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Inhibitory Effect of the Phenolic Compounds from Geranium thunbergii on Rat Lens

Aldose Reductase and Galactitol Formation

Se Jin Choi*, Jin Kyu Kim**, Jai Man Jang** and Soon Sung Lim***

*Department of Food Science and Nutrition, Hallym University, Chuncheon 200-702, Korea.
**Institute of Natural Medicine, Hallym University, Chuncheon 200-702, Korea.

ABSTRACT : We evaluated the inhibitory effects of extracts and components of Geranium thunbergii on aldose reductase
(AR) and galactitol formation in rat lenses with high levels of galactose as a part of our ongoing search of natural sources for
therapeutic and preventive agents for diabetic complications. The inhibitory effects of water, methanol and ethanol extracts
of G thunbergii on rat lens AR (RLAR) were determined. Comparing inhibitory effects of various solvent extracts, ethanol
extract showed RLAR inhibitory activity (ICsy values, 5.24 and 6.39 g/ml, respectively). The ethanol extract was fraction-
ated to chloroform, ethyl acetate and water. Of these, the ethyl acetate fraction from ethanol extract of G thunbergii exhib-
ited RLAR inhibitory activity (ICsy value, 2.64 zg/ml). In order to identify the bioactive components of ethyl acetate soluble
fraction of ethanol extract from G thunbergii, eight compounds, namely gallic acid (1), protocatechuic acid (2), p-hydroxy-
benzoic acid (3), brevifolin carboxylic acid (4), geraniin (5), ellagic acid (6), kaempferol-3-O-arabinofuranosyl-7-O-rham-
nopyranoside (7), kaempferitrin (8) were isolated. The isolates were subjected to in vitro bioassays to evaluate their
inhibitory activity on RLAR and galactitol formation in rat lenses. The ellagic tannins (5, 6) and flavonoid (7) exhibited
strong inhibitory effects on RLAR. Also, these three compounds (5, 6 and 7) suppressed galactitol accumulation in rat lens
under high galactose conditions, demonstrating the potential to prevent galactitol accumulation exo vivo. These results sug-
gest that the extracts and components of G thunbergii are a promising agent in the prevention or treatment of diabetic com-

plications.
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2k o= <l WAE y¥EFS 5HO0R sk i I xR FeE SR B S M Al el
Agto|t}, Yoz A3k v n¥PL A 7 717k A8t TEdE FATkoluhA (hexokinase)oll €] a1
43 7 BAS 2HEA "ok 53], WEh, A%, A, glucose-6-phosphate®  HZE| o] 3327 (glycolysis pathway)
A A2 FS FEEA Drk(Choi er al., 2008,  SE Eol7bA HAE, v 02 AE ol FArieiA =
Jeon et al., 2010). Ashe TG FaTloUAIE EIAA LEH(aldose)=
ayggo= Qg FHFo WA ddoRE Ik 7147 FE 4R ¢ d(aldose reductase; ARl 23
(glycation) o2 U&7 vlaiz T3, ZE& HZ(polyol  EH|E(sorbito)Z WEH o] ZEe HRE FAF A

pathway)e] @433}, AAA} o), Aslo] ojgt &4 Z7F 5 (Constantino er al., 1999; Kim et al., 2010).
o] AEFI dtkKato et al, 2009). 2173, A%, Wt 4 SHEL &Y)E A8 4 (sorbitol dehydrogenase)ol] 2]3}
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Alaz et wAlE el SHjEo] Frh AW A S7HE <
g FZ(myelin sheath)®] 75, AL 2 BZ7t 2D 5
UL, AEH 07 F7HE AHEFO R Qlste] o] QAYH ]
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Y AR EIHE ERHJAL, hiollx] XFAR 2ol=
A (Corydalis turtschaninovii)2] dehydrocorydalin A%< AR
AAE F¢ Y EF Hise 5 e ddE &
Az2HE FeS X|E5A 7] AXEEAL ATKSrivastava
et al., 1988; Kubo et al, 1994; Kim et al, 2011). °|&
AAEe] G FHF ool MEe FH BEFZA] 7HsA
o] F& on|git}

& Z(Geranium thunbergii Sieb. et Zucc)t F<Eo]|EE
(Geraniales) F]<20]2<:(Geranium) F<20]Z 37K Geraniaceae)l|
&3l Az Eeth Az JGE,) AEE), Pldikin)e] 43
HE veplH, dEdnle], 395 ¥ st a3t ok
RBuxo)x] th(Ushio et al., 1991). x| AZE tannin?}
flavonoid’} FAJH-°1™ tannine Yol ¢F 20%, A=l oF
5%7F FHrEo] Stk SAEA] Azl BRATE B tannin
7197 flavonoid AlE 3HeHEe] welot itst ¥t ol
AT BEEHAE B(Liu et al, 2006), Azl T3 g
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9] davallialactone, hypholomine B, ellagic acid d%°] AR
AR BIHE HRIths 28 Y5 vl AUrk(Lee er al., 2008,
2010, 2011). o]e] & A+= dxo FugHF A S49E
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2. N9F & TP

B dgelld =, 29 2 FeamvtEage)s &0, &
dichloromethane (CH,Cl,), ethyl acetate (EtOAc), ethanol
(EtOH), methanol (MeOH) T2 <4HA|#FS AME3HITH
HPLC #4]ol] AL&% acetonitrlie (MeCN), MeOHS HPLCH
O F Fisher scientific (Fair Lawn, NJ, USA)SZY-H,
trifluoroacetic acid (TFA)x HPLCH2E Applichem GmbH
(Darmstadt, Germany)© 2B FJafe] AME-SITh &4 2
£ 9% column chromatography-8 RP-182  Merck
(LiChroprep RP-18, 40-63 /m, Merck, Darmstadt, Germany)A}
oA FYste] ARE-FTE HPLCE Thermo Electron Spectra
HPLC system (Thermo Separation Products, San Jose, CA,
USA)S AE-3182H, FTLIRS JASCO FT/IR-4100 (Anthelie,

SECOMAM, France)s AME-3t3TE 'H-NMR % “C-NMR
spectrat= Brucker®] DPX-4003} AVANCE-6002 ©]-8-3}¢]

27359t} Bovine serum albumin (BSA), B-nicotinamide
adenosine nucleotide phosphate (NADPH, reduced form),
quercetin  dehydrate, dl-glyceraldehyde dimer= Sigma-
Aldrich (St. Louis, MO, USA)Z%E 73l AM&-31 ).

gr3l7] 98 MeOH, 95%
EtOH, H,0% 7}z 2 15kg S B
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8 FEES A 7 FEEY AR AES
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wo], 95% EtOH &8 TR0 &3] Al & &
2o CH,CL# EtOAcE S/ whe}t &xRedS AN s

dolzl 7t BIBEL A} $5 T FAAZN] B4 A
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Geranium thunbergii
(1.5 kg, dry weight)

Vacuum extracted with EtOH
(15L x 2 times, 3 hr)

EtOH Extract
(75.79, 5.04%)

Fractionation with CH2Cl,

CHzC'z fr.

(17.7 g, 1.18%) O layer

Fractionation with EtOAc

EtOAc fr.

(11.7 g, 0.78%) HEQ o

Water residue
(24.8 g, 1.89%)

Fig. 1. Work flow of the extraction and fractionation process
of Geranium thunbergii.

< RP-18& % A7l B#E((36 X 460 mm, glass column)l]
2938 F, 5% aqueous acetic acidMeCN= Al-&3}o]
MeCN H]&(0% — 100% MeCN)S %314 02 =o]7n
MPLC (medium pressure liquid chromatography)S 2A|&}5
ok 8E98 oF 70 meA Vo] Wigtom e offe] vt
£ HPLC chromatogram 42 v|wste] & gifl9 33&ES
slsith olE 3FHES MeOHZ A Aol oo} 7o)
TEEAE 913 ol3ley, B AEE Rt

Compound 1 - EI-MS (m%z): 170 [M]*, 153 [M-OHJ',
125 [M-COOH]"; IR max cm’: 3238 (OH), 1693 (COOH),
1540, 1446 (C=C); UV (MeCN, A max nm): 223, 268;
'H.NMR (400 Mz, 6, DMSO-d,): 691 (2H, s, H-2, 6);
BCNMR (100 Mz, 5, DMSO-dy): 167.5 (C-7), 145.5 (C-3,
5), 1380 (C-4), 128.8 (C-1), 108.8 (C-2, 6).

Compound 2 - EI-MS (m%z): 154 [M], 109 [M-COOHJ";
IR vmax cm™: 3240 (OH) and 1681 (COOH); UV (MeCN,
A max nm): 223, 258 (max), 293; 'H-NMR (600 M, 3,
DMSO-d,): 734 (IH, d, J=145Hz, H2), 728 (IH, dd,
J=82, 12Hz, H-6), 6.78 (IH, d, J=82Hz H-5); "C-
NMR (150 Mz, 5, DMSO-d,): 167.7 (-COOH), 150.4 (C-4),
1453 (C-3), 122.3 (C-6), 122.0 (C-1), 1169 (C-2), 1155
(C-5).

Compound 3 - EI-MS (m/7z): 138 [M]"; IR max cm':
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3381 (OH), 1671 (COOH), 1594 and 1509 (C=C); UV
(MeCN, X max nm): 229, 254 (max); 'H-NMR (600 Mz, 3,
DMSO-d,): 779 (1H, d, J=85Hz, H-2,6), 681 (1H, d,
J=85Hz, H-35); “CNMR (150 M, 5, DMSO-d;): 1722
(C-7), 167.6 (C-4), 131.9 (C-2,6), 121.8 (C-1), 115.6 (C-3,5).
Compound 4 - EI-MS (m/z) : 291 [M-H], 247 [M-
COOHJ; IR vmax cm™: 3230 (OH), 1698, 1600 (o, B-
unsaturated 1391, 1903, 1198, 1088,
1032; UV (MeCN, Amax nm): 225, 278 (max), 358; 'H-
NMR (600 Mz, 6, DMSO-d,): d7.30 (1H, s, H-8), 4.37
(IH, d, J=6.0, H-3"), 3.00 (1H, d, J=18.6, H-2"), 242
(1H, 4, J=18.6, H2"); "CNMR (150 M, d, DMSO-dy):
1933 (C-17), 173.4 (C-4"), 1602 (C-1), 149.5 (C-6), 145.7
(C-3), 1439 (C-5), 1402 (C-4), 139.0 (C-7), 115.1 (C-10),
113.0 (C-9), 108.0 (C-8), 42.5 (C-3"), 37.4 (C-2").
Compound 5 - EI-MS (m/%z): 951 [M-H]; IR vmax cm':
3329 (OH), 1704 (C=0), 1606 (C=C), 1515, 1446,
1314, 1192, 1030, 968; UV (MeCN, Amax nm): 229, 271;
'H-NMR (600 Mz, 5, DMSO-d,): A type - 7.03 (1H, s,
H-3). 701 (IH, s, H-Gal. 2,6), 6.76 (IH, s, H-HHDP3),
6.44 (1H, s, H-HHDP3"), 6.36 (1H, s, H-G1), 6.34 (1H,
s, H3"), 538 (1H, br s, H-G2 ), 5.33 (1H, br s, H-G4),
521 (IH, br s, H-G3), 4.87 (1H, s, H-1"), 4.63 (1H, m,
H-G5), 4.68 (1H, m, H-G6) 434 (1H, d, J=2.7 Hz, H-
G6), B type - 7.10 (1H, s, H-3), 7.00 (1H, s, H-Gal
2,6), 6.71 (1H, s, H-HHDP3), 642 (1H, s, H-HHDP3"),
634 (1H, s, H-G1), 6.14 (1H, s, H-3"), 538 (IH, br s,
H-G2 ), 521 (IH, br s, H-G4), 531 (IH, br s, H-G3),
459 (1H, s, H-1"), 4.63 (1H, m, H-G5), 451 (1H, m, H-
G6) 436 (1H, d, J=2.7 Hz, H-G6); CNMR (150
MHz, d, DMSO-dy): A type - 191.85 (C-E4"), 168.13 (C-
C7), 16586 (C-B7), 164.89 (C-E7"), 164.67 (C-D7),
16432 (C-A7), 152.85 (C-E2°), 146.17 (C-A3.5), 14597
(C-D4), 14547 (C-C4), 14537 (C-B6), 14475 (C-C6),
144.51 (C-B4), 143.39 (C-D6), 140.06 (C-A4), 138.93 (C-
D5), 13761 (C-B5), 13576 (C-C5), 128.51 (C-E3"),
123.69 (C-C2), 123.01 (C-B2), 119.59 (C-Al), 119.51 (C-
D2), 118.19 (C-B1), 11537 (C-D1), 11527 (C-Cl), 112.10
(C-D3), 109.77 (C-A2,6), 108.64 (C-B3), 107.03 (C-C3),
96.22 (C-E5"), 92.18 (C-E6"), 91.48 (C-Glc-1), 72.99 (C-
Gle-5), 70.95 (C-Gle-2), 65.89 (C-Glc-4), 63.83 (C-Glc-6),
62.61 (C-Glec-3), 45.46 (C-E1"), B-type d: 194.77 (C-E4"),
168.10 (C-C7), 165.70 (C-B7), 164.89 (C-E7"), 164.64 (C-
D7), 16432 (C-A7), 14743 (C-E2"), 146.17 (C-A3,5),
147.10 (C-D4), 146.13 (C-C4), 14547 (C-B6), 14543 (C-

lactone moieties),
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C6), 14445 (C-B4), 147.10 (C-D6), 139.96 (C-A4), 136.76
(C-D3), 13761 (C-B5), 135.76 (C-C5), 125.15 (C-E3"),
123.40 (C-C2), 122.72 (C-B2), 119.59 (C-Al), 116.65 (C-
D2), 116.73 (C-B1), 119.59 (C-D1), 11527 (C-C1), 112.07
(C-D3), 109.65 (C-A2,6), 108.64 (C-B3), 107.61 (C-C3),
91.88 (C-E5°), 91.88 (C-E6"), 91.65 (C-Gle-1), 74.15 (C-
Gle-5), 72.19 (C-Gle-2), 67.12 (C-Glc-4), 63.09 (C-Glc-6),
60.99 (C-Glc-3), 51.35 (C-E1").

Compound 6 - EI-MS (mz): 302 [M]", 109 [M-COOHJ";
IR max cm': 3100 (OH), 1692 (C=0), 1616-1 (C=C);
UV (MeCN, Amax nm): 251; 'H-NMR (300 Mz, 5, DMSO-
dg: 7.5 (2H, s, H-5, and H-5); BCNMR (75M, 3§,
DMSO-dy): 159.7 (C-7), 148.7 (C-4), 1402 (C-3), 137.0
(C-2), 113.0 (C-1), 111.0 (C-5), 108.3 (C-6).

Compound 7 - EI-MS (m%z) 563 [M-HJ; IR vmax cm':
3330 (OH), 1651 (aromatic, C=0), 1594 (C=C), 1347
(CH3), 1120-964 (C-O); UV (MeCN, Amax nm): 260, 350;
'H.NMR (600 Mz, 5, CD;OD): 7.94 (2H, d, J=8.7Hz, H-
2, 6", & 691 (2H, d, J=8.7Hz, H-3", 5°), 6.71 (1H, d,
J=20, H-8), 642 (‘H, d J=20, H-6), 5.56 (IH, s, H-
1”7, 5.51 (1H, s, H-17); “C-NMR (150M, §, CD;OD):
180.4 (C-4), 163.9 (C-7), 163.2 (C-5), 162.1 (C-4"), 160.2
(C-2), 1584 (C-9), 1357 (C-3), 1325 (C-2,, 6"), 1229
(C-17), 1169 (C-3, 57, 110.1 (C-1), 107.7 (C-17), 101.0
(C-1""7), 1002 (C-6), 96.0 (C-8), 88.4 (C-4"), 838 (C2"),
79.1 (C-3"), 740 (C-4""), 72.5 (C-2"), 72.1 (C-3""), 717
(C-57), 62.9 (C-57"), 21.3 (C-6"""), 18.51 (C-6""").

Compound 8 - EI-MS (m/%z): 577 [M-HJ; IR vmax cm™:
3383 (OH), 1658 (C=0), 1603 (C=C), 1347 (CHs),
1204916 (C-O); UV (MeCN, Amax nm): 260, 347; 'H-
NMR (600 Mz, 5, CD,OD): 7.79 (2H, d J=85Hz, H-=2',
6), & 693 (2H, d J=85Hz H-3", 5, 6.73 (I1H, s, H-
8), 646 (1H, s, H-6), 5.56 (b1 s), 5.40 (br; s); “C-NMR
(150 Mz, 8, CD;OD): 1782 (C-4), 162.0 (C-7), 161.2 (C-
5), 160.5 (C-4"), 157.1 (C-9), 1564 (C-2), 134.8 (C-3),
131.0 (C-2°, 6"), 120.6 (C-1), 1158 (C-3", 5), 106. (C-
10), 1022 (C-17), 99.8 (C-1"""), 98.7 (C-6), 949 (C-8),
719 (C-47), 714 (C-4""), 71.0 (C-37), 70.5 (C-2""), 70.4
(C-2), 706 (C-3""), 704 (C-5"), 70.1 (C-5""), 182 (C-
67), 17.8 (C-6""").

5. Rat lens aldose reductase (RLAR) %A &bM
RLAR A% Hayman®| AL W3l A0

(Hayman and Kinoshita, 1965; Lim et al., 2006). S49°]
A 8219 2AAS AFIT, 2 5330 0 100e]

225

2=y

phosphate bufferE 7}8}3 homogenizers ©|-&3lo] #2335}
sttt o2 4TCoA A4 ZEst & A5de FHsta
ammonium sulfate 8N 2 40%71A] E3A7|, THA] L4l
ot s Ak Lozl AF5HE 70%7 HEE
ammonium sulfate £N 2 FSAIZ T AR A5
Ag AAsIL IFES AAUTE Lo IFES HAaT
phosphate buffer?® HEMA|F]|ZL 2447} B0t 418 2AE &
HAadoeF AT felA AG Eadd d-

glyceraldehydeE 7122 3o BESA|Z]AL 340 nmolA] &4
¢l NADPH 374085 43I0t PHHEER AR oA

STHmaAaE =
A2 GHZ querceting AHE-3l] G52 H|WIIATE

6. exo vivolllA A L2 ZEHE|S MM AKX &ty
FAA Wel ZHFE] E(galactitol) B4 94 S =A 8
7] 918 10 £ FH Wistar ratg TY3t FEAE A
Z3l AT A& A= TC-199 mediumoll 15%
fetal bovine serum} 100 units/mé 2] penicillin, 0.1 mg/mé |
streptomycing F7FeE ¥, 3 IFOZ Yo Al tF
ol s mMe] SRR A9 30 mMe] ZHEQAE blank
o= SmMe] FFEF 28 30 mMe] M E(mannitol S
ket 64 B2t 5% CO, ZZA wjsiatt. =44 W
o AAE ZEEE 242 $HAE PBS bufferd

homogenizers: ©]-&ste] #43} AIZ1 F 11,000 X gollA] 10

wo &
R

5 94 ZEste A5dE 23, 2 AT
benzoylation )71 ¥ HPLCE A5l 288 nmol|A] SF =5

=43tk UREOE querceting ARl &AL wlws)
AHSon et al., 2005).
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Compound 12 EI-MSollA m/z 170 [M]" molecular ion
peak’} E1HR W, miz 153 [M-OH]', 125 [M-COOH]'¢]
ion peak’} FHESTH T3k IR spectrumoll A 3238 cm ol 4]
hydroxy”], 1693 cm™ol|4] aromatic ring®] carbonyl”]ol] 7]<]
3+ Zthe) 1540 em!, 1446 cm'ollA] aromatic C=CY) &<
e #=2 5 9tk 'HNMROA § 691914 singlet
peak’} YERECO ™, o] aromatic ringdl] EAshs A EHE
T 78¢] protonel] 7131&F Z1o2 €t PC-NMR spectrum
o)A § 1455 (C-3, 5), 1088 (C=2, 6)14 = signalo]
YeRdTh E3F 167.5 (C-7)9] carbonyl group signale H| %
ko] & oA 79 signale] FEE ST B3, gallic acid
TEFI] HPLC Hlwox 5Us UV T} retention time
I8N L, ©]9f & ELE spectral data B 7|0l R
E3(Saijo et al, 1990)7} B2 compound 1 A}

i dfo
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2] CHOsE zt= gallic acid (3, 4, S-trihydroxybenzoic =, olF § 1939] peaki= ketone group®| carbon, & 173

acid)® 5783ttt

Compound 2% EI-MS spectrum® X m/z 154 [M]
molecular ion peak”} WEFZS™, COOHZ7} AAE mz
1092] ion peak’} TEESITH IR spectrumol|A 3240 cm'ol]
A1 OHoll 7]21&= broad band’} TN oM, 1681 cm o]
Aol F+= COOH EA7F #2E= 2102 Kol compound
2= benzoic acid AE IFEUS & & AATk. 'HNMR
spectrumo| A= & 734 (1H, d, J=145Hz, H-2), 7.28
(IH, dd, 7=82, 12Hz, H-6), 6.78 (1H, d, J=82Hz, H-
5904 Al 79l catechol +ZE 7FAIAL U= proton peakE
AT Ao o)A YA WIS protonE2] 1,
3, 4 XYL & S AT PC-NMROIME § 167.7 (C-7)
of|A] carbonyl carbon signalZ} 1504 (C-4), 1453 (C-3),
1223 (C-6), 122.0 (C-1), 116.9 (C-2), 1155 (C-5)°x o]
A 79] aromatic carbon peak’} FZE AL}, o]9} e BE
spectral data % 7] RH B (Park et al, 1993)7 H]
38k compound 2= EAH CHOE ZHe
acid=2 E73Ict.

Compound 32 EI-MSOlA m/z 138 [M]*2] molecular
ion peak7} IO, IR spectrum©] A 3380 cmof A
hydroxyl7], 1671 cm'o|A] aromatic ring®] carbonyl7]e] 7]¢1
3k Zrthel 1594 e, 1509 e 'l A aromatic C=C2] &<+
7t #ZF o] OHZ1¢E C=0717F EAsl= aromatic 3}¢H=
de & = AYMTE 'HNMR spectrumoll A § 7.79, § 6.81
o] #=% doublet peaks= J=8.5HzZ ortho couplingdl]
H-2, 6 ¥ H-3, 52 #2EUE “C-NMR spectrumol| A+
carbonyl”71€] carbon®ll 71918t peak7t & 167.6914 H#HZ=S]
3, benzene ring®l 71213k peak7} 571 #HZE©] benzoic
acid FEAQDS & & YAt o9} & spectral data
2 7]Eo] RIE EHKwon e el, 1999)3} H] w3}
compound 32 EX2}F2] CH0,Z ZHE  p-hydroxybenzoic
acid=2 E73ct.

Compound 4+ ESI-MS spectrum®| Al m/z 291 [M]<]
molecular ion peak7} FAFHPOoHW, IR spectrumoi A
3230 cm™ 9] broad band= hydrogen bonded OH7}F &2
YeRN, 1698 cm'9} 1600 cm'o| A1) <=2 o, P-unsaturated
lactone moieties?] EAE & ¢ AATH EI 'HNMROA
8 437 (1H, 8, 1=6.0, H-3") peaks= 183 3Ll carboxyl
719} double bond7} USS YERNI, § 3.00 (1H, d,
J=186, H2)St & 242 (1H, d, J=186, H-2)2] peak=
carbonyl group®l] <13 proton®Z A2 nonequivalent3t
proton®] germinal couplingS sl U2 & F AUt o
H, BCNMROIA 1371€] carbon signalo] #HFEACH, §
193, 173, 1602] 37l peaki= carbonyl”]2] carbonoZ F7

protocatechuic

-y
=
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9] peak= carboxyl group®] carbon, & 1602] peak= ester
group2] carbon® 2 Al’JSIATE S aromatic Gl phenol
group?] 67l peak]oll & 149.53F § 140.290 ©]5ATHC=0)
9] peak’} YEFF S ZM benzene® ol —C=C- group®] A%
Hol RS FASATE S § 40.769] peaki= carboxylic
acid®} olefine groupol] AAZE carbon®E FH=H, § 374
9] peaki= 2 #IX] furan ring®] germinal proton®] <173
&S FG3I9) o9 2 EE spectral data F 7]

23 (Kitagawa et al., 1989)7} H]w&}e] compound 4
A2 CHO0ss ZHe
FAet.

Compound 5= ESI-MS spectrumol|A] m/z 9519] [M-H]
molecular jon peak’} FAERS™, IR spectruml| A
3329em! (OH), 1704cm’ (C=0), 1606cm”, 1515 cm’,
1446 cm™' (aromatic C=C) 2 1030 cm” (glycosidic C-)ollA]
& #EZ F 9lo] o] FEL ellagitannin A E
dE FHL F AR S o] sHES 'H-NMRA PC-
NMR spectrum= 3 equilibration®] €& structural
transformations  Ithe A ¢ 4 AUAJTE 'HANMR
spectrum®l| 4] aliphatic filed®ll 91141 17112] hexosedll A4 -]
3l proton signal €Joll & 4.87¢ benzyl methine proton
2§ 6.79914 olefinic proton?] signalS LERNo] ExRjel
693 2 53] hemiacetal ¥ ] DHHDP]7} EAl8l=
Ao FAT £ o, § 6.36°014 glucose anomeric
signale] YERGT) o]} ZFo] compound 5 glucosedt] 171]€]
galloly”], 171¢] HHDP7], 17]1¢] DHHDP7|7} ester %3¢
BER FHEAY. PC-NMR spectrum©l|A1E  equilibration
o] &io R ZFzFo] carbon spectrum®] 27112 peak® T
2=, ring D9 E<£] carbon resornance2|
equilibration® 2 chemical shif’} Hsl= AL g 4 9l
ATk & 45469 A-typee] methine carbone peak+=
equilibration “JEllA] B-type®] 51352 yePdo] HE= AL
, A-typedll A 371€] ketoneZ SP}= S 191.85904, hydrated
ketone (hemicatal)®] = peaki:= Z}Z} & 96229} 92.88%lA]
YERdTh ESE equilibration AJE ONAS] ring E o412 C-6
signal®] § 92.1891 4 109.65Z2] large down field
pyranose®l| A furanoseZ2] transformations} ZHHES

m

==
YAz

Tl

AN

brevifolin carboxylic acidZ 57

Lo

Of

S~

701—51' =

o=

53]

carbon
shifte=

98

T A o)} ZL EE spectral data F 7]E0
RuE F3(Yisida er al, 1992)7 ¥]&}] compound 5
AR CyHyp00r2 ZHE geraniin® 2 574315
Compound 62 EI-MS spectrum®l Al m/~z 302 [M]*9]
molecular ion peak®} m/z 109 [M-COOHJ"®] ion peak7}
FAEACh =3 IR spectrumel]A] 3100 cm'of|A]2] hydroxyl

719} 1692 cm oA 2] F4= carbonylZ’t EAITE & AU
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k. 'H-NMR spectrum®l|4] aromatic field 9]X]21 § 7.479]
A H-5, H-5"2] 2711¢] proton®] singlet®Z eI '3C-
NMR  spectrum®] 4] hydroxyl group®] ZgH o] JE C4,
4, C-3, 3°9 carbono] Ztz} § 148.03} & 139.48°0A]
catechol Feje] %= Jepwtch H3L § 159.05904] ester
HE L A= C-7, 79 signale] YERsTE o]9k

o]
U= 7o o

Ev 2

£ spectral data 2 7]F9] RIE FHNawwar er al,
1994)3 ¥]2L3}] compound 62 EA}4] CHOsS Zhe

ellagic acid= &1 543

Compound 72 ESI-MS"™224 ol 93] mz 5632 [M-HJ
molecular ion peak’} FNEINH, mz 5632 MS/MSE 4
AlgE AFF m/z 431, 2855 Zh= fragment iono] FHEE AT
o5 ulgo R 7] #d3 vwd] kaempferololl 1712
rhamnose®} 17]19] pentose’t A= o] S g4 or o
213t th. "H-NMR spectrum®ll4] meta-coupling}= proton
signals (8 6.79, & 6.42) LT3 A,B, type®] B-ring2]
proton signals [6 7.94 (2H, 6, J=8.7Hz, H-2", 6), &
691 (2H, 8, T=87Hz, H-3, 5] HZHAT}h. 2T §
556 (1H, s), & 5.51 (1H, s)PI* &< anomeric proton©]
#A= o] o] 3E-S kaempferol WIFA =2 435}, gk
BCNMR spectrumolld & 107.7 (C-17), 101.0 (C-17")ol|A]
27l12] anomeric carbon signalo] WERSS™, ZFzFo] signalZ
FE rhamnose®} arabinosedS 1 4= AT ZE] L 9]
E9| 725 3| 517] 918 HSQC, HMBCE ZX43I3e
], HMBC spectrum®]| A § 5.51 (H-1")Z} 135.7 (C-3)<]
correlation®] THZE A, 101.0 (C-1"")3 1639 (C-7)<
correlation®] &= o] arabinoser= 3 $]X]°l|, rhamnose™= 7
A9l AgtEo] A IRl ook Ze BE
spectral data ¥ 7]&)] ®B¥ 3 (Yonekura-Sakakibara et
al., 2008)7} B 3led compound 75 FAF CpoHag0148]
kaempferol-3-O-arabinofuranosyl-7-O-rhamnopyranoside 2 &
L=

Compound 8] ESI-MS spectrumol|x] #2443k 577¢] [M-
H] ion peak7} #HZAEH o, MSMSE AASH A3} 431
[M-rhamnosyl], 285 [M-dirhamosyl]®] fragment iono] 2k
Ho] g HS 2 kaempferolol]l 282A2] rhamnose’} A= o]
s FAAY. dElE SFES IR spectrumol A
3383 cm'] broad band= OH7], 1658 cm’ C=0, 1594 cm’
C=C, 1347 cm’ CHs, 1204-916 cm'ol|A] C-0] EAE 1
stETh Egh 'TH-NMR #4123, § 556 (br, sy & 5.40
(br, s)2] anomeric proton signal 23 3H #2| methyl”]
proton (8 127, 8, J=6.0Hz; & 0.94, 8, I=6.0Hz) 2&°]
b2y AEE oW, § 4.23~3379014 #EE 4H £ signal
o] Y sjelo 2 RE 28X}e] rhamnose’} $H-Eo] IS 7}
Aol ATt 28§ 7.79 (2H, 6, T=8.5Hz, H-2',
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2=y

o OH HO o HO o
HO OH HO f f
OH OH OH
1 2 3
OH
HO OH HO  OH
o:° OH
o
HO \ OH
o:g  c:0 OH
| .
(o} o CHy oc¢ OH
o 4 o7 °
L ° 9 o
o=C c=0 0=C c=0
o(2) (o (Y, (o
HO 4 o OH
HO" =4 oH HO o oH
Btype —_— Atype
R= AorB

ORy
OH

o

7: Ry= Arab., R;=Rham.
8: Ry = Rham., R;=Rham.

Fig. 2. The structures of the compounds isolated from ethyl
ace tate soluble fraction of Geranium thunbergii.

62+ & 6.93 (2H, 5, J=8.5Hz, H-3", 57l zFz} 2H 2¢]
%57} proton signal ¥ § 6.73 (1H, s, H-8)7} & 6.46 (1H,
s, H-6)2] ZFz} 1H #9] broad singlet?] sp3 ¥4 proton<]
chemical shift 2 29§ o] kaempferold 71sdo] “sHAl
AALE AT =3 BCNMR  spectrum©l] o)A %= aL-
thamnosedl] AEEE 659] signalell B3te] 155<] sp2 B4
signalo] #ZE ATt ©)F Z7F9] signalg HSQC E4el ¢}
& 743 & HMBC &4 &3t 2t proton?t BHA7He]
AdAE& A Azt Fe  anomeric proton S ZF-E]
kaempferol 33} 7H B4l cross peak’t FHEE AT o9

SE spectral data ¥ 7]E0l] R 3 (Mulinacci et
al, 1995)7} v]aste] compound 82 A2 CyHs0142]
kaempferitrin (kaempferol-3,7-O-a-L.-dirhamnopyranoside)= &
31 th(Fig 2).
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2. Rat lens aldose reductase (RLAR) 2iAilghed

Azo] Sd FEET 95% BOH F289] w214 #3)
29 RLAR A2 et 2HE [Cuptom Edste]
Table 10 JERNSILE. ol FHUZEZE AR AAZ &
A7 querceting A&l 2 AL A wlwskith



Hi=y SiRESe| dex
(Varma et al., 1975). dx°] &vd FZEEo| Uig RLAR
oA B4 A7, dx MeOH FEEL 10 g/ml o] FolA
34.49%2] A a3E BT, B, 95% EtOH FEE2 1Cs,
ko] 7}z; 524, 6.39 ug/ml 2 VFERRETE TS 95% EtOH
Z58 ol&8 =3 BYE B Ak we
o]FF o2 RLAR oAl &4¢] Z7IES B3 oM, EtOAc
(2.64 g/ml)> CH,Cl, (8.69 1g/ml)>H,0 (> 10 pg/mb)2] 54
2 RLAR A ZA o] vetstth FddzEZ AHEE
quercetin®] 1Csy %+o] 2.00 pg/ml Q1 A3} v]wglS wf EtOAc
3 &5 quercetind] 433+ RLAR A A4S Z=te=
Zg gRlsiint.

95% EtOH FZE°| EtOAc Y EZNE Eejd $l9
shetEel] thek RLAR SAIEAS 3788t Table 20 YERH
At} Ellagic acid (6)9] ICso@te]l 1.29uM=Z FAUZER
A8 querecetin®] ICse7ke] 5.40 M) A3} B3-S uw)
ellagic acide= 78 ¢ RLAR SAA|Z &<l =t} Lee 5
(2008)°] A-FollA] Al o= e FElE 3¢=9 RLAR
Aol FNRERZ AFE-E quercetin®] 1Cs%ke] 2.91 uM
olt], ellagic acid®] ICs3te] 0.63 YMZE B Z3¥on, o]&
 AYH FARE Aee] vEEE 21E 0T =E

5)= kaempferol-3-O-arabinofuranosyl-7-O-
thamnopyranoside (7)%= IC53t¢]l ZHZF 8.54, 9.18 uMZ
querecetin?} FlxE vHl 558 zke Ao® Jehton, A
A 7FA]  geraniin®}  kaempferol-3-O-arabinofuranosyl-7-O-
rhamnopyranoside®] AR A &4 tis] Rad vl= §l
o} o]} 7o) Hxeo] HEELS AR tidh FEg dAEA
= 7HRoEN FatS A 3 A5 ¢

=2A9] 7hsAdol ASH U

geraniin

3. exo vivoOllM ZHILHC] galactitol 284 9}
<=4

Fatmawati 5-(2009)2] Aol ul2d ZASEQ A= FF3
Q22 HU} AR 71224 $Fop, 1 o2 AHESAE 2
2ol A 02~ B} A FFEIL AR o) ZEEE

=

!
2%

Table 1. Inhibitory effects of the crude extracts and fractions of
Geranium thunbergii on rat lens aldose reductase.

Extracts and Fractions ICso (pg/ml)t

H,O ext. 5.24
MeOH ext. >10
EtOH ext. 6.39
CH,Cl, fr. 8.69
EtOAc fr. 2.64

H,O ft. >10
Quercetin* 2.00
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2 w2 AskE7] wjRolgal stk o)FA A

gEe Ede 429 T

71A=2 AFEHARE o] AakEe vaA HHS] dojur]
woll ZgElE2 2HolA Vg 2o mEr SHEna B

Tk, o E AAE @ AR ol&3 AR oA v@
AFZE Shin 5(1994)°] 7 ether +=E0]4 RLAR
22 AgAIsIY FAlo ZEE QAT (galactosemic) rate]
g B oA wudt ot glck

B AT F RLAR oA A3oM dx 95% EtOH F&5%
o] EtOAc 2 E2RE B2l 3E F geraniin (5), ellagic
acid (6), kaempferol-3-O-arabinofuranosyl-7-O-rhamnopyranoside
(7} AR B4E WA SAFHE BRI, o)zl AAE
EUZ exo vivoolld 3709 AES o)gale] JwA wh
o Foud AR F4A Uel ZEEE A4 oA G3E
B2 quercetin®} 100 pg/ml 2] FA3 FieoA] v
=43l0] Table 30) LERIZH. 100 sg/nte] F=0lA cllagic
acid (6)2] ZEEIE AA oA T3= 4247%2 VEREOH,
quercetin® 46.83%2| A 37} Ueptor, o]E vudS
o] ellagic acidi= quercetin} AR 50| U2

s PRI =+
ATk E3E, geraniin (5)3 kaempferol-3-O-arabinofuranosyl-
7-O-thamnopyranoside (7)= "2 ZF2} 39.87%, 39.86%
o] Z=E|Ee] Aol A=A
e duxdogA Fagk 224F FA Alde AlX
el S8 Fol o sigago® ik, FEE 73
7 %ell AUHA] L= g 1=
1o)==y 249 HA$
F skl oEstEE
A Eeg
1 AR eJate] &
A=A, 2 Asf &9

[SAASX
o1

o

<

Table 2. Inhibitory effects of the compounds (1-8) isolated from
ethyl acetate-soluble fractions of Geranium thunbergii
extract on rat lens aldose reductase.

Compounds ICso(uM)Y
Gallic acid (1) -
Protocatechuic acid (2) 156.04
p-Hydroxybenzoic acid (3) 82.83
Brevifolin carboxylic acid (4) 15.41
Geraniin (5) 8.54
Ellagic acid (6) 1.29
Kaempferol-3-O-arabinofuranosyl-7-O- .18
rhamnopyranoside (7) )
Kaempferitrin (8) 45.69
Quercetin* 5.40

The 1C5y value was defined as the concentration of the 50%
inhibition.
*Positive control.
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The 1Csy value was defined as the concentration of the 50%
inhibition.
*Positive control.
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Table 3. Inhibitory effects of the phenolic compounds from the
Geranium thunbergii extract on the galactitol accumulation
in rat lenses incubated with high galactose.

Galactitol content Inhibition

Compounds [1g/lens weTt weight (%)
(2)]
Blank (galactose-free) - 100
Control 844.05 +£20.29 0

Geraniin (5) 507.49 +23.17 39.87

Ellagic acid (6) 485.59 +£33.71 4247
Kaempferol-3-O-

arabinofuranosyl 504.64 + 26.23 39.86

-7-O-rhamnopyranoside (7)
Quercetin® 448.81 + 26.41 46.83

*Means of analysis (means = standard deviation) of galactitol in the
rat lenses (n = 5) with samples at the concentration of 100 rg/ml.
*Positive control.
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