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Abstract

Objectives: Obesity by decreasing adipokines involving in insulin resistance such as
spexin is associated with insulin resistance. The aim of this study was to investigate and
compare the effects of high intensity interval training (HIIT) and aerobic training on serum
levels of spexin and insulin resistance in overweight women.

Methods & Materials: Thirty overweight women (BMI> 25 kg/m2) voluntarily
participated in this study. Subject were divided into three groups; HIIT, aerobic training
and control groups. HIIT training included 4 x4-min at 85-95% maximal heart rate
interspersed with 3-min active recovery periods. Aerobic training consisted 37 minutes of
moderate intensity. Both protocols were matched for calorie expenditure. Body weight
and blood samples were measured before and 48 hours after last training session. Insulin,
glucose, insulin resistance index (HOMA-IR) and spexin were evaluated. Data were
analyzed by ANCOVA and paired t-test.

Results: The results showed that HIIT was associated with higher serum spexin levels
compared to the control group (P=0.001). Furthermore, both training protocols decreased
insulin, glucose and HOMA-IR in comparison with the control group (P=0.0001).
However, there were no significant differences between two exercise training groups in
insulin, glucose, insulin resistance and spexin (P> 0.05).

Conclusion: The findings suggest that HIIT by increasing serum spexin partly improves
insulin resistance in overweight women.
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Extended Abstract

Background and Purpose

Given the relationship of obesity and metabolic syndrome components with the
functions of hormones and peptides, many researchers have expressed interest in
exploring their functions and investigating the effect of various interventions on
these mediators that regulate energy balance. One of these appetite-regulating
hormones is spexin [1]. It has been reported that spexin plays an important role in
controlling body weight, and its level decreases in the fat tissue of obese people
in fasting state [2]. There is the scarcity of the relevant research into the effect of
sports training on the spexin level and the lack of research on the field of high
intensity interval training (HIIT), requiring shorter amount of time with more
metabolic advantages compared with aerobic training. Hence, the present study
aimed to examine the effects of HIIT and aerobic training on the serum spexin
level and insulin resistance among overweight women.

Materials and Methods

The present applied research was semi-experimental in design. A group of
overweight women were informed of the aims and scope of the study, and 30 of
them, meeting the necessary requirements, voluntarily participated in the study as
the finll research smnil e. First, the aarticipants’ height EnE wnight were
measured; then, they performed exercises three times a week for eight weeks.
Before and after the 8-week training period, blood samples were taken from the
participants while they had fasted for at least ten hours.

All exercise programs including running and walking on the treadmill were first
started with low speed and intensity, and training with positive speed and slope
was considered. The training program for the HIIT group included five minutes
of warm-up with an intensity of 55-65% of the maximum heart rate, four periods
of 4-minute walking and running on the treadmill with an intensity of 85-95% of
the maximum heart rate, three minutes of active rest with an intensity of 55-65%
of the maximum heart rate with three rest periods for each exercise interval, and,
finally, three minutes of cooling down with an intensity of 55-65% of the
maximum heart rate. The program related to the aerobic training group involved
a 5-minute warm-up with an intensity of 50-60% of the maximum heart rate, 33
minutes of exercise with an intensity of 65-75% of the maximum heart rate, and
three minutes of cooling down with an intensity of 50-60% of the maximum heart
rate [3]. Blood samples before and 48 hours after the last training session were
taken and measured. Insulin, glucose, insulin resistance index, and serum spexin
level were also measured using a special kit. The analysis of covariance
(ANCOVA) and paired samples t-test were used for the analysis of the data.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



115 Sport Physiology, Volume 15, No 57, 2023

Findings

The results of the analysis of variance indicated a significant difference among
the three groups in terms of the weight factor. According to the results of
Bonferroni post-hoc test, there was a significant difference between the control
and HIIT groups (p = .032). There was also a significant difference among the
three groups under study in terms of the glucose factor. The post-up test showed
statistically significant differences between the control and HIT groups (p =
.0001) and between the control and aerobic groups (p = .001). As for the insulin
factor and insulin resistance, a significant difference among the three groups was
also found. Further analyses revealed significant differences between the control
and HIIT groups (p = .0001) and between the control and aerobic groups (p =
.0001). For the spexin factor, the analysis of variance also detected a significant
difference among the three groups; the follow-up analyses revealed a statistically
significant difference between the control and HIIT groups (p =.001). In addition,
the results of the paired samples t-test showed that the changes in the five factors
under study between the pre-test and the post-test phases were significant for the
two training groups.

Conclusion

Exercise is considered as one of the main interventions in controlling diabetes and
insulin resistance index among obese and overweight people. Studies have
suggested that spexin may be one of the protective factors in insulin resistance. In
general, the results of the present study revealed that eight weeks of HIIT and
aerobic training could be associated with a significant decrease in insulin
resistance among overweight women. It was also found that both types of training
might cause a significant increase in the concentration of the spexin level
following eight weeks of training. However, the concentration of the spexin level
increased only for the HIIT group compared with the control group; it can be,
thus, stated that HIIT could improve insulin resistance among overweight people
probably by increasing the spexin level.

Keywords: HIIT; Aerobic Training; Diabetes; Spexin; Insulin Resistance.

Article Message: High intensity interval training (HIIT), compared with
moderate intensity aerobic training, could relatively improve insulin
resistance probably by increasing the spexin level.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



Alizadeh: High-Intensity Interval Training has a... 116

Ethical Considerations

Compliance with Ethical Guidelines

This study was approved by the ethics committee of the SSRI with the code
IR.SSRI.REC.1401.045, compiling with all the ethical principles related to
working with human samples.

Funding

This study received no funding from public, commercial, or nonprofit
organizations.

Authors' contributions

All authors have participated in designing, implementing and writing all parts of
the present study.

Conflicts of interest

The authors declared no conflict of interest

Acknowledgments

Hereby, all the people who cooperated in the present research, especially the
research subjects, are sincerely thanked and appreciated.

References

1. Santosa, S., et al., An investigation of hormone and lipid associations after weight
loss in women. Journal of the American College of Nutrition, 2007. 26(3): p. 250-
258.

2. Walewski, J.L., et al., Spexin is a novel human peptide that reduces adipocyte uptake
of long chain fatty acids and causes weight loss in rodents with dietinduced obesity.
Obesity, 2014. 22(7): p. 1643-1652.

3. Nazari, Somayeh, et al., Effect of Interval and Continuous Training on Functional
Capacity and Body Composition in Breast Cancer Survivors. Journal of Applied
Health Studies in Sport Physiology, 2020. 7(1): p. 1-8.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



NY-1y. o \f.¥ )LQQ SHY O)Lo.ai) N0 0399 ‘;&)’)5 6)9“5")"‘3

31 & b 3 L gio S b (53190 DL 103 4 Camd Wil (19T DLy o
310 Coud gl 49 Cuoglio 9 (5 it 335 ComuSiom!

Fo13 3l 4020 o8l He w5 ¢ s 215 4ilg 3 ¢! ot 3l T

Ol «Ols ) sl sl oBisls (o555 pole 0uSisls (25359 3092508 095 )
Ol «Ols ) sl sl oBiils (25559 pole 0aSidls (o259 (S5l 543 095 -
(Jsj.».v.ﬂ odiws 9) ul).e‘; olKisls (w5 g ()59 raslc ouSiisls ol .

Ol bl @bl 3595900 590] (23559 Sl 555 -

I

VEY /o8I 1 0b s b Vo ALoB 1l o b

odS>

of yod (o gl Cnglio by (sl B 51 (gl Canglitn 10 S50 Sl apol als b Slx
g 2 (HIIT) 8L 0l b (03ls (30505 3 S350 (205 93 99 3T om0 ool Bl Bt !
©ygods 39431 Iyl (45 Yo dlaai .09y (5948LS1 5118 (U 5 (gl 4y Cunglito g (Sl (g0 puw
JS 09,5 5 53190 oy ped HINT (9 503 09,5 auw 4y o ogo3T 00,8 &8 b udiond (] 50 ailulboglo
U eds lps SSTus auoyo A0-AD @l b glaids e alag jloz Joli HIT (o o (obusls o
952 90 2091 ABBITY Lo uwgito Ll b (53198 (2 o3 092 glalBodm Jlad (5,950 5 slaogls
e o BT 51w sl PA 9 Jd (95 slaaigei b (55luplusy (B pae 5 J 9SS 51 (2 yed
S35 03Il (Sl (o0 pw el g (Sl gl Caoglilo (L TGSl guadil s (6 S 01l (S pod
2305 45 318 L gl o eolisel (295 F 9 omllsS JILT (y905T I Ol Ao (sl b
yogdle .(P=0.001) 595 ol yots J S 09,5 b duslilo 10 cymannSms! (oo g Cdide Hlobizo (i 331 L HITT
dmolio 53 (Sl gl Caoglio (a3 Lt g 359l (gl Cdale jlolino JblS g () o3 E95 95 12 <0
S (20 g cble o eTgvY) 55; 99 oy Golobae walai Lol «(P=0.0001) w. JysS 095 L
Sy iy guls (P>0.05) cuisli 9529 gl 4 Cuoglie (a5 Lis oo 9 35915 8 (yud guud!

1. Email: r.alizadeh@ilam.ac.ir

2. Email: aysanahsan18@gmail.com

3. Email: parvaneh_nazarali@yahoo.com
4. Email: najmeh_rn@yahoo.com

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



V¥ )LQ.Q SHY a)w AT 0599 ‘G‘:’j)B ‘5)9194‘“.9 WA

é,.w‘_,’a g),d&'ea| LS‘)|‘>

e gl Caoglio Sl 2l ((53ls8 0 pod HIT o1 503 3505 O 315

4oWio
slaglon 5 (Sl g Conl (S5 SodeS g ol Sumdg p S5e Jalge 5l (Sl g (5908l
drng oS e sl i Gl )0 (Ol dee DAL I (S0 o1 L LS e
Sglie i laadlse 5 Sl alal) 4 4255 L .(V) Conl ol Sl )0 (6 250 slaasl
6 gy 5 T o Shoe el 4y anaadle iz S| 65k iy 5 lapyge,9n 0,Shee L
rigesse onl 5l S s (65,50 Jobs oS plas sl lee ol e SMSlae
(1) 45 ol gogaz ghimelonl VF oty Sl () Conl Sl gl 008 it
5 ez <ol (JUyoT ond aleax sl 5y0s,0 slocdl s 5 oad (5, liSS Ch12:0rf 39 o5 lawgs
OR339 J5S 50 LSl 45 a3 o0 i (al38l 4 g gl (F) 09 oe Gl 0] S3L
(0) &S o Ty 2alS SLLal cls s sl o3l oz il 4o S v )18 oogee
Ol b Gl laalllas )3 (F) wiS (oo Ty G331 059 20l 51 s Sl o cogdley
g LAL SIS (S oy (@l o b (e BLI)) Sl (g0 gl 5T a ool
lp ks Jole S Jitae jsbds Sl w3 o0 Las a5 300 plls (65 50 % peaddS 5
o ghe &5 Sl ot AIS (V) Cwl QLSL S YL gl 5 S ooy a3Lo
25,5 5,15 e 5 TSule (A) el Wl o131 51 3ol 95 9 b b ol s cpnSin
S 5B WSS entigslalaz gl sk ;o Gdgdl md 5 e cge LiSe Sl &S
OS] (pizma (A) 090 0 5 Blr sl o Glgudl mb S GielS Coge aSL el o
) sleiad sloobo (g gl 9 990 (WI,SSL Sl slaghe 2355 09000 9o Col (S
Ol ;0 1) (Seglie 5 (s5loa (e atia VY 1 (Sen g goeoms () WS (il polais
5 TLIBL (V) cusls 2ul38l 05,5 90 10 10 Sl gl (bl a5 aisls ploil g0 £45 S0l

1. Spexin
2. Sassek
3. Natalia

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://pubmed.ncbi.nlm.nih.gov/?term=Leciejewska+N&cauthor_id=35052420

na o b 6519 Ol pod 4y G du il (29L5 Ly yoi toolj e

Ol aall dahge )0 w5 (55, Sler Sl g, Yo 5l e win)ST 315 ol Sen
Sadg b iz oo | IS s plate (2559 Sl ped 50 05 28 (ol wlge 5l (Ko S0 Bk
Ohlesm lp (Kb o i aal 5l ion HHT @l jd 0,0 515 4 .l 285 0005 ¢ oDl
lllas (V) 355 0 35 655 ibd ohlom o omiii- o8 Solel 5 HDALC SslS s
oliS Olaaze ae opl Ho ailes,S annlia |y (53len (o yed g HIIT (el poiiins jobay Sl
(B ran HheeS| S Tas 0 i See g (55ler e b ainlie 0 HIIT oy a5 a5 wis S
P HIT (a5 a8 0308 slering T OF) 95500 055 595 U555 5 (7 0955 (0% 03
Ohlos )3 0% S 5 9 S6l5 sliwgen JuS )0 (6 slaca e SIS S5l9n (o3 b sl
sladsle px> flier 1ol crge 55lso (o yed b analie ;o HINT (5505 a5 ol oald 5,158
i owyp b ogd e Sl Glacnlanle w5 AalS 4 Wlgoe a5 d9dee 22
o ya HIIT (503 5l 5o iyl Cuoslie G2l b ooy il Sl o5 wisls oLt i
Gls Sl 53 gl Cunglio gsgs y HIT Gliy yo3 (6,58 51 muilSis 550 Lol ((18) cuns
S auol o blilaaz g b S0 B,k 51l ooid asuin ahd jsbas 3l 5 5948l
2 5 b Wlgon HIIT (0 ped 45 dsj g0 S0 0 pmnSonsl 00t (252 2L 5l oadimds 5
29 3l 5 0590Lal s o3 5o (gl Ceaglio S50 s Sl Jied Sl oS a0
s 3 30 3555 3 S b 1 539 Sl 3l i) 9 Sl Sl 4y 25
5158 (203 b dlin 5 2y Syl slocy e 5 a8 e by & 4 LHIIT iy
Suaglio g Sl (oo pw o HIIT 5 (5l90 (0 p05 £95 93 25U () p ol oo Saa

g2 oj9a8lal sl b 5o dgadl 4

SR9 3 95
shle 05 4y Glay bl 5l ey Geod nl )0 05 (22840 5 5208 g5 5 2Ol lagh
30,5 a8 5 aildbgls jabay 3aas sladiges laicdy oo 1) o3 dayl s aS a5 Ve (59480
Jr ien ;355 S Aaiali) 5 03,5 JoaS5 | sagas Sledlbl asli s Lo sizga; T o
o Soge;] s a5 (glanb iy ;o ailale JSew S (gl 30,8 Lael Gz ol jo aildbogls

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



VPV ks OV o kot 0 0599 ()59 5990 38 Y.

g}xjf l) LQ‘S'.)?.A)] ‘SaLo_v (AJJB.' JL:-'BJ 4.1.‘>J.A e ng_;“bj'“)—‘) W) J)....S &5..05.@ U"‘ WOl eols
St BT gt 095 (S5 S 5 2l @5, )0 45 ab alules gl 5l aiad LT o ye
28 L2l V-0 S (slon £50d 0593 53 JSTgn nl 45l 4 a2 g8 b ppizen ardl antly
alols Cole; wlal jLos,ge ciilage MBI el g cuslags Cole, 5 ST slen Slacodl e
Sl da goge3T ool 51 (65l 5 (2 pe3 (Ll 5 5.0 Ceeles (gl 380 (30540l b (S
Sule) g loless mmo $olgiand (pga)d albriug cal Guied g lga (105 5 s
A plol o Soge ] itedl Laas> jslaieds pwiis Codlags

Y VUL YO 5l s S ooy atlh ) sl Wog O jle Baamd 4 L:a@'oycﬂ 39,5 o ,lso
5 sy el @l )0 aLBAS ole D )0 (0,50 S0 plae jsbay (3g: (glad > S5 )
Oidolonl - (nliles (40,5008 pan -V ¢ 5555 Al gd 0 B sl s (0 S b
A538 olo i 10 JoSo 439 12 10 S8 pan =0 ¢ Guiod ploul Hlejan jo oldE 035, 0 S
ouiiSdgazme baylp -\ 53l wingy & lue aslllas 51l Sogajl o5 gl ylene G bl Jsbo 50
O 45 sla 09031 =Y ¢ uio plol > yo (Sl g (SHlas o coas OISL) Sl o plxl
il 00,50 CS8 W By, asl 0 aud> o> gaemme 0 b (Jlgie and> 4l

20 ,b A g atin Coie Soeds ] e 0 (5 S0l o Soge3l 39 5 98 ol o>l g,
S35 dged b Fogesl 5l by el glazanciie o)90 Slan 5 8wzl Sy a8 (6l 2] 4 e
b aid § Lol celw Ve JBlas Carsg jo

S35 0Byl 9 oo Juld (ko ped sladaly (ooled toadianlllas 09,5 50 (slp (o yes SS90
EVEJU N SR NI SO SLNV SO FRUVUN R W SO AN ST Vg Lt U P KV PR KOS g PP L R
idion B Lo 0o 0 FO-00 Sal b 0,56 )5 aaBo iy Jels HIT oy 1ol 09,5 deliy oo
A cdicdon 8 Lo 0o 3 AO-AD L ) )5 led (g5, yugd g (58,0l (gladds e alag Ly
(s od Slagl 5l plaS o o aion CA8 Lo do o FO-00 Dol b s col il agds
g Ao 8 1o Ao )0 FO-00 Sal b (0,50 488 dw Sl yo 5 Sl il ddag an
g3 aa 30 YY HIT oy 1o 0,5 o yed yloy JS a0

Qo) Fe-B0 byl 3,5 p,S aBBs mh (5ilse 09,5 )3 iy (35S gl ey 4 Az L
4880 dw g B Lo mSlas aopo YO-FO Gl b (pyed adds VY (L8 Lo iSTas
09,5 o oley IS azl o il bl Ll Lo mSTas asys £ Dol b0 S0
G5l jskiieas Jsl azin 90 50 (g3lsn o HIT iy e 09,5 (sla ogesl 05 aido ¥V (g5lsn

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



m o b 6519 Ol pod 4y G du il (29L5 Ly yoi toolj e

Lo ogal 51 Sy 0,Slas 3502 5 b, 3l bl )5 (g2 p8 S (S b Sl yei b
ol bl e l8 (Lo & o 535031 g 511 0l aBlol (o5 Jlg s 5 C oo 4y
C(VF) o9l

el FA al> 0 g0 50 SLil el Vo ogan 3l o b Joge)l Se5 diged 10585 (5 S diges

b2 y0 ah 4S5l g 5l el dedr (BTl da el FA 5 Ol e g9, 51 3
50 18 Saey il (55 igad (o] 5l g o0 48,5 93l a9 31 93 il Sl R (S 09
A (6 S osll Haiae sla,giS e are o ;0 5wl 3,8 0l)F Sl 4z 0 -V gles
ELISA Human ZB-13507C-H9648 _alSle;] < 5l oolicias] by pemSl sslowsdly zghans
oS Cambes b owonijle Sbes Sledbl ululy (Human Spexin(C120rf39)ELISA Kit
2 eSS VANY —Be v o,Soiladl B amels b s il oo o555 (46.88pg/mL)
L i(bogS o g L) ELISA oS 5l oslinal b Gl plodly o 090 2 e
L3Sl el 090y o Cosign 98 Yo oo aiels g 2 Sl 9,80 )l S Sl
S o3l wo s oS hee Sy Comalm L (5031 (o3 coll Sol) S yiaginh g 5l ool
0 daslos 25 Jso,d 3l ooliesl b HOMA-IR)L (gl Conglin aslis s

Gl hes 32 S 9,500) Ll el guad X (5 2 Jgo (o) 2L 5518
YY/O

HOMA-IR

O ygods ools ol oolaiwl oy Ll 5l SasSl, sl asls oad g gamaiws gy
Shiggmls eyl 5l osls camb iy onl sl wad ol o lubial Bk Sl
5 (P=0.158) gl «(P=0.396) ;555 (P=0.848) )35 sbo,siSs (sl aSlowTsl oty onliu
(55T b1 ko 951 51 w03 S8 Ggams )Ty o (Ko Jool (P-0.439) (Sl
A2 G555 et ($Ren Jol (P=0.043) gl & Cuglie j9351 (6l (52 9 00 ool
el g uil)lsS Jelo (03T (5ol S50 5o ot oolinl a8 by il ly el 5 g
ooliinl Fg a5 (eltad 3031 5l eagr pli 09,5 s )3 o Soga3] slaad aSlall ad Sy il )l

1. Homeostatic Model Assessment

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



V¥ )LQ.] HY O)l.m'b AT 0399 ‘@53)5 ‘535]9;,3 \YY

el ™]

ojleds Jga ;3 g L Soge3l a8 5w a1 by e 8 il Bl il g (puSiloo oSG o)l Jgaz 50
(039 Sy (sl il el 5 (a5 5 el s e lastinl Bl g eSiles o9
sl 0oy (5135 05,5 dus 50 Sl g Gl gl 4y Cenglite oyl gl 55 615

1095 dw )3 08 g (o Oliliw] Bl il g (1SSl - Jgu
Table 1- Baseline characteristics of study subjects.

continuous - (g3lg HIT - 9ls Control - J s
Ld .
31.62+2.7 30432 31.25 +3.15 (e e
Age (years)
164.21 + 4.65 16518 +4.85  164.8 +4.10 Height (cm)

Gl ol ylsS S 9 (295 (5 (3903T S ol i 900 18 ylukilian! By g (yailoo —F Jour
0955 duw 53 CymmnSow! g (yd gl Ay Ceoglilo ¢y guand! ¢ 35945 ¢339 (G958

il lgS ol 3508 s o3elon o303lta
ANCOVA Independent T test d il il & Sile Byl £ il albej A
“ -' s " -
F jlade » . » “P"’:' 5 il o itz laes =
(Fy ) ) Post test mt SD Pretest m: SD
0.616 055  -1.08 73.3+7.8 74.1+7.1 Control | s
_ a3
4164 0.037 732 00001 -5.51 72.00% 6.4 762+59 T s
1275 00001 -4.53 71.7£6.8 75.1£7.5 sl (kg)
continuous
041 060 031 96.7+3.46 96.4+2.36 Control | s »
. ) 5.5 1£3.92 442 HIT s °
1297 00001 74 0.0001 91.1+39 96.4+4.29 o s
-1
6.45 0.0001  -3.63 92,9+2,99 96.4 = 4.35 okl (Mgrdl)
continuous
13 0224 4l 726+ 1.59 757+ 17 Control =5 .
g HIIT s i
1838 00001 999  0.0001 -33.7 5374134 8.141.36 o I(Iils;llrldn)
Bl !
585  0.0001 -20.21 5.84+1.05 825+ 1.58 il
confinuous
1.28 023 -3.89 173 £037 1.8£0.39 Control [ 4 oo
} ! 37, 21+0. 930, HOT s s
994 oopooy 1167 00001 3731 121+031 1.93+0 .36 o el
B
558 00000 -32.49 1334024 19740 43 ‘5,“’4 HOMA
continuous -IR
0449  0.664 034 1763+21.2 175.7+21.1 Control | =<
S
0.63 0.001 424 0002 617 1944+ 16.6 183.1+ 154 HIT s o o
.l
789 00001 3.8 194.8+ 16.1 188.8+ 16.1 i (ng/ml)
continuous

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



\wYy o b 6519 Ol pod 4y G du il (29L5 Ly yoi toolj e

s oline b5 5 (Sl ol fy o gl 1535 e sonline 30 s lad Jyir o o5 gl les
(P-0.032) HIIT by 25 03,8 < s iy i 9051 s b 2332 533 95518 3 09,5
Bubo s 09z Jlolite glay 09,5 dw s 0 S elS ,eSB glp il 0gzg Lloliee Cglas
S5 (P=0.001) (53l 5 (P=0.0001) HIIT 05,5 b J 55 09,5 ol s g yiiss (r30)] ol
09,5 dw oo &S Sl lis bl gl a4 Coglie g gl [ (ol llls D29 loliase
HIIT 05,5 b J5uS 09,8 Sl et ok 0303l @l Beb ol 9525 oline oglis
3031 D cymSal 5 (gl bl sgzg loline Cglis (P=0.0001) (s5lsa o (P-0.0001)
95 033] @l Gl Bls sgzy Jloline Dsli 09,8 d i oS Sl plas il ly Jelos
503 b Corizmad il 3525 loline gl (P=0.001) HIIT 05,5 b J 1S 09,8 &y oy
09,5 53 1> 093l 5 0903100 Ot DS 0035155 155 iy (sl o5 Sl QLS (25 S

g lobixe oo yod

S5 4 g Sy
5 3l S8l ) dgedl 4 Caglie (Al 5 Sy S 50 ol O 5l (o (5859 e
S,eSL 5l SO el (Kan Sl a5 ilos )8 slpiiny Oladod ol j5a8lal (sl ls
i a5 g ol pols Baad ppe sloaidl 51 SO (V) wil sl Caglie (gl (sdadlone
U5 b slie 8 Sl il olinn T3 g HIIT (a5 5 s5ly0 o pad st
s9bar JyuS 09,5 b aslie ;o slem 5 HIT (5 ye3 09,5 j0 (bl cnl wizpe 0l (o3
i clla 05y reSionl Cdale 5 09,5 90 po (g ol Dglas (138l (g lolias
o ol e o) pas Gols G b 38lge ol Sail g (a8lie a0l yo Dlidms
) 5ls B8 555 o ymd & Gimly 5o idgmd] Canglio 5 5 b Gl o131 5 1, (S
olo s 5l amy (uboiay U5 )0 1) GemeSil G050 e Gl 5 s 5 T g 801
ol aze L.V ol 6,80 e o Ll wisls las oo)180s5 (S0 oguds al>low
5 B 33 50 oSl v Rl Cge Wl oo (5859 (nped o0 Sl 4 Dlinied
g HIT obj 0ol b o jed £45 90 slanlllas jo 9SG dbe yiils oll s Lol cogls 5948l (sl lo

1. Khadir A
2. Al-Daghri NM

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



V¥ )LQ.] HY O)Ln.a:a AT 0399 ‘@53)5 ‘539]9;}.5 \Y¥

a5 wols lis oLes 5 ) Dl o9 codled ol> 5T anse) ol onits awslic sjlen
b zro Cog 99 50 0035 <8 (lyd 00)3 000 Lawgte ul b slaiBo cw (355 Sulled
3,5 3l Jlays (539 b 313 mizman 5 (53588L5l Sl 5 la 03l 50 anSpl gl  pe
()

339 05 3 SAU Sl s Gl paesilSe e ol po Sl Slidos 4 4 L
(Gl )3 (V) L0) Sl 0ad 15 (o (339 s 53 Sl 2 ) 9929 b 1o (aeie
Gz 53 .(0) Sal Jlos (39 L 3131 51 1S 3l 031 )3 wo 0 VEIA S90Sl (5 Ol
S be ol g Sy 098 b dnlie )3 0 ped oSl gl (33l b Al 5L
cuilsy 2ol gk 5l Vsl S a5 Cenl ol U5,5E Ll el )0 0B G0y O3
Sl (VY YY) 090 i oy 035 G20 4 oS sla b bagi ST 2 glaa
2 8L ,d (G188 oS J 1S Slayge 98 gl 5 g Fie 50 et Bkl GeaSinl a5 Sl ou
JCCEE TR CIANR I U SO PRV EI M RTA A DR PPNCI IS P
Cozrn ad 5l G Gl slaige 10 Gj G 5 (S8l Gl el carse 5 o)
o ez oSl (VF) el el e (aTlecial (150,92) ()5 o (205 L5 (0) 9550
S,b 51 g NPY 3 AGRP (LT slacys by 2als ol 5INPY L oadscSy o0 8l s gl
(Y) 955 50 POMC 5 yol58l S0

Seigsmol Gy GROSMRNA Gl (28l 5 5555000 Jlee g (Sl 4 ol 00 (3158
ogdle 9l ge 525 HSL (y50udly j50ud (ial3dl Gyb 5l 5o S0 28 cge GueSl 095 o0
44295 b onlplo oF) 05 ool | P50 ai)s 9 (252 ladshe o S5 il p il 2
Ol o0 8l Al Sl (B L Lslyod (5)loline jobody (s 059 ol Galizd )0 4
oM 039 SIS 2 gn Sl i Gl Byl 5 Vet HINT (505 48 5,8 (6 5 azmas
Sybign 27 predio ol g il eaniS J S (slaigayn 2 5 Bsb Sl

Caaglin 2al8 L HIT e 1o S mhaw (aal3dl a5 ol las jol> guiss mbs
g0 eS Cmddy 325 (5095 (S5g8 (oS di yp tel ol pen (gl 5 5SSl han (gl
2558 Sl 45 033,57 (3155 0 Sem o T (S 520905 05 (gl ey Cnglie Jloline ralS
G hles 53 Sl 55 e anlllas ;3 (Y8) 3,18 L3 | gl Conslie (aslis b cwsSins

1. Cyyaanii
2. Kolodziejski et al

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



Yo o b 6519 Ol pod 4y G du il (29L5 Ly yoi toolj e

patede Sl 5l (LA (Gl gl Cunglie alS (Lol il w3gr Jloyi (359 L 0121 5l eS
4 Sl (535550 mhaw G Gj9 o0 99 Loy alS b Sl eads (315 Lol s
VO uals cely gadge ol a5 auS oo law ioli8l Lab 55618 L by j0 a0 VF ol

V) 098 o0 Lil 35615 gas o
G55 (VY s gplice 6lood S (65 VIS § ponnSonsl 45" Wlools Lt ol lalllas
@lral e Jdoa (ol Cuglie alEl crge (VB latins SOl o5 el ou
gl ol Sarts ) akiiens é jsboay | Sl 25 el ol (YA) S5 o0 GLUTA
oealS 3 GLUT4A mRNA Lo il b VB s ol asein glasdlas jo 000 oo lis

(YA) ol ol il gl Caoglie
52355 51 33 Sl s 1 olyon el Cuaglin lS (slaunslS 5 % Ko
ol o bl oyz 2l Sl esdmd 5 Gl oS 50 ek I (AU Wl o (9l (0559
45 S5 o0 oy il o ML laslis Sle alS Carge Sl a5 Wisls LaS lhke aie;
ligios o iz «pol> B b Ll ya (Y2) Cosl o] yad M2 ooty Lalag ,STo gl
ML 5l a3y Sle coead (2l BILHIT o (soglas (s3lge 1y a5 wisls (lis 3l o s,
M1 (slajleg,Sle ¢ 5 slaimgly olol (V0) 095 so (Gl gund Cunglia (2alS e M2 &,
bz S8k 5o (gl Cuwglin Sop20 crge TNF-0 .ol ol jon TNF-0 a5 (2581 L
Cronnd (9eadl jind oS Boyb ) Gl gl 00 S g Gla S JUSew jo S
9 GLUTA (89 olo Ghals opdledy (1) 0980 gl 0038 V- (gl tmgms (o
(1) 238 35 gz slodshes 53 il gl Cuogliio 2 Sl (e elgadl 0055 ) (5l nrs
INK 5 NF-KB  JUS s 5l yne 39,5 Jlab 3, 51 wilgs o TNF-t a5 Cansl ) 1550 ailSa
DS o elgdl S o3l b il g0 TNFo azeiti o 1058 il gl Cunglie oz e
TLRA (lo 40 a2 b mizeed (YY) 095 (65l (618 jme 5 Gl guail 0 105 (592Dl y9d 5o
5 Bl o gl Caslio (yer LI TLRA e a5 cal s a3l Lis ML slagliy SLe (s,

ol ot oy <8l 10 Ol LTLRA WK g alawly olsieas oljT Gy sloaswl (YY) Col adss
S HIT 05 a5 0,5 (Lo les oo cnlplo (YD) 058 o0 o)z <8l Ho Caws il sl JLXew

4o WIC.Ia.wu';gl}élbu;&a;uw)o)@&)bj@bq)oyubl&bd@l
5 0y9kie Olud> o o)l Lo (g ymin Dlias ploul 4y a5 wll ool Sidgudl Cwglie rals

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



VEY 5l BY o,lods VB 0590 (o359 (559092 3ud \Ys

g, odlad 23l 5 (6 M5 i S Lol e ool o3 (slodogs b sogesl b e L)
Oladod )3 995 o0 Slgiing o 35 pol> G slacasgame 3l 55, Jsb )0 (Brae 6B
Oem @y o..\..j

Ao ply
5 syl Coslie (2alS LHIT 5 5ls oy yod a2in i aF ols i yols geios b
Sl (il crge ( pe £95 90 8 45 WD (aiine Grizres el ol pen (y5ga8lal Ll ()L
zge Candlgs HIT (503 i ecnl 9929 L 0358 00 (0 po ahn Cods l day rnSpl il
O3 45 055 Gl Olgiee Cnl by 0398 508 09,8 b duliie 3 (St il loline ()33
3508Lal LI 8131 s gl Conslie Sty e Sl gl 4o Lial33l b Ylozs I HIIT

g s

1308 g S

59 pole oK tmgsy B ataS b L oS sl s uali IS sl bl 51 18,8 oo ol
L 6Lmea5ﬁji o594y 0 S (6, Lol o aloxl o aS g0l 8l den Il oalds alol
550e SHoy8 5 85 wlases

&Qbw

1. Wong MC, Huang J, Wang J, Chan PS, Lok V, Chen X, et al. Global, regional and
time-trend prevalence of central obesity: A systematic review and meta-analysis of
13.2 million subjects. European journal of epidemiology. 2020;35:673-83.

2. Santosa S, Demonty I, Lichtenstein AH, Cianflone K, Jones PJ. An investigation of
hormone and lipid associations after weight loss in women. Journal of the American
College of Nutrition. 2007;26(3):250-8.

3. Porzionato A, Rucinski M, Macchi V, Stecco C, Malendowicz LK ,De Caro R. Spexin
expression in normal rat tissues. Journal of Histochemistry & Cytochemistry.
2010;58(9):825-37t

4. Kolodziejski PA, Pruszynska-Oszmalek E, Micker M, Skrzypski M, Wojciechowicz
T, Szwarckopf P, et al. Spexin: a novel regulator of adipogenesis and fat tissue
metabolism. Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology of
Lipids. 2018;1863(10):1228-36.

5. Walewski JL, Ge F, Lobdell IV H, Levin N, Schwartz GJ, Vasselli JR, et al. Spexin
is a novel human peptide that reduces adipocyte uptake of long chain fatty acids and

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7387368/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7387368/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7387368/
https://pubmed.ncbi.nlm.nih.gov/17634170/
https://pubmed.ncbi.nlm.nih.gov/17634170/
https://pubmed.ncbi.nlm.nih.gov/17634170/
https://pubmed.ncbi.nlm.nih.gov/20530460/
https://pubmed.ncbi.nlm.nih.gov/20530460/
https://pubmed.ncbi.nlm.nih.gov/20530460/
https://europepmc.org/article/med/30305242
https://europepmc.org/article/med/30305242
https://europepmc.org/article/med/30305242
https://europepmc.org/article/med/30305242
https://pubmed.ncbi.nlm.nih.gov/24550067/
https://pubmed.ncbi.nlm.nih.gov/24550067/

Yy o b 6519 Ol pod 4y G du il (29L5 Ly yoi toolj e

causes ggig ht loss in rodents with dilJ ihduced obesity. Obesity. 201422(7).. 643-
52.

6. Kumar S, Hossain M, Javed A, Kullo I, Balagopal PB. Relationship of circulating
spexin with markers of cardiovascular disease: a pilot study in adolescents with
obesity. Pediatric obesity. 2018;13(6):374-80.

7. Lin C-y, Huang T, Zhao L, Zhong LL, Lam WC, Fan B-m, et al. Circulating spexin
levels negatively correlate with age, BMI, fasting glucose, and triglycerides in healthy
adult women. Journal of the Endocrine Society. 2018;2(5):409-19.

8. GuL,MaY,GuM,ZhangY, YansS, LiN,etal. Spexin peptide is expressed in human
endocrine and epithelial tissues and reduced after glucose load in type 2 diabetes.
Peptides. 2015;71.8-YYY:

9. Sassek M, Kolodziejski PA, Strowski MZ, Nogowski L, Nowak KW, Mackowiak P.
Spexin  modulates functions of rat endocrine pancreatic cells. Pancreas.
2018;47(7):904-9.

10. Mohammadi A, Bijeh N, Moazzami M, khodaei K, Rahimi N. Effect of exercise
training on spexin level, appetite, lipid accumulation product, visceral adiposity
index, and body composition in adults with type 2 diabetes. Biological Research For
Nursing. 2022;24(2):152-62.

11. Lecikkkkskk ,, Prusyynska-msmnkkkkE,(eie Inik ,, Ho aac ki M, Lehmann TP,
Sassek M, et al. Spexin Promotes the Proliferation and Differentiation of C2C12 Cells
In Vitro—The Effect of Exercise on SPX and SPX Receptor Expression in Skeletal
Muscle In Vivo. Genes. 2021;13(1):81.

12. Ross LM, Porter RR, Durstine JL .High-intensity interval training (HIIT) for patients
with chronic diseases. Journal of sport and health science. 2016;5(2):139-44.

13. Francois ME, Little JP. Effectiveness and safety of high-intensity interval training in
patients with type 2 diabetes .Diabetes Spectrum. 2015;28(1):39-44.

14. Karstoft K, Winding K, Knudsen SH, Nielsen JS, Thomsen C, Pedersen BK, et al.
The effects of free-living interval-walking training on glycemic control, body
composition, and physical fitness in type 2 diabetic patients: a randomized, controlled
trial. Diabetes care. 2013;36(2):228-36.

15. Kolahdouzi S, Talebi-Garakani E, Hamidian G, Safarzade A. Exercise training
prevents high-fat diet-induced adipose tissue remodeling by promoting capillary
density and macrophage polarization. Life sciences. 2019;220:32-43.

16. Nazari, Somayeh, Isanejad A, Gharib, Behroz, Ghanbari Motlagh A, Samadi A.
Effect of Interval and Continuous Training on Functional Capacity and Body
Composition in Breast Cancer Survivors. Journal of Applied Health Studies in Sport
Physiology. 2020;7(1):1-8.

17. Chen T, Wang F, Chu Z, Sun L, Lv H, Zhou W, et al. Circulating spexin decreased
and negvtivyyy correeetee with systmmc insulin sensitivity and pancraatic B cell
function in obese children. Annals of Nutrition and Metabolism. 2019;74(2):125-31.

18. Khadir A, Kavalakatt S, Madhu D, Devarajan S, Abubaker J, Al-Mulla F, et al. Spexin
as an indicator of beneficial effects of exercise in human obesity and diabetes.
Scientific reports. 2020;10(1):1-11.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://pubmed.ncbi.nlm.nih.gov/24550067/
https://pubmed.ncbi.nlm.nih.gov/24550067/
https://pubmed.ncbi.nlm.nih.gov/29045048/
https://pubmed.ncbi.nlm.nih.gov/29045048/
https://pubmed.ncbi.nlm.nih.gov/29045048/
https://pubmed.ncbi.nlm.nih.gov/29687092/
https://pubmed.ncbi.nlm.nih.gov/29687092/
https://pubmed.ncbi.nlm.nih.gov/29687092/
https://pubmed.ncbi.nlm.nih.gov/26211893/
https://pubmed.ncbi.nlm.nih.gov/26211893/
https://pubmed.ncbi.nlm.nih.gov/26211893/
https://pubmed.ncbi.nlm.nih.gov/29912854/
https://pubmed.ncbi.nlm.nih.gov/29912854/
https://pubmed.ncbi.nlm.nih.gov/29912854/
https://pubmed.ncbi.nlm.nih.gov/34719994/
https://pubmed.ncbi.nlm.nih.gov/34719994/
https://pubmed.ncbi.nlm.nih.gov/34719994/
https://pubmed.ncbi.nlm.nih.gov/34719994/
https://pubmed.ncbi.nlm.nih.gov/35052420/
https://pubmed.ncbi.nlm.nih.gov/35052420/
https://pubmed.ncbi.nlm.nih.gov/35052420/
https://pubmed.ncbi.nlm.nih.gov/35052420/
https://pubmed.ncbi.nlm.nih.gov/30356536/
https://pubmed.ncbi.nlm.nih.gov/30356536/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4334091/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4334091/
https://pubmed.ncbi.nlm.nih.gov/23002086/
https://pubmed.ncbi.nlm.nih.gov/23002086/
https://pubmed.ncbi.nlm.nih.gov/23002086/
https://pubmed.ncbi.nlm.nih.gov/23002086/
https://pubmed.ncbi.nlm.nih.gov/30690082/
https://pubmed.ncbi.nlm.nih.gov/30690082/
https://pubmed.ncbi.nlm.nih.gov/30690082/
http://jahssp.azaruniv.ac.ir/article_14057.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14057.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14057.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14057.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/30673665/
https://pubmed.ncbi.nlm.nih.gov/30673665/
https://pubmed.ncbi.nlm.nih.gov/30673665/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327065/

VEY 5l BY 0ol VB 0590 ()9 (559099 3ud \YA

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

Al-Daghri NM, Wani K, Yakout SM, Al-Hazmi H, Amer OE, Hussain SD, et al.
Favorable changes in fasting glucose in a 6-month self-monitored lifestyle
modification programme inversely affects spexin levels in females with prediabetes.
Scientific reports.4-Y((1)%;4444 |

Cyyaanil , yyygm ,, eeel Tiirkcii .. Assessment of acute eerobic xxercise in the
morning versus evening on asprosin, spexin, lipocalin-2, and insulin level in
overweight/obese versus normal weight adult men. Chronobiology International .
AMYYYY((A)YY;eeen

Kumar S, Hossain J, Nader N, Aguirre R, Sriram S, Balagopal PB. Decreased
circulating levels of spexin in obese children. The Journal of Clinical Endocrinology
& Metabolism. 2016;101(7):2931-6.

Jasmine FG, Walewski J, Anglade D ,Berk P, editors. Regulation of hepatocellular
fatty acid uptake in mouse models of fatty liver disease with and without functional
leptin signaling: roles of NfKB and SREBP-1C and the effects of spexin. Seminars in
liver disease; 2016: Thieme Medical Publishers.

Lin C-y, Zhao L, Huang T, Lu L, Khan M, Liu J, et al. Spexin acts as novel regulator
for bile acid synthesis. Frontiers in physiology. 2018;9:378.

Pruszynska-Oszmalek E, Sassek M, Szczepankiewicz D, Nowak KW, Kolodziejski
PA. Short-term administration of spexin in rats reduces obesity by affecting lipolysis
and lipogenesis: An in vivo and in vitro study. General and Comparative
Endocrinology. 2020;299:113615.

Wong MK, Sze KH, Chen T, Cho CK, Law HC, Chu IK, et al. Goldfish spexin:
solution structure and novel function as a satiety factor in feeding control. American
Journal of Physiology-Endocrinology and Metabolism. 2013;305(3):E348-E66.
Kotodkikksk ,, Prusyynska-msmnkkkkE, Korkk E, aasskk ,, zzczppankizzicz ,,
Kaczmarek P, et al. Serum levels of spexin and Kisspeptin negatively correlate with
obesity and insulin resistance in women. Physiological research. 2018;67(1):45-56.
Reyes-Alcaraz A, Lee Y-N, Son GH, Kim NH, Kim D-K, Yun S, et al. Development
of spexin-based human galanin receptor type Il-specific agonists with increased
stability in serum and anxiolytic effect in mice. Scientific reports. 2016;6(1):1-1007.
Guo L, Shi M, Zhang L, Li G, Zhang L, Shao H, et al. Galanin antagonist increases
insulin resistance by reducing glucose transporter 4 effect in adipocytes of rats.
General and comparative endocrinology. 2011;173(1):159-63.

Gambaro SE, Zubiria MG, Giordano AP, Portales AE, Alzamendi A, Rumbo M, et
al. Spexin improves adipose tissue inflammation and macrophage recruitment in
obese mice. Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology of
Lipids. 2020;1865(7):158700.

Nieto-Vazquez |, Fernandez-Veledo S, Kramer DK, Vila-Bedmar R, Garcia-Guerra
L, Lorenzo M. Insulin resistance associated to obesity: the link TNF-alpha. Archives
of physiology and biochemistry. 2008;114(3):183-94.

Li M, Han Z, Bei W, Rong X, Guo J, Hu X. Oleanolic acid attenuates insulin
resistance via NF-kB to regueete the IR11-GLUT4 pathway in HepG2 cells.
Evidence-Based Complementary and Alternative Medicine. 2015;2015.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602932/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602932/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602932/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602932/
https://pubmed.ncbi.nlm.nih.gov/32741294/
https://pubmed.ncbi.nlm.nih.gov/32741294/
https://pubmed.ncbi.nlm.nih.gov/32741294/
https://pubmed.ncbi.nlm.nih.gov/32741294/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929838/
https://pubmed.ncbi.nlm.nih.gov/27997977/
https://pubmed.ncbi.nlm.nih.gov/27997977/
https://pubmed.ncbi.nlm.nih.gov/27997977/
https://pubmed.ncbi.nlm.nih.gov/27997977/
https://www.frontiersin.org/articles/10.3389/fphys.2018.00378/full
https://www.frontiersin.org/articles/10.3389/fphys.2018.00378/full
https://pubmed.ncbi.nlm.nih.gov/32950584/
https://pubmed.ncbi.nlm.nih.gov/32950584/
https://pubmed.ncbi.nlm.nih.gov/32950584/
https://pubmed.ncbi.nlm.nih.gov/32950584/
https://pubmed.ncbi.nlm.nih.gov/23715729/
https://pubmed.ncbi.nlm.nih.gov/23715729/
https://pubmed.ncbi.nlm.nih.gov/23715729/
https://pubmed.ncbi.nlm.nih.gov/29137471/
https://pubmed.ncbi.nlm.nih.gov/29137471/
https://pubmed.ncbi.nlm.nih.gov/29137471/
https://www.nature.com/articles/srep21453
https://www.nature.com/articles/srep21453
https://www.nature.com/articles/srep21453
https://pubmed.ncbi.nlm.nih.gov/21664358/
https://pubmed.ncbi.nlm.nih.gov/21664358/
https://pubmed.ncbi.nlm.nih.gov/21664358/
https://ri.conicet.gov.ar/handle/11336/154314
https://ri.conicet.gov.ar/handle/11336/154314
https://ri.conicet.gov.ar/handle/11336/154314
https://ri.conicet.gov.ar/handle/11336/154314
https://pubmed.ncbi.nlm.nih.gov/18629684/
https://pubmed.ncbi.nlm.nih.gov/18629684/
https://pubmed.ncbi.nlm.nih.gov/18629684/
https://pubmed.ncbi.nlm.nih.gov/26843885/
https://pubmed.ncbi.nlm.nih.gov/26843885/
https://pubmed.ncbi.nlm.nih.gov/26843885/

va o b 6519 Ol pod 4y G du il (29L5 Ly yoi toolj e

32. Samuel VT, Shulman GI. Mechanisms for insulin resistance: common threads and
missing links. Cell. 2012;148(5):852-71.

33. Zand H, Morshedzadeh N, Naghashian F. Signaling pathways linking inflammation
to insulin resistance. Diabetes & Metabolic Syndrome: Clinical Research & Reviews.
2017;11:S307-S9.

34. Hennessy EJ, Parker AE, O'neill LA. Targeting Toll-like receptors: emerging
therapeutics? Nature reviews Drug discovery. 2010;9(4):293-307.

35. Jialal I, Kaur H, Devaraj S. Toll-like receptor status in obesity and metabolic
syndrome: a translational perspective. The Journal of Clinical Endocrinology &
Metabolism. 2014;99(1):39-48.

o 4 St

sd 35 iy b e ol ol o e i ool e o e i &l sl pme]
2 Syt 586 Sl 21381 Bk 5l Lamgie D b (s3lg0 iy e & e
DNFYe OV VEY Ll By @ialeied o el 4 Cesglia
L 10.22089/SPJ.2023.13744.2219 : Jlz.ys &l

[A. Ahsan, P. Nazarali, R. Alizadeh, N. Rezaeinejad, Rezaeinejad, N. High-
Intensity Interval Training has a Greater Effect on Insulin Resistance Than
Moderate-Intensity Aerobic Training by Increasing Spexin. Spring 2023;
15(57): 113-30. (In Persian). Doi: 10.22089/SPJ.2023.13744.2219

\_

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://pubmed.ncbi.nlm.nih.gov/22385956/
https://pubmed.ncbi.nlm.nih.gov/22385956/
https://pubmed.ncbi.nlm.nih.gov/28365222/
https://pubmed.ncbi.nlm.nih.gov/28365222/
https://pubmed.ncbi.nlm.nih.gov/28365222/
https://www.nature.com/articles/nrd3203
https://www.nature.com/articles/nrd3203
https://academic.oup.com/jcem/article/99/1/39/2836165
https://academic.oup.com/jcem/article/99/1/39/2836165
https://academic.oup.com/jcem/article/99/1/39/2836165
https://doi.org/10.22089/spj.2023.13744.2219

