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Platelet Inhibition of Human Lymphocyte PHA-Induced 
Blastoid Transformation

D. C. C ress, W. K. M etcalf

Department of Anatomy, Creighton University, Omaha, Nebraska 68178 
and Department of Anatomy, University of Nebraska, Omaha, Nebraska 68105, United States

(Received April 2, 1975)

The reduced PHA responsiveness of human lymphocytes obtained from heparin­
ized as compared to defibrinated blood has been shown to be due to platelet con­
tamination in the former. Inhibition of blastoid transformation and lymphocyte 
death is directly related to the number of platelets added to a culture. Divalent ions 
partially reduce this platelet inhibitor phenomenon but do not block it completely. 
The “toxic” platelet components appear to be localized in the membranes and par­
ticulate matter after homogenization and hard centrifugation. Comparative studies of 
PHA transformation must control platelet contamination of the cultures in order to 
avoid severe difficulties of interpretation.

As early as 1965 it was shown that while rat lymphocytes readily respond 
to PHA in serum cultures, they failed to do so in cultures containing rat plasma [7]. 
It was suggested [8] that the toxic factor involved was probably the contamination 
ot the plasma with platelets. The same phenomenon was later demonstrated in the 
guinea pig [3], but has never been fully investigated in human lymphocyte cultures. 
In this study, human lymphocyte cultures prepared from heparinized blood were 
shown to be depressed in terms of per cent of stimulation when compared to 
cultures derived from defibrinated blood, but not to the extent previously reported 
for rat and guinea pig lymphocyte cultures. In view of recent reports claiming 
that specific types of plasma may contain factors inhibitory to lymphocyte trans­
formation [6] and the frequent preparation of lymphocyte suspensions from 
heparinized blood samples [2, 9] resulting in varying amounts of plasma and/or 
platelets in the subsequent cultures, it was felt there was a need for more detailed 
investigation of the inhibitory phenomenon of platelets in human serum lympho­
cyte cultures.

Materials and Methods

Lymphocyte collection: defibrinated serum

Twenty-five ml of blood was drawn by venipuncture from the median cubital 
vein of healthy male volunteers for defibrination in a sterile 125 ml Erlenmeyer 
flask that has three 8 mm lengths of 7 mm glass tubing to entrap the developing
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4 D. C. Cress, IV. K. Metcalf: Lymphocyte blastoid transformation

fibrin clots. The whole was rotated on an Erbach rotator (Erbach, Ann Arbor, 
M ichigan) for 10 min at 180 rpm. Then 3 ml of 6% Dextran (MW200,000 — 300,000) 
were added and mixed for 30 sec on the rotator. The defibrinated blood was 
transferred to three 15 ml centrifuge tubes and allowed to stand for 30 to 40 min 
at room temperature for the red cells to settle. The leukocyte rich serum (LRS) 
was drawn off and the white cells counted according to Hepler [4] using an 
Improved Neubauer Counting Chamber (Ну-Life Ultra Plane, Clay Adams, New 
York). There is a very slight but constant red cell contamination of the LRS 
produced by this separation technique. The remaining serum and red cells were 
centrifuged at 750 gn for 10 min and the autologous serum saved for the culture 
mixture.

Lymphocyte collection: heparinized plasma

Blood was drawn by venipuncture into a heparinized syringe to a final con­
centration of 50 units/ml (Liquaemin Sodium “ 100” Aqueous Sol — 1000 U.S.P. 
units/ml, Organon Inc., West Orange, New Jersey). Twenty-five ml of heparinized 
whole blood was thoroughly mixed with 3 ml of 6% Dextran in the syringe and 
transferred to three centrifuge tubes for red cell sedimentation. After 30—40 
min the leukocyte rich plasma (LRP) was drawn off and the leukocytes counted [4].

Lymphocyte culture technique

The total volume of LRS was measured and diluted to a final cell con­
centration of 1.2 to 1.5x10 leuko/ml with 60% Minimum Essential Eagles 
Medium (MEM) (Microbiological Associates, Inc., Bethesda, Maryland), 40% 
autologous serum and 100 units of Penicillin-G per ml.

Two ml aliquots of the final culture mixture were transferred to 10 ml 
culture bottles siliconized with General Electric SC-87 Silicon (Silicon Products 
Department, Waterford, New York) [10] and 0.02 ml per ml of culture mixture of 
phytohemagglutinin-m (PHA-M) Difco Lab, Detroit, Michigan) was added to 
each bottle. Experiments that did not require the addition of PHA to the cultures 
were prepared following the same technique. The culture bottles were gassed 
with 95 % C 02 and stoppered tightly with silicon rubber corks and incubated 
for 72 his at 37°C.

Differential and absolute cell counts

Six categories of cells were selected to evaluate 72 hour leukocyte cultures. 
(1) Small unstimulated lymphocytes as they are on a typical smear of peripheral 
blood. (2) Blastoid cells — cells with enlarged nuclei and several prominent 
nucleoli and medium to dark blue cytoplasms (this category included cells with 
ruptured cytoplasmic membranes but still intact and distinct nucleoli). (3) Dead 
and smeared cells — cells with small pyknotic nuclei and little or no cytoplasm
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D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation 5

and granulocytes with a number of dark spherical bodies. (4) Mitotic figures — 
cells in metaphase (these were added to category 2 for the total number of stimulat­
ed cells). (5) Macrophages — cells with an oval eccentric nuclei and a heavily 
vacuolated cytoplasm. (6) Granulocytes as they appear in a normal blood smear. 
At least 200 cells were counted per slide. Absolute counts of leukocyte cultures 
are made difficult because the cells are aggregated by the leukoagglutinating 
property of PHA. Too vigorous agitation [12] destroys the cells while insufficient 
agitation does not break up the clumps and would seriously impair the accuracy 
of the counts. It was, therefore, important to develop a reliable mixing technique 
that involved the thorough but gentle disruption of all cell clumps. Initial and 
terminal total nucleated cell counts were done only after gently flushing the 
culture fluid in and out of a Pasteur pipet 30 times to break up the aggregated 
leukocytes. The absolute initial and terminal number of cells in each category 
was calculated from a combination of the per cent differential count and the total 
cell count. Cultures can then be evaluated for the total number of cells that survive 
after 72 hr from any of the six categories above. The per cent of survival from each 
category can also readily be calculated from the initial and terminal absolute cell 
counts.

Platelet harvest

Blood was drawn by venipuncture into 3.8% sodium citrate (NaCit) from 
the saphenous vein in the forelimb of young healthy mongrel dogs of either sex 
or from the median cubital vein of healthy male medical students and mixed 
well by inversion. The citrated blood was emptied into a 50 ml centrifuge tube 
with an equal amount of 3.8 % NaCit to a final concentration of 50 parts of blood 
and 50 parts NaCit. It was mixed well and centrifuged at 200 gn for 20 min at 5°C. 
The platelet rich plasma (PRP) was drawn off with a Pasteur pipet into a clean 
50 ml tube and the red cells were saved for a second and third harvest of platelets. 
The PRP was then centrifuged at 1000 gn for 15 min at 5°C. The platelet poor 
plasma (PPP) was returned to the red cells, saving 3 —4 ml of PPP to resuspend 
the platelet pellet. The platelet suspension was refrigerated and the harvesting 
procedure repeated twice more. After the third extraction, the PRP was com­
bined with the other platelet suspension and counted according to Brecher and 
Cronkite [I].

Platelet homogenization

The sample of platelets to be added to a culture was first centrifuged at 
1000 gn for 20 min; then the supernatant was drawn off and discarded. The 
platelet pellet was mixed with 2 ml of MEM and transferred to a 5 cc Waring 
blender and homogenized for 3 min at 5500 rpm. The homogenized platelets 
were either added directly to a culture or centrifuged at 100,000 gn for one hour 
in an ultracentrifuge (Beckman Ultracentrifuge Model L2-652) to separate the 
soluble and particulate fractions.

H a e m ato lo g ia  9, 1975



6 D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation

Results

A comparison of the mean final differential counts of 72 hour PHA cultures 
prepared from heparinized and defibrinated samples of peripheral blood from 
normal healthy male medical students is shown in Table 1. The percentage of 
blastoid transformation and mitotic cells is clearly higher and consequently the 
percentage of unchanged lymphocytes is significantly lower in the cultures pre­
pared from defibrinated blood samples. That the difference is not due to the 
substances whose presence differentiates plasma from serum is shown in Table 2,

Table l

A comparison of the 72-hour differential counts of PHA cultures prepared from human 
defibrinated blood with those prepared from heparinized blood (9 paired samples, standard

deviations indicated)

Defibrinated Serum Cultures vs. Heparinized Plasma Cultures

Type o f cells 
from differential Defibrinated

serum

II
Heparinized

plasma
(Г -  II) 

Difference P

Small lymphocytes 1 5 . 9 4 +  5 .95 2 7 . 4 4 +  7 .0 9 1 1 . 5 0 +  3 .27 0 .0 0 5 *
Stimulated lymphocytes 6 6 . 9 4 +  11.9 4 1 .0  +  9 .0 0 2 5 . 9 4 +  5 .27 0 .0 0 0 5 *
Dead and smear 9 .0  +  5 .8 1 4 . 4 4 +  2 .6 3 5 . 4 4 +  2 .2 6 0 .0 2 5
Mitotic figure 3 . 0 5 +  1 .90 0 .7  +  0 .7 8 2 . 3 5 +  0 .7 2 0 .0 0 5 *
Macrophages 3 .5  +  2 .5 9 5 .7  +  3 .7 4 2 .2  +  1.66 0 .1 0
Granulocytes 9 . 9 0 +  1.14 8 . 8 2 +  12 .75 7 .9 3  +  4 .4 9 0 .1 0

* Statistically significant difference

Table 2

The effect of various agents on PHA transformation of lymphocytes in cultures prepared 
from defibrinated human blood samples (minimum of 8 cultures per substance)

Effect of Various Agents on PHA Transformation of Lymphocytes 
in Defibrinated Serum Cultures

Substance Dose per ml 
culture

Toxicity
(FPE)*

Heparin 50 units 0
Fibrinogen 1.5 mg 0
Fibrinogen split products 1.5 mg 0
Dialysed plasmin 2500 units 0
Plasminogen 0.1 mg 0
A.T.P. 0.2 mg 0
A.DP. 0.2 mg 0
5HT (serotonin) 0.2 mg 0

* Fresh platelet equivalents

H a em ato lo g ia  9, 1975



D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation 1

which also confirms the inhibiting effect of the addition of platelets to serum 
cultures. Further, the toxic effects of platelets in serum lymphocyte cultures is 
demonstrated in Figure 1. After the 72 hr culture period the absolute number of

Fig. 1. Platelets in lymphocyte cultures with or without PHA kill lymphocytes at a higher 
rate than in cultures without platelets. Standard errors indicated

Fig. 2. Platelet inhibition of lymphocyte stimulation : As the concentration of platelets in­
creases in either the plasma or serum cultures (shaded columns) the percentage of stimulated 

lymphocytes is decreased. (S. D. indicated)

H aem ato lo g ia  9, 1975



8 D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation

lymphocytes was determined. It is clear that lymphocytes die at a much higher 
rate in platelet cultures than in platelet free cultures.

Heparinized plasma and defibrinated serum cultures were compared for 
per cent of stimulation (Fig. 2). Unaltered human cultures set up with autologous 
heparinized plasma were found to contain an average of 211,000 platelets/mm3 
The per cent stimulation in PHA cultures varies between 42 and 54 per cent (first 
column, Figure 2). When the platelet contamination was reduced (second column, 
Figure 2), an increase of 15% stimulation resulted. The addition of autologous 
platelets to PHA cultures prepared from defibrinated blood (serum cultures) re­
sulted in an appropriate diminution in blastoid transformation (column 3, Figure 
2). The fourth column in Figure 2 represents a normal serum culture showing the

percent stimulation and the average number of platelets that contaminate culture 
in this series of experiments. It was concluded from a comparison of the first and 
fourth column in Figure 2 that the decrease transformation rate in the heparin­
ized plasma cultures was due to platelet contamination.

There appeared to be an inverse relationship between percentage blastoid 
transformation and the number of autologous or dog platelets added to human 
lymphocyte cultures. The purpose of these experiments was to determine whether 
this relationship was linear and if it could be used to develop an assay for com­
paring the toxicity of purified platelet products to whole platelet toxicity. Cultures 
with different dose levels were repeated four times and the average per cent of 
stimulation from each level was plotted against the number of added platelets. 
The total figures were subjected to least squares analysis and the calculated lines 
superimposed over plotted averages (Fig. 3). It was calculated that the probability 
of these lines not being straight is <  0.01. It is also evident that human platelets

H aem ato lo g ia  9, 1975
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D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation 9

are not as toxic as dog platelets. From this linear relationship a unit of platelet 
toxicity was designated fresh platelet equivalents (FPE). It is defined as the number 
of fresh dog platelets which, if added to 1 mm3 of culture, would have reduced the 
percentage of stimulated lymphocytes to the same level as that of the material 
being assayed (eg. 100,000 FPE ~  13% reduction in percentage of stimulated 
cells). Using this standard unit of culture, inhibition comparisons between platelet 
cultures and other test materials could be evaluated more accurately. Platelets in 
lymphocyte cultures demonstrate a toxicity which is both direct and linear. In 
cultures with platelets added, the results are reported in terms of FPE.

Fig. 4. The decay of the inhibitory effect of platelets on PHA blastoid transformation with 
storage at different temperatures. Each point represents the mean of ten cultures

The toxic constituent of platelets is thermolabile as shown in Figure 4 and 
in storage at 4°C it is destroyed in approximately 5 days. A large supply of dog 
platelets was harvested and concentrated in centrifuge tubes for addition to 
cultures. Half of the platelet samples were stored in plasma at 4°C and the other 
half in plasma at 37°C. Platelets from both cold and warm storage were evaluated 
for toxicity in lymphocyte cultures immediately and after 1 day, 3 days, 5 days, 9 
days and 14 days storage, and the toxicity recorded as fresh platelet equivalents. 
A graph of the decrease in FPE with time in storage appears in Figure 4. These 
results are compatible with the hypothesis that the ‘Toxic” substance is protein 
or lipoprotein in nature. It does not appear to be one of the better known con­
stituents of platelets (Table 2).

The inhibitory effects of platelets on lymphocyte cultures do not depend 
on the presence of intact platelets. The results from cultures with frozen and 
thawed platelets and homogenized platelets appear in Figure 5.

Platelets prepared for lymphocyte cultures were first concentrated by 
centrifugation and then frozen and thawed three times in dry ice and acetone, and

H aem ato lo g ia  9, 1975



10 D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation

homogenized in a small Waring blender. Homogenized platelets were then centri­
fuged at 100,000 gn for one hour. The particulate and soluble fractions of the 
homogenates were tested separately for “toxic” activity and compared to the 
“ toxicity” of frozen and thawed platelets. A summary of the results appears in 
Figure 5. It can be seen that frozen and thawed platelets most nearly approximate 
the “toxicity” of intact platelets. Separating the soluble and insoluble fractions 
reduced “toxicity” which appears to be localized in the insoluble fraction. The 
difference in total toxicity between freeze-thawed platelets and homogenized 
platelets may well result from proteins being denatured by shearing forces de­
veloped in the Waring blender.

Platelet “toxicity” does not depend on intact and viable platelets and 
appears to be a function of the insoluble platelet debris composed mainly of 
membrane bound vesicles and some intact granules [5].

Fig. 5. The effects of freeze thawing and homogenization upon the inhibitory activity of 
platelets in PHA serum lymphocyte cultures

Fig. 6. The effect of the addition of calcium and magnesium ions on platelet inhibited serum 
PHA cultures of human peripheral blood lymphocytes. (100,000 FPE =  100,000 fresh

platelets/mirh)

H aem ato log ia  9, 1975



The known involvement of divalent metallic ions in platelet aggregation 
might cause a reduction in the levels of these ions in the cultures below that are 
required for optimal lymphocyte growth. To investigate this possibility lymphocyte 
cultures were set up with a standard dose of platelets, 550 x 10 per ml of culture. 
In these cultures the concentration of CaCl2 or MgCl2 was increased from
0.0018 M to 0.018 M by the addition of 0.05 ml of molar solution of the respective 
salt (Figure 6). It can be seen that the CaCl2 at a concentration of 0.018 M does 
not affect lymphocyte stimulation, shown in line 2, and does reduce platelet in­
hibition, shown in line 4, as compared to line 5. The two salts in combination at 
a lower concentration also reduce toxicity (line 6) but not at double the con­
centration (lines 7 and 8). However, increasing the number of calcium ions up to 
the level at which they themselves become toxic clearly inhibits the phenomenon. 
Further addition of magnesium ions further inhibits but does not altogether 
abolish platelet toxicity. Surprisingly, platelet addition does not appear to decrease 
the effect of toxic levels of magnesium and calcium ions. It is concluded that these 
two salts partially reduce platelet inhibition of lymphocyte cultures by interfering 
with the adsorption or inactivation of PHA produced by platelets.

The platelet experiments described above were performed using dog platelets 
and human blood lymphocytes. Parallel experiments were performed using human 
platelets and human lymphocytes with essentially identical results.

D. C. Cress, W. K. Metcalf: Lymphocyte blast о id transformation 11

Discussion

It is apparent that the partial inhibition of blastoid transformation seen in 
cultures prepared from heparinized samples of blood is caused by the presence of 
platelets in the cultures (Figure 2). Not only is there an interference with blastoid 
transformation but also a lethal action on both stimulated and unstimulated 
lymphocytes. If the inhibitory, and toxic reactions of platelets to lymphocytes in 
cultures were related to the presence of a mitogen one might expect to see a higher 
degree of culture inhibition or death in the stimulated cultures; however, this is not 
true. Lymphocytes are stimulated in the presence of PHA and platelets. The normal 
rate of lymphocyte survival and morphology is seriously altered, however. It 
would appear, therefore, that the mitogen is not converted into the toxic substance 
and does not contribute to the inhibition of blastoid transformation. This agrees 
with similar experiments of Torbett [11] in which she cultured rabbit platelets 
with both unstimulated and PHA-M stimulated rabbit lymphocytes. Her con­
clusions were that autologous platelets cultured with autologous lymphocytes 
and serum were both inhibitory to blastoid transformation and lethal to a certain 
percentage of unstimulated and stimulated cells.

Yachnin [13, 14] has reported that platelets in low platelet lymphocyte 
ratios 3 — 10 : 1 (we used ratios of 100 —600 : 1) actually potentiates the mitogenic 
activity of PHA-P and PWM. He also reported that platelets in MLC and in 
ratios of greater than 10 : 1 in PHA cultures were inhibitory to lymphocyte
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1 2 D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation

transformation. Yachnin explains the platelet potentiation of lymphocyte stim­
ulation by a cell-surface matrix theory of mitogenic concentration in which the 
molecules of mitogen are organized and concentrated on the surface of the 
platelets in a manner more accessible to the lymphocytes.

We homogenized platelets in a small blender and separated the particulate 
from the soluble platelet components with centrifugation at 100,000 gn for 1 hr. 
Almost 75 per cent of the platelets’ capacity to inhibit blastoid transformation 
remained with the membranous components. This does not explain or reveal the 
toxic substance in me pmteiets’ membrane, oui h does iocaiizc ihc scau.li iu Inc 
membrane.

Working with the suboptimal PHA levels and using minimal platelet doses 
Yachnin obtained both stimulation and inhibition depending upon PHA/platelet 
ratios. Our results agree with Yachnin et al. that high platelet/PHA ratios are 
inhibitory to blastoid transformation. Our prime concern has been the effect of 
physiological levels of platelets on the lymphocytes in culture with standard PHA 
doses as used in most laboratories. At such levels, i.e., 100,000-500,000 platelets/ 
mm3 the effect is always inhibitory.

These results may well explain some of the variability that is often found 
with PHA culture technics particularly in cultures prepared from heparinized 
plasma. Even separating the lymphocytes from their plasma and repeated washing 
leaves a large number of platelets as contaminants of the cell suspension. We have 
found rather hard centrifugation (1000 gn for 25 min) necessary to remove all 
platelets from plasma samples and even defibrination leaves a small number as 
serum contaminants. The extent of depression of blastoid transformation which 
can be expected from such contamination may be seen from Figures 1 and 2. We, 
therefore, echo Yachnin’s warning that “comparative studies of human peripheral 
blood lymphocyte transformation in health and disease which do not remove 
these contaminants or control their number are subject to the most tentative 
interpretation” .

The mechanism of this effect of platelets is at present unexplained; it cannot 
be due entirely to binding of divalent metallic ions as firstly, normal transfor­
mation is not completely restored when additional divalent ions are added to the 
cultures, and secondly, the addition of platelets does not reduce the toxicity of 
toxic levels of calcium and magnesium.

R e f e re n c e s

1. Brecher, G., Cronkite, E. P.: Morphology and enumeration of human blood platelets.
J.appl. Physiol. 3, 365 (1950).

2. Chessin, L. N.. Rinehart, C. J., Douglas, S. D., Glade, P. : The response of sensitized
human circulating lymphocytes following pneumococcal infection. Proc. 4th Leuko­
cyte Culture Conference, Appleton-Century-Crofts, New York, 1969, pp. 421 — 428.

3. Cullen, M. H.: The response of guinea-pig lymphocytes to phytohaemagglutinin. B. Sc.
Thesis, Bristol University, England, 1968.

H a e m ato lo g ia  9, 1975



D. C. Cress, W. K. Metcalf: Lymphocyte blastoid transformation 13

4. Hepler, О. E. : Manual of Clinical Laboratory Methods, 4th edition. Charles C. Thomas,
Springfield, 111., 1949, p. 356.

5. Holmsen, H., Day, H. J.: The selectivity of the thrombin-induced platelet release reaction:
Subcellular localization of released and retained constituents. J. Lab. clin. Med. 75, 
840 (1970).

6. Leventhal, B. G., Buell, D. B., Yankee, R., Rogentine, G. N., Terasaki, P. : The mixed
leukocyte response: The effect of maternal plasma. Proc. 5th Leukocyte Culture Con­
ference, Academic Press, New York, 1970, pp. 473 — 484.

7 Metcalf, W K.: Some experiments on the phytohaemagglutinin culture of leukocytes 
from rats and other mammals. Exp. Celt Res. 40, 490 (1965).

8. Metcalf, W. K.: The PHA response of rat lymphopoietic tissue. In: The Biological
Effects of Phytohaemagglutinin (ed. M. W. Elves). Charles Salt Research Centre, 
Oswestry, England, 1966, pp. 57—66.

9. Polgar, P. R., Cooperband, S. R., Kibrick, S.: Binding of PHA to human lymphocytes
in culture. Proc. 4th Leukocyte Culture Conference, Appleton-Century-Crofts, New 
York, 1969, pp. 13-20.

10. Tocantins, L. M., Kazal, L. A., eds.: Blood Coagulation, Hemorrhage and Thrombosis.
Grune & Stratton, New York, 1964.

11. Torbett, M.: A study of the effects, and the role of platelets in these effects, of the syn­
thetic contraceptive, Ovral, on the culture characteristics of the blood lymphocytes 
of New Zealand rabbits. Ph. D. Thesis, University of Iowa, 1972.

12. Wilson, J. D., Thomson, A. E.: Death and division of lymphocytes. Lancet 2, 1120
(1968).

13. Yachnin, S.: The potentiation and inhibition by autologous red cells and platelets of
human lymphocyte transformation induced by pokeweed mitogen, concanavalin A, 
mercuric chloride, antigen, and mixed leukocyte culture. Clin. exp. Immunol. I I , 109 
(1972).

14. Yachnin, S., Allen, A. W., Baron, J. M.: The potentiation of phytohaemagglutinin-
induced lymphocyte transformation cell-cell interaction. Cell Immunol. 3, 569 (1972).

Correspondence : Dr. D. C. Cress, Creighton University, School of Medicine, 
2500 California Street, Omaha, Nebraska 68178, USA

H aem ato lo g ia  9, 1975





Hacmatoiogia 9 (1—2), pp. 15— 20 (1975)
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PHA pretreatment if given as a single stimulus exerted a stimulatory effect on
SRBC haemolysin production in rats. If administered repeatedly, it proved to be
immunosuppressive.

Little is known about the effects of PHA in vivo. Some authors found a 
marked immunosuppressive effect in mice and rats [1 —3], others a stimulation 
or inhibition of antibody production, depending on the type of the antigen 
[4, 4a].

Petrányi et al. [5] studied the immunosuppressive and adjuvant effects of PHA 
after intravenous and intraperitoneal administration, and concluded that when 
given intravenously, PHA had an adjuvant effect on humoral antibody production. 
In the experiments to be reported PHA was injected intravenously to study how 
different PHA doses or the same dose divided into several fractions affected the 
primary immune response to sheep red blood cells (SRBC).

Materials and Methods

R(AxLE)Hooded Fi hybrid male rats weighing 220 to 240 g were used. 
They were immunized by a single intravenous injection of 4.108 SRBC. PHA- 
treatment (PHA-P, Difco) always preceded immunization and was performed 
with doses defined in relation to the maximum tolerated dose (26 mg/kg) deter­
mined according to Dickson and Mood [6].

The animals were divided into 7 groups of 5 rats each. The various groups 
were PHA-treated and immunized as follows: 1) 4.10s SRBC on day 0; 2) 1 / 16th 
of the maximum tolerated dose on day — 1, 4.10s SRBC on day 0; 3) 1 /4th of the 
maximum tolerated dose on day — 1, 4.108 SRBC on day 0; 4) the maximum 
tolerated dose on day — 1, 4.10s SRBC on day 0; 5) the maximum tolerated dose 
given on days —2 and —1, 4.10s SRBC on day 0; 6) the maximum tolerated dose 
given on days —3, —2 and —1, 4.10s SRBC on day 0; 7) the maximum tolerated 
dose on day —2, 4.108 SRBC on day 0. The animals were sacrificed on day 5after 
the antigen stimulus, except group 7, which was saved for tracing the serum titre 
for 1 month.
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Relative spleen weight (mg spleen/g body weight) and nucleated spleen cell 
count were determined. The immune response was evaluated on the basis of the 
following parameters: the antibody producing cell count determined according 
to Jerne et al. [7] in the whole spleen and related to 10e nucleated spleen cells; the 
IgG-type antibody producing cell count in the spleen related to 10e spleen cells, 
determined by the indirect plaque method [8].

Humoral immune response was measured on the basis of the mercapto- 
ethanol-resistant (MER) and mercaptoethanol-sensitive (MES) haemolysin titres, 
using Takácsy’s micromethod [9, 10].

Results

Low doses of PH A proved to be ineffective on relative spleen weight (Fig. I); 
its significant rise was induced only by the maximum tolerated dose. The nucleated 
spleen cell count did not show any parallelism with spleen weight; this count was 
comparable in every group and ranged from 2.10s to 3.10s.

Fig. 1. Effect of different PHA doses on relative spleen weight

The relative antibody producing cell count (plaque/106 spleen cells) (Fig. 2a 
and b) was definitely high in every group where PHA was administered a single 
time. However, when the maximum toleiated dose was administered two or three 
times, a suppression of the immune response, proportional with the number of 
PHA doses, could be observed. This was true for both the 19S and 7S antibody 
producing cells measured as direct and indirect plaque number/106 cells.
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Table 1

Serial No. 
of group PHA-P-pretreatment Immunization

1 4.10s SRBC on day 0
2 1/16 of maximum tolerated dose on day —1 

(1.62 mg/kg)
4.10s SRBC on day 0

3 1/4 of maximum tolerated dose on day — 1 
(6.5 mg/kg)

4.10s SRBC on day 0

4 maximum tolerated dose on day — 1 
(26 mg/kg)

4.10s SRBC on day 0

5 maximum tolerated dose on days —2 and —1 
(26 mg/kg on day —2)

(+26 mg/kg on day —1)

4.10s SRBC on day 0

6

7

maximum tolerated dose on days —3 , - 2  and —1 
(26 mg/kg on day —3)

(+26 mg/kg on day —2)
(+26 mg/kg on day —1) 

maximum tolerated dose on day —2 
(26 mg/kg on day —2)

4.10s SRBC on day 0

The number of PHA-treatments affected even more markedly the total 
antibody producing cell count in the spleen (Fig. 3).

Fig. 2. Relative count of antibody producing cells after various PHA pretreatments
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The changes in the serum SRBC haemolysin titre were of a lower degree. The 
direction of the changes was in good agreement with the rate of immune reactivity 
determined by the plaque method. Elevated serum titres were found after a single 
PHA treatment, while several PHA doses proved less effective (Fig. 4). In the 
time kinetics of the humoral immune response (Fig. 5a, b, group 7), in the appear­
ance of 19S (MES) haemolysins and of the peak titre there was no difference 
between the control and the PHA-treated group. Still, the drop of the haemolysin

Fig. 3. Total count of antibody producing cells in the spleen after different PHA pretreatments

Fig. 4. SRBC haemolysin titre in serum of PHA pretreated rats
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Fig. 5. Effect of PHA pretreatment on MES and MER haemolysin titres in rat sera

titre following the primary antigen stimulus was more marked in the control 
group. In accordance with this observation, the MER haemolysin titre reached 
the highest value in the PHA-P-treated group. Even the MER titre was higher in 
the PHA-pretreated group.

Discussion

PHA-treatment is known to exert an inhibitory effect on the immunological 
responsiveness of the cells [11, 12]. Its effect on the humoral response is often 
insignificant. On the other hand, under our experimental conditions, PHA- 
treatment elicited definitely adjuvant effect. Even a 16-fold difference in the single 
dose failed to induce an essential difference in action, but this depended on the 
number of doses injected. While a single administration of the maximum tolerated 
dose exerted an adjuvant effect, its two or three times repeated injection had a 
negative effect on antibody production. The phenomenon may satisfactorily ex­
plain the immunosuppressive effect in graft rejection, late hypersensitivity, graft 
vs. host reaction, since in such cases treatment is usually prolonged [11].

The time relation between PHA treatment and the actual antigen stimulus 
too might be of importance. In our experiments, however, pretreatment on days 
— 1 or —2 did not cause any important difference in the result.
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A further problem connected with the mechanism of PHA action is 
whether it represents some specific antigen or some aspecific stimulus for the 
immune mechanism. In the experiments reported, the parallelism with the endo­
toxin-induced adjuvant effect has automatically arisen, where endotoxin acts 
both as specific and as aspecific stimulus [13]. The same difference in the adjuvant 
effect has been observed also for endotoxin, depending on the single or serial 
administration of the same endotoxin dose [14]. Or, else, the repeated adminis­
tration of the same dose might represent some cumulated dose which on account 
of its amount inhibits immune reactivity.
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Lymphocyte Immunological Patterns 
in Leukaemia: A Review1
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Investigation of the cell S—lg in acute lymphocytic leukaemia (ALL), at the 
onset or relapse of the disease, shows quite marked differences from patient to patient 
according to the extent of the immunofluorescent-positive cells. They may vary from 0.5 
to 25 % or more. When these lg-positive cells are treated with trypsin and then incubated 
“in vitro” for six hours, many of them are no longer Ig-positive, i.e. they do not syn­
thesize Ig. It might be possible, that the membrane-Ig observed before trypsinization 
does not represent true Ig-determinants of mature B-cells (antibodies attached to 
leukaemia-specific determinants?). The extent of these features decrease in remission 
until their disappearance. Relationship between the cell immunological patterns and 
the treatment response in ALL could exist. In a group of ALL-patients under the same 
treatment, that is, vincristine and prednisone, the correlation between the course of 
the disease after the above-mentioned therapy showed quick and complete remission 
in patients with low percentage of Ig-positive cells (below 10%) and poor improvement 
(often without complete remission) in patients with higher percentage of Ig-positive 
cells. Among the most important B-lymphocyte abnormalities in chronic lymphocytic 
leukaemia (CLL) are the following: (a) fluorescence intensity may vary not only from 
patient to patient, but also from cell to cell in the same patient; (b) the Fc-receptor can 
be lacking; (c) the C3b-receptor is not always present, or it is from 2 to 20-folds less 
frequent than the C3d-receptor, whereas normal human lymphocytes do not show 
any outstanding differences between the number of EAC rosette-forming cells either 
when tested with mouse complement (C3d-receptor) or with human complement C3b- 
receptor); (d) the traffic capacity of peripheral-blood B-lymphocytes in CLL is quite 
defective. Results of the observations on lymphocytes in CLL, taken as a whole, sug­
gest that CLL is in general given by the expansion of an abnormal clone of cells of B 
origin, arrested in their maturative development, non-responsive to the mitogen sti­
mulation, accumulating in the peripheral-blood for a traffic deficiency. On the contrary, 
the T-cell class is apparently normal, and the T-cell extent in CLL-peripheral blood 
can be even greater than normal when taken as absolute value.

1 Paper delivered at the International Symposium on the Treatment of Acute Leukaemia, 
Budapest, Hungary, April 10—11, 1975.

2 Present address: Central Laboratory of the Netherlands Red Cross Blood Trans­
fusion Service, Amsterdam, The Netherlands.

3 From the University Medical School of Ankara, Turkey. Present address: The Blood 
Research Foundation Centre, Tortona, Italy.

4 Supported by The Blood Research Foundation, Washington, D. C. (USA).
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1. Introduction

Before discussing the immunological features of lymphocytes from lympho­
cytic leukaemias we would like to summarize, in the accompanying Table 1, the 
current status concerning the most relevant markers of immune competent cells 
from normal human peripheral blood, as well as the so-called “normal” values 
obtained in our laboratories.

Table 1

Markers of the lymphocyte classes and monocyte 1

Marker
T B K Null Monocyte per cent 

(9)

E-rosette + _ _ _ — 65+15
EA-rosette +  (1) +  +  -(2) + — + 18+ 5
Aggregated IgG (3) ±  (1) +  +  -(2) + — + 18+ 5
EAChu-rosette (4) — + + — + 17+10
EACmo-rosette (5) — + + — + 17+10
Membrane Ig +  (6) + — — + - 25+ 10
EB virus — + — — — 19+10
Anti-thymus + — — - — 68+10
Anti-brain (7) + — — — — 70+ 10
Anti-B — + — — — 20+ 10
Autologous rosette (8) ± — - - - 2+ 1
Active rosette (8)

Normal values 
per cent (10)

+  +  -  

68+ 10 20+ 10 8+7 4+4

20+ 13

(1) Present only on the activated and not on resting stage T cells.
(2) Present mainly on young B cells; may be absent from old ones.
(3) Studies on human peripheral blood lymphocytes and cell lines indicate that it 

may be a marker different from that detected by the EA-rosette.
(4) Human complement reveals C3b receptors only.
(5) Mouse complement reveals C3d receptors only.
(6) IgM-k are present on T cells at a 100- to 400-fold lower concentration than 

on B cells.
(7) The human brain seems to possess antigens in common vith thymocytes
(8) Both autologous and active rosettes detect subpopulations of T-lymphocytes, 

the function of which have not yet been identified.
(9) Human peripheral blood mononuclear cells after separation on a Ficqll-Hypa-

que gradient. >
,(10) Human peripheral blood lymphocytes after separation on a Ficoll-JHypaque 

gradient and monocyte removal by means of carbonyl iron. - u ,,,
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2 . C h r o n ic  ly m p h o c y t ic  l e u k a e m ia  ( C L L )

As of four years ago, it has been possible to classify most cases of CLL 
as disorders of B-lymphocytes. Indeed the majority of CLL-peripheral blood 
lymphocytes have surface membrane immunoglobulins (Ig) [1, 2, 39, 48, 73, 78, 
80, 81, 85, 89, 95, 100]. Besides, few of them are E-rosette-forming cells [27]. 
In addition, the above-mentioned cells are minimally responsive to PHA, ConA, 
and PWM in three-day cell cultures [13, 71,99]. Increased response to mitogenic 
stimulation is observed if the culture is prolonged up to or beyond seven days 
[19, 51, 52, 74, 75, 107, 108]. In the prolonged cultures (14 days), a given extent of 
blastic transformation of CLL-lymphocytes may even occur without any mitogen, 
just in the presence of homologous serum, whereas this phenomenon does not 
occur for normal lymphocytes [76, 83]. It is possible that the lymphocytes from 
CLL would not respond at all to mitogens were it not for the residual T cell popu­
lation unaffected by the leukaemic process. These T cells account for the low level 
of tritiated thymidine incorporation seen in mitogen stimulated cultures [68, 69, 
93, 108].

Several authors support the clonal nature theory of B-lymphocytes in CLL 
[38, 78, 87, 92], since in every patient with CLL only one Ig type of light chain 
determinant is present on the cell surface, and this characteristic is also seen 
in the patients studied by us [14]. The feature might not be constant, since the 
presence of both lambda and kappa determinants in the lymphocytes of the same 
patient was reported [73, 80]. On the other hand, after the removal of Ig by 
trypsinization, B-lymphocytes of CLL synthesized only one heavy chain type, 
primatily /г and only one light chain type, primarily kappa [86, 87, 94]. In 
those experiments ц, gamma and alpha but no delta determinants on the cell 
membrane were evaluated. Experiments for detecting the presence of IgD showed 
that the majority of B-lymphocytes have membrane IgD and IgM. Frequently, 
these two immunoglobulins coexist on the same cell [1, 14, 41, 50, 59, 77].

The clonal nature theory of B-lymphocytes in CLL has been recently 
substantiated by a further observation. When serum Ig monoclonality is present 
in CLL, it appears idiotypically identical to the surface-Ig shown by the lympho­
cytes of the same patient (41, 42). Again, B-lymphocyte membrane IgD and IgM 
have the same idiotype [84, 91, 92]. This indeed offers the final evidence that 
CLL is a disease characterized by clonal expansion of B leukaemic cells.

“ Sandwich” radioimmunological labelling has shown the fluorescence of 
membrane Ig of B-lymphocytes in CLL to be less intense than that in normal 
subjects [106]. These data favour a maturation defect of these cells, as the number 
of Ig receptors on B-lymphocytes increases with their maturation. An additional 
proof of the defective maturation of B-lymphocytes from CLL is suggested by 
the above-mentioned coexistence of IgM and IgD on the surface of those cells, 
since IgM determinants are carried by early lymphocytes in human embryonic 
lymphatic tissue (105, 105). The same monoclonal proliferation of CLL B- 
lymphocytes is considered a sign of immaturity of these cells [78, 85 — 87].
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Recent experiments have established that the intensity of B-lymphocyte 
fluorescence in CLL may vary from patient to patient [38]. It is likely that not 
all patients with CLL have their lymphocytes blocked at the same stage of matura­
tion. Even the maturation of each individual lymphocyte from the same patient 
is not constant, since membrane fluorescence of JgD and IgM may vary con­
siderably from cell to cell in the same patient [41].

The study of other B-lymphocyte markers has proven that a low percentage 
of CLL Ig-positive lymphocytes have receptors for human C3b complement [55]. 
These leukaemic cells show features similar to embryonic spleen cells, many 
with membrane IgM and IgD, while only few have receptors for C3 and Fc. On 
the other hand, some cases of CLL with many Ig-positive lymphocytes with 
complement receptors but without Fc receptors have also been observed [95, 96].

Othei CLL patients have shown different features with regard to B cell markers, 
suggesting a different stage in their maturation block. Dickler et ah [32] described 
some cases of CLL with lymphocytes devoid of membrane Ig, unable to form E- 
rosettes but capable of fixing heat-aggregated IgG, therefore endowed with Fc 
receptors. A patient with similar features was reported also by Seligmann et al. 
[94]. Other CLL patients showed membrane Ig-negative lymphocytes, but had 
complement receptors [89].

While normal human lymphocytes do not show any outstanding differences 
in the number of EAC-rosette-forming cells either when tested with mouse or with 
human complement, in contrast CLL-lymphocytes show a big difference in 
favour of mouse complement. In fact, CLL-lymphocytes give from two to twenty 
times more EAC-rosettes with mouse complement than with human complement as 
Ross et al. observed [88]. They also showed that on human lymphocytes there 
are two distinct receptors, one for human C3 and the other for murine C3 [89]. 
Since the fraction used in the formation of EAC-rosettes with human complement 
is C3b, while with mouse complement it is C3d, we believe that the CLL-cells have 
normal or almost normal C3d receptors, but a much lower degree of C3b receptors. 
This interpretation would also account for the discrepancy with the results of 
Jondal et al. [55] as well as of Del Giacco et al. [31] who used human complement 
for EAC detection.

Unlike normal subjects where the lymphocyte concentration in the thoracic 
duct lymph is higher than that of peripheral blood, patients with CLL have a 
relative lymphopenia in their thoracic duct and efferent central lymph, while in 
peripheral blood the lymphocyte concentration is high [20, 23]. Studies in vitro 
showed that lymph-lymphocytes from CLL are more responsive to mitogen- 
stimulation [35, 36, 49] than those from the peripheral blood. Subsequent 
studies on lymphocyte markers revealed that in the peripheral blood of CLL 
patients, the majority of lymphocytes has membrane Ig, while cells with membrane 
Ig are less than 1 % in the lymph of the same patient [38]. It was also observed that 
CLL-lymphocytes recirculate from blood to lymph less than normal lymphocytes 
[24]. Transfusing leukaemic patients with their own lymphocytes drawn from their 
blood and lymph, and labelled differently, showed
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a) that the lymph-lymphocytes disappear rapidly from the blood into 
which they are transfused, which indicates a normal traffic of lymphocytes between 
the intravascular and extra vascular sectors;

b) that the peripheral blood lymphocytes remain a long time in the same 
blood where they are reinjected, thus showing their property of intravascular 
persistence, i.e. their inability to recirculate.

Other abnormalities shown by the CLL-lymphocytes concern their enzym­
atic features, including decreased number of lysosomes and altered patterns of 
beta-glucuronidase, acid-phosphates, protease, esterase activities [25, 63]. Also, 
the cAMP level is generally low in CLL-lymphocytes, as compared to normal 
lymphocytes [93].

It is therefore assumed that CLL cells are made up of an anomalous (im­
mature?) clone of B origin which accumulates in the blood, since it is unable to 
recirculate normally, and of a T population which is mitogen-responsive and 
capable of recirculation. This thymus-derived population seems quite small in the 
peripheral blood of CLL patients as compared to the B cell population, but in 
absolute values it turns out to be greater than normal [14, 27, 64].

Thus far, only two CLL cases with lymphocytes with both T and B markers 
have been reported [82, 96]. More numerous, though rare, are the CLL patients 
whose lymphocytes had neither membrane Ig nor C3 receptors, nor Fc receptors. 
On the other hand, these cells formed a high percentage of E-rosettes, and were 
killed by a T-lymphocyte-specific antiserum [26, 32, 62, 109]. Since clinically these 
cases were typical CLL forms, some rare cases of CLL seem to be of T origin.

Because of space limitation, and the current state of the art, we shall confine 
ourselves to reporting only a few data concerning personal observation on 1he 
effect of spleen irradiation on the immunological characteristics of peripheral- 
blood lymphocytes in CLL. First of all, irradiation of the spleen may cause an 
increase in the PHA-response of blood lymphocytes in the three-day culture 
[12, 18]. It was suggested that the natural course of the disease, as well as chemo­
therapy and splenectomy may also alter the ratio of the lymphocyte population 
in CLL-blood [57].

We studied a group of CLL patients before and after spleen irradiation 
[14]. Prior to treatment, the patients had high numbers of peripheralblood lympho­
cytes with membrane Ig. These immunoglobulins were actively produced after 
trypsin treatment, too. On the majority of the lymphocytes of all the patients, 
delta determinants, frequently associated with /t, seldom with gamma, were 
present. The majority of these patients showed light chain restriction for kappa, 
and a minority for lambda, while there was no monoclonality in their sera. As 
regards the T-lymphocytes, there was a low relative percentage of E-rosette­
forming cells, but in absolute value the number of E-rosettes was higher than 
normal. The peripheral blood lymphocytes of our patients were minimally re­
sponsive to mitogens after three-day culture, as well as to the antigens and al­
logenic cells after five- to seven-day culture.

After spleen irradiation, in the majority of patients the extent of cells with
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surface Ig decreased both in absolute and in relative value, and the extent of cells 
with delta determinants also decreased. At the same time, a small percentage of 
cells with /(-gamma association was detected. Light chain restriction remained 
constant. The response to mitogens, antigens and to allogenic cells attained 
higher values than the initial ones in a few instances they were near that of normal 
controls. Moreover, the relative E-rosette count increased, while its absolute value 
was lower than that detected before irradiation of the spleen. Since the E-rosette 
values after spleen irradiation were higher than those observed after chemotherapy 
[27], and with the first therapy a /(-gamma association was observed in some 
cases, one may suppose that spleen iiradiation eliminated the leukaemic cells 
selectively, and probably caused some changes (maturation ?) in the Ig-ceterminant 
pattern of the cells within the same leukaemic clone.

3. Acute lymphocytic leukaemia (ALL)

ALL is known to show an intense heterogeneity in clinical course, mor­
phologic cell picture and response to therapy. These sometimes quite prominent 
cytologic and clinical differences might be due to a different origin of leukaemic 
cells. Therefore, there might be a different type of leukaemic cell population in 
question. Recently, different ALL forms have been proposed on the ground of 
morphologic criteria [37, 65]. The study of immunologic markers [3 —7 ,9 — 11,26, 
34, 43,47,53,55,60,68,69, 94, 95, 100, 102] might, however, provide more 
insight into this matter.

Many cases of ALL caused by T-lymphocytes have been reported [21, 26, 
29, 43, 54, 56, 58, 70, 94, 100], but not all cases of ALL are of T-lymphocyte origin. 
According to Gatti [45], they do not exceed 20% of the total number of ALL. On 
the other hand, only two cases of ALL originating from B cells have been reported, 
both in adult patients [43, 47]. In addition, several cases of ALL whose lympho­
cytes did not show any markers, such as “null” cells, have been reported [21, 26, 
58, 106]. It could therefore be assumed that a number of cases classified as ALL 
are not really due to immune competent lymphocytes. Theoretically, they might 
be formed by (u) lymphoid committed stem cells; (b) myelogenous committed 
stem cells; (c) uncommitted stem cells.

The possibility that some cases of ALL are really due to lymphoid com­
mitted stem cells which have not yet fully developed their own T or B cell markers 
is substantiated by some experimental evidence, “/я г it ro” preincubation of ALL- 
“null” cells with thymic hormone [6] caused the expression of T-lymphocyte mark­
ers, such as E-rosette,formation [2, 46, 90] indicating that at least some eases 
of ALL are due to a T0 cell expansion.

Terminal deoxynucléotidyl transferase is not found in peripheral-blood 
lymphocytes [28] even after PHA stimulation [44], as well as in lymphoblastoid 
cell lines [101]. The above-mentioned enzyme is found at very low concentration 
in normal bone marrow, in acute myelogenous leukemia, and in the chronic phase
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of chronic granulocytic leukaemia [30]. Terminal deoxynucléotidyl transferase is 
abundant in human thymocytes, as well as in the peripheral blood cells of ALL 
[66, 67], and in the lymphoblastoid cell lines derived from patients with ALL [101]: 
this suggests that ALL-cells might arise from thymocytes.

Another problem is the association of leukaemic cells with normal lymphocytes 
in ALL. Clarification of the relationship between normal and leukaemic cells 
would decide whether ALL is a disease of all the lymphocytes, or only of a class 
population. It has been suggested that in untreated ALL there is a residual popu­
lation of normal T-lymphocytes [15, 33]. In support of this is the fact that 
memory T-lymphocytes have been observed in some patients at the moment of 
diagnosis. These patients showed a skin reaction with delayed hypersensitivity 
and a normal response to anamnestic antibodies [33, 61, 97]. In addition, a 
blastogénie response to PHA by peripheral blood lymphocytes was also dem­
onstrated in a high percentage of patients with early stage ALL [15, 72]. Fuither 
experiments with lymphocyte markers showed that before treatment children 
with ALL may have a population of lymphoid cells which appears normal, not 
only morphologically but also with regard to their markers. Borella and Sen [22] 
reported some cases of ALL in which a small percentage of lymphoblasts formed 
E-rosettes, while no immature lymphatic cells showed markers for B-lymphocytes, 
thus suggesting the T origin of the rosetting lymphoblasts of those patients.

As far as the possible presence in ALL of normal B cells together with 
leukaemic cells is concerned, in untreated ALL patients surface Ig-positive cells 
were detected, although in small number [4, 7, 8, 10, 43, 45,94]. However, when 
these Ig-positive cells were treated with trypsin and incubated “in vitro'’ for 
six hours, many of them were no longer Ig-positive; that is, they have not 
synthesized surface-Ig [7 — 9, 11]. The membrane-Ig observed before trypsinization 
might therefore not represent true Ig-determinants of mature B cells, but rather 
antibodies attached to leukaemic determinants.

The problem of predicting the course of ALL according to the feature pre­
sented by the patients is an important issue. Pierce et al. [79], Simone [98], as well 
as others, tried to establish a relationship between the initial clinical picture and 
the response to treatment. On a morphological basis, Mathé et al. [65] proposed 
to divide the cases of ALL in forms characterized by small leukaemic cells (micro­
lymphoblasts and prolymphocytes), and in forms characterized by large leukaemic 
cells (macrolymphoblasts and prolymphoblasts). Patients belonging to the first 
group seemed to be sensitive to immunotherapy, while those in the second group 
showed a poor response to the same treatment.

Recent studies by Astaldi A. Jr. et al. [7, 8] have shown that children 
with ALL may be divided into two main categories, inasmuch as the charac­
teristics of their cells with membrane Ig are concerned. A majority of the pa­
tients with a low percentage of membrane Ig-positive cells (0.5 to 9.0%), and a 
minority of patients with percentage similar to normal (10 to 25%). Thus, by 
correlating these immunologic characteristics with the response to induction with 
vincristine and prednisone, it turned out that the patients of the first group
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responded well to the treatment and achieved rapid complete remission, while 
those in the second group were less responsive and complete remission has not 
been always achieved.

By studying ALL cells by means of a double staining for fluorescence with 
anti-kappa and anti-lambda sera, it was possible to establish the simultaneous 
presence of lambda and kappa light chain determinants on the membrane of 
several lymphocytes [9]. This further supported the fact that not all Ig present on 
cell surface is produced actively by the tested cells.

These experiments along with the above-mentioned results obtained with 
trypsinization and resynthesis, show that the surface of some cells of the peripheral 
blood in ALL may, at least in some cases, be coated by antibodies against anti­
genic (leukaemic specific?) determinants. The relation between the presence of 
cells coated by antibodies and the failure to induce remission after vincristine — 
prednisone induction treatment, might mean that the more de-differentiated 
(therefore malignant) are the ALL cells, the more numerous (or strong) are the 
antigenic determinants found on their surface.

We wish to thank Dr. Alberto Astaldi for advice and criticism during the preparation 
of this paper.
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Rosette Formation in Acute Lymphoid Leukaemia

T . R é v é s z , R . S z ig e t i , D .  S c h u l e r

Second Department of Paediatrics, Semmelweis University Medical School, Budapest,
Hungary

(Received October 31, 1974)

The capacity of leukaemic lymphoblasts and remission lymphocytes, obtained 
from 40 children with acute lymphoid leukaemia, to form sheep red blood cell rosettes 
was investigated. Lymphoblasts isolated from the peripheral blood of the patients 
prior to antileukaemic treatment showed greatly reduced numbers of rosette-forming 
cells as compared to controls (4.6% vs. 27.5%). The ratio of rosette-forming cells 
during intensive induction chemotherapy was still significantly lower than the control 
value (15.7%), while after the achievement of complete remission the number of RFC 
approximated the normal value (22.5 %). The presence of leukaemic serum had no 
significant effect on the number of RFC.

The immunological aspects of leukaemia are being extensively studied. 
Characterization of lymphocytes in lymphoid leukaemias as to their origin and 
antigenic properties is hoped to further knowledge about the malignant trans­
formation of cells. Lymphocytes in chronic lymphoid leukaemia (CLL) carry 
surface immunoglobulins as judged on the basis of immunofluorescence experi­
ments [7] or by the mixed antiglobulin reaction [4]. These cells are therefore re­
garded as B lymphocytes and CLL as B cell leukaemia. Lymphoblasts in acute 
lymphoid leukaemia (ALL), on the other hand, are somewhat ill-defined as to 
their T or B cell origin.

The formation of “spontaneous” rosettes by peripheral lymphocytes is a 
useful technique in the study of T cells. It is well recognized that varying numbers 
of human peripheral lymphocytes are able to bind unsensitized sheep red blood 
cells (SRBC), thus forming “rosettes” [2, 6, 11]. The rosette-forming cell (RFC) 
is a thymus-dependent lymphocyte. Rosette formation is inhibited by anti­
lymphocyte serum but not by anti-immunoglobulin serum. Furthermore, RFC do 
not show surface fluorescence when treated with fluorescein-labelled anti-human 
globulin [2]. A great proportion of thymocytes forms spontaneous rosettes, while 
only a fraction of bone-marrow lymphocytes do so [6]. Results of rosetting tests 
in patients with immune deficiency conditions support the view that the RFC are 
T lymphocytes. Cells from patients with acquired hypogammaglobulinaemia 
form rosettes in normal numbers, while those from patients with cell-mediated 
immune disorders such as Nezelof’s or W iskott-Aldrich’s syndrome, fail to 
show rosetting [11 ].
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Materials and Methods

Patients
Forty children with ALL were included in the study. Diagnosis was based 

on bone-marrow smears stained with M ay—Grünwald—Giemsa and analyzed by 
cytochemistry using PAS and DNAse reactions. Eleven patients were tested 
before receiving any treatment, 10 during intensive induction chemotherapy con­
sisting of vincristine, asparaginase and prednisolone, and 19 during maintenance 
therapy with 6-mercaptopurine and methotrexate after the achievement of com­
plete remission.

Thirty-two children admitted for minor surgical interventions were studied 
as controls.

Rosette formation

The method of rosette formation was based on the technique of Wybran et 
al. [11]. Lymphocytes were obtained from heparinized peripheral blood by 
centrifugation on a Ficoll-Uromiro gradient, washed three times in TC-199, and 
resuspended to give a final concentration of 2 x 106 per ml. Viability was checked 
by trypan-blue exclusion. Normal human AB serum or pre-treatment ALL serum 
was added to the cell suspensions to a final concentration of 10%. Sheep red 
blood cells were washed three times in Hank’s BSS and adjusted to a 1 % suspen­
sion ; 0.2 ml of this suspension was added to 0.2 ml of the lymphocyte suspension. 
After mixing, the vials were centrifuged at 500 r.p.m. for 5 min followed by an 
incubation at + 4°C for 30 min. The cells were gently resuspended, mounted on 
slides and the wet preparations examined at a magnification of x640. A RFC 
was defined as a lymphocyte which had 3 or more SRBC adhering to its surface, 
and the number of RFC was expressed per 100 lymphocytes. Statistical analysis 
was carried out using Student’s t-test.

Fig. 1. Rosette formation in acute lymphoid leukaemia (mean +  S.D.). Numbers in the 
columns refer to the number of patients studied
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Results

Peripheral lymphocytes from 32 control children had a mean of 27.5% 
RFC, with a range of 5 to 62% (Fig. 1). Lymphoblasts obtained from children 
with ALL prior to treatment showed greatly reduced numbers of RFC (mean, 
4.6%; range, 2 to 8%). The ratio of RFC during intensive induction chemo­
therapy was 15.7% (range, 3 to 41 %), a figure still significantly lower than that 
of the controls. After achievement of complete remission the number of RFC 
returned to an almost normal value (mean,'22.5%; range, 5 to 60%). The pres­
ence of leukaemic serum did not significantly influence the number of RFC.

Discussion

Although some cases of ALL with lymphoblasts carrying T cell markers 
have been reported [1, 3, 5], the majority of ALL lymphoblasts do not seem to 
display T lymphocyte characteristics. Our results support this view that none of 
the patients studied in the initial phase of their disease had lymphoblasts which 
formed spontaneous rosettes with SRBC.

It was also reported that ALL lymphoblasts are immunofluorescent-negative,
i.e. they lack the marker for B cells [5, 9, 10]. On the basis of these observations, 
most ALL lymphoblasts seem to originate from a clone, the progenitor cell of 
which has not begun to differentiate in either a T or B cell direction.

With the eradication of the majority of malignant cells during chemotherapy, 
normal lymphocytes are found again in the peripheral blood of the patients. These 
cells, among other functions, are able to bind SRBC.

The finding that leukaemic serum did not influence the number of RFC is 
in contrast to our previous observations, when a factor was demonstrated in the 
serum of untreated leukaemic children which inhibited the mitogen-induced trans­
formation of both leukaemic and normal lymphocytes [8]. Conversely, the in­
hibitory effect of serum could not be observed in migration inhibition expeiiments 
using leukaemia associated antigens [9/a], It seems therefore that different 
receptors are involved in the above functions of lymphocytes.

*

The authors wish to thank Mrs. A. Kemenes for skilled technical assistance.
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Detection in Serum of Antilymphocyte-globulin 
Administered in Form of Eye-drops
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Rosette inhibition tests indicated that similarly as in previous animal ex­
periments, anti-human lymphocyte horse globulin (AHLG) administered in the form 
of eye-drops entered the systemic blood circulation in man. In the eye into which the 
AHLG is administered, it is expected to exert a local immunosuppressive effect.

According to preliminary animal experiments, 12°I-antilymphocyte-globulin 
(ALG) administered into one eye, can soon be detected in the other eye [3]. The 
phenomenon indicated that ALG enters the blood circulation, a presumption 
supported by radioactivity measurements. Rosette inhibition tests were performed 
to establish the degree of biological activity of ALG that had passed into the 
blood circulation, the test being suitable and for a sensitive testing of the biological 
activity of ALG gained from antilymphocyte serum [4 — 8].

Materials and Methods

Three patients were studied; they were treated with anti-human lymphocyte 
horse globulin eye-drops. Two of the patients D. G. 22 years; M. J. 25 years)
had chronic uveitis and one patient K. K. 75 years) had hyperthyroidism 
associated with progressive (malignant) exophthalmus and consecutive diplopia.

One drop (=  1/20 ml) of 0.4% AHLG was given into both eyes every two 
hours. Blood samples were taken 15 minutes after treatment at intervals of 4, 8, 
16, 24 and 48 hours (see Figure 1). Sera were inactivated for complement, and 
absorbed with sheep red blood cells (SRBC) and twofold serial dilutions were 
made.

Rosette inhibition test. Cell suspensions were made from the spleen of 
Balb/c mice on the 8th day after immunization with SRBC. Amounts of 2 x I07 
cells/ml were incubated for 75 minutes in serum dilutions. After washing, SRBC 
were added to the spleen cells and thus the test was completed [9, 10].

Inhibition was considered significant when the addition of test serum caused 
at least a 30 % decrease in the rosette count.
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Fig. 1. Rosette inhibitory effect of serum

Results and Discussion

A positive rosette inhibition was found 4, 8 and 16 hours following the 
treatment.

Inhibition was most explicit between 16 and 24 hours, which means that a 
continuous administration of eye-drops results in an AHLG blood concentration 
peak at that point of time. In the subsequent 24 — 32 hours no change in con­
centration and inhibition was observed, indicating a state of equilibrium.

The present results similarly as those previously obtained in animals showed 
that ALG enters the blood circulation after conjunctival administration. The 
phenomenon is all the more interesting as in spite of the high molecule weight of 
equine IgG (160,000) a biologically well-defined amount is absorbed from the 
conjunctival sac.

In 24 hours a total of 1.2 ml of 0.4% AHLG solution was given to each 
patient. Had the whole amount been absorbed, 5 mg ought to have entered the 
organism. Naturally, only a small part, the one not bound to cells could be 
determined and this must have corresponded to 1 to 2% of the total. It would be 
essential to know the real amount of AHLG entering the blood circulation and 
the amount of bound AHLG, as thus more precise information concerning the 
biological activity and kinetics of ALG could be gained.

Since in the therapeutical sense only a low amount of AHLG (maximum 5 
mg/24 hr) will enter the blood circulation, a clinical immunosuppressive effect 
is hardly to be expected. To obtain such an effect an amount of 100—200 mg 
would be necessary. In such cases, rosette inhibition will reach a titre of 1 : 1000 
or higher.
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As ALG will cumulate in the eye into which it is given [3], this mode of ad­
ministration may result a local immunosuppressive effect in the first place.

The fact that a xenologous protein enters the blood circulation requires 
certain precautions, to present an antibody producing immune response. If the 
patient becomes sensitized, a repeated dose will result in serum sickness. It seems 
therefore advisable to produce antilymphocyte serum for this purpose in goats, 
sheep or rabbits [12].

References

1. Alberth, B., Leövey, A.: Immunosuppressio anti-human ALG-vel keratoplastica eseté­
ben. Szemészet 108, 81 (1971).

2. Alberth, B., Leövey, A.: Immunosuppression mit anti-humanem ALG bei Kerato­
plastik. In: K. E. Krüger, M. Tost eds. Augenheilkunde in Forschung und Praxis. 
Martin-Luther-Universität, Halle—Wittenberg 1972/2. p. 116.

3. Alberth, B., Leövey, A., Balázs, Cs., Gosztonyi, G.: Über die intraoculäre Verteilung des
antilymphozytären Globulins (ALG). Klin. M bl. Augenheilk. 163, 524 (1973).

4. Bach, J. F., Dormont, J., Dardenne, M., Balner, H.: In vitro rosette inhibition by anti­
human antilymphocyte serum. Transplantation 8, 265 (1967).

5. Bach, J. F., Dardenne, M., Dormont, J., Antoine, B. : A new in vitro test evaluating
anti-lymphocyte serum potency. Transplant. Prog. 1, 403 (1969).

6. Bach, J. F., Dormont, J., Dardenne, M., Balner, H.: In vitro rosette inhibition by anti­
human antilymphocyte globulin. Correlation with skin graft prolongation in primates. 
Transplantation 8, 269 (1969).

7. Bach, J. F.: In vitro assay for antilymphocyte serum. Fed. Proc. 29, 130 (1970).
8. Bach, J. F., Dormont, J. : Further developments of the R1T for the testing of anti-human

lymphocyte serum. Transplantation 11, 96 (1971).
9. Bach, J. F., Dardanne, M.: Antigen recognition by T-lymphocytes. II. Similar effects of

azathioprine, antilymphocyte globulin and anti-theta serum on RFC in normal and 
thymectomized mice. Cell. Immunol. 3, 11 (1972).

10. Fekete, B., Szegedi, Gy., Szabó, G., Gergely, P., Petrányi, Gy.: A rosetta-képzö sejtek
felhasználása az immunosuppressio mérésére. Magy. Pediat. 4, 66 (1971).

11. Leövey, A., Alberth, B., Balázs, Cs., Tóth-Bagi, Z. : Az immunsuppressio és az anti-
cornealis antitest szerepe a keratoplasticában. Szemészet 109, 259 (1972).

12. Pirofsky, B., Bardana, E. J., Bayracki, C., Porter G. A.: Antilymphocyte antisera in
immunologically mediated renal disease. J. Amer. med. Ass. 210, 1059 (1969).

Correspondence : Prof. A. Leövey, University Medical School, I. Department of Medicine, 
4012 Debrecen, Hungary

H aem ato log ia  9, 1975





Haematologia 9 (1 — 2), pp. 43—47 (1975)

Immunization against Avian Proteins
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A study of sera of pigeon breeders showed a higher ratio of antibodies with an 
anti-P, specificity in those who show clinical signs of allergic origin. By absorption of 
anti-P, antibodies it was revealed that there exist in the cells, serum and excrement of 
pigeons, substances with antigenic properties similar to those of human P, antigen. 
Pigeon breeders, and particularly those who show clinical signs of allergy, possess also 
other antibodies which precipitate specific antigens of pigeon serum.

The P blood group system was discovered in 1927 by Landsteiner and 
Levine [1]. At that time, it involved the Pxand P2 phenotypes Family investiga­
tions showed that the P2 antigen is transmitted as a dominant Mendelian trait [2]. 
The frequency of Pt and P2 phenotypes in the European population has been 
determined by Henningsen [3]; he showed that there are 78.85% of Pt individuals 
and 21.15% of P2 individuals.

Later, it was found that an antigen present in most individuals and named 
Tja, was also part of the P system [4]. Finally, the further identification ofthe 
extremely rare Pk antigen conferred to the P system a hitherto unsuspected genetic 
complexity [5].

While determining the Pj phenotype of a series of individuals, it was found 
to display a widely varying antigenic activity [6]. It was therefore difficult to sub­
divide the individuals into distinct classes within the P system. Nevertheless, three 
categories have arbitrarily been advanced; corresponding respectively to powerful 
Pj, medium Px and weak Px antigens.

The first anti-Pj reagents were obtained by immunizing rabbits and goats 
with Px human red cells. Later, anti-P2 antibodies were discovered in human sera.

In 1957, Cameron and Staveley [7] discovered the existence of a substance 
similar to the P2 antigen in hydatid fluid. Moreover, immunization of animals 
through injection of red cells on which the hydatid fluid is fixed, induced the 
formation of antibodies with an anti-P, specificity [8, 9]. * **

* Blood Group and Transfusion Laboratory (Director: Prof. A. André), University 
of Liège (Belgium)

** Institute of Medicine, Hôpital de Bavière (Director: Prof. H. Van Cauwenberge), 
University of Liège (Belgium)

H aem ato lo g ia  9, 1975



44 / . Brodeur et al. : Immunization against avian proteins

Another substance with an antigenecity similar to the Px antigen, has been 
detected in some worms such as Lumbricus terrestris and Ascaris suum [10].

When studying the case of a patient with respiratory disorders characterized 
by particularly acute attacks of bronchitis and for whom previously a pre-trans- 
fusional cross-match had shown that his serum contained a particularly active 
anti-Px antibody, we wondered whether there were similar substances in other 
media.

Clinicians had also been struck by the existence of similar disturbances of 
allergic origin in many pigeon breeders, and in the serum of some of them they 
demonstrated anti-pigeon precipitins. The serum of many of these patients con­
tained anti-P] antibodies.

A. Study of human sera

We have made a systematic investigation for the evidence of anti-P! antibody 
in a population of pigeon breeders who, by definition, are frequently in direct 
contact with the antigen to be identified. We collected 205 samples of pigeon 
breeders’ sera; they included those of healthy volunteers and those of patients 
treated for chronic bronchitis.

As we only had serum samples for some individuals, we were unfortunately 
unable to show, for each one, the Px or P2 phenotype; therefore we had to under­
take a global study so as to determine the distribution of P, and P2 individuals in 
the series under study. By reference to the statistical distribution observed by

(205x21.15)
Henningsen [3] we could reasonably expect to obtain ^ i.e. 43 P2

(205 x78.85) , J
individuals a n d ----- ------ i.e. 162 P, individuals. A group of 51 blood

100
donors, all belonging to the P2 phenotype, and who had no direct and frequent 
contact with pigeons, served as control.

The existence and ratio of anti-Px antibodies has been investigated in both 
series. Detection and identification of anti-Pi antibody was carried out with a 
panel of test cells including several Px and P2 cells. The reaction was performed 
in 6% dextran 60,000 at 10°C.

Results are shown in Table 1.

Table 1

Pi p2 Number 
of anti-Px Frequency

Pigeon breeders 162 43 16 37%
Blood donors 51 3 6%

X l =  12.32 p =  0.001
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B. Detection in pigeon blood of a substance similar to the P L antigen

Study o f pigeon red cells

Normal human sera incubated with pigeon cells revealed in all the sera the 
presence of an anti-pigeon agglutinin, active up to a mean dilution of 1/32.

The same experiment, carried out with sera of patients with respiratory dis­
orders of allergic origin, and who had anti-pigeon precipitins, showed that in some 
of them the normal anti-pigeon agglutinin was markedly more active than in the 
rest. Not all of these patients had anti-Pi antibody.

Thus, a more specific study of pigeon red cell activity on anti-Pj antibody 
was made by incubating at 4°C overnight equal volumes of anti-P^  ̂ serum and of 
a pigeon red cell sediment previously washed in saline. The anti-Pj sera so treated 
were titrated against Рг cells before and after absorption.

We proceeded in the same way with 13 human sera containing anti-Pj  ̂
antibodies. These sera were either of commercial origin or prepared by ourselves. 
Each serum had been examined several times against pigeon red cells of various 
origins. In each case, we observed the total disappearance of the апй-Рг antibody 
activity as well as of the anti-pigeon activity.

No significant decrease of anti-pigeon antibody was observed after ab­
sorption of these sera by human ОРг red cells.

Results of these experiments on three different sera are recorded in Table 2.

Table 2

Goat anti-Pl BIOTEST

+  pigeon cells 

1/256

+  human P L cells 

1/16
Absorbed by pigeon cells — —
Absorbed by Pt cells 1/256 —

Human anti-Px SPECTRA 1/8 1/4
Absorbed by pigeon cells — —
Absorbed by Px cells 1/8 —

Human anti-P, VEN 1/256 1/16
Absorbed by pigeon cells — —

Absorbed by Pt cells 1/256 -

Similar control experiments have been made with sera containing anti­
bodies of different specificities, such as anti-A, anti-B, anti-C, anti-E, anti-D, 
anti-I, anti-H, anti-M, anti-N, anti-Lea and anti-Leb. Incubation of these sera 
with pigeon red cells, under the same conditions as above, failed to cause a dis­
appearance or significant decrease of the antibodies.

The study was continued with the analysis of pigeon serum by the inhibition 
technique applied for detecting blood group substances in saliva. In this instance 
the procedure consisted in detecting the last but one dilution of апй-Рх serum, for 
which a complete agglutination was still observed, then by incubating the same
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quantity of this serum with decreasing amounts of pigeon serum. An extract of 
pigeon excrement was also studied by the same method. The results obtained were 
in every way comparable to those observed in the case of serum.

The results, shown schematically in Table 3, indicated the presence in 
pigeon serum of a substance similar to the Рг antigen, since we observed an in­
hibition of the activity of anti-P! serum.

Table 3

1. Measurement o f anti-Pl serum activity

1/1 1/2 1/4 1/8 1/16 1/32 1/64

+  +  + +  +  +  +  4" H- + 4 “

2. Inhibition by pigeon ser un

+

г o f anti-P serum

—

1/1 to 1/32 1/64 1/128 1/256 1/512 1/1024 1/2048

- + +  + +  +  + + + + +  +  +

C. Detection in the blood of other birds of substances similar to antigen P L

Similar studies were made of the blood of ganders, turkey cocks, chickens 
and ducks. These bloods failed to inhibit the anti-Px activity. On the other hand 
budgerigar serum proved inhibitory. We had to content ourselves with serum 
since we could not obtain a sufficient quantity of red cells of this bird.

Discussion

The existence of a substance similar to Рг antigen in hydatid fluid as well as 
in some parasites, lead to assume its presence also in other biological fluids.

The study of the sera of healthy individuals or individuals showing disorders 
of allergic origin and who are constantly in contact with pigeons, compared to 
that of a series of healthy subjects not in contact with pigeons, has shown that in 
the former there is a higher ratio of immunization against the Px antigen. It was 
therefore logical to draw a parallel between the presence of anti-P, specific anti­
bodies and a substance found in pigeons.

The results indicated the presence in the red cells, the serum and excrements 
of pigeons, of a substance inhibiting the activity of anti-Px antibodies. We may 
therefore ascribe the occurrence in pigeon breeders of anti-Pt antibodies to a 
sensitization to substances having properties similar to Pt antigen and found in 
the pigeon.
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In addition to this antigen, there must exist in the pigeon other specific 
antigens, against which human individuals may become immunized. In fact, if in 
all human sera there are weak anti-pigeon antibodies, the latter are more active 
in pigeon breeders, particularly in those who sulfer from allergic disorders.

The resistance of these antibodies to absorption by human OP, cells, and 
the disappearance of their activity on absorption by pigeon cells with the anti-Pi 
activity disappearing at the same time, points to the presence of substances with 
different antigenic properties. In the present state of research, it is obviously 
difficult to define the relation between these antigens.

Our results together with clinical observations allow to establish a relation 
between these substances and the clinical manifestations of allergic origin ob­
served in pigeon breeders. But only a more detailed study of the antigens found in 
pigeon blood and of the P, antigens of human origin, would explain the im­
munological manifestations observed.
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Increasing pH by a 0.5 increment over the commonly used preservative, acid- 
citrate-dextrose with adenine (ACD-Ad), results in a significant improvement in 2,3- 
DPG, with no significant loss in concentrations of ATP. The intermediate pH pre­
servative, 6.0, also had ATP concentrations which equaled those of the low pH pre­
servatives, 5.0 and 5.5, from the 21st to the 42nd day of storage. A citrate-adenine 
preservative, with a pH between 5.5 and 6.0, would seem to be optimal for main­
tenance of hemoglobin function and red cell viability, as determined by measurements 
of 2,3-DPG and ATP concentrations.

Introduction

The dependence of normal hemoglobin function on 2,3-diphosphoglycerate 
(2,3-DPG) in the human red cell has been discovered [2, 5] since the preservatives — 
acid-citrate-dextrose (ACD) and citrate-phosphate-dextrose (CPD) — were de­
veloped for liquid (4°) storage of whole blood for 3 weeks. ACD preservatives 
containing adenine are used since this compound provides a substrate for ATP 
synthesis and results in a 5-week shelf life [1]. After demonstrating that hemo­
globin function (p50 and 2,3-DPG) was better maintained in CPD, as compared 
to ACD-stored blood [7], it was determined that the higher pH of the preservative 
(pH of CPD 5.5) was responsible for the better maintenance of hemoglobin 
function [8]. In a recent study, it was shown that an ACD preservative with a pH 
of 5.5 or higher would be optimal for maintenance of 2,3-DPG and ATP [9]. The 
pH of standard ACD is 5.0.

In the present study, an attempt was made to establish the optimal pH of a 
preservative containing adenine for maintaining 2,3-DPG (hemoglobin function) 
and ATP (red cell viability) during liquid storage at 4°C under blood bank con­
ditions. An automated analytical system for determining concentrations of 2,3- 
DPG and ATP allowed the study of significantly large numbers of blood units 
stored under various conditions of pH.

* Presented in part in abstract form in Clinical Research, Vol. 21, April, 1973.
** Supported in part by USA R and D Contract No. DA-DA-17-72-C-2005
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Materials and Methods

From each of ten normal volunteers, a unit of blood was divided during 
donation into five, 150 ml plastic packs (PL-146, Fenwal Laboratories, Morton 
Grove, 111.), containing citrate-adenine solutions of pH 5.0, 5.5, 6.0, 6.5 and 7.0. 
The basic preservative contained the amounts (grams per liter) of citric acid (3.27), 
Na citrate (26.3), and dextrose (25.5) used in CPD, plus enough NaCl (2.92), re­
placing phosphate, to make an isotonic solution. Recrystallized adenine (obtained 
from Dr. Grant Bartlett, Laboratory of Comparative Biochemistry, San Diego, 
Calif.) was added to give a final concentration of 0.25 mM in the blood preser­
vative mixture. The pH was adjusted to desired levels with HC1 and the preser­
vatives were sterilized by Millipore-filtration (0.22 ц pore width). After blood col­
lection on days 0, 3 and 7 and at weekly intervals thereafter, aliquots were removed 
aseptically and anaerobically for analysis of pH, 2,3-DPG, ATP and osmotic 
fragility.

Analyses of concentrations of 2,3-DPG and ATP-ADP were carried out by 
the principles of Lowry et al. [12] and Krimsky [11] using the automated scheme 
of Prins and Loos [13]. This procedure has been modified in our laboratories [15] 
using Auto-Analyzer equipment (Technicon Corporation) and enzymes and sub­
strates obtained from the Boehringer Mannheim Corporation. Measurements of 
pH and H + ion concentration were made at 37°C under anaerobic conditions to 
minimize variations which might result from carbon dioxide loss.

The significance of variance with time and between preservatives was given 
at 95% confidence limits using the paired t test. These statistical data apply to
2,3-DPG and ATP concentrations.

Results

In Table 1 and Figure 1, 2,3-DPG concentrations are shown during the 
42-day storage period. The concentrations are given in millimolar measurements 
and each point on the graph represents the mean DPG value from determinations 
on ten units of whole blood stored at 4°C after they were collected in the preserv­
ative of the pH specified. The preservatives will be referred to by the pH values 
which they exhibited prior to the blood collection. Significant differences between 
the values were determined using 95 % confidence limits with the paired t test.

Changes in DPG with time

The concentration of 2,3-DPG in the 5.0 group — which corresponds to 
ordinary ACD plus adenine — was significantly lower at all points after day 3 
than it was at days 0 and 3 and the values at days 35 and 42 were lower than the 
7-day value. In addition, the 35-day value was significantly lower than the 10-day
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Table I

Mean Values and Standard Deviations for 2,3-DPG, ATP, pH and H

p H
Preservative

solution
Days
stored 2,3-DPG ( S . D . ) ATP ( S . D . ) p H

H+ concentra­
tion 

( x  10-7

5 .0 0 2 .5 2 0 .333 0 .531 0 .2 2 7 6 .9 0 1.26
3 2 .5 4 0 .2 8 6 0 .7 0 6 0 .1 4 4 6 .8 2 1.51
7 1.38 0.191 0 .6 7 6 0 .2 1 8 6 .7 3 1 .86

10 1.02 0 .2 2 5 0 .7 9 2 0 .1 4 4 6 .6 6 2 .1 9
14 0 .9 4 0 .1 1 9 0 .7 5 6 0 .1 8 6 6 .61 2 .4 6
21 0 .9 6 0 .2 3 7 0 .6 9 2 0 .1 5 3 6 .5 3 2 .9 5
28 1.17 0 .2 6 7 0 .5 9 6 0 .2 4 3 6 .5 0 3 .1 6
35 0 .3 2 0 .0 8 0 0 .5 1 6 0 .2 0 7 6 .4 5 3 .5 5
42 0 .6 3 0 .145 0 .5 1 6 0 .1 8 6 6 .41 3 .8 9

5.5 0 2 .6 9 0 .2 5 0 0 .5 7 6 0 .1 9 4 7 .0 6 0 .8 7
3 3 .3 6 0 .3 2 4 0 .6 3 6 0 .1 6 3 6 .9 5 1 .12
7 2 .4 4 0 .283 0 .6 8 7 0 .1 7 9 6 .8 4 1.45

10 1.48 0 .2 2 4 0 .7 2 8 0 .2 4 3 6 .7 5 1.78
14 1.62 0 .475 0 .7 4 0 0 .1 6 9 6 .6 6 2 .1 9
21 1 .26 0 .2 5 9 0 .6 4 8 0 .2 2 0 6 .5 7 2 .6 9
28 1.45 0 .1 9 9 0 .6 2 7 0 .171 6 .5 2 3 .0 2
35 0 .3 7 0 .0 9 4 0 .5 1 2 0 .1 5 9 6 .4 8 3.31
42 0 .5 4 0 .1 3 6 0 .4 7 1 0 .1 6 4 6 .4 2 3 .8 0

6 .0 0 3 .0 4 0.291 0 .6 1 3 0 .1 9 3 7 .1 8 0 .6 6
3 3 .7 2 0 .2 8 3 0 .4 8 1 0 .1 4 7 7 .0 4 0 .91
7 2 .9 9 0.231 0 .5 0 9 0 .1 5 3 6 .91 1 .23

10 1.95 0 .2 3 4 0 .6 0 6 0 .1 8 3 6 .8 0 1.59
14 1 .32 0 .1 9 9 0 .6 3 5 0 .1 4 7 6 .71 1.95
21 1.46 0 .2 6 0 0 .6 6 3 0 .2 0 9 6 .5 8 2 .6 3
28 1.41 0 .2 6 4 0 .6 2 1 0 .1 9 4 6 .5 3 2 .9 5
35 0 .3 3 0 .0 8 6 0 .4 9 7 0 .1 5 4 6 .4 7 3 .3 9
42 0 .6 6 0 .1 3 8 0 .4 1 2 0 .1 5 8 6 .4 3 3 .7 2

6.5 0 3 .0 4 0 .223 0 .6 3 7 0 .1 6 8 7 .2 5 0 .5 6
3 3 .8 6 0 .2 6 2 0 .4 2 9 0 .0 8 2 7 .0 9 0 .81
7 3 .0 4 0 .2 4 0 0 .4 9 0 0 .0 9 7 6 .9 5 1 .1 2

10 2 .0 3 0 .2 0 6 0 .5 2 9 0 .101 6 .8 3 1.48
14 1 .62 0 .2 9 9 0 .5 9 9 0 .1 0 0 6 .7 3 1 .86
21 1 .33 0 .1 9 7 0 .5 5 1 0.151 6 .6 0 2 .51
28 1.07 0 .1 9 9 0 .5 2 7 0 .1 6 0 6 .5 5 2 .8 2
35 0 .4 6 0 .1 0 7 0 .4 0 6 0 .1 0 9 6 .4 8 3 .31
42 0 .5 9 0 .138 0 .3 7 6 0 .1 3 0 6 .4 4 3 .6 3

7 .0 0 3 .3 2 0 .3 5 2 0 .5 8 2 0 .201 7 .2 9 0 .51
3 3 .7 7 0 .3 4 7 0 .4 1 1 0 .1 6 4 7.11 0 .7 8
7 3 .3 4 0.331 0 .471 0 .1 0 7 6 .9 7 1.07

10 2 .0 8 0 .2 0 4 0 .4 8 5 0 .1 2 0 6 .8 6 1.38
14 1 .55 0 .183 0 .5 3 3 0 .1 4 8 6 .7 4 1 .8 2
21 1 .5 7 0.161 0 .5 4 4 0 .1 7 3 6 .61 2 .4 6
28 1 .28 0 .2 7 8 0 .4 8 1 0 .1 3 3 6 .5 6 2 .7 5
35 0 .3 6 0 .1 2 0 0 .3 5 7 0 .1 1 6 6 .4 8 3 .31
42 0 .5 0 0 .1 3 6 0 .3 4 8 0 .1 1 5 6 .4 4 3 .6 3
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value and the 35 and 42-day values were lower than the values at 14, 21 and 28 
days. In the other preservatives — pH 5.5 to 7.0 — the values for days 3 and 7 
were not significantly different from those at day 0; however, the values for day 10 
and beyond were lower than the day 0 values in each preservative. The changes

Fig. 1. Average 2,3-DPG concentrations for 42 days in blood stored in preservatives of 
different pHs. Each point represents the mean of ten samples. The significance of differences 

between means is discussed in the text

in DPG concentrations from days 7 to 14 were significant at the three higher pH 
values — pH 6.0 to 7.0 — but not at the lower pH values of 5.0 and 5.5. Other 
significant changes for the higher pH preservatives were similar to those which 
have been described in detail for the pH 5.0 preservative.

2,3-DPG differences between preservatives

At day 0, there were no differences between the DPG values in any of the 
preservatives. At day 7, the DPG value in the pH 5.0 preservative was significantly 
lower than the values in the other preservatives. At days 3 and 10, the DPG values 
in the 5.0 preservative were lower than the values in the three highest pH preserv­
atives. The differences were not significant at days 3 and 10 between the 5.0 and
5.5 preservatives. At day 14, the 5.0 value was lower than the 6.5 and 7.0 values. 
At day 21, the 5.0 value was lower than the 7.0 value only.
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ATP differences between preservatives

In Table 1 and Figure 2, concentrations are shown at points during the 42- 
day storage period. Each point on the graph represents the mean value for de­
terminations on ten units of whole blood stored at 4°C after they were collected 
into the preservative with the pH specified. Differences were determined using 
95 % confidence limits with paired t tests. At day 0, there were no differences in 
ATP concentrations between the various preservatives. At day 3, the mean ATP

Fig. 2. Concentrations of ATP in blood stored in preservatives of different pHs. Each point 
is the mean of ten samples. The significance of differences is discussed in the text

concentration in the 5.0 preservative differed from the concentration in the 6.0 
and 6.5 pH preservatives. The 5.5 pH preservative had a higher ATP concentration 
than the 6.0 preservative. At day 10, the 5.0 preservative had a mean ATP con­
centration which was higher than the ATP concentrations in the 6.5 and 7.0 pre­
servatives. At day 14 the pH 5.5 preservative had a higher mean ATP concen­
tration than the 7.0 preservative. Other differences between the mean ATP con­
centrations were not significant statistically at this level of confidence.

The numerical values are shown in Table 1 for the mean concentration of
2,3-DPG, ATP-ADP, and pH values, and the hydrogen ion concentrations, The 
values are given for each sampling time during the 6-week storage period in each 
of the five preservatives.

In Figure 3, the hydrogen ion concentrations show a linear increase during 
storage in each of the preservatives and in Figure 4, the direct correlation between 
blood pH measurement and red cell 2,3-DPG concentration is depicted. The pH
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Fig. 3. Increase in hydrogen ion concentration in blood stored in different pH solutions. 
Each point is the mean of ten samples

Fig. 4. Concentrations of 2,3-DPG versus pH determinations in blood stored in different pH 
preservatives. Each point represents the mean of ten samples
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Fig. 5. Osmotic fragility (per cent hemolysis in hypotonic saline) for blood collected into 
preservatives of different pHs at days 1, 21, and 42

measurement was determined from a reading at 37°C in the closed-anaerobic 
sampling system employed in a blood gas pH meter (Instrumentation Laborato­
ries). Hydrogen ion concentrations were calculated from pH measurements.

In Figure 5, osmotic lysis is shown as per cent hemolysis on the abscissa 
versus per cent saline on the ordinate. Data from one unit are shown which is 
representative of the three units that were studied. On day 1, the low pH cells are 
seen to have increased lysis, whereas on day 21 there was no apparent difference. 
However, on day 42 the cells in the two low pH preservatives were more resistant 
to lysis than the others.

Discussion

Chanutin and Curnish [6] and Beutler et al. [4] have noted that blood pre­
servatives of high pH, for example 6.0 and 7.0, maintain near normal 2,3-DPG 
concentrations and thus hemoglobin function for 2 or even 3 weeks. It has also 
been noted that at these high pH values, ATP concentrations are not maintained 
well and, presumably, red cell viability or storage time would be shortened. How­
ever, adenine may be used to prevent this decrease in ATP and prolong the 
storage time [1].

In the present experiment, a wide range of pHs was studied using a citrate- 
adenine preservative to establish the optimal pH for maintaining both 2,3-DPG 
for hemoglobin function and ATP for red cell viability. It is clear that 2,3-DPG 
was not maintained during the first week of storage in the preservative of pH 5.0. 
In contrast, the higher pH preservatives (pH 5.5 to 7.0) maintained 2,3-DPG at
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normal concentrations during the first week of storage. The intermediate pre­
servative (pH 6.0) maintains 2,3-DPG as well as the higher pH preservatives and 
was more effective than the lower pH preservative (Figure 1). In addition, the pH 
6.0 preservative was intermediate between the high and low preservative's' With 
respect to maintaining ATP and ADP concentrations (Figure 2). From the 
results shown in these two figures, 2,3-DPG maintenance was favored by higher 
pH preservatives and ATP-ADP maintenance was favored by low pH preser­
vatives. An adenine containing preservative of pH 6.0 and above was too high for 
maintenance of ATP during storage. A preservative with the pH as high as 5.5 
was as effective at maintaining ATP when adenine was present in the preservative 
as was the pH 5.0 preservative. This confirms the conclusion of Beutler and 
Duron [3] that pH 5.5 is better than 5.0 for maintaining ATP when adenine is 
present.

An important recommendation could be made at this point. When adenine 
is used in a preservative, the pH that is optimal would seem to be 5.5. This cor­
responds closely to the pH of CPD which may be 5.5 or 5.67 depending on the 
formulation.

The correlation between red cell ATP concentrations and post-transfusion 
viability of stored red blood cells made by Dern et al. [10] has been extended by 
Strumia et al. [14] so one say that as long as the ATP concentration is within 77% 
of the initial, day 0, concentration, 70% of the red cells can be expected to survive 
in the recipient for 24 hours. Using the criterion of Strumia et al. only the pre­
servatives with the two lowest pHs, 5.0 and 5.5, would have an acceptable shelf 
life or storage time at 6 weeks after collection. The intermediate pH preservative, 
pH 6.0, would seem to have an acceptable shelf life, according to this criterion, 
for a storage time of 5 weeks or 35 days. The preservatives of higher pH — 6.5 
and 7.0 — would lose their acceptable storage time after 28 days. Wood and Beutler 
[16] have shown that DHA (dihydroxyacetone) and ascorbate are useful in helping 
the red cell maintain 2,3-DPG levels during four weeks of storage. The basic 
preservative used was CPD-adenine and effects were seen with both compounds 
when the pH of the preservative was 4.8, 5.6, and 7.0

The osmotic fragility at day 0 was slightly better for the higher pH preserv­
atives (Figure 5), but by day 42, the two highest pH preservatives showed more 
fragility as compared to the lower pH preservatives. At day 21, there was no dif­
ference apparent between the preservatives with respect to osmotic fragility.
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The studies dealt with the effect of plasma of a patient with congenital haemo­
lytic anaemia on the erythropoiesis in mice. The materials included the plasma from 
the patient before and after splenectomy and the spleen homogenate and the spleen 
subcellular fractions. The effect of the materials was evaluated with the amount of 
the 59Fe taken up by the erythrocytes of the mice. The erythropoiesis was found to be 
inhibited by the plasma before splenectomy and by the spleen homogenate and its 
subcellular fractions. The inhibition was the highest in cases when the mice were given 
the spleen homogenates previously incubated with plasma of healthy persons.

The activity of the erythropoietic system depends on the action of erythro­
poietin and the inhibitor of erythropoiesis. There are many ways to stimulate the 
production of erythiopoietin both in men and in animals. On the other hand, the 
causes of increased activity of the erythropoiesis inhibitor are less known. Krzy- 
mowska [1, 2] observed that after blockade of the reticulo-endothelial and 
lymphatic systems by erythrocyte haemolysates or trypan blue, the blood plasma 
contained an erythropoiesis inhibitor substance. The formation of an erythro­
poiesis inhibitor in a hyperactive and enlarged spleen and the possible participa­
tion of the erythrocyte degradation products in the former process had induced 
us to undertake the present study.

Materials and Methods

White BALBc mice of both sexes divided into groups including 8 — 10 
animals were used in the experiments. The spleen and the blood plasma were 
obtained from an 18-year-old patient with hereditary spherocytosis. From the 
blood taken before and on the 5th day after splenectomy, a deproteinized plasma 
extract was prepared according to Lowy et ah [10] as modified by Krzymowski [3]. 
The patient was a young man of short stature with a dome-shaped skull, gothic 
palate, sexual infantilism and a marked hypersplenism ; his blood smears revealed 
the presence of spherocytes. The weight of the removed spleen was 1500 g. During 
the procedure 500 ml of fresh blood were transfused. Some laboratory data of the 
patient before and after splenectomy are presented in Table 1.
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Table 1

Some Laboratory Data of a Patient with Hereditary Spherocytosis, 
before and after Splenectomy

Before
splenectomy

After
splenectomy

6.4
2.307.000

14.6
4.410.000

5.85 0.58

0.64-0.40 0.54-0.34

A piece of the dissected spleen freed from its capsule was washed with 0.9 % 
sodium chloride solution and homogenized in a Potter — Elvehjem homogenizer 
in 0.34 M saccharose solution. The concentration of the initial homogenizate 
was 20% w/v. Its centrifugation resulted in 3 fractions, at 600 g — nuclear 
fraction, at 10.000 g — mitochondrial and microsomal-cytoplasmic fractions. The 
initial homogenate and each of its fractions were divided into two parts incubated 
either with 0.9% sodium chloride solution or with blood plasma of healthy 
persons in proportion 1 : 1 at 37°C for 60 min.

The animals of every group were given subsequently a protein-free extract 
of the patient’s plasma in an amount of 1 ml (equivalent to 2 ml of the initial 
plasma volume), 1 ml of the spleen homogenate or 1 ml of the subcellular fractions. 
After 48 hrs the animals received 0.5 g d  s#Fe in the form of 0.5 ml of isotonic 
citrate (product of Isocommerz GMBH, specific activity 10 mCi per mg of Fe). 
Forty-eight hours later the animals were sacrificed under ether anaesthesis and 
blood was taken for haematocrit, haemoglobin and radioactivity assay. For the 
latter the counts per minute were calculated per 0.5 ml of blood. The 59Fe uptake 
by erythrocyte was measured according to Kuratowska [8]. Total circulating blood 
volume in the mouse was accepted as 6.2% of the body weight [1 ].

The activity of erythropoiesis after administration of the patient’s plasma 
extract before (BS) and after splenectomy (AS) was compared with 1) the re­
activity to a healthy person’s plasma; 2) to 5 /tM cobalt chloride; and 3) to 0.9% 
sodium chloride. The haematocrit index in mice treated with the patient’s plasma 
extracts BS and AS did not show significant differences, and was markedly lower 
than in the remaining three groups. The haemoglobin level behaved in a similar 
manner.

59Fe incorporation into erythrocytes was much lower in mice given BS 
deproteinized plasma extracts. After AS extract 59Fe erythrocyte uptake was

Results and Discussion
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Table 2

rythropoietic Activity of the Patient’s Plasma Extract before and after 
E Splenectomy as Measured with 59Fe Uptake by Mouse Erythrocytes

Preparation applied
Uptake of 58Fe 

into erythrocytes, 
per cent

Patient’s plasma extract before splenectomy 
Patient’s plasma extract after splenectomy (5th

24.4+ 7.19*

day 33.5+ 3.25
NaCl, 0.9% 33.8+ 3.70
Plasma extract of healthy persons 32.7 +  4.48
CoCl2 5 pM 36.2+ 4.90

* Mean +  S.D.

Table 3

Effect of the Subcellular Fractions from the Patient’s Spleen upon Erythropoiesis in Mice. 
All Samples were Incubated at 37°C for 60 min

Preparations
applied

X
w

Initial homogenate Nuclear fraction Mitochondrial
fraction

Microsomal- 
cytoplasmic fraction

Plasma of 
healthy subjects S-

NaCl £
o.9% q 

43
plasma NaCl

0.9% plasma NaCl
0.9% plasma NaCl

0.9% plasma NaCl
0.9% NaCl 0.9%

1
5 59Fe uptake into 
g erythrocytes, per 

cent
VO

VO

3.02 
+  1.85*

5.23 
+  1.87

2.13 
+  0.89

2.37 
+  0.84

4.56 
+  0.98

7.46 
+  2.59

2.30 
+  1.26

5.22 
+  1.57

32.75 
+  4.48

Ä-
Пі

3

33.8 1 
+  3.70

* Mean +  S.D.
ON
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similar as after treatment with the plasma of healthy subjects or with 0.9% 
sodium chloride solution. Cobalt chloride in an amount of 5/tM caused an in­
creased uptake (Table 2). Haematocrit, reticulocyte count and haemoglobin value 
were lower in all groups given spleen homogenate and subcellular fractions than 
in the control group.

Iron uptake in mice which had received spleen homogenate was distinctly 
lower than in those given homogenate previously incubated with plasma of 
healthy persons. Uptake was lowest in mice injected with the nuclear fraction 
(Table 3).

The inhibition of erythropoiesis in mice given spleen homogenate or sub- 
cellular fractions appeared to be similar to the endotoxin-induced inhibition [12].

The haemolysis and the marked hypersplenism observed in hereditary 
spherocytosis suggested the presence in the plasma of an erythropoiesis inhibitor. 
Krzymowska [1, 2, 4] has shown that the products of haemolysis and the pro­
cesses of their removal are connected with the formation of an erythropoiesis 
inhibitor.

Rytomaa and Kiviniemi [11] showed that during the disintegration of 
mature erythrocytes an erythropoiesis inhibiting factor was released. Lindemann 
[9] suggested that in its action the factor was similar or identical with the inhibitor 
described by Krzymowski and Krzymowska [6]. On the other hand, perfusion of 
the spleen but not of the liver with trypan blue containing blood elicits the for­
mation of an erythropoiesis inhibitor [5, 7]. Thus, the spleen seems to produce 
substances acting on the function of the erythron.

In the present study splenectomy, apart from normalizing the patient’s 
serum bilirubin level, caused the disappearance of the inhibitory properties of his 
plasma acting on the erythropoietic system of mice. After incubation with normal 
plasma there was an increased inhibitory activity of the spleen homogenate and 
of its subcellular fractions. These results support the suggestion put forward by 
Krzymowski that the inhibitor, like the erythropoietin, consists of two fractions. 
One fraction would originate from the cells of the lymphatic system. The spleen 
homogenate and its subcellular fractions, and a component of the erythropoiesis 
inhibitor which seemed to contain these fractions after incubation with normal 
plasma proteins, resulted in more intensive inhibition of the erythropoietic system 
than after incubation with physiological saline.
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The effect of corticosteroids, ultracortene and ACTH, on the eosinophilic cells 
of a patient with hyperéosinophilie syndrome has been studied in vitro. Both drugs 
caused a marked decrease in the number of specific granules, a disappearance of their 
surrounding membrane and an almost complete destruction of their crystals. In addition, 
vacuolization of the cytoplasm, swelling of the mitochondria and distortion of their 
cristae were found. Incubation of the eosinophils with the antihistaminic drug mepyr- 
amine, did not produce ultrastructural alterations.

Introduction

The éosinopénie effect of corticosteroids is widely documented [1], but little 
is known concerning the mechanism of their direct effect on eosinophilic leuko­
cytes. Kelényi et al. [2] showed that corticosteroid treatment of patients suffer­
ing from hyperéosinophilie syndrome resulted in dissolution of the granules 
in the eosinophilic cells of the peripheral blood. Németh et al. [3] found that 
corticosteroids caused partial granule lysis in rat eosinophils.

In the present report, we describe in vitro studies on the effect of cortico­
steroids on the eosinophils of a patient with hyperéosinophilie syndrome.

Case report

M. H., a 67-year-old female, born in Poland was admitted to our Hospital 
because of cough, wheezing and general malaise. The symptoms had manifested 
themselves half a year prior to admission.

On physical examination she was found to be pale, with a blood pressure of 
160/90 mm mercury and a steady pulse rate of 100/min. A slight systolic murmur 
was detected over the heart apex and the liver was palpated two cm below the 
costal margin. The spleen and lymph nodes were not palpable.

Laboratory examinations showed: ESR 65/100; haemoglobin 11.5/100 ml., 
WBC count 14,800/mm3, with 30% neutrophils, 2% band forms, 55 % eosinophils, 
13 % lymphocytes. Platelets: 210,000/mm3. Bone marrow aspiration biopsy showed
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marked proliferation of the eosinophilic series. Eosinophils of normal appearance 
in every stage of maturation were seen. Serum total protein, albumin and globulin 
values were within normal limits. IgG was l,800mg, IgA 500mg and IgM 66 mgper 
100 ml. Repeated stool examinations for parasites gave negative results as did the 
Weinberg and Cassoni tests.

X-ray examination of the lungs, gastrointestinal tract, kidneys and gall­
bladder, as well as scanning of the liver and the spleen gave no pathological 
findings.

Treatment with prednisone (40 mg per day) resulted in an improvement of 
the patient’s condition and a decrease to 14% in the eosinophilic count.

The patient was followed up in our outpatient clinic. Attempts to discontinue 
administration of the steroids resulted in elevation of the eosinophilic counts to 
the pretreatment level.

Electron microscopic findings 

Materials and Methods

Buffy coat was obtained from the patient’s venous blood withdrawn into a 
heparinized syringe. The white blood cells were resuspended in autologous plasma. 
Six X 106 cells/ml were used for each test. The following drugs were added to cell 
suspensions kept for two hours at 37°C in a moist atmosphere containing 5% 
C 02: Ultracortene (Ciba, Basel, Switzerland) — 0.05 mg/ml; ACTH (Actogel, 
Zori, Ramat-Gan, Israel) — 0.06 units/ml; and Mepyramine (Allersan, Teva, 
Jerusalem, Israel) — 0.1 mg/ml. Cells incubated under the same conditions, but 
without the drugs served as controls.

Results

Eosinophils incubated alone

After incubation without drugs the cells appeared well preserved (Fig. 1). 
The nuclear structure was normal, and so was the euchromatin to heterochrom­
atin ratio, and the nuclear envelope was intact. The cytoplasm appeared granular, 
but not as dense as in the non-incubated cells. The granules showed well- 
preserved crystals. At sites, the membrane surrounding the granules was dis­
continuous (Fig. 2), a feature detected also in non-incubated eosinophils. Mito­
chondria were normal in number and appearance.

Eosinophils incubated with ultracortene

While the nucleus and its envelope appeared unchanged, the cytoplasm and 
its organelles showed marked alterations (Fig. 3). The granular appearance of the 
cytoplasm was blurred and cytoplasmic vacuoles were frequent. The number
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Fig. I. Eosinophil after incubation in autologous plasma for two hours (see Methods) showing 
fairly normal ultrastructure, x 11,000

Fig. 2. Eosinophil after incubation for two hours. The granules show discontinuities of the 
membrane, but otherwise appear normal. X 56,000
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Fig. 3. Eosinophil after incubation with ultracortene. The specific granules are fewer in number 
and most of the crystals are destroyed. X 13 ,7 0 0

Fig. 4. Eosinophil after incubation with ultracortene. The severe damage to the granules
is evident, x 36,000
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Fig. 5. Severe mitochondrial damage in an eosinophil after incubation with ultracortene.
X 1 6 1 ,5 0 0

Fig. 6. Ultrastructure of the specific granules of an eosinophil after incubation with ACTH. 
The crystals of the specific granules are completely destroyed, x 21,600
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of specific granules was markedly diminished. Their surrounding membrane had 
disappeared and the crystals were partly or completely destroyed (Fig. 4). The 
mitochondria were swollen and their cristae distorted (Fig. 5).

Eosinophils incubated with ACTH

The ultrastructural alterations of eosinophils incubated with ACTFÍ were 
similar to those observed with ultracortene, although somewhat less pronounced 
(Fig. 6).

Eosinophils incubated with mepyramine

There was no detectable effect of this drug on the eosinophils and their 
appearance was similar to that of the control cells (Fig. 7).

Fig. 7. Eosinophil incubated with mepyramine. The nucleus and the cytoplasmic organelles
appear normal, x 11,000
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Discussion

The diagnosis of our patient’s illness remains obscure. Although the cough, 
wheezing and malaise might suggest Löeffler’s syndrome, the absence of pathol- 
ogi cal X-ray findings in the lungs do not support this diagnosis.

The corticosteroids possess a well-known éosinopénie effect [1]. When ad­
ministered in vivo, the eosinopenia is believed to result from the rapid removal 
of such cells from the circulation [4]. Herion etal. [5] assumed a direct destructive 
effect on eosinophils of the steroids.

Our studies show that the main effect of the corticosteroids is on the eosino­
philic granules and the mitochondria. Although these studies were not quantitative, 
there was no doubt that the number of granules decreased following incubation 
with the drug. The severe alterations in the granular matrix and crystals could 
explain the dissolution of the eosinophilic granules. Our observations are in accord 
with the effect of corticosteroids in vivo reported by Kelényi et al. [2], but differ 
with regard to the preservation of the granular membranes and unaffected mito­
chondria described in their study.

The fate of the destroyed granules is uncertain. Kelényi et al. [2] believe 
that the granular component is released in the cytoplasm. Skinnider and Gha- 
dially [6] provided evidence of a granule discharge by eosinophilic cells. Tak­
ing into consideration that the granule content of the eosinophils is mainly per­
oxidase [8], acid phosphatase and hydrolases [9,10] the action of corticosteroids 
on the granules seems to be an enzymic process. The lack of alterations in the 
eosinophils after incubation with the antihistaminic drug, mepyramine, also sup­
ports the possibility of a specific mechanism of granular destruction leading 
finally to eosinopenia.

This study was supported by a grant from the Chief Scientist’s Bureau, Ministry of 
Health, of which M. D. is Established Investigator. The skilful assistance of Mr. Sadovnik is 
highly appreciated.

References

1. Goodman, L. S., Gilman, A.: The pharmacological basis of therapeutics. 4th ed. Collier-
Mac-Millan, Ltd., London 1971.

2. Kelényi, G., Németh, A., István, L., Mohay, A.: Effect of corticosteroids on eosinophil
leukocytes in hyperéosinophilie syndromes. Acta haemat. (Basel) 49, 235 (1973).

3. Németh, A., Kelényi, G.: Die Wirkung einer Glykokorticosteroids (“Depersolon”) und
die des sauren pH auf die eosinophilen Leukocyten. Abstr. 13th Int. Congr. Haematol­
ogy, München (1970).

4. Andersen, V., Bro-Rasmussen, F., Hougaard, K.: Autoradiographic studies of eosinophil
kinetics: effects of cortisol. Cell Tissue Kin. 2, 139 (1969).

5. Herion, J. C., Glasser, R. M., Walker, R. I., Palmer, J. G.: Eosinophil kinetics in two
patients with eosinophilia. Blood 36, 361 (1970).

6. Skinnider, L. F., Ghadially, F. N. : Secretion of granule content by eosinophils. Arch.
Path. 98, 58 (1974).

H aem ato log ia  9, 1975



72 M . Djaldetti et al. : Corticosteroid effect on eosinophils

1. Scott, R. E., Horn, R. G.: Fine structural features of eosinophilic granulocyte develop­
ment in human bone marrow. J. Ultrastruct. Res. 33, 16 (1970).

8. Muller, F., de Harven, E., Palade, G. E.: The structure of eosinophil leukocyte granules
in rodents and in man. J. Cell Biol. 31, 349 (1966).

9. Archer, G. T., Hirsch, J. G.: Isolation of granules from eosinophilic leukocytes and study
of their enzymes content. J. exp. Med. 118, 277 (1963).

10. Ghidoni, J. J., Goldberg, A. F. : Light and electron microscopic localization of acid 
phosphatase activity in human eosinophils. Amer. J. clin. Path. 45, 402 (1966).

Correspondence : Prof. Meir Djaldetti, Department of Medicine “B” and Haematology Clinic, 
Hasharon Hospital, Petach-Tiqva, Israel

H aem ato log ia  9, 1975



Haemalologia 9 (1 — 2), pp. 73— 78 (1975)

Renal Function in Polycythaemia

Bozena Leszko, S. P awelski 

Institute of Haematology, Warsaw, Poland 

(Received June 16, 1972)

In 23 patients with polycythaemia vera and symptomatic erythrocytosis, 

glomerular filtration rate and urine concentration ability [max Uosm, Cosm, TcHii0, 

TcHOx l0 0  Ccsm X 100 \
, — ----------- were determined under conditions of antidiuresis. The

GFR GFR j
restriction of fluid intake caused a significant reduction of GFR and modified the 
osmotic function of the kidneys. The results were similar in both types of poly­
cythaemia.

In 23 patients with true and symptomatic polycythaemia, glomerular 
filtration rate (GFR) and urine concentration ability were determined under con­
ditions of antidiuresis. The results were similar in both types of polycythaemia. 
Restriction of fluid intake caused a significant reduction of GFR while the ability 
of urine concentration was less altered. Changed haemodynamic conditions in 
the kidneys in polycythaemia modify the glomerular as well as the osmotic function 
of the kidneys.

In earlier studies, an impairment of renal function has been observed in 
leukaemic patients [6]. This impairment could be detected a long time before the 
appearance of renal failure and was often present in patients with urinary findings. 
This early appearance of laboratory abnormalities of apparently normal kidneys 
has prompted us to carry out similar investigations in another myelo-proliferative 
syndrome, polycythaemia vera, as well as in several cases of secondary poly­
cythaemia. Both these conditions are characterized by an increased circulating 
blood volume which is, probably, not without effects on the kidneys.

Material

The material included 23 polycythaemia patients aged from 26 to 70 years, 
14 females and 9 males. Nine were treated with busulfan or 32P and/or repeated 
phlebotomies; 14 patients had no treatment. Polycythaemia vera was diagnosed 
in 14 cases and symptomatic polycythaemia in 9 cases, of which 5 were cases of 
pulmonary heart disease, and 1 each of Pickwick syndrome, suspected cerebellar
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tumour, uterine myoma and double renal pelvis. The disease dated back to 1 
month to 15 years; 8 cases were in the period of remission, the remaining patients 
had exacerbations of the disease. Twenty healthy subjects served as a control group.

Methods

The controls and patients with polycythaemia were maintained under the 
same hospital conditions. After 16 hours of fluid deprivation the bladder was 
emptied spontaneously and then urine was collected without catheterization during 
the next 3 hours, between the 16th and 19th hours of fluid deprivation.

A venous blood sample was taken into a heparinized test tube in the middle 
of clearance period. Plasma and urine creatinine concentrations were determined 
with the Orlowski’s modification of the method of Popper, Mandel and Mayer. 
Osmolality of plasma and urine was estimated by the cryoscopic method in Fiske’s 
osmometer. Endogenous creatinine clearance was estimated daily in the group of 
patients maintained on free water intake as well. Serum urea, sodium, potassium 
and protein concentrations and urinary leucocyte excretion (Addis count) were 
measured and urinary cultures were performed.

From the obtained data, minute diuresis (V) was calculated, together with 
maximum urine osmolality (max Uosro), osmotic clearance (Cosm), endogenous 
creatinine clearance and negative clearance of free water (TcH O). The mean 
osmotic and negative free water clearances were calculated for 100 ml of GFR. 
Endogenous creatinine clearance was accepted as a measure of glomerular fil­
tration rate (GFR) [8]. The material was subjected to statistical analysis using the 
t test of Student for comparison of the calculated mean values in the patients and
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in the control group [2]. In order to establish the correlation between Cosm and 
ТсНг0 in the control group and in patients, the correlation index was calculated 
and the degree of correlation between Cosm and TcHï0 in both groups was ex­
pressed as an equation and regression line (Fig. 1).

Mean endogenous creatinine clearance for the control group under con­
ditions of antidiuresis was compared with the value obtained by Orlowski in a 
similarly large group studied by the same method under conditions of normal 
hydration [10].

Results

The results obtained in the group of polycythaemia vera were not signif­
icantly different from those in the group of secondary polycythaemia; they are 
presented in Table 1.

Table 1 

Results

Studied groups
GFR

antidiuresis,
ml/min

GFR
ml/min

V,
ml/min

maxUosm- 
mOsm/kg H.,0

Controls 116+20 132 +  41* 0.44+ 0.62 951 +  73
Polycythaemic patients 
Statistical significance of

76 +  34 108 +  32 0.64+ 1.17 798 ±  92

difference p <  0.0001 p <  0.04 p >  0.32 p <  0.0001

C o s i m
m l / m i n

T c Hso ,
m l / m i n

T c' h .O  100 
G F R

Cosm x  100 
G F R

Controls 1.52+ 0.04 1.04+ 0.33 0.76+ 0.20 1.30+ 0.03
Polycythaemic patients 
Statistical significance of

1.51 +  0.61 0.92 +  0.47 1.22+ 0.55 1.98+ 0.64

difference p >  0.05 p >  0.40 p <  0.0001 p <  0.001

Mean +  S.D.
* Data from the paper of Orlowski [10].

Glomerular filtration expressed by the value of endogenous creatinine 
clearance under conditions of antidiuresis in the control group did not differ from 
those obtained by Orlowski under conditions of normal hydration [10]. GFR in 
patients on antidiuretic regime was considerably lower than in the controls 
studied under the same conditions. This value was even much lower than that 
obtained in the same patients during normal hydration. The differences between 
these values were highly significant.

Minute diuresis in both groups was not significantly different but in the 
group of patients a minute diuresis of over 0.5 ml/min was more frequent than 
in the controls.
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After 19 hours of fluid deprivation the maximum osmolality of urine in 
polycythaemic patients was significantly lower than in the controls (798 + 92 
versus 951 ± 7 3  mOsm/kg H20 , respectively).

Mean osmotic clearance was similar in both groups but its values calculated 
per 100 ml of GFR differed significantly (p<  0.001), being 1.98 + % 0.64 ml/ min 
for the patients and 1.30 ± 0.03 ml/min for the controls. This means that the 
osmotic clearance in the controls accounted for 1.3% of the value for glomerular 
filtration, while in patients it accounted for nearly 2% of this value.

Negative free water clearance obtained during antidiuresis with a com­
parable osmotic clearance was 1.04 ±  0.33 and 0.92 + 0.47 ml/min in the con­
trols and the patients, respectively. The difference between these values was not 
significant statistically (p >  0.40). On the other hand, the value for negative free 
water clearance calculated per 100 ml of GFR was higher in the polycythaemic 
patients than in the controls (p <  0.0001), its value being 1.22 ±  0.55 ml/min 
versus 0.76 ± 0.20, respectively.

The patients showed no abnormality in plasma urea, sodium, potassium, 
and protein concentrations. They showed no evidence of circulatory failure or 
urinary tract infection.

D is c u s s io n

It may be assumed with a fair approximation that under conditions of anti­
diuresis the osmotic clearance corresponds to the volume of tubular fluid reaching 
the collecting duct. The above presented data show that in both groups, the same 
amount of tubular fluid reached that part of the nephron in one minute. The 
passive water diffusion from collecting ducts had reduced the volume of this fluid. 
The value of this diffusion was similar in both groups (measured as TcH 0) and 
the question why the maximum osmolality of urine was different in both groups 
and lower in the patients than in the controls, remains to be answered.

Since the above described abnormalities were found in polycythaemia vera 
as well as in secondary polycythaemia, they were not determined by proliferative 
changes in the kidneys.

The increased volume of erythrocytes and increased blood viscosity associ­
ated with the high haematocrit value decreases the renal plasma flow in patients 
with polycythaemia vera [3] as well as with secondary polycythaemia [4].

Renal function may be changed also by a relative renal ischaemia due to 
slow renal blood flow [5]. On the other hand, in both types of polycythaemia, renal 
vascular thrombosis may appear as observed by de Wardener et al. [13] in cases 
of polycythaemia vera and it may cause disturbances in renal functions. Theoret­
ically, blood distribution in the kidneys must also change since blood with increased 
viscosity and greater cell count flows through large vessels, avoiding the capillaiy 
vessels with their considerable vascular resistance. On the other hand, certain 
authors point to the increase of vascular lumen in the kidneys of patients with poly­
cythaemia [7], this vasodilatation being an evidence of the action of mechanisms
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compensating the increased viscosity of blood. Probably owing to this mechanism, 
n the kidneys in a material of 250 cases of polycythaemia studied by Chievitz 
and Thiede [1] uraemia was never a cause of death. These changed conditions of 
renal, especially cortical, blood flow, modify the function of the kidneys. It was 
evident in the presented material that during antidiuresis, when the viscosity of 
blood increased, glomerular filtration was reduced.

Tawlas [12] observed a low creatinine clearance in 5 out of 7 cases of poly­
cythaemia and explained this fact by nephrosclerosis. In our material (Table 1) 
GFR studied under conditions of normal hydration was 108 ± 32 ml/min in poly­
cythaemia, but after 19 hours fluid restriction it decreased by 30%, to 76 + 34 
ml/min.

Reduced osmolality of urine suggests changes in blood flow in the renal 
medulla. However, a difference in osmotic clearance calculated per unit of filtration 
between controls and polycythaemia patients shows clearly that during anti- 
diuresis a greater amount of water and sodium reaches the collecting tubules in 
patients than in controls and probably the amount of tubular fluid reaching the 
urine concentrating part of the nephron is also greater in patients than in controls.

Sodium reaching this part of the nephron in amounts greater than in healthy 
subjects and reabsorbed from the ascending limb of Henle’s loop increased the 
volume per unit of GFR of free water undergoing passive diffusion from the 
lumen of the collecting ducts into the interstitial spaces of the renal medulla.

A normally functioning mechanism of urine concentration — despite reab­
sorption of probably increased amounts of sodium from the ascending limb of 
Henle’s loop — failed to cause a final increase in urinary osmolality due to the 
increased amount of tubular fluid reaching the distal part of the nephron.

The efficiency of the mechanism of urine concentration in polycythaemia is 
evidenced by the calculated regression lines for this and for the control group 
(Fig. 1), as well as the correlation coefficient between Cosm and TcH 0 which was
0.99 in the controls and 0.94 in the patients. This shows that renal function in 
polycythaemia corresponds rather to the situation when for maintenance of the 
stability of internal environment a decrease in glomerular filtration rate modifies 
secondarily the tubular functions which are reducing sodium reabsorption [11]. 
The normal urea level found in all our patients rules out osmotic diuresis as a 
possible explanation of this phenomenon.

The above described reduction of glomerular filtration, the similar osmotic 
clearance in both groups, the greater osmotic clearance calculated per unit of 
filtration, and urinary osmolality being lower in the patients than in the controls, 
suggest rather than a certain number of nephrons have been excluded functionally 
or that the filtration rate in them has decreased significantly. The possibility of a 
slight equal decrease of filtration in every nephron seems less likely. Our study 
failed to supply direct data pointing to changes in renal medullary blood flow in 
polycythaemia. The differences in the correlation coefficient between Cosm and 
TcHO in patients and controls and the differences in the regression equations 
(Fig. 1) suggest, however, that the mechanism of urine concentration is impaired
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in polycythaemia. Comparing renal function in polycythaemic and healthy sub­
jects we suggest that it corresponds rather to a removal of part of active renal 
parenchyma than to e.g. renal function in heart failure or slight stenosis of renal 
arteries, or to the so-called prerenal uraemia.

Conclusions

1. A restriction of fluid intake during 19 hours in polycythaemic patients 
significantly reduced glomerular filtration.

2. The reduced filtration was due to an inhibition of filtration in a number 
of glomeruli or to a marked reduction of filtration in these glomeruli rather than 
to a slight even reduction of filtration in all glomeruli.

3. The kidneys in polycythaemia preserve their urine concentration ability 
but it is worse than in healthy subjects.

4. Since restriction of fluid intake impairs the renal function of patients 
with polycythaemia, they should be given adequate amounts of fluid to prevent 
the possible harmful effects of fluid restriction.
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Serum iron concentration, serum iron binding capacity and saturation coef­
ficient were assayed in polycythaemia rubra vera and secondary polyglobulia. In the 
exacerbation stage of polycythaemia rubra, significantly lower Se Fe and SC values 
were found while in the remission stage and in secondary polyglobulias these values 
did not differ from those of the normal control.

In both normal and pathological conditions, iron metabolism is connected 
with haematopoiesis and haemoglobin synthesis [3, 5, 21, 29, 36, 40]. This con­
nection is obvious if we consider the fact that under normal conditions 75 — 85% 
of the plasma iron is directed to the bone marrow [4]. Due to the close connection 
between iron metabolism and haematopoiesis, the various defects of haemato­
poiesis are reflected in the metabolism of iron. Consequently, an exact elucidation 
of the disturbance of iron metabolism accompanying an altered haematopoiesis 
may be relevant in the better understanding of the aetiopathogenetic, differential 
diagnostic and even therapeutic aspects of haematopoietic disease [22, 24, 25, 
27, 33].

Polycythaemia rubra vera (PRV) belongs to the myeloproliferative diseases. 
Hyperplastic proliferation of all the three elements of haematopoiesis, especially 
of erythropoiesis and less of myelopoiesis and thrombocytopoiesis is an essential 
feature of the disease [12, 14, 24, 26, 30, 44]. Accordingly, in PRV, leucocytosis 
and thrombocytosis can always be detected in addition to an increased erythrocyte 
count, haemoglobin and haematocrit values [17, 25, 27, 44]. In the secondary 
polyglobulias, erythropoiesis is increased, but the white blood cell and platelet 
counts are normal [1, 8, 10, 11, 17, 35, 39]; the increase in erythrocyte, haemo­
globin and haematocrit values is usually more moderate than in Vaquez —Osier’s 
disease [23, 27, 44].

According to literary and our own investigations [13, 18, 26, 28—34] in 
Vaquez— Osier’s disease plasma erythropoietin activity is increased and erythro­
cyte survival time is shortened [2, 6, 20, 25, 28, 29, 37]. It seemed worth-while to 
analyse systematically how the altered haematopoiesis is reflected in the routine 
parameters of iron metabolism, how consequent the changes are i.e. to what an 
extent they are characteristic of the disease or of its exacerbation, remission and 
duration, and whether they could be used for differentiating between PRV and the 
other secondary polyglobulias.
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Material and Method

Serum iron concentration (Se Fe), serum total iron binding capacity (TIBC) 
and saturation coefficient (SC) were estimated in 60 PRV and 15 secondary poly­
globulia patients and in 25 normal healthy controls.

Of the PRV patients, 36 were male and 24 female, with a mean age of 52.09 
range, 20 to 71 years. In 25 patients the disease had been diagnosed more than 5 
years, and in 16 3 to 5 years before and in 19 the last 3 years. The great majority 
was treated once or several times by radiophosphorus (32P) and/or cytostatics. At 
the time of investigation, 50 of the 60 patients were in the exacerbation and 10 
in the remission stage. Mean red cell count was 6,300,000; mean leukocyte count, 
10,000; mean platelet count, 410,000; in patients in the exacerbation stage. The 
values for the remission stage weie 4,460,000, 6260 and 201,000, respectively

The leucocyte and platelet counts in the patients who have had successful 
treatment the high values characteristic of PRV were reached only weeks after 
they had begun to increase in the course of exacerbations ensuing years later 
[27, 44].

Splenomegaly and hepatomegaly was present in the majority of the PRV 
patients. In the 28 cases there was a vascular complication in the history before 
the onset of active therapy.

Of the 15 secondary polyglobulia patients, 11 were male and 4 female. Their 
mean age was 48.79 years, not much different from the age of the PRV patients. 
Ten patients had hypoxic polyglobulia, 5 a polyglobulia associated with Cushing’s 
disease. Their mean red cell count was 5,600,000, the leucocyte count 6450, and 
the platelet count 210,000.

In order to obtain results comparable to those of the secondary polyglobulia 
patients, the Se Fe, TIBC and SC values were determined in 25 persons displaying 
normal haemostasis.

Se Fe and TIBC were determined by the Bothwell — Mallett method slightly 
modified by one of us [7, 15, 16]. Saturation coefficient was calculated by the 
formula,

SC
Se Fe 
TIBC

X 100

Blood was withdrawn into iron-free tubes, immediately before estimation, 
in order to eliminate errors due to haemolysis.

Results

Table 1 shows the Se Fe, TIBC and SC values and the mean red cell, leuko­
cyte and platelet counts of PRV patients in the exacerbation and remission stage, 
and of the secondary polyglobulia patients and of the healthy controls.

Table 1 indicates that the Se Fe and SC values of PRV patients in the exa­
cerbation stage were significantly lower than the corresponding values for the
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Table 1

Parameters
Groups

No. of
Se

f i g  per
Fe,
100 ml

TIBC,
f i g  per 100 ml

SC,
per cent

mean S.D. mean S.D. mean S.D.

PRV
exacerbation 50 39.6 ±  13.8 300.9 +  58.2 13.69 ±  5.78

PRV remission 10 106.5 ±  21.0 298.4 ±  59.5 36.63 ±  7.03
Secondary
polyglobulias 15 105.4 ±  35.6 298.6 ±  60.3 36.62 +  1 1.48

Control 25 104.4 +  34.0 323.9 +  42.8 33.71 ±  33.71

Groups
No. of 
patients

RBC X 106 WBCx 103 Platelets x 105

mean S.D. mean S.D. mean S.D.

PRV
exacerbation 50 6.9 ±  0.9 10.0 ±  3.2 4.1 +  U.4

PRV remission 10 4.5 ±  0.6 6.5 +  2.3 2.0 ±  0.3
Secondary
polyglobulias 15 5.6 ±  0.7 6.5 ±  1.5 2.1 +  0.3

Control 25 4.2 ±  0.5 4.2 +  1.1 2.0 <NÓ+1

other three groups. The differences in mean Se Fe and SC of PRV patients in the 
exacerbation stage versus those of PRV patients in remission and of secondary 
polyglobulia patients was significant within 1 % (P,, P2, P3, P4 were all < 0.1).

Mean ТГВС of PRV patients in the exacerbation stage did not deviate 
significantly from the values measured in secondary polyglobulia during remission.

In some of the PRV patients in the exacerbation stage but in the initial phase 
of the disease, Se Fe was somewhat higher than the mean (70—75 ng per 100 ml), 
but lower than the mean for the normal controls.

Mean Se Fe, TIBC and SC of PRV patients in remission and of secondary 
polyglobulia patients were essentially the same as those of the normal controls.

Se Fe, TIBC and SC values in the control group agreed well with data in 
the literature and our previous results [3, 4, 16].

Discussion

The investigation of iron metabolism in haematological diseases accom­
panied by a disturbed haematopoiesis bears importance as to the essence and 
pathomechanism of the illness as well as the eventual therapeutic interventions 
[4, 5, 19, 21, 22, 29, 36]. The significance of iron assays in the differentiation of 
various anaemias is well-known. In addition, a study of iron metabolism may offer
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important information as to the pathogenesis. Bernât [3] emphasized the role in 
thermal injury anaemia of the activation of the reticulo-histiocyte system, the 
increased iron avidity, the acceleration of iron transport, the reduced iron binding 
capacity of the erythroid precursors, as well as of the fact that a significant amount 
of iron leaving the circulation is stored in the RES instead of the bone marrow.

There are many data to indicate that haematopoiesis increases in PRY 
[9, 14, 19, 27, 44]. This is supported by the high plasma erythropoietin activity 
[20—22, 28, 29, 40] and the hyperplastic, hypercellular bone marrow of PRV 
patients [14, 18, 24, 27].

Pollycove et al. [37] distinguished 4 stages in the course of PRV, based on 
the parameters of iron transport. In the first stage, plasma iron transport and 
haemoglobin synthesis are enhanced. The iron administered accumulates rapidly 
in the bone marrow and is incorporated into the circulating erythrocytes. The 
survival time of erythrocytes is normal, there is no extramedullar erythropoiesis. 
In the second stage, erythrocyte survival time is shortened due to an increased 
destruction in the spleen. In the third stage, extramedullar haemolysis contributes 
to the shortening of erythrocyte survival. The iron administered accumulates 
rapidly in the marrow, but incorporation into the circulating erythrocytes is 
slower and partial. In the fourth stage, extramedullar haemopoiesis is detected 
in the spleen and liver. The iron administered accumulates in the spleen and liver 
is then slowly and partially incorporated by erythrocytes. Erythrocyte survival is 
considerably shortened. Consequently, in spite of the increased plasma iron 
transport and haemoglobin synthesis the volume of the erythrocyte mass and 
accordingly the haematocrit value is lower than in the previous stages.

Varela et al. [44] found an increased rate of plasma iron transport and a 
decreased Se Fe in the exacerbation stage of PRV, and an increased Se Fe level 
in the stage of remission. On the basis of erythrocyte survival time and the erythro­
cytic enzyme activities characteristic of the age of the erythrocyte population 
[41 —43] we found a shorter erythrocyte survival in PRV, while the mean erythro­
cyte population was younger than normal [25, 27].

The Se Fe and SC values were found to be normal in secondary polyglobulia, 
although an enhanced haematopoiesis and a consequently augmented iron 
utilization were obvious even in that conditions. The extent of the increase of 
haematopoiesis is, however, significantly higher in PRV than in secondary poly­
globulia, as proven, among others, by the fact that in untreated PRV, in spite of 
the shorter erythrocyte survival, the increase in erythrocyte count, haemoglobin 
and haematocrit values is more significant than in the secondary polyglobulias 
[26]. In our earlier studies we found that plasma erythropoietin activity was more 
increased in PRV patients in the exacerbation stage than in patients suffering 
from hypoxic polyglobulia [28].

It is therefore assumed that in secondary polyglobulia haematopoiesis is less 
enhanced and thus results in a more moderate iron utilization that does not 
manifest itself with a significant decrease of the Se Fe and SC values.

In the present study, significantly decreased Se Fe and SC values were
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found in the stage of exacerbation of PRV, and these values returned to normal 
in the stage of remission. We found normal Se Fe and SC values in secondary 
polyglobulia. Although the later decrease of the Se Fe and SC values is not 
always so striking than in the initial stage of PRV, a study of Se Fe and SC is 
usually still a help in differential diagnosis. This is not the case after a therapeutic 
venisection, as in secondary polyglobulias. This intervention causes an increased 
iron loss, resulting in a lower Se Fe level.
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Addendum : After this paper had been submitted for publication an abstract of a paper 
entitled: The Blood Volume Changes in the Anaemia of Experimental Splenomegaly by T. 
Ooyirilangkumaran appeared in the British Journal of Haematology 25, 547 (1973). The 
author, too, found a plasma volume expansion in rats after the administration of methyl- 
cellulose. In contrast to our results, however, red cell volume was normal in his experimental 
animals.
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О роли эритроцитов в процессе фибринолиза

Б. И. КУЗНИК, Я. Д. КРАСИК, П. Д. ПРАДУН

Из кафедры нормальной физиологии (зав. — профессор Б. И. Кузник) 
Чистинского медицинского института (ректор-доцент В. Г. Кузьмин)

(Поступило 7, 4, 1972 г.)

Изучалось влияние разрушенных и отмытых интактных эритроцитов 
здоровых людей и больных с различной патологией системы крови на фибри­
нолитическую активность цельной крови и плазмы. Выяснилось, что интактные 
эритроциты здоровых и больных людей тормозят растворение сгустка; гемолизи­
рованные красные кровяные тельца ускоряют лизис эуглобулинового сгустка.

Исследованиями на фибриновых плёнках в эритроцитах здоровых людей 
обнаружен активатор плазминогена (в жидкой фракции) и ингибитор активации 
(в строме).

Корреляционный анализ позволил установить зависимость между числом 
эритроцитов и фибринолитической активностью крови.

Результаты исследований свидетельствуют о несомненной роли эритро­
цитов в процессе фибринолиза у здоровых людей и при некоторых патологи- 
ческих состояниях.

Вопрос о роли эритроцитов в процессе фибринолиза до последних 
дней остаётся почти не изученным. Между тем ещё в 1903 году Dastrae (25) 
отмечал, что при гемолизе развёртывание сгустка осуществляется быстрее. 
Эти данные заставили предположить, что в составе эритроцитов имеются 
соединения, влияющие на переход плазминогена в плазмин. Однако даль- 
нейшие исследования показали, что в эритроцитах преобладают вещества, 
тормозящие фибринолитическую активность крови [1, 4— 12, 18, 19, 20, 22, 
30, 33].

За последние годы в литературе вновь стали появлятся сообщения 
о том, что разрушенные эритроциты способны ускорять растворение кровя­
ного сгустка [7, 10, 11, 12, 13, 15, 16, 26, 28, 31, 33]. Однако природа этих 
агентов остается не изученной.

В настоящем сообщении сделана попытка разрешить вопрос, какие 
соединения, влияющие на фибринолиз, находятся в эритроцитах. Кроме 
того, мы попытались выяснить, зависит ли фибринолитическая активность 
от содержания эритроцитов в крови.
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М е т о д и к а

Нами изучалось влияние разрушенных и интактных эритроцитов 
здоровых и больных людей (анемии различной этиологии, острые и хрони- 
ческие лейкозы) на скорость растворения кровяного и плазменного сгустка, 
а также фракции эуглобулинов. Кроме того, устанавливалась зависимость 
между числом эритроцитов и фибринолитической активностью крови. На- 
блюдения проводились следующим образом.

Из локтевой вены толстой иглой без шприца получалась кровь, кото­
рая тотчас же смешивалась с оксалатом натрия (1,34% раствор) в отноше- 
нии 9 : 1, а затем центрифугировалась при 1500 об/мин в течение 10 минут. 
Плазма отсасывалась и в дальнейшем использовалась в опыте. Эритроциты 
же не менее 5 раз отмывались физиологическим раствором и повторно 
центрифугировались. Верхний слой их, содержащий небольшую примесь 
лейкоцитов и тромбоцитов, каждый раз после центрифугирования снимал­
ся. Часть отмытых эритроцитов отсасывалась и лизировалась путем замо- 
раживания при температуре —20° и последующего оттаивания при +37°. 
Полученный таким образом гемолизат разводился перед опытом физиоло­
гическим раствором в отношении 1 : 9. Интактные эритроциты тотчас же 
использовались в эксперименте.

Для изучения фибринолитической активности применялись методы, 
позволяющие судить о влиянии эритроцитов на фибринолитическую актив­
ность цельной крови, стабилизированной плазмы и эуглобулиновой фрак­
ции [3, 14, 24, 27]. Выявление фибринолитических компонентов в эритро- 
цитах осуществлялось методом фибриновых пластин [21, 29].

В связи с требованиями эксперимента большинство используемых 
нами методик было модифицировано: в контроле к плазме или эуглобули­
новой фракции добавлялся физиологический раствор хлористого натрия, 
в опыте такое же количество интактных или гемолизированных эритроци­
тов.

Полученные данные обработаны методом вариационной статистики 
для связанных между собой наблюдений. Кроме того, вычислялись коэффи- 
циенты корреляции.

Р е з у ь т а г ы  н а б л ю д е н и й

В первой серии наблюдений решено было проследить, как влияют 
разрушенные и интактные эритроциты здоровых людей на скорость раство­
рения фибринового сгустка. С этой целью гемолизат, разведенный в 10 раз 
(0,1 мл) добавлялся в плазму, после чего осаждались эуглобулины. При та­
кой постановке эксперимента из гемолизата вместе с эуглобулиновой фрак- 
цией избирательно осаждались активаторы фибринолиза. Интактные же 
эритроциты (0,1 мл) вносились лишь после осаждения эуглобулинов. Кроме
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x o r o ,  reM O Jin 3 aT  (0,1 m ji) p o ö a B j i a j i c a  k pejibH O H  n jra 3 M e  (0,5 m ji) h p e j ib H o ií  

K poB H  (0,5 mji reM O JiH 3 aT a  H a 2,5 m ji k po bh ). B K O H T pojibH bix  n p o Ö H p K a x  r e -  

M O JIH3aT 3aMeH5UICH paB H bIM  OÖbÖMOM (j)H3HOJIOrHHeCKOrO p aC T B O p a XJIOpHC- 

r o r o  H a T p ita .  O n p e p e j i a j i o c b  B peM a p a c T B o p e h h h  a y r jio ö y jiH H O B , a  T a x ace  CTe- 

n e H b  jiH 3 H ca  ( b % % )  c ry c T K a , o 6 p a 3 0 B a B u ie r o c a  n p w  cB épT biB aH H H  n jia 3 M b i w  

K poB H , 3 a  3 M aca. n o j iy n e H H b ie  jiaH H b ie  npH B ezieH bi b T a ö jiH iie  1.

TaöjiHiia 1

BjIHHHMe H a  4>a6 pHHOJlH3 p aapyU ieH H b lX  M HHTaKTHblX apHTpOUHTOB 3 a o p 0 Bbix JHOflea

K a K  BHAHO 113 npM BeUeHHOH TaÖ jIH H bl, MHTaKTHbie 3pH TpO H H TbI 3/IOpOBbIX 

JH OHeíi O Ö JiajiaiO T  B bipaX eH H O H  aHTH(|)H6pHHOJIHTHHeCKOH aKTHBHOCTblO. T aK O e 

>Ke n e iíc T B H e  n p n c y m e  re M o jiH 3 a T a M , n o ö a B jie H H b iM  H e n o c p e p c T B e H H o  b K poB b  

m u h  n j ia 3 M y . O aH aK O  C T eneH b p a c T B o p e H H a  c ry c T K a , o ö p a 3 0 B a H H o ro  m3 u e jib H o ií  

KpOBH, HeCKOJIbKO H H * e , HeM C B épTK a n jia 3 M b I, HTO, nO-BHUHM OM y, OŐbHCHfleTCH 

IiajIM HUeM  apH TpO H H TO B, O Ö jia jia lO m H X  aHTHíjlMÖpHHOJIHTHHeCKHM JieMCTBHeM. 

E cjih  >Ke reM O JiH 3aT b i BH ocH jiH Cb b n jia 3 M y , a 3 aT eM  o c a > K fla jia c b  a y r j io ö y jiH H o -  

B aa (JipaKHHH, to  C K o p o c T b  pacT B opeH M H  o ö p a 3 0 B a H H o ro  c ry c T K a  n o n  bjihhhmcm 
p a 3 p y m e H H b ix  a p u T p o ip iT O B  B 0 3 p a c T a j ia .  I lo jiy H e H H b ie  a a H H b ie  n o 3 B O Ji» io T  n p e p -  

nOJIOIKHTb, HTO B COCTaBe KpaCHblX KpOBHHblX T e j le p  H M dO TC fl KaK HHTHŐHTOpbl, 

TaK h aK T H B aT opb i 4>H6pHHOJiH3a. r io c j ie j iH H e  b khcjioíí c p e n e  o ca iK jia io T C H  B M ecTe 

c a y r j io ö y jiH H a M H .

C oejIH H eH H H , aKTHBMpylOIHMe H T 0 p M 0 3 a iU H e  (})H 6pHH0JIH3, CO^epiKaTCH 

TaK>Ke B 3pHTpOHM TaX ÖOJIbHblX C pa3JIHHHbIM H aHCMHHMH H Jie ÍÍK 03aM H , o ö c j i e n o -  

BaH H biM H  H a (jioH e jie n e H iM  (T a ö j i .  2).
^ j i a  BbiacHeHHa npH popbi oÖHapyaieHHbix coepHHeHHií m h  Bocnojn>30- 

BajiHCb MeTojioM cjiHÖpHHOBbix njiacTHH, npeji;jio>KeHHbiM A s tru p , M ü le rtz . 
OTMblTbie MHTaKTHbie 3pHTpopHTbI, TeMOJIH3aT BMeCTe CO CTpOMOM, reMOJIH3aT, 
HacTHHHO JiMuieHHbiií CTpoMbi (peHTpH(|)yrHpoBaHHe n p n  8 0 0 0  o ö / m m h . b T e n e -  

HMe 30 MHH.) H cTpoM a, pa3BeneHHaa b 4>H3pacTBope 1 : 9, HaHOCHJiHCb Ha rpeT bie 
H H erpeTbie njiacTHHbi OTpejibHO, a  TaK»ce co CTpenT0KMHa3OH h  4h i6 p h h o j i h - 

3HHOM. FIpHMeHaeMafl MeTOJIHKa n03B0JlHJia CypHTb O HajIHHMH B HHTaKTHblX 
h pa3pyuieH H bix apH T po in rrax  njia3M HHoreHa, nna3MMHa, npoaK TH BaTopa, aK- 
TMBaTopa, a  TaKwe h h t m ö h t o p o b  cj)H6pHH0JiM3a.
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Статистические
показатели

Интактные 
эритроциты 

(10 наблюдений)

Разрушенные: Э Р И Т Р О Ц И Т Ы

эуглобулины 
(20 наблюдений)

% растворения 
к рови

(13 наблюдений)

сгустка:
п л з а м ы  

(10 наблюдений)

конт­
роль опыт конт­

роль опыт конт­
роль 1 О П Ы Т

конт- I 
роль 1 О П Ы Т

м 254 554 203 144 18,5 9,1 9 ,8 5 ,5
т  + 5 2 ,9 12,8 1,4 1,1
Р <0,001 ; <0,001 <0,001 <0,01
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Таблица 2

Влияние на фибринолиз разрушенных и интактных эритроцитов людей с различными
заболеваниями крови

Группы больных

Ко
ли

че
ст

во
 н

а- 
бл

ю
де

ни
й

Ст
ат

ис
ти

че
ск

ие
по

ка
за

те
ли

Влияние интактных 
эритроцитов на 
время лизиса 

эуглобулинов (мин.)

Влияние разрушенных 
эритроцитов на:

время лизиса 
эуглобулинов 

(мин.)
степень лизиса 

сгустка плазмы (%)

конт­
роль опыт конт­

роль опыт
1

конт­
роль опыт

Гипопластиче- 15 м 1 6 2 2 4 6 , 7 1 6 2 1 0 1 , 2 1 8 , 2 7 ,5

ская анемия mV 2 4 , 2 1 2 , 3 2 , 7
р < 0 ,0 0 1 < 0 , 0 0 1 < 0 , 0 1

Острый лейкоз 2 2 м 2 0 9 4 2 1 , 6 2 0 9 1 4 6 ,1 — —
ш + 4 2 , 1 9 , 9
Р < 0 , 0 0 1 < 0 , 0 0 1

Хронический 1 0 м 1 8 6 , 5 511 1 8 6 , 5 1 3 2 , 5 21 1 2 ,7

миелолейкоз m-f 8 0 , 6 7 , 7 2 5 , 6

р < 0,0 1 < 0 , 0 0 1 < 0 , 2

Хронический 12 м 2 1 2 3 2 5 2 1 2 1 3 9 — —
лимфолейкоз т + 2 8 ,1 1 9 ,1

р < 0 , 0 1 < 0 , 0 1

Постгеморраги- 17 м 2 5 3 4 3 1 2 5 3 1 9 0 , 5 — —
ческая анемия т + 4 9 , 5 8 , 7

р < 0 , 0 1 < 0 , 0 1

Гастрогенная 21 м 2 2 3 3 9 8 2 2 3 1 7 7 — —
анемия т  + 5 0 , 2 1 7 , 3

р < 0 , 0 1 < 0 , 0 1

С интактными эритроцитами здоровых людей проведено 27 наблю- 
дений. Данные этой серии сведены в таблице 3 и свидетельствуют об о т - 
с у т с т в и и  в интактных эритроцитах а к т и в а т о р а  плазминогена 
(отсуствие лизиса фибрина на негретых пластинах), п л а з м и н а  
(отсутсвие лисиза на гретых пластинах), п л а з м и н о г е н а  (отсугствие 
лизиса на гретых пластинах при совместном внесении эритроцитов и стреп­
токиназы). Как правило, интактные эритроциты не с о д е р ж а т  п р о ­
а к т и в а т о р а  плазминогена (лизис фибрина на негретых пластинах при 
внесении одной стрептокиназы и стрептокиназы совместно с эритроци­
тами одинаков). Однако в 11 случаях из 27 эритроциты несколько тормозили 
лизис фибрина, вызванный добавлением стрептокиназы. Эти данные по- 
зволяют говорить о том, что интактные эритроциты в отдельных случаях 
с о д е р ж а т  и н г и б и т о р  активации.
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Таблица 3

Фибринолитические агенты интактных эритроцитов здоровых людей

Исследуемый субстрат Негретые
пластины

Г ретые 
пластины

Эритроциты _ _
Стрептокиназа +  + —
Эритроциты +  стрептокиназа +  5 + —
Фибринолизин +  + +  +
Эритроциты +  фибринолизин + + +  +

В интактных эритроцитах не о б н а р у ж е н  а н т и ф и б р и н о л и з и н  
(одинаковые зоны лизиса на гретых и негретых пластинах при внесении од­
ного фибринолизина и фибринолизина совместно с эритроцитами).

Несколько иные данные получены с гемолизатом эритроцитов (табл. 4.)

Таблица 4

Фибринолитические компоненты гемолизированных эритроцитов здоровых лю дей

Исследуемый субстрат Негретые
пластины

Г ретые 
пластины

Эритроциты _ _
Стрептокиназа +  + —
Гемолизат со стрептокиназой + —
Фибринолизин +  + +  +
Гемолизат с фибринолизином +  + +  +

Как видно из приведенной таблицы, гемолизированные эритроциты 
не содержат плазминогена и плазмина. В них также отсутствует активатор 
и проактиватор. Вместе с тем, в разрушенных эритроцитах здоровых людей 
в ы я в л я е т с я  и н г и б и т о р  активации (лизис, вызванный стрепто­
киназой, больше, чем при совместном действии стрептокиназы и гемоли­
зата).

Таблица 5

Фибринолитические компоненты в гемолизате, частично освобожденном от стромы

Исследуемый субстрат Г
П

Г ретые 
пластины

Г емолизат
Стрептокиназа +  + —
Г емолизат со стрептокиназой + —
Фибринолизин +  + +  +
Гемолизат с фибринолизином +  + +  +
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Ингибитор активации обнаружен и в гемолизате, частично лишенном 
стромы (центрифугирование в течение 30 мин. при 8000 об/мин.). Результаты 
этих исследований представлены в таблице 5.

В ряде опытов этой серии был выявлен слабый активатор плазмино­
гена (слабо выраженный лизис на негретых пластинах под влиянием гемо­
лизата).

Других соединений, активируюших и тормозящих фибринолиз, в ге­
молизате, очишенном от стромы, обнаружить не удалось.

Строма эритроцитов (табл. 6) обладает более выраженным антиакти- 
ваторным действием, ибо значительно угнетает лизис фибрина, вызванный 
стрептокиназой. Других фибринолитических и антифибринолитических аген- 
тов в строме эритроцитов обнаружить не удалось.

Таблица 6

Фибринолитические компоненты в строме аритроцитов здоровых людей

Исследуемый субстрат Негретые
пластины

Г ретые 
пластины

С тром а _
Стрептокиназа +  + +  +
С тром а со стрептокиназой + —
Фибринолизин +  + +  +
С тром а с фибринолизином +  + +  +

Таким образом, в гемолизате эритроцитов здоровых людей содержится 
активатор плазминогена, а в строме — ингибитор активации. Если гемолизат 
добавляется к эуглобулинам плазмы, то он, как и интактные эритроциты, 
ингибирует фибринолиз. При добавлении гемолизата в плазму до осажде- 
ния эуглобулинов (как это было в описанных выше опытах) в осадок вы- 
падает активатор плазминогена, что проявляется в ускоренном растворе- 
нии сгустка. Аналогичными свойствами обладают эритроциты больных 
различными анемиями и лейкозами (табл. 2).

Следующей задачей исследования было изучение зависимости между 
числом эритроцитов и фибринолитической активностью крови и плазмы у 
исследованных нами больных. Для этого вычислялись ранговые коэффици- 
енты корреляции [17].

У здоровых людей, когда число эритроцитов колебалось в пределах 
4—5 млн. в 1 мм3 крови, никакой корреляции с фибринолитической актив­
ностью крови и плазмы не установлено. Результаты, полученные при ис- 
следовании больных людей, представлены в таблице 7.

Как видно из приведенной таблицы, у больных острым лейкозом и 
хроническим миелолейкозом установлена отчетливая, а при гипопласти­
ческой анемии — достаточно тесная прямая связь между количеством крас- 
ных кровяных телец и фибринолитической активностью крови. Возможно
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это связано с тем, что при анемии снижается способность эритроцитов 
адсорбировать антиплазмин.

Подобные соотношения не выявлены между числом эритроцитов и 
скоростью лизиса эуглобулинов (исключение составляет группа больных 
острым лейкозом). Между показателями определялась, как правило, обрат­
ная зависимость.

У больных лейкозами могло заметно влиять на фибринолиз увели­
ченію числа лейкоцитов. Вот почему при лейкозах вычислялись коэффициен- 
ты множественной корреляции с элиминацией действия на фибринолиз 
повышенного количества лейкоцитов. Аналогичные расчеты были прове­
дены при изучении соответствующих показателей у больных гипопласти­
ческой анемией с исключением возможного влияния на фибринолиз сни- 
женного числа тромбоцитов.

Расчеты показали, что независимо от количества лейкоцитов в крови боль­
ных лейкозами существует связь между фибринолитической активностью

Таблица 7

Зависимость междй числом эритроцитов и фибринолитической активностью крови 
и плазмы у больных анемиями и лейкозами

Коэффициенты корреляции (б) и показатели достоверности 
связи (Р) между

Группы обследованных 
больных

числом эритроцитов 
и фибринолитической 
активностью крови

числом эритроцитов и вре- 
менем лизиса эуглобулинов 

плазмы

Постгеморрагическая анемия +  0,19 < 0 ,5 -0 ,2 9 3 <0,3
Гастрогенная ахлоргидри­

ческая анемия +  0,216 < 0 ,3 +  0,142 < 0 ,6
Гипопластическая анемия +  0,375 < 0 ,2 - 0 ,2 <0,5
Острый лейкоз +  0,408 <0 ,05 -0 ,3 9 6 <0,05
Хронический миелолейкоз +  0,88 <0,01 -0 ,1 7 <0,7
Хронический лимфолейкоз +  0,26 < 0 ,4 -0 ,2 3 <0,5

Таблица 8

Зависимость между фибринолитической активностью  крови и содержанием в ней 
эритроцитов при исключении возможного влияния на фибринолиз лейкокемии или

тромбоцитопении

Группы обследованных 
больных

Коэффициенты | 
множественной ! 

корреляции

Показатель 
достоверности 

связи (Р)

Острый лейкоз +  0,402 <0,05
Хронический миелолейкоз +  0,871 <0,01
Гипопластическая анемия +  0,333 < 0 ,2

H a e m ato lo g ia  9, 1975



92 Б. И. Кузник и др.: Роль эритроцитов в фибринолизе

Рис.1. Зависимость между фибринолитической активностью и числом эритроцитов 
в крови больных остры м  лейкозом.

Рис. 2. Зависимость между фибринолитической активностью и числом эритроцитов 
в крови больных хроническим миелолейкозом.
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и числом эритроцитов. Аналогичные данные установлены для больных гипо­
пластической анемией, только по отнощению к содержанию в крови тромбо- 
цитов.

Для проверки полученных результатов мы решили проанализировать 
изучаемую зависимость графическим методом. При этом обнаружена пря­
мая связь между числом эритроцитов и фибринолитической активностью 
кровы у больных острым лейкозом (рис. 1), хроническим миелолейкозом 
(рис. 2), а также постгеморрагической (рис. 3) и гипопластической (рис. 4) 
анемиями. На представленных графиках показано, что изучаемая зависи­
мость лучше описывается прямолинейными функциями (оу < <т2). Однако

Рис. 3. Зависимость между фибринолитической активностью и числом эритроцитов 
в крови больных постгеморрагической анемией.

Рис. 4. Зависимость между фибринолитической активностью и числом эритроцитов 
в крови больных гипопластической анемией.
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неболыиие различия величин а, и <т2 не исключают более сложной (криво­
линейной) зависимости между числом эритроцитов и фибринолитичекой 
активностью крови больных.

О б с у ж д е н и е

Приведенные данные свидетельствуют о том, что в составе эритро­
цитов содержатся как активаторы, так и ингибиторы фибринолиза. В жид­
кой части эритроцитов —- гемолизате — в ряде случаев выявляется актива- 
тор плазминогена, в строме и оболочке — ингибитор активации. При раз- 
рушении эритроцитов ингибиторы и активаторы попадают в плазму и ока- 
зывают своё влияние на скорость лизиса фибринового сгустка.

Эти данные совпадают с результатами, полученными другими исследо- 
вателями [1, 20, 22], выявившими ингибитор фибринолиза в составе красных 
кровяных телец. Наши наблюдения показывают, чтоэтосоединение относится 
к ингибиторам активации. Растворению сгустка может также препятство­
вать фибриназа, содержащаяся в эритроцитах людей и различных живот- 
ных [2. 19, 23].

Вместе с тем в эритроцитах, по-видимому, находится активатор плаз­
миногена [22], обладающий незначительной активностью [33]. Эти данные 
согласуются с результатами наших исследований. Однако нельзя отбросить 
предположение, что относительно слабое и далеко не всегда выявляемое 
действие активатора плазминогена в эритроцитах связано с наличием в них 
ингибиторов фибринолиза. Активатор плазминогена в эритроцитах на- 
поминает урокиназу, хотя эти соединения отличаются друг от друга по своим 
химическим свойствам [32]. Это позволяет предполагать, что активатор 
плазминогена, как и ингибитор активации, являются эндогенными соеди- 
нениями эритроцитов.
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Effect of Erythrocytes on Fibrinolysis

The effect o f destroyed and washed intact erythrocytes of norm al subjects and pati­
ents with various haematological diseases was studied on the fibrinolytic activity of whole 
blood and plasma. In tact erythrocytes of normal and sick subjects inhibited dissolution 
o f the clot; haemolyzed erythrocytes accelerated lysis of the euglobulin clot. Studies on 
fibrin films revealed in the erythrocytes of norm al subjects the presence of a plasminogen 
activator in the fluid fraction and an inhibitor o f activation in the stroma. Correlation 
analysis allowed to  establish connections between the num ber of erythrocytes and the 
fibrinolytic activity of blood. The erythrocytes thus are affecting the process of fibrino­
lysis.
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Blood volume in “hypersplenic” and normal rats was assessed by a simultaneous 
measurement of erythrocyte and plasma volumes by means of 59Fe-labeIled erythro­
cytes and m I-labelled human serum albumin, respectively. The ’’hypersplenic” con­
dition was induced by prolonged intraperitoneal application of methylcellulose. Mean 
blood volume in normal rats was 6.3 ml/100 g body weight, the venous haematocrit 
being 48%. Mean blood volume in “hypersplenic” rats was 7.5 ml/100 g body weight, 
and the venous haematocrit lower by 22% than in normal animals. Compared with 
normal animals, the erythrocyte volume in “hypersplenic” rats was lower by 15 % only. 
Plasma volume in “hypersplenic” rats exceeded the compensation in response to the 
reduction in erythrocyte mass. In addition to haemolysis, haemodilution due to plasma 
expansion seemed to be responsible for the anaemia in “hypersplenic” rats.

Introduction

Different kinds of splenic enlargement are known to be accompanied by a 
distinct anaemia, often with a normal or slightly lower erythrocyte volume. This 
discrepancy may be accounted for by haemodilution in an expanded plasma 
volume and/or by increased red cell pooling in the spleen [4 — 7, 11—13, 18, 24, 
26, 29].

The present study deals with the share of hypervolaemia in the reduction of 
peripheral haematocrit values in hypersplenic rats. Experimental “hypersplenism” 
was induced by a long-term intraperitoneal application of methylcellulose and 
resulted in splenomegaly, anaemia and thrombocytopenia [8, 10, 15].

Material and Methods

In the experiments 31 male Wistar rats were used. One group consisting of 
16 rats served as control, the other group of 15 rats was given 2 ml dosages of a 
2.5% solution of methylcellulose intraperitoneally twice weekly for 16 weeks.

Erythrocyte volume was determined by dilution analysis, using 59Fe- 
labelled red cells. These were obtained as follows: Normal rats were given 2x5  
/iCi of iron citrate at two days intervals. Fourteen days later their blood was col­
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lected by heart puncture into ACD solution and applied intravenously to ex­
perimental animals in amounts of 0.5 ml (mean activity of 59Fe being 0.3 //Ci).

Plasma volume was estimated by dilution analysis using 131I-labelled human 
serum albumin. Five minutes after the injection of 59Fe-labelled erythrocytes the 
rats were given 0.5 ml of human serum albumin in physiological saline, with a 
total activity of 0.3 pCi ШІ. Ten minutes after the application of labelled erythro­
cytes, i.e. 5 min after the application of 131I albumin, 0.4 ml of blood was collected 
from the tail vein into heparin. Blood and standard radioactivity was measured 
spectrometrically by means of a well-type scintillation counter Na I(T1).

Total blood volume was obtained as the sum of erythrocyte and plasma 
volumes.

Venous haematocrit was measured by the microhaematocrit method, using 
a correlation factor 0.96 for rat blood [1, 14, 19].

Whole body haematocrit was expressed as the ratio of erythrocyte volume 
to total blood volume.

Results

Mean body and organ weights of the experimental animals are given in 
Table 1. After 16 weeks methylcellulose treatment, mean body weight was found 
lower by 13 % in the hypersplenic rats than in the controls. Mean spleen weight was 
six times higher in “hypersplenic” than in normal animals, mean liver weight 
being higher by 11%. Mean kidney, lung, and heart weights did not differ in the 
two groups.

Group Normal rats "Hypersplenic”
rats

Significance 
of dif­

ferences p

No. of rats i6 15
Body weight (g) 346 +  36.7 302 +  47.9 <  0.01
Organ weight (g) Spleen 0 .9+  0.30 5 .6+  2.03 <  0.01

Liver 13.1+ 2.24 14.7+ 1.79 <  0.05
Kidneys 2 .5+  0.26 2 .4+  0.36 —
Lungs 2 .8+  0.43 2 .8+  0.42 —
Heart 1.0+ 0.10 0 .9+  0.08 —

Where p is not given, it was higher than 0.05.

Mean erythrocyte volume was significantly lower and plasma volume higher 
in the “hypersplenic” than in the normal rats. Total blood volume did not differ in 
the two groups (see Table 2).
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Table 2

Mean Absolute Red-cell, Plasma and Total Blood Volumes, with Standard
Deviations

Group Normal rats “Hypersplenic”
rats

Significance 
of dif-

ferences p

Red-cell volume (ml) 9.3+ 1.33 6.9+ 1103 <  0.01
Plasma volume (ml) 12.5+ 1.71 15.7+ 2.86 <  0.01
Total blood volume (ml) 21.8+ 2.41 22.6+ 3.39

Relating the volumes to 100 g of body weight (Table 3), it was discovered 
that erythrocyte volume in “hypersplenic” rats was by 15% lower and plasma 
volume by 22% higher than in the normal animals. Total blood volume in the 
hypersplenic animals was significantly higher than in normal rats. Compared with 
normal rats, in the hypersplenic rats mean venous and whole body haematocrit

Table 3

Mean Weight — Related Volumes with Standard Deviations

Group Normal rats “Hypersplenic”
rats

Significance 
of dif­

ferences p

Red-cell volume (ml/100 g) 2.7+ 0.25 2.3+ 0.45 <  0.02
Plasma volume (ml/100 g) 3.6+ 0.46 5.2+ 0.71 <  0.01

Total blood volume
(ml/100 g) 6.3+ 0.63 7.5+ 1.01 <  0.01

Table 4

Mean Venous and Body Haematocrit with Standard Deviations

Group Normal rats “Hypersplenic”
rats

Significance 
of dif­

ferences p

Venous haematocrit, per cent 47.95+ 3.07 37.6+ 3.30 <  0.01
Body haematocrit, per cent 42.7 ±  4.07 30.7+ 3.59 <  0.01

was lower by 22% and 28%, respectively (Table 4). The ratio of whole body 
haematocrit to venous haematocrit was 0.89 in normal and 0.82 in hypersplenic 
rats.
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Discussion

Blood volume was assayed by the simultaneous measurement of erythro­
cyte and plasma volumes. This combined method seems to be more reliable 
than the estimation of blood volume on the basis of either of them. The lower 
accuracy of the latter method lies in the difference between the whole body and 
venous haematocrits.

Different authors found the blood volume of normal rats to range from 5 
to 8 ml/100 g body weight [1,2, 17, 19, 22, 25, 28]. The mean value of 6.3 ml/100 g 
body weight found by us is in the middle of that range. It is necessary to relate 
blood volume to unit body weight, since the weight and absolute blood volume of 
the animals may vary.

In the “hypersplenic” rats, an expansion of plasma volume was noted which 
exceeded the amount necessary for compensating the reduction in red cell mass. 
Mean plasma volume was higher by one-third than the volume predicted from 
the degree of anaemia. Total blood volume related to 100 g body weight is thus 
significantly higher in “hypersplenic” rats than in normal animals. This hyper- 
volaemia must have been responsible for the discrepancy between the smaller 
reduction of erythrocyte volume (by 15 %) and the greater reduction of venous 
haematocrit (by 22%) in the “hypersplenic” rats. Two components were found to 
have share in the pathogenesis of anaemia, 1. an increased erythrocyte seques­
tration in the spleen [8,10]; 2. haemodilution arising from the increase in plasma 
volume. The share of the former must have exceed the share of the latter.

The cause of hypervolaemia in splénomégalie conditions is unclear. In some 
cases an increased production of plasma proteins is noted, leading to an increase 
in osmotic pressure and thus to the expansion of plasma volume [26, 30]. This 
mechanism was detected also in some animal experiments, where the increasing 
production of plasma proteins was associated with plasma expansion [3]. Other 
authors ascribed this condition to an expansion of the portal vascular bed [21]. 
According to Garnett et al. [16], an enlarged spleen acts as an arterio-venous fistula, 
which increases plasma volume. A combined effect of several factors is most likely 
involved. The problem seems to call for further investigation.

The value for venous haematocrit was significantly higher than the whole 
body haematocrit. The cause could be accounted for by the different ratio of red 
cells and plasma in organs, in small and large vessels [14, 18, 23, 27]. The ratio 
whole body haematocrit to venous haematocrit was lower (0.82) in “hypersplenic” 
rats than in normal animals (0.89); this too must have been due to blood plasma 
expansion.
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Auto-Hypnosis in Haemophilia*
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A pilot study to determine the use of adjunctive trance therapy in the treatment 
of haemophiliacs has been carried out. Over a period of forty months, twenty randomly 
selected males were assigned to a control and an experimental group. All received due 
haematologic care. The ten patients in the experimental group utilized medical hyp­
nosis as well, in group suggestive sessions to train and sustain them, but primarily in 
self-induced trance states. Results were compared at intervals on the basis of the 
amount of transfused blood and blood products. This provided an objective measure 
of the efficacy of trance therapy. Statistical analysis of the data confirmed the clinical 
observation of a greater improvement among patients in the experimental group.

Introduction

A psychiatric social worker and a child psychiatrist investigated the common 
points of view of both parents and patients in a clinical population of haemo­
philiacs through group encounters over several weeks [1 ]. Thus armed with clinical 
data and experience with the specific patients, who are the subjects of this report, 
a pilot programme was introduced to examine the usefulness of medical hypnosis 
in haemophiliacs [2]. The decision to embark upon a controlled study of hypnosis 
was based upon satisfactory initial studies. Preliminary results of the controlled 
study were promising [3].

There are several reports on the usefulness of encouraging children who 
have a haemorrhagic diathesis to reach within themselves for remedy through the 
utilization of their inherent suggestibility. These reports are nearly all concerned 
with the advantage which may be afforded to the bleeder by use of suggestion in 
urgent situations. Since dental surgery is such an emergency in those with a tend­
ency to haemorrhages, there has been thoughtful consideration of the problems 
attending this frequently encountered crisis [4, 5]. That this interest is warranted 
is evident from the fact that such patients have succumbed to tooth extraction 
[6, 7]. In contrast, the successful employment by a haemophiliac of suggestion in

* This study was supported in part by a grant from the National Institute of Mental 
Health, and presented at the Medical Symposium of the 1972 Annual Meeting of the National 
Hemophilia Foundation in Denver, Colorado.
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his recovery after gastrectomy had resulted in otherwise unassailable haemorrhage, 
has also been reported [8].

Most efforts to induce bleeders to enlist their suggestibility in countering 
untoward effects of their disorders have been expedient means of coping with 
emergency situations. Since these have been successful, it was conjectured that 
the routine use of their trance capability could be useful. Urgent matters could 
then be managed by them within the framework of a comfortably established 
way of life embellished preliminarily by the acquisition of a greater command of 
their suggestibility. The emergency could then be handled with more alacrity.

Coaching in his autonomous employment of trance to encourage its use by 
the patient whenever the need arises, independent of his suggestive therapeutist, is a 
paramount feature in contemporary suggestive therapy. This was anticipated in 
bleeders. Another useful feature sought was the return of a modicum of control 
of his illness directly to the patient, thereby erasing some of his helplessness and 
ensuing hopelessness.

The partial alleviation of anxiety and depression accompanying the usual 
feeling of impotence in bleeders was expected to diminish the overt manifestations 
of the haemorrhagic diathesis, as, along with other précipitants of haemorrhage, 
emotional stress has been recognized [9, 10]. Bleeding bouts have been temporally 
related to hospital visiting hours [4], when children are excited about com­
municating with parents, to name one variable. The emotionally stressed bleeder 
who presents a relatively benign haematological picture may conversely present 
a disastrous clinical image [11 ]. Oppositely, the calm patient with a severe problem 
projects a more radiant portrait than his haematological disability would predict.

While the importance of emotional factors in hereditary bleeding diseases 
was often dismissed until about fifteen years ago by investigators overwhelmed 
by their chemical elusiveness, their social, behavioural, and psychological aspects 
are now well-known [12 — 14]. This is fortunate, as clinical manifestations pre­
scribed by seemingly immutable innate ordinance can actually be thwarted by 
external controls [15]. The mechanism turning emotional stress into increased 
haemorrhage is not known. In any case, fibrinolytic activity and blood coagulabil­
ity have been found to be influenced by anxiety [16]. Spontaneous fibrinolysis 
associated with the specific anxieties of surgery and trauma has also been recorded 
[17].

Method

The patients assemble in the normally illuminated auditorium of the Psy­
chiatric Clinic at the University of Colorado Medical Center twice each month on 
alternate Thursday afternoons at 5 p.m. They occupy the front row of seats and 
the suggestive therapeutist sits in a chair on the same level in the front aisle to 
their right and facing them at a right oblique angle. Interested visitors sit in rows 
behind the patients. Parents usually remain when they bring their children, girl­
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friends and wives of older patients come frequently. Physicians, nurses, medical 
students and other professionals are often guests and the local chapter of the 
National Hemophilia Foundation is always represented. As the group is assembling 
small talk occurs. Professional visitors may question the suggestive therapeutist 
or our group participants to gain first-hand insight into feelings and experiences. 
The suggestive therapeutist usually relates briefly to each patient and to the group 
in a casual manner. He explains the programme to the uninitiated in the audience 
and invites inquiry prior to beginning the trance session.

The trance session is begun by asking the patients to “look intently at a 
point” of their choice, to attend “only to the sound” of the therapentist’s voice, 
and to attempt to feel relaxed. A short time later eye closure is suggested; some 
have already closed their eyes. The wide difference in age among the group mem­
bers requires repetition of remarks in more than one parlance until the rhythmicity 
of the procedure wholly claims their attention. So, “rest”, “feel good”, “fell easy” , 
“relax” , and “ultimate relaxation” may be serially suggested. While they are able 
to “ignore all sound but the therapist’s voice”, the content of what is said con­
tinues to be heard, of course. But what is said is not given listening priority: how 
it is said gains ascension. Extraneous sounds, as traffic noise, the ventilating 
system, voices in the hall, etc., are relegated to an inconsequential psychic realm 
from which they do not intrude. Permission to cough, move, scratch, etc., is 
expressly granted. There ensues a reiterative monologue, stressing rest, relaxation, 
comfort, and self-confidence in simple repetitive terms that drone on and on. During 
this period, the group embraces trance from six to ten minutes, but the time often 
seems longer to all concerned, as time sometimes passes slowly for one using his 
trance capability. Parents and spouses usually join us in the trance state. Pro­
fessionals watch at first, and then indulge, also. Frequently the reflex eyelid flutter- 
common to some in the trance state is seen. This is more common in children 
than in adults.

Prior to the end of the trance session, a series of pertinent comments is made 
by the therapist. Patients are praised for their ability to relax so well. They are 
reminded that they will not undergo trance with anyone except a qualified pro­
fessional or by themselves. They are reassured that they will find it easy to relieve 
anxiety or the threat of it by relaxing through the induction of the trance state in 
themselves by simply recalling previous experiences, ours and theirs. They are 
cautioned to be ever alert for actual difficulty from their basic haemorrhagic 
disorder; and to have any promptly treated by their doctors [18]. They are finally 
told that upon “arousing” they will feel “normal, alert, but relaxed” , and arousal 
is prompted by a slow count of three. There is a brief adjustment period of quiet 
as the altered state of consciousness is fully relinquished by all. Comments regard­
ing the just finished suggestive state are offered and solicited. Visitors are invited 
to comment. The suggestive therapist occasionally speaks to the group about 
future plans. Or, an individual’s sterling performance using his trance capability 
in some outside circumstance is recognized and applauded by the group. Toward 
the end of the hour, all assembled avail themselves of a second group trance.
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This is the trance routine. Holidays and summer schedules have forced some 
variation. Some members have found a tape recording of a trance session to have 
a useful fortifying effect when attendance is for any reason deferred. Absent 
members have been included in the group endeavour by telephone on occasion.

Statistical analysis

The results were evaluated by an independent statistician [19] whose report 
was as follows.

Problem. The purpose of the study was to determine if there was any signif­
icant difference between a control group of male haemophiliacs who ranged in age 
from 6 to 33, and an experimental group of male haemophiliacs ranging in age 
from 5 to 48, who received trance therapy.

The statistics below represent the amount of blood used by each subject ten 
months prior to treatment, March 15, 1969, to January 15, 1970. Treatment was 
begun on January 15, 1970. Bags of blood used during treatment were tabulated 
for three ten-month periods — January 15, 1970, to November 15,1970; November 
15, 1970, to September 15, 1971 ; and September 15, 1971, to the conclusion of the 
study on July 15, 1972.

The null hypothesis here is that there will be no significant difference in the 
amount of blood used by the two groups. In other words, if the treatment is 
having an effect, the experimental group will have to use fewer bags of blood.

Procedure. The subjects were selected from a total of 175 haemophiliacs and

Control Experimental
Bags of blood used Bags of blood used

Sub­
ject

Before
treat­
ment

Treatment -p . , Sub- Total ject

Before
treat­
ment

Treatment
Total

1969 1970 1971 1972 1969 1970 1971 1972

1 89 21 175 168 364 1 0 0 0 0 0
2 16 0 6 63 69 2 60 0 0 0 0
3 56 50 56 46 152 3 24 5 69 30 104
4 12 149 133 69 351 4 0 0 0 0 0
5 41 63 30 80 173 5 50 21 12 27 60
6 0 72 27 0 99 6 210 0 0 58 58
7 54 119 251 296 666 7 134 38 50 40 128
8 12 30 72 140 242 8 13 0 0 58 58
9 100 133 217 285 635 9 89 0 75 123 198

10 292 233 420 215 868 10 20 20 115 437 567

Total 672 870 1387 1362 Total 600 84 321 768

Note: Each bag of blood equals 90 AHF units in various products
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assigned randomly to a control and an experimental group. Since variability is 
high within each group (note the range from 0 to 437 in the number of bags of 
blood used in a test period), the median test was employed to determine significance 
[20]. Variability is common among haemophiliacs since bleeding varies in degree. 

Randomness. Blood used during surgery was neglected.
Results. First, it was studied whether the two groups were comparable 

prior to treatment. Using the median test and applying the chi square test with 
one degree of freedom, no statistically significant difference was found between 
the two groups; they were, therefore, comparable.

The first ten months

During this time, there was a total of 20 observations with a median of 21. 
Applying the same calculations, these revealed a highly significant difference 
showing that the chances were less than 1 in 1000 for such a difference to occur 
when trance therapy is having no effect.

The second ten months

The total number of observations was 20; the median was 53. Their eval­
uation showed a certain difference between the groups but this (p = 0.08) was 
not significant statistically.

The third ten months

In the period of September 15, 1971, to July 15, 1972, there were 20 ob­
servations with a median of 60.5. With one degree of freedom, the chi square test 
revealed a definite difference between the untreated control group and the ex­
perimental group. Less than 1 subject out of 100 could have reacted in this way 
by chance.

The total thirty months

The correlated data, combining the scores of each subject, were calculated 
Again, the number of observations was 20 with a median of 140.

Discussion

There was then a dramatic and highly significant difference of 0.001 in 
1970, a statistically not significant difference of 0.08 in 1971, a significant difference 

of 0.01 in 19 72 and a significant 0.01 for the thirty months. A possible Hawthorne 
effect may have been at work here (see Table 2). This effect occurs when the 
subjects knowing that they are involved in an experiment, react to this novelty. 
After the effects of being involved in a novel situation wear off, the subjects react 
more normally, responding or not responding to the treatment itself. This could 
account for the dramatic difference in 1970 following the pretreatment where 
the groups showed little difference between them. But, with the novelty gone,
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Table 2

The graphed experience

there is still a significant finding at 0.08 and 0.01 for the successive months and
0.01 for the correlated data.

The results would have been more significant if subject 10 would not have 
needed more bags of blood because he had received improper treatment prior to 
trance therapy. His blood needs were finally identified and he received proper 
treatment after many years of neglect.

Conclusion

Trance therapy had a significant effect on the subjects in the experimental 
group. The control group needed a statistically significantly greater number of 
bags of blood than the experimental group. The chances that trance therapy is 
having a therapeutic effect are high; statistically, the findings were significant.

Future research

The Hawthorne effect encountered in the first ten months of the study was 
an unexpected side effect that poses an interesting possibility for future study. 
The implication is that haemophiliacs may have control over their own bleeding. 
Trance therapy may offer them a tool with which to control the amount of 
bleeding.

Future research is also necessary to determine if this kind of treatment will 
be successful with haemophiliacs in other areas. Thus, replication of this study is 
highly desirable.

Comment

Use of suggestive techniques to assist chronically disabled patients such as 
children with haemorrhagic disorders has been based on previous work with 
acutely disabled children [23] and dying patients [24].

Demonstrated over the last four years has been the fact that bleeders can 
avail themselves of easily accomplished training in the self-induction of the
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trance state for the purpose of alleviating anxiety and reducing the severity of 
their illnesses. The demonstration that curbing tensions in these patients is fruitful 
will hopefully bring forth other ataractic treatments. However, this and other 
techniques for permitting the patient to tap the dormant trance capability within 
him may remain a prominent treatment modality. For, the principle of doing 
something for oneself by one’s own effort to modify a previously obdurate foe 
holds a timeless allure. The haemophiliac gains a degree of autonomy once more, 
for his suggestive armour is always with him. Fearful and guilty mothers, who 
bequeath but do not endure haemophilia themselves, have inadvertently programmed 
many fearful bleeders. It is a vast relief to be able to put down part of a lifelong 
apprehension. We have witnessed great positive changes in the mien of our 
haemophiliacs.

It may be noticed that a minimum of formality is coveted in these pro­
ceedings, emphasizing that suggestive techniques are natural and usual, an essential 
understanding for the successful suggestive therapist [25]. The therapeutist must 
see himself as the catalyst he is, merely assisting another to use his own innate 
capability. The omnipotence of the hypnotist is a myth in the present day of the 
suggestive therapist. To cling to a feeling of control of others is to adhere to non­
sense which will doom more proposed aid than it helps, for patients will sense and 
resent this ignorance in the therapist.

The presence of interested persons at the trance session deserves comment. 
Mothers were included from the onset, as our pilot expeiience showed that the 
mothers needed at least as much relief from anxiety as their male offspring. Thus, 
mothers sometimes utilize trance therapy as much as their sons, to cut down the 
vicarious transmission of their tension to their boys. Girl-friends and spouses 
participate in the anxiety of their males similarly, but in a slighter degree, pre­
sumably because their concern is great but their genetic ‘'offense” is nil.

The presence of professional observers and newsmen has positively affected 
the group, as they are quite prone to want to share their success.

The reason for the second trance at each session is that the first seems pre­
liminary to some patients, who achieve a greater sense of equanimity at the 
second experience.

It should be noted that nothing is done to alter the presence of the genetic 
mandate in the haemophiliacs. We simply modify an environmental variable 
which limits the expression of the hereditary command with resulting lower 
morbidity which saves pain, time, effort and money.

References

1. Walker, H., LaBaw, W. L.: Group endeavor with hemophiliacs and their parents at the
University of Colorado Medical Center. Unpublished observations, 1968.

2. LaBaw, W. L.: Regular use of suggestibility by paediatric bleeders. Haematologia 4, 419
(1970).,

3. LaBaw, W. L.: Trance therapy with hemophiliacs at the University of Colorado Medical
Center, Denver, U.S.A. : A preliminary report. Unpublished data presented at the
Seventh Congress of the World Federation of Haemophilia in Teheran, Iran 1971.

Haematologia 9, 197 5



п о W. L. LaBaw: Auto-hypnosis in haemophilia

4. McIntyre, H.: Dental extractions in patients with hemophilia syndrome. Oral Surg. 19>
163 (1965).

5. Middleton, S. S., Davies, S. H., Cumming, R. A., Kamel, K., Cameron, A.: Experience
with thirty-six dental extractions in patients with hemophilia and Christmas disease. 
OraI Surg. 19, 283 (1965).

6. Archer, W. H., Zubrow, H. J.: Fatal hemorrhage following regional anesthesia for oper­
ative dentistry in a hemophiliac. Oral Surg. 7, 464 (1954).

7. Parnell, A. G.: Danger to haemophiliacs of local anaesthesia. Brit. dent. J. 116, 183
(1964).

8. Fredericks, L. E.: The use of hypnosis in hemophilia. Amer. J. clin. Hypn. 10, 52 (1967).
9. Spaet, T. H. : Recent progress in the study of hemophilia. Stanfordmed. Bull. 13, 24 (1955).

10. Brown, W. J., Mally, M. A., Kane, R. P. : Psychosocial aspects of hemophilia: a study
of twenty-eight hemophilic children and their families. Amer. J. Orthopsychiat. 30, 
730 (I960).

11. Lucas, O. N.: Dental extractions in the hemophiliac, control of emotional factors by
hypnosis. Amer. J. din. Hypn. 7, 301 (1965).

12. Goldy, F. B., Katz, A. H.: Social adaptation in hemophilia. Children 10, 189 (1963).
13. Mattson, A., Gross, S.: Social and behavioral studies on hemophilic children and their

families. J . Pediat. 68, 952 (1966)
14. Agle, D. P., Mattson, A.: Psychiatric and social care of patients with hereditary hemor­

rhagic disease. In: Treatment of Hemorrhagic Disorders. Ed. by O. D. Ratnoflf. 
Harper and Row, New York 1968, pp. 111 — 124.

15. LaBaw, W. L. : Genetics in medicine. Cincinn. J. Med. 35, 114, (1954).
16. Ogston, D., McDonald, G. A., Fullerton, H. W. : The influence of anxiety in tests of blood

coagulability and fibrinolytic activity. Lancet 2, 521 (1962).
17. Macfarlane, R. G., Biggs, R. : Observations on fibrinolysis, spontaneous activity associated

with surgical operations, trauma etc. Lancet 2, 862 (1946).
18. Dr. William Hathaway and Dr. Roger Hamstra are primarily in charge of haemophiliacs

at the UCMC. Other patients of our groups were treated by haematologists in private 
practice.

19. Dr. Robert N. Rothstein, a professor at Temple Buell College in Denver, performed this
analysis.

20. Source for the median test (sign test for independent samples) can be found in George A.
Ferguson: Statistical Analysis in Psychology and Education. McGraw-Hill, New York 
1966, pp. 357-358.

21. All calculations were computed for accuracy on the Marchant Cogito 566 PR The
Programable Electronic Computer.

22. Ferguson, G. A.: Op. cit. 20, p. 407.
23. LaBaw, W. L. : Adjunctive trance therapy with severely burned children, presented to the

Fifth World Congress of Psychiatry in Mexico City, 1971. Int. J. Child Psychiat. 
2, 1 (1973).

24. LaBaw, W. L.: Terminal hypnosis in lieu of terminal hospitalization. Geront. Clin. 11,
312 (1969).

25. LaBaw, W. L. : Assisting adults and children with remedial uses of their trance capability,
a frequent imperative for health professionals. Behav. Neuropsychiat. 1, 24 (1969).

26. LaBaw, W. L. : Medical hypnosis with children. Presented to the annual meeting of the
American Association of Psychiatric Clinics for Children in Boston, 1969.

Correspondence : Dr. W. L. LaBaw, Suite 709, 2045 Franklin St., Denver, Colorado 80205, USA

H a e m ato lo g ia  9, 1975



Obituary

G o r d o n  C a r l  d e  G r u c h y  

1922-1974

Dr. G. C. de Gruchy, emeritus professor of medicine at St. Vincent’s Hospital 
Melbourne, died on October 12th, 1974, after a long illness.

Gordon Carl de Gruchy, an Australian by birth, graduated in medicine at 
Melbourne University in 1944. In 1951 he was appointed a research fellow in the 
university department of medicine at St. Vincent’s and was subsequently appointed 
in 1962 to the university chair of medicine. His main interest throughout his pro­
fessional life was haematology and he made many notable contributions to the 
knowledge of hereditary and acquired haemolytic anaemias and aplastic anaemia. 
He founded the Haematology Society of Australia of which he was the first 
honorary secretary. He was president of the XI Congress of the International 
Society of Haematology, held in Sydney in 1966. The high level and excellent 
organization of the Congress did not only give evidence of his intellectual gifts 
but manifested the appreciation of his associates.

He was a brilliant author, and it is not mere chance that his book “Clinical 
Haematology in Medical Practice” is appreciated by physicians and specialists 
working in this field thioughout the world because it gives an excellent concise 
presentation of the most important knowledge in clinical haematology. Because 
of ill health he retired from his chair in medicine to devote his time mainly to 
writing.

Prior to his death Professor de Gruchy had completed the text of a new 
monograph “ Diug-induced Blood Diseases” which will soon be out of press. 
Working on this book gave him much pleasure till the last days of his life.

He was a member of the Editorial Board of Haematologia from the year 
of its foundation in 1967.

I first met Carl at the Congress of the European Society of Haematology in 
Lisbon. It was a pleasure to talk with him, he was a likeable person extremely 
cultured who radiated a rich spiritual wealth.

It was staggering when in 1970 he spoke about the malignancy of his illness. 
His human greatness became more distinct during the last years of his life.

Although we have been aware of his fatal illness, it was a shock to all of us 
to learn of his early death. It was hoped by everyone who knew him and held him 
in high esteem that he would remain with us for some time to come. He is a great 
loss to the medical world and to his many friends.

Susan R. H ollán
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F r e d e r i c k  S t o h l m a n , J r . 

1926-1974

On September 8, 1974, the world of hematology lost one of its outstanding 
leaders. A brutal tragedy has ended the lives of Frederick Stohlman, Jr. and his 
wife Bernadette Bush Stohlman. The Stohlmans were on their way to Italy from 
Jerusalem when their plane plunged into the Ionian Sea off the coast of Greece.

Frederick Stohlman, Jr., was born on August 19, 1926, in Washington,
D.C., and graduated from Georgetown University Medical School receiving his 
M.D. in 1948. After three years of house staff training at Boston City Hospital 
and a year of fellowship in medicine at Georgetown University Hospital, he 
became an Instructor at his alma mater. In 1953, he moved to the National 
Institutes of Health as a Senior Investigator and served as Chief of the Section of 
Hematology of the National Institute of Arthritis and Metabolic Diseases from 
1960 to 1962. In 1962, he became Director of Research and Hematology at St. 
Elizabeth’s Hospital and Associate Professor of Medicine at Tufts University. In 
1965, he was promoted to Professor of Medicine at Tufts. Between 1963 and 1966, 
he was also a Lecturer in Medicine at Harvard Medical School. Fred was a 
member of countless national and international committees, editorial boards, 
and advisory groups. In 1964, he received the Parke-Davis Award of the American 
Society of Experimental Pathology.

This recitation of the bare facts of Fred’s outstanding academic career 
cannot possibly describe his real contributions to medicine and hematology. 
While at the National Institutes of Health, he initiated fundamental studies on 
the control of erythropoiesis, the effects of irradiation, and the kinetics of cellular 
proliferation, as well as working on problems of erythrocyte lifespan determi­
nations and hemolytic disorders. With his characteristic vigor and enthusiasm, he 
continued these investigations after his move to Boston and directed his attention 
not only to erythrocytes and leukocytes, but, with Dr. Shirley Ebbe, to platelets 
as well. He contributed over 156 papers to the scientific literature and edited 
three major books. He guided the research work of an unusually gifted group of 
hematology fellows and young investigators who have gone on to make their own 
important contributions to the understanding of hematopoietic cell differentiation 
and kinetics.
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To all of these important duties he added another in 1970, Editor-in-Chief 
of BLOOD, The Journal of Hematology. During his almost five years as Editor- 
in-Chief, Fred expanded the size of the journal and significantly improved the 
quality of the publication. His stewardship of BLOOD will go down as a per­
manent memorial to his wisdom, energy, and equanimity.

A true friend to all who knew him, Frederick Stohlman’s gentle, warm, and 
compassionate touch can never be replaced, only remembered with fondness 
and respect.

E rnst R. J affé
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T a d e u s z  T e m p k a  

1885-1974

Professor Tempka was born on October 15th, 1885, in Cracow. In 1911 he 
graduated from the Faculty of Medicine, Jagelló University, and received his 
M.D. with the highest state honours. From 1912 — 1914 he worked at the St. 
Lazarus Flospital in Cracow. In 1920 he was appointed assistant and in 1928 
associate professor and director of the First Department of Internal Diseases, 
Jagelló University. In 1939 he was appointed professor and head of the Second 
Department of Internal Diseases. Professor Tempka could not, however, accept 
the appointment because he was arrested together with other professors of Jagelló 
University by the Gestapo and sent to the concentration camp of Oranienburg. 
He was released from the camp before the end of the war but he did not return to 
his Department, which at that time was headed by Professor L. Heilmeyer, the 
well-known German haematologist, until the end of the War. Working at home 
he wrote the first Polish textbook on clinical haematology in two volumes which 
was published in 1956 by the Polish Medical Publishers.

In 1945 he returned to the University and took charge of the Second Depart­
ment of Internal Diseases, and remained its director until his retirement in 1962.

Professor Tempka devoted his scientific investigations almost exclusively to 
clinical haematology. He was the second haematologist (after the Russian clinician 
Arinkin) to introduce cytological examination of bone marrow punctates in 
haematologic diagnosis. He was the first to point out that the morphological 
changes in the myelogram in pernicious anaemia are not limited to the erythro­
blastic system but include also the leucoblastic series. He had world priority in 
demonstrating the presence of an anti-anaemic factor, i.e. the Castle’s factor in 
saliva and in his studies on the haemolytic syndrome in pernicious anaemia with 
its disappearance during treatment with liver extracts. He was undoubtedly the 
first to study the morphological features of the normal spleen by biopsy and the 
value of histological examination of the spleen in blood diseases.

Professor Tempka’s untiring energy, organizational ability and medical 
experience qualified him to hold leading positions in Polish scientific life. In the 
years 1938 — 1939 he was Dean of the Medical Faculty of Jagelló University. 
During the years between the two World Wars he was President of the Cracow 
and Lublin Medical Societies. From 1955, he took active part in the work of the
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Academy of Sciences becoming later president of the Committee of Medical 
Sciences of the Cracow Division of the Polish Academy of Sciences. He was 
President of the Scientific Council of the Institute of Haematology in Warsaw. He 
founded the Polish Society of Haematology, acting as its President for a con­
siderable time, becoming later Honorary President of the Society. He was a 
member of numerous editorial boards. He published over 100 scientific papers.

With Professor Tadeusz Tempka, Polish science has lost one of its out­
standing representatives.

H. K owarzyk
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Bessis, M.: Living Blood Cells and their 
Ultrastructure
XXIII +  767 pages. 521 figures and 2 
coloured plates. Translated by Robert J. 
Weed. Springer-Verlag, Berlin—Heidelberg- 
New York 1973.

Many excellent atlases on haematology 
and bone marrow electron microscopy have 
been published but this volume differs from 
all of them. Besides presenting excellent 
illustrations on the subject, blood cells are 
discussed from the point of integrity of 
structure and physiology. A desciption of 
their anatomy, physiology, pathology and 
biology is followed by a review of the newest 
demographical data.

The volume consists of 10 chapters. The 
first discusses function and structure of 
blood cells in general. Besides the ultra­
structure and the differentiation of blood 
cells, maturation, embryonic haemopoiesis, 
cell physiology, cell-ageing and cell-death 
are described and demonstrated in a rich 
series of illustrations. The 10th chapter 
discusses technical problems. Chapters 2—9 
discuss the cytology of the different blood 
cells and of the malignant haematological 
diseases. Each chapter is divided into two 
main parts: description of the normal 
series and description of pathological cells. 
Besides the usual light microphotographs, 
many diagrams, phase-contrast and inter­
ference micrograms, transmission- and scan­
ning electron microphotos are presented, 
making the volume indispensable for both 
the beginner and the experienced haemato- 
logist.

The rich and well selected list of refer­
ences is a substantial aid to the haemato-

morphologist gathering information on the 
subject.

The photos of excellent quality are a 
specially attractive force of the volume.

This splendid book should not be 
missing from the bookshelves of haema- 
tologists and morphologists.

Susan R. Hollón

Radioimmunoassay and saturation analysis. 
British Medical Bulletin, Volume 30, 
Number 1, 1974. Medical Department, The 
British Council, 65 Davies Street, London 
W1Y 2AA. 103 pages, 32 figures, 7 tables. 
Price: £ 2.25

This number of the British Medical 
Bulletin is an excellent review of the satura­
tion analysis techniques including radio­
immunoassays. The compilation was planned 
by a committee chaired by Dr. J. D. N. 
Nabarro. Prof. R. P. Ekins (a pioneer in 
developing the technique), V. H. T. Jame 
J. Landon and Dr. P. H. Sönksen partici­
pated in the committee’s work. Dr. Sönksen 
has also acted as Scientific Editor of this 
issue, that comprises 16 essays by various 
authors.

The first part containing 7 papers covers 
the theory and practice of saturation analysis. 
The basic principles are described by R. P. 
Ekins himself, who first applied the tech­
nique for thyroxine and thyroxine-binding 
globulin in 1960, the same year as Yalow 
and Berson had elaborated their assay for 
insulin and insulin-antibodies. All these 
techniques are based on the fact that the 
biological material e.g. hormone to be de-
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termined is in competition with its radio- 
actively labelled form (added in known 
amounts) for combining with a specific 
binding protein. Free and bound compounds 
can be separated after binding, and from 
the amount of bound radioactivity the 
amount of the non-radioactive compound 
to be measured can be calculated. Ways of 
designing assays of this type are described, 
and their sensitivity and reproducibility are 
analyzed. Technical difficulties in raising 
antibodies or obtaining other specific bind­
ing proteins, problems in standardization, 
labelling and preparation methods are re­
viewed by various authors. The fact that 
radioimmunoassays measure immunological 
and not biological activity is emphasized (by 
Woodhead, Addison and Hales). The com­
paratively high intra- und inter-assay varia­
tions, i.e. the relative inaccuracy of the tests 
are stressed: A drawback that has to be 
taken into consideration, when making use 
of the technique (the only technique in the 
majority of cases) which claims to measure 
picogram quantities of materials (e.g. com­
plex polypeptides) in a composite mixture of 
proteins. Further developments, such as 
automation and expansion of the analytical 
technique into new fields are recommended 
(by Challand, Goldie and Landon).

The second half of the Bulletin consists 
of five papers on recent developments of 
radioimmunoassays in endocrinology (glyco­
proteins, posterior pituitary, thyroid, gastro­
intestinal tract hormones and steroids), and 
four further papers reporting on the use of 
saturation analysis outside the field of endo­
crinology, i.e. in oncology, haematology and 
virology.

The applications in haematology are 
summarized by P. A. Newmark and Y. B. 
Gordon on three pages. In addition to the 
first radioimmunoassay in haematology, the 
vitamin B12 determination in serum elabo­
rated by Barakat and Ekins in 1961, a wide 
variety of compounds: transcobalamins, 
intrinsic factor, folic acid, iron, transferrin, 
ferritin, erythropoietin in the field of erythro- 
poiesis, fibrinogen, fibrin(ogen) degradation 
products, fibrinopeptides, plasminogen, plas- 
min, the antihaemophilic factor and pro­

thrombin in the field of coagulation and 
fibrinolysis, and the anti-D immunoglobulin 
in the field of isoserology, can be determined 
by this technique. The authors underline 
that in addition to their sensitivity the great 
advantage of radioimmunoassays consists in 
their specificity that eliminates the influence 
of other factors of the system. This may be 
a great advantage when e.g. a component 
of the coagulation system is to be measured. 
Some techniques described, on the other 
hand, are not considered to be preferable 
to the traditional procedures. E.g. the de­
termination of serum iron is simpler, cheaper 
and more precise with colorimetry than 
with saturation analysis. The authors em­
phasize that there are many areas of haema­
tology where the possibilities of these tech­
niques are still unexplored.

Transfusiologists may also be interested 
in the progress of a virological application 
of saturation analysis. Hepatitis B-antigen 
can be tested very sensitively with the radio­
immunoassay (including, however, high 
number of false positive results). Various 
methods are suggested for checking validity. 
One approach involves the subtyping of 
the antigens, in which field a radioimmu­
noassay is also available.

No separate chapter deals with biochem­
ical applications. The cyclic AMP protein­
binding assay, however, is treated within 
the scope of endocrine tissue (radioligand) 
receptors, and the cyclic AMP kit (Radio­
chemical Centre, Amersham) is well advert­
ised in text and picture, drawing attention 
to broader horizons of further application 
of the technique.

This number of the British Medical Bul­
letin introducing the benefits and restric­
tions of the saturation analysis technique at 
present and in perspective is undoubtedly of 
great value for workers of scientific and 
medical research. In addition to the precise 
and detailed descriptions and discussion 
clear conclusions are drawn in the papers 
meeting thus every demand. Beyond its use, 
this number of the British Medical Bulletin 
is an enjoyable piece of reading.

Ilma Szász
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Untersuchungen von Blut und Knochen­
mark (Examination of blood and bone 
marrow) by H. Stobbe. Verlag Volk und 
Gesundheit, Berlin 1974. 319 pages, 70 
figures, 25 tables, 6 illustrations in colour. 
Price: 20.40 M

The previous edition of this practical 
haematology was written for technical 
assistants. This new edition contains many 
data useful also for the practising haema- 
tologist. The pathological relations are dis­
cussed systematically, earlier methods are 
summarized and the standardization pro­
cedures are also listed. Up-to-date tech­
niques are described in full detail together 
with the evaluation of results. The methods 
described are practical and can easily be 
performed in every modern haematological 
laboratory. The volume consists of 14 
chapters. Synoptic tables, coloured illustra­
tions and a list of basic literature complete 
the methodological descriptions. The first 
chapter reviews fundamental knowledge and 
the techniques required in the haematolog­

ical laboratory. The second chapter presents 
cytological and cytochemical methods. The 
next chapter contains a concise summary of 
bone marrow examinations. The review of 
counting methods is indispensable and pre­
cise. Chapter 5 presents special haemato- 
morphological examinations. The descrip­
tion of haematocrit and haematogiobino- 
metry is also up-to-date. The more com­
plicated methods such as measuring of cell 
diameter or specific microscopic examina­
tions are easy to understand. The descrip­
tions of osmotic and other examinations of 
resistance are useful, the review of thrombo­
cyte and LE cell examinations is indispens­
able. A short summary of statistical methods 
and calculations, the methods of evaluation 
and finally a summary of everyday labora­
tory practice are extremely useful.

The volume presents fundamental knowl­
edge to those interested in the subject, on 
the basis of which the attainment of more 
specific haematological methods is greatly 
facilitated.

E. Benedek
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The use o f  exogenous ô-aminolaevulinic 
acid for the studies o f the regulation o f haem 
synthesis in rabbit reticulocytes. P. Ponka, 
J. Neuwirt, J. Borova (Department of 
Pathological Physiology, Faculty of General 
Medicine, Charles University, Prague, Cze­
choslovakia). Biochim. biophys. Acta (Amst.) 
304, 123 (1973).

á-Amino (4-1JC)-laevulinate added to 
reticulocytes incubated in vitro is incorpo­
rated into haem. Exogenous d-aminolaevulin- 
ate restores the incorporation of 59Fe into 
haem in reticulocytes which had been 
treated with isonicotinic acid hydrazide 
(INH) or penicillamine and were hence 
unable to synthetize (5-aminolaevulinate. On 
the other hand, addition of (5-aminolaevulin­
ate does not restore the incorporation of Fe 
into reticulocytes incubated with haemin. 
The inhibition of iron incorporation is 
restored by (5-aminolaevulinate in reticulo­
cytes incubated with cycloheximide (which 
inhibits globin synthesis and thus elevates 
the free intracellular haem pool). These 
suggest that in intact reticulocytes haemin 
does not inhibit (5-aminolaevulinate syn­
thetase. This conclusion is further supported 
by the finding that the pattern of incorpora­
tion of (2-uC)-glycine and <5-amino (4-14C)- 
laevulinate into haem differs in reticulo­
cytes incubated with an inhibitor of (5-amino­
laevulinate synthetase (INF1) and in reticulo­
cytes incubated with haemin and cyclo­
heximide.

A. Egyed

Study o f  intracellular iron distribution in 
rabbit reticulocytes with normal and inhibited 
haem synthesis. J. Borová, P. Ponka, J. 
Neuwirt (Department of Pathological Phys­
iology, Faculty of General Medicine, Charles 
University, Prague, Czechoslovakia). Bio­
chim. biophys. Acta (Amst.) 320, 143 (1973).

Iron compartments in which iron ac­
cumulates during inhibited haem synthesis 
after treatment with isonicotinic acid hy­
drazide were studied in rabbit reticulocytes. 
A considerable accumulation of 59Fe radio­
activity was found in mitochondria, low 
molecular weight iron compounds and non­
haemoglobin proteins, especially ferritin. In 
a case experiment, approximately 50% of 
the 59Fe radioactivity accumulated in mito­
chondria and low molecular weight iron 
compounds was re-utilized for the synthesis 
of haemoglobin. Although some iron is in­
corporated into ferritin, it apparently is not 
utilized for haem synthesis. In control 
reticulocytes, only traces of 59Fe activity 
were detected in mitochondria and only a 
minute amount was detected in low molec­
ular weight iron compounds. The release of 
low molecular weight iron from 59Fe-trans- 
ferrin occurred in intact reticulocytes to a 
larger extent than in the stroma-free haemo- 
lysate. An attempt was made to establish 
the possible pathway of iron transport inside 
the reticulocyte. It is suggested that an iron- 
transferrin complex enters the reticulocyte 
cytoplasm, and the majority of released iron 
is taken up by mitochondria for haem 
synthesis. When protoporphyrin IX is not 
available, iron accumulates inside the mito­
chondria.

A. Egyed
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The reaction o f ferric salts with trans­
ferrin. G. W. Bates, M. R. Schlabach 
(Department of Biochemistry and Bio­
physics, College of Agriculture, and Texas 
Agricultural Experiment Station, Texas A M 
University, College Station, Texas, USA). 
J. biol. Chem. 248, 3228 (1973).

Fe3+ salts are often used for saturating 
apotransferrin in buffer solutions and serum 
in basic research and clinical procedures, 
despite a lack of adequate documentation. 
The authors investigated the reaction of Fe3 + 
salts with apotransferrin, using the absorp­
tion peak of Fe3+-transferrin at 470 nm to 
monitor the reaction. While titration of 
apotransferrin with Fe3+-nitrilotriacetic acid 
gives a linear function with a clear end point, 
titration with FeCl3 results in a sigmoid 
curve and no clear end point is reached. 
The spectral data indicate that only 5 to 
25 % of the iron becomes bound when 1 Eq 
of FeCl3 is added to apotransferrin at 
neutral pH. The remaining sites of the 
protein are vacant and available for reaction 
with Fe3+-nitrilotriacetic acid. Several meth­
ods have been applied separating un­
bound FeCl3 from transferrin but all have 
failed and often yielded misleading results. 
A stoichiometric reaction of Fe3+ salts with 
apotransferrin is obtained only when the 
reactants are mixed initially at a low pH 
and then carefully adjusted to neutrality. 
A method is also described for obtaining 
fully saturated, chelate-free Fe3+-transferrin, 
using Fe3+-nitrilotriacetic acid as the iron 
reagent. In view of the poor reactivity of 
Fe3+ salts with apotransferrin at neutral pH, 
proton release studies have been re-examined 
with Fe3+-nitrilotriacetic acid. A value close 
to 2.6 H + released per Fe3+ bound was 
obtained by two methods.

A. Egyed

Exchangeability o f bicarbonate specifically 
bound to transferrin. Ph. Aisen, A. Leibman, 
R. A. Pinkowitz, S. Pollack (Departments 
of Biophysics and Medicine, Albert Einstein 
College of Medicine, Bronx, N. Y., USA). 
Biochemistry 12, 3679 (1973).

The Fe(III) and anion binding functions 
of transferrin are interdependent, with 
specific binding of either dependent on the

presence of the other. Under physiological 
conditions, bicarbonate is the anion pref­
erentially bound by transferrin, although a 
variety of other anions is also capable of 
occupying the specific anion-binding site of 
the protein. In view of its probable role in 
the uptake of iron from transferrin by the 
reticulocyte, studies were undertaken of the 
exchangeability of transferrin-bound bicar­
bonate with bicarbonate free in solution. 
The rate of exchange depends on the anionic 
composition of the medium. At physiological 
pH and ambient p-C02, bicarbonate ex­
change is slow, with a half-time of about 
20 days. The presence of miliimolar con­
centrations of citrate or nitrilotriacetate 
increases the rate of exchange by two orders 
of magnitude. On increasing the bicarbonate 
concentration the exchange rate is also 
increased in an approximately proportional 
manner. The exchange of bicarbonate from 
monoferric transferrin prepared by iso­
electric focussing is describable by a simple 
first-order plot. However, exchange from 
diferric transferrin is more complex and 
requires two exponential terms to fit the 
data satisfactorily. In every case studied, the 
half-time for monoferric transferrin exchange 
has a value intermediate between the two 
half-times for exchange in diferric trans­
ferrin. These results point to an interaction 
between the two specific anion-binding sites 
of the protein. They may account, in part, 
for the observed difference in the rates at 
which iron is taken up by the reticulocyte 
from the two iron-binding sites of trans­
ferrin.

A. Egyed

Effect o f 2,4-dinitrophenol and azide on 
the erythrocyte membrane. I. Mircevová 
(Institute of Haematology and Blood Trans­
fusion, Prague, Czechoslovakia). Acta biol. 
med. germ. 30, 835 (1973).

In human erythrocytes the activity of 
Mg2+-dependent ATPase was found to 
increase with DNP concentration, parallel 
with the increase in haemolysis. On reach­
ing a maximum at 5 — 8 mM DNP con­
centration, the activity of the enzyme de­
clines, and the haemolysis of erythrocytes 
also decreases. In erythrocytes, where the 
Mg2+-dependent ATPase activity is stimu­
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lated by saponin, DNP exerts only an in­
hibitory action. 10~2 M azide mildly stimu­
lates the Mg2+-dependent ATPase activated 
by saponin, and in the absence of saponin 
it has no statistically significant effect on the 
enzyme.

Ilma Szász

The interaction o f l-fluoro-3,4-dinitro­
benzene with amino-phospholipids in membrane 
o f intact erythrocytes, modified erythrocytes, 
and erythrocyte ghosts. S. E. Gordesky, G. V. 
Marinetti, G. B. Segel (Departments of 
Biochemistry and Pediatrics, University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y., USA). J. Membrane Biol. 
14, 229 (1973).

l-Fluoro-2,4-dinitrobenzene (FDNB) has 
been used to study the availability of amino- 
containing phospholipids in erythrocyte 
membranes and ghosts in an aqueous iso­
tonic medium. Addition to the medium of 
bovine serum albumin (BSA) protected the 
cells from cation leak and some of the 
amino-phospholipids from reacting with 
the probe. In isotonic medium without BSA, 
46% of the phosphatidylethanolamine and 
12% of the phosphatidylserine of erythro­
cytes and 73 % and 21 % of these respective 
lipids of ghosts reacted with the probe. In the 
presence of 70 /іМ BSA, 31 % of phos­
phatidylethanolamine and 6.5% of phos­
phatidylserine of the erythrocytes and 59% 
and 16% of these respective lipids of ghosts 
reacted with the probe. Labelling of these 
lipids did not change under conditions of 
varying tonicity, or after treatment of 
erythrocytes with pronase or lysolecithin. 
The data suggest that 46% of phosphatidyl­
ethanolamine and 12% of phosphatidyl­
serine of the erythrocyte membrane are free 
in a lipid bilayer; 27% and 9% of these 
respective lipids are loosely bound to pro­
teins which are lost during the preparation 
of ghosts and 27% of the phosphatidyl­
ethanolamine and 79 % of the phosphatidyl­
serine are tightly bound to core proteins 
which remain in the erythrocyte membrane 
even after haemolysis.

G. Gárdos

A study o f the dependence o f the human 
erythrocyte glucose transport system on 
membrane sulfhydryl groups. R. P. R. Smith, 
G. L. Ellman (Department of Biochemistry 
and Biophysics, University of California, 
San Francisco, and Langley Porter Neuro­
psychiatrie Institute, San Francisco, Calif. 
USA). / . Membrane Biol. 12, 177 (1973).

A brief review of the data relating the 
glucose transport system and other mem­
brane functions of red cells to surface sulf­
hydryl groups is presented. The effect of a 
variety of sulfhydryl reagents on glucose 
efflux rates from loaded red cells was studied. 
Neither iodoacetate nor iodoacetamide at 
5 mM inhibited efflux. Several maleimide 
derivatives and disulfides inhibited efflux at 
0.7 to 2.0 mM concentrations. Organic 
mercury compounds, on the other hand, 
were active in the 0.07 to 0.1 mM range. 
These data suggest that, if sulfhydryl groups 
are important in the glucose efflux process, 
they are not equally accessible for the above 
reagents; and that the primary effect of 
these reagents may be on structural elements 
near membrane sulfhydryl groups.

G. Gárdos

Comparative aspects o f  phosphate transfer 
across mammalian erythrocyte membranes. 
W. Gruber, B. Deuticke (Abteilung Physio­
logie, Medizinische Fakultät, Technische 
Hochschule Aachen, Aachen, BRD). J. 
Membrane Biol. 13, 19 (1973).

Magnitude and characteristics of phos­
phate transfer through the erythrocyte 
membranes of ten mammalian species were 
measured using tracer exchange techniques. 
Remarkable quantitative species differences 
could be demonstrated, with the permeabili­
ties (at an extracellular phosphate concentra­
tion of 10 mM) increasing from 0.2x 10~8 
cm/sec (sheep) to 2.2 x 10-8 cm/sec (rabbit) 
in the sequence sheep <  ox <  cat <  horse <  
pig <  man <  dog <  guinea pig <  rat <  
rabbit. In contrast, the characteristics of the 
phosphate transfer system, such as tempera­
ture dependence, dependence on anion com­
position and pH of the media and sensitivity 
to amphiphilic inhibitors proved to be very 
similar in every species studied, suggestive 
of a uniform transfer mechanism. The 
quantitative differences in permeability which
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roughly parallel those reported for a number 
of non-electrolytes could be correlated with 
the phosphatidylcholine and sphingomyeline 
contents of the membranes. The possible 
molecular basis of a causal relationship 
between phosphate permeability and phos­
pholipid patterns is discussed.

G. Gärdos

The inactivation by fluorodinitrobenzene of 
glucose transport across the human erythro­
cyte membrane. The effect o f glucose inside 
or outside the cell. P. A. W. Edwards (De­
partment of Pharmacology, University of 
Cambridge, Cambridge, Great Britain). 
Biochim. biophys. Acta (Amst.) 307, 415 
(1973).

The inactivation of glucose transport in 
human red cells by fluorodinitrobenzene is 
accelerated by 120 mM glucose outside the 
cell but retarded to at least 50% by 120 mM 
glucose inside the cell. This suggests that 
the transport system is predominantly in one 
conformation when there is glucose inside 
the cell, and in another conformation when 
there is glucose outside the cell.

G. G ár do s

Reduced glutathione and glutathione re­
ductase. A comparative study o f erythrocytes 
from various species. P. G. Lankisch, R. 
Schroeter, L. Lege, W. Vogt (Max-Planck- 
Institut für Experimentelle Medizin, Abt. 
Biochemische Pharmakologie, Göttingen, 
BRD). Comp. Biochem. Physiol. 46 B , 639 
(1973).

Reduced glutathione and glutathione re­
ductase were measured in man, guinea pig, 
sheep, rat, rabbit, cattle and dromedary. 
Reduced glutathione was present in all 
species tested but at different concentrations, 
if the species are placed in order of increas­
ing glutathione concentration, the sequence 
is: dromedary, man, cattle, sheep, rat, guinea 
pig, rabbit, while in order of increasing 
glutathione reductase activity the sequence 
is rat, cattle, sheep, dromedary, rabbit, man, 
guinea pig. Glutathione reductase was also 
estimated in the erythrocyte membrane of 
some species which could be placed in the 
following order of increasing activity: rat, 
rabbit, guinea pig, man. These species dif­
ferences may be of help in further studies on

the different susceptibility to haemolysis of 
erythrocytes from various species.

Ilma Szász

NAD(P) glycohydrolase deficiency in 
human erythrocytes and alteration o f  cytosol 
N ADH-methemoglobin diaphorase by mem­
brane NAD glycohydrolase activity. H. Fri­
scher, R. Nelson, C. Noyes, P. E. Carson, 
J. E. Bowman, K. H. Rieckmann, F. Ajmar 
(Department of Medicine, Rush University, 
and Department of Medicine and Pathology, 
University of Chicago, Chicago, 111.). Proc. 
nat. Acad. Sei. (Wash.) 70, 2406 (1973).

Erythrocytic NADH methaemoglobin 
diaphorase acquires NADH dichlorophenol- 
indophenol diaphorase activity when enzyme- 
associated NAD is removed. This trans­
formation is reversible and is mediated by 
membrane NAD glycohydrolase in haemo- 
lysates as well as in intact cells exposed to 
hydrogen peroxide. It is abolished either in 
NADH methaemoglobin diaphorase de­
ficiency of in NAD(P) glycohydrolase de­
ficiency which is common in Afro-American 
but not in European-American adults. 
Activities of erythrocytic NADP glyco­
hydrolase and NAD glycohydrolase appear 
to depend on a single membrane enzyme.

Ilma Szász

Multiple forms o f  cyclic adenosine 3',5'- 
monophosphate phosphodiesterase from human 
blood platelets. I. Kinetic and electrophoretic 
characterization o f  two molecular species.
A.-L. Pichard, J. Hanoune, J.-C. Kaplan 
(Institut de Pathologie Moléculaire, Faculté 
de Médecine Cochin, Paris, France). Bio­
chim. biophys. Acta (Amst.) 315, 370 (1973).

The soluble cyclic adenosine 3’,5’-mono- 
phosphate (cyclic AMP) phosphodiesterase 
of human blood platelets consists of two 
forms with distinct electrophoretic mobility 
in starch gel. The less anodic form (form I) 
has a high Km (5 - 10-4 M) for cyclic AMP, 
is stable at 5(FC and competitively inhibited 
by aminophylline. The more anodic form 
(form II) has a low Km (5 ■ 10~5 M) for 
cyclic AMP, is thermolabile at 50"C and is 
less inhibited by aminophylline. Both forms 
are strongly inhibited by dipyridamole and 
6-mercaptopurine.

Ilma Szász
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Acta Haematologica (Basel) 49 (1973) No. 6

Oxymetholone treatment in hypoprolifera­
tive anaemia. I. Frequency of response. 
Skàrberg, K. O., Engstedt, L., Jameson, S., 
Killander, A., Lundh, B., Pers, B., 
Reizenstein, P., üdén, A.-M., Wadman,
B. (Department of Internal Medicine, 
Karolinska Hospital, 10401 Stockholm 
60, Sweden), p. 321

Correlation between oestriol levels and 
serum iron-binding capacity in pregnancy. 
Vrettos, A., Mantzos, /., Kokini, G., 
Gyftaki, E. (Maternity Hospital Alexandra, 
Athens, Greece), p. 331 
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Evidence suggesting identity of CFU-spleen 
and cells producing colonies in a specially 
designed tissue culture system. Dicke,

H aem ato lo g ia  9, 1975



From the International Literature o f Haematology 143

K. A., Engh, G. van den, Bekkum, D. W. 
van (TNO, Radiobiology Institute, Rys- 
wyk ZH, The Netherlands), p. 98
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plantation. Bachvarojf, R., Rapaport, F. T., 
Cannon, F. D., Mollen, N., Blumenstock, 
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Übersicht. Neues aus der Milzforschung. 
Hittmair, A. M. (Kaiser-Josef-Strasse 15, 
A-6020 Innsbruck, Österreich), p. 1 
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p. 237

Lymphozytentransformationsrate bei “low 
birth weight infants”. IViersbitzky, S., 
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tereinheiten des Fibrinogens und durch 
Faktor XIII stabilisierten Fibrins von 
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Hill, N. C. 27514), p. 31
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M. T., Fourcade, M., Chelloul, N. (Labora­
toire de Cytologie, Institut de Recherche 
sur les Leucémies et les Maladies du Sang, 
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Abidjan, Côte d’ivoire), p. 681

Nouvelle Revue Française d’Hématologie
(Paris) 13 (1973) No. 6

L’absorption du fer par la muqueuse duo- 
dénale. Bédard, Y. C., Pinkerton, P. H., 
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(Gly-Leu ß 74— 75 (E l8—19) délétée. 
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the binding of adenosine triphosphate to 
concentrated hemoglobin A solutions. 
Udkow, M. P., Lacelle, P. L., Weed, R. I. 
(University of Rochester, Medical Center, 
Department of Internal Medicine, 
Rochester 14642, N. Y.), p. 817

Essai d’interprétation pathogénique de l’hé­
molyse au cours d’un hémangio-endo- 
théliosarcome à début splénique. Potron, 
G., Hopfner, C., Dufour, M. (Laboratoire 
Central d’Hématologie, 51100 Reims, 
France), p. 835

Influence des réactions croisées dans l’im­
munisation fœto-maternelle anti-HL-A. 
Mayer, S., Tongio, M. M. (Centre de 
Transfusion Sanguine, Institut d’Hémato­
logie, Hôpital Civil de Strasbourg, 67000 
Strasbourg, France), p. 847

Dysérythropoïese congénitale de type II

avec anémie hémolytique néo-natale chez 
deux sœurs: Etude hématologique et 
ultrastructurale. Mouriquand, C., Bachelot, 
C., Louis, J., Beaudoing, A., Berthier, R. 
(Laboratoire d’Histologie de la Faculté 
de Médecine de Grenoble, 38700 La 
Tronche, France), p. 857 

La forme des érythrocytes dans la sphéro- 
cytose héréditaire. Etude au microscope à 
balayage. Relation avec leur déformabilité. 
Leblond, Р.-F., de Boisfleury, A., Bessis,
M. (Institut de Pathologie Cellulaire,
I.N.S.E.R.M., Unité No. 48, Hôpital de 
Bicêtre, 94270 Le Kremlin-Bicêtre, France), 
p. 873

Symposium sur le chimiotactisme des leuco­
cytes, 6 et 7 juillet 1973, Hôpital de Bi­
cêtre, 94270 Le Kremlin-Bicêtre, France, 
p. 885

Проблемы гемато.югші н мереливания кро­
ви (Москва) 16 (1971) № 7

К вопросу о лечении острого лейкоза. 
Рынская Л. М. (Научная группа акад. 
АМН СССР проф. И. А. Кассирского, 
Москва.) с. 3. — Treatment of acute 
leukemia. Rynskaya, L. M., p. 3 

Применение неробола в комплексном 
лечении больных агранулоцитозом и 
гипопластической анемией. Вогра.іик В. 
Г., Егорова Г. А., Новикова Л. Е., 
Донскова Г. С., Петренко А. М. (Клиника 
госпитальной терапии лечебного фа­
культета Горьковского медицинского 
института им. Кирова С. М.) с. 10. — 
Application of Néróból in complex treat­
ment of agranulocytosis and hypoplastic 
anemia. Nogralik, V. G., Egorova, G. A., 
Novikova, L. E., Donskova, G. G., Petrenko, 
A. M„ p. 10

Применение циклофосфана при лечении 
больных миелофиброзом. Климова Н. 
Ф., Нндосова Э. Н. (Гематологическая 
клиника Центрального института ге- 
матологии и переливания крови Мини­
стерства здравоохранения СССР, 
Москва.) с. 11. — Cyclophosphane
treatment of myelofibrosis. Klimova, N. F., 
Indosova, E. N., p. 11 

К вопросу о цитологической характерис- 
тике бластного криза при хроническом 
миелолейкозе. Терентьева Э. И., 
Кореневская М. И., Козинец, Г. И.,
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Мокеева P. А., Дульцина С. M., Бартащук
E. И.,Алъперович В. В., Сусоева В. M. (Ци­
тологическая лаборатория и гематологи­
ческая клиника Центрального института 
гематологии и переливания крови Ми­
нистерства здравоохранения СССР, 
Москва.) с. 16. — Cytologic characteris­
tics of blastic crisis in chronic myeloid 
leukemia. Terentieva, E. I., Korenevskaya, 
M. I., Kozinetz, G. I., Mokeyeva, R. A., 
Dultsina, S. M., Bartastchuk, E. I., 
Alperovitch, V. V., Susoyeva, V. M., p. 16

Применение метода лимфографии при 
злокачественных лимфомах. Зисман И. 
Ф. (Отделение общей онкологии и 
гематологии Молдавского научно- 
исследовательского института онколо­
гии.) с. 23. — Significance of lymphogra­
phy in malignant lymphomas. Zisman, 
I. F., p. 23

Изменения белков сыворотки крови у 
больных с различными формами лей­
коза. Серикова, А. 3., Дыгин, В. П. 
(Кафедра факультетской терапии Воен­
но-медицинской академии им. С. М. 
Кирова, Ленинград.) с. 26. — Change of 
serum proteins in various forms of leu­
kemia (Data of analytic ultracentrifuga­
tion). Serikova, A. Z ., Dygin, V. P., p. 26

Образование L-форм бактерий у больных 
лейкозом. Мартинова В. А., Голосова
Т. В., Каган, Г. Я., Чумакова Л. П. 
(Бактериологическая лаборатория Цент­
рального института гематологии и 
переливания крови Министерства здра­
воохранения СССР, лабораториямикро- 
плазм и L-форм бактерий Института 
экспериментальной микробиологии им. 
Н. Ф. Гамалеи АМН СССР.) с. 32. 
— Formation of L-form bacteria in 
leukemia. Martinova, V. A., Golosova
T. V., Kagan, G. Ya., Chumakova, L. P., 
p. 32

Иммунобиологическая и микробиологи- 
ческая характеристистика пневмоний 
при лейкозах. Голосова, Т.В.,Мартинова,
В. А., Ковалева Л. Г., Ермакова Г. 
Л., Абакумов E. М. (Бактериологи­
ческая лаборатория и гематологическая 
клиника Центрального института гема­
тологии и переливания крови Минис­
терства здравоохранения СССР, Мос- 
сква.) с. 35. — Immunobiological and 
microbiological characteristics of pneu­

monia in leukemias. Golosova, T. V., 
Martinova, V. A., Kovaleva, L. G., 
Ermakova, G. L., Abakumov, E. M., p. 35

Оценка гемостатических свойств кровя­
ного сгустка при лейкозах и гемор- 
рагических диатезах. Иванов Е. П. 
(Белорусский научно-исследователь- 
ский институт гематологии и перелива­
ния крови, Минск.) с. 40. — Assessment 
of hemostatic properties of blood clot 
in leukemias and hemorrhagic diatheses. 
Ivanov, Ye. P., p. 40

Гемолитическая болезнь новорожденного 
при несовмествимости крови матери и 
плода по фактору М. Михайлова, А. А., 
Ичаловская, Т. А. (Горьковская об­
ластная станция переливания крови, 
лаборатория (центр) по изучению и 
стандартизации групп крови Централь­
ного института гематологии и перели­
вания крови Министерства здраво­
охранения СССР, Москва), с. 46. — 
Hemolytic disease of the newborn from 
M factor incompatibility. Mikhailova, A. 
A., lchalovskaya, T. A., p. 46

Распределение резусположительного и 
резусотрицательного населения Минска 
по группам крови системы АВО. Толочко, 
Г. В., Розина, И. В. (Белорусский научно- 
исследоватеньский институт гематоло­
гии и переливания крови, Минск.) с. 
48. — Distribution of Rh-positive and 
Rh-negative population of Minsk accord­
ing to ABO blood groups. Tolochko, G. V., 
Rozina, /. V. p. 48

K вопросу о возможности переноса 
сифилиса с кровью дорона, страдаю- 
щего латентной формой этого заболе- 
вания. Михайлова, А. А., Градова, Л. И. 
(Горьковская областная станция пере­
ливания крови.) с. 50. — Possibility of 
transmission of syphilis with blood of a 
donor suffering from latent form of 
this disease. Mikhailova, A. A., Gradova, 
L. /., p. 50

Опыт лечения острого лейкоза транс- 
фузиями крови, содержащей большое 
количество лейкоцитов. Элькис, Н. Я., 
Берман, М . А., Вакуленко, С. А. (Гемато­
логическое отделение Харьковского 
областного онкологического диспан­
сера.) с. 51. — Experience in the treat­
ment of acute leukemia with transfusions 
of blood containing many leukocytes.
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Elkis, N. Ya., Berman, M. A., Vakulenko, 
S. A., p. 51

Случай первичного амилоидоза с пор­
тальной гипертонией и эритроцитозом. 
Гуглин, Э. Р., Денисова, О. П. (Кафедра 
факультетской терапии Волгоградского 
медицинскою института и Клиническая 
больница, Вольгоград.) с. 52. — А case 
of primary amyloidosis with portal 
hypertension. Guglin, E. R., Denisova, 
О. P., p. 52

Рефрактерная сидероахрестическая ане- 
мия как промежуточная фаза перехода 
хронической парциальной гипопласти­
ческой анемии в острый эритромиелоз. 
Берлинер, Г. Б. (Кафедра терапии меди­
цинскою факультета Петрозаводского 
университета и гематологическое от- 
деление Республиканской больницы Ми­
нистерства здравоохранения КАССР.) 
с. 54. — Refractory sideroachrestic
anaemia as an intermediate phase of a 
change of chronic partial hypoplastic 
anaemia into acute erythromyelosis. 
Berliner, G. B., p. 54

Случай парциальной мегакариоцитарной 
гипоплазии. Геллер, Л. И., (Кафедра 
госптальной терапии Хабаровского ме­
дицинскою института.) с. 55. — А case 
of partial megakariocytic hypoplasia. 
Geller, L. /., p. 55

Вопросы организации диспансеризации 
больных лейкозами. Лебедек, В. Н. 
(Гематологическое отделение Сочин­
скою онкологического диспансера.) с. 
57. — Dispensary system for patients 
suffering from leukemia. Lebedev, V. N., 
p. 57

Проблемы гематологии и переливания крови
(Москва) 16 (1971) №8

Морфологическая, биохимическая харак­
теристика и жизнеспособность отмы- 
тых эритроцитов, предназначенных для 
операций с искусственный кровообра- 
щением. Виноградов-Финкелъ, Ф. Р., Те­
рентьева, Э. И., Сухова, А. Г., Воробьева, 
Г. С., Тальская, И. Н., Лифляндский, 
Д. Б. Дорофеева, T. Н., Самсонова, H. Н. 
(Центральный институт гематологии и 
переливания крови Минздрава СССР 
и Институт сердечно-сосудистой хи- 
рургии АМН СССР, Москва) с. 3. —

Morphological and biochemical charac­
teristics and viability of washed erythro­
cytes intended for extracorporeal circula­
tion. Vinograd-Finkel, F. II., Terentieva, 
E. /., Sukhova, A. G., Vorobieva, G. S., 
Talskaya, L N., Liflyandsky, D. B., 
Dorofeeva, T. N., Samsonova, N. N., 
p. 3.

Изучение приживаемости эритроцитов 
крови, консервированной по реценту 
ЦОЛИПК 12А. Олдурова, С. В., Голубев, 
В. Л. (Лаборатория консервирования- 
крови Центрального института гема­
тологии и переливания крови Минз­
драва СССР, Москва) с. 7. — Viability 
of erythrocytes preserved by the Tsolipk 
12A method. Oldurova, S. V., Golubeva, 
V. L„ p. 7.

Поиски новых способов консервирования 
крови с целью улучшения сохранности 
ее гемостатических свойств. Федорова, 
3. Д., Котовщикова, М. А., Кацадзе Ю. Л. 
(Лаборатория свертывания крови Ле­
нинградскою научно-исследователь- 
ского института гематологии и пере­
ливания крови), с. 11. — New methods 
of blood preservation for improved 
preservation of haemostatic properties. 
Fedorova, Z.D., Kotovtstchikova, M. A., 
Katadze, Yu. L., p. 11

Изоиммунизация к форменным элемен- 
там крови при гемотрансфузиях и бе- 
ременностях. Нерсисян, В. М ., Шамирх- 
анян, С. Т., Погосян, А. С., Щербакова 
Л. П. Акопян, Л. П., Балаян, Л. X., (Арм­
янский научноисследоватеьский институт 
гематологии и переливания крови и 
кафедра акушерства и гинекологии Ере­
ванскою медицинского института) с. 18.
— Isoimmunization to formed elements in 
hemotransfusion and pregnancy. Nersisyan,
V. M., Shamirkhanyan, S. T ., Pogosyan, 
A. S., Stcherbakova, L. N., Akopyan, 
L. P., Balayan, L. A., p. 18.

Влияние различных режимов заморажи­
вай ия на пролиферативную активность 
и диффенцировку родоначальных клеток 
костною мозга. Федотенков, А. Г., 
Данилова Л. А., Алеексеева Л. Л  (Лабо­
ратория консервирования и культивиро- 
вания костного мозга Центрального 
института гематологии и переливания 
крови Минздрава СССР, Москва) с. 21.
— The effect of various freezing methods on
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proliferative activity and differentiation 
of bone marrow stem cells. Fedotenkov, 
A. G., Danilova, L. A., Alexeeva, L. P.,
р. 21

K вопросу и влиянии многократного 
плазмофереза на организм донора. 
Константинов, В. Н., Курганова, Л. В., 
Зайцева, Л. В. (Кафедра патологической 
физиологии Актюбинского медицин- 
ского института и Областная станция 
переливания крови) с. 25. — Effect of 
numerous repeated plasmapheresis on 
the donor. Konstantinov, V. N., Kurenkova,
L. V., Zaytseva, L. V., p. 25

Вазоактивные свойства консервирован­
ной крови. Кузьмин, И. В. (2-я кафедра 
хирургии Центрального института усо- 
вершенствования врачей, Москва) с. 
27. — Vasoactive properties of preserved 
blood. Kuzmin, I. V., p. 27

Механизмы активации фибринолитичес­
кой системы при хирургических вме- 
шательствах. Уманский, М. А. (Киев- 
ский научно-исследовательский инсти- 
тут гематологии и переливания крови)
с. 33. — Mechanism of activation of 
fibrinolytic system in surgical interven­
tions. Umansky, M. A., p. 33

Влияние комплексной терапии на гемо- 
коагуляцию при хроническом лимфо- 
и миелолейкозе. Серикова, А. 3. (Кафедра 
факультетской терапии Военно-меди­
цинской академии им. С. М. Кирова, 
Ленинград) с. 38. — Influence on coagu­
lation of complex therapy of chronic 
lympho- and myeloleukemia. Serikova, 
A. Z., p. 38

О неврологических изменениях при гемор­
рагической тромбоцитемии. Певзнер, Т. 
Н., Фриновская, И. В. (Гематологическая 
клиника Центрального института ге­
матологии и переливания крови Мин- 
здрав СССР, Москва) с. 42. — Neurol­
ogic changes in hemorrhagic thrombo- 
cytemia. Pevzner, T. N., Frinovskaya, I. V., 
p. 42

Тромбопоэтическая активность крови и 
реактивный тромбоцитоз. Баранов, А. 
Е. с. 47. — Thrombopoietic activity of 
blood and reactive thrombocytosis. 
Baranov, A. E., p. 47

Ультрабыстрое замораживание крови че- 
ловека в виде гранул и изучение ее 
серологических свойств. Киселев, А. Е.,

Подольский, М. В., Смирнова, Л. С., 
Скуръят, Э. Н., Ичаловская, Т. А., 
Пискунова, T. М. (Лаборатория лиофили- 
зации биопрепаратов и лаборатория по 
изучению и стандартизации групп кро­
ви Центрального института гематоло­
гии и переливания крови Минздрава 
СССР, Москва) с. 52. — Ultra-rapid 
freezing of human blood in the form 
of granules and a study of its serolog 
ical properties. Kiselev, A. E., Podolsky,
M. V., Smirnova, L. S., Skuryat, E. N., 
Itchalovskaya, T.A., Piskunova, T. M., p. 52

Экспресс-метод выявления антигенов сис­
темы Rh— Hr с помощью протеина. 
Сахаров, Р. С., Лазаренко, Ю. П. (Лабо­
ратория по изучению и стандартизации 
групп крови Центрального института 
гематологии и переливания крови Мин­
здрава ССВР, Москва) с. 54. — Express 
method of detection of antigens of the 
Rh—Hr system with the aid of protein. 
Sakharov, R. S., Lazarenko, Yu. P., p. 54

Проблемы гематологии и переливания крови
(Москва) 16 (1971) №9

Противотканевые антитела у больных 
с заболеваниями системы крови. 
Базарнова, М. А. (Харьковский институт 
усовершенствования врачей) с. 3 — An­
titissue antibodies in blood diseases. 
Bazarnova, M. A., p. 3

Х>-парапротеинемия. Андреева, H. Е., 
Фузайлова, Л. М., Герман, Г. П., 
Миронова. И. В. (3-я кафедра терапии 
Центрального института усовершен­
ствования врачей, Научно-исследова­
тельский институт эпидемиологии и 
микробиологии Минздрава РСФСР, 
Московская клиническая больница N° 6) 
с. 8. — D-Paraproteinemia. Andreeva,
N. E., Fuzailova, L. M., German, G. P., 
Mironova, L V., p. 8

Цитогенетические исследования при моно- 
клоновых гаммапатиях. Захарова, А. В., 
Мокеева Р. А. (Цитологическая лабо­
ратория и гематологическая клиника 
Центрального института гематологии и 
переливания крови Минздрава СССР, 
Москва) с. 13 — Cytogenetic studies 
in monoclonic gammopathies. Zakharova, 
A. V., Mokeeva, R. A., p. 13

K вопросу клинико-цитологической диффе-
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ренциации острых лейкозов. Терентьева, 
Э. И., Ковалева, Л. Г., Дульцина,
С. М., Исаев В. Г. (Гематологическая 
клиника, цитологическая лаборатория 
Центрального института гематологии 
и переливания крови Минздрава СССР, 
Москва) с. 23. — Clinico-cytologic
differentiation of acute leukemias. 
Terentieva, E. L, Kovaleva, L. G., Dultsina, 
S. M., Isaev, V. G., p. 23

K вопросу о саркоматозе лимфатических 
узлов при хроническом миелолейкозе. 
Флейшман, Е. В., Волкова, М. А., 
Дубровская, В. С., Маргулис, М. И., 
Краьщенко, Г. П. (Академическая группа 
при Акад. МН СССР, Москва) с. 30.
— Lymph node sarcomatosis in chronic 
myeloid leukemia. Fieischman, E. V., 
Volkova, M. A., Dubrovskaya, V. S., 
Margulis, M. /., Kravchenko, G. P., p. 30

K вопросу о морфологических особен- 
ностях хронического лимфолейкоза. 
Базарнова, М. А. (Харьковский инсти- 
тут усовершенствования врачей) с. 36.
— Morphologic peculiarities of chronic 
lymphoid leukemia. Bazarnova, M. A., 
p. 36

Некоторые особенности лимфоцитов при 
лимфопролиферативных заболеваниях. 
Каюмова, М. Г. (Гематологичес­
кое отделение Института эксперимен­
тальной и клинической онкологии АМН 
СССР, Москва) с. 41. — Peculiarities of 
lymphocytes in lymphoproliférative 
diseases. Kayumova, M. G., p. 41

Радиоизотопное скеннирование печени 
у больных лимфогранулематозом. 
Зубовский, Г. А., Филъкова, Е. М., 
Рязанская, Г. В. (Рентгенотерапевти­
ческий отдел и лаборатория радио- 
изотопной диагностики Московского 
научно-исследовательского рентгено- 
радиологического института Министер­
ства здравоохранения РСФСР) с. 44.
— Radioisotopic scanning of the liver in 
lymphogranulomatosis. Zubovsky, G. A., 
Filkova, E. M., Ryazanskaya, G. V., p. 44

Лечение лимфогранулематоза натуланом. 
Кондратьева, А. П., Лорие, Ю. Г. (Инсти- 
тут экспериментальной и клинической 
онкологии АМН СССР, Москва) с. 
49. — Natulan treatment of lympho­
granulomatosis. Kondratieva, A. P., Lorie, 
Yu. G., p. 49

Изменения глюкокортикоидной функции 
коры надпочечников у больных хрони- 
ческим лимфолейкозом при лечении 
преднизолоном и нероболом. Леонова, 
В. Н. (Кафедра факультетской терапии 
Казанского медицинского института 
им. С. В. Курашева) с. 55. — Gluco­
corticoid function in chronic lymphoid 
leukemia treated with prednisolone and 
nerobol. Leonova, V. N. p. 55

06 аэробном гликолизе миелоидных 
клеток в связи с возможностью исполь- 
зования этого показателя для иденти- 
фикации тканевой принадлежности ма- 
лодифференцированных клеток крови. 
Свирновский. А. Н. (Лейкозологическая 
лаборатория Белорусского научно-ис­
следовательского института гематоло­
гии и переливания крови) р. 58. — 
Aerobic glycolysis of myeloid and lymph­
oid cells: use of this index for identifi­
cation of undifferentiated blood cells. 
Svirnovsky, A. L, p. 58

Проблемы гематологии и переливания крови
(Москва) 16 (1971) №  10

К вопросу о нарушении обмена железа у 
больных гипо- и апластической анемией. 
Турбина, Н. С., Родина, Р. И., Соболева, 
Ю. Г., Воронина, А. Н., Шитикова, М .Г., 
Розанова, Н. С., Фетисов, В. В., Реук, 
В. В., Орлов. Г. Л ., Лаврова, О. П., 
Фром.А. А., Файнштейн, Ф. Э. (Гема­
тологическое отделение, клиническая 
лаборатория, цитологическая лаборато­
рия, производственно-эксперименталь­
ная лаборатория Центрального инсти- 
тита гематологии и переливания крови 
Минздрава СССР, Москва) с. 3. — 
Causes of iron metabolism disturbance 
in hypo- and aplastic anemia. Turbina,
N. S., Rodina, R. /., Soboleva, Yu. G., 
Voronina, A. N., Shitikova, M. G., 
Rozanova, N. S., Fetisov, V. V., Reuk, 
V. V., Orlov, G. P., Lavrova, О. P., From, 
A. A., Fainshtein, F. E., p 3

Сидеробластоз как показатель наруше- 
ния обмена железа при гипо- и апласти­
ческой анемии. Фетисов, В. В., Турбина, 
H. С., Соболева, Ю. Г. (Цитологическая 
лаборатория, гематологическая клини­
ка и клиническая лаборатория Централь­
ного института гематологии и перели-
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вания крови Минздрава СССР, Москва) 
с. 9. — Sideroblastosis as an index of 
disturbed iron metabolism in hypo- 
and aplastic anemia, Fetisov, V. V., 
Turbina, N. S., Soboleva, Yu. G., p. 9

О критерии эритропоэтической актив­
ности костного мозга пти анемических 
состояниях. Мосягина Е. II., Репина 
Ф. Б. (Гематологическая лаборатория 
Института педиатрии АМН СССР, 
Москва) с. 15. — Criterion of bone 
marrow erythropoetic activity in anemic 
conditions. Mosyagina, E. N., Repina,
F. B„ p. 15

Содержание церулоплазмина при цирро- 
зах печени и анемиях. Баронина, М. А., 
Замчий,А.А.,Жеребцов,Л. А., Михайлова, 
Л. И. (Гемотерапевтическая клиника 
Центрального института гематологии 
и переливания крови Минздрава СССР, 
Москва) с. 18. — Coeruloplasmin con­
tent in liver cirrhosis and anemias. 
Baronina, M. A., Zamchy, A. A., 
Zherebtsov, L. A., Mikhailova, L. I., p. 18

Эритропоэз и синтез ДНК эритроиндными 
клетками костного мозга больных хро­
ническими диффузными гломеруло- 
нефритами. Каримова Г. Т., Плоткин, 
В. Я. (Пропедевтическая терапевтичес­
кая клиника I Ленинградского меди- 
цинского института им. И. П. Павлова) 
с. 22. — Erythropoiesis and DNA
synthesis by marrow erythroid cells 
in chronic diffuse glomerulonephritis. 
Karimova, G. T., Plotkin, V. Ya., p. 22

Роль эритроцитов в ретракции кровя­
ного сгйстка. Кузник, Б. И., Красик, Я. Д. 
(Кафедра нормальной физиолоі ии и 
кафедра факультетской терапии Читин- 
ского медицинского института) с. 25. — 
Role of erythrocytes in blood clot 
retraction. Kuznik, В. I., Krasik, Ya.
D.,p. 25

Влияние переливаний крови различных 
сроков хранения на некоторые функции 
организма больных железодефицит­
ной анемией. Михайлова, Л. И., Родина, 
Р. И., Шарова, Ю. А., Дубровина, Н. А., 
Мелихова, О. П., Кочина, E. II., Иванова,
А. Н. (Гемотерапевтическое отделение 
Центрального института гематологии 
и переливания крови Минздрава СССР, 
Москва) с. 29. — Effect of transfusion 
of blood stored for various periods in

patients suffering from iron deficiency ane­
mia. Mikhailova, L. I., Rodina, R. I., 
Sharova, Yu. A., Dubrovina, N. A., 
Melikova, O. P., Kochina, E. N., Ivanova,
A. N. p. 29

Экспериментальное изучение действий 
массивных обменных гемотрансфузий. 
Скачилова, Н. Н., Рудаев, Я. А., Гласко,
Е. Н., Лозина, М . С. (Центральный 
институт гематологии и переливания 
крови Министерства здравоохранения 
СССР и Институт сердечно-сосудистой 
хирургии им. А. Н. Бакулева АМН 
СССР, Москва) с. 34. — Experimental 
study of the action of massive exchange 
transfusions. Skachilova, N. N., Rudayev, 
Ya. A., Glasko, E. N., Pozina, M. S., 
p. 34

Применение рингер-лактатного раствора 
при лечении острой кровопотери в экс- 
перименте. Смирнова, И. Л., Козинер,
B. Б., Розенберг, Г. Я., Хайло, Г. В. 
(Лаборатория кровезаменителей и фрак- 
ционирования белков крови и патологи­
ческой физиологииЦентрального инсти­
тута гематологии и переливания крови 
Минздрава СССР, Москва) с. 36. — 
Use of Ringer-lactate in the treatment 
of acute experimental blood loss. 
Smirnova, I. L., Koziner, V. 11., Rozenberg,
G. Ya., Khailo, G. V., p. 36

Экспериментальное изучение механизма 
действия переливания крови нафункцио- 
нальное состояние печени. Абесадзе, 
А. И., Эгнаташвили, Ш. В. (Экспери­
ментальное отделение Института гема­
тологии и переливания крови Минис­
терства здравоохранения Грузинской 
ССР, Тбилиси) с. 42. — Effect of blood 
transfusion on liver function. Abesadze, 
A. I., Egnatashvili, Sh. V., p. 42

Гистохимические изменения в печени 
под влиянием полиглюкина. Туревской, 
А. А., Маслаков, Д . А., Лагодский, Я. В., 
Шаланда, Т. И. (Кафедра гистологии и 
кафедра патофизиологии Гродненского 
медицинского института) с. 45. —
Histochemical change in the liver under 
the effect of polyflucine. Turevskoy, A. A., 
Maslakov, D. A., Lagodsky, Ya. V., 
Shalanda, T. I., p. 45

Получение стандарта эритропоэтина С и 
изучение его активности. Гудим, В. И., 
Москалева, Г. П., Корецкая, Т. И.,
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Иванова, В. С., Розенберг, Г. Я. (Лабора- 
тория кровезаменителей и фракциони- 
рования белков крови и лаборатория 
патофизиологии Центрального ин­
ститута гематологии и переливания 
кврови Минздрава СССР, Москва) 
с. 48. — Standard erythropoietin С and 
its activity. Gudim, V. /., Moskaleva,
G. P., Koretskaya, T. L, Ivanova, V. S., 
Rozenberg, G. Ya., p. 48

Езаимодействие фактора Хагемана с по­
верхностями. Зубаиров, Д. М., Ассадулина, 
3. 3., Попова, Л. Г. (Кафедра биохимии 
Казанского медицинского института) 
с. 49. — Surface effet of Hageman’s 
factor. Zubairov, D. M., Assadulina, Z. Z., 
Popova, L. G., p. 49

Некоторые вопросы консервирования кост- 
ного мозга с поливинилпирролидоном 
при температуре —40°. Михайлов, В. Г., 
Иоффе,А. Л. (Лаборатория консервиро­
вания тканей Узбекзкого института 
гематологии и переливания крови, Таш- 
кент) с. 53. — Certain problems of bone 
marrow preservation with polyvinylpyrro­
lidone at a temperature of — 40°C. 
Mikhailov, V. G., Joffe, A. L., p. 53

Применение типируюших антилейко- 
цитарных сывороток для подбора до- 
норов костного мозга. Климова, K. Н., 
Локтев, А. Ф., Серова, Л. Д., Шабалин, В.
H. , Абдулкадыров, K. М., Бэм, Э. К. (Ла­
боратория изосерологии Ленинградского 
института гематологии и переливания 
крови) с. 56. — Typing of antileucocytic 
sera for the choice of marrow donors. 
Klimova, K. N., Loktev, A. /'., Serova, L.
D., Shabalin, V. N., Abdulkadyrov, K. M., 
Bern, E. K., p. 56

Случай несфероцитарной гемолитической 
анемии, обусловленной дефицитом ак­
тивности пируваткиназы эритроцитов. 
Ермильченко, Г. В., Идельсон, Л. И., 
Щербак, Е. М. (Группа акад. АМН 
СССР проф. И. А. Кассирского на 
базе Центральной клинической боль­
ницы №  2 МПС и Московский област­
ной научно-исследовательский клини­
ческий институт) с. 58. — Nonsphero- 
cytic haemolytic anaemia caused by 
deficient erythrocytic pyruvate kinase 
activity. Ermilchenko, G. V., Idelson, 
L. L, Shcherbak, E. M ., p. 58

Случай гемотрансфузионного шока с ге-

моррагическим диатезом. Женчевский, 
Р. А. (Кафедра хирургических бо- 
лезней Ставропольского медицинского 
института) с. 60. — Blood transfusion 
shock with hemorrhagic diathesis. 
Zhenchevsky, R. A., p. 60

Замер и транспортировка белковых рас- 
творов в производстве препаратов 
крови. Скобелев, Л. И., Фром, А. А., 
Михайлов, Г. В. (Экспериметально- 
производственная лаборатория Цент­
рального института гематологии и 
переливания крови Минздрава СССР, 
Москва) с. 61. — Volumetric assessment 
of protein solutions and their transporta­
tion in the production of blood prepara­
tions. Skobelev, L. L, From, A. A., 
Mikhailov, G. V., p. 61

Приспособление к замораживателю ZZ 
150/50. Лущенное, H. Д., Денисов, A. В. 
(Севастопольская станция переливания 
крови) с. 63. — А device for the freezer 
ZZ 150/50. Lushchenkov, N. D., Denisov,
A. V., p. 63

Проблемы гематологии и переливания крови
t Москва) 16 (1971) № 11

Анализ теории переливания крови ака­
демика А. А. Богомольца с позиций 
диалектического материализма. Белова, 
А. А. (Центральный институт гематоло­
гии и переливания крови Минздрава 
СССР, Москва) с. 3. — Analysis of 
academician А. А. Bogomoletz’s theory 
of blood transfusion from the aspects 
of dialectic materialism. Belova, A. A.,
р. 3

Наш опыт хирургического лечения заболе- 
ваний системы крови. Карташевский, 
Н. Г., Сенчило, Е. А. (Хирургичес­
кая клиника Ленинградского института 
гематологии и переливания крови).
с. 7. — Surgical treatment of haemato- 
logic diseases. Kartashevsky, N. G., 
Senchilo, E. A., p. 7

Пути снижения риска спленэктомии при ге- 
матологических заболеваниях. Епифанов, 
H. С., Журавлев, В. А., Молчанов Ю. 
И. (Кировский институт гематологии 
и переливания крови) с. 11. — Ways of 
reducing the hazard of splenectomy in 
hematological diseases. Epifanov, N. S., 
Zhuravlev, V. A., Molchanov, Yu. L, p. 11

H aem ato log ia  9, 1975



154 From the International Literature o f  Haematology

K вопросу о клинике, диагностике и тера- 
пии болезни Гоше. Покровский, П . И., 
Цела, Л. С. (Хирургическая клиника 
Центрального института гематологии 
и переливания крови Минздрава СССР, 
Москва) с. 15. — Clinical picture,
diagnosis and therapy of Gaucher’s 
disease. Pokrovsky, P. /., Tseia, L. S., 
p. 15

Профилактика и лечение кровотечений при 
оперативных вмешательствах у больных 
гемофилией. Караванов, А. Г. Уманский,
М. А., Демидтк, П. Ф., Скляренко,
Е. Т., Гранул Ю. Л., Стаковецкая, 3. С. 
(Киевский институт гематологии и 
переливания крови) с. 19. — Prophy­
laxis and treatment of hemorrhage in 
surgical interventions in hemophilics. 
Karavanov, A. G., Umansky, M. A., 
Demidyuk, P. F., Sklyarenko, E. T., 
Granul, Yu. L., Stakovetskaya, Z . S., 
p, 19

Особенности гемокоагуляции у больных, 
оперированных в условиях искусствен- 
ного кровообращения с включением 
в состав перфузата отмытых эритро- 
цитов. Бураковский, В. И., Лифляндский, 
Д. Б., Поспелова, Е. П., Воробьева, Г. С., 
Дорофеева, Т. //., Самсонова, H. Н. 
(Институт сердечно-сосудистой хирур- 
гии АМН СССР и Центральный инсти­
тут гематологии и переливания крови 
Минздрава СССР, Москва) с. 23. —
Peculiarities of hemocoagulation in pa­
tients operated under extracorporeal 
circulation with washed erythrocytes. 
Burakovsky, V. I., LifUandsky, D. B.
Pospelova, E. P., Vorobyeva, G. S., 
Dorofeeva, T. N., Samsonova, N. N.. p. 23

Вопросы переливания крови при искусст- 
венномкровообращении.Соловьев, Г.М ., 
Радзивил, Г. Г. (Иститут транспланта- 
ции органов и тканей АМН СССР, 
Москва) с. 27. — Problems of blood 
transfusion in extracorporeal circula­
tion. Soloviov, G. M., Radzivil, G. G., 
p. 27

Лечение осложнений со стороны почек 
и легких у больных с тяжелой травмой. 
Золотокрылина, Е. С. (Лаборатория 
экспериментальной физиологии по 
оживлению организма и отделение 
реанимации приібольнице им С. П. 
Боткина, Москва) с. 34. — Treatment

of renal and pulmonary complications 
in patients suffering from traumatic 
shock. Zolotokrylina, E. S., p. 34

Кровь внезапно умерших и ее применение 
при лечении больных с травматичес- 
ким шоком. Пафомов, Г. А., Жилис, Б. 
Г. (Лаборатория крови и тканей и от- 
дел анестезиологии и реанимации Ин­
ститута скорой помощи им. Н. В. Скли- 
фосовского, Москва) с. 38. — Blood of 
persons who died suddenly and its use in 
the treatment of traumatic shock. 
Pafomov, G. A., Zhilis, B. G., p. 38

Особенности трансфузионной терапии при 
реанимации акушерских больных с мас­
сивной кровопотерей на фоне наруше- 
ния гемокоагуляции. Сполуденная, С. Т. 
(Московский городской выездной центр 
реанимации при больнице им. С. П. 
Боткина и лаборатория эксперименталь­
ной физиологии по оживлению организ­
ма АМН СССР) с. 42. -  Blood trans­
fusion in réanimation of obstetric pa­
tients with massive blood loss due to 
coagulation disturbances. Spoludennaya, 
S. T., p. 42

Опыт переливания консервированной 
крови разных сроков хранения с гемо­
статической целью. Романяк, М. И 
Ротенберг, Д. Л., Кулевник, И. И. (Ка- 
федра общей хирургии Ивано-Фран- 
ковского медицинского института) с. 
46. — Transfusion for hemostatic pur­
poses of blood stored for various periods. 
Romanyak, M. /., Rotenberg, D. L., 
Kulevnik I. I., p. 46

Трансфузионная терапия белковой недо­
статочности у больных при ожого- 
вом истощении. Федоровский, А. А., 
Клименко. Л. Ф., Шмушко, Р. Я. (Киевский 
ожоговый центр на базе Клинической 
больницы №23 им. М. И. Калинина и 
Киевский институт гематологии и пере­
ливания крови), с. 48. — Transfusion 
therapy of protein deficiency in burns. 
Fedorovsky, A A., Klimenko, L. F., 
Shmushko, R. Ya., p. 48

Использование венозного русла костей 
для многократного введения крови и 
других жидкостей при лечении боль­
ных с обширными ожогами. Атясов, 
Н. И. (Всероссийский ожоговый центр 
на базе Горьковского института трав- 
матологии и ортопедии) с. 53. — The
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use of venous bed of the bones for 
multiple transfusion of blood and 
other fluids in the treatment of extensive 
burns. Atyasov, N. 1., p. 53

Изменение проницаемости капилляров и 
белкового равновесия между кровью 
и лимфой при термических ожогах. 
Фарманов, P. Т. (Азербайджанский ин- 
ститут гематологии и переливания 
крови, Баку) с. 56. — Changes in capil­
lary permeability and of protein equi­
librium between the blood and lymph 
in thermal injuries. Farmanov, R. T.,
р. 56

Лейкоцитарные антигены человека. 
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News Item

International Symposium on Fluorescein Angiography ISFA

President: Prof. Dr. J. François 
Secretary: Dr. J. J. De Laey

Ghent, 28 March —1 April, 1976

From 28 March till 1 April 1976 outstanding ophthalmologists from all 
parts of the world will convene in Ghent, Belgium, to attend the International 
Symposium on Fluorescein Angiography.

Main topics of this scientific medical symposium will be fluorescein angio­
graphy of pigment-epithelium, choroid and retinal periphery.

Some sessions will be devoted to instrumentation and techniques, to ocular 
hemodynamics -  including retinal vein thrombosis — and diabetes. Each session 
will be introduced by invited lecturers. Moreover, some 120 papers will be read.

During the Symposium, which is expected to be attended by approximately 
300 specialists, scientific and technical exhibitions will be held.

Preparations for the Symposium have been entrusted to an Organizing 
Committee, wich is presided by Professors Dr. J. François, Professor of Ophthal­
mology at the University of Ghent, Secretary of the Committee is Dr. J. J. De Laey 
of the University of Ghent.

Additional information will gladly be given by the Secretariat of the Organiz­
ing Committee, c/o Holland Organizing Centre, 16 Lange Voorhout, The Hague, 
the Netherlands.
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Blutvolumen
Eine Übersicht
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Auf Grund experimenteller Untersuchungen und umfangreicher Literaturstudien 
zeigt der Autor, daß dem Blutvolumen als dem wichtigsten zentralen Parameter des 
Niederdrucksystems bei der Feststellung einer gegebenen Kreislaufsituation vor­
rangige Bedeutung zukommt. Während im ersten Teil wichtige methodische Fragen 
abgehandelt werden, analysiert der Autor im zweiten Teil die physiologischen Be­
ziehungen des Blutvolumens zu den anderen Funktionssystemen und gibt eine 
Übersicht zur Volumenregulation. Im dritten Teil kommen die Veränderungen des 
Parameters bei den verschiedenen Erkrankungen des Herz-Kreislauf-Systems, der 
Hämatopoese, der Atmungs-, Verdauungs- und Ausscheidungsorgane zur Dar­
stellung. Ein Anhang mit Normalwerten der einzelnen Spezies und ein umfassendes 
Literaturverzeichnis unterstützen die systematisch aufgebaute kritische Übersicht, 
die von großen aktuellen Wert ist.

B este llungen  an den  B uchhandel erbe ten

I O H A N N  A M B R O S I U S B A R T H L E I P Z I G
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they do not synthesize Ig. It might be possible, that the membrane-Ig 
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minants?). The extent of these features decrease in remission until 
their disappearance. Relationship between the cell immunological 
patterns and the treatment response in ALL could exist. In a group 
of ALL-patients under the same treatment, that is, vincristine and 
prednisone, the correlation between the course of the disease after 
the above-mentioned therapy showed quick and complete remission 
in patients with low percentage of Ig-positive cells (below 10%) and 
poor improvement (often without complete remission) in patients 
with higher percentage of Ig-positive cells. Among the most important 
B-lymphocyte abnormalities in chronic lymphocytic leukaemia 
(CLL) are the following: (a) fluorescence intensity may vary not only 
from patient to patient, but also from cell to cell in the same patient; 
(b) the Fc-receptor can be lacking; (c) theC3b-receptor is not always 
present or it is from 2 to 20-folds less frequent than the C3d-receptor, 
whereas normal human lymphocytes do not show any outstanding 
differences between the number of EAC rosette-forming cells either 
when tested with mouse complement (C3d-receptor or with human 
complement C3b-receptor); (d) the traffic capacity of peripheral- 
blood B-lymphocytes in CLL is quite defective. Results of the obser­
vations in lymphocytes in CLL, taken as a whole, suggest that CLL 
is in general given by the expansion of an abnormal clone of cells of 
B origin, arrested in their maturative development, non-responsive 
to the mitogen stimulation, accumulating in the peripheral-blood for 
a traffic deficiency. On the contrary, the T-cell class is apparently 
normal, and the T-cell extent in CLL-peripheral blood can be even 
greater than normal when taken as absolute value.
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The capacity of leukaemic lymphoblasts and remission lymphocytes, 
obtained from 40 children with acute lymphoid leukaemia, to form 
sheep red blood cell rosettes was investigated. Lymphoblasts isolated 
from the peripheral blood of the patients prior to antileukaemic 
treatment showed greatly reduced numbers of rosette-forming cells 
as compared to controls (4.6% vs. 27.5%). The ratio of rosette­
forming cells during intensive induction chemotherapy was still 
significantly lower than the control value (15.7%), while after the 
achievement of complete remission the number of RFC approximated 
the normal value (22.5%). The presence of leukaemic serum had no 
significant effect on the number of RFC.

A. Leövey, B. Fekete, Gy. Szegedi

Detection in serum o f antilymphocyte-globulin administered in form  
o f eye-drops. Haematologia 9, 39 — 41 (1975).

Rosette inhibition tests indicated that similarly as in previous animal 
experiments, anti-human lymphocytes horse globulin (AHLG) ad­
ministered in the form of eye-drops entered the systemic blood 
circulation in man. In the eye into which the AHLG is administered, 
it is expected to exert a local immunosuppressive effect.

J. Brocteur, C. François-Gérard, A. André, M. Radermecker,
M. Bruwier, J. Salmon

Immunization against avian proteins. Haematologia 9, 43 — 47 (1975).

A study of sera of pigeon breeders showed a higher ratio of antibodies 
with an anti-Pj specificity in those who show clinical signs of allergic 
origin. By absorption of anti-Pj antibodies it was revealed that there 
exist in the cells, serum and excrement of pigeons, substances with 
antigenic properties similar to those of human Pj antigen. Pigeon 
breeders, and particularly those who show clinical signs of allergy, 
possess also other antibodies which precipitate specific antigens 
of pigeon serum.
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Hemoglobin function in stored blood. XIII.  A citrate-adenine preservative 
with optimal pH  to maintain red cell 2,3-DPG (function) and ATP 
(viability). Haematologia 9, 49 — 57 (1975).

Increasing pH by a 0.5 increment over the commonly used preser­
vative, acid-citrate-dextrose with adenine (ACD-Ad), results in a 
significant improvement in 2,3-DPG, with no significant loss in con­
centrations which equaled those of the low pH preservatives, 5.0 
and 5.5, from the 21st to the 42nd day of storage. A citrate-adenine 
preservative, with pH between 5.5 and 6.0, would seem to be optimal 
for maintenance of hemoglobin function and red cell viability, as 
determined by measurements of 2,3-DPG and ATP concentrations.

M. Lazewska, B. Saganek, Z. Wojtowicz, M. Józwik, M. Bielecki

Erythropoiesis inhibitor in a patient with hereditary spherocytosis. 
Haematologia 9, 59 — 63 (1975).

The studies dealt with the effect of plasma of a patient with con­
genital hemolytic anaemia on the erythropoiesis in mice. The materials 
included the plasma from the patient before and after splenectomy 
and the spleen homogenate and the spleen subcellular fractions. The 
effect of the materials was evaluated with the amount of the 59Fe 
taken up by the erythrocytes of the mice. The erythropoiesis was 
found to be inhibited by the plasma before splenectomy and by the 
spleen homogenate and its subcellular fractions. The inhibition was 
the highest in cases when the mice were given the spleen homogenates 
previously incubated with plasma of healthy persons.

N4. Djaldetti, P. Fishman, H. Bessler, E. van der Lijn

Corticosteroid effect o f  eosinophils in vitro: Ultrastructural studies. 
Haematologia 9, 65—72 (1975).

The effect of corticosteroid, ultracortene and ACTH, on the eosino­
philic cells of a patient with hyperéosinophilie syndrome was studied 
in vitro. Both drugs caused marked decrease of the number of the 
specific granules, disappearance of their surrounding membrane and 
almost complete destruction of their crystals. In addition, vacuoli­
sation of the cytoplasm, swelling of the mitochondria and distortion 
of their cristae were found. Incubation of the eosinophils with the 
antihistaminic drug mepyramine, did not produce ultrastructural 
alterations.





B. Leszko, S. Pawelski

Renal function in polycythaemia. Haematologia 9, 73 — 78 (1975).

In 23 patients with polycythaemia vera and symptomatic erythro- 
cytosis, glomerular filtration rate and ruine concentration ability
I i t  r- -у- і с н  о  X  100 Cosm X  100 ^I maxU0Sm, Cosm> TcHj0, ^ pR — ^ _ R---- I were de­

termined under conditions of antidiuresis. The restriction of fluid 
intake caused a significant reduction of GFR and modified the 
osmotic function of the kidneys. The results were similar in both 
types of polycythaemia.

G. Nagy, I. Dezső, M. Varsányi
»
Iron metabolism in polycythaemia rubra vera and secondary poly­
cythaemia. Haematologia 9, 79—84 (1975).

Serum iron concentration, serum iron binding capacity and saturation 
coefficient were assayed in polycythaemia rubra vera and secondary 
polyglobulia. In the exacerbation stage of polycythaemia rubra, 
significantly lower Se Fe and SC values were found while in the re­
mission stage and in secondary polyglobulias these values did not 
differ from those of the normal controls.

B. I. Kuznik, Ja. D. Krasik, P. D. Pradun

Effects o f erythrocytes on fibrinolysis. Haematologia 9, 85 — 96 (1975).

The effect of destroyed and washed intact erythrocytes of normal 
subjects and patients with various haematological diseases was 
studied on the fibrinolytic activity of whole blood and plasma. 
Intact erythrocytes of normal and sick subjects inhibited dissolution 
of the clot; haemolyzed erythrocytes accelerated lysis of the euglobu- 
lin clot. Studies on fibrin films revealed in the erythrocytes of normal 
subjects the presence of a plasminogen activator in the fluid fraction 
and an inhibitor of activation in the stroma. Correlation analysis 
allowed to establish connections between the number of erythrocytes 
and the fibrinolytic activity of blood. The erythrocytes thus are 
affecting the process of fibrinolysis.





V. Brabec, V. Sobcstík

Blood volume changes in iihypersplenic" rats.
Haematologia 9, 97 — 102 (1975).

Blood volume in “hypersplenic” and normal rats was assessed by a 
simultaneous measurement of erythrocyte and plasma volumes by 
means of 59Fe-labelled erythrocytes and 131l-labelled human serum 
albumin, respectively. The “hypersplenic” condition was induced by 
prolonged intraperitoneal application of methylcellulose. Mean 
blood volume in normal rats was 6.3 ml/100 g body weight, the 
venous haematocrit being 48%. Mean blood volume in “ hyper­
splenic” rats was 7.5 ml/100 g body weight, and the venous haemato­
crit lower by 22% than in normal animals. Compared with normal 
animals, the erythrocyte volume in “hypersplenic” rats was lower by 
15% only. Plasma volume in “hypersplenic” rats exceeded the com­
pensation in response to the reduction in erythrocyte mass. In ad­
dition to haemolysis, haemodilution due to plasma expansion seemed 
to be responsible for the anaemia in “ hypersplenic” rats.

W. L. LaBaw

Auto-hypnosis in haemophilia. Haematologia 9, 103 — 110 (1975).

A pilot study to determine the use of adjunctive trance therapy in the 
treatment of haemophiliacs has been carried out. Over a period of 
forty months, twenty randomly selected males were assigned to a 
control and an experimental group. All received due haematologic 
care. The ten patients in the experimental group utilized medical 
hypnosis as well, in group suggestive sessions to train and sustain 
them, but primarily in self-induced trance states. Results were com­
pared at intervals on the basis of the amount of transfused blood and 
blood products. This provided an objective measure of the efficacy 
of trance therapy. Statistical analysis of the data confirmed the 
clinical observation of a greater improvement among patients in 
the experimental group.
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The Fine Structure of Haemopoiesis 
in the Human Fetal Liver

II. Origin and Differentiation of the Megakaryocyte

A .  D .  H o y e s , D .  J. R i c h e s , B. G .  H. M a r t i n

Departm ent of Anatomy, St. M ary’s Hospital Medical School, London, England 

(Received May 14, 1974)

The differentiation of the megakaryocyte was studied at the ultrastructural level 
in the liver of hum an fetuses of between 49 and 134 mm crow n-rum p length. The 
development o f the cells was traced  from lym phoid elements w ith the features of 
haemopoietic stem cells and w as divided on the basis of nuclear morphology into 
three stages. G ranule form ation commenced during the first stage and  demarcation 
membranes could be demonstrated in the perinuclear cytoplasm early in the second 
stage. Late stage 2 cells often contained more than  one nucleus, and  the possibility 
tha t this was due to cellular fusion is discussed. The third stage was characterized 
by the appearance of cytoplasmic zoning and by the gradual extension of the dem ar­
cation system throughout the cytoplasm. There was evidence th a t the demarcation 
membranes were initially formed directly from the Golgi apparatus, but that their 
further development was due to  the incorporation o f elements of the agranular endo­
plasmic reticulum. The surface projections associated with platelet release were ob­
served only in fully developed cells, and the form ation of a zone of clear cytoplasm a t 
the periphery was related to events occurring during the later stages o f platelet release.

I n t r o d u c t io n

Although previous ultrastructural studies of the human megakaryocyte 
[3, 8, 9, 10, 19, 20, 33, 37, 43, 44] have confirmed its close morphological similarity 
to the cells formed in the haemopoietic tissues of other mammals, there is only a 
limited amount of information on the changes in the fine structure of this cell 
during the various stages in its differentiation. The ultrastructure of the immature 
cell has not been clearly established, and the identity of its immediate precursor 
is open to question. Many of the cells previously identified as precursors of the 
megakaryocyte are indistinguishable from haemocytoblasts, and the dense cored 
vesicles which occur near the Golgi apparatus of such cells have been equated 
with the specific granules of the megakaryocyte [43]. There are, however, signifi­
cant differences between these vesicles and megakaryocyte granules, and their 
occurrence in considerable numbers in the proerythroblast [18, 36] indicates that 
they are a normal component of the developing red cell. Specific granules and 
elements of the platelet demarcation system have also been demonstrated in cells 
which are otherwise much less mature than the typical haemocytoblast [28, 44], 
and there is recent experimental evidence for the formation of the various types of
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blood cell from mononuclear elements which are essentially lymphoid in appear­
ance [7, 23, 32, 39]. Cells similar to those defined by van Bekkum et al. [39] and 
Rubinstein and Trobaugh [32] as haemopoietic stem cells are not uncommon in 
the human fetal liver, and our recent observations on the formation and contri­
bution of such cells to the production of the hepatic red cells [18] have now been 
extended to include a further study of the origin and early development of the 
megakaryocytes formed in this organ.

Materials and Methods

Twelve human fetuses with crown-rump lengths of between 49 and 134 mm 
were perfused through the umbilical vessels with 2% glutaraldehyde in cacodylate 
buffer [15] approximately 30 minutes after their removal from the uterus at 
therapeutic abortion. Thin slices of liver were then removed and immersed in 
fresh fixative. After a total period of fixation of one hour, small blocks cut from 
the slices were post-fixed in buffered osmium tetroxide [25], dehydrated in ethyl 
alcohol and embedded in TAAB resin. Ultrathin sections cut on a Porter-Blum 
ultramicrotome were mounted on uncoated grids and stained with lead citrate [31 ] 
before being examined in a Siemens Elmiskop 1 or Philips EM 300 electron 
microscope.

Buffy coat cells from the centrifuged blood of a 120 mm fetus were fixed 
for 15 minutes in glutaraldehyde and then processed in the same way as the other 
specimens.

Results

Although mature cells are more common in the material from the older 
fetuses, megakaryocytes in various stages of development are present in all of the 
specimens. Extrasinusoidal cells are also occasionally piesent in the older fetuses, 
but the majority are situated in the lumen of small sinusoids. Although the 
quality of preservation of the megakaryocytes is less satisfactory than that of the 
other cells in the liver, the changes attributable to fixation consist mainly of di­
latation of the mitochondria (Fig. 3). There is also occasionally dilatation of the 
cisternae of the Golgi apparatus (Fig. 1), but no evidence of the presence of the 
chains of vesicles described by De Marsh et al. [6] and Yamada [42] and con­
sidered by Behnke [1 ] to be derived from fragmentation of elements of the platelet 
demarcation system. The differentiation of the megakaryocytes is accompanied by 
a progressive increase in the number of dense cored vesicles in the cytoplasm, and 
can be divided on the basis of the associated changes in nuclear morphology into 
three stages. In the first stage, the nuclei resemble those of the lymphoid elements 
recently categorized as haemopoietic stem cells [18]; during the second stage, 
they assume the features associated with active protein synthesis, and in the third 
stage the nuclei become irregular and there is a progressive increase in the degree 
of condensation of the chromatin.
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Stem cells

These cells are often situated in the lumen of small sinusoids. Their nucleo- 
cytoplasmic ratio is high, and their slightly indented nuclei contain large amounts 
of condensed chromatin (Fig. 1). Small villous or club-like processes often project 
from the plasma membrane and centrioles can be seen near the small Golgi

Fig. 1. Intrahepatic stem cell, n, nucleus; pr, process from surface; c, centriole; g, Golgi 
apparatus; mt, m itochondria. Fetus CR 55 mm. X 1 8 ,0 0 0

apparatus (Fig. 1). Other organelles are few, and include only occasional clear 
vesicles and scattered ribosomes and small mitochondria.

Megakaryocytes

Stage 1 cells are little larger than stem cells (Fig. 2). Their nuclei are also 
indented and contain large amounts of condensed chromatin (Fig. 2). The plasma 
membrane is less regular than that of the stem cell, and the villous projections 
from the surface are more prominent (Fig. 2). The projections are occupied by fine 
filamentous material and a thin layer of similar material is present immediately
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beneath the plasma membrane. Centrioles are still frequently present in the 
cytoplasm, but the Golgi apparatus is larger than that of the stem cell. Cyto­
plasmic vesicles are also more numerous, and some contain a dense core. This is 
generally of uniform electron density, but differs from that of the haemocytoblast 
vesicle in that it is separated from the bounding membrane by a distinct interval 
(Fig. 2). Polysomes are fairly common and accumulations of ribosomes are often 
evident near the nuclear membrane (Fig. 2). The cells are also characterized by 
occasional elongated sacs of granular endoplasmic reticulum and small groups 
of large mitochondria (Fig. 2).

Fig. 2. Stage 1 megakaryocyte, n, nucleus; pr, projection from  surface; dv, dense cored 
vesicle; rp, polysomes; r, single ribosomes; ger, granular endoplasmic reticulum; mt, mito­

chondria. Fetus C R  110 mm. x 13,000

The nuclei of stage 2 cells are ovoid or round in section and there is only 
slight peripheral condensation of the chromatin (Fig. 3). The nucleolus is larger 
and better developed than that of the stage 1 cell and centrioles are no longer 
apparent in the cytoplasm. Early stage 2 cells are mononuclear and the villous 
projections from the surface are numerous. The projections often form elongated 
folds not unlike those described in the immature rat megakaryocyte [22], but are
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typically distributed at random over the surface of the cell (Fig. 3). Filamentous 
material is still evident in these structures, but is no longer visible as a continuous 
layer beneath the plasma membrane. The Golgi apparatus is large and numerous 
small coated and uncoated vesicles now occur in the region of this structure 
(Fig. 4). Many of the vesicles contain material of low electron density and theie is 
often evidence of their fusion with one another. Coated vesicles and somewhat 
larger clear vesicles and small vacuoles are distributed throughout the cytoplasm. 
The dense cored vesicles are also widely dispersed in the cells (Fig. 3): most of the

Fig. 3. Early stage 2 megakaryocyte, n, nucleus; pr, villous projections from surface; dv, 
dense cored vesicles; rp, polysomes; ger, granular endoplasmic reticulum; mt, mitochondria; 

dm, demarcation membranes. Fetus CR 55 mm. x 11,000
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vesicles still contain a peripheial clear area (Figs 4 — 6), and many now possess the 
highly electron dense nucleoid of the mature megakaryocyte granule (Figs 5, 6).

Stage 2 cells also contain numerous polysomes and considerable amounts 
of granular endoplasmic reticulum (Fig. 3). The sacs of the reticulum typically 
occur in groups (Fig. 3) and often communicate with short sacs of agranular endo­
plasmic reticulum. The mitochondria are much more numerous than in the stage

Fig. 4. Golgi region of a stage 2 cell. A 
membranous structure resembling a de­
marcation membrane (arrow) is in com­
munication with the apparatus (g). dv, 
dense cored vesicle. Fetus CR 49 mm.

X 30,000

Fig. 5. Fibrillar material (m) in the peri­
nuclear cytoplasm of an early stage 2 cell, 
dv, dense cored vesicles; me, microtubule; 
aer, agranular endoplasmic reticulum. Fetus 

CR 49 mm. x 26,500

1 cell and form the groups demonstrated in the immature rat megakaryocyte [11 ] 
(Fig. 3). Deposits of dense fibrillar material are frequently evident in the peri­
nuclear cytoplasm, and both microtubules and sacs of agranular endoplasmic 
reticulum are closely associated with these structures (Fig. 5).

Platelet demarcation membranes are also evident in the cytoplasm of the 
early stage 2 cell (Fig. 3). Some are situated near the Golgi apparatus, and struc­
tures which closely resemble the membranes can occasionally be seen in com­
munication with the Golgi cisternae (Fig. 4). There is, however, no evidence of the 
communication of the membranes with the plasma membrane and the majority
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are embedded in the perinuclear deposits of fibrillar material (Fig. 6). The sacs of 
agranular endoplasmic reticulum which are present in these regions of the cell are 
often closely related to the membranes (Fig. 6) and sometimes appear to be in the 
process of fusing with them. At this stage in the development of the cells, clear and 
coated vesicles occur in close proximity to the membranes only in the region of the 
Golgi apparatus. Dense-cored vesicles are, however, often visible near the mem-

Fig. 6. Demarcation membranes (dm) em­
bedded in fibrillar material (m) in the peri­
nuclear cytoplasm of an early stage 2 cell, 
dv, dense cored vesicles; aer, agranular 
endoplasmic reticulum. Fetus CR 49 mm

Fig. 7. Dilated demarcation membranes 
(dm) containing dense material in an extra- 
sinusoidal megakaryocyte. Fetus CR 115 

mm. X 39,000

branes, and in the occasional extrasinusoidal cells present in the older fetuses the 
membranes often contain material not unlike that present in the vesicles (Fig. 7).

Late stage 2 cells often contain two nuclei (Fig. 8), and in occasional cells 
three nuclei are present. The cells are often highly irregular in shape (Fig. 8) and 
there is a tendency for the individual organelles to be concentrated in focal areas 
of the cytoplasm.

The changes in nuclear morphology which occur in the stage 3 cell are 
accompanied by a marked reduction in the prominence and degree of development 
of the nucleolus. Early stage 3 cells are characterized by the cytoplasmic zoning
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which has been described in most other ultrastructural studies of the megakaryo­
cyte. The peripheral zone is initially extensive and contains numerous polysomes. 
The intermediate zone is occupied by the demarcation membranes and their 
associated deposits of fibrillar material, microtubules and agranular endoplasmic 
reticulum, and the central zone contains the much enlarged and skein-like Golgi

Fig. 8. Late stage 2 megakaryocyte with two nuclei. Fetus CR 55 mm. x 5,500

apparatus and numerous small vesicles. Much of the granular endoplasmic 
reticulum is situated in the perinuclear cytoplasm and the mitochondria and dense 
cored vesicles are distributed throughout the central and intermediate zones.

The establishment of cytoplasmic zoning in the cells is followed by a pro­
gressive increase in the degree of development of the demarcation membranes, 
and in the proportion of the cytoplasm occupied by the intermediate zone. The 
extension of the membranes towards the surface of the cell is generally preceded 
by the appearance of deposits of fibrillar material in the marginal cytoplasm 
(Fig. 9). There is at the same time a marked increase in the degree of irregularity 
of the membranes and branching is common. The membranes gradually become 
separated from one another and the ribosomes and small coated and uncoated
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vesicles are dispersed between them (Fig. 9). The coated vesicles can often be seen 
attached to sacs of endoplasmic reticulum, but the frequent communication of 
the vesicles with the demarcation membranes which was described by Behnke [1] 
has not been observed. The close relationship between the agranular endoplasmic 
reticulum and the membranes established in the stage 2 cell is, however, main-

Fig. 9. Peripheral cytoplasm of a stage 3 cell, m, fibrillar material ; dm, demarcation membranes; 
r, ribosomes; cv, coated vesicles; aer, agranular endoplasmic reticulum. Fetus CR 49 mm.

X 27,500

tained throughout this period of development (Fig. 9), and especially in the 
region of the Golgi apparatus, the sacs of the reticulum still frequently com­
municate with the membranes.

In the mature stage 3 cell, the demarcation membranes form an anasto­
mosing network which occupies almost the whole of the cytoplasm. The membranes 
can often be seen to communicate with the plasma membrane, and large pseudo- 
podial processes project from at least part of the surface of the cell. Considerable 
amounts of fibrillai material and numerous microtubules are interspersed between 
the demarcation membranes, and the various types of vesicle present in the cells
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are also fairly evenly distributed between these structures. A distinct central zone 
is no longer evident and the Golgi apparatus is often difficult to demonstrate. 
There is also a considerable reduction in the number of ribosomes in the cells, 
and the sacs of both the granular and agranular endoplasmic reticulum are dilated.

Fig. 10. Nucleated residuum of an effete megakaryocyte, mt, mitochondria; dv, dense cored 
vesicle; dm, dilated demarcation membranes. Fetus CR 55 mm. x 15,000

In some of the cells with pseudopodial projections, a thick zone of finely 
fibrillar cytoplasm is present at the periphery and the organelles are concentrated 
in an area of dense cytoplasm around the nucleus. The nucleated residua of ex­
hausted megakaryocytes are also characterized by a dense cytoplasm and contain 
few organelles other than scattered mitochondria, occasional dense cored vesicles 
and dilated demarcation membranes (Fig. 10).

Platelets

The platelets present in the liver and the buffy coat of the one specimen in 
which it was prepared for electron microscopy are irregular in shape, but are 
otherwise similai to adult platelets. They contain dense cored vesicles and clear
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vesicles and vacuoles, small mitochondria and aggregates of filaments and micro­
tubules. Small amounts of glycogen are often present and although components 
of the dense tubular system are rarely visible, the membrane infoldings which 
form the open canalicular system can often be seen.

Discussion

Although a lymphocytic origin of the megakaryocyte was proposed by 
Howell [17] and is consistent with recent opinion on the nature of the haemo- 
poietic stem cell, small mononuclear cells similar to those classified as stage 1 
megakaryocytes have not been previously demonstrated at the ultrastructural 
level. Such cells already contain dense cored vesicles and are characterized by the 
incipient development of many of the other distinctive features of the stage 2 cell, 
but are much less mature than the cells identified as early precursors of the mega­
karyocyte in previous ultrastructural studies of the bone marrow, spleen and fetal 
liver [1, 11, 22, 38, 43, 44]. They are also clearly distinguishable from haemocyto- 
blasts, but possess the nuclear and other features of the cells categorized as 
haemopoietic stem cells, and probably share with at least some of the red cells 
formed in the livei [18] a common origin from these elements.

The changes in nuclear morphology which characterize the second stage in 
the differentiation of the cells can be correlated with a marked increase in the 
number of cytoplasmic polysomes. Mononuclear stage 2 cells can sometimes be 
confused with early haemocytoblasts, but contain the large groups of mitochondria 
recently observed in the splenic megakaryocyte [11 ] and much larger amounts of 
granular endoplasmic reticulum. There are also significant differences in the fine 
structure and distribution of the dense cored vesicles in the two types of cell, 
and many of the megakaryocytes already contain platelet demarcation membranes.

Although the findings of most previous ultrastructural studies of the mam­
malian megakaryocyte are consistent with the intiacellular development of the 
demarcation membranes, there is evidence from a recent study in the rat that, in 
this species, the membranes are formed from foci of surface membrane folding 
which gradually become incorporated into the cytoplasm [22]. The elongated 
folds which project from the developing human megakaryocyte probably cor­
respond to those observed in the rat, but are typically distributed at random over 
the surface of the cell. The demarcation membranes are also initially concentrated 
in the perinuclear cytoplasm, and there is evidence of their frequent communication 
with the plasma membrane only at a much later stage in the differentiation of 
the cells.

The classic hypothesis of the formation of the demarcation membranes from 
aggregates of cytoplasmic vesicles has recently been questioned [1, 11], and our 
failure to demonstrate the chains of vesicles described by Yamada [42] is in 
accord with the view that such appearances are due to the fragmentation of pre­
existing membranes during processing. The frequent communication of coated
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vesicles with the demarcation membranes reported by Behnke [1 ] has not been 
observed in our material, and there is a close and consistent relationship only 
between the dense cored vesicles and the membranes. There is, however, no direct 
evidence of the fusion of the vesicles with these structures, and although the 
occurrence of dense material in the membranes of the occasional extrasinusoidal 
cells present in the older specimens is suggestive of such a process, this is clearly 
an atypical phenomenon, and is almost certainly related to the development in the 
cells of the degeneration which has been observed in somewhat older fetuses with 
the light microscope [14]. Small vesicles similar to those associated with the Golgi 
apparatus have also been implicated in the transport of materials from the appara­
tus to the demarcation membranes [11], but have been seen to communicate only 
with one another, and are probably mainly involved in the formation of the dense 
cored vesicles [12, 16, 20, 42, 43]. Demarcation membranes are, nevertheless, 
often closely related to the Golgi apparatus, and the occasional occurrence of 
membranous structures in communication with the Golgi cisternae which has 
been observed during the second stage in the development of the cells is sug­
gestive of their initial formation from this structure.

The deposits of fibrillar material which appear in the perinuclear cytoplasm 
in the early stage 2 cell probably correspond to those recently demonstrated in 
the immature myeloid megakaryocyte [28, 44]. In the fetal cell, microtubules are 
consistently related to the deposits, and it is possible that, as in the platelet [40], 
and cells such as the neuron [30], the material contributes to the formation of 
these structures. The demarcation membranes rapidly become embedded in the 
fibrillar material, and the development of this association is accompanied by the 
appearance of a close relationship between the membranes and sacs of agranular 
endoplasmic reticulum. A role of the reticulum in the formation of the demar­
cation membranes has been proposed on a number of occasions [4, 16, 26, 34] 
and the not infrequent occurrence of communications between the sacs and the 
membranes suggests that the further development of the demarcation system in 
the human fetal cell is mainly due to the progressive incorporation of elements of 
the reticulum into the membranes.

The condensation of the nuclear chromatin which occurs during the third 
stage in the differentiation of the cells is preceded by the appearance in at least a 
proportion of more than one nucleus. Although previous studies of the number of 
nuclei and the amount of DNA in the myeloid cell [5, 13, 24, 27, 28] have sup­
ported the hypothesis that the development of polyploidy in the megakaryocyte is 
due to the repeated synchronous endomitosis, there is evidence from a recent 
study of the splenic cell [35] that it also derives, at least in part, from cellular 
fusion. The ploidy of the fetal hepatic megakaryocyte and its capacity for mitotic 
activity have still to be established, but the differentiation of at least the majority 
of the cells in the lumen of small sinusoids clearly provides them with a suitable 
environment within which fusion can occur. The early development of a thin 
layer of fibrillar material beneath the plasma membrane and of elongated folds 
from the surface may also be related to their acquisition by the cells of a limited
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capacity for amoeboid movement, and the marked irregularity and focal aggre­
gation of the organelles of the late stage 2 cell is possibly an indication of recent 
cellular fusion. The limitation in the number of cells available for fusion imposed 
by the partition of the available stem cells between the large number of sinusoids 
formed in the liver during its period of hemopoietic activity and by the early 
release of many of the cells into the circulation may also be partly responsible for 
the occurrence of no more than three nuclei in the hepatic megakaryocyte [14].

The morphology of the stage 3 cell is similar to that of the megakaryocytes 
described in most previous ultrastructural studies of the bone marrow, spleen 
and fetal liver, and the changes in the fine structure of the cells during this period 
correspond to those reported by Jean et al. [19] in the human myeloid cell. The 
exact stage in their development at which the cells assume a capacity for platelet 
production is still open to doubt [44] but it is significant that the surface pro­
jections associated with platelet release [2, 4, 21, 41] are normally apparent only 
in cells in which the demarcation system fills the cytoplasm and there is a marked 
reduction in the number of ribosomes. The formation of the thick zone of clear 
cytoplasm which can be seen at the periphery of some of the cells with such pro­
jections has been regarded as a degenerative phenomenon [29, 38] or an artefact 
of fixation [2], but the occurrence of a similar degree of cytoplasmic condensation 
in the effete cell to that observed in the perinuclear area of cells possessing such 
a zone suggests that its formation is due to a major alteration in cytoplasmic 
organisation during the later stages of platelet release.

*

The authors are indebted to Professor K. A. Porter of the Department of Histopathol- 
ogy and Experimental Pathology, St. Mary’s Hospital Medical School, for the use, during 
part of this investigation, of the Philips electron microscope provided by the Wates Foundation.
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Synchronization of Rabbit Bone-Marrow Cells in Vivo
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The recovery of the rabbit bone-marrow from anaemia was investigated during 
an eight-day period of daily punctures of the tibiae after six days of phenylhydrazine 
treatment. A maximum of erythroid (range, 37.1 to 44.0 %) and a minimum of leukoid 
cells (range, 8.4 to 13.4%) was observed on the fifth day of recovery. The rest, about 
50 % cells were reticulum cells. Signs of recovery were observed in peripheral blood as 
soon as on the first day after phenylhydrazine treatment. This led to the assumption 
that the tibiae became repopulated with active erythropoietic cells during anaemia, 
and that the reticulum cells might play a role as erythroid precursors in this process.

Investigation of the metabolic and physiological characteristics of bone- 
marrow cells is limited by the fact that the population obtained under normal con­
ditions is heterogeneous, consisting of cells at different stages of maturation. 
Therefore, several investigators have attempted to induce a predominance of a 
certain cell form by pretreatment of the animals used as source of the haemopoietic 
tissue [1 —3].

A simple way to obtain a high percentage of erythroid cells is to induce 
erythropoiesis by anaemia. This induction is caused by the increase of the endog­
enous e ythropoietin level as an answer to hypoxia. Lingrel [1] reported an 
enrichment to about 85 % of erythroid cells, more than half of them late erythroid 
forms, in the bone-marrow of rabbits on the third day of recovery from anaemia 
induced by phenylhydrazine. Hershko et al. [3, 4] subjected rabbits to blood loss 
combined with actinomycin D treatment to obtain a predominance of early 
erythroid cells.

In the present work, we have investigated the different cell lines of the bone- 
marrow of 5 rabbits during an eight-day recovery period after phenylhydrazine 
induced anaemia.

* Central Institute of Molecular Biology of the Academy of Sciences of the GDR, 
Department of Bioregulation.

Abbreviations: PCV Packed cell volume; MCHC Mean corpuscular haemoglobin 
concentration; RNA Ribonucleic acid.
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Material and methods

Rabbits of both sexes and of no definite breed, with a body weight between
2.5 and 3.2 kg were injected with phenylhydrazine hydrochloride on six con­
secutive days starting with 10 mg per kg body weight on the first day and with 
reduced doses, according to the effect of treatment on packed cell volume (PCV) 
in peripheral blood on the following days. PCVs between 10 and 20% as estimated 
in capillaries centrifuged in a Janetzky centrifuge (TH 11) at 18,500 g/2 min are 
shown in Table 1 together with the total dose of phenylhydrazine. The haemo-

Table 1

PCV in 5 rabbits during six-day phenylhydrazine treatment and recovery period 
(Symbols above columns represent the same animals as in Fig. 4)

Body weight 
(kg)

Л
2.5

О
2.6

□
26

•
3.1

▲
3.0

T ota l dose of 
phenylhydrazine 

(mg/kg)
39.5 45.5 41.3 41.3 29.1

Day of ex- Phenylhydrazine
periment treatment

1 . 1 4 0 .0 4 1 .0 3 0 .0 3 7 .0 3 0 .0
2. 2 3 2 .0 3 6 .0 2 7 .0 3 1 .5 2 8 .0
3. 3 2 0 .0 31.5 1 7 .0 2 2 .0 19.5
4. 4 17 .0 2 7 .0 17.5 19.5 11.5
5. 5 1 4 .0 2 0 .0 17 .0 14.5 10.0
6. 6 1 5 .0 2 2 .0 16.5 14 .5 12.5

Recovery period Packed
7. 1R 1 6 .6 2 1 .0 1 6 .0 1 2 .0 13.6 cell volumes
8. 2R 2 1 .0 27 .5 1 8 .6 1 4 .0 14.3 (PCV) [%]
9. 3R 2 5 .0 28 .5 19 .3 2 2 .0 2 2 .0

10. 4R 3 2 .0 3 1 .0 2 3 .0 2 3 .0 3 0 .0
11. 5R 3 3 .0 2 9 .4 2 6 .0 2 7 .5 2 8 .0
12. 6R 3 4 .0 2 8 .0 2 2 .8 30 .0
13. 7R 3 1 .0 3 4 .0 3 1 .0
14. 8R 3 9 .0 3 2 .0 3 2 .0
15. 9R 3 9 .5 3 4 .0 2 6 .0

globin content in the peripheral blood was determined by a modification of the 
cyanmethaemoglobin method of Drabkin [5]. Reticulocytes were stained with bril- 
liantcresyl blue and counted per 1000 cells. Bone-marrow was obtained from each 
animal on the first 5 to 8 days of the recovery period from the proximal third of 
the tibia. After local procaine anaesthesia and incising the skin and connective 
tissue covering the inner anterior part of the tibia a hole was bored by means of a 
dentist drill and the bone-marrow was aspirated by a SI syringe. Every day a new 
hole was bored alternating the legs from day to day. This method is essentially the
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same as used by Fleischer [6] with the exception that we applied local instead of 
general anaesthesia.

In a separate experiment, bone-marrow from the tibia, femur and humerus 
of 4 animals treated with phenylhydrazine in the above described manner and 
killed on the 5th day of recovery was flushed from the bones with BSG solution 
(buffered saline glucose: 37.4 mM Na2HPO,/KH2POt-bufFer pH 7.4, 117 mM 
NaCl, 11.2 mM glucose) containing 5 I.U. heparin/ml. All procedures were per­
formed at 4°C. To obtain a single cell suspension, the pooled marrow of each 
animal was passed separately through two stainless steel sieves, the first with a 
mesh diameter of 0.2 mm, the second with one of 0.16 mm. Bone-marrow smears 
were obtained from the middle of the tibia of each animal immediately after 
opening this bone and from the pooled bone-marrow single cell suspension of 
each animal after pelleting their cells at 3000 g for 10 min.

The bone-marrow smears after drying for 24 hrs were stained with May — 
Grünwald — Giemsa.

Results

Packed cell volume, MCHC and reticulocyte count 
in the peripheral blood

The initial value for PCY of the 5 animals varied between 40 and 30% 
(Table 1). Phenylhydrazine treatment caused its decrease to between 10 and 20% 
on the 5th to 7th day after starting the experiment. The older animals Nos. 4 and 
5 showed a poorer erythroid regeneration, as shown by the low PCV in animal 5

Fig. 1. PCV, MCHC and reticulocyte count of 5 rabbits during phenylhydrazine injection 
and recovery period. (Mean values and standard deviations)
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between the 4th and 6th day in spite of the minimum doses applied, and by the 
slow increase of PCV in animal 4 during the first two days of the recovery period 
(days 7 and 8 of the experiment).

In spite of these individual differences the main tendency of the reaction was 
clear-cut as shown in Fig. 1. There was a drop in the PCV up to the 5th day of the 
experiment and a steady increase from day 7, the first day of the recovery period. 
A similar behaviour was observed for MCHC, with the difference that between 
the 1st and 3rd day of the recovery period no substantial change was detectable 
and that a steep increase occurred on the 4th day.

It can be seen in Fig. 1 that on the 5th day practically all circulating red blood 
cells were reticulocytes. Thereafter their number declined but did not reach the 
original value even at the end of the experiment.

Bone-marrow

In each bone-marrow smear, thousand nucleated cells were differentiated. 
Reticulum cells were predominant in most smears. These cells are characterized 
by a large nucleus with disperse chromatin sometimes containing vacuoles, and a 
slightly basophilic cytoplasm with ill-defined borders (Fig. 2). Some of the cells 
were damaged indicating their fragility. According to the pictures of similar cells 
given by Fleischer [6] we classified them as reticulum cells. This population was 
probably inhomogeneous, containing morphologically non-differentiable cells 
probably committed to different cell lines. The erythroid cells were further sub­
divided into basophilic and polychromatic erythroblasts and normoblasts.

Fig. 2. Reticulum cells in the recovery period, bxtreme right, erythroblasts
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The percentage of erythroid cells in 3 untreated control animals differed 
considerably, but no significant change of the number of erythroid cells in response 
to the biopsies was detectable (Fig. 3). The mean leukoid and reticulum cell 
counts showed the same individual differences. The increase in the mean reticulum 
cell count up to the 6th day could have resulted from a non-specific reaction to the

Fig. 3. Erythroid cell counts of 3 control animals during an 8-day period of bone-marrow 
biopsy. Mean values and standard deviation of the leukoid and reticulum cell counts

Fig. 4. Erythroid cell counts of 5 animals during the recovery period. (Symbols for different 
animals are the same as used in Table 2)
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injury, but as seen from the standard deviation this was not statistically significant. 
The superimposed curves, reflecting the behaviour of the erythroid cells of all 5 
rabbits during the period of recovery (Fig. 4) show that the animals reacted 
synchronously with a pronounced increase of the erythroid count on the 4th day. 
The peak of this count was reached on the 5th day in 4 rabbits with little differences

Fig. 5. Reticulum, leukoid and erythroid cells in one representative animal during the recovery
period

among themselves (range, 37.1 to 44.0%). The peak erythroid count in animal 5 
was retarded by 2 days and was lower than in the other animals. This seemed to 
be due to the poor ability of this animal to regenerate, which it had in common 
with animal 4 as seen from the low erythroid cell count on the first 3 days of the 
regeneration period and from the already mentioned weak reaction of the PCV.

A more detailed analysis of the cells of the 4 synchronously reacting animals 
is given in Table 2. As it can be seen, basophilic cells were predominant even on 
the first day. Their percentage nearly doubled until the 5th day, while the total 
erythroid content nearly quadruplicated by this time. The behaviour of all the 
three cell groups in the bone-marrow of a representative example of the 4 syn­
chronously reacting animals is shown in Fig. 5, while Fig. 6 demonstrates the mean 
values for these animals. The 3rd and the 5th day of recovery are remarkable 
because of the abrupt changes in the cell mixture. On the 3rd day reticulum cells
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Table 2

Erythroid cell count (%) on the first and fifth day 
of the recovery period (x +  S, n = 4)

Day of investigation

1R 5R

Total
erythroid cell count 9.3+2.9 41 ±  2.9

Type of basophilic erythroblasts 9.5 + 6 .0 27.3+ 8.0
cell polychromatic erythroblasts 0 — 3.0 !

1 1
11.6+ 5.5

Fig. 6. Mean reticulum, leukoid and erythroid cell counts of the 4 animals reacting synchron­
ously during the recovery period

Table 3

Erythroid, leukoid and reticulum cell counts in the tibia 
and in pooled cell suspensions from tibia, humerus and femur

Animal
Erythroid cells Reticulum cells Leucoid cells

tibia suspension tibia suspension tibia suspension

i 43.9 63.7 53.1 38.8 3.0 1.5
2 33.8 74.0 63.6 24.0 2.6 2.0
3 46.5 60.0 52.3 39.0 1.2 1.0
4 40.1 62.4 57.5 34.0 2.2 3.6

X 40.08 65.03 56.63 32.95 2.25 2.05
±  S 5.52 6.18 5.18 6.36 0.77 1.13
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were predominant. On the 5th day, a minimum of leukoid (range, 8.4 to 13.4%) and 
a maximum of erythroid cells (range, 37.1 to 44.0%) was seen while the reticulum 
count had declined. The peak erythroid cell count obtained differed substantially 
from that observed by Hershko et al. [3] in a single cell suspension from the pooled 
marrow of the humerus, tibia and femur on the 7th day of recovery from a moder­
ate haemorrhagic anaemia followed by a single dose of actinomycin D (2 animals, 
50.7 and 66.2%). Since we observed no significant difference in the erythroid cell 
count in the tibia, humerus and femur on the 5th day of recovery, the influence of 
the procedure to obtain a single cell suspension was investigated. As indicated by 
the high fragility of the reticulum cells, this cell type was significantly reduced 
during bone-marrow processing (Table 3).

Discussion

The normal erythroid cell count in bone-marrow smears of the rabbit 
varies between 8 and 47% [4, 6, 7, 9, 10]. The differences in the normal values of 
our 3 control animals probably reflect scattering. This may have been caused 
by the different involvement of the tibia in the production of red cells in 
the non-stimulated animals. On the other hand, the constancy of the indi­
vidual values during the 8 days of bone-marrow biopsy showed that this procedure 
itself had no influence on the erythroid count. On the 3rd day of recovery from 
phenylhydrazine anaemia, Lingrel [1 ] observed in a suspension of the pooled bone- 
marrow from the humerus, femur and tibia of 2 rabbits about 85% erythroid cells, 
58% of them late erythroid precursor cells. After a moderate haemorrhagic 
anaemia (haemoglobin, 6.3 g per 100 ml; reticulocytes, 29%), Hershko et al. [3] 
found 74% mostly late erythroid cells in the pooled bone-marrow suspension 
from 2 rabbits. The data of both papers are in contrast to the low erythroid counts 
during the first 3 days of the recovery period in our experiment, with maximum 
values between 15 and 25% in 3, and less than 5% in 2, of the 5 rabbits. This 
divergence may have been due to differences in the involvement of the tibia in 
erythroid cell production during the first days of recovery after anaemic stress in 
comparison to the erythropoietic activity of the other tubular bones used in the 
investigations of the above quoted authors. On the other hand, the high count of 
late erythroid precursor cells in their studies was somewhat surprising, since the 
anaemic stress is known to provoke a precipitate maturation and release of these 
cells into peripheral blood and an enhanced development of young cell forms. 
Reticulocytes most likely originating from polychromatic erythroblasts or even 
earlier erythroid precursor cells as a result of skipped divisions or premature 
enucleations were found at the maximum of haemorrhagic anaemia in the peripheral 
blood of rabbits [11]. The peak erythroid cell count was reached on the 5th day 
of the recovery period in the present study. More than half of these cells were 
basophilic erythroblasts. Since it takes at least 2 further days until the cells derived 
from these erythroblasts appear in the peripheral circulation, the early signs of
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recovery seen at the periphery, like the drop of the reticulocyte count, the increase 
of the MCHC as early as the 4th day of the recovery period, and the steady in­
crease of the PCV beginning with the day of the last phenylhydrazine injection, 
are in contrast to the rather late erythroid reaction in the bone-marrow of the tibia. 
The most likely explanation for this difference is the assumption of distinct sites 
of erythropoiesis with different erythropoietic activity in the bone-marrow of the 
flat and of the tubular bones. The formei sites, containing mainly red bone- 
marrow, might play the main role in the immediate reaction to haemopoietic 
stress and be responsible for the early peripheral reactions, while the latter are 
originally less active in erythropoiesis and become activated by repopulation from 
resting stem cells in these bones or by invasion from the active erythropoietic sites. 
An increase of undifferentiated cells 2 days prior to the maximum erythroid cell 
count was observed by Rosse et al. [12] after haemorrhagic stimulation of the 
erythropoiesis of polycythaemic guinea pigs, and by Hershko et al. [3] after a 
slight haemorrhagic anaemia of rabbits followed by a single dose of actinomycin 
D. The morphology of these precursor cells is by no means clear. Haas et al. [8] 
distinguished four types of “resting cells” in the bone-marrow as possible “stem 
cells” (two forms of reticular cells, endothelial cells and bone-marrow lymphocytes). 
The same authors found an increase of blast cells, that they regard as precursor 
cells for erythroid and myeloid repopulation of the bone-marrow on the 4th and 
5th days after treatment with hydroxyurea [13]. The undifferentiated blast cells of 
Hershko etal. [3] and of Bohne et al. [13] are similar to our ieticulum cells in their 
morphological appearance. In comparison to the percentage of undifferentiated 
cells given by Hershko et al. [3, 4] our figures for the reticulum cells of the control 
animals were considerably, and of the anaemic animals on the 3rd day of recovery 
somewhat, higher. The high fragility of these cells causing their reduction during 
the suspension procedure as shown in Table 3 could be responsible for these dif­
ferences. Borsook et al. [14] have reported on a dramatic increase of basophilic 
erythroblasts during incubation for one hour of normal bone-marrow cells with 
peripheral leucocytes. Since during this time at most one mitosis could have 
occurred, a large amount of erythroid precursor cells must be present in the 
normal bone-marrow. In the light of these considerations at least part of the reti­
culum cells observed in the early recovery period could be precursor cells of the 
erythroid cell line. The percentage of erythroid cells obtained at this maximum 
differs substantially from those observed by Hershko et al. [3] (2 animals, 50.7 
and 66.2%, respectively).

Our study of the procedure to obtain a single cell suspension showed that 
the reticulum cells become significantly reduced during the bone-marrow proc­
essing, increasing the relative number of erythroid cells (Table 3) up to values 
corresponding to those of Hershko et al. [3]. The similarity of the bone-marrow 
reaction observed in our experiment and in those of Rosse et al. [12] and Hershko 
et al. [3] suggests that the main synchronizing effector is the endogenous erythro­
poietin level that is increased by phenylhydrazine or a blood loss. Actinomycin D 
as used by Hershko et al. [3] might theiefore not be necessary.
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In the peritoneal fluid of 18—21-day old rat embryos the lymphocytes form 
groups and give an intensive yellow — histamine — fluorescence. The groups contain 
myeloid elements, too. After birth the fluorescence disappears.

Introduction

Young forms of the mast cells are of lymphoid character [2, 3]. These 
young cells cannot be found in every part of the organism, but the peritoneal fluid 
contains all forms of developing mast cells and a great number of lymphoid forms 
[3]. The lymphoid mast cells show only alcian blue positivity or alcian blue- 
safranin staining [2, 3]. Their cytoplasm contains serotonin and histamine [3—5]. 
Our earlier experiments demonstrated the occurrence of biogenic amines also in 
alcian blue negative cells [5], and we therefore assumed that the presence of bio­
genic amines was not restricted to the mast cells.

Material and methods

The peritoneal fluid of 15—21-day Wistar CB rat embryos, a total of 50 
animals, that of two-day-old new-borns and a total of 30 adult animals was studied 
in thick drop preparations. After injecting and withdrawing of isotonic sodium 
citrate solution, the drops prepared were dried above Kieselgel and then induced 
for two hours with formaldehyde vapour according to Falck’s [6] method and 
with o-phthalaldehyde (OPT) as in the method of Juhlin and Shelley [7]. A Zeiss 
(Jena) fluorescence microscope was used for the examinations. The same pro­
cedure was performed for examining the sections made from the thymus of the 
embryos after fixation in cold absolute alcohol. These methods allowed to detect 
the histamine and 5-HT content of cells qualitatively. Falck’s method demonstrates 
the amines in general, after two hours’ exposition to formaldehyde vapour the 
arising yellow fluorescence points to the presence of 5-HT. The OPT method is 
specific for histamine. The parallel preparations were stained with alcian blue- 
safranin, Giemsa’s solution and with haematoxylin-eosin (HE).
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Figs 1 — 2. Thick drop preparation from the peritoneal fluid of a 17-day-old and a 19-day-old 
rat embryo. On the 17th day (Fig. 1), the nucleated cells are still dispersed, whilst on the 19th 

day (Fig. 2) they are assembled in groups. HE, X 80 
Figs 3 — 4. Thick drop preparation from the peritoneal fluid of a 19-day-old rat embryo 
treated with OPT (Fig. 3) and by Falck’s method (Fig. 4). The intense histamine fluorescence 
and the negativity of serotonin fluorescence can be seen in the cells forming groups. Falck’s 

method demonstrates fluorescence only in the mast cells. X 80
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Results

In the peritoneal fiúid of 15, 16 and 17-day-old embryos there are few alcian 
blue positive mast cells; they give a weak histamine fluorescence. In addition, 
there are some dispersed leukocytes and nucleated erythrocytes (Fig. 1). From the 
18th day this picture changes. The leucocytes form groups and single nucleated 
cells can hardly be found (Fig. 2). The cells forming groups give an intense yellow

Fig. 5. Thick drop preparation from the peritoneal fluid of an 18-day-old rat embryo. Cells 
giving yellow OPT fluorescence are mostly of mononuclear lymphoid character. The negative 
picture of the nuclei shows that among the cells of the fluorescent groups, granulocytes also

occur. X 640

OPT fluorescence (Fig. 3), whilst serotonin cannot be demonstrated in them 
(Fig. 4), and they give no alcian blue-safranin staining and show no autofluo­
rescence. Single mast cells also occur. The cell groups contain lymphoid and 
myeloid elements as well as macrophages (Fig. 5). Cel! groups giving fluorescence 
are observed up to birth, the fluorescence being most intense on the 18th and 19th 
days. On the first days after birth the tendency of the cells to form groups persists, 
but the fluorescence disappears. At this time only the mast cells show fluorescence. 
In the preparations made from adult animals no group-formation can be seen.
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Discussion

According to the findings, the lymphoid cells found in the peritoneal fluid 
contain histamine at a certain period of embryonic development. Later on, hista­
mine can be detected only in lymphoid cells transforming into mast cells. It seems, 
however, that during embryonic life the granulocytes also contain histamine. The 
importance of this fact is not known, although a lymphocyte transforming factor 
was demonstrated in the granulocytes [10]. This would explain the group-for­
mation and the similar histochemical features. As for group-formation, the present 
findings failed to reveal whether it was a physiological phenomenon or an artifact. 
The fact that it could not be observed before the 17th intrauterine day or in the 
adult animal points to the physiological nature of the process in the same way as 
the property of the lymphocytes to form groups also with myeloid elements 
[1, 8]. The fluorescence of the lymphoid cells in itself indicates that amine syn­
thesis represents a common capacity of the peritoneal lymphoid cells ; but regard­
ing group-formation as a physiological phenomenon, one may ascribe to that the 
appearance of histamine may have some importance in relation to immuno- 
biological development. This is all the more so because the peak of certain immu­
nological processes seems to be on the 18th intrauterine day [9]. Should this be 
the case, the peritoneal lymphoid cells might represent a special case since in 
the same period similar fluorescent lymphoid cells could not be demonstrated in 
either the thymus or the spleen.
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(Поступила 15-го января 1973 г.)

Электронно-цитохимически исследовали распределение пероксидазы и 
кислой фосфатазы в созревающих эозинофилах костного мозга мышей. Перокси- 
дазная активность обнаружена в перинуклеарном пространстве, эндоплазмати­
ческой сети, комплексе Гольджи, незрелых и специфических кристаллосодержа- 
щих гранулах. По мере созревания клеток пероксидаза последовательно исчезает 
из вышеперечисленных органелл, и в зрелых эозинофилах хранится в специфи­
ческих гранулах. Некоторые зрелые специфические гранулы не проявляют пер- 
оксидазной активности. Выдвигается гипотеза о полной конденсации фермента 
в кристалл. Клетки, инкубируемые в среде без перекиси водорода, показывают 
слабую пероксидазную активность в некоторых гранулах. Вероятно, эта актив­
ность связана с присутствием в них эндогенных неорганических перекисей. В 
созревающих эозинофилах кислая фосфатаза локализуется в комплексе Гольджи 
и в незрелых специфических гранулах. По мере созревания последних кислая 
фосфатаза исчезает из гранул.

В доступной нам литературе нет сведений об электронно-цитохими- 
ческом исследовании пероксидазы в эозинофилах мышей. Поэтому целью 
нашей работы явилось изучение транспорта и упаковки в гранулы пер­
оксидазы в созревающих эозинофилах мышей и одновременное выявление 
локализации кислой фосфатазы и пероксидазы (дубль-реакция) в эозино­
филах.

М а т е р и а л  и м е т о д ы

ЕІаблюдения производили на эозинофилах из костного мозга беспо- 
родных белых мышей и мышей линии С3На обоего пола весом 18—20 г. 
Костный мозг брали из бедренной кости животных.

Кусочки ткани фиксировали в 4% глутаральдегиде на 0,1 М какоди- 
латном буфере (pH 7,4) в течение 5 часов при 0—4°. Затем отмывали в 0,1 М 
какодилатном буфере (pH 7,4) с 7% сахарозой 18—20 часов на холоду 
и инкубировали на пероксидазу в модифицированной среде Грехема-Кар- 
новского (9) в течение 10 мин. при 37 °С. Инкубационная среда содержала 
0,01% перекиси водорода, 7% сахарозы и 20 мг 3,3-диаминобензидина 
тетрахлорида в 10 мл 0,1 М Трис-буфере (pH 7,6). После инкубации кусочки
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ткани отмывали 5—7 мин. в 7% сахарозе и дофиксировали в 2% 0S04 в те- 
чение 20 часов. Затем клетки обезвоживали в ацетоне возрастающей кон- 
центрации и заключали в Дуркупан.

К о н т р о л ь  н а  а к т и в н о с т ь  п е р о к с и д а з ы

1. Опущение из среды 3,3'-диаминобензидина.
2. Опущение из среды перекиси водорода (в этом случае время инку- 

бации было 10 мин. и 1 час).
3. Преинкубация в абсолютном ацетоне от 40 мин. до 24 часов с по- 

следующей инкубацией в полной или неполной среде (опущение перекиси 
водорода).

4. 30-ти минутная преинкубация в растворах ингибиторов: 0,01 М KCN 
0,1 М KCN, 0,01 MNa3N, 0,1 MNa3N, 0,01 М гидроксиламина и последую- 
щая инкубация в полных средах, содержащих вышеприведенные ингибиторы 
в тех же концентрациях.

Методика одновременного выявления пероксидазы и кислой фосфата­
зы (дубль-реакция) изложена ранее (1). Тонкие срезы готовили на ультра- 
микротоме LKB. Неконтрастированные и контрастированные цитратом 
свинца (13) срезы изучали в электронном микроскопе HU-11 В.

Р е з у л ь т а т ы

Пероксидазная активность в эозинофилах линейных животных ниже, 
чем в эозинофилах беспородных мышей. Поэтому основные результаты 
получены на костном мозге беспородных мышей.

Увеличение концентрации 3,3-диаминобензидина в среде до 20 мг 
на 10 мл раствора позволило сократить время инкубации до 10 мин., при- 
чем плотность продукта реакции оказалась достаточной для наблюдения 
в электронный микроскоп. При инкубации более 10 мин. гранулы эозино- 
филов становились слишком плотными и вырывались при резке. Увели­
чение времени фиксации в 2% OS04 повышает контрастность, не приводя 
к артефактам.

Созревающие эозинофилы можно условно разделить на три группы по 
степени зрелости: промиэлоциты, миэлоциты и сегменто-ядерные клетки. 
Первые характеризуются хорошо развитой эндоплазматической сетью с 
широкими каналами, выраженным комплексом Гольджи и овальным или 
бобовидным ядром. В миэлоците эндоплазматическая сеть представлена 
более узкими каналами, комплекс Гольджи меньше, ядро сильно изогну­
то. В сегменто-ядерной клетке эндоплазматическая сеть и комплекс Гольджи 
сильно редуцированы.

Эозинофилы, находящиеся на разных стадиях развития, показали 
пероксидазную активность. В промиэлоцитах (рис. 1) продукт реакции ло-
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кализован в каналах и цистернах эндоплазматической сети, включая пери­
нуклеарное пространство, в цистернах, колбовидных расширениях цистерн, 
пузырьках и вакуолях комплекса Гольджи и в незрелых гранулах. Плотность 
осадка возрастает от эндоплазматической сети к гранулам.

По мере созревания клеток пероксидаза исчезает из эндоплазмати­
ческой сети и остается лишь в элементах комплекса Гольджи и в гранулах 
(рис. 2). В цистернах Гольджи продукт реакции часто локализован в области,

Рис. 1. Эозинофильный промиэлоцит. Электронно-цитохимическая реакция на перокси- 
дазу. П родукт реакции виден в широких каналах и цистернах эндоплазматической сети 
(1), в перинуклеарном пространстве (2), в комплексе Гольджи (3), в незрелых специфи-

ческих гранулах (4). х 25000

прилегающей к мембранам, центр на вид остается пустым. Только колбо­
видные расширения на концах цистерн Гольджи полностью заполнены 
продуктом реакции. От них отшнуровываются мелкие пузырьки с гомоген- 
ным содержимым средней плотности. При их слиянии образуются незрелые 
гранулы.

В миэлоците появляются кристаллосодержащие зрелые гранулы. Они 
содержат продукт реакции только в матриксе, кристалл остается светлым.

В зрелых клетках (рис. 3) реакция отрицательна в эндоплазматической 
сети и комплексе Гольджи и положительна в матриксе зрелых специфических
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гранул. Некоторые из этих гранул пероксидазной реакции не проявили, 
другие заполнены продуктом реакции лишь наполовину (рис. 3). Перокси- 
дазоотрицательные гранулы лежат как в центре клетки, так и на периферии. 
В зрелых клетках иногда встречаются незрелые гранулы.

Рис. 2. Эозинофильный миэлоцит. Электронно-цитохимическая реакция на перокси- 
дазу. Каналы эндоплазматической сети без продукта реакции (1). Цистерны (2), мелкие 
пузырьки (3) комплекса Гольджи, содержащие продукт реакции на пероксидазу. 
Незрелые специфические гранулы (4) равномерно заполнены продуктом реакции. 
В зрелых гранулах (5) продукт реакции локализован только в матриксе, кристалл свет-

лый. X 11300

Клетки, инкубируемые в среде без 3,3'-диаминобензидина, перокси­
дазной активности не проявляли. Опущение из среды перекиси водорода 
приводит к интересным результатам: в некоторых гранулах сохраняется 
слабая реакция. Интенсивность ее увеличивается при удлинении инку- 
бации до 1 часа, а также при 40-минутном воздействии абсолютного ацетона 
перед инкубацией в среде. При более длительной преинкубации в ацетоне 
разрушаются клеточные структуры, и продукт реакции диффузно распре- 
деляется в клетке. 0,01 М KCN и 0,1 М KCN лишь частично снижает актив­
ность пероксидазы. 0,01 М Na3N снижает активность значительно сильнее, 
но не до конца, только 0,1 М Na3N полностью ингибирует активность пер­
оксидазы. Действие 0,1 М гидроксиламина также приводит к полному 
подавлению реакции.
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Рис 3. Фрагмент сегментоядерного эозинофила. Электронно-цитохимическая реакция 
на пероксидазу. Видны зрелые гранулы, содержащие продукт реакции (1). Рядом ле- 

жат пероксидазоотрицательные гранулы (2). х 26000

Рис. 4. Фрагмент эозинофильного миэлоцита. Дубль-реакция на пероксидазу и кислую 
фосфатазу. Видна незрелая гранула (1), где на фоне менее плотного осадка продукта 
реакции на пероксидазу по периферии органеллы лежат значительно более плотные 
отложения продукта реакции на кислую фосфатазу. Зрелые эозинофильные гранулы 

(2) содержат гомогенный продукт реакции на пероксидазу. Кристалл остается не-
окрашенным. х 27000
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При проведении дубль-реакции в цитоплазме миэлоцита активность 
пероксидазы локализуется в специфических гранулах (рис. 4). В незрелых 
гранулах пероксидазная активность обнаружена по всему матриксу гранулы. 
В зрелых гранулах пероксидазная активность локализована в матриксе, 
кристалл остается неокрашенным, кислая фосфатаза присутствует в мат­
риксе некоторых незрелых специфических гранул (рис. 4), а также в комплексе 
Гольджи. В незрелой грануле на фоне менее плотного осадка продукта 
реакции на пероксидазу значительно более плотные отложения продукта 
реакции на кислую фосфатазу располагаются по периферии гранулы у мем­
браны. Зрелые эозинофильные гранулы, которые можно легко узнать по 
присутствию кристалла, не содержат кислой фосфатазы. В зрелом эозино- 
филе, где комплекс Гольджи сильно редуцирован, кислая фосфатаза не опре- 
делялась ни в комплексе Гольджи, ни в зрелых гранулах. Продукт реакции 
на кислую фосфатазу — мелкокристаллический и очень плотный. Продукт 
реакции на пероксидазу — гомогенный, умеренной плотности. Поэтому 
продукты реакции на оба фермента легко различимы.

О б с у ж д е н ію

В эозинофилах костного мозга мышей пероксидазная активность 
найдена в перинуклеарном пространстве, эндоплазматической сети, эле- 
ментах комплекса Гольджи, незрелых и специфических гранулах. При соз- 
ревании эозинофилов пероксидаза последовательно исчезает из перинук- 
леарного пространства, эндоплазматической сети, комплекса Гольджи, и 
в зрелых клетках остается только в гранулах. Видимо, в процессе вызрева- 
ния клетки элементы аппарата синтеза секреторного белка редуцируются, а 
фермент накапливается и хранится в гранулах. Это соответствует общей 
схеме Джемиесона и Паладе (10, 11), а также авторадиографическим исследо- 
ваниям путей образования зернистости гранулоцитов [8]. Наши результаты 
по локализации пероксидазы в эозинофилах мышей совпадают с данными 
других авторов, полученными на кроликах и крысах [2, 3, 12], кроликах [6] 
и крысах [4, 15, 16].

В эозинофилах обнаруживаются два вида гранул: незрелые и специфи- 
ческие, кристаллосодержащие. Миллер и Герцог [12] писали об уменьшении 
числа незрелых гранул в созревающих эозинофилах и об увеличении числа 
специфических гранул. Вопрос о судьбе незрелых гранул является спорным. 
Дискутируются две возможности:

1. Незрелые гранулы в зрелых эозинофилах не образуются и элимини­
руются из развивающихся клеток [2, 3].

2. Незрелые гранулы превращаются в специфические через гипотети­
ческий процесс созревания [6, 14]. Ветцель с соавт. [14] описал ряд переход- 
ных форм между незрелыми и зрелыми гранулами в эозинофилах кролика. 
Но тем не менее превращение гомогенных гранул в кристаллосодержащие 
не доказано. У крыс промежуточные формы не найдены. Вообще, этих
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форм может и не быть, так как кристаллизация возможно проходит очень 
быстро под влиянием некоторого инициирующего фактора. Мы придержи­
ваемся точки зрения Дэна с сотр. [6].

Мы наблюдали неоднородную реактивность специфических гранул на 
пероксидазу. Возможно, это связано с отсутствием проницаемости для
3,3-диаминобензидина и перекиси водорода в гранулу, либо с полной кон- 
денсацией фермента в кристалл.

Котран и Литт [5] обнаружили реактивность некоторых гранул при 
инкубации эозинофилов морских свинок в среде без перекиси водорода. 
Это противоречит результатам, полученным Бэйнтон и Фаркухар [3] на 
эозинофилах кроликов и крыс. Мы наблюдали слабую реакцию в некоторых 
гранулах при опущении из среды перекиси водорода, 0,1 М Na3N снимает 
эту активность. Вероятно, в этом случае в качестве окислителя в реакции 
принимают участие эндогенные перекиси, но это не перекиси лицидов, так 
как 40-минутная преинкубация в абсолютном ацетоне не снимает реакцию, 
а, наоборот, усиливает ее, очевидно, за счет незначительного разрушения 
мембран и увеличения проницаемости для субстрата. Более длительная 
преинкубация в ацетоне приводит к значительному разрушению мембран 
в клетке и утечке фермента.

Таким образом, гранулы эозинофилов неоднородны относительно 
присутствия в них эндогенных перекисей. Те гранулы, в которых есть эндо­
генные перекиси, более реактивны и, возможно, играют большую роль 
в процессе жизнедеятельности клетки.

Возможно, инкубация в неполной среде (без перекиси водорода) 
позволит охарактеризовать гранулы не только по активности фермента, 
когда, как отмечалось выше, была найдена определенная гетерогенность 
активности матрикса, но и по уровню концентрации эндогенных перекисей. 
Гетерогенность по присутствию эндогенных перекисей может отражать 
суммарный уровень активности метаболических систем, образующих пере­
кись водорода в грануле.

Ранее мы сообщали [1] о результатах проведения двойной цитохими­
ческой реакции на созревающих нейтрофилах мышей. Оказалось, что кислая 
фосфатаза локализуется главным образом в комплексе Гольджи, а перокси- 
даза — в азурофильных гранулах. Результаты, полученные на эозинофилах, 
еще раз подтверждают наше предположение о том, что гранулы, содержа- 
щие пероксидазу, не являются лизосомами. Содержащаяся в незрелых гра­
нулах кислая фосфатаза исчезает из них по мере созревания. Отсутствие 
кислой фосфатазы в зрелых специфических гранулах соответствует данным 
Бэйнтон и Фаркухар [3] и Эномото и Китани [7].
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Ultrastructural Cytochemistry of Peroxidase 
and Acid Phosphates in Mouse Eosinophils

The distribution of peroxidase and acid phosphatase activity in the bone marrow of 
mouse eosinophils was investigated by electron microscopy. Peroxidase activity was found in 
the perinuclear space, the endoplasmic reticulum, the Golgi complex, non-mature and mature 
specific crystal-containing granules. In the course of development peroxidase activity dis­
appears from the cisternal system. In mature eosinophils the enzyme is stored in specific 
granules, but some of these failed to reveal peroxidase activity. A hypothesis is offered con­
cerning the complete condensation into crystal of the enzyme. In cells incubated in peroxide- 
free media some granular components stained weakly. Their activity probably depended 
on the presence of endogenous non-organic peroxidase. In developing eosinophils acid 
phosphatase was found in the Golgi complex and in non-mature specific granules. In the 
course of development, acid phosphatase disappears from the granules.

Correspondence : Dr. V. V. Rogovin, Academy of Sciences, Institute of Chemical Physics, 
Department of Medical Biophysics, Moscow V-334, Soviet Union
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Ултраструктурная цитохимия пероксиданы г. созревающих 
нейтрофилах мышей

Р. А. МУРАВЬЕВ, В. В. РОГОВИН, В. М. ФРОЛОВА, Н. Г. ГЕРАНИНА,
Л. А. ПИРУЗЯН

Отдел медицинской биофизики, Институт химической физики,
Академия Наук СССР, Москва

(Поступила 15-го января 1973 г.)

Электронно-цитохимически исследовали распределение пероксидазной 
активности в созревающих нейтрофилах мышей. Активность фермента обнару­
жена в шероховатой эндоплазматической сети, комплексе Гольджи и азурофиль- 
ных гранулах. Обсуждается предположение о гетерогенности азурофильных 
гранул относительно присутствия в них эндогенных неорганических перекисей.

Ранее мы сообщали о результатах исследования дубль-реакции (кис­
лая фосфатаза и пероксидаза) в нейтрофилах мышей [1]. В настоящей 
работе будет более подробно рассмотрено распределение активности пер- 
оксидазы в созревающих нейтрофилах из костного мозга мышей.

М а т е р н а я  и м е т о д ы

Наблюдения производили на нейтрофилах из костного мозга беспо- 
родных белых мышей и мышей линии С3На, весом 18—20 г. Костный мозг 
брали из бедренной кости животных.

Кусочки ткани фиксировали в 4% глутаральдегиде на 0,1 М како- 
дилатном бифере (pH 7,4) в течение 5 часов при 0—4°С. Затем отмывали 
в 0,1 М какодилатном буфере (pH 7,4) с 7% сахарозой 18—20 часов на хо­
лоду и инкубировали на пероксидазу в модифицированной среде Ерехема- 
Карновского [13] в течение 10 мин. при 37 °С. Инкубационная среда содер­
жала 0,01 % перекиси водорода, 7% сахарозы и 20 мг 3,3'-диаминобензидина 
в 10 мл 0,1 М Трис-буфере (pH 7,6). После инкубации кусочки ткани отмы­
вали 5—7 мин. в 7% сахарозе и дофиксировали в 2% OS04 в течение 20 
часов. Затем клетки обезвоживали в ацетоне возрастающей концентрации и 
заключали в Дуркупан.

Контроли на активность пероксидазы:
1. Опущение из среды 3,3'-диаминобензидина;
2. Опущение из среды перекиси водорода (в этом случае время инку­

бации было 10 мин. и 1 час);
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3. Преинкубация в абсолютном ацетоне от 40 мин. до 24 часов с пос- 
ледующей инкубацией в полной или неполной среде (опущение перекиси 
водорода);

4. 30-ти минутная преинкубация в растворах ингибиторов: 0,01 М, 
0,1 М KCN, 0,01 М Na3N, 0,1 М Na3N, 0,1 М гидроксиламина — и последую- 
щая инкубация в полных средах, содержащих вышеприведенные ингибиторы 
в тех же концентрациях.

Р е з у л ь т а т ы

Несколько опытов было поставлено на костном мозге мышей С3На. 
Пероксидазная активность в них заметно ниже, чем в нейтрофилах бес- 
породных мышей. Поэтому исследование проводилось на костном мозге 
последных.

Рис. 1. Фрагмент нейтрофильного промиэлоцита. Электронно-цитохимическая реакция 
на пероксидазу. Продукт реакции содержится в эндоплазматической сети (1) и в азуро-

фильных гранулах (2). х ЗЗООО
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Созревающие нейтрофилы можно условно разделить на три группы 
по степени зрелости: промиэлоциты, миэлоциты и сегменто-ядерные клетки. 
Промиэлоциты характеризуются хорошо развитой эндоплазматической 
сетью, комплекс Гольджи у них хорошо выражен, ядро почти овальное 
или бобовидное. В миэлоците эндоплазматическая сеть представлена более 
узкими каналами, комплекс Гольджи, по сравнению с промиэлоцитом, 
имеет меньше цистерн, ядро сильно изогнуто. В сегменто-ядерной клетке 
эндоплазматическая сеть и комплекс Гольджи сильно редуцированы.

Рис. 2. Фрагмент нейтрофильного миэлоцита. Электронно-цитохимическая реакция на 
пероксидазу. Комплекс Гольджи с плотным продуктом реакции в цистернах (1) и в мел- 

ких пузырьках (2). Азурофильные гранулы (3). х 35000

В промиэлоцитах пероксидазная активность обнаружена в шерохова­
той эндоплазматической сети (рис. 1), в комплексе Гольджи и в овальных 
гранулах, соответствующих азурофильным [9, 15]. В цистернах Гольджи 
продукт реакции локализован у ограничивающей мембраны и полностью 
заполняет концевые расширения, от которых отшнуровываются мелкие 
пузырьки, образующие при слиянии азурофильные гранулы. Плотность 
продукта реакции возрастает от эндоплазматической сети к гранулам.

Миэлоциты уже не содержат пероксидазу в эндоплазматической сети. 
Продукт реакции виден только в комплексе Гольджи и в азурофильных 
гранулах (рис. 2). Некоторые из них имеют кристалл. Рядом с азурофиль-
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ными гранулами в миэлоците лежат светлые (без продукта реакции) гра­
нулы. Они несколько мельче азурофильных и соответствуют специфическим, 
содержащим щелочную фосфатазу [5, 6, 9].

В сегменто-ядерных нейтрофилах положительными на пероксидазу 
являются только азурофильные гранулы. Эндоплазматическая сеть и ком- 
плекс Гольджи, а также специфические гранулы не содержат продукта 
реакции (рис. 3).
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Контроль специфичности реакции на пероксидазу 
Активность пероксидазы нейтрофилов полностью ингибируется 0,01 

М Na3N и 0,1 М гидроксиламина, но не до конца 0,01 М Na3N, а 0,01 М 
и 0,1 М KCN незначительно снижают пероксидазную активность. Реакция 
отрицательна в отсутствие 3,3'-диаминобензидина. При опушении из среды 
перекиси водорода в некоторых азурофильных гранулах нейтрофилов ос­
тается слабая реакция. 40-минутное воздействие абсолютного ацетона 
перед инкубацией в неполной среде (без перекиси водорода) приводит к не-
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Рис. 3. Фрагмент зрелого нейтрофила мышей. Электронно-цитохимическая реакция на 
пероксидазу. Азурофильные гранулы с продуктом реакции (1). Специфические гранулы 
(2), митохондрии (3), каналы эндоплазматической сети (4) лишены продукта реакции.
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которому усилению реакции. При увеличении времени преинкубации в аце- 
тоне до 24 часов происходит разрушение клеточных структур и продукт 
реакции диффузно распределяется по клетке.

Обсуждение

В созревающих эозинофилах конвейер транспорта и упаковки в гра­
нулы пероксидазы довольно хорошо изучен. Этот фермент обнаружен в пери- 
нуклеарном пространстве, шероховатой эндоплазматической сети, ком- 
плексе Гольджи, в незрелых гранулах и зрелых гранулах эозинофилов кро- 
ликов и крыс [8, 10, 14], кроликов [11], крыс [7, 18, 19]. Биохимически най­
дено, что пероксидаза нейтрофилов отличается от пероксидазы эозинофилов 
[4]. Возможно, распределение ее в созревающих нейтрофилах другое, 
отличное от распределения в эозинофилах.

Шимада [17], исследуя нейтрофилы из костного мозга человека, от- 
метил положительную реакцию на пероксидазу в азурофильных гранулах, 
комплексе Гольджи, шероховатой эндоплазматической сети и в перинуклеар- 
ном пространстве. Он объяснил это поступлением в цистерны Гольджи 
пероксидазы, синтезированной в эндоплазматической сети. Такая интер- 
претация подтверждается данными Аккермана, полученными при исследо- 
вании нейтрофилов кошки [2] и человека [3]. Он наблюдал последователь- 
ное исчезновение пероксидазы из перинуклеарного пространства, эндо­
плазматической сети и комплекса Гольджи по мере созревания нейтрофилов. 
В зрелых клетках фермент оставался только в азурофильных гранулах. 
Наши наблюдения подтверждают это. Нам удалось проследить конвейер 
транспорта и упаковки в гранулы пероксидазы в созревающих нейтрофилах 
из костного мозга мышей: фермент, видимо, образуется в эндоплазматичес­
кой сети, поступает в цистерны комплекса Г ольджи, от концевых расширений 
которых отшнуровываются мелкие пузырьки, образующие при слиянии 
азурофильные гранулы. Эти результаты соответствуют данным авторадио- 
графических исследований Паладе [16] на экзокринных клетках поджелу­
дочной железы и Федорко и Хирша [12] на гранулоцитах.

Некоторые авторы, исследуя нейтрофилы кроликов [9], крыс [7], 
человека и кроликов [11], человека [15], нашли пероксидазную активнотсь 
только в азурофильных гранулах. МакКолл с соавт. [15] изучая зрелые 
клетки из периферической крови. Наши исследования и данные других 
авторов [3, 17] показали, что зрелые клетки не содержат пероксидазы в эндо­
плазматической сети и комплексе Гольджи. Возможно, другие авторы, 
изучая нейтрофилы костного мозга не обнаружили фермент нигде, кроме 
гранул, вследствие высокой чувствительности пероксидазы нейтрофилов 
к фиксации.

В наших опытах некоторые азурофильные гранулы в миэлоците со­
держали кристалл. Вероятно, кристаллизация фермента отражает процесс
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созревания гранул, так как на стадии промиэлицита не было замечено ни 
одной азурофильной гранулы с кристаллом.

Бэйнтон и Фаркухар [9] писали об отложении продукта реакции на 
периферии азурофильных гранул в отсутствие перекиси водорода. Мы 
также наблюдали слабую реакцию в некоторых гранулах при опущении 
из среды перекиси водорода. Продукт реакции полностью заполняя гранулу. 
Возможно, в данном случае роль окислителя в реакции играют эндогенные 
неорганические перекиси, так как 40-минутное действие абсолютного 
ацетона перед инкубацией в неполной среде (без перекиси водорода) не 
снимало рекцию, а усиливало ее, вероятно, за счет некоторого разрушения 
мембраны и увеличения проницаемости для субстрата. При более длитель­
ной преинкубации в ацетоне мембраны настолько разрушались, что про­
исходила утечка фермента, и продукт реакции диффузно распределялся по 
клетке. Вероятно, азурофильные гранулы нейтрофилов гетерогенны относи­
тельно присутствия в них эндогенных перекисей. Гранулы, в которых пере­
кисей больше, реактивнее и, возможно, играют более значительную роль 
в бактерицидной функции нейтрофилов.
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Ultrastructural Cytochemistry of Peroxidase 
in Mouse Neutrophils

The distribution of peroxidase activity of developing neutrophils in mice was investi­
gated by electron microscopy. The enzyme was found in the rough endoplasmic reticulum, 
the Golgi complex and azurophilic granules. The heterogeneity of azurophilic granules and 
their endogenous non-organic peroxide content are discussed.
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Кинетическая модель экспериментальною лейкоза. 
Закономерности развитая ретикулосаркоматоза мышей

Н. М. ЭМАНУЭЛЬ, Л. М. ДРОНОВА, В. Н. ЕРОХИН, Е. И. БЕЛИЧ

Сектор кинетики химических и биологических процессов Института химической физики,
АН СССР, Москва, СССР

(Поступило 27-го декабря 1973 г.)

Изучена кинетика развитая нового перевиваемого штамма — ретикуло­
саркоматоза мышей линии СС57 Вг. Развитие ретикулосаркоматоза количест­
венно оценивалось по изменению веса метаплазированных органов. По экспери- 
ментальным данным строились соответствующие кинетические графики. Для опи- 
сания кинетических кривых изменения всех показателей развития ретикулосарко­
матоза использованы экспоненциальная (ф =  ф0 +  фг еф') и степенная (ф =  
=  ф0 +  atb) функции. В этих уравнениях ф — значение рассматриваемого показа­
теля ко времени /;</>„ — значение этого показателя в норме; а, Ь, ф, ф1 — кинети­
ческие константы, определяющие форму кривой. Кинетическая модель ретикуло­
саркоматоза мышей может быть использована для количественных исследо- 
ваний в экспериментальной онкологии.

Благодаря своеобразному развитию лейкозов как системный заболе- 
ваний, решающее значение в их лечении имеют лекарственные методы. 
Поэтому одной из важных проблем экспериментальной гематологии являет­
ся как задача отыскания новых противолейкозных препаратов, так и оп- 
тимизация их применения. Для этих исследований желательно иметь экс­
периментальные модели, которые по возможности приближались бы к со- 
ответствующим заболеваниям человека, и располагать критериями оценки 
противоопухолевой активности изучаемых химических соединений [9, 10].

Лейкозный процесс, как и всякий патологический процесс, развивается 
во времени и, следовательно, может быть охарактеризован определенными 
кинетическими закономерностями. Воздействие различных противоопухо- 
левых агентов на лейкозный процесс сказывается на величине кинетических 
констант, характеризующих течение этого процесса. Это позволяет приме- 
нить кинетические параметры для количественной оценки эффективности 
противолейкозных воздействий.

Настоящая работа является одной из серии работ, которые проводят­
ся в Секторе кинетики химических и биологических процессов Института 
химической физики с 1958 года и посвящены исследованию кинетических 
закономерн остей развития экспериментальных опухолей разливного про- 
исхождения и локализации. Был создай ряд кинетических моделей переви- 
ваемых лейкозов: гемоцитобластоз La [7], лимфолейкоз L—1210 [8], эритро- 
миелоз Швеца [2], солидная и асцитная форма лимфолейкоза NKLy [5].
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В данной статье приводятся результаты изучения кинетики развития рети- 
кулосаркоматоза мышей. Этот штамм был получен В. М. Бергольцем [1, 
6] при введении мышам пассированной в переживающей культуре ткани 
суспензии селезенки и костного мозга человека, умершего от острого гемо- 
цитобластоза.

Ретикулосаркоматоз перевивается внутрибрюшинно на взрослых 
мышей линии СС57 Вг [4] клеточной взвесью и бесклеточным фильтратом 
лейкозных тканей. Развитие ретикулосаркоматоза характеризуется бласто- 
матозным поражением лимфатического аппарата и внутренних органов. 
У животных увеличивается печень, селезенка и почки, разрастаются опухо­
левые узлы в петлях кишечника. При микроскопическом исследовании от- 
печатков метаплазированных органов наблюдаются довольно крупные 
молодые клеточные формы, относящиеся к ретикулярным клеткам гемо­
поэтической системы [1].

Для трансплантации ретикулосаркоматоза в нашем исследовании ис­
пользовались опухолевые узлы и селезенка, взятые на 20-е сутки после 
очередной перевивки штамма. Г омогенную массу, полученную при продавли- 
вании сквозь ситечко мельчителя, разбавляли физиологическим раствором 
NaCl и вводили мышам внутрибрюшинно по 0,3 мл суспензии, содержащей 
15—20 млн. клеток.

Развитие ретикулосаркоматоза количественно оценивалось по из- 
менению веса печени, почек, селезенки и брыжейки с разрастающимися опу-

228 Эмануель Н. М. и dp. : Кинетическая модель экспериментальнаго лейкоза

Рис. 1. Кинетика изменения веса отдельных органов, аппроксимированная экспонен- 
циальной (I) и степенной (II) функциями: а) лимфатические узлы брыжейки; б) почки;

в) печень
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холевыми узлами, а также по гематологическим показателям: числу лей- 
коцитов в 1 мм3 крови и процентному соотношению форменных элементов 
крови. Для этого у мышей один раз в сутки брали кровь для подсчета числа 
лейкоцитов и лейкоцитарной формулы. Затем мышей забивали и извлекали 
указанные органы. По экспериментальным данным строились соответствую- 
щие кинетические графики. Каждая точка, нанесенная на сеть координат, 
относится к отдельному животному. Для того, чтобы выяснить, насколько 
адекватно вес печени и селезенки отражает развитие лейкозного процесса 
именно за счет увеличения количества патологических клеток в них, под­
считывалось общее количество клеток и число лейкозных клеток в этих 
органах. После взвешивания печень (селезенку) продавливали сквозь мель- 
читель и добавляли 5-процентный раствор уксусной кислоты. Для получе- 
ния гомогенной суспензии взвесь клеток в уксусной кислоте в течение трех 
минут пропускали через шприц, постепенно заменяя иглы большого диаметра 
на более тонкие [3].

Концентрация клеток определялась в камере Горяева. Зная объем 
взвеси, нетрудно определить общее число клеток в органе. По мазкам, 
приготовленным из измельченной ткани органа, подсчитывали процентное 
соотношение патологических и нормальных клеток.

На рис. 1 показаны кинетические данные по изменению веса лим- 
фатических узлов брыжейки у мышей при развитии ретикулосаркоматоза. 
Чтобы получить необходимые количественные характеристики, наблюдае­
мые в опыте кинетические кривые аппроксимированы экспоненциальной (1) 
и степенной (II) функциями:

Ф =  Ф о + Ф і е ф‘ (I)
ф  =  ф п + a tb (II)

Таблица 1

Уравнения кинетических кривых изменения различных показателей развития ретикуло­
саркоматоза

Показатели Экспоненциальная функция Степенная функция

1 2 3

Вес лимфатических ф =  0,40 +  7,9 • 10"Ѵ '111 ф =  0,40 +  1,36 • ІО"3/2-31
узлов брыжейки

Вес почек ф =  0,29 +  0,1 ■ 10~3е0,2в‘ ф =  0,29 +  0,03 • 10-3Л "
Вес печени ф =  1,22 +  5,4 • 10_3е0,13‘ ф =  1,22 +  3,30 • ю - 3/1'80
Вес селезенки ф =  0,14 +  13,40 • Ю-3Г'99
Число лейкозных

клеток в печени
(млн.) ф =  0,28е0,29‘

Суммарный вес
органов ф =  2,05 +  9,4 • 10~3е0,17‘ ф =  2,05 +  1,82 • ІО"3/2-40
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где ф — значение рассматриваемого показателя ко времени t, ф0 — значение 
этого показателя в норме, а, Ь, фъ фх — кинетические константы, опреде- 
ляюшие форму кривой.

Указанные простые зависимости были использованы также для опи- 
сания кинетических кривых изменения и всех других изученных позателей 
развития ретикулосаркоматоза. Рисунок 1 иллюстрирует также увеличение 
веса почек (б) и печени (в) в процессе развития болезни. Соответствующие 
кинетические уравнения приведены в таблице 1.

230 Эмануель Н. М. и dp. : Кинетическая модель экспериментально лейогкиза

Рис. 2. Кинетика изменения суммарного веса инфильтрированных органов: I — экспо- 
ненциальная апроксимация; II — степенная апроксимация

Поскольку конечной целью химиотерапии лейкозов является ликвида- 
ция по возможности всех лейкозных клеток во всех органах, инфильтриро­
ванных этими клетками, то за развитием ретикулосаркоматоза можно 
следить по изменению суммарного весаупомянутых выше органов: печени, 
почек и др. Действительно, такая кинетическая кривая описывается теми же 
математическими законами, что и соответствующие кинетические кривые 
изменения отдельных органов (рис. 2, таблица 1). Следовательно, при исполь- 
зовании ретикулосаркоматоза как модели для количественных химиотерапев- 
тических опытов можно ограничиться измерением суммарного веса печени, 
почек, селезенки, лимфатических узлов брыжейки.
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При изучении общего количества лейкоцитов в периферической крови 
не удалось выявить четкой закономерности при развитии ретикулосарко- 
матоза. Можно лишь отметить, что значительного лейкоцитоза не наблю­
дается, и в мазках крови отмечаются только единичные патологические

Рис. 3. Кинетическая кривая нарастания количества патологических клеток в печени
больных мышей

1

Рис. 4. Кривые гибели мышей с ретикулосаркоматозом: апрель 1969 г.; ноябрь 1969 г.;
февраль 1970 г.

клетки. При подсчете процентного соотношения форменных элементов 
крови было обнаружено, что к концу заболевания у мышей наблюдается 
увеличение количества нейтрофильных лейкоцитов, а количество лимфо- 
цитов оставалось в пределах нормы.

Опыты по изучению количества патологических клеток в печени и 
селезенке показали, что при развитии ретикулосаркоматоза в этих органах 
наблюдается экспоненциальное увеличение количества лейкозных клеток, 
что хорошо видно из рисунка 3. Кинетическое уравнение увеличения коли­
чества лейкозных клеток приведено в таблице 1. При этом общее число 
клеток печени практически не изменяется. Это говорит о том, что нарастание
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веса органа происходит в основной за счет увеличения количества опухо- 
левых клеток.

Кинетическое изучение ретикулосаркоматоза было начато в апреле 
1969 года. За время, прошедшее с этого момента до февраля 1970 года, 
произошло некоторое сокращение продолжительности жизни мышей с ре- 
тикулосаркоматозом. Эти данные приведены в таблице 2 и графически 
изображены на рисунке 4. Разница в продолжительности жизни животных 
статистически достоверна. В настоящее время эта величина практически 
не изменяется от опыта к опыту. Очевидно, формирование ретикулосаркома­
тоза как стабильного перевиваемого штамма закончилось.

Апрель 1969 г. Ноябрь 1969 г. Февраль 1970 г.

26,6+1,9 22,2+0,8 19,6+0,7

Уменыпение средней продолжительности жизни подопытных животных 
привело к увеличению константы скорости процесса ф (формула 1) при- 
мерно на 70%, то есть к уменынению времени удвоения количества опухоле- 
вых клеток, если при расчетах пользоваться экспоненциальной аппроксима- 
цией.

Как следует из приведенных данных, изученный штамм ретикуло­
саркоматоза мышей может быть использован для количественных исследо- 
ваний в экспериментальной онкологии, в первую очередь для количест­
венной характеристики активности противоопухолевых препаратов. Пока­
затели лейкозного процесса легко измеряются, а их изменение во времени 
описывается простыми математическими зависимостями. В случае экспо­
ненциальной аппроксимации кинетических кривых роста злокачественных 
новообразований может быть использован кинетический критерий тормо- 
жения [7, 10].

Опыты с сарколизином и эндоксаном показали, что ретикулосарко- 
матоз обладает определенной чувствительностью к алкилирующим аген- 
там.

Авторы выражают благодарность профессору В. М. Бергольцу за пре- 
доставление штамма и обсуждение результатов.
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А Kinetic Model of Experimental Leukosis
Regularities in the Development of Reticulosarcomatosis in Mice

The kinetics of development of a new transplantable reticulosarcomatosis was studied 
in CC57Br mice. Tumour development was estimated from changes in the weight of meta­
plastic organs by means of kinetic curves constructed on the basis of changes of all parameters 
characterized by exponential and power functions. The kinetic model of reticulosarcomatosis 
is recommended for use in quantitative research in experimental oncology.

Correspondence : Dr. V. N. Erokhin, Institute of Chemical Physics 
Academy of Sciences. Vorobjovskoje 2b, Moscow, V-334, USSR
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A “New” Blood Factor, Cl, Demonstrated 
with Extracts of Seeds

of the Korean Clerodendron trichotom um  Thunberg*

A. S. W iener, G. J. Moon
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and the Department of Forensic Medicine and the Laboratory for Experimental Medicine 

and Surgery in Primates (LEMSIP) of the New York University School of Medicine,
New York City and the Korean Medical School, Seoul, Korea

(Received October 12, 1973)

By absorbing extracts of seeds of the Korean Clerodendron trichotomum Thun­
berg with selected human group О red cells, a lectin has been prepared, which defines 
a hitherto undescribed specificity, designated Cl, defining individual differences in 
human red cells. The specificity Cl appears to characterize a structure associated with 
the A-B-H-Le marcomolecule, both of red cells and of saliva, which is distinct from the 
combining groups for A, В, H and Le. Moreover, the reactivity of red cells with anti-Cl 
lectin is destroyed by treatment of the red cells with proteolytic enzymes, unlike the 
reactions for A, B, H and Le.

The use of seed extracts (lectins) as diagnostic reagents for blood grouping 
and for biochemical studies has become general [1]. One of the supposed ad­
vantages of such reagents is their presumed chemical simplicity, viz. it has been 
tacitly assumed that seed extracts consist of a homogeneous population of lectin 
molecules as contrasted with blood serum antibodies which have been shown to 
consist of an entire spectrum of molecules of related structure. However, as 
Wiener et al. [2] have demonstrated, seed extracts like serum antibodies can be 
fractionated into lectins of more than one specificity by absorption with properly 
selected red cells. Applying this principle to extracts of leaves of the Korean Vicia 
unijuga, Moon and Wiener [3] succeeded in fractionating a potent anti-N lectin, 
useful as a diagnostic reagent for laboratory tests as well as for blood group 
research. The purpose of the present report is to describe the application of this 
principle to extracts of the seeds of the Korean tree, Clerodendron trichotomum 
Thunberg, for the preparation of a lectin defining a new blood group specificity, Cl.

Extracts of ground seeds of Clerodendron trichotomum Thunberg were pre­
pared in the usual manner and tested against a series of more than 50 specimens 
of human blood; all were strongly agglutinated. However, when the extract was 
titrated against the same red cells, differences in titre were observed. Red cells 
reacting in lowest titre were then used for absorbing the lectin, and when the ab­
sorption was complete, a reagent resulted which gave marked agglutination with

* This article is dedicated to Dr. Susan R. Hollán for her magnificent contribution to 
medicine in the field of haematology, on the occasion of the 25th anniversary of the National 
Institute of Haematology and Blood Transfusion which she helped to found.
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certain red cells, while it failed to agglutinate or only weakly agglutinated other 
red cells (Table 1). Since such differences in reactivity were observed also among 
red cells of group O, it was apparent that the blood factor (specificity) being de­
tected by the lectin, designated anti-Cl after the seed from which it was prepared, 
was distinct from the known A -B -H  blood factors. Tests with the absorbed seed 
extract (anti-Cl lectin) were therefore carried out against 20 blood specimens from 
commercial panels of cells of known blood groups, and blood factor Cl was 
shown to be different not only from A, B and H, but also from the blood factors 
M, N, S, s, P, Lua, K, k, Jka, Jkb, Fya, Fyb, Lea, Leb, Xga, Rh0, rh', rh", hr', 
hr" and hr. Tests were therefore carried out against a larger series of blood speci­
mens in an attempt to define the nature of the newly found specificity Cl.

Table 1

Fractionation of anti-C l lectin from extracts of seeds 
of Clerodendron trichototomum  Thunberg by absorption with selected group O red cells

Tested against 
red cells of

Reaction with seed extract

Undiluted 1 : 2 1 : 4
diluted 

1 : 8 1 : 16 1 : 32

Unabsorbed seed extract 

1. P. C., group A i + + ±
2. H. Y. Y., group О + +  + + +  + + +  + + + + —
3. Dr. K., group О + + + + + — — —
4. Y. H. W„ group B + +  + +  + + + + + + — —
5. C. L., group Aj + + +  ± +  ± + — —
6. Chimpanzee, group A + +  + + + + + + + + — —

Seed extract, after absorp­
tion with group О red 
blood cells No. 3

1. P. C., group A l
2. H. Y. Y., group О +  +  ± + + + + + — —
3. Dr. K., group О — — — — — —
4. Y. H. W., group B + + + + — - — —
5. C. L., group A x — — — — — —
6. Chimpanzee, group A +  +  ± + + +  ± ± — —

To simplify analysis of the results of tests with anti-Cl lectin, the reactions 
were classified into four categories according to the intensity of the agglutination 
observed, + + representing the most intense agglutination, + moderate aggluti­
nation, +  weak or doubtful agglutination, and — absence of agglutination. In the 
first experiments on a series of 133 blood specimens (Table 2), the findings were 
classified also according to the race of subject being tested. As shown in Table 2, 
no striking differences were observed in the distribution of the blood factor Cl
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Table 2

Reactions of anti-Cl with red cells from Whites, Negroes and Chinese

Racial derivation 
of blood specimens

Number of blood specimens giving reactions of intensity

+ + + - Total

Whites 20 26 6 7 59
Blacks 16 21 11 3 51
Chinese 9 6 0 8 23

Total 45 53 17 18 133

Table 3

Relationship of Cl factor to the A-B-O Blood Groups

A-B-O blood group 
of specimen tested

Number of specimens agglutinated by anti-CI lectin at intensity

+ + + ± — Total

First Series

О 26 6 8 0 40
A 2 7 7 7 23
B 2 5 2 1 10
AB 1 1 0 1 3

Total 31 19 17 9 76

Second Series

О 29 6 5 7 47
A, 2 5 3 18 28
A2 3 2 0 2 7
B 4 2 2 9 17
AjB 0 1 2 3 6

Total 38 16 12 39 105

among Whites, Negroes and Chinese. A second series of 76 blood specimens was 
then tested, and this time more attention was paid to the A-B-O blood groups. It 
was then noticed that most of the strong reactions occurred with blood specimens 
of group O, while most of the negative reactions occurred with blood specimens of 
group A. Since this was reminiscent of the behaviour of anti-H reagents, a further 
series of 105 blood specimens was tested, this time paying attention also to the 
subgroups of A. As shown in Table 3, the strongest reactions occurred most often
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in blood groups О and A2, the weakest reactions occurred most often in subgroups 
A x and AiB, while blood specimens of group B had an intermediate position. 
Despite this resemblance to the specificity H, anti-Cl was clearly not identical with 
specificity anti-H, because 7 blood specimens out of 47 of group О and 2 out of 7 
subgroups A2 failed to agglutinate, while 2 out of 28 blood specimens of group A1 
gave intense agglutination. Furthermore, tests with the absorbed anti-Cl lectin 
on blood specimens from more than 10 group A chimpanzees uniformly gave 
strong agglutination (cf. Table 1), while none of these blood specimens was 
agglutinated by anti-H lectin.

The findings up to this point indicated a probable association between the 
newly found blood factor Cl and the blood factor H detected by saline extracts of 
Ulex europeus seeds. Therefore, Table 4 was prepared which compares the re­
actions of a random series of 94 blood specimens with the two lectins anti-Cl and 
anti-H. Simple inspection of Table 4 confirms the anticipated presence of an 
association between blood factors Cl and H. In fact, Table 4 can readily be con­
verted into a 2 x 2  contingency factor by combining into a single category blood

Table 4

Relationship between the H and Cl Blood Factors

Intensity of 
reactions with 
anti-Cl lectin

Number of blood specimens reacting with 
anti-H lectin ( U l e x  e u r o p e u s )  at intensity

+ + I - Total

+  + 31 11 1 6 49
+ 3 8 1 2 14
+ 0 3 4 6 13
— 0 3 1 14 18

Total 34 25 7 28 94

specimens reacting in strengths +  + or + and into a second category those giving 
±  or — reactions. The value of /  proved to be 31.7 for one degree of freedom, and 
by taking r =  y jy /N, where N is the number of blood specimens tested, it is 
found that r =  0.58, confirming the presence of a strong correlation between 
the reactions for H and Cl.

Thus, the findings indicated that anti-Cl was detecting another specificity 
of the A-B-H macromolecule, but due to a combining group distinct from A, B 
and H, or else due to a structure closely connected with the A-B-H macromolecule. 
If this idea was correct it would be expected to hold also for the blood group sub­
stances in saliva, i.e., anti-Cl serum should be inhibitable by saliva from A-B-H 
secretors but not by non-secretor saliva. Therefore, a series of samples of boiled 
saliva was tested by the standard inhibition method [4] with anti-H and anti-Cl 
reagents. For the tests, indicator red cells of group О were used which were Cl

H aem ato lo g ia  9, 1975



A. S. Wiener, G. J. Moon: New blood factor, Cl 239

positive, and the anti-H and anti-CI lectins were diluted so as to have a 6 units 
titre for the indicator cells. Moreover, to obtain clear-cut reactions the extracts 
of Clerodendron seeds were used directly, without prior absorption with Cl- 
negative red cells. The results of the tests are shown in Table 5. As predicted, 
saliva indeed proved capable of inhibiting anti-CI lectin, and the saliva from non-

Saliva of
Inhibition titers for

Saliva of
Inhibition titers for

Anti-CI Anti-H Anti-CI Anti-H

Human Chimpanzee
No. 1 4 16 No. 1 4 4
No. 2 2 4 No. 2 8 64
No. 3 1 1 No. 3 8 16
No. 4 1/2 0 Stump-tail
No. 5 16 4 macaques
No. 6 16 64 No. 1 4 32
No. 7 4 4 No. 2 256 256
No. 8 4 8 Baboons
No. 9 1/2 1/2 No. 1 16 64
No. 10 1 0 No. 2 16 256
No. 11 0 0 No. 3 8 128
No. 12 1 16 No. 4 4 16

No. 5 4 64

secretors gave the lowest inhibition titres, viz. only 0 to 1 units, while the salivas 
having the highest inhibition titres for H, e.g., stumptail macaque saliva No. 2, 
also had the highest inhibition titres for Cl.

As a further test of the theory, blood samples from individuals of the 
Bombay type were tested. Since Bombay red cells are non-reactive for A, B and 
H, they should also be non-reactive for Cl, and as Table 6 demonstrates, the ab­
sorbed Clerodendron seed extracts (anti-CI) indeed failed to agglutinate un­
modified Bombay red cells, of which three specimens were tested. To gain further 
insight into the nature of the Cl specificity, titrations were carried out against a 
series of blood specimens of human and non-human primate origin, the red cells 
being tested not only unmodified but also after treatment with a proteolytic 
enzyme (ficinated red cells). Those results are also shown in Table 6. The findings 
not only showed the previously noted correlation between the reactions with 
anti-H and anti-CI, but also helped to crystallize further the nature of the differ­
ences between them. Firstly, it will be noticed that Bombay red cells are strongly 
agglutinated by crude extracts of the Clerodendron seeds; it is only the absorbed 
extract or purified anti-CI reagent which does not agglutinate the unmodified 
Bombay red cells. This confirms the presence of at least two major fractions of
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Table 6

Comparative titers of anti-H lectin (extracts of seeds of Ulex europeus), and extracts of 
Clerodendron seeds unabsorbed and absorbed, for untreated and ficinated red cells from 

a variety of blood samples of human and non-human primate orgin

Blood specimen tested
Titers of anti-H vs.

Titers of extracts of 

Unabsorbed vs.

Clerodendron seeds
Absorbed with red cells 

No. 11 vs.

Untreated
RBC

Ficinated
RBC

Untreated
RBC’

Ficinated
RBC’

Untreated
RBC

Ficinated
RBC

Bombay type
1. D. P. 0 0 14 80 0 2
2. L. E. 0 0 12 96 0 3
3. S. A. 0 0 12 48 0 2

Cord blood
4. M. A., group О 16 160 14 80 2 16
5. G. T„ group О 12 160 12 80 0 3

Adult blood
6. R. H„ group A l 16 128 5 64 0 3
7. D. S„ group A l 1/2 100 12 64 0 2
8. R. A., group О 40 350 40 80 16 6
9. B. F., group О 32 300 48 96 14 6

10. Lot 1226, group О 48 350 56 96 12 6
11. *CK 4029, group О 48 350 10 128 1 3
12. W. L., group B 12 80 40 56 14 2

Chimpanzee
13. Hep, group A 0 0 64 24 12 0
14. Mary, group A 0 0 32 8 24 0

Gibbon
15. Whitey, group AtB 0 4 1 16 0 3
16. Penny, group AlB 0 4 2 40 0 3

Baboon
17. No. 84, Cerelle 0 0 64 24 12 0
18. No. 660 0 0 10 12 0 1

* Red cells used for absorbing extract of Clerodendron seeds

lectins in the extracts of Clerodendron seeds; one of the fractions is a panagglutinin 
(except, perhaps, for gibbon red cells), i.e., the fraction removed by absorbing 
with Cl-negative red cells, and the other fraction is the anti-Cl lectin which is the 
subject of this report. Secondly, it is to be noticed that while ficin treatment of 
the red cells increases their activity with anti-H lectin, it appears to destroy their 
reactivity with anti-Cl lectin, leaving behind in the latter case only a feeble non­
specific reaction, presumably due to remnants of the panagglutinin not removed 
by the absorbing red cells.
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In conclusion, therefore, a type-specific lectin of a specificity not previously 
described, designated anti-Cl, has been separated from extracts of seeds of the 
Korean Clerodendron trichotomum Thunberg, by absorption of the seed extracts 
with selected human red cells. The specificity detected by this anti-Cl reagent 
appears to be due to a structure on or closely connected with the A-B H Lc 
macromolecule, but distinct from the combining groups for H, A, B and Le. 
Moreover, treatment of red cells with a proteolytic enzyme like ficin destroys 
their reactivity with anti-Cl lectin, even though such treatment leaves unaffected 
or increases the reactivity for A, B, H and Le. This suggests that sialic acid may 
play an important role in this newly found specificity, just as it does for the 
specificities M and N.

*
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Rh() or D, -D- and the Blocking Patterns
A GENETIC (TEMPLATE) EXPLANATION
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By the use of the gene template it will be shown that D appears at two different 
sites on the Rh locus, and that the locus cannot simply be DCE — or a similar one. 
Further, -D- does not appear to be a super Rh0 as described by Wiener. Finally, a 
simp le explanation is offered for the action of incomplete (blocking) and agglutinating 
antibodies.

I n t r o d u c t io n

A feature of the recently proposed gene template [1 ] is that, unlike previous 
theories, it presents a structure to explain both antigens and antibodies. It indicates 
that the antigens may have a structure that is monomeric, dimeric and trimeric, 
which also appears to be the type of structure that has now been reported for the 
antibodies (for pentamers see discussion). This feature seems to be a necessary one 
if the idea of antigen/antibody reactions being — “mortise and tenon” — “keyed” 
— “fitting into depressions” — is valid, or if the antibody is a “mirror image of 
the antigen” .

As a result, it is proposed that genetic theories that do not allow the antigen 
structure to appear as monomers, dimers and trimers are likely to prove incorrect.

In support of this contention and in favour of the lapped or complex structure 
of the template it will be shown that D in the Rh blood system may not be a single 
allele on the Rh locus as the Fisher—Race [3] scheme proposes, but may be located 
at two positions.

As a result, no arrangement of the C, D, E, c, e, receptors on a single locus 
can be valid unless at least some of the identifications are repeated.

It will also be shown that Wiener’s [2] explanation of -D-, or D—, or Super 
Rh° (a strong Rh° factor occupying the missing sites) is not likely to be correct 
because, if such were the case, the basic species template could not produce the 
full range of antibodies -  C, c, E, e, f, Се, Ee and Cw — that have been reported 
[4] from these carriers.

Finally, an explanation of blocking or incomplete antibodies will be given 
which suggests that difficulty in understanding these reactions may be due to in­
effective genetic concepts.
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M e th o d

The gene template (Fig. 1), used previously to explain the systems listed 
[1, 5] will be used to explain the possible genetic structure of Rh0or D, -D-, etc., 
and will also be used to illustrate blocking or incomplete antibodies.

G e n e s 1 2 3 A 5 6 7

S y s t e m

ABO A, A? A 3 B 0 0 ,

Rh r R, Rz Rz Ro Ro
CDe c e CDe CDE cDE cDe cDe

MNSs N S MS MS, M s Ns Ns

Gm
( z a f y )

z z a z a f y a f y a  ( y ) 1 ( y )

Hp I F 2 3 2M IS 1M ( ? )

Fig. 1. Gene template. For explanation of identifications see Ref. 1

M a t e r i a l

Flughes-Jones [6] has reported that IgG anti D binds to antigen by one site 
and IgM anti D binds by two sites. Also see Holburn (27).

He has also reported that, “If IgM and IgG anti D are added at the same time 
to red cells, one IgM molecule prevents the uptake of two IgG molecules” and he 
remarks, “ (this suggests) that D- antigen sites occur in groups and that the large IgM 
molecule attached to one D- antigen site prevents the binding of an IgG molecule 
to a neighbouring site by steric hindrance” .

The gene template, divided in detail for the Rh system (Fig. 2) shows that 
each of the lowest two units (monomers) of the template has one D site. Thus 
there are two monomer antigens (cDe or R0) that carry a single D site, a dimer 
antigen (cDE or R2) that carries two sites, a trimer antigen (CDE or Rz) that 
also carries two sites — and finally another dimer antigen (CDe or Rx) that 
carries a single D site.

The antibody pattern that results from this template (see Ref. 1 for full 
details) for anti D only is:

1. Monomer anti D, i.e. IgG -  two types — (each monomer with one D site).
2. A dimer and trimer with two sites each of anti D which may be IgA or IgM.
3. A dimer with a single site which may also be IgA or IgM.
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The observations of Hughes-Jones are therefore interpreted by the template 
as meaning that anti D can appear as one site on a monomer, or as either one or 
two sites on multiple units, which may correspond to IgA or IgM. There is evidence 
that IgM consists of IgG monomer units in combination [7].

The second observation of Hughes-Jones “one IgM molecule prevents the 
uptake of two IgG molecules” corresponds exactly with this template explanation 
because the D sites on most IgM molecules will be twice as many as those on IgG.

Fig. 2. Rh identifications on gene template. Note: D occurs on centre and lower units, i.e. 
code BC and CD, and occurs seven times on five different genes (antigens)

Fig. 3. Rh identifications on IgG sub-groups Ig2, Ig3 and Igl. Template predicts that D is 
not on Ig2, C is not on Igl and E is not on Ig2. These units may, however, be combined with 
the units showing C, D, E identifications. C and E, being a bond identification will always be

on parts (at least) of two units

Equally, since IgM anti D blocks two of the antigen monomers, this may be 
a “steric hindrance” — but it might be equally correct to propose that IgM anti D 
is a more complex molecule and therefore it must block two single (monomer) 
IgG molecules.

Apart from agreement with the template, the observations of Hughes-Jones 
appear to be further supported by the fact that anti D IgG is found on the sub- 
types yGl and yG3 but not yG2 (yG4 will be discussed later).

The significance of this is shown in Fig. 3 where the template units are noted 
as yG2, yG3 and yGl in that order, as proposed by Kunkel et al. [8].
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The template (Fig. 3) shows the IgG subclass of some of the Rh anti­
bodies reported by Abramson and Schur [9]. In this study D was also reported 
to beonIg2in three of seven examples, mixed with normal anti D IgG molecules.

The possible significance of this scheme based on the template is as follows : 
(a) D will be found on yG3 and yGl but not yG2; (b) C will be on yG2 and yG3 
but not yGl ; (c) E will be on yG3 and yGl but not yG2; (d) c and e will be on 
all three units; (e) CDE will consist of three units; (f) CD will be on either yG2 
and yG3 or all three units.

Anti D was also identified on Ig4. Abramson and Schur found it once in 27 
samples when testing anti CD and Morell et al. [10] have identified it, twice with 
reasonable titre, in two unboosted examples and in all of 22 boosted samples.

These inconsistencies seem to make it uncertain as to how Ig4 is related to 
the Rh system. The rarity in unboosted samples suggests that it may be part of 
fragments of Igl, Ig2, or Ig3 mixed with Ig4 — or that Ig4 is attached because it 
is adjacent (i. e. a spacer between adjacent systems). Compare the IgA subdi­
visions IgAa and IgAb.

- T i ­

lt has been assumed [11 ] that -D- or D— may be a support for the DCE 
arrangement in that it represents an allele where the C and E loci are not occupied 
— whereas Wiener [2] considers that it is due to chemical structural change in 
which a strong Rh0 factor occupies the sites of the other anti Rh sera.

This last explanation cannot be correct if the basic template structure directs 
the production of both antigen and antibody as has been proposed previously. If 
-D- or D— was, in fact, DDD, it is clear from the Rh template (Fig. 2) that some 
at least of the antibodies that have been produced [5] could not be produced. 
This particularly applies to either anti C or anti E.

That C and E have been deleted, appears to be correct as far as this gene with 
its three receptor loci is concerned, but this does not appear to support an overall 
three allele theory because, as has been shown, D appears to be at two sites — 
and this double appearance of D may coincide with the greater complexity shown 
in Fig. 2 which shows the CDE locus to be in the order ecCcDeEeDc.

Du

The possible existence of two sites for D on the template monomers then 
leads to the proposal that an individual may express one D gene as an antigen 
and the other D gene as an antibody.

However, as explained in a previous paper [1] this would be a rarity and 
what is far more likely is that the qualities of one D antigen will lead to a pro­
duction of D antibodies that are reciprocal, i.e. it will not react with the carrier. 
This suggests that an incomplete D will produce a reciprocal anti D comparable 
to the anti Bw produced by A1Bw type blood. Such an incomplete D antigen has 
been termed Da and it appears to range in strength from normal D to zero.
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It also seems likely that the hrs identification of Shapiro (discussed in 1) may 
be on one of the D genes and not the other — and this also appears to have some 
meaning for the factors termed RhA, RhB, Rhc, etc. which may be present or 
missing from D antigens.

Miscellaneous

The following observations are offered as additional evidence of template 
structure — particularly as it applies to D.

1. If Rh positive cells are exposed to a mixture of agglutinating or incomplete 
anti D, the incomplete antibody seems to win the race for antigen [12, 13].

Because a natural unbroken antigen must normally be a total single (mono­
mer) unit at least, this means that cDe, for example, is in fact a “complete” 
antigen (which equals the antigen R„ of Wiener).

Also since c, D or e, alone, appear to be parts of a complete antigen they 
may validly be termed “partial” or “incomplete” antigens.

D alone may be attached to a basic monomer template or it may be paired 
only with part of the monomer (Fig. 4). The total monomer with D on it would 
logically be a naturally produced antibody — but D attached to only part of the 
monomer may be due to refined or specific D inoculation, i.e. it may be equivalent 
to an immune antibody.

Fig. 4. Initial diagram of antibody reaction. A. Normal agglutination. Example — anti A with 
А г; B. Agglutination (partial).Example — anti A with A2, (H remainder, vacant); C. Partial 
antibody on monomer combining with part of an antigen. Example — anti D with -D-; D. Par­
tial antibody (fragment) combining with part of an antigen. Example — incomplete anti 
-D- with -D-. In the case of Fig. 4D the equal size of antibody and antigen should form 

the strongest (ring force) combination

Also, since the monomer with anti D identification on it may be larger than 
incomplete anti -D-, it seems likely that the smaller, less complex, antibody will 
be able to combine more rapidly (see Fig. 4).

2. Higher pressure is needed to inactivate incomplete anti Rh than 
agglutinating anti Rh [14]. Incomplete anti Rh appears to be smaller and there­
fore there may be less to breakdown. It should, for example, be simpler to break­
down a chain of say sixty amino acids than a chain of say, ten.

3. Heat inactivates anti Rh agglutinins [15, 16]. The reasons appear to be 
similar to the last item.
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4. If Rh positive cells are exposed to trypsin [17] or a filtrate of a broth of 
cholera vibrio [18], they become agglutinable by incomplete anti Rh.

Again it appears that the larger structure is broken down (or sections of it 
are isolated) so that a smaller antibody — incomplete anti Rh — can combine 
directly with a partial (or same sized) antigen.

5. Anti D blocking antibodies are resistant to washing off the red cells but 
agglutinating anti D antibodies are washed off easily [19—21].

This appears to indicate that the blocking antibodies (small units) combine 
totally with the corresponding part of the antigen — but that agglutinating anti D 
does not do so because the monomer to which it is attached has vacant antibody 
sites that cannot combine with antigen (Fig. 4C).

Blocking or incomplete antibody/antigen reactions

At about the same time, Race [13] and Wiener [12] carried out experiments 
that can be summarized as follows. If Rh positive cells are suspended in a serum 
containing incomplete anti-D, then the mixture is centrifuged and the cells are 
washed and re-suspended in saline, these cells will no longer be agglutinated by 
agglutinating anti D although they will be as agglutinable as before by anti-c, 
anti-C and anti-E. This particular behaviour is shown in Fig. 5, where it will be

Fig. 5. Antibody reactions. A. Incomplete or blocking. B. Action of anti D. C. Patterns 
showing that the action is complete or incomplete — and not necessarily the antigens or anti­

bodies. D. Showing action of both anti A and anti H with A2
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seen that such behaviour coincides with the proposed gene template structure. It 
would also appear to support Wiener’s opinion that the CDE identifications are 
simply parts of antigens.

Finally, the action illustrated would also appear to support the Fisher- 
Race theory but cannot if, as indicated here, D has two sites — and will be 
even less applicable if the C and e sites repeat as is also proposed.

Figure 5B illustrates and may explain a query of Kabat [26]: “The ability 
of blocking antibodies to agglutinate enzyme treated erythrocytes of -D-/-D- 
erythrocytes in saline is very hard to understand unless these antibodies have more 
than one antibody group per molecule.” The explanation illustrated means that 
incomplete antibody agglutinates the -D-/-D- antigen because it is also incom­
plete, i.e. both are of approximately equal size. However, blocking (or incomplete) 
anti D should not theotetically agglutinate D/D cells in saline because its com­
bination may be blocked by additional parts of the total monomer to which 
is attached.

The implication of this last observation is that antibodies appear to combine 
completely with antigens of equal size, but will not agglutinate completely if the 
antigen is of a different size. As a result, an incomplete antibody may be complete 
in its action with an incomplete antigen — but be incomplete with a complete 
antigen — and a proposed scheme of this nature is shown in Fig. 5.

Discussion

If the antibodies combine directly with the antigen on the cell membrane, as 
is indicated by this genetic scheme, it appears to follow that the antigens on the 
cell membrane are simply identifications on parts of or the whole chromosome. 
This would suggest that the cell membrane is simply a chromosome mesh which 
may be in helical form, or in a form that was duplicated as a helical.

The structure of the membrane — as proposed by Danielli and Dawson [22] 
and Robertson [23] and illustrated by Hollán [24] would fit this scheme, viz. 
protein chromosome layers externally and internally, with a lipid layer in between 
or a similar scheme where the helicals appear externally and internally but also 
wind through the lipid layer. The carbohydrate percentage (7% to 10%) also 
appears to be significant because IgG (a monomer) is reported to have about 2 % 
carbohydrate whereas IgA or IgM have about 12%.

Since IgA and IgM appear to be bonded monomers, the greater amount of 
carbohydrate may point to carbohydrate formation due to bond action. Therefore, 
the 7 % to 10 % of carbohydrate in the cell membrane may point to the proteins of 
the surface being bonded proteins that form a chromosome mesh.

The capacity of incomplete anti D to combine with similarly sized (?) 
incomplete D (-D-) antigens contrasted to its inability to agglutinate complete D 
antigens also appears to suggest that the method of attraction and combination is 
not due simply to direct (repulsive, attractive) forces. Firstly, because there is no
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evidence that the total charges in each unit are opposite — and some evidence to 
say that antigens and antibodies repel each other — and secondly, because even if 
they were attracted to combine it should mean that incomplete anti D would 
combine equally strongly whether with -D- cells or D cells.

The manner of combination proposed, which may be at variance with 
present schemes, is as follows. The chromosome (or gene units) may have an UP- 
DOWN sequence as on DNA [25]. This UP-DOWN sequence may allow a ring 
force to operate in the chromosome strands, especially at division — causing the 
helicals to compress. So it is proposed here that the antibody combines with the 
antigen by a ‘ring’ force that operates when the antigen/antibodies combine.

It follows that when antibodies can combine with equally limited antigens 
that complete ‘ring’ force may operate and draw the units tightly together. This 
action would enable incomplete antibodies to combine better with antigens that 
have been subject to forms of bond destruction such as enzymes, pressuie and 
heat, for in such cases these destructive processes would create incomplete anti­
gens that would be more equal in length to the antibodies. On the other hand, if 
there is a difference in size, the ‘ring’ force may be hindered in its operation.

IgM now classed as a pentamer may according to the template be Ig2, Ig3, Igl, plus two 
spacer units (without antigen sites) Ig4a and Ig4b.
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Lack of Immune Tolerance to Hepatitis B Antigen in 
Offsprings of Guinea Pigs Injected with HB Ag during

Pregnancy
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Immune tolerance to hepatitis B antigen has been examined in the guinea pig. 
The offsprings of guinea pigs injected with purified HB Ag during pregnancy were found 
capable of producing HB antibodies. Purified HB Ag is suitable for producing immune 
serum for the systemic screening of blood donors for HB Ag.

Systematic examinations on the occurrence of hepatitis B antigen (HB Ag) 
have shown that HB Ag can be detected for years in the blood of otherwise healthy 
individuals. The phenomenon has been termed hepatitis-associated antigen carrier 
state [1], and many examinations have been performed to decide whether it was 
due to immune tolerance [3]. In humans, controversial results were obtained. 
According to some authors [2—4], HB Ag is transmitted transplacentally, others 
[5—9] found evidence to the opposite.

Sera of high titre and high specificity for HB antibodies (HB Ab) can be 
produced in the guinea pig [10], thus this species is suitable for studies on immune 
tolerance.

Methods
Purified HB A g

Mixed plasma of donors was used for producing purified HB Ag [11]. The 
serum was purified by hydrolysis for 16 hours with a small amount of pepsin, re­
versible precipitation with polyethylene glycol (PEG), and electrogel-filtration 
according to Bundschuh [12], using a Pharmacia K 50/100 column and Sephadex 
G 200 gel.

Immunization

Two female and 8 male adult guinea pigs of 300 to 350 g weight were treated 
with 0.2 ml of the purified 1 mg/ml HB Ag preparation on 5 occasions in 2 weeks. 
The first dose contained besides the HB Ag an equivalent amount of complete 
Freund adjuvant, and was given subcutaneously. The further doses consisted of 
purified HB Ag + incomplete Freund adjuvant in equal proportion and were
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given subcutaneously; 0.1 ml HB Ag was injected intravenously without adjuvant. 
Two weeks after the fifth injection the male animals were bled and the sera were 
stored at — 20°C. After the first injection the 2 females were mated with the males. 
Five guinea pigs were born ; these were brought up and then treated with HB Ag 
as described above followed by bleeding. The mother animals were bled 2 weeks 
after reinjection.
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Ouchterlonÿs method

1% agarose (Serva, reinst), 0.1 M NaCl, 0.01 M Tris buffer and 0.001 M 
EDTA pH 7.6 were mixed and 2 mm thick plates were poured in Petri dishes. HB 
Ag serum was put into the central well 6 mm in diameter, the immune sera were 
distributed into 3 mm wells situated 3 mm apart. The plates were incubated at 
25°C for 48 hours and at 4°C for 24 hrs. The reaction was evaluated against a 
dark background in transmitted light.

Immune electroosmophoresis

HB Ag was detected by modified electroosmophoresis [13, 14] on plates of 
0.05 M veronal-acetate buffer pH 8.6 and 0.8% agarose. The sera to be examined were 
put into wells 6 mm in diameter and the specified immune sera into 2 mm wells 
situated 3 mm apart. 6 V/cm current was applied for 90 minutes. Reactions were 
evaluated against a dark background in transmitted light.

The sensitivity of the method was controlled by using serum containing a 
known quantity of HB Ag (15); the method was found to detect HB Ag at a 
concentration of 0.045 mg/ml.

Results

After the first dose of HB Ag, the sera of the 8 male guinea pigs proved 
negative with human HB Ag-negative sera, and positive with human HB Ag- 
positive sera. These positive reactions were identical with that of human HB Ag 
immune serum. Examination of the guinea pig sera revealed a high-anti-a titre 
and a low anti-d and anti-x specificity as stated by G. L. Le Bouvier.

The sera of the 5 offsprings with HB Ag-positive blood samples gave a 
positive reaction identical with that of the 2 mother animals, of the 8 males and of 
the human immune serum.

Next, 1000 blood donors were tested for HB Ag with the sera of the 8 male 
guinea pigs, 5 offsprings and the human immune serum. HB Ag positivity was 
confirmed in 16 cases (1.6%) with all the three kinds of immune serum.
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Discussion

The results allowed to conclude that the offsprings of guinea pigs immunized 
with purified HB Ag during pregnancy are capable of producing HB Ab, HB Ag 
being assumed not to pass across the placenta, therefore, no immune tolerance to HB 
Ag can develop in the offsprings. It must, however, be considered that the HB virus 
does not multiply in the guinea pig, so this model should be compared to human 
infection with certain reservations.

As the HB Ag used for immunization was produced from mixed donor 
plasma, the obtained immune serum contained anti-d but no anti-y specific anti­
bodies. It was therefore expected that D type will be in excess among HB Ag 
carriers. The distribution pattern of subtypes remains to be determined by ex­
periments still in progress.

We wish to thank Dr. G. L. Le Bouvier (Yale University School of Medicine) for typing 
the sera; Dr. K. Madalinski (State Institute of Hygiene, Warsaw) for kind supply of serum 
with known HB Ag content; and the National Institute of Haematology and Blood Trans­
fusion, Budapest, for human HB Ab-positive serum.
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A patient is described in whom CML first presented as blastic crisis. The 
diagnosis of CML was based upon the findings of Ph1 chromosome in the bone marrow, 
basophilia in the peripheral blood, absence of NAP activity in the leukocytes, elevated 
serum vitamin B12 and an enlarged firm spleen. CML with blastic crisis as its first ex­
pression is relatively rare, as compared to CML in which blastic crisis appears as a 
phase of prolonged clinically manifest disease.

The Philadelphia (Ph1) chromosome is found mainly in patients with chronic 
myelogenous leukemia (CML) [9] but, more rarely, it may be present also in 
patients with other myeloproliferative disorders such as myeloid metaplasia [3], 
thrombocythemia [2], polycythemia vera [6], and eosinophilic leukemia [8]. In 
recent years the Ph1 chromosome has also been described in 14 patients with acute 
myelogenous leukemia (AML) [1, 4 — 8, 10]. Because of the relative rarity of the 
Ph1 chromosome in AML, it has been suggested [1] that such patients have in 
fact CML which had been clinically silent prior to the blastic crisis, the appearance 
of which mimicked AML. We wish to report on an additional patient with a 
similar course.

Case report

A 32-year-old Israeli-born taxi driver was referred to our department with 
the diagnosis of AML. Two weeks prior to admission he started to complain of 
bone pains and a white blood cell count of 180,000 with 20% blasts was found.

Physical examination showed the patient in a fair general condition with a 
normal body temperature and blood pressure. Generalized lymphadenopathy was 
found, the edge of the liver was palpated and a firm and non-tender spleen was 
felt 3 cm below the costal margin. The eyegrounds showed engorged veins and 
numerous whitish infiltrates.

Laboratory data were as follows. The urine was normal, the hemoglobin 
12.8 g per 100 ml, hematocrit 35%, white blood cell count 200,000 with 20% 
blasts, 10% promyelocytes, 8% metamyelocytes, 6% myelocytes, 22% band 
forms, 27 % neutrophil polymorphonuclears, 5 % basophils, 1 % monocytes and
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1 % lymphocytes. The platelet count was 150,000. No neutrophil alkaline phos­
phatase (NAP) activity was detected. A bone marrow aspiration biopsy disclosed 
marked hyperplasia of the white blood cell series with 78% blasts; karyotype 
examination revealed the presence of Ph1 chromosome (Fig. 1). The serum vitamin 
B12 was 2184 pg/ml. There were no other abnormal findings in the blood, specifi­
cally there was no evidence of hemolysis, coagulation disturbances or paraproteins.

Treatment was given with intravenous rubidomycin, 40 to 80 mg per day, a 
total of 600 mg in 13 days; and allopurinol, 300 mg per day. Within 2 weeks the 
bone pains, the lymphadenopathy and the retinal changes disappeared, and the 
spleen and liver became unpalpable; the white blood cell count dropped to 6000 
with 2% blasts. After an additional 2 weeks the lymphadenopathy and hepato- 
splenomegaly reappeared and rubidomycin was reinstituted but had to be dis-
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Fig. 1. Philadelphia chromosome (arrow)

continued because of an ischemic pattern in the electrocardiogram. Instead, com­
bined therapy with cytosine-arabinoside and steroids, and subsequently hydroxy­
urea and later 6-mercaptopurine were given, as well as transfusions of blood, 
white blood cells and platelets, antibiotics and allopurinol. However, the patient’s 
condition worsened and he developed hypoproteinemia and edema, muscle 
wasting, melena and hematemesis, and subsequently oral and pulmonary moniliasis 
with the appearance of a “fungus ball” in the chest X-ray (Fig. 2). Further treat-
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Fig. 2. Fungus ball in chest X-ray tomography

ment with amphotericin and fluorocytosine was of no avail and the patient died 
of respiratory failure, 5 months after the diagnosis of leukemia had been estab­
lished. Postmortem examination revealed widespread leukemic infiltrations and 
moniliasis, with severe involvement of the lungs.

Discussion

Two concepts have been forwarded concerning this specific form of leukemia 
which is “acute” in its clinical and laboratory manifestations but exhibits the Ph1 
chromosome. Bornstein et al. [1] suppose that such patients present an abortive 
form of CML which is clinically silent until the appearance of a blastic crisis. In 
support of the pre-existence of CML as the background of the acute picture, these 
authors as well as Hammouda [4] mention the presence of Ph1 chromosome» 
peripheral blood basophilia and splenomegaly. In contrast, Hossfeld et al. [5] are 
of the opinion that these patients have “true” AML.

In the patient described here evidence of CML was found in the presence o f 
Ph1 chromosome, splenomegaly, basophilia, elevated serum vitamin B12 level and 
absence of NAP activity in the granulocytes. On the other hand, the presence of a 
high percentage of blasts in his peripheral blood and bone marrow and the 
stormy clinical course seemed characteristic of AML. The combination of these
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features in the patient led us to classify him with that relatively rare form of CML 
in which a blastic crisis is the presenting manifestation. The diagnosis of a blastic 
crisis in the background of preexisting CML has prognostic importance, in that 
the disease in such patients is more resistant to chemotherapy than true AML [1 ].
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A case of IgD myeloma is presented. The severe damage of both kidneys 
resulted in uraemia, and death. Fluorescein angiography failed to reveal a typical 
paraproteinaemic fundus. The elevated serum IgD level decreased from 1000 mg to 
400 mg per 100 ml during cytostatic therapy. The effect of the antineoplastic drugs on 
the plasmocytes was demonstrated by microphotograms. The caryograms revealed 
multiple changes.

The existence of type D immunoglobulin (IgD) has been revealed in a case 
of myeloma [43, 44].

This Ig can be detected in 17 % of the normal population ; it does not appear 
below the age of three months. Hyper IgD-aemia is extremely rare [39]; the 
normal concentration of this type of immunoglobulin is about 3 mg in 100 ml of 
serum. Its electrophoretic mobility as well as the location of the precipitin line are 
very similar to IgA. The sedimentation constant was found to be around 7,4 S 
[46], the molecular weight approximately 180,000. The IgD is synthetized in the 
plasma cells and can be broken down enzymatically, like IgG [49, 51,53] cells of the 
whole organism [11, 12, 45]. These cells, however, do not differ from cells pro­
ducing other immunoglobulins [36] and 70% of them is located in the intravasal 
space. The half survival time (T 1/2) was estimated at the catabolic rate at 10 to 
12% [42]. Though its antibody function, as its antinuclear-antibody property [26, 
27, 55, 61], anti-thyroid [27], anti-diphthery-toxoid, anti-bovine-gammaglobulin 
[20], anti-penicillin [18], and anti-insulin [14] properties have been proved, its 
real role has not yet been established. There are no data of its skin sensitizing and 
complement binding effects [16, 21, 22, 35, 54]. It is assumed that IgD is bound to 
the membrane of the circulating lymphocytes [8], moreover, in a high percentage 
to the lymphocytes located in the umbilicus [48]. More recently this Ig has been 
supposed to be a receptor of lymphocytes [47]. In cases of nephropathy, the IgD 
binds to the glomerular membrane, but its pathogenic role is not likely [58].

Approximately one and a half per cent of the myeloma cases are IgD mono­
clonal gammopathies [23]; most of them proved to be of the lambda type. The 
distribution according to sex and age was similar as in other myelomas. The case 
at issue was also one of IgD lambda. Table 1 shows the data in the available 
literature.
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Table 1

Type No. of 
cases Male Female Sex

unknown
Age,
years References

Lambda 77 35 25 17 40-86 2, 5, 6, 7, 9, 10, 15,
16, 17, 24, 29, 30,
31, 32, 34, 37, 38,
40, 43, 52, 56, 59,
60, 62

Kappa 12 9 1 2 40-73 13, 16, 17, 28, 34,
54, 57, 63

Not identified 8 1 2 5 47-81 1, 3, 4, 16, 25, 33,
34

Total 97 45 28 24

Case report

J. J., a 65-year-old female patient was admitted to the Fourth Department 
of Medicine on 2nd October, 1972. At 8 years of age, adenotomy, and at 14 years 
tonsillectomy and then appendectomy had been performed on the patient. Since 
her childhood she had been known to have “kidney disease” ; in the last ten years 
she had been under continuous urological control and had treatment because of 
kidney stones and recurrent pyelonephritis, and local silver nitrate therapy for 
ulcerous cystitis for one year. In the last years her blood pressure had been elevated. 
Three or four months prior to admission she had lost weight, and became weak 
and fell faint. She had had also polydipsia as well as polyuria. A few weeks before 
admission she had suffered a rib fracture on the left side, caused by pressure, and 
felt pains in the bones. She was admitted with anaemia and a sedimentation rate 
of 120 mm/hr. For further findings see Tables 2, 3 and 4.

Table 2

Urine

Specific gravity 
Protein
Bence-Jones protein
Esbach
Pus
Sugar
Sediment
Culture

Endogenous creatinine 
clearance

1005-1009
positive
positive
2 . 1%
traces
negative
leukocytes, hyalin casts 
E. coli, Proteus, Pseudo­

monas aeruginosa

22 ml
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Table 3

Date
Serum 

creatinine, 
g/100 ml

BUN
(normal
value),

20 mg/100
ml

Total 
protein, 

g/100 ml
ESR,

mm/hr
IgD

in serum, 
mg/100 ml

Urinary culture

2. 10. 1972 2.5 60 7.0 85
19. 10. 1972 — — 6.9 50 E. coli, sign.

bacteriuria*
30. 10. 1972 — — — 65 1000 E. coli, Proteus,

Pseudomonas
aeruginosa

12. 1. 1973 1.4 40 6.9 50
24. 1. 1973 — — — —
12. 2. 1973 — — — 52 250
20. 3. 1973 1.5 32 6.7 30 E. coli
28. 5. 1973 — 49 - — approx.

100 E. coli
19. 6. 1973 4.6 95 6.4 50 Sterile

* IgD concentration was detected by Hyland Immunopiate.

Renography performed with 1311 - N a - i о d о h i p p u rate revealed severe defects 
in both kidneys (Fig. 1).

Histological examinations by light and electron microscopy proved the 
existence of serious parenchymal lesions in both kidneys. Fluorescein angiography

Fig. 1 Renography performed with 13lI-Na-iodohippurate
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Fig. 2. The capillaries around the macula are partly obstructed. Leakage of dye at border of 
macular region (marked with arrow)

of the ophthalmoscopically negative eyes did not show a normal picture, but no 
typical paraproteinaemic fundus was found (Fig. 2).

Immunoelectrophoresis revealed a discrete plus precipitin line ( J, ) with no 
IgM and IgA precipitin bonds and the typical picture of Ig-D-lambda monoclonal 
gammopathy (Fig. 3).
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Table 4
Colloid lability test 

(thymol turbidity, etc.) 
Cryoglobulin and cryofibrinogen 
Sia test 
Latex test

negative
negative
negative
negative

Paper electrophoresis:
albumin 60%
alpha! globulin 3.3 %
alpha2 globulin 6.7 %
beta globulin 10.0%
gamma globulin 20.0%

Agarose electrophoresis visible M gradient

Table 5

Immunogram Patient

Normal value 28. 10. 1972 12. 1. 1973 16. 4. 1973

Flexner lb 24 2 2 2
Flexner 2a 14 4 2 2
Flexner 3 34 4 4 2
Sonne 28 4 4 4
Coli 26 25 0 2 2
Coli 55 4 2 2 2
Coli 86 12 4 8 2
Coli 111 6 2 0 2
Sheep R.В.С. 2 0 0 0
Rabbit R .В.С. 105 32 — —
AST 230 AE/ml 240 AE/ml 280 AE/ml 140 AE/ml
Staph, alpha- 
antitoxin 1.2 AE/ml 0.12 AE/ml 0.24 AE/ml 0.24 AE/ml

Anti A 14 16 8 4
Anti В 24 2 2 0

Table 6

Date Haemoglobin, 
g/100 ml Leukocyte count Platelet count

2. 10. 1972. Before cyclophosphamide
therapy 7.8 6 700 —

17. 10. 1972. End of cyclophosphamide
therapy 7.8 5 100 58 000

13. 10. 1972. Beginning of melphalan
therapy 8.8 1 700 63 000

11. 11. 1972. End of melphalan therapy 7.8 4 500 80 000
6. 2. 1973. Discharge 8.5 5 900 —

15. 3. 1973. Readmission 8.9 4 900 150 000
21. 6. 1973. Death 8.9 2 000 46 000
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Fig. 4. Microphotogram of bone marrow

Fig. 5. The caryogram showed q- on the B5, chromatoid bridge on one G6, a “minute” for­
mation resembling a ring on EJ6. On one member of F20, a secondary submedian metacentric 
incurvation was observed. Deletion and chromosomes without centromere were also found. 
In general, the cells in the culture were in poor condition; the chromosomes were despiraled
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The patient’s immunogram revealed a decreased resistance to bacteria 
(secondary antibody deficiency syndrome, Table 5).

The antibody character of the pathological IgD could not be proved by the 
antigens applied. Some haematological data are shown in Table 6.

X-ray findings

Skull: Erosions of bean or pea size on the left side of occipital squama.
Ribs: Erosions on dorsal arch of Vllth and VUIth osteoporotic ribs on the left 

side. Fracture of Vlllth rib in posterior axillary line.
Spinal column: Erosions of bean or pea size on the lower dorsal vertebrae.

First bone marrow aspiration: 4th October 1972 (Fig. 4).
Caryograms: 4th November 1972, and 2nd February 1973 (Fig. 5).

Fig. 8

Electron microscopic examination of bone marrow was performed on 12th 
December 1972. In the sternal marrow, many plasma cells were found. Their 
majority was well differentiated with an elaborated rough-surfaced endoplasmic 
reticulum, and a highly developed Golgi system. In many plasma cells the ergasto- 
plasmic lamellae exhibited the focal concentric arrangement. In the focus of these 
membrane whorles the tubules were often distended, the density of their content 
diminished and the membrane surface was totally or partially deprived of ribo­
somes. Autophagic vacuoles and other lysosome-like bodies were frequent in the 
centre of the membrane whorles, and also in other parts of the cytoplasm. At some 
places the cytoplasmic ground substance was condensed inside the membrane 
whorles, and the rough-surfaced tubules were distended (Figs 6 and 7). Such 
structures showed a tendency toward the development of autophagic vacuoles.

In the course of therapy, the greatest problem was to influence the symptoms 
and the consequences of the renal failure. Obviously, the second most important 
task was to control the myeloma as the main cause of the disease (Fig. 8).
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Figs 6 and 7. Electron micrographs of a sternal bone marrow plasma cell (Fig. 7 is a detail 
of Fig. 6). The eccentric nucleus contains a large nucleolus and clumps of peripheral hetero­
chromatin. Most tubules of the well-developed rough-surfaced endoplasmic reticulum dem­
onstrate a focal concentric arrangement. In the centre of the concentric lamellae the tubules 
are distended, partially degranulated, and some of them deprived of the semiopaque fine 
granular content. In other membrane whorls the cytoplasmic ground substance is condensed. 
Two autophagic vacuoles (arrows) are seen in the cytoplasm. The Golgi apparatus (G) is

highly developed

Fig. 9. Light micrograph of renal cortex showing chronic interstitial inflammation, 
glomerular changes and atrophy of tubules, containing characteristic casts. Two glomeruli in 
the centre are seen in Figs 13 and 14 under high-power toluidin blue stained semi-thin section 
Fig. 10. Thickened basement membrane of glomerular capillary. Flattened and fused 

foot processes of podocytes, with filaments and microtubules in their cytoplasm

Fig. 11. Marked thickening of capsular basement membrane. Hydropic swelling of some 
cells. Periglomerular fibrosis. The obliquely cut tubule contains a large cast 

Fig. 12. Swollen glomerular cell with many large vacuoles containing fine floccular
material

Fig. 13. The visceral and parietal layers of the glomerulus are fused. Basement membrane
material is present in the tuft 

Fig. 14. Partially scarred glomerulus
Fig. 15. Mesangial thickening and many lysosome-like bodies in the cytoplasm of a 

mesangial cell. Large irregular basement membrane

Fig. 16. Lumen and intercellular space (arrow) of the tubule seem to contain a similar floc- 
culant material. Epithelial cell with imbibed cytoplasm. There is no epithelial lining cell at the 
lower part of the tubule. Tubular lumen and interstitial space are separated by peritubular

basement membrane

Fig. 17. Plugging of a longitudinally cut tubule by precipitated protein and necrosed 
debris (bottom). The tubular epithelial cells are detached at some places (on the right) from 

the peritubular basement membrane. Vacuolated tubular cells (top right)
Fig. 18. Interstitial macrophage in vicinity of damaged renal tubules 

Fig. 19. Chronic tubular atrophy with flattened cell and thickened peritubular basement
membrane

Fig. 20. Different degrees of tubular atrophy with epithelial cell desquamation and
basement membrane thickening

The patient received cytostatics, antibiotics and anabolic steroids regularly 
and simultaneously. Her condition improved slowly and gradually, and after 
approximately three months of treatment she became mobile. Another month 
later she was discharged and was followed-up regularly. Still later her condition 
deteriorated, readmission became necessary and she died of uraemia.

Postmortem examination

Necropsy was performed six hours after death. In accordance with the 
clinical data, a soft, gelatinous, greyish-red tumour tissue was found scattered 
over the whole skeletal system. Cut surfaces of the sternum, skull, femur, ilium,
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ribs and spine revealed multifocal infiltration of the bone marrow and of the 
spongy substance of the bones. Diffuse osteoporosis was observed. Sporadically 
the bone marrow was completely replaced by solid tumour. Microscopically, broad 
sheets of closely packed cells were present in the bone marrow. The tumour cells 
were similar to normal plasma cells but with more abundant cytoplasm and more 
eccentric nuclei. Some cells contained two nuclei.

The liver (weight, 1130 g) was smaller than normal and its surfaces showed 
signs of chronic congestion. Microscopically, the architecture was preserved. The 
cell content of the sinusoids increased markedly, at some places they were slightly 
infiltrated by tumorous plasma cells.

The lymph nodes were normal in size.
The tertiary pulmonary arteries of the right lung were occluded by emboli 

originating from a parietal thrombus in the left femoral vein.

Electron microscopic appearance o f the kidney

In the kidney, chronic interstitial inflammation with marked nephron injury 
was seen. The glomeruli demonstrated different degrees of progressive scarring, 
and the tubules signs of chronic atrophy (Fig. 9). Most of the convoluted tu­
bules could not be recognized.

In the glomeruli, many endothelial cells showed hydropic swelling. Large 
vacuoles with floccular content were seen in the cytoplasm (Figs 11 and 12). The 
endothelial cells showed few fenestrae. The basement membrane of the glo­
merular capillaries was thickened. Mesangial thickenings were frequent and 
the mesangial cells contained lysosome-like electron dense bodies (Figs 13 and 
15). The filtration slits between the foot processes of the podocytes were narrow­
ed and often absent. The cytoplasm of the prodocytes contained many micro­
filaments and microtubules (Fig. 10). The basement membrane of Bowman’s 
capsule was considerably thickened (Fig. 11) and in many glomeruli the capsu­
lar epithelial cells were also thicker (Fig. 13). In the partially scarred glomeruli 
the tuft was embedded in a basement membrane-like material (Fig. 14).

Most of the tubules exhibited signs of chronic atrophy. The epithelial cells 
were flattened, shrunken and/or vacuolated. Typical brush borders and the basal 
infoldings of the cells could not be found although some microvilli were present 
at places. Many tubular epithelial cells were imbibed with the protein-rich material 
found in the lumen of the tubules. Such material filled the distended intercellular 
spaces, too. Cell ruptures and cell desquamation were frequent in the tubules 
(Figs 16 and 17). Large macrophages showing the foreign body reaction of the 
interstitium were common (Fig. 18). Plugging of the tubules by precipitated 
protein and by necrosed debris was frequent. The peritubular basement mem­
brane demonstrated marked thickening around the atrophic and distended tubules 
(Figs 19 and 20).
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Discussion

The case seemed interesting in view of the rarity of IgD myeloma and also 
as the course of the disease supported von Baehr’s theory of the kidney damaging 
effect of light chains [5]. The powerful effect of cytostatic therapy on the patholog­
ical immunoglobulin titre also deserves attention. The question arises why the 
plasmocytes, known to be resistant to therapy [19, 41], were so sensitive in this 
case. (Their sensitivity was shown by the decrease of the IgD titre as well as by 
the changed morphology revealed by electron microscopy.) Is it that the fore­
runners of the IgD producing plasmocytes — one group of the lymphocyte 
population — were originally sensitive to these drugs? The caryograms seemed to 
support this theory, since these alterations differ from the changes usually de­
scribed in monoclonal gammopathies [50].

*

We are indebted to Dr. P. Vittay for the radiorenogram.
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The distribution of tissue antigens for 22 antigens was studied in 46 patients 
suffering from polycythaemia rubra vera (PRV), using antibody containing sera from 
80 multigravidae. The incidence of HL-A 5 was significant higher and that of HL-A 7 
significant, while the frequency of HL-A 13 was remarkably lower than in the normal 
population. No difference was found in ABO and Rh (D) antigen distribution for 
erythrocytes. No antibodies against erythrocytes, thrombocytes or lymphocytotoxic 
ones could be demonstrated.

According to data in the literature, there is a certain relationship between 
the distribution of blood groups and the incidence of haematological diseases. 
According to examinations performed by Nersziszjan et al. [14] in more than 2000 
haematological patients, within the ABO system group О occurs more frequently 
in acute leukaemia, groups A and AB in pernicious anaemia, group AB in Werl- 
hof’s syndrome and group B in haemophilia, as against the normal population. 
Differences were found also in the distribution of Rh (D) antigen inasmuch as 
the ratio of Rh-negative patients proved to be significantly higher in acute leukae­
mia, chronic myeloid leukaemia, hypoplastic anaemia and haemophilia. The in­
vestigations associated with organ transplantation and the better understanding 
of tissue antigens have aroused interest in the relationship between tissue antigens 
and the various illnesses, especially haematological diseases [6, 7, 10, 15 — 17, 22]. 
It has been attempted to find some correlation between development of the disease 
and the incidence of certain HL-A antigens for Hodgkin’s disease [1, 6, 7, 11, 16], 
malignant lymphomas [10, 11, 15] and SLE [3, 5], etc. The results obtained and 
the conclusions drawn are not uniform.

Another field of research is centred on the appearance of lymphocytotoxic 
antibodies in the sera of patients with various diseases [8, 9, 12, 18—20]. Accord­
ing to literary data, certain tissue antigens occur more and others less frequently 
than in the normal population in part of the haemoblastoses. In spite of this we 
have found no data concerning the tissue antigens and cytotoxic antibodes in 
patients with polycythaemia rubra vera (PRV).

Material and Methods
The distribution of tissue antigens was analysed in 46 patients suffering 

from PRV. The incidence of ABO, Rh (D) and tissue antigens was studied in
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respect of antigen distribution. The development of antibodies against all the 
three cell lines was investigated. Tissue antigens were determined by the inter­
national standard lymphocytotoxicity microtest [20]. Typing for 22 antigens was 
done by using antibody containing sera collected from 80 multigravidae. More 
than two sera with antibody were used for the determination of each antigen. The 
results obtained were compared with the per cent distribution and gene frequency 
for the normal population. The lymphocytotoxicity microtest, using lymphocytes 
from 50 healthy non-related blood donors was adopted to locate the antibodies in 
the sera of the patients. The antibodies against thrombocytes were studied by 
means of thrombocytes from 50 donors, by Colombani’s [2] complement fixation 
microtechnique.

No difference was found in the distribution of ABO and Rh (D) antigens as 
against the data for erythrocytes of several thousand healthy donors.

When examining the tissue antigens of the patients, significant differences 
were found for 3 antigens.

Four hundred and ninety blood donors served as normal controls. The repar­
tition of tissue antigens is given in Table 1.

Results

Table 1

Frequency of antigens in 46 PRV patients

Normal
Gene frequency I Gene frequency 

in normal I in PRV
blood donors I patients

P

locus 1 HL-A 10

W 32

HL-A 11 
W 28

HL-A 1 
HL-A 2 
HL-A 3 
HL-A 9

0.1475
0.2989
0.1271
0.1215
0.0923
0.0701
0.0388
0.0315

0.1308
0.2697
0.1308
0.1437
0.1056
0.0455
0.0339
0.0225

HL-A 5 
HL-A 7 
HL-A 8 
HL-A 12 
HL-A 13 
W 5

locus 2 W 10
W 14 
W 15 
W 17 
W 22 
W 27

0.0521
0.0946
0.1016
0.1135
0.0498
0.0853
0.0853
0.0359
0.0432
0.0513
0.0199
0.0506

0.1567
0.1835
0.0691
0.1181
0.0112
0.0572
0.1181
0.0225
0.0225
0.0225
0.0225
0.0455

0.0001
0.0111

0.0927

H a e m ato lo g ia  9, 1975



G. Nagy, V. Stenszky et al.: Antigens and antibodies in PRV 281

As it clearly appears from Table 1, a highly significant increase (p = 0.0001) 
was found in the frequency of HL-A 5, and a significant increase (p = 0.0111) in 
that of HL-A 7. On the other hand, a not significant, though remarkable dim­
inution was observed in the appearance of antigen HL-A 13.

Considering that PRV is affecting all the three cell lines of haemopoiesis 
(erythropoiesis, myelopoiesis, thrombocytopoiesis), the next experiments were 
designed to find the respective antibodies.

Immunoantibodies against erythrocytes could not be found either on the 
cell itself or in the serum.

Antibodies against lymphocytes were tested by lymphocytes from 50 
healthy blood donors, with incubation at room temperature and at 15°C. No 
lymphocytotoxic antibody was found.

Attempts were made to demonstrate antibodies against thrombocytes by 
thrombocytes from 50 healthy donors, adopting the complement fixation tech­
nique. The tests led to negative results in this case, too.

Discussion

Various authors found either a significant rise or fall of certain tissue anti­
gens in haematological disease. Thus e.g. HL-A 2 and 12 occur more frequently, 
HL-A 1 significantly less frequently in acute lymphoid leukaemia [17, 22]; HL-A 
9, W 5 antigens more frequently in chronic lymphoid leukaemia [6], HL-A 5, W 5 
in Hodgkin’s disease [1, 6, 7, 11, 16], HL-A 12, 13 in reticulosis [10], HL-A 7, 
W 17 in lymphosarcoma [10].

In the present experiments, a highly significant rise (p =  0.0001) was found 
in the frequency of HL-A 5, a significant rise (p =  0.0111) in that of HL-A 7 
and a not significant, though remarkable fall in the incidence of HL-A 13 in 
46 patients with Vaque—Osier’s disease. Although significant differences cal­
culated from the data of 46 patients in all must be interpreted with proper criticism, 
we have still drawn some conclusions from these 3 antigenic differences. We have 
attempted to establish correlations in the incidence of the 3 different antigens 
versus their frequency in the normal population and certain clinical parameters 
such as age, sex, duration and type of the disease (thrombotic, haemorrhagic 
forms), and their response to therapy. However, no unambiguous relationship 
could be demonstrated. In the second half of the experiments we searched for 
antibodies against peripheral haemocytes (erythrocytes, lymphocytes, thrombo­
cytes). Immunoantibodies against erythrocytes could not be detected either on 
the cell itself or in the serum.

Our hypothesis that the moderate lymphopenia associated with PRV 
[4, 13] would be due to lymphocytotoxic antibodies could not be proved.

We attempted to detect antibodies against thrombocytes by thrombocytes 
from 50 healthy blood donors, adopting the complement fixation technique. 
These investigations too gave negative results. Accordingly, the failure or delay 
of the increase in the thrombocyte count, often experienced in the course of
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exacerbations after treatment with radiophosphorus or cytostatics, could be 
accounted for by immunological factors.
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Experience with cytostatic treatment performed in patients with polycythaemia 
rubra vera is reviewed. The effectivity and side effects of the drugs applied are evaluat­
ed. Mannosulfan and mitobromitol were the drugs most suitable for treatment. In 
certain special cases, 5-hydroxyurea was also satisfactory, while mitolactol was the 
least suitable.

Application of new cytostatics and of their combinations, a comparison of 
their effectivity and possible side effects are the most effective means for improving 
the therapeutical result in haemoblastoses [12]. Although the results ensured in 
these conditions by cytostatics are poorer and in many a respect more restricted 
than the effect of antibiotics in infectious diseases, their therapeutical role is 
identical until a causal therapy has been found.

Polycythaemia rubra vera (PRV) is a particular illness among the haemoblas­
toses [7] in that, if treated appropriately, it is relatively benign and takes a pro­
tracted course. It is therefore well- suited for investigating the pathological and 
clinical features in detail [9, 10]. Cytostatics effective in PRV are useful also in the 
other condition belonging to this group of diseases, and vice versa [11 ]. Our own 
experience also supports this: mannosulfan and 5-hydroxyurea proved effective 
in PRV, therefore we started giving these drugs also to patients with chronic 
myeloid leukaemia (CML). Mitobromitol was initially administered only to 
patients with CML but in PVR it also proved effective.

Materials and methods

Until 1967, all our PRV patients were treated exclusively with radiophos­
phorus (32P). Since 1967, most of the patients receive cytostatics. 32P is applied 
only in patients with long history of PRV; or in the presence of dangerous 
complications such as cerebral vascular crisis, myocardial infarction, multiple 
embolisms, or if the patient’s condition is very serious due to some other reasons; 
and if the previously applied cytostatic treatment had no effect.

During 5 years 100 patients were treated with cytostatics. Thirty had mito­
bromitol, 40 mannosulfan, 20 5-hydroxyurea and 10 mitolactol treatment. Their 
mean age was 54.2 years (range 18 to 74 years). The sex distribution was 63 males,
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37 females. The disease had started more than 5 years before in 52, before 3 years 
in 22, and before 1 year in 18 cases. In 37 cases, vascular complications occurred 
in the history, in 92 cases splenomegaly, and in 67 cases hepatomegaly.

Mean RBC count: 6,800,000 (5,750,000-7,300,000); WBC: 2600(8600- 
17,000); platelet count 556,000 (450.000 — 745,000). Eighty-six patients displayed 
an increased granulocytic alkaline phosphatase activity.

The drugs were administered orally in the following doses: mitobromitol, 
0.25 g; mannosulfan, 1.0 g ; 5-hydroxyurea, 2.0 g ; mitolactol, 0.45 g. Mean dosage 
was, in the same order as above, 6.75 g; 12.00 g; 16.5 g; and 6.5 g. During one 
course the patient was given one type of cytostatic. The time of onset of the 
disease was different, but no relationship was found between the sensitivity to a 
new drug and the length of the process. In those cases when the red blood cell 
count, haemoglobin and haematocrit values were very high or previously some 
vascular complications (thrombosis, thromboembolism or significant bleeding) 
occurred, repeated venesection was performed. Altogether a total of 1000 — 1600 
ml of blood was withdrawn in 150—250 ml fractions every second day, parallel 
with cytostatic therapy.

Results

Complete normalization of counts in peripheral blood and bone marrow, a 
subsidence or significant decrease of splenomegaly and hepatomegaly and the 
relief of complaints connected with the disease were considered the criteria of 
remission. Patients in working age were able to continue their work during 
periods of remission. Results of cytostatic therapy and the complications arising 
are shown in Table 1.

At the time of exacerbation, five of the patients shown in Table 1 were 
treated with mitobromitol and 10 with mannosulfan, hence the difference between 
the number of treated and total number of patients. Treatment with 5-hydroxy­
urea or mitolactol was applied only once in the same patient.

Mitolactol was effective in every case, mitobromitol in 32 of 35 cases, 5- 
hydroxyurea in 18 of 20 cases, mitolactol in 6 of 10 cases. The mean duration of

Table 1

Cytostatic
Average dose 
(day/course), 

g

Number 
of treated 
patients

Total
number of 
treatments

Number of 
effective 

treatments

Number of 
complica­

tions

Mean dura­
tion of 

remission, 
months

Mitobromitol 0.25/6.75 30 35 32 3 18.3
Mannosulfan 1.0/12.0 40 50 50 0 16.3
5-Hydroxyurea 2.0/16.5 20 20 18 3 7.5
Mitolactol 0.45/6.50 10 10 6 1 5.1

Total - 100 115 106 7 -
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remission was about identical after mitobromitol and mannosulfan ; in the patients 
treated with 5-hydroxyurea it was significantly shorter and shortest in the cases 
where mitolactol was applied.

Complications due to treatment such as reversible leukocytopenia and 
thrombocytopenia were observed in 3 cases treated with mitobromitol, in three 
cases treated with 5-hydroxyurea and in one case treated with mitolactol.

Two of the three cases where leukocytopenia and thrombocytopenia devel­
oped had previously been treated with radiophosphorus, \ / 2—2 years preceding 
mitobromitol treatment. The radiophosphorus proved effective at this time, as it 
ensured a complete clinical and haematological remission. In one case a recent 
PRV was confirmed. All three patients developed cytopenia between the 20th and 
25th days of treatment, white blood cell count decreased to 1000 — 1500, the 
platelet count to 15,000 — 21,000. Two of the 5 patients treated with 5-hydroxyurea 
had previously been given radiophosphorus; one of them had had once radio­
phosphorus and once mitobromitol. In 2 of the 3 patients the cytopenia had 
appeared after an increased dose (30 g) of 5-hydroxyurea and in one case after 12 g 
of the drug, between the 20th and 30th days of treatment. White blood cell count 
decreased to 2000—2500, the platelet count to 35,000-50,000. In the case where 
mitolactol had been applied and cytopenia appeared the patient had already 
received radiophosphorus, mitobromitol and mannosulfan. In this case the cyto­
penia was less severe than in the cases where it had manifested itself after a dose of
4.5 g mitolactol. In all cases where complications arose a fresh platelet sus­
pension, transfusion of blood and antibiotics completely normalized the blood 
picture in 2 — 3 weeks.

The cytostatic most effective in the treatment of PRV thus seemed to be 
mannosulfan. It always ensured a remission, whether applied as a first treatment 
or as a treatment of relapse; the drug caused no complications and the mean 
duration of remission was one and a half years. Remissions after mitobromitol 
therapy were longer but in 3 of 35 cases the drug was ineffective and in another 3 
cases complications such as leukopenia and thrombocytopenia arose. In cases 
when resistance had developed to the drug applied, 5-hydroxyurea seemed to be 
useful, although the remissions caused by it were significantly shorter and the 
number of ineffective cures and the frequency of complications were higher than 
with mitobromitol. Among the four cytostatics, mitolactol was the least suitable; 
in 6 of 10 patients a remission was ensured but it lasted only for a half year.

Discussion

Vascular complications are frequent in untreated or insufficiently treated 
PRV patients. Cserbak [2] observed 139 (63%) in a series of 219 cases. Watkins 
and Fairley [15] reported on 50% complications such as thrombosis, thrombo­
embolism and bleedings, in a series of approximately 100 patients. Chievitz and 
Thiede [1] studying the postmortem findings of 250 PRV cases, observed that in 
100 cases (40 %) the cause of death was thrombosis and in 15 (6 %) a haemorrhage.
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The question remains whether leukaemic transformation [14] was due to 
the otherwise effective radiophosphorus therapy.

As to the other cytostatic drugs, Killmann and Cronkite [6], Maurice and 
Alberto [8] reported on their experience with Busulfan, Demidova [4] with triazi- 
quone and Deconti and Calabresi [3] with azauridine and azaribine treatment, 
and Szentkláray [13] with mitobromitol. According to these reports, the first 
three cytostatics were frequently causing leukocytopenia and thrombocytopenia, 
hence they are not too suitable for therapeutic purposes. Good results were achiev­
ed with mitobromitol, azauiidine and azaribine.

Considering all points, in our opinion, mannosulfan is the most cytostatic 
in PRV and our experience was favourable with mitobromitol. In certain cases 
5-hydroxyurea was also beneficial, although the remission caused by it was signif­
icantly shorter than with the other two cytostatics. Mitolactol ensured poor 
results ; this drug was the least suitable for the therapy of PRV.
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Present Problems in Haematology. Pro­
ceedings of the Second Meeting of the Euro­
pean and African Division of the Interna­
tional Society of Haematology, Prague, 
August 27 to 29, 1973. Eds.: J. Libánsky,
L. Donner. Excerpta Medica, Amsterdam 
and Avicenum Czechoslovak Medical Press, 
Prague 1974.

(The full text of 26 papers, with author 
and subject index, 302 pages.)

This is a very useful book for everyone 
interested in the new developments of haema- 
tological research and practice. The papers 
give a good survey of the progress in such 
topics which have changed most rapidly 
during the last few years.

In the first section 11 papers deal with 
the ethiopathogenesis and treatment of leu­
kaemia. The present state of the biochemistry 
of oncornaviruses is discussed first. There 
are studies on various aspects of preleukae- 
mic states, and on the ultrastructure of 
human leukaemic lymphocytes. An excellent 
review by J. F. Doré et al. discusses the 
human leukaemia-associated antigens and 
immune reactions. Further papers deal with 
chemotherapy and immunotherapy of acute 
leukaemia; experiments in animals as well 
as detailed clinical experience are presented 
by Mathé et al. On the classification and 
present state of treatment of lymphomas 
A. Stacher’s paper is most interesting.

In the second section the immunology 
of leukocytes, the HL-A system and its 
application in clinical medicine are discussed. 
An interesting paper deals with the genetic 
factors associated with the major histocom­
patibility system, i.e. the structural and/or 
regulatory genes. Several papers are devot­

ed to the connection between the morphol­
ogy and immunological function of lympho­
cytes. Still in this section the nature of the 
transplantation reaction and the question 
of non-specific immunosuppressive therapy 
are discussed. A review by G. Mathé et al. 
on the present state of bone marrow trans­
plantation is based on the authors’ own 
clinical experience.

The third section deals with haemocoagu- 
lation and fibrinolysis. Three theoretical 
papers discuss the interaction of coagulation 
factors, the naturally occurring and synthetic 
thrombin inhibitors, and the fibrinolysis 
and fibrinogen degradation products. A brief 
paper by H. G. Lash gives an up-to-date 
description of the pathophysiological and 
clinical aspects of diffuse intravascular coag­
ulation.

Anna M ód

S. Sumida: Transfusion o f Blood Pre­
served by Freezing. Georg Thieme Verlag, 
Stuttgart 1974. 92 pages, 117 illustrations. 
Price: DM 58,-

The biological effects of cold have been 
known for centuries, but the relationship 
between low temperature and life remained 
largely unexplained until 1940, when Luyet 
and Gehenio published their work “Life and 
Death at Low Temperatures”. Since that 
time various disciplines have become in­
terested in the rapidly expanding field of 
cryobiology. The observation in 1951 by 
Audrey Smith that glycerol protects cells 
from the lethal effects of freezing has opened 
the possibility for the long-term preservation 
of cellular components of blood.

8 H a e m a to lo g ia  9, 1975



288 Book Reviews

The introduction of component therapy 
has created an increasing demand for erythro­
cytes, leucocytes and platelets. Their clinical 
application has been the major driving force 
for research to preserve blood cells for trans­
fusion at low temperatures.

In this monograph, Sumida explains the 
freezing damage to red cells in terms of his 
own observations with the cryomicroscope. 
This is followed by a comprehensive sum­
mary of the author’s studies of frozen blood 
in vitro and in vivo, using both the high 
glycerol-slow freeze and the low glycerol- 
rapid freeze methods of preservation.

The monograph is not restricted to the 
preservation of red cells but presents a prom­
ising approach to the freezing of platelets. 
As this method becomes more practical, it 
will allow an increased use of frozen platelet 
preparations for the treatment of thrombo­
cytopenias.

The advantages of frozen blood are the 
ready accessibility of both rare and common 
red blood cells, decreased occurrence of im­
munizing histocompatibility antigens, and a 
low incidence of transfusion hepatitis.

Frozen blood remains the only hope for 
indefinite storage. It is only a matter of time 
before frozen blood will become a common 
supply in every blood bank for supplement­
ing fresh blood.

This beautifully illustrated and authori­
tative monograph will assist everybody in 
coping with the problems associated with the 
freezing of red cells and platelets.

Veronika Harsányi

Addine G. Erskine: The Principles and 
Practice o f  Blood Grouping. Mosby, Saint 
Louis 1973. 356 pages, with 84 illustra­
tions. Price:

This book is intended to offer a classroom 
text to beginners in blood grouping and 
at the same time to present comprehensive

and up-to-date information for the more ad­
vanced workers in the field. “Whereas just a 
short time ago blood transfusions were 
specialty procedures, resorted to infrequently 
and then only in cases of dire emergency, 
today they have become routine, thanks to 
the knowledge of the blood groups. It is 
therefore necessary for the modern blood 
bank technologist to be well versed in the 
fundamentals of blood grouping.”

The book is divided into three parts. Parts 
I and II deal with principles and methods 
of blood grouping while part III gives a 
short review of blood groups in non-human 
primates.

Part I gives a short history of the prin­
ciples of blood grouping. It does not only 
describe the most important blood group 
systems but deals with their immunological as 
well as genetical and chemical bases. A glos­
sary of the terms used in blood grouping 
makes the book still more useful.

Part II deals with the laboratory methods 
of blood grouping. As these methods seem 
to be simpler than many other laboratory 
procedures it is a common belief that they 
can be executed reliably by persons having a 
minimum of training and experience. The 
author calls attention to this dangerous view 
and stresses the importance of careful 
attention to details and necessary controls.

Dealing with coding of blood group 
reactions, Erskine makes a step toward in­
troducing computers into the medical 
laboratory, undoubtedly a matter of the 
not too distant future.

In part III the blood groups ofnon-human 
primates are discussed, a subject now attract­
ing world-wide attention.

This book will satisfy the needs for an 
up-to-date general textbook as a reference 
source together with detailed instructions for 
carrying out the tests.

Agnes Friss
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The interaction between transferrin and 
rabbit reticulocyte ghosts. E. H. Morgan and 
E. Baker (Department of Physiology, Uni­
versity of Western Australia, Nedlands, 
Western Australia). Biochim. biophys. Acta 
(Amst.) 363, 240 (1974).

The properties of the membrane re­
ceptors involved in iron transfer from 
plasma transferrin to cells were studied using 
rabbit reticulocyte ghosts prepared by 
hypotonic haemolysis and pure rabbit 
plasma proteins labelled with 125I, m I and/or 
59Fe. The specificity of the transferrin­
binding receptors was apparently lost during 
preparation of the reticulocyte ghosts. In 
contrast to the reaction with intact cells, 
transferrin uptake and reflux from ghosts 
were independent of the reticulocyte count, 
similar in quantity and kinetics to 
albumin uptake, and not affected by sulf- 
hydryl reagents which inhibit trans­
ferrin uptake by intact cells. These results 
indicate that the structural integrity of the 
reticulocyte is critical for the specific uptake 
of transferrin and that identification and 
isolation of transferrin receptors after hypo­
tonic lysis are unlikely to be successful.

A. Egyed

Energy-dependent accumulation o f iron 
by isolated rabbit reticulocyte mitochondria. 
I. Romslo (Department of Biochemistry, 
University of Bergen, Arstadvollen, Bergen). 
Biochim. biophys. Acta (Amst.) 357, 34
(1974).

Rabbit reticulocyte mitochondria isolated 
in a medium of sucrose, N-2-hydroxyethyl

piperazine-N’-2-ethanesulphonic acid and 
bovine serum albumin rapidly accumulate 
iron from the suspending medium when 
59Fe(III)-sucrose is used as a soluble and 
stable model complex. In liver mitochondria 
the accumulation occurs by two different 
mechanisms, i.e. by an energy-independent 
and an energy-dependent (uncoupler-sen­
sitive) one. Energy-dependent accumulation 
is inhibited to approx. 80% by cyanide. The 
reticulocyte mitochondria possess high and 
low-affinity binding sites of iron as recently 
reported for rat liver mitochondria. At pFI 
7.4, the low-affinity sites bind about 110 
nmoles of iron per mg of protein with

^  0.3 mM. The high-affinity sites bind 
about 28 nmoles of iron per mg of protein 
with K4 rí 50 ,«M, and the binding is com­
pletely inhibited by the uncoupler carbonyl 
cyanide m-chlorophenylhydrazone. By com­
paring the energy-dependent accumulation 
of iron and calcium in mitochondria from 
reticulocytes and different organs, it is found 
that iron accumulation (in state 1) relative to 
calcium (in state 4) is favoured in reticulo­
cytes by a factor of 5 (relative to liver) to 40 
(relative to heart).

A. Egyed

Mobilization o f iron from  reticulocyte 
ghosts by cytoplasmic agents. E. F. Work­
man, Jr. and G. W. Bates (Department of 
Biochemistry and Biophysics, College of 
Agriculture, and Texas Agricultural Ex­
periment Station, Texas A. and M. Univer­
sity, College Station, Texas). Biochem. bio­
phys. Res. Comm. 58, 787 (1974).

The preparation of ghosts from rabbit 
reticulocytes previously incubated with 59Fe-
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transferrin allows to study membrane iron 
mobilization by cytoplasmic factors, and 
intracellular iron pathways in a cell-free 
system. Incubation of 59Fe-ghosts with un- 
lab^led reticulocyte lysate results in mobili­
zation of the membrane bound iron and its 
utiliz<.ion for hemoglobin and ferritin syn­
thesis. An iron binding component migrating 
near the low molecular weight range on a 
Sephadex G-100 column was rechromato­
graphed on G-25 and emerged with the void 
volume. Chromatographic behavior sug­
gested a molecular weight near 5000. The 
component was subjected to gel electro­
phoresis; it migrated as a single TCA pré­
cipitable band that stained with Coomassie 
blue. The Lowry test for protein was positive. 
The component was found to bind ferrous 
ion reversibly, and to be active metabolically.

A . Egyed

Evidence that ferrihemoglobin may function 
as an intracellular heme carrier in reticulo­
cytes. H. M. Schulman (Lady Davis In­
stitute for Medical Research, Jewish General 
Hospital, Montreal, Quebec). Canad. J. 
Biochem. 52, 665 (1974).

Ferrihaemoglobin (1) stimulates globin 
synthesis in rabbit reticulocytes and in a 
reticulocyte cell-free protein synthesizing 
system, and (2) causes newly synthesized aß- 
globin dimers to form tetramers which are 
indistinguishable from haemoglobin in the 
ultracentrifuge. These observations are con­
sistent with the idea that a small pool of ferri­
haemoglobin may act as an intracellular 
haem carrier in reticulocytes.

A . Egyed

The gelation o f deoxyhemoglobin S in 
erythrocytes as detected by transverse water 
proton relaxation measurements. G. L. 
Cottam, K. M. Valentine, K. Yamaoka and
M. R. Waterman (Department of Bio­
chemistry, The University of Texas South­
western Medical School at Dallas, Dallas, 
Texas). Arch. Biochem. 162, 487 (1974).

At 37°C, when samples of blood, washed 
erythrocytes, or isolated hemoglobin from

individuals with sickle cell disease are de- 
oxygenated, the transverse water proton re­
laxation time is sharply decreased. In similar 
samples from normal adults homozygous 
for hemoglobin A, only a slight decrease in 
t2 was observed upon deoxygenation at 
37°C. In samples containing deoxyhemo­
globin S, the value of t2 increases as the 
temperature is decreased from 37°C to 4°C, 
in contrast to samples containing oxyhemo­
globin S, oxyhemoglobin A, or deoxyhemo­
globin A, where t2 decreases as the temper­
ature decreases. It is suggested that the 
decrease in t2 observed in samples of deoxy­
hemoglobin S at 37°C is the result of an 
increase in the amount of preferentially 
oriented water at macromolecular interfaces 
which occurs under conditions known to 
produce deoxyhemoglobin S gelation. Con­
ditions which reverse deoxyhemoglobin S 
gelation such as lowering the temperature to 
4°C, decrease the amount of preferentially 
oriented water which results in an increase 
in the value of t.2. Thus, measurement of the 
transverse water proton relaxation time can 
be used to monitor the gelation of deoxy­
hemoglobin S inside the erythrocyte.

B. Sarkadi

Some characteristics o f a phospholipase
A. 2from sheep red cell membranes. R. Kramer,
B. Jungi and P. Zahler (Theodor Kocher- 
Institute, University of Berne, and Central 
Laboratories of the Swiss Blood Transfusion 
Service SRK, Berne, Switzerland). Biochim. 
biophys. Acta (Amst.) 373, 404 (1974),

Red cell membranes of sheep contain a 
phospholipase A, (phosphatide 2-acyl-hydro­
lase, EC 3.1.1.4), which degrades exogenous 
phosphatidyl choline. The enzyme requires 
Ca2+ and is stimulated by detergents such as 
Triton X-100 or deoxycholate. Its pH 
optimum is 8.0. Phosphatidyl choline hydro­
lysis is not affected by albumin or high 
ionic strength. The enzyme has a broad 
temperature optimum between 30 and 45°C 
and is relatively heat stable. Phospholipase 
A activity is destroyed by 2-chloroethanol, 
but partially regained upon dialysis against 
an aqueous buffer. The enzyme is completely 
inhibited in the presence of dodecylsulphate.
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After removal of the dénaturant, the enzym­
atic activity is restored.

G. Gárdos

The interaction o f concanavalin A with 
sheep erythrocytes. B. Shore and V. Shore 
(Biomedical Division, Lawrence Livermore 
Laboratory, University of California, Liver­
more, Calif.). Biochim biophys. Acta (Amst.) 
373, 313 (1974).

Concavalin A and 125I-labeled concana­
valin A were used as probes for comparison 
of sheep low-potassium (LK) and high 
potassium (HK) erythrocytes with respect 
to their agglutinability and membrane prop­
erties. Under conditions of equivalent con- 
canavalln A binding, freshly isolated sheep 
HK cells agglutinated to a much greater ex­
tent than the LK cells at 23 or 35°C; agglu­
tination was progressive over periods of 
1 — 4 hrs, but the differential between LK and 
HK cells persisted. On additional standing 
overnight in the cold, both LK and HK cells 
were extensively agglutinated. After prein­
cubation in a salt-buffer solution (without 
lectin) at 35°C for 4 hrs followed by standing 
overnight at 4°C, rapid and extensive agglu­
tination but not increased binding of con­
canavalin A occurred in both sheep HK and 
LK cells. Cells preincubated in the presence 
of an energy source and/or bovine plasma 
albumin also agglutinated rapidly. The rate 
of agglutination of freshly isolated cells of 
either kind was not decreased by the presence 
of an energy supply. Agglutination of sheep 
LK and HK erythrocytes by concanavalin A 
appears to occur in two steps: the first, a 
relatively rapid and temperature-independent 
binding of lectin which is very similar if not 
identical in the LK and HK cells; and the 
second, agglutination of the cells, which is 
slow by comparison with dog and rabbit 
erythrocytes under the same conditions. The 
second step depends upon a change in the 
cells that occurs relatively slowly after their 
isolation whether or not concanavalin A or 
an energy supply is present. This change 
might occur more rapidly in HK cells and 
this causes the differential in agglutinability 
of LK and HK cells.

Ilma Szász

Blood cell abnormalities complicating 
the hypophosphatemia o f hyperalimentation: 
erythrocyte and platelet ATP deficiency asso­
ciated with hemolytic anemia and bleeding in 
hyperalimented dogs. Y. Yawata, R. P. 
Hebbel, S. Silvis, R. Howe and H. Jacob 
(Department of Medicine, University of 
Minnesota Medical School, the University 
of Minnesota Hospitals, and the Minneapolis 
Veterans Administration Hospital, Minnea­
polis). /. Lab. clin. Med. 84, 643 (1974).

Hemolytic anemia and hemorrhagic 
diathesis may occur in starved dogs infused 
with solutions of amino acids and hypertonic 
glucose (“hyperalimentation”). Dogs, as well 
as humans, develop profound hypophosphat­
emia within 24 hours of infusion. Parallel 
with the decrease in serum P, red cell and 
platelet ATP levels fall. Red cells become 
spheroidal, dehydrated, poorly filterable, 
and entrapped by the spleen; concomitantly, 
their survival is shortened. These abnormal­
ities are prevented or reversed if cellular ATP 
is maintained by supplementation of animals 
with phosphate in vivo or by brief incubation 
of depleted red cells with adenosine and 
phosphate in vitro. Associated with ATP 
depletion in platelets, clot retraction is dis­
turbed; thrombocytopenia also occurs, which 
results in a 5- to 10-fold decrease in 
platelet survival. Maintenance of serum P 
levels by phosphate supplementation of in­
fusion solutions prevents the platelet ab­
normalities and the hemorrhagic diathesis. 
It is concluded that hypophosphatemia in 
hyperalimented dogs critically affects red cell 
and platelet function and survival through 
depletion of cellular ATP. By extrapolation 
to humans, it is suggested that serum P levels 
be monitored and carefully maintained in 
hyperalimented individuals so as to prevent
the above complications. r, ~ ,Ilma Szász

Phosphate metabolism in intact human 
erythrocytes : Determination by phosphorus-31 
nuclear magnetic resonance spectroscopy. T. 
O. Henderson, A. J. R. Costello and A. 
Emachi (Departments of Biological Chem­
istry and Physiology, University of Illinois at 
the Medical Center, Chicago, 111.). Proc. nat. 
Acad. Sei. (Wash.) 71, 2487 (1974).

Whole human blood was examined by 
31P nuclear magnetic resonance spectroscopy.
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Individual phosphates (or, ß, y) of ATP were 
identifiable, and two microenvironments 
appeared to be present for this molecule. 
When sequential recordings of freshly col­
lected blood were made, 2,3-diphospho- 
glycerate was observed to decrease with a 
concomitant increase in inorganic ortho­
phosphate. When aged cells containing little 
2,3-diphosphoglycerate were incubated in the 
presence of inosine and pyruvate, 2,3-di- 
phosphoglycerate formation could be dem­
onstrated. Thus, cellular metabolism can 
be recorded directly in intact cells by 31P 
nuclear magnetic resonance.

G. Gárdos

Comparison o f factors regulating red cell 
2,3-diphosphoglycerate (2,3-DPG) in acute 
and chronic hypoxemia. A. S. Keitt, Ch. 
Hinkes and A. J. Block (Department of 
Medicine, University of Florida and the 
Veterans Administration Hospital, Gaines­
ville, Fla.) J. Lab. clin. Med. 84, 275 (1974).

In twelve hypoxemic patients with severe 
chronic obstructive pulmonary disease 
(COPD), red cell 2,3-diphosphoglycerate 
(2,3-DPG) correlated significantly with arte­
rial PO., (p <  0.05), but not with arterial pH, 
Arterial oxygenation was increased by 
chronic administration of nasal oxygen by 
cannula for 4 to 12 months. Seven of these 
patients were rendered acutely hypoxemic by 
withdrawing their supplemental oxygen. The 
acute change in their red cell 2,3-DPG was 
highly correlated with a change in arterial 
pH (p <  0.001) but not with the change in 
arterial P02. Arterial pH seems to be the best 
predictor of red cell 2,3-DPG in acute 
hypoxemia and metabolic acid-base dis­
orders while arterial P 0 2 or a related factor 
is pre-eminent in stable COPD.

Ilma Szász

(Na+— K +)-activated ATPase in cattle 
erythrocytes. J. C. EUory and S. Carleton 
(A.R.C. Institute of Animal Physiology, 
Babraham, Cambridge). Biochim. biophys. 
Acta (Amst.) 363, 397 (1974).

In the presence of 150 mM N a+, in­
creasing K + levels initially stimulated 
(K + <  5 mM) and then inhibited ouabain-

sensitive ATPase in cattle erythrocyte ghosts. 
Ouabain-sensitive K + uptake measurements 
in high N a+ medium showed that the external 
affinity for K + was about the same for high 
and low K+ cells. K + inhibition of ATPase 
was greatest in ghosts derived from low K + 
cells, and least in ghosts from high K + cells, 
but a spectrum of sensitivities was found, 
correlating with the original red cell K + 
level. Sensitization with sheep anti-L reagent 
gave an increased overall ouabain-sensitive 
ATPase activity, with a small decrease in the 
apparent affinity for the K +-inhibition com­
ponent.

B. Sarkadi

Changes o f  membrane permeability due to 
extensive cholesterol depletion in mammalian 
erythrocytes. M. Grunze and B. Deuticke 
(Abteilung Physiologie, Medizinische Fakul­
tät, Technische Hochschule Aachen, Aachen, 
BRD). Biochim. biophys. Acta (Amst.) 356, 
125 (1974).

From porcine, bovine and human erythro­
cytes, 55 % of the total membrane cholesterol 
could be removed by incubating the cells in 
suspension of lecithin liposomes. Up to 30% 
depletion, membrane permeability remained 
unaltered; more extensive depletion induced 
a marked increase of the transfer rates of 
non-electrolytes and of organic acids pene­
trating by nonionic diffusion. This biphasic 
response of permeability to cholesterol de­
pletion, which has not been observed in 
artificial lipid membranes, may be related to 
the heterogeneity of the erythrocyte mem­
brane lipids or to a pool of cholesterol not 
interacting with the phospholipids.

B. Sarkadi

Evidence for an asymmetric distribution o f  
phospholipids in the human erythrocyte 
membrane. A. Kahlenberg, C. Walker and R. 
Rohrlick (Laboratory of Membrane Bio­
chemistry, Lady Davis Institute for Medical 
Research, Jewish General Hospital, Montreal, 
Quebec). Canad. J. Biochem. 52, 803 (1974).

The changes in phospholipid composition 
of the inner (cytoplasmic) surface of the 
human erythrocyte membrane resulting from
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the digestion of sealed inside-out vesicles 
with phospholipases A2 and C were deter­
mined. Practically all of the phosphatidyl 
ethanolamine and phosphatidyl serine and 
30—40% of the phosphatidyl choline and 
sphingomyelin of inside-out vesicles were 
found to be accessible to enzyme hydrolysis. 
In contrast, all of the above phospholipids of 
unsealed ghosts were susceptible to phospho- 
lipolytic digestion. These results are a direct 
demonstration of the asymmetric distribution 
of phospholipids in the human erythrocyte 
membrane.

/Una Szász

Lactoperoxidase labeling o f erythrocyte 
membranes from the inside and outside. B. C. 
Shin and K. L. Carraway (Department of 
Biochemistry, Oklahoma State University, 
Stillwater, Okla.). Biochim. biophys. Acta 
(Amst.) 345, 141 (1974).

Lactoperoxidase labeling of resealed 
erythrocyte ghosts has been performed to 
determine which polypeptides of erythrocyte 
membranes extended through the membrane. 
The resealed ghost was chosen because it 
approximates the intact cell better than does 
the isolated membrane. The interior surface 
of the membrane of the resealed ghost was 
labeled by sealing lactoperoxidase into the 
ghosts before adding 125I- and H20 2. Labeling 
from the outside was carried out by standard 
method. Only two polypeptides were shown 
to be labeled from the outside. One was the 
100,000 molecular weight component (Com­
ponent III) and the other was the major 
glycoprotein. Resealed ghosts labeled from 
the inside show substantial labeling of 
spectrin and Component III. Labeling of the 
glycoprotein is far less extensive, particularly 
when compared to the labeling of Component
III. These results show clearly that Com­
ponent III spans the erythrocyte membrane 
in the resealed ghost, which is a close analogue 
of the intact cell. The results for the glyco­
protein are not nearly so clear. The iodinable 
groups of the glycoprotein are relatively un- 
reactive from the inside, suggesting that the 
protein conformation or the organization of 
the protein in the membrane prevents the 
ready accessibilty of these groups to the 
cytoplasm.

B. Sarkadi

Crosslinking o f  glycoproteins in human 
erythrocyte ghosts. T. H. Ji and Inhae Ji 
(Division of Biochemistry, University of 
Wyoming, Laramie, Wyoming). J. molec. 
Biol. 86, 129 (1974).

Membrane glycoproteins of human eryth­
rocytes can be resolved into three major 
bands (GP-1, GP-2 and GP-3) by sodium 
dodecyl sulphate-polyacrylamide gel electro­
phoresis. When the ghosts or intact erythro­
cytes were reacted with the crosslinking re­
agent dimethyl malonimidate, a novel glyco­
protein band (GP-A) of crosslinked product 
appeared on the gel electrophoretograms of 
the solubilized membranes. When the cross- 
linked glycoproteins (GP-A) were ammono- 
lyzed to cleave the crosslinks and subjected 
again to electrophoresis on fresh gels, two 
glycoprotein bands (GP-1 and GP-2) were 
produced. It is concluded that GP-1 and 
GP-2 were crosslinked to form GP-A in the 
membrane. Only a small fraction of the glyco­
proteins was crosslinked, even after the 
ghosts were reacted with excess amounts of 
the reagent and for extended periods of time 
of crosslinking.

G. Gárdos

A microfluorimetric study o f  translational 
diffusion in erythrocyte membranes. R. 
Peters, J. Peters, K. H. Tews and W. Bähr 
(Max-Planck-Institut für Biophysikalische 
Chemie (Karl-Friedrich-Bonhoeffer-Institut), 
D-34 Göttingen und Abteilung für Bio­
mathematik des Klinikums der Johann- 
Wolfgang-Goethe-Universität, D-6000 Frank 
furt/Main, FRG). Biochim. biophys. Acta 
(Amst.) 367, 282 (1974).

A method is described which permits a 
quantitative study of translational diffusion 
in the membranes of single cells. Human 
erythrocytes were labelled with fluorescein 
isothiocyanate and then hemolyzed, which 
yielded ghosts of normal shape and strong 
fluorescence. By application of sodium do- 
decylsulphate-polyacrylamide gel electro­
phoresis it was found that a large part of the 
fluorescein isothiocyanate was bound to 
proteins of the erythrocyte membrane. In a 
fluorescence microscope, single ghosts were 
exposed to a sharply bounded intensive
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beam of light in such a manner that in each 
case only one half of the ghost was bleached. 
By microscopic measurements it was studied 
whether fluorescent material would diffuse 
from the unbleached part of the membrane 
into the bleached part and vice versa. Within 
the measuring time of 20 min at room 
temperature no significant degree of such a 
diffusion could be detected. In order to 
evaluate the experimental data quantita­

tively, the diffusion equation for a spherical 
surface was solved, and the obtained solution 
was integrated over the hemispheres. A value 
of 3 ■ 10-12 cm2/s was derived from the ex­
perimental data as the upper limit of the dif­
fusion coefficient of fluorescein isothio­
cyanate-labelled compounds in the erythro­
cyte membrane at 20°— 23°C.

G. Gárdos
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Acta Haematologica (Basel) 51 (1974) No. 1

Myeloid cell actinomycin binding in human 
myeloid leukaemia. Pileri, A., Masera, P., 
Garbarino, G., Hulin, N. (Division of 
Haematology, Medical Clinic, University 
of Torino, 10126 Torino, Italy), p. 1

Secondary anemia (XV) and reticuloendo­
thelial uptake in cancer. Reizenstein, P., 
Gheorghescu, B. (Section of Hematology, 
Karolinska Sjukhuset, S-104 01 Stockholm 
60, Sweden), p. 9

Synthese von Hämoglobin, RNS and DNS 
bei hämolytischer Anämie, Thalassämie 
und akuter Blutungsanämie. Müller, D., 
Boll, M ., Hahn, E. (Stadtkrankenhaus 
Hof, Medizinische Klinik, D-8670 (Hof/ 
Saale, BRD), p. 19

Lipid peroxidation in erythrocytes. Supra­
vital staining of peroxidised cells by 
crystal violet. Tudhope, G. R., Hopkins, J. 
(Department of Pharmacology and The­
rapeutics, University of Dundee, Dundee 
DD1 4HB, Scotland), p. 29

Abnormal factor X (factor X Friuli) coagula­
tion disorder. The heterozygote popula­
tion. A study of 57 subjects. Girolami, A., 
Brunetti, A., Bareggi, G., Cella, G. (Istituto 
di Semeiotica Medica, Padova, Italy), 
p. 40

Hereditary elliptocytosis associated with 
pernicious anaemia. Ghosh, M. L. (Depart­
ment of Haematology, District General 
Hospital, Barnsley, Yorkshire, England), 
p. 51

Purpura characterised by thrombasthenia 
associated with alterations of blood lipids. 
del Principe, D., Ballati, G., Castro, M., 
Diglio, G., Giardini, O. (Clinica Pediatrica 
dell’Università di Roma, Rome, Italy), 
p. 55

Acta Haematologica (Basel) 51 (1974) No. 2

Rosette-forming lymphocytes in normal and 
patients with malignant lymphomas. 
Cohnen, G., Augener, W., Buka, A., 
Brittinger, G. (Medizinische Klinik, D-43 
Essen, BRD), p. 65
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Дыгин В. П., Шейпак Л. Н. (клиника 
факультетской терапии Военно-меди 
цинской академии им. С. М. Кирова, 
Ленинград.) с. 53. — Osteomyelofibro­
sis and Chronic Lymphoid Leukemia in 
the Same Patient. Dygin, V. P., Sheipak,
L. N., p. 53

Случай длительного (19 лет) лимфогра­
нулематоза. Селиванова И. П. (Кафедра 
факультетской терапии Рязанского ме- 
дицинского института им. акад. И. П. 
Павлова.) с. 55. — 19 Уеаг Course of 
Lymphogranulomatosis. Selivanova, I. P., 
p. 55

О варианте внепеченочной портальной 
гипертонии, сопровождающейся свое­
образными изменениями гемопоэза. Со­
болева С. С., Фриновская И. В., Нови­
кова Э. 3., Цукерман О. А., Неменова Н.
M . , Гласко Е. //., Шелъгас Л. Е., От- 
ставнова Е. И. (Гематологическое от- 
деление, рентгенологическое отделе- 
ние, патологоанатомическая лаборато- 
рия Центрально о института гематоло- 
гии и переливания крови Министерства 
здравоохранения СССР, Москва.) с. 
56. — А Variant of Extrahepatic Portal 
Hypertension with Peluciar Changes of 
Hemopoiesis. Soboleva, S. S., Frinovskaya.
I. V., Novikova, E. Z., Tsukerman, O. A., 
Nemenova, N. M., Glasko, E. N., Shelgas,
L. E., Otstavnova, E. I., p. 56

Вопросы организации диспансеризации 
больных лейкозами. Лебедев В. Н. 
(Гематологическое отделение Сочинс- 
кого онкологического диспанесра.) сн. 
60. — Problems of Organization of Leu­
kemia Dispensaries. Lebedev, V. N., p. 60

Проблемы гематологии и переливания крови
(Москва) 15 (1972) № 2

Метаболизм лейкоцитарных элементов 
костного мозга при хроническом миэло- 
лейкозе. Лапотников В. А., Лебедева 
Н. П., Москалик И. Г., Онущенко, И. А., 
Филев Л. В. (Кафедра факультетской 
терапии 1 Ленинградского медицинс- 
кого института им. акад. И. П. Павло­
ва) с. 3. — Metabolism of Leukocytic 
Bone Marrow Elements in Chronic Mye­
loid Leukemia. Lapotnikov, V. A.,Lebedeva,

N. P., Moskalik, I. G., Onuschenko, I. 
A., Filev, L. V., p. 3

Органные культуры костного мозга чело- 
века. Лурия Е. А., Воробьев А. И., Кула­
гина H. Н., Панасюк, А. Ф., Прусевич 
Т. О., Смирное А. Н., Фриденштейн А. 
Я. с. 6. — Cultures of Human Bone 
Marrow. Luria, E. A., Vorobiev, A. L, 
Kulagina, N. N., Panasyuk, A. F., Pruse- 
vich, T. O., Smirnov, A. N., Fridenshtein, 
A. Ya., p. 6

K вопросу о роли сосудистых факторов 
в генезе кровоточивости при гипоплас­
тической анемии. Лагутина Н. Я., 
Чижова А. И., Кочемасов В. В., Файн- 
штейн Ф. Э. (Гематологическое от­
деление центрального института ге­
матологии и переливания крови Ми­
нистерства здравоохранения СССР, 
Москва.) с. 12. — The Role of Vascular 
Factors in the Tendency to Hemorrhages 
in Hypoplastic Anemia. Lagutina, N. Ya., 
Chizhova, A. L, Kochemasov, V. V., 
Fainshtein, F. E., p. 12

Состояние симпатико-адреналовой сис­
темы у детей с болезнью Верльгофа. 
Данилина 3. А., Колесов Д. В., Зиновьева 
Г. А., Новикова Л. С. (Клиника детских 
болезней I. Московского медицин- 
ского института им. И. М. Сеченова) 
с. 16. — The Sympatho-Adrenal System 
in Children with Werlhof’s Disease. Dani­
lina, Z. A., Kolesov, D. V., Zinovieva, G. 
A., Novikova, L. S., p. 16

K вопросу о генетической гетерогенности 
а-талассемии. Дидковский Н. А., Идель- 
сон Л. И., Цфасман А. 3. (Группа акад. 
АМН СССР проф. И. А. Кассирского 
на базе Центральной клинической боль­
ницы Ns 2 Мин. путей сообщения, 
Москва), с. 20. — Genetic Heterogeneity 
of 2-Thalassemia. Didkovsky, N. A., 
Idelson, L. /., Tsfasman, A. Z., p .20

Влияние плазмы и плацентина-3 наэритро- 
поэз и эритропоэтическую активность 
крови больных железодефицитными а- 
анемиями. Морозова А. Д., Винокурова 
Г. П., Михайлова Л. И. (Гемотерапев­
тическое отделение и лаборатория проб­
лемы донорства Центрального инсти­
тута гематологии и переливания крови 
Министерства здравоохранения СССР, 
Москва.) с. 26. — Effect of Plasma and 
of PIacentin-3 on Erythropoiesis and
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Erythropoietic Activity in Iron Defi­
ciency Anemia. Morozova, A. D., Vino­
kurova, G. P., Mikhailova, L. /., p. 26

Поражение легких при остром лейкозе. 
Касымходжаев Э. С. (Узбекский ин- 
ститут гематологии и переливания 
крови, Ташкент.) с. 28. — Affection of 
the Lungs in Acute Leukemia. Kasym- 
khodzhaev, E. S., p. 28

Данные о заболеваемости лейкозами в Со­
чи и Туапсе (1960—1969 гг.). Лебедев
В. //., Беликова С. Г. Бецкий Б. А., 
Корнеева Л. А., ЛебедеваЮ. Л., Моисене- 
ко М. И., Юничева P. X. (Гематологи­
ческое отделение Сочинского онкологи- 
ческого диспансера), с. 30. — Incidence 
of Leukemia in Sochi and Tuapse in 
1960—1969. Lebedev, V. N., Belikova, S.
G., Betsky, B. A., Korneeva, L. A., Lebedeva, 
Yu. L., Moiseenko, M. /., Yunieheva, 
R. Kh., p. 30

Заболеваемость лейкозами в Самарканде 
и Самаркандской области в 1966—1969 
гг. Богданов, И. С., Хакимов X. А. 
(Узбекский институт гематологии и 
переливания крови, Ташкент и Самар­
кандская областная станция перелива­
ния крови) с. 33. — Incidence of Leukemia 
in Samarkand Town and Region. Bogda­
nov, I. S., Khakimov, Kh. A., p. 33

Исследование эритрокинетики и глико­
литической активности эритроцитов 
здоровых детей. Матвеева Л. А., 
Балашева И . И., Сурикова Н . И., О.іьхо- 
ватенко Л. И., Рыбка В. И. (Кафедра 
факультетской педиатрии и биохими- 
ческая лаборатория Томского меди- 
цинского института) с. 35. — Electro­
kinetics and Glycolytic Activity of Erythro­
cytes in Healthy Children. Matveeva, 
L. A., Batasheva, I. L, Surova, N. A., 
Olkhovatenko, L. L, Rybka, V. /., p. 35

Определение колониеобразуюших клеток 
в селезенке. Черткова И. Л., Леменева 
Л. Н., Менделевич О. А. (Лаборатория 
экспериментальной гематологии и пере­
ливания крови Министерства здраво- 
охранения СССР, Москва) с. 37. — 
Colony-Forming Cells in the Spleen. 
Chertkov, /., L., Lemeneva, L. N., Mende­
levich, O. A., p. 37

Возможность продления выживания ал- 
лотрансплантатов с помощью воз- 
действия антилимфоцитарной и анти­

тромбоцитарной сыворотками. Худа- 
нов Л. Л., Вербицкий М. Ш., Арцимович
Н . Г., Кипервассер Е. М ., Лагутина Н. 
Я., Намятышева А. М., Кирзон С. С., 
Ефимов Е. А., Кривский И. Л. (Централь­
ный институт гематологии и перели­
вания крови Министерства здраво- 
охранения СССР, Институт хирургии 
им. А. В. Вишеневского АМН СССР, 
Институт медицинской генетики АМН 
СССР, Москва) с. 42 — Prolongation of 
Survival of Allotransplants by Antilym- 
phocytic and Antithrombocytic Sera. Khu- 
danov, L. L., Verbitsky, M. Sh. Artsi­
movich, N. G., Kiperwasser, E. M., Lagu­
tina, N. Ya., Namyatysheva, A. M., Kirzon,
S. S., Evimov, E. A., Krivsky, p. 42 

Ингибирующее метафазу действие пара- 
оксифенилмолочной кислоты в пер­
вичной культуре человеческой эмбрио- 
нальной ткани. Кузнецова Л. Е., проф. 
Раушенбах М. О. (Лаборатория систем- 
ных заболеваний крови Института экс­
периментальной и клинической онко- 
логии АМН СССР, Москва) с. 50. — 
Inhibition by Paraoxyphenyl-Lactic Acid 
of Metaphase in a Primary Culture of 
Human Embryonic Tissue. Kuznetsova, 
L. E., Saushenbakh, M. O., p. 50 

Применение радиоактивного хрома для 
одновременного определения продол­
жительности жизни и костномозговой 
продукции эритроцитов. И.похин А. В., 
Семашко Л. Л., Бураковская T. Е., 
Шафиркин А. В. с. 53. — Use of Radio­
active Chromium for Simultaneous Deter­
mination of Life Span and Marrow Pro­
duction of Erythrocytes. Ilyukhin, A. V., 
Semashko, L. L., Burkovskaya, T. E., 
Shafirkin, A. V., p. 53

Проблемы гематологии и нере. іивании крови
(Москва) 17 (1972) № 2

О гипопластической анемии, протекающей 
с синдромом пароксизмальной ночной 
гемоглобинурии, и некоторые вопросы 
дифференциальной диагностики этого 
заболевания с болезнью Маркиафава- 
Микели. Файнштейн Ф. Э., Турбина Н.
С., Родина Р. И., Соболева Ю . Г., Розано­
ва Н. С., Воронина А. Н ., Шитикова М. 
Г., Фетисов В. В., Любимова Л. С.
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(Г ематологическое от зеление, клини­
ческая лаборатория и цитологическая 
лаборатория Центрального института 
гематологии и переливания крови Ми­
нистерства здравоохранения СССР, 
Москва), с. 3. — Hypoplastic Anemia 
with Paroxysmal Nocturnal Hemoglobin­
uria: the Differentiation from Marchiafava- 
Micheli’s Disease. Fainshtein, F. E., 
Turbina, N. S., Rodina, R. L, Soboleva, Yu. 
G., Rozanova, N. S., Voronina, A. N., 
Shitikova, M. G., Fetisov, V. V'., Lyubimova,
L. S., p. 3

Протеин и его применение при состоя- 
ниях белковой недостаточности и про- 
теинопривных анемиях. Алъперин П.
M . , Фром А. А., Жеребцов Л. А., Мелехо­
ва О. П., Русанов В. М., Баронина М. А., 
Воронина Л. Н., Дубровина Н. А., Зам- 
чий А. А., Кочина Е. Н., ШароваЮ. А. 
(Гемотерапевтическая клиника, экспе­
риментально-производственная лабо­
ратория Центрального института гема­
тологии и переливания крови Министер­
ства здравоохранения СССР, Москва) 
с. 8. — Protein, and Its Use in Protein 
Deficiency Anemias. Alperin, P. M., 
From, A. A., Zherebtsov, L. A., Melekhova,
О. P., Rusanov, V. M., Baronina, M. A., 
Voronina, L. N., Dubrovina, N. A., Zamchy,
A. A., Kochina, E. N., Sharova, Yu. A.,
р. 8

Свертывающая система крови у больных 
серповидноклеточной болезнью. Орлова 
Л. Д., Хуцишвили Г. Э. (Гематологи­
ческое отделение Центрального инсти­
тута гематологии и переливания крови 
Министерства здравоохранения СССР, 
Москва и грузинский институт гемато­
логии и переливания крови, Тбилиси)
с. 12. — Blood Coagulation in Patients 
with Sickle-Cell Disease. Orlova, L. D., 
Khutsishvili, G. E., p. 12

Влияние витаминов А и E на кислотную 
резистентность эритроцитов. Мельник
B. П. (Кафедра биохимии Алтайского
медицинского института) с. 15. —
Effect of Vitamins А and Е on the Acid 
Resistance of Erythrocytes. Melnik, V. 
P„ p. 15

Изменения показателей периферической 
крови и миелограммы в первом периоде 
ожоговой болезни. Муразян Р. И., 
Илюхин А. В., Турбина H. С., Сидорова

Л. Г., Максимова П. И., Стрижевская 
Л. Н., Герасимова Л. И. (Хирургическое 
отделение Центрального института ге­
матологии и переливания крови Ми­
нистерства здравоохранения СССР, 
Москва) с. 17. — Change in the Peri­
pheral Blood Indices and Myelogram 
During the First Period of Burns. Mura- 
zyan, R. L, Ilyukhin, A. V., Turbina, N. S., 
Sidorova, L. G., Maximov, P. /., Strizhev- 
skaya, L. N., Gerasimova, L. /., p. 17

Состояние гемопоэза и показания к пере- 
ливанию крови у обожженных детей. 
Воронина Г. В., Егоров П. И., Евхаритс- 
кая 3. Е., (Военно-медицинская акаде- 
мия им. С. М. Кирова, Ленинград) 
с. 22. — Hemopoiesis and Indications of 
Blood Transfusion in Burned Children. 
Voronina, G. V., Egorov, F. /., Evkharits- 
kaya, Z. E., p. 22

Применение алломиелотрансплантации в 
терапии гипоплазий гемопоэза, выз- 
ванных цитостатическими препаратами. 
Михайлов В. Г., Amena T. М., Олендер 
С. К., Глиндеман В. П. (Лаборатория 
консервации тканей Узбекского ин­
ститута гематологии и переливания 
крови и Ташкентский городской онко­
логический диспансер, Ташкент) с. 25. 
— Allomyelotransplantation in Hemo­
poietic Disturbances due to Cytostatics. 
Mikhailov, V. G., Alieva, T. M., Oleander, 
S. K., Glindeman, V. P., p. 25

Содержание в крови здоровых людей 
некоторых микроэлементов и возмож­
ные потери их в процессе взятия крови. 
Тимакин Н. П ., Гольдберг E. Н., Петра- 
ковская Е. А. (Центральная научно- 
исследовательская лаборатория Том- 
ского медицинского института и Том­
ская областная станция переливания 
крови) с. 27. — Microelements in the 
Blood of Healthy Persons and Their 
Losses after Blood Sampling. Timakin, N.
P., Goldberg, E. D., Petrakovskaya, E. A., 
p. 27

Ограждающее действие полиэтиленокси- 
дов на клетки при глубоком заморажи- 
вании. Пушкарь H. С., Шенберг М. Г., 
Наконечный А. А., Симонова Л. И. 
Цуцаева А. А., Обозная Э. И., Дроздова
О. А., Останкова Л. В., Бодня В. М., 
Карева Л. В., Михайличенко 3. П.,
Гайсенюк Л. А. (Проблемная лаборато-
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рия низкотемпературной консервации 
костного мозга и крови Украинского 
института усовершенствания врачей 
Министерства здравоохранения СССР, 
Харьков) с. 30. — Protective Action of 
Polyethyleneoxide on Cells during Deep 
Freezing. Pushkar, N. S., Shenberg, M. G 
Nakonechny, A. A., Simonova, L. L, 
Tsutsaeva, A. A., Oboznaya, E. /., Droz­
dova, L. A., О Stankova, L. V., Bodnya, V. 
M., Kareva, L. VM ikhailichenko, Z. P., 
Gaisenyuk, L. A., p. 30

Применение сополимеров винилпирро- 
лидона с кротоновой кислотой в ка- 
честве криопротектора клеток костного 
мозга трупов. Медведева П. М ., Фиса- 
нович Т. И., Кропачев В. А., Трухманова 
Л. Б., Алферова Л. В. (Ленинградский 
институт гематологии и переливания 
крови и Институт высокомолекуляр- 
ных соединений АН СССР) с. 34. — 
Use of Crotonic Acid Copolymers of 
vinylpyrrolidone as Cryoprotectors of 
Cadaver Bone Marrow Cells. Medvedeva,
P. M ., Fisanovich, T. I., Kropachev, V. A., 
Trukhmanova, L. B., Alferova, L. V., p. 34

Выявление австралийского антигена и 
антител к нему в крови у доноров и 
гематологических больных — рання 
диагностика заражения вирусом ге­
патита и профилактика трансмиссион- 
ной передачи его. Голосова Т. В. 
Фром А. А., Марголина А. Н., Бурлев 
В. А., Никитенко А. А. (Центральный 
институт гематологии и переливания 
крови Министерства здравоохранения 
СССР, Москва) с. 30. — Detection of 
Australia Antigen and its Antibodies 
in Blood Donors and Hematological 
Patients, for Early Diagnosis of Hepatitis 
Virus Infection and Prophylaxis of Its 
Transmission. Golosova, T. V., From, A. 
A., Margolina, A. N., Burlev, V. A., Viki- 
tenko, A. A., p. 30

Морфологические изменения в почках 
при введении синтетического плазмо- 
замещающего раствора поливинола. 
Касымходжаев Э. С., Аверьянова С. Г. 
(Узбекский институт гематологии и 
переливания крови Ташкент) с. 45. — 
Morphological Changes in the Kidneys 
Induced by Polyvinyl Plasma Substitutes. 
Kasymkhodzhaeva, Z. S., Averyanova, S. 
G., p. 45

Сравнительная оценка электролитного 
состава отмытых эритроцитов, взвешен- 
ных в различных плазмозамещающих 
средах. Бородай Э. И., Вовк Г. П., Сеник 
Я. К. (Отдел консервирования крови 
Львовского института гематологии и 
переливания крови, кафедра факуль­
тетской терапии Львовского медицинс- 
кого института и Львовская городская 
клиническая больница Л£ 5). с. 46. — 
Comparative Evaluation of an Electrolyte 
Composition of Washed Erythrocytes 
Suspended in Various Plasma Substitutes. 
Borodai, E. /., Vovk, G. P., Senik, Ya. K.,
р. 46

Современные предстваления о патогенезе 
анемии при хроническом миелоидном 
и лимфатическом лейкозах (Обзор ли­
тературы и собственные данные). Ка- 
наев С. В., Тушинская M. М., Розанова 
Л. М., Егоршин Э. В., Абдулкадыров К. 
М., Федоров В. В., Лапченков В. И., 
Осипов И. С., Доценко M . С. (Кафедра 
факультетской терапии I Ленинград­
ское медицинского института им. 
акад. И. П. Павлова, гематологическая 
клиника Ленинградского научно-иссле- 
довательского института гематологии 
и переливания крови, лаборатория 
изотопных методов исследования Цент­
ральное научно-исследовательского 
рентгено-радиологического института 
Министерства здравоохранения СССР)
с. 48. — Pathogenesis of Anemia in 
Chronic Myeloid and Lymphatic Leu­
kemias (Survey of the Literature and Own 
Data). Kanaev, S. V., Tushinskaya, M .M ., 
Rozanova, L. M., Egorshin, E. V., Abdul- 
kadyrov, К. M., Fedorov, V. V., Laptsenkov,
В. I., Osipov, I. S., Dotsenko, M. S., p. 48

I Іроблемм гематологии и переливания крови
(Москва) 17 (1972) № 4

Новые данные о природе и функции про­
тивосвертывающей системы. Кудряшев 
Б. А. (Кафедра физиологии и лаборато­
рия физиологии и биохимии сверты- 
вания крови Московского государствен­
н о е  университета им. М. В. Ломоно­
сова) с. 3. — New Data on the Nature 
and Function of the Anticoagulation 
System. Kudryasov, B. a., p. 3

H a e m ato lo g ia  9, 1975



From the International Literature o f  Haematology 327

О так называемой противоствертываю- 
щей системе. Ойвин И. А. (Отдел пато­
логической физиологии Института ме­
дицинской радиологии АМН СССР, 
Обнинск) с. 13. — The So-called Anti­
coagulation System. Oyvin, 1. A., p. 13

Аспекты гемостаза и гемокоагуляции. 
Маркосяи А. А., (Институт физиологии 
детей и подростков АПН СССР, Моск­
ва) с. 16. — Aspects of Hemostasis and 
Hemocoagulation. Markosyan, A. A.,
р .  1

Гемокоагулирующие и фибринолитичес- 
кие свойства кожи и подкожной жи­
ровой клетчатки. Скипетров В. П., 
Горбитская В. Т. (Кафедра нормальной 
физиологии Медицинского факультета 
Мордовского университета, Саранск)
с. 19. — Hemocoagulating and Fibrino­
lytic Properties of the Skin and of Sub­
cutaneous Adipose Tissue. Skipetrov, V. P., 
Gorbitskaya, V. T., p. 19

О механизме возникновения несверты­
ваемости крови при поступлении в кро- 
воток веществ с тромбопластиновой 
активностью. Ойвин И. А., Балуда В. П. 
(Институт медицинской радиологии 
АМН СССР, Обнинск) с. 23. — Non­
coagulability of Blood Following Entrance 
into the Circulation of Substances with 
Thromboplastin Activity. Oivin, I. A. 
Baluda, V. P., p. 23

Комплексные соединенна плазминогена 
с гепарином (ПГГ) и плазмина с гепа- 
рином (ПГ) и их значение в регуляции 
жидкого состояния крови. Кудряшев 
Б. А., Ляпина Л. А. (Лаборатория физио­
логии и биохимии свертывания крови 
Московского университета им М. В. 
Ломоносова) с. 28. — Complex Com­
pounds of Plasminogen with Heparin 
(PGH) and of Plasmin with Heparin 
(PH) and Their Significance in Regulation 
of the Fluid Condition of the Blood. 
Kudryasov, B. A., Lyapina, L. A., p. 28

K вопросу о нервной и эндокринной ре­
гуляции свертывания крови на органо- 
тканевом уровне. Гланц P. М. (Экспе­
риментальный отдел Львовского ин­
ститута гематологии и переливания 
крови) с. 30. — Nervous and Endocrine 
-Regulation of Blood Coagulation at the 
Organic-Tissue Level. Glantz, P. M., p. 30

Особенности диагностики, клиники и ле-

чения гемофилий с циркулирующими 
специфическими антикоагулянтами. 
Баркаган 3. С., Суховеева Е. Я., Epe мин 
Г. Ф., Толочко Н. И., Шевченко В. И., 
Тарасова Н . И. (Клиника пропедевтики 
внутренних болезней Алтайского меди­
цинского института, Барнаул) с. 35. — 
Diagnosis, Clinical Picture and Treatment 
by Specific Anticoagulants of Hemophi­
lia. Barkagan, Z. S., Sukhoveyeva, E. Ya., 
Eremin, G. F., Tolochko, О. I., Shevchenko,
V. Tarasova, N. I., 35

Зависимость фибринолитической актив­
ности от содержания лейкоцитов в 
крови у больных лейкозами. Красик Я. 
Д., Кузник Б. И. (Кафедра нормальной 
физиологии и кафедра факультетской 
терапии Читинского медицинского ин­
ститута) с. 41. — Dependence of Fibrino­
lytic Activity on Leukocyte Count in 
Leukemia. Krasik, Ya. D., Kuznik, В. I., 
p. 41

Сравнительная оценка методов опреде- 
ления фибринолитической активности 
крови у больных хроническим миело- 
лейкозом. Наумова Г. А., Орлова Л. Д., 
Андреенко Г. В. (Гематологическая 
клиника Центрального института ге­
матологии и переливания крови Ми­
нистерства здравоохранения СССР и 
лаборатория физиологии и биохимии 
свертывания крови Московского уни­
верситета им. М. В. Ломоносова) с. 
44. — Comparative Assessment of Blood 
Fibrinolytic Activity in Chronic Myeloid 
Leukemia. Naumova, G. A., Orlova, L.
D., Andreyenko, G. V., p. 44

Результаты спеленэктоми про болезни 
Верльгофа. Гроздов Д. М., Цепа Л. С. 
(Хирургическая клиника Центрального 
института гематологии и переливания 
крови Министерства здравоохранения, 
Москва) с. 49. — Results of Splenectomy 
in Werlhof’s Disease. Grozdov, D. M., 
Tsepa, L. S., p. 49

Беременность и болезнь Верльгофа. Пав­
лова Л . С., Цепа Л. С., Дидина Н. М.,- 
Киселева К. С. (Московский областной 
научно-исследовательский институт 
акушерства и гинекологии и Централ- 
ный институт гематологии и перелива­
ния крови Министерства здравоохра­
нения СССР, Москва) с. 55. — Preg­
nancy and Werlhof’s disease. Pavlova,
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L. S., Tsepa, L. S., Didina, N. M., Kiselyeva
K. S., p. 55

Случай врожденной афибриногенеміи с 
гипопротромбинемией. Салиев K. К. 
(Кафедра биологии с общей генетикой 
Андижанского медицинского института) 
с. 57. — А Case of Congenital Afibrino­
genemia with Hypoprothrombinemia. Sa- 
liev, K. K., p. 57

О патогенезе тромботических осложне- 
ний антикоагулянтной терапии. Рзаев 
Н. М., Закирджаев Д. Д. (Научно- 
исследовательский институт клиничес­
кой и экспериментальной медицины 
Министерства здравоохранения Азер­
байджанской ССР, Баку) с. 58. —
Thrombotic Complications of Anticoagu­
lant Therapy. Rzaev, N. M., Zakirdshaev,
D. £>., p. 58

Проблемы гематологии и переливания крови
(Москва) 17 (1972) № 5

Австралийский антиген (А) и связь его 
с сывороточным гепатитом. Киселев 
А. Е., Голосова Т. В., Марголина А. Н. 
Бурлев В. А. (Центральный институт 
гематологии и переливания крови Ми­
нистерства здравоохранения СССР, 
Москва) с. 3. — Australia Antigen and 
its Association with Serum Hepatitis. 
Kiselev, A. E., Golosova, T. A., Margolina, 
A. N., p. 3

Спленэктомия у беременных и родиль- 
ниц с болезнью Верльгофа. Гроздов 
Д . М„ Романова Е. П., Купель А. С., 
Саутина В. О., Иванова Е. С. (Централь­
ный институт гематологии и перелива­
ния крови, Всесоюзный институт аку­
шерства и гинекологии Министерства 
здравоохранения СССР, Москва) с. 8. — 
Splenectomy in Pregnant and Puerperal 
Women with Werlhof’s Disease. Grozdov, 
D. M., Romanova, E. P., Kukéi, A. S., 
Sautina, V. O., Ivanova, E. S., p. 8

Клинико-морфологические особенности 
болезни Верльгофа при кортикостероид­
ной терапии. Покровский П. И., Цепа Л.
С., АнохинаЮ. В. (Хирургическая кли­
ника, патологоанатомическая лабора- 
тория и лаборатория эпидемиологии и 
гистопатологии лейкозов Централь- 
ного института гематологии и перели­

вания крови Министерства здраво­
охранения СССР, Москва) с. 13. — 
Werlhof’s Disease Treated with Cortico­
steroid Hormones. Pokrovsky, P. /., 
Tsepa, L. S., Anokhina, Yu. V., p. 13 

Морфологические особенности селезенки 
при болезни Верльгофа. АнохинаЮ. В., 
Хохлова М. П. (Патологоанатомичес­
кая лаборатория, лаборатория эпи­
демиологии и гистопатологии лейкозов 
Центрального института гематологии и 
переливания крпви Министерства здра­
воохранения СССР, Москва) с. 15. — 
Morphology of Spleen in Werlhof’s 
Disease. Anokhina, Yu. V., Khokhlova, 
M. P„ p. 15

Некоторые особенности изменений стенки 
сосудов у больных гипо- и апластичес­
кой анемиями. Кочемасов В. В., Розанова 
Н. С. (Гематологическая клиника и па- 
тологианатомическая лаборатория 
Центрального института гематологии 
и переливания крови Министерства 
здравоохранения СССР, Москва) с. 
21. — Changes of the Vascular Wall in 
Hypo- and Aplastic Anemias. Kochema- 
sov, V. V., Rozanova, N. S., p. 21 

К вопросу о метаболизме серотонина у 
больных гипопластической анемией. 
Лагутина Н. Я., Чижова А. И. (Гема­
тологическое отделение Центрального 
института гематологии и переливания 
крови Министерства здравоохранения 
СССР, Москва), с. 26. — Serotonin 
Metabolism in Hypoplastic Anemia. Lagu­
tina, N. Ya., Chizhova, A. L, p. 26 

К вопросу об обмене железа у больных 
хронической железодефицитной ане­
мией. Харятьян А. М,,Юлдашев Y. И., 
Цветков В. В., Калугина В. И., Закирова 
М . А. (Радиологическая группа Таш- 
кентского медицинского института и 
Узбекский институт гематологии и 
переливания крови) с. 28. — Some
Indices of Ferrokinetics in Chronic Iron 
Deficiency Anemia. Kharatyan, A. M., 
Yuldashev, U. L, Tsvetkov, V. V., Kalu­

gina, V. /., Zakirova, M. A., p. 28 
Значение уровня фактора VIII в крови при 

оперативных вмешательствах у боль­
ных гемофилией А. Рутберг Р. А., 
АндреевЮ. Н., (Отдел кровезаменителей 
и головной центр по гемофи л ии Цент­
рального института гематологии и
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переливания крови Министерства здра- 
воохранения СССР, Москва) с. 30. — 
Significance of Factor VIII Level in 
Surgical Interventions on Patients with 
Hemophilia A. Ruthberg, R. A., Andreev, 
Yu. TV., p. 30

K вопросу о механизме нарушения вяз- 
кого метаморфоза тромбоцитов при 
гемофилиях. Громнаі/кий И. И. (Львос- 
кий институт гематологии и перелива­
ния крови) с. 34. — Disturbance of 
Platelet Viscosity in Hemophilia. Grom- 
natsky, N. /., p. 34

Влияние графит-бензалконий-гепарино- 
вого комплекса и его отдельных ком- 
понентов на гемокоагуляцию. Чепуров 
А. K.JOdun А. А. (Отделение трансплан- 
тации и искусственных органов Ин­
ститута клинической и эксперименталь­
ной хирургии Министерства здраво- 
охранения СССР, Москва) с. 37. — 
Effect on Hemocoagulation of Graphite- 
Benzalconium-Heparin Complex and of 
its Individual Components. Chepurov, 
A. K., Yudin, A. A., p. 37

K вопросу о нормализации белкового 
состава крови у ожоговых больных. 
Стальное Е. А. (Кафедра анатомии и 
физиологии человека и животных Кали- 
нинградского университета) с. 41. — 
Normalization of Blood Protein Composi­
tion in Burns. Stalkov, E. A., p. 41

Влияние переливания крови на функцио- 
нальное состояние тканевого звена 
системы гемостаза. Гланц Р. М., Ткач
Е. А. (Экспериментальный отдел Львов- 
ского института гематологии и перели­
вания крови) с. 45. — Effect of Blood 
Transfusion on the Functional Condition 
of the Tissue Link of the Coagulation 
System. Glantz, R. M., Tkach, E. A., p. 45

Методы диагностического применения 
витамина В12—Со58 в клинической ме- 
дицине. Харятьян А. М., Воловой В. Л. 
(Биофизическая лаборатория Ташкент- 
ского медицинского института) с. 54. 
— Diagnostic Application of :,8Со Vitamin 
В12 in Clinical Medicine. Kharatyan, A. M., 
Ъоіоѵоу, V. L., p. 54

Новые методы разделения крови на ком­
поненты и отмывания от ограждаюших 
растворов эритроцитов, хранившихся 
в замороженном состоянии, при авто- 
матизации этих процессов с помощью

макета отечественного фракционатора. 
Виноград-Финпелъ Ф. Р., Рутберг Р. А., 
Воробьева Г. С., Федорова Л. И., Семено­
ва Н. В. (Лаборатория консервирования 
крови Центрального института гемато­
логии и переливания крови Министер­
ства здравоохранения СССР, Москва) 
с. 59. — New Method of Blood Separation 
into Components and Washing from Pre­
servatives of Erythrocytes Stored in 
Frozen Condition. Automation of these 
Processes by means of a Soviet Fractio­
nator. Vinograd-Finkel, F. R., Rutberg, 
R. A., Vorobieva, G. S., Fedorova, L. I., 
Semenova N. V., p. 59

Revue Française de Transfusion (Paris) 17 
(1974) No. 2

Nécrologie, p. 119
Ordinateur et phénotypage des donneurs de 

sang. Chateau, G., Delmas-Marsalet, Y., 
Goudemand, M. (Centre Régional de 
Transfusion Sanguine, 59012 Lille Cedex, 
France), p. 121

Les nucléotides adényliques comme indica­
teurs de la qualité des sangs ACD et CPD 
conservés. Saint-Blancard, J., Allary, M., 
Bouchet, J., Fabre, G. (Centre de Trans­
fusion Sanguine des Armées “Jean Jul- 
liard”, 92140 Clamart, France), p. 137

Un cas de dysérythropoièse congénitale de 
type IL Mise en évidence de l’antigène par 
les extraits de Helix pomatia. Étude com­
parée avec les antigènes de la série Cad. 
Bizot, M., Monis, M. (Centre de Trans­
fusion Sanguine de Montpellier, 3400 
Montpellier, France), p. 147

Ictère hémolytique néonatal par anti-D 
réagissant préférentiellement en milieu 
enzymatique. Bizot, M ., Monis, M., Rien,
D. (Centre de Transfusion Sanguine de 
Montpellier, 34010 Montpellier Cedex, 
France), p. 151

Phénotype Rh nul. Habibi, B. (Service 
d’immunologie, C.D.T.S., 75012 Paris, 
France), p. 159

Revue Française de Transfusion (Paris) 17 
(1974) No. 3

L’antigène Du. Salmon, Ch., Gerbal, A. 
(Centre Départemental de Transfusion 
Sanguine, 75012 Paris, France), p. 195
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Étude comparée de diverses méthodes de 
mise en évidence de l’antigène Du. Yvart,
J., Gerbal, A., Cartron, J., Salmon, Ch. 
(Centre Départemental de Transfusion 
Sanguine, 75571 Paris Cedex 12, France),
p. 201

Détermination du facteur D 11 sur Groupa- 
matic. Étude comparée avec les techniques 
manuelles. Bilan sur 203,240 examens. 
Garretta, M ., Muller, A., Gener, J. (Centre 
National de Transfusion Sanguine, 75739 
Paris Cedex 15, France), p. 211

Facteur Du et groupage sanguine de routine. 
Jouvenceaux, A., Chataing, B. (Centre 
Régional de Transfusion Sanguine Flôpital 
Edouard-Harriot, 69374 Lyon Cedex 2, 
France), p. 229

Comportement électrophorétique sur diffé­
rents supports du plasminogène humain. 
Steinbuch, M., Audran, R., Lambin, P., 
Fine, J.-M . (Centre National de Trans­
fusion Sanguine, 75015 Paris, France), p. 
235

Préparation de suspensions leucocytaires 
injectables par leucophérèse en flux con­
tinu. Malinvaud, G., Gaillard, S. (Centre de 
Transfusion Sanguine, 87000 Limoges, 
France), p. 251

Fréquence de l’antigène Australie chez 
13.658 donneurs espagnols bénévoles. Galvé,
C. (Service d’FIématologie et de Trans­
fusion des Armées, Instituto de Medicina 
Preventiva, Madrid 15, Spain), p. 267

Scandinavian Journal of Haematology (Co­
penhagen) 12 (1974) No. 1

Diagnostic laparotomy in Hodgkin’s disease. 
Andersen, E., Videbaek, Aa. (Medical 
Department C, Gentofte Hospital, DK- 
2900 Copenhagen, Hellerup, Denmark), 
p. 5

Cyclic thrombocytopenia. Case report and 
review of literature. Cohen, T., Cooney,
D. P. (Reprint requests: D. P. Cooney, 
Division of Hematology, Stanford Uni­
versity School of Medicine, Stanford, 
Calif. 94305), p. 9

Composition and mitotic activity of the 
erythropoietic part of the bone marrow 
in chronic myeloid leukaemia. Sjögren, U., 
Brandt, L. (Department of Internal Medi­
cine, University Hospital, S-22185 Lund, 
Sweden), p. 18

Д-Glucuronidase activity in Sezary cells. 
Flandrin, G., Daniel, M. T. (Institut de 
Recherche sur les Maladies du Sang, 
Hôpital Saint-Louis, 75475 Paris Cédex 
10, France), p. 23

Myelomatosis and acute monocytic leu­
kaemia. Marcovic, N., Hansson, B.-G., 
Halién, J. (Reprint requests: J. Hâllén, 
Medical Department, Centrallasarettet, 
S-721 89 Västeras, Sweden), p. 32

Sinus repair in the bone marrow of hypoxic 
mice. Possible relationship to cellular 
migration. Ben-Ishay, Z. (Department of 
Anatomy, Hebrew University Hadassah 
Medical School, Jerusalem, Israel), p. 37

The influence of technical factors on the 
NBT test. Björkstén, B. (Department of 
Virology, University of Umeâ, S-901 85 
Umeá Sweden), p. 46

Platelet factor 4 (PF-4). A study on metho­
dology and physiology. Gjesdal, K. (In­
stitute of Clinical Medicine, University of 
Tromso, Tromso, Norway), p. 51

IgG subclasses: Relationship to clinical 
aspects of multiple myeloma and fre­
quency distribution among M-components. 
Schur, P. H„ Kyle, R. A., Bloch, K. J., 
Hammack, W. J., Rivers, Sh. L., Sargent, 
A., Ritchie, R. F., McIntyre, O. R., 
Moloney, W. C., Wolfson, L. (Robert B. 
Brighton Hospital, Boston, Mass. 02120),
p. 60

Platelet survival and platelet production in 
idiopathic thrombocytopenic purpura 
(ITP) before and during treatment with 
corticosteroids. Branehög, /., Weinfeld, A. 
(Department of Medicine II, Sahlgren’s 
Hospital, S-413 45 Göteborg, Sweden), p. 
69

Scandinavian Journal of Haematology (Co­
penhagen) 12 (1974) No. 2

Erythrocyte d-aminolaevulinic acid de­
hydratase in homozygous Д-thalassaemia. 
Lyberatos, C., Mitsiou, Ch., Philippidou, 
A., Papayannis, A. G., Chalevelakis, G., 
Gardikas, C. (Medical Unit, Evangelismos 
Hospital, Athens 140, Greece), p. 81

Platelet factor 3 activity and platelet aggrega­
tion in patients submitted to coronarog- 
raphy. Renaud, S., Gaut heron, P., 
Arbogast, R., Dumont, E. (INSERM, Unité 
63, 69500 Bron, France), p. 85
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Human platelet aggregation by thrombofax. 
An electron-microscopic study of the 
sequence of events, de Clerck, F., Borgers, 
M., Vermyten, J., de Gaetano, G. (Cardio­
vascular Department, Janssen Research 
Laboratories, B-2340 Beerse, Belgium), 
p. 93

Ultrastructural features of the granulocytes 
in Down’s syndrome. Djaldetti, M., Bessler, 
H., Fishman, P., van der Lÿn, E., Joshua,
H. (Department of Internal Medicine “B”, 
Hasharon Hospital, Petah-Tiqva, Israel), 
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The fine structure o f  haemopoiesis in the hitman feta! liver. Haema- 
tologia 9, 179 (1975).

The differentiation of the megakaryocyte was studied at the ultra- 
structural level in the liver of human fetuses of between 49 and 134 
mm crown-rump length. The development of the cells was traced 
from lymphoid elements with the features of haemopoietic stem 
cells and was divided on the basis of nuclear morphology into three 
stages. Granula formation commenced during the first stage and 
demarcation membranes could be demonstrated in the perinuclear 
cytoplasm early in the second stage. Late stage 2 cells often con­
tained more than one nucleus, and the possibility that this was due 
to cellular fusion is discussed. The third stage was characterized by 
the appearance of cytoplasmic zoning and by the gradual extension 
of the demarcation system throughout the cytoplasm. There was 
evidence that the demarcation membranes were initially formed 
directly from the Golgi apparatus, but that their further development 
was due to the incorporation of elements of the agranular endo­
plasmic reticulum. The surface projections associated with platelet 
release were observed only in fully developed cells, and the formation 
of a zone of clear cytoplasm at the periphery was related to events 
occurring during the later stages of platelet release.
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Synchronization o f rabbit bone-marrow cells in vivo. Haematologia 9, 
195 (1975).

The recovery of the rabbit bone-marrow from anaemia was investi­
gated during an eight-day period of daily puncture of the tibiae after 
six days of phenylhydrazine treatment. A maximum of erythroid 
(range, 37.1 to 44.0%) and a minimum of leukoid cells (range, 8.4 to 
13.4%) was observed on the fifth day of recovery. The rest, about 
50% cells were reticulum cells. Signs of recovery were observed in 
peripheral blood as soon as on the first day after phenylhydrazine 
treatment. This led to the assumption that the tibiae became repopu­
lated with active erythropoietic cells during anaemia, and that the 
reticulum cells might play a role as erythroid precursors in this 
process.
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H is ta m in e  f lu o r e sc e n c e  in g r o u p  fo r m in g  p e r i to n e a l  c e lls  o f  th e  r a t  
e m b r y o . H aematologia 9, 205 (1975).

In the peritoneal fluid of 18 —21-day-old rat embryos the lymphocytes 
form groups and give an intensive yellow—histam ine—fluorescence. 
The groups contain myeloid elements, too. After birth the fluorescence 
disappears.

R. A. Muraviev, V. V. Rogovin, V. M. Frolova, N. G. G eranina, 
L. A. Piruzyan

U ltra s tru c tu ra l c y to c h e m is tr y  o f  p e r o x id a s e  a n d  a c id  p h o sp h a te s e  in  
m o u se  eo s in o p h ils . H aematologia 9, 209 (1975).

The distribution of peroxidase and acid phosphatase activity in the 
bone marrow of mouse eosinophils was investigated by electron 
microscopy. Peroxidase activity was found in the perinuclear space, 
the endoplasmic reticulum, the Golgi complex, non-m ature and 
m ature specific crystal-containing granules. In the course of develop­
ment peroxidase activity disappears from the cisternal system. In 
mature eosinophils the enzyme is stored in specific granules, bu t 
some of these failed to  reveal peroxidase activity. A hypothesis is 
offered concerning the complete condensation into crystal o f the 
enzyme. In  cells incubated in peroxide-free media some granular 
components stained weakly. Their activity probably depend­
ed on the presence of endogenous non-organic peroxidase. In de­
veloping eosinophils acid phosphatase was found in the Golgi 
complex and in non-m ature specific granules. In the course of de­
velopment, acid phosphatase disappears from the granules.

R. A. Muraviev, V. V. Rogovin, V. M. Frolova, N . G. Geranina, 
L. A. Piruzyan

4

U ltr a s tr u c tu r a l c y to c h e m is tr y  o f  p e r o x id a s e  in  m o u se  n eu tro p h ils . 
Haematologia 9, 219 ( 1 9 7 5 ) .

The distribution of peroxidase activity of developing neutrophils in 
mice was investigated by electron microscopy. The enzyme was found 
in the rough endoplasmic reticulum, the Golgi complex and azuro­
philic granules. The heterogeneity of azurophilic granules and their 
endogenous non-organic peroxide content are discussed.
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A k in e t ic  m o d e l o f  e x p e r im e n ta l  leu k o s is . R e g u la r it ie s  in th e  d e v e lo p ­
m en t o f  re tic u lo s a rc o m a to s is  in m ice . Haem atologia 9, 227 (1975).

The kinetics of development o f a new transplantable reticulosarco­
matosis was studied in CC57Br mice. T um our development was 
estimated from  changes in the weight of m etaplastic organs by means 
of kinetic curves constructed on the basis o f changes of all param eters 
characterized by exponential and power functions. The kinetic model 
of reticulosarcomatosis is recommended for use in quantitative re­
search in experimental oncology.

A. S. W iener, G. J. Moon

A  " n e w ”  b lo o d  f a c to r , C l, d e m o n s tr a te d  w ith  e x tr a c ts  o f  s e e d s  o f  th e  
K o rea n  C le ro d en d ro n  tr ic h o to m u m  Thunberg. Haematologia P, 235
(1975).

By absorbing extracts o f seeds of the K orean C lero d en d ro n  tr ic h o to ­
m u m  Thunberg with selected human group О red cells, a lectin has 
been prepared, which defines a hitherto un described specificity, de­
signated Cl, defining individual differences in hum an red cells. The 
specificity Cl appears to  characterize a  structure associated with the 
A -B -H -L e  macromolecule, both of red cells and of saliva, which is 
distinct from  the combining groups for A, B, H  and Le. Moreover, 
the reactivity of red cells with anti-Cl lectin is destroyed by treatm ent 
of the red cells with proteolytic enzymes, unlike the reactions for A,
B, H and Le.

T. R. Tovell

Rh„ o r  D ,  - D -  a n d  th e b lo c k in g  p a tte r n s . A  g e n e t ic  ( te m p la te )  e x ­
p la n a tio n . Haematologia P, 243 (1975).

By^the use of the gene tem plate it will be show n that D appears at 
two different sites on the R h locus, and that the locus cannot simply 
be DCE — or a similar one. Further, -D- does no t appear to  be a 
super R h0 as described by Wiener. Finally, a  simple explanation is 
offered for the action of incomplete (blocking) and agglutinating 
antibodies.
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gu in ea  p ig s  in fe c te d  w ith  H B  A g  d u rin g  p r e g n a n c y . Haematologia 
9, 253 (1975).

Immune tolerance to  hepatitis B antigen has been examined in the 
guinea pig. The offsprings of guinea pigs injected with purified HB Ag 
during pregnancy were found capable of producing HB antibodies. 
Purified HB Ag is suitable for producing immune serum for the 
systemic screening of blood donors for HB Ag.

U. Mintz, S. Bar-M eir, M. Shaklai, J. Pinkhas, A. de Vries

B la s tic  c r is is  in  p r e v io u s ly  c lin ic a lly  s i le n t  ch ro n ic  m y e lo g e n o u s  leu ­
k e m ia . Haematologia 9 , 257 (1975).

A patient is described in whom C M L first presented as blastic crisis. 
The diagnosis o f CM L was based upon the findings of Ph1 chromo­
some in the bone marrow, basophilia in the peripheral blood, absence 
of NAP activity in the leukocytes, elevated serum vitamin B12 and an 
enlarged firm spleen. CM L with blastic crisis as its first expression is 
relatively rare, as compared to CM L in which blastic crisis appears 
as a phase of prolonged clinically manifest disease.

J. Jákó, Sz. Virágh, M. Boga, G. Brooser, Gy. Dóbiás, J. Domán, 
Sz. Ottó, Z. Riskó, P. Szemere

A  c a s e  o f  I g D -la m b d a  m y e lo m a . H aematologia 9, 261 (1975).

A case of IgD  myeloma is presented. The severe damage of both 
kidneys resulted in uraemia, and death. Fluorescein angiography 
failed to reveal a  typical paraproteinaem ic fundus. The elevated 
serum IgD level decreased from 1000 mg to 400 mg per 100 ml during 
cytostatic therapy. The effect of the antineoplastic drugs on the 
plasmocytes was dem onstrated by microphotograms. The caryo- 
grams revealed multiple changes.





G. Nagy, Valéria Stenszky, Irm a Tímár, K atalin  Murvay

T issu e a n tig e n s  a n d  c y to to x ic  a n tib o d ie s  in p o ly c y th a e m ia  ru b ra  vera . 
Haematologia 9 , 279 (1975).

The distribution of tissue antigens for 22 antigens was studied in 46 
patients suffering from polycythaemia rubra vera (PRV), using anti­
body containing sera from 80 multigravidae. The incidence of HL-A 5 
was highly significant and tha t o f HL-A 7 significant, while the 
frequency o f HL-A 13 was remarkably low er than in the norm al 
population. N o difference was found in ABO and Rh (D) antigen 
distribution fo r erythrocytes. N o antibodies against erythrocytes, 
thrombocytes or lymphocytotoxic ones could be demonstrated.

G. Nagy, M ária Léhi, Gy. Petrányi

C y to s ta t ic  tr e a tm e n t  o f  p o ly c y th a e m ia  ru bra  v e r a . C o m p a r iso n  o f  th e  
e ffe c ts  o f  s o m e  c y to s ta t ic s  in  1 0 0  p a t ie n ts  in a  p e r io d  o f  f iv e  y e a r s .  
Haematologia 9 , 283 (1975).

Experience w ith cytostatic treatm ent performed in patients with 
polycythaemia rubra vera is reviewed. The effectivity and side effects 
of the drugs applied are evaluated. N annosulfan and mitobromitol. 
were the drugs most suitable for treatment. In  certain special cases, 
5-hydroxyurea was also satisfactory, while m itolactol was the least 
suitable.
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