Bangl. J. Vet. Med. (2019). 17 (1): 77-82 ISSN: 1729-7893 (Print), 2308-0922 (Online)

Received: 04-02-2019, Accepted: 08-05-2019 DOI: https://doi.org/10.33109/bjvmjj19lam2

ORGINAL ARTICLE

Effects of Bisphenol-A (BPA) and black seed oil on body weight, lipid profile and serum glucose
in male and female mice

K. M. Sujan?, E. Hoque?, M. S. Rakib!, M. I. Haque!, A. Mustari!, M. A. Miah! and M. K. Islam**

!Department of Physiology, Faculty of Veterinary Science, Bangladesh Agricultural University,
Mymensingh-2202, Bangladesh.

Abstract

Background

Bisphenol-A [BPA, 2, 2-bis (hydroxyphenyl) propane] is widely used in the manufacture of
polycarbonate plastic, water bottles, feeders , baby bottles, epoxy resins and inside coating in
metallic food cans. Black seed oil (BSO) (Nigella sativa) commonly known as black cumin,
reported to be beneficial in function of various systems in the body. The study was carried out to
investigate the effect of BPA and BSO on body weight, lipid profile and serum glucose in male
and female mice.

Methods

A total of thirty (15 male and 15 female) Swiss Albino mice (Mus musculus), aged 25-28 days
with an average body weight of 27.4+1g were randomly divided into 3 groups consisting 5 mice
in each for each sex. Group A served as vehicle control. Group B was administered BPA @ 50
mg/kg bw daily, while group C received both BPA @ 50 mg/kg/day and BSO @ 1ml/kg/day
respectively.

Results

Data revealed that BPA treated mice showed slight increase in body weight gain while BSO
controlled the weight gain in BPA treated mice. Cholesterol and LDL values were significantly
(p<0.01) increased and Triglycerides value was significantly (p<0.01) decreased in BPA-treated
mice without significant alterations in HDL value. BPA & BSO treated female mice showed
significant (p<0.01) decreased in cholesterol, triglycerides and LDL values. BPA reduced the
blood glucose level and addition of BSO had synergistic effects of glucose utilization.

Conclusions
It can be concluded that BPA is one of the potential risk factors for hyperlipidemia and obesity.
These harmful effects could be alleviated by the ingestion of black seed oil.
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Introduction
Bisphenol-A (BPA), is widely known as an

endocrine disrupting chemical (EDC) that
imitates, changes, and interferences the
endogenous hormonal activity and impaired

reproductive functions both in humans and
animals (Diamanti-Kandarakis et al. 2009). It
extensively used in food packaging, epoxy resins,
polycarbonate plastics, water and food plastic
containers, baby bottles and feeders, and medical
tubing (Kim et al. 2010). Human and animal may
be exposed to BPA by various sources and routes,
including leaching from plastic lining of food
cans, polycarbonate baby bottles, and by
ingestion, inhalation and dermal exposure.
(Vandenberg et al. 2012). Environmental
exposure to BPA is associated with many
disorders in humans like heart failure, kidney
diseases (Li et al. 2012) and immune system
dysfunction (Holladay et al. 2010). BPA also
causes early start of adolescence, birth defects,
miscarriages, effects on ability to reproduce (Al-
Hiyasat et al. 2004), breast cancer, prostate
cancer (Ho et al. 2006), diabetes, cardiovascular
disorders and disrupt the metabolic processes
(Lang et al. 2008). Black seed oil (Nigella sativa)
commonly known as black cumin, black carawa,
belonging to the family Ranunculaceae ( Kamal
et al. 2010). The black seed oail is reported to be
beneficial as its seeds contain more than one
hundred of components such as: essential oils,
unsaturated fatty acids, proteins, tannins, resins,
alkaloids, steroids, vitamins and minerals those
play an important positive role in the body
function (Ali and Blunden, 2003).The
administration of 1ml/kg/day of Nigella sativa oil
stimulated the sexual hormones secretion that led
to improve protein synthesis, WBC count and
decrease the serum cholesterol concentration in
blood (Juma and Abdulrahman, 2011). The black
seed is considered as antidiabetic,
antihyperlipidemic, anti-inflammatoric,
immunomodulating, hypotensive, antioxidative,
anti-bacterial and anti-fungal agent (Halamova et
al. 2010 and Rogozhin et al. 2011). So far, the
research works related to BPA and black seed oil
are very limited in Bangladesh. The objectives of
this study were to investigate the effect of BPA
and BSO on body weight and to observe the

effect of BPA and BSO on serum glucose and
lipid profile e.g. Cholesterol, HDL-c, LDL-c and
Triglyceride in male and female mice.

Materials and Methods

Experimental animals

The mice used for this study were purchased from
ICDDR’B, Dhaka. They were reared in a
compartmentalized  square  wooden  cages
wrapped with wire mesh under controlled
conditions of temperature (26-30)°C and relative
humidity of 70-80% with natural day light.

Experimental chemicals

Bisphenol-A (BPA) was purchased from Sigma-
Aldrich Company, USA and was dissolved in
sunflower oil (vehicle) as stock before
administration. At first, we made a stock solution
of BPA that contains 500mg BPA and 10 ml
methanol. For each 50 gm feed, we took 3ml
sunflower oil and mixed with feed properly. The
oil extract of Nigella sativa L. seeds was
purchased from local market in Mymensingh.

Experimental design

The experiment was conducted in the Department
of  Physiology, Bangladesh  Agricultural
University, Mymensingh, from 1 February to 25
April 2018 (12 weeks). In this study, total thirty
(15 male and 15 female) Swiss Albino mice (Mus
musculus), aged 25-28 days with an average body
weight of 27.4+1g were used. At first, for each
sex, the mice were randomly divided into 3
groups viz., A, B and C consisting 5 mice in each
group. Before the start of the treatment, we
supplied sunflower oil all the groups for 2 weeks.
Group A served as vehicle control and Group B
was administered Bisphenol-A (BPA) @ 50
mg/kg body weight daily, while group C received
BPA and Black Seed Oil (BSO) @ 50 mg/kg/day
and 1ml/kg/day respectively.

Management practices

The diet was prepared on daily basis and diet and
water were supplied ad libitum in all groups.
Initial body weight of each mouse was measured
with the help of a digital balance. Body weight
was taken on the first day and then we recorded
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body weight at 7 days intervals until the end of Bangladesh Agricultural University,
the experiment. Mice cage were cleaned regularly Mymensingh-2200.
and proper hygienic and sanitary measures were

adopted during the experimental period. Statistical analysis
All data were subjected to statistical analysis
Serum biochemical studies using SPSS program by one-way ANOVA

At the end of the experiment (12" week), blood followed by post-hoc Turkey’s test.

samples were collected by cardiac puncture and

blood samples were placed into clean dry tubes Results and Discussion

without  using  anticoagulant  for  serum

preparation. The tubes were placed in upright Effect of BPA and BSO on body weight gain in
slanting position at room temperature for 6 hours. mice

Then they were incubated overnight in the Average body weight gain in both male and
refrigerator (4°C). The serum samples were female mice upon treated with BPA and BPA
separated by centrifugation and stored in capped with BSO is shown in Table 1 and Table 2. BPA
tube at -20°C for biochemical analysis. The treated male and female mice showed slight
biochemical parameters of serum like Glucose increase in body weight and addition of BSO
and  Lipid profile  (Total cholesterol, revealed slight reduction in body weight in BPA
Triglycerides, HDL cholesterol and LDL treated male and female mice at 12th week of
cholesterol) were performed at Professor Dr. experiment.

Mohammad Hussain Central Laboratory in

Table 1. Comparison of average body weight gain in different treatment groups of male mice

Parameters Initial body weight Body Weight (g) (Mean + SE)
(9) 3 week 6™ week 9™ week 12 week
Control 43+1.14 46.6+1.6 49.6+1.44 51.8+1.62 54.2+1.83
BPA 42.8+£1.07 47.4+1.57 NS 50.2+1.28 NS 53.2+1.02NS 56.2+0.86 *
BPA & BSO 43+1.14 45.8+1.39NS 48.8+1.43NS 51.2+1.28NS 54.4+1.08 NS

** Significant at 1% level (p<0.01); *Significant at 5% level (p<0.05); NS= not significant (p>0.05)

Table 2. Comparison of average body weight gain in different treatment groups of female mice

Parameters Initial body Body Weight (g) (Mean * SE)
weight (g) 3 week 6™ week 9" week 121 week
Control 37.4+0.51 39.6+0.6 42.2+0.58 44.6+0.68 47.2+0.66
BPA 3840.71 41.2+0.73N8 44.240.37 * 46.4+0.60 NS 49.840.73 *
BPA & BSO 37.8+0.66 39.8+0.58 NS 41.6+0.51M 43.8+0.37 M 46.2+0.37 NS

**Significant at 1% level (p<0.01); *Significant at 5% level (p<0.05); NS= not significant (p>0.05)

The present findings are agreement with findings Effect of BPA and BSO on serum biochemistry
of Wada et al. 2007; Hugo et al. 2008; Rubin and in mice
Suto, 2009. They suggested that BPA has a Effect of BPA and BSO on serum glucose and
potential influenced on body weight by adipocyte lipid profile e.g. cholesterol, HDL-c, LDL-c and
differentiation, lipid accumulation, glucose Triglyceride in different groups of mice both
transport and adiponectin secretion. Bano et al. male and female are presented in Table 3 and
(2009) suggested that black seed oil decrease Table 4 respectively. Serum cholesterol and
body weight by lowers blood glucose levels, LDL-c values were significantly (p<0.01)
decrease serum cholesterol and triglyceride increased and TG value was significantly
levels, hypophagial action and inhibits (p<0.01) decreased in BPA-treated mice without
gluconeogenesis in the liver. alteration in HDL-c value compared to the values
of control group of both male and female mice.
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Supplementation of BSO in BPA treated female
mice showed significantly (p<0.01) decreased in
cholesterol, LDL-c and TG values compared to
the control female mice. On the other hand,

hypoglycemia was observed in BPA treated both
male and female mice compared to control mice
and BSO enhanced the BPA induced
hypoglycemic activity in mice.

Table 3. Effect of BPA and BSO treatment on lipid profile and glucose in male mice at 12" week

Parameters Control BPA BPA & BSO
Cholesterol(mg/dL) 225.79+1.17 258.49+1.56 ** 221.88+1.46NS
HDL(mg/dL) 40.21+0.44 39.43+0.62NS 41.12+0.52NS
LDL(mg/dL) 160.81+0.56 196.37+0.67 ** 159.75+0.75NS
TG (mg/dL) 123.84+1.15 113.44+41.55 ** 105.05+1.29 **
Glucose(mg/dL) 189.93+1.32 169.14+1.70 ** 143.09+1.26 **

**Significant at 1% level (p<0.01); *Significant at 5% level (p<0.05); NS= not significant

Table 4. Effect of BPA and BSO treatment on lipid profile and glucose in female mice at 12 week

Parameters Control BPA BPA & BSO
Cholesterol(mg/dL) 242.94+0.94 265.66+1.46 ** 235.30+2.87 **
HDL(mg/dL) 42.13+0.99 40.59+0.56Ns 41.65+1.46 NS
LDL(mg/dL) 172.64+0.31 199.49+0.65 ** 169.21+1.26 **
TG (mg/dL) 140.71+1.10 127.07+£0.94 ** 121.79+1.98 **
Glucose(mg/dL) 189.25+1.74 151.96+1.48 ** 143.34+3.34**

*Significant at 1% level (p<0.01); *Significant at 5% level (p<0.05); NS = not significant

The present study is closely related to previous
findings of Abbasnezhad et al. 2015;
Moghaddam et al. 2015; Oguazu and Ezeonu
2017. They reported that BPA stimulates
adipogenesis, this lead to hyperlipidemia due to
having the estrogenic activity of BPA that have a
significant effect on the lipoproteins associated
with cholesterol in the circulation. Kersten, 2001
found that insulin is known to increase
lipogenesis by both post-translational protein
modifications and transcriptional mechanisms.
Nadal et al. (2009) and Marmugi et al. (2012)
stated that low doses of BPA increases the
pancreatic insulin content that causes rapid raised
in plasma insulin level and therefore lower
glucose level. The decreasing tendency of TG
recorded in this study goes in parallel with earlier
report made with BPA related compound @100
and 300 mg/kg bodyweight (Yamasaki and
Okuda 2012). The reduction in the lipid
concentration by black seed oil may result from
the hypolipidemic effects of oleic (Alman-
Farinelli et al. 2005) and linoleic acids (Wendel
and Belury, 2006) major unsaturated fatty acids
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of the oil or from its effect on lipoprotein. The
possible mechanism of lowered glucose level by
black seed oil due to amelioration of oxidative
stress, elevation of insulin, attenuation of insulin
resistance and hepatic gluconeogenesis and direct
insulin-like effects at the cellular and molecular
levels (Benhaddou-Andaloussi et al. 2008;
Abdelmeguid et al. 2010).

Conclusions

The research findings suggest that exposure to
BPA is a risk factor for cardiac diseases due to
increase in body weight, cholesterol and LDL
level. While BSO may have a potential effect in
the prevention and treatment of patient with
hyperlipidemia, diabetes and obesity owing to
lower cholesterol, triglyceride, LDL, glucose and
increased HDL level. Data obtained from this
work may act as a research tract for filling
information gaps in regarding to BPA and BSO,
primarily in developing countries. However,
further study is required on black seed oil to
lower the health hazards associated with BPA



Sujan and others

exposure and to find out exact mechanism of
black seed oil against it.

Acknowledgement

Ministry of  Science and  Technology,
Government of the People’s Republic of
Bangladesh
References
1. Abbasnezhad AA, Niyazmand S, Mahmoud

AM, Soukhtanloo M, Rezaee SA and
Mousavi SM. Comparison the effect of
hydroalcholic extract of Nigella sativa L.
seed and metformin on blood biochemical
parameters in streptozotocin-induced diabetic
rats. Quarterly of the Horizon of Medical
Sciences. 2015; 20(4):243-248.

Abdelmeguid NE, Fakhoury R, Kamal SM
and Al Wafai RJ. Effects of Nigella
sativa and thymoquinone on biochemical and
subcellular changes in pancreatic R-cells of
streptozotocin-induced diabetic rats. Journal
of Diabetes. 2010; 2:256-266.

Al-Hiyasat AS, Darmani H and Elbetieha
AM.  Leached components from dental
composites and their effects on fertility of
female mice. European Journal of Oral
Sciences. 2004; 112:267-272.

Ali BH and Blunden G. Pharmacological and
toxicological properties of Nigella sativa.
Phytotherapy Research. 2003; 17:299-305.
Alman-Farinelli, Gomes MAK, Favoloro EJ
and Petocz P. A diet rich in high oleic-acid
sunflower oil favorably alters low density
lipoprotein cholesterol, triglycerides and
factor VII coagulant activity. Journal of The
American Dietetic Association. 2005; 105:
1071-1079.

Bano F, Wajeeh M, Baig N, Naz H and
Akhtar N. Antiobesity, antihyperlipidemic
and hypoglycemic effects of the aqueous
extract of Nigella Sativa seeds (Kalongi).
Pakistan Journal of Biochemistry &
Molecular Biology. 2009; 42(4): 136-140.
Benhaddou-Andaloussi A, Martineau LC,
Spoor D, Vuong T, Leduc C and Joly E.
Antidiabetic activity of Nigella sativa seed
extract in cultured pancreatic cells, skeletal

81

10.

11.

12.

13.

14.

15.

16.

muscle, and adipocytes. Pharmaceutical
Biology. 2008; 46:96-104.
Diamanti-Kandarakis E, Bourguignon JP,
Giudice LC, Hauser R, Prins GS, Soto AM,
Zoeller RT and Gore AC. Endocrine-
disrupting chemicals: An Endocrine Society
scientific statement. Endocrine Reviews.
2009; 30: 293-342.

Halamova K, Kokoska L, Flesar J,
Sklenickova O, Svobodova B and Marsik P.
In vitro antifungal effect of black cumin seed
quinones against dairy spoilage yeasts at
different acidity levels. Journal of Food
Protection. 2010; 73(12):2291-2295.

Ho SM, Tang WY, Frausto JB and Prins GS.
Developmental exposure to estradiol and
Bisphenol A increases susceptibility to
prostate carcinogenesis and epigenetically
regulates phosphodiesterase type 4. Cancer
Research. 2006; 66(1):5624-32.

Holladay SD, Xiao S, Diao H, Barber J,
Nagy T, Ye X and Gogal Jr RM. Perinatal
Bisphenol A exposure in C57B6/129svj male
mice: Potential altered cytokine/chemokine
production in adulthood. International
Journal of Environmental Research and
Public Health. 2010; 7:2845-2852.

Hugo ER, Brandebourg TD, Woo JG, Loftus
J, Alexander JW and Ben-Jonathan N.
Bisphenol A at environmentally relevant
doses inhibits adiponectin release from
human adipose tissue explants and
adipocytes. Environmental Health
Perspectives. 2008; 116(12):1642-1647.
Juma FT and Abdulrahman HMA. The
effects of Nigella sativa oil administration on
some physiological and histological values of
reproductive aspects of rats. Iragi Journal of
Veterinary Medicine. 2011; 35(2): 52 — 60.
Kamal A, Arif JM and Ahmad 1Z. Potential
of Nigella sativa L. seed during different
phases of germination on inhibition of
bacterial growth. Journal of Biotechnology
Pharmaceutical Research. 2010 ;1(1): 09-13.
Kersten S. Mechanisms of nutritional and
hormonal regulation of lipogenesis. EMBO
Reports. 2001; 2(4):282-6.

Kim JY, Han EH, Kim HG, Oh KN, Kim
SK, Lee KY and Jeong HG. Bisphenol A-



Effects of Bisphenol-A and black seed oil in male and female mice

17.

18.

19.

20.

21.

22.

induced aromatase activation is mediated by
cyclooxygenase-2  up-regulation in rat
testicular Leydig cells. Toxicology Letters.
2010; 193(2):200-208.

Lang IA, Galloway TS, Scarlett A, Henley
WE, Depledge M, Wallace RB and Melzer
D. Association of urinary Bisphenol A
concentration with medical disorders and
laboratory abnormalities in adults. Journal of
the American Medical Association. 2008;
300(11):1303-1310.

Li M, Bi Y, QiL, Wang T, Xu M, Huang Y,
Xu 'Y, Chen Y, Lu J, Wang W and Ning G.
Exposure to Bisphenol A is associated with
low-grade albuminuria in Chinese adults.
Kidney International. 2012; 81:1131-1139.
Marmugi A, Ducheix S, Lasserre F, Polizzi
A, Paris A, Priymenko N, Bertrand-Michel J,
Pineau T, Guillou H, Martin PG and Mselli-
Lakhal L. Low doses of bisphenol A induce
gene expression related to lipid synthesis and
trigger triglyceride accumulation in adult
mouse liver. Hepatology. 2012; 55(2):395-
407.

Moghaddam HS, Samarghandian S, and
Farkhondeh T. Effect of bisphenol A on
blood glucose, lipid profile and oxidative
stress indices in adult male mice. Toxicology
Mechanisms and Methods. 2015; 25:507-
513.

Nadal A, Alonso-Magdalena P, Soriano S,
Quesada | and Ropero AB. The pancreatic
beta-cell as a target of estrogens and
xenoestrogens:  Implications for  blood
glucose homeostasis and diabetes. Molecular
and Cellular Endocrinology. 2009; 304(1-
2):63-68.

Oguazu CE and Ezeonu FC. Bisphenol A
(BPA) increases blood triglycerides and
lowdensity lipoproteins in albino wistar rats.

82

23.

24.

25.

26.

27.

28.

Journal of Experimental Research. 2017;
5(2).

Rogozhin EA, Oshchepkova YI, Odintsova
TI, Khadeeva NV, Veshkurova ON, Egorov
TA and Salikhov SI. Novel antifungal
defensins from Nigella sativa L. seeds. Plant
Physiology and  Biochemistry.  2011;
49(2):131-137.

Rubin BS and Soto AM. Bisphenol A:
Perinatal exposure and body weight.
Molecular and Cellular Endocrinology. 2009;
304(1-2): 55-62.

Vandenberg LN, Colborn T, Hayes TB,
Heindel JJ, Jacobs DR Jr, Lee DH, Shioda T,
Soto AM, Vom Saal FS, Welshons WV,
Zoeller RT and Myers JP. Hormones and
endocrine-disrupting chemicals: Low-dose
effects and nonmonotonic dose responses.
Endocrine Reviews. 2012; 33:378-455.
Wada K, Sakamoto H, Nishikawa K, Sakuma
S, Nakajima A, Fujimoto Y and Kamisaki Y.
Life style-related diseases of the digestive
system: endocrine disruptors stimulate lipid
accumulation in target cells related to
metabolic syndrome. Journal of
Pharmacological Sciences. 2007; 105:133-
137.

Wendel AA and Belury MA. Effects of
conjugated lionoleic acid and troglitazone on
lipid accumulation and composition in lean
and zucker diabetic fatty rats. Lipids.2006;
41:241-247.

Yamasaki K and Okuda H. Comparison of
endocrine-mediated effects of two bisphenol
- A related compounds, 2,2-bis (4-
cyanatophyenyl) propane and 4,4
cyclohexylidenebisphenol, based on subacute
oral toxicity studies using rats. Toxicology
Letters. 2012; 208:162- 167.



