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(1. Mg RzETEHEGHLRH, M RE 0710005 2. HAEHBREFH XK - HHE T EGH RN
BATIREZRE-EXHGBEECERTHM AR REEHNELEZRE,HM 2 730070; 3. AL HFE
BRBAFOREL S, T RE 071051)

WE: BN 2B R A S A0 S5 7 ik, AR =0 R 42 A 7 9 R RBMR I iR ST BRI fe = AT K
B RAEA KA 5ROk AR &% B B (UPLC — MS/ MS) skl & 2 6" — I~ F B % % 694 %, €54 A Phenomenex C 4 4%
(100 mm X 2.1 mm,2.6 pm) , A A H 0. 1% F & — 10 mmol / L W BR 42K 5% — VTEE (M E M), Wik A 0.2 mL/ min, 22 A
30°C,#HEASUL, BT RACTES FR, EEF. SR EMEX 28, BB v /EAR 3.5kV, & FRBEA 150 °C, EEH A
A 500 C, 24 EE A 50~ 1000 amu G5R  BRAFe I RA=JE AR L IY R SCR A AR £ 5, AR B A AR L SR AR 2 R AP
HRNF R MG LEEF 6 - F M EETNREZRAEAE 0.2052~6.156 g/ mLSE B A S5E@mBRRHSpMEREL ZRIF(r=
0.997 5,n=6) MR 21. 13 pg.BR fA=Fo 20 RA=M o0 64 25 8 AR M & UMK Z R 49 RSD 394KT 3. 0%(n = 6) ; nAf w4
2 A 97.01% A= 97.80%, RSD 2 %1 A 2. 15% A2 2.09% (n = 6) . 10 $L8 RA=Fu L AA=F 6" = I F B M A #EF & FX A A
0.23,3.70 pg/ mL. 33T 8% RA= P BRI RA=FREH 5%, 4 5P 6/ - T8 #EEMNEESERT 0.5 ng/ mL 8 TALA B 1h 32

RA= B PR e R R AR O RCE A E A AT BT, T A AR B R A B R
KRR - 8 A= TR 5 A B RORAR €3 B BRI PR R R 67 - T BEN B
Identification Methods of Ziziphi Spinosae Semen and Ziziphi Mauritianae Semen
ZHANG Yanhui',ZHANG Mingtong®,LIU Lili*, WANG Nan'
(1. Baoding Institute for Food and Drug Control,Baoding ,Hebei,China 071000; 2. Gansu Institute for Drug Control « Gansu Inspection and Testing
Technical Engineering Laboratory for Chinese Herbal and Tibetan Medicine + NMPA Key Laboratory for Quality Control of TCM ,Lanzhou,Gansu,China
730070; 3. Baoding Business Department of Shijiazhuang Customs Technology Center,Baoding ,Hebei,China 071051)

Abstract: Objective To establish a method for the identification of Ziziphi Spinosae Semen (ZSS) and Ziziphi Mauritianae Semen
(ZMS) , and to provide a basis for quality control and market supervision of ZSS. Methods Morphological and microscopic
identification of ZSS and ZMS was conducted. The content of 6''' — sinapine in ZSS and ZMS was determined by the ultra — high
performance liquid chromatography tandem mass spectrometry (UPLC - MS / MS) method, the chromatographic column was
Phenonex C,; column (100 mm X 2.1 mm,2.6 pm),the mobile phase was 0.1% formic acid - 10 mmol / L. ammonium formate
aqueous solution — methanol (gradient elution) ,the flow rate was 0.2 mL / min,the column temperature was 30 °C,the injection
volume was 5 pL,multi — reaction monitoring mode scanning adopted with electric spray ion source and positive ion, the electric
spray voltage was 3.5 kV,the ion source temperature was 150 °C,the desolvent gas temperature was 500 °C,and the scanning
range was 50 — 1 000 amu. Results There were differences in the texture of the exotesta between ZSS and ZMS in terms of
traits,as well as differences in the grid like cells of the exotesta and the inner epidermal cells of the testa in terms of microscopic
characteristics. The linear range of 6’’’ — sinapoylspinosin was 0.205 2 - 6.156 wg / mL (r = 0.997 5,n = 6). The limit of
detection (LOD) was 21.13 pg. The RSDs of precision,stability, and repeatability test results of ZSS and ZMS samples were lower
than 3.0% (n = 6). The recovery rates of 6’’’ — sinapoylspinosin in ZSS and AMS were 97.01% and 97.80% with RSDs of
2.15% and 2.09% (n = 6),respectively. The content of 6’’’ — sinapoylspinosin in ZSS and ZMS in 10 batches of samples were
0.23 wg/ mL and 3.70 pg / mL, respectively. The limit of ZMS in ZSS was set as 5%. When the content of 6"’
sinapoylspinosin in the sample was higher than 0.5 wg / mL, which could be considered adulterating ZMS. Conclusion The
established method is simple and accurate with good repeatability and stability ,which can effectively distinguish ZSS and ZMS.

Key words: Ziziphi Spinosae Semen; Ziziphi Mauritianae Semen; UPLC - MS / MS; morphological identification; microscopic

identification;6""’" — sinapoylspinosin

TR A~ R R Y IR A Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chou {4 il 2+, e 2k
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T2020 4 A E 25 8 (8O ) A FROAMIF T
AR BT A AR TR YT AR 2
B KM 2T s CUE T ARR , h T A R
Bk, i BT VAR @AY B Ziziphus mauritiana
Lam. [ F B ER B B m A
Ji 2 E5 R R B i i T s m h 251
1 (2005 AR R — ) )15 IR AU R B A MR AR AL
Shir A AT ARG v kB, A IRE M FH BB TR A
AR DL 22 LI T4 BRATT VR G B 2020 4R b [ 2
B () ) T T T S 3 TR A R B AL, L3 e o i
TEPIE I 22 5 AN W] 0 O R W8 1 A PR A2 1 B
TERRA AN T & oy 22 57 IR g B 0
T U TG ok A S ) A S A [ B 2 ) i
AR R R A B O B Y 5 i, DAMER %001
A~ B O BRI O BHGE IR

1 XFE5RH

1.1 {488

SZX 12 PR e . C5060 RUEHS FEAHAL . BXS1 %
A=) R DPT 1 BRI A% R 5 ( H AR Olympus 2%
TV B A PR 7] 5 Xevo TQD BRI AR (3% — 53k B¢
ICORFFIRHE < B > A RA ) ;BP211D BIHL 7K
(TR ZRITRL AL < dbat > A5 RAE] RN T 4
Z—)o
1.2 iK%

6'"" — It T M v 0 BR O (SR & A L
PL94.8% it ) ; 2% ja@ﬁ%é@,l@;\ﬁfﬂﬂ%%m
90 °C) T RREE Ay o3 Ar 40 s TR AT AN BAL AR (2% 1041,
B G5 RN LA B LR 1), b A8 24 5 B 7 e b
K6 9 5 e B 7 7 AT 245 4558 R AE

x1 BECHERCHRAER
Tab.1 Sample information of ZSS and ZMS

Sy BHM O P | %5 HH i
S1 BARi= K| Ll AR KREZEATY
S2 BAA= LA | L2 BRIZ KREZEATH
S3 B = A | L3 AR BREZEATY
S4 BARA= L | 14 BRIZ  KREZETH
S5 BARi= A | LS 37 RA= PR Z BT
S6 BARA= L | L6 BRIZ  KREZETH
87 B G| L7 BRI KREZETY
S8 BARi= & | L8 BRIZ HKREZETH
S9 BAA= LA | L9 BRI KREZETH
S10  EAA4= A4 | LI0 ERfZ  REXETH
2 FERSHER
2.1 MERER
SRR UE A AL I B R R REAH AL

I T 10 3% 1 48— RIS A O ) D R AIE & 38 3 LY

BRI, TR Al H o SR A (B B R
FA MIE 5 A AR Bz SRR B LR 0, R A
LLRR IR AR ] A 20 TR UL 1

A B
A BRRA= B. BRI
Bl BECAMERCHERENE
A.7Z8S B.ZMS
Fig. 1 Identification of characters of ZSS and ZMS

2.2 BRER

fif IR A S R A, 4 IO 2, FH 5%
AEAF RS R BN B Bz K & SR %
FeJE R, 20 B A AR T AR I S iR &R
Gric s H A ZVRRE S i e — 3 1Y BARRAE & B, R
TR Aol K R 200 3 S A e ) T )
KR, AR 3208 100 wm 160 wm ; F 57 14 2% Bz 41
H@ﬁzﬁﬁ@,%ﬁikﬁ%ﬁ%ﬁﬁ,ﬁﬂiﬁﬁk/ﬂ(
R TR A E R R BN RN — A
HHANEK I . ﬁlﬁﬁu%a jt/J\ﬂJ’d ﬁéﬂll’fﬂz

100 pm

A, B,
ALA,. SRR EARIR S e B, B,. AP R R 0 e
2 BRF(CHEBEERCERENE/(x 160)
A, A,. Epidermal grid cells
Fig.2 Microscopic identification of SZS and ZMS ( x 160)

2.3 BemkiEELBERIE(UPLC - MS/MS)iE
MES=
2.3.1 Z=RMERRPEE

Xof H S 5 A B A IR S RN AR 1 25 S PR Ay
AT T B & IR T A% LA IS A R A )
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WEZY R 6" — v F Wi ik &R, fh2= 454 X
B3, IR RN A 6" - FF IR B R L
W (MRM) 5 # DL 5] 4.
2.3.2 RIBEAY

D AR 45 . 3% A : Phenomenex C g4 (100 mm x
2.1 mm,2.6 wm); MM :A K 0. 1% F R - 10 mmol / L
FH R KU L, B oA HH I, B B R ORI L8 2) 5 i it
0.2 mL / min; #:9 . 30 °C FEAEE .5 pl.

2) Uik S o B IR S 25 B YR (ESD s 4
A IEE P HA KM MRM; F B35 LK . 3. 5 kV;
BRI « 150 °C 5 AR £ 500 °C; F VL -
50 ~ 1 000 amu o W & 7% B S 8003 3.
2.3.3 ERHE &

R A AR S R (A 45572 0 ¢, K5 25
FRAE , B2 A HUE i A i ik (60 ~ 90 °C) 80 mL,
85 “CIalifi 4 h, 35 25 A M BRI, 28 R 58 B

o o
B3 6 - FFBM RS R SR

Fig.3 Structural formula of 6’’’ — sinapoylspinosin

i R LA / 9%

MRM of 3 Channels ES+
B4E = T

1 A 207
100 ’4A 94 3. 06ed
50
0 T T T T Sasans T T T T T T T T t / min
2 4 6 8 10 12 14
A
EIEE R 1 % . MRM n']‘
100 |4.94
50 |
I
0 T T T T T T T T T T T T T T t/ min
2 4 6 8 10 12 14
Ay
| ] il /% MAM of 3 Channels ES+
O HA 1 % \ e
100 4.94 4.34e3
50 k
0 T T T T T T T T T T T T T T T ¢/ min
2 4 6 8 10 12 14
Ay

TR, N 70% B WE 50 mL, BRAE i fE, 90 “Clal i 4
B2 b, B, FERRE B, I 70% £ BEGS A 2 982K 1Y
R, FEAY et A A SR R 25 mL, LA =
T, B B A A SR8 2 200 mL & EfCR, in
P 25 FB 5 A A R s v o)

BL6"" — JF Tk Bz 145 25 X B 0. 023 15 g, ff %
FRAE, B 25 mL AR i B 25, $2 50, B A B
A AW I 677 — I T A R XS B 0. 010 26 g,
B FRE, B S0 mL B, i B 25, 225, WS
JE B A 0. 205 2 mg / mL X B S IR TR A 5 A 5 R L

R2 RIEHEERER (%)
Tab.2 Gradient elution program of the mobile phase (%)
WE ABAMA AFH4EB 1) AAHANA  AEHAEB
O~1min 90 10 6~6.1mn 10—90 90— 10
[~3min 90—10 10—90 |6.1~10min 90 10
3~6min 10 90
®3 6 - FFEHETEERRNEFHRIESEH

Tab.3 Monitoring ion pair mass spectrometry parameters of

6’’’ — sinapoylspinosin

HET/THET(m/z)  #ILBEN)  wEET(eV)
815/351 30 30
815/429 30 20
815/207 30 30

EAARFB T m | 2 AT,

Note: * refers to quantitative ion pairs,and m / z refers to mass —

to - charge ratio.
ik e 1 % ) MRM ol 3 -:..'larl!-lctls E ? r..l
100 |4.94
50 |
I|\
0 T T T T T T T T T T T T T T ¢/ min
2 4 6 8 10 12 14
B,
R E B/ % . MRM of
100 |4 94
50 I
0 T T T T 1“ T ¢/ min
2 4 6 8 10 12 14
B,

] i/ % MRM of 3 Channels ES+
@RGP L] 1 % \ S
100 4.94 9.15e4

50
0 T T T T T T T T T T T T T T T t / min
2 4 6 8 10 12 14
B;

1.6 — FFEeAf g%

A, - A, BRAS
E4

B, - B, B4

EARCFIER{- 6’ — FFEAETR AR % R B S EiE B

1. 6""" - Sinapoylspinosin

A, - A.ZSS B, - B,.ZMS

Fig. 4 Mass spectrum of the multi — reaction monitoring of 6’’’ — sinapoylspinosin in ZSS and ZMS
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IRV 1 mL, 10 mL AR I EEE 2L RS,
RS F5 ve B 4 20. 52 g / mL B IR S8 AU B 5 K 2
ISR 0. 25 mL, & 10 mL & B, i g 45,
FEAT, AR B 0. 5 g / mL B IR VA C.
2.3.4 T EREFER

MR RO R E 2. 3. 3 X B
WBO0.1,0.8,1.0,1.5,2.0,3.0 mL, 2} % & 10 mL 4 &
SR TR B 2 AT, VAR VR 43R 0. 205 2,
1.641 6,2.052,3.078,4. 104,6. 156 wg / mL () Z 51 %}
RN B, 92 2. 3. 2 T AR Ak M E R I 5, AT R
i VR B Y TR VR JEE (X, g / mL) Dy B AR A | 06 T RR
SHE (V) MR PEATERAE IR A R Y =
13.384 9 X — 285.847,r=0.997 5(n = 6) 45 %0,
6" — IO AR IR REAE0. 2052 ~6. 156 pg/mL
TOL 1B P 5 U TR AR B R R O R R AT

G 000 B < B 2. 3. 3 300 X I R B AE A,
FH 28 R B, 43 98 2. 3. 2 00 3R 86 2 R AR o
FEARWE L (S 7 N) R 30 1 B A ERE B RSB o 255 67 -
IFF BT B vt 2 R B 4 21. 13 peo

K95 BEIREG . 7 WIER 2. 3. 310 R IR~ (45N S1) .
PR (G5 LA A i, A i 48 bl v i
F2 2. 3. 2 000 i 56 2% 1 3 S R AR I A2 6 UK, i SR 3
] o 45 FLAR B B[] 9 RSD AN KT 1. 50% , W T R RSD
AR 2. 01%, 1. 83% (n = 6) , Fe BN 2 5 KLU

052 VIR 43 SRR A~ (S5 S1) A
(%5 Ry L1 FE i 45 1, RS B PRE 1% 2. 3. 330 7k
il £ R S IR T 6 10y, F 2. 3. 2 TR A R A% F pERE T
FE 05T {0 % 1A 4t SR R A B A IR] Y RSD M 0. 58%
(n=6), I RSD N 2. 04% (n = 6) , FEAT {3 B 1}
[8] B RSD 4 0.93% (n = 6) , W 10 FX 1Y RSD 4 1. 93%
(n=6), R EEEMRL

o PRI - 0 B IRORR A (G 5o S1) (B
(45 R L1 FE Sl 4530 it , 40025 1) 48 3l S v v, 40 30l
0,2,4,8,12,24 h i $ 2. 3. 2 00 F iR 56 45 1 kLD 2
ISR A 25 R AR B B ) Y RSD /N T 1. 10%

(n=6), MR RSD A KT 2.00%(n = 6) , B~ f
BAFE] ) RSD /NT 1. 50% (n = 6) , W TR L) RSD A KT
2.00%(n = 6) , R T TE 24 h NERE 1 R 4T

Tt PR « 530 % 2 AN TR] L [ Caprisil 120A C g -
(2)# (100 mm x 2. 1 mm, 1.7 um) , Phenomenex C, g+
(100 mm X 2. 1 mm,2.6 pm), Acquity UPLC®HSS T, #
(100 mm x 2. 1 mm, 1. 8 wm) | B A5k, 25 A 6] (4 1%
FEIAE A =050 & 5 RSD M 2. 03% 3 5 58 AN[] pH A
AR HERE B SR SAH L AS [RIAE L, 285 SR A5 20
B F AR (R RSD A 1. 52% 45 30, 5 v I R4

TR [l i a6+ 43 B 6 A B (G 5
L) IR A~ (45l SRR R G 45-05) 25 1 ¢, K
WRRAE 45 6 07, 43 DRG B M 2. 3. 3 350 T %k BRI £
W (T 7 0. 877 8 mg / mL)O0. 5 mL FIXS B 5L A
(R E 7 0.205 2 mg/ mL)0.25 mL,#%2.3. 25 F
RIS AP IEAE DN A , T SR T AR, IR TS 67 - IF Tk
T B2 i R IR [ S5 R L 4,
2.3.5 FERF6 - ATERIAEZTLENE

A3 S BURR A= (45 K S1 - S10) A= (4 B Ny
L1 - L10)HE it 45 1 i RS B PR L #% 2. 3. 31T Jr v il
PR VAW, T 2. 3. 2T BRI S R HERE DN A2 L 30 R
ORGSR IR S n L B 6 - SR TR
RN SRR N 14 ~ 2045, /] T & %5,
2.3.6 BELHBHAHN

B 104 (4550 S1 - S10) FR A, 3% M T 5%
INABRAA (i 5 L9) RS, W2, 0 g, W FRAE
$22. 3. 3T J7 vk il A HE S S W, H 2. 3. 2 T T iR

RS BECHMEFCH - FFHITRERSENELR

(g /mL)
Tab.5 Results of the content determination of 6’’’ — sinapoylspin-
osin in ZSS and ZMS (pg/mL)
. 5 _
i X

1 2 3 4 5 6 7 8 9 10
B4 0.19 0.21 0.23 0.27 0.25 0.27 0.22 0.21 0.20 0.23 0.23
BRIZ 2.68 3.14 3.95 3.62 4.03 4.09 3.85 4.19 3.41 4.07 3.70

R4 BEFRCHMBRCMFERBNEZER (n=6)
Tab.4 Results of the recovery test of ZSS and ZMS (n =6)

Btz (g) 42 (mg) A E (mg) MAFZ (mg) = E (%) X(%) RSD(%)
R B BORMs BB BORMs BR s B B B @k R B B BA
1.0104 1.0001 0.582 0.0509 0.463 0.0513 1.02 0.099 94.60 93.76
1.0122 1.0003 0.583 0.0509 0.463 0.0513 1.03 0.101  96.54 97.66
1.0156 1.0001 0.585 0.0509 0.463 0.0513 1.05 0.102 100.43 99.61
1.0279 1.0005 0.592 0.0509 0.463 0.0513 1.05 0.099 98.92 93.76 o7.80 9701 209 25
1.0032 1.0007 0.578 0.0509 0.463 0.0513 1.03 0.101 97.62 97.66
1.0128 1.0002 0.583 0.0509 0.463 0.0513 1.04 0.102 98.70 99.61
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R6 BELC5%BHERT - FFHRHTRIERSENE

%R (g /mL)
Tab. 6 Results of the content determination of 6’’’ — sinapoylspin-
osin in ZSS with 5% adulterated ZMS (pg/mL)
Y5 RIR ez 5 RIR o
S1 Fd 0.34 S6 g 0.43
S2 I 0.37 S7 & 0.37
S3 ATk 0.38 S8 & 0. 37
S4 Mol 0.43 S9 NI 0. 36
S5 AT 0.41 S10 T 0.38
SRR E AR IR 6,
3 itig

3.1 FAEMSR5ERME

PR 8 30 1 A6 PREE 3 FH A O R R B A8
TR A 2 b 5 0 S T v T IR 2 M 4 P 2
S, AT TR R B 24 0 B R R B
P 2R FH UPLC — MS / MS RN IEY i 6" - IF
T IT R oty 20 R FH AR AR ) A R R A p
Fop =8 I B R [/ e R 7 v B I R
] T e ad i AR A i (BRI sl i 390D
g - RR G iE
3.2 JRiEFKEIEE

HL6™ — IF T EHT K v 22 6 B i 50% P B T
Vi, BT R R B R 5 g / mL BT R AR, 2 TR
B HERE  FEIE BB TR IR 677 - ST Tk
BRI AT H AR RN, 6 - IF R R R A
IEB TR T P2 A (M + H] - W5, s b (m / 2
815) HUES T B 1, LAm / 2 815 N BEES T HEAT — R i1
FH, R H] 34w B AF SRR T BT (m /253 51 h
207,351,429) 1403 2k o 1 4 L i e B filf i g e, BE X
FERBEAE T (m /2 020 N ERE T, FERR
FIES T (m /243 500K 351 F1429) 1 PR BS 1 26,
R A MR A AR S P RN A B E 5 E, B2
SR i 57 AL
3.3 mEhEERE

AWFFE 35 TN RATR 34200, 05%,0. 1%,
0.2%) B i e AJal e )5 (5, 10 mmol / L) B R 2% b 7K #H
PEATRE EE Ve, L)L 0. 1% R — 10 mmol / L AR 4%
R KA HEAT R P Ve 6777 — IF T I i i R (ki
WA TR BRAR SRR WO E A A R 0. 1% H R -
10 mmol / L FfiR%% .
3.4 tRAEREZEIW

X T VS VR 2. 3. 2 00T S 36 A 4 0 A 1) S AR
J&40.505 8 g/ mL, MORUTT LW BE N 0.5 wg / mL (1)
Xof BRIV C 5 R A T R BTN 2E A ARG, 224 (3t
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AT B B AR 2 TR B Oy AT IR A R
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0.5 pg/ mL AR P BEAT 6],

3.5 FHEEHM

ARBGE A HEST () IR TR S5 R e Bk

FIRSE 38 AT, W] AT R R A R B

5% 3k
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T 5 & 25 AR H R4, 2020382,
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SRR AL 2017,45(23) 1198 — 202.
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