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ABSTRACT Aim - The most prevalent type of diabetes is type 2 diabetes, which develops when blood glucose,
commonly known as blood sugar, is too high. When there is too much glucose in the blood, not
enough reaches the cells.When compared to individuals without the disease, people with type 2
diabetes mellitus (T2DM) have greater levels of persistent organic pollutants (POPs) such as
polychlorinated biphenyls (PCBs) in their blood. Polychlorinated biphenyls (PCBs) are a class of
organic compounds created by humans that contain carbon, hydrogen, and chlorine atoms. The
toxic effects of PCB contamination in aquatic environments appear to be sublethal and chronic.
Materials and Methods - Experimental design Group 1 : Control rats (Control rate injected with
corn oil intraperitoneally (ip) once daily as a vehicle). Group 2 : Rats received ip injection of
A1234 at a dose of 2 mg/kg once daily for 30 days.
Results - The PCB treated group has higher fasting blood glucose level indicating hyperglycemia
when compared to the control group.Because of reduced antioxidant action of PCB, There is an
increase in lipid peroxidation in plasma membrane. The IR mRNA level and Glut 2 are
significantly reduced in PCB exposed animals compared to the control group.
Conclusion - The results of this study demonstrated that PCB induces insulin resistance in
pancreatic beta cells by elevating the lipid peroxidation and reducing the level of
antioxidants.Mechanically proving that it acts at the level of insulin signal mechanism
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INTRODUCTION :
The most prevalent type of diabetes is type 2 diabetes, which develops when blood glucose,
commonly known as blood sugar, is too high(1). Blood glucose is the primary source of energy,
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and it is obtained mostly through food consumption. Insulin, a hormone produced by the pancreas,
aids glucose absorption into cells for energy production(2). The body does not produce enough
insulin or does not utilize insulin properly in type 2 diabetes. When there is too much glucose in
the blood, not enough reaches the cells.When compared to individuals without the disease, people
with type 2 diabetes mellitus (T2DM) have greater levels of persistent organic pollutants (POPs)
such as polychlorinated biphenyls (PCBs) in their blood(3),(4). The majority of the evidence for
this link comes from cross-sectional studies, with the few longitudinal studies yielding mixed
results(5).Some studies of the T2DM-POP link have fallen short of concluding that it is
causal(6),(7) predicated on the need for more experimental data on mechanisms, as well as
reservations regarding the quality of the available epidemiologic data
Polychlorinated biphenyls (PCBs) are a class of organic compounds created by humans that
contain carbon, hydrogen, and chlorine atoms(8). Many of a PCB's physical and chemical features
are determined by the quantity of chlorine atoms and their placement inside the molecule(9). PCBs
are odorless and tasteless, with a viscosity ranging from an oil to a waxy solid(10).PCBs are part
of the chlorinated hydrocarbons family of man-made organic compounds(11). They come in a
variety of toxicity levels and consistencies, ranging from thin, light-colored liquids to waxy yellow
or black solids(12).
The toxic effects of PCB contamination in aquatic environments appear to be sublethal and
chronic(13). Exposure of organisms to PCBs may change physiological activities mediated by
steroid hormones(14). In multiple laboratory studies, exposure of aquatic species to PCBs has been
found to impact growth, molting, and reproduction(15). Organisms' ability to remove foreign
organic molecules or endogenous waste materials could also be harmed(16).PCBs were used in
hundreds of industrial and commercial applications due to their non-flammability, chemical
stability, high boiling point, and electrical insulating properties, including: electrical, heat transfer,
hydraulic equipment, plasticizers in paints, plastics, and rubber products, and pigments, dyes, and
carbonless materials(17).Thus, the aim of the study is to analyze PCB exposure modulates
pancreatic insulin signaling mechanisms in experimentally induced type-2 diabetic rats.
MATERIALS AND METHODS :
Chemicals
All chemicals and reagents used in this study were purchased from Sigma Chemical Company St.
Louis, MO, USA; Invitrogen, USA; Eurofins Genomics India Pvt Ltd, Bangalore, India; New
England Biolabs (NEB), USA; Promega, USA; Total RNA isolation reagent (TRIR) was
purchased from Invitrogen, USA. The reverse-transcriptase enzyme (MMuLv) was purchased
from New England Biolabs (NEB), USA and the GoTaq Green master mix was purchased from
Promega, USA. Insulin receptor (IR), glucose transporter-4 (GLUT4) and β-actin primers were
purchased from Eurofins Genomics India Pvt Ltd, Bangalore, India and. Total antioxidants and
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LPO ELISA kits were procured from Abbkine, (Bldg C17, Optics Valley International
Biomedicine Park, Wuhan, China. 430223).
Animals
Adult male Albino Wistar rats weighing 150–180 g were used in our study. They were maintained
as per the guidelines of the Indian National Law on Animal Care and Use at Biomedical Research
unit and laboratory animal center (BRULAC), Saveetha dental college and hospitals, SIMATS,
Chennai-77. The Institutional Animal Ethical Committee (IAEC) (Register Number:
BRULAC/SDCH/SIMATS/IAEC/8-2021/086) approved all animal-related experimental
methods. The animals were housed in a temperature (21 ± 2 °C)-controlled room with a standard
12 h light – 12 h dark cycle and were allowed free access to water and standard pellet diet at
BRULAC, Saveetha dental college and hospitals, SIMATS, Chennai-77.
Group 1

Control rats ( control rate injected with corn
oil intraperitoneally (ip) once daily as a vehicle

Group 2

Rats received ip injection of A1234 at a dose
of 2mg/kg once daily for 30 days

In the present study, PCB dose was selected based on our previous report of Anne et al. (2013)
and Vit C and E doses were selected based on the report of our previous study (Srinivasan et al.,
2011).
After the treatment period, animals were anesthetized with ether, blood was collected, sera
separated and stored at −80 °C. Adipose tissue from control and treated animals were dissected
out and subjected for the assay of various parameters.
mRNA expression analysis
Total RNA isolation, cDNA conversion and real-time PCR
Using a TRIR kit (Total RNA Isolation Reagent Invitrogen), total RNA was isolated from control
and experimental samples. In brief, to 100 mg fresh tissue, 1 ml of TRIR was added and
homogenized. The content was transferred to a microcentrifuge tube instantly and 0.2 ml
of chloroform was added, vortexed for 1 min then kept at 4ɵC for 5 min. Later, the contents were
centrifuged at 12,000 ×g for 15 min at 4ɵC. The aqueous phase (upper layer) was carefully
transferred to a fresh microfuge tube and an equal volume of isopropanol was added, vortexed for
15 S and placed on ice for 10 min. After centrifugation of the content at 12000 ×g for 10 min at
4ɵC, the supernatant was discarded and RNA pellet was washed with 1 ml of 75% ethanol by the
vortex. The isolated RNA was estimated spectrometrically. The RNA concentration was expressed
in micrograms (μg).
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By using the reverse transcriptase kit from Eurogentec (Seraing, Belgium), complementary DNA
(cDNA) was synthesized from 2μg of total RNA as stated in the manufacturer's protocol. To
perform real-time PCR, the reaction mixture containing 2x reaction buffer (Takara SyBr green
master mix), Forward and reverse primers of the target gene and house-keeping gene, water and
β-actin (the primer sequences were listed in Table 1) in total volume of 45 μl expect the cDNA
was made, mixed intensively and spun down. In individual PCR vials, about 5μl of control DNA
for positive control, 5 μl of water for negative control and
5μl of template cDNA for samples were taken and reaction mixture (45 μl) was added. 40 cycles
(95ɵC for 5 min, 95ɵC for 5 s, 60ɵC for 20 s and 72ɵC for 40 s) was set up for the reaction and
obtained results were plotted by the PCR machine (Bio-Rad, USA) on a graph. Relative
quantification was calculated from the melt and amplification curves analysis.
List of primers used in the present study:
Rat IRS-1 Sense primer: 5′-GCC AAT CTT CAT CCA GTT GCT-3′ Gonzalez et al. (2002)
Anti-sense primer: 5′-CAT CGT GAA GAA GGC ATA GGG-3′
Rat GLUT4 Sense primer: 5′- GGG CTG TGA GTG AGT GCT TTC - 3′ Liu et al.(2006)
Anti-sense primer: 5′- CAG CGA GGC AAG GCT AGA - 3′
Anti-sense primer:5′-GTT GGG CAA TCT GTG TCT CAG GC-3′
Rat β-actin Sense primer: 5′- AAG TCC CTC ACC CTC CCA AAA G-3′ Peinnequin et al. (2004)
Anti-sense primer: 5′- AAG CAA TGC TGT CAC CTT CCC-3′
Analysis of the Protein of Proinflammatory Cytokines by ELISA
Serum TNF-α (Ray Biotech (3607 Parkway Lane, Suite 100 Norcross, GA 30,092 Illinois, USA)
and the transcription factors such as SREBP1c and PPARγ (MyBioSource, Inc., P.O. Box 153308,
San Diego, CA 92195-3308, USA) in experimental rats were assessed using commercial Rat
ELISA Kits as per the manufacturer’s instructions Intra-assay coefficient of variation was
expressed as ng/mL.
RESULTS :
FIG 1
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Mean

84

157.5

Std. Deviation

8.485

10.61

Std. Error

6

7.5

FIG 1 : This graph above shows fasting blood glucose of the control group and PCB group . The
PCB treated group has higher fasting blood glucose level indicating hyperglycemia when
compared to the control group which is not treated with PCB indicating normal fasting blood
glucose level .
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FIG 2

Mean

12

5.5

Std. Deviation

2.828

0.7071

Std. Error

2

0.5

FIG 2: This graph above shows the total antioxidant action of the control group and PCB group .
The control group has higher total antioxidant action when compared to the PCB treated group.
FIG 3
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Mean

135

225

Std. Deviation

14.14

21.21

Std. Error

10

15

FIG 3 : This graph above shows lipid peroxidation of the control group and PCB group . The PCB
treated group has higher lipid peroxidation level when compared to the control group.Because of
reduced antioxidant action of PCB, There is an increase in lipid peroxidation in plasma membrane.
FIG 4 :
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Mean

1

0.45

Std. Deviation

0

0.07071

Std. Error

0

0.05

FIG 4: This graph above shows Insulin receptor mRNA level of the control group and PCB
group.Gene expression was found using gene expression primers and they are represented as fold
changes over control. The IR mRNA level is significantly reduced in PCB exposed animals
compared to the control group.
FIG 5 :
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Mean

1

0.55

Std. Deviation

0

0.07071

Std. Error

0

0.05

FIG 5: This graph above shows Glut-2 mRNA levels of the control group and PCB group. The
Glut-2 mRNA levels are significantly reduced in PCB exposed animals compared to the control
group.
PCB induced insulin resistance in the pancreas is because of the lipid peroxidation ( beta cells)
which results in the increased level of glucose in blood. Because of the down regulation of glucose
transporter 2mRNA in the beta cells, the glucose was not able to enter into the cells because of
insulin resistance, because PCB acts at the level of insulin receptor in the upstream molecule.
Molecules in downstream molecule.Both molecules are affected so insulin cannot function.
DISCUSSION :
Accidental or occupational exposure to high concentrations of these substances provides the
strongest evidence yet for a link between environmental contaminants and diabetes (18).
In our study, we have found that PCB induces insulin resistance in pancreatic beta cells by
elevating the lipid peroxidation and reducing the level of antioxidants.Mechanically proving that
it acts at the level of insulin signal mechanism ( IR, Glu 2).
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Other environmental contaminants, such as polychlorinated dibenzo-p-dioxins (PDDs),
polychlorinated dibenzofurans (PCDFs), 2,3,7,8-tetrachlorodibenzo-p-dioxin(TCDD) and others,
have also been epidemiologically linked to type 2 diabetes. The reduction in glucose uptake by
adipose tissue, liver, and pancreas (both in vivo and in vitro)(19),(20) together with a reduction in
insulin generation and release by the pancreatic beta cells are the most significant observed effects
of TCDD on glucose homeostasis (21).
Another hypothesis about beta cell dysfunction is that TCDD exposure may impact pancreatic
nitric oxide synthase activity (NOS)(22). Numerous studies indicate a critical negative influence
of the enzyme in pancreatic beta cell function, despite the fact that the precise role of NOS in
pancreatic beta cells is yet unknown(23),(24). Despite the fact that paradoxically low nitric oxide
levels are thought to offer advantages. As a result, it is necessary to examine environmental
toxicants that potentially impact NOS function for their capacity to impair insulin secretion and
metabolism.
Polychlorinated biphenyls (PCBs) have less mechanistic data and less extensive research on their
effects on insulin secretion than TCDD. Fischer et al subjected rat insulinoma RINm5F cells to a
commercial combination of PCBs and three particular PCB congeners to examine PCB toxicity
(two non-coplanar congeners [PCB-153, PCB-47] and one coplanar congener [PCB-77]). Both
Aroclor 1254 and the non-coplanar congeners were found to stimulate insulin secretion in cell
culture media in a concentration-dependent manner, suggesting a secretagogue-like activity(25).
The causality of low-level exposure to POPs must be established experimentally in order to
provide new insight into the pathophysiology of diabetes. Atrazine, a chlorotriazine herbicide, is
claimed by Lim to elicit IR and promote mitochondrial dysfunction in skeletal muscle in rats when
given at low concentrations for two months while the animals are fed a high-fat diet(26).
CONCLUSION :
The outcome of the study is that PCB induces insulin resistance in pancreatic beta cells by
elevating the lipid peroxidation and reducing the level of antioxidants.Mechanically proving that
it acts at the level of insulin signal mechanism ( IR, Glu 2) .The findings on PCB effects on insulin
secretion amply supports the need for a more thorough examination into the specific effects of
these environmental pollutants on beta cells and their role in the onset and progression of type 2
diabetes.So, this study is found to be very novel.
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