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In recent years in connection with observatiom on anti-erythrocyte antibodies in the blood of many patients 
with hemoly~c anemias significant interest in the subject has arisen. 

The relation of hemolysis with the presence of anti-erytlgocyte antibodies has been shown in a number of in- 
vestigatiom [4, 8, 16, 1"/. 21] of which the first was reported in 1902 by G. D. Belonovsky [4]. Nonetheless many prob- 
lems on the pathogenesis of immune hemolytic anemias remain unclarified. Up to the present time the cause and 
mechanism of the formation of anti-erythrocyte antibodies are unknown. The role of the spleen in the development 
of the disease cannot be considered as settled nor can the site of erythmcyte destruction. The pathological changes 
remain poorly studied. 

Understanding of the morphologic changes in the hemolytic anemias can be broadened on the basis of experi- 
mental investigation which allows the development of these changes to be followed dynamically. With this aim in 
mind we carried out an investigation on 25 white mice. 

METHODS 
The hemolytic anemia in the mice was evoked by the intramuscular administration of rabbit serum from donors 

immunized with mouse erythrocytes. Two mice were given 1 ml and 0..5 ml, 10 mice 0.25 ml.and 13 mice 0.15 ml 
of the hemolytic serum. Six mice served as conuols, of which three were given 0.5 ml of normal rabbit serum, one 
was killed by hemorrhage and two died before the beginning of the experiment from pneumonia. 

After adminisuation of the serum.changes in the color of the urine were observed. In 18 experimental and 3 
control mice. up to and at varying periods after the injection of the antiserum, erythrocyte and leukocyte counts were 
done on blood from the tail vein. 

Eight mice died and the remaining were killed at varying periods (from 6 hours to 1 and i months) after the 
adminisuation of the antiserum. The dead and killed mice were rapidly autopsied at which time pieces of soft tissue 
from the injection site were taken as well as portions of the liver, kidneys, spleen, lungs, heart, sternum and a portion 
of the femur, which, after fixation in Ort*s solution, were sectioned in paraffin. The sections were stained with hema- 
toxylin-cosin, azurc-cosin and for iron by the method of Terman-Shmcltzer, an tn some cases in parallel by the meth- 
od of Perls. 

RESULTS 
Soon after the adminlsuation of the hemolytic antiserum hemolysl~ of the mouse's blood began. The number 

of erythroeytes, which varied from 6,840,000 to 8.850,000]cc In different animals before administration of tho 
antiserum, rapidly fell reaching the lowest level In 48 to "/2 hours. The degree of hemolysis depended on the am- 
ount of administered antiserum, 

After giving the mice 0.25 to 1 ml of hemolytic antiserum, the number ot etythrocytes in their blood tell to 
1,500,000 to 1,000,000/co. In 24 hours alter the admintsuation of the antiserum, hemoglobinuria appeared and 
In 32 to 48 hours after the beginning of the experiment the mice died. 

After the admlnlsuation of 0.15 ml of hemolytic antiserum the number of erythrocytcs In the blood of the mice 
fell to below 2,000,000/ee, The urine became yhllow but hemogloblnutia usually did not develop. Furthermoro 
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the number of erythrocytes gradually increased reaching the initial level by the 20th day after the beginning o[ the 
experiment. Only in 2 of the thirteen micc in this group did a more severe hemolysis occur, accompanied by hemo- 
globinuria and dcath on the third to fifth day after the administration of the antiserum. 

"I~e greatest changes in the organs and tissues were noted in the eight mice dying from the hemolytic anemia. 
At autopsy, in all the mice, jaundice and pallor were noted with the exception of the spleen. The spleen, in com- 
parison with the controls, was incrcased 2~ t to 3 fold and on sect/on was deep red and congested. The liver had a 
brownish color; in two mice, under the capsule and on cut section there were tiny, poorly outlined yellow spots. 
Dark brown bile was found in the overexpanded gall bladder. The kidneys were of the usual size and on cut sect/on 
wcrc gray-pink in color with a jaundiced tint. The bone marrow of the thigh and sternum was red. No changes were 
observed in the heart and lung. The subcutaneous and intermuscular tissue in the region of the injection were ede- 
matous. 

Microscopically the red pulp of the spleen was 
engorged (Fig, 1) and the foIliclcs seemed diminished. 
tn the periphery of the lymph follicles, under the cap- 
sule and in the red pulp, as is usually observed in mouse 
spleen, there were magakaryocytes and nucleated for- 
med of erythrocytes and myeloid cells in varying stages 
of development. The reaction for iron was weakly posi- 
tive for hemosiderin in isolated reticular cells situated 
primarily at the periphery of the follicles. 

In the livers of eight mice smaller or larger ~treas 
of necrosis were seen in the central portion of the he- 
patic lobule. Small accumulations of leukocytes were 
found in the capillaries between the necrotic areas. No 
hemosiderin was found in the liver. 

In tile tubules, particularly in the collecting tu- 
bulcs, of the kidney there were hemoglobin o r slightly 

Fig. I. Congestion of the red pulp of the spleen 34 hours granular masses (Fig. 2), staining pink with bematoxylin 
after the administration of the anti-serum. Stained with and eosin and orange red (as erythrocytes) with azure- 
hematoxylin and cosin* Magn/fication 100 X. eosin. In the mice dying of hemolytic anemia at a 

later stage there was greenish brown material. There 
was a negative reaction for iron with the material in file tubules. In 5 mice dying after 34~ 44, 48 hours and 3 to 5 
days after the administration of the hemolytic antiscrum the epithelium of the tubules took a deep stain for iron. In 
three other mice dying in 52, 3'/and 41 hours after the administration of the hemolytic antiserum the reaction for iron 
in the kidne)s was negative. 

In the subcutaneous and intermuscular tissue from the area of injection of the hemolytic antiserum, edema and 
a me,~ger lcukoc)tie infiltration were noted. In the marrow of the femur and sternum no changes were noted. There 
was no hemosidcrin deposition. 

In order to follow the character of the changes developing in the earliest stages of the fatal form of hemolytic 
anemia, 2 mice were killed after six hours, two after 12 hours and two after 24 hours following the administration of 
0.25 ml of hcmol)tic antiserum. In the mice hilled in 6 or 12 hours only an increase in spleen size and congestion 
were noted. In tho;e killed aftcr 24 hours, together with the Increase in spleen size and congestion, jaundice was 
obsen, ed, and in one case, also observed, small loci o r necrosis of the central portion of the hepatic lobule and pink 
masses in the renal tubule which did not react for iron. 

Of 13 mice which were give 0.15 ml of the hemolytic antiserum only two died of hemolytic anemia. Two 
mtce were killed at four, 2 at ten. one at thirteen, one at nineteen and two at forty-five days after administration o f  
tl~e hemolytic antiserum. 

In the mice hilled on the fourth day jaundice, anemia and increase in spleen size with red pulp congestion were 
noted, in the mice hilled on the tenth day only an Insignificant increase in spleen size was noted and In those killed 
~tt a later date no fignificant changes were seen. Slightly positive reactions were found in them as well as in the con- 
trol mice only in isolated reticular ceils of the spleen. No significant hyp~:rplasta of tim bone marrow was observed. 
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Thus the most consistent change in dm presence of hemolytic anemia evoked by the injection of hemolytic 
~atiserum appear~ to to  the congestion ant increase in size of the spleen. Similar changes are observed also in tile 
majority of cases ol ~:quired and congenital forms of chronic hemolytic anemia in man [6, 10, 13, 15, 19]. The 
essence and significance of ~hese changes must not be considered as finally explained. Previously they were con- 
sidered to be the cause of the illness. However the observation that removal of tlle spleen does not always lead to a 
cure and that these changes can be experimentally evoked by the administration of hemolytic antiserum bear wttness 
to the fact that this is not the cause but only one of the manifestations of tile disease. 

In the experiments just cited there was no evidence of erythrophagocytosis. Conuadictory dam are given in the 
literature as regards erythrophagoeytosis in the spleen in acquired forms of hemolytic anemia in man. While some 
authors [13. 19] describe erythrophagocytosis in the spleen during these illnesses, offters do not observe it or note it only 
rarely [10, 13. 14]. This gave Eppinger the basis for assuming that erythroeytes in the spleen are subjected to some 
effect after which they are rapidly destroyed in the blood stream. 

The given facu allow us to consider that erythro- 
phagocytosis in the spleen, if it occurs, is not the prin- 
cipal and natural cause of erythrocyte destruction. The 
absence of evident hemosiderosis in the spleen in our 
experiments and also in a number of observations on 
people suffering from hemolytic anemia [5, 15. 18, 19] 
point up tl:c fact that the destruction of erythrocytes in 
this disease can occur outside the spleen. 

The appearance of hemoglobin casts in the kidney 
tubules is a consequence of hemogtobinemia which re- 
sults from massive destruction of erythmcytes. It should 
be considered that filtration of hemoglobin through the 
glomeruli in the presence of an insignificant plasma 
concentration does not occur and begins only when the 
concentration reaches 100 to 150 % [7. 9]. Pro- 
ceeding through the glomeruli, tile hemoglobin is patti- 

Fig. 2. Hemoglobin casts in the straight tubules of the ally excreted in die urine ~tlich causes tim appearance 
mouse kidney. Ocath from hemolytic anemia with the ap- of hemoglobinuria and is partially converted to hemo- 

siderin which gives the histochemical reaction. pearance of hemoglobinuria occurred after 3"/hours follow- 
ing the administration of the hemolytic antiserum. Stain- Hemoglobin casts were observed in 8 mice dying 
ing with hematoxylin and eosin. Magnification 400 X. as a result of hemolytic anemia. In 5 of them dying at 

a later period, hemosiderosis of die epithelial ceils of 
the renal tubules was also noted. Upon administration of 0.15 ml of hemolytic antiserum hemolysis of the blood 
usually occurred to a lesser degree. The concentration of hemoglobin in the plasma apparently did not reach such 
magnitude that glomcrular filtration might result in hemoglobinuria,and hemoglobin casts and hemosiderosis were not 
observed. 

The observation of hemoglobin casts in the tubules and hemosiderosis in the renal epithelium can serve as in- 
dicators of the degree of hemolysis of the blood. Experiments to detcrmine the site of erythrocyte destruction on the 
basis of the presence or abscnce of renal hemosiderosis [1, 2] should be recognized as inadequately established. If the 
presence of renal hemosidcmsis allows one to think of intravascular hemolysis then its absence does not in tim same 
measure contradict this possibility, 

Somewhat unanticipated was the absence in our experiments of hepatic hemosiderosis despite the fact that there 
was considerable hemolysis of blood. Hemosiderin was not only absent from the mice dying from hemolytic anemia 
in two or three days, but was also absent from the mice killed at later pcriod$ after the administration of the hemo- 
lytic smtisemm. The absence of hemosiderosi$ of the liver during hemolysis of the blood might be explained by the 
fact that the breakdown products of the hemoglobin are utilized at once in the organism by new blood formation or 

flint it: it stored in tile liver in tile form of ferritin [3, 11, 12] which is not detected by tim ordinary histochemleal 
technlqueto 

The existence of a definite relatiomhip between the degree of anemia and tile development of necrosis In the 
l iver  ~pctmlts us to consider thil at anemic necrosis.  
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SUMMARY 
Hemolytic anemia was induced in white mice by inuamuscular administration of rabbit's serum immunized 

with mice etythrocytes. Anemia and jaundice developed in mice soon after the serum administration by the degree 
of manifestation that they were in direct relationship to the amountof the serum administered. Enlargement of the spleen 
was constantly observed in connection with a marked congestion of its pulp. With a reduction of the blood etythro- 
cyte count down to 2,000,000 per cubic mm the mice survived. The number of erythrocytes in their blood gradually 
reverted to normal and the changes in the spleen disappeared. In decrease of the erythrocyte count below 2.000.000 
per cubic mm hcmoglobinuria developed and the mice perished. Apart from anemia, jaundice and congestion of the 
splenic pulp0 hemog!obin casts were found in the tubuli and hemosidetosis of file renal epithelium, as weIl as anemic 
necroses in the liver. 
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All abbreviations of periodicals !n the above bibl iography ate le t ter -by- le t ter  t rans l i te r -  
a t ions  of the abbreviations as given in the original Russian journal. Some or a l l  O[ thi~ peri .  
od}cal l i terature may well be avai lable In Ent~lish lrenslat ion. A complete List of the cover-to- 
cover Eng|tah translations appears at the back of this issue. 
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