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Abstract

Background: Bisphenol A (BPA) is a widely used and environmentally spread plasticizer.
BPA has various toxic effects, including immunological alterations. Aim: Current work
aimed to investigate the effect of BPA and protection with lycopene (LYC) on immuno-
logical parameters. Material and Methods: Twenty-four male albino were divided into 4
equal groups. Control group received corn oil, LYC group was given LYC 5 mg/kg, BPA
group was given BPA at 5 mg/kg. Last group was given combination of BPA and LYC the
same previous doses. Treatments were given daily via oral gavage for 4 weeks. Weight
gain, food conversion ratio (FCR), hematological parameters and lymphocytes prolifer-
ation assay were determined. Serum total antioxidant capacity (TAC), malondialdehyde
(MDA), interleukin-1f (IL-1B), Interleukin-12 (IL-12) and lymphocytes comet assay were
evaluated. Spleen and thymus histopathological assessment was done. Results: BPA sig-
nificantly (P<0.05) increased FCR while decreased lymphocytes proliferation than con-
trol group however, hematological parameters didn't alter. Serum TAC was significantly
(P<0.05) reduced in BPA group than control group while MDA, IL-1B and IL-12 were sig-
nificantly (p<0.05) increased than control group. Lymphocyte showed significant in-
crease in comet tail and % of damage. Thymus and spleen revealed mild lymphoid deple-
tion. Conclusion: BPA induced immunological perturbations that favors pro-inflamma-
tion and autoimmunity. LYC administration ameliorated oxidative stress and lipid perox-
idation induced immunological disorders.
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plastics and resins of epoxy. The poly-
carbonate plastics are widely used in
Bisphenol A (BPA) has chemical for-  manufacture of packaging food and
mula; 4, 4’-dihydroxy-2, 2- diphenyl drink cans as well as water and infant
propane. It is widely distributed or-  bottles and several household items (.
ganic compound in polycarbonate This wide range of exposure provides
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continuous exposure to human as well
as animals including wild animals to
BPA thus BPA have been found in the
general population ®). Immune system
is very important for human and ani-
mal survival. Immune system involves
many types of organs, cells and pro-
teins that spread all over the body tis-
sues. It can attack and clear faulty or
dead cells as well as infectious agents
), Immunosuppression leads to short-
ening of creatures' life span via in-
creasing their liability to infectious
agents and down regulates immune
response to non-self-antigens (). The
BPA can be categorized as an endo-
crine disruptor as it binds to estrogen
receptors. Endocrine disruptors make
shift in immunological response via al-
tering the two types of T-lymphocytes
(T helper 1 and T helper 2) ©). Moreo-
ver, there is common concept that
BPA exert its various toxic effects, in-
cluding immunological alterations, via
oxidative stress induction and genera-
tion of reactive oxygen species (ROS)
(6,7), Therefore, it is important to com-
prehend, the influence of BPA on the
immune system. In this view, using la-
boratory animal models could enable
us to understand the clues of such ef-
fect (. Great interests have been re-
volted in utilization of natural products
purified from plants against immuno-
logical disorders ®). Lycopene (LYC)
present in tomatoes and other foods.
It is lipophilic carotenoid that gives red
color to the tomato (9. It has an antiox-
idant and free radical eliminating ef-
fect (°), Supplementation of LYC had
beeninvestigated for its preventive ef-
fect to the harmful tissues oxidative in-
jury resulted from several environmen-
tal toxicants ("2, The aim of this study
is to clarify the potential effect of BPA
on hematological parameters and im-

munological response. Also, investi-
gating the ameliorative effect of LYC
as natural antioxidant on BPAimmuno-
logical alterations.

Materials and Methods

Animals and experiment design
Twenty-four male albino rats weighing
100-105 g, were obtained from Organi-
zation for Biological Products and Vac-
cines, Helwan, Egypt. They were kept 1
week for accommodation before the
onset of the experiment. Animals were
kept in ventilated room under room
temperature 25 * 2°C, natural
light/dark rhythm and humidity 47% =+
2.0 Rats received ad libitum drinking
water and diet. Rats were randomly
distributed to four groups; six rats
each. Group I: control group, received
corn oil control. Group II: LYC group, re-
ceived LYC (NOW FOODS Co., USA) 5
mg/kg via oral gavage daily. Group IlI:
BPA group, received BPA (Sigma, Al-
drich Co., USA) at 5 mg/kg via oral ga-
vage daily. Group IV: BPA and LYC
group, received combination of BPA
and LYC at the same doses of groups I
and lll, via oral gavage daily. All treat-
ments were given for a duration of 4
weeks.

Body weight and feed conversion ratio
(FCR)

Experimental rats were weighed at
day 1 of the experiment then weighed
at the end of experimental period.
Food intake was recorded during the
experimental period. FCR was calcu-
lated as follow: FCR = (Feed consump-
tion (g) [rat/4 weeks)/ (body weight
gain (g) [rat/4 weeks).

Blood and tissue sampling:
At the end of the experiment, the rats
were anesthetized, and blood samples
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were collected from retro-orbital ve-
nous plexus of the eye into Ethylene di-
amine tetra acetic acid (EDTA) tubes,
lithium heparinized tubes and plain
tubes. The later tubes left for clotting,
kept in refrigerator then sera were
separated, collected and stored at -
30°C. Rats were sacrificed then spleen
and thymus were excised and
weighed.

Hematology

Blood samples in EDTA tubes were
subjected to manual red blood cells
(RBCS) count, packed cell volume
(PCV), total leukocytes count (TLC)
and differential leukocyte count (DLC).
Also mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin
concentration (MCHC) and mean cor-
puscular volume (MCV). All procedures
were performed according to
Chand(3).

Lymphocyte proliferation assay

Lithium heparinized blood samples
were transferred immediately to the
laboratory. The buffy coat was sepa-
rated and washed with RPMI-1640 me-
dium (Sigma-Aldrich, Egypt). The ob-
tained lymphocytes were suspended
in 1 ml RPMI-1640 medium supple-
mented with 10% of fetal calf serum
(Sigma-Aldrich, Egypt) according to
Boyum (%) and Burrells and Wells (%),
The viable lymphocytes per ml RPMI
medium was estimated. Transfor-
mation assay of viable lymphocytes
was performed using MTT staining
step which assayed calorimetrically at
490 nm optical density (),

Lipid peroxidation and total antioxi-
dant capacity (TAC)

Malondialdehyde (MDA) was deter-
mined in sera according to Mihara and
Uchiyama (7). The TAC was estimated

in sera according to the manufactur-
er's protocol (Labor Diagnostika Nord
GmbH & Co. KG Co., Germany).

Cytokines assay

Interleukin -1B (IL-1B) and Interleukin-
12 (IL-12) were assayed using ELISA
commercial kits (IBL Co., Japan). The
procedures were followed according
to manufacturer's protocol.

Histopathological examination:

Thymus and spleen were immersed in
10% Formalin buffer, paraffinized in
blocks and cut into 5-um-thickness sec-
tions. These sections were stained
with hematoxylin and eosin (H&E) ac-
cording to Drury and Wallington (®)
and examined under light microscope.

Comet assay

The procedures of comet assay used
to test effect of BPA and co- treatment
with LYC on DNA damage. Lympho-
cytes were separated by Ficoll and sub-
jected to the comet procedures de-
scribed by (9. The whole steps were
performed in dim light to minimize
DNA damage artifacts. Analysis was
done at a magnification of 100x via a
light microscope. Minimum 100 cells
were screened per each slide (©),

Statistical Analyses

Statistical analyses were performed by
One-way analysis of variance (ANOVA)
followed by Duncan’s multiple com-
parison tests (SPSS v. 16.0, SPSS Inc., IL,
USA). All values were represented as
mean * standard errors. A probability
level of p<0.05 denoted significance.

Results

Body weight and feed conversion ratio
(FCR)
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The body weight gain was not signifi-
cantly altered among tested groups af-
ter 4 weeks. However, FCR was signifi-
cantly (p<0.05) increased in BPA group
than control and other groups (Fig. 1)

Hematological parameters

RBCs number, PCV, Hb values, MCH,
MCHC and MCV were non-significantly
altered among all groups. Also, TLC
and DLC, showed non-significant alter-
ations among study groups (Table 1).

Lymphocyte proliferation assay
Mitogen proliferation assay of sepa-
rated lymphocytes was significantly
(P<0.05) declined in BPA treated
group than control and other groups.
The BPA and LYC co-administrated
group exhibited a significant (P<0.05)
improvement in lymphocytes transfor-
mation than BPA group (Table 2).

Lipid peroxidation and total antioxi-
dant capacity (TAC)

The level of MDA was significantly
(p<0.05) elevated in BPA intoxicated
rats than control while TAC was signif-
icantly (p<0.05) declined in such group
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than control. Giving LYC with BPA to
experimental rats significantly
(p<0.05) ameliorated the BPA adverse
effects where MDA reduced, and TAC
promoted than BPA group (Table 2).

Cytokines assay

The levels of both IL-1B and IL-12 were
significantly (P<0.05) elevated in BPA
treated groups. Meanwhile the co-ad-
ministration of LYC and BPA caused
significant (P<0.05) reduction in the
level of IL-12 than BPA group to a level
comparable to control (Table 2).

Histopathological examination:

Spleen of Control and LYC groups
showed normal microscopic architec-
ture of both white and red pulp with
normal well-developed lymphoid folli-
cles, blood sinusoids and reticuloendo-
thelial cells. The BPA group showed
marked multifocal depletion of lym-
phoid follicles along with mild to mod-
erated congestion and perivascular
edema. Spleen of LYC+BPA co-treated
group, had a mild focal lymphocytic de-
pletion (Fig. 2). Thymus of Control and
LYC groups showed normal cortex and
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Figure 1: Effect of BPA and LYC on body weight gain (A) and FCR (B).
Different superscripts between bars are considered significant at p<0.05.
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Table 1: Effect of BPA and LYC on hematological parameters.
Control LYC BPA BPA+LYC
HB (g/dI) 13.33+0.80 14.53+0.95 13.6+0.61 14.67+0.61
PVC (%) 46.17+1.73 46.27+5.71 38.44+0.40 44.70+3.55
RBCs (10%/uL) 4.82+0.08 4.98+0.17 4.47+0.25 4.84+0.42
MCH (pg) 28.32+1.31 30.53+1.30 33.08+1.85 31.76+1.02
MCV (f) 95.73+5.20 92.47+4.21 86.53+4.58 92.41+3.95
MCHC (%) 29.05+1.20 32.07+0.98 35.4+1.02 33.00+2.01
TLC (103/uL) 8.66+0.88 11.10+1.89 10.13+0.93 12.60+1.94
Neutrophils (103/uL) 2.56+0.60 3.30+0.48 2.70+0.49 4.95+1.40
Lymphocytes (103/uL) 5.53+1.37 7.16£1.39 6.84+0.43 6.61£0.93
Monocytes (103/uL) 0.41£0.03 0.49+0.06 0.40+0.03 0.58+0.07
Eosinophil (103/uL) 0.15£0.06 0.14£0.03 0.13£0.04 0.29+0.10
Basophils (103/uL) 0.00+0.00 0.00+0.00 0.03+0.03 0.03+0.03

Table 2: Effect of BPA and LYC on lymphocytes transformation, cytokines

(IL-1B and IL-12), TAC and MDA

Control LYC BPA BPA+LYC
Lymphocyte 4.13+0.23? 3.89+0.09? 3.26+0.10° 3.96+0.10?
transformation
IL-1B (Pg/ml) 4.37+0.32° 4.56%0.062 7.33+0.32° 5.03+0.552
IL-12 (Pg/ml) 61.46£1.11°°  59.07£0.64° 1774+2.632 114+£3.85°¢
TAC (mM/L) 1.42£0.0051% 1.45+0.0020° 0.96+0.0037° 1.17+£0.0083¢
MDA (umol/L) 0.64+0.04°  0.59+0.06° 1.75+0.122 0.89+0.052

Different superscripts between columns are considered significant at p<0.05.

medulla. The BPA group showed
marked multifocal lymphocytic deple-
tion. LYC+BPA co-treated group, had a
normal cortex and medulla with mild
focal lymphocytic depletion (Fig. 3).

Comet assay

DNA tail as well as % of damage, in
comet results, showed a significant
(p<0.05) increase in BPA group. Giving
LYC with BPA to experimental rats sig-
nificantly (p<0.05) ameliorated the ele
vated comet tail to a comparable level
of control group (Table 3).

Discussion

Current study investigated the adverse
effect of BPA on hematological and im-
munological parameters in Albino rats
with testing the protective role of LYC.

The treatment of rats with BPA re-
sulted in significantly increased FCR
than control and other groups. How-
ever, body weight gain was non-signif-
icantly changed. These results were
parallel to Ahmed et al. ). while op-
posite to those obtained by Abdel-
Rahman et al. (®) who demonstrated a
significant decline in the body weight
gain in BPA treated female rats. On the
other side Rubin et al. ?V demon-
strated significant promotion in the
weights of female rats' that were pre-
natally exposed to BPA. This contradic-
tory may be due to sex variation (male
may be differed from female) also the
difference in doses. The FCR exhibited
significant increase in BPA treated rats
that may attributed to increase in feed
consumption of such group without
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converting to weight gain properly.
This may assume to the encountering
of BPA to several homeostatic mecha-
nisms inside the body, from which
brain neuronal appetite loops ®. The
administration of LYC with BPA
showed improvement in FCR that de-
noted the ability of LYC to repair BPA
lesion at this point. Hematological
findings exhibited non-significant al-
terations among tested groups. These
results concord with Chung et al. 3.
However, results were partially agreed

with Ahmed et al. 2 who found that
BPA (150 mg/kg) for 70 days reduced
RBCs number, PCV and Hb concentra-
tion. They found non-significant altera-
tions in MCHC and MCV as well as TLC
and DLC. Moreover, Ulutas et al. ¢4
mentioned that BPA has no influence
on both TLC and DLC. The absence of
influence of BPA on hematological pic-
ture especially RBCs may be attributed
for the shorter duration of exposure
and dose that were not enough to af-
fect bone morrow.

Table 3: Effect of BPA and LYC on Comet assay

Comet assay Control LYC BPA BPA+LYC

% damage 15.43+0.18P 14.23+1.13° 20.67+1.452 17.95+2.34°
DNA tail 13.49+0.91° 14.67+1.17° 22.14+1.28° 15.39+2.22°2
Tail Length 3.48+0.822 3.49+0.702 5.78+0.48° 3.83+0.30?
Tail moment 0.62+0.18° 1.25+0.27° 1.174+0.19? 0.75+0.172

Different superscripts between columns are considered significant at p<0.05.

Mitogen proliferation assay of lympho-
cytes was declined significantly after
BPA administration than control while
BPA and LYC co-administrated re-
versed this decline. This result was in
accordance to Sakazaki et al. 3 who
worked on mice. The inferior effect of
BPA on blastogenesis of T- cells may be
attributed to its capability to generate
ROS as well as lipid peroxidation ©)
which are observed by decline in se-
rum TAC and MDA levels.

Whereas, oxidative stress can alter cel-
lular proteins as well as lipid causing in-
crease in cellular membrane integrity
and electricity ?7) thus disrupting cellu-
lar function and blastogenesis ability in
lymphocytes as an essential step for
adaptive immune response. Another
evidence supported these results is
the elevated level of comet tail and %
of damage in BPA treated group
comet results where ROS destructed
DNA causing its damage ©%29), The ac-

tual mechanism of BPA in inducing ox-
idative stress and lipid peroxidation is
controversial however, literatures sup-
ported that itis due to quinones, active
metabolites of BPA, that are ROS caus-
ing DNA damage 9. These previous
effects could be possible cause for the
observed thymic and splenic lymphoid
depletion observed in the histopatho-
logical results. The adverse effects of
BPA were ameliorating by co-admin-
istration of LYC that manifested by re-
duced MDA, comet tail and % damage
beside increased lymphocyte transfor-
mation and TAC. LYC is considered a
potent antioxidant that repaired BPA
induced deteriorations and its adverse
consequences. Even administration of
LYC alone produced significant in-
crease in TAC and reduced MDA than
control. This augment the idea that
BPA could induce a pro-inflammatory
state due to induction of lipid peroxi-
dation and ROS.
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Fig. 2: Microscopic photos showing the histopathological changes of spleen in all study groups.
Control and lycopene groups showing normal histological structure. BPA group show marked mul-
tifocal depletion of white pulp. Lyco+BPA group show mild depletion of lymphoid follicle. H&E
stain.

Control

Fig. 3. Microscopic photos showing the histopathological changes of Thymus in all study groups.
Thymus showing normal histological structure of both control and lycopene group. PBA group
showing multifocal necrotic lymphocytes in cortex and medulla. Lyco+BPA group showing normal
thymus. H&E stain X100.

Oxidative stress promotes nuclear fac-
tor-kappa B stimulating various pro-in-
flammatory cytokines. The promotion
of IL-1f indicated that BPA could in-
duce a state of pro-inflammation GV,
Induction of IL-12 by BPA is closely as-
sociated with T-helper 1 cells activation
and autoimmunity 3%, This adverse ef-
fect of BPA could be reduced via ad-
ministration of LYC, a potential antiox-
idant that is manifested by amelio-
rated pro-inflammation and auto- in-
flammatory IL-1f and IL-12, respec-
tively. BPA induced immunological
perturbations that are represented in
suppressed lymphocytes transfor-
mation and increased their DNA frag-
mentation as well as increased IL-1P

and IL-12. These perturbations seemed
to be induced by ROS and lipid peroxi-
dation inducing effect of BPA. LYC ad-
ministration ameliorated oxidative
stress and lipid peroxidation induced
immunological disorders.
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