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Establishment of a method for determination of triterpenic acids in Jujubae
Fructus based on quantitative analysis of multi-components by single-marker
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Abstract: Objective To develop a method for the simultaneous determination of several triterpenic acids in Jujubae Fructus
and provide the technical support for the quality control of Jujubae Fructus. Methods Betulinic acid was used as the internal
reference substance, and the relative correlation factors (RCF) of oleanolic acid, ursolic acid, betulonic acid, oleanonic acid,
and ursonic acid were determined by HPLC-ELSD. The contents of the five components were calculated according to the
RCEF, respectively. The contents of these six triterpene acids in 15 batches of Jujubae Fructus were determined by the external
standard method. The rationality, feasibility, and repeatability for the method of quantitative analysis of multi-components by
single-marker (QAMS) were verified by comparing with the results obtained from the external standard method. Results
The reproducibility of the RCF was acceptable. For the six triterpene acids, there was no significant difference between the
quantitative results with the two different methods in the 15 batches of Jujubae Fructus. Conclusion The method
established in this research is accurate and feasible that it just needs to assay single-marker (betulinic acid) for the
determination of six triterpenic acids in Jujubae Fructus simultaneously. Therefore, this method is helpful for the quality
control of Jujubae Fructus and could provide a new reference for the quality assess of multi components in Chinese materia
medica.
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K& Jujubae Fructus 4 R Z4F} (Rhamnaceae)
K& Ziziphus Mill. MP)E Ziziphus jujuba Mill. 1]
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2.1.1 (O34 Hypersil Cis (0354: (250 mmX
4.6 mm, 5um), VAHEE-0.5%CH: (831 17) K
WBhH, ABUAE 0.6 mL/min, A:¥E 25 C; ELSD
ERERE 80 C; A UABILE 2.7 L/min. 11 I
RO TEIAT T, B AR b v S B S v %
20 pL HEFE, A% KL 1.

A 23456
B
1
2 345 6
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1AM 2-F R 3-RERR  4MERTRE S-SRI
6-AE TR
1-betulinic acid 2-oleanolic acid 3-ursolic acid 4-betulonic acid

5-oleanonic acid  6-ursonic acid

1 REXRME (A) i (B) B HPLC-ELSD
Fig. 1 HPLC-ELSD chromatograms of reference substances
(A) and sample (B)
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Table 1 Linear relationship and ranges of six triterpene acids

Fabr oy EIYE Wiy ML/ (ugmL ™) r
FIMENR IR lg4=1.083 3 1gC+3.595 4 11.20~224.00 0.999 5
FURR lgd=1.147 4 1gC+3.284 2 10.00~200.00 0.999 1
fERTR lgd=1.162 3 1gC+3.400 7 10.80~216.00 0.998 4
MEA T 1g4=1.159 01gC+3.127 0 9.35~187.00 0.998 7
FEECR R 1g4=1.053 0 1gC+3.700 6 10.70~213.00 0.999 4
e R lgd=1.074 41 gC+3.339 8 8.35~167.00 0.999 8

Fz2 S5SM=FEERMMEMIKERTF
Table 2 RCF of five triterpene acids
HEFEARR /UL S v o S e e v e Amm S ot e S e s
1 1.032 1.025 1.077 0.996 0.996
2 1.031 1.015 1.049 0.992 1.017
4 1.025 1.008 1.030 0.996 1.020
6 1.024 1.003 1.041 1.000 1.024
10 1.022 1.000 1.035 0.999 1.023
20 1.015 0.994 1.042 0.999 1.024
Sy 1.025 1.007 1.045 0.997 1.017
RSD/% 0.610 1.090 1.580 0.300 1.050

2.1.6 FEHEAE ORI OR A R 20
uL, 3% BRI IELLERE 6 X, Il ikl
WAL, SR AMENRIR . STHURIR. BERR. MEA
PP SRR A8 SR IR s [ B YT RSD 43 1A
1.68%- 2.21%. 2.58%. 2.47%- 1.54%. 2.02%, %
R, USRS AT

2.1.7 R PSS M A e AR A A
R4y, A5 00 20 4. 8. 12, 24, 48
h EFEIE, S5 R OMEIRIR . SRR . BRI,

MEARTMR « 5535 W1 . 78 L W19 04 i F11¥) RSD 43
WIH 2.05%- 2.44%- 2.92%- 2.56%- 2.01%- 1.95%,
g5 R s e M R A

2.1.8 FEEMERK RS ARER TG LE 2 rE R 2 b
MR 64, & “2.1.37 I NS 25 7 vk
%, JFE R EL, AMIRRR . SFIEURIR. fE

TR MEARHARE . FHECREIRR . A8 SR ot & 23 50
RSD 1H 554 2.31%+2.59%+2.77%-2.51%-2.38%-
1.84%, FKIARTTILEHE MR-
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bR R B 0 R, K “2.1.3”7 TR ik
Ml AR AR, EREIE, THEDIRE IR, g5
B, EIMEIRRS. SPECRIR. RERR. MERMIRG. 5%
BUREARR . RE R TR 0 INFERIBCR 2 0 98.25%-
97.48% 99.67.31%- 97.12%- 100.58%- 36.71%, RSD
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2.2 QAMS Tt MR R 4635 M MR
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HOCEAM T AMENRIR . FFHURR . AERIR . MEAH
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T3 ARUBEEIERER £ 8950

Table 3 Effect of different instruments and columns on RCFs

3% (N e fawrmsmnn  fowrmern  f aemsekmn f ommoooumn S o/ enmm
Waters2695-2424 Elite Hypersil ODS2 1.022 1.000 1.035 0.999 1.023
Thermo Hypersil ODS2 1.003 0.987 0.998 1.025 1.009
Agilent 1100-Alltech2000es  Elite Hypersil ODS2 0.995 0.986 1.005 0.987 0.993
Thermo Hypersil ODS2 0.989 0.992 1.031 0.990 0.987
SEA{E 1.091 1.002 0.991 1.017 1.000
RSD/% 1.400 0.610 1.770 1.700 1.600

Fz4 TEZWEX f; M
Table 4 Effect of different laboratories on RCFs

S v o

S i e S it ks

f FIHERRIR /T SR IR

S v e

ERHRL KRED LRE2 WHE1 LRE2 WRE1 LRE2 WRE1 LRE2 WK1 LRE2
1 1.028 1.013 1.022 1.016 1.067 0.985 0.994 0.978 0.984  0.968
2 1.031 1.004 1.016 1.038 0.997 1.002 0.993 1.013 0.972 0.989
4 1.025 0.983 1.009 1.023 1.035 0.986 0.997 1.010 1.021 1.005
6 0.992 1.011 1.004 0.986 1.036 0.995 0.998 0.961 1024 0.993
10 1.023 0.984 0.999 0.977 1.036 0.967 1.002 1.021 1.025 0.972
20 1.021 0.985 0.999 0.987 1.044 0.981 1.003 1.005 1.029 1.023
FEIE 1020 0.997 1.008 1.005 1.036 0.986 0.998 0.998 1.009 0.992
RSD/% 1.390 1.430 0.930 2.440 2.180 1.220 0.410 2.340 2440 2,070
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Table S Relative retention time (RRT) obtained by different instruments and columns
{3t AT Vo sV A/ S R 1 e R T SRR
Waters2695-2424 Elite Hypersil ODS2 1.098 1.176 1.217 1.284 1.350
Thermo Hypersil ODS2 1.096 1.175 1.216 1.282 1.348
Agilent 1100-Alltech2000es  Elite Hypersil ODS2 1.085 1.157 1.204 1.258 1.319
Thermo Hypersil ODS2 1.084 1.158 1.203 1.256 1.318
FEME 1.091 1.167 1.210 1.270 1.334
RSD/% 0.640 0.860 0.660 1.180 1.350
&6 QAMS S5IMTENELER LR
Table 6 Comparison of result in Jujubae Fructus by QAMS and external standard method
FIFEIRRR FEHRR/(mgg")  BERR(mgg")  MARIR/(mgg) FHAMM/(mgg") HEREFR/ (mgg)) BA(mgg")
FEfok [(mg-g™)
W VYT 4ME QAMS RSD/ 4Mi QAMS RSD/ 4#Ms QAMS RSD/ Mz QAMS RSD/ #Mzi QAMS RSD/ 4Mri QAMS RSD/
% % % % ik % % % % % % %
bR witwAl 0.337 0.041 0.042 1.95 0.081 0.081 0.69 0471 0447 359 0.190 0.184 2.09 0.132 0.124 424 1252 1215 2.02
TERT 0.350 0.038 0.039 2.14 0.082 0.083 0.64 049 0471 3.65 0.195 0.189 2.12 0.134 0.127 422 1295 1259 2.03
BepiiE 0.433 0.096 0.100 3.03 tr tr - — 0.037 0.037 058 0733 0.697 351 0445 0424 341 1744 1.691 2.16
FraAIH 0.387 0.039 0.040 2.17 0.081 0.082 0.66 0405 0386 341 0.176 0.171 201 0.159 0.150 4.11 1247 1216 178
Wiz 0.241 0.113 0.119 3.19 0202 0.198 1.71 0305 0292 3.07 0414 0397 291 0207 0.196 393 148 1443 1.96
il 0.240 0.108 0.113 3.14 0.132 0.131 0.60 0289 0277 3.01 0412 0395 290 0227 0215 3.87 1408 1371 188
it 0.329 0.170 0.179 3.58 0265 0256 241 0.163 0.158 233 0.135 0.132 174 0.120 0.113 430 1.182 1.167 094
WARTH 0.372 0.061 0.063 2.59 0.090 0.091 039 0.036 0.035 0.53 0702 0.668 3.46 0265 0252 3.76 1526 1481 2.11
AT 0.389 0.045 0.047 231 tr tr - — 0727 0.686 4.11 0254 0245 240 tr - — 1415 1367 244
TIRHTS 0.540 0.157 0.165 3.51 0313 0301 285 0717 0.677 4.09 0519 0497 3.15 0361 0343 3.55 2.607 2.523 234
AR 0.556 0.048 0.050 2.38 0272 0.263 249 0.734 0.692 4.12 0507 0485 3.12 0356 0338 3.56 2473 2384 2.58
ILPEACH 0.376 0.111 0.116 3.17 0242 0234 2.18 0273 0261 294 0236 0228 232 0.191 0.181 398 1429 1.39 1.57
R Wi 0.310 0.118 0.123 323 0.076 0.077 082 0.523 0496 372 0313 0302 2.62 0.138 0.131 420 1478 1439 193
TERR 0.294 0.169 0.178 3.54 0203 0206 091 0.211 0204 2.56 0201 0.196 172 0.198 0.190 2.92 1276 1268 0.50
ITEA% 0.226 0.159 0.167 3.58 0.078 0.077 025 0358 0342 323 0220 0212 273 0.168 0.163 2.56 1209 1.187 130

tr-fI T2 F R

tr-Below the limit of quantification.
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