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In vitro release study of benzoyl peroxide gel
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[ Abstract] Objective: To investigate the in vitro release behavior of benzoyl peroxide gel using a diffusion
cell method, and to obtain release profiles with subsequent kinetic model fitting. Methods: The method was
established with Franz diffusion cell. The PEG400-ethanol-water (25:25:50) is selected as receiving medium. The
nylon membrane with 0.45 wm is used as the artificial membrane. The release amount was determined by high
performance liquid chromatography ( HPLC). The release data were fitted to zero-order, first-order, Korsmeyer-
Peppas, and Higuchi models to identify the optimal release model. Results: An in vitro release testing method for
benzoyl peroxide gel was successfully established. The release data of benzoyl peroxide were best fitted by the zero-order
kinetic model, whereas the release data of benzoic acid were best described by the Higuchi model. Conclusion .
The established in vitro release method is suitable for evaluating the release characteristics of benzoyl peroxide gel
and provides a useful reference for the quality assessment of topical formulations containing poorly soluble drugs.
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TR i B % T NG B BN 26 i
B2 , 1 2 T T A B R S I PR % B o
95 WA T D4R R R IK 93% , B R A AR
AR YEE . HATA W SR BB LR ETES
35 25 5 e I BRI K L o B 4 0 B2 I LB A
1S 1Ak R TR R AT B 45 T80 2 W 38 o J% 4
ST ST o ek S T I T 2B AR R T A A
SURIHE TR, B % K 80 TN R FT I B0 4 B 1
R R T g A T 0 s B 25 4, A AL
e 0 A s

BEE R T2k AR R R, B 24 B R
SE AR, Xu 45V Bao 451 BT R W, 2 [ 4K
IR Ab 7 5 2, R B (I APT B4R | ) Ak
TP T L R Sy ] RS 2 M R, R AN R
TR B (TVRT) 2 2 [ A% ] 700 f) 6 4 I 4 8 2k, [
A 300 5 B 5 B T R AR AN B R R L AR TR
22 [6 52 254 TRt B KA 9 R 8 A 3 Ak 2% 7 o1
2GR A0 B S IR A0 % (IVPT) BF 58 45 R 48 % IR
YT, SR T Franz 4 b 2, g S T 5k S Y 1 gk
B2 R AN BE TR O i, HEAT T 07 SR 24 R AE 9T B T
2 T 1 300 0 52 1 4 300 R O R AT Sy B — B

.

1 UF5HR

Waters QH — 2695 7 &% ¥ A1 €6 3% A% (i 45 P4 ot
A SRR L O BE S K DU 28 R Empower ()
ik TAES,, 2 EIRFEE A R ) ,DHC — 6TD T fin#Ai%
By B (3L E Logan 23 1)) , XSE204 4341 K F- (Hii
+ Mettler Toledo /A #]), B XR — ODS 1T C, #E
(100 mm x2.0 mm, 75 um),0.45 pm 5 2 1
(PVDF,ifg 5387 7 7 WAL B A BR A 7)) L0. 45 pum
R0 8L & A 5 7K R 7K B ( PTFE , g 3 e i I ¢
ARAEBRZLF) 0.45 pm T kUK (PES, 7 38 [ 5 K
BEARAWRAR, REMF B LR ESARAA) .
0. 45 wm J& Je Il ( Nylon, |32 5% 5200 A R4S w i
fEgR 1)) (0. 45 pm IR A £F 4 Z g (MCE, g
5 S AT B 28 | el g8 4 T L i T T i Ak AR
).
2 XA 5K

Job 480 A I 6 IR (445 A129-2-20250107 , Y
JBA R 25l A5 R 5 4T 28 | ), 2% F R oxh BR ol (i 5
100419-201703 , 5[5 £ & 24 i K6 78 WF 52 B ) , o HH %
XF R (65 111650202401, w7 [ £ i 2 i A 2 F
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FEBE) , K R £ g X B (4145 101162202402,
P B i 24 i A F ST B ) ok AR AR T T o A (it
4021343 4021346, 3it% 15 g:0.75 g, T 286]) , i &
2K Tk R (S 4021303 , #04% 60 g:2.0 g, [ 24
T, o A B R e (3524109204 ,24109101
25029101, ¥ 4% 15 ¢:0.75 ¢, I A F)), I (3%
4l , Avantor A ) ) , Jo/K 25 (4 #r 4l , [ 245 48 A 1k 2
AT BRAF]) B 2 18 400 (43 4t , [ 265 45 A 4k
AR R A W), SR (a1 2 4 A1 4k 27 3
FARAF) .

TiEEER

1 EFHZE
1.1 IVRT &4

K H Franz 57 09 #ith , P PEG400-T6 7K 2, B%-
7K (25:25:50) N BETAY 5 ,0. 45 pm JE B 9 AT
5, KV B 32 °C %R 600 remin ', F 1,23,
4.5.6 h BUFE  BURE (R B AR AR FRES R 12 mL,
1.2 HPLC MEHE
1.2.1 @3 RS H XR-0DS T C 3kt
(100 mm x2.0 mm, 75 um) ,LLZHE R BIAH A, LU
KOHCRY T PH =3.0) Hiish 4 B 4%% 1 k47
B REVE B, W 0.5 mL-min ~ 5 % K R 235 nm;
FEIR 20 °C A IR E 4 °C #EFEAARL 10 ul,

&1 OGERL VN AR AT %

I ]/ min A B
0 25 75

2 25 75

3 30 70

5 80 20

7 80 20

7.1 25 75

10 25 75

1.2.2 ViR ECH]  adk S8 B X R Vs A ) T 7«

BB ik AR TR R XS IR 29 480 mg, K 25 PR E , B 100 mL
M, NV 40 mL, 7S B 0% BV R R
BN B AR R R R AR B R A
FET(0.01 mol - L™") b i 1 40 4% HF B 19 44 1 Wk JEE
K % o WU 25 WIS B, FHRE A o2 A o A R AR
1 mL £ 3 % 28 W fE 0.247 0.1.086.,2.170 3. 257,
4.340.5. 429 7. 600 wg 11 F 514k BE b o 260 W
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R PR R T JEL it Y YR I T A1) < BB R R X R 2
5 mg, R§E AR E , B 200 mL R 8 BE 08,
FHEEFRE R B 20 B2 4850 V6 X BRI 45 W HE
% o A A RIS B, B RO SRR R AL 1 mL
R 0.6350.1.270 2. 540 3. 810 ,5. 080 ,6. 350 ,
7. 620 wg 1) 3 51U b o 11 205 o

F G0 M T BOR TP R R 2 T o) R
At A HTR SR B 2% 10 mg A5 % FR 8, 200 mIL
SRR R B B0 R IR R B 2 RS
K E B mL 2 50 mL B % 8 Bt J R
P X BRI 45 1 mL 2 10 mL B0 P, VA R0 R B
BRI A, SR R mL %R R E R —
50 mL &, RO AR R 20 B L #250

A U IS i 2 0. 65 g, A JE TR BRI
2 mm JEE RN AR RS R A
At 1) G B R T O L AR AR 430 A5 TR
SRR B
2 IVRT HiE#EL
2.1 BENER

T T A T 7 5 B S A B R AR T, A A B R UK
B h % v 5 o 3 SR R R K TR A
I O K 20T LA v ik AR R PR R A R A BT Y i
R, DAARHER K-JEK 4 BE(70:30) Fil pH =5 119
B IR b % M- T 7K T (702 30) S BRI AT i, P 3
FIETHAE4> M 0.86% 11 0.78% , N\ T [ - 25 ¥k
SRR L IR EAEEAE . DL PEGA00-JG7K 2 BE-7K
(40:30:30) A BE A S5 B, ol 390 G BA 0 A2, 590 4 7
FedR AN A LA R LB 6 h SRBURE K
HIHFE U R 2, B0 UL 2% B b 5 A ALV L 3
Jin, MCE J§ % A ¥ i, A 6 % PEG400-TJG /K 2, -
7K (25:25:50) .

R 2 RIE] LA ek SR ARURE iR K R AR

PEG400-TG 7k 2, -7K BRI R/ pg-em 2 FIHEWHE/ %
40:30:30 502.0 2.725
30:30:40 379.7 2.046
30:25:45 244.0 1.317
25:30:45 362.7 1.961
25:25:50 228.0 1.227
20:20: 60 157.8 0.857
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2.2 ATIRR

2.2.1 WEHHE R R 2. 632 pgemL T R UK
BBERE O 10 mL B4 b, 20 A Fe B 46 9 N T
i, 4 C Y BUL A, 4 4T AL BE 3 £y o 55 B 10 mL A
TR A2 O W, AT R . #2120 17 g 2%
00 e S Y R R B R IR WS S
PO e Bt S e 3, 25 R WLk 3, b iR
MCE JIE 5 3 0% i, 1236 PVDF FI1PES B9 9 0
B W, 25 G N T X o 4024 P e R R Y TR ) T
P, BB M B i PTFE 58 JE Je iR A1 PVDF i
HE— A5 TF e B P 1

R3O ON TR 525

T 4 T 2 iR
NN 11358 e W HELES
/g mL ™! /% /ug-ml™" /%

PVDF 2.645 100.5 2.291 98.6
PTFE 3£k 2.681 101.8 2.327 100. 1
PTFE &7k 2.626 99.8 2.314 99.6
PES( Nantong 2% 7 ) 1.261 47.92 2.215 95.3
PES (52N 7)) 1.978 75.16 2.283 98.0
Nylon 2.589 98.4 2.333 100.4
MCE (524 H)) 1.651 62.71 2.283 98.2
MCE (B2 ) 1.767 67.11 2.290 98.5

2.2.2 PH#EME FREXSHCHIF 0.65 g, #fH“1.17
ZAEHEAT IVRT, $2 B “1. 2. 17 {6 3% 2% 4 0 52 B ik T
ek SR I R R IR MR B T BRIl . 4
R PTFE Hi /KL . PVDF i JEJEE 6 h 5 2
FRURE A At 43 39K 39. 07 ,127. 39 F1 182.95 pg-cm
22 W1 Je e B 24 W iy BEL ¥ A FH S 559, 03k R 8 e R
2.3 EUfERTIE

1.1 5483547 IVRT, T 0.5.1.2.3.4.5,
6.8.10.12 .16 .20 F124 h BUAE, e R “1.2.17 a3 5%
A R TIOUR rh ak AER T B RN OR TP R v B HAR A
A B[] A7 T FR BB R RR R A, BRI R L AL 1
R R A e EFE 2 22 D S ~ 6 B ) A, 1 o R
FERiN 12345 MO6h(UWET),
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300

I

=3

=)
T

B I AR BURE /g -om®
s
=)

2 r 6
W

72 S AR B s 47 R R
B 1 24 h Bl

2.4 tHE

FRELZ: LGl 7] 0.3 ,0.45 0. 65 g, 43 B3 51 i A
T ANT R, #4208 “1. 17 S5 {4 k47 IVRT, A1 [A] B
FE A () A, A SR B R 0 o i R S i e . Y
AR 0.65 g B ,6 h B RFB R (Q) 58 A
JrRE (e ) M E D B O Q = 78.0354' - 80.397
(rF=0.9725) ,FHF R 6 h 1ty 3 (o7 T AL B FURE il A
(M) 5[] 5F AR (¢77) Mkt iRl M, =
45.97¢"* +5.649 1(r» =0.990 2) , e 2R M B
U e L RERE 0.65 g

0.1
0.08
0.06
0.04
0.02

AIAU

-0.02

-0.04

-0.06
0

01r
0.08 |
0.06 |-
0.04
0.02

1
0~ 3
-0.02
-0.04

-0.06 1 1 1 I ] 1 I 1 1 I
0

A/AU

t/min

3 AERIE

3.1 @|igHE

3.1.1 BJE Mk B 27 I A &R gk A b v
W2 VRO e 2 LUl 00 B M, % 1. 17 T T 8
TSR HERR N ZE | X L 2% (0 3% U6 A AH X D) B i (8] n]
LK 2B 1 SIS IR TR (1. 883 min) ,2 SIS OR
I (2.770 min) ,3 S0 K B R 2B (6. 179 min) |
4 50 Sy i SR Y (6. 979 min ), AH 4B (0 % I 7y B
JEMRIR N 3.1 4.4 F1 7.0, %5 (B RO T g 77
e, UL U5 s & JR B

0.1
0.08 |
0.06 |
0.04
0.02 |

AlAU

-0.02

-0.04

-0.06 1 1 1 1 1 1 1 1 1 ]
0

A2 FURERCHE B - 2R G038 PR 5 C o 2 L il 50 B 0k
B2 HPLC % &M aigK
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3.1.2 MESVERE BUGRE UL 2. 27 1 A & 5
WP bR M 2, #2017 B S A AR A
THEA B 3 U gk 06 1T AR ( Y) g 0 R v B (X)) 1Y
LRV FER Y =116 525X =9 504 (r =0.999) , 35 i
7£0.326 0 ~7.600 pg-ml " ¥ B 70 [l N, ek 6 &
RAF R BRI (A) 55X 0 ik BE(C) LM Tr i
F A =83130C -—805(r=0.999) , FHI7E 0.6350 ~
7.620 wg-mL ¥R BEVE LN, R ME G R R AT

3.1.3 KPR 5 R iR Ee1.2.2”
ic o] 1 e 2R Y TR A0 2 PR o T R, A R
A BOBE I B R R, 91,2, 17 (038 5 pERE
FE L DMEMEEL 3 AR, AR e L 10 Sy s R, i
A A IR A K DI R R 0. 108 6 pg - mL ™' A BEBR
0.326 0 wg-mL ™", K H ERA KR 0. 127 0 pg-
ml ™" JERMRSN0.3810 |.Lg-mL_l 5

Hh R R T e AR A T TR R R TR ) Xt R VA A
HERE 6 Y A2, 25 2R o S OR HOBE RSD E 43 il R
0.65% .0.53% M1 0.23% (n =6), % H % RSD {4
AR 1.13% 0.27% F10.11% (n =6) , ¥ /N F
2.0% , RWIARIENE B RIT

3.1.5 PR FEEEI0.5.2.5.3 mL B
(it 0K TR RV 13 O 2. 423 pg-mL ™ R R MK B
2.291 pg-mL ) KK E 3 4 10 mL BT A% &
HU3.753 g mL ™" 5 SR R G R SR TR 2.3
5 mL Z [ — i, B BB 2 20 8 25T,
VE g3 A E 50% . 100% 150% B 1] 5028 5 Wk
13 FH 5. 228 g mL ™" B4 2 YR 6F A 5t 0 V0 T
F TR 1 [T AT SR o AR IR 1. 20 17 (8 33 25 1 T 2 04
AR, AR TS 45 21 DL 3% 4, 3% W Al et/ 5 I %o
st P R A0 R O VA T

304 R UL 227 00 4 1
4 ok AU T A PRI I 4 %
e ) ) ik R T RIPER
K- FEHCWE / mLL ik 484 Y/ 4 TR R/ mL
&S RSD IRl i 2% RSD
1% 0.5 2 101.8 0.372 7 103.8 1.662
EP 2.5 3 99.9 0.178 6 101.1 0.3059
= 3 5 99.4 0.1311 101.1 0.363 0

3.2 IVRT HERIE

3.2.1 K%E RIS HHIH0.65 g, % “1.1”
A ESE3 d JEAT IVRT (n =6 ,n Y BB KL) L 3%
FRT. 20 17 €8 535 25 1 00 8 8 TR v s 40 R R T o
H R W B, 11030 3 YRR B ik 4 e st o3 7 B, 2ok 4
FEHEESY )y 23.21 (RSD =11.58% ) \24. 28 (RSD =
4.11% )1 18. 88 pg/cm’/h (RSD =5.12% ) , % W g
4351 36.89 (RSD =4.83% ) 34.41 (RSD =1.849% )
F129.07(5.969% ) pg/cm’/h'?, 18 S BETHHE R 1Y
RSD 4354 13.18% F1 10. 65% , ¥ /NF 15% , 1k
HINRETI TS 125 )RS 8 R Tk AR 5K

3.2.2 BB RERCCRR E M U3, 2. 17 IR
BEHOR  BEFEY 5 S F 32 CRIB ARG T, T
0.2.4.6.8.10 12 h BUFE 22 o LA 45 B:F 1] 23 0 75 ik
JE5 O h WP B A5 R W3R 5, 7E 32 C & T ,6 h
TR TR ok 4R A Y T 5 e 42 00 3%, T IR R )
N
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x5 B 32 °C 4 ] 5 UK v
n=3
B i/ i K A/ g mL He AL/ %
0 2.62 100.0
2.60 99.2
4 2.58 98.4
6 2.55 97.4
8 2.53 96.7
10 2.49 94.9
12 2.46 94.1

15 32 °C SR LB ORI e i 2 2 T I
5 T 0 B 9 T2 PR R P, T 0 h AT 12
HOREI S | HL {6 99. 8% , 4 1 4 Y il 76 B8 WA I
12 h R

A 25 D02 ok A Y T T
J 261 pg-mL ™' (32 CoKIA) . LA B MR 0
BRI 4 AR O 0.65 g B, KL FE
5% 4Ol A 12 miL, 1% B i) 5 R K JE R



S 10 R 0 1/50 0 K25 Bk 2 10 mg 2 1 iR %o A
it B4 mL BELOAE TR AR BT, WS B SR T
i, A MR BE 29 R 2 500 g mL ' HE B TR i
IR0 e B VR 6.7 g - mL ™, Btk 1L PEG400-
TooK CBE-7K (25225150 ) Sy B A Jo2 6 A2 T A 2%
BOR

200
t --25%
g - 5%
2 150}
I
&

100
&
£
' SO
=
L

0 1 2 3
P IF)F- 5 ith 2
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3.2.3 REE REUE R IVRT Fikae g
B A v 24 ) vk B AR A AR AR 1 BE . X
2.5% F1 5% A R AR LR IR 17 S A i
1 IVRT, & 3 A1, AR T 5 il ), B AR A
T ) 3 4R PR e Rk R W A AR Ak, T R PR R 2
H A 1 B BCH R

300

wE --2.5%

9 ~B- 5%

(=]
=
g 200 T
B
%
%

W
® 100
=1
ja
b

0 1 2 3
i 1P 5 Aith 2

7 G EOE B A R IR

&3

4 BHBHNFEBVUEESNH S0

B I U ), 2 B8 1. 17 S pE4T IVRT, R
FHZE G R — 17 | Korsmeyer-Peppas £5 7 il
Higuchi #5278 $01 45 F il ith £, 045 T 7 0 AH O 22 550
O ~T 7 AR T 1, RO R LA R A AR
PR LI BE RN AT A o AU T o & A A AL 5 e A
AR Higuchi ARG R, FHBEHAT N S
SR T (%) X I M BT % U0 AR OG , G AR B R R BT rh
) VS ik BE AR, RS 25 ) 58 2 25 W I, R 2L 4
FER AR B o S = I X Ao 4R O O A b
A3 A R 5T 2 BT, o RO I AE R Dk Al R 5 e DA
[ A GORE B9 X 0 . - B A8 B0 = 4 A2 Bk B
Ji 1 2 25 kg 350 BRI T 4 FAE L i B R TR,

IVRT RgJE 45

DRI, 25 40 B B S AR 32 30 T B o, 8 57 1) [ O
V5 i R A JR TR R - O R LR
I 4 , Korsmeyer-Peppas #  J2: | 32 1 ] f) 20 3
BT Bl 3 2 B R R A B n RE S M 25 ) N R
BB HLE T . 7E Korsmeyer-Peppas 5 7
A ob %t v ) S AR Y TBE B0 R i A (A
ZYn 7E 1.336 ~1.696, KT 0. 89, ¥& /1~ 25 W B ik
DAV ol oAy T I O i 5 ) S b B R T
W AEAT oo K W R 10 B TS KL n 1E 0.491 1 ~
0.522 2, RWIHB M 8Pl . Higuchi 45589 4% i
b FEF Fick ¥ UL, R 7 W40, K H R Higuchi
FE IR DL A 0 R o e, 1E — A5 BRI T R IR 14 R LA
Pon £,

e he o o
F6 TEORWBEAEAE
EilR= Higuchi f& %1 KA Y — AR R Korsmeyer-Peppas f5 %I

24109204 M, =84.362:"% -89.913 M, =24.688:-24.022 In(1-M,/M_) = ~-1.347x10 31 +1.314 x10 ">  log(M,/M_ ) =1.696logt 3. 443
?=0.9577 r*=0.993 1 ?=0.9929 2 =0.996 4

24109101 M, =78.13:2 -81.863 M, =22.8241-20.699 In(1-M,/M_) =1.245x10 %1 +1.132 x10 * log(M,/M_ ) =1.634logt - 3. 427
r? =0.963 1 r* =0.9952 2 =0.995 1 2 =0.995 8

25029101 M, =76.71¢'/% ~74.053 M, =22.3361-13.745 In(1-M,/M_) =1.219 x10 "*1+7.543 x 10 ~* log(M,/M_ ) =1.336logt - 3.204
?=0.9723 r? =0.998 1 2 =0.998 0 2 =0.999 1

4021343 M, =78.035:'* -80.397 M, =22.718:-19.032 In(1-M,/M_) = -1.239x10 %1 +1.042x 107> log(M,/M_ ) =1.672logt - 3. 403
2 =0.9725 r? =0.998 2 =0.998 2 =0.992 7

4021346 M, =77.636:"% -82.316 M, =22.73:-21.714  In(1-M,/M_) = -1.240x10 ¢ +1.115x107° log(M,/M, ) =1.597logt - 3. 404
r? =0.956 2 r*=0.992'5 2 =0.994 1 2 =0.997 1

4021303 M, =83.156:'% —87.438 M, =24.279:-22.292 In(1-M,/M_) = -1.325x10 31 +1.22x107%  log(M,/M ) =1.673logt - 3. 425

2 =0.964 7 r? =0.995 8 2 =0.995 7

2 =0.994 1
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KT RPRRBCABIILG 2

it Higuchi 16 %! 5B 2 R

— 2 A Korsmeyer-Peppas fi %

24109204 M, =46.031"% +1.2758 M, =13.0120+38.834  In(1-M,/M_) = -7.105x10 *1-2. 111 8 x 10 ~* log(M,/M ) =0.505 3logt -2.597 7

r*=0.994 8 r?=0.962'5 2 =0.962 6 r* =0.996
24109101 p1, =37.308:"% -0.8432 M, =10.552¢+29.578 In(1-M,/M_) =5.76x10 *1-1.608 x 10 3 log(M,/M_ ) =0.522 2logt -2.710 2
r?=0.9955 r? =0.964 2 2 =0.964 4 r?=0.995 8

25029101 M, =31.13¢"% +0.560 8 M, =8.796 10+25.973 In(1-M,/M_ ) =4.797 x10 "*¢-1.4123x10 "> log(M,/M, ) =0.510 2logt -2.772 5

2 =0.994 6 r?=0.9615 r? =0.964 4

? =0.995

4021343 M, =45.97¢'2 +5.649 1 M, =12.8770+43.569 In(1-M,/M_) = -1.221 x10 3£ -3.860 8 x 10~ log(M,/M_ ) =0.491logt - 2. 568 4

2 =0.990 2 ?=0.9313 2 =0.944 2

r* =0.984 1

4021346 M, =49.096:'% -0.234 8 M, =13. 831 +39.944 In(1-M,/M_)=~7.554x10"*1+2.172 1 x10 > log(M,/M ) =0.521 9logt -2. 586 7

r?=0.99 1 r?=0.9532 2 =0.953 4

r2=0.992 1

4021303 M, =79.3¢'% +5.812 4 M, =22.288:+70.965 In(l1-M,/M_)=-7.033x10"*1+2.37x10? log(M,/M, ) =0.500 9logt -2.348 3

2 =0.989

r? =0.986 7 2 =0.943 8 2 =0.931 6
it it

i S TR LA AN R A U W B R A T
ZOIFBEROEVE A, 2 PR (LI 4) P L seBR
A P R P B R A TR R, T ROk
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