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Abstract Objective: Derived from Q, D( quality by design) and its experimental design an HPLC method was
optimized for the determination of lovastatin. Method: Initially a full factorial design was used in order to screen
chromatographic column system followed by the optimization of gradient elution time column temperature and of
mobile phase with the aid of central composite design. The separation was achieved by using a reversed phase chro—
matographic column( C;y 250 mm x4. 6 mm 5 pm) with gradient eluent composed of acetonitrile —0. 01% phos—
phoric acid( 65:35) at a wavelength of 238 nm. The gradient elution time was 40 min column temperature was set
at 30 °C and flow rate of mobile phase was 1.0 mL * min ~'. Results: The retention time of lovastatin was about 10
minutes. The resolution with its related compounds was good. The limit of detection was 0. 25 ng. Conclusion: The
developed method highlights the advantages of different analytical methods of lovastatin from pharmacopeias found
to be sensitive accurate and convenient being able to control the drug quality efficiently.
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LC - 20AT : Waters 2695
METTLER AE240 X
Design Expert Version 8. 0. 2 ( Stat — Ease
Inc.) .
( 100600 - 200502)
2
2.1 20 mg 50
mL o
2.2 1 mL
100 mL o
2.3 0.1¢g 100 mL
o SmL 25 mL
4500 Ix 8 h X
60 °C 6 h
; 5 mL 25 mL
30% 2 mL 6 h
; 5 mL 25 mL
0.1 mol » L' 0.1 mL 20 min
0.1 mol * L' 0.1 mL
; 5 mL 25 mL
0.1 mol » L' 0.1 mL 50 min
0.1 mol « L 0.1 mL
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Tab 1 Factors examined in the screening phase (2*)

(levels)

( independent factors) level( —1)  level( +1)

X, = ( type of stationary phase) Cg Cig

X, = ( gradient elution time) /min 20 40

X;= ( column temperature) /°C 25 40

Xy= ( flow rate) /mL * min ~! 1.0 1.3
2 (4 2 )

Tab 2 Experimental domain of a 2* full factorial design

( run) Xy X, X3 Xy
1 Cg 20 25 1.0
2 Cq 40 25 1.0
3 Cq 40 40 1.0
4 Cig 20 25 1.0
5 Cg 40 40 1.5
6 Cg 20 40 1.0
7 Cig 40 25 1.5
8 Cig 20 25 1.5
9 Cig 40 40 1.5
10 Cig 40 40 1.0
11 Cig 20 40 1.5
12 Cg 20 40 1.5
13 Cig 20 40 1.0
14 Cq 20 25 1.5
15 Cig 40 25 1.0
16 Cg 40 25 1.5

3.2
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( central composition design CCD) 3
. CCD (Y) ( X) Tab 3 The linear elution process
. A B
Y=AX, X, X, ) (2) (time) /min ( mobile phase A) /% ( mobile phase B) /%
X, X, X, - . A(X) 05 65 35
55.1 6570 35530
Y=b, +bX; +b,X.X; + b, X, XX - (3) 5. 1512 70 10
(3) 12512, 1 7080 30520
Y=by +bX; +b XX, (4)
HPLC (4) . (B) 12. 1525 8095 2055
(0)3 2534 95 5
34536 9565 535
Y=By +BiA+B,B +B;C +BpAB +B;AC + 3640 65 35
B BC +BA* + B, B +B,,C° (5)
B; o 4
(R,) 4.1
( Niuy) ANOVA 4 2
(k.q) Design Expert Ver— ( 4 p <0.05
sion 8. 0.2 HPLC (A) . o
(B) . (0) o (X))
3.3 : Venusil ASB C;(4.6 ; (X3) (X,)
mm X 250 mm 5 pwm) Phenomenex Gemini Cq R, : (X)) R, ;
(4.6 mm x250 mm 5 pm) ; CA B (X5) N, o
0.01% ( 3); 1.0 (X, X, X, X, X, X, X,X; X,X, X;X,)
mL * min ™" 1238 nm; 130 C;
10 wLo R’ 0.9.
4 ANOVA 4 2 !
Tab 4 ANOVA results for 2* full FD'
R Ry R Nip
( factors) F P F P F P F P
X, 104. 5 0.002 223.2 <0.0001 641.9 < 0.0001 15.75 0. 0054
X, 0.055 — 12. 04 0.0052 6.47 0.051 43.75 0.0003
X 47.96 0.0010 — — 3.64 0.1147 1.75 0.2275
X, 35.79 0.0019 0.087 0.7731 60. 48 0. 0006 1.75 0.2275
XX, 2.219 %103 — — — 12.40 0.0169 7.00 0.0331
X\X; 39.26 0.0015 — — 2.392 x10 -3 — — —
XX, 3.730 — 6.390 0.0281 46.22 0.0010 7.00 0.0331
XoX; 19.19 0.0071 — - 1.27 — 7.00 0.0331
XXy 13.85 0.0137 — — 2.30 — 28.00 0.0011
X3X, 24.47 0.0043 — — 5.06 — — —
R 0.9830 0. 9565 0.9936 0.9412

* p>0.05 (A 5% level of significance was desired insignificant interaction effects were excluded)
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Cis o ( 5)
Cis C( ) A(
° ) Nimp‘ sp k?m‘ [} A\ C
4.2 R, o
CCD  Cy (V) 6.
5 ANOVA )

Tab5 ANOVA results for CCD"

R, Ny o
( factors) F P F P F P
A 15.51 0. 0011 24.52 <0. 0001 216.21 <0. 0001
B 1.38 0. 2555 0.84 0.3703 0.45 0.5120
c 45.44 <0.0001 113.50 <0.0001 12.96 0. 0022
AB 1.09 — — — — —
AC 10.79 0. 0044 — — — —
BC 0.21 — — — — —
A2 64. 55 <0.0001 — — 51.08 <0.0001
B? 0.33 — — — 6.04 0. 0250
R? 0. 8912 0. 8632 0. 9444
* p>0.05 (A 5% level of significance was desired insignificant interaction effects were excluded)
6 *

Tab 6 Response models and statistical parameters obtained from ANOVA for CCD"

p

RSD/%

( T“‘,SI)O“S(“,) ( Tegrﬂssi()n m()de]) ( m()d(“,l 14 —VZ.\IU(“,) ( a(]ﬂqll‘dt(“, I)Tﬁ'(‘,ision)
Ry, 4.79 +0.244 +0. 073B +0. 33C +0. 0914B - 0. 2AC +0. 028 BC - 0. 5342 - 0. 038 B2 <0. 0001 5.57 16. 612
Nimp 6. 81 +0.48A4 +0.088B +0. 81C <0. 0001 5.68 19. 580
kend 4.92 —0.854 +0.038B +0. 16C +0. 0224B - 0. 024AC - 0. 072BC -0. 4642 - 0. 158 <0. 0001 5.06 20.078

* ( A positive sign in the models showed a synergistic effect whilst a negative sign indicated antagonistic effect)
( perturbation plots) N
( 1) ; 2 - Cl N C2 : kend
o o
30 min 40 min A ) A B
Rap( 1 - a) ‘Nimp( 1 - b) kend( 1 - C) °

B( ) N (
o )

Design Expert Version 8. 0. 2 ( contour overlay plots) C(
( response surfaces) ) Al ) B( )
o 2-AA,
A( ) R, .
B(C ) R, ; ; 40 min 1.05 mL *

2-B,.B, : min "' 30°C( 3).
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Fig 1  Perturbation plots showing the effect of the examined factors on the responses
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Fig2 Response surfaces related to flow rate( mL * min~')  and column temperature ( °C)
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Fig 3 Overlay contour plot of the investigated responses for the mobile

phase flow rate and column temperature
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Fig4 Response surface obtained for desirability function

40 min( The gradient elution time was kept in 40 min)
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sp imp enc
_5.24 —0.52 —3.65 tatin and its impurities
1. ( lovastatin)
7
Tab 7 Chromatographic characteristics for the analysis of lovastatin and impurities in the selected conditions
( compound) ( retention time) /min ( peak area) ( resolution) ( theoretical plates) ( capacity factor)
( lovastatin) 10. 14 14674719 3.17 17182 1.38
( impurity) 1 4.26 4082 — 5503 0.00
2 5.78 12330 6.40 8953 0.36
3 6.36 9383 2.34 9987 0.49
4 8.54 13964 8.40 16679 1. 00
5 9.21 7718 2.48 17950 1. 16
6 11.73 6253 5.34 27945 1.75
7 16. 35 4236 14.52 33650 2.84
8 28.22 10322 38.63 191748 5.62
10 15
5.1 3 |
o 4 h \
23 ( 6- s 1 PNy
A) . 12 ?I‘ | 1’4 :|
8.1( 6-B Blle (1] e
( ) . *L\ WLy A
0 o0 200 0 %0 1 40
2000 o A
8 10
5.2 (LOD) ( LOQ) |
LOD(S/N=3) 0.25ng( 7);L0Q(S/
N =10) 0.8 ngo .
5.3 (0.4 mg *
mL ") RSD( n = 6) ‘
0.87%; 1 RSD( n || L A
ML )
-6) 1.6%. e — e
0 10 20 30 40 t/min
5.4 B
0246810h ° - ()
Fig6 HPLC chromatograms of destroy experiment by light( A) and sys—
RSD( n =6) 0. 88% tem suitability test( B)
10 h ° 8. ( lovastatin)
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Fig7 HPLC chromatogram of LOD of lovastatin
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Tab 8 Results of lovastatin

( impurity ( total amount of
( factories) ( Lot No.)
number) impurities) /%
| A1090919 8 0.61
A1090920 7 0.59
A1090921 8 0.61
5 090909 9 0.53
090910 9 0.52
090911 9 0.50
7
HPLC
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