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Abstract: A robust high performance liquid chromatography with fluorescence detection method ( HPLC-
FLD) was developed for the determination of five thubarb anthraquinones in rat plasma using a quality by
design approach. A Plackett-Burman design was utilized to screen the effects of methanol content the pH
value of mobile phase the flow rate column temperature and injection volume on peak resolution
number of the theoretical plate retention time of the last eluted peak and tailing factor. The results
showed that the methanol content in mobile phase flow rate and column temperature were statistically
significant (p < 0.05) . A Box-Behnken experimental design with response surface methodology ( RSM)
was then utilized to evaluate the effects of these three factors on the selected responses. Derringer’ s de—
sirability function was used for the evaluation of the chromatographic goals. The optimum conditions for
separation were as follows: an isocratic mobile phase consisting of methanol /0. 1% H,PO,( 81.4/18.6
v/v) a flow rate of 1.1 mL/min and a column temperature of 31 “C. The excitation and emission
wavelengths were 440 nm and 540 nm respectively. The proposed method showed good prediction abili—
ty. The results clearly showed that quality by design concept could be effectively applied to optimize the
HPLC method.

Key words: quality by design; Plackett-Burman design; Box-Behnken design; response surface method—
ology; high performance liquid chromatography( HPLC) ; fluorescence detection ( FLD) ; rhubarb anthra—
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#* . Tel: (021) 64041990 E-mail: lv. qianzhou@ zs-hospital. sh. cn.
: ( 2012).
1201242-05

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



* 562 - 31
1 4 <C .
100 mL
- ( HPLC-UV) * .
- ( HPLC-MS/MS) * .
(UPLC) * - (200
( HPLC¥LD) pL)
5
- HPLCFLD HPLC-UV N 3
HPLC-MS/MS o 10 000 r/min
( quality by design QbD) 5 min 1.5 mL PE ( )
( FDA) (40 C) o 50 pL
6 5000 r/min 3 min
( 1.4 Plackett-Burman
) . 5 4
QbD o5
N N N pH 4
o QbD ( )
Plackett-Burman (R) (ny) .
Box-Behnken - ( ) (trs)
5 HPLC-FLD . (T3) - 1 o
1 Plackett-Burman N
1 Table 1 Chromatographic factors and response variables
for Plackett-Burman experimental design
1.1 N Levels
Chromatographic factor -
Waters (1525 2707 Low High
) . . . Column temperature/ C 25 35
. pH 1.78 2.66
Injection volume /L. 10 30
o o 1.5 Box-Behnken - HPLC
SD 180 ~200 ¢ : 20 pL
: SCXK( ) 2009- 440 nm 540 nm 0.1% ( v/v)
0019 1 pH 2.20. N
o A.B.C Box-Behnken
1.2 A.B.C R, n, Eps o
' Luna C18 (250 mm 3 -.0. + 2,
x4.6 mm 5 pm ) 2
0.1% (v/v)
440 nm 540 nm; 2.1
pH 1.78 ~2. 66 HPLC N
78% ~ 84% 0.8 ~1.2 0, .
mL/min 25 ~35 C 10 ~30 pLo
1.3 R .
5 N

25 mL
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2 Box-Behnken

Table 2 Optimization parameters for Box-Behnken
experimental design

Run Pattern ( ABC) A% B/( mL/min) G/ C
1 - -0 78 0.8 30
2 0- + 81 0.8 35
3 000 81 1 30
4 -0 + 78 1 35
5 +0 + 84 1 35
6 0- - 81 0. 25
7 - +0 78 1. 30
8 0+ - 81 1.2 25
9 -0 - 78 1 25
10 + +0 84 1.2 30
11 000 81 1 30
12 + -0 84 0.8 30
13 +0 - 84 1 25
14 000 81 1 30
15 0+ + 81 1.2 35

A: volume ratio of methanol; B:

ture.

QbD

12 13

HPLC

flow rate; C: column tempera—
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3
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. 302 R, >15
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5 <30 min
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OH O OH No.  Compound R, R
1 alog-emodin - CH,OH H
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Fig. 1 Chemical structures of the five
investigated compounds
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T, (p>0.05) o Design Expert 7.0
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3 Box-Behnken
Table 3 Analysis of variance (ANOVA) results for Box-Behnken design

Factor Ry i\ Igs
F p F p F p
A 659.74 <0.0001" 15.75 0.0016" 77.14 <0.0001"
B 0.91 0.3850 1.10 0.3429 40. 64 <0.0001"
C 39.73 0.0015" 3.79 0. 1091 2.52 0. 1408
AB 0.004 0.9511 0.075 0.7950
AC 3.05 0.1414 0.74 0.4302
BC 2.64 0. 1649 0.23 0.6518
A? 13.05 0.0153" 17.87 0.0083"
B2 0.24 0. 6467 4.88 0.0783
c? 0.75 0.4272 6.94 0.0463"

* p-value is less than a priori value of 0. 05 and is statistically significant.

4 Box-Behnken
Table 4 Response models and statistical parameters obtained from ANOVA for Box-Behnken design

Response Regression model Model p~value Rﬁdj
R, ~56.31 +1.484 +1. 068 +0. 24C ~0. 003AC ~0. 04BC ~0. 014> <0.0001 0.9857
ny —369069 +8912. 724 +12663. 63B +780. 73C - 55. 674> —6542. 66 B> —12. 49> 0.0021 0. 8002
tgs 139.97 - 1.34A - 14. 56B <0.0001 0.8799
2 Derringer desirability function
2 y
1 2 n  1/n
o D= dy xdy x-xd
1 n
° 0
1
o . n,

2 (3D)
Fig. 2 Response surfaces (3D) and contour plots showing the effects of examined factors on responses
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Fig. 3 Chromatograms of ( a) the mixed standards (b) a blank plasma (c¢) a plasma sample spiked with the mixed
standards and (d) a plasma sample after administration of rhubarb extract

1. aloe-emodin; 2. rhein; 3. emodin; 4. chrysophanol; 5. physcion.

5 5

N

Table 5 Linear equations correlation coefficients ( r)

N (n=5)
linear ranges and limits of detection

(LODs) of the five analytes in plasma sample ( n =5)

Analyte Linear equation r Linear range/( mg/L) LOD/( wg/L)
Aloe-emodin Y =0.3958X +0. 1065 0.9990 0.11 -21.00 5.00
Rhein Y=0.4015X +0.0512 0.9992 0.08 —15.00 4.50
Emodin Y=0.3769X +0. 1805 0.9991 0.08 -16.00 10.00
Chrysophanol Y =0.4530X -0.0059 0.9985 0.15 -30.00 10.00
Physcion Y =0.3203X +0.2106 0.9990 0.10 -20.00 5.00
Y. peak area; X: mass concentration mg/L.
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