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Abstract

Objectives: Nowadays, the appropriate exercise pattern along with the consumption of
medicinal plants plays an important role in regulating energy balance, reducing
inflammatory indicators and increasing antioxidant defense in obese elderly people.
Therefore, the aim of this study was to investigate the effect of 8 weeks of High Intensity
Interval Training (HIIT) and consumption of green tea on serum levels of antioxidant
enzymes, inflammatory markers and galanin in obese elderly untrained men. Methods &
Materials: In this study, 48 obese elderly untrained men were randomly divided into four
groups including: HIIT, HIT with Green Tea, Green Tea, and Control. HIIT were
performed for 8 weeks (3 sessions per week) with 90% HRR. 450 mg of green tea was
received daily (six capsules per day). Blood samples were taken before and 48 hours after
the last training session. Statistical analysis was performed using Shapiro-Wilk test and
two-way analysis of covariance. Data were analyzed using SPSS-26 software with a
significance level of p<0.05.Findings: The results showed that the combined effect of
HIIT with green tea consumption and the main effect of HIIT alone caused a significant
increase in the levels of thioredoxin reductase-1, paraoxonase-1 and a significant decrease
in the levels of interleukin-1p, interleukin-6 and galanin (P<0.05). However, consumption
of green tea alone showed no significant changes (P>0.05). The highest percentage of
changes (increase and decrease) created in biochemical variables was attributed to the
HIIT with green tea group. Conclusion: Performing HIIT with green tea consumption had
the greatest effect on reducing inflammatory markers, increasing antioxidant enzymes and
energy balance in obese elderly untrained men.
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Extended Abstract

Background and Purpose

Obesity is associated with low-grade chronic systemic inflammation. This is
partly due to an increased systemic proinflammatory environment imposed by
proinflammatory cytokines (1). Fat cells are the main source of pro-inflammatory
cytokines and play a role in the initiation and progression of obesity, insulin
resistance, and cardiovascular diseases (2). Today, the effective role of medicinal
plants with phenolic compounds in reducing inflammation and improving adipose
tissue toxicity has been identified (3). Green tea is one of the medicinal plant’s
rich in polyphenols. The effectiveness of green tea is primarily due to the presence
of catechins, polyphenols and caffeine, which have antioxidant, anti-
inflammatory and genotoxic effects. Nowadays, one of the obesity treatment
methods is increasingly focused on sports activity. It is possible that physical
activity along with reducing the percentage of fat can reduce inflammation levels
(4). High-intensity interval training (HIIT) consists of short, intermittent bouts of
exercise (>90 VO2max) separated by a few minutes of rest or low-intensity
exercise during the recovery period. Research shows that HIIT stimulates the
muscular and vascular adaptations previously associated with endurance training
(ET). Perhaps the most prominent feature of HIIT is the fact that these exercises
require less time and weekly training volume compared to ET (5). Another
effective factor in obesity is galanin (GAL). High levels of serum GAL have been
observed in obese individuals, indicating that peripheral GAL plays a role in
regulating energy balance, and increasing circulating GAL levels contributes to
obesity and obesity-related metabolic disorders (6). Studying and understanding
the responses of antioxidant enzymes to the body's oxidative stress is important,
especially in old age. In the current research, according to the intended goals, a
part of these needs has been addressed. Therefore, in the present study, this
hypothesis was tested if the combined effect of 8 weeks of HIIT with green tea
consumption was significant on the concentration of antioxidant enzymes
(thioredoxin reductase-1, paraoxonase-1), inflammatory markers (IL-1p and IL-
6) and GAL in obese elderly untrained men.

Materials and Methods

The present research is a double-blind semi-experimental study with a pre-test and
post-test design, which was conducted with a control group. After informing about
the research, 103 volunteers willing to participate in the research were registered.
According to previous studies, the sample size was determined to be 44 people
based on the test power of 80% and the confidence level of 95%. Taking into
account the possibility of subjects dropping out during the study, the total sample
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size was determined to be 48 people. Through simple random sampling, 48
subjects were divided into four groups of 12 people including HIIT, HIIT with
green tea consumption, green tea consumption and control-placebo. During the
study, subjects received 450 mg of green tea or placebo (six capsules per day, i.e.
two capsules with breakfast, lunch and dinner). In total, daily consumption of
capsules containing green tea included 104 mg of caffeine and 573 mg of catechin,
of which 323 mg was epigallocatechin gallate. Green tea capsules and placebo
capsules were similar in all respects (shape, size and color). The HIIT program
was implemented for eight weeks and three sessions per week (7). The form of
training was implemented as speed interval runs with passive rest between
repetitions and sets. Blood samples were taken before and 48 hours after the last
training session. The weight and height of the subjects were measured by a Seca
model 755 medical scale equipped with a height meter. The body composition of
the subjects was measured using the Jawon X scan plus 970 body composition
analyzers made in South Korea. To estimate the maximal oxygen consumption
(VO2max), the Rockport walking protocol was used. Serum levels of GAL, TRX-
1, PONL1, IL-6 and IL-1p were measured by ELISA method. Data were expressed
as mean and standard deviation. The normality of the data was confirmed using
the Shapiro-Wilk statistical test. Homogeneity of variances was checked through
Levene's test. Hypotheses were tested using repeated measures analysis of
variance, bivariate covariance analysis, and Tukey's test. The significance level
for all calculations was considered a. = 0.05 and all calculations were done with
SPSS26 software package.

Findings

The results showed that the combined effect of HIIT with green tea consumption
and the effect of HIIT alone caused a significant increase in the levels of TRX-1,
PONL1 and a significant decrease in the levels of IL-1p, IL-6 and GAL (P<0.05) ,
while consumption of green tea alone did not show significant changes (P>0.05).
The highest percentage of changes (increase and decrease) in biochemical
variables were assigned to the HIIT group with green tea consumption. The
highest percentage of significant changes (increase) in VO2max index (9.22%)
and the highest percentage of significant changes (decrease) in body mass index
(3.50%) and body fat percentage (11.07%) from pre-test to post-test were assigned
to the group HIIT with green tea consumption.

Conclusion

In general, from the results of the present study, it can be concluded that the effect
of eight weeks of HIIT combined with green tea consumption in reducing the
levels of inflammatory indicators, increasing antioxidant enzymes and energy
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balance is greater than the corresponding effect in the HIIT group and the green
tea consumption group.
Keywords: Antioxidant, Inflammatory Markers, Galanin, HIIT, Green Tea.

Article Message

The increase in the activity of thioredoxin reductase-1 and paraoxonase-1, and the
decrease in the activity of IL-1B, IL-6 and GAL, means that performing HIIT
combined with green tea consumption is a suitable and efficient combined
intervention to improve the health of obese elderly men in relation to
inflammatory and antioxidant indicators and regulation of energy balance.
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Table 1- Composition of green tea capsules and placebo (mg/capsule)

Lodg,ls o sl
Placebo Green Tea
17.25 o
Caffeine
s
95.46 Sl
Total Catechin
1.01 o7
Catechin
oslS
5.76 T
Epicatechin
1.11 el
Gallocatechin
3.77 et
Epigallocatechin
N o
0.81 el
Catechin Gallate
ENE poslS )
20.74 W 0
Epicatechin Gallate
Y slS I8
8.45 e
Gallocatechin Gallate
ENE oslS IS
53.81 b
Epigallocatechin Gallate
5
450 337.29 s
Ineffective
450 450 S
Total
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Table 2- High Intensity Interval Training protocol (HIIT)
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i Rest Intensity Repetiti o . (4sb) Type of weeks
Rest Between of ons NO Time Training
P NO
Between it Training
Set (S) Repetiti
ons (S)
@9l o9
0 .
a0 & fpp 33w e 1o
Speed interval
running
TN
0 .
240 60 E&g 5 4 30 e 3-4
Speed interval
running
RTINS
0 -
w0 e s s w s
Speed interval
running
@9l o9
0 .
240 I R I
Speed interval
running
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1. Shapiro-Wilk

2. Leven’s Test

3. Analysis of variance with repeated measures
4. Two-way ANCOVA

5. Tukey's test
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Table 3- Mean and standard deviation of some descriptive variables of the
subjects (Mean + Standard deviation)

o ot y seelrlons " ,
Between groups Jrs . . e 5l Oy e
results Control Training with Green tea Training Variable
P F green tea
o
0.909 0.181 6543 £3.16 65.08 £3.60 66.00 £2.86 65.33+£3.20 Age
(years)
a8
0.820 0307 174.09 +4.85 173.42 +4 56 175.08 +3.63 174—,25@4,02‘ Height
(Cm)
0.110 0.410 95.71+£6.92 97.26 £ 6.83 96.81 437 98.08 £6.42 Pre 038
96.26 + 6.92 93.79 + 5.46 95.97+4.24 05.83 +6.39 Post Weight
0.001 61.270 -0.37 350 0.86 227 PC (kg)
0.102 #0.011 0.093 #0.031 P
0.657 0.387 31.54+£1.00 3231123 31.58+1.20 3226+1.07 Pre o ey Lt
31.72+097 31.18+1.05 3136+1.17 3152+095 Post BMI
0.001 61.270 -0.37 350 0.86 227 PC (kg/m?)
0.102 #0.011 0.093 #0.031 P
0921 1.487 33.09+2.70 3233+253 33.25+245 3458 +250 Pre DAY i e
3355+£274 2875222 3214 £2.40 31.92+£235 Post Body Fat
0.012 122.160 -147 11.07 276 7.71 PC Percentage
0.067 #0.001 #0.026 #0.013 P (%)
0.104 0411 31.65+£5.09 30.81£435 32.08+£427 3146£511 Pre e
31.60£5.07 3394+£510 3237£435 3370 £586 Post VO2max
0.018 73.164 -0.16 9.22 0.90 6.65 PC (mlkg/min)
0.246 #0.037 0.145 #0.047 P

Percentage of Changes-<l s oo ,0 PC POS-test- yse ;1 s POSt Pre-test- o031 i Pre
(P<0.05) 505l b sl 5 (o35 00950 oline lis F
$Significant difference within groups from pre-test to post-test (P<0.05)
(P<0.05) loppuSils Joolis wloly (o298 s sloline oglis *
*Significant difference between groups based on mean difference (P<0.05)

J59z 59 G903lim B (o903l ten Sl eaboloml Dl penis bl 2 a9 il )15 el (9051 gl
Gl el o sl Bpas g HIT aiia cia (oS5 5 aS cal T 5 (Sl e ojles
IL-1B copw zshaw .03 (P=0.0001) PON-1 4 (P=0.0001) TRX-1 oy zobaw jlolins
SHIT (lojen alsloe atin cute JLis 4 (P=0.010) s5YE 4 (P=0.002) IL-6 (P=0.001)
a2 oo Hlad Hlez ojleds Jgaz 5o oddiz o gl uisres il lolies (1alS few sl> B s
5 (P=0.002) TRX-1 oy zgbaw jlobins Lialdl cuel 35 olosa HIT alslos atin coia 45
Y5 5 (P=0.003) IL-6 (P=0.011) IL-1B oo o zglaw loline _als 4 (P=0.0001) PON-1
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Table 4- Description and comparison of serum levels of TRx-1, PON-1, IL-1p, IL-6
and Galanin in the studied groups

ol slegs b (R
“alyg® sl e
Two-way Jrs Training ’c? = R3] e
. | reen o .
covariance Control with tea Training Variable
results green
EXGT GTE tea
165+ 0.28 1.67 + 1.69 + 1.64 + Pre
0.25 0.26 0.27 e Ssya
*0.0001 0.073 163 +0.27 201+ 1.74 + 1.91 + Post Vs
*0.002 Dt 0.27 0.27 0.29 I 9%
1.53 -20.97 -3.03 -16.98 PC TRx-1
0.101 t0.0001  0.055  *0.0001 P (ng/ml)
62.45 + 63.08 + 62.58 + 61.17 + Pre
19.62 16.76 18.79 16.94 —bsmsT)ly
*0.0001 0.086 61.18 + 78.58 + 64.66 71.92 + Post \
*0,0001 19.59 17.19 18.84 17.83 PON-1
2.25 -26.15 -3.63 -19.05 PC (ng/ml)
0.263 ¥0.0001 0.057 #0.0001 P
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Table 4- Description and comparison of serum levels of TRx-1, PON-1, IL-1p, IL-6
and Galanin in the studied groups

ol lgss s = b o pod
anlyg0 ollgss sl
Two-way anly90 Jras Training Green Q‘)‘“ }M
covariance Two-way Control with tea Training Variable
results covariance green
ExGT GTE results tea
463+ 471+ 454 +
4.86 + 1.55 Pre
*0.001 0,102 31423 416';18 31511 .
+ + +
. . . - . - . - L;J &
*0.011 489£155 7 08 1.47 1.06 Post L1
-0.62 25.87 1.61 16.30 PC (pg/ml)
0.174 +0.0001 0.083 10,0001 P
5.87 + 5.72 + 5.95 +
5.66 + 1.61 157 L5 148 Pre s
*0.002 0.114 455 + 5.68 + 491 +
*0.003 568+161 ) 1.45 1.45 Post I‘C;
-0.38 23.71 0.76 18.37 PC (pg/ml)
0.324 0.0001 0.091 0.0001 P
108.73+ 10583  109.83+ 107.67 % o
11.80 +12.38 11.98 10.63 .
*0.010 0.149  109.45 + 9433+ 107.80+ 101.42+ S oﬂtf
*0.019 11.97 11.55 11.81 10.31 Galanin
-0.68 10.86 1.81 5.79 PC (pg/ml)
0.232 0.0001 0.064 10.002 P

Percentage of Changes-«l s oo ,0 PC POS-test- yse ;1 s POSE Pre-test- o031 i Pre
Significant difference within-group(p<0.05).(p<0.05) 9,5 y5,8 jlobire oglis F
Significant difference between group(p<0.05) (p<0.05) _ag,5 s lobine coglis *

<Main effect of green tea- ;... s> Lol ;I:GT ‘Main effect of exercise- ., o5 Lol ;I :E
Interactive effect of exercise and green tea- ;.. sl> 5 op o5 o5 5 51 IEXGT
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Figure 1- Percentage changes values of TRX-1 and PON-1 in four groups
P<e120) 75 09,5 5 5o sl 09,5 b folins glis *
* Significant difference with green tea group and control group (P<0.05)

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



A_ oyt Gl B an g ool 29L5 (o pod add Cls )...S"L’ t00l 5 A

0955 sz 39 GAL 9 IL-6 AL-1P 1rlio ol yonis duoys —¥ JSCis
Figure 2- Percentage changes values of IL-1p, IL-6 and GAL in four groups.
(P<100) 75 0955 5 5o slz 09,5 b oline Sglis™
* Significant difference with green tea group and control group (P<0.05)
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1. Reactive Oxygen Species

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



V¥ ol.'i.m.gl}' DOA o)l VO 0490 ‘s‘:’)')i ‘5)9194‘“.9 L4

Gt ;0 Fwly o ol S (3 o3 0 oadoslainl (s ped Dl g Slgl)8 (g9 A5 GBS o
2,08 55l Slaws]

A5 395 g0 ol o T ul3S s I3 L (50 el ie 430 (3l5 sy plSin
wzge Sils padplio Sl b 6 )0le) ploy )3 5 398 o0 e (LT LA (8 VL o
slaalag (o 65910, Glej 50 Gl padplie D92 oo (caaluSTas glds (5 5 5Le oloxl
o olpean Q mpleS 5l eslitul AalSl g jlannST pg Seiw (o2alS @ las Ly ol (ool
oo 05 g0 yie dnsS e S50l 4 s (sl (o 5nsST 51 onlital SralS oy ) 58Ul 55 .8
SoeST T elae 3T el il wagads ol yed ,o a5 ool sad ools ol ool
e cilaSTas s s g 0,50 aibie 5l ialaSTas laps il o8 > samsples
Selsilio (sl s 2 Olsion |y (sl (5T olRiws 1y sy gl Sl yes 50k 51 Bk
s L PGC-10 5 AMPK (gl 1y 0o Ly Sdgilie ol i a5 glaisSay ol o
(YY) 098 o0 ol yor ciuluSTos piw

cota JLis & (IL-6 o IL-1B) loadl sl Sles Jolime 2alS (ol> idghy ,Sus mio il
Syt Jg e osmlive slive (2l 5 HIIT 5,5 10 g1 e sl B ymo b plg3 HIIT ain
Sn et 5 e gla Brae a5 ailesls lis Gldlas 0g ies oS 5 09,5 (LielS)
=S 5 a8 e 28l st (e Ay (o) 2 b awd e el ol slacn gl
aslllas 3l aialls om0 1y VIS 5 el ol Siles ¢ SlaenST 5T winns s ol 53 !
5 5oty (YY) Qs 38 505 s sl Span 5 ieliiad (a2 (5 Slallls 5L 05
S g cde 4y el e Slead! sla ) Klis jo 359 51 SBU Dl s 4 Conl oals slgaiey
2l ypelinnST Lial38l o Cosl oyz <l 5HIL-1B 5 IL-6 e 3 oyt Ly sl oy JS
Agi Wilgh so (poie 0,9 a5 Wlools lis p3l Slalllas .o )5 dalgs S Sl jralS 4 o>
ol e roms Lalidl ) ledlas laalanly us e g ools 2alS |y el i oS sl
aie (YA) ams 2als |y Cloall wlgs oo HIT US5g s a8 canl 00l aiiis sisay ool
Slacs lon dngi 4 IL-1B 5 IL-6 wsle (55,5 10 bouSsnle mha bl a5 ol oo
el slo il alS (YA) wiS oo SaS pl ot okt 5 50 g5 ol aile Kot
(YA cl bas o oo slags lows 1ol b Sotinn

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



ay s 6z B e 5 gl 39Tyt pod ATk i 5 o0l o

plos HIT) (oS 5 09,5 53 el (slopas L alS (i 45 0l i ol gy gl
33 S Sllad a4y (S5 A G la B ras duy oo 5 A e 010 (65 G Sl Bran b
2l ol L) 3 e o 3l ) U39 o 5 sadolonl Sleadl Y| g wiS' o Lyl Sleadl zals
5 Tl () Sl 5 )5l (YD) ShlSon 5 b (19 e 5 6,3 Slallas s L
iz weyd RIS e b 1) oledlliin Jelse GRalS tde oS Cengnea (V) o Son
= a0 51l oo (gl Sl 5 Sgeas] (al3d 5 e s BMIEjaS 90 alS o,
arg el JLligail gladsho o ,Slas 350 3555 absgar Sl (2ol )0 Ko 5o lo
bz S50 5 99000 ymie oSl il s @ Vet JLdigosl sl Jalos (530 J1ab oSl &
Sl b 5l cilanST 5T 2l corse Do Yk it colld s g o 1, Sl
)8 o a0 g5090 (al 1 5 Ll (nl o p3le Ry At 98 o (ST T slae T
sladshe o alae Gguol Col uSsule 0y (LalS Gusb jl peitiens jsbay (5555 (a3
5 Jubigul o Shee (a3l (il gmnd] Sl Sl dliwgdy meine oo Hobdy g Sl
Oliee sloline oS 4 azgi b Jl> 0980 el Gy Jalse (oS cge o (9 SRelS
—oaPls fals Gl e (SlanST BT Cdlid Jobie (2053 9 BMI g o (052 9o s o 09

0l o oolon) Sl |y ol iy o Sl sla
ol Ll ecls 205 65,5 a1 50 oy GAL gohaws 45 ols olis ol idgi ls culys,s
Dol 503 slaog,S Ly aalie ;0 G sl Span b olpen HIT) (o5 5 09,5 )3 ol
S 45 8,5 T )LSen g (oI il el b b seeen 0l i 1y (g iy
b 0 GAL (YY) 048 o0 ,omie GAL jalS 4y jes (sl il 1o Lol jar (53152 (3 yod it
9 65 SOl 50 ol oaee G5 s 4 B Lol el il So3e)g0 528 (sl Shae 5 (sloo s
lieesd b soiolles 008 i la a5 jsbylan eul sud aiSlis gl 5 3558 edpilic
5 Gedmdl 4 Cuoslin T ot et T somnlS e el ooy slrelRins 4o 1Sl My
i 5 i (latells Slaws Sy b conlial 5 ogllaal ol pois ol alox 1 8 L

1. Basu

2. Ryu
3.Hyperglycemia
4. Hyperlipidemia
5. Sarcopenia
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2. Paraventricular Nucleus (PVN)

3. Phosphofructokinase

4. B-hydroxyacyl-CoA Dehydrogenase
5. Lipoprotein Lipase (LPL)
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