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CUI Lu', BAO Yong-rui"?, MENG Xian-sheng'*, HAO Yan-jun’, KANG Ting-guo' "
(1. School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China;
2. Component Medicine Engineering Research Center of Liaoning Province,
Liaoning Province Modern Chinese Medicine Research Engineering Laboratory, Dalian 116600, China;
3. Liaoning Institute for Drug Control, Shenyang 110023, China)

[ Abstract ] Objective: To establish a quantitative analysis of multi-components with a single-marker
(QAMS) method for the determination of eight components in Qianlielong Bitong tablets ( polydatin, naringin,
hesperidin, neohesperidin, epimedin A, epimedin B, epimedin C, icariin) and make more comprehensive
assessment of the quality of the drug under 270, 283 and 306 nm wavelengths of chromatogram using full-time
multi-wavelength fusion technology. Method: With Qianlielong Bitong tablets as the research object and
neohesperidin as the internal reference substances, the relative correlation factors ( RCF) of polydatin, naringin,
hesperidin, epimedin A, epimedin B, epimedin C, icariin to neohesperidin were calculated and established. The
content of neohesperidin in the samples of Qianlielong Bitong tablets was determined by using the external standard
method, and the contents of the other seven ingredients were calculated by their RCFs. The QAMS results were
then compared with the external standard method results. Result: The values of 8 active constituents in four
batches of Qianlielong Bitong tablets calculated by QAMS method were basically the same with the values calculated
by external standard method, thus verify the feasibility and accuracy of QAMS method. Conclusion; The QAMS
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method is feasible and credible, and could be used to determine the multiple components in Qianlielong Bitong

tablets.
[ Key words ]
full-time multi-wavelength fusion; HPLC
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18% A;4.33 ~ 12.67 min, 18% ~25% A;12.67 ~
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Fig.1 UPLC chromatograms of Qianlielong Bitong tablets
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Table 1 Regression equations and linear ranges for eight active

ingredients in Qianlielong Bitong tables by HPLC

WA 117 2 , St
/g
A iR Y=1495.9X +0.72 0.9998 0.0245~0.1962
LilrS:s Y=1757X +15.310 0.9998 0.1045~0.8362
¥ 1z 1 Y=10648.9X +5.994 0.9994 0.0214~0.1712
PR A Y=10997.2X +7.312 1.000 0 0.078 8 ~0.630 4
HIZEEE A Y=1630.2X +0. 816 1.0000 0.0167 ~0.133 5
WIZEEE B Y=1827.3X +3.086 1.0000 0.0801~0.640 6
WIZEE C Y=1716.4X +1.213 1.0000 0.0251~0.200 6
HXEH Y=2063.9X +2.864 1.0000 0.077 9 ~0.623 4

F2 FIGIEAER T8 ANFEMRS UPLC WEIIAABAMLETEE
Table 2  Regression equations and linear ranges for eight active

ingredients in Qianlielong Bitong tables by UPLC

WA 1 )7 , St
/g
A iR Y=5078.1X +3.120 0 0.9998 0.008 6 ~0.068 7
R Y =6 245X -10.076 0.9996 0.0366~0.2927
¥ Hz 1 Y=6174.2X-1.5950 0.9999 0.0075~0.0599
PR A Y=6593.7X +23.945 0.9993 0.0276 ~0.2206

WIFEE A Y=5486.5X+1.367 4 1.000 0 0.005 8 ~0.046 7
HIZEE B Y=6157.4X +3.449 0 1.000 0 0.028 0 ~0.224 2
WIZEE C Y=5854.4X-0.440 0 1.000 0 0.008 8 ~0.070 2
FEETEWH Y =6909.5X +4.823 0 1.000 0 0.027 3 ~0.218 2

2.1.7 KEwmERAE BUR IR A S i
RS AL H SR 6 R, iE SR g A, 4
S E 8 Fofr p 43 1) 0 T AR, 1T 55 06 18 ALY RSD,
& HPLC X% b JR AL, Ml Bz 1 8 B2 17, B i B2 1T,
HIFEE AL BT BT C RE A I AL
RSD 4% %] % 0.8% ,0.7% ,0.9% ,0.7% , 0.8% ,
0.1% ,0.2% ,0. 1% ,1¢ UPLC {8 I 8 Flt i 43 6 i
FLAY RSD 43 %1% 0.1%,0.1% ,0.2% , 0. 1% ,
0.4% ,0.1% ,0.2% ,0.1% ,3: 1] HPLC fil UPLC Wi
T AS 25 0 % B R AT

2.1.8 FRathile R A a0 R I T
(T FE A e 2500, $ik %5 20130101 ) ,0. 22 pm f L 38
JEE R, e bR g 5, A N AEHl 2 5 1 0,2,4,
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6,8,12,24 h #£17 HPLC 43 #7, 10 s o3tk &1, 45 5 0%
BCAT AR B R 1, B R R L W AL
B HZE E C FEE £ 78 11 W 1 L i RSD 43 5l Ry
0.5% ,0.1% ,0.5% ,0.5% ,0.5% ,0.4% ,0.4%
0.6% ,# 47 UPLC 43 #7,8 F ji 53 W& i1 X1 RSD J3
9 0.4% ,0.5% ,0.6% ,0.4% ,0.8% ,0.9% ,
0.9% ,0.4% , W HE £ = 24 h P9 8 ASFR I A%
P EEARFRRE .

2.1.9 EEMWKE  BUR—HES0 §0 20 e A
FE b (L FHA R 250, #iE+5 20130101 ), F) % B & , BF
Y, ROy ELZY 0.6 g L6 {7 KW ARE , 4% 2. 1. 3
B I R e WO A - ol W S - o 1 Bl
FE o DNE AR 0y B AL, Al R R, B A R
LR A EEE B C MR ET R
B4 B 48 591 0.609,2.362,0. 763, 1. 964, 0. 302,
1.586,0.634,1.964 mg- g ', RSD 4> % N 0.3%,

0.1%,0.5%,0.5% , 0.5% , 0.4% , 0.5% , 0.6% ,
UPLC % 8 Ffr i 43 (4 °F- 12 Joi 1 3 40K 0. 602,2. 427,
0.690,2.061,0.282,1.618,0.597,2.009 mg-g~',RSD
A9k 0.4% ,1.0% ,0.9% ,0.5% ,1.6% ,1.5% ,
0.8% ,0.6% , FAHELZMRIF,

2.1.10 [ deialne B R0 B AT SRR A 38 A
i (PR BEA e 2450, 4it 5 20130101) B3 K 6 £y, B4y 0.3
g NEERRE, B HIEHIE I T, 43 5K % A R AL
(0.1920 g-L™")1 mL, k15 (0.230 7 g-L. 7' )3 mL, &
A (0.206 g+ L") 1 mL, 1 # i # (0.280 8
g-L7)2 mL, 87 % A(0.109 6 ¢-L ") 1 mL, 7
EB(0.242 8 g-L7')2 mL, ®j# & C(0.111 6
gL 72 mL,JBFEEF(0.204 7 ¢-L")3 mL, 5%
BB B 10 mL, 4% 2. 1.3 35 K J7 v i 45 ki
VR, HE AR 2 G S R I A B
1) U T B A T T A R LR 3,

x3 mEIFEAER B8 ANFEMAS WXL
Table 3 Recovery tests for eight active ingredients in Qianlielong Bitong tables
HPLC UPLC

Ly o AR WA THEMCR  RSD RERvREE AR WE THER  RSD
/mg /mg /mg /% /% /mg /mg /mg /% /%
ML 0.1827 0.1920 0.374 2 99.73 1.0 0.180 6 0.1920 0.3757 101.72 1.7
il Bz 0.708 6 0.692 0 1.409 1 101. 20 1.2 0.728 1 0.692 0 1.431 0 101. 50 1.7
P 0.228 9 0.206 0 0.438 1 101. 40 1.0 0.207 0 0.206 0 0.4155 101. 21 1.5
R 0.589 2 0.561 6 1.149 8 99. 83 1.0 0.618 3 0.651 6 1.265 6 99. 31 1.9
W E A 0.090 6 0.109 6 0.203 2 103. 31 1.3 0.084 6 0.109 6 0.193 1 98.70 1.2
W E B 0.475 8 0.485 6 0.9552 98.70 1.1 0.323 6 0.485 6 0.820 1 103. 37 2.1
g E C 0.190 2 0.2320 0.417 6 97.58 1.5 0.179 1 0.2320 0.418 4 104. 08 1.0
R 0.589 2 0.614 0 1.217 3 102. 39 1.8 0.602 7 0.614 0 1.233 1 102.72 1.3

2.2 HHXSRCIE T B W

2.2.1 Z G KIEE (UL 2 A B 5w okt
B LIS B (A) MNS Y, 2. 1.4 T B iR

0T SR VS VL, e 0 0 1) £ 1% % R R N TR A AR B, T
FE 5 A T 0 T AR, R AR O AR OE A K
Sow =L/ = (W, x A) /(W x Ay Hoa 2 4y i T
BOR A, NSYREER W, AL 5> m WA A,
HAZH 5> m WREESN W, o0 SRR (B) Al R
(C), B (D), W15 E ACE) 88 E B(F) , 8%
i C(G) M FFEH (H) ) RCF, 45 R W3 4,

2.2.2 REEZIEDE RIFELSKX (W, x4,)/4, =
Som X W LLW, X W, xA, /A, AELERT, F7 15 [
AL R B N RCF, &% Semkor k' e 4k
PWmEIE R Y=aX+b,X=(Y-b)/a=Y/a-b/a,
f£ a/b {H > 100 B}, b/a {8 7] DL Z B8 AN 11, B ] LA

- 02 .

WRAE X =Y/a HHGFR . Sof,, B E T LU &m0
BRI W/, = a/a, 0T LdE o A 2 Yk 3
S Al R o> 1 R, e HPLC 8% b, DL R AL
BT T RBCH Ml BCH B R AR AL WIAE
GE B, W€ C, % FAE IR RCF, 45 8 70 J
0.749,0. 880, 0. 826, 0.810, 0.910, 0. 860, 1. 033,
UPLC U 5 45 3 >4 0.770, 0.947, 0.936, 0. 832,
0.934,0. 888,1. 048,

2.2.3 f, WHMEHE KRB EET Aglen
1260 HPLC #1 Agilent 1290 UPLC 7% A [R] B9 0, §i%
&, 7 HPLC | %% 7 Ulfimate Lp-C,,, Diamonsil
C,s ,Kromasil 100-5-C,4 3 4~A [\ 19 (433 4% ; 7£ UPLC
| #%%7 Eclipse Plus C,;RRHD £l ZORBAX Extend-
C, (OFEREXT £, HIBZM, 2555 RSD 35 <2% , %W 1
ANFAL R AN A 3% 2R G0 FAS m) 6838 A BA R4
MEE M, AR ES,
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x4 UFEREISRHOBEAMKREAF(SARKER)

Table 4 RCFs with neohesperidin as reference ( multi-point correction method )

HEREAR R FEAl 1 53 HRT BT HE A 19 1,0 (HPLC) JERE AR HAll 1 5 k7 K% 1 45 B9 £, (UPLC)
/uL S Sue S Sue S /d/g S /pL San L. Sara fye f(.// fa/g Sarn
2 0.764 0.904 0.879 0.817 0.911 0.858 1.020 0.7 0.809 0.925 0.915 0.825 0.919 0.872 1.031

4 0.759 0.915 0.887 0.820 0.912 0.857 1.023
6 0.771 0.880 0.900 0.838 0.924 0.887 1.019
8 0.748 0.878 0.876 0.829 0.921 0.868 1.034
10 0.743 0.898 0.898 0.822 0.932 0.894 1.038
12 0.763 0.865 0.915 0.839 0.938 0.862 1.023

16 0.757 0.895 0.912 0.821 0.912 0.865 1.024

1.4 0.814 0.927 0.927 0.819 0.923 0.876 1.039
2.1 0.818 0.934 0.921 0.827 0.924 0.868 1. 045
2.8 0.765 0.931 0.918 0.836 0.897 0.907 1.029
3.5 0.769 0.937 0.930 0.837 0.921 0.869 1.034
4.2 0.779 0.945 0.936 0.832 0.931 0.885 1.015

5.2 0.778 0.955 0.938 0.835 0.936 0.889 1. 048

F5 EBFMEARMENKERFHHN
Table 5 Effects of various factors on RCFs

fara fare St S f Sorm

. 891 0.811 0. 908 0. 859 1.013

. 890 0.819 0. 904 0. 851 1.017

. 890 0. 815 0.904 0. 857 1.018

. 887 0. 821 0. 905 0. 847 1.011

. 889 0.818 0.907 0. 851 1.019
. 890 0.819 0.904 0. 851 1.017
. 892 0. 820 0. 906 0. 852 1.019
. 890 0.818 0. 905 0. 851 1.018
. 881 0. 820 0.912 0. 861 1.022
. 883 0.791 0. 893 0. 844 1. 009
. 881 0. 820 0.912 0.861 1.022
. 861 0. 809 0.907 0. 855 1.021
. 870 0.822 0.920 0. 864 1.028
. 883 0.791 0. 893 0. 844 1. 009

. 877 0.791 0. 890 0. 841 1.005

AL S Sure
RFEEB R 0.24 mLomin ™' 0.761 0. 894
0.3 mL-min "' 0. 765 0.893
0.36 mL-min "' 0.759 0. 893
AN TR R R 25 C 0.761 0.892
28 C 0.764 0. 894
30 C 0. 765 0. 893
32 C 0.759 0. 893
35 C 0.763 0. 892
ENGEE Agilent 1260 0.762 0. 895
Agilent 1290 0. 746 0. 895
[ o i b Ulfimate Lp-C g 0.762 0. 895
Diamonsil C g 0.753 0.893
Kromasil Cg 0.763 0. 895
Eclipse Plus Cg 0.746 0.895
ZORBAX C,q 0.747 0. 891
2.2.4 RIRVAFRGEREX £, B0 78 UPLC |,

2T AN A K B & (0.24,0.30, 0.36 mL -
min "), X 4% M X AL TE R T R R W, &5 SR 4% R o
RSD %+ %1% 0.4% ,0.1% ,0.1% ,0.5% , 0.3% ,
0.5% ,0.3% , 3% B ik (1) 5028 AR BRI o XoF 45 B 43 1)
RCF & A 2 520

2.2.5 R[EFEIRX £, B0 78 UPLC |-, % %8
TSR AR (25,28,30,32,35 C) , %f 4 RCF (1
S 45 54 K 4> RSD 433114 0. 3% ,0. 1% ,0.2% ,
0.2% ,0. 1% ,0.2% ,0.3% , 3% WA I i 2 728 X 4% 1,
43 ) RCF JC b 352

2.3 RN AH Gy £ 3 06 0 E L
(ry. =t/ ty,) FLR BE INF[H] 22 (A,

Xof AR X Ok B I ]

Ly _tRs)“3 iiz

Tl 5 J7 5 ¥ AT 7 H 4%, B 58 T HAE HPLC AN
UPLC L LA RO R S o ik bk rp i B 2 M, 45 L %
B, & FF DU 43 A X O/ B (6 AT R B2 IS B] 25 {5 RSD
¥ < 5% , B AH XL B ] B R X g 22 18 3/ —
BT LA SR ARG O BB ) R A5 00 €6 i 0 11
FENL AR IR 6,

2.4 — N Z PPk SR LI E S R i a0
B4 AR LR B RE &, 2 2. 103 30 4 4 k4t o v
W, #F HPLC A1 UPLC A g% #E 47 W % , 55 H Ah b v
Xof i A1) 90 A G e 8 O [m] R 43 E AT S A TR A
E FEH QAMS 3 37 15F W Bk 43 6] i RCF I Xf H:
b B o ) B i UEAT IR, A 2 B O Ik BT A
L LLERUE QAMS 3 HI T Hi 41 82 A G F e 8 Fl ik

.03 .
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Oy Z A5 bR B VP B ER Y . SEIR R, 2 BT
DA A 8 Bl 23 & | B AT B Pk 2 R, A X

F6 UHERFASREOAREGEENHERBHE

26 <5% , Yl W 57 0 J7 vk B BUUF R TS B 4
RIFKT,

Table 6 Differences in relative retention time with neohesperidin as reference determined on different columns

[EREYER b/a c/a d/a e/a /a g/a h/a
Ulfimate Lp-C g 0.525 0. 827 0. 895 1. 696 1.793 1.892 1.984
Diamonsil C g 0.528 0.818 0. 898 1.753 1.786 1. 897 1.985
Kromasil C g 0.515 0.792 0.875 1.757 1.796 1.898 1.998
Eclipse Plus C g 0.521 0. 828 0.901 1.731 1. 837 1.972 2.017
ZORBAX Cy4 0.518 0.816 0.901 1.795 1. 857 2.056 2.106

£7  QAMS k5 ESM ik ESMERMAES B 8 HANNRESH (1=3)
Table 7 Contents of eight components in Qianlielong Bitong tables by external standard method and QAMS (n =3) mg-g !
o W B JRALH il B H Rt WFEE A
Le ES ES QAMS  RD/% ES QAMS  RD/% ES QAMS  RD/% ES QAMS RD/%
20130101 2.0538 0.6043 0.6038 -0.9 2.4354 2.4602 -2.8 0.6882 0.7036 -2.5 0.2901 0.2906 -1.0
20140301 2.0666 0.5922 0.5920 -0.8 2.4228 2.4479 -2.8 0.678 0.6933 -2.5 0.2794 0.2799 -1.0
20140302 2.0440 0.5855 0.5852 -0.8 2.3781 2.4019 -2.8 0.6914 0.7069 -2.5 0.2825 0.2830 -1.0
20140401 2.0604 0.6002 0.5999 -0.8 2.4313 2.4563 -2.8 0.693 0.7086 -2.5 0.2767 0.2773 -1.0
o B BT HH#EE B W E C EEEN
s ES ES QAMS RD/% ES QAMS RD/% ES QAMS RD/%
20130101  2.053 8 1.6417 1.642 3 -1.7 0.601 8 0. 600 6 -2.2 2.002 0 1.999 2 -1.7
20140301  2.066 6 1.636 1 1.636 9 -1.7 0.590 1 0.589 1 -2.2 2.0129 2.010 4 -1.7
20140302 2.044 0 1.601 8 1.602 5 -1.7 0.596 9 0.595 8 -2.2 2.003 5 2.000 6 -1.7
20140401  2.060 4 1.608 3 1.604 0 -2.0 0.592 6 0.5915 -2.2 1.990 2 1.987 6 -1.7
3 itig AR AP O NE0. 1% WK R GE .
301 RECRMRM R R T RIRREOTEAE 3.3 ANBEZEKEAEARM®EE Paiihik
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R R IR 2T A A B ELH S, I Cymummmen = 0-521, yYgapmmuy = 0.816,
i CRRAE B LA BAG A TR RRE , T LA 3 MRS Yewwmmes = 0-894, Yuwevmous = 1.746,
%‘BﬂUﬁ?ﬂﬂW?ﬁE%o 1@71’;:2;&’?? RCF E‘Jﬁﬁm‘lﬁﬁtgﬁﬁﬂ‘ Y o 1.814 s Y s o/ R A = 1.943 ’
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RCF R/NHZE L 5 LUBH % 1 N S I, % 08000
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3.5 AHXACGERN TR AU R T MRy
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3.7 HPLC 5 UPLC WyLb# ARS8 R A UPLC Al
HPLC P (0, 1% 22 G0 x5 510 P i Jy v 8 Al o R AT
FA I, H R 3 R G 25 R R W i A A
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o3 R AT I E

3.8 NEE ARBESOK QAMS k5 A it B £ i K Fil
B RORMAEE G N T 10 50 4] 18 R 1Y 22 46 B i
VM e J e R Y S 0 R S T LB O
2k SR T 19 f, L pns =077,
0.947, 0.936,
Swwpnmein = 0832, fappwmpsn = 0.934,
Somewmuec =0- 888 fupuiwmppn =1.048) , HHT
Agilent 1260 HPLC, Agilent1290 UPLC 2 & AH R 4t
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IR 52, 45 3R R W AR 8RN 7 B R4y
IR S IO U1 BV & 9 G 7= B = V2
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Yierwimeny =2 018) o QAMS 2 5 iy 45 R 5 1%
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