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Abstract: The dried needles (1.5 kg) of Picea abies Karsten were ground, extracted with acetone-H,O (7:3, v/
v), concentrated, and fractionated with a series of n-hexane, methylene chloride, ethyl acetate and water on a

separatory funnel. Each fraction was freeze dried,

then a portion of ethyl acetate soluble powder was

chromatographed on a Sephadex LH-20 column using a series of aqueous methanol and ethanol-n-hexane
mixture as eluents. The isolated compounds were identified by cellulose TLC, 'H-, “C-NMR, FAB and EI-MS.
(+)-catechin (compound 1), (-)-epicatechin (compound II), kaempferol-3-O-4D-glucopyranoside (compound I1I),
4-hydroxyacetophenone (compound 1V) were isolated from the ethyl acetate soluble fraction and (+)-catechin
(compound I), protocatechuic acid (compound V) were isolated from the H,O soluble fraction of P. abies needle.
The antioxidative activities of each fraction and the isolated compounds were tested by DPPH radical
scavenging method, and EtOAc soluble fraction, (+)-catechin and (-)-epicatechin showed similar values to o~

tocopherol and BHT as controls.
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1) 3HgHE(I): (+)-Catechin

R,:0.53 (solvent A), 0.37 (solvent B)

'H-NMR (400 MHz, & MeOH-d)): 2.50 (1H, dd, J =
8.15 Hz and J = 16.12 Hz, H-4ax), 2.84 (1H, dd, J =
543 Hz and J = 16.14 Hz, H-4eq), 3.95 (1H, m, H-3),
456 (IH, d, J = 7.50 Hz, H-2), 5.86 (IH, d, J = 2.16
Hz, H-6), 596 (IH, d, J = 227 Hz, H-8), 6.71 (1H,
dd, J = 1.70 Hz and J = 8.16 Hz, H-6"), 6.76 (1H, d,
J=8.11 Hz, H-5), 6.83 (1H, 4, J = 1.61 Hz, H-2".

“C-NMR (100 MHz, & MeOH-d,): 28.94 (C-4),
69.23 (C-3), 8327 (C-2), 9591 (C-8), 96.69 (C-6),
101.22 (C-10), 115.66 (C-2"), 116.49 (C-5", 12046 (C-
0, 132.63 (C-1"), 146.64 (C-4), 146.66 (C-3"), 157.33
(C-7), 158.00 (C-5), 158.25 (C-9).

2) 3+&-E(11): (-)-Epicatechin
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R, : 0.45 (solvent A), 0.35 (solvent B)

'H-NMR (400 MHz, &, MeOH-d)): 2.73 (1H, dd, J =
16.72 Hz and J = 2.45 Hz, 4ax), 2.86 (1H, dd, J = 4.58
Hz and J = 16.80 Hz, H-4eq), 4.17 (1H, br s, H-3), 4.81
(1H, br s, H-2), 592 (IH, s, H-6), 594 (1H, s, H-8),
6.77 (2H, m, H-5', 6'), 6.97 (1H, br s, H-2".

BC-NMR (100 MHz, 8 MeOH-d)): 29.25 (C-4), 67.47
(C-3), 79.86 (C-2), 95.87 (C-8), 96.37 (C-6), 100.05 (C-
10), 115.30 (C-2", 115.88 (C-5"), 119.38 (C-6"), 132.27
(C-1, 14576 (C-4), 145.95 (C-3"), 157.36 (C-7), 157.65
(C-3), 157.99 (C-9).

3) 3F8HE(111): Kaempferol-3-O-AD-glucopyranoside

R, : 0.58 (solvent A)Z} 0.22 (solvent B)

FAB-MS m/z : 449 [M+H], 338, 329 (Base ion), 286,
245.

'H-NMR (400 MHz, &, MeOH-d ). 3.21~3.94 (5H, m,
H-2", 3", 4", 5", 6"), 524 (IH, d, J = 7.06 Hz, H-1"),
6.19 (IH, d, J = 1.08 Hz, H-6), 6.38 (1H, br s, H-8),
6.88 (2H, d, J = 857 Hz, H-3', 5, 805 2H, d, J =
8.71 Hz, H-2',6".

BCNMR (100 MHz, 6 MeOH-d,): 62.64 (C-6"), 71.37
(C-4"), 75.76 (C-2™), 78.06 (C-3"), 7843 (C-3"), 94.85
(C-8), 100.00 (C-6), 104.16 (C-1"), 105.69 (C-10), 116.10
(C-3', 5", 122.80 (C-1), 13232 (C-2', 6), 135.49 (C-3),
158.53 (C-2), 159.09 (C-9), 161.61 (C-4"), 163.06 (C-5),

R,=OH, R:=H (+)-Catechin
R;=H, R:=OH (-)-Epicatechin

8
HyC 7 O

OH
4~-Hydroxyacetophenone

Figure 1. Compounds isolated from the needles of P. abies.

166.24 (C-7), 179.51 (C-4).

4) 33HE(1V): 4-Hydroxyacetophenone

R, : 0.86 (solvent A), 0.54 (solvent B)

EI-MS m/z : 136 [M]', 122, 121 (Base ion), 93, 65.

'H-NMR (400 MHz, 6, MeOH-d)): 2.51 (3H, s, H-8),
6.84 (2H, d, J = 8.76 Hz, H-2,6), 7.88 (2H, d, J = 8.76
Hz, H-3, 5).

BC-NMR (100 MHz, & MeOH-d): 26.67 (C-8), 116.6]
(C-2. 6), 130.59 (C-1), 132.52 (C-3, 5), 16432 (C-4),
199.90 (C-7).

5) 3}3HE(V): Protocatechuic acid

R, : 0.66 (solvent A), 0.38 (solvent B)

EL-MS m/% : 154 ((M]', Base ion), 137, 110, 81, 63, 53.

'H-NMR (400 MHz, & MeOH-d): 6.65 (IH, d, J =
8.16 Hz, H-3), 7.28 (IH, dd, J = 194 Hz and J
8.23 Hz, H-6), 7.33 (1H, d, J = 1.93 Hz, H-2).

BC-NMR (100 MHz, 8 MeOH-d): 11475 (C-2),
116.72 (C-5), 122.37 (C-1), 122.86 (C-6), 144.03 (C-3),
150.44 (C-4), 169.45 (C-7).
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39] FAH7] 91x] €] Apolof efsf kb thE
32 ATh. 4.81 ppm3 4.17 ppmol 4 singlet signal-& hetero-
cyclic C¥-2] H-29} H-3l| a4l Zo]ar, H-49 axial
#} equatorial A= 2.73 ppm3} 2.86 ppmol| A J Fo]
axial 47} 2.45Hz, 16.72 Hz°]™ equatorial <227}
4.58 Hz, 16.80 Hz%] double doublet signal& H.o]3 St}
o] A& (+)-catechindl W3] H-29} H-3& 0.22 ppm
0.25 ppm A% downfield= 2127 H-4ax 0.23 ppm 4=
downfield¥]o WERAL Sl BC-NMR A EHoA =
C-2, -3, -47} Z+7+ 79.86 ppm, 67.40 ppm, 29.25 ppmell 4]
signals WERH =1, (+)-catechinol] Y& C-4= 1 ppm &
% downfield=| 1L, C-2, -3-2 4 ppm3} 2 ppm? upfield
o] A zlol& Kol Qlth o] AL C-393]9] 74k
7F oz W7t ol FEl, = H-29 H-30] cis® el S
Ve = S0l (+)-catechind} 7 ZF -2 5]+ signal
ojt} HEgH 'H-NMR 22 E& 9} phloroglucinol A%HE]
H-67F H-82 7k} 5.92 ppm} 5.94 ppmoll A LFERLFTL 9
=, H-6¢] <F 0.1 ppm downfield®l z}o]& Ho]FL 1o
B PC-NMR 23 Efo) A= zke] 7} §1913, catechol B
3] 'H-NMR# BC-NMR ~HEH & (+)-catechin?} %
A5t ¥ A5 HERAITH
o]49] A3+ Ohara®t Hemingway(1989), Foo &
(2000)°] 2] 3+ (—)-epicatechin® 5% 3 NMRZHS e}
W3z 2lem Lee 5(1997)°] A7) Fol 278 Bl

signal&- H.0]

8t (—)-epicatechina = A x| 8} Th.

2. SIEE(N)

SFHE(1)2 aglycone®] kaempferol=4] C-39191 glu-
cose’t A¥E st & FEo|th 'H-NMR ~¥ E o
A1 6.19 ppm3} 6.38 ppm<] signale phloroglucinol A3+
©] H-63} H-89l 123l 8.05 ppm3} 6.88 ppme] F 7H
9] signal> B3] H-2, -6 H-3', -5 sl ez Aoz
Al KR ortho coupling®®] Jgkol z+z} 8.76 Hz, 8.57 Hz
= HERHAL 1w, o)Zie Bl M g3 s 125
7F4]= phenol 398 & 4= 2dt}. o)) thdt PC-NMR 2
HEHL A% C-63} C-8& 100.00 ppm} 94.85 ppmell
A signale JERHIL 9o OHZ|7F A%He ata e
C-59F C-7& olHt} ZA downfield® 163.06 ppm 3}
166.24 ppmoll A WVERAL T HEE BERe] €2, -6'T
C-3', -5 132.32 ppm¥} 116.10 ppmoi| A 3}9] signal®
Hehtr] miEel] Mg iAlF2YE & 5 9l OHY)
7t A% C-4% AA downfield® 161.61 ppm &Y A]
signal& F=3L Ut} o] Ho 5(2002)°] 29 butanol
3—%%01]*1 %ﬂi st g8k Qi) $H, 'H-
NMR ZHEf]A] 524 ppme] doublet signal C-39]
E=Ra s glucoser] H-1"of] &l g3l= Ao g Jzko] 7.06
HzQl 1o & Hol gD-glucosed-2 & 4 YA =]
glucose®] FAE-E 3.21~3.94 ppmoll A AH 22 signalS
UER A dth BC-NMR A3 E &M C-1"2 104.16
ppmel|l A downfields©] YEL 76.76 ppm, 78.48 ppm,
71.37 ppm, 78.06 ppm, 62.64 ppm<] signal> WA glu-
cose®] AP AR HENE KT o} ¢ghe) €29 C-3
& flavanone 31§50} A downfield¥1o] 158.53 ppm
2 135.49 ppmoll A signalg = 208 o]E4geL o
T 300w 53] kaempferol®] C-2¢} C-35.t} 22} 8 ppm
# 3ppm BE © downfieldd A SZ glucose”} C-39]
AgE o] A8 & AU 38 carbonyl BHAS C-4

= C-29} C-39] o]5Ago] 2 -390 glucose”} AEE o]
2071 W0l flavanone Bt} 2F 15 ppm A= upfields o]
Weh e 2po]E Heli Qi)

o]’de] A= Harbome} Mabry (1982) Z.2] 3. Agrawal
(1989)c] Bt 3}5HE3 A X8k Johnson 5(2001)°]
H 37§ kaempferol B FA 9} U=]3k7 Sle}. B3k Moreno
F(2001)3 Kim 5(1997)0] H.3.3F kaempferol %A <
T Eds e YEl o FAB-MS 2 EZ A 2
m/z 449 [M+H]" 24 o] 3}gE2] FExlz

SIEHE(1V)E phenol &l acetoxyl”] 7} At e
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gt piceina} Ternai®t Markham(1976)¢] E. 37 g+ aceto-
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t}. 'H-NMR A# E#o A 6.84 ppm3} 7.88 ppmoi| A
doublet signal& H-2, -63} H-3, -5° 3 23tH J k&
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ok & Qlt} BCNMR 2FEZ A (-2, 62 11661
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C-1-& 130.59 ppmell A signale] WebFH OHZ]7F 256}
T AT C-4E 16432 ppmol A VeI T o] 22
5(1995)0] K338t 4-hydroxyacetophenone}t
A 23 Shao F(1995)°0] Aster batangensis®] B2 o) A
2} 8t acetophenone B 2F = U X318}, EI-MS 4]
N = miz 136[M] 22 A1 o] shehe] Eabe 1363 ¢
| 834
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4. SIEtE(V)

3IFHE (VY= benzoic acid A|E<! pyrocatechol®] 13
241 benzoic acid®] C-33} C-49] 1%/l OH717} B3l
e e] 3HgHEolth 'H-NMR 28 Edd oA H-59] signal
2 6.65 ppmoll A doubleto. 2 LR =t, J gkl 8.16 Hz
ol Z1e.2 Mo} H-63} ortho coupling H U< & 5 9
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J#kol ZH7 1.94 Hzot 7.33 HzY1 A 284 H-59= ortho
coupling, H-29}+= meta coupling =] A+ 318 &<l &
T ATk EE H25 7.33 ppmoll A H-632F meta coupl-
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o8 o 4 YAtk PC-NMR 2F Ed oA 169.45 ppmsq
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18- 122.37 ppmol| 4] signal2 =30 STt o] flavonoid
catechol3He] chemical shift¢} w9~ F-AHSH HEj & Ho5
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Table 1. Antioxidation activities of the fractionated extr-
actives and isolated compounds from the needles of P. abies.

Sample IC,, (ng)
Control BHT 12
ontro otocopherol 14
Crude and Crude extractive . 22
fractionated Hexane soluble fraction 37
extractives from CH,Cl, soluble fraction 24
the ne.edles of  EtOAc soluble fraction 20
P abies H,0 soluble fraction 36
(+)-Catechin 11
Isolated ] (-)-Epicatechin 12
compounds AOLAD. . i
from the needles Kaempferol-3-O-#D-glucopyranoside
of P. abies 4-Hydroxyacetophenone -

Protocatechuic acid -
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