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Our objective was to assess the fetotoxic effect of a commonly used antihypertensive drug, atenolol 
during gestation and ameliorative effect of pomegranate juice against its toxicity. Dose was administered 
to pregnant mice by gavage. The high dose contains Atenolol 2.5 µg/g body weight (B.wt.) of treated mice 
and low dose contains 1.65 µg/g B.wt. The dose was administered from the 6th -12th day of the gestation 
period for seven days. Many congenital abnormalities including hemorrhages, hygromas, resorbed 
fetuses, deformed, hyperextended and hyperactive flexed limbs, distorted axis, and intrauterine growth 
retardation was found. The present study revealed that the administration of Atenolol, especially during 
the organo-genetic period, can cause harm to the developing embryo and Pomegranate juice significantly 
reduced the detrimental effects caused by atenolol.

INTRODUCTION

Hypertension continues to be among the most 
frequent causes of maternal death during gestation 

(Pipkin and Roberts, 2000). Gestational hypertension 
further complicates about 10% of total pregnancies. 
Hypertension occurs when systolic blood pressure is 
greater than 140 mmHg and diastolic blood pressure 
is greater than 90 mmHg. It is accepted undoubtedly that 
all pregnant women with a systolic B.P of 160 mmHg or 
more require antihypertensive treatment (McCarthy and 
Kenny, 2009).

Hypertension in early pregnancy before the 7th 
month of gestation enhances complications in contrast to 
late-onset. Blood disorders were common and placental 
abruption was recorded at about 2.8% in the early onset 
of gestational hypertension (Kintiraki et al., 2015). The 
importance of immediate and aggressive management 
of high blood pressure outside pregnancy is obvious but 
the control of high blood pressure in pregnancy remains 
debatable (Easterling et al., 2001).

Antihypertensive treatment during pregnancy has 
increased rapidly during the past decade (Xie et al., 2013). 
Recent research data revealed that during pregnancy the 
most frequently used antihypertensive drug treatments 
include β adrenergic blocking agents (Andrade et al., 2008). 
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β-blockers are particularly used as a first choice 
antihypertensive in young patients. These are also 
prescribed for young mothers suffering from gestational 
hypertension, to reduce hazards for the mother and the 
developing baby. In the USA, beta-blockers constitutes 
approximately 30% of all anti-hypertensive medications 
used in the first trimester of pregnancy (Bateman et al., 
2012). Atenolol is a cardio-selective β- blocker used for 
the treatment of hypertension in common practice as well 
as in pregnancy-induced hypertension. Due to the lack 
of pharmacokinetic (plasma half-life of 8 hrs.) changes, 
atenolol is usually preferred during pregnancy (Thorley et 
al., 1981).

Some reports regarding atenolol fetotoxicity were 
published in the last few decades. Atenolol used during 
the gestational period resulted in intrauterine growth 
retardation by excessive fetal and placental vascular 
resistance and insufficient blood circulation in the placenta 
(Stephens and Wilson, 2009). These studies featured case 
reports where mothers were treated for hypertension. There 
is an absence of data with respect to the developmental 
toxicity potential of atenolol (Klug et al., 1994). Keeping 
in mind the goal to choose the most reasonable medication 
in the management of pregnant women with hypertensive 
or cardiovascular disorders, there is a requirement for 
more detailed information on the regenerative and toxic 
potential of these medications.

Pomegranate has been tested in several studies and 
has shown to possess a wide range of biological activities. 
The juice of Pomegranate was also reported for cardiotonic 
activity (Awari et al., 2009). Pingili and his associates 
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confirmed the inotropic capacity of pomegranate juice on 
the isolated frog’s heart (Pingili et al., 2012).

This study was aimed to investigate the teratogenic 
properties of Atenolol. Pomegranate juice was utilized as 
an antidote agent in this study against damaging effects 
caused by atenolol during gestation. The study was carried 
out on mice so that the results can be translated to human 
beings.

MATERIALS AND METHODS

Six weeks old Swiss Webster male and female albino 
mice were obtained from the Veterinary Research Institute, 
Lahore, Pakistan, with an average body weight of about 
28 ± 2. They were placed in 12”×18” sanitized shoebox 
steel cages (1 male: 2 female). The mice were allowed to 
mate freely to establish the colony. Mice were put in the 
animal house of Zoology Department in the University of 
the Punjab, where the temperature was maintained (27 ± 2 
C) and good ventilation is provided. Mice were supplied 
with drinkable tap water in glass bottles and mouse Feed 
# 13 containing cereal grains supplemented with proteins, 
vitamins, and minerals produced by National Feeds Ltd., 
Lahore, Pakistan. The females mated were recognizable 
by the presence of white-colored vaginal plug formed by 
semen. That date was recorded and counted as the first 
day of gestation. The pregnant females were then put in 
isolated cages.

 
Dose administration

Pregnant mice were randomly divided into 7 groups: 
control (C), vehicle control (VC), 2 atenolol treated groups 
namely low dose (LD) and high dose (HD) groups and 2 
Atenolol + pomegranate treated groups were made and 50% 
diluted pomegranate juice was provided along with each 
high and low doses to these groups (HD+AD), (LD+AD) 
from 6th_12th gestational day. One group was provided 
with only pomegranate juice (antidote group) to determine 
its effectiveness. Each group contains 10 pregnant females 
obtained from raised mice colony. Different concentrations 
of Atenolol were prepared in such a way that 0.1 ml. of 
each solution contained the desired amount of atenolol. 
Atenolol tablets were finely ground using a mortar and 
pestle and a Digital balance (Shimadzu Ltd Japan) was 
used to weigh the powdered atenolol to form the required 
concentration. Atenolol which is soluble in water was 
dissolved in distilled water at room temperature (25 ± 02). 

Different concentrations of Atenolol were prepared 
as the high dose contains 2.5µg /g body weight (B.wt.) of 
treated mice and low dose contains 1.65 µg/g B.wt. The 
dose was administered to mice by oral gavage from 6th 
-12th day of gestation. Both administered doses were in 

the therapeutic dose range as described in previous studies. 
In 12 previous human studies reviewed by Sonia and her 
colleagues, daily atenolol doses range between 50 to 200 
mg orally (Tabacova et al., 2003). While Lardoux and 
colleagues described human therapeutic atenolol doses 
range as 150±50 mg/day (Lardoux et al., 1983).

Antidote preparation and administration
Pomegranates were collected from the market, 

washed, and peeled by hand. The seeds obtained were 
crushed in a juicer. The juice extract obtained was filtered 
using Whatman no. 1 filter paper and then the filtrate was 
diluted by adding water 1:1. Each mouse approximately 
consumed 5ml pomegranate juice a day. Control group did 
not receive anything while the vehicle control group was 
given water orally by gavage to observe any adverse effects 
caused by handling and antidote group was provided with 
50 % diluted pomegranate juice in drinking bottles. 

All experimented females were anesthetized with 
chloroform and dissected at 18th gestational day and fetuses 
were fixed in Bouin’s fixative for at least 48 h (Carson 
and Hladik, 2009). The fixed embryos were transferred to 
70% ethanol for further examination. For morphological 
analysis, binocular microscope (Labomed Ltd. Japan) was 
used to observe external structures. Abnormal fetuses from 
dose groups as well as few fetuses from control and vehicle 
control groups are macro-photographed using (Panasonic 
TZ15) digital camera to be used for explanation of fetal 
anomalies caused by atenolol.

Various fetuses were chosen from all the groups for 
histological studies. Fetuses stored in Bouin’s fixative were 
washed with 70% alcohol first and then were dehydrated 
with 70%, 90%, and 100% ethanol respectively. Fetuses 
were placed overnight in xylene for purpose of clearance 
and then for infiltration they were immersed in molten 
paraffin wax. Fetuses embedded in paraffin wax were 
subjected for cutting of 4-5µ thick transverse sections in 
the microtome. These sections were deparaffinized and 
then stained using Hematoxylin and Eosin was used for 
counterstaining. Microphotographs were taken by using 
the digital camera (Panasonic TZ15).

Statistical analysis
Morphometric analysis was done including the body 

weight, head circumference, eye circumference, length 
of fore- and hind limbs and tail length and crown-rump 
length of each fetus. The standard mathematical formula 
for calculating the circumference of an ellipse was used 
to calculate head circumference for each fetus in different 
groups.

S. Zafar et al.
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Table I. Data summary showing number of fetuses (Litter size) recovered in all exposure groups.

Exposure group Control Vehicle 
control

Pomegranate juice 
administered group

Atenolol administered 
group

Atenolol+Pomegranate 
juice administered group

Low High Low High
Litter size 102 97 101 99 84 99 94
Fetuses Normal 102 97 101 82 51 75 64

Deformed 0 0 0 15 25 11 13
No. of resorptions 0 0 0 2 8 2 5

Table II. Statistical analysis of morphometric measurements (mm±SEM) of recovered fetuses.

Exposure group Control Vehicle con-
trol

Pomegran-
ate juice ad-
ministered 
group

Atenolol administered 
group

Atenolol+Pomegranate 
juice administered group

One-way 
ANOVA
(inter group
comparison)

Low High Low High

Fetal body 
measure-
ments 
(mm± 
SEM)

Body 
weight 
(mg±SEM)

1236.7±33.47 1166.6±73.38X 1250±43.18 X 894.3±23.86 655.2±30.79 1007.8±26.38 991.8±55.15 ***

Crown 
rump length

22.77±.20 21.57±.60X 21.11±.40 X 19.53±.36 16.98±.24 20.10± 27 19.48 ± 50 ***

Eye circum-
ference

6.35±.08 7.28±.10X 6.95±.78 X 6.20±.15 6.21±.14 6.68 ± 14 6.38 ± 14 ***

Head cir-
cumference

22.69±.27 19.84±.56X 21.33±.08 X 19.71±.49 18.25±.19 19.32 ± 24 19.53 ± 36 ***

Fore-limb 
length

8.52±.21 7.86±.22X 8.35±.66 X 7.55±.14 6.39±.10 7.44 ± 08 7.37 ± 27 ***

Hind limb 
length

8.52±.23 8.69±.27X 8.45±.22 X 8.08±.18 7.00±.14 7.86 ± 18 8.00 ± 22 ***

Tail length 10.92±.14 9.08±.78X 9.64±.33 X 9.47±.25 8.67±.18 9.46 ± 17 9.82 ± 26 ***
Asterisks show significant difference of mean values; *= p<0.05, **= p<0.01, ***= p<0.001 from control values. X = Insignificant difference of mean 
values from control group.

Body weights and body measurements of all the 
fetuses were calculated for control, Vehicle control and 
atenolol dose groups along with the standard error of 
means. Control values were used for comparison. Tukey/
HSD test in combination with one way ANOVA was used 
for analysis.

RESULTS

Gross fetal analysis has shown that litter size was 
decreased in all atenolol dose groups except the Atenolol+ 
pomegranate-treated group where litter size was not 
substantially decreased. Table I describes the whole 
scenario produced by Atenolol administration. There is an 
obvious increase in resorptions and abnormal fetuses as 
we shift from low to high dose.

Fetuses in all experimental groups showed the 
variable degree of abnormalities morphologically in 
comparison with control and vehicle control as shown 

in Figure 1. All experimental groups had fetuses having 
abnormalities including hemorrhages, hygromas, kinked 
and short tail. Runt and Resorbed fetuses in uteri, distorted 
axis were common in the high dose group (Fig. 1A, B and 
C). Hemorrhages and hyperextended limbs were found in 
the low dose group (Fig. 1D). Hygromas and Hemorrhages 
were observed in high dose + pomegranate treated groups 
and low dose + pomegranate treated groups (Fig. 1F, G). 
While antidote group which only received pomegranate 
juice had normal and well-developed fetuses (Fig. 1E).

Histological analysis
The present study provides a detailed description of 

Atenolol developmental toxicity in mice. Fetal histological 
sections were observed for all dose groups (Control, VC, 
low, high, and antidote) to find any abnormalities due 
to atenolol in fetuses. Few sections were selected for 
group-wise demonstration of fetal anomalies (Fig. 2).

Pomegranate Juice Ameliorates Atenolol Fetotoxicity 3
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Fig. 1. Morphological results of Control, Vehicle control 
(VC), High (A, B, C) and Low dose groups (D) and from 
pomegranate treated dose groups High+PJ (F), Low+PJ 
(G) and Antidote (only pomegranate juice) group (E); R: 
Resorbed fetus in uterus, Hm: Hemorrhage, Da: Distorted 
axis, He: Hyperextension, Hy: Hygroma.

All fetuses from control (A) and antidote group 
(E) had normal features and body structures were well-
developed. Low dose group had normal fetuses with few 
histological defects like distorted structures were noticed 
in a few cases (Fig. 2B). High dose group had fetuses 
with internal defects like misshapen and malpositioned 
structures with wide open spaces as shown in the nasal 
cavity in Figure 2C. The Atenolol + pomegranate treated 
groups show normal features except herniation in 4th 
ventricle was observed in High (Fig. 2D) dose group.

Morphometric analysis
Morphometric parameters of all the fetuses were 

calculated for atenolol dose groups and Atenolol+ 
pomegranate treated dose groups along with the standard 
error of means. Control values were used for intergroup 
comparison. Tukey/HSD test in combination with one way 
ANOVA was used for analysis. All parameters regarding 
morphometric analysis had shown a significant difference 
from the control group in all dose groups as well as in 
atenolol + pomegranate treated groups. The results for the For legend of Figure 2, see page 5
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Vehicle control group and antidote group only treated with 
pomegranate juice were quite similar to the normal con-
trol group. High dose group showed more deviation from 
control values as compared to low dose groups whereas 
pomegranate treated groups had shown less deviation from 
control values (Table II).

The significant decrease in fetal body weight and 
body measurements were observed in both atenolol 
treated and atenolol+pomegranate treated dose groups 
which indicated that atenolol causes intrauterine growth 
retardation during gestation.

DISCUSSION

Hypertension in pregnant women does not provide a 
favorable condition for fetal growth and development. The 
risk of abortions and stillbirths is higher in hypertensive 
mothers while in cases where drug treatments are 
applied, teratological effects are recorded. In the present 
study, congenital malformations and intrauterine growth 
retardation are observed in developing mice when mothers 
are administered with Atenolol. Sonia and her colleagues 
(Tabacova and Kimmel, 2002) have reported similar 
results using rats and rabbits as animal models. Lennesta 
and colleagues (Lennestål et al., 2009) also reported the 
enhanced probability for placental abruption, cesarean, 
delivery induction and post-delivery hemorrhages in 
females using antihypertensive medication during 
pregnancy. During the study, they observed that the 
newborn babies were often preterm and usually were small 
for gestational age along with other neonatal symptoms. 
Atenolol specifically has been associated with fetal growth 
retardation (Rosenthal and Oparil, 2002) and placental 
changes and decreased fetal weight along with intrauterine 
growth retardation in neonates (Tabacova et al., 2003). 

Fig. 2. Histological sections through the head and facial 
region of mice embryos from control (A), low (B), high 
(C) dose groups and from pomegranate treated dose group 
High+PJ (D) and Antidote (only pomegranate juice) group 
(E); Sc, spinal cord; Dc, dorsal cerebellum; Tv, third 
ventricle; Fv,caudal part of fourth ventricle; Ae, anterior 
chamber of eye; IrS, intra-retinal space; Ssc, semicircular 
canal; Tc, tentorium cerebelli; IAc, inferior part of anterior 
commissure; P, Pons; Ns, nasal septum; Nc, nasal cavity; 
L, lens; Ax, cartilage primordium of rostral part of axis; 
At, cartilage primordium of anterior arch of atlas; DVs, 
transverse dural venous sinus; Ac, anterior commissure; 
Ba, basilar artery; Nr, neural layer of retina; Hc, hyaloid 
cavity; Pre, pupil of right eye; CPt, cartilage primordium 
of turbinate bone; Sg, serous gland; Fv*, follicles of vi-
brassae; P, pons; Rc, right cerebellum; RTv, infendibular 
recess of third ventricle; SSC, superior semi circular canal; 
Dc, dorsal cerebellum.

Morphometric analysis in the present study also indicates 
fetal growth retardation in all dose groups. The results 
found in this regard are comparable with previous studies.

Developmental toxicity of atenolol is assumed 
previously and many researchers have established similar 
findings in this regard (Lip et al., 1997; Lydakis et al., 
1999; Tabacova and Kimmel, 2002; Tabacova Little et 
al., 2003). Atenolol induced fetal damage is an important 
concern that is needed to be resolved immediately.

Due to the ability of Atenolol to cross the placenta, 
it enters fetal circulation and causes harm in many ways 
(Thorley et al., 1981). In pregnant women taking Atenolol 
as antihypertensive treatment low birth weight babies (Lip 
et al., 1997) and high pulsatility index was observed, due 
to the fact that peripheral resistance in fetus and mother 
increased during exposure (Montan et al., 1987). This is 
logical to formulate comparable links between the in-utero 
observation in mice and human. Prenatal toxicological 
study of atenolol also found to have similar results in 
rabbit and rat species and humans (Tabacova and Kimmel, 
2002).

Recent clinical trials have established numerous 
benefits of pomegranate juice consumption. Asgary and 
his associates determined that in hypertensive patient’s 
pomegranate juice can reduce blood pressure in about 
2-2.5 weeks (Asgary et al., 2013). Pomegranate juice 
contains Polyphenolic flavonoids which reduced the 
harmful oxidative effect of low-density lipids and 
inhibited the development of atherosclerosis (Aviram and 
Rosenblat, 2012). Pomegranate juice was also reported 
for the presence of cardio tonic activity (Awari et al., 
2009). Pomegranate juice was consumed in the study as an 
antidote and it considerably reduced the damaging effects 
of atenolol during gestation. 

It can be concluded during the present study that 
the introduction of atenolol to the pregnant mice pose 
significant toxic effects in developing fetuses which can 
be reduced by using Pomegranate juice. Pomegranate 
juice not only decreased atenolol fetal toxicity but also 
improved maternal and fetal health. Atenolol can cause 
harm to the developing embryo from hemorrhages 
to severe deformities like Amelia and anophthalmia 
depending on the level of the dose administered. If 
the physician considers its use necessary, then likely 
benefits should be considered against potential threats 
of the drug and it is suggested that pomegranate juice 
should be consumed along with it to minimize the 
fetotoxic effects.
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