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Introduction

Abstract

Objective: Apelin is a novel adipokine that plays an important role
in regulating energy homeostasis and improving insulin resistance.
The purpose of the present study was to compare the effect of eight
weeks aerobic interval training and glycogon consumption on serum
apelin levels and insulin resistance in women with type 2 diabetes.
Materials and Methods: This is a quasi-experimental study.
Forty diabetic women with mean age (48.08+ 6.14) weight (72.61+
11.51) kg, height (156.33+ 6.36) cm, body mass index (BMI) (29.73
+ 4.62) kg / m 2 were selected. Samples were randomly divided into
four groups: aerobic interval training (n= 10), glycogon consumption
(n= 10), combination (n= 10) and control (n= 10). To measure low
density lipoprotein (LDL), high density lipoprotein (HDL),
triglyceride (TG), fasting blood glucose, cholesterol, insulin, apelin
and insulin resistance were measured. Then the aerobic and
combination group participated in an aerobic interval training
program (8 weeks, 3 sessions per week, 1 hour session, 40-60% of
maximal beat intensity). Glycogel 3 capsules of 145 mg daily were
used. After eight weeks, all variables were measured in four groups.
T-test and analysis of variance were used.

Results: The findings of this study showed that the level of apelin
decreased significantly in all three groups (P-value=0.018). Changes
in glucose (P-value=0.16) and insulin (P-value=0.31) in groups were
not significant .Insulin resistance was significantly decreased in the
combination and glycogel groups (P-value=0.03).

Conclusion: Aerobic interval exercises and glycogon consumption
can be used to reduce some of the risk factors for diabetes in people
with diabetes.

Keywords: Apelin, Diabetes, Glycogon, Aerobic interval training,
Insulin resistance

oday, diabetes has become a growing increase of the type 2 diabetes mellitus
health problem around the world. The (T2DM) prevalence, especially in developed
rapid changes in lifestyle caused and developing countries (1). The adipose
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tissue, as an active endocrine gland, secretes
many chemicals that are involved in regulation
of physiological processes. These chemical
messengers such as adiponectin, leptin, resistin
and visfatin are known as adipokines (2).
Inflammation caused by disturbance of pre-
and anti-inflammatory cytokine concentrations
is one of the main causes of metabolic
syndrome and T2DM. In recent years, the role
of hormones secreted by adipose tissue as
regulators of skeletal muscle metabolism and
the development of insulin resistance, and
ultimately T2DM has attracted many
researchers (3).

Imbalanced production of adipokines is
involved in the development of diabetes and
pro-inflammatory factors in metabolic diseases
(4). The adipose tissue secretes an adipokine
called apelin that plays a role in carbohydrate
metabolism and insulin function (5) apelin is
secreted as Pro-apelin as a 77-amino acid
precursor and then divided into several smaller
bioactive peptides, including apelin 36 and
apelin 13 (6). Apelin is a peptide that acts in
conjunction with the Apj receptor. Reports
suggest that apelin is associated with insulin
resistance. For example, apelin levels change
with changes in insulin levels in the blood (7-
10). Stopping insulin secretion by decreasing
cAMP in beta cells through
phosphodiesterase- dependent
phosphatidylinositol 3 kinase activity (PI3K)
is considered as one of apelin's functions
(11,12).

The apelin injection to the insulin-resistant
obese mice stimulate glucose uptake and
improves insulin sensitivity, as well as
decreases triglycerides (TG), free fatty acid
and insulin, and thus decreases body weight
and improves obesity (13,14). Hyperglycemia
is the key to a series of biochemical events that
elevates oxidative stress, causing oxidation of
low density lipoproteins (LDL) molecules,
activation of coagulation processes, as well as
stimulating the adhesion of leukocytes and
platelets, which contribute to thrombus
formation, leading a predisposed environment
to endothelial dysfunction development (15).

Regular exercise can play a major role in
reducing the complications of diabetes,
including obesity, hypertension,
hyperalpidemia and hyperinsulinemia, and
increasing insulin sensitivity in the target
tissue, increasing the levels of carrier proteins
(GLUT4) and decreasing the insulin resistance
(16,17).

Recently, a collection of three herbs of sage,
granadillo and ginseng has been prepared as
Glycogol to reduce blood glucose in diabetic
patients (18). Therefore, the purpose of this
study was to compare the effect of Glycogol
intake with aerobic interval training on serum
levels of apelin and insulin resistance in
women with T2DM.

Materials and Methods

This is a clinical trial study with pre-test and
post-test design. The participants in this study
were 40 women with T2DM and the age range
of 35-55 years old in Yazd with a fasting
blood glucose greater than 200 mg/dl. At first,
referring to the Yazd diabetes research center
of and reviewing medical records of patients
and calling them, sending recall and poster
placement in clinics on the implementation of
information research. Then, the volunteers
participating in the research were enrolled.
Subsequently, eligible participants were
selected based on the criteria for entering the
study. The inclusion criteria in this study were
the age group of patients (35-35 years),
female, the blood glucose level between 126 to
400 mg /dl, the history of at least two years of
T2DM. The exclusion criteria of this study
were severity of illness (renal failure, chronic
liver disease, decompensated heart failure,
pulmonary infections and proliferative diabetic
retinopathy), pregnancy and lactation, known
history of drug allergy, diabetic foot ulcer, and
a desire to change a specific exercise program
or diet. Eventually, 40 participations were
selected to participate in the study. The
subjects were divided into four groups using
random number table. The four groups
consisted of the aerobic exercise group (n=
10), the Glycogol group (n= 10), the aerobic
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exercise and Glycogol group (n= 10) and the
control one (n= 10). At the beginning of the
research process, the participants signed a
written consent form for participating in sports
exercises. In addition, the physical activity
readiness questionnaire (PAR-Q) was used to
determine the level of suitability of
participants for beginning an exercise
program. Training protocol and Glycogol
capsule consumption

Before the beginning of the exercise program,
in several sessions, the participants became
acquainted with the exercises, principles for
safety training materials, and the way to use of
the training devices. In each session, the main
components of aerobic exercise consisted of
three sections: warm-up, training and cool-
down. Stretching and slow jogging was
performed during warm-up for 15 minutes.
The main exercise training in the first session
was 20 minutes with 40 to 45% of maximum
heart rate, every two weeks, 5 minutes were
added to the time of exercise, and exercise
training intensity was increased by 5%. The
cool-down  activities focus on slow
movements. The training group and the
exercise plus Glycogol group did aerobic
exercise three sessions per week for 12 weeks.
The pressure and the number of repetitions of
each exercise were determined based on the
participants' abilities and physical fitness.

The participants were asked if they felt any
pressure or inability in doing the exercises,
they did the repetitions that they could easily
perform. The amount and severity of the
aerobic training program were designed based
on the performed research and prescribed
guidelines for diabetic patients (3,19,20). The
control group continued the same daily
activities during the study period.

The daily-recommended intake of Glycogol
capsule  (The Goldaru  Pharmaceutical
Company, Isfahan) was three capsules of 145
mg for 8 weeks after each meal. The Glycogol
capsule contains herbal ingredients, including
sage, fenugreek, cinnamon, and ginseng- a
combination of blood glucose lowering plants.
No special side effects have been yet reported.

Since the extraction of Salvia officinal is was
carried out with water solvent, there were no
side effects of the products containing
hydroalcoholic extracts of this plant. During
the study, in order to keep the calorie intake
constant, the participants' dietary information
was recorded by the 24-hour dietary recall
questionnaire in three days (Saturday, Sunday,
and Friday) in the first, sixth and final weeks.
The aerobic exercise group and the Glycogol
group performed aerobic exercise for 8 weeks,
three sessions per week for 60 minutes
followed by daily Glycogol intake.

Biochemical Measurements

Blood samples were taken at 5:00 am in the
anterior part of the left ventricle in two steps,
24 hours before the first training session and
24 hours after the last exercise session, at 8:00
am. Blood samples were collected in sterile
tubes and then for separation of plasma, blood
samples were centrifuged (for 10 minutes at
3000 rpm) at -70 °C. After collecting samples
in the post-test and according to the pre-test,
all the blood samples were removed from the
freezer in one day and the tests were
performed according to the relevant protocol.
In both two steps of blood sampling, the
participants were fasting for at least 12 hours
(8 pm. to 8 am.). In addition, the
experimental group was asked to have no
exercise or long walk for 24 hours after the
end of the training. The participants were
asked to not use the capsule 24 hours before
blood sampling. Glucose measurements were
performed using the Pars test kit and
photometric methods. Monobind Inc. kit was
used to measure insulin by immunoassay.
Insulin  measurement was performed by
immunoassay. Apelin  was measured by
ELISA method using an AP kit with
sensitivity of 5.21 pg / ml. To measure LDL
and HDL cholesterol and triglyceride, the Pars
test kit was used. The insulin resistance index
was also calculated using the HOMA-IR
equation (29). HOMA-IR = Fasting serum
insulin (U / mlu ) x Fasting blood sugar (mmol
/ L) divided by 22.5 after eight weeks of
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intervention. All variables measured in the
pre-test were re-measured.

Descriptive statistics were used to examine
and describe the characteristics of the
participants, including age, height, weight,
body mass index (BMI), fat percentage,
fasting blood glucose and fasting insulin,
insulin resistance index, serum apelin, LDL
and HDL cholesterol as well as TG in four
groups. The Kolmogorov-Smirnov was used to
test for the normal distribution of data, the
one-way ANOVA and Tukey's post hoc used
to examine the difference between the groups
and to compare means of two or more samples
the T-test was used. For data analysis using
SPSS version 21 software was used (P-value=
0.05).

Ethical considerations

This study was approved in Ethics Committee
of Biomedical School of Islamic Azad
University, Isfahan branch (Khorasgan). The
ethical code for this study is 23821404931026
(http://pajoohesh.khuisf.ac.ir/showcodpayan.as

pX)

Results

Table 1 presents the central indices related to
general characteristics of subjects at pretest
and posttest including age and BMI.

The results of Table 1 show that the research
groups are homogeneous based on the

variables such as age, and body mass index
there were no significant differences among
these variables in the groups before applying
the independent variable. The results of
Kolmogorov-Smirnov test also showed that
the distribution of data in the pre-test was
normal. Table 2 Comparing the Apelin,
Glucose and insulin before and after exercise
in the four groups.

The results of ANOVA revealed that there is
significant difference in apelin (P-value= 0.1)
and Glucose (P-value= 0.2) and Insulin (P-
value= 0.82) the four groups. Table 3
Comparing Lipid profile variables before and
after exercise in the four groups.

In the comparison of intragroup, the T-test
results showed that fasting glucose post-test
scores in combination groups (P-value= 0.005)
decreased significantly after intervention,
while in aerobic training group (P-value=
0.16) and Glycogol (P-value= 0.14) there were
not significantly different. Intergroup (analysis
of variance) showed that the difference
between the groups in the glucose variable was
not significant (P-value<0. 05).

Discussion

The results of the study showed that in the
intragroup comparisons in fasting glucose
level, only the combination group (P-value=
0.005) decreased after the intervention.

Table 1. Comparing the mean age and BM in the four groups

=

——__Group Aerobic exercise Glycogol Combined Control = P_value
Variable ———__ M (£ SD) M (£ SD) M (£ SD) M (£ SD)

Age (year) 50.07 (£7.52) 52.44 (+8.26) 51.2 (+5.9) 494 (£2.91) 1.39 0.26
BMI (kg/m?) 31.05 (¥3.9) 28.79 (£2.69) 29.41 (£3.39) 29.67 (¥7.98) 1.17 0.33

Table 2. Comparing the apelin, glucose and insulin before and after exercise in the four groups

T-test)

. Group

erelele Sig Aerobic exercise Glycogol Combined Control Pl (NERAY
Apelin before 1418.48 (+1126.14) 914.81 (+1625.36) 1269.83 (+1806.69) 326.43 (£1224.16)
(np /mi) after 1797 (£1282.14) 1049.58 (+1969.66) 1289.03 (+2033.50) 316.86 (+1233.20) 0.1

9 P (paired T-test) 0.018 0.003 0.002 0.77
Glucose before 217.9 (£72.9) 189.66 (+£65.95) 195.10 (+45.47) 148.2 (£36.79)
(mg/dl) after 198.7 (£52.25) 167.33 (£55.29) 153.4 (47.75) 148.46 (£39.8) 0.2

P (paired T-test) 0.16 0.14 0.005 0.56
before 12.18 (+2.98) 16 (+11.22) 11.59 (+8.75) 7.46 (+5.16)

Insulin after 7.13 (£5.84) 12.45 (+8.57) 6.76 (+3.78) 6.11 (¢4.4) 0.82
(mlU/L) P (intragroup paired 0.44 0.15 0.057 0.28 ’
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Table 3. Comparing lipid profile variables before and after exercise in the four groups

. Group
Ve St Aerobic exercise Glycogol Combined Control PRI (AN
before 218.25 (+62)  220.50 (¥95.6) 146.37 (+17.57) 153.6 (+37.10)
(Cn:‘ol'gf)tem' after 212.40 (£5352) 192 (x44)  139.75(£14.76 154 (+36.38) izl
g p (paired T-test) 0.54 057 0.003 0.79
Triglyceride before 188.60 (+69.84) 199.44 (+71.22 195.10 (+45.47 132 (£59.7) .
(mg/dl) after 183.80 (+48)  198.2 (+47.55) 153.40 (+47.75) 128.6 (+51.45) :
p (paired T-test) 0.67 0.93 0.002 0.42
S before 45.7 (+4.71) 44.44 (£6.69) 4330 (+7.25)  42.2 (+7.88) 063
(ma/d) after 434 (+4.45) 4533 (+14.071) 40.9 (+4.14)  42.80 (+7.85) :
p (paired T-test) 0.25 0.78 0.25 0.30
L before 133.20 (#50.72) 108 (+27.03)  135.8 (+48.8)  87.40 (+30.68) o
(mg/di) after 136.60 (+48.02) 104 (+34.37) 118 (+34.37)  85.80 (+30.76) :
9 p (paired T-test) 0.54 0.4 0.02 0.19

In a study by Behradmanesh and colleagues
entitled "The effect of Glycogol capsules on
blood glucose in type 2 diabetic patients”,
there was a significant decrease in blood sugar
level in diabetic patients (18), which was not
consistent with the current study. The possible
reason of this difference was referred to the
length of the research. In the Behradmanesh
study, the length of his research was 3 months.
The levels of insulin in the Glycogol group
were P-value= 0.15, in the combination group
P-value= 0.05 and in the aerobic exercise
group P-value= 0.44, respectively. Therefore,
the mean difference after the intervention in
the combination group was decreased. In the
intragroup comparison, the p-value was 0.82.
It means that the independent variable (aerobic
exercise, Glycogol and combination) have not
shown a significant effect on insulin reduction
in all three groups. None of the variables in the
control group also showed any significant
difference. The results of the present study
have been inconsistent with the results of some
research.

Hemati and co-workers (2013) conducted a
study entitled "the effect of highly periodic
exercise (HIIT) on plasma levels of
adiponectin, resistance and insulin sensitivity
in inactive young men." In this study, 18
volunteers participated randomly in two
experimental and control groups. The
experimental group performed high intensity
periodic exercise protocol for six weeks (three
sessions per week). Each session consisted of
four to six repetitions of running at maximum
speed in a 20-meter area with 30 seconds of

recovery. The results of this study showed that
serum concentrations of insulin, fasting
glucose and insulin resistance decreased in the
experimental group; insulin sensitivity and
beta cell function increased, but these changes
were not statistically significant (22).

The reasons for the inconsistency of the results
of Hemati and co-workers study with the
present study were related to the gender of the
participants, the type of exercise and the
method of research. Taghian colleagues (2013)
also showed that after 12 weeks of aerobic
exercises, insulin and glucose levels did not
change significantly in obese women (23). The
reasons for the inconsistency of this research
with the current study may be due to the type
of exercise, sex of participants, or commercial
Kits measuring insulin and glucose.

In the intragroup comparison, in the case of
insulin resistance, the p-value was 0.03 and
0.03 in Glycogol and combination groups,
therefore, therefore, the mean difference
before and after the intervention was
significant. Kazemi and co-workers (2014), in
a study entitled “effects of aerobic training on
plasma concentration of apelin and insulin
resistance in type 2 diabetic rats" showed a
significant decrease in plasma concentrations
of glucose and insulin as well as insulin
resistance in the aerobic training group
compared to the control group. In addition,
there was a significant negative correlation
between apelin plasma concentration and
insulin resistance after 6 weeks of aerobic
training, which is similar to the current study
(24).
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during a bout of exercise the increased
contraction-stimulated glucose uptake is
linked to increases in AMP-activated protein
kinase (AMPK), which results in the
phosphorylation of the RabGTPase-activating
protein TBC1DL1.It appears that a slightly
different pathway is used to regulate glucose
uptake at rest, and involves TBC1D4 (also
known as AS160), the prologue of TBC1D1.
TBC1D4 is involved in the insulin stimulated
regulation of GLUT4 translocation and
glucose uptake in adipocytes and myocytes
(25). Insulin promotes the phosphorylation of
TBC1D4 causing its deactivation and thereby
increasing GLUT4 activity. TBC1D4 is also
involved in the regulation of glucose uptake
post exercise, when increases in Sl are
associated with elevated intracellular kinase
Akt, which results in the phosphorylation of
TBC1D4. TBC1D4 has similar properties to
TBC1D1 and produces similar effects, in that
the active form TBC1D4 promotes the
hydrolysis of GTP to GDP on Rab proteins,
thereby preventing the translocation of
GLUT4 to the cell membrane (26).

In the present study, the glucose level
decreased in the combination group. One of
the components of Glycogol capsules is
fenugreek, and in animal studies, the effect of
this plant on type 1 and type 2 diabetes has
been proven (27). Because of its high
antioxidant effect, fenugreek reduces lipid
peroxidation; fenugreek contains saponins,
carbohydrates, steroids and alkaloids such as
trigonella, trigonometry, all of which have a
decreasing effect on blood glucose level.
Fibers found in fenugreek reduce glucose
uptake. Hydroxyisolucine, which is an amino
acid found in fenugreek seed fiber, stimulates
insulin secretion and increases the number of
insulin receptors. Saponins in fenugreek also
inhibit intestinal absorption of lipids (28,29).
Apelin in mice increases the displacement of
GLUT4 from the cytoplasm to the plasma
membrane. However, it is still not clear
whether apelin is actively intermediate in
regulating insulin sensitivity. Studies on mice
injected with apelin showed that this cytokine

could improve glucose uptake in insulin-
resistant cells. Furthermore, apelin can act as a
factor in increasing insulin sensitivity. The
underlying mechanism of the apelin effects on
insulin resistance remains unclear, but studies
on mice showed that apelin specifically
improved the displacement of GLUT4 due to
insulin action (30). In the study of Kadoglou,
it was shown that the AMP-activated protein
kinase made the proposed link between insulin
sensitivity with exercise mediation and apelin
changes (31).

In the apelin variable, the mean difference
before and after the intervention in the
Glycogol capsules, aerobic exercise and
combination groups was significant. Apelin
serum levels increased significantly in three
groups. Obviously, obesity is one of the risk
factors for diabetes, which may lead to
significant changes in plasma apelin levels. In
a study conducted by Kazemi and colleagues
entitled "effects of aerobic training on plasma
concentration of apelin and insulin resistance
in type 2 diabetic rats" it was emphasized on
the effect of six weeks of aerobic training on
the increase of apelin blood (24), which was
consistent with the results of the present study.
In a study by Haghighi (25) , titled "Changes
in plasma apelin levels and insulin resistance
index after an aerobic exercise program in
overweight healthy women", the results of the
effect of aerobic exercise on apelin was not
inconsistent with our research. Probably the
increase of apelin in this study is due to the
research on diabetic participants that their
fasting blood glucose levels are the stimulating
factor for apelin. The results showed that
aerobic exercise and Glycogol capsule
consumption were effective in weight loss.
Therefore, weight loss seems to be one of the
main mechanisms for reducing plasma apelin
after aerobic exercise.

In this study, insulin levels in the combination
group significantly decreased. This change is
justifiable by examining the relationship
between cytokine and insulin. The rapid
phosphorylation of insulin receptor substrate
(IRS) is one of the main mechanisms for the
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development of insulin resistance. Reducing
insulin production improves insulin sensitivity
and decreases insulin resistance (32).

On the other hand, some of the anti-
inflammatory effects of exercise may be
associated with a reduction in cytokines
produced by adipose tissue. Long-term aerobic
exercise reduces the production of atherogenic
cytokines, while increasing the production of
antiatherogenic cytokines. In some studies, it
was shown that the produced insulin
stimulates apelin production by adipose tissue.
On the other hand, plasma apelin levels
decrease with body weight loss (33). In the
present study, the weight of the participants
was significantly decreased, which is to some
extent explained by the results obtained. One
of the limitations of this study is the lack of
strict control over the nutrition of the subjects.

Conclusions

Based on the findings of the present study,
weight and BMI decreased in the aerobic
exercise and combination groups. Perhaps you
can get better results with the length of the
training period. In other dependent variables,
such as triglyceride, cholesterol, LDL, HDL,
glucose and insulin resistance, there was a
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