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ABSTRACT: The aim of this study was to investigate the haematological and biochemical alterations in albino rats
induced by bisphenol A (BPA). Fifteen adult male albino rats were procured and separated into 3 different groups viz:
group 1 (control), group 2 (50 mg/kg), group 3 (250 mg/kg); and were orally administered BPA at doses of 50 and 250
mg/kg/week. After 6 weeks of exposure, blood samples were collected for haematological and biochemical assay. The
parameters analyzed included: red blood cell count, haemoglobin concentration, packed cell volume, white blood cell
count, differential white blood cell count, kidney and liver function tests. The results obtained revealed that there was a
sequence of significant decrease (P<0.05) from the control group to group 3 (250 mg//kg) of the BPA-treated groups in
the following parameters; total RBC count 7.33-4.40, Hb concentration 16.63-11.13 and PCV count 43.67-34.67. A
significant increase (P<0.05) was observed in all leucogram values of BPA-treated groups when compared to the
control. The serum levels of AST (44.67-71.00), ALT (13.33-46.67), ALP (64.00-86.67), Na*, K", urea and creatinine
significantly increased (P<0.05) in the groups that received BPA-treatment. There was also a non-significant reduction
(P>0.05) in total protein (72.67-61.00) and albumin (49.00-25.00) in BPA-treated groups when compared to the
control. These findings demonstrate that exposure of albino rats to BPA resulted in haematological defects and
alteration in several biochemical parameters that indicate renal and hepatic toxicity.

Keywords: Biochemical assay; Bisphenol A; Haematogical assay.

Bisphenol A (BPA) o<l Tl slaagdl o ol o A gad) Apilaasst) g 4 garl) il i)
FS ol Urangl 5z sl g2l o

O 15583 pdic duwad o) 33 a3(BPA). T st Ly 14 sad) 2L0a Sl 5 2 geall ol puaill 8 Gaiall sa Al )all 038 (e Cangl) IS il
| a3e3 (250 e sanall () aaS/ ane2 (50 e sanall () aSaill de sene] ((4e senall: dilide Cile sanned ) Ll iy ALl eladl ()13 jall
el 5 adll andl aall Clise gan o ¢ aadl) (o gl 3m £ sanl/ S/ aale250 S50 e JuBPA adll 3ok e S iS5 ¢) aaS
lanll anll LA slast ¢ eliapd) aall LA ¢ duaSall LAY aaa éﬁ}x;ﬁ@\ S5 ¢ gl gaall aall wsﬁe@mes‘;m Silaleall Jaidis, 4y saall
&) Saill de gane Ga(P <0.05) @ sire alindl Julus llia of Lde Jsanll o il gl o jedal, 2l SN Cailla g and ¢ ALl
385 (7.33-4.40 sl pesll adl @l S aae s ¢ A0 Glabed) ABPA o dalladll Gle sanall (0) aaS/ aae3 (250 A sendl
le saxallleucogram  ad aes AP <0.05) 4osiee 33 Gas 143.67-34.67. ¢l peall adll WA 220 516.63-11.13  Omsle sasell
ALP (64.00-86.67) <ALT (13.33-46.67) <AST (44.67-71.00) Jean il sina )5, dasliall de ganall ae 23 GLBPA = dalladll
(P> ssine e palisil Ual dlia (SBPA. ke cili il e genall (P <0.05) dasale IS ol S5 Lol (K + <Na + ¢
G 02 e 58, oSl de saney 45 JEBPA - dadlaall Gl sl 3(49.00-25.00) (e siY15(72.67-61.00) SV G5l (£20.05)

S5 A5l Apans () s 3 ALaS sl illaall o el a5 A 5e0 e ) GIBPA el O

Al pand 6l gl AU A sl eliaSl) pand dalidal) cilalsl)

@O0

10



HAEMATOLOGICAL AND BIOCHEMICAL CHANGES IN ALBINO RATS

1. Introduction

B isphenol A (BPA) is a synthetic organic compound that is widely used throughout the world. It is primarily known
as an important ingredient in the production of polycarbonate (PC) plastics and epoxy resins. It serves as an
intermediary to the manufacture of various products. BPA is widely used because it is lightweight and for its rigidity,
lucidity and resistance to temperature. Polycarbonates are used in plastic containers especially in the food industry and
for domestic products such as for plastic bottles, and for lenses, sports safety equipment and components of medical
devices. Epoxy resins are used as protective coatings in metal cans in order to protect the integrity and safety of our
food supply by preventing corrosion and contamination of canned foods and beverages with metals and bacteria, hence
extending their shelf life. Thus besides many other applications, both PC and epoxy resins are widely used as food
contact materials (FCMs) which means that they are used for the manufacture of items that have direct contact with
food [1]. These items include: infant feeding bottles, tableware, food containers, water bottles, ovenware, water pipes
and so on [2]. Food contact materials, however, comprise only about 3% of produced PC plastics and 10% of epoxy
resins [3]. The general human population can be exposed to BPA through the oral, inhalatory and dermal routes [4, 8],
but the most significant mode of exposure of humans to BPA is through food, being present in canned food and
drinking water as a result of the leaching of this chemical from the plastic lining of cans of drinks and food. The
leaching of BPA from plastic is increased when it is cleaned with a strong detergent, when it contains acidic liquids or
when it is exposed to high temperatures. It is also known to leak into food from the protective inner epoxy resin
coating of canned food, and this usually occurs when the cans are being heated during sterilization or food preparation
[9]. Moreover, the high production volume of BPA is ubiquitous and this leads to contamination of the environment,
especially the soil and groundwater [10].

BPA is absorbed from the gastrointestinal tract into the blood and redistributed to other tissues [11]. It is highly
conjugated in the liver to form bisphenol A glucuronide, a major metabolite, which is excreted in urine [12] and this
has been detected in the urine and serum samples of individuals in the USA [13]. These studies have shown that
humans are being exposed to BPA. BPA has been demonstrated in both in vivo and in vitro experiments to act as an
endocrine disrupting chemical [14]. This has raised great concern with regards to human health. The harmful effects of
BPA are mainly linked to its estrogenic activity [15]. The exposure of different laboratory animals to BPA elucidates
the multiple effects on the male and female reproductive systems. Different doses of BPA caused inhibition in
spermatogenesis and seminiferous tubules in male chicks [16]. BPA is also known to cause a decrease in sperm count
and motility and also to affect sperm morphology of adult male rats [17,18]. BPA has been associated with declined
semen quality and increased sperm DNA damage; this also supports the toxicity of BPA on germ cells [19].

This study therefore investigated the effect of oral administration of BPA in adult male rats by examining alterations in
their haematological and biochemical parameters.

2. Materials and methods

2.1 Test material

Bisphenol A [2, 2-bis (4-hydroxyphenyl propane)] (purity 99.9%, CAS no. 80-05-7) was procured from Geochem
Ventures Limited, Choba, Rivers State. BPA solution was prepared by dissolving this chemical in olive oil on a weekly
basis according to the dose to be orally administered to each of the groups.

2.2 Test animals

A total of fifteen (15) adult male albino rats, weighing 180-230 grams were used to carry out these studies. The
rats were bred in the animal house with a 12-hour light and 12-hour dark photoperiod, in the Department of Animal and
Environmental Biology, University of Port Harcourt. Before the administration of this chemical, the test animals were
allowed to acclimatize to the laboratory environment for a period of fourteen days. They were kept in a wooden cage
and given a standard feed and water throughout the study.

2.3 Experimental design

The rats were divided into three groups with each group containing five animals which were approximately equal
to their average body weight. The doses were selected according to Jayashree et al. [20]. The oral LDsy of BPA in rats
was 3250 mg/kg body weight as described by MSDS [21].

The experimental groups were designated as follows: Group I: Control (vehicle-treated, n = 5); Group Il
(received 50 mg/kg body-weight/week BPA, n = 5); Group Il (received 250mg/kg body-weight/week BPA, n = 5).
BPA was administered weekly via the oral route for 6 weeks. All experimental procedures and animal use were
approved by the University of Port Harcourt Local Committee on Research Ethics.

At the end of the experiment, the test animals were sedated by placing them in a sealed jar containing cotton wool
soaked with chloroform anaesthesia. Blood samples were obtained by cardiac prick and 1 ml of blood was placed in an
ethylenediaminetetraacetic acid (EDTA) anticoagulant tube for measurements of haematological parameters. The blood
was centrifuged at 6000 rpm for ten minutes to separate the serum which was used for the measurement of biochemical
parameters.
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2.4 Haematological assays

Red blood cell (RBC) and leucocyte counts were ascertained using an improved Neubauer haemocytometer.
Packed cell volume (PCV) was estimated by the micro haematocrit technique. Haemoglobin (Hb) concentration was
assessed with Drabkin’s method [22]. The differential leucocyte count was performed on Giemsa stained blood smears
[23].

2.5 Biochemical analysis of serum
2.5.1 Kidney function

The levels of urea and serum creatinine were ascertained using the principles of Tabacco, and Fabiny and
Eringhausen respectively [24, 25]. The method for electrolyte [calcium ion (Ca?"), chloride ion (CI"), potassium ion
(K"), and sodium ion (Na")] analysis was performed by direct measurement [26]. The activity of the specific ion in the
sample at the electrode was joined with an electrical potential which was measured by a voltmeter. Voltage is
theoretically proportional to ionic activity. The voltage was finally converted to an electrical signal and displayed as a
value on the screen. The bicarbonate (HCOj3") analysis was carried out using standard laboratory procedures [27].

2.5.2 Liver function

Serum samples were assayed for aspartate transaminase (AST), alanine transaminase (ALT) and alkaline
phosphatase (ALP) using standard diagnostic kits with a clinical spectrophotometer. Serum total protein (TP) was
ascertained using the method of Weichselbaun, while albumin (ALB) was ascertained using the method of Dumas and
Biggs [28, 29].

2.6 Statistical analysis

The results were presented as mean + standard deviation and subjected to analysis by using one-way analysis of

variance (ANOVA). A post hoc test was used to determine the significant difference among means of different groups.

The SPSS (Statistical Package for Social Sciences) software (version 20) was used for the analysis of data and the level
of significance was set at P<0.05.

3. Results

3.1 Effects of BPA on haematological parameters of albino rats

Table 1 shows the effect of BPA on some haematological parameters. There was a significant decrease (P<0.05)
in RBC count, Hb concentration and PCV in rats after oral administration of both doses (50 and 250 mg/kg) of BPA
when compared to the control. The results also revealed that there was a significant increase (P<0.05) in white blood
cell (WBC) count and in the percentage of neutrophils, lymphocytes, monocytes and eosinophil in the groups that
received BPA-treatment when compared to the control.

Table 1. Effect of oral administration of BPA on some haematological parameters of albino rats.

Parameters Control 50 mg/kg 250 mg/kg
RBC (x10%L) 7.33+0.41% 6.23+0.25" 4.40+0.46°
Hb (g/dL) 16.63+0.31° 13.33+0.35" 11.13+0.83°
PCV (%) 43.67+1.53° 40.00+1.00° 34.67+1.53°
WBC (x10%/L) 8.07+0.31% 9.50+0.20° 10.03+0.15°
Neutrophils (%) 23.00+2.00° 28.67+1.53 36.00+3.46°
Lymphocyte (%) 45.33+4.51% 53.33+1.53" 59.00+1.73°
Monocyte (%) 5.00+0.00° 7.000.00° 7.67+0.58°
Eosinophil (%) 2.67+0.58° 4.00+0.00° 5.33+0.58°

Data are presented as mean + SD; Values with different superscript characters (*°) indicate a significant difference
(P<0.05); RBC - Red Blood Cell; Hb - Haemoglobin concentration; PCV - Packed Cell VVolume; WBC - White Blood
Cell; (n=5)
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3.2 Effect of BPA on renal function of albino rats

Figure 1 shows a summary of the effect of BPA on kidney parameters. The mean values of serum urea,
creatinine, Na', K" and Ca?" increased significantly (P<0.05) in the groups that received BPA-treatment when
compared to the control. The table also reveals that there was no significant difference (P>0.05) in the level of serum
HCO'".
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Figure 1. Effect of oral administration of BPA on renal function of albino rats.
Data are presented as mean + SD. Values with different superscript characters (*°) indicate a significant difference
(P<0.05). Na* = Sodium ion; K* = Potassium ion; Ca** = Calcium ion; HCO, = Bicarbonate ion; (n = 5)

3.3 Effect of BPA on liver function of albino rats

Figure 2 shows the effects of BPA on liver parameters. The mean values of AST, ALT and ALP increased
significantly (P<0.05) in rats after oral administration of both doses (50 and 250 mg/kg of BPA) when compared to the
control. The mean values for total protein and albumin showed no significant difference (P>0.05) in the group that
received BPA treatment when compared to the control.
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Figure 2. Effect of oral administration of BPA on liver function of albino rats.
AST = Aspartate transaminase; ALT = Alanine transaminase; ALP = Alkaline phosphatase; TP = Total protein; ALB =
Albumin; (n =5).
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4. Discussion

The current research revealed that the oral exposure of adult male rats to BPA resulted in a significant decrease in
the RBCs count, Hb concentration and PCV compared to the values for the control. The data obtained were close to the
results of Ulutas, and of Yamasaki and Okuda [30, 31]. They both determined the impact of BPA on rats at a dose of
125 mg/kg and 100 mg/kg respectively and later discovered that this chemical had instigated a significant decrease in
total erythrocyte count, Hb concentration and PCV. The decrease in RBCs may signify a disruption in erythropoiesis or
may be due to damaged erythrocytes [32]. These defects may also lead to a reduction in the lifespan of RBCs. The
decrease in haemoglobin content of blood may be due to the decrease in RBC count, destruction of synthesized RBC or
destruction of RBC membranes [32]. Erythrocyte deformation might cause low oxygen levels and dysfunction of
cellular respiration or radical-induced stress which might cause haemolysis; therefore altering the total erythrocyte
count [33]-[34]. The decrease in the concentration of haemoglobin may result in stress which can cause deleterious
effects in the experimental animals [35]. PCV is a major haematological parameter that changes with environmental
stress [36]. The reduction in PCV value is result of a decrease in the total RBC count. There was also a significant
increase in leucogram values of BPA-treated groups in comparison with the control. This may signify that this
compound has the capacity to induce some non-specific immune response in the test animal [36]. This would help in
resisting potential pathogens in the test animal. The elevated leucogram values of BPA-treated groups might initiate a
defense mechanism against this chemical. The elevated values of WBC may be to enhance wound healing and
inflammatory disease [37].

The results also revealed that there was a significant increase in serum urea, creatinine and some electrolytes
(Na", K) in BPA-treated groups in comparison with the control group. These alterations in renal function are close to
the results obtained from previous research [38,39]. Sangai and Verma stated that the nephrotoxic effect of BPA is as a
result of kidney damage which leads to the accumulation of toxic metabolites in the body [40]. There was an
insignificant increase in serum Ca®* whereas a non-significant reduction was also noticed in the level of HCO; in
BPA-treated groups in comparison with the control groups. The above results confirmed that electrolyte imbalance is
characterized as renal problems [41]. The increases in urea, creatinine, Na* and K" indicate renal impairment which
resulted in the accumulation of unwanted materials. The current research revealed that rats exposed to BPA displayed a
significant increase in AST, ALT and ALP levels in comparison with the control group. Serum AST, ALT and ALP
have been proven to be released into the blood when the liver is damaged [42]-[44]. Adedapo and Aiyelotan had
previously reported similar higher levels of serum hepatic enzymes [37]. According to Korkmaz et al., exposure to
BPA might result in a rise in oxidative stress in the liver which explains the higher levels of AST, ALT and ALP [14].
There was an insignificant reduction in the serum levels of total protein and albumin in the groups that received BPA-
treatment. The reduced level of total protein in BPA-treated groups may suggest impairment of liver function which
might result in a disease condition called hypoproteinemia.

5. Conclusion

It can be concluded that oral administration of BPA for 6 weeks in adult male rats resulted in haematological
defects and alteration of several biochemical parameters that indicate renal and hepatic toxicity.
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