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Abstract

Glyphosate is an herbicide. It is applied to the leaves of plants to slaughter both broadleaf plants and
grasses. Glyphosate being water soluble enters the food chain by biomagnification. Increased
concentration of glyphosate may lead to oxidative stress and thus can induce insulin resistance
associated with diabetes mellitus. Oxidative stress is invaded in the dysregulation and increased gene
expression of phosphoenolpyruvate carboxykinase and glucose-6-phosphatase, a key gluconeogenic
enzyme.
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Introduction
Diabetes is considered as a major metabolic disorder. The
global prevalence of diabetes among adults over 18 years of
age increased from 4.7% in 1980 to 8.5% in 2014. The
predominance of diabetes in the grown-up population of
Ethiopia was 5.2% in 2018 [1]. Way of life adjustments
including diet are significant conduct for diabetes, corpulence
the executives, and lipid control, subsequently lessening the
frequency of metabolic disorder in patients without diabetes
and keeping up the glycemic control in those with both kind I
and type II diabetes. Diabetic nephropathy is considered as the
key cause of renal failure, but unfortunately the mechanism
leading to this development and progression of renal injury are
not yet fully known [2]. Gluconeogenesis is a metabolic
pathway which results in the generation of glucose from certain
non-carbohydrate substrates. It is present in plants, animals,
fungi, bacteria and other micro-organisms [3]. Glucose is the
only energy source used by the brain, testes, erythrocytes,
kidney medulla, etc. In vertebrates, gluconeogenesis takes
place mainly in the liver, and to the cortex of kidneys. There
are two major enzymes that modulate gluconeogenesis,
Glucose-6-phosphatase and Phosphoenol Pyruvate
Carboxykinase (PEPCK). Glucose-6-phosphatase is an enzyme
which hydrolyzes Glucose-6-phosphate, resulting in the
removal of a phosphate group to release free glucose. This
catalysis completes the final step in gluconeogenesis and
thereby plays a major role in homeostasis of blood glucose
levels [4]. Phosphoenol Pyruvate carboxykinase is an enzyme
of the lyase family involved in gluconeogenesis. It converts
oxaloacetate into carbon dioxide and phosphoenol pyruvate [5].
It is majorly found in two forms which are cytosolic and
mitochondrial.

Glyphosate is a most commonly used herbicide which is
basically available in chemical form. It consists of
isopropylamine, diammonium salt, ammonium salt, potassium
salt, etc [6]. The sodium salt form of glyphosate is majorly
used in the regulation of plant growth and ripening in specific

crops. The compounds are basically inert ingredients and it is
commercially available as roundup, rangerpro, etc [7].
Glyphosate was first sold in 1974. The recent findings have led
to the discovery of harmful effects of glyphosate in people who
suffer from diabetes. Hence, glyphosate has been banned in at
least 10 jurisdictions which include countries like Germany,
Saudi Arabia, etc due to its ill effects like skin irritations,
vomiting, and diarrhea [8]. But it is not yet banned in India
because of its agricultural purpose. Around 670 tons of
glyphosate was used in India in the year 2018-2019 [9]. Recent
studies proved that glyphosate and its components may also
spread by wind and water erosion In recent years, glyphosate
has been reviewed by multiple authorities concluding it as
“Probable human Carcinogen” [10]. The strongest evidence
shows that glyphosate causes hemangiosarcomas, kidney
tumours and malignant lymphomas in male Wistar rats, kidney
adenomas, liver adenomas, skin kerato adenomas and skin
basal cell tumours in male Wistar rats. Ingestion of large
volumes causes systemic toxicity and death [11].  Individuals
may be exposed to glyphosate through various means such as
from drinking water, food, environmental settings, etc [12].
Our team has extensive knowledge and research
experience that has translate into high quality publications
[13-32]. Aim of the present study is to investigate the impact
of glyphosate on the expression of gluconeogenic enzymes in
experimental rats.

Materials and Methods

Animals
Animals were maintained as per the National Guidelines and
Protocols approved by the Institutional Animal Ethics
Committee (IAEC no: BRULAC/SDCH/SIMATS/IAEC/
02-2019/015). Healthy male albino rats of Wistar strain (Rattus
norvegicus) weighing 180–210 g (150–180 days old) were used
in this study. Animals were obtained and maintained in clean
polypropylene cages under specific humidity (65% ± 5%) and
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temperature (27°C ± 28°C) with a constant 12 h light and 12 h
dark schedule at the Central animal house facility, Saveetha
dental college and hospitals, Chennai-77. They were fed with a
standard rat pellet diet (Lipton India, Mumbai, India), and
clean drinking water was made available ad libitum.

 Experimental design
Healthy adult male albino rats were divided into four groups
consisting of six animals each. In the present study, Group I:
Normal control rats fed with normal diet and drinking water;
Group II:   Glyphosate treated (dissolved in water at a dose of
50 mg/kg b.wt/day at 8 am) orally for 16 weeks; Group III:
Glyphosate treated (dissolved in water at a dose of 100 mg/kg
b.wt/day at 8 am) orally for 16 weeks; Group IV: Glyphosate
treated (dissolved in water at a dose of 250 mg/kg b.wt/day at 8
am) orally for 16 weeks.

At the end of the experimental period, animals were subjected
to ether anesthesia; blood was collected from retro orbital
plexus and serum was separated by centrifugation.  Tissues
were collected from control and glyphosate induced rats and
used for the assessment of various parameters.

mRNA Expression Analysis
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 4°C for 5 min. Later, the
contents were centrifuged at 12,000 xg for 15 min at 4°C. 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 xg for 10 min at 4°C, the
supernatant was discarded and RNA pellet was washed with 1
ml of 75% ethanol by the vortex. The isolated RNA was
estimated spectrometrically by the method of Fourney et al.
The RNA concentration was expressed in micrograms (μg). By
using the reverse transcriptase kit from Eurogentec (Seraing,
Belgium), complementary DNA (cDNA) was synthesized from
2 μg 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 total
volume of 45 μl expect the cDNA was made, mixed
intensively and spun down. In individual PCR vials, about 5 μl
of control DNA for positive control, 5 μl of water for negative
control and 5 μl of template cDNA for samples were taken and
a reaction mixture (45 μl) was added. 40 cycles (95°C for 5
min, 95°C for 5 s, 60°C for 20 s and 72°C for 40 s) was set up
for the reaction and obtained results were plotted by the PCR
machine (CFX96 Touch Real-Time PCR Detection System) on
a graph. Relative quantification was calculated from the melt
and amplification curves analysis.

Statistical Analysis
The triplicate analysis results of the experiments performed on
control and treated rats were expressed as mean ± standard
deviation. Results were investigated statistically by a one-way
Analysis of Variance (ANOVA) and significant differences
between the mean values were measured using Duncan’s
multiple range tests using Graph Pad Prism version 5. The
results with the p<0.05 level were considered to be statistically
significant.

Results

Impact of glyphosate on the mRNA expression of
Glucose-6-phosphate and PEPCK in the adult male
Wistar rats
mRNA expression of Glucose-6-phosphate and PEPCK were
assessed by Real-Time-PCR. There is a significant dose-
dependent increase (p<0.05) in the expression of Glucose-6-
phosphate in the glyphosate treated rats compared to control
rats (Figure 1) conversely PEPCK mRNA expression was also
found to be significantly (p<0.05) down-regulated in
glyphosate exposed rats compared to control in a dose-
dependent manner indicating that glyphosate has detrimental
changes in adult male Wistar rats (Figure 2).

Figure 1. Impact of glyphosate on the mRNA expression 
of glucose-6-phosphate in adult male rats. The X-axis 
represents dose-dependent exposure of glyphosate to the Wistar 
rats compared with control. Y-axis represents the mRNA 
expression of glucose-6-phosphate expressed in fold change 
over control. Light Green represents the controlled rats, 
orange represents Group 1 rats exposed to about 50 mg 
glyphosate, blue represents Group 2 rats exposed to about 100 
mg glyphosate and purple represents Group 3 rats exposed to 
about 250 mg glyphosate. The mRNA expressions were 
assessed by Real Time-PCR using gene-specific primers. Each 
bar represents mean ± SEM (n=6). Significance at P<0.05, a: 
Significantly different from the control group, b: Significantly 
different from diabetic control.
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Figure 2. Impact of glyphosate on the mRNA expression of 
PEPCK in adult male rats. The -axis represents dose-
dependent exposure of glyphosate to the Wistar rats compared 
with control. Y-axis represents the mRNA expression of PEPCK 
expressed in fold change over control. Light Green represents 
the controlled rats, orange represents Group 1 rats exposed to 
about 50 mg glyphosate. Blue represents Group 2 rats exposed 
to about 100 mg glyphosate and purple represents Group 3 rats 
exposed to about 250 mg glyphosate. The mRNA expressions 
were assessed by Real Time-PCR using gene-specific primers. 
Each bar represents mean ± SEM (n=6). Significance at 
P<0.05, a: Significantly different from the control group, b: 
Significantly different from diabetic control.

Discussion
This study was aimed to determine the effect of glyphosate is 
causing diabetes by investigating the expression of 
gluconeogenic enzymes, glucose-6-phosphatase and 
phosphoenol pyruvate carboxykinase. The gluconeogenic 
enzyme PEPCK was discovered by [33]. Oxaloacetate is one of 
the several important intermediates in krebs cycle that are 
withdrawn for biosynthetic pathways. Therefore, it plays an 
important anaplerotic role in numerous biological processes 
[34,35]. The metabolic link between gluconeogenesis and the 
TCA cycle is represented by PEP-pyruvate/oxaloacetate. 
Under gluconeogenic conditions, the TCA cycle intermediates 
malate or oxaloacetate which is later converted to pyruvate and 
PEP by means of decarboxylation and thus it provides the 
direct precursors for gluconeogenesis. Previous studies proved 
the increased expression of PEPCK enzyme in diabetes. Thus 
our results indicate the effect of glyphosate in inducing 
diabetogenic effects [36]. 

Studies clearly indicated that diabetes and starvation induce 
two to three fold increases in glucose-6-phosphatase activity in 
the liver [37]. Glucose-6-phosphatase is the enzyme found 
mainly in the liver and kidneys which play an important role in 
providing glucose during starvation and it is also associated 
with the endoplasmic reticulum [38]. Our study indicates the 
increased glucose-6-phosphatase level in all the glyphosate 
induced rats. The increased level of both the gluconeogenic 
enzymes might lead to hyperglycemia. Hyperglycemia and 
hypertension are important factors predisposing patients to

nephropathy, however accumulating evidence points out the
association of abnormal lipid metabolism also with diabetes
[39]. From the study, it is evident that glyphosate with an
increased concentration contributes to increased expression of
both PEPCK and glucose-6-phosphatase mRNA. Several
evidence indicates oxidative stress as a major contributor in
regulation of key gluconeogenic enzymes. This study is of first
sort in studying the effect of glyphosate in gluconeogenesis. It
would be further expanded with molecular study on signaling
molecules involved in gluconeogenesis and other enzymes
associated with the pathways.

Conclusion
The present study indicates that glyphosate induces diabetes by
altering the expression of gluconeogenic enzymes. Further
detailed studies on in silico and in vivo models need to be
conducted to study the mechanism of glyphosate action.

Source of Funding 
The present study was supported by the following agencies:
Saveetha dental college, Saveetha institute of medical and
technical science, Saveetha university, royal medicals.

Acknowledgement
The authors would like to thank the department of
biochemistry, Saveetha dental college and hospitals, Saveetha
institute of medical and technical Sciences, Saveetha university
for providing research laboratory facilities to carry out the
work. 

Statement of Conflict of Interest
The author declares that there was no conflict of interest in the
present study.

References
1. Dedov II, Shestakova MV, Vikulova OK, et al. Diabetes

mellitus in Russian federation: prevalence, morbidity,
mortality, parameters of glycaemic control and structure of
glucose lowering therapy according to the federal diabetes
register, status 2017. Diabetes mellitus. 2018;21(3):144–
159.

2. Agaty SME. Triiodothyronine attenuates the progression of
renal injury in a rat model of chronic kidney disease. Can J
Physiol Pharmacol. 2018;96:603–610.

3. Chen CC, Hsu CY, Chen CY, et al. Fructus Corni
suppresses hepatic gluconeogenesis related gene
transcription, enhances glucose responsiveness of
pancreatic beta-cells, and prevents toxin induced beta-cell
death. J Ethnopharmacol. 2008;117(3):483–490.

4. Kweka B, Lyimo E, Jeremiah K, et al. Influence of
hemoglobinopathies and glucose-6-phosphate
dehydrogenase deficiency on diagnosis of diabetes by
HbA1c among Tanzanian adults with and without HIV: A
cross-sectional study. PLoS One. 2020;15(12):0244782.

Mohamed/Gayathri/Priya/et al.

J RNA Genomics 2021 Volume 17 Issue S13

https://www.dia-endojournals.ru/jour/article/view/9686?locale=en_US
https://www.dia-endojournals.ru/jour/article/view/9686?locale=en_US
https://www.dia-endojournals.ru/jour/article/view/9686?locale=en_US
https://www.dia-endojournals.ru/jour/article/view/9686?locale=en_US
https://www.dia-endojournals.ru/jour/article/view/9686?locale=en_US
https://www.dia-endojournals.ru/jour/article/view/9686?locale=en_US
https://cdnsciencepub.com/doi/10.1139/cjpp-2017-0252
https://cdnsciencepub.com/doi/10.1139/cjpp-2017-0252
https://cdnsciencepub.com/doi/10.1139/cjpp-2017-0252
https://www.sciencedirect.com/science/article/abs/pii/S0378874108001177?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874108001177?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874108001177?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874108001177?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378874108001177?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244782
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244782
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244782
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244782
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244782


5. Singh V, Sagar P, Kaul S, et al. Liver phosphoenolpyruvate
carboxykinase-1 downregulation via sirna-functionalized
graphene oxide nanosheets restores glucose homeostasis in
a type 2 diabetes mellitus model. Bioconjug Chem.
2021;32(2):259–278.

6. Kale OE, Vongdip M, Ogundare TF, et al. The use of
combined high-fructose diet and glyphosate to model rats
type 2 diabetes symptomatology. Toxicol Mech Methods.
2021;31(2):126–237.

7. Benbrook CM. Trends in glyphosate herbicide use in the
United States and globally. Environ Sci Eur. 2016;28(1):3.

8. Nerozzi C, Recuero S, Galeati G, et al. Effects of roundup
and its main component, glyphosate, upon mammalian
sperm function and survival. Sci Rep. 2020;10(1):11026.

9. Haghighi B, Suzangar M, Khajeh M. Alterations of rat
kidney, liver and erythrocytes glucose 6-phosphate
dehydrogenase activity by chronic acidosis. Biochem Soc
Trans. 1993;21(1):62.

10. Panzacchi S, Mandrioli D, Manservisi F, et al. The
Ramazzini Institute 13-week study on glyphosate-based
herbicides at human-equivalent dose in Sprague Dawley
rats: study design and first in-life endpoints evaluation.
Environ Health. 2018;17(1):52.

11. Gillezeau C, van Gerwen M, Shaffer RM, et al. The
evidence of human exposure to glyphosate: a review.
Environ Health. 2019;18(1):2.

12. Silva V, Montanarella L, Jones A, et al. Distribution of
glyphosate and Aminomethylphosphonic Acid (AMPA) in
agricultural topsoils of the European Union Sci Total
Environ. 2018;621:1352–1359.

13. Wu F, Zhu J, Li G, et al. Biologically synthesized green
gold nanoparticles from Siberian ginseng induce growth-
inhibitory effect on melanoma cells (B16). Artif Cells
Nanomed Biotechnol. 2019;47(1):3297–305.

14. Chen F, Tang Y, Sun Y, et al. 6-shogaol, a active
constiuents of ginger prevents UVB radiation mediated
inflammation and oxidative stress through modulating
NrF2 signaling in human epidermal keratinocytes (HaCaT
cells)’, J Photochem Photobiol B. 2019;197:111518.

15. Li Z, Veeraraghavan VP, Mohan SK, et al. Apoptotic
induction and anti-metastatic activity of eugenol
encapsulated chitosan nanopolymer on rat glioma C6 cells
via alleviating the MMP signaling pathway. J Photochem
Photobiol B. 2020;203:111773.

16. Babu S, Jayaraman S. An update on β-sitosterol: A
potential herbal nutraceutical for diabetic management.
Biomed Pharmacother. 2020;131:110702.

17. Malaikolundhan H, Mookkan G, Krishnamoorthi G, et al.
Anticarcinogenic effect of gold nanoparticles synthesized
from Albizia lebbeck on HCT-116 colon cancer cell lines.
Artif Cells Nanomed Biotechnol. 2020;48(1):1206–1213.

18. Han X, Jiang X, Guo L, et al. Anticarcinogenic potential of
gold nanoparticles synthesized from Trichosanthes kirilowii
in colon cancer cells through the induction of apoptotic
pathway. Artif Cells Nanomed Biotechnol. 2019;47(1):
3577–3584.

19. Gothai S, Muniandy K, Gnanaraj C, et al. Pharmacological
insights into antioxidants against colorectal cancer: A
detailed review of the possible mechanisms. Biomed
Pharmacother. 2018;107:1514–1522.

20. Veeraraghavan VP, Hussain S, Balakrishna JP, et al. A
comprehensive and critical review on
ethnopharmacological importance of desert truffles:
Terfezia claveryi, Terfezia boudieri, and Tirmania nivea.
Food Rev Int. 2010;1–20.

21. Sathya S, Ragul V, Veeraraghavan VP, et al. An in vitro
study on hexavalent chromium [Cr(VI)] remediation using
iron oxide nanoparticles based beads. Environ Nanotechnol
Monit. 2020;14:100333.

22. Yang Z, Pu M, Dong X, et al. Piperine loaded zinc oxide
nanocomposite inhibits the PI3K/AKT/mTOR signaling
pathway via attenuating the development of gastric
carcinoma: In vitro and in vivo studies. Arab J Chem.
2020;13(5):5501–5516.

23. Rajendran P, Alzahrani AM, Rengarajan T, et al.
Consumption of reused vegetable oil intensifies BRCA1
mutations. Crit Rev Food Sci Nutr. 2020;1–8.

24. Barma, M D, Muthupandiyan I, Samuel SR, et al.
Inhibition of Streptococcus mutans, antioxidant property
and cytotoxicity of novel nano-zinc oxide varnish. Arch
Oral Biol. 2021;126:105132.

25. Samuel SR. Can 5-year-olds sensibly self-report the impact
of developmental enamel defects on their quality of life? Int
J Paediatr Dent. 2021;31(2):285–286.

26. Samuel SR, Kuduruthullah S, Khair AMB, et al. Dental
pain, parental SARS-CoV-2 fear and distress on quality of
life of 2 to 6 year-old children during COVID-19. Int J
Paediatr Dent. 2021;31(3):436–441.

27. Tang Y, Rajendran P, Veeraraghavan VP, et al. Osteogenic
differentiation and mineralization potential of zinc oxide
nanoparticles from Scutellaria baicalensis on human
osteoblast-like MG-63 cells. Mater Sci Eng C. 2021;119(3):
111656.

28. Yin Z, Yang Y, Guo T, et al. Potential chemotherapeutic
effect of betalain against human non-small cell lung cancer
through PI3K/Akt/mTOR signaling pathway. Environ
Toxicol. 2021;36(6):1011–1020.

29. Veeraraghavan VP, Periadurai ND, Karunakaran T, et al.
Green synthesis of silver nanoparticles from aqueous
extract of Scutellaria barbata and coating on the cotton
fabric for antimicrobial applications and wound healing
activity in fibroblast cells (L929). Saudi J Biol Sci.
2021;28(7):3633–3640.

30. Mickymaray S, Alfaiz FA, Paramasivam A, et al.
Rhaponticin suppresses osteosarcoma through the
inhibition of PI3K-Akt-mTOR pathway. Saudi J Biol Sci.
2021;28(7):3641–3649.

31. Teja KV, Ramesh S. Is a filled lateral canal-A sign of
superiority? J Dent Sci. 2020;15(4):562–563.

32. Kadanakuppe S, Hiremath S. Social and behavioural factors
associated with dental caries experience among adolescent
school children in Bengaluru city, India. J Adv Med.
2016;14(1):1–10.

Citation: Mohamed PA, Gayathri R, Priya VV, et al. Glyphosate exposure exacerbate gluconeogenic enzymes in adult male Wistar rats. J RNA
Genomics 2021;17(S1):1-5.

4J RNA Genomics 2021 Volume 17 Issue S1

https://pubs.acs.org/doi/10.1021/acs.bioconjchem.0c00645
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.0c00645
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.0c00645
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.0c00645
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.0c00645
https://www.tandfonline.com/doi/abs/10.1080/15376516.2020.1845889?journalCode=itxm20
https://www.tandfonline.com/doi/abs/10.1080/15376516.2020.1845889?journalCode=itxm20
https://www.tandfonline.com/doi/abs/10.1080/15376516.2020.1845889?journalCode=itxm20
https://www.tandfonline.com/doi/abs/10.1080/15376516.2020.1845889?journalCode=itxm20
https://enveurope.springeropen.com/track/pdf/10.1186/s12302-016-0070-0.pdf
https://enveurope.springeropen.com/track/pdf/10.1186/s12302-016-0070-0.pdf
https://www.nature.com/articles/s41598-020-67538-w.pdf
https://www.nature.com/articles/s41598-020-67538-w.pdf
https://www.nature.com/articles/s41598-020-67538-w.pdf
https://portlandpress.com/biochemsoctrans/article-abstract/21/1/62S/80800/Alterations-of-rat-kidney-liver-and-erythrocytes?redirectedFrom=fulltext
https://portlandpress.com/biochemsoctrans/article-abstract/21/1/62S/80800/Alterations-of-rat-kidney-liver-and-erythrocytes?redirectedFrom=fulltext
https://portlandpress.com/biochemsoctrans/article-abstract/21/1/62S/80800/Alterations-of-rat-kidney-liver-and-erythrocytes?redirectedFrom=fulltext
https://portlandpress.com/biochemsoctrans/article-abstract/21/1/62S/80800/Alterations-of-rat-kidney-liver-and-erythrocytes?redirectedFrom=fulltext
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0393-y.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0393-y.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0393-y.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0393-y.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0393-y.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0435-5.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0435-5.pdf
https://ehjournal.biomedcentral.com/track/pdf/10.1186/s12940-018-0435-5.pdf
https://research.wur.nl/en/publications/distribution-of-glyphosate-and-aminomethylphosphonic-acid-ampa-in
https://research.wur.nl/en/publications/distribution-of-glyphosate-and-aminomethylphosphonic-acid-ampa-in
https://research.wur.nl/en/publications/distribution-of-glyphosate-and-aminomethylphosphonic-acid-ampa-in
https://research.wur.nl/en/publications/distribution-of-glyphosate-and-aminomethylphosphonic-acid-ampa-in
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1647224?needAccess=true
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1647224?needAccess=true
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1647224?needAccess=true
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1647224?needAccess=true
https://www.meta.org/papers/6-shogaol-a-active-constiuents-of-ginger-prevents/31202076http:/paperpile.com/b/J4KHGO/QzgAL
https://www.meta.org/papers/6-shogaol-a-active-constiuents-of-ginger-prevents/31202076http:/paperpile.com/b/J4KHGO/QzgAL
https://www.meta.org/papers/6-shogaol-a-active-constiuents-of-ginger-prevents/31202076http:/paperpile.com/b/J4KHGO/QzgAL
https://www.meta.org/papers/6-shogaol-a-active-constiuents-of-ginger-prevents/31202076http:/paperpile.com/b/J4KHGO/QzgAL
https://www.meta.org/papers/6-shogaol-a-active-constiuents-of-ginger-prevents/31202076http:/paperpile.com/b/J4KHGO/QzgAL
https://research.nu.edu.kz/en/publications/apoptotic-induction-and-anti-metastatic-activity-of-eugenol-encap
https://research.nu.edu.kz/en/publications/apoptotic-induction-and-anti-metastatic-activity-of-eugenol-encap
https://research.nu.edu.kz/en/publications/apoptotic-induction-and-anti-metastatic-activity-of-eugenol-encap
https://research.nu.edu.kz/en/publications/apoptotic-induction-and-anti-metastatic-activity-of-eugenol-encap
https://research.nu.edu.kz/en/publications/apoptotic-induction-and-anti-metastatic-activity-of-eugenol-encap
https://www.sciencedirect.com/science/article/pii/S0753332220308957?via%3Dihubhttp://paperpile.com/b/D81fwm/fj7d2
https://www.sciencedirect.com/science/article/pii/S0753332220308957?via%3Dihubhttp://paperpile.com/b/D81fwm/fj7d2
https://www.sciencedirect.com/science/article/pii/S0753332220308957?via%3Dihubhttp://paperpile.com/b/D81fwm/fj7d2
https://www.tandfonline.com/doi/epub/10.1080/21691401.2020.1814313?needAccess=truehttp://paperpile.com/b/J4KHGO/VLCpe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2020.1814313?needAccess=truehttp://paperpile.com/b/J4KHGO/VLCpe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2020.1814313?needAccess=truehttp://paperpile.com/b/J4KHGO/VLCpe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2020.1814313?needAccess=truehttp://paperpile.com/b/J4KHGO/VLCpe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1626412?needAccess=truehttp://paperpile.com/b/J4KHGO/JOUGe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1626412?needAccess=truehttp://paperpile.com/b/J4KHGO/JOUGe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1626412?needAccess=truehttp://paperpile.com/b/J4KHGO/JOUGe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1626412?needAccess=truehttp://paperpile.com/b/J4KHGO/JOUGe
https://www.tandfonline.com/doi/epub/10.1080/21691401.2019.1626412?needAccess=truehttp://paperpile.com/b/J4KHGO/JOUGe
https://www.sciencedirect.com/science/article/abs/pii/S0753332218342574?via%3Dihubhttp://paperpile.com/b/J4KHGO/I2biL
https://www.sciencedirect.com/science/article/abs/pii/S0753332218342574?via%3Dihubhttp://paperpile.com/b/J4KHGO/I2biL
https://www.sciencedirect.com/science/article/abs/pii/S0753332218342574?via%3Dihubhttp://paperpile.com/b/J4KHGO/I2biL
https://www.sciencedirect.com/science/article/abs/pii/S0753332218342574?via%3Dihubhttp://paperpile.com/b/J4KHGO/I2biL
https://www.tandfonline.com/doi/full/10.1080/87559129.2021.1889581?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/87559129.2021.1889581?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/87559129.2021.1889581?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/87559129.2021.1889581?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/87559129.2021.1889581?scroll=top&needAccess=true
https://pubag.nal.usda.gov/catalog/7004005
https://pubag.nal.usda.gov/catalog/7004005
https://pubag.nal.usda.gov/catalog/7004005
https://pubag.nal.usda.gov/catalog/7004005
https://reader.elsevier.com/reader/sd/pii/S1878535220301039?token=3F24223D62EB9DC2011001A48775728426D78421B9D5A4E3E2150257A9E906B8E42FB43B20D9D5FFC5DCA079FE025CF3&originRegion=eu-west-1&originCreation=20211119082610http://paperpile.com/b/CxHuCN/xUedG
https://reader.elsevier.com/reader/sd/pii/S1878535220301039?token=3F24223D62EB9DC2011001A48775728426D78421B9D5A4E3E2150257A9E906B8E42FB43B20D9D5FFC5DCA079FE025CF3&originRegion=eu-west-1&originCreation=20211119082610http://paperpile.com/b/CxHuCN/xUedG
https://reader.elsevier.com/reader/sd/pii/S1878535220301039?token=3F24223D62EB9DC2011001A48775728426D78421B9D5A4E3E2150257A9E906B8E42FB43B20D9D5FFC5DCA079FE025CF3&originRegion=eu-west-1&originCreation=20211119082610http://paperpile.com/b/CxHuCN/xUedG
https://reader.elsevier.com/reader/sd/pii/S1878535220301039?token=3F24223D62EB9DC2011001A48775728426D78421B9D5A4E3E2150257A9E906B8E42FB43B20D9D5FFC5DCA079FE025CF3&originRegion=eu-west-1&originCreation=20211119082610http://paperpile.com/b/CxHuCN/xUedG
https://reader.elsevier.com/reader/sd/pii/S1878535220301039?token=3F24223D62EB9DC2011001A48775728426D78421B9D5A4E3E2150257A9E906B8E42FB43B20D9D5FFC5DCA079FE025CF3&originRegion=eu-west-1&originCreation=20211119082610http://paperpile.com/b/CxHuCN/xUedG
https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1837725?journalCode=bfsn20http://paperpile.com/b/CxHuCN/HRQRD
https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1837725?journalCode=bfsn20http://paperpile.com/b/CxHuCN/HRQRD
https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1837725?journalCode=bfsn20http://paperpile.com/b/CxHuCN/HRQRD
https://cancerres.unboundmedicine.com/medline/citation/33895543/Inhibition_of_Streptococcus_mutans,_antioxidant_property_and_cytotoxicity_of_novel_nano-zinc_oxide_varnish.
https://cancerres.unboundmedicine.com/medline/citation/33895543/Inhibition_of_Streptococcus_mutans,_antioxidant_property_and_cytotoxicity_of_novel_nano-zinc_oxide_varnish.
https://cancerres.unboundmedicine.com/medline/citation/33895543/Inhibition_of_Streptococcus_mutans,_antioxidant_property_and_cytotoxicity_of_novel_nano-zinc_oxide_varnish.
https://cancerres.unboundmedicine.com/medline/citation/33895543/Inhibition_of_Streptococcus_mutans,_antioxidant_property_and_cytotoxicity_of_novel_nano-zinc_oxide_varnish.
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12662http:/paperpile.com/b/CxHuCN/P5h52
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12662http:/paperpile.com/b/CxHuCN/P5h52
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12662http:/paperpile.com/b/CxHuCN/P5h52
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12757
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12757
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12757
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ipd.12757
https://www.sciencedirect.com/science/article/abs/pii/S0928493120335748?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928493120335748?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928493120335748?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928493120335748?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0928493120335748?via%3Dihub
https://onlinelibrary.wiley.com/doi/epdf/10.1002/tox.23100http:/paperpile.com/b/CxHuCN/RUIO1
https://onlinelibrary.wiley.com/doi/epdf/10.1002/tox.23100http:/paperpile.com/b/CxHuCN/RUIO1
https://onlinelibrary.wiley.com/doi/epdf/10.1002/tox.23100http:/paperpile.com/b/CxHuCN/RUIO1
https://onlinelibrary.wiley.com/doi/epdf/10.1002/tox.23100http:/paperpile.com/b/CxHuCN/RUIO1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241602/pdf/main.pdfhttp:/paperpile.com/b/CxHuCN/GdKbZ
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241602/pdf/main.pdfhttp:/paperpile.com/b/CxHuCN/GdKbZ
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241602/pdf/main.pdfhttp:/paperpile.com/b/CxHuCN/GdKbZ
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241602/pdf/main.pdfhttp:/paperpile.com/b/CxHuCN/GdKbZ
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241602/pdf/main.pdfhttp:/paperpile.com/b/CxHuCN/GdKbZ
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8241602/pdf/main.pdfhttp:/paperpile.com/b/CxHuCN/GdKbZ
https://www.sciencedirect.com/science/article/pii/S1319562X21003776?via%3Dihubhttp://paperpile.com/b/CxHuCN/YkoZO
https://www.sciencedirect.com/science/article/pii/S1319562X21003776?via%3Dihubhttp://paperpile.com/b/CxHuCN/YkoZO
https://www.sciencedirect.com/science/article/pii/S1319562X21003776?via%3Dihubhttp://paperpile.com/b/CxHuCN/YkoZO
https://www.sciencedirect.com/science/article/pii/S1319562X21003776?via%3Dihubhttp://paperpile.com/b/CxHuCN/YkoZO
https://www.sciencedirect.com/science/article/pii/S1991790220300544?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1991790220300544?via%3Dihub
https://www.journaljammr.com/index.php/JAMMR/article/view/10285
https://www.journaljammr.com/index.php/JAMMR/article/view/10285
https://www.journaljammr.com/index.php/JAMMR/article/view/10285
https://www.journaljammr.com/index.php/JAMMR/article/view/10285


33. Utter MF, Keech DB. Formation of oxaloacetate from
pyruvate and carbon dioxide. J Biol Chem. 1960;235:17–
18.

34. Utter MF, Kolenbrander HM. 4 formation of oxalacetate by
co2 fixation on phosphoenolpyruvate. The Enzymes.
1972;6:117–168.

35. Owen OE, Kalhan SC, Hanson RW. The key role of
anaplerosis and cataplerosis for citric acid cycle function. J
Biol Chem. 2002;277(34):30409–30412.

36. Brichard SM, Desbuquois B, Girard J. Vanadate treatment
of diabetic rats reverses the impaired expression of genes
involved in hepatic glucose metabolism: Effects on
glycolytic and gluconeogenic enzymes, and on glucose
transporter GLUT2. Mol Cell Endocrinol. 1993;91(1-2):
91–97.

37. van Schaftingen E, Gerin I. The glucose-6-phosphatase
system. Biochem J. 2002;362(3):513–532.

38. Gerin C. Behavioral improvement and dopamine release in
a parkinsonian rat model Neurosci Lett. 2002;330(1):5–8.

39. Guan N, Li Y, Yang H, et al. Dual-functionalized gold
nanoparticles probe based bio-barcode immuno-PCR for
the detection of glyphosate. Food Chem. 2021;338:128133.

*Corresponding to:
Gayathri R

Department of Biochemistry

Saveetha Institute of Medical and Technical Sciences

Chennai

India

E-mail: gayathri.sdc@saveetha.com

Mohamed/Gayathri/Priya/et al.

J RNA Genomics 2021 Volume 17 Issue S15

https://pubmed.ncbi.nlm.nih.gov/13840551/
https://pubmed.ncbi.nlm.nih.gov/13840551/
https://pubmed.ncbi.nlm.nih.gov/13840551/
https://www.sciencedirect.com/science/article/abs/pii/S1874604708600396?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1874604708600396?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1874604708600396?via%3Dihub
https://www.jbc.org/action/showPdf?pii=S0021-9258%2820%2970110-9
https://www.jbc.org/action/showPdf?pii=S0021-9258%2820%2970110-9
https://www.jbc.org/action/showPdf?pii=S0021-9258%2820%2970110-9
https://www.sciencedirect.com/science/article/abs/pii/030372079390259M?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/030372079390259M?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/030372079390259M?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/030372079390259M?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/030372079390259M?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/030372079390259M?via%3Dihub
https://portlandpress.com/biochemj/article-abstract/362/3/513/39693/The-glucose-6-phosphatase-system?redirectedFrom=fulltext
https://portlandpress.com/biochemj/article-abstract/362/3/513/39693/The-glucose-6-phosphatase-system?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0304394002006729?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304394002006729?via%3Dihub
https://eurekamag.com/research/071/061/071061539.php
https://eurekamag.com/research/071/061/071061539.php
https://eurekamag.com/research/071/061/071061539.php

	Contents
	Glyphosate exposure exacerbate gluconeogenic enzymes in adult male Wistar rats.
	Abstract
	Keywords:
	Accepted on November 03, 2021
	Introduction
	Materials and Methods
	Animals
	 Experimental design

	mRNA Expression Analysis
	Statistical Analysis
	Results
	Impact of glyphosate on the mRNA expression of Glucose-6-phosphate and PEPCK in the adult male Wistar rats

	Discussion
	Conclusion
	Source of Funding 
	Acknowledgement
	Statement of Conflict of Interest
	References
	*Corresponding to:


