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Chemical constituents from the sticks and leaves of Crofon cascarilloides and
their biological activities
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ABSTRACT: AIM To study the chemical constituents from the sticks and leaves of Croton cascarilloides
Raeusch. and their biological activities. METHODS The 95% ethanol extract from the sticks and leaves of C.
cascarilloides was isolated and purified by MCI, silica gel, Sephadex LH-20 and semi-preparative HPLC, then the
structures of obtained compounds were identified by physicochemical properties and spectral data. LPS-induced NO
RAW264. 7 cell model induced by LPS was used to evaluate its anti-inflammatory activity in vitro. GES-1 injury
model induced by taurocholic acid was used to screen the gastric mucosal protection activity. RESULTS  Fourteen
compounds were isolated and identified as bullatantriol (1), (-=) -boscialin (2), (+) -dehydrovomifoliol
(3), 3- ( hydroxylacetyl ) -indole (4), pinoresinol (5), 3, 7-dimethyl-octa-1, 7-diene-3, 6-ol (6),
(+) -syringaresinol (7), curcasinlignan B (8), cleomiscosin C (9), cleomiscosinD (10), 2, 6-dimethyl-
octa-1, 7-dien-3, 6-diol (11), vanillin (12), vanillic acid (13), methyl vanillate (14). Compound 4 had
certain anti-inflammatory activity, with ICy, values of 73. 62 pwmol/L. The protective rates of 25 pwmol/L compounds
1-4, 6, 9-12 and 14 on gastric mucosal epithelial cells were 30.07% , 34.18% , 23.91%, 30.92%,
17.51%, 19.69% , 31.76% , 22.46% , 30.56% and 14.49% , respectively. CONCLUSION Compounds 1-
14 are isolated from this plant for the first time. Compound 4 shows anti-inflammatory activity, 1-4, 6, 9-12 and
14 show different degrees of gastric mucosal epithelial cell protective activity.

KEY WORDS: Croton cascarilloides Raeusch.; sticks and leaves; chemical constituents; isolation and

identification ; anti-inflammatory activity; gastric mucosal protection activity
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A), ONE (fakal, R REEHMERE A RA
Al) 5 HARHE S el
2 EBRSHE

#4417, 3 kg R SR TR, 95% £ P
W REM S W, A IFRER, W15 2] $E
Yy, KRS, LRI 3 W), 532
H303.3 g, & MCI K287, UIHEEK (9: 1~
0:1) BREEPEML, 755 Fr. 1~Fr. 20,

Fr.6 (6.9 g) % Sephadex LH-20 BEH:JZ T,
DL OEE BE B, 8 # Fr.6.1 ~ Fr.6.7, Fr.6.1
(219.1 mg) SRERAE)ZNT, VA HEE-4 R OB
(6 : 1) WM, "HREMLEGW 6 (5.7 mg) F
Fr.6.1.1~Fr.6.1.3, Fr.6.1.2 (171.7 mg) %%k
kR 24T, DLEDS-HEE (200 1) ¥EE, 75314k
A% 2 (0.8 mg) Ml Fr.6.1.2.1, Fr.6.1.2.1
(7.5 mg) Z2FHl46 HPLC 4iifk, LLZBE-/K (40 :
60) VEMBE (FRFHFE 4.0 mL/min, &K 210,
230 nm) , HELEW 1 (4.1 mg, t,=11.2 min),
Fr.6.2 (274.5 mg) ZREBAEZHT, Dhf k-
Pi-5 B (5 :5:0.01) Ve, 26 &
HPLC glifk,, LAZJE-/K (30 = 70) WMl (AR
i 4.0 mL/min, KA 210, 254 nm), 7551k
A3 (0.7 mg, t,=7.5min), Fr.6.3 (2.1 g)
ZRERATENT, DiAThEE-ZRAER (7 1) Ve,
5%] Fr.6.3.1 ~Fr.6.3.4, Fr.6.3.3 (120.2 mg)
2P & HPLC 2lifk, PLZME-7K (30 : 70) Ve,
B3-S 12 (1.2 mg, 1,=23.3 min) , 11 (1.7
mg, ty = 18.2 min), Fr.6.4 (188.5 mg) %4
Sephadex LH-20 &EfATZHT, DAHEEVENL, 286k
EREZHT, DiAhiE-Z R Ols (60 1) VML, &
il s HPLC gifk, DL ZAE-K (35 :65) VAL,
BEMEEY 5 (0.5 mg, t,=12.5 min), Fr.6.6
(192.8 mg) ZHEAEZENT, PAGEM-HEE (100 :
1) “ElE, B34 (1.1 mg), Fr.10 (6.6
g) % Sephadex LH-20 #EH:)ZHT, DLH BEPEM,
f5%) Fr.10. 1 ~ Fr. 10. 4, Fr.10.3 (249.2 mg) £
RERCAEJZNT, LIAmEE-L MR Al (10 1) Pl
43 Fr.10.3.1 ~ Fr.10.3.4, Fr.10.3.1 (34.0
mg) 24l % HPLC 4lifk, DLZAE-/K (25 : 75)
VEWE, 3 E1EEH 14 (2.2 mg, 1, =35.5 min);
Fr. 10. 3. 3 e A E N, DLf i k-5 005 -5 7
(5 5 :0.01) ¥EB, %% Fr.10.3.3.1 ~
Fr.10.3.3.3, Fr.10.3.3.2 Z2F#4 HPLC ik,
PLZRE-K (25 2 75) Veli, 8fea% 7 (3.5

mg, t;=21.4 min); Fr.10.3.3.3 (280.0 mg) £
RERCAEZ M, LAGEDG-HBE (500 = 1) BEME, 153
Fr.10.3.3.3.1 ~ Fr.10.3.3.3.5, Fr.10.3.3.3.2
(20.0 mg) Z2FHfl45 HPLC 4iifk, LAZIE-7K (25 :
75) BEME (AR 4.0 mL/min, A3 210,
230 nm) , HEMELEY 8 (1.3 mg, 1,=19.5 min);
Fr.10.3.3.3.3 (67.3 mg) %4l 4% HPLC #iifk,
PLZIE-7K (30 :70) ¥l (AR 4.0 mL/min,
Kl K 210, 230 nm) , BEMLEW 9 (1.8 mg,
tg=14.5 min) . 10 (3.7 mg, t;=16.5 min), Ifj
Fr.10.4 (57.7 mg) &RERAE)ZNT, Diamt-2
FRZME (8:1) WM, MAEAY 13 (1.0 mg) .
3 ¥R
&1, HEKAK, ESI-MS m/z; 257.214 3
[M+H]*.,"H-NMR (CD,0D, 500 MHz) &: 2.24
(IH, m, H-6a), 2.08 (2H, m, H-8a, 7a),
1.84 (1H, m, H-2a), 1.61 (1H, m, H-9a),
1.55 (1H, m, H-2b), 1.46 (1H, m, H-3b),
1.37 (1H, m, H-8b), 1.28 (3H, m, H-6b,
7b, 9b), 1.27 (3H, s, H-15), 1.22 (3H, s,
H-12), 1.21 (3H, s, H-13), 1.00 (3H, s, H-
14), 0.92 (1H, d, J=11.0 Hz, H-5);"”C-NMR
(CD,0D, 125 MHz) &: 80.7 (C-1), 72.6 (C-
11), 72.5 (C-4), 60.2 (C-5), 52.1 (C-7),
48.1 (C-10), 41.9 (C-3), 40.2 (C9), 33.4
(C-8), 33.0 (C-6), 32.0 (C-15), 30.3 (C-
13), 29.9 (C-12), 28.5 (C-2), 15.0 (C-14),
DL EEE 53CHR (9] i B —2, # s E N
bullatantriol ,
a2, ROKAK, ESI-MS m/z. 249. 145 7
[M+Na]*,'"H-NMR (CD,0D, 500 MHz) & 6.88
(1H, d, J=15.9 Hz, H-7), 6.33 (1H, d, J=
15.9 Hz, H-8), 3.86 (1H, m, H-3), 2.27 (3H,
s, H-10), 2.10 (1H, m, H-5), 1.68 (2H, m,
H-4), 1.41 (2H, m, H-2), 1.04 (3H, s, H-
11), 0.87 (3H, s, H-12), 0.80 (3H, s, H-
13) ;% C-NMR (CD,0D, 125 MHz) &: 199.8 (C-
9), 154.4 (C-7), 131.6 (C-8), 78.3 (C-6),
67.2 (C-3), 45.7 (C-2), 40.6 (C-1), 39.6 (C-
4), 35.3 (C-5), 27.4 (C-10), 25.9 (C-12),
25.2 (C-11), 16.5 (C-13), VI I ¥ ¥ 5 3 ik
[10] HOEFA—E, WEEHN (-) -boscialin,
& 3. ik, ESI-MS m/z: 223.132 8
[M+H]",'"H-NMR ( CDCl,, 500 MHz) &: 6.83
2251
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(1H, d, J=15.7 Hz, H-7), 6.47 (1H, d, J=
15.7 Hz, H-8), 5.96 (1H, s, H-4), 2.50
(1H, d, J=17.2 Hz, H-2a), 2.35 (1H, d, J=
17.2 Hz, H-2b), 2.31 (3H, s, H-10), 1.89
(3H, s, H-13), 1.11 (3H, s, H-11), 1.03
(3H, s, H-12);”C-NMR (CDCl;, 125 MHz) §:
197.4 (C-9), 197.0 (C-3), 160.2 (C-5),
145.0 (C-7), 130.5 (C-8), 128.0 (C-4), 79.5
(C-6), 49.7 (C-2), 41.6 (C-1), 28.6 (C-10),
24.5 (C-12), 23.1 (C-11), 19.0 (C-13), Mk
BAE 5 SCHk [11] MEEAR -, WEEN
(+) -dehydrovomifoliol ,

&t 4. WREOBAK, ESI-MS m/z; 176.112 6
[M+H]",'H-NMR (CDCI,, 500 MHz) §: 4.81
(2H, d, J=1.2 Hz, H-9), 7.37 (2H, dd, J=
6.1, 2.6 Hz, H-5, 6), 7.48 (1H, m, H-7),
7.95 (1H, m, H-2), 830 (1H, m, H4),
8.79 (1H, s, -NH);" C-NMR ( CDCl,, 125
MHz) 8. 193.4 (C-8), 135.9 (C-7a), 130.5
(C-2), 124.9 (C-3a), 124.1 (C-4) 123.2 (C-
6), 122.5 (C-5), 114.6 (C-3), 111.8 (C-7),
65.6 (C-9), DA S 3CHk [12] B HEA—
0, WERE N 3- (hydroxylacetyl) -indole,

&Y 5. R, ESI-MS m/z: 359.153 5
[M+H]",'"H-NMR (CD,0D, 500 MHz) &; 6.93
(2H, d, J=1.9 Hz, H-2, 2'), 6.80 (2H, J=
8.2, 1.9 Hz, H-6, 6'), 6.75 (2H, d, J=8.1
Hz, H-5, 5'), 4.69 (2H, d, J=4.0 Hz, H-7,
7'y, 4.22 (2H, dd, J = 8.9, 6.6 Hz, Ha-9,
9'), 3.84 (6H, s, 3, 3'-OCH,), 3.82 (2H,
m, H9b, 9'b), 3.14 (2H, m, H-8, 8);"”C-
NMR (CD,0OD, 125 MHz) &; 149.1 (C-4, 4'),
147.3 (C-3, 3'), 133.8 (C-1, 1'), 120.1 (C-
6, 6'), 116.1 (C-5, 5'), 111.0 (C-2, 2'),
87.5 (C-7, 7'), 72.6 (C-9, 9"), 56.4 (3, 3'-
OCH,), 55.4 (C-8, 8"), VI L %dE53cimk [13]
fIEFEA L, B IR ER .

ka6, Ttimik, ESI-MS: m/z 171.132 7
[M+H]*,'H-NMR (CD,0D, 500 MHz) &: 5.88
(1H, ddd, J =17.4, 10.8, 1.5 Hz, H-2), 5.6l
(2H, m, H-5, 6), 5.17 (1H, dd, J = 17.4,
1.7 Hz, H-1b), 5.01 (1H, dd, J=10.8, 1.6
Hz, H-la), 2.21 (2H, m, H-4), 1.25 (6H,
s, H-8, 9), 1.21 (3H, s, H-10);"” C-NMR
2252

(CD,0D, 125 MHz) &: 146.3 (C-2), 142.6 (C-
6), 123.3 (C-5), 112.1 (C-1), 73.7 (C-3),
71.2 (C-7), 46.4 (C-4), 29.9 (C9), 29.6
(C-8), 27.0 (C-10), DA E¥dlE53cHk [14] )
BRA—F, MEE N 3, 7-dimethyl-octa-1, 7-
diene-3, 6-ol,

& 7. BYHIR, ESI-MS m/z: 419.204 6
[M+H]",'H-NMR (CD,0D, 500 MHz) &: 6.63
(4H, s, H-2, 2', 6, 6'), 469 (2H, d, J=
3.9 Hz, H-7, 7'), 4.24 (2H, dd, J=8.8, 6.4
Hz, H-9, 9'), 3.88 (2H, dd, J=9.3, 3.1 Hz,
H-9, 9'), 3.82 (I2H, s, 3, 3', 5, 5'-OCH,),
3.15 (2H, m, H-8, 8');"C-NMR (CD,0D, 125
MHz) 8. 149.4 (C-3, 3', 5, 5'), 136.3 (C-4,
4'y, 132.9 (C-1, 1), 104.5 (C-2, 2', 6,
6'), 87.3 (C-7, 7'), 72.8 (C-9, 9'), 57.0
(3, 3,5, 5-0CH,), 55.5 (C-8, 8), LI L%k
W5 CHR [15] fREEA -3, WEEEm (+) -
syringaresinol ,

k& % 8. Ik H MR, ESI-MS m/z:
353.100 2 [M+Na]*,"H-NMR (CDCl,, 500 MHz)
5: 9.85 (1H, s, H-7'), 7.44 (1H, s, H-6'),
7.41 (1H, s, H-2"), 6.90 (3H, s, H-2, 4,
6), 5.70 (1H, d, J=7.2 Hz, H-7), 4.03 (2H,
m, H-9), 3.96 (3H, s, 3-OCH,), 3.88 (3H,
s, 3'-OCH, ), 3.72 (1H, m, H-8);" C-NMR
(CDCl,, 125 MHz) &; 190.6 (C-7'), 154.2 (C-
4"y, 146.9 (C-3), 146.2 (C-5), 145.3 (C-
3"y, 132.1 (C-1), 131.6 (C-1"), 128.8 (C-
5'), 120.7 (C-6'), 119.7 (C-2), 114.6 (C-
4), 112.4 (C-2"), 108.9 (C-6), 89.6 (C-7),
64.1 (C-9), 56.3 (3'-OCH,), 56.0 (3-OCH,),
52.9 (C-8), DAEBRSSCHR [16] B HEA—
H, BEE N curcasinlignan B,

&YW 9. HERIA, ESI-MS m/z; 415.102 5
[M-H] ,'"H-NMR (CDCl,, 500 MHz) &: 7.60
(1H, d, J=9.5 Hz, H-4), 6.68 (2H, s, H-2',
6'), 6.53 (1H, s, H-5), 6.31 (1H, d, J=9.5
Hz, H-3), 5.64 (1H, s, 4-OH), 5.04 (1H,
d, J=8.1 Hz, H-7"), 411 (1H, m, H-8"),
3.96 (1H, m, H-9'b), 3.93 (3H, s, 6-OCH,),
3.91 (6H, s, 3', 5'-OCH,), 3.61 (1H, s, H-
9'a), 2.25 (1H, s, 9’-OH),” C-NMR ( CDCl,,
125 MHz) &: 160.8 (C-2), 147.5 (C-3', 5'),
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145.6 (C-6), 143.7 (C4), 139.2 (C9),
137.0 (C-7), 135.8 (C-4'), 132.9 (C-8),
126.2 (C-1"), 114.5 (C-3), 111.8 (C-10),

104.6 (C-2', 6'), 100.4 (C-5), 79.1 (C-8),
76.7 ( C-7"), 61.5 (C-9'), 56.7 (3", 5'-
OCH,), 56.6 (6-OCH;). Vi F¥id8 5 3CiHk [17]
fRIBEFEA B, e N RICKE C,

L& W 10, IR ¥ @K K, ESI-MS: m/z
439.201 3 [ M + Na]*,'"H-NMR ( DMSO-d,, 500
MHz) 8: 8.56 (1H, s, 4'-OH), 7.94 (1H, d,
J=9.6 Hz, H-4), 6.89 (1H, s, H-5), 6.72
(2H, s, H2", 6'), 6.31 (1H, d, J=9.5 Hgz,
H-3), 5.06 (1H, t, J=5.4 Hz, 9-OH), 4.94
(IH, d, J=7.9 Hz, H-7"), 4.34 (1H, m, H-
8), 3.76 (3H, s, 6-OCH,), 3.74 (6H, s, 3',
5'-OCH;), 3.68 (1H, m, H-9a'), 3.36 (1H,
dd, J=12.3, 5.9 Hz, H-9b');"” C-NMR ( DMSO-
dy, 125 MHz) &: 160.0 (C-2), 148.0 (C-3',
5'), 145.3 (C-6), 144.8 (C-4), 138.0 (C-8),
137.1 (C-7), 136.3 (C-4'), 131.7 (C-8a),
125.7 (C-1"), 113.2 (C-3), 111.3 (C-4a),
105.7 (C-2', 6'), 100.8 (C-5), 77.8 (C-8),
76.6 (C-7'), 59.9 (C-9'), 55.9 (6-OCH,),
55.7 (3', 5'-OCH,), DL E-%c¥s5 ek (18]
EHAR—F, W N RICER D,

L&Y 11 BHHIR, ESI-MS m/z: 171,123
6 [M+H]*,"H-NMR (CDCl,, 500 MHz) &; 5.90
(1H, ddd, J=17.4, 10.8, 5.5 Hz, H-7), 5.23
(1H, ddd, J=17.3, 2.3, 1.3 Hz, H-8a), 5.07
(1H, ddd, J=10.8, 2.4, 1.2 Hz, H-8b), 4.95
(IH, d, J=4.3 Hz, H-la), 4.84 (1H, d, J=
6.7 Hz, H-1b), 4.06 (1H, q, J=6.5 Hz, H-
3), 1.72 (3H, s, 2-CH,), 1.64 (2H, m, H-
4), 1.59 (2H, m, H-5), 1.30 (3H, s, 6-
CH,);"C-NMR (CDCl,, 125 MHz) §: 147.6 (C-
2), 145.1 (C-7), 112.1 (C-8), 111.1 (C-1),
76.4 (C-3), 73.1 (C-6), 38.4 (C-5), 29.5
(C-4), 28.4 (6-CH,), 17.9 (2-CH,), P\ %
PEICHR [19] EHEA -, W¥ExEh 2, 6-
dimethyl-octa-1, 7-dien-3, 6-diol,

&Y 12, AL, ESI-MS m/z: 153.021 1
[M+H]",'"H-NMR (CD,0D, 500 MHz) &: 9.67
(1H, s, -CHO), 7.41 (2H, d, J=7.8 Hz, H-
2, 6), 6.87 (1H, d, J=8.3 Hz, H-5), 3.88

(3H, s, 3-OCH,).”C-NMR (CD,0D, 125 MHz)
8: 192.7 (-CHO), 155.2 (C-4), 150.3 (C-4),
128.7 (C-1), 128.6 (C-6), 116.8 (C-2),
110.9 (C-5), 56.3 (3-OCH,), VI I %ds5 ik
[20] B FEA—F, e R,

&Y 13, AEEHT, ESI-MS m/z; 169.203 5
[M+H]*,"H-NMR (CDCl,, 500 MHz) 6. 7.44
(1H, d, J=1.7 Hz, H-2), 7.33 (1H, dd, J=
7.9, 1.9 Hz, H-6), 7.00 (1H, d, J=7.9 Hz,
H-5), 3.98 (3H, s, -OCH,) ;" C-NMR (CDCl,,
125 MHz) 6. 169.4 (-C =0), 149.8 (C-1),
146.6 (C-3), 1257 (C-6), 119.8 (C-4),
113.6 (C-5), 112.3 (C-2), 56.3 (-OCH,), W
B SSCER [21] WREREA -, BEENF
TR

&Y 14, AEENS, ESI-MS m/z; 183.121 4
[M+H]*,"H-NMR (CDCl,, 500 MHz) &: 7.64
(1H, dt, J=8.3, 1.3 Hz, H-6), 7.55 (1H, s,
H-2), 6.94 (1H, d, J=8.5 Hz, H-5), 3.95
(3H, s, 3-OCH;), 3.90 (3H, s, 7-OCH,);"C-
NMR (CDCl,, 125 MHz) 8: 167.0 (C-7), 150.2
(C-3), 146.3 (C-4), 124.4 (C-6), 122.5 (C-
1), 114.2 (C-5), 111.8 (C-2), 56.4 (3-
OCH,), 52.1 (7-OCH,). i %l 5 3CHk [22]
A EEA —F, B E AR R T
4 EWiEEHR
4.1 WRIMR K FH  SHSCHER [23-24] HHE,
RAW264. 7 408 FH 4 10% FBS ) DMEM 15 35 % 54
F%, WEMEE 1x10°/mL, T 96 fLAUh R
24 h, fINA 50 pL AHRALAS W (100 pmol/L)
Wigi 1 h, MIA S0 wL LPS AbBH 24 h, HL 100 wl 4
O 20 96 fLAk H, 4L 100 pl (40 mg/mL)
Griess A, VIMHEZ R | WIWESEE 0 PHEXT R, 7E
540 nm PAAMEWOCREE, P17 3 K, T1H5E NO ]
ﬂ?ﬂ%, HxH GraphPad Prism Lo ¢ n =N ICSO{EO

BG4 BT 0, THE ISR K IC,,
H, 258, BEA—ENERIMIRTENE, 1C,EH
(73.62+4.64) wmol/L, LT pz & m|E3E
[ (12.09+0.92) . (33.25+4.47) pmol/L],

4.2 BEBE/KFEE B GES-1 S &, M
4x10°/mLE EHA T 96 fLAR, ¥53% 24 h, wEAfL

G A AR R, WS SR, B
XTHREEAINA 100 L JHEREH (25 pmol/L), BT &

1.5 mmol/L -1l JHFR 1) DMEM £ 24 15 3% 3t rh 1 55
2253
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24 h; LEWA A 100 WL MR ALE PR (25
pmol/L) , BT 1.5 mmol/L 4-fiffi JHER 1Y 1% 3% B
HRESE 24 hy B HAASMAEMZGY), 7 450 nm
PRAL M EWOCRE (A), R R, AKX
AAMARY R = [ (Agams —Aspm) Appm ] X
100% =, 455 25 umol/L L&Y 1~4, 6, 9~
12, 14 X1 8 Z B 1 B2 a fif BA7 — o i R4 E
R4 R 4 51K (30.07 £ 0.09)% ., (34.18 +
0.16)% . (23.91 = 0.15)% . (30.92 = 0.14)% .
(17.51+ 0.06)% . (19.69 + 0.05)% . (31.76 =
0.10)% . (22.4620.01)% . (30.56+0.05)% . (14.49+
0.03)% , TFHYEXTARA R (14.13£0.07)% .
5 #ig

ARSI R I T SR 2 B AR B 14 MBS
Y, G048 3 DR (1~3) ., 1 DM EWRE
(4) . A PARIEZEZ (5~8) 24 FUELE (9~
10) . 1 AHREE2EAE (11) F4 DA (12~
14) . Hr, tbaW 1~14 358 W ZHE Y 4y
BRE AW 4 R —EMPLRIENE, 1C,1H
5 73.62 wmol/L; 25 pmol/L LG4 1~4, 6, 9~
12, 14 HATNRIRR BE ) 7 2GR b R A L AR 4 s
SEHR.
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