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Abstract

To utilize Malus pruniforia Borkh. as a functional material, cold-water (CW), hot-water (HW), and 70% ethanol (EtOH) extracts
were prepared, and their antioxidant and anti-inflammatory activities were compared. The antioxidant activity of the HW extract
evaluated by ABTS and DPPH radical scavenging and FRAP activity was significantly effective. The total polyphenol content of
the HW extract was also higher by 15.5+0.7 mg GAE/g extract compared to other extracts. The EtOH extract showed significantly
decreased TNF-a (39.8%), IL-6 (65.5%), and NO (34.9%) levels in RAW 264.7 cells compared to the LPS-induced control group.
The levels of IL-6 (21.1%) and IL-8 (19.3%) were significantly decreased by treatment of EtOH extract in HaCaT keratinocytes
induced with TNF-a and IFN-y. The UHPLC-MS results indicated that the EtOH extract might have chlorogenic acid and phlorizin
as the major compounds. This was validated using HPLC-DAD, which showed that the EtOH extract had higher levels of chlorogenic
acid and phlorizin (1,185+58 and 470+£10 ng/g extract, respectively). In conclusion, the present study suggested that the
anti-inflammatory activity of the EtOH extract was more effective than the CW and HW extracts, and chlorogenic acid and phlorizin
could be used as indicator compounds and functional substances.
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H] 9, o]/g- jﬂsﬂz's;q o}ox:q A4S uﬂ;(] Eﬁ}E}(Kweon
5 2016). Au|IH(Rosaceae) AFTLF-L(Malus)o] &£51= 4
J.LEO] ZA T (Malus prunifolia Borkh.)= TS A F5}17]
Hop 8 2 $EF80R o] HIL gloH, A Ajuj
Al AEjES Atolo] 248 52 SASRE ALt &
2 @Al ZAE FEY AdS HAlske Uth(Kang
2002). EARFE "‘:"‘E o8 A%, i s7HolAl
Al E/do] thE F5=2 AHlisto] Adtatelo] avAd
wohel, 4R SlIAE B ANT 4 ok
ol Ark(Kang IK 2004). ELL, Trol 3} SR AP4kefo
o] AR Al FF53 S| 7F FARSEAL 4lo] Ao
134 7oA 7157t 57] wiZo] afal ZHew &
A Ath(Ha & Shim 1995). o]2{3t of=& =oM= &
Ho| ZAE FEFEA olEd gon, SUdME &
AP FF AHE fIs) ZARE 285k lth(Williams &

Church 1983).

FE, A2 19 AR Qls) A77]54F et
o] Z7}s}1 Qlil(Lee & Ryu 2020), A7}l thzt Ql4o]
obgol et ABEA % A ool £ Fi 7154

1‘01] 4]0l Z715kal Qlth(Hsieh & Ofori 2007). o
A APE Al B ArRE Alrkel ZAM E59] At
3 A 578(Cho 5 2014), oE-E &= #7
o] M4 P (Kim YH 1999) 50| Hilxo] glow, 7|5
goll tiet A 2= AR 9 ojAlLE o] &3t ASAE
AKim 5 2021), AF] AkR] @ 2 &7 710 w2 3FAS}
A& 2 &A(Jin 5 2014; Bang 5 2015) 5°] B o] 9]
oh ZARE o]83t 754 Ate A9 FokE 4 gl A
gold, FQoflM= Akt F5E A = ¥l 5
2014), FAks}E B4 (Stojiljkovié 5 2016) W TEZHAEHE
= /AL 5 2016) 59 d3= HIuET Q) whabA
8350l BE FEEde) 154 BHE 9T ave
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B AFo AREE ZARKMalus prunifolia Borkh.)=
FHET ZF3(Chungbuk, Korea)ol| 4] Z{ulist A AR5
Ao, FARAE Ao AT SA -70C 559571
(Ilshin Biobase, Seoul, Korea)o| 3AA|7]l & &5 AR
ol &= 3t TAH FA2 FE517] A YA7|(Hanil, Seoul,
Korea)& o] §3to] mafstoon] 217} 3
g 70% FA =& AYstac Yy
FE2 27 FF9 208(wiv)oll siBot= %UH%
482 AHLOIN 2ERARCR, B 330
9] 208(w/v)9] Pt B 7okl decoctlon Hhﬂ
A2](90~95C)t & gufjo] fo] drtor H wj7X]|
< AFPolGArt. o]F, FZE-2 8,000 rpmof|A] 2087+ A4
2 (Gyrogen Co., Ltd., Daejeon, Korea)S ZY3t th-3 A
€ o#}X|(Whatman filter grade 1, GE Healthcare, Chicago,
IL. USA)Z. ofgele] AABS ARSI olge gt
5=7](Eyela, Tokyo, Japan)E 53| 5=3 &
Wegatol
(hot-water extract, HW) 2 70% T3 3EE(70% ethanol
extract, EtOH)Z ZA|5} 0¥, o]F EAlof o]-&35}tt.
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WY4Z=ZF(cold-water extract, CW), Ar==25

2 BB BN U & BaEE B

2,2’-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid(ABTS,
Sigma-Aldrich, St, Louis, MO, USA) 2 2.2- Diphenyl-1-
picryhydrazyl(DPPH, Sigma-Aldrich)E ©]-&3t gtt)d 47
&7} ferric reducing antioxidant power(FRAP) &4
Shin 5-(2020)2] ®H2 Falsto] Pstet. Alzo] 4t
S AFoz ulwstr] A3t EFEEZZ  L-ascorbic
acid(Sigma-Aldrich) & AME5IH O H, A|59] 2od AASS
mg ascorbic acid equivalent antioxidant capacity(AEAC)/g
ext. 02 LUERH O™, FRAP A2 mg ascorbic acid(AE)/g
ext. 02 AAIBIATE & EdHE IdF =42 Marinova 5
(2005)9] WS °Ftt MFsto] Pt &, FE= 10
uLofl 2% Na,COs 200 pLe} 50% Folin-Ciocalteu A]9F 10
ILE 71 & 3027 Aol A ¥ESAIXI B, 200 uLE F
stof 750 ime] PN FHES SHouc) BERUE
ST gallic acid(Sigma-Aldrich) 24 53l 24w AT
e ARgste] Algo| EAsk= & E9¥E I mg
gallic acid equivalent(GAE)/g ext. O 2 AASIF Y.
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oA {3 AAIZFQ] RAW 264.73F UA| R 2H2
B/ MR HaCaT M| EF+= 242 A 2523 (Korean
Cell Line Bank; KCLB, Seoul, Korea)®} CLS Cell Line
Service(Eppelheim, Heidelberg, Germany)ollA T435}%.0
H, &= NETE 2% 10% fatal bovine serum(FBS; Gibco,
Waltham, Massachusetts, USA)3} 1% penicillin-streptomycin
(P/S; GenDEPOT, Katy, TX, USA)Z #7}3t Dulbecco’s
Modified Eagle Medium(DMEM; Hyclone, San Angelo,
TX, USA) 8RO A vjoFaldet. AlZ= 37T, 5% CO, &
o] 8-A == 8j9F7|(Sanyo, Sakata, Japan)of|A 2~3Yo]
QF WA Adufefsto] Aol o] 8= At

4. RAW 264.7 MZE S5t HF AH| &4

Alzo] o3t A5 Al &4 BUksH] flsl RAW
264.7 A EZ 3x10° cells'mLE 233+ & 96 well plate©]
200 pLA] F=51ar Hig7]oNA] oF 18A17F vljFsto] A&
I SIA A L), o]& HjFH-S A|ABIAL serum free-DMEM
(oI5t SFM) 160 pLe} A= 20 nLE H7lsto] 3081 vk
T, 9= SEEZQ lipopolysaccharide from Escherichia
coli(LPS; Sigma-Aldrich) 20 pLE F7}oto] 24A17F B2 A
HiQFSERITE. LPSof| o d5o] FIE RAW 264.7 Al 3] A
A& Aol o3t EAF7H= 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide(MTT; Invitrogen, Eugene,
OR, USA)H < 53l 550 nm9] 17g2] FFLofA S5t
o, LPS ol tigh Al AJEE(cell viability, %)=
YeREE A, ke Aol Sk A5l =42l
tumor necrosis factor-alpha(TNF-a), interleukin-6(IL-6)-2 Z}
Z} Invitrogen(Thermo Electron Co., Waltham, MA, USA) ¥
BD Bioscience(San Diego, CA, USA)oA] 93t enzyme-
linked immunosorbent assay(ELISA) kitZ2 &4 %o, Z+
Z}9] standard reference= ©]-85ta] AAE HEZAHS &
o F(pg/mL)o = A= QI B3 v A5 Aol =4
= AFSHA A(nitric oxide; NO)2] T2 griess assay S &
8] A= 09™, sodium nitrate(NaNO,)E ©]-&35}o] ZHA4
H B2ESAS S M2 ALEE ]I

5. HaCaT MIZE S8 0|7 AN &4

Ao ofgt w i AAE/dE B7sH7] {18 HaCaT Al
EEZ 1x10° cellsymLE 23 T 96 well plateo]] 200 pLA
EotaL HiF7|o A oF 24A17F v Fsto] M EE QFYIHA
ZAth o]% #igFA-S AASHL SFM 200 uLE #550] 24
A7t &3 71oME = FAIAIF T o] F SFM 160 uLe} A
T 20 uLE 7Skl vigdsiaion, 1A & 457 &

At 2220 AUTY B 9 BY RO 7 479

A7 7H7F 10 ng/mLe] TNF-a@t IFN-y(T+1)7} &35 8o
20 ILE H7IRE o2 24417 53F e sttt THE A
=% HaCaT A|Z9] Agof| 27t =4%7t= 47 A4
MTTH O & 45t o, T+ thxo| et Alx BEs
()& YePHt vigE A5l E4st= A5 £4
Ol IL-6 ¥ interleukin-8(IL-8)2] $FF-2 BD BiosciencesO]
A 43t ELISA kitE ©o]-8-5t0] S = Lom A 2Abo]A
Al5¥ standard references ©o]&3lo] AAH HEJAES
& AF(pg/mL)2 = AL A

6. UHPLC-MSE S5t M &4

Aol ZASHe TR EE ATARS 2451 )
T Eos AFEA7|(High Resolution Mass Spectrometry,
HRMS)E AR5}t Mass AH]= LTQ Orbitrap XL
(Thermo)S ©]835tH T, HA ZAZutEIFHTE Accelar
UHPLC system(Thermo Electron Co.)2 AME-5}¢ictt AH
2 ACQUITY UPLC® BEH C18 column(2.1x150 mm, 1.7
um; Waters Corporation, Milford, MA, USA)& ©]-85}% 2.
o, o]5AL 0.1% formic acid’} $5-F wateret 0.1%
formic acid’7} $H3-%F acetonitrile(B)S AR5l A4S A
oot ol 7187l 2CE AYPsiglon 0l
min(5% B), 120 min(5—70% B), 20—24 min(70—100% B),
24—27 min(100% B)O.&2 AA5}Act. 42 400 pl/min, 3
AFE 2 LE Y3}t MS system®] 0|23} AA=
eletrospray ionization(ESI) modeS AR5} 2™, ESI+= 5.0
kve] Ao =2 300ToA ZsEH ATt MS range= 100~
1,000 m/z2 235} 01, MS data acquisition 30,000°]
™, collision energy(CE)x= 45%% UEGO™ HojE&=
Xcalibur system< ARg-5}o] 243519t

7. HPLC-DADE 0|28 M&f 24

Al7of| Z25k= chlorogenic acid ¥ phlorizing £45}7]
95t AH]= Photodiode Array Detector(PDA; PerkinElemer,
Inc., Shelton, CT, USA) HZ7]7} A& HPLC(PerkinElemer)
£ o] g3t ZHL YMC Pack Pro C18 column(25 cmx
4.6 mm, 5 um; YMC Co., Ltd, Kyoto, Japan)& 72}F5}% S
¥ 29 LEL 2502 23el0] WA olsAo R
0.2% acetic acid’} S5 water?} acetonitrile(B)S tF31}
2o 7187 2A02 AYstATH: 0 min (5% B), 020
min (5—30% B), 20—30(30—50% B), 30—35 min (50—
100% B), 3540 min (100% B), 40—45 min(100—5% B)
9l 4555 min(5% B). 922 1 mL/min, 2L 10 L&
A5t om A% TP 280 nmoj|A] 4L APt ®
FEAR = A AETTNT&A T4 (Gyeonggi, Korea)ol| 4]
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8. SHANzZ|

=AY 39 HHESto] AAstglon AuE Hd+H
ZHA}(standard deviation, SD)Z YEIH & EAEAS
Statistical Package for the Social Science(SPSS V25, SPSS
Inc., Chicago, IL, USA)Z ©]&3t Student’s t-test= AlAls}t
9251 Z7F p<0.05, p<0.01, p<0.001 SE0A] xZ3}e)
fo1ge A TH P WY, B BWE P
W oA BH An 249 SA4E was] 9
=]

Levene’s testg AAISH &, 5AAGES 2= H¢ B4
S 7

rz
_H')L
[0k

1. & e 4 & Edjgls &

2 AFolM s STl AeiE ZARE Ao A &
€ 7Fsde AstaAL A7t YRFEE(CW), EeFEE
(HW) % FHFESEEONZ AR & 224 5715 v
Wat1A} 519k ABTS, DPPH A58t A7% 9l FRAP
assayE 0|83t FAIS} B4 H7H= Table 19 AA5HATH
ABTS ]zt AAZAHL HW(16.7+1.8 mg AEAC/g ext.),
EtOH(11.5+1.2 mg AEAC/g ext) @ CW(6.1+0.3 mg AEAC/g
ext) 0= UEFon, I 2251 HW7L 7 3t
Ao Z SRIE A o]t F3F2 DPPH &z 4275 B
ZH AT SAFSHA UEREO W, HW(8.7+0.4 mg AEAC/g
ext.), EtOH(6.5£0.6 mg AEAC/g ext) @ CW(2.9£0.9 mg

AEAC/g ext)9] <=0 & SRRI%|}{rt. 2HH, FRAP &/ B7}
ZA}= Table 1] VRt 2tz 2AZ] Aaet 5ot
A FRAP E4-2 HW(8.5+0.2 mg AF/g ext.), EtOH(5.5+0.1
mg AE/g ext) W CW(3.240.1 mg AE/g ext) <02 3Q]x]
Pom, HW7F 7H8 9435 Ao 2 yepytt upxjuoz
A= A S4S vehdcta & g EYvE I
S BAg B Ay, HW(15.540.7 mg GAE/g ext.), EtOH
(10.1£0.7 mg GAE/g ext) & CW(6.1+0.3 mg GAE/g ext.)
+£0=2 Uetyth Za¥os ookt kst Brt Aaet
A JEQ ZPjHE T2 & Aol UL AeE F
AE At & AFETLE o ¢ FEEQ HW7L A4St
24 9 F ETde ol CW % EtOHET 43t 2o
2 ZRIT 5= ATk & AFAT= Lee 5(2018)0] H
A5 HZ AASS 55 s 47 F EHE
ol et A4S Bt Aytel duWAEsHs ZoZ 3
A=At FA7IA] ZAHol gt Akst &4 At
9] Qe AAolX|RE, Bl A FARE A& Hong 5(2021)
O] SARLREE et FEES ARt FAsE &4
H| W3k HE Stk 9] AtollA nl&EAtTY] oeE 55
9] DPPH ¥ ABTS &tz &AAGHL & FE2EET #4F
SHAY =9k, 2 A+ZATebs Adoldt Ao FRIH.
b, 5 2 Aol AHEH EAR} FEE9 At
249 S48 ASoH Adll, E5E A FE2EEZ A
Zoto] Falst S48 vl Hrloks A7 98T AR
AtmE T,

ok gl

tlo rlo

T AT A B2 ASUA AL JAE
o2 Az o8 Al2=HE YEhE &

Table 1. Antioxidant capacities and total polyphenol of solvent extracts from Malus prunifolia Borkh

ABTSY DPPH? FRAP? Polyphenol
Sample p 6 7
(mg AEACY/g ext.”) (mg AEAC/g ext.) (mg AEY/g ext.) (mg GAE"/g ext.)
CW 6.1£0.3° 2.9+0.9° 3.240.1° 6.1+0.3
HW 16.7+1.8" 8.7+0.4° 8.5+0.2° 15.5£0.7°
EtOH 11.5+1.2° 6.5+0.6° 5.540.1° 10.1£0.7°

All results are expressed as meant+S.D. for three independent experiments. Different letters within a column are significantly different (p<0.05)
by Duncan’s multiple range test. CW, cold water; HW, hot-water; EtOH, 70% ethanol.

Y ABTS radical scavenging activity.

2 DPPH radical scavenging activity.

3 Ferric reducing antioxidant power.

9 Ascorbic acid equivalent antioxidant capacity.
% Extract.

9 Ascorbic acid equivalent.

" Gallic acid equivalent.
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4 ol A o] Y=

og wrd & Q7] el HA AR 3t AlZ54
Y51t HA RAW 264.7 A|Zo] that A|59] &=
B7I= Fig. 1A9] el 25852 125~500 pg/mLo)
TEH oA LPS R thH] 88% o]/ AlEZAYE
2 Hol=tl, gPtygo g v F3t Al EEA oo
Al Almo] gk Ml ZAPEEo] tRt | 80% ©o]/iolH
AEZ=/do] gls ALoE 7HpE7] dZof 2 AtolA Cw,
HW @ EtOH A|8& BT HZEAo] gl Ao Hriy
ATH EZE, AR ZHE F/gAEQ] HaCaT Al ZE &3t
A ZEA FH7M= Fig. 1Bo]] YeRHT} 125~500 pg/mLe) =
TN AEEGES eI A3, BE FEEA TH
2t thH] 80% o]/ AlE FE2ES Hoj NEFA0]
Re AR GRIEU Lee 5(2020)9] AFoA I1HE
A= RAW 264.7 AJEZo]] 100~500 pg/mLo] S EoflA Tz
T el A4S UEA] 23t=d, ol 2 Aot &
ARet &0 2 Eolxgitt 22X 02 CW, HW ¥ EtOH
ABE 2% 125~500 pg/mLo] =T H oAl RAW 264.7
9 HaCaT A|Zof| 5/4Z UehiA] gh= 2 o= H7HE e
o, o]l FYEL HANA dF A &48Z Frleklh

o ol ox o\E.l‘, Y, olN
i
l‘ﬁ
01

llo S o

“‘i

3. RAW 264.7 NIZ<
HAAZE AU A TSI BT A EZ(Lee & Kang
2020), RAW 264.7 AJZoA Eu|sl= @2 dj7f Qlx}el
TNF-q, IL-6 @ NO AJAo]] ZAl} 2&E0] n]x|: JFS
B7Iotgth LPSE &9 52 RUT RAW 264.7 A2

o =0l A

A)
200 - 125pg/mL  ©250pg/mL  m500 pg/ml
Fkk
= f
=
S 150
2
3
£ 100 tae L oomm
3
(5]
& 50
*
0
[a\]
LPS PC W ‘ HW ‘ EtOH
Control Extract

A 338 RN W9 BY RS 79 41

A Az A2io] o3k TNF-a 8 IL-6 S84 HrAoJA=
FA | 2 (positive control, PC)2. & Jeon S5(2000)2] A+
oA E5 JAIZAo]l H1H dexamethasone(50 pg/mL)S
AHESHATE. TNF-a A7 AR/ B7F A3+ Fig. 2A9
Uehith PC A2 3.1 ng/mL] TNF-a FAZFS e
Wom, LPS t&(21.6 ng/mL) ti¥] BAFOo 7 o5t
86.8%2] A Lo 2 SAEHUY. CW AT H4,
125~500 pg/mLe] = olAl LPS tix+ WH] 16.6~
17.4 ng/mL(19.7~23.6%)2] &&=-9|&4 SAH R T
TNF-a A2 UERt 59 s=Helol4 HW A=
T2 LPS tZE tiH] 15.4~18.7 ng/mL(13.5~29.1%)2] &
O3t TNF-a AAZdS Elomn, EtOH AT 13.1~
15.0 ng/mL(31.1~39.8%)9] 5%X-2]&2 {25t TNF-a A
F4S UeEth EtOH $£&E0] CW ¥ HW $&E0] ]
S =3t TNF-a AIZ/d o= SRI= ]It IL-6 A &4
H7} A¥= Fig. 2BO]| AAIR. PC A2 2.2 ng/mLo
IL-6 T2 et o, LPS tj27(8.1 ng/mL) HH] &
AHCE [T 88.8%2] AAIE/YE HUEHITE CW AT
T2 125~500 pg/mLo] F=H oA LPS thR<t thH] 5.3~
7.0 ng/mL(16.3~42.5%)9] FE-o]EA 07 Qo5 [L-6
Ag/gol A=A HW A2+ 44, &2 =19
A LPS T &4t t)H] 4.5~5.3 ng/mL(42.8~53.5%)2] 1L-6 ]
Aol ERl=A 0, EtOH A2 LPS t2- ]
3.8~4.5 ng/mL(53.7~65.5%)%] SL-2]&ZA9] IL-6 JA &
Ao Uehgth EtOH $&50] CW ¥ HW F&E0| H|
3 S8t IL-6 AAEHS HEtl= 2o = I vt

B)

200 © (1125pg/mL @250 pg/mL  B500 pg/mL

=
(3
=)

(5]
(=]
T

HacCaT cell viability (%)
—
(=3
(=]

H
|
\
|
\
\
1
|

T+l ‘ cw HW ‘ EtOH ‘

Control Extract |

Fig. 1. Cytotoxic effect of solvent extracts prepared from Malus prunifolia Borkh. Using (A) RAW 264.7 macrophage
and (B) HaCaT keratinocyte. Each sample were treated to RAW 264.7 or HaCaT cells, and inflammation inducer, such as
lipopolysaccharide (LPS) or TNF-a and IFN-y (T+I) were subsequently stimulated for 24 hr. A dexamethasone (50 and 20
ng/mL, for RAW 264.7 and HaCaT, respectively) was used as positive controls. Results are expressed as mean+S.D. of three

independent test in triplicate. Asterisks mean significant difference between inflammation group (LPS or T+I) and each group

skokok

by Student’s r-test. "p<0.05, “p<0.01, *p<0.001.
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Fig. 2. Anti-inflammatory activities of solvent extracts prepared from Malus prunifolia Borkh. RAW 264.7 cells were
treated with sample followed by LPS treatment for 24hr, and production of (A) TNF-a, (B) IL-6 and (C) nitric oxide (NO)
were estimated. A dexamethasone (50 pg/mL) or N-nitroarginine methyl ester (L-NAME; 50 pg/mL) were used as positive

control (PC) for TNF-a and IL-6, or NO experiments, respectively. Results are expressed as mean+S.D. of three independent
test in triplicate. Asterisks mean significant difference between LPS group and each group by Student’s r-test. p<0.05,

“p<0.01, ""p<0.001.

Ao &, NO AA& B7} A= Fig. 2Co] HePHoH,
PC RO 2L Reddy 5(2003)2] Aol EolH H} Q=
N-nitroarginine methyl ester(50 pg/mL)S ©]-&5}3tt. PC A
Y2 LPS tZH(51.9 uM) ojH] 24.2 uM(57.4%)2] 8-9J5H
NO A S H3lom, CW A2 125~500 ng/mLo] &
oA LPS thZ+ thH] 39.6~45.8 nuM(12.5~25.4%)2]
FE-oEH 072 {O3E NO A= Hch HW A
2] A%, B HEHLINA LS 22 o] 399~ 408
IM(23.0-248%)9] BAHOZ 93 NO oAgHHo] 2
o15]9it}. BtOH A2 Zo| A= LPS th2Z tH] 35.1~ 39.7
UM(25.2~34.9%)9] FoJH 02 943 NO A HS Y
BRIt} Kim 5(2021) 59 AtollA ZARS} FARRE AL
I 9 o ARE o] 83t ASHE A AAIEd Ht AatolA=
SL-9E2A9 NO AL A inducible nitric oxide
synthase L cyclooxygenase-22] FAX HATF AA S AA|

e, & oM E 71 ddS S Axd Sd 5
FolA9l F7F B BT Aow AlmHd. 28R,
AR 3% ¥ EtOH F&&°] 95 A4 Wiede Ats
M aEor AT & e AlR YEhgoH, og
53 FET 2A=A9 AR &8 Ve FE #
A

4. HaCaT M|ZQ| LT N &AM

Q17+ ZAFA A|EQ] HaCaT A|ZE 53] 13 o
AdS gRlstaz skt BS54 APIE7HRIQ] TNF-a
9} IFN-y9] SAIAZ(T+)= o FA| 2o Z-g-5to] IL-6 E
IL-83} 22 AF/d APIEZIR] H gotEnd AR7IRIQL
TARC/CCL29| HH|&E FXIsto] i P FUst= 2=
A 7] fEo(Ha 5 2020; Hwang 5 2021), & A
oAM= olF &85t AR 58 3F0] IL-6 E IL-89]
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270l mA= e FAstLAL sHYiTE WA, IL-6 A
4] A= Fig 3A°] YERT PCE AME-H dexamethasone
(20 pg/mL) A2|F-2] 73§ T+ H£H(651.9 pg/mL)T H|al
Sho] 299.3 pg/mL(55.5%)9] F-2J7t IL-6 JAEdS &2l
ok CW AT A%, 125~500 pg/mL 5= oA
T+H 2 ] FAZCE {5 JAHEHLS UEtA
A% om, HW A2 250 ng/mLe] FEoARE T+ =
o= HiH] 545.1 pg/mL(16.8%)9] FoI3t JA|&/do] &Rl
At EtOH A 2|9 %, 125 ng/mLo AsEoie= &
ARo7 903t AATAL olE ] AQHA|TE, 250~500
ng/mLO HEoAE T+ o H] 517.2~518.2 pg/mL
(21.0~21.2%)°] BAHCE [-O3t IL-6 JA|E/Jo] F2l=
ATt IL-8 AA R B7F A3+= Fig. 3B UERH. PC
g 2ol A9, TH gRZ(310.2 pg/mL) thH] 192.3 pg/mL
(47.9%)9] BAACE FoJgt AA /o] YeEFoH, CW
9 HW AZ-2 T+ 27 | SAZHCE {3t IL-8
A2 1= A A3ttt EtOH A2 9] A%, 125 ng/
mLo] FEoA= BAZCE Fott AA S HEA]
LAAITE, 250~500 pg/mLO] FE=H oA T+ o2t thH]
298.6~262.8 pg/mL(4.7~19.3%)2] EAZ 02 §oJ3t oA
Z4o] FAHIE RHOZ, CW U HW FEE0| 1|3
EtOH F&5-2 15 A &/do] 943 Z o= glx

At

5. MM BN
A}7] RAW 264.7 9 HaCaT A|ZE 53 95 A4
235 IS W, BOH FEE0] 7P 953 A5 IA

(A

800

0125 pg/mL @250 pg/mL

.

B500 pg/mL

(=)
(=
=]

400 -

IL-6 (pg/mL)

[
=3
=

cw HW | EtOH

Extract

Control

At 2220 AUTY B 9 BY RO 7 483

0.

o A% o 7154 242 B THs Aol
2 Aoz oy olF 5o & APNE AT 3
= £ < o]7] 9]3} UHPLC-MS &
4g B9 8 WYHRS RN BOH F2E
PDA spectrum Fig. 4A°] YEFH O W, Q9 peak= MS &
4g B3 2A% ¥ olest Weie FelsSchFig. 4B o
Fig. 4C). 6.378°] YEId major peak= Fig. 4B Hol+=
A3} -2 mass spectrume YEHH O M, o] & F5f 355.1034
m/z9] BAFS 7= EEE ERIFUT. o= library
search & Willems 5(2016)] A+Z23} v £ 354.3
g/molQ] E-x}F9] chlorogenic acid(CisH;300)% 7 E ATt
T3 10.428-9] peak= Fig. 4C9} 7+ o] 235} HjElS H Y
L4, o] Razgonova S(2021)9] Ao Feldl misl
o] 437.1 g/mol9] EA=FS 71X+ phlorizin(CyHas010) 2
FAE A

6. Mgk BN

A}7] UHPLC £4& 53l &921%¥ chlorogenic acid
phlorizin®] A&5t S =&3517] Y3l HPLC-DADE ©]
85}o] retention time ERIGHE Ait, AL} FEE2
chlorogenic acid @ phlorizing §-3-5t3 A& ElstFTt
(Fig. 5). A% EAA7= Table 20 UEFH=Y|, chlorogenic
acid®] 79, CW(963+£26 png/g ext.), HW(1,013£11 pg/g
ext.) 2 EtOH(1,185+58 ng/g ext.)z Q1= QItt. Phlorizin
9] A=FAT}, CW(223+29 ng/g ext.), HW(316+19 ng/g ext.)
9 EtOH(470+10 pg/g ext.) £ 2 YEFGT) Sun 5(2013)

9] AL} vl £ wj o Al}o A chlorogenic acid Y

®)

500

[0125pg/mL  ©250 pg/mL  ®500 pg/mL

400 -

w
=3
=]

IL-8 (pg/mL)
~nN
(=3
=}

[y
=3
=)

NC ‘ T+l w HW | EtOH

Control Extract

Fig. 3. Anti-inflammatory activities on the skin of solvent extracts prepared from Malus prunifolia Borkh. HaCaT
keratinocyte were treated with each sample followed by TNF-a+IFN-y (T+I) treatment for 24hr, and the production of (A)

IL-6 and (B) IL-8 were estimated. A dexamethasone (20 pg/mL) were used as positive control (PC). Results are expressed

as mean+S.D. of three independent test in triplicate. Results are expressed as mean+S.D. of three independent test in triplicate.

Asterisks mean significant difference between T+I group and each group by Student’s f-test. ‘p<0.05, ~p<0.01,

sk

$<0.001.
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Fig. 4. UHPLC chromatogram of EtOH extract prepared
from Malus prunifolia Borkh. (A) The PDA chromatogram
and MS spectra of the peaks on the (B) 6.37min and (C)
10.42min.
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Fig. 5. HPLC chromatogram of (A) chlorogenic acid and
(B) phlorizin references, and (C) EtOH extract prepared
from Malus prunifolia Borkh.

Table 2. Determination of major compounds from
solvent extracts from Malus prunifolia Borkh

Sample Chlorogenic 1?Cid Phlorizin
(ng/g ext.”) (ng/g ext.)
CcwW 963+26° 223+29°
HW 1,013+11° 316+19°
EtOH 1,185+58" 470£10°

All results are expressed as meantS.D. for three independent
experiments. Different letters within a column are significantly
different (p<0.05) by Duncan’s multiple range test. CW, cold water;
HW, hot-water; EtOH, 70% ethanol.

D Extract.

o, & ZYHE o2 HWY) 15.5£0.7 mg GAE/g ext.2
71 A =0l AU ¥, LPSE &9 93] +4
¥l RAW 264.7 A|ZZF0| A AF5AA] &4 B7Fer 23,
EtOH7} 500 pg/mL9] HXofA LPS tix thH] TNF-a
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(39.8%), IL-6(65.5%) % NO(34.9%)2] @ZZ2l 9lz}o] 4
NPAE BT R4 FAS THS HoiFUG. T,
TNF-a % IFN-yE 9350°] =¥ HaCaT A|ZA 7Y
RS B AT RAW 2647 AES} 2O AFoE
EtOH7} T+ B2 the] 9929l 1L-6(21.1%) 2 IL-8
(19.3%) A4+ A &4 o] &9l }itt. UHPLC-PDA & MS
w42 &3 EtOHo| EAIsk= &< 2Qlet 23}, chlo-
rogenic acid 2 phlorizing &915}%1.2 ™, HPLC-DADE &
3 HeF B4 WYt A3, EtOH7E ZH2) 1,185+58 nglg
ext. @ 470+10 pg/g ext 2 7Y =2 IS SRe5E Q91
o Ao g 2 A4S Sl AR B4 EOH7E 4%
AR a7t 9T Ao ' RlEloH, EtOHO| o+
= chlorogenic acid @ phlorizing A EEZ 2 7|54 &2
2A olgd = SE ASE ARHIUT

AR =

2 =52 20211{:1_ %‘—%—ﬂ%‘ég X‘I OJ_% E]:]_—O]' —’.‘—53@- ﬂ
TR o] FAEHYTHEHAM S PI0152852021).
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