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ABSTRACT

Background: Calcium channel blockers (CCBs) are popular medicines used to
treat hypertension, tachyarrhythmias or angina during pregnancy. Lack of
adequate safety data has however created an uncertainty in the use of CCBs in
pregnancy. Nifedipine has been reportedly associated with a variety of
embryotoxic and fetotoxic effects in animals. Therefore, this study was
undertaken to establish whether or not the commonly used CCBs (nifedipine
and amlodipine) would produce teratogenic effects in rats.

Methods: Twenty pregnant rats were randomly assigned to each of the
treatment and control groups. Nifedipine and amlodipine were used in three
dose levels of 5, 10, 20 mg/kg and 0.5, 1, 2 mg/kg body weight respectively to
test its teratogenic effects. The maximum dose of the test drugs used in our
study was ten times the maximum recommended human dose. The drugs were
administered to the pregnant rats using nasogastric tubes from day 6 through
day 15 of pregnancy. The number of live births, stillbirths, litter sizes, crown-
rump lengths, birth weights and gross abnormalities of the pups delivered were
observed and recorded. Skeletal changes and soft tissue changes were also
observed in the pups delivered to treated pregnant rats.

Results: It was found that nifedipine and amlodipine did not produce any
teratogenic effects in rats at doses 2.5 to 10 times the recommended human
dose. None of the pups showed any gross morphological, skeletal or visceral
defects.

Conclusions: Nifedipine and amlodipine appear to be safe during pregnancy in
therapeutic doses.
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INTRODUCTION

Calcium channel blockers (CCBs) are used in obstetrical
practice to treat hypertension, preeclampsia, “haemolysis,
elevated liver enzymes and low platelet count” syndrome
and preterm labour. However, lack of adequate data has
created uncertainty in its use in pregnancy. The US FDA
had placed CCBs in category C of teratogenicity risk
meaning that human data is not available and foetal risk
is shown in controlled animal studies. Hence, these drugs
are justified for use in pregnancy only when the benefits
outweigh the potential risk to the foetus and safer
alternatives are not available.

Nifedipine has been reportedly associated with a variety

of embryotoxic and fetotoxic effects." Amlodipine is
neither embryotoxic nor teratogenic in rats and rabbits
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upto 2 to 23 times the recommended dose when
administered during organogenesis. But rats administered
with amlodipine 8 times the maximum recommended
human dose (MRHD) for 14 days before mating and
throughout gestation had a significant decrease in litter
size (by about 50%) due to fivefold increase in
intrauterine deaths.**

Nifedipine in doses higher than 60 mg per day during
human pregnancy has been associated with adverse feto-
maternal events as reported from case series.” Yet, in a
case-control study, prior exposure to CCBs in utero did
not lead to a higher prevalence of congenital anomalies.’
Therefore, experimental studies to test the teratogenic
potential of commonly used CCBs become necessary.
Rats are the preferred species for teratogenicity studies
due to their high fertility and large litter size.
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METHODS

Healthy young adult virgin female albino rats of inbred
homogenous strains and 90-100 days old were used for
the study. The animals were kept under normal laboratory
conditions in the animal house maintained by the college.
Microscopical examination of vaginal smear for cornified
epithelial cells in female rats was carried out prior to
mating to confirm the oestrous stage of the rats. Healthy
active male rats of proven sire were chosen for mating of
the animals.

Three female rats in oestrous were housed overnight with
a normal male in a cage. Successful mating was
confirmed by the presence of a sperm in the vaginal
smear. This was considered as day- 1 of pregnancy. The
pregnant rats were then caged individually in the animal
house.

The teratogenicity study was designed in conformity to
the existing regulations and guidelines.®” Institutional
animal ethical committee clearance was obtained from
the institute to conduct the study on rodents. Twenty
pregnant rats were randomly assigned to each of the
treatment and control groups. Nifedipine and amlodipine
were used in three dose levels of 5, 10, 20 mg/kg and 0.5,
1, 2 mg/kg body weight respectively to test its teratogenic
effects. The maximum dose of the test drugs used in our
study was ten times the MRHD. Fresh suspensions in 1%
gum tragacanth of nifedipine and amlodipine each, of 5
mg/ml test drug concentration, were prepared for daily
oral administration. The drugs were administered to the
pregnant rats using nasogastric tubes from day 6 through
day 15 of pregnancy to cover the period of
organogenesis. The control group of dams were
administered 1% gum tragacanth for the same period of
duration as the treated groups. The dams were allowed to
deliver normally. The number of live births, stillbirths,
litter sizes, crown-rump lengths, birth weights and gross
abnormalities of the pups delivered were observed and
recorded. The pups were euthanized at birth. Half of
these pups were segregated for skeletal examination and
the other half for the soft tissue examinations. The dead
pups were fixed in 95% ethyl alcohol, cleared by
overnight stay in 2% KOH solution, treated with alizarin
red stain and preserved in glycerol.? Stained pups were
observed under a magnifying glass for assessing skeletal
abnormalities. For soft tissue examinations, the pups
were fixed in 10% neutral formalin and dissected for
examination of visceral defects and histological slides
prepared of heart, liver and kidneys.®

Tests of statistical significance were carried out using two
sample ‘t’ test for difference in mean values and p<0.05
was considered as significant.

RESULTS

The results of the teratogenicity studies in pregnant rats
are summarised in Table 1 and Figures 1-4. The perinatal

data of pregnant rats treated with nifedipine and
amlodipine at each of the three drug levels during the
gestation period of organogenesis, was compared to that
of the control group. The number of drug treated rats who
delivered pups was similar to the control group of rats.
Hence, the resorption of embryos was similar in all

groups.
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Figure 1: Mean crown rump length of pups delivered
to pregnant rats treated with nifedipine vs control.
Data represented is mean+SD.
C=Control, N=Nifedipine @ 5, 10 and 20 mg/kg/day
administered to pregnant rats.

A A OO OO
0 © O
1 )

B D
a o

Crown rump length (mm)
S E
IN AN

~
w

5.30 -

5.20
5.10
5.00
4.90 -
4.80 -
4.70 -
4.60 -
4.50 T T T
Cc N5 N 10 N 20

Figure 2: Mean birth weight of pups delivered to
pregnant rats treated with nifedipine vs control.
Data represented is mean+SD.
C=Control, N=Nifedipine @ 5, 10 and 20 mg/kg/day
administered to pregnant rats.
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Figure 3: Mean crown rump length of pups delivered
to pregnant rats treated with amlodipine vs control.
Data represented is mean+SD.
C=Control, A=Amlodipine @ 0.5, 1 and 2 mg/kg/day
administered to pregnant rats.

International Journal of Basic & Clinical Pharmacology | December 2019 | Vol 8 | Issue 12  Page 2702




Jaiswal S et al. Int J Basic Clin Pharmacol. 2019 Dec;8(12):2701-2705

Table 1: Teratogenic effects of nifedipine vs control and amlodipine vs control in pregnant rats (n=20).

Drug Number delivered / Mean litter size Mean number of live ~ Anomalies detected
(mg/kg/day) Number mated +SD births£SD (gross/visceral/skeletal)
Control 18/20 8.17£1.25 7.28+1.18 Nil
Nifedipine (5) 18/20 7.67+1.03 6.56+0.71 Nil
Nifedipine (10) 17/20 7.47+0.94 6.24+1.2 Nil
Nifedipine (20) 17/20 6.94+0.75 5.76+0.75 Nil
Amlodipine (0.5) 20/20 8.1+1.02 7.6+0.94 Nil
Amlodipine (1.0) 18/20 7.83+1.04 7.44+1.04 Nil
Amlodipine (2.0) 17/20 8.12+1.05 7.71+0.99 Nil
SD=Standard deviation.
510 - DISCUSSION
e 500 1 Pharmacotherapy of diseases or disorders during
2 4.90 - pregnancy has always remained challenging due to the
S 480 - [ inherent fear of causing harm to the foetus. Yet,
g medicines cannot be avoided totally in pregnant women
£ 470 1 and every time the benefits have to be weighed against
@ 460 - risks of treatment. It is estimated that the medication use
450 during pregnancy has_increasl%d approximately 68% over
: c ' A0S ' A1l ' A2 the past 30 years in US.”™ Severe hypertension in
pregnancy needs to be treated to prevent the maternal

Figure 4: Mean birth weight of pups delivered to
pregnant rats treated with amlodipine vs control.
Data represented is mean+SD.
C=Control, A=Amlodipine @ 0.5, 1 and 2 mg/kg/day
administered to pregnant rats.

The difference in mean values between the treated and
the control groups, at each level of test drug was not
statistically significant, in terms of litter size or number
of live births delivered. The mean values of crown- rump
length and birth weights of pups delivered was compared
between the control and test drug for each of the three
dose levels. The difference between the control group and
any of the dose levels of the test drugs was not
statistically significant. None of the pups showed any
gross morphological or skeletal defects as illustrated in
Figure 5. Similarly, no visceral defects were detected at
any dose level of the CCBs used in the study.

Figure 5: Skeletal examination of a pup delivered
using alizarin red stain.

complications. In around 2-8% of pregnancies across the
world, complications of preeclampsia do arise and it is
estimated that about 16% of maternal deaths occur due to
complications of hypertension. In US itself, there has
been an increase in incidence of preeclampsia by 25%
from 1987-2004." It is therefore essential and
economical to treat gestational hypertension and its
complications. ~ Chronic  hypertension,  diabetes,
nulliparity, obesity, maternal age above 35 years and
assisted reproductive technology are some of the
important risk factors for the development of
preeclampsia.* Hypertension is a silent killer and can
lead to complications of cardiac failure, coronary artery
disease, chronic kidney disease and stroke. Thiazide-like
diuretics, CCBs, angiotensin-converting  enzyme
inhibitors and angiotensin-receptor blockers are the four
classes of anti-hypertensives labelled as first-line and
later-line drugs in the treatment of hypertension.*
Labetalol or hydralazine administered intravenously and
immediate release nifedipine are the choices of
antihypertensive for urgent blood pressure control in
pregnancy.'' So, CCBs are effective medicines used to
treat hypertension, tachyarrhythmias or angina during
pregnancy. In the general population, CCBs are preferred
in hypertension either as monotherapy or in combination
due to their proven benefits in cardiovascular end-points
and total mortality.** However, combination of drugs is
best avoided in pregnant women. Also, preclinical studies
have not established absolute safety of these drugs during
pregnancy. Therefore, this study was undertaken to
establish whether or not the commonly used CCBs
(nifedipine and amlodipine) would produce teratogenic
effects in rats. Further, whereas amlodipine is the most
commonly used CCB in general medical practice, its
popularity in obstetrical practice is not to the same extent
due to inadequate long term safety studies. There is also
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concern about immediate release nifedipine use and
higher mortality in cardiac patients necessitating the
popular use of extended release preparations of
nifedipine. To be considered teratogenic, a drug should
possess the following properties, in that it should result in
a characteristic set of malformations, often selective to an
organ; to exert its effects at a particular stage of foetal
development and to show a dose dependent incidence.**

Amlodipine is water soluble but nifedipine is not. Hence,
for uniformity of comparison, all drugs were prepared in
1% gum tragacanth for oral administration. Oral route of
administration was used, as is done clinically. The plasma
half-lives of nifedipine and amlodipine are 2 hours and
35-50 hours respectively. The MRHD of nifedipine is 2
mg/kg/day and that of amlodipine 0.17 mg/kg/day."?
Therefore doses in the range 2.5 to 10 times the MRHD
were used in the present study on pregnant rats.

The litter size of pups born in the control and treated
groups were similar. Though not significant statistically,
there was a consistent decrease in litter size with
increasing dose of nifedipine. No such observations were
seen in the crown-rump length or birth weight of rat pups
in any of the treated or control groups. No gross
malformations or abnormal locomotor activity were seen
in any of the pups delivered. The visceral examinations
on gross and histopathological report were also normal in
both groups of test drugs. The skeletal examination of the
rat pups did not reveal any missing, incomplete or
abnormal ossification in any of the groups.

Amongst CCBs, nifedipine has been shown to produce
teratogenic effects in rats and rabbits including digital
anomalies similar to those reported for phenytoin.
Embryotoxicity of nifedipine has been shown in rats at
doses 3.5 to 10 times the maxiumum human dose.’
Animal studies have also documented that the
hypotensive effect of calcium antagonists result in a
decrease in uteroplacental blood flow and foetal arterial
oxygen content during pregnancy.” Amlodipine has
however, not been reported to be teratogenic or
embryotoxic in rats and rabbits.” Our studies did not
show any teratogenic effects or substantial decrease in
litter size of pups for both the CCBs used. This is in
conformity to a study on late-pregnant rats where it was
shown that nifedipine did not cause teratogenicity or
embryotoxicity and birth weights of pups decreased only
at doses more than 30 times than usually given.'®

The US FDA system is the most widely accepted
guideline for teratogenic potential of a drug despite its
limitations and criticism. In 2015, grouping of teratogenic
drugs or biologicals have been modified to elaborate on
additional details and is called FDA Pregnancy and
Lactation Labelling Rule.” Though CCBs are not major
teratogens, the more subtle and long- term adverse
consequences cannot be ruled out by available studies.™

Limitation of this study was that the doses of CCBs used
were normal equivalent doses and not the higher doses to
evaluate teratogenic potential. The pregnant rats were

allowed to deliver normally whereas caesarean section on
day 21 of pregnancy could better reveal embryotoxic
effects.

The Society of Obstetricians and Gynaecologists of
Canada recommend drug treatment of hypertension in
pregnancy with methyldopa, labetalol, beta-blockers or
nifedipine to choose from.'® Maternal adverse effects of
CCBs include tachyardia, palpitations, peripheral
oedema, headaches and facial flushing.’ A large number
of clinical studies suggest that CCBs can be safely given
to pregnant women both for long term management of
hypertension or for short term treatment of preterm
labour. A prospective cohort study of 78 women who
took nifedipine during pregnancy showed no increased
risk of teratogenicity.”* There were no differences in
psychosocial and motor effects on children exposed in
utero to nifedipine or ritodrine for the management of
preterm labour in an another study.? A study on placental
vasculature did not show any detrimental effects in
uteroplacental or major foetal vessels blood flow with the
use of nifedipine to control BP in preeclampsia.”*?* In yet
another retrospective study of birth outcomes of 231
pregnant women with hypertension, the authors
concluded that amlodipine did not appear to be associated
with increased rate of foetal malformations compared
with other anti-hypertensive medications or maternal
hypertension without any drug treatment.” Similarly, a
pharmacoepidemiological study did not find any increase
in the risk of congenital anomalies due to CCBs given
during pregnancy.®® A multicenter  prospective
observational study of the European Network of
Teratology Information Services and other studies have
found little association between congenital malformations
and CCBs use in early pregnancy.?®*?® Hence, our
findings on safety of nifedipine and amlodipine during
pregnancy in rats conform to clinical prescribing trends.

CONCLUSION

In the present study, the differences between the control
and treated groups were not statistically significant. It
was found that both nifedipine and amlodipine did not
produce any teratogenic effects in rats at doses 2.5 to 10
times the recommended human dose. However, complete
extrapolation of safety in rodents to human pregnancy
would be unreliable. Nevertheless, nifedipine and
amlodipine appear to be safe during pregnancy in normal
doses.
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