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Z=8Hll (Pyrus pyrifolia Nakai cv. Chuhwangbae)
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Isolation and Identification of 3 Low-molecular Compounds from
Pear (Pyrus pyrifolia Nakai cv. Chuhwangbae) Fruit Peel

Yu Geon Lee', Jeong-Yong Cho', Chan-Mi Kim', Hang-Yeon Jeong', Dongl Lee', Soo Ro Kim/,
Sang-Hyen Lee?, Wol-Soo Kim>*, Keun-Hyung Park', and Jae-Hak Moon'**
'Department of Food Science and Technology, and Functional Food Research Center, Chonnam National University
’Korea Pear Research Organization Chonnam National University
*Department of Horiticulture, Chonnam National University

Abstract Three low-molecular compounds were isolated from methanol extracts of pear (Pyrus pyrifolia N. cv. Chuhwangbace)
fruit peels using solvent fractionation, various types of column chromatogrphy (Diaion HP-20, Sephadex LH-20, and silica
gel), and high performance liquid chromatography with an assay guided by 1,1-diphenyl-2-picrylhydrazyl radical-scavenging
activity. The isolated compounds were identified as 2-carboxyl-4(1H)-quinolinone (kynurenic acid, 1) from butanol fraction,
cis-p-coumaric acid (2) from ethyl acetate-acidic fraction, and vanillin (3) from the ethyl acetate-phenolic fraction, respectively.
These isolated compounds were confirmed on the basis of the spectroscopic data of electrospray ionization mass spectrometry
and nuclear magnetic resonance. This is the first time that compounds 1-3 were isolated and identified in pear.

Keywords: Pyrus pyrifolia, pear, kynurenic acid, cis-p-coumaric acid, vanillin
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Z+ 7%9] hydroxycinnamoyl malic acid 2 I methyl esterF(9),
8% HEA 3E T 2 wEA(10), 22813 14%2] couma-
royl quinic acid F=A 2 flavonoidF(12)5 BIZFE ] - 4
A g FrAAsK] W wle- o siteEe] SA%E Bt
gt} ol9f 2 W AR ol B o] gHe AT
Fgol| o] 3F9| slgtEe] FIHCRE dE - T EHAUT ol
2 SFEEY wol oMY EAE Birstaat gt

Mz A Y
2 Ao o] &3t FEHN(P pyrifolia Nakai cv. Chuhwangbae)
A UFollA 2008 9€ 8 B0 R, ALy W
ostw, o gahyel] o5 1 FFol HEs] sHHAeH, F
21530] AlAgk AdEdlA] HHE oF 3mm FAR &8t uf
methanol (MeOH) &% Aol o]&3IATh =& 2 |ulE
o ARE-¥El MeOH, ethyl acetate (EtOAc), ZL2]3 n-butanol (n-
BuOH)2 Duksan Pure Chemical Co., Ltd. (Ansan, Korea) #|¥
S AHE3F92H, 1,1-diphenyl-2-picrylhydrazyl (DPPH)-2 WakoA}
(Osaka, Japan)Z5-E TYs . 228]3L Methanol-d,, DMSO-d,,
CDCli= Merck (Darmstadt, Germany)Z45-E T93t9oH, L £
o Adell AREl ®2E Aok 8 8r= HPLC S5& AREsisirh

dov fu dov of e

=& 9 SHEE S =X

Al S8l 341 15keoll MeOH 24.3 LE 718l homogenizer
(HG-92G Taitec, Koshigaya, Japan)Z wd3}st &, 59 oI (No.
2, Whatman, Maidstone, England)dte] o33} ZALE H2] 313
o} ZkAlol]l Az MeOH 10.5 LS 7Fele] #2359} oj7S whe
st} doixl AHAS et F FFEFATE. Doj7 MeOH
FEE(3708.67 gy LR 3lE]de o &3 SRS AA
3Ath & MeOH F3E(3708.67 2% pH 3.02] buffer 84(0.2
M glycine-02 M HCIC.Z2 HEM(6L)S A3t EtOAc(6 L)=
33 SujEgsle] EtOAES AU H,0F5° water-saturated #-
butanol (BuOH, 6L)S 7}sle] 33] ®HE gujE-E3s & BuOHZ
< 43U DR EtOAcETS pH 8.09 buffer &H(02M
Na,HPO,-02M NaH,PO,, 6 )7 F7 &wiiZg3ste] HO05
EtOAcE o2 £33t of7]eA dojdl H,05S 1.0N HCl
fNG o] g3lo] pH 3.022 AT F 6L EtOAcE 33 Wt
Bato] gmjEYTdo 2N H,0%5-29 EtOAcAHIE RS AU
olo] EtOAc-SAZES pH 12.0¢] buffer £24(02M KCI-02M
NaOH, 6 L) 3 wl&&8le] H,05% EiOAc-HIES &
ATk S H0ES 10N HCHE-YOZ pH 6002 238 F,
6L°] EtOAc® 33| RME guitgsto] H,05-35% EtOAc-vlE7
FEE Atk

HrZPEHofAM EitsiEd EI}

MeOH FEE°] &ujEs & dojxl 7z o] sl &4
7742 thin layer chromatography (TLC) plate (aluminium sheets,
silica gel 60 F,5,, Merck, Darmstadt)*] DPPH ethanol -8-<(200
pM)S sk RE(13)S ol&3iith & Sl gE dA S
TLC plate®l] spotting3}>] BuOH/acetic acid/H,0 (4:1:1, v/v/v)
gGdoz Ze & As/NE TLC plateo] DPPH ethanol -89-S
Eete] Hepdeo] Gl olxl giol 248 sy
oz B3ttt TLC plated] DPPH 898 &5t 33t
2 sg=Ee] EAE gRlste ¥ WS TLC-DPPHY 2 3
3taAvh. 3 DPPH 5 F¢ TLC platee] cerium sulfate

sigte

o

A 175

hydrate &2 kS-
SRS U=

CERETE

7t2 E5-3k & hot plate
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BuOH EEo=22E 38l

i #9] MeOH FE&<S &viigste] dolxl BuOH e
Diaion HP-20 (Mitsubishi Chemical Industrial, Tokyo, Japan) col-
umn chromatographyS & 3te] JAI8IA ). =, BuOH F#(31.51
g)2 Diaion HP-20°] Z%¥ column (9.0x90 cm)ol chargeA]#
H,0/EtOH=100:0, 80:20, 60:40, 40:60, 20:80, L] 0:100(v/v)
o] &M o]FH2E & step-wised(ZF 8Lyl 3 EAH R
2R 5% SE8E 5 g% B (1822 Shim-pack prep-
ODS (H) KIT column (20x250 mm, 5 um, Shimadzu, Kyoto,
Japan)©] “&2rEl HPLC system ©|8-3}] £t olu Af
45 o]574L H,0/MeOH=100:0 (v/v, pH 2.65 by trifluoroacetic
acid, A)? H,0/MeOH=0:100 (v/v, By o]&3l5om, AgdS
9 §E80E o] 308 § B7F 60%7F H=E g ok, 45
7] B7L 100%7F HAl st 502744 FAATE SEAE
0] &3tk 28] 254 nm (SPD-M20A, Shimadzu)®] 333 &
2 99mL/min (LC-6AD, Shimadzu)®] ZZAIx EFHES A3t

=N
io
L
m

EtOAc-tHM &lEo=RE SiEE 29| k2|

wf #9] MeOH FEE5 St dsto] Hojxl EtOAcAHE &
&2 Sephadex LH-20 (70-230 mesh, Pharmacia, Uppsala, Swe-
den) column chromatographyS j35ted A3t =, EtOAc-AH
A EH(2.63 gy Sephadex LH-20°] %1% column (3.3x82 cm)
o] chargerlZl ¥, 80% MeOHE oo 3l §& - 73
(5 mL/fraction)3}$1t}. Sephadex LH-20 column chromatography®l]
A dojz FE F (70.5mg)E Shim-pack prep-ODS (H) KIT
column (20x250 mm, Shimadzu)°] “2HEl HPLC systems ©]&
st F7HHQl R E etk A" o] 4 HO/
MeOH=85:15 (v/v, pH 2.65 by trifluoroacetic acid, A)<} H,0/
MeOH=30:70 (v/v, By o|-&at3lem, AgS ST =87
Z o] 65% F B7F 45%7F H=F 3 ths, T5w7HA B7Y
100%7} H== s}tk Z28]3L 254 nm (SPD-M20A, Shimadzu)2|
243} 5<% 9.9 mL/min (LC-6AD, Shimadzu)®] Z7lox £3=
et

EtOAc-Hl=d EECZFEH SiEtE 39 th|

vl 9] MeOH FE&S &viE2sto] dojzl EtOAc-#=7
B ELS ilica gel (70-230 mesh, Merck, Darmstadt, Germany)
column chromatographyS 33} AA8I9 ). EtOAcTIEA I8
(238 2)2 silica gel®] £%E column (2.8x38 cm)ll chargeX]#
n-hexane/EtOAc/MeOH=6:4:0, 4:6:0, 2:8:0, 0:10:0, 0:9:1, 0:8:2,
0:7:3, 0:6:4, 0:5:5, &3 0:0:10 (viviv)e] &8 olsioz
3le] step-wise S ©]&3t] &FA171HA 200 mLY 53
ot 2383 JRE = FE 1329 (154 mg)S 553l] Sephadex
LH-20 column chromatography®l] <]3] =]z} A At =,
Sephadex LH-20°] £%1¥ column (2.0x40 cm)?ll A|5E chargedt
th2, MeOH/BuOH=50:50(v/v)& &vlAIZ st £ - HA|51
th o] wj #¥ MeOH FE&9 &uivd 34 % 394&
1-39] 224 Fig. 19 AAISAT

NMR ¥ MS &4
Nuclear magnetic resonance (NMR) spectrax= INOVA 500
spectrometer (500 MHz, Varian Walnut Creek, CA, USA) £49]
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Fruit peel of Pyrus pyrifolia N. (15 kg, fresh wt.)

MeOH extract (3708.67 g)

— extracted with MeOH (34.8 L)

— suspended with buffer soln. (0.2 M glycine-0.2 M HCI, pH 3.0)
— partitioned between EtOAc (6 L x 3)

Aq. phase

EtOAc phase

partitioned with buffer soln.
(0.2 M Na,HPO,4-0.2 M NaH,POy,, pH 8.0, 6 L)

Aq. phase

— partitioned with H,O-saturated

— adjusted to pH 3.0 with [

EtOAc phase
(EtOACc neutral, phenolic fr.)

partitioned with buffer soln.
(0.2 M KCI1-0.2 M NaOH, pH 12.0, 6 L)

BuOH (6 L x 3) 1.0 N HCI and partitioned
with EtOAc (6 L x 3) Aq. phase EtOAc-neutral layer
(44.84 g)
adjusted to pH 6.0 with 1.0 N HCI
and partitioned with EtOAc 6 L (x 3)
H,0 layer-1 - ByOH layer HyO layer-2  EiOAc-acidic layer H,0 layer-3 EtOAc-phenolic layer
(2105.89g)  (157.52¢) (214.34 g) (517 g) (109.02 g) (238 g)
— Diaion HP-20 C.C — Sephadex LH-20 C.C silicagel C.C
fr. 1 fr.2 fr. 3-14 fr. A-E fr. F fr. G-R fr. 1-12 fr. 13-29 fr. 30-253
— prep-HPLC (ODS) — prep-HPLC (ODS) Sephadex LH-20 C.C

1 (9 mg)

2 (2 mg)

[3Gme |

Fig. 1. Isolation procedure of antioxidants from MeOH extract of pear (Pyrus pyrifolia N.) fruit peels. C.C, Column chromatography; Aq.,

aquose; fr., fraction.

o8] Atk #44vl= CD,0D, DMSO-d, ¥ CDCLE Al-&-3}
Ao, o2 UlF XFEZZ tetramethylsilane (TMS, §=0)2
SH-3ATh. HESE electrospray ionization mass spectrometry (ESI-
MS) £4& AR A7) (Shimadzu LCMS-IT-TOF)7} &4 LC
Solution 3.0 Software (Shimadzu)Z AFg-sle] 3k

3}3HE 1. pale green powder; 'H-NMR (DMSO-d,, 500
MHz) & 1173 (IH, s, H-1), 808 (IH, bt d, J=7.5Hz, H-5),
795 (1H, br. d, J=8.0Hz, H-8), 7.68 (1H, br. t, J=6.5Hz, H-
7, 735 (IH, bt t, J=6.5Hz, H-6), 663 (IH, s, H-3); "C-
NMR (DMSO-d,, 125MHz) & 139.1 (C-2), 1093 (C-3), 177.9
(C-4), 1248 (C-5), 1238 (C-6), 13231 (C-7), 1197 (C-8),
140.1 (C-9), 125.6 (C-10), 163.5 (C-11); ESI-MS (negative) m/z
187.9 [M-HJ".

398 2: yellow powder; 'H-NMR (CD,OD, 500 MHz) §
769 (1H, d, J~13.0Hz, H-7), 746 (H, d, J=80Hz, H-2, 6),
6.58 (2H, d, J=80Hz, H-3, 5), 635 (IH, d, J=13.0 Hz, H-8).

83HE 3 white powder; 'H-NMR (CDCl,, 500 MHz) & 9.82
(-CHO) 743 (IH, d, J=1.5Hz, H-2), 743 (IH, dd, J=6.5Hz,
1.5Hz, H-6), 7.04 (IH, d, J=6.5Hz, H-5), 3.97 (3H, s, -OCH).

Zn o
shitst EMEZ0| 22
A Fg) 3y [5kgS ISR MeOH FEES AT

A}, 3708.67 g8 FEEo] AoJHTE. Aojxl MeOH FE=2 &
ujE-Esle] H,0 (242925 g), BuOH F¥(157.52 g), EtOAc4t
A FE(5.17 g), EtOAc-3A FE(E, 44.84 g), 18|37 EtOAcH =
4 BE0238gys AUTh EMEY F dofxl 7t RS U
© =2 DPPH (final concentration 250 uM) radical-scavenging €3
< ARSI B Ays AYAH9)E T8l 2aE bk 9lof o
71 M = AAIBHA @kort S EE F EiOAcAHY g
1 7P =& 4S8 JelA, 2 U522 EOAcHEA &
¥, BuOH &, EtOAc-5 & Foler, H,0 F&2 A9
S HERIA] 9ttt olo] Aol ZF FRES tFeE TLC-
DPPHR | ]3] 7z} o EAlsh= IFPEES] SAFTFS g
A3IALE. 2 AF9), vl Fell= thdet datkst 84 FPES
o] ZAl=le] Aol IFNLH, i AREC] SHEEd o
3 Ao R FHEISS & & ANUTh A EolA A v
of Zo] HaA1(9,10,14)5 F3 ¥l I MeOH FEEC]
EtOAcAHd g0 ZHE 7559 hydroxycinnamoyl malic acid (9)
2 g9 HlEA 39HE(10), EtOAc-Hl A RO ZHE] 629
triterpenoidZ] FE=AE(14)S @ - TRt Bastk vp 9]
ol AgAgte] o]o] B AFor= B #3] MeOH FEE¢9]
BuOH ¥+, EtOAcA MY & ¥ EtOAcH =4 d& 228 o
Joz F7HHQ ®Ele Pk

W v 2y BuOH FEL A2 = Diaion HP-20 column
chromatographyE 33t &, doj3l 7} GEES 2= prep-
HPLCE ©|-&3le] AAsth. 2 A3}, H,0/EOH=100:0 (v/v)

o
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Fig. 2. NMR spectra of compound 1. A, 'H-NMR spectrum (DMSO-d,, 500 MHz); B, *C-NMR spectrum (DMSO-d,, 125 MHz); *, impurity.

4Z839 HPLC chromatogram “gllX] retention time () 23.2
mind] £&% SFEEEE 1, 9mg)S E23Th

Tk v 73 MeOH FEE9 EtOAcAH S o=
Sephadex LH-20 column chromatographys @3t} dojxl 7t &
o e stese SAEEFE TLC-DPPHYHS 538l vl
3T TLC AellA AR 23S Bl 2572 grouping
3t 1871(A-R)9] FRoE R olF FAEEAd S Hel
& F (Ve/Vt 1.00-1.10, 70.5 mg)E = prep-HPLC (ODS)
£ 3t ¢, 497 minoll £EH peakS HHF EF 3l 31FE 2
2mg)E stk

283 ¥ #39] MeOH F5&9] EtOAcHlEA i3 tde
2 n-hexane/EtOAc/MeOH £7JAIE ©]-83}] silica gel column
chromatographyE 3§+ &, dojzl 7} JREL e = TLC-
DPPHWHol| oJaf aitsteds dAsidct. = 23, ks 24
S yehd FE 13-29 (n-hexane/EtOAc=40:60, v/v, 159 mg)=
Sephadex LH-20 column chromatographyS- ©|-8-3l A=} A5}
th olo] Aozl YEES tIFoE TLC-DPPHE Jal] kst
S A3 A, FE 2022 (Ve/Vt 0.80-0.92)04 ©d &2
2 AEEE spot (R 04)°] B&AE|] o] RES sl F5F
o 24 3EE 3 3mgS 3T

£hd| sigtEel FxeiM

313HE 19] ESI-MS (negative) spectrum - ZH-E] pseudomolec-
ular ion peak m/z 187.9 [M-HJ©] ZAZ 5o} o] 3lgH&E9o] Ex}ef
2 1898 gRIFom, o] #AFCERY s 12 A7t
- alkaloidA] BFeh=<l o= AT ERE mz 143.19]
fragment ion peak’} #Z= o] o] FFEL carboxylic acid group
< et UE 7hsAdel sl AAE AT B setE 19
BC-NMR (125 MHz) spectrum (Fig. 2} ZFE= 152] carboxy-
lic acid group2Z == carbon signal [163.5 (C-11)]°] &=
Ho] MS dataZFE FAHENY carboxylic acid groupe] A7t
1= 1213l 159 carbonyl carbon signal [§ 177.9 (C-4)]
3} 8%2] sp? carbon signalS[8 140.1-109.3]1% Egsle] & 105
9] carbon signalE°o] #HFETE 282 'H-NMR (500 MHz)
spectrum (Fig. 2)2ZHE -NH- groupel #AEE= 152 proton
signal [§ 11.73 (1H, s, H-1)]°] FZ= AT} T 4%52] sp* carbon
proton signalE£[8 8.08 (1H, br. d, J=7.5Hz, H-5), 7.95 (1H, br.
d, J=8.0Hz, H-8), 7.68 (IH, br. t, J=6.5Hz, H-7), 1% 7.35

(1H, br. t, J=6.5Hz, H-6)]°] #&AENon, 159 EYsdd o
coupling constant ZFEZFE] ortho X FA| benzene2| EA)7} &
A=A 2ol B3t 159 singlet sp® carbon proton signal [§
6.63 (1H, s, H3)]°] F718 o2 AALUT) o]4e] MS 2 1D-
NMR dataZFE ©] 3l3lE 12 carboxylic acid groupe X33}t
£ quinolinone”] 3FEZ AALE QT o]0 FFE 12 Wt
et Fxa4e $13] HMBC 42 33kt HMBC spec-
trum (Fig. 3, SHE3E)NA H-5 (5 8.08)9] proton?} carbonyl car-
bon (8 177.9, C-4) 7+9] cross peak’} &&= o] 33HE 19] 71&
=742 quinolin-4(1H)-onelS &RIsHATE 53] H3 (3 6.63)9
proton signal¥} carboxylic acid carbon signal (8 163.5, C-11) 7+
o] A#AAI7E #EE o] quinolin-4(1H)-one2] C-29]°l carboxylic
aicd groupe] A= US & & Uk 2L = 19
'H- 2 BC-NMR spectra= Ephedra transitoria(15)25€ 59
2-carboxyl 4(1H)-quinolinone®] ZAEI= &3] AX|sHTh 2
A BEE 1S EHGE 2-carboxyl 4(1H)-quinolinone (kynurenic
acid) 2.2 A=A

312 29 'HANMR spectrum@ 258 A& 221 parg-substi-
tuted benzene ringdll F&E= AA'BB7|2] proton signalE[d 7.46
QH, d, J=80Hz, H2, 6), 658 (H, d, J=80Hz, H-3, 5)]°|
HEAE A 3 5712] olefinic double bond proton signalE [
769 (H, d, J~13.0Hz, H-7), 635 (IH, d, J=13.0Hz, H-8)]°]
A= 3L, ©]E2] coupling constant (J) value7} 13.0 Hz2 e}
1} 9] olefinic double bonde cis form®Z 3= o] 3}3HE 2=
cis-p-coumaric acidZ AJAFESITE ZEiA EgE 29 'H-NMR
spectrumrS Baccharis myrsinites2F-E] ¥-2]¥ cis-p-coumaric acid
o A v AIN16), FE FRAdo] IRIFAT. whebA
3}3HE 2= cis-p-coumaric acid (Fig. 3)2 AT

3}3HE 32] 'H-NMR spectrum@ 2] tri-substituted aromatic
carbon proton FEZ FH = 3%2] proton signalE[§ 7.43 (1H,
d, J=1.5Hz, H-2), 743 (IH, dd, J=6.5Hz, 1.5, H-6), 121
704 (1H, d, J=6.5Hz, H-5)]°] #-Z=HA}t 2L aldehyde
group®ll AEE = 152 proton signal [ 9.82 (1H, s)]3 meth-
oxyl groupell ALE= 152 proton signal [§ 3.97 (3H, s)lo] &
ZEde. 2 3FTE 3L 3-methoxyl-4-hydrobenzyl alde-
hyde(vanillin®¥ 7Fs7go] Z4atAl AAFEAS. 283 st 3<]
'H-NMR  spectrum2- vanillin®] ¥ <A] 2F(Aldrich Chemical Co.,
St. Louis, MO, USA)9] A3} HlwE 53] A4S AdXAFLS gl
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Fig. 3. Structure of the isolated compounds and important correlations (arrows) observed in the HMBC spectrum of compound 1.

sttt olo] 3EHE 32 vanillinFig. 3)2 S

v #3]¢] MeOH FE=25H TEd 3359 sF&E2 2-
carboxyl 4(1H)-quinolinone (kynurenic acid, 33E 1), cis-p-cou-
maric acid (&= 2), 22|32 vanillin@E5HE 3)°0.E 717 54
ATHFig. 3). °I& & 3IE 12 chest honeyoll X 7] € v}
Uo™, tryptophan®] tHAFEE A Urh(17). 53] stE 12
excitoxin opw|i=Ate] 98k ML 3] G318 HrE ul
o, I3 12 X3S I FEAES E coli®] ASAA T
7b = g vk dtk19). E SFE 12 free radicald] ©]
gk liposometstol] tial] A 5S FHFo] HIQ20)=HAoH,
FeSO O 3] =¥ AdAitstel] g AA5S FHTE By
# vk ATH2D).

I8 F9HE 2 dubFoE A dE] BEEFJE
phenylpropanoidA| 3}3HEZ Cinnamomum subavenium (22), Leu-
caena leucocephala (23), ZL2]3L Psidium guajava (24)°-Z5-H
g2]E vl Atk 53] =te] Q= (Phyllostachys nigra)-Z5-E
@E)E SHE 2= HO, frEAtstel] ok AAAERGC-S cell)
Mg A EAE Ztety Bad b JThRs). B AFaEe] A
PATF(10)E F3l vl 9] MeOH FEEZHE 3jHE 29] o]
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