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myostatin/gapdh (fold)
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foxo3a/gapdh (fold)
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i) E—ﬂ'tﬂ,}g '}?‘B‘Hoﬂ HAE ?_]X]' (mufﬂ, maﬂ)&
dgo] F74E o R ddgort fFolxor
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myostatin/gapdh (fold)
foxo3a/gapdh (fold)

e S S o

N & &

(e 2gdd A4/ @8- Hlo]lL w7 E¢ mRNA 23 #3]
“p<0.01, ""p<0.001 vs OM

(th) Edol¥dd Ad =3t whs2oN &5 B}

- 16 7HE ¥ L5 ol

- Eold (=)

- IR REUR FHE
(200, 400 mg/kg)

8 weeks

Kim et al. ] Ethnopharm. 2018 212:175

[Ede) YA =3 FEAASY &5 B

IF
i
=

v ngu]—z.
z

@A A A2} F myogenin, myoD, mTORS &d Z7}
*54, 5

A S 78 8259 W3 g

R/
—
[e]

=5

¢ 16 /MY =3} v}9-2 (old mice, OM) 1F 3} =3} vl9-25 8 T FHo 2 EFold A7l &
(OM+Ex), Edlo|d® plg-2o] FEES F93 1F (OM+Ex+200 &= 400)°A &5 H 7t
Efolyd 24; 8 F7, F9=2 547
- 2ol &% :30C +5C

- E9 Zdo] : ok 15 cm
- FxZe] : ¢ 30 cm
- $5FYAT 1 1~55F — 1 min/day, 6~8F, 2 min/day
8 FEek AdE FFE (200, 400 mg/kg)S AT Fo3t
o w=0lA 274 g RT3 HEH e v~ (young mice, YM)E ARESH
o A JZT 2 2 oxymetholone (50 mg/kg, OM+Ex+Oxy)S 77 Fo gk
e N8 FEE 9t AlFT Wele o HAE Treadmill HHZEE o] &3 8 (Muscle strength)
< ks A3 ARE FEEC] Edold AT =3t 55 &% 95 T7HAIIA XS g3

10

Body weight (g)

-~ 800
> E
[} 8 ]
= O 600
45 £ c
o 6 E
c (]
40 ?.. 5 400
» 4 o
* 2 £ 200
30 © g ﬂ
2 0- x 0
0\\‘ Sq;- xo,g xq9° xvg% & oe xd- O'ﬁ qu@ }QQ S
361 S & ‘g«;r ‘ggr N ,@** & &
ow 1w 2w 3w 4w 5w 6w 7w 8w S o o 0@ o@ o\\*
*P<0.05, " P<0.001 vs OM+Ex “P<0.05, ""P<0.001 vs OM+Ex
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[AF W3] (8 HZ2E [Treadmill &% %% %7}
eelolgdH g Bae) mad BE 24 QHstd, Wesd B
- AhAEE, gRAE Rl WaE 74 AAe A% dul 2% gu ¥oAs @k A, oM

- 3 Bk A A dEkE 4
OM+Ex+F &8 7o 1w 3+ W3}t gl

Ek

(i
OM+Ex¢ OM+Ex+F&%& Fol 1w 7 W3 fla.

2 oy A
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"P<0.05 vs OM+Ex
[2e] FA] [F28 Xt FA]
A9 wA W
gz kAl ozl (mbhc, myogenm myoD, mTOR, Ak?); X””*Z] oA ok
HIE sl AR BRE 4 A, 2edold W) FEE (FE FE 40
# 3 w3} vk OM+Exol W&l myogenin, myoD, mTOR-"J ddol ¢
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s S 4
= 3
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myod/gapdh (fold)

Akt/gapdh (fold)

mTOR/gapdh (fold)
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T
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9 &9 Fo & & P xfb@ x@a
S & & ¢ S & & &
X
S o o s & &
S s‘x@*. Rl S o
o ’3’4. xQ;\- x@'
S & &

[(Fax< @92 4 #3 vole w59 mRNA 23 W3]
p<0.05, “p<0.01 **p<0.001 vs OM+Ex

_27_



(2) F&54T 71 (F)F2D)
71 989 AAE, 29d 55 ¥u
TUle] FEHIAE LYUF 5 b B E desigoy, e 54 9 53 AES g1
of FEHES A% Zt FEE sl Myogenic effect, Anti-myopathy effectE #7138 &
: 2 92 59l A4 E
® zas
T8: 6.26% T=: 7.25%
Tt7}: 5,833%/kg Ct7}: 10,2008 /kg
- 92U 40
@ dY MH @ L+ ® 45 84
+2: 12.66% +2:20.81% 42: 15.20%
7k 42,0003 /kg TH7k: 28,0003 /kg tH7t: 28,0008 /kg
h F& 2 A3
SEUF Ak 50 g& 4 & 50% A EFEE 80ToNA 417 SF FEHdl FHEEL F53
£ 50% ofl gk
NEF 50 g (&)
|- uj) = 500 mL
FE AT 4AZF (23])
FE 2= 80C
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® Myogenic effect of AJ-extracts (A%, 2.9/ | m)
2Nzl 2otttAolN 23t R &4 ot

ext. [1 ng/mL] -1 2 3 4 5 6
MHC

® Anti-myopathy effect of AJ-extracts (2HX|, B.9|'d H|m); 15 Exp.
Dexamethasone A{2|2 ZRAZ0| £42 7152 I Al22| 2= 20t Hot

iz P T Avem Dex. [200 pM]

ext. [1 ng/mL]

. - 1 2 8 4 5 6
e

Pan- --------
cadherin

5.8

4.7 bark

m o

e

Pan-
cadherin 5. 3 bark o
6.(FStem by MU Rex 1200 1
ext.[l0ngmL] - - 1 2 3 4 5 6
A O S |
Pan | G D NS SN e wm " o=
cadherin
® Anti-myopathy effect of AJ-extracts (AHX|, £ 2|8 H|i); 209 EXP.
Dexamethasone H2|2 TEA|Z0| £48 7hle O Al22l Bs 53t ¥7h
Dex. [200 V] Dex. [200 M]
ext.[Ingml] - - 1 2 3 4 5 6 ext.[l0ngmL] - - 1 2 3 4 5 6
MHC | o - —— MHC | - -
cadherin cadherin EH
Dex. [200 ]

ext.[0ngml] - - 1

40
5. &M bark
6. (Fstem by MU

o RN HEAE THs B9

(5 MBI Ao 2 HBE 4 S 2ol %%
1A

rar— o 3 . s N = LEM '\i"so Hl o‘rl a9
il 33 7|ElE3 E= AR ofE T=E4 (Aot ez
B7}008500 e 22|% Japanese alder Alnus japonica (Thunberg) Steudel 410, 9/ -

)

t}) HPLC 244

_l

<Aoo b A, A ET >

Time (min)

0.1% TFA(%) ACN

(%)

0 90

10

12 75

25

Mobile phase

24 60

40

30 0

100

35 0

100

38 90

10

45 90

10

Detector UV 280 nm
Column Agilent Eclipse plus C18 (46 mm x 250 mm, 5 gm)
Flow rate 1.0 mL/min

Injection volume

10 ulL

Temperature

30T

Instrument

Agilent 1260 Infinity

¥ (mg/g)= (AN 5% (ug/mL)x 3] A &

FmLXx FEFEE))/ AR

& (mg)
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38

@ LYUF I (HE 2HH)
-] i J||I 0 ‘ ' i i
@ L2y ()
5::1' A ; _._.-\_ffk_..‘._,w.ab'\._._.n - - -
® LYgUF FI(HE 9H)
§ T |
(vh) 28
HE AR 59 Oregonin ' %] T
@ AE 93 | 54 8865.3 6.26%
©) A= 54 7979.2 7.25%
® A A4 S 8074.9 12.66%
@ o] - 9 15913.2 20.81%
® AE A9 | =y 10217.6 15.20%
- 5d FE2 626~725%%2 st o, 73 F&2 1266~20.81%= <l
- 8% 2 AFAE VFsA SUS 1yEkd, 7 43 dAks gt e g4

U) dAs =3 494
(7}) HPLC &4+

Time (min) 0.1% TFA(%) ACN (%)
0 90 10
12 78 22
Mobile phase 2 0 %0
28 100
30 100
32 90 10
35 90 10
Detector Uv 280 nm
Column Agilent Eclipse plus C18 (4.6 mm x 250 mm, 5 um)
Flow rate 1.0 mL/min
Injection volume 10 uL
Temperature 30C
Instrument Agilent 1260 Infinity
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e (mg/g)= (HEFA T E(ug/mL)x 3| EF(mL)x T=F %))/ AN EH(mg)

) & &9 474

AAE AR LUy Fu
&l MeOH
A 5w lg
&l =F 200 mL
FEAIZE 60+
FELL 25C

o FZ8ujo] W2 F%E9 HPLC Z3 (Oregonin peak : 15.3 min)

= e T DO =
-
g eyl
@
"
o d
I -
7 T W - I e - -SSR | W S L U | | e e B = ST Pyl
n
[=E S T R
- | .
0 | @
CE
o |
-
= f i
i BSNIPOR | RS | s | W oy ~ — A
a B : »
= = o
mild
e g i
: J
|| f ]
PP - | S S - I S R S
] ]

H3 F= & Oregonin 3 &gk
) 50% MeOH 19.10 mg/g
@ 80% MeOH 20.76 mg/g
©) 100% MeOH 20.10 mg/g

- Oregonin¥ & H¥+ 19.10~20.76 mg/go =2 YEM
- 80% MeOH>100% MeOH>50% MeOH <=4 2 Oregonin ¥F# o] =& AS U3

(th) & &= 43

A E B QYU Fu
& 80% MeOH
A lg
Sl 200 mL
FEAZ 60%
FEL 30~70C

o FZLLo WE %L HPLC Z% (Oregonin peak : 15.3 min)
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u T | P | T
p - .-l |‘__..,_.._,~.J\A_J\I_A__.. .
| @
_‘ e, i._.._.-...!n\./\_.l"\_l‘ e |
o FE Lo W sEG
M5 FE 2E Oregonin 3+ 3k
@) 30C 20.94 mg/g
® 50C 21.77 mg/g
® 70°C 20.72 mg/g
- 80% MeOHZ F& &1 dA4¥H1, 5 % 2/ 39 2539 F55 1Y
- Oregonin¥t % W= 20.72~21.77 mg/g o= e,
- 50C>30C>70C <A1 & Oregonin =< ¢ 3kol
() F& AT AA
Mz M E|LF =1
Zof 80% MeOH
AN=Y 19
2ol & 200 mL
FENZH 30&,60&,902,120=2
FER2E 50C
o FZEA7to] WE FEE9 HPLC Z3 (Oregonin peak : 15.3 min)
P h ®
{ i __.__\___,_unl | P, S
(3 -.-n-n.n—,-._aE- 3%, )--.-:.‘.wav.--c,«l:;m'-:-:--.-. ] . L.
l ” 8
N; '.]' R S y Y
U | SR VU : P
o FZ A7Hd st
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A =2 A7h Oregonin a3k
D 308 19.06 mg/g
® 60% 21.69 mg/g
3 90E 21.36 mg/g
@ 1205 21.41 mg/g

- 80% MeOH, 50C F%

(v & &9F 44

=1 AAEHD, FF AEES
- Oregonin® % M9 E 19.06~21.69 mg/gl. = YERS
- 60F >120% >90% >30% <A = Oregonin g

tEA she] gt

o
e
=
o

ANz AR LU Fu
& o 80% MeOH
A, lg2g
&l =% 200 mL, 500 mL
FEAIZE 605
FEXE 50C

o % g wE HPLC A3 (Oregonin peak : 15.3 min)

| @
!
= l
|'|
5 i
| 2
0 || 1 \
o = Sulek SheFgk
W3E =22 = Oregonin $F#3zk
) 1g/200 mL 21.74 mg/g
® 2¢/200 mL 23.25 mg/g
® 5g/500 mL 23.77 mg/g
- 80% MeOH, 50C, 60% #% x7lo] 4453, 35 528 B2 so] 2% 75
- Oregonin¥ % W= 21.74~23.77 mg/g o & ER
- 5¢g/500 mL > 2 g/200 mL > 1 g/200 mL <4 & Oregonin %<& 3t%S sHelsh



3 RES AT
£ 44
23}

o) AxF
oh =

* /nvitto &%

shakel 2377 mg/ge +10%o 2 A%

Asae

- MHC expression level® Anti-myopathy effect B7} Al olElE 30, 50% FE=EolA &7}
sks sk
o & Sy & ¢ T v
S FE81
= 30% EtOH 50% EtOH 70% EtOH
A 2 E e (mg/g) 148.46 155.13 161.47 149.52
FE T 9.18 10.30 11.778 11.20
- &, 30%, 50%, 70% EtOH 47} &z 3 F F&& A3 (& , 500 mL, 8A]%F 80TC)
- ABAE g% A= 50% EtOH>30% EtOH> 70% EtOH> % 736{; 4 oz 3913},
- 8 23+ 50% EtOH>70% EtOH> 30% EtOH> & 78‘55 Moz 3lold}
- invitro 3% A% ¥ F&F F£& Z2Y4E ngo® & &= 50% EtOHZ A4 g
() & 2= 42A
dAE R gy
& 50% EtOH
NEE: 50 g
Ll & 500 mL
FEAIZE 241 %k
FEL 60C, 80C
o FZL2%of wE HPLC Z¥ (Oregonin peak : 15.3 min)
- A= ;{%:@} 03_? [2) 7}] FAHoR 218
‘|| e
¢ I _L_n;x__J |tu.._h_._ﬂ,-\.n_f-__- e
- \ @
:a: i - o J_ﬁ_.__-‘ IL'\—--\-—-:—\_F‘\-\#"‘“J’"\_J"“M_-‘_:—LJ\- -
o F& 2nd TG
HE FE 25 Oregonin 23k T&
@) 60T 186.80 mg/g 4.38%
@) 80T 204.25 mg/g 4.54%
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- 50% EtOH=Z F& &ul7} AA¥3, 5 2585 24 39 3dF 5 d3h
- Oregonin® % H9 & 186.80~204.251 mg/go & &l3
- 80T>60C +XA=Z Oregonin =& 3F=F 3Felsh
(th) F& A1 43F
s R LYY Fu
Sl 50% EtOH
N 50 g
Sl =¥ 500 mL
F=A|7F 4, 6, 8 104zt
FE2L 80C
o FZA|7bo| W2 HPLC A3
- AAE 2Fs AT [2-7H Ao 3
”: A._._I,J" - T S P,
= | 5
o ]| =
“: ] _H_..r___l l\_.._._._._, o, A . G P R TR Y R e
:E- | [EX
I SN VS N SRS ey
e | @
o I
“: ‘ _‘_,w_.___‘,_,“ __.‘__.-\_/\_r-._\__'f\ e i 3
o F& AZHE
N o 1A= 22 FEE Oregonin Oregonin
Mel F2AT S B v g dog TE
@ 4A 3 0.88% 0.17% 9652.4 mg/g | 163.33 mg/g 10.15%
@) 6A] ¢ 1.16% 0.28% 97772 mg/g | 165.32 mg/g 10.80%
® A ZF 1.38% 0.27% 10356.4 mg/g | 174.57 mg/g 11.48%
@ 10A] 7F 1.34% 0.26% 9465.5 mg/g | 160.23 mg/g 10.48%
- 50% EtOH, 80C= F& =7 dAHIL, F= A =27 sto] &7 F5 IPFh
- Oregonin¥ % H+ 160.23~ 17457 mg/g o 2 &3},
- 80C>60C A% Oregonin =& &= 3<%
(=) 28
o OPUF FEE YHFAMN FHALS A5 dAR FF8 FHE g LU S E g
oR FE 2z F ko] wE (0-100% A e2) FE2E9 in vitro &% W 2



e 2u-xA (60°c, 80T, 108 =)ol wet 23] whE FF Al & Ade 257 FoldsE F&o|
Sle=s ( , 60°C: 4.38%, 80TC: 4.54%).

o AZtx <4 6, 8, 10A17h)ol e} 23] WHE & Ale] & A= 8AIZtolA M & =3k
(11.48%). 1eju}, A7 FE5E B84 54 Wol Ao AL FAHA Gl = A3hshA 257
o= }E% LU FEE Az AFS FF A 6110 E HAT

) AF(FE) AE 244 2 EXY a7

(7}) HPLC &4+

Time (min) 0.1% TFA(%) ACN (%)
0 90 10
12 78 22
Mobile phase 2 I 20
28 0 100
30 0 100
32 90 10
35 90 10
Detector UV 280 nm
Column Agilent Eclipse plus C18 (46 mm x 250 mm, 5 gm)
Flow rate 1.0 mL/min
Injection volume 10 ul
Temperature 30T
Instrument Agilent 1260 Infinity

St (mg/g)= (A FA T Z(ug/mL)x & F(mL)x E+ETE))/ A 5% (mg)

(W) 289YF FE2E AE 4 (Oregonin peak : 15.3 min)

D B[} =TT
(Al 28

]
H

Lt
oty
d

D E|Lp= ==
1= ==) Cr =1

ﬂH

Orregomin

Hirsutarsoareod

Hirsuternore

Platyphylloside |
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(th) 28
o YU FY HESZE 4# A, Oregonin, Hirsutanonol, Hirsutenone, Platyphylloside 4% & &
FAE W, L UF F=oAM Oregonin 53+ FFE A retention time®] ELsFF o, o]
T FEEA4 & o] H]&} Oregonin®] #&so] Holds st
e Diarylheptanoid ¥ @ ¢l Oregonin< Alnus%; 2 &4 AR = HEA RO ERE XFAHAEORE

AAsE Aol whgAsitn Bay.

L >

Oregonin<

v}) Scale-up €8T A A7 (ALY 1Y (lab) R &9 74 &)
Oh AzEAR (kg 9RBF 2 IA)

AZFTA AE, AFERME 22
QU (Alnus japonica
2
A= (Thunb.) Steud. (1840))
y
13 & 50% T4 80+5C, 7+1A]3F
2 o3 (AA s F=Fe] 108)
!
22 & 50% 74 .
2 o3 (@A E2e 100) 80T, 71412
!
s AR 15% o] 4
- 607C /40cmhg ~Full Vacuum
!
: F2 oul 105, 11
ik 2l 1)
y
I~ 3¢
BEgz %% 150457,
T W) E 85+5C
y
3 YT F= 22

(W4) F& A 44
e HPLC Az}
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T SoET % i e T T e S BT A SR B

+HEBpEE b
@

v
I ST S R T AT T W AT ST

wsszii b
C
|
L
&

¥ I—

. A %
i ik ” RN
e 3% AI7HdE Oregonin W4 B
5 5 = Oregonin ¥ = W %* | Oregonin ¥ = ™%
HE Scal FE AT L B K
cale up +% A (12 %) 0R 22)
@ 64 7F 607.3 265.0
@ TAI % 1182.6 995.0
® 8AI%F 1302.3 996.4
() FZA o) g EFAXE 4

HE | FFE brix EE
)
RSt
(DE20)
A
&)
14.6 brix
©)
RSt
(DE12)
A
@
®
g
(DE20)
vEAx
® 19.6 brix
RSt
@ (DE20)
TANx




(&}) HPLC &4 431}
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o
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(W) HZFA
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o

o
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o

]
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A

wHIARTEH o
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S

JJo
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100.0
2.49

1.38+0.20%

100 kg
80+5C, 817k
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\ 2) 9% \ 5 ym catridge filter
J
3) 2% %23 50% 78 80+5°C, 84| 7 0.2+0.20% 0.42
e (A= FFe] 104) e R '
J
‘ 4) A3 ‘ 5 um catridge filter
J
I E 205% 25%
53 29.51 7375
A 25+2 Brix 25 Brix
J
\ 6) A3 \ 80 mesh
J
_ R A o] 111 30~35
) W ared @7t Brix
J
At
$%E 18045C,
B erdx OHH% 955
J
\ 9) 93 \ 60 mesh
i
EEOEET

85.28 20.00

e 23§ 53
ok FE Y OM DH#MW TR grEQ 019494 gaEd 3
(R FA oH HF 11 92E- H7h
o TAANY FAHA
8 R gt A

) 42
Fug NAPAA

SB-SAABEO NB2N GO AR UE

Fng NFAHA

[® o%h= asausean roE-ansEo AN S0 a0 vE,
L 0 08 200 oeUIC

o @& 20l oD,

ABY [ddRLaReEUNI-435) (Hu m» A5
Wi (@ ‘ [era.8am B

A7\ A9A $AT AUL1T AE R

Asprk 2l AT A G 2o

EHst R,

AL AIEEIE 9 Y 0,
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Fa8 NPAHA

BoIax TAE-ASBE0 N S0l A0 HE, 0 DE 20l 0ULID,

- oq
W #Hd 0.0381 mg/kg, 7F=+H o 0.0096 mg/ke,
mg/kg o2 AEHAN o V|EA = vEY 3
03, A7 eAE 715 95 Ao #F qt

(th A= 95 g FF £4 23

A9/ @ 1

A D2022102130 &
smvomessonn 38 A WA HA
E UANE HESUSUEN TAE-AXBEO) NE AN S0 B8 BE, O 02 20l GHOT.
=
PRSI R e
e St }

[ s va

aq

Azex
e |awe

asvsomaieis

B —— w
PR

104
P
AYSE & AU 2am

C R — EET) e
(Oregoaln(me/e) 6298 metatman. 53,14, w258 a1

Ay e

AL A
el @k g ol
A7} gl AweA B

Oregonin St =% 82.98 mg/g 83.0 mg/g ¢ 80~120 %
w 0.0381 mg/kg 1.0 mg/kg °] 3}
e I=F 0.0096 mg/kg 1.0 mg/kg ©l 3}
e R 0.0264 mg/kg 1.0 mg/kg ©| 3t
FTre 0.0033 mg/kg 1.0 mg/kg °]3}t
u A& o] gt =4 =43

A LUFFEEDT AEHY Bl

oYU ERY T Oregoning Az WMo Agste] Fd, IFss 2N RS

_42_



AES. FAHY FaAS AESY] H8A 5ol A (Specificity), #4 4 (Linearity), 834
(Accuracy), 294 (Precision) 3% AEZ W33t
= 371 Az
£ ol 1 O HPLC =4 A ®FE AR O °F16 ol peak H=
EolA (Reteilltior; 4t@iﬂm(%)iﬂg D 21O (?\maxl 280 nm :
S Peak® 7ZHHdAS #+5F &<lo reference wavelength: off
(Specificity) 2 HE O Peak 733 HA gl
AL O w789 6/ FEE 3ME | O XFEY 400 ug/mLE NFoR 25 ~
AR | a9 | O AHAH FA R = 099 800%, R* B ak = 0.999
(Linearity) | ;o | O A% 57} si2 3k O A& 10 mg/mLe 7]FoR 25 ~
1O AAA el R = 0990 400%, R* Hirzk = 0.999
o O EF89 3/ v==z 3w, _
. O %f% 7%4%4 F 90~108% o] © g‘z}o%%%;é‘ 1505—11:10%50;;5 ve/ml. 9
(Accuracy) U= R o © T=(%0) Jo.10~101.05%
Y el Sostof 3
L O &4 Az
O wxEgo] #Ao 37 o]Are] 3t o =T
Rk ol WA oA o =g wBB: 83508 me/g
i i, 2AZE Afele] =H@ | - SD: 0198 me/
(Precision) %’E o OL]O%/‘ Fol 9] H g/8
- %RSD: 0.11~0.38%
(W4 2 2 AFEELS A= I
o YTEdAx
- Oregonin ¥ % °F 50 mg2 25 mL AE&Z 23] AE3| o} 80% MeOH & <€A W1 10
B 2539 55 ¢ H, PVDF syringe filter (045 um)® 343 AS EF8&qo 2 AL&E
- 3y 3 80% MeOH=ZE A3} stock solution® & &tal 2 A3 3|4 dle] TFLHNo T ALR T
o AlF G HAZx
- AR 2g% 200 mL &2 AU o} 80% MeOH & L 50TCoA 607 T 253
F=3.
- WyEte] 80% MeOH & A &3 ¥ PVDF syringe filter (0.45 um)& o] 33k A& HE A&
o2 A%

(th) HPLC ¥4 =4

Instrument Agilent 1260 Infinity
Detector UV detector (DAD)
Wavelength Amax 280 nm (reference off)
Agilent Eclipse Plus C18 (250 mm x 4.6 mm, 5 um)
Column

5o ols BEH A

A: 0.1% Trifluoroacetic acid water
B: Acetonitrile

Time (min) A (%) B (%)
0 90 10
12 78 22
Mobile phase 24 70 30
28 0 100
30 0 100
32 90 10
35 90 10
Post time: 3 min
Flow rate 1.0 ml/min
Injection volume 10 uf
Oven temperature | 30T
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() Ad 2%

e Eo] A (Specificity)

- AT AP agutEaRS T HELDN st ggo] gles A
- A8 AL A T Al dig HFE AR 162d) 2 A2FER dgo]
] &k,
B&8ol Al 8o
JZ20tE 18
| b
AT E & 00
— i—d 750
< ATEA AP LA UV ~HEH>
o XT8N AXMA (Linearity)
- Oregonin %% 57) o]do® sto] 3ubis 4% A3} wees Adee AAEs 0T
JiE WHola, AAAFR)E 09901 o2 2Helgh
NES 1 2
2% % (ug/mlL) W= (Area) 2% 12 (ug/mL) W A (Area) 2% 12 (ug/mL) 2 (Area)
1 104.563 560.6 102.058 579.9 101.162 573.7
2 209.125 1153.0 204.115 1166.8 202.324 1156.8
3 418.251 2350.9 408.531 2394.9 404.648 2437.1
4 836.502 4811.1 816.461 4860.9 809.295 4885.0
5 1045.63 5897.9 1020.58 5956.8 1011.619 6062.2
6 2091.25 11829.9 2041.15 117845 2023.238 11788.9
7] &7] 5.9317 5.9014 5.9126
y&aA -14.903 31.245 49.467
R® 1 1.
14000 14
12000
10000 A
8000
b 1.5TD
75] %)Uﬂ 6000 : = L ’ :1;
4000 - A A4 T,
L3S (1.5TD)
2000
0
0 500 1000 1500 2000 2500

<Oregonin F &N o]&3 HF 24>

o A7 AAA (Linearity)



T 1 2 3
A E(mg/mL) | WA (Area) | A¥=mg/mL) | WA (Area) | ¥ %=(mg/mL) | %% (Area)

1 2.509 1322.2 2.505 1307.9 2.501 1322.2
2 5.018 2659.9 5.011 2663.6 5.002 2659.9
3 10.035 5281.2 10.021 52255 10.003 5281.2
4 20.070 10414.0 20.042 10447.3 20.007 10140.0
5 40.140 19993.9 40.084 19598.9 40.014 19993.9

7] & 7] 495.63 486.58 497.19

yaH 225.08 290.72 225.08
R? 1 0.999 1

AgA

<Al&% Oregonin 7 =A 24>

&84 -34 8 (Accuracy)

S T A, AA Hi 3 5E2 99.785% = g3
2 gol 7} Oregonini 4876.48~14991.40 ugelB =, 7]l uw}

> 0.1%(1 mg/g)el™ 3582 90~108% oW ofoF 3.

i
g
o
rlr

SR AT H58 TR 98150~ 101.045%% Ao elE|o] s)Fe] AFee Bl
st (ug)
4876.48 10042.80 14991.40
1 100.668 97.338 100.421
2 100.228 98.552 101.890
3 99.587 98.559 100.825
shekd 93] = 8(%) 100.161 98.150 101.045
AA AE3TE(%) 99.785
3 5& FIH%) 98.150~101.045
< LPUHFFEE D9 Oregonin $HFitAd o] 44>
A9 = (Precision)
- AEAd g AFs Jdastaxt, gd AgAdA Algd 1 AlEA 1 AP E 3 HuE F

2022.08.18 2022.08.31
83.610 83.428
84.017 83.159
84.031 83.495
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83.721 83.448

83.475 86.428

A% (mg/g) 83.771 83.294
RSD (%)

0.29 0.23

[(HA SA gkl A RSD]

e AR
AdA A A2 B

1 83.428 83.566

2 83.159 83.560

3 83.495 83.407

4 83.448 33.461

5 86.428 83.347
27k (mg/g) 83.294 83.511
R 0.23 0.11

[H A ZA gk B3 RSD] ' ]
<APA: e AgA>
o2 A A
Agilent 1260 Agilent 1260 11

1 83.610 83.239

2 84.017 83.115

3 84.031 83.894

4 83.721 83.384

5 83.475 83.638
B2k (mg/g) 83.771 83.454
R 0.29 0.38

[AA] =A g 3k RSD] ' ’

Oregonin =¥ E
HAEHI A|FE&N F Oregonin I AW ~HEZHo] A3},
EF=E 9L 100~2000 ug/mL 9ol A R?=0.9990] 4, Al 8 22 %% 25~800% B9 WelA R >
0.990 2 gRlxo] 2 HddS g3
Algg o] TFEZH©25, 50, 75 ug/mL)S H7Fsle] 3l+&S AES A AA 348 Hid2
99.784%, 3|48 T37F 98.150~101.045% .2 ATAS &3
o T Ao AlFA H AR 3H AlE ARz A 3
@ H9olA RSD 0.25%= 717152 RSD 4.0%°] kel 2 3ts}
o B AHHOoR QYPUYFEFEEY = Oregoning EolA, AXAA, AEA AULE HAEZ Ay

HUFFEET T Oregoning w4 8t7]o] A ¢ak Aldes g3

oy

o) &34 AT
Oh FEEF AR

e 2=H
T
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5.0
45
40 -
235
&30
&
©25 7 = -
320 —*=a0°C
©15 —*45°C
10
05

00

- 670 E7EA] ZFEA D A3, R 5% WelE AT T Rl
el

(o

*
(4) A EAHE(Oregonin)dl @& #5713 4=

14000.0

12000.0 y =5.7253x+105.2
R?=0.9994 .

10000.0

8000.0 _

6000.0 -

4000.0 '

2000.0

0.0
0 500 1000 1500 2000 2500

o AFgAo] A
D Oregonin = (mg/g) W3}

88.1 y=-0.2394x+ 85.343
RI=0.9883

861 |
E—a- g r y=-0.2974x+ B5.421
T 84.1 r i " R? = 0.9768
821

80.1

* a5
B 40C
A g5
HE (25°C)
ME (a07C)
Month HE (45°C)

Oregonin contents{mg/|
-J -~
o e
PN

741

70.1

@ Oregonin 3% Wslel 24 F
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a.7 { B
1 B0 — BBy 000
- s
S a1
* 5
38 B 0
45°C
H & (25°C)
35
0 1 2 3 4 5 6 H™ (40°C)
Month HE (45°C)
o TAAEYE WMSETAAF(K) A&
Jk-S- 2} 25(1) 3 AYA A AR A
25 Y = -0.2394X + 85.343 0.9883
0x}Y 40 Y = -0.2974X + 85.421 0.9763
45 Y = -0.2936X + 85.389 0.9900
25 Y = -0.0028X + 4.4467 0.9884
122 40 Y = -0.0035X + 4.4476 0.9765
45 Y = -0.0035X + 4.4473 0.9898

<AFeEH FAAE WSEE F5>

DY=KX+BX:A G711, YiAZ71 15 X5 A g e

VY=KX+B(X: 47|17}, Y: LnA, B: LnAgK:8FHS-4 E4H7)

4 A3, ARAFT =
Ql Kos¢=0.2394, Ky 02974 K45(

o 2o W FAARY A5t UA(Ea) A=
= %=(C) == () 1/T K LnK
25 298 0.003356 0.2394 -1.4296
40 313 0.003195 0.2974 -1.2127
45 318 0.003145 0.2936 -1.22585

<A stellqA A= (0 W-8-2)>

© B AUA AE =
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A0
0.0031 0.0032 0.0033 0.0034
=12 6.\
_\_\__\_"‘--._\_‘_\_‘_\_
T

" 14 —e
5 y =-1060.1x + 2.1368

-1.6 R? = 0.9222

1.8

20

al

LnK = —(Ea/R)(1/T)+LnA = -1060.1X+2.1368
(R*=0.9222)

-Ea/R = -1060.1 — Ea/1.987(7]1A41’45) = 1060.1
Ea = 2,106.42 kcal/mol

f
>
i

o %77 A
Agata] e F7he] HbSEHEAR(K), AbEE & (K)o R2REH §571HS AEg

25(C) T 1/T=X LnK K 5145 K'
10 283 0.003534 -1.609136 0.200060 5 1.000302
15 288 0.003472 -1.544103 0.213503 1 0.213503
20 293 0.003413 -1.481289 0.227345 2 0.454689
25 298 0.003356 -1.420583 0.241573 2 0.483146
30 303 0.003300 -1.361880 0.256179 2 0.512357
A 12 2.663998

LnK = -1060.1X+2.1368

K:eLnK
Hz3=A) =214 B) A-B K' 5713k
61.4671<¥
85.281 68.225 17.056 2.664
(1869.52¢)

<R WAL ol FH FEIIZ HE>

fr& 71 = (A-B)/K’ x12¥ = (A-B)/K’ x365%

(th A&
449 7683 AWl AAAF 08% FH: A FENF BYSd D FEE Wt FF 247
42 oPUTFERLY FE/12S HAHGS
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(3) @774 =3 8 83 A3
7h dEWE ALY R BES AT

[y 1 10360 3000
MHC | o e — — —

Myogenin -

n-
cadtierin | G m——— —

Do D1 D2 D3
Org e 10 0 16 0 10 © 10

———— -

Pp38 |
p3s

th AR FAHEE TE 2N &F

Relative soleus weight
(fold)

= :
;6_ 14
- 12
3 10 |
& s
2
T : L
3 4 a
RS P O
PR e Y |
R A

e
dz
2
fa
L
'
o
ot
A

Grip strength/BW

Grip strength (N)

Rota-rod latency (S)

EEERE

myogenin/gapdh (fold)

% (AF =38, A4 =3+

44

ol
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=
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Rota rodH]|2~E /|4 &%

=&93¥ (J. Func. Foods)

M o

ol
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=

2
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polt ot

2 iy
o
[
oA e

==

A

% =)

el iE M E% (R
A3}

2534 QA wd &4
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) oHadel % MEZE

sirte
GAPDH | —

Cell Number

uh) e#amdd s

Org 0 04 1 10[uM]
sirtt | & & & "
si2 [ 88 S8 &

LEEL]

Sirt4

ATP contents (fold)
°
B

300000

Hhk

250000
200000
150000 e
100000 “
50000
0 -
NC 0 25 5 10 Met
T Coceramide
C,- Ceramide (50 uM)
Oorg NC 0 25 5 [M
P53 | e —
P21 | e —
CYClN ET | o o o

Pan-
cadherin

=3 A

o A TS

10 [uM]

Oog 06 00101 1 5
PGCI0 | e one cn <
p-AMPK R e

AMPK

p-actin

og 0 ¢ 0 5 5

10 M)

*P<005vs0 NRF-1

l:o‘:
ol

[Oil red-0]

5 10 10 10 [uM]

[B-galactosidase]

Cyceramide

C,-ceramide
e T 7
- ¥ te ) 4
P 1) Hiveg syt L] lami : :
3 g - el LR s, & g P
A | ngx * " ox s 3
Ne 0 25 5 Met

Scale bar = 100

Met

Scale bar = 50

SIRT-1, 6 W& %7}
PGCla & F57F 2 319
Az HES7F (NRF-1,
TFAM)

AMPK 24 3}

ATP A4 Z7}

Co-Algtrtol = &= =3}
AA &5

AE AEF A
AEF7) AA A

A4 4 4

B-galactosidase 74 & A



3. AT ALAAY 53 27 2L Bx 24 AE
1) 4738 23
(1) ARH 7ML

194 1x9 =

T R Tk
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gl AEg
img}lﬂ% 12| 3145|6789 101112 ©
A= FF3}
L g 100
Az2TA
2l gzg a7 100
AE(FE) AR
ey 9w 100
Scale-up 34
YA 10
= = =
5| 1F== 100
g5 H7)
YA E B3}
6| %70 8% 100
B (in vitro)
)
7| meeq EE 100
Y7} (in vivo)
1944 239 =
AN 2
S e Hed
i 12| 3456|789 101112
P
U o ag 10
71 2
Al & H A A
2 U] UHH}HH—]C’ 100
= T u
validation
3|84 A 100
SRR
4 ﬁﬁﬁ° 50
<95 A
dEERE: 100
=3 mdo A
6 | 2% H7F (in 100
VIVO)
= AEg 92
294 19 =
A7 7 -
lazme ] A
k=l 12| 3456|789 10|11]12]
v E £ = g o}
Y 7t G
1 |\n vitro) % 100
WA @7 A%
Al T
=<5
100




(in vitro)
Egeld Azl
3}
3 | Phg-2z=el A 100
g% A7 Un
Vivo)
F =g 100
7H F3 713 (992 En)
(7)) FEEEY 5% ¥t
o XA HH FEHE XA
o & AW FEE TUANE B3 &% H}
o 71 750 g 2 FE &9 27 &4
(U4) 24X B3 3 8% X (in vitro)
e FEEY I2FEH FEE Hady edude] 2HdAxE 23 3 g% A
o %3 #d AAE(MHC, Myogenin)9] &d 7} ol
e 3 kel gt

(th) 28 AE &4 2dd A F&5E3 225

T EHES ZE V|Hdo® p38 MAPK &4 3
=]
Ein

A &5 F 714 F7} (in vitro)

245 owAd B g4 (MAFbx, MuRF1)¢ 23 7HAa 13
A ERER Qe A f EAE v EAstE S gl A 71d (mTOR) 2 & 3te 23
717 (NF-xB, FOX03a, MuRF1, MAFbx, Myostatin) 15| that F&&53 &% @5 93

o ol o3 FHAE MEZ=ol AFAE F7HE Fetr] f8, w3tE SHAEe] Y
dE& Agste]l AMPK, SIRT¢F PGCla®] & %f‘éﬂr a9 fFHAE] HHs FA4E

o T3ty A EAA #ade ogk AMPK % SIRT 1, 6 €k§ 2 PGCla®] ©ulz wd o] F7}g
S gelst

o oo o3& mEZ=g ol NRF-1, TFAM, PGCla A=A @& o] Z7}3

o o¥adel oJg mEZE=go} AFA Tt AR FF9] oA YA ATP Aite] =old e =
3%

o 2o 93] AMPK, SIRT, PGCla ©¥ & 7} NRF-1, TFAM, PGCla®] mRNA #d F7ls &
3 =% Ax nEZEgel AFAHS FAA % 7S FAANL F ASS g

(") 25 AEAAMY Fx3t 35 BH7t (in vitro)
. Cz—*ﬂ‘j)r“}o]l:— Aol gk w3t AE oA dojubs AlE F7] AA e} oo} pAE ww

(vh) =94 = %’V‘ TE EddA £

do] eeade os) 3)EHS gl
w3bE 25 *114011*1 et A 54 =314 B-galactosidase’t WA S7H7F Lelardel 9
3 A€,

edmde & AX w3t 9A &%

(¢

S} (in vitro)

iy
om OE

9 AL Ef & OE e +4a%

Al =
= [e) =
S Fesol A Y AAS QLR 2 BY (nyE A gy 11 925 A7he ARE 32E

o

=55 100, 200, 400 mg/kg® 4 F1F AT Folg npg-~of @A EFE (1 mg/ke)S

2 FAstel 2l 5B RYS _

- o Eﬂiﬁ, Rota-rodH| =E & o] &3 &% 5% %7} (Behavioral pharmacology) Z 3, @ A}v] e}
o oef Astd & TH F= &5, 200, 400 mg/kg) 2l 7N,

- At ERE] o] Had FwA|, shaw SRl FEEA(RE TR, ZFAm; 200, 400
mg/kg, &HA; 400 mg/kg) ST =7} 5% Fo).

- A ELE] 93] FEE &5 I 2 uAQ IAFolEld (creatinine) EF %7}

— 58 —

=& (F

K

X



g FX%, 100, 200, 400 mg/kg) &3] 7HAaE.

- 25 oy A Y EA 2t (lactate) F=7F FEE (FE F =, 100, 200, 400 mg/kg) 23 F7F
.

- AEY =9 7HAv 2 GHA] FSol A, dAteERE] o8 FrbE FuwE 28 @ vpo] o
WA S (murfl, matbx, myostatin, ©ox03a)2] mRNA Z&o] A gdE FZE o A3 (o
A 2l A 2 71ds W),

- HAHELE FH &4 R AP S FEEO EFAS MAAI L, 25%FT 25 YA
g F7HAIH, ol 29d &3 7|d JAE T EHYE 45

e Ad =32 A% LA TE 2

- A =3l 2 A% AN FE RdoA FEE <A A aeS HUks] Hdl 16 MEH
up9->o FEES 27 100, 200, 400 mg/kg® 29 H<F A Fol &

- oy Wy A3 w3td sEAA AstE 5 THol AgE FEEO (FE FX, 200, 400
mg/kg) °lal 7HAd .

- k23t RN FEES 5T E OFE Y AT, 24, 45 FA9 Fo4 W gl
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ABSTRACT

To find inhibitors against skeletal muscle loss, we isolated a
lignan compound ((-)-(2R.3R-1,4-O-diferuloylsecoisolarciresi-
nol, DFS) from the stem of Alnus japonica. C2C12 myoblasts
were treated with DFS during differentiation. To induce an in
vitro atrophic condition, differentiated myotubes were treated
with dexamethasone (a synthetic glucocorticoid). DFS
(10M) increased expression levels of myogenic factors and
the number of multi-nucleated myotubes expressing myosin
heavy chain (MHC). The myogenic potential of DFS could be
attributed to p38 MAPK activation. DFS also protected against
dexamethasone-induced damage, showing increased expres-
sion of MHC and mammalian target of rapamycin (mTOR), a
major anabolic factor. Under atrophic condition, the anti
myopathy effect of DFS was associated with inactivation of
NF-kB signaling pathway and the subsequent suppression of
muscle degradative F3 ligases and myostatin. DFS treatment
also restored fast muscle fiber (type Ila, I1b, and 11x), known
to be susceptible to dexamethasone. These results indicate
that DFS isolated from A. japonica can stimulate myogenesis
via p38 MAPK activation and alleviate muscle atrophy by mod-
ulating the expression of genes associated with muscle pro-
tein anabolism/catabolism. Thus, we propose that DFS can
be used as a pharmacological and nutraceutical agent for in-
creasing muscle strength or protecting muscle loss.

Introduction
In elderly people, several diseases such as arthritis, neuralgia, sci-
atica, osteoporosis, and fatigue can decrease quality of life. Espe-
cially, fatigue is a Lypical marker of decreased physical strength
and mobility of older people. As life expectancy increases, sarco-
penia ~ defined as age-related loss of skeletal muscle mass and
strength — has been recognized as a clinical disease by Intera-
tional Classification of Disease, 10th revision, Clinical Modification
code (M62.84) [1]. Recently, there is a social demand for the de-
velopment of medicines or functional foods to improve muscle
strength [2].

To overcome muscle loss, muscle can be regenerated through
the processes of satellite cell activation and myogenesis [3].
Quiescent satellite cells located beneath the basal lamina can be

484 Lee H ctal. ALignan from

activated by physical injury or growth stimuli to regenerate
muscles (3]. Activated muscle satellite cells can proliterate. Prolit-
erating satellite cells (myoblasts) can then express various myo-
genic factors to initiate myoblast differentiation (myogenesis).
Differentiated myoblasts (i.e., myotubes) then fuse together Lo
form muscle bundles. Therefore, activators of quiescent satellite
cells have attracted attention as candidates for developing muscle
strengthening drugs or supplements [4].

Skeletal muscle is composed of various muscle fibers that de-
termine metabolic characteristics and plasticity of muscles [5]
According to their myosin adenosine triphosphatase histochemis-
try, myosin heavy chain isoforms, and histochemistry for enzymes
in energy metabolism, muscle fibers can be classified into type |
and type Il based on the presence of specific myosin heavy chain
(MHC). Each has specific contraction characteristics and energy

Planta Med 2023: 89: 484492 | ©2022. Thieme. Allrights reserved.

> Table 1 Oligonucleotide primer sequences used for the RT-PCR analysis

Gene Name Forward Primer

MHC CCAAGGGCCTGAATGAGGAG
MHC 1 AAGCGAAGAGTAAGGCTGTC
MHC11b, CCGAGCAAGAGCTACTGGA
MHC 1 AGGCCAGGGTCCGTGAA

GAPDH TGCACCACCAACTGCTTAG

munofluorescence staining for MHC (red) and nuclei (blue) were
captured using a fluorescence microscope (Olympus).

Western blot analysis
To evaluate expression levels of myogenic and myopathy markers,
cells were lysed with cell lysis buffer. Prepared cell lysates were
subjected to sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred into polyvinylidene di-
fluoride (PVDF) membrane. Transferred protein blots were incu-
bated with primary antibodies against myosin heavy chain (MHC)
(1:1000), MyoD (1:1000). myogenin 000), myostatin
(1:1000), MAFbx (1:1000), MuRF1 (1:1000) (all Santa Cruz Bio-
technology), p38 MAPK (1:1000), phospho-p38 MAPK (1:1000),
MTOR (1:1000). phospho-mTOR (1:1000), NF-«B (1:1000),
phospho-NF-kB (1:1000) (all Cell Signaling Technology). and

an-cadherin (1:2000) (Sigma-Aldrich). Protein levels were quan-
tified using a Fusion Solo system (Vilber Lourmat).

RNA extraction and Reverse Transcription

Polymerase Chain Reaction (RT-PCR)

Differentiated myotubes were lysed with TriZol reagent (Molecu-
lar Research Center) to purify total RNA, which was then used for
CDNA synthesis with a Labopass CDNA synthesis kit (Cosmogene-
tech). The cDNA was then used to evaluate mRNA levels of each
muscle fiber type by RT-PCR using LaboPass IP-Taq DNA Poly-
merase (Cosmogenetech). Primers used for PCR amplifications
are listed in » Table 1

Statistical analysis

Data are expressed as mean + standard deviation (SD) of three in-
dependent experiments. Differences between values of group
were assessed using Student’s t-test or one-way analysis of
variance (ANOVA), followed by a Dunnett's test with statistical
package for social sciences (SPSS) software version 25. The ci
rion of significance was set at p <0.05.
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Reverse Primer
GCAAAGGCTCCAGGTCTGAG
TGATTGCT TGCAAAGGAAC
TGTTGATGAGGCTGGTGTTC
CCACGTTGCGCTTCTGTTC
GGCATGGACTGTGGTCATGAG

AFALE]

Acknowledgements

This research was supported by Korean Institute of Planning and
Fualuation for Technology in Food, Agriculture and Forestry (IPFT)
through High Value-added Food Technology Development
Program funded by Ministry of Agriculture, Food and Rural Affairs
MAFRA) (PET-12101603158010), and the National Rescarch

Totion of Rores Tram
(NRF-2021R111A1A01052160).

Conflict of Interest
The authors declare that they have no conflict of interest.
References

[11 Cao L, Morley JE. Sarcopenia is recognized as an independent condition
y an intemational classification of disease, tenth revision, clinical mod-
ification (ICD-10-CM) code. | Am Med Dir Assoc 2016; 17: 67
[2] Robinson S. Granic A, Sayer AA. Nutrition and muscle strength, as the
key component of sarcopenia: An overview of current evidence.
Nutrients 2019; 12: 2942-2959
[3] Wang YX, Rudnicki MA. Sateliite cels, the engines of muscle repair
Nature reviews. Mol Cell Biol 2012; 13: 127-133
[4] Motohashi N, Shimizu-Motohashi Y, Roberts TC, Aoki Y. Potential thera-
ples ushaymusgericstem sells costined with bioendlhestiog; 100
proaches for treatment of muscular dystraphies. Cells 201 -
1084

[5] ScottW, Stevens), Binder-Macleod SA. Human skeletal muscle fiber type
classifications. Phys Ther 2001; 81: 1810-1816

[6] Ciciliot S, Rossi AC, Dyar KA, Blaauw B, Schiaffino S. Muscle type and
fiber type specificity in muscle wasting. Int | Biochem Cell Biol 2013;
45:2191-2199

[7] Chen X, Liang D. Huang Z. Jia G, Zhao H, Liu G. Quercetin regulates
skeletal muscle fiber type switching via adiponectin signaling. Food
Funct 2021; 12: 2693-2702

[8] Wu L, Ran L. Lang H, Zhou M, Yu L, Yi L, Zhu J. Liu L, Mi M. Myricetin im-
proves endurance capacity by inducing muscle fiber type conversion via
mMiR-499. Nutr Metab (Lond) 2019; 16: 27-39

[9] Wen W, Chen X, Huang Z. Chen D, Chen H, Luo Y, He |. Zheng P, Yu .
Yu B. Resveratrol regulates muscle fiber type conversion via miR-3p and
AMPK[SIRT1[PGC-1at pathway. | Nutr Bochem 202; 77: 108297-108308

[10] Xue Y, Huang Z, Chen X, Jia G, Zhao H, Liu G. Naringin induces skeletal
muscle fiber type transformation via AMPK/PGC-1asignaling pathway in
mice and C2C12 myotubes. Nutr Res 2021: 92: 99-108

) MR8 et BN R S S

tal muscle mass. Curr Opin Clin Nutr Metab Care 2010; 13: 230-235

Planta Ved 2023: 89: 484-492 | © 2022. Thieme. Al ights reserved. 491

_82_

Z=

Downloaded by: Saokmyoung Womens University. Copyrighted material,

Downloaded by: Sookmyoung Womens University. Copyrighted material

Myogenesis and Alleviates
(Planta Medica 2022. 89: DOI:



2)

=

—

=% ; Extract of Alnus japonica prevents dexamethasone—induced muscle atrophy
mice (J. Func. Foods 2023. 101:DOl:doi.org/10.1013 /

j.iff.2023.105419)

Journal of Functional Foods 101 (2023) 105419

ELSEVIER

Contents lists available at ScienceDirect
Journal of Functional Foods

journal homepage: www.elsevier.com/locatel|ff

Fiiiiction
FOODS

Extract of Alnus japonica prevents dexamethasone-induced muscle atrophy ;::‘Q
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ARTICLE INFO ABSTRACT

eypwords
Alnus japonica
Oregonin
Sarcopenia
Dexametlsone
Muscle atrophy o
by ‘mitogen-acti

Al
studies. Oregonin

myoblasts, oregonin

s part of our effort to search for fc

s faponica (AJE) and its main constituent, oregonin,
ich extract of AJ Improved muscle strengths of
evidenced by decreased expression of muscle protein-degradative factors and increased muscle mass. In C2C12.
2 stimulated myogenesis, showing inereased expression
protein kinase (MAPK) activation. In different
smnloel Jnametharmomadused. low of ystubs by nuppenlug, axprawlone o MATRoard MARFL while

ith ability to i < found
coutd prevent muscl atsophy from i vitro and n w0
dexamethasone-induced atrophied mice as

of MHC and myogenin via p38
tiated myotubes, AJE and oregonin protected

its ability to proteet against o myotubes. Taken
alleviating effect on sarcopenia via regulation of musele protein synthesis and degradation.

apion as vemoks sgem: ik AOE o et

1. Introduction

sarcopenia is defined as age-related progressive loss of muscle mass,
strength, and function. Recendy, the percentage of seniors aged over 65
is expected to reach 16% by 2050 worldwide (Wu et al.. 2022). Tn
elderly populations, various musculoskeletal diseases such as arthritis,
neuralgia, back pain, sciatica, and osteoporosis occur due to age related
degeneration of the skeletal muscle system. It is known that muscle
degeneration is associated with cancer, diabetes, and osteoporosis.
Given the inerease in life expectancy, increase in age-related muscle
atrophy is expected to increase social and economic costs (Dao et al
2020). Sarcopenia was recognized as a clinical disease in 2016 by In
ternational Classification of Disease. However, it has no approved
therapeutic drug yet. Therefore, there is an increasing social demand for
developing preventive and therapeutic agents for age-related muscle
wasting.

ler the current situation of no approved drug for sarcopenia, to
protect and alleviate muscle-atrophy, exercise and nutritional supple-
mentation have been considered [lo 205, Considering the proven
stability and ‘or natural
compounds might be feasible :Aheln'mves for treating sarcopenia as

functional foods.

Alnus japonica (Betulaceae) (AJ) has been used fo treat expectorant,
asthma, hepatitis, and rheumatism in Asian countries (Ren et al., 2017
Sati, Sati, & Sati, 2011). In Korea, various drinks based on AJ extract
have been used as hangover relievers. We have previously reported that
diarylheptanoids and lignan are anti-cancer and anti-obesity compo-
nents of AJ (Dong et al., 2017a, 2017b; Lee, Jeong, & Ryu, 2020; Shim
et al,, 2022). Recently, we have reported that a lignan from the stem of
AJ can improve dexamethasone-induced myotube loss in an in vitro
study (Lee, Jeong, Hwang, Yeon, & Ryu, 2022). AJ contains divetse
compounds such as diarylheptanoids, triterpenoids, and flavonoids
known to possess anti-cancer, anti bacterial, anti viral, anti inflamma
tory, and hepatoprotective activities (Ren et al., 2017; Sati etal., 2011).
We have identified oregonin as a major component of AJ bark that can
alleviate age-associated muscle atrophic conditions. Oregonin as a well-
known diarylheptanoid has been reported to have anti.inflammatory,
anti-obesity, and anti-oxidative activities both in viro and in vivo
(Abadiieva et al,, 2070). Itis also reported to be a modulator of the DNA
‘methylation process and sperm quality of rams (Abadjieva et al., 2020).
Thus, the objective of this study was to evaluate the anti-myopathy ac-
tivity of AJ extract (AJE) in an animal model and disclose the action

* Corresponding author at: 52 Hvochanswongil, Yongsan-gu, Seoul 140-742, Republic of Korea.
UH. Ry,

hitps://dol.org/10.1016/ jf£.2023.105419
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H. Lee et al
expression as compared to dexamethasane control (rig. 5B).
These Its imply  that can protect  against

t
dexamethasone Induced myotube atrophy by exhibiting dual roies In
catabolism and anabolism of muscles.

4. Discussion

Sarcopenia, a muscle atrophy caused by normal aging, is character-
ized by degenerative loss of muscle mass, quality, and strength. Patients
with sarcopenia are at increased risk of falls, fractures, and physical
disabilities known to be associated with an impaired quality of life. In
, sarcopenia was assigned a code M62.84 in the International
Clnss(ﬁcnnon of Disease ( 2020). Despite many efforts, no drug
oved for the treatment for sarcopenia. To prevent sarcopenia

development, uttitional supplements focusing on the Amount and
quality of protein intake have been used. Howeve
associated with protein overconsumption b

2. In recent nutraceutical twreatment agalnat sarcopenia, natural
nds are considered to be effective strategy as they are safer,
Wang et al. h;we xEPox ted that supplementation
uced et miclaiaees:
los (Wang et al, 20215, We have
previously reported that a lignan from Alnus japonica (AJ) can plo(ee(
against muscle loss in vitro (Lee ot al., 2022). In this study, we further
investigated anti-myopathy activities of extract of AJ (AJE) and orego-
nin, the main component of AJ, in in vivo and in vitro experimental
‘models

Orwgouin ich ATE was adzelstared o ulcs at & dows 01300 o5 400
mg/kg for 28 days. We used oxymetholone (17a-alkylated anabo-
litandrogenlc sterold), a posltive contrel Known to lmprove muscla
o e wrwsgtll (Paviaton, Pults, Manbers 2001). In the
present study, AIE improved muscl strength in grlp and rota-rod tests

Vootkur

23 November 2022; Received in revised form 6 January 2023; Accepted 17 January 2023

/fereativecommons.org/licenses /by /4.0/).
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©t al, 2020). Under muscle atrophic conditions, activation of NF-xB.
pathway can induce subsequent expression of muscle specific E3 ligases
(MuRF1 and MAFbx) to degrade muscle proteins (Cai ot a1, 2004). The
expression of muscle E3 ligases could also be induced by FOXO3a acti.
vation in muscle atrophy environment (Sandls| et al., 2004). In our study,
dlffarantiated myokubas were creatad with dexaimathasons to exsine
protective roles of AJE and oregonin. As shown in B and 5, dexa-
Tncthasane iuced MHC degtadation, whereas pre reatment with AJE
d oregonin treatment protected against MHC loss. Dexamethasone
incressed expression levels of E3 ligases following acivation of NF-«
and FOXO3n pathways (Ga et al, 2004; Kang et al., 2017). However,
orego d the expression of these catabolic factors, resulting in
;\lppl‘esslal\ of MHC degradation
to catabolic mech nabolic mechanism was inhi
by Pt Ak yotubes. The anabolic mTOR pathway
‘mechanism not only in muscle protein synthesis, but also in cell survival
during myogenesis (Lee et al, 2022). Dexamethasone is known to
decrease the level of phospho-mTOR. However, pre-treatment with
oregonin could protect against dexamethasone-induced mTOR inacti-
vation, contributing to MHC expression (ig. 5B).
cordingly, our results suggest that oregonin is a representative
rompcuml of AJE responsible for attenuating dexamethasone-induced
muscle atrophy in mice. Oregonin has various pharmacological effects,
including . and anti
cancer activities (Abadjicva 2020; Ren et al., 2017). These bene
Heial activities of oregonin may additionally contribute t its abilty o
protect muscle atrophy.
In conclusion, oregonin rich extract of Alnus japonica can be devel
eged s & fnetional fiod o peevent b alestara marcopanin.
statement

b ich number
of animals and thelr sutfering, were teviewsd and approved by

and inereased muscle mass i
et ets sloarnid foim G ey antle cedvarion pcHating
and creatine phosphate with roles in muscular energy metabolism. High
level of creatinine in serum has been considered an
muscle damage (Jordan ot
Lactate production in musele provides energy sou
ercise (Brooks, 2020; Flis et al., 2022). As atropl
‘maintains lower energy state, dexamethasone-administered mice show
decreased lactate levels (ialie:

McCormick, & Roberg
021). AJE administration
cifectively decrensed ereatinine and increased lactate levels n serty
samples, suggesting that AJE could improve muscle fnction in damaged
conditi

ety G e Hrsewstokidyratiived, that AJE FIGhNErRvent Friec
atrophy by inhibiting the catabolic pathway in skeletal muscles by
down-regulating myostatin and FOXO3a signaling pathways, thereby
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: Prevention | Smart-farm | Sustainable | Mutritionsl | Sembor | Microbes & | Affectiver | My Data- | Untact Green il
[15:30-17:30 of Cancer | Technology | Functional | | Safety Session | Fermented | Sensory Driven | MNutrition | Materigs & | & Exhibition
Food Manage- Foods: Science MLtFIon Service | Packageng
ment Policy
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[11:20-12:20¢ General Meeating (Halla Hall)
[12:20-13:45 Lunch
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Mowel Hair Loss Healthy Functional | Cancer & | Mew Beauty Rad Omega-3 | Indhidual- Fonds
[13:45-15:45  Biotech- | Traatment Musche Materigls | Nutrition | & Nutrition | Ginseng [IideIFyrr- Reinspectian
nology Beauty Irv;fed"lenml_‘.d Fagulation
Poster
[15:45-16:00] Coffes Break Session 1l
= = = T - - - & Exhibition
ISIL Session 13 | Session 4 | Session 15 | Session 16 | Session 17 | Session 18 | Session 19 | Session 20 | Session 21
Mutrition & | Probiotiocs Kirnchi Siver Care | Food for | Altemative | Respiratony Health Agri-Food | Regulatory
6001800 Gue Indhstry Project | the Elderly Food Heatth | Functional | Upcycling nice:
Microbiome Ingredients .[E'_;Prﬁl"_‘g

+ Session 15. Silver Care Project: Study of Functional Food Ingredients for Healthy Seniors

Sponsored by |F&2

16:00~16:40

Chairperson: Jung-Mi Yun (Chonnam Natl Univ)

Establishment of a public probiotics bank and case studies for supporting industrialization:

development of a obesity improvement probiotics

Doo-Sang Park (¥}F4, Korca Rescarch Institute of Bioscience and Biotechnology)

16:40~17:20

Discovery of food ingredients for attenuating muscle atrophy

Jae-Ha Ryu (53}, Sookmyung Women's University)

17:20~18:00

Sleep-promoting effect of fermented Perilla frutescens and underlying mechanism

Yi-Sook Jung (A0l4, Ajou University)
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