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[ Abstract | Objective; To investigate the chemical compositions of Mahuang tincture formula. Method :
Compounds were isolated and purified from the formula with silica gel column chromatography, ODS reversed-phase
column chromatography and recrystallization, and their structures were identified on the basis of spectral analyses
and physicochemical properties. Result: Twelve compounds were isolated from the ethylacetate extract ( with
strongest anti-inflammatory activity) of Mahuang tincture and their structures were identified as berberine (1),
columbamine (2), coptisine (3), 8-oxo-epiberberine (4) , 8-oxo-coptisine (5), geniposide (6), brucine (7),
strychnine (8), vomicine (9), a-amyrin (10), B-sitosterol (11), daucosterol (12). Conclusion: All 12
compounds were isolated from this formula for the first time and alkaloids were the main compositions, which must
be the material basis for pharmacological activities of Mahuang tincture.

[ Key words | Mahuang tincture; ethylacetate extract; alkaloids
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Xt F B BT 0 A6 2 0 I ATE 98 30 R LA . AR S
55 DAA [R) AR 1 95 790 % 8 T i) 550 2E 47 T AR I, X T
PERIR I LR CTRZE WU HEAT T R G A6 L4y 53
B N B O S T 12 M A, AR A B
Al H B A 7 B 2R BT e T AR A W 4
¥, 530 /N BE g (1), BB e (2) , B 3% B
(3) B AL /NBET(4) , AL B ET(S) , 46 7 1
(6) , BERFH(7) , FEAREED(8) , FAREEWIL(Y) ,
a- TR R EE (10) ,B-7% (B (11) , 51 8 M (12),
FTA ARG ¥ kI iz B T oy B AR E A
1 &

Trap VL B %4, 1100 F 51 3 5 56 A (38
[# Agilent) ; Avance 600 %Y % #% 4% 1% ( Fi + Bruker
A H])  INOVA-600 A% 4R AL ( £ [E Varian) , X-
6 H I fH A I e AL (db AR PR A IR A A
Nicolet 670 %Y 21 4 5% 3% 1 ( KBr, Thermo Nicolet
Corporatopn ) , = {4 3% &E i (200 ~ 300 H,300 ~ 400
H) Fl GF,q, 12 €6 3% I 5k i (5 5Pk T.) , 0DS
C, M EIER: ( HA YMC A #]) . H (o gl , H
b3 35 R 3 B 2k

Ih BT 500 El 1L AR A R 24 R B R IR e 24 7
AR AL CHE M SC S & 2 i 201080491, it 5
140110) ,
2 RESE

HEEET IR 3 Loy D 4 0 R, K B TR
AR R O e K OE T BEEAT 2, 45 3 AN
MZECY o Horh TR O B A WU T R0 R Ak . B
LR L TRFBAL (60 g) 28 ik e A (o 3, — 5 Y ot - Y 2
(100:0 ~ 1= 1) A0 B v G, ek g o7 )2 €00 335 A6 00 45 O 0k
43,158 Fr. A ~Fr. F6 4 ;Fr. B (5.8 ¢) HIX
ok A 03, I ik - 2R TR (100: 0 ~3: 1) B i
Vel R EME G 10 5 115Fr. C (9 g) FRRE
TR AL (i, Fr I k- R R (2001 ~ 1 1) B B
B EEREE 1,7, 59;F. D (12 g) fRRE
REBCHE 38, — 5 Be- B (5001 ~3: 1) BREE VR,
Tk a2, 4, 8 5 SFr. DIRAY,SFr. D
25 ODS #1438 , HIEE-/K (402 60 ~80: 20) 46 B VE I,
HEMEEY 3 5 5;Fr. E(15 g) R & RE B 635,
TAW B -HEE (3001 ~ 1 1) B RE VR, S )5 A5 2 4k
ave, 12,
3 KT

a1 EEAIRES (PR, 2B TKE
B XV T S H 4%, ESI-MS m/z 336[M] " ;'H-

NMR (400 Hz, CD,0D) §:3.31 (2H, t, J =6.4
Hz, H-5), 4.14 (3H, s, 9-OCH,), 4.23 (3H, s,
10-OCH,), 4.95 (2H, t, J=6.4 Hz, H-6), 6. 14
(2H, s, 2,3-0CH,0), 6.99 (1H, s, H4), 7.7
(1H, s, H-13),8.02 (1H, d, J=9.2 Hz, H-12),
8.14 (1H, d, J=8.8 Hz, H-11), 8.74 (1H, s, H-
13), 9.8 (1H, s, H-8), LA A il %ds 5 SCmk[4]
rh/INBE B 1 S o B R — B, s e e A
1 Jy/NBERS ( berberine)

fEaw 2 BEEHAR(HE) & TR E,
REETF & F b, ESI-MS m/z 338[ M ] *,'H-NMR
(400 Hz, CD,0D) §:3.23 (2H, t, J =6.0 Hz, H-
5),3.96 (3H, s, OCH,), 4.10 (3H, s, OCH,),
4.19 (3H, s, OCH,), 4.91 (2H, t, J=6.6 Hz, H-
6),7.01 (1H, s, H-1),7.56 (1H, s, H-4), 7.98
(1H, d, J=8.4 Hz, H-12), 8.09 (1H, d, J=9.0
Hz, H-11), 8.64 (1H, s, H-13), 9.74 (1H, s, H-
8) o LA EEGEEUE S Sk [4 ] b AR By C 69 15
BHE X B AR — B, B AW 2 AR B C e
( columbamine) ,

a3 AR (HEE) W% Tk,
REETF & H B, ESI-MS m/z 320 M ] *.'H-NMR
(400 Hz, CD,0D) §:3.26 (2H, t, J=6.4 Hz, H-
5),4.9 (2H, t, J=6.6 Hz, H6), 6.14 (2H, s,
2,3-0CH,0), 6.49 (2H, s, 9,10-0CH,0), 6.99
(1H, s, H4),7.69 (1H, s, H-1), 7.87 (1H, d,
J=8.4 Hz, H-12), 7.91 (1H, d, J =8.8 Hz, H-
11),8.77 (1H, s, H-13),9.76 (1H, s, H-8) , L
S O 5 SR [ 4 ] b B B T R o AR R
A3, W 2L G 3 R i % B ( coptisine)

ay 4 fE g (), ESI-MS m/z
352[M +H]* ,'H-NMR (600 MHz, CD,Cl,) §:2.94
(2H, t, J=6.0 Hz, H-5), 3.95 (3H, s,-OCH,) ,
4.00 (3H, s, OCH,), 4.32 (2H, t, J=6.0 Hz, H-
6), 6.24 (2H, s,-0CH,0-), 6.75 (1H, s, H4),
6.80 (1H, s, H-1), 7.08 (1H, d, J=8.6 Hz, H-
12), 7.18 (1H, d, J=8.6 Hz, H-11), 7.24 (1H,
s, H-13);"” C-NMR (150 MHz, CD,Cl,) §:159.95
(C-8), 150.09 (C-3), 148.43 (C-2), 146.68 (C-
9), 146.15 (C-10), 135.42 (C-13a), 131.91 (C-
12a), 128.42 (C-13b), 122.14 (C-4a), 119.03
(C-12), 113.92 (C-11), 110.65 (C-4), 110.53
(C-8a), 107.59 (C-1),102.57 (OCH,0), 101.66
(C-13), 56.25 (2-OCH,), 56.04 (3-OCH,),
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39.19 (C-6), 28.50 (C-5), LA I ¥ 3% &4 5 SOk
[5]Heif iy 8-4 1k 3 /N BE Bl Al 4l B A — B, i 48 e
Zi &Y 4 K 8% M E /N HE B ( 8-oxo-
epiberberine)

k& s kR (HEE), ESI-MS m/z
336[M +H] ' ,'H-NMR (600 MHz, CD,Cl,) §:2.90
(2H, t, J=6.0 Hz, H-5), 4.29 (2H, t, J=6.0
Hz, H-6), 6.03 (2H, s,-OCH,0-), 6.23 (2H, s,
-OCH,0-), 6.72 (1H, s, H4), 6.76 (1H, s, H-
1),7.06 (1H, d, J=8.4 Hz, H-12), 7.18 (1H,
d, J=8.4 Hz, H-11), 7.23 (1H, s, H-13);"C-
NMR (150 MHz, CD,Cl,) §:159.73 (C-8), 148. 46
(C-3), 147.40 (C-=2), 146.7(C9), 146.23 ( C-
10), 135.44(C-13a), 131.88(C-12a), 129.98(C-
4a), 123.77 (C-13b), 119.19(C-12), 113.94( C-
11), 110.67 (C-8a), 107.99 (C-4), 104.77 (C-
1), 102.58 (-OCH,0-), 102.1 (C-13), 101.49
(-OCH,0-), 39.15 (C-6), 28.63 (C-5), LI I3k
TR 5 SRk [5 ] HRIE Y 8 -4A Ak BT B B e AR —
Ho ez GW S Sk 8-% b ¥ % Bl ( 8-oxo-
coptisine)

kawe HEkAR(HE),ESI-MS m/z 389
[M +H]","H-NMR (600 MHz, CD,0D) §:7.48
(1H, s, H-3),5.73 (1H, s, H-7), 5.10 (1H, d,
J=7.6 Hz, H-1), 4.67 (1H, d, J =7.8 Hz, H-
1), 4.28 (1H, d, J = 14.4 Hz, H-10a), 4.14
(1H, d, J =14.4 Hz, H-10b), 3.82 (1H, br d,
J=13.8 Hz, H6'b), 3.68 (3H, s, H-12), 3.60
(1H, dd, J=13.8, 6.0 Hz, H-6'a), 3.28 (1H, m,
H-5'),3.26 (2H, m, H-3",4"), 3.01 (1H, dd,
J=9.4,8.0 Hz, H2"), 3.02 (1H, brt, J=8.6
Hz, H-5),2.62 (1H, brt, J=7.6 Hz, H9), 2.01
(1H, m, H-6a), 2.68 (1H, m, H-6b) ;" C-NMR
(150 MHz, CD,0D) §:169.0 (C-11), 152.8 (C-
3), 144.6 (C-8), 128.1 (C-7), 112.3 (C4),
98.2 (C-1'),99.1 (C-1), 78.2 (C-3"), 77.2 (C-
5'), 74.3 (C-2"), 70.7 (C4"), 62.4 (C-6"),
61.3 (C-10), 51.5 (C-12), 46.5(C9), 39.3 (C-
6),36.5 (C-5), LA E%Hs 53k 6] ik iE mbE +
TR EA - HEEhEGY 6 hiE T
(geniposide) ,,

a7 O ARE & (R, ESI-MS m/z
395[M +H] " ,'"H-NMR (600 MHz, CDCl,) §:7.81
(1H, s, H-1), 6.36 (1H, s, H4),5.79 (1H, m,

.42 .

H22), 4.21 (1H, dt, J =8.6, 3.4 Hz, H-12),
3.98 (2H, qd, J=11.2, 6.8, 6.0 Hz, 23-CH,),
3.88 (3H, s, 2-OCH,), 3.86 (1H, br s, H-16),
3.78 (1H, d, J=9.4 Hz, H-8), 376 (3H, s, 3-
OCH,), 3.58 (1H, d, J=14.8 Hz, H-208), 3.22
(1H, dd, J=9.6, 7.5 Hz, H-188), 3.02 (1H, br
s, H-14), 3.10 (1H, dd, J =17.6, 9.2 Hz, H-
1la), 2.78 (1H, m, H-18a), 2.74 (1H, d, J =
13.6 Hz, H-20a), 2.67 (1H, dd, J =18.4, 3.8
Hz, H-11B8), 2.4 (1H, dt, J=14.8, 3.9 Hz, H-
158), 1.76 (1H, qd, J=12.2, 7.3, 6.4 Hz, H-
17a), 1.78 (1H, dd, J =6.5, 1.6 Hz, H-178),
1.48 (1H, d, J=13.8 Hz, H-15a), 1.25 (1H, dt,
J =10.1, 3.4 Hz, H-13);"” C-NMR (150 MHz,
CDCl,) 8:169.2 (C-10), 149.1 (C-3), 146.2 (C-
2),140.6 (C-21), 135.8 (C-5), 127.4 (C-22),
123.2 (C-6), 106.9 (C-1), 101.1 (C4), 77.6
(C-12), 64.5 (C-23), 60.3 (C-8), 60.1 (C-16),
56.4 (2-OCH,), 56 (3-OCH,), 52.8 (C-20), 52.3
(C-7),50.3 (C-18), 48.1 (C-13), 42.8 (C-17),
42.1 (C-11), 31.6 (C-14), 26.3 (C-15) L I % ¥
EOCERI7 IR A — 2, M EW T 5
TB§ ( brucine)

e 8 T (@M LE) ,ESI-MS m/z
335[M +H] * ,'"H-NMR (600 MHz, CDCl,) §:8.02
(1H, d, J=8.0 Hz, H4),7.21 (1H, td, J=7.5,
1.4 Hz, H3), 7.15 (1H, d, J=8.0 Hz, H-1),
7.13 (1H, td, J=7.5,1.0 Hz, H-2), 5.9 (1H, br
s, H22),4.19 (1H, dt, J=11.1, 3.3 Hz, H-12),
4.17 (1H, dd, J =13.5, 6.4 Hz, H-238), 4.16
(1H, dd, J=13.8, 6.2 Hz, H-23a), 4.1 (1H, br
s, H-16), 3.82 (1H, d, J=10.6 Hz, H-8), 3.66
(1H, d, J =13.4 Hz, H-208), 3.30 (1H, m, H-
188), 3.2 (1H, dd, J =17.5, 8.6 Hz, H-lla),
3.12 (1H, brs, H-14), 2.94 (1H, dd, J=20.0,
10.8 Hz, H-18«a), 2.84 (1H, d, J =16.4 Hz, H-
20c), 2.58 (1H, dd, J=17.5, 3.4 Hz, H-11B8),
2.32 (1H, dt, J =15.6, 4.8 Hz, H-158), 1.96
(2H, d, J=5.5 Hz, 17-CH,), 1.52 (1H, d, J =
13.5 Hz, H-15a), 1.29 (1H, dt, J =10.2, 2.7
Hz, H-13) ;" C-NMR (150 MHz, CDCl,) &:169.1
(C-10), 142.3 (C-5), 140.9 (C-21), 134.3 (C-
6), 128.3 (C-3), 127.3 (C22), 124.3 (C-2),
122.0 (C-1), 116.3 (C-4), 77.8 (C-12), 64.6
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(€C-23),60.2 (C-8), 60.4 (C-16), 52.7 (C-20),
52.3 (C-7),50.1 (C-18), 48.0 (C-13), 42.5 (C-
17), 42.4 (C-11), 31.6 (C-14), 26.5 (C-15),
DL 4ds 5 SCHR (8 ] 4 1) 7 A B o B Al AR —
B, B G 8 Ry 7 AR (strychnine) o

&YW Baghdh (&AW LE-H ) ,ESI-MS
m/z381[M +H]",'"H-NMR (600 MHz, CDCL,) §:
11.58 (1H, s, 4-OH), 7.4 (1H, d, J=7.5 Hz, H-
1),7.02 (1H, t, J=7.8 Hz, H3), 6.9 (1H, d,
J=8.0 Hz, H2), 6.11 (1H, br t, H22),4.29
(1H, dt, J=8.5, 2.9 Hz, H-12), 4.28 (1H, d,
J=10.8 Hz, H-8), 4.22 (1H, dd, J=14.5, 7.1
Hz, H-238), 4.09 (1H, dd, J=14.3, 5.5 Hz, H-
23a), 3.25 (1H, dd, J=18.2, 8.7 Hz, H-11a),
3.44 (1H, brs, H-14), 3.28 (1H, d, J=8.3 Hgz,
H-208), 3.15 (1H, d, J=13.5 Hz, H-20a) , 2. 89
(1H, «d, J=14.2, 4.0 Hz, H-17a), 2.71 (1H,
dd, J=18.5, 2.75 Hz, H-118), 2.68 (1H, m, H-
18a), 2.57 (1H, d, J =15.8 Hz, H-158), 2.52
(1H, dd, J =18.0, 5.0 Hz, H-15«), 2.12 (1H,
dd, J=14.3, 5.0 Hz, H-178), 1.78 (1H, dt, J =
11.5, 2.8 Hz, H-13), 1.64 (2H, dd, J =13.9,
3.7 Hz, H-188);"” C-NMR (150 MHz, CDCl,) &:
193.5 (C-16), 168.3 (C-10), 145.1 (C-4), 140.9
(C-21), 136.8 (C-5), 130.8 (C-22), 130.4 (C-
3), 126.1 (C-6), 117.4 (C-2), 116.9 (C-1),
77.5 (C-12), 65.6 (C-23), 62.1 (C20), 60.3
(C-8),54.6 (C-7), 48.3 (C-18), 47.6 (C-13),
44.6 (C-17), 43.3 (C-15), 41.7 (C-11), 39.4
(19-NCH, ), 35.1 (C-14) , Hk & %48 5 k[ 7 ]
38 1) T A RS A B, s et E Y 9
0 7 A HE R (vomicine)

EW 10 FEBR(ZER L) ,ESI-MS m/z
427[M +H] " ,'"H-NMR (600 MHz, CDCl,) §:5.10
(1H, t, J =3.4 Hz, H-12), 3.18 (1H, dd, J =
5.4,11.4 Hz, H3), 1.02 (3H, s), 1.01 (3H,
s), 1.00 (3H, s), 1.00 (3H, d, J=7.2 Hz),
0.92 (3H, d, J=6.8 Hz), 0.91 (3H, s), 0.82
(3H, s), 0.80 (3H, s);"” C-NMR (150 MHz,
CDCl,) §:139.2 (C-13), 123.5 (C-12), 78.2 (C-
3),59.3 (C-18), 55.6 (C-5), 47.6 (C9), 42.3
(C-14), 41.2 (C22), 40.2 (C-8), 39.5 (C-20),
39.3 (C4),39.2 (C-19), 38.6 (C-1), 36.8 (C-
10), 33.9 (C-17), 32.8 (C-7), 31.1 (C-=21),

28.6 (C28), 27.6 (C23), 27.9 (C-16), 27.5

(C-15),27.2 (C2),23.8 (C27), 23.1 (C-11),

21.2 (€-30), 18.6 (C-6), 17.7 (C-29), 16.6 (C-

26),15.8 (C24), 15.2 (C-25) . Lk I jE%cde 5

SCHRL9-10 T4 B oo 7 44 iR st K508l FE A — B0, 0

EEY 10 2 - MR B (@-amyrin)

ay 11 JEE S (B ,mp 137 ~ 139 C,
IROGIE 5 -7 1 B () IR D63k — 2, 5 % MR 2k
TLC, H: RE (AN BE S B0 1 — B, IR 0 8 T RE,
AL G 11 %558 Ol B-4% {8 I ( B-sitosterol )

LEw 12 Al AR (HFE),mp 300 ~301 C,
IROGIE S5 E bH M IR JEE — 2, 5 X I & 3t
TLC, H R EFIBE R 30 (0 3 — B IR G M A TR,
LA 12 258 i b H (daucosterol)

4 iFig

WER R AW G Y A DT LR OBR%E
WO i E 2y, B TN R T BT 4% 0 R
B T P L 25 K 0 S R A B A I %
S BRI ) B AR o X R SR A U LR I
P55 15 B OO BT AT TR EEAT IR AT S, 0 B g T
31X — il 51) Fr) g k2 (AL R ATF R Al
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