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Chlorogenic Acid Isomers from Sorbus commixta of Ulleung Island Origin
and Their Inhibitory Effects against Advanced Glycation End
Product (AGE) Formation and Radical Scavenging Activity

Tae Hoon Kim
Department of Food Science and Biotechnology, Daegu University

ABSTRACT Advanced glycation end product (AGE) formation and reactive oxygen species are potential therapeutic
targets for the prevention of diabetic nephropathy and other pathogenic complications. Activity-guided isolation of
an ethylacetate-soluble portion of 80% methanolic extract from fruits of Sorbus commixta of the Ulleung Island origin
using AGE formation inhibition assay led to the isolation and identification of three caffeoylquinic acid derivatives
of a previously known structure, 3-O-caffeoylquinic acid (neochlorogenic acid; 1), 4-O-caffeoylquinic acid (crypto-
chlorogenic acid; 2), and 5-O-caffeoylquinic acid (chlorogenic acid; 3). The structures of these compounds were con-
firmed by interpretation of nuclear magnetic resonance and mass spectrometry data. Among the isolates, the major
metabolite, neochlorogenic acid (1) showed the most potent inhibitory effect against AGE formation with an ICso
value of 167.5+3.5 pM. Furthermore, all isolated chlorogenic acid isomers were evaluated for their radical scavenging
activity against peroxynitrite, and structurally related isomers 1, 2, and 3 exhibited potent inhibitory effects in this
radical scavenging assay. This result suggests that the monocaffeoyl quinic acid derivatives isolated from S. commixta
might be beneficial for the regulation of diabetic complications and related diseases.
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o A FEAERNYH HFIsE S a9

o2 A& st= MAE2Q flavonoid, ellagitannin, neolig—



e 4%

nan %°] EiEAcH12-14).
w75 (Sorbus commixta) 74| 2o L] 52 A4
DA Yo A EE AnE &3l LFolH, $-guet
o] ZAAE e} FEA ] s 700 m ©]/e] A Fof| A T
< YAk Aol Haso] gt} %“’H‘; HE %%*—'10]
A7 ¢ 5~8 mm AEE 71Eo] H
EAlE diste] G 2RE 24AR “L°1 /\}%O}Oﬂ‘ﬂr ‘r‘j/]
vets v RS FdelA e dddH 4R

d

ATHI5). UP7PE Aol = chalcone ¥ A1(16), UV}E
Z=3] o] A= lupane-type triterpene, lignan, flavonoid 3}
gtEo] Haxo] 1o (17), catechin Bl EA| 9] d4ts}
/o] Hiaxo] rh(18). & AT HAAE HdALA FHe

Hesd 99 H3IdsiE A4 A A A
2 O%d &A= 25 E AGEs A4 A& &
AT A ST EA v ol A
zﬁﬂ ”% gz A 24 EAS E185]
Huslazt g

o I
A
o

0

te gy

]_

32
lo
_EL

ofN o 1o

ook p ofl
oft
e ot
24
e

-3
I
J,‘i
il

Mz 2 Gy

Al 3 717]

B Ag o Al-g3F bovine serum albumin(BSA), 3-
morpholinosydnonimine(SIN-1), dihydrorhodamine123
(DHR123), aminoguanidine, penicillamine 52 A] 2k
Sigma-Aldrich Co.(St. Louis, MO, USA)ol A +43Fo] A}
€39t} HPLCE Shimadzu LC-10A(Tokyo, Japan)=
ARg-akeleh 'H, ¥C NMR¥}F 'H-'H COSY, NOESY, HSQC,
HMBC 23 E&2 CDs0D &4H(s; 3.35, 6. 49.005 ©]-&3at
o] 600 MHz FT-NMR spectrometer(VNS600, Varian,
Palo Alto, CA, USA)Z A3 o, 24 2 column
chromatography& &1+ EFA]2kS A8 tE FABMS
2~FAEHL Micro Mass Auto Spec OA-TOF(Micromass,
Manchester, UK)E &-83t] A% S43%lem, TLC
platet™ Kiesel gel 60 F254(0.25 mm layer thickness,
Merck, Darmstadt, Germany)& AFH&3}313L, column chro—
matography& 2442 YMC gel ODS AQ 120S(YMC
Co., Kyoto, Japan)& ©]&3ly &FEAS w3t &
AA] ek o 2 = vanillin-sulfuric acid A4} 10% sulfuric
acid A NS AFE3FH AL, TLC spot A= A UV lampY
g2 254 2 360 nmE AHESIITE SFE SHE g
spectrophotometer+ Infinite F200(Tecan Austria Gm
BH, Grodig, Austria)& AH&3}93th.
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33] WhE &3 ohy dolzl AREMU7.0 gl dal HET
sikE A A a5S Hrre 49 IC50 kel 311 2+2.7
ng/mLe] &S YERSIT A3
of FA3¢ W& £ 8
MeOH<S A A3}l
n-hexane &
tate(EtOAc), n—but
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EtOAc 7}8+38 7.2 g2 Ho0-MeOH &8 1E &=
w2 ALg3}e] Toyopearl HW-40(coarse grade; 1.5
cm 1.d.X60 cm)S A3+ column chromatography S 4

Alsle] & 6719 €8] H[SC-1, H.0-MeOH(100:0); SC-
2, HoO-MeOH(7:3); SC-3, H.O-MeOH(1:1); SC-4, H.O-
MeOH(3:7); SC-5, H:0-MeOH(0:10); SC-6, H,0-Me,CO
@BN]E doH, 7 FEE dggte] A4S H~ES 2
I} SC-1(I1C50=205.1+3.2 pg/mlL)2] AGEs A4 A3l &4
< 18T 48 vk &89 SC-1(300 mg)ell ol
3] YMC gel ODS AQ 120S(1.1 cm i.d.xX40 cm)& ©] &3t
ZaazvtE s 2 ODS column(YMC gel ODS A-
323, 4.6 mm><150 mm)< ©]-&3} semi-preparative HPLC
= 433} neochlorogenic acid(1)(32.3 mg), crypto—
chlorogenic acid(2)(17.2 mg) % chlorogenic acid(3)
(13.8 mg)= S tHFig. 1). ol &v=Zz& 1%
HCOOH(solvent A)$} acetonitrile(solvent B)& 92:89]
H| &2 £33} isocratic mode® #2413} 2™ (Fig. 2),

o] 549 742 1.0 mL/ming FA38F9 2 280 nmollA

shet=s A B9 sekes vk Al 80%
HO,,, COOH
R1O\‘\ > OR3 = OH
- 0]
OR
Compound R' R’ R’

Neochlorogenic acid (1) Caffeoyl H H
Cryptochlorogenic acid (2) H Caffeoyl H
Chlorogenic acid (3) H H Caffeoyl

Fig. 1. Structures of isolated compounds 1~3 from Sorbus
commixta.
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Fig. 2. HPLC chromatogram of the 80% MeOH extract revealing the isolated metabolites 1~ 3. Neochlorogenic acid (1), crypto-

chlorogenic acid (2), chlorogenic acid (3).

MeOH FZ& &3 £213}9] neochlorogenic acid(1)(# 5.1
min), cryptochlorogenic acid(2)(& 10.7 min) & chloro-
genic acid(3)(& 9.6 min)ol A A= Ao 2 A3
o}

Compound 1(neochlorogenic acid): White amor-—
phous powder; FABMS m/z 355 [M+H]I"; 'H NMR(600
MHz, CDs0OD) & 7.57(1H, d, /=15.6 Hz, H-7", 7.05(1H,
d, /2.0 Hz, H-2"), 6.94(1H, dd, /=8.0, 2.0 Hz, H-6",
6.77(1H, d, .~8.0 Hz, H-5", 6.31(1H, d, .£15.6 Hz, H-
8", 5.40(1H, m, H-5), 4.12(1H, m, H-3), 3.68(1H, dd,
JF10.2, 3.6 Hz, H-4), 1.90-2.14(4H, m, H-6, 2). "°C
NMR(150 MHz, CD30D) & 177.3(C-7), 169.1(C-9"), 149.7
(C-4", 146.7(C-7", 146.5(C-3"), 127.8(C-1"), 123.0(C~
6", 117.3(C-5"), 115.7(C-8"), 115.1(C-2", 75.1(C-1),
74.3(C-4), 73.0(C-3), 68.1(C-5), 41.0(C-6), 36.7(C-2).

Compound 2(cryptochlorogenic acid): White amor—
phous powder; FABMS m/z 355 [M+H]*; 'H NMR(600
MHz, CDs0D) & 7.57(1H, d, /~15.6 Hz, H-7", 7.05(1H,
d, /~2.0 Hz, H-2"), 6.96(1H, dd, /=8.0, 2.0 Hz, H-6"),
6.74(1H, d, ~8.0 Hz, H-5", 6.35(1H, d, .~15.6 Hz, H-
8", 4.77(1H, m, H-5), 4.27(1H, m, H-3), 4.25(1H, dd,
J/10.2, 3.6 Hz, H-5), 2.20(1H, m, H-6), 2.15(1H, m,
H-2), 2.03(1H, m, H-2), 2.00(1H, m, H-6). "C NMR
(150 MHz, CDsOD) & 177.4(C-7), 169.3(C-9"), 149.5
(C-4", 146.5(C-7", 146.3(C-3"), 127.5(C-1", 123.1(C~
6'), 117.0(C-5"), 115.5(C-8"), 115.0(C-2"), 78.8(C-4),
74.7(C-1), 70.1(C-3), 65.2(C-5), 41.0(C-6), 37.7(C-2).

Compound 3(chlorogenic acid): White amorphous
powder; FABMS m/z 355 [M+H]"; 'H NMR(600 MHz,
CD30D) & 7.60(1H, d, /~16.0 Hz, H-7"), 7.09(1H, d, =
2.0 Hz, H-2"), 6.99(1H, dd, /~8.0, 2.0 Hz, H-6"), 6.82
(1H, d, /8.0 Hz, H-5"), 6.30(1H, d, /~16.0 Hz, H-8",
5.35(1H, m, H-5), 4.20(1H, m, H-3), 3.76(1H, dd, =
10.2, 3.6 Hz, H-5), 2.20(1H, m, H-6), 2.14(2H, m, H-2).

In vitro ESYSIME MM
HFIE A A& &4-2 Vinsond Howard(19)

7b ggk S WE sk AASHGITE 10 mg/mLe] $-8H
& E1 (bovine serum albumin)< 0.2 M phosphate buf-
fer(pH 7.4)° &3)A1713L, 0.2 M9 fructose®} glucoseZ
Z2]5} e}, olw] 0.2 M phosphate buffere] 0.02% so-
dium azide® go] WH&7|3F Bt vre|gole] AAES WA
ST A2 10%2] DMSOel = £H]stglem, o] 1t
Lo 28 = 94 %72 aminoguanidineS H 7}
g & 37°Col A 749 <t RESAIFTE Mg F-oll = spec-
trofluorometric detector(Infinite F200, Tecan Austria
GmBH)E o] &3} d3F=(Ex: 350 nm, Em: 450 nm)&
=333,

ONOO™ ZiC|Z AHS

AEE 10%°] DMSO°| o] Frde AT 4L
96-well plateol] Z} welld 10 pL® H7}gF 3 90 mM so-
dium chloride®} 5 mM potassium chloride”} 3% 50
mM phosphate buffer(pH 7.4)°] 5 mM DTPA(4 pL) %
5 mM DHR123(0.2 pl)°] A7}H N8 A 235} Z; well
9 180 plLA H 7tk AlgsiA 200 uM SIN-1 8912
10 uL 37kt 3 232 Ao 1083 W3 o
spectrofluorometric detector(Infinite F200, Tecan Aus-—
tria GmBH)E ©]-&3to] ¥4 % (Ex: 485 nm, Em: 530 nm)
£ EA43tH20). ONOO™ gtz &A &2 gz
9 2 AR dehigen ¢4 dEEeZE pen-
icillamineg& ©]-&3} % T},

SAXz|

A% A3= SPSS package program(version 20.0,
SPSS Inc., Chicago, IL, USA)S o|&-3slo] Hytd B+
2bE FEtlon A3 3o zbolo 942 one-way
ANOVAS$} Student's #—testell &3t 7X0.05 Gl A 4

Fsc.

Zn o 0
BMEN M2 5t siEtE0l 71X AY
AFPR e 1WY 2AolA o] FAH = )
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4 FeERA Gy Sl AR Feul o) &
ol F7heh= o= WElA glo] B W Uy
S TS 2t 8% adle®E 4 A dTh21). 3
FrHoRRY AGHE AsA ~Ed 2 o3 HEd
SES AAE A AMxExAe] A die HFds)
AHES Al ROSE AAste 834 S v dth6)
< AGEst Y@ s #dste] 29 93-S o
FEFHEFT AFm 4 g dFor e A7 J9gEH
Atk Hol ik EA ] HAEGskE A AAR
+ aminoguanidine©] Yo FHZo= =AJo] HaE o] H
o} b sta FAFgo] Sl AEZHE AGEs A4 A3l
Ao M gk A7 AT Yk Z AFolA T
ol a9F A dALA ] NS 3] &% A4 7
7Hs duje] 80% MeOH &= 9] EtOAc 719l dis|A

AGEs A7l gk As) &45 H7kgh A3 181.242.8
nug/mLe 538 ICso k= UEhie] ODS gel& o] &3t
column chromatographyS $33te] 3% 9] quinic acid
isomerg EEatlom, gt ddEH s T
B3 #Hd AGEs 2 ONOO™ gz &7 &4S Hrtst
ATt

3% g 59 313HEd )4 'H, °C NMR 2
DEPT, 'H-'H COSY, HMBC, HMQC, NOESY <] 2D
NMR, FABMS ~HEdS S4 § £d21(22,23)% ¥l
aste] 332 1S neochlorogenic acid, 33E 2=
cryptochlorogenic acid, 3}+%
A3

3< chlorogenic acid®

Ef"a'%’.é_'el AGEs A4A ol

A A &dS e &5 54 vlrbs Gl
o] thaljA] Toyopearl HW-40 % ODS Z& g =}
2 4 AAES F=3P35}
£ quinic acid F-=# 24 3-

EtOAcE
EIfyE A2 &85 4o
k. Qoi7l el T2
O-caffeoylquinic acid®l neochlorogenic acid(1), 4-O-
caffeoylquinic acid$! cryptochlorogenic acid(2), 5- 0~
caffeoylquinic acid®! chlorogenic acid(3)& ©|& F+Z% ©]
AAY x5 ARSI @43 £5F el tisiA
%}hz&ﬁizjjr AHAE HEGINE YA A 5SS Fr)sk

3L(Table 1), ZLF ol A% quinic acide] 3¥ Xl caf-
felc acid”} A¢% ] 91+ neochlorogenic acid(1)7} 7+
738 167.5+3.5 uM 9] ICs #b= YERIAT &
acid®] 49 9| caffeic acid”} ester 23}t crypto-
chlorogenic acid(2)7} 185.9+3.7 uM9] ICs0 #k= YEMY
Row, o5 FFE FFo|JAAQ chlorogenic acid
(3)7F 207.8+4.8 uM9] ICso #he HEHHS QOL sh3itt.
< BT Bbste AE 2 uAE T dAdLA=2
FH HEIsMbEe A4S afHo® Aete ohddt
HAAEo] EoER e, 2FolA flavonoid, ellagi-
tannin, neolignan 59| 3t%&c] ¥ 3 FHFIsit= A

3k quinic
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Table 1. Inhibitory effects of isolated compounds 1~3 from
S. commixta on the formation of advanced glycation end prod-
ucts (AGEs) in vitro

Compound ICso value (uM)l)

80% MeOH extract 311.2+2.79
n-Hexane extract -

EtOAc extract 181.2+2.8"
n-BuOH extract -

H,O extract -

Neochlorogenic acid (1) 167.5+3.5°
Cryptochlorogenic acid (2) 185.9+3.7°
Chlorogenic acid (3) 207.8+4.8°
Aminoguanidine” 872.3+5.1¢

VAl tested samples were examined in triplicated experiments.
Results expressed as ICso value using pg/mL unit.
Ammoguamdme was used as a positive control.

Means with different letters (a-d) within the column differ sig-

nificantly (P<0.05).

Elarh 915}(12 14) 5‘5?}, s
gallic acid =A<l 7-O-galloyl-D- sedoheptuloseﬂ- =
FTEsEd afHd EAEA sAHN o (24), AF
HA o ZRE et HFFHE A A &4 e
= JE549 FE=49 interfungins A7} 53 ATH25).

A2 2 A7gelA] ARG ALY 24 AL A%
ATE £q Folvl, FugyFol HAA 2 AL Bl
B HEFael o g 2 woEel A 5
o] Bol g wart olwle] Aol HS vehil
2 B3 Sl dise] Aol FAAE B8 W] o
A5E WAe glon, AXAE 2 FRARS Fa )
A9l &% AFL ABse] MRS 7154 BARA b
e A Bast rka Y7e

HHUSZI0] ONOO™ ZtC|Z X3 &4

ARz ke B 2 Had A% 2 Ags
A Aro] A3 A BA2A] FES Wka 9l o superoxide
anion(Oz ), nitric oxide(NO), nitrogen dioxide(-NOy),
peroxynitrite(ONOO") &3 22 ALFAFTS Q1] of
AL A AL At B E W vheke AW
FooIxR #&3la 91 om(26), ZFAE ONOO & &
A AF B39 A Ak T8k B0 E oy
WA AH27). HZol Lzl dxAQ HFEsa= A
A A A 2 aminoguanidines SAo] Hal% o] B} ¢k
Asta F-zhgo] gl AAE o] AGEs A4 JAEZ
o] Mg st A7 EdebA MaE 3 gk HEIEt
= A JASE Ve m7HEe] EtOAc #8 & tisiA
Toyopearl HW-40 ¥ ODS ZHAZnlE 13 E O]ﬁﬂ
=49 e 4 BAE FAsGIT 2ol =] 7=
neochlorogenic acid(1), cryptochlorogenic acid(2) ‘%l
chlorogenic acid(3)2] Tl AA R 7|74 2] Ay =

rL
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Table 2. ONOO' radical scavenging activity of isolated com-
pounds 1~3 from S. commixta

Compound ICso value (pM)"
Neochlorogenic acid (1) 4.5+0.3°
Cryptochlorogenic acid (2) 4.0+0.2°
Chlorogenic acid (3) 5.7+0.4°
L-Penicillamine” 5.2+0.3¢

YICs values were calculated from dose inhibition curves. Scav-
enging effects are expressed as the mean+SD of triplicate
exper1ments
?L-Penicillamine was used as a positive control.

Means with different letters (a-d) within the column differ sig-

nificantly (P<0.05).

23] 122 AAPon, aF A% quinic acid?] 4
H # X9 caffeic acid’} 2¢F o] 91+ cryptochlorogenic
acid(2)7} 74 23 guzd 24 49 4.0+0.2 pMe]
ICs0 #tS YE o, F+Z0]A 2 A 2l neochlorogenic
acid(1)7} 4.5+0.3 uM 2] ICso S YEFWH AL, quinic acid
o] 5 9] Aol caffeic acid’} 2% ¢ 1+ chlorogenic
acid(3)7} 5.7£0.4 uM<] ICso kS YUEFHSITH(Table 2).
Ho] AFA s sEEY S A 242 49
gk Aol Qo] Fx-gA AT A7 (28)F F3
ma g o FEA SRS 303 okg A Bl 7=y,
A=W 5ol tsjA] ONOO™ &4 E4& Y= o=
FEESL QITR(29).

- gaksl g4 AR B9 ##EHe] chlorogenic
acid oA Oy oz &7 &49] crypto-
chlorogenic acid7} 50 uMel A ¢F 37%2] &~7 &4 &
B} %1 2.7, neochlorogenic acidi= 50 uMol 4] ¢F 31%,
chlorogenic acid= 50 uMeol A &F 30%2] &)z ~A &
S eSS B th22).  AFdolA dA=
kst 229 s st 5T miUbE “UH«]
EtOAc%o°l W3~ Toyopearl HW-40 2 ODS Z&] 3 2 n}
ETYTE FHAR &85 54 2y @ AAE T3
o dojH 3%9] quinic acid T3&°]4 @Al neochloro-
genic acid(1), cryptochlorogenic acid(2) 2 chlorogenic
acid(3)ell thsjA] ONOO™ 2A &AL Felstglon, &%
EAF vp7bE Gujjo = Ak Z-8-8 7FX]= quinic acid
TZOAHAE ke AE gelskaint. o)t A 4
2R Y NZL 754 < 9% Tagh 7 x2An
2 g8 5 ey dHF A5 H oA%S AT
HAAER &8o] 7t Aolgt Azgirt,

o
it

[e5

Bl
=

olN mE J

ks
g

v

ok o

2 o
AABEYE Py sel D94 LS e 9
sto] £ ATE SOV, SFEA v dvhe) 80%

methyl alcohol %% 9] ethyl acetate 7F 52 5E HE
F3aE A GATACs0; 181.242.8 ng/mL)S &A1

el

A

o ZEAEe 8E fdte] Cis A 5& €8¢ column
chromatographyE F33t4] 3% A JFES £
sk, 7t 3hgbEe] 318 2= NMR 29 E fHoly &)
A 9 g3¥E31e] HPLC 34 ¥ E %53} neochlorogenic
acid(1), cryptochlorogenic acid(2) 2 chlorogenic acid
)& FA3ST). o5 st v HFTIsE A4
A A'sS H7}sk 23 neochlorogenic acid(1)7} 7Fg 743+
167.5£3.5 pM2] ICs0 #<= YEFNA AL, cryptochloro-
185.9£3.7 uM®] 1Cs0 #k& HHERATH
o tidl ONOO™ &2A &A4& Hrisk 23
cryptochlorogenic acid(2)7} 7} 723 gz &~ A &4
21 4.0£0.2 uM9] ICso #& YERSAL, T2l d A A
neochlorogenic acid(1)7} 4.5£0.3 pM9] IC5o 7= YER
o, o5 &AL caffeic acid’} AE ol & 343
=9 o wet thEo] AAERIT 5 ol &4 &4
o] &g 71&el gt A+7F dastH & A7 Ade uS
gt HFTESHE A dATE 7= AR

=S A% 7| 2AER o] &E s Bk O}Wﬂ'
FHF oA 2 A5 a33< A 9

NEARE ol 88 4 A& Aow Azt

genic acid(2)+=

T3 ols =4

do oft 1% Jo
e hr 1 -1>
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