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ABSTRACT

There is strong evidence in the literature that oxidative stress occurs in people with type 2 diabetes mellitus and is 
influenced by how long they have had the disease. The current investigation discovered a favourable relationship 
between MDA levels and the duration of diabetes, independent of glycemic control. In conclusion, chronic diabetes 
mellitus enhances lipid peroxidation and MDA production without regard to glycemic control. These results suggest 
that supportive therapy aimed at reducing oxidative stress may help reduce problems associated with type 2 diabetes 
mellitus. Therefore, providing antioxidant treatment to everyone with diabetes mellitus may help to decrease problems 
caused by oxidative damage.
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HISTORY OF DIABETES MELLITUS

One of the first illnesses mentioned in an Egyptian 
papyrus that mentions "too great emptying of the urine" 
is diabetes. The earliest instances reported are thought 
to be those of type 1 diabetes [1, 2]. Around the same 
time, Indian doctors discovered the illness and named 
it madhumeha, or "honey pee," since the disease's urine 
attracted ants [3]. The Greek Apollonius of Memphis used 
the phrase "diabetes" or "to pass through" about 230 BC. 
The Indian doctors Sushruta and Charaka distinguished 
between type 1 and type 2 diabetes for the first time 
around 400–500 AD, with type 1 being linked to youth 
and type 2 being linked to obesity. John Rolle, a British 
physician, introduced the word "mellitus" or "from 
honey" in the late 1700s to distinguish the disorder from 
diabetes insipidus, which is similarly characterized by 
frequent urination [4]. The development of a successful 
therapy for diabetes did not occur until the early 20th 
century when Canadians Frederick Banting and Charles 
Best employed insulin for the first time in 1921 and 
1922, respectively [5].

India now has 62.4 million diabetics, according to the 
Indian Council of Medical Research's (ICMR-INDIAB) 
nationwide diabetes research. By 2030, this is anticipated 
to reach over 100 million [6]. Type 2 diabetes accounts 
for more than 90% of all cases of diabetes (T2DM). 
T2DM, however, primarily affects those who are older. It 
affects the younger people in the prime of their working 
life in rich countries, but in developing countries like 
India, it poses an even bigger threat to their health. 
Unfortunately, the incidence of diabetes is microvascular 
and macrovascular consequences, which cause much of 
the early morbidity and death attributable to diabetes 
in India, increasing concurrently with the epidemic of 
diabetes 1 case [7, 8].

Peripheral insulin resistance and insufficient insulin 
production by pancreatic beta cells are two traits that 
define type 2 diabetes. In-islet suppression of a-cells 
by -cells produces an insulin-to-glucagon ratio that 
preserves glycaemic stability even in extremes of 
glucose inflow or outflow, according to a recent study 
[9–11]. This demonstrates that type 2 diabetes is an 
islet paracrinopathy, where the reciprocal link between 
the beta cell that secretes insulin and the alpha cell that 
secretes glucagon is lost, resulting in hyperglucagonemia 
and the ensuing hyperglycemia. Malfunctioning beta 
cells are a significant factor in all forms of diabetes, 
from prediabetes to diabetes. Beta-cell dysfunction 
emerges early in the pathologic process and does not 
always follow the stage of insulin resistance, according 
to research by Bacha et al. on obese teenagers [12].
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Postprandial blood glucose levels rise initially as glucose 
tolerance transitions from normal to abnormal. Fasting 
hyperglycemia eventually arises due to the failure to 
control hepatic gluconeogenesis. Single-Nucleotide 
Polymorphism (SNP) genome-wide association studies 
have shown a variety of genetic variations linked to beta-
cell activity and insulin resistance. Some SNPs make type 
2 diabetes more likely [13, 14]. More than 40 distinct loci 
demonstrate a correlation with a higher risk of type 2 
diabetes. Early in the onset of type 2 diabetes, amino 
acid metabolism may be important. In normoglycemic 
people with high fasting plasma concentrations of 3 
amino acids, Wang et colleagues; found that the risk 
of developing diabetes was at least 4-fold greater 
(isoleucine, phenylalanine, and tyrosine). Before the 
onset of diabetes, these amino acid concentrations were 
increased for as long as 12 years.

Diabetic retinopathy
The most frequent microvascular consequence of 
diabetes may be diabetic retinopathy. In the U.K. 
Prospective Diabetes Study, it was discovered that 
hypertension and the degree of hyperglycemia were both 
associated with diabetic retinopathy in individuals with 
type 2 diabetes (UKPDS). In those with type 2 diabetes, 
retinopathy may develop as early as seven years 
before the diagnosis of diabetes. Various hypothesized 
pathological pathways explain how diabetes could cause 
the development of retinopathy. Sugar alcohol buildup 
has been associated in animal models with developing 
micro aneurysms, thickening basement membranes, 
and pericyte loss. Oxidative stress may also significantly 
influence cellular damage by hyperglycemia [15, 16].

Diabetic nephropathy
Renal failure has diabetes as a primary cause. It is defined 
as proteinuria > 500 mg in 24 hours when diabetes is 
present, while smaller levels of proteinuria, or "microal 
buminuria," come before this [17]. Microalbuminuria is 
an albumin excretion of 30 to 300 mg per 24 hours. When 
they are initially diagnosed with type 2 diabetes, up to 
7% of individuals may already have microalbuminuria. 
A spot measurement of microalbumin or a 24-hour 
collection can be used to screen for diabetic nephropathy 
or microalbuminuria [18].

Diabetic neuropathy
Although the specific nature of the damage caused by 
hyperglycemia to peripheral nerves is unknown, it is 
most likely connected to processes including polyol 
accumulation, damage from AGEs, and oxidative stress 
[18].

Macrovascular complications of diabetes
Atherosclerosis is the primary pathogenic mechanism 
behind the macrovascular disease. Oxidized lipids from 
LDL particles build up in the endothelial lining of arteries 
due to endothelial damage and inflammation [19]. 
The process ultimately leads to developing a fibrous-
capped, lipid-rich atherosclerotic lesion. The primary 

cause of mortality in patients with type 2 diabetes is 
cardiovascular disease. The risk of myocardial infarction 
(MI) in persons with diabetes is equal to the risk in non-
diabetic patients with a history of prior MI, according to 
more recent research.

Lipid Peroxidation and Its Byproducts
Ordinarily, the air we breathe contains around 21% 
oxygen, and life would be impossible without it. However, 
"oxidative metabolism" has a drawback since it causes 
harmful oxidative damage when intracellular oxygen 
is used. To defend themselves against this toxicity, 
the organisms created a variety of "antioxidants" that 
enabled them to maintain a balance between oxidative 
damage and the effective utilization of oxygen for energy 
production. Uncontrolled oxidation of cell targets 
results in forming Reactive Oxygen Species (ROS) and 
a condition of "oxidative stress," frequently harmful to 
the cells. Decreased antioxidant defenses or enhanced 
oxidative processes cause this. The pathophysiology of 
many human illnesses, particularly the development of 
metabolic disorders like diabetes mellitus, is affected 
by this stress. Human obesity and diabetes, as well as 
animal models of both disorders, show a substantial 
rise in oxidative stress indicators [20]. Accumulation of 
ROS can be harmful on its own or cause proteins, nucleic 
acids, and lipids to oxidize, producing subsequent 
byproducts. The special way that PolyUnsaturated Fatty 
Acids (PUFAs) are reactive with ROS when they are 
present in cell membranes causes lipid peroxidation, a 
process that results in hazardous aldehydes [21].

Malon-Di-Aldehyde (MDA) and 4-Hydroxy-2-NonEnal 
(HNE) are two of them that have been substantial 
research. These aldehydes, once just lipid peroxidation 
indicators, have now been linked to cellular dysfunction 
through the activation of signalling pathways, induction 
of apoptosis, and changes in enzyme activity. Lipid 
aldehydes might be mediators of oxidative insults, 
spreading tissue injury and activating cellular stress 
signalling pathways, in addition to being markers of 
oxidative damage [22]. Aldehydes have recently been 
linked to impaired insulin action and signalling, and 
several studies have linked obesity and diabetes with 
lipid peroxidation byproducts. Reactive oxygen species 
are produced in excess under oxidative stress, which 
encourages the peroxidation of PolyUnsaturated Fatty 
Acids (PUFA).

Thio Barbituric Acid (TBA) testing has been widely used 
to quantify lipid peroxidation in biological materials. 
Malon-Di-Aldehyde (MDA), a byproduct of non-
enzymatic PUFA oxidative breakdown, is detectable 

Table 1: Comparison of RI values based on site and degree of 
obstruction.

Obstruction Number RI In The 
Obstructed Kidney

RI In Control 
Kidney ∆ RI

Proximal 25 0.72 0.61 0.11
Distal 25 0.66 0.6 0.06

Complete 16 0.71 0.62 0.09
Partial 34 0.67 0.6 0.07
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by TBA. This has been utilized as a lipid peroxidation 
marker for many years. MDA is an unsaturated aldehyde 
that belongs to a group of substances with the general 
chemical formula C=C-C=O. A conjugated double bond 
(C=C) between carbons 2 and 3 and an aldehyde group 
(C=O) on carbon 1 define it. The carbonyl group's oxygen 
boosts the polarity of the double bond in this structure, 
making unsaturated aldehydes powerful electrophiles. 
MDA is a dicarbonyl molecule, and the additional oxygen 
atom increases the reactivity of the double bond. These 
aldehydes are among the "reactive electrophile species" 
that may combine with phospholipids' nucleophilic 
groups to produce covalent adducts [23]. The thiol group 
of glutathione reacts spontaneously with DNA, proteins, 
and physiological circumstances to generate the Michael 
adduct by attacking the double bond of aldehydes with 
the glutathione's nucleophilic group.

Additionally, they can react with thiol groups found on 
cysteine residues of certain proteins, impairing their 
biological function. Schiff bases and Michael adducts 
are produced when a primary amine group reacts with 
the aldehyde's carbonyl group (especially alkaline pH). 
Advanced Lipoxidation End Products are precursors to 
the aldehydes formed during lipid peroxidation (ALEs). 
They build up in cells and tissues with Advanced Glycation 
End Products (AGEs) produced during glycoxidation. 
These adducts build up and cause "carbonyl stress," 
which encourages protein malfunction and, as a result, 
pathological processes, including inflammation and 
apoptosis.

Cellular effects

Cytotoxicity
Strong electrophilic unsaturated chemicals have a 
significant potential for cytotoxicity and mutagenesis. 
They have been well investigated for how they affect 
cell viability. Depending on the aldehyde, length of 
exposure, and cell type, the lethal concentration 50 
(LC5 0-concentration that results in the death of 50% 
of the cells) varies. MDA has an LC50 range of around 
1 mM in cortical, endothelial, and fibroblast cells, 
although the cell killing caused by MDA has not been 
adequately studied. Additionally, it was shown that 
MDA causes cell cycle arrest, which explains why MDA 
causes cytotoxic damage to cells and causes cell death. 
Interestingly, aldehydes' propensity to form covalent 
adducts on proteins is strongly connected with their 
toxicity. According to studies, LCSO are closely related to 
how well each can help in vitro form covalent adducts 
on albumin. This describes how aldehydes primarily 
cause cytotoxicity and other biological consequences by 
chemically adducting other biomolecules [20].

Oxidative stress and ROS production
Lipid peroxidation is sparked by oxidative stress, 
resulting in the production of aldehyde byproducts. 
The ability of lipid aldehydes to produce ROS, however, 
is regarded to be crucial to understanding their 
harmful consequences. In cells treated with MDA, an 

accumulation of intracellular ROS has been observed. 
HHE is known to cause ROS in neurons and tubular 
epithelial cells. In contrast, HNE may cause oxidative 
stress within the mitochondria in the cells of the liver, 
skeletal muscle, vascular muscle, and neurons. It has 
been shown that several aldehydes significantly reduce 
the potential of the mitochondrial membrane, which 
raises the possibility that mitochondria may be the 
source of ROS. By activating the nuclear factor kappa B 
(NF-KB) family, MDA can also drive cellular proliferation, 
apoptosis, and inflammatory responses and control the 
expression of antioxidant enzymes [24].

Concentration in plasma and tissues
Except for MDA and HNE, which have been frequently 
employed as lipid peroxidation indicators; little 
information is known on the amounts of aldehydes in 
biological fluids. MDA levels in plasma range from 1-3 M 
in healthy individuals and can be 2-fold higher in type 
2 diabetics. According to studies, among obese people, 
MDA has a favorable correlation with BMI and waist size.

MDA adducts
Low-Density Lipoprotein (LDL) modification and 
their metabolic shift toward macrophages are greatly 
influenced by MDA's reaction with Lys residues, which 
results in the formation of Schiff bases. Bifunctional 
aldehydes' ability to modify proteins can also result in 
the intra- or intermolecular cross-linking of proteins.

LDL modification
According to the oxidative hypothesis of atherosclerosis, 
one of the most well-known impacts of ALEs precursors 
is their part in the alteration of LDLs, which is implicated 
in the creation of early atherosclerotic lesions. For the 
particular apoB/E receptor, expressed in all cell types 
except macrophages, to recognize LDL, MDA must 
interact with the Lys residues of apoB. LDL modification 
changes their apoB/E receptor affinity and diverts 
their metabolism to cells with scavenger receptors 
(macrophages and smooth muscle cells), eventually 
forming foam cells. Foam cell buildup results in the 
development of fatty streaks, which are typical of early 
atherosclerosis lesions.

Lipid aldehydes and insulin secretion
Studies on diabetic rats revealed that the pancreas had 
elevated lipid peroxidation levels, and isolated rat islets 
exposed to lipid peroxidation byproducts were inhibited 
in secreting insulin in response to glucose. Treatment 
with aldehydes reduces glucose uptake and oxidation, 
indicating that they may hinder glucose-induced insulin 
release by interfering with the citric acid cycle and 
the glycolytic pathway. Evidence shows that beta cells 
exposed to NO donors and interleukin-I beta produce 
oxidative stress and lipid peroxidation byproducts, 
which activate the apoptotic pathway and reduce beta 
cell mass.

Direct adduction of the insulin polypeptide
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Studies have demonstrated that MDA produced during 
lipid peroxidation modifies human insulin's B-chain in 
vitro, primarily at the His B5 and His B10 residues, by 
the development of Michael adduction.

Lipid Peroxidation By products association With 
Type-2 Diabetes
According to studies, fasting glycemia negatively 
correlates with plasma glutathione and positively 
correlates with oxidative stress indicators, including 
8-epi-PGF2a and TBARs. According to studies, both 
normal and Type 2 diabetic people have weak antioxidant 
defences during an oral glucose tolerance test. Both 
conditions are linked to low levels of glutathione and 
vitamin C. The results of exercise and food restriction 
enhance insulin sensitivity, according to studies, which 
is connected to lower lipid peroxidation products. The 
strong relationship between oxidative stress, oxidation 
byproducts, and insulin resistance is revealed by the 
fact that insulin sensitivity may also be increased with 
antioxidant or carbonyl scavenging therapy. To a lesser 
extent, MDA and HNE are two unsaturated aldehydes 
that have been investigated as oxidative stress indicators 
in diabetes and are up to 2-fold elevated in both human 
and animal models of type-2 diabetes. Additionally, 
research by Nakhjavani et al. suggests that the duration 
of Type-2 diabetes is independently linked to higher 
levels of lipid peroxidation [25].

Preventing the deleterious effects of aldehydes

Glutathione and enzymatic detoxification
An essential coenzyme in many enzymatic reactions, 
glutathione (GSH), a tripeptide (L-y-glutamyl-L- 
cysteinyl-glycine) found in high concentration in the 
cytoplasm of living cells, exerts its antioxidant activity 
primarily through the regeneration of vitamin E as well 
as through direct interaction with free radicals and 
aldehydes. Reduced glutathione (GSH) is essential for 
these enzymes' functioning to function properly in the 
detoxification of electrophile byproducts, such as lipid 
peroxidation. Studies indicate that GSH plays a significant 
role in metabolic syndrome because it prevents obesity 
and insulin resistance in mice lacking in GSTs and 
increases the risk of type 2 diabetes in humans with GST 
null polymorphisms [26].

Scavengers of lipid peroxides
A molecule that may eliminate or inactivate undesired 
reaction products is known as a scavenger. Strong 
nucleophile molecules known as scavengers for 
aldehydes are those on which lipid peroxide aldehydes 
would form a covalent adduct.

Alpha-lipoic acid
The fatty acid is a naturally occurring substance that may 
be found in small amounts in various foods, including 
beef, potatoes, and broccoli. Treatment with lipoic 
acid reduces oxidative stress in adipocytes and muscle 
cells, according to research by Maddux et al. from 2001. 
Additionally, studies demonstrate that administering 

lipoic acid to insulin-resistant mice reduces the levels 
of lipid peroxidation indicators. Alpha lipoic acid, which 
had already been licensed in Germany for the treatment 
of diabetic neuropathy, became the first antioxidant 
supplement utilized for the treatment of diabetes 
complications as a result of the existing literature's 
support for its use in this regard [27].

N-Acetyl Cysteine (NAC)
Cysteine derivative N-acetyl cysteine is well known 
for being a strong antioxidant. This characteristic is 
brought about by the thiol group, which can decrease 
free radicals and serve as a precursor to glutathione 
synthesis. NAC has established its protective scavenging 
effect against aldehydes and protection against MDA 
rise and GSH reduction in animal models of insulin 
resistance. NAC has been shown in clinical studies to 
reduce oxidative stress markers and raise GSH in type 2 
diabetes individuals [28].

CONCLUSION

In conclusion, there is a lot of evidence indicating 
the beginning of diabetes complications is mostly 
influenced by the activation of oxidative stress. Very 
little understood are the particular processes through 
which oxidative stress may hasten the onset of problems 
in diabetes. Experimental, clinical, and epidemiological 
research showing that antioxidants may be useful in 
treating diabetes and its consequences have provided 
evidence for the protective impact of antioxidants. 
However, neither primary patients without clinical 
evidence of CVD nor secondary patients with clinical 
evidence of CVD have shown a significant benefit 
from antioxidant supplementation (vitamins C, E, and 
-carotene) in the prevention of cardiovascular events, 
according to the majority of prospective randomized 
controlled antioxidant clinical trials.

REFERENCES

1. Shrivastava SR, Shrivastava PS, Ramasamy J. Role 
of self-care in management of diabetes mellitus. J 
Diabetes Metab Disord 2013; 12:14.

2. Giridharan B, Saravanan KM, Gp S, et al. Role of glucose 
transporting phytosterols in diabetic management. 
7:261.

3. Association AD. Diagnosis and classification of diabetes 
mellitus. Diabetes Care 2009; 32:S62–S67.

4. Kharroubi A, Darwish H. Diabetes mellitus: The 
epidemic of the century. World J Diabetes 2015; 6:850–
867.

5. BLISS M. Rewriting Medical History: Charles Best and 
the Banting and Best Myth. J Hist Med Allied Sci 1993; 
48:253–274.

6. McCall AL. Insulin Therapy and Hypoglycemia. 
Endocrinol Metab Clin North Am 2012; 41:57–87.

7. Wood IS, Trayhurn P. Glucose transporters (GLUT and 

https://link.springer.com/article/10.1186/2251-6581-12-14?crsi=662497074&cicada_org_src=healthwebmagazine.com&cicada_org_mdm=direct
https://link.springer.com/article/10.1186/2251-6581-12-14?crsi=662497074&cicada_org_src=healthwebmagazine.com&cicada_org_mdm=direct
https://www.researchgate.net/profile/Konda-Mani-Saravanan/publication/363134282_Role_of_Glucose_Transporting_Phytosterols_in_Diabetic_Management/links/63a3dcc2e598500876c3931f/Role-of-Glucose-Transporting-Phytosterols-in-Diabetic-Management.pdf
https://www.researchgate.net/profile/Konda-Mani-Saravanan/publication/363134282_Role_of_Glucose_Transporting_Phytosterols_in_Diabetic_Management/links/63a3dcc2e598500876c3931f/Role-of-Glucose-Transporting-Phytosterols-in-Diabetic-Management.pdf
https://diabetesjournals.org/care/article-abstract/33/Supplement_1/S62/25777
https://diabetesjournals.org/care/article-abstract/33/Supplement_1/S62/25777
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4478580/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4478580/
https://academic.oup.com/jhmas/article-abstract/48/3/253/870158
https://academic.oup.com/jhmas/article-abstract/48/3/253/870158
https://www.endo.theclinics.com/article/S0889-8529(12)00005-9/abstract
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/glucose-transporters-glut-and-sglt-expanded-families-of-sugar-transport-proteins/B4E2CD55D9FD41632B98F69E7BF754B0


Sridevi, et al. J Res Med Dent Sci, 2023, 11 (2): 226-236

236Journal of Research in Medical and Dental Science | Vol. 11 | Issue 2 | February 2023

SGLT): Expanded families of sugar transport proteins. 
Br J Nutr 2003; 89:3–9.

8. Saravanan KM, Selvaraj S. Dihedral angle preferences 
of amino acid residues forming various non-local 
interactions in proteins. J Biol Phys 2017; 43:265–278.

9. Baggio LL, Drucker DJ. Biology of Incretins: GLP-1 and 
GIP. Gastroenterology 2007; 132:2131–2157.

10. Zhang H, Shao X, Peng Y, et al. A novel machine learning 
based approach for iPS progenitor cell identification. 
PLOS Comput Biol 2019.

11. Saravanan KM. The practice of remdesivir for treating 
covid-19 during pandemic. 2022; 1:65–68.

12. Bacha F, Saad R, Gungor N, et al. Obesity, regional fat 
distribution, and syndrome x in obese black versus 
white adolescents: race differential in diabetogenic 
and atherogenic risk factors. J Clin Endocrinol Metab 
2003; 88:2534–2540.

13. Zaid IU, Tang W, Liu E, et al. Genome-wide single-
nucleotide polymorphisms in CMS and restorer lines 
discovered by genotyping using sequencing and 
Association with Marker-Combining Ability for 12 
Yield-Related Traits in Oryza sativa L. subsp Japonica 
Front Plant Sci 2017.

14. Le HTT, Murugesan A, Ramesh T, et al. Molecular 
interaction of HIC, an agonist of P2Y1 receptor, and its 
role in prostate cancer apoptosis. Int J Biol Macromol 
2021; 189:142–150.

15. Vithian K, Hurel S. Microvascular complications: 
pathophysiology and management. Clin Med 
(Northfield Il) 2010;10:505- 509.

16. Saravanan KM, Krishnaswamy S. Analysis of dihedral 
angle preferences for alanine and glycine residues 
in alpha and beta transmembrane regions. J Biomol 
Struct Dyn 2015; 33:552–562.

17. Zhang H, Bei Z, Xi W, et al. Evaluation of residue-residue 
contact prediction methods: From retrospective to 
prospective. PLOS Comput Biol 2021; 17:e1009027.

18. Gross JL, de Azevedo MJ, Silveiro SP, et al. Diabetic 

nephropathy: Diagnosis, prevention, and treatment. 
Diabetes Care 2005; 28:164-176.

19. Saravanan KM, Selvaraj S. Performance of secondary 
structure prediction methods on proteins containing 
structurally ambivalent sequence fragments. 
Biopolymers. 2013. 

20. Saravanan KM, Kannan M, Meera P, et al. E3 ligases: 
A potential multi-drug target for different types of 
cancers and neurological disorders. Future Med Chem 
2022; 14:187–201.

21. Moore K, Roberts LJ. Measurement of Lipid 
Peroxidation. Free Radic Res 1998; 28:659–671.

22. Bharathkumar N, Sunil A, Meera P, et al. CRISPR/Cas-
Based Modifications for Therapeutic Applications: A 
Review. Mol Biotechnol 2021. 

23. Senthil R, Meenakshi Sundaram KK, Bupesh G, et al. 
Identification of oxazolo[4,5-g]quinazolin-2(1H)-one 
Derivatives as EGFR Inhibitors for Cancer Prevention. 
Asian Pacific J Cancer Prev 2022; 23:1687–1697.

24. Feng Y, Cheng X, Wu S, et al. Hybrid drug-screening 
strategy identifies potential SARS-CoV-2 cell-entry 
inhibitors targeting human transmembrane serine 
protease. Struct Chem 2022; 33:1503–1515.

25. Nain S, Smits JEG . Pathological, immunological and 
biochemical markers of subchronic arsenic toxicity in 
rats. Environ Toxicol 2012; 27:244–254.

26. Martino E, Della Volpe S, Terribile E, et al. The long 
story of camptothecin: From traditional medicine to 
drugs. Bioorg Med Chem Lett 2017; 27:701–707.

27. Deveci HA, Akyuva Y, Nur G, Nazıroğlu M. Alpha 
lipoic acid attenuates hypoxia-induced apoptosis, 
inflammation and mitochondrial oxidative stress via 
inhibition of TRPA1 channel in human glioblastoma 
cell line. Biomed Pharmacother 2019; 111:292–304.

28. Gasymov OK, Abduragimov AR, Yusifov TN, et al. 
Binding studies of tear lipocalin: The role of the 
conserved tryptophan in maintaining structure, 
stability and ligand affinity. Biochim Biophys Acta - 
Protein Struct Mol Enzymol 1999; 1433:307–320.

https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/glucose-transporters-glut-and-sglt-expanded-families-of-sugar-transport-proteins/B4E2CD55D9FD41632B98F69E7BF754B0
https://link.springer.com/article/10.1007/s10867-017-9451-x
https://link.springer.com/article/10.1007/s10867-017-9451-x
https://link.springer.com/article/10.1007/s10867-017-9451-x
https://www.sciencedirect.com/science/article/pii/S001650850700580X
https://www.sciencedirect.com/science/article/pii/S001650850700580X
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007351
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007351
https://ijbtcm.com/downloads/current-issue/11_IJBTCM_V1_3.pdf
https://ijbtcm.com/downloads/current-issue/11_IJBTCM_V1_3.pdf
https://academic.oup.com/jcem/article-abstract/88/6/2534/2845334
https://academic.oup.com/jcem/article-abstract/88/6/2534/2845334
https://academic.oup.com/jcem/article-abstract/88/6/2534/2845334
https://academic.oup.com/jcem/article-abstract/88/6/2534/2845334
https://www.frontiersin.org/articles/10.3389/fpls.2017.00143/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00143/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00143/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00143/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00143/full
https://www.sciencedirect.com/science/article/pii/S0141813021017621
https://www.sciencedirect.com/science/article/pii/S0141813021017621
https://www.sciencedirect.com/science/article/pii/S0141813021017621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4952418/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4952418/
https://www.tandfonline.com/doi/abs/10.1080/07391102.2014.895678
https://www.tandfonline.com/doi/abs/10.1080/07391102.2014.895678
https://www.tandfonline.com/doi/abs/10.1080/07391102.2014.895678
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009027
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009027
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009027
https://diabetesjournals.org/care/article-abstract/28/1/164/25782
https://diabetesjournals.org/care/article-abstract/28/1/164/25782
https://onlinelibrary.wiley.com/doi/abs/10.1002/bip.22178
https://onlinelibrary.wiley.com/doi/abs/10.1002/bip.22178
https://onlinelibrary.wiley.com/doi/abs/10.1002/bip.22178
https://www.future-science.com/doi/abs/10.4155/fmc-2021-0157
https://www.future-science.com/doi/abs/10.4155/fmc-2021-0157
https://www.future-science.com/doi/abs/10.4155/fmc-2021-0157
https://www.tandfonline.com/doi/abs/10.3109/10715769809065821
https://www.tandfonline.com/doi/abs/10.3109/10715769809065821
https://link.springer.com/article/10.1007/s12033-021-00422-8
https://link.springer.com/article/10.1007/s12033-021-00422-8
https://link.springer.com/article/10.1007/s12033-021-00422-8
http://journal.waocp.org/article_90120.html
http://journal.waocp.org/article_90120.html
http://journal.waocp.org/article_90120.html
https://link.springer.com/article/10.1007/s11224-022-01960-w
https://link.springer.com/article/10.1007/s11224-022-01960-w
https://link.springer.com/article/10.1007/s11224-022-01960-w
https://link.springer.com/article/10.1007/s11224-022-01960-w
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20635
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20635
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.20635
https://www.sciencedirect.com/science/article/pii/S0960894X16313646
https://www.sciencedirect.com/science/article/pii/S0960894X16313646
https://www.sciencedirect.com/science/article/pii/S0960894X16313646
https://www.sciencedirect.com/science/article/pii/S0753332218355070
https://www.sciencedirect.com/science/article/pii/S0753332218355070
https://www.sciencedirect.com/science/article/pii/S0753332218355070
https://www.sciencedirect.com/science/article/pii/S0753332218355070
https://www.sciencedirect.com/science/article/pii/S0753332218355070
https://www.sciencedirect.com/science/article/pii/S0167483899001338
https://www.sciencedirect.com/science/article/pii/S0167483899001338
https://www.sciencedirect.com/science/article/pii/S0167483899001338

