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Abstract 

Glyphosate is used as an herbicide in agriculture. At sub-agriculture concentrations, glyphosate-

based herbicide inhibits cell proliferation. Glyphosate is a chelating agent that interferes with the 

metabolic activities in plants thereby adversely affecting its metabolism. The study aimed to determine 

the glyphosate-induced detrimental changes in SREBP-1c and PPAR-γ mRNA expression in adipose 

tissue of adult male rats. Adult male Wistar albino rats were divided into 4 groups, each consisting of 

6 animals. Group I served as normal control rats; Group II-IV consisted of rats exposed to glyphosate 

at different concentrations (50, 100, and 250 mg/kg body weight respectively) orally for 16 weeks. After 

16 weeks of treatment, the animals were sacrificed, and adipose tissue was dissected out for the 

assessment of SREBP-1c and PPAR-γ mRNA by real-time PCR using gene-specific down-regulated 

primers. The results with the p<0.05 level were considered to be statistically significant. The results 

showed a significant dose-dependent increase (P <0.05) in the expression of SREBP-1c in all the 

glyphosate-exposed rats compared to control rats and PPAR-γ mRNA expression was found to be 

significantly reduced in a concentration-dependent manner (P<0.05) compared to normal control 

animals. The current findings for the first time report that glyphosate had detrimental changes in the 

expression of transcription factors such as SREBP-1c and PPAR-γ mRNA in adipose tissue and thereby 

glyphosate may lead to the development of type-2 diabetes or insulin resistance. 
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Type-2 Diabetes. 

Introduction 

Glyphosate can be found widely in 

groundwater, surface water, and in sediments 

globally [1-3]. The maximum level of 

glyphosate and its metabolites is 700 

micrograms/ litre [2]. Glyphosate is a 

commercial herbicide that is commonly used 

worldwide. Glyphosate is a chelating agent that 

interferes with the metabolic activities in plant 

thereby adversely affecting its metabolism. 

Glyphosate inhibits the enzyme 5-enol 

pyruvylshikimate -3-phosphate synthase 

involved in shikimic acid pathway. This 

pathway is essential in synthesis of aromatic 

amino acids in plants but is absent in animals 

[4, 5]. When glyphosate is ingested through 

food and water in small amounts, it is 

considered to be safe for people. Glyphosate-

related herbicides are widely used in countries 

like Brazil, Argentina and USA. In Argentina, 

the Buenos Aires region has genetically 
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modified soybean plants where glyphosate is 

found in large amounts in water and soil [6]. 

Taking this into consideration, the herbicide 

can spread across the food chain to reach 

animals and plants. In addition, by agricultural 

practices, herbicide residues may be exposed to 

humans [7]. The glyphosate-related herbicide 

also contains polyoxyethyleneamine, which 

acts as a surfactant. These compounds may also 

be toxic. Glyphosate formulations are shown to 

be toxic and potent endocrine disruptors 

affecting the hypothalamic-pituitary axis [8-

10]. They trigger the key transcription factor 

expression in adipogenesis: PPAR-γ is involved 

in protein induction and its expression is 

increased in adipocytes. 

SREBP- 1c (Sterol regulatory element-

binding protein-1c) is a transcription factor 

involved in fatty acid and cholesterol 

metabolism. In cultured rat hepatocytes, 

SREBP-1c expression is stimulated by insulin 

and repressed by glucagon [11]. SREBP - 1c 

activates the genes which are required for the 

synthesis of fatty acids. Recently, SREBP - 1c 

is suggested to be a transcription factor that 

mediates the insulin action on glycerol kinase 

transcription in the liver [12, 13]. 

The ligand of PPAR- γ receptors are potent 

insulin sensitizers which are used as targets in 

type 2 diabetes treatment. PPAR-γ promotes the 

storage of fatty acid in fat depots and regulates 

the adipocyte secretome which subsequently 

impacts glucose homeostasis. PPAR and 

SREBP together alter hepatic fatty acid 

biosynthesis and insulin signalling leading to 

diabetes mellitus and liver diseases in response 

to glyphosate exposure. No previous literature 

was found in this study. The findings of the 

current study demonstrate that glyphosate 

causes lipid accumulation by up-regulation of 

lipogenesis-related genes and downregulation 

of lipolysis-related genes which is associated 

with the pathogenesis of diabetes. Glyphosate 

raises the environmental threat and public 

health concerns. Our team has extensive 

knowledge and research experience that has 

translated into high-quality publications [14-

33]. Hence, we investigated the effect of 

glyphosate on the expression of Sterol 

regulatory element-binding protein-1c and 

PPAR-γ (Peroxisome proliferator-activated 

receptor -gamma) in adipose tissue of male 

albino Wistar 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. glyphosate was procured 

from Sigma Chemical Company St. Louis, MO, 

USA; Total RNA isolation reagent (TRIR) was 

purchased from Invitrogen, USA. The reverse-

transcriptase enzyme (MMuLv) was purchased 

from Genet Bio, South Korea purchased from 

Promega, USA. Sterol regulatory element-

binding protein -1c receptor and peroxisome 

proliferator-activated receptor-gamma receptor 

were purchased from Eurofins Genomics India 

Pvt Ltd, Bangalore, India. 

Animals 

The present experimental study was 

approved by the institutional animal ethics 

committee (IAEC no.: 

BRULAC/SDCH/SIMATS/IAEC/02-

2019/015). Adult male Wistar albino rats, 

weighing 180–200g, were obtained and 

maintained in clean propylene cages at the 

Biomedical Research Unit and Laboratory 

Animal Centre (BRULAC), Saveetha Dental 

College and Hospitals, Saveetha University, 

India) in an air-conditioned animal house, fed 

with standard rat pelleted diet (Lipton India 

Ltd., Mumbai, India), and clean drinking water 

was made available ad libitum. Rats were 

divided into 3 groups, each consisting of 6 

animals. 



Experimental Design 

An adult male albino rat of the Wistar strain 

(Rattus norvegicus) was divided into four 

groups each consisting of 6 animals. 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 body 

weight/day at 8 to AM) orally for 16 weeks; 

Group III: Glyphosate treated (dissolved in 

water at a dose of 100 mg/kg body weight/day 

at 8 to AM) orally for 16 weeks; Group IV: 

Glyphosate treated (dissolved in water at a dose 

of250 mg/kg body weight/day at 8 to AM) 

orally for 16 weeks. 

At the end of the treatment, animals were 

anaesthetized with sodium thiopentone (40 

mg/kg b. wt), blood was collected through the 

cardiac puncture, sera were separated and 

stored at −80°C, and 20 ml of isotonic sodium 

chloride solution was perfused through the left 

ventricle to clear blood from the organs. 

Adipose tissue from control and experimental 

animals was immediately dissected out and 

used for assessing the various parameters. 

Isolation of Total RNA 

Total RNA was isolated from control and 

experimental samples using a TRIR (total RNA 

isolation reagent) kit. Briefly, 100 mg fresh 

tissue was homogenized with 1 ml TRIR, and 

the homogenate was transferred immediately to 

a microfuge tube and kept at -80°C for 60 min 

to permit the complete dissociation of 

nucleoprotein complexes. Then, 0.2 ml of 

chloroform was added, vortexed for 1 min, and 

placed on ice at 4°C for 5 min. The 

homogenates were centrifuged at 12,000 x g for 

15 min at 4°C. The aqueous phase was carefully 

transferred to a fresh microfuge tube and an 

equal volume of isopropanol was added, 

vortexed for 15 sec, and placed on ice at 4°C for 

10 min. The samples were centrifuged at 12,000 

x g for 10 min at 4°C. The supernatant was 

discarded, and the RNA pellet was washed with 

1 ml of 75% ethanol by vortexing and 

subsequent centrifugation for 5min at 7,500 x g 

(4°C). The supernatant was removed, and RNA 

pellets were mixed with 50 μl of autoclaved 

Milli-Q water and dissolved by heating in a 

water bath for 10 min at 60°C. 

Quantification of RNA 

Diluted RNA samples were quantified 

spectrophotometrically by measuring the 

absorbance (A) at 260/280 nm. 40 µg of RNA 

in 1 ml gives one absorbance at 260 nm. 

Therefore, the concentration of RNA in the 

given sample can be determined by multiplying 

its A260 by 40 and the dilution factor. The 

purity of RNA preparation can be calculated 

using the ratio between its absorbance at 260 

and 280 nm. A ratio of absorbance at 260/280 

nm> 1.8 is generally considered as good quality 

RNA (Fourney et al., 1988). The purity of RNA 

obtained was 1.8. 

Reverse Transcriptase - Polymerase 

Chain Reaction (RT - PCR) 

RT-PCR is an approach for converting and 

amplifying a single-stranded RNA template to 

yield abundant double-stranded DNA products. 

1. First-strand reaction: Complementary DNA 

(cDNA) is made from the mRNA template 

using Oligo dT, dNTPs & reverse transcriptase. 

2. Second strand reaction: After the reverse 

transcriptase reaction is complete, standard 

PCR (called the “second strand reaction”) is 

initiated. Principle RT-PCR is a method used to 

amplify cDNA copies of RNA. It is the 

enzymatic conversion of mRNA into a single 

cDNA template. A specific 

oligodeoxynucleotide primer hybridizes to the 

mRNA and is then extended by an RNA-

dependent DNA polymerase to create a cDNA 

copy. First-strand DNA synthesis The RT kit 

was purchased from Eurogentec (Seraing, 

Belgium). Reagents 1. 10X RT buffer: One vial 

containing 1.4 ml of 10X RT buffer. 2. 

EuroScript reverse transcriptase: One tube 

containing 75 μl of Moloney Murine leukemia 

virus reverse transcriptase (3750 U at 50 U/μl). 



cDNA Conversion and PCR 

Amplification 

Briefly, 2µg of RNA was reverse transcribed 

using the reverse transcriptase RT kit from 

Eurogentec (Seraing, Belgium). Genes were 

amplified using SYBR green master mix in a 

real-time PCR system (Bio-Rad C1000 Touch, 

thermal cycler, Bio-Rad laboratories ltd. Bio-

Rad House, 13 Maxted Road, Hemel 

Hempstead, Herts. HP2 7DX, United 

Kingdom), under the following reaction 

conditions: initial denaturation at 95°C for 5 

minutes, followed by 40 cycles of 95°C for 30 

s, 59-60°C for 30 s, and 72°C for to calculate 

relative quantification, the melt and 

amplification curves analysis was employed. 

Details of primers used in the present study: 

RAT PPAR-ү- FW: 5’-

GGACGCTGAAGAAGA-3’; RW: 5’-

GACCTG CCGGGTCCTGTCT GAGTATG-

3’; SREBP-1c -forward, 5′-

CGCTACCGTTCCTCTATCAATGAC-3; 

reverse, 5′-

AGTTTCTGGTTGCTGTGCTGTAAG-3’; β-

actin- FW: 5’-

GACCTCTATGCCAACACAGT-3’; RW 5’-

CACCAATCCACACAGAGTAC-3’. 

Statistical Analysis 

The triplicate analysis results of the 

experiments performed on control and treated 

rats were expressed as mean ±standard 

deviation. Results were analyzed statistically 

by one-way analysis of variance (ANOVA) and 

significant differences between the mean values 

were measured using Duncan’s multiple range 

test using Graph Pad Prism version 5. The 

results with the p < 0.05 level were statistically 

significant. 

Results 

Impact of Glyphosate on the mRNA 

Expression of SREBP-1c and PPAR- γ in 

the Adipose Tissue of Experimental Rats 

mRNA expression of SREBP-1c and PPAR-

γ were assessed by Real-Time -PCR. There is a 

significant dose-dependent increase (p<0.05) in 

the expression of SREBP-1c in the glyphosate-

treated rats compared to control rats (Figure 1) 

conversely PPAR- γ 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 (Figure 

2) indicating that glyphosate has detrimental 

changes adipose tissue leading to the 

development of diabetes. 

 

Figure 1. Impact of Glyphosate on the mRNA Expression of SREBP-1c in Adult Male Rats 



 

Figure 2. Impact of Glyphosate on the mRNA Expression of PPAR- 𝝲 in Adult Male Rats 

Discussion 

Glyphosate is used as an herbicide which 

raises concern about public health. Oxidative 

stress is considered the pathological mechanism 

associated with the toxicity of herbicides (34) 

[34]. Acute glyphosate exposure causes 

changes in the antioxidative defence 

mechanisms [35]. The studies also showed that 

glyphosate significantly decreases the level of 

gene expression and antioxidative activity 

enzymes at low-dose exposure. Apart from 

oxidative damage, inflammation is considered 

a secondary response to glyphosate [36]. 

Inflammatory mediators are associated with 

abnormal lipid metabolism involving lipid 

accumulation. There is a significant dose-

dependent increase in the expression of 

SREBP-1c in the glyphosate-treated rats 

compared to control rats. SREBP - 1c 

upregulates gene expression enzymes involved 

in fatty acid and triglyceride synthesis such as 

acetyl - CoA carboxylase and Fatty acid 

synthase [37]. SREBP - 1c regulates 

lipogenesis by regulating genes coding for 

enzymes namely HMG CoA synthase, HMG 

CoA reductase, farnesyl diphosphate synthase, 

squalene synthase, and also low-density 

lipoprotein (LDL) receptor involved in uptake 

of cholesterol [38]. Glyphosate exposure might 

be able to increase lipogenesis as it increases 

the expression of SREBP - 1c. 

SREBP has a basic helix–loop–helix leucine 

zipper motif. Different isoforms of SREBP 

arise due to alternative splicing of transcripts. 

SREBP-2 isoform is involved in the 

cholestrogenic pathway. SREBP-1 isoforms are 

involved in the synthesis of fatty acids. 

Particularly SREBP-1c is involved in insulin-

dependent regulation of lipogenic genes and 

triglyceride synthesis. Exposure to glyphosate 

reduces the expression of this isoform SREBP-

1c. Insulin can also activate the transcription of 

genes involved in fatty acid synthesis including 

SREBP-1c. PPAR-γ is also essential in 

regulating the secretion of leptin hormone in 

adipose tissue. Glyphosate can produce hepatic 

steatosis by modification of PPAR-γ. The 

modification of these genes can lead to the 

development of insulin resistance [38]. 

PPAR-𝝲 belongs to the nuclear hormone 

receptor family of transcription factors. It is 

found in liver, heart, skeletal muscle and brown 

adipose tissue and is involved in regulation of 

fatty acid oxidation occuring mitochondria and 

peroxisomes. There is a significant dose-

dependent decrease in the expression of PPAR- 

γ which is in a concentration-dependent and 

dose-dependent manner. A previous study by 
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Martini et al investigated the glyphosate effect 

on PPAR- γ induction in fibroblasts where they 

found that glyphosate exposure decreases the 

expression of PPAR-γ. This study supports our 

finding [39] where the impact of glyphosate on 

the mRNA expression of PPAR-γ in adult male 

rats leads to downregulation of lipolysis-related 

genes, leading to diabetes and PPAR-γ also 

participates in lipogenesis and lipolysis [40-

47]. 

Even though the results were promising, 

only two parameters were used. Furthermore, 

the serum levels of glyphosate, diabetic 

profiles, blood glucose level parameters, and 

other signalling molecules were not analyzed. 

Current findings demonstrate that glyphosate 

causes lipid accumulation by up-regulation of 

lipogenesis-related genes and downregulation 

of lipolysis-related genes which can lead to 

diabetes [48-52].Further studies on 

downstream signalling molecules of 

proinflammatory signalling mechanisms are 

warranted to better understand glyphosate 

towards the development of new drugs. 

Conclusion 

The current findings for the first time report 

that glyphosate had detrimental changes in the 

expression of transcription factors such as 

SREBP-1c and PPAR-γ mRNA in adipose 

tissue and thereby glyphosate may lead to the 

development of type-2 diabetes or insulin 

resistance. 

Acknowledgement 

The authors would like to thank Saveetha 

Dental College and Hospitals, Saveetha 

Institute of Medical and technical Sciences, and 

Saveetha University for providing research 

laboratory facilities to carry out the study. 

Source of Funding 

The present study was supported by the 

following agencies. 

1. Saveetha Institute of Medical and 

Technical Sciences (SIMATS). 

2. Saveetha Dental College. 

3. Saveetha University. 

4. Kasthuri Multi-speciality Dental Clinic. 

Conflict of Interest 

The author declares that there is no conflict 

of interest in the present study. 

References 

1. Avigliano, E., Schenone, N.F., 2015, Human 

health risk assessment and environmental 

distribution of trace elements, glyphosate, fecal 

coliform and total coliform in Atlantic Rainforest 

mountain rivers (South America), Microchemical 

Journal, 122, p. 149–58. 

http://dx.doi.org/10.1016/j.microc.2015.05.004 

2. Battaglin, W.A., Meyer, M.T., Kuivila, K.M., 

Dietze, J.E., 2014, Glyphosate and Its Degradation 

Product AMPA Occur Frequently and Widely in 

U.S. Soils, Surface Water, Groundwater, and 

Precipitation, JAWRA Journal of the American 

Water Resources Association, 50, 275–290.  

3. Maqueda,C., Undabeytia, T., Villaverde, J., 

Morillo, E., 2017, Behaviour of glyphosate in a 

reservoir and the surrounding agricultural soils, 

Science of The Total Environment, 787–95.  

4. Gianessi, L.P., 2008, Economic impacts of 

glyphosate-resistant crops, Pest Manag Sci, 64(4), 

346–52. 

5. Dill, G.M., Cajacob, CA., 2008, Padgette SR. 

Glyphosate-resistant crops: adoption, use and future 

considerations, Pest Manag Sci, 64(4), 326–31. 

6. Peruzzo, P.J., Porta, A.A., Ronco, A.E., 2008, 

Levels of glyphosate in surface waters, sediments 

and soils associated with direct sowing soybean 

cultivation in north pampasic region of Argentina, 

Environ Pollut, 156(1), 61–66. 

7. Acquavella, J.F., Alexander, B.H., Mandel, J.S., 

Gustin, C., Baker, B., Chapman, P., 2004, 

Glyphosate biomonitoring for farmers and their 

families: results from the Farm Family Exposure 

file:///C:/Users/Admin/Downloads/Avigliano,%20E.,%20Schenone,%20N.F.,%202015,%20%20Human%20health%20risk%20assessment%20and%20environmental%20distribution%20of%20trace%20elements,%20glyphosate,%20fecal%20coliform%20and%20total%20coliform%20in%20Atlantic%20Rainforest%20mountain%20rivers%20(South%20America),%20Microchemical%20Journal,%20122,%20p.%20149–58.
file:///C:/Users/Admin/Downloads/Avigliano,%20E.,%20Schenone,%20N.F.,%202015,%20%20Human%20health%20risk%20assessment%20and%20environmental%20distribution%20of%20trace%20elements,%20glyphosate,%20fecal%20coliform%20and%20total%20coliform%20in%20Atlantic%20Rainforest%20mountain%20rivers%20(South%20America),%20Microchemical%20Journal,%20122,%20p.%20149–58.
file:///C:/Users/Admin/Downloads/Avigliano,%20E.,%20Schenone,%20N.F.,%202015,%20%20Human%20health%20risk%20assessment%20and%20environmental%20distribution%20of%20trace%20elements,%20glyphosate,%20fecal%20coliform%20and%20total%20coliform%20in%20Atlantic%20Rainforest%20mountain%20rivers%20(South%20America),%20Microchemical%20Journal,%20122,%20p.%20149–58.
file:///C:/Users/Admin/Downloads/Avigliano,%20E.,%20Schenone,%20N.F.,%202015,%20%20Human%20health%20risk%20assessment%20and%20environmental%20distribution%20of%20trace%20elements,%20glyphosate,%20fecal%20coliform%20and%20total%20coliform%20in%20Atlantic%20Rainforest%20mountain%20rivers%20(South%20America),%20Microchemical%20Journal,%20122,%20p.%20149–58.
file:///C:/Users/Admin/Downloads/Avigliano,%20E.,%20Schenone,%20N.F.,%202015,%20%20Human%20health%20risk%20assessment%20and%20environmental%20distribution%20of%20trace%20elements,%20glyphosate,%20fecal%20coliform%20and%20total%20coliform%20in%20Atlantic%20Rainforest%20mountain%20rivers%20(South%20America),%20Microchemical%20Journal,%20122,%20p.%20149–58.
file:///C:/Users/Admin/Downloads/Avigliano,%20E.,%20Schenone,%20N.F.,%202015,%20%20Human%20health%20risk%20assessment%20and%20environmental%20distribution%20of%20trace%20elements,%20glyphosate,%20fecal%20coliform%20and%20total%20coliform%20in%20Atlantic%20Rainforest%20mountain%20rivers%20(South%20America),%20Microchemical%20Journal,%20122,%20p.%20149–58.
http://dx.doi.org/10.1016/j.microc.2015.05.004
file:///C:/Users/Admin/Downloads/Battaglin,%20W.A.,%20Meyer,%20M.T.,%20Kuivila,%20K.M.,%20Dietze,%20J.E.,%202014,%20Glyphosate%20and%20Its%20Degradation%20Product%20AMPA%20Occur%20Frequently%20and%20Widely%20in%20U.S.%20Soils,%20Surface%20Water,%20Groundwater,%20and%20Precipitation,%20JAWRA%20Journal%20of%20the%20American%20Water%20Resources%20Association,%2050,%20275–290.
file:///C:/Users/Admin/Downloads/Battaglin,%20W.A.,%20Meyer,%20M.T.,%20Kuivila,%20K.M.,%20Dietze,%20J.E.,%202014,%20Glyphosate%20and%20Its%20Degradation%20Product%20AMPA%20Occur%20Frequently%20and%20Widely%20in%20U.S.%20Soils,%20Surface%20Water,%20Groundwater,%20and%20Precipitation,%20JAWRA%20Journal%20of%20the%20American%20Water%20Resources%20Association,%2050,%20275–290.
file:///C:/Users/Admin/Downloads/Battaglin,%20W.A.,%20Meyer,%20M.T.,%20Kuivila,%20K.M.,%20Dietze,%20J.E.,%202014,%20Glyphosate%20and%20Its%20Degradation%20Product%20AMPA%20Occur%20Frequently%20and%20Widely%20in%20U.S.%20Soils,%20Surface%20Water,%20Groundwater,%20and%20Precipitation,%20JAWRA%20Journal%20of%20the%20American%20Water%20Resources%20Association,%2050,%20275–290.
file:///C:/Users/Admin/Downloads/Battaglin,%20W.A.,%20Meyer,%20M.T.,%20Kuivila,%20K.M.,%20Dietze,%20J.E.,%202014,%20Glyphosate%20and%20Its%20Degradation%20Product%20AMPA%20Occur%20Frequently%20and%20Widely%20in%20U.S.%20Soils,%20Surface%20Water,%20Groundwater,%20and%20Precipitation,%20JAWRA%20Journal%20of%20the%20American%20Water%20Resources%20Association,%2050,%20275–290.
file:///C:/Users/Admin/Downloads/Battaglin,%20W.A.,%20Meyer,%20M.T.,%20Kuivila,%20K.M.,%20Dietze,%20J.E.,%202014,%20Glyphosate%20and%20Its%20Degradation%20Product%20AMPA%20Occur%20Frequently%20and%20Widely%20in%20U.S.%20Soils,%20Surface%20Water,%20Groundwater,%20and%20Precipitation,%20JAWRA%20Journal%20of%20the%20American%20Water%20Resources%20Association,%2050,%20275–290.
file:///C:/Users/Admin/Downloads/Battaglin,%20W.A.,%20Meyer,%20M.T.,%20Kuivila,%20K.M.,%20Dietze,%20J.E.,%202014,%20Glyphosate%20and%20Its%20Degradation%20Product%20AMPA%20Occur%20Frequently%20and%20Widely%20in%20U.S.%20Soils,%20Surface%20Water,%20Groundwater,%20and%20Precipitation,%20JAWRA%20Journal%20of%20the%20American%20Water%20Resources%20Association,%2050,%20275–290.
http://paperpile.com/b/mPm213/es8a
http://paperpile.com/b/mPm213/es8a
http://paperpile.com/b/mPm213/es8a
http://paperpile.com/b/mPm213/es8a
http://paperpile.com/b/mPm213/1mxi
http://paperpile.com/b/mPm213/1mxi
http://paperpile.com/b/mPm213/1mxi
http://paperpile.com/b/mPm213/blWA
http://paperpile.com/b/mPm213/blWA
http://paperpile.com/b/mPm213/blWA
http://paperpile.com/b/mPm213/jBKL
http://paperpile.com/b/mPm213/jBKL
http://paperpile.com/b/mPm213/jBKL
http://paperpile.com/b/mPm213/jBKL
http://paperpile.com/b/mPm213/jBKL
http://paperpile.com/b/mPm213/yaKl
http://paperpile.com/b/mPm213/yaKl
http://paperpile.com/b/mPm213/yaKl
http://paperpile.com/b/mPm213/yaKl


Study, Environ Health Perspect, 112(3), 321–6. 

8. Benachour, N., Sipahutar, H., Moslemi, S., 

Gasnier, C., Travert, C., Séralini G.E., 2007, Time- 

and dose-dependent effects of roundup on human 

embryonic and placental cells, Arch Environ 

Contam Toxicol, 53(1), 126–33. 

9. Gasnier, C., Dumont, C., Benachour, N., Clair, E., 

Chagnon, M.C., Séralini, G.E., 2009, Glyphosate-

based herbicides are toxic and endocrine disruptors 

in human cell lines, Toxicology, 21, 262(3),184–91. 

10. Mesnage, R., Bernay, B., Séralini, G.E., 2013, 

Ethoxylated adjuvants of glyphosate-based 

herbicides are active principles of human cell 

toxicity, Toxicology, 16, 313(2-3),122–8. 

11. Foretz, M., Guichard, C., Ferré, P., Foufelle, F., 

1999, Sterol regulatory element binding protein-1c 

is a major mediator of insulin action on the hepatic 

expression of glucokinase and lipogenesis-related 

genes, Proc Natl Acad Sci U S A, 26, 96(22), 12737–

42. 

12. Shimomura, I., Shimano, H., Korn, B.S., 

Bashmakov, Y., Horton, J.D., 1998, Nuclear sterol 

regulatory element-binding proteins activate genes 

responsible for the entire program of unsaturated 

fatty acid biosynthesis in transgenic mouse liver, J 

Biol Chem, 25, 273(52), 35299–306. 

13. Foretz, M., Foufelle, F., Ferré, P., 1999, 

Polyunsaturated fatty acids inhibit fatty acid 

synthase and spot-14-protein gene expression in 

cultured rat hepatocytes by a peroxidative 

mechanism, Biochem J, 15, 341 (Pt 2), 371–6. 

14. Wu, F., Zhu, J., Li, G., Wang, J., Veeraraghavan, 

V.P., Krishna Mohan, S., 2019, Biologically 

synthesized green gold nanoparticles from Siberian 

ginseng induce growth-inhibitory effect on 

melanoma cells (B16), Artif Cells Nanomed 

Biotechnol, 47(1), 3297–305. 

15. Chen, F., Tang, Y., Sun, Y., Veeraraghavan, 

V.P., Mohan, S.K., Cui, C., 2019, 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,197, 111518. 

16. Li, Z., Veeraraghavan, V.P., Mohan, S.K., Bolla, 

S.R., Lakshmanan, H., Kumaran, S, et al., 2020, 

Apoptotic induction and anti-metastatic activity of 

eugenol encapsulated chitosan nanopolymer on rat 

glioma C6 cells via alleviating the MMP signaling 

pathway 203, Journal of Photochemistry and 

Photobiology B: Biology, 111773.  

17. Babu, S., Jayaraman, S., 2020, An update on β-

sitosterol: A potential herbal nutraceutical for 

diabetic management, Biomed Pharmacother, 131, 

110702. 

18. Malaikolundhan, H., Mookkan, G., 

Krishnamoorthi, G., Matheswaran, N., Alsawalha, 

M., Veeraraghavan, V.P., Anticarcinogenic effect of 

gold nanoparticles synthesized from Albizia lebbeck 

on HCT-116 colon cancer cell lines, Artif Cells 

Nanomed Biotechnol, 48(1),1206–13. 

19. Han, X., Jiang, X., Guo, L., Wang, Y., 

Veeraraghavan, V.P., Krishna Mohan, S, 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, 47(1), 

3577–84. 

20. Gothai, S., Muniandy, K., Gnanaraj, C., Ibrahim, 

I.A.A., Shahzad, N., Al-Ghamdi, S.S., et al., 2018, 

Pharmacological insights into antioxidants against 

colorectal cancer: A detailed review of the possible 

mechanisms, Biomed Pharmacother, 107, 1514–22. 

21. Veeraraghavan, V.P., Hussain, S., Balakrishna, 

J.P., Dhawale, L., Kullappan, M., Ambrose, J.M, et 

al., 2021, A Comprehensive and Critical Review on 

Ethnopharmacological Importance of Desert 

Truffles: Terfezia claveryi, Terfezia boudieri, and 

Tirmania nivea, Food Reviews International, 1–20.  

22. Sathya, S., Ragul, V., Veeraraghavan, V.P., 

Singh, L., Niyas Ahamed, M.I., 2020, An in vitro 

study on hexavalent chromium [Cr (VI)] 

remediation using iron oxide nanoparticles-based 

beads, Environmental Nanotechnology, Monitoring 

& Management, 2020, 14, 100333. 

23. Yang, Z., Pu, M., Dong, X., Ji, F., Priya 

Veeraraghavan, V., Yang, H., 2020, Piperine loaded 

zinc oxide nanocomposite inhibits the 

PI3K/AKT/mTOR signaling pathway via 

attenuating the development of gastric carcinoma: In 

vitroandin vivostudies. Arabian Journal of 

Chemistry, 13(5), 5501–16. 

http://paperpile.com/b/mPm213/yaKl
http://paperpile.com/b/mPm213/Wg7C
http://paperpile.com/b/mPm213/Wg7C
http://paperpile.com/b/mPm213/Wg7C
http://paperpile.com/b/mPm213/Wg7C
http://paperpile.com/b/mPm213/Wg7C
http://paperpile.com/b/mPm213/ATAY
http://paperpile.com/b/mPm213/ATAY
http://paperpile.com/b/mPm213/ATAY
http://paperpile.com/b/mPm213/ATAY
http://paperpile.com/b/mPm213/gCMj
http://paperpile.com/b/mPm213/gCMj
http://paperpile.com/b/mPm213/gCMj
http://paperpile.com/b/mPm213/gCMj
http://paperpile.com/b/mPm213/KVU3
http://paperpile.com/b/mPm213/KVU3
http://paperpile.com/b/mPm213/KVU3
http://paperpile.com/b/mPm213/KVU3
http://paperpile.com/b/mPm213/KVU3
http://paperpile.com/b/mPm213/KVU3
http://paperpile.com/b/mPm213/me9C
http://paperpile.com/b/mPm213/me9C
http://paperpile.com/b/mPm213/me9C
http://paperpile.com/b/mPm213/me9C
http://paperpile.com/b/mPm213/me9C
http://paperpile.com/b/mPm213/me9C
http://paperpile.com/b/mPm213/hTWz
http://paperpile.com/b/mPm213/hTWz
http://paperpile.com/b/mPm213/hTWz
http://paperpile.com/b/mPm213/hTWz
http://paperpile.com/b/mPm213/hTWz
http://paperpile.com/b/mPm213/isuuJ
http://paperpile.com/b/mPm213/isuuJ
http://paperpile.com/b/mPm213/isuuJ
http://paperpile.com/b/mPm213/isuuJ
http://paperpile.com/b/mPm213/isuuJ
http://paperpile.com/b/mPm213/isuuJ
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/oTwmy
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/Ndmg4
http://paperpile.com/b/mPm213/1ksF9
http://paperpile.com/b/mPm213/1ksF9
http://paperpile.com/b/mPm213/1ksF9
http://paperpile.com/b/mPm213/1ksF9
http://paperpile.com/b/mPm213/9BWff
http://paperpile.com/b/mPm213/9BWff
http://paperpile.com/b/mPm213/9BWff
http://paperpile.com/b/mPm213/9BWff
http://paperpile.com/b/mPm213/9BWff
http://paperpile.com/b/mPm213/9BWff
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/T9oVK
http://paperpile.com/b/mPm213/GJpmO
http://paperpile.com/b/mPm213/GJpmO
http://paperpile.com/b/mPm213/GJpmO
http://paperpile.com/b/mPm213/GJpmO
http://paperpile.com/b/mPm213/GJpmO
http://paperpile.com/b/mPm213/H4s0g
http://paperpile.com/b/mPm213/H4s0g
http://paperpile.com/b/mPm213/H4s0g
http://paperpile.com/b/mPm213/H4s0g
http://paperpile.com/b/mPm213/H4s0g
http://paperpile.com/b/mPm213/H4s0g
http://paperpile.com/b/mPm213/84I4T
http://paperpile.com/b/mPm213/84I4T
http://paperpile.com/b/mPm213/84I4T
http://paperpile.com/b/mPm213/84I4T
http://paperpile.com/b/mPm213/84I4T
http://paperpile.com/b/mPm213/84I4T
http://paperpile.com/b/mPm213/nKZpj
http://paperpile.com/b/mPm213/nKZpj
http://paperpile.com/b/mPm213/nKZpj
http://paperpile.com/b/mPm213/nKZpj
http://paperpile.com/b/mPm213/nKZpj
http://paperpile.com/b/mPm213/nKZpj
http://paperpile.com/b/mPm213/nKZpj


24. Rajendran, P., Alzahrani, A.M., Rengarajan, T., 

Veeraraghavan, V.P., Krishna Mohan, S., 2020, 

Consumption of reused vegetable oil intensifies 

BRCA1 mutations, Crit Rev Food Sci Nutr, 27,1–8. 

25. Barma, M.D., Muthupandiyan, I., Samuel, S.R., 

Amaechi, B.T., 2021, Inhibition of Streptococcus 

mutans, antioxidant property and cytotoxicity of 

novel nano-zinc oxide varnish. Arch Oral Biol, 126, 

105132. 

26. Samuel, S.R., Can 5-year-olds sensibly self-

report the impact of developmental enamel defects 

on their quality of life? Int J Paediatr Dent, 31(2), 

285–6. 

27. Samuel SR, Kuduruthullah S, Khair AMB, 

Shayeb MA, Elkaseh A, Varma SR. 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 May;31(3):436–41. 

28. Tang, Y., Rajendran, P., Veeraraghavan, V.P., 

Hussain, S., Balakrishna. J.P., Chinnathambi, A., et 

al. 2020, Osteogenic differentiation and 

mineralization potential of zinc oxide nanoparticles 

from Scutellaria baicalensis on human osteoblast-

like MG-63 cells, Materials Science and 

Engineering: C, 119, 111656.  

29. Yin Z, Yang Y, Guo T, Veeraraghavan VP, 

Wang X. Potential chemotherapeutic effect of 

betalain against human non-small cell lung cancer 

through PI3K/Akt/mTOR signaling pathway. 

Environ Toxicol. 2021 Jun;36(6):1011–20. 

30. Veeraraghavan, V. P., Periadurai, N. D., 

Karunakaran, T., Hussain, S., Surapaneni, K. M., 

Jiao, X., 2021, 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 Journal of 

Biological Sciences, 28(7), 3633–3640. 

31. Mickymaray, S., Alfaiz, F. A., Paramasivam, A., 

Veeraraghavan, V. P., Periadurai, N. D., Surapaneni, 

K. M., Niu, G., 2021, Rhaponticin suppresses 

osteosarcoma through the inhibition of PI3K-Akt-

mTOR pathway. Saudi Journal of Biological 

Sciences, 28(7), 3641–3649. 

32. Teja, K.V., Ramesh, S., 2020, Is a filled lateral 

canal – A sign of superiority? Journal of Dental 

Sciences, 15, 562–3. 

33. Kadanakuppe, S., Hiremath, S., 2016, Social and 

Behavioural Factors Associated with Dental Caries 

Experience among Adolescent School Children in 

Bengaluru City, India, British Journal of Medicine 

and Medical Research. 14, 2016. p. 1–10.  

34. Yan, S., Meng, Z., Tian, S., Teng, M., Yan, J., 

Jia, M., Li, R., Zhou, Z., Zhu, W., 2020, 

Neonicotinoid insecticides exposure cause amino 

acid metabolism disorders, lipid accumulation and 

oxidative stress in ICR mice, Chemosphere, 246, 

125661. 

35. Hong, Y., Huang, Y., Yan, G., Pan, C., Zhang, 

J., 2019, Antioxidative status, immunological 

responses, and heat shock protein expression in 

hepatopancreas of Chinese mitten crab, Eriocheir 

sinensis under the exposure of glyphosate, Fish & 

Shellfish Immunology, 86, 840–845. 

36. Jia, R., Du, J., Cao, L., Li, Y., Johnson, O., Gu, 

Z., Jeney, G., Xu, P., Yin, G., 2019, Antioxidative, 

inflammatory and immune responses in hydrogen 

peroxide-induced liver injury of tilapia (GIFT, 

Oreochromis niloticus), Fish & Shellfish 

Immunology, 84, 894–905. 

37. Shimano, H., Sato, R., 2017, SREBP-regulated 

lipid metabolism: convergent physiology - divergent 

pathophysiology. Nature Reviews. Endocrinology, 

13(12), 710–730. 

38. Knight, B. L., Hebbachi, A., Hauton, D., Brown, 

A. M., Wiggins, D., Patel, D. D., Gibbons, G. F. 

2005, A role for PPARalpha in the control of SREBP 

activity and lipid synthesis in the liver. The 

Biochemical Journal, 389(Pt 2), 413–421. 

39. Martini CN, Gabrielli M, Brandani JN, Vila 

MDC. Glyphosate Inhibits PPAR Gamma Induction 

and Differentiation of Preadipocytes and is able to 

Induce Oxidative Stress. J Biochem Mol Toxicol. 

2016 Aug, 30(8):404–13. 

40. Jagadheeswari, R., Vishnu Priya, V., Gayathri, 

R., 2020, Awareness of Vitamin-C Rich Foods 

Among South Indian Population: A Survey, Journal 

of Research in Medical and Dental Science, 8(7), 

330-338. 

41. Ojastha, B.L., Selvaraj, J., Kavitha, S., 

Veeraraghavan Vishnu Priya., Gayathri R., 2023, 

Effect of Argyreia Nervosa on The Expression of 

http://paperpile.com/b/mPm213/yzhuY
http://paperpile.com/b/mPm213/yzhuY
http://paperpile.com/b/mPm213/yzhuY
http://paperpile.com/b/mPm213/yzhuY
http://paperpile.com/b/mPm213/zN13O
http://paperpile.com/b/mPm213/zN13O
http://paperpile.com/b/mPm213/zN13O
http://paperpile.com/b/mPm213/zN13O
http://paperpile.com/b/mPm213/zN13O
http://paperpile.com/b/mPm213/kqDtP
http://paperpile.com/b/mPm213/kqDtP
http://paperpile.com/b/mPm213/kqDtP
http://paperpile.com/b/mPm213/kqDtP
http://paperpile.com/b/mPm213/bpAc2
http://paperpile.com/b/mPm213/bpAc2
http://paperpile.com/b/mPm213/bpAc2
http://paperpile.com/b/mPm213/bpAc2
http://paperpile.com/b/mPm213/bpAc2
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/EyqOd
http://paperpile.com/b/mPm213/qFLcV
http://paperpile.com/b/mPm213/qFLcV
http://paperpile.com/b/mPm213/qFLcV
http://paperpile.com/b/mPm213/qFLcV
http://paperpile.com/b/mPm213/qFLcV
http://paperpile.com/b/mPm213/5NzD2
http://paperpile.com/b/mPm213/5NzD2
http://paperpile.com/b/mPm213/5NzD2
http://paperpile.com/b/mPm213/xE3j7
http://paperpile.com/b/mPm213/xE3j7
http://paperpile.com/b/mPm213/xE3j7
http://paperpile.com/b/mPm213/xE3j7
http://paperpile.com/b/mPm213/xE3j7
http://paperpile.com/b/mPm213/DP7g
http://paperpile.com/b/mPm213/DP7g
http://paperpile.com/b/mPm213/DP7g
http://paperpile.com/b/mPm213/DP7g
http://paperpile.com/b/mPm213/DP7g


Growth Factor Signaling in The Skeletal Muscle of 

Streptozotocin-Induced Experimental Diabetic Rats. 

Journal of Namibian Studies: History Politics 

Culture, 33, 5942-5950. 

https://doi.org/10.59670/jns.v33i.4474. 

42. Selvi, V.T., Devi, R.G., Jothipriya, A. (2020). 

Prevalence of dental anxiety among the OP patients 

in Saveetha Dental College. Drug Invention Today, 

14(1). 

43. Vishaka, S., Sridevi, G., Selvaraj, J., 2022, An in 

vitro analysis on the antioxidant and anti-diabetic 

properties of Kaempferia galanga rhizome using 

different solvent systems. Journal of Advanced 

Pharmaceutical Technology & Research, 13(2), 

S505–9. 

44. Karthik, E.V.G., Priya, V.V., Gayathri. R., 2021. 

PDhanraj Ganapathy. Health Benefits of Annona 

Muricata-A Review. International Journal of Oral 

Science, 8(7), 2965–7. 

45. Mithil Vora., Vishnu Priya, V., Selvaraj, J., 

Gayathri, R., Kavitha, S., 2021, Effect of Lupeol on 

proinflammatory Markers in Adipose Tissue of 

High-Fat Diet and Sucrose Induced Type-2 Diabetic 

Rats. Journal of Research in Medical and Dental 

Science, 9(10),116-121. 

46. Sadasivam, P., Ganapathy, D.M., Sasanka, 

L.K.,2023, Assessment of Depressive Behaviour 

among the Undergraduate Dental students-A 

Survey. Turkish Journal of Physiotherapy and 

Rehabilitation, 32, 2. 

47. Yasothkumar, D., Jayaraman, S., Ramalingam, 

K., Ramani, P., 2023. In vitro Anti-Inflammatory 

and Antioxidant Activity of Seed Ethanolic Extract 

of Pongamia pinnata. Biomedical and 

Pharmacology Journal, 16(4). 

48. Ealla KKR, Veeraraghavan VP, Ravula NR, 

Durga CS, Ramani P, Sahu V, Poola PK, Patil S, 

Panta P (2022) Silk Hydrogel for Tissue 

Engineering: A Review. J Contemp Dent Pract 

23:467–477  

49. Patil S, Sujatha G, Varadarajan S, Priya VV 

(2022) A bibliometric analysis of the published 

literature related to toothbrush as a source of DNA. 

World J Dent 13:S87–S95 

50.  Ganesan A, Muthukrishnan A, Veeraraghavan 

V (2021) Effectiveness of Salivary Glucose in 

Diagnosing Gestational Diabetes Mellitus. Contemp 

Clin Dent 12:294–300 

51. Priya DV, (2020) Knowledge and awareness on 

HIV/AIDS among college students in A university 

hospital setting. Int J Dent Oral Sci 1182–1186 

52. Prakash S, Balaji JN, Veeraraghavan VP, Mohan 

SK (2022) Telehealth: Is It a Post-COVID Reality in 

Early Diagnosis of Oral Cancer? J Contemp Dent 

Pract 23:1181–1182 

 

https://doi.org/10.59670/jns.v33i.4474
http://paperpile.com/b/2gXkiD/FSQO
http://paperpile.com/b/2gXkiD/FSQO
http://paperpile.com/b/2gXkiD/FSQO
http://paperpile.com/b/2gXkiD/FSQO
http://paperpile.com/b/2gXkiD/FSQO
http://paperpile.com/b/2gXkiD/olG2
http://paperpile.com/b/2gXkiD/olG2
http://paperpile.com/b/2gXkiD/olG2
http://paperpile.com/b/2gXkiD/olG2
http://paperpile.com/b/2gXkiD/2hm4
http://paperpile.com/b/2gXkiD/2hm4
http://paperpile.com/b/2gXkiD/2hm4
http://paperpile.com/b/2gXkiD/2hm4
http://paperpile.com/b/2gXkiD/hPjD
http://paperpile.com/b/2gXkiD/hPjD
http://paperpile.com/b/2gXkiD/hPjD
http://paperpile.com/b/2gXkiD/1geO
http://paperpile.com/b/2gXkiD/1geO
http://paperpile.com/b/2gXkiD/1geO
http://paperpile.com/b/2gXkiD/1geO

