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Figure 1. Flow cytometric results of PAX-7 antibody. Left: Muscle tissue sample containing satellite cells and right:
Negative control
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Figure 2. MTT test results for determining the per_centage of metabolic activity for different
doses of ursolic aci
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Figure 3. Satellite cell images isolated from breast tissue of native broiler chickens treated with
ursolic acid for seven days
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Figure 4. Expression of PAX-7, Myogenin and MyoD genes in satellite cells after ursolic acid treatment when

compared to control under in vitro conditions. Star marks indicate a significant difference at the 5% level
between the sample treated with ursolic acid and the control.
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Figure 5. Expression of PAX-7, Myogenin and MyoD genes in satellite cells after ursolic acid treatment when
compared to control under in vivo conditions. Star marks indicate a significant difference at the 5% level
between the sample treated with ursolic acid and the control.

Lol Dgud god UL; ogels L;lo)lyzsla Lgl.m‘_]yw » MRFs
Sgdie ol MYIS MYOD (iS5 5 (516 (omer
Sv9 MyfS 5 MyoD o (s5,Sles dlaly 4> 51 (V)
Ol 5wl Sfgne (g ol Jole MyoD o)l
Sy9pd Slojlonle sla ol bl (glp & Cunl o o0l
sl adls ool 5l (S5 MyoD @dly s (YY) cul
2 b i g Al o dlae cale w58 jo sadas bl
MyoD by Lwly cpl 0 (YY) o)b dae plos aulas
Olllles iy o g |y slojlaale (sla sl culled
I, myogenin 5 ok MyoD )l &8 sl ool slas LS
o6 1y Sl s o Jgbo oles 3ls5 5 305 g
Sslojlpale sla sl 1les > (rizmed (fgre (V+) 1S o0
e Joho J3b s 3 (a3ls i g Canl 1550
Sigee melal ly izren (g Ol Bl oo Snbe
R g b S Gln sk cwl Sl

o (YF) cuwsl (9o multinucleated myotubes
Casl B pl ool odomy Hlws L0),8 cpl ymrfd Ll
slaglbyy 5 oo BB by > S il
Oldllas opl plas (YY) LS Jugws 1, myogenin null
5 Sise iledld sl MyoD &5 uiS oo sl
Gmrfd 5 5yl Wl ol plad 0 (e i pgee
S oo Wl 1y 285 93 o (390
Sdsle g5y il Sdgw)l JI Jlenl gl
daogi 9 MYOD 5 siloJb 4 Glgiee 1) slojlsale
5 o Ol ORIBl b Cund dlas Jolo 1
Uy dgde pSiedlty gladgle S Uy
g slolgale (oo sl ;2255 o205 4 sl Silgus)]
Lol (V) coml oss (5,155 50 (V0) o )Sen 5 SSg>

phio (5240l dwg 4 lojlgale (la Joho Couxex

Clled ool )> (oo (B A5 39 g0 J ST (Joke JSD
Sl i85 g Sjgne 2SS g pled (slojlanle (sla Johs
slasSge by cpl 3 5l pdge Bgymla
WMRF .13l s PAX-7 MRFS sl (S _osksts

4b 45 Sitn MRF4 3 MYF5 55550 « MyoD ol
F) 8l Sasfome dlp LS o ols (sl i plaS
Sdgenngl bslesd 5l g PAXT (05 olo eadllae (nl
day oo o PAX-T olo Golisl 0,8 oy ili8l sl
(2) ol 1 SIRT b (55, 3 sl Slgpoygl 51 b oo
D Gy Gl ) (Sl i &S

bwg oge slojlgale sla Jolw > PAX-7 Ly sl
ety Lol sl oud GBS (V) llSen 5 )l
PSR ST Ole e )3 (et G 0F cnl &5 W38
4 Cal ol o3l lis 2yl lolsale (gl Sl S
55 5 o3y Slofyale sla Johs <So,6 & 5 PAXCT
dodzne |y (sloylsalo (sl Jolu 5l o §iine (slacuwMiguo
Goshe ololid 3 PAX-7T Ll i .48
SeS s Mo padls S ) ol glolsale
il Gk j) el ool el 08 has bl cunen
S slndngs clojlsale slo ol 15 PAX-7 _als
g pauie gl Sl TA Shhgs 5l pgye
i > gloonle (sla ok 315 LialS Lasls 4, ol
1) ol S ) pane ol

5w o853 s MYOD cla 3 ol PAX-T pogdls
odlyls. g Jalge ! €l ) dpl Selynrg s o
255 0l 3 & 2l (MRFL) fen 2l Jole
sla o > Jel ) 2 55 sl sloJsko
» gl ol S Wbl S8 loleale
(Se3 Syl a8 ad 3l et (glolgnle (cla sl


http://dx.doi.org/10.52547/rap.11.30.11
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.13.5
http://rap.sanru.ac.ir/article-1-1105-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22518622.1399.11.30.13.5 ]

[ DOI: 10.52547/rap.11.30.11 ]

A\

WA s ¥+ 0jlads [e23jl Jlo ool Clidgs (slouing sy

0395 (bcwd (b it 9y 2 deel Sgu)]
o Wl B (Bl g iyl aupe Sl dlae
SIRTL 525k 5l (Sojsd (eissd dgee (1 1ol Ll g5l
Gk ) Sl dliae 0357 dgus (Y SMPGC-au )Ly 4
AGF-1 wmij MTOR (sjlo]ls MURFL e
Ol Gk Sl o Pige s g (T 45) (9ey9m sjle JUb
939y )35 1 w9 AMPK (g5Lu ]l UCPL 5L
Sl o dansl S b (il JoSo comis )3 Capmged]
sbasly by g e Glp e glp S
Opzmen g 8l Gl )3 dlae 03 b by (Sglie
1> Sl alas 13, 5 03,5 olisS |y 1, 0590 Slgie
a3 lBl ) (5 ladr e

2 Sgupgl bl pol Giagh @i IS ke
ol i yoka il dee S oo /e e VO il
= lojlgale ladsle ples g ;25 53 55 sl
osizman g 3 LIl | oise 5 MyoD PAX-7
Sl Slguo gl cdomils 5 el dgupe 1) bz (B9 5,mle
9 Uhian 29> Rl e oo S Gl Sl o
S slare Sl das ad) cepe (LI
D9 gy (o092

s Sgy) b slolgnle (sla Jske Lo 45 Loy s
259> 4 Gl Gl & e o Cangy jl oadgl Sl
5 aliae glo Jolo 5 PGClat 5 SIRTL AMPK L,
ol de] Sguy] oS 128 dalie e yeizeen
Sl cely S 1, Mior 5 AKT dGFL (sla sy,
PSR ooy opimen g Ngd e dlae Byl
oldizs cplply (VF) w0 tals |) cMac 34,
S eSgy waals 4y B Spusl Sgusl a5 0058 slody
3 Sopmle (Rl (b i 3 5
3l ol (Yo VA) ohlSen g )iz sl alas 3y 5]
() 5 o JUb |y SIRT eitacs yghas el Sgus) 48
SIRT 2y gedaus & ol Slgeoy) 48 55,8 5 I58 ]
3 & g @S Jlail 4 e g 3900 Jate
SIRT tgusl Slgusy) 48 20l Lt yimod g3l 55
e 11 amde JUnl wpl b U5 ceam 4 |,
1) ook 55 SIRT clled ol Sclgus) & 333,5 slai
Sgusyl a8 0l LS cpizmed (V) (6 kiBy LS o Co o
i dnwgs 9 bibymle Gjbo jl 1) e 3ismess cnul
5 Lond1S 13 _a W 21l alise )3 glolgmlo (o Joho
B aS 0ob i Slotun joy0 S5 50 (V) ) Ken

10.

11.
12.
13.

o Bl Jilse g (Kidpsd el |

&be
Alison, D., B. Jason, C. Foster and R. McGuigan. 2006. Using session RPE to monitor different
methods of resistance exercise. Sports Science and Medicine, 5(2): 289-295.
Bakhtiari, N. 2016. Ursolic acid induces neomyogenesis through hyperplasia and increasing of
satellite cells number in mice skeletal muscle. Journal of Stem Cell and Regenerative Biology,
https://doi.org/10.15436/2471-0598.16.015.
Bakhtiari, N., M. Soulemani, M. Javan, R. Hemmati and S. Hosseinkhani. 2015. Ursolic acid induces
myoglobin expression and skeletal muscle remodeling in mice. Physiology and Pharmacology, 18(4):
373-382.
Bakhtiari, N., S. Mirzaie, R. Hemmati, E. Moslemee-Jalalvand, A.R. Noori and J. Kazemi. 2018.
Mounting evidence validates Ursolic Acid directly activates SIRT1: A powerful STAC which mimic
endogenous activator of SIRT1. Arch Biochem Biophys, 650: 39-48.
Beekman, L., T. Tohver and R. Leguillette. 2012. Comparison of cytokine mRNA expression in the
bronchoalveolar lavage fluid of horses with inflammatory airway disease and bronchoalveolar lavage
mastocytosis or neutrophilia using REST software analysis. Journal of Veterinary Internal Medicine,
26(1): 153-161.
Cameron-Smith, D. 2002. Exercise and skeletal muscle gene expression. Clinical and Experimental
Pharmacology and Physiology, 29(3): 209-13.
Chu, X., X. He, Z. Shi, C. Li, F. Guo, S. Li, Y. Li, L. Na and C. Sun. 2015. Ursolic acid increases
energy expenditure through enhancing free fatty acid uptake and B-oxidation via an UCP3/AMPK-
dependent pathway in skeletal muscle. Molecular Nutrition & Food Research, 59(8): 1491-503.
Dhawan, J. and T.A. Rando 2005. Stem cells in postnatal myogenesis: molecular mechanisms of
satellite cell quiescence, activation and replenishment. Trends Cell Biol, 15(12): 666-73.
Fulco, M., R.L. Schiltz, S. lezzi, M.T. King, P. Zhao, Y. Kashiwaya, E. Hoffman, R.L. Veech and V.
Sartorelli. 2003. Sir2 regulates skeletal muscle differentiation as a potential sensor of the redox state.
Molecular Cell, 12(1): 51-62.
Garcia, V.P., F. Catala-Gregori, M.D. Hernandez, A. Megras and J. Madrid. 2006. Effect of formic
acid and plant extracts on growth, nutrient digestibility, intestine mucosa morphology, and meat yield
of broilers. Journal of Applied Poultry Research, 16: 555-562.
Halevy, O.A., M. Geyram, Z. Barakm and D. Sklan. 2000. Early post hatch starvation decreases
satellite cell proliferation and skeletal muscle growth in chicks, Journal of Nutrition, 130: 858-864.
Hall, I.R., A. Tomann and U. Bauermann. 2008. Effect of a graded supplementation of savory in
broiler feed on growth and carcass traits. Archive for Geflugelk, 72(3): 129-135.
Hawke, T.J. and D.J. Garry. 2001. Myogenic satellite cells: physiology to molecular biology. Journal
of Applied Physiology, 91(2): 534-551.


http://dx.doi.org/10.52547/rap.11.30.11
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.13.5
http://rap.sanru.ac.ir/article-1-1105-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22518622.1399.11.30.13.5 ]

[ DOI: 10.52547/rap.11.30.11 ]

14.

15.

16.
17.

18.
19.

20.
21.
22.

23.

24,

25.

26.
27.
28.

29.

30.

oy sbaargr )3 dlojlgale slaJob iS5 5 (ijome s MYOD PAXT (slaij ol 3 sl SJguoygl 5B

Jeong, JW.,, J.J. Shim and I.D. Choi. 2015. Apple pomace extract improves endurance in exercise
performance by increasing strength and weight of skeletal muscle. Journal of Medicinal Food, 18:
1380-1386.

Katashima, C.K., V.R. Silva, T.L. Gomes, C. Pichard and G.D. Pimentel. 2017. Ursolic acid and
mechanisms of actions on adipose and muscle tissue: a systematic review. Obesity Reviews, 18(6):
700-711.

Kunkel, S.D., M. Suneja and S.M. Ebert. 2011. mRNA expression signatures of human skeletal
muscle atrophy identifies a natural compound that increases muscle mass. Cell Metab, 13: 627-638.
Kunwar, A., S. Jayakumar, H.N. Bhilwade, P.P. Bag, H. Bhatt, R.C. Chaubey, K.I. Priyadarsini.
2016. Protective effects of selenocystine against gamma-radiation-induced genotoxicity in Swiss
albino mice, Radiat. Environ. Biophys, 50(2): 271-280.

Lepper, C. and C.M. Fan. 2010. Inducible lineage tracing of Pax7-descendant cells reveals
embryonic origin of adult satellite cells. Genesis, 48: 424-436

Li, S., X. Liao, F. Meng, Y. Wang, Z. Sun, F. Guo, X. Li, M. Meng, Y. Li and C. Sun. 2014.
Therapeutic role of ursolic acid on ameliorating hepatic steatosis and improving metabolic disorders
in high-fat diet-induced non-alcoholic fatty liver disease rats. PL0oS One, 9: e86724.

Meadows, E., J. Cho, J.M. Flynn and W.H. Klein. 2008. Myogenin regulates a distinct genetic
program in adult muscle stem cells. Developmental Biology, 322: 406-414.

Moss, F.P. and C.P. Leblond. 1971. Satellite cells as the source of nuclei in muscles of growing rats,
Anatomical Record, 170: 421-435.

Nakatsuka, R., T. Nozaki, Y. Uemura, Y. Matsuoka, Y. Sasaki, M. Shinohara, K. Ohura and Y.
Sonoda. 2010. 5-Aza-2’-deoxycytidine treatment induces skeletal myogenic differentiation of mouse
dental pulp stem cells. Archives of Oral Biology, 55: 350-357.

Nkukwana, T.T. 2018. Global poultry production: Current impact and future outlook on the South
African poultry industry. South African Journal of Animal Science,
http://dx.doi.org/10.4314/sajas.v48i5.7.

Nuredin, B. 2015. Ursolic acid induces myoglobin expression and skeletal muscle remodeling in
mice. Physiology and Pharmacology, 18(4): 373-382.

Rahimi, S.Z., M.A. Teymouri-Zadeh, R. Karimi-Torshizi, A. Omidbaigi and H. Rokni. 2011. Effect
of the three herbal extracts on growth performance, immune system, blood factors and intestinal
selected bacterial population in broiler chickens. Journal of Agriculture Science Technology, 13:
527-539.

Sumariwalla, V.M. and W.H. Klein. 2001. Similar myogenic functions for myogenin and MRF4 but
not MyoD in differentiated murine embryonic stem cells. Genesis, 30: 239-249.

Tapscott, S.J. 2005. The circuitry of a master switch: Myod and the regulation of skeletal muscle
gene transcription. Development, 132: 2685-2695.

Velleman, S.G., K.E. Nestor, C.S. Coy and N.B. Anthony. 2010. Effect of posthatch feed restriction
on broiler breast muscle development and muscle transcriptional regulatory factor gene and heparan
sulfate proteoglycan expression, Int. Journal of Poultri Science, 9: 417-425.

Wu, H., R. Yu, L. Shuo, W. Wei, Y. Jianlong, G. Xudong, L. Dongjun and C. Ming. 2012. In vitro
culture and induced differentiation of sheep skeletal muscle satellite cells. Cell Biology International,
36: 579-587.

Zamani, A.K., A.R. Ghannadi, A. Gafarian and B. Shojadoost. 2010. The effect of Satureja hortensis
on performance of broiler chickens and NDHI titers, 16th European Symposium on Poultry
Nutrition, 87-89.


http://dx.doi.org/10.52547/rap.11.30.11
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.13.5
http://rap.sanru.ac.ir/article-1-1105-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22518622.1399.11.30.13.5 ]

[ DOI: 10.52547/rap.11.30.11 ]

Research on Animal Production, Vol. 11, NO. 30, WINter 2021 .........ooimininiii e e e e e 19

Ursolic Acid Improve Skeletal Muscle Hypertrophy by Increasing of PAX7, Myod
and Myogenin Expression and Satellite Cells Proliferation in Native Broiler
Chickens

Hengameh Moradi*, Abdullah Mohammadi Sang Cheshmeh?, Seyed Davood Sharifi?,
Sim Zar Hosseinzadeh*, Ehsan Seyed Jafari® and Abdolreza Salehi®

1- PhD Student, Abu Reihan Campus, University of Tehran, Department of Animal and Poultry Sciences
2- Assistant Professor, Abu Reihan Campus, University of Tehran, Department of Animal and Poultry Sciences,
(Corresponding author: amohammadis@ut.ac.ir)

3- Associate Professor, Abu Reihan Campus, University of Tehran, Department of Animal and Poultry Sciences
4- Assistant Professor, Shahid Beheshti University of Medical Sciences, Faculty of New Medical Technologies
5- Associate Professor, University of Tehran Science Campus, Department of Biotechnology
Received: 13 April, 2020 Accepted: 16 June, 2020

Abstract

Ursolic acid (UA) is known as a naturally occurring triterpene pentacyclic compound in some
medicinal herbs including savory that affects the skeletal muscle. In the current study, the effect
of UA was evaluated on C,C;, cells and satellite cells (SCs) isolated from native broiler chicks.
First in the in vitro experiment, the C,Ci, cell line obtained from the Stem Cell Technology
Research Center and the SCs were isolated and purified from one-day chickens and then treated
with UA. In the in vivo experiment, UA was injected intramuscularly based on the body weight
to chicks during the first seven days, two times a day, from day one to day seven by the
appropriate dose obtained in the in vitro experiment, and then SCs were isolated from pectoralis
muscle at the last day. The purification was confirmed by assessment of PAX-7 expression in
both in vitro and in vivo experiments. In fact, SCs and C,C;, cells were cultured for seven days
in 10% serum medium with vehicle alone (0.1% DMSO) or UA (0.00025, 0.0005, 0.001,
0.0015 and 0.002 mg/mL) along with DMSO (1 mL). The findings from the in vitro and in vivo
experiments revealed that UA at 0.00025 mg/mL significantly increased the expression of genes
involved in the SCs proliferation and differentiation including PAX-7, MyoD and Myogenin,
and improve the muscle hypertrophy. As a result, UA can be suggested as a suitable material to
reduce the breeding period and faster growth of skeletal muscle in broiler chickens.

Keywords: Flow-cytometry, Muscle development, Paired box protein Pax-7, Poultry, Ursolic
Acid


http://dx.doi.org/10.52547/rap.11.30.11
https://dor.isc.ac/dor/20.1001.1.22518622.1399.11.30.13.5
http://rap.sanru.ac.ir/article-1-1105-en.html
http://www.tcpdf.org

