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Simultaneous Analysis and Anti-allergic Effect of Mume Fructus
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Abstract — The Mume Fructus (MF) has been used for relieves cough, arrests arrest chronic diarrhea, treat fluid depletion, and
treat ascariasis in Korea. In this study, a high-performance liquid chromatography (HPLC) method was established for simul-
taneous determination of six main components of MF. Additionally, we were investigated the anti-inflammatory and anti-aller-
gic effects of MF extract on lipopolysaccharide (LPS)-treated RAW264.7 cells and tumor necrosis factor (TNF)-ov/interferon
(IFN)-y-treated HaCaT cells. The analytical column for separation was used a Gemini C,4 column maintained at 40°C. The
mobile phase consisted of 1.0% (v/v) acetic acid in water (A) and 1.0% (v/v) acetic acid in acetonitrile (B). The flow rate was
1.0 mL/min and the detector was a photodiode array (PDA) set at 280 nm and 320 nm. We evaluated the inhibitory effect of
MF extract on the production of inflammatory markers, nitric oxide (NO) and prostaglandin E, (PGE,) in LPS-stimulated
RAW264.7 cells and thymus- and activation-regulated chemokine (TARC/CCL17) in TNF-o/IFN-y-treated HaCaT cells,
respectively. We confirmed the genes expression related with TARC, macrophage-derived chemokine (MDC/ CCL22) and reg-
ulated on activation, normal T cell expressed and secreted (RANTES/CCLS) in HaCaT keratinocyte cells by MF extract. The
contents of the five compounds in MF were 0.22-1.01 mg/g. Also, the MF extract show inhibition of about 78% and 75% on
NO and PGE, production at the concentration 1000 mg/mL in RAW264.7 cells. MF extract suppressed the hTARC level and
genes expression such as TARC, MDC, and RANTES on TNF-o/IFN-y-treated HaCaT cells.
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SsHE(Mume Fructus)= 74 7] ZH(Rosaceae) = 1l A L}-5- furaldehyde (5-HMF)? 5o] B =|3ith. B 252 o] &

(Prunus mume Sieb. et Zucc.)®] B> A& A7E &
o FHAK A0R BF, F34 U Ao T2 Pxs
o, AZRE @itz Wb, A, 2o, ik
M 5ol AHEE AT S 3HeHd AR o2 E 3-0-
2 5-0-
caffeoylquinic acid 52 72 chlorogenic acid &% 4”9}
oxalic acid, tartaric acid, malic acid, vitamin C, citric acid

o
ST}

caffeoylquinic acid, 4-O-caffeoylquinic acid

2 succinic acid 53 22 F714F 2 5-hydroxymethyl-2-
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3 B drEe g9dst a9, 29 2 A AlE
=2 Aol gk &340 Amdalre] A% 9A 29 5
o] Bt elut Bitfe o83k FdelA] ade o
g A= vuEk Aot deixE Ry W wkgo
2 FA73l el FAEo] HAET deA Aot
A EZW A5 WS- lipopolysaccaride (LPS), interleukin-1
(IL-1) ¥ tumor necros factor-oo (TNF-a) Sl <]3]A
macrophagett monocytel| A RF BAYShH 2 14 F9]9
prostaglandine (PG)Z} leukotriene (LT) 53 72 &34 &
dEo] fEEo] 3t Fapdo] STkshHA 9% vhgol 1
ebdthY Pro-inflammation ¥F-8-0] X8 =™ phospolipase
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A2 (PLA2)7} €433} =]o] phospholipid’} arachidonic acid
2 E3) =3 prostaglandin H synthase?] cyclooxygenase
(COX)] &/dsl= PGE W= A nitric oxide synthease
(NOS)7} 843} o] NOS A4 3L PGse 95 s
o] AAA 4L iy A Ak coxel 3714
type & COX-2= COX-1 ¥ 33} T}EA] endotoxin, cytokine,
growth factor B FY¢ 22 dF vh&oll Hosh 7 &
Z AgolA o] Vet BvEy ok

2 AFox e A7E FHEAA 713E 24 sk, 2
AARE XA 3P 3FO0 =7 93 TR BES QloF
= AMEE Bige] Fd3Ed 7|2 AEE AL
AR st =3 Sl 70% EtOH FZ=of g
RAW264.72+ HaCaT M XA 2] GFa e} olE] A4
FA kel TARC, MDC 2 RANTESS] mRNA &z} 3%
HE gL A] 2345 gRlski.

=

HE X
MBITIE — 2 AFol A8-E SHE(Mume Fructus, =)
£ G)HMAX (Jecheon, KoreallX 4832 743t & o]
& W(Dongguk University, Gyeongju, Korea)2%& 7+
e o ALg-SI oM, SHORA] FE(2008-ST18)y> Sk
Fo|stdt gyl stobr| 2 At gl Hastt.
AleF R 717] - 240l A" EE=E A 5-HMEF,
neochlorogenic acid @ cryptochlorogenic acid= Sigma
Aldrich (St. Louis, MO, USA)ZFE FY3tglom,
chlorogenic acid®} 4-hydroxycinnamic acid= Acros Organics
(Pittsburgh, PA, USA)®} Wako Pure Chemical Industries,
Ltd. (Osaka, Japan)=*-& ZH2F F+siict. 7} F5E49]
TEE 99.0% ol’delith HPLC #4128 98t &, o E
UolEd 9 Weks-2 J.T. Baker (Phillipsburg, NJ, USAY
A Fhsision, 2k EFAIEC R Junsei (Tokyo, Japan)
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Fig. 1. Chemical structures of five constituents in Mume Fructus.
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eEA1S $18F HPLCE ShimadzuAle] LC-20A Al2]=
(Kyoto, Japan)E AH&-3t31 2™, o] A|2¥-2 pump (LC-
20AT), on-line degasser (DGU-20A,), column oven (CTO-
20A), autosampler (SIL-20AC) ¥ PDA detector (SPD-
M20A)E 77350} it 24 2= ShimadzuA ] software
] LCsolution software (Version 1.24)E o|-&35}] 2|53
o}

HEEHo| =X| — 5-HMF, neochlorogenic acid, chlorogenic
acid, cryptochlorogenic acid ¥ 4-hydroxycinnamic acid &
539 BEFC) U EEEANS TAS FHA) 598
F HEeRE o] BF 1.0mgmLe] FEE XA F 4°C
o] Bysiar ARG Aol 3]4{stod ARSI 5% Aol
i3k AgAe 2% 0.16-20.00 mg/mLe] F& Lol
= Aol o] 87K Freol theliA zbzt 2 ekt

Bt 52 % Y =N - dx % 249 B oF
400 g& 70% oNEH-&S A E] 108 (why, 4 D)2 78k
607 229 FEH o7 33] &Y FEe 7

o

RS Ho] 20mLE 9= ¥ SmartPor GHP (0.2 pm pore
size, Woongki Science, Seoul, Korea)& 3|5l Aoz

HPLC M= - S W $=8/4%<] 5-HMF, neochlo-
rogenic acid, chlorogenic acid, cryptochlorogenic acid %
4-hydroxycinnamic acid®] &A] A FEAS 18] Shimadzu
ARSI LC20A AlE)2E AHgstel 4 algle. B4 242
A8l AR ¥ ZH-S PhenomenexAFe] Gminin Cq (5 um,
4.6x150 mm, Torrance, CA, USA) ZHS ALgslsion, 2
HELEE 40°CE A8 742 1.0 mL/min® 2 £
FAoH FUFE 10 pL3Ath. o153 1.0% (viv) Z4ke]
TE B (A 1.0% (viv) 2A0] TeE o EvtolEY

O

o = OH
O
OH

HO OH

S Wi
OH OH OH

Chlorogenic acid

O

HO
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(B)& AH&ete] v o] 71&7] &z (10% B
(0 min), 10% B (5 min), 50% B (30 min), 50% B (35 min),
10% B (40 min))°> 2 EeF0 o™, HE374-2 280 nmé}
320 nmoll¥] AEsIAT

M= Hi2F —RAW264.7 M| Z(mouse macrophage cell
line)= American Type Culture Collection (ATCC, Rockville,
MD, USA)IA £ W9k3, HaCaT M3 (human kerati-
nocyte cell liney= MlENe oU 24-H (Seoul, Korea)
O ZHE] FF who} ARg-313TE RAW264.72 HaCaT AlE
= 7} 5.5% FBS ¥ 10% FBS7} 23 DMEM A9
1% penicillin-streptomycing 3 7}sted 37°C, 5% CO,=71
oA m st

Murine Macrophage Cell Line (RAW264.7)2} Human
Keratinocyte Cell Line (HaCaT)2| MIE S ZHAM —
Murine macrophage cell lineQ! RAW264.7 4|32} (ATCC,
WA, USA)3} human keratinocyte cell lineS! HaCaT A| X
2 96-well platecl] ZHz} 3x10° cells/wellZ 1x10° cells/well
2 B3 o) FEES 1-1000 pg/mL FE2 2|5
o} 24A17F ¥l %F F tetrazolium salt?] CCK-8 kit (Cell
Counting Kit-8, Dojindo Laboratories, Tokyo, Japan)
solutione 78103 4A17F I HlFel T3 microplate reader
(Benchmark plus, Bio-Rad. MN U.S.A)E ©]8-3}¢] 450 nm
oM FFZ=E =43t Control welle] SF=o digh
HER7E welle] $E HIE %= ARKIAL, A well]
Hadee AR Alskale thes) 7t

%=(F=H7F well®] Absyg,, %) —(Blank well€]
AbS 50, 8 T%) / (Control well2] Abs,s,,,, %) — (Blank
well2] Abs,sg,, Bk x 100

RAW264.7 MZOIMe] Nitric Oxide (NO) AiAjzE &5 —
NOS®| &Adstol ofsl| A== NO2 & 57831 &4
= B34S A ST RAW264.7 A ES 48-well plated]
B8 5 16417 Bt QFYst A7l 5 negative control
o = wjA|qE 2 2]stal fFto= LPS (Sigma Chemical
Co, St. Louis, MO, USAYE 1 pg/mL ¥ =2 32]3t3C}.
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oF= AEllls 7 =S ofe 7 FEE At =
€ wellol 3% DMSOFEE 1%7F S =% stk 44
27 CE NOS inhibitor?] N%methyl-L-arginine (L-
NMMA, Sigma Aldrich, St. Louis, MO, USA)E AM&-314
Tk 18AIZF MYy & A5l S Eeletal NO A S48t
71 913l Griess reagent (Promega, Madison, WI, USA)S
&3t 2 el wet Xgeti o™ 535 nmollA F4=
£ A5k

RAW264.7 MIZOIA Prostaglandin E, (PGE,) 4A2¥
£ - N5 AR PGE,2| Ao 7H4ashd CcoXel
o] oAlE ZoR AHF Te-S T RAW264.7
AIZEE 48-well plated]] 75 & 16717 QP83 A7l the
negative controll| = I X|RF X 2|3}l fdtoll= LPSE
1 pg/mLe] =5 Astal oHe AEtolle 7t o= o
g 7K w2 A etk Y U2 OS2 indomet-
hacine (Sigma Aldrich, St. Louis, MO, USA)S- A-&-3}51.2
™ 18717+ ¥l T arachidonic acid®] #Es%=7F 30 uM
o] H=E AT & A5dS 731l PGE, A HS 54
3ttt PGE, #4%-& PGE, Biotrak Enzymeimmuno-
assay (EIA) system (Amersham Biosciences, Buckinghamshire,
UK)¢] WS whbA] Alshal o™ 450 nmolld S35
Skt

HaCaT MZO0olAM2| OotEml Z+E QIXt Ud HMHst —
HaCaT A% 1x10° cells/mL=Z 6-well plateo] =33+ &
TNF-o/IFN-y (R&D systems, Minneapolis, MN, USA)E
ZF2F 10 pg/mLA %8| g & 24A17F & A5x4 hTARC
£ EIA (TARC Duo set, R&D systems, Minneapolis, MN,
USA) Wo =z 753},

RNA £2| ¥ RT-PCR - HaCaT AXE 9] W= 5
d3tA A2 F 5N S A ASAL Trizol (Invitrogen,
Carlsbad, CA, USA)S ©|-8-3l9] RNAS Z|si3lon, =
£ A2 RNase-free JE A 1383813TE cDNA 82
iScipt select cDNA synthesis kit (Bio-Rad, Hercules, CA,
USA)E o] &332, 1.5 ugel total RNAE oligo(dT)20
primer, iScript reverse transcriptase® 42°ColA] 70%, 85°C

O

Table 1. The sequence of primers and fragment sizes on the investigated genes in RT-PCR analysis

Gene Primer sequences Fragment size (bp)

MDC Sense 5'-AGGACAGAGCATGGCTCGCCTACAGA-3' 362
Antisense 5'-TAATGGCAGGGAGGTAGGGCTCCTGA-3'

TARC Sense 5'-ACTGCTCCAGGGATGCCATCGTTTTT-3' 270
Antisense 5'-ACAAGGGGATGGGATCTCCCTCACTG-3'

RANTES Sense 5'-CCCCGTGCCCACATCAAGGAGTATTT-3' 313
Antisense 5'-CGTCCAGCCTGGGGAAGGTITTTTGTA-3'

GAPDH Sense 5'-AAGGGTCATCATCTCTGCCC-3' 204

Antisense

5'-GTGATGGCATGGACTGTGGT-3'
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oA 5% whgo R X§sIsirt. TARC, MDC % RANTES
HWstE AAstr] 98t PCR WH&-5 1ed skl o
housekeeping gene® = GAPDHE ARS8t} ZF primeres
Table 13} 72t} PCR2 iCyler (Bio-Rad, Hercules, CA,
USA)Z o|&3o] Z}2+¢] primerell thall 94°ColA 30%, 55
~60°CollA 30z, 72°CollA] 2%-01% PCRel <jsl] AAH 4
B2 1.2% agarose gl 771952 A8k ChemiDoc™
XRS" imagsing system (Bio-Rad, Hercules, CA, USA)S.&
bandS &1kt
SAXME| - A A5e] FAAMEE SYSTAT 2211
A (SYSTAT Version 8.0 SPSS Inc. Chicago, IL, USA)2
o]-g-3lo] AYUu A ELHEA (one-way ANOVAYS: A3
b o 7+e] ZFolE HZ317] 9131ed Bonferroni multiple
comparison tests ©]8-3t] AREAlS ST SIS
Al o452 p<0.05Z 3Tt
A7 o nF
BAMEZo| & - SHfEe] 421 5-HMF, neochloro-
genic acid, chlorogenic acid, cryptochlorogenic acid % 4-
hydroxycinnamic acid 5 5%¢] AdE-S £4 tgez zkzt
1.0% (viv) ZAto] sk & (A ol EYolEE (B)S]
o]/ olgst] 7] S 2R FElT 2.0018S
E 201 ool B5F E2lEith. PDA A& 32 5-HMF
+ 280 nm, neochlorogenic acid, chlorogenic acid, cryptoc-
hlorogenic acid % 4-hydroxycinnamic acid= 320 nmol| 4]
7h7k AE e, Aolelne] 92 gele gEEdel =
PR A3 UV §5 9P vlmsle] SR1519IT) 5-HMF,
neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid
9 4-hydroxycinnamic acid & 58] /-2 5.613F, 741,
11613, 13.03% 2 18.03%° zHz} AEFATh(Fig. 2).
EHEREA - Bl FodRl e TS fIg A
FAL FAAF)E Tl AL BdE o, 5%
ARl tig AE 24 A A AS7) ol 0.9998
oo R 1.09] 7Whe FEd ANES veRith A&
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Fig. 2. HPLC chromatogram of a standard mixture (A) and
Mume Fructus extract (B) at 280 nm (I) and 320 nm (II). 5-
HMF (1), neochlorogenic acid (2), chlorogenic acid (3),
cryptochlorogenic acid (4), and 4-hydroxycinnamic acid (5).

102
A= 15.01-56.01 ng/mLe} 50.22-
186.70 ng/mL = 7}7} LFEFRtTH(Table I1). 478 ¥ HPLC-

Table II. Linearities, correlation coefficients, LODs, and LOQs for marker compounds (n=3)

Repeatability
Compound Linear range Slope Intercept Correla'tion LOD LOQ (RSD, %)

(ng/mL) coefficient  (ng/mL) (ng/mL)  Retention  Peak
time area
5-HMF 0.16-20.00  80749.38  -6796.37 0.9998 21.17 70.58 0.05 0.85
Neochlorogenic acid 0.16-20.00  25490.13  -2111.69 0.9999 56.01 186.70 0.03 0.82
Chlorogenic acid 0.16-20.00  34164.62  -3030.68 0.9999 54.18 180.59 0.02 0.79
Cryptochlorogenic acid ~ 0.16-20.00  27214.97  -2587.90 0.9999 51.67 172.23 0.02 0.83
4-Hydroxycinnamic acid 0.16-20.00 3629127  -2435.33 0.9999 15.01 50.22 0.02 0.67
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Table III. Analytical results (mg/g) of the five compounds
in Mume Fructus

Content (mg/g)

Compound
Mean SD  RSD (%)
5-HMF 1.01 0.01 0.79
Neochlorogenic acid 0.32 0.00 0.61
Chlorogenic acid 0.22 0.00 0.59
Cryptochlorogenic acid 0.29 0.00 0.39
4-Hydroxycinnamic acid 0.24 0.00 0.44

PDA B4 HAHoE BHe] 5% /gl tis s 4
S 2ANEE A3 5-HMF7} 1.01 mg/g, neochlorogenic acid’}
0.32 mg/g, chlorogenic acid”} 0.22 mg/g, cryptochlorogenic
acid’} 0.29 mg/g & 4-hydroxycinnamic acid’} 0.24 mg/g=
UERSTH(Table TI0).

NZE BN - 6 3229 AE B4 =2 A48 2
7}, Ag] HaEES] 1000 pg/mielx] RAW264.7 Al Zo)| o
3 thE9] 199.17+1.86%, HaCaT Al ol ths] 130.39+
9.80%= T 7FA MAEA HAJo] YERA] ¢ttt o] %
ZE A" 1000 uygmLE H3 FEZ sto] Aol ¥
43} th(data not shown).

RAW264.7 M=Z0M NO 44 oM s3 - ik 5
shuoln, 95 fdol $238 93-S 3= NOE= LPS A
gl o3 w5 218 NO =5 NO,9| JH=z =
Aotk FA4 Rz Z AHEE NMMASY IC,,&
4371 nMZ UEREOH | 53] 200 pMollAE LPS -tk
T} °oF 80% IAIE= AoE UehTh B FEES 20-
1000 pg/mLE A2] A, % 9JEF 22 NO9| Aol o
A= Aoz YEREI(IC,,=427.08 ug/mL) 1000 pg/mL
ol A oF 78%<] NO A4 Al &3 9SS skt
(Fig. 3).

RAW 264.7 MIZOM PGE2 24N &3} - PGE=
w7 Ee] At el st SNk fEste 28
< 3 gedA k. COX-2 inhibitorZ 27! indomet-
hacin &% 2]F&2 02 PGE, A4S A5 20 ng/mL
ANME kol Bla] o 86% ZAHAUT B FEE
(100-1000 pg/mL) 2] A¥}, & SJF2X S22 PGE, A4
o] A HAL 53] Hz|gk HAF<] FxolA PGES
A eSS THFig. 4). B FEE2 NOJ/ oA
gk olygl PGE, A4 oAl wHe-S Fal d9S &4
EPlS g1kt

HaCaT MIZO|M hTARC M| &1t — 2 AolM= +
7HA19] d U2, silymarin forskoling AME-3He] Gl
ZEo| gt & olEy ax5 IRIstuA} stk TIA
% hTARC 4] oA 235 AAgE A3}, fdl Tl
-2 Z24(3.1240.31 ng/mLyll HIal F 7.980 (24.79+2.01)

I
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Fig. 3. Effect of Mume Fructus extracts (MF) on NO
inhibition in LPS-stimulated RAW264.7 cells. Cells were
treated with LPS (1 pug/mL) for 18 hr in the presence or
absence of MF extracts (##p<0.01 compare with control group,
*p<0.05, **p<0.01 compare with LPS group).
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Fig. 4. Effect of Mume Fructus extracts (MF) on PGE,
production in LPS-stimulated RAW264.7 cell. Cells were
treated with LPS (1 pg/mL) for 18 hr in the presence or
absence of MF (##p<0.01 compare with control group,
*p<0.05, **p<0.01 compare with LPS group).

©] hTARCS #HIEHS 891 st U ELOE ALS
9 silymaring 20 pg/mLOE A7 A 9.46+0.98 ng/mLE
Frdol] Blal °F 70%, forskoling 30 uME #2] A] 15.97+
1.66 ng/mL=E °F 41% AAES RIS Bt FEE2
200 pg/mLolA F 54% (13.00+0.62 ng/mL)2] A & 7=
VER) o o)z forskolinel] B3l 973t @32 Vel
o HE%=<l 1000 pg/mLAAE 6.97+0.81 ng/mL
2 hTARC A4S oF 82% <JA&FATHFig. 5).
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Fig. 5. Inhibitory effects of the Mume Fructus extracts (MF)
on TNF-a plus IFN-y-treated HaCaT cell. The HaCaT cells
were incubated in medium containing MF treated with TNF-o.
plus IFN-y (TI) (10 ng/mL, each) for 24 hr. MF significantly
Inhibited the production of TARC on the TI-treated HaCaT
cells. The concentration of TARC in the supernatant was
determined using TARC-specific ELISA assays (##p<0.01
compare with control group, *p<0.05, **p<0.01 compare with
TI group).
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HaCaT MZOIM OlEm ZtH [EX} Ud MWt -
HaCaT A %] TIE #2]sP TARC, MDC % RNATES¢]
elo] S7HES IRlskaL Pt} silymarin (50 pg/
mL)#} forskolin (30 uMPIIA 242t 427 A4S &
O1BlN AL Bt FEES FrEE X A PR
silymarin®] A ETHE A HE 2153 thFig. 6A).
HaCaT Al| %9 TIZ chemokineS F-=313 Bl 255
283 A3, B 55 MDC, TARC 2 RANTES?]
HHS FE EF0E AANTS &R 3FTHFig. 6B,
6C, and 6D). Ftfi FEE-2 WlFA oA TARC HH|E <
AAZ T Al FFo] F=% HaCaT Al ZolA dolEy)
TS| HES AAgt= A FRIskdT

7E=|

I

Aol ARE Bl FEARIE S8 FedE] 5-
HME, neochlorogenic acid, chlorogenic acid, cryptochlorogenic
acid ¥ 4-hydroxycinnamic acid 5 5%l tisle] tHIE &
AlEATHS Sl BEgk Siff FEE2] NO9t PGE,&
AAleke P95 B9t HaCaT AlZelXe] deix] #d #
#7121 TARC, MDC % RANTES @& 7H2A17]= ot
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Fig. 6. The TARC, MDC and RANTES mRNA expression levels were determined by RT-PCR analysis and Mume Fructus (MF)
suppressed the mRNA expression of TARC, MDC and RANTES. The picture of gene expressions on agarose gel (A), graph of
density of genes of MDC (B), RANTES (C), and TARC (D). The cells were treated by the silymarin (50 mg/mL) (a), forskolin

(30 uM) (b), and MF (200, 500, and 1000 pg/mL) (c).
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