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Abstract: Bisphenol A (BPA) is leached out from plastic infant feeding bottles that are filled with
warm milk/water due to high temperatures, exposing the infants to BPA. The present study aims to
understand the effects of ingestion of BPA leached from plastic infant feeding bottle and delineate the
underlying mechanisms in rats. In this study, adult rats of Wistar strain were divided into 3 groups.
In the first group, the rats consumed normal food and tap water ad libitum. In the second group,
the rats ingested BPA (20 µg/kg bodyweight/day, orally). In the third group, the rats drank water
leached from plastic infant feeding bottles. After 30days, tests involving biochemical parameters,
histopathological examination, and oxidative stress enzyme markers were performed, and the levels
of BPA in plastic-leached water were estimated by HPLC analysis. There were significant biochemical
changes in the form of increased alkaline phosphatase (ALP), creatine kinase-muscle/brain (CK-MB),
and lactate dehydrogenase (LDH) levels in both treated groups as compared to control group,
accompanied by structural damage to the vital organs, and lipid peroxidation, glutathione reductase,
and catalase activity were also high in the treated groups. Further, the BPA concentration in plastic
leached water was estimated to be 0.1 ± 0.02 µg/mL.

Keywords: serum analysis; BPA; plastic leached water; oxidative stress; infant feeding bottles

1. Introduction

BisphenolA (BPA) is one of the chemicals with highest volume of production in the world. It is
widely used in the manufacturing of plastic wares and also for the coating of thermal papers [1]. BPA
is even used to line the inner walls of food and beverage cans to preserve edible substances [2,3].
BPA leaches out from plastic containers and food and beverage cans when they are exposed to high
temperatures, acidic pH, or if cleansed or scrubbed using harsh detergents [4]. The leaching of BPA is
reported to be higher from old worn plastic wares as compared to newer ones. Plastic wares are used
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enormously by people across the world. One of the common uses of plastic is in the form of infant
feeding bottles, which are used by people at large. The easy availability, low cost, durability, and easy
maintenance of plastic infant feeding bottles make them preferable for use by people in comparison to
its glass counterpart, which requires much careful handling. Increased usage of plastics increases the
risk of exposure to BPA. Studies have reported that the infant population is widely exposed to BPA [5].
This is marked by the presence of BPA in urine samples from infants [6]. Their exposure is often
attributed to the presence of BPA in maternal milk or through top feeding [6]. Further, some studies
have even reported leaching of BPA from infant bottles [4]. However, the toxic effects produced by
consumption of BPA leached through these plastic bottles is little reported. Hence, in this study,
we wanted to explore whether plastic infant bottles leach out BPA during routine use? What is the
concentration of BPA leached out from these plastic infant feeding bottles during routine use? Does the
consumption of BPA leached from these bottles produce any toxic effects on the organs and is the
toxicity comparable with direct BPA ingestion? What are the underlying mechanisms of such toxicity?

BPA is reported to be an endocrine disruptor and acts on the estrogen receptors [7–9]. A wide
number of studies have reported that it produces reproductive toxicity [10,11], decreased litter size
per breeding pair, decreased fertility, and altered estrous cycles [12–14]. BPA is reported to affect
the offspring survival and growth following maternal exposure at a dose >5 mg/kg bodyweight in
rodents and young children [15,16]. BPA is also reported to cause neural and behavioral alterations in
experimental animals [17–20]. Prenatal exposure of BPA is reported to be associated with childhood
respiratory and allergic diseases [21]. This exposure produces hyperplasia of ducts of mammary
glands and is implicated in inducing carcinogenesis of mammary glands, prostate, and others [22–24].
BPA is also reported to produce cardiac diseases, hepatic defects, and childhood obesity in a number
of studies [25–27]. In our previous study, we reported the effects of acute and chronic exposure of BPA
on cardiorespiratory parameters in rats [28,29]. Further, we also reported the effect of exposure of
rats to plastic boiled water and its effect on phenylbiguanide-induced cardiorespiratory reflexes [30].
In this study, the rats were exposed to water obtained by boiling plastic bags in water. The toxic effects
of leached BPA were revealed in this study; however, leached BPA obtained by routine use of plastic
bottles was not studied.

Humans are exposed to BPA mainly through diet. After ingestion, BPA is conjugated in the liver
to form BPA glucuronide and sulfate, which is excreted through the kidneys. The unconjugated BPA
(free form) is biologically active, water-insoluble, and cannot be excreted by the kidneys. This free BPA
remains inside body tissues. Further, infants have low levels of the enzymes needed to metabolize
BPA [31].

As we carefully introspect into the method of using infant feeding bottles by people at large,
we find that the plastic infant feeding bottles are initially cleansed by a detergent using a brush bottle
cleaner. This is followed by rinsing off the detergent with tap water. Thereafter, the cleansed bottles
are soaked into hot water for sterilization and allowed to dry. After drying, these bottles are filled
with lukewarm or warm milk or water and used to feed the infants whenever required. In case the
milk/water gets cold, these bottles are re-warmed by placing them in bottle warmers or keeping them
in utensils filled with warm water. The likelihood of leaching of BPA increases many-fold in this entire
process of cleaning and filling up the bottles with lukewarm/warm milk/water and further re-warming
them in bottle warmers. Further, old bottles are more likely to leach BPA and cause further exposure of
infants to the chemical.

Hence, we hypothesized that the milk/water ingested by the infants from plastic infant feeding
bottles might contain leached BPA, which could possibly alter physiological mechanisms in the infants,
since BPA is a known endocrine disruptor. Therefore, the present study was taken up to simulate
a real life situation by feeding rats with water leached from plastic infant bottles, obtained after
cleaning and filling the plastic infant feeding bottles in a way similar to that used for human infants,
and examining the changes produced and further delineating the underlying mechanisms responsible
for observed toxicity.
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2. Materials and Methods

Adult female rats of Wistar strain (Weight 200–300 g; aged 10–12 weeks) were used in the present
study. Ethical clearance from Institutional Animal Ethics Committee (IAEC/VPT/CVASc/281) was
obtained to conduct the experiments. The present study was performed as a part of project funded by
UCOST (Project sanction letter no.-UCS&T/R&D/MED-01/2015-16/9668; dated- 18 June 2015.

2.1. Animal Maintenance

The rats were kept in an animal room at25 ± 0.5 ◦C, 50% RH, with 12:12 hlight/dark period.
The animals were provided with food and water ad libitum. CPCSEA guidelines were followed while
conducting the experiments.

The rats were divided into 3 groups. Each group comprised 6 rats. The sample size was calculated
using the resource equation approach [32].

1. In Group 1 (control group), the rats were provided with food and RO-filtered tap water ad libitum.
2. In Group 2 (BPA treated), BPA dissolved in olive oil (20 µg/kg bodyweight/day) was fed to the rats,

orally, by gavage feeding.
3. In Group 3 (plastic leached water treated), water leached from plastic infant bottles as mentioned

under section “Drugs and Solutions” was provided to the rats. The rats consumed plastic leached
water instead of RO-filtered tap water throughout the period of treatment. Each rat drank
30–35 mL of this leached water per day.

The animals were maintained in the above mentioned treatment for 30 days in all the groups.

2.2. Drugs and Solutions

BPA (analytical grade) was procured from Sigma Aldrich (USA). BPA solution was prepared by
initially dissolving BPA in ethanol (Alpha chemika, Mumbai, India). Thereafter, it was diluted with
olive oil (Figaro, Alcolea, Spain) to prepare the solution as per dosage (20 µg/kg bodyweight/day),
which was fed to rats of Group 2.

Plastic leached water was prepared by following method:

1. The infant feeding bottles used in the present study were made of plastic. These bottles were
purchased from a local shop. The information regarding the type of plastic used in these bottles
was not mentioned.

2. Initially, the plastic infant bottles were cleansed with detergent and washed under tap water.
3. These bottles were soaked in hot water for sterilization.
4. Thereafter, the bottles were allowed to dry.
5. The dried bottles were filled with water, which was previously boiled to 100 ◦C in a separate

glass container. The water was boiled to 100 ◦C, as in real practice, water/milk is initially boiled
by people for sterilization and, thereafter, it was allowed to cool so that it can be administered to
infants, where it attains a lukewarm temperature.

6. These filled infant bottles were kept in a water bath with the temperature maintained at 40 ◦C for
an hour, so that lukewarm temperature was maintained.

7. This water was given to the rats of Group 3.
8. The leached water thus prepared was subjected to HPLC analysis to determine the concentration

of BPA.

2.3. HPLC Analysis

HPLC analysis for BPA estimation in plastic leached water was performed using Shimadzu
Liquid Chromatography System (Shimadzu Corporation, Kyoto, Japan, Model SPD-10A, LC10AT).
The system comprised a double plunger pump, Rheodyne injector with 20 µL loop, and UV–VIS
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detector. Bisphenol A was separated by using C18 reverse phase column (Lichrospher 100 RP, 18.5µm
(125 mm × 4 mm). The standard solutions of BPA were prepared by dissolving 2 mg of pure BPA in
2 mL of acetonitrile. Thereafter, various dilutions of 10, 5, 2.0, 1, 0.5, 0.2, 0.1, 0.05, 0.025, 0.01 µg/mL
were prepared. A 20 µL aliquot of each of these prepared solutions was injected into HPLC. The mobile
phase comprised water/acetonitrile (30:70 (v/v)) and the pH was adjusted to 4.3 with 0.1N HCl, with a
flow rate of 0.5 mL, minus the isocratic form. The detector wavelength was set at 277 nm. A retention
time of 3.3 min was recorded for Bisphenol A.

2.4. Histological Examination and Biochemical Parameter

After 30days, blood was withdrawn from the rats of all three groups. These blood samples were
then centrifuged, and serum was separated. The serum thus obtained was used for biochemical
analysis to study alkaline phosphatase (ALP), lactate dehydrogenase (LDH), serum glutamic
oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), bilirubin levels,
very-low-density lipoprotein (VLDL), high-density lipoproteins (HDL), total cholesterol (TC), creatine
kinase-muscle/brain (CK-MB), and blood urea levels.

Estimation of serum SGPT, SGOT, and ALP were done using the diagnostic reagent kit by DiaSys
international. The plasma concentrations of TC, TG, and HDL-cholesterol were measured using
spectrophotometric methods. Laboratory kit reagents (Randox Laboratory Ltd., UK) were used for
urea and all lipid biochemical analysis and their absorbances were read using a Randox RX MISANO
semi-automated clinical chemistry analyzer. Diagnostic kits for creatine kinase (CK-MB) isoenzyme
and LDH were purchased from Accurex Biomedical Pvt. Ltd. (Gujarat, India).

Thereafter, the animals in all the groups were sacrificed and vital organs such as the liver, kidneys,
and lungs were extracted and subjected to histological processing.

The tissue specimens were initially preserved in 10% neutral buffered formalin after excision.
Thereafter, they were dehydrated using graded concentrations of ethanol. For this, the tissues were
immersed in 70% ethanol in water, followed by 95% and 100% solutions. This was followed by
clearing, in which dehydrating agent was replaced by xylene so that the tissue acquired a translucent
appearance. Further, the tissues were impregnated with paraffin wax so as to prevent distortion of the
tissue structure during microtomy. These steps were performed using an automated tissue processor
(YorCo) following an overnight processing schedule.The processed tissue was thereafter subjected to
microtomy and 5µm ultrathin sections were prepared using semiautomatic rotary microtome (Therma).
These sections were floated on a thermostatically controlled water bath followed by placing over the
hot plate for drying.

Finally, these tissue sections were transferred to 75 mm × 25 mm clean glass slides and were
stained by hematoxylin and eosin (H&E) stain. For H&E staining, the sections were dewaxed and
rehydrated through descending grades of alcohol to water. Fixation pigments were removed and
stained in Harris hematoxylin for 5 min. This was followed by washing under running tap water
until sections were ‘blue’. Then, they were differentiated in 1% acid alcohol for 30 s. They were again
washed under running tap water until sections were ‘blue’. This was further followed by dipping
in ammonia water, then by a 5 min tap water wash. Thereafter, they were stained in 1% eosin Y
for 3 min followed by washing under running tap water for 2 min. They were dehydrated using
graded concentrations of alcohol, then cleared and mounted. Once the staining process was complete,
the sections were observed under binocular compound microscope for histopathological examination.

2.5. Oxidative Stress Markers

In addition to biochemical and histopathological examination, oxidative stress enzyme activity
was also examined in the erythrocytes, liver, and kidneys of rats in all three groups. Absorbance was
recorded using a UV–VIS spectrophotometer.

Lipid peroxidation (LPO) in the tissue samples was performed using a thiobarbituric acid-reactive
substances (TBARS) test and formation of malondialdehyde (MDA) was examined [33]. Briefly,
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the homogenate samples were centrifuged at 736× g for 10 min and butylated hydroxyl toluene (BHT)
(Sigma Aldrich, USA), TBA (Sigma Aldrich, USA), and HCl ((Fisher chemicals, India) were mixed
with the supernatant. This mixture placed in a water bath at 95 ◦C for 10 min and was re-centrifuged.
The absorbance of the supernatant thus obtained was read at 535 nm.

LPO in the erythrocytes was evaluated after separating the erythrocytes by centrifuging the
heparinized blood and washing them in 0.15 M NaCl (Sigma Aldrich, USA) and diluting in PBS.
The packed RBC was used for studying LPO using method of Shafiq-ur-Rehman [34].

The Goldberg and Spooner method was used to estimate glutathione reductase activity [35], while
Aebi’s method was used to measure catalase activity [36].

2.6. Statistical Analysis

The data from all the three groups for all the parameters were analyzed. Statistical tests in the
form of Mann–Whitney U test was applied. Values of p < 0.05 were taken as statistically significant.

3. Results

3.1. Biochemical Changes

The exposure of the rats to BPA and plastic leached water produced biochemical changes. The ALP
levels were significantly high in both BPA-treated and plastic leached water-treated groups as compared
to the control rats (Figure 1a; p < 0.05, Mann–Whitney U test). The LDH levels significantly increased
in both BPA and plastic leached water-treated groups as compared to control group (Figure 1a; p < 0.05,
Mann–Whitney U test). However, the SGOT levels were significantly reduced in the BPA-treated
group as compared to control group (Figure 1b; p < 0.05, Mann–Whitney U test). Further, there was no
change in the bilirubin levels (direct and indirect) in any of the groups.
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Figure 1. (a) Alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) levels increased in
the treated groups as compared to control group, (b) serum glutamic oxaloacetic transaminase
(SGOT) and total cholesterol decreased in treated groups as compared to control group, (c) creatine
kinase-muscle/brain (CK-MB) markedly increased in both treated groups as compared to control
group whereas urea decreased in the plastic leached water-treated group. * and # indicate p < 0.05
Mann–Whitney U test.

Total cholesterol levels decreased significantly in BPA-treated and plastic leached water-treated
groups respectively (Figure 1b; p < 0.05, Mann–Whitney U test). VLDL was reduced in the treated
groups but the decrease was not significant. HDL values were increased in both treated groups;
however, the change was not significant. CK-MB levels were increased significantly in both BPA-treated
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and plastic leached water-treated groups (Figure 1c); p < 0.05, Mann–Whitney U test). The urea
level was significantly lowered in the plastic leached water-treated group as compared to the control
group, however the BPA-treated group did not show any significant alterations (Figure 1c; p < 0.05,
Mann–Whitney U test).

3.2. Cytoarchitectural Changes

Kidneys: The kidneys in the control group revealed healthy glomeruli and tubules with normal
periglomerular space. Hyperplastic glomeruli were seen in both BPA-treated and plastic leached
water-treated groups as compared to control group (Figure 2a,b). The hyperplastic changes are due to
loss of number of glomeruli so that the remaining glomeruli have increased in size to compensate for
the loss. This is seen as reduced periglomerular space in the higher magnification (Figure 2b). There is
a loss of cellular details of tubular epithelial cells with focal cloudy swelling. The interstitium shows
increased number of mononuclear inflammatory cell infiltrate in both treated groups as compared to
control group. At places, extravasation of RBC seen in both the treated groups but more pronounced
in BPA-treated groups (Figure 2a,b).
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Liver: Liver sections from control group rats showed central veins with healthy hepatocytes.
Distortion of lobular hepatic architecture with moderate mononuclear parenchymal infiltration with
visible dilatation of central veins was seen in BPA-treated rats. In plastic leached water-treated group,
there was a distortion of lobular hepatic sinusoids along with the central vein in the form of focal
sinusoidal dilatation. Mononuclear cell infiltration in parenchyma was also seen in plastic leached
water-treated group (Figure 3). In BPA-treated sections, foci of necrosis were also noted.

Lungs: The lungs obtained from control group rats showed clear alveoli with healthy lung
parenchyma. Emphysematous changes were seen in both the treated groups. Areas of coalescence of air
spaces resulting in to large air spaces were visible throughout the field in both BPA-treated and plastic
leached water-treated group as compared to lungs of control group. Plastic leached water-treated group
showed more prominent changes with much larger airspaces. Distortion of alveoli was seen in both the
treated groups. The lung parenchyma appeared compressed, thinned out, and damaged in both the
treated groups. The intervening lung parenchyma shows mild to moderate mononuclear inflammatory
infiltrates with dysfunction of alveolar septae and collapse of total architecture. The emphysematous
changes were more prominent in plastic leached water-treated group. Dilatation of alveoli was visible
in both groups (Figure 4).
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3.3. Oxidative Stress Tests

There was a significant increase in lipid peroxidation, glutathione reductase activity, and catalase
activity in the erythrocytes, liver, and kidneys of rats of both BPA-treated and plastic leached
water-treated groups as compared to the control group (Figure 5a–c).
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compared to control rats. * and # indicate p < 0.05, Mann–Whitney U test.

3.4. BPA Estimation in Plastic Leached Water by HPLC

The concentration of BPA estimated in plastic leached water was estimated to be 0.1 ± 0.02 µg/mL
by HPLC.

4. Discussion

The present study revealed that ingestion of BPA and plastic leached water by rats produced
damage to vital organs which was seen in the form of biochemical, histological, and oxidative stress
enzyme activity changes.

The biochemical tests showed increased levels of ALP, LDH, and CK-MB, whereas levels of SGOT,
urea, and total cholesterol levels were decreased in the treated groups as compared to the control
group. In a state of health, ALP is produced by liver, bones, intestine, pancreas, and kidneys [37],
whereas LDH is mainly synthesized in liver, heart, pancreas, kidneys, skeletal muscles, and blood
cells [38] and CK-MB is generated from the myocardium [39]. Increases in the levels of these enzymes
are markers of cellular damage in these organs. SGOT is found in liver, heart, kidneys, skeletal
muscles, brain, and red blood cells. Decreases in SGOT levels have been reported in the later course
of ischemia, leading to hepatocyte injury [38]. Decreased SGOT levels in BPA-treated rats in the
present study may be a representation of a chronic phase of ischemic injury of hepatocytes, such that
less SGOT is produced. Further, low urea levels were observed in the plastic leached water-treated
group. Low urea levels are indicative of liver disease, malnutrition, or overhydration [40]. In the
present experimental setup, malnutrition or overhydration of the rats are a rare possibility, as they
were under daily observation and treatment, further supporting liver injury as a possible cause of
low urea levels, since improper functioning of liver leads to poor ammonia metabolism and less urea
formation. Further, total cholesterol levels were significantly decreased in both the treated groups.
BPA is a known endocrine-disrupting chemical and acts on the estrogenic receptors. BPA competes
with estrogen and alters the lipid profile due to oxidative stress-induced injury, as mentioned in other
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studies [41]. We expected an increase in the cholesterol levels; however, the results of the present
study showed decreased levels in treated groups along with insignificant changes in VLDL, HDL.
The possible reason behind this kind of response may be attributed to low BPA doses, which were
insufficient to produce the changes, or that exposure for 30 days was not enough to affect the lipid
profile in treated rats, and chronic exposure could have altered the profile as reported in other studies,
where duration of exposure to BPA was 8 weeks or the doses were much higher [41–43].

The biochemical changes seen in present study were substantiated by the histopathological
examination of the tissues and oxidative stress enzyme activity results. The histopathology results
showed prominent damage to the liver cytoarchitecture in the form of dilated central veins and
mononuclear cell infiltration. Further, presence of glomerular hyperplasia along with inflammatory
changes in the form of mononuclear cell infiltration and extravasation of erythrocytes and thinning
of tubules were seen in the kidneys of rats of both the treated groups. Distinctive emphysematous
changes were found in the lungs of rats of both the treated groups, especially in plastic leached
water-treated rats, where there was widespread damage of the lung parenchyma.

Oxidative stress markers in the form of increased lipid peroxidation, glutathione reductase activity,
and catalase enzyme activity in erythrocytes, liver, and kidney tissues in the treated groups helped
in further delineating the mechanism of biochemical and morphological changes produced in the
treated groups. High lipid peroxidation is linked to the state where the balance of oxidative damage
and body’s antioxidant repair capacity is altered, with a shift towards oxidative damage leading to
apoptosis or necrosis and cell death [44,45]. Glutathione is used in the electron transport system in the
liver, and its reduction occurs in the presence of enzyme glutathione reductase [46,47]. Glutathione
reductase is an important molecule to prevent oxidative stress and maintains the reduced state of
cells. Increased activity of the enzyme in the treated groups indicates increased oxidative stress in
tissues. Catalase is also another antioxidant enzyme which converts H2O2 into water and oxygen,
and provides protection against oxidative stress. Increase in catalase activity in the present study may
be correlated with increased oxidative stress load on the rats of the treated groups [48,49].

Our results showed that plastic leached water from the infant feeding bottles produced changes
similar to direct ingestion of low dose of BPA (20 µg/kg bodyweight/day). The concentration of BPA in
the plastic leached water was estimated to be 0.1 ± 0.02 µg/mL, which was, again, a very low dose
of BPA. Plastic wares leach out numerous chemicals such as phthalates, BPS, and BPF in addition
to BPA. These chemicals also possess estrogenic activity; however, detection of these chemicals was
beyond the scope of the present study. However, it must be agreed, at this point, that some of these
chemicals might have also contributed to the damage produced in the animals treated with plastic
leached water along with leached BPA.

Looking into the metabolism of BPA, it is clear that after oral ingestion, BPA reaches the liver for
conjugation. During the process of conjugation, insoluble free BPA is converted into the water-soluble
conjugated form, which is excreted through the kidneys. The proposed mechanism of tissue damage
in the present study is that exposure of the rats to direct and leached BPA for 30 days had built
up oxidative stress in tissues with time, as seen in the results of oxidative stress enzyme activity.
This might have induced damage of hepatocytes, as mentioned in results, in the form of deranged ALP,
LDH, urea, and SGOT levels along with cytoarchitectural changes in the liver. Hepatocyte injury
must have interfered with the BPA-metabolizing ability of liver and increased the levels of the
water-insoluble free form of BPA (unconjugated) in blood. The free BPA might have reached other
organs, like kidneys and lungs, where it caused oxidative stress-induced cytoarchitectural damage.
Damage to both liver and kidneys might have increased the workload of the heart. The compromised
state of organs for metabolism and excretion together with the oxidative stress due to BPA might
have led to myocardial injury, as supported by increased CK-MB levels in both of the treated groups.
Moreover, the emphysematous changes in the lungs of rats of the treated groups might have led to
ineffective gaseous exchange and increased tissue hypoxia. The tissue hypoxia would have further
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added to the oxidative stress and even increased the workload on the heart, further supplementing
myocardial injury.

These results raise certain concerns on the safety of low doses of BPA and widen the research
opportunities for correlation of leached BPA with organ disorders and various diseases, including
changes at genetic level, in the near future.

Infant feeding bottles which are commonly used to feed the infants leach out BPA, and the present
study shows how this leached BPA can be detrimental for the organs. In the present study, it was
revealed as how the process of cleaning, sterilizing, and filling these infant bottles by warm milk/water
could easily leach out BPA. It is important to mention, here, that a low concentration of BPA leached
at lukewarm temperature produced toxic changes in Group 3 rats. If the temperature is raised to
around 60–70 ◦C, the leaching is expected to increase. Hence, when these bottles are filled with warmer
milk/water, the chances of leaching increases many-fold. Moreover, the solubility of BPA is expected
be greater in milk, due to the chemical nature of BPA. BPA belongs to group of diphenylmethane
derivatives and is lipid-soluble. Hence, feeding milk through the plastic bottles to infants further
adds to the problem. Once BPA leaches out from plastic bottles, it cannot migrate back even though
temperatures are reduced. Hence, when the infant consumes this milk/water later on, the chances of
ingestion of leached BPA still prevail.

BPA is already banned in infant feeding bottles in many countries. However, in countries like
India, there are feeding bottles available which do not mention information regarding BPA or the
type of plastic. Large numbers of people purchase these bottles. Reports from the study conducted
by Toxic Links (India) confirm the presence of BPA in the bottles and sippy cups available in the
Indian market [50]. People are unaware of the toxicity of BPA and keep using these bottles to feed
their infants. It is pertinent to mention here that BPA exposure is reported to be closely linked with
childhood obesity, asthma, affects brain development, in fetus [20,21]. Exposure to BPA in infants
may occur through multiple ways, like the use of sippy cups, feeding bottles, teethers, plastic toys,
and tinned food/beverages [51,52]. Studies have reported the migration of bisphenols and other
endocrine disruptors from baby teethers [52]. Exposure to the chemical is supported by studies that
report the presence of BPA in the urine of infants [6]. Most of agencies involved in manufacturing
these products claim that bisphenols used in their products are very low dose and within safety limits;
however, reports from various low-dose BPA exposure studies have shown varied toxic effects [53,54].

The main limitations of the study were that effect of leached water at higher temperatures was not
examined, and chemicals other than BPA leached from the plastic bottles were not detected, which might
have been the reason behind the greater damage observed in the plastic leached water-treated group.

5. Conclusions

In the present study, we could show that BPA is leached out from plastic infant feeding bottles
during routine practice of using these bottles. This leached BPA, in concentrations as low as 0.1 µg/mL
was capable of producing oxidative stress-induced tissue injury in rats. The novelty of the present
study was that the real-life practice of feeding human infants through infant feeding plastic bottles
was simulated on rats. The results of the study force us to think about the safety of these bottles. It has
been reported earlier that low doses of BPA are safe and not harmful to humans; further studies are
implicated to introspect and re-think on the safety of leached low dose BPA in humans. More studies
on the actual practice of plastic ware usage and ingestion of leached BPA through dietary sources in
humans need to be taken up in the near future, and may unravel some of the myths regarding the
safety of plastic wares.



Toxics 2020, 8, 34 11 of 13

Author Contributions: Conceptualization, J.P.; methodology, J.P., M.K.P., M.N. and A.H.A.; software, J.P. and
A.H.A.; validation, J.P., M.K.P. and A.H.A.; formal analysis, J.P.; investigation, M.P. and H.S.P.; resources, J.P.; data
curation, J.P., H.S.P. and M. P.; writing—original draft preparation, J.P. and M.K.P; writing—review and editing, J.P.,
M.K.P, M.N., H.S.P. and A.H.A.; visualization, J.P. and A.H.A.; supervision, J.P. and A.H.A.; project administration,
J.P.; funding acquisition, J.P. All authors have read and agreed to the published version of the manuscript.

Funding: The present study was funded by Uttarakhand State Council for Science and Technology (UCOST)
(Grant No.-UCS&T/R&D/MED-01/2015-16/9668).

Acknowledgments: The authors are thankful to UCOST for funding the study. The authors are grateful to
the contribution from PiyushBisht, Owais Ansari, Pooran Chandra Patwal—postgraduate students at College
of Veterinary Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar (Uttarakhand) in the
present study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Liao, C.; Kannan, K. High levels of Bisphenol A in paper currencies from several countries, and implications
for dermal exposure. Environ. Sci. Technol. 2011, 45, 6761–6768. [CrossRef]

2. Liao, C.; Kannan, K. Concentrations and Profiles of Bisphenol A and Other Bisphenol Analogues in Foodstuffs
from the United States and their Implications for Human Exposure. J. Agric. Food Chem. 2013, 61, 4655–4662.
[CrossRef] [PubMed]

3. Liao, C.; Kannan, K. A survey of bisphenol A and other bisphenol analogues in foodstuffs from nine cities in
China. Food Addit. Contam. Part A Chem. Anal. Control Expo. Risk Assess. 2014, 31, 319–329. [CrossRef]

4. Brede, C.; Fjeldal, P.; Skjevrak, I.; Herikstad, H. Increased migration levels of bisphenol A from polycarbonate
baby bottles after dishwashing, boiling and brushing. Food Addit. Contam. 2003, 20, 684–689. [CrossRef]

5. Kataria, A.; Levine, D.; Wertenteil, S.; Vento, S.; Xue, J.; Rajendiran, K.; Kannan, K.; Thurman, J.M.;
Morrison, D.; Brody, R.; et al. Exposure to bisphenols and phthalates and association with oxidant stress,
insulin resistance, and endothelial dysfunction in children. Pediatric Res. 2017, 81, 857–864. [CrossRef]

6. Mendonca, K.; Hauser, R.; Calafat, A.M.; Arbuckle, T.E.; Dutya, S.M. Bisphenol A concentrations in maternal
breast milk and infant urine. Int. Arch. Occup. Environ. Health 2014, 87, 13–20. [CrossRef]

7. Diamanti-Kandarakis, E.; Bourguignon, J.P.; Giudice, L.C.; Hauser, R.; Prins, G.S.; Soto, A.M.; Zoeller, R.T.;
Gore, A.C. Endocrine-Disrupting Chemicals: An Endocrine Society Scientific Statement. Endocr. Rev. 2009,
30, 293–342. [CrossRef]

8. Chen, D.; Kannan, K.; Tan, H.; Zheng, Z.; Feng, Y.L.; Wu, Y.; Widelika, M. Bisphenol Analogues Other Than
BPA: Environmental Occurrence. Human Exposure, and Toxicity- A Review. Environ. Sci. Technol. 2016, 50,
5438–5453. [CrossRef]

9. Lyons, G. Bisphenol A: A known endocrine Disruptor; WWF European Toxics Programme Report; WWF: Gland,
Switzerland, 2000.

10. Tinwell, H.; Haseman, J.; Lefevre, P.A.; Wallis, N.; Ashby, J. Normal sexual development of two strains of rat
exposed in utero to low doses of bisphenol A. Toxicol. Sci. 2002, 68, 339–348. [CrossRef]

11. Smarr, M.M.; Grantz, K.L.; Sundaram, R.; Maisog, J.M.; Kannan, K.; Buck Louis, G.M. Parental urinary
biomarkers of preconception exposure to bisphenol A and phthalates in relation to birth outcomes.
Environ. Health 2015, 14, 73. [CrossRef]

12. Sugiura-Ogasawara, M.; Ozaki, Y.; Sonta, S.; Makino, T.; Suzumori, K. Exposure to bisphenol A is associated
with recurrent miscarriage. Hum. Reprod. 2005, 20, 2325–2329. [CrossRef]

13. Yamasaki, K.; Sawaki, M.; Noda, S.; Imatanaka, N.; Takatsuki, M. Subacute oral toxicity study of
ethynylestradiol and bisphenol A, based on the draft protocol for the “Enhanced OECD Test Guideline no.
407”. Arch. Toxicol. 2002, 76, 65–74. [CrossRef]

14. Brehm, E.; Flaws, J.A. Transgenerational effects of endocrine-disrupting chemicals on male and female
reproduction. Endocrinology 2019, 160, 1421–1435. [CrossRef]

15. NTP. Bisphenol A: Reproduction and Fertility Assessment in CD-1 Mice when Administered in the Feed; NTP-85-192.
National Toxicology Program; National Institute of Environmental Health Sciences: Research Triangle, NC,
USA, 1985.

http://dx.doi.org/10.1021/es200977t
http://dx.doi.org/10.1021/jf400445n
http://www.ncbi.nlm.nih.gov/pubmed/23614805
http://dx.doi.org/10.1080/19440049.2013.868611
http://dx.doi.org/10.1080/0265203031000119061
http://dx.doi.org/10.1038/pr.2017.16
http://dx.doi.org/10.1007/s00420-012-0834-9
http://dx.doi.org/10.1210/er.2009-0002
http://dx.doi.org/10.1021/acs.est.5b05387
http://dx.doi.org/10.1093/toxsci/68.2.339
http://dx.doi.org/10.1186/s12940-015-0060-5
http://dx.doi.org/10.1093/humrep/deh888
http://dx.doi.org/10.1007/s00204-001-0319-1
http://dx.doi.org/10.1210/en.2019-00034


Toxics 2020, 8, 34 12 of 13

16. Chapin, R.; Adams, J.; Boekelheide, K.; Gray, L.; Hayward, S.; Lees, P. NTP-CERHR Expert Panel Report on
the Reproductive and Developmental Toxicity of Bisphenol A. 2007. Available online: http://cerhr.niehs.nih.
gov/chemicals/bisphenol/bisphenol.html (accessed on 12 January 2020).

17. Patisaul, H.B.; Fortino, A.E.; Polston, E.K. Differential disruption of nuclear volume and neuronal phenotype
in the preoptic area by neonatal exposure to genistein and bisphenol A. Neurotoxicology 2007, 28, 1–12.
[CrossRef]

18. Kiguchi, M.; Fujita, S.; Lee, J.; Shimizu, N.; Koshikawa, N. Behavioral responses to methylphenidate and
apomorphine in rats exposed neonatally to bisphenol A. J. Oral Sci. 2007, 49, 311–318. [CrossRef]

19. Toufexis, D. Region and sex specific modulation of anxiety behaviours in the rat. J. Neuroendocr. 2007, 19,
461–473. [CrossRef]

20. Grohs, M.N.; Reynolds, J.E.; Liu, J.; Martin, J.W.; Pollock, T.; Lebel, C.; Dewey, D. Prenatal maternal and
childhood bisphenol A exposure and brain structure and behavior of young children. Environ. Health 2019,
18, 85. [CrossRef]

21. Berger, K.; Eskenazi, B.; Balmes, J.; Kogut, K.; Holland, N.; Calafat, A.M.; Harley, K.G. Prenatal high molecular
weight phthalates and bisphenol A, and childhood respiratory and allergic outcomes. Pediatr. Allergy
Immunol. 2019, 30, 36–46. [CrossRef]

22. Ho, S.M.; Tang, W.Y.; Belmonte, D.F.J.; Prins, G.S. Developmental exposure to estradiol and bisphenol A
increases susceptibility to prostate carcinogenesis and epigenetically regulates phosphodiesterase type 4
variant 4. Cancer Res. 2006, 66, 5624–5632. [CrossRef]

23. Wetherill, Y.B.; Petra, C.E.; Monk, K.R.; Puga, A.; Knudsen, K.E. The xenoestrogenbisphenol A induces
inappropriate androgen receptor activation and mitogenesis in prostate adenocarcinoma cells. Mol. Cancer
2002, 1, 515–524.

24. Reeves, K.W.; Schneider, S.; Xue, J.; Kannan, K.; Mason, H.; Johnson, M.; Makari-Judson, G.; Santana, M.D.
Bisphenol-A in breast adipose tissue of breast cancer cases and controls. Environ. Res. 2018, 167, 735–738.
[CrossRef]

25. Lang, I.A.; Galloway, T.S.; Scarlett, A.; Henley, W.E.; Depledge, M.; Wallace, R.B. Association of urinary
bisphenol A concentration with medical disorders and laboratory abnormalities in adults. JAMA 2008, 300,
1303–1310. [CrossRef]

26. Melzer, D.; Rice, N.E.; Lewis, C.; Henley, W.E.; Galloway, T.S. Association of urinary bisphenol A with heart
disease: Evidence from NHANES 2003/06. PLoS ONE 2010, 5, e8673. [CrossRef]

27. Braun, J.M.; Li, N.; Arbuckle, T.E.; Dodds, L.; Massarelli, I.; Fraser, W.D.; Lanphear, B.P.; Muckle, G.
Association between gestational urinary bisphenol A concentrations and adiposity in young children:
The MIREC study. Environ. Res. 2019, 172, 454–461. [CrossRef]

28. Pant, J.; Ranjan, P.; Deshpande, S.B. BisphenolA decreases atrial contractility involving NO-dependent
G-cyclasesignaling pathway. J. Appl. Toxicol. 2011, 31, 698–702. [CrossRef]

29. Pant, J.; Pant, M.K.; Deshpande, S.B. Bisphenol A attenuates phenylbiguanide-induced cardio-respiratory
reflexes in anaesthetized rats. Neurosci. Lett. 2012, 530, 69–74. [CrossRef]

30. Pant, J.; Pant, M.K.; Chouhan, S.; Singh, S.P.; Deshpande, S.B. Toxic Chemical from Plastics Attenuates
Phenylbiguanide-induced Cardio-respiratory Reflexes in Anaesthetized Rats. Ind J. Physiol. Pharm. 2015, 59,
204–210.

31. Nahar, M.S.; Liao, C.; Kannan, K.; Dolinoy, D.C. Fetal Liver Bisphenol A Concentrations and Biotransformation
Gene Expression Reveal Variable Exposure and Reduced Capacity for Metabolism in Humans. J. Biochem.
Mol. Toxicol. 2013, 27, 116–123. [CrossRef]

32. Arifin, W.N.; Zahiruddin, W.M. Sample Size Calculation in Animal Studies Using Resource Equation
Approach. Malays. J. Med. Sci. 2017, 24, 101–105.

33. Fernanada, B.A.P.; Cibele, M.C.P.G.; Patricia, P.A.; Ione, S. Protective action of hexane crude extract
of Pterodonemarginatus fruits against oxidative nitrosative stress induced by acute exercise in rats.
BMC Complement. Altern. Med. 2005, 5, 17–21.

34. Rehman, S.U. Lead-induced regional lipid peroxidation in brain. Toxicol. Lett. 1984, 21, 333–337. [CrossRef]
35. Goldberg, D.M.; Spooner, R.J. Assay of Glutathione Reductase. In Methods of Enzymatic Analysis, 3rd ed.;

Bergmeyen, H.V., Ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 1983; Volume 3, pp. 258–265.
36. Aebi, H. Catalase in vitro. Methods Enzym. 1984, 105, 121–126.

http://cerhr.niehs.nih.gov/chemicals/bisphenol/bisphenol.html
http://cerhr.niehs.nih.gov/chemicals/bisphenol/bisphenol.html
http://dx.doi.org/10.1016/j.neuro.2006.10.001
http://dx.doi.org/10.2334/josnusd.49.311
http://dx.doi.org/10.1111/j.1365-2826.2007.01552.x
http://dx.doi.org/10.1186/s12940-019-0528-9
http://dx.doi.org/10.1111/pai.12992
http://dx.doi.org/10.1158/0008-5472.CAN-06-0516
http://dx.doi.org/10.1016/j.envres.2018.08.033
http://dx.doi.org/10.1001/jama.300.11.1303
http://dx.doi.org/10.1371/journal.pone.0008673
http://dx.doi.org/10.1016/j.envres.2019.02.038
http://dx.doi.org/10.1002/jat.1647
http://dx.doi.org/10.1016/j.neulet.2012.09.046
http://dx.doi.org/10.1002/jbt.21459
http://dx.doi.org/10.1016/0378-4274(84)90093-6


Toxics 2020, 8, 34 13 of 13

37. Sharma, U.; Pal, D.; Prasad, R. Alkaline Phosphatase: An Overview. Indian J. Clin. Biochem. 2014, 29, 269–278.
[CrossRef]

38. Giannini, E.G.; Testa, R.; Savarino, V. Liver enzyme alteration: A guide for clinicians. CMAJ 2005, 172,
367–379. [CrossRef]

39. Carvalho, G.; Rassi, S. The Prognostic Value of CK-MB in Acute Myocardial Infarction in Developing
Countries: A Descriptive Study. Angiol 2016, 4, 3. [CrossRef]

40. Higgins, C. Urea and the Clinical Value Measuring Blood Urea Concentration. 2016. Available online:
www.acutecaretesting.org (accessed on 4 February 2019).

41. Geetharathan, T.; Josthna, P. Effect of BPA on Protein, Lipid Profile and Immuno-Histo Chemical Changes in
Placenta and Uterine Tissues of Albino Rat. IJPCR 2016, 8, 260–268.

42. Moghaddam, H.S.; Samarghandian, S.; Farkhondeh, T. Effect of bisphenolA on blood glucose, lipid profile
and oxidative stress indices in adult male mice. Toxicol. Mech. Methods 2015, 25, 507–513. [CrossRef]

43. Ozaydın, T.; Oznurlu, Y.; Sur, E.; Celik, I.; Uluısık, D.; Dayan, M.O. Effects of Bisphenol A on Antioxidant
System and Lipid Profile in Rats. Biotech. Histochem. 2018, 93, 231–238. [CrossRef]

44. Ayala, A.; Muñoz, M.F.; Argüelles, S. Lipid Peroxidation: Production, Metabolism, and Signaling Mechanisms
of Malondialdehyde and 4-Hydroxy-2-Nonenal. Oxidative Med. Cell Longev. 2014. [CrossRef]

45. Shinde, A.; Ganu, J.; Naik, P.; Sawant, A. Oxidative stress and antioxidative status in patients with alcoholic
liver disease. Biomed. Res. 2012, 23, 105–108.

46. Kumata, H.; Wakui, K.; Suzuki, H.; Sugawara, T.; Lim, I. Glutathione reductase activity in serum and liver
tissue of human and rat with hepatic damage. Tohoku J. Exp. Med. 1975, 116, 127–132. [CrossRef]

47. Couto, N.; Wood, J.; Barber, J. The role of glutathione reductase and related enzymes on cellular redox
homoeostasis network. Free Radic. Biol Med. 2016, 95, 27–42. [CrossRef]

48. Goth, L.; Meszaros, I.; Nemeth, H. Serum catalase enzyme activity in liver diseases. Acta Biol. Hung. 1987,
38, 287–290.

49. Nandi, A.; Yan, L.J.; Jana, C.K.; Das, N. Role of Catalase in Oxidative Stress- and Age-Associated Degenerative
Diseases. Oxidative Med. Cell Longev. 2019. [CrossRef]

50. Bottles Can be Toxic—Part, II. Available online: http://www.toxicslink.org/?q=content/bottles-can-be-toxic-
part-ii (accessed on 25 April 2020).

51. Andaluri, G.; Manickavachagam, M.; Suri, R. Plastic toys as a source of exposure to bisphenol-A and
phthalates at childcare facilities. Environ. Monit. Assess. 2018, 190, 65. [CrossRef]

52. Asimakopoulos, A.G.; Elangovan, M.; Kannan, K. Migration of Parabens, Bisphenols, benzophenone-Type
UV Filters, Triclosan, and Triclocarban from Teethers and Its Implications forInfant Exposure. Environ. Sci.
Technol. 2016, 50, 13539–13547. [CrossRef]

53. Wang, Z.; Liu, H.; Liu, S. Low-Dose Bisphenol A Exposure: A Seemingly Instigating Carcinogenic Effect on
Breast Cancer. Adv. Sci. 2016, 4, 1600248. [CrossRef]

54. Prins, G.S.; Patisaul, H.B.; Belcher, S.M.; Vandenberg, L.N. CLARITY-BPA academic laboratory studies
identify consistent low-dose Bisphenol A effects on multiple organ systems. Basic Clin. Pharm. Toxicol. 2019,
125 (Suppl. 3), 14–31. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s12291-013-0408-y
http://dx.doi.org/10.1503/cmaj.1040752
http://dx.doi.org/10.4172/2329-9495.1000183
www.acutecaretesting.org
http://dx.doi.org/10.3109/15376516.2015.1056395
http://dx.doi.org/10.1080/10520295.2017.1420821
http://dx.doi.org/10.1155/2014/360438
http://dx.doi.org/10.1620/tjem.116.127
http://dx.doi.org/10.1016/j.freeradbiomed.2016.02.028
http://dx.doi.org/10.1155/2019/9613090
http://www.toxicslink.org/?q=content/bottles-can-be-toxic-part-ii
http://www.toxicslink.org/?q=content/bottles-can-be-toxic-part-ii
http://dx.doi.org/10.1007/s10661-017-6438-9
http://dx.doi.org/10.1021/acs.est.6b04128
http://dx.doi.org/10.1002/advs.201600248
http://dx.doi.org/10.1111/bcpt.13125
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Animal Maintenance 
	Drugs and Solutions 
	HPLC Analysis 
	Histological Examination and Biochemical Parameter 
	Oxidative Stress Markers 
	Statistical Analysis 

	Results 
	Biochemical Changes 
	Cytoarchitectural Changes 
	Oxidative Stress Tests 
	BPA Estimation in Plastic Leached Water by HPLC 

	Discussion 
	Conclusions 
	References

