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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.
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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
29 pler 9 Jol slaatin g9, 50 gol)) Joor cod)l 2Shae 6 S ojlail b oo Jlgte (N5 A j5 (Lo s Job
OA) o plosil ozt azim Ll

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 shal a8 3 jlas o P<A 0 bl g lolins mdaw byge)l plas o ol solawl udle- JSwg,S (s 55l 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

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

S 5 o g Sy
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B Bae (o859 Sullad &5 (STl slacdl alexjlaies o 2811y ol (g)lew 4 bgnye (5)lse 5 g oo
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