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Abstract

The present study was curried out to investigate the effect of obesogenic diet on glycemic index
and fat both body weight, as well as fat accu/.mulation. . For this purpose, 30 adult rats were
subjected and rodomly divided into three equal groups, Control groups (CC) animals in this
group recieved control chew diet and, high fat diet group (HFD), rats in this group fed diet rich
in fat, whereas, melatonin group (HFD+M), in this group the animals exposed to high fat diet
with IP injection of 10 mg/kg body weight melatonin along the period. The results revealed a
significant increase in the level of serum glycemic index, serum leptin and decrease body weight
but increase fat mass during the experimental periods. To sum up, melatonin ameiolerates the
effects of exposing rats to diet rich in fat and brings glycemic index and leptin hormone close

to noemal values.
Keywords:
Retroperetonial fat.

1. Introduction

Obesity and type 2 diabetes, as the fastest-growing
diseases, have attracted worldwide attention. Over
nutrition, high-fat diet and sedentary lifestyles are
main risk factors for development and progression of
type 2 diabetes [1]. Over energy in the form of lipid
and glycogen is stored in muscle, fat and liver tissues
[2,3]. However, extreme lipid accumulation in these
tissues causes intracellular reactive oxygen species
(ROS) generation and oxidative stress [4], resulting in
abnormalities of glucose and lipid metabolism [2]. As
is known to all, skeletal muscle, adipose tissue and
liver are important organs to maintain blood-glucose
homeostasis and energy supply in human and
animals. Skeletal muscle absorbs above 70%
postprandial blood glucose in response to insulin [5].
White adipose tissue (WAT) is the major organ
responsible for lipid synthesis and storage [6]. Liver
is responsible for glucose storage and synthesis, fatty
acid synthesis, and lipid circulation [7]. High fat diet
can lead to accumulation of fat mass and imbalance
distribution of fat in the body [8]. Visceral fat tissue is
considered a dynamic endocrine organ that
produces adipokines such as leptin, the later
adipokines have a crucial function in food intake,
energy homeostasis, metabolism, insulin sensitivity
and  production, endothelial  function and
inflammation [9]. Obesity is a serious risk factor in so-
called metabolic syndrome, specifically with visceral
fat accumulation, which includes insulin resistance,
glucose intolerance, hypertension, and dyslipidemia
[10], diet high in fat can act on toll-like receptors on
adipocytes leading to activation of the inflammatory
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cytokine and the production of reactive oxygen
species [10]. Leptin correlated with body weight,
plasma insulin and amount of intra-abdominal fat
plasma leptin was increased by a high-fat diet, the
reduction of plasma leptin was correlated with the
reduction of plasma insulin [11]. Melatonin dialy
administration effect on some physiological
parameter such depress the plasma glucose and
insulin level, the inhibitory role of melatonin either
either on cholestrol absorbtion from gastric intestine
tract or its synethesis from cell and melatonin
increase conver of melatonin to bile acids [12,14].
Another effect of malatonin on body weight the
malatonin reduction in waist cirumference and
lowering obesity [13], melatonin supplementation
therapy in young animals reduces the size of the
visceral fat deposits.

Therefore, reducing oxidative stress in the tissues
can reverse disorders of glucose-lipid metabolism to
control and treat type 2 diabetes. The aims of this
study is to determine the Protective effect of
Melatonin on glycemic index and Body weight and
some hormonal adipokines such as leptin induced by
High Fat Diet in adult male Rats.

2. Materials and Methods

A 30-adult male rat were used, mean weight was
(160-200) g, they were housed in special metal cages
(15x70x60) cm in room in the animal house of
veterinary medicine college, Baghdad university,
under ethical approval. The animals were kept under
observation ten day prior to the study for adaptation
with free access for food and water.

The experimental animals divided randomly to three
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group according to experimetal desinge as
following:
1. Control groups (CC), animals in this group

fed normal diet as described in table (1-1)
throughout the period of experiment and IP injection
with normal saline.

2. High fat diet group (HFD), rats in this group
were fed high fat diet as described in table (1-1) for
8 weeks with [P injection along the period of
experiment.

3. Melatonin group (HFD+M), in this group the
animals were fed saturated high fat diet for 8 weeks
with IP injection of 10 mg/kg body weight melatonin
along the period [14,15,16].

3. Preparation of the high fat diet

The high fat diet was made weekly and stored in a
sealed bag, kept out of light, and stored at 4°C until
used made it as pelleted form or as round, high-fat
diet formulation and composition are shown in table
(1-1)

Normal diet High fat diet (g/kg

Ingredient (g/kg diet) diet)
Corn starch 650 150
Casein 200 200
Tallow fat 0 400
oil 50 0
Sucrose 0 150
Cellulse 50 50
Vitamin mix 10 10
Methionine 3 3
salt 2 2
Body weight

The rat in all group weighting every week and
measered by electic scale (CAMARY).

Retroperitoneal fat mass (Units % ratio)

Retroperitoneal fat content was determined post
mortem by making a midline incision, moving the
viscera and reproductive fat to one side, and cutting
all retroperitoneal fat from the dorsal wall of the
abdominal cavity and fat enveloping the kidneys.
This was weighed and expressed as a percentage of
whole-body mass.

Blood sampling

The Blood was collected by direct heart puncture
after overnight fasting at end of two months, and
after anesthetized of animal with Xylizen and ketamin
hydrochloride injection, blood was placed in gel test
tube and left to stand for 30 minutes at room
temperature to allowing clotting. The serum samples
were prepared by centrifugation at 3000 rpm for 10
minutes to estimate the levels of complement
components serum glucose and serun insulin and
serum leptin.

Parameters of study

1. Assessing the glucose levels in serum
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(mg/dl):

2. Using a specific glucose kit, the serum

glucose concentration was determined enzymatically

(through enzymatic oxidation) acording to (18).

3. Determination of serum Insulin

concentration(ulU/ml):

Serum insulin concentration were determined using

a rat insulin ELISA kit. according to company

instruction Bioassay Technology Laboratory (BT-LAB)

Determination of Insulin Resistance:

Resistance to Insulin (IR) was assessed by using the

homeostasis model assessment (HOMA) index,

which is depend on concentration of serum glucose

(FSG) and serum concentration (FSI) at fasting (19).

1- Assessment of Leptin hormone in male rat's
serum:

Leptin concentration in male rat’s serum (ng/ml) was

measured by ELISA kit. according to company

instruction Bioassay Technology Laboratory (BT-LAB)

4. Statistical Analysis

GraphPad Prism software version 9.1.0 was used to
statistically analyzed the obtained data by Two-way
and One-Way ANOVA. When ANOVA was significant,
the data were post hoc tested Tukey's test. Data are
as mean = standard error (SE), while the number of
animals represented by (n) statistically significant was
accepted when (P<0.05).

5. Results

1- Effect of High Fat Diet and melatonin on
serum Glycemic Index (Glucose, Insulin and Insulin
Resistance).

1.1 Serum Glucose Concentration (mg/dl)

The serum glucose concentrations at the beginning of
experiment (week zero) and at the end of experiment
(week 8) is illustrated in table (1-2). The serum glucose
concentrations  were  non-significantly  differed
(P>0.05) in all experimental groups at zero time when
compared with each other, whereas at the 8 weeks of
experiment the value of this parameter was
significantly high (P<0.05) in the treated groups (HFD
and HFD+M) compare with zero time in the same
groups and compare with the CC group at 8 weeks.
Despite of this increment in HFD+M, however, it still
close to normal range. The effect of HFD was
significantly obvious (P<0.05) on serum glucose
concentrations at 8 weeks in HFD group with mean
value (295.25+1.461) compare to the same group
(84.625+2.500) at zero time; Administration of
melatonin brings the glucose concentration close to
normal in HFD+M group at 8 weeks when it compared
with  CC groups at 8 weeks Besides, numerical
improvement in glucose concentration was observed
in HFD+M group at 8 weeks with mean value
(130£0.732)  comparing  with  HFD  group
(295.25+1.461). There were significant differences
(P<0.05) in control group at zero time (79.625+3.179)
when it compared with same groups at 8 week
(113.625+ 1.238), however, still in the normal range.
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Zero time

79.625= 3.179 Aa

84.625= 2.500 Aa

81.75+ 2.297 Aa

8 Weeks

113.625+ 1.238 Ab

295.25+ 1.461 Bb

130.5% 0.732 Cb

Data represented as mean + SEM, n = 8 each group.
*Upper-case letters indicate the differences between groups in the same period of time.
*Lower-case letters indicate the differences between. zero time vs 8 weeks of expewriment for the same group, .

1.2. Serum Insulin level (ulU/ml)

In the current study, results of serum insulin show
that there was a significant (p<0.05) increase in
serum Insulin level in a group fed HFD (9.956+0.008)
as compared with other groups at 8 weeks.
Moreover, there was non-significant decrease
p>0 05) HFD+M group (5.982+0.006) and CC group

6.225+0.014) at the end of experiment. On the

other hand, there was significant difference (p<0.05)
in all groups at 8 weeks when they compared with
the insulin levels at the beginning of study. This
differences are significant (p<0.05), whereas the
highest significant were values was in HFD group at
8week Vs, week zero with value
(9.956+0.008),( 4.784+ 0.180), respectively, As
shown in and the table (1.3).

4.974+ 0.179 Aa
5.982+ 0.006 Cb

4.78+ 0.180 Aa 4.784+ 0.180 Aa
6.225+ 0.014 Ab 9.956+ 0.008 Bb
Data represented as mean = SEM, n = 8 each group.
*Upper-case letters indicate the differences between groups in the same period of time.
*Lower-case letters indicate the differences between. zero time vs 8 weeks of expewriment for the same group, .

Zero time
8 Weeks

1.3. Serum Insulin Resistance (IR)

Similarly, the effect of HFD on insulin resistant was
obvious in HFD group after 8 weeks of diet exposure.
There were significant differences (P<0.05) in insulin
resistance at the end of experiment in all

experimental groups when compare with each other
table (1-4). The highest elevation was in HFD
compared with CC and HFD+M groups, however,
there were slight significant differences in the insulin
Resistance between HFD+M (1.926+ 0.10) and CC
group (1.746+ 0.021) at 8 weeks.

Zero time

0.943+ 0.057 Aa

1.0075= 0.064 Aa

1.001+ 0.030 Aa

8 Weeks

1.746+ 0.021 Ab

7.259+ 0.038 Bb

1.926+ 0.10 Cb

Data represented as mean + SEM, n = 8 each group.
*Upper-case letters indicate the differences between groups in the same period of time.
*Lower-case letters indicate the differences between. zero time vs 8 weeks of expewriment for the same group, .

(P<0.05) in the serum Leptin level in the HFD groups
(13.618+ 0.100) at 8 weeks when compare with HFD
at zero time and the other groups at the same period
of timetable (1-5).

1.4. Effect of High Fat Diet and melatonin
on serum Leptin level (ng/ ml)

Furthermore, there was a significant increase

5.655+ 0.194 Aa 5.82+ 0.186 Aa
6.921+ 0.024 Ab 13.618= 0.100 Bb
Data represented as mean * SEM, n = 8 each group.
*Upper-case letters indicate the differences between groups in the same period of time.
*Lower-case letters indicate the differences between . zero time vs 8 weeks of expewriment for the same group, .

5.788= 0.163 Aa
6.803+ 0.006 Cb

Zero time
8 Weeks

1.5. Effect of Melatonin and HFD on
Retroperitoneal fat weight / body weight
ratio (%):

8 Weeks 2.147+ 0.005 A

A statistical analysis of the obtained data revealed
that Retroperitoneal fat mass / body weight was
significant differed (P<0.05) in all experimental
groups compared with each others table (1-6).

2.369+ 0.005 B 1.964=0.015 C

Data represented as mean + SEM, n = 8 each group.
*Upper-case letters indicate the differences between groups.

1.6. Effect of Melatonin and HFD on body
weight (gm)

Body weight gain significantly increased (P<0.05) at
each time point from the first weeks onwards up to 8

in both CC and HFD group Table (1-7). Body weight
in the HFD+M group remained lower than in the HFD
group and CC group from week 6 until the end of
the 8-week experiment, the body weight (grams) in
Control group (314+5.586) was significantly higher
(p<0.05) than weight of HFD animals (280+4.107)
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and weight of animals fed HFD and injected
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melatonin.

1 wk 195+ 5.580 Aa 213+ 4.333 Aa 191+ 7.448 Aa
2 wk 207+ 5.854 Ab 227+ 4.549 Ab 203+ 8.079 Ab
3 wk 221+ 5.924 Ac 245+ 4.432 Ac 211+ 7.845 Ac
4 wk 237+ 6.141 Ad 262+ 4.181 Ad 218+ 7.860 Ad
5 wk 264+ 5.878 Ae 270+ 4.537 Ae 221+ 8.047 Ad
6 wk 290+ 5.912 Af 276+ 4.181 Af 218+ 8.411 Bcd
7 wk 300+£5.737 Ag 279+4.094 Ag 216+7.699 Bed
8 wk 314+5.586 Ah 280+4.107 Bg 217+8.047 Ccd
Data represented as mean + SEM, n = 8 each group.
*Upper-case letters indicate the differences between groups in the same period of time.
*Lower-case letters indicate the differences between . zero time vs 8 weeks of expewriment for the same group, .

6. Discussion

The finding of the current study reveal that melatonin
can protect from hyper glycemin the melatonin
mentain the serun glucose and insulin near the
normal rang when compar with control group and
melatonin can reduce the higher leptin that cause by
high fat diet and protect aginas the obesity and
decrease the fat and mass of fat around tisse and
organ

Is result agreed with (20), showed blood glucose
increased after one month on HFD feeding and
remained elevated throughout the sex month study
period. Serum insulin were increased progressively in
a time dependent manner, progressive changes in
glucose uptake and GLUT-4gene expression were
also observed during sex months of HFD feeding.
moreover, this study was agreed with (21) who study
Glucose mediates insulin  sensitivity via a
hepatoportal mechanism in high-fat-fed rats fed for
three weeks and found the glucose and insulin
resistance was significantly increased compared to
control group. These changes in circulating glucose
and insulin levels induced by HFD were further
reflected in a significant increase in the HOMA-IR
index, a quantitative measure of insulin resistance,
which appeared at week 8 and augmented at week
12, although no change was seen in earlier time
points(22), Consistently, in the HFD-fed mice at week
12, insulin resistance as indicated by a 5.3-fold
increase in HOMA-IR index relative to control group
(22).

Accumulation of excess fat in muscle and adipose
tissue in insulin resistance and type 2 diabetes may
be linked with defective mitochondrial oxidative
phosphorylation, High-fat overfeeding increases
fasting glucose levels due to increased hepatic
glucose production, the increased insulin secretion
may compensate for hepatic insulin resistance
possibly mediated by elevated GIP secretion.
Increased  insulin  secretion  precedes  the
development of peripheral insulin resistance,
mitochondrial dysfunction (23). Several metabolic
and hormonal factors influence the synthesis and
secretion of leptin in the body, such as cytokines,
fatty acids, glucose, and insulin (24). Leptin is a
satiety hormone and may increase peripheral insulin
sensitivity as well as hepatic glucose production.
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Furthermore, adiponectin increases both hepatic
and peripheral insulin sensitivity (25). Glucose taken
from the blood is actively oxidized in the skeletal
muscles and brown adipose tissue. Therefore,
reduced glucose uptake in those tissues in the rats
fed a high-fat diet may contribute to the higher
plasma glucose level observed in those rats (26).
These results suggest that high-fat diet impairs
glucose metabolism in muscle by reducing
transcription of GLUT4 without affecting gene
expression of insulin receptor (27,28). Melatonin has
been confirmed to improve induce -cell regeneration
in the pancreas (29), promote hepatic glycogen
synthesis thus reducing the elevation of glucose level
in rodents (30). Melatonin is a powerful antioxidant
and reduce blood glucose (31). Chronic high blood
glucose levels might lead to mitochondrial
dysfunction and trigger undesirable apoptosis in
T2DM, the pineal hormone melatonin has been
shown to regulate apoptosis the anti-apoptotic
effects of melatonin were partly mediated by the
melatonin receptor 2 (32). Leptin and TNF-a are
involved in the pathogenesis of obesity and insulin
resistance (33), The results of studies showed that
leptin concentration correlates positively with BW
and Body mass index (BMI) in type 2 diabetes
condition (34), Insulin resistance is often associated
with obesity and hyperleptinemia and leads to
increased expression of the obesogenic gene and
increased leptin level (35), study confirm that there is
a high correlation between leptin, TNF-a, and insulin
and these correlations cause many disorders in
people with diabetes, Plasma leptin levels are
directly related to body fat stores and respond to
changes in the body’s energy exchange (36).so our
result show rat exposed to High fat diet showed an
increase in amount of fat, for instance: abdominal fat
and retroperitoneal fat, that means increase in leptin
secreted from these fats. daily melatonin
administration at middle age suppressed male rat
intraabdominal visceral fat, plasma leptin, and
plasma insulin to youthful levels (37). The sleep
disturbance causes obesity with increased lipid
accumulation in adipose tissue, Research indicates
that melatonin plays a vital role in hormonal
regulation and energy metabolism, including leptin
signaling and secretion (38). These findings support
the use of melatonin as a potential therapeutic
treatment against leptin-associated disorders by
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(39). Melatonin, a circadian hormone, has been
reported to improve host lipid metabolism by
reprogramming the gut microbiota, which also
exhibits rhythmicity in a light/dark cycle, However,
the effect of the administration of exogenous
melatonin on the diurnal variation in the gut
microbiota in mice fed a high-fat diet (HFD) (40).
Research now shows that melatonin may increase
metabolism and improve our ability to lose weight.
Therefore, we could suggesting that melatonin fights
fat in two major ways: it has the ability to assist in
turning fat into energy rather than storing it and it
improves thermogenic capacity of the mitochondria.
melatonin greatly affected fat deposition, and
hepatic Long Chain Fatty Acid supply and the
expression of genes associated with lipogenesis and
lipolysis (41 ,42).

References

Ley, S. H., Hamdy, O., Mohan, V., & Hu, F. B. (2014).
Prevention and management of type 2 diabetes:
dietary components and nutritional strategies. The
Lancet, 383(9933), 1999-2007.

Unger R. H. (2003). Lipid overload and overflow:
metabolic trauma and the metabolic syndrome.
Trends in endocrinology and metabolism: TEM,
14(9), 398-403.
https://doi.org/10.1016/j.tem.2003.09.008.
Schrauwen, P., & Hesselink, M. K. (2004). Oxidative
capacity, lipotoxicity, and mitochondrial damage in
type 2 diabetes. Diabetes, 53(6), 1412-1417.

Hauck, A. K., & Bernlohr, D. A. (2016). Oxidative
stress and lipotoxicity. Journal of lipid research,
57(11), 1976-1986.

Bouzakri, K., Koistinen, H. A., & Zierath, J. R. (2005).
Molecular mechanisms of skeletal muscle insulin
resistance in type 2 diabetes. Current diabetes
reviews, 1(2), 167-174.

Laurent, G., German, N. J., Saha, A. K., de Boer, V.
C., Davies, M., Koves, T. R., Dephoure, N., Fischer,
F., Boanca, G., Vaitheesvaran, B., Lovitch, S. B.,
Sharpe, A. H., Kurland, I. J., Steegborn, C., Gygji, S.
P., Muoio, D. M., Ruderman, N. B., & Haigis, M. C.
(2013). SIRT4 coordinates the balance between lipid
synthesis and catabolism by repressing malonyl CoA
decarboxylase. Molecular cell, 50(5), 686-698.
https://doi.org/10.1016/j.molcel.2013.05.012.
Weickert, M. O., & Pfeiffer, A. F. H. (2006). Signalling
mechanisms linking hepatic glucose and lipid
metabolism. Diabetologia, 49(8), 1732-1741.
Abdulwahid AA 2019. Maternal obesity-induced
hyperactivity in the hippocampus: Adverse impacts
on long term brain function. Doctoral dissertation,
Monash University.

Grundy, S.M., 2016. Overnutrition, ectopic lipid and
the metabolic syndrome. J. Investig. Med. 64, 1082-
1086. https://doi.org/10.1136/jim-2016-000155.
Rawshani A, Eliasson B, Rawshani A, Henninger J,
Mardinoglu A, Carlsson A and Smith U 2020.
Adipose  tissue  morphology, imaging and
metabolomics predicting cardiometabolic risk and
family history of type 2 diabetes in non-obese men.

Protective Effect of Melatonin on Glycemic Index ....

Scientific Reports 10(1): 1-13.

Ahren, B. S. R. L., Mansson, S., Gingerich, R. L., &
Havel, P. J. (1997). Regulation of plasma leptin in
mice: influence of age, high-fat diet, and fasting.
American  Journal of  Physiology-Regulatory,
Integrative and Comparative Physiology, 273(1),
R113-R120.

Al-Azawi, T. S. S., Injidi, M. H., Rh,adi, A. K. J., &
Habib, A. A. (2003). The role of melatonin in
maintenance of immunological internal environment.
The Iraqgi Journal of Veterinary Medicine, 27(1), 208-
215. https://doi.org/10.30539/ijvm.v27i1.1111.
Khudair, K. K. (2017). Effect of selenium and
melatonin on some parameters Related to metabolic
syndrome induced by Acryl amide in male rats (Part
[): Rawnah Isam Sabeeh and Khalisa Khadim Khudair.
The Iraqgi Journal of Veterinary Medicine, 40(2), 140-
146. https://doi.org/10.30539/iraqijvm.v40i2.126.
Taher, I. A. (2016). The effect of melatonin on adrenal
gland and pancreas function in alloxan - induced
diabetes in adult female rabbits: Intisar Arar Taher 1
and Jawad Kadhim Arrak2. The Iragi Journal of
Veterinary Medicine, 40(1), 38-46.
https://doi.org/10.3053%/iraqijvm.v40i1.136.
Adham M. Maher, Samar R. Saleh, Nihal M. Elguindy,
Hagar M. Hashem Galila A. Yacout, Exogenous
melatonin restrains neuroinflammation in high fat
diet induced diabetic rats through attenuating
indoleamine  2,dioxygenase 1 expression, Life
Sciences, Volume 247, 2020, 117427, ISSN 0024-
3205, https://doi.org/10.1016/].1fs.2020.117427.
Hein, Z. M., Kraiwattanapirom, N., Mukda, S., &
Chetsawang, B. (2020). The induction of Neuron-
Glial2 (NG2) expressing cells in methamphetamine
toxicity-induced neuroinflammation in rat brain are
averted by melatonin. Journal of Neuroimmunology,
344, 577232.

Mashmoul, M., Azlan, A., Mohtarrudin, N., Yusof, B.
N. M., & Khaza'ai, H. (2017). Saffron Extract and
Crocin Reduced Biomarkers Associated with Obesity
in Rats Fed a High-Fat Diet. Malaysian Journal of
Nutrition, 23(1).

Trinder, P. (1969). Determination of blood glucose
using an oxidase-peroxidase system with a non-
carcinogenic  chromogen. Journal of clinical
pathology, 22(2), 158-161.

Matthews, D. R., Hosker, J. P., Rudenski, A. S.,
Naylor, B. A., Treacher, D. F., & Turner, R. C. (1985).
Homeostasis model assessment: insulin resistance
and B-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia, 28(7),
412-419.

Hafizur, R. M., Raza, S. A., Chishti, S., Shaukat, S., &
Ahmed, A. (2015). A'Humanized'rat model of pre-
diabetes by high fat diet-feeding to weaning wistar
rats. Integr Obesity Diabetes, 1(2), 44-48.

Johnson, H. M., Stanfield, E., Campbell, G. J., Eberl,
E. E., Cooney, G. J., & Bell-Anderson, K. S. (2019).
Glucose mediates insulin  sensitivity via a
hepatoportal mechanism in high-fat-fed rats. The
Journal of endocrinology, 241(3), 189-199.
https://doi.org/10.1530/JOE-18-0566.

846


https://doi.org/10.1016/j.tem.2003.09.008
https://doi.org/10.1016/j.molcel.2013.05.012
https://doi.org/10.1136/jim-2016-000155
https://doi.org/10.30539/ijvm.v27i1.1111
https://doi.org/10.30539/iraqijvm.v40i1.136
https://doi.org/10.1016/j.lfs.2020.117427
https://doi.org/10.1530/JOE-18-0566

HIV Nursing 2023; 23(1): 842-847

Liu, Z., Patil, I. Y., Jiang, T., Sancheti, H., Walsh, J. P.,
Stiles, B. L., Yin, F., & Cadenas, E. (2015). High-fat
diet induces hepatic insulin resistance and
impairment of synaptic plasticity. PloS one, 10(5),
e0128274.
https://doi.org/10.1371/journal.pone.0128274.
Brens, C., Jensen, C. B., Storgaard, H., Hiscock, N.
J., White, A., Appel, J. S., Jacobsen, S., Nilsson, E.,
Larsen, C. M., Astrup, A., Quistorff, B., & Vaag, A.
(2009). Impact of short-term high-fat feeding on
glucose and insulin metabolism in young healthy
men. The Journal of physiology, 587(Pt 10), 2387-
2397.
https://doi.org/10.1113/jphysiol.2009.169078.
Fried, S. K., Ricci, M. R., Russell, C. D., & Laferrére,
B. (2000). Regulation of leptin production in humans.
The Journal of nutrition, 130(12), 3127S-3131S.
Fasshauer, M., & Paschke, R. (2003). Regulation of
adipocytokines and insulin resistance. Diabetologia,
46(12), 1594-1603.

Kim, Y. B., Peroni, O. D., Aschenbach, W. G.,
Minokoshi, Y., Kotani, K., Zisman, A., ... & Kahn, B. B.
(2005). Muscle-specific deletion of the Glut4 glucose
transporter alters multiple regulatory steps in
glycogen metabolism. Molecular and cellular
biology, 25(21), 9713-9723.

Kahn, B. B., & Pedersen, O. (1993). Suppression of
GLUT4 expression in skeletal muscle of rats that are
obese from high fat feeding but not from high
carbohydrate  feeding or genetic obesity.
Endocrinology, 132(1), 13-22.
https://doi.org/10.1210/endo.132.1.8419118.

Kim, Y., Tamura, T., Iwashita, S., Tokuyama, K., &
Suzuki, M. (1994). Effect of high-fat diet on gene
expression of GLUT4 and insulin receptor in soleus
muscle. Biochemical and biophysical research
communications, 202(1), 519-526.
https://doi.org/10.1006/bbrc.1994.1959.

Kanter, M., Uysal, H., Karaca, T., & Sagmanligil, H. O.
(2006). Depression of glucose levels and partial
restoration of pancreatic B-cell damage by melatonin
in streptozotocin-induced diabetic rats. Archives of
toxicology, 80(6), 362-369.

Li, T., Ni, L., Zhao, Z., Liu, X,, Lai, Z., Di, X., ... & Liu,
C. (2018). Melatonin attenuates smoking-induced
hyperglycemia via preserving insulin secretion and
hepatic glycogen synthesis in rats. Journal of pineal
research, 64(4), e12475.

Luo, Q., Cai, Y., Zhao, Q., Jiang, Y., Tian, L., Liu, Y.,
& Liu, W. J. (2022). Renal Protective Effects of
Melatonin in Animal Models of Diabetes Mellitus-
Related Kidney Damage: A Systematic Review and
Meta-Analysis. Journal of diabetes research, 2022,
3770417. https://doi.org/10.1155/2022/3770417.
Yapislar, H., Haciosmanoglu, E., Sarioglu, T., &
Ekmekcioglu, C. (2022). The melatonin MT2 receptor
is involved in the anti-apoptotic effects of melatonin
in rats with type 2 diabetes mellitus. Tissue & cell, 76,
101763. https://doi.org/10.1016/].tice.2022.101763.
Molina, A., Vendrell, J., Gutiérrez, C., Simén, |.,
Masdevall, C., Soler, J., & Goémez, J. M. (2003).
Insulin resistance, leptin and TNF-a system in

847

Protective Effect of Melatonin on Glycemic Index ....

morbidly obese women after gastric bypass. Obesity
Surgery, 13(4), 615-621.

Zulfania, A. K., Tahir Ghaffar, A. K., & Maria Arabdin,
S. U. R. O. (2020). Correlation between serum leptin
level and Body mass index (BMI) in patients with type
2 diabetes Mellitus. JPMA, 2019.

Thorand, B., Zierer, A., Baumert, J., Meisinger, C.,
Herder, C., & Konig, W. (2010). Associations
between leptin and the leptin/adiponectin ratio and
incident Type 2 diabetes in middle-aged men and
women: results from the MONICA/KORA Augsburg
Study 1984-2002. Diabetic medicine, 27(9), 1004-
1011.

Dinari Ghozhdi, H., Heidarianpour, A., Keshvari, M.,
& Tavassoli, H. (2021). Exercise training and de-
training effects on serum leptin and TNF-a in high fat
induced diabetic rats. Diabetology & metabolic
syndrome, 13(1), 57.
https://doi.org/10.1186/s13098-021-0067 6-x.
Wolden-Hanson, T., Mitton, D. R., McCants, R. L.,
Yellon, S. M., Wilkinson, C. W., Matsumoto, A. M., &
Rasmussen, D. D. (2000). Daily melatonin
administration to middle-aged male rats suppresses
body weight, intraabdominal adiposity, and plasma
leptin and insulin independent of food intake and
total body fat. Endocrinology, 141(2), 487-497.
https://doi.org/10.1210/endo.141.2.7311.
Suriagandhi, V., & Nachiappan, V. (2022). Protective
Effects of Melatonin against Obesity-Induced by
Leptin Resistance. Behavioural brain research, 417,
113598. https://doi.org/10.1016/j.bbr.2021.113598.
Potes, Y., de Luxan-Delgado, B., Rubio-Gonzélez, A.,
Reiter, R. J., & Montes, A. M. C. (2019). Dose-
dependent beneficial effect of melatonin on obesity;
interaction of melatonin and leptin. Melatonin
Research, 2(1), 1-8.

Yin, J., Li, Y., Han, H., Ma, J., Liu, G., Wu, X., Huang,
X., Fang, R., Baba, K., Bin, P., Zhu, G., Ren, W., Tan,
B., Tosini, G., He, X., Li, T., & Yin, Y. (2020).
Administration of Exogenous Melatonin Improves
the Diurnal Rhythms of the Gut Microbiota in Mice
Fed a High-Fat Diet. mSystems, 5(3), €00002-20.
https://doi.org/10.1128/mSystems.00002-20.

Wang, L., McFadden, J. W., Yang, G., Zhu, H., Lian,
H., Fu, T., Sun, Y., Gao, T., & Li, M. (2021). Effect of
melatonin  on visceral fat deposition, lipid
metabolism and hepatic lipo-metabolic gene
expression in male rats. Journal of animal physiology
and animal nutrition, 105(4), 787-796.
https://doi.org/10.1111/jpn.13497.

Heo, J. |, Yoon, D. W., Yu, J. H., Kim, N. H., Yoo, H.
J., Seo, J. A., ... & Kim, N. H. (2018). Melatonin
improves insulin resistance and hepatic steatosis
through attenuation of alpha-2-HS-glycoprotein.
Journal of pineal research, 65(2), €12493.


https://doi.org/10.1371/journal.pone.0128274
https://doi.org/10.1113/jphysiol.2009.169078
https://doi.org/10.1006/bbrc.1994.1959
https://doi.org/10.1155/2022/3770417
https://doi.org/10.1186/s13098-021-00676-x
https://doi.org/10.1210/endo.141.2.7311
https://doi.org/10.1016/j.bbr.2021.113598
https://doi.org/10.1128/mSystems.00002-20
https://doi.org/10.1111/jpn.13497

