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Abstract

Background & Objective: The teratogenic and embryotoxic potential of Bisphenol A (BPA) has been identified in recent 
years. Bromelain is a natural compound of pineapple that contains different beneficial effects on the fetus. So, this study 
aimed to investigate the effect of bromelain against BPA-induced skeletal anomalies in the rat fetuses.
Materials & Methods: In this experimental study, 36 pregnant Wistar rats were divided into 6 groups including control, 
BPA (300 mg/kg), Bromelain (40 mg/kg), BPA + Bromelain (10 mg/kg), BPA + Bromelain (40 mg/kg) and BPA + 
Vitamin E (100 mg/kg). The treatment period was at the 6-15th days of gestation. Fetuses were collected at the 20th day 
of gestation and after clarification, the skeletal system was stained by Alizarin red and Alcian blue method. Then, skeletal 
anomalies were evaluated using a stereomicroscope. 
Results: The BPA increased anomalies percentage of cleft palate, spina bifida, non-ossification of the sternum, non-
ossification of the last rib, delayed ossification of the forelimb, non-ossification of forepaw, delayed ossification of 
hindlimb, and non-ossification of the hind paw. Administration of bromelain, as same as vitamin E, reduced the percentage 
of these anomalies. However, the higher dose of bromelain had a better effect than its lower dose and vitamin E.
Conclusion: Bromelain is dose-dependent and even better than vitamin E, can reduce skeletal anomalies induced by 
bisphenol A in the rat fetus.
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Introduction
The use of plastic materials nowadays has 

caused concern due to its effect on the functioning 
of the endocrine system. Bisphenol A (BPA) is a 
compound that is used in plastic manufacturing, 
disposable containers, food packaging, baby bottles, 

Comparative Effect of Bromelain and Vitamin E on Bisphenol A-induced Skeletal 
Anomalies in the Rat Fetus

laboratory instruments, electronics, plastic tubes, 
and toys (1). According to previous studies, BPA 
molecules in polycarbonate plastics can enter 
to diet and the human body when heated or 
exposed to acids and alkalis (2). This substance 
passes the blood-placental barrier due to its fat 
solubility. Also, BPA has poor estrogenic activity 
and leads to increased testicular and breast 
cancer, decreased fertility, , developmental 
anomalies, changes in endocrine function,
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Studies on vitamin E have also shown its 
anti-inflammatory and antioxidant properties to 
improve embryo development (18). The roles 
of vitamin E during the periconceptional period 
have been reported (19, 20). This Vitamin play 
important roles within the placenta as well as in 
the protection of trophoblast cells from oxidative 
stress (20). Also, vitamin E to be efficient in repro-
ductive- and pregnancy-related disorders (21).

Therefore, this study aimed to compare the 
protective effect of bromelain and vitamin E 
against BPA-induced skeletal anomalies in rat 
fetuses.

Materials and Methods 
Animals 

In this experimental study, mature male and 
female Wistar rats (4 months of age, 200-220 g 
body weight) were purchased from Laboratory 
Animal Center, Jundishapur University, Ahvaz, 
Iran. The female and male animals separately 
were placed in clean polycarbonate cages under 
standard conditions of temperature (22 ± 2˚C), 
relative humidity (50 ± 10%), and light (12 hours 
light/12 hour dark). Animals were fed standard 
pellets (Pars Khurakdam, Tehran, Iran) and 
had free access to fresh drinking water. Animal 
work was performed according to the Guidelines 
for the Humane Care and Use of Laboratory 
Animals using protocols approved by the Shahid 
Chamran University of Ahvaz.

Experimental design
Female rats were mated overnight with males. 

Pregnancy was ascertained the next morning by 
the presence of a vaginal plug, and this time 
was designated as a gestational day (GD) 0. 
Thirty-six pregnant rats were divided into six 
groups (n=6) including control, BPA (300 mg/
kg), Bromelain (40 mg/kg), BPA (300 mg/kg) 
+ Bromelain (10 mg/kg), BPA (300 mg/kg) + 
Bromelain (40 mg/kg) and BPA (300 mg/kg) + 
Vitamin E (100 mg/kg). The administration of 
BPA (Merck, Germany) was oral, and the admin-
istration of bromelain (Acros Organic, Thailand) 
and vitamin E (Osveh, Iran) was intraperitone-
ally (22, 23). BPA and bromelain dissolved in 

decreased immune function, and adverse effects on 
the fetus (3). Previous studies have reported that 
oral administration of BPA at doses of 300 and 600 
mg/kg in pregnant rats significantly reduced fetal 
length (3, 4). Moreover, other studies have shown 
that high doses of BPA impair fetal lung development 
and fetal development (5, 6). In studies on the rat’s 
liver, it was reported that BPA increased reactive 
oxygen species (ROS) production and oxidative 
stress by reducing the liver antioxidant enzyme 
activity (7) and increasing malondialdehyde 
(MDA) levels and decreasing glutathione (GSH) 
levels in the brain (8). Other detrimental effects of 
BPA on rat embryos are apoptosis induction and 
inhibition of cell proliferation (9). In the animal 
models, many studies have reported that receiving 
BPA in the prenatal period can induce congenital 
defects, such as testicular histopathological 
alterations (10), craniofacial malformations 
(11) and underdevelopment of the brain (12).

Bromelain is a natural compound of pineapple 
(Ananas comosus L.) that contains different 
agents such as thiol endopeptidase, and proteinase 
inhibitors such as cysteine, phosphatase, peroxidase, 
cellulose, glycoprotein, and carbohydrates (13, 14). 
Its main pharmaceutical properties are associated 
with proteolytic effects that improve the function 
of the gastrointestinal tract and facilitate muscle 
and joints activity (15). It has been shown that 
bromelain has anti-inflammatory, anti-edematous, 
anti-coagulation, and anti-platelet aggregation 
properties, anti-atherosclerosis, anti-angiogenic, 
anti-osteoarthritis, anti-cancer, anti-parasitic, and 
anti-bacterial (16). Moreover, the beneficial effects 
of bromelain in reducing pain and healing wounds 
and burns have been mentioned. The Food and 
Drug Administration classifies bromelain as an 
authorized dietary supplement and certifies its 
health (14). Injections of 30-35 mg/kg bromelain 
have been reported to cause death in mice; however, 
oral administration of up to 10 g/kg in mice, rats, 
and rabbits has not shown any mortality (16).  In 
some experimental models, it has been shown that 
bromelain can significantly increase the activity of 
antioxidant enzymes and inhibits oxidative stress 
(17). Also, it has been reported that bromelain 
increases the function of the immune system (15). 
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olive oil (Mazo Light, Tehran, Iran) and distilled 
water, respectively.

To determine the bromelain doses, a pilot study 
was conducted in which 15 male rats received 
bromelain for 10 weeks with 10, 40, and 70 mg/ 
kg doses for intraperitoneal administration in 
three groups of 5. In the end, the doses of 10 
and 40 mg/kg were considered as therapeutic 
doses and the highest value specified in the pilot 
study, respectively. Moreover, the dose of 70 mg/
kg was not selected due to undesirable reactions.

Sampling
On the 20th day of gestation, the treated 

pregnant rats were euthanized with ketamine 
(Alfasan, Woerden, Netherlands; 75.00 mg/kg, 
IP) and xylazine (Alfasan, Woerden, Netherlands; 
10.00 mg/kg, IP). After opening the abdominal 
cavity and cutting the horn of the uterus, the 
fetuses were taken out from the uterus of the rats 
and immediately removed from the amniotic sac. 
Then, the skin and viscera were removed, and 
the fetuses were fixed in 96-degree alcohol for 
anomalies investigation.

Anomalies Analyses
For anomalies analysis, the fetuses were 

placed in a mixture of 14.5% Alcian blue and 
12.5% Alizarin red in ethanol and glacial acetic 
acid. After being placed in the potassium solution 
with glycerin and distilled water, they were 
eventually placed in the pure glycerin solution. 
The anomalies of Cleft palate, Non-ossification 
of the sternum, Spina bifida, Non-ossification of 
the last rib, Delayed ossification of the forelimb, 
Non-ossification of forepaw, Delayed ossification 
of hind limb and Non-ossification of the hind 
paw were evaluated using a stereomicroscope 
(Nikon, SMZ 800, Japan).

Statistical analysis
The results were analyzed by SPSS software 

(Version 16, SPSS Inc, Chicago, IL). Groups 
were compared using one-way ANOVA and 
Tukey’s post hoc test. The significance level 
was P≤0.05.

Results
The results of a stereomicroscopic assessment 

of fetal skeletal anomalies in different groups 
are shown in Table 1. According to this table, 
administration of BPA caused the cleft palate 
abnormality in rat fetuses (p<0.05; Figure 
1). Although this abnormality significantly 
decreased by receiving 10 mg/kg bromelain 
and vitamin E compared to the BPA group, this 
reduction was statistically significant to the 
control group (p<0.05), while receiving BPA 
with 40 mg/kg bromelain was not significantly 
different compared to the control (p>0.05). 

The fetuses of the BPA group showed spina 
bifida anomaly (Figure 1) in 36.74% of cases. 
Although the administration of bromelain with 
a dose of 10 mg/kg declined this anomaly, the 
mean difference was statistically significant 
compared to the control (p<0.05), while by 
receiving bromelain with a dose of 40 mg/kg, the 
incidence of the anomaly was reduced to zero 
(p>0.05). Vitamin E also significantly decreased 
this abnormality (compared with the BPA group) 
but did not reduce it to zero. However, the mean 
difference between the groups that received 
vitamin E plus bromelain was not statistically 
significant (p>0.05).

Receiving BPA in 48.41% of fetuses was 
associated with non-ossification of the sternum 
(Figure 1). Receiving vitamin E plus BPA 
decreased this abnormality, the mean difference 
was not significant compared to control (p<0.05). 
Although bromelain with a dose of 10 mg/kg 
caused a significant decline in this abnormality 
compared with the BPA group (p<0.05), but the 
best effect was related to bromelains with a dose 
of 40 mg/kg which reduced the incidence of this 
abnormality to zero (p>0.05).

The fetuses of the BPA group showed 
non-ossification of the last rib (Figure 1) which 
was statistically significant compared with other 
groups (p<0.05). The other groups were not 
significantly different from the control group 
(p>0.05). The anomaly of delayed ossification 
of forelimb was observed in the the fetuses of 
the BPA group (p<0.05; Figure 2). 
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The different lower letters (a,b,c) in each column indicates a significant difference (p ≤ 0.05) between groups.

Figure 1. The axial skeleton of rat fetuses stained with Alizarin red - Alcian blue in 20th gestational day.

Table 1. The percentage of fetal skeletal anomalies in different groups.

Groups Cleft 
palate (%)

Spina 
bifida (%)

Non-
ossification 

of the 
sternum 

(%)

Non-
ossification 
of the last 
rib (%)

Delayed 
ossification 

of the 
forelimb 

(%)

Non-
ossification 
of forepaw 

(%)

Delayed 
ossification 
of the hind 
limb (%)

Non-
ossification 
of the hind 
paw (%)

Control 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a

BPA 59.95±6.36 b 36.74±4.91 b 48.41±4.13 b 9.88±4.63 b 40.91±4.68 b 41.86±5.02 b 40.91±4.68 b 40.91±4.68 b

Bromelain 
(40 mg/kg) 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a

BPA+ 
Bromelain 
(10 mg/kg)

29.12±3.92 c 16.42±0.85 c 15.51±3.75 c 0.00±00 a 9.91±4.85 a 10.31±3.29 a 10.87±3.54 a 10.87±3.54 a

BPA+ 
Bromelain 
(40 mg/kg)

0.00±00 a 0.00±00 a 0.00±00 a 0.00±00 a 3.93±2.49 a 3.93±2.49 a 3.93±2.49 a 3.93±2.49 a

BPA+ 
Vitamin E 26.66±3.52 c 5.55±3.51 a 6.11±3.88 ac 0.00±00 a 4.44±3.29 a 6.11±3.88 a 23.33±2.39 c 23.33±2.39 c
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Lateral view of the right forelimb of rat 
fetuses which show delayed ossification in the 
BPA group (1), and healthy fetal rat in the control 
group (2); Lateral view of the left forelimb of 
rat fetuses with non-ossification of the forepaw 
in the BPA group (3), and healthy rat fetuses in 
the Bromelain group (4); Lateral view of the right 
hindlimb of rat fetuses with delayed ossification 

in the BPA group (5), and healthy rat fetus in 
the Bromelain group (6); Lateral view of the 
left hindlimb with special attention to hind paw 
of rat fetuses which show non-ossification of 
the hind paw in the BPA+ Vitamin E group (7), 
and healthy rat fetus in the control group (8). 

S: Scapula, H: Humerus, R: Radius, U: Ulna, D: 
Distal phalanges, F: Femur, T: Tibia, Fb: Fibula. 

Figure 2. The appendicular skeleton of rat fetuses stained with Alizarin red - Alcian blue in 20th gestational day.

Ventral surface of the skull of rat fetuses after 
removing the mandible in the BPA+ Bromelain 
10 mg/kg group with the cleft palate (1), and 
healthy rat fetus in the Bromelain group (2); 
Dorsal view of the vertebral column with Spina 
Bifida (red arrow) in the BPA group (3), and 
Healthy rat fetus in the control group (4); Ventral 
view of the sternum with non-ossification of the

sternum in the BPA group (5), and in the healthy 
fetus of the BPA+ Bromelain 40 mg/kg group (6), 
Dorsal view of spinal column and ribs which show 
the last rib being completely cartilaginous (red 
arrow) in the BPA group (7), and the healthy rib 
(black arrow) in the control group (8).

Pa: palatine, M: maxilla, SP: Spinal process, 
St: sternum 
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However, receiving bromelain and vitamin E plus 
BPA caused a significant decrease in the above-
mentioned abnormality (p<0.05). Although this 
anomaly decreased more in group BPA with 40 
mg/kg bromelain than in the vitamin E group, 
this difference was not statistically significant 
(p>0.05).

The administration of BPA in 41/91% of 
fetuses led to the non-ossification of forepaw 
(p<0.05; Figure 2). While receiving bromelain 
and vitamin E plus BPA was not significantly 
different compared to control (p>0.05). Although 
the effect of bromelain with a dose of 40 mg/kg 
on the reduction of this anomaly was much more 
than that of bromelain with a dose of 10 mg/
kg and vitamin E, the mean difference between 
these groups was not statistically significant 
(p>0.05).

The administration of BPA showed a 
significant increase in delayed ossification of 
the hind limb (Figure 2), and non-ossification 
of the hind paw anomalies (p<0.05; Figure 2). 
Receiving vitamin E plus BPA decreased the 
incidence of these anomalies, however, the mean 
of these anomalies’ percentage was significantly 
different compared to the control (p<0.05). On 
the other hand, receiving bromelain plus BPA 
caused a significant decrease in the incidence 
of these anomalies compared to the BPA group 
(p<0.05).

Discussion
Bisphenol A (BPA) is a key monomer widely 

used in the manufacture of polycarbonate plastics 
and epoxy resins. Recently, it has been accepted 
that receiving BPA in the prenatal period can 
induce congenital defects (12). Bromelain is a 
natural compound of pineapple that increases 
the activity of antioxidant enzymes and inhibits 
oxidative stress (17). In the present study, it was 
found that the administration of BPA with a dose 
of 300 mg/kg in pregnant rats caused skeletal 
anomalies in fetuses and different proportions 
including cleft palate, split vertebra (Spina 
Bifida), and non-ossification of the sternum, last 
rib, forelimb, hind limb, forepaw, and hind paw. 
The most common anomaly was the cleft palate 

and the least frequent anomaly was related to 
non-ossification of the last rib.

Bisphenol A has estrogenic activity and causes 
changes in the endocrine function, decreases the 
immune system’s efficiency, affects the fetus, and 
increases the developmental malformations (24). 
Previously reported increased skeletal anomalies 
in fetuses whose mothers received BPA with 
a dose of 300 mg/kg; that most anomalies were 
observed in the skull bones, forepaw, hind paw, and 
thoracic vertebrae (4). Sharf-El Deen et al. (2015) 
investigated the teratogenicity of BPA in rats and 
reported the induced reduction in ossification 
of the skull concerning the dosage and time of 
administration. They also observed malformations 
in ribs, vertebral column, and forelimb/hind limb, 
but the parts mostly involved were reported as skull 
bones (3) these reports are in agreement with the 
results of the present study as the most common 
anomalies in this study were related to the cleft 
palate. Kim et al. (2001) pointed to the reduction 
of ossification centers in fetuses exposed to BPA 
and reported delayed ossification (25) which is 
consistent with the results of this study.

Considering that most of the skull and facial 
bones are made by mesenchymal cells derived 
from the neural crest (26), it does not seem 
unlikely that various phenol metabolites like BPA 
affect the process of differentiation of these cells, 
prevent them from converting into osteoblasts, and 
ultimately lead to skeletal anomalies including 
malformation of skull bones. Regarding anomalies 
in forelimb/hind limb, and given that limb buds in 
rats appear on the 9th and 10th embryonic days, 
it can be expected that the administration of BPA 
during the 6th and 15th gestation days also involves 
that sensitive period and causes developmental 
anomalies in the forelimb/hind limb. Moreover, Li et 
al. (2010) reported induced cell death, inhibited cell 
proliferation, and differentiation in fetuses exposed 
to BPA (27). They also mentioned the abnormal 
function of inducible Nitric Oxide Synthase (iNos) 
in embryonic cells due to BPA. Nitric oxide 
synthase is a multi-functional iso-enzyme and plays 
an important role in a series of tissues and organs 
(28) with the functional impairment of this enzyme, 
the amount of nitric oxide increased and could 
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affect the development of the embryo in several 
ways (29).

In biological conditions, there is always a 
physiological balance between the production and 
removal of free radicals of oxygen that interacting 
with this balance leads to cellular damages. BPA 
was also found to produce ROS and reduce 
antioxidant content in rats (30). On the other hand, 
using vitamin E in this study led to a significant 
reduction in the majority of fetal skeletal anomalies 
compared to the BPA group and this could be due to 
the effect of vitamin E antioxidant and the reduction 
of oxidative stress caused by using BPA. Other 
researchers, using different antioxidant effects 
of various compounds, reduced the fetal skeletal 
anomalies. Hebatalla et al. (2013) reduced skeletal 
anomalies due to BPA in rat fetuses using Omega-3 
antioxidant effects (4).

Khaksary et al. (2016) emphasized the protective 
effects of quercetin as an antioxidant and pinpointed 
a reduction in the fetal skeletal anomalies induced 
by cyclophosphamide. However, a more accurate 
comment on this issue requires knowledge of 
the status of oxidative stress profile especially in 
fetuses (31). Using bromelain in this project could 
significantly reduce the skeletal anomalies due to 
BPA in fetal rats. In particular, bromelain with a 
dose of 40 mg/kg eliminated all skeletal anomalies, 
even better than vitamin E.

In vivo and in vitro studies have affirmed the 
anti-inflammatory properties of bromelain. It 
has also been shown in some empirical models 
that bromelain can inhibit oxidative stress (32). 
However, various studies have indicated the effect 
of bromelain immunization suggesting that it 
enhances the functioning of the immune system 
(17, 33).  

On the other hand, the effect of stimulating 
the maternal immune system in preventing the 
teratogenic side effects caused by the administration 
of drugs and X-rays has been studied (34).   Moreover, 
several reports have also noted the reduction of 
teratogenic effects, especially the cleft palate, by 
stimulating the maternal immune system (35, 36).

Considering the above-mentioned studies, it

can be noted that perhaps the beneficial effects of 
bromelain on reducing the skeletal anomalies of the 
fetal rats after administration of BPA in this study 
are also due to its immune function. Although it is 
not possible to discuss the protective mechanisms 
of bromelain to reduce skeletal anomalies, a 
comparison of the effect of bromelain with vitamin 
E, in this case, can be somewhat helpful. Since 
vitamin E is a well-known antioxidant, if bromelain 
functions only with antioxidant effects, it probably 
has the same results as vitamin E, while previous 
studies have been taking the protective properties 
of bromelain more than its antioxidant properties 
into account (15, 33). However, it should not be 
forgotten that both mechanisms may either have 
the same effect or reinforced each other to make 
this effect, like the study conducted by Prater et al. 
(2006) in which by intraperitoneal administration 
of an antioxidant, called butylated hydroxytoluene 
(BHT), to pregnant mice, the fetal skeletal 
anomalies were reduced by stimulating the immune 
system (37).

More precise comments on the protective 
mechanism of bromelain require supplementary 
studies, and issues such as oxidative stress profile, 
maternal and fetal safety indexes, and even 
inflammatory parameters should be compared in 
groups since bromelain also contains known anti-
inflammatory effects (15) and on the other hand, 
BPA can also cause inflammation and necrosis of 
placenta cells (38).  

Conclusion
Regardless of the protective mechanism of 

bromelain, the results of the present study showed 
that this substance could well reduce skeletal 
anomalies caused by BPA (associated with the dose 
of administration) or even decline the defects to 
zero. However, further studies and clinical trials 
are needed. In this case, lower doses had fewer side 
effects, although a higher dose of bromelain further 
reduced skeletal anomalies.
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