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Abstract: Objective To study the development of analytical quality by design (AQbD) method for the identification of Compound
Danshen Dripping Pills (CDDP) by UPLC-UV. Methods The number of peaks and the target peak content (notoginsenoside R,
ginsenoside Rg;, ginsenoside Re and ginsenoside Rb,) were taken as the analytical target profile (ATP), Plackett-Burman design (PBD)
method was used to select critical method parameters (CMPs) and critical method attributes (CMAs) on the basis of risk assessment,
and then the response model between CMAs and CMPs was established by Box-Behnken design (BBD). The optimal conditions were
obtained via multivariable regression analysis and verified. Results From the seven factors of risk assessment, the flow rate (A),
sample weight (B), and Cg column weight (C) were selected as CMPs. And CMAs were the number of peaks (N), notoginsenoside R;
(Cg,) and ginsenoside Re (Cg.). The variation trends of each factor and model were analyzed by response surface analysis. The optimal

conditions were as follows: flow rate of 0.28 mL/min, sample weight of 0.30 g, and C 5 column weight of 1.10 g. Under the conditions,
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N was 12, Cg, was 1.676 5 mg/g, and Cg, was 0.669 6 mg/g, with differences of 1.34%, 1.33%, and 2.94% respectively from the

predictive values. The final method was as follows: chromatographic column was Acquity UPLC BEH C;g chromatographic column

(50 mm x 2.1 mm, 1.7 um), mobile phase was acetonitrile-water gradient elution, detection wavelength was 203 nm, column

temperature was 30 C, flow rate was 0.28 mL/min, and injection volume was 2 uL. Conclusion The results prove that the method is

reliable.

Key words: analytical quality by design; Compound Danshen Dripping Pills; fingerprint; notoginsenoside R;; ginsenoside Rg;

ginsenoside Re; ginsenoside Rb,; Plackett-Burman design; response surface
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2.1 EEEH

K H Acquity UPLC BEH Cjg 48 (50 mm X
2.1 mm, 1.7 pm); WA CIE-/K, BEEEBEHL: 0~
3 min, 18%~19%ZM%; 3~7 min, 19%~29%Z.Mi;
7~8.5 min, 29%~30%Z.JiE; 8.5~9 min, 30%Z.JE;
9~12.5 min, 30%~40%Z.J§; 12.5~13 min, 40%~
90% Z. i3 13~14 min, 90% ZfifF; 14~15 min, 90%~
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Table 1 Potential factors examined in method development

and risk assessment of UPLC-UYV procedures

oK ESER AR | I FE ESER A

ATALEE FREER ++ Beli AR +
REUAF] ++ |UPLC st K +
e 7 B ] + BERRE
C TR E + EREERRE  +
R - R +
KeEwAER + UV EK
B 7 +

- AT +, B, HREEm
—, basically no influence; +, with some influence; ++, with significant

influence

# 2 UPLC-UV 7343 #2 Plackett-Burman SL36 1% 31+ & MR (&
Table 2 Plackett-Burman experimental design of UPLC-UV procedure with experimental responses

7 Alg B C/min D/g E/mL F/(mLmin") G/'C N Cr/(mgg ') Cra/(mgg') Cr/(mgg ') Crp/(mgg )
102 4%k 10 12 40 0.4 35 10 1.7008 6.052 5 0.659 6 46728
2 02 0.lmo/LNaOH 10 1.2 60 0.2 35 10 1.7988 6.205 5 0.000 0 49536
3 02 0.1mo/LNaOH 20 0.8 60 0.4 35 8 1.5268 5.9012 0.654 3 48275
4 03 4%FEK 20 12 60 0.2 25 16 1.8498 53785 0.000 0 4.803 5
5 03 0.1mo/LNaOH 20 0.8 40 0.2 35 11 1.6994 6.3232 0.000 0 5.0429
6 02 0.1mo/LNaOH 20 1.2 40 0.2 25 10 1.8616 5.740 0 0.000 0 52429
7 03 0.1mo/LNaOH 10 12 60 0.4 25 10 1.7784 6.286 5 0.690 5 49530
8 02 4%EK 10 08 40 0.2 25 11 14768 57955 0.624 4 48298
9 03 0.1mo/LNaOH 10 0.8 40 0.4 25 8 16164 6.104 4 0.688 1 4.994 6
10 03 4% K 10 08 60 0.2 35 15 14381 6.372 1 0.000 0 47383
1102 4%%EK 20 08 60 0.4 25 8 1.6024 6.045 1 0.644 3 49208
1203 4%% K 200 12 40 0.4 35 11 1.6273 5.584 0 0.6128 4.0912

1M Crg 1 Cro, (RN RN 25, 0 A RUAS e
F VP PR 0 ma B e AR . B 1 Bl T %
Wi NAE N+ Cgy 1 Cre H Paroto 23HTEl. M N H)43
e iR (B 1-2) ATLLE s AR & . FRAE
BEARIUARZESIT R ENHET (P<0.05); M
Cr, MR (B 1-b) ATUAIEH C Bk R E R
it RENET (P<0.05); M Cge HIZHTEE
(B 1-o) ATLUE BRI E R S R
KT (P<0.05); 3 AMERIMEH e R% (R
435179 0.934 0. 0.865 7 F10.883 9, A R* /351K
0.818 4. 0.704 5 1 0.744 7.

FEARSZYG R, AR KRR RRREE N
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FEIN [E]5E 9 15 mins  ZKWKGEIR AR FRE A 50 mLs
FEREN 30 Co UbAh, FRHUE A EOIEA Bibi A
(S0 25 RN R 1, AE Lo R e 5y Ry /N ke, HLG
X 4 NMEFR S VBRI AR B WA, 8% &
FIFLHE DR ISR R, MOk 4%20K R
PR, X eesan oE S O R AL A5 18 2 — 5L
. Rk, fEF2M UPLC-UV i zEd, #ish
FARFURE . FRAEEN Chg TR T 22 3 ZE 1 520
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2.5 NgRzHAESEIE R

X ] Box-Behnken SEIG W i3 — 0 58 _Fik 7y
P43 2 1) Gt vt 2 8 35 05 S0 S U7 VR 1 L 1A R R
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Fig. 1 Pareto charts of factors and modeled responses

(B) il Cig TiikEFizE (C) HJ Box-Behnken =236 1%
THWER 3, HpfMs e alEKr, et
BT, FEFLAER 2 R GFE, HREIER
SE R R RN BRI 4005 28R

XTI BRI B Ny Cr, Al Cre #HAT 2748 5 [R]H 43
Mr, 323 MUAR 2 R GFE. £ 404857
PIBRAN T Z TG 3 A [R5 8 ) B 2 R 2 A
IR P<0.05 BP RN 3. N ALY
ff) R* FIYH%EE R? 435159 0.959 7 1 0.941 3; Cy, i
() R* AR R2 3515 0.769 4 F10.736 5; Cre 157

() R2 AL R* 43551 0.885 4 Fil 0.847 2. fRiALAY 2
2 T SRR F AUl 5 2 SR P DV v s R B R® SR
fro BREIBERME (P<0.05) FILAUE (P>0.05)
TR (3 P R4 TR 2 IR 2 TR 43
IESZN I
N=11.67—1.75 A+1.63 B+0.38 C—0.50 AC—1.17 A’
Cg,=1.6740.085 C—0.055 C*
Cre=0.67—9.657X 10 A+0.015 AB—0.027 A>—0.011 C?
XY N (1) R T AC KARAY Cre 322 10 AB
YEH BB, o3 & R AR sy, 192058 BAR

%<3 Box-Behnken LI i+ RN N{E
Table 3 Box-Behnken experimental design and experimental responses

JF%] A/mL-min") B/g Clg N Cp/(mgg') Cp/(mgg™)

JF%] A/mLmin") Blg Clg N Crp/(mgg") Cp/(mgg™)
1 0.3 0.20 0.8 10 1.514 8 0.657 5
2 0.3 0.30 0.8 13 1.4959 0.657 5
3 0.3 0.25 1.0 12 1.6194 0.666 3
4 0.4 0.30 1.0 10 1.657 1 0.649 4
5 0.3 025 1.0 11 1.6379 0.664 7
6 0.2 0.20 1.0 11 1.764 8 0.664 5
7 0.2 030 1.0 14 1.676 1 0.639 4
8 0.4 020 1.0 7 1.638 9 0.6159
9 0.2 025 1.2 13 1.7310 0.6272

10 0.2 0.25 0.8 11 1.558 8 0.654 8
11 0.3 020 1.2 10 1.716 5 0.669 1
12 0.3 025 1.0 12 1.673 6 0.678 2
13 0.3 030 1.2 14 1.664 0 0.6513
14 0.3 025 1.0 11 1.670 1 0.665 4
15 0.4 025 08 9 1.5596 0.622 1
16 0.3 025 1.0 12 1.711 8 0.6715
17 0.4 025 1.2 9 1.695 4 0.6213
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Table 4 Analysis of variance for response surface quadratic models
WA KR BEE CEAM B FHE PAE WEVE|WAR KIE BEEE P BT FfE P RBENHK
N R 5 535147107029 523255 <0.0001 C? 1 0.01290.0129 85639 0.0110 &34
A 1 24.500024.5000 119.777 8 <0.0001 &3 BZE 14 0.02110.0015 — — —
B 1 21.125021.1250 103.277 8 <0.000 1 &3 24100 0.016 0 0.001 6 12632 04434 —
C 1 1.12501.1250 55000 0.0388 &3 |Cpe % 4 0.0054 0.0013 23.173 8 <0.000 1 3%
AC 1 1.00001.0000 48890 00491 3 A 1 0.0007 0.000 7 129157 0.0037 %%
A’ 1 5764757647 28.1830 0.0002 &3 AB 1 0.0009 0.0009 148961 0.0023 HF
B 11 2250002045 — — — A’ 1 0.00310.003 1 54.048 1 <0.0001 2
&M 7 1.05000.1500  0.5000 08010 — c 1 0.0005 0.0005 8.2840 00139 &
Cr, BE 2 0.07030.0352 23.3549 <0.0001 &3F B 12 0.0007 5.7770X107° — —
C 1 0057400574 381458 <0.0001 &3 24 8 0.00067.0605X107° 21996 02327 —
FAXE 538 BRI Wik 2 Fis. Re 7 BATE, WMNLEEFHRE. THRFEEIEINEL Cg

HE 2-a FIAL, IR FIRER Cs AL
1958 BAR R R g B iAol B R
Wi, SRR E M 0.2 mL/min 31% 0.4 mL/min,
[ Cg WAL IEMM 1.2 g I3 0.8 g i, MR 2
TR B 2-b AT, AR R AR
N OB HRAEIE T ANSEH Re A
EZRW . JAEMREMN 0.2 mL/min HIME 0.3
mL/min, [FRFREEREM 0.30 g B0 ZE 025 g i, 1
N 23S AR ER 0.3 mL/min, [F]R
FRFERART 0.25 g i, w2 R

W R, WA R, YIS
D2 BRI [R) AR K, RIS U258 55 1247 o e S92 Py B[] A
K, EARTE, WEMARHARK, (HRAMEE N 38
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Fig.2 Contour plots and response surface of model NV and Cg,

TR o &80 ¥ B SAE N, HRBRISE TRREE
B 2 VA VR TRUAL B R A H IV R A 5 4
SRR BB EILS, SER K. [FIFE,
C g TRE BT B0 2 T BOHA T AT AN 52 42
Gy KRB Be B T SR AT 3 BUS A K o
2.6 WUESEIGLER T

ARG LA N Cr, T Cre LA RNAB B2 KN H bR,
i 8 H AR B AR SR A AT AH R R B 0.28
mL/min, FFEEN 030g, Cis HHEFEN 1.10 g.
RN 2 RETATTFE, THEAH Ny Cry F1 Cre (117
NAB FRMAE 5508 11.84. 1.697 0 mg/g. 0.653 1
mg/g. (ERRAAM NRHT 6 KSL5, HRIMFRSIA
W 3 . AR BAE 5 RO AR R R %

A/(mL-min")
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Fig.3 UPLC-UYV fingerprint of CDDP

*=5 WIEFMHEIIESIEER
Table 5 Results of best condition verification test

%] N RE/% Cri/(mgg') RE/% Cre(mgg') RE/%

1 12 134 16218 440 06420 191
2 12 134 16768 1.16  0.6588  0.66
3 12 134 16863 060 06821 421
4 12 134 16932 019 06854 472
5 12 134 16831 078  0.6687  2.17
6 12 134 16978 083  0.6805  3.97
PEJME 12 134 16765 133 0.6696 294
3 it

AHFFFET AQLD IELE:, XA T T R
FEREAT WU YAty i e XS BB R R DR 34T 2 7K
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