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Optimization of Formula of Bixie Fenqing Rectal Gel by Uniform Design-response Surface

Methodology and Investigation of Its Pharmacokinetics
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[ Abstract | Objective; To optimize formula of Bixie Fenqing rectal gel and compare its pharmacokinetics
after oral and rectal administration in rabbits. Method: Taking appearance, uniformity, viscosity and pH value
as indexes, the amount of carbomer 940, dosage ratio of glycerol and propylene glycol, the amount of NaOH were
independent variables, uniform design-response surface methodology was adopted to optimize formulation of the
rectal gel. Concentration of glycyrrhetic acid in the plasma was detected by HPLC after oral and rectal
administration, 3P97 software was employed to calculate the pharmacokinetic parameters and evaluate the
pharmacokinetic behavior. Result: The best formula was as following: 1.5% of carbomer 940, 8% of glycerol
and 2% of propylene glycol, 1% of NaOH, 0.03% of ethyl p-hydroxybenzoate. The main pharmacokinetic
of (35.144 7 £5.2724) mg-L™", T of (27.1146 +

13.358 7) min, AUC,,, of (5 125.468 5 + 368.745 9) mg - min - L”'. Conclusion: This established

mathematical model has good prediction, the appearance of Bixie Fenqing rectal gel is exquisite, its viscosity is

parameters after rectal administration were as follows:

Hld)\

suitable, its main components are absorbed rapidly with high bioavailability.
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Bixie Fenqing Yin; gel; carbomer; rectal administration; pharmacokinetics; glycyrrhetic
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K H SPSS 17. 0 B i 22 76 2 M 450 0 X6f 45 52 i [
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0.05) , 2R~k 230 2 0F 45 52w R A28 5 0F 43 itk
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Table 1 Score of prescription screening index of Bixie Fenqing rectal gel

X, +94.80X, - 19.99X, - 51.52X,> - 5.83X,”> +
19.38X,> - 27.38X X, - 7.60X,X, —2.98X,X, (r =
0.997 7,P <0.05) , i Bl Wk £ 10 X 5 FE 0L A 45
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109% , B W 09 25 & V7 43 S 38 5 /. 4 CP940
M >1.0% , N B TE 2% ~ 6% W), 255 0F
53 >80, R WILE L F5 11T, B Je 50 () 1 W0 25 €5, L 14 5]
JEREPEE X pH BI5F G 2R . S IER A PE 4> > 80
(R 4h 7, K ASE AR 0 AT B I, 25 SR R IR H Ik £ 0

S8 HPULE €, ¥oy e Eyi)sa pH
20 -2 REDEW ADCE EHE BEBOUOR B R RO RN BB, 8 i o 6.520.5
10 ~19 HIT B 6 O AT R B b B R KN B e 2 7.5£0.5.,5.520.5
Y5 kL EE 5 1R
3~9 RIEATH, L6 BE T IS AT OB e AR B PO 5% R /NEOR R i s b i 8.5+0.5,4.5+0.5
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Table 2 Uniform test analysis for prescription of Bixie Fenqing rectal gel
No o - b swEs weE Ho GAEs
' CP940 J 4t/ % 7 WP NaOH J{ 4t/ % o o - P e
| 0.2 4:6 2.0 2 2 2 2 8
2 0.2 10:0 1.6 2 2 2 6 12
3 0.4 4:6 0.8 2 2 3 7 14
4 0.4 10:0 0.4 4 7 4 12 27
5 0.8 2:8 2.4 15 9 9 7 40
6 0.8 8:2 1.6 19 16 11 15 61
7 1.2 2:8 1.2 7 12 12 11 42
8 1.2 8:2 0.4 21 14 9 14 58
9 1.6 0:10 2.4 16 8 12 12 48
10 1.6 6:4 2.0 23 22 23 21 89
11 2.0 0:10 1.2 11 8 15 11 45
12 2.0 6:4 0.8 20 15 15 10 60
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Table 3 Significance analysis for correlation coefficient of quadratic polynomial regression
J5 26 K8 i Il 14 72 % P o 1% 2 ¢ K6 P
X, 293.187 5 64.670 1 4.533 6 0. 045
X, 94.800 3 26.711 3 3.549 1 0.071
X, 19.993 3 -0.597 8 -0.562 3 0.631
X,? -51.518 5 -3.1942 -5.8281 0.028
X,? -5.8259 -9.073 7 -3.6117 0. 069
X32 19.377 8 1.657 2 1.865 3 0.203
X X, -27.377 3 8.121 1 -3.3711 0.078
X, X, —-7.603 3 6.015 4 -1.264 0 0.334
X, X, -2.9807 2.295 1 -1.2987 0.324

LAY
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CP940 fH = /%

B 1 CP940 5H_EzREX K& TS %M E IRt H R EF S %
Fig. 1 Response surfaces and contours of effect of carbomer and

propylene glycol amounts on composite score

KNG LA 15 S I 5 1000 8 79 AH X O 22 2 <
5% U3 4. VLT EE ST A SR TN Pk B AE, AT A AT
b ] T BRI A B B AL D7 Ak . 24 CP940
FHHEIR 2. 0% B, 3 T Jo ik 58 2k, 7 tE AR B,
R, R SR 1.5% A4 ik, h T
2l 5 B O AS B B — E IR P, i NaOH 5
CP940 [y FH AR MIAE 12 1.5 2245, e Ao 8 fis R 25 A
AVAF o AR 56 R K 0, i BE I R AL T 1.5%
CP940,8.0% N = T,2.0% N %, 1.0% NaOH,
0.03% Je i 4: &1 o
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Table 4 Verification test of prescription of Bixie Fenqing
rectal gel
X, = X,NaOH LrErivor i
BE-TRE OHRY%  miwgs s -
1 4:6 1.5 82 86 4.18
2 5:5 1.5 87 83 2.48
3 8:2 1.0 96 92 3.78

A CP940 Y K 1.5% .
2.3 B Ji2EmaR
2.3.1 W d hdy BEPLKE 6 R R0 2
A3 H L LA BB A, R A A
A AR E 2 em, 4525 )5 A % E g i
ALY, LAy ke I . o3 1 202 11 i HL 5
AR FWE S 4 TR TE AL, 45 25 5 S BRI B K
5mL, DI FHEMW, HLar45E 12 h, A KoK, %
25T 30 min FI O 3 5 A K SR LT A HEfRE
2 WA 25y 40 mg( LUH RERRIT) o
2.3.2 IMLEAESCRE ONTES I 5,15,30,
45,60,90,120,180,240,300,360 min F 5 % H- %
Jk B, %0 (4 000 r+min ™", 10 min, F[A]), 4535 i
K, T 80 CHREHLAE, FFI
2.3.3 gt R/ Diamonsil ™" C,, {154
(4.6 mm x 250 mm,5 pm), ¥i 3h A BE-K-2 R
(86:13.6:0.4,pH 3.4), K I 3 K 250 nm, ¥ i
1 mLemin ", #5130 °C,#FEHE 50 pl,
2.3.4  XFHRARTE WA WA RS AR IBCH Bk R X
R o, FH P A R OT R B A 1.0 g LT T
it 2% i BOIZ A 2% VRO A, o R R R U i Ak )
W 4,6.25,12.5,25,50,100,200 mg-L~" () 2 5] %F
T
2.3.5 IR AL S0 E RS A I I AR
fh 200 L, fimA 0.053 g« L~" HI L 52 0 K P B IR
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100 pL, A ZJiE 1 mL, 8 HEYR T 15 min, 8.0,
T W A AL SO mg BB A R R R
15 min J5 B0, BRI SE o RS REIR0.01 g- L7
B YR X B W 10 L, AL 200 L 7S 1 1L
0 bR TR 4 2. 3.3 IR A LA 2,
23 TR o8 R v PR A B4 AR T R ) A
WIS, PR R AL R R 4 S LI

A

A

25 5 715

10 125 15 175 20

1
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FHILSE B 28 AR + X B + B RS2 U3 €L 4R 24 )5 R b

25 5

o >
= R

B2 RELETFEHSFEHRERBMEHE R HPLC

Fig. 2 HPLC chromatograms of rabbit plasma samples after

administration of Bixie Fenqing rectal gel

2.3.6 AMEXRFEL s E MK 200 wl,
AREm A H FOR R &R B % B W 300wl A
0.053 g+ L™ HI JL 8L K AW 100 pl, 4% 2.3.5
TR J5 ¥R AR 3, LA H R S5 vk Ol R A A,
YR TR FIT R 52 00 3% 6 1T B O LU 1B R G\ A b, 45 1
M4k HH Y =36 142X -9 845(r=0.999 8) , 4k 3
Bl 4.0 ~ 100 mg-L’1 JCEETRR4.0 mg-L’IO
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AbHE 25 S R R A LR v A L H
DA %5 B RSD 42k 4. 1% ,2.3% ,3.5% , H Ak
@ HE RSD 43K 5. 6% ,4.0% ,3.5% .,

2.3.8 FasE PRI RS E WRCIR] — I 2R R VA
Wi, 0 F0,1,2,4,6,8,12 h gEFEM &, iH 5 H

B YRR AP R SR R A T AR (B Y RSD 2. 1% , 3R
B A WROTE 12 h NS E o g [A] — £ 3 7
BT -80 C A FiRk I E VR 3 WM AE , 715F RSD
1. 8% , R BIFRRL 3 YR By Bl & s e e e R 47,
2.3.9 IR 20 F g 200w,
AH BB X IR S R A 0.053 g- L7 RS L &
FH B 100 L, J50 ol H 50 YR ok 3 il o S
50,150 mg- L™" A I 3 AE &, 45 2. 3.5 30 F 7 ik 4b
S E , i+ 57 Y Wl 3253 5 R 82.3% ,86. 5% il
88.4% ,RSD 435/ 3.5% ,1.8% 1 4. 1% , N Fr 12
B[R % 89. 3% ,RSD 2. 9%

3 S SBCA () B 1) 52 1 A o, 4% 2. 3.5 TR 7
PAb S AE S50 kB0 IR AL A AL AE 45 min Al
60 min (% BORE SR M T R, VR R I, HE
At PP ) R A 8 2R ARG 0 H H IR, AN B S
T B BRI A KA AT 0 B, 25 - il 2 DL IR 3 R
F 3P97 2543 J3 25 B A R B 3 1 L BE IR B
o 255 25 0 B 5308 AL VIR 45 24 1 24k T BOHE 2R AT
B KB AR O 25 E K B AIC ( Akaike’s information
criterion ) fie /N J5 BE 2555 4 W B 1 D7 = LAY, B 4
Gl RFZRMBN LB A TS — R, 8
S HILEKS,

125 ¥ /mg.L

0 50 100 150 200 250 300 350 400

t/min

B3 ERSFEHRRAGENG-HMKE(xxs5,n=3)
Fig. 3 Plasma concentration-time profile of glycyrrhetic acid after

administration of Bixie Fenqing rectal gel in rabbits(x +s,n =3)

x5 BERSFEHRRKGSARARDNESH (x+5,n=3)
Fig. 5 Pharmacokinetic parameters of glycyrrhetic acid after

administration of Bixie Fenqing rectal gel in rabbits(x +s,n=3)

S8 ¥ L B A
K, min ~! 0.005 1 £0.000 2
K, min ~! 0.254 1£0.013 6
MRT min 2.8177£1.153 9
T,(K,) min 13.754 2 £3.814 3
T, (K,) min 172.587 3 +£98.965 8
T min 27.114 6 +13.358 7
Can mg-L ™! 35.144 7 +£5.272 4
AUCq mg+min-L ! 5125.468 5 £368.745 9
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