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Abstract

The present study was aimed to investigate the changes associated with type II diabetes in the level of
adiponectin and antioxidants: (Catalase, Glutathione, Superoxide dismutase and Vitamin C). Seventy
Samples (taken from male patients) were collected in cooperation with the Specialized Center for
Diabetes and Endocrinology in the Directorate of Health in Thi-Qar Governorate. The numbers of
healthy samples were 30. The results showed a significant decrease (P< 0.05) in the level of adiponectin
and antioxidants (catalase, glutathione and vitamin C) in diabetic patients, while it was observed that
there was a significant increase in the level of antioxidant superoxide dismutase in diabetic compared
with the control group. Moreover, the effect of both the smoking and age on the level of adiponectin and
antioxidants was studied. The results showed a significant decrease in the level of adiponectin and
catalase in smoking diabetic patients compared to non-smokers. On the other hand, the study showed
that there was a significant increase in the level of superoxide dismutase in smoking patients compared
to non-smokers. As for the effect of age, the results showed a significant increase in superoxide
dismutase with aging in patients with diabetes, while there was a significant decrease in the levels of
both glutathione and vitamin C with aging.
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Introduction

Diabetes mellitus develops as a result of
many  metabolic  disorders, including
disorders that occur in the adipose tissue,
which is one of the leading causes of diabetes,
especially type II, which in turn is caused by
a condition called insulin resistance [1]. On
the other hand, adipose tissue 1is an
endocrine organ that produces a large
number of biologically active hormones or
cytokines, where recent research indicates
that the adipose tissue has the ability to
produce a number of hormones, which play a
large role in the prevention of the body of
many metabolic disorders, including the case
of insulin resistance, Some of these hormones
are (adiponectin, leptin, resistin, and
interleukins) [2].

Adiponecin was first described more than two
decades ago by Scherer et al. 1995, this
hormone is abundantly produced by adipose
tissues, the adiponectin gene is located on
chromosome 3927 [3] in a region recently
mapped as a susceptibility locus for type II
diabetes and adiposity [4]. Contrary to
expectations, despite 1its production in
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adipose tissue, Adiponectin was found to be
decreased in obesity [5]. In humans,
adiponectin is encoded by Adipo Q gene [6].
Adiponectin is an adipocytokine hormone
that has many positive effects on metabolism,
including improving insulin function and
reducing atherosclerotic processes [7].

Adiponectin acts as a hormone with insulin-
sensitive and anti-inflammatory properties
[8], as well as having a significant
relationship with cardiovascular risk factor
in type II diabetic patients [9]. Apart from its
main activities, adiponectin has shown to
modify eating and energy consumption
during fasting (increase food intake and low
energy consumption) by influencing the
central nervous system [10].

Adiponectin has an effect on the energy and
metabolism of glucose and fat through
phosphorylation and the activation of
adenosine mono-phosphate-activate protein
kinase (AMPK) [11].In addition, diabetes
may develop as a result of the increase in
oxidative stress, which is a temporary or
chronic condition in the body.
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The increase in the production of active
Reactive Oxygen Species (ROS) is a major
manifestation of type II diabetes [12, 13]. The
increase in ROS production may weaken
cellular metabolic processes and may destroy
the components of the cell [14]. Therefore, in
healthy cells, there are antioxidant defense
mechanisms that remove the active
molecules from the body and maintain a low
degree of oxidative stress, this 1is
characterized by many substances that have
the ability to offset the oxidative stress of the
active varieties of the body, including
catalase and superoxide dismutase enzymes,
as well as glutathione peroxidase, as well as
non-enzymatic substances such as
glutathione [15, 13]. Glutathione is an
important antioxidant in the body, which in
turn regulates the oxidative environment or
reverses oxidative damage [16].

It is a non-protein thiol component. It has
been found that the presence of the free thiol
group in the glutathione provides a major
protection against oxidation, as the thiol
group removes free radicals and the thiol
group 1is oxidized by a two-component
compound GSSG, that is why glutathione
contains the two forms, which are GSH and
the oxidative form GSSG in most human cells
where the percentage of GSSG / GSH is 1/10
[17].

Superoxide dismutase is an enzyme classified
as metallo protein that stimulates the

conversion of the superoxide anion O, to

hydrogen peroxide H:202 [18]. Thus, the
superoxide dismutase is an important
antioxidant that reduces stress oxidation and
preservation of the cellular membrane from
damage caused by the presence of superoxide
radical [19].

Vitamin C, an antioxidant, is found in food in
the form of ascorbic acid (AA), its oxidizing
form is known as dehydro ascorbic acid
(DHAA), which has vitamin C activity, the
reason for the inability of the body's cells to
produce ascorbic acid is due to the absence of
active enzyme L- gulonolocton oxidase, both
ascorbic acid and dehydro ascorbic acid are
the physiologically active forms of vitamin C
[20].Catalase is an enzyme found in almost
all organisms (such as bacteria, plants and
animals), which stimulates the degradation
of hydrogen peroxide into water and oxygen
[21].
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It is an important enzyme in protecting the
cell from oxidative damage by reactive
oxygen species, one molecule of catalase can
convert approximately 6 million molecules of
H:0: into water and oxygen per minute [22,
23].Therefore, because of the important role
played by adipose tissue hormones and
antioxidant in all the functional activities of
the body and the consequent and metabolic
damage in the disturbance of secretions in
the body, the current study tries to
investigate the relationship between the
concentrations of adiponectin secreted from
the adipose tissue and some antioxidants
with patients with the Type II diabetes.

Materials and Methods
The Control Group

In the present study, 30 Serums were used.
These were taken from healthy men after
confirming that they did not have diabetes.
These men range between 30 to 65 years. The
samples were collected on the basis of three
age groups of 10 samples per age group.

The Patients’ Group

A total of (70) serum samples were collected
from people with type II diabetes. The
samples were divided according to age groups
as follows:

e 22 serum samples of people with diabetes
whose age range between 30-39 years.

e 24 serum samples of people with diabetes
whose age range between 40 and 49 years.

e 24 serum samples of people with diabetes
whose age range between 50-65 years.

The samples were collected form cases
diagnosed by specialized doctors in
cooperation with the Specialized Centre for
Diabetes and Endocrinology in Thi Qar
Health Directorate.

Preparation of Serum

Blood samples were taken in the morning
between 8.30 and 11.30 hours when patients
were examined in the Specialized Centre for
Diabetes and Endocrinology by specialist
doctor who sent them to the laboratory unit
of the Center. At this time, the patient must
be fasting for 8-12 hours; the laboratory
worker withdraws about 4 to 5 ml of the
blood from the Antecubital vein. The blood is
placed in a special tube (gel tube) and left for
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5-10 minutes after which the sample
centrifugation is performed at 3500 (r.p.m)
for 15 minutes (to get the serum), after which
the serum was divided and placed in an
eppendorf tube to avoid remelting, the
samples were kept at -20 ° C until the tests
were performed.

Determination of the Concentration of
Adiponectin Hormone and Antioxidants
in the Serm

The method of Enzyme-Linked Immunoassay
(ELISA) (type sandwich) technique was
adopted in the study to estimate the
concentration of adiponectin and
antioxidants throughout using the ELISA
Reader (type Biotek-USA) and the Kits
equipped by Elabascince Corporation (USA).

Statistical Analysis

Statistical Package for the Social Sciences
(SPSS) version 23 was used in the statistical
analysis of data, where both T-test and
ANOVA were employed to compare the mean
of control group samples with patient's
samples at the (P< 0.05) probability level.

Results

The results of the present study showed a
significant decrease at the probability level
(P< 0.05) in adiponectin hormone in patients
with diabetes (17.75 + 6.31 pg / mL)

compared to its level in the healthy people
(25.64 +5.53 pg / mL) as shown in Table (1).
The results also showed a significant
decrease at (P< 0.05) in glutathione in
patients with diabetes (30.38 £6.42 pg / mL)
compared to its level in the healthy people
(37.0 £8.68 pg / mL).

Moreover, the results showed a significant
increase at (P< 0.05) in SOD in patients with
diabetes (1319.16 +235.70 pg / mL) compared
to its level in the healthy people (828.57
+181.34 pg / mL). As can be observed in table
(1), there was a significant decrease at (P<
0.05) in the catalase in patients with diabetes
(120.50 £25.19 pg / mL) compared to its level
in the healthy people (157.85 £39.96 pg / mL).

The results have also showed a significant
decrease in vitamin C in patients with
diabetes (30.16 +£3.95 pg / mL) compared to
its level in the healthy people (35.28 +4.24 ng
/ mL) as in table (1).

Body Mass Index (BMI)

The results of the present study showed a
significant increase at the probability level
(P< 0.05) in the BMI in patients with
diabetes type II (28.91 + 14.41 Kg / H2)
compared to its level in the healthy people
(25.87 £2.72 Kg / H2) as can be seen in Table

D).

Table 1: The Concentration of Adiponectin and Antioxidants in the Type II Diabetic Group Compared to the Control

Group

Parameters

mean i Standard Deviation

Control Group Patients' Group

Adiponectin (pg/mL)

25.64 T 5.53 17.75 T 6.31*

Glutathione (ug/mlL)

37.0 1 8.68 30.38 T 6.42 *

Superoxide dismutase(pg/mL)

828.57 T 181.34 1319.16 T 235.70 *

Catalase (pg/mL)

157.85 T 39.96 120.50 1 25.19 *

Vitamin C (pg/mL)

35.28 T 4.24 30.16 T 3.95*

BMI (Kg/H2)

25.87 T 2.72 28.91 T 4.41%

* Significant difference at (P< 0.05) compared to the control group

Effect of Age

The effect of age on the level of adiponectin
and antioxidants was studied in patients
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with type II diabetes. The results proved that
with aging, there was a significant increase
in SOD in diabetic patients, while there was
a significant decrease in levels of both
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vitamin C and glutathione. On the other
hand, there were no significant differences in
both adiponectin and catalase among the

different age groups of diabetic patients as in
Table (2).

Table 2: the Concentration of Adiponectin and Antioxidants in Type II Diabetic Patients according to Age Group

Parameters Age Group P-value
(30-39) (40-49) (50-65)
Adiponectin (pg/mL) 19.40 T 5.08 16.28 T 4.27 15.95 T 5.51 P=0.151
Vitamin C (ug/mL ) 32.72 T 8.10+ 31.66 T 6.01» 26.47 & 5.43: P=0.021
Catalase (pg/mL) 126.36 46.03 126,951 71.19 124 T 31.92 P=0.216
Glutathione (ug/mL) 32.18 % 8.152 25.19 L 5.67 19.191 2.82» P=0.001
Superoxide 1184.09 T 427.442 1395.23 t 344.20 1414.28 1 444,16 P =0.000
dismutase
(pg/mL)
A, b, ¢ the different letters indicate significant differences (P< 0.05) between groups
Values represent: mean + standard deviation
The relationship between the level of significant decrease in the level of
adiponectin and antioxidants was also adiponectin, catalase, glutathione and a

studied in different age groups in comparison
to the corresponding age groups of the
healthy people. The results Table (3) showed
that there was a significant decrease in the
level of adiponectin, vitamin C and
glutathione, and on the other hand, a
significant increase in superoxide dismutase
in the serum of patients with type II
diabetes in the first group (30-39 years) when
compared to the control group within
category of age itself. There was also a

significant increase in superoxide dismutase
in the serum of type II diabetics within the
second age group (40-49 years) when
compared to the control group within the
same age group as in Table (4). In the third

age group (50-65 years) (Table 5), there was a

significant

increase

in the superoxide

dismutase and a significant decrease in

adiponectin,

vitamin

C, catalase and

glutathione when compared to the control
group within the same age group.

Table 3: Comparison of Type II Diabetic Patients with the Control Group within the First Age Group (30-39 years)

Parameters

meaniStandard Deviation

Control Group

Patients' Group

Adiponectin (pg/mL) 25.3016.73 19.4017.08 **
Vitamin C (ug/mL ) 34,60i6.05 31.72i5.10 *
Catalase (pg/mL) 138137.13 126.36126.03
Glutathione (ug/mL) 36.30i9.71 32.18i8.15 *
Superoxide dismutase 793i117‘07 1184,09i227.44 ok

(pg/mL)

«p=<l 0.05, = p= 0.01,=p=< 0.001

Table 4: Comparison of Type II Diabetic Patients with the Control Group within the Second Age Group (40-49 years)

Parameters

meant Standard Deviation

Control Group

Patients' Group

Adiponectin (pg/mL) 24.2014.40 16.2813.27 #¥*
Vitamin C (ug/mL ) 33.40F4.11 32.6616.01
Catalase (pg/mL) 1751 35.22 130.95F41.19*
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Glutathione (ug/mL)

35.2017 30.19t9.67*

Superoxide dismutase(pg/mL)

9881 153.35 1514.28 1244, 16% %+

*p=l 0.05 = p= 0.01 +p=2 0.001

Table 5: Comparison of Type II Diabetic Patients with the Control Group within the Third Age Group (50-65 years)

meaniStandard Deviation
Parameters

Control Group Patients' Group

Adiponectin (pg/mL) 25.10i6~13 15.95i4.51 R
Vitamin C (ug/mL ) 3718.44 26.4715.43%%+
Catalase (pg/mL) 155133.59 102.38125.92%+*

Glutathione (ug/mL) 39.3019.77 29.19717.82%*
Superoxide dismutase 715+ 168.4 1295.21944 9%#*

(pg/mL)

*p=l 0.05, +p= 0.01 +p=2 0.001

Effect of the Smoking

The effect of smoking on the level of
adiponectin and antioxidants was studied in
patients with type II diabetes. The results
Table (6) showed that there was a significant

decrease in the level of adiponectin and
catalase in smoking diabetic patients
compared to non-smokers. There was also a
significant increase in the level of superoxide
dismutase in smoking diabetic patients
compared to non-smokers.

Table 6: The Concentration of Adipocetin and Antioxidants in Type II Diabetes Patients according to smoking

Parameters meaniStandard Deviation P-value
Smokers Non-smokers
Adiponectin (pg/mL) 14.58i3.34 19.92i3.97 P =0.005
Vitamin C (ug/mL ) 31.4415.36 30.8412.23 P =0.542
Catalase (pg/mL) 115116.62 130.69130.73 P =0.027
Glutathione (ug/mL) 31.64i4,85 29.72i3.84 P =0.098
Superoxide dismutase 1348.48i134.54 1274i 114.67 P =10.001
(pg/mL)
Discussion

The most effective factor in decreasing the
concentration of adiponectin in patients with
type II diabetes is obesity [24], the process of
building adiponectin in adipose cells
consumes high energy, so its structure is
regulated in adipose cells by the cellular
energy production system(mitochondria), the
adiponectin is largely built in small adipose
cells because of the increased mitochondrial
activity, In contrast, the process of building
adiponectin in Bloated adipose cells 1is
reduced due to impaired function or
decreased mitochondrial activity, therefore,
when Bloated adipose cells increase in obese
people, the levels of adiponectin decrease
[25, 27].

The results of some studies indicate that the
low expression of adiponectin in adipose
tissue may be due to insulin resistance,
which has resulted mainly from obesity or
increase of the proportion of triglycerides in
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the blood, as one of the most important
reasons for resistance to insulin is increased
triglycerides, which in turn lead to disruption
of the work of hormone Insulin [28, 29].
There was also evidence that insulin
stimulates adiponectin secretion in rodents,
so adiponectin levels may reduce in type Il
diabetic patients due to insulin resistance.
Moreover, adiponectin levels may decline in
obese individuals due to the accumulation of
triglycerides, which in turn affect the genetic
expression of adiponectin [30, 31].

On the other hand, it has been found that the
increase in the levels of adiponectin may be
associated with a decrease in the
concentration of triglyceride and glucose;
these changes suggest that adiponectin
increases the sensitivity of cells to insulin.
Adiponectin increases the sensitivity of
insulin in part by enhancing phosphorylation
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and activating AMPK in skeletal muscles,
liver and adipose cells, where the AMPK
signal affects many aspects of cellular
metabolism including glucose metabolism
and adipose acid oxidation [32].

The relationship between adiponectin and
insulin sensitivity has been observed through
the ability of the hormone to stimulate the
use of glucose frequently by cells in the case
of high levels in the blood. In addition, the
gene expression of adiponectin in rodents has
been shown to be strongly influenced by
changes in adipose mass and insulin
sensitivity [33, 34].

The decrease in the level of glutathione in
serum in diabetic patients may be due to the
active participation of the glutathione in
preventing oxidative stress by direct removal
of the free radicals, thus reducing oxidative
stress and decreasing serum levels [35].

Furthermore, the level of glutathione
decreases in the serum of diabetic patients
because of its work on the re-formation of
some antioxidants such as vitamin C, as it
renews vitamin C, which 1is oxidized
significantly in diabetics, the low levels of
glutathione in patients with type II diabetes
may be because of the glycation for enzyme
that stimulates synthesis of glutathione (

enzyme |/ - glutamyl cystein synthetase),
this process results in the formation of low

amounts of GSH in diabetic patients [36, 37].

In addition, under hyperglycemia, up to 30%
glucose is channeled to the Polyol pathway,
resulting in a significant depletion of NADPH
used as an adjuvant to reduce glucose to
sorbitol in this path; this pathway depletes
NADPH, which causes a significant reduction
in the level of glutathione in diabetic patients
[38].

The increased efficacy of the superoxide
dismutase may be resulted from oxidative
stress which contributes to an increase in the

production of the superoxide anion OZ'_ in

patients with type Il diabetes. This may in
turn lead to increase enzyme efficiency to
eliminate the generated free radicals [39].
The high SOD in diabetic patients indicates

high levels of the superoxide anionOz'_,

which is an indication of the high oxidative
stress in these patients. Thus, increasing the

amount of O, alerts cells to the synthesis of
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Cu / Zn -SOD in diabetics in order to protect
the cell from free radicals damages [40].

The increase in the level of superoxide
dismutase with age may be resulted from the
increase of oxidative stress with age, which
In turn increases the production or

generation of O,  in patients with diabetes,

which leads to increase the level of the
enzyme in the body in order to get rid of the
generated free radicals [39]. High glucose
levels in the serum of diabetic patients also
stimulate oxidative stress as a result of free
radicalts, thus contributing to the reduction
of certain antioxidants, including catalase
[41].

Consequently, the decrease in catalase may
be caused by hypoglycemia, which in turn
causes degradation of Peroxisomes [40].
Alternatively, it could be resulted from the
disruption of the catalase through glycation,
which is in turn is obtained as a result of
high glucose and therefore the increase in
blood sugar in patients with type II diabetes.
Subsequent reactions of proteins may affect
nearby amino acids, thus causing structural
and functional changes in the molecules.

In addition, low levels of catalase are an
indication of the high concentration of
hydrogen peroxide H202 in diabetic patients,
which increases oxidative stress and
complications of diabetes [42].The decreased
concentration of vitamin C in the serum of
diabetics confirms oxidative stress, as
vitamin C works to remove free radicals such
as H202, OH, O2- and helps to protect cells
and reduces tissue damage [43].

The decrease in the level of vitamin C in
patients with type II diabetes may be due to
the consumption of vitamin reactive oxygen,
which is one of the most important
antioxidants because it reacts quickly to free
radicals, especially of pyroxyl (ROO*®) [44],
or may consume as a result of its use in the
regeneration of vitamin E, which 1is
subsequently consumed by reactive oxygen
species [45].

Moreover, the increase of blood sugar in
patients with diabetes can promote the loss of
renal vitamin C by inhibiting the
reabsorption of renal ascorbic acid [46]. On
the other hand, the decrease in both vitamin
C and glutathione in diabetics with aging
may be because of the increase in free
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radicals, which leads to loss of balance
between free radicals activity and
antioxidants. This will result in a decrease in
the level of these antigens in the blood [47].

The decrease in the concentration of some
antioxidants in type II diabetics in most age
groups is due to the increase in free radicals
production resulted from oxidative stress,
which leads to a loss of balance between
levels of antioxidants and reactive oxygen
species [48].

The results of the present study also showed
a significant decrease in the level of
adiponectin and catalase enzyme in smoking
patients with diabetes compared to non-
smokers, while it was observed that there
was a significant increase in the level of
superoxide dismutase in smoking diabetics
compared to non-smokers, as the decrease in
the level of adiponectin in smokers may be
because smoking increases the oxidative
stress, which reduces the production of
adiponectin and its expression throughout
inhibiting the function of
phosphatidylinositol 3 -Kinase in adipose
cells.

Also, the same nicotine stimulates the
decomposition of lipids by activating the
Nicotinic Cholinergic Receptors in the
adipose tissue, or smoking may suppress
adiponectin gene expression by up-regulating
post-ganglionic sympathetic nerves, In
addition, there may be an increased
consumption of adiponectin in smokers due to

References

1. Kusminski CM (2006) Adipose tissue derived
factors in obesity, inflammation and energy
homeostasis. (A Thesis Submitted for the
Degree of PhD at the University of Warwick
.England, UK, 256.

2. Rosen ED, Spiegelman BM (2014) What we
talk about when we talk about fat. Cell, 156(1-
2): 20-44.

3. Vasseur F, Lepretre F, Lacquemant C, Froguel
P (2003) The genetics of adiponectin. Curr.
Diab. Rep., 3(2): 151-158.

4. Lara-Castro C, Fu Y, Chung BH, Garvey WT
(2007) Adiponectin and the metabolic
syndrome: mechanisms mediating risk for
metabolic and cardiovascular disease. Curr.
Opin. Lipidol., 18(3): 263-270.

5. Daimon M, Oizumi T, Saitoh T, Kameda W,
Hirata A, Yamaguchi H, Kato T (2003)
Decreased serum levels of adiponectin are a

©2009-2019, JGPT. All Rights Reserved

its association with the collagen of infected
blood vessels, which leads to decrease its
levels [49]. Moreover, smoking is the source
of many reactive oxygen species(ROS),

including the superoxide anion O,  whose

main source 1s smoke, which leads the cell to
increase the production of SOD enzyme in
order to dismantle it to H202 before
damaging the cell and its contents.
Furthermore, continuous smoking leads to
the accumulation of H202 which is resulted
from the decomposition of superoxide anion
which breaks down into H20 and O: by the
catalase enzyme and thus higher levels of
hydrogen peroxide leads to decrease the
levels of catalase in smokers [50].

Conclusion

There is a significant reduction in the level of
adiponectin in patients with type II diabetes
and can therefore be used as an important
predictor of the disease. The study concluded
that fat or obesity is the main cause of the
decrease in the level of adiponectin in the
blood and, thus, the possibility of causing
type II diabetes. It is also clear that the
increase in the level of sugar in patients with
type II diabetes plays a key role in increasing
oxidative stress, which eventually leads to
the reduction of some antioxidants, including
glutathione, catalase and vitamin C. It is
concluded that there is a possibility to use
adiponectin as a therapeutic hormone for
diabetes type II because of the role it plays in
increasing the sensitivity of insulin to sugar
and regulating its level in the blood.

risk factor for the progression to type 2diabetes
in the Japanese Population: the Funagata
study. Diabetes care, 26(7): 2015-2020.

6. Maeda K, Okubo K, Shimomura I, Funahashi
T, Matsuzawa Y, Matsubara K (1996) cDNA
cloning and expression of a novel adipose
specific collagen-like factor, apM1 (Adipose
Most abundant Gene transcript 1). Biochem.
Biophys. Res. Commun., 221(2): 286-289.

7. Koh EH, Park JY, Park HS, Jeon MdJ, Ryu JW,
Kim M, Youn JH (2007) Essential role of
mitochondrial  function n adiponectin
synthesis in adipocytes .Diabetes, 56(12): 2973-
2981.

8. Kadowaki T, Yamauchi T, Kubota N, Hara K,
Ueki K, Tobe K (2006) Adiponectin and
adiponectin receptors in insulin resistance,
diabetes, and the metabolic syndrome. J. Clin.
Invest, 116(7): 1784-1792.

891


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vasseur%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12728641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lepr%C3%AAtre%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12728641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacquemant%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12728641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Froguel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12728641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Froguel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12728641
https://www.ncbi.nlm.nih.gov/pubmed/12728641
https://www.ncbi.nlm.nih.gov/pubmed/12728641
https://www.ncbi.nlm.nih.gov/pubmed/17495599
https://www.ncbi.nlm.nih.gov/pubmed/17495599
https://www.ncbi.nlm.nih.gov/pubmed/8619847
https://www.ncbi.nlm.nih.gov/pubmed/8619847
https://www.ncbi.nlm.nih.gov/pubmed/16823476
https://www.ncbi.nlm.nih.gov/pubmed/16823476

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ahmed Abdul Redha Jallod & Faris S. Kata | Journal of Global Pharma Technology | 2019| Vol. 11| Issue 07 (Suppl.) | 885-893

Galic S, Oakhill JS, Steinberg GR (2010)
Adipose tissue as an endocrine organ. Mol.
Cell. Endocrinol., 316(2): 129-139.

Haluzik M, Parizkova J, Haluzik MM (2004)
Adiponectin and its role in the obesity-induced

insulin resistance and related
complications. Physiol. Res, 53(2): 123-130.

Ahima RS (2006) Metabolic actions of
adipocyte hormones: focus on

adiponectin. Obesity, 14(2): 9-15.

Matsuda M, Shimomura I (2013) Increased
oxidative stress in obesity: implications for
metabolic syndrome, diabetes, hypertension,
dyslipidemia, atherosclerosis, and
cancer. Obes. Res. Clin. Pract., 7(5): e330-e341.

Pesta D, Roden M (2017) The Janus head of
oxidative stress in metabolic diseases and
during  physical exercise. Curr Diab
Rep., 17(6): 41.

Lushchak VI (2014) Free radicals, reactive
oxygen species, oxidative stress and its
classification. Chem. Biol. Interact., 224: 164-
175.

Brown DI, Griendling KK (2015) Regulation of
signal transduction by reactive oxygen species
n the cardiovascular system. Circ.
Res., 116(3): 531-549.

Quintana-Cabrera R, Bolanos JP (2013)
Glutathione and y-glutamylcysteine in the
antioxidant and survival functions of
mitochondria. Biochem Soc Trans., 41(1): 106-
110.

Brigelius-Flohe R (1999) Tissue-specific
functions of individual glutathione
peroxidases. Free Radic. Biol. Med., 27(9-10):
951-965.

Halliwell B, Gutteridge,
radicals in biology and medicine.
Oxford University Press, USA, 707.

Rahman K (2007) Studies on free radicals,
antioxidants, and co-factors. Clin Interv.
Aging., 2(2): 219-236.

Igbal K, Khan A, Khattak MM (2004)
Biological significance of ascorbic acid (vitamin

J M (2015) Free
(5th ed)

C) in human health-a review. Pak. J.
Nutr., 3(1): 5-13.
Chelikani P, Fita I, Loewen PC (2004)

Diversity of structures and properties among

catalases. Cell. Mol. Life Sci. CMLS, 61(2):
192-208.
Droge W (2002) Free radicals in the

physiological control of cell function. Physiol.
Rev., 82(1): 47-95.

Valko M, Leibfritz D, Moncol J, Cronin MT,
Mazur M, Telser J (2007) Free radicals and
antioxidants in normal physiological functions

©2009-2019, JGPT. All Rights Reserved

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

and human disease.Int. J. Biochem. Cell

Biol., 39(1): 44-84.

Mackawy AM, Alzohairy MAA, Ahmed EAA,
EH M (2011) Adiponectin gene polymorphism
and the incidence of type 2 diabetes mellitus in
obese patients in Qassim Region, Saudi
Arabia. Am. J. Sci., 7(12):432-443.

Kern PA, Di Gregorio, GB Lu, T Rassouli N,
Ranganathan G (2003) Adiponectin expression
from human adipose tissue: relation to obesity,
insulin resistance, and tumor necrosis factor-a
expression. Diabetes, 52(7): 1779-1785.

Yu YH, Zhu H (2004) Chronological changes in
metabolism and functions of cultured
adipocytes: a hypothesis for cell aging in
mature adipocytes. Am. J. Physiol. Endocrinol.
Metab., 286(3): E402-E410.

Gavrila A, Peng CK, Chan JL, Mietus JE,
Goldberger AL, Mantzoros CS (2003) Diurnal
and ultradian dynamics of serum adiponectin
in healthy men: comparison with leptin,
circulating soluble leptin receptor, and cortisol
patterns. J. Clin. Endocrinol. Metab., 88(6):
2838-2843.

Kappes A, Loffler G (2000) Influences of
ionomycin, dibutyryl-cycloAMP and tumour
necrosis factor-alpha on intracellular amount
and secretion of apM1l in differentiating
primary human preadipocytes. Horm. Metab.
Res., 32(11-12): 548-554.

Han TS, Williams K, Sattar N, Hunt K J, Lean
ME, Haffner SM (2002) Analysis of obesity and
hyperinsulinemia in the development of
metabolic syndrome: San Antonio Heart
Study. Obesity Res., 10(9): 923-931.

Hotta K, Funahashi T, Arita Y, Takahashi M,
Matsuda M, Okamoto Y, Nishida M (2000)
Plasma concentrations of a novel, adipose-
specific protein, adiponectin, in type 2 diabetic
patients. Arterioscler. Thromb. Vasc.
Biol., 20(6): 1595-1599.

Ducluzeau PH, Cousin P, Malvoisin E, Bornet
H, Vidal H, Laville M, Pugeat M (2003)
Glucose-to-insulin  ratio rather than sex
hormone-binding globulin and adiponectin
levels 1s the best predictor of insulin resistance
in nonobese women with polycystic ovary
syndrome. J. Clin. Endocrinol. Metab., 88(8):
3626-3631.

Hopkins TA, Ouchi N, Shibata R, Walsh K
(2007) Adiponectin actions in the
cardiovascular system. Cardiovasc. Res., 74(1):
11-18.

Combs TP, Berg AH, Obici S, Scherer PE,
Rossetti L (2001) Endogenous glucose
production is inhibited by the adipose-derived
protein Acrp30. dJ. Clin. Invest., 108(12): 1875-
1881.

892


https://www.ncbi.nlm.nih.gov/pubmed/24455761
https://www.ncbi.nlm.nih.gov/pubmed/28439848
https://www.ncbi.nlm.nih.gov/pubmed/28439848
https://www.ncbi.nlm.nih.gov/pubmed/25452175
https://www.ncbi.nlm.nih.gov/pubmed/23356267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2684512/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2684512/
https://www.ncbi.nlm.nih.gov/pubmed/16978905
https://www.ncbi.nlm.nih.gov/pubmed/16978905
https://www.ncbi.nlm.nih.gov/pubmed/14625202
https://www.ncbi.nlm.nih.gov/pubmed/14625202
https://www.ncbi.nlm.nih.gov/pubmed/11246823
https://www.ncbi.nlm.nih.gov/pubmed/11246823
https://www.ncbi.nlm.nih.gov/pubmed/10845877
https://www.ncbi.nlm.nih.gov/pubmed/10845877

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ahmed Abdul Redha Jallod & Faris S. Kata | Journal of Global Pharma Technology | 2019| Vol. 11| Issue 07 (Suppl.) | 885-893

Tschritter O, Fritsche A, Thamer C, Haap M,
Shirkavand F, Rahe S, Stumvoll M (2003)
Plasma adiponectin concentrations predict
insulin sensitivity of both glucose and lipid
metabolism. Diabetes, 52(2): 239-243.

Demir S, Yilmaz M, Koseoglu M, Akalin N,
Aslan D, Aydin A (2003) Role of free radicals
in peptic ulcer and gastritis. Turk. J.
Gastroenterol., 14(1): 39-43.

Shurtz-Swirski R, Sela S, Herskovits AT,
Shasha SM, Shapiro G, Nasser L, Kristal B
(2001) Involvement of peripheral
polymorphonuclear leukocytes in oxidative
stress and inflammation in type 2 diabetic
patients. Diabetes care, 24(1): 104-110.

Ahmed N, Furth AJ (1992) Failure of common
glycation assays to detect glycation by
fructose. Clin. Chem., 38(7): 1301-1303.

Chung SS, Ho EC, Lam KS, Chung SK (2003)
Contribution of polyol pathway to diabetes-
induced oxidative stress. J. Am. Soc. Nephrol.,
14(3): 233-236.

Soliman GZA (2008) Blood lipid peroxidation
(superoxide  dismutase, malondialdehyde,
glutathione) levels in Egyptian type 2 diabetic
patients. Singapore. Med. J., 49(2): 129-136.

Hristozova T, Rasheva T, Nedeva T,
Kujumdzieva A (2002) Superoxide dismutase
during glucose repression of Hansenula
polymorpha CBS 4732. Z. Naturforsch C., 57(3-
4): 313-318.

Thomas T, Rauscher F, Sanders R, Veltman J,
Watkins III JB (2000) Effects of aldose
reductase inhibitors on antioxidant defense in
rat and rabbit liver. Toxicol. Sci., 53(1): 145-
149.

Rahbani-Nobar ME, Rahimi-Pour A, Rahbani-
Nobar M, Adi-Beig F, Mirhashemi SM (1999)

©2009-2019, JGPT. All Rights Reserved

43.

44.

45.

46.

47.

48.

49.

50.

Total antioxidant capacity, superoxide
dismutase and glutathione peroxidase in
diabetic patients. Med. J. Islamic Acad.

Sci., 12(4): 109-114.

Ndahimana J, Dorchy H, Vertongen F (1996)
Erythrocyte and plasma antioxidant activity in
diabetes mellitus type I. Presse Med., 25(5):
188-192.

Smith MD (2003) Nutritional approaches for
combating insulin resistanc and diabetes. Part
1:1-3.

Bagchi K, Puri S (1998) Free radicals and
antioxidants in health and disease: a review.
East. Mediterr. Health J., 4(2): 350-360.

Cunningham dJJ (1998) The glucose/insulin
system and vitamin C: implications in insulin-
dependent diabetes mellitus. J. Am. Coll.
Nutr., 17(2): 105-108.

Hussein SA, Hassan MO, Zeki MA (1996)
Glutathione defense system as a function of
age. Iraqi J. Pharm., 7: 11-21.

Phillips M, Cataneo RN, Cheema T, Greenberg
J (2004) Increased breath biomarkers of
oxidative stress in diabetes mellitus. Clin
Chim Acta., 344(1-2): 189-194.

Efstathiou SP, Skeva II, Dimas C, Panagiotou
A, Parisi K, Tzanoumis L, Mountokalakis T D
(2009) Smoking cessation increases serum
adiponectin levels in an apparently healthy
Greek population. Atherosclerosis, 205(2): 632-
636.

Adhami N, Starck SR, Flores C, Martins-Green
M (2016) A Health Threat to Bystanders
Living in the Homes of Smokers: How Smoke
Toxins Deposited on Surfaces Can Cause
Insulin Resistance. PLoS One, 11(3): e0149-
510.

893


https://www.ncbi.nlm.nih.gov/pubmed/18301840
https://www.ncbi.nlm.nih.gov/pubmed/12064733
https://www.ncbi.nlm.nih.gov/pubmed/10653532

