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We examined the offspring of female rats that were mated with intact males in the
delayed period after administration of cytostatic drugs Farmorubicin, platidiam, carbo-
platin, etoposide, and paclitaxel (1, 3, and 6 months post-treatment). Toxicity of these
drugs in the offspring decreased in the following order: paclitaxel>etoposide>carbo-
platin>platidiam>Farmorubicin. The toxic effect depended not only on the type of
cytostatic treatment, but also on the period of conception.
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Cytostatic chemotherapy is usually followed by
reversible reproductive dysfunction in young wo-
men [6,7]. During long-term remission, the majority
of female patients desire to have children. Taking
into account the diagnosis and therapy, several dis-
orders not associated with the underlying disease
are of considerable importance. The risk of de-
fective offspring is high. Cytostatic drugs are geno-
toxic compounds that can cause cytogenetic dis-
orders in maturing oocytes [2]. These changes can
be followed by death of the fertilized ovum and
spontaneous abortion [8]. However, good evidence
exists that childbirth can occur in women with a
history of cytostatic treatment. There are conflicting
data regarding the offspring of these patients [7,8],
which probably results from differences in chemo-
therapeutic regimens.

Here we examined the offspring of female rats
that were treated with antitumor drugs of various
chemical classes.
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MATERIALS AND METHODS

Experiments were performed on 300 adult female
Wistar rats aging 2 months, weighing 250 g, and
obtained from the Laboratory of Biological Mo-
deling (Institute of Pharmacology, Tomsk Research
Center). Our study was conducted according to the
European Convention for the Protection of Ver-
tebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986). The desire
to conceive among women usually arises in the
delayed period after chemotherapy (3, 5, and 10
years). In our experiments, the animals were mated
1, 3, and 6 months after cytostatic treatment. Fur-
ther examination was performed with 3200 fetuses
and 650 rat pups.

Experiments were conducted with the follo-
wing cytostatic drugs: anthracycline antibiotics,
Farmorubicin (FR, Farmitalia Carlo Erba); complex
platinum compounds, platidiam (ABIK Ltd.) and
carboplatin (CP, Dabur India Ltd.); topoisomerase
activity inhibitors, etoposide (Teva); and taxanes,
paclitaxel (PT, Dr. Reddy’s). They are widely used
in clinical practice. Female rats received single
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intravenous injection of drugs at the maximum tole-
rable dose (high-dose therapy in clinical practice).
An equivalent volume of the solvent was admini-
stered to control rats (n=150).

Female rats of the treatment and control groups
were mated with intact males 1, 3, and 6 months
after the start of the study (20 specimens for each
time point). The mating was detected by examina-
tion of vaginal smears. The fetuses were studied
macroscopically. The internal organs of viable off-
spring were examined during the antenatal period
(day 20 of pregnancy) by the method of Wilson.
Ossification was studied by the method of Dawson
[3]. The survival rate, physical development, ap-
pearance of sensory and locomotor reflexes (pre-
cipice avoidance test, turning over on the plane,
muscle strength, and open-field test), learning capa-
city (conditioned passive avoidance task) [5], and
adaptive behavior (stress avoidance by the method
of Henderson with modification of N.A. Bonda-
renko) [1]) were studied in the postnatal period.
The severity of pathological changes in the off-
spring was expressed in arb. units.

The results were analyzed using Mann—Whit-
ney test and Fischer’s angular transformation.

RESULTS

Viable offspring was obtained after mating of fe-
male rats from all groups. Survival rate was de-
creased in the offspring of female rats receiving CP,
PT, and etoposide (Table 1).

External abnormalities were revealed after treat-
ment with platidiam and etoposide (specimen with
1 head and 2 trunks; and specimen with hypoplasia
of the testicles). The number of fetuses with patho-
logical changes in internal organs was high in all
experimental groups (except for the offspring of
platidiam-treated rats). The majority of specimens
had hemorrhages in organs and tissues, cholestasis,
hydrocephaly, and nephroptosis. Inhibition of ossi-
fication, delayed development of sensory and loco-
motor reflexes, and reduced capacity for adaptive
behavior were found after cytostatic treatment (Ta-
ble 1). Hence, these drugs differ in the latency of
toxicity and toxic influence on the offspring.

It was interesting to evaluate individual charac-
teristics of the offspring from various treatment
groups. The offspring of CP-treated females had the
lowest survival rate. The offspring of etoposide-
treated females was characterized by the highest
incidence of pathological changes in internal or-
gans, delayed development of sensory and loco-
motor reflexes, and decrease in muscle tone. High
survival rate was typical of the offspring from fe-
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Fig. 1. Integral quantitative evaluation of the offspring from female
rats after treatment with antitumor drugs of various groups (all
periods of examination). Here and in Fig. 2. FR (7), platidiam (2),
CP (3), etoposide (4), and PT (5).

males that received FR and platidiam. Physical re-
tardation, disturbances in the open-field behavior,
and reduction of learning capacity were not re-
vealed in the offspring of FR-treated females. A
wide range of pathological changes was observed
in the offspring of PT-treated females during all
periods of study.

Comparative integral study of viable offspring
(all periods of mating) showed that toxicity of the test
drugs decreases in the following order: PT>etopo-
side>CP>platidiam>FR (Fig. 1). The overall seve-
rity of pathological changes in the offspring was
highest after treatment with the most toxic drugs.

An integral study was performed taking into
account the period of mating. It was shown that the
severity of toxic changes in the offspring depended
not only on the type of cytostatic treatment, but
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Fig. 2. Integral quantitative evaluation of the offspring from female
rats: drug treatment 1, 3, and 6 months before mating.
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also on the period of conception (Fig. 2). The per-
iod of mild toxic symptoms was different for vari-
ous drugs. The optimal time of mating for females
of the etoposide and PT groups was 3 months post-
treatment. This period for female rats receiving pla-
tinoids and anthracycline antibiotics was 6 months.
Taking into the account the length of the repro-
ductive cycle in rats [4], these periods correspond
to 5 and 10 years of life in humans. These data can
be useful to reduce the risk of defective offspring
in clinical practice.

Pathological changes in the offspring are prob-
ably related to the mutagenic effect of antiblastic
drugs on maturing oocytes. Our hypothesis is con-
firmed by the fact that the offspring of male rats
receiving these drugs in equivalent doses have simi-
lar disturbances. However, the severity of disorders
was much higher after cytostatic treatment of fe-
male rats. These features are probably associated
with higher sensitivity of female gametes to the ad-
verse effect of drugs. Moreover, cytostatic drugs
have a toxic effect on the maternal organism.

Our results indicate that the offspring of female
rats receiving cytostatic drugs at the stage of pro-
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genesis is characterized by higher incidence of
pathological changes. The severity of disorders de-
pends on the chemical structure of drugs and period
of mating.
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