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Abstract: This study was conducted to develop functional sources of herbal cosmetics for treatment of skin aging
and inflammatory disorders using volatile flavor extracts of four different herbal medicinal prescriptions including
Cnidium officinale Makino (COM), Angelica gigas Nakai (AGN), Mentha arvense L. (MAL), Artemisiae argyi
Folium (AAF), Paeonia lactiflora Pall (PLP), Rehmanniae Radix Preparata (RRP), Scutellaria baicalensis Georgi
(SBG), Panax ginseng C.A. Meyer (PGM), Glycyrrhiza uralensis Fisch (GUF). The volatile flavor extracts of four
different herbal medicinal prescriptions (HH-1: COM, AGN, PLP, RRP, HH-2: COM, AGN, PLP, RRP, SBG, PGM,
GUF, HH-3: COM, AGN, MAL, AAF, HH-4: COM, AGN, MAL, AAF, SBG, PGM, GUF) were extracted using
SDE and their antioxidant and anti-inflammatory effects were measured by using DPPH radical and SLO,
respectively. As a result, HH-2 showed moderate DPPH radical scavenging activity (68.24 %) and the strongest SLO
inhibitory activity (83.96 %) at 100 ug/mL. Moreover, HH-2 of four different prescriptions significantly inhibited NO
production on LPS-stimulated RAW 264.7 cells in a dose-dependent manner without considerable cell cytotoxicity
at range of 2.0 ~ 50 yg/mL. Additionally, HH-2 also effectively suppressed the production of PGE; and IL-6, which
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are responsible for promoting the inflammatory process. Major volatile components of HH-2 were identified as euge-
nol, paeonol, butyl phthalide, 8 -eudesmol and butylidene dihydrophthalide by GC-MS analysis. Thus, these results
suggest that HH-2 may be useful as a potential source of anti-inflammatory agents in herbal medicinal cosmetics.

Keywords: Cnidium officinale Makino, Angelica gigas Nakai, four different herbal medicinal prescriptions, volatile flavor

extract, anti-inflammatory
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v, AFHHE Ao+ inducible nitric oxide synthase
(iNOS) °ll 9]3i4] ¥HE01#]3= nitric oxide (NO) <} cyclo-
oxygenase-2 (COX-2)°ll &34 & TH=] =] += prosta-
glandin E2 (PGE2) 53 22 95 % A& A4
3FoH 2], B3 lipopolysaccharide (LPS)el ol&f § 2%
MazolA A7l E2<1 tumor necrosis factor-
(TNF-a), interleukin-6 (IL-6) % interleukin-12
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H(SDE, simultaneous steam distillation extraction) %!
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2.1, AE M= Al

2 AFPof| AME-$ T (Cnidium officinale Makino),
3A (Angelica gigas Nakai), B}8H Mentha arvense L.),
o9 (Artemisiae argyi Folium), ZZ-2¥(Paeonia lacti-
flora Pall), <43 (Rehmannia Radix Preparata), 3=
(Scutellaria baicalensis Georgi), ¢14F(Panax ginseng
C.A. Meyer) % 7}%(Glycyrrhiza uralensis Fisch) 52
AokE ke 2 20101 3 oF Aol A -4l
om 25 AA A2 AxE JEHE A2(-5 T)ell B
StAA AAAER ARESIITE AFel Agst Alekl
1,1-diphenyl-2-picrylhydrazyl (DPPH), soybean lipoxy -
genase (SLO), linoleic acid, lipopolysaccharide (LPS),
dimethyl sulfoxide (DMSO)+= Sigma (USA)ZH-E], Cell-
Titer 96AQueous One solution} Griess Reagent Sys-
tem< Promega (USA), PGE2 ELISA kit< Parame-
terTM R&D systems (USA), IL-6 ELISA kit
eBioscience (USA)Z5-H 742t -9)38to] ARE-3kqiTh
7L 9) Aok gl Bl 48 55 B HPLCH Aok

A3l
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Table 1. The Composition, Amount and Yield of Four
Different Herbal Medicinal Prescriptions Including Cnidium
officinale Makino and Angelica gigas Nakai

Amount  Yield

Prescription Herbal medicine (@) (mg/100 g)
Cnidium officinale Makino 125
Angelica gigas Nakai 125
HH-1 91.6
Paeonia Iactiflora Pall 125

Rehmanniae Radix Preparata 125

Cnidium officinale Makino 10
Angelica gigas Nakai 10
Paeonia Iactiflora Pall 10

HH-2  Rehmanniae Radix Preparata 10 121.7

Scutellaria baicalensis Georgi 10

Panax ginseng C.A. Meyer 5
Glycyrrhiza uralensis Fisch 5
Cnidium officinale Makino 12
Angelica gigas Nakai 12

HH-3 1135
Mentha arvense L. 6
Artemisiae argyi Folium 24
Cnidium officinale Makino 10
Angelica gigas Nakai 10
Mentha arvense L. 5

HH-4  Artemisiae argyi Folium 20 1154

Scutellaria baicalensis Georgi 10
Panax ginseng C.A. Meyer 5

Glycyrrhiza uralensis Fisch. 5

s[2519] WHlel wet AE55T7575F &A1 (Likens
& Nickerson type simultaneous steam distillation and
extraction apparatus, SDE) & AREslo] tha-3} o] 3
W A FEES Axslth S, 47 A A 50
goll 2+ 1 LE 78t § SDEIA AZ5-7% diethyl
ether 500 mL& ARS8t “dst stell A 4 h &<t 714
e FEHAG o] FEe) B4 PRIEFS St}
of 4 TolA] sHE WA A B5AT T F7) 85
rotary vacuum evaporater (Eyela, Tokyo, Japan) % 2
27F2 purgerE ol &dto] 5 F 3R FEES
247y At
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2.3. HH-2 & HH-4 SHarx{Eir|e| 3|2 S| Ee| &M

HH-2 ¥ HH-4 ﬂmﬂ ‘ﬂ*ﬂfﬁ] SR I R A
2 GC-MSE ©
MS 7]17]+= HP 5973 Mass selective detector (Agilent
technologies Inc., Chandler, AZ, USA)7} #2¥ Agilent
5975C Series gas chromatography (Agilent Inc., Chan-
dler, AZ, USA)E AH&siglon, &8 Zd2 HP-
5MS 5 % phenyl methyl silox nonpolar (30 m x 0.25
mm, id., 025 ym film thickness, J & W, Folsom, CA,
USA)E AH&3F3 AL, olwf oven®] &%+ 50 TellA] 3
min?t 28 T 5 T/min?] X2 300 CT7HA 4<%

AlF o™, carrier gas® %<2 1 mL/min (He) = 4
St B E 3EE 9] o] 23l electron impact ioni-
zation (EI mode) W o2 33133 © ™ ionization voltage
9} ion source?] &%= Z}7}F 70 eV e} 230 TE A3
, AT EAREY] M9l 40 ~ 350 (m/z) 2 e
Rom, GC injector®] &%= 250 T 2433t SDE
FEHoRE FEH THFEY 05 pLE split ratio 1 :
2002 FYsto] EAsith

GC-MSel| 23} total ionization chromatogram (TIC)
of &% 7} peak® A7 E 412 mass spec-
trum library (Wiley 275&7N, NBS 75K)[24]19} mass
spectral data book® spectrum®}, 183 FEAQ]
retention index®}e] U] 4 TFEZ ] ¥4 datag H]
wate] FRlskqict,

fd

24, Buia B2 2F

Tagashira 5 [27]-4 H“ﬁ% Oﬁ{} W& sle] DP
Aol ot
=, ALL %o—h‘ 100 uLOﬂ 100 uM DPPHE -3t v
= &9 2 mLE 7Fll AE3] vortexsto] A-&elA] 10
ZF WAgk & UV-Vis spectrophotometer (Scinco
-3100, Seoul, Korea) & ©]€3}o] 517 nmollA S35
=743t DPPHO] $Helef| o3t 4 xe] #HAs 5
stoitt, o] w, DPPH 2tt]d AAGA S ths Aol w
Akt

_V}Loﬁmimwr{u:rﬂ._ﬁl

DPPH 2t 2AEA (%) = (1-A/B) x 100.

A 517 nmelA AR SF %
B : 517 nmellA UlZ2T F¥%

tjetalggeha] =), Al 378 Al 3 &, 2011
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2.5.1. Soybean 15-Lipoxygenase & XMl &

47FA) A A A B FE 0] FASEE S
Block &[28]2] el wet FAskeleh = 01 M
Tris-HCI buffer (pH 8.5) 2 mLel &% 20 uL 2} SLO
(1 nM, final concentration) 20 uLE& 2] 5 min3+ k&
A7) og-gof £83t linoleic acid (110 uM, final
concentration) 50 uLE 7182 7}k ¥ 1 minit W&
A1713 234 nmellA FHEE Stk SLO A8 &
3 Ak DPPH #iezt 2AZ4 At sdsH)

AT
2.5.2. M HHQE 2 M= ZA]
Ao Alg= u]——,—{: Eﬂ/l, JEZFQ1 RAW 264.7 Al

T ot MRS 2ol BoF whol ARESE3l o T, 10 %
fetal bovine serum (FBS) ¥} 1 % antibiotics (penicillin/
streptomycin) S 3 7}3F Dulbecco’'s modified Eagle’s
medium (DMEM) HlX|E ©o]&3}o] 5 % CO,, 37 T
incubatorollA] HlFsk3i T,

47}A] a‘]—H]—ﬂH]—xﬂ HHLH 31:7] =50
S 4357 Y8l RAW 264.7 AIZE 96 well plateol|
well G 1 x 10" A7} 5|52 253 5 12 h wjoFasl
t} oju] |FEE2 10 ~ 200 ug/mLe F%7) H &
= 150 uL/wells Aol AHzsto] 24 h vk
CellTiter 96AQueous One solution assay S ©]-&3Fo] 20
uL/well®] one solution= 7}kl 2 h ¥H-gAIZ1 $ 490
mmelA FHEE FAste] MEFA ] nX= avE

S75ArH29).

/\«ﬂ hoA Z/\] Eﬂ

253. NO M x| =3t

RAW 264.7 A3Z= 48 well platee]l 2 x 10° cells/well
o] F=E B3 F 12 h ksl 4714 A
Y FFE= 1 ~ 50 ug/mLe sE7F H 55 500
pL/wellE FA A B LPS w5 AH@]sto] 20 h v
oFsh &, AL vkl Aol wljekd ol ¥ NO2
9FS- Griess Reagent System (Promega, Madison, W1,
USA) & o]&3te] S43FITH301.

2.5.4. PGE2 M’ Kol &2
RAW 2647 AEZ 48 well plated] 2 x 10° cells/well

o] HE% FFe & 12 h vjsiolch 4714 sk A
3k @713 EE 1 ~ 50 ug/mL 2 LPS 100 ng/mL
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o] BEE ¥ Ay v LPS w5 Agste] 20 h #j ok
ok 3 vk Fof 3%l PGE29] %S PGE2 ELISA
kit (ParameterTM R&D systems, Minneapolis, MN,
USA)& AHg3tol S43tgie,

2.5.5. IL-6 A X3l g1t

47FA) A A 3 FTFEEC] ASHES Al
QAAM 7L FH)shE A5/ Al EFRRIIL-6) 2 A4
of X JES ERIEH] H8l, RAW 264.7 AlZel 4
744 #7)1%F%EE 1 ~ 50 ug/mL 2 LPS 100 ng/mL 2
TEoA FA A T LPS W5 Aol 20 h vt
3 & wjokol Zof shG-9 IL-62 ELISA kit (eBioscience,
San Diego, CA, USA)E o]&3slo] 43 c)

2.6. SAXE|

B Aol A% AyEL 33 ukE =4 sle] HAFk +
EFAAR el on, BE 2k52] BAEA2 SAS
(Statistical Analysis System) software package[31]5
ARg3te] AAEEITE o] W FAREAS ANOVA test
£, 7 Al Hatatolel digt /-214 77 Duncan
multiple range test& ©]&3}] p < 0.05 =4 o 2
sk zfo]7} Sl Ao ® 1hFsglTh

3. dxt

a
K
3

3.0, A71R| SHUX ALl 2l SIFES =
5

MG S = 87FA] AR 7HE
A, A&, 32, whs), ofl]]) o] I &

T BAS ST A A @ AV 25 AR
NO BAS A oAs 1, of2d sl 2 oS
SR IL-6 A-S AA AsHATH 23], =3
el A 3, i, s AF s} o 9 AS Agk
250 gl o] g=a lvH24]. olg s AP AR
= EUE B Ao A = Table 13} o] 7} Aoke] 23t
H& 2 AlZxsh 47h4] e (HH-1, HH-2, HH-3,
& HH-4)E5 Table 13} #2o] dAstar ok Alm 9 W
HellA] 71Ee £5715HEAE olgste] 2 AA| 2
A FNFEES 58S Y% 49, HH-12 916
mg/100 g, HH-2%= 121,67 mg/100 g, HH-3 113.52
mg/100 g 2 HH-43= 115.38 mg/100 g© &, HH-29] 3]
W B1FEES ol /M A vER T
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Table 2. Antioxidant and Anti-Inflammatory Effect of
the Volatile Flavor Extracts from Four Different Herbal
Medicinal Prescriptions

Inhibition activity (%)

Medicinal drug

prescription Soybean

DPPH radical )
15-lipoxygenase

HH-1 2407 £ 037 5670 + 3.71°
HH-2 6824 + 0.64° 8396 + 5.08°
HH-3 86.19 = 1.64* 2860 + 1.17°
HH-4 80.64 + 0.05°  45.03 * 4.70°

Data represent mean * S.D. of triplicate determination.
Superscripts are significantly different at p < 0.05 by Duncan
multiple range test. Sample concentration: 100 ug/mL. HH-1
~ HH-4 are shown in Table 1.
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ksl B4 I w3tE WA s 5 o] H7)
A ikt &4 =gl DPPH glvd 2AEA

oA SDEMOR FEF 471X SAuA )5

oA Wi ukel 7o) 100 pg/mLe) XA HH-39]
86.19 %= DPPH =}t &~AE/do] 7P =A YeElst
om, ohs HH-4 (80.64 %) > HH-2 (68.24 %) » HH-1
(24.07 %) 2] =22 WA YErstt) o] e} o] HH-3%
HH-49] DPPH 2}t &£A /o] %2 2 of7]o] &
FrEo] Sl ol]lel Fakshd el 71QlE AR
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3.3.1. Soybean 15-Lipoxygenase X{afi&Hd
SLO+= &4t ¥ glealitey 22 x|l
283197 leucotrienes= AJdste] I EYE, dHE
7], otEu o} 2L AT FASE FEAA A5 9
Bu3lE FR8s a4F 2 <A Slui34]. upekA
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Figure 1. Cytotoxicity of the volatile flavor extracts from four different herbal medicinal prescriptions in RAW?264.7 cells.
Data represent mean + S.D. of triplicate determination. Bars with different letters are significantly different at p < 0.05 by
Duncan multiple range test. HH-1 ~ HH-4 are shown in Table 1.

SLOZ Mez oz %
2 N 75 ol

4744 P A 3 1?%%94 Bl
®7] 918 SLO XioH% S 243 A= Table 2914
B nke} 2ol 100 ug/mLe) s =04 HH-2 (83.96 %)
7} 7V = Mg S WERI9laL, T HH-1 (56.70
%) » HH-4 (45.03 %) > HH-3 (28.60 %)2] <=0 & y
Al vEbstth o] ¢) o] HH-27} 7 & 395 a4
= \%EM%EH%, o]o] AAE AL oA avE st
7] 918l LPS®Z %% RAW 264.7 Al 5 o] &3&}o] ¢
< mAQAES T 2ol S35t

FI2 oto}

332 M=Z =4
A W gAE =T
o 39F TS

% Fr\%ET AEEHE 23

tjetalggeha] =), Al 378 Al 3 &, 2011

ug/mL B 200 pg/mL 01742 FEo ANk A5 S
Ueigleuz Axgido] YepA] ¢ 0 ~ 50 ug/
mL 5% HHelA 2 Ao e S HRFEES)

F9%F B SR

3.3.3. NO MM Mgzt
A 2 FAE L83 471K shAYA 7| FEE
o] AL adE Hristr] Hd LPSE 5% RAW

264.7 AFENA L NO AA oA &= =43 dyp=
Figure 29} #t}h =, 2 pug/mLe FEel|A= HH-2vF
LPSel ¢J3l] T7Fe NO2| A4S tha AaAZH o 1
9] HH-1, HH-3, HH-4+= NO A4 Asiaa7t A9 9l
Atk o, 10 pg/mLe] ol = HH-27F LPSe) <]
3l S7hd NO9 AA3S 7Hd AA FAAIH e v
HH-1 ) HH-3 = HH-49] <=2 As|&2do] vtA e}
sk 3HE, 50 ug/mLe) XA E HH-27} LPSe] 9
8 T7Fe NOS A4S 7 Al A3 e 10 ug/
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Figure 2. Inhibitory effects on NO production of the volatile flavor extracts from four different herbal medicinal
prescriptions in LPS-induced RAW?264.7 cells. Data represent mean + S.D. of triplicate determination. Bars with different
letters are significantly different at p < 0.05 by Duncan multiple range test. HH-1 ~ HH-4 are shown in Table 1.
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Figure 3. Inhibitory effects on PGE2 production of the volatile flavor extracts from four different herbal medicinal
prescriptions in LPS-induced RAW 264.7 cells. Data represent mean + S.D. of triplicate determination. Bars with different
letters are significantly different at p < 0.05 by Duncan multiple range test. HH-1 ~ HH-4 are shown in Table 1.

A% YL S
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264.7 A

= 2] 5}

ma= 5
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A= Figure 3% 2} =, 2 ug/mLo] &
HH-17} HH-27} LPSell 2J3] <71 PGE29]
IA ZAAZem, HH-4 = HH-39 27 A
& go] WA YERTE 10 ug/mL2el FxolM s HH-2
°] PGE29] A4 A&7 7k 7o v HH-3 =

HH-4 ) HH-19] =02 SHA Yebsttt 8, 50 ug/mlL
o] o A= HH-29F HH-47F HH-1 % HH-3¢] PGE2
o] A A ETET} thA A YERETh mEkA, AT

of| &

o

o

W 92 3l 47H] ShA A S EREEE 2
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