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Abstract. The effects of a single injection of Mitomycin-C (MMC) on the fertility of female mice treated
during the first pregnancy and its possible long term teratogenic effects on the following pregnancy have
been studied. The drug was proven to be deleterious, teratogenic and growth suppressing to offspring of
the first pregnancy (F,,) and to embryos and fetuses of the second pregnancy (F,p). The results also indi-
cated that the effect of the drug was dose-dependent and a dose of more than 2.0 mg/kg MMC, signific-
antly affected the parameters investigated. Treatment with MMC resulted in a decrease of mean litter size
and body weight and an increase in exencephaly, abnormal growth of tail and hindlimb and umbilical her-
nia in the fetuses of the second pregnancy (F ) in a dose-dependent fashion. A precautionary delay in
conception by humans desiring a child may be indicated from this study following MMC chemotherapy.

Introduction

Mitomycin-C (MMC), also known as mutamycin or mitomycin, is a growth inhibitor
and potent antitumor agent [1-7]. It has been reported to be cytotoxic, teratogenic
and mutagenic [8-13]. MMC also produces sister-chromatid exchanges in bone mar-

row and testis of rats and mice and in human lymphocytes following in vivo treatment
[14, 15].

Several studies have shown that when MMC is administered to pregnant rats
[16, 17}, mice [18-23] and chickens [13, 24], it produces teratogenic, lethal, growth
suppressing and/or curative effects. The frequency and types of defects produced by
MMC were both dose and time dependent. Moreover, MMC has been shown to have
an antifertility effect on F, generation obtained from trcated pregnant female mice
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[20]. Since MMC is still in use as a chemotherapeutic agent in Saudi Arabian hospi-
tals, the present study was undertaken to investigate the effects of MMC on fertility
of female mice treated during the first pregnancy, and the possible long term
teratogenic effects of such treatment on the following pregnancy.

Materials and Methods

Adult Balb/c male and female mice used in this study were obtained from the
Animal House, King Faisal Specialist Hospital and Research Center, Riyadh. The
animals were housed in plastic boxes in an environmentally controlled room with a
temperature of 22+1°C, a humidity of 45+5% and a light/dark cycle of 14/10 hrs.
Mouse food (commercially available in Saudi Arabia) and water (via bottle) were
offered ad libitum throughout the study period. In each box, 3-4 nulliparous females
were caged together with a single male until a vaginal plug was found, then the
female(s) was separated.

The day the plug was observed was counted as day 0 of gestation. On day 9 of
gestation, dams (N= 5-16/group) were injected intraperitoneally (ip) with a single
dose of 1.5, 2.0, 2.5, 3.5, 6.0, 8.0 or 10.0 mg/kg MMC solution (Bristol, Evansville,
IN, U.S.A.) in sterile normal saline. Injection with MMC on gestational day 9 has
been shown to induce malformations of viable fetuses [23]. A control group of mice
was injected ip with an equivalent volume of normal saline. At parturition, the
number of live and dead pups was recorded for each pregnant mouse. Each pup was
examined macroscopically, both externally and internally for gross abnormalities.

The fertility of these dams was evaluated again by recaging them with males on
day 10 of lactatoin. The commencement of pregnancy was determined as mentioned
before, and the dams were then kept under daily observation. On gestational day 17,
the dams were killed by cervical dislocation and the number of live and resorbed
fetuses was recorded for each pregnant mouse. Each fetus was examined for gross
abnormalities as performed earlier.

Data were analyzed statistically using SAS computer pfogram and a 2x2 con-
tingency table (X?) for the actual numbers obtained [25].

Results
The effects of MMC over two successive matings of one generation of mice (Fia

and F p) are shown in Tables 1-3. Table 1 indicates that treatment with MMC at
doses =2.5 mg/kg significantly (P<0.01) decreased both the mean litter size and
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body weight in offspring of the first mating. There was a strong negative correlation
between MMC dose and mean litter size (r = —.61), and between MMC dose and
mean litter body weight (r=—0.74). Administration of 2.0 mg/kg MMC signific-
antly (P=<0.01) increased the mean number of pup deaths at or shortly after birth and
there was a modecrate positive correlation (r=0.41) between MMC dose and the
mean number of pup deaths. MMC treatment also resulted in abnormal develop-
ment of tails and hindlimbs in surviving pups (Table 1).

Table 1. Effect of MMC treatment on day 9 of gestation of the first mating (F,)

MMC  No.of Litter size Litter body No. of dead % of abnormalities
dose females Mean+(Range) wt. (gms) pups per observed $

{mg/kg) {meantS.E.) litter

Mean + (Range)

Control 35 0.80(4-14) 1.39+0.04 0.43(1-3) None
1.5 15 B.73(6-12) 1.3510.06 1.60(1-7) 16T
2.0 15 9.20(4-13) 1.23+£0.06* 3.47(1-10)* 75;5L
2.5 16 6.69(3-13)** 1.12+0.06** 6.56(2-13)** iOOT; 20L
3.5 13 6.46(3-1)** 1.13+0.07** 6.46(3-10)** 100T;30L
6.0 16 3.19(4-12)** 0.7610.06** 2.94{4-12)** 100T
8.0 15 5.87(2-19)** 0.81+0.06** 5.87(2-13)** 10T

10.0 5 S N - -

* Statistically different from the control atp < 0.05
** Statistically different from the control at p < 0.01
$ T = Abnormal tails L = Abnormal hindlimbs

The effect of the treatments on dams in their second pregnancy is shown in Table
2. There was no significant difference in duration of gestation in the < 10 mg/kg
groups. However, duration of gestation in the 10 mg/kg group was significantly (P<s
0.05) longer than the control. There was a very weak positive correlation between
MMC dose and duration of gestation (r=0.07). Animals treated with doses = 6.0 mg/
kg of MMC showed a significant (P< 0.01) decrease in mean body weight gain during
the period from day 0 to day 17 of the second mating. There was a strong negative
correlatoin between MMC dose and mean body weight gain (r = -0.5).

As shown in Table 3, animals treated with = 3.5 mg/kg of MMC showed a signif-
icant (P < 0.01) decrease in both the mean number of implantation sites and mean
number of live fetuses observed on day 17 of the second mating. There was a moder-
ate negative correlation {r = —0.34) between MMC dose and mean number of
implantation sites, and a strong negative correlation (r=—0.56) between MMC dose
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and mean number of live fetuses. The mean body weight of live fetuses was signific-
antly (P=< 0.01) lower in dams which werc treated with doses 0f 2.0, 2.5 and 3.5 mg/kg
of MMC than the control. Moreover, abnormal development was observed in fetuses
obtained from the second mating of dams treated with MMC. The incidence of
exencephaly, abnormal tails, abnormal hindlimbs and umbilical hernia was
increased in dose dependent fashion as shown in Table 3.

Table 2. Effect of MMC treatments on the time required for mating and on the body weight gain during
the period from day 0 to day 17 of the second mating

MMC No. of Time required for Body wt. gain
dose females mating in days (gms)
(mg/kg) (mean +5.E.) (mean £ S.E)
Control 35 3.60+0.49 20.22+0.79
1.5 15 4.60+0.75 17.15+1.20
2.0 15 4.53+0.75 17.53+1.20
2.5 16 2.94+0.73 17.71+1.16
35 13 2.23%0.81 17.64+1.29
6.0 16 4.81+0.73 13.21+1.16**
8.0 15 4.13+0.75 14.55+1.20**
10.0 5 6.40+1.30* 2.28+2.08**

*Statistically different from the control at p < 0.05
" *Statistically different from the control at p < 0.01

Table 3. Effect of MMC treatment on fetuses taken on day 17 of the second mating

MMC

No.of No. of implanta- No. of live % Body wt. of % of
dose fernales tion sites fetuses Resorption livefetuses (gms) abnormalities
(mg/kg) (mean +S.E.) (mean +S.E.) {mean £ S.E.) observed $
Control 35 11.49+(.34 11.0610.47 3.7 0.77+£0.03 1.0E
1.5 15 10.00+0.51** 9.4010,72* 6.0 0.66x0.05 2.0E
2.0 15 10.53+0.51 10.1310.72, 38 0.59%£0.05** None
2.5 16 10.4440.50 10.06£0.70 3.6 0.59£0,05** 1.2E;0.6T;

0.6L
35 13 9.77+0.55% 8. 770.78** 10.2** 0.63+0.05%* 2.4E;2.4L
6.0 16 9.50+0.50** 6.13+0.70** 35.5% 0.73+0.08 1.3E;3.3H;
1.3T;5.9L
8.0 15 10.20+0.51* 7.3320.72%* 28.1** 0.76x0.05 5.2E;0.7T;
0.7L
10.0 5 7.40+0.89**  0.00+0.00** 100.0** e

* Statistically different from the control at p <0.05
** Statistically different from the control at p < 0.01

h ) E=Excencephaly; T=Abnormal tails; .= Abnormal hindlimbs; H=Umbilical hernia
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Discussion

The present study demonstrated the deleterious, teratogenic and growth sup-
pressing effects of MMC on litters obtained from dams treated with the drug during
the first pregnancy. Similar observations have been reported by several authors in
various species [16-24 and 26-28].

The results of the present study also indicate that MMC has a long term effect
on fertility and can influence the outcome of the second pregnancy of treated dams.
The disruption of implantation, the increased number of resorbed and dead embryos
and fetuses and the teratogenic effects observed in fetuses of the second mating are
indicative of this long term effect of MMC. It is possible that some of the amounts of
MMC in the treated females might not be inactivated or ¢liminated fast enough, par-
ticularly in those treated with larger doses of the drug, and the amounts remaining
could be the major factor affecting the parameters investigated in the second pre-
gnancy. An antifertility effect of MMC on F, generation obtained from treated
female mice has been reported [20]; histologically the testes of F; mice were deficient
in germ cells and possessed many tubules containing Sertoli cells only, while females
had small ovaries with about half as many follicles as the controls. As far as we know,
this is the first report of such antifertility and teratogenic effects of MMC on the sec-
ond pregnancy of treated females.

It is known that MMC inhibits DNA synthesis in vitro and in vivo and such inhib-
ition of DNA synthesis in rapidly proliferating embryonal tissues could be a major
initiating factor in the malformations and lethality produced by MMC [6, 7, 13].
Hence, the malformations and lethality produced in the present study may be the
results of MMC action on DNA synthesis in rapidly proliferating embryonal tissues.

Therefore, it is concluded that MMC has toxic, growth suppressing and
teratogenic effects on the offspring of first gestation as well as on the embryos and
fetuses of the second gestation. However, further studies are needed involving detec-
tion of MMC or its metabolite(s) in dams during the second pregnancy and/or in the
following generation(s). A similar study of MMC injected into only male mice and
follow ups of male fertility, and any growth suppressing and teratogenic effects in
offspring would also be of interest.
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