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Comparative Study of the Anti-inflammatory Effects of
Menthae Herba from Korea and China

Hye-Sun Lim, Jung-Hoon Kim, Hyekyung Ha, Chang-Seob Seo and Hyeun Kyoo Shin*

Basic Herbal Medicine Research Group, Korea Institute of Oriental Medicine, 483 Expo-ro, Yusung-gu,
Daejeon 305-811, Republic of Korea

Abstract — Menthae herba (MH) extracts exhibit anti-inflammatory effects. The purpose of this study was to determine
whether the anti-inflammatory effects of MH extracts vary according to the cultivation regions. We performed a comparative
analysis of MH extracts by evaluating the production of inflammatory mediators in RAW 264.7 murine macrophage cells and
HaCaT human keratinocyte cells. MH extracts obtained from different cultivation regions in Korea and China significantly
reduced the production of nitric oxide (NO), prostaglandin E, (PGE,), and tumor necrosis factor-o. (TNF-o.) in RAW 264.7 cells
stimulated with lipopolysaccharide (LPS). No differences in these inhibitory activities were observed between MH extracts. In
HaCaT cells stimulated with TNF-a and interferon-y (IFN-y), MH extracts did not inhibit the production of macrophage-
derived chemokine (MDC/CCL22), but most extracts reduced the production of the regulated on activation normal T-cell
expression and secreted (RANTES/CCL5). We used clustering tree analysis of the MH extracts according to the chro-
matographic pattern and anti-inflammatory potency of MH extracts. We observed differences in the chromatographic pattern
of MH extracts but no difference in anti-inflammatory potency. Our findings suggest that MH extracts from different regions
do not show any differences in their pharmacological potency in that MH extracts are used as therapeutic agents to treat inflam-
matory disorders.
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710l thsl| St=ollMs= Mentha arvensis L. var. piperascens
Malinvaud® 7F831L 932, S=WE M. haploxalys Briq.
2 85kl oA gt T 7k 71E Aol 7k EA)
k> Mg o vehs 7%, K8, sl5dl AHse] AL

EHoA gkom FE, 75, A5FE, 5, A, 9
e A=

23 549 ngoz

314 Fvol BAE B A7t AAHAck o) B

o 2 IR E Z3E dehle Aoz g4 ok

1T o
Akl diste] X 5a37t oa A Urk? o]
2o AFALEe o5 vlehe] ok
w=m vksteE 8¢ HSV-1, &4, 3bsl a3 a8y
S vksle E7HE) 9k o)A histamine FH] S A 51

*WAIZZHE-mail) : hkshin@kiom.re. kr
(Tel): +82—-42-868-9464

231

oA A= Jephglen,” vete] FHEZE
histamine ¥4 S A8t} B 1 EJu)? o218 ulsle]
o5tz EXlo] FHE HuE tlokshA Bawlon), vt
ske] 53 #HEsle] 7} A B tigiME oFF B
2 vt ik A =3 Sl A E gksle] 7)Y
Fo] MZ T F&olM Al F5EH U= =L T
=4t gksle] gsAdel zpelzt EAlsl=Alo] tig At 2

28 Aot

ey AR 2A71] A F3E] FEe 9
on, 58] §d719] Qo] B8] o} Akl Fa
&AW 3 ShiE deid Joh Be ArAEel du
EARAS o2 3 YA BAEL LS 9

© ™ regulated on activation normal T-cell expression and
secreted (RANTES/CCLS), thymus and activation regulated
chemokine (TARC/CCL17), macrophage-derived chemokine



232

(MDC/CCL22)2 &A1Y Agke] iz xsfol Qlof &
23 FAEAR AH-Ho] $ih"” RANTES/CCLSE ¥
AT o2y ShAtolA Fo| Yehts ARTIRICR
krupple-like factor 13 (KLF13)°l] &8 T AlxE =Z3it}
2 BaEen P TARC/CCLITE CC AR 9%
o7 FAMoA] EH] =™ monocyte-derived dendritic cell,
endothelial cell 2 ZFPAIA X o] AAE T HE
ot B3, MDC/CCL22%E TARCS 2 #edo] Qe
CC ARIIANSZ dendrtic cell, B A3, macrophage,
keratinocyte 2 epithelial cellelA] #H]gtt dei4 9ot
ol gt LAY Ak AFNHES FWkel] el 95
I #AdE FH=H oM E Hlo] EolA|AL Sk 4
FHREo]l dojud oy 7EA] dERIAFEe] THEojA| =],
inducible nitric oxide synthase (INOS)ll &84 A ==
nitric oxide (NO)9} cyclooxygenase-2 (COX-2)ol <]3] A
2874 == prostaglandin E, (PGE,) 5°] At} gk d5<1
22 93 cytokines$! tumor necrosis factor-alpha (TNF-
o), interleukin-6 (IL-6) 5°] E3Tt'Y ujgba 2 Ao
M gt F5o] AR Blkete] el A EMNETE
o]-§-3}od RANTES/CCLS ¥ MDC/CCL22 5] ¥#1=]3
AF=A 7 WA 2FF o83t NO, PGE,, TNF-a. &

22 A5 Axed e B FS st =

Mz ¥y

AIZ - Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), penicillin-streptomycin, phosphate-
buffered saline (PBS)-> Gibco BRL. (USA), cell counting
kit-8 (CCK-8)< Dojindo (Japan), lipopolysaccharide (LPS),
N -methyl-L-arginine (L-NMMA), indomethacin< Sigma
Chemical Co. (USA), Prostaglandin E, (PGE,) ELISA kit+=
Cayman Chemical (USA), tumor necrosis factor (TNF)-a,
interferon (IFN)-y, mouse-TNF-a ELISA Kit, human-
RANTES/CCL5 ELISA Kit ¥ human-MDC/CCL22 ELISA
kit= R&D systems (USA) A& +Ysle] ARE-3FSITH

AMEFE -7dxd X g8t 1g8 &3 71(RT-08,
KyungSeo Machine Co., Incheon, Korea)S ©]-&3}o] 2
= REE3 o719 100% HEE 100 mLS 7FeE 5§ 1A17F
B9 229} FESI0HE. FEAS o33K](150 mm, Advantec,
Tokyo Roshi Kaisha, Ltd., Tokyo, Japan)Z &J=Z}el & of<y
< A sFote] AEE ARSSIITH(Table 1.

Gas Chromatography 41 — #40l= % o3} 7
Z 7] (Flame ionization detector, FID)7} 2% Shimadzu
GC-17A (Japany’} A5 322, HP-Innowax (30 m x 0.23 mm,
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Table I. Cultivation areas of Korea and China used in
experiment and contents (%) of reference compound in mentha
herba samples

Sample Area z;f)l d (-)—st/zl)thone (—)-I(\O/I/oe)n thol
K-1 RETH 5.45 0.62 0.48
K-2 g 5.75 1.43 0.47
K-3 A 8.50 0.74 0.32
K-4 3= 4.74 2.11 0.58
K-5 iy 432 1.67 0.33
K-6 il 5.17 0.55 0.32
K-7 iy 4.75 0.51 0.13
C-1 = 6.12 3.30 1.31
C-2 = 5.80 1.68 1.27
C-3 =3 7.69 1.51 1.05
C4 =3 7.57 4.11 2.06
C-5 =3 7.24 2.66 2.67
C-6 =t 5.55 1.56 2.15

0.50 um, Agilent, MA, USA) ZHE o] g3l #el& 218
ATk B4 2718 Kim 59 =w3 2

MIZ HiQF — RAW 264.7 A3 (mouse macrophage cell
line)= American Type Culture Collection (ATCC, USA)®l
A EoF ok, HaCaT Al X3(human keratinocyte cell
liney= AIFH e oUW 247d (Seoul, Korea)® ZH-E
& Wol A3 EE. RAW 264.7, HaCaT A= 2 5.5%
FBS ¥ 10% FBS7} 23Fe DMEM #iA]el 1% penicillin-
streptomycing F7181] 37°C, 5% CO, Z71olX] sttt

MZSM I —RAW 264.7 (3 x 10° cells/well), HaCaT
(1 x 10’ cells/well) M ZZ 96 well platecl 4] 184]7F wjkat
T, A whete] &2 A FAES] (-)-Menthone, (-)
-Menthol& E="8 2 Ag]alod 2447k &<k ujgsiSitt. o
oAl CCK-8 &9 10 uLE H7Fste] 4x17F &1F w21
< microplate reader (Benchmark Plus, Bio-Rad. MN, USA)
£ ARS8 450 nmellM T3S SA s 24 AR 2
o thet "t FE= @ el eH, e FE% @
I} ¥ wste] AthE el HE AEE(% of controlyS A4S}
At o]Fo] AL AE 540 Yeh 4] %= AL §%
£ 7o W53

NO MAMZF EX _RAW 264.7 (2.5x10° cells/well) 41 E
= 48 well platedl] FF-3}a, AR wlsle] =53} LPS
(1 pg/mL)E FAlll A 2]ste] 18A17F &<t i dataict. 4
3% NO®| %2 Griess AloFS o]-§-sto] Al Zu] Y Fo
Ak NO, ¢l FHIE B3l S78at3lth. AlxuleF 35
50 L2} Griess A1 €F [1% (w/v) sulfanilamied, 0.1% (w/v)
naphylethylenediamine in 2.5% (w/v) phosphoric acid]
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100 pLE &35k 96 well platedl| Al 108 &
< microplate readerg ©]-8-3t] 535 nmollA §BE=E =
ik, A tlzEeZ NO A4 JAAI] LNMMAS
ARt EFEE 492 sodium nitrate (NaNO,)E
4 343k AATHI-100 uM).

PGE, ¥ TNF-o &2k S8 — 4|2 v o] PGE, B
TNF-02] 42 Z73}7] 218 enzyme-linked immunosorbent
assay (ELISA) kitE o]-&slo] A3E Fhairt. NO 44
F S AFEAY sUsh AlxZu Y 45 S PGE, %
TNF-o. 780 AR&-sISlth. PGE,°] 4= 5783h7] el &
SUS goat anti-mouse IgGZ. coating®l 96 well plateol] 7t
Z} 50 uLA loadingd}tZ, 1719l primary antibody solution
S50 uL2} PGE, conjugate 50 uL? Z7}sle] 4°CollA]
overnight*] Z T}, Washing buffer® 43] A& 3}3L substrate
solutionS 200 uLA 2]t 9027+ WA §-, 420 nm
NM FBEE SAATH FH 222 COX-2 B4
AAAQ] indomethacing A& T TNF-a8] 4 =43
7] el widS - T2 343 £ anti-mouse
TNF-0Z coating®l 96 well platel] 50 ¥ H7Fste] 4°C
oA overnight*] 71 T}. Washing bufferZ 33] A3l T2,
100 pLe] streptavidine-HRP solution *12]3lo] 117k 52t
2o A §ESAIZ] T YA washing bufferZ 33] Al 4313
t}. & 7]l di-(2-ethylhexyl)-2,4,5-trimethoxybenzalmalonate
(TMB) substrateE 100 uL2 A 2g]ste] 30527+ WHEAIZ1 &
100 puL9] stop solutionS *]2]8F & 450 nmol| A SHEE
=483l

MDC % RANTES 2H|2f &8 - HaCaT (1 x 10° cells/
well) AI2ZE 6 well plateo] 10% FBS7} 23 DMEM 4l
Al 18417 vl St T serum-free DMEM B X2 A 5}
3L, 2 wkeke] F&E3 TNF-09F IFN-y (ZH2) 10 ng/
mL)E FA A ko] 2447 F<t v sttt ELISA
kits o]-&ste] AzAte] Wiiel wat A AFEel o] =
AJsH= MDC 2 RANTES®] #H|%S SA 313t}

SHRXNE| -2 A7 ZE SAHZE = mean+ SDE
BT st 355 Al 7k 2ol Student's t-
test (Excel 2010 program)& AR-3te] A8 4S8 &
gatRom Pl 0.05 PITY AP <0.05) TAA
ool At ST Tk 3 W (clustering tree)
£ SYSTAT 10.0 X 21(SYSTAT Inc., Evanston, IL,
USA)E AHg-ste] 243191
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Fig. 1. Chromatograms of standard mixture (A), Menthae
herba extracts from Korea (B) and China (C).

A A AEoA 2jo]HS BAt) Kim 52 A7l 2
P A FEF ghefo] d=Atnth Stk o w2 Al
o= BRI (Table I),” o]S A=nfETA O 2 A
B 3=t vbsle] A9 A REF BF FA uisiho
2| YFERSEAL, retention time 10.3 min, 12.7 min peak’} 5
ZEAA dERY T4k ghskete] AfolE ERIT 4 AN
t}. o]of] Wkl F=t4t ¥lShi= 12.4 min peak’t FE A A
Ueht gkt alstel 2ozt ASITHFig. 1). AAA o= gt
=4t ¥hekel S5t whsl= chromatogram’doll A A2 thE
HHS B M2 1T F 9= 7o) HAnh

X[ gksE FES0| CHsE MEZSN - RAW 264.7 Al
2 HaCaT Al|3%Eo] F35(7.8~500 ug/mL)yS 9 3481
A2lgk -, 2477F &<t v st CCK-8 S ©]-8-sted
A EZ5AS SIS HEEAdL FATe] AZAEE
(cell viability; 100%)S 7]5202 RAW 264.7 A= 250 pg/
mL, HaCaT AlZE 62.5 ug/mL ¢ WollA A|EZAo] g1
= 7102 YEstH(data not shown). WehA] o] % A2
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dol e F= WA T o, A vtst 5
ES RAW 264.7 M 3Eol| 25, 50, 100 pg/mL, HaCaT Al
o 12.5, 25, 50 pg/mLe] F== A& sI5t).

MR vkst £E20| NO MMAN| &3 - 2 F
sholm, ASfel 23 JTS s Foz gzl
NO Aol gk 22 Bls} F229] 8345 YolHsitt.
AJE NO S Griess A9FS o] 83t MEZu Fof] &
A= NO,2| Felz2 =48 A, X37E522] (-)-menthone
Z} (-)menthol A& A EIH= YA FE JEH o=
UFEREA] &ttt A Blet 322 A FEE K-
1, K-2, K4, K-5¢F =4 25 C-1, C-2, C-3, C4, C-
5, C-60] F% ¢FEF 072 NO AL JAsIH o™, LPS
Al 1ot 2 v 559 A FE 100 pg/mL
oA ztz} K-1 (83.5%), K-2 (51.0%), K-4 (75.5%), K-5
(76.9%), C-1 (96.1%), C-2 (73.6%), C-3 (36.4%), C-4
(91.5%), C-5 (92.8%), C-6 (72.2%)°] F<14 UA NO 43
& AAISHATHEFIg. 2).

MX|e dtst F=E0| PGE, I TNF-02| MMeiX| &
- T2 QR A= gk A=A 2] Wofnkg-e] sht
2, 952 24, IY, B4, 55, 7153 59 5
’$o] YEb, cytokines, PGE,, lysosomal enzyme, free
radical 5 T}e vi7iEE o] Hojaiar Ut o] 5 PGE,
= 9G5S, Weuke 18]3 angiogenesiss X5 5
oF ol = Zlo] Fofalal Sl Aow IHA glom )
TNF-o= macrophage®} mast cell 5ol F4]=, LPS 1t
9] T8 iR 2A WAl oA Fag G &t
o gh G54 wkeIe FEEo] gtk RAW 264.7 Al
3o 1 pug/mLe] LPSE M wll, PGE,*] A9 74

el e Jft

o,

120 1
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80 - .
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2] H(72.4145.14 pg/mL)7} H]aLste] 119H(817.08+27.80 pg/
mL) )’ S7HEATE AR s 552 A 2]A] LPS
At} vlaste] skt S5 B PGE, AN 5
T o]EHola feolF oz A tHFig. 3A). =3 TNF-
ax LPS A2 A] ¥4 8]5(57.65+2.00 pg/mL)z} H] s}
3080(1775.59+68.48 pg/mL) o1’ S7H=EoH, 2kA vt
3 F=E9] H3 % 100 pg/mLold LPS x2) B} 3t
2 FE5E9 K-1 (37.3%), K2 (53.3%), K-3 (68.9%),
K-4 (38.7%), K-5 (39.6%)°F S=12F FE521 C-1 (282%),
C-2 (45.7%), C-3 (68.5%), C-4 (32.6%), C-5 (49.6%), C-
6 (56.2%)°] & 92O F TNF-08] A4S fo8oz
A1 (Fig. 3B). A& (-)-menthone?} (-)-menthol
= TNF-08] A0l thsfir] oA a3k= dov v oE
Ao = ERtA] skt

MX|E 8h5t &2 MDC Y RANTES?| Ao
S — PN = TR ALl ETIRIF Ml F-2HEAE
FalA T JEZe} S 28-S Fot] o8] 7EA] 95
$o] o] whgo] FofalAl Hry? olgjd whe-e T g

T ERENE HTA AlRlETRRIQl TNF-00t IFN-y &
o eJslix SAstETI YA o, olldt A At
O|EFINEL A YA Foll A AT xz LR
MDC % RANTES & AE7}1¢] AL F7HFItaL B
759th* HaCaT AlZ] TNF-a2} IFN-y 32]A] MDC=
T2 2] 4(28.02+1.28 ng/mL)Z+ Bl &ko] 174H(499.19+
20.69 ng/mL) o1’ S7HEAAL, 2 kel FEES AE
st A3} 3 F% 50 pg/mLolA TNF-o2} IFN-y *2]xt2t
H|wate] Satat 325591 K-5 (30.7%), K-6 (45.6%)%F =
4b FEER C-6 (23.1%)°] FrolH o2 MDC A4S o
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Fig. 2. Effect of Menthae herba extracts on LPS- stimulated NO production in RAW 264.7 cells. The production of NO was
assayed from culture medium of cells treated with Menthae herba extracts (25, 50, 100 ug/mL), reference compound (3.13, 6.25,
12.5 pg/mL) and then co-stimulated LPS (1 pg/mL) for 18 h. L-NMMA (25, 50, 100 uM) is used as positive control drug. Each bar
represents the mean of three independent experiments. #P<0.01 vs. vehicle control group; ***P<0.05 and P<0.01 vs. LPS

treated cells, respectively.
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Fig. 3. Effect of Menthae herba extracts on LPS- stimulated PGE, and TNF-a production in RAW 264.7 cells. The production of
PGE, (A) and TNF-a (B) was assayed from culture medium of cells treated with Menthae herba extracts (25, 50, 100 ng/mL),
reference compound (3.13, 6.25, 12.5 pg/mL) and then co-stimulated LPS (1 pg/mL) for 18 h. Indomethacin (1.25, 2.5, 5 ng/mL)
and L-NMMA (25, 50, 100 uM) is used as positive control drug. Each bar represents the mean of three independent experiments.
%P <0.01 vs. vehicle control group; ***P<0.05 and P<0.01 vs. LPS treated cells, respectively.

ASFRAA G, gt T4k e =52 MDC A
d ARG JERA] &3kth(Fig. 4A). T3 RANTES=
A wket FEES A 43 A FE 50 pg/mL
A1 TNF-a2t IFN-y 22]-2 Hlaste] =4k 5821 K-
1 (64.3%), K-2 (56.9%), K-3 (26.0%), K-4 (65.7%), K-5
(72.3%), K-6 (53.3%), K-7 (52.1%)% =4+ 582 C-
1 (63.1%), C-2 (45.8%), C-3 (41.6%), C-4 (32.4%), C-5
(51.6%), C-6 (51.6%) B5F 5= o|FEX 2= RANTES 4%
S dA3] JAAHTHFig. 4B). A FEEZ2] (-)-menthone}
(-)-menthok> MDC®] Adell thalir] oA 3= flglem,
(-)-menthol®] 3 F% 50 pg/mLolA] TNF-02} IFN-y %]
23} ¥)wsle] RANTES A4 oA 32 Bt
LK Bhst REE0| Cfst ME3 §59 AISH 2F
=2 - AITA FHWHE Al whel FHoETE A%
sto] HAF 29 THFE EWie WHOE fAME Tt
e FHos #93}) stal, At 7k 7

63 7P 77k BAE FASIAL ol tA] K59 9
HRATE o] 2] AL ] K49k AAE o] §h=4t vls)
£ F2 distance WollA] A2 LA FAE A5 AL
2 Ut St wetke] A C-13 C-7F HAE §
&p o]Zlo] thA] C-32 AAHIUL, C-49} C-60] BAIE
Q@AgstaL o]Zlo] thA] C-50 AAE o] FhAk ¥lstE o=
L3 AAE A= @ AR K-1-K-73% C-
1~C-60] A2 AAVS Hol= Z 22 YR Kim 59| A
T A Bl FA]EEA (principle component analysis,
PCA) A#e} nR7 A2 4HK-1~K-7)7 =4k vtat
(C-1~C-6)y= YA R T8l w4o] F4He Aoz &
1= AtkFig. 5A). 2yt B Ao A3 FH5 &
T A3E vEo R 3 FHEN A= =4 vt S
F4F Bkal7E M2 A< AEIR BAE A ske] AR
el o] dAE= AE AT gl TkFig. 5B).
olfgt AxE vt o R AuE uf, k=it vletel 4t
Wete AR A4S SellAe BEe] HREe F1F 2ol
oM = M=
(o)

Moo |

fru

4

7F 52 88 & 7 AT, 4
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Fig. 4. Effects of Menthae herba extracts on TNF-o. and IFN-y-stimulated chemokine productions in HaCaT cell. The productions
of MDC (A) and RANTES (B) were assayed from culture medium of cells treated with Menthae herba extracts (12.5, 25, 50 pg/
mL), reference compound (12.5, 25, 50 pg/mL) and then co-stimulated TNF-o and IFN-y (each 10 ng/mL, TI) for 24 h. Silymarin
(6.25, 12.5, 25 pg/mL) is used as positive control drug. Each bar represents the mean of three independent experiments. "p<0.01
vs. vehicle control group; ***P<0.05 and P<0.01 vs. TI treated cells, respectively.
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Fig. 5. One-way clustering Hierarchical clustering analysis of chromatographic pattern (A) and anti-inflammatory potency (B) of
Menthae herba extracts. Clustering analysis was performed with Menthae herba extracts from Korea and China.

a4 B ascens Malinvaud) 752 5=74F WFsHM. haploxalys Briq.)

652 ATl thet aa= vlaslitt. RAW 264.7 Al

A wkske] & ztolol] tig 71RARE ShE st} o] LPSE A55 F3L A dlel FEES Aeste] &
oM =% =4t WK (Mentha arvensis L. var. piper- Qlsll ¥ A3}, NO, PGE,, TNF-o//del Al a7t -2
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gel3lom, HaCaT xﬂ;oﬂ TNF-02} [FN<y&2 A=< F
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