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ABSTRACT
Bisphenol A is an industrial chemical widely used in the manufacture of polycarbonates (PCs),
epoxy resins, and other polymeric materials. In this study the toxicity of different doses of oral
bisphenol A to wistar rats was investigated. bisphenol A was given to rats at 2.5, 5, 10 and 20 µg/kg
body weight /day for 12 weeks. All the treated rats had a significantly increased body weight, but
none of the rats died during the 6 and 12 weeks’ period. Haematological and biochemical
parameters were measured after six and twelve weeks of the experimental period. Behavioral
changes and dosing resistance were observed in all the tested groups. After 12 weeks, different
types of anemia (microcytic hypochromic, microcytic normochromic and normocytic normochromic)
were observed in the different treated groups. The toxicity on the liver, toxicity on kidney and spleen
was correlated with changes in the concentrations of AST (aspartate aminotransferase), ALT
_____________________________________________________________________________________________________
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(alanine aminotransferase) and ALP (alkaline phosphatase) and the concentrations of globulins,
glucose, cholesterol and urea. The toxic effect of bisphenol A was evident on the Haematological
and Serobiochemical parameters.
Keywords: BPA (bisphenol A); toxicity; haematological; serobiochemical.
iv route. The lethality appears to be due to
respiratory arrest and hypotension [17].

1. INTRODUCTION
Bisphenols are organic synthetic compound that
contain two hydroxyl phenyl as functional groups
[1]. One of the well-known important type is
bisphenol A (BPA) which is an industrial chemical
widely
used
in
the
manufacture
of
polycarbonates (PCs), epoxy resins, and other
polymeric materials. Although PC and epoxy
resins are the major applications of BPA, other
uses include unsaturated polyester resins,
polyarylate
resins,
polysulfone
resins,
polyetherimide resins and ﬂame retardants [2].

Long term toxicity experiment was designed to
obtain information on the effect of various dietary
doses (2.5, 5, 10 and 20 µg/kg per day) of
bisphenol A on Wistar rats for 12 weeks.
Emphasis was put on changes in growth,
biochemical and hematological, characteristics of
Wistar rats.

1.1 Objective
This study was conducted to assess the chronic
toxic effects of Bisphenol A on wistar rats

BPA is a widely used compound in daily life. Oral,
inhalation and transdermal are the major routes
for human exposure. While the primary sources
of exposure to BPA for most people are through
diet or food products, other sources include food
packaging and dust, dental materials, healthcare
equipment, thermal paper and baby bottles [3].
The most important source of dietary exposure to
BPA is canned foods, but it may also be present
in fresh foods such as meat, milk or eggs, when
animals are bred or reared in polluted areas or
watered with the contaminated water [4,5,6]
reported that factors like pH, salt, oil and glucose
concentration have been shown to influence BPA
migration from the lacquer to the can contents.
BPA was also detected in the food products
stored in the cardboard boxes [7].

2. MATERIALS AND METHODS
Fifty Wistar rats were obtained from the Faculty
of Pharmacy of the University of Khartoum,
reared within the premises of the animal house
under 12 hours’ photoperiod with standard feed
and drinking water provided ad libitum before the
commencement of experimental feeding. Room
temperature was maintained at 25 ± 2°C at
adequate house ventilation. Then the animals
were randomly allotted into five groups 1, 2, 3, 4
and 5 each of ten rats. Group 1 was designated
as the control group.
Extra Pure Bisphenol A powder (Sangon, China)
was thoroughly dissolved in distilled water and
rats received the test chemical by oral gavage
doses at 2.5, 5, 10 and 20 µg/kg per day.
Whereas Group 1 was fed the basal diet and
served as control. Experiment was continued for
12 weeks. 50% of rats from each group (five
rats) was humanely slaughtered at the end of
week 6. The remaining 50% rats was
slaughtered by the end of the experimental
period (12 weeks).

BPA is known to have toxic effects on various
systems especially on reproductive system as it
possesses estrogenic property [8,9,10,11]. It is
implicated in carcinogenesis [12], endocrine
abnormalities [13], neural and behavioral
alterations
[14],
cardiac
and
hepatic
abnormalities [15,16] denoting the long- term
effects of BPA.
Due to the fast rhythm of daily life, too much fast
food and soft drink are utilized using containers
where BPA is one of the manufacturing materials.
People put on weight and get diseased. Changes
in sexual behavior, numerous cases of
miscarriages, sterility in addition to increased
incidence of cancer are continuously observed.

2.1 Data Collection
2.1.1 Body weight changes
The initial weight of rats was measured on the
first day of the experiment, after sex week and at
the end of the experimental period (12 weeks)
and weight gain was calculated.

Acute exposure to BPA produces lethality with a
very narrow range of lethal and survival dose for
2
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2.1.2 Hematological parameters

lower (P<0.05) in the same group. The values of
MCV increased significantly (P<0.05-0.01) in
groups 3 and 4 and depressed (P<0.05) in group
5. PCV values were higher (P<0.05) in groups 2
and lower (P<0.05-0.01) in groups, 3, 4 and 5.
The value of MCHC was significantly lower
(P<0.05) in group 5 than the control group 1
while the values of MCH and WBCs were not
different among the treatment groups.

By the end of 6 weeks (half of experiment
period), 50% of each group was slaughtered and
the blood samples was collected in dry test tubes
containing EDTA (Ethylene diamine tetra acetic
acid) and examined according to sysmex CBC
analyzer protocol-sysmex corporation kobe,
Japan for Hemoglobin Concentration (Hb), Red
Blood Cells (RBC), total White Blood Cell (WBC)
Counts and Packed Cell Volume (PCV). Mean
Corpuscular Volume (MCV), Mean Corpuscular
Hemoglobin (MCH) and Mean Corpuscular
Hemoglobin Concentration (MCHC).

At the end of the experimental period (12 weeks),
the values of RBCs and MCV were lower
(P<0.05) in groups 2 and 3. The PCV values
increased significantly (P<0.05-0.01) in all the
test groups with group 5 recorded the highest
value. The values of MCH and MCHC were lower
(P<0.05) in group 2 but did not changed in
groups 3, 4 and 5. The counts of WBCs were
lower (P<0.05) in groups 2, 3 and 4 than the
control group 1.

2.1.3 Serobiochemical parameters
Blood samples was collected and allowed to clot
and sera was separated by centrifugation at
3000 r.p.m for 5 min and stored at -20°C and
analyzed by UV Spectrophotometer method [18]
to determine the total proteins, albumin,
globulins, urea, cholesterol and the serum
enzymes, AST, ALT and ALP.

3.4 Serobiochemical Changes
After the end of the first six weeks of the
experimental period, there was a significant
decrease (P<0.01) in AST and an increase
(P<0.05) in ALT activities in groups 2, 3 and 4.
ALP activity was significantly depressed (P<0.010.001) in all the treatment groups. The
concentration of the total protein was lower
(P<0.05) in groups 2, 3 and 4 while those of
globulins was lower (P<0.05) in groups 2 and 3.
Albumin concentration did not change in any of
the test groups when compared to the controls
(group
1).
Significantly
lower
(P<0.05)
concentration of glucose was recorded in group 2
and 3, while those of groups 4 and 5 did not
change. The concentration of cholesterol was
lower (P<0.05) in group 3 and higher (P<0.01) in
group 4 while urea concentration was higher
(P<0.05) in groups 2 and 3 and lower (P<0.05) in
group 4 than the control group 1.

2.2 Statistical Analysis
Mean values in body weight and serum data
were compared using student's t-test [19].

3. RESULTS
3.1 Clinical Observations
The control Group 1 remained clinically normal
throughout the experimental period. All other
tested groups showed aggressiveness and
dosing-resistance.

3.2 Body Weight
The effects of receiving 2.5, 5, 10 and 20 µg/kg
/day of extra pure bisphenol A on growth of rats
are shown in Table 1. By the end of week six of
the experimental period, the rats receiving 5, 10
and 20 µg/kg /day BPA (group 3, 4 and 5
respectively) had significant increase (P<0.050.01) in body weight gain, while that of group 2
received 2.5 µg/kg /day BPA did not change
when compared to the control group 1.

At the end of the experimental period (12 weeks),
the activities of AST and ALP were lower
(P<0.05-0.01) in all the treatment groups than
the control rats. Significant increase (P<0.050.01) in ALT activity was observed in groups 2,3
and 4 and that of group 5 did not change. The
total protein concentration was lower (P<0.05) in
group 5 and that of globulin was lower (P<0.05)
in groups 3 and 5. The concentration of albumin
did not change in any of the test rats. Glucose
concentration was significantly higher (P<0.050.01) in groups 3, 4 and 5. Cholesterol and urea
concentrations were higher (P<0.05-0.01) in all
the treatment groups than the control rats of
group 1.

At the end of the experimental period (12 weeks),
all the test groups showed significant increase
(P<0.01) in body weight gain, with group 4
showing the highest increase when compared to
the control and the other test groups.

3.3 Haematological Findings
These data are presented in Table 2. After the
end of the first six weeks, the value of HB was
higher (P<0.05) in group 2 and that of RBCs was
3
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Table 1. Average (mean±S.D) values of rats changes in body weight gain (g) during treatment (6 weeks) and (12 weeks) with orally BPA
Groups
6 weeks
1. Control
2. 2.5 µg/kg /day BPA
3. 5 µg/kg /day BPA
4. 10 µg/kg /day BPA
5. 20 µg/kg /day BPA
12 weeks
1. Control
2. 2.5 µg/kg /day BPA
3. 5 µg/kg /day BPA
4. 10 µg/kg /day BPA
5. 20 µg/kg /day BPA

Initial weight (g)

Final weight (g)

Weight gain (g)

104.2±0.37
106.2±1.01
104.0±1.12
107.4±1.43
105.4±1.20

125.4±0.39
129.2±0.98
131.1±1.01
133.1±0.89
132.4±1.50

21.2±0.2
NS
23.0±0.03
27.1±0.11**
25.7±0.54**
27.0±0.3**

125.4±0.39
129.2±0.98
131.1±1.01
133.1±0.89
132.4±1.50

151.3±0.98
164.2±1.02
163.2±0.54
171.8±0.12
167.9±0.67

25.9±0.59
35.0±0.04**
32.1±0.47**
38.7±0.77**
35.5±0.83**

Values are means ±SE, NS=not significant, * Denotes mean values significant

at (P<0.05), **Significant=(P<0.01)

Table 2. Haematological changes in rats received BPA at different concentrations
Groups
6 Weeks
1. Control
2. 2.5 µg/kg /day BPA
3. 5 µg/kg /day BPA
4. 10 µg/kg /day BPA
5. 20 µg/kg /day BPA
12 Weeks
Groups
1. Control
2. 2.5 µg/kg /day BPA
3. 5 µg/kg /day BPA
4. 10 µg/kg /day BPA
5. 20 µg/kg /day BPA

HBg/dL-1

RBC(x106/mm)

MCV(m3)

PCV(%)

MCH(Pg)

MCHCg/dL

WBC(x103/mm)

12.80±0.37
14.09±0.21*
11.60±0.68NS
NS
13.20±0.86
NS
11.80±0.86

7.68±0.39
5.98±0.39*
7.46±0.86 NS
NS
7.62±0.67
8.04±0.26 NS

54.00±1.45
NS
52.60±1.97
57.80±0.58*
61.40±0.81**
50.20±0.86**

59.40±0.44
66.40±0.43**
56.01±0.26*
57.20±0.31*
52.46±0.53**

15.20±0.66
NS
15.20±0.58
15.20±0.32 NS
NS
15.20±0.51
14.80±0.86 NS

33.00±1.79
NS
33.54±1.41
32.84±1.01 NS
NS
33.34±0.96
28.22±0.95*

5.68±0.24
NS
5.26±0.72
4.94±0.48 NS
NS
4.40±0.25
4.56±0.23 NS

HBg/dL-1
12.20±0.86
13.20±0.74 NS
NS
13.00±1.63
13.60±0.68 NS
15.41±0.31*

RBC x106/mm
7.25±0.69
4.94±1.02*
5.40±1.16*
7.50±0.33 NS
8.68±0.49 NS

MCV(m3)
54.40±0.87
50.40±1.03*
51.40±1.86*
54.40±0.86 NS
55.80±2.76 NS

PCV(%)
59.87±0.46
69.49±0.31**
66.0±0.49*
68.4±0.87*
71.62±0.34**

MCH(Pg)
15.60±0.51
13.40±0.81*
NS
15.00±0.32
16.60±0.93 NS
16.80±1.53 NS

MCHCg/dL
32.60±1.23
30.52±1.09*
NS
31.34±1.09
32.00±1.49 NS
32.48±2.44 NS

WBCx103/mm
6.28±0.41
4.52±0.26*
4.96±0.34*
4.36±0.13*
5.42±0.62 NS

Values are means ±SE, NS=not significant, * Denotes mean values significant at (P<0.05), **Significant= (P<0.01)
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Table 3. Serobiochemical changes in rats received BPA at different concentrations

Groups

ASTU/L

ALTU/L

ALPU/L

1. Control
2. 2.5 µg/kg
/day BPA
3. 5 µg/kg
/day BPA
4. 10 µg/kg
/day BPA
5. 20 µg/kg
/day BPA

52.8±0.2
43.6±0.2**

12.8±0.5
17.6±0.2*

61.20±0.60
38.6±0.12***

Groups
1. Control
2. 2.5 µg/kg
/day BPA
3. 5 µg/kg
/day BPA
4. 10 µg/kg
/day BPA
5. 20 µg/kg
/day BPA

6 weeks
Total protein Albumin
g/dL
g/dL
5.04±0.35
2.72±0.43
3.86±0.34*
2.42±0.10 NS

Globulins
g/dL
2.32±0.28
1.84±0.24*

Glucose
mg/dL
55.96±1.03
49.46±0.27*

1.70±0.11*

50.68±1.40*

Cholesterol
mg/dL
35.94±1.67
34.50±1.31

Urea
mg/dL
19.06±0.95
21.80±0.27*

33.22±1.32*

23.22±0.97*

40.40±1.54**

16.20±0.66*

34.12±2.45

19.38±1.57

NS

46.2±0.4**

15.8±0.6*

55.2±0.1**

4.06±0.04*

2.36±0.14

NS

41.6±0.7**

17.4±0.8*

47.01±0.45***

4.14±0.40*

2.08±0.09

NS

2.02±0.41

NS

55.78±9.51

NS

13.2±0.7

54.0±0.82**

5.17±0.48

2.46±0.12

NS

2.71±0.37

NS

55.16±1.44

NS

AST
U/L
53.18±0.7
48.6±0.21*

ALT
U/L
11.56±0.3
14.80±0.8*

ALP
U/L
61.67±0.0
57.44±0.32**

12 weeks
Total protein Albumin
g/dL
g/dL
4.76±0.44
2.50±0.23
4.17±0.21 NS
2.15±0.18 NS

Globulins
g/dL
2.26±0.38
2.03±0.04 NS

Glucose
mg/dL
54.95±0.09
52.05±0.90

Cholesterol
mg/dL
35.30±0.16
37.43±0.02 *

Urea
mg/dL
17.24±1.36
21.62±0.95*

42.0±0.83**

15.60±0.04*

55.30±0.6**

4.52±0.22 NS

2.78±0.12 NS

1.74±0.28*

61.77±0.51**

39.70±0.04 *

20.40±0.96*

44.6±0.32**

17.40±0.3**

53.20±0.5**

4.26±0.15 NS

2.24±0.24 NS

2.02±0.16 NS

58.39±0.94*

44.98±0.78**

25.92±0.78**

46.0±0.31*

12.80±0.7

NS

53.89±0.3**

3.8±0.16*

2.08±0.08

1.72±0.20*

57.49±0.79*

37.99±0.19 *

24.42±2.62**

54.2±0.9

NS

NS

NS

NS

NS

Values are means ±SE, NS=not significant, * Denotes mean values significant at (P<0.05), **Significant= (P<0.01)
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current lowest observed adverse effect level
considered by the US-EPA, disrupt pancreatic βcell function producing insulin resistance in male
mice. Therefore, this altered blood glucose
homeostasis by BPA exposure may enhance the
risk of developing type II diabetes.

4. DISCUSSON
The results of the present study indicated that
administration of BPA at 2.5, 5, 10 and 20 µg/kg
/day is toxic but not lethal as evidenced by a
significant increase in body, alter the function of
some organs, such as the liver, haematological
and serobiochemical alterations.

BPA produces down-regulation of glucose
transporters in adipocytes [29], an action that
may induce insulin resistance. Moreover, BPA
combined with insulin favors the conversion of
fibroblasts to adipocytes [30], enhancing the risk
of obesity, a metabolic disorder that has been
related to endocrine disruptors exposure in the
last years [31,32]. Hence, the direct effect of BPA
on peripheral tissue might also be of importance
to develop insulin resistance.

The mean body weight gains of Wistar rat given
BPA at 2.5, 5, 10 and 20 µg/kg /day were
significantly increased at the end of the
experimental period (12 weeks) when compared
to the control rats. Studies on rodents have also
revealed that prenatal and postnatal exposure to
BPA increases adipose tissue mass and hence
promote the increment of body weight [20].
Increased body weight was observed in offspring
of Sprague-Dawley female rats soon after birth
and continued into adulthood when the female
rats were exposed to approximately 0.1 mg
BPA/kg body weight (BW)/day (low dose) or 1.2
mg BPA /kg/BW/day (high dose) in drinking water
from day 6 of pregnancy through the period of
lactation [21]. In the last few years, evidence of a
relationship between BPA and obesity in humans
has been emphasized but is confined to certain
populations. Epidemiological studies in the USA
[22,23], China [24], Korea [25,26] and Canada
have reported positive associations between BPA
and adiposity measures in adults. In vitro studies
have shown that BPA was able to enhance
terminal differentiation of 3T3-L1 cells into
adipocyte leading to excess fat accumulation
[27]. In that study, the action of BPA was
mediated by the mechanism that involved the PI
3-kinase and Akt kinase pathway.

5. CONCLUSION
This study
concluded that BPA is a
substance at all levels. The toxic effect
evident
on
the
Haematological
Serobiochemical parameters also the
organs was directly affected.

toxic
was
and
vital
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BPA on bone marrow.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

competing

REFERENCES
1.

In This study, the depressed activity of AST and
ALP and elevated activity of ALT and high
cholesterol concentration indicate liver damage.
The development of nephrotoxicity in all the test
groups was indicated by the high serum urea
concentration. In this study there was an
increase of serum glucose concentration, the
increase in glucose levels was evident for
concentrations of BPA ≥5 μg/kg/day. It was
demonstrated by [28] that doses well below the

2.

6

Fiege H, Voges H-W, Hamamoto T,
Umemura S, Iwata T, Miki H, Fujita Y,
Buysch H-J, Garbe D, Paulus W. Phenol
derivatives. Ullmann's encyclopedia of
industrial chemistry. Weinheim: WileyVCH; 2002.
Huang G, Zhuo A, Wang L, Wang X.
Preparation and ﬂammability properties of
intumescent ﬂame retardant-functionalized
layered double hydroxides/polymethyl

Hammad et al.; AJBGMB, 5(4): 1-8, 2020; Article no.AJBGMB.61420

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

methacrylate nanocomposites. Materials
Chemistry and Physics. 2011;130(1-2):
714–720.
Geens T, Aerts D, Berthot C, Bourguignon
JP, Goeyens L, Lecomte P, MaghuinRogister G, Pironnet AM, Pussemier L,
Scippo ML, Van Loco J, Covaci A. A
review of dietary and non-dietary exposure
to bisphenol- -A. Food Chem. Toxicol.
2012;50(10):3725-3740.
Van Landuyt KL, Nawrot T, Geebelen B,
De Munck J, Snauwaert J, Yoshihara K,
Scheers H, Godderis L, Hoet P, Van
Meerbeek B. How much do resin-based
dental materials release? A meta-analytical
approach. Dent Mater. 2011;27(8):723747.
Brotons JA, Olea-Serrano MF, Villalobos
M, Pedraza V, Olea N. Xenoestrogen
released from lacquer coatings in food
cans. Environmental Health Perspectives.
1995;103:608–612.
Kang J-H, Kito K, Kondo F. Factors
influencing the migration of bisphenol A
form cans. Journal of Food Protection.
2003;66:1444–1447.
Oldring PK, Castle L, O’Mahony C, Dixon
J. Estimates of dietary exposure to
bisphenol A (BPA) from light metal
packaging using food consumption and
packaging
usage data: A refined
deterministic approach and a fully
probabilistic (FACET) approach. Food
Addit. Contam. A. 2014;31(3):466-489.
Tinwell H, Haseman J, Lefevre PA, Wallis
N, Ashby J. Normal sexual development of
two strains of rat exposed in utero to low
doses of bisphenol A. Toxicol. Sci.
2002;68(2):339-348.
Sugiura-Ogasawara M, Ozaki Y, Sonta S,
Makino T, Suzumori K. Exposure to
bisphenol A is associated with recurrent
miscarriage. Hum. Reprod. 2005;20(8):
2325-2329.
Yamasaki K, Sawaki M, Noda S,
Imatanaka N, Takatsuki M. Subacute oral
toxicity study of ethynylestradiol and
bisphenol A, based on the draft protocol for
the “Enhanced OECD Test Guideline no.
407”, Arch. Toxicol. 2002;76(2):65-74.
Bucher JR. Bisphenol A: What to now?
Environ. Health. Perspect. 2009;117(3): A
96-A 97.
Ho SM, Tang WY, Belmonte de Frausto
J, Prins GS. Developmental exposure to
estradiol and bisphenol A increases
susceptibility to prostate carcinogenesis

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

7

and
epigenetically
regulates
phosphodiesterase type 4 variant 4,
Cancer Res. 2006;66(11):5624-5632.
Zoeller RT, Bansal R, Parris C.
Bisphenol-A,
an
environmental
contaminant that acts as a thyroid
hormone receptor antagonist in vitro,
increases serum thyroxine, and alters
RC3/neurogranin expression in the
developing rat brain. Endocrinology.
2005;146(2):607-612.
Patisaul HB, Fortino AE, Polston EK.
Differential disruption of nuclear volume
and neuronal phenotype in the preoptic
area by neonatal exposure to genistein
and bisphenol A. Neurotoxicology. 2007;
28(1):1-12.
Lang IA, Galloway TS, Scarlett A, Henley
WE, Depledge M, Wallace RB. Association
of urinary bisphenol A concentration with
medical
disorders
and
laboratory
abnormalities in adults. JAMA. 2008;
300(11):1303-1310.
Melzer D, Rice NE, Lewis C, Henley WE,
Galloway TS. Association of urinary
bisphenol A with heart disease: Evidence
from NHANES 2003/06. PLoS One. 2010;
5(1):e8673.
Pant J, Shripad B, Deshpande SB. Acute
toxicity of Bisphenol A in rats. Indian
Journal of Experimental Biology. 2012;50:
425-429.
Biosystems SA. Barcelona; 2019.
Snedecor GW, Cochran WC. Statistical
methods, 8th Edn, Iowa State University
Press, Ames, Iowa; 1989.
Miyawaki J, Sakayama K, Kato H,
Yamamoto H, Masuno H. Perinatal and
postnatal exposure to bisphenol A
increases adipose tissue mass and serum
cholesterol
level
in
mice.
J.
Atherosclerosis. Thromb.. 2007;14(5):24552.
Rubin BS, Murray MK, Damassa DA, King
JC, Soto AM. Perinatal exposure to low
doses of bisphenolA affects body weight,
patterns of estrous cyclicity and plasma LH
levels. Environ. Health Perspect. 2001;
109:675–680.
Carwile JL, Michels KB. Urinary bisphenol
A and obesity: NHANES 2003–2006.
Environ Res. 2011;111(6):825-30.
Shankar A, Teppala S, Sabanayagam C.
Urinary bisphenol A levels and measures
of obesity: results from the National Health
and Nutrition Examination Survey 2003–
2008. ISRN Endocrinol. 2012:965243.

Hammad et al.; AJBGMB, 5(4): 1-8, 2020; Article no.AJBGMB.61420

24.

Wang T, Li M, Chen B, Xu M, Xu Y, 28. Ropero AB, Alonso-Magdalena P, GarcıaHuang Y, Lu, J, Chen Y, Wang W, Li X,
Garcıa E, Ripoll C, E. Fuentes, E, Nadal A.
Lui Y, Bi Y, Lai S, Ning,G. Urinary
Bisphenol-A disruption of the endocrine
bisphenol
A
(BPA)
concentration
pancreas and blood glucose homeostasis.
associates with obesity and insulin
International Journal of Andrology. 2008;
resistance. J Clin. Endocrinol. Metab.
31:194-200.
2012;97(2): E223-7.
29. Sakurai T, Itoh K, Higashitsuji H, Nagao T,
25. Ko A, Hwang MS, Park JH, Kang HS, Lee
Nonoguchi K, Chiba T et al. A cleaved form
HS, Hong JH. Association between urinary
of MAGE-A4 binds to Miz-1 and induces
bisphenol A and waist circumference in
apoptosis in human cells. J Biol Chem .
Korean adults. Toxicol. Res., 2014;30(1):
2004;279:15505–15514.
39-44.
30. Heindel JJ. Endocrine disruptors and the
26. Lee MR, Kim JH, Choi YH, Bae S, Park C,
obesity epidemic. Toxicological Sciences.
Hong YC. Association of bisphenol A
2003;76:247–249.
exposure with overweight in the elderly: 31. Mead MN. Origins of obesity. Environ
Apanel study. Environ. Sci. Pollut. Res. Int.
Health Perspect. 2004;112:A344.
2015;22(12):9370-7.
32. Do MT, Chang VC, Mendez MA, de Groh
27. Masuno H, Iwanami J, Kidani T, Sakayama
M. Urinary bisphenol A and obesity in
K, Honda K. Bisphenol A accelerates
adults: results from the Canadian Health
terminal differentiation of 3T3-L1 cells into
Measures Survey. Health Promotion and
adipocytes through the phosphatidylinositol
Chronic Disease Prevention in Canada,
3-kinase pathway. Toxicol. Sci. 2005;84(2):
Research, Policy and Practice. 2017;
319-27.
37(12):403-412.
_________________________________________________________________________________
© 2020 Hammad et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/61420

8

