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Among the numerous chemicals discharged into the surrounding environment, bisphenol
A (BPA) and octylphenol (OP) have been shown to increase oxidative stress in body by
disturbing the prooxidant/antioxidant balance of cells. Cinnamon aqueous extract (CAE)
is a natural product rich in polyphenolic compounds that have antioxidant activity. This
study was designed to investigate the protective efficacy of CAE against oxidative disor-
ders induced by BPA and OP in male albino rats. Animals were divided into 6 groups (10
rats each) and treated orally, 3 times weekly for 50 days. Group 1: control vehicle (olive
oil); group 2 (25 mg BPA/kg b.wt./day); group 3 (25 mg OP/kg b.wt./day); group 4 (200 mg
CAE/kg b.wt./day); group 5 (CAE 2h before BPA administration); and group 6 (CAE 2h
before OP administration). BPA- and OP-exposed groups showed insignificant elevation in
the final body weight; weight gains and significant reduction only in the relative kidneys
weight. Also, BPA and OP exposure resulted in significant increase in serum urea, creatinine
and kidney, brain, testicular malondialdehyde (MDA) levels. Significant reduction in tissues
reduced glutathione (GSH) contents; catalase (CAT) and superoxide dismutase (SOD) activ-
ities were also recorded in BPA and OP exposed animals compared to the control vehicle
group. Pretreatment with CAE 2 h either before BPA or OP administration ameliorated the
BPA- and OP-induced body weight; weight gains and relative organs weight changes and
biochemical adverse effects. CAE pretreatment also protected against the recorded patho-
logical changes in kidney, brain and testis. In conclusion, CAE could ameliorate the oxidative
toxic effects of BPA and OP indicating its protective antioxidant effect.
© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Environmental pollution with hazardous chemicals and
metals can arise from natural as well as anthropogenic
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sources; many of them cause oxidative stress. Oxida-
tive stress has long been linked with pathogenesis
of various diseases in humans. It takes place due to
unregulated production of free radicals or reactive oxy-
gen/nitrogen species. Reactive oxygen species (ROS) are
cytotoxic agents that lead to damage of nucleic acid
bases, lipids and proteins, thereby leading to cell death
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Bisphenol A (BPA) and octylphenol (OP) are endocrine
disrupting chemicals (EDCs) that are of scientific interest
due to their widespread use and ubiquitous exposures.
Beside their endocrine disrupting effect [28,34,56] they are
also known to induce oxidative stress [2,3,25,26].

BPA is the building block of polycarbonate plastics, a
hard plastic used to make numerous consumer products,
including most baby and water bottles. Its final product
includes adhesives, coatings, paints and building materials
[57]. BPA waste may enter the environment during hand-
ling, loading and unloading, heating or releases. BPA can
enter the human body through reusable baby bottles [8],
food packing materials [27], liquid of canned vegetables
[10] and dental sealants [41].

OP is one of the final degradation products of
alkylphenol polyethoxylates (APEOs), which are nonionic
surfactants used as intermediates or as additives for a wide
range of industrial products and processes [19,47]. OPs are
used as tackifiers in tire rubber, in recovery of oil in offshore
processes, and in printing inks, pesticide formulations (as
a dispersant), water based paints, textile auxiliaries, and
emulsion polymerization processes [37]. These are gener-
ally discharged in large quantities to aquatic environments
either directly from untreated effluent or indirectly from
sewage treatment plants [33]. Exposure to OPs may occur
through ingestion of contaminated foods (e.g. fish) and
drinking contaminated water. It may occur also from con-
tact with some personal care products and detergents
[12].

Generation of free radicals and antioxidant capacity of
the body have been observed to be modulated by environ-
mental, physiological and nutritional factors [31,44]. For
example, physiological factors such as aging, alteration of
body mass index and obesity and life style confounding fac-
tors such as smoking, drinking and high calorie diet have
enhancing effect on oxidative stress and suppressive effect
on antioxidants [44,48,49].

Natural plant-derived antioxidants are in high demand
than synthetic antioxidants because of their potential in
health promotion, disease prevention, and their improved
safety and consumer acceptability [20,54].

Cinnamon is one of the most widely used plants
in herbal medicines with diverse bioactive effects. It is
obtained from the inner bark of several trees from the
genus Cinnamomum. The used species in this study, Cin-
namomum aromaticum (C. cassia or Chinese cinnamon) is
an ever green tall tree with thick leathery leaves and yellow
flowers [35].

Su et al. [58] indicated that cinnamon may serve
as potential dietary source of natural antioxidants for
improving human nutrition and health. It is rich in nat-
ural polyphenolic compound. Polyphenols act as reactive
oxygen and nitrogen species scavengers, redox-active tran-
sition metal chelators and enzyme modulators [45].

Previous studies reported that cinnamon stimulates the
increase of antioxidant enzymes activities, including SOD
and CAT in rat’s liver and heart [15,24].

The present study was designed to assess the poten-
tial protective effect of Cinnamon cassia aqueous extract
against bisphenol A- and octylphenol-induced oxidative
stress in the kidney, brain and testis of male albino rats.

2. Materials and methods
2.1. Animals

A total of 60 adult male albino rats weighing between
120 and 150 g were used in this study. They were obtained
from the AL-Zyade Experimental Animals Production Cen-
ter, Giza, Egypt. All animals were housed in polypropylene
cages with mesh wire tops in well ventilated room and
provided with balanced ration and clean water ad libitum.
They were kept under observation for two weeks before
the beginning of experiments for atmospheric and handling
accommodation.

2.2. Chemicals

Bisphenol A (CAS No. 80-05-7; purity of 97%) and 4-
Tert-octylpenol (CAS No. 140-66-9; purity of 97%) were
purchased from Sigma-Aldrich Company, Germany. Chem-
icals were dissolved in olive oil (vehicle).

C. cassia bark was purchased from Harraz market, EL-
Azhar, Cairo, Egypt. It was identified and authenticated in
Botany Department, Faculty of Science, Cairo University.

Diagnostic kits for assaying serum urea and creatinine
levels; MDA, GSH levels and CAT, SOD activities in renal,
brain and testicular tissue homogenates were purchased
from the Biodiagnostic Company, Dokki, Giza, Egypt.

2.3. Preparation of cinnamon aqueous extract (CAE)

The C. cassia aqueous extract (CAE) was prepared from
the air dried powdered cinnamon bark according to Azab
etal.[4]. The aqueous extract was freshly prepared by soak-
ing 10g of the grinded bark in 100 ml distilled water at
90°C for 2 h followed by filtration. The filtrate was then
dehydrated in oven at 80°C overnight. The resulting dark
reddish brown dry extract was weighed and the dry yield
was then calculated.

2.4. Experimental design and animal grouping

Sixty male albino rats were weighed and divided into six
equal groups; all were treated orally three times a week for
50 days [25,26].

Group 1: control vehicle (olive oil); group 2 (25mg
BPA/kg b.wt./day); group 3 (25 mg OP/kg b.wt./day); group
4 (200 mg CAE/kg b.wt./day); group 5 (CAE 2 h before BPA
administration) and group 6 (CAE 2 h before OP adminis-
tration). BPA and OP dose was selected according to that
previously used by Aydogan et al. [2,3] and Korkmaz et al.
[25,26]. However, CAE was given orally at 200 mg/kg/day
according to Kim et al. [24] and Azab et al. [4].

2.5. Collection of serum and tissue samples

At the end of the experiment, the animals were fasted
overnight and weighed then anaesthetized and sacrificed
for samples collection. Blood samples were collected with-
out anticoagulant and centrifuged at 3000 rpm for 15 min
for serum separation.
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Table 1

Effects of BPA and OP exposure alone and 2 h after CAE administration on the final body weight (g); weight gains (g) and relative organ weights (%) of

control and treated rats.

Parameters Initial b.wt.  Final b.wt. Weight gains  Relative kidneys weight  Relative brain weight Relative testes weight
Groups

Group 1 (control vehicle) 185 +4.159 256 + 11.570 71 + 7.932 0.649 + 0.010 0.678 + 0.034 1.107 + 0.026

Group 2 (BPA) 189 £ 7.495 270 + 9.599 81 + 4.765 0.580 + 0.023? 0.605 + 0.026 1.041 + 0.035

Group 3 (OP) 189 £5.026 264 + 10.529 75 + 4.691 0.594 + 0.017¢ 0.624 + 0.016 1.057 £ 0.043

Group 4 (CAE) 186 +5.987 260 + 10.046 74 + 5.711 0.600 + 0.019 0.625 + 0.035 1.017 + 0.039

Group 5 (CAE+BPA) 187 £3.564 253 +4.174 66 + 1.550 0.614 + 0.017 0.633 + 0.016 1.130 £ 0.026

Group 6 (CAE +OP) 175 £ 7.227 241 £ 16.667 66 + 9.976 0.631 + 0.019 0.672 + 0.045 1.173 £ 0.080

Values are presented as mean & S.E. (n=10 animals/group).
2 Significantly different from group 1 at P<0.05.

Kidneys, brain and testes of each rat were collected and
divided into two parts, one part stored at —20 °C for tissue
biochemical investigations while the other part was kept
in 10% formalin for the histopathological examination.

2.6. Estimation of kidney functions

Serum urea and creatinine levels were measured using
the colorimetric method of Fawcett and Soctt [18] and
Schirmeister et al. [50], respectively.

2.7. Estimation of tissues lipid peroxidation product,
MDA levels

MDA was determined in kidneys, brain and testes tis-
sue homogenates according to the procedure described by
Ohkawa et al. [39].

2.8. Estimation of tissues antioxidant parameters

GSH concentration, CAT and SOD activities were deter-
mined in Kidneys, brain and testes tissue homogenates
according to Beutler et al. [7], Aebi [1] and Nishikimi et al.
[38], respectively.

2.9. Histopathological examination

Kidney, brain and testes tissue samples intended for the
histopathological investigations were fixed in 10% neutral
formalin, prepared and stained according to Bancroft et al.
[5].

2.10. Statistical analysis

Values are presented as mean + standard error (SE). Sta-
tistical significance of toxic oxidative effects of BPA and
OP on kidneys, brain and testes and the protective effect
of CAE were determined by one way ANOVA according to
Snedecor and Cochron [55]. All statistical analyses were
performed using SPSS (Statistical package for Social Sci-
ences) Version 16 released on 2007.

3. Results

3.1. Effects on the final body weight, weight gain and
relative organ weights

Oral administration of BPA (group 2) or OP (group 3)
induced insignificant elevation in the final body weight;

weight gains with significant reduction in the relative kid-
neys weight. However, brain and testes relative weights
were insignificantly reduced compared to the control
vehicle group (group 1). Oral administration of CAE 2h
before BPA (group 5) and OP (group 6) exposure induced
insignificant decrease in the final body weight; weight
gains compared to the BPA- (group 2) and OP- (group
3) exposed groups, respectively. However, the relative
kidneys, brain and testes weights were insignificantly
increased as revealed in Table 1.

3.2. Effects on the biochemical parameters

3.2.1. Effects on kidney function (serum urea and
creatinine levels)

Therecorded nephrotoxic alterations in Table 2 revealed
that oral administration of BPA (group 2) or OP (group
3) induced significant elevation in serum urea and cre-
atinine levels compared to control vehicle group. CAE
pretreatment 2h before BPA (group 5) or OP (group 6)
administration ameliorated their nephrotoxic effects as
indicated by significant reduction in serum urea and creati-
nine levels compared to the BPA- (group 2) and OP- (group
3) treated groups, respectively.

3.2.2. Effects on the tissues lipid peroxidation product,
MDA

The obtained results (Table 3) revealed that kidney,
brain and testes MDA levels were significantly increased
in BPA- (group 2) and OP- (group 3) treated groups com-
pared to the control vehicle group. Oral administration of
CAE 2h before BPA or OP exposure, induced significant
decrease in MDA levels in these organs compared to the

Table 2
Effects of BPA and OP exposure alone and 2 h after CAE administration on
serum urea and creatinine levels (mg/dl) of control and treated rats.

Parameters Urea Creatinine
Groups

Group 1 (control vehicle) 32.80 + 0.65 1.61 + 0.05
Group 2 (BPA) 36.50 + 0.97° 1.81 £ 0.02°
Group 3 (OP) 35.60 + 0.87¢ 1.76 + 0.03°
Group 4 (CAE) 28.50 + 0.87 1.57 + 0.04
Group 5 (CAE +BPA) 27.10 + 0.78" 1.60 + 0.05”
Group 6 (CAE +0P) 27.30 £+ 0.99¢ 1.53 + 0.06¢

Values are presented as mean & S.E. (n=10 animals/group).
a Significantly different from group 1 at P<0.05.
b Significantly different from group 2 at P<0.05.
¢ Significantly different from group 3 at P<0.05.
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Table 3

Effects of BPA and OP exposure alone and 2 h after CAE administration on
MDA levels in kidney, brain and testicular tissues of control and treated
rats.

95

Table 4

Effects of BPA and OP exposure alone and 2 h after CAE administration on
GSH concentrations in kidney, brain and testicular tissues of control and
treated rats.

Groups MDA (nmol/g) Groups GSH (mg/g)
Kidney Brain Testis Kidney Brain Testis
Group 1 (control 47.08 £ 094 43.52 + 051 44.68 + 0.61 Group 1 (control 4640 +1.17 27.62 +0.75 37.30 + 0.73
vehicle) vehicle)
Group 2 (BPA) 50.20 + 0.77¢ 46.44 4+ 0.83* 47.16 + 0.53° Group 2 (BPA) 40.72 £ 1.38° 24.92 £ 0.34° 34.16 + 0.58%
Group 3 (OP) 49.90 + 0.63° 46.22 + 0.58° 47.60 + 0.722 Group 3 (OP) 41.12 £ 1.11°  25.10 £ 0.42° 34.46 + 0.81°
Group 4 (CAE) 4826 £ 095 4456 £0.75 43.94+0.73 Group 4 (CAE) 47.56 +£ 091 2848 +1.15 37.66 £ 0.71
Group 5 47.42 +£ 057" 42.08 + 056" 44.08 + 0.50" Group 5 4526 + 1.24> 29.54 + 1.27° 38.44 + 0.62°
(CAE+BPA) (CAE +BPA)
Group 6 (CAE+OP)  47.24 + 0.78° 41.46 + 0.42° 43.76 + 0.91°¢ Group 6 (CAE+OP)  46.10 + 0.88° 30.14 + 0.81¢ 38.56 + 0.93¢

Values are presented as mean + S.E. (n=10 animals/group).
2 Significantly different from group 1 at P<0.05.
b Significantly different from group 2 at P<0.05.
¢ Significantly different from group 3 at P<0.05.

BPA- and OP-treated groups, respectively and became as
that of control.

3.2.3. Effects on tissues antioxidant defense system

Significant reduction in kidney, brain and testicular GSH
concentrations, CAT and SOD activities of BPA- (group 2)
and OP- (group 3) exposed animals was observed on com-
parison with the control vehicle group. CAE pretreatment
2h before BPA (group 5) or OP (group 6) administra-
tion ameliorated these effects and kept kidney, brain
and testicular GSH concentrations and CAT, SOD activities
within normal range compared to control vehicle group
(Tables 4 and 5).

In all the investigated parameters, CAE alone-treated
group showed insignificant changes compared to the con-
trol one.

3.2.4. Effects on histological structures of the
investigated organs

BPA and OP oral administration alone at 25 mg/kg/day
(three times/week for 50 days each) induced histopatho-
logical changes in the kidneys, brain and testis of exposed
rats. However, CAE pretreatment (200 mg/kg/day, orally,
three times/week for 50 days) 2h before BPA and OP
exposure ameliorated these alterations by variable degrees
(Figs. 1-3).

Table 5

Values are presented as mean = S.E. (n=10 animals/group).
2 Significantly different from group 1 at P<0.05.
b Significantly different from group 2 at P<0.05.
¢ Significantly different from group 3 at P<0.05.

3.2.4.1. Effects on the kidney. The recorded renal
histopathological alterations induced by BPA and OP
exposure alone and the ameliorating effect of CAE pre-
treatment 2h prior their administration are shown in
Fig. 1.

Kidney of olive oil-treated rats (group 1) showed
normal renal glomeruli and tubules with slight conges-
tion. The kidney sections of BPA-exposed rats (group
2) showed glomerular congestion and hypercellularity;
cloudy swelling in proximal convoluted tubules (PCT)
with obstructed lumen and intertubular congestion. Sim-
ilarly, the kidney of OP-exposed rats (group 3) showed
glomerular congestion, hemorrhage and hypercellularity,
cloudy swelling in proximal convoluted and collecting
renal tubules.

Kidney of CAE-treated rats (group 4) showed more or
less normal renal glomeruli and tubules with slight con-
gestion.

Pretreatment with CAE 2 h before BPA (group 5) or OP
(group 6) intoxication ameliorated most of the observed
changes in renal morphology. This was represented by
slight glomerular congestion and hypercellularity with
more or less normal renal tubules in the CAE+BPA-
treated group. The same protective effect of CAE was
observed in CAE + OP-treated rats but without hypercellu-
larity.

Effects of BPA and OP exposure alone and 2 h after CAE administration on CAT and SOD activities (U/g tissue) in kidney, brain and testicular tissues of

control and treated rats.

Enzyme CAT SOD

Groups Kidney Brain Testis Kidney Brain Testis

Group 1 (control vehicle) 3.403 + 0.046 1.556 + 0.033 1.517 + 0.055 616.0 + 4.81 684.8 + 4.15 695.4 + 3.72
Group 2 (BPA) 2.845 + 0.217° 1.417 + 0.023? 1.318 + 0.044° 544.8 + 4.86% 635.0 + 4.14° 678.6 + 4.12°
Group 3 (OP) 2.927 + 0.024? 1.428 + 0.036° 1.335 + 0.012° 564.0 + 4.18* 669.4 + 3.92° 683.4 + 3.54%
Group 4 (CAE) 3.602 + 0.042 1.575 + 0.035 1.516 + 0.059 630.8 + 4.04 7244 + 5.83 712.6 + 4.02
Group 5 (CAE+BPA) 3.488 + 0.033" 1.599 + 0.067" 1.446 + 0.030° 562.4 + 3.86" 728.8 + 3.40° 732.0 + 4.09"
Group 6 (CAE +OP) 3.395 + 0.025¢ 1.587 + 0.043¢ 1.469 + 0.038° 581.2 £+ 3.97¢ 744.8 + 3.68° 743.6 + 3.98°

Values are presented as mean & S.E. (n=10 animals/group).

2 Significantly different from group 1 at P<0.05.
b Significantly different from group 2 at P<0.05.
¢ Significantly different from group 3 at P<0.05.
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Fig. 1. Kidney photomicrographs of: . olive oil-treated (control vehicle) rat showing more or less normal renal cortex with slight congestion (arrows) (H&E,
X 40). 11. A bisphenol-A (BPA)-intoxicated rat showing glomerular congestion (a) and hypercellularity (b), cloudy swelling in proximal convoluted tubules
(PCT) with obstructed lumen (c) and intertubular congestion (d) (H&E, X 40). IIl. An octyl phenol (OP-intoxicated rat showing glomerular congestion (a),
hemorrhage (b) and hypercellularity (c), cloudy swelling (d) in proximal convoluted and collecting renal tubules (H&E, X 40). IV. A cinnamon aqueous
extract (CAE)-treated rat showing more or less normal tissue (renal cortex) with slight congestion (arrows) (H&E, X 40). V. A rat pretreated with CAE 2h
before BPA administration showing normal proximal convoluted and collecting tubules (a) with slight glomerular congestion (b) and hypercellularity (c)
(H&E, X 40). VL. A rat pretreated with cinnamon 2 h before OP administration showing normal proximal convoluted and collecting tubules (a) with slight

glomerular congestion (b) without hypercellularity (H&E, X 40).

3.2.4.2. Effects on the brain. BPA- and OP-induced brain
oxidative damage and the protective effect of CAE pretreat-
ment 2 h prior their administration are shown in Fig. 2.

Normal cerebellum and white matter were observed in
the brain of the olive oil-exposed animals. The obtained
photomicrographs from brain of BPA-exposed rats showed
central chromatolysis in neuron, pyknosis, perineuronal
satellitosis and neuronophagia in mid brain (motor area).
Brain sections of OP-exposed rats showed chromatolysis,
pyknosis, perineuronal microgliosis and neuronopha-
gia.

CAE-treated rat’s brain showed more or less normal
cerebellum and white matter.

Pretreatment with CAE 2 h before BPA or OP intoxication
protected against BPA- and OP-induced brain morpholog-
ical alterations that was indicated by the recorded more
or less normal brain cerebellum and white matter of
the CAE + BPA-treated animals and of the CAE + OP-treated
ones.

3.2.4.3. Effects on the testes. The observed testicular
histopathological alterations induced by BPA and OP expo-
sure alone and the ameliorating effect of CAE pretreatment
2 h prior their administration are shown in Fig. 3.
Photomicrograph of testis of olive oil-treated rats
showed more or less normal seminiferous tubules.
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Fig. 2. Brain photomicrographs of: I. an olive oil-treated rat showing more or less normal cerebellum (I) and white matter (II) (H&E, X 40). II. A bisphenol-A
(BPA)-intoxicated rat showing central chromatolysis in neuron (a), pyknosis (b), perineuronal satellitosis (c) and neuronophagia (d) in mid brain (motor
area) (H&E, X 100). III. An octyl phenol (OP-intoxicated rat showing chromatolysis (a), pyknosis (b), perineuronal microgliosis (c) and neuronophagia (d)
(H&E, X 100). IV. A cinnamon aqueous extract (CAE)-treated rat showing more or less normal cerebellum (I) and white matter (II) (H&E, X 40). V. A rat
pretreated with CAE 2 h before BPA administration showing more or less normal cerebellum (I) and white matter (II) (H&E, X 40). VI. A rat pretreated with
cinnamon 2 h before OP administration showing more or less normal cerebellum (I) and white matter (II) (H&E, X 40).
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Fig. 3. Testis photomicrographs of: I. an olive oil-treated rat showing normal histological structures (H&E, X 40). II. A bisphenol-A (BPA)-intoxicated rat
showing hyperemia (a), perivascular edema (b), testicular degeneration (c) and cellular debris in the lumen (d) (H&E, X 20). IIl. An octyl phenol (OP-
intoxicated rat showing hyperemia (a), perivascular edema (b), testicular degeneration (c¢) and cellular debris in the lumen (d) (H&E, X 20). IV. A cinnamon
aqueous extract (CAE) treated rat showing normal histological structures (H&E, X 40). V. A rat pretreated with CAE 2 h before BPA administration showing
normal histological structures (H&E, X 40). VI. A rat pretreated with cinnamon 2 h before OP administration showing normal histological structures (H&E,
X 40).
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However, testes of BPA-treated rats showed hyperemia,
perivascular edema, testicular degeneration and cellu-
lar debris in the lumen. Also, testis of OP-treated rats
showed hyperemia, perivascular edema and testicular
degeneration.

CAE-treated rat’s testis showed normal seminiferous
tubules.

CAE +BPA-treated rats showed more or less nor-
mal seminiferous tubules. Similarly, normal seminiferous
tubules were also seen in CAE + OP-treated animals.

4. Discussion

Exposure to several chemicals and environmental con-
taminants has been reported to increase oxidative stress in
body by disturbing the prooxidant/antioxidant balance of
cells [2,22]. BPA and OP were previously reported to induce
oxidative damage in several tissues [2,3,25,26].

It is widely accepted that antioxidants may delay or
inhibit the oxidation of lipids or other molecules by
inhibiting the initiation, or propagation of oxidizing chain
reactions [61]. These involve absorption and neutralization
of free radicals, quenching singlet and triplet oxygen, and
decomposing peroxides [42].

Considerable attention has recently been focused on
some nutritional factors such as polyphenols that could
counteract oxidative damages and therefore be beneficial
through their antioxidant properties [32,45]. Among plants
that contain polyphenols is cinnamon that may be of special
interest, since cinnamon and CAE has been documented to
be in vitro and in vivo antioxidant [4,30] and [17].

In consistent with our results, various investigators
reported that BPA or OP exposure of rats and mice
resulted in insignificant difference in final b.wt., weight
gain, relative brain and testes weights [2,9,23,25,59,62-65]|
but significant decrease in relative kidneys weight was
observed [66]. On the contrary, significant changes in
body weight, weight gain and relative organs weight were
reported by others [46,59,67-69]. These discrepancies in
weight changes may be related to the differences in doses,
routes, duration, and time of exposure; rat and mice strains,
sex and nature of food.

The recorded insignificant increase in body weight
could be attributed to the ability of BPA to stimulate the
accumulation of triacylglycerol in 3T3-L1 preadipocytes
[70,71]; to affect gene expression in fatty tissues [72] and
genesinvolved in metabolic syndrome [73] and to hypothy-
rodism [74] that resulted in weight gain, enhancement of
glucose transport in adipocytes [75].

Several animal studies showed that over-stimulation of
the estrogen receptor-alpha (ERa) in pancreatic 3-cells by
estrogen or BPA produced an excessive insulin signaling in
the liver, endothelium and in fat, thus potentially leading
to obesity, glucose intolerance, and dyslipedimia [76-79].

Bisphenol A and OP administration has been reported
to cause an increase in the thiobarbituric acid reactive sub-
stances (TBARS) levels in the kidneys, brain and testes of
malerats [2,3,26]. Kabuto et al. [80] attributed the underde-
velopment of the kidneys, brain, and testes to the increased
levels of TBARS in BPA-exposed mice. This may explain

the recorded decrease in relative kidneys, brain and testes
weights.

The reduction in body weights with CAE pretreatment
may be resulted fromits ability to decrease fat mass percent
[81]. Also, the increased relative kidneys, brain and testes
weights may be referred to its antioxidant properties and
the reduction of TBARS levels in these organs [4,15].

In coincidence with our results, Suberg et al. [82] and
Saleh [83] recorded increased serum urea and creatinine
levels after BPA or OP oral administration. On contrary, Til
etal. [66] recorded decreased creatinine levels in male rats
at and above 500 mg/kg BPA.

The elevated urea and creatinine levels recorded in
our results may be resulted from the observed BPA- and
OP-induced peroxidative effects that were confirmed by
the photographed renal histopathological alterations. Also,
BPA- and OP have been reported to induce hyperglycemia
that may result in kidney damage and renal dysfunction
and consequently greatly increased serum urea, creatinine
and uric acid [84,85].

The nephroprotective effects of cinnamon were previ-
ously recorded by El-Yamani [85] who observed decreased
serum urea and creatinine levels in diabetic rats treated
with cinnamon.

In the present study, BPA and OP administration
resulted in lipid peroxidation in kidney, brain and testicular
tissues that was represented by the significantly increased
MDA levels and reduced GSH concentrations and CAT; SOD
activities. However, CAE pre-treatment ameliorated these
oxidative effects.

BPA and OP exposure caused oxidative stress by dis-
turbing the balance between ROS and antioxidant defenses
system in kidney, brain and testis of rats [2,3,26,86] and
mice administered BPA throughout the embryonic/fetal life
and during infancy [80].

BPA has been shown to be decomposed to many
kinds of metabolites including BPA radical by a reaction
with radical oxygen [87]. Several evidences indicated that
BPA exerts potent oxidant activity in various tissues via
ROS production which results in inhibition of antioxidant
enzymes; increased H, 0, and lipid peroxidation products,
LPO [9,13,14,23,88].

The present study confirmed the previously recorded
antioxidant effect of cinnamon in vitro [52] and in vivo
[17] that was indicated by decreased MDA levels and
increased antioxidant enzymes activities. Murcia et al.
[36] found that cinnamon extract exhibited protective
capacity against irradiation-induced LPO in liposomes, and
quenched hydroxyl radicals (OH*) and H,0,. The protec-
tive action of cinnamon extract against radiation-induced
oxidative and inflammatory damages was attributed to
its suppressive effect on ROS generation. This is due
to its phenolic and flavonoids contents, in addition to
modification of gene expression by inhibiting nuclear
factor-kappa B (NF-Kb) activation [4]. Polyphenols act as
reactive oxygen and nitrogen species scavengers, redox-
active transition metal chelators and enzyme modulators
[45]. The high reactivity of the hydroxyl substituent of
flavonoids with the number of hydroxyl groups on the
B-ring being correlates with ROS scavenging capability
[11,21,51].
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5. Conclusion

In conclusion, the results of this study revealed that
oral BPA and OP administration induced adverse oxida-
tive effects on the exposed animals as evidenced by the
recorded abnormalities in the investigated biochemical
parameters. In addition, there were histopathological alter-
ations in the investigated organs. Pretreatment with CAE
provided a protective antioxidant role against such adverse
effects.
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