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Table 1- The primer pattern of TGF-g1 and Smad3

Genes Forward primers
TGF-B1l  GGCGGTGCTCGTCGCTTTGTA GCCCTGTATTCCGTCTCCTT
Smad3 GGGCTTTGAGGCTGTCTA CCCTTTACTCCCAGTGTCT
B-actin TCAGGTCATCACTATCGGCAA TTACGGATGTCAACGTCACAC

Reverse primers

Sl W 5 am Wog,5 (159 (nko -Y Jgaa
Table 2- Mean weight of groups after induction of obesity

Independent variable

firstweek  second week  fourth week  sixth week eighth week

Age (Week) Seventeen Eighteen Twenty Twenty-Two  Twenty-Four
Groups ND 270.1+275 281.7+243 2915+329 297.8+36.0 310.1+38.9
HFD 3436+509 384.3+235 4104+476 4351+81.8 461.1+37.9

HFDT  3528+427 3742+233 389.7+433 4115+375 414.0%49.0

HFDRJ 3484 +37.9 377.1+23.1 3988+51.6 4158+51.6 423.7 £49.1

HFDTRJ 358.3+36.9 3684+214 3786+454 387.2+50.3 390.5+40.1

I 1vC Lgl.ea 09; 9 Smad3 g TGF-p « HOMA-IR 4 ‘)“J’Ai\k;‘ ‘;915 u‘xgo -y Jg»
Table 3- Glucose, insulin, HOMA-IR, TGF-p and Smad3 levels in different groups

ND HFD HFDT HFDRJ HFDTRJ
Glucose (mmol/l) 806+154 142+193 8.81+1.60* 8.98 + 1.94* 7.33+£0.91*
Insulin (pg/ml) 56.8+9.20 99.8+120 76.9+13.4* 806%11.7* 69.8%9.71*
HOMA-IR 292+067 9.07+146  4.28 £0.89* 4.57 +0.86* 3.27£0.57*
Relative expression of TGF-p  0.353+0.10 1.00+0.11 0.638 +0.158* 0.686+0.185 0.456 +0.179*
Relative expression of Smad3 0.295+0.08 1.00+0.15 0.601+0.192 0.67+0.161 0.388 £0.122

* Significant at the P<0.05
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Table 4-Results of one-way ANOVA of TGF-p relative expression in different research groups

Sum of squares mean squares F Sig.
Between groups 2221 0.555 24119 0.001*
Within groups 0.921 0.023
Total 3.141

* Significant at the P<0.05

Wog)S (ot TOF-P omund sy gl (o) 2 (812 (orelind (903 @2l -0 Jgon
Table 5- Results of post hoc test to investigate the difference in relative expression of TGF-p between groups

Comparable group mean difference Sig.
HFD -0.646 0.001*
ND HFDT -0.285 0.002*
HFDRJ -0.333 0.001*
HFDT 0.361 0.001*
HFD HFDRJ 0.313 0.001*
HFDTRJ 0.543 0.001*
HFDRJ HFDTRJ 0.230 0.021*

* Significant at the P<0.05

g3 ilisee (sWog,5 45 SMAU3 cmmd oyl 48 by il g Jalowi (49051 gl = Jguis
Table 6- Results of one-way ANOVA of Smad3 relative expression in different research groups

Sum of squares mean squares F Sig.
Between groups 2.716 0.679 30.778 0.001*
Within groups 0.882 0.022
Total 3.598

*Significant at the P<0.05

o9, (e glis SMAdS (omd 3l (o2 (ST o85 (a903] W -V Jgo
Table 7- Results of post hoc test to investigate the difference in relative expression of Smad3 between groups

Comparable group mean difference Sig.
HFD -0.704 0.001*
ND HFDT -0.305 0.001*
HFDRJ -0.374 0.001*
HFDT 0.398 0.001*
HFD HFDRJ 0.068 0.001*
HFDTRJ 0.311 0.001*
HFDT -0.212 0.033*
HFDTRJ HFDRJ 0081 0.002%

*Significant at the P<0.05
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Introduction: Obesity is characterized by several metabolic complications such as increased
profibrogenic parameters of liver tissue. Most anti-obesity drugs have liver side effects. The
aim of this study was to investigate the protective effect of aerobic training and royal jelly on
profibrogenic parameters of liver tissue and insulin resistance in obese rats.

Materials and Methods: In this experimental study, 45 male Wistar rats were divided into 5
groups: normal diet (ND), high fat diet (HFD), high fat diet - training (HFDT), high fat diet -
royal jelly (HFDRJ) and high fat diet - training - royal jelly (HFDTRJ). The supplement
groups received 100 mg of royal jelly (per kg of body weight) diluted in distilled water orally
during the intervention period. Aerobic training program including running on treadmill with
intensity of 50-60% VO2max was performed 5 days week for eight weeks. The genes
expression of Transforming Growth Factor B (TGF-B) and Smad3 were measured by Real
Time PCR.

Results: There was significant increase of TGF-B, Smad3 and insulin resistance in HFD,
HFDT, HFDRJ and HFDTRJ groups compared to ND group (P=0.001). Also, there was a
significant decrease of TGF-p, Smad3 and insulin resistance in HFDT, HFDRJ and HFDTRJ
groups compared to HFD group; and HFDTRJ compared to HFDRJ groups (P=0.001).
Conclusion: It was concluded that the aerobic training with royal jelly can help to decrease
insulin resistance and improve the profibrogenic parameters of liver tissue in obesity caused
by high-fat diet.
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