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Phenolic chemical constituents of Zanthoxylum schinifolium pericarps and their
anti-oxidative effects
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Abstract: Objective To study antioxidant substances of Zanthoxylum schinifolium pericarps. Methods A variety of column
chromatography and high performance liquid chromatography (HPLC) were used for separation and purification, and the structures of
the compounds were identified by NMR, HR-ESI-MS, and so on. The activity guided fractionation was used to evaluate the antioxidant
activity of isolates using ABTS" radical-scavenging method. Results Twelve compounds schiniphenol A (1), schiniphenol B (2),
3,4-dihydroxyphenylethanol (3), arbutin (4), orcinol glucoside (5), benzyl alcohol glucoside (6), 1-O-B-D-glucopyranosyl-
4-allylbenzene (7), 1,2-dihydroxyphenethyl-alcohol-1-O-B-D-glucopyranoside (8), 2-,methoxyphenethyl-alcohol-1-O-B-D-
glucopyranoside (9), 2,6-dimethoxy-4-(2-propenyl)-phenol-1-O-B-D-glucopyranoside (10), 2-methoxy-4-(2-propenyl)-phenyl-f-D-
glucopyranoside (11), syringin (12) were isolated and determined. ABTS" radical-scavenging activity showed that compounds 3—35, 8,
and 9 had good antioxidant activity. The ICs, of arbutin (4) was 4.5 pmol/L, which was equivalent to that of positive control vitamin C
(Vi, 1ICsp = 6.4 pumol/L). Conclusion Isolates 1 and 2 are new compounds, and named schiniphenol A and schiniphenol B,

respectively. Moreover, compounds 3, 5—8, 10, and 11 are isolated from the genus Zanthoxylum for the first time, and compound 4 is
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isolated from Z.schinifolium for the first time. Arbutin (4) showed comparable antioxidant activity to that of V.
Key words: Zanthoxylum schinifolium Sieb. et Zucc.; Rutaceae; phenolic glycoside; antioxidant activity; schiniphenol A;
schiniphenol B; 3,4-dihydroxyphenylethanol; orcinol glucoside; arbutin
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Fig. 1 Structures of compounds 1—12 isolated from Z. schinifolium
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1—0 1 1) BN, 152] 10 M (C1~C10).
C2 (216 mg) A4 HPLC (20% 9 FE-/K¥Lit, 14
FURE 10 mL/min) 73 &133] 4 M5 (C2-1~
C2-4), Hr C2-1 Ht— B H¥:Hil % HPLC (12%H
fi KW, AR B 4 mL/min) 43 BS1R314L 59 4
(100.0 mg, x=8.7 min). C2-2 Al C2-4 435 Fi -l
#% HPLC 7> SR E1ML A 6 (10% F BE-/K P, 1A
FUALE 4 mL/min, 5.0 mg, =16.9 min) 15 (15%
I KBE, AFURE 4 mL/min, 19.0 mg, =
10.1 min). C4 (155 mg) F] MCI #: il (50%H
KPR 52 6 N4> (C4-1~C4-6). C4-5 Al
C4-6 43 B 24145 HPLC (40% FREE-/K e, 1ARF7
fiE 4 mL/min) 7-SEEIMHEY 11 (16.0 mg, &=
9.0 min) 110 (10.0 mg, =183 min). C5 (247
mg) Bt Sephadex LH-20 fE: i (50% FFEE-/K ik
i) 7 BA3E] 6 N5 (C5-1—~C5-6). Hid €5-3
A C5-4 3 5 FH 241 4 HPLC (40% FHEE-/K Vi »
AR E 4 mL/min) 3 BAREY 1 (15.0 mg,
frR=7.8min) M2 (2.0 mg, x=19.6 min). C6 (92
mg) 24 HPLC (30% I EE-/K B, AFR &
4 mL/min) 7 E1SEMLEY 12 (18.0 mg, ®=154
min). C7 (316 mg) FREMRAEEIG &, —&Hhi-
HEE (100 1—1: 1) BREEVEM, 193] 8 M
(C7-1~C7-8), Hrr C7-2 #t—FHE4H]%& HPLC
(9% FHEE-/KPE e, AFRE 4 mL/min) 4> 2575 21k
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1 &AW1 248 "TH-NMR 1 “C-NMR #3E (400/100 MHz, CDCl;)
Table 1 'H-NMR and *C-NMR data for compounds 1 and 2 (400/100 MHz, CDCl;)
\ 1 2
el o o o o
1 133.5 (C) 111.3 (C)
2 7.82 (d, J=8.4 Hz) 130.4 (CH) 6.97 (d, J=2.4 Hz) 111.7 (CH)
3 7.49 (d,J=8.4 Hz) 123.6 (CH) 157.0 (CH)
4 152.9 (C) 109.6 (C)
5 7.49 (d, J = 8.4 Hz) 123.6 (CH) 7.97 (d, J=8.8 Hz) 132.1 (CH)
6 7.82(d,J=8.4Hz) 130.4 (CH) 6.93 (dd,J=8.8, 2.4 Hz) 114.5 (CH)
7 7.42 (d, J=16.0 Hz) 144.3 (CH) 170.8 (C)
8 7.72 (d, J=16.0 Hz) 119.2 (CH) 4.00 (s) 53.1 (CH;)
9 167.5 (C)
10 3.77 (s) 51.9 (CH;)
K 103.6 (C) 103.6 (C)
2' 6.46 (d, J=2.0 Hz) 103.5 (CH) 6.45 (d, J=2.4 Hz) 103.6 (CH)
3/ 165.4 (C) 163.7 (C)
4 104.8 (C) 104.6 (C)
5’ 7.96 (d, J=8.4 Hz) 133.3 (CH) 7.94 (d, J=8.8 Hz) 133.3 (CH)
6’ 6.56 (dd, J= 8.4, 2.0 Hz) 109.6 (CH) 6.56 (dd, J=8.8, 2.4 Hz) 109.6 (CH)
7 166.0 (C) 166.1 (C)
HO 0 (6 6.97) 5 C-3 (5¢c 157.0). C-4 (6c 109.6) F1C-6
Ho@oWH3 (6c 114.5) M55, H-5 (04 7.97) 5 C-3 1 C-7 (b¢
170.8) #H%, H-6 (65 6.93) 5 C-1 (6¢ 111.3) 1 C-2
1 (0¢ 111.7) M55, CH-8 (9, 4.00) 5 C-7 5%, HHiE
HO o HO T 4-0-3-FFRH R AR ARtk e
HO@O@Qm P 2 9550 4-0-(3' 4~ F 3K T 38) 352
ERFIRFE, &8R, N1 NHEY, mah

2

2 A 1502 A HMBC #%X (H—»C)
Fig. 2 Key HMBC correlations (from H to C) for new

compounds 1 and 2

HAEN 327.047 5), HiEMEY 2 TN
Ci7H140g0 UV A (hm): 216 (2.76), 263 (1.14);
Rvoor(em™): 3537, 3 276, 2 938, 1 649, 1 623,
1549, 1516, 1454 F1 1373, SR&EFhIiEzt.
B FE AN 2R IR,

5GP 1 1 NMR ML (R D, (LEW 2
SR EA 3 A- RN W . [FR, (RIpIX R
7~ ABX BURIIZEIR 6y 6.97 (1H, d, J=2.4 Hz), 7.97
(1H, d, J = 8.8 Hz), 6.93 (1H, dd, J = 8.8, 2.4 Hz) Il
Sc 111.3, 111.7, 157.0, 109.6, 132.1, 114.5, 170.8; 1
AH AL 6 4.00 (3H, s) F1 ¢ 53.1, £IHAELE 4-0-3-
F2 IR R R L] . £ HMBC i (& 2) 71, H-2

HACH B

&Y 3: TEEOBOIRYD; ESI-MS m/z: 155.1 [M+
H', 2 T & CH;;0;: 'H-NMR (400 MHz,
Methanol-d;) : 6.67 (1H, d, J = 8.0 Hz, H-6), 6.64
(1H, s, H-4), 6.52 (1H, d, J = 8.0 Hz, H-5), 3.66 (2H,
t, J = 7.2 Hz, H-8), 2.65 (2H, t, J = 7.2 Hz, H-7);
BC-NMR (100 MHz, Methanol-d,) J: 146.1 (C-6),
144.6 (C-1), 131.7 (C-4), 121.2 (C-3), 117.0 (C-2),
116.3 (C-5), 64.6 (C-8), 39.6 (C-7). _Lik¥¥s 5 ik
WiE—8", WA 3 N 34 R R,

e 4: otk (HEE; ESI-MS m/z: 273.2
[M+H]", 2> 72 C,H 707 [0 —32.6° (c 0.08, H
fi¥); 'H-NMR (400 MHz, Methanol-d;) J: 4.73 (1H, d,
J =172 Hz, H-1'), 6.69 (2H, dd, J = 6.8, 2.4 Hz, H-3,
H-5), 6.96 (2H, dd, J = 6.8, 2.4 Hz, H-2, H-6), 4.73
(1H, d, J = 7.2 Hz, H-1"), 3.41 (1H, d, J = 7.2 Hz,
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H-2'), 3.36 (1H, m, H-3"), 3.41 (1H, m, H-4'), 3.36
(1H, m, H-5"), 3.88 (1H, d, J = 12.0 Hz, H-6'a), 3.70
(1H, dd, J = 12.0, 4.8 Hz, H-6'b); "“C-NMR (100
MHz, Methanol-d,) 6: 152.4 (C-1), 116.6 (C-2, C-6),
119.4 (C-3, C-5), 153.8 (C-4), 103.0 (C-1)), 75.0
(C-2"), 78.0 (C-3', C-5"), 71.4 (C-4"), 62.5 (C-6"). ik
M 5 ocirdoE — 80, et A 4 NRERTE.

WEY 5. TEBRY); ESI-MS m/z: 309.1 [M+
Na]", 4> 73 C;3H;s0;Na; 'H-NMR (400 MHz,
Methanol-dy) J: 6.41 (1H, s, H-2), 6.35 (1H, s, H-4),
6.28 (1H, s, H-6), 6.28 (1H, s, H-6), 2.21 (3H, s,
Hi-7), 4.84 (1H, d, J = 7.2 Hz, H-1"), 3.33 (1H, m,
H-2'), 3.65 (1H, m, H-3'), 3.25 (1H, m, H-4'), 3.33
(1H, m, H-5), 3.90 (1H, dd, J = 12.0, 1.2 Hz, H-6'a),
3.70 (1H, dd, J = 12.0, 5.2 Hz, H-6'b); "*C-NMR (100
MHz, Methanol-d,) 6: 160.1 (C-1), 102.2 (C-2), 159.2
(C-3), 109.7 (C-4), 1412 (C-5), 111.2 (C-6), 21.6
(C-7), 1022 (C-1'), 74.9 (C-2), 78.1 (C-3"), 71.4
(C-4"), 78.0 (C-5"), 62.5 (C-6")o | iR¥ ¥ 5 CHkIRIE
— U, S EL A 5 N BRI LT .

& 6: HETLE M AR ESI-MS m/z: 293.1
[M+Na]", 273 Ci3His06Na; [a]r —25.1° (¢ 0.1,
HE); "TH-NMR (400 MHz, Methanol-d,) 6: 4.89 (1H,
d, J=12.0 Hz, H-1a), 4.62 (1H, d, J = 12.0 Hz, H-1b),
737 (2H, d, J=72Hz, H-3,7), 728 QH, t, J=7.2
Hz, H-4, 6), 7.23 (1H, d, J= 7.2 Hz, H-5), 4.31 (1H, d,
J = 7.6 Hz, H-1"), 3.18~3.30 (4H, m, 2'~5'), 3.86
(1H, dd, J = 12.0, 2.0 Hz, H-6'a), 3.65 (1H, dd, J =
120, 56 Hz, H-6a) ; "“C-NMR (100 MHz,
Methanol-d;) 6: 71.8 (C-1), 139.1 (C-2), 129.2 (C-3),
129.3 (C-4), 128.7 (C-5), 129.3 (C-6), 129.2 (C-7),
103.3 (C-1"), 75.1 (C-2"), 78.1 (C-3"), 71.7 (C-4"), 78.0
(C-5"), 62.8 (C-6"). _Lik%d 5 ihimis —"", %
BENEY) 6 NFE R BINET -

WEWT: LEBRY); ESI-MS m/z: 319.1 [M+
Na]", 2> ¥ 3 CsHyOeNa; [a]hy —52.6° (¢ 0.5, H
i%); 'H-NMR (400 MHz, Methanol-d,) 6: 3.31 (2H,
m, H-7), 3.35~3.46 (4H, m, H-2'~5"), 3.69 (1H, dd,
J=11.6, 5.2 Hz, H-6'a), 3.88 (1H, dd, J = 11.6, 1.2
Hz, H-6'b), 4.84 (1H, d, J = 7.2 Hz, H-1"), 5.00 (1H,
dd, J = 8.8, 4.4 Hz, H-9a), 5.02 (1H, dd, J = 12.0, 1.6
Hz, H-9b), 5.92 (1H, m, H-8), 7.02 (2H, d, J = 8.8 Hz,
H-2, 6), 7.09 (2H, d, J = 8.8 Hz, H-3, 5); "“C-NMR

(100 MHz, Methanol-d,) 0: 157.6 (C-1), 139.2 (C-2,
6), 130.5 (C-3, 5), 135.3 (C-4), 40.4 (C-7), 117.8
(C-8), 115.7 (C-9), 102.5 (C-1'), 75.0 (C-2"), 78.1
(C-3"), 71.4 (C-4"), 78.0 (C-5"), 62.5 (C-6"). ik %4
5ifapig— s, M e A& 1 o8 1-0-p-D-
G EY B TR IE

&Y 8: TEBIRY); ESI-MS m/z: 317.1 [M+
H]', 7R C4Hy 04 [a]ly —26.3° (¢ 0.1, HIE);
'H-NMR (400 MHz, Methanol-dy) 6: 7.10 (1H, d, J =
8.0 Hz, H-6), 6.72 (1H, d, J = 2.0 Hz, H-2), 6.64 (1H,
dd, J = 8.0, 2.0 Hz, H-5), 4. 69 (1H, d, J = 7.2 Hz,
H-1'), 3. 88 (1H, dd, J = 12.8, 1.6 Hz, H-6a), 3. 70
(1H, dd, J = 12.8, 4.8 Hz, H-6'b), 3.45 (2H, dd, J =
7.2, 6.0 Hz, H-2', 3"), 3.39 (2H, m, H-4', 5'), 2.70 (2H,
t, J = 7.2 Hz, H-7), 3.69 (2H, t, J = 7.2 Hz, H-8);
BC.NMR (100 MHz, Methanol-dy) d: 62.5 (C-6),
71.4 (C-4"), 75.0 (C-2"), 78.0 (C-3, 5'), 103.0 (C-1"),
1453 (C-1), 148.4 (C-2), 117.7 (C-3), 136.2 (C-4),
121.4 (C-5), 119.1 (C-6), 39.7 (C-7), 64.3 (C-8). ik
s S ocardoE — 8, M e A8 N 1,2-—
F2 LI 2 -1-O-B-D- M I 38 26 B

WEW9: TEBRY); ESI-MS m/z: 353.3 [M+
Nal]”, 4> ¥ C;sHpOsNa; 'H-NMR (400 MHz,
Methanol-d,) : 7.10 (1H, d, J = 8.0 Hz, H-6), 6.76
(1H, d, J = 2.0 Hz, H-3), 6.64 (1H, dd, J = 8.0, 2.0 Hz,
H-5), 4.75 (1H, d, J = 7.2 Hz, H-1"), 3.86 (1H, d, J =
11.2 Hz, H-6'a), 3. 70 (1H, dd, J = 11.2, 7.2 Hz,
H-6'b), 3.45 (2H, m, H-2, 3), 3.39 (2H, m, H-4', 5'),
2.90 (2H, m, H-7), 3.69 (2H, m, H-8); *C-NMR (100
MHz, Methanol-d,) 6: 146.7 (C-1), 146.7 (C-2), 116.9
(C-3), 132.1 (C-4), 125.2 (C-5), 119.6 (C-6), 39.5
(C-7), 64.3 (C-8), 104.4 (C-1'), 74.9 (C-2"), 783
(C-3"), 71.4 (C-4"),77.6 (C-5"), 62.5 (C-6")o L iR%H5
5cmkiioE — 3", MR A Y 9 N 2- ALK
LE-1-O-B-D-MH IR 3 & B

&Y 10: BB T0E UK K s ESI-MS m/z: 377.1
[M+Na]", 73 CsH07Na; [a]h —12.7° (c 0.1,
HIEE); "H-NMR (400 MHz, Methanol-dy) J: 6.52 (2H,
s, H-3, 5), 5.94 (1H, m, H-8), 4.90 (1H, d, J=17.2 Hz,
H-9a), 4.80 (1H, d, J = 7.6 Hz, H-1'), 3.81 (6H, s, 2,
4-OMe), 3.33 (2H, d, J=7.2 Hz, H="7), 3.39 (1H, m,
H-2'), 3.47 (1H, m, H-3'), 3.20 (1H, m, H-4'), 3.39
(1H, m, H-5"), 3.78 (1H, dd, J = 12.4, 1.6 Hz, H-6'a),
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3.66 (1H, dd, J = 12.0, 4.8 Hz, H-6'b); "*C-NMR (100
MHz, Methanol-dy) 6: 154.2 (C-2, 6), 138.7 (C-1),
138.4 (C-4), 134.7 (C-8), 116.2 (C-9), 107.5 (C-3, 5),
105.6 (C-1'), 78.3 (C-3"), 77.8 (C-5"), 75.7 (C-2"), 71.3
(C-4"), 62.6 (C-6"), 57.0 (1, 3-OMe), 41.4 (C-7). ik %
a5 g — Y, WA 10 8 2,6-—H
AT -4-QQ-TH 32 - 2K 193 -1-O-B-D-IH e 7] 22 B

EW11: EEEARY): ESI-MS m/z: 357.2
[M+Na]", 273 CsH2406Na; [a]l —53.0° (c 0.2,
HIEE); 'H-NMR (400 MHz, Methanol-dy) J: 3.29~
3.49 (6H, m, H-7, 2'~5"), 3.66 (1H, dd, J = 12.2, 4.0
Hz, H-6a"), 3.84 (3H, s, H-10), 3.85 (1H, d, J = 12.0
Hz, H-6b’), 4.80 (1H, m Hz, H-1'), 5.02 (1H, brd, J =
9.2 Hz, H-9a), 5.06 (1H, dd, J = 15.6, 1.2 Hz, H-9b),
5.94 (1H, m, H-8), 6.71 (1H, dd, J = 8.0, 1.6 Hz, H-5),
6.81 (1H, d, J= 1.6 Hz, H-3), 7.06 (1H, d, J = 8.0 Hz,
H-6); C-NMR (100 MHz, Methanol-d;) &: 150.8
(C-2), 146.3 (C-1), 139.0 (C-4), 136.4 (C-8), 122.10
(C-5), 118.3 (C-6), 115.9 (C-9), 114.1 (C-3), 103.1
(C-1"), 782 (C-3"), 77.8 (C-5), 74.9 (C-2)), 71.3
(C-4"), 62.5 (C-6"), 56.7 (2-OMe), 40.7 (C-7). _Lik¥
a5 scmkikiE—, MR A 1108 2-H4
Fe-4-(2- P I F25)- 2R JH-B-D- M MR 87 57 B Y

&M 12: AETEE A K ; ESI-MS m/z: 395.1
[M+Nal", 773 C7H240oNa; '"H-NMR (400 MHz,
Methanol-d,) J: 6.74 (2H, s, H-3, 5), 6.54 (1H, d, J =
15.6 Hz, H-7), 6.32 (1H, dt, J = 15.6, 5.2 Hz, H-8),
4.86 (1H, m, H-1'), 4.22 (2H, brd, J = 5.2 Hz, H-9),
3.82 (6H, s, 2, 6-OCH3); “C-NMR (100 MHz,
Methanol-d;) J: 154.3 (C-2, 6), 135.9 (C-1), 135.2
(C-4), 131.3 (C-8), 130.0 (C-7), 105.4 (C-3, 5), 105.3
(C-1"), 783 (C-3"), 77.8 (C-5), 75.7 (C-2"), 71.3
(C-4"), 63.6 (C-9), 62.6 (C-6"), 57.1 (2, 6-OCH3). ik
Ml 5 ocwkioE -3, M et A 12 NET
HH
4 BERIMELESEIBLATFEM S

FIFH ABTS' [ B335 BR 035 e H AR,
EIEVEN T AEHE) S BE-/KAEEIZ D101 K AL
AR BEML S B RAL P A TS R . D101 KL
JIg 4 DNBEMLERAL (3 2) FOPAIERTE Ve 29 5 B 1) A
10.0 mg/mL R, FHAKKMRERL 5.00 1.0, 0.5,
0.1 0.01. 0.005 mg/mL & . ¥ 4 MPeMEALH
TR T 50 uL AT ABTS VAW 100 L, A K 20 pl

Ve B AP 180 WL ABTS VA4 5T N 96 L.
MPpEE TR . IR E 6 min, A 734 nm AL
G () fH, ZEAFNIHETERZE, Hilid Origin
7.0 BAFHERAE 1Cso . ARG AR AL R
VAR IZE 2, 60% CEFHEM A A B A SRAF P4
A -

HERR =40 (4 —42))/ Ao
Ao N5 CEFREH) ABTS T A 8, 4, WFE S ABTS'
AR AME, A, IR A
& 2 HEHUREWT D101 KFLARMIBIAE 4 SRRt BRAIAY
ABTS'BHEBMRIEN
Table2 ABTS' Radical-scavenging of four fractions of 70%

ethanol extract of Z. schinifolium

Ve B AL ICs¢/(ng-mL™)
30% £ Bl AL 6.94
60% £ B i AL 5.25
2 R DA 7.03
95% £ Bl AL 39.68
Ve 1.13

5 BMUAEYNRELEEFERR

K ABTS' [ H 3535 BR (03 I e H AR,
EIF PN ARSI BUE AR . & BRI E
HIRH X HE 24 Ve 23 Al BC i 0.5 F110.05 mmol/L [#)
I, BRI s A PR SR A7 1) SR e A AR R
kst BER, AW 3~5. 8 Al 9 HAKI I
FAIENE LAY 3~5.8.9 F1 Ve 2 BIFCHI K 5.0.
1.0, 0.5, 0.1, 0.01. 0.001 mmol/L FIVER, ME
ABTS" [ FH T BRiE 1 » 45 J 3L 1Cs0 155051 19.0.
4.5, 19.0, 10.0. 15.0 pmol/L, Hr{L&Y) 4 Pt
AR RS, 5 BHPEXT I 28 Ve(IC50=6.4 pmol/L)
4,
6 1Tt

B 70% L BE-7KSE B I s P a0 i
PEEBOL R B %EE T 2 M AL S e A
MEERS B, PLL 10 M Z2WMETRENED. 1k
“W)3~5. 8 F1 9 B RiFpnEfbimt:, ey
4 MPTEIE T S THPEX ]2 Vel ARBFT
B AU A 5 4 SRR BT S A v PR ) o
itk AT A BT PR 420 ot P R N B AR AR 97 FH i it
5%,
2%k
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