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Effects of Compounds Isolated from an Ethanol Extract of the Sclerotium
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<k B (Wolfiporia hoelen (Fr.) Y.C.Dai & V. Papp)Z ofAjo} W &3 = TEO Llglof|A] oFf U X120 7 A}83}71
Sz F0T ofAfolch. Balo] Fa 45| ofe] B0l B ATE o YolAT or], BUAIE S Fi= A
o2 Uehtel. olo] & QAT Bl 23 50% ofghg FEEo] BT oy W el A=A 22 B 5o ol
A ot 1z} skt By F39] et FE2ES ATEdHo gt n-dil SRR E, o HoNHo|Eo R &
gate] C2CI24) 3z AZstglon, tER2e F9FoA C2CI12 A28 ALP &3} &/do] tj=FHT} oF 29%7}
27K o 4 STk BAE B d2ead RYEaR & 4l Bpee Hejsigon, J7EA dnie &
32 #138}¢] 3a-dehydrotrametenolic acid, ergosterol, pachymic acid®} dehydrotumulosic acid® A& 4= AT =t
a-50] Q= ARZAS 27| 2lste] 4719] 3lHaS C2CI12 A|29] ALP 23} 2337 BMMs9| RANKL f-%= oA 45
FEH(1, 3, 10, 30, 100 uM)E HrIsIGlom, MEsdd AA%E U s=olA F3sidct 1 23 2249 3kkE &
dehydrotumulosic acid®] 3 pM F=o 4 ALP &40] 160%= UEFGE o, BMP-2 th2ET} oF 24% -G-2ju|sHA Z7s}
At 3 BMMse] RANKL §%= A &AL dehydrotumulosic acidE 10-100 uM =2 A 2& o oj=tRch oF
15-86%2 S-9lnl3h) 2454900, 10 uM o4 Lrehd RANKLOA A A EE4 ohe sfelo 2 et 2
& Salsielc & ATANE Bz Helo] 9 oRhe FEEol BUAE BIE FUATAL A 4 U= THeA
glstgon, B0 tZR 2 e B2 5E 22 A% dehydrotumulosic acid7} Ftha3 o 9 A5 =&
2 5 98 Aoz AmH

tlo flo

Abstract: Wolfiporia hoelen (Fr.) Y.C.Dai & V. Papp, commonly known as Poria cocos, is a significant traditional
herb used for medicinal and culinary purposes Asian and European countries. Many studies have confirmed that the
main components of W. hoelen have pharmacological activities and thatits extract has been shown to affect bone
metabolism. This study aimed to the potential of a 50% ethanol extract of the sclerotium of W. hoelen for preventing
and treating bone diseases. The ethanol extract was systematically fractionated using n-hexane, dichloromethane, and
ethyl acetate. The dichloromethane fraction caused an approximately 29% increase in alkaline phosphatase (ALP)
differentiation activity in C2C12 cells compared to the control. Four compounds isolated from this active dichloro-
methane fraction were identified through instrumental analysis and literature references as 3a-dehydrotrametenolic acid,
ergosterol, pachymic acid, and dehydrotumulosic acid. All four compounds were evaluated at increasing concentrations
(1, 3, 10, 30, and 100 uM) to determine their effects on ALP differentiation activity in C2C12 cells and RANKL-induced
inhibition activity in bone marrow macrophages (BMMs), with a concurrent assessment of cytotoxicity at these

* Corresponding author ORCID
E-mail: momoston@korea.kr Seokju Kim ([ https://orcid.org/0000-0002-6869-8412
E-mail: rryoo@korea.kr Rhim Ryoo (® https://orcid.org/0000-0001-7653-4402

73



74 FRELIMRRL R & 5

A3 A1 (2024)

concentrations. At a concentration of 3 puM, dehydrotumulosic acid caused a 160% increase in ALP activity, 24%
higher than in the BMP-2 control. BMMs treated with dehydrotumulosic acid at concentrations between 10 and 100
uM showed a substantial 15-86% decrease in RANKL-induced inhibition activity compared to the control, with
distinct patterns of RANKL inhibition and cytotoxicity observed at 10 uM. These findings suggest that the ethanol
extract from the sclerotium of W. hoelen has potential to modulate bone-cell differentiation, while highlighting the

possible benefits of dehydrotumulosic acid isolated from the dichloromethane fraction of W. hoelen for preventing and

treating osteoporosis.
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- (Wolfiporia hoelen (Fr.) Y.C.Dai & V. Papp; W.
extensa, Poria cocos)S WA T &3l= 459 o
oz BRI Polyporaceae) 57
(Wolfporia)®| &3, AUS-F(Piunus spp.) A= B
of RAE w3 FASH= 718wt tH(Choi et al,
2016; Kim and Kang, 2023). 2t Aol A Lt A1} 5
et A" 715 AR, Al FAo|u A L AL
7 FAste] el AUAE Bk Uk
G AFSITHKm et al, 2002). B 9] FAH: Fejroz 7
uto] gl A4k AlEolm, ) 3 Ao] we ujx
I HEHoz FLEIITHHong and Lee, 1990; Jo et al.,
2013). Bee 23k urf o3} A2 A ¢l “Shennong Bencao
Jing?oll 7V o] oFE 7|55 o] e, dvl MAls
g S ofe] ofxet A ARgShe] thelR S
Z] &3k (Jia et al., 2016; An et al., 2020; Xu et al., 2022).
HZE olk, Bl 78}, B, v Y, 548 S,
&, ojXg&, B85 9 AXEF Aol avprt qlom,
ofAlo} 9l 7o) W2 Uetoll 4] ofg 9l Alg o= ALES
1L QJtHHoang et al., 2005; Zhao et al., 2012; Jia et al.,
2016; Li et al., 2019). L o] &g EH o2 HE
166 72 3fshditol £ 9 54 HAoH(Lu et al,
2021), E52] wARA| oA E-2]gt U-pachymaran, pachy-
maran, carboxymethlypachymaran®] &%} & v}of| 3t AF
2KHamuro et al., 1971; Kim et al., 2012), polysaccharide]]
Al &gt (1,3)-(1,6)-4-D-glucan 9] g5 3t At 4
s =] ¢ici(Kanayama et al., 1983). o4& B3O =@ T4
AELL polysaccharide, triterpenoids, fatty acid, sterol, enzyme
SOR inviro®} in vivo?] AFE Fal I, T, b
Pibsl, 5ol et 44 2 234 Al 23t
Fo T thRt oFg] &4do] BFEAaL Sltk(Lee et al,
2018; Lu et al., 2021). £3] 289 9 52 = 349l
triterpenoidi= H]112]g 305t AALAE E3oh= HAS}

dpr ofy
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SHEE BEE 5w, 71 = lanostane triterpenoidl pachymic
acids Bejo) A Bak /)54 R Aol o
2 A7} Aol Haje] AwyRe] 7)20] H 4 UcTai
et al., 1995; Hoang et al., 2005; Fu et al., 2018).
BrhEEe 2F47 F71H] WS A 24
stom w ZFrg ofSiAlA Zd9 RS ST
Uo7} S4=2 arul 7} SobathSeo et al., 2020b). &
A =gl F7kR Srhesel et Bl ShE AL
glow], Amulgol that AAH Herol a7 Sk
(Goltzman, 2002; Cheon et al., 2012). #= 2] X2 O
2 WE &M 08 Fpdls HEA e 2 HME 3
Qo 22AES] FHE ol=WA AETF AL ol §
7143} apgo] HERRo = A FHd g o] A= H(Lee et
al, 2016), o|2fat Rl AL A BriEsol wAls)
Al ElthRodan and Martin, 2000). L&} Ztl-g=9] %
g lo] wbEA|a o] B F7EIA, oAl
Q1A WA WA QA kol Bt
2845 oAk WS A8 aitkPerynski and
Stachowiak, 2006; Kim et al., 2019b). Bisphosphonate+
AeA e 75 At BFHE Folk BrhEE
QA A2 oA v makAolw 7H Bl AHgH T
2101 (Rodan and Martin, 2000; Jung et al., 2012; Chung
et al., 2021), S Aol ok2 WA} Sof Frkgo] w1
=27 Q)thKhosla et al., 2007; Son et al., 2008). w-z}A]
71& ABAE HAZ 5 e A= ARAE s
QIg dado] A7|de] wet SAHaNE 2|43} o] F
Zhgo] AL, oo S 9 A o]8E0] 2 HAE
of tjgt BWAlo] F71staL lth(Kang et al., 2009; Lee et
al, 2020). A= F =35 A8A FH 242 75,
2u] &}, gl SOl Ylem(Seo et al, 2020b), HE FEE
AA| ThzA| 22 73} oA auE yetdo] Zdg A=A
Ty EAZAQ 754 YeEPHtKCheon et al., 2012).
chel, me Eet A W Sol ue wEAE wa
A 71-o] th=A yehtr] diizell Sthe5ol et &
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53 29| ofgke FE=olA 2Tt stee] 2aAlx 2ot S W

A4 w32 sholelr] PaN SEALARS Belg de
7} tH(Cheon et al., 2012; Kim et al., 2012).

webd Qo] BHE Be 29 e 2320 &
ol BoEe) EARS Be) 9 FRst] AXBAL
ghRlskar Zehal Alazo Aejsto] Zagk o 9l HA A
aAlo] 2ARH TG AL LolR LA Syt

1. HE=

2 Aol AMEE Ee o 20199 109 AR}
3H o] M A FF(37°16°09”N, 126°55°327E) w=X]o] 104}k
Hog ujgste], 20219 108 =83l 52 Ax & &
Hetich B AuiA 9] 2019~2021d 10€7kA] 2Hujgk
AL Lo 9JA|8F WEA(37°25°747N, 126.98°37E)E 7|
Fog Wgew 1370, BAANSE 72.7%, @ Bo7
2% 103.5 mm, BHAHEE 14.7°CE YETHKorea

Meteorological Administration, 2023).

Aot £ e 30 kge 10 kg¥ vhFo] A2
A 50% ofer-ZH(EtOH)o] 3] & 3ko] 724t F<

]_
38) Wk SEslch O TR 2200 ofuke 3, ojohe

2
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A A Bt 75

e
=

d
oz

Z3lo] FEES Aolh o]gA &
of @Esto, n-34k(n-hexane), tj&
22 eHCHCL) Y OFA[H| o] E(EtOAc) <=Afof whet
sAH o2 BAEGLE 55 4 & 4 F8 AR &
2]of] ARE-EE ofgkE, n-3AL T2 R 2H|e 9 o HolAE|
o|E ke (Korea) Al&S AHESFAT

2
il

2) 3RhEo) £ W A

AR E40f S avE UElld dErevd
H 351 5E(250.0 mg)S preparative high-performance liquid
chromatography system(prep-HPLC, Waters, MA, USA)E

ol gste] THBAL HelSIYTHTable 1),

5]

) w2 el gt 2 54

2% sEsel selres B4 9 nuclear
magnetic resonance(NMR, ADVANCE 500, Bruker,
Germany)@} 81 Pyridine-ds(99.5%, Cambridge Isotope
Laboratories, Inc., MA, USA)E ©]-g3}o] B8} 0,
'H- & BC- NMR(Pyridine-ds, 500 MHz), 2D-NMR(‘H-'H
COSY, DEPT, HMQC, HMBO)H|oE| & =353t} @
31gHE-0] HekE A2 JMS 700(JEOL, Tokyo, Japan) < ©]
231 fast atom bombardment(FAB) £41} Q-TOP Xevo-
G2 XS(Waters, Milford, USA)& ©]-&3} atmospheric solids
analysis probe(ASAP) ¥ 02 FA4351 t(McEwen, 2010).

Table 1. HPLC condition for the analysis in solvent fraction extracted from sclerotium of W. hoelen.

Instrument Autopurification system

Column Xbridge prep C18 OBD, 19 mm x 250 mm, Sum
Detector UV-VIS detector (254, 365 nm)

Solvent A Acetonitrile

Solvent B 0.1% Formic acid in water

Flow rate 9.0 mL/min

oven

Injection volume 100 pL

Gradient elution system

Time (min) %A %B
Initial 65 35
2 65 35
10 65 35
60 100 0
80 100 0
81.05 65 35
82 65 35
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1) 2ZAE £3}

2 Ao AMEE 2EAlEZE S E71A) 3 (mesen-
chymal stem cell)2] - A|3EQ] C2C12 A|EE 0]-835}%
o, C2CI2 A|ZE 10% fetal bovine serum(FBS; Gibco
BRL), 100 U/mL penicillin¥}- 100 mg/mL streptomycin©|
3 3}HE alpha-minimum essential medium(a-MEM) Hjj %] o]
37°C, 5% CO,9| A zAo R wjokstey. 2ZAE &
3= 9=517] 93l 96 well-plated]] 2.5x10%wello] EE 2
AEZE H)joF3t 3, 5% FBS, 100 ng/mL recombinant human
bone morphogenetic protein-2(thBMP-2)& #7}5to] 3

Fob Az 2ot F g Agatelct

2) Alkaline phosphatase(ALP) ¥4} 2 74 4 =4

ALP a4 4 HAR= p-nitrophenyl phosphate(p-NPP)
of 748 HFGo] ALP7} Z0l2 8ot €2)S ol
5o, 7p2sf 4=<Q] pnitrophenol 9] & ST =M
ALP &A-2 3013l = W o & YeRtMeyer-Sabellek
et al., 1988). E3}= C2C12 Af|3ZE phosphate-buffered saline
(PBS)E A& 35}e] 10% 2@ (Formalin) & & 587+ 11
A & PBSE A| A3} th ALP kit(Sigma-Aldrich Co, Mo,
USA)o|| AAE 2 EZFo]| wl2tA one-step p-NPP sub-
strate solution(Thermo, IL, USA)C.2 Z73}o] LElHTH

3) T=AlE 23}

=4 58 AIA3E(Bone marrow macrophages, BMMs)
£ o-MEM Hjj%]of 10% FBS, 100 U/mL penicillinZ} 100
mg/mL streptomycing E3}F5}0] 5% CO,, 37°C ZHOZ
i skelth EAlEZ ZIHFEES 918l 96-well plateo]]
macrophage-colony-stimulating factor(M-CSF)7} 10 ng/mL
05w x| o] 24A17F B9k wioFst &, 1x10%well HER
H 310 M-CSF 50 ng/mL%} receptor activator of nuclear
factor-kB ligand RANKL)E- 30 ng/mL 3 7}3}o] 4 5ot
woFatsc.

4) Tartrate-resistant acid phosphatase (TRAP) A4 21 § 4~
4 24
Botel A K] A 3 PBSE AlFsle] 10% E=g
2o & 1438}, 0.1% Triton X-1000.2 1087+ A H8}o]
E3lst¢ith. TRAP buffer(100 mM sodium citrate, pH
5.0, 50 mM sodium tartrate)o]] 3 mM p-NPPE 3EZ§}5}o]
37°Co| 4] 5EXF HgaksiT) WSt 8o =g Eeo]
Eof| £7]3L, -2 9] 0.IN $ABEFNaOH) 2. 2 1F
o= AL £ 405 nm apgollA] Fet YieE S5k

A3 A1 (2024)

5) zEA|Ee} FEAEe] B4 7A}

Aol BEES AleE ZREFo|| o} cell counting
kit-8(CCK 8, Dojindo molecular technologies, MD, USA)
£ AR&Ste] sk C2C12 AlZ9F BMMs A=
96-well plateol] ZFzF 2.5x10%/well,1x10%/well HE=2 H=
sho] 2417 wjeFRt ¥, B8 E2EES (], 3, 10,
30, 100 uM)E 2 2]3}o] 5% CO, Z49] ufjok7]o)A 3
&k HiFsElTh o] % CCK-8 o2 Al ujFlof 10
uL/well-& 7FskaL 1A17F F2F 37°C v ek7] ol 4] RE-g-8}o]
nlo] 2 ZY|o|E A% E Zu]E|(SpectraMax M5, Molecular
Devices, San Jose, USA)E ©]-83}9] 405 nm T}Ao| A &
B Zgekgit

6) SAA

YA 38 W] B EEERNmeans
standard deviation)2 UERQow, 7t 2jo]o] £-9
A2 t-7 A (Student’s t-test)S ©|-8-3}0] p<0.05 =0 A]

£ Ao,

a1 — s
2ot { g

1. MR =& 8

AzxE 5 49 50% oS 55 12584 g& SF
g=of| 3 Aste] p-dlAl, Y ERZH|E odotAEO|E &=
o2 4 Zolo| et EEsiglon, F&2H AR UF
F2 AxE 5 499 AFHOR Yol WEEE A
Abetict 71 A3k, =82 o dotAH 0] E(28.46%), U
2R EN12.1%), n-A4H11.1%) &0 8 el on) Lee
et al2018)0] E& 3 ot FEES n-d4k (EFR
2ogh, odolAEo|E, FEE(n-BuOH)E 23] 3192

ul, pSAbo] A & 588 me) ATk FolB mrh

uol upeh 4io] Pebd 4= 9IKChoi et al, 2016; Kim
et al, 2016). EF 52 §0}0] TF, HrEoh Wy Fof

webdw w37} thes] et slgthOh, 2019).

2. 8 28E MZE MES ZH 9 ALP 4 E7t
IS UEll= EXUAR B
Ao B, 53] & Ad%o] dsHA dojd o
| 73t Boskey, 1989; Shim et al., 2009; Baek et
al., 2018). Bone morphogenetic protein(BMP)-2= A ZZ
Azt mjZete E7M2E 222 E3A7]= A
2Rt & B4 FEAIR, BMP2E A3t oAl 7ot



ALP &A1& Ho

= #] 9)tHRyoo, 2001; Kim
et al., 2021). B3 +3H

Y29 At 75 8wES 54
37 §Jste] HwH(1, 3, 10, 30, 100 pg/mL)E C2CI12
Aol thiet ALP B/ H7F3Hem, ALP M-S o]
g3to] A2 B35 Ster WA 4= lUcHFigure
1(@)]. ol[EtE, n-d)4t, E22ug, o dotrHo|E &3
& Zo)A tgER 20 30 pg/mLet 100 pg/mLsE o 4]
ALP &4o] Z+7}F 221.90%, 226.95% % Xt S-S e}
Wow, BMP-2 xRt oF 29%(p<0.001) o4 52
ﬂ?ﬂ Z7}8t tHFigure 1(b)]. o] o] HiE HAE

o] w2 ALP &S A EH At FEE2
ug/mLOM, M b 552 15 pg/ml “s=o)A ALP
Aol =7 YeEFYTHLim et al., 2007; Seo et al., 2020a).
T A FEEL 100 pgml 55U o 124% THS
b}E} o, AR} 30% 2 TS EFAHKim et

- 2020). ¥ 0] =T o)A A7) 4l =FHEQ w7
= 9RE T FEE9 ofdotdHo|E EE 100 pg/mL

O
2 4 =

(a)

oA IRt SkEe] 2EAlE wo 1

9 A A4 A mx) 77
FLofA C2C124| 32 2] ALP &4do] 7H A UET e
w(Moon et al,, 2014), & FEE52 H5& EIEA o
Z7HTH ALP Mo 120% A% Z7}5}%tHJeon and

Kim, 2011). 3t FIMA F5 FH #4404 = =

58 & I A& HHYsle @ A 2 ZH X (osteocalcin)
of Y Fol FohETS N L A T 5 e

(Lee et al, 2020), ZHS + Y& 3=
3L 2] Wnt/B-catenin Al & At
e e
3} THXia et al.,, 2014; Zhang et al., 2016; Song et al.,
2018). ¥ A4 ALP 24 5w Sulo] uhet okzhel
2ol 7k 9l ot 30-100 pg/mLe] 9ol Z7lete ATk

S Heon, o]t Avh= RIANE B3l Z5k=d
Qloy ke == Aoz woiEch 2N ES 73 A=

2 o|§3 A4 AL Slste] ALHOR BHHAS A
WYsto] Lol 7H5a = WIS BpaoE Mol

ofF ZFeK(Sim and Ji, 2021). o|2{3t <A E Bl 7 &

BMP-2 10 ng/mL + Solvent fraction (pg/mL)

Vehicle Vehicle 1 3 10 30 100
=
: =}
F :
3
;
=
(]
e
=
=
n
O
.....
=
9]
f o
o
"
(b) 3.0 T () 200
== ‘:i::\[ :: [ — g.'lmj_
2.5 - EEE 0p g ix B 3p /il
- —] 0pg/ml - B 10y g/l
= 1003 g/m T 160 1 ] 30ugml
= 1005 g/l £ e ki
£ 20 - fididid = 00 gl
= S | g
2 T -
) | e 120 4
E: 1.5 4 L § = = I
z I 2
]
2 1.0 1 £ 80
5 I £
< 1 £
0.5 + 1
1 @ 40
0.0 - o, -
Veh Veh EtOH n-hexane CH,Cl, EtOAc o LU
BMP-2+Solvent fraction EtOH n-hexane CH3C13 EtOAc

Figure 1. Osteoblast differentiation in C2C12 cell treated with four solvent fractions from the sclerotium of W. hoelen

at concentrations (1,

3, 10, 30 and 100 pg/mL). (a) Osteoblast differentiation was visualized by ALP staining. (b) The

ALP activity was measured absorbance at 405 nm. (c) Cell viability was evaluated by the CCK-8 assay. Data are expressed
as the meantSD (n=3). ### p<0.001 versus the control; *** p<0.001 versus BMP-2 treated group.
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sjmo] AlEEA 2ol A} 100 pgmlisEol A 4719] 3
s W A% gEgo] gastglov], gujo) wel of
11.5%0N 4 79.8%71A] 7+48}tHFigure 1(c)]. & A9}
FARE AE AHEE E5F & TE%\% 100
wgml 55 ol olA] AZE} folH0 Zhashe
515] olhe EEE 50 pemLol FA BEE
743FS HITHOh, 2019; Kim et al., 2019b).
EE2 25 pg/mLojA 73t
AZEEALS 7HA ekl R sk oL et al., 2004). 84
£19 22 B0l rl 30.100 pg/mL
Hopak Ao Azkect

JI'E

2a siiEe X
HEz 2 e 28&E4 Prep-HPLCE o]-&-5ko] 2 A
=Ho FH =, 3ebE I(RT: 32&, 144 mg), 3ok
2(RT: 24+, 12.5 mg), 3}3H= 3(RT: 484, 51.5 mg) 1g
I 3}SHE 4(RT: 358, 103 mg)E H2 @ =431ch
(Figure 2).

1) 3}3HE 1 (Ba-dehydrotrametenolic acid)
SISHE 19 FAB Mass®] 8 0]-& peak= m/z 437.3452
[M+H]', m/z 4543474, m/z 455.3552 (base ion) 2 m/z

0.24
0.22

0.20

0.06
0.04 |
0.02

0.00—

0.00 500 1000 1500 2000 25.00 30.00

A3 A1 (2024)

456.3563 5] L}EMLTE

'H-NMR (500 MHz, pyridine-ds) 6 : 1.02 (3H, s, H-18),
1.07 (3H, s, H-30), 1.08 (3H, s, H-19), 1.14 (3H, s, H-29),
1.23 (3H, s, H-28), 1.28 (1H, dd, J = 5.0, 10.0 Hz, H-5),
1.46 ~ 1.56 (3H, m, H-23, H-1, H-15), 1.62 (3H, s, H-27),
1.68 (3H, s, H-26), 1.75 ~ 1.85 (2H, m, H-15, H-22), 1.88
~ 2.02 (4H, m, H-2x2, H-1, H-22), 2.09 ~ 2.24 (3H, m,
H-6x2, H-23), 2.25 ~ 2.23 (1H, m, H-16), 2.35 ~ 2.44 (2H,
m, H-12, H-16), 2.49 ~ 2.59 (2H, m, H-12, H-17), 2.65
~ 2.70 (1H, m, H-20), 3.45 (1H, ¢, J = 7.5, 15.0 Hz, H-3),
5.34 (1H, d, J = 5.0, H-24), 538 (1H, d, J = 5.0, H-11),
563 (IH, d, J = 5.0, H-7). “C-NMR (125MHz,
pyridine-ds): Table 2.

LC/Mass®] ESI A#EZofx EZ}o|& peak”} m/z
4533 [M-H'S Uellol, 3ighE 19] E27F0] m/z 454.3
M]"9& & <= lgiet gk 19 'H-ANMR A8 E7 o]
A G YeRd 6 1.02 3H, H-18), 6 1.07 3H,
H-30), 6 1.08 (3H, H-19), 1.14 (3H, H-29), § 1.23 (3H,
H-28), 6 1.62 (3H, H-27), & 1.68 (3H, H-26)°] 4] L}ebit
21Ho| AFg3l= 77119] singlet A| 13- methyl protono]]
fesks AL o 4 Qlodeh SRR 19] ARAZ| UE
w6534 (1H, d, J = 5.0, H-24), § 538 (1H, d, J = 5.0,

3500 40.00 4500 50.00 5500 60.00 6500 70.00
Minutes

Figure 2. Preparative high-performance liquid chromatography (Prep-HPLC) chromatograms of dichloromethane
(CH,CL,) fraction of W. hoelen. 1: Compound 1 (3o-Dehydrotrametenolic acid), 2: Compound 2 (Ergosterol), 3
Compound 3 (Pachymic acid), 4: Compound 4 (Dehydrotumulosic acid).
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Table 2. *C-NMR Spectral data of compounds (a-d; figure 3) isolated from dichloromethane (CH,Cl,) fraction sclerotium of

W. hoelen.

Position a b c d
1 36.09 38.38 35.87 36.07
2 28.58 32.00 25.01 28.58
3 77.75 70.47 81.17 77.75
4 39.09 40.81 38.56 39.09
5 49.49 139.79 51.23 49.55
6 23.29 119.59 18.91 23.27
7 121.05 116.29 27.27 121.05
8 142.55 141.37 134.95 142.48
9 146.37 46.25 135.51 146.15
10 37.59 37.03 37.67 37.63
11 116.36 21.11 21.46 116.29
12 35.77 39.09 30.20 36.03
13 44.01 42.83 46.79 44.85
14 50.22 54.56 49.32 49.18
15 31.35 23.00 44.20 44.20
16 27.04 28.29 77.18 76.18
17 47.90 55.74 57.88 57.39
18 16.02 12.05 18.31 17.39
19 22.72 17.61 19.75 22.75
20 48.71 40.43 49.22 48.30
21 178.27 21.11 179.34 178.47
22 33.03 135.57 32.14 31.22
23 26.49 131.98 33.79 32.97
24 124.60 42.82 156.65 155.81
25 131.50 33.09 34.67 33.87
26 25.61 19.65 22.56 21.76
27 17.48 19.96 22.42 21.62
28 28.42 16.29 28.53 28.44
29 16.38 - 17.32 16.40
30 25.53 - 25.94 26.36
31 - - 107.57 106.79

CH;CO - - 21.68 -

CH;CO - - 171.15 -

H-11), 6 5.63 (1H, d, J = 5.0, H-7)ol| 4 2] 3H|| sjesl=
370¢] doublet signal> 3}3HE 19 FZ 5| olefinic
proton®]] 7]Qldks Ao ® 7pzF H-24, H-11 ¥ H-79H
proton®] ZHz} < stk =3 3FgHE 19] PC-NMR &
HEo A= 31719 ©a peakE UERHCH, o]F 6
16.02 (C-18), 6 1638 (C-29), & 17.48 (C-27), & 22.72 (C-19),
5 25.53 (C-30), 6 25.61 (C-26) L & 28.42 (C-28)°f| L}ERt
T709] peak= 2}5HE 10]] UEFUb= methyl group®] ghasof]
Zyzy fA&siiey ejar ARPEE]| YeRd o 116.36
(C-11), 121.05 (C-7), 124.60 (C-24), 131.50 (C-25), 142.55

(C-8) ¥ 14637 (C9)9] 6719 HAES 33HE 19 #A
olefinic EtAof 7]¢lsict 6 178.272]
peak= SIFHE 19] JL%50] caboxyl groupo] 7]2l8H= #

% o EAsHe

om coW sl A&k, ol

a3 19]

HMBC A EHojx] H-20%H proton} C-21 B4 peak 2]

2} peak S

3lojgto

— L

23 AL ehleh ool 717184

(Yang et al., 2019)2] A¥-= v|al EA519S

Z M caboxyl groupo] C-201H $J*]o]|

glolg et =3
o, oFehe

12 B3gol|A] 7] 315 lanostane type?] triterpenoids &5
91 3a-dehydrotrametenolic acid2 573} tHFigure 3(a)].



80 FRELIMRRL R & 5

(a)

A3 A1 (2024)

(b)

(d)

Figure 3. Chemical structure of standard compound isolated from dichloromethane (CH,Cl,) fraction
of the sclerotium of W. hoelen. (a) 3a-Dehydrotrametenolic acid, (b) Ergosterol, (¢) Pachymic

acid and (d) Dehydrotumulosic acid.

2) 3= 2 (Ergosterol)

skshE 29] EXEF2 FAB-MassoA4] m/z 397.3383
(base ion), m/z 396.3388 [M]' 9} m/z 397.3429 [M+H]'&
LrER TR

"H-NMR (500 MHz, Chloroform-d) &: 0.63 (3H, s, H-18),
0.82 (3H, d, J = 7.0 Hz, H-26), 0.84 (3H, d, J = 7.0 Hz,
H-27), 0.92 GH, d, J = 6.8 Hz, H-28), 0.94 (3H, s, H-19),
1.03 (3H, d, J = 6.6 Hz, H-21), 1.25 ~ 1.40 (5H, m, H-1,
2, 11, 12, 17), 1.45 ~ 1.53 (2H, m, H-11, 25), 1.65 ~ 1.74
(1H, m, H-16), 1.85 ~ 1.90 (4H, m, H-1, 9, 20, 24), 1.95
~2.10 (3H, m, H-9, 12, 20), 2.46 (1H, m, H-4), 3.64 (1H,
m, H-3), 520 2H, dd, J = 7.0, 11.0 Hz, H-22, 23), 5.38
(IH, d, J = 5.5 Hz, H-7), 5.57 (IH, d, J = 5.5 Hz, H-6).
BC-NMR (125MHz, pyridine-ds): Table 2.

332 29] '"H-NMR 2423} § 0.63 (3H, s, H-18)T}+
5 0.94 (3H, s, H-19)0]| 4] 6Ho|| A 3}= singlet> angular
methyl protono]] 7]¢18l= Ao &2 by} E3F § 0.84
(BH, d, J = 7.0 Hz, H-27), & 0.82 (3H, m, H-26), 5 0.92
(3H, d, J = 6.8 Hz, H-28), 6 1.03 (3H, d, J = 6.6 Hz, H-21)
o] A|19-2 313HE 29] methyl groupof --215H= proton
off Z+7} A&, o= 2FgHE 29| DEPT AH|EF
A BHelahelt). 1)1 § 5.20 (1H, m, H-22, H-23), § 5.38

(IH, d, J = 5.5 Hz, H-7), 8 5.57 (H, d, J = 5.5 Hz, H-6)°]
Ao Al1d-L skehE BEXtz Fof 3719 olefin proton
of A& vebdllct 3gHE 29 PC-NMRoA & & 28
Mol ghax AladEo] vebgth AAbg Sl vehd §
116.29 (C-7), 8 119.59 (C-6), & 131.98 (C-23), & 135.57
(C22), § 139.79 (C-5) 2 § 141.37 (C-8)°]| sFal= eha
peak 2 X E] tetracyclic triterpen2A} L2 o] 37 9] o]
Ao EAE e & o AR ET 5 7047 (C-3)9
peak 2 FE] 3+ 7§ 9] hydroxyl group(-OH)o] AgstaL )
= AL e 4 3tk 0|9} e EALS vlglo g2 B3 A]

A= %

1__‘?4__
=l

ah

o] glo]E] 9} u|m EA35 AKIbrahim et al., 2022), =
%

H = 3}l sterol 7] E5L% 0] 5,7-diene sterol =24 2]
3}gHEQl ergosterol 2 FA 3} tHFigure 3(b)].

3) 3}3HE 3 (Pachymic acid)

SR 39] BRFEES m/z 5283812 [M]' 2.2 BHelateich

'"H-NMR (500 MHz, pyridine-ds) &: 0.93 (3H, s, H-29),
0.94 (3H, s, H-28), 0.98 (3H, s, H-19), 1.00 (3H, d, J =
7.0 Hz, H-26), 1.01 (3H, d, J = 7.0 Hz, H-27), 1.01 (3H,
s, H-28), 1.15 3H, s, H-18), 1.18 (2H, br. s, H-1, H-5),
1.50 3H, s, H-30), 1.53 (1H, m, H-6), 1.55 (1H, m, H-1),
1.61 (1H, m, H-2), 1.65 (1H, m, H-6), 1.71 (1H, m, H-2),
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1.72 (1H, d, J = 13.0 Hz, H-15), 1.95 (2H, m, H-11), 2.01
(1H, m, H-12), 2.03 (3H, 5, CH;CO-), 2.10 (2H, m, H-7),
221 (IH, m, H-12), 2.30 (1H, m, H-23), 2.40 (IH, m,
H-25), 2.46 (1H, m, H-15), 2.56 (1H, m, H-23), 2.66 (1H,
m, H-22), 2.84 (1H, dd, J = 5.0, 10.0 Hz, H-17), 2.96 (1H,
dt, J = 5.0, 10.0 Hz, H-20), 4,54 (1H, ¢, J = 5.0, 10.0 Hz,
H-16) 4,69 (1H, dd, J = 5.0, 10.0 Hz, H-3), 4,87 (1H, s,
H-31), 5,00 (1H, s, H-31). ®C-NMR (125MHz, pyridine-ds):
Table 2.

132 39] 'THANMR A EH||A § 0.93 (3H, s, H-29),
§ 0.94 (3H, s, H-28), 5 0.98 (3H, 5, H-19), § 1.15 (3H,
s, H-18), & 1.50 (3H, s, H-30)0| 4] ZF7} 3Ho] afeab
singlet peak 2 5-E] 57} angular methyl group®] ZA|& &
o8t 2= 9J9lt}. w3k §2.03 GH, s, CH;CO-)2] A| 192
3SR 39f £A3}= acetyloxy group®] protono] --2ff gt
t}. 8 4.54 (1H, ¢, J = 5.0, 10.0, H-16)2} & 4.69 (1H, dd,
J = 5.0, 10.0 Hz, H-3)°]|4] 2] proton> H-16$]2] methylene
protonI} acetyloxy groupe] AdSL Y= H-3 99
proton®] ZFZ} <&k TS § 4.87 (IH, s, H-31)1}
§ 5.00 (1H, s, H-31)2] %= 7]9] singlet A|19-& A=l
triterpenoids 3F3HE S04 & 4= ¢J&= exomethlyene proton
(=CH)2] &A1& YetfjiL 9ok skghE 39 "C-NMR 2
HE A= F 33719 ©a AT1EES Sl 4= 318l
om, §107.4 (C31), 5 134.8 (C-9), § 135.4 (C-8), & 156.5
(C-24)9] peak2HE 23HE 39 AR Fof 2749
double bond7} &£+ F1&F 4~ 9t ESE § 21.5
(CH;CO-), @ § 171.0 (CH;CO-)oll A ZA5H= 2719] peak
ZHE YER acetyloxy group?] carbonyl(CH;CO-)2] peak
2 ZQlErh o|Ake] 7|7|E A 2 EF(Ukiya et al.
2002; Zheng and Yang 2008) AL E3) 313HE 32 2
o] FAE Fo] shtz &d# A pachymic acid© 2 543}
A tHFigure 3(c)].

4) 313HE 4 (Dehydrotumulosic acid)

3152 49] TOF Mass A% E o] 4] m/z 449.3423, m/z
467.3574 (base ion), m/z 468.3571 L m/z 484.3548 S-9]
o] peak 50| TFEIL, o] F EAO] 22 m/z 484.3
M]'e.2 g}l oP‘R“iD}.

'H-NMR (500 MHz, pyridine-ds) &: 1.00 (3H, d, J = 3.4
Hz, H-26), 1.01 (3H, d, J = 3.4 Hz, H-27), 1.09 (6H, s,
H-18, H-19), 1.15 (3H, s, H-29), 1.23 (3H, s, H-28), 1.32
(IH, dd, J = 44, 11.1 Hz, H-5), 1.52 (4H, br. s, H-1, H-30),
1.92 ~ 2.02 (4H, s, H-1, H-2x2, H-15), 2.20 (2H, m, H-6),
2.30 (1H, m, H-25), 2.40 ~ 2.50 (4H, m, H-12, H-15, H-22,

oM Eeltt stEe] 2oAIE E3t £ 9 vhmAlE A oA Bt 81

H-23), 2.56 (1H, m, H-23), 2.63 ~ 2.78 (2H, m, H-12,
H-22), 2.91 (IH, m, H-17), 2.98 (1H, m, H-20), 3.47 (IH,
1, J =177, 15.4 Hz, H-3), 4.56 (IH, £, J = 6.9, 13.7 Hz,
H-16), 4.86 (1H, s, H-31), 5.00 (1H, s, H-31), 5.41 (1H,
d, J = 5.8 Hz, H-11), 5.65 (I1H, d, J = 5.0 Hz, H-7).
BC-NMR (125MHz, pyridine-ds): Table 2.

o}gHE 49] 'H-NMR 28| E o] ualaZof vhebd §
1.00 (3H, H-26), &6 1.01 (3H, H-27), 6 1.09 (6H, H-18,
H-19), § 1.52 (3H, H-30), & 1.15 3H, H-29) 2 § 1.23 (3H,
H-28)c] LeRd 27H0] sl 7719 singlet A| 719>
methyl protond] F<&atsict 18ln FIE 49 'H-
'HCOSY A= E o] A H-16 proton} H-15% proton A}
0] 9] AFat peak, H-162} H-172] AFo] 9] proton AF3t peak
£ 747} ZRlskgit)y. =3 HMBC AHER oA C-16 A
g ek4-2) H-179 proton 2 H-16W proton Alo]2] uz}
peakE Z+ZF EFQIgho 2 a4, BRlGLx 9] hydroxyl group

of C-16¥0] ZET AL & 4 Ak olare] 71718
Ao} B4 v E E3}o](Song et al., 2002; Zhou et al.,
2008), 3}3HE 4= 7] B 11% lanostane type2] tertracyclic
triterpenoids 2] 3}14Q1 dehydrotumulosic acid2 574514
CHFigure 3(d)].

4, 28 oM S2/Et sEE0l e ZEMZE S5UH

= AolA 22 H QAR 4719] 3HES BMP22
B3lyl 9wE C2C12 Aao] H=H(l, 3, 10, 100 pM)E
A2l3ko] ALP AIES-3} Ba1EAS TSl THFigure
4(a), 4(b)]. 2= E}f‘t}g % dehydrotumulosic acid®] 3
uM FEoA ALP A 160%= BMP-2 EH_J_-_T'-EV% oF
2496p=001) FOIUISHA S715H AL BRI
ol T2 Al 545 ALP 243t 5 oah?_ FEEHE H4F
SF AT} Al AEEo| FEFS VAR G A ew e
CHFigure 4(c)].

oA & % YAIT triterpenoids Z8)E2 Fat2
‘Jo] S5k, A2 e] A Asl EAdo] wof et
gdof g%50] thal s tH(Nukaya et al.,, 1996, Kwon
et al.,1999). Lee et al.(2018)= o&tS FEEA EEH
ZAEZ &2& B OoL, triterpene?]
dehydroeburicoic acid monoacetate2} eburicoic acid acetate
SAHEHE gEshd] ol BAE UEA et
STk HhH, E ATLof|A] triterpenoid @l dehydrotum-
ulosic acido| 4] EAJo] Yepdt AL &e1st 4= glglom,
Adolzh ol v o) Al vt
e 22T 4 otk A 95 BhEET gL

s

AA Agte] HA7|Hof A=, hpopolysaccharldes

e

ol

diterpeneF+—

Rorr

triterpenoid

ik o
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BNP-2(10 ng/mL) + Compoumd (uM)

(a)
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Jqm
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1M CJiuM
1 3pM B 3uM
025 -| HEE 10pM . E opM
o) ] 30uM T 160 1 —Taoum
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Z 020 x S
- * =
] #H# s 120
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£ £ 804
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< 0.10 - 5
= g
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Figure 4. Osteoblast differentiation in C2C12 cell treated with four compounds isolated from the sclerotium of
W. hoelen at concentration (1, 3, 10, 30 and 100 pM). (a) Osteoblast differentiation was visualized by ALP staining.
(b) The ALP activity was measured absorbance at 405 nm. (c) Cell viability was evaluated by the CCK-8 assay.
Data are expressed as the meantSD (n=3). ### p<0.001 versus the control; ** p<0.01 versus BMP-2 treated
group; A: 3a-dehydrotrametenolic acid; B: Ergosterol; C: Pachymic acid; D: Dehydrotumulosic acid.

(LPS)°] o8] AAE TNF-ai= A7helel 4, Rofels
A T 72 5 HE 7] o] dFhks
of glol a3t deE stw(Kim et al, 2022), ThE AfO]
Bolle] AL fEFFORM GEUSS A&7
Ft}. Pachymic acid ¢} dehydrotumulosic acid= G4 2
WA REolq % SRR o7 E 900 (Giner-
Larza et al., 2002), o|2{3F g4+ ZAS vfgto g H o
AA| Al A AFoflA 2EA|2 3l 342 a2
= Uehie "oy 4 Sohes ARAY THedS
Bk

5. 538 Ao 22Ist sEE0l st IEME 2 SE%

47l19] 3}5HE3 RANKLZ A3 23S B u gl
o], SFhE 5 100 pMoflA] B5 TRAP 2ol SAlE&
AnHS FollA Bkt Figure S(a)]. 53] dehydro-
tumulosic acido]] 23t TRAP &4]-& RANKL tf xR}
10-100 uM of| 4] oF 15-86%71A] F-2fu]slA a3t Ao

2 e tHFigure 5(b)]. o]¢} & At A|2=/dof
oRt AR wtsty] 9l BMMsol| thgh Al =4S 4
At At 47 SeHE R 30 pMojlA] Al AEEo] A
a8 tHFigure S(c)]. webA 4719 sebEol 5k 30
uM oA Ut A B2 AMlazEAd o2 Qe Ao R
73 %4, dehydrotumulosic acid®] 10 uM g0l A L}E}f
oA B4 AEx=Ad ohE des Yehue 2S
20 4= QAGlTh = Aol A eI Hiel o] BMMs Al

thsto] 30 uM ©]5ke] Fro A AlZ=Ado] FHIEA]

—

c

o
=

Az &3k Ao FFE & 5 S AeR Helrh
of&o] g FEE-2 20 ng/mL FE=71A] Th2A|
3zof| et A= do] =] egtem, TRAP 2/ 9]
Zaayts B3 thKim et al., 2019a). E3F Jang et
al.(2012)& e A gAY & 5504
A 23 AsRdE Flskalon, FRHAlofA
H2 5 ganoderic acidol £JgF c-Fos & NFATcl 9] ¥Hd

| il
2
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(a) M-CSF(50 ng/mL + RANKL (30 ng/mL) + Compoumd (uM)
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Figure 5. Four compounds isolated from the sclerotium of W. hoelen inhibit RANKL-induced osteoclastogenesis.
The BMMs were cultured 4 days in the presence of RANKL (30 ng/mL) and M-CSF (50 ng/mL) in the
presence of the vehicle or indicated concentration of four compounds (1, 3, 10, 30 and 100 pM). (a) The
cell was strained with TRAP solution. (b) TRAP activity was measured. (c) The cytotoxicity of four compounds
on BMMs was evaluated using the CCK-8 assay. Data are expressed as the meantSD (n=3). ### p<0.001
versus the control; *** p<0.001 and ** p<0.01 versus RANKL-treated group; A: 3a-dehydrotrametenolic acid;
B: Ergosterol; C: Pachymic acid; D: Dehydrotumulosic acid.

AAl= Ethes A=A 74

3} tH(Miyamoto et al., 2009). B3 FZ&5 <A] RANKL

of oJal XY == EsFA ] Hofdhi= NFATcl 9] Hd
& oJAlsha, 4 TRAP £5}5 Suaitin Rashglo
(Cheon et al., 2012), E&jo] SRR X2 HI|Ho|A &
GE B Jle 4R TrAEe ARAEe] TS
AT} glo] welBe] BrhRE ARAR FAL AN
3Rt Lee et al., 2018). oA E2]% pachymic acid
2} dehydrotumulosic acid= QAR W) ZES a4 A29] Z
& AA A9 EA triterpenoidsQ] ganoderma®} schinus
o F2A oz plo] glon, MY F Balniet A
5288 FORN AFS AT 5 Y A2AA Aol
o, NEZEEG B AEZ AFEETR

e FAl=A 2
FAES 7 Qc(Cuéllar et al.,, 1996; Rios et al.,

9 wojze Azeln

2012). Hwang et al. (2020)°f &]s}H, E5 9] 84 ofgt
= FEEOA FEAx 23 A &t qlslen,
polyporenic acid, pachymic acid 2} polysaccharide 52| 3}
o] EAE FHBAT A40] AR vl 8
ATHSong et al., 2018). 0]9} -2 ANEL E£5s] & o,
Ea dHo| A E2|3t dehydrotumulosic acid ¢} A] TRAP
Sy AAES s ACR et B2A4E oAl
o gEthss avE 7K Aew o

2 E
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F% o W Al 88 £ 4 98 Aoz Brslg
t}. AW E-55 9] triterpenoids 5 dehydrotumulosic acid
7 2EAE A QR Dol whE wAY S| Rt
S oI R @ 47 S 20l
& 559 triterpenoids =l thet 2ZAlE 23k}
5018 A3 9 fanel T W 5o Uﬂ?MZ
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ZAe 2
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