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ZIE 050091)
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VKA R (A)-TIE(B), SHATHRE AL, M 25 b R R PRI ZREE, okt . BT, GHAER . KI5 B A
HREABR 694, JF4E 4 £ R4 9 (principal component analysis, PCA). & kK % % 4#7 (hierarchical cluster analysis, HCA)
Fodk 3% /s = e $] 5] 57 (partial least squares discrimination analysis, PLS-DA)# MR F Z3 K &b 7 F Mo 09 27 ER 7
TR EMEARETEA AEELRRI, MERHKE)=09956, LEHEHE RSD<B.55%, FHmEDKEH
99.17%~100.74%, RSD<3.48%, PCA #» HCA 4R &%, AR =Mty K LT 25T, AN SR LA RRGAMIE,
T4 £ 8 K, it PLS-DA PEE T MR Y ML 4 NEFBRIGHERS, 2R A OHIER ., FHRFR, K%
BRAFET. @i #FZTHEMHRE., ZHRESGOREZHARSEMNT &k, LB Ritr R m Mg, TR
B, RIGAMBF T HREREZFHIFNOIEAFRS, AREZRRRGRE SRR R RBELE .
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UPLC-MS/MS Based Quantification of Multi-index Components and Chemical Pattern Recognition Study
for Jujubae Fructus from Different Producing Areas

FENG Yu!, HU Jingnan', XI Zhongwen!, TIAN Yurou'?3*4 NIU Liying"?>**(1.Hebei University of Traditional
Chinese Medicine, Shijiazhuang 050091, China, 2.Hebei Traditional Chinese Medicine Formula Granule Engineering &
Technology Innovate Center, Shijiazhuang 050091, China; 3.Quality Evaluation & Standardization Hebei Province Engineering
Research Center of Traditional Chinese Medicine, Shijiazhuang 050091, China; 4.TCM Formula Granule Research Center of
Hebei Province University, Shijiazhuang 050091, China)

ABSTRACT: OBJECTIVE To establish UPLC-MS/MS method for the determination of multiple indexes of Jujubae Fructus
from different producing areas, and to provide reference for the quality control of Jujubae Fructus. METHODS The separation
was performed on a Shim-pack GIST Ci3(2.1 mmx100 mm, 2 um) column using UPLC-MS/MS multiple reaction monitoring in
negative ion scanning mode. Gradient elution was performed with a mobile phase consisting of 0.1% formic acid in water(A) and
acetonitrile(B) to determine the contents of adenosine cyclophosphate, chlorogenic acid, caffeic acid, rutin, betulinic acid,
betulonic acid and oleanolic acid in 25 batches of Jujubae Fructus. In addition, chemometrics methods including principal
component analysis(PCA), hierarchical cluster analysis(HCA) and partial least squares discriminant analysis(PLS-DA) were used
to evaluate the differences of 7 components between Jujubae Fructus from different producing areas. RESULTS The linear
relationship of the 7 components was good in the corresponding concentration range, the correlation coefficient(r) was =

0.995 6, the RSD of instrument precision was <3.55%, the average recoveries were between 99.17% and 100.74%, and RSD was
<3.48%. The results of PCA and HCA showed that the Jujubae Fructus from different producing areas could be separated
obviously, and the composition of the samples within the groups had strong similarity, but the differences among the groups were
great. According to the variable importance in project analysis of PLS-DA, 4 different index components were found, namely
betulinic acid, oleanolic acid, betulonic acid and rutin. CONCLUSION A method with strong specificity and high sensitivity is
established for the determination of multiple indexes of Jujubae Fructus, and the statistical method proves that betulinic acid,
oleanolic acid, betulonic acid and rutin are the index components for the quality evaluation of Jujubae Fructus from different
producing areas, which can providing reference for the distinction and quality control of Jujubae Fructus from different
producing areas.

KEYWORDS: Jujubae Fructus; multi-index content determination; chemical pattern recognition; quality control
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K& Jujubae Fructus il F#}(Rhamnaceae)
K& Ziziphus Mill Y Ziziphus jujuba Mill.[{]
TGRS, N/ a8, R T (Mg
ARFEL), #F R EA, WL, BREOL,
BARPRA . FMmZs . SN, F
EHTMEED . Z ERE . TN, AR
e o FEALHE = 2E . APLIRZE . RS
ERZE S G, A2 B R W R A
ZFPZEAE R, R ) SR I O LR
AL Pk K . S RO WL g . B HE i
) —FP B E R IR R, =i S B B
L PRIE L PR . U B G A 1 2 R
P, EER AW EARRNAEER, LIS
H 3k, ZER R B He 2 T AR IR A ) 23], H o,
KTFREZ Al &7 EMR AR EZH
T, SRR B0 5T et KA T SRBEUR
. RESRR . PRBERRMRTY . MEAA IR S5 4E br i o
AT T &R, IR B bR e PE 4
HE ARSI AR ST ] M R ) LA A
FEME R, L, A EEXRRE = KA 2
WAL 2R3 1) 25 S EA T R TR A L AEESE , IFh
AN [) 777 A 2 1) 68 030) R 2 o B (BRI o VR
B FH B AR Ay v 24 Joi s 2 o1 v A Ry 2 R A DU
Bz —, HA®REER ., REUESEAS, &
ST DI AU AR R AR S a g —
WP e <y I T PO RS 10 e o 0y oy o Y e
KRR B RS R RPPRES Z MEST KR, 7
U0 EMERAE . FURERER] . HROCRFEIIE
A Tz N, JUIAE 2 Y R S IR
o p B HE R P, Ht, AR#FR R
UPLC-MS/MS X} RAHF AR AT . GRJAER . Wi
B2, T . FIMERRRR . G IR K ST U R 7
FRER bR Lo AT & B AE , IS A k2= Bt
Tk, AR HKREN 2T, FREFHR
Y, DI R RO 24 194 o a4 o G DR 1Y) 7 B2
i RS,

1 XEE5RG
L1 AR

Shimadzu LC-30A i = 0B (L35 (H A< 15
AT, 045 DGU-30A3 HIFELZR E25 Sl .
LC-30AD %I —"J0% . SIL-30AC I [ ShitkEds .
CTO-30A FIAEIRAH); 4500 QTRAP = PUATLE
PR B B B (BC A FL e 55 25 1K) . Analyst™ TF
1.6 i Rk A 22 E AB /A Fl; BSA224S-
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CW. CPA225D AIHL 43 KV (38 2 Fl k224X
LA RAT]); HYCD-282A HEE F ¥ 4 4
A S R AR BT I A BR A Fl); JY10001 %Y
B R (i RS SR s A BRA A
YB-150 7 Z Dy ey iR pL (i R T 8 T3 A R
Al); UPR-11-20L HI{ % 28 51 8 4lK HL(PU )1 41
BB A R T ; KQ-250E B A i i v v (B
LT B = S A BR 2 7l ) s TGL-16M 7 i 38 5 2004
R B OAILOHT R A L 98 AR T R A FRA A

1.2 k%

XTRR G . BEGEBRAIL S . PSO11832; 4l .
98.0%) . FTEUREIER (It : PS000732; 4 .
98.0%) . FAMEARFRIL S : PSO11682; 4l . 98.0%) .
AR TF IS . PS020437; 4. 98.0%)30A [
AR B AR R A AR AR 2T (5
100080-201610; ZfRE: 91.9%). ZkJAER(HES -
110753-201716; ZliJF . 99.3%). MIHERR (L5 .
110885-200102; 4EJE . 100%)¥4 My [ H [ £ 4 25
NTAY AR i SR < W Nee N2 B R o e N | e Y|
R AL, 2wy 25 i ks B B AT 250
N T B E N 2B (Rhamnaceae) & & Ziziphus
Mill A Ziziphus jujuba Mill. i) 4IRS
AR B LR 1.

®1 2BSHARAHEER

Tab. 1 Information of 25 batches of Jujubae Fructus

75 Eiln=2 FEHLE R
1 YF18082401 B
2 YF18082402 B
3 YF18082403 B
4 YF18082404 BT
5 YF18082405 B
6 YF18082406 BT
7 YF18082407 H
8 YF18082408 Hor
9 YF18082409 Hol
10 YF180824010 Hor
11 YF180824011 ol
12 YF180824012 Ho
13 YF180824013 ek
14 YF180824014 b
15 YF180824015 it
16 YF180824016 baE|d
17 YF180824017 e
18 YF180824018 baE|4
19 DZ1807262 i inE=2
20 DZ1807263 1L PG
21 DZ180311 ARG 42 B
22 DZ180312 AR % R
23 DZ180313 ARG 42 B
24 DZ180314 AR % R
25 DZ180315 ARG 42 B
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ONE . W (% al, f5E Merck A H]); HIR
(fa3&4l, Dikma, USA); HABEUR Y0 704l ;
SIS 7K M e B PG 2R AR K o
2 FHEESHR
2.1 ) FR VAR T

Oy BIFRBUOABER T . SRIER . WIIMERR . T
FIMERRTR . BEMEEAR . FOBCREIR IR b i, R
WRE, OIS P BRI e, B e
X RSV, DRAF T 4 CUKAEh &5 Ui
FEWOE ARG PRI 1.021 7 pgrmL' | &g
JER 0.025 3 pgrmL~" . WIERR 0.025 6 pg-mL', 24
702215 pgrmL ™", FIHERRRR 2.181 5 ug'mL ™| #%
B% M R 0.264 8 pg-mL' | FF BL R OER MR
0.713 7 pug-mL" (IR XF R VAV, Il 22 6 b 1
ST 1,

2.2 M A

PR ZGHF, =20 °CY2 Uk 24 h, ByiEdfiat 40
Hifi . MBI LR RKEREK 02g, BT 25mL
HIEHIEHAp, A 70% M8 25 mL, %%, ¥
FRRE L, AL (% 250 W, SR 40 kHz)
30 min, BUHBE, HFRE, H 70% H AN L D8R
B, $£4), 10006 xg 10 min, B EWEW,
0.22 pm THALIERRDE S, RPASAE L A o
2.3 IS
231 {34 Shim-pack GIST Cis {05k
(2.1 mmx100 mm, 2 um), & 35°C, 0.1%H

KW A, &S B, #hEEVEN
(0~16 min, 98%—79%A; 16~17 min, 79%—32%A;
17~27 min, 32%A; 27~29 min, 32%—98%A;
29~33 min, 98%A), {RFUfiE 0.4 mL-min', FEEE
i 2 ul,

232 FUiE A SR 2 E RO R I (multiple
reaction monitoring, MRM)AJFIHE =0 s+ s
W, BT EmisEe T, B eiEh
4500V, BEFIRIEEE R 550 C, WiZFIWN)H
380 kPa(55 psi), B (N2)>A 380 kPa(55 psi), 1%
HRrgem#h, 2BEART, AFAN)H
242 kPa(35 psi), RH#ESESIH medium, FAEF
XoF i BRI E] A 100 mso FENREINAL S 4 1 el 25
TXF L R SRR AR WLAR 2, TR TR
R i SR G0 R a1 5 R LI 2.

F2 TR WE S

Tab. 2 Mass spectrum parameters of 7 index components

MR hiiE
HE/V BEfE/eV

By AT MS (m/z) ~ MSy(m/z)

IR 329.21  327.8[M-H] 133.5  -146.7 -30.0

LR JFIR 35431  353.2[M-H] 190.7  —62.0 -23.0
I 180.16  178.6[M-H]~ 1347  -109.0 -21.0
T 610.52  609.1[M-H]"  299.6 -1959 —422

FHIHENR R 456.71
% R 45434
FEURERRR  454.68

4554[M-H]" 4554 -210.6 —-20.0
4534IM-H 4534 2083 —16.0

453 4AM-H]" 4534  -538 -262

1 7 M7 R B F S

IR s 2-4RER; 3-UNMERR s 4715 S—FIMENEMR; 6-BRBGEMR; T-SFHCRMIAR .

Fig. 1 Chemical structural formulae of 7 index components

I-adenosine cyclophosphate; 2—chlorogenic acid; 3—caffeic acid; 4-rutin; 5-betulinic acid; 6-betulonic acid; 7-oleanolic acid.
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t/min t/min
r 4
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2 RAMBEERATALHEB)F T MBS
# MRM Jf % &
1-PRBERR Y 3 2RI s 3-MMERR; 4 T 5 S—FIMENSIR; 6l
2 T-FFHCRE .
Fig. 2 MRM mass spectra of 7 index components in mixed

standard solutions(A) and Jujubae Fructus(B)
1—adenosine cyclophosphate; 2—chlorogenic acid; 3—caffeic acid; 4—rutin;
S5—betulinic acid; 6-betulonic acid; 7-oleanolic acid.

2.4 JyikeEEsR

2.4.1 RPERARFEE B 217 TR RS AT,
o E P R i K, 6 o R A A T 2K
TAEE WL ¥ “2.37 T WS A A TR i
Br, iCsR R S IEmE, DAE B AR (Y),
Bt BN RS AR BR(X), SEATERPERNE, Z55ERIT,
TEF SN, 7 PR B B4 o v i 5 0 T A
BERFMEERXRR, r¥=09956, W3,
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RI TN ETERTHEEXRRELETRE
Tab. 3 Regression equations and linear ranges of 7 index
components

SRUl) % [l 7 7 r MV Fl/ng mL!
BRI Y=4.00x10°X+1.89x10°  0.9956  165.56~3 218.38
SRR Y=5.27x10°X+2.83x10°  0.9994  3.52~68.40
MM R Y=1.80x100X-8.87x10°  0.9993  3.56~69.20
R Y=1.29x10°X+1.40x103  0.9994  30.77~598.18
I HERRTR Y=2.95x10°X+9.40x10*  0.9990  302.98~5 890.00
% 6 R Y=5.29x10°X+1.07x10°  0.9999  36.78~714.96
FHUREER  Y=1.40x10°X-4.19x10*  0.9977  99.13~1 927.03

242 [NEHAEHEIRR  EHRI 217 WRR
AR EEWR 2 uL, 237 TR MR A1
HEREAM T, SRR 6 YR, MIE 7 R B4
WET AL, FETE ALY RSD . 455 BRI mE
BRAT . SRJEER . WMMERR . T . EIMEIRIR . KIS
T PR e SRR R Y RSDE 451 R 2.11%, 3.55%,
1.32%, 1.41%, 0.73%, 0.58%, 2.06%, FMH{LES
K7 B RAf o

2.4.3 FEMIE:  FRIBOCR G S : DZ1807262)
R, & “2.27 WUF JriEdl s S, ol
F0, 5, 10, 14, 18, 24 h#% “2.3” I N Bk
FH AR T I S, 10 SR A5 1R B 4 ) s T
15 RSD fH. Z5 R W/ RBEIRTT . LRIFER . Wik
BR . AT . EIMERRIR . BEEGEIR . STIECR R R I
AL RSD 23510 2.70%, 3.05%, 4.10%, 2.29%,
1.41%, 0.94%, 4.37%, LM ER 24 h N
e R

244 HEEMERE  HUE —HER KR HE S

DZ1807262)FF i 9 17, 43 HAE R AREIK(0.10 g)

H1(0.20 g) . #1(0.30 g)3 N/KFERES =, BEAIKE 3
ByReEdh, #e “2.27 TR 5 oA Tl A S
KSR B B TR 2 uL, T “2.37 TR O
B AR AT 5, TR S 45 R BRI
BEARTT . ZRJEAR . WIMERR . AT . FIMERRER . %
BOmPR . STEURENRR & &0 RSD 435k 3.34%,

1.95%, 3.69%, 1.80%, 1.83%, 3.78%, 2.66%(n=9),
SR RNIZOTEHEE R AT

2.4.5  IAEEDECRIEEE R —HER R G
5: DZ1807262)FF i 9 17, FHATHZ) 0.10 g, KE%
FRag, 454 3 Mk 1 A, BAUREE AT R 5 R
WENR T . SRIRIR . WIHERR . AT . FIHERRTR . B
B R | SR PR ) A X T R o v A5 X
SR 50%, 100%, 150%, #% “227 Wi
J5 5 A Ak ot T VR, R R B A AR A
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2L, i “2.37 TR B SRR A,
AW, RS, a7 Ao ke
MR, S5 DR ABEMRTT . SRR . WINHERR |
FOT L AMERETRR . BERKIERR . SYEURENIR - m
FE R 5 100.74%, 99.22%, 99.97%,
100.74%, 100.30%, 100.28%, 99.17%(n=9), *:
RSD {H/r M 1.83%, 1.96%, 1.37%, 2.36%,
2.50%, 3.48%, 2.80%, #BIZITIEMENE RIT,
2.5 il

B 25 HERRRHRES,, 42 “2.27 TR kil &
PSR, JFiE “2.37 TR TR Atk R
SIATINGE , ICSRAS I A T AR, TR TR
PN S AR . SRR . WHERR .
T FIHENRER . B R A S SR R 1) 7
e 25 R 4,
2.6 Ziusitsatr

R T HCE B BN ] 7 i R A 7 B
BT FELE RN 25 5 DL R = A 22 R Ak Ly, R
FH SIMCA 14.1 BAE53 5% 25 AR = H i R
7 FhOR A B F o HEAT T 3 84 4 AT (principal
R4 ALTHERELEELE

Tab. 4 Contents of 7 index components from Jujubae Fructus

component analysis , PCA) . JZ2 K B 2L 7 #r
(hierarchical cluster analysis, HCA)fMff/» — 3]
543 #H1 (partial least squares discrimination analysis,

PLS-DA). iiid PCA, i 3 T a0 BifsiikeR
4 80.08%, AT LA BRAAHE il (AR BT it L PCA
550 EIRT LI Y, YF18082401- YF18082406 38 3
FPERAL; YF18082407- YF18082412 g H il kAL,
HHESH YF18082411 Ay K 5 HoAth it vk i 5 45
o, U — AR S A R 2% R OK

YF18082413-YF18082418 Jy ¥ Jb 7= K & ;

DZ1807262-DZ1807263 4 1l P4 [#] & = K & ;

DZ180311-DZ180315 Al pg 4 fH ™ K4, [l H
KE—FE, AR, AR TR
HILARTT LSS Horh—3, 4558 0E 3. M HCA
KT LA ), HAM 4R S PCA 43 Hrai R—3L,
IR ULE 4, LIASE VIP (H>1.0 R,
NSRG4 D22 FERREY), 00 FIHERR R |

FEERCRIARR . FEFGEIR . T, T LUHT XA
FEHLI R, ARYE VIP (5 R/NEFTHEY, 351 E
HERRIR> T IR B> 26 Bl > T, 255 LA 5.

Fit/mg-g!
75 s y : . ; 2
PRwfR 2R WAL T FIMERRIR % A TR FAECRER
1 YF18082401 0.116 4 0.000 1 0.000 4 0.117 1 0.893 1 0.349 8 0.680 4
2 YF18082402 0.118 0 0.000 1 0.000 5 0.187 7 1.138 7 0.487 2 0.947 0
3 YF18082403 0.160 4 0.000 5 0.000 5 0.138 7 1.095 4 0.4330 0.855 1
4 YF18082404 0.129 2 0.000 2 0.000 4 0.150 6 0.859 4 0.308 1 0.618 6
5 YF18082405 0.131 4 0.000 1 0.000 4 0.140 3 1.066 0 0.4350 0.9230
6 YF18082406 0.122 1 0.000 0 0.000 5 0.136 9 1.094 8 0.37717 0.781 8
7 YF18082407 0.043 3 0.000 1 0.000 6 0.078 7 0.6177 0.446 9 1.089 5
8 YF18082408 0.075 4 0.000 0 0.000 5 0.128 1 0.8153 04329 1.070 0
9 YF18082409 0.093 2 0.000 1 0.000 4 0.104 0 0.663 7 0.416 6 0.944 4
10 YF18082410 0.036 6 0.000 2 0.000 4 0.082 1 0.724 6 0.496 0 1.138 3
11 YF18082411 0.180 7 0.005 4 0.000 7 0.086 7 1.090 9 0.426 0 0.647 6
12 YF18082412 0.062 3 0.000 4 0.000 5 0.1129 0.748 0 0.480 3 1.0307
13 YF18082413 0.068 0 0.000 4 0.001 4 0.1217 0.9347 0.407 9 1.000 9
14 YF18082414 0.047 6 0.000 2 0.001 0 0.176 9 1.1629 0.559 6 1.2795
15 YF18082415 0.050 4 0.000 1 0.000 9 0.140 4 1.018 1 0.501 1 1.111 1
16 YF18082416 0.062 8 0.000 1 0.001 1 0.1300 1.0233 0.459 6 0.920 8
17 YF18082417 0.064 2 0.000 1 0.001 2 0.1257 1.000 4 0.441 0 1.017 4
18 YF18082418 0.078 9 0.000 1 0.001 3 0.148 9 1.1392 0.5220 1.183 6
19 DZ180311 0.163 2 0.001 5 0.000 6 0.073 2 1.116 3 0.476 6 0.7311
20 DZ180312 0.120 4 0.000 5 0.000 6 0.1055 0.990 8 0.3345 0.574 1
21 DZ180313 0.141 8 0.007 3 0.000 4 0.100 5 1.092 8 0.445 8 0.7539
22 DZ180314 0.045 5 0.000 0 0.000 5 0.102 1 0.746 6 0.466 8 1.014 1
23 DZ180315 0.243 4 0.0013 0.000 7 0.061 9 1.048 3 0.5013 0.801 2
24 DZ1807262 0.1849 0.000 1 0.000 8 0.046 8 0.8518 02337 0.5126
25 DZ1807263 0.1753 0.000 1 0.000 8 0.048 0 0.816 6 0.224 2 0.4756
v B R F 2G5 2022 4F 7 A4S 39 %5 13 1) Chin J Mod Appl Pharm, 2022 July, Vol.39 No.13 <1713 -



o FiE o Hilt e it oWE e I

A
DZ180313
2} YF18082411 @ °
DZ180315 YF18082402
© o YF18082003 QIF
1 pzisosr1 @ @®F15082406 130314”. @ vrisonis
— YF18082405 |@ YF18082416
S 0 YF18082415
lf ODZ180312 YF18082417
. YF18082413
YF18082404 @ yF18082401
-1} §D7_1807262
D2yg07263 YF18082408 @) yrisosaara
ot YF18082409 @ O@ YF18082410
DZ180314
@ vF18082407
—4 L 1 1 L L L L

1
-5 -4 -3 -2 -1 0 1 2 3 4
1]

B3 258 A% PCA 74 A
Fig. 3 PCA score chart of 25 batches of Jujubae Fructus
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Fig. 4 HCA score chart of 25 batches of Jujubae Fructus
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Fig. 5 VIP score chart of 25 batches of Jujubae Fructus
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TR [ 35 351) 22 8 6 RAS 245 v 322 il 53 1) o o A
SRR, SRR, DLOIE-0.1%H BRKE RN
Uit S AH A € T A R A A I ] P R 0, HL A
JERAT o T AR SRR 1 A R AT T
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