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The genus Quercus (Fagaceae) comprises about 450 species of evergreen or deciduous shrub or tree, distributed
especially in the northern temperate regions in the tropics where they are usually confined to higher altitudes. Quercus
macrocarpa is one of 110 Quercus species native to  southwestern China [1]. The extracts of several species of Quercus have
been found to possess antioxidant, antifungal, antibacterial, and anticancer activities [2–4]. Up to now, no phytochemical
investigation has been reported on this plant. In order to find the bioactive secondary metabolites from Q. macrocarpa, we
investigated its leaves, and here we reported the isolation of 12 known compounds along with their antioxidant activity.

The leaves of Q. macrocarpa were collected from Qinling Mountain, Shaanxi Province of China in August of 2007
and identified by Prof. Wang Yifeng the Department of Botany, Northwest Normal University. A Voucher specimen (2007A006)
was deposited in the Department of Botany, Northwest Normal University. The air-dried leaves of Q. macrocarpa (6.0 kg)
were extracted with 90% EtOH three times at room temperature and dried in vacuo to give the crude extract. The crude extract
(200 g) was sequentially separated on silica gel eluted by step gradients of hexane–ethyl acetate (100:0, 50:50 and 0:100, v/v)
and ethyl acetate–methanol mixtures (70:30, 50:50 and 0:100, v/v) to afford six parts (A–F). Fraction B (36 g) was repeatedly
subjected to column chromatography on RP-18 silica gel with MeOH–H2O (2:3, v/v) and Sephadex LH-20 with MeOH to
give compounds 1 (9.0 mg), 3 (5.2 mg), 6 (7.1 mg), and 8 (4.6 mg). Fraction C (3.6 g) was chromatographed on silica gel
column with petroleum ether–Me2CO gradient (3:1 to 1:1, v/v) to afford compounds 2 (10.0 mg), 4 (5.0 mg), 5 (6.2 mg), and
7 (8.2 mg). Repeated chromatography of fraction D (2.6 g) on silica gel with petroleum ether–Me2CO gradient (4:1 to 1:1, v/v)
and RP-18 silica gel with MeOH–H2O gradient (2:3 to 1:1, v/v) afforded compounds 9 (6.0 mg) and 11 (3.5 mg). Fraction E
(1.8 g) was submitted to repeated column chromatography over silica gel by eluting with CHCl3–CH3OH gradient (5:1 to 1:2,
v/v) to yield compounds 10 (5 mg) and 12 (3.8 mg).

  1: R1 = ORha, R2 = CH3; 2: R = OXyl, R2 = H; 3: R = OXyl; 4: R = ORha; 5: R1 = R2 = R3 = R6 = H, R4 = R5 = OH
6: R1 = R4 = R5 = R6 = H, R2 = OCH3, R3 = OH; 7: R2 = R3 = H, R1 = R4 = R5 = R6 = OH
8: R1 = R4 = OH, R2 = R3 = H, R5 = R6 = CH3; 9: R1 = R2 = R4 = OH, R3 = H, R5 = R6 = CH3

10: R1 = R2 = R3 = R4 = H, R5 = R6 = CH3; 11: R1 = R2 = R4 = R6 = H, R5 = R3 = CH3
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The compounds were identified as icariside E4 (1) [5], junipercomnoside A (2) [5], 3,3�-di-O-methylellagic acid-4�-
O-�-D-xylopyranoside (3) [6], 3,3�-di-O-methylellagic acid-4�-O-�-L-rhamnopyranoside (4) [7], luteolin-7-O-�-D-glucoside
(5) [8], 5,7,2�-trihydroxy-8-methoxyflavone-7-O-�-D-glucopyranoside (6) [9], 5,6,7,3�,4�,5�-hexahydroxyflavone-7-O-�-D-
glucopyranoside (7) [10], arjunic acid (8) [11], arjungenin (9) [11], oleanolic acid (10) [12], ursolic acid (11) [13], and
�-sitosterol (12) [14] by comparison of their NMR and MS spectroscopic data with those reported in the literature. All these
compounds were obtained from this plant for the first time.

For the evaluation of the antioxidant capacity of compounds 1–11, a DPPH assay was performed as described previously
(ascorbic acid used as positive control) [14]. The data concerning the free radical scavenging activity of tested samples,
expressed as SC50 (the concentration of sample required to scavenge 50% of DPPH radicals), are reported in Table 1. The
highest values were obtained for compounds 5–7, 8, 10, and 11.  Flavonoids 5–7 displayed stronger DDPH radical scavenging
activity than ascorbic acid in the order 7 > 5 > 6. This result is in accord with the finding that the  more B-ring hydroxyl groups
attached to the molecule, the stronger the antioxidative activity [14]. Lower activity was found for compounds 1, 2, and 9,
whereas compounds 3 and 4 turned out to be inactive.
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TABLE 1. Scavenging Activity of Isolated Compounds and Ascorbic Acid against DPPH Radical

Compound SC50, �M Compound SC50, �M 

1 
2 
3 
4 
5 
6 

32.2 � 0.8 
30.6 � 0.6 
67.8 � 0.5 
76.6 � 0.7 
10.2 � 0.2 
13.2 � 0.9 

7 
8 
9 

10 
11 

Ascorbic acid 

9.2 � 0.3 
2.0 � 0.6 
25.6 � 0.2 
7.5 � 0.7 
9.6 � 0.6 
41.6 � 0.5 

 ______
The values are the average of three determinations (� S.D.).
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