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Quiality evaluation system for slice decoction of Ziziphi Spinosae Semen
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Abstract: Objective To establish a quality evaluation system for slice decoction of Ziziphi Spinosae Semen (SZR). Methods Ten
batches of SZR slice were collected and prepared into decoction, and then the decoctions of SZR were prepared as freeze-dried
powders. The extraction rate and the content of the index components were used as indicators to optimize the extraction process.
Multi-dimensional chemical fingerprints were established by HPLC coupled with UV detector and ELSD detector. The similarity, RSD
of relative retention time, and RSD of relative peak area were analyzed to comprehensively evaluate the quality of ten batches of SZR
slice decoction. A sensitive method based on ultra-HPLC coupled with triple quadrupole mass spectrometry (UPLC-MS/MS) was
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established and validated for quantitative analysis of the nine compounds in SZR slice decoction, including coclaurine, magnoflorine,
vicenin 1, spinosin, swertisin, kaempferol-3-O-rutinoside, 6"'-feruloylspinosin, jujuboside A, and jujuboside B. Consequently, the
developed methods were successfully applied to the quality assessment of SZR slice decoction. Results The average dry extraction
rate of ten batches of SZR slice decoction was 20.77%. Three, four, and two common peaks were identified in the HPLC-UV 227 nm,
335 nm, and HPLC-ELSD fingerprints. The similarity of the fingerprints at different detection wavelengths was in the range of
0.942—0.988, relative retention time and relative peak area RSD% were less than 3%. The method validation results indicated that the
methods were simple, specific and reliable. All the compounds showed good linearity (r > 0.999 0) with a relatively wide concentration
range, acceptable recovery at 87.40%—110.42%, and RSD% less than 4.12%. The content of nine chemical compounds in ten batches
of SZR slice decoction were as follows: 0.25—0.27 mg/g of coclaurine, 3.2—3.6 mg/g of magnoflorine, 0.077—0.084 mg/g of vicenin
11, 0.82—0.89 mg/g of spinosin, 0.007 6—0.008 5 mg/g of swertisin, 0.057—0.060 mg/g of kaempferol-3-O-rutinoside, 0.32—0.35
mg/g of 6"'-feruloylspinosin, 0.83—0.91 mg/g of jujuboside A, and 0.095—0.110 mg/g of jujuboside B. Conclusion A stable and
reliable quality evaluation method of SZR slice decoction was established, which provides a stable material basis for the follow-up
pharmacokinetic and pharmacodynamic experiments and provides a reference for the quality control of the prescription containing
SZR at the same time.
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spinosin; swertisin; kaempferol-3-O-rutinoside; 6"'-feruloylspinosin; jujuboside A; jujuboside B
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20.33%-20.97%+ 21.96%- 21.45%- 21.90%- 19.28%-
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um FUFLIERE,  SRUERAE A VA
2.2 HPLC-UV/ELSD 354 ElERR
220 BB GBIk Apollo Cis £ (250 mm X
4.6 mm, 5pm); IRBNAHA LNE-0.1% FERAKIEW,
BREEVE 4. 0~26 min, 10%~20%ZJiE: 26~
30 min, 20%~23%Z.JiE; 30~43 min, 23%~26%
2 43~45min, 26%~37%ZNE; 45~47 min,
37% M 47~54 min, 37%~39%ZME;: 54~63
min, 39%~100%ZfiE; AR EN 1.0 mL/min;
KRR 25 °C, HEREE 10 uL; ZRAMGIIB KN 227,
335nm; ELSD Z%f: E#EWREE 105 C, T4
BN 2.5 L/min. K 227, 335 nm A1 ELSD 1
TE AR AT I . SRR CAD AR (B)
HPLC-UV/ELSD Z 4 415 & WL 1.
222 JiiREEEER

(1) FEHERE: WE—ME TS (RS
S9), 4%“2.1.37 K Tk A& il s R, #542.2.17
TR i PG RE 6 Ik, A0S LA IR AR B
B B) RV TR AR o 45 R % 7n, HPLC-UV 227 nm.
HPLC-UV 335 nm. HPLC-ELSD f540i% & b & 3545

— 227 nm ¢«— 335 nm — ELSD «—
6 |7 g
2 4 5
1{ 3 !
9
|
J LUK LJL'LH— _.l
4
[}
3 1 [
B 1| }Ii
1 9
AJLMAJJL« . ’\_‘JZL;J \\,,,‘,A,Ulu,s_ugm L-,NL_,M« a )\~
0 10 20 30 40 50 60

t/min

-5 2508 2-46R T 3-RZEEI 4 EIER S-HAWER
6- LI RW-3-0-EFHH  7-6"-FIBE T iR 8- IRABHA
9-IRAY- 1 B

1-coclaurine  2-vicenin II

3-magnoflorine ~ 4-spinosin  5-

swertisin 6-kaempferol-3-O-rutinoside 7-6""-feruloylspinosin

8-jujuboside A 9-jujuboside B
1 RENER A MEELCKRREIVER B) B
HPLC-UV/ELSD %%k i[5
Fig. 1 Multi-dimensional chromatogram of HPLC-UV/
ELSD for mixed reference substances (A) and slice decoction
of SZR samples (B)



23

Chinese Traditional and Herbal Drugs 25 49% % 193 20184 10 A

g (1) A8 XoF O B B (] A0 AR 0 W THI AR Y RSD #5378
3.0%, RIIHEHE RLT,

(2) Rtk WE—HE TS (S
S9), % “2.1.37 UK 7 iE A& R a3
F=EE 0. 3. 64 9. 12, 24h J54% “2.2.17 T
T EREEAFIERE BT, 10 B A 1 R B B )R
WA, 455 R, HPLC-UV 227 nm. HPLC-UV
335 nm. HPLC-ELSD f5 401 & o & HA W Ry AR X
{5 BH BsF B) ANAF G W T RS RSD /8T 3.0%, W
PR AT IR R 24 h WRGEMERIT,

(3) EEMHRE: WE—HETHES (RS
S9), % “2.1.37 Wi FHIETFATHIS 6 ki
W 92207 TUFNEISEFAEANE, 0%t
U ) AR B I TE) RO TR AR . 45 BB R, HPLC-UV
227 nm. HPLC-UV 335 nm. HPLC-ELSD #&4it: [X]
HH 8 LA UG () ARG B R T) AN S U TR AR ) RSD
BINT 3.0%, RZIEHOTEMEZ R LT,
2.2.3  BRAEATIR 50 a S0 G R N S ARABLRE 43
Br 10 AR FIRIFE B RO, 1% “2.1.27 T
TR BREAAR B, 1% “2.1.37 R 5k
I AER SAT, 1% “2.2.17 TR ik &R Mt
WAmVEW, e3¢ HPLC-UV/ELSD i, K “
Zi it e QORI AU VRN R0 (2.0 FO” BT
IR ERE AT AL B AT, DLEIEE ST htRE S|
W, SRS AIEGE, BRI RN 0.1, X 10 it
PR AR 77 (48 S RS AT 0L A 2B plsxe HE i
(R); WGUETHRUEBONFRRE « 4 B8 FE AU i B i U b
BN, £ HPLC-UV 227 nm 1540 Bl bR &
3 AN U, o DK ZAEREE S H g (S 1),
HPLC-UV 335 nm 88 FbrE 4 MLEIE, ik
PR R v R IEAE NS g (S U§); HPLC-ELSD 4
SUENE PR e 2 NMEEE, DI A BER
ZEig (S 1§, WE 2~4. 10 #{EREA R 77
(1148 S B 5506 B e S0 E B UTHL, 227 nm R AH
LA 0.942~0.987, 335 nm NALUE AN 0.951~
0.988, ELSD NAHLLEEA 0.954~0.985; X R
i 18] AR 0 U AR RSD 35/ T 3%

23 BEER{ZIRAIAFIP ZIERR S 2 ENE
2.3.1 R KRS A

(1) g &fF: AikFEA Acquity UPLC® HSS
T34 (150 mmX2.1 mm, 1.8 pm), JEIAHAZHE-
0.1% T RKIER, FHIEVEMAET: 0~2 min, 17%
2N 2~4 min, 17%~19% & 4~10 min, 19%~

° 4523 »
!
::L’L__ﬂ\ﬁ.ﬂ_,_lémfﬁlki . e
IL {; M "‘ -1L - ) PPN . ,._-:-i\'R
M et \ J. ftorvmm e =S10
| nete s g Kew 89
SRR TRSEANT S35 (NI EUVSURUNS VU S8
| SRS ¥ AN DU T 7
e nd! N R ———— 86
.MWM\_.M,:RW.H. SSERIUN PR S5
" } - | S =S4
r—i I -S3
( USROS VL W SRR SO S2
. ‘ ——-S1
0 10 20 30 40 50 60
t/min

1-5B250, 2-4ER T 3-RZ46 (S)
1-coclaurine 2-vicenin IT  3-magnoflorine (S)
2 10 HERE(=TRF %7 HPLC-UV 227 nm RIS EE
FRIBLEE (R)
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chromatogram (R) of 10 batches of SZR slice decoction
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33%Z M 10~15 min, 33%~100%ZffE: 15~20
min, 100%~17%ZE; AR 0.15 mL/min;
KRN 40 °Cs HEREESN 3 uL.
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DI TR N 2 BT (MRMD;
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Table 1 Mass spectrum parameters of nine compounds in SZR slice decoction

Ei=L AN an B MRM & T AT HLE QL/V il fE & CE/eV THAF B Q3/V
52578, [M+H] 286.0—194.1 42 46 42
A= TEH M1 342.1-222.3 35 30 35
4e KT [M+H] 595.3—325.3 115 48 115
Wi i & [M+H]* 609.5—327.3 98 35 98
MR [M+H] 44722672 38 35 38
251 -3-0- & WEF [M—+H] 595.2—287.3 35 30 35
6""-FBEME T R & [M+H] 785.4—327.3 76 46 76
A B A [M—H] 1205.3—1073.8 32 46 30
R E1F B [M—H] 1043.3—911.1 50 37 34

A SRl 5 A AT B
YR T W R R
ECPIN o | E-3-0- L E
6" BT BRI 7 B 1 A A
A RE{"EH B B
0 5 0 15 20 0 5 0 15 20
t/min
5 RAMES A) MERFCHRFZFHRIAEER B) F 9 MHiEFRKSH MRM FRiLE
Fig. 5 MRM mass spectra of nine chemical markers in mixed standard solutions (A) and SZR slice decoction (B)
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(r) FIZEMETEH; #2EMELE SIN=3 115 9 Fheabrk
SRR (LODD, {5tk SIN=10 i1 HH & &
R (LOQ), 45K 2, 9 FHiBIrH7E% A=

(2) A5 FERES: AG R R E] — TR A 0T I
W3 uL, % “2.3.17 Wi i itk 2k & 82 R 6 1K,
WK 9 FRRAR A T AR, FF ot B IR )
RSD fH, RN, 9 MRy B2, K224
Bl 4ERT. W ER. MATER. LEE-3-0-
AR 6B AR T R R R IS E AL R
FAZEA B 1 RSD 738 1.46%- 1.59%. 2.24%.
1.35%- 2.92%- 2.74%-. 2.33%. 1.23%. 1.75%, %
WA NG 5 B R 4T o
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Fz2 9TMMERRRMIEVASTE. XA, &MSEE. LOD # LOQ

Table 2 Liner regression, correlation coefficient, range, LOD, and LOQ of nine compounds

sl % ey r e MVuEl/(ugmL™)  LOD/(ngmL™) LOQ/(ng'mL™)
5 255 Y=2.59X10°X+1.53X10°  0.999 9 0.61~15.18 0.90 1.10
PN Y=7.68X105X+4.20X10° 0.999 7 5.04~60.48 1.00 3.40
YR T Y=1.53X10°X+3.77X10*  0.999 6 0.09~ 9.00 5.00 15.00
W fe vk 2= Y=1.51X10°X+1.18X10°  0.9990 0.37~36.94 12.30 60.00
HYHER Y=3.46X10°X4+3.45X10* 0.999 5 0.03~ 2.02 1.40 5.00
I ZSy-3-0-=F/MEH Y=1.51X105X+5.63X10*  0.999 8 0.03~ 3.06 0.85 3.40
6B BRIE T Bz 1 2 Y=2.88X10°X+4.4X10*  0.9999 1.05~20.94 3.60 11.00
A2 A Y=1.23X10*X+822 0.999 6 0.62~25.70 7.30 70.00
R E1F B Y=3.52X10X4+6.23 X105  0.999 5 0.12~ 6.07 0.18 0.42

(3) FaEthikes: BA—HUETMFES (JS 100.09%. 98.11%. 87.40%-. 98.05%- 96.07%

S9), % “2.1.37 Wi R ik &R SER, T=
IRCE 04 2 4. 64 120 24h J5f% “23.17 Wi R e
WP SRR, DA NS AT A,
9 FhIRAR A/ IETH AR I RSD 1, 45 R, 22500
RZEET . 48T WG R. U8R LED-
3-O-EFHEH L 6" -FiBLNE T e TR 28 L IR 2 AL
TR 2 B 1) RSD 73l 8 2.98%12.75%+2.56%
2.89%. 2.83%. 2.34%-. 2.33%. 2.32%. 2.11%, %
A (R SR VR AE B B2 T 24 h IWARGE

4) \EEMRLE: WE—ME TS (WS
S9) 6 4, FHHZ) 27 mg, KEERRE, % “2.1.37
TR 7 PAT & AR AR 6 4y, 1% “2.3.17 T
SRS R AEEAT T, S iesk 9 FHABARELSY
L2500, R0 4k T MR B4R,
25y -3-O- 25 R 6" -Br BRmEHT R iE 2. IRE
CRE A, BB B G, (HEHRES
BN 1.00. 15.51. 035, 3.93. 0.041. 0.11.
0.80.4.30.0.42 mg/g, H RSD 7354 0.65%+0.67%-
1.97%- 0.85%- 5.40%- 1.37%- 3.42%- 2.26%- 1.37%,
T IFRET 1 RGBT

(5) InAERISCRRES: B e & & AR TR
FEdh 6 43, L 13.5 mg, KERE, BT HE
HETEHE A, 3 RSB IS4 i b & o & A 2
(TR A X IR VAL, 1% “2.1.37 TR J7 ik & sk
MV, % “2.3.07 TR B SRR T
TCSRARAR LA U T AR, o B HP I IR R 2R Je
FHML[F) RSD 1, 25 RS 2500. A6k, 4ERT
Wik, M m R LEm-3-0-EFHF. 6-
B ZRMEIT R BRA BT AL R E2H B
F R R 4> HA 110.42% - 95.54% . 93.35%

106.87%, RSD 735119 0.58%+2.92%.2.98%- 1.24%.
2.68%-. 1.88%-. 2.67%-. 2.85%- 2.60%, FHIHZIL
TR HER S R AT o
233 FEMIE I EARE 10 RO
DT RIE TR, BRI 0.3 mg, FEBRRE, $442.1.3”7
TR 50 2 R A, 3% “2.3.17 TR kR
PRI E , T 9 FHRARER A S & (BUE
ZiEit), RNE 3 HME 6.
3 it
31 BREICIRAZTHIEIZHER

TEHH 2GSRBS R, e 7 =R R I ) xof
A RS I AR . REHZA “ET
D, EFFAEE 2P, CRAMKIE) id#k: ‘MR
A, NUAE, KRG, (W T, ButERE, 2&¥H
T, BERT, ATHTRY, RGBT
BE. (REZGH) 2015 FRE, BREOF F
R EF XTI 21 F )5 R A Rk 7 =0
HATIAA, 255R RN H A2 )5E B A Uk 6 25 4K
TGRSR Ak, ABFFRCAOHE R W
F. RSB A M B SRR, RS
HIHUBHCRY 7 S RN TR) EAT ELEE, 45 SR o bL kR
i (HE % 16.4%. WiE#ER 0.090%. B2 H
A 0.089%. B2 A~ 2 B 0.057%) L T4 51
B 13.7%. WRHER 0.054%. RE[BEH A
0.050%. FRA{"HHE B 0.031%). MLk e T X7
EPEE, By, AR THEILSEL, E5H
J7e BRI Tk, BE T SR
6] CLBUR 1450 30, 20 min; 60. 40 min; 90.
60 min; 120, 120 min), Z5REFMH, 2 RFIE A
%179 120 min B, HEZE (20.6%) & ZiER
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Table 3 Quantifiable of nine chemical markers in 10 samples for SZR slice decoction
JRE S H/(mg-g )

- N . WAE-3-0-  6-BTRNENT  MOECE RECR

Bh KRR 4ERT HRIEER HAEER S—— i 2 45 A B
S1 0.27 3.6 0.078 0.82 0.008 4 0.060 0.34 0.89 0.101
S2 0.26 3.5 0.080 0.83 0.007 9 0.060 0.35 0.89 0.095
S3 0.26 3.6 0.077 0.82 0.007 7 0.057 0.34 0.91 0.097
S4 0.25 3.4 0.078 0.83 0.007 9 0.058 0.34 0.86 0.096
S5 0.25 33 0.083 0.85 0.008 1 0.059 0.33 0.86 0.095
S6 0.25 3.4 0.084 0.87 0.008 1 0.056 0.35 0.85 0.098
S7 0.26 3.4 0.081 0.84 0.008 0 0.057 0.35 0.83 0.103
S8 0.26 34 0.079 0.84 0.008 0 0.059 0.35 0.85 0.101
S9 0.25 33 0.082 0.87 0.007 7 0.060 0.33 0.84 0.101
S10 0.26 3.4 0.084 0.89 0.008 0 0.059 0.33 0.83 0.100

-5 2508 2- K216 3-4ERT  4-WiNiEE  S-4AWR
6-11 ZZWy-3-O-EFHEL  7-6"-BI BT i R 8-FRA -2
HA -MECEHEB

1-coclaurine

2-magnoflorine 3-vicenin 1I 4-spinosin

S-swertisin  6-kaempferol-3-O-rutinoside  7-6""-feruloylspinosin

8-jujuboside A 9-jujuboside B

6 10 HELE(ZIR A 9 FERRR S & BAEKE
Fig. 6 Quantifiable comparison of 3D graphs of HPLC
chromatograph of nine chemical markers in 10 samples for

SZR slice decoction

(0.115%) FRAA =4 A (0.106%) F1 B (0.077%)
()25 B AR e o

FAHFE REMSS. BARAERER, I8
ALE, WIEAEH thAMZ R 2 R, Y
— WAL EREN, HET, BESWIHRTRERTETZ
W AT SR Rz, HOR AR K E A,
T A, o 245 h B 2 R B B AR AR R, 3 BB
30 SRS, BOKMELE, RIFRKEIRAZN, R
W7 LA R i R IR A B A R B & 2 IR R
P T R AR iz 2 MRAE 7 G fig+
), SRERGTR (EER 0.107%. RE-
BAF A0.100%. IR/ EAF B 0.074%) 575 ()

EER 0.109%. BB H A 0.103%. BRELE
H B 0.075%) & ELREER . MATHFEIRAE
AR 7)) 26 BT DR AT
3.2 BYEERGHNER

Hh 248 ST AT B K R R M R AR 24 RAOHH DS B 70
BURFAE By, T R BRI L A A )
SRUZION, 38 SUETE B T o 251 R 2 70 1 S A ot
M|, AL RAEG A R E R . A
WAL G LR AR T AR SURIE R, HeH
T ZHE-0.1% H BR/K R 2 15-0.1% = 5 SRR KV
WBORANHR G, FREY], CHE-0.1% KR
TRBNAHI, e SUE T (0 i I T A0 7 B8 5 S8 LA
Hk, R T 4 AN aiEsE (Apollo Cigs
Agilent Zorbax SB-Cig. Phenomenex Luna Cis.
Waters XBridge Cis) X ikl i s2m, 455K M,
Apollo Cig L HEFEXS BEEHR Ly A B2, HO
BT B R BT

MeAh, AWIBRAE 227 nm NS, HYE 20 min
WAREHE L BERRSSor 7 335 nm MRy, 7E 20~
45 min BN FRAUZRRE ISR AN, ERTE Y
Kl 2% ELSD "~ A Wil B, £ 45~63 min #7565t R,
WORSRIG ST | Z4EENE 3 FhAS R 2R B S P
fRGUEE /M 7%, SR T RRE IR B a R
RT3 RIRAL -
3.3 SENERIRE D HIEEF

VR FT I8 I LS 1 7 5 W 2% 25 3 2 S5 5 1
TIPS, B R MR R
AATEA A M B H o MR A A8 L RN )
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JRUTSL, [RIE, SCRRFRIE 6 - AR IE T K v 2= 0200,
YR UL LA E-3-0- 57 A PAAUKR 22 462
RRAE RGBS, R, ARkt
T VAR 9 Bl il E R bR sy, SRR
N, 10 ERRAAR T 757 9 M bs o3 16 5T & 53
B Aa E N, S48 0.25~0.27 mg/g. K=K
B 3.2~3.6 mg/g. 4K T 0.077~0.084 mg/g. %
W 0.82~0.89 mg/g. HZ§F & 0.007 6~0.008 5
mg/g. IZEH-3-0-EFHEH 0.057~0.060 mg/g. 6”-
R BREL T 2 i R 0.32~0.35 mg/g. BRAL BT A
0.83~0.91 mg/g. MR/ 2H B 0.095~0.110 mg/g.
2 2% L 2R e AT 45 5 R B SRR 5T B 2 R (RS,
S CHRIRIERY, B IR A B RTa bR R o i
YO B OB 70%~130%
34 N

ARSI T R mRte S EE S A
WOy E s, “RRET Gh YT, EWVE
W& ST B B AR B IR . BRI
DRl L ERRE, EMN AR, NEHRKR
AR 25 507 R B VP R AR AR, RIS
9 HA R 250K R 2 750 5T B A A ) BRI 28 1)
2%,
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