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Abstract: In this study, the anti-inflammatory and anti-bacterial activities of the extracts from the leaves of the Hydrangea
petiolaris were identified, and the chemical structure was identified by separating the active ingredient. As the result
of the anti-inflammatory activity experiment using RAW 264.7 cells, it was confirmed that the n-hexane (Hex) and
ethyl acetate (EtOAc) fractions inhibited the production of nitric oxide (NO) and the expression of iNOS protein in
a concentration-dependent manner without cytotoxicity. In addition, the »-Hex and EtOAc fractions reduced the production
of pro-inflammatory cytokines (TNF-o, IL-1f and IL-6). Upon the anti-bacterial tests using Staphylococcus epidermidis
and Cutibacterium acnes, the extract, n-Hex, EtOAc and n-butanol (BuOH) fractions showed potent activities. In order
to isolate the active constituents, the #-Hex and EtOAc fractions were further purified to afford four phytochemicals;
phytol (1), corosolic acid (2), asiatic acid (3) and 1-O-p-coumaroyl-p-D-glucopyranoside (4). All of the compounds
1 — 4 were isolated for the first time from this plant. In addition, the contents of isolated compounds were determined
by HPLC and the quantity of phytol (1) was 27.8 mg/g for the 70% EtOH extract. Based on the above research results,
it is believed that it will be possible to develop a natural cosmetic material that has anti-inflammatory and anti-bacterial
effects using the extract of H. petiolaris leaves.
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SAZIAY A28 Aol A7IAl 1] d5Hksel
ofSh= Al2EQ] Al E(macrophageyi= Aol A 4]0
2 HHRSS Fohs AlZE dEA lor & AU
= A0 Fziti2]. HiE|gjolet 2 Alto] A=
Z5F5HA Al Allsze} 4d+5-2] lipopolysaccharide (LPS) 5]
Ofsf| thalA|Z7} A= ol &/l 24k o4
AM|3E+= nitric oxide (NO), prostagalandin E, (PGE;), tumor
necrosis factorr-a (INF-¢ ) 53 22 G35 242
RT3l

NOL cytokinee] 12 L wlAEe] HQlow i) A
7} Bslelo] ANEE AR, nire oxde syhse
(NOS)of| 2J3]| L-arginine © 25 -] A%} NOS+= neuronal
NOS (nNOS), inducible NOS (iNOS), endothelial NOS
(eNOS)o} o] 3 F577F EAsh, o] & INOS7L H5Ht
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Cutibacterium acnes (C. acnes)S W|ZESH 7|4 Alo|
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5 (pustule), AH(nodule)o] £3pH, AP|E7IRIQI IL-la
IL-8, TNF-¢ ¢} PGE,, NO & H= HEGHi7l QIx7} o]
she o= dEA U9

AR =g ARAR 20|11 = FHEE retinoid,
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2.1, A|°': ajl 7|7|

ANze] 35 Bl 19 9 Eejol] AR BEE Merck
g2 O ARES A5 Vacuum liquid  chromatography
(VLC)oJ]*= silica gel (0.002 - 0.025 mm, Sigma, USA), gel
filtration chromatography (GFC)ol= Sephadex™ LH-20 (0.1
—0.025 mm, Fluka, USA)©] AREE|QTE Medium pressur
liquid chromatography (MPLC, Biotage, Sweden)of+=
KP-C18-HS (Biotage, Sweden) A2 AMESIGCE L2 EA
< 9J3} nuclear magnetic resonance (NMR)+= INM-ECX 400
(FT-NMR system, JEOL, Japan)& o8319.0.0], NVMR %%
|= CIL AR NMR -8 872l CDCl;, 9 CD:OD&
ARSI

22 &= 4o & 4 S0 28
Aol AR S A(AEHD: 487) 2018 14
AFBEAAT) (Korea)oll Al st oH, Aae= 54
Az 9 BABlo] ARSIETE Ax 9 BalE St o)
1200 g& 70% o[RS 24 Lo H&alo] AlLojx] 24 h &
oF AEAFLE AEAZ] AEE 749 3o |2 ol
slo] ofdlgt Fsjglom, o]} 2 P o Fafgh ZhAL

o thsted FUeh 27108 2 8 ©f vk AAEgIek o
Tato] Fojxl 2 40 T S8-gelA st FHSte] 3

22 85 g8 AYon], ot 2HE 30 g& FR]

FHeA7]a, B Aol wet wxdon Belsl
mhexane (Hex), ethyl acetate (EtOAc), n-butanol (BuOH),
O 2L Ak

23, 2 Mo 22| U =X

pHex 2312 17 & 2ol wfet Lier] Slske] VIC
£ 53518121, n-Hex-EtOAc (0 ~ 50%)9] 8viE =42
%4 wole WHeR 7} 300 mLAY §E3Igi: 11 5
100% EtOAc 2 100% MeOHE Z} 300 mLA 8-=3}o] &
13 7119] fraction2 FATHFr. V1 - 12). VLC fraction = Fr.

V5 (1622 mg)= %% @}ﬂ“o sRHE 12 2lE ik
FtOAc H31& = olgsto] SAo wet AlES)

31tk EtOAc T._Qg 5.0 g2 81f(MeOH : DMSO =1 :
1) 10 mLof| 5031 045 um PTFE syringe filterS ©]-8-5}¢]
ofalat %, G 2ol BT OFEARS ZRAE)
A} SRS B0 BYS ARESIION, §4-8 15 mLnine
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2 319irt 822712 gradient mode® 100 min F<t -8j
BE 10 - 50%2] H]&& WH3AZ] T, 10 min FF 100%
|1l BE 8EA1A & 48 7119 fractions HASATKFr. MPI -
48). MPLC fraction = Fr. MP48 (31.4 mg)> T SishE
ol 3RBHE 22 FOIE|glom, Fr. MP46, 47 (141 8 mg)>
Sephadex LH-20 Z2(CHCl; : MeOH = ) sl
3R 3 (5.0 mg)S Eajalck Fr. MP 12 - 15 (3296
mg)= Sephadex LH-20 AZ(CHCL; : MeOH = 2.5 : )& 4=
Yslo] 3= 4 (5.1 meg)E Ak

Phytol (1) 'H NMR (400 MHz, CDCl;) & 1 5.39 (1H, m,
H-2), 413 (2H, d, J = 7.8 Hz, H-1), 1.96 (2H, t, J = 7.6 Hz,
H4), 1.64 - 0.85 (19H, overlapped, H-5 - H-15), 0.85 - 0.81
(15H, overlapped, H-16 — 20); *C NMR (100 MHz, CDCl)
& ¢ 140.6 (C-3), 1232 (C2), 59.6 (C-1), 40.1 (C-14), 39.6
(C4), 37.6 (C-8), 37.6 (C-10), 37.5 (C-12), 369 (C-6), 33.0
(C-11), 329 (C-7), 253 (C-5), 25.0 (C-13), 24.7 (C-9), 282
(C-15), 229 (C-17), 22.8 (C-16), 20.0 (C-18), 199 (C-19),
164 (C-20).

Corosolic acid (2) "H NMR (400 MHz, CD;OD) 6 1 5.24
(1H, m, H-12), 3.62 (1H, m, H-2), 290 (1H, d, J = 9.6 Hz,
H-3), 220 (1H, d, J = 11.0 Hz, H-18), 1.11 (3H, s, H-27),
1.02 (3H, s, H-23), 0.97 (3H, s, H-26), 0.94 (3H, s, H-24),
090 GH, d, J = 6.4 Hz, H-29), 0.89 (3H, d, J = 6.4 Hz),
0.84 (3H, s, H-25); *C NMR (100 MHz, CD;OD) & ¢: 181.7
(C-28), 139.9 (C-13), 1268 (C-12), 84.6 (C-3), 69.6 (C-2),
56.8 (C-5), 54.5 (C-18), 48.5 (C-1), 484 (C-9), 484 (C-17),
434 (C-14), 409 (C-8), 40.6 (C4), 40.5 (C-19), 40.5 (C-20),
393 (C-10), 382 (C-22), 343 (C-7), 31.9 (C=21), 295
(C-23), 292 (C-15), 254 (C-16), 24.6 (C-27), 242 (C-11),
217 (C-30), 19.7 (C-6), 179 (C25), 178 (C-26), 17.7
(C-29), 17.4 (C-24).

Asiatic acid (3) 'H NMR (400 MHz, CD;OD) & 1 5.25
(1H, m, H-12), 3.50 (1H, d, J = 11.0 Hz, H-23), 3.35 (1H, d,
J =96 Hz, H:3), 327 (1H, d, J = 11.0 Hz, H-23), 221 (IH,
d, J = 11.5 Hz, H-18), 0.97 (3H, s, H-30), 0.89 3H, d, J =
6.4 Hz, H-29), 0.85 (3H, s, H-26), 0.70 3H, s, H-24); “C
NMR (100 MHz, CD;OD) & ¢: 181.9 (C-28), 140.0 (C-13),
1268 (C-12), 783 (C-3), 69.8 (C2), 664 (C-23), 545
(C-18), 483 (C9), 483 (C-17), 482 (C-1), 482 (C-5), 443
(C-4), 43.5 (C-14), 40.9 (C-8), 40.7 (C-20), 40.6 (C-19), 39.1
(C-10), 383 (C-22), 33.8 (C-7), 319 (C-21), 293 (C-15),
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255 (C-16), 24.6 (C-27), 243 (C-11), 21.7 (C-30), 192
(C-6), 18.0 (C-26), 17.8 (C-25), 17.8 (C29), 14.1 (C-24).

1-O-p-coumaroyl-8 -D-glucopyranoside (4) 'H NMR (400
MHz, CD:OD) 6 1z 7.73 (1H, d, J = 160 Hz, H-7), 7.49
(H, d, J = 8.7 Hz, H2, 6), 6.82 (2H, d, J = 8.7 Hz, H-3,
5), 6. 38 (1H, d, J = 160 Hz), 558 (1H, d, J = 7.8 Hz,
H-1"); C NMR (100 MHz, CD;OD) 6§ ¢ 167.9 (C-9), 161.8
(C-4), 148.1 (C-7), 131.6 (C=2, 6), 127.1 (C-1), 117.0 (C-3,
5), 1146 (C-8), 959 (C-I’), 79.0 (C-3"), 782 (C-5), 742
(C-2°), 713 (C4), 624 (C-6").
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241, M=HiE

Murine macrophage cell line?l RAW 2647 cellS
American type cell culture (ATCC, USA)ZHE| Hofglol
100 U/mL penicillin, 100 ug/mL streptomycin 2 10% fetal
bovine serum (FBS, GIBCO Inc., USA)¢] $+5-% Dulbecco’s
modified Eagle’s medium (DMEM, GIBCO Inc., USA) HJX]
£ ARES1O] 37 T, 5% CO, 327]0l|A] vieFsIglom, 2 —
3 Uof| g HA Ay vl

242 NO ‘4o x| &d

24 well plateo]] 2 x 10° cellswell & AJEE B8} 37
5% QO, 115104 18 h ulie) 5 viRIE AASISICE 1 pugiml
O] LPSE E3oh= A= wet 5 AlRE wedE 27}
7rste] 24 h vjFsIGIc) 0% Alszuiel e 100 kL
o} Griess A|2K(1% sulfanilamide, 0.1% naphthylethylendiamine
in 2.5% phosphoric acid) 100 LS &350 96 well plateo]|
A1 10 min F2F WES- AIZ1 3 540 nmojlA| SBE=E 54
S15ick AVAE NOS| 9 Griess AJok: olg3jo] Al
ool Zo ZASR= NOfo WeR AR, sodium
nitrite (NaNO») - standard = AR8-50] AJ55131ck:

243 MHZM AO|EFIRNTNF—a , IL—15 , IL—6) AiAd
x| 2

24 well plateo]] 2 x 10° cellsmell 2 H|ZS B33} 37 ¢,

5% QO, 221510141 18 h vliek 3= viAIE AASISITE 1 pgiml

O] LPSE 3ok HiAE 1wt &, A|E s=dE 717}

H71ste] 24 h woksich o] AEEHleF s Aol

E719l XA Sk sandwich enzyme-linked immumosorbent

o) &8l g5k 3) %), A46d Al 3, 2020

rlo

Colus

assay (ELISA) kitE o]-83}o] Aesl9i.om, TNF-« ELISA
kit (Invitrogen, USA), IL-18 ELISA kit (R&D Systems,
USA), IL-6 ELISA kit (Ivitrogen, USAYS ARESIQICH
Standardo]] ot FEEA] P ZR 0.9 o1l

2.4.4, Western Blot Analysis

60 mm dishof] 9 x 10° celly/dish® A|ZS B3=5}31 37 C,
5% QO 25107 18 h HjF F RIS Ak 1 gl
©| LPSE ZAsHe A e 3, RS HEdR 247}
W7¥ele] 24 h HjeRsIOlTh ol WX AL PBS=
A2t &, RIPA buffer (Sigma, USAYE ©|83l 4 T,
overnight © & lysis A]71 & 241E2)(15,000 rpm, 15 min, 4
©)te] T ASOlYE Helsierh wd mh
bovine serum albumin (BSA)S ¥+ O% Bradford AJoF
(BIORAD, USA)S AMg3lo] Aakslolch. Auket whula
2 8 - 12%%] SDS-polyacrylamide gelo #17|%-53laL
polyvinylidene difluoride (PVDF) membraneo]] Zo]AJFTh
hizlo] Ao]EmembraneS 5% skim milkE- 3£3F5F TIBS
(0.1% Tween 20, Tris-buffered saline)ol] ‘B AR2ol|A] 2 h
blocking A171 &, 1 2} Aot WRSAIFAT: 1 2} 4] whks-
2 iNOS antibody (1 : 1,000, SantaCruze, USA), (3 -actin
antibody clone AC-74 (1 : 20,000, Sigma, USA)E- ]85}
4 TCollAl ovemight HHSAIZTE 1 2} A ¥hgo] &
membrane> TIBS fHoZ 5 3] AZ] & peroxidase-
conjugated 2 2} 3FA|(1 : 5,000 T== 1 : 20,000, SantaCruze,
USA)®} -2oflA 1 h ¥kg- A7l |, TIBS o= 5 3
A5k TS WESTA NOVA 20 (Cyanagen, Ttly)
|5 olgs ECL 7]&xt ¥kg- AXl %, Chemidoc
(Fusion solo, VILBER LOURMAT, Germany)=- ©|-8-5}¢] Z}
Zo] chilg e s RAskc

2.5, MZ=M IKMTT Assay)

MIT assay’= RAW 264.7 cell-S 24 well plateo] 2 x 10°
cellywell 2 E2311 37 C, 5% C0, 27I5jollA] Aujor
Z, LPSQ} A RS =R SAlo] Z2sto] ujdsiaict
0] 500 ugmL2e] ‘== MIT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide)E 75t 37 CollA 3 -
4 h Fet REGAIZL &, MIT g2l AASKE of7]of
DMSOE 7}sto] AlolQl= A2zt Bhgste] 4871 formazan
AHAES B8lA17]1aL 570 nmof|A S35 S7gste] Al
RZE()S AL



ol
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FEAEEARLHO) S epidermicis (CCARM 3709, 3710,
37119} J=272] C acnes (CCARM 0081, 9009, 9010)=
SAIA| A HFE-E8Y(Culture  Collection  of  Antimicrobial
Resistant Microbes) 0. 2 HE| HoF Wl ALE31¢ch S
epidermidis?) 732, vlQFR]E TSB (tryptic soy broth)=
slof 37 CollA visiglom, sholl g ¥4 Ao viek
slick C acnes?l 735 ¥iOHHAIE GAM broth= 5o
37 €, |71 2xdollAl vlieksislom, 2 dofl gk ¥4 A

o whersigick

A

2.6.2, M= (Paper Disc Diffusion Method)

Ao P PSSP S dEsEoR
clear zone®| =715 RIS} 7 w#5= 0.5 McFarland
standard 2 EHeE 2Fsl] 1.5 x 100 CFUMLE 232
Z, 0.8% agars 335z HiR|of Yo] SF=R)X|(1.5% agar)
9ol] =t w7} Zor AR folg ksl 7 8
mm paper discE 2 &, S epidermidis= 37 Co|4| 24 h
Q1 WjOJakTL, C acnesi= 37 CollA] 48 h 52k 7] Hjo
3 BAE 9 e Axse) 2718 Sl of
- Eizarythromyeing AME519ck

2.6.3, ZAAMSZ=MIC) & ZAANBSE(MBC)

Z|AASE=MIC, minimum  inhibitory concentration)+=
=] At Y s, AAHEIR|E]
AeH(broth dilution method)S- ¥H&5}lo] AL 96 well
plateo]] two-fold-dilutiont] & 2 A7) F=E F Hj¥ FH3|
A AlRE EZFsk= HiRE 100 uL YolE F, o &E
Aol =2 2 x 10° CFUML7}F B2 24slo] 100 ul
A dojEt), S epidermidiss= 37 CollA] 24 h vjok3li e
H, C acnest= 37 C, H71/d 201014 48 h st
ol o] ZAlo] LA ohe Hdseg BIsiolr
ZAAPE5=(MBC, minimum bactericidal concentration)+=
MICZo] Ut 71 o 9] 59| Alm sjdi=S ol=
Hizlof] Z2jsto] colonyE F/doh=A] ERIsk= Ao,
MICE %133t 96 well platecf|AloopE ©]-85to] Al& vk
012 Hojulx] Shelle sreaking 51k S epicermicis
37 ol 24 h wjeellon], C aoes= 37 C, @]
2710114 48 h HjFstod, colonyZ} FAJEA] = Fa
g RISk

I oox [

O

glol 9l Byt g A

e

g4 A 211
27 22lE SIEE 1 - 49| glEF 24

S oA EelH ke 1 49 RS ERIsh]
23}l HPLC (Alliance, Waters Co., USA), Kromasil 100-5-C18
column (4.6 x 250 mm, AkzoNobel, Netherlands)-S- A&-5}o]
AeF Ak o 0.2% acetic acid7} T 55
(& A)e} acetonitrile (87 By AMSILOH {52
1 mU/min, £ 10 L2 31991 A&7]1%= UV detector
Q02 Mm)E AFREIITE 8227 gradient modeR 20
min F<t -G BE 40 - 100%2] HIEE WHIPA|7|aL 5
min 39+ §9f BE 100%= §EAFE SR Alxst
SIHE 1 - 49] peak W23 Fsto] 39| WAL o83t
el e 2PAdsto] Aepslgleon dekkle] r gk 099

ool

52 1
T

Ao wel sApFoR HElske] n-Hex, EtOAc, n-BuOH,
HO HFE&E8 A%k 94 25 2 80 E3E0 o
5o] 100 ug/mL o] FieolA AdS Masiglom 1 A
n-Hex & EtOAc E-3 504 NO A4 oA E4do] 23
O}, n-Hex £215-& Alasrdo] Uehydth(Figure 1).
PR nHex HEEL 50 pgmL o]ake] FizofA,
EtOAc #3152 100 ug/mL ©J5}e] sreoflx] wr=d A
S A3t 43k, 541 9 nHex ¥ EtOAc #3152
e OEHOF NO9| A4 dAlehs A& &Rlska
tHFigure 2).

312, ™MASM AO|EFIRI(TNF— , IL—16 , IL—6) A
ofx| 24

NO Y o Aol $4% ST 9 nHex 1
FOAc H:8ho] thsf 271219 F B4 713 A2 )
sl ELISA kitZ: o}g3lo] 34 Alo|=7iel A4 o)
By SYslch 1 AT 50T 9 nHe REBS
TNEw % 115 9] A4S 5= JEHOR a7l
A3} 9SS SIS, E3 545 9 BOAe HEl%
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T T

NO production (%)
3
3

Cell viability (%)

40 + 4 40

20 F 4 20

0
LPS (1 wo/mL) +
Sample (100 zg/mL) - - 70% EtOH  sHex EtOAcC -BuOH H,0

Figure 1. Effects of extract and solvent fractions from H. petiolaris on NO production in LPS-induced RAW 264.7 cells. The
cells were stimulated with 1 pg/mL of LPS only, or with LPS plus H. petiolaris extract and solvent fractions for 24 h. NO
production was determined by the Griess reagent method. Cell viability was determined after 24 h culture of cells stimulated
with LPS (1 ug/mL) in the presence of H petiolaris. The data represent the mean + SD of triplicate experiments ((p < 0.05,
“p < 0.01).

ENO production mCell viability
120 120
. o
100 W 4 100

80 r

*
L L] c ok
60 1 60
**
40 t 1 40
20 t 1 20
0 0
LPS (1 go/ml) - - i - - - + + +

Sample (wo/mL) - - 12.5 25 50 12.5 25 50 100
mHex Fr. EtOAc Fr.

NO production (%)
Cell viability (%)

Figure 2. Effects of n-Hex and EtOAc fractions from H. petiolaris on NO production in LPS-induced RAW 264.7 cells. The
cells were stimulated with 1 gg/mL of LPS only, or with LPS plus n-Hex and EtOAc fractions for 24 h. NO production was
determined by the Griess reagent method. Cell viability was determined after 24 h culture of cells stimulated with LPS (1 u
g/mL) in the presence of n-Hex and EtOAc fractions. The data represent the mean + SD of triplicate experiments (p < 0.05,

“p < 0.01).
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Figure 3. Effects of n-Hex (A) and EtOAc (B) fractions from H. petiolaris on production of TNF-o, IL-1f and IL-6 in
LPS-induced RAW 264.7 cells. The cells were stimulated with 1 pgg/mL of LPS only, or with LPS plus »-Hex and EtOAc
fractions for 24 h. TNF-a, IL-1B and IL-6 produced and released into the culture medium was assayed using the ELISA
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Figure 4. Effects of n-Hex (A) and EtOAc (B) fractions from H. petiolaris on level of iNOS protein in LPS-induced RAW
264.7 cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus »-Hex and EtOAc fractions for 24 h.
Whole cell lysates (20 ug) were prepared and the protein was subjected to 10% SDS-PAGE; expression of iNOS and B-actin
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Table 1. Anti-bacterial activities of H. petiolaris leaves

aE"T‘% o]
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= == 1 a

F=E= 9 nHe
EtOAc, n-BuOH H-&Eol|A gat E/do] et m(Table

1), 3702 F4AlsEMIC) H 2 AAE s

Z2FS ERISIITHTable 2).

Clear zone (mm)”

S. epidermidis [ C. acnes
CCARM CCARM CCARM : CCARM CCARM CCARM
3709 3710 3711 | 0081 9009 9010
Extract 8.5 - 8.5 | 105 8.5 11
n-Hex - - - | 9 95 8.5
EtOAc 10 13 9 : 12.5 10 10.5
n-BuOH 115 11.5 11 : 10 - -
H,0 - - - | - - -
Erythromycin 30 - 29 : 58 - -
DConcentration of sample : 2 mg, erythromycin : 20 ug
Table 2. MIC and MBC values of H. petiolaris leaves
Extract” n-Hex" EtOAc" n-BuOH"
CCARM MIC 2000 > 4000 2000 1000
3709 MBC 4000 > 4000 2000 2000
CCARM MIC 1000 > 4000 1000 1000
S. epidermidis
3710 MBC 2000 > 4000 2000 2000
CCARM MIC 1000 > 4000 500 1000
3711 MBC 4000 > 4000 1000 2000
CCARM MIC 4000 > 4000 2000 4000
0081 MBC > 4000 > 4000 4000 > 4000
CCARM MIC 2000 4000 2000 2000
C. acnes
9009 MBC 4000 4000 4000 4000
CCARM MIC 4000 > 4000 4000 4000
9010 MBC > 4000 > 4000 4000 > 4000

DConcentration of sample : ug/mL
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Figure 5. Isolated compounds 1-4 from H. petiolaris leaves.
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Figure 6. Effects of isolated compound 1 and 3 from H. petiolaris on NO production in LPS-induced RAW 264.7 cells. The
cells were stimulated with 1 pg/mL of LPS only, or with LPS plus compound 1 and 3 for 24 h. NO production was determined
by the Griess reagent method. Cell viability was determined after 24 h culture of cells stimulated with LPS (1 wxg/mL) in the
presence of compound 1 and 3. The data represent the mean + SD of triplicate experiments (p < 0.05, “p < 0.01).

Table 3. Contents (mg/g) of isolated compounds 1 — 4 from H. petiolaris leaves

1 2 3 4
70% EtOH extract 27.8 7.9 2.0 44
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