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Adiponectin, Glucose-6-Phosphatase and Lipid Profile in
Diabetic Wistar Rats

Isehunwa Grace Olufunmilayo” ©, Layonu Naheemat Mojirade

Department of Physiology, College of Medicine, University of Ibadan, Ibadan, Nigeria

Abstract

Diabetes mellitus is a chronic metabolic condition that causes persistent hyperglycemia due to insulin action or secretion.
Regular physical exercise has been reported to improve glycemia and lipid profile in diabetes. However, literature is scare on the
effects of swimming exercise on the serum levels of adiponectin and glucose 6 phosphatase in Wister rats with diabetes This
study therefore, investigated the effects of swimming exercise on adiponectin, glucose 6-phosphatase and lipid profile in male
Wistar rats with streptozotocin-induced diabetes. This study was carried out on 25 male Wistar rats grouped into five groups
(n=5/group): group 1=control, group 2=diabetes, group 3=diabetes treated with metformin, group 4=non-diabetes and swimming
exercise, group 5=diabetes and swimming exercise. Animals in groups 2, 3, and 5 were induced with Streptozotocin (STZ) 50
mg/kg intraperitoneally. After 72 hours of diabetes induction, animals with a blood glucose level of > 200 mg/dl were confirmed
diabetics and used for the study. Group 3 animals were treated with metformin 200mg/kg giving orally for 28 days. Animals in
groups 4 and 5 were subjected to swimming exercises for 5-10 minutes during the first week until they could swim freely for 30
minutes. The animals were then allowed to swim 5 days per week for 28 days. Swimming exercise for 28 days significantly
reduced blood glucose, glucose-6-phosphatase (G6Ppase), Lactate dehydrogenase (LDH), Total cholesterol (TC), and
Low-density lipoprotein (LDL) levels but caused significant increase in adiponectin and High-density lipoprotein (HDL) levels
in diabetic rats compared with untreated diabetic rats. There was a significant decrease in triglyceride (TG) of diabetic animals
caused by swimming for 28 days. This study demonstrated that swimming exercise for 28 days may help lower glucose level and
improve insulin sensitivity by increasing adiponectin level and decreasing G6Pase activity in diabetic rats. Also, swimming
exercise may help improve lipid profile in diabetic rats.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic condition that ~ million in year 2025 [2]. Diabetes is among the ten leading
causes persistent hyperglycemia due to insufficient secretion or ~ causes of death and disability in United States of America [3].
action of insulin or both [1]. World Health Organization (WHO) Lifestyle modifications such as healthy diet, regular exercise,
projected that population of diabetic patients might reach 300  reducing weight, stress management and smoking cessation have
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been reported to play roles in managing, improving health and
well-being of diabetic patients [4].

Regular physical activity has been reported effective in
preventing and treating some of the risk factors for cardiovas-
cular diseases [5]. It has been shown that physical exercises
increased the ability of muscles to burn fat through activation of
muscle enzymes involved in lipid metabolism thereby de-
creasing the TG, TC, LDL, and increasing HDL levels [6, 7].
According to Punthakee et al [8], higher levels of adiponectin
during exercise is associated with increase in oxidation of fat
and glucose uptake into muscles thereby decreasing complica-
tions of type Il diabetes mellitus (T2DM).

Swimming is a form of aerobic physical exercise that has
been found safe [9]. Swimming exercise is done inside water
and involves rhythmic movement done at different levels of
intensity or difficulty. According to McNeal [10] factors in-
cluding water, buoyancy, water pressure, resistance and water
temperature are important in swimming. Swimming com-
pared with other exercises does not cause much pressure on
the body and reduces the risk of cardiac diseases [11] Regular
swimming exercise has been reported to improve risk factors
for metabolic syndrome [1]. Flyn et al [12] reported lower
glucose level during 45mins of swimming compared to run-
ning for the same time. Glucose uptake has been reported
higher during incremental swimming test compared to run-
ning exercise and that glucose level does not increase at
higher intensity steps [13]. Low- intensity swimming exercise
training prevented alteration in glycemia, lipid profile, and
obesity development induced by neonatal MSG in mice [14].
Swimming has been reported to help with cardiovascular
conditioning and toning of body muscles [15].

Dyslipidemia is characterized by high levels of plasma tri-
glycerides (TG), total cholesterol (TC), and low-density lipo-
protein cholesterol (LDL-C), and low levels of high-density
lipoprotein cholesterol (HDL-C). Dyslipidemia results in se-
vere diseases like coronary artery disease, myocardial infarc-
tion [16]. Previous study showed that swimming reduced TC,
TG, LDC-L, and increased HDL-C [17]. Swimming has been
reported to significantly improve lipid profile in women [15].
Adiponectin produced by white adipocytes regulates lipid lev-
els, and plays important roles in metabolic function, and in-
flammation [18]. Adiponectin acts as a link between lipid me-
tabolism and atherosclerosis [19]. It has been reported that
adiponectin knock-out animals developed severe dyslipidemia
[20, 21]. There is limited information on swimming exercise
and the levels of adiponectin and glucose-6-phosphatase in
streptozotocin-induced diabetes.

Streptozotocin (STZ) is used to induce experimental dia-
betes in rodents [22] and capable of causing disruption in the
levels of normal glucose homeostasis in rats [23]. STZ is
considered the most used diabetogenic compound for induc-
ing diabetes in experimental animal models [24]. Reports
have shown that STZ can induce mild to severe diabetes de-
pending on the dose, strain, age of animal, nutritional status
and route of administration [24, 25]. This study investigated

the effects of swimming exercise on the levels of adiponectin,
glucose-6-phosphatase, LDH and lipid profile in
STZ-induced diabetes in male Wistar rats.

2. Materials and Methods

25 male Wistar rats weighing between 180-200g were used
in the study. Animals were acclimatized for two weeks in a
regular habitat under photoperiodic settings (12 hours of light
and 12 hours of darkness) and at ambient room temperature of
28T t0 30C.

They had access to grower chow and water. The animals
were kept in an animal house in the Department of Physiology,
University of Ibadan, Ibadan. All the animals were kept in
transparent, sanitary cages with soft wood shaving floors that
were changed every other day. The study was conducted in
complete conformity with the "Principle of Laboratory Ani-
mal Care" and following the University of Ibadan Animal
Care and Use Research Ethics Committee (ACUREC) regu-
lations. The Weights of the animals were measured and rec-
orded weekly.

After acclimatization, the animals were grouped into five
groups (n=5).

1. Group 1: Control group

2. Group 2: Negative control group (Diabetes group)

3. Group 3: Diabetes treated with Metformin group

4. Group 4: Nondiabetics and swimming exercise group

5. Group 5: Diabetics and swimming exercise group

Following an overnight fast, streptozotocin (50 mg/kg) was
injected intraperitoneally into experimental animals to induce
diabetes. Streptozotocin (STZ) was freshly prepared in 0.1M
citrate buffer (pH 4.5), and control group animals received
freshly prepared 0.1M citrate buffer (pH 4.50) only. To pre-
vent hypoglycemia, experimental animals were given unre-
stricted access to a solution of sucrose (10g/100ml) orally
overnight. After 72 hours of diabetes induction, animals with
a basal blood glucose level of > 200 mg/dl were classified as
diabetics and used for the study. The swimming exercise was
performed as described by [26]. The tank was filled with fresh
water, and a controlled temperature was used. The diabetic
and non-diabetic animals were subjected to swimming exer-
cises 5 days per week for 28 days. In the first week, the ani-
mals gradually adapted to swimming by gradually increasing
the swimming time from 5 minutes until the animals could
swim freely for thirty minutes.

2.1. Preparation of Streptozotocin

Streptozotocin (STZ) is the most used diabetogenic drug
for inducing type 1 and type 2 diabetes in rat models [27].
STZ was stored at -20C. STZ is hydrophilic and
light-sensitive, so the solution was prepared under low light in
batches and used freshly after preparation. The drug was
dissolved in sodium citrate buffer (50 mM, pH 4.45).
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2.2. Swimming of Animals

The swimming exercise was performed as described by
[26]. Group 4 and 5 animals were subjected to swimming
exercises five times per week and were allowed two days of
rest a week. The animals were made to swim in a tank filled
with fresh water at a temperature of 321 <C. In the first week,
the animals were allowed to swim for five to eight minutes
until they could swim for 30 minutes. The swimming exercise
was carried out 5 times/week throughout the period of the
experiment (28 days).

2.3. Determination of Blood Glucose

Blood glucose was determined using an Accu Check glu-
cometer, which works on the principle of the glucose oxidase
method [28]. Blood was collected from the tip of the tail, a
drop of blood was put on the glucometer test strip, and the
blood glucose value was read from the display screen.

2.4. Estimation of Lactate Dehydrogenase
Activity

The LDH was determined using a commercial LDH For-
tress Kit from Fortress Diagnostics Limited, United Kingdom.
The kit consists of reagent A and reagent B.

2.5. Statistical Analysis

Data were presented as Mean = SEM of the variables
measured. Differences in mean values were compared using
student’s t test and one-way of variance (ANOVA) followed
by Tukey post-hoc test using software Prism, version 9.0.0
(Graph-Pad Software Inc. San Diego, CA. USA). Statistical
significance was considered at p<0.05 level.

3. Results

The results of the experiments carried out are shown in
Figures 1-8. All values given in the graph are mean +standard
error of the mean (SEM), and asterisks in the graph indicate
values significantly different from the control of the measured
values.

3.1. Effect of Streptozotocin on Blood Glucose

Injection of streptozotocin (50mg/kg) caused a significant
increase in blood glucose level of the animals when compared
with control animals. However, swimming exercise and
metformin caused significant decrease in blood glucose level
of diabetic animals when compared with the untreated dia-
betic group (figure 1).
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Figure 1. Effect of streptozotocin on blood glucose level. Values are
expressed as mean *SEM, n=5. # p<0.05 DM CONT vs CONT,
*p<0.05, DM+MET, DM+EXER vs DM CONT. STZ injection
caused a significant increase in blood glucose levels compared with
control group. Treatment with metformin and swimming for 28days
caused significant decrease in glucose levels compared with un-
treated diabetic group.

3.2. Effect of Swimming Exercise on
Adiponectin

Diabetic animals had significant lower adiponectin levels
compared with the control group, however treatment with
metformin and swimming exercise for 28 days caused sig-
nificant increase in the levels of adiponectin compared with
untreated diabetic animals (figure 2).

-
[}
|

-
o
1

-

[&)]
1
*

Adiponectin (ng/ml)

Figure 2. Effect of swimming exercise on adiponectin levels. Values
are expressed as mean #5EM, n=5. * p<0.05 DM CONT vs CONT,
# p<0.05, DM+MET, DM+EXER vs DM CONT. Animals in the
swimming and metformin groups had significant increase in
adiponectin level compared with untreated diabetic group.
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3.3. Effect of Swimming Exercise on Lactate
Dehydrogenase

Injection of streptozotocin (50mg/kg) caused a significant
increase in lactate dehydrogenase. However, there was a sig-
nificant decrease in lactate dehydrogenase levels of the dia-
betes animal treated with metformin when compared with the
untreated diabetic group. There was also a significant de-
crease in lactate dehydrogenase levels of diabetic animals
subjected to swimming exercise when compared with the
untreated diabetic group (figure 3).
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Figure 3. Effect of swimming exercise on lactate dehydrogenase
levels. Values are expressed as mean #SEM, n=5. * p<0.05 DM
CONT vs CONT, # p<0.05, DM+MET, DM+EXER vs DM CONT.
STZ injection caused significant increase in LDH level of animals
compared with control group. Treatment with metformin and swim-
ming for 28days caused significant decrease in LDH levels com-
pared with untreated diabetic group.
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Figure 4. Effect of swimming exercise on glucose-6-phosphatase
levels. Values are expressed as mean #SEM, n=5. * p<0.05 DM
CONT vs CONT, # p<0.05, DM+MET, DM+EXER vs DM CONT.
Animals in the swimming and metformin groups had significant
decrease glucose 6-phosphate levels compared with untreated dia-
betic group.
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3.4. Effect of Swimming Exercise on
Glucose-6-Phosphatase

There was a significant difference in the level of glu-
cose-6-phosphatase of animals treated with metformin and
animals subjected to swimming exercise when compared with
the untreated diabetic group (figure 4).

3.5. Effect of Swimming Exercise on Lipid
Profile

Figure 5 shows the effect of swimming exercise on total
cholesterol levels. There was a significant decrease in total
cholesterol levels of diabetic animals subjected to swimming
exercise and metformin when compared with the untreated
diabetic group.
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Figure 5. Effect of swimming exercise on total cholesterol levels.
Values are expressed as mean *#SEM, n=5, * p<0.05 DM CONT vs
CONT, # p<0.05 DM+MET, DM+EXER vs DM CONT. STZ injec-
tion caused significant increase in total cholesterol level compared
with control. # p<0.05 DM CONT vs CONT, Animals treated with
swimming exercise and metformin had a significant reduction in
total cholesterol compared with untreated diabetic animals.

3.6. Effect of Swimming Exercise on
High-Density Lipoprotein

Figure 6 shows the effect of swimming exercise on
high-density lipoprotein levels. There was a significant in-
crease e in HDL levels of diabetic animals subjected to
swimming exercise and metformin when compared with the
untreated diabetic group.
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Figure 6. Effect of swimming exercise on HDL levels. Values are
expressed as mean #SEM, n=5. *p<0.05 DM CONT vs CONT, #
p<0.05 DM+MET, DM+EXER vs DM CONT. STZ injection caused
a significant decrease in HDL levels compared with control. Ani-
mals treated with swimming exercise and metformin had a signifi-
cant increase in HDL levels compared with untreated diabetic ani-
mals.

3.7. Effect of Swimming Exercise on
Low-Density Lipoprotein

Figure 7 shows the effect of swimming exercise on
low-density lipoprotein levels. There was a significant de-
crease in LDL levels of diabetic animals subjected to swim-
ming exercise and metformin when compared with the un-
treated diabetic group.
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Figure 7. Effect of swimming exercise on LDL levels. Values are
expressed as mean #SEM, n=5. *p<0.05 DM CONT vs CONT, #
p<0.05 DM+MET, DM+EXER vs DM CONT. Animals treated with
swimming exercise and metformin had a significant decrease in
LDL levels compared with untreated diabetic animals.
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3.8. Effect of Swimming Exercise on
Triglyceride

Figure 8 shows the effect of swimming exercise on tri-
glycerides. There was a significant decrease in triglyceride
levels of diabetic animals subjected to swimming exercise
when compared with the untreated diabetic group.
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Figure 8. Effect of swimming exercise on TG levels. Values are
expressed as mean #SEM, n=5. *p<0.05 DM CONT vs CONT, #
p<0.05 DM+MET, DM+EXER vs DM CONT. Animals treated with
swimming had significantly lower triglyceride levels compared with
untreated diabetic animals (DM control group).

4. Discussion

This study investigated the effects of swimming on serum
levels of adiponectin, glucose 6 phosphatase and lipid profiles
of ST2 induced diabetic rats. Results show that swimming
exercise for 28 days significantly increased adiponectin levels,
reduced glucose 6 phosphatase levels, and reduced the level of
lactate dehydrogenase activity in ST2 induced diabetic rats.
Also, swimming exercise for 28 days reduced total cholesterol,
triglycerides, LDL, and increased HDL levels in ST2 induced
diabetic rats.

Reports have shown that ST2 can induce mild to severe
diabetes in experimental animals depending on the dose,
strain, age of animal, nutritional status and route of admin-
istration [22, 24, 25] ST2 is also capable of disrupting the
levels of normal glucose homeostasis in rats [23].

Adiponectin is derived from adipose tissue and plays an
important role in glucose and lipid metabolism. Adiponectin
has been reported to suppress hepatic glucose production
and improves insulin sensitivity [29]. Adiponectin prevents
development of vascular changes and has anti-oxidative and
anti-inflammatory effects [30]. The findings of this study in
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which diabetic rats had significantly decreased level of ad-
iponectin compared with control is consistent with previous
reports [31, 32] Lower serum level of adiponectin is asso-
ciated with insulin resistance and type 2 diabetes [33, 34]
However, swimming exercise and metformin treatment for
28 days in diabetic rats raised the blood levels of adiponectin
[35]. High level of adiponectin is associated with improved
insulin sensitivity and peripheral glucose uptake [35, 36].
Adiponectin sensitizes body tissues to insulin and there is an
inverse relationship between adiponectin, its receptors and
insulin resistance [30, 37]. There is a negative correlation
between serum adiponectin and hemoglobin Alc (HbA, C)-
indicator of glycemic control [37]. The observation of the
present study in which swimming exercise for 28 days sig-
nificantly increased adiponectin level in diabetic rats seems
to suggest that swimming exercise may be effective in im-
proving insulin sensitivity thereby regulating glucose levels
in diabetes.

Lactate dehydrogenase enzyme (LDH) converts pyruvate
to lactate to provide energy during anaerobic glycolysis in
cytosol and mitochondria [38] (Bouche et al, 2004). Ka-
vanagh et al [39]. LDH activity is restricted by glucose, insu-
lin and NADH but improved by cytosolic ATP, Ca** and mi-
tochondrial membrane potential [40]. Reduction in LDH
activity may imply that glycolysis produces high ratio of
NADH and pyruvate that is oxidized by mitochondria. The
observation in this study in which ST2 significantly increased
the level of LDH activity in diabetic rats may disrupt beta-cell
function reduce insulin sensitivity and disrupts glucose me-
tabolism. This consisted with previous studies [41, 42]. In this
study, swimming exercise reduced the activity of LDH, and
this may improve glucose (pyruvate) oxidation in the mito-
chondria.

Glucose-6-phosphatase (G6Pase) is an important enzyme
for glucose homeostasis. It is found mainly in the liver and the
kidney, important for glucose production during prolong
fasting, starvation and diabetes mellitus [38, 43]. In the pre-
sent study, the significant increase in the G6-pase activity in
the liver of diabetic rats compared with non-diabetic control is
consistent with previous studies [41, 44]. Metformin treat-
ment and swimming exercise for 28 days however, caused a
reduction in the activity of G6Pase of diabetic rats compared
with untreated diabetic control animals. Thus, suggesting that
swimming exercise may help ameliorate hyperglycemia in
diabetes.

The positive effects of swimming exercise on improving
lipid profile were also demonstrated in this study. Regular
swimming exercise has been reported to have positive impact
on TC,HDL, LDL, TG, BMI, and body fat tests [1]. It has also
been shown that swimming improved lipid profile especially
HDL level in athlete women in academics [15].

5. Conclusion

This study showed that swimming exercise for 28 days was
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effective in improving insulin sensitivity and ameliorated
hyperglycemia in diabetes through activities of adiponectin
and glucose 6- phosphatase. Swimming for 28 days also im-
proved lipid profile probably through its effect on adiponectin.
This study suggests that swimming exercise may be a
non-pharmacological intervention to improving glycaemia
and lipid profile in diabetes.
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HDL-C High-Density Lipoprotein Cholesterol
TC Total Cholesterol

MSG Monosodium Glutamate

WHO World Health Organization

T2DM Type Il Diabetes Mellitus

ACUREC Animal Care and Use Research Ethics

Committee

Author Contributions

Iseshunwa Grace Olufunmilayo: Conceptualization, Data
curation, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Supervision, Validation,
Writing — original draft, Writing — review & editing

Layonu Naheemat Mojirade: Data curation, Formal
Analysis, Funding acquisition, Investigation, Methodology,
Resources, Visualization

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] J. S. Omar, N. Jaradat, M. Qadoumi, and A. N. Qadoumi,
“Regular swimming exercise improves metabolic syndrome
risk factors: a quasi-experimental study,” BMC Sports Sci. Med.
Rehabil., vol. 13, pp. 1-7, 2021.

[2] B.-A. Lee and D.-J. Oh, “Effect of regular swimming exercise
on the physical composition, strength, and blood lipid of mid-
dle-aged women.,” J. Exerc. Rehabil., vol. 11, no. 5, pp. 266—

271, Oct. 2015, https://doi.org/10.12965/jer.150242

[3] D. CDC, “National Diabetes Statistics Report,” May 2024.
[Online]. Available:

https://www.cdc.gov/diabetes/php/data-research/index.html


http://www.sciencepg.com/journal/aap

Advances in Applied Physiology

http://www.sciencepg.com/journal/aap

[4]

5]

(6]

[7]

(8]

4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

L. Kumar et al., “Knowledge and Awareness About Diabetes
Mellitus Among Urban and Rural Population Attending a Ter-
tiary Care Hospital in Haryana,” Cureus, vol. 15, no. 4, 2023.

H. Tanaka, D. R. J. Bassett, and E. T. Howley, “Effects of swim
training on body weight, carbohydrate metabolism, lipid and
lipoprotein profile.,” Clin. Physiol. Oxf. Engl., vol. 17, no. 4,
pp. 347-359, Jul. 1997,
https://doi.org/10.1046/j.1365-2281.1997.03939.x

B. K. Pedersen and B. Saltin, “Evidence for prescribing exer-
cise as therapy in chronic disease,” Scand. J. Med. Sci. Sports,
vol. 16, no. S1, pp. 3-63, 2006.

J. B. Farinha et al., “Glycemic, inflammatory and oxidative
stress responses to different high-intensity training protocols in
type 1 diabetes: A randomized clinical trial,” J. Diabetes
Complications, vol. 32, no. 12, pp. 1124-1132, 2018.

Z. Punthakee et al., “Adiponectin, adiposity, and insulin re-
sistance in children and adolescents,” J. Clin. Endocrinol.
Metab., vol. 91, no. 6, pp. 2119-2125, 2006.

W. M. Denning, E. Bressel, D. Dolny, M. Bressel, and M. K.
Seeley, “A review of biophysical differences between aquatic
and land-based exercise,” Int. J. Aquat. Res. Educ., vol. 6, no. 1,
p.7,2012.

R. L. McNeal, “Aquatic therapy for patients with rheumatic
disease.,” Rheum. Dis. Clin. North Am., vol. 16, no. 4, pp. 915—
929, Nov. 1990.

M. Ussher, R. West, A. McEwen, A. Taylor, and A. Steptoe,
“Efficacy of exercise counselling as an aid for smoking cessa-
tion: a randomized controlled trial.,” Addict. Abingdon Engl.,
vol. 98, no. 4, pp. 523-532, Apr. 2003,
https://doi.org/10.1046/j.1360-0443.2003.00346.x

M. G. Flynn et al., “Fat storage in athletes: metabolic and
hormonal responses to swimming and running,” Int. J. Sports
Med., vol. 11, no. 06, pp. 433-440, 1990.

Y. Sengoku, K. Nakamura, T. Takeda, Y. Nabekura, and S.
Tsubakimoto, “Glucose response after a ten-week training in
swimming,” Int. J. Sports Med., vol. 32, no. 11, pp. 835-838,
2011.

D. X. Scomparin et al., “Low-Intensity swimming training
after weaning improves glucose and lipid homeostasis in MSG
hypothalamic obese mice.,” Endocr. Res., vol. 36, no. 2, pp.
83-90, 2011, https://doi.org/10.3109/07435800.2010.534750

F. Zahedmanesh, A. Zafari, and F. Zahedmanesh, “Lipid pro-
files changes induced by swimming combined training in ac-
ademic level athlete’s women,” Eur. J. Exp. Biol., vol. 3, pp.
223-227, Jan. 2013.

L.-K. Wang, H. Wang, X.-L. Wu, L. Shi, R.-M. Yang, and Y.-C.
Wang, “Relationships among resistin, adiponectin, and leptin
and microvascular complications in patients with type 2 dia-
betes mellitus.,” J. Int. Med. Res., vol. 48, no. 4, p.
300060519870407, Apr. 2020,
https://doi.org/10.1177/0300060519870407

J. F. Clapp and W. Kiess, “Effects of pregnancy and exercise on

19

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

concentrations of the metabolic markers tumor necrosis factor
alpha and leptin.,” Am. J. Obstet. Gynecol., vol. 182, no. 2, pp.
300-306, Feb. 2000,
https://doi.org/10.1016/s0002-9378(00)70215-8

Y. R. Jung et al., “Adiponectin signaling regulates lipid pro-
duction in human sebocytes,” PL0S One, vol. 12, no. 1, p.
€0169824, 2017.

C. Lara-Castro, Y. Fu, B. H. Chung, and W. T. Garvey, “Adi-
ponectin and the metabolic syndrome: mechanisms mediating
risk for metabolic and cardiovascular disease,” Curr. Opin.
Lipidol., vol. 18, no. 3, pp. 263-270, 2007.

L. Qiao et al., “Adiponectin deficiency impairs maternal
metabolic adaptation to pregnancy in mice,” Diabetes, vol. 66,
no. 5, pp. 1126-1135, 2017.

J. Y. Xia et al., “Acute loss of adipose tissue-derived adi-
ponectin triggers immediate metabolic deterioration in mice.,”
Diabetologia, vol. 61, no. 4, pp. 932-941, Apr. 2018,
https://doi.org/10.1007/s00125-017-4516-8

J. Ventura-Sobrevilla et al., “Effect of varying dose and ad-
ministration of streptozotocin on blood sugar in male CD1
mice.,” Proc. West. Pharmacol. Soc., vol. 54, pp. 5-9, 2011.

N. A. Qinna and A. A. Badwan, “Impact of streptozotocin on
altering normal glucose homeostasis during insulin testing in
diabetic rats compared to normoglycemic rats,” Drug Des.
Devel. Ther., pp. 2515-2525, 2015.

E. U. Etuk, “Animals models for studying diabetes mellitus,”
Agric Biol JN Am, vol. 1, no. 2, pp. 130-134, 2010.

N. Sakata, G. Yoshimatsu, H. Tsuchiya, S. Egawa, and M.
Unno, “Animal models of diabetes mellitus for islet trans-
plantation,” J. Diabetes Res., vol. 2012, no. 1, p. 256707, 2012.

S. Rahimi et al., “Long-term exercise from adolescence to
adulthood reduces anxiety- and depression-like behaviors fol-
lowing maternal immune activation in offspring.,” Physiol.
Behav,, vol. 226, p. 113130, Nov. 2020,
https://doi.org/10.1016/j.physbeh.2020.113130

A. Ghasemi, S. Khalifi, and S. Jedi, “Streptozoto-
cin-nicotinamide-induced rat model of type 2 diabetes,” Acta
Physiol. Hung., vol. 101, no. 4, pp. 408-420, 2014.

P. Trinder, “Determination of blood glucose using 4-amino
phenazone as oxygen acceptor.,” J. Clin. Pathol., vol. 22, no. 2,
p. 246, Mar. 1969, https://doi.org/10.1136/jcp.22.2.246-b

H. Zhou et al., “Adiponectin represses gluconeogenesis inde-
pendent of insulin in hepatocytes,” Biochem. Biophys. Res.
Commun., vol. 338, no. 2, p. 793-799, Dec. 2005,
https://doi.org/10.1016/j.bbrc.2005.10.007

M. Esfahani, A. Movahedian, M. Baranchi, and M. T. Goodarzi,
“Adiponectin: an adipokine with protective features against
metabolic syndrome,” Iran. J. Basic Med. Sci., vol. 18, no. 5, p.
430, 2015.

O. M. Ahmed, A. M. Mahmoud, A. Abdel-Moneim, and M. B.
Ashour, “Antidiabetic effects of hesperidin and naringin in
type 2 diabetic rats.,” 2012.


http://www.sciencepg.com/journal/aap

Advances in Applied Physiology

http://www.sciencepg.com/journal/aap

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

A. M. Mahmoud, O. M. Ahmed, A. Abdel-Moneim, and M. B.
Ashour, “Upregulation of PPARy mediates the antidiabetic
effects of citrus flavonoids in type 2 diabetic rats,” Int. J. Bi-
oassays, vol. 2, no. 5, pp. 756-761, 2013.

J. Kawano and R. Arora, “The role of adiponectin in obesity,
diabetes, and cardiovascular disease,” J. Cardiometab. Syndr.,
vol. 4, no. 1, pp. 44-49, 2009.

X. Li et al., “Mechanisms by which adiponectin reverses high
fat diet-induced insulin resistance in mice,” Proc. Natl. Acad.
Sci., vol. 117, no. 51, pp. 3258432593, 2020.

D. Stensel, “Exercise, appetite and appetite-regulating hor-
mones: implications for food intake and weight control,” Ann.
Nutr. Metab., vol. 57, no. Suppl. 2, pp. 36-42, 2011.

R. Polito, I. Di Meo, M. Barbieri, A. Daniele, G. Paolisso, and
M. R. Rizzo, “Adiponectin role in neurodegenerative diseases:
focus on nutrition review,” Int. J. Mol. Sci., vol. 21, no. 23, p.
9255, 2020.

M. lzadi, M. T. Goodarzi, H. S. Khalaj, D. Khorshidi, and H.
Doali, “Serum adiponectin levels are inversely correlated with
insulin resistance in obese men with type 2 diabetes,” Int. J.
Endocrinol. Metab., vol. 9, no. 1, 2011.

C. Bouche, S. Serdy, C. R. Kahn, and A. B. Goldfine, “The
cellular fate of glucose and its relevance in type 2 diabetes,”
Endocr. Rev., vol. 25, no. 5, pp. 807-830, 2004.

K. L. Kavanagh, R. A. Elling, and D. K. Wilson, “Structure of

20

[40]

[41]

[42]

[43]

[44]

Toxoplasma gondii LDH1: active-site differences from human
lactate dehydrogenases and the structural basis for efficient
APAD+ use,” Biochemistry, vol. 43, no. 4, pp. 879-889, 2004.

E. K. Ainscow, C. Zhao, and G. A. Rutter, “Acute overexpres-
sion of lactate dehydrogenase-A perturbs beta-cell mitochon-
drial metabolism and insulin secretion.,” Diabetes, vol. 49, no.
7, pp. 1149-1155, 2000.

P. Palsamy and S. Subramanian, “Modulatory effects of
resveratrol on attenuating the key enzymes activities of car-
bohydrate metabolism in streptozotocin—nicotinamide-induced
diabetic rats,” Chem. Biol. Interact., vol. 179, no. 2-3, pp. 356—
362, 2009.

G. S. Prasath and S. P. Subramanian, “Modulatory effects of
fisetin, a bioflavonoid, on hyperglycemia by attenuating the
key enzymes of carbohydrate metabolism in hepatic and renal
tissues in streptozotocin-induced diabetic rats.,” Eur. J.
Pharmacol., vol. 668, no. 3, pp. 492-496, Oct. 2011,
https://doi.org/10.1016/j.ejphar.2011.07.021

E. van Schaftingen and I. Gerin, “The glucose-6-phosphatase
system.,” Biochem. J., vol. 362, no. Pt 3, pp. 513-532, Mar.
2002, https://doi.org/10.1042/0264-6021:3620513

S. Srinivasan, G. Sathish, M. Jayanthi, J. Muthukumaran, U.
Muruganathan, and V. Ramachandran, “Ameliorating effect of
eugenol on hyperglycemia by attenuating the key enzymes of
glucose metabolism in streptozotocin-induced diabetic rats,”
Mol. Cell. Biochem., vol. 385, pp. 159-168, 2014.


http://www.sciencepg.com/journal/aap

