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[HZE] B8 ALRILIE & R L EHUE Y T 254, TR . ik BREE SRS IEAS g ES
G, IR B a- 1R (HAS) | FR5E-B- 1R (HBS) & it W48 05, 08 st T 20240 R s S50 €633 - DU AT - AT ]
i3 (UPLC-Q-TOF-MS®) AR Bt Wi AL Wiz b i oo 455R SRS i F =25 HP-20 BURFLIAR, LARBIREE N
0.2 g £ 24/ml, A2 RS IR RN 1 g:2.5 ml, BABHEAR S LU 17, LAAEET 4 AR RBU(BY) i3 S8 sh AR T T, # 5 1 b
20% i 2 BV Bir4%; 80% LI 5 BV Ut/ . HAS, HBS (& 54350 4.71%. 1.02%, JL%7 20 FrA= Wk 4518 %07
FRRUE VAT, 1580 = 40 2R AEHUAE DI, T T B Pk & 42 4li1k .
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Optimization of purification process and component analysis of alkaloids from

Zanthoxylum bungeanum Maxim

YANG Heying', LUO Caiping®, PENG Ting’, LIANG Wenyi?, SHEN Songzhang?, SU Juan'?(1. School of Medicine, Shanghai
University, Shanghai 200444, China; 2. National Demonstration Center for Experimental Military Pharmacy Education, Naval
Medical University, Shanghai 200433, China)

[Abstract] Objective To optimize the process conditions and analyze the components of alkaloids from Zanthoxylum
bungeanum Maxim(Z. bungeanum )using macroporous resin. Methods Combining single factor tests and orthogonal tests, the
content of hydroxy-a-sanshool(HAS)and hydroxy-f-sanshool(HBS)were considered as indexes to determine the best process
parameters. Ultra-performance liquid chromatography-quadrupole tandem time-of-flight mass spectrometry(UPLC-Q-TOF-MSF)
was used to identify the structures of alkaloids. Results The optimal conditions were Mitsubishi HP-20 macroporous resin, the
loading solution concentration was 0.2 g crude drug/ml, the ratio of crude drug to resin volume was 1 g:2.5 ml, the diameter/height
ratio of resin column was 1:7, the dynamic adsorption flow rate was 4 times of bed volume(BV )per hour, and the adsorption time
was 1 h. Impurities were removed by using 2 BV of 20% ethanol, 5 BV of 80% ethanol was used to elution, and the content of HAS
and HBS was 4.71% and 1.02%, respectively. A total of 20 alkaloids were identified from Z. bungeanum. Conclusion This
method was stable and feasible, obtaining high purity and various kinds of alkaloids, which could be used for the enrichment and
purification of alkaloids from Z. bungeanum.

[Key words] Zanthoxylum bungeanum Maxim; alkaloids; macroporous resin; orthogonal design; UPLC-Q-TOF-MSF
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IR, ARSI LA YR I -a- LB ZE (HAS) | ¥R 3E-B-11H
F (HBS) (AR R e b, 006318 L2l A AR AR Yk
(LR BIE 278, SR P B PR 28 S 36 LI 38T i o
B RE i e AR B | BR A DRSS, d s KL AR
B IEMUAE YN R T L . SR R
AH A% - PO AT - & AT ) [B) BT 3% (UPLC-Q-TOF-MS")
FEARYEE LY, VAN AERUAE P ) 40 S5 SRk AT 5%
FE—20 25 G T R R R LR 22 AR

1 #H
1.1 H&

16 AR 25 44 M T Bk 74 48 T RS T (I 5
20220705-2), £ 4245 B KA ol R B 4 e
R 25 B BHAE AU 21 46 WU (Zanthoxylum bungeanum
Maxim) R
1.2 BE LKA

1260 7 =5 250 AH €8 3 A (35 B Z AR A A )
Acquity I-CLASSTM UPLC # /& 2 i A (3% R 48
Xevo G2-XS VUL T 5 156 AT ) [B) T 33 (55 IR 4
HRHE A BR AT ) ; R-100 e 28 KA (B2 7
F R F]); DZF-6050 # B 25 40 (PL X T T 1€
IS A PR T AT/ F] )3 XS205DU HL 4341 K- (4
FEER Z R AT .

Fo I -o- LU AUER XT B i (hydroxy-a-sanshool, (i
I =98%, #t5 P2834270, JHt); FH-p- 1L X IR
i (hydroxy-p-sanshool, i =98%, fit-5 P2832664,
RS ) ; 95% L BE(OrHral, i ZR R A
BRAFD; R, HEE, N6 ((ikal, SEEk it /RBH
H /N H)); APS-17 %) . NKA-9 # . HP-20 %) | AB-
8 U HCFL I R i (7 M 52 JELIRE B A R ) A BR 2
F]); HPD-400 AR AL FEA4 g ( il — ARk
AR R HP-20 BIKFLWZ B AR (H A =38 k=%
et .

2 FHE
2.1 e A mUR AN E TR L
2,11 FAECH

FREX 50 g ALBUT BB, A 500 ml A9
50% 1, 95°C KA A, [l 4 0 1 h, 4R HR
3., wHIEIE G I B, 45°C T A 4E 2 O,
iUk, Ik E R 250 mi, BIFS FAER .

216 ml BFE, BREFEARHR 2.7 om, =
7 18.9 cm HY =35 HP-20 BRI KA RERE, sh 7S b
30 min, & 1 h J5, B 216 m1 20% Z.FERRZ% 24 min;
540 ml 80% CFEVEE 1 he WCARVEML, 45°C W&
Wi T4, BV SR IR A

Yo IR VR K PR E HAS . HBS Xif FE I8 &
i 50% CBEEESS, 43K 0.61 mg/ml, 0.11 mg/ml
(AT HE B VAT

A TV U R B PR A R AR B R R,
50% ZBEE T, 0.45 pm (ALIERS I uE, B A
AR o
2.1.2 fajEs

{63 F: . Agilent ZORBAX Eclipse Plus-C g #F:
(2.1 mmx100 mm, 1.8 pm); i # : 0.3 ml/min; £ il
WK 270 nm; AEE: 30°C; R Sl WAIAH: &
JIE (A)-0.1% = & & (B); PEWEHE . 0~ 18 min,
10%—35%A; 18 ~ 30 min, 35%—50%A; 30 ~ 36 min,
50%—90%A, 36 ~39 min, 90%A, 39 ~40 min, 90%—
10%A. .
213 MR

B HAS X} F8 5 %5 . HBS X BRI TR 0.2,
0.5, 1.0, 2.0, 4.0 ml & T 54 5 ml Z&EMH, 50%
CBEERBAE, P21 G195 R 50 b6 B R A AR
TAEHW, 0.45 pum FEFLIEMELUE, 76 “2.1.2" W T 4
[i i =
2.1.4 KiwERE

2,17 30 R BRI 2.0 ml T 5 ml 7%
B, 50% L E KB L, RS 0.45 um 3%
FLUB I g, SR 6 IR,
2.1.5 FasENE

B2 Al AW, 001, 2. 4,
8. 24 h 7yl #kRE
2.1.6 HEME

FR R 2.1 U7 AT A AR A 6 1),
FE“2.1.27 T S S A HERED E
2.1.7  fnEERR

FS B FRELT 0 HAS. HBS & &t 19 A6 ARUAE W
AR 1, FEHL 9 0y, ARG A HAS, HBS X
R o, 422,117 300 5 kil A Akl R s R, iF
FEATHT IR AL mi e
22 RILBHAS 44 £ T LA
221 MWPRFEA

95% IR AL NG 24 h, 7870 15 K I T 1 4
HE, 95% £ Ik 28 Pk MV 78 15 25 B, /K Uk ZE Y e ik
TCEEMR, % H . BT B A9 AS TR 2828 A K FL A
g, #% 2. 1.7 WUF 7 ik 6l 2 sl s O R R, 3
. HAS. HBS AR,
222 bHEE

MR AT, U211 I N A8 A ARV 450 ml,
PL 2 BV/h B, Wi W B 30 ml R B 1y o #%
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“2.1.27 T S A RERE, DL ST EREAF (V/ml)
S AL FR (X), LL HAS. HBS 9 S % (%)
AFR(Y), il it Hh 2
223 RHERTEHELE PN

B AR A E i Hopth T 25 4 (B IR 26 . A
SRR . BRARUA L BRARIRAR . BR AR
L VRV TR L R I AAR B R O O O 43 S =28
HP-20 1 | 1 g:2.5 ml, 10% & [, 2BV, 5BV/h,
70% LB 5BV K 5SBV/h) ARSI T, 435 %
X P RETROAFE (0.1, 0.2, 0.4g A= 25/ml) . W Ig 12
fEe(1:5, 127, 1:9) KW FER#E (1, 2. 4 BV/h) X4k
HUEYIBR T HAS ., HBS SAS R0
224 IEZRIREH R VRN

TERLP Z AL A SERE T, SR L9(3) 1IEAC S
2 TR 22 S5 (R A ) L RFR, i) | vk
IR 5 A (O MO s 70 . AR 0 0 ) X B B 4 i
HAS. HBS BRI (£ 1), B EET 25
HATIRUE . Geito Al SPSS 26.0 #1474

®=1 BRE EBRFHERRBERKFE

(ZES
M K
AGEHD)  BUABUBV)  C(Hi#/BV-h)

S 1 FRARK 1 2

2 10% 1 2 3

3 20%Z, 1% 3 5
et 1 55%Z. 1 3 2

2 70%Z. B 5 3

3 80%Z.F% 8 5

23 AW TF RS T
2.3.1 PR

R B “2.2.47 W0 DU T 24 18R
AEYIIIRI A 5.0 mg, 50% HEEEZ ZE 25 ml, 0.45 pm
AL BB 8 5 o

nnnnnnnnnnnnnnnnnnnn

232 faiE&

6, 7% 41 . Waters ACQUITY HSS T3 #F (2.1x
100 mm, 1.7 pm) ; B 270 nm; 754 0.3 ml/min;
R 30°C; FhRER: 3 ul. WM Z0E (A)-0.1%
H R 7K (B), YEBEES B : 0~ 18 min, 10%—35%A;
18 ~ 24 min, 35%—46%A; 24 ~ 30 min, 46%—
90%A; 30 ~ 32 min, 90%A; 32~ 33 min, 90% ~
10%A; 33 ~ 36 min, 10%A .
233 JES&A

FLIE 25 1 U (ESD, 1F 3 TR MSE R
R BTURIEE 120°C, 4N 800 L/,
EBHME BTN 3.0kV, HEFLHEE 40 V, #MEHE
80 V. fIKAEEFIHE L K 6 eV, = g H i H R
30 ~ 60 eV; M55 251K J1 R 6.5%10° Pa, 445 AR
i A 50 L/h, FH5 L Bl m/z A 50 ~ 1500, 2%
TR m/z = 554.2615[M-H] ) Fl(m/z : 556.2771
[M+H])AE R SR AT 0 i SRR IE, AR R 2 14
A5 ul/min,

J TR K 4R MassLynx V4.1 TAE5E A

3 ZBRE55H

31 HPLC B575 k3 EIm4ER
3.1.1 eI HPLC &

HER 5 HPLC ENE 1R, %035 40 F,
HAS 5 HBS @i 6 53 B R T 1.5, BB IR AL
BIRT 30000, WL ERE . To T, REAE W AL AE
SyBTRE I LK
312 KPR RFEL,

DK Rt 5 VAR R B SRy B AL s (), U TR R Ny
AL bR (Y), 75 3] HAS B9 =15 77 2 ¥=3312.7 X—
8.887,=0.999; HBS ([a1I )72 ¥=33 030 X+12.061,
r=0.999. HI HAS, HBS 7 I 7E HERE VR 5 24.4 ~
488 pg/ml, 4.4 ~ 88 pg/ml JEFEINE REFRIZMCR

1

nnnnnnnnnnnnnnnnnnnn

18 20 22 24 26 28 30 32 34 36

38 40
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3.1.3  KEE RSN AR

HAS . HBS IEIAIFY) RSD 43514 0.94% . 0.34%,
ARG 2 R, A5 R 2K
3.1.4  FUEPEIESS

HAS. HBS W&TAIFRE) RSD 435114 0.20%., 0.43%,
FIAME A RE IR T 24 h WERGE .
3.1.5 EEMETIER

HAS. HBS I [fi BL ) RSD 43 3 R 0.26% Fil
0.26%, TP IR E LM R AT
3.1.6  JIRE DRI ZE R

THEAS 2] HAS K.t v B2 A A el i
43520 (103.66£0.62) %, (100.22+3.10)%. (102.47+
1.24)%; HBS [, P e B B e [ o0 o0
(101.35+0.89)%. (98.58+2.48)%. (98.86+1.02)%.
SRR e 7 R LS, P T AR HAS
HBS 7 &
32 KILKAELALEE T
3.2.1 WM E

fifi H =25 HP-20 IR IR 5 HE A6 UL P i 25
SrF, HAS. HBS W 8043 A9 8L 3 i (X) e ey HLAS
Fae, 450 3% 20 L, ik =25 HP-20 B KL
W AR B 267 T I 52

2 TEXEMEEXT HAS. HBS RBERLMEM (n=3)

MIEE i imgm)  fakGmy XD
APS-17 242 4.06 4.06+2.17
NKA-9 2.08 3.50 3.50+1.76

5 BHP-20 3.68 6.19 6.19+1.09

AB-8 3.58 6.02 6.02+1.28

HPD-400 3.59 6.03 6.03+0.98

—=ZFHP-20 4.10 6.89 6.89+0.62

322 LEEEAEE
T 2 AT, 2 B RER AR R R 90 ml B, FE

AT b /s i s BE R BRE N, S
LR W B TR 2 AR 210 ml
iF, BIHRERN 9.61%, 20 R HAS, HBS
SR BE ) 10%T, PR o e K B AR 210 ml,
R L REA 2 i SRR LR 1 g = 2.5 ml,

40

30 ‘ 96 ' 150 ' 2io | 2%0 ' 330 ' 3§o ' 450
ZaT EREARR (V/ml)
2 =% HP-20 B K7L BEEh7S IR BTt TRk

323 DAERMRE

P 3 RT, 4 B AR Bl 0.2 g A 2 /ml
iF, HAS 1 HBS H45 38 e 5 Bt e B T i, 24T
W%, 50 SR BHE A S, 1R Besh
VR B L RV R I R R T R AR ) R AR R
UL YE LG B F AR ORI 0.2 g
Zi/ml, WIERE LA 127, R %A 4 BV/A
i, HAS F1 HBS (8 R i o B0k R AR 4%
Fboh 1 s 7 =325 HP-20 RUB IR HE, 3h 24 0 B 37t
4 4 BV/h,
324 BRAR. VRS RIR E

=% 3 FroR, DL HAS. HBS B3 K48 Fr i,
S = 2% HP-20 TR AL B 26 A0 76 AUE A P B 1
I 2% R B2 AR UK Ry R 45 751 (A >BR 2% 1 18 (C) > [k 4
580 (B) o BRARM AR N 20% 2B | il
5BV/h, BZRFH 2 BV 4271513 BV, 455824 57
FJEARBLE, 5 050 B EAOR, REE 2 BV R

FSLN A

A B C

. 15 ¢ . 15

i i **

6 — —
—~ =10 =10
= s s
g 3
& S5t 55
12 2 2

0 0 0

01 02 04 155 1:7 1:9 1 2 4
R (g/ml) P IRFEAR S E B (BV/h)

B3 AELEHEES HAS. HBS 28RN
A R B WIRHEAR L C W R
*P<0.05,"P<0.01,
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3 BRBEEM LG EXEITRER
S

' BERRE%)
BRIRiERI(A)  BRAAEER(B)  BRZIE(C)
1 1 1 1 7.87
2 1 2 2 9.09
3 1 3 3 9.31
4 2 1 2 10.33
5 2 2 3 10.42
6 2 3 1 10.67
7 3 1 3 11.82
8 3 2 1 10.73
9 3 3 2 11.66
k1 8.75 10.06 9.71 -
K2 10.44 10.07 10.34 -
K3 11.37 10.48 10.52 -
R 2.62 0.64 0.81 -

A IS ARAR L 1 g 2 2.5 ml, FAET =35 HP-20 %
KA, BIEAEARER L 1 7, ShZSWHAGE 4 BV/,
& 1hJ5,2BV, 20% LEELL 5 BV/h BR4%; 80%
RN, RFL 5 BV, Wi 5 BV/h, WCAETEBK,
45°C JF R AE I g, RIS AEHUE: D4 B .

H 35 5 AT, =R A SR AR YA R
AT, & HEaifb )5 HAS, HBS & & &1 RSD Hy
0.87%, TE AR 773240 iE B9 K AL G & SR 4l Ab AEAR
AW T2 RE T 5, ERE MR, A, L4tk
JE AEAUE Mrih HAS . HBS & 843910 4.71%.
1.02%, 5 & H 4L aTH L, A8 Prms iG55 215 3
BT .

3% 4TI, PR IR 24T HAS . HBS A 5351
SEMA YR PR A DS 70 (A >V 5 38 8 (C) >V
550 (B); S B S5 R PR 7] 80% &1, Yk
AR R 5 BV, MBI EE 5 BV/Ah,

F 4 EBREHE L) EXRITRER

ne k) ik

AGEBEFRD  BOEBGEO  COtbivm) Y
1 1 1 1 2.55
2 1 2 2 5.38
3 1 3 3 7.15
4 2 1 2 5.75
5 2 2 3 8.11
6 2 3 1 9.57
7 3 1 3 9.20
8 3 2 1 8.28
9 3 3 2 6.36
k1 5.03 5.83 6.80 -
k2 7.81 7.26 5.83 -
k3 7.95 7.69 8.15 -
R 2.92 1.86 2.32 -

3.2.5 AEHUEYIRE A fb i T 2 X iE
S ST AL AL P ] £ 1) e T b
F 110, 650 50% Z, 95°C Kk, Bk
MIEAEE 1 h, $2H 3 K, 985 A I U8 45°C
JE e dn 2 ToRER, 20 A0 08, K o3 % 2 A 2 Tk B
AT 0.2 g/ml A _FEWE; #e EAEAE 250 5 ORFLIK

=5 mEIZEIEER
gy WEE RN wEL
(%) BEE(%) BEE(%) SEERSD(%)
1 6.88 0.82 5.73 0.87
2 6.91 0.81 5.72
3 6.95 0.82 5.64

33 AMmEESMEGEE

WL 2y R g2 AR S T B
PubChem, Web of science 55 54 J4 1 [E] P4 4h SCHik,
g S R e =00 o = S W SV i i S N
LA W2 R 545> 120 Al MasslynxV4.1 115
A Wk B o 4, ST L 95 M AE IR AE
B BT B P

& 4 ATHN, 7R IE B TR, ARk &
PSR T AP B . 456 Big s . AHIC ST
HESh A 24 R AN SR A, OF 5 B R BBk 2
BT BE PR AT LA i, RO S 0 B
20 P AW 2R AL S W, AL AR R 2 AR B TR R
HAS. HBS Z5(IL% 6) .
4 g

SCIGHTHA, 528 T IR IRTIE S LB M
i, 28 LR e IV 7 s ) A5 A5 B I AR R ) e b
HAS. HBS & &8 2| A 3% . (HURVEERR i
AR, FERHS | KIS A i 2, T H R
Gl R P e et 0 ) G W s S O e A N ]
RAEHE RN, IR T 4540, 255 25 18 T AR SC 5
P17 & VN LA [ B3 G

HAS. HBS J& MR EBERE L A= Y, B2
ARG PUAAL . R, PR E 525 ZMEE, 325
G )z RER 2, ARSI S 1Y T 2 RS
AU G e, W 4R & HAS, HBS & &,
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11
8
3
6 | ‘6
a 51719

14 ‘

\

|
UM WA " PN Mﬂ) w !

18.00 20.00 22.00 24.00 26.00

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 28.00 30.00 32.00 34.00
fsfE] ( #/min )

4 EBTEXTEREYE BPI
#*6 EBETEATENMEYBERSERBETREEER

R \ . MRl SRR BT 2%
VES i(mny AW AT ETESL O (m) (ppm) (i) ik

342.169 0[M]", 297.110 6[M-C,H,NT",
282.088 2[M-C,H;N-CH;]", 265.085
1 4716  AKZEEHK  CuHuNO, M 3421705 3421690 —4.38  2[Cy7H;305]", 222.065 3[C;sH;(0,]", [15]
191.084 6[Cy5H, 1", 194.071 4[C,,H,,0T",
165.069 3[C,3Ho]"

2 5483  ZP-amide D Ci;sHpyNO, [M+Na]® 320.1838 320.1825 —4.06 321.186 4[M+H+Na]’,320.182 5[M+Na]"  [16]

3 5.877 ZP-amideE C;HyNO, [M+Na]" 320.1838 320.1825 —4.06 320.182 5[M+Na]” [16]

613.338 5[2M+Na]’, 319.169 2[M+H+Na]’,
4 6043 ZP-amide A CigHp»NO, [M+Na]' 3181681 318.1685 126  318.168 5[M+Na]’, 296.183 8[M+H]",  [16-17]
278.175 6[M-OH]"
613.338 5[2M+Na]", 319.169 2[M+H-+Na",
5 6724 ZP-amideB CigH;sNO; [M+Na]” 3181681 318.1685 126  318.168 S[M+Na'*, 296.183 8{M+H]",  [16-17]
278.175 6[M-OH]"

6 6793 ZP-amide C C;H»NO, [M+Na]' 320.1838 320.1825 —4.06 321.186 4[M+H+Na]', 320.182 S[M+Na]" [16, 18]
7 7222  ZP-amideL C;HpyNO, [M+Na]™  320.1838 320.1825 —4.06 321.186 4[M+H+Na]", 320.182 5[M+Na]"  [16]
8 7902 ZP-amideK C;sHpyNO, [M+Na]® 320.1838 320.1825 —4.06 321.1864[M+H+Na]’,320.182 5[M+Na]"  [16]
9 12427 ZP-amideN C;gHyNO, [M+Na]" 3482151 3482130 —6.03 349.217 7[M+H+Na]", 348.213 O[M+Na]"  [16]
229.037 0[M-2CH;,]", 227.056

6[C13HyNO, ]+, 202.046 8[C, HgNO5]",
10 16.168 B CyH;3NO,  [M+H]™  260.0923  260.0923  0.00 199.062 5[C,,HyNO,], 184.037 [19]

9[C,HgNO,]", 156.043 4[C,,HNO]",

77.037 7[CeHs]"

N " 302.171 4[M+K]", 286.178 3[M+Na]",

11 22312 F3-e-lUHE C¢HiNO, [M+Na]® 286.1783 286.1783  0.00 £46.] 8]4 4[M-OH]*[ 1 [20]

YAH
12" 22701 fﬁ%% Ci¢HysNO, [M+Na]™ 286.1783  286.178 3 0.00

YAFL_ B
13" 23.113 ﬁ%ﬂ% C¢HysNO, [M+Na]® 286.1783 286.1783 0.00

287.179 S[M+H+Na]", 286.178 3[M+Na]",
246.184 4[M-OH]"

287.179 5[M+H+Na]", 286.178 3[M+Na]",
246.187 S[M-OH]"

(21]

14 23.605 Zamh‘jfm‘des CisHyNO,  [M-OH]"  304.1913 304.1913  0.00 345.184 4[M+H+Na]’, 344.181 6[M+Na]’  [22]

601.398 T2M+Na', 313.164 S[M+HNal',
312.193 5[M+NaJ", 272.200 9M-0H]"  [20]

601.398 7[2M+Na]", 313.164 S[M+H+Na",
312.193 5[M+Na]", 272.200 9[M-OH]"

17 26.786  bungeanool C;gH,)NO, [M-OH]" 2742171 2742165 —2.19  565.363 6[2M-OH]", 314.210 3[M+Na]" [23]
18 26957 isobungeanool CigHpNO, [M-OH]" 2742171 2742165 —2.19  565.363 6[2M-OH]', 314.210 3[M+Na]" [23]
[
[

15 26156 FFH-p-IIME CgH,NO, [M+Na]® 3121939  312.1935 -1.28

ALy

16 26379 Sl CigHpyNO, [M+Na]" 3121939 312.1935 -1.28 [20]

19 27586  o-lIME  CH)sNO  [M+H]" 2482014 2482012 —0.81 286.178 3[M+K]"
20 29.068 VPUEAEMZE CgH;NO,  [M+H]Y 2962590 2962577 —4.39 318237 8[M+Na]’, 279.137 4[M+H-OH]"

21]
24]
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