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INTESTINAL  BARRIER

Effect of Bisphenol A on the Intestinal Barrier: Evidences from 
Animal Studies
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ABSTRACT
Objective: Bisphenol A (BPA), a xenoestrogen chemical compound has wide range of harmful effects in the body. It is not 

clear whether BPA induced harmful effects in the body occurs through disrupting the intestinal barrier (IB). Objective of this 
review is to provide an up to date information about the effect of BPA on the IB. 

Materials and Methods: Literatures were searched in PubMed, Scopus and Google Scholar using the key words 'BPA' paired 
with 'intestinal barrier', 'intestinal barrier function', 'gut barrier function', 'gut' and 'intestinal permeability' from the year 
1980 till early March 2018. 

Results: Only six animal studies were found. BPA was found to increase intestinal permeability, an indicator of compromised 
IB in one study. But it dose-dependently decreased intestinal permeability in ovariectomized animals. BPA has been reported to 
alter gut microbiota in five studies. Altered gut microbiota is proposed to be an important factor contributing to compromised 
IB. 

Conclusion: The effect of BPA on the IB varies on the species, gender, presence or absence of endogenous estrogen and matu-
rity of the gut. However, five out of six studies are in agreement that BPA altered intestinal microbial flora.
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INTRODUCTION

Bisphenol A (BPA) is regarded as one of the most obstinate organic 
environmental pollutants. It is commonly used as monomer in polycar-
bonate synthesis, plasticizer in the production of epoxy resins, as well as 
a reagent for the elimination of excess hydrochloric acid during the 
polyvinyl chloride (PVC) production. BPA is used in the production of 
plastic packaging and kitchenware and in inner coatings of bottles, cans 
and jars (Brotons, 1995; Corrales, 2015). Presence of BPA in the water 
is either due to contamination at the source of water or leaching from 
the water pipes. BPA has the potential to affect the health of aquatic 
organisms by influencing their growth, reproduction and development. 
Among freshwater organisms, fish appears to be the most sensitive spe-
cies. Evidence of endocrine-related effects in fish, aquatic invertebrates, 
amphibians, and reptiles has been reported at environmentally relevant 
exposure levels lower than those required for acute toxicity (Klecka, 
2009).

BPA has wide range of harmful effects in different organs of the 
body. Although many organs of the body especially central nervous sys-
tem and reproductive system have been studied for its harmful effects 

(Sugiura, 2005; Maffini, 2006; Braun, 2011), the first site of prolonged 
BPA exposure, the intestinal tract has received almost no attention. 
Intestinal mucosa acts as a barrier, known as intestinal barrier (IB) in 
between the intestinal lumen and the internal organs of the body and 
prevents different intestinal and extra intestinal harmful consequences in 
the body. 

IB consists of several layers which include the intestinal microbiota, 
luminal mucus gel, secretory immunoglobulin, enterocytes, intestinal 
tight junction proteins such as claudins, occludins and junctional adhe-
sion molecules (Turner, 2006). Dysfunction of any of the layers of IB 
will result in IB dysfunction, higher intestinal permeability, several 
proinflammatory changes by releasing inflammatory mediators and dif-
ferent harmful effects in our body such as inflammatory bowel disease, 
autoimmune diseases (Nouri, 2014; Vancamelbeke 2017). It is not clear 
whether BPA induced harmful effects in the body occur through disrupt-
ing the IB or through other mechanisms. Objective of this review is to 
present a comprehensive report about the effect of BPA on the IB from 
animal studies. 
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Table 1. Summary of articles on the effect of BPA on intestinal barrier.

Animal used Treatment group Method of BPA Plasma  Findings References
  administration BPA level  

Part 1: 5 mg/kg/d BPA (no observed adverse  15 days by  Not  Significantly decreased colon  (Braniste et al. 
Adult female Wistar  effect level; NOAEL). oral gavage Measured permeabilty as compared to the control 2010)
ovariectomized rats     OVx rats not receiving BPA.
(Janvier) weighing     Tight junction proteins (TJPS) occludin 
180 to 200 g     and JAM-A were up-regulated in the 
    colon of NOAEL and TDI-BPA treated 
    rats.

Part 2: 2. Dose-dependent experiment: rats were  2. Oral  Not  2. Dose-dependently decreased colonic  
Adult female Wistar  treated with BPA (0.5 ?g to 5 mg/kg/d)  administration. Measured permeability with a half-maximal  
ovariectomized rats  for 15 days.   inhibitory dose of 5.2 microg/kg/d, 10- 
(Janvier) weighing     fold below the tolerable daily intake. 
180 to 200 g      

Part 3: 3. Fed with BPA (NOAEL) for 15 days  3. Oral  Not  3. Severity of colitis was reduced but  
Adult female Wistar  before inducing colitis using chemical  administration. Measured pain sensitivity increased to colorectal  
ovariectomized rats  inducer trinitrobenzene sulfonic acid    stimuli. 
(Janvier) weighing  (TNBS).     
180 to 200 g  

Part  4: Pregnant  4. BPA at NOAEL. 4.Orally   Not  4. Decreased basal colonic permeability  
Wistar rats  After delivery, male and female offspring  administered Measured in adulthood only in female rats.  
 were fed with standard diet until adulthood  from d 15 of   Twenty-four hours after induction of  
 (10 weeks of age). pregnancy until   TNBS colitis, inflammatory markers  
  weaning on day   were increased significantly. 
  21 postpartum.  

Pregnant rabbits  200 μg of BPA/kg body weight/day Orally from  Not  Altered gut microbiota, reduced levels  (Reddivari et al.
  gestation day  Measured of gut bacterial diversity and bacterial  2017)
  15 through   metabolites (short-chain fatty acids), 
  postnatal day 7.  which led to colonic and liver 
    inflammation as well as to increased 
    gut permeability.

Adult male  2000 μg/L Orally for 5  Not  Altered intestinal microbial  (Liu et al. 2016)
Zebrafish   weeks. Measured composition with significantly 
    increased abundance of the phylum 
    CKC4

Adult male  Exposed to titanium dioxide nanoparticles  Orally for three  Not  Sequencing of 16S rRNA amplicons  (Chen et al. 
Zebrafish  (nano-TiO2; 100 μg/L), bisphenol A (BPA;  months. Measured found that nano-TiO2 and BPA  2018)
(Danio rerio)   0, 2, and 20 μg/L) or their binary mixtures    coexposure shifted the intestinal  
    microbial community, interacting in an 
    antagonistic manner when the BPA 
    concentration was low but in a 
    synergistic manner at a higher BPA 
    concentration. 

Female and male  Exposed to BPA (50 mg/kg feed weight) Orally from  Not  16s rRNA sequencing of fecal samples (Javurek et al. 
California mice   periconception  Measured showed gut microbiome changes. 2016)
(Peromyscus   through   Many of the bacteria, e.g. Bacteroides,
californicus)  weaning.  Mollicutes, Prevotellaceae, 
    Erysipelotrichaceae, Akkermansia, 
    Methanobrevibacter, Sutterella 
    proportions increase with exposure to 
    BPA.
    However, the proportion of the benefıcial 
    bacteria, Bifıdobacterium, was also 
    elevated in fecal samples of BPA-
    exposed females.

Adult CD-1 mice  BPA solution (120 μg/mL of water)  Orally for 10  Not  Significant reduction of species  (Lai et al. 2016)
  weeks. Measured diversity in the gut microbiota of BPA-
    fed mice. BPA exposure favored the 
    growth of Proteobacteria, a marker of 
    microbial dysbiosis.
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MATERIALS AND METHODS

Literatures were searched in Pubmed, Scopus and Google Scholar 
using the key words 'BPA' paired with 'intestinal barrier', 'intestinal bar-
rier function', 'gut barrier function', 'gut' and 'intestinal permeability' 
from the year 1980 till early August 2018. We included animal studies 
and excluded in vitro studies and review articles (Figure 1).

RESULTS

A total of 40 articles were found. After exclusion of the duplicate 
studies and inclusion of the related studies, only six articles were 
retrieved for this review. Table 1 shows a summary of articles on the 
effect of BPA on intestinal barrier.

DISCUSSION

The first article of this review observed the effect of BPA at oral 
doses of no observed adverse effect level (NOAEL) 5 mg/kg/d, tolerable 
daily intake (TDI) dose of 50 μg /kg/d and in much lower doses (from 
0.5 μg) for a duration of 15 days in ovariectomized (OVX) Wistar rats 
on colonic paracellular permeability (CPP). They also observed the 
effect of BPA on visceral sensitivity of rats during experimental colitis 
(Braniste, 2010). In this study, BPA dose-dependently decreased basal 
CPP, with a half-maximal inhibitory dose of 5.2 μg /kg/d, which is 
10-fold below the tolerable daily intake. Decreased CPP correlated with 
an increase in epithelial tight junction sealing. Tight junction proteins 
(TJPS) occludin and JAM-A were up-regulated in the colon of NOAEL 
and TDI-BPA treated rats. Both occludin and JAM-A were also up-regu-
lated in the in vitro part of this study where Caco-2 cells were exposed 
to 10 nM BPA, a concentration commonly found in human fluids (Vom, 
2005).

When OVX rats were fed with BPA (NOAEL) for 15 days before 
inducing colitis using a chemical inducer trinitrobenzene sulfonic acid 
(TNBS), the severity of inflammation was reduced as compared to the 
control group who did not receive any BPA but the same dose increased 
pain sensitivity to colorectal stimuli. These effects were not seen in rats 
receiving BPA at TDI dose. Co administration of ICI 182.780, an estro-
gen receptor antagonist prevented the effects of BPA, suggesting the 
changes were related to estrogenic effect of BPA. The same dose of BPA 
in pregnant and lactating mothers from day 15 of pregnancy until wean-
ing on postpartum day 21 revealed a significant decrease of basal intes-
tinal permeability in the adulthood of the female offspring. But twen-
ty-four hours after induction of TNBS colitis, colonic inflammation and 
CPP significantly increased in all female offspring, whereas no differ-
ence was observed in male offspring. 

Proinflammatory response was increased in the colonic mucosa in 
their adulthood. This deleterious effect was observed during estrus 
cycle, ie. at a time of the reproductive cycle when the colon of adult 
females is more resistant to injury and produces less proinflammatory 

cytokines by inflammation, due to the protective effect of estrogen 
(Homma, 2000). The female intestine is more resistant to gut injury and 
inflammation than the male intestine when subjected to conditions asso-
ciated with shock states (Houdeau, 2007). Findings of this study 
enlightened that low dose BPA acts as oestrogen in ovariectomized rats. 
This study also elaborated that the effects of BPA vary depending on the 
gender and age of the gut. 

Perinatal exposure has a long-term effect on mucosal immune 
defenses that predisposes female offspring to enhanced proinflammatory 
responses in the colon during their adulthood. The finding that TDI BPA 
had no effect on CPP and inflammation suggest that a daily BPA expo-
sure in practical life does not represent a risk factor in developing 
inflammation in the adult female gut.

Rest of the 5 studies in this review, investigated the changes of gut 
microbiota composition in BPA exposed animals. Our body is colonized 
by many microbiotas such as viruses, bacteria and fungi. Gut microbiota 
is of critical relevance to host health. Gastrointestinal lumen is filled up 
with microbiotas which maintain the integrity of epithelial cells, stimu-
late the goblet cells to secrete mucus and anti-microbial peptides and 
thereby contribute to maintain a basal level of steady-state host defense. 
Commensal microbes of the gastrointestinal tract are tremendously 
diverse and abundant. As an integral part of animal composition, gut 
microbiota is increasingly recognized to play crucial roles in the mainte-
nance of host health (Holmes, 2011; Kinross, 2011). Gut microbiome is 
involved in many biological processes, such as energy metabolism, 
immune modulation, and neurotransmission (Tremaroli, 2012). 

Disruption of normal gut microbial flora is considered to be harmful 
to the intestinal barrier (Malago, 2015). In the next study of this review 
(Reddivari, 2017), rabbits were exposed to oral BPA at a relatively low 
dose of 200 μg/kg body weight/day (approximately 1/25th of the 
NOAEL dose) from gestation day 15 through postnatal day 7. BPA 
exposure increased colonic inflammation, inflammatory cell infiltration 
and deformation of crypt architecture, which were more intensive in the 
colon at day 1 to day 2 in the neonate. Systemic lipopolysaccharide 
level, which correlates with increased gut permeability, was significant-
ly higher in BPA-exposed offspring. Similar findings were also 
observed only in male rats when they were grown up to 6 weeks of age. 
In addition to that significant differences between colon, cecum and 
fecal microbiome composition were observed between BPA-exposed 
and non-exposed rabbits. 

Differences in relative abundances of Bacteroides (Bacteroidaceae), 
Methanobrevibacter, and Ruminococcus (Ruminococcaceae) were 
observed in colon and in the genera Bacteroides, Dorea (Lachnospira-
ceae) and Bilophila in the cecum of BPA and control male offspring. 
However, only the Bacteroides species in the colon were statistically sig-
nificant between the two groups. Bacteroides species play important role 
in immune modulation and inflammation. So, altered population of 
Bacteroides might be responsible for the higher LPS level and inflamma-
tory cell infiltration in the rabbits exposed to BPA. Methanobrevibacter 
levels were increased in mothers exposed to BPA from gestation day 15 
through postnatal day 7. Methanobrevibacter metabolizes dietary sub-
strates and lead to increased host energy intake and weight gain 
(Sweeney, 2013). Ruminococcaceae was shown to be associated with 
lower long-term weight gain and improved energy metabolism in mice 
(Menni, 2017). This study did not report anything about weight gain in 
the rabbits exposed to BPA.

In fecal samples, a significant decrease in the relative abundance of 
Oscillospira species, a butyrate producing bacteria was observed in 

Figure 1. Flow of literature searched
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BPA-exposed pups compared to controls. Abundance of Oscillospira 
species is responsible for initiating inflammation (Gophna, 2017). In the 
male offspring, Akkermansia and Odoribacter species were decreased 
compared to the control group. Odoribacter and Akkermansia are 
inversely correlated with systolic blood pressure and colonic inflamma-
tion, respectively (Gomez, 2016). 

Some of the bacteria such as Ruminococcaceae, Oscillospira and 
Odoribacter species that were significantly altered by BPA exposure are 
important producers of short chain fatty acids (SCFA) (Topping, 2001). 
In this study, there was a significant reduction in SCFA acetic acid and 
propionic acid levels and a trend toward reduction in butyric acid levels 
in rabbit offspring exposed to BPA. Propionic acid has been shown to be 
protective against carcinogenesis and colorectal cancer in humans 
(Hinnebusch, 2002). Butyrate increased the expression of tight junction 
proteins indicating that BPA-induced effect on colon permeability may 
have been partly due to a reduction in butyrate levels (Cook, 1998; 
Wong, 2006; Antharam, 2013). The in vitro part of this study also 
observed increased Caco-2 cell permeability with BPA exposure at 100 
nM. Propionate and butyrate at 16 mM and acetate at 48 mM alleviated 
the BPA-induced increase in cell permeability. 

Targeted analysis of global metabolome revealed significant alter-
ations in the levels of amino acids and simple sugars associated with 
inflammation and oxidative stress. Levels of S-adenosyl-L-
methioninamine, a precursor in the synthesis of glutathione, which plays 
a critical role in natural defense against oxidative stress and inflamma-
tion, were significantly reduced with BPA exposure (Moon, 2010). 
Amino acids alanine and threonine are also involved in oxidative stress 
and were significantly altered by BPA exposure (Rawat, 2016). Taurine-
hypotaurine, alanine-aspartate-glutamate, and arginine-proline metabo-
lism pathways which are involved in oxidative stress, inflammation, and 
immunity were significantly different between control and BPA-
exposed offspring. All this changes were significant only in the colon 
and liver metabolites but not for serum metabolites.

For most mammals, gut microbiota is involved in absorbing nutri-
ents (Cani, 2016), defending against etiological microbes (Hevia, 2015) 
and even modulating social behaviors (Arentsen, 2015). Bacterial dysbi-
osis has been shown to be closely related to the risk of gastrointestinal 
disease (Engen, 2015), genitourinary inflammation (Anahtar, 2015), 
pre-malignant lesions in the colon (Whary, 2014) and breast cancers 
(Boursi, 2015). Presence of endocrine disruptor BPA in surface and 
ground water might affect the health of fish. There is a close relation-
ship between hormone and gut microbiota in mammals. 

The next study (Liu, 2016) found that similar to estradiol (2000 ng/
L), BPA at a dose of 2000 μg/L for 5 weeks in male zebrafish caused a 
sharp increase in CKC4 microbiota abundance, suggesting that CKC4 
may be sensitive to estrogen and its analogue. The influence of estradiol 
and BPA on the intestinal microbiota was similar, with higher estrogenic 
effect (E2: BPA = 10:1). Triglyceride content in zebrafish muscle was 
increased by BPA and E2 treatment, which suggested that alteration of 
the intestinal microbiota by endocrine disruptors might be related to 
changes in host lipid metabolism.

In this study, the predominant microbiota in male control group were 
Fusobacteria, (47.13 ± 8.45%), Bacteroidetes (31.00 ± 6.09%) and 
Proteobacteria (17.46 ± 0.46%). In female control group, they were 
Fusobacteria (32.19 ± 5.26%), Bacteroidetes (45.28 ± 0.01%) and 
Proteobacteria (18.56 ± 3.19%) respectively. The percentage of predom-
inant phyla in BPA Group were Fusobacteria (49.83 ± 6.59%, 
Proteobacteria (17.77 ± 2.41%) and Bacteroidetes (15.50 ± 3.48%). The 
predominant phyla in Estradiol Group were CKC4 (69.53 ± 5.44%). In 
addition to that Fusobacteria (15.77 ± 3.58%), Bacteroidetes (5.25 ± 
0.77%) and Proteobacteria (5.21 ± 1.16%) were also present in Estradiol 
group. Abundance of CKC4 was 0.05 ± 0.01% in both male and female 
control groups. It increased to 5.74 ± 0.92% in BPA Group and 69.53 ± 
5.45% after the treatment with Estradiol (P < 0.01). Other predominant 
microbiotas in both groups were Firmicutes (1.22 ± 0.35%-9.38 ± 
4.39%), Actinobacteria (0.44 ± 0.01%-0.84 ± 0.27%), Tenericutes (0.01 
± 0.01%-0.28 ± 0.01%) and Planctomycetes (0.00 ± 0.01%-0.19 ± 
0.01%). This study revealed that exposure to endocrine disrupting chem-
icals disturbed the intestinal microbial composition, which may be relat-
ed to changes in host physiological metabolism. Dysbiosis of gut micro-
biome composition may result in the onset of various diseases in host 
organisms, such as obesity and diabetes (Tilg, 2011; Mathis, 2012; 
Snedeker, 2012).

Titanium dioxide nanoparticles (nano-TiO2) and BPA generally 
coexist in aquatic environment. As a result, they have the potential to 
interact with other chemicals in the aquatic environment, which would 
alter their bioavailability and toxicity. One study found that nano-TiO2 
can adsorb BPA, which leads to elevated tissue level of both contami-

nants in zebrafish (Danio rerio) and enhances the endocrine disrupting 
effects (Fang, 2016). However, there is little or no information regard-
ing the combined effects of nano-TiO2 and BPA pollutants on gut micro-
biota.

In the next study (Chen, 2018), when adult male zebrafish (Danio 
rerio) were exposed to the binary mixtures of titanium dioxide nanopar-
ticles and BPA (nano-TiO2; 100 μg/L: 2 μg/L BPA and nano-TiO2: 20 
μg/L BPA) for three months, intestinal microbial community was 
altered, interacting in an antagonistic manner when the BPA concentra-
tion was low (2 μg/L) but in a synergistic manner at a higher BPA con-
centration (20 μg/L). Correlation analysis of the data showed that oxida-
tive stress due to nano-TiO2 and BPA coexposure was highly associated 
with the higher abundance of pathogenic Lawsonia but lower abundance 
of normal metabolic Hyphomicrobium. A positive relationship was 
observed between the body weight of zebrafish and the abundance of 
Bacteroides in the gut, which was also closely associated with the pres-
ence of Anaerococcus, Finegoldia, and Peptoniphilus. 

Chronic exposure to titanium dioxide nanoparticles (nano-TiO2; 100 
μg/L) alone led to significantly increased expression of the TJP2 in male 
intestines, but BPA alone did not alter their expression. Incorporation of 
2 μg/L BPA in the binary media led to down-regulation of TJP2. 
However, the combination of the higher 20 μg/L BPA concentration 
with nano-TiO2 further enhanced the up-regulation of TJP2 expression 
in male intestines. 

TJP2 expression in female intestines was significantly up-regulated 
upon exposure to either nano-TiO2 or 2 μg/L BPA alone. Meanwhile, in 
the nano-TiO2 and 2 μg/L BPA binary mixture, the individual compo-
nents seemed to inhibit each other's inductive effects, and no significant 
increase in TJP2 expression was observed. Marked down-regulation of 
TJP2 was detected with single 20 μg/L BPA exposure but the incorpora-
tion of nano-TiO2 to the exposure mixture reversed this effect. It seems 
that the balance between oxidative stress and detoxifying capacity in the 
intestine was impaired by single or combined exposure. 

Firmicutes and Bacteroidetes play active roles in lipid metabolism 
(Ley, 2006; De Filippo, 2010). Chronic coexposure over 3 months had a 
positive correlation between Bacteroides and zebrafish body weight.

BPA is considered a weak estrogen. BPA and estrogen (EE) induce 
differential effects on the gut microbiota (Vandenberg et al. 2009). In 
the next study, both BPA (50 mg/kg feed weight) and estrogen (EE 0.1 
ppb) exposure from 2 weeks prior to conception until postnatal 30 days 
induced generational and sex-dependent gut microbiome changes in 
both male and female monogamous and biparental California mice 
(Peromyscus californicus) (Javurek, 2016). There were no clear distinc-
tions in the various bacterial classes based on treatment in either female 
or male parents. There was abundant Lactococcus sp. in the control 
female, abundant Mogibacteriaceae, Sutterella sp, and Clostridiales in 
the BPA group. Mollicutes and Prevotellaceae were characteristic of 
BPA exposed males; whereas, Desulfovibrio species was more represen-
tative of control males. 

In male offspring, BPA exposure led to increased Akkermansia in 
the gut microbiome. Akkermansia levels are up-regulated in humans and 
mouse models with colon cancer (Weir, 2013; Zackular, 2013; Baxter, 
2014) and this bacterium has been proposed as a target for probiotic 
treatment (Thomas, 2014). Methanobrevibacter levels were also elevat-
ed in the gut of BPA-exposed male offspring. Methanobrevibacter pos-
sess heightened ability to metabolize dietary substrate with resulting 
increased host energy intake and weight gain (Sweeney, 2013). Female 
offspring exposed to BPA had increased amounts of Bifidobacterium 
which is considered to be a beneficial inhabitant within the gut flora. 
The abundance of Mogibacteriaceae was also increased in the gut 
microbiome of BPA-exposed females. Unfortunately, scanty information 
is available on the potential health implications of the presence of this 
bacteria in the gut flora. 

In this study, although the bacterial differences between control and 
BPA females was associated with differences in several metabolic path-
ways such as histidine, tryptophan, lysine, nitrogen metabolism but 
none of them reached statistical significance. Alterations in bacterial 
metabolite and other pathway changes might be another mechanism by 
which BPA can lead to various diseases. Microbiome analysis of the 
next generation offspring was not significant. Surprisingly, the control 
diet led to generation-dependent genera differences for both female and 
male mice in this study. 

In the next study (Lai, 2016), there was a significant reduction of 
species diversity in the gut microbiota of 3-week-old CD-1 mice receiv-
ing BPA (120 μg/mL) in drinking water for 10 weeks. Dietary BPA 
intake led to a similar gut microbial population as that of high fat and 
high sucrose diet. Both BPA and a high fat diet favored the growth of 
Proteobacteria, which is a marker of microbial dysbiosis. Growth of 
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Helicobacter ganmani and reduction in the phylum Firmicutes, of 
which most of the 16S rRNA belonged to the class Clostridia were 
observed in the mice fed BPA or a HFD. The level of Helicobacteraceae 
in the intestines is positively associated with inflammatory bowel dis-
ease (Bohr, 2004; Zhang, 2006). Patients suffering from type 2 diabetes 
mellitus (T2DM) are reported to harbor lower amounts of Clostridia 
(Furet, 2010; Larsen, 2010; Snedeker, 2012), and the proportion of 
Firmicutes and Clostridia in these diabetic patients was significantly 
lower than in healthy individuals (Larsen et al. 2010). Interestingly, 
studies have reported an association BPA exposure with development of 
T2DM (Silver, 2011; Veissi 2018). It could be postulated that BPA is 
affecting the level of gut microbiota and eventually alter metabolism 
which may lead to development of metabolic diseases such as T2DM. 

CONCLUSION

Effect of BPA on the intestinal barrier varies widely. The effect is 
highly selective and depends on the dosage of BPA, whether exposed 
singly or in a mixture with other chemicals, age of the animal ie. wheth-
er exposed in adult or during perinatal period, presence or absence of 
endogenous estrogen, maturity of the gut. It has the potential to disrupt 
intestinal barrier mediated by intestinal inflammation, decreased expres-
sion of tight junction proteins, increased lipopolysaccharide level, 
increased intestinal permeability and altered gut microbiota. In most of 
the studies, BPA altered the gut microbial composition. 
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