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ABSTRACT
Drug-induced ovulation is a therapy that allows women to ovulate and have the chance of conceiving.
This therapy is used either in women with irregular ovulation or in patients undergoing In-vitro
fertilization cycle to maximize egg production. The goal of drug-induced ovulation is to stimulate the
ovaries to produce a single mature follicle and allow fertilization and pregnancy to occur. The drugs
commonly used are clomiphene citrate and letrozole. There are indications that these drugs, when used
prenatally, could interfere with the normal development of foetal hearts, though; there is a paucity of
data on the lethal effects of drug-induced ovulation on the neonatal heart, particularly the left ventricle
and ventricular septum. Forty-five adult female Wistar rats that weighed between 140-160g were used
for the experiment. They were subdivided into three groups of 15 animals each. A vaginal smear was
carried out to further divide the experimental animals based on their oestrous phases. A one-time dose
of clomiphene citrate (clomid) was administered at 0.5mg/kg bodyweight, to one of the experimental
groups, during the diestrous phase. The other experimental group received Letrozole at 0.025mg/kg
bodyweight while the control group received normal feed and water liberally. Mating was done a day
after administration of these drugs. Pups were sacrificed on postnatal day 21, the hearts of the pups
were dissected out and processed for histological analysis. The result showed that the pups whose
mothers received clomid had the lowest heart weights compared to the letrozole and control groups.
The left ventricular wall thickness was greater in the Letrozole group and the level of necrosis was
observed to be greater in the clomid group as compared to the other groups. These findings show that
both clomid and letrozole have some effects on the hearts of the developing wistar rats.
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INTRODUCTION
Infertility is failure to achieve pregnancy by a
couple despite regular unprotected sexual
intercourse over a period of one year or the
inability to carry pregnancy to term (Olooto, et
al., 2012). Drug-induced ovulation has proved to
be one of the ways to manage anovulatory
infertility and also to maximize egg production in
women undergoing Assisted Reproductive
Technology (ART) cycles (Katsikis et al., 2006).
Indications for the use of ovulation induction
therapies
include
infrequent
ovulation,

anovulation, unexplained infertility despite
regular ovulation, as well as in women
undergoing In-vitro fertilization to maximize egg
production (Wayne State University Physician
Group, 2014).
The commonest drug used for induction of
ovulation is Clomiphene citrate. It can be very
effective, cheap and user-friendly. The dosage is
50-250 mg per day for 5 days to be commenced
2, 3, 4, or 5 days after spontaneous or induced
menstrual bleeding. Starting with the lowest, the
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levels by at least 97–99% (Polyzos et al., 2011).
In premenopausal women, letrozole stimulates
the development of the follicles necessitating the
use of aromatase inhibitors for ovulation
induction. It does this by decreasing the serum
levels of oestrogen which in turn stimulates the
production of FSH by the pituitary gland. The
resulting increase in FSH levels will stimulate the
development of the follicles (Ferrero et al.,
2009). Investigation of a causal association
between a drug therapy and congenital cardiac
malformation must include knowledge of the
timeline of normal cardiac development which
begins in the third week of foetal development
in humans.

dose can be raised in increments of 50 mg per
day per cycle until an ovulatory cycle is achieved.
Though efficient in achieving ovulation, use of
clomiphene is a risk factor for congenital
anomalies (Sovino et al., 2002). High serum
levels of luteinizing hormone (LH) and especially
the anti-oestrogenic effects of clomiphene on the
endometrium and cervical mucus may make
clomiphene citrate to interfere with fertility
(Casper and Mitwally, 2006, Pavone and Bulun,
2013). The drug is rapidly absorbed in the
intestine and remains in the body for about 5
days while the drug and its metabolite can be
picked in the stool about 6 weeks after its
administration. (Imani et al., 2002). This is a
probable explanation for its interference with
cardiac development in utero.

Congenital anomalies are structural or functional
defects that arise prenatally and may be
identified during pregnancy, at birth, or later in
infancy (WHO, 2016). They can have a serious,
adverse effect on the health, development, or
functional ability of the baby. The evidences that
pregnancies following treatments by antiestrogens (clomiphene citrate) and aromatase
inhibitors (letrozole) have the potential of
resulting into certain congenital anomalies have
been inconclusive (Biljan et al., 2005; Sharma et
al., 2014).

Letrozole is cheap, has short half-life and
insignificant side effects. Its use has been
studied in women with polycystic ovary
syndrome (PCOS), women who are resistant to
clomiphene citrate, in intrauterine insemination
and also in various protocols of mild stimulation
for in vitro fertilization/intracytoplasmic sperm
injection (IVF/ICSI). However, the efficacy and
safety of the drug is not certain (Kar, 2013). At
doses of 1–5 mg, letrozole inhibits estrogen

MATERIALS AND METHOD
Forty-five adult female Wistar rats weighing 140160g were procured from the Central Animal
House, University of Ibadan, Ibadan, Nigeria.
The animals were acclimatized in well ventilated
cages for 2 weeks with liberal access to feed and
water. Vaginal smear cytology was done to
determine their different phases of estrous cycle.
They were randomly subdivided into three
groups of fifteen animals each.

The required doses of clomiphene and letrozole
were given to the rats according to the body
weight of the rats using an oral cannula. Rats
received a one-time administration during the
diestrous phase specifically, because, this is the
phase characterized by the development of
primordial follicle. Clomiphene citrate tablets
50mg (Clomid – Sanofi Aventis, France) was
purchased from the Pharmacy store and
preserved appropriately. About 50mg of Clomid
was dissolved in 50mls of distilled water to have
1mg of clomiphene citrate 1ml of water.
Therefore, with an average weight of 150g, rats
received a one-time single dose of 0.075mls with
the use of an oral cannula. Letrozole tablets
2.5mg (Femara – Novartis, India) was also
purchased from the Pharmacy store and

Group 1: Rats on normal feed and water
Group 2: Rats given 0.5mg of clomiphene citrate
per kilogram bodyweight
Group 3: Rats given 0.025mg of letrozole per
kilogram bodyweight
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preserved appropriately. About 2.5mg of
Letrozole was also dissolved in 50mls of water to
have 0.05mg of Letrozole in 1ml of water.
Therefore, with an average weight of 150g, rats
received a one-time single dose of 0.075mls with
the use of an oral cannula.

pregnancies were sacrificed 21 days after
delivery. The hearts of the pup were dissected
out, weighed and processed for histology using
haematoxyline and eosin staining technique.
The average number of litters was noted and left
ventricular wall thickness was also measured.
The resulting values were expressed as Mean ±
Standard deviation (SD). One-way analysis of
variance (ANOVA) was used to compare the
quantitative histological parameters among the
groups. Post hoc Tukey’s test was applied to
show which groups’ mean differs; p-values were
calculated with 0.05 taken as being significant.

A day after administration of these drugs (proestrous phase), male rats were introduced prior
to the oestrous phase to give an opportunity for
fertilization during estrous phase. The rats were
examined daily for vaginal plug and
microscopically for sperm cells to confirm
pregnancy. The resulting pups from these

RESULTS
The average number of litters in Group 1 was
(6.2±1.30), Group 2 (7.0±2.83) and (6.8±1.09)
are comparably similar across the groups
although, the average number of litters is slightly
more in Group 2 (clomiphene citrate) than in
Group 3 (Letrozole). The mean weight of the
hearts of the pups was significantly lowest in
Group 2 (0.205±0.004g) and highest in Group 1
(0.413±0.06g) animals (Table 1).

Group 1 (207.2±110.9mm) and lowest in Group
2 (86.24±39.06mm). There was no hypertrophy
of the left ventricular wall across the group but
there were evidences of muscular degeneration
among the experimental groups (Table 2).
The microscopic examination of cardiac tissues
of the left ventricles of the pups using H&E stains
revealed that the cardiac tissue obtained from
the day 21 pups of the control group were of
normal myocardial histology (Fig. 1).

The average thickness of the wall of the left
ventricles of the pups was significantly highest in
Table 1: Mean heart weights (in grammes)
Groups

Weights(g)

1 - Control

0.413 ± 0.06

11 - Clomiphene Citrate

0.205 ± 0.004

111 - Letrozol

0.237 ± 0.01

Table 2: Average left ventricular wall thickness (in millimeters)
Group

Left ventricular wall thickness (mm)

I – Control

86.24 ± 39.06

11 – Clomiphene Citrate

90.22 ± 55.38

111 – Letrozol

207.2 ± 110.9
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Figure 1: Photomicrographs of the left ventricle of a heart section from the control (A), clomiphene citrate (B),
letrozole (C) groups stained with Haematoxylin and Eosin X400. Figure A shows normal heart tissue with normal
myocardial layer (black arrow). Figure B shows severe necrosis (black arrow) in the myocardial layer. Figure C
shows mild necrosis in the myocardial layer (black arrow).

A

B

Figure 2: Photomicrograph of the left ventricle of a heart section from the clomiphene citrate (A) and letrozole
(B) groups stained by Haematoxylin and Eosin X400. Figure A shows focal area of infiltration of inflammatory cells
(slender arrow), figure B shows few inflammatory cells and mild necrosis within the myocardium (thick arrow).

There were clear transverse striations and
abundant cardiomyocytes in the myocardium.
There was no inflammatory cell infiltration.
About 70% of the cardiac tissues harvested from
the clomiphene citrate group showed severe
necrosis in the myocardial layer resulting in
obvious separation of cardiac myofibrils. Also
observed in this layer, was infiltration of

inflammatory cells among necrotic cardiac
myocytes. This occurrence was quite severe in
the clomiphene citrate group. About 20% of the
cardiac tissues obtained from the letrozole group
showed mild necrosis and few inflammatory cells
in the myocardium (Fig. 2). Apparently, the
experimental groups presented with some level
of myocardial infarction.
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DISCUSSION
The incidence of multiple pregnancies is more
common with the use of clomiphene citrate than
letrozole (Sovino et al., 2002, Reefhuis et al.,
2011). More workers have reported above
findings that letrozole use can be associated with
a significantly lower multiple gestation rates than
the use of clomiphene citrate (Mitwally et al.,
2005). This is also our observation in this study
in which higher number of litters were born to
the mothers who received clomiphene citrate
compared to those in the letrozole group. Low
birth weight might not necessarily amount to low
heart weights and low heart weight has not been
previously reported in humans or animals who
received clomiphene citrate. However, in 1993,
Dziadek, who carried out a study on a mouse
model, reported that clomiphene citrate
treatment during pregnancy was associated with
decreased fetal growth, decreased implantation
rates, and increased rates of fetal growth
retardation among offspring of mice treated with
clomiphene citrate just before ovulation in doses
similar to those used in humans. In that study, it
was concluded that preovulatory administration
of clomiphene impairs uterine function, which
subsequently reduces embryonic growth and
development. These findings were corroborated
by some other studies that reported low birth
weight of babies born to women who conceived
following treatment with clomiphene citrate
(Sharma et al., 2014, Forman et al., 2007).

suggest that clomiphene citrate has more
deleterious effects since there was no significant
difference
between
the
two
groups.
Furthermore, the highest and lowest means with
standard deviation values of the average number
of litters born across the three groups showed
no statistical significance. Hence, there was no
significant difference between the control and
experimental groups in regard to this outcome.
Myocardial infarction (MI) in neonates is rare but
has been described in cases of congenital heart
disease, abnormal coronary arteries (anomalous
origin and course of coronary arteries),
thromboembolic events, and perinatal asphyxia
(Leanne de Vetten et al., 2011). One of the most
common and clinically significant forms of acute
cardiac injury is MI, and it results in ischemic
death of cardiomyocytes (Ibanez et al., 2015).
MI triggers a complex inflammatory reaction
accompanied by cytokine release and
inflammatory leukocyte infiltration into the
endangered myocardial region (Yellon and
Hausenloy, 2007; Swirski and Nahrendorf, 2013;
Eltzschig and Eckle, 2011). The inflammatory
response and the expression of cytokines
following MI are integral to the healing process
and may be protective in the early stage of the
MI through stimulation of myocyte autophagy
and left ventricular remodelling; however,
excessive inflammatory responses after MI are
detrimental for cell survival and extracellular
matrix integrity (Nahrendorf et al., 2010; Nian et
al., 2004; Frangogiannis et al., 2008). This may
consequently impair left ventricular contractile
function.

An observation of the highest and lowest means
coupled with the standard deviation values of the
different heart weights showed that there was a
significant difference between the control and
clomiphene citrate groups and between the
control and letrozole groups with a p-value
<0.05. However, there was no significant
difference between the clomiphene citrate and
letrozole groups. This implies that, these drugs
have likely initiated some muscle cell
degeneration resulting in loss of weight of the
organs, compared to the control group which
possessed the highest weight. Apparently,
clomiphene citrate and letrozole function in a
similar fashion; however, there is no evidence to

The degree of infarction that was observed
amongst the experimental groups in this study,
is indicative of some necrotic processes taking
place in the cardiac tissue. Necrosis of
cardiomyocytes presents with a mixed
inflammatory response that becomes more
mononuclear in character with macrophages
phagocytizing cell debris (Clements et al. 2010).
The presence of inflammation in these tissues
was established by the accumulation of
inflammatory cells in the myocardium of the left
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Anatomy Journal of Africa. 2021. Vol 10 (1):1871 - 1877.
ventricle. This observation was predominant in
the cardiac tissues of pups belonging to the
group that received clomiphene citrate and, to a
lesser degree, in the cardiac tissues of pups in
the letrozole group. The presence of
inflammatory cells suggests a cardiac injury
sequel to MI in the cardiac tissue. This group also
presented with the lowest heart weights which is
suggestive of muscle cells degeneration. The
observed lack of a significant difference in the
mean thickness of the wall of the left ventricles
of the pups between the two experimental

groups suggests that none of the drugs is
superior to the other in terms of safety and
damage to the ventricular wall.
In conclusion, Clomiphene citrate and letrozole
have been considered to be safe for ovulation
induction until recently. However, this study has
been able to show the deleterious effects that
these drugs could have on pups of Wistar rats.
It remains to be seen whether this finding will be
observed in same manner in similar study in
humans.

REFERENCES
1. Biljan M, Hemming R, Brassard N. 2005. The outcome of 150 babies following the treatment with
letrozole or letrozole with gonadotropins. Fertil Steril 84:95.
2. Casper RF, Mitwally MF. 2006. Aromatase inhibitors for ovulation induction. The Journal for
Clinical Endocrinology & Metabolism 91(3): 760-71.
3. Casper RF, Mitwally MF. 2012. A historical perspective of aromatase inhibitors for ovulation
induction. Fertil Steril 98: 1352-1355.
4. Clements P, Brady S, York M, Berridge B, Mikaelian I et al. 2010. Cardiac Troponins Working
Group Time course characterization of serum cardiac troponins, heart fatty acid-binding protein,
and morphologic findings with isoproterenol-induced myocardial injury in the rat. Toxicol Pathol
38: 703–714.
5. Dickey RP, Taylor SN, Curole DN, Rye PH, Lu PY, Pyrzak R. 1997. Relationship of clomiphene dose
and patient weight to successful treatment. Hum. Reprod 12 :449-453.
6. Dziadek, M. 1993. Preovulatory administration of clomiphene citrate to mice causes fetal growth
retardation and neural tube defects (exencephaly) by an indirect maternal effect. Teratology
47:263–273.
7. Eltzschig, H.K. and Eckle, T. 2011. Ischemia and reperfusion – from mechanism to translation.
Nat Med 17(11):1391–401.
8. Ferrero, S., Venturini, P.L., Ragni, N., Camerini, G., Remorgida, V. 2009. Pharmacological
treatment of endometriosis: experience with aromatase inhibitors. Drugs 69:943–952.
9. Forman, R., Gil, S., Moretti, M., Tulandi, T., Koren, G. 2007. Fetal safety of letrozole and
clomiphene citrate for ovulation induction. J Obstet Gynaecol Can 29: 668–671.
10. Frangogiannis N.G. 2008. The immune system and cardiac repair. Pharmacol Res 58(2):88–111.
11. Ibáñez, B., Heusch, G., Ovize, M., Van de Werf, F. 2015. Evolving therapies for myocardial
ischemia/reperfusion injury. J Am Coll Cardiol 65:1454–71.
12. Imani, B., Eijkemans, M.J., te Velde, E.R., Habbema, J.D., Fauser, B.C. 1998. Predictors of
patients remaining anovulatory during clomiphene citrate induction of ovulation in
Normogonadotropic oligoamenorrheic infertility. J. Clin. Endocrinol. Metab 83(7):2361–2365.
13. Kar, S. 2013. Current evidence supporting Letrozole for ovulation induction. J. Human Reprod Sci.
6: 93-8.
14. Katsikis, I., Kita, M., Karkanaki, A., Prapas, N., Panidis, D. 2006. Anovulation and ovulation
induction. Hippokratia 10(3): 120-127.
15. Leanne, V., Klasien, A. B., Nynke, J. E., Joost, P.M., Albertus, T., Beatrijs, B. 2011. Neonatal
myocardial infarction or myocarditis? Pediatr Cardiol 32: 492–497.

1876

Anatomy Journal of Africa. 2021. Vol 10 (1):1871 - 1877.
16. Mitwally, M.F., Biljan, M.M., Casper, R.F. 2005. Pregnancy outcome after the use of an aromatase
inhibitor for ovarian stimulation. Am J Obstet Gynecol 192: 381–6.
17. Nahrendorf, M., Pittet, M.J., Swirski, F.K. 2010. Monocytes: protagonists of infarct inflammation
and repair after myocardial infarction. Circulation 121(22): 2437–45.
18. Nian, M., Lee, P., Khaper, N., Liu, P. 2004. Inflammatory cytokines and post-myocardial infarction
remodeling. Circ Res 94(12): 1543–53.
19. Olooto, W.E., Amballi, A. A., and Banjo, T. A. 2012. A review of Female Infertility; important
etiological factors and management. J. Microbiol. Biotech. Res 2(3): 379-385.
20. Pavone, M.E., Bulun, S.E. 2013. The use of aromatase inhibitors for ovulation induction and
superovulation. J Clinical Endocrinol Metab 98(5): 1838-1844.
21. Polyzos, N.P., Fatemi, H.M., Zavos, A. 2011. Aromatase inhibitors in post-menopausal
endometriosis. Reprod Biol Endocrinol 9: 90.
22. Reefhuis, J., Honein, M.A., Schieve, L.A., Rasmussen, S.A. 2011. National Birth Defects Prevention
Study: Use of clomiphene citrate and birth defects. Hum Reprod 26(2): 451–7.
23. Sharma, S., Ghosh, S., Singh, S., Chakravarty, A., Ganesh, A. 2014. Congenital Malformations
among Babies Born Following Letrozole or Clomiphene for Infertility Treatment. PLoS ONE 9(10):
1-7.
24. Sovino, H., Teresa S. and Luigi D. 2002. Clomiphene citrate and ovulation induction. Reproductive
Medicine 4(3): 303-310.
25. Swirski, F.K., Nahrendorf, M. 2013. Leukocyte behavior in atherosclerosis, myocardial infarction,
and heart failure. Science 339(6116): 161–6.
26. Wayne State University Physician Group 2014. Ovulation Induction. Accessed on 28th May, 2018
from http://infertilityupg.med.wayne.edu/index.php
27. World Health Organization 2016. Congenital Anomalies. Accessed on 28th May, 2018 from
www.who.int/news-room/fact-sheets/detail/congenital-anomalies
28. Yellon, D.M., Hausenloy, D.J. 2007. Myocardial reperfusion injury. N Engl J Med 357(11): 1121–
35.

1877

