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Abstract

Type 2 diabetes is the most common endocrine disease that occurs due to glucose intolerance due to
imbalance between reserves and insulin demand. Diabetes can also cause damage and cell death or
apoptosis. The purpose of this study was to study the gene expression changes in apoptotic and anti-
apoptotic indices in liver tissue and insulin resistance index after HIIT and Zataria multiflora extract
in obese type 2 diabetic rats. The statistical population consisted of male Wistar rats weighing 110 +
20 g, with 4-week-old male selected from Royan Institute. Wistar rats with the aim of familiarizing
themselves with the environment for two weeks, were kept at about 190 + 20 gr. All rats were fed a
high-fat diet (45 to 60% fat) for 5 months or 20 weeks. After the rats became obese and reached an
average weight of about 407 + 50 g, to create a type 2 diabetic model, 25 mg STZ at a low dose per kg
body weight was injected intraperitoneally as fasting glucose between 150 to 400 mg/dl was considered
as a criterion for diabetes. All rats were diabetic and were divided into 4 groups (control, HIIT, Thyme,
HIIT-Thyme). Rats with fasting glucose between 150 and 400 mg / dL were considered to have type 2
diabetes. HIIT protocol and gavage performed for eight weeks, five sessions per week with 2-minute
alternation of 2 and 8 intervals with 80 to 90% vo2max and a one-minute rest cycle with 50 to 56%
vo2max. Thyme extract was given by gavage at a dose of 200 mg / kg 5 days a week for eight week.
Insulin resistance index was calculated using the formula and the expression of liver tissue apoptotic
genes was also measured by RT-PCR. Statistical analysis was performed with one-way ANOVA and
two-factor analysis of variance test for comparison between groups and determination of the effect size
and post-hoc method. A significant level of p < 0.05 was considered. Compared to the control group,
HIIT led to a significant reduction in glucose and insulin resistance index (P<0.05). Periodic exercise
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and thyme extract also decreased Bax gene expression and increased Bcl2 expression in hepatocytes
compared with controls (P<0.05). The results showed that HIIT with thyme extract in diabetic rats led to
improved glycemic profile and changes in glucose and insulin levels, as well as positive and appropriate
changes in the expression of hepatic and anti-apoptotic genes.
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Extended Abstract
Background and purpose

Type 2 diabetes is the most common endocrine disease occurs due to glucose intolerance
as a result of imbalance between reserves and insulin demand. Diabetes can also cause
damage and cell death or apoptosis (1,2). The purpose of this study was to study the gene
expression changes in apoptotic and anti-apoptotic indices in liver tissue and insulin
resistance index after HIIT and Zataria multiflora (Thyme) extract in obese type 2
diabetic rats. Intense interval training is usually performed with intensities above 90%
of the maximum heart rate and short rest periods and a training duration of less than 20
minutes. Due to Zataria multiflora anti-oxidant and anti-diabetic, anti-cancer, anti-
inflammatory effects, various drugs are obtained from thyme.

Materials and Methods

The statistical population of the study consisted of male Wistar rats weighing 110 +
20 g, with 4-week-old male selected from Royan Institute. Wistar rats with the aim of
familiarizing themselves with the environment for two weeks, were kept at about 190 +
20 gr. All rats were fed a high-fat diet (45 to 60% fat) for 5 months or 20 weeks. After the
rats became obese and reached an average weight of about 407 + 50 g, to create a type 2
diabetic model, 25 mg STZ atalow dose per kg body weight was injected intraperitoneally
while fasting glucose between 150 to 400 mg/dl was considered as a criterion for diabetes.
All rats were diabetic and were divided into 4 groups control (n=6), HIIT (n=8), thyme
(n=4), HIIT-thyme (n=7). HIIT protocol was performed for five sessions per week with
2-minute alternation of 2 and 8 intervals with 80 to 90% VO2max and a one-minute rest
cycle with 50 to 56% vo2max, with a gradual increase in extreme frequency from 22 to
38 meters per minute and a rest period of 16 to 22 meters per minute for 15 to 34 minutes
by running on a treadmill. Running time increased from 16 minutes in the first week to
34 minutes in the eighth week. Thyme extract was given by gavage at a dose of 200 mg /
kg 5 days a week for eight week. At the end of the training period and 48 hours after the
last training session, the experimental training groups and after 12 hours of fasting, the
rats were anesthetized and sacrificed by ether anesthetic. Blood samples were collected
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from the heart. Glucose was measured using an auto-analyzer. Insulin measured by a
special kit of Pars Azmoun Company. The insulin resistance index was calculated using
the formula and the expression of liver tissue apoptotic genes was also measured by RT-
PCR. Statistical analysis was performed with one-way ANOVA and two-factor analysis
of variance test for comparison between groups and determination of the effect size and
post-hoc method.

Findings
According to the results, these findings were observed :

1. The mean weight (g) in the experimental groups of exercise (373.12), thyme (332.25)
and exercise-thyme (352.71) groups increased slightly compared to control group (317).

2. The mean concentration of glucose (mg/dL) in the exercise group (138.25) was
significantly lower than the control group (333.83) (C&E. P = 0.001) and also in the
exercise-thyme group (121.28), there was no significant difference (P = 0.992) compared
to the thyme group (117). Moreover, in the thyme-exercise group, there was a significant
decrease (P = 0.001) compared to the control group. Also, HIIT led to a significant
reduction in glucose and insulin resistance index (P<0.05). HIIT along with thyme extract
decreased Bax gene expression and increased Bcl2 expression in hepatocytes (P<0.05).

3.Themean insulin concentration (uUI / ml) in the exercise group (6.22) was significantly
higher than the control group (3.89) (P = 0.005), and in the exercise-thyme group (9.64)
was not significantly different compared to the thyme group (11.22) (P = 0.218); however,
the thyme group had a significant increase compared to the control group.

4. The mean insulin resistance index (HOMA) in the exercise group (2.04) and thyme-
exercise (1.69) was significantly lower than the control group (3.18) but thyme group
(3.24) was not significantly different from the control group (P = 0.994).

5. The mean expression ratio of Bax gene in periodic exercise group (0.29) and
exercise-thyme group (0.37) was significantly reduced compared to control group, but
its expression in thyme group (1.06) was not significantly different from control group
(1.11) (P =0.996).

6. The mean expression ratio of Bcl2 gene in the interval exercise group (1.73) and the
exercise-thyme group (1.27) was significantly increased compared to the control group
(1.07) but its expression in the thyme group (0.81) was not significantly different from the
control group (1.07), (P = 0.947).
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Conclusion

HIIT with thyme extract in diabetic rats led to improved glycemic profile and changes in
glucose and insulin levels, as well as positive and appropriate changes in the expression
of hepatic and anti-apoptotic genes.

Article Messages

In general, according to the research findings, it can be concluded that interval exercise training,
especially along with thyme consumption, can reduce the expression of apoptotic genes such as
Bax and increase the expression of anti-apoptotic genes such as Bel2. This context is consistent
with the literature (3,4,5) and is effective in improving glucose levels due to the effect of genetic
components which are remarkable in liver glucose release and in type 2 diabetic patients, too.
Moreover, thyme due to having various vitamin, protein and phenolic compounds has a good
influence on insulin sensitivity and also antioxidant and anti-inflammatory roles, and may
regulate the metabolism of carbohydrates, especially glucose, and also regulate lipid metabolism,
reduce hyperglycemia and dyslipidemia, and similarly reduce insulin resistance. It consequently
prevents oxidative stress and inflammatory responses in people with type 2 diabetes, which is
exercise-related diabetes type and is usually associated with overweight and obesity (6,7).
However, thyme consumption alone may not change much the apoptotic and anti-apoptotic
genes (8). Therefore, the use of aerobic exercise training programs, especially interval exercises
may improve the effectiveness of herbal supplementation in type 2 diabetes treatment. However,

further studies in this field are necessary.
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Table 1: HIIT Protocol

Total 1
T?rfe d?)(v)vi Velocity of Time | Velocity | Time of | Number |Warm up.
Protocol | 5 miﬁ Rest Interal of Rest | of Intense | Intense |of Intense| 5 min Weeks
(min) s . Interval | Interval | Interval | Interval | <o in
JSoles ‘:53 Li,u || otk || cglb e | wgliple) || oplialiss | oSy
( u )) u" . ’: e Colyal RYEW RYEW LA 45850
42,93 42,93
.| 16 m/min . 30 m/min . . .
16 10m/min (50%) 1 min (80%) 2min |2 interval | 10m/min| 1&2.th
. | 18 m/min . 32 m/min . . .
22 10m/min (52%) 1 min (85%) 2min |4 interval | 10m/min| 3&4.th
20 m/min 34 m/min
28 10m/mi 1 mi 2mi 6 int 1{10m/min| 5&6.th
m/min (54%) min (90%) min interva ‘min
.| 22 m/min . 36 m/min . . .
34 10m/min (56%) 1 min (95%) 2min |8 interval | 10m/min| 7&8.th
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olStgle] paascio GUS)IS 5 OhSmghy 3l (S W5ed 5 (2 S 0oyl Jolye ples o Conl 128
g 61005 ome Ly )3 |y Y (sl sbigal 45 lising g pole dorly oMol 31 o2l (5,
s g ol b gl didd IS 5 0 oolizd g o> aKisle] blgss b 1S 3MS) Sl 4
4aS ;5 IRIAU.SRB.REC.1399.004 $M5| 48 b iagsy oyl 46 plosl Loal sliwl puiane

A 4l Sliiss ¢ pole dnly ST olKaily Sy 3MS
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oS 3l oalisl b 35615 a6, 00S5 31,5 5l a3 =Y+ (slod 43 g A (Gpolen B 5| (S5
gl &y Cumglio (ol s (6pSeslasl Oogesl ply S5 (ogase CoS baugi ilgud] 5 )30 5

@ Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



¥+ Cyliuno 3 O 05lows VY 09 / N} 9 (59990 33 \Al

YD) s dwls iy Joo,8 3l oolawl L (HOMA-IR)
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Ol by dloldM 5 i a5 b (550311 jolaiedy 30 WS il 1S 8L BCL2 g Bax (45 ol i,
5 o Ly oy ol sl 58 80 s b Jisse S5 sl i e (e 305 % ol
b RNA s bl yo o .0 001> j1)8 oS ol &30 Vo die j38 )3 uww 5 A 03]> jl, RNA later
RS Ly Cologyd 5 A Sl Ribo]Ex Total RNA isolation solution (GeneAll) ¢S 3l ool
RNA G 5 g ioabl o 18 ol oy 5T, 3 ogliolSizs J sl b ol S
«3lw FIRE Script RT cDNA Synthesis (Solis BioDyne) ¢S’ 3l eslél L cDNA ‘a_\abai.pa_w]
&S 8l BCL2 g Bax (5 Ole (s Sly (s i 00l> JEs) 0,8 ol dyd Yo dle j30)8 4 9 A
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Table 2: Primers used in research

Oligo .
P Ampl
Name Primer Sequence (5’ — 3) rqduct IO, Gene Bank
size bp
Genes
B For: AGGGTGGCTGGGAAGGC 17
ax Rev TGAGCGAGGCGGTGAGG 159 bp 17 |NM_001191052.1
For:
ATCGCTCTGTGGATGACTGAGTAC 24
Bcl2 For: 24 NM _001191052.1
AGAGACAGCCAGGAGAAATCAAAC
For: AAGTTCAACGGCACAGTCAAGG 22
GapDh 164 bp
Rev: CATACTCAGCACCAGCATCACC 22 XM _008759265.1

Sy Sad Jdod g 4358 VY d5es Ll ol gyl 1581050 5] oolasol b baedls :laodls Judoo g 4320
"o pransl—,SsalsS” (a0l 51y IS @y (3))5ll Gl ool o uSiles) Limogi Lol sl Cinoss
Joos (olizzal Lol uilyly (il sl T0g) el 3] dmedls i gl e pshaien
5l o Oogesl 3l cosiman 9 WogyS (ol Al (sl (90 (el gl 5 Ay i)l

1.SPSS
2. Kolmogorov-Smirnov
3.Leven
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Table 3 : Preliminary descriptive data on weight and glucose and insulin resistance in rats after high-fat diet (HFD)
and induction of diabetes with STZ for the diagnosis of type 2 diabetes

HOMA.IR Insulin Glucose Weight after Weight in start of
& Cuoglde sl (uUl/ml) (mg/dl) HFD(gr) protocol(gr)
Odges! e S5 @2 w3l o Oj9 SSam gard 2 Uj9
1.43 £3.56 0.49+3.92 | 363 £124.5 409.03 £ 51.69 193.34 £19.46

O opizmed w30 OS5 55y oy 2y 3 o 9 I8 (p25) o bge 09 0nSle Yol o
SleMbl Joda ol 3 owizmed Cul iils pSasia G Cprp aly Jlesl 5l dm 0jg 250
1 (55031l p3 51 (6550095 3l L 85 g (gl & Cunglia sl g (gl S5 oy
Ol |y it inogs el ¥ 5,las Jpds Casln bse (b _isd 5l Sl &S 3o otnlio
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Table 4: Description of weight and glucose, insulin and insulin resistance index and expression of Liver Bax and
Bcl2 inrats in different groups

352,71 £39.31

332.25 +67.73

373.12 £54.28

HIIT&Thyme | Thyme Extract | Interval training Control (n=6) variable/ Groups
(n=7) (n=4) (n=8) oy S
421.85 £65.53 | 414.75 £43.49 | 407.37 6464 |386.66 +4g.42| " cigntafter HED(gn)
e e om s
Weight after

317 £71.3

Protocol.8w(gr)
JSg i Cein 5l e 039

12128 4639 | 1414117 | 13825+40.04 |333.83 439.39|  Olucose (mg/dh
5

9.64 £1.51 | 1122 4125 | 622 +1.35 | 3.89 +0.53 nsulin (UL/ml)
Oyl

169 £0.36 | 324 038 | 2.04 £0.35 | 3.18 +0.33 HOMA.IR

s & Canglio yaslis
037+021 | 106 0.57 | 029 +0.16 | 1.11 0.54 | Bax.genFold.cheng
1.27 +0.72 0.81 +0.51 1.73 +0.95 0.45+1.07 Bcl2.gen.Fold.cheng
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Table 5: Results of two-factor analysis of variance, Benferoni post hoc test and the effect size of the groups

Effect.Size | Sig. F Group Group .’*5)""1 U"" L“/ )""’"
Variable/Statistical index
0.11 0.12 2.60 HIIT (55 o
£5) Ojs
0.001 091 | 0.012 Thyme Control Weight (gr)
0.026 0.46 0.56 |HIT&Thyme
0.735 0.0001 | 58.36 HIIT () o3 e S slee) 35515

0.806 | 0.0001 | 87.17 | Thyme | Control
0.752 | 0.0001 | 63.7] |HIT&Thyme (mg/dl)Glucose
0.025 0.472 | 0.537 HIIT (52 1y ,50) g
0.837 | 0.0001 | 108.09  Thyme | Control “i:UI/mSI’nsuhf -
0404 | 0.001 | 1422 |HIT&Thyme

0.514 | 0.0001 | 22.17 HIIT RN
0275 | 001 | 797 Thyme | Control Ol I;gﬁfi’ﬁ’” .
0219 | 0.024 | 590 |HIT&Thyme '
006503001 060902081 (2)3683 TTIT Control | FoldCheng) 05 0l
. . . me ontro

0.009 | 0.660 | 0.199 HHT&yThyme Bax.gen.Fold.cheng
0.138 0.08 3.37 HIIT Bcl2 (Fold Cheng) o5 o)l
0.062 0253 | 1.38 Thyme Control | Bcl2.gen.Fold.cheng

0.005 0.748 | 0.106 |HIIT&Thyme

1.40
120

1.00
1.00 045
0.80 B Control J <
0.60 WE o

B TH o
0.40 ode 0.84 ]
- WTHE gl oo s
0.20
0.00 L |
Control J_g& E oo THOSE  THE ol Gapes

Groups

calises (sloog,S > Bax ¢ oo Cows <SG W
Figure 1: ( Bax Gen Fold change ratio)
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Figure 2: (Bcl2 Gen Fold change ratio)
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