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Simultaneous determination of 8 active components in Sishen pills by
flash evaporation—gas chromatography/mass spectrometry

HUANG Yi-lei, HUANG Zhong—ping, WANG Li-li "~

( College of Chemical Engineering, Zhejiang University of Technology , Hangzhou 310014, China )

Abstract Objective: To develop a flash evaporation—gas chromatography/mass spectrometry ( FE-GC/MS ) method
for simultaneous determination of psoralen, isopsoralen, deoxyschizandrin, dehydrodiisoeugenol, y —Schisandrin,
schisandrin, evodiamine and rutaecarpine in Sishen pills. Methods: Powdered Sishen pills was directly added to
a sample cup, then evaporated at 300 °C and the analytes were analyzed by GC or GC/MS. UA-5 capillary column
(30 m x 0.25 mm x 0.25 pm ) was used with temperature programming. The oven temperature was raised from 50
°C to 200 °C at a rate of 10 °C - min"', then raised to 300 °C at a rate of 5 °C * min' and was maintained for 10 min.
The injector was set at 300 °C.. FID ( temperature was 300 °C ) or mass spectrometry ( EI ion source with its scanning

at the range of m/z 50-600, and no solvent delay ). Results: The 8 components were well separated, and RSD
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was less than 5.3 %, showing good reproducibility. The calibration curves exhibited good linearity with regression

coefficients more than 0.992 at the concentration range from 20 to 10 000 ng for all the components. The recoveries

were 92.6%-107.5%. Finally, the contents of these 8 components in Sishen pills from 7 manufactories samples

were analyzed, and the results were compared with those obtained by HPLC method. The Doping of Wuweizi might

be detected by the content variation of schisandrin and qualitative analysis of anwuligan. Conclusion: The method

was simple, sensitive, accurate, reliable, and could be used for quality control of Sishen pills.

Keywords: psoralen; isopsoralen; deoxyschizandrin; dehydrodiisoeugenol; y —Schisandrin; schisandrin;

evodiamine ; rutaecarpine; flash evaporation—gas chromatography/mass spectrometry ( FE-GC/MS ) ; Sishen pills;

active components ; simultaneous analysis
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FRTF (Bl ) 200 g R85 (] ) 100 g KA ( £4%)
200 g, 4222 200 g, # FIREL 5 530 il 24 e b g
PR | LR TR SR A 8 1) T AR AR i

5 I D X FE A TR BOAS TR) W B A 8 N K
B3 Bt BRI 1 mL, 43 B AT IMAE 1 g X
FAPESE b, R R T, IS 2 20 R4S 5 %6 BRI
YRR TR) Ve 85 174) 5 O VG BCAR VA W o

I By AR S AR T 4 CORAFE .

22 fUERA

FE-GC 45 4. 24/ 2% N 256 : 300 °C 5 UA-5
ANENEAER: (30m x 0.25 mm x 0.25 pm, HAS Frontier
oNE] ) FHEFRR : FIGRTEIE 50 °CLLL 10 °C » min™' Y
HERTEE] 200 °CL,2R)5LL 5 C - min' BYEERTEE] 300
C, PR FF 10 min; 4 H R EE 300 °C, FID i B 300
C s /b R 301, 8 mali A, 46)E >99.999%;
FEfiE 1.0 mL - min”',

MS &4 B 7 EL - FRER : 70 eV BT
JRIRLRE : 250 °C 5 fEHILRIRIE : 280 °C 5 TR
JE: 1.250 kV; 2EH#H: HEE m/z 50~600; &
VS FIAEIR
23 HELE

FEHRFRIL 1.0 mg ( FE 5 0.01 mg ) FERIR , B
TR A B NG AR SRR S

Tafan b s A e IR 5, 1 T 24 an
FEA, FE S AR TG [ 75 2 AR X, [R]BEE Bl AOM i
PGHAT 53 B IAE o
3 FERMFIL
3.1 8 PMARUNSTH FE-GC/MS 43t

XN ZEI R BT AT AR i A5 4y
B i D 2R e 85, 45 SR A 45 R« TN 7R
300 C 5 (A3 H R UA-5 £ (30 m x 0.25 mmx 025 pm),
FETHEA AN EATREE 50 °C, 10 °C » min" T3] 200 °C, -
PL5°C +min’ T3 300 °C 4545 10 min; BUEEFE A 1 mg,
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I3A, WL 1, R 1-A AT, 8 AN BA S 4% B B
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Horpr 4 5 B AR (2505 1) 43 B AN Je o PRI, 2871
BRI A 172, R TR
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1. #MEFIEZ (psoralen ) 2. FAME NG ZE (isopsoralen ) 3. FHIETFH Z (deoxyschizandrin ) 4. 254 5% T B ( dehydrodiisoeugenol ) 5. HIEF L2
( vy —schisandrin) 6. HERFEEH (schisandrin ) 7. 2 4050K (evodiamine ) 8. R 4EBIUKAK ( rutaecarpine )

1 8AMEAAE(A)MEHAHESR S-1(B)7E 300 CTRESANEEFRE

Fig. 1 Typical TICs of 8 references( A ) and S—1 sample ( B ) obtained with flash evaporation temperature at 300 °C
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1. #MEBR R (psoralen ) 2. FAMEAEE (isopsoralen ) 3. FLMKFH &K (deoxyschizandrin ) 4. £ 57 T AN ( dehydrodiisoeugenol ) 5. LR T2 FK
( vy —schisandrin ) 6. IR FEEF (schisandrin ) 7. RZEEEHK ( evodiamine ) 8. FAEBHLUCH ( rutaecarpine )

B2 S-1#m(A)FERERME (B ) HEERME(C ) EKFAME(D)MREERMYE(E ) FEMRTE 300 CTHNZE - SHEBIEE

Fig. 2 Typical TICs of S—1 sample( A ), sample without Buguzhi( B ), sample without Roudoukou ( C ), sample without Wuweizi ( D ) and sample

without Wuzhuyu ( E ) obtained with flash evaporation temperature at 300 °C
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Tab.1 Linear ranges, regression equations, correlation coefficients, limits of detection ( LODs )
and limits of quantitation ( LOQs ) of the 8 active components
ok 25 i S
( acliiﬁl)fp]o}nenl ) ( linirﬁezjjt:ion ) ( linifrlil{rzleﬂ) /ng " LOD/ng LOQ/ng
AR (psoralen ) Y=3.116 x 10" X+8.317 x 10* 20~10 000 0.9973 13 3.9
SAMEAEZE (isopsoralen ) Y=3.081 x 10* X+9.414 x 10* 20~10 000 0.993 1 33 10
T T H Z ( deoxyschizandrin ) ¥=3.009 x 10* X+5.053 x 10* 20~10 000 0.994 5 0.52 1.7
FAZ5 T &HB (dehydrodiisoeugenol ) Y=1.823 x 10* X+2.825 x 10 20~10 000 0.9923 1.0 3.5
FTF % ( y —schisandrin ) ¥=3.008 x 10" X+7.360 x 10 20~10 000 0.996 2 0.84 3.8
IR FEEH (schisandrin ) ¥=3.019 x 10" X+8.263 x 10* 20~10 000 0.993 4 0.48 1.6
YL (evodiamine ) ¥=3.192 x 10" X-4.225 x 10* 20~10 000 0.9927 2.8 9.3
B, ( rutaecarpine ) Y=4.097 x 10" X+6.482 x 10* 20~10 000 0.994 5 0.59 2.0

Rl 81 2t R4, A DG ZR 80 r KT 0.992, 6 iR
( S/IN=3 ) Filig & FBR ( S/N=10 ) 43 5°h 0.48~3.3 ng Al
1.6~10 ngo 8 MRFINY T, 524 BEHRUFN 52 2 B9 U Bl 1Y)
W e 5 A IR 2 NIRRT IR R S R
MEIEZ (EA GCMERE) B, 13
HHAR 3 FH 7 52 2 B R S 4 B R Bl %) 3B o
332 XEEAERENE U1 000 mg - L7 R AT 5,
RO HT 0.4.8,12., 16,24 .48 F1 72 h BEEESMT,
ORI, G5 REBW A FIER RAMEIER I
KPR EAZRTHEM LR TCR KRB
FH | 5% 20 B Al 52 2 B R ) RSD 2243 5110 1.7%
2.1%.3.6% .4.3%.3.0% . 4.1% .2.7% . 2.8% H 3.3%,
VRIS IR S VA MRTE 4 CHCE 72 h BEATEE
333 R X S—1 RS IEAT AR [ R
S, bR AR 0.5, 1 F1 1.5 %, 45 58 L3 2,
2 3 B RN 92.6%~107.5% , 6 YR S2 0 & 1]
WCRAY RSD K 1.0%~5.3% , WA 7 EE MERA BE G
3.4 FEAEYIE

XPE A TANT G RALRE S T FE-GC 438,
13 2 7 A P RFILEE 5 ) FE-GC Bl [FIET, 2% 2015
AERR AR N RIE R 24 ) SRS HEA T 709 HEE
IKABFEHEEUS , SR P HPLC S 43T, 2 Rl i il
FELEIRIFN TR 3, 2 3 A, 78T A DU A ILRE
1, FE-GC 15 Bl A5 i b IR AN S AME B 28 % 1 o0
HIFE 2.81~394 mg+ ¢! 1 3.09~4.55 mg+ ¢ ZIA], 5 HPLC
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BT AR4E R (285387 mg+ ¢! F13.07~4.71 mg- ¢ ) M
o AR FTINARR A 5 T & R EER
AN SR A B 5 B 5350 0.18~0.93 mg - g
0.17~090mg * g . 0.14~031 mg * g F10.14~092mg * g,
w1 HPLC 5 TR 45 5%, HLY& 78 SCRRGE 193 il
U AN AR SE IR 1 ANREER T 45 min, T
HPLC 3857 150~200 min,

4 SRR PR HIR R HR T
P S i RAIC L 6 5B i b FLOR T 4 R LR R
e wile TR R TS R T AMIARL, EANH
BAR, WA B s 4 MR T A R
E TR B X AR A S S AR SR L
XSS AT , 2 B0 2 R A TS 27.9 min Y
kil e IR (I 3 Fios ), i Hofth 5 SRR
I RK IR Z TR R, R BERIFTES Y
4 Hig

AR SCHENT T o [ B0 2 v B 24 G AL ok
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Tab.2 Results of recovery and RSD

AR JbRE T M55 (found )/ mlEs RSD/%
(active component ) (content )/ (mg-g™") (added)/(mg-g™") (mg-g") (recovery ) /% (n=6)
2.81 1.50 4.34 102.0 3.1
IR Z (psoralen )

3.00 5.77 98.7 1.4
4.50 7.38 101.6 2.4
3.09 1.50 455 97.3 1.7

SEAME IR E (isopsoralen )
3.00 6.04 98.3 2.2
4.50 7.57 99.6 1.0
FFFH % ( deoxyschizandrin ) 0.35 0.20 0.54 95.0 2.0
0.40 0.77 105.0 3.2
0.60 0.97 103.3 2.8
LA THMW (dehydrodii- 0.58 0.30 0.87 96.7 3.9
soeugenol ) 0.60 115 95.0 3.8
0.90 1.51 103.3 33
FMF 2% (y —schisandrin ) 0.37 0.20 0.58 105.0 32
0.40 0.80 107.5 2.8
0.60 0.95 96.7 3.0
PR FEEH (schisandrin ) 0.75 0.40 1.18 107.5 32
0.80 1.52 96.2 2.9
1.20 1.97 101.7 3.2
SR ( evodiamine ) 0.14 0.07 0.21 100.0 2.1
0.27 0.39 92.6 4.8
0.21 0.36 104.8 53
FASBIUIA, ( rutaecarpine ) 0.33 0.15 0.49 106.7 3.5
0.30 0.62 96.7 2.4
0.45 0.77 97.8 4.3

*®3 FAEDE#HAHR SN EFHAAHEE(mg ")

Tab.3 Contents of 8 active components in different Sishen pills

.o EHRTHE  REASRTH  ERTLE

F FiNCdiEES SAME AR R N . FLOR R ES /L
9 ( psoralen ) (isopsoralen ) ( deoxysch- B ( dehydrodii- (v- (‘schisandrin ) (evodiamine )  ( rutaecarpine )
( sample P P izandrin ) soeugenol ) schisandrin ) P

No. ) FE-GC HPLC FE-GC HPLC FE-GC HPLC FE-GC HPLC FE-GC HPLC FE-GC HPLC FE-GC HPLC FE-GC HPLC

S-1 2.81 2.85 3.09 3.07 0.35 0.30 0.58 0.27 0.37 0.34 0.75 0.63 0.14 0.08 0.33 0.15
S-2 2.82 291 3.66 3.59 0.37 0.33 0.37 0.21 0.40 0.36 0.76 0.65 0.16 0.10 0.31 0.13
S-3 3.01 3.13 3.28 3.24 0.33 0.31 0.70 0.43 0.37 0.35 0.69 0.59 0.18 0.11 0.26 0.12
S—4 3.94 3.87 4.55 4.71 0.10 0.08 0.18 0.11 0.12 0.09 0.17 0.14 0.31 0.20 0.15 0.08
S-5 3.15 3.09 3.90 3.99 0.55 0.43 0.89 0.57 0.54 0.49 0.90 0.83 0.30 0.18 0.92 0.45
S5-6 3.35 3.20 3.44 3.35 0.87 0.79 0.73 0.47 0.27 0.25 0.29 0.27 0.20 0.12 0.14 0.07

S-7 3.58 3.79 4.01 4.07 0.44 0.40 0.60 0.40 0.37 0.33 0.58 0.53 0.49 0.27 0.38 0.22

AR R




-516 - P/ A S

=+

JTRRN

Chin .J Pharm Anal 2019,39(3) ‘ JPA

S-1

W)

% SN

S-2

S-3

i
e A I A

TR N

ZRPBF (intensity) (X 107)

| . M

S5-6

N T TR WO SV UV S S
S Y P

A

| S-7

|
|
A
'\‘“)J (W0 P SR

M JL)\_.L font

J‘L -

A

A

I I

25

t/min

T
30

T 1
35

1AM R Z ( psoralen ) 2. SAMENRZ ( isopsoralen ) 3. AR ( deoxyschizandrin ) 4. EE ST H( dehydrodiisoeugenol ) 5. HWRF. %
('~ —schisandrin ) 6. TR TFEEF (schisandrin ) 7. 2259508, ( evodiamine ) 8. S 2 B YRR ( rutaecarpine )

E3 RENMARSNRE - SHEEEE

Fig.3 Typical chromatograms of different Sishen pills samples

S ik
(1] AR, W SCHE, s , 5. B0 BE YRR A e 1K HPLC ) P pf
AR [T ], i EZG2E2E, 1999, 34 (12 ): 839

IR,
TAN SJ, HU WX, YANG CY, et al. Gradient eluation with

changeable—wavelength for determination of psoralen, isopsoralen,
evodiamine and rrutaecarpine in Sishen Wan by HPLC[ ] J. Chin
Pharm J, 1999, 34 (12 ): 839

T IGE U5, XB A, B AL B HATR T Xk DA B Tk O B
Leptin, CCK \ IP3 f5Zma [ ) ]. B2y 4l , 2017,23 (3 ): 22

LIN XY, DENG N, LI X, et al. Effect of the Sishenwan and

e

[2]

its disassembled prescriptions on Leptin, CCK and IP3 of rats
with diarrhea of asdthenic splenonephro—yang[ J |. J Chin Med
Pharmacol, 2017, 23 (3): 22

e A LI 25 2015 Bz —FBLS 1. 2015: 66

ChP 2015. Vol I[ S ]. 2015: 66

AL Ha i

Chinese

XUIR, WREIHE , E S5, 5 RO G 3 [ il 5 Py 752 A
HRRAERERIERMEA T ER S]] BTk,
2014, 33(8): 1070

LIU H, CHEN JF, WANG J, et al. Determination of content of
nutmeg lignan and dehydrodiisoeugenol in nutmeg by HPLC[ J .
Her Med, 2014, 33 (8 ): 1070

Mz 2 2l W PG A BRSO [ M )L 38—
AU Ut BERR A E PP A8 A AL, 1995:299

LOU ZC, QIN B. Species Systematization and Quality Evaluation of
Commonly Used Chinese Traditional Drugs[ M . Vol 2nd. Beijing:
Peking Union Medical College and Beijing Medical University Press,
1995:299

TR, w20, 5 BT sE [ ). hE 2y,
2013, 44(10): 1241

WANG XX, GAO HY, JIANG Y, et al. Chemical constituents from

WWW. YWIZZ.




(J‘PA oS Rk

[7]

[8]

[9]

[10]

[11]

Chin J Pharm Anal 2019,39(3)

+517 -

fruits of Euodia rutaecarpa [J]. Chin Tradit Herb Drugs, 2013, 44

(10): 1241

Wk, Tia %, XIBEHE, 25, RP-HPLC 325 ) b 2 D0 e AL b
BRSNS IR R IR 7B R SRR B Bk [ . 2y

53,2010, 21 (43 ): 4095

YAO L, WANG YJ, LIU XY, et al. Simultaneous determination of

psoralen, isopsoralen, schisandrin and evodiamine in Sishen pills by
RP-HPLC[ J J. Chin Pharm, 2010, 21 (43 ): 4095

TREE, X, S8%, 5. 204 HPLC 34 W] Bl 2 pu ot 7 4

AR L) ] W HikRR, 2013, 33(9): 1531

SU J, LIU YL, GUO Y, et al. Simultaneous determination of seven

active components in Sishen pills by HPLC under multiple UV

wavelengths [ J]. Chin J Pharm Anal, 2013,33(9): 1531

WRIBEAL, 2ok, AR S0IN , 5. NZ8 - BN UM (3l - Bk
Breh B2y iR [ ], A e A i, 1985, 6 (12)
1075

CHEN YZ, LI ZL, XUE DY, et al. Analysis of volatile constituents

of Chinese medicinal herbs by flash distillation—capillary gas

chromatography—mass spectrometry [ J |. Chem J Chin Univ, 1985,

6(12):1075

LIANG MM, QI ML, ZHANG CB, et al. Gas chromatography-
mass spectrometry analysis of volatile compounds from Houttuynia

cordata Thunb after extraction by solid—phase microextraction, flash

evaporation and steam distillation[ J ]. Anal Chim Acta, 2005, 531

(1):97

TRI, 5 R AR TN UM @S B = e 2 | B 45k

PR [T ] AR oR - 2 ENAE, 2009, 11(1): 165

ZHANG C, QI ML, FU RN. Flash evaporation—gas chromatography—

mass spectrometry for the analysis of volatile compounds in

[12]

[14]

[15]

[16]

Ligusticum chuanxiong[ J ]. World Sci TechnolMod Tradit Chin

Med, 2009, 11(1): 165

BUIHE, TR [ ), s, 2 INZE— AN S (il — kil 4 e

HARELER AT L) ] PRI A, 1990(3): 159

ZHU X, XU GG, JIN RL, et al. Study on Chinese traditional drug

“Muxiang” by flash distillation—capillary—GC-MS[ J ]. J China

Pharm Univ, 1990( 3 ): 159

XN RIE, TS, 45, FORZGBT AN ZE R I 52 S HASEX

PO [ ) . fesF2idt, 2012, 70(1): 78

LIU HJ, CHEN S, WANG P, et al. Flash evaporation—gas

chromatography determination with pattern recognition analysis

for Curcuma zedoaria Rosc[ ] ]. Acta Chim Sin, 2012,70(1) :

78

HUANG ZP, HUANG YL, XU SQ, et al. Discrimination of the

traditional Chinese medicine from Schisandra Fruits by flash

evaporation—gas chromatography/mass spectrometry and fingerprint

analysis [ ] |. Chromatographia, 2015, 78 (15 ): 1083

TN 2R A SR P, S M TICRRRCAR L - SRR @ 3 R

A 1S Rl () ] BTk, 2017, 45 (11)

1711

DU XD, LI JS, GUO LP, et al. Determination of 15 kinds of

nitroaromatics in aqueous samples using dispersive liquid-liquid

microextraction and gas chromatography with electron capture

detection[ J ]. Chin J Anal Chem, 2017,45( 11 ): 1711

LHAT Y. GC IS b7 B TT rh by S 28 R0 S kb B 2R 0 o

[J ] shEZ5p5, 2010, 21 (23 ): 2170

MA YH. Content determination of psoralen and isopsoralen in

Buguzhi Tincture by GC[ J ] China Pharm, 2010, 21 (23 ): 2170
(AT 2018 4 11 A 16 A&l

AR R




