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للاتعاوباهتلاىلإيدؤييدسكأتداهجإبيركسلاءادطبتري:ثحبلافادهأ
تاداضمللمتحملاريثأتلاةظحلامىلإةساردلاهذهفدهت.يركسلاةيلكلا
براجتلانارئفلىلكلاةيامحلـهنيماتيفودنيماتيفونينوتلايملا،ةدسكلأا
.يركسلابةباصملا

١ةعومجملا.ةعومجم١٢ىلإاومسقارأف١٠٨ةساردلاتلمش:ثحبلاقرط
٤ىلإ٢نمتاعومجملا.ءاوديأقلتتملةيعيبطنارئفنمةطباضةعومجم
٣ةعومجملاو،نينوتلايمب٢ةعومجملا:يلاتلاكتجلوعةيعيبطنارئفليه
نارئفليه١٢ىلإ٥نمتاعومجملا.دنيماتيفب٤ةعومجملاو،ـهنيماتيفب
،ءاوديأقلتتمل٥ةعومجملا:يليامكتجلوعمثيركسلابايلمعمةباصم
٨ةعومجملاو،نينوتلايملاب٧ةعومجملاو،نيلوسنلأاب٦ةعومجملاو
ـهنيماتيفب١٠ةعومجملاو،ـهنيماتيفب٩ةعومجملاو،نيلوسنلأاونينوتلايملاب
دنيماتيفبتجلوعف١٢ةعومجملاامأ،دنيماتيفب١١ةعومجملاو،نيلوسنلأاعم
،يجيسنلاصحفللىلكلاتانيعتعمجمثنيرهشلجلاعلارمتسا.نيلوسنلأاعم
داهجلإا،مدلاركس:تايوتسمسايقليئايميكلاصحفللمدلالصمتانيعو
.افلا-يمرولارخنتلالماعونياتسسوموهلا،ىلكلافئاظو،يدسكأتلا

تاداضملةيلكلاةردقللةيئاصحإةللادتاذةدايزجئاتنلاترهظأ:جئاتنلا
يفافلا-يمرولارخنتلالماعداز.١١و٢،٧،٨،١٠تاعومجميفةدسكلأا
ةللادتاذةدايزجئاتنلاترهظأ.تاعومجملايقابيفصقنهنكلو٢ةعومجملا
صحفلا.٥،٦،٧،٨،٩،١١،١٢تاعومجملايفنينيتايركللةيئاصحإ
بلصتعمةيرعشلاةيعولألنطبملاءاشغلاكمسيفةدايزرهظأىلكلليجيسنلا
جلاعلا.ةيولكلاتابيبكلايفيدقعبلصتوةنطبملاةيشغلأايفرشتنم
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Abstract

Objectives: Diabetes mellitus is associated with oxidative

stress that leads to inflammation and diabetic nephrop-

athy. This study aimed to determine the possible reno-

protective effects of the antioxidants melatonin, vitamin

D and vitamin E in diabetic rats.

Methods: We divided 108 albino rats into 12 groups. G1

group was fed a normal diet and did not receive any

medication. G2 to G4 consisted of non-diabetic rats that

were treated as follows: G2 with melatonin; G3 with

vitamin E; G4 with vitamin D. Groups G5 to G12 con-

sisted of diabetic rats that were treated as follows: G5

received no medication; G6 treated with insulin; G7

treated with melatonin; G8 treated with melatonin and

insulin; G9 treated with vitamin E; G10 treated with

vitamin E and insulin; G11 treated with vitamin D and

G12 treated with vitamin D and insulin. Two months

after treatment commenced, histological and biochemical

examinations of glucose profile, oxidative stress status,

renal function, homocysteine and TNF-a were

performed.
y. This is an open access article under the CC BY-NC-ND license
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Results: Total antioxidant capacity (TAC) increased

significantly in groups G2, 7, 8, 10 and 11. TNF-a
significantly increased in G2, but decreased in all other

groups. Creatinine increased significantly in groups G5,

6, 7, 8, 9, 11 and 12. In the kidneys of the diabetic rats,

thickened capillary basement membrane, diffuse mesan-

gial sclerosis and nodular glomerulosclerosis was

observed. Rats treated with melatonin showed marked

improvement in these symptoms. However, in those

treated with vitamin D and E, thickened capillary base-

ment membrane and mesangial sclerosis was still present.

Conclusions: Melatonin, administered either with or

without insulin had a significant biochemical antioxidant

effect and histological renoprotective effect. Conversely,

vitamin D and E did not appear to have any effects on the

parameters measured.

Keywords: Diabetes; Diabetic nephropathy; Melatonin;

Vitamin D; Vitamin E

� 2020 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Diabetes mellitus is a group of detrimental disorders that
can cause multiorgan failure,.1 It is increasing in prevalence

worldwide, largely due to the rising incidence of type 2
diabetes (T2D).2 It has deleterious effects on the kidneys
and can lead to diabetic nephropathy. This significantly

impairs kidney function and their ability to maintain body
fluids by filtering waste and toxic products, and regulate
blood pressure.

Diabetic nephropathy causes glomerulosclerosis, which
results in the thickened glomerular basement membrane,
diffusion of the mesangial sclerosis, microaneurysms and

interstitial inflammation.3 The primary mechanisms for the
development of diabetic nephropathy remain unknown.
However, multiple factors have been suggested to
contribute to its pathogenesis, such as oxidative stress,

metabolic disturbance and hemodynamic changes.4 It has
also been proposed that hyperglycaemia-induced dyslipi-
daemia in diabetes, particularly in T2D, is an important

risk factor for the progression of diabetic nephropathy into
glomerulosclerosis and tubulointerstitial injury.5e7

Furthermore, hyperglycaemia is associated with the

abnormal activation of several metabolic pathways such
as polyol, protein kinase C, the hexosamines pathway,
the formation of advanced glycation end products
(AGEs), and the activation of NADPH-oxidases and

angiotensin II, which can lead to over-induction of
oxidative and nitrosative radicals, as well as the stimula-
tion of inflammatory cytokines.8
Under normal physiological conditions, reactive oxy-
gen species (ROS) regulate cell signalling, proliferation,

differentiation and apoptosis in the renal system.4

However, there is mounting evidence that over-
induction of ROS in diabetes plays a key role in the

distortion of metabolic pathways in the kidneys and the
development of diabetic nephropathy.9 Such upregulation
triggers inflammation, fibrosis, and endothelial

dysfunction in the kidneys.10 The use of antioxidants to
combat the harmful effects of oxidative stress in
diabetic nephropathy has been reported in a number of
experimental models. For example, extract from ginkgo

biloba and allicin improved glomerular hypertrophy in
diabetic rats,11,12 and administration of Lindera
strychnifolia decreased the development of diabetic

nephropathy in mice.13 In addition, rosmarinic acid,
aster koraiensis, vitamin C, alpha lipoic acid, ferulic
acid and coenzyme Q10 have been shown to treat

glomerulosclerosis.14 These reports demonstrate the
importance of identifying the most effective
antioxidants for treating diabetic nephropathy.

Melatonin has powerful antioxidative and protective

properties,15 and is the only substance which can be used to
treat all aspects of the ‘devil’s triangle’ (increased free-radical
production, decreased antioxidant capacity, increased and

excessive inflammation).16 It is also thought to have
renoprotective properties as it can reduce symptoms during
the early stages of glomerulopathy.17e19 Diabetic

neuropathy, retinopathy and vasculopathy have also been
associated with vitamin D and E status.20,21 Patients with
diabetic nephropathy were found to have reduced serum

levels of vitamin D.22 However, whether vitamin D
supplements are beneficial for combating diabetes-mediated
kidney dysfunction remains controversial.23,24 Similarly,
the role of vitamin E in protecting or treating diabetic

nephropathy has not been fully established.
Despite advances in ROS pathophysiology, there are

currently no therapeutic options available for reducing the

oxidative stress-mediated progression of diabetic ne-
phropathy. Furthermore, as there is insufficient evidence
regarding the renoprotective effects of vitamin D and E on

diabetic nephropathy, it is important to explore their
therapeutic potentials. In this study, we investigated the
renoprotective potential of melatonin, vitamin D and

vitamin E in rats with streptozotocin (STZ)-induced dia-
betes. We assessed parameters such as glucose profile, lipid
profile, kidney function biomarkers, tumour necrosis fac-
tor-a, homocysteine and total antioxidant capacity. We

also conducted histopathological examinations to deter-
mine the structural integrity of the kidneys. Our findings
will provide insights for the potential development of new

therapies to control diabetes-mediated renal complications.

Materials and Methods

Experiments were conducted on 120 male albino rats, of
which 108 survived till the end of the study period. To
induce diabetes in the rats, nicotinamide (230 mg/kg) was

http://creativecommons.org/licenses/by-nc-nd/4.0/
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injected, followed by an intraperitoneal injection of STZ
(65 mg/kg) 15 min later.25 In control rats, equal volume of

normal saline was injected. The STZ was prepared by
dissolving STZ powder in saline buffered at pH 4.0 with
sodium citrate. The establishment of diabetes was

determined by monitoring the blood glucose levels, and
only rats with high glucose levels (more than 110 mg/dl)
were used for experiments.

Treatments

Rats (200e250 g) were divided into 12 groups. G1

(n ¼ 10) was the control group, in which rats were fed

normal diets and received no medication. G2 to G4 (n ¼ 10
per group) consisted of non-diabetic rats treated orally as
follows: G2 treated with melatonin (0.3 mg/kg); G3 treated

with vit-E (40 mg/kg); G4 treated with vit-D (40 mg/kg). G5

toG12 (n¼ 8 to 10 per group) was comprised of diabetic rats
treated orally as follows: G5 received no medication; G6

treated with insulin only; G7 treated with melatonin (0.3 mg/
kg); G8 treated with melatonin (0.3 mg/kg) and insulin; G9

treated with vit-E (40 mg/kg); G10 treated with vit-E (40 mg/

kg) and insulin; G11 treated with vit-D (40 mg/kg) and G12

treated with vit-D (40 mg/kg) and insulin.
Initially, the diabetic groups included more than 10 rats

per group. However, the variation in the sample size of

groups was due to death of some diabetic rats during the
study. Insulin dose was calculated according to the blood
glucose level and the weight of each rat. Each treatment

lasted for eight weeks.

Biochemical analysis

Rats were killed after eight weeks of treatment, and
blood was collected for biochemical measurements. Gly-
cosylated haemoglobin (HbA1c) was measured on the

same day from fresh blood samples collected in EDTA
vacutainer tubes. For other biochemical measurements,
blood was collected in plain tubes and kept for 30 min to
coagulate; blood was then was centrifuged at 1.000e2000 x

g for 15 min to separate the serum. Serum samples were
then frozen (at �20 �C) in five Eppendorf tubes (1 ml each)
for the measurement of fasting blood sugar (FBS), fruc-

tosamine (FA), total antioxidant capacity (TAC), oxidized
low density lipoprotein (Ox-LDL), homocysteine (HC),
and tumour necrosis factor-a (TNF-a). Creatinine, blood
urea nitrogen (BUN), uric acid and albumin were also
determined to assess kidney function. Microalbuminuria
can also be used to assess kidney function. However, dif-

ficulties in collecting urine samples from the rats meant
that it was not possible to assess this. After the measure-
ments had been taken, the serum was kept at �80 �C for
future examinations.

HbA1c was assessed using the ion exchange resin tech-
nique (Human Gesellschaft fur Biochemica und Diagnostia
mbH, Wiesbaden, Germany). Measurements of FBS, creat-

inine, BUN, uric acid and albumin were assessed using
automated systems (COBAS� Integra 400 Plus, Roche Di-
agnostics, Hoffmann-LaRoche, Rotkreuz, Switzerland) and

were calibrated by using a calibrator obtained from Roche
Diagnostics. Fructosamine levels were measured using a
fructosamine kit from POINTE SCIENTIFIC, Inc. (Canton,
MI, USA). Ox-LDL was assessed using a competitive ELISA

kit (Mercodia AB, Uppsala, Sweden), and TAC and TNF-a
levels were measured with ELISA Kits (rat) obtained from
MyBioSource, Inc. (San Diego, CA, USA). Homocysteine

levels were determined using a reagent set from SCIENTI-
FIC, Inc., (Orlando,FL, USA). All commercial kits were
evaluated for their sensitivity, linearity and precision by the

manufacturers.

Histopathological examination

Kidneys from all rats which were killed at the end of

treatment period were collected for histopathological exam-
ination. Tissue sections were immediately fixed in formalin
(10%), then were immersed in ethanol of increasing con-

centration until pure water-free alcohol was obtained. The
tissue sections were then immersed in xylene to completely
remove the alcohol, and were embedded in blocks of paraffin

wax. The blocks were then clinched to a microtome and cut
into sections, which were loaded onto microscopic slides and
deparaffinized by running them through alcohol to water.

The slides were stained using haematoxylin and eosin (H&E)
stain and thin glass covers were placed on top.

Statistical analysis

Data analysis was conducted using SPSS (V20, SPSS
Inc.). The levels of metabolic parameters in the different
groups were compared using descriptive statistics and one-

way ANOVAs. Statistical significance was determined at
p < 0.05.

Results

The results are illustrated in Table 1. When compared to
the results of the control group1: glucose was significantly

higher (p < 0.05) in all groups except group 2. HbA1c was
significantly higher (p < 0.05) in groups 4, 5, 6 and 7.
Fructosamine was significantly higher (p < 0.05) in all

groups except group 2 and 9. TAC was higher (p < 0.05) in
groups 2, 7, 8, 10 and 11. However, there were no significant
differences in Ox-LDL for all groups. Homocysteine was

significantly higher (p < 0.05) in group 11 only. TNF-a was
significantly higher (p < 0.05) in group 2 but was lower than
the control (p < 0.05) in all other groups. In all groups apart

fromgroup 12,which had significantly lower levels, therewere
no differences in albumin across all groups when compared
with the control. BUN was significantly higher (p < 0.05) in
group 9 but was significantly lower (p < 0.05) in group 12.

There were no significant differences in uric acid across
groups, except for group 4, which was significantly lower.
Creatinine was significantly higher (p< 0.05) in groups 5, 6, 7,

8, 9, 11 and 12. There were no significant changes in BUN/
creatinine ratios, except for in group 12, where the ratio was
significantly lower than that of the control.

Histopathological findings

Compared to the non-diabetic control (Figure 1-A),

diabetic kidneys had thickened capillary basement
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membrane, diffuse mesangial sclerosis, and nodular
glomerulosclerosis (Figure 1-B). The glomerular capillary

basement membranes of diabetic kidneys had thickened
throughout their entire length (Figure 1-B). In addition, in
some kidneys there was evidence of severe pyelonephritis

and localized abscess formation (Figure 1-C and -D).
Interestingly, these symptoms in the kidneys of diabetic
rats treated with melatonin, either with (Figure 1-E) or

without insulin (Figure 1-F) had improved significantly. In
contrast, in the kidneys of rats treated with vitamin D,
either with (Figure 1-G) or without insulin (Figure 1-H)
showed thickened capillary basement membrane and

mesangial sclerosis. Similarly, the kidneys of diabetic rats
treated with vitamin E, either with (Figure 1-I) or without
insulin (Figure 1-J) also showed thickened capillary

basement membrane and mesangial sclerosis.

Discussion

In our study, melatonin appeared to have a beneficial
antioxidant effect on both non-diabetic and diabetic rats,
when administered alone and with insulin. In particular,

treatment with melatonin resulted in increased TAC,
decreased levels of ox-LDL, homocysteine and TNF-a, when
compared to non-diabetic control rats. In terms of histopa-

thology, the kidneys of diabetic rats had obvious damage and
changes in the structure of renal tissues were evident.
Remarkably, administration of melatonin, both with and

without insulin, induced marked improvements in renal
tissues.

Biochemically, based on the levels of TAC, ox-LDL and
homocysteine in diabetic rats treated with vitamin E,

compared to non-diabetic rates, vitamin E did not have renal
protective effects. However, using insulin to control blood
sugar level in the presence of vitamin E increased TAC to

levels comparable to those of non-diabetic rats. In terms of
histopathological effects, vitamin E administered both with
or without insulin in diabetic rats also did not have a renal

protective effect. The administration of vitamin D to diabetic
rats increased their TAC levels to those of non-diabetic rats.
However, it did not have a positive effect on any other

antioxidant parameters. Similar to vitamin E, vitamin D did
not appear to infer any histopathological renal protection.
The results also demonstrated that all diabetic rats taking the
three antioxidants, both with and without insulin, had

increased serum levels of creatinine compared to that of non-
diabetic rats. Although this increase was within the normal
range in rats, and there were no significant changes in other

renal functions.
There is accumulating evidence that, due to its antioxi-

dant properties, melatonin may play a role in ameliorating

diabetes and attenuating diabetic nephropathy.26,27 In vivo
studies have demonstrated that melatonin have antioxidant
and anti-inflammatory effects in subjects with diabetic ne-
phropathy.19,27,28 Furthermore, in an in vitro model of

diabetic nephropathy, Ji and Xu revealed that melatonin
has anti-apoptotic effects.29 Our results are in agreement
with those findings and support other studies which have

shown that melatonin ameliorates diabetic complications
such as retinopathy and nephropathy.28,30



Figure 1: Histopathological examination by light microscope of diabetic rats treated with melatonin, vitamin D or vitamin E with or without

insulin. Groups are shown as follows: Normal rats (A), diabetic rats (B, C and D), diabetic rats treated with melatonin and insulin (E),

diabetic rats treated with melatonin only (F), diabetic rats treated with vitamin D and insulin (G), diabetic rats treated with vitamin D

only (H), diabetic rats treated with vitamin E and insulin (I), and diabetic rats treated with vitamin E only (J).
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Hyperglycaemia-induced oxidative stress plays an
important role linking diabetes and its complications.31,32

The pathogenesis of diabetic kidney disease is related to
the over induction of ROS, which leads to considerable
alterations in the morphology and physiology of various

tissue proteins and lipids in the kidney.33e35 Oxidative
stress stimulates inflammatory mediators such as TNF-a,
macrophage chemotactic proteins, and IL-1b and IL-6.33
Oxidative stress induces several pathophysiological
pathways, such as those involved in the formation AGEs;

the polyol pathway; and growth factor, cytokine,
hexosamine and protein kinase C pathways, leading to
diabetic nephropathy10,36

Generally, antioxidants have several physiological roles
such as scavenging and diminishing the damaging effects of
free radicals; and improving the body’s natural defence
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systems by prompting antioxidant enzymes and proteins that
are involved in antioxidant pathways. The protective effect

of any antioxidant compound depends on its type, structure,
concentration, stage and the severity of the disease.37,38

Vitamin E has several physiological roles, such as

stimulation of the immune system and prevention of
genetic changes through inhibition of DNA destruction.
Additionally, vitamin E directly detoxifies free radicals and

interacts with recycling processes to create reduced forms
of vitamin A and C.39

Previous clinical studies have reported improvements in
the symptoms of diabetic nephropathy following treatment

with vitamin D. These benefits were due to the reversal of the
progression of diabetic nephropathy, following improve-
ments in glucose metabolism, and reductions in the activity

of the renin angiotensin system and fibrosis. There is a
reciprocal relationship between serum levels of vitamin D
and the prevalence of diabetes and its complications.40

Therefore, the negative effect of both vitamin E and D in
our study in protecting the kidneys of diabetic rats, even
when administered in combination with insulin, may be
due to inappropriate dosage and/or duration of treatment.

Conclusion

Melatonin administration in both non-diabetic and dia-
betic rats treated with or without insulin, had beneficial
antioxidant effects biochemically, and renoprotective effects

histologically. Treatment with vitamin E and D did not
appear to have such beneficial effects. However, this may be
due to the low dosage administered and/or the short duration
of treatment. Further studies are encouraged where vitamins

are administered at higher doses over a longer period of time
to determine whether they confer renoprotective benefits in
diabetic rats.

Source of funding

This project was supported by the Deanship of Scientific
Research in Umm Alqura University, Makkah, KSA.

Conflict of interest

The authors have no conflict of interest to declare.

Ethical approval

The experimental protocols were approved by the Uni-
versity of Umm Al-Qura Ethics Board, and followed the

guidelines of the NIH institute and its policy on the usage of
laboratory animals. All experiments followed the code of
ethics of the World Medical Association (Declaration of

Helsinki) for animal experiments.

Authors contributions

AAA conceived and designed the study, provided
research materials, conducted research, interpreted data,
provided logistical support and wrote the first and final draft

of the manuscript. EEM designed the study, performed the
biochemical experiments, collected, organized, analysed and
interpreted data and wrote the initial and final draft of the

manuscript. SHH designed and revised the study, analysed
and interpreted data and wrote the first and final draft of the
manuscript. GEE participated in article preparation,

participated in the experimental work and performed the
histopathological examination, and revised the manuscript.
All authors have critically reviewed and approved the final

draft and are responsible for the content and similarity index
of the manuscript.

Acknowledgment

The authors would like to thank Dr. Mursal Omar

Sheikh, for caring for the rats in the animal house.

References
1. Gomes MdB. Impact of diabetes on cardiovascular disease: an

update. Int J Hypertens 2013; 2013.

2. Cuschieri S. Type 2 diabeteseAn unresolved disease across

centuries contributing to a public health emergency. Diabetes

Metab Syndrome: Clin Res Rev 2019; 13(1): 450e453.

3. Fioretto P, Mauer M, editors. Histopathology of diabetic ne-

phropathy. Seminars in nephrology. Elsevier; 2007.

4. Sifuentes-Franco S, Padilla-Tejeda DE, Carrillo-Ibarra S,

Miranda-Dı́az AG. Oxidative stress, apoptosis, and mitochon-

drial function in diabetic nephropathy. Int J Endocrinol 2018;

2018.

5. Rutledge JC, Ng KF, Aung HH, Wilson DW. Role of

triglyceride-rich lipoproteins in diabetic nephropathy. Nat Rev

Nephrol 2010; 6(6): 361.

6. Cooper ME, Jandeleit-Dahm KA. Lipids and diabetic renal

disease. Curr Diabetes Rep 2005; 5(6): 445e448.

7. Bobulescu IA. Renal lipid metabolism and lipotoxicity. Curr

Opin Nephrol Hypertens 2010; 19(4): 393.

8. Amorim RG, Guedes GDS, Vasconcelos SML, Santos JCF.

Kidney disease in diabetes mellitus: cross-linking between hy-

perglycemia, redox imbalance and inflammation. Arq Bras

Cardiol 2019; 112(5): 577e587.
9. Navarro-González JF, Mora-Fernández C, De Fuentes MM,

Garcı́a-Pérez JJ. Inflammatory molecules and pathways in the

pathogenesis of diabetic nephropathy. Nat Rev Nephrol 2011;

7(6): 327.

10. Aghadavod E, Khodadadi S, Baradaran A, Nasri P,

Bahmani M, Rafieian-Kopaei M. Role of oxidative stress and

inflammatory factors in diabetic kidney disease. Iranian J Kid-

ney Dis 2016; 10(6): 337e343.

11. Welt K, Weiss J, Martin R, Hermsdorf T, Drews S, Fitzl G.

Ginkgo biloba extract protects rat kidney from diabetic and

hypoxic damage. Phytomedicine 2007; 14(2e3): 196e203.
12. Huang H, Jiang Y, Mao G, Yuan F, Zheng H, Ruan Y, et al.

Protective effects of allicin on streptozotocin-induced diabetic

nephropathy in rats. J Sci Food Agric 2017; 97(4): 1359e1366.

13. Ohno T, Takemura G, Murata I, Kagawa T, Akao S,

Minatoguchi S, et al. Water extract of the root of Lindera

strychnifolia slows down the progression of diabetic nephrop-

athy in db/db mice. Life Sci 2005; 77(12): 1391e1403.

14. Tavafi M. Diabetic nephropathy and antioxidants.

J Nephropathol 2013; 2(1): 20.

15. Zhang J-J, Meng X, Li Y, Zhou Y, Xu D-P, Li S, et al. Effects

of melatonin on liver injuries and diseases. Int J Mol Sci 2017;

18(4): 673.

16. Tahan G, Gramignoli R, Marongiu F, Aktolga S, Cetinkaya A,

Tahan V, et al. Melatonin expresses powerful anti-

http://refhub.elsevier.com/S1658-3612(20)30089-5/sref1
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref1
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref2
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref2
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref2
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref2
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref2
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref3
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref3
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref4
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref4
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref4
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref4
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref5
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref5
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref5
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref6
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref6
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref6
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref7
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref7
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref8
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref8
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref8
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref8
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref8
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref9
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref9
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref9
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref9
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref10
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref10
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref10
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref10
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref10
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref11
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref11
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref11
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref11
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref11
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref12
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref12
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref12
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref12
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref13
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref13
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref13
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref13
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref13
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref14
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref14
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref15
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref15
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref15
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref16
http://refhub.elsevier.com/S1658-3612(20)30089-5/sref16


Comparing the renoprotective effects 357
inflammatory and antioxidant activities resulting in complete

improvement of acetic-acid-induced colitis in rats. Dig Dis Sci

2011; 56(3): 715e720.
17. Ha H, Yu M-R, Kim KH. Melatonin and taurine reduce early

glomerulopathy in diabetic rats. Free Radic Biol Med 1999;

26(7e8): 944e950.
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