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As the elderly population increases, it is becoming important to prevent and treat muscle loss caused
by aging or disease. Steroidal androgen in the protein assimilation steroid (AAS) system is mainly
used to induce muscle improvement, but it is well known that long-term or excessive doses of AAS
result in various side effects, although they are prescribed for various muscle and weight loss
treatments. Research is therefore underway to explore natural substances that promote muscle renewal
with relatively few side effects. However, despite many studies on the improvement of skeletal muscle
and the reduction of muscle disease using natural products, there is still a lack of significant clinical
results and mechanism studies. The promotion of muscle regeneration through treatment with natural
substances typically involves three mechanisms: positive control of the muscle modulating factor
(MRF), activation of the protein synthesis mechanism, and inhibition of the protein breakdown
mechanism. A study of plant extracts that are known to have muscle neoplasmic stimulation effects,
such as black ginseng, plum, and nutmeg, as well as single substances derived from natural products,
such as creatine, catechin, and several fatty acids, is therefore described. We also summarize the
mechanisms that have been identified so far through which each of these extracts or single materials
facilitates muscle regeneration and the signaling pathways that they mediate.
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AR Atk ZHAEL ZHA F+ LA E 2 (sarcolemma)
HhE ofgfol]l 21 HHF ASS xFeta glom, AR
99 724 2TFAAA ZLA fr(myofibril) 2 7+S 2 A
Atk ZEA = 24 (Myosin) @ H &l (Actin) B o] o} A
H B dR o] Fo|A Y WA fF(myofilament) ] ohid
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2 :r“éﬂcﬂ Atk ol 52 53 ol el Hojss e T
=7

M) 3 (Satellite cell, muscle stem cell)7} €A gtt. o] A E
= Hadde Yoy £31E A & FA (Quiescent) 73 El
£ EAH, 250 &40 B AY, 5288 HH5E F
S 25, Extracellular matrix =+ o8 443} 21 2HGDF,

Growth differentiation factor)& EZg3te WEH A=
ot AFE AFOE ZHHNERY £33t FLAf ¥
SS5AZE gA48t, £/ 4sHH A7) e 9

AMze] B2 THAE 9ol u S
e H]“L 5 &3 (myogenesis) #HA & Tl 1GAHE
ol A &AM E(myoblast) 2 £3}3 }0:] myotubeE 4 &9
of wet Ao] ezt Hadns]. $4
LYAA 2717k AAEA H2} B39
T MZS0l A A o dojAdA F99 og 7H-4 A EE0]
ANE §3E & Fe g8 A2 Z3A Z(myotube)
2380 223 23 £5 3 myotuber A7 dojE F
THNA 2 vt A A Uit 25 £33 MyoD, Myf-5,
MRF4 53 2& 7 E3iAd d&Fe mAs A
Myogenic regulatory factors (MRFs)oll ] 3} 4] =4 = ¥ [8],
T £357] o= myotube®] F& T2 DAl Myosin

Physiological
Stimuli

Return to
quiescence
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light Chain ( ) Myosin heavy chain (MYHC)®] &84

o]-g;]z;] o]q. ];q_;grk] MRFS ol MyHC*

2% el EZI Az BH5EY 29 B3 2% 23}
AEE ST 4 T 1T B 2T Folk vl A
A2E 53§28 2BAZL 470] AL T Lo} 2oiA

| (muscle hypertrophy) #4 & 53] 25
a718 F7H 7]7ﬂ HTH23]. Fig. 1olA B npe} o] AW
=% A 9 J’]’or—'_ 3 dAE 5 74

N2EAL 2

2)phosphatidylinositol-3-OH kinase (PI3K)/Akt (;Protein
kinase B, PKB)/mammalian target of rapamycin (mTOR)/
p70 S6 kinase (p70°) 42 & B3 vuld &4 A2 3
T+ 3)GDFY & F7< myostatin 5l %75 E MUREF,
MAFoxE E%3 E3-lagaseE %3 ubiquitination %+ Auto-
phagy 5ol o3} dojup= il £ 7|de 54 2HTe
2 A o] Folxint.

= A 2H™0IM Myogenic regulatory factors (MRFs)
o dsl XHO| O|X|l= F&

Myogenesist= Fig. 194 B vho} o] 29 satellite
cello] o2 £3 GAE AH ZHFE ol F& FAolth AW
AE ZEAE 9 Fo] EA)3E satellite cell (Pax7+)°] H &
A5 deelA 248 HY F4 5 AAste, MyoD9 Myf-5
£ 2d3}3 myoblast (MyoD', Myf-5)2 9] £315 Al23ht),
1 ¥ myoblaste Myogenin®| @& AFstH 12 §
(Primary fusion)°] YUl A4 3% (Nascent Myotube)
£ A8k, o] F MRF4S B3 o] F7tstes BAAA 22 &

—_— > _— > _—> y :" / _—>
Activation Difterentiation Primary Secondary o | Maturation
-Asymmetric -Symmetric fusion / 4 : 4
division division W
Satellite cell Satellite cell Myoblast Myotube Myotube Myofibril
(Quiescent) (Activated) (Nascent)

Pax7(+) Myf5(+/-) Pax7(+) Myf5(+) Pax7(+/-) Myf5(+)

MyoD(+) Myog(-)

Pax7(-) Myf5(+)
MyoD(+) Myog(+)

Pax7(-) Myf5(-)
MyoD(+) Myog(+)
MRF4(+)
MyHC(+)

Fig. 1. The step of adult myogenic differentiation.
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=, B3 0 £+ mitogen-activated protein kinase (MAPK)
of &3 7]x o] Atk MAPK A1 A SA 2 T Al Z 9
Aol Wrgotel FASH L 2HEHE MY 2 5435 @ A
TNSHGAR F shtolth9]. =AY ZHAZAA HA
3l Myogenesis®ll 7|4 & MAPK A S 0D 2+ p38, Ex-
tracellular signal-regulated kinase 1/2 (ERK1/2), ERKS5, Jun
N-terminal kinase (JNK) t}3£3 2.2 4| 7}x MAPK7} B3
E At o] T p38 MAPKY| 932 2 &§o] ¥ of IA|THS,
50, 66], TH2 MAPKQ! ERK 1/2¢} INKel| o H&-2 FA 3,
HAH Aol BF AHH 1, Myogenesise] Al ERK 1/2,
INKe] ol tigh A9 S s ety o Had
A7} i Eojok dhrhal AL ETH18, 26, 46, 59]. Myogen-
esisol A p38 MAPKS] & &2 £3} 27]9 MyoD2] 49
835t #9gdhy EuH Ut Human primary myocyte
ol A o] p38e] AL E37F A UL, p38 MAPKY] it
@& MyoD WA FAAS o] F7hgvta BuE it
183 p38 A< Mouse®] Embryodl| 4 &= Embryonic fibro-
blastell /1 Myogenic precursor cell29] 8o 7+,
p389 &4 3 %+ myocyte enhancer binding factor 2A
(MER2A) 9 MEF2C9| HA &4 & S7HA A TH66]. ERKSE=
C2C12 myoblast’} Low-serum condition®] =Z519 + &
el Edo] F7tstH &3 37174 B FEo] A,
Antiscence mRNAE ©] &% ERK59] Z&& C2C12 Myo-
blast®] &3}, fusion ¥ T34 <3 (Multinucleated myotube)
o] Aol AU, MyoD, myogenin 2 p219] mRNA
Tdo] Zagu15]. uebA 54 =] A8 E F3 MAPK
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T8 T THAEE A5, IGF-13} IGF-1 841 €] A
& IGF-1 784 tyrosine kinase®] e}d W& =3},
o] QI3 insulin receptor substrate-1 (IRS-1)9] 4+3}7} o]
FoA L, ltst # IRS-100 of s A2 o2 PBKe 243
7} o] Fol At} 44 3l¥ PI3K+ serine/threonine kinase Akt
o o A3 $9]2l phosphatidylinositol-3,4,5-trisphosphate-&
AlgstH, Akt A HY o] & A Y, FAA AAL
AZ2Z4 9 AEd #oqste AASS e AA S48
ATHe3]. Aktd E43te & AsAdE 7142 mTORE &
43t A 215 mTORE Rapamycindl 93] %A 5 =1, Rapa-
mycine p70**e] Akt 2 IGF-1 wi7} 4385 & o Adsin
o] Agte vt 2 & A& HAAZITH49, 54]. Rapamy-
cin®l ©3k mTOR &4 9| A= YA WlH =3t 2429
vt 3t2 oAet, 593 A28 o)A rapamycing p70™9]
G4 5E ADsAT Akte AdetA] skt o] A3 Akt
2 mTOR7} p70°™ 47 A& AY A2 "5 FAYolge
Mdz 42 & he]. PI3K/Akt/mTOR/p70°* A 5d A2
7 9 d e F4 2l dodsts A2 F It
(Drosophila melanogaster)& ©]-&3 A3 oA ZAE HoAF
1 ¢lth. PI3K [38], mTOR [68], p70S6K [48] 7}7+9] A2
ZEA LY 2718 HAAAT BebA IRS-19 A p70S6K7}
A9 AEE THAAA 4TS WG A sHT Akt
02 A5 A44 2 2= PIBK/Akt/GSK3p7}F 24 @+t}. Glyc-
ogen synthase kinase 38 (GSK3B)& Akte & & 714 &
hfolm Akte] B8k GSK3pe 242 oA dth GSK3B
© 28324 A4 (Glycogenesis)dl #oldte 2820 A
% (glycogen synthase)®] A H/E# 2 ofm] x4k

A71E Adste a0t eI A ELE ¢
3 Eg4stE ) webA, PIBK/Akt/GSK3B 4137
GSK3pel A= 282 S F7HTE A
TH12). o] 3 Aktd] &4 &3 GSK3B9 A+ Skeletal
myotube?| BItHE F2E & itt= 7+ Rommel, C.9]
AYo)A HoAF QT3] ol ATES SAE AZ 9
Aoz B4 3329 A 5 Folo o3 PIBK/Akt/mTOR/
p70s6Ke] &4k JA| ZHA L] £33 did A9 F
7He Fo S5AEY Hige] SAAA ¥ vE F Yo
3 e, 5]

MM PHOIM B E 26l 718l =H0| 0jXl= F
= ZHAZAA G Faol M FFE vA =
¥4 2 2 Ubiquitination system©| A ¥

o 99 £&7]- F ubiquitination system

o rot @ 0Ok



Myostatin (Growth differentiation factor-8, GDF-8)°l ]3] =
HAHE Myostating =2 o] os) YA E = transforming
growth factor-B (TGF-B) protein familyell &3t #=d &
§o A 9 v &4 2He ZAZ2Y FAANE 2
g fAsE 42 myokmeolq[ ]. Myostatin®] 2 <&-2 vt
F2[52], & % AN FHAT 242 v E Y
[40], 7‘] b x4 7% 3 Age 2 #oqdne vt
o ARE Y=ol gkr16, 20, 22, 31, 42, 69]. Myostatin®]
g Zel s frecte £AA 71AL, AX 9 HEd
myostatin®] A Z=} oo EA 3= Activin type IIB receptor
(ActRI; ACVR2)ell Adste] ANzdg A7t AZdd
ActRII® &4 3}= intracellular signal transducers (SMAD)
S AT, o A= oe) AAIAR] Forkhead box
03 (FOX03)7} 2<914t3ts o] & W E Translocation® ] E3
ubiquitin ligases?] MAFbx (F-box only protein, atrogin-1)}
Muscle RING fingerl (MuRF1)E ZAMTH[35, 42]. HAHE
MAFbx®} MURF12 ubiquitination® ©¥4& oz &
oj]go g Fafgrh32]. AWllA Myostatin® 242 folli-
statin®ll ¢J3] 2 ZH A Pollistatin 15 &9 79
BE A TRstE ArHEE 7 r)F““%J_(Autocrine gly-
coprotein)©] ® Myostatin® Activin® 2 3 A (antagonist) &
2 A dohBe]. U3t =e TEY AL L5 AY ¥
F< Al follistatin& F7FA71™ Myostatin®] &4 < F
stA 713, o] 2 1% myostatin EEA = AFY 250 =
AT A gAY g 2dS SN E Ao g BT
E3H Myostatin®l] 9]l 24315 = SMAD 2,39 &3 Akt/
mTOR/p70™" ®ald FA A 27} dAdE A7 Rud
HE7F ATh60]. 18 22 Myostatin 2+=9] 3}9 29| &4
ste g &) 7] de FXT 25 ofyzt A ¢47
EHA ARA 7= 73 tE S ¢ 5 Uk wekA
Myostatin®l ] Li
=

2 AZ W} ubiquitination system
o G ZAL E) Az 9 23 714 F7H
7l Ao g PR A4S T AE Y g
o #¥ < &MY oT 2A= Exé gged Age
F3ll Myostatin®] &4 E= 239 e 24
o 344 a3 AT F v }E .

O

Myogenesis 57} s 7H|= HAHER

TALE FANIIE A Y ML o Bof FAME
B3] 25 A9 E3E F/IANLCZR AAQ] 25 23
o X o YJAo R A3 HHE SHAFY ASE
et At A A T S LS A7, of
= EUA 7 45+ 498 9¥ =4 (Single compound)©] A
U AE B AE fY9 AdE FAAT E2HI QU
FHd e 25 B3ty 7 4 S44 AATG 22 B ETH
F4& 7R g Eo] NEFEL FEFTAA 84 o
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T ggey v A&HoE F
A9 B, Table 1914 Bt vho}
FEES g HAAE 79 Single
compound7} g £F9 AT A myogenesisE ZX
AT A7t RIHAT FFHOE in vitro T

g oM C2C12 Myoblastoﬂ o3 ddeo] A2zt £3hek 28
o s $7HIAL, 92 FE= 3 Single compoundl A
T Afrote 44 71del 434 oz Y. #FH e,
MyoD, Mrf5, Myogenin, MRF4, MyH 5 ZP3 ZHA R
T3 dofste AAE B nAY TES AF 28 7=
Ak

MyogenesisE %7 &3/} Hud 4 & o FFEZ
Atractylodis Rhizoma Alba (% Z)[57], Black ginseng (34
[37], Chaenomelis Fructus (22H[25], Plum (AF)[2] F&&
ol BE AT Atractylodis Rhizoma Alba %59 C2C12
myoblast #3} £l thg AFANA = FE2=9 A7}t my-
oblast®] F21& £ 713, 3 4 Aol Myotubed] 2],
AA, w7 F74EH, 2 EH 0 E MyoD, Mrf5 3 MyHC
o] mRNA 9| 2do] F7hgd S HoEt shA & 49
X Atractylodis Rhizoma Alba FZEZ Q1 ASHIGAHZ
o H3tel i3 MAYSZ S 3 AP oz HSHA Gk
tt. Chaenomelis Fructus %% A2l S £3H€ Myotube7}
2T HETG F74 21, Myogenin® MyHC®] L& o] F7t
PAT v shs 71 ek Ay ABHA FUT25, 57].
Black ginseng %9 A 2= C2CI12 myoblast ¥3} 294},
4203404 Myotubee] %7, 21618 %7147 MyHC, MyoD,
myogening X33 MRFE #dS F7HAA L, PBK/
Akt/mTOR/p7OS6K ASAGARY G5 E FEYEHC

2 Z7MNATB7]. S22 Plum FEE2 C2C12 Al
& A2le Myotube 29| #3158 v % 9EHOE F7HAA
1, IGF-1°] mRNA 24 +£< F7HZH. F72 Plum
FEE Age, CT-26 Y A x| 274 A (Conditioned
medium)E A 2] & £3+8 C2C12 Myotubed| <915 A
AL, CT-26 2w A 9 o AEFHE SN ZTH2]

A 71E3 MyogenesisE EX8te A& F2E8T of
Uet A& fre &9 &4 (Single compound)®] A& ol o &
Myogenesis®] ZXol tigt A HA Fo] BaEojgit) o
T M4 dEHoE d4HA EF = Creatine©] TH13].
C2C12 M 9] 3} Z Creatine?] #2]& MyogenesisE &%
oEH oz WA FAen, Akt signaling®| E/4J3E FH
Ao, p70S6K 2 GSK-3B9] Y4t F7HA A= BT
%3, MAPKSl p38e} ERK1/29] 14ts} =3 Z7kA AT
p38 Inhlbl’[OI‘E o] &3 9121] A& BAF O 2N Cre-
atine®] Myogenesis®] %712 Akt®} MAPK signaling] 4
3k w7t o] Fold& & & ATH13]. Creatinedt f-Atst
A Akt A SHGHAEE 53 Myogenesisell 7] gttty B
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Table 1. Positive effect of natural products on myogenesis and other factors in cultured cells

Scientific name Positive efficacy Cultured cell Ref.
Atractylodes macrocephala .
Koidzumi extract Enhance myogenic regulatory factors C2C12 myoblast [57]
Extract Black ginseng extract Akt signaling C2C12 myoblast [37]
xtrac
Chaenomelis Fructus Extract Enhance myogenic regulatory factors C2C12 myoblast [25]
Protein synthesis
Plum extract Expression of IGF-1 C2C12 myoblast [2]
Betein IGF-1 signaling C2C12 myoblast [56]
Akt signaling
Catechins p38 MAPK signaling C2C12 myoblast [39]
Inhibition of protein degradation
Akt signaling
Creatine p38 MAPK signaling C2C12 myoblast [13]
Inhibition of myostatin
Folic acid Akt signaling C2C12 myoblast [24]
Single Akt signaling
compound Ginsenoside Rgl p38 MAPK signaling C2C12 myoblast [17]
Inhibition of protein degradation
Guanidinoacetic acid Akt signaling C2C12 myoblast [65]
Linoleic acid (LA, 18:2) ERK 1/2, JNK MAPK signaling C2C12 myoblast [34]
cis-9, trans-11 conjugated N
linoleic acid (9, 11 CLA, 182) ERK 1/2, JNK MAPK signaling C2C12 myoblast [34]
Oleic acid (OA, 18:1) ERK 1/2, JNK MAPK signaling C2C12 myoblast [34]
Retinoic acid Expanding the Premyogenic H9 hESC [55]

Progenitor Population

(Human embryonic stem cell)

H DY EZE Catechins [39], Folic acid [24], Ginseno-
side-Rg1 [17], Guanidinoacetic Acid [65] °] 1t} o}& Akt
AoAG Aol g 711 dAEHA FRAAT, Z& AN
+ ZR3e 837} R 4 EE Betaine [56], Linoleic
acid (LA, 18:2) [34], cis-9, trans-11 conjugated linoleic acid
(9, t11 CLA, 18:2) [34], Oleic acid (OA, 18:1) [34], Retinoic
Acid [54] F°] itk C2C12¢l & Betained] A& HA T&
gEAo® CC129 39} £33} v}AE S7HAA L, IGE-IR
o s 455 SRS BAFAT6]. = HE AT
dlME Q2C129 #3F T 1159 AR Ao o3 &=
ZAREE T 1159 A4t 5 Linoleic acid (LA, 18:2), cis-9,
trans-11 conjugated linoleic acid (c9, t11 CLA, 18:2) ¥ Oleic
acid (OA, 18:1)7} Myogenesisg £2&< ¢ 4 AN, ©]
Al AR 354 0% ERKS INKS| 2435 =8-S
o Z}[34]. 1A 2O 2 Retinoic Acide= C2C12 Al Z7} o}d
H9 hESC (Human embryonic stem cell)& ©] &3t 7|
@ ol o=l ?i:r%}‘ﬂ , 1 Z 3} Retinoic acid®] A&
Hjo} 714 2] 2 Zd?‘/‘ﬂd_(l’ax% Pax7+)2 9] H$
7 #H LM, Myf-5, MyoD, Myogenin % MyHC®] &&
AR, 28 Aol AA GA F7hehe oA FTH55].
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et WA E 9 myogenesisd "X & Bl dF in
vitro FEANA ] ATF7E 23] Ay AR £ Hd2

2] 7} myogenesis®ll W= @l O in vivo
T A3+= 2ud a) 9. o rps Ay 9 E
o] g5t Lﬂ(Agmg related muscle loss), ¢

A

Ao o

o (Cancer asso-
Eﬂ J (Disuse mucle atrophy) & &%
(Muscle atrophy) ST oA (Cachexia) ol #
AEAE T34 Muscle atrophyﬁ MAste 97 Table
2014 H mEep o] B ojgin

Oad 499 25 2 AT &4 A9 F & d4E ke
YE 2o Ajdel tigk A7t 7HE Bol o] Foi A
k3 A 59 FZE[28, 33, 58] Bk olyet AR
& M2 FEA0, 2919 44D A e @
F7h wol RuH Yt Fu2¢ HL& MyogenesisE %7
4 vt B1H Creatine A ¢ YA L AT ¢

ciated cachexia), &
|
L

o
O

rir

;3
H,

=
w5

:[1 7h Zaso] 3, o8 d A= Myogenesis
S Adee 25 &4 WY ABA =
T 7Hs 4

T gl < AN 2A7F dda A

l'l

g
A2 7
7).
o] ¢} o] Myogenesisg Z7lst& &3}

o

fr do ¥O % 2 o [o [
01r e

off rly

e
N

].

ol
N

o i PR 2

-

ps)

==

i

742

e



Journal of Life Science 2020, Vol. 30. No. 2 207

Table 2. In vivo studies for alleviation of several muscle wasting disease by Natural products

Scientific name Symptom Animal model Ref.
Aging related Sprague Dawley rats
Loguat leaf extract muscle loss (18-19 months old) 58]
Aging related Wistar rats
Nutmeg extract muscle loss (80 weeks old) B
Herbal formula (Schisandra chinensis hindlimb immobilization
(Turcz.) Baill, Lycium chinense Mill and Disuse muscle atrophy [10]
. . . Sprague Dawley rats
Eucommia ulmoides Oliv)
. . Cancer associated Tumor bearing BALB/c mouse
Citrus unshiu peel extract cachexia (CT-26 colon adenocarcinoma) (28]
Creatine Cancer associated Tumor bearing rat 7]
cachexia (Walker-256 carcinoma)
SGE (Ginseng Radix alba, Cancer associated Tumor bearing BALB/c mouse 9]
Atractylodis Rhizoma alba, and Hoelen) cachexia (CT-26 colon adenocarcinoma)
.. Cancer associated Tumor bearing BALB/c mouse
Sipjeondacbo-Tang cachexia (CT-26 colon adenocarcinoma) (11
Z-ajoene from Garlic Cancer aSS(?c1ated Tumor bearing BALB/ ¢ mouse [33]
cachexia (CT-26 colon adenocarcinoma)

Follistatin

Myogenesis positive | _
24 Natural products R T
~y

’ ‘s 1 . 0
P // I Myostatin
P ’ ,’? ,' ACtRIIA or ActRIB ALK4 or ALKS
’ " ’ 1
7 <. / d
1
Skeletal muscle /’ v
» ® l
or MAPK MAPK m H
ERK5 ¢ ®
MAPK A l
| LA ] ®
¢ ® FOXO03
(ion - e |
' v Cwarb )t
(werz) (vyop ) * ®

l l l p7056K I
v 1
Myogenic differentiation
Myogenic regulatory || | Protein synthesis |:
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