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A single intraperitoneal injection of cyclophosphamide in the maximum tolerated dose to 
male CBA mice followed by immunization with thymus-dependent antigen suppressed 
the humoral immunity reactions (the number of antibody-producing splenocytes and their 
functional activity) and hematological parameters at the early stages of the cytostatic 
disease, this suppression persisting at the late stages of the disease. 
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Cytostatic drugs are toxic for tumor cells and for 
normal cells capable of active proliferation and 
differentiation or blastogenesis [2,3,6,7]. Disorders 
in animal and human organs and systems occur both 
at the early and remote periods after antitumor drug 
injection [5,12]. We compared the reactions of the 
immune and hemopoietic systems of mice after 
injection of the antigen at the early stages of the 
cytostatic disease (CD) caused by a single dose of 
the alkylating compound cyclophosphamide (CP). 

MATERIALS AND METHODS 

Experiments were carried out on 230 male CBA mice 
weighing 16-33 g (Rassvet Breeding Center). The 
cytostatic disease was induced by CP (Biokhimik, 
Saransk)/The drug was injected intraperitoneally in 
a single maximum tolerated dose (250 mg/kg) which 
was determined by graphical probit analysis [111. 

Experimental mice were immunized by corpus- 
cular thymus-dependent antigen in a single dose of 
0.2 ml 15% sheep erythrocyte suspension intraperi- 
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toneally on days 4 (group 1) or 30 (group 2) after 
CP. The animals were decapitated on days 4, 7, 14, 
21, and 30 after immunization and 3 and 6 months 
after CP injection. The parameters of the immune 
and hemopoietic systems of experimental animals 
were compared with those of intact mice (intact 
control) and of those injected with the antigen alone 
(control). The total leukocyte count, ratio of in- 
dividual morphological forms in peripheral blood, 
bone marrow cell count, and weight and cell count 
of lymphoid organs (spleen and thymus) were studied 
by common hematological methods [4]. The abso- 
lute (10 6 cells/organ) count of antibody-producing 
cells (APC) in the spleen was estimated by the local 
hemolysis method [10] and serum antibodies were 
tittered by the hemagglutination test [8]. For iden- 
tifying the hemagglutinin isotype the test was carried 
out after incubation of 50 ~tl inactivated serum 
diluted 5-fold with 50 gl 0.1 M 2-mercaptoethanol 
at 18-20 ~ for 1 h. 

The phagocytic activity of peritoneal macro- 
phages was studied by measuring the light absorben- 
ce of the lyzing solution after destruction of phago- 
cytes which digested neutral red corpuscles [13]. 

The data were processed by the variational sta- 
tistics method. 
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Fig. 1. Time course of absolute (10 ~ cells/organ) count of antibody-producing cell in the spleen of intact control (1), immunized control mice (2), 
and mice immunized on days 4 (3) and 30 (4) after a single injection of cyclophosphamide. Here and in Fig. 2: confidence interval at p=0.05. 

RESULTS 

In mice immunized on the 4th day after CP injection 
the count of  peripheral blood leukocytes decreased 
on days 7 and 14 and of bone marrow karyocytes on 
days 4-14 in comparison with intact and immunized 
animals. In group 2 these parameters were virtually 
the same as in both control groups. Analysis of hemo- 
grams showed that leukopenia was caused by a sig- 
nificant decrease in the absolute count of lympho- 
cytes and at early stages of  CD was associated with 
an increase in the absolute count of segmented neu- 
trophils, while at late stages it was paralleled by a 
decrease in the count of eosinophils and an increase 
in the counts of monocytes and segmented neutrophils 
in peripheral blood. 

In experimental animals cell count and the spleen 
weight increased significantly. On days 4-30 of ex- 
periment,  the spleen weight in both groups was 
higher than in intact animals, but in group 2 this 
parameter was significantly lower than in group 1 on 

days 7-21. Cell count was higher than in intact con- 
trols on days 14 and 21 in group 1 and on days 7-21 
after immunization in group 2. In both experimental 
groups spleen weight and cell count were vi]tually the 
same as in immunized controls. 

In group 1, the thymus weight and cell count 
were lower than in intact and immunized controls 
for two weeks; by the third month of  experiment 
these parameters gradually increased and normali- 
zed. In group 2, they were lower in comparison with 
both control groups during the first month of experi- 
ment. A more pronounced involution of  the thymus 
was observed in mice at the early stage of CD. 

The absolute count of APC in the spleen was 
significantly lower in groups 1 and 2 than in im- 
munized controls for 30 days. The greatest de- 
pression of  this parameter was observed in mice 
immunized with sheep erythrocytes on day 4 after 
CP injection (Fig. 1). 

In immunized controls and group 2, the mea- 
surements of serum specific hemagglutinins revealed 
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Fig. 2. Level of serum IgM (a) and IgG (b) antibodies in immunized control mice (1) and mice treated with an antigen on day 4 (2) or 30 (3) after 
cyclophosphamide injection. 
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the peak of  IgM antibodies on day 4 after immuniza- 
tion, while in mice injected with the antigen at the 
early stages of  CD it was recorded only on day 14 
after immunization. The titer of  these antibodies in 
both experimental  groups was lower than in the 
control (Fig. 2, a). Transfer to the production of IgG 
antibodies in experimental groups lagged behind the 
controls for one week (Fig. 2, b). 

An increase in the phagocytic activity of  peri- 
toneal macrophages in mice immunized with sheep 
erythrocytes on days 4 and 30 after CP (in compari- 
son with intact controls) during the first month of 
experiment is in line with the published reports [9]. 

From our results it can be concluded that the 
reactions of the immune and hemopoietic systems 
are suppressed to a greater extent  at the early stages 
after CP injection, but the toxic effect of this anti- 
tumor drug is observed in later periods; this effect 
is due to suppression actively proliferating and qui- 
escent cells [1]. 

The relative and absolute counts of B lympho- 
cytes in the spleen of  CBA mice decrease after a 
single injection of CP in the maximum tolerable dose 
[7], thus inhibiting the generation of APC in spleno- 
cytes of animals immunized after the CP injection, 
in comparison with mice injected only with an 
antigen. 

Suppression of the functional activity of  splenic 
APC in CP-treated animals and immunized with 
sheep erythrocytes may be due to the ability of  CP 
to decrease the mitotic activity and inhibit DNA 
synthesis, which prolongs the S and G2 phases [1] 

and, as a result, delays the production of IgM and 
IgG antibodies. 

Impairments of  hemopoiesis, lympho- and im- 
munopoiesis in remote periods after CP treatment 
may be associated with persistent instability of the 
genetic system of hemopoietic bone marrow ceils [5]. 
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