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Abstract — The fruit of Zanthoxylum schinifolium has been widely used as a spice and traditional medicine. In this study, the
chemical constituents of the seed and pericarp of Z. schinifolium fruit were comparatively investigated to elucidate their part-
specific characteristics. A total of eight compounds were isolated through chromatographic separation and identified using spec-
troscopic analyses as 2,4,6-trihydroxyacetophenone-6-O-glycoside (1), hesperidin (2), scoparone (3), bergapten (4), schinifoline
(5), peroxyschinilenol (6), peroxyschinallylol (7), and collinin (8). Quantitative analysis revealed that compounds 1 and 2 were
mainly distributed in the seed, whereas compounds 4-8 were predominantly detected in the pericarp. In contrast, compound
3 was present in comparable amounts in both parts. These results demonstrated distinct distribution patterns of secondary
metabolites in Z. schinifolium fruit, with phenolic and flavonoid compounds enriched in the seed and coumarins and alkaloids
enriched in the pericarp. Compounds 1 and 2 were identified as characteristic constituents of the seed, whereas compounds
4-8 were characteristic constituents of the pericarp. Compound 3 was commonly distributed in both parts. This study provides
fundamental insights into the part-specific chemical composition of Z. schinifolium fruit and may contribute to a better under-

standing of the differentiated utilization of its seed and pericarp.
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2,4,6-Trihydroxyacetophenone-6-O-glycoside (1) — Yellow
syrup; UV (MeOH) A, 221, 284 nm; HR-ESI-FT-MS m/z
353.0843 [M+Na]" (caled. C,,H,;O,Na, 353.0843); 'H-NMR
(400 MHz, CD,OD): & 6.44 (IH, d, J=22 Hz, H-5), 6.18
(1H, d, /=22 Hz, H-7), 5.02 (1H, d, /~7.6 Hz, H-1"), 3.93
(1H, dd, J=11.8, 1.9 Hz, H-6'a), 3.72 (1H, dd, J=11.8, 5.1
Hz, H-6'b), 3.55-3.38 (4H, m, H-2', H-3', H-4', H-5"), 2.69
(3H, s, H-1); *C-NMR (100 MHz, CD,0OD): § 204.8 (C-2),
167.8 (C-8), 166.3 (C4), 162.7 (C-6), 106.8 (C-3), 102.1 (C-1),
98.2 (C-7), 95.4 (C-5), 78.4 (C-5'), 77.0 (C-3"), 74.8 (C-2"),
69.4 (C-4'), 60.4 (C-6), 33.5 (C-1).

Hesperidin (2) — Light yellow amorphous powder; UV
(MeOH) A, 284 nm; HR-ESI-MS m/z 611.1966 [M+H]*
(caled. CygHy,0,5, 611.1970); 'H-NMR (400 MHz, CD;0D):
§ 6.97 (IH, br s, H-2"), 6.94 (2H, m, H-5', H-6"), 6.20-6.19
(2H, m, H-6, H-8), 5.41 (1H, dd, /=124, 3.0 Hz, H-2), 4.94
(1H, d, /<74 Hz, H-1"), 4.69 (1H, d, J=1.5 Hz, H-1""), 4.00
(1H, d, /=94 Hz, H-6"a), 3.86 (3H, s, OCH,;), 3.69-3.58
(6H, m, H-2", H-4", H-5"), 3.69-3.58 (6H, m, H-3"", H-4"",
H-5"), 3.49 (1H, q, J/~1.6 Hz, H-2"), 3.45-3.42 (H, m, H-
3", 3.37 (1H, d, /=9.4 Hz, H-6"b), 3.13 (1H, m, H-3a), 2.79
(1H, dd, J=17.1, 3.2 Hz, H-3b), 1.19 (3H, d, J=6.2 Hz, CH,).

Scoparone (3) — Pale yellow needles; UV (MeOH) A, 230,
295, 343 nm; HR-ESI-MS m/z 207.0650 [M+H]" (calcd.
C,H,,0,, 207.0652); '"H-NMR (400 MHz, CD,0D): & 7.88
(1H, d, /=9.2 Hz, H-4), 7.13 (1H, brs, H-5), 6.98 (1H, br s,
H-8), 6.26 (1H, d, J=9.2 Hz, H-3), 3.92 (3H, s, OCH,), 3.88
(3H, s, OCH,); *C-NMR (100 MHz, CD,0D): § 162.4 (C-2),
153.4 (C-8a), 149.9 (C-7), 146.7 (C-6), 144.5 (C4), 112.1 (C-5),
111.7 (C4a), 1085 (C-3), 99.6 (C-8), 55.5 (OCHL), 5.4 (OCHL).
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Bergapten (4) — White needles; UV (MeOH) A, 222
250, 267, 309 nm; HR-ESI-MS m/z 217.0493 [M+H]* (calcd.
C,H,0,, 217.0495); '"H-NMR (400 MHz, CDCL,): § 8.15
(1H, d, /=9.8 Hz, H-4), 7.59 (1H, d, /=2.4 Hz, H-9), 7.13
(1H, brs, H-8), 7.02 (1H, dd, /=24, 0.9 Hz, H-10), 6.27 (1H,
d, /9.8 Hz, H-3), 427 (3H, s, OCH,); “C-NMR (100 MHz,
CDCL): 8 161.3 (C-2), 1584 (C-7), 152.7 (C-8a), 149.6 (C-5),
144.8 (C-9), 139.3 (C-4), 112.7 (C-6), 112.5 (C-3), 106.4 (C-
4a), 105.0 (C-10), 93.9 (C-8), 60.1 (OCH,).

Schinifoline (5) — Light yellow syrup; UV (MeOH) 2.
213, 234, 240 nm; HR-ESI-MS m/z 258.1850 [M+H]" (calcd.
C,;H,,0ON, 258.1852); '"H-NMR (400 MHz, CDCl,): § 8.44
(1H, dd, J=8.0, 1.2 Hz, H-5), 7.65 (1H, br t, J=7.9 Hz, H-7),
7.50 (1H, br d, /=8.9 Hz, H-8), 7.36 (1H, t, /=7.6 Hz, H-6),
6.23 (1H, s, H-3), 3.73 (3H, s, N-Me), 2.70 (2H, t, J/=7.7 Hz,
H-1)), 1.68 (2H, q, J=7.2 Hz, H-2)), 143 (2H, m, H-3'),
1.36-1.28 (6H, m, H-4', H-5', H-6'), 0.89 (3H, t, J/=6.5 Hz,
H-7'); BC-NMR (100 MHz, CDCL,): § 177.9 (C-4), 154.8
(C-2), 141.9 (C-10), 132.0 (C-7), 126.6 (C-5), 126.5 (C-9),
123.3 (C-6), 115.4 (C-8), 111.1 (C-3), 34.8 (C-1"), 34.1 (N-
Me), 31.7 (C-5"), 29.2 (C-3"), 29.0 (C-4"), 28.6 (C-2), 22.6
(C-6"), 14.1 (C-7".

Peroxyschinilenol (6) — Yellow syrup; UV (MeOH) A,
257, 321 nm; HR-ESI-MS m/z 383.1463 [M+Na]" (calcd.
C,H,,0Na, 383.1465); 'H-NMR (400 MHz, CD,0D): §
7.89 (1H, d, /=9.6 Hz, H-4), 7.34 (1H, d, /=8.4 Hz, H-5),
7.07 (1H, d, J=8.8 Hz, H-6), 6.27 (1H, d, /=9.6 Hz, H-3),
5.70-5.61 (2H, m, H-5', H-6"), 5.58 (1H, t, J/=6.7 Hz, H-2'),
4.76 (2H, d, J=6.8 Hz, H-1"), 3.94 (3H, s, OCH,), 2.82 (2H,
d, J=4.8 Hz, H-4'), 1.79 (3H, s, H-10"), 1.30 (6H, s, H-8', H-
9"); 3C-NMR (100 MHz, CD,0D): § 160.9 (C-2), 154.5 (C-7),
147.2 (C-8a), 144.1 (C-4), 140.1 (C-3"), 135.9 (C-6'), 135.7
(C-8), 126.4 (C-5"), 122.6 (C-5), 119.2 (C-2"), 113.2 (C-4a),
111.7 (C-3), 110.0 (C-6), 80.4 (C-7"), 65.2 (C-1), 59.7 (OCH,),
41.3 (C-4'), 22.9 (C-8, C-9), 14.8 (C-10").

Peroxyschinallylol (7) — Yellow syrup; UV (MeOH) A,
257, 319 nm; HR-ESI- MS m/z 383.1464 [M+Na]" (calcd.
C,oH,,0Na, 383.1465); 'H-NMR (400 MHz, CD,0D): §
7.86 (1H, dd, /=9.2, 2.0 Hz, H-4), 7.31 (1H, dd, /=838, 2.4
Hz, H-5), 7.05 (1H, dd, J=8.8, 2.4 Hz, H-6), 6.25 (1H, dd,
J=9.6, 1.2 Hz, H-3), 5.53 (1H, t, /6.4 Hz, H-2'), 493 (1H, s,
H-8'), 490 (1H, s, H-8"), 4.73 (2H, d, J=6.4 Hz, H-1"), 420
(1H, t, J=6.8 Hz, H-6'), 3.92 (3H, s, OCH;), 2.11 (2H, t, J~7.6
Hz, H-4"), 1.78 (3H, s, H-10"), 1.71 (3H, s, H-9"), 1.57 (1H, m,
H-5"), 1.45 (1H, m, H-5"); "C-NMR (100 MHz, CD,0D): §
162.9 (C-2), 156.5 (C-7), 149.3 (C-8a), 145.8 (C-3'), 145.7
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(C-4), 146.1 (C-7), 137.7 (C-8), 124.6 (C-5), 1209 (C-2'),
1152 (C-4a), 114.3 (C-8), 113.7 (C-3), 112.0 (C-6), 89.6 (C-
6), 67.2 (C-1), 61.7 (OCH,), 36.5 (C-4"), 30.0 (C-5"), 17.2
(C-9"), 167 (C-10).

Collinin (8) — Colorless syrup; UV (MeOH) A, 257, 318
nm; HR-ESI- MS m/z 351.1573 [M+Na]" (caled. C,,H,,0,Na,
351.1567); 'H-NMR (400 MHz, CD,0OD): 6 7.86 (1H, dd,
J=9.2, 2.0 Hz, H-4), 7.31 (1H, dd, J/=8.8, 2.4 Hz, H-5), 7.05
(1H, dd, J/=8.8, 2.4 Hz, H-6), 6.25 (1H, dd, /=9.6, 1.2 Hz,
H-3), 5.53 (1H, t, J=6.4 Hz, H-2"), 493 (IH, s, H-8'), 4.90
(1H, s, H-8'), 473 (2H, d, J=6.4 Hz, H-1"), 420 (IH, t,
J=6.8 Hz, H-6'), 3.92 (3H, s, OCH,), 2.11 (2H, t, /=7.6 Hz,
H-4), 1.57 (IH, m, H-5"), 1.45 (1H, m, H-5"), 1.78 3H, s,
H-10"), 1.71 (3H, s, H-9").
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Fig. 1. HPLC chromatogram of [A] seed extract and [B] pericarp extract of Z. schinifolium.
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Fig. 2. Compounds isolated from the seed and pericarp of Z. schinifolium.
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Table 1. Contents of compounds in seed and pericarp of Z.
schinifolium

Amounts (ng/g dried sample)

Compounds -
Seed Pericarp
?éilg_glr}igzir(;xi/f;:etophenone 45 <10
Hesperidin (2) 83.7 <1.0
Scoparone (3) 37.1 335
Bergapten (4) 253 5174
Schinifoline (5) 15.2 338.2
Peroxyschinilenol (6) <1.0 175.9
Peroxyschinallylol (7) <1.0 54.1
Collinin (8) 54.1 897.1
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B EREe] Jov 1 S xpolE UERAIT
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collinin (8) F2te} 3] 71 3HeFe] xpol& Kol 7w o] g
o] FApHTh 7Hzt 204, 222 2 16.5¥]9] =& Fgoz
A3

o| o] AFZHE, FAo= phenolic compound 2
flavonoid A &o] F2 E¥3= W, 3o = coumarin
9! alkaloid /g&-0] SH-8HA E3Esh= A-g RISkt

Az i ZX X Blo] ST AR BE o)) 2ol
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