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Abstract: Hyperglycemia, an elevated concentration of blood glucose, is the characterization of diabetes
mellitus caused by insufficiencies in insulin synthesis or insulin action. The global health threat posed
by the diabetes mellitus epidemic and its sequelae is significant According to the International Diabetes
Federation (IDF), 415 million persons (ranging from 20 to 79 years old) were diagnosed with diabetes
in 2015. mellitus worldwide, or 1 in 11 adults. Objective was to examine the changes in blood levels of
glutathione, melatonin, and homocysteine in patients with nephropathy from diabetes, those without
nephropathy from diabetes, add to controls. One hundred thirty-five participants were split into three
categories for the study, The initial cohort consists of forty-five individuals diagnosed with diabetes
nephropathy. 45 individuals with diabetes who do not have nephropathy make up the second group.
From December 2023 until the end of March 2024, 45 healthy individuals served as controls in the third
group. A venous blood sample of five milliliters was obtained from the case and control groups.
Centrifugation was used for 10 minutes at 2000 rpm to separate the serum from the blood samples,
which were transported to the laboratory under standard circumstances. Serum results were frozen at -
80°C before glutathione, homocysteine, and melatonin were evaluated using colorimetric and enzyme-
linked immunosorbent assays, respectively. The present study enrolled 135 participants (45 diabetic
patients with diabetes nephropathy 45 healthy controls and 45 diabetic patients without nephropathy
(participated in this study. According to the current investigation, the mean serum homocysteine levels
of the healthy control group were higher than those of the type II diabetic (T2DM) patients with
nephropathy. Also show the mean levels of serum Glutathione levels were significantly lower in T2DM
with nephropathy compare to healthy control and T2DM without nephropathy. Our results
demonstrated that decreased serum levels of melatonin and glutathione levels are associated with
nephropathy in T2DM.
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1. Introduction

Hyperglycemia, an elevated concentration of blood glucose, is the characterization of diabetes
mellitus caused by insufficiencies in insulin synthesis or insulin action [17. Pancreatic beta cells produce
the protein (hormone) insulin in response to a number of stimuli, including glucose, sulfonylureas, and
arginine, but glucose is the primary determinant [27]. In addition to storing glucose, insulin also lowers
serum fatty acid levels, inhibits the release of glucagon, and decreases the amount of glucose produced
by the liver. Reduced glucose uptake by tissues as a result of insufficient insulin or insulin resistance in
the body causes intracellular hypoglycemia and extracellular hyperglycemia [ 37. The number of people
with diabetes mellitus has doubled over the last thirty years, and itis currently the tenth most common
cause of death [47]. When hyperglycemia results in end-stage renal failure, a kind of chronic kidney
disease called diabetic nephropathy (DN) appears. DN is categorized as diabetic microangiopathy;
however, tubules, glomeruli, and tubular stroma are all affected by the pathological alterations [57.
Apoptosis and differentiation in the development of DN can be impacted by excessive glucose damage.
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Difterent kinds of kidney cells are affected, and ultimately, it results in pathological damage that is
characteristic, including renal tubular atrophy, renal glomerulosclerosis, and renal interstitial fibrosis
[67]. The body now uses a variety of processes to manufacture antioxidants in order to counteract
elevated levels of free radicals, shield cells from their damaging effects, and prevent the negative impacts
of these free radicals. It's crucial to strike a balance between the rate at which free radicals are formed
and eliminated. Overproduction of cellular radicals can be detrimental. Nonetheless, A cell experiences
oxidative stress when its radical synthesis increases significantly while its radical removal decreases
noticeably [77]. Strong experimental and clinical evidence implicates oxidative stress as a critical
component in the aetiology of diabetes, and both types of the disease are characterized by increased
production of reactive oxygen species (ROS) [87, that caused by many processes including the reaction
of lowering glutathione levels and increase ROS even in other conditions associated with increase Cu
levels [97. The exact function that oxidative stress may have in the development of diabetes
complications is not yet known [107]. Many mechanisms, such as excessive production of oxygen
radicals by autoxidation of glucose, glycated proteins, and saccharification of antioxidant enzymes that
limit the ability to detoxify oxygen radicals, contribute to the etiology of oxidative stress in diabetes
[117. An amino acid contains sulfur, homocysteine created from methionine demethylated have the
possibility to increase oxidative stress. Methionine and cystathionin are produced through the
methylation and trans-sulfuration of homocysteine, respectively, which folic acid and B12 are needed for
the conversion of homocysteine to methionine [12,137]. Antioxidants can reduce the production of ROS
by either upregulating the expression or activity of the enzymes that generate ROS (xanthine oxidase
and NADPH oxidase) or by upregulating the expression and activity of the enzymes that function as
antioxidants (catalase, glutathione peroxidase, and superoxide dismutase) that body uses these enzymes
to protect itself from free radical damage by give or take electrons from them [147]. Certain antioxidants
can occasionally produce new free radicals that are less harmtul to the body [157. Antioxidants halt the
damage that radicals do by breaking the chains of events that free radicals start [167]. Enzymes such as
catalase, glutathione peroxidase, glutathione reductase, and superoxide dismutase neutralise ROS [177].
An objective of the study was to examine the variation in of glutathione, melatonin, and homocysteine
blood levels in patients with who have diabetes-related nephropathy and those who do not, in addition
to controls.

2. Materials and Methods
2.1. The Study Designs

One hundred thirty-five participants were split into three groups for this case-control research.
Fourty-five patients with DN are the first group. Fourty-five individuals with diabetes who do not have
nephropathy are the second group. Fourty-five individuals serving as healthy controls are the third
group. Each group was selected from a pool of patients chosen by the treating physician, and appropriate
testing was conducted. The collection of blood samples was done using gel tubes and sodium citrate
tubes, centrifuged, and frozen at —20°C. All patients gave their informed consent to participate in the
trial. The selection of samples based on the clinical diagnosis of DN or undiabetic nephrology from the
period between December 2023 to March 2024. All patients were over 18 years old. The exclusion
criteria included all individuals with a history of heart diseases, chronic inflammatory disorders like
rheumatological diseases, and liver failure. Pregnant and lactating women were also excluded.

3. Methods

The equipment utilized in this investigation is Roche Cobas e411 (Roche Diagnostics, Mannheim,
Germany) instrument in a number of laboratory tests, including total cholesterol (TC), triglyceride
(TG), low density lipoproteins (LDL), high density lipoproteins (HDL), and very low-density
lipoproteins (VLDL) as a lipid profile. In addition to renal function urea and creatinine. Glutathione,
homocysteine and melatonin were measured by sandwich ELISA method. Glutathione (Cat. No.:
MBS265674; MyBioSource, USA), homocysteine (Cat. No.. CSB-E13814h; Biocompare, USA),
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Melatonin (Cat. No.: E-EL-H2016; Elabscience, USA), which uses a purified antibody to capture antigen,
increasing the sensitivity and specificity.

3.1. Statistical analysis

The analysis of data done using the Statistical Package for Social Sciences version 26.0 (SPSS v26).
Meanztstandard deviation (SD) used to display the results. ANOVA test were utilized to compare the
data. To determine the accuracy of adipocytokines between patients and controls, Significant value set at
P <0.05.

4. Results

The demographic details of the control participants and patients are shown in table 1. According to
age, the mean age of diabetic patients with nephropathy was 63.06+ 9.91 yearsold, 56.2+ 8.93 years old
for diabetic patients without nephropathy, and that of control subjects was 50.93+ 6.83 years old
additionally, several groups differed significantly (P = 0.011). Regarding to gender, in overall, 50
(37.0%) male and 85 (63.0%) female were included. Diabetic patients with nephropathy included 17
(37.8%) cases were male gender and 28 (62.2%) patients with diabetes who were female and did not have
nephropathy There were 33 (73.8%) female cases and 12 (26.7%) male cases as control individuals.
Gender did not play a role in the frequency distribution of either the patients or the control group (P =
0.509), with 21 cases (46.7%) being male and 24 cases (53.3%) being female. Serum levels of HbA1C,
FBS, Creatinine, and Urea varied significantly between the three groups.

Table 1.
Characteristics of patients with Diabetes mellitus and healthy control.

DM without DM with Healthy control
Characteristic nephropathy nephropathy (n=45) P

(n=45) (n=45)

Age (Years) 56.2t 8.93 63.06% 9.91 50.93% 6.83 0.011
Sex
Male 12 (26.7%) 17 (37.8%) 21(46.7%) 0,509
Female 33 (73.8%) 28 (62.2%) 24 (53.8%) )
Urea (mg/dl) 36.55% 5.234 110.04+ 51.968 33.80% 5.314 > 0.001
Creatinine (mg/dl) 1.0+ 0.184 2.79% 1.058 1.028% 0.144 > 0.001
FBS (mg/ dl) 150.53% 21.584 165.80% 30.794 88. 88+ 9.428 > 0.001
HbA1c¢% 7.08% 0.644 7.54t 0.864 5.341% 0.328 > 0.001
Homocysteinenmol/mL | 11.19%+ 1.274 10.55% 1.014 12.16% 1.298 0.003
Glutathione mmol/L 0.89 £ 0.074 0.4+ 0.0548 0.40% 0.0464 > 0.001
Melatonin ng/L 187.92+ 35.54 184.22+ 60.21% | 196.67% 38.54% | > 0.001

Serum Homocysteine levels in DM patients with Nephropathy and DM patients without
nephropathy were significantly lower than healthy control subjects (10.55+ 1.01 mcmol/L, 11.19% 1.27
mcmol/L and 12.16+ 1.29 mcmol/L, respectively, P= 0.003), figure 1.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 8 No. 5: 2301-2309, 2024

DOLI: 10.55214/25768484.0815.198%

© 2024 by the author; licensee Learning Gate



2304

NS S ‘L

14.007]

13.007]

12.00

11.00

Homocysteine level mcmol/L

10.00

9.007

L 1 1
DM without nephropathy DM with nephropathy Healthy Control

Figure 1.
Serum Homocysteine level in DM patients with Nephropathy, DM patients without nephropathy and
healthy control subjects. NS: Not statistically significant, S: statistically significant P < 0.05.

Serum Glutathione concentrations in DM patients have Nephropathy were significantly lower than
in DM patients without nephropathy, or healthy control subjects (0.84+ 0.054 mmol/L, 0.39 + 0.07
mmol/L and 0.40%£ 0.046 mmol/L, respectively, P= 0.003). Furthermore, compared to healthy control
persons, diabetic patients with and without nephropathy had substantially reduced serum melatonin
levels (184.22+ 60.21 ng/L, 187.92+ 35.5 ng/L and 196.67+ 38.54ng/L, respectively, P>0.001), Figure
2.
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Figure 2.

Serum level of Glutathione and melatonin in DM patients with Nephropathy, DM patients without
nephropathy and healthy control subjects. NS: Not statistically significant, S: statistically
significant P < 0.05.

5. Discussion

Diabetes is considered as a chronic condition commonly referred to elevated blood glucose levels
(hyperglycemia) which leads to a variety of complication [187. Some studies have suggested that
imbalance of oxidants and antioxidant status play a pivotal role in pathogenesis of diabetic nephropathy
[197]. Homocysteine is able to enhance oxidative stress, so it's considered as a pro-oxidant factor by
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produce hydrogen peroxide and peroxynitrite [137]. On the other hand, homocysteine increases
endothelial cells' ability to produce thrombin that catalyzed protease-activated receptors (PARs), which
are linked to elevated ROS generation and NADPH oxidase expression in endothelial cells [207.
Furthermore, homocysteine reduces the function of inducible NOS and endothelial nitric oxide synthase
(eNOS) by accumulating asymmetric dimethylarginine (NOS inhibitor). Thus, homocysteine contributes
to the decrease of NO. Elevated homocysteine levels were linked to high-risk diabetes complications
[217. GSH s an antioxidant produced inside the cells. GSH can interact with reactive ROS, RNS and
electrophiles or be a cofactor for various enzymes [227]. The diagnosis at an early stage of diabetic
nephropathy properly allows the determination of targets for effective treatment. Considering that so
far, no study has compared antioxidant factors such as glutathione and homocysteine pro-oxidant factor
simultaneously in patients with DM nephropathy and without DM nephropathy. It is evidence that
hyperglycemia augments oxidative stress through generation of ROS [237]. Excess ROS are able to
attack macromolecules such as proteins, DNA and lipid, subsequently cause disorders such as
nephropathy [247. For this research, glutathione level was significantly lower in T2DMwith
nephropathy compare to healthy control and T2DMwithout nephropathy, this finding agrees with the
findings ot an earlier study [257. Jain et al, (267 shown That, in comparison to a healthy group, diabetic
individuals have lower GSH levels. They found that in patients with uncontrolled diabetes, reduced
GSH levels play a critical part in cellular damage and poor insulin secretion. One of the most significant
endogenous antioxidants for defending organs from oxidants, such as the kidney, is GSH. Two distinct
approaches identify GSH as an oxidant and an electrophilic species scavenger, respectively. It acts as a
direct antioxidant, neutralising reactive hydroxyl free radicals as well as other oxygen-centered free
radicals and DNA radical centers. Additionally, GSH uses as a co-substrate to reduce peroxides,
including lipid and hydrogen peroxides, and produce GSSG [277]. Taken together, current study
suggested that decreasing of GSH level is associated with nephropathy diabetic. The finding of this
study showed that the level of melatonin is decreasing T2DMwith nephropathy compared to healthy
control. Consist with our results has shown reduced levels of melatonin in patients with chronic renal
failure compared to controls [287]. Another study found that dialysis reduced serum melatonin levels by
about 25% in patients with end-stage renal failure [297]. In 2022, Tang et al. demonstrated that
melatonin treatment has protective effect in diabetes nephropathy via elevation of AMPK
phosphorylation, action of mitophagy, reduction of oxidative stress and inhibition of inflammation [ 307].
When melatonin, folic acid, or both were administered to diabetic rats, uric acid, total protein,
creatinine, and urea levels all showed improvement [317. In this research, melatonin levels were lower
in T2DM without nephropathy compared to healthy controls although no significant difference was
observed. Reports on melatonin levels and T2DM that are linked to either elevated or decreased
melatonin are contradictory. Hikichi et al. found no statistically significant difference in the levels of
melatonin during the day between the groups of people without diabetes and those with diabetes,
corroboration of our findings [827]. It was reported that the levels of melatonin were decreased in both
Kakizaki rats and patients with T2DM in comparison with Wistar rats and healthy subjects,
respectively [337]. Moreover, it was demonstrated that elevated melatonin signaling in insulin-secreting
cells decrease secretion of insulin. It was linked to higher glucose levels (hyperglycemia) [847.
Melatonin has a circadian rhythm and sampling time; small sample size and different measurement
methods can be the reason for these differences. The pineal gland secretes melatonin, a multipurpose
hormone with significant effects on sleep patterns and cell death (apoptosis) [357]. Additionally,
melatonin has antioxidant and anti-inflammatory characteristics, according to recent research. Besides,
Melatonin, according to recent research, can reduce ROS by enhancing the production or activity of
antioxidant enzymes including superoxide peroxidase and superoxide dismutase [367]. The results
showed that compared to a healthy control group, patients with nephropathy and T2DM had
significantly lower homocysteine levels. Also, that the level of homocysteine was lower in
T2DMwithout nephropathy compared to healthy subjects although no significant difference was
observed. There are contradictory results. Wijekoon et al., (377 reported that homocysteine level in
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T2DM rate was lower. Another study was demonstrated that serum levels of homocysteine were
reduced in diabetic rats and it was negatively associated with urinary protein concentration
(nephropathic symptoms) [887]. The researcher's Li et al. also found that early diabetic nephropathy was
associated with elevated plasma total homocysteine levels compared to those without the condition
[897.1t1is clear that several factors, both enzymes (methyltransferases, cystathionine B-synthase (CBS)
and cystathionine y-lyase) and coenzymes (Folate and vit B12) can alter homocysteine level and
interpret the results [407. Wijekoon et al, (877 claimed that expression and activity of CBS and betaine:
Hcy methyltransferase (BHMT) enzymes in the liver has increased, which subsequently decreases the
amount of serum homocysteine in diabetic rats. Surprisingly, it seems that imbalance hormones for
example, insulin is able to change homocysteine concentration. Indeed, it was observed that insulin
resistance results in decreasing of homocysteine level [417].

6. Conclusions

Our results demonstrated that decreased melatonin and glutathione levels are associated with
nephropathy in T2DM. The results of this study lend credence to the idea that melatonin and
glutathione could be used as therapeutic targets to address the metabolic imbalance at the root of DN.
further research is needed to evaluate oxidized glutathione level (GSSG), other enzymes involved in
homocysteine metabolism such as CBS and BHMT, and assay other endogenous pro- oxidant and
antioxidant agent (Bilirubin, biliverdin, and Alpha-lipoic acid) in large sample size.

Ethics approval and consent to participate: Ethical approval was received from the ethical and
research committee of Department of Chemistry, College of Sciences, University of Baghdad, Baghdad,
Iraq. Informed consent was obtained from all caregivers of participated.

Acknowledgements: This research is supported by the Department of Chemistry, College of Sciences,
University of Baghdad, Baghdad, Iraq.

Copyright:
© 2024 by the authors. This article is an open access article distributed under the terms and conditions
of the Creative Commons Attribution (CCBY) license ( https://creativecommons.org/licenses/by/4.0/).

References

1] Maritim AC, Sanders RA, Watkins JB, 3rd. Diabetes, oxidative stress, and antioxidants: a review. J Biochem Mol
Toxicol. 2008;17(1):24-38.

[2] Joshi SR, Parikh RM, Das AK. Insulin—history, biochemistry, physiology and pharmacology. J Assoc Physicians
India. 2007;55 Suppl:19-25

[s] Kangralkar V, Patil SD, Bandivadekar R. Oxidative stress and diabetes: a review. Int J Pharm Appl. 2010;1(1):38-
45.

[47] Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications.
Nature Reviews Endocrinology. 2018;14(2):88-98.

[5] Mason RM, Wahab NA. Extracellular matrix metabolism in diabetic nephropathy. J Am Soc Nephrol.
2003;14(5):1358-73.

[6] Kanwar YS, Sun L, Xie P, Liu FY, Chen S. A glimpse of various pathogenetic mechanisms of diabetic
nephropathy. Annu Rev Pathol. 2011;6:395-423.

7] Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals and antioxidants in normal

physiological functions and human disease. The international journal of biochemistry & cell biology.
2007;39(1):44-84.

8] Johansen JS, Harris AK, Rychly DJ, Ergul A. Oxidative stress and the use of antioxidants in diabetes: linking
basic science to clinical practice. Cardiovascular diabetology. 2005;4(1):1-11.

[97] Al-Hindawi MS, Al-Gebori AM, Alosami MHM. Copper-to-Zinc Ratio as an Inflammatory Marker in Serum of
Iraqi Patients with Axial Spondyloarthritis. Revista Bionatura, 2023;8(2):56.

r10] Kowluru RA, Chan P-S. Oxidative stress and diabetic retinopathy. Experimental diabetes research. 2007;2007.

[11] Giugliano D, Ceriello A, Paolisso G. Diabetes mellitus, hypertension, and cardiovascular disease: which role for
oxidative stress? Metabolism. 1995;44(3):363-8.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 8 No. 5: 2301-2309, 2024

DO 10.55214/ 2576848%.0815.1984

© 2024 by the author; licensee Learning Gate


https://creativecommons.org/licenses/by/4.0/

2308

[12] Ozkale Y, Erol I, Kiligarslan B, Ozkale M, Sayg1 S, Saritirk C, et al. Serum vitamin B 12, folic acid, and
homocysteine levels in children with febrile seizure. Turkish Journal of Pediatrics. 2015;57(4).

r1s] Loscalzo J. The oxidant stress of hyperhomocyst (e) inemia. The Journal of clinical investigation. 1996;98(1):5-7.

[14] Shih P-H, Yeh C-T, Yen G-C. Anthocyanins induce the activation of phase II enzymes through the antioxidant
response element pathway against oxidative stress-induced apoptosis. Journal of agricultural and food chemistry.
2007;55(28):9427-35.

[15] Li JM, Lin PH, Yao Q, Chen C. Chemical and molecular mechanisms of antioxidants: experimental approaches
and model systems. Journal of cellular and molecular medicine. 2010;14(4):840-60.

r16] DeFeudis I'V, Papadopoulos V, Drieu K. Ginkgo biloba extracts and cancer: a research area in its infancy.
Fundamental & clinical pharmacology. 2003;17(4):405-17.

[17] Silva SBd, Costa JP, Pintado ME, Ferreira DdC, Sarmento B. Antioxidants in the prevention and treatment of
diabetic retinopathy—a review. Journal of Diabetes & Metabolism. 2010;1(3).

[18] Tavafi M. Diabetic nephropathy and antioxidants. Journal of nephropathology. 2013;2(1):20.

r197] Mahmoodnia L, Aghadavod E, Beigrezaei S, Rafieian-Kopaei M. An update on diabetic kidney disease, oxidative
stress and antioxidant agents. Journal of renal injury prevention. 2017;6(2):153.

[20] Bolton SJ, McNulty CA, Thomas RJ, Hewitt CR, Wardlaw AJ. Expression of and functional responses to
protease-activated receptors on human eosinophils. Journal of Leukocyte Biology. 2003;74(1):60-8.

[21] Mao S, Xiang W, Huang S, Zhang A. Association between homocysteine status and the risk of nephropathy in
type 2 diabetes mellitus. Clinica chimica acta. 20144:31:206-10.

[22] Cooper AJ, Pinto JT, Callery PS. Reversible and irreversible protein glutathionylation: biological and clinical
aspects. Expert opinion on drug metabolism & toxicology. 2011;7(7):891-910.

[23] Luo X, Wu J, Jing S, Yan L-J. Hyperglycemic stress and carbon stress in diabetic glucotoxicity. Aging and
disease. 2016;7(1):90.

[247] Maiese K, Chong ZZ, Shang YC. Mechanistic insights into diabetes mellitus and oxidative stress. Current
medicinal chemistry. 2007;14(16):1729-38.

[25] Mansoor G, Tahir M, Magbool T, Abbasi SQ, Hadi IF, Shakoori TA, et al. Increased Expression of Circulating
Stress Markers, Inflammatory Cytokines and Decreased Antioxidant Level in Diabetic Nephropathy. Medicina.
2022;58(11):1604.

[26] Jain SK, McVie R. Effect of glycemic control, race (white versus black), and duration of diabetes on reduced
glutathione content in erythrocytes of diabetic patients. Metabolism. 1994;43(3):306-9.

[27] Gaucher C, Boudier A, Bonetti J, Clarot I, Leroy P, Parent M. Glutathione: antioxidant properties dedicated to
nanotechnologies. Antioxidants. 2018;7(5):62.

[287] Karasek M, Szuflet A, Chrzanowski W, Zylinska K, Swietoslawski J. Circadian serum melatonin profiles in
patients suffering from chronic renal failure. Neuroendocrinology Letters. 2002;23(1):97-103.

[29] Vaziri N, Oveisi I, Wierszbiezki M, Shaw V, Sporty LD. Serum melatonin and 6-sulfatoxymelatonin in end-stage
renal disease: effect of hemodialysis. Artificial Organs. 1993;17(9):764-9.

[30] Tang H, Yang M, Liu Y, Zhu X, Liu S, Liu H, et al. Melatonin alleviates renal injury by activating mitophagy in
diabetic nephropathy. Frontiers in Endocrinology. 2022;13.

[31] Ebaid H, Bashandy SA, Abdel-Mageed AM, Al-Tamimi J, Hassan I, Alhazza IM. Folic acid and melatonin
mitigate diabetic nephropathy in rats via inhibition of oxidative stress. Nutrition & metabolism. 2020;17:1-14.

[32] Hikichi T, Tateda N, Miura T. Alteration of melatonin secretion in patients with type 2 diabetes and proliferative
diabetic retinopathy. Clinical ophthalmology. 2011:655-60.

[33] Peschke E, Irese T, Chankiewitz E, Peschke D, Preiss U, Schneyer U, et al. Diabetic Goto Kakizaki rats as well
as type 2 diabetic patients show a decreased diurnal serum melatonin level and an increased pancreatic
melatonin-receptor status. Journal of pineal research. 2006;40(2):135-43.

[347] Tuomi T, Nagorny CL, Singh P, Bennet H, Yu Q, Alenkvist I, et al. Increased melatonin signaling is a risk factor
for type 2 diabetes. Cell metabolism. 2016;23(6):1067-77.

[35] Garcfa-Navarro A, Gonzdlez-Puga C, Escames G, Lopez LC, Lopez A, Lépez-Cantarero M, et al. Cellular
mechanisms involved in the melatonin inhibition of HT-29 human colon cancer cell proliferation in culture.
Journal of pineal research. 2007;43(2):195-205.

[36] Tomés-Zapico C, Coto-Montes A. A proposed mechanism to explain the stimulatory effect of melatonin on
antioxidative enzymes. Journal of pineal research. 2005;39(2):99-104.

[87] Wijekoon EP, Hall B, Ratnam S, Brosnan ME, Zeisel SH, Brosnan JT. Homocysteine metabolism in ZDF (type 2)
diabetic rats. Diabetes. 2005;54(11):3245-51.

[38] Bekpinar S, Giirdol F, Seferoglu G. A study on the relationship between homocysteine and diabetic nephropathy
in rats. Pharmacological Research. 2002;4:5(3):249-52.

[397] Li J, Shi M, Zhang H, Yan L, Xie M, Zhuang L, et al. Relation of homocysteine to early nephropathy in patients
with Type 2 diabetes. Clinical nephrology. 2012;77(4):805-10

[40] Williams KT, Schalinske KL. New insights into the regulation of methyl group and homocysteine metabolism.
The Journal of nutrition. 2007;187(2):811-4.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 8 No. 5: 2301-2309, 2024

DO 10.55214/ 2576848%.0815.1984

© 2024 by the author; licensee Learning Gate



2309

[41] Jacobsen D. Unexpected inverse relationship between insulin resistance and serum homocysteine in healthy
subjects. Physiol Res. 2002;51:93-8.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 8 No. 5: 2301-2309, 2024

DO 10.55214/ 2576848%.0815.1984

© 2024 by the author; licensee Learning Gate



