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ABSTRACT 

Pesticides are a vast mixture of compounds used to control pests like plants, moulds, and insects. In 

agriculture, non-agricultural vegetation management, and crop desiccant harvesting aid, chemicals 

from every major functional family of pesticides, such as insecticides, herbicides, fungicides, and 

fumigants, were frequently used. Herbicides are one of the most effective tools for farmers to obtain 

optimal crop yields when used correctly. Glyphosate (N-(phosphonomethyl) glycine) is a broad-

spectrum weed killer that is used all over the world in agriculture and forestry. Glyphosate's herbicidal 

activity in plants is to disrupt the shikimic acid pathway's generation of branched-chain amino acids by 

preventing the binding of phosphoenolpyruvate (PEP) to the enzyme 5-enolpyruvylshikimate 3-

phosphate synthase. This causes a deficiency in aromatic amino acid synthesis and, as a result, 

weeds mortality. Glyphosate exposure through food, drinking water, wind, water erosion, and other 

environmental pathways has been linked to human health issues as a carcinogen, mutagen, and 

reproductive toxicity. Glyphosate has a wide range of tumorigenic effects in biological systems, and 

epidemiological evidence suggests that glyphosate use on crops is linked to a wide range of cancers, 

including liver cancer, breast cancer, thyroid cancer, pancreatic cancer, kidney cancer, bladder 

cancer, and myeloid cancer. The shikimate pathway enzymes, intermediates, and derivative amino 

acids, which have been associated to genotoxicity and carcinogenicity, are thought to have a role in 

most cancer pathologies. This review summarises glyphosate's function in cancer pathology, 

including the ability of the glyphosate circuit to induce cancer and implications for future therapeutic 

methods. 
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1. INTRODUCTION 

Herbicides are one of the most important instruments used by farmers to produce optimal crop yields. 

Herbicides are weed-control agents that represent a breakthrough in plant breeding science, but they 

have the potential to harm the environment [1,2] and have negative health consequences because 

there is a link between diseases, particularly cancer, and occupational exposure to these chemical 

compounds [3]. Raw fruits and vegetables as weed control plant products expose people to various 

types of herbicides [4]. Herbicides also known as chemical pesticides are easily absorbed through the 

gastrointestinal and respiratory tract and skin. Due to their high stability and their affinity to adipose 

tissue they can metabolize and be stored in human organs mainly in adipose tissue. Herbicide 

contamination requires special consideration due to the high toxicity of pesticides and their great 

persistence in the environment [5]. 

Glyphosate (organophosphorus compound) is a systemic herbicide developed by Monsanto in 1971 

[6], and it is the most widely and extensively used herbicide for weed control in agriculture and 

forestry globally. Glyphosate-based herbicides are sold under the trade names Roundup and Ranger 

Pro and are frequently mixed with additional materials, such as surfactants as inert additives. These 

herbicides come in a variety of chemical forms, including isopropylamine salt, ammonium salt, 

diammonium salt, dimethylammonium salt, and potassium salt, and are the most widely used 

herbicide class in the world. They increase penetration and efficacy while also having their own side 

effects [7]. This is also known as N- (phosphonomethyl) Glycine is a broad-spectrum herbicide that 

inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), which blocks the 



 

 

synthesis of aromatic amino acids such as tryptophan, phenylalanine, and tyrosine by inhibiting the 

binding of phosphoenolpyruvate (PEP) in the shikimic acid pathway [8]. As a result, this biosynthesis 

pathway system is found exclusively in plants, bacteria, and some fungi, and glyphosate's claimed low 

toxicity in mammals has made it the most popular herbicide in recent years [9]. Glyphosate, the 

designated active ingredient, is a chelating agent that binds macro- and micronutrients, which are 

necessary for numerous plant processes and disease resistance. As a result, glyphosate treatment 

may limit plant uptake and availability of macro- and micronutrients therefore potentially affecting 

many organisms and processes [10]. Human health concerns have been expressed about glyphosate 

exposure via food, drinking water, wind, water erosion, and other environmental channels as a 

carcinogen, mutagen, or reproductive toxin [11]. The International Agency for Research on Cancer 

(IARC) stated in March 2015 that glyphosate is probably carcinogenic to humans, which was later 

validated by the EU assessment and the latest joint WHO/FAO study [12]. 

In vitro and animal research has suggested that glyphosate may cause genotoxicity or 

carcinogenicity. Glyphosate has a variety of tumorigenic effects on biological systems, including direct 

DNA damage in sensitive cells, disruption of glycine homeostasis, succinate dehydrogenase 

inhibition, manganese chelation, modification to more carcinogenic molecules like N-

nitrosoglyphosate and glyoxylate, disruption of fructose metabolism, and so on. Strong temporal links 

between glyphosate use on crops and a variety of malignancies that are reaching epidemic 

proportions, including breast cancer, pancreatic cancer, kidney cancer, thyroid cancer, liver cancer, 

bladder cancer, and myeloid leukaemia, are supported by epidemiological studies [13]. Increased risk 

of massive mammary tumours in the females, along with kidney and liver damage in the males has 

been observed in rats fed GM maize and/or Roundup in their water over their entire lifespan 

associated with the increased risk of glyphosate usage [14]. Similarly, in the United States, an 

increase in glyphosate use is highly connected with an increase in the incidence and/or death rate of 

a variety of diseases, including many malignancies [15]. 

Glyphosate as a possible human carcinogen and genotoxin, with a focus on research that reveals 

mechanisms that would go unnoticed in typical toxicological investigations, such as microbiome 

disruption and endocrine mimicking at very low concentrations, as well as cancers, which are said to 

be the leading cause of death in developed countries and the second leading cause of death in 

developing countries [16,17]. The impact of glyphosate on cancer histology was highlighted in this 

review, which has implications for treatment perception. 

2. GLYPHOSATE ROLE AS HERBICIDE 

 

 

 

 

 

 

 

Table 1: Glyphosate properties 

Glyphosate properties 

Physical state    Crystalline powder 

Colour   White 

Odour   None 



 

 

Molecular Formula C3H8NO5P or HOOCCH2NHCH2PO(OH)2 

Molecular Weight 169.07 

IUPAC N-phosphonomethyl-glycine 

Melting point 184.5 °C   

Specific gravity 1.704  

Surface tension 0.072 N/m 

 

Glyphosate (N-(phosphonomethyl) glycine) is a broad-spectrum herbicide used for weed control in 

agriculture and forestry around the world. It was patented as a herbicide active component in 1971 

(US Patent No 3,799,758) and later commercialised by Monsanto Company under the brand name 

Roundup. Glyphosate Based Herbicides (GBHs) have been on the market since 1974, and are 

frequently compounded with other components such as surfactants [7,18]. It's frequently utilised in 

agriculture, non-agricultural vegetation control, and harvesting help as a crop desiccant. The 

herbicide's use in agriculture has expanded significantly as a result of the advent of glyphosate-

resistant GM crop varieties; the herbicide has also been employed to control illegal crops via huge 

aerial sprays [19]. Glyphosate's herbicidal function in plants is to disrupt plant production of aromatic 

amino acids in the shikimic acid pathway by inhibiting the binding of phosphoenolpyruvate (PEP) to 

the enzyme 5-enolpyruvylshikimate 3-phosphate synthase. Glyphosate binds to EPSPS with excellent 

specificity, and it is thought that this molecule will not bind to the PEP association site of other 

enzymes in mammals [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1:Glyphosate role in plants  [21] 

The global use of glyphosate has increased 15-fold since 1996, adoption of glyphosate tolerant (GT) 

crops also been very faster. Hence, the recent report by the USDA [2019] states that 94% of planted 

soybean and 90% of planted corn in the US is of a GT variety, which further suggests a large amount 

of GT crops found in animal feed. An estimated 77% of the global soybean production comes from GT 

soybean and the dominant soy producing countries of USA, Brazil and Argentina have a 94%–100% 

adoption rate of GT soy [22].  Import, glyphosate residues are frequently found in the food chain due 

to either being sprayed on cereals to accelerate ripening, facilitate more uniform drying of the grain 

and thus expedite harvesting of the crop, or to clear weeds during cultivation of Roundup-tolerant 
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genetically modified crops [23]. Glyphosate residues are commonly discovered in human urine at 

concentrations of roughly 1 g/L, with some investigations revealing concentrations as high as 10 g/L 

in non-occupationally exposed population [24]. 

 

 

2.1. GLYPHOSATE TOXICITY 

Glyphosate-containing goods are hazardous to animals, including humans, causing eye and skin 

irritation, headaches, nausea, numbness, raised blood pressure, and heart palpitations as acute 

symptoms. The surfactant in a popular glyphosate product (Roundup) is more acutely hazardous than 

glyphosate alone, and the two together are even more harmful. Despite the fact that glyphosate 

herbicides are considered safe, laboratory research have discovered negative consequences in all 

conventional categories of toxicity testing [25]. These include long-term toxicity (inflamed stomach 

linings), medium-term toxicity (salivary gland lesions), genetic damage (in human blood cells), 

reproductive effects (reduced sperm counts in rats; increased frequency of abnormal sperm in 

rabbits), and carcinogenicity (increased frequency of liver tumours in male rats and thyroid cancer in 

female rats) [26]. According to most studies, farmers exposed to glyphosate herbicides had a greater 

rate of miscarriages, premature births, and malignancies such as non-lymphoma and Hodgkin's 

disease [27]. Strong temporal links between glyphosate use on crops and a variety of malignancies 

that are reaching epidemic proportions, including breast cancer, pancreatic cancer, kidney cancer, 

thyroid cancer, liver cancer, bladder cancer, and myeloid leukaemia, are supported by 

epidemiological studies [28]. 

3. GLYPHOSATE IN CANCER 

Pesticides are a broad category of chemicals that are used to manage pests such as plants, moulds, 

and insects. Pesticides are frequently employed in agricultural, commercial, and residential contexts, 

resulting in widespread exposure to the general public. Herbicide production, use, and discharge into 

the environment have all increased as a result of agricultural developments. Chemicals from every 

major functional class of pesticides, including insecticides, herbicides, fungicides, and fumigants, 

have been linked to a wide range of cancer sites. Glyphosate, a herbicide, has been studied for its 

potential to cause cancer in mice (five studies) and rats (nine studies). The majority of authority have 

determined that the evidence does not point to a human cancer risk. However, the International 

Agency for Research on Cancer (IARC) assessed some of the available evidence and found that 

glyphosate is likely carcinogenic to humans [29]. This review examines the role of glyphosate in 

cancer pathophysiology. 

3.1 Liver cancer 

Hepatocellular carcinoma (HCC) is the most common type of cancer that results in death. Stimulation 

by chemicals and viruses are two important risk factors, but the molecular processes underlying their 

variations are unknown [30]. The study by Pandey et al. [31] is the first to describe the impact of a 

subacute glyphosate exposure on the development of multi-organ inflammation and non-alcoholic 

fatty liver (NAFL) disease. Increased expression levels of inflammatory markers were detected in liver 

tissues of treated rats after a 2-week oral exposure to herbicide concentrations substantially below 

LD50 (0, 5, 10, 25, 50, 100, and 250 mg/kg bodyweight [bw] glyphosate) every day for 14 days. In the 

liver of rats subjected to higher (100 and 250 mg/kg bw/d) glyphosate dosages, C-reactive protein, 

cytokines IL-1b, TNF-a, IL-6, and an inflammatory response marker were all increased. At larger 

doses, liver tissue revealed symptoms of glycogen storage imbalance, fibrosis, inflammation, and 

nonalcoholic steatohepatitis (NASH). This NASH is a fatty liver disease connected to glyphosate 

inhibiting the shikimate pathway, which results in reduced generation of aromatic amino acids due to 

disturbance in gut fructose metabolism [Lim et al., 2010]. Instead, excess fructose supplied to the liver 

induces cirrhosis and raises the risk of liver cancer by converting it to fat for local storage or 

distribution within low-density lipid particles (LDL) [32]. Increased serum alanine aminotransferase 



 

 

(ALT) and aspartate aminotransferase (AST) levels cause irreversible hepatocyte damage and a large 

deposition of reticulin fibres containing collagen type III, indicating liver fibrosis, in herbicide 

Glyphosate-Biocarb-exposed wistar rats over a 75-day period. Glyphosate's role in inflammation, liver 

fibrosis, and non-alcoholic fatty liver (NAFL) disorders in shot increases the risk of liver cancer [33]. 

 

 3.2. Adipose cancer 

At dosages of 10, 50, 100, and 250 mg/kg bw/d, the effects of glyphosate on adrenal gland 

steroidogenesis and the signalling system linked with steroid synthesis were studied. The condensed 

circulatory corticosterone levels, cholesterol receptor (low density lipoprotein receptor) expression, de 

novo cholesterol synthesis enzyme (3-hydroxy-3-methylglutaryl-coenzyme A synthase), hormone-

sensitive lipase, steroidogenic acute regulatory protein (StAR) mRNA, and phosphorylated form were 

all clearly shown. However, there was no change in the expression of the adrenocorticotropic 

hormone receptor (ACTH), corticotropic hormone receptor (ACTH), or melanocortin-2 receptor.  

Circulatory ACTH levels and adrenal cortex protein kinase A (PKA) activity, on the other hand, were 

lower. According to this study, glyphosate may suppress the hypothalamic–pituitary axis, resulting in 

decreased cAMP/PKA pathway activity, StAR phosphorylation, and corticosterone production in the 

adrenal tissue [34]. In the adipose tissue of rats subjected to higher (100 and 250 mg/kg bw/d) 

glyphosate dosages, the cytokines IL-1b, TNF-a, IL-6, and inflammatory response marker, as well as 

prostaglandin–endoperoxide synthase, were elevated [30]. Thus, glyphosate cytotoxicity in human 

cells is mediated in part by inhibition of succinate dehydrogenase (SDH), a key enzyme in 

mitochondrial complex II [35]. SDH is a tumour suppressor, as glyphosate suppressed SDH enzyme 

activity three to fourfold in an Escherichia coli study [36]. This mechanism of inhibition suggests that 

glyphosate binds at the succinate binding site with a higher binding energy than succinate, thus 

blocking substrate bioavailability [37]. Hence, mutations in SDH lead to the development of 

phaeochromocytoma a type of neuroendocrine tumours of the adrenal glands.  

3.3. Breast cancer 

The herbicide glyphosate has been studied for its effect on cancer incidence, and its influence on the 

estrogen-regulated pathway makes it an obvious target for breast cancer research. Glyphosate 

caused a considerable drop in DNA methylation; however unlike the potent demethylating agent and 

cancer promoter UP peptide, it did not cause tumour formation in glyphosate-treated cells. Unlike UP, 

which operates through the DNMT1/PCNA/UHRF1 route, glyphosate boosted the activity of the ten-

eleven translocation (TET) 3 pathway. Glyphosate combined with increased expression of the breast 

cancer-associated microRNA (miR) 182-5p resulted in tumour formation in 50% of mice. In response 

to glyphosate-miR182-5p treatment, primary cells from resected tumours showed a luminal B 

(ER+/PR-/HER2-) phenotype with tamoxifen sensitivity and invasive and migratory capability. Tumor 

formation could be averted by inhibiting miR 182-5p directly or treating glyphosate-miR 182-5p-cells 

with dimethyloxallyl glycine, a TET pathway inhibitor that primes cells for an oncogenic response in 

the presence of another possible risk factor [38]. Glyphosate has been shown to induce cellular 

proliferation via oestrogen receptors in breast cancer (BC) cell lines by affecting survival due to cell 

cycle deregulation and metabolism changes that may alter mitochondrial oxygen consumption, 

increase ROS levels, induce hypoxia, damage DNA repair, cause mutation accumulation, and 

eventually cell death. Glyphosate may also increase the risk of breast cancer indirectly by impairing 

the metabolism of toxic phenolic compounds like nonylphenols, also known as alkylphenols, which 

are known to be xenoestrogenic and are widely used as additives in laundry detergents, lubricating 

oils, paints, pesticides, personal care products, and plastics. 

3.4. Prostate cancer 

The most prevalent cancer diagnosed in men is prostate cancer. The disease's clinical 

aggressiveness varies greatly. Prostate cancer metastasizes quickly in some people, killing them 

within a year of their initial clinical presentation, but other patients may live for years with localised 



 

 

illness and no visible metastases [39,40]. Sarcosine, an N-methyl derivative of the amino acid glycine, 

is how glyphosate works in prostate cancer. Sarcosine dehydrogenase can convert sarcosine to 

glycine, and glycine N-methyltransferase can convert glycine to sarcosine (N-methylglycine). As a 

result, sarcosine was identified as a unique metabolite that was found to be greatly enhanced during 

the progression of prostate cancer to metastasis and can be detected non-invasively in urine. 

Importantly, in many microbial pathways some bacteria break down glyphosate by using carbon-

phosphorus lyase (C-P lyase) to produce sarcosine as an immediate breakdown product [41].  These 

nitrosylated sarcosine or nitrosyl glyphosate are exceedingly toxic and carcinogenic, with raised 

sarcosine levels as a possible metabolic mediator of prostate cancer cell invasion and 

aggressiveness [42]. 

3.5. Thyroid cancer 

Selenocysteine is the twenty-first amino acid synthesised from Selenium, which produces twenty-five 

selenoproteins in turn. In addition to thyroid function, selenium insufficiency can affect immunological 

function and spermatogenesis [43]. Glyphosate, on the other hand, impairs selenium uptake in plants, 

just as it depletes sulphur, and both sulphur and selenium are found in the same column of the 

periodic table [44]. 

3.6. Non-Hodgkin lymphoma 

The recent review of human epidemiological data on glyphosate was published by the International 

Agency for Research on Cancer (IARC) in 2015 [45]. Positive evidence of a link between glyphosate 

exposure and non-Hodgkin lymphoma has been found in some case-control studies but not in cohort 

studies. Agricultural workers have a higher risk of Non-Hodgkin lymphoma than the general 

population, but it's difficult to separate the effects of glyphosate from the myriad other toxic chemicals, 

as a Canadian study found a link between glyphosate exposure and the risk of Non-Hodgkin 

lymphoma [46]. 

3.7. Other cancer 

Folic acid (folate) is a cofactor in a number of key biological activities, including methionine 

remethylation and DNA biosynthesis single carbon unit donors. The shikimate pathway [47,48] is the 

route for glyphosate, and it is given not just by diet but also by commensal microorganisms. As a 

result, it appears to impair folic acid production in both exposed plant food sources and the human 

gut, resulting in deficits that promote colorectal carcinogenesis and a variety of malignancies, 

including colorectal, breast, ovarian, pancreatic, brain, lung, and cervix cancers [49]. Glyphosate 

exposure impairs tryptophan bioavailability to the human host, resulting in tumours in the lung, colon, 

liver, breast, and skin melanoma [13,50]. 

4. CONCLUSION 

Glyphosate, a broad-spectrum herbicide commonly used in agriculture and non-agricultural settings to 

eliminate undesired plants, has been shown to be harmful to human health. The shikimate pathway is 

the method of glyphosate herbicidal activity in plants. Aside from that, the shikimate pathway is found 

only in plants, bacteria, and some fungi, with negligible toxicity in mammals. Humans are exposed to 

glyphosate through a variety of sources, including plant products as food, soil, water, and water 

erosion. Exposure to glyphosate herbicides has been linked to a higher incidence of miscarriages, 

premature birth, and a variety of cancers, including breast cancer, pancreatic cancer, kidney cancer, 

thyroid cancer, liver cancer, bladder cancer, and myeloid leukaemia. The current review summarises 

the mechanism by which glyphosate causes cancer. 

 

COMPETING INTERESTS DISCLAIMER: 
 
Authors have declared that no competing interests exist. The products used for this research 
are commonly and predominantly use products in our area of research and country. There is 



 

 

absolutely no conflict of interest between the authors and producers of the products because 
we do not intend to use these products as an avenue for any litigation but for the 
advancement of knowledge. Also, the research was not funded by the producing company 
rather it was funded by personal efforts of the authors. 
 
REFERENCE 

1. Bonciu E. Cytological effects induced by Agil herbicide to onion. J. Horticult. For. Biotechnol. 

2012; 16:68–72. 

2. Mesi A, Kopliku D, Golemi S. The use of higher plants as bio-indicators of environmental 

pollution—A new approach for toxicity screening in Albania. MJSS 2012; 3:237–248. 

3. Silveira MA, Ribeiro DL, Dos Santos TA, Vieira GM, Cechinato CN, Kazanovski M, Grégio 

d'Arce LP. Mutagenicity of two herbicides widely used on soybean crops by the Allium cepa 

test. Cytotechnology. 2016 Aug;68(4):1215-22. doi: 10.1007/s10616-015-9881-x. Epub 2015 

May 7. PMID: 25947236; PMCID: PMC4960169. 

4. Wołejko E, Łozowicka B, Kaczy´nski P. Pesticide residues in berries fruits and juices and the 

potential risk for consumers, Desalination and Water Treatment, 2014; 52:19-21, 3804-

3818, DOI: 10.1080/19443994.2014.883793 

5. Revathy R, Langeswaran K, Ponnulakshmi R, Balasubramanian MP, Selvaraj J.  Ipomoea 

batatas Tuber Efficiency on Bisphenol A-induced Male Reproductive Toxicity in Sprague 

Dawley Rats. Journal of Biologically Active Products from Nature 2017; 7:2, 118-

130, DOI: 10.1080/22311866.2017.1306460 

6. Rothschild D, Weissbrod O, Barkan E, Kurilshikov A, Korem T, Zeevi D, Coste P I, Godneva, 

A, Kalka I N, Bar N, Shilo S, Lador D, Vila AV, Zmora N, Pevsner-Fischer M, Israeli D, 

Kosower N, Malka G, Wolf BC, Avnit-Sagi T, et al. Environment dominates over host genetics 

in shaping human gut microbiota. Nature, 2018; 555(7695), 210–215. 

https://doi.org/10.1038/nature25973 

7. Myers JP, Antoniou MN, Blumberg B, Carroll L, Colborn T, Everett LG, Hansen M, Landrigan 

PJ, Lanphear BP, Mesnage R, Vandenberg LN, Vom Saal FS, Welshons WV, Benbrook CM. 

Concerns over use of glyphosate-based herbicides and risks associated with exposures: a 

consensus statement. Environ Health. 2016 Feb 17;15:19. doi: 10.1186/s12940-016-0117-0. 

PMID: 26883814; PMCID: PMC4756530. 

8. Komives T, Schro¨der P. On glyphosate. Ecocycles 2016; 2:1–8. 

9. Thongprakaisang S, Thiantanawat A, Rangkadilok N, Suriyo T, Satayavivad J. Glyphosate 

induces human breast cancer cells growth via estrogen receptors. Food and chemical 

toxicology : an international journal published for the British Industrial Biological Research 

Association 2013;59, 129–136. https://doi.org/10.1016/j.fct.2013.05.057 

10. Mertens M, Höss S, Neumann G, Afzal J, Reichenbecher W. Glyphosate, a chelating agent-

relevant for ecological risk assessment? Environ Sci Pollut Res Int. 2018 Feb;25(6):5298-

5317. doi: 10.1007/s11356-017-1080-1. Epub 2018 Jan 2. PMID: 29294235; PMCID: 

PMC5823954. 

11. Silva V, Montanarella L, Jones A, Fernández-Ugalde O, Mol HGJ, Ritsema CJ, Geissen V. 

Distribution of glyphosate and aminomethylphosphonic acid (AMPA) in agricultural topsoils of 

the European Union. Sci Total Environ. 2018 Apr 15;621:1352-1359. doi: 

10.1016/j.scitotenv.2017.10.093. Epub 2017 Oct 15. PMID: 29042088. 

12. Tarazona JV, Court-Marques D, Tiramani M, Reich H, Pfeil R, Istace F, Crivellente F. 

Glyphosate toxicity and carcinogenicity: a review of the scientific basis of the European Union 

assessment and its differences with IARC. Arch Toxicol. 2017 Aug;91(8):2723-2743. doi: 

10.1007/s00204-017-1962-5. Epub 2017 Apr 3. PMID: 28374158; PMCID: PMC5515989. 

13. Samsel A, Seneff S. Glyphosate, pathways to modern diseases III: Manganese, neurological 

diseases, and associated pathologies. Surg Neurol Int. 2015 Mar 24;6:45. doi: 10.4103/2152-

7806.153876. PMID: 25883837; PMCID: PMC4392553. 

https://doi.org/10.1080/19443994.2014.883793
https://doi.org/10.1080/22311866.2017.1306460
https://doi.org/10.1038/nature25973
https://doi.org/10.1016/j.fct.2013.05.057


 

 

14. Séralini GE, Clair E, Mesnage R, Gress S, Defarge N, Malatesta M, Hennequin D, de 

Vendômois JS. Republished study: long-term toxicity of a Roundup herbicide and a Roundup-

tolerant genetically modified maize. Environ Sci Eur. 2014;26(1):14. doi: 10.1186/s12302-014-

0014-5. Epub 2014 Jun 24. PMID: 27752412; PMCID: PMC5044955. 

15. World Health Organization. (2008). The Global Burden of Disease: 2004 Update. 

Geneva:World Health Organization; https://apps.who.int/iris/handle/10665/43942  

16. Davoren MJ, Schiestl RH. Glyphosate-based herbicides and cancer risk: a post-IARC 

decision review of potential mechanisms, policy and avenues of research. Carcinogenesis. 

2018 Oct 8;39(10):1207-1215. doi: 10.1093/carcin/bgy105. PMID: 30060078; PMCID: 

PMC7530464. 

17. Langeswaran K, Selvaraj J, Ponnulakshmi R, Mathaiyan M, Vijayaprakash S. Protective 

Effect of Kaempferol on Biochemical and Histopathological Changes in Mercuric Chloride 

Induced Nephrotoxicity in Experimental Rats, Journal of Biologically Active Products from 

Nature 2018; 8:2, 125-136, DOI: 10.1080/22311866.2018.1451386 

18. https://pubchem.ncbi.nlm.nih.gov/compound/Glyphosate#section=Chemical-and-Physical-

Properties  

19. Solomon KR, Anadón A, Carrasquilla G, Cerdeira AL, Marshall J, Sanin LH. Coca and poppy 

eradication in Colombia: environmental and human health assessment of aerially applied 

glyphosate. Rev Environ Contam Toxicol. 2007;190:43-125. doi: 10.1007/978-0-387-36903-

7_2. PMID: 17432331. 

20. Schönbrunn E, Eschenburg S, Shuttleworth WA, Schloss JV, Amrhein N, Evans JN, Kabsch 

W. Interaction of the herbicide glyphosate with its target enzyme 5-enolpyruvylshikimate 3-

phosphate synthase in atomic detail. Proc Natl Acad Sci U S A. 2001 Feb 13;98(4):1376-80. 

doi: 10.1073/pnas.98.4.1376. PMID: 11171958; PMCID: PMC29264. 

21. Kanissery R, Gairhe B, Kadyampakeni D, Batuman O, Alferez F. Glyphosate: Its 

Environmental Persistence and Impact on Crop Health and Nutrition. Plants (Basel). 2019 

Nov 13;8(11):499. doi: 10.3390/plants8110499. PMID: 31766148; PMCID: PMC6918143. 

22. James C. Global status of commercialized biotech/GM crops: 2017. International Service for 

the Acquisition of Agribiotech Applications Brief No. 46, Ithaca, NY 2017. 

https://www.isaaa.org/resources/publications/briefs/53/  

23. USDA. Adoption of genetically engineered crops in the U.S., US Department of Agriculture 

Economic Research Service, Washington, DC, 2019. https://www.ers.usda.gov/data-

products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-inge-

adoption.aspx. 

24. Mesnage R, Antoniou MN, Tsoukalas D, Goulielmos GN, Tsatsakis A. Gut microbiome 

metagenomics to understand how xenobiotics impact human health. Current Opinion in 

Toxicology, 2018; 11–12:51–58. 

25. Devarajan N, Jayaraman S, Mahendra J, Venkatratnam P, Rajagopal P, Palaniappan H, 

Ganesan SK. Berberine-A potent chemosensitizer and chemoprotector to conventional 

cancer therapies. Phytother Res. 2021 Jun;35(6):3059-3077. doi: 10.1002/ptr.7032. Epub 

2021 Feb 8. PMID: 33559280. 

26. Palanisamy CP, Cui B, Zhang H, Panagal M, Paramasivam S, Chinnaiyan U, Jeyaraman S, 

Murugesan K, Rostagno M, Sekar V, Natarajan SP. Anti-ovarian cancer potential of 

phytocompound and extract from South African medicinal plants and their role in the 

development of chemotherapeutic agents. Am J Cancer Res. 2021 May 15;11(5):1828-1844. 

PMID: 34094656; PMCID: PMC8167668. 

27. Cox C.  Herbicide fact sheet (Roundup), Journal Of Pesticide Reform/ Fall, 1998;18: 3 

28. Williams GM, Berry C, Burns M, de Camargo J,  Greim H. Glyphosate rodent carcinogenicity 

bioassay expert panel review. Critical reviews in toxicology, 46(sup1) 2016; 44–55. 

https://doi.org/10.1080/10408444.2016.1214679 

29. Tang Q, Wang Q, Zhang Q, Lin SY, Zhu Y, Yang X, Guo AY. Gene expression, regulation of 

DEN and HBx induced HCC mice models and comparisons of tumor, para-tumor and normal 

https://apps.who.int/iris/handle/10665/43942
https://pubchem.ncbi.nlm.nih.gov/compound/Glyphosate#section=Chemical-and-Physical-Properties
https://pubchem.ncbi.nlm.nih.gov/compound/Glyphosate#section=Chemical-and-Physical-Properties
https://www.isaaa.org/resources/publications/briefs/53/
https://doi.org/10.1080/10408444.2016.1214679


 

 

tissues. BMC Cancer. 2017 Dec 18;17(1):862. doi: 10.1186/s12885-017-3860-x. PMID: 

29254483; PMCID: PMC5735680. 

30. Pandey A, Dhabade P, Kumarasamy A. Inflammatory Effects of Subacute Exposure of 

Roundup in Rat Liver and Adipose Tissue. Dose Response. 2019 May 

23;17(2):1559325819843380. doi: 10.1177/1559325819843380. Erratum in: Dose Response. 

2020 Sep 29;18(3):1559325820965928. PMID: 31205454; PMCID: PMC6537504. 

31. Lim JS, Mietus-Snyder M, Valente A, Schwarz JM, Lustig RH. The role of fructose in the 

pathogenesis of NAFLD and the metabolic syndrome. Nat Rev Gastroenterol Hepatol. 2010 

May;7(5):251-64. doi: 10.1038/nrgastro.2010.41. Epub 2010 Apr 6. PMID: 20368739 

32. Michelotti GA, Machado MV, Diehl AM. NAFLD, NASH and liver cancer. Nat Rev 

Gastroenterol Hepatol. 2013 Nov;10(11):656-65. doi: 10.1038/nrgastro.2013.183. Epub 2013 

Oct 1. PMID: 24080776. 

33. Benedetti AL, Vituri Cde L, Trentin AG, Domingues MA, Alvarez-Silva M. The effects of sub-

chronic exposure of Wistar rats to the herbicide Glyphosate-Biocarb. Toxicol Lett. 2004 Nov 

2;153(2):227-32. doi: 10.1016/j.toxlet.2004.04.008. PMID: 15451553. 

34. Pandey A, Rudraiah M. Analysis of endocrine disruption effect of Roundup
®
 in adrenal gland 

of male rats. Toxicol Rep. 2015 Aug 3;2:1075-1085. doi: 10.1016/j.toxrep.2015.07.021. PMID: 

28962449; PMCID: PMC5598379. 

35. Benachour N, Séralini GE. Glyphosate formulations induce apoptosis and necrosis in human 

umbilical, embryonic, and placental cells. Chem Res Toxicol. 2009 Jan;22(1):97-105. doi: 

10.1021/tx800218n. PMID: 19105591. 

36. Lu W, Li L, Chen M, Zhou Z, Zhang W, Ping S, Yan Y, Wang J, Lin M. Genome-wide 

transcriptional responses of Escherichia coli to glyphosate, a potent inhibitor of the shikimate 

pathway enzyme 5-enolpyruvylshikimate-3-phosphate synthase. Mol Biosyst. 2013 

Mar;9(3):522-30. doi: 10.1039/c2mb25374g. Epub 2012 Dec 18. PMID: 23247721. 

37. Ugarte R. Interaction between glyphosate and mitochondrial succinate dehydrogenase. 

Computational Theor.Chem 2014;1043: 54–63. 

38. Dhivya S, Gayatri Devi R, Selvaraj J, Jothi Priya A. Regulation of Chloride Intracellular 

Channel Protein 1 and Caspase-3 mRNA Expression by Hydroethanolic Extract of Aegle 

marmelos Fruit Human Breast Cancer Cell Line-MCF-7. Journal of Pharmaceutical Research 

International 2021;586-593. 

39. Nivedha RP, Suryanarayanan V, Selvaraj C,  Sanjeev  KS, Rajalakshmi M. Chemopreventive 

effect of saponin isolated from Gymnema sylevestre on prostate cancer through in silico and 

in vivo analysis. Medicinal Chemistry Research 2017; 26(9): 1915-1925. 

40. Jayaraman S, Rajagopal P, Veeraraghavan V, Ravikumar D, Mohan SK.  Emblicanin-A 

Inhibits Cell Growth in Human Prostate Cancer Cells (PC-3) By Modulating Apoptotic 

Signaling Molecules. Int. J. Life Sci. Pharma Res 2020;10(5):L6-12. 

41. Pollegioni L, Schonbrunn E,  Siehl, D.  Molecular basis of glyphosate resistance—different 

approaches through protein engineering. FEBS J 2011; 278: 2753–2766. 

42. Sreekumar A, Poisson LM, Rajendiran TM, Khan AP, Cao Q, Yu J, Laxman B, Mehra R, 

Lonigro RJ, Li Y, Nyati MK, Ahsan A, Kalyana-Sundaram S, Han B, Cao X, Byun J, Omenn 

GS, Ghosh D, Pennathur S, Alexander DC, Berger A, Shuster JR, Wei JT, Varambally S, 

Beecher C, Chinnaiyan AM. Metabolomic profiles delineate potential role for sarcosine in 

prostate cancer progression. Nature. 2009 Feb 12;457(7231):910-4. doi: 

10.1038/nature07762. Erratum in: Nature. 2013 Jul 25;499(7459):504. PMID: 19212411; 

PMCID: PMC2724746. 

43. Papp LV, Lu J, Holmgren A, Khanna KK. From selenium to selenoproteins: Synthesis, 

identity, and their role in human health. Antiox Redox Signal 2007;9: 775–806. 

44. Samsel A,  Seneff S. Glyphosate, pathways to modern diseases II: Celiac sprue and gluten 

intolerance. Interdisciplinary toxicology 2013;6(4), 159–184. https://doi.org/10.2478/intox-

2013-0026 

https://www.researchgate.net/journal/Journal-of-Pharmaceutical-Research-International-2456-9119
https://www.researchgate.net/journal/Journal-of-Pharmaceutical-Research-International-2456-9119
https://doi.org/10.2478/intox-2013-0026
https://doi.org/10.2478/intox-2013-0026


 

 

45. IARC. Monographs., (3–10 march 2015) some organophosphate insecticides and herbicides: 

tetrachlorvinphos, parathion, malathion, diazinon and glyphosate. Iarc working group. Lyon 

2015; 112.  

46. McDuffie HH, Pahwa P, McLaughlin JR, Spinelli JJ, Fincham S, Dosman JA, Robson D, 

Skinnider LF, Choi NW. Non-Hodgkin's lymphoma and specific pesticide exposures in men: 

cross-Canada study of pesticides and health. Cancer Epidemiol Biomarkers Prev. 2001 

Nov;10(11):1155-63. PMID: 11700263. 

47. Dosselaere F, Vanderleyden J. A metabolic node in action: chorismate-utilizing enzymes in 

microorganisms. Crit Rev Microbiol. 2001;27(2):75-131. doi: 10.1080/20014091096710. 

PMID: 11450855. 

48.  Kim YI. Folate and DNA methylation: a mechanistic link between folate deficiency and 

colorectal cancer? Cancer Epidemiol Biomarkers Prev. 2004 Apr;13(4):511-9. PMID: 

15066913. 

49. Duthie SJ. Folic acid deficiency and cancer: mechanisms of DNA instability. Br Med Bull. 

1999;55(3):578-92. doi: 10.1258/0007142991902646. PMID: 10746348. 

50. Ponnulakshmi R, Shyamaladevi B, Selvaraj J, Valli G, Purushothaman V, Alsawalha M, 

Mohan SK. Effect of chebulagic acid on apoptotic regulators in prostate cancer cell line-PC-3. 

Drug Invention Today. 2019 Feb 15;12(2). 


