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Abstract  

Background:  Bisphenol A (BPA) is a worldwide manu-
factured chemical in plastic industry. Exposure to BPA through  

food and drinking water in plastic containers leads to human  

health problems.  

Aim of Study:  This study intends to explore the possible  
protective role of vitamin E against BPA induced functional  
and structural changes in the lungs of adult male albino rats.  

Material and Method:  Twenty four adult male albino rats  
were divided randomly into 4 equal groups of 6 rats each;  
Group I (controls) divided into 2 subgroups: Subgroup (A)  

(negative control group): Fed on regular diet and water for 8  

weeks. Subgroup (B) (vehicle control group): Received (1ml  

of corn oil) by oral gavage/day for 8 weeks. Group II (vitamin  

E alone) received 200mg Vitamin E/kg/day; Group III (BPA  

alone) received 500mg BPA/kg/day; Group IV (BPA and  
vitamin E co-administered) as in groups II and III. The drugs  

were administered through oral gavage for 8 weeks, at the  

end of the experiment, heart rate (HR) and mean arterial blood  

pressure (MABP) were estimated for all the animals. Blood  

samples were withdrawn for chemical examinations, and after  

sacrifice fresh lung specimens were collected for histological  
examination.  

Results:  Administration of Vitamin E in cooperation with  

BPA significantly decreased MDA levels, MPO and Caspase-
3 activities. In addition, it increased GSH, CAT and SOD  
activities significantly in rat lung tissues. Also, plasma levels  

of TNF-α , IL-1 β , IL-6 and LDH were significantly decreased.  
Blood gases analysis showed no significant difference in pH,  

but showed increase in PaO2  decrease in PaCO 2  significantly.  
Moreover hemodynamics changes in the form of significant  

decrease in MABP and HR. Vitamin E protected lungs against  
BPA induced histopathological changes like inflammation,  
congestion, inter alveolar septum thickening, alveolar damage,  

collagen fibers percent area and fatty infiltration, also the  
immunohistochemical changes were altered as depicted by  

significant decrease in the cluster of differentiation 68 (CD68)  
+ve cell count and decreased expression of nuclear factor  
kappa B (NF-kB) in immunestained cells of the lung tissue.  
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E-Mail: yassin_mekkawy@yahoo.com  

Conclusion:  BPA exposure induced oxidative stress,  
inflammation and structural lung injury which were signifi-
cantly less by coadminstration of vitamin E supplementation.  
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Lung.  

Introduction  

BISPHENOL A  (BPA) is one of the common  
manufactured chemical products and mostly used  

in the production of plastic existing in baby bottles,  

water bottles and food storage containers [1] . It is  
stable in sediment and is present in nearly all bodies  
from water and food [2] . Therefore, human exposure  
to BPA is unavoidable and is expected to continue  

and even intensify [3] . National Health and Nutrition  
Inspection Survey [NHANES] reported the level  
of bisphenol A in urine was about 0.27-10.6ng/mL  
in 90% of US population [4] . Furthermore, it was  
reported that daily intake of BPA is around 1µg/kg  
[5] .  

BPA is same in size and structure as oestradiol;  
thus, it disrupts endocrine function. Also, it could  
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act on oestrogen receptors. However, small amounts  

of BPA may stimulate hormone-related signalling  

in the cytoplasm [6] . Most BPA studies have focused  
on its toxic and endocrine effects on the reproduc-
tive system.  

Many diseases, such as autoimmune diseases,  
inflammation and cancer can result from dysregu-
lation of pro-inflammatory cytokines such as nu-
clear factor kappa B (NF- xB), tumor necrosis factor  
alpha (TNF- (x ), interlerukin-1 beta (IL-1 0 ), inter-
lerukin 8 (IL8) and interlerukin-6 (IL-6) [7,8,9] .  

On the other hand, studies performed on tissue  
BPA distribution in rats found that it was chiefly  
concentrated in lung tissue [10] . Thus, chronic BPA  
exposure could affect lung function due to its  

accumulation [11] .  

Vitamin E (Vit E) is one of the fat-soluble  
vitamins and is abundant in vegetable oils, marga-
rine, nuts and cereal [12] . a -Tocopherol is an active  
isomer and the most available form of Vit E in  
food and supplements. Vit E can trap free radicals  
which can start the oxidation of lipid chain by  

direct or indirect way, so it is considered as an  

antioxidant [13] .  

Therefore, this study is conducted to reveal the  

protecting effect of Vit E against BPA induced  

structural and functional changes of the adult male  
rat's lungs, aiming to offer a theoretic explanation  
for the early inhibition of respiratory system im-
pairments induced by administration of BPA. This  

was achieved using biochemical, histological and  
immunohistochemical techniques.  

Material and Methods  

1- Chemicals:  
1- Bisphenol A: Is an odorless crystalline powder  

dissolved in corn oil (Sigma, Egypt).  
2- Vitamin E: Is oily, has no odor, and dissolved  

in corn oil. (Safe Pharma Pharco, Pharmaceuti-
cals, Alexandria, Egypt).  

3- Corn Oil: Used as a vehicle for bisphenol A and  

vitamin E (Sekem, Cairo, Egypt).  

2- Experimental animals and design:  
The study was carried out on 24 adult male  

albino rats from animal house (Faculty of Medicine,  
Zagazig University from December 2018 to April  
2019) weighing 180-200g. They were housed in a  
temperature and humidity controlled clean cages  
with a constant 12h light/dark cycle. Water and  
food were provided ad libitum. Treatments were  

started after one week of acclimatization. The study  

was carried out according to the strategies of ZU-
IACUC following the rules and guide for the care  
and use of laboratory animals 8 th  Edition 2011  
(The number of IACUC approval ZU-IACUC/3/F/  
65/2018).  

Rats were randomly separated into 4 groups of  
6 rats each:  
-  Group I (control group) divided into 2 subgroups:  

Subgroup (A) (negative control group): 3 rats  

fed on regular diet and water for 8 weeks.  

-  Subgroup (B) (vehicle control group): 3 rats  

received (1 ml of corn oil) as the vehicle of BPA  
and vitamin E by oral gavage/day for 8 weeks.  

-  Group II (vitamin E administered group) each  
rat received oral gavage of 200mg/kg Vit E/day,  

dissolved in corn oil, for 8 weeks [14] .  

-  Group III (bisphenol A administered group) each  

rat received oral gavage of 500mg/kg/day of  

BPA, dissolved in corn oil, for 8 weeks [15] .  
Selection of dose was done on the basis of the  
LD50 value of BPA (oral LD50 for rats was  

5000mg/kg) [16] .  

-  Group IV (bisphenol A and vitamin E administered  
group) each rat received oral gavage of (200mg/  
kg Vit E then (500mg/kg BPA)/day, both dis-
solved in corn oil, for 8 weeks.  

Heart rate (HR) and mean arterial blood pres-
sure (MABP) measurement:  

At the end of the experiment, the non-invasive  

method was used (NIBP; 250 systems, BioPAC  
system, INC.) to monitor the blood pressure and  
heart rate as described by Abubakar et al. [17] .  

MABP = Diastolic pressure +  
(systolic pressure – Diastolic pressure)/3.  

Collection of samples:  
Blood samples were collected in heparinized  

tubes from vein of rat tail; plasma was separated  

by centrifugation at 3000 rpm for 15 min and was  
kept at 20ºC till used. The animals were then  
sacrificed by cervical dislocation, the chest walls  

were opened and lung samples were collected for  

biochemical, histopathological and immunohisto-
chemical examinations [18] .  

Lung function evaluation:  
It was evaluated by analyzing the levels of pH,  

partial pressure of both oxygen (PaO 2) and carbon  
dioxide (PaCO2) in the plasma using an arterial  
blood gas analyzer.  
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Lung homogenate preparation:  
The right lung of each animal was homogenized  

(50mM) in ice-cold sodium phosphate buffer con-
taining (0.1mM, pH 7.4) EDTA. The supernatant  
separated by centrifugation for 20 min at 4ºC [19] ,  
was used for biochemical examination of malond-
ialdehyde (MDA), superoxide dismutase (SOD),  
glutathione (GSH), catalase (CAT), myeloperoxi-
dase (MPO) and caspases-3 activities.  

Redox status of lung:  
MDA, SOD and GSH levels, and CAT activities  

were measured using ELISA kits (Biodiagnostic,  

Giza, Egypt) according to Ohkawa et al. [20] ,  
Kakkar et al. [21] , Luck [22]  and Reddy et al. [23]  
respectively.  

Inflammatory cytokines measurements:  

They plasma inflammatory cytokines were  

measured by using commercially available ELISA  

kits for TNF-α , IL-6 and IL-1 β  (Biodiagnostic,  
Cairo, Egypt), as per manufacturer's instructions.  

MPO activity measurement:  
It was measured using commercial kit (Biodi-

agnostic, Cairo, Egypt) in agreement with the  

protocol of the manufacturer.  

Lactate dehydrogenase (LDH) activity meas-
urement:  

Plasma LDH activity was determined using a  
commercial ELISA kit (Biodiagnostic, Cairo,  
Egypt) according to the instructions of manufac-
turer.  

Apoptosis marker evaluation:  

Caspases3 activity was measured by specific  
colorimetric assays (Biodiagnostic, Cairo, Egypt)  

following manufacturer's instructions.  

Histological study:  
Specimens were fixed in 10% normal saline  

and processed to prepare 5-µm m-thick paraffin  
sections which were deparaffinized, rehydrated  
and stained with:  
1- Haematoxylin & Eosin (H & E) stain [24]  to  

detect variations in the morphology.  
2- Mallory trichrome stain [25]  to detect distribution  

of collagen fibres.  
3- Immunohistochemical stains for detection of  

activated NF- κB and cluster of differentiation  

68 (CD68). All specimens were processed by  

using the method of avidin-biotin-peroxidase.  

Sections of 4-µm thickness were dewaxed in  
xylene, rehydrated in a descending grade of  

ethanol, and then immersed in 0.3% H2O2  for  
30min to block endogenous peroxidase activity.  
Antigens were retrieved in citrate buffer (pH  

6.0) by microwaving for 15min. Nonspecific  
binding was blocked with 10% goat serum  
(Dako Ltd, Cambridgeshire, UK) for 30min.  

The sections were immunostained with primary  

antibody (1g/mL rabbit polyclonal IgG to rat  
NF-κB (obtained from Sigma) in TBS with 5%  
BSA overnight at 4 °C. Slides were washed with  
TBS, and then added goat anti-rabbit to the  
slides. After incubation, the sections were  

washed with TBS and then incubated for 5- 
10min in 0.02% diaminobenzidine containing  

0.01% hydrogen peroxide. The slides were  
counterstained with hematoxylin. Macrophages  
were detected with a mouse monoclonal anti-
body against CD68 (1:100 dilution; NCL-L-
CD68; Leica Biosystems Newcastle Ltd., UK).  

The sections were incubated with biotinylated  
anti-rabbit or anti-mouse immunoglobulin (Dako  
Ltd, Cambridgeshire, UK) and with the avidin-
biotin-horseradish peroxidase complex accord-
ing to the manufacturer's instructions [26,27] .  

Morphometric study:  
A computerized image analyzer (Leica Imaging  

System Ltd., Cambridge, England) in the Image  

Analyzing Unit of Human Anatomy and Embryol-
ogy Department, Faculty of Medicine, Zagazig  
University, Egypt was used to measure the interal-
veolar septum thickness in H&E-stained sections  
and the percent of collagen area in Mallory's tri-
chrome-stained sections. Moreover, CD68+ve cells  

were counted in sections stained with anti CD68  

and NFκB immune stained sections were analyzed  
to calculate the area percentage of positive immuno  
reaction for NF κB. The image analyzer converted  
the measurement units (pixels) into micrometers  

automatically by calibration. Ten readings were  
obtained for each specimen, and the mean was  
calculated. The measured data were taken at 400x  

magnification in ten non overlapping fields from  
5 sections per rat in each group using the interactive  
measurement menu.  

Statistical analysis:  
The data obtained are represented as mean ±  

standard deviation (SD) for quantitative variables  
and analyzed statistically by using program of  

SPSS (version 18 for windows) (SPSS Inc. Chicago,  
IL, USA). The results of all examined groups were  
compared by One-way Analysis of Variance (ANO-
VA) followed by LSD test to compare statistical  
differences between the groups. p-value ≤0.05 is  
considered statistically significant [28] .  
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Results  

Mean arterial blood pressure, heart rate in rats  

of all studied groups:  Though no statistically sig-
nificant differences between the groups I and II  
was observed, but a statistically significant increase  
between them and group III and IV were found.  
Also, there was a statistically significant decrease  
in both heart rate and arterial blood pressure be-
tween group III&IV (Table 1).  

Blood gases analysis showed that:  No statisti-
cally significant differences in PaO 2  between the  

groups I&II were found but there was a statistically  

significant decrease in both III&IV groups than  

other groups. Also, a statistically significant in-
crease in group IV than III was seen (Table 1). As  
regard PaCO2, no statistically significant difference  

in PaCO2  between the groups I&II was found but  
a statistically significant increase in both IV &III  
groups was noticed. Also, a statistically significant  

decrease in group IV than III was found (Table 1).  
Blood pH showed no statistical difference between  

all the groups.  

Table (1): Blood gases, mean arterial blood pressure and heart rate changes in different groups.  

Group  Group I  Group II  Group III  Group IV  

Variable  Mean ±  SD  Mean ±  SD  Mean ±  SD  Mean ±  SD  

PaO2  (mmHg)  104± 1.5  109± 1.4  77.8±2.2  80.8± 1.9  
NSa  p<0.001 a,b  p<0.001 a

,b , p<0.01 c 
 

PaCO2  (mmHg)  10.65± 1.32  10.78± 1.36  33.64±3.49  27.33±2.17  
NSa  p<0.001 a,b  p<0.001 a

,b , p<0.01 c 
 

pH  7.44±0.01  7.46±0.02  7.43±0.03  7.43±0.01  
NSa  NSa ,b  NSa,b,c  

MABP (mmHg)  122.23±4.56  119.43 ±3.27  154.95±5.82  132.76±3.55  
NSa  p<0.001 a,b  p<0.001 a,b,c  

Heart rate (beat/min)  324.5± 15.98  315.5± 19.36  565.5± 15.17  410.8± 11.06  
NSa  p<0.001 a,b  p<0.001 a,b,c  

NS = Non-significant (p>0.05). a  = Versus group-I. b  = Versus group-II. c  = Versus group-III.  

MDA, SOD, GSH and CAT levels:  

There were no statistically significant differ-
ences in the levels of MDA between group I&II,  

but there was a statistically significant increase in  

both groups III&IV as compared to group I&II  

(Table 2 & Fig. 1). Also, a statistically significant  
decrease in the levels of MDA was found in group  

IV in comparison to group III indicating a preven-
tive role of vitamin E. Regarding SOD, GSH and  
CAT, there was no statistically significant difference  

between the groups I&II but a statistically signif- 

icant decrease in both the groups III&IV was  

detected. On the other hand, these parameters were  
significantly increased in group IV than in group  

III (Table 2).  

MPO and Caspase-3 levels:  
No statistically significant differences between  

the groups I&II were found but there was a statis-
tically significant increase in both III&IV groups.  
Also, a statistically significant decrease in group  

IV than in group III was observed (Table 2).  

Table (2): Changes in MDA, SOD, GSH, CAT, MPO and Caspase-3 levels in rat lung tissues in different groups.  

Group  Group I  Group II  Group III  Group IV  

Variable  Mean ±  SD  Mean ±  SD  Mean ±  SD  Mean ±  SD  

MDA (nmol/g protein)  3.21 ±0.62  3.36±0.75  9.98±0.82  6.20±0.63  
NSa  p<0.001 a,b  p<0.001 a,b,c  

SOD (U/g protein)  6.23±0.89  6.38±0.63  4.54±0.87  5.98±0.7  
NSa  p<0.001 a,b  p<0.001 a,b,c  

GSH (µmol/g protein)  30.43± 1.56  32.49± 1.98  19.93± 1.91  23.25± 1.25  
NSa  p<0.001 a,b  p<0.001 a,b,c  

CAT (U/ mg protein)  1.27±0.17  1.31±0.19  0.61 ±0.10  0.95±0.13  
NSa  p<0.001 a,b  p<0.001 a,b,c  

MPO (U/g protein)  21.73±3.06  18.73 ±3.85  74.54 ±  5.87  43.65±4.85  
NSa  p<0.001 a,b  p<0.001 a,b,c  

Caspase-3 (U/µg protein)  213.53± 13.06  200.13± 10.06  391.73±9.86  312.53 ± 12.36  
NSa  p<0.001 a,b  p<0.001 a,b,c  

NS = Non-significant (p>0.05). a  = Versus group-I. b  = Versus group-II. c  = Versus group-III.  
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TNF- α , IL-1 β , IL-6 and LDH levels in the  

plasma of rats:  

no statistically significant differences between  

both I&II groups were found but there was a sta- 

Fig. (1): MDA level changes in different groups.  

- Data was expressed as Mean ±  SD. 
- Data was expressed as Mean ±  SD. 
- *p<0.001 statistically significant compared with the correspond-

ing value in group I. 
- ¥p<0.001 statistically significant compared with the correspond-

ing value in group II. 
- $p<0.001 statistically significant compared with the correspond-

ing value in group III.  

tistically significant increase in both III&IV groups  

than other groups. Also, a statistically significant  

decrease in group IV than group III was explored  
(Table 3 & Fig. 2).  

Table (3): Changes in plasma levels of TNF- α , IL-1 β , IL-6 and LDH in different groups.  

Group  Group I  

Variable  Mean ±  SD  

TNF-α (pg/ml)  57.17±3.77  

IL-1 β  (pg/ml)  30.92±6.14  

IL-6 (pg/ml)  12.57±2.41  

LDH (U/L)  52.5±4.85  

Group II  

Mean ±  SD  

55.32±2.09  
NSa  

34.76±5.42  
NSa  

10.57± 1.69  
NSa  

47.32±2.09  
NSa  

Group III  

Mean ±  SD  

83.16± 1.94  
p<0.001 a,b  

102.34 ±  12.05  
p<0.001 a,b  

44.46±3.51  
p<0.001 a,b  

90.64±5.05  
p<0.001 a,b  

Group IV  

Mean ±  SD  

64.23±2.06  
p<0.001 a,b,c  

83.27±8.28  
p<0.001 a,b,c  

22.5±2.27  
p<0.001 a,b,c  

73.27±8.28  
p<0.001 a,b,c  

NS = Non-significant (p>0.05).  a  = Versus group-I.  b  = Versus group-II. c  = Versus group-III.  

Fig. (2): TNF-α  level changes in different groups.  

- Data was expressed as Mean ±  SD. 
- Data was expressed as Mean ±  SD. 
- *p<0.001 statistically significant compared with the correspond-

ing value in group I. 
- ¥p<0.001 statistically significant compared with the correspond-

ing value in group II. 
- $p<0.001 statistically significant compared with the correspond-

ing value in group III.  

Histological examination:  
H&E stain:  

An examination of lung tissue sections from  

group I (control group) and group II (vitamin E-
administered group) showed normal architecture  

of lung, inflated alveoli, alveolar sacs, bronchioles,  
and blood vessels. Type I pneumocyte appeared  

as flat cells in the alveolar wall lining and type II  

pneumocytes appeared as large cuboidal cells  

within thin interalveolar septa (Fig. 3A,4A). Lung  

tissue sections from group III (BPA administered  
group) showed alveolar damage; some alveoli  
appeared to be collapsed, which was compensated  
by the dilation of other alveoli. The interalveolar  

septa showed marked thickening, and the bronchi-
olar wall was thickened. Inflammatory cell and fat  
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cell infiltrations were present. Blood vessels were  

dilated and congested with a markedly thickened  

wall. Red blood cells (RBCs) were extravasated  

in the alveolar cavity and the interstitium (Fig.  

3B,B*,4B).  

The co-administration of BPA and Vit E (group  

IV) maintained almost normal lung tissue, with  
relatively thin walled and inflated alveoli. However,  
some extravasated RBCs and inflammatory cell  
infiltration were detected (Fig. 3C,4C).  

B* C  

A  B  

Fig. (3): A photomicrograph of a lung tissue section. (A) Normal lung tissue in the control group have thin-walled, inflated alveoli (a) open  

into alveolar sacs (S) and thin interalveolar septa (curved arrow), bronchiole (B) and blood vessel (BL). (B & B*) Group III show  

dilated and congested blood vessels (BL) with thickened walls and a dilated and thick-walled bronchiole (B) with fatty infiltration  

(zigzag arrow) and inflammatory cell infiltration (green arrow). Some alveoli are collapsed (ca), while others are dilated (a) with  

thickened walls (arrowhead) and thick interalveolar septa (curved arrow). (C) Group IV shows normal lung structure with thin-walled  

and inflated alveoli (a) open into alveolar sacs (S), thin interalveolar septa (curved arrow), a normal bronchiole (B) with some  

inflammatory cell infiltration (green arrow) and a mildly congested, thick-walled blood vessel (BL). (H&E, 100x).  

A  B  

C  Fig. (4): A photomicrograph of a lung tissue section.  

(A) Normal lung tissue in the control group with thin-walled,  

inflated alveoli. (a) Thin interalveolar septa (curved arrow)  
is lined by flat type I pneumocytes (tailed arrow) and cuboidal  

type II pneumocytes (thin arrow). (B) Group III have inflated  

alveoli (a) with a thick wall (curved arrow); other alveoli  

are collapsed (ca), and marked extravasation of RBCs in the  

lumen of alveoli and interstitium (green zigzag arrow) is  

evident. (C) Group IV has nearly normal lung structure with  
thin-walled, inflated alveoli (a), thin interalveolar septa  

(curved arrow) are lined with flat type I pneumocytes (tailed  

arrow) and cuboidal type II pneumocytes (thin arrow) and  
a few extravasated RBCs (zigzag green arrow) in the alveolar  
wall. (H&E, 400x).  



Fig. (6): A photomicrograph of lung tissue  
sections. (A) Groups I and II have minimal NF- κB  
expression. (B) Group III shows high NF- κB expres-
sion in lung cells. (C) Group IV shows moderate  
NF-κB expression. (NF-κB, 100x and 400x).  
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Mallory's trichrome stain:  
The examination of the groups (I & II) showed  

the minimal distribution of collagen fibers in both  

the bronchiole and blood vessel walls, with even  

fewer fibers in interalveolar septa (Fig. 5A). In the  

lung tissue from group III, marked deposition of  

collagen fiber was evident in interalveolar septa  
and the bronchiole wall, with more prominent  

deposits in the blood vessel wall (Fig. 5B). While,  
the collagen fiber deposition in lung sections from  
group IV was moderate in amount and distribution  
(Fig. 5C).  

Fig. (5): A photomicrograph of lung tissue  
sections. (A) Groups I and II: show minimal collagen  
deposition (green arrow) around blood vessels (BL),  

a bronchiole (B) and the alveolar wall (curved arrow).  
(B) Group III: Shows excessive collagen deposition  
(green arrow) around blood vessels (BL), a bronchi-
ole (B) and the alveolar wall (curved arrow). (C)  
Group IV: shows moderate collagen deposition  

(green arrow) around blood vessels (BL), a bronchi-
ole (B) and the alveolar wall (curved arrow). (Mal-
lory's trichrome, x 100).  

Immunohistochemical stain:  

For NF-κB:  

Lung sections from animals in groups I and II  
showed minimal intracellular NF-κB staining (Fig.  

6A). In group III, lung tissue showed high NF- κB  
expression, as detected by the dark brown staining  

of NF-κB-immunopositive cells (Fig. 6B); fewer  
such cells were present in specimens from group  
IV (Fig. 6C).  



Fig. (7): A photomicrograph of lung tissue  
sections. (A) Groups I and II have a few CD68- 
positive cells (green arrowhead). (B) Group III shows  
a marked increase in positively stained cells. (C)  
Group IV has fewer positively stained cells. (CD68,  
400x).  
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For CD68:  

Lung sections from animals in groups I and II  
showed a normal distribution of relatively few  
alveolar macrophages, which appear as brown  

stained cells in interalveolar septa (Fig. 7A). How- 

ever, the number of positively stained macrophages  
in interalveolar septa and bronchial wall was mark-
edly increased in group III (Fig. 7B). The distribu-
tion of these cells tended to return to normal in  

group IV (Fig. 7C).  

Morphometric results of thickness of interalve-
olar septum, area percent of collagen fibrs, the  
count of alveolar macrophages and area percent  

of NF-κB immunestaining:  

There were no statistical significant differences  

between groups (I&II) considering the interalveolar  

septum thickness, the area percent of collagen  
deposition, the count of alveolar macrophages and  

area percent of immune positive NF κB. Although,  
there was a high statistically significant increase  

in group (III) regarding previous parameters in  

comparison with all the other groups. Group (IV)  

showed a high statistically significant increase as  
compared to the groups (I&II) but significantly  

less than group (III) regarding interalveolar thick-
ness and area percent of immune positive NF κB.  
Moreover, group (IV) showed non-significant dif-
ference in comparison to group (I&II) regarding  
the area percent of collagen deposition and the  

count of alveolar macrophages (Table 4 & Figs. 8,  

9,10).  

Table (4): The mean thickness of interalveolar septum (thickness um), area percent of collagen fibers (collagen  

area %), the count of alveolar macrophages (Count) and area percent of NF- κB immunestaining (NF-
κB area%) in the different groups. Data was expressed as Mean ±  SD. Number of rats=6 SD: Standard  
deviation.  

Group  Group I  

Variable  Mean ±  SD  

Thickness (um)  0.31 ±0.10  

Collagen area%  10.58±6.98  

Count  1.61 ±0.63  

(NF-κB area%)  7.03±2.04  

Group II  

Mean ±  SD  

0.33±0.07  
NSa  

10.6±6.97  
NSa  

2.41 ±0.99  
NSa  

6.681± 1.81  
NSa  

Group III  

Mean ±  SD  

0.84±0.19  
p<0.001 a,b  

31.01 ± 10.09  
p<0.001 a,b  

9.16±2.31  
p<0.001 a,b  

39.03±5.78  
p<0.001 a,b  

Group IV  

Mean ±  SD  

0.60±0.20  
p<0.001 a,b,c  

15.37±8.38  
NSa ,b  & p<0.001 c 

 

4.05± .59  
NSa,b  & p<0.001 c 

 

14.73 ±4.78  
p<0.001 a,b,c  

NS = Non-significant (p>0.05).  a  = Versus group-I.  b  = Versus group-II. c  = Versus group-III.  
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Fig. (8): Thickness of interalveolar thickness of all groups.  

Fig. (9): Count of CD68 +ve cells of all groups.  

Fig. (10): Area percent of collagen of all groups.  

Discussion  

The current study proposes that oxidative stress  

is the main cause of bisphenol A induced functional,  
histological and immunohistochemical alterations  
via inhibition of the antioxidant enzymes activities  
leading to reactive oxygen species (ROS) accumu-
lation resulting into lung tissue injury. Consequent-
ly, this study explored the possible underlying  

mechanisms involved in the inhibitory effect of  

vitamin E on BPA induced lung injury and inflam-
mation and illustrated the biochemical, histopatho-
logical and immunohistochemical changes in BPA-
induced possible lung diseases.  

Oxidative stress is a state of imbalance between  

antioxidants and oxidants in favor of oxidants  

causing a significant cellular damage and develop-
ment of many diseases [29] . Geetharathan et al. [30]  
suggested that BPA induced oxidative stress and  
ROS generation exceeded the ability of intracellular  

antioxidant system and is considered the root of  

different inflammatory, asthmatic and chronic  
obstructive pulmonary diseases (COPD) [31] .  

This study revealed a significant elevation in  
MDA level and a significant reduction in SOD,  
GSH and CAT levels in BPA treated group (III)  

consistent with Song et al. [32]  and Abedelhaffez,  
El-Aziz et al. [33] . MDA represented the main  
product of lipid peroxidation and caused cellular  

destruction owing to its ability to bind with impor-
tant biomolecules like proteins, lipids and nucleic  
acids [34] . On the other side, GSH is the freely  

accessible antioxidant and it acts as antioxidant  
either directly or indirectly by taking part in cata-
lytic sequences of antioxidant enzymes [35] . Thiol  
group in the structure of glutathione discharges  

the hydrogen atom in the free radicals, so; it protects  

cell membranes [36] . Sabour et al. [37]  showed that  
BPA decreased serum GSH level, which is a marker  
of oxidative stress.  

As Vit E is a [fat-soluble vitamin] and lipids  
constitute about 90% of the surfactant, it could  

prevent the ROS damage by enhancing the activity  

of SOD, GSH and total antioxidant capacity [38] .  
These results were parallel to those of Amraoui et  

al. [39]  who stated that the protecting effect of  
vitamin E is due to increase in the activities of  
antioxidant enzymes and reduction of lipid perox-
idation, as shown in group IV. In addition, earlier  

studies verified the vital effects of vitamin E to-
gether with selenium in decreasing lipid peroxida-
tion [40] .  

In this study, BPA intake markedly disturbed  

the lung structure, as shown by the inflammatory  

cell infiltration, alveolar collapse, thickening and  

congestion of the lung vasculature, fatty cell infil-
tration and RBC extravasation in the alveolar cavity  

and interstitium. These effects were in agreement  

with the results of Amaravathi, et al. [41] , Kattaia  
and Abdel Baset [18]  and Tyl et al. [15]  who have  
determined the maximum dose of BPA (75ppm,  
5mg/kg/day) with no side effects in adults. This  
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dose was confirmed by the International Food  

Safety Authorities Network (INFOSAN) (Network  

2009).  

In the present study, the apparent increase in  

vascular wall thickness in the BPA-administrated  

group (group III) could be due to the effect of ROS  

on smooth muscle in the blood vessel wall, where  
it induced the release of cyclophilin A, which  

stimulated cell division, migration and inflamma-
tory cell infiltration as explained by Satoh et al.  

[42]  and Naif et al. [27] . Moreover, the marked  
blood vessel congestion and inflammatory cell  
infiltration in the BPA-administrated group may  
be due to the stimulation of macrophages by BPA  
to release inflammatory cytokines, which enhanced  

the release of other mediators that caused neutrophil  

accumulation and migration outside blood vessel  

[43] .  

There was a significant increase in the interal-
veolar septum thickness of group III when com-
pared with the other groups; this can be explained  

by increased infiltration of various blood compo-
nents such as macrophages and neutrophils [44] .  
This was supported by a significant increase in  
lung MPO activity and plasma LDH in group III.  
Vit E administration in group IV ameliorated these  

levels. The MPO activity is a signal of tissue  
neutrophil infiltration [45] . Also, the presence of  
LDH served as a non-specific marker for many  

pathological conditions; as it is an intracellular  

enzyme and its presence in the extracellular space  

could suggest breakdown of cell integrity or lysis  

[46] . Lung parenchymal or local inflammatory cells  
including alveolar macrophages (AM) and poly-
morphonucleocytes (PMNs) might be a source of  

LDH in plasma [47] . Raised LDH values had been  
detected in immunologically lung injury, as well  

as pulmonary vascular disease [48] .  

BPA exposure in this study resulted in marked  

collagen deposition around blood vessels, bronchi-
oles and alveolar wall, also; there was a statistically  
significant increase in the area percent of collagen.  

Ramos, et al. [49]  showed that hyperplasia occurred  

due to increase the fibroblast activity in response  

to BPA. In addition, it injured the epithelial cells  
and basement membrane which attracted different  

cell types that released inflammatory cytokines  

leading to increase in collagen production. The  
decrease in fibrosis of lung tissues by vitamin E  
can be due to down regulation of pro-fibrotic and  

pro-inflammatory genes expression mostly [trans-
forming growth factor (TGF)- β 1] [50,51] .  

Moreover, the statistically significant increase  
in the macrophages number was proved by CD68  
immunohistochemistry and calculated by morphom-
etry in group III compared with other groups. This  

might be attributed to the consecutive division or  

stimulation of monocytes by various chemotactic  

factors created from the damaged tissue [52] .  

NF-κB is an inducible cytoplasmic transcription  
element that positively controls the expression of  

TNF-α , IL-6, and IL-1 β  genes which involved in  
inflammatory responses [53,54] . Its nuclear translo-
cation and interaction with DNA is inhibited by  

tight regulatory protein (I κB-κ) [55,56] . The darkly  
brown stained NF- κB immunopositive cells in  
group (III) were markedly increased compared  

with other groups. Many studies have proved that  

BPA augments NF- κB activity and may act as a  
pro-inflammatory inducer of estrogen receptor  
(ERβ )  [57]  and also modulates immunoregulatory  
cells [58] .  

Current study showed that BPA increased the  

plasma levels of TNF-α , IL-6, and IL-1 β  which  
induced lung inflammation. IL-1 β , is an immune  
responses regulator capable of recruiting inflam-
matory cells [59] . Also, TNF-α  is associated with  
leukocyte activation and local inflammatory re-
sponses [60] . Elswefy et al. [61]  stated that BPA  
significantly elevated the serum level of IL-1 β .  
Also, it may influence mast cell pro-inflammatory  
mediator production in asthma [62] . Consistent to  
these reports, the present study recorded significant  

increase in the plasma inflammatory cytokines in  
group III. While, Vit E treatment in group IV  
slightly improved these results. As observed by  
Kosmidou et al. [63]  and Lira et al. [64]  also stated  
that vitamin E diminished IL-6 and TNF- α  produc-
tion in adipose tissue of epididymis.  

NADPH oxidase and xanthine oxidase are the  
source of O2  and H2O2  that leads to inflammatory  
cytokine production intracellularly. Taken together,  

vitamin E might reduce their activities, thus reduce  
TNF-α  and IL-6 production [65] . Matsunaga et al.  
[66] demonstrated that Vitamin E prevented the  

IκB-α  degradation and NF-κB activation, which  
resulted in reduction of IL-6.  

In the present study, alveolar collapse and  

infiltration with fat cells in group III were detected.  
The fatty infiltration is explained by Marmugi et  

al. [67]  who reported the effect of BPA on lipogen-
esis-related genes stimulation. Alveolar collapse  

has been explained by many authors as stemming  

from the stimulation of lipid peroxidation in type  
II pneumocytes, which decreased surfactant for- 
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mation, subsequently leading to alveolar collapse.  

In addition, degenerative changes occurred due to  

ROS stimulation in type II pneumocytes [68] . It  
might also be the pressure effect of the dilated  

alveoli [69] .  

The outcomes of this study revealed a signifi-
cant reduction in catalase activity in group III.  

Similarly, Banerjee et al. [70]  showed that BPA  
exposed rats pretreated with a CAT inhibitor are  

associated with functional status of ovarian gran-
ulosa. CAT is an enzyme that catalyzes the break-
down of H2O2  to water and oxygen. H2O2  is capa-
ble of passing through cell membranes, leading to  
greater cytotoxicity than that of superoxide. So,  
CAT can be labeled as a more powerful antioxidant  
than SOD [71] .  

Geetharathan et al. [30]  illustrated that oxidative  
lung damage results in apoptotic damage of alveolar  
type II cells. We observed significant elevation in  
the caspase-3 activity in group III, proposing that  
apoptosis is caspase-3 dependent. It is a vital  
molecular indicator of apoptotic signaling, is ini-
tiated by mitochondrial or death receptor apoptotic  

pathways. It cleaves proteins lead to chromatin  
condensation and DNA fragmentation [72] .  

Depletion of intracellular GSH by BPA resulted  

in mitochondrial damage, caspase activation and  

cytochrome c release [73] . Nakagawa et al. [74]  
described that BPA encouraged mitochondria dys-
function in the hepatocytes of rats. Also, enhanced  
apoptosis and disrupted cell-to-cell communication  
[75] .  

Caspase-3 activity was reduced by Vit E in  

group IV. Omran et al. [76]  presented that vitamin  
E defends rat testes against damaging effect of  

BPA. These results imply that it may be due to  

inhibition of the mitochondrial initiated caspase  
pathway.  

Also, this study found that arterial PaO 2  signif-
icantly decreased and PaCO 2  significantly increased  
in group III. Campo et al. [77]  illustrated that CO 2  
retention may lead to poor breathing, hypoxia.  
Direct degeneration of normal lung tissue and  

partial loss of lung function by BPA which lead to  
disturbance of blood gas index, but indirect BPA  

effect on medullary cardio-respiratory centers is  

still needed to be examined.  

Previous studies have suggested that BPA may  

have a role in hypertension progression and tach-
ycardia in rats which proved by group III results  
of this study. Several mechanisms could explain  
these observations including BPA's role in obesity  

[78] , estrogen role [79] , probable ER-gamma inter-
actions [80] , antagonistic actions to thyroid hormone  
[82] , antagonistic role to [peroxisome proliferator  

activated receptor gamma] [82] , and its influence  
on pancreatic functions [83] . Vit E ameliorated  
these hemodynamic effects induced by BPA, sug-
gesting that it could be used as prophylactic agent.  
Baradaran et al. [84]  proved that during hypertension  
oxidative stress and inflammation are strictly related  

to metabolic syndrome (MS); therefore factors that  

ameliorate these agents should play a role in reg-
ulation of MS. This idea encouraged examination  

on vitamin E health benefits. In the present study,  

co-administration of vitamin E with BPA in group  

IV rats alleviated the disturbances in redox status,  

inflammatory cytokines, and changes in hemody-
namics and lung function to a great degree. It also  

reflected amelioration of histopathological appear-
ance of lung tissues including the inflammatory  

findings, vascular congestion, and collagen fibre  

deposition.  

Limitations of this study include the small  
number of rats used; the species difference and  

thus studies on human may have different results.  
Finally, blood levels of vitamin E were not inves-
tigated in this study and thus the effect of BPA on  

vitamin E blood level could also be evaluated in  

future studies.  

Conclusion:  

This study is concerned with the anti-oxidant  

and anti-inflammatory properties of vitamin E and  

how it reduces the toxic effect of BPA. It is therefore  

proposed that the dietary supplementation with  
vitamin E may act against BPA-induced lung injury.  

Thus, it is recommended to shift to other safer  
product for use in food and water packing and also  
to investigate the pulmonary functions regularly  

throughout our life if using plastic containers. Also,  
further studies should investigate the changes in  

blood levels of vitamin E in BPA-induced lung  
injury.  
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