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Abstract

Glyphosate is a compound which is a herbicide and it is harmful to animals and also to plants when
used in large amounts. Nrf2 is an emergency regulator of cellular resistance towards oxidants. Heme-
oxygenase catalyses heme through heme oxygenase system. To analyse the impact of glyphosate on
Nrf2 and heme-oxygenase expression in the liver of adult male rats. Male albino rats of Wistar strain
weighing 180g-210g were used in this study. The rats were divided into 4 groups, each consisting of 6
animals. The animals were sacrificed and the liver tissue was taken to do real time PCR analysis for
Nrf2 and HO. Data were analysed by ANOVA and DUNCAN’S multiple range test to check the
statically significance among the groups. The results with the p<0.05 level were considered to be
statistically significant. Glyphosate-induced rats showed a significant (p<0.05) reduction in the
expression of Heme oxygenase-1 and Nrf2 mRNA  compared to normal control rats in a dose-
dependent manner suggesting that glyphosate induces diabetes by downregulating Nrf2  mediated
signaling in liver. Glyphosate exposure has detrimental changes in downregulating the expression of
Nrf2 signaling molecules and thereby it induced diabetes by disrupting antioxidant signaling.
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Introduction
Glyphosate is an organophosphorus compound. It was
discovered in 1970 and for the first time sold in 1974 [1].
Glyphosate is also named as N-phosphonomethyl (glycine) [2].
Different forms of glyphosate obtained such as propyl amine
salt, ammonium salt, diammonium salt. On an average 526 tons
of glyphosate is utilized in India over the past 5 years. It is a
non-selective and broad - spectrum herbicide [3]. Individuals
may be exposed to glyphosate through inhibition or absorption.
It is also present in the wind and water which is the cause for a
lot of diseases [4]. Glyphosate was banned in many other
countries.But, it isn’t banned in India yet. The Indian
government didn’t take any initiative to ban this chemical due
which India has become one of the predominant countries that
uses glyphosate in large amounts. Glyphosate is usually a weed
killer. But as the years passed scientists have found that it is
actually non selective which kills most of the plants and causes
damage to the farmers to a large extent. Glyphosate is
considered as probably carcinogenic [4].

 The nuclear factor erythroid-2 related factor-2 (Nrf2) and
heme oxygenase are the two enzymes chosen for this study.
Nrf2 is an emergency regulator of cellular resistance towards
oxidants. Nrf2 activation provides protection against chronic
diseases of lung and liver, oxidative stress, cancer initiation [6].
(Nrf2) controls the antioxidant response. This regulates
psychological and patho physiological outcomes of oxidant
exposure. Heme oxygenase is an enzyme that catalyses the
degradation of heme through heme oxygenase system. The
heme oxygenase system can degrade the heme into Biliverdin
(BV), ferrous iron (fe2+) and Carbon Monoxide (CO). Heme

oxygenase is divided into two isomers. They are HO-1 and
HO-2. Heme oxygenase-1(HO-1) is a stress response protein
[7]. It may also play a vital role in cellular homeostasis
maintenance. Oxidative stress is an imbalance between free
radicals and antioxidants present in the body or it is an
imbalance between production and accumulation of Oxygen
Reactive Species (ORS) [8]. This imbalance leads to change in
the levels of respective enzymes. The prevention for oxidative
stress is by obtaining enough antioxidants in the diet. Our team
has extensive knowledge and research experience that has
translate into high quality publications [9-28]. On impact of
glyphosate on diabetic complications in this study, we have
shown that glyphosate exposure negatively influences the
antioxidant signaling molecules such as Nrf2 and heme
oxygenase mRNA expression in the liver of experimental
animals.

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
temperature (272°C) with 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
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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-IV: Glyphosate treated rats (50, 100 and 250 mg/kg
b.wt respectively) 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. Liver tissues were
collected from control and glyphosate induced rats and used
for the assessment 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 4℃ for 5 min. Later, the
contents were centrifuged at 12,000 ×g for 15 min at 4℃. 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 4℃, 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 Table 1)
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
reaction mixture (45 μl) were added. 40 cycles (95℃ for 5
min, 95℃ for 5 s, 60℃ for 20 s and 72℃ 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 analysed 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 considered to be statistically
significant.

Results

Impact of glyphosate on the mRNA expression of
Nrf2 in adult male rats
 In the present study, Nrf2 mRNA expression was significantly
reduced in glyphosate-induced rats in a dose-dependent
manner compared to control rats (Figure 1).

Figure 1. Impact of glyphosate on the mRNA expression of
nrf2in adult male rats.The x -axis represents dose-dependent
exposure of glyphosate to the Wister rats compared with
control. Y -axis represents the mRNA expression of nrf2
expressed in fold change over control. Light green represents
the controlled rats, pink represents Group 1 rats exposed to
about 50mg glyphosate, yellow represents the Group 2 rats
exposed to about 100mg glyphosate, blue represents the Group
3 rats exposed to about 250mg glyphosate assessed by real
time PCR. The mRNA expressions were assessed by Real Time-
PCR using gene-specific primers. Each bar represents ± SEM
(n=6). p value of <0.05 is considered significant. a: Compared
to control; b: Compared to 50mg glyphosate exposed rats.

Impact of glyphosate on the mRNA expression of HO
in adult male rats
 In the present study, HO mRNA expression was significantly
reduced in glyphosate-induced rats in a dose-dependent
manner compared to control rats (Figure 2). 
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Figure 2. Impact of glyphosate on the mRNA expression of HO
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 HO
expressed in fold change over control. Light green represents
the controlled rats, orange represents Group 1 rats exposed to
about 50mg glyphosate, blue represents the Group 2 rats
exposed to about 100mg glyphosate, violet represents the
Group 3 rats exposed to about 250mg glyphosate assessed by
real time PCR. The mRNA expressions were assessed by Real
Time-PCR using gene-specific primers. Each bar represents ±
SEM (n=6). p value of <0.05 is considered significant. a:
Compared to control; b:Compared to 50mg glyphosate
exposed rats. 

Discussion
This study is to analyse the impact of glyphosate on Nrf2 and
heme oxygenase mRNA expression in the liver of adult male
rats. Glyphosate has been found as harmful to soil adsorption
capacity [29]. Glyphosate is not considered as harmful until its
usage is judicious [30]. Glyphosate, a weed killer, is also used
in different studies to get aware of its deleterious effects.
Glyphosate was considered as probably carcinogenic by the
International Agency for Research on Cancer (IARC) [31].
Glyphosate usage in large amounts kills the plant. The effect of
large amounts of glyphosate is not only limited to destruction
of plants, glyphosate also shows its effects on the soil
functioning and the organisms growing in the soil. So,
degradation of glyphosate is menacing [32]. One of such
studies is induction of glyphosate on enzymes like cytochrome
P450. Induction of glyphosate suppresses the level of
cytochrome P450 enzyme [33].

Nrf2 gene expression was down regulated on induction of
50mg, 100mg and 250mg doses of glyphosate into the body.
So, glyphosate shows significance towards Nrf2 in comparison
with the control. In comparison with the previous studies, this
study shows similar effects that Nrf2 decreases on induction of
glyphosate [34]. Glyphosate acts as an inhibitor which inhibits
Nrf2. The Nrf2 mRNA gene expression is decreased on
induction of glyphosate due to increased oxidative stress based
on the previous studies.

Heme oxygenase gene expression on induction of 50mg, 1pp
mg and 250mg doses of glyphosate into the body. So,

glyphosate shows significance towards heme oxygenase in
comparison with the control [35]. Increase in oxidative stress
in the body leads to decrease in the level of heme oxygenase.
Increase in oxidative stress in the body leads to decrease in
heme oxygenase [36]. The heme oxygenase mRNA expression
is decreased on induction of glyphosate due to increased
oxidative stress based on the previous studies. Hemeoxygenase
discloses the properties like anti - oxidation and anti -
inflammation. Heme oxygenase is helpful in the treatment of
cancer [37].

 Nrf2 exhibits multiple protective effects against toxicity,
oxidative stress and chronic diseases, inhaled irritants,
environmental toxicants and chemical carcinogens. Nrf2
mRNA gene expression surprisingly plays a protective role
against age-related diseases, neurodegeneration and cancer
[38]. Decreased expression of HO-1 mRNA is usually
associated with the progression of coronary atherosclerosis
correlated to increase in the oxidative stress. Increased
exposure of glyphosate to the body leads to increase in
oxidative stress which results in decreased expression of both
Nrf2 and HO-1 mRNA in a dose dependent manner. So, the
oxidative stress affects animals and humans to an extent due to
exposure to glyphosate. Through the result obtained by this
study, it can be concluded that glyphosate not only affects
plants but also shows deleterious effects on animals and
humans. So, the Indian government should take necessary
measures to ban glyphosate for human welfare.

Conclusion
Glyphosate is a synthetic compound. It is a non-selective
systemic herbicide which harms the animals as well as the
plants. Heme oxygenase is an enzyme that catalyses the
degradation of heme. For the first time our present findings
showed that glyphosate exposure has detrimental changes in
down regulating the expression of Nrf2 signaling molecules
and thereby it induced diabetes by disrupting antioxidant
signaling. Further in vivo studies on signalling pathways may
serve as a platform to develop drugs for treatment
of glyphosate toxicity.

Acknowledgment
The authors would like to thank Saveetha dental college and
hospitals, Saveetha institute of medical and technical sciences,
Saveetha university for providing research laboratory facilities
to carry out the study.

 Conflict of Interest
The authors declare no conflict of interest.

Funding
The present project was funded by Saveetha Institute of
Medical and Technical Sciences, Saveetha Dental College and
Hospital, Saveetha University, KMR Constructions.

Nishitha / Gayathri / Vishnupriya / et al.

J RNA Genomics 2021 Volume 17 Issue S13



References
1. Gillezeau C, van Gerwen M, Shaffer RM, et al. The

evidence of human exposure to glyphosate: a review.
Environmental Health. 2019;18(1):2.

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

3. Agostini LP, Dettogni RS, dos Reis RS, et al. Effects of
glyphosate exposure on human health: Insights from
epidemiological and in vitro studies. Sci Total Environ.
2020;705:135808.

4. 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.

5. Peillex C, Pelletier M. The impact and toxicity of
glyphosate and glyphosate-based herbicides on health and
immunity. J Immunotoxicol. 2020;17(1):163–174.

6. Antón NR, Ginés RF, Manda G, et al. Activators and
inhibitors of NRF2: A review of their potential for clinical
development. Oxid Med Cell Longev. 2019;2019:1–20.

7. Sánchez JM, Cárdenas MEC. A Review on
Hemeoxygenase-2: focus on cellular protection and oxygen
response. Oxid Med Cell Longev. 2014;2014:1–16.

8. Pizzino G, Irrera N, Cucinotta M, et al. Oxidative stress:
harms and benefits for human health. Oxid. Med. Cell.
Longev. 2017;2017:1–13.

9. 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 Dec;47(1):3297–305.

10. 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.

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

12. 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.

13. 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.

14. 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.

15. 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.

16. 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.

17. 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 vivos tudies. Arab. J. Chem.
2020;13(5):5501–5516.

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

19. 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.

20. 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.

21. 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.

22. 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.

23. 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.

24. 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.

25. 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.

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

27. 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.

28. Sørensen SR, Schultz A, Jacobsen OS, et al. Sorption,
desorption and mineralisation of the herbicides glyphosate
and MCPA in samples from two Danish soil and subsurface
profiles. Environ Pollut. 2006;141(1):184–194.

29. Kanissery R, Gairhe B, Kadyampakeni D, et al.
Glyphosate: Its environmental persistence and impact on
crop health and nutrition. Plants. 2019;8(11):499.

30. Tarazona JV, Marques DC, Tiramani M, et al. Glyphosate
toxicity and carcinogenicity: a review of the scientific basis

Citation: Nishitha D, Gayathri R, Vishnupriya V, et al.. Impact of glyphosate on nuclear factor erythroid 2 - related factor 2 and heme -
oxygenase expression in liver of adult male rats. J RNA Genomics 2021;17(S1):1-11.

4J RNA Genomics 2021 Volume 17 Issue S1

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://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.sciencedirect.com/science/article/abs/pii/S0048969719358036?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969719358036?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969719358036?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969719358036?via%3Dihub
https://reader.elsevier.com/reader/sd/pii/S0048969717327973?token=01AC157C8FFD95A54873E41486111DB3AD9877956F0EF313FB74891D3C5A3C641E17E484DE0EB367D4B66B9B25772C78&originRegion=eu-west-1&originCreation=20211207084600
https://reader.elsevier.com/reader/sd/pii/S0048969717327973?token=01AC157C8FFD95A54873E41486111DB3AD9877956F0EF313FB74891D3C5A3C641E17E484DE0EB367D4B66B9B25772C78&originRegion=eu-west-1&originCreation=20211207084600
https://reader.elsevier.com/reader/sd/pii/S0048969717327973?token=01AC157C8FFD95A54873E41486111DB3AD9877956F0EF313FB74891D3C5A3C641E17E484DE0EB367D4B66B9B25772C78&originRegion=eu-west-1&originCreation=20211207084600
https://reader.elsevier.com/reader/sd/pii/S0048969717327973?token=01AC157C8FFD95A54873E41486111DB3AD9877956F0EF313FB74891D3C5A3C641E17E484DE0EB367D4B66B9B25772C78&originRegion=eu-west-1&originCreation=20211207084600
https://www.tandfonline.com/doi/epub/10.1080/1547691X.2020.1804492?needAccess=true
https://www.tandfonline.com/doi/epub/10.1080/1547691X.2020.1804492?needAccess=true
https://www.tandfonline.com/doi/epub/10.1080/1547691X.2020.1804492?needAccess=true
https://downloads.hindawi.com/journals/omcl/2019/9372182.pdf
https://downloads.hindawi.com/journals/omcl/2019/9372182.pdf
https://downloads.hindawi.com/journals/omcl/2019/9372182.pdf
https://downloads.hindawi.com/journals/omcl/2014/604981.pdf
https://downloads.hindawi.com/journals/omcl/2014/604981.pdf
https://downloads.hindawi.com/journals/omcl/2014/604981.pdf
https://downloads.hindawi.com/journals/omcl/2017/8416763.pdf
https://downloads.hindawi.com/journals/omcl/2017/8416763.pdf
https://downloads.hindawi.com/journals/omcl/2017/8416763.pdf
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://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
https://www.sciencedirect.com/science/article/abs/pii/S0269749105004343?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749105004343?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749105004343?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749105004343?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6918143/pdf/plants-08-00499.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6918143/pdf/plants-08-00499.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6918143/pdf/plants-08-00499.pdf
https://link.springer.com/content/pdf/10.1007/s00204-017-1962-5.pdf
https://link.springer.com/content/pdf/10.1007/s00204-017-1962-5.pdf


of the European Union assessment and its differences with
IARC. Arch Toxicol. 2017;91:2723–2743.

31. Hagner M, Mikola J, Saloniemi I, et al. Effects of a
glyphosate-based herbicide on soil animal trophic groups
and associated ecosystem functioning in a northern
agricultural field. Scientific Reports. 2019;9:1-13.

32. Samsel A, Seneff S. Glyphosate’s suppression of
cytochrome P450 enzymes and amino acid biosynthesis by
the gut microbiome: pathways to modern diseases. Entropy.
2013;15:1416–1463.

33. Ma Q. Role of Nrf2 in Oxidative Stress and Toxicity. Annu
Rev Pharmacol Toxicol. 2013;53:401–426.

34. Chen S, Wang X, Nisar MF, et al. Heme oxygenases:
cellular multifunctional and protective molecules against
uv-induced oxidative stress. Oxid Med Cell Longev.
2019;2019:5416728.

35. Kutty RK, Kutty RK, Kutty G, et al. RT-PCR assay for
heme oxygenase-1 and heme oxygenase-2: A sensitive
method to estimate cellular oxidative damage. Annals of
the New York Academy of Sciences. 2006;738(1);427–430.

36. Chau LY. Heme oxygenase-1: emerging target of cancer
therapy. J Biomed Sci. 2015;22:22.

37. Sykiotis GP, Habeos IG, Samuelson AV, et al. The role of
the antioxidant and longevity-promoting Nrf2 pathway in
metabolic regulation. Curr Opin Clin Nutr Metab Care.
2011;14(1):41–48.

38. Hamilton RT, Walsh ME, Remmen HV. Mouse models of
oxidative stress indicate a role for modulating healthy
aging. J Clin Exp Pathol. 2012;4:5.

*Corresponding to:
Gayathri R

Department of Biochemistry

Saveetha Institute of Medical and Technical Sciences

Chennai

India

E-mail: kavithas.sdc@saveetha.com
 

Nishitha / Gayathri / Vishnupriya / et al.

J RNA Genomics 2021 Volume 17 Issue S15

https://link.springer.com/content/pdf/10.1007/s00204-017-1962-5.pdf
https://link.springer.com/content/pdf/10.1007/s00204-017-1962-5.pdf
https://www.nature.com/articles/s41598-019-44988-5.pdf
https://www.nature.com/articles/s41598-019-44988-5.pdf
https://www.nature.com/articles/s41598-019-44988-5.pdf
https://www.nature.com/articles/s41598-019-44988-5.pdf
https://www.mdpi.com/1099-4300/15/4/1416
https://www.mdpi.com/1099-4300/15/4/1416
https://www.mdpi.com/1099-4300/15/4/1416
https://www.mdpi.com/1099-4300/15/4/1416
https://www.annualreviews.org/doi/pdf/10.1146/annurev-pharmtox-011112-140320
https://www.annualreviews.org/doi/pdf/10.1146/annurev-pharmtox-011112-140320
https://downloads.hindawi.com/journals/omcl/2019/5416728.pdf
https://downloads.hindawi.com/journals/omcl/2019/5416728.pdf
https://downloads.hindawi.com/journals/omcl/2019/5416728.pdf
https://downloads.hindawi.com/journals/omcl/2019/5416728.pdf
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1994.tb21833.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1994.tb21833.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1994.tb21833.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1994.tb21833.x
https://jbiomedsci.biomedcentral.com/track/pdf/10.1186/s12929-015-0128-0.pdf
https://jbiomedsci.biomedcentral.com/track/pdf/10.1186/s12929-015-0128-0.pdf
https://journals.lww.com/co-clinicalnutrition/Abstract/2011/01000/The_role_of_the_antioxidant_and.8.aspx
https://journals.lww.com/co-clinicalnutrition/Abstract/2011/01000/The_role_of_the_antioxidant_and.8.aspx
https://journals.lww.com/co-clinicalnutrition/Abstract/2011/01000/The_role_of_the_antioxidant_and.8.aspx
https://journals.lww.com/co-clinicalnutrition/Abstract/2011/01000/The_role_of_the_antioxidant_and.8.aspx
https://www.omicsonline.org/mouse-models-of-oxidative-stress-indicate-a-role-for-modulating-healthy-aging-2161-0681.S4-005.php?aid=7330
https://www.omicsonline.org/mouse-models-of-oxidative-stress-indicate-a-role-for-modulating-healthy-aging-2161-0681.S4-005.php?aid=7330
https://www.omicsonline.org/mouse-models-of-oxidative-stress-indicate-a-role-for-modulating-healthy-aging-2161-0681.S4-005.php?aid=7330

	Contents
	Impact of glyphosate on nuclear factor erythroid 2 - related factor 2 and heme - oxygenase expression in liver of adult male rats.
	Abstract
	Keywords:
	Accepted on November 03, 2021
	Introduction
	Materials and Methods
	Animals
	Experimental design

	mRNA Expression Analysis
	Total RNA isolation, cDNA conversion and real-time PCR
	Statistical analysis

	Results
	Impact of glyphosate on the mRNA expression of Nrf2 in adult male rats
	Impact of glyphosate on the mRNA expression of HO in adult male rats

	Discussion
	Conclusion
	Acknowledgment
	 Conflict of Interest
	Funding
	References
	*Corresponding to:


