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Abstract

Purpose: To evaluate the pathological effect associated with the exposure of viscerals and testicular
tissues of albino rats to BPA and DEHP.

Methods: A total of sixty adult male Wistar rats weighing 200 — 250 g were divided into four (4) groups
of 15 rats per cage in a sanitized environment. Group | animals received normal rodent pellet and water
and served as untreated group. Thereafter, the rats in the second group (Il) were administered 5 mg/kg
per day of BPA mixed with rodent pellet orally; group Il received 0.5 mg/kg daily dose of DEHP mixed
with rodent pellet; while group IV received orally mixture of 0.5 mg/kg of BPA and 0.5 mg/kg DEHP +
pelleted rodent feed. The rats were fed and water provided regularly for 30 days; finally, the animals
were weighed and sacrificed by cranial dislocation.

Result: BPA and DEHP resulted in significant (p < 0.05) weight losses, inflammation and fatty deposits
in the liver, degenerated bowman capsule and glomeruli of the kidneys, lung oedema, and deteriorated
leydig cells in testes.

Conclusion: The results suggest that BPA and DEHP cause significant weight loss and are injurious to
the cellular make-up of rat tissues, which may be the same in higher animals.
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INTRODUCTION

consumer products and medical devices

Di (2-ethyhexyl)phthalate (DEHP) and
Bisephenol A (BPA) broadly occur in plastic and
constant introduction to human body, which
happens through dietary means by way of
indiscriminate consumption, inward breathing,
dermal and intravenous route by means of

worrisome. Effect of BPA on adipose tissue in a
study showed clashing and difficult to translate
information in all probability due to broad scope
in the dosage given. Buildup of Bisephenol A in
rodent fatty tissues was low in a study [1]
however high result was obtained in another [2].
It was reported that Bisephenol A when
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administered to rats in an increased doses and
for a short duration (15 days) indicated an
enormous decrease in weight of animals in
addition to a reduced appetite and cravenness
[2]. In contrast from the foregoing, a finding
revealed that chronic BPA administration to rats
for 3 months did not bring about a change in
body weight, fat storage or a rise in triglyceride
level [3]. It was also revealed that by utilizing
3T3-F442A, adipocytes and BPA invigorated
insulin-dependent glucose uptake with
augmented Glut4 expression in an animal model
[4-6].

Di (2-ethylhexyl) phthalate (DEHP) is majorly
utilized as a plasticizer of polyvinyl chloride
(PVC) in assembling wide quantities of consumer
products for structural engineering works, autos,
dresses, toys and therapeutic gadgets [7]. Di (2-
ethylhexyl)phthalate (DEHP) was categorized
under the Non-deleterious Drinking Water and
Toxic Enforcement Act of 1986 (generally known
as Proposition 65, classified at Health and Safety
Code Section 25249.5 et seq.), which is known
to the state to cause reproductive lethality
(formative and male reproductive injurious
effects), effective October 24, 2003 [8]. This
situation hinged on a proper identification of
DEHP as being instrumental to varieties of
developmental and male reproductive defects
following the order of the National Institute for
Occupational Safety and Health [8]. There is no
acclaimed and composed focus where these
plastic risks are described, in Enugu, Nigeria, in
these way uncovering individuals from the overall
population to the plastic bio-hazards. The need
to guarantee that the plastic items we use does
not contain risky synthetic substances that
presents as danger to our body tissues and
organs, prompted our examining the impacts of
these chemical substances (BPA and DEHP) on
some organs and testicular tissues of Wistar rats.

EXPERIMENTAL

A total of 60 male adult Wistar rats weighing
between 200-250g were purchased from animal
house, University of Nigeria, Enugu Campus.

Ethical consideration

The study commenced after obtaining ethical
approval from College of Medicine Ethics
Committee (COMREC) and assigned with
approval no. 076/2018.

Acute toxicity study

Acute toxicity study was conducted in
accordance to standard Lorke’s method [9]. The

median lethal dose (LDsg) was calculated using
the formula: “LDso = V (Highest nonlethal dose) x
(Lowest lethal dose) [9]. The LD is a possible
dose to which an animal could be exposed at
one time and may serve as fundamentals for test
doses.

Histopathological studies

Four groups of 15 rats each per cage (labeled | -
IV) were used to divide the animals. Animals
were granted unrestricted access to standard
pelleted rat’s feeds including pyrogen-free water,
which was obtained commercially. Both test and
control rats were weighed prior to
experimentation. Experimental groups I, 1l and
IV were on daily treatment by BPA and DEHP
combined with rodent pellet and were given to
animals morning and evening using the results of
the acute toxicity test as a gold standard.

Animals in group | received normal rodent pellet
and water and served as untreated otherwise
seen as control. Group Il was administered 5
mg/kg/day of BPA mixed with rodent pellet orally,
group Il was administered 0.5 mg/kg daily dose
of DEHP mixed with rodent pellet while group IV
received orally mixture of 0.5 mg/kg of BPA and
0.5 mg/kg DEHP + pelleted rodent feed. The rats
were fed regularly for 30 days and on completion
of the testing, treated rats were weighed, and
sacrificed by cranial dislocation. The liver,
kidney, GIT, Lungs, heart and testicular tissues
were harvested, fixed, processed, embedded,
sectioned and stained with H/E and
Immunohistochemistry for assessing cellular
proliferation and degeneration of cells.

Fixation of tissue

Transverse and longitudinal sections of the
tissues were taken and immersed in copious
volume of 10% formal saline [10].

Processing of tissues

The tissues were taken to the laboratory where
specific sites which shows evidence of
discoloration or Necrosis (grossing) were taken
and processed using the automatic tissue
processor [10,11].

H&E staining protocol

Labeled sections for H&E were adequately
dewaxed and hydrated. Slides were stained with
haematoxylin, rinsed with scot's water and
differentiated using 1% acid-alcohol. It was
again, rinsed in another batch of water, blued
properly in running tap water and counterstained

Trop J Pharm Res, June 2019; 18(6): 1214



Omorodion et al

in 1% eosin, while stained sections were then
dehydrated, xylene cleraed and DPX mounted
[10,11].

IHC staining protocol

Slides were rinsed in phosphate buffer saline
(PBS) (Genemed, USA); after that, sections
were incubated with mouse plus rabbit linker and
with horseradish peroxidase (Genemed, USA) for
15 minutes each followed by 2 washes at 2
minutes each. Development of chromogen was
allowed for 5 minutes with 3, 3’-diaminobenzidine
hydrochloride (DAB) mixed equally with its
substrate solution (Genemed, USA). Each slide
was counterstained with haematoxylin (Jallica
Scientific, Zaria), drained and mounted with DPX
[10].

Microscopy and photomicrography

Slides were examined using Swift Binocular
Microscope with an Olympus photomicroscope®
(Opticshot- 2; Nikon, Tokyo, Japan) at x40
magnification.

Statistical analysis

The data collected were subjected to one-way
analysis of variance (ANOVA) followed by
Dunnett’'s multiple comparison test, with the aid
of SPSS (version 25.0). P < 0.05 was considered
statistically significant.

RESULTS
Weight

Significant weight loss (p < 0.05) was observed
in groups (11, 11, 1V) that were treated, which was
compared with the control group (I) as shown in
Table 1.

Histopathological features of tissues

In liver tissues, there were fatty deposits and
inflammatory cells found in rats treated with BPA,
DEHP and BPA+DEHP (group II, Ill and IV) in
comparison with untreated slide (Figure 1). Lung
tissues showed infiltrated cells within the alveoli
and were evident with presence of neutrophils,
lymphocytes and edema (swellings) within the
alveoli and interstitium in the treatment groups
(I, Nl and V) (Figure 4). However, epithelia cells
and villi of the intestine appeared normal in the
treated groups (I, I, IV) showing the same
appearance as the untreated group | (Figure 2).
In the kidney tissues, rats treated groups (ll, Il
and 1V) showed a reduction in bowman capsules
and glomeruli in comparison with control group

(Figure 3). In the heart tissues, there were no
cellular changes observed in animals on
treatment (groups- Il, Il and IV) in relation with
untreated rats in group | (Figure 5). In the
testicular tissues, there is a reduction of the
leydig cells in treated groups (I, Il and V)
compared to animals that are not on treatment
(Figure 6). For immunohistochemistry analysis,
this study showed no observable increase in
Ki67 activities (Figure 7).

Figure 1. Photomicrograph of liver tissue showing
control (A), rats treated with 5mg / feed BPA + rat
pellet with water/day, shows fatty deposit and
inflammation of the hepatocyte (B) (arrows), rats
treated with 0.5mg / kg DEHP + rat pellet / water daily,
reveals fatty deposit in the hepatocyte and
inflammation (C) (arrows). Rats treated with pellet +
0.5mg / feed BPA + 500ug DEHP / feed daily water
shows fatty deposit and inflammation of the
hepatocyte (D)

intestine  tissues

Figure 2:
showing control with normal cellular architectures (A) ,
rats treated with 5mg / feed BPA + pelleted rat feed+
water daily (B) with normal cellular architecture as
control, rats treated with 0.5mg/kg DEHP + pelleted rat
feed + water/day (C) and rats treated with 0.5mg/kg
BPA+ 500ug/kg DEHP + water/daily (D) also shows

Photomicrograph  of

similarity with the control. stain H&E; X400mag. The
villi and globlet cells are histologically normal
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Figure 3: Photomicrograph of lung tissues showing
the control with normal cellular architectures (A), rats
treated with 5mg BPA + pelleted rat feed+ water daily,
showing cellular reduction in bowman capsule (B)
(arrows), rats treated with 0.5mg / feed DEHP +
pelleted rat feed+ water/day, showing reduction in
bowman capsule and glomeruli (C). Rats treated with
0.5mg / feed BPA + 500ug/kg DEHP + water/daily (D)
showing cellular reduction in bowman capsule
(arrows). Stain H & E; X400

Figure 4: Photomicrograph of lung tissues showing
the control with normal cellular architectures (A), rats
treated with 5mg BPA + pelleted rat feed+ water daily,
showing evidence of infiltration of the alveoli,
neutrophils and lymphocyte (B) (arrows), rats treated
with 0.smg / feed DEHP + pelleted rat feed+
water/day, showing infiltrations of neutrophils and
lymphocytes, the alveoli and interstitium (C). Rats
treated with 0.5mg / feed BPA + 500ug/kg DEHP +
water/daily (D) showing infiltrations of neutrophils and
lymphocytes, the alveoli and interstitium (arrows).
Stain H & E; X400

R ¢ & lun

Figure 5: Photomicrograph of muscular tissues
showing control with normal cellular architectures (A),
rats treated with 5mg / feed BPA + pelleted rat feed+
water daily (B) with normal cellular architecture as
control, rats treated with 0.5mg/kg DEHP + pelleted rat
feed + water/day (C) and rats treated with 0.5mg/kg
BPA+ 500ug/kg DEHP + water/daily (D) also shows
similarity with the control. stain H&E; X400mag.

Figure 6: Photomicrograph of testicular tissues
showing the control with normal cellular architectures
(A), rats treated with 5mg BPA + pelleted rat feed+
water daily, showing evidence of reduction of leydig
cells (B) (arrows), rats treated with 0.5mg / feed DEHP
+ pelleted rat feed+ water/day, reduction of leydig cells
(B). Rats treated with 0.5mg / feed BPA + 500ug/kg
DEHP + water/daily (D) shows reduction in leydig cells
(arrows). Stain H & E; X400

Figure 7: Photomicrograph of heart tissues showing
control with normal cellular architectures (A), rats
treated with 5mg / feed BPA + pelleted rat feed+ water
daily (B) with normal cellular architecture as control,
rats treated with 0.5mg/kg DEHP + pelleted rat feed +
water/day (C) and rats treated with 0.5mg/kg BPA+
500ug/kg DEHP + water/daily (D) also shows similarity
with the control. There is no evidence of an increase in
Ki 67 activities

Table 1. Weight variations in treated rats versus
control

Variable Group | Group Il
Group Il Group IV

,199.50 + 1.88 X 181.00 £ 5.51
180.83 £2.92 160.58 £ 1.78
P-value 0.000
0.000 0.000

Values are expressed as mean + standard deviation:
The sign (*) denote significant difference compared to
control (p < 0.05).

DISCUSSION

The body weight assessed in this study indicated
a critical decrease in sizes probably resulting
from BPA and DEHP administration, thereby
hindering the growths of the animals. The
decrease may be due to identified inhibitory
properties of DEHP and BPA on specific
hormones responsible for growth in mammals,
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which has been reported by notable authors
[12,13]. The inflammation and stored fats as
shown in sections of treated rats (BPA) were in
consonance with the discoveries by Moon et al
[14]. The discernible cellular infiltration and fat's
deposit in hepatic cells may result from induced
oxidative stress prompted by the treatment of
BPA interactions in experimental rats [15]. The
observed inflamed cells in addition to fatty
deposits brought about by DEHP treatment in
rats were not dissimilar to the cellular alterations
brought about by BPA treatments that have been
reported [16,17]. Bisephenol A has been
reported to have the capacity to inflict a severe
hepatocellular destruction and mitochondrial
incompetence resulting from increased oxidative
stress within the hepatocytes [15]. The cellular
changes of rat's liver treated with DEHP could be
said to be dose-related due to rising degree of
observed damages as the dosage is increased
and is similar to observations that was recorded
by Jassim et al [18].

Cell alteration is increasingly evident in rats
administered BPA and DEHP combined therapy
in compares with those treated with BPA and
DEHP independently. The inflammatory effect of
DEHP on the liver may be due in parts to the
detoxifying role of the liver against chemical
substances in the body [19]. Decreases in
cellularity of glomeruli and bowman capsule in
rats on BPA and DEHP treatments could have
being as a result of the over burdens on the
kidneys trying to filter and attempting to channel
off injurious metabolites after breaking down BPA
and DEHP to smaller molecules [20]. The
swelling (edema) in the alveoli of the lungs in
treatment groups (Il to 1V) could have resulted
from blood infections arising from undue
exposure of lungs to BPA and DEHP chemicals,
which ultimately gives rise to pulmonary
distresses [21,22]. It could also have resulted
from lung damage or pulmonary infection from
heavy metal accumulation from BPA and DEHP
metabolites thereby preventing proper respiratory
function of the lung.

The reduction in the legdig cells could lead to
reduction in the testicular function [15].The rats
treated with DEHP also reveals alteration in the
liver, lung and leydig cells of the testes in
increasing doses. This study showed no loss in
cellularity in intestinal tissues and cardiac
muscles pre-treated with BPA and DEHP which
disagree with the findings of Robin et al [23]; in
which treated female rats demonstrated a
serious cardiomyopathy with diminished collagen
muscle structures in the heart and was significant
compared to controls. The reasons for these
discrepancies may not be readily substantiated.

However, sample size may unravel the
differences in observation. Recall that juvenile
rats were used in both studies and thus require
extra investigation to establish the causes behind
the disparity both studies utilized a limited
number of experimental animals.

CONCLUSION

The findings of the study show that both BPA
and DEHP cause significant weight loss and
could lead to deleterious effects and changes in
the cellular make-up of rat tissues, including liver,
kidney, lungs, and testicular tissues which may
exact similar effects in humans. Furthermore,
BPA and DEHP do not affect all organs of the rat
body but only some.
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