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Effect Of Antioxidant Vitamins On Protein
Kinase-C And Phosphotyrosine Phosphatase 1b
Expression In The Liver Of Glyphosate - Induced

Experimental Diabetic Rats
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Abstract
INTRODUCTION: Antioxidant Activity is limitation of nutrient oxidation by
restricting oxidative chain reaction. Studies showed that glyphosate and its
formulated products are found to be carcinogenic. Supplementation with
vitamin C and vitamin E influences the generation of free radicals and
improves Antioxidant defenses.
AIM: Aim of the study is to analyze the effect of antioxidant vitamins on
protein kinase C and Phosphotyrosine Phosphatase 1B in the liver of
glyphosate induced diabetic rats.
METHODS: Adult male Albino rats were divided into 3 groups with 6 each.
Group 1: Control rats. Group 2: Glyphosate induced rats. Group 3: Glyphosate
induced rats treated with vitamin C and vitamin E for 30 days.
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Fasting blood glucose, serum insulin, protein kinase C mRNA and
phosphotyrosine phosphatase 1B mRNA were studied and data were
statistically analyzed using one-way-ANOVA.

RESULTS: Vitamin C and vitamin E showed a significant decrease (p<0.05) in
fasting blood glucose, reduced serum insulin concentration compared to
control which was altered by glyphosate exposure. mRNA levels of protein
kinase C compared to and phosphotyrosine phosphatase 1B were
significantly raised in the glyphosate-exposed diabetic group compared to
the healthy group. Vitamin supplementation significantly reduced the same
effectively (p<0.05).

CONCLUSION: Vitamin C and vitamin E shows significant Anti-diabetic Activity
by decreasing levels of fasting blood glucose and serum insulin and by altering
gene expression of protein kinase C and phosphotyrosine phosphatase 1B.

Keywords: Innovative technique, Antioxidant vitamin, Diabetic rats,
Glyphosate, PKC, PP1B, Vitamin C, Vitamin E, Novel method.

INTRODUCTION:

Glyphosate is a broad spectrum systemic herbicide and crop
desiccant(1). It is an organophosphorus compound, specifically a
phosphonate, which acts by inhibiting the plant enzyme 5-
enolpyruvylshikimate-3-phosphate synthase. It is used to Kkill
weeds,especially Annual Broadleaf weeds and grasses that compete
with crops(2).

Antioxidants are compounds that inhibit oxidation reactions that can
produce free radicals and chain reaction that may damage the cells of
organisms(3,4). Antioxidants such as thiols or ascorbic acid (Vitamin C)
may act to inhibit these reactions(5). To balance Oxidative stress,
plants and animals maintain complex systems of overlapping
Antioxidants, such as glutathione(6). The only dietary Antioxidants are
A, C, E. While fruits and vegetables are rich sources of Antioxidant
vitamins. According to some studies, supplements of vitamin A and
vitamin E have no positive effect on mortality rate or cancer rate(7).

Diabetes Mellitus is a metabolic syndrome that affects millions of
people world wide(8,9). Recent studies have demonstrated that
protein kinase C Activation plays an important role in hyperglycemia
induced atherosclerosis(10). Protein kinase C Activation is involved in
several cellular responses such as the expression of various growth
factors, activation of signaling pathway and enhancement of oxidative
stress in hyperglycemia (11).

Protein phosphotyrosine phosphatase has been shown to be involved
in the negative regulation of both insulin and leptin action at the in
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vitro, ex vivo, in vivo levels(12). A growing body of human genetics
data also support the hypothesis that phosphotyrosine phosphatase
1B has an important role in insulin signaling(13).

Oxidative stress is caused by an imbalance between production and
accumulation of reactive oxygen species in cell (14,15).
Supplementation with vitamin C and vitamin E influence the
generation of free radicals and improves Antioxidant defenses (16,17).
The objective of the study is to focus on the protective role of
Antioxidant vitamins against glyphosate toxicity. Aim of the study is to
analyze the effect of Antioxidant vitamins on protein kinase C and
phosphotyrosine phosphatase 1B in the liver of glyphosate induced
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 GoTaqg Green
master mix was purchased from Promega, USA. PKC, PTP-1B and B-
actin primers were purchased from Eurofins Genomics India Pvt Ltd,
Bangalore, India. Antioxidant enzyme (GPX) and 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 Biomedical Research unit
and laboratory animal center(BRULAC), Saveetha dental college and
hospitals, SIMATS, Chennai-77.

EXPERIMENTAL DESIGN:
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Healthy male albino rats were divided into 3 groups consisting of 6
animals each.

Group |: Control rats (Control rate injected with corn oil
intraperitoneally (ip) once daily as a vehicle).
Group II: Glyphosate treated [dissolved in water at a dose of

100g/kg/body wt/day at 8am] orally for 10 weeks.

Group lll: Rats received simultaneous treatment of glyphosate +
vitamin E (dissolved in olive oil at a dose of 50 mg/kg body weight) and
vitamin C treated (100 mg/kg body weight dissolved in distilled water
daily at 10 AM through gastric intubation for 30 days).

After the treatment period, animals were anesthetized with ether,
blood was collected, sera separated and stored at —80 °C. Liver from
control and treated animals were dissected out and subjected for the
assay of various parameters.

FASTING BLOOD GLUCOSE:

Blood glucose was estimated using On-Call Plus blood glucose test
strips (ACON Laboratories Inc., USA) after overnight fasting. Blood
was collected by pricking the tip of the rat tail and results are
expressed as mg/dl.

ELISA:

GPX and LPO were analyzed using Abbkine elisa kits as per the
manufacturer's instruction.

RNA EXPRESSION BY RT-PCR:

Total RNA, 2 pg was used for reverse-transcriptase polymerase chain
reaction (RT-PCR) analysis. RT-PCR was carried out using a two-step
RT-PCR kit. In the first step, complementary DNA (cDNA) will be
made from an mRNA template using OligodT, dNTPs, and reverse
transcriptase. The components were combined with a DNA primer
in a reverse transcriptase buffer for an hour at 37°C. After cDNA
conversion, standard PCR was carried out using gene-specific
oligonucleotide primers by the initial PCR activation at 95°C for 5
min. The three-step PCR cycles consisted of denaturation at 95°C for
2 min, annealing at 60°C 30 s, and extension at 73 °C for 30 s. The
PCR amplification was carried out for 30 cycles and to ensure that
the products are extended completely, a final extension at 73°C for 5
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min was carried out. Gene-specific oligonucleotide primers for the
house-keeping gene, B-actin, were added to the same PCR reaction
vial and co-amplified.

STATISTICAL ANALYSIS:

Data were expressed as the means + SD of 3 individual experiments
performed in triplicate. Statistical analysis was performed using the
one-way ANOVA and p<0.05 was considered to indicate a statistically
significant result.

RESULTS:

Impact of glyphosate on fasting blood glucose in glyphosate-induced
rats

Compared to control, glyphosate induced rats showed a significant
increase in the fasting blood glucose (p<0.05). Vitamin
supplementation reduced hyperglycaemia near to that of the control
level (Fig 1).

FBG
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Std. Error 5 5 5

Fig. 1: Fasting blood glucose in glyphosate and vitamin treated rats.
Each bar represents the mean + S.E.M of 6 animals. a-compared to
control; b-compared to glyphosate induced rats. The mean of the
control rats is 95 and the mean of glyphosate induced rats is 205 and
the mean of rats treated with glyphosate, vitamin C and vitamin E is
135.
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Impact of glyphosate on serum insulin in glyphosate-induced rats
Compared to control, glyphosate induced rats showed a significant
increase in the serum insulin concentrations (p<0.05). Vitamin
supplementation reduced hyperinsulinemia whose levels was found to
be near to that of the control level (Fig 2).
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Fig. 2: Fasting serum insulin in glyphosate and vitamin treated rats.
Each bar represents the mean + S.E.M of 6 animals. a-compared to
control; b-compared to glyphosate induced rats. The mean of the
control rats is 38.5 and the mean of glyphosate induced rats is 92 and
the mean of rats treated with glyphosate, vitamin C and vitamin E is
65.

Impact of glyphosate on PKC mRNA expression in liver of glyphosate-
induced rats

Compared to control, glyphosate induced rats showed a significant
increase in the PKC mRNA expression (p<0.05). Vitamin
supplementation reduced PKC mRNA whose level was found to be
near to that of the control level (Fig 3).
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Fig. 3: PKC mRNA expression in the liver of glyphosate and vitamin
treated rats. Each bar represents the mean = S.E.M of 6 animals. a-
compared to control; b-compared to glyphosate induced rats. The
mean of the control rats is 1 and the mean of glyphosate induced rats
is 1.745 and the mean of rats treated with glyphosate, vitamin C and
vitamin E is 1.31.

Impact of glyphosate on Phosphotyrosine phosphatases (PTPases)
mRNA expression in liver of glyphosate-induced rats

Compared to control, glyphosate induced rats showed a significant
increase in the PTP mRNA expression (p<0.05). Vitamin
supplementation reduced PTP mRNA whose level was found to be
near to that of the control level (Fig 4).
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Fig. 4: PTP ase mRNA expression in the liver of glyphosate and vitamin
treated rats. Each bar represents the mean + S.E.M of 6 animals. a-
compared to control; b-compared to glyphosate induced rats. The
mean of the control rats is 1 and the mean of glyphosate induced rats
is 0.575 and the mean of rats treated with glyphosate, vitamin C and
vitamin E is 0.775.

DISCUSSION:

Recently,the protein phosphotyrosine phosphatase has been shown to
be a negative regulator of the insulin signaling pathway,suggesting
that inhibitors of this enzyme may be beneficial in the treatment of
type 2 diabetes mice lacking phosphotyrosine phosphatase are
resistant to both diabetes and obesity(18). Studies have identified that
the activation of protein kinase C and increased diacylglycerol levels
initiated by hyperglycemia are associated with many vascular
abnormalities in retinal, renal and cardiovascular tissues(19).
Transgenic Mice overexpressing PKC-beta isoform in the myocardium
developed cardiac hypertrophy and failure,further supporting the
hypothesis that PKC- beta isoform Activation can cause vascular
dysfunction(20).

Insulin binds with the insulin receptor to form an insulin receptor
substrate, which activates the PI3K enzyme. PI3K enzyme activates
PKB enzyme(21,22). This stimulates GLUT 4, glucose transportation
into the cell.phosphorylation of selected tyrosine sites on the receptor
substrate is known to activate different pathways leading to increased
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glucose uptake,lipogenesis which in turn activates the enzyme
PP1B(23). PP1B reduces the levels of diabetes.

In Current research, The fasting blood glucose level in control rats is
around 100 which is normal value; The fasting blood glucose level in
glyphosate induced rats is increased around 200; When the Rats
received simultaneous treatment of glyphosate,vitamin C and vitamin
E the fasting blood glucose level is decreased from 200 to 150. In
control rats the serum insulin level is around 50 which is normal
value;The serum insulin level in glyphosate induced rats is increased
around 100;When the Rats received simultaneous treatment of
glyphosate,vitamin Cand vitamin E the serum insulin level is decreased
from 100 to 60.In control rats the PKC mRNA is around 1.0 which is
normal value;The PKC mRNA in glyphosate induced rats is increased
around 2.0;When the Rats received simultaneous treatment of
glyphosate,vitamin C and vitamin E the PKC mRNAis decreased from
2.0 to 1.5.In control rats the PP1B mRNA is around 1 which is normal
value;The PP1B mRNA in glyphosate induced rats is decreased around
0.5, When the Rats received simultaneous treatment of
glyphosate,vitamin C and vitamin E the serum insulin level is increased
from 0.5 to 0.8.

Vitamin C and Vitamin E treatment showed significant reduction in
fasting blood glucose levels and serum insulin levels compared to
diabetic rats. Vitamin C and Vitamin E decreased the expression of
protein kinase C compared to the diabetic rats,which on activation
induces inflammation.Vitamin C and Vitamin E caused upregulation in
the expression of phosphotyrosine phosphatase 1B and mRNA
compared to diabetes rats,whose expression will help to reduce the
hyperlipidemia and hyperglycemia.

CONCLUSION:

Our study for the first time concludes that vitamin C and vitamin E play
a significant role in reducing glyphosate induced hyperglycemia by
modulating the expression of PKC and PP1B in the liver. Hence,
antioxidant vitamins could be considered as therapeutic drug
candidates for the management of type-2 diabetes. Further studies on
clinical trials have to be done to develop vitamin c and vitamin E as an
anti diabetic drug.
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