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Antioxidative Activities and Quantitative Determination of Gallotannins
from Barks of Acer ginnala Maxim.

Sun Eun Choi, Kwan Hee Park, Myoeng Hwan Oh, Jun Hye Jang, Hye Young Jin',
Sung Sik Kim' and Min Won Lee*

College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea
!'Korea National Arboretum, Pocheon-City 487-821, Korea

Abstract — Activity guided isolation of 80% acetone extract from the barks of Acer ginnala Maxim. yielded five gallotannins
[6-galloyl-1,5-anhydroglucitol (ginnalin B) (1), acertannin (3,6-digalloyl-1,5-anhydroglucitol) (2), methyl gallate (3), acertannin
(2,6-digalloyl-1,5-anhydroglucitol) (4) and gallic acid (5)]. All of these isolated compounds from Acer ginnala(1-5) were firstly
isolated from Acer ginnala Maxim. And contents of compounds from barks of Acer ginnala (Comp. 1: 0.730.002%, Comp.
2: 0.48+0.001%, Comp. 3: 0.66+0.002%, Comp. 4: 1.05+0.002% and Comp. 5: 0.29+0.001%) were evaluated by HPLC anal-
ysis. And, in order to evaluate anti-oxidative activities on Comp. 1-5 isolated from Acer ginnala, DPPH radical scavenging
activity was measured in vitro. All of these isolated compounds from Acer ginnala exhibited potent DPPH radical scavenging

activities.

Key words — Acer ginnala Maxim., gallotannin, DPPH, HPLC

AUE (Acer ginnala Maxim.)= @3 U3 G5 UF<5
A=2A -y A= 29 S 1,500 m ofske] 4t
S FANRE WP ol £ B Aekv, S AwE
EE HEOE AEA 9 Eo] 2~8melth. WA E S Bl
< s ' B gola 7PgA ol FURYFS o
STk, e S| TP BAN BASAE o) T YR
e ARg-srolth =Y Ag hdolnt. dull= 99l
e Ao 7 A&t AUFE RIZE B dhleAE oF
Aol Sfo 2oL A A% L AR olgsle] ek

AU (Acer ginnala Maxim.) JEAT2= 43 712
- flavonoid F (quercetin, quercitrin, isoquercitrin, rutin,
quercetin-3-O-o-L-rhamnopyranosyl-2"-O-gallate etc.), tannin
¥+ (acertannin, polygagallin, ginnalin B,C, gallic acid, ethyl
gallate, methyl gallate, gallicin etc.), saponin (ilexoside

*WAIZZHE-mail) : mwlee@cau.ac.kr
(Tel): +82—2-820-5602
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=

0,K) 5°| Ba= et A (Acer ginnala Maxim.) 5
& 52 2E5H g9 sgEe] s st 24
Ty 2 N EFHE Qe Aow dEA gk
olo] & Ao M= AUF-(Acer ginnala Maxim.y 3] 2=
2 a3t a3E 7)o 2 3 activity guided isolation
°

A

54

HEH

Mz A Uy

— A (Acer ginnala Maxim. = 20093 82
AAlol] A& FHEolA] Al Ftol 2 &S}
, FTw- TdEaL oFst et
oFgl Aol B3k ATk (AGM2009-08).

Y Al —'H 2 "C-NMR spectrat= Gemini 2000
(300 MHz, 75 MHz)©} VNS (Varian, Palo Alto, CA, USA)
(600 MHz, 125 MHz)Z =% 3}% 3, Low resolution fast
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atom bombardment mass spectrum (LRFAB-MS)+=
JMSAX505WA (JEOL, Tokyo, Japan)2 AH&-3}SIT}. High
pressure liquid chromatography(HPLC)= Waters 600
system (USA)S ©]-8-31%0, M54 S 2= Pump : Waters
600 pump, Controller : Waters 600 controller, Detector :
Waters 112 UV/VIS (280 nm), Column : Kromasil C18
HPLC column (Varian C18-HL, 5 pum, 250 x 4.6 mm), Data
system : Autochro-Win 3.0 plus (Young-lin Co., Korea)<
Ztz} o] -3} th Column chromatography & 5 %A=
Sephadex LH-20 (10-25 um, GE Healthcare Bio-Science
AB, Uppsala, Sweden), ODS-B gel (40-60 um, Daiso,
Osaka, Japan)2 A8+ ™, Thin layer chromatography
(TLC) platex= pre-coated silica gel 60 F,s, plate (Merck,
Darmstadt, Germany)E ARSI T &iksled =748 A
2FQl DPPH (1,1-diphenyl-2-picrylhydrazyl), L-ascorbic acid

£ Sigma Aldrich(Milw., WI, USAPIA 7U43I93, 99.5%
ethanok> Merck (Darmstadt, Germany) ol|4] 3} ARE-
3T} §-8%= ELISA reader (TECAN, Salzburg, Austria)
£ Ahgsle] 24snt.

F& 9 22| -AYF 9 55 kg Ast T 80%
acetone® 2 A4 33] FEale] st 2 FE©
9 79 B2 F(387.87g) H,0 Fetale] o33
(142.87 g) Sephadex LH-20 Z¥H AZrE LI E o|&
ATt &= H,0-MeOHE 0%-100%7H] 55 A
H TLCE AAJst] $/lle] 3 (Fr.l, Fr.2, Fr.3, Fr4, Fr5,
Fr.6, Fr.7, Fr.8)C2 UrSlth. Fr.3 (4.60 g)2 24 €] DaiSogel
ODS-B with middle pressure liquid chromatography (MPLC)
(H,0-MeOH, 0%-100%), (H,0-MeOH, 10%-80%)S S3l14]
gallic acid (1.74 gy Lt} B3k Fr4 (13.86 g T 12.87 g)
ZREE Sephadex LH-20 (H,0-MeOH, 0%-100%), MCI-
gel CHP20P (H,0-MeOH, 10%-80%)Z 534 ginnalin B
(10.72 g)& LT} 283 Fr6 (5.54 ) ZHE= DaiSogel
ODS-B with MPLC (H,0-MeOH, 20%-100%)% %& 4
methyl gallate(3.49 )5 AUTE Fr.7(14 g) DaiSogel
ODS-B with MPLC (H,0-MeOH, 20%-100%, 30%-100%,
10%-80%), Sephadex LH-20 (MeOH, 50%)Z 3|4 3,6-
digalloyl-1,5-anhydroglucitol (acertannin) (7.74 g)2 A%t}
Fr8 (13.45g % 12.45 g)oll thallA] YMC ODS gel (MeOH,
50%), DaiSogel ODS-B with MPLC (H,0-MeOH, 20%-
100%)= 53}o] 2,6-digalloyl-1,5-anhydroglucitol (acertannin)
(11.24 g} 3,6-digalloyl-1,5-anhydroglucitol (ace- rtannin)
(0.15 gyS 217 At

o ol Joi 12

Ginnalin B (1)
white amorphous powder, [a],,: + 30.8° (c=0.005, acetone),
Negative FAB MS m/z: 315 [M-HJ, 'H-NMR (600 MHz,
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DMSO-d+D,0) : 6 3.03 (1H, t, J = 10.8 Hz, H-1), 3.15
~3.11 (2H, m, H-34), 331~325 (2H, m, H-52), 3.72
(1H, H-1), 4.14 (1H, dd, J = 12.0, 6.0 Hz, H-6b), 4.40
(1H, dd, J = 12.0, 1.8 Hz, H-6a), 6.93 (2H, s, galloyl-H),
BCNMR (125 MHz, DMSO-d+D,0) : & 643 (C-6),
69.8 (C-1), 69.9 (C-2), 70.3 (C-4), 782 (C-3), 78.6 (C-5),
108.9 (C-2.6), 119.8 (C-1'), 138.6 (C-4), 145.7 (C-33"),
166.2 (C-7)

3,6-digalloyl-1,5-anhydroglucitol (Acertannin) (2)

white amorphous powder, [a],: + 45° (c=0.005, acetone),
Negative FAB MS m/z: 467 [M-HJ, 'H-NMR (600 MHz,
DMSO-d+D,0) : & 3.21 (1H, t, J = 10.8 Hz, H-1), 3.40
(1H, t, H-4), 3.47 (1H, m, H-5), 3.56 (1H, m, H-2), 3.84
(1H, dd, J = 11.4, 54 Hz, H-1), 422 (1H, dd, J = 12.0,
54 Hz, H-6b), 441 (1H, d, J = 12.0 Hz, H-6a), 4.93
(1H, t, J = 9.0 Hz, H-3), 6.94, 6.95 (each 2H, s, galloyl-
H), "C-NMR (125 MHz, DMSO-d,+D,0) : & 63.9 (C-6),
68.2 (C-2), 68.4 (C-1), 69.9 (C-4), 78.6 (C-5), 79.5 (C-3),
109.0, 109.1 (C-26'2"6"), 119.7, 120.5 (C-1,1"), 138.3,
138.7 (C-4'4"), 1456, 145.7 (C-3'5'3",5"), 166.2, 166.0
(C-7,7"

Methyl gallate (3)

gray amorphous powder, [a]y: - 3.4° (¢=0.005, acetone),
DIP EI MS : m/z 183 [M]", "TH-NMR (600 MHz, DMSO-
deD,0) : 6 691 (2H, s, H-2,6), 3.71 (3H, s, -OCH,),
BCNMR (125 MHz, DMSO-d+D,0) : & 52.0 (-OCH,),
108.8 (C-2,6), 119.7 (C-1), 138.7 (C-4), 1458 (C-3.5),
166.8 (C-7)

2,6-digalloyl-1,5-anhydroglucitol (Acertannin) (4)

white amorphous powder, [a]y,: + 27.6° (c=0.005,
acetone), Negative FAB MS : m/z 467 [M-HJ, 'H-NMR
(600 MHz, DMSO-d+D,0) : 8 3.24 (1H, t, J = 10.8 Hz,
H-1), 3.32 (1H, t, J = 9 Hz, H-3), 3.45 (2H, m, H-3,5),
391 (1H, dd, J = 10.8, 54 Hz, H-1), 421 (1H, dd, J =
12.0, 5.4 Hz, H-6b), 4.44 (1H, br d, J = 10.2 Hz, H-6a),
472 (1H, m, H-2), 6.95 (2H x 2, s, galloyl-H), BC-NMR
(125 MHz, DMSO-d,+D,0) : & 64.0 (C-6), 66.5 (C-1),
70.6 (C-4), 72.0 (C-2), 75.1 (C-3), 75.7 (C-5), 109.0,
109.2 (C-2,6',2",6"), 119.6, 119.7 (C-1',1"), 138.8 (C-4'4"),
145.8 (C-3'5',3",5"), 166.9, 166.2 (C-7',7")

Gallic acid (5)
gray amorphous powder, [a]y: - 3.2° (¢=0.005, acetone),
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Table I. HPLC method of solvent system

0 min 10 min 18 min 25 min

Solvent A
(1% Acetic acid-H,O)
Solvent B
(1% Acetic acid-CH;CN)

100 85 65 65

0 15 35 35

DIP EI MS : m/z 170 [M]", 'H-NMR (600 MHz, DMSO-
ds+tD,0) : 8 6.96 (2H, s, galloyl-H)

EEY - A S xsle] 7REE skl 2g
S #31 80% MeOH 50 mlZ 2~3A17H4 33] 7k &
glo] o5 st F oAHsle] FHlaL I s F ]
50 ml (80% MeOH) 5o w]x] 7ol o= &t}

o] R R Ee, AAI £E] 6-galloyl-1,5-
anhydroglucitol (ginnalin B) (1), 3,6-digalloyl-1,5-anhy-
droglucitol (acertannin) (2), methyl gallate (3), 2,6-digalloyl-
1,5-anhydroglucitol (acertannin) (4), gallic acid (5)= Z}7+
1 mgS &3] A3l 80% MeOHE 7Fste] AA|&Fo] 1 ml
7} =% 3} stock solution (1000 ppm)S A ST
o] stock solution 3]4J3}e] 125, 250, 500, 1000 ppm &
wo FEENe AT 7k FFENE 200 ul B F
st 5712 FFEEC] AU 4% EFEHORE o] 5
7 sleHEo] sAlell & #2]=]= HPLC chromatograms &
AL, 4714 A& FEo| W peak aread WO Z 7T
s At 3k A3 S Sl vEAES
EalM BFEAI AT 9] FEE A A retention
time®] B2 ETOAHE FSFA

FFO| TS offet o] A3 th, o] 4=
70 we} Ztzke] AlEF HES) HLS AN

- mobile phase : Gradient solvent system - Solvent A
(1% Acetic acid-H,0), Solvent B (1% Acetic acid-
CH,CN)

- temperature : room temp.

- flow rate : 1.0 ml/min
- wavelength : 280 nm
- column : Kromasil C;; HPLC column (5 um, 250x4.6 mm)

e = S S

=2| 2ic|y 2HEES| FH (Free radical scavenging
assay) — Hatano er al. ©] Wl oJsted'? Ax&idet. &
AEE 2t sEHEE ZAIS 89 100 ul (control : 99.5%
ethanol) °] 0.1 mM DPPH &< (99.5% ethanol) 1.9 ml-&
7Rt 7 A5 S7HA] R ZAISIA T Vortex mixer
E 1027+ A7 5 37°CellM 30 F< incubation A%
t}. o] spectrophotometers ©]-8-31 492 nmollA| 4=
£ 24319 A R EZE = L-ascorbic acidE 5714

Kor. J. Pharmacogn.

TER 2Alete] gkt 7 Alge] rtekahe- 1C,,
2] (DPPH ]z AL 50%= SAIsk= ol 23 55)

2 YehhSith

80% acetone®Z FZ3}3L Sephadex LH-20 column
chromatographyS A3} sub-fraction 1~822 #3131
o} &4tst @5 H7HE $138He] Free radical scavenging
assay®ll 4] positive control$! L-ascorbic acid®} H]wsle] 7
23t &S YEPA sub-fraction 3~8 (Table 1) < thiko
2 Sephadex LH-202} ODS-B gel column chromatography
2 MPLC systems RHE- AAJekar, G 82 A2
5 53 #HE 559 gallotannin 31FHES FE]3IT)

319k 1~5= TLC plate’dllA 10%-H,SO, & FeCl, &
oHof] oJgh ¥z 'H, PC-NMR, MS spectrum dataS 713
2 vlaste] 7bzk AX|3HS Elste] 7H7} 6-galloyl-
1,5-anhydroglucitol (ginnalin B) (1), 3,6-digalloyl-1,5-
anhydroglucitol (acertannin) (2), methyl gallate (3), 2,6-
digalloyl-1,5-anhydroglucitol (acertannin) (4), gallic acid
G= HZE &4 st

Gallotannin> ¥R 02 f7|4ko|u B8 B3O
galloyl717} ester 233l = 7l ghdog dedx
AUtk A, 2 AT 99 gallotannin glucose”t oF
Y 1,5-anhydroglucitololl galloyl”] 7} 2§38t o] Eols}
o B3 gallotannine S, %, &9 24 5ol dEA
om, 53] 7Hesg kst S-S vehle 2 oE I
(<3}

AA .

wEbA] 2 A e 4 AV E]9] galloyl glucitol
shetE(1-5)9] kst &S Brielr] 918t DPPH W<
]88} free radical scavenging activity assayS A543

Table II. Extract and fraction barks of Acer ginnala Maxim.
on DPPH radical scavenging activity IC, values

Extract and DPPH radical scavenging activity

sub-fractions (ug/ml)
Extract 13.52+1.66
Fr. 1 100>
Fr. 2 80.89+4.78
Fr. 3 21.79+1.59
Fr. 4 17.74£0.30
Fr. 5 17.88+0.49
Fr. 6 15.77+0.11
Fr. 7 14.04£0.13
Fr. 8 13.92+0.18

L-ascorbic acid 16.78+0.11
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Table III. Compounds levels of Acer ginnala Maxim. on
DPPH radical scavenging activity ICy, values

Compounds DPPH radical scavenging activity

(UM/ml)
1 20.10+1.24
2 10.19+0.28
3 29.25+0.48
4 5.96+0.49
5 27.03+1.40
L-ascorbic acid 28.37+0.40

A zA ] Fa3 27190 FHFS &7 $lsle] HPLC
£ o|&3t 7S Al

2e2E vl SEd dEeii s FEE 9 28 4%
S ¥} B3k WPHQ free radical scavenging assayS 4
Alete] ksl S-S 838 A3 BE sIghEo| positive
control¢! L-ascorbic acid®} Hlwadle] 7323t S48 YRy
o, E3] 3lzk= 29 4= L-ascorbic acidel] H|sle] <F 24
Hj o)) =2 245 YERHIT (Table 10). ©1ZA 4H
gk kst g4S ek slehee] S HPLC £ ©l§
alo] A A4S that ol AAIsk3

2 A= Cy D columne ARE-3IA, 27l Ee]=
= FFEEAS 37| 9)8le] o] 5O R 1% Acetic acid-
H,09} 1% Acetic acid-Acetonitrile2 2] 7}x] EZFH|&=
st 2 REles S8 AES A%, &xde 1%
Acetic acid-H,0 : 1% Acetic acid-Acetonitrile = 100 : 0
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o)
R,O HO
0
HO OR3 HO
OR, OR,
Ri R, Ry HO
4 Galloyl H H R
2 Galloyl Galloyl H 3 CHs
4  Galloyl H Galloy! 5 OH
OH
Galloyl: o OH
OH

Fig. 1. The structures of compounds 1-5 from barks of Acer
ginnala Maxim.

o] ZAJof|A Al&Fate] 2548-F 1% Acetic acid-H,O : 1%
Acetic acid-Acetonitrile = 65 : 35%] gradient mode®l|A] &
Aol & Flom, g2 280 nmollA] Ho] S59gE
ERHRATE. ol2gk 2ol sheka 1~57F skl 4191 &
=& 20 k¥ FHate] 570 shghae] FAl & EelEe
HPLC chromatograma 4132 (Fig. 2-4), 91714 &€ peak
area®} §=0| WAIRNE HFS 2HdE 23 25-200 ppm
o FERSIAA 3H AAWAE AL stE 1-5 77
y=24.952x-195.94, y=36.751x+21.891, y=51.338x-110.3,
y=47.214x-487.4, y=46.121x-214.46 ©] 3, R-squaregro] 7}

mv Raw Data
1137.53 .
; 1,AGM COMDO1, raw
E 2.4GM COMO02.raw
B demeeeeee e e | ERGSRERRRERRE R GERREEEEEEEE 3,AGM COMO03, raw
' : 4.AGM COMO4, raw
[0 R A TTTTTTTTIITTIN T
LT R " ittt et B \Uinhintil 1Y i ettt (R
[N T i | /AR '/ |
|
0.00 6.00 12.00 24.00 20,00
min

Fig. 2. HPLC chromatogram of Comp.1~5. Sample 1 = Comp. 1~5 mixture 1000 ppm (each 200 ppmXx5), Sample 2 = Comp. 1~5
mixture 500 ppm (each 100 ppmXx5), Sample 3 = Comp. 1~5 mixture 250 ppm (each 50 ppmX5), Sample 4 = Comp. 1~5 mixture

125 ppm (each 25ppmx5).

HPLC analysis conditions : Kromasil C,; HPLC column 5um, 250%4.6 mm, mobile phase-gradient solvent system-Solvent A (1%

Acetic acid-H,0), Solvent B (1% Acetic acid-CH;CN).
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Raw Data
772.82| H H I + _Com.4
H H : / 1.AGM EX 005.raw
H
____________________________________ HESUUUUUS SUUURUUT B S

612.00 ] : : :

a51.17

200.35]

120.52|

0.00 5.00 10.00 15.00 20.00 25.00

min
Fig. 3. HPLC chromatogram of extract of Acer ginnala Maxim. Sample 1 = extract of Acer ginnala Maxim. 1000 ppm.

HPLC analysis conditions : Kromasil C;; HPLC column 5 um, 250%4.6 mm, mobile phase-gradient solvent system-Solvent A (1%
Acetic acid-H,0), Solvent B (1% Acetic acid-CH;CN).

Raw Data
1,AGM COMO01, raw
2.AGM COMO02.raw

B R fremee et e R B 3.AGM COMOO3.raw
Com.2 \ 4,AGM COMD04, raw
\ 5,AGM EX 005, raw
670.10| —'-""“’."""i ----------------- ; --------------- ;' o '-'"""-—'-‘; ———————————————

436,30

m
1137.70) T : : Com.4;
H H : :

0.00 6.00 12.00 18.00 24.00 30.00
min

Fig. 4. HPLC chromatogram of Comp.1~5. Sample 1 = Comp. 1~5 mixture 1000 ppm (each 200 ppmXx5), Sample 2 = Comp. 1~5
mixture 500 ppm (each 100 ppmXx5), Sample 3 = Comp. 1~5 mixture 250 ppm (each 50 ppmX5), Sample 4 = Comp. 1~5 mixture
125 ppm (each 25 ppmx5), Sample 5 = extract of Acer ginnala Maxim. 1000 ppm.

HPLC analysis conditions : Kromasil C,; HPLC column 5 um, 250%4.6 mm, mobile phase-gradient solvent system-Solvent A (1%
Acetic acid-H,0), Solvent B (1% Acetic acid-CH;CN).

Table IV. Retention time of compounds 1~5 from barks of Acer ginnala Maxim.

Retention time (min)

Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5

Standard 13.75+0.03 17.73£0.05 18.29+0.04 19.2740.05 10.63£0.05

Extract 13.74+0.03 17.72+0.04 18.29+0.04 19.26+0.04 10.63+0.05
7} 0.991, 0.9999, 1, 0.9969, 0.9996 =] 1.0°] L= F& HPLCIA] o) &] gk w2 b 9] chromatogram S 2 5-E Al
28t 2 Ao JAAHAS (Fig. 5). 2 oA 22]E gallotannin 1~59] 589 724
TS FF 1~5 9] retention timed} PIAHHFL] 1~59] of o5t kS Ao vg- =2 FHEFS I

retention time®] A¢] FUFHS 1T = AUt (Table IV). & = A0 (Fig. 5, Table V).
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12000

10000

== Comp.1
== Comp.2

\

8000

6000 Comp.3

4000 /
2000 /

mV*sec

i COMp.4

=i COMP.5

ppm

Fig. 5. Calibration curve and equatlon of Comp. 1~5.
comp.l : y = 24.952x - 195.94, R® = 0991 / comp2 :y =
36.751x + 21.891, R* = 0.9999 / comp.3 :y = 51.338x - 110.3,
R® =1/ comp4 : y = 47.214x - 487.4, R2 =0.9969 / comp.5
1y = 46.121x - 21446, R® = 0.9996

Table V. Contents of compounds 1~5 in barks of Acer ginnala

Maxim.
Compounds Contents (%) RSD(%)
1 0.73+0.002 0.27
2 0.48+0.001 0.20
3 0.66+0.002 0.30
4 1.05+0.002 0.19
5 0.29+0.001 0.34
a4 =

Ak o] gkt 24 RS BHe17] f18k] 80%

2 E2=o st &5S s3It Free
radical scavenging sayoﬂ olgt ksl Ede] SAAM 7
e A veRd < 2y A=vpETu]o] 4

&3t 559 ?Jr‘f“jg %ﬂﬁ}MJA olsteta] 4 2 7171
WA o R O FxE eIt el E sete
gallotannin®] 6-galloyl-1,5-anhydroglucitol (ginnalin B) (1),
3,6-digalloyl-1,5-anhydroglucitol (acertannin) (2), methyl
gallate (3), 2,6-digalloyl-1,5-anhydroglucitol (acertannin) (4),
gallic acid (5) 2 &1 54 I}

Free radical scavenging assay°ll 2|et 22| s}5Ee] &
A3} B4 7 Az, BE 33HE0] n]$- $omE S B
RoH, 53] shghE 29 40X = S B

33 A AR Hr1E= gallotannin®! 6- galloyl—
1,5-anhydroglucitol (ginnalin B) (1), 3,6-digalloyl-1,5-
anhydroglucitol (acertannin) (2), methyl gallate (3), 2,6-
digalloyl-1,5-anhydroglucitol (acertannin) (4), gallic acid
(5) ol A 5] FFE HEY H5H o8 HPLCE

= == 11

acetone T=E== =
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(]

|835te] Aslsiod 3BHE 1-59] 3Efo) ml =
<4 = AU (Table 1V).
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