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Supelclean LC-Si B4R BN 2440, R 5 RIY, HHZLEAR B, A OASIS HLB EA8F I
ARA, R Cg GBS B, THEARME A AARSATH B, F A HPLC-ESI-MS/MS |
. HERER: BEFNREKT, FARFTFELETRIGOATLAR, LRRK. REFTSEZX
Z, 2.9t ¥ SR FANRRBEZTRSTARR, TRZRA, st Rt LK
BAARE T EARLT RS EM L., £ 0.01~2 mg/kg FmAKFET, 3HEEMRGEIKEE
81%~109% Z.18], A8+ 474 £ (RSD) 4 0.4%~1.8% (n=15). # R/ 0.08~0.12 ug/mL Z
8], AR VAR Bk st AR B A et AT R B A

X9 Tk, FNRT R FARTA TRAS; FHRURAR &k w et B Bk
hESHES: 0657.63; S482.39 RAFRERD: A NEHS: 1008-7303(2018)02-0197-07
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wilfordii by high performance liquid chromatography-electrospray

ionization tandem mass spectrometry
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Abstract: A rapid analytical method for the simultaneous determination of triptolide, wilforgine and
wilforine was developed using high performance liquid chromatography-electrospray ionization tandem
mass spectrometry (HPLC-ESI-MS/MS). The contents of those three active substances in different
tissues and plant tissue culture of Tripterygium wilfordii were compared. The ultrasonic extraction and
reflux extraction technologies were used for extraction of those three active substances in 7. wilfordii. In
the reflux extraction process, the analytes were extracted by V' (methanol) : V' (acetonitrile) = 1:1
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solution, and cleaned up by Supelclean LC-Si solid phase extraction cartridges. During the ultrasonic

extraction, the analytes were extracted by ethanol, purified by OASIS HLB SPE column, and separated

on a reversed phase C;g column with gradient elution with acetonitrile and water as the mobile phase.
The extract was then determined with HPLC-ESI-MS/MS. The results showed that the highest contents
of triptolide is detected in adventitious roots, followed by hairy root and root bark, while very low

content was detected in stems and leaves. The highest contents of wilforgine content is observed in

hairy root, followed by the root bark, and it was not detected in leaves. Wilforine contents determined in

hairy root and root bark are similar. When the addition level ranged from 0.01 mg/kg to 2 mg/kg, the

recoveries of three active substances of 7. wilfordii was 81%-109%, and with RSD ranged from 0.4% to

1.8% (n =5). The detection limits of the three active substances ranged from 0.08 pg/mL to 0.12 pg/mL.

Results indicated that this method is highly efficient, with good sensitivity and accuracy, which can

quickly monitor the quality of 7. wilfordii extract and its products.

Keywords: Tripterygium wilfordii; triptolide; wilforgine; wilforine; high performance liquid

chromatography-electrospray ionization tandem mass spectrometry (HPLC-ESI-MS/MS)

&N Tripterygium wilfordii Hook f.5& T %l
(Celastraceae) B A JEA B EAIEY), £ EAME
g zitt, HIREUI R S w5 A AE IR
B — e W EEZE . H Al S iRE IR A R
1) EEIEVER T N TE AR R (triptolide). T A
F (wilforgine) FIER A B R (wilforine)™, &k
AIER 1. FARF R, NAEARNERL, BT
WE BB, WERTTHE RS 5 Mythimna separate
ARG A HEPES 75 A R 35 AN RS £ F
i RE SR AT, 25BN B T KAE Ostrinia nubilalis
WA A % OEVET, B S B Pieris rapae
FZRIE KEE Locusta migratoria HIE &S, H
i, TR I E A T 3 EE T 5 53 A 07 V5
JZ ik (TLC)P), BN @il ik (capillary
chromatography)!''. 8483 e EEVEI L AAH B
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EX1 BEARFE () BOHREHE (b) MELBORE (o) HEGEHR

Scheme 1  Structural formula of triptolide (a), wilforgine (b) and wilforine (c)
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1 RS

1.1 {428, AR RERENE

LTQ XL ¥ AH €& 1% - i 3% Bk FH {X (Thermo
Scientific, Waltham, MA, USA), B4 & 3h i #E
P PUTTHE R SR, LTQ B 1B Bl gt %5
HESJR, Xcalibur 2.1 RGIEHIHK M KQ-2200 %Y
P IE YA (BT AR A IR A A Milli-
Q 4K &4 (7 E Millipore 2~ 7); OASIS HLB
(60 mg/3 mL) [ A ZE B /NE (Waters A #);
Supelclean LC-Si (500 mg/3 mL) [HAHZEH/ME (b
TR A ],

Murashige and Skoog (MS) 55773, 2,4- &
KA LM (2,4-D). Bsh&E (KT) % LK
(NAA), ¥JIJH Solarbio A . WA FEE. LI
Bk al, HALGHLE T e w58 H
KR A Milli-Q 4K ARG HEAREHFR. M
U ARE S, ZE S5 98%, ¥ A [ 24
Wil s 7 BT o

BER TR R AT A4 bR MR K
TN FRAGH TS 0424t ATCC15834 4 H
American Type Culture Collection.

1.2 #HIAEOBRRERAE

TR . ZZfnt: HABRAEEE SR
THLX, FFAE 2 BT RUH T X B A F R Y
Wt T8 R 25 Fp O B S D) BE ML BE Y o BERRAEL 3 1
B ZERMIE 3 5, 460 C KT, MwE, o
L2 0.30 mm i, MR OMEERSH, BT 4°C
UKFEH IR, &

AEMRRE TR IR A BRI T A L)
RAE N AMER, ZBESCHIR[17-18) AT B Ah 4l
S, D MS NEAEEFREL, HAEN 1.0 mg/L
] 2,4-D F1 0.5 mg/L #zh % (KT), ¥ ABRYIR
FE25°C+1°C FHFE (16 h J6lE/8 h i), A0
30 d GAREE IR — IR, B 3 IRIG TR BB A
2, BRI E MS 553738, HAREsin 4.0 mg/L
NAA 1 0.5 mg/L KT, F25°C+1°C FHBER
F&, B30 d HARKEFE IR AR 5~6 10T, UdE
AERAE LA R

RRMIETR: BRKRITE A4 Al ATCC15834
7E MS 1 1/2 MS R 7758 b8 8 i @ 2 2UR G
13 B FARARD,

1.3 REHE

13,1 A7 V3 LB B o) A o o el il

AR AR R HIORR AR R E R, H
HEERBIFERZ 5mL, 2318 2] 100 mg/L 45
TS B . AR PRI FF 2, PP R IR A R
1. 10, 30. 50. 75 F1100 mg/L [F) & ¥ b5t i
L I 0 1) = Yl i £ A =R 7SI - L
AATR W THI R 9 DA A 22 il B o 1T 28
132 #&ET#
1.3.2.1 ERFER  SFCER[20)077534T . FREX
MR A REERFE M & 1 g, MA20mL V
(FE) : V(L) = LVIREGEW A, I#ER 2 h
JEAE, AR RS E IR VR A AN B IR
JREs JUE, MR AKZEILET . I 3 mL
KAEILEAR, _FREZ Supelclean LC-Si (500 mg/3 mL)
EAHAECNME, 10 mL V(& W) - 7V (FFEF)
= 10:1 WL, Belm & 2T fa H B E
A& SmL, 1 0.22 pm JEEE, FEorAT.
1.32.2 MAERIB 1{E Brinker ZfK) 7 k3L Al
AT — B0 RO B IR T A R REARFE S 1 g,
M 9mL ZEEEFHEI 3 K. A IFIRIGR, Tefs 2%
REIET. WMA3ImL V(=& F L) : V (FEE) =
49:1 VEWGE AR B 10 min, 435 3 mL HE
S 3 mL /KT BERT OASIS HLB (60 mg/3 mL) [& A
REHE, H10mL V (& W)V (HE) =
49:1 WL, MR A R AT )G H B e A
% 1mL, iF0.22 um JERE, #5047,
1.3.3 &l FiE % fF: Hypersil Gold
Cyg BLHEAE (100 mm x 2.1 mm, 5 pm); ZORBAX
SB-C,5 i+ (250 mm x 4.6 mm, 5 um). iz
A NK, WENHH B NN BEEBRE T
0~20 min, 5%~75% (B); 20~30 min, 75%~75%
(B); 30~35 min, 75%~5% (B); 35~45 min, 5%~
5% B). FEHEL 25 °C, HGE 1 mL/min, _EFEAFR 20 L.
JRIESAT: BTN BSI TS (N Uit
W 25 L/min; 4B (N,) Jii% 0.75 L/min; 551
FEAEIRIE 300 C: ErEmE ik 7V, BER
5 4.5kV; HIEE, m/z 100~1 000; 35
SN — G J5 R A A 0 B A ) T A A
TARERER HHUAKBR0 TSN 2 SR 1.
1.4 REYORLE
ERAREERES P RINEART R, F4
T 5 BCRN B VR S A AR VA VR, HEAT I I E] Ak
5. WK 54 0.01. 0.5 F12 mg/kg, A
AKFEE S e THEA N B AR A AR 22 o
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*1 BLHEFER FLERESTEFAEHRIENESH
Table 1 MS parameters for the analysis of triptolide,

wilforgine and wilforine

T ERET ENEE T filf-f8 R
Analyte  Quantitative ion, m/z Qualitative ion, m/z Collisionenergy/eV
?.i?i\p%)l??lf 325.83 325.83, 343.88 30
%\,ﬁf’% gnzﬁ 840.27 206.29, 840.27 30
ﬁﬁ%ﬁzﬁ 850.35 808.34, 850.35 30
2 RS9

2.1 [ERZERUMERGERRRIERE
BABM SR E 2%, HIs T p & SRS,
PRtk SRR 7 B AT W . SCHRIRIE R A

300 - 3
250

200

100 -

50
—

10 12 14 16 18 20
B+ 1] Time/min

PEEALERAE . BEROAE. B0 B A ki LR
T % [ AR NS, ARHFFTLEER T OASIS HLB
[i] AH AL BN AT Supelclean LC-Si [#]AH AL BN 1)
BB, 4RI OASIS HLB [H A%
BN B R B A ROR . s Xk
Wik AT A, KRB 10 mL vV (Z& W k2) : vV
(FHIE) = 49:1 0K H bR &9 56 A i .
22 BIEHEREE

AT ST FH T P b €0 1 A R AT € R 0 2 AR
R 45K : Hypersil Gold C,g #E1I7r B 4K
FANEEAR, R 2 A 3 EA A RO (K 1-a);
MK ZORBAX SB-Cig 1, 3 FhEFI 475 34
L7 Es (B 1-b)s

" b 3
300

250 |
200 |

S 2

150 f
100 |

50

0

10 12 14 16 18 20
FJ 18] Time/min

LEATERE (triptolide); 2. TH AMEH I (wilforgine); 3. T5 A BEVKHH (wilforine)
a. Hypersil Gold C,g 3% 4% (100 pg/mL); b. ZORBAX SB-C i+ (100 pg/mL)
a. Hypersil Gold C;g column (100 pg/mL); b. ZORBAX SB-C,g column (100 pg/mL)

1 BRED 3 MEHREARMAERIER TS BEMRIEE

Fig. 1

2.3 [FUiEE MM SRR

2 /%1, BAMEER. HRORH IR E
PEE T [IM+H] 2 58 361, 858 Al 868. £l ifj%
DA WS 25 H e . AROMR AL L lE A R A S A0
TG, BTN, 3 FRHINE R i
(1) RS J R e 10 s AT N, Hmk
2oy KW AR ILNE, R 5 e e
CH;COOH (m/z 60). CO, (m/z 44). CO (m/z 28)-
HCOOH (m/z 46) 1 H,0O (m/z 18) 2 5 Jr 59
T EHEAEFRN GG, GERN 2 kB
B (m/z361) li% 1 73F H,0 JE TR R 851
[M+H-H,0]" (m/z 343), W ETSH%E8EKR 15
¥ H,0 Ja e A B 7 [M+H-2H,0]" (m/z 325);
BEESF (m/z361) i % 1 /0¥ H,0 X 2 431 CO J&
T R Fr B [M+H-H,0-2CO]" (m/z 287), m/z
287 445 % H,0. CH,CHCH; & HCHO, KR

Comparison of the separation effect of three active substances in Tripterygium wilfordii using two different columns

WA B T [M+H-2H,0-2CO-CH,CHCH;-HCHO]*
(m/z 197)( W] 2-1b);  7E 7 20 ik 35 B8 1) — 4% Joi 3%
o, BEASIN B B ES T (m/z 858) i & 1 43 TR
H % (FuOH) J& & B 8 T [M+H-FuOH]"
(m/z 746), R EFoHBEER 1 HTFHEZHT
CH;COOH T J& Bt v 51 m/z 686, 626 1 566
(P 2-11b) s 7E 8 A R IRBRI g0 o, ek
M2 BT (m/z 868) M2 1 0 FRH I (BzOH)
BT % B P S T [M+H-BzOH]" (m/z 746 ) (W
B 2-111b).

24 JIEEFIE

24.1 tREBMAWSEEMER 4R (K2R
B: 7£ 1~100 mg/L Ju [N, SHABTF R, HAMK
R BFH TR ) e A 5 B VR B TR 2R G R R
U, MIRARBIIKT 0.995 6. LIEMELL SIN = 3
THE AL S YIS H IR (LOD) 24 0.08~0.12 mg/L.
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100 5 14 361.15
90 -
80 1
g 70 1
g : triptolide
M'g 60 [M+H]
2 50
2o 4
EE 404
2 30
20
10 3
NE preepreld it pb P by : [ et : il
150 200 250 300 350 400 450 500
mlz
100 - 325.83
11b [M+H-2H,0]"
90 -
80 7 343.88
g 70
g ] [M+H-H,0]"
< 3
eECE
HE 50
=5 ] [M+H-2H,0-2CO-CH,CHCH;~HCHO]*
EZ 40
= E 197.08
& 30
20 — 18491 287.73
10 4 169.87 239.73 276.77 R
of o epen] | lme LoEe L LV L
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
mlz
85832 68
100 11, 100 41714 sz
90 1 90 4
é 80 ; wilforgine § 80 1 wilforgine
wg 70 sy xg 7 (MH]
EP 2 60 - % E o
-;% 50 3 T8 504
=g 40 - mE 4
< 30 4 < 304
M0 2 T
10 § 206.16 10 206.27
0 Lok il ! | (L SR RS  STTRRI I, S S
200 400 600 800 1 000 200 400 600 800 1 000
mlz mlz
100 11 = 100 4711 At
90 [M+H-H,0] 90 [M+H-H,0]'
g 80 g 80 4
5 70 _§ 70
% g 60 4 206.29 i g 60 §
ii'ﬁ 50 ﬁz‘é 50
nD;: g 40 [MHH-FuOH] g;:[ E 40 [M+H-BzOH]
*% 30 1 [M+H-CH,COOH]" 798.42 *% 30 3 [M+H-BzOH-CH;COOH] \808.34
o~ 20 N B0 ~ 20 206.29 5*36-3744634
10 178.60 [MH-2CH,COOH] 10 3 160.81 |
| 62640 s68.10) | |
0 l i ] i 0 Lt ;
200 400 600 800 1000 200 400 600 800 1000
mlz mlz

242 WEE

a. — LR (MS spectrum); b, —Z¢JFH i (MS/MS spectrum)
L HAREHER (triptolide); 1L B AL Bk (wilforgine): 111 i A FEIIK (wilforine)

&2

BLBRR. BAREHAAEN—K. ZRRIEE

Fig.2 MS and MS/MS spectra of triptolide, wilforgine and wilforine

FEPTRf 2 g 251, 70l

10 mg/L (TR AR . B A B T AN AR HE 7
VSRR 3 UK, THE AT AR AEfR 25 (RSD)
3125 0.103 2%+ 0.095 8% F10.107 5%, =B,

W TR R

2.4.3

7 e R B 2 R

iR (R 3) & fE

0.01. 0.5 F12 mg/kg 3 NMRIAKFT, HAKH
F T RORT OB ) 9 0 B R AE 81 %~
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*x2 BLERZR. FABRTHEAREAIRAERZ G H R N 221.79 ng/g, REZHE 204.81 pg/g, MRS

Table 2 Regression equation and LOD of triptolide,

wilforgine and wilforine

[EVEpspid

T

Analyte Regression equation i X;/%ﬁ LOD/(mg/L)
%ﬁﬁi?% y=531620+7.162 09956 0.08
Eﬁ@fﬁ? y=3279.6x-13.021 09983 0.12
?H{;//ﬁgi?:nﬂ} y=8764.1x+3.119 0.999 2 0.10

109% 2 [f], RSD 7E 0.4%~1.8% 2 [8], FHAT
R RIFHER % .
25 HmlE

K FH W AN [ (R S B 30 8 T 7 A RS TR
ZiFARAL (R A0 DARCER AR FRE 75 05
NPHEE =) (A e RFRARAR) A&
HABHEWMMKN S E. &8 (&4 EH, K
I 243 FH 35057 DA S AN [R) 4L 885 7= v T 25 B A7 1E
EER. Ko, FABRFERSERASNEAE
M, N 43.05 pg/g, KIRWH & 35.97 ng/g,
W& & 1017 pg/g, MHESERD; KRR
FIAR Bz v () 7 o i 5 B B 20 ) 9 1 054.03
1 027.46 pg/g: B 2 B 5 & da v R A2 ROTRAR

M.
3 g

TRIE RN TR AR 2 E AN [R] P L 24
A AR R R T v, (EER AR (Al
WIREONEBL,  Horb g A S B AT JE AT AR AT
DAYk 2D 24 Jo 5 e AR e A I E e, (H
HOR N EIVER 2 Brinker ZE L T H A ER
25U A TR R 2 1R v ASOUAH € - 58 A s N 2% 43 B
J7i, A0 5y 5% B 55 A 52 Y Hh H A 2% 5 T
P, womm g R HERE

AHFFC ST ) HPLC-ESI-MS/MS A YH iy 1 X6}
HABEER T MmN, REUD R
i, HBOEMCE R R, HAEAE TR
g, ALLE R A, NS A 2 M
g3 ) 5228 R i (R BE B8 JAH B 5 55 1 [R] I 2R AT
For I, AT I 30 F A — ot ol 5 YR ) 5 1 A E B
ZHERAEAYRL . REES. LS
e, AT DAAERD . DU XS B A RS B K H e
mn AT T R AR

S & B

-

R3 3 MEENYEE A BREN AR B R KRB RERE (0 =5)
Table 3 Recoveries and relative standard deviation (RSDS) of three analytes in 7. wilfordii plant (n = 5)

AR N O R
AT triptolide wilforgine wilforine
Spiked level/(me/ke) e AU bR G 22 i A ER A (% I MU R G 22
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
0.01 82 0.4 81 1.5 85 0.4
0.5 89 1.7 93 1.1 92 1.8
2 96 13 96 1.2 109 1.2
x4 RAFERMAGEMNENELRFR. BLRTHARBHETEERTHNEE
Table 4 The determined contents of triptolide, wilforgine and wilforine in different samples using different extraction method
RHUTE DA TR E BN R BRI
Extraction method Test sample Triptolide/(ng/g) Wilforgine/(pg/g) Wilforine/(ng/g)
[l 2N Reflux extraction B Root bark 8.36 1011.79 192.45
2 Stem 7.16 1.82 0.22
it Leaf 1.45 _ _
AFEMR Adventitious root 40.26 393.88 35.82
SRR Hairy root 32.25 1016.75 210.98
AL Ultrasonic extraction R B Root bark 10.17 1027.46 204.81
2 Stem 7.31 2.63 0.57
" Leaf 4.58 _ _
ANFEHRR Adventitious root 43.05 398.52 38.74
KRR Hairy root 35.97 1 054.03 221.79
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TN EREARAS [ AL SR L S AN [F) 4L 4R 535 97 4
P H bR E B S EE K. A
FEr BT ELRL T8 o A AR A AL G BT AL S AN TR 21
G TR R AR W BN O S 2 R
ZRER: FABHRTERSNEAER, K
PARFIMRE IR, 25 R EEMRD; HABRK
il 5 B A v PR RCIRAR, FLIRARE AR B, AP R A
TS5 RCIRAR AR B A ) B 23 I 75 Tl 2 AR 24
X BRI T2 SRS % T A A R LA A )
VA SR L A SR I T2 — R 8 .
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