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9. SUMMARY OF RESEARCH RESULTS

Clenbuterol is one of the beta-2 adrenergic receptor agonists with powerful muscle anabolic effects
and is prohibited to use as doping drug for athletes. Recently it is well documented that the muscle
hypertrophy is associated with an increase in satellite cell number, a proportionate increase in
myonuclear number. And it is established that Notchl becomes activated in satellite cells as they
progress from a state of quiescence to one of active proliferation as myogenic precursor cells. However,
we already reported that the Notch 1 mRNA showed no changes in both SOL and EDL. Furthermore,
the effect of clenbuterol on the Numb , a plasma membrane-associated cytoplasmic protein, regulating
differentiation of satellite cells is still not clear. In this study, we tried to examine the hypertrophic effects of
clenbuterol on the Numb regulating system of both fast- and slow-twitch muscles. It is said that
clenbuterol increased the MyoD as the myogenic master regulator and might induce the muscle
hypertrophy and the transformation from slow- to fast-twitch muscle.

The muscle wet weights increased in both SOL and EDL muscles with clenbuterol. The myogenin
mRNA showed the increase in both muscles. The MyoD mRNA increased drastically in SOL. They may
explained the accumulated fast-twitch fibers with fiber type transition from slow-to-fast and may
explain the muscle hypertrophy in SOL, but not in EDL. However, the IGF-1, MGF, Myostatin, and
Notchl mRNA showed no changes in both SOL and EDL. The Delta-likel mRNA showed no changes
in SOL (CLEB: 100.7£20.3%, Control: 100.0+9.5 %), but significantly increased in EDL (CLEB:
167.3+28.0%, Control: 100.0+ 25.0 %;; P<0.01). The Numb mRNA also showed no changes in SOL
(CLEB: 104.1£19.9%, Control: 100.0+10.3 %), but significantly increased in EDL. (CLEB: 131.0+20.0%,
Control: 100.0+ 21.5 %; P<0.05%). The increased Numb in EDL may explain the muscle hypertrophy
according to progressed differentiation of myoblast. These results suggested that the hypertrophic
effects of drugs should be explained in either myofibers or satellite cells, respectively. But these
markers like Notch and Numb are known as the markers of progressive cancer. Therefore, we have to
examine the relationship with Notch-signaling system and carcinogenic process by doping drugs.
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XV 7220y, Clenbuterol & B-antagonist % RIFHC# 5935 &, Clenbuterol DFFAEKR
FERBEBT 5L\ 58E 9 Pp-adrenoceptor & K L7z ¥ R BVTIE
Clenbuterol IZfFIERVER 2R &2V 20 LWV I BEN EN TR Y, Clenbuterol DFf
JEAVERZiXBe-adrenoceptor HBIETHLEX LN TWVWD, LiL, BH LY bHE
BIZBWTHRROEEN B ROND I ENREINTRY 8.471.59) BH OGN
15 & 0 bpradrencceptor 3% < BELTV AL L AEEF5 & 9, Clenbuterol



DFRARERIZE VT, Beradrenoceptor #J L7 EHEMRIERLIT Tidi<.,
IGF-1 2 P OBISI L 3BEHARAOLHE D, 2 X F Y — T a7 7 Y — MEEE A
+BEASEROME 6 | & 5IciT Satellite cell DAL &, 4 72 BIEEIER
ENTBTBERE X DI, WA L > THE STV 2 L AEES RS,
LinL. = OBIEADA 5 =X L0RHIE. BEREOHERE (Fra~=7)
BYA BT 4 =Dk ) RGAEHERBOBRICL - TEERFERE LT
L bEEFEENS, UL, BHIC L 5B LRI OB
LAIRATR ¥ DRTEEM LR OBBIE L R H LTS,

% Z T Clenbuterol D BRFICKIETTHEOHMEMEATLI e LT HEHO
#5 v +&EVT, Clenbuterol DERBIEAEAICHEST 5 & Ml & h 5784 DE
F~RIEF Clenbuterol DEE% mRNA L~ TH bsicd 5 = & 24RO B
L LTERET- T,

BB, AXTHEASHKAIAFIUTOL S ITHILE LT,

CLEB : clenbuterol treatment group
CREB : cAMP response element binding protein
EDL : extensor digitorum longus

EDTA : ethylenediaminetetraacetic acid
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IGF-1 : insulin-like growth factor 1

LDH : lactate dehydrogenase

MGF : mechanogrowth factor

NICD : notch intracellular cytoplasmic domain
PKA : protein kinase A

PMS : phenazine methosulfate

PMSF : phenylmethylsulfonylfluoride

SOL : soleus
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ATF cAMP

Fig.1 Transcription Regulation via cAMP-PKA-CREB

Pathway by P2-agonist
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Fig. 2 Scheme of Differences between SOL and EDL

Lactate Metabolism
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Fig. 3 The Role of MyoD Family

on Myogenic Differentiation
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Differentiation

Fig. 4

Proliferation

The Role of Notch Signaling

on Myogenic Differentiation
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I F

&E5&H
813 7 @ED Sprague Dawley %HT v b (B SLC, Hamamatsu) 12 FE% AU
TiTolke AFR 1 BEOFHEATL Lictk. EIERIIBEH (Control :
n=6) ,Clenbuterol X &2 (CLEB : n=6)® 2 BIIH), I RAF v I 5 —¥
(25%40%20cm) {ZTH I LI 3 LT OB Lz (FiR 26+17C),
CLEB (2% 15 AR, £EBHE/KIZHE DI L7 Clenbuterol (Sigma-ALDRICH,
Steinheim, Germany) % K TS (2mg/kg/day) 2 X Y #&E L. Control {Z/XE&
DAEBRIEKE FRIZR S Lz, Clenbuterol D5 BidiEH Wi EIARICA V5 BE
D 1500 f5 TH S5, LD50 D 1/150 TH Y . MOFATHE VEBEL Lz,
ERHIB S, FFl (CRF-1, Charles River Japan, Yokohama) & #k/kid B BiEE
& L. BHFHT 10 BEA D 11 BROMICKEREZTo /. B, FERIERKFE
EHTHIX B EBRIESHI R > TITo 72 (EFBES : 050257),

BAMH AR CERRAIE

15 B &%, BRIOXY b EE—NF MY UL (R T Z—) ABBOTT
LABORATORIES, North Chicago, Illinois) DREEENEST (50mgkg) 14 Y BREE
L., SOICHMERAIC XY REFELEZToc%&, BEBIIHAZBHL, BEEE%S
FE L7z, REE LT, BHRHEDOS VLT A% (Soleus : SOL) & HAHBRMENS
WEH##5 (Extensor digitorum longus : EDL) % fv 7z, SOL ¢ EDL 0E&i
FARENENDOERZAIEL., TOFHEZERMA LK,

-17.



FHN DBRFERTF
FIEERZBIER. LDH IEHERER QT A VA ASHTICER LRV ARE
ik, MBERTHRA LIS YU F 2 (fud, Osaka) FCHAE L, BiEL-HH
%, ERRFE T—80CTRELE,

LDH BHEERRR T A VA DO

BHRERLRIES. HAEEA (1 50mg) i 50 fFEDFEHLIEK(0.3 M Sucrose,
0.1 M KCl, 3 mM NaCl, 5 mM MgClz, 50 mM Tris—HC], 0.5 mM PMSF, pH 7.4)
Mz, REYFA ¥ — (ULTRA-TURRAX, JANKE & Kunkel, Deutschland,
Germany) THEILL =%, 47— b 3T RELE(KA— 1000, KUBOTA, Tokyo)
TELAIBEG00xg, 10 D) %E1To 72, EEO—®IX., 575 —FFE FusFh—¥ C
O—7AF ‘7 = —(Fnk, Osaka) % V> T LDH FBEHEORIEZ 1T o I, FAHRIZ LED
—¥EZRAWTLDH 7 A Y ¥A AD45#T#1T o7, LDH 74 Y ¥4 A5#7iL. Dietz
DFE TR, LDH OESKHKE (T=7.0%, C=2.0%) #1T\ . KB T H%IZILE
EEELL, ZEH L LTPMS 2AWVWTESELEERIT 7,

RT—PCR ¥
8D D D total RNA HhiH

7y b HERLA SOL & EDL 226, ISOGEN (= y &R P— 4t Tokyo) %
RWT, fBED=== 7 VIZHEVY, total RNA it Lz, ZhEhodss (8
50m g) 2 ISOGEN (1mL) #Mx, ZEVFHA ARy ANVERBNTHEDF
A XL, BRTHSHEBE L, £0O%, 0.2mLOs uuRL sk, 15#H
RVT v AL, 3HMBR THER. 156 SEEL (4°C, 12,000xg) Lz, KiE%
FE L. 0.5mL ® isopropanol Z/M%x TEHERF L, RIET7 oMKEE. 10 5

.18.



& (4%, 12,000xg) L7z, LEZIYERE, RNA O pellet # 70% =%/ —/v (1
mL) TH&E%. 5 HRELD (4°C, 7,500xg) L=, BE, LHEXERVERE. total RNA

D pellet # ZRIZTREEL L,

Complementary deoxyribonucleic acid (¢cDNA) D {E#!

B L7~ RNA % 0.1%(v/v)diethylpyrocarbonate (DEPC) AEBRREFREEKIZEE
L, WEERE, total RNA (# 2pg) KHEEERIGK (50mM Tris—
HCl(pHS8.3), 75mM KCl, 3mM MgClz, 10mM dithiothreitol, 1.0mM dATP, dTTP,
dGTP, dCTP, 20unit RNase inhibitor, 200unit M—MLV reverse transcriptase,
50pmoles random primer) #HN%., & 40pL TITo7, total RNA %R & HEsE
RIS EZ S0 E# L, 30CT 1057 v A vFaX—F Lk, 42CT2047
A vFa~x—bhL, cDNAZER LT,

PCR iz & 5 mRNA BO#H

i cDNA %k 2uL IZ. 10xPCR buffer 2pL, 0.2mM dNTP Mixture,
10pmoles primer{forward % Utreverse), 0.5unit KOD Dash DNA Polymerase % /il
%, BRERERKT20uL & L, LI HEBLER, Fa—TICIXTINTANVEZE
J& LT thermal cycler (PCR System 9700, Applied Biosystems %k, Tokyo) T PCR
RiG&21T 27,

HIE X iz cDNA WX, 1pg/pLl © ethidium bromide ZMNZ 7 2% 7 Hm—2A
B CEKWKE) L. UV Transillminator (BioDoc-It System, UVP, Upland, CA) iZ
kw5 A OB E A4 X% Ladder marker (100bp DNA Ladder,

TOYOBO,Osaka) % MV \THER L7
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7 v b 18srRNA 249 %7 7 A = —EFlid.
forward 5- TACATGCCGACGGGCGCTGACC -3
reverse 5- CCTGCTGCCTTCCTTGGATG -3
REALE, BIBENDE 7T 7 A MOV A XX 310bp TH B,
PCR D&%, BEMRIG 98C 108, 7=—V 7K 65.2°C 10 #. HBiER

i 74C 30 %, 30 A I NV TITo 7,

Z v b Beradrenoreceptor {29 27 T A < —ELFIIX,
forward 5- GGCACGGACTCCGAAGTTCCTC -3
reverse 5- AGGCACAGTACCTTGACAGTTCAC -3
EEALE, BIBShDT7F7 72 FOY A X1 437bp TH 5,
PCR D&%, BEMRAS 95C 60 %, 7=—V 7K 61C 120 #. HiEX
i 72°C 45 %), 30 YA I VTHT o7z,

Z v b MyoD x4 5 75 4 ~—EFiX,

forward 5- GGGTTCTGCATCTACGCG -3

reverse 5- CTCCGCTTTCTGTTCTTTGG -3

PERLE, BEBEENDZ 77 7A MOV A X1 303bp TH D,

PCR D&%, BAEMRIE 94C 308, 7=—V I Ri>656C 10, BB
72°C 208, 35 A 7 NV TITo7,
Z v b myogenin {ZX9 2577 A < —ESIiX,
forward 5’- ACTACCCACCGTCCATTCAC -3
reverse 5- TCGGGGCACTCACTGTCTCT -3
BERALE, BEIND 777 AL OV A X3 233bp THD,
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PCR D&Mz, BEMRIG 98C 108, 7=—V 7RI 63C 10 B, BIERIG
72C 8F, 35 VA4 I L TITo7e,

7 v b IGF-1 (Insulin-like growh factor 1) {Zx3 3 7 F A < —&E 5.
forward 5- GCCAGCTGGTATTATTTGGA -3
reverse 5- CAGTATGGGAGGCACACACT -3
EEALE, BIBSNDZ 757 A b0V A R1E203bp TH S,
PCR D&%, BEMRR 94°C 308, 7=—V V7K 61C 4 #. BERMS
72°C 10#, 35 41 IV TITo7,

Z v k MGF (Mechano growth factor) (Zxt4 375 A <= —EE5IIX,
forward 5- GCTTGCTCACCTTTACCAGC -3
reverse 5- AAATGTACTTCCTTTCCTTCTC -3
EEALE, HIBEEND 777 A bOYA XL 353bp TH 5D,
PCR D&%, BEMERR 94°C 308, 7T=—V V7K 57C 10 #. BB
72°C 20 #p, 35 %A I VL TITo7=,

Z v b Myostatin IZx9 5 75 A <= —EFNL.

forward 5- AGAGAGAGGCGAATGTGGAA -3

reverse 5- TCACTGCTGTCATCCCTCTG -3

EEALE, BIEENZ 757 A FOYA X3 226 bp TH D,

PCR O&fix, BEMRE 98°C 108, 7=—V V7Kt 63C 4 ¥, HIERI:

72C 10%#. 35 %A 7V TITo7z,
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7 v b Notchl 239 57" 7 4 < —BE2FI,
forward 5- CTGGTTCCCTGAGGGTTTCAA -3’
reverse 5~ GGAACTTCTTGGTCTCCAGGT -3’
BERALE, BIBEND 7T AV POV A X3 361bp ThB,
PCR O&ix, BEMRME 94C 456 %, 7=—V 7K 60C 10 &, BB

72°C 208, 35 %A I N TITo7,

7 v b Jaggedl \IZ9 577 A = —EFIL,
forward 5- GCCAGGAACAACACATCAAAGA -3
reverse 5- CCTGCCTTAAGTGAGGACATGA -3
BEALE, BIBINDT757 A FOYA X1 163bp TH D,
PCR D&%, BEMRIG 94C 30 %, 7T=—VU 7Kk 56°C 4%, BRI
72°C 10®, 35 %A IV TITo7,

5 v b Delta-likel iZH¥ 57T A < —EFIiL,
forward 5~ GGACTATAACCTCGTTCG -3
reverse 5- TTCTGTCAGGAATCTCCCCA-3
PERLE, HMIBENDT7 T A FOYA X3 149bp TH B,
PCR D&AhiT, BEMEUS 94°C 30 B, 7=—Y > 7K 53C 4 %, BB

72C 108, 35 %A IV TITo 7,

7 v b Numb iZx9 %77 A < —&FIL,

forward 5- CATGGGATGTTCTGTTCATGGT -8

reverse 5- TGGGTCTTAATGGGTTCTGTCC -8

RERA LR, HEINDT7 T 7 AV DY A XL 104bp TH 5,
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PCR D%&fkid, BEMERS 94°C 30 8, 7=—U V7K 65C 4 B, #ERG
72°C 10%, 35 ¥ I NV THT o7,

L

T RCOFEFHEITIFEHELSD TRLUEZ, BONRERIT F-test D%, unpaired
t-test 1TV ., LDH 74 Y A ARQAIZ 2V Tit, Mann-Whitney's U-test iZ L Y
BEEEREZITo 7. AEKEIL p<0.05 £7id p<0.01 & L7,
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m FER

I-1. 7y FOFRERUCHEBEER

FlEfAE D 5D Control B X% CLEB BOEEDOHER % Fig. 5IR L, &E
BthEE ZBED T v FEHEE L, 12IER U T o 7= (Control #: 29749 g, CLEB E:
29918 g), %5 1 A#%.CLEB BiZ B\ T—BMDEERA %R LS, D% CLEB
BEOEEEMAR LI, BE5 6 B#%I2iL Control BHDEE% k- 7~ (Control &
336+20 g, CLEB ##:339t7g), 0% b CLEB#HBEMEEZ =L, &5 2BMBKET
HEAMEM % 7 L 7=(Control #%: 385+26 g, CLEB #: 403+10 g), Zh b DOE{LiTRESk
PHOREINTVELDERLETH-T,

BB ERIZ- OV TiL, Table. 2 12777 & 912, SOL(Control &#: 186+16 mg, CLEB
F£: 209416 mg; P<0.05). EDL (Control #: 217+12 mg, CLEB #: 280+12 mg;
P<0.01) } A0 E(Control #: 1093+82 mg, CLEB ££: 1282+110 mg; P<0.0)iz B\
TENZRAEERBEMMBRA LN, £, TNTHOBREDERZER L THEHL
7 EEIZEE L Tik. SOL(Control #: 0.48+0.04 mg/g, CLEB ££: 0.52+0.03 mg/g)
KBWCIIAEEBEREMIR N2 DD, EDL(Control #: 0.57+0.05 mg/g,
CLEB ££: 0.69+0.04 mg/g; P<0.01) ) ON#(Control ££: 2.84+0.17 mg/g, CLEB #:
3.17+0.23 mglg; P<0.05) TIXTNENHE BEREMABRR S, DIEKR & BREGDIE
RBRBOH T,
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370
350
330
310
290
270 |
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23—~ ' : '

-5 0 = 10 15

—0— Control (n=6)
—eo— CLEB (n=6)

Body weight (g)

Treatment days

Fig. 5 The Effect of 2 Weeks Treatment of Clenbuterol

on Body Weight in Male Rats

Body weight changes of Control (n=6) and CLEB (n=6) rats are shown.
At 0 day(8-week-old), CLEB and Control groups started to be injected daily with
clenbuterol and equal volume of saline for 2weeks,respectively.

Values are means = S.D.
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Table. 2 The Effect of 2 Weeks Treatment of Clenbuterol

on Body Weight and Muscle Wet Weight in Male Rats

Control(n=6) CLEB(n=6)

Body weight (g) | 38625 404+10
SOL wet weight (mg) 186+16 209+16"
Ratio (mg/g) 0.48+0.04 0.52%0.03
EDL wet weight (mg) 217412 280+12**
Ratio (mg/g) 0.57%0.05 0.69+0.04 **
Heart wet weight (mg) 109382 1282+110**
Ratio (mg/g) 2.84+0.17 8.17+0.23*

Body weight and muscle wet weight of Control (n=6) and CLEB (n=6) rats are
shown.

The ratio represents relative weight of muscle w.wt.to body weight.

Values are means * S.D.

Significant difference between Control and CLEB, **P<0.01, *P<0.05

M-2. LDH OfE#MT

M-2.1 LDH &Mz %IiE 3 Clenbuterol DEE
Table. 3 IZ LDH HEMEAZEBEEY Y IU/g wwt) TR LTE,
SOL(Control Ef: 116.8+20.9 IU/g w.wt, CLEB #f: 131.8+36.5 IU/g w.wt).

EDL(Control ££: 390.0+63.4 IU/g w.wt, CLEB £%: 416.0+44.6 IU/g w.wt) & BIZHF E

.26.



BREATRONRP-Teb DD, TN EIEMERABE s,

M-2.2 LDH 7 A Y%A AIZKIET Clenbuterol D%

LDH 7 A Y%A L% Dietz IEIZ X 2BKIKENC LV 04T L. BEARAMEE DA
DEEHE)ONERTH S H4 805, MH3 B, M2H2 A, M3H &, M4 &~
JEZICHARME)DOEBEAMHE DR 125 5207 4 VP A LOWRIL% Fig. 6
(2R L7, SOL, EDL L biZBBIEDOKE W HF1 S H4 B, MH3 &, M2H2 5,
M3H &, M4BD 5 KD/ FERH bNT,

SOL TiZ.CLEB #1238 T, H4 #(Control E: 20.5+2.2%, CLEB #£: 10.2+1.1%;
P<0.01). MHS3 Z!(Control #: 32.7+6.1%, CLEB E¥: 23.5+4.4%; P<0.05) DA B 7238
A& M2H2 Z(Control #: 22.9+1.5%, CLEB #%: 26.8+3.3%; P<0.05). M3H %!
(Control &: 22.4+6.6%, CLEB #%: 36.5+5.7%; P<0.0 DDA B RN BE ST,
F, M4 BICTRRBEERENZA bR o b0on, #BIMMERZRLE,
Clenbuterol % 5 X > T, BBMEWNREFFZA TDOT A VA Lokt EEEFE
BRERRZA TDTA YT A LGIHA~OBITHRO b, LHL, EDLIZBWT
. BERELEIROD NP oT, TNDOOELTTIIREINTVWAE LD &
B CEmTH o7,
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Table. 3 | The Effect of 2 Weeks Treatment of Clenbuterol on

Muscle LDH Specific Activity in Male Rats

Control(n=6) CLEB(n=6)

SOL (IU/g w.wt) 116.8%+20.9 131.8+36.5

EDL (IU/g w.wt)  890.0%+63.4 416.0+44.6

Muscle LDH specific activity in muscles of Control (n=6) and CLEB (n=6) rats are

shown.

Values are means *t S.D.
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Fig. 6 The Effect of 2 Weeks Treatment of Clenbuterol

on LDH Isozyme Distribution in Male Rats

[Left] LDH isozyme distribution in muscles of Control (n=6) and CLEB (n=6) rats are
shown. Values are means = S.D.
Significant difference between Control and CLEB, **P<0.01, *P<0.05
[Right] Gels represent typical LDH isozyme pattern from SOL(upper) and EDL(lower)
of Control and CLEB rats.
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-3. RT-PCR i & 547
M-3.1 Bzreceptor ® mRNA FEIE|Z KIX7 Clenbuterol DFE

B 72 B-agonist DFEIZL Y down regulation PEZ D Z EBRHM LTV D
Bz-adrenoceptor ® mRNA EZREDHITEREZ Z T Control DFEHEICH T D
#14(%)T Fig. 7 12" L7z, SOL(Control #: 100.0£9.6%, CLEB #f: 82.7+5.1%;
P<0.01), EDL(Control #: 100.0+7.6%, CLEB #: 78.1£7.5%; P<0.01) & 1T, :

CLEB BIZBWTHE B IR I,

120 -
<
Z 100 - [
E _ x% S
§ § 80
o, g O Control (n=6)
8 (3] 60 r
S B CLEB (n=6)
o 40 -
p-d e’
®
qu 20

0 i
SOL EDL

Fig. 7 The Effect of 2 Weeks Treatment of Clenbuterol on

B2-adrenoceptor mRNA Expression in Male Rats

Bs-adrenoceptor mRNA expression in muscles of Control (n=6) and CLEB (n=6)
rats is displayed as percentage of Control, which is set to 100%.

Values are means * S.D.

Significant difference between Control and CLEB, **P<0.01

M-3.2 MyoD family ® mRNA REZ&IZ % IiX 7 Clenbuterol D E
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RT-PCR #:iZ & 5 MyoD @ mRNA #H BIZ XT3 Clenbuterol DL
ERGGENICREA L, EHMR»OHFAR~OEMREH < EERTLL
TH 51TV 5 MyoD @ mRNA BIRED SRR % £ £ Control O FHEIZ %S
458 E %) T Fig. 8 (&~ L7, SOL(Control #: 100.0+17.9%, CLEB #f:
131.4+18.8%; P<0.05) IZBWTIXHAERBMMA AL b DD, EDL(Control ##:
100.0+£13.9%, CLEB : 104.1321.9%)ICBW I A ERELIIBIE S22 o 7,

BB OEHILE "R TDHLDTH D,

RTPCR #:iZ & % myogenin ® mRNA FEEHEIZK%IX 7 Clenbuterol DL
ERGHBREOICEEL, HFMRLLHFEMR~OEKIITBEERFLL
TH 5TV % myogenin O mRNA BEED SHTHEFR % £ 1L£1 Control OEHIE
X B EIE (%) T Fig. 9 124 L7z, SOL(Control ##: 100.0+5.7%, CLEB #:
127.6+5.9%; P<0.01), EDL(Control : 100.0£7.3%, CLEB #£: 127.3+9.1%; P<0.01)

bz, CLEB BcBW\ CEBRBEMARR I,
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Fig. 8 The Effect of 2 Weeks Treatment of Clenbuterol

on MyoD mRNA Expression in Male Rats

MyoD mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats is
displayed as percentage of Control, which is set to 100%.

Values are means = S.D.

Significant difference between Control and CLEB, *P<0.05
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Fig.

myogenin mRNA (% of control)

160
140
120
100
80
60
40
20

T

T

O Control (n=6)
B CLEB (n=6)

SOL

The Effect of 2 Weeks Treatment of Clenbuterol

on myogenin mRNA Expression in Male Rats

Myogenin mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats is

displayed as percentage of Control, which is set to 100%.

Values are means = S.D.
Significant difference between Control and CLEB, **P<0.01
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M-3.3 EHEHERRICEEY 5EFIZKIZT Clenbuterol DFE

RTPCR #iZ & % IGF-1 (Insulin-like growh factor 1) mRNA FHEEIZRIFT
Clenbuterol D%

ZoRTEARERESE . HRRICEET DL 315 IGF-1 ® mRNA BEHED
SRR % TN L Control OFEHEIZKT 5EE(%) T Fig. 10 1R L1z,
SOL(Control #f: 100.0+3.8%, CLEB #f: 101.6x12.4%). EDL(Control & :

100.0+£11.9%, CLEB ££: 113.3+18.4%) & bIZAEBEREILIZR DR o T,

RT-PCR #1iZ & 5 MGF (Mechano growth factor)® mRNA B EICRIET
Clenbuterol D2

BRAORATICI VREABFHEIND Z XML T\ 5 MGF ® mRNA #H &
DHHERE £ Control DEHEIIR T 2EIE (%) T Fig. 11 IR L7,
SOL(Control #: 100.0+6.3%, CLEB £#: 105.3+9.1%), EDL(Control #: 100.0+14.3%,

CLEB #: 107.7+£19.4%) & bITEZLREITR O N o 07,

RT-PCR 12 X 5 Myostatin ® mRNA EHEIZ X IET Clenbuterol DRE
TGF(Transforming growth factor)-B super familly 23 S, BRGHHR D
negative regulator & U THEET 5 Z & 23E LTV 5 Myostatin © mRNA I &
DR EFNEN Control OEHEIZX T HEIE(%) T Fig. 12 TR L7,
SOL(Control #: 100.0+5.7%, CLEB ##: 92.1+11.8%). EDL(Control #: 100.0+6.6%,

CLEB E: 98.5%16.1%) & L IZEERTILIIR D b o7,
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Fig. 10  The Effect of 2 Weeks Treatment of Clenbuterol

on IGF-1 mRNA Expression in Male Rats

IGF-1(Insulin-like growth factor 1) mRNA expression in muscles of Control (n=6)
and CLEB (n=6) rats is displayed as percentage of Control, which is set to 100%.

Values are means = S.D.
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Fig. 11  The Effect of 2 Weeks Treatment of Clenbuterol

on MGF mRNA Expression in Male Rats

MGF (Mecano growth factor) mRNA expression in muscles of Control (n=6) and
CLEB (n=6) rats is displayed as percentage of Control, which is set to 100%.

Values are means *+ S.D.
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Fig. 12 The Effect of 2 Weeks Treatment of Clenbuterol

on Myostatin mRNA Expression in Male Rats

Myostatin mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats is
displayed as percentage of Control, which is set to 100%.

Values are means *+ S.D.
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Control D ZHEIZ 33 5 E1E(%) T Fig. 14 1278 L7, SOL(Control #£: 100.0+18.8%,
CLEB #: 97.1+18.2%). EDL(Control &: 100.0:&12.6%, CLEB ##: 102.2+16.4%) &
HBICEBRREIIR DN o1,

RT-PCR 12 & 5 Delta-likel ® mRNA ZHEEIZXIET Clenbuterol DFE
HIIED Notch DY HF L FD 1D2THY satellite cell DEHACCEETSZ &
BE BN TS Delta-likel © mRNA BEEBO SR Z £ 121 Control DR
fEIZ%t4 B E|E(%) T Fig. 15 IZ;F L7z, SOL(Control £: 100.0+9.5%, CLEB E#:
100.7+20.3%) Cix B BER AR b2 2> o 7203, EDL(Control #: 100.0£25.0%,

CLEB #: 167.3+28.0%; P<0.01) T3 CLEB B#iZ B8V TH B RBMBPBE SNz,

RTPCR 12 & 5 Numb ® mRNA IR EIZ XIE T Clenbuterol D E
Notch DO#AF K A 4 > NICD(Notch Intracellular Cytoplasmic Domain) D~
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Fig. 13 The Effect of 2 Weeks Treatment of Clenbuterol

on Notchl mRNA Expression in Male Rats

Notchl mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats is
displayed as percentage of Control, which is set to 100%.

Values are means = S.D.
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14 The Effect of 2 Weeks Treatment of Clenbuterol on

Jaggedl mRNA Expression in Male Rats

Jaggedl mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats is
displayed as percentage of Control, which is set to 100%.

Values are means = S.D.
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Fig. 15 The Effect of 2 Weeks Treatment of Clenbuterol

on Delta-likel mRNA Expression in Male Rats

Delta-likel mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats
is displayed as percentage of Control, which is set to 100%.

Values are means £ S.D.
Significant difference between Control and CLEB, **P<0.01
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Fig. 16  The Effect of 2 Weeks Treatment of Clenbuterol

on Numb mRNA Expression in Male Rats

Numb mRNA expression in muscles of Control (n=6) and CLEB (n=6) rats is
displayed as percentage of Control, which is set to 100%.

Values are means = S.D.

Significant difference between Control and CLEB, *P<0.05

Values are means+S.D,
Significant defference betweeen CONT and CLEB, **P<0.01
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FHOFWESH L D bBeradrenoceptor REL FHLTNBE I L 30 2 EET B L. B
HThs SOL LY bEHTHS EDL KBV THEANRE BENE T &1,
Bradrenoceptor Z 4 U7 BRI VERE T TIXBBAT 5 2 L 8 TE AL, Lo
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SOL. EDL * bl HERBAONEREN, B Bagonist DR EIX
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Fig. 17 The Speculation of Skeletal Muscle Hypertrophy

via Notch Signaling by Clenbuterol Treatment
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HIE ¥

AFZETIE. R— 2 VSRS ICHE SN TV 5 Clenbuterol & iLEH DT
Mo hb L. BRGIERERIZOVT mRNA LA LREETo 72, Bbhi
BERIIKOBY TH B,

(1) SOL. EDL. DBV THBEEDOAREMBED bz, £/, EDL, &
BCB O TiL, FELIZSOTHAERGBENARD DT,

(2) Rt RIS T FEIE LT, SOLIZRIF 5 LDH 71 Y ¥ LD LDH-M
R OEMABES N, £7-. LDHEMEICB W TIE SOL, EDL & HICHFERE
LI B B 72 Ao 7=, Clenbuterol #51Z & ¥ SOL 2RV THREMICEBRFAIRE
ERORBOBERZRE N, ABRRBOFEFEEIEZ > TVDIHDEERXD
niz,

(3) Clenbuterol # 512 X ¥ . Ba-adrenoceptor ® mRNA EIRDWA 25 H 511, down
regulation N Z > TWB D LERINT,

(4 Clenbut';erol #5.> MyoD family ~DEEIZ >\ Tik, MyoD @ mRNA &R
SOL Iz 2RI, £/~ Myogenin (2B L TiZ SOL, EDL & %I
FEREMBIBRE SN,

(5) Clenbuterol ¥ 5 DO BEHHREICEE T2 HF~DOREIIOVWTIX, IGF, MGF
» mRNA ZHEiZWFhb SOL, EDL & bICEBRONARNoTo, iz,
Myostatin @ mRNA (ZB§ L T% SOL. EDL & bIZEBR LN 2T

(6) Clenbuterol ¥ 5 ¢ Notch Signaling ~DFEIZ-OV\Tid, Notchl, Jaggedl D
mRNA %23 SOL. EDL & bIZE{EN R biied o7z, LarL. Delta-likel,
Numb ® mRNA F#i3 & b2 SOL THRELBR oo b DD, EDL IZ
BOWTIIEERBMPR LN,
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EfFTHDHSOL LV bHEHTH S EDL IRV THIERDEERR Rohizo
& 225, Clenbuterol DFFIERIERIZRBVTIX, Boreceptor A L 7= EHH /2 /EFH
i CIRBBARONT, TNEIRERSEMORFOERENT B FEEHEISRLR &
N3, ZHEOKER LY, Clenbuterol DFEFE T BAFIEKIZE VI Tid Delta-likel D
ANz 5] &%:< Notch Signaling DK & Numb OHEINIC L 2 o LR EIEE
TBHIERRBENT-, £77. myogenin (2B T Clenbuterol DFFIEAVERAICE
E43REENZEINT, MyoD B L TUIHIERL D bEFHILICBWTEER
BEERIZLTWAEIICELDBND, IGF-1i1Z8V T, Clenbuterol DFFIEKRIE
RAIZHEETAHFREELRB TENRVE, ZDOFERXHEV RV 5 IBbitd, MGF,
Myostatin ® mRNA FEHIZE L Tix. Clenbuterol &5 L 2 EEBIXITIER V& E
Ao, BERRKERBCEETAAHEMELENVEERIND, £k, LMERIEIS
EWVollthb, RREFER2VELTIERNEZLR, BHIEKXKZENIZ
Clenbuterol # F—E >V 7B TEZEICAWS Z LiL, ERTH D LEZ b D,

Clenbuterol BFEETHFHIERKD A B =X LIZONTHE, EERBALRANREE-
TRV, FHEEHALNICT DD, ﬁ%n)aébnm\a Pax3 X° Pax7 OBEhEE
i TR BERE Sz Wnt i X 5B OHE %2 2 D€ DfOK L 2EFIZ
DNWTORENE FL—=U FICEBHIER L DBV EZFHEMICRNT2720IC&bA
AMEDLETHDELEELLND,
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AR EOEFROZH N ETENTERT DI ENTEELL ESHILEAL
EFEY, HiZ. SRAZERBFMAR & ¥ BB CRXFEEFHNTER
REAE EA H— #0%, EEEREKFEEF Ik K BFE RLUNTK
ZhRAEORA BAME (R, XEHE &L, FRREABORSE EFfSA. W
T BEEFIAOSKRBHEZTE L, TIICRLTHEEZRLET,
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