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In experiments on rats we studied the effect of cyclophosphamide-containing drug Cytoxan
on activation of neurons in hypothalamic structures involved in the regulation of natural
killer cell activity in the spleen and changes in cytotoxicity of these cells. Administration of
Cytoxan in a dose of 60 mg/kg increased the number of c-Fos-positive cells in the ventro-
medial hypothalamus and lateral hypothalamic area and reduced interferon-α-induced
cytotoxic activity of natural killer cells. Our findings attest to the involvement of central
mechanisms of regulation of splenic natural killer cells into side effects of Cytoxan.
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Cytostatics (e.g., cyclophosphamide-containing drugs)
widely used in clinical practice produce pronoun-
ced side effects, which limits the duration or even
makes impossible their use [2,5,6,8,9]. Deciphering
of the mechanisms of side effects of these drugs
will allows us to develop new approaches to di-
minish their adverse impact. This work was desig-
ned to study the effect of Cytoxan on the functions
of the nervous and immune system. We evaluated the
influence of Cytoxan on activation of neurons in the
ventromedial hypothalamus (VMH) and lateral hypo-
thalamic area (LHA) involved in the regulation of
activity of splenic natural killer cell (NKC) [11] and
studied changes in cytotoxicity of these cells.

MATERIALS AND METHODS

Experiments were performed on 20 male Wistar rats
weighing 180-220 g. The animals were adapted to
experimental conditions for 5 days before the start of

the study. Cytoxan (Brystol-Myers Squibb) contai-
ning cyclophosphamide and diuretic mannitol was in-
jected intraperitoneally in doses of 60 and 100 mg/kg.

The animals were divided into 4 groups. Some
rats remained intact. Control rats received intraperi-
toneal injection of 1.5 ml physiological saline. The ani-
mals of 2 experimental groups were intraperitoneally
treated with Cytoxan in doses of 60 and 100 mg/kg.

The brain was removed 2 h after intraperitoneal
injection of Cytoxan and fixed by intracardiac per-
fusion [7]. c-Fos-like protein was identified in fro-
zen sections by the immunoperoxidase method using
primary polyclonal antibodies against c-Fos pro-
teins and secondary antibodies labeled with horse-
radish peroxidase (Sigma) [4]. Taking into account
morphological heterogeneity of the test structures,
the brain sections from all animals were analyzed
at the same levels and with demarking relevant
zones within the structures [3]. c-Fos-positive cells
were counted as described elsewhere [7] using Ista-
Video-Test software.

Cytotoxic activity of splenocytes was measured
24 h after Cytoxan treatment by the ability of sple-
nocytes to lyse human myeloleukemia K562 cells
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in vitro. The interaction between rat spleen NKC
and target cells (effector/target ratios 25:1 and 50:1)
was determined by 3H-thymidine incorporation into
unlysed target cells.

Additional stimulation of splenocytes included
in vitro treatment with interferon-α (IFN-α, Institute
of Vaccines and Sera, St. Petersburg). IFN-α in a dose
of 1.25 U/ml was added to the mixed suspension of
splenocytes and target cells before cell incubation.

The results were analyzed by Student’s t test.

RESULTS

c-Fos protein, product of c-Fos gene expression,
serves as a marker of activation of nerve cells.

Therefore, the degree of activation of hypothalamic
structures was determined by the number of c-Fos-
positive cells. The number of these cells was esti-
mated in 3 zones of VMH (ventrolateral, central,
and dorsomedial zones; Fig. 1, b) and 2 zones of
LHA (basal and perifornical zones; Fig. 2, b). The
number of c-Fos-positive cells in VMH and LHA
of control rats increased compared to intact ani-
mals. After administration of Cytoxan in a dose of
60 mg/kg the number of c-Fos-positive cells de-
creased in the ventrolateral zone, but increased in
the dorsomedial zone of VMH (Fig. 1, a). The num-
ber of c-Fos-positive cells increased in both zones
of LHA (Fig. 2, a). Treatment with Cytoxan in a
dose of 100 mg/kg was followed by the appearance

Fig 1. Number of c-Fos-positive cells (a) in VMH zones (b) after intraperitoneal injection of Cytoxan in various doses. a) ordinate:
number of c-Fos-positive cells in VMH zones (10×103 µ2). Light bars, dorsomedial zone; dark bars, central zone; shaded bars, ventrolateral
zone. b) dm, dorsomedial zone of VMH; c, central zone of VMH; vl, ventrolateral zone of VNH (according to the rat brain atlas [2]). Here
and in Figs. 2 and 3: intact animals (1); control animals (2); administration of Cytoxan in a dose 60 mg/kg (3); administration of Cytoxan
in a dose 100 mg/kg (4). Here and in Fig. 2: p<0.05: *compared to intact animals; +compared to control animals; xcompared to animals
receiving 60 mg/kg Cytoxan.

Fig. 2. Number of c-Fos-positive cells (a) in LHA zones (b) after intraperitoneal injection of Cytoxan in various doses. a) ordinate:
number of c-Fos-positive cells in LHA zones (10×103 µ2). Light bars, perifornical zone of LHA; dark bars, basal zone of LHA. b) perifornical,
perifornical zone of LHA; basal, basal zone of LHA (according to the rat brain atlas [2]).
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of morphologically different cells with large vacuo-
les. Under these conditions the number of c-Fos-
positive cells decreased in all zones of VMH and
LHA (Figs. 1, a; 2, a).

Cytotoxic activity of splenic NKC remained
practically unchanged 24 h after administration of
Cytoxan in doses of 60 and 100 mg/kg (Fig. 3).
IFN-α is a cytokine that regulates cell activity and sti-
mulates NKC [1]. Addition of IFN-α to cultured cells
from control animals increased cytotoxic activity.
Specific cytotoxic activity of cells from rats receiving
Cytotoxan did not increase in response to stimulation
with IFN-α (Fig. 3). Therefore, Cytoxan in doses of
60 and 100 mg/kg prevents the increase in cytotoxic
activity of NKC induced by IFN-α treatment.

Our findings suggest that the number of c-Fos-
positive cells in VMH and LHA increases during
the early period after administration of Cytoxan in
a dose of 60 mg/kg. These brain structures are
involved in the regulation of NKC activity in the
spleen. It should be emphasized that stimulation of
VMH decreased cytotoxicity of these cells [11].
Cytoxan decreases IFN-α-induced cytotoxicity of
NKC. There changes reflect impaired activation of
cells (reaction to the regulatory signal). This metho-
dical approach allowed us to reveal a change in
cytotoxic activity of NKC during the early stage
after cytostatic administration. It should be empha-
sized that standard methods are effective only on
days 5-14 after treatment [5,9,10].

Activation of brain cells in VMH is most pro-
nounced after administration of Cytoxan in a dose
of 60 mg/kg. The degree of activation differs in
various zones of this nucleus. The number of c-Fos-
positive cells increases in the dorsomedial zone of
VMH, which has an inhibitory effect on cytotoxi-

Fig. 3. Cytotoxic activity of natural killer cells (NKC) from rat spleen 24 h after administration of Cytoxan in various doses. Light bars,
cytotoxic activity of NKC without additional stimulation; dark bars, after additional stimulation of splenocytes with IFN-α in vitro (1.25
U/ml). p<0.05: *compared to intact and control animals; +compared to cytotoxic activity of rat splenocytes without additional stimulation
of cells with IFN-α.

city of spleen NKC. It may be suggested that the
decrease in NKC cytotoxicity is partly related to
activation of cells in this zone of VMH.

These data attest to possible involvement of
central mechanisms of regulation of splenic NKC
into realization of side effects of Cytoxan. It cannot
be excluded that Cytoxan produces a direct anti-
metabolic effect on these cells. Our results illustrate
the importance of functional tests for cell activation
in response to regulatory signals. These tests hold
promise for the individual selection of appropriate
drugs, study of variations in the patient’s reaction to
treatment, and search for new methods to diminish
the side effect of cyclophosphamide preparations.
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