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Abstract

Many studies have investigated the effect of exercise on diabetes-related factors. The main
purpose of the present study was to compare the effects of continuous and Interval
endurance training on glycemic factors in type 2 diabetic patients in a systematic and meta-
analysis review of Iranian studies. In the present study, databases of Science Direct,

Scopus, science of the Web, SID, Magiran, and Scholar with special keywords from 1380
to 1398 years was searched. After initial screening, the full text of the articles was
evaluated and Inclusion criteria were articles that were analyzed. Two hundred thirty-one
articles were reviewed and 25 articles met the criteria for systematic review and meta-
analysis. Accordingly, 908 diabetic patients were divided into two groups of control and
experimental groups, respectively: 494 and 414, in the experimental group (301 females,
189 males) and the control group (247 females, 136 males). The mean age of the subjects
in the present study was 50 years. The results of the meta-analysis showed that both
interval and continuous exercise improved glucose indexes. (p = 0.001% Cl = -1.24 -0.86,
Z =-10) and insulin (p = 0.001; SE = 0.18, 95% CI = -1.62 -0.917, Z = -7) and insulin
resistance (p = 0.001; SE = 0.05, 95% CI = -0.34 -0.13, Z = -4.52). There was a significant
difference between continuous and interval exercise on glucose and insulin levels (p =
0.002 and p = 0.0001). But there was no difference in insulin resistance (p = 0.42) .

Continues and interval endurance training improves blood glucose, insulin, and insulin
resistance levels. Interval training is more effective in improving glycemic index, although
further studies and higher quality are still needed.
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Extended Abstract

Background and Purpose

Many studies have investigated the effect of exercise on diabetes-related factors.
fasting glucose and insulin and insulin resistance well-known risk factors for type
2 diabetes. Exercise has long been recognized as a cornerstone of diabetic
management and the prevention of incident diabetes. Exercise has long been
recognized as a cornerstone of diabetic management and the prevention of
incident diabetes. For example, the American College of Sports Medicine
currently recommends that individuals with type 2 diabetes expend a minimum
cumulative total of 1,000 kcal per week of energy from physical activities (1). The
main purpose of the present study was to compare the effects of continuous and
Interval endurance training on glycemic factors in type 2 diabetic patients in a

systematic and meta-analysis review of Iranian studies.

Material and Method

In the present study, databases of ScienceDirect, Scopus, science of the Web, SID,
Magiran, and Scholar with special keywords from 1380 to 1398 years was
searched. The outcome, and reported means (or differences between means).
Exclusion criteria were as follows: (1) patients with diabetes type 1; (2) duplicate
publication or subgroup analysis of the included trials; (3) RCTs that did not report
enough data for completing a meta-analysis; and (4) studies with less than 6-
weeks of follow up. Two examiners separately extracted all data. For the variables
of interest, we extracted sample sizes including baseline and post-intervention
standard deviations for the intervention and control groups following the methods
of Cochrane Handbook for Systematic Reviews of Interventions (2). Two authors
separately evaluated the methodological quality of the trials the Down and Blac
of bias tool (3) was used to evaluate the risk of bias of involved trials for the
following study characteristics: random sequence generation (selection bias),
allocation concealment (selection bias), blinding of participants and personnel
(performance bias), blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias), and other bias.
After initial screening, the full text of the articles was evaluated and Inclusion
criteria were articles that were analyzed. The effect size intervention of each study
was estimated as the difference mean changes in parameters between the training
and control groups during intervention. We completed the analysis using random
effect models [26,28], and the results are shown as the weighted mean difference
(WMD). We statistically evaluated heterogeneity using 12 index [29].
heterogeneity between studies used with meta-regression. The funnel plot used to
assess the publication bias and statistically assessed the bias using the Egger
methods [31,32]. All analyses were conducted using Stata/SE software version
12.0 (Stata; College Station, TX, USA).
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Results

221 articles were selected based on searches in databases, after initial review of
titles and abstracts and removal of irrelevant articles, 120 articles were evaluated.
After reviewing the full text of the remaining articles if the article met the
inclusion criteria, the information was extracted. Thus, a total of 25 articles were
included in the meta-analysis. 19 articles for glucose 19 articles for insulin 10
articles were evaluated for insulin resistance. Accordingly, 908 diabetic patients
were divided into control and experimental groups, respectively, 494 and 414,
respectively. The mean age of the subjects in this study was 50 years. The meta-
analysis of 19 clinical trials conducted on diabetic subjects, including 12
continuous exercise and 7 intermittent exercise studies, showed that continuous
and intermittent endurance training significantly decreased glucose levels (p =
0.001; SE =0.18, 95 % Cl = -1.24 -0.86, Z = -10) in subgroup analysis between
continuous training (p = 0/001; SE = 0.12, 95% CI = -1.43 -0.929, Z =-9.19) and
intermittent training (p = 0/001; SE = 0.12, 95% CI =-1.18 -0.59, Z = -5.93) As
the data in Chart 1 shows, there is a significant relationship between endurance
and periodic exercise and insulin in domestic studies. (P = 0.002).The meta-
analysis of 19 clinical trials of diabetic subjects, including 13 continuous exercise
and 9 periodic exercise studies, showed that exercise training could significantly
improve insulin levels (p = 0.001; SE = 0.18, 95% CI = -1.62 -0.917, Z=-7 ) in
subgroup analysis of endurance training (p = 0/001; SE = 0.2, 95% CI = -1.21 -
0.4, Z = -3.7) and periodic exercise (p = 0.001; SE = 0.2, 95% CI = -3.51 - 2.04,
Z = -7.4) Specified as there is a significant relationship between endurance and
periodic exercise and insulin in studies conducted in the country (p <0.001). =
0.0001).The number of studies that examined the effect of insulin resistance
changes on the present study was 10 studies, 7 studies endurance training and 3
periodic exercise studies showing that overall exercise training can significantly
improve insulin resistance levels (p <0.001 SE = 0.05, 95% CI =-0.34 -0.13, Z =
-4.52) in subgroup analysis of endurance training (p = 0/001; SE = 0.2, 95% CI =
-.29 -0.08, Z = - 3.5) and intermittent exercise (p = 0/001; SE = 0.05, 95% CI = -
1.5-0.6, Z = -4.5) was identified.

Conclusion

present meta-analysis show that both periodic exercise and endurance training
decrease glucose, insulin, and insulin resistance. More partially, regular exercise
reduced blood glucose and insulin levels, and continued endurance training
reduced insulin resistance. Studies have shown that endurance exercise can
decrease fasting blood glucose, insulin and insulin resistance in patients with type
2 diabetes (3-7).. The reasons for the major change in glycemic indexes in diabetic
patients after intermittent exercise include increased protein content of insulin
receptors and increased protein kinase B activity, which plays a key role in
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transmitting insulin signaling, which results in decreased blood glucose in
diabetics (18).). In fact, greater power efficiency in non-interfering peripheral
muscles with increased cardiopulmonary capacity is the main characteristic of
periodic exercises, which is preferred to continuous training. Because in
continuous exercise due to the phosphocreatine fraction and the use of myoglobin-
bound oxygen stores, blood lactate levels increase, while at intervals between
intense exercise intervals during phosphocreatine and myoglobin recovery, lactate
concentrations decrease in blood. It works (47). Intermittent exercises can produce
maximum pressure without using anaerobic metabolism and lactic acid
accumulation (18).

Article Message

Based on the present study, it is recommended that due to the small number of
studies conducted on the effect of interval training on the other hand, the greater
effectiveness of this type of exercise on insulin resistance in type 2 diabetic
patients, in future research, more attention should be paid to these training.

Keywords: Diabetes, Insulin, Glucose, Interval Training, Continuous training
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Study %
ID ES (95% Cl) Weight

Endurance Training !

Khorshidi et al (1390) —_—— -34.51 (-62.26, -6.76) 0.97
Mogharnesi et al (1391) —0—;— -50.87 (-87.64, -14.10) 0.55
Parsiyan et al (1392) —0—: -38.00 (-76.50, 0.50) 0.51
Mir et al (1392) | —— -2.83(-11.88, 6.22) 9.15
Musaviyan (1392) —— -11.26 (-19.58, -2.94) 10.83
Nezam dust et al (1393) _—— -22.10 (-46.28, 2.08) 1.28
Motahari-Tabari et al (1393) - -25.36 (-31.31,-19.41)  21.19
Azizi et al (1394) _—— -67.25(-117.89, -16.61)  0.29

Afshun pur et al (1394)

Aghamohamadi et al (1394)

Gholaman et al (1395)

Shahrjerdi et al (1397)

Subtotal (I-squared =72.6%, p = 0.000)

-28.44 (-55.38, -1.50) 103
-14.46 (-18.85,-10.07)  38.89
-45.50 (-63.71,-27.29)  2.26
r -21.85 (-47.98, 4.27) 110
-17.41(-20.32,-14.49)  88.07

Interval Training
Sharifabadi et al (1389)
Suri et al (1390)
motalebi et al (1391) —_—— -45.33 (-87.84, -2.82) 0.42

-30.04 (-72.49, 12.41) 0.42
— -17.92 (-56.03, 20.19) 0.52

|4

Ghardashi et all (1393) —0-;— -23.59 (-36.15,-11.03)  4.75
Bazyar et al (1394) —_— 1 -68.13 (-99.63, -36.63)  0.76
Abedi et al (1395) —_— : -68.78 (-100.03, -37.53)  0.77
lIkhani et al (1395) :—0— -2.75 (-15.96, 10.46) 4.30
Subtotal (I-squared = 77.3%, p = 0.000) Q -22.55 (-30.48, -14.62) 11.93
1
Heterogeneity between groups: p = 0.233 :
Overall (I-squared = 73.5%, p = 0.000) o -18.02 (-20.76, -15.28) 100.00
1
1
1

Ll 3565 gtam 32 (29US 9 (ooghs iy o 15T oLl - U
Figure 1- Accumulation of the effect of continuous and Interval exercise on fasting
glucose levels
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Figure 2 - Comparison of the effect of continuous and interval training on blood

glucose
Study %
D ES (95% Cl) Weight
Endurance Training E
Shahrjerdi et al (1387) —_— 3.28(-7.75,1.18)  0.64
Shavandi et al (1389) —_— -2.58 (-5.50,0.34)  1.49
Khorshidi et al (1390) ——t -1.61(-3.84,0.62) 255
Mir et al (1392) — 0.31(-1.29,0.67) 13.17
Parsiyan et al (1392) I=—— -0.02 (-1.07, 1.03) 11.42
musaviyan (1392) —_— 013 (-4.72,446)  0.60
mogharnesi et al (1393) —0:—— -1.69 (-5.64, 2.26) 0.81
Nezam dust et al (1393) —_— -1.80 (-5.84,2.24)  0.78
Motahari-Tabari et al (1393) : -3.11(-10.45,4.23) 0.24
Azizi et al (1394) —— -1.75 (-5.78, 2.28) 0.78
Afshun pur et al (1394) —_— -4.21 (-7.97,-0.45) 0.89
Aghamohamadi et al (1394) —_—— 0.75 (-4.13,2.64)  1.10
Gholaman et al (1395) - -0.91 (-1.46, -0.36) 42.13
Subtotal (I-squared = 0.0%, p = 0.564) |<> -0.81 (-1.22,-0.41)  76.60
|
Interval training :
Suri et al (1390) —_— | 951 (-14.32, -4.70) 0.55
Ghardashi et all (1393) — -1.75 (-3.44,-0.06)  4.43
Bazyar et al (1394) —0—: -2.39 (-3.66, -1.12) 7.83
Abedi et al (1395) —— 2.38(-3.77,0.99) 659
ikhani et al (1395) — 191 (-4.68,0.86)  1.65
Sharifabadi et al (1397) —_— ! 6.20 (-852,-3.88) 2.35
Subtotal (I-squared = 72.7%, p = 0.003) ol 2.78 (-3.52, -2.05)  23.40
'
Heterogeneity between groups: p = 0.000 i
Overall (I-squared = 64.0%, p = 0.000) [0} -1.27 (-1.63,-0.92)  100.00
'
'
T * T
-14.3 0 14.3

095 gl Tobm 2 (29U 9 (ooghs Sl po3 Sl Bl Jloges -1 S
Figure 3 - Accumulation diagram of the effect of continuous and interval training
on blood insulin levels



™ vy (2905 9 (ooglad  Soliiwl by pod )U'i Ao lio 1 g ylas

0.0
0.2 —
) E b 000
-1.0-
1
1.5 T T
.@“6’ &
.r\"i'b‘" ,.r\‘k@
el 2
oo
& el
o e

gl Zobw o (29US 9 (oglad Wby pod ).ui.'f A Lo -F i
Figure 4 - Comparison of the effect of continuous and interval training on insulin

levels
Study %
D ES (95% CI) Weight
i
Endurance Training :
Shavandi et al (1389) %J— -0.36 (-2.02, 1.29) 0.39
Mir et al (1392) - -0.14 (-0.25, -0.03) 91.26
Nezam dust etal (1392) —_— -1.26 (-2.23,-0.29) 112
Aghamohamadi et al (1394) —_————— 3 212 (-3.27,-0.97) 0.80
Aziziet al (1394) —_— -2.23(-3.86,-0.61) 0.41
Afshun pur et al (1394) —_——————— 3 -2.10 (-3.45, -0.74) 0.58
Gholaman et al (1395) T -1.40 (-3.31, 0.51) 0.29
Subtotal (I-squared = 81.0%, p = 0.000) 0 -0.19 (-0.30, -0.09) 94.85
)
i
Interval training :
Ghardashi et all (1393) —_— -1.59 (-2.91,-0.27) 0.61
Bazyar et al (1394) —0—3 -1.00 (-1.69, -0.31) 222
Abedi et al (1395) —_— -1.00 (-1.67,-0.32) 2.32
]
Subtotal (I-squared = 0.0%, p = 0.712) <> ! -1.07 (-1.52, -0.61) 515
‘
Heterogeneity between groups: p = 0.000 '
Overall (I-squared = 80.3%, p = 0.000) 6 -0.24 (-0.34,-0.14) 100.00
i
]
]
T T

-3.86 o 3.86

gl & Canglio 2 2315 3 gogl Wiz yoi T sl ylages -0 JSCi
Figure 5 - Accumulation diagram of the effect of continuous and interval training
on insulin resistance
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Figure 6- Comparison of continuous and interval training on insulin resistance

Funnel Plot of Standard Error by Difference in means
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Figure 7- Bags funnel plot for glucose
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Figure 8- Bags funnel plot for Insulin
Funnel Plot of Standard Error by Difference in means
0.0 7
7 o
/
,/’
02
//
/ o
0.4 !
w]
06
O
0.8
1.0 o
R ——
-3 2 1 o 1 2 3

Difference in means

Ol gl & Ceoglilo (gl 350 (Sl g0 -4 S5

Figure 9- Bags funnel plot for Insulin resistance
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Abstract

Due to the antioxidant effect of exercise and Urtica dioica (UD), the aim of this study was
to evaluate the effects of these interventions on changes in blood glucose and necrotic
cells in the CA3 region of the type 1 diabetic rat hippocampus. In this study, 76 Wistar
rats were divided into healthy (control, exercise, UD, UD-exercise) and diabetes (control,
exercise, UD, UD-exercise) groups. Diabetes was induced by intraperitoneal injection of
streptozotocin (45mg/kg) and 48 hours after injection, blood glucose levels above
300mg/dl were the criteria for confirmation of diabetes. After confirmation of diabetes,
endurance exercise protocol with moderate-intensity (5days/week) and daily gavage of
hydroalcoholic extract of UD was performed at 50 mg/kg for six weeks. 48 hours after the
last session, the rats were sacrificed and the hippocampal tissue was extracted and fixed
in 10% formalin for staining of crystal violet for necrotic cell count. Data were analyzed
using ANOVA and Kruskal-Wallis tests using Bonferroni post hoc test at significance
level 0=0.05. Results showed that six weeks of endurance exercise and consumption of
UD extract significantly reduced blood glucose concentration in the diabetic exercise
(p=0.001), diabetes-UD (p=0.001), and diabetes-UD exercise (p=0.001) groups compared
with the diabetes-control group. In addition, there was a significant difference between
the diabetes-UD and diabetes-UD-exercise (p=0.001), and diabetes-exercise and diabetes-
UD-exercise (p=0.002) groups. The interaction between endurance exercise and
consumption of UD extract significantly decreased the number of necrotic cells in the
diabetes-UD-exercise group compared to the diabetic control group (p=0.029). Finally, 6-
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week endurance exercise and consumption of hydroalcoholic extract of UD can have a
protective effect on preventing necrosis of CA3 cells of diabetic rat hippocampus.

Keywords: Endurance Exercise, Urtica Dioica, Necrotic, Hippocampus, Diabetes

Extended Abstract

Background and Purpose

The hippocampus as one of the most sensitive areas is highly vulnerable to factors
such as ischemia, stress, and especially diabetes, during which it undergoes
structural, neurophysiological, and molecular changes (1). Tissue damage caused
by diabetes can be caused by the interaction of complex pathophysiological
processes such as inflammation and oxidative stress (2). Studies have shown that
increasing the activity of antioxidant enzymes occurring after exercise has
beneficial effects in preventing the neurological complications of diabetes and
tissue damage caused by oxidative stress following the disease (3). On the other
hand, Urtica dioica (UD) is one of the herbal supplements and has antioxidant,
blood sugar, anti-inflammatory and anti-lipid effects (4). Due to the antioxidant
effect of exercise and UD, the aim of this study was to evaluate the effects of these
interventions on changes in blood glucose (BG) and necrotic cells in the CA3
region of the type 1 diabetic rat hippocampus.

Materials and Methods

The experiment was performed on six-week-old male Wistar rats, weighing
232.7+12.42 g. Before starting the experiment, all animals were maintained at the
new environmental condition for a period of one week and familiarized with
treadmill exercise in the second week (10-15 min, 5-10 m/s, five days/week). In
this study, 76 rats were divided into healthy (control, exercise, UD, UD-exercise)
and diabetes (control, exercise, UD, UD-exercise) groups. Diabetes was induced
by intraperitoneal injection of streptozotocin (STZ) (45mg/kg), and 48 hours after
injection, BG levels above 300 mg/dl were the criteria for confirmation of diabetes
(5). Two weeks after the injection of STZ without any intervention, the rats were
kept in the laboratory. Then, endurance exercise protocol with moderate-intensity
(5days/week) was performed for six weeks. The speed and duration of the
treadmill exercise were gradually increased from 10 m/min for 10 minutes in the
first week to 10 m/min for 20 minutes in the second week, 14-15 m/min for 20
minutes in the third week, 14-15 m/min for 30 minutes in the fourth week, and
17-18 m/min for 30 minutes for the fifth and sixth weeks. To achieve adaptation
in training, the intensity (speed and time) of treadmill exercise was kept constant
during the sixth week (5). The UD extract was prepared with 70% ethanol and
30% water. After preparing the extract, the antioxidant activity of the extract was
evaluated using stable DPPH radicals. Daily gavage of hydro-alcoholic extract of
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UD was performed at 50 mg/kg for six weeks (6). 48 hours after the last session,
the rats were sacrificed, and the hippocampal tissue was extracted and fixed in
10% formalin for staining of crystal violet for necrotic cell count of CA3 area.
Data were analyzed using ANOVA and Kruskal-Wallis tests using Bonferroni
post hoc test at significance level a=0.05.

Results

Measurement of antioxidant activity of UD hydroalcoholic extract by DPPH
method: In measuring the antioxidant activity by DPPH method, the 1C50 of UD
extract was 295 pg/ ml and ascorbic acid was 23 pg/ ml.

Endurance training and UD hydro-alcoholic extract reduced BG in diabetic
rats. At the beginning of the research, the mean BG in all groups was 106+2.58
mg/dl (P=0.570). Then, BG increased significantly after 48 hours of STZ
injections in rats of diabetes groups compared to the healthy control group
(P=0.001), and the mean BG in diabetic groups was 498.07+42.06 mg/dI,
demonstrating that diabetes induction was successful. The results of the analysis
of variance with repeated measures showed that endurance training and hydro-
alcoholic extract of UD plant significantly reduced BG of the rats in diabetes-
exercise groups from the fourth week (p=0.03), diabetes-UD from the third week
(p=0.04), and diabetes-UD-exercise from the second week (p=0.02) compared
with after STZ injection. At the end of the sixth week of the study, endurance
exercise and consumption of UD extract significantly reduced BG concentration
in the diabetic exercise (p=0.001), diabetes-UD (p=0.001), and diabetes-UD-
exercise (p=0.001) groups compared with the diabetes-control group. In addition,
there was a significant difference between the diabetes-UD and diabetes-UD-
exercise (p=0.001), and diabetes-exercise and diabetes-UD-exercise (p=0.002)
groups.

Endurance training and UD hydro-alcoholic extract reduced necrosis of CA3
hippocampal neurons in diabetic rats. The results of the Kruskal-Wallis test
showed that there was a significant difference between the groups studied in the
number of necrotic cells in the CA3 area of the hippocampus (p=0.001).
Comparison of groups using the modified Bonferroni test showed that the
diabetes-control group had significantly more necrotic cells than the healthy
control group (p=0.016). Six weeks of endurance exercise and UD extract
consumption reduced the number of necrotic cells in the CA3 hippocampal region
of the diabetes-UD-exercise group compared to the diabetes-control group
(p=0.029). The reduction in the number of necrotic cells in the diabetes-exercise
(p=1.000) and diabetes-UD (p=1.000) groups was not significant compared to the
diabetes-control group. Also, there was no significant difference between
diabetes-exercise with diabetes-UD (p=1.000), diabetes-exercise with diabetes-
UD-exercise (p=1.000) and diabetes-UD with diabetes-UD-exercise (p=1.000). In
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addition, there was no difference between healthy-control, healthy-exercise,
healthy-UD and healthy-UD-exercise groups in the number of necrotic cells.
Comparison of healthy and diabetic groups showed that there was a significant
difference between diabetes-UD (p=0.015) and diabetes-exercise (p=0.017)
groups with healthy UD-exercise group. There was no difference between
diabetes-UD-exercise and healthy-UD-exercise groups (p=0.678).

Conclusion

Diabetes increases neurological vulnerability to stressors (1, 2). Most likely, UD
extract, by its antioxidant properties and free radical scavenging, regenerates the
pancreatic beta, thereby reducing the BG levels of diabetic rats (4). In addition,
reducing cellular stress through UD improved and prevented the death of
hippocampal pyramidal cells. On the other hand, regular exercise improves
metabolic control in animals and diabetic humans (7), and by increasing
antioxidant defenses, it reduces oxidative stress and reduces the effects of
diabetes, including reducing neuronal mortality (8). According to the results of
the present study, the beneficial effects of UD extract consumption and exercise
on molecular and tissue aspects in diabetic patients, it is likely that exercise with
UD extract will improve and further increase the positive aspects compared to the
single effects of these interventions on cell death pathways, and can have
protective effects on preventing necrosis of CA3 cells of diabetic rat
hippocampus.

Article Message

According to the results of the present study, it seems that endurance training and
consumption of hydroalcoholic extract of UD together can create better protective
effects against necrosis of hippocampal nerve cells.

Keywords: Endurance exercise, Urtica dioica, Necrotic, Hippocampus, Diabetes
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Abstract

The aim of this study was to investigate the effect of water exercise with blood flow
restriction (BFR) on the growth hormone (GH), insulin-like growth factor-1 (IGF-1) levels
and bone mineral density (BMD) of elderly women. To do so, 30 non-athlete women (age:
60 to 70, weight 72.34 + 2.5 kg and BMI: 28.8 + 4.07) participated in the study voluntarily
and were randomly divided into three groups of control, water exercise with BFR and
water exercise without BFR. Both training groups performed aerobic exercises with water
resistance (eight weeks, three days, one hour). Cuff pressure in the training group with
BFR was 110 to 220 mm Hg. Blood samples were taken 24 hours before the first and after
the last training session. Statistical test of analysis of covariance (ANCOVA) was used for
data analysis. Findings of the study indicated that two training groups had a significant
increase in BMD, IGF-1 and T-score compared to the control group (p< 0.05). There was
significant increase in the amount of GH only in the BFR group compared to the control
group (P<0.05). Moreover, the result showed significant increases in BMD, GH, IGF-1
and T-score in water exercise with BFR group compared to the water exercise without
BFR group (p<0.05). The results of the study indicated water exercise improved the effect
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Zaravar: Effect of Eight weeks Water Exercise with... 70

of anabolic factors to prevent decreasing bone density, in older women, but water exercise
with BFR induced a more beneficial effect on BMD rather than water exercise without
BFR. Therefore using water exercise with BFR is recommended for older women.

Keywords: Water Exercise, BFR, GH, IGF-1, BMD, Elderly Women

Extended Abstract

Background and Purpose

Osteoporosis is the most common metabolic bone disease that causes a decrease
in bone mineral density (BMD) (1). In recent years, regular exercise has been
proposed as one of the important non-pharmacological mechanisms to prevent or
treat osteoporosis (2). The importance of this disease is in increasing the risk of
bone fractures, especially in the thigh and spine. One of the most important causes
of osteoporosis in women is hormonal fluctuations and estrogen reduction after
menopause, which are exacerbated with age (3). Therefore, the aim of this study
was to investigate the effect of exercise and blood flow restriction (BFR) in water
on the amount of growth hormone (GH), insulin-like growth factor | (IGF-1) and
BMD in elderly women.

Methods

Thirty non-athlete women (age 60 to 70 years, weight 72.34 £ 2.5 kg and body
mass index 28.8 £ 4.07 kg / m2) participated in the study voluntarily and were
randomly assigned to the three groups of control, water exercise with BFR and
water exercise without BFR. Firstly, the subjects were comprehensively
familiarized with the stages of the study. A questionnaire with demographic
characteristics, medical and drug use history, as well as informed consent forms
were completed by patients. None of the participants had a history of chronic
illness or exercise in the previous six months. A physician performed
cardiovascular examinations. To measure blood parameters, 24 ml of fasting
blood was taken from the forearm vein 24 hours before the first training session
and collected in a chelate tube, then centrifuged for 20 minutes at 3000 rpm and
isolated serum was used to measure GH and IGF-1 using the enzyme-linked
immunosorbent (ELISA) assay. The kits were kept at a temperature of four
degrees. The BMD was analyzed and measured by a Dexa scan in the thigh area.
Both training groups performed aerobic exercises with water resistance (eight
weeks, three days, one hour). Then, 24 hours after the last training session, blood
sampling and Dexa scan were performed again with similar conditions to the pre-
test. The cuff pressure in the training group with BFR was 110 to 220 mm Hg.
The control group did not participate in any of the training programs. Analysis of
covariance (ANCOVA) was used to compare post-test variables with control of
the effect of pre-test variables. Shapiro-Wilk test was used to ensure the normal
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distribution of data and the Leven test was used to evaluate the homogeneity of
variance. In the case of a significant difference between the groups, the Bonferroni
post hoc test was used to compare paired groups.

Results

The results of this study showed that BMD, IGF-1 and T-score increased
significantly compared to the control group (p<0.05). There was significant
increase in the amount of GH only in the BFR group compared to the control
group (P<0.05). Moreover, BMD, GH, IGF-1 and T-score increased significantly
in the training group with BFR compared to the training group without BFR
(p<0.05).

Conclusion

In general, based on the findings of the present study, it can be concluded that
exercise in the water with BFR such as the exercise program in the present study
increases the levels of GH and IGF-1, as the most important growth regulators in
different cells, enhances BMD and T-score and can be used as a low-risk method
to develop bone health similar to high-intensity endurance and resistance training
(4). The present study indicated that water exercise in elderly women improved
the effect of anabolic factors in preventing bone density reduction, but water
exercise with BFR had more beneficial effects in increasing BMD.

Article Message

Therefore, water exercise with BFR can be suggested as a suitable exercise mode
to improve the health of older women, especially those with problems in the
skeletal system, and it is recommended to be used by older women.

Keywords: Water Exercise, BFR, GH, IGF-1, BMD, Elderly Women
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Table 4 - Mean and standard deviation of pre-test and post-test BMD and T-score
data in control group and two training groups

The * sign indicates a significant difference between the post-test of the exercise
group and the control group. The # sign indicates a significant difference between
training with BFR and training without BFR
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Figure 1- BMD and T-Score Values in the Control Group and Training Groups in
the Pre-Test and Post-Test
% Shows a Significant Difference between the Training Groups and the Control

Group. # Shows a Significant Difference between the Two Training Groups
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Table 5 - Mean and standard deviation of pre- and post-test IGF-1 and GH data in
control group and two training groups
The * sign indicates a significant difference between the post-test of the exercise

group and the control group. The # sign indicates a significant difference between
training with BFR and training without BFR.
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groups is the control group. # To show a significant difference between two training
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Abstract

The aim of this study was to evaluate the effect of eight weeks of aerobic exercise on
leptin to adiponectin (L/A) ratio and glycemic control indices in type 2 diabetic patients.
Among men with type 2 diabetes, 24 person [mean age (48.7 £ 0.71 years) and BMI (30.7
* 3.3 kg / m2)] randomly divided into two groups of aerobic exercise (n = 12) and control
group (n = 12). The aerobic exercise program was performed as eight weeks of running,
five sessions per week, for one hour with an intensity of 50 to 75% of the HRR. Leptin,
adiponectin, L/A ratio, HbAlc, plasma glucose, insulin, HOMA-IR and insulin sensitivity
were measured in pretest and posttest. Analysis of covariance and Pearson correlation tests
were used to analyze the data. The results of the intergroup test showed that plasma leptin
levels and L/A ratio decreased and adiponectin levels increased significantly compared to
the control group (P <0.05). Moreover, insulin, glucose, HbAlc and HOMA-IR levels in
the aerobic exercise group decreased compared to the control group and the level of insulin
sensitivity increased significantly compared to the control group (P <0.05). Despite these
results, the correlation test indicated no significant relationship between L/A ratio with
glycemic control indices (P> 0.05). The improvement in L/A appears to be due to the
effect of aerobic exercise on changes in BMI and fat percentage; however, the
improvement mechanism of glycemic control indices probably has other pathways than
adipokines that need to be studied.

Keywords: Aerobic Exercise, Type 2 Diabetes, Leptin to Adiponectin Ratio, Glycemic
Control Indices
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Extended Abstract

Background and Purpose

The association between obesity, diabetes and insulin resistance highlights the
important role of adipose tissue in the endocrine system. The function of adipose
tissue as an endocrine organ is through the production of hormones such as leptin
and adiponectin (1). Therefore, the balance between hormones secreted by
adipose tissue plays a pivotal role in the evaluation of metabolic functions in
diabetic patients. Accordingly, the leptin to adiponectin ratio (L/A ratio) is a
potential indicator for estimating adipose tissue dysfunction and systemic
inflammation in overweight and obese diabetic patients (2). Studies have shown
that the L/A ratio increased in diabetic patients compared to non-diabetic patients
(3). However, few studies have examined the effect of aerobic exercise on the L/A
ratio and its association with changes in BMI and fat percentage in overweight or
obese diabetic patients. On the other hand, it has been shown that in type 2 diabetic
patients, regular aerobic exercise reduces glycemic control indices, including
HbAlc, HOMA-IR, and increases insulin sensitivity (4). In general, due to the
close relationship between aerobic exercise and changes in the profile of
adipokines and glycemic control indices, the aim of this study was to determine
the effect of eight weeks of aerobic exercise on L/A ratio and glycemic control
indices in type 2 diabetic patients.

Materials and Method

24 men with Type 2 diabetes (mean age 48.7 £ 0.71 years and BMI 30.7 £ 3.3 kg
/ m2) were voluntarily selected, and Then they were randomly divided into aerobic
exercise group (n = 12) and control group (n = 12). Inclusion criteria were: age
40-60 years, no history of cardiovascular disease and lack of regular physical
activity in the last six months, no alcohol consumption in the last six months, no
fatty liver and thyroid disorder, no kidney failure, fasting blood sugar above 126
mg/dL and also HbAlc between 6.5 and 9%, and BMI between 25 and 35 kg /
m2. The subjects were present in two stages, 48 hours before and after the first
and last session of the intervention for anthropometric measurement. Height was
measured by using a height gauge with a precision of 5 mm and weight was
measured by using a weighing scale with a precision of 100 g. Waist
circumference was determined using a tape meter with an accuracy of 5 mm from
the under the midline of the participant's armpit, at the midpoint between the lower
part of the last rib and the top of the hip, and the percentage of fat was determined
by using a caliper (Lange model) made in the USA with the three-point method,
the thigh, abdomen and chest area. The Bruce protocol treadmill test was used to
measure the peak oxygen uptake (Vo2peak). The test was performed in six to
seven stages. The subjects started the first stage at the speed of 2.47 KM / HR and
Zero percent slope. Then, every one minutes, the speed and slope increased in
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each step until the subjects became exhausted. The Vo2peak was calculated in
ML/kg/min. At baseline and post-intervention, after 10-12 h overnight fast,
brachial vein blood samples were collected in the morning. Serum levels of leptin,
adiponectin and insulin were calculated using the sandwich ELISA method and
the L/A ratio was calculated by dividing the amount of leptin (ng/ml) by the
amount of adiponectin (ug / ml). HbAlc levels were measured using liquid ion-
exchange chemotherapy; plasma glucose was measured by the enzymatic
colorimetric method. HOMA-IR was calculated using the formula: [FPG (mg/ dl)
x FPI (pU / ml)] / 405 and insulin sensitivity was calculated using the formula: 1/
[log (FPI) +log (FPG)]. Analysis of covariance and Pearson correlation tests were
used to analyze the data. The aerobic exercise group performed their workouts on
a treadmill for 8 weeks (5 times in a week, 60 minutes each session with 50-75%
of heart rate reserve (HRR). The volume and intensity of the exercise program are
taken from the study of Zang et al (5) with slight changes. Exercise intensity was
calculated for each subject using a polar heart rate monitor as well as the Karvonen
formula. The HRR was calculated from the (Max HR- resting HR). The intensity
of the exercise program was gradually progressed in training duration from 50%
to 75% of HRR. The control group did not have any exercise or supplementation
during the course.

Results

The results of the intragroup test showed that after the eight-week intervention,
the L/A ratio (p = 0.019) and leptin levels (p = 0.003) decreased and plasma
adiponectin levels (p = 0.016) significantly increased in the aerobic exercise group
than pretest. Among the glycemic control indices, the insulin sensitivity level of
the aerobic exercise group indicated a significant increase compared to the pretest
(P <0.05). Moreover, the levels of HbAlc, plasma glucose, insulin and HOMA-
IR in the aerobic exercise group were significantly reduced after eight weeks (P
<0.05). But in the control group, no significant changes were observed in any of
the variables compared to the pretest (P> 0.05). On the other hand, the analysis of
covariance results showed that after eight weeks the levels of anthropometric
indices including BMI, body weight, fat percentage, waist circumference and
Vo2peak, changed significantly in the aerobic exercise group compared to the
control group. (Tablel). In addition, the results demonstrated that in the aerobic
exercise group compared to the control group, the L/A ratio and leptin levels
decreased and adiponectin levels increased significantly (P <0.05). Besides,
insulin, glucose, HbAlc and HOMA-IR levels decreased compared to the control
group and insulin sensitivity increased significantly compared to the control group
(P <0.05). However, the results of the correlation test indicated no significant
relationship between the L/A ratio with blood glucose control indices (P> 0.05).
Additionally, there was a significant relationship between plasma leptin levels,
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adiponectin and L/A ratio with BMI and fat percentage (P> 0.05). Nevertheless,
no significant relationship was observed between blood glucose control indices
with fat percentage and BMI (P> 0.05).

Conclusion

Aerobic exercise modulates the L/A ratio in overweight diabetic patients due to
its effect on reducing BMI and fat percentage. In this regard, the L/A ratio has
been found to be inversely correlated with BMI and body weight in obese type 2
diabetic patients (6). Compared to other forms of exercise, aerobic exercise creates
a negative energy balance and may also reduce leptin levels and increase
adiponectin with a strong effect on body weight and fat mass (7-8). The results of
the present study illustrated that in the aerobic exercise group, there was a positive
and significant relationship between changes in L/A ratio with BMI and fat
percentage. However, there was no significant relationship between HbAlc
levels, insulin sensitivity and HOMA-IR with BMI and fat percentage in the
aerobic exercise group. Furthermore, the results of the current study indicated that
in the aerobic exercise group, there was no significant relationship between
glycemic control indices with the L/A ratio and plasma leptin levels and
adiponectin.

Article Message

The ongoing study represented that in overweight and obese type 2 diabetic men,
aerobic exercise led to an improvement in L/A ratio, affected by changes in BMI
and fat percentage. Moreover, the results of the present study revealed that aerobic
exercise improved the levels of glycemic control indices in type 2 diabetic
patients. Despite this improvement mechanism in glycemic control indices, there
are probably other pathways than adipokines that need to be studied.

Keywords: Aerobic Exercise, Type 2 Diabetes, Leptin to Adiponectin Ratio,
Glycemic Control Indices
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Indices after Eight Weeks of Intervention in Aerobic Exercise Group
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Abstract

The aim of the present study was to investigate the effects of different models of
transcranial Direct Current Stimulation (tDCS) on risky decision-making in male team
sports referees. Twenty-four Football, Futsal, Volleyball, Basketball and Handball
referees aged 19-38 from level 3 to national level with 2-18 years of experience voluntarily
took part in this study. After the familiarization session, in a double-blind, sham-controlled
crossover design, each subject visited the laboratory on three different occasions separated
by at least 72 hours in between and was exposed to Anodal, Cathodal, and Sham
stimulation types over the right dorsolateral prefrontal cortex (L-DLPFC). Before and after
each stimulation type, lowa Gambling Task (IGT) and Impulsivity (IMP) Go/No Go
psychological tasks were performed. The difference between the mean values of the
variables (Delta) at pre and post-intervention were calculated and used for statistical
analyses. The results showed that delta IGT was significantly higher in Anodal and
Cathodal stimulation compared to Sham stimulation (p=0.003, p=0.01, respectively). On
the other hand, a significantly higher delta IMP was observed in Anodal and Sham
stimulation in comparison with Cathodal stimulation (p=0.0001, p=0.002, respectively).
As a novel finding, these results indicated the positive effects of Anodal stimulations via
the right DLPFC in factors associated with risky decision-making in male sports referees.
To conclude, these results pave the path for using tDCS as a possible strategy to boost
risky decision-making in male sports referees. However, more research is needed to
ascertain this conjecture.
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Extended Abstract
Background and Purpose

Non-invasive brain stimulation (NIBS) or so-called “neurodoping” has recently
been used as a new strategy to boost sports-related performance (1). It includes
modulating the activity of neural circuits in different parts of the brain which in
turn, changes the excitability of neurons in target areas and induces favorable
effects on performance (2-4). Transcranial direct current stimulation (tDCS) is the
most common brain stimulation method that uses a weak electrical current to alter
the cortical excitability, producing facilitatory or inhibitory effects on athletic
performance (5). Previous studies have shown the positive effects of tDCS on a
variety of sports-related performance such as muscular strength, movement
perception, motor learning, cognitive function, endurance performance, and
muscular fatigue (1). These positive effects increased the intention to use tDCS in
other sports-related areas such as sports referees to see if their ability to make fast
and deliberate decisions is affected by tDCS intervention. Accordingly, the aim
of the current study was to investigate the effects of different models of tDCS on
risky decision-making in male team sports referees.

Materials and Methods

In a counterbalanced, double-blind, and sham-controlled study design, 24 male
Football, Futsal, Volleyball, Basketball, and Handball referees voluntarily took
part in this study. The inclusion criteria were defined as follows: they were right-
handed, had no history of clinical impairments and neurological disorders, did not
use any external or internal electrical stimulator in their bodies, had at least 3 years
of experience at national and international sports competitions. All participants
got familiar with the study protocol and then, written informed consent was
obtained from each participant. The experimental procedure was reviewed and
approved by the Ethics Committee on Biomedical Research at Razi University,
Kermanshah, Iran (Regist #: IR.KUMS.REC.1398.653), and conducted in
accordance with the declaration of Helsinki. Before commencing the experimental
sessions, subjects participated in a familiarization session to be acquainted with
the whole experimental procedure and also the tDCS intervention. Then, each
subject visited the laboratory on 3 different occasions interspersed with 72 hours
of rest in between. In each session, the impulsivity was first measured by the Go/
No Go impulsivity test and then, subjects were exposed to one of the three models
of transcranial direct current stimulation (tDCS) including Anodal, Cathodal, and
Sham stimulation for 20 minutes at 2 mA intensity over the right DLPFC area.
After the cessation of the stimulation, impulsivity was again measured under a
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similar condition. To deliver electrical stimulation over each subject’s DLPFC
area, we used a Neurostim battery-driven unit stimulator (Medina Tebgostar;
Tehran, Iran). The impulsivity digital games (Medina Tebgostar; Tehran, Iran)
involved 100 tasks that would be chosen at the discretion of the participant as
“Go” or “No Go0”. The Persian adaptation of computerized IGT (Medina
Tebgostar; Tehran, Iran) was used in the current study wherein, each participant
was given a virtual loan of $ 2,000.00 and was expected to win as much as possible
during the subsequent 100 trials.

Results

Overall results of the Impulsivity (IMP), lowa Gambling Task (IGT), and
Reaction Time (RT) scores at pre- and post- tDCS intervention under 3 different
stimulation types are demonstrated in Table 1.

Tablel- Overall results of IGT, IMP, and RT scores at pre- and post-intervention
through three different stimulation types (Mean£SD)
stimulation types (MeanxSD)

Anodal Cathodal Sham
Pre Post Pre Post Pre Post
2481.25 2729.16 23375 2523.95 2586.45 2225
IGT + + + + + +
% 605.78 885.1 903.64 869.04 451.98 526.06
Z 435.62 450.83 431.25 448.25 438.54 419.79
S mp + + + + + +
35.6 47.01 48.19 53.87 28.37 23.93

RT 604+60 589+70  603+70  598+70 62040  600+60
IGT: lowa gambling task; IMP: Impulsivity; RT: Reaction Time

The difference between mean values at pre- and post- tDCS intervention (Delta)
was calculated for each variable and used for statistical analyses. The results by
the use of one-way repeated measures ANOVA showed that delta IGT was
significantly different among three different stimulation types (F=6.71; p=0.003).
Post hoc test revealed that delta IGT was significantly higher under Anodal and
Cathodal stimulation compared to the Sham stimulation (p=0.003; p-=0.01,
respectively), while no significant difference was observed in delta IGT between
Anodal and Cathodal stimulation. A significant main effect of condition
(stimulation types) was also observed for delta IMP (F=11.158; p=0.001). Post
hoc comparisons of delta IMP at three different stimulation types indicated the
same trend as delta IGT in which a significant higher delta IMP score was seen
under Anodal and Cathodal stimulation in comparison to the Sham stimulation
type (p=0.0001; p=0.002, respectively), while there was no significant difference
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in delta IMP between Anodal and Cathodal stimulation. Finally, the results of the
present study indicated that the stimulation types elicited no statistically
significant changes in delta RT (F=1.752; p=0.185).

Conclusion

As a novel finding, the results of the current study demonstrated the effectiveness
of non-invasive brain stimulation with tDCS in improving factors related to risky
decision-making of male team sports referees. It seems that unilateral Anodal and
Cathodal stimulation over the right DLPFC area increases the activity of the
related neural circuits culminating in improved IMP and IGT scores compared
with the Sham stimulation. On the other hand, the results of the ongoing study
revealed that this stimulation paradigm had no effect on the reaction time of male
referees, which raised the question of whether other stimulation paradigms could
affect the reaction time of referees or the reaction time is not affected by tDCS.
Article Message

From a practical point of view, these results can pave the path for considering
brain modulation or so-called neurodoping as a new strategy to enhance referees’
performance. Nevertheless, it must take into consideration that more study with
rigorous research design is required to generalize the results to the real situation
in the field.

Keywords: Brain Stimulation, Decision-Making, Impulsivity, Referees,
Dorsolateral Prefrontal Cortex
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Figure 1- Scores of lowa Gambling Task at Pre and Post-Intervention in Three

Different tDCS Modalities.
(* = Significant Difference of Delta lowa Gambling Task between Stimulation

types)
Impulsivity
550 - - S
| 1
500 - [ . ad .
3‘ 450 - [
(e}
-
% 400 - n .
B L (Pre) g3
S 350 -
[9p]
3
b 300 T T 1
(Anodal) Jhsof (Cathodal) Jis5\s (Sham) e

(Conditions) k! i
S S Sy s Joke s 33 allone 3l a9 o (5 SIS el - S
(9037 o 3 ot 3letol Joolii= o) (6, SIS (Sl ylobino gl = )
Figure 2- Scores of Imulsivity Test at pre and Post-Intervention in Three different

tDCS modalities.
(* = significant Difference of Delta Impulsivity between Stimulation Types)



"y e 3y (S S Sy cilisie gl o i tesljeu e

Reaction Time

STy ol
700 -
600 - L L L

500 +

400 -

300 - M (Pre) g
=

200 -

100 -

(Test Score) ¢yge;3! sloiel

0 T T 1
(Anodal) Jisg!  (Cathodal) Jlsgils (Sham) w5
(Conditions) !

A S o aliBeo Joo duw 50 Sl jlam g i iaST Loy - T Sl
Figure 3. Reaction Time at Pre and Post-Intervention in Three Different tDCS
Stimulation Modalities

S5 4 g S
2 Shazezlp pedie (oS S50 ilise sladae Sl gy p Ban b Giagk ool
Jed ST o as ol plis ol agh @l ald plosl (B35 Gl iy S 6 1S peead
ol glis o 5 Cunly JIogils’ Sy 205 g 0 g Sunsly S0l S 5205 G952 6,500 5 I
sonlice 5 i8I Sy o0 caides glacdlo o i gt STy les iS5 4 Lol wuls 99
Sty &S el UDLPFC s (5 loline oLl 45 wlools (3Lt oo (6, 1y 3oas lalllas
5 ' Ase delllae slaasdly Lyol> haghy ) i nl @S (VV-10) oo 957y (6,535 5 ndy
G S s 5 (%0 GBS (5 SIS slaale Wi )S (5155 o] Cwgusn (TY) ol Sen
Wis oV 6 Sl oS oll a5 sl ] 5l Sb Sen 5 Jse Limgl b .l
DS > 55 S s gl s O 5 A0l B ST Do (sl 53 5 S o0 5 S e Lo
5,105 58 L8 (g5 a0l 4y beas )8l oloaloeil gly 5w o Jos g o131 Lo 51 oo

1. Moeller



VFor 3l B o )loid Y 0590 ¢ o359 558099 38 WY

3 o] i o b e gz |y 68 slatlol oliogs bl s 45 & o

A ais ooliiul laazmoz! b s (S Sl S 2
S (YY) ohlSen 51 550l5 5 (1F) oS 5 bl wlalllas slaadly b ol ighy mls S5k 5
5 o9ekS g (ladidl Cesguonl ik plnil (6 XS 5 pdiSen; xS el 8)1)0
6 SlS5 5 S, (6l li3, zalS el DLPFC &>l s tDCS aSols olis (Y1) o) San
3 1y a8,y DLPFC i sladdlas ;o 55 (V8) ol Ses 5 U 0gd oo olilils 51 29,5,
it Sz s (S S ] sl S, 5 5 5los 5
S e 4 ygeme |y b gogajl a5 gy (3l anpley alSS Sy Jolts o] Aalllae cais S
s Slaily S ey Bl G Sy et |y o] G555y ol B S e ol
S o 6l oS e ,1lS el 46,50 DLPFC lejad oSo o 45 ol ol o Sas bl
i 33ign 528 lin ;5 Sy, ol i el T S0 ST 99 s S
Loy T oolials] gebans «i8,,1,5 sl Jlogs] il DLPFC &5b 1o a5 (gl 3l s, co ki
boglas (nl s o 5a5 a0 (V) Cansl aily al33 Lo Shoe 5 23y Senn; (6 5 ool a0 50
€5 5 Su,m8 Slads oo 5 Bow wad dagyl sloss 5 (g bl Glaaiges g5, Dglas Jdoa
solit] (o JogilSTal, JlogT) abybogs 53,55 31 la] b 51 ol (g ypiy Sy iS5
D oolaiul (Cuwly Jogil) sl 8,805 88,b Sy S yo5 5l pol> iagh 4o aS o i,
S il a5 y5bas )0 352y (3ld (gloo Shas 5 (6 ST oy BL31 8050 Sl alsis
il (6155l 5] ol (S oSy 8 i (- Log) e (glacoadsn ) S8 g 5
oS b oS ol latundy ;o (6 RS ()5 slaslhug, fii ;o axly (V1) wil
g Gl b llas 5 daled nl ey (V1) el 0 8ly o cctun olpan LiiSTy ol

o Vb 6 SilSE A g S, 45 gl bl
Wiz w8 S 18 cl) Jlagils o285 0,50 DLPFC x>l )0 (28555 (lysls a5 oo Slej
gl Lol ol i3l 6000mb 525 LT iy Sonsy 65 ol etigy Vs (g, S00lS5 (gl o
b Gilhe 5 Ghoehy 5l Gioe ol @l wis ssmlie lagl (2aSTy (loj o glalasdle j55 5
S5 a5 05 plles HEALSES 5 0 a1, Say e 610 g Slalllas I Lol slaesls
Gl 5 iy Sy (68 s stal33l ey ], JIagilS S o5 5,90 DLPFC £ ool
polae jsbar Lagluil 2is )8 (B35 (ciagh 5o (V) olSen 5 TSiL (YY) 05 00 (5, X035

1. Gilmore
2. Yang



wy e 3y (S S Sy cilisie gl o i tesljeu e

logy| gl slaaidl .asylo )13 i) g liabl 3505 (6 S paonas Ll o £43 90 (52050
oozl 3 (S 5 S5 20 sl oolisal b (Glin fny (oiilorm (A ja5 Ellad Jrasd ol (Las
oIPl G pSela Glime 4 i S ln ) PEaSES 8 Sz 5o b el Jlogls
ol lanzmaz! ;8 (S 2SI S po Sl oslinnl b Glivg Gy 728 Collad o a5 U0 w0l
2l (IS ysba ol rals salpled bl oly | pBauS eS8 Sl 5w b ol
seeleled 5 @ dySan; bl 50 (6 e sloanld ol i o Ken 5 S el
b aS glaigSas saigd (6,lA50S5 ludl jae 10 izme Al g0 o el See g diid oduzxs
Sladiily b a5 2,5 o )13 i S S e jilicos Base iy iy (oole il
V) 852 38 55 srololes] (658 et 2 525 Sl e, 5 Cammgunnn pol> i2gy

5 Wllas po K305 b (6,85 5 (6 e mannc) (s laanl a5 5l o] 5l CylSo anlss
5 oy JIogls Sy 5l (Bl (6 KIS 5 (5 Tt al3H 4 223 b ls (S o
Slaanlp (5> o8 5SS 08) R 5 G pSedl 4 S Ol Sy Jlogi]
Gz Jols &5 siis (SC oudjei (sras KD 4 g Al Ay o8 4 oS wlglodany
LD Slasl pgle susite la gy ;0 4 joblen (A) wiwsd jio 532355 5 (5728 AU
(DLPFC) Slinyin (ol (B ;28 o] (5o el 00 (g pp (s ()0 20545
So75 a5 08 bl Gl e 503 g 51OY) 3l0 (6,SSS 5 (6 S el b (gl LLS)|
Sslite Sl o KA bz plo sl (Ses Caly JoglS g e, Jlogil S Sl
Sl ois izl byl & ol iagh jo aS aasl acdls

S it sl o (sl g STy Ol eSS 50 0l i pSl gy Ses @l
e 1y G238y oy RS 1 slo it 31 (ol o Ribbgy idr i saalie (S S
RAPSNIVAPES SURNE SVIUI R JUUPARL JIUNPFIN RIE JUGINVE B JYC I PSP gt NSK 5
9 Gl S S e olulid) Sledbl (Sjls py JIg 5l (ools dlo o Lo psite (ol 5l plaS 5o
SR L 2alS corge 23Ty ey b bg (YY) 0138 e 3B (il (50 paabip Al 5
Sl GBI Sl 25Ty loy Ol st a5 9050 (nl 4 ple b calplis s oo 2351y Gl
SIS0 25 a5 058 o0 rkae Sl () (V1) w25 SILI lo Sl e (950 oS
s Slalllas claazdly Lol ggame,s 95,135 o il oMl 3jls |y by b po ol
Obey eyl ghy 5o STy loy BelSS a8 LS Gl 0 o6 S el 2 23Sy (o 5,198

1. Reaction Time



IFer 5l B oyl IV 099 (59 5909 00 ¥
Om Sy Solds cnlplo bl adly Sls el o 4 Some S 0 ool 2ST

s oanlie 5o S Sy 0 cilizea (slacdl>
03,5 3 518Ul (65 )18 Jore cdisds v S 26 DLPFC 426 jo (o555 gl o5 alSin
@l (Jlocnll i go @B 4l ¥ 5l ey oo by Iy w0g oadly oo 09,5 atilen o
CrS el 5 s oolaiul SSke 09,5 laicay oS ﬁ,...u So,m5 3l saslewnsas slaaisl
Ses Wige glacdle o ) glabiade 5950 ol 23Sy by 5 SIS iy S

ol lis glaasas!,d (e c_si’)“s'”
Soym5 by ol dalllas o cadeslitul DCS a5 o8 blitul ez olyae okl o

b aslie ;0 9 a8 Jawi | o ja3 5] cols dihie Collad Wl oo &5 Canl e o ls 8
L ye )3, 5 ,li0s 8ol ui Jlb G e Al Sil5 oo 2 S 51 6519 SLSISS
oLl Glas S5 o jsbar b s sba oy dey )0 (o255 (sl s plas |,
sl Sy ol (il (o e L8, o SRy a5l g wies RuSy wiiles
(B S e Ahingty W5 (o0 &5 plapedl Grizes WlDglie @8 L g (el
@ polde S cnlple (TF) 0sd00 Culba (LA 90 Soielensd 9 (ible sla LS
S9b e sl 6 S pread & Wi oo Glpgls Lawgi a5 H9ainS (w295 sl

(YO)
2 S S SIS SIDCS I (oS 5 (o 1 85 Sl gy eyl ol Aalllas
slaiagn S loadh b Ghagh ool sloadl dalie plply sol adlsy (359 olygls
o3l &y Sem) G S ;5 (o2 lei e B9y Olored IDCS 5l a8 S2Ld Clasl pole
Wlod ;S5 anlllas | (28355 Ol ysls W raghy (ul 5l plaSgm 1 touy o0 a5 4 JlaB0 (oS ilos ;S
0gally jobody cwlid by, g 0SS i sladiged o Dglas (o ped 4y caSloslas 1,8 Bun g
bl prerd 5o oCgogime S,k 5l .cbls walgs ol jen 4 o iegh il (o 1, Slsrenls
(Y8) 0,10 0939 1w o)lylew g gole @l ol 31 b aslia yo |05 ,9 HBoS S 1o 5l sanlewwsa
@ azsi b alsl oo 5 S o Dl slaal 9 SG 2 £o5 oSG DAl (S5 28 Gloy S |
B ey & bgrye GBS Grizres il Osline Jlaide (i ;23 Al 0 Ghagh Soa
99 2 &S Jlo )0 358 e @l Sold a4y el (S 5 Sk g Il Jled (s iy S, RIS
Sl 5l (6 i Slalllas abplosil (o cnl b gy o0 ) & pdi S ) S e 10 SIS



wo e 3y (S S Sy cilisie gl o i tesljeu e

Ao ply
sl DLPFC &ob Jlogils 5 Jlogil oo 45 el o] 5 Slo g ol qulis (oS )sboa
Conlo b (pord Gloaid) (8559 Olyghs (5 o (S (gloo Shos Wil oo o S 205 4y S
S5 5l eolaial (sl 1 aney Wl oo guls (nl o)l oBaus 5l aiddu sone |y b 5 o
Sejoo B a4 (Joinll S eal B 55 Gligls 0 See e joliteds e el
S S el 50 Fhe Slo it plu 8)b)s 533 Jiagh ikl eoliial b plagtagy (slsplx]
st g Slyy oo )lee iceani (Slms Agp (St sla Shg alex 5l 23555 Gl
2 il 53975 (D559 Ohgls 3 Shee 1 (Slaemez|d peites (S8 S LS
iy 59 DCS 8,05 a5 sl sl g oolsplosl sl 3l gty ol ol ol

@‘é)és 9 M
5 o 5 St b o JLitSis 5 Jse  JLlls o JLss  JLish 5359 oty olygls e
Dgdor (S19,a8 g KET s )S &S L aalllas (pl jo alog>

&bo

1. LorenzaS. Colzato, MAN, Armin Kibele. Noninvasive Brain Stimulation and Neural
Entrainment Enhance Athletic Performance—a Review. J Cogn Enhanc. 2017;1:73-
9.

2. Davis NJ. Neurodoping: brain stimulation as a performance-enhancing measure.
Sports Med. 2013;43(8):649-53.

3. Ehsan Amiri RG, Hamid Rajabi, Zahra Rezasoltani, Kamran Azma, Aboozar
Kavehee. Changes in corticospinal excitability and motoneurones responsiveness
during and within a time-course after submaximal fatiguing contractions (In Persian).
Sport Physiology. 2019;10(39):33-50.

4. Hossein Ramezani ZFM, Somayeh Namdar Tajari, Reza Khanbabaie. The Acute
Effect of Post-Activation Potentiation with Transcranial Random Noise Stimulation
on Some Electrophysiological and Functional Variables of Athletic Men (In Persian).
Sport Physiology. 2020;11(44):31-54.

5. Okano AH, Fontes EB, Montenegro RA, Farinatti Pde T, Cyrino ES, Li LM, et al.
Brain stimulation modulates the autonomic nervous system, rating of perceived
exertion and performance during maximal exercise. Br J Sports Med.
2015;49(18):1213-8.

6. Reardon S. 'Brain doping' may improve athletes' performance. Nature. 2016;531:283-
4.


https://link.springer.com/article/10.1007/s41465-016-0003-2
https://link.springer.com/article/10.1007/s41465-016-0003-2
https://link.springer.com/article/10.1007/s41465-016-0003-2
https://link.springer.com/article/10.1007/s40279-013-0027-z
https://link.springer.com/article/10.1007/s40279-013-0027-z
https://spj.ssrc.ac.ir/article_1362.html?lang=en
https://spj.ssrc.ac.ir/article_1362.html?lang=en
https://spj.ssrc.ac.ir/article_1362.html?lang=en
https://spj.ssrc.ac.ir/article_1362.html?lang=en
https://spj.ssrc.ac.ir/?lang=en&_action=article&keywords=+Hossein+Ramezani
https://spj.ssrc.ac.ir/?lang=en&_action=article&keywords=+Hossein+Ramezani
https://spj.ssrc.ac.ir/?lang=en&_action=article&keywords=+Hossein+Ramezani
https://spj.ssrc.ac.ir/?lang=en&_action=article&keywords=+Hossein+Ramezani
https://bjsm.bmj.com/content/49/18/1213.short
https://bjsm.bmj.com/content/49/18/1213.short
https://bjsm.bmj.com/content/49/18/1213.short
https://bjsm.bmj.com/content/49/18/1213.short
https://www.nature.com/articles/nature.2016.19534
https://www.nature.com/articles/nature.2016.19534

VFee 30l BY 0)lols Y 0,90 (0359 559092 8 \V5

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Vazne Z, Rudzitis A, Larin§ V. Jauno basketbolistu psihologiskas sagatavotibas
faktoru struktira. ATEE Spring University Teacher of the 21st Century: Quality
Education for quality teaching. Newcastle: Cambridge Scholars Pulishing; 2008:126-
34.

Ouellet J, McGirr A, Van den Eynde F, Jollant F, Lepage M, Berlim MT. Enhancing
decision-making and cognitive impulse control with transcranial direct current
stimulation (tDCS) applied over the orbitofrontal cortex (OFC): A randomized and
sham-controlled exploratory study. J Psychiatr Res. 2015;69:27-34.

Stanford MS, Mathias CW, Dougherty DM, Lake SL, Anderson NE, Patton JH. Fifty
years of the Barratt Impulsiveness Scale: An update and review. Per Individ Dif.
2009;47(5):385-95.

Dickman SJ. Functional and dysfunctional impulsivity: personality and cognitive
correlates. J Pers Soc Psychol. 1990;58(1):95.

Bechara A, Tranel D, Damasio H, Damasio AR. Failure to respond autonomically to
anticipated future outcomes following damage to prefrontal cortex. Cerebral cortex
(New York, NY :1991). 1996;6(2):215-25.

Woods AJ, Antal A, Bikson M, Boggio PS, Brunoni AR, Celnik P, et al. A technical
guide to tDCS, and related non-invasive brain stimulation tools. Clin Neurophysiol.
2016;127(2):1031-48.

Gandiga PC, Hummel FC, Cohen LG. Transcranial DC stimulation (tDCS): a tool for
double-blind sham-controlled clinical studies in brain stimulation. Clinical
neurophysiology : official journal of the International Federation of Clinical
Neurophysiology. 2006;117(4):845-50.

Bechara A, Damasio AR, Damasio H, Anderson SW. Insensitivity to future
consequences following damage to human prefrontal cortex. Cognition. 1994;50(1-
3):7-15.

Soyata AZ, Aksu S, Woods Al, iscen P, Sacar KT, Karamiirsel S. Effect of
transcranial direct current stimulation on decision making and cognitive flexibility in
gambling disorder. European Archives of Psychiatry and Clinical Neuroscience.
2019;269(3):275-84.

Ota K, Shinya M, Kudo K. Transcranial Direct Current Stimulation Over Dorsolateral
Prefrontal Cortex Modulates Risk-Attitude in Motor Decision-Making. Front Hum
Neurosci. 2019;13:297.

Yang X, Gao M, Shi J, Ye H, Chen S. Modulating the Activity of the DLPFC and
OFC Has Distinct Effects on Risk and Ambiguity Decision-Making: A tDCS Study.
Front Psychol. 2017;8:14-17.

Moeller FG, Barratt ES, Dougherty DM, Schmitz JM, Swann AC. Psychiatric aspects
of impulsivity. Am J Psychiatry. 2001;158(11):1783-93.

Minati L, Campanhd C, Critchley HD, Boggio PS. Effects of transcranial direct-
current stimulation (tDCS) of the dorsolateral prefrontal cortex (DLPFC) during a
mixed-gambling risky decision-making task. Cognitive neuroscience. 2012;3(2):80-
8.

Dickman SJ. Impulsivity and information processing. In: McCown WG, Johnson JL,
Shure MB. editors. The impulsive client: theory, research, and treatment.
Washington, DC: American Psychological Association; 1993. pp. 151-84.


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Vazne+%C5%BD%2C+Rudz%C4%ABtis+A%2C+L%C4%81ri%C5%86%C5%A1+V.+Jauno+basketbolistu+psiholo%C4%A3isk%C4%81s+sagatavot%C4%ABbas+faktoru+strukt%C5%ABra.+ATEE+Spring+University+Teacher+of+the+21st+Century%3A+Quality+Education+for+quality+teaching.+Newcastle%3A+Cambridge+Scholars+Pulishing%3B+2008%3A126-34.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Vazne+%C5%BD%2C+Rudz%C4%ABtis+A%2C+L%C4%81ri%C5%86%C5%A1+V.+Jauno+basketbolistu+psiholo%C4%A3isk%C4%81s+sagatavot%C4%ABbas+faktoru+strukt%C5%ABra.+ATEE+Spring+University+Teacher+of+the+21st+Century%3A+Quality+Education+for+quality+teaching.+Newcastle%3A+Cambridge+Scholars+Pulishing%3B+2008%3A126-34.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Vazne+%C5%BD%2C+Rudz%C4%ABtis+A%2C+L%C4%81ri%C5%86%C5%A1+V.+Jauno+basketbolistu+psiholo%C4%A3isk%C4%81s+sagatavot%C4%ABbas+faktoru+strukt%C5%ABra.+ATEE+Spring+University+Teacher+of+the+21st+Century%3A+Quality+Education+for+quality+teaching.+Newcastle%3A+Cambridge+Scholars+Pulishing%3B+2008%3A126-34.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Vazne+%C5%BD%2C+Rudz%C4%ABtis+A%2C+L%C4%81ri%C5%86%C5%A1+V.+Jauno+basketbolistu+psiholo%C4%A3isk%C4%81s+sagatavot%C4%ABbas+faktoru+strukt%C5%ABra.+ATEE+Spring+University+Teacher+of+the+21st+Century%3A+Quality+Education+for+quality+teaching.+Newcastle%3A+Cambridge+Scholars+Pulishing%3B+2008%3A126-34.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022395615002113
https://www.sciencedirect.com/science/article/abs/pii/S0022395615002113
https://www.sciencedirect.com/science/article/abs/pii/S0022395615002113
https://www.sciencedirect.com/science/article/abs/pii/S0022395615002113
https://www.sciencedirect.com/science/article/abs/pii/S0191886909001639
https://www.sciencedirect.com/science/article/abs/pii/S0191886909001639
https://www.sciencedirect.com/science/article/abs/pii/S0191886909001639
https://psycnet.apa.org/record/1990-14648-001
https://psycnet.apa.org/record/1990-14648-001
https://academic.oup.com/cercor/article/6/2/215/338675?login=true
https://academic.oup.com/cercor/article/6/2/215/338675?login=true
https://academic.oup.com/cercor/article/6/2/215/338675?login=true
https://www.sciencedirect.com/science/article/pii/S1388245715010883
https://www.sciencedirect.com/science/article/pii/S1388245715010883
https://www.sciencedirect.com/science/article/pii/S1388245715010883
https://www.sciencedirect.com/science/article/abs/pii/S1388245705005079
https://www.sciencedirect.com/science/article/abs/pii/S1388245705005079
https://www.sciencedirect.com/science/article/abs/pii/S1388245705005079
https://www.sciencedirect.com/science/article/abs/pii/S1388245705005079
https://psycnet.apa.org/record/1994-45871-001
https://psycnet.apa.org/record/1994-45871-001
https://psycnet.apa.org/record/1994-45871-001
https://link.springer.com/article/10.1007/s00406-018-0948-5
https://link.springer.com/article/10.1007/s00406-018-0948-5
https://link.springer.com/article/10.1007/s00406-018-0948-5
https://link.springer.com/article/10.1007/s00406-018-0948-5
https://www.frontiersin.org/articles/10.3389/fnhum.2019.00297/full
https://www.frontiersin.org/articles/10.3389/fnhum.2019.00297/full
https://www.frontiersin.org/articles/10.3389/fnhum.2019.00297/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01417/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01417/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01417/full
https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.158.11.1783
https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.158.11.1783
https://www.tandfonline.com/doi/abs/10.1080/17588928.2011.628382
https://www.tandfonline.com/doi/abs/10.1080/17588928.2011.628382
https://www.tandfonline.com/doi/abs/10.1080/17588928.2011.628382
https://www.tandfonline.com/doi/abs/10.1080/17588928.2011.628382
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dickman+SJ.+Impulsivity+and+information+processing.++In%3A+McCown+WG%2C+Johnson+JL%2C+Shure+MB.+editors.+The+impulsive+client%3A+theory%2C+research%2C+and+treatment.+Washington%2C+DC%3A+American+Psychological+Association%3B+1993.+pp.+151-84.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dickman+SJ.+Impulsivity+and+information+processing.++In%3A+McCown+WG%2C+Johnson+JL%2C+Shure+MB.+editors.+The+impulsive+client%3A+theory%2C+research%2C+and+treatment.+Washington%2C+DC%3A+American+Psychological+Association%3B+1993.+pp.+151-84.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dickman+SJ.+Impulsivity+and+information+processing.++In%3A+McCown+WG%2C+Johnson+JL%2C+Shure+MB.+editors.+The+impulsive+client%3A+theory%2C+research%2C+and+treatment.+Washington%2C+DC%3A+American+Psychological+Association%3B+1993.+pp.+151-84.&btnG=

wy

21.

22,

23.

24,

25.

26.

e by (S9SN S o ilisin sl w3 seoljeulé

Richards JB, Zhang L, Mitchell SH, de Wit H. Delay or probability discounting in a
model of impulsive behavior: effect of alcohol. J Exp Anal Behav. 1999;71(2):121-
43.

Schmidt RA, Lee TD, Winstein C, Wulf G, Zelaznik HN. Motor control and learning:
A behavioral emphasis. Sixth Edition. Champaign, IL: Human Kinetics; 2018. 309-
319.

Friehs MA, Gildenpenning I, Frings C, Weigelt M. Electrify your game! Anodal
tDCS increases the resistance to head fakes in basketball. J Cogn Enhanc.
2020;4(1):62-70.

Damasio AR. The somatic marker hypothesis and the possible functions of the
prefrontal cortex. Philosophical transactions of the Royal Society of London Series
B, Biological sciences. 1996;351(1346):1413-20.

Ledn JJ, Sdnchez-Kuhn A, Fernadndez-Martin P, Paez-Pérez MA, Thomas C, Datta A,
et al. Transcranial direct current stimulation improves risky decision making in
women but not in men: A sham-controlled study. Behav Brain Res. 2020;382:112485.
Vinogradov S, Fisher M, de Villers-Sidani E. Cognitive training for impaired neural
systems in neuropsychiatric illness. Neuropsychopharmacology: official publication
of the American College of Neuropsychopharmacology. 2012;37(1):43-76.

o 4 St

Yoo Olaml Gyl padesygme (ot QLSS5 Geped eolieule
laazmazl$ peine 0l (S SIS, il b Joe 13U edy) GrgeS

OINY VT 50l 00559 Gidlemd (o259 Ohgld pd S S el
10.22089/SPJ.2021.10363.2126 JL...?uo awlls YYVY-YA

Ghayebzadeh S, Zardoshtian SH, Sabourimoghadam H, Amiri E,
Giboin LS. The effect of different models of transcranial magnetic
stimulation on risky decision-making in sports referees. Sport Physiology
Fall 2021;13(51): 117-38. (In Persian). DOI: 10.22089/SPJ.2021.10363.2126



https://onlinelibrary.wiley.com/doi/abs/10.1901/jeab.1999.71-121
https://onlinelibrary.wiley.com/doi/abs/10.1901/jeab.1999.71-121
https://onlinelibrary.wiley.com/doi/abs/10.1901/jeab.1999.71-121
https://books.google.com/books?hl=en&lr=&id=EvJ6DwAAQBAJ&oi=fnd&pg=PR1&dq=Schmidt+RA,+Lee+TD,+Winstein+C,+Wulf+G,+Zelaznik+HN.+Motor+control+and+learning:+A+behavioral+emphasis.+Sixth+Edition.+Champaign,+IL:+Human+kinetics%3B+2018.+309-319.&ots=k5DncCreHG&sig=9s2uc3MXNzNSVgR3bIoEg_Uvtwg#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=EvJ6DwAAQBAJ&oi=fnd&pg=PR1&dq=Schmidt+RA,+Lee+TD,+Winstein+C,+Wulf+G,+Zelaznik+HN.+Motor+control+and+learning:+A+behavioral+emphasis.+Sixth+Edition.+Champaign,+IL:+Human+kinetics%3B+2018.+309-319.&ots=k5DncCreHG&sig=9s2uc3MXNzNSVgR3bIoEg_Uvtwg#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=EvJ6DwAAQBAJ&oi=fnd&pg=PR1&dq=Schmidt+RA,+Lee+TD,+Winstein+C,+Wulf+G,+Zelaznik+HN.+Motor+control+and+learning:+A+behavioral+emphasis.+Sixth+Edition.+Champaign,+IL:+Human+kinetics%3B+2018.+309-319.&ots=k5DncCreHG&sig=9s2uc3MXNzNSVgR3bIoEg_Uvtwg#v=onepage&q&f=false
https://link.springer.com/article/10.1007/s41465-019-00133-8
https://link.springer.com/article/10.1007/s41465-019-00133-8
https://link.springer.com/article/10.1007/s41465-019-00133-8
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.1996.0125
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.1996.0125
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.1996.0125
https://www.sciencedirect.com/science/article/abs/pii/S0166432819313518
https://www.sciencedirect.com/science/article/abs/pii/S0166432819313518
https://www.sciencedirect.com/science/article/abs/pii/S0166432819313518
https://www.nature.com/articles/npp2011251
https://www.nature.com/articles/npp2011251
https://www.nature.com/articles/npp2011251




Sport Physiology Volume 13, No 51, 2021, Page 139-158

Research Paper
Effect of Aerobic Training and Eugenol on the Expression
of SERCA2a and NKX2-5 Genes in Heart Tissue of Rats
Poisoned with Chlorpyrifos

A. Ranjbar!, H. Matinhomaee ?, S. Rahmati-Ahmadabad?®

1. Department of Exercise Physiology, Central Tehran Branch, Islamic Azad
University, Tehran, Iran.

2. Department of Exercise Physiology, Central Tehran Branch, Islamic Azad
University, Tehran, Iran (Corresponding Author)

3. Department of Physical Education, Pardis Branch, Islamic Azad University,
Pardis, Iran.

Received: 2021/02/28 Accepted: 2021/08/30

Abstract

Chlorpyrifos is an organophosphate toxin used to control agricultural pests. These toxins
cause oxidative stress and apoptosis in various tissues of the body, including the heart.
SERCAZ2a and NKX2-5 are genes that regulate contractile function and heart growth.
Previous studies have shown a positive effect of physical activity on the expression of
these genes in heart failure, but so far, changes in these genes following the use of physical
activity in chlorpyrifos poisoning have not been studied. The aim of the present study was
to investigate the independent and interactive effect of aerobic exercise and eugenol
supplementation on the expression of SERCA2a and NKX2-5 genes in the heart tissue of
rats poisoned with chlorpyrifos. Thirty-six Wistar male rats were divided into six groups
(six in each group) with the names healthy control, sham, poison control, aerobic exercise
poison, eugenol poison, and toxic + aerobic exercise + eugenol. Aerobic training was
performed on a rodent treadmill (five sessions per week, each session lasting 20 minutes
at a speed of 26 meters per minute) for four weeks. Eugenol at a dose of 250 mg/kg body
weight was fed to the rats of the supplement groups (five days a week for four weeks using
gavage). Data were analyzed using one-way ANOVA with Tukey post-hoc test and P
<0.05 was considered as a significant change. The results of the current study showed that
poisoning significantly reduced the expression of SERCA2a and NKX2-5 genes in cardiac
tissue. Exercise (no supplementation) increased the SERCA2a and NKX2-5 genes in the
hearts of poisoned rats. Exercise-eugenol interaction did not cause a synergistic effect.
Overall, in the present study, exercise seems to be a more important factor than eugenol
in reducing the effect of chronic intoxication on the heart. Further studies with higher
doses of eugenol supplementation are needed.
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Extended Abstract

Background and Purpose

Chlorpyrifos is an organophosphate toxin used to control agricultural pests (1).
These toxins cause oxidative stress and apoptosis in various tissues of the body
including the heart. SERCA2a and NKX2-5 are genes that regulate contractile
function and heart growth (2, 3). Previous studies have shown a positive effect of
physical activity on the expression of these genes in heart failure (4), but so far,
changes in these genes following the use of physical activity in chlorpyrifos
poisoning have not been studied. The aim of the present study was to investigate
the independent and interactive effect of aerobic exercise and eugenol
supplementation on the expression of SERCA2a and NKX2-5 genes in the heart
tissue of rats poisoned with chlorpyrifos.

Materials and Method

Thirty-six Wistar male rats were divided into six groups (six in each group) with
the names healthy control, sham, poison control, aerobic exercise poison, eugenol
poison, and toxic + aerobic exercise + eugenol. Aerobic training was performed
on a rodent treadmill (five sessions per week, each session lasting 20 minutes at a
speed of 26 meters per minute) for four weeks (Table 1) (5). Eugenol at a dose of
250 mg/kg body weight was fed to the rats of the supplement groups (five days a
week for four weeks using gavage) (6). Sampling was taken 48 hours after the last
intervention with at least eight hours of fasting. After anesthetization, the tissues
were rapidly isolated and washed with saline phosphate buffer solution (PBS).
The apex of the heart sample was removed and placed inside the microtube. The
samples were frozen using liquid nitrogen and stored in a -80 freezer until tissue
analysis. SERCA2a and NKX2-5 were measured using real-time PCR (7). Data
were analyzed using one-way ANOVA with Tukey post-hoc test and P <0.05 was
considered as a significant change.

Table 1. Aerobic exercise training protocol.
The main body of

Week Warm-up exercise Cool down
18t _ 20 minutes at a speed of
9 meters per minute
ond ) 20 minutes at a speed of
9 meters per minute
31 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 16 meters per minute 9 meters per minute
4t 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 20 meters per minute 9 meters per minute
5th 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 26 meters per minute 9 meters per minute
6ih 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 26 meters per minute 9 meters per minute
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Results

Expression of NKX2-5 gene of cardiac tissue had a significant difference between
the studied groups (P = 0.001). Pair comparisons obtained from Tukey post hoc
test showed that due to chlorpyrifos poisoning (comparison of the healthy control
group with the toxic control group), NKX2-5 gene expression was significantly
reduced (P = 0.001). Injection (sham) had no significant effect on the expression
of this gene (P = 0.001). Aerobic exercise increased the expression of this gene
compared to the poisoned control group (P = 0.038). Eugenol induction had no
significant effect on the expression of this gene compared to the toxic control
group (P = 0.637). Simultaneous aerobic exercise and eugenol could significantly
increase the expression of this gene compared to the poisoned control group (P =
0.001). Simultaneous aerobic exercise and eugenol significantly increased the
expression of this gene concerning the eugenol group (P = 0.003), but no
significant difference was observed between the aerobic exercise group and
eugenol with the aerobic exercise group alone (P = 0.145). There was no
significant difference between the aerobic exercise group and the eugenol group
in the expression of this gene (P = 0.596). Regarding the expression of the
SERCAZ2a gene in cardiac tissue, a significant difference was observed between
the studied groups (P = 0.001). Pair comparisons obtained from Tukey post hoc
test showed that due to chlorpyrifos poisoning (comparison of the healthy control
group with the toxic control group), expression of SERCA2a gene was
significantly reduced (P = 0.001). Injection (sham) had no significant effect on the
expression of this gene (P = 0.983). Aerobic exercise increased the expression of
this gene compared to the control group (P = 0.001). Eugenol induction had no
significant effect on the expression of this gene compared to the toxic control
group (P = 0.057). Simultaneous aerobic exercise and eugenol could significantly
increase the expression of this gene compared to the poisoned control group (P =
0.001). Co-occurrence of aerobic exercise and eugenol significantly increased the
expression of this gene concerning the eugenol group (P = 0.004), but a significant
difference was observed between the aerobic exercise group and eugenol with the
aerobic exercise group alone (P = 0.131). There was no significant difference in
the expression of this gene between the aerobic exercise group and eugenol.

Conclusion

The present study showed that poisoning significantly reduced the expression of
SERCAZ2a and NKX2-5 genes in cardiac tissue. Exercise (no supplementation)
increased the SERCA2a and NKX2-5 genes in the hearts of poisoned rats.
Exercise-eugenol interaction did not cause a synergistic effect. Overall, in the
present study, exercise seems to be a more important factor than eugenol in
reducing the effect of chronic intoxication on the heart. Further studies with higher
doses of eugenol supplementation are needed.
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Article Massage

The present study showed the beneficial effect of aerobic exercise on the
expression of SERCA2a and NKX2-5 genes in the hearts of rats poisoned with
chlorpyrifos. Considering that there was no significant difference between
exercise-supplement and exercise groups and due to the lack of significant change
in these genes in response to eugenol supplementation, exercise seems to be a
more important factor than eugenol to reduce the effect. Chronic toxicity to the
heart. However, to express this issue, other studies with higher doses of eugenol
seem necessary.

Keywords: Oxidative Stress, Apoptosis, Organophosphate Toxins, Physical
Activity, Poisoning, Eugenol Supplement
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Table 1- Aerobic Exercise Training Protocol

The main body of

Week Warm-up : Cool down
exercise
Ist ~ 20 minutes at a speed N
of 9 meters per minute
ond ~ 20 minutes at a speed ~
of 9 meters per minute
31 5 minutes at a speed of 20 minutes at a speed 5 minutes at a speed of
9 meters per minute  of 16 meters per minute 9 meters per minute
40 5 minutes at a speed of 20 minutes at aspeed 5 minutes at a speed of
9 meters per minute  of 20 meters per minute 9 meters per minute
5th 5 minutes at a speed of 20 minutes at a speed 5 minutes at a speed of
9 meters per minute  of 26 meters per minute 9 meters per minute
Bth 5 minutes at a speed of 20 minutes at aspeed 5 minutes at a speed of

9 meters per minute

of 26 meters per minute

9 meters per minute
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Reverse cuis p Forward <, Gene

Name

CTGCGTAAGTGTGGGTGTGA CGAGACTGGTAGGGAAAGGG NKX2-5
GCACCCGAACACCCTTACAT AGTGGCTGATGGTGCTGAAA SERCA2a
CATACTCAGCACCAGCATCACC AAGTTCAACGGCACAGTCAAGG GAPDH

. Cat. No. k3090, Bioneer, Daejeon, Republic of Korea

. Absorbance at A260 /A280; Thermo Scientific, Waltham, MA, USA
. AccuPower RT PreMix cDNA synthesis kit, Bioneer

.. Cat. No. 204052, Qiagen GmbH, Hilden, Germany

. Real-Time PCR

27~ AACT

. Housekeeping Gene

. Cycle Threshold
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Figure 1- Expression of NKX2-5 Gene in the Studied Groups. *: A Significant
Decrease Compared to the Healthy Control Group. f: A Significant Increase
Compared to the Control-Poisoned Group. f: A Significant Increase Compared to

the Eugenol Group (P <0.05 was considered as a significant change. Data are
presented on the basis of mean and standard deviation.)
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Figure 2 - Expression of SERCA2a Gene in the Studied Groups. *: A Significant
Decrease Compared to the Healthy Control Group. t: A Significant Increase
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the Eugenol Group. (P <0.05 was considered as a Significant Change. Data are
Presented on the Basis of Mean and Standard Deviation.)
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