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Haematologia 4 (1), pp. 3—4 (1970)

Farewell to Ludwig Heilmeyer
(1899- 1969)

| have the sad task to say farewell to Professor L. Heilmeyer on behalf of
the Hungarian Haematological Society as well as in my own name. My task is
rendered difficult by the fact that | had the privilege to call myself his friend. We
had become acquainted as young assistants of Weil’s department in Jena, in 1929.
Then already Heilmeyer was an enthusiastic researcher, who believed in purpose-
ful scientific work and this was what gave the essence of his life. His main interest
then was haematology. He soon realized that a purely morphological trend was
not to ensure the best results. Shortly he became aware of the importance of bio-
chemical research in haematology but did not overlook the significance of func-
tional morphology beside the biochemical approach and this was one of his great
merits, and at the same time the key for his having been able to take stand in
every question of general and clinical haematology.

His first work of importance was the elaboration of a method for determin-
ing iron in blood, a procedure which then allowed to clarify many problems of
iron deficiency, and the sideropenic and sideroachrestic anaemias. He was among
the first to start laboratory investigations into porphyrin synthesis. In addition to
the pathogenesis of porphyria erythropoietica he succeeded in elucidating a number
of questions of the secondary disorders of porphyrin metabolism. His research
involved megaloblastic anaemia, haemolytic diseases, the normal and pathological
functions of the spleen. He described several bone marrow types in panmyelopathy.
There was in fact no field in haematology in which he was not interested.

His creative activity was not exhausted by analysis, but with the clinician’s
logic he laid great stress upon synthesis. This aspect was always characteristic of
his books, papers and lectures.

Heilmeyer was not only an internationally known experimental haematolo-
gist but also an outstanding clinician. At his department one had the opportunity
to become acquainted with its excellent spirit and organization, the close coordi-

1* Haematologia 4, 1970



4 Farewell to Ludwig Heilmeyer

nation of the scientific, diagnostic and therapeutic activities, with much basic
research work and clinical investigations in well-equipped laboratories, as well
as with a great number of enthusiastic disciples, who realized Heilmeyer’s initia-
tives and ideas. In this department the analysis of every problem started indeed
from, and returned to, the patient's bed.

Heilmeyer was a scientist with exceptional gifts whose opinion was original
and clear, and who could always draw the attention to some new, unexpected
point of view. He passed away in the strength of his creative power, and haema-
tology has lost a great personality. Our sorrow is lessened by the conviction that
the memory of a great personality is kept alive by the results of his creative life.

l. Barta

Haematologia 4. 1970
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Effect of Diazooxonorleucine and N-ethyl Maleimide
on the Incorporation of Nicotinic Acid and Nicotinamide
into the Pyridine Nucleotides
of Human Erythrocytes in vitro**

E. R. Jaffé, Gertrude Neumann

Department of Medicine, Albert Einstein College of Medicine, Bronx Municipal Hospital
Center, Bronx, New York 10461, U.S.A.

(Received September 25, 1969)

Diazooxonorleucine inhibited the incorporation of radioactive nicotinic acid,
but not of nicotinamide, into the pyridine nucleotides of human erythrocytes. Inhibi-
tion was reflected in an increased accumulation of nicotinic acid adenine dinucleotide,
the immediate precursor of NAD. Inhibition of incorporation of nicotinic acid by
N-ethyl maleimide and, to a lesser degree, incorporation of nicotinamide paralleled
the inhibition of glycolysis produced by this compound. These observations were
consistent with the known pathways for the biosynthesis of pyridine nucleotides in
mammalian tissues. They also indicated that nicotinamide deamidase activity, if pres-
ent at all, was extremely limited in human erythrocytes.

The synthesis of NAD by human erythrocytes, as well as by other mammalian
tissues, appears to depend upon the presence of the nicotinic acid pathway dem-
onstrated by Preiss and Handler [1, 2]. This pathway requires nicotinic acid,
glutamine or ammonia, ATP and phosphoribosylpyrophosphate for the net syn-
thesis of NAD. NAD Kkinase, the only known enzyme for the formation of
NADP from NAD, also requires ATP [2, 3]. Utilization of nicotinamide, when
present in physiological concentrations, is not considered to be significant for the
synthesis of NAD by human erythrocytes [4, 5]. In other tissues, however, it
has been demonstrated that nicotinamide can be utilized for the formation of
NAD after it is deamidated by nicotinamide deamidase to nicotinic acid [6—S8].
Previous studies have shown that incubation of normal human erythrocytes with
radiocarbon labeled nicotinic acid results in the net synthesis of NAD and the
incorporation of the radioactive label into NAD and NADP [9]. Incubation with
radioactive nicotinamide results in the incorporation of the labeled precursor
into NAD and NADP to a much more limited extent than occurs with nicotinic

*These studies were supported by U.S. Public Health Service grant AM-13698. Dr.
Jaffé is a Career Scientist of the Health Research Council of the City of New York, award
1-169.

**  Abbreviations: AMP: adenosine 5’-phosphate; ATP: adenosine 5’-triphosphate;
NMN: nicotinamide mononucleotide; NAD: nicotinamide-adenine dinucleotide; NADP:
nicotinamide-adenine dinucleotide phosphate; NADase: nicotinamide-adenine dinucleotide
nucleotidase; GSH: glutathione (reduced); DON: 6-diazo-5-oxo-L-norleucine; NEM:
N-ethyl maleimide.

Haematologia 4. 1970



6 Jaffé et al.: Effect of diazooxonorleucine

acid and no net synthesis of NAD is observed. This incorporation can be attrib-
uted to an exchange of the nicotinamide moiety mediated by the activity of NAD
(TNADP) nucleotidases (NADase) [2, 10].

The studies described here were conducted to obtain information about
the presence of nicotinamide deamidase activity in human erythrocytes and about
the relative importance of glycolytic activity in the biosynthesis of the pyridine
nucleotides. Diazooxonorleucine (6-diazo-5-oxo-L-norleucine or DON), a spe-
cific inhibitor of reactions involving glutamine [11], and N-ethyl maleimide
(NEM) which forms a stable complex with GSH and other sulfhydryl groups [12]
were employed to alter the metabolic activity of the erythrocytes.

Materials and Methods

Whole blood, anticoagulated with heparin, was obtained from healthy
adults, and suspensions of washed erythrocytes were prepared as described pre-
viously [9]. Reticulocyte-rich suspensions were prepared from blood drawn from
a patient (111-26) [13] with a hereditary non-spherocytic hemolytic disorder asso-
ciated with an altered phospholipid composition of the erythrocytes; the reticu-
locyte count was 10 % Flasks for incubation contained 11 ml of washed erythro-
cytes, 3.3 “moles and 15 pc of radioactive nicotinic acid or nicotinamide, 1390
/moles of glucose, 220 /moles of glutamine, 550 /moles of inorganic phosphate
as an isotonic sodium phosphate buffer solution, pH 7.4, 15 mg of penicillin and
15 mg of streptomycin in a total volume of 20 ml. After dilution with unlabeled
compound, the specific activity of the nicotinic acid-7-14C and nicotinamide-7-14C
was 1.86 to 2.20 X10Bcpm per /mole.1The final concentration of nicotinic acid
or nicotinamide was 0.165mM. In the experiment with a 100-fold higher concen-
tration of nicotinamide (16.5mM), the specific activity was reduced to 1.86 x 104
cpm per /mole with unlabeled nicotinamide. When required, DON2and NEM3
were dissolved in the incubation medium just prior to the addition of the washed
erythrocytes. The flasks were incubated for 4 hours, unless otherwise indicated,
in air at 37° C in a Dubnoff metabolic shaker-incubator. The procedures employed
for the isolation of nucleotides from cold trichloroacetic acid extracts of washed
erythrocytes, for the identification of the pyridine nucleotides, and for the deter-
mination of radioactivity were described in detail previously [14].

After incubation with nicotinic acid-7-14C, a highly labeled material with
the spectral characteristics of an adenine-containing compound was eluted from
the Dowex 1-X2 resin about 400 ml after NAD and about 200 ml before NADP

1Radiocarbon labeled compounds were obtained from New England Nuclear Corpo-
ration, Boston, Massachusetts. The purity of the compounds was verified by paper chroma-
tography in two solvent systems.

2Kindly provided by Dr. Ralph K. Barclay, Sloan-Kettering Institute for Cancer
Research, Rye, New York.

30Obtained from Schwarz Bioresearch, Inc., Mount Vernon, New York.

Haematologia 4, 1970



Jaffé et al.: Effect of diazooxonorleucine 7

were recovered. This compound was identified as nicotinic acid adenine dinucleo-
tide (deamido-NAD) on the basis of the following properties: 1. relative position
in the column chromatographic profile [1, 15], 2. ultraviolet absorption spectrum
[1], 3. failure to show increased light absorption at 340 m/i after incubation with
ethanol and crystalline yeast alcohol dehydrogenase [6], and 4. identification of
radioactive nicotinic acid and unlabeled AMP after alkaline hydrolysis and paper
chromatography [1, 14]. The failure to demonstrate nicotinic acid mononucleotide
or nicotinamide mononucleotide (NMN) in these experiments probably resulted
from the fact that mononucleotides are not readily precipitated from cold trichlo-
roacetic acid extracts by —20 °C acetone [6, 16]. Those fractions which were ex-
pected to contain deamido-NAD were collected in all experiments, regardless of
the labeled precursor. These fractions were evaporated to dryness, redissolved in
water, subjected to paper chromatography, and counted for radioactivity [14].
Deamido-NAD could not be detected in extracts of normal human erythrocytes
which had not been incubated with nicotinic acid. All of the radioactive deamido-
NAD, therefore, was presumed to have been formed during the period of incuba-
tion. The amount synthesized was calculated from the total number of counts
recovered from the deamido-NAD fractions obtained on column chromatogra-
phy divided by the specific activity of the deamido-NAD eluted from the paper
chromatogram. A molar extinction coefficient of 15.5 at 260 m/.i was used to cal-
culate the concentration of deamido-NAD collected from the paper chromato-
grams [1]. The amount synthesized per ml of erythrocytes was calculated from
the packed erythrocyte volumes of the incubation suspensions which were deter-
mined with microhematocrits. Recovery by column chromatography of NAD
added to extracts of erythrocytes was about 90 % and recovery of added NADP
was about 75 % The values reported here, however, were not corrected.

Lactate [17] and pyruvate [18] assays were performed on clear filtrates ob-
tained after addition of one vol of each erythrocyte suspension to 6 vol of cold 2 %
perchloric acid before and after incubation. Lactate and pyruvate production
per ml of erythrocytes were calculated. The concentrations of GSH before and
after incubation were determined with 5,5'-dithiobis-(2-nitrobenzoic acid) [19].

Results

The data obtained in these experiments are summarized in Table 1. Extensive
incorporation of radioactive nicotinic acid into the NAD of mature erythrocytes
was observed after incubation for 4 hours. The radioactivity of the NADP in
the absence of inhibitors was about 5 % of that of the NAD. Three to 7 m/unoles
of deamido-NAD per ml of erythrocytes accumulated during the 4 hours. Incuba-
tion for 16 hours resulted in about a two-fold increase in the labeling of NAD
and a four-fold increase in the labeling of NADP over that observed after 4 hours,
but did not result in increased accumulation of deamido-NAD.

In contrast to the findings with the immature erythrocytes of rabbits [14],
the extent of incorporation of nicotinic acid into NAD in a cell suspension with

Haematologia 4. 1970



8 Jaffé et al.: Effect of diazooxonorleucine

Table 1

Effect of metabolic inhibitors on the incorporation of radioactive nicotinic acid and nicotin-
pyruvate, and concentration

Specific activity Inhibition
Expt. o
No. Inhibitor Deamido-
NAD NADP NAD NAD NADP
Imioles/ml
cells cpm//zmole x 10 % %
Nicotinic acid-7-14C
| Control 814 52 1880
Control 831 49 2030
1* Control 795 153 2060
11 Control 818 45 1713
DON 14 113 10 1860 86 78
v Control 905 46 2000
DON 1.6 148 n 2019 84 76
y**  Control 1536 187 2368
DON 1.6 184 37 2100 88 80
VI Control 906 12 1800
NEM 3.2 783 14 1850 14 0
VIl Control 774 45 1860
NEM 9.3 154 6 1950 80 87
Nicotinamide-7-14C
| Control 155 9
1* Control 329 1
11 Control 101 6
DON 14 110 8 0 0
v Control 140 8
DON 1.6 135 8 3 0
AVl Control 637 53
DON 16 600 49 6 7
VI Control 175 7
NEM 3.2 165 5 6 29
VII Control 128 n
NEM 9.3 47 1 63 a1
VI*** Control 7.2 13
DON 15 71 13 | 0

Studies with the same experiment numbers were performed with erythrocytes from
the same phlebotomy.
* Erythrocyte suspension from blood with 10% reticulocytes.
** Incubated at 37°C for 16 hours.
*** Incubated at 37°C for 23 hours with 330 /.(moles of nicotinamide in 20 ml of
incubation suspension.

10 % reticulocytes was not increased above that observed with mature cells. In-
corporation into NADP, however, was increased by about 4 times and 9 m/tmoles
of deamido-NAD per ml of cells were formed. Many more extremely immature

Haema tologia 4, 1970



Jaffé et al.: Effect of diazooxonorleucine 9

amide into pyridine nucleotides, synthesis of deamido-NAD, production of lactate and
of GSH in human erythrocytes

Deamido- Lactate Pyruvate Lactate Inhibi- GSH Decrease
NAD formed formed tion Initial  Final from
pyruvate initial
rrmoles/ .

ml cells fimoles/m] cells % yumoles/ml cells o/
41 14.6 01 147 3.0 29 3
35 14.7 01 148 3.0 29 3
9.3 301 0.1 30.2 33 33 0
71 135 0.2 137 2.8 2.6 7

317 139 01 14.0 0 2.9 2.7 7
4.7 12.8 0.1 129 29 29 0
29.0 129 0.1 13.0 0 29 2.8 3
3.8 435 16 45.1 2.8 2.7 4
22.8 431 15 44.6 1 2.8 2.7 4
4.2 148 0.2 15.0 3.0 3.0 0
58 14.2 0.2 144 4 0.9 0.8 76
2.7 14.7 0 14.7 3.0 29 3
54 24 0.2 2.6 82 0.2 0.3 0

< 001 145 0.1 146 3.0 2.9 3

< 0.02 30.3 01 30.4 33 33 0

< 0.02 138 0.2 14.0 2.8 2.6 7

< 001 134 0.1 135 4 29 2.7 4

< 0.02 129 01 130 29 28 3

< 0.02 129 0.2 131 0 30 29 0

< 0.02 430 0.7 43.7 2.8 3.0 0

< 0.01 428 12 44.0 0 2.8 29 0

< 0.01 134 0.2 136 3.0 3.0 0

< 001 137 0.2 139 0 04 0.3 0

< 001 142 0.4 14.6 3.0 29 3

< 001 21 0.6 2.7 82 0.2 0.3 91

< 001 571 13 58.4 2.7 2.7 0

< 0.01 56.9 14 58.3 0 29 29 0

reticulocytes, by morphologic criteria, were obtained from rabbits with acetyl-
phenylhydrazine-induced reticulocytosis than were seen in the blood of the patient
with a compensated hereditary hemolytic disorder.

When 1.4 to 1.6 /tmoles of DON per ml of erythrocytes were included in the
incubation medium, the incorporation of nicotinic acid into NAD was inhibited
by 86 % and incorporation into NADP was decreased by 78 % The accumulation
of deamido-NAD, however, was increased by about six-fold. The presence of

Haematologia 4, 1970



10 Jaffé et al.: Effect of diazooxonorleucine

DON did not inhibit glycolysis, as reflected in the production of lactate and pyr-
uvate, and did not decrease the concentration of GSH significantly.

Incubation with a concentration of NEM approximately equimolar to the
intracellular concentration of GSH resulted in a 76 % decrease in the concentra-
tion of GSH, a minimal (4%) inhibition of glycolysis, and a 14 % inhibition of
incorporation of nicotinic acid into NAD. Incorporation into NADP was not
inhibited and the accumulation of deamido-NAD was increased by 38 % When a
three-fold excess of NEM over GSH was employed, incorporation into NAD and
NADP, as well as glycolysis, were inhibited to about the same extent (80 to 90 %).
Accumulation of deamido-NAD, however, was not impaired.

When an amount of nicotinamide-7-14C equimolar to the amount of nico-
tinic acid was used as the radioactive precursor, incorporation into NAD was
about 17 % of that observed with nicotinic acid, and the labeling of NADP was
about 20 % After incubation for 16 hours, labeling of NAD was increased five-
fold and that of NADP six-fold over the values observed after 4 hours. Incorpo-
ration of nicotinamide into the NAD of a reticulocyte-rich suspension was in-
creased about two-fold over that obtained with mature erythrocytes, while in-
corporation into NADP was not altered significantly.

The presence of DON in the concentrations which inhibited the incorpora-
tion of nicotinic acid did not significantly inhibit incorporation of nicotinamide.
Deamido-NAD accumulation could not be demonstrated in any of these experi-
ments, even after prolonged incubation with or without DON. The quantities
listed in the table reflect the recovery of a total of 150 to 300 counts per minute
and were, therefore, of questionable significance. Even when nicotinamide was
added in a concentration 100 times greater than that used in the other experiments
and incubation was continued for 23 hours (Expt. VIII), DON did not inhibit
incorporation and deamido-NAD was not detected. In this latter experiment,
about three times as much NAD was recovered from the column chromatograms
as was recovered when erythrocytes were incubated with the lower concentration
of nicotinamide or without added nicotinamide for 4 or 16 hours. Thus, net syn-
thesis of NAD from nicotinamide appeared to have occurred under the conditions
of this experiment.

NEM, at a concentration equal to that of intracellular GSH, resulted in
no impairment of glycolysis and minimal inhibition of incorporation of nicotin-
amide into NAD and NADP. A three-fold excess of NEM over GSH, however,
produced marked inhibition of glycolysis and of incorporation into the pyridine
nucleotides.

Discussion
The observations described here are consistent with the known pathways

for the biosynthesis of pyridine nucleotides in mammalian tissues [2]. The final
step in NAD synthesis involves amidation of deamido-NAD through the activ.

Haematologia 4, 1970



Jaffé et al.: Effect of diazooxonorleucine 1

ity of NAD synthetase in the presence of glutamine (or ammonia) and ATP.
The level of activity of this enzyme is considered to be rate-limiting in the proto-
zoan, Astasia longa, [20], but not in Escherichia coli [21]. The greater inhibition
of incorporation of nicotinic acid into NAD than of the formation of deamido-
NAD when glycolysis is inhibited by NEM in the present study may indicate
either that NAD synthetase is susceptible to sulfhydryl inhibition or that this
enzymatic activity is also rate-limiting in human erythrocytes. The greater in-
crease in the formation of deamido-NAD than in the labeling of NAD in a reticu-
locyte-rich suspension is consistent with the latter concept. Immature erythrocytes
(reticulocytes) have an increased glycolytic rate and an increased content of ATP
[22] and, therefore, might be expected to demonstrate increased capacities for
the synthesis of pyridine nucleotides.

NAD kinase activity also is dependent upon ATP. The extent of labeling of
NADP is increased significantly after incubation of human reticulocytes, rather
than mature cells, with labeled nicotinic acid. The level of activity of NAD ki-
nase, therefore, does not appear to be rate-limiting under these conditions.

The effect of DON on the incorporation of nicotinic acid into NAD and
NADP is supporting evidence for the role of glutamine in the synthesis of NAD.
Inhibition of incorporation by DON is reflected in an increased accumulation of
deamido-NAD, the immediate precursor of NAD. Glutamine has been demon-
strated to be the preferred nitrogen donor for NAD synthesis in yeast [1], while
ammonia is the preferred substrate in Escherichia coli [23]. Incorporation of nico-
tinic acid into NAD and NADP, and net synthesis of NAD by human erythrocytes
are decreased by at least 50 % when glutamine is omitted from the incubation
medium [5, 9]. Thus, glutamine probably is the preferred nitrogen donor in human
erythrocytes.

Inhibition of glycolysis in human erythrocytes by NEM when present in a
concentration greater than the intracellular concentration of GSH has been
demonstrated by Jacob and Jandl [24]. NEM probably impairs metabolic activity
by inhibiting sulfhydryl-containing enzymes. The inhibition of incorporation
of nicotinic acid which is observed when NEM is present in a concentration equal
to or greater than the concentration of GSH probably reflects the comparable
inhibition of glycolysis and, therefore, of the generation of ATP. The failure of
deamido-NAD accumulation to decrease is difficult to explain, but may indicate
preferential utilization of available ATP in this earlier biosynthetic reaction which
may not be subject to sulfhydryl inhibition.

Incorporation of radioactive nicotinamide into NAD and NADP can be
explained by the exchange reaction which is catalyzed by NADase [2, 10]. The
more extensive labeling of NAD than of NADP may reflect the greater affinity
of NADase for NAD than for NADP [25]. Hemolysates of reticulocytes appear
to possess only slightly greater NADase activity than do lysates of mature eryth-
rocytes [25, 26]. The enhanced incorporation of nicotinamide into the pyridine
nucleotides of a reticulocyte-rich suspension, however, may be due to increased
activity of this enzyme system in intact immature erythrocytes. The minimal in-

Haematologia 4, 1970



12 Jaffé et al.: Effect of diazooxonorleucine

hibition of incorporation of nicotinamide which results from incubation of human
erythrocytes with low concentrations of NEM and the significant inhibition which
occurs with high concentrations may be evidence that the NADase-mediated
exchange reaction is sensitive to sulfhydryl inhibition. In rat erythrocytes, how-
ever, the uptake of both nicotinamide and nicotinic acid is inhibited by fluoride,
iodoacetate or arsenate [27]. Thus, it is unclear if glycolytic activity is essential
for the incorporation of nicotinamide into pyridine nucleotides.

Nicotinamide is a better precursor than nicotinic acid for the synthesis of
NAD by mammalian liver in vivo [2, 6, 28]. This apparent paradox has been
resolved by the finding that rat and rabbit liver contains nicotinamide deamidase
activity [7, 8]. In this tissue, therefore, nicotinamide can be converted to nicotinic
acid which is then utilized for the synthesis of NAD via the nicotinic acid path-
way. Administration of DON plus nicotinamide to mice completely prevents the
increased hepatic synthesis of NAD induced in the livers of control animals in-
jected with nicotinamide alone [15]. In the livers of animals treated with DON,
deamido-NAD accumulates in amounts approximately equal to the quantities
of NAD synthesized in the absence of DON. In human erythrocytes in vitro,
DON fails to inhibit incorporation of nicotinamide into NAD and NADP, and
the formation of significant amounts of deamido-NAD is not observed, even after
prolonged incubation. Nicotinamide deamidase activity, therefore, is either absent
from mature human erythrocytes or its level of activity is so low that it cannot be
detected with the methods employed in this investigation.

Net synthesis of NAD is demonstrable after prolonged incubation of human
erythrocytes with high concentrations of nicotinamide [5]. Even under these con-
ditions and in the presence of DON, incorporation is not inhibited and deamido-
NAD accumulation is not observed. Synthesis of NAD may result from the activ-
ity of NAD pyrophosphorylase which can form NAD from NMN and ATP [2].
NMN is readily synthesized by human erythrocytes from nicotinamide [29], but
the level of activity of NAD pyrophosphorylase in these cells is considered to be
too low to account for significant synthesis of NAD [29, 30]. Deamidation of
NMN, reported to take place in mouse liver [31], might be involved, but accu-
mulation of deamido-NAD would be expected to occur when NAD synthetase
activity is inhibited by DON. Thus, the synthesis of NAD in human erythrocytes
upon incubation with high concentrations of nicotinamide remains unexplained.
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In 20 of 23 patients with chronic renal failure no measurable plasma and uri-
nary erythropoietin activity could be detected in spite of the presence of severe anae-
mia. In addition, plasma from 11 out of 13 anaemic uraemic subjects induced a sig-
nificant inhibition of ESF, while normal human plasma was enhancing the erythro-
poietic effects of ESF. The inhibitor was still present after in vitro dialysis and was
partially inactivated by heating. It was also shown that the inhibitor could be acting
during the stage of stem-cell differentiation, but not during the later stages of erythroid
cell development.

The anaemia of renal failure is associated with an increased destruction of
red blood cells (RBC) and an impaired erythropoietic response to anaemia. The
pathogenesis of the erythroid failure has been postulated to be due to diminished
erythropoietin (ESF) production [1, 2] and/or the toxic effects of the metabolic
products of uraemia on the erythroid cells [3]. However, the mechanism of the
decreased ESF production is not fully understood.

Recently, Fisher et al. [4] suggested the presence of an ESF inhibitor in the
normal rat kidney homogenate; an increase in this inhibitor may play an important
role in the mechanism of the anaemia of chronic renal failure.

In the present study, the plasma level of the ESF inhibitor in anaemic urae-
mic patients has been compared with that of normal human subjects. Further-
more, it has been attempted to clarify the mechanism of ESF inhibition by the
uraemic plasma.

Materials and Methods

Twenty-three patients with azotaemia due to chronic renal failure were
studied. In 15 of these patients, chronic haemodialysis was done twice a week
in our hospital. All patients had BUN levels of more than 57 mg per 100 ml.

Plasma and urinary erythropoietin assays were performed in hypertrans-
fused polycythaemic mice as described by DeGowin et al. [5].

The inhibitory effect of anaemic uraemic plasma on human urinary erythro-
poietin was tested in polycythaemic mice as follows. Five ml of untreated uraemic
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plasma were mixed with 1.0 unit of erythropoietin in 0.2 ml of saline. The mixture
was incubated at room temperature for 40 minutes. One ml (0.2 unit ESF/ml)
of the incubated mixture was given subcutaneously to each of 5 polycythaemic
assay mice.

The effect of uraemic plasma (case M. S.) on erythropoiesis was estimated as
follows. Five groups of 5 polycythaemic mice each received 0.2 units of ESF in
0.5 ml of saline subcutaneously. Each group was given subcutaneously 1.0 ml of
uraemic plasma 6 hours before, simultaneously with, and 12, 24, and 36 hours
after a single injection of ESF. Forty-eight hours later 0.5 /rci of j9FeCli was
injected intraperitoneally and the incorporation of°9%e into erythrocytes was
measured another 48 hours later.

The erythropoietin used in these studies was extracted from the urine of an
anaemic patient with bone marrow erythroid hypoplasia according to the method
of Lowy and Keighley [6]. The potency of this urinary erythropoietin was stan-
dardized by comparison with International Standard B Erythropoietin obtained
from the Bureau of Standards, National Institute of Medical Research, London,

England.

Results

Erythropoietin levels in uraemic patients

Results are shown in Figure 1 In 20 of 23 anaemic uraemic patients there
was no significant plasma erythropoietin titre as compared to that of the saline

Fig. 1L Plasma and urinary erythropoietin levels in anaemic uraemic patients
(—: Same subjects)
z : Saline control
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controls (Fig. 1, left). Slight or no erythropoietic activity was demonstrable in the
urine of 5 uraemic patients, concentrated by the method of Adamson et al. [7].
while activity was present in normal concentrated urines (Fig. 1, right).

ESF inhibitor

The effect of uraemic plasma incubated with ESF was compared in poly-
cythaemic mice with that of 5 normal human subjects. As seen in Table 1, the

Table 1

Effects of anaemic uraemic and of normal plasma on the erythropoietic
activity of ESF in polycythaemic mice

BUN Dosage % 59Fe incorpo-
Treat- Haemat. mg (per mouse) ration in RBC of
ment per cent. per polycythaemic
100 ml ES_F Plasma mice*
units ml
Saline 031+ 0.12
ESF — 0.2 3.95+ 0.58

Normal plasma

1 39 9.0 0.2+ 10 8.9+ 0.2
2 45 125 0.2+ 10 4.8+ 05
3 42 0.2+ 1.0 6.9+ 25
4 40 14.0 0.2+ 10 91+ 17
5 46 0.2+ 10 6.3+ 0.6
Uraemic plasma
Y. K 28 100.5 0.2+ 10 6.7+ 35
M. S 20 66.9 0.2+ 10 0.8+ 0.2
H. O 30 65.0 0.2+ 05 2.7+ 12
H A 32 60.6 0.2+ 10 1.8+ 04
During haemodialysis
K. S. 22 57.0 0.2+ 10 0.9+ 0.2
M. T. 22 615 0.2+ 10 2.2+ 09
K. O. 20 119.7 0.2+ 10 1.4+ 0.8
Ta. Y. 29 1055 0.2+ 10 08+ 0.4
Tu. Y. 27 61.6 0.2+ 1.0 3.6+ 11
H M 23 79.0 0.2+ 10 28+ 1.7
A K** 24 63.2 0.2+ 10 8.4+ 2.6
S. T 19 66.0 0.2+ 10 3.3+ 04
K 1 23 722 0.2+ 10 1.6+ 0.6

* Each group receiving plasma contained 3—5 mice + standard error of mean
** ESF activity present in plasma
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erythropoietic effect of ESF was markedly accentuated when injected with normal
human plasma. On the other hand, the plasma from 11 of the 13 uraemic patients
showed a significant inhibitory effect of ESF on d¥e incorporation in polycythae-

mic mice.

Fig. 2. Inhibitory effect of uraemic plasma

As demonstrated in Figure 2, the inhibitory effect persisted after dialysis of
uraemic plasma; it was partially inactivated by heating at 56 for 30 minutes,
while completely inactivated by boiling.

Inhibition of erythropoietin by uraemic plasma

The effect of uraemic plasma (case, M. S.) on erythropoiesis is shown in
Figure 3. Iron incorporation in these groups was 1.2 + 0.6%; 0.8 £+ 0.2%;
09 + 04%; 18 £ 0.8%; and 3.4 + 0.5 % respectively.

Those groups which had received uraemic plasma either prior to or immedi-
ately following the injection of ESF, showed a marked depression of exogenous
erythropoietic activity, but when the uraemic plasma had been given 24 to 36
hours after the ESF, no inhibition was observed.
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Fig. 3. Interval between injections of erythropoietin and uraemic plasma (Subject; M.S.)

Discussion

The kidney is believed to be the major site of erythropoietin production or
activation, ever since in 1957 the renal dependency of circulating ESF in the ane-
phric rat has been demonstrated by Jacobson et al. [8] and the role of ESF in
inducing increased erythropoiesis by differentiation of stem cells is now generally
accepted. A deficiency of the hormone has been thought to play an important role
in the anaemia of uraemic patients [1,2, 9]. In the present study, no measurable
plasma and urinary erythropoietin titres were detected in spite of the presence of
severe anaemia in 20 of 23 patients with chronic renal failure (Fig. 1). However,
the mechanism by which this decrease of ESF production occurs, has not been
clarified.

Recently, Fisher et al. [4, 10] have suggested the presence of an ESF inhibitor
in normal rat and uraemic human kidney homogenates and the occurrence of an
erythropoiesis inhibiting factor in the plasma of polycythaemic animals has been
reported by other investigators [11, 12]. In this sense, the increase of ESF inhibi-
tor might play an important role in the mechanism of the anaemia of chronic renal
failure. The present studies demonstrated that the plasmafrom 11 out of 13 anae-
mic uraemic subjects induced a significant inhibition of ESF, while normal human
plasma enhanced the erythropoietic effect of ESF (Table 1). Although the improve-
ment in ferrokinetics observed in anaemic uraemic patients following dialysis
[3, 13, 14] may be related to the removal or inactivation of an ESF inhibitor, the
inhibitor found in uraemic plasma withstood dialysis and was not completely
inactivated by heating (Fig. 2). Thus, the ESF inhibitor might be bound to some
non-dialyzable protein.

In order to clarify the mechanism of ESF inhibition by uraemic plasma, poly-
cythaemic mice were divided into groups and treated with 0.2 unit of ESF on a
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single occasion. The uraemic plasma was injected 6 hours before, simultaneously
with, and 12, 24 and 36 hours after ESF administration (Fig. 3). The result indi-
cated that inhibition occurred only when the uraemic plasma had been given from
6 hours before to 12 hours after the ESF injection. This suggested that uraemic
plasma could be acting during the stage of stem cell differentiation and erythro-
poietin utilization, and that it was not acting on the later differentiation of
erythroid precursors. However, it is not known whether the inhibitor interacts
with ESF directly, such as an antigen-antibody combination, or impairs the
production of erythropoietin.

From these studies it is assumed that the anaemia of chronic renal failure
is due, at least in part, to erythroid failure resulting from a lack of available eryth-
ropoietin. This deficiency in ESF activity is probably due to an increase in ESF
inhibitor.
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The life span of a select population of the red cells formed in the bone marrow
after thermal injury was studied by means of the ISN stable isotope tracer technique.
The adequacy of this method depends on the suitable preparation of nitrogen samples
from haem for isotope analysis. A new procedure has been worked out for this purpose
utilizing oxidation by cupric oxide in high vacuum at a temperature of about 600 °C.
Being much less time consuming and at the same time reasonably accurate, the proce-
dure is superior to the methods hitherto used.

Determination of the concentration of the heavy nitrogen isotope in the
circulating haem after administering glycine labelled with loN makes it pos-
sible to estimate the rate of haemoglobin production and the life span of the
red cells. The curve obtained can be divided into three main portions, viz. a
rapid rise in IoN labelling over the first few days followed by a plateau and finally
a descending portion corresponding with the isotope’s disappearance from the
blood haem. This last phase indicates the destruction and elimination of the red
cells the labelling of which had presumably occurred in the bone marrow during the
administration of the labelled glycine [7].

The method is based on the principle of building the label into the erythro-
cytes during their development, consequently in the labelling of a select population.

The investigation involves two separate procedures. First, the whole nitrogen
content of the haem is liberated in elementary, i.e. gaseous, form. This is then
followed by isotopic analysis by mass spectrometry.

Mass spectrometric isotope analysis has developed into a routine practice
and if its different sources of error [1] are minimized it ensures an accuracy of +
0.01% or less. Accuracy and speed of the method are considerably influenced and
in many cases severely restricted bytheprocedure ofpreparing the sample in asuitable
form for introduction into, and ionization in, the mass spectrometer ion source.

In our case the procedure means the liberation of the nitrogen of a complex
and stable compound, of the haem, in elementary gaseous form ensuring the
preservation of the nitrogen isotope ratio of the compound and the elimination
of impurities adversely affecting the reliability of the mass spectrometric analysis.

In a similar investigation James et al. [2] used the two step procedure de-
scribed by Rittenberg [3], consisting of conversion of organic nitrogen to ammonia
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by the Kjeldahl method and the subsequent oxidation of the ammonia to nitrogen
by hypobromite. Due to its complexity the method requires, in addition to an
intricate though conventional equipment, a most careful handling to avoid the
many possible errors. Its main disadvantage is, however, the demand in working
time: 18 hours per sample. In laboratories not restricted in staff, working time
and equipment, the Kjeldahl digestion presents no special difficulty. A number
of laboratories do not, however, dispose of these prerequisites. A trial has therefore
been made with a modified Dumas procedure used in the Institute for Organic
Chemistry of Budapest University for the determination of the nitrogen content
of organic macromolecules. Though this is a one-step method, new difficulties
arose due to the necessity of collecting the nitrogen over a potassium hydroxide
solution. It was even more of a drawback that small peaks appeared at the mass
numbers M = 26, 27 and 31, indicating the presence of some organic impurities
which seemed to contribute to the isotopic peaks M = 29 and 30, as well, un-
desirably affecting thereby the isotope ratio measurements. Finally, we have
decided to make an attempt at the extension of Rolle’s method [4] to compounds
like haem. This method is based on the oxidation of organic materials by the use
of CuO/Cu in evacuated and heated ampoules. As a result of a series of experi-
ments a procedure satisfactorily fufilling the main requirements has been worked
out.

Oxidation is carried out in a supremax glass ampoule attached directly to
the sample inlet system of the mass spectrometer, by the high vacuum pump of
which it can be evacuated. Protection against contamination with air nitrogen is
provided by the special design of the ampoule’s stop-cock (Fig. 1) and the use
of sufficiently heat resistant teflon grease for lubrication.

The isolation of haem from the blood was performed according to Shemin
and Rittenberg [5]. After recrystallization according to Fischer [6], 5—7 mg of
the haem samples were mixed with 500 mg CuO; of this, 200 mg were in powder
form and 300 mg in pieces of small diameter oxidized copper wire. The mixture
was filled to the bottom of the reaction ampoule and then layers of 120 mg pure
copper in wire form, 150 mg of CaO powder and a new layer of CuO (100 mg
powder and 200 mg wire) were added. The uppermost layer was made up of CaO
powder to which particles of CuO were mixed. The column thus prepared was
covered by a small plug of loose quartz wool to prevent throw-up at the beginning
of evacuation.

Before the reaction was started the ampoule was thoroughly evacuated to
about 10-5 torr. Degassing was made easier by inserting some quartz wool inside
the column, at the layer boundaries. After evacuation the ampoule was placed in
a cylindrical electric oven approximately up to the sign indicated in Fig. 1, and
heating was started. In the middle of the oven the temperature was raised to
620 °C. The stopcock was shielded from direct heat flow by an asbestos bandage
and was cooled by a small ventilator. Stopcock and joint were thereby easily kept
at room temperature during the whole process. An accidental warming up of
stopcock and joint may lead to a leaking in of air. Contamination with air is
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controlled by the oxygen and argon peaks, i.e. by the mass spectrometer itself.
Every measurement is to be controlled in this way. In the course of our determi-
nations, however, we have never observed an error due to air-leakage.

Overall heating time was 100 minutes to allow oxidation of the organic
material. The copious excess of the oxidizing agent and its arrangement in two
layers ensured against incomplete oxidation. The peaks at the mass numbers

Fig. |

M = 26, 27 and 31 were thereby made negligible. Platinized quartz wool catalyzer
added to the reaction mixture at the beginning of the experiments proved later
to be unnecessary.

The CaO layers had the purpose of removing the C02formed from the gas
phase. The eventual C02 rests were made completely to disappear by cooling
by liquid air contained in a Dewar flask replacing the oven after heating, when
the ampoule had cooled down to room temperature. Liquid air cooling removed
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the water vapour as well. Finally, eventual traces of free oxygen were bound by
the pure copper present in the mixture.

The Rittenberg method requires merely the freezing out of water and dry
ice-acetone can accordingly be used. In our procedure, the freezing out by liquid
air is even more convenient, because liquid air — being used for mercury traps
of the diffusion pumps of the mass spectrometer — is at disposal.

The evacuation preceding the reaction is relatively time-consuming. The
essential point, however, is that the total duration of the whole procedure is still
much shorter than that of the previous methods. Furthermore, no separate eva-
cuating system is needed, as degassing is performed by the pumps of the mass
spectrometer.

As the sample nitrogen was also cooled to liquid air temperature and,
therefore, a considerable fraction of it became absorbed, the extent of isotope
fractionation by the process had to be checked. This was done by the use of tank
nitrogen both as sample and standard, the sample nitrogen having been cooled
down in the same reaction ampoule filled with the same column. Even if liquid
nitrogen had been used for cooling, the difference in IoN contents between the
“sample” and the “standard” was insignificant, hardly exceeding one tenth of the
normal biological deviation in the 15N percentage, as indicated by the data of
Table 1

Table 1
Experiment 1 Decrease in the atomic
No. percentage of 15N
| 0.00048
2 0.00058
3 0.00044
4 0.00059
5 0.00090
average 0.00060

To determine the overall accuracy of the new method of preparing nitrogen
samples from haem and the subsequent mass spectrometric isotope analysis,
several measurements of the IoN percentage (atomic) of the same haem sample
were carried out at different dates. The results obtained are shown in Table 2.
As a standard, tank nitrogen was used, and the sample-standard differences
showed the normal biological deviation in 19\ content. If the maximum of the
deviations of the data in Table 2, i.e. 0.00048, is considered the measure of the
possible error, this was less than 0.1% of the normal lIoN content, i.e. 0.366%.

In the first series of experiments, aimed at the investigation of the anaemia
after thermal injury, the measured 19N contents yielded atom percent excess va-
lues between 0.04 and 0.32, i.e. values of two orders of magnitude greater than
the cautiously estimated possible error. In the experiments a VARTAN (ATLAS)
MAT—M86 type mass spectrometer was used.
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Date

5.28

29
26
27

.13
.20

o © © © N o o

Table 2

Experiment
No.
|
2
3
4
average

Table 3

Days after
administration
of 15N-glycine

13
16
20
45
72
104
114
121
128
147

Difference in 15N

atomic percentage :

sample — standard

Fig. 2

0.00427
0.00414
0.00462
0.00445
0.00435

IoN atom per cent excess in haem

burned patient

©O ©O 0o 0o © o © 0o oo o oo

0045
256
318
320
295
282
241
194
135
120
094
079
042

control

O O O 0O O OO o © 0 O O o

004
103
145
163
162
166
178
167
159
155
136
109
060
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The method’s high accuracy might be of use in the interpretation of the fine
details of curves showing the variation in time of the I3N content of the blood
of the patients. As an example (Table 3) such a curve is reproduced in Fig. 2
(curve a). This experiment was started on the 29th day after the injury. For con-
trast, the corresponding curve for a control patient is presented (curve b). These
experiments are still in progress and will be reported later.

We are indebted to Professor V. Bruckner for permission to carry out the first
experiments in his institute, and to Mr. O. Nagy for valuable help in constructing the
reaction ampoule.
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The Uptake of Radioactivity of Thymidine, Uridine,
Formate, Glycine and Lysine into Cultures of Blood
of Normal Human Subjects

Relationships with Mycoplasma infection

G. G. Tedeschi, D. Amici, M. Paparelli
Institute of General Physiology, University of Camerino, Italy
(Received February 11, 1969)

Experiments have been undertaken to study whether the uptake of radioactive
substances into haemocultures of normal human subjects could be related to latent
and diffuse mycoplasma infection. Whole blood or washed erythrocytes were incubat-
ed in PPLO “Difco” broth, with or without antibiotics, in the presence of 6-3H or
2-1C thymidine, G-H or 2-1C uridine, 14C Na formate, 2-3 glycine, or G-14C
1-lysine. At intervals of several hours or days the centrifuged sediments of the blood
cultures were examined for radioactivity in the fractions extractable with warm HC104
before and after elimination of the acid-soluble fraction, the purines, the nucleic
acids, or the protein fraction. In addition, chromatographic fractionation of extracts
and autoradiographic examination of smears of incubated erythrocytes were carried
out. The findings were qualitatively similar, but quantitatively considerably different.
Uptake of thymidine and uridine into the acid-soluble fraction and into the nucleic
acids, uptake from formate and glycine into the purine bases and into the nucleic
acids, uptake of lysine into the protein fraction were observed. Radioactive or non-
radioactive thymidine and uridine, within certain concentration limits, stimulated the
uptake of the same nucleosides and of formate. The completed uptake of a certain
amount of thymidine radioactivity appeared to exert an inhibitory action on the sub-
sequent uptake. Further, uptake was stimulated under good conditions of oxygenation.
In agreement with previous findings it has been concluded that the results may be attri-
buted to a turnover of nucleic acids related to a diffuse and silent infection by myco-
plasma or L-forms of schizomycetes and to the multiplication of these micro-organisms
in the blood cultures.

Frequent mention has been made, both in past and recent literature, of the

finding of bacteria, mycoplasma and virus forms in human subjects in association
with neoplastic diseases. Bibliographic data and up-to-date discussion of this
subject can be found in the works of Diller et al. [1] and Dmochowski et al. [2].
Pease [3] has considered the possibility that conditions of autoimmunity and
malignant degeneration occur as a consequence of an altered tolerance to the
L-form of Listeria, which is of very wide distribution, and is found in a variety
of morphological forms in the blood of animals of many species as well as of a
large proportion of clinically apparently healthy human subjects. According to
this author, some common mycoplasmas may play an analogous role. The reader
will know that the relations between mycoplasma and the L-forms of bacteria
are still a subject of much debate.
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We have examined 150 persons of both sexes and all ages, young, adult and
aged, who were regarded as clinically healthy, and who were selected at random
from the neighbourhood of the Institute.

On the basis of this study we have already described the results of laboratory
cultures obtained from plasma in PPLO media. The cultures produced proliferat-
ing particles (from 100 m/i to 1y in size). In liquid medium these were free in
suspension, or were embedded in floccules of filamentous material. After the
addition of Ringer’s solution, these particles further proliferated while adhering
to the fibrin reticulum. On solid medium the particles gave rise to microcolonies
with the characteristic aspect of mycoplasma colonies, embedded in the surface
of agar [4]. The same particulate material, free in the medium or connected with
structural elements, was obtained from cultures of whole blood or of washed
erythrocytes. By phase contrast microscopy, or staining with May-Grimwald
Giemsa or Feulgen, or after acridine orange staining and U. V. examination of the
entire material, or following incubation with DNase or RNase, structures were
easily demonstrated in the larger bodies and the presence of nucleic acids could
be recognized.

These particles were clearly distinguishable from other particulate material
present in the haemocultures (Heinz bodies), and the observations led us to con-
sider that they were part of the developmental cycle of a micro-organism [5].
Chromatographic [6] and spectrophotometric [7] analysis of the products ob-
tained by extraction from the haemocultures, demonstrated a turnover of purine
and pyrimidinic bases. Electron microscopical observations of ultrathin sections
of the incubated erythrocytes showed intracellular and extracellular bodies which
resembled stages in the growth-cycle of mycoplasmas [8].

All these results were regarded as indicative of the presence in the blood
stream of healthy persons of bacterial L-forms or mycoplasmas whose develop-
ment and multiplication could be detected by means of cultural and biochemical
methods. However, as these methods are not easily applicable to a quantitative
evaluation of the biochemical processes in culture, the experiments to be described
here have been carried out to verify the interpretation of our earlier findings.

Methods
Radioactive material

We used the following products supplied by the Amersham Radio-chemical
Centre

6-3H thymidine, 5000 mC/mM;  2-14C uridine, 58 mC/mM;
G-3H uridine, 2730 mC/mM;  2-3H glycine, 923 mC/mM :
G-3H uridine, 760 mC/mM;  #4C Na formate, 13.4 mC/mM:
2-14C thymidine, 58 mC/mM; GHC I-lysine, 75 mC/mM;

(G-3H uridine of 760 mC/mM specific radioactivity, was used in a single experi-
ment described, as will be pointed out later.)
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The radioactive substances were diluted in 0.9 % NaCl, to a specific activity
of 0.1 mC/ml, and added to the suspensions in broth to be used for incubation at
final concentration of 1/<C/ml; there was no dilution with non-radioactive sub-
stances, except in certain cases reported below under Results.

Preparation of the suspensions for incubation

Blood samples were obtained by venipuncture from more than 100 persons,
under the conditions described previously, taking the standard precautions against
microbial contamination [l.c. 4, 5, 6, 7, 8]. The blood was immediately citrated.

To PPLO Difco broth, with or without antibiotics (potassium penicillin
G 100 I. U./ml and streptomycin 0.1 mg per ml), we added whole blood in a pro-
portion of 1: 10, or alternatively we added erythrocytes collected at 1200 r. p. m.
and washed twice with 0.9 % NaCl or erythrocytes washed and resuspended in
their own plasma, from which the leucocytes and thrombocytes had been removed
by centrifugation at 5000 r. p. m. for 30 minutes.

Careful examination of the washed erythrocyte preparations showed that
they contained no or a negligible number of leucocytes (in stained smears less
than one in several fields at a magnification of 500 x ).

For each experiment, one suspension in broth was prepared in a vessel kept
in an ice bath; after addition of the solution containing the substances under
examination (with the exception of the cases mentioned below in which these sub-
stances were added after various intervals), the suspension was rapidly transferred
to the smaller vessels used for incubation.

Incubation and sample taking

Incubation was done at 37 °C, with exceptions which will be discussed below.
The vessels used were bacteriological test tubes, ortest tubes with 2.5 cm in diam-
eter, or Erlenmeyer flasks with a base diameter of 5 cm; these vessels held lu to
30 ml of the suspensions. During incubation, the preparations were either left
untouched or were stirred from time to time, or were stirred continuously.

In this manner, the degree of oxygenation was changed in order to determine
the optimal conditions.

The preparations to be used for determinations at zero time were tested as
soon as the cold specimens had been distributed; from the others, samples
were taken at various time intervals during the incubation, as will be described
below for each individual case.

Collection of the incubation products

At zero time and, subsequently at successive periods the suspensions were
centrifuged at 7000 g for 10 to 20 minutes; in some cases, which will be mentioned
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individually, there was a fractionated collection of the material sedimenting at
1200 rpm and at 7000 g. The sediments were washed twice in 0.9 % NaCl, con-
taining non-radioactive forms of the radioactive substances of which the uptake
was studied at concentrations at least 1000 times greater than those originally
used.

Where the material was intended to be washed with cold HC104to eliminate
the acid-soluble fractions, or where it was intended for extraction of the nucleic
acids, EDTA was added to the suspensions to a final concentration of 0.1 M at
time zero and at intervals thereafter. Washing of the sediments with non-radio-
active substances was carried out in such cases in the presence of 0.01 M EDTA.

Determination of radioactivity uptake

Direct extraction with warm HCHO4 After further washing with alcohol and
ether, the material was dried and then extracted with 2—3 ml HC104 (0.5 N) for
40 minutes at 80 °C. After cooling and centrifugation, the radioactivity was deter-
mined in the supernatant.

Extraction with warm HC!OI after removal of the acid-soluble fractions.
Before washing with alcohol and ether, the material was washed twice with
HC104 (0.2 N) at 0°C; subsequently, it was extracted with HC104 (0.5 N) at
80° C.

Extraction and precipitation of the purines. Material obtained by incubation
of 5 ml of erythrocytes was dried by washing with alcohol and ether, and then
extracted with 10 ml HCIO, (0.5 N) for 40 minutes at 80 °C; after centrifugation
and removal of the supernatant, the extraction was repeated. The combined ex-
tracts were lyophilized and hydrolysed with HC104 (11 A) for one hour in a boil-
ing water bath. After dilution with 10 volumes of water containing 275 pg adenine
and 275 pg guanine, 1.4 ml 25 % NH3and2 ml 10 % AgNO03solutions were added.
After 24 hours in the refrigerator at 4° C, the precipitate was washed 3 times with
5 ml water, dried, and again dissolved with 2 ml HC1 (0.1 N). Part of the solution
was used for determination of the radioactivity and part for quantitative deter-
mination by spectrophotometry.

Extraction and precipitation of RNA. We used the method of Laskov et al.
[9], partially modified to fit the particular material studied here. The sediment
corresponding to the incubation of 5 ml erythrocytes was resuspended in 10 ml
EDTA (10-4 M) at pH 8; 500 pg inert RNA (Calbiochem) and 10 ml of 90 %
phenol were added. After stirring for 60 minutes at 20° C, the aqueous fraction
was removed and the phenolic phase was re-extracted with 8 ml EDTA (10-4M)
at pH 8. The combined aqueous fractions were centrifuged at 10,000 g and the
RNA was precipitated from the supernatant with two volumes of 95 % alcohol
containing 2 %potassium acetate. After 24 hours in the refrigerator, the precipi-
tate was separated by centrifugation, washed with alcohol and ether, dried
and redissolved in 3 ml of HC104 (0.5 N) for 45 minutes at 80 °C. One part
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was then used for the determination of radioactivity, and one part for spectro-
photometric estimation.

Extraction and precipitation of DNA. Sediment obtained by incubation of
5 ml of erythrocytes was suspended in 10 ml of 10% NaCl containing 0.01 M
EDTA, and extracted, under stirring for 5hours at room temperature; after centri-
fugation, 500 pg DNA (Calbiochem) was added in a 10% NaCl solution. After
stratification with equal volumes of absolute ethanol, the DNA was removed in
the form of threads that clung to the glass stirring rod. After washing, carried out
by transferring the glass rod five to ten times to a 2 : 1 alcohol-water bath, the
material was dissolved in 0.5 N HCIO,, at 80 °C for 45 minutes. The solutions were
used for determination of radioactivity and for spectrophotometry.

Proteinfraction. In the case of incubation with G-14C 1-lysine, after washing
with alcohol and ether, we determined the radioactivity present in the extract
which had been obtained with warm 0.5 N HCIO,, and also in the residue left
after two successive extractions with warm HCIO, and thereafter hydrolysed with
12 7VHCL in a closed tube at 105 °C.

Electrophoretic method. For the determination of the degree of purity of the
solutions of 6-3H thymidine and G-:IH uridine we used 50 pi of the solution con-
taining 100 /(C per ml. The material was placed in the centre of a 3 cm wide strip
of Whatman’s 3 MM paper 3 cm wide. Citrate buffer 0.02 M at pH 3.5; applica-
tion of 1000 V for 20 minutes. The strips were then dried and cut transversely
into 1 cm wide bands for radioactivity determination.

Chromatographic methods. The extracts obtained with 0.5 N HCHO4 at
80 °C from incubation products, and the same extracts lyophilized and thereafter
hydrolysed with 11 TVHCIO,, for one hour in a boiling water bath, were studied by
unidimensional descending chromatography, using 4.5 cm strips of Whatman’s
paper No 1 For the studies carried out with G-14C 1-lysine, the hydrolysate of
the protein fraction was chromatographed in 12 N HC1. Control chromatography
was carried out with extracts to which known radioactive or non-radioactive sub-
stances had been added. The localization of the latter was determined by fluores-
cence examination, or with ninhydrin, or by exposure to iodine vapour, depending
on the nature of the case.

The localization of the radioactive substances was carried out on transverse
1 cm strips cut from the chromatographs.

The solvents used for the development of the chromatographs are given in
the descriptions of the individual experiments.

Thin-layer chromatography. Eastman Kodak fluorescent silica gel strips of
45 cm; flow stage: water. The strips were cut into transverse 1 cm bands for ra
dioactivity determination. The localization of the substances studied was deter-
mined by fluorescence examination and with ninhydrin.

Determination of radioactivity. A three-channel liquid scintillation spectrom-
eter model 725 Nuclear Chicago was used.

The solutions in HCIO, or in HCI, were neutralized, were added, in am-
ounts of 2—25 ml to 15 ml of solutions composed as follows: dioxan 1.,
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PPO, 7 g; POPOP, 0.3 g, naphthalene 10 g. After reading, the quenching was deter-
mined by adding solutions of known radioactivity. The strips of 45x 1 cm or
3x 1 cm that were cut in succession from chromatographic and electrophoretic
strips, were immersed for the determination into a solution composed of: toluol,
11; PPO, 4g; POPOP, 0.05 g. The values in counts per minute were referred to
the products of incubation of 1 ml of erythrocytes. Results of the determination
of chromatographic and electrophoretic material are given in DPM.

Spectrophoiometric determinations. Newly synthesized purine, RNA and
DNA were, as mentioned above, extracted and precipitated in the presence of
non-radioactive carriers added in considerable excess. By means of spectrophoto-
metric (Beckmann DU) determinations, carried out on a part of the same solutions
which were used for radioactivity determinations, we assessed the degree of purity
of the preparations and obtained the quantitative data from which the total in-
corporated radioactivity could be calculated.

Autoradiographic method. Smears from suspensions in the process of in-
cubation were determined by the standard method of Messier and Leblond [10]
on Kodak NTB 3 emulsion.

Material

The results to be reported were obtained in blood samples taken from more
than 100 persons who were regarded as clinically normal; these were of both
sexes and of various ages, with different occupations, and all of them lived in the
region where our Institute is located.

Results

The variability among the samples was great; in view of the impossibility
of presenting all the data, and of the difficulty of adopting an entirely objective
criterion in the selection of the results, it was decided to report in detail those which
appeared to be representative of the effects observed.

A. Preliminary tests

1 Absence of contamination in the radioactive thymidine and uridine solution.
Since it has been shown [II] that radioactive thymidine solutions may contain
contaminating substances with affinity to protein molecules, and that the presence
of such contamination may lead to errors in determining the uptake values, the
6-3H thymidine and G-3H uridine preparations were analysed electrophoretically.
As can be seen in Fig. 1, no autodecomposition products were found. As regards
2-14C thymidine and 2-14C uridine, the uptake of nucleosides as such was de-
monstrated chromatographically: the experimental findings are reported below.
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2. Importance of the conditions of oxygenation. Comparative tests, using incu-
bation by different methods and with equal volumes of the same erythrocyte sus-
pensions demonstrated that aeration was enhancing the uptake of the radioactive
substances in question. If the preparation was not stirred, activity uptake was

Fig. 1 Electrophoretic analysis of 6-3H thymidine (A) and G-3H uridine (B) prepa-
rations. Whatman’s 3 MM paper; citrate buffer 0.02 M, pH 3.5; 1000 V for 20 minutes

facilitated if the surface exposed to air was large. The data listed below, for exam-
ple, show the findings obtained in the 72nd hour of incubation of erythrocyte
suspensions in vessels of different shapes, in the presence of 6-'H thymidine:

surface (sq.cm)/volume (cu.cm) = 0.15 c.p.m. incorp. 630

surface (sq.cm)/volume (cu.cm) = 0.60 c.p.m. incorp. 1344
Accordingly, the findings to be reported refer to experiments carried out by
methods which provided the most efficient oxygenation.

The possible significance of the preliminary findings presented above will
be considered later.

B. Direct extraction with warm HCHO4

1 Uptake of 6-'H thymidine and G-'H uridine. Figure 2A shows the results
for thymidine uptake by whole blood; the purpose was to determine the eventual
differences brought about by the presence or absence of antibiotics. The incuba-
tion temperature was 30 °C: in this condition the uptake was found to increase
until the 72nd hour. The presence of antibiotics appeared not to exert a significant
influence on uptake. The difference between the two curves in Fig. 2A falls into
the limits of variability of the data obtained from experiments carried out in du-
plicate in a single specimen of blood
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The curves in Fig. 2B show the uptake by washed erythrocytes of thymidine,
uridine and of the two nucleosides together. Uridine uptake increased progres-
sively whereas the incorporated quantity of thymidine reached a peak and subse-
quently decreased. This finding, confirmed by the results of subsequent experi-
ments, is analogous to what had been observed in the uptake of thymidine and
uridine by cultures of E. coli [12]. The curve of uptake in the presence of both
thymidine and uridine practically represented the sum of the values obtained for
the two nucleosides separately.

Fig. 2 A. Uptake of 6-3H thymidine. Preparations of whole blood in the presence (¢ )

and the absence (o- o) of antibiotics. Incubation at 30 °C. Extraction made directly

with warm HCHO4 B. Uptake of 6-3H thymidine (O #), G-3H uridine (A A) and of the

two nucleosides together (0—o). Washed erythrocytes; incubation temperature; 37 °C.
Direct extraction with warm HCIOj

In assessing the quantitative ratios of 6-:!H thymidine and G-IH uridine
uptake in these and the subsequent experiments, it must be taken into account
that the activity of uridine (with the exception of one case quoted separately be-
low) was 45.4 % less than that of thymidine.

Figure 3 shows an autoradiogram of a smear of an erythrocyte suspension
incubated in the presence of both thymidine and uridine; we can clearly observe
the uptake of radioactivity into a component of erythrocytic nature which appears
to be increased in volume and near the point of lysis.

In Fig. 4A, thymidine and uridine uptake by washed erythrocytes is shown
up to the 72nd hour.

Although the samples had been taken at long time intervals, the peak times
did not coincide; the initially incorporated radioactivity of thymidine was retrans-
ferred to the medium at an early stage.
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Fig. 3. Autoradiogram. Smear of erythrocytes after 24 hours' incubation in the presence of
thymidine and uridine

Fig. 4. A. Uptake of 6-3 thymidine (¢ <) and G-Ff uridine (A a). Washed eryth-

rocytes. Direct extraction with warm FICIOj. B. Uptake of G-3H uridine. Washed eryth-

rocytes (¢ #), and washed erythrocytes resuspended in their own plasma centrifuged at
5000 r.p.m. (0 o0). Direct extraction with warm F1Cl04

Figure 4B shows a comparative experiment with washed erythrocytes, and
with erythrocytes washed and then again suspended in their own plasma, centri-
fuged at 5000 r.p.m. In the latter case, uridine uptake was considerably greater:

3 Haematologia 4, 1970



36 Tedeschi et al.: Uptake of radioactivity of thymidine

the experimental conditions excluded the possibility of leucocytes and thrombo-
cytes to play a part. The response of this particular blood sample differed from
that seen in the majority of cases in that the decrease of uridine activity uptake,
which was not followed by a subsequent increase, could already be observed
between the 12th and the 24th hour.

Fig. 5 A. Uptake of G-3H uridine. Direct extraction with warm HC104. Two cases: a and b.
Whole blood incubated in broth without radioactive material for 4 days, then centrifuged at
1200 r.p.m.; the supernatant was again centrifuged at 7000 g; the sediments 1 and 2, respec-
tively, were resuspended in broth containing G-:iH uridine: 2hours' incubation. B. Uptake
of 6-H thymidine. Direct extraction with warm HC104 Washed erythrocytes. Series of sus-
pensions kept for 2 hours in the presence of radioactive material, beginning immediately (a),
or after 24 hours (b), 48 hours (c), or 72 hours (d), of incubation. C. Uptake of 6-iH thymi-
dine (T) and G-3H uridine (U) in concentrations of 0.2pC per ml (1) or 1/tC per ml (2). Whole
blood, 15 hours’incubation. Direct extraction with warm HC104 D. Uptake of 6-!H thymidine
in the presence of non-radioactive thymidine at concentrations 500 times higher (1) and 15000
times higher (3); and of G-3H uridine in the presence of non-radioactive uridine at concentra-
tions 500 times higher (2) and 15000 times higher (4). Washed erythrocytes, 16 hours of in-
cubation. Direct extraction with warm HC104. Results are given in percentage of the varia-
tion from the controls incubated with the radioactive substance alone

The results of another type of experiment, carried out to compare blood
samples from two different persons are shown in Fig. 5A. Whole blood was in-
cubated in broth for 4 days, in the absence of radioactive material. Then the sus-
pensions were centrifuged at 1200 r.p.m.; the supernatant, which in one case was
fairly clear, and in the other contained much particulate material and was colour-
ed by haemolysis, was centrifuged again at 7000 g. The centrifugation sediments
were then added to broth containing G-:iH uridine and once more incubated for 2
hours. Uptake was small by the suspensions made from the 1200 r.p.m. and 7000
g centrifugation sediments of the first sample (which showed no haemolysis and
slight turbidity), whereas the two resuspended sediments of the second case
showed a considerable uptake.
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Thymidine uptake was then studied in a series of erythrocyte suspensions
from the same subject, which had been exposed for 2 hours to radioactive sub-
stances immediately after their preparation, and subsequently at intervals of
24 hours during incubation. As can be seen in Fig. 5B, uptake decreased
with time.

Figure 5C shows the findings obtained at incubation of whole blood for a
period of 15 hours in the presence of 0.2 /iC per ml or 1pC per ml of thymidine
or uridine, corresponding, respectively, for thymidine to 39.3 and 196.5 p pM per
liter, and for uridine to 72 and 360 p /tM per liter. As can be seen, the ratios of
the values for activity uptake in the presence of the greater and the lesser concen-
trations, were 9.5 for thymidine and 9.1 for uridine, much higher than the value
for the ratio between the available amounts. If we keep in mind that, in either
case, only a small part of the available activity was taken up, we may postulate
that the uptake was stimulated, at least within the time limits in question, by the
presence in the culture medium of higher concentrations of both tritiated nucleo-
sides.

Next, experiments were carried out with erythrocytes incubated in the pres-
ence of 6-'H thymidine and G-'H uridine, with addition of the same nucleosides
in their non-radioactive forms at different concentrations. Uptake values in the
16th hour are listed in Fig. 5D, expressed as percentage variations as compared to
controls incubated in the presence of the radioactive forms. An increase in the
concentration of non-radioactive uridine from 0.80 mM/1 to 54 mM/1 (from
500 to 15000 times the concentration of the G-'IH uridine) led to a considerable
increase in uptake; if we consider the ratio of activity dilution, the higher con-
centration was found to represent a definitely stronger stimulus. With thymidine
and the lower concentration of non-radioactive substance added (500 times the
radioactive substance; 0.098 mM/1) there was a modest increase in activity up-
take; if the concentration of the non-radioactive substance had been increased
15000 times (2.957 mM/1), activity uptake was definitely impaired, in contrast
to the case with uridine.

The findings for thymidine may be regarded as due to interactions of sev-
eral different factors which affect the experimental conditions to a degree which
could not be assessed individually, viz. a stimulatory effect due to an increase in
the concentrations of the nucleoside, the consequence of the dilution of activity;
the possible inhibitory action exerted by the activity of incorporated 6-H thymi-
dine, which inhibition was not, or was not completely, eliminated by dilution
with non-radioactive nucleoside (compare with Fig. 2B and see 12).

2. Uptake of 2-uC thymidine and 2-14C uridine. The results of these experi-
ments were in all respects analogous to those obtained with the corresponding
tritiated nucleosides. The curves in Fig. 6 A which refer to the incubation of eryth-
rocytes, show the rising uridine uptake: the fall seen between the 12th and the
24th hour is the consequence of an interruption in the stirring of the preparations,
and confirms observations reported earlier; thymidine uptake reached its peak
before the uptake of uridine, and subsequently decreased rapidly.
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Figure 6 A shows the course of 2-14C thymidine uptake in the presence of
non-radioactive thymidine at a 50fold concentration [0.845 mM/1], There was
a rapid initial increase of uptake, followed by a slow progressive increase: there
was no peak. This finding can be interpreted by analogy to the experiments using
6-:H thymidine in the presence of non-radioactive thymidine: an initial stimulatory
action due to the higher concentration of the nucleoside; and a consequence of

Fig. 6. A. Uptake of 2-KC thymidine (¢ #), 2-uC uridine (A A) and 2-uC thymidine
+ non-radioactive thymidine at 50fold concentration (m m). Direct extraction with warm
HCIQOj. B and C. Radiochromatography. Running phase: isopropanol, 170 parts; HCI (S.
G. I, 19), 41 parts; water added to 250 parts. The extracts in HC104 (0.5 N) at 80°C, ob-
tained after 48 hours from the products of incubation reported in Fig. 6A (B in presence of
2-uC thymidine, C in presence of 2-14C uridine) were lyophilized and hydrolysed with
HC10/(11 N); chromatographed as such (— — — .values on the ordinate at the right) or af-
ter addition of the hydrolysates of the nucleosides used in the experiment ( - — values
on the ordinate on the left)

the dilution of activity, which dilution, although leading to a decrease of the num-
ber of c.p.m., may thereafter exert a positive action by eliminating the inhibition
resulting from the uptake of activity itself.

The extracts in HCIO, (0.5 N) at 80 °C, lyophilized and hydrolysed with
HCI04 (11 N) were chromatographed, with and without addition of the products
of hydrolysis of the same nucleosides used in the experiment. Running phase:
isopropanol, 170 parts; HCI (S. G. 1.19), 41 parts; and water, added to total 250
parts. The results obtained (Fig. 6B and C) showed that thymine and uracil
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were incorporated as such, and that the radioactive material used did not
contain any impurities measurable by this method.

3. Uptake of radioactivity from UC Na formate. Uptake by erythrocyte sus-
pensions showed a rapidly progressive increase (Fig. 7A).

Uptake was estimated also in the presence of non-radioactive thymidine and
uridine at different concentrations. The findings reported in Fig. 7B expressed as
percentage of the increase during 40 hours of incubation with 14C Na formate
showed that in the presence of 1.8 to 5.4 mM/1 thymidine there was a significant

Fig. 7.A. Uptake of radioactivity from 14C Na formate (% <, left ordinate) and from 2-3H

glycine (A A right ordinate). Washed erythrocytes. Direct extraction with warm HC104.

B. Uptake of radioactivity from 14C Na formate in the presence of non-radioactive thymi-

dine at concentrations from 1.8 to 54 mM/1 (a), and of non-radioactive uridine at con-

centrations from 10 (b) to 30 (c) mM/1. Values expressed as percentage of the difference in

uptake, in the presence of 14C Na formate alone. Washed erythrocytes. 40th hour of in-
cubation. Direct extraction with warm HC10,

stimulatory action to be observed which, however, did not change within the con-
centration limits of the experiment. As the concentration of uridine increased up to
30 mM/1, the uptake of 4C Na formate showed a progressive rise. These findings
were in good agreement with previous ones concerning uridine and thymidine
activity uptake at varying concentrations of the same radioactive or non-radio-
active nucleosides.

The products obtained after incubation with 14C Na formate were examined
by paper chromatography in n-butanol—water (86 : 14). The determinations of
radioactivity and the localization tests carried out with non-radioactive substances
revealed an uptake into purine bases (adenine and guanine), which could not be
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identified separately by radiochromatography as they were not sufficiently resolved
(Fig. sA).

4. Uptake of radioactivity from 2-'H glycine. Uptake by erythrocyte sus-
pensions displayed a rapid initial rise followed by a rapid fall (Fig. 7A). The in-
cubation products were subjected to paper chromatography in an isopropanol—

HCI (S. G., 1. 19)—water (170 : 41 :250) system and to thin layer chromatography
with silica gel. The radioactivity could be demonstrated in both the adenine and
the guanine (Fig. 8B); the thin layer chromatogram of the 6 hour incubation prod-

Fig. 8 A. Radiochromatography. Running phase: n-butanol—water (86 : 14). Uptake of
radioactivity from 14C Na formate. Washed erythrocytes. 24th hour of incubation. Direct
extraction with warm HC104, lyophilization of the extract and subsequent hydrolysis with
HC104 (11 N). B. Radiochromatography. Running phase: isopropanol, 170 parts; HCl
(S. G. 1.19), 41 parts; water, added to 250 parts. Uptake of radioactivity from 2-3H glycine.
Washed erythrocytes. Direct extraction with warm HCHO4, lyophilization of the extract and
subsequent hydrolysis with HC104 (11 N), 6th (------- -) and 12th (------------ )hourof in-
cubation. Above the radiochromatographic curve, a chromatograph is shown (reading in
U.V. and with ninhydrin) prepared with the hydrolysate of the incubation product at the
12th hour withaddition of non-radioactiveguanine (1), adenine (2), or glycine (3). C. Thin-
layer radiochromatography (silica gel). Running phase: water. Uptake of radioactivity
from 2-3H glycine. Washed erythrocytes. 7th hour of incubation. Direct extraction with warm
HCI104 lyophilization of the extract, and subsequent hydrolysis with HC104 (11 N). Above
the radiochromatographic trace, a strip prepared with the hydrolysate of the incubation prod-
uct, with the addition of non-radioactive adenine and guanine (1) and non-radioactive gly-
cine (2); reading in U.V. light and with ninhydrin

ucts also showed 2-H glycine, distinctly separated from the adenine and guanine
which together formed a single elongated spot with a pronounced maximum
(Fig. 8C).

C. Extraction with warm HC104 preceded by removal of the acid-soluble
fractions

1 Uptake of 6-"H thymidine and G"H uridine. We used uridine with a spe-
cific radioactivity of 760 mC/mM. The tests were carried out with erythrocytes.
Fig. 9A shows the findings obtained after elimination of the acid-soluble fraction,
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and, for comparison, the findings obtained after direct extraction with warm
0.5 N HCIO,, of parallel incubation products. A considerable portion of the in-
corporated activity was soluble in cold acid, and the decrease after cold extraction
was greater with the samples incubated with uridine than with those incubated
with thymidine. Similar findings were obtained in other, analogous experiments
and even though we have to take into account the more rapid turnover of RNA
as compared with that of DNA, we must consider the possibility of a partial
solubilization and extraction of the RNA in the course of cold washing.

Fig. 9. A. Uptake of 6-;H thymidine and G-:iH uridine. Washed erythrocytes. Direct extrac-

tion with warm HC104 (thymidine: « «: uridine: a a), and with warm HCHO4 after

elimination of the acid soluble fraction (thymidine: 0—o; uridine: A - a). B. Uptake of radio-

activity from 2-3H glycine. Washed erythrocytes. Direct extraction with warm HCIO., (a a),
or with warm HCIO, after elimination of the acid-soluble fraction (8—a)

These findings mean that only a fraction of the incorporated nucleosides is
localized in the nucleic acids. If we consider also the time intervals at which the
determinations were carried out, we may relate this finding to the development of
Iytic processes, which have been demonstrated in earlier experiments; it has in
fact been shown that with the passing of time, there occurs a loss of the total
radioactivity previously incorporated from thymidine and uridine.

2. Uptake of radioactivityfrom 2-3Hglycine. Simultaneously incubated eryth-
rocyte preparations were used. The findings obtained in the products of extrac-
tion with and without preliminary washing in cold acid were compared. As the
curves in Fig. 9B show, a large part of the initially incorporated activity which
subsequently returned into the medium (cf. Fig. 7A) was localized in the acid-
soluble fraction. The size of the radioactive fraction resistant to cold extraction
and soluble in 0.5 N HC104 at 80 °C, and which accordingly may be considered
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to belong to the nucleic acids, was found to change with time in good agreement
with the course observed in similar experiments done with thymidine and

uridine (cf. Fig. 9A).

D. Extraction of the purines and of the nucleic acids. Uptake of radioactivity from
2-1H glycine, 6-3H and 2-uC thymidine, 2-"C uridine

The data presented in Table 1 refer to the radioactivity determined in puri-
fied material, extracted after incubation of 5 ml erythrocytes in 25 ml broth for
22 hours.

Table 1

Radioactivity in purines and nucleic acids extracted from 5 ml erythrocytes
after 22 hours of incubation
10 cases selected at random

Incorporation j c

Cases Uptake of in .p.m
| 2-3H glycine purines 1350
2 2-3H glycine purines 2706
3 2-3H glycine purines 2409
4 6-3H thymidine DNA 513
5  6-3H thymidine DNA 113
6  6-3H thymidine DNA 254
7  6-3H thymidine DNA 176
8  6-3H thymidine DNA 907
9  2-UC thymidine DNA 8200
10 2-"C uridine RNA 934

E. Protein fraction

Incorporation of G-UC 1-lysine. Activity uptake into the fraction of whole
blood extractible with HCIO,, at 80 °C, without previous washing in cold acid,
was rapid. Uptake into the protein fraction, which increased with time, was less
marked (Fig. 10A).

Figure 11 shows an autoradiogram of a smear prepared in the 72nd hour of
incubation; the activity is incorporated into elements of erythrocyte nature, whose
changes of volume and transparency reveal structural alterations (phase contrast
photograph).

We subjected to paper chromatography in a tertiary butanol-formic acid-
water, 70 : 15 : 15 system the hydrolysate of the protein fraction obtained at 72
hours; the same hydrolysate added to the same solution of G-14C 1-lysine as had
been used in the experiments; and the solution of G-MC 1-lysine by itself. It was
found that the solution used in the experiment contained not only the amino acid,
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Fig. 10. A. Uptake ofradioactivity from G-1C 1-lysine. Whole blood. Product of direct extrac-
tion with warm HC104 (#- ), and hydrolysate of the protein fraction (0- o). B. Radio-
chromatography. Running phase: tertiary butanol-formic acid-water (70 : 15 : 15). Uptake
of radioactivity from G-14C 1-lysine. Whole blood. Hydrolysate of the protein fraction (
right ordinate), and hydrolysate of the protein fraction with addition of G-14C 1-lysine (

left ordinate)

Fig. 11. Autoradiogram of a smear prepared after 72-hour incubation in the presence of
G-1IC I-lysine. Phase contrast microscopy
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but another substance with an Rf. of 0.67, the radioactivity of which amounted
to 1.75% of the radioactivity of the lysine. In the hydrolysate of the incubation
product added to the lysine solution, the activity of the impurity amounted to
241 %; in the hydrolysate of the incubation product alone, the activity of the im-
purity, still with an Rf. of 0.67, amounted to 17.05% of the radioactivity incor-
porated as lysine (Fig. 10B). The chemical nature of the impurity was not deter-

Fig. 12. Uptake of 6-;H thymidine by blood samples from 10 clinically normal male su bject

selected at random from among a group of adults and elderly persons. Ages noted below the

values of incorporated radioactivity. Washed erythrocytes, 24 hours of incubation. Direct
extraction with warm HCIOj

mined : the fact that it was present in a very small amount in the solution of G-1'C-
1-lysine, and was much more concentrated in the incubation product suggested
that it was either a substance introduced as such, and which was relatively more
easily incorporated, or it was a substance that was directly and more rapidly
derived from the lysine under the influence of the incubation, in the presence of
blood cells.

Discussion

Tests with cultures of blood from clinically healthy subjects consistently
demonstrated a moderate, but widely varying uptake of radioactive thymidine
and uridine. The maximum order of magnitude of the uptake observed in these
investigations was found to be 55x 10-3 p pM and 10x 10~i K< //M, respectively,
for thymidine and uridine, with part of the radioactivity localized in the nucleic
acids. To demonstrate the variability in uptake, Fig. 12 shows the results of deter-
minations carried out for purposes of comparison, using washed erythrocytes
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taken from 11 persons selected at random: these samples were incubated for 24
hours in the presence of 6-’H thymidine.

Within the concentration limits reported, the uptake was stimulated by the
presence of both radioactive and non-radioactive nucleosides.

The radioactivity of formate or glycine was incorporated into the purine
bases, also within wide limits of variability. With glycine, in particular, part of
the activity was located in the fraction which was not soluble in cold acid but
could be extracted with warm HC104 in other words, in the nucleic acids.

In the experiments with lysine, uptake into an acid-soluble fraction and into
the protein fraction was observed.

The determinations were carried out in the course of the incubation, at
various but always fairly long time-intervals. Accordingly, the course of the curves
represents only approximately the course of the uptake, but the findings obtained
in different experimental conditions have, on the whole, been reproducible and
in good agreement. The possibility that the phenomena observed are to be attrib-
uted to processes of adsorption or to the formation of complexes of various nature
could be excluded. Such a conclusion could be drawn from a number of findings
such as the relationship between the temperature of incubation, the degree of
oxygenation of the blood culture, and the development of the uptake: and the
summation of the values for radioactive uptake from thymidine and uridine in
the case of incubation with both nucleosides present in excess in the medium;
the variations in the degree of uptake in relation to the presence, and to the con-
centration variations in the solution of the non-radioactive or radioactive forms
of nucleosides: the observed uptake into the purines of the radioactivity of for-
mate or glycine, and into the nucleic acids of the radioactivity of the pyrimidine
nucleosides.

The relations between the thymidine and uridine uptakes, their changes with
the passage of time, the clearly evident inhibition exerted by the radioactivity
of the thymidine incorporated on the progress of the incorporation (analogous
to what can be observed in tissue cultures and broth cultures of schizomycetes)
which inhibitory action with the passage of time is added to the initial stimulatory
action exerted by the nucleoside: all these data support the hypothesis of the exist-
ence of metabolic activities concerning the nucleic acids in the examined blood
cultures.

The phenomena described were observed not only with whole blood, but
also with washed erythrocyte suspensions. Although in the former case the possi-
bility that leucocytes and thrombocytes played a part cannot be excluded, it has
nevertheless been shown that, in the phenomena considered, a special role has
been played by the erythrocytes and/or the particulate material accompanying
the erythrocytes in suspension. As stated under Methods, the leucocyte content of
the washed erythrocyte preparation was so low as to exclude their significant
contribution to the observed activities. This view was confirmed by the autoradio-
gram and by the uptake of the particulate material that remained free in the sus-
pension after the lysis of the blood cells.
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With reference to the uptake of lysine into the proteins, we may postulate a
synthesis of haemoglobin by reticulocytes, or of proteins by other cells (thrombo-
cytes, [13]), although such a hypothesis was not supported by the prolonged period
of uptake, nor by the considerable amount of radioactivity incorporated in rela-
tion to the number of reticulocytes present, nor by the autoradiographic findings.

The uptake of nucleosides into nucleic acids should not be regarded as due
to any metabolic activity of erythrocytes or of reticulocytes. Nor does it appear
that the more marked uptake of thymidine and uridine into the acid-soluble frac-
tion was due to some metabolic activity connected with the synthesis of the corre-
sponding nucleotides which, so far as we know, are not significant and do not ap-
pear in the cycle of activity of the circulating elements of the red series.

Further, according to the literature [14], the activity of these circulating
elements cannot be held responsible for the uptake of radioactivity from glycine
and formate into purine bases, because no de novo synthesis of the bases of the
purine nucleotides takes place in erythrocytes.

In view of the modest degree of the uptake phenomena observed, it may be
assumed that some of them may have escaped attention or has been regarded as
negligible by the earlier investigators concerned with the metabolic activities of
erythrocytes; and that they may be considered part of the normal biochemical
processes of these cells.

On the other hand, it must be remembered that whereas our findings have
always been consistent from the qualitative point of view, quantitatively they va-
ried widely, from one case to another, and this finding is not easily explained as
part of a normal situation. The autoradiographic findings, in addition, have shown
that the radioactivity is localized in a variable number of cells, that were morpho-
logically altered, or were in a more or less advanced stage of lysis.

Furthermore, if the phenomena observed belonged wholly or in part to the
normal metabolic activities of the blood cells, it ought in all probability to be
possible to determine them in much shorter periods of time than was the case in
the present investigation. The intervals of several hours or days, needed for the
demonstration of the reported findings, are instead indicative of phenomena that
take place outside the organism, as in the case of multiplication of microbial
forms in blood cultures.

The experiments were performed in blood samples carefully collected and
handled in order to avoid microbial contamination. The results appeared to be
unaffected by the presence of antibiotics at a concentration which still allowing
multiplication of some L-forms and mycoplasmas, inhibit most of the possible
contaminating bacteria. Finally, no bacterial growth was ever noticed in the
specimens even in the absence of antibiotics.

The above-mentioned studies by other authors together with our own in-
vestigations, have yielded morphological, histochemical, and biochemical find-
ings that revealed the behaviour of blood cultures at time intervals of the order
of those considered here; the findings may be regarded as indicative of the existence
of diffuse latent infections in large groups of the population by mycoplasmas or
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schizomycetes in their L-phase. In support of these findings, it seems logical to
assume that the present results are indicative of the turnover of nucleic acids asso-
ciated with the multiplication and evolution of similar microbial forms in cultures.

Further investigations of a comparative nature will have to be carried out

in large groups of persons, subdivided according to age, sex, social state and hab-
itat, and in health and disease. The purpose of these investigations will be to
determine the correlations, if any, between the particular individual and the in-
tensity of the biosynthetic activity of the type considered here, so as to relate to
possible modifications of that state of diffuse infection to which it would appear
that the activities in question must be attributed.

10.

11

12.

13.

14.

References

. Diller, L. C., Diller, W. F.: Intracellular acidfast organisms isolated from malignant

tissues. Trans. Amer. Micros. Soc. 84, 38 (1965).

. Dmochowski, L., Dreyer, D. A., Grey, C. E., Hales, R., Langford, P. L., Pipes, F.

Recher, L., Seman, G., Shively, J. A., Shullemberger, C. C., Sinkovics, J. G., Taylor,
H. G., Pessmer, C. F., Yumoto, T.: Studies on the submicroscopic morphology of
structures resembling mycoplasma and virus particles in mice and men. Ann. N. Y.
Acad. Sei. 143, 578 (1967).

. Pease, P. E.: Tolerated infection with the sub-bacterial phase of Listeria. Nature (Lond.)

215, 936 (1967).

. Tedeschi, G. G., Paparelli, M., Amici, D. : Aspetti morfologici e istochimici di materiale

particolato ottenibile in seguito a incubazione di plasma umano su terreno alPagar.
Boll. Soc. ital. Biol. sper. 44, 610 (1968).

. Tedeschi, G. G., Amici, D., Paparelli, M.: Aspetti morfologici e istochimici di materiale

particolato presente nelle emoculture. Ann. Sclavo 10, 2, 228 (1968).

. Paparelli, M., Amici, D., Tedeschi, G. G.: Modificazioni del contenuto in acidi nucleici

di sospensioni di eritrociti umani in corso di incubazione. Nota F. Boll. Soc. ital.
Bioi sper. 44, 14 (1968).

. Amici, D., Tedeschi, G. G., Paparelli, M.: Modificazioni del contenuto in acidi nucleici

di sospensioni di eritrociti umani in corso di incubazione. Nota IF. Boll. Soc. Ital.
Biol. sper. 44, 616 (1968).

. Tedeschi, G. G., Amici, D., Paparelli, M.: A study of the ultrastructure of bodies resem-

bling mycoplasma in cultures of erythrocytes from normal human blood. Microscope
17, 149 (1969).

Laskow, R., Margoliash, E., Littauer, U' B., Eisenberg, H.: High molecular weight ribo-
nucleic acid from rat liver. Biochim. biophys. Acta (Amst.) 33, 247 (1959)

Messier, B., Leblond, C. P.: Preparation of coated radioautographs by bipping section
in fluid emulsion. Proc. Soc. exp. Biol. (N. Y.) 96, 1 (1967).

Castagna, M.: Incorporation apparente de thymidine dans des préparations de foie de rat
in vitro. Biochim. biophys. Acta (Amst.) 138, 598 (1967).

Amici, D., Paparelli, M.: Modificazione delle curve di crescita conseguente all’incor-
porazione di 6-3H timidina e G-H uridina da parte di E. coli. Ital. J. Biochem. 18,
71 (1969).

Warshaw, A. L., Laster, L., Shulman, N. R.: Protein synthesis by human platelets.
J. Biol. Chem., 242, 2094 (1967).

Fornaini, G.: Biochemical modifications during the life span of erythrocytes. Ital. J.
Biochem. 16, 257 (1967).

Haematologia 4, 1970






Haematologia 4 (1), pp. 49—53 (1970)

Hyperleukocytosis before the Beginning of Treatment
in Acute Leukaemia in Children and its Subsequent
Repetition at the Onset of Relapses
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The degree of leukocytosis at the beginning of 144 relapses of acute leukaemia,
determined by examination of the bone marrow, was studied. In 30 children with
leukocytosis 10,000/mm3 or less before beginning of treatment, 65 relapses were ob-
served, including 4 with leukocytosis above 10,000/mm3 In the second group of 28
children (leukocytosis over 10,000/mm3 before treatment), 79 relapses were observed,
including 22 with leukocytosis over 10,000/mm3. In the second group, compared with
the first, blastic hyperleukocytosis at the beginning of relapses was significantly more
frequent.

An increased number of white blood cells in acute leukaemia before the
beginning of treatment is a classic symptom of unfavourable immediate prognosis
[4, 10, 13, 15, 16, 18,20]. It has been observed that acute leukaemia cases charac-
terized by extensive dissemination of leukaemic cells in the peripheral blood
manifesting in hyperleukocytosis exhibit a number of peculiarities in the course
of the disease. One of them consists in a greater frequency of blastic hyperleuko-
cytosis at the beginning of relapses [1]. We have studied the frequency of hyper-
leukocytosis at the beginning of relapses and its prognostic implications on a
larger number of patients.

Material and Methods

The material of the analysis consisted of children suffering from acute leu-
kaemia in the years 1962—1968. Therapy of the first phase and relapses of leukae-
mia have changed in the meanwhile. Since 1963, special attention has been given
to the initial symptoms of acute leukaemia indicating unfavourable direct prog-
nosis, especially to blastic hyperleukocytosis. In those cases more intensive ther-
apy was applied in the first phase of the disease, consisting of larger doses of
prednisone and replacement of 6-mercaptopurine by methotrexate injected intra-
venously in some cases. Certain patients were treated with combinations of 3,
or even 4 drugs. Toward the end of 1964, in addition to pharmacologic therapy,
low-protein purine-free diet was introduced in the treatment of all patients during
exacerbations and remissions [7]. Changes in the therapy of relapses of acute
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lymphoblastic leukaemia included introduction of vincristine (1965), cytosine
arabinoside (1967), and rubidomycin (1967); the two last-mentioned drugs, how-
ever, were never used in the beginning of the disease.

At the same time, the management of remissions changed little and was the
same in cases with immediately poor or better prognosis. In the years 1962—
1964, patients in remissions were treated with 6-mercaptopurine in doses of 2.5
mg/kg/24 hr, or 2.5 mg/kg/48 hr. Since 1965, they have been treated by alternate
administration of 6-mercaptopurine in doses of 2.5 mg/kg/24 hr and methotrexate
in doses of 0.5 mg/kg twice weekly, orally, or less often intramuscularly. The
drugs were exchanged periodically every 4—6 weeks. Importance was attached to
control during remissions. Clinical examinations, laboratory findings as well as
blood and bone marrow studies were always performed by the physician who had
previously treated the child in the clinical ward. The examinations were repeated
every 14 days, or less often every 3 weeks. Examination of the peripheral blood
and the finding of a few parablasts (usually less than 10 per 250 white blood cells)
were found to be decisive for the diagnosis of relapse. In spite of the bone marrow
being loaded with parablasts at this time, the child usually exhibits no symptoms
of the disease, and thrombocytopenia and anaemia are absent [2, 8]

Less often, relapse was indicated by neutropenia or by quickly developing
blastic hyperleukocytosis. Further relapses were detected also by routine bone
marrow punctures. Cases in which the myelogram contained less than 50%
parablasts were not included in the study on blastic hyperleukocytosis. However,
this did not pertain to cases in which bone marrow parablastosis below 50 % was
accompanied by the presence of parablasts in the peripheral blood on repeated
examinations. This previously described discordance [3], was exceptional in re-
lapses. Only cases of acute lymphoblastic leukaemia were included in the study.
Diagnosis of the type of leukaemia was established mainly on the basis of morpho-
logical criteria by a group of physicians constantly employed in the haematologic
ward. Patients treated with prednisone before leukocyte counts were made were
excluded from the analysis. Only cases were selected in which the first complete
remission was attained, and which were observed and treated during the remission
and during at least one relapse.

Assuming the upper limit of leukocytosis at 10,000/mm: before beginning of
treatment, 58 cases of acute lymphoblastic leukaemia were divided into two
groups:

IT 30 cases with white blood cell counts < 10,000/mnf! before beginning
of treatment;

Il. 28 cases with a leukocytosis of > 10,000/mmi before beginning of treat-

ment.

Leukocytosis over 10,000/mmin relapses, confirmed by the myelogram, was
always associated with the presence of numerous leukaemic cells in the peripheral
blood, that is, with blastic hyperleukocytosis. The distribution of the cases in the
two groups was similar in different years. The distribution of the cases according
to age and sex is shown in Table 1 In 58 children 151 relapses were observed.
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Table 1
Age at diagnosis >1-4 >4-7 > 7-10 > 10
Male 11 12 u ! 3
Female 5 8 5 1 3
Total 16 20 6 1 6
Table 2
WBC per mm3 Number Nug:s;t:ned
at the beginning of relapses oF; the bogne
of relapse treated 1 marrow remissions*
< 10,000 118 87 (73.81 %)
> 10,000 3 15 (45.45%)

* Bone marrow remissions depended on the presence
of 10% or less parablasts and blasts in the myelo-
gram.

The percentage of remissions was much smaller in relapses with initial white blood
cell counts higher than 10,000/mm’l (Table 2). Hyperleukocytosis at the beginning
of relapse was observed 33 times in 58 children which had 151 relapses. In 7 cases
the hyperleukocytosis was preceded by a discontinuation of administration of the
antimetabolite by the children’s parents for 1—3 months during remission. These
relapses were omitted from the analysis. The frequency of relapses with hyper-
leukocytosis in the two groups has been compared in Table 3. The frequency of

Table 3

WBC per mm3
WBC per mm3 at the beginning

at the beginning of relapses
of the disease

10000 1 > 10000
10.000 61 4 65
> 10.000 57 22 79
Total 118 26 144
p < 0.001

relapses with hyperleukocytosis in relation to leukocytosis at the beginning of
the disease was compared by means of theyjtest. Hyperleukocytosis was signif-
icantly more frequent in cases with hyperleukocytosis at the beginning of the acute
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phase, compared with patients who had 10,000 white blood cells or less per mnr’
before beginning the treatment.

In the group of 30 children with initial leukocytosis less than 10,000/mnr],
the mean duration of the first remission was 8.7 months (mean 6.7 months), and
the mean survival time of the children 19.6 months (15.3); four children are
still under treatment.

In the group of 28 children with initial leukocytosis over 10,000/mm3 the
mean duration of the first remission was 6.7 months (mean 4.7), and mean survival
16.6 months (mean 11). Two children are still under treatment. The differences
were more pronounced in 6 children of the last group with leukocytosis over
100,000/mm3 at the beginning of treatment. The mean duration of the first re-
mission in these cases was 3.8 months (median 4), and mean time of survival 9.8
months (median 9.5).

In previous studies it was found that cases with blastic hyperleukocytosis
at the beginning of illness, compared with a control group, were characterized by
more frequent appearance of meningeal leukaemia [1,9] and tumour of the kidneys
resulting in worse immediate prognosis [1].

Cases of acute leukaemia with accumulation of prognostically unfavourable
symptoms at the beginning of illness (hyperleukocytosis, brief history, marked
hepatosplenomegaly, etc.) showed different further course of the disease. Com-
bined therapy with 3 or 4 drugs during the first acute phase of the disease does not
ensure long survival of the children in good condition during remission. 6-mer-
captopurine and methotrexate in the remissions fulfil its purpose insufficiently
and should be replaced by more intensive therapy [5, 6, 11, 12, 14, 19]. A lot of
modern clinical studies justify the rightness of such a management. Many of them
are based on previous experimental works [17]. Treatment of acute leukaemia
in children has to be individually adjusted.
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Beitrag zu Skelettmanifestationen von
Leukosen, Lymphogranulomatosen und Retothelsarkomen

K. Krug, L. Stenzel
Il. Medizinische Klinik und Poliklinik der Martin-Luther-Universitat Halle-Wittenberg
(Eingegangen am 15. Juli 1969)

Es werden Skelettverdnderungen bei chronischen leuk&mischen Myelosen
unreifzelligen Leukosen, chronischen Lymphadenosen, Lymphogranulomatosen und
lymphoretikuldren Sarkomen anhand eines Kklinischen Krankengutes beschrieben.
Die Art und H&ufigkeit von Knochenherden in den Autopsiebefunden eines patholo-
gischen Institutes von an bdsartigen hamatologischen Erkrankungen Verstorbenen
werden mit den klinischen Ergebnissen verglichen. Es fanden sich herdférmige Osteo-
lysen, umschriebene oder diffuse Osteosklerosen, Osteoporosen und ganz vereinzelt
Periostreaktionen. ProzeBbedingte ossdre Verdnderungen waren im autoptischen
Material héufiger als durch klinische und rontgenologische Untersuchungen nachzu-
weisen. Aus der Erkennung von Skelettherden bei den untersuchten Krankheitsgrup-
pen lassen sich u. U. spezielle prognostische und therapeutische Folgerungen ableiten.

Bei langjéhriger Betreuung eines hamatologischen Krankengutes konnten
an einzelnen dieser Patienten Skelettverdnderungen beobachtet werden, die im
klinischen Verlauf als Selten- oder Besonderheit zu betrachten sind. — In unserem
Leuk&dmiematerial aus den Jahren 1956 bis 1965 stehen die chronischen leukami-
schen Myelosen mit 49 auswertbaren Krankheitsverldufen an erster Stelle. Hinzu
kommen noch Erhebungen aus der Durchsicht von Autopsiebefunden der Jahr-
génge 1960 bis 1964.* Die Zahl der myeloischen Leukosen dieser Studie betragt
48; d. h. insgesamt auswertbar waren demnach 97 chronische myeloische Leuk-
amien.

Trotz starker Proliferation des myeloischen Gewebes werden bei dieser
haufigen Leukd@mieform nur selten Skelettmanifestationen klinisch und réntgeno-
logisch intra vitam diagnostiziert. Jaffé und Schneider [15, 25] u.a. betonen, daf
ossdre Verdnderungen erst in relativ spaten Krankheitsstadien auftreten. Diese
Seltenheit ist damit zu erkldren, daR das Erwachsenenskelett tiber einen gréferen
Reserveraum fur eine expansive Ausbreitung von neoplastischem h&matopoeti-
schem Gewebe verfiigt. Bei l&ngeren Verldufen finden sich nach Naumann [20]
generalisierte Osteoporosen, worauf schon Apitz [2] im &lteren Schrifttum hin-
wies. Heilmeyer [11] dagegen vermift bei der Mehrzahl der chronischen myeloi-

* Herrn Professor Dr. Coutelle, dem Direktor des Pathologischen Institutes der Mar-
tin-Luther-Universitit Halle, danken wir fur die freundliche Erlaubnis zur Verwertung der
Sektionsprotokolle
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sehen Leukosen diesen Befund. Die Unterscheidbarkeit gegeniiber Altersosteopo-
rosen ist mitunter schwierig, wobei rasche Progredienz eventuell fiir eine leukami-
sche Genese verwertbar ist. — Neben der Osteoporose kommen fleckférmige
Osteolysen, besonders der proximalen Enden von Réhrenknochen, z. T. kombi-
niert mit periostalen Belédgen vor. Alder [1] beschreibt zirkumskripte Knochen-
zerstérungen im terminalen Myeloblastenschub. Da bei einzelnen Verldufen osteo-
sklerotische Verénderungen angetroffen werden, bleibt stets die Osteomyelo-
sklerose differentialdiagnostisch abzugrenzen, soweit im Einzelfall eine Trennung
uberhaupt mdglich ist. Zur Problematik der therapiebedingten Knochenmarks-
fibrosen und -Sklerosen bei myeloischer Leukdmie haben kirzlich Hunstein und
Mitarbeiter [12] Stellung genommen. Boidin, Bousser und Delzant [3] beschrie-
ben am Schédeldach und anderen Stellen des Skelettsystems Areale von elfenbein-
artiger Sklerose neben hochgradiger Entkalkung. Im (brigen finden sich im
Schrifttum zur Skelettbeteilung bei myeloischer Leukdmie folgende Angaben:
Craver und Copeland [6]: Imal unter 83 Beobachtungen; Uehlinger [29]: 3 von
67 Patienten: Schneider [25]: Imal unter 44 chronischen Myelosen.

Bei der Analyse des eigenen Krankengutes von 49 chronischen myeloischen
Leukosen konnten wir die nachstehend kurz skizzierten 3 interessanten Skelett-
verdnderungen beobachten.

1 57jahriger, am 26. 9. 56 erstmalig in unserer Klinik wegen chronischer
myeloischer Leuk&mie aufgenommener Mann mit klassischer Symptomatologie.

- Sternalmark und Blutbild: Vorherrschen von Myelo- und Promyelozyten.
Initiale Leukozytenzahl: 193 000/mms. — Nach einjahriger zytostatischer Be-
handlung mit Myleran im November 1957 Huftschmerz links. Rdntgenbefund
vom Dezember 1957: ausgedehnter osteolytischer unregelmaRig begrenzter Be-
zirk im Bereich der Beckenschaufel links (Abb. 1). Gezielte Biopsie des rontgeno-
logisch erfalBten Prozesses: dichte Verbdnde von granulopoetischen Vorstufen.
Exitus am 7. 5. 58.

2. 46jahrige Patientin. Am 13. 5. 1957 Feststellung einer myeloischen Leuk-
&mie mit Leukozytose von 164000/mm3 und starker Linksverschiebung, jedoch
kein terminaler Myeloblastenschub. Krankheitsbeginn vermutlich im Eierbst
1956 mit starker Gewichtsabnahme und zunehmender Schwéche. Myleranbe-
handlung. Rontgenbefund vom 15. 8. 1958: osteoklastischer Herd im Gebiet des
Trochanter minor links z. T. auf den Oberschenkelschaft (ibergehend. Das Gebiet
ist etwa kirschgrol? (Abb. 2). Exitus am 16. 9. 1958.

3. 1904 geborener Patient. Krankheitsbeginn 1964 mit Schwéche, Inappe-
tenz und MilzvergroRerung. Stationdre Vorbehandlung in einer auswartigen
Klinik mit Bluttransfusionen und Milzbestrahlung. — Aufnahme in die 11 Medi-
zinische Universitatsklinik Halle am 16. 3. 1967. Leukozytenzahl bei der ersten
Untersuchung 661 000/mm'l, dabei deutliche Linksverschiebung mit Myelozy-
ten- und Promyelozytenvermehrung. Sternalpunktion und Beckenkammbiopsie:
granulopoetische Hyperplasie, kein Anhalt fir Osteomyelosklerose bzw. -fi-
brose. — Roéntgenbefund vom 11.4. 1967: am Ubergang zwischen mittlerem und
unterem Drittel der Diaphysen beider Femura Nachweis einer rechtsseitig aus-
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Abb. 1. GroBer, unregelmafig begrenzter osteolytischer Destruktionsherd des Os ileum
bei chronischer myeloischer Leuk&mie

Abb. 2. Osteolytische Umwandlung des Trochanter minor bei chronischer myeloischer
Leukamie
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geprégten, linksseitig nur angedeuteten Periostauflagerung. Sonst regelrechte
Knochenstrukturen (Abb. 3 Periostose der Femurdiaphyse links). — Kilinisch
sowie anamnestisch kein Hinweis fiir Phlebopathie, keine Symptome einer Angio-
organopathie. Exitus am 25. 9. 1967. Sektion nicht ausgefihrt.

Abb. 3. Ausgepréagte Periostauflagerung der Femurdiaphyse li. bei chronischer myeloischer
Leukdmie (spezifische Genese nicht bewiesen, vgl. Text)

Die Zuordnung des beiderseits festgestellten periostalen Prozesses im Be-
reich der Femurdiaphyse im Rahmen des leuk&mischen Geschehens bleibt ohne
autoptische Bestétigung problematisch. In diesem Zusammenhang sei jedoch auf
die Feststellung Uehlingers [29] verwiesen, daR bei Leuk&mien periostale Kno-
chenneubildung eventuell als unspezifische Reaktion in Erscheinung treten kann.

Die Auswertung des Sektionsmaterials zeigte bei 5 myeloischen Leukdmien
Myelosklerosen mit Einengung der Markrdume und bei 3 Patienten osteoporo-
tische Veranderungen sowie an einer Leiche fortgeschrittene Destruktionen mehre-
rer Rippen.

Fur lymphatische Leukosen im Erwachsenenalter liegen die Prozentanga-
ben (ber eine Skelettbeteiligung etwas hdher als bei myeloischer Leuk&mie, d. h.
zwischen 2.7—7 % [6, 25]. Auch hier nimmt die Haufigkeit mit der Progredienz
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des Leidens zu, wobei Osteoporosen an erster Stelle stehen. Sie sind nach Jaffé
[15] jedoch nicht sehr ausgeprdgt. Der EinfluR einer protrahierten Prednison-
medikation kann jedoch die Osteoporose verstarken. Sehr selten wurden osteo-
sklerotische Prozesse gesehen [29], ein Verhalten, das durch die spezielle Alters-
disposition der chronischen Lymphadenose zu erkldren ist [10]. Auch periostale
Prozesse wurden selten beobachtet [27]. Apitz [2] beschrieb multiple Knochen-
defekte der Schédelkalotte. Erweiterte und mit Tumormassen ausgefiillte Havers-
sche Kanale fand Jaffé, Moseley [15, 18] sah bei Demineralisation der Wirbel-
sdule Wirbelkompressionen, bevorzugt in den unteren Wirbelséulenabschnitten.
Es kommen auch lytische Prozesse im Femurbereich vor, die zu Spontanfrakturen
fuhren koénnen [15, 24]. Eine schlechte Heilungstendenz kennzeichnet solche
Frakturen [29].

Differentialdiagnostisch ist bemerkenswert, dal osteolytische Knochen-
karzinosen meist auf das Stammskelett beschrénkt sind. Neben der Karzinose
missen folgende Prozesse abgegrenzt werden: Tuberkulose, Osteomyelitis, chro-
nische Arthritis, Myelom, Hyperparathyreoidismus und Altersosteoporose [10].
Wie bei chronischer myeloischer Leuk&mie widersteht die Tela ossea lange Zeit
dem expansiven Wachstum. Zu beachten sind in Zukunft bei ladngere Zeit mit
Prednison behandelten Lymphadenosen durch die Steroidtherapie bedingte asep-
tische Knochennekrosen, denen wahrscheinlich intraossére obliterierende Arte-
riopathien zugrunde liegen [16].

Wahrend unter unseren klinischen Beobachtungen von 42 Patienten le-
diglich bei einem 60jdhrigen Mann nach 9jéhrigem Krankheitsverlauf Wirbel-
destruktionen wegen lokalisierter Schmerzen vermutet und spéter autoptisch
bestatigt wurden, ergab die Auswertung von 40 autoptischen Befunden 9mal
Skelettverdnderungen, die sich wie folgt darstellten: 2mal Osteosklerose bei grob-
knotigen Infiltrationen, 2mat auf das Grundleiden bezogene Osteoporosen, eine
osteosklerotische Herdbildung des Schéadels und mehrerer Wirbelkdrper sowie
4mal Spongiosadestruktionen bei herdférmiger grobknotiger Infiltration. In einem
Sektionsprotokoll wurde eine begleitende Osteomyelofibrose vermerkt.

Akute oder unreifzellige Leukosert dominieren im Kindesalter. Hier werden
Skelettverdnderungen wesentlich haufiger diagnostiziert. Die Prozentangaben
liegen zwischen 50—70 % [25]. Die Skelettbeschwerden bei kindlichen Leukosen
werden haufig initial als rheumatischer oder osteomyelitischer Prozel? fehlgedeu-
tet. Besonders haufig werden Querlinien oder bandférmige, 2—5 mm breite Auf-
hellungen juxtaepiphysér beobachtet. Weiterhin werden folgende Verénderungen
beschrieben: diffuse Osteoporose, mottenfralR&hnliche Osteolyse, endostale Osteo-
sklerosen und periostale Osteophytenbildung. Diese Prozesse kdnnen sich rasch,
d. h. innerhalb von Monatsfrist nach Krankheitsbeginn entwickeln. Nach ihrem
Manifestwerden rechnet man mit einer Krankheitsdauer von etwa 6 Monaten
[29]. Fibro- und osteoklastische Reaktionen falt Pantlen [21, 22] als sogenannte
»mesenchymale Kohdrenzreaktion« auf. Danach kommt die h&matopoetische
Neoplasie mdoglicherweise als Ursache fir die Fehldifferenzierung auch anderer
mesenchymaler Elemente in Betracht. Therapeutisch induzierte Remissionen
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kénnen sich u. U. restituierend auf die osséren Begleitprozesse auswirken. Diese
Feststellung hat in Hinblick auf die héhere Remissionsrate kindlicher Leukosen
unter der modernen Intensivtherapie Bedeutung. Hansen [g8] sah nach Anwendung
eiweillanaboler Steroide 4—8 Wochen nach Therapiebeginn Zunahme der Kno-
chenstrukturdichte. Als interessante Beobachtung teilten kirzlich Schwarz, Hoff-
meister und Loewe [26] einen Pseudohyperparathyreodismus im Verlaufe einer
akuten Leukose bei einer 69jahrigen Patientin mit. — Bei 28 eigenen klinischen
Beobachtungen von unreifzeiliger Leukose konnten wir keine Knochenherde
feststellen. — Die Auswertung des Autopsiematerials von 5 Jahrgdngen mit 78
Parablastenleukosen ergab bei 2 Beobachtungen Destruktionsherde der Schéadel-
kalotte, ferner eine Destruktion mehrerer Rippen mit Herdabmessung bis zu
KleinapfelgréRe sowie zweimal eine tumorférmige Wucherung mit Auflésung
der Spongiosastruktur an mehreren Stellen des Skelettsystems. Hierzu ist zu be-
merken, dal® nur ein Drittel der Patienten unter 20 Jahre alt war. Busse [4] fand
bei akuten Hamoblastosen im Erwachsenenalter in 7.5 % Knochenbeteiligung.

Tabelle 1

Lymphogranulomatose Anzahl und Lokalisation
der Knochenherde bei 33 Patienten mit Skelettbeteiligung

HWS 19
Wirbelsdule: BWS 27
LWS 28
Rippen 2
Brustbein 17
Beckenschaufel 4
Kreuz-Steillbein
Schadel 2
Schulterblatt
Schliisselbein
Oberschenkel 6

Oberarm
Distale Extrem.

Ossére Prozesse sind bei Lymphogranulomatose von besonderer Bedeutung,
da nach Heilmeyer [11] das Skelettsystem der zweithdufigste Sitz extraglandulérer
Herde ist. Die Hé&ufigkeitsangaben stehen in Beziehung zur Intensitat der Suche
[17]. Nach Musshoff [19] fanden sich in 31.2% der autoptischen Befunde von
Lymphogranulomatosen ossére Herde, wahrend der klinische Nachweis nur bei
10.6% gelang. Jaffé [15] gibt fir klinisch erfalbare Skelettherde 10—20% an,
denen nach Schrifttumsangaben 34—78 % pathologisch-anatomisch nachgewie-
sene Knochenmanifestationen gegeniberstehen. Stadium 1L und 111 sind am
haufigsten befallen. Knochenverdnderungen koénnen zu jedem Zeitpunkt der Er-
krankung auftreten, sind jedoch als Frihsymptome selten. Die Annahme einer

Haematologia 4, 1970



Krug, Stenzei: Skelettmanifestationen von Leukosen 61

primdren Knochenlymphogranulomatose wird von den meisten Autoren ab-
gelehnt. Nach Moseley [18] kénnen Knochenverdnderungen dem Ubrigen Organ-
befall um Jahre vorausgehen. Die Herde kdnnen entweder durch arrosives Wachs-
tum benachbarter Lymphome oder Weichteilprozesse oder hdmatogen entstehen.
Uber die Haufigkeit nach topographischer Reihenfolge stimmen sdmtliche Auto-
ren dahingehend (berein, dal Wirbelprozesse an erster Stelle stehen. Dann fol-
gen Becken, Rippen, Skapula oder Klavikula. Nach manchen Angaben kommt
auch Femurbefall relativ hdufig vor [5 7]. — Die Auswertung von 51 autopti-
schen Befunden zeigte nach eigenen Untersuchungen folgendes Bild der Lokali-
sation von Knochenherden: (s. Tabelle 1).

Grundsatzlich gibt es keinen fiir Morbus Hodgkin spezifisch pathognomo-
nischen Rontgenbefund. Trotz ausgedehnter disseminierter Knochenherde fehlt
haufig ein RoOntgennachweis. Erst wenn Kompakta oder Spongiosa ergriffen

Tabelle 2

Retothelsarkom. Anzahl und Lokalisation der Knochenherde
bei 41 Patienten mit Skelettbeteiligung

HWS 20
Wirbelsaule: BWS 28

LWS 27
Rippen 2
Brustbein 20
Beckenschaufel 7
Kreuz-Steillbein 4
Schadel 8
Schulterblatt 1
Schlisselbein -
Oberschenkel 18
Oberarm 1
Distale Extrem. 1

sind, ist dieser positiv [9]. Osteolysen mit reaktivem sklerotischem Randsaum
sind relativ haufig anzutreffen [30]. Die osteolytischen Herde sind nicht so scharf
abgegrenzt wie beim Myelom. An der Wirbelsdule wurden Kompressionsfraktu-
ren beobachtet bzw. als seltener Befund eine elfenbeinartige Verdichtung [13].
Senkungsabszesse kommen im Gegensatz zur Tuberkulose nicht vor. Die Zwi-
schenwirbelscheibe bleibt intakt. Gibbusbildung besteht nur selten.
Differentialdiagnostisch sind folgende Krankheitsprozesse mit Knochen-
beteiligung abzugrenzen: Myelom, Tuberkulose, Tumormetastasen, Ewing-
sarkom, Knochenretikulosarkom, eosinophiles Granulom, osteogenes Sarkom,
Morbus Gaucher. Die Beckenkammbiopsie kann im Einzelfall eine diagnostische
Klarung bringen. Ausgedehnte h&matogene Herde verursachen z. T. eine Panzy-
topenie [28]. Beziehungen zwischen Schmerzempfindlichkeit und réntgenologi-
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schern Skelettbefund sind inkonstant. Nach Musshoff [19] ist die Prognose bei
Skelettbefall nicht besonders unginstig. Die Knochenherde sprechen gut auf
Strahlentherapie an und sind durch Zytostatika weniger beeinfluRbar. Bei der
neuerdings bekanntgewordenen ginstigen therapeutischen BeeinfluBbarkeit der
Stadien | und 1l sollte der Kliniker neben anderer intensiver Herdsuche an der
frihzeitigen Erfassung von Knochenherden besonders interessiert sein. — Bei
44 Hodgkinpatienten unserer Klinik fanden wir einmal eine spezifische Infiltration
des Sternums, bei einem anderen Patienten einen osteoplastisch verdnderten 7.
Brustwirbelkdrper, osteoklastische Herde im Lendenwirbel bereich bei einer weite-
ren Patientin und bei einer jungen Frau einen Rippenherd mit Auftreibung und
zystischer Auflockerung der Knochenstruktur (Abb. 4).

Abb. 4. Knochenauftreibung und Osteolyse mit zystischer Umwandlung des ventralen
Anteils der 5. Rippe re. durch lymphogranulomatose Herdbildung

Das Retikulumsarkom (Retothelsarkom, lymphoretikuldres Sarkom) kann
im Gegensatz zur Lymphogranulomatose als primdre Knochengeschwulst be-
ginnen, worauf zuerst Parker und Jackson 1939 [23] hingewiesen haben. Die
Diagnose ist bioptisch zu sichern. Ivins und Dahlin [14] fanden bei 117 malignen
Lymphomen des Knochens 14 Retikulumzellsarkome und 85 gemischt retikulum-
zellig-lymphosarkomatése Tumoren. Schneider [25] teilt bei 153 Retikulumzell-
sarkomen 14mal Skelettbefall mit, davon 4 primdr im Knochen lokalisierte For-
men. Nach Heilmeyer [11] kommen bei dieser Neoplasie zahlreiche und héufige
Metastasenbildungen im Skelett vor, wobei Verwechslungen mit der nacktker-
nigen Form der Lymphogranulomatose mdglich sind.

Differentialdiagnostisch ist besonders an das friilh metastasierende Ewing-
sarkom zu denken, welches h&ufiger bei Patienten vor dem 20. Lebensjahr auf-
tritt. Die Rontgenbefunde sind uncharakteristisch. Es finden sich fleckige, meist
nicht scharf begrenzte Aufhellungen oder spindelférmige Osteolysen. Die langen
Rohrenknochen sind bevorzugter Sitz. Spontanfrakturen sind nicht hdufig. Pe-
riostale Knochenreaktionen kdénnen Vorkommen. Die Knochenzerstérung ver-

Haematologia 4. 1970



Krug, Stenzei: Skelettmanifestationén von Leukasen 63

lauft ohne reaktive Neubildung. Multiple Rippenzerstdrungen konnen einen
Pancoasttumor Vortduschen. Verwechslungsmoglichkeiten mit einer Reihe ande-
rer ossarer Prozesse sind gegeben (Lymphogranulomatose, Plasmozytom, Leukose
u. a..

Abb. 5. Ausgedehnte osteolytische Verdnderungen des Humerus und der Ulna bei Reto-
thelsarkom

81 ausgewertete autoptische Befunde von Patienten mit Retothelsarkom
ergaben folgende Lokalisation von Knochenherden:

Bei 30 in unserer Klinik behandelten Patienten mit Retothelsarkom konnten
wir nur einmal rontgenologisch eindrucksvoll einen Knochenbefall nachweisen
(s. Abb. 5). Der klinische Nachweis von ossaren Defekten gelingt demnach im
Vergleich zu den Autopsiebefunden relativ selten. Als Ursache fur diesen Unter-
schied ist anzunehmen, daB die lymphoreticuldren Sarkome erst verhéltnismaRig
spét zu einer Zerstérung der Spongiosastruktur oder der Kompakta des Kno-
chens fihren.
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Contribution to the Skeletal Manifestations of Leukoses,
Lymphogranulomatoses and Retothelsarcomas

Skeletal manifestations in clinical patients suffering from chronic myeloid leukaemias,
leukoses of immature cells, chronic lymphadenoses, lymphogranulomatoses and lymphore-
ticular sarcomas are described. The characteristics and frequency of osteal islands in the post-
mortem findings of a pathological institute on patients who died of malignant haematological
diseases are compared with the clinical results. Osteolytic islands, circumscript or diffuse
osteoscleroses, osteoporoses and quite casually periosteal reactions occurred. Osteal mani-
festations dependent on the process could be detected more frequently in the autopsy material
than in the clinical and roentgenological examinations. In certain cases of the examined dis-
ease groups special prognostic and therapeutic conclusions can be drawn from the recognized
skeletal manifestations.
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The Management of Polycythaemia vera
with Dibromomannitol

S. Tura, M. Baccarani
Institute of Medical Semeiotics, Department of Haematology, University of Bologna, Italy

(Received May 16, 1969)

Sixteen patients with polycythaemia vera have been treated with Dibromoman-
nitol (DBM) over a 30-month period. Treatment has been cyclic. Dosage regimen
included daily doses from 200 mg to 300 mg for 8 to 15 days. Fifty-one cycles are ade-
quate for evaluation: 27 with a total dose of less than 3000 mg and 24 with a total
dose of more than 3000 mg. The control of the disease has been achieved in all the
sixteen patients, a single cycle every 4 to 6 months being necessary for such a purpose.
Leukopenia and thrombocytopenia occurred in 16% and 18% respectively of overall
treatments. A clear dose-response and dose-toxicity rate is shown. The use of DBM
in chemotherapeutic control of polycythaemia vera, both for induction and mainte-
nance therapy, is finally discussed.

There are three modalities of therapy now available for the control of poly-
cythaemia vera: phlebotomy, radioactive phosphorus (32P) and chemotherapeutic
agents. Patients treated with 3P are likely to live longer than patients treated only
with phlebotomies [1, 5, 11—14, 20], but the occurrence of haematologic compli-
cations is higher [8, 9, 14, 15]. It is, at present, difficult to determine the quanti-
tative relationship between haematologic complications and 3P treatment [g, 9,
4, 20]. Leukaemia seems to be a delayed complication of polycythaemia and it is
likely to be correlated with the total dose of 3P received [8, 9, 12, 15]. The search
for chemotherapy in polycythaemia vera arises both from the need to have an-
other effective therapy and to avoid haematologic complications. There are, at
present, no published data available on survival time with chemotherapy alone,
but good experience has been gained up to date with Busulfan [3, 7, 19]. More
recently some other drugs have been studied successfully, as chlorambucil [3],
cyclophosphamide [3], melphalan [6] and a piperazine derivative [10].

In a previous paper [18] we have reported preliminary data about the treat-
ment of polycythaemia vera with Dibromomannitol (DBM), an anti-tumor agent
mostly effective against chronic myeloid leukaemia [2, 17]. As the first results of
this trial were positive, we have continued to use DBM in every patient with poly-
cythaemia vera, in order to better evaluate the effectiveness and the modalities of
the action of the drug and to standardize a regimen treatment.

The data pertaining to a thirty-month study and sixteen patients will be
reported.
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Materials and Methods

Sixteen patients with polycythaemia vera have been studied. Diagnosis was
established by direct measurement of the red cell mass with radioisotopic method.
Secondary erythrocytosis was excluded by arterial oxygen saturation, pulmonary
and cardiac function studies, and other appropriate X-ray and laboratory studies.

Eleven patients were males and five females aged from 27 to 82 years. Nine
patients had received radioactive phosphorus prior to treatment, one patient had
been treated with Busulfan, three patients had had phlebotomies as the only treat-
ment and the remaining three patients were untreated.

The drug was administered per os, cyclically. Dosage regimen of every cycle
included daily doses from 200 mg to 300 mg for 8 to 15 days (total dose ranging
from 1400 mg to 3750 mg). Eleven cycles were conducted with a double treat-
ment, i.e. a second identical treatment was repeated 10 to 15 days after the first,
unless leukopenia or thrombocytopenia occurred. In such cycles the total average
dose was 4700 mg, ranging between 3000 mg and 6125 mg. Dosage schedule
included daily doses from 200 mg to 350 mg.

In this study of sixteen patients on chemotherapy treatment, there were 51
cycles with data adequate for evaluation: these cycles can be subdivided into a
group of 27 with total dose of less than 3000 mg and a group of 24 with a total
dose of more than 3000 mg.

During the whole period of study the patients did not receive any other drug
nor were submitted to phlebotomies.

These patients underwent periodical controls by physical examination and
appropriate laboratory studies, including routine standard haematological exam-
inations (with direct platelet counts), bone marrow biopsy, SGOT, SGPT, bili-
rubin level, serum proteins, plasma cortisol level, and gastric function (HC1, pep-
sin and intrinsic factor secretion).

Responses were evaluated by considering the following data: haematocrit,
platelet level, spleen size and subjective complaints.

Results

Haematocrit

Fifty courses of chemotherapy are available for evaluation of haematocrit
response. The results are summarized in Table 1 A reduction of haematocrit
more than 20 % of the initial value was obtained in 15 treatments (30 %), a reduc-
tion between 11 % and 20 %in 16 treatments (32 %) and a reduction of less than
10% in the remaining 19 treatments (38%). A significant haematocrit re-
sponse, accordingly (more than 10 %of the initial value) has been obtained in 31
treatments out of 50 (62 %). In assessing the results as a function of the
total dosage administered in every treatment, a clear dose-response rate is
shown. With a total dose less than 3000 mg (27 treatments) the haematocrit
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Table 1

Haematocrit Overall Total dose Total dose
decrease treatments 3000 mg < 3000 mg
50 treatments 23 treatments 27 treatments
0-5 o 1 639/
6-10 £} :'E)/O | )pA) iéj /o

11 20 361 91,, 26} 370/
I>21 30) 62% 52] 0 11 J7/°

Fig. 1. Patterns of haematocrit decrease. Treatments with total dose of more than 3000 mg.
Average total dose 4000 mg. Average dosage schedule 250 mg/day. Left: haematocrit de-
crease in absolute values. Right: haematocrit decrease in per cent of the initial values

Fig. 2. Patterns of haematocrit decrease. Treatments with total dose of less than 3000 mg.
Average total dose 2500 mg. Average dosage schedule 250 mg/day. Left: haematocrit de-
crease in absolute values. Right: haematocrit decrease in per cent of the initial values
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reduction was significant in 10 treatments (37 %), while with a total dose of more
than 3000 mg, such a response was obtained in 21 treatments out of 23 (91 %).
The decrease of the haematocrit when a total dose of more than 3000 mg is given,
is generally slow and delayed, minimum levels being reached only after 50 to 60
days from the beginning of the treatment (Fig. 1). Patterns of haematocrit varia-
tions with a total dose of less than 3000 mg are nearly the same, although the
haematocrit does not fall to the same level (Fig. 2).

Thrombocytosis and splenomegaly

Data on DBM effectiveness on thrombocytosis (platelets more than 500,000/
mm3 were available in 12 cycles. Thrombocytosis was corrected in all cycles but
two (83 %).

Splenomegaly was present in seven patients. In all cases the spleen was no
longer palpable after chemotherapy.

Subjective symptoms

The data on the effectiveness of DBM treatment on subjective complaints
concerned with polycythaemia vera (itching, headache, dizziness, sonitus, visual
troubles, neurovascular disturbancies of upper and lower extremities) were avail-
able in 30 cases. In twenty-one cases (70 %) all subjective complaints disappeared
completely, in two cases (7 %) the complaints were reduced and in seven
(23 9% there was no significant response.

Haematologic toxicity and side effects

A significant decrease of neutrophilic polymorphonucleocytes (PMN) has
been observed in almost all cases. A PMN decrease below 1500/mm! has been
recorded in 8 treatments overall (16 %), of which seven had been conducted with a
total dose of more than 3000 mg and one with a total dose of less than 3000 mg
(Table 2).

Table 2
Overall Total dose Total dose
treatments > 3000 mg < 3000 mg
51 treatments 1 24 treatments 27 treatments
% % %
P. M. N.
< 1500/mm3 29 3
Platelets
< 100,000/mm3 18 5 it
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Platelet depression was nearly the same. Platelet levels below 100,000/mm’
were recorded in 9 cases (18 %), of which 6 comprised a total dose of more than
3000 mg and 3 a total dose of less than 3000 mg (Table 2). The platelet level
decreased below 50,000/mm3in only one case.

Fig. 3. Patterns of PMN and platelet decrease. Treatments with total dose of more than

3000 mg. Average total dose 4000 mg. Average dosage schedule 250 mg/day. PMN and

platelet decrease is early, but lowest values are reached more often between the 40th and
the 60th day

Patterns of PMN and platelet reduction are shown in Fig. 3. The decrease
is generally rapid and therefore can be evaluated within 20 days from the begin-
ning of the treatment. Sometimes, however, the decrease does not stop and a lower
value may be reached after several days, usually between the 40th and the 60th
day from the beginning of the treatment.

Extra-haematologic side effects were not observed at all. No change was
observed in laboratory studies performed.

Discussion

The haematocrit value is the most simple and valid parameter for a current
evaluation of the course of polycythaemia vera. The control of the disease is
achieved when haematocrit values are maintained within normal ranges. Such a
result has been obtained in all the sixteen patients treated with DBM. A striking
quantitative relation exists between the total dose given (dosage schedule including
200 to 300 mg/day) and the response. We assume that a significant haematocrit
decrease means a decrease of more than 10 % of the initial value: significant de-
creases have been obtained in 91 % of the treatments with total dose of more than
3000 mg and in 37 % of the treatments with total dose of less than 3000 mg. The
latter treatments (total dose of less than 3000 mg) have nearly always been em-
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ployed when the initial values of haematocrit were not very high, with the ultimate
purpose of preventing a continuing rise in haematocrit rather than obtaining a
significant reduction. First-type treatments (total dose of more than 3000 mg) may
well be defined as induction treatments, while second-type treatments fulfil the
criteria of a cyclic maintenance therapy.

Haematocrit decrease is nearly always slow and minimum levels occur after
50 to 60 days. In a smaller group of patients, on the contrary, reduction was rapid

Fig. 4. Cyclic chemotherapy with DBM in a polycythaemic patient over a 28-month period

(Figs 1and 2). Patterns of haematocrit reduction may be well explained, consider-
ing that DBM target cells are mitotable precursors and that these cells must pro-
vide the renewal of a cell population whose mean survival time is about 120 days.
In cases with faster haematocrit decrease we may assume that the erythrocytes
have had a shorter life span and therefore a shorter renewal time. However, re-
constitution of erythroid population will occur in four to six month-time, because,
as it is shown by the rise of haematocrit to levels above normal, 100 to 200 days
(average 156 days) are necessary for relapse. In practice, a single cycle every 4
months is the maximum request to maintain red cell mass within normal range
(Fig. 4). More recently we set up another type of regimen treatment to test the
effectiveness of two closely successive courses of chemotherapy with an interval
ranging between 10 and 20 days (Fig. 5). The aim of this regimen treatment was
to give a second course of DBM in a critical moment for bone marrow prolif-
erating pools, that is to say when their size has been already reduced by the first
course and a greater proportion of cells have entered the active or proliferating
phase. This type of treatment (250 mg/day for 12 days, 15 days interval, then again
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250 mg/day for 10 days) has proved to be highly effective. However leukopenia
and thrombocytopenia occurred more frequently and recovered more slowly.
The effectiveness of chemotherapy with DBM on thrombocytosis, spleno-
megaly and subjective symptoms is nearly absolute. In a few cases some subjective
complaints were not modified but they were most probably related to a generalized
vascular disease rather than to polycythaemia. Haematologic toxicity in this lar-
ger series of patients has been shown similar to that seen in our preliminary report

Fig. 5. Results of double treatments in two separate patients with polycythaemia vera.
Patient A had an haematocrit decrease from 66 to 38 on 120th day. In Patient B both leuko-
penia and thrombocytopenia occurred

[18]. This haematologic toxicity does not differ significantly from that reported in
other series of polycythaemic patients treated with different drugs [3, 6, 7, 10, 19].
Prolonged cyclic treatment has never produced bone marrow hypoplasia with
chronic cytopenia nor was there further evidence of bone marrow aplasia [16].
Polycythaemic patients were never given a daily dose of DBM higher than 350
mg, because from our data on chronic myeloid leukaemia [17] it was clear that
higher doses would produce excessive myelosuppression.

Other side effects or gastrointestinal intolerance were not recorded, over a
30-month period.

Chemotherapy management of polycythaemia vera is quite different from
other malignancies, because the aim for therapy is not to cure but to control the
disease. Such a control would aim at reaching the longest survival with the min-
imum risk and discomfort for the patients. Dibromomannitol seems to fulfil
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the last of these basic requirements. This 30 months’ study has shown that the
response rate is similar to that produced by other chemotherapeutic agents, acute
haematologic toxicity is slow, chronic cytopenia is not produced and there are no
side effects. Finally no resistance to the drug occurred. DBM is effective both for
induction and maintenance therapy and thus it appears to occupy a definite place
in the chemotherapeutic control of polycythaemia vera.

We should like to thank Dr. Peter Szentmiklési for a kind supply of the drug, Miss
Marta Tarozzi for her technical assistance and Mr. Howard Groder for reviewing the manu-
script.
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Inhibition of Blood Platelet Aggregation
by Serum IgM Macroglobulin
Preliminary Report
R. Farbiszewski. K. Worowski

Department of Physiological Chemistry, Medical School, Bialystok, Poland
(Received April 25, 1969)

The time of platelet aggregation induced by ADP in platelet rich plasma of a
patient with IgM macroglobulinaemia was found to be longer and the aggregates
smaller than normal. The patient’s platelet poor plasma caused a similar change in
the reaction of the platelet rich plasma of a healthy subject. Aggregation time was
prolonged by isolated IgM macroglobulin as well.

A pathological protein belonging to the class of macroglobulins is encoun-
tered in numerous diseases with abnormal proliferation of plasmatic and lymphoid
cells. This so-called paraproteinaemia of the gamma fraction according to Wal-
denstrom [9] is classified as gammopathy and according to Heremens [3] as a
disturbance of the gamma system.

According to clinical observations, the presence of increased amounts of
pathological macroglobulins in blood leads to disturbances in the haemostatic
processes [4]. It seemed therefore of interest to study the effect of isolated IgM
macroglobulins on blood aggregation. Aggregation of blood platelets was followed
according to the method of Niewiarowski and Thomas [6] It is seen in Table 1
that in the platelet rich plasma of a patient with IgM macroglobulinaemia plate-
let aggregation induced by ADP was considerably prolonged and that the

Table 1
Blood platelet aggregation in platelet rich plasma of a patient
with IgM macroglobulinaemia

Aggregation

time, sec.
Test induced

by ADP

(0.5 gg/ml)
PRP control 37
PRP patient 118
PRP control + PPP control 40
PRP control + PPP patient 87

PRP = platelet rich plasma
PPP = platelet poor plasma
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platelet aggregates were smaller than in normal subjects. Incubation for five min-
utes of platelet rich plasma obtained from a healthy subject with an equal volume
of platelet poor plasma of the patient, caused a delay in the formation of platelet
aggregates induced by ADP.

A purified IgM preparation was obtained from human serum by precipita-
tion of the low-density lipoproteins with dextran sulphate [2] and by subsequent
filtration in Sephadex G-200 [5]. IgM macroglobulin was identified by means of
immunoelectrophoresis.

Fig. 1 Sephadex G-200 chromatography of supernatant obtained after precipitation of blood
serum with dextran sulphate.— absorption at 280 m<; aggregation time, sec.

As it is seen in Fig. 1, separation of the serum on Sephadex G-200 column
yielded 3 protein fractions, the first one containing IgM macroglobulin at con-
centration not higher than 0.5 mg/ml. To 0.3 ml platelet rich plasma, 0.2 ml of the
fraction obtained from the column and after incubation at 37 °C for 5 minutes
0.1 ml ADP (0.5 pg/ml) was added. The protein fraction containing IgM macro-
globulin was found to prolong the time of aggregation as compared to that isolat-
ed from normal serum.

It is supposed that adsorption on the platelet surface of a pathological pro-
tein with different physical and chemical properties, such as IgM macroglobulin,
may cause a change of the electrostatic charge of the platelet surface and thus lead
to disturbances in the haemostatic function of the platelets. Pachter et al. [7] and
Braunsteiner et al. [I] already suggested that macroglobulins may coat blood
platelets, changing in this way their surface and making them less susceptible to
aggregating factors. The fact concerning adsorption of macroglobulins on the
surface of blood platelets was mentioned by Rosenberg and Dintenfass [8]
These authors have observed disturbances in platelet aggregation in individual
cases of Waldenstrom’s macroglobulinaemia.
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Ein weiterer Fall von Anti-N
Im Serum einer Person der Blutgruppe MN

N. Lahmann
Bezirks-Institut fiur Blutspende- und Transfusionswesen, Magdeburg

(Hingegangen am 28. Juli 1969)

Es wird ein weiterer (4.) Fall von Anti-N bei einer Person der Blutgruppe MN
berichtet. Die MN-Antigene und der Anti-N-Antikérper der 82-jédhrigen deutschen
Frau verhalten sich in allen Tests regelrecht. Der Antikdrper gehort offenbar zur
IgM-Klasse und ist als sogenannter natirlicher Antikdrper anzusehen.

Im Jahre 1961 berichteten Metaxas-Bihler und Mitarbeiter [6] Uber einen
gesunden Blutspender, der an seinen Erythrozyten die Blutfaktoren MN und in
seinem Serum einen Antikdrper der Spezifitit Anti-N trug. Finf Jahre spéter
verdffentlichten Greenwalt und Mitarbeiter [4] einen &hnlichen Fall, bei dem die
MN-Antigene und der Anti-N-Antikorper wie im Schweizer Beispiel der Norm
entsprachen. In einem Nachsatz dieser Arbeit sowie in der 4. Auflage von Molli-
sons bekanntem Buch [7] wird schlieRlich Gber einen dritten derartigen Befund
berichtet, der von R. Gibb in Bellingham, Washington erhoben und von E. Gib-
lett in Seattle untersucht wurde. Nachstehend schildern wir unsere Untersuchungen
Zu einer weiteren Beobachtung dieser Art.

Die Probandin E. H. war 82 Jahre alt (1887 geboren), als ihr Blut zur Blut-
gruppenbestimmung zu uns gelangte. Sie war wegen einer Schlafmittelvergiftung
ins Krankenhaus gekommen, zeigte sonst jedoch keine akuten Krankheitssym-
ptome. Sie hat niemals Bluttransfusionen oder -injektionen erhalten. Zwei Ge-
burten 1913 und 1914, keine Aborte. Beide Kinder und drei von vier Geschwistern
sind bereits verstorben. Die noch lebende Schwester war fiir uns nicht erreichbar.
Wir konnten lediglich die Blutproben dreier Enkel der Probandin mituntersuchen.
Da wenige Tage nach unserer ersten Blutabnahme der Patientin ein zweiter
Suizidversuch gelang, stand uns nur eine begrenzte Menge Blut zur Verfugung.

Die Erythrozyten E. H.
Die Blutkdrperchen von E. H. hatten folgende Formel: B, MNSS, Pb
CcD.Ee, Lu(a—b+), kk, Le(a+b—), Fy(a+b—), Jk(a+). Mit den Testseren
Anti-s, — C*, —K, Kp", —Mg, —Ny*, —Bu' und - Wr* reagierten die Ery-

throzyten nicht. Der direkte Antihumanglobulintest war mit 5 verschiedenen
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Coombs-Seren negativ; je eines dieser Seren reagierte spezifisch mit 1gG- bzw.
IgM-Antikdrpern.

Die Erythrozyten wurden mit 5 Anti-M- und 9 Anti-N-Seren vom Kanin-
chen getestet. Humane Anti-M- und -N-Seren sowie MN-spezifische Phytaggluti-
nine standen uns leider nicht zur Verfligung. Der Ansatz erfolgte im Rd&hrchen:
je 0.1 ml 2%ige Erythrozytensuspension in 0.9%iger Kochsalzldsung und Serum
in der optimalen Gebrauchsverdiinnung wurden eine Stunde bei 22 °C stehen ge-
lassen und dann makroskopisch abgelesen. Die Reaktionen unterschieden sich
in der Starke (in allen Féllen + + oder + ++) nicht von 20 MN-Kontrollen.
Mikroskopische Kontrollen zeigten stets regelrechte Agglutinationsbilder.

Titrationen der frischen Blutprobe E. H. wurden mit 5 Anti-N- und 4 Anti-
M-Seren vorgenommen. Gleichfalls frisch entnommene Blutproben der Gruppen
M, MN und N dienten als Kontrollen, wobei jedes Kontrollpanel aus 5 Einzel-
bluten bestand. Die durchschnittlichen Score-Werte dieser Titrationen [3] gibt
Tabelle 1 wieder.

Tabelle 1

Reaktionen der Erythrozyten E. Et. mit Anti-M- und Anti-N-Seren
im Vergleich zu Kontrollbluten (durchschnittliche Score-Werte)

Erythrozyten: E. H. MN M N
Anti-M (4 Seren) 29.3 32.6 418
Anti-N (5 Seren) 230 22.2 29.7

Auch in Absorptionsexperimenten verhielten sich die Erythrozyten E. H.
&hnlich wie ein Kontrollpanel aus 3 MN-Blutproben. Die verwendeten 4 Anti-M-
und 4 Anti-N-Seren lieBen sich durch gleiche Mengen des MN-Kontrollblutes
und der E. H.-Blutkdrperchen bis zur Reaktionslosigkeit mit homologen Testery-
throzyten M oder N absorbieren. Es gelang jedoch nicht, von den absorbierenden
Erythrozyten den Antikdrper zu eluieren (Landsteiner-Miller-Technik nach 3),
eine Beobachtung, die auch Greenwalt und Mitarbeiter [4] machten.

Die Blute der drei Enkel der Probandin und das ihrer Mutter (Schwieger-
tochter zu E. H.) gehdrten zur Gruppe N. Sie reagierten in zahlreichen Ansdtzen
ebenso wie andere N-Blute.

Das Serum E. H.

Bereits bei der ABO-Bestimmung fiel das Serum auf, da es auch die B-Test-
erythrozyten (die zur Gruppe MN gehdrten) agglutinierte. Im Antikdérpersuchtest
agglutinierte das Serum im Kochsalzmilieu bei Raumtemperatur die Testzellen
mit 2+ Reaktion, bei 4 °C mit 3+ Reaktion. Papainbehandelte Erythrozyten
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reagierten negativ. Im Differenzierungsansatz mit 10 Testbluten ergab sich dann
der Verdacht auf einen Antikorper der Spezifitdt Anti-N, der bei Anwendung
weiterer 25 N-, 87 MN- und 49 M-Blutproben der Blutgruppen B und O bestatigt
wurde. Unterschiede in der Reaktion mit B- und O-Bluten gleicher MN-Struktur
wurden nicht gefunden, dagegen ein deutliches Dosisphdnomen zwischen MN- und
N-Blut.

Titrationen des Serums E. H. gegen mehrere Testerythrozytensuspensionen
in physiologischer Kochsalzlésung wurden bei 4°, 12°, 22° und 37 °C ausgefihrt.
Die stérksten Reaktionen und hdchsten Titerwerte zeigten die Ansétze bei 4°
und 12 °C; bei 22 °C waren die Werte deutlich geringer und bei 37 °C reagierten
N-Blutkdrperchen nur noch mit 1+ Reaktion, MN-Zellen nur vereinzelt mit (+)
Reaktion (Tabelle 2). Gegen M-Zellen konnten auch mikroskopisch keine Agglu-
tinationen gesehen werden. Die eigenen Erythrozyten von E. H. wurden durch
das Serum deutlich schwécher agglutiniert als andere MN-Erythrozyten: Score-
Werte bei 4 °C 3, bei 12 °C g, bei 22 °C 5 und bei 37 °C 0.

Tabelle 2

Durchschnittliche Titer- und Score-Werte des Serums E. H.

Testblut- 4% 2C 2:c 3rc
kérperchen . . .
Titer Score Titer Score Titer Score Titer Score
N (4) 8 K] 4 29 2 i6 1 5
MN (6) 8 28 4 18 2 13 <i 3

Als Titer gilt der reziproke Wert der Serumverdiinnung, die noch mindestens eine
1+ Reaktion ergibt. Die Zahlen in Klammern geben die Zahl verwendeter Testerythrozy-
ten an.

Bei Aufschwemmung der Testzellen in AB-Serum waren die Reaktionen
wesentlich schwécher. Im Einstufen- und Zweistufen-Papaintest konnte der Anti-
korper nicht demonstriert werden. Im Thermostabilitatstest reagierte das Serum
nach Erwdarmung auf 70 °C fiir 10 min hitzeempfindlich. Es reagierte danach nicht
mehr mit 0 N- und B N-Erythrozyten.

Eine verbindlichere Aussage zur Natur des vorliegenden Antikdrpers lassen
die Ergebnisse der Antiglobulintechnik (Tabelle 3) und der Behandlung des Se-
rums mit 2-Merkaptodthanol zu. Bei den Untersuchungen der Tabelle 3 war das
Serum dreieinhalb Monate bei —30 °C gelagert worden. Verdinnungen des
Serums E. H. wurden mit gleichen Teilen einer 20%igen Kochsalzsuspension von
0 N-Erythrozyten 2 Stunden bei 4 °C sensibilisiert und nach viermaligem
Waschen mit den verschiedenen Antiglobulinseren bei Raumtemperatur auf der
Platte angesetzt. Die AHG-Seren 1 und Il waren sogenannte Breitspektrum-
Coombs-Seren eigener Produktion.
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Tabelle 3
Anti-Humanglobulin-Reaktionen des Serums E. H. gegen O N-Erythrozyten

E. H.-Serum 1: 2 4 8 16 32 64

AHG-Serum |
AHG-Serum 11
Anti-l1gG
Anti-lgM
NaCl 0.9%

+ +
+ + 4+ 4+ 4+
+ 4+ + 4+

|+
o+t
+ | 7
[

+ +

Nach Behandlung des Serums E. H. mit 2-Merkaptodthanol (Technik nach
7, S. 730) war die agglutinierende Eigenschaft gegen 0 MN- und 0 N-Zellen
nicht mehr nachweisbar. Beide Befunde (Antiglobulintechnik und 2-ME-Be-
handlung) sprechen dafiir, daB es sich um einen IgM-Antikérper handelt.

SchlieBlich seien die Ergebnisse unserer Absorptions- und Elutionsversuche
mitgeteilt. In wiederholten Ansétzen zeigte sich stets das gleiche Verhalten: das
Serum E. H. lieR sich mit O N-Erythrozyten »leer« absorbieren, d. h. es zeigte
nach Absorption keine Aktivitdt mit N-tragenden Blutkdrperchen. Die verwende-
ten Testzellen ergaben vor der Elution einen positiven Agglutinationstest; nach
der Hitzeelution konnten jedoch auch mit dem direkten Coombs-Test keine Anti-
koérper mehr nachgewiesen werden. Dennoch gelang es nicht, mit irgendeiner
Technik den Antikdrper im Eluat wiederzufinden.

Diskussion

Die Untersuchungen am Blut der Probandin E. H. ergaben normale Befun-
de hinsichtlich der MN-Struktur der Erythrozyten. Dennoch enthdlt das Serum
einen Antikdrper der Spezifitdt Anti-N. Da der Antikdrper nur schwach mit den
eigenen MN-Blutkdrperchen reagierte und eine Sensibilisierung in vivo ebenso-
wenig nachweisbar war, ist es unwahrscheinlich, dafl hier ein Autoantikdrper vor-
liegt. Die Probandin war — unter Bericksichtigung ihres Alters — gesund und
bot keinerlei Zeichen fur Autoimmunisierungsvorgange. Insoweit gleicht unser
Fall den beiden friher berichteten [4, 6], wahrend im Bericht von Giblett (nach
[4] und [7]) von einem »Autoagglutinin« gesprochen wird. Berichte tiber derartige
Abweichungen vom Ehrlichschen Gesetz des »horror autotoxicus« sind selten.
In der Blutgruppenserologie sind nur wenige Falle spezifischer Isoantikérper gegen
autologe Erythrozytenantigene bekannt [1, 2, 4, 5, 6, 7, 9, 10, 11].

Ein isologer Immunisierungsreiz ist nach eingehender Anamneseerhebung
nicht nachzuweisen. Die Probandin hat nie Bluttransfusionen bekommen, die
letzte Schwangerschaft war vor 55 Jahren. Eine so lange Persistenz eines Immun-
antikorpers ist mehr als unwahrscheinlich. Es bleibt nur die Annahme eines so-
genannten spontanen oder natiirlichen Antikdrpers, ohne daB bisher eine Erkla-
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rung fiir das Entstehen gegeben werden kann. Fir eine zur Bildung der normalen
Isoantikdrper des ABO-Systems analoge Vermutung, die Produktion spontaner
Anti-N (und -M)-Antikérper kénne durch Antigene der intestinalen Darmflora
stimuliert werden (sei also letzten Endes heterologen Ursprungs), fehlen bisher
experimentelle Beweise [8]. Fir die Annahme eines natirlichen Antikdrpers
sprechen auch die serologischen Charakteristika des Serums E. H.: Wirksamkeit
in Kochsalzaufschwemmung, Temperaturoptimum bei tiefen Temperaturen,
Thermolabilitdt bei 70 °C und Vorliegen eines IgM-Antikorpers.

Abweichend von den friher berichteten Beispielen — insbesondere vom
Serum A. P. von Metaxas-Bihler und Mitarbeiter [6] und vom Serum Mark V.
von Greenwalt und Mitarbeiter [4] — ist das Verhalten in der indirekten Antiglo-
bulintechnik, in der unser Serum positiv reagierte. Zu beachten ist, dal wir die
Antikdrperbindung bei 4 °C, den Ansatz im Coombs-Test bei 22 °C Vornahmen.
In den hoheren Serumverdiinnungen lieen sich dabei auch Reaktionsunterschiede
mit Antiglobulinseren gegen verschiedene Immunglobulinklassen demonstrieren.

Wir danken Herrn MR Dr. Flnfhausen, Direktor des Bezirks-Institutes fur Blutspende-
und Transfusionswesen Berlin, fur die Bestitigung unserer Befunde und die Austestung ei-
niger Antigene des Blutes E. H. sowie der Familie H. fir die Unterstutzung bei unseren
Untersuchungen.
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A Further Case of Anti-N in the Serum of a Person of
MN Blood Group

Afurther (fourth) case of anti-N is reported in a person of the MN blood group. The MN
antigens and anti-N antibody of the 82-year-old German woman behaved regularly in all tests.

The antibody obviously belongs to the IgM-class and is to be regarded as a so-called natural
antibody.
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Fur-seal and sea-lion, but not harbor-seal erythrocytes were shown to possess
B-like blood factors. Human anti-B serum was shown to possess: 1. a D-galactose-
inhibitable fraction which cross reacted with both human group B and B-like seal
red cells, and 2. a D-galactose-noninhibitable fraction, sensitive to 2-mercaptoethanol
treatment, which reacted only with human group B red cells. The heteroagglutina-
tion of both human group B and B-like seal red cells by catfish anti-B heteroagglutinins
was specifically inhibited with D-galactose, thus suggesting that immunodeterminant
D-galactosy! residues of otherwise dissimilar surface membrane receptor structures
provided the basis for the B-like cross reactivity. Variability in the comparative
reactivity of human group B and B-like seal red cells with immune plasmas produced
by heteroimmunizing catfish with B-active human, baboon and rhesus monkey saliva
further illustrated the heterogeneity of: 1 immune responsiveness in the lower verteb-
rates, and 2. the “blood-group-active” saliva substances of different species of
primates.

A B-like erythrocyte antigen of the northern fur seal (Callorhinus ursinus)
has been reported by Fujino and Cushing [1]. B-like blood factors of other sea-
adapted mammals, namely, the California sea lion (Zalophus californianus) and
the fin-whale, have also been noted by Cushing in his comprehensive review of the
blood groups of marine animals [2].

The sea-adapted carnivores in the suborder Pinnepedia (seals, sea lions and
walruses) are of special scientific interest because of the unique absence of lactose
in their milk [3, 4], aswell as their concomitant hypersensitivity to ordinary lac-
tose-containing milk and milk products [5, Nigrelli et al., unpublished observa-
tions], That the absence of a specific galactose-associated disaccharide (lactose)
from the milk of the Pinnepedia is not related per se to an inability to metabolize
simple D-galactose, however, has been indicated by the studies of Mathai et al. [6].
Not only were normal mammalian levels of galactokinase and galactose-1-
phosphate uridyl transferase activity found in liver tissue and the blood of both
infant and sub-adult sea lions, but these investigators were also able to demonstrate
»he ability of sea lions to metabolize D-galactose ingested as a simple sugar.

1 Aided by Training Grant GM-00127 from the United States Public Health Service,
and a grant from the John A. Hartford Foundation to the Osborn Laboratories of Marine
Sciences, New York Aquarium, New York Zoological Society, Brooklyn, New York
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The reported blood-group-B activity of seals and sea lions, therefore, is
especially of interest, because terminal D-galactosyl residues are now recognized as
the immunodeterminant oligosaccharide structures responsible for conferring
B-like activity to a variety of substances ubiquitously distributed throughout both
the plant and animal kingdoms [7—9].

This paper reports: 1 the comparative serological behavior of human group
B erythrocytes and of fur-seal and sea-lion erythrocytes tested in parallel with
variously absorbed or inhibited agglutinating reagents, and 2. the extent to which
agglutination-inhibition tests with simple D-galactose and other B-active soluble
substances suggest actual structural analogies between the oligosaccharides pre-
sumably associated with B-like fur-seal and sea-lion agglutinogens, on the one
hand, and the oligosaccharides now known to be associated with both the soluble
and cellular expression of the human A—B—O blood group system [10, 11].

Materials and Methods

Reagent materials. Unless otherwise specified, sterile saline (0.9 % w/v) was
the erythrocyte (henceforth “red cell”) suspension medium and diluent used in
all of the testing procedures. Human red cells were washed at least once with
saline and made up as 2 % suspensions from freshly processed typing cells of com-
mercial origin. Thrice-washed 2% test suspensions of fur-seal (Callorhinus ursinus),
sea-lion (Zalophus californianus) and harbor-seal (Phoca vitulina) red cells were
similarly made up from blood samples freshly obtained by flipper puncture from
young adult specimens maintained at the New York Aquarium, Brooklyn, New
York. The sheep red cells available were not specifically typed for their R group
status, but appeared to be A-like (i.e., R positive) only with respect to their inter-
mediate agglutinability with anti-Aj lectin (DoHchos biflorus).

Hemagglutinating reagents of human or plant origin were randomly se-
lected from regular commercial stocks. The plasmas from brown bullhead cat-
fish, Ictalurus nebulosus (LeSueur) immunized with human group B secretor saliva,
were available from previously reported experiments [12, 13], and the plasmas
from white catfish (I. catus, Linnaeus) immunized with B-active baboon and rhe-
sus monkey saliva were available from current immunization experiments (Chuba
et ah, manuscript in preparation) — the only modification in procedure with the
white catfish being the restriction of the use of adjuvant (Freund’s complete) to
only the first of 4 equally spaced immunizing injections given (intra-abdominally
and in the pectoral lymph sinuses) over a 3 week period. Except for hemolytic
activity which could not be demonstrated beyond the dilution endpoint of natural
complement sufficiency, nonimmune catfish plasma specimens were virtually un-
reactive with all of the red cells tested.

The nonhuman primate materials were available through a collaboration
with the Laboratory of Experimental Medicine and Surgery in Primates (LEM-
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SIP) of New York University Medical Center located at Sterling Forest, New
York.

Standardized red cell stromata for absorption studies were made up in ad-
vance by lysing carefully selected, thrice-washed red cells of the types desired with
several volumes of distilled water acidified to pH 4.0 with acetic acid [14]. The
stromata from the lysed red cells were then washed by alternately packing (20009
for 10 min) and resuspending the stromata (20 %V/v) in several successive changes
of regular distilled water. Immediately following the formation of macroscopic
floccules, the stromata were washed several more times in successive changes of
saline. The washed stromata were finally stored at 4 °C as 35 % suspensions in
saline to which sodium azide (0.1 % final concentration) was added as a preserva-
tive. Prior to their use as absorption reagents, the preserved stromata were washed
at least once in several volumes of saline. The use of red cell stromata, in the place
of intact red cells, for the absorption studies on unheated serum or plasma cir-
cumvented the problem of interfering hemolysis without hazarding the unwitting
destruction of poikilothermic (e.g., amphibian or teleost) antibody activities now
known to be sensitive [15, 16, Chuba et ah, unpublished observations) to the
56 °C heat-inactivation treatment routinely employed to decomplement hemolytic
mammalian sera. Moreover, in other studies, the 56 °C heat elution of thermosta-
ble antibodies from red cell stromata could be extended beyond the usual 10 min
treatment limit for intact red cells without posing the problem of viscous, discolored
el uates.

The simple sugar compounds (a generous gift from the laboratory of the
late Dr. Bertram Gessner, New York University School of Medicine) were made
up as 10 % stock solutions in Bacto Hemagglutination Buffer (Difco, Detroit).
Other testing materials are described in the footnotes of the tables in which they
are mentioned.

Testing procedures. The serological tests were performed by the senior author
in the Immunohematology Special Service Laboratory of Bellevue Hospital Cen-
ter, New York City, by methods previously described [12]. The simple sugar
agglutination-inhibition tests were performed in the same manner as the inhibition
tests with saliva and other “blood-group-active” soluble substances: namely, by
incubating one volume each of appropriately diluted hemagglutinating reagent
and inhibitor solution for 20 min at room temperature prior to the introduction
of one volume of indicator red cell suspension. Hemagglutination titers are ex-
pressed as the maximum saline dilution of serum or plasma at which macroscopic
agglutination was still detectable following 20 min incubation at room temperature
and a light spin.

Results

Routine screening with regular blood-grouping reagents indicated that the
fur-seal, sea-lion and harbor-seal red cells were not agglutinable with anti-A"
lectin (Dolichos biftorus,) anti-H lectin (Ulex europaeus), or by those human
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Table 1

Human group B, fur-seal and sea-lion red cells tested with variously absorbed
or inhibited human anti-B typing serum 3292

Human anti-B typing serum 3292 tested with:

Absorption- Human group Fur-seal Sea-lion
inhibition B red cells red cells red cells
status of
serum Serum diluted: Serum diluted: Serum diluted:
1:8 1 .16 1:32 1:2 1:4 18 12 1:4 18

a. Unabsbhd. and
uninhib. ++4+  ++ + +++ o+ + tr ++4+ o+ + tr

Absorbed with:

b. Human grp

Bred cells o 0 0 tr 0 0 tr 0 0
c. Seal red

cell stromata +++ 4+ + 0 0 0 0 0 0
d. Sheep red

cells +++  ++ + tr 0 0 + 0 0
e. Human grp

Aj red cells +++ ++ + +++ o+ + r  +++  ++ tr
f. Human grp

O red cells ++4+  ++ + +++ 4+ r  +++  ++ tr

Inhibited with:

g. Equine grp

B substance2 0 0 0
h. Frog gastric

mucus3 0 0 tr
i. Human grp

B substance4 0 tr +
j. D-galactose

(100 mg/ml) ++ + 0 0
k. Porcine grp

Asub.2 + 4+ + + + + +
. Human grp

A substanced  + + + + + ++ +

1Agglutination reactions are graded from “tr” (trace of macroscopic agglutination)
to “+ + + + ” (single large clump of strongly agglutinated red cells); e.g., “+ + + ” equals
large clump of agglutinated red cells with some smaller clumps. “0” equals no reaction.

2Commercial blood group substance preparations (Pfizer Diagnostics, N. Y.).

3Boiled gastric mucus from bull frog (Rana catesbiana) ; mucus previously determined
in agglutination inhibition tests to have specific B-like, H-like and Forssman-like activity
(Chuba et al., unpublished observations).

4Boiled human secretor saliva with specified blood group activity.
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anti-A sera which did not display “heterophilic” agglutinating activity with sheep
red cells. Irrespective of the presence or absence of concomitant agglutinating
activity for harbor-seal or sheep red cells, however, all of the human anti-B sera
tested agglutinated fur-seal and sea-lion red cells in reactions which could be signif-
icantly weakened following absorption with human group B, but not human
group A or group O red cells (e.g., Table 1, b, e, f).

Table 1shows the comparative reactivity of human group B, fur-seal and
sea-lion red cells tested withan anti-B serum (3292) which did not display hetero-
philic agglutinating activity with either harbor-seal or sheep red cells. As shown
in the table, the fur-seal and sea-lion red cells reacted in a virtually identical
“B-like” manner in all of the tests and will be collectively referred to henceforth
simply as “seal red cells”. The unexpected reduction in reactivity with seal red
cells following absorption of serum 3292 with seemingly unreactive sheep red cells
(Table 1, d), will be discussed later in the paper.

The failure of seal red cell stromata demonstrably to reduce the homologous
anti-human-B activity of serum 3292 (Table 1, c) clearly demonstrates a one-sided
serological relationship between human group B and seal red cells. Absorption
of serum 3292 with human group B red cells and seal red cell stromata, in fact,
revealed 2 fractions of anti-B activity: 1 a fraction strongly reactive only with
human group Bred cells, and 2. a fraction less strongly reactive with both human
group Band seal red cells. The one-sided cross relationship of the cellular B-active
materials is also strikingly paralleled in the agglutination-inhibition tests with
the B-active soluble substances: e.g., the failure of D-galactose to inhibit the ho-
mologous anti-human-B reactivity of serum 3292 with human group B red cells
(Table 1,j), compared to the complete D-galactose inhibition of the heterologous
reactivity of serum 3292 with seal red cells (Table I,j and Table 2).

interestingly, the phylogenetically diverse soluble substances, equine group
B substance and bull frog (Rana catesbiana) gastric mucus, qualitatively at least,
were just as effective as human group B secretor saliva for inhibiting the isoagglu-
tination of human group B red cells by serum 3292 (Table 1, g, h, i). As in the
case of the homologous absorption of serum 3292 with human group B red cells,
however, homologous inhibition of serum 3292 with human group B secretor
saliva significantly reduced, but did not completely abolish the heterologous reactiv-
ity of serum 3292 with seal red cells (Table 1, i). On the other hand, heterologous
inhibition with equine group B substance completely abrogated both the homolo-
gous reactivity of serum 3292 with human group B red cells and the heterologous
reactivity of serum 3292 with seal red cells (Table 1, g).

Table 2 shows significant inhibition only by D-galactose, among 5 sugars
tested, in the case of: 1 the heteroagglutination of seal red cells by serum 3292,
as well as 2. the heteroagglutination of seal and human group Bred cells by immune
catfish plasma 095. As in Table 1, however, the isoagglutination of human group
B red cells by serum 3292 was not inhibited with D-galactose.

Table 3 shows the pre- and post-absorption titers of human group B and
seal red cells with: (a) human-group-B-saliva-immunized brown bullhead catfish
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Table 2

B-like blood factor

Human group B and B-like seal red cells tested with human anti-B serum 3292 and
group-B-saliva-immunized catfish plasma 095 following agglutination-inhibition with
variously diluted solutions of D-galactose and other sugars

Immune
serum
or
plasma

3292
Human
anti-B
unabsbd.

095
Catfish,
absorbed
O red cell
stromata

Immune
serum
or
plasma

3292
Human
anti-B
unabsbd.

095
Catfish,
absorbed
O red cell
stromata

Simple
sugarsl
tested
for
inhibition

D-galactose
L-fucose
D-mannose
NAc-D-gal
NAc-D-glu

D-galactose
L-fucose
D-mannose
L-glucose
NAc-D-glu

Simple
sugars
tested
for
inhibition

D-galactose
L-fucose
D-mannose
NAc-D-gal
NAc-D-glu

D-galactose
L-fucose
D-mannose
L-glucose
NAc-D-glu

1“NAc-D-gal” equals

D-glucosamine.

Eight agglutinating units2 of serum tested with

Human grp B red cells

Serum mixed 1:2 with

10% sugar sol. dil. 1:

+
+ + + + +
+ + + + +

o

tr

+ + o+ ++ 4+

Saline
4 8 16

+ + + + +
+ + 4+t +
+ + + + +

+ + + + +
+ 4+ 4+ + +
+ 4+ + + +

Eight agglutinating units of serum tested with

Seal red cells

Serum mixed 1 :2 with

10 sugar sol. dil. 1:

1 2
0 0
+ + +
+ + +
+ +
++ +
0 0
+ +
+ + +
+ +
+ + +

N-acetyl-D-galactosamine;

Saline
4 8 16
tr + + + ++ +
+ + +
+ + +
+ + +
+ + +
tr + + +

+ + + + +
+ + 4+ + +
+ + 4+ + +

“NAc-D-glu” equals N-acetyl-

2"Eight agglutinating units” are equivalent to the saline dilution at which macroscopic
agglutination of the red cells specified would persist through 3 more doubling dilutions.

Haematologia 4,

1970



Chuba et al.: B-like blood factor 91

plasmas 076 and 095, (b) B-active-rhesus-monkey-saliva-immunized white catfish
plasmas 205, 237 and 242, and (c) B-active-baboon-saliva-immunized white catfish
plasmas 219, 225 and 243. Although all of the immune plasma titers were lessened
to some extent following absorption with human group O red cell stromata, plasmas
076 and 095 remained strongly reactive with both human group B and seal red
cells (Table 3, a). That this residual agglutinating activity was B specific (limited
materials precluded further absorption studies on plasma 076 and 095) was
indicated by previous findings [12, 13] and the D-galactose-inhibition tests in
Table 2.

The immunization of 3 white catfish with B-active rhesus monkey saliva
did not evoke appreciable agglutinating activity for seal red cells (Table 3, b)
and only the plasma of catfish 205 displayed a fraction of anti-human-B activity
(titer of 1 :32) following absorption of the immune plasma with human group O
red cell stromata (Table 3, b).

The immunization with B-active baboon saliva, in contrast, produced quite
variable results (Table 3, c). Immune plasma 219 displayed strong agglutinating
activity with both human group B and seal red cells in reactions which could be
lessened from a titer of 1:256 to 1:4 or 1:8 by absorbing the immune plasma
with human group O red cell stromata (Table 3, c). The unabsorbed immune
plasma of catfish 225, however, agglutinated seal red cells to a much higher
titer (1 : 256) than human group B red cells (titer of 1 : 16) and did not display
reactivity with human group B red cells following absorption with human group O
red cell stromata (Table 3, ¢). The unabsorbed plasma of the third catfish immu-
nized with baboon group Bsaliva (243, Table 3, c) displayed agglutinating activity
with both human group B (titer of 1:128) and seal red cells (titer of 1:64).
Following absorption with human group O red cell stromata, plasma 243 still
displayed a fraction of activity with human group B red cells (titer of 1 : 64).
This anti-human-B activity, as expected, could be completely removed by absorb-
ing raw plasma 243 with human group B red cell stromata (Table 3, ¢). Absorp-
tion with either human group O or human group B red cell stromata, on the
other hand, significantly lessened, but did not completely abolish the reactivity
of plasma 243 with seal red cells (Table 3, c).

Table 4 shows the inhibitability of the baboon-group-B-saliva-immunized
white catfish plasma with various B-active soluble materials following the absorp-
tion of the plasmas with human group O red cell stromata. As shown in Table 4,
only the baboon saliva inhibited the agglutination of seal red cells, but the more
avid-appearing reactivity of plasma 219 and 243 with human group B red cells
was completely inhibited by both human and baboon B-active saliva aswell as
by both D-galactose and N-acetyl-D-galactosamine. Red cells from group B
baboons, as expected [17], were unreactive with the 3 baboon-group-B-saliva-
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Table 3

Saline agglutination titers of human group B and seal red cells with immune
plasmas from catfish variously injected with B-active human, baboon and
rhesus monkey saliva

Plasma absorbed with

unZ:)asi)n:ged red cell stromata from
human
Catfish
species mune grp O cellsl grp B cells
and cat- |
immunizing 1fish 1 tested with: tested with:
material
human seal human seal 1 human seal
grp B red grp B red grp B red
cells cells cells cells cells cells
a.  Brown 076 512-’ 128 256 32 N. D.3 N. D
bullhead,
immunized 095 512 512 64 128 N. D. N. D.
human grp
B saliva
b.  White 205 512 <4 32 N. D 0 N. D.
catfish,
immunized 237 1024 <4 0 N. D. N. D. N. D.
rhesus grp
B saliva 242 128 <4 0 N. D N. D. N. D.
¢ White 219 256 256 4 8 0 4
catfish,
immunized 225 16 256 0 16 0 16
baboon grp
B saliva 243 128 64 64 4 0 4

1None of the raw immune plasmas, however strongly reactive with human group O red
cells, displayed residual agglutinating activity with human group O red cells following absorp-
tion with human group O red cell stromata.

- Titers are expressed as the reciprocal of the maximum saline dilution of the plasma at
which macroscopic agglutination was still detectable after 20 min incubation at room tem-
perature and a light spin.

3 “N. D.” equals not done.

immunized catfish plasma following their absorption with human group O red
cell stromata. Prior to absorption (not shown in Table 4), the raw immune
plasmas weakly hemolyzed, but did not agglutinate the baboon red cells.

Discussion

The present findings are reminiscent of earlier investigations by Friedenreich
and With [18], and later by Owen [19], in which absorption studies with red
cells of various species of animals indicated that the anti-B activity of human
anti-B serum, far from being serologically homogeneous, actually represents a
spectrum of B-related specificities [20].
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Table 4

Baboon-group-B-saliva-immunized white catfish plasmas absorbed with human group O
red cell stromata and tested with human group B and seal red cells following
inhibition with the soluble substances specified below

Inhibited 1:2 with

Immune Red cell
catfish suspensions saline human baboon D- N-acetyl-
Gono) IR, g U, dlacose  Dgmen
219 Human grp B + o 0 0 0
Seal + 0 +
Grp B baboon 0
225 Human grp B 0
Seal + + 0 ++ ++
Grp B baboon 0
243 Human grp B + 4+ 0 0 0
Seal + 0 .
Grp B baboon 0

In this study, both human group Band the B-like seal red cells were similarly
reactive with D-galactosz-inhibitable anti-B heteroagglutinins evoked by hetero-
immunizing catfish with human group B secretor saliva (Table 2). The seal red
cells, however, although heteroagglutinable with D-galactose-inhibitahle human
anti-B isoagglutinins, were not in turn reactive with (e.g., did not absorb) D-
galactose-nomnhibitable human anti-B isoagglutinins present in the same immune
serum (Table 1, c).

These findings thus suggest that “immunodeterminant” D-galactosyl residues
provided the basis for the B-like cross reactivity between otherwise dissimilar
surface membrane receptor structures respectively present on both human group
B red cells and seal red cells. The apparent inability of the D-galactose-nomnhibit-
able anti-human-B isoagglutinins to cross react with seal red cells could in turn
be attributed to the steric interference of the dissimilar portions of the B-like
seal agglutinogen molecules. In the case of antibodies specific for carbohydrate
determinants, inheritable differences in the carbon linkages between even single
analogous pairs of immunodeterminant glycosyl residues could presumably
produce sufficient steric variation to prevent certain antibodies from cross reacting
with otherwise seemingly closely related antigens. By the same token, antigen-
antibody interaction based on complementarity encompassing only the terminal
D-galactosyl portions of B-active receptor structures would presumably be:
1 more readily inhibitable with sufficiently high concentrations of “haptenic”
D-galactose molecules, and 2. more likely to display a broad spectrum of cross
reactivity with heterogeneous receptor structures possessing terminal D-galactosyl
residues (e.g., the interaction of seal and sheep red cells with D-galactose-inhibit-
able anti-B isoagglutinins present in human serum 3292 and the interaction of seal
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and human group B red cells with D-galactose-inhibitable catfish anti-B hetero-
agglutinins).

The foregoing interpretations of the serological findings are compatible
both with earlier diagrammatic speculations by Wiener and Karowe [21] and
current immunochemical concepts, recently reviewed by Kabat [22, p. 82],
regarding variability in the size of the combining sites of antibodies presumably
evoked by similar, or closely related antigens.

That the D-galactose-inhibitable and D-galactose-womnhibitable human
anti-B isoagglutinins in this study also represented, perhaps merely by chance,
different classes of immunoglobulins is indicated by the supplementary observa-
tion (not shown in any of the tables) that treatment of serum 3292 with 2-mercapto-
ethanol [23] did not lessen the agglutination titer of 1 :8 with seal red cells, but
did lower the titer with human group B red cells from 1:32 to 1:8 — thus
suggesting that the D-galactose-«omnhibitable isoagglutinins were 19 S, igM
immunoglobulins.

The unexpected disappearance of most of the anti-seal-B activity, following
the absorption of serum 3292 with seemingly nonreactive sheep red cells (Table
1, d), could possibly be attributed to the ability of the terminal D-galactosyl
residues of some of the sheep oligosaccharides, now believed to be mosaically
associated with the Forssman activity of sheep red cells [14], selectively to act as
“nonagglutinating” receptors for the D-galactose-inhibitable human anti-B agglu-
tinins.

The demonstration of both anti-human and anti-seal hemagglutinins in the
immune plasmas of 2 of the 3 white catfish heteroimmunized with baboon group
B saliva, compared with the virtual absence of demonstrable agglutinins for seal
red cells in the immune plasmas of the 3 white catfish heteroimmunized with
B-active rhesus monkey saliva (Table 3), suggests subtle variations in the chemical
structure of the soluble “blood-group-active” saliva substances of different species
of Old World monkeys. Interesting also is the observation that baboon group B
saliva evoked catfish heteroagglutinins which, following absorption with human
group O red cell stromata, could be demonstrated only by virtue of their chance
cross reactivity with seal red cells (Table 3), and could, in turn, only be inhibited
with baboon group B saliva (Table 4). On the other hand, the residual reactivity
with human group B red cells of 2 of the 3 baboon-group-B-saliva-immunized
catfish plasmas, following their absorption with human group O red ceil stromata,
could be inhibited with all of the B-active inhibitors tested, as well as with N-acetyl-
D-galactosamine (Table 4). The above observations do not, of course, exclude
the possibility that the boiled baboon group B saliva used to inject the catfish
may also have contained: 1. fortuitously present antigenic material of bacterial
or viral origin, or 2. unrecognized baboon-specific saliva antigens which, like the
A-B-O-related soluble substances, are not expressed on baboon red cells by
agglutinogens of corresponding specificity.

This investigation has thus further illustrated the usefulness of phylogeneti-
cally diverse serological interactions, especially when combined with simple sugar
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agglutination-inhibition tests, for elucidating fundamental questions regarding:
1 serological cross reactivity involving carbohydrate determinants, and 2. the
ubiquitous distribution of blood group A-B-O and Forssman-like activities in
nature.

The authors are indebted to the staff members of the United States Fish and Wild-
life Service National Fish Hatchery in Marion, Alabama, for their fish-cultural skill in spawn-
ing and raising to suitable size the white catfish used for the immunization experiments. The
authors are also indebted to the personnel of the New York Aquarium for their skillful and
conscientious maintenance of the marine and freshwater animals utilized in these studies.
The authors are further indebted to Dr. J. Moor-Jankowski, Director, and Miss Mollie Saltz-
man, Research Coordinator of LEMSIP, for the convenient availability of the nonhuman
primate materials, and to Dr. A. S. Wiener for reviewing the manuscript and making helpful
suggestions.
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Multiple Myeloma without Paraprotein
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The case history of a patient with multiple myeloma is presented. The diagnosis
was based on the typical bone marrow picture and bone deformities. However, para-
protein could not be detected in the blood or urine by either paper electrophoresis or
immunoelectrophoresis.

Since the use of electrophoresis has become widespread, the simplest and
most reliable way to diagnose multiple myeloma is the detection of the so-called
M-component in the serum. However, in about 10 to 25 % of cases there is no
characteristic protein peak in the paper electrophoretogram of the serum. Fortun-
ately, Bence-Jones protein can almost invariably be demonstrated in the urine
of these patients and thus multiple myeloma can be verified in the overwhelming
majority of cases by combined serum and urine electrophoresis. In a very small
number of cases, however, paraprotein cannot be found even by the most thorough
examination, though the diagnosis of multipe myeloma can be established beyond
doubyfrom the bone marrow picture and bone deformities. Osserman et al. [11]
reported 3 such cases, whereas Di Guglielmo [4], Coltman [3] and Forssman [6]
reported one each. Loffler et al. [8] described 7, Michot [9] 2 somewhat similar
cases.

Description of our case

A T., 56, female. The case history comprises a strumectomy in 1965 because
of Riedel goiter. She has known of her cholelithiasis for ten years but it caused
her no complaints. Pains in the bones have occurred since the summer of 1967.
It was noticed on X-ray examination that several ribs had broken without any
apparent trauma. During November and December 1967 she received treatment
because of ischias syndrome 1 d. The patient was admitted to our clinic to reveal
the cause of diffuse osteoporosis, spontaneous fractures, and circumscript bone
defects.

When admitted to the clinic the patient was in very poor condition, she
could hardly move. On physical examination the liver was soft and palpable
three finger-breadths below the right arch of the ribs, and the edge was rounded
off. No other physical alterations could be detected.
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More important laboratory results on admission: blood pressure, 110/70
Hgmm; urine, sp.wt., 1016, no pathological changes, no protein or Bence-Jones
protein. ESR: 45 mm in 1 hour. Wassermann reaction negative. Peripheral
blood count: erythrocytes 3.2 M: Hb, 8.8 %; leucocytes, 4,800; platelets, 140,000.
Differential count: polymorphonuclei, 60; eosinophils, 4; monocytes, 7; lympho-
cytes, 28; plasma cells, 1% Bone marrow picture from the sternum: high amounts
(28%) of plasmocellular reticulum cells including many young forms and cells with
vacuola in the plasma and with two nuclei ; erythropoiesis greatly reduced, granulo-
poiesis preserved. The shape of megakaryocytes is normal, their number appears
to be somewhat lower. Colloid tests: all negative. Serum cholesterol: 286 mg %
Serum creatine: 147 mg % Non-protein nitrogen: 41.0 mg % Serum calcium,
140 mg%; serum phosphorus, 3.7 mg%; serum alkaline phosphatase, 20 King-
Armstrong units; acid phosphatase, 2.2 King-Armstrong units: serum total pro-
tein, 5.6 g % Paper electrophoresis: albumin, 57.0; alpha-1, 8.1; alpha-2, 12.9:
beta, 12.5; gamma, 9.5%.

X-ray picture on admission: two-direction photographs of the upper and
lower half of the dorsal spinal column, of the lumbar spinal column, antero-
posterior photographs of the pelvis and of the lower ribs. Results: the 8th vertebra
in the dorsal backbone is compressed. The hind part of the body of the vertebra
and the arch are more porous and coarser in structure than the normal spongiosa.
The upper lamina shows an uneven slightly impressed contour. Vertebras D—4,
D—7, and to a small extent D—3, also seem to be compressed. It is noteworthy
that the spinal processes are partly or wholly absent on vertebras 5to 7. Several
unevenly contoured rib fractures are present: at two places on the right 3rd rib,
and on the right 7th and left 10th ribs. Bone destruction with uneven margin
can be seen also on the left 11th and 12th ribs. On the lumbar backbone ver-
tebras 1,2,4 and 5 are also partly compressed. Parts suspected of bone destruction
can be seen in the region of the left pubic and ischiatic bones. A fresh fracture
can be observed on the ramus superior of the left os pubis. Progressed porosis
can be seen in the vertebras and in the pelvic bones. On the right side, in
a parasacral position, over the linea terminalis there is a loose area poor in struc-
ture. On the left side, over the upper contour of the acetabulum, several
round lytic areas of cherry-stone size can be discerned.

Immunoelectrophoretic studies

For immunoelectrophoresis antihuman horse serum Batch 249 (Institute
for Serobacteriological Production and Research Human, Budapest) was used.
Sevac anti TgG, IgA and IgM were employed as monovalent immune sera. Anti
IgD was kindly supplied by Dr. D. Rowe. Horizontal starch-gel electrophoresis
was carried out according to the method of Poulik. Paraproteins could not be
detected by electrophoresis either from serum or from urine. The marked decrease
in the level of immune globulins was conspicuous. By quantitative immunodiffu-
sion technique the IgG level proved to be 7.0 mg per ml (normal value 10.0 mg
per ml), whereas IgM and IgA levels were greatly diminished.
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Alterations characteristic of myeloma could not be detected by starch-ge’
electrophoresis, but the decrease in antibody titer here also could be observed
Prednisolon treatment was commenced. On the administration of a daily dose

of 30 mg, the serum calcium level rapidly returned to normal (from 14 to 12.5,
10.4 then 10.0 mg %). The anaemia of the patient was controlled at the beginning
by transfusions, then we achieved by large doses of Retandrol (750 mg per week)
that no more transfusions were necessary. (Altogether 6,000 mg Retandrol were

Fig. 1L Immunoelectrophoretic pattern of the serum of A. T., 56, female patient.
1gG level moderately, IgA and IgM levels markedly reduced

Fig. 2. Starch-gel electrophoresis of different sera. Ti = our patient; Fo, Vin, and Néra =
patients with established myeloma; NS = normal control. The partial antibody deficiency
of our patient is evident
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given.) In three courses, each lasting for nine days, altogether 150 mg Alkeran
(Melphalen) were administered.

The patient was discharged from the clinic on April 26, 1968. At this time
she could walk with crutches and gained 3 kg weight. More important laboratory
results on discharge: ESR, 5 mm in 1 hour; erythrocytes, 3.9 M; Hb, 12.9 g%
white blood count, 3,800 (after the cytostatic treatment the latter fell temporarily
to 2,000); platelets, 200,000. In the qualitative blood picture no significant chan-
ges occurred. Sternal puncture normal. The number of plasma cells fell to 4 %

Fig. 3. Bone marrow picture from the sternum. An extensive accumulation of characteristic
plasma cells can be observed

young forms were present in very slightly increased numbers. Nonprotein nitrogen :
31 mg % Serum calcium, 9.8 mg %; total protein, 5.0 g % Paper electrophoresis:
as before. Serum alkaline phosphatase, 13.0 King-Armstrong units. No essential
changes were observed on X-ray examination. As for further treatment at home,
10 mg per day of Prednisolon and 1ampoule of Retabolil every two weeks were
prescribed.

Control examinations were performed on September 25, 1968. The patient
was then free from complaints and was able to walk without aid. More important
laboratory results: ESR, 15 mm in 1 hour; erythrocytes, 3.8 M; Tib, 12.0 g %
white blood count, 3,600; platelets, 160,000. Differential count: polymorpho-
nuclei, 59; eosinophils, 10; monocytes, 1; lymphocytes, 30%. Serum calcium,
9.9 mg % Total protein, 6.3 g % Paper electrophoresis: the same as before. On
the anteroposterior X-ray photograph of the pelvis osteoporosis appeared to be
less pronounced. The above-described lytic area in the caudal part of the right
sacroiliacal joint became somewhat smaller, its margin turned sclerotic. A minimal
sclerosis could be detected also on the margins of the lytic areas found on the
symphysis and on the ramus inferior of os pubic. Good callus formation was
observed at the old pathological fracture on the ramus superior of the left pubic
bone.
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Discussion

According to our present knowledge the synthesis of immune globulins
takes place in the plasma cells. Plasma cell myelomas are those autonomous
neoplasias which originate from cells that produce immune globulins also under
normal conditions [10], and the neoplastic growth leads to the formation of a large
amount of protein, i.e. paraprotein. Physicochemically and immunochemically
this protein corresponds to the normal gammaglobulin, but lacks any kind of
functional (antibody) specificity. Other authors [15] do not agree with this state-
ment, and regard the protein produced by myeloma cells as specific antibodies.

All normal immune globulin molecules consist of 4 polypeptide chains:
2 light and 2 heavy ones. The light chains are uniform in the different immune
globulins (K and L types) and are the carriers of common properties. The heavy
chains are different: so far we know alpha, gamma, mp, and delta types.Depend-
ing on which of these polypeptide chains are comprised in the immune globulin
molecule, we refer to them as IgA, 1gG, IgM, and IgD type immune globulins.
If only the light chains associate, Bence-Jones protein is formed, whereas if the
heavy chains associate, the heavy chain protein of Franklin is produced.

In 1961 Ossermann pointed out that for the synthesis of one kind of protein
one plasma cell clone was responsible and suggested the collective name “mono-
clonal gammopathy” for diseases like plasmocytoma leading to the synthesis of
paraprotein. Immunofluorescent studies also indicate that the normal mature
plasma cell is capable of synthesizing only one kind of heavy and light chains.

In the case described above we observed the accumulation of immature
young, but morphologically uniform plasma cells in the bone marrow. In addition
to diffuse osteoporosis, on several bones there were lytic areas characteristic of
myeloma and signs of pathological fractures on several ribs were also detected.
However, paraprotein could not be demonstrated in either the serum or urine
by paper and immunoelectrophoresis. Starch-gel electrophoresis, a method highly
esteemed by many authors, also failed to indicate myeloma.

Myeloma globulin and Bence-Jones protein, which give homogeneous peaks
on electrophoresis in some instances, yield 2 to 5 narrow bands on starch-gel
electrophoresis. It has been shown by chromatographic and sedimentation experi-
ments that this heterogeneity is not due to differences in the molecular weight,
and neither do the antigenic properties of the fractions differ. It is generally
assumed that the appearance of several bands is the result of various conformation-
al states within the molecule, or of small differences in the primary structure.

According to our present knowledge, multiple myeloma without paraprotein
is always associated with reduced immune globulin (gamma globulin) levels.
In our case the total protein concentration of the serum was 5.6 g % and, as in
Forssmann and Coltman’s case, the diminution of fraction IgA was most pro-
nounced. On administration of Melphalan, Prednisolon, and androgens the serum-
protein concentration of the patient increased (6.3 g %), her blood picture im-
proved, and the number of bone marrow plasma cells returned to normal.
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As to the lack of paraproteinaemia, in our case two different explanations
may be afforded: 1 paraproteins were formed but could not be detected by our
methods; 2. the severely damaged plasma cells were no longer capable of synthesiz-
ing immune globulin. According to Fahey [5] the following alternatives
exist for the pathomechanism of gammopathies: 1 the plasma cells synthesize
pathological protein; 2. normal protein is formed but in excessive amount; 3. a
great number of plasma cells produce normal protein in normal amounts.

In our opinion, the patient belongs to Group 3.

*

The immunological examinations were performed by Dr. J. Gergely, head of the De-
partment of Immunochemistry, National Blood Center, Budapest. For these and also for
his valuable advice and help the author expresses his sincerest thanks.
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The submicroscopic properties of the developing forms of megakaryocytes in
mouse spleen have been investigated. The criteria of the classification of the individual
developing forms, the formation of the DMS, the supposed double role of the Golgi
apparatus, the changes in the chromatin substance of the cell nucleus and its possible
functional background are discussed.

Light microscopic investigations revealed four stages in the classification
of the developing forms of megakaryocytes [4]. The main criteria of classification
are: nucleus/splasma quotient, changes in the basophilia of the cytoplasm and
appearance of specific granules in the megakaryocyte. The development of mega-
karyocytes from the megakaryoblast stage to the platelet-producing megakaryo-
cyte is not a fractionated but a continuous process. Due to the continuous and
very rapid (72 hours) development many transitory forms can be found, which
— based on light microscopy — cannot be classified with security in any of the
stages. The resolving power of the light microscope does not allow the exact
identification of the cytological changes indicating the appearance of a qualitatively
new characteristic, for example that of an organelle. Thus, only advanced changes
can be evaluated in the light microscope and this makes the electron micro-
scopic study of the development of megakaryocytes reasonable. In this work we
report on submicroscopic changes and differentiation processes allowing a more
exact classification of the developing forms of megakaryocytes.

Material and Method

In our investigations the spleen of male mice weighing 20—25 g were used.
The organs were fixed in 45 % glutaraldehyde buffered with Millonig [18]
buffer (pH 7.2). After a short washing in buffer post-fixation was carried out in
1% osmium tetroxide for 1 hour. Following an alcoholic dehydration the materials
were embedded in araldite. Sections were prepared by a Reichert OMU—2 type
ultramicrotome. The sections were contrasted by uranylacetate [27] and lead
citrate [24], then studied by JEM 6C electron microscope.
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Results

The early developing forms of mouse spleen megakaryocytes are assembled
in groups.

The megakaryoblasts are 20—25 u in diameter and contain eccentric oval
or bean-shaped nucleus. Part of the chromatin substance is concentrated under
the nuclear membrane in the form of smaller and bigger granules or is associated
with the nucleoli (Fig. 1).

A high amount of free ribosomes is characteristic of the cytoplasm (Fig. 2).
In the ribosome field filling up the whole cytoplasm there are a few disseminated
mitochondria. In this stage the proliferating mitochondria arranged in groups
as well as the appearance of the tubules of the rough surfaced endoplasmic reticu-
lum indicate the differentiation of the cell. The mitochondria are assembled in
groups, as a rule at the concave side of the bean-shaped nucleus, in the biggest
homogeneous cytoplasmic field (Fig. 1). Further on the cisterns of the ergasto-
plasm intrude also among the mitochondria (Fig. 3). The Golgi apparatus is
located usually in the surroundings of the cytocentrum (Fig. 3).

Depending on the stage of differentiation of the cytoplasm, the cells with
segmented nucleus and several centrioles can be regarded as transitory forms
between the megakaryoblast and the megakaryocyte stage 1 The centrioles
are oriented in all directions of the space, therefore, in a single field they can be
seen in cross longitudinal or oblique sections (Fig. 4). In these rare developing
forms quadrilamellar membranes also occur [14] (Fig. 4).

At the end of the megakaryoblast stage apparently empty vésicules of
about 0.15—0.2 1 size demarcated by a membrane appear in the cytoplasm
(Fig. 4). They persist even in the thrombocytogenic megakaryocyte. Nothing is
known about their role. They do not seem to be in connection with the cell mem-
brane or with the endoplasmic reticulum of smooth surface appearing later.

The non-ergastoplasmic persisting membrane system characterized by smooth
surface appears first in megakaryocyte stage I. This was named by Marsh et al. [16]
as demarcation membrane system (DMS). It occurs at several places in the cyto-
plasm, but mainly in the perinuclear areas (Fig. 5). The disseminated foci are
made up by the Golgi apparatus and the smooth surfaced endoplasmic reticulum.
In the area of these foci the above-mentioned apparently empty vésicules can
also be distinguished.

The mitochondria of the cell can be found around these differentiation
foci (Fig. 5). The foci are surrounded by large ribosome fields, as long as the
majority of the free ribosomes do not disappear from the area of the foci. Very
unfrequently mitosis can be observed even in cells showing such degree of differenti-
ation (Fig. 6). Simultaneously with the described cytoplasmic process the segmen-
tation of the nucleus begins, which is shown by the presence of 4—5 apparently
separated parts of the nucleus in the cytoplasm. The chromatin substance of these
nuclear parts is most evenly distributed; no heterochromatic regions can be seen.
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Fig. 1 Megakaryoblast. In its bean-shaped nucleus the chromatin substance is associated
with the nucleoli(Nc). At one side of the nucleus the mitochondria(M) are located in groups.
In their neighbourhood there are a few ergastoplasmic (Er) cisterns
Fig. 2. Detail of a megakaryoblast. The cytoplasm of the cell is densely filled up by the free
ribosomes. Mitochondrium (M), nucleus (N)
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Fig. 3. Detail of a megakaryoblast. The Golgi apparatus (G) of the cell is located around the
cytocentrum (C). The accumulated ergastoplasmic(Er) cisterns are among the mitochondria (M)

Fig. 4. Detail from a transitory cell between megakaryoblast and megakaryocyte I. The

sections of different planes of several centrioles (C) can be seen in the cell. The apparently

empty vésicules of 0.15- 0.2 ,ain size are demarcated by membranes. The formation consist-
ing of quadrilamellar membranes (Qn) deserves attention
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Fig. 5. Detail of megakaryocyte 1. Perinuclearly in the fields consisting of free ribosomes foci
of membranes of smooth surface appear. In the area of the foci the Golgi (G) apparatus can
be detected. The mitochondria (M) are arranged around the focus

Fig. 6. A cell in the stage of megakaryocyte | in mitosis. Chromosomes (Chr)
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Fig. 7. Detail of megakaryocyte Il. The membranes of smooth surface fills up the whole

endoplasm (En) of the cell. The specific granules of the cell are located within the membrane-

bordered areas. Only hyaloplasm and a few free ribosomes can be found in the ectoplasm of

the cell (Ec). It is noteworthy that the individual nuclear parts in the cell show different chro-

matin distribution (A :nucleus detail with evenly distributed chromatin, B: nucleus detail
with granulated chromatin structure)
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Fig. 8. Detail of megakaryocyte Il. The DMS inside contains a substance of medium electron-

density. On the convex side of the Golgi apparatus in the detached Golgi vésicules (Gv) the

formation of the compact electron dense core can be observed, while on its concave side

there is no core formation in the detached vésicules. In the cytoplasm there are dissemi-

nated mature granules (g) and a few ergastoplasmic (Er) cisterns as well as a great number
of polyribosomes in the neighbourhood of the letter
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In megakaryocyte stage Il the foci of differentiation in the cytoplasm in-
crease, conflux and fill up the whole cytoplasm with the exception of the marginal
ectoplasmatic part (Fig. 7). Parallel with this procedure the number of free ribo-
somes decreases: they persist only on the surface of the short ergastoplasmic
cisterns and in the neighbourhood of these cisterns as polyribosomes (Fig. 8).

We could not observe the connection of the DMS filling up the whole
endoplasm with the cell membrane, as we have not seen cell membrane invagi-
nation through the ectoplasm in this stage. The cavity of the DMS cisterns is
filled by a medium dense, finely granulated material (Fig. 8). In the cisterns of
the Golgi apparatus, as well as in the Golgi vésicules at the concave part of the
Golgi area in many cases a substance similar in density to that in the cisterns of
DMS can be seen (Fig. 8).

The specific granules of the megakaryocyte appear at first in the Golgi zone in
the megakaryocyte stage Il. In the Golgi vésicules detached at the convex side of
the apparatus (Fig. 8) an area of medium density can be seen, in the middle
of which there is a core of high electron density. These formations differ from
the structure of the mature granules only in their size, former being about
twice as great (0.2—0.3 u).

At the end of the megakaryocyte stage 11 the ectoplasm is transformed
into a thin rim, while the endoplasm is perfectly filled up by the DMS.

Another noteworthy phenomenon occurs in the cells of the megakaryocyte
stage Il. The parts of nuclei or segments of the single cells differ in chromatin
structure. There are parts of nuclei within one cell, the chromatin substance of
which is concentrated in the form of bigger or smaller granules, while in other
parts of the nuclei it is distributed evenly.

The final stage of the light microscopic differentiation is the mature thrombo-
cytogenic megakaryocyte studied by several authors for light microscopic [10, 17,
19] and submicroscopic [5,8, 12, 15,21,28,29] characteristics, as well as for
functional relation [20].

Discussion

The most characteristic functional feature of the megakaryoblast is its
very rapid ribosome production which may be regarded as a preparation for the
morphological differentiation taking piacéin the following stages. The high amount
of free ribosomes — mainly in the form of polysomes — appearing in the cyto-
plasm is conspicuous in this stage. The well-known light microscopic reflection
of this stage is an intensive basophilia of the cell. The association of the chromatin
substance with the nucleoli can be evaluated as the formation of ribosomes in
the nucleus. After the production of a high number of free ribosomes, the nucleus/
plasma quotient is gradually shifted light microscopically in favour of the cyto-
plasm. In the meantime the electron microscopic pictures show the appearance
of ergastoplasmic cisterns in the vicinity of the mitochondria flocked together.
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The assembly of the two kinds of cytoplasm components may probably be taken
for the incipient sign of the foci of differentiation, which leads to the electron
microscopical megakaryocyte stage 1

The appearance and accumulation of the foci of differentiation are character-
istic of megakaryocyte stage I. These can be observed first in the perinuclear zone
of the cytoplasm and show the presence of Golgi apparatus and elements regarded
as smooth surfaced endoplasmic reticulum. The foci are surrounded at their
borderline to the ribosome fields with mitochondria, which are far more numerous
in this stage than in the megakaryoblasts. The ergastoplasmic cisterns are located
mainly among the mitochondria or in their direct vicinity. The close topography
of the ergastoplasm (polysomes and ergastoplasmic cisterns) and the mitochondria
refer to an intensive protein synthesis. Since in this stage no specific formation
can be observed in the electron microscopic pictures, it seems probable that the
produced protein is used mainly for the synthesis of the smooth surfaced mem-
branes resulting in an increase of the size of the foci of differentiation. The accu-
mulation and increase of foci may occur presumably very rapidly, as in the mega-
karyocyte population only a very few cells containing such disseminated foci
can be found.

The stage in which the foci of differentiation spread over the whole cyto-
plasm — with the exception of the ectoplasmic part — when they conflux and the
specific granule formation begins may be regarded as electron microscopic mega-
karyocyte stage II.

The proliferated DMS fills up the whole endoplasm of the cell and
produces in this manner a compartmental structure. In the inside of the DMS a
medium electron dense substance can be found, which is identical with the com-
pound binding ruthenium red on the surface of platelets according to Behnke’s [2]
investigation. Behnke’s [3] examinations with markers (lanthanum nitrate and
horse-radish peroxidase) have doubtlessly proven this membrane system being
in connection with the megakaryocyte cell membrane. According to our obser-
vations the foci of differentiation appear at first beside the nucleus and already
in the megakaryocyte stage | they contain a medium dense substance. No invagi-
nation was observed in this early stage on the cell membrane; accordingly, there
is little probability that the DMS membranes are in direct contact with the cell
membrane. It seems more probable that the membranes belong to the membrane
system of the endoplasmic reticulum and get in contact with the cell membrane
only later, secondarily in the megakaryocyte stage 1l. The fusion of the two kinds
of membrane (thin and thick) may occur according to DeDuve [6] only after the
transformation of the thin membrane, an essential step of which is the appearance
of a carbohydrate-containing external coat characteristic of the cell surface.
Though DeDuve locates the transformation in general in the Golgi apparatus,
it is easily possible that the endoplasmic reticulum of the megakaryocyte in itself
is able to get transformed into a membrane suitable for the fusion with the cell
membrane. This would mean at the same time that the endoplasmic reticulum
in the megakaryocytes has been specialized for the production of PAS positive [11]
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mucopolysaccharide [22, 23] characteristic of the external coat and for the produc-
tion of the platelet membrane.

The increase of the cisterns of DMS occurs according to Schultz [26] by
the conflux of the vésicules. Following a combined fixation with glutaraldehyde
and osmium tetroxide we were unable to observe the presence of vesicule rows
and their conflux into cisterns. Therefore, like in R&hlich’s experiments with
photoreceptors [25], it seems more probable that the newly formed and therefore
presumably still labile membrane disintegrates into vesicule rows on osmium treat-
ment. Thus the presence of vesicule rows draws the attention not to the way of
the production membranes but to their lability. In our case the presence of vesi-
cule rows may be regarded as “logical artifacts”.

The role of the Golgi apparatus in the production of the substance in the
inside of the DMS cisterns is not yet elucidated. In some cases we observed vési-
cules in the concavities of the Golgi apparatus; these contained a substance of
similar density as DMS and failed to show the presence of dark nuclei character-
istic of megakaryocyte granules. It is possible that these Golgi vésicules transport
certain material then they coalesce with the cisterns of the DMS.

In the production of the megakaryocyte granules earlier Jones [13], then
Zamboni [29] attributed an important role to the Golgi apparatus. According
to our observations a concentration of the substance and a nucleus formation
similar to those in the mature granules of megakaryocytes can be seen in the Golgi
vésicules detached at the convex side of the Golgi cisterns. Thus, it is conceivable
that the Golgi apparatus plays a double role in the life of the megakaryocytes:
1 it transports a substance to the DMS in the vésicules detached at its concave
side; 2. the characteristic granules of the megakaryocytes develop from the vési-
cules detached at its convex side. A similar Golgi function has already been ob-
served by Bainton and Farquhar [1] in the production of the specific and azuro-
phil granules of granulocytes.

Parallel with the development of megakaryocytes the chromatin structure
of the cell nucleus is changed. In the megakaryoblast the chromatin is concentrat-
ed partly below the nuclear membrane, but mainly around the nucleoli. In the
megakaryocyte stage Il the chromatin substance of the cell concentrates again
and appears under the nuclear membrane as smaller or bigger heterochromatic
regions. This chromatin concentration is even more definite in the thrombocyto-
genic megakaryocyte. No sure explanation can be given for the changes of the
chromatin stage of the nucleus, but supposedly it may be connected with the
functional activity of the nucleus. Electron microscopic autoradiography of the
nucleic acid precursor incorporation in the different stages of development of
megakaryocytes may provide further data in this line. It would be most interest-
ing, if these investigations were coordinated with the periods of the intensive ri-
bosome production and of the formation of DMS cisterns and specific granules
in the developing forms. It is worth mentioning that the chromatin structures of the
individual nuclear parts in the megakaryocyte stage Il, differ from each other
strongly. Light microscopic autoradiography experiments [7] with 3H-thymidine
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indicating the existence of megakaryocytes containing nuclear parts differing in
radioactivity are in good concordance with this phenomenon.

The cytoplasm of the cells is separated into ecto- and endoplasm in the me-
gakaryocyte stage Il. The ectoplasm is an about 1 p thick cytoplasm layer inside
the cell membrane in which only hyaloplasm and eventually a few free ribosomes
can be found. The cell organelles, the megakaryocyte granules and the DMS are
located in the area of the endoplasm. Parallel with the maturing of the cell the
ectoplasm becomes gradually thinner, but it is retained as a few tenth micron
thick layer even in the thrombocytogenic megakaryocyte. Therefore, we can pre-
sume that the platelet demarcation occurs not directly on the cell surface — on
the ectoplasm — but in the area of the endoplasm. In the light of conception we
may attribute an important role to the ectoplasmic part in the liberation of plate-
lets. It is presumable that the ectoplasm, like an envelope, keeps the partially
demarcated platelets together. The injury of this ectoplasmic rim due to a yet
unknown factor may lead to a “blowing up” of the megakaryocyte.
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Book Review

Blood Replacement. By U. F. Gruber, Sprin-
ger-Verlag, Berlin—Heidelberg—New York,
1969. With 20 figures. X1, 284 pages. Cloth,
DM 24, ; US $6.00.

“Blood replacement presents problems
in most fields of medicine . . . The importance
of immediate and complete replacement of
lost fluid is generally recognized and docu-
mented in the treatment of all forms of
hypovolaemic shock. In practice, however,
the implementation of this principle often
presents difficulties . Recently there has
been increasing doubt concerning the opinion
that administration of blood exclusively in
all stages of haemorrhagic shock and in all
circumstances represents the best therapy . . .
Thus there is a real need for so-called blood
substitutes ... What, how much and when?
These are the questions raised in the therapy
of blood loss and in the treatment of the
various stages of haemorrhagic shock
This book attempts to answer these ques-
tions on the basis of related literature and
original investigations” writes the author in
the introduction.

Gruber succeeded fully in attaining his
aims and presents a good survey of the
problem. The literary data are well supple-
mented by the experience of his own experi-
mental work and clinical practice of long
years.

The physico-chemical, biological and
pharmacological characteristics of the dif-
ferent blood and plasma preparations as
well as of the plasma substituents with or
without colloids, their sphere of indications
and therapeutical efficacity are compared and
discussed in detail.

The monograph consists of four parts.
The first deals with the haemodynamical and
metabolic changes developing in the course
of haemorrhagic shock, as well as with

8

therapeutic considerations. The second part
discusses the methods of volume substitu-
tion. The dangers and disadvantages of blood
transfusion are presented, and the therapeutic
results are evaluated. Volume substitution
by plasma includes the effects and therapeutic
results attainable by fresh plasma, stored
pooled plasma, dried plasma, pasteurized
plasma-protein and albumin. The physico-
chemical characteristics of the artificial col-
loid solutions (dextran, gelatin, P\VVP,hydroxy-
ethyl-starch preparations, Alginon, Levan),
the compatibility of some preparations with
other drugs, the metabolism of the dextran
and gelatin, their effects on viscosity, sedi-
mentation rate, blood grouping, resistance
to infections, blood coagulation, laboratory
findings, etc. are discussed in detail; histo-
logical and immunological investigations are
reported on, and finally the therapeutic
results are evaluated. The part dealing with
colloid-free solutions includes electrolyte and
non-electrolyte solutions. At the end of
each point a summary is given and conclu-
sions are drawn. In Part Ill, results are
discussed and practical conclusions are pre-
sented. Part IV is a concise summing up
of the whole subject in no more than two
pages.

The ample list of references includes 1854
titles. In the Appendix, books and reviews
on shock, monographs and reviews on blood-
transfusion and plasma-expanders, mono-
graphs on blood volume determination, its
value and its technical problems are given
in different groups.

The book was translated into English
by L. Oxtoby and R. F. Armstrong; the
preface was written by M. Allgéwer, profes-
sor of surgery at Basel University.

This excellent work iswarmly recommend-
ed to our readers.

I. Bernat
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Abstracts

Influence of glycolysis on NADH content in
human erythrocytes. A. Omachi, C. B. Scott,
T. E. Parry (Department of Physiology,
University of Illinois, College of Medicine,
Chicago, 111) Am. J. Physiol. 216, 527 (1969)

NADH levels were determined following
incubation of intact erythrocytes in balanced
saline media at pH 7.4 and 37 °C. The
absence of glucose in the medium resulted
in a lower NADH content. This change was
prevented by the presence of 5 mM fluoride
or 10 mM lactate. These results are consistent
with Whittam’s observation that pyruvate
accumulates in red cells incubated in sub-
strate-free media. In the presence of 10 mM
glucose, a lower NADH was observed if the
medium also contained 10 mM pyruvate or
0.5 mM iodoacetate or if the pH was re-
duced to 7.0. No difference was seen when the
temperature was lowered to 22°C. These
findings are in accord with classical views
of glycolysis obtained from studies with
cell-free systems and indicate that these
views apply also to the intact red cell.

1 Arky

Low binding of 2,3-diphosphoglycerate to
haemoglobin F. A contribution to the knowl-
edge of the binding site and an explanation
for the high oxygen affinity of foetal blood.
C. H. de Verdier, L. Garby (Department of
Clinical Chemistry and Clinical Physiology,
University Hospital, Uppsala) Scand. J. clin.
Lab. Invest. 23, 149 (1969)

The binding of 2,3-diphosphoglycerate to
human haemoglobin A and F was deter-
mined using an ultracentrifugation technique.
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The binding of the phosphocompound was
much lower to haemoglobin F than to hae-
moglobin A, both in the oxygenated and
deoxygenated states. It is concluded that this
difference may explain, at least partly, the
higher oxygen affinity of foetal blood. The
result supports previously advanced argu-
ments that binding of 2,3-diphosphoglycerate
to haemoglobin A takes place at /3H21 His.

I. Arky

Properties of an adenyl cyclase partially puri-
fied from frog erythrocytes. O. M. Rosen,
S. M. Rosen (Departments of Medicine and
Molecular Biology, Albert Einstein College
of Medicine, Bronx, New York) Arch.
Biochem. Biophys. 131, 449 (1969)

A particulate adenyl cyclase has been
purified 150 200fold from the erythrocytes
of adult Rana Pipiens. The enzyme catalyzed
the synthesis of cyclic 3',5'-AM3IP from
a-labelled AT3P in the presence of NaF,
Mg2+ or Mn-+ and a sulfhydryl compound.
Catecholamines stimulated enzymic activity
in the absence of fluoride to the extent of
50 75% of that demonstrable in the pres-
ence of fluoride. The ability of different cate-
cholamines to stimulate enzymic activity
paralleled their potency as |S-adrenergic
compounds. Sensitivity to stimulation by
catecholamines was a labile function preserv-
ed only by storage of the enzyme in liquid
N.. The purified adenyl cyclase fraction did
not contain cyclic 3',5'-nucleotide phospho-
diesterase activity, exhibited optimal activity
at pH 8.0, and was inhibited by Zn2+ or
Ca2+. dATP was the only nucleoside tri-
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phosphate other than ATP which was able
to serve as a substrate for the formation of
a cyclic 3',5'-nucleotide. Phase microscopy,
density gradient centrifugation, enrichment
for ATPase activity, and the content of sialic
acid and lipid phosphorus all suggested that
the particulate enzyme was a fragment of
the cell membrane.

G. Gérdos

Effect of reduced glutathione on rat erythro-
cytes: Production of PNH-like features. N.
H. Baum, C. E. Mengel, S. P. Balcerzak
(Department of Medicine, Division ofHemat-
ology and Oncology, The Ohio State Univer-
sity Hospitals, Columbus, Ohio) J. Lab. clin.
Med. 73, 111 (1969)

Incubation of rat red cells with GSH
resulted in lysis of these cells in serum at
a pH optimum of 8.4. Lysis was prevented
by heat inactivation of serum and accentuat-
ed by addition of thrombin. In addition,
these cells also lysed in low ionic strength
sucrose solution and had a low acetyl-
cholinesterase activity and increased lytic sen-
sitivity to H2D 2 They also had a marked
shortening of in vivo survival. These findings
suggested that the rat erythrocytes had
acquired certain in vitro and in vivo lytic
features similar to those of human PNH.

/. Arky

Evaluation of stored blood viability by methy-
lene blue reduction. M. D. Sass, C. J. Caruso,
D. R. Axelrod (Veterans Administration
Hospital, Brooklyn, N. Y.) J. Lab. clin. Med.
73, 744 (1969)

Acceptability of stored blood for
transfusion is evaluated in a new and simple
manner by measuring the uptake of methylene
blue by red cells. This measure reflects
changes in metabolic activity associated with
storage and has a high correlation with
viability. Its use may permit recognition of
blood suitable for transfusion beyond the
storage limit of 21 days.

llma Szész

Role of red cel! 2,3-diphosphoglycerate in the
adaptation of man to altitude. J. W. Eaton,

G. J. Brewer, R. F. Grover (Departments
of Human Genetics, Anthropology, and
Medicine, University of Michigan, Ann

Arbor, Mich, and the Cardiovascular-Pulmo-
nary Laboratory, Department of Medicine,
University of Colorado Medical Center, Den-
ver, Co.) J. Lab. clin. Med. 73, 603 (1969)

The levels of red cell 2,3-diphosphoglyce-
rate (DPG) were measured in a large number
of normal men and women residing at high
altitudes (10,200 to 11,300 feet). Red cell
DPG concentration was also measured in
other high altitude residents with excessive
polycythemia. Results from both these
groups were compared with those from a
large sample of Caucasians of both sexes
living at a lower altitude (900 feet). It was
found that DPG levels were significantly
higher in both sexes at high altitude, probably
accounting for the frequently reported shift
to the right in the oxygen dissociation curve
at altitude. In addition, individuals with ex-
cessive polycythemia were found to have
abnormally high levels of red cell DPG.
It is suggested that these high red cell DPG
levels are a possible contributory factor in
the development of excessive polycythemia
at high altitude. The negative correlation
between whole blood hemoglobin concentra-
tions and red cell DPG levels is also present
in this sample from high altitude.

G. Gérdos

The M-antigen in HK and LK sheep red cell
membranes. P. K. Lauf, D. C. Tosteson
(Department of Physiology and Pharma-
cology, Duke University, Durham, N. C.)
J. Membrane Biol. 1, 177 (1969)

Red cells of all high-potassium-type (HK)
sheep and of more than one half of all
low-potassium-type (LK) sheep contained
the M-antigen and were haemolyzed by iso-
immune anti-M antiserum in presence of a
guinea pig serum complement. It was charac-
teristic for the haemolysis of HK red cells
by the M-antiserum that all HK cells were
ultimately haemolyzed at suboptimal anti-
body concentrations, provided the time of
incubation at 37°C was sufficiently long.
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Thus, the M-antigen appears to be expressed
on all red cells of an individual HK sheep.
The M-antibody was absorbed by HK red
cells and their membranes with a high
affinity, whereas M-negative LK red cells
and their membranes did not bind the anti-
body. The ratio of the number of antibody
units absorbed per cell or membrane to the
number of antibody units required for lysis
approached unity. The amount of antibody
absorbed per membrane was unaffected by
ouabain in the presence of ATP, Mg++,
Na+, and K+. The M-antigen activity depends
on the integrity of the red cell membrane
and was not detectable after lyophilization
of HK membranes or in the membrane
protein solubilized by n-butanol. The major
M-antibody activity was found among the
high molecular weight plasma proteins and
may be attributed to the R4 M globulins.
Heterogeneity within the antibody fraction
cannot be excluded since some haemolytic
activity was detected in a chromatographic
fraction containing predominantly y-globu-
lin. The relationship between the M-antigen
and the Na+- K+ transport system in sheep
red cell membranes is discussed.

G. Gérdos

Structure of membranes: IV. Antigen activity
of sheep erythrocyte ghosts after phospholipid
fractionated hydrolysis. G. Nanni, U. M.
Marinari, 1. Baldini, M. Ferro, A. Casu
(Istituto di Patoldgia generale, Universita,
Genova, ltalia), Italian J. Biochem. 18, 123
(1969)

The role of native proteins and phos-
pholipids and their probable arrangement in
the membrane structure of sheep erythro-
cytes have been studied by immunological
way. By means of haemolysis and haemagglu-
tination tests, production of different kinds
of antibodies against sheep erythrocytes,
erythrocyte membranes and against stromata
depleted of phospholipids by fractionated
enzymatic hydrolysis was followed. From
the data obtained it would appear that the
removal of sphingomyelin from phospholipid-
protein architecture of sheep erythrocyte
membrane results in a significant decrease
in the antigen-antibody reaction at the level
of intact sheep erythrocyte. In relation to
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previous observations, results are discussed
regarding the position of phospholipids in
the structure of sheep erythrocyte membrane.

llma Szész

Deformation of red blood cells in capillaries.
R. Skalak, P. 1 Branemark (Department of
Civil Engineering and Engineering Mecha-
nics, Columbia University, New York;
Laboratory of Experimental Biology, De-
partment of Anatomy, University of Gothen-
burg, Gothenburg, Sweden) Science 164, 111
(1969)

The shapes of red blood cells in capillary
blood vessels are reinterpreted from obser-
vations of human red cells. The parachute
or umbrella shape often observed is not an
axisymmetric shape as formerly assumed, but
is the basic biconcave disk shape of the red
cell. The distortion during flow consists of
the blunting of the rear end of the cell and
the thickening of the front end. The flattened
rear portion of the cell becomes squeezed
free of cell contents (primarily haemoglobin),
which are contained under such circum-
stances in the bulging front end of the cell.

llma Szasz

Determination of the life span of blood and
bone marrow cells. O. N. Piksanov (Inst,
med. radiol. AMH USSR, Obninsk, USSR)
Probt. Gemat. 14, 4, 46 (1969).

The author presents a formula for the
determination of the developmental stage of
the formed blood cells. Calculations are
mathematical and proceed from the partial
formula of these elements and the sum total
of their life span.

J. David

Ocena krwinkognbnej izynnosci sledziony tr
oparcitt o badania z uzyciem promieniot-
woérczego izotopu chroma Cr'l (Evaluation
of the haemolytic function of the spleen
based on investigations with 5ICr). M. Gem-
bicki, S. Dzieciuchowicz) (Il Kiinka Choréb
Wewnctrznych AM, Poznan, Poland). Pol.
Tyg. lek. 24, 221 (1969).

In 10 patients including 2 patients with
splenomegaly but without haemolytic anae-
mia, 6 patients with various types of haemo-
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Iytic anaemia, and 2 normal subjects, the
survival time of 5lCr-labelled erythrocytes,
the spleen-liver index and the sequestration
of erythrocytes in spleen and liver were
determined. A high spleen—iver index was
found in patients with splenomegaly and
in most patients with haemolytic anaemia.
On the other hand, increased sequestration
of erythrocytes in the spleen was observed
in only 5 patients with haemolytic anaemia.
The authors believe that the spleen —liver
index and erythrocyte sequestration in these
organs should be determined simultaneously.
Increased haemolysis occurring mainly in
the spleen isevidenced by a high spleen—iver
index and an increased sequestration of
erythrocytes in the spleen unassociated with
similarly increased sequestration in the liver.

5. Maj

Bt/ania nad kinetyka 59Fe i erytrokinetyka
BICr iv czerwienicy (Studies on i9Fe kinetics
and 3ICr erythrokinetics in polycythaemia).
L. Konopka, K. Rechowicz, S. Pawelski
(Instytut Hematologii, Warsaw, Poland).
Pol. Arch. Med. wewnqt. 42, 39 (1969).

Simultaneous studies of 59Fe kinetics and
5,Cr erythrokinetics were made in 11 cases
of polycythaemia vera in various stages of
the disease and in four cases of secondary
polycythaemia associated with kidney disease
and ovarian tumour. A considerable enhance-
ment of effective erythropoiesis was found
in all cases independent of the duration of
the disease, evidenced by an increased hae-
moglobin synthesis per 24 hours, and by
an increased volume of the circulating erythro-
cytic mass. The said parameters were, how-
ever, less distinctly elevated in five cases
with iron deficiency. In the three cases of
polycythaemia vera with a long duration
of the disease, the volume of the circulating
erythrocytic mass remained high despite the
coexisting shortening of the erythrocyte life
span. The identical results obtained in poly-
cythaemia vera and secondary polycyt-
haemias seem to speak against the reliability
of isotope methods in the differentiation
between the two conditions.

5. Maj

Trudnosci diagnostyczne w zaotrzewenowych
wylewach krwi do miesnia biodrowo-ledzwio-
wego a chorych na hemofilie (Diagnostic
difficulties in retroperitoneal haemorrhage
into the iliopsoas muscle in patients with
haemophilia). F. Loth,K. Mars-Gawlikowska
(Oddzia) (Urazowo-Ortopedyczny Szpitala
Chirurgii Urazowej Dzieciecej, Warsaw,
Poland). Pol. Tyg. lek. 24, 306 (1969).

Haemorrhage into the iliopsoas muscle
of haemophiliacs presents considerable diag-
nostic difficulties. Such haemorrhages on the
right especially resemble peritonitis or acute
appendicitis. An important sign differentiat-
ing an acute abdomen from the iliopsoas
haemorrhage is the flexion of the hip joint
with adduction and lateral rotation of the
thigh. Diagnostic errors may be the cause
of unnecessary laparotomy with possible
tragic consequences in haemophiliacs.

S. Maj

Wyniki leczenia busulfanem (myleranem)
czerwienicy prawdziwej (Results of busulphan
(Myleran) treatment of erythraemia vera).
I. Urasinski, M. Mysik (Il Klinika Choréb
Wewngqtrznych, Krakow, Poland) Pol. Arch.
Med. wewnet. 42, 661 (1969).

Immediate and long-term results with
busulphan (Myleran) treatment of 36 cases
of erythraemia vera are presented. A long-
term remission was obtained in 34 patients
whereas in two cases the disease was resistant
to the treatment. The mean duration of the
first remission after the first course of
busulphan administration was 39 months.
The duration of the subsequent remissions
after repeated courses of treatment became
shorter and shorter. No clinical complica-
tions due to the treatment were seen. An
experience of ten years allows the con-
clusion that treatment of erythraemia vera
with busulphan is not inferior to 3P treat-
ment.

S. Maj
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Coenzyme forms and total content of B2
compounds in acute leukosis. N. V. Myasish-
cheva, G. D. Levina, Yu. l. Lorie, M. O.
Raushenbach (Gematol. klin i labor, sist
zabolevan. krovi, Inst. exp. Klin. onkol.,
Moscow, USSR) Probl. Gemat. 14. 4, 20
(1969).

The authors studied the vitamin B12 con-
tent and the composition of its active forms
in the serum of patients with acute and chro-
nic leukaemia. Chronic myeloleukaemia was
characterized by increased, chronic lymphoid
leukaemia by normal vitamin content. The
two groups of patients differed from one
another and from healthy persons in the
distribution of BI2 coenzymes. The vitamin
content in one group of patients suffering
from acute leukaemia was normal or reduc-
ed, while in another group increased values
were observed. The latter were prognostically
unfavourable. A relationship was shown be-
tween vitamin B2 content and the clinico-
morphological variant of acute leukaemia.
A number of cases exhibited a correlation
between vitamin content and the course of
leukaemia, as well as between vitamin con-
tent and the absolute blast cell count in
blood and bone marrow during the disease.
Elevation of vitamin B12 concentration in
acute leukaemia is an unfavourable sign.
The ratio of cobamides in acute leukaemia
is not uniform. A resistance to combined
cytostatic therapy was noted in patients
with a prevalence of methyl or oxycobalamine
in their blood serum.

J. Dévid

Rybonukleazy leukocytéw. Doniesienie | i Il
(Leucocytic ribonucleases. Part 1 and II).
J. Sznajd, J. Naskalski (11l Klinika Choréb
Wewngtrznych AM, Krakéw, Poland). Poi.
Arch. Med. wewngt. 42, 187 and 197 (1969).

The nucleolytic activity of leucocytes was
found to depend mostly on a thermostable
ribonucléase with a 6.8 7.1 optimum pH.
Extracts of normal leucocytes and leuco-
cytes from patients with chronic granulo-
cytic leukaemia did not differ essentially and
quantitatively in nucleolytic activity. Three
fractions of leucocytic ribonucléase were
separated by our own method. All the
isolated fractions digested yeast RNA.
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The decomposition products of one fraction
consisted of several nucleotide spots of slight
mobility. The products of decomposition due
to the activity of the two remaining fractions
were similar, consisting of numerous nucleo-
tide spots of high mobility and a small spot
of medullar nucleotides.

5. Maj

Transformacja blastyczna limfocytow in vitro
pod wplywem fitohemaglutyniny w ziarnicy
zlosliwej (Blastic transformation of lympho-
cytes in vitro by phytohaemagglutinin in
lymphogranulomatosis). A. Pluzanska (Il
Klinika Charéb  Wewngtrznych, Lodz,
Poland). Pol. Arch. Med. wewnct. 42, 655
(1969).

In three-day cultures of white blood cells
from patients with lymphogranulomatosis the
per cent of lymphocytes undergoing blastic
transformation by phytohaemagglutinin de-
pended on the patient’s clinical condition.
Blastic transformation was much more fre-
quent in the period of remission than in
the periods of progression.

5. Maj

Differentiation of lymphocytes of laboratory
animals by the number of RNA-containing
granules. A. P. Gindin, N. M. Ogienko
(Patomorfol. labor, otd. ran. infekc. Inst,
epidemiol. i mikrobiolog. im N. F. Gamalei,
Moscow, USSR) Probl. Genial. 14, 4, 44
(1969).

Variable numbers of RNA-containing
granules differing in shape and size were
found in the cytoplasm of lymphocytes and
monocytes in the blood of rabbits, guinea
pigs, Wistar rats and Cricetus auratus W.
According to the number of such granules,
the lymphocytes were divided into three
groups: cells densely covered with granules
were classified into the first group, the second
comprised cells with a lesser number of
granules, and in the third the cells con-
tained only individual granules.

J. David
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Isolation and identification of microorganisms
from the blood and bone marrow of patients
suffering from acute leukosis. T. V. Golosova,
V. A Martynova, G. V, Osechenskaya
(Bakteriol. labor, i. genatol, klin. Central.
Inst. Gematol. i. Pereliv. Krovi, Moscow)
Probl. Gemat. 14, 4, 25 (1969).

From the blood, bone marrow, leuko-
cytes and serum of patients suffering from
acute leukaemia, the authors isolated cultures
of microorganisms consisting of small coccoid
or coccobacillary corpuscles forming short
and long chains. The isolated microbes
exerted weak enzymic activity: they did not
ferment sugars, did not form indole and
hydrogen sulphide, rarely caused haemolysis
or reduced methylene blue. In media used
for passage of mycoplasma, the microbes
acquired an appearance similar to myco-
plasma structures.

J. David

Badania nad zawartoscia kwasu foliowego w
surowicy krwi kobiet z nowotworem narzadu
rodnego (Serum folic acid level in women
with genital neoplasm). T. Pertynski, B.
Krawczyk, E. Malafiej, M. Draminski
(Oddzial Polozniczo-Ginekologiczny Szpitala
MSW, Lodz, Poland). Pol. Tyg. lek. 24, 161
(1969).

A low serum folic acid level was found
in 42 women with genital neoplasm. No
correlation was observed between the size
of the malignancy and the serum folic acid
level.

S. Maj

The effect of prophylactic vaccination on
haemopoiesis in mice. T. |. Sergeva, F. I
Zharova (Labor, sistem. zaboleran. krovi,
Inst, eksperimental. i klin. onkol., Moscow,
USSR) Probl. Gemat. 14, 4, 41 (1969)

In CC5Br and C5-Bl mice, changes in
haemopoietic function were observed after
prophylactic smallpox vaccination. For three
and more weeks the vaccinated animals dis-
played an enhanced proliferation of undif-

ferentiated haemopoietic elements in the
bone marrow and in other haemopoietic
organs; there was also an intensified produc-
tion of the lymphoid series with a depression
of neutrophil formation and maturation.

J. Déavid

Fibrynolityczne leczenie zatoréw tetniczych
(Fibrinolytic treatment of arterial embolism).
T. Dorobisz, Z. Jaworski, B. Samptawska,
K. Skora, Z. Szydlowski (1 Klinika Chirur-
giczna AM, Wroclaw, Poland). Pol. Tyg. lek.
24, 579 (1969).

In arterial embolism surgical interven-
tion is carried out as a rule. However, in
8 cases with contraindications for this
method of treatment or with embolisation
of small arteries, the authors used Streptase
(Behringwerke). Early results were good in
all the cases, while late results were good in
5 cases with involvement of small and
middle-sized arteries, and poor in 3 cases of
abdominal  aorta-embolism.  Fibrinolytic
treatment is considered a valuable supple-
mentary method to be used after surgical
treatment of arterial embolism.

5. Maj

Krazacy antykoagulant u chorych z hemofiUa
A (Circulating anticoagulant in patients with
type A haemophilia). L. Uszynski, S
Lopaciuk (Instytut Hematologii, Warsaw,
Poland) Pol. Arch. Med. wewngt. 42, 119
(1969).

A circulating anti-AHG anticoagulant
was discovered in three haemophilic patients
treated previously with plasma transfusions.
The inhibitor was found in the gamma-
globulin fraction and was relatively ther-
mostable; it could not be absorbed on alumi-
nium hydroxide and reacted on incubation
with factor VIII in a time and temperature
dependent way. The anticoagulant was vari-
ably related to plasma AHG of various
species. Precipitation as well as imrauno-
electrophoretic tests were negative.

5. Maj
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Acta Haematologica (Basel) 41 (1969) No. 5

Peripheral nerve function in pernicious ane-
mia before and after treatment. Lockner,
D., Reizenstein, P., Wennberg, A., Widen,
L. (Dept, of Intern. Med., Karolinska
Sjukhuset, Stockholm, p. 257

Effect of heparin on platelet adhesiveness.
Zhinden, G., Tomlin, S. (Dept, of Med.
Univ. of Cambridge, Cambridge), p. 264

Zur Darstellung der Transformationsfahig-
keit von Lymphozytenkulturen bei ver-
schiedenen Erkrankungen mittels Feulgen-
Zytophotometrie. Ambs, E., Chesebro, J.,
Lagerlof, B. (Univ.-Kinderklin., 87 Wirz-

burg), p. 276
An evaluation of nuclear arylsulfatase
activity in acute leukemias. Smutka,

Paulette, Brunning, R. D. (Hematol. Lab.,
Univ. of Minnesota, Minneapolis, Minn.),
p. 290

Cytochemical demonstration of the co-en-
zyme ubiquinone in normal human blood
and bone marrow cells. Puera, B., Nir, E.,
Efrati, P. (Kaplan Hosp., Rehovoth,
Israel), p. 296

The comparison of the coagulation factors
in arterial and venous blood. Ozsoylu, S.
(Dept, of Pediat, Hacettepe Univ. School
of Med., Ankara), p. 303

A case of IgAK-myelomatosis with two
urinary Bence-Jones proteins (BJK and
BJL) and multiple chromosomal abnor-
malities. Dammacco, F., Trizio, D., Bono-
mo, L. (Clinica Med., Université di Bari,
70124 Bari), p. 309

Blood (New York) 34 (1969) No. 3

Bone marrow reactions to trauma. Stimula-
tion of erythropoietic marrow by mechani-
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cal disruption, fracture or endosteal curet-
tage. Van Dyke, D., Harris, N. (Univ. of
California, Lawrence Radiat. Lab., Berke-
ley, Calif.), p. 257

The quantitative distribution of the erythron
and the RE cell in the bone marrow organ
of man. Nelp, W. B., Bower, Rae Ellen
(Univ. of Washington, School of Med,,
Seattle, Wash.), p. 276

Anabolic androgenic steroids in the treat-
ment of acquired aplastic anemia. Sanchez-
Medal, L., Gomez-Leal, A., Duarte, Z.,
Guadalupe Rico, M. (Inst, of Nat. Nutr.
Dept, of Hemat., Mexico City), p. 283

Clinical investigations in the treatment of
meningeal leukemia: radiation therapy
regimes vs. conventional intrathecal metho-
trexate. Sullivan, Margaret P., Vietti,
Teresa ,/., Fernbach, D. J., Griffith, K. M.-
B. Haddy, Theresa, Lorraine Watkins, W.
(Univ. of Texas, M. D. Anderson Hosp.
and Tumor Inst., Houston, Texas), p.
301

The eosinophil response to toxoids and its
inhibition by antitoxin. Speirs, R. S,
Turner, M. X. (City Univ. of New York,
Downstate Med. Center, Brooklyn, N. Y.),
p. 320

The morphogenesis of Gaucher cells in-
vestigated by electron microscopy. PennelU,
N., Scaravilli, F., Zacchello, F. (Univ. of
Padova, Pediat. Clinic, Inst, of Path. Anat.,
Padova), p. 331

Protein synthesis in human leukocytes and
lymphocytes: 1 Effect of steroids and
sterols. Werthamer, S., Hicks, C., Amaral,
L. (Methodist Hosp., Brooklyn, N. Y.),
p. 348

Characteristics of iron dextran utilization in
man. Henderson, P. A., Hillman, R. S.
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(Univ. of New Mexico, Dept, of Gynecol,
and Obstet., Albuquerque, N. M.), p. 357

Diisopropylfluorophosphate is not a specific
label for the red cell membrane. Sears, D.
A., Weed, R. /. (Univ. of Texas Med.
School, San Antonio, Texas), p. 376

Studies on the control of hemoglobin synthe-
sis: the in vitro stimulating effect of a 5
B-H steroid metabolite on heme forma-
tion in human bone marrow cells. Necheles,
T. F., Rai,
Center Hosp., Boston, Mass.), p. 380

Brief report: Hemoglobin-coated charcoal
radioassay for serum vitamin B12 A simple
modification to improve intrinsic factor
reliability. Hillman, R. S., Oakes, M.,
Finholt, C. (Univ. of Washington School
of Med., Seattle, Wash.), p. 385

Blut (Miinchen) 19 (1969) No. 7

Der EinfluR von Erythropoietin und somato-
tropem Hormon auf die Retikulozyten-
Reifungszeit in vitro. Engelbrecht, H. M.,
Remmele, W. (Pathol. Inst, der Stadt.
K1, 62 Wiesbaden), p. 385

Die medikamenttse Beeinflussung experi-
menteller  Knochenmarksfibrosen nach
wiederholter Fremdei weiR-Applikation
durch Antiphlogistica und Prednisolon-
Acetat. Cohrs, U., Hauswaldt, Ch., Hon-
stein, W. (Med. Univ.-Klinik, 34 Gottin-
gen), p. 3H

Protein synthesis in human peripheral blood
leukocytes. Scott, R. B., Abdul-Fadl, VY.
(Dept, of Med., Med. Coll, of Virginia,
Richmond, Va.), p. 405

Monoklonales abnormes Karyogramm: 45,
XX, 2D -, (17-18). 2C+, Gp+ in den
Tumorzellen eines Retothelsarkoms. Can-
ner, Elisabeth (Med. Univ.-Klinik, A
6020 Innsbruck), p. 416

Studies with heterologous antilymphocytic
serum as a therapy for chronic lympho-
cytic leukemia. Tsirimbas, A. D., Pfisterer,
H., Hornung, B., Thierfelder, S., Michlmayr,
G., Stich, W. (I. Dept, of Med., Univ. of
Munich, 8 Munich 15), p. 420

Der Biirstenschidel. Eine Ubersicht iber
Vorkommen, Rontgenologie, Anatomie,
Verlauf und Bedeutung dieses Symptoms.

U. S. (New England Med.

V. Verénderungen des Skeletts bei schweren
Bluterkrankungen. Reimann, F., Gokmen,
E. (Inst. f. med. Forsch., I. Med. Fakultét
der Univ., Istanbul), p. 423

British Journal of Haematology (Oxford) 17
(1969) No. 4

Annotation: The misused reticulocyte. Hill-
man, R. S., Finch, C. A. (Univ. of Washing-
ton School of Med., Seattle, Wash.), p. 313

“Non-tropical idiopathic  splenomegaly”
(“primary hypersplenism”): a review of
ten cases and their relationship to malignant
lymphomas. Dacie, J. V., Brain, M. C.,
Harrison, C. V., Lewis, S. M., Worlledge,
Sheila M. (Depts of Haematol, and
Morbid Anat., Royal Postgrad. Med.
School, London W. 12), p. 317

The role of puberty in red-cell production
in hereditary haemolytic anaemias. Shahidi,
N. T., Clatanoff, D. V. (Dept, of Pediat.
and Med., Univ. of Wisconsin, Madison,
Wis.), p. 335

Haemolysis and erythropoiesis. Il. Reticulo-
cytosis and rate of haemoglobin rise in
haemolytic and deficiency anaemias.
Sanchez-Medal, Pizzuto, J., Rodriguez-
Moyado, H.,Esposito, L. (Dept, of Haemat.,
Inst. Nac. Nutr., Mexico City, Mexico),
p. 343

Diurnal variations of the serum iron in nor-
mal subjects and in patients with haemo-
chromatosis. Sinniah, R., Doggart, J. R,
Neill, D. W. (Dept, of Path., Queen’s Univ.
of Belfast, Belfast, N. I.), p. 351

Comparison of phospholipid and fatty acid
composition of human erythrocytes and
platelets. Cohen, P., Derksen, A. (Biochem.
Lab., The Univ. of Utrecht, Utrecht), p.
359

Wiskott-Aldrich syndrome: qualitative plate-
let defects and short platelet survival.
Grottum, K. A., Hovig, T., Hohnsen, H.,
Foss Abrahamsen, A., Jeremic, M., Seip,
M. (Haemat. Sect, of Med. Dept. A,
Oslo Univ. Inst, of Path. Anat., Oslo), p.
373

Effect of ethanol on liver x-aminolaevulinate
synthetase activity and urinary porphyrin
excretion in symptomatic porphyria. Shan-
ley, B. C., Zail, S. .S, Joabert, S. M.
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(Dept, of Chem. Path., Univ. of Natal,
Durban, S. A), p. 389

Antibody activity against hog intrinsic factor
in pernicious anaemia. Ungar, Berta (Dept,
of Clin. Path., Royal Melbourne Hosp.,
Victoria, Australia), p. 397

British Journal of Haematology (Oxford) 17
(1969) No. 5

Annotation: Antilymphocytic serum. Gunn,
A. (Div. of Exp. Biol., Nat. Inst, for Med.
Res., London), p. 421

The effect of Arvin on experimental pulmo-
nary embolism in the rabbit. Olsen, E. G. J.,
Pitney, W. R. (Depts of Pathol, and
Haematol., Roy. Postgrad. Med. School,
London), p. 425

Fibrinolysis at rest and after exercise in hepa-
tic cirrhosis. Das, P. C., Cash, J. D.
(South-East Scotland Reg. Blood Transf.
Res. Lab., Royal Infirmary, Edinburgh 3),
p. 431

The mechanism of enhanced streptokinase-
induced clot lysis following in vitro factor-
X1l inactivation. Henderson, K. W., Nuss-
haum, M. (Dept, of Med., New Jersey Caoll,
of Med. and Dentistry, Newark, N. J.),
p. 445

The original haemorrhagic fever: yellow
fever. Dennis, L. H., Reisberg, B. E.,
Crosbhie, J., Crozier, D., Conrad, M. E.
(Georgetown Tumor Service, D. C. Gen.
Hosp., Washington, D. C.), p. 455

Electron microscopy of fibrin-like precipitate
formed during the paracoagulation reac-
tion between soluble fibrin monomer com-
plexes and protamine sulphate. Horn, R.
G., Hawiger, J., Collins, R. D. (Dept, of
Path., Vanderbilt Univ. School of Med.,
Nashville, Tenn.), p. 463

Effects of dietary methionine and vitamin
B, 2deficiency on folate metabolism. Vitale,
J. J., Hegsted, D. M. (Depts of Preventive
Med. and Path., Tufts Univ. School of
Med., Boston, Mass.), p. 467
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Lab., St. Thomas’s Hosp. and Med.
School, London), p. 477
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Modell, C. B., Latter, A., Steadman, J. H
Huehns, E. R. (Dept, of Chem. Path.,
Univ. Coll. Hosp. Med. School, London),
p. 485
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transferrin in pregnancy and during the
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Jacobi, J. M., Powell, L. W., Gaffney, T. J.
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No. 1
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Univ.-Klinik, 701 Leipzig) p. 57
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Iytika. Markwardt, F., Klécking, H.-P.,
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Akad., 50 Erfurt), p. 78

Tierexperimentelles Verfahren zur Testung
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Klock ing, H.-P., Markwardt, F. (Pharma-
kol. Inst, der Med. Akad., 50 Erfurt), p. 84
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und Contrykal. Richter, M., Markwardt,
F. (Pharmakol. Inst, der Med. Akad., 50
Erfurt), p. 90

Klinische Untersuchungen mit Derivaten der
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Akad., 50 Erfurt), p. 93
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génes de groupes sanguins. Salmon, Ch,,
Mannoni, P., Séger, Jeanine (Centre Dé-
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Détermination automatique des groupes
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Transf. Sanguine, 75-Paris 15), p. 213
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de l'antigéne A dans les hématies. Serim,
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Note sur la survie des microfilaires en sang
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The activator time. A method for control
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therapy. Blix, S. (Ulleval Hosp., Dept,
of Kroghstotten, Oslo), p. 221

Some effects of pH and temperature upon
normal human red cell adenosine triphos-
phate. Scott, G. L., Oates, M., Grimes, A. J.
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function. White, J. G. (Mayo Bldg., Dept,
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An evaluation of aryl sulphatase activity in
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cytes. Ill. Effect of female hormones.
Abdul-Fadl, Y., Scott, R. B. (Med. Caoll,
of Virginia, Dept, of Med., Richmond, Va.)
p. 262

Serum iron as differential diagnostic aid in
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(Barneklin  Haukeland Hosp., Bergen,
Norway), p. 270

Neutrophil segmentation and radial segmen-
tation. Effects of cooling and demecolcine
on the lobulation on neutrophil nuclei.
Norberg, B. (Lasarettet, Dept, of Intern.
Med., Lund 5), p. 274
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D., Uhlenbrock, G., Bauer, K. (Univ. of
Heidelberg, Inst, of Immunol., Heidel-
berg), p. 280

Metformin and fibrinolysis. Heikinheimo, R.
(Hamenpuisto 1, Tampere, Finland), p. 288

Permanent fixation of lymphoid cells exposed
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N), p. 303

Cytoplasmic microtubules and radial-seg-
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The rapid papainisation of red cells for the
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The effect of bacterial T-activating enzymes
on the red cell Sp! antigen. Marsh, W. L.,
Nichols, M. E. (Serol. and Genet. Lab.,
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The inheritance of the Kell blood groups
in a Caucasian population sample. Lewis,
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News Item

SYMPOSIUM ON VIRUS HEPATITIS ANTIGENS AND ANTIBODIES

organized by
the International Society of Blood Transfusion
(in conjunction with: the International Society of Haematology)

MUNICH, Thursday, August 6, 1970

Speakers (having accepted):
I — Morning session (9—11 a.m.)
10— 12 minutes presentations

Chairmen: A. J. ZUCKERMAN (Great Britain)
R. W. McCOLLUM (USA)
B. S. Blumberg (USA) -- T. J. Greenwalt (USA) — R. W. McCollum

(USA) - K Okachi (Japan) — A. M. Prince (USA) — J. P. Soulier
(France) — F. Wewalka (Austria) — R. Wright (Great Britain)
A. J. Zuckerman (Great Britain)

Il — Afternoon session (3—6 p.m.)
6—=8 minutes — short presentations

Chairmen: B. S. BLUMBERG (USA)
J. P. SOULIER (France)
L. F. Barker (USA) — H. Berthold (West Germany) — F. Deinhardt

(USA) -- D. J. Gocke (USA) —G. A. LoGrippo (USA) —T. London
(USA) —F. O. MacCallum(Great Britain)— R. H. Purcell (USA)
C. Rittner (West Germany) — P. Taylor (Great Britain)

and general discussion between all the speakers.
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All applications for this symposium should be sent to Professor Ag. J. P.
SOULIER — Secretary General of the International Society of Blood Trans-
fusion — 6, rue Alexandre-Cabanel, Paris 15c (France) — and a copy should be
forwarded to Professor Dr. Theodor M. FLIEDNER - XIlIl. International
Congress of Haematology, 8 Minchen 12, Postfach 200.

The participants may either pay the inscription fee of the Haematology
Congress (which will give also the rightto attend this symposium) or pay a one-
day fee for this special day (Tageskarte).

SYMPOSIUM ERYTHROPOIETIC UM

An International Symposium on Regulation of Erythropoiesis and Haemo-
globin Synthesis will be held from August 10th to 13th, 1970, in Prague, Czecho-
slovakia. Those who require further details or who wish to present papers con-
taining original contributions should write to: Dr. Jan Neuwirt, Institute of
Pathological Physiology, U. Nemocnice 5, Prague 2, Czechoslovakia.
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E. R. Jaffé, Gertrude Neumann

Effect of diazooxonorleucine and N-ethyl maleimide on the incorpora-
tion of nicotinic acid and nicotinamide into the pyridine nucleotides
of human erythrocytes in vitro. Haematologia 4, 5 (1970).

Diazooxonorleucine inhibited the incorporation of radioactive nico-
tinic acid, but not of nicotinamide, into the pyridine nucleotides of
human erythrocytes. Inhibition was reflected in an increased accumu-
lation of nicotinic acid adenine dinucleotide, the immediate precursor
of NAD. Inhibition of incorporation of nicotinic acid by N-ethyl
maleimide and, to a lesser degree, incorporation of nicotinamide
paralleled the inhibition of glycolysis produced by this compound.
These observations were consistent with the known pathways for the
biosynthesis of pyridine nucleotides in mammalian tissues. They
also indicated that nicotinamide deamidase activity, if present at all,
was extremely limited in human erythrocytes.

Y. Moriyama, H. Saito, Y. Kinoshita

Erythropoietin inhibitor in plasma from patlents with chronic renal
failure. Haematologia 4, 15 (1970).

In 20 of 23 patients with chronic renal failure no measurable plasma
and urinary erythropoietin activity could be detected in spite of the
presence of severe anaemia. In addition, plasma from 11 out of 13
anaemic uraemic subjects induced a significant inhibition of ESF,
while normal human plasma was enhancing the erythropoietic effects
of ESF. The inhibitor was still present after in vitro dialysis and was
partially inactivated by heating. It was also shown that the inhibitor
could be acting during the stage of stem-cell differentiation, but not
during the later stages of erythroid cell development.
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I. Cornides, Hedvig Medzihradzky, 1. Bernét

A new method of preparing nitrogen samples from haem for mass spec-
trometric isotope analysis. Haematologia 4, 21 (1970).

The life span of a select population of the red cells formed in the
bone marrow after thermal injury was studied by means of the N
stable isotope tracer technique. The adequacy of this method depends
on the suitable preparation of nitrogen samples from haem for isotope
analysis. A new procedure has been worked out for this purpose
utilizing oxidation by cupric oxide in high vacuum at a temperature
of about 600 °C. Being much less time consuming and at the same
time reasonably accurate, the procedure is superior to the methods
used hitherto. £

G. G. Tedeschi, D. Amici, M. Paparelli

The uptake of radioactivity of thymidine, uridine, formate, glycine
and lysine into cultures of blood of normal human subjects. Relationships
with mycoplasma infection. Haematologia 4, 27 (1970).

Experiments have been undertaken to study whether the uptake
of radioactive substances into haemocultures of normal human
subjects could be related to latent and diffuse mycoplasma infection.
Whole blood or washed erythrocytes were incubated in PPLO
“Difco” broth, with or without antibiotics, in the presence of 6-*H
or 2-“C thymidine, G-*H or 2-"“C uridine, ¥C Na formate,
2-3H glycine, or G-“C 1-lysine. At intervals of several hours
or days the centrifuged sediments of the blood cultures were examined
for radioactivity in the fractions extractable with warm HCIO,
before and after elimination of the acid-soluble fraction, the purines,
the nucleic acids, or the protein fraction. In addition, chromatographic
fractionation of extracts and autoradiographic examination of
smears of incubated erythrocytes were carried out. The findings
were qualitatively similar, but quantitatively considerably different.
Uptake of thymidine and uridine into the acid-soluble fraction and
into the nucleic acids, uptake from formate and glycine into the
purine bases and into the nucleic acids, uptake of lysine into the
protein fraction were observed. Radioactive or non-radioactive
thymidine and uridine, within certain concentration limits, stimulated
the uptake of the same nucleosides and of formate. The completed
uptake of a certain amount of thymidine radioactivity appeared to
exert an inhibitory action on the subsequent uptake. Further, uptake
was stimulated under good conditions of oxygenation. In agreement
with previous findings it has been concluded that the results may
be attributed to a turnover of nucleic acids related to a diffuse and
silent infection by mycoplasma or L-forms of schizomycetes and to
the multiplication of these micro-organisms in the blood cultures.
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J. Armata

Hyperleukocytosis before the beginning of treatment in acute leukaemia
in children and its subsequent repetition at the onset of relapses. Hae-
matologia 4, 49 (1970).

The degree of leukocytosis at the beginning of 144 relapses of acute
leukaemia, determined by examination of the bone marrow, was
studied. In 30 children with leukocytosis 10,000/mm? or less before
beginning of treatment, 65 relapses were observed, including 4 with
leukocytosis above 10,000/mm?®. In the second group of 28 children
(leukocytosis over 10,000/mm?® before treatment), 79 relapses were
observed, including 22 with leukocytosis over 10,000/mm?® In the
second group, compared with the first, blastic hyperleukocytosis at
the beginning of relapses was significantly more frequent.

K. Krug, L. Stenzel

Contribution to the skeletal manifestations of leukoses, [ymphogranulo-
matoses and retothelsarcomas. Haematologia 4, 55 (1970).

Skeletal manifestations in clinical patients suffering from chronic
myeloid leukaemias, leukoses of immature cells, chronic lymphade-
noses, lymphogranulomatoses and lymphoreticular sarcomas are
described. The characteristics and frequency ef osteal islands in the
postmortem findings of a pathological institute on patients who died
of malignant haematological diseases are compared with the clinical
results. Osteolytic islands, circumscript or diffuse osteoscleroses,
osteoporoses and quite casually periosteal reactions occurred. Osteal
manifestations dependent on the process could be detected more fre-
quently in the autopsy material than in the clinical and roentgeno-
logical examinations. In certain cases of the examined disease groups
special prognostic and therapeutic conclusions can be drawn from the
recognized skeletal manifestations.
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S. Tura, M. Baccarani

The management of polycythaemia vera with Dibromomannitol.
Haematologia 4, 67 (1970).

Sixteen patients with polycythaemia vera have been treated with
Dibromomannitol (DBM) over a 30 month period. Treatment has
been cyclic. Dosage regimen included daily doses from 200 mg to
300 mg for 8 to 15 days. Fifty-one cycles are adequate for evaluation:
27 with a total dose of less than 3000 mg and 24 with a total dose
of more than 3000 mg. The control of the disease has been achieved
in all the sixteen patients, a single cycle every 4 to 6 months being
necessary for such a purpose. Leukopenia and thrombocytopenia
occurred in 16 9, and 18 9, respectively of overall treatments. A clear
dose-response and dose-toxicity rate are shown. The use of DBM in
chemotherapeutic control of polycythaemia vera, both for induction
and maintenance therapy, is finally discussed.

R. Farbiszewski, K. Worowski

Inhibition of blood platelet aggregation by serum IgM macroglobulin.
Haematologia 4, 75 (1970).

The time of platelet aggregation induced by ADP in platelet rich
plasma of a patient with IgM macroglobulinaemia was found to
be longer and the aggregates smaller than normal. The patient’s
platelet poor plasma caused a similar change in the reaction of the
platelet rich plasma of a healthy subject. Aggregation time was
prolonged by isolated IgM macroglobulin as well.

N. Lahmann

A further case of anti-N in the serum of a person of MN blood group.
Haematologia 4, 79 (1970).

A further (fourth) case of anti-N is reported in a person of MN blood
group. The MN antigens and anti-N antibody of the 82-year-old
German woman behaved regularly in all tests. The antibody obviously
belongs to the IgM-class and is to be regarded as a so-called natural
antibody.
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J. V. Chuba, W. J. Kuhns, R. F. Nigrelli, R. A. Morris, U. E. Friese

B-like blood factor of fur seals and sea lions. Comparative study with
D-galactose inhibition, human group B erythrocytes and B-active
human, baboon and rhesus monkey saliva. Haematologia 4, 85 (1970).

Fur-seal and sea-lion, but not harbour-seal erythrocytes were shown
to possess B-like blood factors. Human anti-B serum was shown
to possess: 1. a D-galactose-inhibitable fraction which cross reacted
with both human group B and B-like seal red cells, and 2. a D-
galactose-noninhibitable fraction, sensitive to 2-mercaptoethanol treat-
ment, which reacted only with human group B red cells. The hetero-
agglutination of both human group B and B-like seal red cells by
catfish anti-B heteroagglutinins was specifically inhibited with D-
galactose, thus suggesting that immunodeterminant D-galactosyl
residues of otherwise dissimilar surface membrane receptor structures
provided the basis for the B-like cross reactivity. Variability in the
comparative reactivity of human group B and B-like seal red cells
with immune plasmas produced by heteroimmunizing catfish with
B-active human, baboon and rhesus monkey saliva further illustrated
the heterogeneity of: 1. immune responsiveness in the lower verte-
brates, and 2. the “blood-group-active” saliva substances of dif-
ferent species of primates. 4

J. Sziics

Multiple myeloma without ‘paraprotein. Haematologia 4, 97 (1970).

The case history of a patient with multiple myeloma is presented.
The diagnosis was based on the typical bone marrow picture and
bone deformities. However, paraprotein could not be detected in
the blood or urine by either paper electrophoresis or immuno-
electrophoresis.

Susan Faragé, I. Oldh

Electron microscopic investigation of the developing forms of megakaryo-
cytes. Haematologia 4, 103 (1970).

The submicroscopic properties of the developing forms of megakaryo-
cytes in mouse spleen have been investigated. The criteria of the
classification of the individual developing forms, the formation of
the DMS, the supposed double role of the Golgi apparatus, the
changes in the chromatin substance of the cell nucleus and its possible
functional background are discussed.
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Haematologia 4 (2), pp. 131—139 (1970)

Diagnostic Difficulties in a Patient with Jaundice
and Anaemia

J. Ph. H. B. Sybesma, M. C. Verloop

Department of Haematology, University Clinic for Internal
Diseases, Utrecht, The Netherlands

(Received December 30, 1969)

In a 40-year-old jaundiced anaemic woman, ill with fever, polyneuropathy
and loss of hair, fulminating haemolysis was identified as the cause of the anaemia.
The possible causes of this haemolysis have been discussed. The jaundice could not
be explained solely on the basis of the haemolysis. Hepatitis was possible; later E.
coli sepsis was found, caused probably by cholangitis. Adequate control of the sepsis
with antibiotics was followed by improvement of liver function and of the haemolysis.
At a subsequent operation, the bile ducts were drained and a liver biopsy was per-
formed. The biopsy specimen showed signs of cholangitis and extrahepatic cholestasis.
The patient made a complete recovery after the operation.

A woman aged 40 was admitted to the Utrecht University Clinic for Internal
Diseases late in November, 1968. She had previously been hospitalized for ten
days in the St. Joseph Hospital, Eindhoven (internist Dr. G. H. W. Jordans).

Since the middle of October, the patient had been tired and nauseated;
she vomited nearly every day and became jaundiced after a week. At that time the
stools had had a light colour for a few days, while the urine was dark coloured.
The patient had been taking Lyndiol tablets for 18 months, and in the course of
September she had taken 20 tablets of Irgapyrine (125 mg phenylbutazone + 125
mg aminophenazone) for low back pain. When hospitalized in Eindhoven the
patient was jaundiced and severely ill. The skin showed no spider naevi; the mucosa
was pale. The temperature varied between 38 and 40°C. Liver and spleen were not
palpable and no abnormalities were found. At digital examination of the rectum
the faeces on the glove had a brown colour.

Blood picture: ESR 100 mm after 1 hour; Hb 6.7 g/100 ml, later diminish-
ing to 5.2 g/100 ml; haematocrit 18%; red cell count 2.3 million, MCV 79 fl,
MCH 29 ppg, MCHC 37%; reticulocytes 2%0; white cell count 11,500; differ-
ential count normal; platelet count 227,000.

Blood chemistry: bilirubin 197 mg/100 ml with a 10-minute value of 63%;
alkaline phosphatase 10 pmol/min/100 ml; SGOT 123 pmol/min/100 ml; SGPT
210 pmol/min/lIOO ml. Thymol turbidity test 3.3 U. Serum protein; total protein
4.6 ¢/100 ml; albumin 46%, a,-globulin 8%, a2globulin 7%, /i-globulin 11%,
y-globulin  30%.

Urine: traces of protein; urobilin + + + and bilirubin + + + ; the sediment
contained a number of leucocytes. A blood culture was negative.
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Clinical course in Eindhoven: to combat the anaemia the patient received
packed cells from 11 donors and whole blood from one donor, within a week.
The Hb thereupon rose from 5.2 to 7 g/100 ml. The jaundice increased and the
bilirubin level rose to 41.6mg/100 ml. The general condition deteriorated and the
patient was transferred to our Department.

After admission, the patient was no longer vomiting but was still nauseated
and very tired. She complained of muscular weakness in the arms and legs. Con-
sciousness was unclouded but she gave an impression of being very ill. The tem-
perature was up to 39.4°C. Her hair was conspicuously scanty. Her arms and legs
were weak, she was unable to stand. Biceps, patellar and Achilles and plantar
reflexes were negative on both sides. The ocular fundi were normal.

Blood picture: ESR 73 mm after 1 hour; Hb 7.0 g/100 ml; haematocrit 20% ;
reticulocytes initially 1—2%0, later increased to 50—100%0. White cell count
3,200, with normal differential count; platelet count 120,000.

Blood chemistry: creatinine 2.2 mg/100 ml, urea 1.01 mg/100 ml, uric acid
3.7 mg/100 ml. Serum iron 0.16 mg/100 ml, latent iron-binding capacity 0.01 mg/100
ml, saturation 94%. Bilirubin 30 mg/100 ml, 10-minute value 97%. Thymol tur-
bidity test 3.5 U MacLagan. Alkaline phosphatase 7.1 pmol/min/100 ml, amylase
37.6 /nnol/min/I0OO ml; SGOT 1.9 /<mol/min/I00 ml; SGPT 11 /nuol/min/I00 ml;
LDH 145 pmol/min/100 ml.

Other laboratoryfindings : the bone marrow was poor in cells with occasional
megakaryocytes. Erythropoiesis was relatively better represented than granulo-
poiesis; ratio erythropoiesis : granulopoiesis 1:1. The granulopoietic system
was shifted to the left and displayed toxic granulation. On iron staining
haemosiderin in the RES was slightly more than normal. Later bone marrow
punctures revealed many cells, with hyperplastic normoblastic erythropoiesis. The
cellular poverty of the bone marrow punctates and the reticulocytopenia in the
early phase were probably due to the high fever. After the temperature had
returned to normal, bone marrow punctates showed a high cellularity and there
was reticulocytosis.

Urine: 4 g protein per 24 hour; urobilin + +, bilirubin + ; the sediment still
contained a fair number of leucocytes. The urinary culture was negative on one
occasion, and disclosed Klebsiella on another.

Since the Hb concentration had risen from 5.2 only to 7 g/100 ml on trans-
fusion of blood from 12 donors, it seemed probable that the patient was suffering
from chronic haemolysis because there were no signs of blood loss, nor did the
faeces contain blood.

Further laboratory studies showed that syphilis reactions were negative; the
serum contained no antinuclear factor; there was no free haptoglobin (the serum
protein that selectively binds haemoglobin); there was haemoglobin-haptoglobin
complex as well as free haemoglobin: 8 mg/100 ml (normal value up to 5 mg/100
ml). These findings, too were consistent with a severe haemolytic anaemia of not
immediately identifiable cause. To identify the causative factor, we reviewed the
various possibilities.
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The principal causes of haemolytic anaemia are listed in Table 1

Table 1
A.  Hereditary haemolytic anaemia

1 hereditary spherocytosis

2. haemoglobinopathies and a- or /3-thalassaemia
3. hereditary elliptocytosis

4. non-spherocytic haemolytic anaemias

5. haemolytic anaemia with pigmenturia

6. dyserythropoietic haemolytic anaemias

7. erythropoietic porphyria

B.  Acquired haemolytic anaemia

1 isoimmune haemolytic anaemia

. autoimmune haemolytic anaemia

. haemolytic anaemia from chemical or physical causes

. haemolytic anaemia associated with infections

. non-autoimmune haemolytic anaemia associated with systemic
diseases, neoplasms, etc.

. haemolytic anaemia in splenomegaly (hypersplenism)

. vitamin B12 or folic acid deficiency

. paroxysmal nocturnal haemoglobinuria

. microangiopathic haemolytic anaemia

abbwi

©O© 0o ~No»

re A.l : No spherocytes were found in the blood smear; the osmotic resistance
of fresh erythrocytes and erythrocytes incubated for 24 hours was normal. There
was no family history of jaundice and/or anaemia. Therefore there were no direct
clues to hereditary spherocytosis.

re A.2: Hb electrophoresis yielded no abnormal haemoglobin. The patient
had a normal concentration of HbA2 (3.1%) and a normal HbF concentration of
0.4%. The smear showed no sickle cells or characteristics of thalassaemia with
target cells, hypochromasia, etc. Nor did the smear, stained with brilliant cresyl
blue, contain inclusion bodies of the type found in a-thalassaemia (haemoglobin
H disease). Therefore there were no signs of haemoglobinopathy or thalassaemia.

re A3: The blood smear showed no elliptocytes; hereditary elliptocytosis
was therefore ruled out.

re A.4: Hereditary non-spherocytic haemolytic anaemia usually entails an
enzyme deficiency. The enzymes involved can be divided in accordance with the
following simplified classification (Fig. 1).

1 Glycolytic enzymes which occur in the pentose-phosphate pathway: a) glu-
cose-phosphate dehydrogenase (G-6-PD); b) other enzymes.

(Deficiency of one of the enzymes of this group is often associated with
increased autohaemolysis (> 3% haemolysis after 48 hours incubation at 37°C),
with diminished autohaemolysis when glucose is added to the blood in advance
(autohaemolysis type 1 of Selwyn and Dacie [4]).
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In our patient haemolysis was normal: 1.6%; when glucose was added in
advance it was 1.1%. Associated biochemical manifestations of G-6-PD deficiency
are GSH instability and the presence of Heinz inclusions (denatured haemoglobin
corpuscles) in the erythtrocytes. Relevant tests were negative in our patient. The
G-6-PD concentration of the erythrocytes was normal: 6.3 pmol/min/g Hb, as
was the 6 PGD concentration: 3.5 pmol/min/g Hb.

2. Glycolytic enzymes which occur in the Embden-Meyerhof pathway:
a) pyruvate-kinase (PK); b) other enzymes.

An enzyme deficiency in this anaerobic metabolism is often associated with
increased autohaemolysis, which does not diminish when glucose is added to the
blood in advance (autohaemolysis type 11). The autohaemolysis test was normal in
our patient.

glucose GSH GSSG GSH GSSG
ATP. GSSG- reductase GSSGM-Teductase
hexokinase
NADPH NADP  NADPH
ADPA N
G6PD GP PD
glucose -6-phosphaie 6 phospho gluconate------ pentose -

5 - phosphate
PENTOSE-PHOSPHATE-PATHWAY

triosephosphate
I G6PD :glucose—G—phosphate dehydrogenase
phospho-enol- pyruvate 6 PGD =6 phospho gluconate dehydrogenase
. GSSG =oxydi2ed glutathion
pyruvate Kinase GSH  =reduced glutathion
NADP =nicotinamide - adenine-dinucleotide-

ATP™ ¥ phosphate
pyruvate NADPH =reduced NADP
v ADP  »adenosine-di-phosphate
lactate ATP =adenosine —ri-phosphate

Fig. 1 Schematic survey of glucose metabolism in human erythrocytes

The PK concentration of the erythrocytes was normal: 2.5 pmol/min/g Hb.
ATP + 2,3-diphosphoglycerate values were likewise normal, so that the presence
of enzyme deficiencies in the Embden-Meyerhof pathway was very unlikely.

3. Non-glycolytic enzyme deficiencies: a) glutathione (GSSG) reductase;
b) other enzymes.

The study of GSSG reductase in the erythrocytes showed normal values.
Nor were there any signs of other non-glycolytic enzyme deficiencies.

Thus, the erythrocyte studies revealed no enzyme deficiency. However,
during a haemolytic crisis an enzyme deficiency may be masked by the predomi-
native number of young erythrocytes and most enzymes show a higher concen-
tration in young than in old erythrocytes. At the time of the first investigation,
moreover, the blood consisted for a large part of normal donor erythrocytes.
A few months later, when the haemolysis had disappeared, enzyme studies of the
erythrocytes were therefore repeated; the results obtained were normal.
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re A.S: The history yielded no clue to a familial haemolytic anaemia with
urinary excretion of abnormal bilirubin metabolites. The urine had never been
brown or black. The erythrocytes contained no abnormal inclusion bodies such
as those found in particular after splenectomy, which suggested for the con-
dition named hereditary anaemia with Heinz bodies [2]. Thermolabile haemo-
globin — another abnormality characteristic of this disease — was likewise absent.

re A.6: There was no sign of any of the rare familial dyserythropoietic hae-
molytic anaemias [L]. The erythroblasts in the bone marrow were neither binuclear
nor abnormally large. The amount of urobilinogen in the faeces (usually much
increased in this syndrome) was only slightly increased at a single determination.

re A.7: Patients suffering from erythropoietic porphyria usually show skin
changes, particularly after exposure to sunlight. The urine often has a red colour
caused by the large amounts of uroporphyrin and coproporphyrin. Our patient
never had skin changes and showed good tolerance to sunlight. The colour of the
urine was reported never to have been abnormal.

Urine analysis disclosed no porphobilinogen or uroporphyrin. Only a trace
of coproporphyrin was found. There were therefore no signs indicating erythro-
poietic porphyria.

re BA : Isoimmune haemolytic anaemia is known to occur in erythroblastosis
foetalis and in association with transfusion reactions.

Erythroblastosis foetalis was ruled out in this case. Anaemia and jaundice
had been present before blood transfusions were given. After the blood trans-
fusions there were no abnormal reactions and no abnormal blood-group antigens
were demonstrable.

re B.2: Autoimmune haemolytic anaemia caused by immune antigens
against erythrocytes may occur secondarily in systemic diseases such as chronic
lymphatic leukaemia, malignant reticulosis and Hodgkin's disease, systemic lupus
erythematosus, virus pneumonia, infectious mononucleosis, and syphilis. Whenever
no such primary disease is found, the anaemia is called idiopathic. — Our patient
showed a negative direct Coombs test with anti-y-globulin and anti-complement
serum. Nor were incomplete warm antibodies found in the serum with the salt
technique, the bromelin technique, or the indirect Coombs test. At 16°C no cold
agglutinins were present in the serum. Nor were warm or cold haemolysins found
in the serum at pH 6.5 and pH 7.5, respectively. The Donath-Landsteiner reac-
tion was negative. There was therefore no autoimmune haemolytic anaemia in
this case.

re B.3: Physical or chemical causes of haemolytic anaemia are assumed to
play a role in march haemoglobinuria, in haemolysis following heart surgery with
insertion of artificial valves, in haemolysis following burns or drowning and in
haemolysis following haemodialysis with a dialysing fluid of incorrect composition.
None of these causes were present in our case.

Haemolytic anaemia may occur also following ingestion of certain chemicals,
toxic substances or drugs. The patient had taken Irgapyrine and Lyndiol tablets;
so far, no fulminating haemolysis has been observed in association with these
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drugs. There are reports, however, on jaundice due to intrahepatic cholestasis in
association with the use of Lyndiol and other contraceptives [5]. No demonstrable
amounts of thallium were found in the patient’s urine and hairs.

re B.4: Infections which may cause serious haemolysis are as follows:

a) Clostridium welchii infection. Examination of the patient's serum for
the relevant lysins and agglutinins had a negative result.

b) Malaria. No malarial parasites were demonstrated.

c) Bartonella bacilliformis infection. This produces the so-called Oraya
fever — a disease which occurs in Latin American countries but is unknown in
The Netherlands.

Haemolytic anaemia has been described also in association with atypical
pneumonia, in infectious mononucleosis and in hepatitis infectiosa. There
were no signs of an atypical virus pneumonia. The blood picture showed no fea-
tures of infectious mononucleosis, and the PauLBunnell reaction was negative.
Hepatitis, however, was possible.

In view of the persistent fever, blood cultures were made which repeatedly
disclosed E. coli. E. coli sepsis was certainly to be considered a factor in the
aetiology of the haemolytic anaemia; for example, through a direct effect on the
erythrocytes or through indirect agglutination following adsorption of poly-
saccharides produced by the microorganisms.

re B.5: The bone marrow punctates were consistent with a toxic process
and supplied no clue to the presence of a malignant systemic disease. No patho-
logical cells were found in the leucocyte concentrate of the blood either.

— To summarize: there were no signs suggestive of leukaemia, reticulosis
or Hodgkin’s disease, myelomatosis or any other neoplastic disease.

re B.6: The spleen was not palpable and radiologically not enlarged. Except
in the initial phase of the disease, leucocytopenia or thrombocytopenia was not
found. Later (in January 1969), the possible degradation of erythrocytes labelled
with radioactive chromium was studied. No abnormal sequestration in the spleen
was demonstrable. There were therefore no indications of hypersplenism.

re B.7: The bone marrow showed no signs of vitamin B,2 or folic acid defi-
ciency. The serum vitamin B12 and folic acid concentrations were normal, so that
haemolysis due to vitamin B12 or folic acid deficiency was ruled out.

re B.8: Paroxysmal nocturnal haemoglobinuria (PNH) was unlikely in
view of the history. The patient had never voided a dark urine. The acid-haem test
was negative. The alkaline phosphatase level of the granulocytes in the smear
(usually diminished in PNH) was increased. There were therefore no signs indic-
ative of PNH.

re B.9: No fragmentocytes or acanthocytes were demonstrable in the blood
smear. There was no thrombocytopenia nor a disorder of blood coagulation;
for example, the serum fibrinogen level, prothrombin time and thrombin time
were normal. Microangiopathic haemolytic anaemia was therefore ruled out.

In summary, the most plausible cause of the patient’s severe haemolysis was
an infectious process, probably hepatitis later followed by E. coli sepsis.
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The jaundice, combined with the putty stools and dark urine, the fever
and the high transaminase activity in the serum during the initial phase of the
disease seemed to suggest an affection of the liver, possibly combined with, or a
consequence of, cholestasis. Had the jaundice been due exclusively to the haemo-
lysis, then the serum bilirubin level would not have risen to 41.6 mg/100 ml.
A 10-minute value of 97% was likewise unlikely to be caused solely by haemolysis,
but was plausible in the case of obstructive jaundice combined with haemolysis.
It seemed possible that the patient besides having had hepatitis was suffering
from cholangitis; in favour of this suggestion were the fever and the jaundice of
the obstructive type. The high transaminase activities might have indicated a
damage to the liver parenchyma. A culture was therefore made from the pa-
tient’s bile, which proved to contain the same organism as the blood, E. coli
serotype 04K2 Many bacterial colonies were cultured especially from the B and
C-bile (serological typing was done by Dr. Heyl of the National Institute of Public
Health, Bilthoven).

Meanwhile, the neurologist had established by electromyography a sym-
metrical polyneuropathy of the arms and legs; this, however, could be consistent
with the sepsis.

In view of the serious condition the patient had initially received 60 mg
prednisone per 24 hours. During this medication high fever persisted and the
jaundice increased further. After nine days, sepsis caused by a Gram-negative
rod-shaped microorganism was established, and the patient was treated with
kanamycin/cefalotin. Within 24 hours the temperature fell from 40 to 37°C. When
the patient was found to suffer from E. coli sepsis, the strain cultured being insensi-
tive to cefalotin and sensitive to tetracycline, the medication was discontinued
after two days and tetracycline was prescribed also because cholangitis or chole-
cystitis was considered possible and tetracycline is usually secreted at high concen-
trations in the bile. During and after the tetracycline medication the patient
remained afebrile and showed distinct clinical improvement. The bilirubin concen-
tration diminished in six weeks from 30 mg/100 ml to 0.68 mg/100 ml (hormal value
up to 0.8 mg/100 ml). The Hb rose only slightly, from 7.7 to 8.9 g/100 ml, but
the patient required no further blood transfusions to maintain the Hb at this
level, after having had initially packed cells of 800 ml blood.

After tetracycline medication for a week, a normal amount of free hapto-
globin was found in the serum, and the plasma-free haemoglobin level fell to
normal values. The fulminating haemolysis seemed to have been arrested. Neverthe-
less, the survival of the patient's own erythrocytes labelled with alCr was still
somewhat reduced: the half-life proved to be 20 days (normal half-life 24—36
days). The sequestration of olCr-labelled erythrocytes, measured over spleen and
liver, was normal. Cholecystography with an oral contrast medium failed to
visualize the gall-bladder. After administration of an intravenous contrast medium,
a low-contrast gall-bladder of normal shape without concretions was visualized;
the contrast medium proved to fill the common duct to a level well into the
intestine.

Haematologia 4, 1970



138 Sybesma, Verloop: Diagnostic difficulties in a patient

Another bile culture was made after tetracycline treatment. The bile still
contained E. coli of the same type as before. After consultation with the surgeon
it was decided for a laparotomy to examine and if necessary to drain the gall-
bladder and bile ducts, and to obtain a liver biopsy specimen.

At operation (University Surgical Clinic, Head: Prof. Dr. J. F. Nuboer),
the gallbladder and hepatocystic duct proved to contain no stones; the bile ducts
were drained, and a liver biopsy was performed. The patient received 800 ml blood
in the course of the operation.

Microscopic examination of the liver specimen (by W. Heyenbrok, Patho-
logical Institute, Head: Prof. Dr. A. de Minjer) showed broadened periportal
zones extending far into the surrounding liver tissue. The broadening was caused
by an increase in connective tissue, and by an increase in cells. These cells were
polynuclear leucocytes and mononuclear cells. The bile passages in the periportal
zones contained bile pigment. The entire picture was consistent with extrahepatic
cholestasis; there were also signs of cholangitis.

The patient made a slow postoperative recovery. Her arms and legs increased
only gradually in strength. The hair growth was restored earlier.

The Hb rose to 12.6 g/100 ml, and the ESR diminished to 28 mm/1 hour.
Liver function improved, and renal function returned to normal. The patient was
discharged on 21st March, 1969.

At follow-up in the out-patient clinic on 24th July, 1969, she was found to
have made excellent progress. She was going for long walks, aided by a cane; she
looked healthy and had an abundant hairdo.

The ESR was 10 mm after 1 hour; Hb 14.7 g/100 ml, haematocrit 41 %.
Red cell count 4.6 million with normal MCV, MCH and MCHC values;
reticulocytes 7 %0; white cell count 7,200, with a normal differential count;
platelet count 274,000. The serum free haptoglobin concentration was nor-
mal: 60— 120 mg/100 ml. Liver function tests were entirely normal (normal
protein pattern and thymol turbidity test). E. coli could no longer be cultured
from the bile.

In summary, a 40-year-old jaundiced and very ill woman was found to
suffer from a severe haemolysis, probably after having had a hepatitis.
Later there was found an E. coli sepsis, as a result of cholangitis, perhaps
promoted by the treatment with corticosteroids. Besides that the patient suffered
from a polyneuropathy and loss of hair. After the condition had been brought
under control, the disturbed liver function was restored to normal, haemolysis
ceased and the polyneuropathy disappeared gradually.

We gratefully acknowledge the information and advice received from Prof. Dr. L
Meyler, Groningen, and from Dr. R. P. Mouton and Dr. G. E. J. Staal, Utrecht. We are
also indebted to Miss C. C. Bos for technical assistance.
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Clinical and haematological data, special red cell characteristics and studies of
the haemoglobin structure of an unstable haemoglobin haemolytic anaemia (UHHA)
are reported. The instability of the patient’s haemoglobin originates from a /388 (F4)
Leu —» Pro mutation, and thus is together with one observed in France [1] a further
example of the unstable Hb Santa Ana. Special red cell studies revealed deranged non-
electrolyte permeability, slightly lower GSH, and relatively low ATP content of the
patient’s red cells. Characteristics of foetal-type erythropoiesis: increased red cell elec-
trophoretic mobility, increased G6PD activity and changes in the lipid composition of
the red cell membrane resembling those found in cord blood cell could be detected.

A well-defined group of hereditary non-spherocytic haemolytic anaemias is
caused by abnormal haemoglobins (Hb) with reduced molecular stability. The
unstable haemoglobin haemolytic anaemias (UHHA) are characterized by a very
variable degree of haemolysis and splenomegaly, the presence of red cell inclusion
bodies and often a dipyrroluria [1]. Up till now 20 various amino acid substitu-
tions and 3 different amino acid deletions are known to cause overt instability
of the Hb molecule.*

Based on the atomic model of Hb it has been possible for Perutz, Kendrew
and Watson [2] to predict what kind of substitutions might give rise to patho-
logical effects. These predictions have been confirmed by the structural studies
of the unstable haemoglobins and by the evaluation of the detailed atomic inter-
actions of these abnormal Hb-s [3].

Knowledge concerning the UHHA continues to advance. But in spite ol
the considerable progress in the understanding as to how the Hb instability leads
to its intracellular precipitation much less is known in strict biochemical terms
about the effect of this intracellular precipitation on the function and viability of
the red cell. Notwithstanding the considerable advances in knowledge [7—13] of
the pathomechanism of membrane damage, haemolysis and cellular breakdown
in UHHA, more clinical, haematological and biochemical data are needed to

*21 of the 23 unstable Hb-s have been reviewed in reference [4], the structure of the
recently described Hb Boras was reported in reference [5] and that of Hb Dakar in ref-
erence [6].
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elucidate the relationship between the actual structural instability of the hae-
moglobin molecule and the varying patterns of red cell abnormalities caused by it.

This paper reports clinical and haematological data, results of investigations
of haemoglobin, and some data of red cell structure, metabolism and permeability
in an UHHA in Hungary.

Methods

Standard methods were used for haematological investigations [14].

Red cell lipids, non-electrolyte permeability, acetylcholinesterase (AchE)
activity, glucose-6-phosphate dehydrogenase (G6PD) activity, reduced glutathion
(GSH) level, electrophoretic mobility of the patient’s red cells were determined
according to the methods described in an earlier paper [15].

Investigation of haemoglobin

Hb electrophoresis was carried out in starch gel [16] and on paper [17].

Methaemoglobin was determined immediately after venipuncture by the
method of Evelyn and Malloy [18]. Methaemoglobin formation was studied on
fresh anticoagulated blood samples, which were incubated at 37°C. Aliquot
samples for methaemoglobin determination were taken after 2,4,20 and 24 hours
of incubation.

Heat dénaturation was carried out at pH 6.8 in 0.1 M phosphate buffer
at 50°C, and at 65°C respectively, according to the methods of Dacie [19] and
Betke [20].

Foetal haemoglobin content was determined by Singer’s method modified
by Betke [21]. The Hb variant was isolated by paper electrophoresis at pH 8.9
using Tris buffer [17]. After paper electrophoresis the abnormal band was eluted,
and the eluate was concentrated by dialysis against vacuum. The haemoglobin
solution was then heated for one hour to 50°C at pH 7.4 [21]. A precipitate
was formed which was washed repeatedly with buffer at pH 7.4 at 50°C, and
then submitted to chemical analysis.

As a first step the remaining haem was removed, and the globin was separated
into its a- and /1-chains [22]. The [-chains were aminoethylated [23], digested
with trypsin and “fingerprinted” by using the methods summarized previously [24].

Potassium and sodium determinations were carried out in a Beckmann
flame photometer. The K-content of the erythrocytes was calculated from the
K-content of whole blood and plasma, and from the actual haematocrit values.
ATP content of the red cells was measured by the Boehringer test.

In vitro iron incorporation was estimated by the method of Belcher and
Courtenay [25] usingo¥e3+(FeCl3) (Isotope Institute of the Hungarian Academy
of Sciences) having a specific activity of 56.2 Ci(Q).
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The urinary output of dipyrrols was measured according to the method of
Siedel and Moller [26] modified by Benedek and Sods [27] in the Department of
Clinical Chemistry of the National Institute of Haematology and Blood Trans-
fusion. The absorption spectra were taken by a Perkin Elmer UV 137 spectro-
photometer. The reference standard mesobilifuscin was prepared from bilirubin
by the method of Siedel [28] and purified according to Benedek and Sods [27].

Case report

J. Z., a 7-year-old Hungarian boy was said to be anaemic since birth, often
unduly tired. The mother was 40 years old when the propositus was born. The
father is a heavy drinker. Recurrent episodes of disabling fever, jaundice and
passage of dark brown urine were observed. He was treated since 1964 at the
Second Children's Hospital, Semmelweis University School of Medicine, Buda-
pest.

First admission to the Department of Haematology of the National Institute
of Haematology and Blood Transfusion, Budapest, was on May 2, 1968. At that
time the normally developed child was only slightly anaemic and had no com-
plaints. The spleen could be palpated 4 cm below the costal margin. Otherwise
no abnormality was noted on clinical examination. Haemoglobin 8.9 per cent,
PCV 42 per cent, red cell count 3.2 mill/pl, MCHC 27.5 per cent, white cell count
4800/pl, normal distribution and morphology. Platelets 160,000//d, reticulocytes
16 per cent; no normoblasts; osmotic fragility of the red cells. 0.60—0.20 per cent
NaCl. Bone marrow was highly cellular with erythroid hyperplasia (M :E= 1;2);
serum iron 95 pg per 100 ml; total iron binding capacity 230 pg per 100 ml;
41.3 per cent saturation. Direct and indirect Coombs test and Ham acid test
negative; serum bilirubin 1.8 mg per 100 ml (unconjugated 1.3 mg%, direct
reacting fraction 0.5 mg%). Red cell sedimentation rate: 4 mm/h; serum hapto-
globin: 20 mg%.

Investigation of the red cells

The red cells in the Romanovsky stained blood film were hypochromic,
with marked aniso- and moderate poikilocytosis. No inclusion bodies were
detectable. In the Nile-blue stained film Heinz-bodies were observed in 3.7 per
cent of the red cells. The number of the inclusion body containing erythrocytes
increased to 80 per cent after 24 hours of incubation at 37°C.

Non-electrolyte permeability of the erythrocytes was decreased. This is well
reflected in the increase of the half-time of haemolysis in isotonic glycerol and
thiourea. In addition to the changes in the rate of haemolysis, the slope of the
curves differs significantly from the normal (Fig. 1).

lon permeability : Plasma-Na: 136.0 mEg/l, RBC K : 133.0 mEg/1 (normal
value).
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ATP content = 0.70 yumol/ml erythrocyte (decreased when taking into
account the young mean red cell age).

Red cell electrophoretic mobility = 1.62 « 10-4 cm2sec/volt (normal range =
= 120 1.38 « 10“4 cm7sec/volt).

G6PD activity = 14.7d OD/min/g Hb (normal range 8.0—12.0 A OD/min/g
Hb).

GSH - 51 mg/100 ml RBC (normal range = 60— 100 mg/lOOml RBC).

AcliE activity 0.70 A pH/h (normal range = 0.60—0.90 A pH/h).

Red cel! survival = the half-time of disappearance of the propositus’ own
SICr labelled erythrocyte was reduced to 5 days (normal 25 to 30 days).

In vitro e incorporation considerably increased as compared to the
normal control (Fig. 2). In addition to this, an increase was also observed in the
non-haem iron binding protein fraction (Fig. 3).

Red cell lipids
Cholesterol 127 «10-12 mg/cell (normal x = 125.4 + 12.62)
TEFA 63 +10-12 mg/cell (normal x = 199.8 + 11.81
Lipid-P 10.8 ¢10-12 mg/cell (normal x = 11.8 + 1.03)

Fatty acid distribution of the total phospholipids (major components in
relative percentage):

Cl60= 29.1 c8 = 69
CMI= 26 Q1 = 103
CRB,= 265
CBL= 24.4

Urinary dipyrrols

Only trace amounts of mesobilifuscin could be detected in the patient’s
urine (Fig. 4).

Fig. 1 Non-electrolyte permeability of the erythrocytes of a normal (Norm.) subject and the
patient (499)
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Fig. 2. In vitro 7lFe incorporation into erythrocytes

Fig. 3. Column chromatographic analysis of the stroma-free haemolysate of J. Z., and a
normal control (first peak: non-haemoglobin iron binding proteins; second peak: haemoglobin)

Fig. 4. Spectrum curve of the urine chromogens. 405 m< : mesobilifuscins; 490 mft : urobilin
and stercobilin
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Table |

Comparative studies of the characteristics of adult and foetal erythrocytes and of the red cell characteristics of the patient with unstable

Life-span

phospholipid
fatty acids
Electric charge
Structure-enzyme

Non-electrolyte
permeability

Cell integrity
HMP-shunt

Erythropoietic
activity

Haemoglobin F

haemoglobin haemolytic anaemia

Characteristics under study Normal erythrocytes* Foetal erythrocytes**  Erythrocytes (J.Z.)
SICr t 2 (day) 25—30 14—20 5

relative decrease of unsaturated fatty acids none marked marked
C|82 (methylester) relative % 12.6(10.9—14.5) 55 (4.3—6.6) 6.9
C23 (methylester) relative % 0 2.7 (2.3—3.9)** 0
Elpho-mobility (10-4 cm/sec/volt) 128 (1.20—1.38) 143 (1.34—1.50) 162
AchE activity (1 pH/h) 0.75 (0.60—0.90) 0.42 (0.25—0.58) 0.70
Haemolysis in isotonic glycerol (t -2y (sec) 22 (19—26) 53 (37-63) 4
Haemolysis in isotonic thiourea (t %) 123 (115—132) 140 (116—175) 151
GSH (mg/100 ml RBC) 69 (60 100) 66.1 (37—81) 51
G6PD activity (zI OD/min/hgb) 10.3 (8.0—12.0) 15.2 (12.7—22.6) 147
erythropoiesis of the bone marrow normal hyperactive hyperactive
reticulocyte number %0 2—15 20—60 160
in vivo 5Fe incorporation (10-11+, Fe/reticulo-

cytes) 0.76—1.09 435 (21.7—82.0) 79
alkali resistance % 0—1 60—80 19

* Results based on the study of 50 blood samples.
** Results based on the study of 30 cord blood samples.
*** Of the 30 cases under study CAx3fatty acid was present only in 17 samples.
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Investigations of the haemoglobin

On paper (pH 8.9) and starch gel electrophoresis (pH 8.6) a haemoglobin
band was noted which moved between Hb Aand A2 (Figs 5, 6).

Hb F = 19per cent (normal range = 0.6—0.8 per cent)

Hb A3 = 3.9 percent(normal range = 2.5—3.5 per cent)

Methb = 2.7 percent (normal range = 0.5—1.0 per cent)

Fig. 5. Paper electrophoresis (pH 8.9) of the haemolysate of a normal subject and the
patient. P = patient, N = normal control

Fig. 6. Starch gel electrophoresis (pH 8.6) of the haemolysate of a normal subject and the
patient. N = normal control, P = patient

Methb absorption spectrum (pH 5.5): normal.

Methb formation slightly elevated (Fig. 7).

Heat dénaturation at 65°C (pH 7.4) showed an increased lability of J.Z’s
Hb (Fig. 8).

In thefingerprint (peptide chromatogram) of the isolated and aminoethylated
abnormal /1-chains the tryptic peptides (Tp) consisting of aminoethylated (AE)
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/TTpX (B 83—95) and /I'TpXa (& 83—93), both had abnormally low chromato-
graphic mobilities (Fig. 9).

The finding was confirmed by preparing a fingerprint of a mixture of AER-
chains from haemoglobin A and from the abnormal haemoglobin which showed
two spots each corresponding to normal and abnormal AE/?TpX and to normal
and abnormal AE/TTpXa, respectively. All the other tryptic peptides in the finger-
print of the AE/Tchain of the abnormal haemoglobin were in the position expected
in haemoglobin A, and gave the staining reactions in normal haemoglobin.

Fig. 7. Methaemoglobin formation of the haemolysate of J. Z. and of the control

Fig. 8 Heat dénaturation of the haemolysate of J. Z. and of the control

Fig. 9. Fingerprint (peptide map) of the unstable haemoglobin fraction of J. Z
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Table 2

Amino acid sequence of aminoethylated jITpX of haemoglobin A

Sequential
number 83 8 & 86 8 8 8 90 9 92 9B HU H5

Helical EF7 8 FH 2 3 4 5 6 7 8 9 10 1
number tGly Thr Phe Ala Thr Leu Ser Glu Leu His AE- Asp Lysf

Cys*

On tryptic digestion (f), partial hydrolysis (t) occurs at the carboxyl end of AE
cysteine, and in addition to /STpX (8 83—95) B TpXa IR 83—93) and /ITpXb (/594—95) are
formed.

Table 2 shows the amino acid sequence of AE/TTpX of haemoglobin A.
It will be seen that the cysteine residue in position 93 is aminoethylated; AE Cys
in an amino acid sequence becomes subject to tryptic hydrolysis, hence AE/TTpXa
(R 83—93) is formed, but the tryptic hydrolysis is usually only partial, and AE/TTpX
(B 83—95) is found also.

The lower chromatographic mobility together with an unaltered electro-
phoretic mobility of the peptides from the abnormal haemoglobin suggested the
replacement of a neutral amino acid residue by another neutral more hydro-
philic residue.

The abnormal AE/ITpX was eluted and lyophilised and hydrolysed in
6N ETC! at 108°C for 24 hours. The hydrolysate was analysed in an automatic

Table 3
Composition of the abnormal OTpX

Residues
Residue Yield in n moles Found expected
for JJATpX

Asp 96.4 Li |
Thr 165.0 19 2
Ser 87.6 10 1
Glu 105.0 12 1
Pro 64.0 0.7 0
Gly 84.0 10 1
Ala 101.0 12 1
Leu 92.0 1.05 2
Phe 83.0 0.95 1
Lys 88.0 1.05 1
AE-Cys* 56.0 0.7 1
His 80.0 0.95 1

* AE-Cys calculated assuming the same constant as for Lys.
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amino acid analyzer. The result is shown in Table 3. The peptide differed from
AE/TTpX of haemoglobin A by containing one residue of leucine instead of two,
and one residue of proline, not present in AE/tATpX. The mutation in the haemo-
globin of the patient was therefore Leu -> Pro.

Two unstable haemoglobins are known which show a Leu - Pro mutation
in RTpX, haemoglobin Santa Ana: 8 88 [F4] Leu —»Pro [29], and haemoglobin
Sabine: 8 91 (F7) Leu > Pro [30].

To determine whether Leu B 88 or Leu B 91 had been substituted by proline,
the abnormal AE/ITpX was eluted from preparative fingerprints with 0.5 NH4OH,
the eluate was evaporated to dryness, and the residue was digested with pepsin in
0.05 N HC1 at 37°C for 5 hours. Diagnostic and preparative fingerprints were
made in the usual way with electrophoretic separation carried out at pH 6.4.
The digest yielded three peptides, one negatively charged, one neutral which gave a
transient yellow colour with ninhydrin-indicating N-terminal glycine-, and one
positively charged, which stained for histidine and for AE-cysteine (with the chloro-
platinate reagent).

Table 4

Peptic hydrolysis of /3TpX (/383—95) of haemoglobins
Sabine (/391 Leu —Pro) and Santa Ana (/388 Leu —»Pro)

Neutral [ Neutral | Positive

4- N - — + — ot + - 4
Sabine Gly Thr Phe4Ala Thr LEU4Ser Glu PRO His AE-CysAsp Lys
83 84 8 8 8 88 8 9 91 92 93 94 95
Santa Ana Gly Thr PhenAla Thr PRO Ser Glu LEU X His AE-CysAsp Lys
+ - + — "~ mHF + — H-—-

Neutral Negative i Positive

Three peptic peptides are formed from the AE /3TpX of both haemoglobins. In
haemoglobin Santa Ana one is negatively charged and has the composition shown in Table 5.

Table 5

Composition of the negatively charged peptic peptide
from the AE/3TpX of the haemoglobin of J. Z

Residue Yield in Residue
n moles Found Expected
Thr 259 10 1
Ser 27.8 107 1
Glu 31.2 121 1
Pro 204 0.79 1
Ala 20.0 0.77 1
Leu 24.4 0.94 1
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Table 5 shows the amino acid analysis of the negatively charged peptide.
A peptic peptide of this composition could only be produced if the Leu -> Pro
mutation is at position B gs (Table 4). Pepsin hydrolyzes the peptide bonds on the
carboxy side of residues of leucine and phenylalanine, but not of proline. Table 4
shows the peptic peptides expected to occur in AE/ITpX of haemoglobin Sabine
and Santa Ana, Leu * Pro 8 91 and B g8, respectively. The unstable haemoglobin
of our patient is therefore identical with the second of these two, Santa Ana
R 88 (F4) Leucine <mProline.

Family studies

Neither of the parents of the propositus had any complaints, nor did they
ever have anaemic-icteric episodes. Their haematocrit and Hb values were normal.
They had no spleen enlargement. Red cell morphology, reticulocyte stain revealed
no abnormalities.

Clinical course and treatment

The child had no complaints and had no severe haemolytic or aplastic
crises during the last two years. He seems to be perfectly compensated in a steady
state which is characterized by Hb values of 7.0 to 9.0g%. No transfusion was
required, and there was normal physical and mental development. Drugs liable to
cause increased oxidative dénaturation of the unstable Hb are avoided.

Folic-acid treatment is given when it is indicated by an increased FIGLU
excretion, which is being controlled regularly every three months.

Discussion

The case history of the propositus reveals the typical signs and symptoms of
UHHA: a well-compensated haemolytic anaemia with bouts of anaemic-icteric
crisis presenting themselves in early childhood, splenomegaly and occasional
passage of dark urine.

Mesobilifuscinuria is mostly recorded as an essential feature of UHHA.
Occasional passage of dark brown urine was mentioned in the case history of our
patient, but during our observations only trace amounts or no mesobilifuscin
could be detected in the patient’s urine. In blood smears from incubated blood
samples 80% of the red cells contained Heinz bodies. The instability of the patient’s
Hb was also reflected in the slightly raised methaemoglobin level, in the increased
rate of methaemoglobin formation and heat dénaturation.

Paper and starch gel electrophoresis of the haemolysate revealed an abnormal
Hb band moving between Hb A and Hb A2

Structural studies of the isolated and purified unstable Hb revealed a R g8
(F4) Leu —Pro mutation. The Hb under investigation is thus identical with
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Hb Santa Ana [29]. Comparing the case report and laboratory findings of our
patient with those recorded of the affected family members in whom the anomaly
had been described [29] the similarity is very impressive.

The molecular instability of Hb Santa Ana can be easily explained. The Pro
residue B sg8 occupies the 4th position in the F helix. According to Perutz and
Lehmann [3] Pro-s can be accommodated in the first 3 positions of an a-helix,
but in all others short contacts between the pyrrolidine ring and the next turn of
the helix would force conformational changes. In fact the mutation B 10 (/J28)
Leu > Pro in Hb Genova, the mutation F 7 (991) Leu -> Pro in Hb Sabine
and the mutation G 19 (/?136) Leu -> Pro in Hb Bibba all give rise to unstable
Hb-s.

In Hb Santa Ana, as well as in Hb Sabine and Hb Bibba a Leu side-chain
which is in contact with the haem group is lost. The hydrophobic interactions
around the haem group are critical to the function and stability of the molecule.
Any change in size or type of the amino acid side-chains in this region causes
displacement of the haem group more readily than from a normal subunit [3].
Globin is much more easily denatured and precipitated because the Hb molecule
is stabilized by the firm haem-globin binding. The loss of an important hydro-
phobic haem-globin contact loosens the hold of the globin on the haem. This
conformational change permits water to enter into the haem pocket. In the pre-
sence of oxygen and water Hb is oxidized to methaemoglobin [31].

It has been suggested [12] that the oxidation of the unstable Hb to methaemo-
globin is followed by a subsequent oxidation of the /993 Cys-s. Blockading of the
titratable SH groups results in distortion of the molecule giving rise to oxidation
of the other SH groups finally causing the precipitation of the molecule. The
continuous formation of oxidative products may explain the decreased concen-
tration of GSH found in the red cells of our patient.

In good agreement with the literature [4, 12, 33] the attachment of the Heinz
bodies to the red cell membrane has been described in an earlier paper [34]. This
attachment is most probably brought about by mixed disulphide bonds between
Hb and membrane SH groups. The oxidation of membrane SH groups may
cause marked damage to the membrane [12]. This is well reflected in the consider-
ably altered permeability to non-electrolytes of the red cell membrane of our
patient.

The relatively low level of the red cell ATP of our patient may be the con-
sequence of excessive demand for ATP by the accelerated cation pump of cells
with damaged membranes.

Definite differences were found between the lipid composition of normal
red cells and the erythrocytes of our patient, and there is a striking similarity
between the lipid structure of the patient’s red cells and foetal erythrocytes
(Table 1).

Other characteristics of “foetal type” erythropoiesis could be detected:
increased GePD level, considerably increased in vitro iron incorporation and
increased electrophoretic mobility ofthe red cells. In previous papers [15, 35], atten-
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tion has been drawn to the fact that cord blood cells resemble in many ways
the red cells in certain types of haemolytic anaemia. In both conditions the blood
volume expands rapidly with accelerated maturation with possible skipping of
some divisions. This foetal type erythropoiesis was found to be very characteristic
of UHHA with extremely shortened red cell survival and ineffective red cell
production.

The clinical course of the disease revealed that in spite of the greatly increased
erythropoiesis complete compensation of the haemolytic process was not achieved.
Notwithstanding this fact the patient was well and developed normally. This is
often the case in chronic haemolytic anaemias. Bellingham and Huehns [36],
Huehns and Bellingham [37] have pointed out in recent papers that one of the
factors in compensating for a haemolytic process is an increased ability of the
red cells to release oxygen to the tissues. In incompletely compensated anaemia
with low red cell counts and low packed cell volumes, the red cells have normal
or low oxygen affinity. As a consequence the cells can release more 02per g Hb
and the patients are equally well off as patients whose red cells have high oxygen
affinity and thus need a greater red cell mass to give up the same amount of
oxygen to the tissues.

The authors are indebted to Dr. G. Gardos for ATP determinations Dr. E. Benedek
for mesobilifuscin analysis, Judith H. Breuer for red cell lipid and Dr. 1. Arky for ferrokinetic
studies.
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The agglutinin anti-AHP from the snail Helix pomatia which gives reactions
paralleling those of other anti-A reagents in tests on human blood was inhibited by
N-acetyl-D-galactosamine and to a lesser extent by N-acetyl-D-glucosamine. The agglu-
tinin anti-Ag from the snail Achatina granulata was inhibited by all three amino sugars,
N-acetyl-D-galactosamine, N-acetyl-D-glucosamine and N-acetyl-D-mannosamine.
Neither anti-AHP nor anti-Ag was inhibited by any of the many other simple sugars
tested. Comparative quantitative inhibition tests were carried out with a number of
different agglutinating reagents having A specificity in tests on human blood and saliva.
The reagents included anti-AH? snail agglutinin, anti-A( lectin (Dolichos biflorus),
anti-A lectin (lima bean), anti-A isoagglutinin of human and rhesus monkey serum,
and human anti-A serum absorbed with A2 cells. The results while supporting the
predominant role of N-acetyl-D-galactosamine for A specificity, also demonstrated
qualitative differences among the reagents. The probable basis for these qualitative
differences is discussed.

The most direct approach to the chemical analysis of blood-group specific
substances is to isolate each substance in as pure form as possible, then to break
the substance down and determine the chemical nature of the various compo-
nents [1, 2]. Then if the investigator is able to synthesize a substance having the
same group-specific activity by building up a chemical compound from the simpler
chemical components that he has identified, he may rightly claim that he has
established with reasonable certainty the chemical nature of the group-specific
substances in question. Other indirect approaches to the problem are to use en-
zymes having the property of degrading group-specific substances, and to determine
the ability of simple chemical compounds of known structure to inhibit the group-
specific activity of blood-grouping reagents. In this article will be presented the
results of some investigations using the latter approach. Inhibition tests were
carried out with simple sugars and blood-group-specific agglutinins derived not
only from human serum but also from the serum of monkeys, as well as with
hemagglutinins derived from snails and from plants.

* Aided in whole by U. S. Public Health Service grants GM—09237 and GM—12074
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Materials and Methods

The sugars used in the present investigation were obtained from commercial
sources. For the inhibition experiments the starting dilution was a 10 per cent
solution prepared by dissolving 10 grams of sugar in 100 ml of Bacto hemaggluti-
nation buffer. The serial dilutions of each sugar solution for the quantitative
inhibition tests were prepared with 0.9 per cent sodium chloride solution.

Powdered albumin gland of Helix pomatia was kindly provided by Professor
Dr. Otto Prokop, Director of the Institute of Forensic Medicine of the Humboldt
University, D. D. R., and the powdered gland of Achatina granulata was obtained
from Dr. Peter Brain, Natal Blood Transfusion Service, Durban, South Africa.
The seeds of Dolichos biflorus used for the present study were supplied by Dr.
Frank R. Camp, Jr., Director of the Blood Transfusion Division Headquarters
US Army Medical Research Laboratory, Fort Knox, Kentucky. The snail powder
and powdered seed were mixed with enough 0.9 percent sodium chloride to make
a 10 percent extract,and cleared of undissolved material by centrifugation. Before
use in the inhibition tests, the extracts of the snails and seeds were titrated against
a 2 per cent suspension of the testing cells, and then further diluted with saline
solution to produce a reagent with a titer of 4 to 8 units.

The agglutination tests, titrations, and inhibition tests were carried out by
standard methods, as described in our previous reports and in standard textbooks
[3, 4, 5].

Results

In Table 1are shown the results of inhibition tests with simple sugars using
hemagglutinating extracts of the snails Helix pomatia and Achatina granulata.
In direct agglutination tests on human red cells, extracts of Helix pomatia give
reactions paralleling those of ordinary anti-A reagents,* so that this hemagglutinin
has been designated anti-AHP by its discoverers [2, 6], the letters “HP” indicating
the source of the reagent. In contrast, the hemagglutinin from Achatina granulata
clumps red cells of all human beings and mice, but not red cells from non-human
primates or other mammals; this antibody, however, is inhibitable by high dilu-
tions of saliva from most non-human primates, and by lower dilutions of many
human salivas. The agglutinin from Achatina granulata has been assigned the
symbol anti-Ag to indicate its source [7].

As shown in Table 1, the inhibition tests with saliva from human beings,
baboons and Macaca irus confirm the A specificity of the anti-AHP agglutinin.
Anti-AHP is inhibited by relatively high dilutions of a solution of N-acetyl-D-

*To avoid ambiguity, symbols for blood factors (serological specificities) and their
corresponding antibodies are printed in boldface type, symbols for genes and genotypes in
italics, and symbols for agglutinogens and phenotypes in regular type.
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Table 1

Comparison of the immunochemical properties of extracts of two kinds of snails,**
Helix pomatia and Achatina granulata

Reactions** of Helix pomatia aggluti- Reactions of extracts of Achatina gra-

nins with human group A cells* after nulata with human O red cells, after

Inhibitor mixture with sugar solution or sali/a mixture with sugar solution or saliva
diluted diluted

Undil. 1:4 1:16 1:64 1:256 uUndil. 1:4 1:16 1:64 1:256

Sugar
(10% solutions)
D-glucose
L-glucose
D-galactose
D-mannose
L-mannose
a-L-fucose
a-D-fucose
D-arabinose
fructose
lactose
sucrose
L-melibiose
D-glucosamine-
-6-phosphate
N-acetyl-D-
-mannosamine + o+ o+ — — —  F+ o+ o+
N-acetyl-D-

-galactosamine — — — — + — — _ + O+ o+
N-acetyl-D-

-glucosamine — — + ++ o+ + _ _ 4+ 4+

+ 4t o+t o+ o+t
+ 4+ + + ++ A+ o+t
+ 4+t + o+t
+ 4+ 4+ + ++F++ o+
+ o+t
+ 4+ 4+ ++ 4+ + o+
+ 4+ +++++ o+
++++++++++++

+
+
+
+
+
+
+
+

Saliva
Human-A Sec ., ++ +4+ +4+ 4+
B Sec
O nS
Baboon-group A — — — — + — — — — tr.
groupB  ++ + + — — — — +
M. Niwgroup A — — — tr.  + + — _ _ _ _
group B + + + + +

+ +
+ +
+ +
+ +

-
| S
S+

+
+ +
+ +
+ +

* Preliminary tests on extracts of a third kind of snail, Rapana hiamaliana, kindly
provided by Dr. Otto Prokop showed inhibition only by D-glucosamine-6-phosphate and by
none of the other sugars listed in the table.

** The degree of agglutination is indicated by the number of plus signs, as follows:
+ + = maximal reaction possible, namely one or only a few large clumps with no or
hardly any free cells; — = no agglutination; tr. = trace; + = agglutination visible only un-
der microscope; + = agglutination barely visible to the naked eye, etc.
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galactosamine, and to a lesser degree by N-acetyl-D-glucosamine, but not by any
of the other sugars listed in the table. In contrast, the tests with saliva confirm
the lack of blood-group specificity of the anti-Ag agglutinin, which is inhibited
about equally by relatively high dilutions of each of the three acetylated amino
sugars, N-acetyl-D-mannosamine, N-acetyl-D-galactosamine, and N-acetyl-D-
glucosamine.

Table 2

Comparison of the reactions of human anti-A serum with those of anti-AHP agglutinin
(Helix pomatia) against red cells of man, rabbit and sheep

Titers* of human anti-A Titers of snail anti-AHp Titers of lectins from
Test cell Absorbed with Absorbed with
est cells RBC RBC )
gdnasesr‘?.lr:i Human sl;?l?:d Human [l))ioflllocrhuoss Lima bean
A, Rabbit A, Rabbit
Human O 0 0 0 0 0 0 0 0
A 192 0 90 48 0 6 96 20
A. 160 0 64 48 0 6 4 14
B 0 0 0 0 0 0 0 0
Rabbit
No. E-- 32 8 0 16 0 0 0 0
No. E--3 16 8 0 12 0 0 0 0
No. E-.4 16 8 0 12 0 0 0 0
Sheep 8 4 4 8 0 0 32 0

* Titer value is the reciprocal of the highest dilution of the reagent giving a one-plus
reaction. RBC = red blood cells

Further studies were carried out with the anti-AHP agglutinin in order to
obtain insight into the chemical basis for the specificity of the human blood-group
substance A. Tests against red cells from rabbits and sheep showed them to be
strongly agglutinated by anti-AHP agglutinin (cf. Table 2), though to a lower titer
than human group A cells. This was somewhat surprising because while sheep cells
are known to share a specificity with human group A cells (factor FA), all previous
reports had indicated the absence of any A specificity for rabbit red cells. To throw
further light on this phenomenon, comparative titration and absorption experi-
ments were carried out on anti-AHP snail agglutinin in parallel with anti-A of
human serum origin.

As shown in Table 2, as to be expected, when the human anti-A serum was
absorbed with rabbit red cells, the agglutinins for human A red cells were only
little reduced in titer; similarly, when the serum was absorbed with human Al
cells, the agglutinins for rabbit cells were but little reduced in titer. This is readily
understandable if one postulates that the anti-A human serum contains not only
the group-specific agglutinins for human A blood, but also species-specific hetero-
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agglutinins for rabbit (and sheep) red cells, and, in addition, one cannot exclude
the possibility of a small amount of antibody cross reacting with both human
A and rabbit (as well as sheep) red cells. In contrast, when the snail anti-AH)
agglutinin was absorbed with human A: red cells all activity was removed also for
rabbit red cells, while absorption with rabbit red cells removed all but a small
fraction of the activity for human A cells. This indicates that all or almost all the
agglutinin in Helix pomatia extracts is cross reacting not only for human A cells
but also for rabbit (and sheep) cells, due to a common specificity shared by those
red cells, which is not present in human O or B cells.

To determine the basis for the cross reaction between human A cells and
rabbit cells, comparative inhibition tests were carried out with anti-AHL, agglutinin

Table 3
Comparison of immunochemical behavior of snail anti-AHP agglutinin* (Helix pomatia),
in inhibition tests, using different kinds of red cells, human A, and rabbit

Inhibition titers using RBC
Inhibitor

Human A Rabbit
Saliva

Baboon — Group B 0 |
AB 8 64

B 0 1

AB 64 64

B 0 1

B 0 1

AB 32 64

B 0 8

B 0 8

A 32 64

AB 16 128

Human — Group O 0 4
A, 2 3?2

A. 16 32

B 0 1

Non-secretor 0 4

Sugars

D-glucose 0 4
a-D-fucose 0 4
a-L-fucose 0 0
L-mannose 0 0
sucrose 0 4
D-glucosamine-6-phosphate 0 4
N-acetyl-D-mannosamine 1 16
N-acetyl-D-galactosamine 64 256
N-acetyl-D-glucosamine 16 256

*In order to achieve a titer of 4 to 8 units, the extract had to be used more highly
diluted when the test cells were human Al cells than when they were rabbit cells.
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tested against human A1lcells and against rabbit cells. As shown in Table 3, tests
with human saliva and with saliva from baboons and Macaca irus monkeys con-
firm the A specificity of the reactions whether human group A cells (red cells of
subgroups Axand A2 give similar reactions with anti-AHP) or rabbit red cells
were used in the tests. However, inhibition tests with the sugars showed that when
human Altest cells were used, N-acetyl-D-galactosamine gave moderately strong
inhibition, and N-acetyl-D-glucosamine gave weaker inhibition, while N-acetyl-
-D-mannosamine hardly inhibited at all. In contrast, when rabbit test cells were
used, N-acetyl-D-galactosamine gave very strong inhibition, as did N-acetyl-D-
glucosamine, and even N-acetyl-D-mannosamine now gave significant inhi-
bition, while feeble inhibition was obtained also with many of the other simple
sugars.

Table 4
Comparison of the immunochemical properties of anti-A from Helix pomatia, Dolichos
biflorus, and lima beans

Inhibition titers for human A, cells using agglutinins from

Inhibitor . Helix . Human absorb-
I:t))?fll:)crhuoss pomatia Lima beans ed g;‘:si B

D-glucose 1 0 0 0

L-glucose | 0 0 0

L-fucose 0 0 0 0

D-fucose 2 0 0 0

D-mannose 0 0 0 0

L-mannose 0 0 0 0

D-galactose 1 0 0 0

I(+)-arabinose 0 0 0 0

sucrose 0 0 0 0

D-glucosamine 0 0 0 0

N-acetyl-D-mannosamine 0 0 0 0

N-acetyl-D-galactosamine 128 64 16 32

N-acetyl-D-glucosamine 1 16 0 2
Saliva

Human group O 0 0 0 0

A 128 16 128 128

B 0 0 0 0

Non-secretor 0 0 0 0

Baboon group A 128 16 256 128

B 0 0 0 0

In the next experiment, the behavior of anti-AHP in the inhibition tests
were compared with that of anti-Az1 lectin (Dolichos biflorus), that of anti-A lectin
from lima bean, and that of anti-A, prepared by absorbing human group B serum
with human red cells of subgroup A2 For those comparative studies the red cells
used were uniformly of human origin and of subgroup A,. As shown in Table 4,
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the anti-Az1lectin from Dolichos biflorus was strongly inhibited by the amino sugar
N-acetyl-D-galactosamine, and hardly at all by any of other sugars tried in the
experiment. Similarly, the anti-A lectin from lima bean was inhibited only by N-
acetyl-D-galactosamine, while the anti-Aj agglutinin from human serum was also
inhibited by this amino sugar and to a slight degree also byN-acetyl-D-glucosamine.
In contrast, as has already been pointed out, the anti-AH, snail agglutinin was
inhibited not only by N-acetyl-D-galactosamine but also to a significant degree
by N-acetyl-D-glucosamine.

Table 5

Comparison of inhibition titers of human and rhesus anti-A sera using red cells from human
Ax and A2 and from sheep

Inhibition titers for human Inhibition titers for rhesus

anti-A and RBC of monkey anti-A and RBC of
Inhibitor
Human Human Sheep Human Aj Human A2
Al A2

D-glucose 0 0 0 0 0
D-galactose 0 0 0 0 0
a-L-fucose 0 0 0 0 0
a-D-fucose 0 0 0 0 0
D-mannose 0 0 0 0 0
I(+)-arabinose 0 0 0 0 0
sucrose 0 0 0 0 0
glucosamine-6-phosphate 0 0 0 0 0
N-acetyl-D-mannosamine 0 0 0 0 0
N-acetyl-D-galactosamine 2 4 96 2 8
N-acetyl-D-glucosamine 0 0 2 0 0

Salivas
Human group O 0 0 0 0 0
A 256 256 2 64 256
B 0 0 0 0 0
Non-secretor 0 0 0 0 0
Baboon group A 256 256 4 64 256
B 0 0 0 0 0

RBC= red blood cells

In the final experiment, the immunochemical behavior of anti-A agglutinins
from human serum and monkey serum was compared. As shown in Table 5,
whether test cells of subgroup Axor subgroup A2 were used, the anti-A agglutinin
from both human and rhesus monkey serum was inhibited only by N-acetyl-D-
galactosamine, and the degree of inhibition with this amino sugar was considerably
less than for the agglutinins from snails and seeds or the human anti-A serum that
had been absorbed with Az cells. However, when instead of human A red cells,
sheep red cells were used, the inhibition titers with N-acetyl-D-galactosamine were
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markedly increased, and slight inhibition was obtained also with N-acetyl-D-
glucosamine. Remarkably, in contrast, the inhibition titers of the group A saliva
whether of human origin or from baboons were reduced.

Discussion

The first paper in which the relationship of N-acetyl-D-galactosamine to A
specificity was demonstrated was by Morgan and Watkins [8], in 1952. This
investigation was by the inhibition technique, also used in the present study, with
seed agglutinins from Vicia cracca and lima beans. The relationship of D-galactose
to B specificity was shown independently by Watkins and Morgan [9] and by
Rabat and Leskowitz [10]. Watkins and Morgan demonstrated the inhibition by
galactose of the enzymatic destruction of the B substance, while Rabat and Les-
kowitz used a precipitation inhibition technique. The relationship of L-fucose to H
specificity was discovered as early as 1952 by Watkins and Morgan [11], using
the method of inhibition of agglutination of group O cells by eel anti-H serum.
The role of L-fucose in Lea specificity was first indicated from enzyme inhibition
experiments and then confirmed by hemagglutination inhibition, with fucose-
containing milk oligosaccharides by Watkins and Morgan [12]. The implication
of two fucose residues in Leb (Lell) specificity, tentatively deduced from the results
given in that paper, has been subsequently confirmed [13].

The findings in inhibition tests with simple sugars, described in the present
paper confirm the predominant activity of N-acetyl-D-galactosamine asan inhib-
itor for anti-A reagents. This supports the conclusion that the specificity of the
blood group substance A is due to a terminal non-reducing sugar identical with
N-acetyl-D-galactosamine. However, a word of caution is necessary. The evidence
here is indirect and circumstantial, and the only way to establish the chemical
nature of the blood group substance is by actual analysis of the purified substance
and then its synthesis [13]. Some experiments along those lines have been carried
out [14] and the results to date indicate the validity of the theory that N-acetyl-
D-galactosamine is indeed primarily responsible for the specificity of the human
blood-group substance A.

The results of the inhibition tests suggest certain inferences also regarding
the nature of the combining site on the agglutinin molecule. Since the anti-AHH
agglutinin has a broader specificity than the anti-A isoagglutinin, as shown by the
reactions of anti-AH. with rabbit red cells as well as group A cells, and its inhibit-
ability by N-acetyl-D-glucosamine as well as N-acetyl-D-galactosamine, its com-
bining site is presumably smaller and simpler in structure. Uhlenbruck and Gielen
[15] and Springer [16] have also found both these sugars to be active in inhibition
tests with Helix pomatia and Helix liortensis. Similarly, anti-A lectin (Dolichos
hifionts) would be expected to have a smaller combining site than the anti-A
from human serum, though not as small as that of anti-AHP. Again, judging from
Tables 4 and 5, the anti-A, fraction of human anti-A serum probably has a smaller
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combining site than the remainder of the spectrum of anti-A isoagglutinins.
Finally, anti-Ag from Achatina granulata which has the lowest specificity of any
of the reagents described in the present study could be expected to have the smallest
and simplest combining site of all. (See also Springer [17].)

Of interest are the different results often obtained with the same single
agglutinating reagent when the test cells were changed. Thus, in the inhibition
tests with anti-A sera, when sheep red cells were used in place of human A cells,
the inhibition titers with N-acetyl-D-galactosamine were much higher while the
inhibition titers with the salivas were lower, indicating a qualitative change in the
specificity detected. In contrast, when anti-AHP was tested against rabbit red cells
instead of human Aacells parallel results were obtained indicating at most only a
quantitative change in the sensitivity of the test. This further supports the idea tha
the combining site of the anti-AHP snail agglutinin is probably smaller and less
complex than the combining site of the anti-A human serum isoagglutinin.

The findings presented here would be inexplicable were one to adhere to
the naive concept of a one-to-one correspondence between antigen and antibody,
such as is implicit in the C—D—E and 1—2—3 codes used by some workers for
the Rh—Hr blood types. The findings are readily intelligible, however, when one
bears in mind that each reagent detects a different specificity of the antigenic
substance, and that the specificities are extrinsic attributes of the substance, and
are therefore related to it as photographs are related to the object photographed.

Each of the reagents used in the present study of the agglutinogen A was of a
different specificity even though they could all be used interchangeably for blood
grouping work on human blood, where they identify the same agglutinogen A on
the red cells and the same blood-group-specific substance A in the secretions.
It would be absurd to maintain that because Helix anti-AHP, anti-A lectin and
anti-A isoagglutinin differ in specificity, as shown by their reactions with simple
sugars and red cells from rabbits and sheep and other animals, that they must
therefore be detecting different substances in tests carried out on human blood
and salivas. (This would be like asserting that, because two photographs, one a
profile view and the other full face, are different they cannot be of the same person.)
The fact remains that all three reagents give parallel reactions so long as the tests
are limited to materials of human origin. Yet, this kind of naive assertion has
been made regarding the Rh blood types; namely, that anti-rhesus animal sera
detect the “animal” Rh antigen while human anti-Rh sera detect the “human”
Rh factor. If this reasoning were correct, one would have to conclude that anti-
AH> detects the “snail” group A substance of human blood, while anti-A lectin
detects the “seed” A blood group substance of human blood, etc. — but these are
all actually one and the same substance — what differs are only the specificities
by which one and the same substance is being recognized.

The experiments described in this report were done with the assistance of Mrs. Dina
Schoenwetter, Miss Sybil Gordon and Miss Pat Ryan The author also thanks Dr. Georg F.
Springer for evaluation of the manuscript.
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Factors Influencing Growth and Differentiation of Spleen
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Il. Erythropoietin and Actinomycin D
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The effect of erythropoietin and Actinomycin D (AD) on the colony-forming
ability and differentiation of transplanted colony-forming cells has been studied. When
treating the recipients with erythropoietin from the 4th postirradiation day, erythroid
colony count and SFe-incorporation increased significantly. Erythropoietin given
earlier was ineffective. A correlation was found between the dose of erythropoietin
and the erythroid colony count. Actinomycin D selectively inhibited the development
of erythroid colonies without affecting the granuloid colony count.

Studies in the last years have yielded results which may be interpreted as
indicating that the primary effect of erythropoietin (ESF) is to induce the haemato-
poietic stem cells to differentiate into the erythroid line [, 2].

For the time being the haematopoietic stem cell cannot be identified mor-
phologically. Fortunately, there are some special indirect methods for the reliable
estimation of the haematopoietic stem cell count. For example Tilland McCulloch’s
spleen colony technique determines the stem cell count by the colony-forming
ability. The same method allows also the determination of the differentiation
ratio of stem cells [3]. Adopting this method, several workers have studied whether
or not the colony-forming cell (CFC) is identical with the erythropoietin sensitive
cell (ESC). Lately the idea has been accepted that these two cells are not identical.
The ESC appears to be a more mature, but morphologically still unrecognizable
progeny of the CFC [4—7]. According to another concept the same cell would be
the carrier of both erythropoietin responsiveness and colony-forming ability, each
of these properties being related to a certain phase of the cell cycle [s, 9].

Several workers have investigated the effect of ESF on the differentiation of
colony-forming cells in irradiated polycythaemic mice [10, 11, 12]. It has been
demonstrated that erythroid colonies are formed in irradiated polycythaemic mice
only if the animals are treated with ESF [10, 11, 12]. On the other hand, the
erythroid colony count could not be elevated by ESF [5 13] in irradiated non-
polycythaemic mice. Schooley [5] interpreted the ineffectiveness of exogenous ESF
by assuming that the radiation-induced elevated ESF level in the nonpolycythaemic
mice proves to be sufficient for the formation of erythroid colonies.

As found in some former, hitherto unpublished studies, the ESF level hardly
rose early after irradiation in our mouse strain. This finding has induced us to
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assume that ESF would increase erythroid differentiation even in nonpolycythaem-
ic mice of the same strain.

In the present experiments, it has been studied in heavily irradiated mice
whether and to what extent the colony-forming ability of the transplanted bone
marrow cells and their differentiation ratio changed under the effect of various
ESF doses administered at different points of time after irradiation. As a next
step, it has been studied how the action of ESF may be influenced by Actinomy-
cin D in the same system.

Material and Methods

Male and female BALB/c mice were used. The conditions under which the
animals were kept, the irradiation terms and the bone marrow transplantation
method have been described in detail [19].

Colony counting and determination of colony types. The recipient mice were
killed 10 days after irradiation, the spleen was removed, cleansed from tissue
fragments and weighed on a torsion balance. The colonies were counted under a
binocular magnifying glass dissected one by one from the neighbouring tissues,
smeared on slides and stained with Giemsa solution. Erythroid, granuloid and
mixed colonies could be differentiated. Those colonies were considered mixed
ones where both the mature and immature forms of the nonpredominant cell
type occurred in at least 5% [14]. In certain experimental groups the spleen was
fixed in Bouin’s solution and subserially sectioned at 200 p. The sections stained
with haematoxylin-eosin were projected with an ocular enlarger, the picture so
obtained was outlined and the colony type was determined. Those colonies were
considered macroscopic ones which measured at least 0.3 mm in diameter, in
other words which could be seen in at least two sections. Since the qualitative
distribution of the colonies was the same in the sections and in the smears, the
data yielded by the two methods will be discussed together. Megakaryocyte colonies
could not be differentiated in the smears, since megakaryocytes are easily destroyed
during the process of smearing and presumably also because they rarely attained
the macroscopic size. As to the spleens used for subserial sections, about 0.2 to
0.8 megakaryocyte colonies per spleen were found on the average. Since, however,
these colonies failed to attain the macroscopic size and their number found in
the experimental groups agreed within the usual standard deviation with that of
the control, megakaryocyte colonies were not considered when evaluating the
experiments.

Endogenous colony count in the 750 R irradiated, bone marrow trans-
planted animals amounted to 0.75 to 0.88 per spleen.

Determination of MrFe incorporation. Twenty-four hours before killing the
animals, they were injected with 0.3 pCi dJFe-citrate (specific activity, 26 Ci/g)
intraperitoneally. Activity in the spleen was determined by a scintillation detector.
Activity corrected for background was related to the erythroid colony count.
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Treatment

Actinomycin D (AD). An AD stock solution in propyleneglycol (1 mg/ml)
was prepared from the AD substance (Research Institute for Pharmacology,
Budapest). This stock solution was then further diluted with saline to a con-
centration of 10/ig/ml, and this solution was injected subcutaneously. Only freshly
prepared dilutions were used.

Erythropoietin (ESF). The anaemic rabbit serum used in the experiments
was obtained from phenylhydrazine treated rabbits. The erythropoietic activity
of the sera was assessed by °9Fe-incorporation in polycythaemic mice. One ml
of the anaemic rabbit serum contained 3 to 5 Cobalt Units (Co U). The recipient
mice were injected with various amounts of the serum subcutaneously at various
intervals after irradiation. The amount of the administered ESF was related to
Co U per recipient.

Statistical analysis. Statistical analysis of the experiments was performed
according to Student’s 1 test.

Experimental

Effect of ESF on colony count and qualitative distribution. ESF was given
at various times after transplantation; its effect was studied as a function of time.

The mice transplanted with 10° bone marrow cells were divided into 7 groups,
as follows:

Group C: untreated control; group N I: 0.2 ml normal serum intra-
peritoneally, 2, 24 and 48 hours after irradiation; group N Il: 0.2 ml normal
rabbit serum intraperitoneally, daily from the 1st to the 9th day after irradiation;
group ESF 1: 1 Co U ESF 2, 24 and 48 hours after irradiation; group ESF II:
1-1 Co U ESF on days 4, 5 and e after irradiation ; group ESF 111: 1—1Co U
ESF on days 7, 8 and 9 after irradiation; group ESF IV. : 1 Co U ESF, daily
from the 1st to the 9th day after irradiation.

The macroscopic colony count did not change in the groups treated with
normal rabbit serum. In the group treated with normal serum for 9 days the
erythroid colony count decreased insignificantly, that of the granuloid colonies
increased. Colony count decreased significantly in the group treated with ESF on
the first two days after irradiation. This alteration was due to the decrease of the
erythroid colony count, since the granuloid and mixed colony counts were un-
changed. If the animals were given ESF consecutively on days 4, 5 and 6 or on
days 7, 8 and 9, the total colony count increased significantly. When investigating
this phenomenon in detail, the increase found in the erythroid colony count was
significant also mathematically, while a slight decrease was found in the granuloid
colony count. The rise in the erythroid colony count continued when treating
the animals with 1 Co U ESF consecutively for nine days. The granuloid and
mixed colony count decreased slightly in these animals, too (Table 1).
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Table 1

Changes in colony count and qualitative distribution of colonies in mice transplanted with 10 bone marrow cells and treated with

ESF at different times

Colonies per spleen*

Time of Number of
Group Treatment treatment animals
Macroscopic Erythroid Granuloid Mixed
c 37 7.74+1.61 5.10+0.42 0.78+ 0.62 1.28+ 104
N 1 0.2 m N. S** 2,24, 48 h 20 7.36+2.41 4.30+ 190 0.95+0.72 145+ 0.86
N 1l 0.2 ml N. S** from day 1
to day 9 9 7.72+2.03  3.58+1.98 1.94+1.46 1.04+0.86
ESF 1 3x1 Co U 2,24,48 h 15 5.99+2.01 3.20+0.47  0.80+0.66 1.13+0.65
ESF p < 0.05 p < 001
ESF 1l 3x1 Co U days 4,5, 6 12 9.75+3.17 7.56+2.54 0.17+0.12 158+ 0.85
ESF p < 001
ESF 1l 3x1 Co U days 7, 8,9 14 8.95+3.05 7.00+2.80 0.43+0.36 1.07+0.67
ESF p < 005
ESF IV 9x1 Co U from day | 16 10.82+2.22 9.12+3.10  0.14+0.32  0.79+0.46
ESF to day 9 p < 0.02 p < 001

*mean + S. D.
** normal rabbit serum

Non
differentiated

0.55+0.38
0.66+0.42

1.17+0.86
0.86+0.46

0.42+0.32
0.45+0.28

0.77+0.42
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Endogenous colony count in mice chronically treated with ESF. The initial
endogenous colony count in the 750 R irradiated, nontransplanted mice amounted
to 0.88. This value did not change appreciably when treating the animals with
1 Co U ESF daily for nine consecutive days. Owing to the low colony count,
the qualitative distribution of the colonies could not be evaluated (Table 2).

Table 2

Endogenous colony count in mice irradiated with 750 R and treated with ESF

umber of ean colon
Group " animals c’;ﬂunt per splgen So.
Control 7 0.88 0.48
ESF* 14 12 0.67

1

*1 Co U daily for 9 consecutive days

Effect of various ESF doses on colony count and qualitative distribution of
colonies. The effect of 0.1, 0.2 and 2.0 Co U on colony count and qualitative
distribution was studied in mice transplanted with 10° bone marrow cells. ESF

Fig. 1 Effect of ESF on erythroid colony count in percentage of control value

was administered to them in two equal doses on days 4 and 7 after transplantation.
The erythroid colony count increased in proportion to the ESF dose. The correla-
tion could not be demonstrated satisfactorily in the total colony count, since
the mixed colony count also increased significantly in the group treated with
0.2 Co U ESF. Accordingly, the total colony count was higher than expected.
Save the above exception, neither the granuloid nor the mixed colony count
differed from the control (Table 3). The erythroid colony count is shown in Fig. 1
as a function of the ESF doses.
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Table 3
Effect of various ESF doses on colony count and qualitative distribution of colonies

E Colonies per spleen

Group ESF dose 0

(Co U)

'g) Macroscopic Erythroid Granuloid Mixed diffe'r\‘e(z:iated
z

Con-

trol - 19 8.27+2.65 6.36+2.42 0.80+0.46 0.95+0.52 0.16+0.14

ESF

1 2x0.05 20 9.78+3.10 7.42+254 1.10+0.66  1.1040.50  0.16+0.12
ESF  2x0.1 19 10.92+3.16 7.24+1.97  137+0.71 221+ 0.8  0.10+0.08
I p<0.05
ESF

1l 2x 1.0 5 1040+326 820+311 100+0.73 0.80+0.52  0.40+0.18

Effect of various ESF doses on dFe incorporation into the spleen and single
erythroid colonies. G&Fe incorporation in the spleen of the control animals and
of the animals treated with various ESF doses was determined 24 hours after
the injection of0.3 pCi dJFe. Incorporation in the spleen increased in proportion
to the ESF dose, nearly in parallel with the erythroid colony count. Incorporation
per erythroid colony was found to be stable in all the experimental groups, within
the standard deviation (Table 4).

Table 4

Effect of ESF on 24 hour 'de incorporation of spleen and of erythroid colonies

Group E(S(fo dlj))Se 0?‘::;:;9;'5 for::lr:ro;igr Csopllzne)n, CPM per spleen e F:Z:oiryythmid
Control 19 6.36+2.42 9.300+ 1.960 1.470+368
ESF 1 2x0.05 20 7.42+2.54 11.000+3.270* 1.500+310
ESF 11 2x0.1 19 7.24+1.97 9.720+2.180 1.340+282
ESF 111 2x 10 5 8.20+3.11 12.415+3.360* 1.510+390

*p < 001

Effect of AD on colony count and qualitative distribution of colonies. Each
of the bone marrow transplanted animals was treated subcutaneously with 2 pg
AD on days 4 and 7 after irradiation. The macroscopic colony count decreased
significantly as compared to the nontreated animals. The decrease followed ex-
clusively from the decrease in the erythroid colony count. The granuloid and
mixed colony counts remained unchanged within the standard deviation. If the
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animals were given 1— 1 Co U ESF 1 hour prior to AD administration, AD
inhibited the usual effect of ESF; the increase in the colony count failed to occur.
The granuloid and mixed colony counts did not change (Table 5).

Table 5

Effect of Actinomycin D (AD) on spleen colony count and qualitative distribution of colonies
in mice treated or nontreated with ESF

Colonies per spleen
S 1
Grou :t)ssz AD i
P (Co U) dose %i ) ) ) ) ) Non‘
Macroscopic Erythroid Granuloid Mixed differentiat-
5 ed
z
Con-
trol - - 9 8.42+255 6.56+2.62 0.56+0.40 1.10+0.78 0.20+0.16
AD — 2x2 8 3.10+1.42 0.63+ 042 1.25+0.71 1.10+0.40 0.12+0.08
Fe p<0.02 p<0.01
Con-
(rol — - 19 8.27+2.65 6.36+2.42 0.80+0.42 0.95+0.58 0.16+0.14
ESF 2X1 - 5 10.40+3.26 8.20+3.11 1.00+0.73 0.80+0.52 0.40+0.18
ESF+ 2x1 2x2 10 3.00+1.86 1.10+0.81 0.90+ 0.62 0.90+0.58 0.10+0.08
AD e p< 005 p <0.01
Discussion

The erythropoietic response to hypoxia is known considerably to differ
in the various mouse strains [15]; the elevation of the ESF level is significantly
less in BALB/c mice than in other strains [16]. Our hypothesis that the post-irradi-
ation rise of the ESF level is also strain-dependent was supported by the experi-
ments of O'Grady et al. [11] who also failed to find a rise in the ESF level early
after irradiation, and in our own unpublished experiments the ESF level failed
to increase significantly in mice irradiated with 750 R before the 7th day after
irradiation.

ESF is required for the formation of erythroid spleen colonies; up to now
this could be demonstrated for polycythaemic animals only [10, 11, 12].

By administering exogenous ESF we have attempted to influence the dif-
ferentiation of colonies into the erythroid series in host mice with approximately
normal ESF levels. If this treatment was begun later than the 4th day after trans-
plantation, the erythroid colony count increased in every case. A correlation
was found between the ESF dose, the erythroid colony count and between the
SFe uptake of the spleen. The highest colony count was obtained in those animals
which had been treated with 1Co U ESF daily for 9 consecutive days.The phenom-
enon may be interpreted to mean that the longer the period the more cells
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could enter the erythropoietin sensitive phase of the cell cycle. Another inter-
pretation would be that the sensitivity of the target cell is also different and less
sensitive cells may also divide if exposed to higher doses.

The number of erythroid cells in a single colony is characterized by its
5Fe incorporation. In the experiments reported, °JFe incorporation related to
the single erythroid colonies was identical in the control and experimental groups.
Accordingly, ESF did not seem to accelerate the maturation of diiferentiated
erythroid elements in the spleen colonies.

A correlation was found between the duration of ESF treatment and the
erythroid colony count. If treatment was begun on the 4th day after transplanta-
tion, the colony count increased in every case. Whenever treatment was begun
before the 4th day, the colony count decreased significantly. Similar results were
obtained in other experiments where the recipients were treated with various
mitogens. Early after transplantation these mitogens were ineifective, but if
administered later they induced a significant rise in the colony count [19]. Our
results were in a good agreement with those obtained by De Gowin et al. [20]
under different experimental conditions. The said authors were of the opinion
that replication itself renders the stem cell refractory to ESF. We assume that
in the early post-transplantation period colony-forming cells are refractory not
only to ESF but to all kinds of mitogenic stimuli.

This hypothesis may account also for Tkadlecek and Juraskova [13] not
having found any increase in colony count when treating the bone marrow
recipients with ESF in the first hours after irradiation. On the other hand, the
hypothesis does not explain our observation that the erythroid colony count
decreases if ESF is given early after irradiation. The decrease may be explained
only by assuming that at the time of treatment part of the still unlodged colony
forming cells were in an ESF-sensitive stage, and these cells were differentiating
upon the effect of ESF. Since only a non-differentiated colony-forming cell is
capable of lodging and of forming colonies, early differentiation results in a de-
crease of the erythroid colony count.

The erythroid colony count increased also in those groups where ESF treat-
ment was begun 3 to 5days prior to sacrificing the animals, i.e. when the colonies
had developed in a short time. This observation may be interpreted on the basis
of the data for polycythaemic animals [21. 22]. According to these, no ESF is
required for the lodging of the colony forming stem cells and for their first divi-
sions. Non-differentiated microcolonies consisting of 256 to 512 cells may form
in the absence of ESF. It is highly probable that upon the effect of ESF these
microcolonies will easily and rapidly grow into macroscopic erythroid colonies.

As known from the literature, AD in low doses selectively inhibits erythro-
poiesis [17]. Its effect on spleen colonies has not been studied so far.

Indeed, in our experiments AD selectively inhibited the formation of eryth-
roid colonies from transplanted bone marrow cells in both ESF-treated and un-
treated animals. Since AD is known to inhibit the DNA-dependent RNA synthesis
and the effect of ESF may be inhibited by AD, our own experiments support
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Krantz and Goldwassers [18] theory in that the synthesis of a specific, new RNA
seems to be the first step in the differentiation of the stem cell into the erythron.
AD does not inhibit differentiation into the granuloid series. Thus, it may be
assumed that the first step of granuloid differentiation fundamentally differs
from the first step of erythroid differentiation.

Our results suggest that all the effects elicited by ESF in polycythaemic
mice may be reproduced in animals with a normal or somewhat elevated ESF
level. The results further suggest that if the ESF level required for the formation
of erythroid colonies is raised by exogenous ESF, both the erythroid colony count
and the iron incorporation into the spleen increase in proportion to the dose
of ESF.

The slight post-irradiation rise in the ESF level does not seem to require

the full capacity of differentiation into the erythron of the colony forming cells.
*

We are indebted to Mrs. R. Miksa, Mrs. K. Erd6ési and Mrs. J. Magyar for skilful
technical assistance.
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K BbISIBNEHUIO W I'IpOCbI/II'IaKTI/IKe lI:l,ECbVILI,I/IT:’;l XXenesa y AoHOpoB

A. 4. Apowesckuii, B. H. Metpos, M. M. LLep6a, B. . KannHuH,
E. H. Mwuxainosa

JlabopaTopus 3KCMEPUMEHTaIbHOM U K/IMHWYECKON rematonoruu WHCTUTyTa (husmonorum
um. W. . MaenoBa 1 Kadeapa NponeaeBTVKM BHYTPEHHUX 60ne3Heit |-ro JIeHWHrpaackoro
MeguumMHCKoro nictutyta um. . . Masnosa

Mokasatenn obmeHa >kenesa M3y4eHbl Y 475 JOHOPOB, CUCTEMATUYECKMN CAAIOLLIMX
KPOBb, C LEMbIO BbISBNEHWS, NPOPUIAKTUKMA WU NeYeHUs CKPbITOro Aedmumta xenesa
— 06efjHeHUs opraHmn3Ma ene3oM 6e3 passuTas aHeMun. KputepusiMu 3Toro cocrosi-
HUs 6bIN CriegytoLume GUOXUMUYECKME MOKA3ATENN © CHUDKEHVE KOHLIEHTPALIMK Xenesa B
CbIBOPOTKE KpoBY Hibke 80 MKr% npu 04HOBPEMEHHOM MOBbLILLEHUM YPOBHS HEHACHILLEH-
HOI >Kene3ocBA3bIBAIOLLEN CMOCOBHOCTM CbIBOPOTKM Bbille 260 MKr%. lMogobHoe co-
yeTaHue BCTPETUIOCh Y 32% 06CnefoBaHHbIX : Hallle Y XeHLWUH — 40%, pexxe Y My>UuH
— 12,3%. BbisBneHa YETKas MpsiMasi 3aBUCMMOCTb MEX[Y KOHLIEHTpauueid HeHachbILLeH-
HOI YKeNe30CBA3bIBAOLLEN CMOCOBGHOCTHI0 ChHIBOPOTKM KPOBU U KOIMYECTBOM CLAHHON
KpOBM Y [OHOPOB. KMHMYeckas KapTUHA CKPbITOro feuumTa Xenesa B MUHMATHOpe
MOBTOPSAET CUMMTOMbI YKeNne3ofeMUMTHON aHeMMM W B BbIP@XEHHOW (opme BCTpe-
YaeTcs TONMbKO Yy 6% [0HOPOB. OBHApPY)XEHO CTaTUCTUYECKW [OCTOBEPHOE CHWDKEHVe
aKTMBHOCTW CYKUMHAErMAPOreHasbl B 3MNUTENMU CAM3UCTOA 0BOMOYKM LLUEKN U COAEp-
XKaHMA LMTOXPOMOKCMAA3bl B KIETKaX KPOBU Y [OHOPOB MO CPaBHEHWIO C MPaKTUYecKu
300POBLIMW NINLAMU KOHTPO/bHOW rpynnbl. CTOWKOe MOBbILUEHWE KOHLIEHTPauuu He-
HaCbILLEHHOM >KeNe30CBA3bIBaOLLE CMOCOOHOCTY ChIBOPOTKM W YMEHbLLUEHVE COAEpXKa-
HUS LIMTOXPOMOKCMAA3bl B KNETKaX KPOBU SBMAKOTCA Hambonee TOUHbIMU MOKa3aTeNisMum
Jemumta Xenesa y [OHOPOB. JleueHue npenapaTamy >xenesa [LOHOPOB C K/IMHUKO-
BGMOXUMUYECKUMU NPU3HAKAMU JedmumTa >Kenesa no3BoAUI0 MOMHOCTLIO U3MIEeYNUTb 3TO
COCTOSHME.

MpUHUMNMANLHO BaXKHbIM BOMPOCOM [AN1A MPaKTUKU CNyXO6bl NepenvBaHus
KPOBM ABMSIETCA BO3MOXHOCTb Pas3BuUTUA feduumTa >Kenesa y LOHOPOB, CUCTEMA-
TUYECKN CAaloWmMX KpoBb. OOLENpuHATA OLEHKa [OCTATOYHOCTM XKenesa B
OpraHnsme [JOHOPOB MO YPOBHIO remorfiiobuHa B Kposu. OfHAaKO, B HacTosLiee
BPEMS He BbI3blBAET COMHEHWIA CyLLeCTBOBaHMe TKaHEBOIO fedmLmTa Xenesa, T. e.
06efiHeHNs opraHu3ma >ene3oMm 6e3 pasBUMTUA aHeMUW, MPU KOTOPOM COCTaB
,KPaCHO KpOBM“ CyLLeCTBEHHO He u3mMeHseTcs [3, 9, 13].

B 1947 rogy Jlaypenn [11], ogHMM 13 MepBbIX U3yYaBLIWUA MOKasaTesm 06-
MeHa >xefnesa y [AOHOPOB, OOHApYXWN OTUYETNNBOE CHUDKEHWE YPOBHSA Xenesa u
MOBbILLIEHWNE — HEHACLILLEHHOI >Xee30CBA3bIBAOLLEN CNOCOBHOCTU ChIBOPOTKM Y
[OHOPOB MO CPAaBHEHWIO C NNLAMK KOHTPOJIbHONM rpynnbl. Pag uccnegosatenei
obMeHa >Kenesa BbIBUAM HU3KWIA YPOBEHb MAA3MEHHOrO >kefie3a W BbICOKMIA
NnoabéM cuaepemMmy Mocne Harpysku xenesom y goHopos [1, 2, 5, 7, 10], Heko-
TOpble — MOBbILWEHWe 00LLell M HEeHAaCbILEHHON >Kee30CBA3bIBaOLLEN Cnoco6-
HOCTU CbIBOPOTKM [12, 15].
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OTMeYeHHbIe M3MEHEHWsI B OOMEHE )Kefle3a HEKOTOpbIe M3 MepeuMc/eHHbIX
aBTOPOB TPaKTOBA/MM KakK MpOsiB/IeHUs ,,CKPbITOro Aedmumta xenesa“. C Haweld
TOUKU 3PEeHWs MOHSTME ,,AeULNT >Kenesa“ BK/IOYAET He CTONbKO CHIDKEHWE
YPOBHSI )Kefie3a M TMOBbILEHNE HEHACHILLEHHOW Ke/le30CBA3bIBAIOLLE CMOco6-
HOCTW CbIBOPOTKM KPOBW, CKONIbKO CYGBEKTMBHbIE U OGBEKTUBHbIE MNPU3HAKM
06eiHEHNS TKaHel )Xene3oM, CBA3aHHbIE C HapyLIeHeM OKWUCINTeNIbHO — BOCCTa-
HOBWTE/bHBIX MPOLECCOB HA KNETOYHOM YPOBHE.

3afaveil  HacTOSLWEr0 WCCMefOBaHUA  ABISIETCS  M3YUYEHUE  KIMHUYECKUX
CMMNTOMOB W N1a6OPaTOPHbIX METOZO0B, MO3BOMSIOLMX PaHO Pacno3HaTb CKpbi-

Tblli LeLNT Xenesa y AOHOPOB C LiEMbIO Er0 CBOEBPEMEHHOW NPOBMUNAKTUKN 1
NeYeHus..

MeToabl Ucc.ienoBaHMsI 1 06C/eaoBaHHble TPYMMbl

ViccnefoBaHue BbIMOMHEHO MYTEM KAMHWYECKOrO, remarosormyeckoro u
6roxummyeckoro obcrefoBaHUs LOHOPOB, CUCTEMATUYECKU W B TEYEHWME MHOIMX
NeT cAaloLWmx Kposb. lNn1a3mMeHHble nokasatenv 06MeHa Xefe3a—KOoHLeHTpaums
Xenesa (onpegensnacb Mo metofy Pamcaii) n HeHacblIeHHas Xene30CBA3bIBato-
was cnocobHocTb (onpegdensnace no metoay Lllage B Hawein mogmgukaunm) —
n3yyeHbl y 475 foHOpoB. oApo6HOe KIMHWYeCKoe (CO creuunanbHbIM CTOMATo-
NOTNYECKUM) ocniefioBaHe BbINOSHEHO Y 230 JOHOPOB; OHO Y 22 YenoBeK [0nos-
HEHO 6uorncumeli CAM3MCTON 060M10YKN LLUEKM C FUCTONOTMYECKMM W TUCTOXUMU-
YECKUM WCCnefoBaHMeM OMONTATOB. BbifBNAAM nonucaxapuaHblli  KOMMIEKC
(peakumsi Xane Ha kucnble, MAC peakumsi — Ha HeliTpasbHble MyKOnonancaxapu-
abl), no metogy LlentoH m LUHeligep m3yyanacb akTUBHOCTb (DEPMEHTA CyKLMH-
ferngporeHassl € nNOCMefyloleil MUKPOPOTOMETPUE Ha MUKPOGOTOMETpe
M®-4.

O6cnepoBaHbl B KnMHUKe 30 goHopoB. WX mogpob6Hoe remaTonornyeckoe
obcnefoBaHve, BK/KOYaBLUEE WCCMefOBaHME KOCTHOMO MO3ra, [JOMOJIHAMNOCH
TMCTOXMMUYECKUM U3YyYeHVeM (epMeHTaTMBHOW aKTMBHOCTWM MepoKcuaasbl U
LMTOXPOMOKCMAA3bl B NEMKOLMTAX KPOBM W OMNpPeAeneHVeM COLepXaHWus LWTo-
XPOMOKCMAA3bl B KNETKax (3pUTPOLMTBLI W NeiKOLMTbI) KPOBW.

PesynbTaTbl uUccnefoBaHUA

B cOOTBETCTBUW C NIUTEPATYPHLIMU LAHHBIMWU HaMW OOGHAPYXXEHO CHUXEHWe
CPeAHVX BE/MYMH KOHLIEHTPauuy XXenesa U NOBbIEHNe — HEHACLILLEHHOMN Xe-
Ne30CBA3bIBAIOLLEN CNOCOBHOCTU CbIBOPOTKM KPOBW [OHOPOB MO CPaBHEHWIO C
MPakTUYeCKn 340POBbIMU /IIOAbMU (B KAUECTBE KOHTPONA B3ATbl /iMLa TOTO ke
BO3pacTa C HOpPMasibHbIMKM MOKa3aTeNnsiMu COCTaBa KPOBUM — Y XKEHLUMH KOH-
LleHTpauua remornobuHa B Kpoeu npesbiwana 12,4 rp%, y My>xunH — 12,9 rp%).

HecmoTpsa Ha OfMHaKOBble MOKasaTenu KOHUEeHTpauuu remornobuHa B
KpPOBW Y JOHOPOB W MPaKTUYECKW 340POBbIX /UL, Y NepBbIX (B 60/bLUEN CTENEHN Y
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YKEHLUMH) M3MEHEeHb! MoKasaTenn 06MeHa Xefle3a—T10BbILLEH YPOBEHb HEHACHILLEH-
HOIA >Kene30CBA3bIBatOLLEA CNOCOBHOCTY CbIBOPOTKM U CHIDKEH — JKefie3a B CbiBO-
POTKE KPOBM, YTO SB/ISIETCS CBUAETENLCTBOM HELOCTATKa )Kefe3a B OpraHu3Me.
CnefyeT OTMETUTb, UYTO HU3Kas KOHLEHTpAUWsi Xenes3a B CbIBOPOTKE KPOBU Y
HEKOTOPbIX AOHOPOB MOXET OTPaXKaTb TO/IbKO MOBbILIEHHYH MOTPEGHOCTL B HEM
KPacHCro pocTKa KOCTHOrO MO3ra, aKTMBM3MPOBAHHOIO KPOBOMYCKaHWeM. JTOT
nokasatenb, KPOMe TOr0, OT/AIMYAETCS 3HAUYUTENbHOW NaGUMLHOCTLIO fJaXe B
TeueHue AHsS U Hefenu. MoBbIlLeHe KOHLEHTPALUMM HEHACBILLEHHON YKene30CBA3bl-
BalOLLEll CMOCOBHOCTM ChIBOPOTKU KpoBW Gonee cTabuibHO. OfHAKO, KpaTKOBpe-
MEHHOE MOBbILLIEHNE YPOBHSI HEHACHILLEHHOW >Kee30CBSA3bIBalOLLIE CNOCOGHOCTU
CbIBOPOTKM TakXKe OTMEeYasioCb Hamuy focsie OCTPO KpOBOMOTEPW.

Puc. 1 KpuBble pacrnpefeneHusi KOHLEHTPALMM HEHACILLIEHHOM >Kene30CBA3bIBaOLLE cnoco6-
HocTy cbiBopoTkM (H. XK. C. C.) KpoBM y AOHOPOB (CMOLIHAA IMHUS) N NPaKTUYECKY 300POBbIX
Ny, (NYHKTUPHasA NIMHUA)

CnefoBaTtenbHO, TO/IbKO CTONKOE MOBbILLEHNE HEHACHILLEHHOW XKene30CBs3bl-
BatlOLLEli CMOCOOGHOCTM CbIBOPOTKM MOXET paccMaTpuBaTbCA KaK MpOsBAEHWE
CKpbITOro feguunta xenesa. Noatomy Mbl uccnefoBann Kposb Yepes 60 1 6onee
[Heli nocne KPOBOMYCKaHWs, KOrAa ero HermocpefcTBEHHOE BAMSHME Ha remonoas
3aKOHYMNOCh.

KOHUEeHTpauus HeHacbILEHHON >Kene30CBA3bIBalOLLE CNOCOBHOCTU ChIBO-
POTKM KPOBW OKasanacb CBA3aHHOW C KOIMYECTBOM CAAHHON KPoBW (KO3(PULNEHT
Koppensummn paseH +0,65). MeHee 0TUéTNMBas ob6paTHas 3aBUCUMOCTb BbISIB/IEHA
MeXay KOMMYECTBOM CHAAHHON KPOBU U YPOBHEM )>Kene3a B CbIBOPOTKE KPOBU
(y = 0,48).

Ha pucyHke Ne 1 nokasaHO pacnpefeneHne KOHLEHTPaLMU HEeHacbILLEeHHON
)KeNe30CBA3bIBaoLLE CMOCOOHOCTM ChIBOPOTKM Y MPaKTUYECKU 3[40POBbIX NNL,
KOHTPO/IbHOI TPyMmbl U JOHOPOB. 3aMETHO OTK/IOHEHME KPMBOI pacnpefeneHns y
[LOHOPOB BNPaBO, YTO CBA3AHO C YBE/IMYEHWUEM YUC/IA LOHOPOB C BbICOKUM YPOBHEM
HEHaCBILLEHHOMN Kene30CBA3bIBAOLLEN CMOCOOHOCTU CbIBOPOTKM MO CPABHEHWIO C
MPaKTUYECKU 340POBLIMU NTHOAbMU U OOBSACHAET 60/1ee BbICOKME CPEAHME BEIMUMHBI
€8 y IOHOPOB.

YMeHbLUEHNE KOHLEHTpaUUnM >kenesa B CbIBOPOTKE KPOBM HMKe 80 MKr%
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npu OA4HOBPEMEHHOM MOBbLILIEHUW YPOBHS HEHACBILLEHHOM ene30CBA3bIBatoLLei
CNocoBbHOCTM CbIBOPOTKU 60nee 260 MKr% u, cnefoBatenbHO, 3HAYUTEIbHOM CHU-
XEHUM MPOLEHTA HACLILLEHNA >KeNe30CBA3bIBAIOWE CMOCOOHOCTH CbIBOPOTKM
Xene3om Mbl CUUTaNU NPOSABNEHWNEM CKPbITOrO — TKaHEBOro — JedmumTa xenesa.
Mopgo6Hoe coueTaHue BcTpeTunoch y 152 u3 475 o6¢nefoBaHHbIX [OHOPOB
(32%), vawie y XeHwwmH (40%), yem y mMyXunH (12,3%). OcobeHHO 4YacTo — B
MONOBMHE CMyYaeB — Takue U3MeHeHUs 06MeHa enesa OTMEYEHbl Y YKeHLNH —
MHOrO/IeTHUX AOHOPOB, CUCTEMATUYECKM CLABABLUMX KPOBb.

OTpfenbHble CUMNTOMBI CKPLITOTO AeULnTa XKefie3a BCTPETUINCL Y MNpeod-
nafialowero 60/bWUHCTBA [OHOPOB C GMOXMMUYECKMMMW MPOSABIEHUSAMU 3TOMO
cocToAHMA. [onHaa KIMHWYeCKas KapTuHa CKpbITOro geduumTa »enesa BbisBNeHa
y 30 u3 152 foHopoB (19%) ¢ BUOXMMMYECKUMI MOKa3aTensamu obefHeHns opra-
HM3Ma Xene3om. OCHOBHbIMY CUMMNTOMAaMM MOCNEAHEr0 BbINN: OfbILIKANPU QU3n-
YeCKol Harpyske, yTOMASieMOCTb, CNaboCTb, CHKEHVE TPYLOCNOCOOHOCTM Y BCEX
06cnesoBaHHbIX, HAKNOHHOCTb K 06Mopokam — Yy 25, aucarus, ronosHble 60au un
rO/IOBOKPYXXEHNA — Y 18, CyXOCTb FNOTKM U NonocTu pTa — y 16 06¢cnefoBaHHbIX.
TunnuHble s geduumTa Xenesa U3MEHEHWS HOTTel 1 BOMOC BCTPETWUAUCH Y 26,
671eHOCTb 1 CYXOCTb KOXWN — Y 22, aHTYNAPHbIA cTOMaTUT — y 13 foHOopoB. Te
WIN UHbIE T. H. ,,0pabHble™ CUMNTOMbI AedULMTA Xefe3a — W3BpaLLeHe 060HS-
TENbHON 1 BKYCOBOM YyBCTBMTENILHOCTU, CyXOCTb, aTpotus 1 61e4HOCTb CAM3MC-
TO 060M0UKN LUEK, HOKEHME W MOLLMUMbIBAHWE A3blKa, aTPOPUA ero HUTEBUAHbIX
M rprbOBUAHBLIX COCOYKOB — MPU CTOMATONOIMYECKOM 06C/eloBaHUN BbISBNEHbI
y 30% Bcex 06cnefoBaHHbIX A0HOPOB. O6HapyXeHa npamas KoppensuuoHHast
3aBUCHMOCTb MEXAY BbIPaXXEHHOCTbIO U3MEHEHWI MONOCTU PTa W ANNTENIbHOCTbIO
poHopctBa (y = 0,7), YPOBHEM HEHACbILLEHHOW >Kee30CBA3bIBalOLLEN CNOCO6-
HOCTW CbIBOPOTKM (Y = 0.6).

KnuvHnyeckne npossieHns feduunTa >enesa yalle BCTpedanuch 1 bbinm apue
BbIp@XKEHbI Y [JOHOPOB C MHOTFO/MIETHUM cTaxkeM (6onee 10 neT), YPOBEHb Xefesa B
CbIBOPOTKE KPOBW KOTOPbIX OblN PE3KO CHUXKEH, & HEHACbILLEHHOW Xene3ocss3bl-
BaloLLeli CNOCOBHOCTU CbIBOPOTKM — 3HAUUTENbHO MOBbIWEH (COOTBETCTBEHHO
52 1 300 MKr%).

MosBreHne ,,ManbiXx CUMNTOMOB* HEAOCTATOYHOCTM Xenesa Mpu OTYETIM-
BbIX BMOXMMUYECKNX M3MEHEHUAX OOMEHa Xesie3a B CbIBOPOTKe KPOBY MO3BONSET
CUATaTb HECOMHEHHbIM pa3BUTWE Y ONpeAenéHHOW 4acTu LOHOPOB CUMHAPOMA
TKaHeBOro gemumnTa xxenesa. CyLecTBOBaHNE U3MEHEHWIA XXeNYyA0YHON CeKpennm
Yy AOHOPOB, KOTOPblE paccMaTpuBasuUCb Kak pesynbTaT ,,AuCTpoduyeckux™ npo-
LleCCOB B CNU3MCTOM 060/M04YKe Xenyaka, M3BECTHO AaBHO [6]. OfHaKo, HesAcHa
6blna CBA3b 3TOr0 COCTOSAHWNA C AeULMTOM Xefesa.

Takum 06pasoM, CKpbITbIl AeUUNT Xenesa NOBTOPAET B MUHMUATIOPE Kap-
TUHY Xene3o04epULUUTHON aHeMUn 1 ABNSeTCS €8 CyOKIMHUYECKON npeacTafunei.
[JononHntenbHble WccnefoBaHWs, BbINONHEHHbIE Y TPYNMbl AOHOPOB B K/MHU-
YECKUX YCNOBUAX, OBHAPYXUAN M3MEHEHUS TUCTOXUMUK NENKOLMUTOB, Xeny[ou-
HON Cekpeuumn, 3NeKTPOKapAMOrpammbl, KOCTHOMO3FOBOIO KPOBOTBOPEHUS.
XapakTepHble [4N15 >kene3ofeuuUUTHOW aHeMWUW, OfHAaKO B YMEPEHHOI CTeneHu.
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OCTaHOBMMCS KOPOTKO Ha pesy/bTaTaxX WCCMeAoBaHWiA, O06BbACHAKOLMX
MaTOreHeTUYECKME MEXaHW3Mbl OMMUCLIBAEMOr0 CUHAPOMA. [MCTONOrnYeckoe
“ccnefoBaHNe GUONTATOB CM3UCTOW 060/TOUKM LLIEKM, BbIMO/IHEHHOE Y 22 OHOPOB
C BbIP@XEHHbIMW KIMHUYECKUMU MPOSIBNIEHUSIMI CKPLITOro AedmumTa XXenesa,
CBUAETENbCTBYIOT 06 ONpeaenéHHbIX M3MEHEHUSX B CTPOEHUW 3NUTENUs: YMEHb-
LUIEHMW €ro TO/UMHBI M YMCNa KNeToK 6a3aibHOro C/osi C YMeHbLUEHWEM KONu-
yecTBa MWUTO30B MOC/EAHUX, NOSBNEHUN ABYXSAEPHbIX KNETOK, ABNEHNIA NapakKepa-

Puc. 2. depMeHTaTVBHasA aKTUBHOCTb CYKLMHAErMAPOreHasbl B AMUTENMM CIM3UCTOW 06ON0UKM
LLUEKV 3[,0POBOTO Ye/OBEKA C HeHapyLUeHHbIMM 3amacamu Jkenesa. VIHTeHCMBHOe 0Gpa3oBaHue
rpaHy/ (hopmasaHa, yKasblBaloLLee Ha CUMbHYIO aKTUBHOCTb (hepMeHTa. YB. 140

TO3a, T. € HapylleHuy nponudepauum u co3peBaHus anutenus. lpencTasBneHsbl
MUKpohoTorpatmn 3nNUTeNns LLeKn 340pOBOr0 YenoBeka W LOHOPA C K/MHUKO-
B6VOXMMUYECKMMUN MPOSBIEHUAMU CKPbLITOrO fAethuumTa >xenesa (puc. 2 u 3).

OTYET/IMBO BWAHO CHVXXEHME aKTUBHOCTU (PepMeHTa CyKLUMHAErMaporeHasbl
y floHOpa.

BbISiBNIEHHbIE HAMU TUCTONOTMYECKUE W3MEHEHWUA MOTYT 06BACHUTL Mexa-
HU3M BO3HUKHOBEHMWS K/IMHUYECKMX MPOSABIEHWUI CKPbITOro AehmunTa Xenesa —
OUCTPOINYECKUX HapYLLEHWI CAM3UCTbIX 000/104eK, KOXM 1 eé npuaaTkos. pu-
YMHOI NOCNegHUX ABNAETCA YMEHbLUEHWE COLepXaHus XXenesa W, B 4acTHOCTW,
Xene3ocoAepXaLinx GepMeHTOB TKAHEBOTO [blXxaHWs B KNeTkax. V3yyeHve akTuBs-
HOCTW CYKUMHAErMAPOreHasbl B CIM3MCTON 060104Ke LLEKN BbIABUIO 3HAUUTENbHOE
CHWXKeHVie eé Y JOHOPOB MO CPaBHEHMIO C NNLAMK KOHTPOJIbHOR rpynnbl.
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Tabnuua 1
PepmeHTaTVIBHaA aKTVBHOCTb CYKLMHAErMApOreHasbl B 3MUTENMW CAWSWUCTON OB0MOYUKM LKW

Cnon anuTenus  LLeKn

Yucno Ha-
I pynnb 6roaeHuii BazabHbIif WHNOBUAHbI MOBEPXHOCTHBIiA
MzT) ™M 1) M= T)
[JoHopbl 22 79,8+ 47 55,2+4,8 412+ 37
KoHTponb 10 84,6+ 21 64,6+1,7 51,4+6,2

Pvic. 3. ®epMeHTaTUBHAs aKTUBHOCTb CYKLMHAETMAPOreHasbl B 3MUTENNN CAIM3UCTON 060/I04KM
LLEKV IOHOpa C NMpU3HaKaMu AeduumuTa Xenesa. HeaHaunTenbHoe 06Pa3oBaHVe rpaHyn (opma-
3aHa, YKasblBaloLLee Ha clabyto aKTMBHOCTbL (bepmeHTa. YB. 140

C uenblo BbISB/IEHUA KNETOYHOrO AethuumTa XKenesa Onpefensnocb cogep-
XaHue UMTOXPOMOKCMAA3bl CYMMAapHO B 3pUTPOLMTAX W NeKoLMTax KpoBW.
OG6HapyXeHO CTaTUCTUYECKN [OCTOBEPHOE CHWXKEHWE COAepXaHus LUTOXPOM-
OKCUAasbl B KMETKaxX KPOBU Y AOHOPOB C KIMHUYECKUMMW MpU3Hakamu geuuuta
Xenesa (84 ycnoBHbIX eAVHMLbI) MO CPAaBHEHMIO C NPaKTUYeCKU 340POBbIMU NnLa-
MW KOHTPOJ/IbHOW rpynnbl W AOHOPaMW C HOPMaSibHbIMW MOKa3aTenaMu obmeHa
enesa (108 ycnoBHbIX efuHNUL).

UTo KacaeTcsa mpuuuH 06efHeHWs oOpraHusma >enesom, TO CrefyeT OT-
MeTWUTb, UYTO Y 25% JOHOPOB C KIVHUKO-OMOXMMUYECKMMW MPU3HaKaMm aeuumuta
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Xe/nesa CMMMTOMbI ero CyLiecTBOBa/IM [0 Havasia [OHOPCTBA, a AOMOMHUTENbHOE
BIMAAHWE OOW/bHBIX MEHCTPYaslbHbIX KPOBOMOTEPb, 4acTblX POAOB U abopTOB
HECOMHEHHO Y TPEeTU >XeHWuH. CnefoBaTe/ibHO, TOMbKO Y MON0BUHbLI 06Cneno-
BaHHbIX XEHLLWH-L0HOPOB OCHOBHbLIM 3TMOJIOrMYECKUM(AKTOPOM CKpbITOrogedu-
LWTa XKenesa ABUANCL CoAYU KPOBM.

3HayeHvie HeJOCTATKa XKefe3a B MaToreHese OMNMCbIBaeMOro CMHApPOMa Moj-
TBEpXAaeTca pesynbtaTamy neveHns 30 LOHOPOB C HECOMHEHHbLIMW MPU3HAKaMu
fJethununTa xxenesa npenaparaMmy CEPHOKUCNONO Xenesa ¢ aCKoponHOBOI KUCNOTOM
(Ferri sulfurici, Acidi ascorbinici — 0,3 . TpM pasa B [eHb) B TeueHuWe 2-x
MecsileB B amBynaToOpHbIX YCNoBUAX. B pesynbTaTe neyeHus y [OHOPOB CTa-
TUCTWYECKMN [OCTOBEPHO YMyULIMAUCh MOKasaTenn OoOMeHa >xenesa: KOHLEeHTpa-
LMS HEHACBILLEHHOM XXene30CBA3bIBaKOLLEN CMOCOBHOCTY CbIBOPOTKU CHU3WUMACh C
275 fo 240 MKr%, a ypoBeHb »efe3a nosbicuicsa ¢ 64 Ao 78 MKr%. OTmeyeHo U
3aMeTHOE TMOBblILLEHMWE KOHLEHTpauum remornobuHa B KpoBM — OT 12.6 [0
13,4 rp%. Y 22 4YenoBeK MCYE3NM MOSMHOCTbI0, & Y 8 — YaCTUUYHO OOBLEKTUBHbLIE
nposeneHus geduumta xenesa. Cy6bekTMBHOe ynydlleHune oTMeTunu 20 JOHO-
poB.

BcacbiBaHMe >Kene3a B Xeny[o4yHO-KULLIEYHOM TPakTe MpU CKPbITOM Aedn-
UMTe >xenesa nosbilweHo [4]. CnefoBaTeslbHO HET OCHOBAHWI CUWTATb HapyLUeHue
BCacblBaHWs NPUUMHON AethmnumTa Xenesay JOHOPOB. Peub MOXET MATU TONbKO O
BCaCbIBaHUW, HeajeKBaTHOM MMOTepPsAM Xenesa MNpu  KPOBOMYCKAaHMAX W pasfny-
HbIX KpoBOMoTepax. B pefokux cnyyasx Henb3s UCKMOUYUTL HeJOCTaTOYHOe Mo-
CTYM/IEHME Xene3a C NULLEi, Kak 04HY M3 NpUYMH getuumTa Xenesa.

Takum 06pa3om, y 4yacTu JOHOPOB Pa3BMBAIOTCA KaK B CBA3WN C JOHOPCTBOM,
Tak 1 B CBA3W C APYrMMM (PakTopaMu KIMHUKO-BMOXMMUYECKME NPU3HAKK Aethn-
LIMTa XKefesa, NnaTtoreHeTMYecKn CBA3aHHbIE C HeJJOCTAaTKOM Xenesa B OpraHu3me.
Y 60nblU€l YacTu U3 HWUX BCTPEYAKITCA TONbKO BUMOXMMUYECKME NPOABAEHUS fe-
hmunTa xenesa. Heo6x04MMO OTMETUTb, UTO CKPbITbIA AeULUT >Kenesa BCTpe-
YyaeTca [OCTATOYHO YacTO M Y MPaKTUYEeCKW 3L0POBbIX YKEHLMH C YPOBHEM remo-
rnobuHa B KpoBW Bbilwe 12 Tp% — B 20 % cnyyaes [3, 8].

B BbIpaXXeHHbIX Cnyyasx pacno3HaBaHMe CKPbLITOro feduumTa Xenesa BO3-
MOXHO MO €ro KAMHWYECKOW KapTUHE, OfHaKO A8 paHHeli AMArHOCTUKM He-
06Xx0AnMbI nabopaTopHble MeTOAbl WUCCNefOBaHMA.

YpoBeHb remorsiobrHa B KPOBU He MOXKET OblTb MCMOSb30BaH B KayecTse
[MarHoCTUYeCcKoro TecTa, a OnpefefieHVe KOHLEeHTpauuu >efie3a B CbIBOPOTKe
KPOBW ABMISETCA HELOCTATOYHO TOYHbLIM METOLOM BbISIB/IEHUA CKPLITOTO feduuuta
Xenesa. Haw onblT N03BONAET PEeKOMeHA0BaTb AN paHHEeN AMarHOCTUKM CKpbl-
TOro fedmuuta >kenesa onpefeneHne HeHacbILEHHOM >Kene30CBA3bIBatOLLEN CMo-
COOGHOCTY CbIBOPOTKM KPOBU 1 COLEPXKAHUA LLUTOXPOMOKCUAA3bI B KNETKax KPOBU 1
LIMPOKO BHEAPWUTb 3TOT METOL Ha CTaHuMAX MepenvBaHUA KpPOBW BBUOY €ro
MPOCTOTbl M TOYHOCTW. CTOWMKOe MOBbILEHNE KOHLEHTPaUMM HeHACbILLEeHHOW
XKene3ocBA3blBaloLLeli CnoCO6HOCTM CbIBOPOTKM KPOBM Bbile 260 MKr% cnegyet
cumTaTb MOJO3PUTENbHBLIM, a CBbille 280 MKr% — HECOMHEHHbLIM MPU3HAKOM
CKpbITOro fedumuuta xenesa. Cofep>kaHune LMTOXPOMOKCMAA3bl B K/IETKAX KPOBU
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(spuTpouunTbl 1 neikounTbl) MeHee 90 YCNOBHbIX €AMHUL, ABNSETCA MaTOrHOMO-
HUYHbIM MPOSIB/IEHNEM JeduuunTa xenesa B TKaHsX.

MonoXutenecHble pe3ynbTaThl Tepanum XenesoMm No3BONAKT CUATATb CKPbI-
Tbll AeUUMT >Kene3a MOSHOCTbK M3neYynMmbIM. [POAOMKUTENBHOCTL NeYeHNs
3aBUCUT OT BbIPAXXEHHOCTU AeUUNTA dXenesa U B NErKMUX Cllyyvasx cocTasnset
1,5—2 mecsua.

BbiBogpbl

1 CKpbITbIl fedmunT xenesa — obefHeHNe opraHvM3Ma Xenesom 6e3 pas-
BUTMA aHeEMUWN — BbIsiBNeH Y 152 n3 475 06c¢nefoBaHHbIX AOHOPOB (32%). Yaue oH
BCTpeYaca Yy XeHWmH (40%), ropa3fo pexe —y MyXuuH (12,3%).

2. OcHOBaHMeM A1 AWArHOCTUKMW CKPbLITOrO JetmumuTa XKenesa ABUINChL U3-
MeHEeHUs OMOXMMUYECKMX MOKaszaTeneli — CHWXKEHWe KOHLEHTpaumu >xenesa u
MOBbLILLEHNE — HEHACbILLEHHO >Kene30CBA3bIBatOLLE CMOCOOHOCTU CbIBOPOTKM
KpoBU. BbisBNeHa OTYET/IMBaA MpAMas 3aBUCUMOCTb MeXAy YPOBHEM HeHacbl-
LLEHHOW »Ke/1e30CBA3bIBAOLLEN CMOCOOHOCTU ChIBOPOTKM U KOJIMYECTBOM CAAHHOW
KpOBM Y [IOHOPOB.

3. BblpaXeHHas KIMHMYecKasd KapTuHa feduumTa Xenesa obHapyXeHa Yy
19% [0HOPOB C BUOXMMUYECKUMYU MPU3HAKAMU AenLnTa XKenesa, T. e. Y 6 % Bcex
06CnefoBaHHbIX AOHOPOB. Y 3TUX NUL, 06HAPYXXEHO CTAaTUCTUYECKU [OCTOBEPHOE
CHV)XEHWE aKTMBHOCTW CYKLUMHAErnaporeHasbl B 3MUTENUN CAUSUCTOR 060104KM
LLEKN 1 COAePXKaHNA LMTOXPOMOKCUAA3bl B KIETKaxX KPOBY MO CPaBHEHUIO C Mpak-
TUYECKN 3L40POBbIMU MIOABMU KOHTPOSIbHOW Tpynibl.

4. Hambonee TOYHbIMU MeTOAaMMW PaHHE AMArHOCTMKW 3TOr0 COCTOAHUA
ABMIAETCA OMNpefeneHne KOHLEHTPALMM HEHACBILLEHHON Xee30CBA3bIBatoLLeli Crno-
COBHOCTY CbIBOPOTKN KPOBW U COAEPKAHMA LIMTOXPOMOKCUAA3bI B KNETKAX KPOBU.
CToiKoe MoBbILeHVEe nepBoit (cBbiwe 280 MKr%) B KPOBU W CHIDKEHME BTOPON B
KnieTkax Kposu (Huke 90 YCMOBHbIX efyHULY) ABNSAETCA A0Ka3aTe/IbCTBOM CKPbITOrO
JeduunTa Xenesa.

5. PaHHee BbIiBIEHVE U NIEYEHWE CKPLITOTO AeduumTa Xenesa npenaparamu
Xenesa B TeyeHue 1,5—2 mecsueB NO3BONAET MOMHOCTLI0 A06UTLCA HOpPManu3a-
UMM BMOXMMUYECKMX M KITMHUYECKMX NOKasaTenei.
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Diagnosis and Prophylaxis of Iron Deficiency in Donors
A. J. Jaroshewsky, V. N. Petrov, M. M. Shcherba, V. . Kalinin, E. N. Mihailova

The indices of iron metabolism were studied in 475 permanent donors to expose a
latent iron deficiency, i.e. the impoverishment of the organism in iron without anaemia.
The criteria of this state were, a decrease in serum iron concentration below 80 //g per 100 ml
with a simultaneous increase of unsaturated iron-binding capacity to above 260 pg per 100 ml.
Such a combination was found in 32% of the examined subjects, in 40% of the women
and in 12.30% of the men. A good correlation was found between the unsaturated iron bind-
ing capacity and the number of phlebotomies. There was a significant decrease in succinate
dehydrogenase activity in the epithelium of the cheek mucous membrane, and in the cyto-
chrome oxidase content of the blood cells of the donors in comparison with control healthy
subjects. A stable increase of the unsaturated iron-binding capacity in serum and a decrease
of cytochrome oxidase activity in blood cells were the most reliable indices of iron deficiency
in the donors. The treatment of these subjects with iron was followed by complete recovery.

Haematologia 4, 1970






Haematologia 4 (2), pp. 187 —190 (1970)

Platelet Adhesiveness and Aggregation
in the Final Stage of Pregnancy and in the Puerperium

R. Farbiszewski, Z. Skrzydlewski

Department of Physiological Chemistry and Second Department of Obstetrics and
Gynaecology, Medical School, Bialystok, Poland
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The adhesiveness and aggregation of blood platelets has been studied in the
final stage of pregnancy and in the puerperium. A statistically significant enhancement
of blood platelet adhesiveness in the final stage of pregnancy with an accompanying
increase in the beta-lipoprotein level was found. In the early puerperium there was
a decrease in platelet adhesiveness with a partial decrease in the beta-lipoprotein level.
Similar changes were observed in the ADP induced aggregation time of platelets.
The significance of the above findings for the pathogenesis of thrombotic diseases
in pregnancy and puerperium and a hypothesis about the interaction of beta-lipopro-
teins with certain receptor sites on the platelet surface are discussed.

The adhesiveness and aggregation of blood platelets is enhanced in a number
of pathological states [7, 8, 13, 14, 18, 19]. Disturbances in fat metabolism may
be of great importance in the process of adhesion and aggregation of blood plate-
lets [1]. in essential hyperlipaemia the composition of fatty acids in chylomicrons
is altered and the total amount of unsaturated fatty acids in cholesterol ester is
reduced and in this state, accelerated blood platelet aggregation has also been
observed [15]. According to Mustard et al. [10] an increased blood level of some
lipids may enhance the formation of a blood platelet plug, while Norddy and
Chandler [12] observed that a lipid-rich diet increases the thrombotic process
induced by ADP infusion in the rabbit.

It has been shown previously that the increased plasma beta-lipoprotein
level may be responsible for enhanced aggregation and adhesiveness of blood
platelets [4], thus proving that platelet adhesiveness and aggregation are more
affected by beta-lipoproteins with an increased amount of lipids in the molecule
than normal beta-lipoproteins [5]. Chylomicrons which are lipoproteins with a
high proportion of neutral fats, if present in the plasma at high concentrations,
may also increase platelet adhesiveness [6]. Since in the last stages of pregnancy
there is a considerable increase in the beta-lipoprotein level [2, 3], it seemed
interesting to study blood platelet adhesiveness and aggregation in pregnancy
and in the early puerperium (Table 1).
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Table 1

Platelet adhesiveness and aggregation, and serum beta-lipoprotein level in pregnancy
and puerperium

Test

Patient group Per cent Aggregation Serum beta-lipoprotein
of adhesive time, sec. level
platelets ADP 10 M (mg per 100 ml)
A 39.1* 25 638.6
(33.8—47.0) (22—29) (532.0-840.0)
28.1* 32 502.0
(22.1—33.0) (30—36) (470.0—530.0)
c 22.9 3 340.0
(20.5—235) (35—39) (291.0—397.0)

A —final stage of pregnancy

B —early puerperium

C — control

Range of variations are indicated in brackets.
* = statistically significant differences p < 0.05

Material and Methods

A total of 15 subjects 15—33 years of age was examined. Blood samples
were collected into siliconized glass tubes containing 1/10 volume of 0.1 M tri-
sodium citrate dihydrate and into dry tubes to obtain serum in the final stage of
pregnancy and 6— g days after labour.

Platelet rich plasma was obtained by immediately centrifuging the citrate
plasma at 800 r. p. m. for 7 minutes. The platelet count was determined by the
method of Rees and Ecker.

Adhesiveness of blood platelets after addition of ADP was estimated in vitro
at room temperature by the modified method of Stormorken et al. [17].

Platelet aggregation induced by ADP at 10-6 M final concentration was
recorded by the method of Niewiarowski and Thomas [11], based on the photo-
metric recording of changes in optical density which occurs in platelet rich plasma
on the addition of ADP.

Concentration of beta-lipoproteins in plasma was determined by the method
of Burstein and Samaille [3]. In a control group of 15 subjects the same tests
were performed.

Results and Discussion
Results are presented in Table 1L Mean per cent of adhesive platelets in the

final stage of pregnancy was 39.1 and mean aggregation time of blood platelets
was 25 sec, with a mean beta-lipoprotein level of 638 mg per 100 ml. Six to eight
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days after labour, platelet adhesiveness decreased by 11 % and aggregation time
increased by 7 sec, with an accompanying decrease to 136.6 mg per 100 ml of
the beta-lipoprotein level. Table 1shows a correlation between adhesiveness and
beta-lipoprotein level. In contrast to aggregation the decrease in platelet adhesive-
ness was statistically significant. On the other hand, the platelet aggregates in
subjects with an increased beta-lipoprotein level were solid in contrast to the loose
aggregates observed in patients with a decreased beta-lipoprotein level.

Disturbances of blood clotting and haemostatic function of blood platelets
in connection with pregnancy and labour represent a great problem in obstetrics.
Several studies have shown that in pregnancy there isan increase in some plasmatic
blood clotting factors [9, 16] responsible for the formation of thromboses and
emboli. The present findings have proved that the increase in the blood lipo-
protein fraction is responsible for the enhancement of platelet adhesiveness and
aggregation. The decrease in the beta-lipoprotein level occurring during the puer-
périum leads to a partial normalization of adhesiveness and aggregation. This
effect, among others, could explain the tendency to thrombosis and embolism of
women during pregnancy and puerperium.

The mechanism of the action of beta-lipoprotein on blood platelets is
not fully known. The present findings have confirmed the earlier hypothesis
about the interaction of beta-lipoproteins with certain receptor sites on the platelet
surface [4]. The beta-lipoproteins, being high molecular substances composed
mainly of lipids (phospholipids and cholesterol), seem to change the electrostatic
charge on the surface of the platelet membrane, and the coated platelets with
changed electrostatic forces might be more reactive to ADP than are normal
platelets.
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Mechanism of Thrombocytosis Following Splenectomy
in the Mouse

F. Krizsa, G. Gergely, K. Rak

First Department of Medicine, University Medical School
Szeged, Hungary

(Received December 8, 1969)

Following splenectomy in the mouse, the circulating thrombocyte count in-
creased, to exceed the initial count by 71 % on the 8th day. Subsequently the count
decreased to reach the initial value on the 21st day. In the number of bone marrow
giant cells there was a slight decrease on the 5th and 8th days. The serum of splenec-
tomized mice caused no appreciable change of the thrombocyte count in the usual
mouse test. Postsplenectomy thrombocytosis is believed to be due to the loss of the
spleen’s storing function and not to an increased medullary thrombocytopoiesis.

The role of the spleen in the regulation of circulating platelets has been
known for long. This regulation could occur by

1 elimination of aged or damaged platelets from the blood [9];

2. storing of thrombocytes [1, 8, 16, 17];

3. a humoral factor inhibiting megakaryocyte production in the bone
marrow [7].

After splenectomy there is a rise in the number of circulating platelets.
This postsplenectomy thrombocytosis may be due to one or more of three factors,
viz. prolongation of the platelet life-span, failure of the spleen’s storing function
and increased platelet production.

In order to approach the problem, it has been studied in mice whether after

splenectomy there was any change in the megakaryocyte content of the bone
marrow.

Material and Methods

Three to four months old white mice of both sexes of the BALB/c strain,
weighing 20—25 g and kept on a standard diet were used. The thrombocyte count
was estimated by Fischer and Germer’s [10] direct phase contrast microscopic
method, and the number of medullary megakaryocytes by the Btirker chamber
direct phase contrast microscopic method of Krizsa et al. [12, 13]. The mega-
karyocyte content of the bone marrow was expressed by the megakaryocyte index
(M. 1.). On each day the values for 10 mice were determined.

Serum thrombopoietic activity in intact and splenectomized mice was
determined by the mouse test [19]: in five mice the circulating platelet count
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was determined before and five days after the intravenous administration of 0.2
ml serum under investigation. The result is regarded as positive if the rise of the
thrombocyte level exceeds 30% in at least four of the five animals.

Statistical analysis was carried out by means of Student’s t test.

Results

The thrombocyte count was determined before splenectomy as well as
immediately before sacrificing the animals to estimate the medullary megakaryo-
cyte index. There was no significant change in the platelet count on the second

Fig. I. Thrombocyte count following splenectomy in mice. The mean difference between
the initial and the actually determined thrombocyte count of 10 mice is shown in per cents

Fig. 2 Medullary giant cells after splenectomy in mice, mean medullary megakaryocyte
index (M. L) in 10 mice, its scattering and statistical significance
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and third days, but by the fifth day there was an increase of 62%, and by the
eighth day one of 71 %. Subsequently, the thrombocyte count decreased and on
the 21st day it was the same as initially (Fig. 1).

Similarly, the bone marrow megakaryocyte content showed no appreciable
change on the second and third days. The megakaryocyte index on the 5th and
gth days displayed a moderate, but significant decrease; by the 21st day it was
identical with the original value (Fig. 2).

Serum thrombopoietic activity was also examined in splenectomized mice.
Twenty-four and seventy-two hours after splenectomy, 0.2 ml of the serum of 15
mice, and 48 hours after splenectomy that of 20 mice, collected from groups con-
taining five animals each, were administered to an equal number of recipient
animals. The thrombocyte count did not change appreciably till the fifth day.

Discussion

According to Aster’s [1, 2] investigations, one third of the human thrombo-
cytes is found in the spleen, and according to Penny et al. [17] the spleen is a
thrombocyte pool and its size apparently determines the amount of stored throm-
bocytes. The isotope studies of Odell et al. [16] and Aster [2] as well as the find-
ings of De Gabriellé and Penington [8] have proved the role of the rat spleen as a
thrombocyte store. The findings of Hjort and Paputchis [11] and Aster [2] in the
rat, as well as the findings of Castaldi and Firkin [6] and Bosch [3] in humans
have shown that the life-span of thrombocytes is not affected by splenectomy.

Buonanno et al. [4] failed to observe an increase in the thrombopoietic
activity of the untreated plasma of splenectomized rats, but they found an increased
thrombopoietic activity in the acidified and boiled plasma of intact and splen-
ectomized rats. These findings are difficult to evaluate because boiled acid plasma
may cause aspecific thrombocytosis owing to the dénaturation of some proteins.

According to the present data, thrombocytosis following splenectomy is
not a result of the proliferation of megakaryocytes, and the increase in the
platelet count after splenectomy is not preceded by a thrombopoietic serum activ-
ity: the serum of splenectomized mice administered to intact animals showed
no thrombopoietic activity. It is conceivable that the positivity observed earlier
by us [18] was connected with the blood loss which occurred at splenectomy;
in agreement with the findings of Odell et al. [15] and Buonanno et al. [5] we too
demonstrated [13] that bleeding may cause an increase in the thrombopoietic
activity. The slight decrease in the medullary megakaryocyte count observed on
the fifth and eighth days was most probably due to the negative feed-back effect
of the higher peripheral thrombocyte level on the megakaryocyte content [14].
On the basis of our findings, postsplenectomy thrombocytosis in mice is thought
to be due to the loss of the storing function of the spleen instead of an increased
medullary thrombocytopoiesis. It is not yet known why the platelet count returns
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to normal after the third week. There are two possibilities : either the platelet mass
is somewhat reduced or the spleen is replaced by the other parts of the reticulo-
endothelial system.
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Visual Evidence of Mitosis in Splenic and Peritoneal
Macrophages of the Mouse and of the Newt
Molge vulgaris

Phase-contrast Cine-micrographic Investigations

E. G. Rondanelli, E. Maguulo, S. Petrocini, G. C. Fossati

Department of Medicine, University of Pavia, Pavia, ltaly
(Received September 29, 1969)

Phase-contrast cine-micrographic recordings yielded visual evidence of mitoses
occurring in well-differentiated newt and mice macrophages performing marked
phagocytic activity. This is in good agreement with the concept that peritoneal and
tissue culture macrophages are not end-cells and may resume their mitotic activity
under certain experimental conditions.

In spite of the increasing knowledge of the role of macrophages in immune
responses and in inflammation [z, 8], precise information is lacking on the capacity
of these cells to perform mitosis.

According to a current view [1] macrophages in culture are end-cells devoid
of any proliferative activity. However, recent reports [4, 5 10] have pointed out
the possibility of DNA synthesis in macrophages under some special experimental
conditions.

The present investigation conducted by means of phase-contrast micro-
graphy presents visual evidence of mitoses occurring in vitro in peritoneal and
splenic macrophages of the newt Molge vulgaris L. and of the mouse.

Methods

Newts Molge vulgarisé, of both sexes, weighing 10—15 g, and albino mice
of both sexes weighing approximately 50 g were used. In both species peritoneal
cells were obtained by a method derived from that of Whitby and Rowley [9]
and consisting in washing the peritoneal cavity with medium 199 containing 5
units of heparin/ml. (2 ml per mouse and 1 ml per newt.)

The aspirated fluid was transferred to a sterile cylinder and cells were counted
in a haemocytometric chamber. The yield was between 0.8 xIOs and 2.5x10e
cells/ml in mice and between 0.5 x 106 and 1.5 x 10e cells/ml in newts.

Sterile autologous serum was added to a final concentration of 10%. The
medium was dispensed in Leighton tubes (1.5 ml per tube) with coverslips and
rubber stoppers. Incubation was performed at 37°C for mouse cells and at 27°C
for newt cells. The medium was changed 24 hours later and between 48 and 72
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hours the coverslips were removed and placed upside down on concave slides
filled with culture medium, with the cell monolayer immersed in the nutritive
medium.

The edges of the coverslips were sealed to the slide with melted paraffin.
The tissue culture chambers so obtained were ready for phase-contrast observation.

Spleen cultures were prepared by implanting minced tissue fragments in
chick plasma embryo extract clots hanging in the concavity of the same slides
which had been employed for phase contrast observation of peritoneal macro-
phages. The concavities were filled with a fluid medium composed of 20% auto-
logous serum and 80% tissue culture medium 199. The fluid medium was changed
every 24 hours. Spleen cultures were observed by phase-contrast on the 7th day,
by means of a Zeiss microscope enclosed in a thermostatic chamber heated at
37°C for mouse cells and 27°C for newt cells. The phase-contrast microscope was
equipped with a Zeiss-Neofluar 100 x oil-immersion lens, oculars 3.6 x and Optovar
1.5 x eyepieces.Cine-recording was performed by means of a Zeiss—Siemens
automatic device running at 4—20 photograms/min.

Results

In the present study the macrophagic nature of mononuclear cells was as-
sessed on morphological grounds. Under the phase-contrast microscope, macro-
phages of both mice and newts could be recognized as large cells with a wide rim
of vacuolated cytoplasm and a kidney-shaped or bean-like nucleus provided with a
delicate chromatin network.

The cells were performing active phagocytosis by engulfing fragments of
effete cells and granules and particles floating in the nutrient medium. No evidence
of mitosis was present before two days in either newt or mouse tissue cultures,
but after the second-third day a small number (1—2 %) of cells of undoubtedly
macrophagic aspect appeared to divide. The incidence of divisions was apparently
the same in peritoneal and splenic cells.

The morphological aspects of mitosis of newt macrophages are presented in
Figs 1, 2and 3, while in Fig. 4 is reported the karyokinesis of a mouse macrophage.

A common pattern of the division of these cells was the intense emission of
cytoplasmic bubbles along the cellular contour during anaphase and telophase.
The macrophagic nature of the dividing cells was best evidenced by the abundant
phagocyted material contained in the cell shown in Fig. 3.

Active phagocytosis was not performed during karyokinesis; it was suspended
at the beginning of the prophase and resumed immediately after the detachment
of daughter cells.
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Fig. 1 Metaphase, anaphase and onset of cytokinesis in a newt macrophage, time-lapse
cine-recorded by phase-contrast in the living. The bubbling is progressively increasing
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Fig. 3. Anaphase and telophase in a newt macrophage presenting much phagocyted material
and a vivid cytoplasmic motility. Phase-contrast photograms from a cine-record in the living

Haematologia 4, 1970



200 Rondanelli et al.: Visual evidence of mitosis

Fig. 4. Anaphase and telophase in a mouse macrophage, time-lapse cine-recorded by phase-

contrast in the living. It contains sparse phagocyted material. Very intense cytoplasmic bub-

bling in the course of cell division. Such a motility is not observed in parenchymal haemo-
poietic cells in the same environmental conditions
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Discussion

Though according to the current view macrophages in vitro are end-cells
unable to perform mitosis [1], the present investigation yielded visual evidence of
cellular divisions of macrophages originating from the peritoneum and the spleen
of newts and mice.

The proliferative activity was performed by a consistent, though small
number of well differentiated cells exhibiting intense phagocytosis. The first
appearance of macrophagic divisions on the second-third day of culturing cor-
related well with the maximum labelling by :iH-thymidine reported by Khoo and
Mackaness [3] on the second day after injection of glycogen into the peritoneal
cavity of mice.

It must be stressed that while a certain number of divisions in spleen cultures
of newts and mice could be related to cells not fully differentiated, though perform-
ing very active phagocytosis, the same was not true for peritoneal macrophages,
as the latter had been collected by a simple washing of the peritoneal cavity, with-
out the use of any irritant agent.

The capacity of macrophages to resume a certain degree of mitotic activity
under special experimental conditions may thus be assessed. This is in good agree-
ment with the findings of Mackaness [4] who noticed mitoses of macrophages
of the peritoneal cavity of mice immune to Listeria monocytogenes after a sub-
cutaneous injection of Listeria culture filtrate, and of Forbes and Mackaness [2]
who induced vigorous mitosis of mouse peritoneal macrophages by an injection
of a purified antigen into previously sensitized mice. In the present study no anti-
genic stimulation of the animals had been performed, but naturally occurring
stimuli might well have unobservedly initiated the mitotic response ofmacrophages.

It is of some interest that the phagocytic activity of the cells was suspended
during division. This could be due to a diversion of energy requirement from phago-
cytic to mitotic activity, the former being incompatible with the simultaneous
occurrence of the latter. On this basis one could interpret the occurrence of
multinucleated macrophages in human tuberculin reaction [6, 7] as the conse-
quence of mitoses in macrophages resuming proliferative activity under antigenic
stimulation.
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Effect of Haematopoietic Humoral Factors
on PHA-Transformed Lymphocytes

I. Haem-synthesis in PHA-stimulated Lymphocyte Cultures.
Role of Factors Controlling Erythropoiesis
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Frédéric Joliot-Curie National Research Institute for Radiobiology and Radiohygiene,
Budapest, Hungary
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Cells displaying the morphological characteristics of polychromatic and
orthochromatic normoblasts were found in phytohaemagglutinin-transformed, 72-
and 96-hour cultures. In these cultures, supravital staining revealed the presence of
reticulocytes in different maturation phases. Haem-synthesis, as assessed by oFe-
incorporation, was proceeding in the cultures. It was inhibited or stimulated by humor-
al factors known to inhibit and/or to stimulate erythropoiesis, when added to the cul-
tures 24 hours after phytohaemagglutinin. These same erythropoietic factors failed to
interfere with haem-synthesis when added to the cultures simultaneously with phyto-
haemagglutinin. The mononuclear cell in the circulation did not seem to synthesize
haem and was insensitive to the erythropoietic effect. If pretreated with phytohaemagg-
lutinin, it began to synthesize haem and became responsive to erythropoietic factors.
The findings did not permit to decide whether all the mononuclear cells or only a
certain type of them had the said ability, nor whether the responsive cell will differentiate
into a certain or into several lines.

Phytohaemagglutinin (PHA) stimulated peripheral lymphocyte cultures
often show such nucleated cells with polychromatic and eosinophilic cytoplasms
which resemble intermediate and late normoblasts. The 72 and/or 96 hours dura-
tion of cultivation in se makes it highly improbable that any normoblast of donor
bone marrow origin finding access into the culture with other nucleated elements,
should have retained its normoblast character for such a long time. Besides their
mere presence, one could also observe the mitosis of these nucleated forms. This
latter phenomenon seems to support the possibility that the normoblasts in question
originate from the stimulated cells themselves.

The pluripotent theory of the lymphocytes' function was suggested by
Maximov [5, 6, 7]. His works, and recently the investigations by Yofifey [11],
Vanotti and Cullity [12], Elves [2] and Jones et al. [4] resulted in a series of papers
discussing the pluripotent function of circulating lymphocytes. Still, none of
these authors have offered a definite standpoint based on direct experimental
evidence. The possibility of promoting the differentiation of bone marrow stem
cells into the erythron by humoral factors may be considered an established fact.
Accordingly, by incubating PHA-stimulated lymphocyte cultures with sera con-
taining various erythropoietic factors, we have attempted to establish the origin
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of the microscopically observed morphological elements and thereby to obtain
further data on the "lymphocyte-stem cell” problem as well as on the actual
mechanism of the erythropoietic factors.

Materials and Methods

Principles of test systems

Tn the first part of the experiments, lymphocytes derived from the peripheral
blood of normal rabbits were cultured with PHA for 24 hours in medium TC 199
enriched by normal rabbit serum. Additional subcultivation for 48 hours was
carried out in media with anaemic, hypertransfused and normal sera in the pres-
ence of PHA.

In the second part of the experiment, peripheral lymphocytes of normal
rabbits were cultured with PHA for 72 hours in media enriched by anaemic,
hypertransfused and normal sera, without precultivation in a medium containing
normal serum only. dFe incorporation into the haemoglobin of the cultures was
determined in both types of experiment.

Preparation of sera

Twenty-seven rabbits of both sexes, ranging in weight from 2500 to 3000 g.
were used as donors.

Nine rabbits were bled once, through the central auricular artery. To prevent
coagulation, 100 1.U./kg heparin was injected intravenously. The quantity of blood
collected under sterile conditions was 1to 1.5% of the body weight. The blood so
obtained was washed, resuspended in 9 x 10 ml saline and subsequently transfused
to 9 other rabbits.

A third group, also of 9 rabbits, had no treatment.

Twenty-four hours after treatment and transfusion, the rabbits of all the
three groups were exsanguinated via the carotid artery under sterile conditions.
Their blood was centrifuged at 3000 r. p. m. for 20 minutes at 0°C and the sera
were collected and stored at 4°C.

Lymphocyte cultures

Nine normal rabbits of both sexes were given 100 1.U./kg heparin intrave-
nously. Five to ten minutes later the animals were exsanguinated through the
carotid artery under sterile conditions. Another | to 2 I.U. of heparin was added
to the blood per ml; this was allowed to stand for about 20 minutes at room tem-
perature, and then centrifuged at 500 r. p. m. for 5minutes. The plasma was dis-
carded and the leucocyte-rich supernatant collected for cultivation purposes.
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Lymphocyte cultures of 1.5 to 2.3 x 101 nucleated white blood cells were
used. Medium TC 199 was mixed with isologous sera (30% v/v) and used in a final
volume of 4 ml. Penicillin and streptomycin were added to the cultures in amounts
of 80 I.U. and 50 /<g per ml, respectively. To initiate blastogenesis, 0.01 ml PHA
(Bacto PHA—P, D1FCO) was added to each culture. In each group of the various
series, 6 to 10 parallel cultures were made. PHA-nonstimulated control series
were also run for each series.

In the first part of the experiment, consisting of 6 series, the lymphocytes
were cultured for 24 hours with PHA in a medium with normal serum. After
24 hours of incubation, the cultures were centrifuged at 500 r.p.m. for 3 minutes,
and subsequently the medium was changed.

The PHA-nonstimulated control group was supplied with PHA-free medium,
containing anaemic serum. The PHA-stimulated cultures were divided into three
parts:

— medium with normal serum was added to one part of the tubes;

— medium with serum from the transfused animals was given to the second
part; and

— medium enriched with anaemic serum to the third one.

The medium TC 199/serum ratio was 7 : 3 (v/v). The amounts of penicillin and
streptomycin and, in the latter groups, that of PHA were the same as mentioned
above.

After cultivation for a further 24 hours with different sera, 0.25 /(Ci—39%e
citrate (Amersham) in 0.3 ml normal serum was added to each culture, and mixed
thoroughly by gentle rotation of the tubes.

The cultures were harvested after 72, in some series after 96 hours of incuba-
tion and washed twice with medium TC 199 completed with normal rabbit serum.
Haemoglobin was isolated according to Thunell [10]. o%Fe activity in the isolated
haemoglobins was determined in a well-type scintillation counter; incorporation
rate was expressed as cpm/culture haem.

In the first series one culture of each group after washing with medium TC
199 was carefully resuspended in 0.3 ml normal rabbit serum and incubated with
0.5 ml brilliant crezyl blue for another 60 minutes. Next, smears were prepared
from each culture for the determination of the reticulocyte count; at least 3000
erythrocytes per smear were counted.

The second part of the experiment, consisting of 3 series, was carried out
under identical experimental conditions as the first one except that the sera were
added to the cultures simultaneously with PHA, viz. without precultivation with
PHA in a medium containing normal serum only. Besides, ' Jre citrate was added
to the 24-hour cultures. To the PHA-nonstimulated cultures media with anaemic
sera were added.

Two culture series were harvested after 72, and one after 96 hours. Haemo-
globin isolation and the determination of ’IFe activity were performed as above.
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Results

Intermediate and late normoblasts from a 72-hour lymphocyte culture are
shown in Figures 1 and 2, respectively. These forms are difficult to distinguish
from degenerating lymphocytes, both in black-and- white pictures and under
the microscope. Moreover, the young normoblasts resemble the small lymphocytes
to such an extent that their identification is unreliable.

Reticulocytes in various maturation phases, derived from another 72-hour
culture, are shown in Figs 3,4 and 5. The reticulocyte seen in Fig. 6 is a large
one, twice the normal size. This suggests that this cell had failed to follow the
mitotic cycle usual for normoblasts from the bone marrow. Such large reticulo-

Fig. la. Blastoid cells from PHA-stimulated

circulating lymphocytes in a 72-hour culture.

Among the blasts, a basophilic and an

intermediate normoblast. May-Grunwald-
Giemsa staining

Fig. 2. Normoblast with orthochromatic

cytoplasm. The nucleus has lost its charac-

teristic structure. 72-hour culture. May-
Griinwald-Giemsa staining
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Fig. Ib.
72-hour

Intermediate normoblast from a
lymphocyte culture.  Supravital
brilliant crezyl blue staining

Fig. 3. Four reticulocytes of different stages
of maturation, one is still polychromatic. 72-
hour culture, brilliant crezyl blue staining
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cytes were often seen in these cultures. On the other hand, the reticulocyte in Fig.
7 is small, its size is about half that of a normal erythrocyte. In smears from 72-
and 96-hour cultures, stained according to Pappenheim, unequal mitoses in late
telophase were observed, resulting in a normal and in a smaller normoblast.
Probably, these small reticulocytes originate from unequal mitoses.

The 3Fe-incorporation rates found in the first part of the experiment are
shown in Table 1 The most striking feature was that, compared with the PFIA-
nonstimulated cultures, all the PHA-stimulated cultures displayed an appreciable
°Fe-incorporation into haemoglobin. There was always a slight activity in the
haemoglobin of the PFIA nonstimulated lymphocyte cultures; since, however,
its level failed to hit the counter’s background, it was of no importance.

Fig. 4. A reticulocyte and an intermediate  Fig. 5. Reticulocytes and two polychromatic
nucleated erythrocyte with nucleus extru-  erythrocytes. 72-hour culture, brilliant crezyl

sion ; no network characteristic of reticulocytes blue staining
is seen. 72-hour culture, brilliant crezyl blue
staining

Fig. 6. Large polychromatic reticulocyte. Size  Fig. 7. Small reticulocyte. Size about half of
about double of normal erythrocytes. 72-hour  a normal erythrocyte. 72-hour culture, brilli-
culture, brilliant crezyl blue staining ant crezyl blue staining
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In 50ut of 6 experimental series, anaemic rabbit serum considerably increased
HFe-incorporation into the haemoglobin of PHA-stimulated lymphocyte cultures.
This stimulatory effect ranged from 56 to 227% in the various series. In one experi-
ment the cultures with anaemic serum showed exactly the same incorporation
rate as the cultures with normal serum. Apparently, the donor was ineffectively
bled in this case. Namely, control tests in normal mice confirmed that as the
anaemic serum failed to contain any erythropoiesis stimulating factor, mice given
such serum failed to incorporate into the circulating erythrocytes more 3Fe than
the mice treated with normal serum.

On the other hand, the hypertransfused serum reduced °%e-incorporation
in every experimental series, although inhibition exceeded 20% in two series only.

Table |

Effect of erythropoiesis stimulating or inhibiting factors on haem-synthesis in PHA-stimulated
lymphocyte cultures. The sera were added to the cultures after preincubation with PHA
and normal serum for 24 fours

Cultiva- In-
Decrease**

Serial RFe activity cpm/haem isolated from culture tion time crease**
number of

experiment PH A-free Normal Hypertrans- Anaemic hours per cent per
serum fused serum serum cent

| 215+ 98 869+ 106 590+ 175 1570+21.2 96 —32 + 80

2 290+10.7 1058+18.9 868+21.9 1716+18.4 96 —18 + 62

3* 189+13.2 1013+16.8 768+24.9 1587+ 11.8 72 —25 + 56

& 180+ 98 609+10.9 511+ 93 1992+20.7 72 —17  +220

5 176+ 7.3 1015+ 135 400+12.5 2040+ 14.7 72 —61 + 100

6 207+ 123 892+21.9 528+ 187 928+26.1 9% —4 +4

* From each of these series a culture was prepared for the determination of the reti-
culocyte count.
** As compared to the control.

Data on the reticulocytes derived from series 3 to 5 of the previous experi-
ment are summarized in Table 2. Similarly as with eg~e-incorporation, the differ-
ence in reticulocyte counts between the PHA-stimulated and nonstimulated
cultures was striking. While several thousands of erythrocytes had to be counted
prior to finding a single reticulocyte in the cultures without PHA, the reticulocyte
count in the PHA-stimulated cultures was high and easy to determine. The results
obtained by the two different methods did not seem to be strictly correlated.
This was due to the different erythrocyte counts in the different series.

Table 3 summarizes the data for °%e-incorporation, recorded after applying
anaemic or hypertransfused serum simultaneously with PHA. In these experi-
mental series there seemed to be no difference between the PHA-stimulated and
the nonstimulated groups. The anaemic serum failed to increase °9Fe-incorpora-
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Table 2

Reticulocyte count in PHA-free and PHA-stimulated lymphocyte cultures; effect of factors
stimulating or inhibiting erythropoiesis. The sera were added to the culture after preincubation
with PHA and normal serum for 24 hours

Serial number Reticulocyte per thousand ti(f):mt\ili-e Decrease** Increase**
ofexperiment PHA-free ng:ummal 1:]2232;?3;- Asneareun"]]ic hours per cent per cent
3 0.15 86 51 22.3 9% —45 + 155
4 0.33 12 8.7 25.9 72 _2 + 131
5 100 138 105 37.3 72 —24 + 170

** As compared to the control.

tion, as compared either to the normal or the PHA-nonstimulated one. The
hypertransfused serum slightly inhibited °JFe-incorporation. However, the results
obtained approached so much the background of the counter that they could
hardly be evaluated. The erythroid elements derived from the donor and still
capable of haem synthesis seemed to be responsible for the incorporation found
in these cultures. This was the more probable, since in these experiments the iso-
tope had been added 24 hours after incubation.

Table 3

Effect of erythropoiesis stimulating or inhibiting factors, given simultaneously with PHA,
on haem-synthesis in PHA-stimulated lymphocyte cultures

. 59Fe activity cpm/haem isolated from culture
Serial number

of experiment PHA-free Normal Hypertrans- Anaemic time, hours
serum fused serum serum
| 420+17.3 482+ 21.7 358+15.8 471 + 16.6 9%
2 456+14.2 443+ 20.3 436+13.3 497+25.5 72
3 377+16.5 317+ 27.7 303+ 191 402 + 24.7 72
Discussion

Humble [3] by the use of PHA achieved recovery in the erythroid status of
patients with aplastic anaemia. Bishun et al. [l ] observed increased mitosis in the
bone marrow of young Wistar rats 27 hours after PHA administration. All these
suggest that PHA affects not only mononuclear cells but, directly or indirectly,
also the formation of the other elements of the blood, in vivo.

According to our results, PHA induced an intensive haem-synthesis in
lymphocyte cultures in vitro. This synthesis was increased or decreased by humoral
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factors known to stimulate or to inhibit erythropoiesis. At the same time, the
presence of reticulocytes and nucleated erythroid elements was detected in the
72- and 96-hour cultures. Recently, Saillenet al. have observed porphyrin synthesis
in cells of myeloid origin [9, 12] and subsequently in PHA-transformed lymphocyte
cultures incubated with delta-amino-laevulinic acid. Although it would be most
convenient to have experimental data confirming the presence of myeloblasts
among the PHA-transformed blastoid cells, our results do not suggest that eventual
myeloid cells present in the culture could be held responsible for the increased
porphyrin synthesis, as suggested by Saillen et al. [9].

Our results obtained by the administration of PHA and of erythropoiesis-
inhibitory and stimulatory humoral factors have confirmed that the cells incor-
porating Fe in the first experimental series were not erythroid elements originat-
ing from the donor. They must have formed in the cultures themselves, i.e. they
had become capable of haem-synthesis under the effect of PHA. Accordingly,
°eFe-incorporation into the haem represents not simply haem-synthesis, but
haem-synthesis proceeding in the newly formed cells. At the same time, the experi-
ments have also suggested that the erythropoietic serum factor did not affect
the peripheral stem cells. The point of attack of the factor has to be such a stem
cell which has become responsive to humoral factors controlling erythropoiesis
only after a certain transformation, in the present case after stimulation with
PHA for 24 hours.

According to our results, this transformation requires more time than the
lifetime of the erythropoietic factor present in the sera.

Apparently, the maturation of some of the cells sensitive to the erythro-
poietic factor is accomplished shortly after differentiation (within a single mitotic
cycle), without following the normal mitotic cycle usual for erythroblasts from
the bone marrow. The presence in the 72-hour cultures of a high number of
reticulocytes with many large ones may be explained solely in the above way.
A number of data confirm also the in vivo existence of this brief erythropoietic
response. However, the conditions of cultivation in vitro undoubtedly favour this
brief response.

Our results imply that the transformed mononuclear elements PHA-stim-
ulated in lymphocyte cultures are capable of differentiating into the erythron
and of responding to humoral eryhtropoietic stimuli. The present stage of the
experiments does not, however, permit to answer the problem as to whether all
the circulating mononuclear cells or only a certain type are capable of differentia-
tion into the erythron following transformation, furthermore, whether this same
mononuclear cell would be capable of transforming into some other cell type
upon an adequate stimulus — in compliance with the Unitarian theory.
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The results of haemostatic investigations of the eosinophils isolated from the
blood of a patient suffering from eosinophilic reticulosis (eosinophilic leukaemia)
are presented. The eosinophil extract was found to possess thromboplastic activity.
It shortened the calcium time of plasma as well as the reaction time r in the thrombe-
lastogram of normal blood, and it increased prothrombin consumption in serum.
The eosinophil extract can be used in the thromboplastin generation test as a substitute
for platelets. In the thrombin generation test the extract increased both the thrombin
generation rate and the amounts of the generated thrombin. The extract exhibited
also a slight antiheparin activity but no antithrombin activity.

In peripheral blood, thromboplastic activity was demonstrated in platelets
[14], erythrocytes [7] and leucocytes [16]; it has been proved in normal leucocytes
as well as in leukaemic myeloblasts, neutrophils, lymphocytes [17] and monocytes
[4]. Due to the technical difficulties of eosinophil isolation from blood [2], the
thromboplastic activity of these cells has not been proved. The purpose of the
present study was to report on investigations into the thromboplastic activity
of eosinophils isolated from the peripheral blood of a patient suffering from
eosinophilic reticulosis.

Methods

The eosinophils were isolated from the peripheral blood of a patient with
eosinophilic reticulosis (eosinophilic leukaemia) diagnosed on the basis of clinical
and histopathological criteria. The total leucocyte count was in the range of
60—100 thousands per cu.mm in consecutive determinations, the eosinophils
amounted to 60—84%. The leucocytes were isolated from the blood by differ-
ential sedimentation in high molecular weight dextran solution and differential
centrifugation [19, 27]. The obtained leucocytes contained about 90% mature
eosinophils and a few eosinophil precursors (Fig. 1). From these eosinophils an
extract was prepared in Owren’s buffer pFl 7.35 at a concentration of 1 mg of
leucocyte lyophilizate per 1 ml of buffer [17, 18]. All tests were performed at
37°C. The effect of the eosinophil extract on plasma calcium time was studied
[17] at 0.25, 0.5 and | mg/ml concentration. Altogether 40 determinations were
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Fig. 1 Eosinophils isolated from the peripheral blood of a patient suffering from eosino-
philic reticulosis (eosinophilic leukaemia)

performed. The effect on the thrombelastogram of normal blood was studied by
means of Hartert’s thrombelastograph ; its first cuvette contained 0.05 ml of
Owren’s buffer (control); the second, 0.05 ml of eosinophil extract at 0.5 mg/ml
concentration; the third, 0.05 ml of eosinophil extract at 1.0 mg/ml concentration.
To each cuvette 0.3 ml of freshly obtained donor blood was added. In the throm-
belastograms, reaction time r, the values k, ma as well as Bb B2 Bn(according to
[12]) were calculated. Fifteen thrombelastograms were performed. The effect on
prothrombin consumption in serum was investigated by placing 0.2 ml of eosino-
phil extract at concentrations from 0.125 to 1.0 mg/ml in each of four tubes, and
0.2 ml of Owren’s buffer into the fifth control tube, and 3 ml of donor blood was
added to each of the test tubes. Prothrombin time in serum was determined by the
Quick method 30, 60 and 180 minutes after the blood had clotted. In general 20
determinations were performed.

The effect of eosinophil extract on thromboplastin generation was studied
by means of Biggs and MacFarlane’s test modified as described elsewhere [16].
using instead of a platelet suspension the eosinophil extract at a concentration of
0.5 mg/ml and 1.0 mg/ml. Altogether 40 determinations were performed. The
effect of eosinophil extract on thrombin generation in plasma was studied accord-
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ing to Pitney and Dacie, adding to the incubation mixture, instead of 0.1 ml
Owren’s buffer, 0.1 ml of eosinophil extract at 0.25, 0.5 and 1.0 mg/ml concen-
tration [18]. Altogether 82 single determinations were performed. The effect of
eosinophil extract on thrombin time of normal and heparinized plasma was studied
by a method described previously [18]. Antiheparin activity of 1 mg/ml of eosino-
phil extract was expressed in /ig of inactivated heparin [19]. Altogether 44 determi-
nations were performed. The effect of the extract at 1 mg/ml concentration on
thrombin activity was studied by means of a method described elsewhere [18].

Results

The eosinophil extract was markedly shortening the calcium time of plasma
(Table 1); higher concentrations produced an effect stronger than small ones.
Reaction time r in thrombelastogram was also markedly shortened, the values
k, ma. By, B2 BA showed no significant change (Table 2, Fig. 2). Prothrombin
consumption in serum was increased more effectively at higher than at low con-
centrations (Fig. 3).

00

Y@lio © 0 0T OO0 0000000 0000000000000 0000090¢

2.8000000000000000C0000000000000000000000000¢

Fig. 2. Effect of eosinophil extract on thrombelastogram of native blood. The two thromb-
elastograms above: after addition of eosinophil extract to the blood. The thrombelastogram
below: control test with buffer
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Table 1

Effect of eosinophil extract on calcium time of normal plasma

Eosinophil extract concentration in mg/ml control 0.25 0.5 1.0
Coagulation time in sec. (arithmetic mean) 975 94.7 63.1 57.1
Coefficient of variability, per cent 123 8.9 9.6 217

Fig. 3. Effect of eosinophil extract on prothrombin consumption in serum, after 30, 60 and
180 min of blood incubation with eosinophil extract at different concentrations

Fig. 4. Effect on thrombin generation in plasma of eosinophil extract at different concentra-
tions: 0 eosinophil extract 1 mg/ml,
A eosinophil extract, 0.5 mg/ml

The eosinophil extract can be used as a substitute for platelet suspension in
the incubation mixture of the thromboplastin generation test. The effect of the
extract was stronger at higher than at low concentrations (Tables 2 and 3).
Thrombin generation was considerably enhanced by the extract both in rate and
in quantity (Fig. 4).

The eosinophil extract did not affect the thrombin time of normal plasma
and shortened only slightly, statistically not significantly (t = 1.0) the thrombin
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Table 2

Effect of eosinophil extract on thrombelastogram of native normal blood

r  Sec. k sec. ma mm Bi mm R. mm B3 mm
control
Arithmetic mean 360.0 203.0 54.4 50.2 45.2 42.6
Coefficient of variability,
per cent 33.7 187 7.3 6.0 91 9.0

Eosinophil extract 0.5 mg/ml

Arithmetic mean 360.0 204.0 52.6 48.2 43.4 41.6
Coefficient of variability,
per cent 28.4 235 7.6 110 133 16.5

Eosinophil extract 1.0 mg/ml

Arithmetic mean 337.0 205.0 54.0 52.0 46.6 45.0
Coefficient of variability,
per cent 25.6 17.8 6.7 5.2 7.2 2.7
Table 3

Use of eosinophil extract as a substitute for platelet suspension in the thromboplastin
generation test

2 4 6 8
Incubation, min.
coagulation time of substrate plasma in sec.

Eosinophil extract, 0.5 mg/ml

Arithmetic mean 51.0 51.25 41.00 27.00
Coefficient of variability, per cent 145 33 16.6 16.2

Eosinophil extract, 1.0 mg/ml

Arithmetic mean 525 53.0 347 26.0
Coefficient of variability, per cent 5.0 46 7.2 9.9

time of heparinized plasma (Table 4). The inactivated amount of heparin as
calculated from the standard curve [19] was about 0.010 /tg. Incubation for 10 to
30 minutes of the eosinophil extract with thrombin solution of known activity
caused no change in thrombin activity in comparison with the results obtained
after incubation with Owren’s buffer.
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Table 4

Effect of eosinophil extract on thrombin time of normal and heparinized plasma

Coagulation time of

Incubation mixture
substrate plasma, sec.

Coefficient of

Arithmetic mean o anility, per cent

Plasma-buffer- thrombin 205 72

Plasma-buffer- heparin-thrombin 44.0 83

Plasma-buffer-heparin-eosinophil extract-thrombin 36.9 149

Plasma-buffer-eosinophil extract-thrombin 22.0 7.8
Discussion

The role of leucocytes in blood coagulation and in the composition of
thrombi has been attracting increasing interest [5, 6, 9, 13, 15, 21, 24]. Neutrophils
invade the thrombi and contribute to its disruption and dissolution, the dissolu-
tion of fibrin deposits and chemical thrombolysis [10, 21, 23]. The role of lympho-
cytes and monocytes in thrombus biomorphosis is less known; the fibroblasts in
the thrombus might originate after transformation of such cells [10]. Moreover,
there are data concerning the influence on blood coagulation of basophil proteo-
lytic enzymes, heparin, histamine, and serotonin [8, 25].

The participation of eosinophils in the evolution of thrombi has become
somewhat more clear since profibrinolysin (plasminogen) had been shown to be
present in the cytoplasmatic granules of the above cells [3]. Plasminogen is already
produced in the eosinophil precursors in the bone marrow, and the activity of the
enzyme increases in the course of cell maturation. Fibrinogen and fibrin deposits,
but not albumin, are attracting eosinophils into the inflammatory site [23]. It has
been suggested that eosinophils migrating to the inflammatory site or into the
thrombi are transporting plasminogen to the areas of fibrin collection. This phenom-
enon may be of significance in wound repair. Eosinophils dissolve also fibrin
deposits at the site of an allergic response to allergens in sensitive individuals, as
has been shown in the case of an allergic nasal polyp 2]

In the available literature we have found no data indicating the presence in
eosinophils of coagulation and fibrinolysis factors other than plasminogen. The
present results have supplied evidence of thromboplastic activity in eosinophils.
As the extracts of the other leucocyte types [16, 17, 18], the eosinophil extract
shortened the recalcification time, increased prothrombin consumption in serum,
and proved suitable as a substitute of platelet suspension in the thromboplastin
generation test, and increased thrombin generation in plasma. The biochemical
character of eosinophil thromboplastic activity and its relation to other known
tissue thromboplastins has not yet been appreciated. Our investigations into the
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isolation of a purified form of the thromboplastic substance of eosinophils will
be presented in another paper.

The conditions of release into the circulating blood of the thromboplastic
activity of eosinophils and its role in thrombohaemorrhagic phenomena has
not been elucidated. The patient from whom we had obtained the eosinophils
died with terminal symptoms of eosinophilic reticulosis. Autopsy revealed in
his heart and vessels a number of thrombi developed during life, as well as symp-
toms of haemorrhagic diathesis in the lungs. The role of thromboplastic activity
of eosinophils in the mentioned pathological changes is a difficult question,
closely related to the part of leucocytes in the pathogenesis of thrombohaemor-
rhagic phenomena [6, 11, 26]. There is reason to believe that the thromboplastic
activity of leucocytes is of significance in these phenomena.

The present results revealed the presence in eosinophils of some weak anti-
heparin activity. This activity is high in normal leucocytes and those of chronic
granulocytic leukaemia, while weak in the lymphocytes of chronic lymphatic
leukaemia and in myeloblasts of acute myelogenous leukaemia [17, 18]. The anti-
heparin activity of eosinophils is weaker than that of myeloblasts. An evidence
of the unspecific character of leucocytic anti-heparin activity has been presented
[19]. The activity in question depends on the presence in the cells of many dif-
ferent basic proteins [19] such as ribonucleinase and myeloperoxidase [28]. Thus,
the present results allowed to assume that the basic protein content is low in eosino-
phils.

It was remarkable that the investigated eosinophils contained no anti-
thrombin activity such as was observed previously in normal leucocytes and
in leucocytes of chronic granulocytic leukaemia [17, 18]. This last observation is
indicative of a difference in leucocytes in respect of their activities and their role
in haemostasis and blood coagulation. Of course, our conclusions are of limited
value as the investigations were performed on a single patient. The rare occurrence
of eosinophilic reticulosis, its controversial nosologic and pathogenetic patterns
[1, 20], will make it difficult to generalize our results.
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Bonpocbl pauMoHanbHOW TepaneBTUYECKON TaKTUKU
XPOHMYeCKOro numdoneiikosa

M. A. Kaccupcknidi, M. A. Bonkosa

Mpob6nema feyeHNs XPOHMYECKOTO NMMAI0NeKko3a CBOAMTCA K BbIGOpY MOMEHTa
[N17 Hayasia akTVIBHOWM Tepanuu, BbI6GOPY feyebHOro npenapata, Mof6opy HeobxoavMOi
[l03bl 1 ONpefeNieHN0 BO3MOXHBIX MHTEPBAOB B HasHaueHWW nekapcrsa. CyLllecTByeT
rpynna 60bHbIX (0KONO 25%), He HY>KAAIOLMXCA B aKTMBHON Tepanum Ha MpOTSXXEHWM
5—20 net 6onesHn. [pu HasHayeHWM TepanuyM HEOBXOAMMO Y4YUTbIBATb He TO/bKO
BbICOTY /1EKOLMTO3a, HO W NPW3HAKWM BUCLIEPAIbHOW NaTonorum, TEHAEHUMIO K aHeMu-
3auum 1 TPOMBOLMTONEHUN. [NA yMeHbLUEHWS OMacHOCTW MyTareHHOro AeicTBus mpe-
naparta B 60/MbIMUX A03aX MPeA/IoKeHa MepBUYHO-CAePXMBaOLLas (NpoduiaKTuyecKas)
Tepanus, HasHayaemas Mpy MepBbIX NPK3HAKaxX arpeccrBHOCTU 6onesHW. Mocne npose-
[leHVa KypcoBOro neveHrsi 60/IbHOMY HasHauaeTcs NofjepkviBatolias Tepanus. bnaro-
[aps Takoi TakKTUKe [OCTUrHYTO YBE/MYeHWe CpedHeil MPOAOMKATENbHOCTU  KU3HM
60MbHbIX 00 63 MecsLeB, a B NOCMeAHWE rodbl elle Bbile. Havmbonee yLoGHbIM XMMMO-
TepaneBTUYECKMM MPEenapaTom B IeYEHUI XPOHUYECKOTO MMQ0/eliKo3a SBNAETCA feiike-
paH. M neunnmch 73 60MbHbIX. Y BCEX MO/yYeH XOPOLLMIA HeMocpeACTBeHHbI 3thdexT, a B
[aNbHeluemM Mpu MpoBedeHn MOLAEPXKUBAIOLLEH Tepanun-peMmnccun NpoAo/IKUTEb-
HocTblo 2—4 roga. [lMepBUYHO-CAepKMBatOLLasA neiikepaHotepanus (10—15 mr | pa3 B
5—7 pHeil) no3BonseT MpefoTBPaTWTbL MpOrpeccuMpoBaHWe 6onesHn Ha 1—3 ropa. E&
nonyyann 57 6onbHbIX. CTeponaHble TOPMOHbI He [OMKHbI MPUMEHSTLCS LUMPOKO. OHK
MoKasaHbl MPYM FeMOMTUYECKOM KPW3e, BbIP&XKEHHON aHeMuMM 1 TPOMOOLMTONEHUN.
PeHTreHoTepanus unu Tenerammarepanvs NPUMEHAKOTCA MPU BbIPaXXEHHOM NOKa/IbHOM
YBENMNYEHUN NMMEOY3/I0B WK CeNe3eHKW. BrieueHnn yacTbix y 60/1bHbIX TMMAONENKO30M
MHEBMOHMIA 3(PeKTUBHBIMM OKa3bIBAKOTCS MOMYCUHTETUYECKVE MPenapaThbl NMEHLMNIMHA
(oKcaunnMH, METULIMNNWH, LENOpUH).

XpoHuyecknin nMMoNeiiko3 npeacTaBnser 0codbyt Npobnemy Kak B Teope-

TUYECKOM, TaK U B Ie4e6HOM nJiaHe.

Mpy HabNOAEHUN 32 CPABHUTENBHO GOMBLIMMMW TPYNNamn G0bHBIX XPOHU-

YecKMM MM 0eiKo3oM 06palwaloT Ha cebs BHMMaHMe Te 0COOEHHOCTU 3abc-
NeBaHMsl, KOTOPble HE OCTaBSKOT COMHEHUS B €r0 3HOFEHHOI MPUPOAE.

Tabnmua 14eMOHCTPUPYET pacnpeseneHne 60/bHbIX XPOHUYECKUM MMEO-

Neiiko3oM Mo Moy 1 BO3pacTy.

Mo Ha6ﬂl0,quI/IFIM Pa3HbIX aBTOPOB, BTOM 4MC/Ne U HallKM, OXBaTbIiBakOLW M

OKOMO 2000 C/y4yaeB XPOHMYECKOro NmMMGonelikosa, 3aboneBaHue mnopaxaet
MY>KUMH B [iBa pasa 4alle, YeM XKEHLLMH; KaK NpaBu/io, XPOHWYECKWIA numQonei-
KO3 He mopaxaeT nuy, monoxe 40 f1eT 1 B NOAABAANOLEM 60MbLUNHCTBE Cly4YaeB
HabntogaeTca B Bo3pacte 50—70 ner.
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Tabnuua 1
PacnpeneneHne 60/1bHbIX XPOHUYECKUM AMMKONEKO30M MO Moy U BO3pacTy
Mon BospacT
Konu-
ABTOp YECTBO A 45 51—70 crapue
BOMbHBIX M X et net net 70 net
1 1
1 TyceiiHoB I'. A
C COaBT. 166 103 63 — a —
(62,2%) (37,8%) (55%)
2. Osgood. 212 2 1 13 2 (150 47
(75%)
3. Cook, Romano. 150 9% 4 56,7
(64%) (36%) cpegHwWi
BO3pacT
4. Cob6CTBEHHbIE 248 180 68 14 K74 178 2
[laHHble (72,5%)  (27,5%) (72%)
Tabnuua 2

Cnyvau 3a00/1eBaHNs Nieliko3amu KPOBHbIX POACTBEHHWKOB

XpOoHWYeCKuii XpOHUYeCKMiA
ABTOpD nuMdoneiikos MUeNoneinkos
(u1cno cemeir) (umcno cemeil)
1 Rigby et al., 1966 4
2. Gunz, 197 10
3. CobCTBEHHbIE HAbMOAEHNSA 7
(B oBYX CeMbsIX
60/bHbI 3

UreHa CcemMbm)

YyacTue HacnefCTBEHHOr0 (dakTopa B BO3HUKHOBEHWW XPOHUYECKOTO SINM-
(honeiko3a BbiTeKaeT M3 3aMETHON 4acTOTbl OJHOBPEMEHHOr0 WAW MOCNeA0Ba-
TeNbHOro 3a60N1eBaHNSA KPOBHbIX POACTBEHHUKOB (Tabnumua 2).

HakoHeL,, Hema/sioBaXKHbIM apryMeHTOM B MO/b3y FEHETUYECKOM MpUpoabI
XPOHUYECKOrO NMMQ0Neiiko3a ABASETCA OMnpefeseHHas 3aBMCUMOCTb 4acToThbl
3a60/1eBaHMS OT HaUMOHA/ILHOW NpUHagAeXHoCcTU. Tak, MHOrMMK aBTopaMu OT-
MeyaeTca pefKOCTb XPOHMYECKOro numdoneiikosa B cTpaHax Boctoka (MHaus,
ANoHMA) 1 40BOMLHO 60MbLIAsA YacToTa 3a601eBaHNsA NUL, eBPECKOW HaLOHasb-
HocTu [16]. MocnegHee HabMOAeHVE NOATBEPXKAAETCH M HALIMMU AaHHLIMK.

KoHCTaTMpoBaHHOE SIMOHCKMMUW aBTOpPaMu OTCYTCTBME pocTa 3aboneBae-
MOCTMW XPOHWUYECKNM IMM(OJIEKO30M B paiioHaX, MOABEPrInXcs AeiCTBUD UOHN-
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3MPYIOLLEN pagmaumn, TakxKe CBUAETENbCTBYET 06 3HAOTEHHON, aBTOHOMHO npu-
pofe AaHHOro 3aboneBaHus.

Mepelifgem K aHanM3y BaXKHENLIMX MOMEHTOB Tepanuy XpPOHWUYECKOTrommdo-
nelikosa.

Mpo6nema neveHns CBOAUTCA K TPEM OCHOBHbIV NONOXKEHUSAM:

1 OnpegeneHve KavecTsBa C/y4vas.
2. Bbl6op MOMEHTa 4719 Havana aKTWBHON Tepanuu.
3. Bblbop neyebHoOro npenapara.

Ternepb yXe cTano TPOU3MOM, YTO Cpean O0/bHBLIX XPOHUYECKUM NUMAO-
NeiKo30M MOXHO BbIeNuTb FPynny ¢ OTHOCMTENIbHO LO6POKaYeCTBEHHbIM Teve-
HveM 3abonieBaHMs. Y 3TuUX 6ONbHbLIX B TeueHne 5—20 feT 0T MOMEHTa yCTaHo-
B/IEHMS| AMarHo3a HabngaeTcs yMepeHHblid neiikoumTo3 (20 000—30 000) ¢
numgountozom Ao 50—70%. lonHasg COXpaHHOCTb 3pUTPO- WM TpPoMOOUMTO-
Mo33a, HepesKO BblpaXKeHHasa nUMQongHas MeTannasud KoCTHoro mosra (40—
50% nMMMOUUTOB B MyHKTaTe), He3HauMTe/lbHOe YBeNuveHve NMmdgoysnos, oT-
CYTCTBME YBE/IMYEHWNA MEYEHN N Cene3eHKM MNO3BOMAET OLEHUTb 3T Ciay4vau Kak
6naronpuATHbIE B NPOrHOCTUYECKOM MaHe U UCKNTYaeT HeobXOAMMOCTb aKTWB-
HOM LUMTOCTAaTUYECKOW Tepanuu B TeHeHMe 10 W Aaxe 20 NeT (Hawu HabnoaeHns).

Mopa HabnwgeHneM KIMHUKM HaxogaTcsa 44 60/1bHbIX XPOHUYECKUM nMMAo-
NeinKo30M, y KOTOpbIX 3ab60/1eBaHmne 6bI10 guarHoctupoBaHo 3—5—10 neT Hasag,
Y BCex 3TUX BO/bHbIX 40 CUX NOP HET HEOOXOAMMOCTW B MPOBELEHWW aKTUBHOM
Tepanuu. 4 6O/MbHLIX HAYaIM NevynTbCa B MocnefHue 1—2 roga.

Tak, y 60nbHOl I1., 68 N1eT, C 4aBHOCTbIO 3a60/1€BAHNA XPOHUYECKUM M-
(honeiiko3oMm 22 rofa, 3a 20 JIeT KOMMYECTBO NleKOLMTOB yBennunnock ¢ 15000 4o
50 000 ¢ HapacTaHueM numgounTosa fo 70%, KpacHas KpoBb M TPOMOOLUTOMO33
BCE rofibl OCTaBa/IMCb COXPAHHbLIMU, rUnepniasnus nepupepuyeckux MMMQoys3nos un
CeneseHKN OTCYTCTBOBasa. bonbHas He HyXjanacb B aKTWBHOW Tepanuu. /b B
nocnegHne fpa roga 6onee 6bICTPOe HapacTaHue feikoumTosa (40 100 000),
TeHAEeHUMS K HEKOTOPOI aHemMm3aummn (CHKeHWe remornobmHa go 65 ef., apuTpo-
uUMTOB A0 3000 000), ObICTPas YTOM/AEMOCTb MOTPebOBa/iM MPOBELEHUS YMe-
PEHHOW ChepXuMBatOLLeli nelikepaHo- WM NPeAHM30A0HOTepanuu, KoTopas Aana
ObICTPbIA WM MOMHbLIA 3(PGPEKT: KONMUECTBO NENKOLMUTOB CHU3WMOCL [0 20 000,
BOCCTaHOBWIACh KpacHas KpoBb, 60/1bHAs BHOBb CTasna TPyA0CNOCOOHOM.

Hauano akTMBHON Tepanuu TpebyeT cneumanbHOro 06CyXXaeHMs.

Ewle cpaBHUTENIbHO HeAaBHO OOMbLUIMHCTBO TEMATOMONOB CYUTANO Heob-
XOOUMbIM KakK MOXHO [O/blUe BO3AepPXWUBATbCA OT /NeyYeHUs 60MbHbIX XPOHU-
YECKUM NMMKONIENKO30M, Ha3Hayasd akTWBHYK Tepanuio Wb B pasBepHYTON
cTagun 3abonesaHns Mpu Konmuyectse neiikouutoB 350 000—400 000 1 BbIpaXeH-
HbIX MNPM3HaKax pacnpoCTPaHeHHOW runepnaasMn AUMEHOUAHON  TKaHW.

Takas ycTaHOBKa 060CHOBbIBanacb [ABYMS BaKHbIMU MONOXEHUAMM:
1) OTHOCWTENbHOW HE3/10Ka4YeCTBEHHOCTbI NUMKDONeiKEMMYECKOro npoLecca,
YTO OMPeAensano COXpaHeHUe COMaTMYECKON KOMMEeHCauuM W HeKOTOpOl Tpyao-
CMOCOGHOCTN BOMbHBIX B TEYEHWME HECKO/IbKMX fIeT 60Me3HU; 2) ONacHOCTLI0 My-
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TareHHOro [AeiicTBMs N0OOMA LMTOCTATUYECKOW Tepanuu, YTO MPaKTUYecKu, Aeid-
CTBMTE/IbHO, KOHCTATUPYETCA HepeaKo YObICTPEHVMEM TeYeHUs U MalurHu3aumei
3aboneBaHMA MocCfie CPaBHUTENIbHO KOPOTKOM (4—6 MecsLeB) pPemMuUcCHMM Npu He-
KOTOPbIX BUAax Tepanuun (ypeTaH, aMOUXMH, peHTreHoTepanus).

HakonneHue onbITa, 04HAKO, NPUBE/O K MEPECMOTPY MOMOXKEHWA O MO3AHEN
Tepanuu.

Hy)XHO CTpemMuTbCsi He MpOMnycTUTb MOMEHTa, KOrfa crefyeT HauaTb
aKTMBHYIO LMTOCTATUYECKYID WM TFOPMOHANIbHYK Tepanuio. PauuoHanbHO u
[0BOAUTL BOMIBHOTO A0 TeX Pe3KMX CTPYKTYPHbIX U (YHKUMOHANbHBIX U3MEHEHUI
B OpraHax, KoTopble [enalT 3TU MPoLecchl TPYAHO- UM HeobpaTUMbIMK?

MosAcHAS 3Ty MbICAb, Mbl XOTENM 6bl MPeACcTaBUTb ee KOHKPETHO: 60/MbHON
[0BOAWTCS A0 aHEMUW, BbI3BaHHON NMM(OULHON NHPUNbTPALMEN KOCTHOrOMO3ra,
BbICOKOIO FMMepneiikoumMTo3a, 3HaYUTENbHOTO YBENUYEHNS NMMKOY3N0B, MeYeHw,
Ce/eseHKN W MOMHOM NOTepy TPYAOCMOCOBHOCTH, a 3aTEM Jievaluii Bpad CTaBuT
nepen coboil 3agadvy pobuTbea 06paTHOrO pasBMTWA npouecca. ITO TpebyeT
60/bLLOr0 KOMMYEeCTBa BPEMEHW U IeKapCTBEHHbIX MPenapaToB B 60/bwNX f03aX,
a 9Tn (hakTopbl Kak pa3 60/blle BCEro Cnoco6CTBYOT MyTareHHOMY [AeliCTBUIO
LMTOCTATMYECKON Tepanuu.

MbI BUAUM BbIXOA M3 YKa3aHHbIX MPOTUBOPEUNi LUTOCTaTUYECKOW Tepanuu
B 60nee paHHeM Hauasie neyYeHNs, KOTOPOe OMpeaenseTcs He TOMbKO BbICOTON nei-
KOLMTO3a, HO M YYETOM MPU3HAKOB BUCLEPaIbHON NaTtonorun. BbipaxkeHHoe nm
6bICTPO NporpeccupytoLlee yeenuyeHne 1 ynnotHeHue (1) nnmdgoysnos, 0CO6eHHO
B CPefOCTEHUM W OPIOLIHOIA MONOCTW, HapacTalollee YBeNMYEHWe CeNneseHKU U
MeyYeHn OUKTYIOT Heo6XOAMMOCTb Hauyana akTUBHOW LMTOCTaTUMYECKOW Tepanum
Lake npu cy6neikeMnyeckon KapTuHe KposW. HasHaueHne CBOEBPEMEHHON Tepa-
MMM NO3BONISET CAEPXMBATb AUCTPOOreHHOe [eicTBUE NENKEMMYECKOro npo-
Liecca, pa3BuTme 6enKoBON HefOCTaTOYHOCTU, UCTOLEHME 60MbHbIX.

He meHee BaXHbIM MOMEHTOM, OMpefensoWwmnmM Heo6X04MMOCTb Tepanuu,
ABNSETCA TEHAEHLUMA K Pa3BUTUIO aHEMUM 1 TPOMOOLMTONEHNM, YTO YKa3blBaeT Ha
3HAUNTENbHYIO NMM(ATUYECKYIO MEeTannasnio KOCTHOro Mo3ra. 3BecTHO e, UTo
nocne pasBUTMSA aHEMWYECKOW UM TPOMOBOLMTONEHWYECKON CTagum XMmuoTepanus
OKasblBaeTCss ManoapdeKTUBHON.

OCHOBHOW/ MpVHUMN NPOBOAMMON Tepanuu: MakCUManbHOe LUgXeHue npu
TOI CTeMneHn akTUBHOCTM, KOTOpas faeT BO3MOXHOCTb J06MBaThCA crabunusawmm
npouecca (Tepanus no TUNy nevyeHus auadeta).

3TO MONOXEeHWe Nerno B OCHOBY npeanoxeHHoi WM. A. Kaccupckum nep-
BUYHO-CAePXMBatoLeld (NpothunakTMUecKon) XxummoTepanuu.

[pyrvmM, He MeHee BaXHbIM MNPUHLMMOM, ABASETCS TMOKOCTb TepaneBTu-
YECKON TaKTMKM, NOCTOSHHbI nof6op Havbonee ah(eKTUBHLIX LO3 Mpenapara,
CTPEMSIEHME He K MponaraHgupyemor (paHLy3CKUMW aBTopamu 3paguKauum.
KOTOpas, 04eBMAHO, HEAOCTMKMMA, a K CBOe06Pa3HOMY COCYLLECTBOBAHMIO 60/e3-
HW 1 npenapaTa, NPUM KOTOPOM Tepanus [O/HKHA NpPefoTBPaTUTb, HACKOIbKO
BO3MOXHO, arpeccuBHOCTb 60/1E3HW, B TO e Bpemsa He ABNAACL amMbBuBaneHTHO
LeliCTBYIOLLMM (haKTOpPOM.
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lFoBops O BbIGOpe mMpemaparta, CcrefyeT OTMETWTb, 4TO pasHoo6pasue
CPefcTB, KOTOPble B COBPEMEHHbLIX YCNOBMAX MOFYT GbITb WCMO/b30BaHbI NpW
NeYeHUN 6OMBHBIX XPOHUYECKMM IMMGONEKO30M (pas/iMuHble LUTOCTATUKK, CTe-
pOUAHbIE TOPMOHbI, PEHTFEHOTEpanus), HanaraeT Ha Bpaya 0COBYH OTBETCT-
BEHHOCTb 3a BbIGOP HaW/YULLIErO 13 BO3MOXHBIX NPENapaToB U MeTOZOB /IEUEHNS.

Tabnuua 3
MpOofOMKNTENBHOCTD ¥M3HW 60/bHBIX XPOHUYECKUM SIMM(ONEAKO30M MpW PasinyHbIX BMAax
Tepanuu
Konnyectso
Fogp! 60nbHbIX (Mpo- CpegHss npo-
ABTOp HaBIoneHNit ClIeXXeHHbIE 10 Tepanus [IO/MKUTENBHOCTb
KOHLa >XM3HKU JKU3HN B MecALax
OTMeYeHbl 4-)
1 Leave!l 1917—1936 49+ PeHTreHoTepanus 42
2. Minot and 1924 30+ CumnTomaTuny. 40
Isaacs 50+ PeHTreHoTepanus 42
3. Tivey 924 -1950 685(naH- CumnTomaruy.
Hble MTepaty-  PeHTreHoTepanus. k7
pbl) Paznuotoctop
4. Wintrobe, 1926 1938 47+ MbILLbSIK
Hasenbush PeHTreHoTepanus 28
5. Lawrence 1936 1944 84+ PeHTreHoTepanus 64
6. Osgood 1941 1962 212 Pagyodoceop,
peHTreHoTepanu A 64
7. Scott 1957 118+ PeHTreHoTepanus,
XvMuoTepanus 36,7
8. Green 1047 1961 15 peHTreHoTepanus,
Dixon paguodoctop 48
9. Cook, 1922—1960 138+ PeHTreHoTepanus aen 12
Romano 3461 60
13 6-ii —60nb-
Le 60.
CpegHsa npo-
LOMKUTENb-
HOCTb
35 mecsLes
10. Galton at al, 19%61 40+ NelikepaH 64
11 Anacos I'. H. 1960 54+ Pagviodocop MyX. — 32
eH. — 62
12. TlonsHckas 1966 275 ["opMOHa/ibHasA 1
A M XMMUOTepanus 56
13, Co6CTBEHHbIE 1948-1966 23 CvmnToMaTny. a
HabnoaeHNs 27 73+ peHTreHoTepanus
B COYETaHN 1C
XUMUOTEpaoweld 484
23 XumuoTepanus B
COYETaHUM C rop-
MOHOTepanvel 63
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[naBHas 3afgaya Tepanuu Mpu HemsneyumbixX 3abosieBaHUAX — MpPOAeHue
XW3HU BOJbHBIX.

Tabnuua 3 geMOHCTpUpyeT 3M(EeKTUBHOCTL PasNMyHbIX BWAOB Tepanuu
C 3TOM TOUKW 3pEHMS.

B nocnegHue rogbl BbipaboTKa 60nee pauroHanbHOW TepaneBTUYeCKOW Tak-
TUKW NPUBENa K 3Ha4YUTENbHOMY YBEJIMYEHUIO NMPOAO/MKUTENIBHOCTU XU3HN 60/b-
HbIX. TaK, 57 Hawwux 60/MbHbIX, HAXOJAWMXCA Ha LMCMAaHCEPHOM Yy4yeTe, B HacTo-
fLLiee BPEMSA YXKE MepPexun HaubonbLUY CPeAHIO MPOLOIKUTENBHOCTL XN3HW
(63—64 Mmecaua).

MpofoMKMTENLHOCTL UX 3260/1eBaHNS OT MOMEHTa YCTaHOB/IEHUS AnarHosa
V)Ke B HacTosuee Bpemsa coctasnset 106,2 mec.

Tabnvua 4

MpOAOMKUTENBHOCTL PEMUACCHA Y BOSbHBLIX XPOHUUECKUM IMMONENKO30M, JIEYEHHBIX
Pa3NYHBLIMK LMTOCTAaTUYECKUMU MpenapaTamu

ABToO Fogel Konnyectso MenanaTs rll_log?fpmgnﬁig;ﬁ
P HabntoeHMi BONbHBIX penap Bme%ﬂuax
1 Aspanesa A. M. 1966 15 [JerpaHon 2-6
2. Kupuk O. T,
MeTpeHko A. M. 1966 78 [JerpaHon 6—12
3. MnotHukoB HO. K. 1964 20 TnoTag 6—8
MnotHmkos HO. K. 1965 20 TviogunuH 73—15
MnoTtHukos HO. K 1965 n PeHTreHoTepanus 6—8
4. CenuxoBa B. B. 1962 43 PeHTreHoTepanus.
pagnodocdop 6—20
5. ®peiig3oH B. A 1958—1964 100 amoéwuTon, 3-6—12
XNOPOYTUH,
[JerpaHon,
[VnvH,
TVOT3M,
TUOAWMUH
6. LlepmaH C. W. 1966 24 MpegHW3010H 3—11
C COaBT.
7. Popovic 1962 14 MpeHW30/0H,
neiikepaH 2—20
8. Erdimili. 1965 51 JelikepaH, Kypco-
Stutzman BOe /leyeHue 132
9. Galton et al. 19%61 56 JelikepaH, Kypco-
BOe JleyeHue 12-24
KQ Miller et al. 1959 19 JelikepaH, Kypco-
BOE JleYeHue 2545
11. Cattaneo et al. 1967 12 OvnvH HenonHble,
TO/MbKO Yy No-
NIOBUHbI 60/1b-
HbIX; 1—9
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MpusogumMble UKUDPbLI ABNAOTCA, 6€3YCNOBHO, UCKYCCTBEHHO 3aHMKEHHBIMU,
MOCKO/IbKY MPW MeAJ/IEHHOM W OTHOCUTE/IbHO 6/1aronpuATHOM TeyeHuUn 3abosie-
BaHWA YCTaHOBNEHMe AMarHo3a MOXeT 3anasfbliBaTb MO CPaBHEHWIO C UCTUHHbLIM
HayanoM 60S1e3HM Ha HeCKO/bKO neT (2—5 n 6onee ner).

[pyrum BaXKHbIM KpUTEPUEM OLEHKM 3((PEKTUBHOCTU fleYebHbIX METOA0B
ABMAETCA MPOAO/KUTENBHOCTL MOAYYAEMbIX PEMUCCUIA.

HeypoBneTBopuTe/ibHble pe3ynbTaTbl KypCcOBOW TepanuWv MpUBENM Hac K
BbIBOAY O HE06XOAUMOCTM NPOBELEHMA 4IMTENbHOWM NOAAEpPXKMBAtOLLEl Tepanuu
MpU XPOHUYECKOM NMMQONeNKo3e, aHal0rMYHO MNPUHATON 60/BLUMHCTBOM Ku-
HUK NOALEPXXMBAIOLLEN Tepanumy XPOHUYECKOTO MUeNoneinkosa.

YuunTblBas HEO6XOANUMOCTb 4/IUTENIBHOTO, MO CYTU, MOXKU3HEHHOTO JIeYeHUS
60/1bHbIX XPOHWYECKUM NMM(ONEAKO30M, CresyeT CTPEMUTLCA, Kak YKe CKasaHo,
K HasHayeHWI0 MaKCMMasbHO 3(MEKTUBHOIO U B TO Xe Bpema Hambonee Liags-
Lero npenapara.

[Jlaneko He Bce M3 MPYMEHAEMbIX B HACTOALLEe BPeMs MpenaparoB OTBeYatoT
3TOMY NpUHLMMNY.

Tak, Npy neyeHUU pafMoaKTUBHLIM (OCKHOPOM Y MHOrMX 6OJbHbIX pas-
BMBaeTCA aHemus 1 TpomboumToneHus [2]. Mpw nevyeHnn TMOAUMMHOM U TUOTIM
HepeaKo HacTynana CTolikas TPOMOOUMUTOMNEHNSA C reMopparMyeckum CUHLPOMOM
[4, 5]. OueHuBaa UTOrM HabMOAEHNA U NeYeHUs PasIMYHbIMU LUTOCTAaTUYECKUMU
npenapatamn 100 60/71bHbIX XPOHUYECKMM M oneiko3om, B. A. ®peiia3oH npu-
XOAWT K BbIBOAY, YTO 3(eKTUBHOCTb BCEX YKa3aHHbLIX MpenapaToB HeAoCTaTOYHa
(pemMuccumn mocne Kypca filedyeHus MpoJo/mKannck 3—6, pefKo 0 12 Mecsues),
a X NPUMeHeHVe 3aTPyLHEHO 6/1M30CTbI0 TepaneBTUYECKN 3PMEKTUBHLIX [03 K
TOKCUYECKUM.

B nocnefHvie rogbl B TepaneBTMYECKWIA apceHan BOLLEN HOBbIV mpenapar u3
rpynnbl X10P3aTUNAMUHOB — JfieiikepaH (XOpByTWH, xiopambyuun).

Ha oCcHOBaHUW Hallero onbiTa Mbl MPWLLAW K BbIBOLY, YTO NelikepaH SBs-
€TCA OfHMUM W3 HaUy4LLIMX LUTOCTATUYECKUX CPEACTB, NMPUMEHAEMbIX B HACcTOS-
LLiee BpPEMSA B Tepanuy XPOHWYECKOro NMM(ONeiiKosa.

B 60/bLUMHCTBE CyYaeB [AOCTUraeTCs BbICOKAas CTerneHb COOTBETCTBUA Mpe-
napaTta W NeikeMUYeCKOn KneTku, 6narogaps Yemy ,,Manoi Tepanmein (He6onb-
W1MKU [03aMW Npenapara, Ha3HavyaeMbiMW C WHTEpBasaMun) yaaetca A06UTbCS
peMmUCcCM 1 NPUOCTAHOBUTL MPOrpeccMpoBaHne 60/1e3HN Ha MPOJO/MKUTENbHOE
Bpems.

B Haweli KAMHMKe feiikepaH CUMCTEMaTMYECKM MPUMEHSeTCA C KoHua 1964
rofa. 3a aTo BpeMs UM Nevnnnch 73 60/bHbIX. Y 16 U3 HUX NledeHune BbIN0 HayaTo B
cTtaumoHape. Bce 60nbHble OblAM B pasBepHyTO CTaguu 3abonesBaHus Mpo-
LOMKNTENbHOCTbIO 3—10 net. OTMevasnocb 3HaAYMTeNbHOE YBENMYeHWe nepu-
thepuueckux nMM@oy3nos (KOHrnomeparbl pasmepamu o 5x5—10x15 cwm), a
HEpPeLKO M Hanuuve NAOTHLIX KOHI10MepaToB NMM(OY3/10B B GPIOLLHOA NONOCTH,
BbIPDKEHHOE YBE/IMYEHNE CEeMe3eHKW, BbICTYMaBLUE U3-nog pebepHoO ayryn Ha
10—25 cm, 4acTo yBenMueHne W YNNOTHEHWE MEeYeHMU, BbICOKWIA TMNepneiikoumTos
(200 000—300 000), Kak MpaBW0, TEHAEHUNA K aHeMu3auun (remornobuvH 60—
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65 eg., aputpoymTbl 3000 000—3 500 000), HepesKOYMEPEHHbIA TMNOTPOM6OLM-
T03(80 000—120000). Muenorpamma rnokasbiana BbICOKYH CTeneneHs nMmhouns-
HOI MeTannasuy KocTHoro mo3sra (70—80% numQoLMTOB B IYHKTATE) Npu Bbipa-
YKEHHOI pefyKUMM KpacHOro pocTka. BosbHble nonyyvanm exeaHeBHo oT 1040 20 mT
nelikepaHa B TeueHue 2-x—4-X HefeNlb B 3aBUCUMOCTU OT BGbICTPOTbI CHVXEHMA
NeiKoLMTO3a 1 YMEeHbLLEHUS pa3MepoB NMMKO0Y310B 1 CeNe3eHKM C NOCNeAY oW UM
YPEeXeHneMm nprvemoB A0 1—2 pasa B Hefento.

Mocne BbIMMCKM M3 CTauMoHapa 60nbHbIe MPOAOMKAKOT MOJyyaThb fieiikepaH
B KayecTBe noggepxusarowein Tepanun no 12— 15 mr 1pas B 7— 10 gHein (cpokm
HabnogeHns 1—3 roga).

BoMbLWMHCTBY 60MbHBIX, Y KOTOPbIX fIEYEHUe HAYaTO B pPa3BEPHYTOW cTaguu
6onesHn, nofdepxkuBarollas Tepanus [aeT BO3MOXHOCTb AJINTE/IbHOE BPEMSA
COXpaHATb pPaboToCMOCO6HOCTL MPM XOPOLIUX FeMATONIOrMYECKUX W KIUHU-
YECKMX MoKasaTensax: cTabwnusauyus neikounTosa Ha ypoBHe 50 000—80 000,
reMorfniobrHa He Hwxe 65 efl., apuTPOLUTOB He Hxe 3 500 000, oTCyTCTBME 3Ha-
YUTENbHOT0 YBENNYEHNUs IMM(OY3N0B U CeNe3eHKM.

Y HeKoTOopbIX 60/bHbIX, ObIBLLUMX NP MOCTYMNIEHUN B KIIMHUKY TAXKENbIMU
MHBaNuAamu, B pe3ynbTaTe yKasaHHOW Tepanuu yfanocb JO6UTbCA CTOMKOM U
NPaKTUYeCKN MOSTHOM remMmaTonorMYeckKon N KAMHUYECKON KOMMeHcaumu.

BonbHasa C., 65 net. XpoHuueckuii numgoneiikos gmarHoctTuposaH B 1963 r.
[o 1966 r. Tepanus He npoeogunacs. B Hof6pe 1966 r. nocTynuna B KAVHUKY.
OTmeyvanocb 3HaumTesbHoe (40 5x10 cM) yBenuMyeHwe Bcex rpynmn nepudepu-
Yeckux NMMAOY3NnoB, KOHraomepatbl AMMGoy3nos B 6prowHoli nonoctu. Cene-
3eHKa BbICTyMnana u3-nof pebepHoro kpas Ha 15 cM, neyeHb Ha 6 CM. AHanu3
KpoBu: remorfniobuH 60 egd., apuTtpoumTel — 3 200 000, neiikoumTsl 256 000, man.
1%, cerm. 2%, numd. 97%. B TeueHne ABYX MecCALEB B K/IMHUKE MPOBOAWNACH
Tepanus neikepaHoM, HauMHas ¢ 403bl 20 MT B [leHb C NOCMeAYHOLWMM MEPEXOSOM
Ha moggepxmBarowyto Tepanmio — 10 mr 1 pa3 B 5—7 gHeii. OfHOBPEMEHHO B
KMMHUKe nonyvana Hebonblwne Ao3bl npefHusonoHa: 20—10 mr B AeHb. Mocne
BbIMUCKM W3 CTauuoHapa noAJepXuBarowas Tepanusa Oblna MPOAO/HKEHA Ha
MPOTSXKeHUN ABYX MecAueB. Yepes 4 mecAua OT Hayana fieueHus nepugepnyeckune
AUMEOY3/bl COKPATUANCh SO Pa3MepoB FOPOLIMHbI, NMM$OY3/bl B BPHOLIHON
MONOCTU He NanbhupyroTcs, CeneseHka nanbnupyeTcs B nogpebepbe, neyeHb Bbl-
CTYnaeT U3-nof pebepHoro Kpaa Ha 2 cM. KapTuUHY KpoBW MOXHO pacLeHMBaTh Kak
nokasaTeflb XOpOLUEA reMaToNOrMYeckon pemuccun: remornobuH — 72 eq.,
apuTpouunTbl 4 220 000, TpoM6ouUMTLl 198 000, neiikoumTsl 6200, 303. 2%, nas.
1%, cerm. 24% (1), numd. 68 %, MOH. 5%. BonbHas yxe B TeUeHWE rofia He HyX-
[laeTCs B aKTUBHOI Tepanuu.

Y 50 601bHbIX 6blna NPUMeHeHa Tak Ha3blBaemMas NMepBUYHO-CAEPKMBAKOLLASA
(npodhunakTnyeckasn) Tepanusa nelikepaHoMm. Mbl HauMHaNW ee NPU ONpeaeNneHHbIX
MOKa3aHMAX: OTHOCUTENbHO BbICOKMX LMpax NeiikoLumTo3a, TEHAEHLMN K aHEMUK
N TPOMOBOLUUTONEHNUN, BLICTPOM YBENNYEHUU WU YMIOTHEHUU NUMEOY3N0B (KO-
poye roBops, NpPU TEHAEHUUW K YObICTPEHWIO TEMMOB NpOrpeccMpoBaHus 3abone-
BaHVA Mo BCceM MapameTpam). [pW CNOKOWHOM, 3aMefseHHOM TeuyeHuM 3abosne-
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BaHWA NPW YA0BMETBOPUTENbHBIX YKa3aHHbIX MOKa3aTendax Mbl He CUMTasn Heob-
X0AUMBI NPOBOAUTL Tepanuio.

MepBUYHO-CchepXMBalOLLLas Tepanus 3ak/ioyvaeTcs B MOCTOAHHOM HasHa-
yeHun 6onbHOMy 10—15 MT neiikepaHa 1 pa3 B 5—7—10 gHeid. Llenb Takoii
Tepanuu: npyv MOMOLM ManblX (HO LOCTaTOYHbIX !) [03 npenapata A06UTbLCS
NpeKpaLLeHns NporpeccupoBaHns 60Me3HN W YCTaHOBNEeHMA CTabunusauum npo-
Lilecca Npu yAO0B/IETBOPUTENbHBIX FEMATO/IOMMYECKMX MOKa3aTeNnsx U comaTuyec-
Koli KoMneHcauum 60MbHOrO.

3 50 60nbHbIX, KOTOPLIM Obl/1a Ha3HayYeHa MepBUYHO-CAEPXKMBAlOLLAA Tepa-
nug, 7 NOMIVYaloT ee TO/IbKO B TeyeHne 1—15 mecaues. Pe3ynbTatbl UX fleYeHUs
elle He MOTYT ObITb OLEHeHbl. Y 5 60/bHbIX fleUeHe NPoBoAUTCA 2—4 Mecaua.
Bo Bcex cnyyasx nonayyveH XOPOLUWA HeNOCPeLACTBEHHbIN aghdekT. OAHOBPEMEHHO
CO CHVXKEHMEM KOMMYECTBA NEMKOLWTOB YMEHbLUAIMCh pa3Mepbl AUMGOY3/10B U
CeneseHKu.

Y 38 60M1bHbIX MEPBUYHO-CAEPXKMBAIOLLAA NleiikepaHOTepanus NpoBOAMTCA
0T 6 MecAueB Ao 3,5 nert.

BonbHble 6biIM C pasHbIMKU CpoKaMun 3abonesaHus: oT 3 go 20 fneT. [o Ha-
3HayeHWs nelikepaHa akTUBHasA Tepanus He NPoBoAMNack. YacTb 60M1bHbLIX Nonana
noj Hawe HabMwAeHWe C pa3BepHYTON KapTWHON 3aboneBaHMA: NERKoLWTO3
pocturaa 100 000—150 000, y HekOTOpbIX OTMEYanoCb YMEPEeHHOe CHWKEeHue
YPOBHSA reMOrnobuHa n KonmuyecTBa 3pUTPOLUTOB, Y BCEX UMena MecTO reHe-
pannsoBaHHas numdQoageHonaTus W yBelMYeHWe pasMepoB ceneseHku. [pyras
yacTb 60/bHLIX HabMofanacb HaMy B TEYEHWE HECKOSbKWUX neT. HasHauveHue
MepBUYHO-CLEPXKMBAIOLLEN Tepanuu Onpejensnoch y6bICTPeHMeM TemMnoB MNpo-
rpeccupoBaHus 3ab0neBaHns, paHee MPOTEKABLUEro MO 3aMeA/IEHHOMY Tuny.

MepBnYHO-caepXMBatoLLan Tepanus y Bcex 38 60NbHbIX fana NOJIOXUTENb-
HbIA 3ptheKT: cTabunmn3auma KIMHWYECKMX WM remaTonorMyeckmx nokasateneid Ha
YA0B/IETBOPUTENLHOM YPOBHe. 29 60/bHbIX (20 U3 HUX yxke 6onee 2-X NieT) 6naro-
[apsa yKa3aHHON Tepanuu COXPaHAIT XOpollee COMAaTUYecKoe COCTOSHWE U
paboTaloT. JIMMOy3nbl W CeneseHka UMET HOPMasbHble pasMepbl WKW He3Ha-
YUTE/NbHO YBe/NnYeHbl. "eMaTonornyeckme nokasaTefin Takxxe BMOJIHE Y0B/EeTBO-
puUTENbHbIE: NMPU XOPOLUKX NOKAa3aTeNsxX 3pUTPOLMUTO- M TPOMBOLMTONOI3a NeinKo-
uUnTO3 Aepxmutcsa Ha yposHe 40 000—80 000.

NeiikepaH y aTx 29 60NbHbIX ABNSAETCA €AMHCTBEHHbLIM MPUMEHSEMbIM fle-
yebHbIM npenapaToMm. Y 9 601bHbIX MEPBUMYHO-CAEPXKMBAIOLLAA feiikepaHo-
Tepanua Okas3anacb JOCTAaTOYHO 3PeKTMBHOW B TeyeHne 1—15 neT; 3aTem Bce
e HaMeTWnoChb nporpeccuposaHvie 60/1e3HN, U 60/bHbIE BbIIM FOCNUTANU3NPO-
BaHbl 1A MpOBefeHMs Kypca nelikepaHoTepanuu 60fiee MacCMBHbIMU [03aMMU,
HepeLKo B COYETaHUM C FTOPMOHA/IbHOI Tepanueli U remoTepanuein nam gas npo-
BeleHUs Tepanumn SpyruMu nedvebHbIMM CpeicTBaMu. 2 60JbHBIX FOCMUTANIN3NPO-
Ba/MCb MO MOBOJY reMOUTMYECKOro Kpu3a. W3 9 60nbHbIX Y OfHOW BCe BUAbI
Tepanun okasanucb Hea(h(heKTUBHbIMU, U 60NbHAA nornbna Ha 11 rogy 60/1e3Hu.
Y 2 60MbHbIX 3a Bpems HabnwgeHUs npousowna TpaHcgopmauus 6onesHn B
6onee 3/10KaYeCTBEHHYIO (opMy (nnmdgocapkomMa). I3TU 60NbHbIE MNOAYYaOT
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PrHTreHoTepanunio. 6 60/1bHbIX NOC/E CTaLMOHAPHOIO SIeYeHNs MPOLO/KAKOT MoNny-
yaTb NOAJEPXMBAIOLLYIO felikepaHOTepanuio.

Mbl HMKOrga He CTPEMUMCSA AOOMTLCA CHWKEHWUS KOMMYEecTBa NelikouMToB
[0 HOpMasbHbIX UM(p, cunTasd 310 Aaxe HebesonacHbIM A1 60NLHOTO XPOHU-
YyeckuM NMMONENKO30M 13-3a HACTyMNatoLLeld B TaKUX Ciy4dasx rny6oKol HelTpo-
neHnn.

Takum 06pa3om, neiikepaH Obll NPUMEHEH Y 73 60MbHLIX. Y 14 He MOXeT
ObITb NpOM3BEEHa OMeHKa pe3ynbTaTOB M3-3a HeAOCTATOUYHbIX CPOKOB Habnwoge-
HMA. Y 59 nonyyeHbl XOpOLUMe HernocpeAcTBeHHble pe3ynbTaTbl. 46 U3 HMX 3a
BpeMs neyeHus neiikepaHom (1—3,5 roga) Apyroil akTMBHOM Tepanuu He Mony-
Yanu, NpoBefeHne NeiikepaHoTepanun LaeT BO3MOXHOCTb COXPaHUTb COCTOSHME
60/IbHbIX Y[0B/IETBOPUTENIbHBIM MO BCEM MapameTpam, 35 60/bHbIX paboTaorT.
Y Bcex 60/bHbIX HET NPM3HAKOB MPOrPeccrpoBaHUs TMM(OULHON runepniasnm.
YPOBEHb remMornobuHa, 3puTPOLMTOB U TPOMGOLMTOB HOpManei, nemkouuTos
faepxutcs B npegenax 50 000—80 000. A6COMOTHOE CogepXkaHne HeaTpomios
HOPMa/IbHO WK CyGHOPMabHO. Y 7 GO0MbHBIX AN COXPaHEHWs COMaTUYecKoi
KOMMEHCaUMM 1 YA0BNETBOPUTENbHbIX FeMaToNOrMyeckux nokasaTenein npuil-
NoCb OJHOBPEMEHHO C NeiiKepaHOM MepuUoAMYECKM Ha3HauyaTb CTEpPOUAHble rop-
MOHbI. 4 60NbHBIX YMEPAW. Y ABYX HabMgaeTca TpaHcopMmauua numgoneinkosa
B UMQocapKomy.

Takum o06pas3om, nofjepXxuBaroLias nelikepaHoTepanus MO3BOASET MONy-
yaTb PEMUCCUM, MPEBOCXOAALLME MO CBOEN [A/MTENbHOCTU T, KOTOpPble MOTYT
ObITb 4OCTUTHYTHI NPU KYPCOBOM NeHYeHUM NObIMK npenapaTamu.

Hunkaknx 0cnoXeHwin 0T NPUMeHeHUs neikepaHa, 3a UCKNI0YeHeM pasBuUTHs
renatmTta y ofgHoro 601bHOro, Mbl He Habnofann.

B cnyyasx 3710KavyecTBEHHOro TeuyeHUs 3abofieBaHMs, KOrga MpUMEHeHue
NelikepaHa He [aeT >Kenaemoro 3gdekTa, MOryT OblTb WCMO/Ib30BaHbl MeHee
Wwagawme npenaparbl — AUMNUH, AerpaHos, LmkKiogochaH.

K peHTreHotepanuu Mbl npuberaemM no CTPOro OMpefesieHHbIM MoKa3aHu-
AM. Ee npumMeHeHWe onpaBgaHo Mpu HaMuMK Pe3Ko BbIPaXKeHHOTo U3bupartesnbHo-
ro yBeNMYeHNs Cene3eHKN WM Kakon-nn6o OfHOW rpynnbl NMMEOY3n0B, UHOrLA
C CUMNTOMaMM Komnpeccuun. B Takmx ciyyasx Mbl npuberaeM K MeCTHOW peHT-
reHotepanuy (06bl4HO B fo3ax 1500—2000 peHTreHOB) C MOCnefyoLWmnM nepe-
BOZOM 60/MbHOrO Ha NOAAepXuBaloLLee neyeHve nelikepaHoM.

PeHTreHoTepanus, Tak >e Kak XUMWOTepanus, Hamu [LOBOJIbHO LUMPOKO
npvMeHsieTca ambynatopHo. Hepegko 60/bHble [a@Xe He OCTaBAslOT CBOEN
paboTbl.

B nocnegHvie rogbl nNpousoluna HekoTopas 3BOMAKOUMSA BO B3rnagax Ha
NpPYMeHeHne CTEPOMAHbLIX FOPMOHOB MPW XPOHUYECKOM NMM(ONEiKo3e: npexHee
YB/IEYEHNE TOPMOHA/IbHOW Tepanueil CMEHUIOCh TPE3BOIA OLLEHKO BO3MOXHOCTENA
M HeAOCTaTKOB 3TOr0 MeToja JleveHus.

MHorune rofbl CTpem/fieHne K ANIUTENbHOMY BO3JAEPXKaHWIO OT LMTOCTaTu-
YecKoi Tepanuu MOAAEPXKUBaNOCL BO3MOXHOCTbIO fleYeHWsi 60/bHbIX CTepous-
HbIMW TFOPMOHAMM, UCXO4A M3 UX NUMAQONUTMYecKoro adekra. HasHayeHue
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CTEPOMAHbIX TOPMOHOB, [eACTBUTENLHO, BEAET K ObICTPOMY YMEHbLUEHUIO M-
(hoy3n0B, HEKOTOPOMY YNYyMLUEHUIO NOKa3aTenell KPacHOW KPOBM, MCYE3HOBEHWIO
afvHamuu.

Kak npaBwno, ropmoHasbHas Tepanusi BecbMa WMMOHMPYET O6O0JbHbIM:
MOCKO/bKY MCYe3aeT aguHamus, 1 60/bHble CTAHOBATCA 3M(OPUYUHBIMK, OHU CMe-
LIMBAKT BHEWHWUIA adiheKT Tepanun (YMEHbLUEHUE TUM(OY3/0B) C MOMHOLEHHbLIM
reMaTonoruyecknum 3geKTom.

"opmOHanbHasa Tepanus UMeeT SBHbIe OTPULATESIbHbIE CTOPOHbI, I1aBHbIe U3
KoTopbix: 1 HeycTonuMBOCTb AOCTUIHYTaro TepaneBTUYECKOro 3ddekTa, ANA
NnoAfepXaHnus KOTOPOro Heo6xoLMMO NPOrpeccupyloLlee YANMHEHWE KypCOB Te-
panuu 1 NOBbILIEHNE NPUMEHSEMbIX [03. 2. TeHAeHUWA K pa3BuTuIO 6enkosoil
OUCTpothun B pesynbTaTe KaTabonnyeckoro AeicTBUA CTEPOMAHbIX TOPMOHOB Ha
6en1KoBbIi 06MeH. 3. PO/b CTEPOMAHbLIX FOPMOHOB B CHUXXEHUW BCEX BUA0B UMMY-
HWTeTa. Halwa KIMHMKa noKasana, YTo CHWXEHVEe UMMYHUTETA NPU XPOHUYECKOM
NMMONeriko3e MMeeT MECTO BO MHOMMX Cly4yasx LO Havana akTUBHONM Tepanuu u
yrny6nsercd no Mepe pasBuUTUSA 00/E3HM HE3aBUCUMMO OT MPUMEHEHUS CTEpOuf-
HbIX FOPMOHOB. Tak, y 30% u3 145 06cnefoBaHHbIX 60NbHLIX YPOBEHbL CbIBO-
POTOYHOrO Y-rnobynnHa 6bl1 HWXKe 0,8 T%; Yy 6ONbLUMHCTBA rMnorammarnioby-
NNHeMus oBHapyXeHa [0 Hayana Kakoro 6bl TO HU 6bINo feyeHns. Hesasnucmumo ot
NeYeHMs W COAepXaHus Y-rnobynnHOB B CbIBOPOTKE, Y 60% 60NbHbLIX XPOHU-
YECKMUM NIMM(ONeAKO30M 06HAPYXKEHbI KapyLLEHUA B CUCTEME UMMYHOTN06YIMHOB
(meToZOM MMMYHO3MeKTpodopesa). Y 75% 60/bHbIX He MoMyYeHO 06pa3oBaHuA
aHTUTeN B OTBET HAa UMMYHM3aLMIO fpenapaToM OPHOLWHOTU(O3HOrO Bu-aHTuW-
reHa. Cpeau 3TMX 6OMbHBLIX ObLIN KaK JileYeHHble CTEPOUAHBLIMW FOPMOHAMU U
LUMTOCTATMYECKMMM MpenapaTaMu, TaK W He MOofiyyaBLUMe HWMKAKON Tepanuu
(3. T. bparua).

Bce ke cnefyeT npusHaTb, UYTO A/IMTENbHOE, HEPeAKO BbIHYXAEHHO 6ecripe-
PbIBHOE, NMPUMEHEHWE CTEPOMAHBLIX TOPMOHOB ABMIAETCS HEXenaTefbHbIM, TaK Kak
yCcyry6nseT, HeCOMHEHHO, UMMYHO/IOTMYECKOe Pa30opy>KeHUe B6O0MbHbLIX W NPUBO-
OUT K NOBTOPHbIM 6aKTepuanbHbIMU MHADEKLMAM C TAXeNbIM TeYeHneM (MHeBMO-
HUW, CUHYCWTbI) U K M/I0XOMY 32KMB/IEHWNIO CaMbIX HE3HAUMTENbHbIX MOBPEXAEHNI
KXW, OBLLEen3BECTHbI U Takue HEemnpUATHbIE OCNOXHEHUA ANUTENIbHOW FOpMO-
Ha/lbHOI Tepanun Kak pa3BWTUE OXMPEeHUs, CTEPOMAHOro AuabeTa, a MHOrga v
60/1ee rpo3Hble — A3BEHHbIE MOPAXKEHWA >Keyf04HO-KULWEYHOro TpakTa.

YKa3aHHble HefOCTaTKM W BO3MOXHbIE OCMOXHEHWS CTEPOMAHOW Tepanuu
3acTaBnAlT co6M04aTb Pa3yMHYI0 OCTOPOXHOCTb MPW ee MPUMEHEHUN.

MpvMeHeHWe CTepOUAHbIX TOPMOHOB WMMEET COBEPLUEHHO OMpeje/neHHble,
YeTKMe MoKa3aHWs, OCHOBHOE M3 KOTOPbIX — Pa3sBUTWUE TEMONIMTUYECKOTO KpuU3a,
Kak Hambonee TKeNoe MposBfeHWe WUMMYHOMOMMYECKON W3BPaLLEHHOCTU npu
XPOHWUYECKOM NMGoneliko3e. F'eMonMTnyecknii Kpus, Kak npaswo, passuBaeTcs
BHE3aMHO W MPOSBAAETCA aHeMueli pa3HO CTeMeHU TAXECTW, XENTYXOol C BbICO-
KM cOfepXXaHMeM HenpsAMHOro 6unmpy6rHa, peTWKynoLMTO30M U BbICOKOW Nn-
xopagkoii. MMonoxutenbHaa npoba Kym6ca [OKa3biBaeT HaMume aHTuUTen K
apuTpouuTam. BTakux cnyyasx HasHayeHWe CTePOULHbLIX TOPMOHOB (MPefHN30/M0H
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B f03ax 30—60 Mr B CYTKM MUAM afieKBaTHble [03bl APYrnX CTEPOMAHbLIX mpenapa-
TOB) fIB/SETCA 4UHCTBEHHBLIM 3(DEKTUBHBLIM CPEACTBOM NMOMOLLM 60NbHOMY.

Hepenko NpegHU3010H MPUXOAUTCA NPUMEHATb Y 60/bHBIX U 6e3 ayTonMm-
MYHHbIX PaccTpoicTs. HOrga nof BAWSHMEM OXNaXAEHWs, KaTapa BEPXHUX Abl-
XaTenbHbIX NyTeld, a MHOrA4a u 6e3 BUAMMBIX MPUUKH B OY4eHb KOPOTKON CPOK 3Ha-
YMTeNbHO YBENNUYMBAKOTCA MMGOY3/bl, yalle B 061acTh Lien, C 04HOBPEMEHHOA
runepnnasveii BanbfeiiepoBa KonbLa. Msarkas u TecToBaTasd KOHCWUCTEHLMS
NMMAQOY3N0B CBUAETENLCTBYET O MpeobnafaHun oTeka. HasHaueHve yMepeHHbIX
[,03 CTepOMAHbIX TOpMOHOB (15—20 mr B geHb Ha 10—15 fHeld ¢ nocnegyroLlen
MOCTENEHHON OTMEHOI) NPUBOAMT K BLICTPOMY YMEHBLUEHUIO NMM(OY3N0B U U3-
6aBnseT 60/bHbIX OT TATOCTHLIX CUMMNTOMOB (3aTPYAHEHHOE /I0TaHUe, CHUXEHWE
cnyxa).

HekoTopbiM 60/1bHBIM Mbl Ha3Ha4aeM MpPeAHU30/0H B CBA3N C TEHAEHLMeR K
aHemMm3auuy Npu HOPManbHOM KO/IMYeCTBe NENKOLMUTOB M OTCYTCTBMU 3aMeTHO
runepnnasum nTMmgoysnos v ceneseHkn. B nocnegHee BpemMs B NoLOGHbIX Cy4vasx
C YCMeXOM HasHauyalTcd 60/bline J03bl aHabONMYeCKUX FOPMOHOB (MeTUNaHL-
pocTeHAnon unu Hepo6on no 40— 100 Mr B feHb).

HakoHeL, HeKoTopble 60/1bHbIE He MOTYT 06X0ANTLCS 6e3 CTEPOUAHBIX rop-
MOHOB M3-3a HacTynatoLleli Npy X OTMeHe pe3koli cnabocTu, NOAaBleHHOCTU U
MYUYUTENbHON MOTAMBOCTU. B Takux ciyyasax Mbl HasHauaem 10—15 mMr npegHu-
30/10Ha B feHb Ha 10—12 fgHeid ¢ NOCNeAyHOLWMM CHUKEHMEM [03bl 4O 5 Mmr, a
MHOr4a ¥ NOMHOM OTMEHON mnpenapaTa Ha KOpoTkme cpoku (5—10 gHeid), ¢ no-
CTOSIHHbIM BO300HOB/IEHWEM YKa3aHHbIX KypCOB.

Y MHOrMX 60MbHbIX XPOHWYECKUM NUM(ONEKO30M PaHHUM MNPOSABIEHNEM
NelikeMWYeCKOro npouecca SBAAKOTCH 4acTble MHGEKLMOHHble 3aboneBaHus:
KaTapbl BEPXHWX [blXaTeNbHbIX MYTeA, CMHYCUTbI, OTWUTbI, MHEBMOHMK. YacToTa
MH(EKLMOHHBIX OCMOXHEHWIA CBA3aHa C WMMYHOOTMMYECKON 6e33aWnTHOCTLIO
60NbHbIX, PE3KO CHUXEHHOW WX CMOCOBHOCTbIO K BblpabOTKE aHTUTEN.

Cpegn Hawmx 248 60nbHbIX 3a nocnegHve 3 roga 18 yenosek nepebonenu
MHEBMOHWEN, HEKOTOPbIe MOBTOPHO. MHEBMOHWUM HEpeLKO HOCAT KpaiHe 3aTsXKHOW
XapakTep, UMEIOT CKIOHHOCTb K PacnpocTpaHeHUIo Ha 06a NIerknx v cTaBaT XW3Hb
60/IbHbIX MOA Yrposy.

IMHEBMOHMM MOCMYXXWAN HENOCPeACTBEHHOW MPUYMHOW cmepTu y 22 u3 73
60NbHbIX XPOHUYECKUM NMM(ONENKO30M, YMEPLUMX B CTauMoHape Halleli Kau-
HWKW 3a nocnefHue 20 feT. Mbl JO/MKHbI MOAYEPKHYTh, YTO 3TO He OblNN MHEBMO-
HUW TEPMUHANbHBIX GOJIbHLIX, KOTOPble HepesKo MMEHT MeCTo npu nobom 3a-
6oneBaHUK; HeKOTOpble B60NbHbIE NOrMbanu Ha 1— 2 rogy 3abonesaHus.

B feveHnn MHEBMOHWI Yy BGOMbHBIX XPOHWYECKUM NMM(ONENKO30M Takue
aHTUBMOTMKN Kak MEHULMWANH U CTPENTOMULMH He BCerja AatoT >Kenaemblii ag-
(heKT. B Takmx criyyasax Mbl, Kak NpasBuso, C YCMEXOM MO/b3yemca MOYyCUHTETU-
YECKMMU npenapaTamy NEHULWIINMHA, BbICOKAA 3PPEKTUBHOCTL KOTOPbLIX 06BACHS-
eTCA OTCYTCTBMEM paspyLUaloLlero AeiCTBUS Ha HUX NEeHULMANMHA3bl. B TeyeHue
nocnefHuX ABYX /€T B Halleil KAMHUKE MPUMEHSIOTCA OKcauunauH (BHYTpb MO
1500 Mr B fieHb), AUKIOKcaMULUMH (BHYTpb No 1000—1500 Mr B fieHb), METULMAINH
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(BHYTpuMbIWEeYHO no 500 mr 3—4 pasa B cyTku), kedavH (no 500 mMr 2 pasa B
CYTKW BHYTPUMBbILLEYHO), LUENnopuH (BHYTpMMbIweyHo no 500 mr 2—3 pasa B
CYTKM).

Kak B mepuoge camoro 3aboneBaHus MHEBMOHMel, TaK W BHe €ro, HO mpu
CK/IOHHOCTW K MHEBMOHMAM, YUMTbIBas XapakKTepHyo Ans 60JbHbIX rurnoraMma-
rno6ynMHeMMNIO, MEPUOANYECKM Ha3HavaeM 60/bHBIM UHBLEKLUM raMmariobynmHa
no 3,0—5.0 exxegHeBHO WM Yepe3 fieHb B TeYeHNE MecsaLa.

Pa3BuTMe NMHEBMOHMMN He TONILKO He ABNAETCSA NOBOAOM K OTMEHEe NpPOoBOAM-
MO neiikepaHOTepanuu, HO B HEKOTOPbIX CyYasx TpebyeT ee yCuneHms, nocKosb-
Ky TMHEBMOHWA COMNPOBOXAAETCA JIeiKeMWYECKON WH(UNbTPaLMeid nerovHoi
TKaHW.

Takum 06pa3oM, B HACTOsLLee BPeMs Mbl pacrnofnaraeM A0BO/bHO LUMPO-
KMMW BO3MOXXHOCTSIMU KOMMIEKCHOW Tepanuu 60/bHbIX XPOHUYECKMM NMMQO-
NeiKo30M, MO3BONAIOWMUMN He TONbKO M36aBUTb WX OT TATOCTHbIX OLLYTLEHWI
6one3Hn wn cpenatb paboTOCNOCOOHLIMW, HO W 3HAYMTENIbHO YBE/IMYUTL Mpo-
LOO/MKUTENBHOCTbL YKU3HW.
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Some Questions of Rational Therapeutical Tactics
in Chronic Lymphatic Leukaemia

J. A K assirsky, M. A. Voikova

In the treatment of chronic lymphoid leukaemia we are confronted with the following
problems: choice of the moment for the beginning of active treatment, choice of the drug,
the definition of the necessary dose and possible intervals in administration of the drug.
Part of the patients (about 25%) needs no active treatment for 5—20 years of disease. In
treatment it is necessary to take into account not only the degree of leucocytosis but also
the symptoms of visceral pathology, tendency to anaemia and thrombocytopenia. In order
to decrease the danger of mutagenic effect exerted by large doses of the drug, the authors
propose a primary restraining (prophylactic) therapy. It is administered during the first
severe symptoms of the disease. After the end of the course of active treatment the restrain-
ing therapy is administered. Owing to such tactics the average duration of life among patients
with chronic lymphoid leukaemia increased to 63 months and even more in the last years.
Leukeran is the most convenient chemotherapeutic drug the for treatment of chronic lymphoid
leukaemia. A good direct effect was obtained in all 75 patients treated. During the administra-
tion of the restraining therapy there were remissions for 2—4 years. The primary restraining
therapy with Leukeran (10—15 mg in 5—7 days) protects patients against the progression
of the disease for 1—3 years. A total of 57 patients were given such kind of treatment. Steroid
hormones should not be used widely. They are indicated in haemolytic crises, considerable
anaemia and thrombocytopenia. X-ray therapy and telegamma-therapy are used in severe
local enlargement of lymph nodes and spleen. Semisynthetic penicillins (oxacillin, methicillin,
ceporin) are effective in treatment of pneumonias which frequently develop in patients with
chronic lymphoid leukaemia.
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Diabetes Insipidus Occurring with Acute Leukaemia

M. Boga. L. Halmy, P. Rutkai

Fourth Department of Medicine and Department of Pathology, Postgraduate Medical School,
Budapest, Hungary

(Received August 8, 1968)

Simultaneous diabetes insipidus and acute myeloid leukaemia case is reported.
Cicatrix tissue was found in the neurohypophysis as a morphological basis for diabetes
insipidus, in the adrenal cortex leukaemic infiltration and haemorrhage were observed,
but the clinical picture and the Metopirone test did not indicate a decreased adrenal
cortex function. In the course of the Metopirone test a transitory increase in the specific
weight of the urine was observed.

The coincidence of acute leukaemia and diabetes insipidus is rare. Rosen-
zweig and Kendall [1] have collected ten cases from the literature. In addition to
these ten acute myeloid or lymphoid leukaemias, Hungarian authors [2] have
reported a case of diabetes insipidus occurring with chronic myeloid leukaemia;
however, the symptoms of the former began during the period of the blast trans-
formation.

Case Report

K. J., 27, male, was admitted to our service from a county hospital with the
diagnosis of acute leukaemia and diabetes insipidus. In the preceding two months
he had consumed 5 or 6 liters of liquid daily, and had lost 22 pounds. He com-
plained of fatigue and low-grade fever.

Pertinent physical findings included skin pallor, enlarged tonsils and gen-
eralized adenomegaly. The edge of the spleen was palpable; no hepatomegaly was
noted on admission.

Haematologic data; RBC 2.0—2.7M; Hb, 5.8—8.79%; Hct, 20%; serum
iron, 112 mcg%; ESR. 4—20 mm in the first hour. Reticulocytes, 38°/no (80,000).
WBC, 21,000, with 40—70% blast cells; 2 to 14 nucleated red cells per 100 WBC
in the peripheral blood.

Sternal bone marrow showed hypocellularity, with 55% blast cells. The blast
forms appeared very immature; no granulation was observed. The ratio of eryth-
roid precursors and the percentage of lymphocytes were elevated. No mega-
karyocytes were seen.

These data confirmed the diagnosis of acute leukaemia.
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Liver function tests were normal. Serum sodium, 134; potassium, 3.8;
chloride, 100.1 mEg/liter. Urinanalysis: specific gravity, 1000— 1006.0Other labora-
tory data were normal.

Chest X-ray examination showed normal findings. The electrocardiogram
was normal.

Ophthalmologic findings: The fundus appeared pigmented in a few spots
(posthaemorrhagic?). No haemorrhage could be seen in the retina. Slit-lamp
examination showed pale conjunctival vessels and significant sludging. Visual
fields were full. Blind spots were normal. The sella was somewhat smaller than
usual, and was normal in contour.

To confirm the diagnosis of diabetes insipidus, we performed the following
procedures :

1. Measurement of the 24-hour urine output. The volume was 3400—5600
ml per day; specific gravity was 1000—21006.

2. Withholding of fluids did not produce a significant increase in specific
gravity (Table 1). After six hours this was discontinued because of his intolerable
thirst. On that day the total urine output was 2800 ml.

Table 1
Thirsting test

Time Specific Urine
(min) gravity output (ml)
0 1000 160
60 1002 100
120 1002 120
180 1004 120
240 1006 160
300 1006 150
3 40 ml of 10% sodium chloride was administered intravenously. The

specific gravity was not elevated, and the urine output did not decrease (Table 2).
On that day the total urine output was 4800 ml.

Table 2

Hypertonic saline loading

Time Specific Urine
(min) gravity output (ml)
0 1000
60 1001 160
120 1003 150
180 1003 190
240 1003 140
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4. Three hours after injection of Pitressin (vasopressin) tannate, the specific
gravity increased to 1014. The specific gravity thereafter decreased, but in 12 hours
it again became 1004. On that day, the total urine output was 2800 ml.

5. On glucose loading a definitely flat curve was obtained (62—70—60—48
mg% with Somogyi’s method).

6. Metopirone test was carried out according to Fraesch [3]. Daily 4 grams
were given for two days.

Table 3

Metopirone loading

Before During After

S ke Znd ke 2nd

Base day day day day
17-ketosteroid (mg) 17.6 224 316 28.2 204
17-ketogen steroid (mg) 180 51.0 66.4 56.4 41.6
Urine output (ml) 3400—5600 3800 2800 3550 4100
Specific gravity 1000 1000 1017 1010 1009

In the course of the investigation keto- and ketogen-steroid excretion was
determined according to Norymbersky [4] and the volume and specific weight
of urine were controlled. As it can be well seen fromTable 3, during the Méto-
pirone test the excretion of the ketosteroids increased adequately. It was con-
spicuous, how the specific weight increased (1017) and the urine volume de-
creased (2800 ml) on the second day of the test. The data agree almost totally
with those observed on the day of the administration of Pitressin tannate.

Treatment with 6-mercaptopurine, which had been administered prior to
admission, was continued, which caused a decrease in white blood cells from 20,000
to 3000, and finally to 1000. One reason for this severe leukopenia was elimination
of the normal elements, because the ratio of blasts remained between 40% and
70%. A few days before the patient's death, the bone marrow aspiration was
repeated, and the microscopic examination showed mostly blast cells. Myelo-
poiesis, erythropoiesis and megakaryopoiesis were significantly diminished.

During the entire period, the patient had a low-grade fever. Transfusions
became necessary because of anaemia. In the third week of hospitalization, he
complained of visual disturbances. The ophthalmologist consultant found a
relative central scotoma in the right field by means of a colored test object. This
scotoma later disappeared spontaneously, and the patient claimed improvement
in his vision. (We supposed that the visual symptoms were due to leukaemia
infiltrates in the optic nerve, choroid, and/or pituitary gland.)

Four days before death, a high-grade fever developed, which could not be
controlled by antibiotics and steroids. Three and a half months after the first
symptoms of disease, the patient died (May 18, 1966).
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Autopsy Findings

There were no changes in the heart, lungs, stomach, kidneys, thyroid gland
or pancreas which could be attributed to leukaemia or diabetes insipidus. Leukaem-
ic infiltrates were observed in the lymph nodes, spleen, liver, adrenal glands
and testes. The bone marrow contained predominantly reticular elements and fat
cells and relatively small amounts of myeloid precursors. Erythropoiesis and
megakaryopoiesis were almost completely absent, as described above in the bone
marrow aspirate. The anterior lobe of the hypophysis was normal. Gross examina-
tion of the neurohypophysis showed normal structure. However, at two points
the histologic structure was changed, showing smaller cells than normal, with
pyknotic nuclei. The nerve fibers had been replaced by fibrous tissue. The stalk
of the hypophysis, the hypothalamus, and the rest of the brain were normal.

The adrenal glands showed the following gross pathology: The inferior
portion of the left adrenal gland had diminished in thickness, and the remainder
was reddish. The right adrenal gland was normal in size and structure. Micro-
scopically the cortical zone of both adrenals was haemorrhagic. The medulla was
hyperaemic and was infiltrated by myeloid cells in small focal areas.

Discussion

The presented case was a leukaemia of acute myeloid type accompanied by
the symptoms of diabetes insipidus. In 10 out of the 11 cases reported so far in
the literature a massive leukaemic infiltration of the neurohypophysis was detected.
In these cases leukaemic infiltrations were found in the other organs as well
(adenohypophysis, adrenals, kidney, liver, etc.). In 1 case the symptoms were
caused by thrombosis of the small vessels in the hypophysis-hypothalamus, which
was presumably a consequence of thrombocytosis, a very rare complication of the
acute blastosis.

In our case cicatrix tissue could be detected in the posterior lobe of hypo-
physis. Leukaemic infiltration was found in the adrenals, tonsils, spleen and lymph
nodes. Following features were characteristic of the patient’s disease out of his
diabetes insipidus symptoms:

1 The 24-hour urine output was high, the spontaneous specific weight
was low.

2. On the administration of hypertonic saline (Carter-Robbins test) the
diuresis did not decrease, the specific weight did not increase.

3. In the thirsting test the specific weight did not increase, diuresis did not
decrease.

4. As an effect of Pitressin tannate the specific weight increased, the daily
urine output decreased.

Based on these tests the diagnosis of the psychic and renal diabetes insipidus
could be excluded and the existence of a real (according to the recent nomencla-
ture: symptomatic) diabetes insipidus was regarded to be proven.
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The increase of the specific weight of urine and decrease of urine output on
Metopirone is worth of mentioning. Hankiss [5] carried out the Metopirone test
on 5 diabetes insipidus patients and in one case he observed a decrease of diuresis.
Metopirone test affects first of all the 11-beta-hydroxylase enzyme in the adrenal
cortex. Due to the inhibition of this enzyme the cortisol secretion is stopped or
significantly diminished. The precursors: 11-deoxycorticosterone (DOC) and
11-deoxycortisol accumulate. This means on the one hand the actual lack of the
“diuretic factor” (cortisol) and on the other the enhancement of the mineralocor-
ticoid effect. Diabetes insipidus develops only if besides the posterior lobe injury
the anterior lobe function is normal [6]. The anterior lobe is effective by sti-
mulating the hydrocortison production of the adrenal cortex [7]. The extent of
polyuria is determined by the ratio of the antidiuretic hormone and the “diuretic
factor” (cortisol). However, certain experimental data [8] seem to support the
possibility that Metopirone has a direct effect on the central nervous system.
This may also be an explanation for the change in the diuresis.
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Book Review

Handbuch der Mikroskopischen Anatomie des
Menschen. VI/6. Die Milz. By F. Tischendorf.
968 pages, 365, in partcoloured, illustrations.
Springer-Verlag, Berlin—Heidelberg—New
York 1969. DM 486.

Everybody who wants to know anything
that can be known today of the development,
comparative macroscopic and regional ana-
tomy, size, microscopic anatomy, vascular
system or innervation of the spleen, can
take down from the shelf this bulky volume.
The present volume is worthy of its foregoers
and reflects faithfully the classical trends of
German scientific manuals (the recent mem-
ber of the traditional Handbuch series).

After a short introduction and a small
chapter under the intimately archaic title:
"The definition of the spleen”, the above
mentioned subjects are discussed thoroughly

and in great detail. The illustrations, draw-
ings, photographs, X-rays, light and electron
microscopic  photographs are clear and
didactic. 125 pages of references containing
nearly 4000 literary data are attached to the
work. Orientation is made easy by an author
index of 58 pages and a subject index of 89
pages.

The work is totalitarian in its require-
ments, and in fact it is beyond the expecta-
tion based on the title of the series. The
author, striving for a relevant, integrated
aspect fitting in with modern views, is far
from confining the work to microscopic
anatomy and descriptive morphology, but
extends it time after time over the dimensions
of gross anatomy. The work renders an invalu-
able aid to all those who wish to study the
functional histomorphology of the spleen.

J. Forrai
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Some effects of pH and temperature upon
normal human red cell adenosine triphosphate.
G. L. Scott, M. Oates, A. J. Grimes (Depart-
ment of Haematology, St. Thomas' Hospital
Medical School, London). Scand. J. Haemal.
6, 227 (1969).

Red cell ATP levels were determined in
the fresh blood of 58 normal subjects using
an enzymatic method. The values obtained
were in the range of 80 to 140 /mioles of
ATP per 100 ml of packed red cells. Con-
ditions for obtaining reliable fresh blood ATP
values and the effects of different anticoagu-
lants are discussed. It has been confirmed
that red cell ATP is pH-sensitive; at pH
values below 7.6—7.7 (25°C) it was stable
but at values above 7.7 ATP disappeared
from the red cells. Kinetic studies of red cell
ATP at different temperatures and pH values
are described.

/. Arky

Flexibility of an active center in sodium-plus-
potassium adenosine triphosphatase. R. L.
Post, S. Kume, T. Tobin, B. Orcutt, A. K.
Sen (Department of Physiology, Vanderbilt
University School of Medicine, Nashville,
Tenn.) j. gen. Physiol. 54, 306s (1969).

In plasma membranes of intact cells an
enzymatic pump actively transports sodium
ions inward and potassium ions outward.
In preparations of broken membranes it
appears as an adenosine triphosphatase
dependent on magnesium, sodium, and
potassium ions together. In this adencsine
triphosphatase a phosphorylated intermediate
is formed from adenosine triphosphate in
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the presence of sodium ions and is hydro-
lyzed with the addition of potassium ions.
The normal intermediate was not split by
adenosine diphosphate. However, selective
poisoning by N-ethylmaleimide or partial
inhibition by a low magnesium ion concen-
tration yielded an intermediate split by
adenosine diphosphate, insensitive to potas-
sium ions. Pulse experiments on the native
enzymesupported the hypothesis of a sequence
of phosphorylated forms, the first being
formed reversibly from adenosine triphos-
phate in the presence of sodium ion and the
second formed irreversibly from the first
and hydrolyzed in the presence of potassium
ion. The cardioactive steroid inhibitor, oua-
bain, appeared to combine preferentially
with the second form. Phosphorylation was
at the same active site according to electro-
phoretic patterns of proteolytic phosphory-
lated fragments of both reactive forms. It is
concluded that there is a conformational
change in the active center for phosphoryla-
tion during the normal reaction sequence.
This change may be linked to one required
theoretically for active translocation of ions
across the cell membrane.

lima Szész

The development of hormone sensitivity by
the adenyl cyclase of the tadpole erythrocyte.
O. M. Rosen, J. Erlichman (Departments of
Medicine and Molecular Biology, Albert
Einstein College of Medicine, Bronx, N. Y.).
Arch. Biochem. Biophys. 133, 171 (1969).

Catecholamines have previously been
shown to stimulate adenyl cyclase activity
in haemolysates of frog erythrocytes but not
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in haemolysates prepared from the erythro-
cytes of premetamorphic tadpoles. This
observation has now been confirmed in
intact erythrocytes from the frog and tadpole
as well as in partially purified, particulate
adenyl cyclases prepared from these cells.
The development of sensitivity to stimula-
tion by catecholamines was studied in haemo-
lysates prepared from tadpoles undergoing
either natural or thyroxine-induced meta-
morphosis. Catecholamine sensitivity was
found to appear in erythrocytes of tadpoles
which had developed front legs and were
undergoing the process of tail resorption.
Acrylamide gel electrophoresis of a haemoly-
sate from this stage of development revealed a
new band of haemoglobin which corre-
sponded to the position of adult frog haemo-
globin. The sensitivity of tadpole erythro-
cyte adenyl cyclase to activation by /i-adren-
ergic compounds increased during the period
of tail resorption and approached that of
the adult frog upon completion of meta-
morphosis.

/. Arky

The effect of amphotericin B on erythrocyte
membrane cation permeability: Its relation
to in vivo erythrocyte survival. S. F. Blum,
S. B. Shohet, D. G. Nathan, F. H. Gardner
(Hematology Research Laboratories of the
Presbyterian  University of Pennsylvania
Medical Center, Philadelphia, Pa.) J. Lab.
din. Med. 73, 980 (1969).

The polyene antibiotic amphotericin B
causes an increase in the passive efflux of
potassium from the human erythrocyte.
This is accompanied by hyperactivity of the
ouabain-sensitive membrane cation pump
which results in an increased rate of active
potassium movement into the cells. Adenosine
triphosphate stores remain stable in these
cells as glycolysis increases with a proportion-
ate increase in lactate production. Membrane
fatty acid exchange and total membrane
lipid content are unaffected. The action of
amphotericin B is reversible by washing the
cells with modified Krebs-Henseleit buffer
or with plasma. Studies performed on the
erythrocytes of a patient receiving an infusion
of amphotericin for treatment of Candida
endocarditis revealed increased passive efflux

of potassium from the cells which was
completely compensated by hyperactivity
of the membrane cation pump; as a result,
there was no net loss of potassium from the
cells. Twelve hours after the amphotericin
infusion was completed, potassium Kkinetics
had returned almost to normal. These find-
ings of a reversible increase in membrane
permeability and an adaptive increase in
cation pump rate in response to it provide
an explanation for the failure of amphoteri-
cin to shorten in vivo erythrocyte life-span.

G. Gdrdos

Studies on the lipids of sheep red blood cells:
I1l. The fatty acid composition of phospho-
lipids in HK and LK cells. G. J. Nelson (Bio-
Medical Division, Lawrence Radiation Labo-
ratory, University of California, Livermore,
Calif.). Lipids 4, 350 (1969).

The fatty acid composition of erythrocyte
phospholipids has been studied in samples
from five high potassium and five low potas-
sium sheep. The total fatty acid composition,
including the individual phospholipid com-
position in the erythrocytes of these animals
is reported. There were no significant differ-
ences in total fatty acid composition or
individual phospholipids between the high
potassium and low potassium cells. Sheep
red cells had little polyunsaturated fatty
acids in their phospholipids. Palmitic, stearic
and oleic acids were the major components
of glyceryl phospholipids, while nervonic
acid accounted for 50% of the fatty acids
in the sphingomyelin fraction. The similarity
between the fatty acid composition of high
potassium and low potassium red cells indi-
cates that quantitative differences in the
membrane lipids are not the primary cause
of the observed differences in cation levels in
the two types of cells. This agrees with conclu-
sions drawn from previous studies.

llma Szész

Factors governing the oxygen affinity of
human adult and foetal blood. Ch. Bauer, M.
Ludwig, I. Ludwig, H. Bartels (Physiologi-
sches Institut der Medizinischen Hochschule,
Hannover). Resp. Physiol. 7, 271 (1969).

In newborns and pregnant and nonpreg-
nant adults, oxygen half saturation pressure
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(P50) of blood and of dialysed haemoglobin
solutions with and without added 2,3-di-
phosphoglycerate (2,3-DPG) or adenosine
triphosphate (ATP) has been examined. PM
was higher (30.5 mm Hg) in maternal blood
than in the blood of the control subjects
(26.1 mm Hg) and of the newborns (22.9
mm Hg). In the dialysed haemoglobin solu-
tions of maternal and foetal blood, P,,
fell to 19.7 mm Hg and after addition of
2,3-DPG rose by 9.7 mm Hg in the maternal
dialysate and by 2.7 mm Hg in the foetal
dialysate. The effect of ATP on P5, was less
pronounced. 2,3-DPG, ATP, carbonic an-
hydrase activity and red Cell potassium and
sodium concentrations have been examined
in the blood of the three groups. In maternal
blood these substances were slightly but
insignificantly elevated as compared to the
blood of the controls. The results are dis-
cussed in respect of the different oxygen
affinities of the three kinds of blood.

G. Gardos

Binding of 2,3-diphosphoglycerate to oxy-
hemoglobin. J. Luque, D. Diederich, S. Gri-
solia (Department of Biochemistry, Univer-
sity of Kansas Medical Center, Kansas City,
Kan.) Biochem. biophys. Res. Comm. 36,
1019 (1969).

Extensive binding of 2,3-diphosphoglycer-
ate to oxyhemoglobin has been shown by
diafiltration and by Sephadex gel filtration.
The average concentration of both 2,3-
DPG and hemoglobin in human erythro-
cytes is about 5 mM; a portion of the 2,3-
DPG remains bound to oxyhemoglobin
and cannot be removed by Sephadex gel
filtration.

G. Gérdos

Current views on histogenesis of haemopoietic
tissue under conditions of transplantation.
1 L. Chertkov (Labor, mielogemoterapii
Centr. Inszt. Gematol. i Pereliv. Krovi,
Moskva). Probl. Gemat. 14, 5, 14 (1969).

G i the basis of data in the literature and
personal experimental results the main
routes of histogenesis of transplanted haemo-
poietic tissue are discussed. The direction of
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differentiation of the parent haemopoietic
cells depends on the recipient’s induction
effect. In the case of autotransplantation,
the priority is ensured to the haemopoietic
direction of histogenesis, whereas under
conditions of allotransplantation, owing to
the differences in transplantational antigens,
priority is acquired by the lymphoid direc-
tion of histogenesis, this causing acute
secondary disease. The necessity of the
thymic factor for lymphoid differentiation
of transplanted haemopoietic cells has been
proved. A possible significance of the phenom-
enon of allogenic inhibition in the reduc-
tion of the proliferation of the rate of allo-
genic haemopoietic grafts is discussed.

J. David

Effect of transplantation of bone marrow
preserved at —196°C on haemopoiesis of
patients with depressed haemopoiesis. F. E.
Fainshtein, M.-P. Bogoyavlenskaya, G. P.
Orlov, Ya. S. Sukhanov, N. M. Nemenova,
A. G. Fedotenkov, E. A. Zotikov, |. D.
Shishkina, R. I. Rodina, R. M. Urinson
(Radiol, otd., patolog.-anatom. otd., labor,
konszervir. i. kultiviv. tkanei, immunogema-

tol. labor. Centr. Inszt. Gematol. i Pereliv.
Krovi, Moskva). Probl. Gemat. 14. 5 7
(1969).

Favourable results were obtained with
automyelotransplantation in depressed hae-
mopoiesis resulting from treatment with
cytotaxic agents, as well as with allomyelo-
transplantation in subacute hypoplastic
anaemia. Attention is called to certain
peculiar features of the therapeutic action
of transplantation of preserved bone marrow
in comparison with freshly obtained bone
marrow.

J. Dévid

Transplantation of bone marrow from several
donors to dogs irradiated with 1000 r. M. N.
Novikova, I. L. Chertkov (Labor, mielo-
gemoterapii osztroj lucsevoj Centr. Inszt.
Gematol. i Pereliv. Krovi, Moskva). Prabl.
Gemat. 14, 5, 24 (1969).

Bone marrow obtained from 5 to 8
unrelated donor dogs was injected into dogs
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irradiated with 1000 r. In 8 of 9 such experi-
ments there occurred only lymphoid differ-
entiation of the transplanted elements,
similarly as with the transplantation of bone
marrow from a single donor. Normal haemo-
poiesis was observed in one of the trans-
plants. Consequently, the occurrence of an
acute graft vs. host immune reaction did not
prevent normal histogenesis of the most
compatible haemopoietic tissue. Only one of
56 donor-recipient combinations proved
adequate. Possibilities of the clinical use of a
bone marrow mixture from many donors are
discussed.

J. David

Survival and restoration of haemopoiesis in
irradiated mice following homotransplantation
of fresh and cadaveric bone marrow from
several genetically different donors. N. V.
Butomo (Voenno-med. akad., Leningrad).
Probt. Gemat. 14, 5, 28 (1969).

The effect of transplantation of homo-
logous fresh and cadaveric bone marrow
obtained from one or several genetically
different donors on survival and restoration
of haemopoiesis in irradiated mice, has been
studied. Survival of the animals was longer
after transplantation of a mixture of bone
marrow cells from several donors. Haemato.
logical examination demonstrated it in
transplantation of bone marrow from many
donors, restoration of haemopoiesis may
take place at the expense of proliferation of
cells from several sources.

J. Dévid

Erythropoetyna u k obiét ciezarnych (Eryhro-
poietin in pregnant women). F. Przala, M.
Bielecki (Katedra Fizjologii Zwierzat WSR,
Olsztyn, Poland). Acta physiol, pot. 20, 709
(1969).

The erythropoietin level was found to
be higher in healthy pregnant women than
in non-pregnant ones. In pregnant women
suffering from anaemia the level was still
higher.

S. Maj

llosciowa ocena nasilenia erytropoezy w opar-
ciu o metody radioizotopowe i matematyczne
(Quantitative evaluation of the intensity of
erythropoiesis based on radioisotope and
mathematical methods). L. Konopka, K.
Rechowicz, S. Pawelski (Instytut Hemato-
logii, Warszawa, Poland). Pol. Tyg. lek. 24.
843 1969).

I 45 cases of anaemia of various types
and in healthy subjects, a comparative assess-
ment of haemoglobin production was at-
tempted using graphic and mathematical a-
nalysis of the 3Fe disappearance curve in the
plasma. 24-hour synthesis of haemoglobin
calculated by the method of Huff et al. was
in every case higher than that determined
by the mathematical method of Pollycove
and Mortimer.

5. Maj

Wplyw przetwori Fluidex (Dextran 40,000)
na hemoUze i odczyny potransfuzyjne wnocnej
napadowej hemoglobinurii [The effects of
Fluidex (Dextran 40,000) on haemolysis and
post-transfusion reactions in nocturnal par-
oxysmal haemoglobinuria]. T. Struzik, M.
Kowalczyk, J. Frendo (Il Klinika Chorob
Wevnetrznych AM, Krakow, Poland). Pol.
Tyg. lek. 24, 1064 (1969).

Dextran 40,000 was found to reduce
haemoglobinaemia, haemoglobinuria and
haemosiderinuria in patients with nocturnal
paroxysmal haemoglobinuria. It also pre-
vented post-transfusion reactions. In cases
displaying severe anaemia, side-effects may
appear with a short-lasting increaseof haemo-
globinaemia and late haemoglobinuria, with-
out any complaint or objective change.

S. Maj

Serum folic acid in patients with rheumatoid
arthritis. M. Wartanowicz, M. Plachecka-
Gutowska, M. Mikolajew (Institute of
Rheumatology, Warsaw, Poland). Reumato-
légia pol. 7, 1(1969).

In 26.2% of patients with rheumatoid
arthritis, serum folic acid level was less than
5 Jig/nil.

S. Maj
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Obserwacja przeciwcial anty-Gm u chorych na
gosciec przewkkly post¢pujgcy (Observation
of anti-Gm antibodies in rheumatoid arthritis
patients). G. Wozniczko-Ortowska, J. Weryri-
ska-Przybylska (Instytut Reumatologiczny,
Warszawa, Poland). Reumatoldgia pol. 7,
127 (1969).

Anti-Gm antibodies were found in 65.4%
of rheumatoid arthritis patients, and in
96.3 % of the sera characterized by a positive
Waaler-Rose test. In most cases in which
anti-Gm antibodies were present, the inflam-
matory process was expressed and the patho-
logical changes of the locomotor system
were advanced.

5. Maj

Wzory Unit papilarnych (dermatoglifika) u
Ittdzi chorych na bialaczki [Dactyloscopic
patterns (dermatoglyphs) of patients with
leukaemia], J. Aleksandrowicz, T. Dgbski,
Z. Schiffer (11l Klinika Choréb Wewng-
trznych AM, Krakow, Poland). Pol. Arch.
Med. wewnet. 43, 991 (1969).

In patients with leukaemia, regardless of
its type, radial loops were more frequent
ihan in healthy men and women.

S. Maj

Lactate-dehydrogenase isoenzymes in leuko-
cytes under normal conditions and in leukosis.
E. Ya. Ivanova, I. N. Molchanova (Katedr.
gospitaln pediatrii Leningradsk. pediatr.
medicinszk. inst. i katedr. biochemii voenno-
med. akademii im. C. M. Kirov, Leningrad).
Probl. Gemat. 14, 4, 33 (1969).

The lactate-dehydrogenase enzymes of
leukocytes were examined in healthy sub-
jects and in patients suffering from various
leukoses. Healthy subjects and patients with
chronic leukosis contained mostly the
cathode fraction of lactate-dehydrogenase.
In patients suffering from chronic lympho-
leukaemia, the majority of the enzyme was
contained in the fourth fraction. In children
sufferingfrom acuteleukosis, lactate-dehydro-
genase was found mainly in the third (in
myeloleukosis) and in the fourth (in lympho-
leukosis) fractions.

J. David

Haematologia 4, 1970

Trace element content of blood in chronic
lympholeukosis. V. R. Soroka, I. A. Kogan
(Katedr. gospitaln. terapii i Central, naut-
chno-isledovatel. labor. Donee, med. inst.).
Probl. Gemat. 14, 4, 39 (1969).

Emission spectral analysis was applied
for the study of the copper, manganese, sili-
cium, aluminium and titanium content in
whole blood, plasma and the formed ele-
ments of 20 healthy persons and of 100
individuals suffering from chronic lympho-
leukosis. In the patients with leukosis the
levels were considerably different from the
normal and changed in the various stages
of the disease, reaching the greatest deviation
from normal during the third stage. Under
the effect of treatment, a tendency to nor-
malization was noted in the blood and its
fractions.

J. Dévid

Active immunization af children with living
allogenic leukosis cells in the acute period
of leukosis. S. V. Skurkovich, N. S. Kislyak,
L. A Mekhanova, S. A. Begunenko (Labor,
immunoi, i virusol. leikoz, Centr. Inst.
Gematol. i Pereliv. Krovi, Moscow). Probl
Gemat. 14, 4, 14 (1969).

Assuming that the immunological system
of a patient is tolerant to his own leukosis
cells, twelve patients with acute leukosis
were immunized in the acute period of the
disease with living allogenic leukosis cells
derived from the peripheral blood and bone
marrow of other patients. Immunization
was performed repeatedly, both intravenously
and intramuscularly. All the immunized
patients had leukaemic disease, and were in
grave condition characterized by intoxication
phenomena, enlargement of peripheral lymph
nodes and parenchymatous organs, and a
marked haemorrhagic syndrome. A distinct
clinico-haematological improvement occurred
in 8 patients during the immunization.
Complete remission ensued in 3 cases. Anti-
leukaemic treatment was prescribed to all
the patients, except one with incomplete
and complete remission resulting from
immunization. In one child with complete
haematological remission after immunization
no drug treatment was prescribed. Instead,
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active immunization with leukosis cells was
continued. This child is still in remission.
J. Dévid

Zmiany hemostatycznych funkcji plytek wu
kroUkéw po diecie cholesterolowej (Changes
in haemostatic functions of rabbit platelets
after cholesterol diet). R. Farbiszewksi, K.
Worowski, M. Szmitkowski (Katedra Che-
mii Fizjologicznej AM, Bial'ystok, Poland).
Acta physiol, poi. 20, 719 (1969).

Feeding of rabbits with cholesterol induced
changes in the lipid-protein composition of
serum, an increase in platelet adhesiveness,
and an acceleration of platelet aggregation.

5. Maj

Poréwnanie wynikéw reakcji Brdicki z pozio-
mem fibrynogenu i czasem fibrynolizy eitglo-
btdin osocza rozpoznawaniu nowotworow
zlosliwych (Comparison of the results of
Brdicka reaction with the plasma fibrinogen
level and euglobulin lysis time in the diag-
nosis of malignant neoplasms). U. Kosmala,
S. Niewiadomska, Z. Plamieniak (Il Klinika
Choréb  Wewnetrznych  AM,  Wroclaw,
Poland). Pol. Tyg. lek. 24, 1112 (1969).

In the majority of 32 patients with various
malignant neoplasms there was an increase
in the polarographic wave in the reaction of
Brdicka, a prolongation of euglobulin lysis
time, and an increase in fibrinogen concen-
tration.

5. Maj
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Acta Haematologica (Basel) 41 (1969) No. 6

The effect of cytosine arabinoside on nucleic
acid synthesis in normal and leukaemic
human leucocytes in vitro. Chan, B. W. B.
(Dept, of Med., Univ. of Cambridge,
Cambridge), p. 321

On the PAS reaction in acute paraerythro-
blastic hemoblastoses. Leder, L.-D. (Path.
Inst, der Univ., 23 Kiel), p. 328.

Glucose-6-phosphate  dehydrogenase  defi-
ciency in Italy. A study of the distribution
and severity of the enzymatic defect.
Salvidio, E., PannacciuUi, |., TizianeUo,
A. , Gaetani, G., Paravidino, G. (Inst, of
Haemat., Univ. of Genoa, 16132 Genoa),
p. 33L

Vitamin B2 absorption test. Arkun, S. N.,
Miller, I. F., Meyer, L. M. (Long Island
Jewish Hosp., Div. of Hemat., Jamaica,
N. Y. 11432), p. 34L

Functional and cellular alterations produced
by phytohemagglutinin. 111 Hematologic
findings in mice receiving PHA. Lozzio,
B. B., Machado, E. A., Chernoff, A. I.
(Univ. of Tennessee, Mem. Res. Center
and Hosp., Knoxville, Tenn. 37920), p. 349.

Hereditary deficiency of peroxidase and
phospholipids in eosinophilic granulocytes.
Presentey, B., Szapiro, L. (Haemat. Dept.,
Health Insurance Inst. Kupat Holim,
Rehovoth, Israel), p. 359.

Acta Haematologica (Basel) 42 (1969) No. 1
Absorption and excretion of cyanocobala-
mine after oral administration of a large
dose in various conditions. Raccuglia, G.,

French, A., Zarafonetis, C. J. D. (Univ.
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of Louisville, School of Med., Louisville,
Ky), po1 _

Studies in cryofibrinogenemia. Zlotnick, A.,
Shahin, W., Rachmilewitz, E. A. (Dept, of
Med., Hadassah Univ. Hosp. and Med.
School, Jerusalem, lIsrael), p. 8.

Leucocyte alkaline phosphatase. The effect
of age and sex. Ray, P. K., Pinkerton, P.
H. (Dept, of Lab. Haemat., Sunnybrook
Hosp., Toronto), p. 18.

Lymphopoietin. Timson, J. (Univ. Dept, of
Med. Genet., Royal Infirmary, Manches-
ter 13), p. 23.

Le rble des inhibiteurs faibles du facteur
VIII. Mayer, G., Noel, G., Waitz,R. (Centre
de Transf. Sanguine, 67-Strasbourg).
p. 27.

Cell-degeneration pattern in bone marrow
and blood of guinea pigs following ad-
ministration of cyclophosphamide. Kaid,
M., Hudson, G. (Univ. of Sheffield, Sheffield
S10), p. 42.

Histiocytic medullary reticulosis. Case report
with electron microscopic study. Zawadzki,
Z. A., Pena, C. E., Fisher, E. R. (Depts of
Med. and Path.,, Veterans Adm. Hosp.,
Pittsburgh, Pa. 15240), p. 50.

A case of acute leukemia with pseudo-Pelger
cells containing Auer bodies. Leder, L.-D.
(Path. Inst, der Univ., D-23 Kiel), p. 58.

Acta Haematologica (Basel) 42 (1969) No. 2

Studies on the pathogenesis and mechanism
of hematologic diversification by re-isola-
tion of the myeloid leukemia virus (Graffi).
Fey, F. (Inst, of Cancer Res., Exp. Sect,,
1115 Berlin), p. 65.

Chronology of the mitotic cycle of acute
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leukemia cells. RondaneUi, E. G., Mayliulo,
E., Pilla, G., Falchi, F., Barigazzi, G. M.
(Dept, of Intern. Med., Univ. of Pavia,
Pavia), p. 76.

Distribution of amino acids in urine, plasma
leucocytes and erythrocytes of leukaemic
and normal subjects. Lee, M. B., Bolger,
C. D., Bridges, J. M. (Dept, of Clin. Path.,
Royal Victoria Hosp., Belfast, N. Ireland),
p. 86.

Suppression by RNA of human lymphocyte
transformation. Rigby, P. G., Johnson,
D. M. (Univ. of Nebraska Med. Center,
Omaha, Nebr. 68105), p. 94.

The starch gel quantitative electrophoresis
of haemoglobin as screening in the tha-
lassaemia syndromes. Ricco, G., Gallo, E.,
Mazza, U., Bianco, G., Prato, V. (lst. di
Pat. Spéciale Med., 10126 Torino), p. 99.

Effect of lysolecithin on bovine erythrocyte
osmotic fragility. Garfin, S. R., Shea,
M. Y., Bernstein, E. F. (Dept, of Surg.,
Univ. Hosp. of San Diego County, San
Diego, Calif. 92103), p. 106.

Hereditary deficiency of adenylate kinase
in red blood cells. Szeinberg, A., Kahana,
., Gavendo, S., Zaidman, . Ben-Ezzer,
J. (Dept, of Chem. Path., Gov. Hosp.,
Tel-Hashomer, lIsrael), p. 111

Acta Haematologica (Basel) 42 (1969) No. 3

Blood proliferocytes in human and animal
malaria. Rubini, J. R., Matsui, K., Rane,
L. (Dept, of Med., Univ. of Miami School
of Med., Miami, Fla. 33136), p. 129.

Enzymatic and chemical changes in human
lymphocyte cultures. Rozenszajn, L. A,
Fischer, D. (Lab. of Hemat., Meir Hosp.,
Kfar-Saba, Israel), p. 138.

Transketolase activity of red blood cells
from infancy to old age. Markkanen, T.,
Heikinheimo, R., Dahl, M. (Dept, of Med.
Microbiol., Univ. of Turku, Turku,

_ Finland), p. 148

Etude de la fixation non spécifique des
immunoglobulines G sur les érythrocytes.
I. Influence de la variation de différents
paramétres. Des Gouttes, D., Isliker, H.
(Inst, de Biochim., Univ. de Lausanne,
1000 Lausanne), p. 154.

Haemoglobin L Persian Gulf: x 57 (E6)
glycine —» arginine. Rahbar, S., Kinderle-
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Red cell iso-antigens of rhesus monkeys.
Hiro.se, Y., Balner, H. (Univ. of Tokyo,
Dept, of Surg., Shibashirokane, Tokyo).
p. 661.
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p. 563.
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cance in patients with sideroblastic anae-
mia. Singh, A. K., Shinton, N. K., Williams,
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Les antigenes de transplantation (HL—A)
étudiés par greffes de peau de 90 enfants
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Ctr. Transf. Sanguine Seine, Paris 12¢),
p. 329.

Systeme ABO et transplantation. Effet de
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Chronologie du cycle mitotique des cellules
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