary-
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adrenocortical m echanism . V a n  H a e l s t  [7], on stu d yin g  acute th ym ic  in vo lu 
tion  consecutive to  hydrocortisone treatm ent connected  the finding o f num er
ous lipid inclusions w ith  hydrocortisone m etabolism . K l u g , in his work on 
electron m icroscopical postradiation changes [11 , 12] does not even refer to  
th e  behaviour o f lip ids, nor do his m icrophotographs reveal any notew orthy  
am ount of lipid in  th e  m esenchym al cells. B ut then , his evidence has been  
m ain ly  derived from  adrenalectom ized rats, therefore it does not invalidate  
th e  possibility o f a relationship betw een increase in lipids and steroid m etab 
olism .

It has been found th at the tw o hydrolytic enzym es were not represented  
at th e  same ratio in  the reticular cells o f the norm al thym us. The fact th at 
th e  same discrepancy was dem onstrable after irradiation and in the course of 
m assive phagocytosis, would suggest th at the d ifferent enzym e concentrations 
represent different kinds of cell rather than different functional phases o f  the  
sam e cell type. E va lu ation  of light m icroscopic preparations is rendered d iffi
cu lt by the electron m icroscopic finding th at th e  cytoplasm ic extensions of  
th e  tw o cell typ es often overlap. G iving due consideration to all ligh t and 
electron m icroscopic observations, it would seem  th at the cells com bining  
an intensive esterase activ ity  w ith  a fainter acid phosphatase a c tiv ity  cor
respond to m esenchym al cells w hile those in w hich both enzym e typ es are 
equally  represented — obvious allow ance being m ade for the tim e relationships 
o f incubation — represent epithelial elem ents. This claim  aw aits, how ever, 
further support.

*

We are indebted to  Dr. S. Ormay and Dr. J. M arton for irradiation of the anim als and  
Mrs. È. Dallos, Miss E . Dom okos, Mrs. M. Ungar and Mr. S. Cziegler for valuable technical 
assistance.
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EFFECT OF ACTH ON TARGET-ORGAN BLOOD FLOW, 
WITH SPECIAL REFERENCE TO AN EXTRA-ADRENAL

EFFECT

By

E . S t a r k  and B. V a r g a

INSTITUTE OF EXPERIM ENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(R eceived J u ly  14, 19U8)

H eated therm ocouple m easurem ents have show n that intravenous ACTH increases 
in the first 1 or 2 m inutes both the ovarian and the adrenal blood flow  in the dog. 
As synthetic ACTH exerts this effect also on the ovary of the adrenalectom ized dog, 
it is defin itely  extra-adrenal. Given as an infusion to  the wakeful anim al, even small 
doses o f ACTH have th is effect, indicating th a t it  probably obtains also under phys
iological, and particularly, pathological conditions. A stu dy of the m echanism  of action  
involving several vasoactive  substances, pointed to  histam ine as a possible m ediator.

An in vestigation  of the part possibly p layed by the synthesis o f  rapid-turnover 
protein, using cyclohexim ide which is known to inh ib it this process, produced evidence  
that ACTH increased blood flow, a t least in som e m easure, independently o f its cortico- 
steroidogenic action: blood flow  continued to rise when corticosteroid secretion no 
longer increased, and cyclohexim ide influenced, i.e. stopped or reduced, the two actions 
with a lag in tim e betw een them . ACTH raises ovarian blood flow also in the cat.

M easurem ents m ade w ith the s6rubidium m ethod  of Sapirstein showed that the 
hormone likew ise increased ovarian blood flow in the ham ster and, though not signif
icantly, in the rat.

The physiological significance of this extra-adrenal effect o f ACTH has been 
discussed.

The close relationship between blood supply  and functional a ctiv ity  o f  
tissues has long been established. It is o f obvious im portance to  know if and 
how the trophic horm ones affect the supply o f blood to their respective target 
organs; the more so as according to our present knowledge these hormones 
are regulators of the m etabolic processes occurring in them . The trophic hor
mones are governing the m etabolic processes w hich ensure normal growth, 
w eight and structure o f the glands, and where th is is beneficial to the organism, 
develop hypertrophy. M any workers have sought to  clarify the effect o f the 
trophic hormones on target-organ blood supply, and to  establish its underlying  
m echanism (s). N evertheless, until quite recently it  has been doubtful w hether  
exogenous gonadotrophic hormones, thyrotrophic hormone, and ACTH 
increased gonadal, thyroidal, and adrenal blood flo w , respectively.

The present paper deals, first, w ith the effect o f ACTH on adrenal blood  
flow ; secondly, w ith  a recently  detected extra-adrenal effect on ovarian blood 
flow ; th irdly, w ith  experim ents concerned w ith th e  m echanism by which ACTH 
increases blood flow .

Many of the data published on the effect of A.CTH on adrenal blood  
flow, are contradictory. Some workers [1, 2] found that ACTH increased
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adrenal blood flow , others [3 , 4] th a t it  did not. The discrepancy is due partly  
to  differences in the m ethods used, and partly to  the inadequacy o f som e of 
th em . For instance, the form erly com m on m ethod o f cannulating th e  adrenal 
vein  m ay in itself alter the flow , particularly in chronic experim ents. The exper
im en ts o f  S a p i r s t e i n  and G o l d m a n  [ 5 ]  using the 86Rb m ethod brought the  
problem  a step nearer to  its solution . These authors found th at ACTH sign if
ica n tly  increased adrenal b lood flow . In addition to  the 8 Rb and th e  direct 
m eth od , we measured adrenal blood flow  using heated therm ocouples, which  
procedure made it possible to  com pare the values obtained before and after 
h an dling , and the repeated use o f the sam e anim al, and also o f  conscious 
anim als.

A series of experim ents was perform ed to  determ ine w hether adrenal 
blood-flow  changes, if  any occur at all, preceded or follow ed th e  cortico- 
steroidogenic response to  ACTH and w hether th ey  were identical in  conscious 
anim als and animals under anaesthesia.

Methods

T he salient features o f  the m ethods em ployed were as follows. A bout 250 dogs and 
a few' ham sters and rats were used. In acute experim ents, the dogs were laparotom ized and 
a h eated  therm ocouple, as m odified by Betz et al. [6], was em bedded into  the adrenal. T em 
perature changes were recorded w ith  a tw o-channel F luvograph. In experim ents on conscious 
anim als, after laparotom y perform ed under sterile conditions, a therm ocouple w as introduced  
in to  th e  le ft  adrenal. The heating and m easuring wires were fix ed  to the neck of th e  anim al [7]. 
P ost-operative  Ысо 1-flow m easurem ents were m ade in  the wakeful state . Changes in blood  
flow  w ere expressed on a percentage basis, where resting flow  values were considered to  be 100, 
and va lu es recorded at the in stan ce  of killing regarded as zero flow. E valuations were based  
on H en se l’s formula. B lood pressure was recorded from  a fem oral artery, using a Statham  
transducer and a H eilige electrom anom eter w ith  a H eilige m ultiscriptor. B reathing was regis
tered b y  m eans of a respiration counter w ith  a therm istor connected to  the m ultiscriptor. 
In a num ber of experim ents blood flow  w as m easured by the m ethod of Sapirstein  [8], 
in jectin g  the 86Rb two m inutes a fter  ACTH. Cardiac output w as determ ined b y  th e  m ethod  
o f H amilton et al. [9], and corticosteroids b y  paper chrom atography as described earlier [10].

R esults and discussion

Effect o f  A C T H  on adrenal blood flow

In  anaesthetized anim als intravenous ACTH produced m axim um  blood  
flow  in 1 to  2 m inutes as m easured b y  heated therm ocouples. The flow  decreased  
to  its  pre-ACTH value in  10 to  40 m inutes, depending on the dose applied. 
E ach  subsequent ACTH in jection  given  w hen the effect of the preceding one 
had worn off, induced a new  rise in adrenal blood flow . R enal flow  re
m ained unchanged (Fig. 1).

In  agreement w ith  published data [11] and our earlier find ings [10], 
th e  applied  dose of exogenous ACTH failed to  raise the corticosteroid level in
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Fig. 1. E ffect o f graded ACTH doses on adrenal blood flow  in the anaesthetized dog
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3 7 0 E . STARK ami В. VARGA

the peripheral blood o f anim als laparotom ized under anaesthesia, hut increased  
adrenal blood flow  (F ig . 2).

In  anaesthetized  dogs, ACTH sign ifican tly  increased adrenal blood 
flow  [1 2 ], as it did in  rats in the experim ents o f S a p i r s t e i n  [ 8 ] .  On the other  
hand, even  large doses of ACTH failed to  affect splenic, hepatic, thyroid  and  
pancreatic blood flow . The dose effective on the adrenal, had no effect on 
sy stem ic  blood pressure.

In  about 15% o f  th e  anaesthetized  anim als th e  intravenous in jection  of 
ACTH was not follow ed b y  an increase in  blood flow ; in these anim als the  
therm ocouple had not been em bedded adequately or haemorrhage had occurred  
in th e  adrenal.

In  conscious anim als, on the second and subsequent postoperative days 
m uch sm aller doses sufficed to  raise adrenal flow  to  the level recorded im m e-

% ; 
150-

( 10)

I hydrocortisone 
КШЗ corticosterone 
(= □  blood flow

Fig. 2. Changes in peripheral corticosteroid levels and adrenal blood flow  after 2 IU /kg
of ACTH

d ia te ly  after surgery. The probable cause o f th is difference had been discussed  
in  an earlier paper [12].

T he question arose w hether ACTH was effective if, to approxim ate p h y s
io logical conditions, it  was infused b y  the in travenous route.

A drenal blood flow  began to  increase in  th e  first 2 or 3 m inutes o f a 
5-m inute infusion o f ACTH (Fig. 5).

A ll these results are in contrast w ith th ose  o f H a r r i s o n  and H o e y  [13], 
since in  our experim ents ACTH took  only one to  tw o  m inutes to  raise adrenal 
flow  and th e  rise w as preceded or was concom itant to , but never follow ed, 
the increase in corticosteroid secretion.

W hen given repeated ly , ACTH repeatedly increased blood flow  even  
after it  had  ceased to  increase corticosteroid secretion. N i c h o l s  and R i c h a r d 

s o n  [14] m ade a sim ilar observation. Two explanations are possible; either

Acta Medica Academiae Sc ientiarvi Hungaricae 25, 1968



EF F E C T  OF ACTH ON TA RG ET-O RG AN  BLOOD FLOW 3 7 1

ACTH acts on the blood vessels directly  or it sets  free one or more m etabolites  
in the adrenal which locally dilate th e  vessels and thereby increase b lood flow . 
The second explanation  is based on the assum ption that after repeated doses 
of ACTH som e lim iting factor blocks the corticoidogenic process at a tim e  
when the vasodilator substance is increased, or perhaps released. T he am ount 
of corticosteroid accum ulating in the adrenal m ight be this lim iting factor, 
as suggested by F e r g u s o n  et al. [15].

The question now is, w hat exactly  is th e  m etabolic process w hich is 
repeatedly in itiated  by ACTH, and the in term ediary product(s) o f w hich are 
increasing blood flow .

Extra-adrenal effect o f  A C T H  on ovarian blood flow

After Su t h e r l a n d  et al. [16] had discovered the key role p layed  by  
cyclic 3’5’-adenosine m onophosphate (AM P) in the action o f adrenaline, 
H ay n es  et al. [17] and Savard  et al. [18] dem onstrated that th is nucleotide  
played an im portant part in the steroidogenic effect o f ACTH and L H , re
spectively.

AMP enhances both adrenal and ovarian steroidogenesis, and both  
ACTH and LH significantly increase the am ount of 3’5’-AMP in its target 
organ [18]. B earing this in m ind, together w ith  the fact that ACTH increases 
adrenal blood flow  even after it has ceased to  increase corticosteroid secretion,

Fig. 3. Effect o f naturally occurring ACTH on ovarian (A) and adrenal (B ) blood flow , blood 
pressure (C) and respiration (D) in the dog. Time scale =  1 min
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372 E . STARK and В. VARG A

it  w as supposed th at other trophic horm ones actin g  on other steroid-producing  
glands m ight sim ilarly affect adrenal blood flow , and, on the other hand, 
AC TH  m ight increase the flow  of blood through th e  target gland o f th e  other 
horm ones. This m ight occur b y  initiating m etabolic  processes w hich, although  
th e y  do not result in organ-specific horm one production, are com m on to  the  
various steroid-producing organs. W e carried ou t experim ents using th e  sam e 
m eth od s as in the case of adrenals. Fem ale dogs weighing 10 to  20 kg were 
u sed , and in m ost dogs adrenal and ovarian blood  flow  were m easured, and 
sy stem ic  blood pressure and respiration were recorded sim ultaneously. In  pre-

f i g .  4.  E ffect o f syn thetic ACTH on ovarian (A) blood flow  in the dog, blood pressure (B)
and respiration (C)

lim inary  experim ents FSH  or LH  failed to induce a rise in adrenal b lood flow  
during an observation period of one hour. ACTH , however, sign ifican tly  
increased both adrenal and ovarian blood flow  (F ig. 3). That ACTH should  
exert its  effect on the ovary b y  the m ediation o f som e humoral substance set 
free in th e  adrenal, seem ed im probable since th e  hormone took as m uch tim e  
to  increase ovarian as adrenal blood flow . N evertheless, we re-investigated  
th e  p o in t in adrenalectom ized anim als, discarding those whose blood pressure 
fell to  less than 90 mm Hg. Three hours after th e  operation, ACTH sign ifi
ca n tly  elevated  ovarian blood flow.

To exclude a contam inant in natural ACTH  as the cause of th is effect, 
we repeated  the experim ents w ith  synthetic ACTH and found that th is , too, 
raised ovarian blood flow  (F ig. 4). Like in th e  case of the adrenal, th is effect 
of AC TH  proved to be dose-dependent, w hether the compound w as infused  
(F ig . 5) or injected in travenously . Increasing doses not only produced higher

Acta Medica Academiae Scienliarum Hungaricae 25, 1968



A
cta

 
M

e
d

ic
a

 
A

ca
d

e
m

ia
e

 
S

c
ie

n
tia

ru
m

 
H

u
n

g
a

ric
a

e
 

2
5

, 
1

9
6

8

Fig. 5. E ffect o f graded infusions of ACTH on ovarian (A) and adrenal (B ) blood flow  in the anaesthetized dog. Tim e scale =  1 min
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374 E . STARK and В. VARGA

p eak s o f  flow , but also prolonged the tim e during w hich flow  was supernorm al. 
T h e d ose—effect relationship m ostly  varied from  one animal to the other. Since  
w e u sed  th e  same preparation  throughout, such variations were probably  due 
to  in d iv id u al sensitiv ity . T he possible effect o f  th e  phase of the sexual cycle  
w as n o t  studied.

T he m any experim ents gave the im pression th a t the same dose o f ACTH  
adm in istered  per kg o f b od y  w eight to the anaesthetized  animal im m ed iate ly  
after  operation, induced a greater rise in ovarian than  in adrenal blood flow .

ACTH increased ovarian  blood flow  in  th e  cat as well.
T o check the results obtained by in ternal calorim etry, blood flo w  was 

also m easured by a direct m ethod in dogs a polyethylene cannula w as in-

Fig. 6.  Changes in volum e o f b lood  flow ing from the ovarian vein of a dog in  response to 
ACTH (0 .2  IU /kg). Scale ind icates m inutes

Table I.

E ffect  o f  A C T H  on endocrine blood f low  (m l/m in /kg)  in the Syrian hamster and the rat

Treatment Adrenal Ovary Testis Epididymis Kidney

H am ster Control (5) 2.9 + 0 .5 1.0 +  0.2 10.0 +  1.8
$ 2 IU ACTH/kg

(5) 5.8 ± 0 .3 * 2.4 +  0.3* 13.4 +  0.8

H am ster Control (7) 0 .7 3 + 0 .0 5 0 .0 2 6 + 0 .0 0 5 0.083+0.15
<? 2 IU ACTH/kg 

(7) 0.90 +  0.05* 0.024 +  0.006 0.097+0.007

R at Control (8) 2.82 +  0.20 1 .20+0.05 4.29 +  0.33
2 2 IU  ACTH/kg 

(10) 4.83 +  0.48** 1 .52+ 0 .19 4 .5 5 + 0 .5 0

M eans : standard errors 
( ) number of animals 

* p <  0.05
** p <  0.01
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seried  into the ovarian vein , the outflowing blood was m easured w ith a Jacquet- 
ty p e  piezoelectric drop-counter and registered kym ographically. W ith th is  
m ethod, ACTH w as found to  increase ovarian blood flow  (Fig. 6).

ACTH raised adrenal and ovarian blood flow  in th e  ham ster and th e  rat, 
b u t in the rat the rise o f ovarian flow  was not sign ificant statistically  (Table I).

M echanisms by which A C T H  increases adrenal and ovarian
blood flow

Vasoactive substances

Since sym pathom im etic amines are causing vasodilatation  by the m edi
ation o f beta-receptors [19], experim ents were carried out to test if  ACTH  
w ould increase adrenal blood flow  in anim als pretreated  with propranolol. 
The results clearly show ed th a t blocking of beta-receptors did not inhibit 
the flow-raising effect o f  ACTH.

The data o f Szegő and her group [2 0 -2 3 ]  and o f others [24, 25] prom pted  
us to  study the effects o f serotonin and histam ine on adrenal and ovarian blood  
flow  [26]. Two groups o f experim ents were perform ed. In one group the anim als 
received the com pound in the form of a rapid intravenous injection, in the  
other group in a 2-m inute infusion given at a blood pressure stabilized by th e  
m ethod of E n g e l k in g  and W il l in g  [27].

The results obtained w ithout the stab ilization  o f blood pressure were 
difficult to interpret because serotonin induced a significant rise (54 ^  10 
m m H g) and histam ine a fall (70 ^  5 m m H g) in blood pressure. F ig . 7 
show s that serotonin infused at stabilized blood pressure, after an in itia l rise 
reduced both ovarian and adrenal blood flow. H istam ine significantly raised 
the blood flow o f both  glands. Blood pressure had stab ilized  in 1 to 2 m inutes. 
These findings indicate th a t serotonin has probably no part in the ACTH- 
induced rise of blood flow ; histam ine, on the other hand, increases both these  
flow s. Our data support th e  view  of Szegő [21] th at ovarian hyperaem ia due 
to  gonadotrophic horm ones is mediated by h istam in e which, in our view , 
is presum ably a m ediator o f the ACTH effect. It should  he noted that W uktman  
[24] reported histam ine to  increase ovarian blood flow , and according to  
W rig h t  [2] it increased the am ount of blood flow ing through the transplanted  
adrenal gland o f sheep.

The fact th at both ACTH and histam ine increased adrenal blood flow  
does not necessarily m ean th at ACTH increases adrenal blood flow by liberating  
histam ine. Experim ents concerning this point are in progress.

It should be noted th a t com paratively large doses of infused syn th etic  
corticosteroids had no effect on the ability of ACTH to increase blood flow  [28].
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Fig.  7. E ffect of intravenous infusion o f 40 /ig /kg/m in  of serotonin (A) and o f 25 //g/kg/m in  
o f  h istam in e  (B) under conditions o f stabilized blood pressure. Arrows ind icate tim e o f infusion.

( ) =  num ber o f experim ents

Cyclohexim ide

ACTH was found to  enhance corticosteroid synthesis im m ed iate ly  after 
its  adm inistration; as m any reports ind icate, th is is achieved b y  th e  activation  
o f  specific  enzymes [29—32]. In recent years it has been show n th a t puro- 
m y cin , cyclohexim ide, and chloram phenicol inhibit the steroidogenic action  
o f A C TH  [33 -3 5 ]. On th is ground it  has been assum ed th a t th e  effect of 
A C TH  is bound to the synthesis o f proteins o f  a rapid turnover. This seemed 
to  offer a new angle o f approach to the relationship betw een blood flow  and 
corticosteroidogenesis. As repeated doses o f  ACTH repeatedly increased adrenal 
blood  flow  w ithout continuing to  increase corticosteroid production, w e wished 
to  fin d  out if  the flow -raising effect o f ACTH was nevertheless bound to the  
sy n th esis  of proteins o f rapid turnover. I f  ACTH increases th e  b lood flow  in 
th e  ovary  by a m echanism  sim ilar to th a t operating in the adrenal, and if  its 
e ffec t is bound to protein synthesis inh ib itab le w ith cyclohexim ide, then this 
com pound must inhibit th e  flow -raising effect in both organs.

A fter registering th e  blood flow -raising effect o f ACTH (Synacthen, 
Ciba) in the adrenal and th e  ovary b y  th e  heated therm ocouple m ethod, the  
an im als were given 50 m g/kg o f cyclohexim ide intravenously.

T hirty , 60 and 120 m inutes after cyclohexim ide the anim als again re
ce iv ed  ACTH. As early as 1 hour after its  adm inistration cyclohexim ide was 
fou n d  to  have substantia lly  w eakened th e  effect of ACTH, nearly suppressing  
it  b y  th e  end of the second hour. C yclohexim ide reduced adrenal flow  and par
ticu la r ly  the ovarian resting flow , and reduced blood pressure by an average
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c y c l o h e x i m i d e  

,  5 0  m g / k g  i . v .

Adrenal

Fig. 8. Effect o f ACTH (Synaethen) on ovarian and adrenal blood flow before and after  cyclo
hexim ide w ithout previous stabilization o f blood pressure, n =  number o f experim ents;

( ) =  S.E .

of about 25 m m H g (Fig. 8). In  b oth  organs, pressor substances produced  
sim ilar blood-flow  changes in treated  and non-treated  animals.

The possib ility  arose that cyclohexim ide inhibited the increase in blood  
flow  by reducing system ic blood pressure. A gainst this argues th e  fact th at 
the com pound exerted  its inh ibitory action in anim als whose blood pressure  
had been stabilized  (Fig. 9).

Cyclohexim ide took much longer to  inh ib it the action o f S yn aeth en  in 
increasing adrenal and ovarian b lood flow  than  in increasing corticosteroid  
production (Fig. 1 0 ) .  Working w ith  rats, S t a e h e l i n  et al. [3 3 ]  found th a t  in 
the first hour cyclohexim ide did n o t inhibit th e  blood flow-raising effect of 
ACTH. We observed inhibition, b u t only when ACTH had been adm inistered  
at least one hour after cyclohexim ide; when adm inistered two hours after it, 
inhibition was m uch more pronounced.

ACTH increased adrenal blood flow  in th e  first two m inutes. This shows 
th at any rise precedes, and by no m eans follow s, the increase in corticosteroid  
production. B ut w hy is it that cyclohexim ide decreased [34] or, as in our exper
im ents, inhibited corticosteroid syn th esis  induced by ACTH in a few  m inutes  
whereas it decreased the blood flow -raising effect o f ACTH only after a con
siderably longer period of tim e?

8 * Acta Medica Academiac Scientiarum Hungaricae 25, 196S
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Fig. 9. E ffect of ACTH (S yn acth en ) on ovarian and adrenal blood flow before and after cyclo- 
liex im ide at stabilized b lood  pressure. The index o f increase was com puted as follow s. (I) =  

/(m a x im u m  increase, per cent) (du ration  o f increase, min)-

Fig. 10. E ffect of ACTH (Syn acth en ) on corticoid produ ction , as measured by /(g/m in/g output 
in  adrenal venous b lood , before and after cyclohexim id e in  hypophysectom ized dog
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Earlier we assum ed [35] th at the rise in adrenal and ovarian blood flow  
was brought about either by th e  m etabolic products causing an increase of 
cyclic AM P, or by an interm ediary product o f the AM P-induced m etabolic  
process. G r a h a m e -S m i t h  et al. [36] show ed th at cyclohexim ide in h ib its those  
o f the proteins involved in steroidogenesis, which act at a site  p ast adenyl 
cyclase. D a v i s  and G a r r e n  [37] dem onstrated  that cyclohexim ide does not 
prevent cleavage o f cholesterol esters, and so an interm ediary product released  
from them  m ight be responsible for th e  local vascular action o f ACTH . One 
such product m ay be prostaglandin [3 8 ], w hich continues to  be released when  
cholesterol is no longer converted into A -5-pregnenolone; a step w hich requires 
th at protein synthesis be inhibited b y  cyclohexim ide. The fact th a t cyclo
hexim ide nevertheless inhibits the b lood flow-raising effect o f ACTH after 
one hour, seem s to  indicate th a t th is effect is dependent on th e  presence of 
a cyclohexim ide-sensitive protein, w hich  is not identical w ith  th e  rapid- 
turnover protein participating in corticoidogenesis. It m ight as w ell be that 
som e unknow n, slow ly developing (non-specific?) effect o f cyclohexim ide  
inhibits ACTH from increasing blood flow . ACTH takes the sam e length  of 
tim e to  increase ovarian and adrenal b lood  flow  and increases them  as rapidly  
as it  increases the adrenal AM P level. Cyclohexim ide inhibits th e  blood  
flow -raising action of ACTH in th e  tw o  organs in nearly th e  sam e manner. 
These data together w ith the results obtained with h istam ine, appear to  
suggest th a t the increase in blood flow  caused by ACTH in the tw o  organs is 
brought about by the same m echanism  in which the m etabolic process th at  
results in an increase o f cyclic AM P or b y  an interm ediary product o f the  
AM P-induced m etabolic process, m ay be involved.

W e once more em phasize the possib ility  that in the tw o steroid-pro
ducing organs there ex ist vascular structures sensitive to ACTH [35], and that  
cyclohexim ide acts on them .

K a r  et al. [39] have shown th a t ACTH increases ovarian w eight and 
accelerates follicular m aturation in b oth  th e  intact and the adrenalectom ized  
im m ature anim al. These authors, how ever, used unpurified ACTH. C h r i s t i a n  
[40] dem onstrated th at ACTH inh ib ited  sexual m aturation o f th e  infantile  
m ouse; m ature follicles were absent and ovarian and uterine w eights were 
decreased. According to  E n g e l  [41] tw o  criteria must be applied in th e  apprais
al o f th e  effect of a trophic horm one on an extra-target organ; th e  biological 
effect m ust be exerted even in the absence o f the target organ, and the hor
m one preparation used m ust be a protein  or a peptide of the h igh est possible 
purity. In  our investigation  syn th etic  ACTH has been show n to  increase 
ovarian blood flow  in the adrenalectom ized animal. This moans that a hitherto 
unknown extra-adrenal effect o f  A C T  H  has been detected [35, 42]. R ecen tly  Ch r i s 
t i a n  [43] reported that in the adrenalectom ized animal hoth syn th etic  ACTH  
and naturally  occurring ACTH induced ( xtraadrenal changes in th e  ovary.
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The physiological and pathological sign ificance o f the action of ACTH  
on th e  ovary is unknow n. I t  is left for future stud ies to  throw light on its  
possib le effect on physiological, and perhaps pathological, ovarian function

*
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DATA ON T H E  ELECTRO N MICROSCOPY  
OF TH E B O N E  M ARROW  IN  LATE EM BRYO NAL  

A N D  ADULT RATS

By

B . BU K U L Y A  and A .  BALÁZS
IN STITU TE O F E X P E R IM E N T A L  M E D IC IN E , HUN G ARIA N  ACADEM Y O F SCIENCES, B U D A PE ST

(R eceived  June 15, 1968)

The cy to logy  of the hone marrow has been com pared by light and electron  
m icroscopy (fixation , glutaraldehyde 4- osm ium ; em bedding, Eurcupan ACM, shad
owing, uranyl acetate j -  lead citrate) in 21-day-old  em bryos and young W istar rats 
weighing 80 to  120 g.

A t the end of in trauterine life, (1) the incidence of undifferentiated elem ents 
(stem  cells, haem ocytob lasts), m egakaryocytoblasts and basophilic granulocytes was 
higher, th at o f the eosinophilic cells was lower, th a n  in the adult anim als.

(2) In the m yeloid series, the m ature granulocytes and basophilic cells were 
similar, w hile the interm ediate precursors d ifferent in structure, d isplaying m any  
m itochondria and nuclei o f m edium  m aturity, few  sm all granules and a dense cy to 
plasm as com pared w ith  the postnatal state.

(3) In general, th e  em bryonal bone marrow cells contained more m itochondria  
than the adult elem ents o f identica l type.

For a m ore exact determ ination of the tim e o f  onset o f m yelopoiesis and o f the  
endogenous repopulation , electron microscopic stu d ies o f the hone marrow and the  
blood of younger (16 to 20-day-old) embryos should be carried out.

In previous studies, differentiation o f th e  m yeloid cells of the bone 
marrow was analysed after sedim entation b y  m eans o f  light m icroscopy [3] 
and in ultrathin sections by m eans of electron m icroscopy [2].

On the basis of the find ings it seemed in teresting  to compare th e  data  
for haem opoiesis (m yelogram s and haem ogram s) obtained sim ultaneously in 
adults and in the late em bryonal phase.

In the rat haem opoiesis begins on the 11th  day  o f foetal life [6] w ith  
the extram edullar appearance o f haem ocytoblasts. The erythroid and mega- 
karyocytoid precursors develop first, in the liver on the 13th [5, 8 ], and in the  
spleen on the 17th [7] day. L ikew ise, lym phoid developm ent, e.g. in th e  th y 
m us, starts early [4]. A t th a t tim e m any im m ature forms enter th e  blood  
stream , for exam ple on the 1 4 th —15th days there is one erythroblast to  each 
10 nucleated erythrocytes, then an ontogenetic sh ift to  the right is observable  
[9, 10]. It is only on the 18th to  20th days th a t proliferation [11] w ith  m yelo
poiesis starts in the bone marrow. The appearance o f  neutrophilic and lym phoid  
cells is followed b y  an increase in  the num ber o f eosinophilic granulocytes and 
erythroblasts [1].
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Materials and methods

In  the present investigation 8 embryos on the 21st day of intrauterine life and 8 normal 
W istar rats, weighing 80 to  120 g, were used.

The age of the embryos was determined by taking into consideration the 12-hour mating 
tim e and the light microscopic appearance of the vaginal smear. On the 21st day the mothers 
were killed by decapitation, the embryos were removed, decapitated, then their femur was 
incised under a stereomicroscope, and fixed for light microscopic study in Helly’s fluid and 
stained according to Pappenheim or with haematoxylin-eosin.

From  the adult animals the bone marrow plug was removed after cutting off the epiphy
sis. F or electron microscopy, both the embryonal and the adult tissue specimens were fixed 
in 4.6%  glutaraldehyde buffered to  pH 7.4 with 0.1 M cacodylate. Elution was carried out 
likewise w ith 0.1 M cacodylate buffer; for postfixation similarly buffered 1% O s0 4 pH 7.4 
was used. After dehydration in ethanol the specimens were embedded in Durcupan ÁCM and 
cut by  means of a Reichert Om U2 ultramicrotome. The sections were put on copper grid 
covered by  carbon-stabilized Form var film and were shadowed with uranyl acetate +  lead 
citrate. The electron micrograms were made by a JEM  6 AS electron microscope with a 
magnification of 3 500 to 80 000.

Results

In  th e  21-day em bryos, ossification  w as advanced, occupying th e  diaphy
seal tw o-th irds of the bone. T he bone marrow cells were found betw een  the 
ossifica tion  lamellae in a loose arrangem ent, form ing islets. M any b last cells, 
m yelo id , lym phoid, m egakaryocytoid  and erythroid cells and few  eosinophilic  
elem en ts could be d ifferentiated  (Fig. 1).

A t the end of prenatal grow th, the m ature forms of th e  erythroid , m yel
oid , lym phoid  and m egakaryocytoid  series w ere precisely id entified  b y  elec
tron m icroscopy. In th is paper the cyto logy  o f  m yeloid elem ents w ill be dealt 
w ith  in th e  first place.

Structurally, som e em bryonic cells were similar to , while other types  
differen t from the granuloid cells o f the adult animals. The sim ilarity  was 
esp ec ia lly  obvious w ith  the in itia l and final form s of the m yeloid  elem ents. 
B o th  em bryonic and adult m yelob lasts (F ig. 2) were characterized b y  a light 
n u cleu s, thin heterochrom atin layer, giant nucleolus and by the presence in 
th e  cytop lasm  of m any polysom es and m itochondria. Sim ilarly, th e  m ature 
granulocytes displayed a segm ented , heterochrom atin-rich nucleus w ith  a 
halo around it and a cytop lasm  w ith strongly electro-dense basal to n e , m any 
neutroph ilic  granules, dense core, vacuoles, but few  azure granules and m ito
chondria poor in structure (F ig . 3).

T here were few in term ediate m yeloid precursors in the em bryonal bone 
m arrow  and the distribution o f their organelles differed from wdiat w as usually  
fou n d  in  adults (Fig. 4). The structure of th e  nucleus and th e  considerable  
num ber o f m itochondria corresponded to  the grade o f m aturity o f adu lt m yelo
cy tes . In  the latter, how ever, th e  granules were abundant and hom ogeneous 
(F ig . 5) and the cytoplasm  w as rich in endoplasm ic reticidum . From  th e  point 
o f v iew  o f  m aturity, the em bryonal interm ediate precursors m ay be considered
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to be m ixed cells. This is illustrated  by Fig. 6 in which this “ intracellular hetero- 
chronia” is celarly v isib le, w hen we compare the cytoplasm  o f a younger cell 
(prom yelocyte) w ith th at o f  a more differentiated one (granulocyte).

According to our observations, em bryonal bone marrow cells are richer 
in m itochondria than are th e  adult ones o f sim ilar m aturity. In addition  to 
the m yeloid  elem ents th is w as particularly obvious in the m egakaryocytoblasts

Fig. 1. Light microscopic appearance of the femoral bone marrow of a 21-day-old ra t embryo.
Haematoxylin-eosin, X 800

(Fig. 7); beside the few  a and (5 granulomeres there were m asses o f  regular 
oval m itochondria.

As to  the qu an tita tive relations, there were conspicuously numerous 
m egakaryocytes, basophilic granulocytes and m ast cells to  be seen. In  general, 
the tw o latter had the sam e structure as in the adult anim als (F ig . 8). The 
mature (hom ogeneous dense) basophilic granules were sim ilar in size and 
structure; only the im m ature or degenerating granules showed som e differences
(Fig. 9).
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F ig . 2 . Myeloblast with developed nucleolus, many polysomes a id mitochondria. Bone marrow 
from a) 21-day-old embryo, b) adult rat. X 14 700

N =  nucleus, nl — nucleolus, m =  mitochondria, g =  granule, G =  Golgi apparatus, 
er =  endoplasmic reticulum, h =  halo
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Fig. 3. Mature granulocytes, with similar ultrastructure, from the femur of a) 21-day-old
embryo, b) adult rat. X 17 500
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F ig . 4 . Interm ediate myeloid precursor from 21-day-old ra t embryo. Beside the moderately 
m ature nucleus and many mitochondria the low number and small size of granules are con

spicuous (0 230 mfi). X 17 500

Discussion

The 21st day o f em bryonal developm ent in th e  rat is a point of tim e  
w hen th e  bone marrow undergoes rapid and profound m orphogenetic changes. 
It contains beside m any im m ature elem ents (stem  cells, haem ocytoblasts) 
m yelo id  and lym phoid cells. B y  that tim e erythropoiesis, previously concen
trated  in th e  liver and spleen [5, 7, 14], is transferred gradually to  the bone  
m arrow and progresses presum ably very fa st, because in the 1 to  2-w eek  
new born the m yeloid : erytliroid quotient is already 0.6. Later, w ith  th e  
advance o f growth, granulopoiesis gains preponderance again (Q =  1.9) 
[1, 10, 11].

In  our previous stu d y  [3] we found 0.99%  o f  basophilic granulocytes  
in th e  m yelogram s o f adult anim als (other authors estim ated  it at 0 to  1.10% ), 
w hile th e  share of eosinophils was 9.98% (other authors, 3.80 to  20.89% ). 
Though no q u antitative analysis was made, the ligh t and electron m icroscopic
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Fig. 5. N eutrophilic m yelocyte  from bone m arrow o f adult rat. X 16 100

patterns doubtlessly indicated a higher basophilic  and mast cell and a lower 
eosinophilic granulocyte count. The late appearance of eosinophils in  on to
genesis is presum ably a phenom enon of more general valid ity , because it  has 
been described also in a phylogenetically  d istan t group of anim als (e.g . Sela- 
chii). According to  A n d r e w  [ 1 ]  in em bryonic developm ent the cells appear 
in the follow ing order in the lym phogranulopoietic organs: 1. h aem ocytob last,
2. h istiocyte, 3. neutrophilic granulocyte, lym p h ocyte , 4. eosinophilic granu
locyte.

In our specim ens, beside basophilic cells and haem ocytoblasts, mega- 
karyocytoblasts occurred in large numbers. T h ey  showed the structure observed  
by J o n e s  [8] in those in the liver of 13 to  16-day-old  embryos. T h ey  differed  
from the cells o f sim ilar typ e  o f adult rats or from  those of rabbit em bryos [14] 
m ainly in the large num ber of m itochondria, b u t an increase o f th e  chrom o
plasm  : hyaloplasm  ratio, as well as the scarcity  of certain (m ainly a) gran
ules and ergastoplasm ic elem ents were also observed.

As to  the m yeloid elem ents, the high num ber of mature neutrophils  
(readily identifiable by electron m icroscopy) on the 21st day supports the
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F ig . 6. Cytoplasmic organelles in myeloid cells of the ra t. a) 21-day-old embryo, interm ediate 
precursor; b) adult ra t, promyelocyte, c) adult ra t, granulocyte. X 20 000
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Fig. 7. a) Megakaryocytoblast from 21-day-old embryo, b) Megakaryocyte from bone marrow
of adult rat. X 17 500

O Ada Médira Academiae Scientiarum Hungaricae 25, 1968



F ig . 8. Basophilic granulocytes of similar ultrastructure a) on the 21st day of intrauterine 
life, b) in bone marrow of adult rat. X 16 500
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9. Structure oi immature granules (arrow) in the basophilic granulocytes of an embryo 
(a, b) and of an adult ra t (с) X 68 000
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l ig h t  microscopic ob servation  made b y  P l u m  [11] notably th at in the rat 
m yelopoiesis begins on th e  18th to 20th  d ays o f embryonal developm ent. 
In  th e  adults, the in term ed iate  m yeloid precursors of usual structure are 
la ck in g . The nuclear stru ctu re, the d istribution  o f cytoplasm ic organelles in  
prom yelocytes, m yelocy tes and m etam yelocytes have already been described
[2] on the basis o f e lectron  microscopic stu d ies. The im m ature neutrophils o f  
th e  em bryo resemble, h ow ever, rather the granuloid  cells or h istiocytes o f  lower 
verteb rates [1]. The d ifferences in structure and biochem istry betw een foetal 
an d  adult blood cells are w ell known in th e  case o f erythrocytes; th e  former 
h a v e  nuclei, are larger and  contain less haem oglobin  [6].

I t  should be borne in  mind that certain elem ents of the prenatal rat 
b o n e  marrow may com e from  other organs, through  “ embryonal repopulation” . 
O n th e  11th—14th days o f  intrauterine life n am ely  a proliferation of lym phoid, 
eryth roid , m egak aryocyto id , etc., elem ents m a y  start in the centre o f the  
th y m u s  anlage [4, 12], in  th e  lymph nodes [9, 13], in the liver [5, 8, 14], and 
in  other animal species a lso  in the kidney [1 ]. B lood, which in the em bryo 
co n ta in s many im m ature elem ents [6, 10] such as m yeloblasts, prom yelocytes 
and m yelocytes [9], m ay  a ct as the “ in fusion” agent.

*

Por skilful technical a ss ista n ce  thanks are due to Mrs. K. Elek. Mrs. E. Fazekas, Miss 
E . H a rta i and Mrs. M. Ungár.
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EFFECT OF A SINGLE NEONATAL GLYCOCORTICOID 
INJECTION ON THE THYMUS-LYMPHATIC 

AND ENDOCRINE SYSTEM AND ON THE GROWTH 
OF THE RAT AND THE DOG

By

J. F a c h et , E . Stakk  ana M. P a lkovits
DEPARTMENT OF PATHOPHYSIOLOGY, INSTITUTE OF EXPERIMENTAL MEDICINE 

(DIRECTOR: PROF. I. RUSZNYAK)

(R eceived Ju ly  14, 1968)

A single large dose of glycocorticoid adm inistered 24 hours after b irth  to  rats 
and dogs results in a fatal cachectic condition  sim ilar to the w asting syndrom e w hich  
follow s neonatal th ym ectom y. The survivors showed sign ificantly  lower body, th ym ic  
splenic and adrenal w eight than the controls and the number o f sm all ly m p h o cy tes  
was significantly  decreased in the lym phatic organs and blood. H om ologous skin grafts  
survived considerably longer and their reaction was m uch weaker than  in the u n trea t
ed controls. A t 4 weeks follow ing neonatal prednisolone treatm ent, serum  to ta l pro
tein  and all three globulin fractions were found to be less than norm al. A t 4 w eeks the  
stress-induced rise in the blood corticosterone level was less than in the controls. In the  
developm ent of fatal cachexia follow ing neonatal glycocorticoid treatm ent, a prim a
ry role is attributed to disturbance o f the thym ic function  but direct effects exerted  
by glycocorticoids on the peripheral lym phatic and endocrine organs and other tissu es  
m ust also be taken into account.

In the past few years (1961 to  1967) it has becom e obvious th a t a norm al 
th y m ic  function is essential for the developm ent o f the lym phatic sy stem , 
resistance to  infection and im m une defense o f th e  body. It has been proved  
th at the function o f the thym us is particu larly im portant in the neonata l 
period. In rodents th ym ectom y perform ed w ith in  24 hours after birth led to  
a decrease in the lym phocyte count o f blood and lym phatic organs, to  an 
im pairm ent of im m une defense and in a variable percentage o f  cases to  the  
developm ent o f the w asting syndrom e [ 1—9, 16].

In young adult age, how ever, th ym ectom y has a slight in fluence on the  
a c tiv ity  of lym phatic organs [9—11], endocrine glands [12—15, 35] and body  
w eight [10, 12, 16, 35] during the weeks follow ing operation.

D evelopm ent of the lym phatic system  and the activ ity  o f  th e  im m une  
defense apparatus are controlled not on ly  by th e  thym us, but also b y  other  
factors such as the adrenal cortical horm ones, am ong others.

A single dose o f glycocorticoid adm inistered in adult age has no, or very  
slight influence on the im m une response and induces only tem porary lym p h o 
penia and involution  of the thym us-lym phatic system  [17 -20 , 53, 54].

In view  of the known consequences of neonatal thym ectom y [1—9] it 
seem ed interesting to stu d y  the influence on th e  developm ent and function  
o f the thym ic-lym phatic system  o f a single dose o f  glycocorticoid adm inistered
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on th e  first day o f  life , w hen the lym phatic organs are not y et fu lly  developed  
and the im m une apparatus is not y et fu lly  com petent. The other effects o f  
glycocorticoids h ave also been studied, th u s the inhibition of growth and the  
im pairm ent o f p ituitary-adrenocortical function .

The results obtained  m ay be sum m arized as follows.

A. Effect of a single dose of glycocorticoid in the neonatal 
period on the thymus-lymphatic system and on body weight

It has been show n th at in the rat a single high dose of glycocorticoid  
in jected  w ithin 24 hours after birth causes fata l cachexia resem bling the w ast
ing syndrom e arising after neonatal th y m ecto m y  ([20], F ig. 1). Lower doses 
caused the death o f few er animals at a later period. It was exclusively th e  glyco-

F ig. 1. E ffect o f a single n eonata l cortisol dose in the rat, a t 4 weeks, a : cortisol, 1 m g/aniraal, 
in traperitoneally; b: 0.9%  NaCl so lution , intraperitoneally

corticoids that caused fatal cachexia, aldosterone and DOCA did not. Nor did 
th e  glycocorticoid cause fata l cachexia w hen adm inistered on the 5th  day o f  
life and in this case th y m ic  involution was fo llow ed  by rapid regeneration [20].

The neonatal in jection  of 0.5 mg o f cortisol considerably reduced the  
rate o f growth during th e  first week and on ly  sligh tly  during th e  second. 
Follow ing the injection  o f 0.25 mg o f prednisolone the rate o f growth w as even  
low er, but developm ent increased rapidly during th e  4th  week. A 2.5 m g dose 
o f cortisol com pletely  b locked growth and th e  anim als died in a few  days.
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Fig. 2. Effect of a single glycocorticoid dose given 24 hours after birth on the w eight curve
of rats

T R E A T E D  B Y

Fig. 3. Effect o f  a single glycocorticoid dose given 24 hours after birth on the w eight curve
of rats
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Table I

Effect o f  a single dose o f  glycocorticoid adm in istered  to rats on the f i r s t  d a y  o f  life

Glycocorticoid
treatment

Route of 
inject ion я Dose

í о
! —1 V <8
11 
Z 3 D

ay
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af
te

r 
in

je
ct

io
n

body
g

Weight

adrenal thymus 
mg mg

spleen
mg

WBC/mm3 Small
Ly/mms Ly/My

Ratio 
Small Ly/ 
Large Ly

Cortisol intraperitoneal 1.0 mg 9 8
i

4.38 1.55 5.20 7.80 4 875.0 562.0 0.93 0.32
± 0 .2 0 ± 0 .2 0 ± 1 .7 5 ± 1 .1 3 ± 1 49 .3 ±234 .5 ± 0 .2 8 ±0.11

0.9% NaCI intraperitoneal 0.04 ml 9 8 14.40 4.05 45.50 73.25 5 550.0 2 885.0 3.57 2.01
± 0 .4 4 : 0.50 ± 3 .3 4 ± 4 .7 0 ± 1 50 .0 ± 1 07 .3 ± 0 .2 4 ± 0 .1 0

Cortisol intraperitoneal 1.0 mg 9 24 19.65 8.22 50.93 141.8 10 525.0 2 013.5 1.43 0.50
± 1 .8 2 -;-0.46 ±11 .35 ± 2 5 .5 ± 1  062.1 ±205 .1 ± 0 .1 4 ±0 .01

0.9% NaCI intraperitoneal 0.04 ml 8 24 38.40 12.44 181.8 220.0 10 650.0 5 803.5 5.62 2.12
± 2 .0 6 ±0 .81 ± 1 6 .7 ± 2 8 .2 ± 2 9 8 .6 ± 1 6 6 .6 ± 0 .3 7 ± 0 .1 5

Prednisolone intraperitoneal 0.25 mg
1 10 30* 75.00 1 — _ _ 7 460.0 2 803.8 4.75 0.83

± 5 .8 0 — — ± 1 0 9 9 .1 ± 4 21 .3 ± 0 .2 4 ± 0 .0 3
0.9% NaCI intraperitoneal 0.05 ml 9 30* 80.00 — — 10 577.8 4 869.3 5.15 1.30

± 4 .5 0 — — ± 5 8 1 .6 ± 2 94 .9 ± 0 .2 4 ± 0 .0 9

Dexam ethasone subcutaneous 0.25 mg í 7 40 79.20 20.00 249.70 3 340.50 7 966.7 1 664.0 2.79 0.42
± 7 .9 ± 1 .3 5 ± 4 0 .30 ± 4 9 .5 0 ± 3 91 .3 ± 1 19 .8 ± 0 .3 3 ± 0 .0 3

0.9% NaCI subcutaneous 0.05 ml i 8 40 113.1 24.63 345.50 486.90 12 475.0 5 832.0 4.70 1.85
± 6 .7 4-1.54 ± 3 3 .30 ± 7 5 .3 0 ±86 .1 ± 2 47 .0 ± 0 .3 2 ± 0 .4 8

(All values x  ±  Sx). * Organs not weighed.
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In anim als which survived the neonata l glycocorticoid treatm en t the  
following changes were observed. The w eight o f  thym us, spleen and adrenals 
was sign ificantly lower, hut the index organ w eight/100 g body w eight was 
reduced in the case o f the thym us only ([20 , 24], Table I).

Fig. 4. E ffect o f a single neonatal cortisol dose on the cortex and m edulla o f  the thym us 
gland and on the spleen. A and B: thym ic cortex, C and D: thym ic m edulla, E  and  F: spleen, 

A, C and E: control В ,D  and F: treated w ith  cortisol. H aem atoxylin-eosin , X 375

The sm all lym phocyte count decreased significantly in every case 
(p <  0.001), while the leucocyte count w as not reduced in every group. The 
sm all/large lym phocyte quotient, too, was significantly reduced (p <  0.001) 
(Table I).
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H istological exam ination  8 days after th e  n eonata l glycocorticoid trea t
m en t revealed th a t th e  m edulla-cortex border w as indistinct in th e  th ym u s;  
th e  structure of th is organ had loosened up, th e  num ber of lym phoid elem ents  
decreased, while th a t o f  reticular elem ents increased (Fig. 4A, B , and F ig. 
4C, D ).

In  the spleen the num ber of malpighian bodies and of the m ature, sm all 
lym p h ocytes decreased, w hile that of the reticular elem ents and m egakaryo
cy tes  conspicuously increased (Fig. 4E , F).

The lym ph nodes d isplayed a dissociated structure, the small lym p h o cy te  
count w as decreased and th e  number o f reticu lar elem ents increased (F ig . 
5A , B ). These h istological changes were still in  ev id en ce on the 40th day [2 0 ,2 2 ].

Table II

E ffect on homologous and  heterologous sk in  grafts o f  a sin g le  hydrocortisone in jection a d m in is te red
to ra ts 24 hrs after birth

Number
of

Beginning of graft rejection on day

Group 12th 15 th 18th 20th
animals

homol. heter. homol. heter. homol. heter. homol. heter.

0.9%  NaCl,
intraperitoneally 6 *0/6 6/6 4/6 6/6 6/6 0 0 0

i m g hydrocortisone, 
intraperitoneally 6 0/6 6/6 0/6 6/6 0/6 0 5/6 0

* Num ber of animals showing first signs of rejection per total number of anim als w ith  
skin graft

0  =  com plete rejection.

Table III

E ffect o f  s in g le  prednisolone dose adm in istered  on the f i r s t  d a y  o f  life  on the absolute value o f  to ta l 
seru m  p ro te in  and on fra c tio n s  in  ra ts  

(All values are x  ±  Sx)

Groups Age
Treatment in day8

1

Number
of

animals

Total 
protein 

g/100 ml
Albumin 

mg/100 ml
a

Globulin 
mg/100 ml

ß
Globulin 

mg/100 ml
УGlobulin 

mg/100 ml

Control
0.1 ml 
0.9%  NaCl 
intra
peritoneally

28 8 4.94 ±0.05 2255 ± 6 4 1 1 5 6 ± 4 0 1134 ± 2 7 3 9 3 ± 3 8

Predniso
lone 1 mg 

intra
peritoneally

28 11 4 .19± 0 .06 2085 ± 6 3 960 ± 4 8 934 ± 2 9 212 ± 5 4

Adult
control - 90 4 5.50 ±0 .09 1911 ± 7 0 1 1 3 9 ± 9 6 1472±50 9 7 8 ± 6 2
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In  view  of the significant decrease in  th e  number of lym p h ocytes in the 
blood and tissues it  seem ed justified  to  stu d y  the function o f th e  thym us- 
lym phatic system  follow ing neonatal g lycocorticoid  treatm ent. F or th is pur
pose th e  observation o f transplantation  im m unity , as an index o f cellular 
im m unity , seem ed to  be the most appropriate.

W e have show n previously th a t after neonatal treatm ent w ith  1 mg of 
glycocorticoid the heterologous (CBA m ouse) skin graft was rejected  w ithout 
while th e  hom ologous skin graft (R  rat) w as rejected with a certain  delay 
([22], Table II).

To study hum oral im m unity, w e te sted  the serum gam m a globulin  level 
and found that at 28 days follow ing n eon ata l prednisolone trea tm en t serum  
total protein and all three globulin fractions were decreased (p <  0.05) 
([23], Table III).

According to th e  results of our experim ents now in progress antibody  
production is also dim inished in th e  rat subjected to neonatal glycocorticoid  
treatm ent [36].

B. Effect of neonatal glycocorticoid treatment on the 
pituitary-adrenocortical system and on thyroid activity

Apart from its  effect on the thym u s-lym p h atic  system , neon ata l glyco
corticoid treatm ent m ay damage th e  pituitary-adrenocortical sy stem  and the  
thyroid gland; these organs m ay also h ave a role in the d evelopm ent of fatal 
cachexia.

It is well know n [26-30] th a t  in  th e  adult rat a single large dose of 
glycocorticoid suppresses p ituitary-adrenocortical activ ity  and b locks its stress-

Table IV

E ffe c t o f  a single 0 .5  m g dose o f  cortisol a d m in is te re d  on the f i r s t  d a y  o f  life  on  restin g  and  
p o st-fo rm a lin  blood corticosterone level (0.25 ml 1% formalin/100 g b. w t.)

Stress was followed b y  decapitation 30 min later

Neonatal treatment, 
intraperitoneally

Number 
of determi

nations

Weeks after 
neonatal 

treatment

Formalin subcutane
ously 30 min before 

decapitation
Plasma corticosterone 

/Ag/100 ml

0.9%  NaCl 5 4 0.9%  NaCl 1 5 .0 ± 1 .8

Cortisol 5 4 0.9%  NaCl 1 7 .1 ± 0 .9

0.9% NaCl 7 4 Formalin 5 0 .1 ± 2 .2

Cortisol 6 4 Formalin 3 3 .0 ± 3 .9

0.9% NaCl 6 8 0.9%  NaCl 1 6 .9 ± 1 .9

Cortisol 6 8 0.9%  NaCl 1 9 .2 ± 3 .7

0.9% NaCl 6 8 Form alin 5 1 .1 ± 2 .7

Cortisol 6 8 Formalin 6 3 .7 ± 2 .4
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induced  activation . This effect develops w ithin  hours and m ay last 24 to  48 
hours. T he duration o f in h ib ition  depends on th e  glycocorticoid dose and on 
the k ind  o f non-specific stim u lation  em ployed [31]. W e have therefore esti
m ated  th e  blood corticosterone level in both th e  resting and stress conditions

Fig. 5. E ffe c t  o f  a single neonatal cortiso l dose on the lym ph  node (A and B), adrenal cortex  
(C and D ) o f  th e  rat and thyroid gland (E  and F) of the dog. A . C and E: control, B, D and F  

trea ted  w ith  cortisol. H aem atoxylin -eosin , A, B , C and D : x 600, E and F: x  340

at various tim e intervals after neonatal glycocorticoid treatm ent. The corticos
terone lev e l in  peripheral blood w as determined by a fluorom etric m ethod [32].

T w o w eeks after neonatal glycocorticoid trea tm en t formalin stress 
(0.25 ml per 100 g body w eight o f  3% formalin subcutaneously) killed 8 ani-
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mais out of 10 w ithin  30 m inutes. At 4 and 8 w eeks the concentration o f  for
malin was reduced (0.25 ml per 100 g body w eight o f 1% formalin, su b cu ta 
neously) and the anim als were decapitated 30 m inutes later. At 4 and 8 weeks 
after neonatal glycocorticoid  treatm ent the resting blood corticosterone level 
was similar to  th at found in the controls. At 4 weeks the stress-induced rise 
in the blood corticosterone level was less and at 8 weeks more than  in the  
controls (Table IV ), these changes were sign ificant statistically  (p 0.01).

P ituitary-adrenocortical reactivity was in accord with the h istologic  
appearance of the adrenal cortex. Eight days after neonatal g lycocorticoid  
treatm ent the changes were indicative o f  hypofunction  (Fig. 5C, D ), while 
at 40 days rather o f hyperfunction [22]).

IjTREATED WITH 0.9%NaCt

I 131 UPTAKE PER CENT @ TREATED W,TH C0RTISCX

Fi%. 6 . E ffect on th y ro id  131I u p ta k e  of 10 ing/100 g o f co rtiso l ad m in istered  in tra m u sc u la r ly  
on th e  f irs t day  of life, in  th e  6 -w eek-old  dog

It is known th at in hyperthyroidism  or follow ing thyroxine treatm en t  
thym ic hyperplasia occurs [19, 25], in sp ite o f  a significant rise in th e  blood 
corticosterone level [14]. W e have, therefore investigated  the effect o f  a single 
neonatal glycocorticoid  injection on thyroid function .

It was found that 8 and 40 days after neonatal glycocorticoid trea tm en t the  
thyroid gland o f the rat shows histological changes suggestive o f m ild hyper
function [22]. In the newborn dog a single 10 m g/100 g body w eight dose of 
cortisol-induced thyroid hypofunction by 6 weeks; thyroid m I u p tak e de
creased (Fig. 6) (p <[ 0.001), the acini w ere enlarged, filled w ith colloid  and 
the epithelial layer was flattened (Fig. 5E , F , [33]).
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D i s c u s s i o n  a n d  c o n c l u s i o n s

A ccording to  our experim ents conducted in recent years, fa ta l cachexia  
is in d u ced  in the rat by a single neonatal glycocorticoid  injection. I f  th e  dose 
is h ig h  enough, the m orta lity  rate is 100% . I t  has been shown th a t th e  same 
trea tm en t is followed b y  fa ta l cachexia in th e  m ouse [2 1 ,4 0 ,4 1 ] , in  th e  rat 
[39, 42 44] and in the dog [23], too. The fact th a t  th is fatal cachexia is closely  
sim ilar to  the w asting syndrom e arising after neonatal th ym ectom y [1 -8 , 
16, 45] has led us to  in vestiga te  whether th e  th y m ic  damage caused b y  a single  
n eo n a ta l glycocorticoid in jection  had any role to  play in the fata l cachexia.

In  th e  early phase o f our experim ents th e  above assum ption seem ed to  
be strengthened  by the fact th a t a single glycocorticoid  injection adm inistered  
on th e  5 th  day of extrauterine life did not cause fa ta l cachexia [20], and it  was 
th o u g h t th a t the same treatm en t em ployed on th e  first day of life was effective  
b ecau se  th en  the lym phatic apparatus is still im m ature and the glycocorticoid  
su sp en d ed  thym ic function , ju st  when it w ou ld  have been essential for the  
d evelop m en t of the lym phatic and im m une apparatus [1—9, 16, 34, 4 5 ]. This 
h y p o th esis  has been confirm ed by our own results and also by th e  evidence  
reported  in  the literature.

W e have observe 1 a significant invo lu tion  o f the thym us, sp leen and 
lym p h  nodes following neonatal glycocorticoid treatm ent. In these organs and 
the b lood  the lym phocyte count decreased sign ifican tly  [20, 22, 24]. T he tests  
for th y m ic  function likew ise showed a dam age, as transplantation im m unity  
and furtherm ore the gam m a globulin level [22 , 23, 24] as w ell as according  
to  exp erim en ts now in progress, antibody production , were all reduced [36].

Our results are in accord w ith the published  evidence th at neonatal 
glycocortico id  treatm ent is follow ed by a decrease of the im m unoglobulin  
leve l and  antibody production [40, 42, 46]. T he im portance of the im m uno
log ica l dam age has been stressed by R eed  and J utila [40, 41], as w ell as 
D ü h ig  [47], according to  w hom  in both germ -free and antib iotic-treated  
non-germ -free mice, the incidence of fatal cachexia  decreased sign ificantly .

T he neonatal glycocorticoid  treatm ent cannot be considered to be m erely  
a “ h orm onal th ym ectom y” , because in the survivors the thym us-lym phatic  
sy stem  regenerates and th e  other sym ptom s subside in a few weeks. A  further 
difference from w asting syndrom e follow ing neonatal thym ectom y is the  
ex tra -th y m ic  actions o f the neonatal glycocorticoid  treatm ent.

W h ile  following neonatal thym ectom y, lym phopenia and the dam age to  
cellu lar im m unity  are th e  m ost characteristic sym ptom s [1—8, 16], neonatal 
g lycocortico id  treatm ent causes an additional im pairm ent of hum oral im m u
n ity  m an ifestin g  itse lf w ith  a decrease o f th e  gam m a globulin level and of 
an tib o d y  production.

In  birds the bursa o f Fabricius is responsible for the developm ent and 
fu n ction  o f the antibody-producing apparatus, i.e. for humoral im m u n ity
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[48, 49]. It m ay be assumed th a t during th e  neonatal period an equivalent 
organ m ay exist and act in m am m als [5 0 , 5 1 ] ,  but this has not y e t  been  con
firm ed. Our results seem to suggest th at glycocorticoid treatm ent in neonatal 
age is dam aging not only the th ym u s, but also the tissue or organ responsible  
for th e  organization of humoral im m u n ity  in the neonatal period.

W e have assum ed that, in addition , an inhibition of p itu itary-adreno
cortical activ ity  m ay be responsible for th e  high m ortality, it  being  known 
th a t normal adrenocortical function  is essential for the survival o f  acute 
stress [17, 18].

After a single injection o f a high dose o f glycocorticoid in ad u lt rat, 
th e  pituitary-adrenocortical system  is inh ib ited  within a few  hours then  
its activation  b y  stress is not possib le and this inhibition p ersists for 
48 hours at m ost [26-31]. The m orta lity  due to  stress at 2 w eeks and the 
inhibition  of th e  rise in the blood corticosterone level at 4 weeks su ggest that 
neonatal glycocorticoid treatm ent caused a long-lasting in h ib ition  o f  the 
pituitary-adrenocortical system . D uring th e  4th  week the corticosterone  
binding capacity  was 26.2 ^  2 .5  /ig /1 0 0  m l, as compared w ith  th e  control 
va lu e of 1 9 .5  ^  2.9 /xg/100 m l, thus th e  pituitary-adrenocortical inhibition  
m ay hardly be explained by a change in the free/bound corticoid ratio .

At 8 w eeks, however, form alin stress caused a som ewhat h igher increase 
o f th e  corticosterone level than in the controls. W e assume th a t b y  th a t time 
th e  pituitary-adrenocortical system  m ust have regenerated. This is supported  
b y  the observation of S z e b e r e n y i  [3 9 ] th a t 3 0  days after neonatal d exam étha
sone treatm ent corticosteroid production  and pituitary ACTH co n ten t were 
higher than in th e  controls, and S h a p i r o  [4 3 ]  found that at 4 0  d ays following  
neonatal glycocorticoid treatm ent the rise in th e  corticosteroid leve l in response 
to  stress was practically the sam e as in th e  controls.

W e believe that the in h ib ition  o f pituitary-adrenocortical activ ity  
depends on the dose of glycocorticoid and on the tim e elapsed after th e  injec
tion , and the reactiv ity  to stress is different in  the different phases o f  recovery.

N eonatal glycocorticoid treatm en t m ight damage, in ad d ition , some 
other m etabolic processes. This is suggested  b y  the subsequent inh ib ition  of 
grow th, w asting o f the skin, th e  delay in hair growth, the decrease in th e  serum 
hexosam ine and glycoprotein levels and th e  neutral m ucopolysaccharide con
ten ts in liver, skin and cartilage [37, 38] and o f the DNA, R N A  and protein 
contents in certain organs [52].

Our results tend to ind icate th a t adequate thym ic, p itu itary  and adreno
cortical functions are of particular im portance in the neonatal period.

In the developm ent of fa ta l cachexia  following neonatal glycocorticoid  
treatm ent, a prim ary role is a ttributed  to  disturbance of the th y m ic  function, 
because neonatal thym ectom y in itse lf  m ay give rise to the w astin g  syndrome.
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The pharm acological properties o f the se lective  adrenergic neurone blocking  
igent N -cyclohexyl-benzyl-3  alpha-granatanium  brom ide (N -1024) and of its  derivatives  
are discussed. Adrenergic neurone blocking a c tiv ity  does not seem to be necessarily  
associated w ith  tyram ine and cocaine-like, noradrenaline depleting effects and w ith  
anticholinergic action  at various sites. R eturning to  the original theory of H ey  and 
Willey, as well as Boura and Green, the adrenergic neurone blocking agents are de
scribed as local anaesthetic-like compounds actin g  on special membranes.

The pharm acology o f the first adrenergic neurone blocking agent was 
described in 1954 b y  H e y  and W i l l e y  [46]. This com pound, xylocholine  
(choline 2 ,6-xylyl ether brom ide, TM-10), inh ib its the responses o f  the effector 
organs to  sym pathetic postganglionic stim ulation  w ithout dim inishing the  
effect o f physiological transm itters. According to  the first description, x y lo 
choline w ould be a “ local anaesthetic” active on a special site, on the sym pa
th e tic  postganglionic fibre. This assum ption has been extensively  debated in 
recent years.

In 1959 the pharm acology of tw o new  adrenergic neurone blocking  
agents, bretylium  and guanethidine, was described and in subsequent years 
their effects and m ode o f action were dealt w ith  in m any papers. In sp ite o f  
th e  extensive studies their m ode of action is n o t fu lly  clarified. There are still 
m an y controversial problem s awaiting elucidation .

Clarification o f th e  m ode o f action has been rendered difficult b y  the  
fact that guanethidine, the compound m ost ex ten sive ly  studied, has a w ide  
va rie ty  of m ulti-directional actions in addition to  the inhibition of the response 
to  sym pathetic postganglionic stim ulation and o f the release o f noradrenaline. 
G uanethidine possesses nam ely noradrenaline depleting, parasym patholytic, 
ganglioplegic, neurom uscular blocking, tyram ine-like (indirect sym patho
m im etic), anti-tyram ine (cocaine-like), local anaesthetic and other effects. 
L ikew ise, the adrenergic neurone blocking agents o f tropine structure described  
by us in 1962 [24] had m any side effects.

W e have been interested in the first p lace how and to  w hat ex ten t  
the various activ ities are in connection w ith  the adrenergic neuronoplegic  
effect.
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T he question had em erged long ago as to  w hether the noradrenaline  
d ep letion  caused by guaneth id ine was responsible for the blocking o f adren
ergic neurones. Back in  1961, Cass  and S p r i g g s  [13] dem onstrated th a t brety- 
lium  did not give rise to noradrenaline depletion and the adrenergic blocking  
effect w as not parallel w ith  depletion  in the case of guanethidine, either. I t  was 
cla im ed  th at the latter com pound had a prim ary bretylium -like and a second
ary reserpine-like activ ity . Sim ilar results were obtained by G a f f n e y  et al. [36] 
w ho found that the tachycardia elicited in th e  dog by stim ulation o f th e  accel
eran t nerve was blocked b y  guanethidine long before noradrenaline depletion. 
F i e l d e n  and G r e e n  [3 3 ] com pared the pharm acological actions o f guaneth i
d ine w ith  those of one of its derivatives. T hey found th at beta-hydroxy-phenyl- 
eth y lguan id ine depleted th e  noradrenaline depots in a low dose already, but 
even  m uch higher doses failed to cause a rapid adrenergic inh ib ition  similar 
to  th a t  induced by guaneth id ine, and claim ed th at the tw o kinds o f  a ctiv ity  
w ere n o t correlated.

R ecently , Ch a n g  et al. [16] have arrived at an opposite conclusion. 
T h ey  found  nam ely th at guaneth id ine reduced b y  about 30% th e noradrenaline  
lev e l o f  the particulate fraction  of the rat’s vas deferens in 30 m inutes, when  
th ere  w as no dem onstrable change y e t in th e  supernatant. According to  them  
th is  depletion  was responsible for the adrenergic neurone blocking effect of 
guaneth id ine. The follow ing facts, how ever, are at variance w ith  th is view . 
T heir ow n experim ents show ed th a t the rat’s vas deferens was in sen sitive  to  
guaneth id ine, a dose as high as 25 m g/kg having been required to  b lock the  
responses to  nervous stim ulation . Furtherm ore, it  is questionable w hether  
th e  particu late noradrenaline w ould  be responsible for the response to  nervous 
stim u la tion , and the rat’s v a s  deferens m ight represent a special organ, since 
on exh au stive  stim ulation  th e  noradrenaline content decreases in th e  partic
u la te  fraction only, and n ot in  th e  supernatant [15 ]. H ow ever, in th e  organs 
th e  s itu ation  is different. For exam ple, according to  St it z e l  et al. [59] in the 
iso la ted  perfused rabbit heart noradrenaline decreases in the soluble fraction  
and rem ains unchanged in th e  particulate one follow ing stim ulation  o f the  
accelerator nerve, and B h a g a t  [1 ] stated  th a t in the rat heart guanethidine  
decreased  the noradrenaline con ten t m ainly in the soluble fraction. T hus, it is 
n ot proved  that guanethidine w ould act faster and more in tensely  on th e  partic
u la te  th an  on the soluble fraction , nor is it  proved th at nervous stim ulation  
w ou ld  m obilize the noradrenaline located  in th e  particles. Thus, the hypothesis  
su ggested  by Ch a n g  et al. cannot be considered o f a general value, and there 
is no p roof of the essential role o f the noradrenaline-depleting a c tiv ity  in the  
rapid  adrenergic neurone b locking action o f guanethidine.

G uanethidine elevates b lood  pressure, causes contraction of th e  n ic tita t
ing  m em brane, tachycardia, effects o f sym pathom im etic nature. T hese are 
in h ib ited  not only by the alpha or beta  blocking agents, hut also b y  reserpine,
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cocaine, im ipram ine and desipramine, i.e . it  m ay be considered an indirect 
sym pathom im etic, tyram ine-like activ ity . According to  the schem e o f F u r c h - 
GOTT et al. [35] th is m eans that guanethidine enters the neurone at a transfer 
site, through a transport m echanism , releases noradrenaline th ere, and that, 
com ing out o f the neurone, exerts its characteristic effect on th e  adrenergic 
receptor. According to  Ca r l s s o n  and W a l d e c k  [12] if  a com pound utilizes 
th is transport m echanism , it will more or less inhibit it. B lock ing  of this 
m echanism  leads to  an inactivation  of tyram ine, to  an inhibition  o f  noradrena
line uptake, and to  an increase o f its effect. In  fact, guanethidine has such 
cocaine-like activ ity ; it  inhibits the pressor, noradrenaline-liberating and other 
effects o f tyram ine and other sym pathom im etic amines o f ind irect action. 
In addition, guanethidine behaves as a pseudo-transm itter; if  it  is accum ulated  
in noradrenaline depots, it m ay be liberated therefrom  b y  nervous stim u
lation  [2].

The question em erges whether these effects o f guaneth id ine are capable 
o f inhibiting adrenergic neurones. N either the indirect sym pathom im etics  
such as am phetam ine [19, 26], nor the com pounds blocking noradrenaline 
uptake such as cocaine, nor the false transm itters and their precursors are 
adrenergic neurone b locking agents and no such effect is d isplayed by alpha- 
m ethyl-m -tyram ine, a com pound possessing all three properties [44, 50], 
either. The adrenergic neurone blocking a c tiv ity  of guanethidine is independ
ent o f these properties.

Bretylium  is sim ilar to  guginethidine in m any respects, and differs from 
it in others. It blocks adrcnerac neurones, has a sym pathom im etic activ ity  
inhibited by cocaine [38, 47], hut has neither noradrenaline depleting [13], 
nor cocaine-like activ ities [1, 9, 14, 47, 56, 57]. Thus, it  exh ib its som ewhat 
more clearly the adrenergic neurone blocking action, but still has m any “ side 
effects” , more than  th e  granatanium  derivatives synthetized  and studied  by us.

H ow  did we begin to  study the adrenergic neurone b locking agents of 
tropine and granatane structure? Follow ing the adm inistration o f high doses 
o f N -phenyl-benzyl-3-alpha-benzoyl-tropinium  bromide (N -361), described by 
G y e r m e k  and N á d o r  (F ig. la )  [42], th at had a strong n icotine-like ganglionic 
stim ulating effect, we observed in the cat a characteristic, protracted  hypoten
sion and such a lasting  inhibition of th e  n ictitating  m em brane contractions 
evoked by cervical sym pathetic stim ulation  which could not he explained by 
a mere ganglioplegic effect. The response to  postganglionic sym p ath etic  stim u
lation was also inh ib ited , but here the adrenergic neurone in h ib ition  was only 
a “ side effect” , beside th e  intensive n icotinc-like activ ity . Transform ation to 
cyclohexyl of the term inal aromatic ring m arkedly dim inished th e  ganglionic 
stim ulating effect o f the compound [21, 24] and thus we obtained  a molecule, 
N -cyclohexyl-benzyl-3-alpha-benzoyl-tropinium  brom ide, w hose adrenergic 
neurone blocking a c tiv ity  was a main effect. This derivative, N -718 (Fig. la ),
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is an  adrenergic neurone b lock in g  agent in the first place, b u t it  still has the  
orig in a l m olecule’s special, ganglionic or chem oreceptor stim ulating action  
m ark ed  especially in th e  dog  [5 1 ]. This effect w as com p letely  abolished on the  
a d d itio n  o f another C H 2 group to  the pyrrolidine ring, preventing thereby, 
p resu m ab ly  by further space filling , the m olecule’s link  w ith the cholinergic 
recep tor . The new com pound, N -cyclohexyl-benzyl-3-alpha-benzoyl-granata- 
n ium  brom ide (N-1024), as w ell as N -cyclohexyl-oxybenzyl-3-alpha-benzoyl-

N— 718 

F ig. la

Table I

C om pound
Ganglionic
stim ulating

activ ity

G anglionic
blocking
activ ity

T y r amin e-like 
activity

A n tity r amine 
ac tiv ity

Noradrenaline 
depleting dose 

(R a t heart)

G uanethid ine — -f- + 5 mg/kg

N-361 + ( + ) 0

N -718 + + — — 20 m g/kg 
inactive

N -1024 - — — — 20 m g/kg  
inactive

N -1054 — - — 0

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



A D R E N E R G IC  N EU RO N E BLOCKING AGENTS 413

granatanium  brom ide (N -1054) (Fig. lb )  and their derivatives had no ganglionic 
or chem oreceptor stim ulating, vasopressor, tachycardizing or other effects of 
similar nature, not even in the dog [27].

The m ost im portant pharm acological properties of N -1024 are as follows 
(Table I).

(1) B locking o f adrenergic neurones. The com pound inhib its the n icti
tating mem brane contractions induced by postganglionic cervical sym pathetic

N-1024

N-1054

Fig. lb

11 lock ing concentra
tion g/ml, guinea pig 

vas deferens 
(Transmural 
stimulation)

Antiouabain
dose
(Dog)

Local anaesthetic 
concentration 

(Rat tail) 
per cent

2 3 X 1 0  (i 0 . 2 5 - 0 . 5  *

0 0 0

2 - 5 x 1 0  ■ 0 0.2

2 - 5 x 1 0  7 1 . 5 - 2 0.1
m g /k g

0.5 1 . 0 x 1 0  « 0 0.25-  0.5

Effect on heart rate 
(Cat and dog)

Neuromuscular 
blocking dose, 
cat’s tibialis 

anterior muscle 
(d-Tubocurarine =  

=  0.18 mg/kg)

Carotid 
occlusion, 

blocking dose 
(Cat)

tachycardia/
bradycardia

12 mg/kg 5 mg/kg

tachycardia > 2  m g/kg -

tachycardia/
bradycardia

> 5  mg/kg 0.5 1 mg/kg

bradycardia > 6  m g/kg 0.5 — 1 mg/kg

bradycardia > 6  mg/kg 0.5 -1 mg/kg

-f- — active, - =  inactive, 0 =  not tested  
* R a n d  and W il s o n  [54] (Mouse-tail)
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stim u la tion , the contractions o f the spleen in response to  postganglionic stim u
la tio n  o f  the splenic nerve, th e  tachycardia induced by stim ulation  o f the ste l
la te  ganglion , the contractions o f  the vas deferens in response to  transm ural 
stim u la tion , w ithout b lock ing th e  effects o f adrenaline and noradrenaline 
[27, 2 8 ]. These inhibitory actions are abolished by dexam phetam ine [26].

(2) Lasting reduction o f  blood pressure and pulse rate, inhibition  of the  
reflex  rise in blood pressure in  response to  clam ping th e  com m on carotids in 
th e  ca t and dog [27], o f  th e  pressor effect of physostigm ine in th e  rat [29].

(3) I t  has no parasym pathom im etic, parasym patholytic, ganglion stim 
u la tin g  effects [27], its ganglion  blocking a ctiv ity  is insignificant, and it has 
no neurom uscular blocking action  in the whole anim al. In the isolated  frog 
rectus i t  acts as a carbachol antagonizer, but in  th is antagonism  th e  com pet
it iv e  factor  is insignificant [29].

(4) N-1024 has no cocaine-like (antityram ine) activ ity  and it  does not 
cause noradrenaline dep letion  in the rat heart [27, 29].

(5) In  the dog it suspends for a long tim e the arrhythm ia evoked by  
cardiac glycosides and, th ou gh  less intensely, it inhibits the disturbances of 
rh yth m  caused by aconitine in  the rat and those induced by electrical stim u 
la tio n  in  th e  cat [23].

R ecen tly , we have subjected  to  investigation  th e  local anaesthetic action  
o f N -1 0 2 4 , N-1054 and o f several other tropine and granatane derivatives. 
A d ifficu lty  of such tests  is th a t  the m axim um  solub ility  in  water o f the com 
pounds varies from 0.1 to  0 .5% , but it  could be confirm ed beyond doubt that 
b oth  N -1024 and its d erivatives possess the slow ly  developing, protracted  
regional and mucosal an aesth etic  effect characteristic of the quaternary local 
an aesth etics [45].The former w as studied in the rat’s ta il b y  the heat irradiation  
m eth od  in which com pounds soluble up to  0.1%  are also active. M ucosal 
an aesth esia  was estim ated on th e  guinea pig cornea after 60 sec o f contact; in 
th is w a y  th e  compounds soluble to  0.2%  or more could only be tested  (Table I).

T h u s, the granatanium  com pounds represent such adrenergic neurone 
b lock in g  agents which show  th is activ ity  more clearly and selectively  than  
any o th er such compound. T h ey  have no depleting, tyram ine and cocaine-like, 
an ti-acety lch olin e effects. B esid e  th e  adrenergic neurone blocking effect in 
th e  str ic t sense of the word w e have observed only  tw o im portant activ ities: 
th e  antiarrhythm ic and local anaesthetic ones. T hus, these com pounds are 
su itab le  for illum inating th e  m echanism  of the adrenergic neurone blocking  
effect.

B efore discussing th e  m ode o f action, a few words should be said about 
th e  re la tiv e  inactiv ity  o f th e  com pounds on the cholinergic receptors. As m en
tioned  beforehand, the original m olecule was a strong ganglionic stim ulant. 
W ith in  a series of tropine esters th e  ganglionic effect increases when the space
fillin g  o f  th e  quaternarizing group is increased [25, 41 , 43], m axim um  a ctiv ity

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



A D R E N E R G IC  NEU RON E BLOCKING AGENTS 415

being usually reached w ith  a phenylbenzyl quaternary group. In  our series 
of com pounds this a c tiv ity  could be abolished in tw o  steps, b y  hydrogenation  
of the term inal arom atic ring and by expanding th e  pyrrolidine ring. U lti
m ately , both increased the size of the m olecule, m aking it more difficult 
to  f it  to  the ganglionic receptors. In th is w ay had been reached N -1024, 
in active on the cholinergic receptors, but possessing a strong and selective  
adrenergic neurone b locking activ ity .

As to  the ester groups of the m olecules in the present paper only the  
benzoic acid esters are m entioned, but in recent years we have tested  a number 
of tropine and granatane com pounds esterified w ith  arom atic h ydroxy acids. 
These com pounds proved to  be potent parasym patholytics, but did not block 
adrenergic neurones [53]. Thus, the parasym patholytic and adrenergic neurone 
blocking effects are separate properties. H ow  should th is phenom enon at 
variance w ith the hypotheses adopted by m any authors be interpreted?

According to  B urn  [7] bretylium  over its adrenergic neurone blocking 
action to  the acety lcholine antagonist property, in the sym pathetic  post
ganglionic neurone noradrenaline would be liberated  as a result o f acetyl
choline m obilization and not in direct response to  nervous excitation . Just 
like acetylcholine has its specific antagonists (atropine, hexam éthonium , tubo- 
curarine) at its other sites o f action, in the sym pathetic postganglionic fibres 
th is specific antagonist w ould be bretylium . B u t ju st like the other specific 
antagonists show a certain overlapping of actions, it could be expected  that 
bretylium  and the other adrenergic neurone blocking agents would have anti
cholinergic a ctiv ity  in other areas as well.

W here and how does the cholinolytic a c tiv ity  of the adrenergic neurone 
blocking agents m anifest itself?  G o k h a l e  et al. [39] showed on the rabbit 
and rat intestine and th e  rabbit trachea th at guanethidine and bretylium  
antagonized acetylcholine. R a n d  and W i l s o n  [ 5 5 ]  observed the sam e in the  
guinea pig in testin e and together with others stated  th at guanethidine had 
also ganglionic b locking activ ity . K o s t e r l i t z  and L e e s  [ 4 8 ]  reported that 
in the guinea pig in testin e  bretylium  shifted to  the right the dose-response 
curve of acetylcholine, but the compound was a more potent antihistam ine  
agent. G a r r e t t  and S o u s a  [37] as well as D Z o l j i Ö [30] stated  that in the 
isolated guinea pig in testin e  the antiacetylcholine effect o f guanethidine was 
not specific, but was due to  the spasm olytic, direct m uscle depressing activ ity .

As to the action o f guanethidine on the neurom uscular junction , B u rn  
and S eltzer  [10] show ed in phrenic nerve-diaphragm  preparations that brety
lium  and guanethidine had a neuromuscular blocking activ ity  and at the same 
tim e found, th a t, although at high concentrations, tubocurarine and déca
m éthonium  exerted an adrenergic neurone blocking effect on the isolated rabbit 
in testine. From th is th ey  concluded to a close correlation betw een the adren
ergic neurone blocking and the neurom uscular blocking activ ities. R a n d  and
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W i l s o n  [55] claimed on th e  basis o f studies on frog and bird m uscles that 
gu aneth id ine is a com p etitive  acetylcholine antagonist, but th ey  tried to  influ
ence th e  contraction b y  ju st  one dose of acetylcholine and neglected  to  study  
th e  dose-response curves before and after guanethidine adm inistration. A nother  
in d irect evidence against th e  com petitive antagonistic action o f guanethidine  
on th e  neuromuscular syn ap se is th e  fact th at it blocks not only the contractions 
in response to direct nervous stim ulation , but also those evoked b y  m uscle 
stim u la tio n  [2 0 ,4 0 ,4 9 ];  and Ch a n g  et al. [17] s ta te  firm ly th a t “ in th e  case 
o f  guaneth id ine the m ain effect appeared to  be on m uscle fibres” .

Our adrenergic neurone blocking agents o f  tropine structure dim inish  
on ly  a t high dosage and in a hardly reproducible fashion the contractions of 
th e  c a t ’s anterior tib ia l m uscle evoked by sciatic nerve stim ulation . This and 
th e  sim ilar effect of guaneth id ine is not antagonized by neostigm ine [29]. 
In  th e  isolated  rectus abdom inis m uscle of the frog 2 X 10 ~6 g/ml concentration  of 
N -1024  causes only an in sign ifican t shift to  th e  right in the dose-response 
curve o f  carbachol (p A 2 =  5 .07; th e  pA2 value o f tubocurarine w as in our 
exp erim en ts 6 .72-6 .79). A t higher concentrations, N -1024 considerably reduc
ed th e  m axim um  effect o f carbachol, thus the antagonism  was non-com peti
t iv e . In  th e  frog m uscle guaneth id ine caused no sh ift to  the right in  the dose- 
response curve of carbachol, b u t only a depression o f the peak; th is also 
p o in ted  to  the antagonism  n o t being com petitive [22].

A ccordingly the fo llow ing m ay be stated  as regards the anti-acetylcholine  
effect o f  th e  adrenergic neurone blocking agents. Certain com pounds are to ta lly  
in a c tiv e  on various kinds o f cholinergic receptors (N -1024 has no parasym patho
ly t ic  e ffect, its ganglionic b locking action is insignificant). The anti-acetylcho- 
line a c tiv itie s  observed are n on -com p etitive in  nature and are presum ably not 
specific .

T h e  guanethidine-carbachol antagonism  observed by us on th e  frog 
rectus m uscle is apparently sim ilar to the tetracaine-carbachol antagonism  
d em on strated  by F e i n s t e i n  and P a im r e  [32]. T hey have proved th a t the local 
an aesth etics inhibit non-specifically  the effects o f various spasm ogenic com 
pounds in  different organs. I t  w as plausible therefore to  think th a t th e  an ti
a cety lch o lin e  effect of guaneth id ine m ay be traced back to  its local anaesthetic  
effect and  at the same tim e also th e  question em erged as to  w hether th e  adren
ergic neurone blocking effect w as a consequence o f such an activ ity .

A m on g the classical local anaesthetics there w as no com pound containing  
q u atern ary  nitrogen. The first such quaternary local anaesthetic w as produced  
b y  N á d o r  et al. [52], and H e r r  et al. [45] stated  th a t th ey  differed from  their  
non-quaternary analogues m ain ly  in  that their effect developed slow ly  but 
la sted  fora long tim e. T hey also reported that the benzyl-quaternaries w ere more 
a ctiv e  th a n  the m ethyl-quaternaries. W hen H e y  and W il l e y  [46] described  
th e  pharm acology of xy loch o lin e , th e  first adrenergic neurone b locking agent,
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th ey  quoted the above m entioned paper by H e r r  et al. and explained the  
adrenergic neurone b locking action o f xy loch olin e so that th is, as a local 
anaesthetic 2 to 10 tim es more potent than cocaine, would act prim arily on 
the sym pathetic postganglion ic neurones. E x l e y  [31] rejected this h ypothesis  
by stating that xy loch o lin e does not block conduction  in the adrenergic fibre. 
According to him th e  com pound would be active  on the nerve ending or near 
to th a t. B o ura  and G r e e n  [3] observed that bretylium  had a protracted local 
anaesthetic effect and reported that the com pound inhibited the responses to  
sym pathetic nerve stim ulation  also when th is had been applied to  th e  nerve  
trunk. They showed th a t bretylium  acted in th e  w ay as H e y  and W i l l e y  
supposed xylocholine to  act. Even in 1965, B o u r a  and Gr e e n  [5] claim ed  
that “ the possib ility  rem ains that the depressant action on the adrenergic 
fibre term inals is analogous to  the im pairm ent o f conduction in a nerve trunk  
caused by local anaesthetics” .

In general, th e  adrenergic neurone b locking agents have a local an aesth e
tic property [4, 54]. In  th is respect the effect o f the guanidine com pounds 
develops just as slow ly  and lasts just as long as th a t o f the quaternary ones. 
In spite of th is, a num ber of authors are rejecting th e  view  that the adrenergic 
neurone blocking and the local anaesthetic effects were causally correlated. 
According to B o y d  et al. [6],  although procaine inhibits the vas deferens 
contractions elicited b y  hypogastric stim ulation , it  acts at the sam e concentra
tion when applied to the nerve trunk as when added to the bath, in contrast 
to  bretylium  which is about 200 tim es less active  on the nerve trunk than  in 
the bath. H ow ever, th is fact does not ju stify  to  reject the above theory, 
because it is not certain th at every segm ent o f  th e  fibres is equally sen sitive  
to bretylium . Cl a r k  and H ug h es  [18] found no parallelism betw een  the  
adrenergic neurone blocking and local anaesthetic activ ities of different x y lo 
choline derivatives. In our view  the only conclusion derivable from th is is 
th a t not every quaternary local anaesthetic is an adrenergic neurone blocking  
agent, but it  does n o t discredit the contention  th at in general the adrenergic 
neurone blocking agents have local anaesthetic properties. R a n d  and W il so n  
[54] argued against the correlation betw een th e  tw o activities after th ey  had  
shown th at the adrenergic neurone blocking effect o f procaine develops fast 
and can be eluted rapidly, whereas that of guanethidine develops slow ly  and 
is difficult to  elute. These differences, how ever, follow  from the fact th a t th e  
lipophilic procaine and the lipophobic guaneth id ine presum ably link up dif
ferently or to d ifferent mem brane elem ents. In  support of the local anaesthetic  
hypothesis is the observation  by Ca b r e r a  et al. [11] that guanethidine and 
bretylium  at low concentrations inhibit for a long tim e the antidrom ic im pulse- 
eliciting effect o f acetylcholine. The authors th in k  th at this effect is due to  the  
circum stance that th e  com pounds, like the local anaesthetics, keep th e  m em 
brane polarized.
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N -1024 and the other granatane-type adrenergic neurone b locking com 
pounds show this a c tiv ity  more purely and are free o f the side effects interfering  
w ith  th e  study of th e  m ode o f action. I t  has already been discussed w h y  these  
com pounds have no anti-acetylcholine a c tiv ity , but why are th e y  potent 
adrenergic neurone b locking agents ? In th is relation we can put forw'ard m erely 
specu lations. I f  the O H  radical of the ester group and the phenylbenzyl group 
o f  th e  N  atom on tw o  receptor types y ielded  th e  m ost specific acetylcholine  
an tagon ists with a 28-fold  atropine a c tiv ity  and a 100-fold T E A  a ctiv ity  
[43, 25 ], then this m eans th a t such structural elem ents are form ing strong 
p h y sica l bonds. I f  the m olecule is lacking such elem ents and by the hydrogenation  
o f  th e  quaternary arom atic group and b y  expanding the structure w e strongly  
im paired  the fittin g  to  such sites, it is conceivable that the a ffin ity  o f the  
com pound to other, s ilen t sites and even tu a lly  to  inactivating enzym e system s  
d eteriorates in the sam e w ay . In such a case, however, larger quan tities of 
th e  substance reach presum ably other (at present not adequately known) 
recep tor groups of special m em branes. In  support of this m ay be m entioned  
th a t  m an y  com pounds are blocking adrenergic neurones in iso lated  organs, 
b u t few  less do so in th e  w hole anim al. For exam ple, in the iso la ted  organ 
dim ethylphenylpiperazinium  ion blocks th e  adrenergic neurone [8], but nobody  
has observed such an effect in the whole anim al.

F inally , we have show n that the noradrenaline-depleting, cocaine and 
tyram ine-like, anti-acetylcholine effects cannot p lay  any role in the adrenergic 
neurone blocking property. The effects w hich rem ain in the case o f  N -1024  
and th e  other granatane derivatives are their adrenergic neurone blocking, 
loca l anaesthetic and antiarrhythm ic activ ities. In  our opinion th ese three 
are c lo se ly  interrelated. The correlation betw een  th e  antiarrhythm ic and local 
an aesth etic  effects is w ell know n [34, 58] and it  is also known th a t w ith  the  
decrease o f lip id-solubility  (e.g. procaine—procaine amide) the duration  of 
th e  antiarrhythm ic effect increases, in the sam e w ay as the duration o f action  
o f quaternary local anaesthetics is longer th an  th a t of the tertiary analogues.

E ach  of the adrenergic neurone blocking agents contains a strongly  basic 
group (quaternary am m onium , am idoxim e, guanidine, am inoguanidine, or 
am idine) and the site and duration of th e  bonds formed by these lipophobic  
m olecu les obviously differ from  those of th e  lipophilic com pounds. There are 
great differences in chem ical structure and physicochem ical properties betw een  
th e  m em branes of various organs [60] and therefore it  is possible th a t certain  
areas (e.g . the term inal parts of adrenergic neurones, the heart) are more 
affine to  these m olecules and th ey  act on them . U ltrastructural investigations  
are required to supply th e  final solution to  th is problem. In our own studies 
лее started  from a com pound w ith a strong cholinergic activ ity  h avin g  also 
a m arked  adrenergic neurone blocking effect. B y  producing new  derivatives  
w e h a v e  succeeded in elim inating the cholinergic action; the anticholinergic

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



A D REN ERG IC N EU RO N E BLO CK ING  AGENTS 419

effect could thus be separated from the adrenergic neurone blocking a c tiv ity . 
B y an up-to-date interpretation of the correlation betw een effect and structure  
we could synthetize an adrenergic neurone b locking agent of a new ty p e , free 
of side effects, w hich acts more selectively  than  any other known com pound  
of this kind. Its  stu d y  has allowed a deeper insight into the m ode and s ite  of 
action o f adrenergic neurone blocking agents.
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Changes in the lipid com position of erythrocytes has been studied 1. during onto
genesis; 2. under the effect o f a fat-free diet; and 3. in some m etabolic d iseases.

Cholesterol, T E F A , lipid P , phospholipid classes and total phospholip id  fa tty  
acid pattern of erythrocytes were studied w ith  respect to changes during ontogenesis, 
those induced by a fat-free d iet, in  essential and secondary hyperlip idaem ia, and in 
hypolipidaem ia due to acanthocytosis.

The constancy of red cell lip id s in essential hyperlipidaem ia and th e  lim its of 
the type and ex ten t of the changes th at can be induced in the red cells by d ietary  m eans 
were suggestive o f regulating factors other than the relative change of a n y  com ponent 
in d iet, plasma or adipose tissue.

A ttention  is drawn to the striking sim ilarities in the phospholip id fa t ty  acid 
pattern of foetal cells, red cells in  essential fa tty  acid deficiency, in acanthocytosis, 
and in some haem olytic diseases. I t  is suggested th a t the resem blance in  lip id  structure, 
non-electrolyte perm eability and v iab ility  o f these erythrocytes m ay orig inate  from  
the essential fa tty  acid deficiency as an effect o f the fat-free diet, secondary to  m alab
sorption in acanthocytosis, and as a secondary local fa tty  acid deficiency in  conditions 
w ith  highly increased dem and for red cells. In these conditions there is a “ fo e ta l ty p e” 
erythropoiesis w ith accelerated ty p e  o f m aturation possibly skipping som e cell divisions.

During the last decade m uch inform ation has accum ulated about the 
biophysical and biochem ical properties o f cell membranes. The fin e  structure  
of these im portant cell constituents is a very com plex one. In sp ite  o f the 
striking sim ilarities in the overall structure o f cellular m em branes, th e  classical 
“ u nit m em brane” concept o f D a w s o n  and D a n i e l l i  [1] and R o b e r t s o n  [2] 
cannot be applied to biological m em branes in general owing to  d ifferences in 
m em brane protein-lipid ratios, m etabolism , and enzym atic reactions depending  
on their special functions [3].

The essential com ponents o f th e  red cell membrane are lip ids, structural 
proteins, ions and water. A ny chem ical agent before entering th e  cell w ill first 
com e in to  contact w ith the m em brane and its penetration in to  th e  cell will 
depend on its m olecular dim ensions and charge, and its lip id /w ater partition  
coefficien t. H um an erythrocytes contain approxim ately 7 . 5 x l 0 ~ le M o f lipid 
per cell. Phospholipids, non-esterified cholesterol and glycolipids in  a molar 
ratio o f  about 4 : 3 : 0.5 are the m ain lipid constituents o f eryth rocytes [4]. 
Current reports [5 -8 ] agree in th at neutral lipids other than free cholesterol, 
i.e. cholesterol esters, triglycerides and free fa tty  acids are not in tegral parts 
o f th e  red cell m em brane. Phosphatidyl choline, phosphatidyl serine, phospha
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t id y l ethanolam ine and sphingom yelin  are th e  m ajor phospholipid com ponents, 
representing about 90%  o f  th e  lipid phosphorus o f  hum an erythrocytes, while 
phosphatid ic acid, p h osp h atid y l inositol and ly so lec ith in  are found in m inute  
am ounts [9, 10]. The red cell membrane is a m etab olica lly  active system  w ith  
a c tiv e  transport and w ell dem onstrable turnover o f  its  lipid constituents. Most 
o f  th e  cholesterol is s itu a ted  in the circum ference o f th e  erythrocyte. The high  
in terfacial tension due to  th is  high concentration o f cholesterol w ith its num er
ous hydrophobic bounds is believed to be an im portant factor in determ ining  
th e  biconcave shape o f  norm al intact erythrocytes [11]. Decreasing m etabolic  
a c tiv ity  of aging ery th rocytes or during in cu b ation  elicits membrane changes 
resu lting  in decreased p la stic ity  and in increased perm eability  to  sodium  and 
potassiu m , m em brane condensation  and lipid loss. The consequent decrease 
o f  critical haem olytic v o lu m e explains the decrease o f cell viab ility  [12].

E rythrocyte lip ids d isp lay  remarkable q u a lita tiv e  differences in th e  dif
ferent animal species, correlated with differences in perm eability of the erythro
c y te  membrane in th e  g iven  species [9, 13—15]. E ryth rocyte  lipids are affected  
b y  d ietary factors and  undergo pathological changes in  some diseases.

All the lipid present in  the intact eryth rocyte can readily be recovered  
from  th e haem oglobin-free ghosts, hence th e  red cell membrane is th e  m ost 
easily  accessible m odel for studying the param ount role in cell functions o f  
even  m inute changes o f  th e  lipid structure o f  b iointerfaces.

The aim of th is paper is to report on in vestiga tion s into the changes in 
erythrocyte lipids 1) during ontogenesis; 2) as an effect of changes in dietary  
fats; and 3) in som e m etab o lic  diseases.

Materials and m ethods

Thirteen human cord blood samples were ob ta ined  at the end of term pregnancies. 
D elivery  was uncom plicated and th e  infant appeared norm al a t birth in each case. B lood was 
draw n from  the um bilical v e in  im m ediately  after the delivery  o f the placenta using sodium  
citrate  as anticoagulant (1 v o l to  4 vo l blood). Adult blood sam ples were taken from 30 healthy  
blood donors, from 5 p a tien ts w ith  essential hyperlip idaem ia, from  2 w ith secondary hyper- 
lip idaem ia and from 1 w ith  acanthocytosis.

The influence of d ietary  lip ids was investigated  in  anim al experim ents. Two groups 
each o f  30 male weanling rats o f th e  inbred R A m sterdam  strain  were used. One group was 
fed th e  following “fat-free” d iet for 120 days:

30%  skimmed m ilk pow der  
2%  “ Foszkál” (calcium  phosphate, P hylaxia)
1% salt prem ix (P h y la x ia )*
1% vitam in prem ix (P hylax ia)**

66%  flour
In  th e  control group the a b ove  d ie t was com plem ented w ith  6%  sunflower oil. D iets were fed  
as desired . Tap water w as accessib le  at all tim es. B ody w eigh ts, packed cell volum e (micro- 
h aem atocrit) and haem oglobin v a lu es were recorded w eek ly .

* Components o f P h y la x ia  sa lt premix: M n S 04 35 g /k g , M g S 0 4 50 g/kg, F e S 0 4 5 g/kg, 
C u S 0 4 2.5 g/kg, Z nS 04 0.4 g /k g , K J  0.2 g/kg, NaCl 500 g /k g , bran 1000 g.

** Components o f P h y la x ia  v itam in premix: V itam in  A 600,000 IU , vitam in B t 300 mg, 
v ita m in  Bo 600 mg. niacin 3000 m g, Ca-dl-pantothenic acid 1200 m g, vitam in B [9 2 m g, v itam in  
D 2 1000 IU .
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Red blood cell lip ids were extracted by the II I  m ethod  o f  W a y s  and H a n a h a n  [1 6 ]. 
The only  m odification was the addition of BH T as an tiox id an t to  the solvents a t a final con
centration of 0.005% . The extracts were stored in sealed glass vials under N._, a t —20°C.

Cholesterol was determ ined by Licberman and B urchard’s m ethod, total esterified fa tty  
acids (T E FA ) as described by H a c k  [17], and lipid phosphorus as described by A l l e n  [18].

Thin layer chrom atography o f the main lipid classes w as performed on 0.25 m m  K ieselgel 
G layers, activated  at 110°C for 25 m inutes. Petroleum  eth er-d ie th y l ether-acetic  acid (90 : 10 : 1, 
V : V : v ) m ixture was used as so lvent. The spots were revealed by spraying w ith  phospho- 
m olybdenic acid solution  and heating at 110°C for 20 — 25 m inutes. Phospholipids were separat
ed on K ieselgel H (Merck) layers. The plates were a ctiva ted  at 110°C for one hour. Before 
activation  a m ixture of chloroform , m ethanol, acetic acid and w ater, 75 : 45 :12 : 6 (v  : v  : v  : v )  
was run through the layer for cleaning. The same solvent w as used for the developm ent o f the 
chrom atogram  [45]. The spots were revealed by exposure to iodine vapour or by spraying  
w ith 50%  II ,S O , and heating at 180°C for 30 m inutes.

F a tty  acid d istribution o f red cell total phospholip ids was studied by gas-liquid chro
m atography of the corresponding fa tty  acid m ethyl esters. Phospholipids were converted into  
m ethyl esters using m ethanolic sulphuric acid. G as-liquid chrom atography w as performed 
on a 5 feet colum n using an Aerograph A-600-C typ e  gas chrom atograph (H 2 flam e detector) 
with diethylene glycol succinate as the stationary phase. T he colum n tem perature was 188°C.

Results

1. Changes in erythrocyte lipids during ontogenesis were studied by  
com paring the lipid com position of foetal and adult human red blood cells.

Q uantitative determ ination of cholesterol, to ta l esterified fa tty  acids and 
lipid phosphorus revealed considerable individual differences (Table I). Most 
of the values were, how ever, within or near the normal adult range.

Table I

M ain lip id  class levels o f  foetal erythrocytes

Cord blood sample Cholesterol TEFA Lipid P
No. 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)
1 0 0 -1 4 5 146 214 9 .5 -1 3 .5
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Thin layer chrom atography o f the m ain lipid classes using th e  petroleum  
eth er-d ie th y l ether-acetic  acid solvent system  did not reveal any difference 
b etw een  cord blood and norm al adult erythrocyte extracts. B oth  contained  
free cholesterol and free fa tty  acids, w ith traces o f  triglyceride and cholesterol 
esters. Phospholipids were resolved into sphingom yelin , phosphatidyl choline, 
phosphatid yl serine, phosphatid yl ethanolam ine, and phosphatidyl inositol 
fractions. Sphingom yelin, phosphatidyl choline and phosphatidyl ethanolam ine

I

PHOSPHATIDYLETHANOL-
AMINE

PHOSPHATIDYLSERINE

PHOSPHATIDYLCHOLINE
(LECITHIN)

SPHINGOMYELIN

START

Fig. 1. Phospholipid fractions of adult erythrocytes separated by TLC

w ere identified  by com parison w ith reference m aterials. Comparing th e  phos
pholip ids of cord blood erythrocytes w ith th ose o f norm al adult blood w e found 
in  som e o f the cord blood sam ples a m arkedly stronger spot of phosphatidyl 
in o sito l (Figs 1, 2).

F a tty  acid distribution o f the tota l phospholip ids of cord blood erythro
cy tes  w as found to differ from  th at of adult red blood cells in its sign ificantly  
low er level o f linoleic acid (C18.2), in the higher concentration o f palm itic  
acid (C16.0) and a lower oleic acid (C36:1) content. Eicosotrienoic acid (C20;3) 
could  be detected in 4 o f th e  9 cord blood sam ples (Table II).
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2. Influence o f  changes in dietary fa ts  w as studied in rats kept on fat- 
free diet. B ody w eights, packed cell volum e and haem oglobin levels revealed  
no significant changes as compared to the control group. No defin ite changes 
could be found in the m ain lipid and phospholipid classes of the rats kept on 
fat-free d iet. Striking changes could be detected  in the fa tty  acid distribution  
of erythrocyte to ta l phospholipids (Table III). The relative am ount of linoleic 
acid (C18:2) decreased significantly, there w as a slight, but defin ite decrease

PHOSPHAT IDYLETHANOL- 
AMINE

PHOSPHATIDYLSERINE

PHOSPHATIDYLINOSITOL

PHOSPHATIDYLCHOLINE
(LECITHIN)

SPHINGOMYELIN

START

Fig. 2. Phospholipid fractions of foetal erythrocytes separated by TLC

in stearic acid (C18.0) and a marked elevation in oleic acid (C^.j). E icosotrienoic  
acid (C20;3) could be detected  in 17 of the 30 blood samples.

3. Serum and erythrocyte lipids in pa tien ts  with hyper- and hypolipid-  
aemia. Lipid com position of serum and red cells o f 5 subjects w ith essential 
hyperlipidaem ia and o f 2 patients with secondary hyperlipidaem ia was studied. 
One of the patients w ith secondary hyperlipidaem ia suffered from a severe 
recurrent intrahepatic cholestasis of pregnancy w hile the other had a m alignant 
reticulosis. The hypolipidaem ic patient revealed typical signs and sym ptom s  
o f acanthocytosis, i.e. a)  erythrocytes of thorny appearance, the so-called acan
thocytes which in contrast to normal erythrocytes do not exhibit rouleaux form a
tion in a wet blood film  (Fig. 3); b) bilateral pigm entary degeneration of the
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retin a ; and c)  ataxic n europathy. The patien t had dam aged liver function  
b u t n o  steatorrhoea.

Our results sum m arized in F ig. 4 ind icate th at in essential hyperlipid- 
aem ia , in  spite of the extrem e changes in plasm a lipids, the erythrocyte lipids 
did  n o t  differ from those o f  th e  normal red cells. The patients w ith  secondary  
hyperlip idaem ia had low  red cell cholesterol and T E F A  levels, and th e  patient  
w ith  cholestasis displayed in  addition a low  lipid P  value. In both  patients

Table II

F a tty  acid distribution o f  the total phospholipid o f  adult and foetal erythrocytes 
(major com ponents in relative percentage)

Fatty acids 
as methyl 

esters
A d u lt* F o e t  a 1**

^16:o 23.3 (19 .9-25 .9) 28.9 (25 .8-31 .0)

^16:1 2.0 (0 .7 -  3.6) 2.2 (1 .6 -  3.4)

*os:o 20 .8 (18 .7-23 .4) 20.7 (18 .2-22 .7)

Cie:i 20.2 (17 .5-23 .6) 17.1 (16 .6-17 .6)

^ 1 8 : 2 12.6 (10 .9-14 .5) 5.5 (4 .3 -  6.6)
n ***
ъ 2о:3 2.7 (2 .3 -  3.9)

*-■20:4 21.0 (17 .0-24 .7) 22.5 (18 .9-27 .5)

* Average of 30 experim ents 
** Average of 9 experim ents 

*** С2о-з acid was found in 4 o u t o f 9 cases

Table III

Influence o f a fat-free diet on the fa t ty  acid distribution o f  erythrocyte total phospholipids
in the rat

Fatty acid
Erythrocytes

Control* Fat-free diet**

*0 6 : 0 29.2 (26 .4-30 .3) 31.6 (28 .8-35 .7)

^16:1 4.1 (3 .3 -  5.9) 4.4 (2 .6 -  7.7)

*08:0 17.9 (13 .3-20 .1) 13.7 (10 .9-17 .1)

*08:1 11.7 (9 .8 -13 .6) 17.4 (15 .0-20 .2)

*08:2 10.8 (9 .4 -12 .3) 3.8 (2 .7 -  6.3)

^18:3 1.4 (0 .8 -  4.2)***

C20:4 26.4 (20 .5-30 .5) 27.8 (25 .6-37 .6)

* Average of 30 controls 
** Average of 30 experim ents 

*** C20:3 acid was found in  17 o f the 30 blood samples
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there were changes in the fa tty  acid profile o f red cell phospholipids; th e  level 
of palm itic acid (Cle.0) w as increased and th a t o f arachidonic acid (C20. 1) 
decreased. In addition, in  the patien t w ith cholestasis there w as a slight 
decrease in the relative am ount o f stearic acid (C18;0) and the percentage o f  
linoleic acid was less in the patien t w ith  m alignant reticulosis.

Fig. 3. A canthocytes. Blood film  in physiological saline. Phase contrast m icrograph

R e l a t i v e  p e r c e n t a g e  o f  p r e d o m i n a n t  

f a t t y  a c i d s  o f  R B C  p h o s p h o l i p i d s

C h o l e s t e r o l  Т Е Г А  L i p i d  p h o s p h o r u s

^ e r u m < -  i u  S e r u m  S e r u m  %  0 f  F a t t y  A c i d s
E r y t h r o c y t e  E r y t h r o c y t e  E r y t h r o c y t e

о  E s s e n t i a l  h y p e r l i p i d a e m i a  »  H y p o l i p i d a e m i a  ( A c a n t h o c y t o s i s )

•  S e c .  h y p e r l i p i d a e m i a  - - - - - - - - - N o r m a l  r a n g e

Fig. 4. Serum and erythrocyte lipids in hyper- and hypolip idaem ia
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The patient su ffering  from acantliocytosis had marked hypolipidaem ia, 
and a considerable decrease o f the /З-lipoprotein level. The serum cholesterol level 
w as low , the erythrocyte T E F A  level was s lig h tly  increased. Changes occurred 
in  th e  relative am ount o f  m any individual fa t ty  acids. There was a definite  
decrease in palm itic acid  (C16:0) and stearic acid (C18;0), an increase in  oleic 
acid  (C18;1) and a m arked decrease in linoleic acid (C18:2). Arachidonic acid(C20;)) 
corresponded to the lo w est level of the norm al range.

Discussion

It is well know n th a t  the major haem oglobin com ponent in foetal m am 
m alian  red blood cells is H b  F, while in th e  adult erythrocyte it is Hb A. 
S till , the basic fu n ction a l characteristic o f foeta l erythrocytes, their great 
a ffin ity  to  oxygen ca n n o t be explained b y  th e  properties of Hb F . Hb F  
so lu tion s do not show an increased oxygen a ffin ity , nor do so the erythrocytes 
o f  adults with hereditary persistence of Hb F. B etw een  foetal and adult eryth
ro cy tes , there are d e fin ite  differences also in  perm eability  [19—21], ultra
structure, m etabolism  and  enzym e activities. T h ey  are easy to  differentiate  
cyto log ica lly  [22, 23]. A ll th ese reflect differences in cellular organization  
b etw een  foetal and ad u lt red  cells.

W e found great in d iv id u a l differences in th e  cholesterol, TEFA  and lipid 
P  leve ls . They may h ave originated from the vary in g  relative am ount (60—80%) 
o f  foeta l cells in d ifferent cord blood sam ples. T here were, however, no signif
ica n t differences b etw een  fo eta l and adult erythrocytes in these lipid charac
ter istic s .

The analyses o f  th e  fa tty  acid profile o f  foeta l red cell phospholipids 
y ie ld ed  more relevant resu lts . In good agreem ent w ith  the data of Cro w ley  
et al. [24] the linoleic acid  (C18;2) content o f foeta l cells was found to  be signif
ic a n tly  lower, and their  o le ic  acid (C18;1) con ten t sligh tly  lower, than th a t of 
ad u lt erythrocytes. B esid es, we have found higher concentration of palm itic 
acid  (Cle.0) in foetal red cells. Eicosotrienoic acid (C20;3) could be detected  in 
n early  50% of the fo e ta l erythrocyte extracts, w hile in none of the adult 
sam ples.

The lower linoleic acid  (C18;2) content and th e  appearance of eicosotrienoic 
acid  (C20.3) were found to  b e  characteristic of red blood cells produced during 
a fa t-free diet [25].

In  a number o f in vestigation s changes in  d ietary  fats have shown to  
a ffect th e  composition o f  th e  red cell lipids. A lterations in the fa tty  acid con
te n t  o f  the red cell w ere observed to follow changes in food intake. In good 
agreem ent with literary d a ta  [26, 27] our experim ents on rats kept on a fat- 
free  d iet revealed no ch an ges in the proportions o f the various lipid classes.
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There were striking shifts in linoleic and oleic acid; the former decreased  
significantly, while there was a marked elevation  of the latter accom panied  
by a slight but defin ite decrease in stearic acid. E icosotrienoic acid could be 
detected in more than  50% of the blood sam ples. Volunteers consum ing a fat- 
free diet or patients w ith m alabsorption syndrom e also show a greatly  reduced  
linoleic acid content in their erythrocytes. L inoleic acid content o f  red cells in 
creases if  the diet is rich in this fa tty  acid [26, 30]. The sam e is true for rats kept 
on a diet rich in polyunsaturated fa tty  acids [28, 29, 31]. Red blood cell fa tty  
acids change rapidly after changing the d iet [7]. F a tty  acids are incorporated  
into the phospholipids, principally in to  the lecith in  fraction of th e  circulating  
erythrocytes. It is likely  th at in d ietary experim ents the change in the phospho
lipid fa tty  acids of circulating red cells is a result o f a com bination o f acylation  
processes and an exchange of phospholipid m olecules betw een plasm a and 
cells [29]. N evertheless, the fa tty  acid com position of red cell phospholipids 
is n ot a sim ple reflection o f the com position of the dietary lipids. In  contrast 
to  th e  rapidity w ith  which the appropriate d iet leads to the increase o f red 
cell linoleic acid, it is difficult or even  im possible to  increase the red cell con
ten t o f  certain other Tatty acids [32]. The lim its o f the ty p e  and ex ten t o f  the 
changes that can be induced in th e  red cells b y  dietary means suggest the  
effect o f regulating factors other than  the relative change of any com ponent 
in d iet, plasm a or adipose tissue.

Most of the erythrocyte lipids are in a dynam ic exchange w ith  th e  cor
responding plasma com ponent. The exchange o f cholesterol is m uch more rapid  
than that o f the phospholipids [4]. In  spite o f th is a num ber of investigations  
have shown that although dietary fats affect th e  cholesterol content o f plasm a, 
the am ount of this lipid in erythrocytes rem ains constant. Sim ilarly, norm al 
values for red cell cholesterol were found in several cases of hypercholesterol- 
aem ia [26, 27, 29]. H ow ever, the extrem e increase in free plasm a cholesterol 
elicited by cholesterol feeding of guinea pigs is reflected in their erythrocyte  
lipids [33]. Abnorm ally low red cell cholesterol levels have been reported in 
rats following treatm ent w ith triparanol [34].

The results o f our studies in patien ts w ith  essential hyperlipidaem ia speak 
unequivocally  for regulating factors m aintaining the constancy o f red cell 
lipids in spite of th e  extrem e changes in plasm a lipids. The m ain lipid and 
phospholipid class levels and the fa tty  acid com position o f red cell phospho
lipids were all w ithin the normal range. This normal structure o f m em brane  
lipids is in good agreem ent w ith th e  harm less nature o f th is genetica lly  deter
m ined defect. On the contrary, our severely ill patients w ith  secondary hyper
lipidaem ia had significant changes in the com position o f their red cell lipids.

D efin ite changes in red cell lipids could be detected  also in our hypo- 
lipidaem ic patient suffering from acanthocytosis. Our results correspond well 
with the recent results o f P h il l ip s  and D o dge  [35] and w ith th e  m ost con-
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s is te n t  change, the decrease in  linoleic acid con ten t, reported previously by  
oth ers [26, 36, 37].

On the basis o f th e  sim ilarities between th e  fa tty  acid changes in acantho- 
cy to s is  and in essential fa t ty  acid deficiency in various anim al species, it  is 
su g g ested  [35] that th e  fa tty  acid changes in  acanthocytosis m ay be explained  
la rg e ly , if  not entirely, b y  a deficiency o f essential fa tty  acids secondary to  
m alabsorption and perhaps b y  an additional low  fa t intake. The deficiency in 
th e se  patien ts is induced apparently  genetically . As a result o f the deficiency, 
th e  rela tive  amount o f  red cell linoleic acid is decreased and th at o f  oleic acid 
in creased . The decrease o f  th e  linoleic acid level w as observed also in the adipose 
t is su e  [26], in the liver and in testinal m ucosa [38] o f patients w ith  acantho
cy to s is . These changes in m em brane lipids are w ell reflected in th e  clinical 
sy m p to m s of the syndrom e, m anifesting them selves w ith  acanthocytes, m alab
sorp tion , liver dysfunction  and m ultiple neurologic signs.

From  the present resu lts tw o main conclusions m ay be drawn.
1. The lipid com position  o f the red cells is specific and constant. Plasm a  

lip id s are much more responsive to dietary changes than are the red cell lipids. 
T h e to ta l amount of none o f  th e  cell lipids undergoes a change by alteration  o f  
d ie ta r y  lipids. D eficiency  in  essential fa tty  acids is reflected  in the m em 
b ran e lipid pattern. N orm al red cell lipid values in essential hyperlipidaem ia  
p o in t to  regulating factors m aintaining th e  constancy o f m em brane lipid  
stru ctu re .

2. There is a conspicuous resem blance in  th e  results o f th e  reported  
exp erim en ts, i.e. the decrease in polyunsaturated fa tty  acids, in  the first 
p lace  th e  decrease o f linoleic acid in the phospholip ids of foetal cells, in  the  
cells o f  animals kept on a fat-free diet, in th e  cells o f patients w ith  secondary  
hyperlip idaem ia, and in  gen etica lly  determ ined hypolipidaem ia.

In  previous papers [ 3 9 ,  4 0 ]  we have reported relatively  low  levels of 
p olyunsaturated  fa tty  acids o f  red cell phospholip ids in various haem olytic  
d iseases and in hereditary and secondary sideroachrestic anaem ia, and sug
g ested  th at the changes in th e  lipid structure and perm eability o f cellular and 
m itochondrial m em branes m a y  play an im portant role in th e  developm ent of 
th e  intracellular iron overload . R elatively low  levels o f linoleic acid were found  
p rev io u sly  by M u n n  [ 4 1 ] ,  M u n n  and Cro sby  [ 4 2 ]  and d e  G ie r  et al. [ 4 3 ]  in 
variou s red cell abnorm alities. This abnorm ality was considered prim arily as 
a consequnce of an im m ature r e i  сз11 p o p u la tio n . I t  is suggested th a t an 
in creased  demand for red cells elicits a local deficiency o f the essential fa tty  
a cid , linoleic acid, in th e  production of erythrocytes.

The ow level o f lino leic  acid in foetal erythrocytes m ay also be explained  
b y  th e  hgh proportion o f im m ature red cells in  cord blood. During th e  last 
on e hundred days o f pregnancy the foetus trebles its  w eight and thus approxi
m a te ly  tebles its blood vo lu m e. In previous papers [21, 15, 44] we have drawn
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atten tion  to  the fact th at cord blood cells resem ble in m any characteristics 
the red cells in certain types o f  haem olytic anaem ia. In both cond itions blood  
volum e expands rapidly w ith  accelerated m aturation by possib ly  skipping  
som e divisions [46, 47]. This “ foeta l ty p e” o f erythropoiesis is reflected  in the  
iron incorporation in vitro and in the non-haem oglobin iron b inding protein  
con ten t o f these cells [44].

A  long-term  or perm anent change in the concentration o f one fa tty  acid, 
even though  com pensated by the replacem ent b y  another fa tty  acid, m a y  have  
an im portant physiological significance. The red cell is a h ighly integrated  
system . M odification o f one o f its elem ents m ay affect the structure and func
tion o f th e  entire membrane. Cell m em branes are sites of com plex m etabolic  
functions and are of key im portance in cell perm eability and v ia b ility . This is 
well reflected  in the fact that foetal cells, red cells in essential fa tty  acid defi
ciency, in acanthocytosis and in certain haem olytic diseases, resem ble n o t only  
in th eir  low  linoleic acid levels but in their perm eability to non-electrolytes  
and in their decreased v iab ility  as well.

*

We are indebted to Dr. E. Cholnoky, Mrs. M. Pákh, Mr. G. A. Medgyesi and Mr. Gy. 
Győrffy for valuable help, and Mrs. E. Hetényi, Miss Z. Miklós, Miss M. Mórotz and Mr.
I. Sugár for skilful assistance.

R E F E R E N C E S

1. D a v s o n , H ., D a n ie l l i , J .  F.: The perm eability o f  natural membranes. Cambridge Uni
versity  Press, 1943.

2. R o b e r t s o n , J. D. in: Cellular m em branes and developm ent, M. L o cke  (ed .), Academ ic
Press, N ew  York 1964, p. 1.

3. K o r n , E. D.: Science 153, 1491 (1966).
4. W e a d , R. I., R e e d , C. F.: Amer. J. Med. 41, 681 (1966).
5. d e  G ie r , J ., v a n  D e e n e n , L. L. M.: Biochim . biophys. A cta (A m st.) 49, 286 (1961).
6. H a n a h a n , D. J ., W a tts , R. M., P a p p a jo h n , D. J.: Lipid Res. 1, 421 (1960).
7. H il l , J . G., K u k s is , A., B e v e r id g e , J . M. R.: J . Amer. Oil Chemists Soc. 41, 393 (1964).
8. N e l s o n , G. J.: Lipid Res. 8, 374 (1967).
9. v a n  D e e n e n , L. L. M., d e  G ie r , J . :  The Red Blood Cell, Eds B ish o p , Ch . and S u h g e n o r ,

D . M. Academic Press, New York 1964.
10. D o d g e , J. T., P h il l ip s , G. B.: J . Lipid Res. 8, 667 (1967).
11. M u r p h y , J. R.: J. Lab. clin. Med. 65, 757 (1965).
12. J a c o b , H. S.: Amer. J. Med. 41, 734 (1966).
13. J a co bs , M. H ., Glassm an , H. N ., P a r pa r t , A. K.: J. cell. comp. Physiol. 7, 197 (1935).
14. d e  G i e r , J., van  D e e n e n , L. L. M., van  Se n d e n , K . G.: Experientia (B asel) 22, 20 (1966).
15. H o l l á n , S. R., Sz e l é n y i, J. G.: X V th  Coll. Protides o f the Biol. F luids, B rugge 15,

377 (1967).
16. W a y s , P ., H a n a h a n , D. J.: J. Lipid Res. 5, 318 (1964).
17. H a c k , M. H.: Arch. Biochem . 58, 19 (1955).
18. A l l e n , R .  J .  L . :  cit. I v o r  S m i t h  (ed.). Chromatographic and Electrophoretic T echniques.

W illiam  Heinemann Ltd., London 1960. Yol. I, p. 370.
19. B a r t o n , T. C., B ro w n , D. A. J.: J . gen. Physiol. 47, 839 (1964).
20. R e im a n n , F., Y e n e n , E.: A cta haem at. (B asel) 27, 359 (1962).
21. H o l l á n , S. R ., Sz e l é n y i, J. G., B r e u e r , J .  II ., Me d g y e s i, G., Ső t é r , V. N .: H aem atologia

(B udapest) 1, 416 (1968).
22. K l e ih a u e r , E., B ra u n , H ., В е т к е , К .: Klin. Wschr. 35, 637 (1957).

Acta Mvdica Acadian iar Scientiarum Hungarian' 25, 196R



432 S. R . HOLLÂN and J . H. B R E U E R

23. S z e l é n y i , J. G., H o ll â n , S. R .: Vox Sang. (B asel) 12, 234 (1967).
24. Cr o w l e y , J., W a y s , P ., J o n e s , J. W.: J. clin. In v est. 44, 989 (1965).
25. F a r n sw o r th , P., D a n o n , D ., G ellh o rn , A.: B rit. J . H aem at. 11, 200 (1965).
26. F a r q u h a r , J. W ., A h r e n s , E .  II.: J. clin. In vest. 42 , 675 (1963).
27. H il l , J. G., K u k sis , A ., B e v e r id g e , J. M. R.: J . A m er. Oil Chemists Soc. 42, 137 (1965).
28. v a n  Deenen, L. L. M ., de Gier , J., Houtsmuller, U . M. T., Monfoort, A., Mulder,

E .: Dietary effects on  th e  lip id  composition o f  biom em brancs in biochem ical problem s 
o f lipids. Frazer, B B A  L ibrary Vol. 1, 40, 4 (1963).

29. d e  G ie r , J.: Proc. X I th  Congr. Int. Soc. B lood T ransfusion, Sydney 1966, p. 135.
30. H o r w it t , M. K., H a r v e y , C. C., Cen tu ry , B.: Science 130, 917 (1959).
31. W a l k e r , B. L., K u m m e r o w , F . A.: J. Nutr. 81, 75 (1963).
32. M u l d e r , E., d e  Gie r , J ., v a n  D e e n e n , L. L. M.: B ioch im . biophys. A cta (A m st.) 70,

94 (1963).
33. O stw a ld , R., Sh a n n o n , A.: Biochem . J. 91, 146 (1964).
34. B lo h m , T. R., K a r iy a , T ., L a u g h l in , M. W .: A rch. B iochem . 82, 250 (1959).
35. P h il l ip s , G. B., D o d g e , J . T .: J. Lab. clin. M ed. 71, 629 (1968).
36. Ways, P., R e e d , C. F ., Hanahan, D. J.: J. clin. In v est. 40, 1088 (1961).
37. W a y s , P ., R e e d , C. F ., H a n a h a n , D. J.: J. clin. In v est. 42, 1248 (1963).
38. I sse lb a c h e r , K. J., S c h e ig , R ., P lo tk in , G. R ., Ca u l f ie l d , J. B.: M edicine (B altim ore)

43, 347 (1964).
39. H o llâ n , S. R., B r e u e r , J . H ., Med g y e si, G. A.: H aem at. hung. 5, 17 (1965).
40. H ollân, S. R ., Gábor, I ., Lelkes, G., Ceglédi, Á., Medgyesi, G. A ., Breuer, J.:

H aem at. bung. 5, 23 (1965).
41. M u r a , J. I.: Brit. J. H a em a t. 4, 344 (1958).
42. M u n n , J. L, Cr o sby , W . H .: B rit. J. Haem at. 7, 523 (1961).
43. de Gier, J., van Deenen, L. L. M., van Verloop, M. C., van Gastel, C.: Brit. J. H aem at.

10, 246 (1964).
44. H o llâ n , S. R-, Sz e l é n y i , J . G., Ár k y , I.: Proc. 1st In t. Sym posium  on M etabolism  and

Membrane Perm eab ility  o f  Erythrocytes and T hrom bocytes, Vienna 1968.
45. Skipski, V. P., Peterson, R. F., Barclay, M.: Biochem. J. 9Э, 374 (1964).
46. B o rsook , H., R a t n e r , K ., T a t t r ie , B., T e ig l e r , D .: N ature (Lond.) 217, 1024 (1968).
47.  L o r d , B. L: Nature (L o n d .)  217, 1026 (1968).

D r. Susanne R. H o l l â n  
J u d it  H . B r e u e r H ungary

Acta Medica Academiae Scientiarum Hungaricae 25, 1968



Acta Medico Academiae Scientiarum Hungaricae, Tomus 25 (3 — 4 ),p p . 433—439 (1968)

THE ROLE OF LYMPH AND BLOOD CIRCE LATION 
IN PANCREATIC SELF-DIGESTION 

AND THE DEVELOPMENT OF EXTRAPANCREATIC
NECROSES

By

M. P a p p , S. O r m a i , L . C s á k i  and E. H o r v á t h
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After infusion of 13lI-album in and injection  of in v ivo  protein-bound ,25I rose 
bengal into the pancreas of the dog, their levels were found to be sign ifican tly  higher 
in thoracic du ct lym ph than in pancreatic and portal venous plasm a. In  the dog with  
bile-induced pancreatitis, lipase and am ylase  levels were also higher in thoracic duct 
lym ph than in portal venous serum .

B y its transport function, lym p h  circulation plays a protective role in the process 
o f pancreatic self-digestion. A certain  danger m ay be inherent in the fact th a t the 
lym ph carries in to  the blood enzym es, proteins, and protein-hound substances a t high 
concentrations which have not passed through the liver.

In acute pancreatitis, d igestive enzym es find their w ay in to  th e  pan
creatic interstices through acini and th e  w alls of the efferent ducts [1—8], 
and protein [9], protein-bound su b stan ces, even red blood cells [10], reach 
th em  across the capillary walls. From  th e interstices th ey  are carried away  
b y  blood and lym pb. D ata in the literature are indicative of th e  significance  
o f th e  transport b y  lym ph: pancreatic lipase and am ylase levels are higher in 
lym ph than in plasm a [6, 7, 11, 12, 13, 14]. In the dog, com bined pancreatic 
ducta l and lym phatic obstruction aggravates enzym atic self-d igestion  o f pan
creatic tissue and fa t necrosis [15]; in rats w ith trypsin-induced pancreatitis, 
ligation  o f the thoracic duct su b stan tia lly  increases m ortality [16] and in dogs 
w ith  bile-induced pancreatitis, venous congestion  is m anifest in th e  gland [17]. 
Further proofs are th at pancreatic b lood flow , as measured b y  th e  80Rb 
m ethod, is sign ificantly  reduced [18], due to  a narrowing of th e  pancreatic 
arteries [17], d istention  of arteriovenous anastom oses [17], and failure o f the 
blood capillaries to  fill up [17, 20, 21]. These changes can readily be studied  
after filling the pancreatic vascular system  w ith  5% polyvinyl chloride [19].

In pancreatitis, aetiological sign ificance appears to attach to  th e  trans
port from the pancreatic interstices in  tw o respects. F irst, the rem oval of 
enzym es, proteins, and breakdown products o f protein nature, decreases 
pancreatic self-digestion and im pedes th e  developm ent of fibrosis after acute  
pancreatitis. Second, it furthers the form ation o f organ necroses induced by 
pancreatic digestive enzym es, and th e  developm ent of shock and toxaem ia .
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W hen transported b y  th e  lym ph, enzym es, protein , protein-hound sub
stan ces, and protein breakdow n products reach th e  blood circulation w ith ou t  
p assing  through the liver, th u s w ithout being in activa ted  or detoxicated . The  
en zym es and substances released from the pancreas in to  the abdom inal ca v ity  
are ta k en  up by blood capillaries across the peritoneum ; in th is w ay th e y  also 
byp ass th e  liver, on their  w a y  into the superior ven a  cava.

Tw o questions rem ain to  be answered, v iz .
(i) how much protein  is  carried away from  th e  pancreas by lym ph and  

how m uch by blood, and is th e  total am ount transported  away sufficient to  
reduce pancreatic self-d igestion ?

(ii) is the site o f  th e  enzym e-induced extrapancreatic necroses dependent 
on th e  route of transport ?

(i) The results o f  experim ents carried ou t in th e  dog, using the m ethods 
and techniques described in  earlier work [22], show ed th at after infusion  
in to  th e  pancreas of 131I-tagged  albumin the protein-bound iodine level w as 94%  
to  97%  in  1 ml of lym ph and 73%  to  84% in 1 m l o f  plasm a from the fem oral 
artery (Table I). The concentration  of 131I-album in  w as in the lym ph 12 to  
24 tim es th at in the p lasm a o f  the pancreatic ve in  (Table II). Mean a c tiv ity  
(cpm ) leaving the pancreas during the first three hours after infusion w as 
7.5%  of the total input b oth  in  thoracic duct lym ph and in pancreatic venous 
plasm a (Table III).

Table I

Protein-bound iodine in per cents o f  total iodine
(mean r- S. E .)

Protein-bound 30 60 90 120 150 180
iodine in  1 ml of m in min m in m in min min

lym ph

plasm a o f femoral

9 7 .2 ± 0 .6 9 6 .8 ± 0 .6 9 5 .6 ± 0 .9 9 5 .5 ± 0 .9 9 5 .0 ± 0 .9 9 4 .7 ± 0 .8

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

N um ber of animals 6 7

Table

7

II

7 6 6

Quotients o f 131I-album in concentration in thoracic duct
(mean ±  S. E .)

and pancreatic venous plasm a

30 60 90 120 iso 180
m in min m in m in min m in

Q uotient 2 4 .3 ± 1 2 .8 2 3 .4 ± 4 .5 2 0 .2 ± 4 .6 1 4 .6 ± 2 .6 1 3 .2 ± 3 .5 1 1 .9 ± 3 .2

N um ber o f animals 5 6 5 7 6 6
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Table III

Total amount o f ,3,I-album in (c p m ) leaving the pancreas expressed in percentage o f  ac tiv ity  input

Hour

L y m p h B l o o d Number of 
animals

mean
extreme
values mean extreme

values lymph blood

First 1.7 0.3—3.8 3.5 2.0—5.4 7 5

Second 4.5 0 .9-12 .2 5.2 3.3—9.4 7 6

Third 7.4 1.4-19.1 7.6 2 .6 -11 .8 6 5

Infusion o f 51Cr-tagged [23] red blood cells produced no appreciable ac
tiv ity  either in blood or in lym ph [10].

Our finding th at in 3 hours nearly as m uch protein leaves th e  pancreas in 
the lym ph as in the pancreatic vein , both  in  in tact dogs and in  dogs w ith  
pancreatitis, is evidence in favour o f a p rotective  role being p layed  b y  the  
lym ph and blood circulation during acute pancreatitic self-d igestion  [22].

(ii) In acute pancreatitis, large am ounts of digestive enzym es leave  
the gland with the blood [2, 3, 4, 7, 1 0 -15 , 24 -25 ] and m ay g ive rise to  
necrosis in liver, k idney, lungs and pleura [15, 26—37], although a proteinase- 
inhibitory system  is at work not only in th e  pancreas [27], the liver [38], and 
the blood [35, 39], but also in the lung [38] w here lipase is also in activa ted  [40]. 
It seem s that the necroses in the lungs and th e  pleura, but possib ly also those  
in other organs, are induced by the enzym es transported into th e  superior 
vena cava at first on ly  by the lym ph and in th e  later phase also after having  
been absorbed from the peritoneum  and th e  pleura [3 1 ,4 5 ]. To te s t  this 
assum ption, tw o series o f experim ents h ave been performed.

Materials and m ethods

In a model experim ent im itating the transport o f  enzym es from the pancreas in to  the 
blood and their excretion by the liver, seven dogs o f either sex , weighing 8 to  17 kg , were 
anaesthetized w ith chloralose, laparotom ized, and each w as given through the du ct o f Santorin i 
into the pancreas a single 10 ml dose of 125I rose bengal (27.5/iCi/pancreas) [41] know n to be 
bound by protein in vivo  [42]. B ile was diverted through a cannula inserted in to  the com m on  
duct. The duct of W irsung was ligated near its duodenal orifice. The efferent lym p h rtics  o f the  
liver were also ligated . L ym ph was collected from the thoracic duct for one hour, a t four con
secutive 5-m inute, tw o 10-m inute, and one 20-m inute intervals. W ith each lym ph  collection , 
blood was withdraw n from the portal vein , the fem oral artery, and a hepatic vein . In to  the  
latter, a cardiac catheter was introduced under radiographic control. E xcretion  o f 12*I rose 
bengal by the liver was calculated from the difference betw een its concentration in th e  portal 
and the hep, tic  vein . The collected lym ph was heparinized, and the protein w as precip itated  
from it  and from the blood plasm a with trichloro-acetic acid. A ctiv ity  was estim ated  b y  m eans 
o f a w ell-type scintillation counter. No experim ent was evaluated in which protein-bound a c tiv 
ity  was less than 80%  o f the ac tiv ity  o f 1 ml lym ph. P lasm a volum e was determ ined b y  the  
E vans blue dilution m ethod. The radioactivity in the plasm a volum e is the product o f  the  
volum e and the radiochem ical concentration in the b lood plasm a. A ctiv ity  in  pancreas and
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liver h o m o g en a tes, and also in  the bile collected during one hour, was then estim ated  and 
expressed  in  per cents o f th e  to ta l input.

In  another experim ent, involv in g  seven dogs, w eigh ing between 7 and 16 kg, anaesthe
tized w ith  chloralose and laparotom ized, the lipase [43] and am ylase [44] a c tiv ities in  the  
blood serum  of the fem oral artery, and the femoral, the porti 1, and the hepatic vein s, as well 
as in th e  thoracic duct lym ph were m easured at 15-m inute intervals during tw o and a half 
hours. A fter  the first in terval, 10 m l of bile from  th e  gall bladder were injected  through  
Santorin i’s du ct into the pancreas, to  elicit pancreatitis. E nzym e extraction by the liver and 
b y  one h in d-leg  was calcu lated  from  the ac tiv ity  difference betw een inflowing and outflow ing  
plasm a. S ta tistica l analysis w as perform ed using S tu d en t’s t te st  and the sign test.

Results and discussion

A s early as 15 m inutes after th e  adm inistration  of 125I rose bengal its 
concentration  was found to  be sign ificantly  h igher (p <  5%) and b y  th e  end 
of the fir st hour about six  tim es as high (p «< 1% ) in lym ph than in portal 
venous b lood  plasm a (F ig. 1). A n average 30%  o f th e  dye by  the extracted  liver  
A t one hour, the pancreas contained about 73% , th e  bile and the liver together  
about 15% , th e  w hole volum e of plasm a roughly  7% , and the lym ph collected  
during one hour 1% , o f  the a c tiv ity  input (Table IV).

A t 60 m inutes after th e  injection o f b ile  in to  the pancreas, am ylase  
a c tiv ity , and at 75 m inutes lipase activ ity , w as sign ificantly  higher in  lym ph  
than  in  portal venous serum  (p <  5%) (F igs 2 and 3).

A b ou t 20%  lipase was extracted  by th e  liver and none by th e  hind-legs 
used for control purposes. A m ylase extraction  b y  the liver could n o t be  
dem onstrated .

Fig. 1. A c tiv ity  (cpm /m l) o f thoracic duct lym ph in per cen t o f activ ity  in  portal venous 
plasm a. V ertical bar: S .E . (M eans o f  7 dogs)
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Table IV

Distribution o f  activity (cpm ) one hour after injection o f yi!,I  rose bengal into the pancreas

Measured in
Number

of
animals

Activity in 
percentage 

of input

Pancreas 4 7 2 .6 6 ±  1.828
Liver and bile 6 15.13 ±  1.55
Blood circulation 6 6 .7 6 ± 0 .4 2
Lymph (collected in  1 hour) 6 1 .24±0 .33

£

Fig. 2. A m ylase a c tiv ity  in thoracic du ct lym p h  and portal venous serum in b ile-induced
pancreatitis. V ertical bar: S.E. ------------------- =  thoracic duct ly m p h .------- — — — =  portal

venous serum . (Means o f 5 dogs)

Fig. 3. Lipase a c t iv ity  in thoracic du ct lym p h  and portal venous serum in b ile-induced  pan
creatitis. Vertical bar: S.E. -------------------  =  thoracic duct l y m p h . -------------------------  portal

venous serum . (Means o f 7 dogs)
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A lthough our experim ental results h a v e  in several respects failed to  
verify  our assum ption, th e y  do suggest tw o conclusions.

F irst, pancreatic lip ase  and am ylase transported  by the portal venous 
route produce necroses prim arily, but not exclu sively , in the liver. W hen  
transported  by the lym p h , these enzymes g iv e  rise to  perilym phatic necroses 
and necroses in the lungs and the pleura.

Secondly, in p an creatitis we must estab lish , separately for each and every  
pancreatic digestive en zym e, the site and th e  m echanism  of the special inhib
itory  system .

Such investigations are necessary for a clear understanding of the patho
genesis of the extrapancreatic necroses induced b y  pancreatic enzym es.

*

W e are indebted to  Mr. B . Hajtm ann for sta tistica l analyses.
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ROLE OF CATECHOLAMINES IN  T H E  CENTRAL  
EFFECTS OF A M PH ETAM IN E
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INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST
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Reserpine and alpha-methyl-m-tyrosine do not influence amphetamine hyper- 
motility, but reduce the elevation of metabolic rate  caused by amphetamine.

Prenylamine and guanethidine inhibit both central effects of amphetamine.
There is no direct correlation between the decrease of the brain catecholamine 

level and the influence on the different amphetamine effects.
Reserpine inhibits the hypermotility caused by p-chloroamphetamine.
Independently of their ability to cause hyperm otility, the amphetamine deriva

tives diminish the facilitation of convulsions caused by reserpine and thyroxine.

A m phetam ine is a sym pathom im etic am ine possessing peripheral and  
central actions. W hile its peripheral effect is exerted  through an indirect 
m echanism , i.e. th e  liberation of noradrenaline from  tissues, its role p layed  
in the central nervous system  (CNS) is unclarified. Though in high doses am ph
etam ine lowers th e  noradrenaline level in the brain [14, 16, 26], until recently  
m ost authors have claim ed th at the central effect o f am phetam ine was a direct 
one, exerted on th e  catecholam ine receptors [2, 28, 33, 34]. W hen D a h l s t r ö m  
and F u x e  [4] had dem onstrated specific noradrenergic and dopam inergic 
neurones in the CNS, having the sam e properties as the peripheral neurones, 
th e  question arose as to  how the sam e com pound m ay exert its central and 
peripheral effects b y  different m echanism s. The claim  that the central effect 
o f am phetam ine w as a direct one w as based in th e  first place on the fact th a t  
reserpine, which causes a com plete m onoam ine dep letion  in the brain, did not 
inhibit the h yperm otility  [33]. Earlier we had suggested  the possibility th a t  
th e  central action o f am phetam ine m ight also be an indirect one, because  
prenylam ine [27] and guanethidine, which cause noradrenaline depletion in 
th e  brain [21], as w ell as dietliyldithiocarbam ate, w hich inhibits the form ation  
o f noradrenaline from  dopam ine reducing thereby th e  brain noradrenaline 
level [3] diminish th e  central locom otor effect o f  am phetam ine [9, 22]. A lpha- 
m ethyltyrosine blocks noradrenaline synthesis b y  th e  inhibition of tyrosine  
hydroxylase [18] and lowers the cerebral noradrenaline and dopam ine levels  
w ithout influencing the serotonin contents [29]. The com pound inhibits cer
ta in  central effects o f am phetam ine and therefore m ore and more authors 
have claimed th at am phetam ine would act also centrally  in an indirect w ay  
[5, 10, 25, 30] and its activ ity  depends not on th e  actual noradrenaline level, 
b u t on intact noradrenaline synthesis [5, 31].
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Methods

W hite mice of either sex, weighing 18 to 22 g each and white rats of the W istar strain, 
weighing 120 to 150 g each, were used. The animals were grouped at random. Statistical analysis 
was done following variance analysis b y  D u n n e t ’s multiple comparison method [8], or by 
S tuden t’s t test.

Cerebral noradrenaline and dopamine levels were estimated by spectrophotofluorometry 
according to D r u ja n  et al. [7]. The mice were killed by decapitation, the brain was dropped 
in liquid N 2 and stored a t —30°C until tested. Four mouse brains were pooled for each test.

The motility of mice was estimated by K n o l l ’s method [13]. The mice were placed 
into the motimeter 30 minutes after the adm inistration of physiological NaCl solution or of 
the te st substance and motility was observed for 30 minutes.

0 2 consumption was determined according to I s s e k u t z  [11] at 30°C.
The susceptibility to seizures was tested in mice according to O r l o f f  et al. [19]. A 0.5% 

solution of pentetrazole was injected into a tail vein a t a rate of 0.05 ml/10 sec until tonic 
extensor convulsions had developed. Convulsive threshold is understood to mean the dose of 
pentetrazole required to evoke tonic extensor convulsions.

Electroshock was elicited by means of bitemporal electrodes and a Disa stimulator, 
w ith 125/sec frequency, 6 msec delay, 3 msec duration and 8.5 to 10.5 mA intensity for mice 
and 15 to 16 mA for rats. The duration of stimulus was 0.5 sec in the case of mice and 1.0 sec 
in th a t  of rats. A tonic extensor convulsion was accepted as being a convulsion.

The amphetamine level of the brain was estimated according to A x e l r o d  [1].
The amine depletors (reserpine, prenylamine, guanethidine, alpha-methyl-m-tyrosine) 

were injected 2 hours prior to the experiments.

Results

T he data in Table I show the in fluence of reserpine, prenylam ine and 
gu an eth id in e on am phetam ine h yperm otility  and on the cerebral noradrenaline  
and dopam ine levels in m ice. Prenylam ine and guanethidine sign ificantly  
dim inished  the hyperm otility , while reserpine had no influence on it. A t the 
sam e tim e, prenylam ine reduced the brain noradrenaline and dopam ine levels 
in th e  sam e measure as reserpine, and guanethidine lowered th e  noradrenaline 
le v e l to  a lesser exten t than  reserpine and had no influence at all on th e  dop
am in e level. D i n g e l l  et al. [5] and S u l s e r  et al. [31] showed th a t reserpine 
and th e  specific noradrenaline depletor alpha-m ethyl-m -tyrosine low ered the  
brain  noradrenaline level m ore m arkedly than  did the enzym e inhib itor alpha- 
m eth yltyrosin e, but on ly  th e  latter inhibited  the excitation caused b y  am phet
am ine. To explain these results, it was assum ed that am phetam ine activ ity  
requires intactness o f synthesis and th a t th e  actual noradrenaline leve l plays 
n o  sign ificant role. Our results did not support this view , because neither 
prenylam ine, nor guanethidine influenced catecholam ine synthesis and yet 
b o th  inhibited the locom otor effect o f am phetam ine.

S u l s e r  et al. [ 3 2 ]  sta ted  th at desm ethylim ipram ine p oten tia tes am phet
am in e hyperm otility  and increases at th e  sam e tim e the brain am phetam ine  
lev e l. Thus, the opposite influence on am phetam ine hyperm otility  exerted by  
reserpine, prenylam ine and guanethidine, m ight be independent o f th e  cate
cholam ine depletion and th ese com pounds m ay influence differently th e  entry/ 
accum ulation  of am phetam ine. H ow ever, th e  experim ents in d icated  th at 3 0  

or 6 0  m inutes after adm inistration, at th e  tim e of m axim um  hyperm otility ,
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Table I

Effects o f  reserpine (2 .5  m g/kg, intraperitoneally) , prenylam ine (50  mg/kg, subcutaneously)  
and guanethidine (5  mg/kg, intraperitoneally) on the noradrenaline and dopamine levels o f  the 
mouse brain , as well as on the hyperm otility caused by 50 pM /k g  ( ± )  amphetamine sulphate

In brackets: number of experiments

Noradrenaline Dopamine

Control 0.436 ±  0.017 ug/g 0.624 ±  0.064 /«g/g Increase of motility,
(12) (12) per cent of controls

control per cent Amphetamine =100 ±8

Reserpine 23±5 47 ± 2 120±10
(10) (10)

Prenylamine 24±7 48 ± 8 30 ±7
(9) (9)

Guanethidine 58±13 100 ±14 36±9
(9) (9)

Table II

Effect o f  reserpine (2 .5  mg/kg, intraperitoneally) and guanethidine  (5 mg/kg, intraperitoneally)  
on the amphetamine level o f the mouse brain following the intraperitoneal injection o f  75 pM /kg

( i )  amphetamine
In brackets: number of experiments 

/<g/g ±  S. E.

Following amphetamine 
injection, at

30 minutée 60 minutée

Control 10.64±1.66
(5)

10.30±1.79
(5)

Reserpine 9.48±1.74
(4)

9.35 ±0.16 
(4)

Control 9.37±0.83
(7)

Guanethidine 10.33 ±1-22
(7)

the brain am phetam ine level is the same in th e  control mice and in those pre
treated w ith  reserpine or guanethidine (Table II). Accordingly, the different 
actions o f the tw o noradrenaline depletors cannot be explained by a change in 
the accum ulation o f am phetam ine in the brain. The sam e cannot be claim ed  
in the case o f  prenylam ine pretreatm ent: am phetam ine being produced from  
prenylam ine in the brain [2 0 ]. Thus the determ ination  o f am phetam ine is d if
ficu lt in the presence o f prenylam ine. Beside h yp erm otility  the other charac
teristic central effect o f am phetam ine consists in its increasing the m etabolic
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rate. In  our previous experim ents, pretreatm ent w ith 1 m g/kg o f reserpine 
co m p lete ly  inhibited in 4 hours the increase o f 0 2 consum ption caused by  
am phetam ine. In the present experim ents, reserpine, prenylam ine and gua- 
n eth id in e  significantly dim inished the increase o f  m etabolic rate caused by  
am phetam ine in m ice (Table III). A lpha-m ethyl-m -tyrosine, w hich reduces 
th e  brain catecholam ine level, has no in fluence on the locom otor effect of 
am phetam ine [32], but in our experim ents in tensely  inhibited th e  rise in 
m etab olic  rate caused b y  am phetam ine (Table III). (In the doses em ployed

Table III

Effect o f  pretreatment with reserpine (2 .5  mg/kg, intraperitoneally), prenylam ine (5 0  mg/kg, 
subcutaneously) ,guanethidine(5 mg/kg, intraperitoneally) a n d ( ± )  alpha-methyl-m-tyrosine (5 0  mg/kg, 
intraperitoneally)  on the increase o f  0 2 consumption caused by 25 p M /k g (  rfc) am phetam ine in  mice 

Groups of 6 mice each. B asal 0 2 consum ption, 14.1 ± 0 .7  ml/dm2/10 m inutes

Pretreatment

Increase of 0 2 consumption at 30 minutes 
following amphetamine administration

ml/dm2/10 min 
mean -f S. E.

0.9% NaCl 14.8 ±  0.4
Reserpine 6.3 ±  0.4*
Prenylamine 8.2 ±  0.7*
Guanethidine 9.4 ±  0.9*
Alpha-methyl-m-tyrosine 3.2 ±  0.4*

* p <  0.01

th e  am ine depletors do not influence basal 0 2 consum ption.) T hus, on the 
basis o f  th e  experim ental evidence obtained th e  catecholam ine depletors m ay  
be classified  into tw o groups. To the first belong reserpine and alpha-m ethyl- 
m -tyrosin e , which inhib it th e  central hyperm etabolic effect o f am phetam ine, 
b u t do not influence hyperm otility . In  th e  other group belong prenylam ine  
and guanethidine, which inhibit both the locom otor and the m etabolic rate- 
increasing effects.

Earlier we had show n th a t the increased tendency to convulsions caused  
b y  reserpine was correlated w ith  a decrease o f the brain noradrenaline level 
and w hen  the decrease o f th e  level was inhibited  by MAO blocking pretreat
m en t, th e  tendency to  convulsions decreased [23]. As it is know n, follow ing  
M AO -inhibitor pretreatm ent reserpine causes excitation  similar to th a t induced  
b y  am phetam ine. W e h ave therefore in vestigated  the influence of am phetam ine  
on th e  convulsant action o f reserpine and its correlation w ith  hyperm otility .

A s pointed out above, reserpine did not influence am phetam ine hyper
m o tility , but dim inished hyperm otility  induced by ( J^-p-ch loroam phetam ine  
and m etham phetam in considerably (Table IV ). A further derivative, trifluoro- 
m eth y l am pheetam ine had no influence on the spontaneous a c tiv ity  o f  mice.
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Tabic IV
Effect o f reserpinc pretreatment (2 .5  mg/kg, intrapcritoneally)  on the hyperm otility induced in mice 

by ( ± )  amphetamine (5 0  /iM /k g ), methamphetamine and  ( ± ) p-chloroamphetamine

Groups of 15 mice each

Treatment

Motimeter value in 30 
minutes, 

mean ±  S. E. 
(pretreatment)

0.9% NaCl reserpine

0.9%  NaCl 228± 26 8 .1±  1.5
Amphetamine 750±134 800 ±137
Methamphetamine 584 ±  79 168 ±41*
p-chloroamphetamine 543±  43 145 ±36*

* p <  0.01

Of the am phetam ine derivatives tested , th e  lowering of convu lsant 
threshold caused by reserpine was m ost intensely inh ib ited  by p-chloroam phet
am ine. W hen the tendency to  convulsions of m ice was tested  by m eans o f an  
intravenous pentetrazole infusion, the threshold lowered by reserpine b y  about 
50% was com pletely norm alized by p-chloroam phetam ine. Under the effect 
of electroshock treatm ent 100%  of the reserpine-treated but only 50%  of th e  
p-chloroam phetam ine treated anim als developed ton ic  extensor convulsions. 
M etham phetam ine and trifluorom ethyl am phetam ine w ere about equipotent 
in the case of pentetrazole convulsion, while m etham phetam ine was more 
potent in action o f the response to  electroshock. As exam ined by both tests  
am phetam ine had the w eakest effect. In the presence o f reserpine am phetam ine  
continued to  cause excitation , while m etham phetam ine and chloroam phetam ine  
did not, in sp ite o f their inhibiting the convu lsion  facilitating effect o f  
reserpine which is certainly correlated w ith catecholam ine depletion. Trifluoro
m ethyl am phetam ine, w hich caused no exc ita tion , was also effective  
(Table V.).

The susceptib ility  to convulsions is increased b y  thyroxine in the guinea  
pig [12] and the rat [24]. W hile facilitating convulsions, reserpine sedates  
the anim als, whereas thyroxine enhances their ex c ita b ility  and their sen sitiv ity  
to am phetam ine [6]. W e treated rats w ith 1 m g/kg o f thyroxine subcutaneously  
daily for 3 days and tested  them  for sensitiv ity  to  electroshock on the fourth  
day. All four am phetam ine derivatives significantly dim inished the convulsion  
facilitating effect of thyroxine (Table VI). In th yrox in e-p retreate l anim als 
the am phetam ine derivatives had a full excita tory  effect and 50 pM/kg o f  
trifluorom ethyl am phetam ine, which causes no to x ic  sym ptom s in untreated  
anim als, proved to be lethal. I f  we compare these results w ith those obtained  
for reserpine, we have to conclude that the in fluence o f am phetam ine deriva
tives on the tendency to convulsions is independent o f their excitatory action .
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Table V

E ffect o f  50 цМ /kg ( +  ) am phetam ine, melhamphetamine, ( ± )  p-chloroamphelamine and 75 fiM/kg 
trifluorom ethyl amphetamine subcutaneously on the facilita tion  o f convulsions by 2.5 mg/kg reserpine 
in jected  intraperitoneally. The experim ents were carried out 30 minutes after the adm inistration

o f  amphetamine derivatives
The control mice were shocked with 10.5 mA, the reserpine-treated ones with 8.5 mA current.

In brackets: number of experiments

T reatraent
ml/10g 

pentetrazole 
mean + S. E.

Number of mice with 
convulsions/number 
of experimental mice

0.9% NaCl 0.183 +  0.012 
(8)

15/16

Reserpine 0.092 ±0.003 
(8)

16/16

Reserpine +  amphetamine 0.126 +  0.012 
(8)

14/16

Reserpine -f- methamphetamine 0.161+0.012*
(8)

10/16

Reserpine -f- p-chloroamphetamine 0.183+0.015*
(8)

8/16

Reserpine +  trifluoromethyl amphetamine 0.160+0.024*
(8)

12/16

* p <  0.01

Table VI

Effect o f  50 pM /kg  ( + )  amphetamine, melhamphetamine, ( + )  p-chloroamphetamine and 12.5 p M /  
kg o f  trifluoromethyl amphetamine on the facilita tion  o f  convulsions by thyroxine in the rat

Groups of 10 rats each. The animals pretreated with 0.9% NaCl solution were shocked with 16 mA, 
the thyroxine-pretreated ones with 15 mA current

Treatment

Number of animals with 
tonic extensor convulsion 

(pretreatment)

0.9% NaCl Thyroxine

0.9% NaCl 5 7
Amphetamine 0 2
Methamphetamine 1 0
p-chloroamphetamine 1 0
Trifluorometyl amphetamine

Discussion

1 0

The central action  o f am phetam ine has been am ply discussed in  the past 
15 years, mainly because th e  characteristic excitation  caused b y  am phetam ine 
resem bles the excitation  induced by an elevation  of the cerebral catecholam ine 
le v e l observed for instance after th e  adm inistration of the noradrenaline pre
cursor DOPA, or o f reserpine follow ing M AO-inhibitor pretreatm ent. There is
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am ple evidence supporting the view  that am phetam ine acts directly on the  
central noradrenaline or dopam ine receptors, m im icking the effect o f physiolog
ic m ediator substances. A t the same tim e, m any authors think th at am phet
am ine acts ind irectly , through releasing noradrenaline or dopam ine. V a n  
R o s s u m  [33 , 3 4 ]  believes th e  action of am phetam ine to  be a direct one, because 
its locom otor effect is not inhibited  by reserpine, as opposed to  th at of cocaine  
w hich he thinks to  be an indirect one, since reserpine inhibits hyperm otility  
w hich is restored then  b y  D O PA . S m i t h  [2 8 ] ,  too , thinks th at am phetam ine  
acts directly. H e claim s th a t the liberation o f noradrenaline by high am phet
am ine doses does not prove th e  indirect nature o f  th e  effect, because noradren
aline and adrenaline are also capable of liberating tissue catecholam ines. 
H a n s o n  [10] supports th e  v iew  th at the am phetam ine effect is indirect: the  
blocking of conditioned reflexes in the cat by reserpine is abolished by am phet
am ine, but when th e  anim als are treated also w ith  the tyrosine hydroxylase  
inhibitor a lpha-m ethyltyrosine, am phetam ine is in effective, but if  D O PA , too , 
is g iven , am phetam ine becom es active again. In contrast to th is, M o o r e  and 
R e c h  [17] dem onstrated a dim inution of the defensive reflex in the rat in 
response to a lpha-m ethyltyrosine, while the reflex  was restored by am phet
am ine in the sam e w ay as b y  DOPA. In support o f the indirect effect is the  
fact th at a lpha-m ethyltyrosine inhibits the hypertherm ia caused by am phet
am ine in the m ouse [1 5 ] .  W e i s s m a n  and K o e  [3 6 ]  showed th at alpha- 
m ethyltyrosine blocked the stim ulation by am phetam ine o f the defensive  
reflex of the rat. The b locking effect was not abolished by D O PA , while it 
was abolished b y  MAO inhibitors. Comparing th e  effects o f alpha-m ethyl-m - 
tyrosine and alpha-m ethyltyrosine on the brain catecholam ine level, D i n g e l l  
et al. [5] as well as S u l s e r  et al. [31] found th a t although alpha-m ethyl-m - 
tyrosine lowered the brain catecholam ine level m ore m arkedly than alpha- 
m ethyltyrosine, the la tter  inhibited am phetam ine hyperm otility , while alpha- 
m ethyl-m -tyrosine did not inhibit it. T hey claim ed th a t the am phetam ine  
action was an indirect one and its activ ity  is dependent not on the actual 
brain catecholam ine level, but on the new ly synthesized  catecholam ine. This 
w ould explain w hy central am phetam ine stim ulation  is inhibited by alpha- 
m cthyl-tyrosine inhib iting synthesis and not b y  alpha-m ethyl-m -tyrosine, 
w hich latter com pound causes a greater depletion , but does not influence  
synthesis.

As the above data indicate, the view  th at th e  central effect o f am phet
am ine is exerted d irectly on the catecholam ine receptors is based in the first 
place on the fact th at the effect is not blocked b y  reserpine. On the other  
hand, the indirect nature o f the effect is supported b y  the fact that it is inhibited  
by alpha-m ethyl-tyrosine, which inhibits noradrenaline synthesis. Our finding, 
how ever, o f a central am phetam ine effect (increase o f 0 2 consum ption) which  
is inhibited by reserpine and o f catecholam ine depletors (prenylam ine, guanethi-
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dine) w hich  are acting n o t b y  inhib iting synthesis and are inh ib iting the loco
m otor  and hyperm etabolic effects o f am phetam ine, place th e  w hole problem  
in  an  entirely  different ligh t. The results for reserpine and alpha-m ethyl-m - 
ty ro sin e , notably  th at th ey  in h ib it th e  increase of m etabolism  caused b y  am ph
e ta m in e , but not the h yp erm otility  evoked b y  it, substantiate in th e  first place 
th e  v ie w  th a t these tw o effects are exerted on tw o different levels o f  th e  central 
n ervou s system  and, also, th a t  reserpine and alpha-m ethyl-m -tyrosine act 
on on e level only. Furtherm ore, the finding which is interpreted to  prove that 
am phetam ine acts d irectly, n o ta b ly  th a t reserpine does not inh ib it its  effect, 
is u n ten a b le  because reserpine fails to  in h ib it only one o f th e  central effects. 
I t  is possib le  that those structures in w hich am phetam ine exerts its locom otor  
effect reserpine depletes catecholam ines to  a lesser extent than  th ose in  which  
th e  m etab olic  rate is increased. This w ould m ean th at at one site  there is cate
ch o lam in e that am phetam ine can m obilize or “ utilize” , w hile a t the other 
th ere  is none. Also against th is  v iew  is the fact th at prenylam ine and guanethi- 
dine eq u ally  inhibit th e  tw o  central effects o f am phetam ine, although  
gu an eth id in e  lowers the brain noradrenaline level by 40%  only  and does not 
in flu en ce  at all the dopam ine level. I t  does n ot seem  likely  th a t guanethidine  
w h ich  reduces the N A  level o f the w hole brain b y  40%  only w ould  cause 
such  a depletion in the structures in  w hich am phetam ine exerts its  locom otor  
and m etabolic effects th at no noradrenaline would be left for being utilized  
b y  am phetam ine. Furtherm ore, th is would also m ean that in th e  am phetam ine  
effect exclusively  noradrenaline had a role, while dopam ine w ould have none, 
as guaneth id ine leaves th e  dopam ine level unchanged. The results for prenyl
am ine and guanethidine also prove th at it  is not an inhibition  o f  synthesis 
th a t is responsible for the anti-am phetam ine effect o f a lpha-m ethyltyrosine, 
b ecau se  th e  synthesis of catecholam ines is influenced neither b y  guanethidine  
nor b y  prenylam ine. The findings concerning the convulsive action  show  that 
th e  in h ib ition  by am phetam ine and its derivatives of the facilitation  o f con
v u lsion s b y  reserpine is not correlated w ith  the hyperm otility  effect. A m phet
am ine, w hich continues to  cause h yperm otility  following reserpine treatm ent, 
reduces in  the same w ay the electroshock sen sitiv ity  enhanced b y  reserpine as 
it  is reduced by p-chloroam phetam ine, w hose hyperm otility-inducing effect is 
in h ib ited  b y  reserpine, or b y  trifluorom ethyl am phetam ine w hich causes no 
h yp erm otility . Thus, am phetam ine and its  derivatives seem  to  h ave three 
such effects (hyperm otility, elevation  of m etabolic rate, inhibition o f th e  facili
ta t io n  o f  convulsions caused b y  reserpine and thyroxine) th a t develop inde
p en d en tly  of one another and m ay be influenced differently. This applies not 
on ly  to  th e  depletor substances, as for exam ple the alpha-adrenergic receptor 
b lock in g  phenoxybenzam ine abolishes the locom otor effect o f am phetam ine [9], 
w hile i t  does not influence its  effect on m etabolism  [35]. Thus, th e  m ode of 
action  o f am phetam ine and o f  th e  substances inhibiting its different effects
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cannot be determ ined exclusively by b iochem ical studies, w hich ignore the 
possib ility  that the agents acting on am ine m etabolism  m ay act differently  
on different structures o f the CNS. It is possib le that there are am phetam ine  
effects exerted on those structures in which catecholam ines play an im portant 
role (hypothalam us) and that there are “ non-specific” ones exerted  on those 
structures in which th e  m ediator role o f catecholam ines is not a prim ary one. 
For instance, our prelim inary experim ents ind icate that the level o f  am phet
amine is higher in the cerebral cortex than in th e  rest o f the brain and th e  cortex 
is known to contain a very low amount o f  catecholam ines.

We are indebted to Dr. M. Pálosi for the preparation of p-chloroam phetam ine and 
trifluorom ethyl am phetam ine.
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EFFECT OF HYDROCORTISONE ON GROWTH 
IN VITRO OF FIBRORLAST-LIKE (FL) CELLS 

DERIVED FROM RAT ORGANS

By

Gy . R a p p a y , I. F azekas and A . G y év a i
INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(R eceived Ju ly  14, 1968)

Cultures o f fibrob last-lik e  (FL ) cells derived from rat thym us, bone marrow  
and heart m uscle have been studied for growth, cellular d ivision and cellular density  
in the growth zones in response to (a) exposure to hydrocortisone for one week; (b) expo
sure to the com bined effect o f hydrocortisone and dem ecolcin for one week; (c) short 
exposure to dem ecolcin. (1) The number of m itoses dim inished in response to hydro
cortisone and sign ificantly  increased under the jo in t influence of hydrocortisone -f- dem e
colcin while the cellular population density per surface area unit dim inished. (2) The 
cells derived from  heart m uscle exhibited a different response pattern from those o f  
the two other organs, all o f the treatm ents having failed to elicit any response in  the 
num ber of div id ing cells. (3) On the evidence of histochem ical studies none of the cul
tures revealed any 11-/3-hydroxysteroid dehydrogenase ac tiv ity . Thus, hydrocortisone  
seemed to influence the duration of individual phases o f cellular life rather than the  
number of div id ing cells, furtherm ore, the increase in  the number of dividing cells in  
the horm one -f- dem ecolcin-treated cultures is unrelated  to synergism .

The influence o f glycocorticoids on cell cultures is in tim ately  linked w ith  
the controversial issue of their antim itotic effect. W hile certain authors [12, 16] 
confirm this possib ility , others [5, 15] not on ly  reject it but even ascribe 
a m itosis-stim ulating effect to glycocorticoids. These contradictions have  
various sources, for instance, different steroid derivatives were used in the  
experim ents or th e  cultured fibroblast-like (FL) cells had been derived from  
different organs. Other possible sources of contradiction  m ay be related to  
the m agnitude o f the doses together w ith other, additional factors: w hile in 
the presence o f colchicine the rate of m itosis o f  L-cells adhering to an inert 
surface was not affected b y  0.2 to 2.0 ^g/m l or less than  0.005 pg/m l g luco
corticoid (prednisolone-21-hem isuccinate-N a), th e  rate defin itely  increased  
when 0.005 to 0.2 /rg/ml had been applied [14]. E xam in ing  suspension cultures 
derived from sim ilar cell strains Se if e r t  and H ilz  [16] found 0.36 /Ug/ml 
cortisol to be inh ib itive to  m itosis in the absence o f colchicine. Thus, on these  
grounds, at least as far as L-cells are concerned, inhibition of m itosis b y  s te 
roids can be suspended b y  the use of poisons affecting m itosis. L e t t r é  et al. 
[8, 9] even claim  the steroid hormones to  synergise the effect o f colchicine.

A t any rate, if  there exists a synergism  o f th is kind, it  is not clear on 
which types of FL  cell it  takes effect, and w e also ignore th e  causes o f th is  
stim ulative m echanism .
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T he aim of the present study was to  exam ine the response o f  F L  cells 
derived  from different rat organs to  the jo in t effect o f steroid horm ones and 
m itosis  poisons.

Material and method

T issue samples o f 1 cu. m m  obtained from  thym u s and femoral bone m arrow o f m ale 
a lb in o  W istar rats w eighing betw een  80 and 90 g and from  the heart o f new born rats were 
ex p la n ted  under aseptic cond itions on coverslips m ounted w ith  a coagulate prepared from  
ch ick  plasm a and em bryo ex tra ct, f iv e  tissue portions being placed on each coverslip . The 
preparation s were then placed in  L eighton (B ellco) tubes. 40 tub es were prepared from  each 
organ. N o flu id  was added to  the cultures for 24 hours, then  2 m l nutrient w as added and chang
ed d a ily . The nutrient was com posed of 80%  TC m edium  199 (D ifco), 20%  heat-inactivated  
ca lf serum  and 200 IU /m l penicillin . A fter the fourth  day of exp lantation , for one week 20 
cu ltu re  tub es of each organ were treated  w ith  hydrocortisone, adding app roxim ately  0.5 fig 
to  each  m l o f the nutrient. On th e  11th day all cultures were processed. 3 hours prior to pro
cessin g  1 fig  per ml nutrient o f dem ecolcin (Colcem id, Ciba) was added to 10 tu b es o f each 
cortison -treated  group, and to  10 tub es o f each untreated  group. In this m anner we had four 
cu ltu re-ty p es o f each ind ividual organ, i.e. I. un treated  controls (IOO); II . dem ecolcin-treated  
(H O C ); II I . steroid-treated (IIIS O ); and IV. steroid -f- dem ecolcin-treated (IVSC) groups. 
T he cu ltures were processed in  th e  follow ing m anner, (a) The coverslips were rem oved  from  
th e  L eighton-tubes, rinsed in  physio logical saline, fix ed  in m ethanol for 10 m inutes and stained  
w ith  G iem sa solution (6 tub es per group); (b) dem onstration of 11-ff-hydroxysteroid-dehydro- 
g en ase  [1] (3 tubes per group); (c) dem onstration o f nonspecific esterase and acid phosphatase  
a c tiv it ie s  b y  combined reaction  [2] (one tube per group). For the qu antitative  estim ation  of 
hydrocortisone, fluorom etry was used [6]. The zones of growth were m easured b y  m eans of 
a ca librated  ocular m icrom eter.

Results

B y  the 2nd or 3rd day follow ing exp lantation  growth o f F L  cells was 
n o ticeab le  in practically every tube. The cells were found to  grow radially  
from  nearly all im plants. N on-adhering, floatin g  or degenerating cells were 
rem oved  when changing th e  nutrient for th e  first tim e. Owing to  th e  vigorous 
grow th  in  the untreated tu b es (IOO) th e  period of hydrocortisone treatm ent 
w as lim ited  to seven days w hen the zones o f  growth, even in the untreated  cul
tu res, could not y et have atta ined  the m argins o f the slides. In  th e  growth of 
th e  dem ecolcin-treated exp iants (HOC) no divergence w hatsoever from  the  
controls was noted. As regards the hydrocortisone-treated groups (IIISO  and 
IYSC) th e  zones of grow th o f  thym us and bone marrow cultures were generally  
sm aller, those of heart m uscle cell cultures sligh tly  larger, than  th ose  o f the 
u n trea ted  controls. W hile, how ever, the decrease in the zones o f grow th of 
th y m u s and bone marrow cultures atta ined  th e  level of m athem atical signif
ican ce, the increase in  th ose o f heart m uscle cultures failed to  do so (Table I).

N o significant change in cellular size and shape was noted. H ow ever, 
in  th e  cellular population d en sity  of hydrocortisone-treated cultures, definite  
changes were m anifest. T his was particularly so in  bone marrow cultures, 
w here th e  number o f cells w as nearly 33%  less than in the controls. T he other 
tw o  organ cultures in  groups IIISO  and IVSC also revealed a loss o f  density  
o f F L -cells, this was, how ever, just at th e  borderline o f significance (Table II).
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Table I

Effect o f  treatments on the zones o f  growth

Culture Type of ! Number of Zone of growth Significance
treatment I  cultures in sq.mm per cent

Thymus
100
IIISO

25 3 0 .1 ± 3 .0
p <  o .i30 1 6 .3 ± 1 .6

IOO 29 2 0 .9 ± 1 .2
Bone marrow

IIISO 30
p <  0.1

1 3 .9 ± 1 .0

100 29 1 8 .9 ± 1 .7
Heart

IIISO 29
10 <  p <  25

22.1 ±  1.7

Table II

Cellular population density p e r  surface area unit

Culture Type of 
treatment

Number of 
0.05 sq.mm 

areas

Mean number 
of cells of 
the areas

Mean number 
of cells per cent 

per 1 sq.mm
Significance 

per cent

IOO 50 1 3 .6 8 ^ 0 .7 6 273.6
Thymus 2.5 <  p < 5

IIISO 50 1 1 .7 4 ± 0 .6 9 234.8

IOO 45 1 4 .7 I± 0 .7 5 294.2
Bone marrow p <  0.05

IIISO 50 1 0 .5 4 ± 0 .6 1 210.8

IOO 50 1 4 .1 4 ± 0 .7 2 282.8
Heart l <  p <  2.5

IIISO 50 1 2 .3 2 ± 0 .5 1 246.4

The num ber o f dividing cells revealed significant changes w hich were 
related, apart from the typ e of treatm ent, also to  the origin of th e  cells. The 
m itotic index of untreated  FL cells derived from  thym us fell to 50%  in  response 
to hydrocortisone treatm ent. Dem ecolcin w hen applied alone, caused a three
fold, when com bined w ith  steroid, a sixfold rise in the m itotic index (Table III). 
The response of bone marrow cultures to  th e  individual types o f  treatm ent 
were similar, w ith the exception of com bined treatm ent (IVSC) w hich had 
failed to elicit an increase in the number o f m itoses comparable to  th a t attained  
in thym us cell cultures. The FL cell cultures derived from heart tissu e revealed  
practically no change in the number o f m itoses.

The hydrocortisone content o f the discarded nutrient was checked daily. 
It ranged from 0.41 to 0.45 pg/ml against the theoretical 0.5 jig/ml. Presum ing  
th at a prolonged presence of hydrocortisone w ould result in the activa tion  or 
induction o f ll-/3-hydroxysteroid  dehydrogenase responsible for cortisol-cor
tisone-conversion, it  was attem pted to dem onstrate this enzym e h istochem i-
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Table III

Number o f  divid ing cells in the zones o f  growth

Culture Type of 
treatment

Number of 
cells

Total number 
of mitoses

Mitotic
index

t o o 10 000 83 8.3

HOC 10 000 230 23.0
T hym us IIISO 10 000 38 3.8

IVSC 7 000 346 49.4

IOO 10 000 70 7.0

B one marrow
IIOC 10 000 156 15.6

IIISO 10 000 32 3.2

IVSC 10 000 188 18.8

IOO 10 000 37 3.7

H eart IIOC 7 000 31 4.4

IIISO 10 000 19 1.9

IVSC 10 000 35 3.5

ca lly . T h e cytoplasm  of the F L -cells revealed, h ow ever, no sign o f enzym e a c tiv 
ity  in  a n y  o f the cultures.

T h e lysosom al enzym es w ere studied b y  dem onstrating acid phosphatase  
and nonspecific  esterase a c tiv ity , using the sam e slide for the tw o procedures. 
The horm one-treated  cultures o f a sparser cell population  gave the im pression  
of con ta in in g  more esterase-active cells and o f displaying a fainter acid-phos
p h a ta se  activ ity .

D iscussion

T h e m echanism  of action  of steroid horm ones in vertebrates is still 
obscure. R ecent biochem ical evidence [17] ind icates th at certain steroid deriv
a tiv e s , including hydrocortisone, act as de-repressors, b y  coupling w ith  repress
ing h isto n es and thus enabling particular sections o f DNA to transm it infor
m a tio n , i.e . to  direct R N A -synthesis. The assum ption that this de-repressing  
a c t iv ity  affected the D N A  portions responsible for th e  initial phase o f  D N A - 
sy n th esis , would lead directly  to  the possib ility  o f  reduplication being trig
gered o ff. I t  has in fact been dem onstrated th a t horm one treatm ent o f  ep ith e
lial cells resulted in a 15% increase in their D N A  content [3].

In  th e  present experim ents a considerable increase in the num ber of 
d iv id in g  cells was found in th e  cultures in the case o f combined hydrocortisone  
and d em ecolcin  treatm ent as compared to  the cultures treated w ith  dem ecolcin  
alone (particularly as regards th e  cells o f th y m ic  origin). This m ight m ean
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th at under the influence o f horm one treatm ent a greater num ber o f cells had 
started  to divide, a supposition seem ingly  inconsistent w ith  th e  observation  
th a t the number o f m itoses had actually  dim inished in the ex c lu siv e ly  hormone- 
treated  cultures. This could be explained only by assum ing th a t hormone 
treatm ent had shortened the duration of m itosis, since it  is know n that the 
num ber of dividing cells per tim e unit had defin itely increased. On th e  grounds 
of these considerations the cultures w ould have to present a greater number 
of cells per surface area unit in response to  hormone dem ecolcin  treatm ent. 
Y et, the contrary is true, nam ely th e  num ber of cells d efin ite ly  dim inished in 
th e  growth zones o f th e  cultures o f all organs. The only exp lan ation  of this 
finding is that cellular destruction had occurred. W e still ignore, however, 
w hether the cells had been destroyed during the interphase or during m itosis, 
or, else, whether destruction had affected  the daughter cells em erging from 
cellular division. A nalysis of the nutrient medium  m ight help to  clear th is point.

The present results are in agreem ent w ith the findings o f  L e t t r é  et al. 
[8, 9]. In our view , how ever, the colchicine derivative used b y  th ese  authors 
as well as by ourselves results theoretically  as well as p ractica lly  in  an arrest 
o f cell division in the m etaphase. Consequently, the increase in  th e  number 
o f cell divisions subsequent to  th e  com bined use of steroid and demecolcin  
cannot be the result o f a synergism . Though colchicine and its  derivatives do 
have an influence on the phase o f D N A -synthesis [7, 11], th is  could  not have 
affected the num ber o f m itoses under the present experim ental conditions 
where the effect o f dem ecolcin had been lim ited to 3 hours.

Prolonged adm inistration o f cortisol to mice considerably enhanced the 
a ctiv ity  of l-/5-hydroxysteroid dehydrogenase, the enzym e responsible for 
cortisol-cortisone conversion [4]. Our histochem ical m ethod failed  to  demon
strate an enzym e a ctiv ity  in any o f the preparations and the horm one added 
to the cultures was recovered practically  in toto on renewal o f  th e  nutrient 
m edium . This leaves us w ith tw o alternatives. Either the tim e w as too  short 
for activation  or induction o f the said enzym e or else the h istochem ical method 
was unsuited for the dem onstration of l-/?-hydroxysteroid dehydrogenase 
activ ity  under the present experim ental conditions. This n egative  finding was 
the more puzzling as there is evidence [10] that steroid horm ones are apt to 
induce alkaline phosphatase activ ity . As regards the tw o lysosom al enzymes 
acid phosphatase and nonspecific esterase, our failure to  dem onstrate any 
inhibition in their activ ities is in agreem ent with the find ings o f R asche 
et al. [13].

A comparison o f the responses of cells derived from different organs, 
nam ely thym us versus bone marrow, or thym us and bone m arrow versus 
heart, also revealed som e differences. In ten sity  of growth or o f  cellular division  
of F L  cells derived from heart m uscle was unaffected by horm one treatm ent. 
On the evidence o f the findings of C ox  and MacLeod [3] w ho had studied
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th e  effect o f prednisolone on  hum an epithelial cell lines and on fibroblasts, 
in h ib itio n  of cellular grow th and division was confined  to  the epithelial ele
m en ts. Since it is hardly p ossib le  that our thym us and bone marrow cultures 
sh ou ld  h ave yielded a cellu lar grow th of exclusively ep ithelia l origin but assum 
ing th e  shape of fibroblasts, w e  m ust accept another, m ore plausible explana
tio n , n am ely  that the rela tion sh ip s between horm one and target organ becom e 
m a n ifest in vitro too , it  b e in g  know n that glucocorticoid  prevalence results in 
th y m ic  involution in vivo.

*

W e are indebted to Mrs. K . A bavári for fluorim etric hydrocortisone estim ations, and  
to  Mrs. E . Dallos and Mr. F . C sem niczky for technical assistance.
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ACTA M E D IC A

TOM 25 — ВЫП. 3 —4

Р Е З Ю М Е

А Р Т Е Р И О -В Е Н О ЗН Ы Е  Ш УНТЫ  ПОЧЕК  

П. Гё Мё р и

Дается обзор многолетних исследований автора, проводившихся в целях уяснения  
артерио-венозных шунтов почек. В первой серии опытов автор с сотрудниками успеш но  
воспроизводил эксперименты Трюэта и выявил, что при возникновении ш унта Трюэта 
функция почек ухудш ается, а клубочковая фильтрация, диурез и 7'ш п а г к  уменьш аю тся. 
В последую щ их исследованиях, проводивш ихся коррозионным методом, удалось выявить, 
что в состоянии шока артериовенозные соединения почек морфологически хорош о выяв
ляемы. В последней ж е серии экспериментов было предоставлено ф ункциональное до
казательство артерио-венозных шунтов почек.

Н О ВЫ Е РЕЗУ Л ЬТ А ТЫ  И С С Л ЕД О ВАН И Я  А Н ДРО ГЕН Н О ГО  
С ТЕ РО И Д О ГЕ Н Е ЗА  В ЧЕЛ О ВЕЧ ЕС К О Й  КОЖ Е  

М. ЮЛ ЕС

И сходя из гипотезы, что гирсутизм связан с ферментативными системами кож и  
или ее придаточных образований, автор с сотрудниками приступили к изучению  соеди
нений со стерановым остовом в кож е и в различных волосах. В докладе, прочитанном  
в Академии Наук Венгрии (1965 г.), а такж е на ряде международны х конгрессов автор 
у ж е  сообщил о том, что в человеческой кож е был выявлен хромоген Циммермана, и что 
1/5-ая часть его оказалась кетоновым хромогеном Циммермана. Существенная разница  
была выявлена м еж ду вытяжками кож и, покрытой волосами и кожи без волос, в пользу  
волосатой кож и. При распространении исследований на волосы выяснилось, что в чело
веческом оволосении, в частности в подмышечных волосах, имеется ряд 17-кетостероидов, 
и что главным образом подмьшшчные волосы содерж ат значительное количество дегид- 
роэпиандростерона. Автору впервые в мировой литературе удалось доказать гистологи
ческими исследованиями, что в человеческой кож е мож но выявить активность П 5—3ß- 
гидрокси-стероид-дегидрогеназы. И сходя из этого факта, в вытяжках волос удал ось  до
казать андрост-4-ен-3,17-дион и андростан-дион.

При продолжении экспериментов были получены следующие результаты:
1. И з волос с помощью ряда методов замочки удалось экстрагировать стероиды  

без их разруш ения.
2. Преобладающ ая часть 17-кетостероидов присутствует в волосах в форме эфира 

сульфата.
3. При инкубации кусков кож и радиоактивными стероидами оказалось, что чело

веческая кож а интенсивно метаболизирует радиоактивный дегидроэпиандростерон.
4. При количественных исследованиях выяснилось, что при пересчете на 1 г кож и  

кож а м уж чин способна синтезировать в два с половиной раза больше андростерона, чем 
кож а женщ ин. В то ж е время оба вида кож и синтезирую т один из важ ны х исходны х  
веществ дв ух  андрогенных стероидов (андрост-4-ен-3,17-дион) с одинаковой радиоактив
ностью. Эти исследования показывают, что из биологически менее активных стероидов не 
только внутрисекреторные органы, но и кож а способна синтезировать стероиды со зн а
чительной биологической активностью.



5. К ож а способна преобразовывать дегидроэпиандростерон в сульфат дегидро- 
ш иандростерона.

6. При инкубации кусков кожи лобка муж чины  с агонадизмом было установлено, 
что и з дегидроэпиандростерона и эта кожа способна синтезировать андростерон со зна
чительной радиоактивностью и тестостерон с небольш ой радиоактивностью. В инкубате 
до си х  пор удалось идентифицировать 11 радиоактивны х метаболитов.

7. В ходе проведения экспериментов по инкубации с радиоактивным андростен- 
дионом  было установлено, что при таких экспериментальны х условиях такж е образо
вываются андростерон и тестостерон, и что соотнош ение д в у х  стероидов, в случае инку- 

■ бации нормальной к ож и , почти одинаковое.
8. При инкубации к ож и  больных гирсутизмом это соотношение изменяется: коли

чество андростерона в два раза превышает количество тестостерона. При гирсутизме 
количество двух стероидов больш е, чем у  здоровы х женщ ин.

9. Человеческий подмышечный пот содерж ит значительное количество эфира 17- 
кетостероид-сульфата, преимущ ественно радиоактивный сульфат дегидроэпиандросте
рона и сульфат андростерона.

Н а основе экспериментальны х данных предполагается, что у  части больных с так 
наз. идиопатическим гирсутизм ом  речь идет об энзимопатии кожи.

П А Т О Г Е Н Е З, В Ы ЗЫ В А Е М Ы Й  СУЛЕМОЙ П О Ч Е Ч Н О Й  НЕДОСТАТОЧНОСТИ

П. БАЛИНТ

П осле внутривенного введения 2 мг на кг сулем ы  были определены параметры  
функции почек.

1. Количество крови, протекающей через почки, уменьшается в такой незначи
тельной мере, что ишемию почек нельзя считать ответственной за  развитие недостаточ
ности почек.

2. При развитии почечной недостаточности реш аю щ ую  роль играет значительное 
уменьш ение клубочковой фильтрации. Добавочной роли тубулярной редиффузии нельзя  
исключить.

3. Гипостенурия или астенурия являются вторичными последствиями уменьш е
ния фильтрации, и они способствую т обострению симптомов почечной недостаточности.

4. Резкое уменьш ение секреции и экстракции П А Е К  обуславливаются обширным 
некрозом  эпителия канальцев.

ЛИ М Ф О ГЕН НАЯ Э Н Ц ЕФ АЛ О П АТИ Я — ЛИМФОСТАТИЧЕСКАЯ  
Ц Е Р Е Б Р А Л Ь Н А Я  ГЕМ АН ГИ О П АТИ Я

М. ФЁЛЬДИ

1. В противоположность теории, встречаемой в учебниках, согласно которой лимфо
обращ ение не участвует в сокообращении мозга, автор выявляет, что механическая  
недостаточность шейного лимфообращения вызывает лимфостатическую энцефалопатию.

2. Было установлено так ж е, что механическая недостаточность шейного лимфо
обращ ения вызывает лимфостатическую гемангиопатию.

3. Сообщается новая теория о предлимфатическом дренаж е ж идкостей, происхо
дящ ем  в стенках кровеносны х сосудов мозга.

4. Выдвигается представление о патомеханизме возникновения лимфостатической 
энцефалопатии.

5. О бсуждается совместная встречаемость лимфостатической энцефалопатии и 
известны х неврологических заболеваний.



И СС Л ЕДО ВАН И Е СОКРАТИМОСТИ И О БЩ ЕГО  ОБМ ЕНА ВЕЩ ЕСТВ  
М И О К А РД А  П РИ  ДЕК О М П ЕН СА Ц И И  С ЕРДЦ А

Д ь. ГАБОР, Б. КЕНЕЗ и Я. ШИМОНЬИ

Авторы исследовали изменения сократительной силы и обмена веществ миокарда 
у больных с недостаточностью левой половины сердца при декомпенсации и при восста
новлении компенсации. Изменения сократительной силы миокарда они определили на 
основе первой производной кривой пульса сонной артерии (dc/dt), а изменения обмена 
веществ — на основе показателя давления-времени.

У  больных, у  которых удалось восстановить компенсацию, dc/d t повысилась, а 
показатель давления-времени уменьшился, значит сократительная сила миокарда повы
силась при одновременном сниж ении его потребности в обмене веществ. В отдельных 
случаях повысились и обмен веществ и сократительная сила, однако, у  этих больных не 
удалось восстановить компенсации. В других сл уч ая х повышения сократительной силы 
не наблюдалось, эти больные умерли.

И з результатов исследований авторы делают вывод, что под влиянием лечения на
перстянкой вначале уменьш ается обмен веществ, а затем  следуют увеличение сократи
тельной силы и восстановление компенсации.

ДЕ Й С Т ВИ Е  П Р Е Д Н И ЗО Л О Н А  НА Р А ЗВ И Т И Е  АТОФАНОВОЙ Я ЗВ Ы  У
СОБАКИ

А. ХАМОРИ, Т. НЕМЕШ и Т. ХАЛ

Применение терапической дозы преднизолона на протяжении трех  недель у  собак  
вызывает лишь у 20%  ж ивотны х изъязвление. П ораж ен ие поверхностное и наибольший  
диаметр не превышает 1 см. Экспериментальные результаты позволяют надеяться, что 
человеческую язву от преднизолона можно будет установить вовремя, если кажды е три 
недели проводить рентгеновское исследование ж ел у д к а  больного.

Преднизолон в значительной мере способствует прогрессированию атофановой 
язвы. В некоторых случаях возникают гигантские язвы , напоминающие гигантские язвы 
старческого возраста.

Одной из предположительны х причин ульцерогенного действия преднизолона  
является иатрогенная недостаточность надпочечников.

Гигантские язвы не сопровождаются гастритом, тогда как в группе, получившей 
исключительно лишь преднизолон, развивается более-менее тяжелый гастрит, в боль
шинстве случаев без образования язвы. Следовательно, пептическая язва и гастрит обу
славливаются двумя независимыми друг от друга механизмами.

Э К С П ЕРИ М ЕН ТА Л ЬН О Е И ССЛЕДО ВАН И Е П РЕП А РАТО В П Е Ч Е Н И

и. МАДЬЯР

Эффективность препаратов печени, используемы х в терапии хронических забо
леваний печени, была исследована в опытах на ж ивотны х. Эти вытяжки на основе гисто
логического исследования и определения задерж ки бромсульфолеина при отравлении  
четыреххлористым углеродом , по-видимому, оказывают лечебное действие, и их про
филактическая дача такж е понижает степень тяж ести  поражения четыреххлористым  
углеродом. Лечебное действие выявляемо равным образом  как в остром, так и в хрони
ческом эксперименте и проявляется, прежде всего, в повышении регенерации печени. 
Это последнее действие выявляемо и при экспериментальном циррозе печени.

Действие препарата, изготовленного из пораж енной четыреххлористым углеродом  
и, предположительно, регенерирующ ейся печени, более эффективное, чем действие пре
парата из невредимой печени. Этот экспериментальный результат доказывает сущ ест
вование гуморального фактора, способствующего регенерации печени.



В ви ду того, что стим улирую щ ее регенерацию печени действие, на основе опреде
л ен н ы х размышлений, не является безусловно выгодным эффектом, исследовался вопрос, 
оказы ваю т ли препараты печени влияние и на обмен веществ печени. В опытах in v ivo  
и in v itr o , в острых и хронических экспериментах равным образом можно доказать, что 
п реп арат  печени (Солкогепсил) увеличивает потребление кислорода срезами невредимой  
и патологической печенью.

О Т Р А В Л Е Н И Е  Ж И РН О Й  КИСЛО ТО Й, К А К  ВО ЗМ О Ж Н Ы Й  В Ы ЗЫ В А Ю Щ И Й  
Ф АКТОР С И Н Д РО М А  Ж И РО В О Й  ЭМБОЛИИ

Дь. САБО, Ж . МАДЬЯР и Р. ЯНКОВИЧ

1. У  кроликов летальная д оза  свободной ж ирной кислоты не является сущ е
ственно больш ой, если она вводится на протяжении более длительного времени при рас
п редел ен и и  на несколько доз. Значит, токсическое действие ее кум улируется.

2. П осле введения 0,50  м л триолеина на кг веса в легких не наблю дается повы
ш ения активности тканевой липазы . Однако в тканях и в норме выявляема очень высокая 
активность липазы.

3 . П осле введения такой ж е  дозы ни в плазме крови, ни в отдельных тк ан я х (лег
кие, головной мозг) нельзя выявить повышения содерж ания свободной ж ирной кислоты.

4 . П осле внутривенного введения дозы в 0,15  мл на кг веса свободная ж ирная  
к исл ота очень быстро исчезает и з кровообращ ения, и ее больш ая часть попадает в легкие. 
С одерж ан и е жирной кислоты в тк анях, однако, быстро уменьшается и вскоре возвра
щ ается к норме.

5 . Внутривенно введенная свободная ж ирная кислота и неэмульгированный  
нейтральны й ж ир вызывают в л егк и х  очень значительный отек и сильную воспалительную  
реакцию . Однако, после введения свободной ж ирной кислоты реакция возникает практи
чески моментально, в то время как после введения нейтрального жира реакция возникает 
значительно позж е, когда преобладаю щ ая часть введенного ж ира у ж е  исчезла из легких.

6. Легочная реакция в сущ ественной мере ухудш ает газообмен, вернее уменьш ает  
насы щ ение артериальной крови кислородом.

7. Описанные при человеческом синдроме ж ировой эмболии вторичные изменения  
л егк и х , по всей вероятности, вызываются свободной ж ирной кислотой, медленно и посте
пенно освобождаю щ ейся из нейтрального ж ира, эмболизованного в легких.

8 . Эти изменения легк их являю тся ответственными за  артериальную гипоксию, 
представляю щ ей собой наиболее важ ны й вызывающий фактор синдрома ж ировой эмболии.

РЕН Т ГЕ Н О К И Н Е М А Т О ГРА Ф И Ч Е С К И Й  А Н А Л И З Б Р О Н Х И А Л Ь Н Ы Х
Д В И Ж Е Н И Й

Т. СЕНЕШ

Рентгенокинематография откры ла широкую перспективу исследования законом ер
ностей  и анализа механизма двигательны х функций перед научно-исследовательской  
р аботой  и для диагностических целей.

Н астоящ ая работа поставила перед собой целью на основании опытов на ж ивот
ны х при помощи рентгенокинематографии исследовать респираторные двигательные явле
ния трахеобронхиальной системы. Было установлено, что закономерности этих движ ений, 
х а р а к т ер  физиологического или патологического их течения могут быть с поразительной  
подробностью  выявлены анализом  рентгенокинематограммы. Н уж но подчеркнуть, что 
отню дь не достаточно повторно наблю дать явления движ ения на кинофильме, а непре
м енно н у ж н о  на отдельных увеличенны х кадрах путем измерения изменений длины , ка
л и бра, полож ения бронхов и т. д . произвести метрический анализ сконструированны х  
таким  образом  кривых движ ения.



УЛ Ь'ГРАСТРУКТУ РН Ы Е И Ф Е РМ Е Н ТАТИ ВН О -Ц И ТО Л О ГИ Ч ЕСК И Е  
И ЗМ Е Н Е Н И Я . Н А БЛ Ю ДА ЕМ Ы Е В ЗО Б Н О Й  Ж Е Л Е ЗЕ  К РЫ СЫ  ПОСЛЕ  

РЕН Т ГЕ Н О В С К О ГО  О БЛ У Ч Е Н И Я

И. TÊPË, Э. БАЧИ, И. ЭКРЁШ, ДЬ. ВАДАС и ДЬ. РАППАИ

В зобной ж елезе крыс, облученных сублетальной дозой рентгеновских лучей, были 
проведены цитохимические исследования под световым и в электронном микроскопе, а 
так ж е исследования эстеразы изозима с помощью метода электрофореза на крахмальном  
геле.

Было установлено, что ретикулярные клетки зобной железы показывают в раз
личном соотношении активность кислой фосфатазы и неспецифической эстеразы . При 
помощи цитохимических методов были получены данные, указывающие на то, что после 
облучения в ретикулярных клетках соотношение активностей двух энзимов в сущности  
не изменяется, повышается, однако, их интенсивность.

При исследовании методом электрофореза на крахмальном геле удал ось  выявить, 
что как плотные тельца (dense body), обнаруживаемы е в мезенхимальных ретикулярны х  
клетках, так и вакуоли эпителиальных ретикулярны х клеток, содерж им ое которы х на
поминает нитки жемчуга, показывают активность кислой фосфатазы и, следовательно, их  
м ож но рассматривать как лизосомы.

П осле облучения животны х рентгеновскими лучами в мезенхимальных ретикуляр
ных клетках зобной железы выявляемо значительное накопление липоидов.

ЭФ Ф ЕКТ А К ГГ НА К РО В О Т О К  В Я И Ч Н И К А Х  И Н А Д П О Ч Е Ч Н И К А Х  
С ОСОБЫМ ВНИ М АН И ЕМ  НА В Н Е Н А Д П О Ч Е Ч Н О Е  Д Е Й С Т В И Е

Э. ШТАРК и Б. ВАРГА

Измерения с помощью нагретых термоэлементов показали, что в первые 1—2 
минуты после внутривенного введения А К ТГ повышается кровоток в яичниках и над
почечниках собак. Тот факт, что синтетический А К ТГ вызывает такой эффект такж е и в 
яичниках собак, лишенных надпочечников, доказывает, что это— вненадпочечное действие. 
П ри даче АКТГ ненаркотизированным собакам в виде вливания, д а ж е  небольш ие дозы 
гормона оказывают вышеописанное действие, указы вая на то, что оно сущ ествует и в 
физиологических, и в частности, в патологических условиях. Изучение м еханизма дей
ствия, распространяющееся на некоторые вазоактивные вещества, указало на возможность  
того, что-здесь гистамин играет роль медиатора.

Исследование предположительной роли синтеза «белка с быстрым обменом» при 
помощи циклогексимида, — как известно, тормозящ его этот процесс, — доказало, что 
А К Т Г  вызывает по крайней мере некоторое повышение кровотока, независимо от дей
ствия, оказанного на синтез кортикостероидов; кровоток продолжает повышаться еще 
и после того, как секреция кортикостероидов прекращает усиливаться, причем цикло- 
гексимид приостанавливает или уменьш ает эти два эффекта с определенным отставанием  
во времени. АКТГ вызывает такж е у  кошки повышение кровотока в яичниках.

Измерения методом Сапирштейна с помощью радиоактивного рубидия показали, 
что А К ТГ повышает яичниковый кровоток такж е у  хомяка и, хотя лишь в незначительной  
мере, у  крысы.

О бсуж дается физиологическое значение этого вненадпочечного эффекта АКТГ.

НЕСКОЛЬКО Д А Н Н Ы Х  К  С РА В Н И Т Е Л Ь Н О Й  Э Л Е К Т РО Н Н О Й  
М ИКРОСКОПИИ КОСТНОГО МОЗГА П О ЗД Н И Х  ЗА РО ДЫ Ш Е Й  И В ЗР О С Л Ы Х

КРЫ С

Б. БУКУЯ и А. БАЛАЖ

С помощью методов световой и электронной микроскопии (фиксирование: альде
гидом глютаровой кислоты +  осмием; заливка: Д уркупан ACM; контрастирование: 
ацетатом уранила +  лимоннокислым свинцом) авторы сравнивали цитологию  костного 
мозга 21-дневных эмбрионов и молодых крыс весом в 8 0 — 120 г породы В истар.



Было установлено, что к концу внутриутробной ж и зн и , по сравнению с взрослыми 
ж ивотны ми

1. наблюдается вы сокая доля недифференцированных элементов (stem  cell, гемо- 
цитобласты ), мегакариоцитобластов и базофильных гранулоцитов, а доля эозинофильных 
клеток более низка;

2 . в миелоидном ряде зрелые гранулоциты и базофильные клетки показывают по
добн ую  структуру, а промеж уточны е прекурсоры отличаются от послеродового состояния  
(н ар я ду со сравнительно многочисленными митохондриями и ядрами средней зрелости  
наблю дается небольшое число зернышек небольшого разм ера, цитоплазма показывает 
плотный основной тонус).

3 . Эмбриональные костномозговые клетки в общем содерж ат больше митохонд- 
риев, чем элементы подобного типа взрослых животны х.

Д л я  более точного уя сн ен и я  срока начала м иелопоэза и эндогенной репопуляции  
необходим о проводить электронномикроскопическое исследование костного мозга и крови 
более молодых (16—20-дневны х) эмбрионов крыс.

Д Е Й С Т В И Е  О Д Н О К Р А Т Н О Й  БОЛЬШОЙ Д О ЗЫ  ГЛ И К О К О РТ И К О И ДО В,
В В Е Д Е Н Н О Й  Н О В О Р О Ж Д Е Н Н Ы М , НА СИСТЕМ У ЛИМФЫ ЗО Б Н О Й  

Ж Е Л Е З Ы  И В Н У Т Р И С Е К Р Е Т О Р Н Ы Х  О РГА Н О В , И Н А  РОСТ У  КРЫ СЫ
И СОБАКИ

Й. ФАХЕТ, Э. ШТАРК и М. ПАЛКОВИЧ

Единственная больш ая д оза  гликокортикоидов, введенная через сутки после р ож 
ден и я , вызывает у  собаки и крысы фатальную кахексию . Это состояние сильно напо
м инает «wasting syndrom », наблюдаемый после тимектомии у  новорожденных. Вес тела, 
д ал ее вес зобной железы , селезенки и надпочечников оказались меньшими у животны х, 
вы ж ивш их после инъекции, а  число лимфоцитов был явно пониженным, как в лимфати
чески х органах, так и в крови. Гомологический трансплантат кож и приживал на протя
ж ен и и  значительно более длительного времени и реакция отталкивания была более сла
бой. Н а четвертой неделе ж и зн и  общий уровень протеинов и трех гаммаглобулиновых  
ф ракций сыворотки был пониж енны м. Повышение уровн я  кортикостерона крови, вы
зв ан н ое стрессом, было у  4-недельны х крыс меньшим, чем у  контрольных животны х  
подобного возраста.

В возникновении ф атальной кахексии, вызванной введением гликокортикоидов 
новорож денны м, первичная важ н ая  роль приписывается нарушению функции зобной  
ж ел езы , однако, не следует упускать  из виду ни прямые действия гликокортикоидов, 
оказанны е на прочие периферические лимфатические и внутрисекреторные органы, а 
та к ж е на другие органы.

ДЕЙСТВИ Е И Т О Ч К А  П РИ Л О Ж ЕН И Я  Д Е Й С Т В И Я  БЛОКАТОРОВ  
А Д Р Е Н Е Р Г И Ч Е С К И Х  Н Е Й РО Н О В

Л. Д Ь Ё РД Ь , М. ДОДА, Е. МОЛНЬАР и К. НАДОР

Сообщаются данные фармакологического исследования полученного в результате 
м ноголетней работы избирательного блокатора адренергических нейронов: бромида 
N -циклогексилбензил-За-гранатания (N-1024). На основе сопоставления литератур
ных данны х с результатами собственны х исследований авторов тирамино- и кокаиноподоб
ный, вызывающий выделение адреналина и имеющей различные точки прилож ения  
действия антихолинергический эффекты блокаторов адренергических нейронов не пред
ставляю т собой безусловны х сопутствую щ их явлений активности блокаторов адренерги
чески х нейронов. Возвращ аясь к первоначальной теории Хея и Уиллея, а такж е Бура  и 
Грина, авторы рассматривают блокаторы адренергических нейронов как соединения, 
напоминающ ие местоанестезирующ ие средства, и оказывающ ие действие на специальные 
мембраны.



О СОСТАВЕ ЛИ П И ДО В В Э РИ Т РО Ц И Т А Х

С. Р. ХОЛЛАН и Ю. X. БРЕЙ ЕР

Изменения состава липидов в эритроцитах были изучены (1) в процессе онтогенеза, 
(2) под влиянием безж ирной диеты и (3) при некоторых заболеваниях с расстройством  
обмена веществ.

Х олестерол, T E F A , липидный Р, группы фосфолипидов и общий состав фосфоли
пидных ж ирны х кислот в эритроцитах были изучены в ц ел ях выяснения изменений, про
исходящ их в процессе онтогенеза, изменений, вызываемых безж ирной диетой, и наблю 
даемых при эссенциальной и вторичной гиперлипидемии, а такж е при гиполипидемии  
вследствие акантоцитсза.

Постоянство липидов в эритроцитах при эссенциальной гиперлипидемии и пределы  
размера и типа изменений, вызываемых в эритроцитах посредством диеты, указы вают на 
то, что в возникновении изменений участвуют не относительные изменения лю бого компо
нента диеты, плазмы или ж ировой ткани, а другие факторы регуляции.

Обращается внимание на поразительные сходства, наблюдаемые в составе ж ирны х  
кислот фосфолипидов в зародыш евых клетках, в эритроцитах при недостаточности эссен- 
циальных ж ирны х кислот, при акантоцитозе и при некоторы х гемолитических забол е
ваниях. Предполагается, что.сходство липидной структуры , проницаемости для  неэлект
ролитов и жизнеспособности этих эритроцитов обуславливается недостатоточностыо эссен- 
циальных ж ирны х кислот вследствие безжирной диеты, вторичной плохой абсорбцией  
при акантоцитозе и вторичной местной недостаточностью ж ирны х кислот в усл ови я х  
повышенной потребности в эритроцитах. При таких усл ови я х происходит эритропоэз 
«зародышевого типа» с ускорением созревания, который м ож ет перескочить несколько  
фаз деления клеток.

РО Л Ь  ЛИМФО- И К РО В О О Б РА Щ ЕН И Я  В П АН К РЕАТИ Ч ЕСК О М
С АМ О П ЕРЕ В А РИ ВА Н И И  И РАЗВИ ТИ И  В Н Е П А Н К Р Е А Т И Ч Е С К И Х

Н ЕКРО ЗО В

М. ПАПП, Ш. ОРМАИ, Л. ЧАКИ и Е. ХОРВАТ

П осле вливания Щ31-альбумина и введения J '“ -бенгальского красного, — связан
ного с протеином in v ivo  — в поджелудочную  ж ел езу  собаки, в лимфе грудного протока 
были найдены гораздо более высокие концентрации введенных веществ, чем в плазме 
подж елудочной и воротной вены. В собаке с желчным панкреатитом концентрации ли
пазы и амилазы были такж е более высокими в лимфе грудного протока, чем в сы воротке 
воротной вены.

Посредством своей транспортной функции лимфообращ ение оказывает защ итное  
действие при процессе панкреатического самопереваривания. Определенная опасность, 
быть м ож ет, кроется в факте, что лимфа переносит в кровь в значительной концентрации  
энзимы, протеины и связанные с протеинами вещества, которые не проходили через печень.

РО Л Ь К АТЕХО ЛАМ И Н О В В Ц Е Н Т РА Л Ь Н Ы Х  Д Е Й С Т В И Я Х  АМ Ф ЕТАМ ИНА

А. К. ПФЕЙФЕР, Л. ДЬЕРДЬ и М. ФОДОР

Резерпин и альфа-метил-т-тирозин не влияют на повышенную подвиж ность, 
вызванную амфетамином, но они в значительной мере пониж аю т стимуляцию обмена  
вещ .ств амфетамином.

Прениламин и гуанетидин уменьшают оба центральные действия амфетамина.
М ежду понижением уровня катехоламинов мозга и возможностью воздействия на 

эффекты амфетамина не наблюдается линейной связи.
Резерпин оказывает тормозящ ее действие на усиленную  подвижность от р-хлоро- 

амфетамина.
Независимо от их вызывающего гипермотильность свойства производные амфе

тамина понижают усиление спазмофилии, вызываемое резерпином и тироксином.



И СС Л ЕДО ВАН И Е IN  V ITRO  РОСТА К Л Е Т О К , НАПОМ ИНАЮ Щ ИХ  
Ф И БРО БЛ АС ТЫ , П РО И С Х О Д Я Щ И Х  И З Р А ЗЛ И Ч Н Ы Х  О РГАН О В К РЫ С, 

ПОСЛЕ О БРА БО ТК И  ГИ ДРО К О РТИ ЗО Н О М

ДЬ. РАППАИ

Автор исследовал на к ул ьтур ах из зобной ж ел езы , костного мозга и миокарда крыс 
р ост , способность делиться клеток эксплантатов, напоминающих фибробласты (F L ), и в 
зо н е  р оста эксплантатов густоту  клеток после однонедельной обработки культуры  гидро
кортизоном , а также после обработки гормоном и кратковременным воздействием Колыде- 
м ида. Было установлено, что (1) под влиянием гормона число митозов уменьш ается, а 
п осл е совместного добавления гормона и К ольцемида оно существенно повышается. 
Г у сто т а  клеток в переводе на единицу площади, однако, уменьшается. (2) Эксплантаты  
м и ок арда показали поведение, отличающееся от поведения эксплантатов д в у х  других  
исследовавш ихся органов: по сравнению с контролями число митозов под влиянием  
л ю бой  обработки не изменилось. (3) Гистологическими методами исследования в куль
т у р а х  не удалось доказать активности 11 /?-гидроксистероид-дегидрогеназы. И з этих 
данны х можно сделать заклю чение, что а) гидрокортизон, по всей вероятности, оказы
вает влияние на отдельные ж изненны е фазы клеток, а не на число делящ ихся клеток; 
б) в к ул ьтурах, обрабатывавшихся гормоном и Кольцемидом число митозов не повышается 
в результате синергизма д в у х  средств.
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