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Extended Abstract

Background and Purpose

It is projected that by 2030, approximately 552 million people worldwide, equating to 7.7% of
the global population, will have type 2 diabetes. In Iran, the prevalence among adults surpasses
the global average, reaching about 11% in 2023. Moreover, in 2019 diabetes was responsible for
22.1% of deaths and 11.5% of years of life lost due to disability from non-communicable diseases.
Chronic hyperglycemia leads to severe complications including cardiovascular disease, kidney
failure, stroke, and diabetic retinopathy. Recent research has identified a negative correlation
between serum levels of C1q tumor necrosis factor—related protein 12 (CTRP12) and indices such
as body mass index, waist-to-hip ratio, and glucose levels.

Different exercise modalities, including resistance, endurance, and interval training at varying
intensities and durations, have been shown to influence CTRP12 synthesis and secretion. Thus,
determining the optimal type of exercise that can favorably modulate metabolism, enhance caloric
expenditure, and increase CTRP12 expression within adipose tissue remains critically important.
This study aimed to investigate and compare the effects of very intense resistance training,
endurance training, and interval training on CTRP12 gene expression in visceral adipose tissue,
addressing prevailing ambiguities in this area.
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Materials and Methods

In this experimental investigation, 48 obese rats diagnosed with or without type 2 diabetes
(average weight 230 + 16 g) were randomly allocated into six groups (n=8 each): 1) Healthy
control (HE), 2) Diabetic control (DI), 3) Diabetic plus moderate-intensity resistance training (DI-
MRT), 4) Diabetic plus high-intensity resistance training (DI-IRT), 5) Diabetic plus high-
intensity interval training (DI-HIIT), and 6) Diabetic plus moderate-intensity continuous training
(DI-AT).

Diabetes induction in male rats was achieved via a single intraperitoneal injection of
streptozotocin (STZ) at a dose of 60 mg/kg body weight. The healthy controls received an
equivalent volume of citrate buffer.

Training groups completed a 12-week regimen, five sessions per week. Endurance training
entailed treadmill running on a rodent-specific 12-channel treadmill with sessions beginning at 6
minutes at 60% maximum speed (9 m/min), progressing to 21 minutes at this intensity, and peak
speeds reaching 15 m/min by week twelve. Interval training incorporated warm-up and cool-down
periods at 30% max speed, interspersed with high-intensity intervals increasing from 80% (12
m/min) to 90% (16 m/min). Resistance training involved ladder climbing at 60% or 80% of
maximal voluntary load capacity, differing in intensity across moderate- and high-intensity
groups.

Post-training, inguinal subcutaneous adipose tissue was promptly excised under anesthesia.
Tissue homogenates underwent RNA extraction; complementary DNA was synthesized, and
quantitative real-time PCR was performed to quantify CTRP12 gene expression.

One-way ANOVA followed by Tukey’s post hoc test evaluated differences at a statistical
significance level of p < 0.05.

Results

After 12 weeks, all exercise modalities—endurance, moderate- and high-intensity resistance, and
high-intensity interval training—significantly increased CTRP12 gene expression in visceral
adipose tissue compared to diabetic controls. Although small variations in expression between
training groups were observed, these differences did not reach statistical significance.
Interestingly, CTRP12 expression levels in all exercise groups remained significantly lower
relative to healthy controls.

Conclusion

The findings demonstrate that endurance, resistance (both moderate and high intensity), and very
intense interval training comparably upregulate CTRP12 gene expression in the visceral adipose
tissue of obese type 2 diabetic rats.

Given CTRP12’s pivotal role in metabolic regulation and glucose homeostasis, this exercise
interventions may partially mitigate diabetes-induced adipose tissue dysfunction.
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Article Message

While conducted on animal models limiting direct human extrapolation, this research indicates
that diverse training regimens similarly stimulate CTRP12 expression in diabetic adipose tissue,
potentially improving metabolic health. These results support the inclusion of endurance and
interval resistance training in clinical strategies aimed at controlling blood glucose levels in
patients with type 2 diabetes. Further investigations are warranted to confirm translational
applicability in humans.

Sport Physiology, Volume 17, No 65, 2025



19 Riyahi et al.

Ethical Considerations

All animal protocols—including acclimatization, training, anesthesia, and euthanasia—
conformed to International Association for Assessment and Accreditation of Laboratory Animal
Care standards and were approved by the Vice Chancellor for Research and Graduate Studies,
University of Tehran (Ethic Code: ETHIC-202309-1090).

Authors’ Contributions

Conceptualization: Vahideh Riyahi, Hassan Morovvati
Data Collection: Vahideh Riyahi, Amir Khosravi

Data Analysis: Vahideh Riyahi, Amir Khosravi
Manuscript Writing: Vahideh Riyahi, Hassan Morovvati
Review and Editing: Hassan Morovvati, Amir Khosravi
Literature Review: Vahideh Riyahi, Hassan Morovvati
Project Management: Hassan Morovvati

Conflict of Interest
The authors declare no conflict of interest.

Acknowledgments
We extend our gratitude to all individuals who supported and facilitated this study.

Sport Physiology, Volume 17, No 65, 2025



DOI: 10.22089/5p].2025.17609.2346 ¥¥-\Y oo $ o ylos IV 0555 NF+F yleg e yg &893 jud

Q.

https://Sp].SSIC.AC.IT 14y s olsg SR OO

N
O ?uﬂinu U
\

sty f Scisnce, Rssarchand Tachrabogy
Sport Sciences Research Institute

g Ao g5
SO, 58 CTRP12 () by 3 W s (9L g (holiint ¢ o gliio WLy yoi il
Sy 315 Hbe g 5
"Gy ol {0 g 0 G () (2l y g

Ol 09525 sodlal ST olRtils w0 29 1 wly 4 5559 pole 09,5 (559 (S3Is0d (555> somdls )
Ol eyl oyl s ol ¢ (i juals 0aSLisls sy pole 05,5 woliwl Y
U‘)"‘ Dy>g9 4509y bl u.’:"l oKl g‘sal.m.:‘ Iajl.c ouSiisls ‘LS""))B ‘551.9 9 LS“'\" w).x 03; ‘)LMAAJL) Y

VE /o8I YY1 Ll eyl | VFoR/eB/Yo tbpndy gyl | VFeT/1e/08 il )0 g

Morovvati@UL.ac.ir : : e ( Ggpe Cym> gims 0o itk

PCTRP12 5 lo povas (L3 o9l 5 (celiial o ctaglin Sl pod ;36 .V F F) ol c(59 - g (o ¢ g p0 005 >1s 1 BOE 1 5 092
FENY EONY o o555 655503 ylimmts 055 ils 3l 55 sl

oS>
2 CTRP12 45 ol o HHT apadd (d (995 g (sholiiomw! ¢ sioglio by yoi mili oy b b pisls anllne b
le) @Il 9 (> Gl 5 (2o Oy FA (o205 adllle ()3 ipdg R (g 392 Jlamy (L3 Bl P O,
(HE) 1 59,5 =) 15k a3 i 09,5 i 4y 33LaS s s (0,5 YYoEVE 559 riiloe g Al il uw
(DI-YL ©udi b (goglio (g yoi+ ould —F {DI-MRT) bavgio ©uwi b (swglio oy yoi+ gubd =Y (D) subs Jpus =¥
(DI-AT) lmwgio o b (sollimw! &l goi+ ould =& (DI-HIT) wud hd 09l o poi+ o0bd -0 (IRT)
OF Ol BI3 (ol d Al gy ATiB 2 g Alid 033155 Ce ds (oLl g (29U« Soglie ) (2 poi (5Lo0g S
50 4d,b S wileyly Jalowi gskal (Gog, 31 8liimw! o3 .ui 58 2;luil RT-Real time PCR g, WCTRP12
05 o bt a0 ey pod A28 03595 Cllao 3y Lid oyl aldle .odid Julodi g anjedd o[+ 0 (g Poline maw
Sl o ¢ pig3 gl wlwl s 36 5 A D9y (P=+/+ ¢ V) yiciiis Dl 0g,yS 51 g (P=+/++Y) yioS HE 295 51 5 l5bze

g ¥ g9 (b Gl

Copyright: © 2023 by the authors. Submitted for possible open access publication under the
@@@@ terms and conditions of the Creative Commons Attribution (CC BY-NC- ND: No Derivatives)

SR Jicense (https://creativecommons.org/licenses/by/4.0/ ).



https://creativecommons.org/licenses/by/4.0/
http://www.doi.org/10.22089/spj.2025.17609.2346
mailto:Morovvati@ut.ac.ir
https://orcid.org/0000-0002-0749-9372
https://orcid.org/0000-0003-0275-1636
https://orcid.org/0000-0002-4728-8991
https://spj.ssrc.ac.ir/

A w03 Oy @ wad L (9ld g (Solitiwl ( Soglie Wby poi y5U

Aodo

Yo L oS sl s slagcidgm j3 PPl e (T2DM) (VLS 5 cobs b odgmsl 0 atly e e ol
Ml 5 2300 595 09298 (ol Ed 5 99meS b el gmadl (90598 4 b Jsho ol ey dm o (55 S SS (09
To¥ gl b g e by ool atil Gialidl Slo Slilye 4 5| Jlo ooy 8 (55eSatir ok 4 ok
Eoeds Olpl 0 0,5 oo p yo 1y Bz po e s 3 VIV A w185 Heades DAY 4 50 g5 ol o ol 3l olaws
o 155 a0 VY dga YT Jlo o Ll ol a8 (o ysb as el i Sl Sl ) b Coxax o cubis
Sl 5l o e amd sl sla Jlw a0 VYD o 1 g S 0 2o 0 VYT (VN Lo jo e (V)
ol Wlgs oo Y 55 35515 51 3l (5 ,lse (Y) sl 0 00l Caed Culis s eSls 1 slas o 5l ol
3 o b Gl o ool 005 oy 1) b (s St 5 i (spalS bl B5yels sbocs oy
(1) ool oly0 59 855 Sabsd 5 (B0 288 (5lacs o o Selsie oyt oyl 4 Cunslin aben ] (sl Ll
LI SBl> a2 g o 00ld Camd duts g2 b 5l oadizmd 5 sl S gl 4 laeaw! 4565l lou | punsilSs
(9> S jlade ool (0y2 8L (F) wdl e Gl pde ()2 SBL vl A Al s @
8l Gl 3yl oz 9 Do) jleglS g g Gulgdl a4 Sl (65l Slgtesn welal 0 (cote 2B
Lol () (55952520 5 oS pend (S g Wigih oo 0dael (gl 45 WS e b5 1) Jlsl3 slaggegmanss
Lol et 3l o sz S50 5 51 Jol 4 oo (S (ilises Jalse 4y b sl i (lee a8 o0
S5 g0 s slagSsnol (1als s Sl e lageSsnol md i Gl del ol o)z o ys rbls ol
Wy Spilie 3, Shos pplaii 3 sage Lk 45 CTRPS! oolgils sloylSsnal (6,mSy sl slaJlo ;5 (F)
edsess] kL CTRPL2 CTRPS oolgils sla! nlos 1o () wid 5 18 suse wlalllas dzgi 5550 45 5 2o aiS
S5 555555518 s sl 31y (5 ole ol 456,58 liine Sl ol (Aglos (olS 500 o
5 L39S le gad (loillad Lelss idls Jds 4 g ools als )2 5 oS sladghe y0 9IS Qi s
2ol Ll 3 1y lsensT 5 5 oy GialS Sllllas (8 ) descon S 1y oz il o el slocss s
399 S ¢ Sy 0095 arli b e (Ko CTRPLI2 o s clale a5 conl onlds aseine ailosls olis 3> 4
ol s B3y Sl 358 2alS cars ol 51,55 45 ol o LT Sl 45 5 s 8l sl § X 4 a8
5 S5 all el prizmen 5 Bl oo )2 8L o Ll slaos Ole el g Sl slag)
Dei oo Bl slacs, o el 4 Cooglie

5 Cedls sloaisse jo Gl o g5 ol alezl T L e e slacs lem gl 5 5 Bla i e
903l e ls ol pem 4y oanlo 59 sllog plle olien L asliae ;o (b olylew 5 059a8Lal (sl o 31 jo ol e
e o8l (S oS Galidl 4T ploys slaoly 5 50 £58 Solio 5 (Sl e 4 o (0 b WILE o lais
ssbiean (G Cudled aile JlaeS Sleys Slagliwl a4 nlplo S SeS Culs 5 S
2 893 651 canlin (o859 Dl ped - (A) Sl 55 99 g9 Sl 9 (Bl b Sdgbie (5)l0e oloyo L 6 5ty
i sla ooty o 5 4 () 33l ba S5l 1o LS gaol welais 5 (59 (20l Gasbo 5l (e 3e el alS
9 P g ped At slatad 3 g Saeails g SaeelisS ;0 (29l g (elitul ¢ Seglie alexjl (o559 codled

Sila g9 (swglio 'y pod asan 03jlgo ).ula L R OV PNy e SR - S [ )A)LM I,CTRP12 il

1. Circulating C1g complement/TNF-related protein (CTRP)

20 O)LM:J AY 099 NF¥ )LQJ. n@b)‘)’ 6)5]5)).«»3



ohSes 9 2L, Y

CTRP12 yolie 45 0is,S lsie by 050,S cusypt 99 €59 Colis 4 o 365 ,0 |, CTRPI2 o yes yyolie
odalive (5 loline Sglis 05,5 53 CTRP1Z jyolie (s g <8l (ial38l (5 lolins jobo 4 (55l5m o (Soslite (2 o3 slaos,S
CTRPI12 o polin 5 (s3lge o soliiiw]  soglin ' pod dtin cotn i3l idios ;0 o, e 5 el (1) o
5 Soslie (2 ye 095 )3 LS CTRPIZ polie o5 wio S glyie lapyl 205 (owyp Jdpe Gl loye 0,
Chagh gl (Vo) cails jloline (Bl gilge ol yed o haid asls opl g cosla olme Lol elina
S ke Sl g 5 |y eyl 4 Coglie (225 5 plewdly (gl Jloline (l3E o en 5 pllce,
olis eassla slocs, ;o (4885 S VY wasdo e Vo B0 jloany)id ol b azan o ands> i) Jelaill
redsmes] ok s loline il ol oy yed azin Ve glpal a5 Win,S ol Kok 5 (65 ilie,s (1)) ol
OY) 0,05 0y3948L5] clls g 5 o30S o pe po

Oloyd 9 5 ;0 (b9 Sl ped 5l eoliiwl b CTRPIZ (Lo ialidl (o5l c0als S8 Slalllas 4 azg5 L
G oz il gedgilie 58 CTRPI2 aSloxTsl (ppizman ool jigo culis o Bla b Lo Splie ¥
Sl ol Sl gy gogime Slalllas o)l nl 5 0500 550 (s Gl slagogesl 1o 5B (al (o el
Elel LT anulio o )byo (Jlo sl Lo sadlosls (las |, gadlis mls g wlasls 5 Jlios sl e 5 5559
Sl yed 5 (MICT)? Lawgie oo b stolina] Sl pos (HIT)E Vb cads b gl alamjl o555 oLy ol
Sy Jol 4 dzg b Crwsnoal 505005 g dgame Gz a iy CTRP12 5 (RT)? eglis
oS KL S oo obml il gla oliws (31 095 ols Gla Bl g La Sy e 8 (el
a0 el Sglite (Laglia g (goglas Dl pod b dunlio )0 (9l (08 (oo 9 oG9l s slagealy
el galin Sgety olial (yg yoi ilgline Bliy yoi glgil dansg oa Sl S5 g JsSge oyl (lopmnsilSn
D9 Selld g4 p2 50 Guizmen 018 ol e ) (gl ) Caaglie gy (SHaglie (0 pes 9 Sl 1Al 5 052
Sl o3 D131 35900 paaie DMl § 355 s JLsd (Sloimg Slo); 5 (Joko SIS (Sl jomns 5l (Slacgoee
3,00 3579 o s b oges] ayz il CTRPI2 Jy ol il oyl dgli g ioslie o coliciasl o Jlg il £gie
5 PEras I Gl g pdplio 090 9 Jhoad crge Wilgty o5 gllas (05559 (n yeT €95 e et 2l Rl
Sas by pol> hagh gycnlil (ol 10,55 0 long Coel el (g2 8L 03 CTRPIZ ol (il 4ty
el 5 el o aglie Galizes Sy yoi plomil b lir] yz il CTRPI2 o5 by b dlin 5 oo
S S5k 593l ) 35290 slaplenl Wl oo ol (Lo

SR9H V9

2l Jole DI Jsol io)ls (60,5 avs bl jlosln] bld 4 a5 04y (o) Sldiass g4 5l Lol> aslllas
5 iyl ezl ool (s GRS 5 (bt (el wgloliil) Sllse b LS, ogoi 5 lsd dan 5 8
Ol oStils (LS5 EBlpan g gy Sdslee 9l b 5 (alKtylesl Sllge 5l cudlye Mallin st Liel
s 5 2N p2, b sdB il 5 ol S, Beins ol sla Soge;] (ETHIC-202309-1090) wis sl

YYEY ol ulpd o 5500055 0590 JS P 50 o, aivg (STZ) (rmgigigi il (59,10 32,55 b ool shbo

1. High-Intensity Interval Training
2. Moderate-Intensity Continuous Training
3. Moderate-Intensity Resistance Training

PO oylods VY 0,90 NFeF Lo (20559 G590 8



\AD w03 Oy @ wad L (9ld g (Solitiwl ( Soglie Wby poi y5U

O b by ol 5 ol O, TA (Gudiod () o ol )l obles sla i 0 (olie O (ppate
A SN Bl o5 e )0 oolaiul b (g )lem A5 e Al a5 5 S YV ENE g atels g aan il sgu>
QD ol Ui 09,5 il a4y Bolal Djgo 4y L D (G5lolacen (59 4 az g b lal ceobs 5l

O Jgo=)
R Gl og S i yai -) Jgux
Table 1- Research Groups Definition
Gy 09,5 | Group Definition

ol s HE Healthy control

ks s DI Diabetic control
Lugie Gad b eglie o yeit cubo DI-MRT Diabetic+Moderate-intensity resistance training

Vb o b Seglie oy peit ulys DI-IRT Diabetic+High-intensity resistance training
Wl (s ol o peit obs DI-HIT Diabetic+High-intensity interval training

Liogie Gad b sl Sl peit gobs DI-AT Diabetic+Moderate-intensity endurance training

LS Loy oy oled o0y pod dad 5 3T 51 e il elos FA CBlae § 3o o0 jlg0 atan slol jo
)‘ QL:‘}O )9 50,..&35)4 6‘WOQ)‘9Q Ji’ﬁj’ (5'-@4.)‘ 9 L.\.»." 3o RUSI V) L_,>_>‘).> O 9 wj.@ﬁ.t Ql}u‘}»} oé}c)])ls
b s Sl (s seaS cSlu) <10 e o5l sk

99 &9 <abis Wl g,
pole oKisls il o ,0 atan 9o S 4y o b (6,55l 5 obsl sl sodaddllas Sy (gl al> e o
Glpeaelu VY Slial il SO 5l am calsl o s 6 )l (51 (29, ol Slibss 35 0) b Sy
osdangs o3l Joloe .0 ool (STZ) rawgiggn il Jslome 32,5 5 i ol oo lacs, 10 90 g5 cubs Ll
e oS o lil s p)8 e Pe 590 bas 0 S5 SBlaw S5 &0 4 (PHZB/F) Voo Ve &l [8L ;0 STZ
5 ikl sl (1) 0,5 3l o oo s S 3t i (HE) wlls 555 03,8 b 30,5 ( o 0333 §
o) (o080 Spalw 5l oalatd)S Se3 Ased g fegSelS S L GayF ) el VY dagle ab il
o a3l s ad (Subs el laieds il owd p S e VTSl i (93wl (S eIl Bl

OF)
o s STy g

busgin @l b (groliewl o podt SS9 5,
S Sl ey axhe Syl 09 (a5hp 035159) (e g Jee0 5 b (e ) (g5lulis] al o 90 Julis JSSg 5 0
P Ve bF ey bardn Ve BY adl> o Sos) Glis j, gm0 alllas adds 7o P o b, (ul
Sy on i bl (lolisl 090 N5 50 aiad sl Jaws 5 (59, ugs b (OB gz ooy Jeed 5 (59, 4aieds
assme | S g adie o)l gl 4y aend (S Sl Sad is S oo DLzl G S 155 (5 age I e, a5
A S5 ol 51 Sy S St o3 gl 3 S ASI S5 SIS S el sl 5 s (s
@dgi 5l oo sloul b ol ol D9l o0 O,lg Se lao o] awid 31 e 1,5 oL alilg> b KW NEN @‘M
Az g, i o Ao ands> zn e » g s 003lgd Dok 4 O, (g Al> e 0 (V) Wis S e Sl

PO oyl Y 0,90 NFe¥F Lo (0559 G390 8



ohe2 5 2L, \A#

Yo b0, oy s a8 abedo O Jold (pyed ander (o dinggs (B Wsz o 05 col alllSosslys Joes i (s,
4380 VY @ aS 0 (480 p %0 1) Jol aan 1o diiion Sy Joy0 £ b 0090 dBBS £ g didon Sy Juo 0
VO @ 3T atin j0 ey ol 53 LLE o) p035lg0 ain LL 5o Aliiin Sy duoy0 £ al b g
Cap g3y 0g aiSs VP ST alhe o lawgle Sad b bl (yed IS (o) egazmayd ey akBs e
A oo Cmnd ] elalp (el DAl g 0l (g uSeslail s ) aicin cae pw (ABTas and> SO P 0) LSS
(0) C35 (o0 )13 &5 >0 )5 Jl5h 9) andzr j2 )3 a8 B VO L)+ Doy i 50 )bty 5 J5US 09,5
Bl I (lamsgie Dud) (aghts (5l92 5 208 (9l (S yo5 SS9y 2y el 121 51 S aalllas ol o
03,55 99 ) Gryed Dl g (nyed Gloy slaadle 4 siluplese (ol lp iad GlugleSy (el ez b

OF) 88 5lopslmads (105 @ (g308 Sl b Cylgdys 45 0l args

W (s (29l 09,5 o i SS9

Sl 3l g i Sy lal 05y (420 003199) (e 5 e 3 b (e ) (s3] Al po 90 Julis SS9 !
P Ve bf ey baido ) BY add> o Sos) Glisw jg, i 0 alllas adds 7 P o oo, (uls
Sl o3 b oy gilulisl oy00 NS o aiad Ll o3 595 oesd b (B igz ofag Jeed 5 (59 aedo
asseme [y o) 5 wboe 0)ls gl 4 (herd (oSl S5d i) oo Sl oo )S Jlsi g9, (ugs Sl e, oS
TN VNI SV IR S N A B AERCTIC 5 JUSEC NI U
g 5l oo slml b olpls 050 0,y S lao o]y 51 s 5,5y oy Sllge b Ao ol oo
Alises j5, w0 Alflas and> mu das 12 g dlas 003150 D 4 S, pgo Al e 10 .(VF) s T oo ol
Sab L 5,5 Sy g )5 AlBs B Jald (el dud 0 a9 (S Ng ohg 05 LSle AllSessles Jred 5 55,
p e VY) Ay Sy do 0 Ae Dol b (a2 B0 V) ool (el g (480 e O) diliin S Joyo Ve
el (285 090 p233lg0 aan Ll U pgo aan 5l (aR3s 1 yie VF) dliinn Sy o0 A0 g Jl atan jo (4o
Qs (L gl olasi e, 5T b j0 4k Bs e YA 4 dldiy S p S Tas eadolml 65l 4 az g b
Obey 05 LSS ke b easjlss U pjler slaatin 10 5 1S5 an b pow 5 p9o laaiin 1o S5 50 b Jsl axin )
5 00 (6 Soslul lacs, dicins Ceyw (Ao ands SO PIS ,0) LS aan g0 ;0 (VYY) 0g dado ¥V gl
5 9y alz 0 0 AR B NO L) ¢ e ay i ;3 )b @y G S 09,5 iee S Ol bl (o yed
OFeeST 2SIz a4 o) Oloj 4o i S w3l Ols 23 sl (V0) SO S o 1B CS a0 Gl S
& slolin] ahn G5l om0l Cpad ) SKe g 90,65 00il38 yge;T 5l ooliiwl b ped o g 0l drlee (8 puas
Jo8 adllas ol 50 050,51 211 595 5 pod doli p dlan 053190 e as calizre (sloog,S ¢ Jued 5 L Lmsi.syoﬂ soled
5 ooz )b Bl lawgte Db b (elitul g wad (L2 o9l (Suped s SS9 (s ped el 12 ]
b Coleyd 5 b azgi 09,5 99 )3 (nyed Db g (el oy baadlie a4 iluplas (ol 6l Wl il leSy
Al gilepluced (g ed w30 Slwlone

b g g Gub b (Soglie (2 pod SS9 5
So 5l 028y Vb Jols (Jawgie Dol b (Soglie (2 y05) poms (275 09,5 (nyed o) (il (S0 Sl oy e SO
€5 9% 9 (o (o slad Jo Bl ¥ og aly V7w jo A ok o il V) - Job) (pgame (o ped (L5

PO oylods VY 0,90 NFeF Lo (20559 G590 8



Yo w03 Oy @ wad L (9ld g (Solitiwl ( Soglie Wby poi y5U

(s Sog,S b Dal b (gieglie (o yed )0 g Jawgite Dol b (gleglie (2 pe5 5 Vb DB b (Sleglie (1 o3
2o, Y LY B (MVCC) g0l Jom cud b iSTas duoyo Ay l) bo s eglie o ped alan o03jles
S2yd 70 b el (hol JSSgp chawgte Dad b (Saglie o yed )0 a0l plonil aida )3 59, gy Do 4 ad> 5o
ABS Sy wgre o (g W35 Sgme Ly I LY BT e, a5 0l plul s o 5, & 9 )L ST

SSlas st el Gy 3l dgre 1o 50 cdd e b 0,5 Lastiee lp el S LG L(VA) sy el !
A eslaiul Cgos 0,90 @)MJJ..éngo‘)‘quuj)b

(MVCC) 31yl Joo> cand ybb ST Cymati (59051
ML Olg g ad Jate Gies 4 Glon> (o (9 w00 VO L Joleo (slaijg «soll Joo cd )b iSTa (s 1
oD a8lal (LB oad 1S5 (2u ped Sl o5 Y 3890 1,85 5o (lil A e 10,5 Gl 5 028, YL 4 £9,8 5L
IS dgro a4 Bige oy a5 0l 1SS Gloy B by, (nl Cldls v d5m0 oy ol il afSs g5 (o VL
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Table 2- PCR protocol | PCR l,z! bylyis -Y Jgue

Cycles | a5y slaa Time | ob; Temp(°C) | Los Steps | J=!,
1 3 94 Primar Denaturation | aJl <o s
35 30 94 Denaturation | <ozl
35 30 60 Annealing | Jlas!
35 45 72 Extention | ooz b
1 5 72 Final Extention | ol oo b

Real-time PCR ;s suisoslaiw! b posly —¥ Jgu>
Table 3- Primers Used in Real-Time PCR
Forward: CCCACATGACATGGCTGAAC
Reverse: GCAGCTCCTGAAACTCGTGAAG

CTRP12

L (5 S Aiged
Loa) (6,10 paiges o9 (slad j0 Sllgus 1l o yod dd 3151 o Ceelio FA oy lo joe dos w0 amgi b
Sl @ p S koo O BT) (32l 5 (G 039 51 P okS 12 il @8 (oo 00 BY4) (allS 51 (o5 5 L (o]
GO Jsb ar (o iomed Lawgs b 00iS0 e Gyl 5l (chsten 9l 5l G 0B st (0% 039 51 p S 9kS 2
A e ety (lalaS = oSh) JlusSinl sal> 5 oy <8l g al sbml &) o peSS Al o e le P
Soiged A dezie Co oty @ale (g5 50 9 WD S ©geg e JFIS 4 003,5 0j9 5l oy akali
CTRP12 -5 la s sl (V) Wl Jaise of )5 ol -As sleo b 5358 10 JoSg0 (o) 1 (yloj U oddbdasmine
s ol CONA LS5 5l o g 28,5 &9 RNA 215l Guosas b (0 0dis3lolin (o2 b diged
&S s yosly CTRP12 5l oais gl sloys o jgkateds (V4) 0 sousiw Real Time PCR g, lawgs by e

1. Maximum Voluntary Carrying Capacity
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S 55 CDNA colu oS 5 5measlSy 5,8 RNA zlsuil auS alSln o8 00 ST el olSloms
(¥ Jgoaz) o ool sl

T b 50358
Lo oolil b il ly (e sl g 503 51 5 Waools @jsi g Jley (smn sl ' Shigmg mls ol 5|
Jelod 5l ealizee sloog 57 50 oudig pSojlwil sl it (5oSiloe ST auslie (sl dmosls o5 Jloyi 4 axgs
o3e3l 31 esls (358 Jloyi Sjg0 50 28, L5 4T (S5 (ol Gga3l (29,5 0950 dumalie sy g 435Sy il
S8l s slad ad 3 ke o P<A 0 bl g bolins mdaw byge)l slas o ol solaiwl uodle- JSwg,S (5 5l LU

i oslitl s L] Slibee ool (sl YY aseus SPSS

L™
W5 0,93 smeb @is ) dpes)S seled 5o b ite seled I ol (slaosls (gl (el ol
ilisee (laog)S o jbolime BMiB] 3959 oims Lis CTRP12 ) ol Oliee 0)bys dal ) S dbﬂ d}nﬂ b (P<-/-0)
S om les! o,z <l 0 CTRP12 5 Ol Ol eadoslatul Alsloe 45 WS oo L a5 (P=+/+Y) 292 3a200

Sols oy b oy )5 (205 Sglas anslie sl cplplo e Fie Jlg il 5 (Seglie o celiiwl Sl pes (6l 2

csoliiwl (s ped azan 03lgn wls lid zll .l eolawl Sei cmdni el 3l Bk 09,5 90 o sl

oz <L o CTRPLIZ 5 by (iali8l o oo yed alizes (sloog )5 ol cobo 508 09,5 4y Cand ba 09w
oL CTRP12 5 o liue b bgspo slaosls Judoxs .09 jlobine &iglas ol Lol ciiols 0429 Sl glay  olas]

o yed Alize gloog, S Jogesl oz <L CTRPLIZ 5 ood Glo Olime cyped aan o0jlgs Cdlee s
(a Jj..\>) OS¢ ).».AS HE os)f )I d)IOL».’.A )9.15 Le (..b.\.w QSL'? u;a?Lu ‘YL; 9 ‘szj.ue IR W L: ‘s;dosl.mo swu.wu‘)

CTRP12 (5 ol 5 039 polie -F Jgur
Table 4- Values of Weight and CTRP12 Expression

CTRP12 EXpression &3 oyls Weight (9) | ¢139 05,5
Post | 3031 e Post | 3031 e Pre | cygo3l i Group

1.2+0.29 240.1+10.8° 211.748.5 HE

0.59+0.29 152.9+15.4% 186.1+10.1* DI
0.8+0.12 170.3+11.4%93 193.9+9.5¥ DI+AT
0.82+0.27 167.3+10.1%%3 187.1+8.3¥ DI-HIT
0.78+0.17 184.3+12.4%3 192.1+11.3% DI-MRT
0.79+0.3 172.5+8.5%*3 190.3+7.8¥ DI-IRT

09,5 Jlaline 3Msl # P10 (glaline aw) HE (slo 09,5 U jlsline Ml ¥ £( 29, 9,3) (5 eS0j01 Al ya 43 s shaline OS] ® sl Jlons Ll ol £ (3 Silio &y 4y nosls

(P<:/0 5,k o) Dl o5 L DI+AT
Data are presented as mean * standard deviation. * Significant difference between two measurement stages (within group); ¥
Significant difference with HE groups (significance level P<0.05); # Significant difference between DI+AT group and DI group
(significance level P<0.05).

1. Shapiro-Wilk Test
2. Tukey
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CTRPI12 (5 ol o35 dummliio -0 Jgu
Table 5- Pairwise comparison of CTRP12 expression

P ,lade il glas Group j Group i
p-value Mean Difference
0.001* -0.41 DI HE
0.001* -0.20 DI-AT
0.001* -0.18 DI-HIT
0.001* -0.22 DI-MRT
0.001* -0.21 DI-IRT
0.001* 0.21 DI-AT DI
0.001* -0.23 DI-HIT
0.001* -0.19 DI-MRT
0.001* -0.20 DI-IRT
0.976 -0.02 DI-HIT DI-AT
0.974 0.02 DI-MRT
0.998 -0.01 DI-IRT
0.911 0.04 DI-MRT DI- HUT
0.954 0.03 DI-IRT
0.998 -0.01 DI-IRT DI- MRT
1.2 -
1.1 4

0.9 -

#*
0.8
0.7 A
*
nc T

59 fobinn gl F o(P</0) s 05, b aglin 53 Joline glis * ilizke (o9 ¥ (o152 <8l CTRPIZ o5 (yly olime Wl -V Ui
(P<1-0) (s 05,5 L aslie

Figure 1- Changes in gene expression of the CTRP12 in adipose tissue of different groups. * Significant
difference compared to the HE group (P<0.05); # Significant difference compared to the DI group (P<0.05)

Relative Values
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