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Abstract; To study the anti-inflammatory constituents of Clerodendranthus spicaius. With the aid of activity tracing, the

compounds were isolated from the anti-inflammatory active fractions of C. spicatus through various separation methods
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including column chromatography on silica gel, MCI and HPLC. Their chemical structures were identified by analyzing
their spectra data and comparing with published literatures. The inflammatory cell model, built by LPS-induced RAW
264.7 macrophage cells, was used to evaluate anti-inflammatory effects. The results were as follows: (1) Ten compounds
were obtained from anti-inflammatory active fractions and their structures were identified as paulownin (1), salvigenin
(2), bis-(2-ethylhexyl) terephthalate (3), N-( N-benzoy-L-phenylalany )-L-phenylalanol (4), fragransin B,(5), 6,
7,8,4'-tetramethoxyflavone (6), N-trans-feruloyltyramine (7) , N-cis-feruloyltyramine (8) , trans-N-cinnamoyltyramine
(9), neoechinulin A (10) , respectively. Compounds 1, 4, 8—10 were obtained from this plant for the first time. (2)
The anti-inflammatory test results showed that the anti-inflammatory constituents of C. spicatus mainly existed in the mid-
low polarity extract. Most of compounds showed certain inhibition effects on NO production. Among them, amides (7-9)
also showed better anti-inflammatory effects, indicating that amides are one of main anti-inflammatory constituents of

C. spicatus. This study enriches the material basis of anti-inflammatory of C. spicatus, and also provides a scientific basis

for its development and utilization.
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inflammatory activity
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HRAE TLC 28B4 5, F 60% Fil 80% 20 4345 9,
I RERCAE A3 B alifk, AT/ R R (10 ¢ 1—
0:1,V/V)Uei, 4558 5 N4 Fr.l~Fr.5, Fr.l it
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Fr.l-1~Fr.1-3, Fr.1-2 ZRERE BRI 52 4lifk, 15
FMEEY 1(8.3 mg) .2(6.5 mg) 3(5.3 mg), Fr.2
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&% 1 HE K, ESI-MS m/z; 371.3
[M+H]*, 7 F X A C,y Hy O,, "H-NMR (500
MHz, CDCl,), 8: 6.94 (1H, d,/ = 1.0 Hz, H-
2'), 6.91 (1H, s, H-2), 6.85 (2H, m, H-6,
6'), 6.83 (1H, d, J = 8.0 Hz, H-5), 6.78 (1H,
d, J = 8.0 Hz, H-5"), 5.98 (2H, s, -OCH,0-),
5.96 (2H, s, -OCH,0-), 4.84 (1H, d, J = 4.5
Hz, H-7'), 4.81 (1H, s, H-7), 4.49 (1H, dd,
J =8.0,9.5Hz, H9'b), 4.03 (1H, d, J = 9.5
Hz, H9b), 3.90 (1H, d, J = 9.5 Hz, H-9a),
3.81 (1H, dd, J = 6.5, 9.5 Hz, H-9'a), 3.04
(1H, m, H-8");"”C-NMR (125 MHz, CDCl,), &:
129.4 (C-1), 107.6 (C-2), 148.1 (C-3), 148.3
(C-4), 108.7 (C-5), 120.3 (C-6), 87.6 (C-7),
91.8 (C-8), 75.0 (C-9), 134.8 (C-1"), 107.0
(C-2'),147.4 (C-3"), 148.2 (C-4"), 108.3 (C-
5'), 119.9 (C-6"), 86.0 (C-7"), 60.6 (C-8'),
71.8 (€-9'), 101.3, 101.4 (2 x -OCH,0-), D) |
s 5 SCk (S AR IR 1, 2010) BEA—F B
FE NI ZE ( paulownin) .

& 2 B A KK, ESI-MS m/z:329.1
[M+H]", T3k € H, Oy, ' H-NMR (500 MHz,
acetone-dy ), 6: 12.93 (1H, s, 5-OH), 8.04 (2H,

d, J = 8.5 Hz, H-2", H-6"), 7.13 (2H, d, J =
8.5 Hz, H-3", H-5"), 6.86 (1H, s, H-3), 6.72
(1H, s, H-8), 3.99 (3H, s, 6-OCH,), 3.92
(3H, s, 7-OCH,), 3.80 (3H, s, 4'-OCH;) ; “C-
NMR (125 MHz, acetone-ds), 6; 165.0 (C-2),
104.4 (C-3), 183.5 (C-4), 163.8 (C-5), 133.6
(C-6), 154.0 (C-7), 92.0 (C-8), 154.1 (C-9),
106.6 (C-10), 124.4 (C-1"), 129.1 (C-2', 6'),
115.5 (C-3',5"), 160.2(C-4"), 60.6 (6-OCH,) ,
56.8 (7-0CH,), 56.0 (4'-OCH,) . L E#dl5 ¢
ik ( Shaheen et al., 2011) FAN—F | i X E N BB
ﬁ%(salvigenin) o

&Y 3 wAEMARY . ESI-MS m/z:391.3
[M+H]*, 273N C,,H,,0,, ' H-NMR (500 MHz,
acetone-dy) , 6: 8.14 (4H, s, H-3,4,6,7), 4.27
(4H, m, H-1', 1), 1.73 (2H, m, H2", 2"),
0.95 (6H, t, J = 7.5 Hz, H-8', 8"), 0.92 (6H,
t, J = 7.5 Hz, H-6', 6"); "C-NMR (125 MHz,
acetone-d,) , 8: 166.1 (C-1, 8), 135.2 (C-2, 5),
130.3 (C-3,4,6,7),68.0(C-1",1"), 39.8 (C-
2", 2"y, 31.3 (C-3",3"), 29.7 (C-4",4"), 23.6
(C-5',5"), 14.3 (C-6", 6"), 24.7 (C-7",7"),
11.4 (C-8", 8"), LA F%di 5 SCHik ( Dissanayake et
al., 2016 ) BEA—F, B4 e 04 — R — ¢ g
[ bis-( 2-ethylhexyl) terephthalate ] ,

&4 HEKAER, ESI-MS m/z:403.2 [ M+
H]*, > 73N C HyN,0,.,' H-NMR (500 MHz,
acetone-d¢) , 6: 7.82 (2H, d, J = 7.0 Hz, H-3",
7Yy, 7.52 (1H, t, J = 7.5 Hz, H-5") , 7.42 (2H, 1,
J = 8.0 Hz, H-4", 6"), 4.84 (1H, m, NHCO),
4.08 (1H, m, NHCO), 3.21 (1H, dd, J = 9.5,
13.5 Hz, H-3a), 3.03 (1H, dd, J =9.5, 13.5 Hz,
H-3b), 2.89 (1H, dd, J = 7.5, 13.5 Hz, H-3'a),
2.75 (1H, dd, J = 7.5, 13.5 Hz, H-3'b) ; "C-NMR
(125 MHz, acetone-d), 6: 171.7 (C-1), 55.9 (C-
2), 38.3 (C-3), 139.8 (C4), 129.0 (C-5, 9),
130.2 (C-6, 8), 126.8 (C-7), 63.6 (C-1"), 53.9
(C-2"),37.6 (C-3"), 138.9 (C4'), 129.0 (C-5',
9'), 130.2 (C-6', 8'), 127.2 (C-7'), 167.4 (C-
1), 135.3 (C-2"), 128.2 (C-3", 7"), 130.1 (C-4",
6"), 132.2 (C-5"), VL L %uds 5 3CHk (Xu et al.,
2009 ; 2=, 2018 ) BEAR —E, MUEE Ry N-( V-4
PRI -L- 2R N R 3 ) -L- R L N B [ N-( N-benzoy-L-
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42 %

phenylalany ) -L-phenylalanol ] ,

EWS IRFEEALIRY . ESI-MS m/z:405.2
[M+H]", 2> 72K C,,H, 0, 'H-NMR (500 MHz,
CDCL,), 6: 6.64 (4H, s, H-2, 6, 2", 6'), 5.59
(2H, s, 4, 4'-OH) , 4.47(2H, d, J = 6.0 Hz, H-
7,7'),3.84 (12H, s, 3,5, 3', 5'-0CH,) , 2.30
(2H, m, H-8, 8'), 1.02 (6H, d, J = 6.5 Hz, H-
9,9');"C-NMR (125 MHz, CDCl,), &: 133.3
(C-1, 1), 103.2 (C-2, 6, 2", 6"), 147.0 (C-3,
5,3',5"), 134.1 (C-4, 4'), 87.5 (C-7, 7'),
443 (C-8, 8'), 13.1 6(C-9, 9'), 56.3 (3, 5,
3',5'-0CH;) , DL I 8¥s 5 30k (=% %, 2014)
FEAR B, % € N fragransin B,

&Y 6 B K, ESI-MS m/z:343.1
[M+H]*, 5+ T3 A C,y Hg Oy, '"H-NMR (500
MHz, CDCl,), &: 7.82 (2H, d, J = 8.5 Hz, H-
2',6'), 7.00 (2H, d, J = 8.5 Hz, H-3', 5"),
6.81 (1H, s, H-5), 6.60 (1H, s, H-3), 3.99
(6H, s, 6, 8-OCH,), 3.92 (3H, s, 7-OCH,),
3.89 (3H, s, 4'-OCH;);"” C-NMR (125 MHz,
CDCl,), 8: 161.3 (C-2), 107.0 (C-3), 177.4
(C-4), 96.3 (C-5), 157.7 (C-6), 140.4 (C-7),
152.6 (C-8), 154.6 (C-9), 112.8 (C-10), 123.8
(C-1'), 127.7 (C-=2", 6'), 114.4 (C-3", 5'),
162.2 (C-4"), 56.4 (6-OCH,), 61.6 (7-OCH,),
62.3 (8-OCH,), 55.6 (4'-OCH,) ., DL F¥#E 53¢
ik ( Shin et al., 2012) FEA—3, HEE N 6,7,8,
4' PO H S FE T (6,7, 8,4 -tetramethoxyflavone )

k&YW 7 HE IR, ESI-MS m/z: 314.1
[M+H]*, 5 T XA CyH,NO,, '"H-NMR (500
MHz, CD,0D), 6: 7.42 (1H, d, J = 16.0 Hz, H-
7),7.07 (1H, d, J = 2.0 Hz, H-2), 7.03 (2H,
d, J = 8.0 Hz, H-2", 6'), 7.00 (1H, dd, J =
2.0, 8.0 Hz, H-6), 6.78 (1H, d, J = 8.0 Hz, H-
5),6.71 (2H, d, J = 8.0 Hz, H-3", 5'), 6.93
(1H, d, J = 16.0 Hz, H-8), 3.83 (3H, s, 3-
OCH,), 3.44 (2H, t, J = 7.5 Hz, H-8"), 2.72
(2H, t, J = 7.5 Hz, H-7'); "C-NMR (125 MHz,
CD,0D), &: 128.1 (C-1), 111.5 (C-2), 149.9
(C-3), 149.3 (C-4), 116.5 (C-5), 123.2 (C-6) ,
142.1 (C-7), 118.7 (C-8), 169.2 (C-9), 131.3
(C-1'), 130.7 (C-2', 6'), 116.3 (C-3", 5'),
156.8 (C-4'), 35.7 (C-7"), 42.5 (C-8'), 56.4

(3-0CH, ), LA I %8 5 SCHK ( Darwish et al.,
2003 ; #7755, 2016 ) BaA — B, % 8 S V- K-
Ry 2L BBk 5% i ( N-trans-feruloyltyramine )

RGP 8 X E AR, ESI-MS m/z:314.1
[M+H]", % F XA CyHyNO,, "H-NMR (500
MHz, CD,0OD), 6: 7.36 (1H, d, J = 2.0 Hz, H-
2),6.99 (2H, d, J = 8.5 Hz, H-2", 6'), 6.92
(1H, dd, J = 2.0, 8.0 Hz, H-6), 6.73 (1H, d,
J = 8.0 Hz, H-5), 6.68 (2H, d, J = 8.5 Hz, H-
3',5"),6.60 (1H, d, J = 12.5 Hz, H-7), 5.80
(IH, d, J = 12.5 Hz, H-8), 3.83 (3H, s, 3-
OCH,), 3.38 (2H, t, J = 7.5 Hz, H-8"), 2.68
(2H, t, J = 7.5 Hz, H-7") ; "C-NMR (125 MHz,
CD,0D), &: 131.2 (C-1), 114.0 (C-2), 148.6
(C-3), 148.6 (C-4), 115.9 (C-5), 124.9 (C-6),
138.4 (C-7), 121.6 (C-8), 170.3 (C-9), 128.5
(C-1"), 130.7 (C-2", 6'), 116.3 (C-3", 5'),
156.9 (C-4'), 35.6 (C-7"), 42.4 (C-8'), 56.4
(3-0CH,) , i F#da5 CHR (Hwang et al., 2016)
FEAR — B, W% e Sl NI -] B Tk R ( N-cis-
feruloyltyramine ) ,

&YW HEK A, ESI-MS m/z:290 [ M+
Nal®, 4> T34 C,,H,,NO,,' H-NMR (500 MHz,
CD,0D), &: 7.54 (2H, m, H-2, 6), 7.53 (1H, d,
J = 16.0 Hz, H-7), 7.37 (3H, m, H-3, 4, 5),
7.05 (2H, d, J = 8.5 Hz, H-2", 6'), 6.71 (2H, d,
J =8.5 Hz, H-3",5"), 6.56 (1H, d, J = 16.0 Hz,
H-8), 3.46 (2H, t, J = 7.5 Hz, H-8'), 2.74 (2H,
t, J = 7.5 Hz, H-7"); “C-NMR (125 MHz,
CD,0D), 6: 136.3 (C-1), 128.8 (C-2, 6), 129.9
(C-3,5), 130.7 (C-4), 141.6 (C-7), 121.9 (C-
8), 168.6 (C-9), 131.3 (C-1), 130.8 (C-2", 6'),
116.3 (C-3",5"), 35.8 (C-7'), 42.6 (C-8"), LI I
B 5 S0k (S 4R 2018) FEAR — 8, i K E K
trans-N-cinnamoyltyramine ,

RGP 10 HwEAB K, ESI-MS m/z:324.2
[M+H]", 4> TN C,,H, N,0,, "H-NMR (500
MHz, CD,OD), 6. 7.42 (1H, d, J = 8.0 Hz, H-
7),7.24 (1H, d, J = 8.0 Hz, H-4), 7.21 (1H,
s, H-8), 7.11 (1H, m, H-6), 7.07 (1H, m, H-
5), 6.08 (1H, dd, J = 11.0, 17.5 Hz, H-17),
5.10 (1H, d, J = 10.5 Hz, H-18a), 5.08 (1H,
d, J = 17.5 Hz, H-18b), 4.22 (1H, q, J = 7.0
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Hz, H-12), 1.55 (3H, s, H-19), 1.54 (3H, s,
H-20), 1.52 (3H, d, J = 7.0 Hz, H-15); “C-
NMR (125 MHz, CD,0D), §: 146.0 (C-2), 104.3
(C-3), 127.3 (C-3a), 119.8 (C-4), 121.2 (C-
5), 122.6 (C-6), 112.7 (C-7), 136.9 (C-7a),
114.3 (C-8), 124.8 (C-9), 162.2 (C-10), 52.6
(C-12), 168.7 (C-13), 20.7 (C-15), 40.5 (C-
16), 146.2 (C-17), 112.6 (C-18), 28.1 (C-19),
28.2 (C-20) . LA L %¥s 5 30k (a5 ,2016)
FEAR—F TS AR R A (neoechinulin A) |

4 FLEMRGE R

4.1 BMEARE RGO KSR

1% 1 Al BROK A A1, A A 3 R
P NO Az i P, A M i A i ek | PR TR
P AL LA I PR B iR, e WX P 1S 0 AN 2 A0 L
RAE I FZH AL,

£1 FEREIDAIT RAW 264.7 4058
4 B NO By 1E B

Inhibitory effects of different polarity fractions
on NO production in RAW 264.7 cells

Table 1

i Sample 1C,(pg - mL™")

95% L RHRIY 95% ethanol extract
A1 R Petroleum ether fraction
TR BEFHRAL Ethyl acetate fraction 19.065+0.005
IE T EEFRAL n-Butanol fraction 53.829+0.011
JKEB Water-soluble fraction >100

43.297+0.013
15.678+0.022

42 LEMIMKRTEELER

3 X TG A R A 2 9 10 MM ik T
PURIEMEIRE, & 2 750, (b &9 5-9 R H —
SE BT AR TG, 25 F 2R B9 I e T | A i 25 R Tk e
2 H AR I B B3 (7-9) ¥ BoR H— 2 1Y
NO B BA 36 e | 28 B2 2 B o 2 0 B bt R A
M EER I Z—,

5 wWwE4ik
— AL (NO) Bl 0 3 2811 3,

EREEA S A5 A 220k B T g, SCRT DL
HREONL 53X SRR RERE AL OGS | K R AE

2 HEWI1-10 XF RAW 264.7 4

& B NO HY#P l 4E F
Table 2 Inhibitory effects of compounds 1-10
on NO production in RAW 264.7 cells

&% Compound 1C,,( pmol - L)

>50.00
>50.00
>50.00
>50.00
28.81
41.80
40.20
48.56
36.41
>50.00

o R NN AW N -

—
=

S5 22 TP JAE PRI 19 A 5 O T 3 it i 3] o )
T VEH (Bansal et al., 2016) , XF{EH 5 HZ5
NF-kB \MAPK JAK/STAT % £ {5 53 1% 2% V) 4
K, NO HAE R A Wr 5 AE K2 K AT AR 24 ) 1 1t 7Y B
BARBR

ARSI NO 8 E F5E 1Y %F 48 200 55 4 Uy e
HAGE B AT P0G PR VRN, 45 R R 9K 43
AW EA B NO A= i i iG vk, 235
WUESE , N-F5z 3 - BT 50 15 1 i (7 ) R V- - o] 25 gt
1i% J¥ie (8) 7E Hep3B 455 7Y GE AL M ] 11-6 /3
H STAT3 ¥4 i ( Hwang et al., 2016), trans-N-
cinnamoyltyramine (9) X} X A fb i [ /11 B H — &
H0 I AE T (Park, 2007) . 7E & (0.45 ¢ -
ke™) MR (1) Be g B A0 G WK BUNRE
i i R D/ T TR B0/ B L A U KR (2 e e A,
2007) . FUBHIE (2) X BAH AL 53 0% 1L-4 F1 IFN-y
HA V4 H (Noori et al., 2013) . fragransin B,
(5) fEIRSIMRE S S i 8 E [ F TNF-o  IL-18 Al IL-
8 YA TE M N H b ik RAE R AL b | fragransin B,
BYPTRAE AL T B0 ] PEAK ( Chen et al., 2020) . #r
HEAHR A(10) ZE =78 T (100 wmol - L) A /R
MBS BY NO Az J3A ) 45, 3 BE % 4 ] TNF-oc |
IL-1B 43 W ( Kim et al., 2013) . BF25 45 B £ X
63 BE 8 AT A ) S PR 43 W, % il A E IR
B, LGB RAE R, R TE SR 70 1. LR
IO Y &5 48 2 BUOR T 3X 28 i o v K v R R IR
R AN E YR R AR TR AE 2 2 2R
BT AL FAE IR S5 2R o AT FE A AL I B 4 200 2 e
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