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bS5l a3 (2) s

Typical poloxamer grades.

Poloxamer  Physical a b Average molecular
form weight

124 Liquid 12 20 2090-2 360

188 Solid 80 27 7680-9510

237 Solid 64 37 6840-8830

338 Solid 141 44 12700-17 400

407 Solid 101 56 ?840-14 600

el gl Jie a2 ) o yalS sl gal) (e Adlisall &) 391 I Ly
s o N el G50 (N100 @ lege i die (el sl e Cus 188
il (o s 4810 @ i Ladie Gl o851 Lainy cpliy g ) 2S5l s

el sl B Cpliba¥) Al dae Clas b el 050 4 sial)
i g sl Alls 8 Dliad ¢ el o) gall iy Hlaill o LensSU dpnailly Jlall o IS
S5l ae Slas gl sl o6l oe JsY) AL e <Pluronic F-68
OEY) Sl e iy )50 A saal) sl e (SN QB pany Lty Cplu g )
aala€ o) gall (e 38 gl ) ) maza gy Ul J saal)
i gy sl e Jiaall 5 yaalS o gl 4 laill elasd) (3) Jsaa

Table  Nonproprietary name and corresponding commercial grade.

Nonproprietary name Commercial grade
Poloxamer 124 L-44

Poloxamer 188 F-468

Poloxamer 237 F-87

Poloxamer 338 F-108

Poloxamer 407 F-127

41



:Structural Formula ssebus ol gall 45 i)l dapall -

il

AVl fnall B A Larial 5 jsabass ol all Ak gl Ciduadl) -

Jale <Emulsifying agent «lsiue Jale «Dispersing agent izwe Jale

.wetting agent Jix e ¢solubilizing agent Jo=3Y1 Je el

ool oSl 5 ) sal) ) aai & el gl sall <l yaly adiins
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Table  Uses of poloxamer.

Use

Concentration (%)

Fat emulsifier

Flavor solubilizer
Fluorocarbon emulsifier
Gelling agent
Spreading agent
Stabilizing agent
Suppesitory base
Tablet coating

Tablet excipient
Wetting agent

0.3

0.3

2.5
:5—50
1-5

4-6 or 90
10

5-10
0.01-5
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Table V: Solubility at 20°C for various types of poloxamer in different

solvents.
Type Solvent
Ethanol Propan-2- Propylene Water Xylene
(95%) ol glycol
Poloxamer Freel Freel Freel Freel Freel
124 soK:ble so?;ble so?;ble so?:;ble soK:ble
Poloxamer Freel - — Freel —_
188 soluble soluble
Poloxamer Freel Sparingly - Freel Sparingly
237 so(;ble soluble soKJble soluble
Poloxamer Freel — Sparingly Freel -
338 soK:ble soluble soruble
Poloxamer Free Freel — Freel —
407 soluble soKJble so?;ble

tOa AL Ja gy g ASLAY -

i A0 el gl all Al Jllaall Liayl 35 LS jo (A el sl sl LS 5
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Table Uses of propylene glycol.

Use Dosage form Concentration (%)
Humectant Topicals ~15
Preservative Solutions, semisolids 15-30
Solvent or cosolvent Aerosol solutions 10-30
Oral solutions 10-25
Parenterals 10-60
Topicals 5-80
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el 138 8 ladll o) ja Y A 3 3ea ) alasiinl
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rheometer, USA)
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(SOl e 35305 cade (ala ) (5 mar 35 5e
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ED224S 354 < SARTORIUS giall Sl (ibaa a3 () e -
<Lk UV spectrophotometer duswiill 358 2830 gl Cadall Slea -
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class A caiall (e daals ) @ sl alasiay o ladll &S <y jal - -
3 e Clices
Lala) il
o siall (andll ol
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donor (el s jaa and leana Jasia (S5 jaa (e Jleal) Gl
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Al ae e8I (bl iy 5 408

O O5Ses G Ggas ade Glaal aadiul washer e Aplallas 43l -
apdil) Al g L1 auen o)

slie (5% L Gl diiall 3 jaa (e 43l laisy :Membrane sLiall -
bl Al 225 ol s s el

5_aall aasy oSl ol (e radjustment plate Jasall o a @il 3 -
a3 S b delin ) Jasn (S 5 138 Gila)) (paus

Cligall Jal (e ddlise Sleef @ld & jaa (a5 scell body 4al) aws -
(Sllatie cililes dili dolia Coal) da gadall
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iy 38 liloa) U sSe A ALaYly a5 ¢ il A 8 At N jealiall s oda
:LAA) LA@.A‘JL:\M‘
adjustment bazall Guds el 23 dal e :Adjustment tool bazll slal - -
.plate

eLiall Ga dia Gl dga 5 (e U L3 2 i Alignment t00] <asa il sla -
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ALyl 5 Ll el s jualie Al (KGN g
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with O-ring Cell Body
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Enhancer Cell =l Ll palic (4) Ji)

57



rdand) 43y 50

.Paddle Over Disk u= il (358 Cilaaall (5) ad ) JBai¥) Jlea paiins
On PH Ea o Al (i gl 6 5L (Je 900) MY e Goe ol cda oty
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2, sie
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Oe U Sy (1 gram) dassdall Aally 5 5el 48 8 JJasall 3 jas Slai m
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:Enhancer Cell Jajail 48 3 dasiiall 4358 Y)

Saoal) A Adad e Al Al ¢l ja) die deadiial) damiial) e Y Jiadl

b L et o sy Enhancer cell

e ddle

Aaladl Jl

sl e ol gall ) sl dagliall J8

salall ol SLela (5585 (o amg ol e MU o) sall pe Jeliy 5l oy Y
A gall
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P S3 a pedll s aladiidy
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cellulose nitrate Ssllad) el
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(e st 5 iSms) (A gaall Cplall e Al 53 (i g0 (ousS 5Y) B3La B _pilas dic
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Bel Al 8 Jalany of Jas sl § s oY (Say an
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S5V diae JSET A (ge lld g AAA 23¢] Dl 48ld 5 s Manthena 2
Cun a 589 lSIL aliiun (A g Ol Sl mle JS8Y ey Sl (mes pa (il 50
el 344 Ax sall Jsh die ya abiaial sdadl 1] 4 &

ARl o) gas (i g0 uS 5V B lae O (e 488, 5 Manthena U
dae sl Cua (e 3 il el HPLC 5 UV spectrophotometer
intra-day and LY o sl asll JOa cladia) jedas ol LS dykadl) o 4801 A plany)

Inter-day variability

A5l 45y Ll of 48l s Manthena Ll dua s 3l dall culS il

(e 83l DU ALE 5 43y ddaw 45y ,h o spectrophotometer alaaiuls 3 el
e (38155 Ll A8y yhall a5 il il 33 (8 (it 0 (ouiS DU (a8l il Jal
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Harmonization
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15 el 4y
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(O 59 (oS gy
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paasdie Kl a5 3105 (PAS) el Sl (e Jolas Ja 5 by
s8N Aida 335 5 A8AY5 3850 Ao jun (A 3aa) el Sea &3 L(Je 15)
Jall (ea UV spectrophotometer & gl cadall jlea Aol g i g
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:(Precision) 43a) yaas

40l 8 @l JLEAY) = (Closeness of Agreement) Gl 58 (s e el & 483
O Sy gt Al Sia ey salall el jall (e 22 Budat die g Lad
(47 46) Ll 53¢} (Degree of Scatter) ixl) Aa al Tl 22y
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s el LMl jumat AL ) )
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Approval Changes for Semisolid (SUPAC-SS) dosage forms
(61:50) Franz cell /8 4a aladiuly meas

Franz Cell o )il Chagy clal) Calise & cuy jal Al il jall ppes i
(52) Agilita milii Ly Legil Enhancer Cell

izl B sl anl A8 al) Jalay)

el G Dsall dll pal sa KN ol gall 5 ad duleal sl ) caall o)
Zoall Jie sl ekt (8 A daiiad) guall e Ayl el de gill 5 40aS))
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53) A apall JIEYI skl (555 mm sal 58 Ay sumal
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e
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(5958 57) Higuchi Release &y sl laai o
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Al sl Lalasl 12 Bl )Y Jabeay K oadll 430 Gl o
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Fickian Diffusion Js¥) ¢l ()58 s ) =il G n<0.5 4ed il 136 ¢ ) jail
eivall yald) jue 3y 0¥ ) e dapad Al Aleall o SLEEY) 4] G
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Ol sl A il e el 5 5S5 mechanism (anomalous  diffusion)
KU 2Ll paldl e LI el o jatuse (S5 aing )5l ) a3
Zero (e da Al (e ) pad) (SAl el G 58 Cuua ) padll OlS n > ] Aed CulS 1Y)
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:(Precision) 43al) yaas
Dbt ot ol 5 bl Gl i) o Can 3l A8 jla 48 &G (8)d saad) (s
B Ay pians 43yl MUl 5 (0.94%)

5 el 485k 48> 20a3 (8) Uy

Concentration(mcg/ml) No. of assay
33.703 1
33.272 2
33.641 3
33.949 4
34.196 5
33.58 6
33.724 Average
0.94 RSD%

PH sl ad saas
ad 25 (6.8 — 5.8) (n sl 3l Gl pH J) s o (9)d sl ek
Ol AT Eigan 9 alall e Ll e g3 Jlaall (e i Ll uaa duulia

(A e
s pana) jaall pH slaly ad (9) 5o

pH Formulation
6.5+0.3 F1
6.8+0.2 F2
5.910.4 F3
6+0.1 F4
6.5+0.3 F5
6.5+0.3 F6
5.8+0.3 F7
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:drug content (s s giaall

O 7o) 8 8 pianall fall ) gall (5 ginall a8 aaen U8 (10) Jsanll (8 jeday LS
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Drug Content % Formulation
99.4 £ 0.02 % F1
98.9 £ 0.03 % F2
100.6 + 0.01 % F3
100.2 + 0.05 % F4
99.8 £ 0.02 % F5
99.5+0.1% Fé6

99 + 0.01 % F7
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15167+12 13475+14
F2 20671125 18923+18
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F5
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Chemical nature of poloxamers
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Mechanism for Gel Formation
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the hydrogen A s uel) i g )l Jae Jaziun 3 ) jall da jo ad ) 2ic
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fa zero order first order higuchi hixson-crowell
K R? K R? K R? K R?
F1 1.326 | 0.9904 | 1.954 | 0.8879 | 2.03 | 0.938 | 1.652 | 0.9702
F2 0.936 | 0.9796 | 2.214 | 0.8952 | 1.548 | 0.9145 | 1.743 | 0.9784
F3 0.716 | 0.9902 | 2.261 | 0.9009 | 1.081 | 0.9376 | 1.771 | 0.974
F4 0.714 | 0.9888 | 2.273 | 0.8988 | 1.097 | 0.9341 | 1.775 | 0.9745
F5 0.538 | 0.986 | 2.434 | 0.9018 | 0.841 | 0.928 | 1.827 | 0.9767
F6 0.778 | 0.9837 | 2.264 | 0.8992 | 1.243 | 0.9229 | 1.767 | 0.9775
F7 0.72 | 0.9827 | 2.312 | 0.9036 | 1.159 | 0.9209 | 1.783 | 0.9786
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F1 0.0016 | 0.601 | 0.982 | non fickian (anomalous diffusion)
F2 0.009 | 0.963 | 0.995 | non fickian (anomalous diffusion)
F3 0.00025 | 0.539 | 0.999 | non fickian (anomalous diffusion)
F4 0.00058 | 0.613 | 0.997 | non fickian (anomalous diffusion)
F5 0.0007 | 0.681 | 0.991 | non fickian (anomalous diffusion)
F6 0.0027 | 0.778 | 0.995 | non fickian (anomalous diffusion)
F7 0.0033 | 0.872 | 0.989 | non fickian (anomalous diffusion)

Laill (e (50 5 paanall LMl (e OXB a3 o as 12 Ll )Y Jalos dad (e

.Zero Order release kinetic =

A A (e o) sall ey aSaty A ) Jaladl O iy jta Taadll (e il

.drug diffusion ¢ sl 35 e S gel dissolutioniedell JMa

Moore, houssieny, Paavola, Wang o« JS sas 5 L ae Ll oda ) ¢

88

(8786 85.84)  jiim Jaaill iy yaalus€ ol gall ladla (e el of 15381 )




fall meal 0.5 <n <1 @ilSy by pile (s S Aalas s ) e s
Ty i Lo 5t 5 L3 OS5 Sy ) aws ) iy o5l o e Jay (5301 5 jucanal
JSEll 5 iy dlee of T non-fickian diffusion ¢lé ¢ sildl mals e el
oot Jima Janiat 4 Rt ) Y1 0

:BRAND (Gelnique) ¢saill paaiual)

b5l ey by 5 Gelnique alldl jasivddl e OXB ol Jiade 4l )
Dol Ciliaie e 4T Jlie Caad g eindl 13a 5 poasall gaall e Aigad) 4 el
0 OXB (e 8atall 4 giall dssdll o 2a 5 3 pmnal) jral) e 43l #la 3 8
s die ABF7 5 F6, F5 F4 F3 gall (8 Lo ol culS _dlall juaaind)
LS (el Cimi JS Agia 3l Joal il 5 el 6 A 5l 53a) Fi s yaal) dgie 3 Lol
(25) JSal b ek

——F1 —@—F2 F3 =¢=F4 =3=F5 F6 e=p==F7 e=—Brand

45
40
35
30
25
20
15
10

CUMULATIVE DRUG RELEASE%

0 1 2 3 4 5 6 7

TIME(HOURS)

o‘)..a;.d\ Emj\ 4319.1 s Brand Lﬁ)\A.\j‘ J.;a;l..mﬂ\ (e C\A‘)M @ J)A:\M (25) Ja

89



(0.5% Js25:)8) F1 dspall (0 OXB (30 3 aiall 4y siall 4ol 45 5laa 52l

Y 4l a5 Gelnique bl seasivwall ae (1% Js2500K) F2 dapall e SIS
AV (6 siue 2ic @lld 5 Ay jaall dyie 3l Lla) aes die Liliaa) 4y Siny (55l 5l 2a g
il y F2 dpall g F1 dapall o el 138 (26)JS8) «p=0.05
.in-vitro bioequivalent zls 3} & L g (¥S5 Gelnique

CUMULATIVE DRUG RELEASE%

45

40

35

30

25

20

15

10

——F1 —B—F2

Brand

TIME(HOURS)

F2 5 F1 Gl (o 5 s ladll umaional) (30 OXB (i s (ouS 5V a4 lia (26) JS

Y e Gelnique ) pasivall zla 5l 8 jadll iy Gadal die
(14 52) Sl Jsanll 8 LS il il jal) Lalail

Gelnique lail) peasivd) (ya (it r S V) el 2 Lol JY) Jalaa adi( 14) Js2a

Zero order First order Higuchi Hixson-crowell
K r2 K r? K r2 K r2
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:English abstract 4xia¥) 4l (ailal

Oxybutynin (OXB) is one of the most used medications to treat
urinary incontinence, especially in older population. Because of
the first hepatic pass metabolism which produce the active
metabolite N-Desethyl-Oxybutynin, the reason for adverse side
effects especially dry mouth, topical gel formulations were
developed by using Carbopol ETD2020 (0.5%, 1%), Poloxamer
407 (2%) , Hydroxy Ethyl Cellulose HEC (1%, 2%), Hydroxy
Propyl Methyl Cellulose HPMC (2%, 4%). These formulations
were evaluated for drug content, pH determination, viscosity
measurement at 25°C and 37°C, and for in-vitro drug release
using Enhancer Cell, In order to reach the best formulation,
which is effective and can reduce the adverse side effects.
Then a comparison was made with the brand product
(Gelnique®). Among all the prepared formulations, F1 and F2
formulations prepared by using 0.5% and 1% Carbopol
ETD2020 respectively, were the best, because they exhibited
the best in-vitro drug release, and there were no statistical
differences in the drug release from F1 and F2 formulations and
the drug release from the brand product.

Key words: Oxybutynin, urinary incontinence, Enhancer cell.
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ABSTRACT

Oxybutynin (OXB) is one of the most used medications to treat urinary incontinence especially in older population.
Because of the first pass metabolism which produce the active metabolite N-Desethyl-Oxybutynin the reason for
adverse side effects especially dry mouth, topical gel formulations were developed using Carbopol ETD2020 (0.5%,
1%), Poloxamer 407 (2%) , Hydroxy Ethyl Cellulose HEC (1%, 2%), Hydroxy Propyl Methyl Cellulose HPMC (2%,
4%). These formulations were evaluated for drug content, pH determination, viscosity measurement at 25°C and
37°C, and for in-vitro drug release using Enhancer Cell, In order to reach the best formulation, which is effective,
and can reduces the adverse side effects. Then a comparison was made with the brand product. Among all the
prepared formulations, F1 and F2 formulations prepared by using 0.5% and 1% Carbopol ETD2020 respectively,
were the best because they exhibited the best in-vitro drug release, and there were no statistical differences in the
drug release from F1 and F2 formulations and the drug release from the brand product

Key words: Carbopol ETD2020, Oxybutynin, transdermal, Urinary disorders.

INTRODUCTION

Oxybutynin (OXB) is a tertiary amine that has anticholinergic and direct spasmolytic effects on the bladder smooth
muscle. It is widely used in the treatment of various forms of urinary incontinence and overactive bladder.
Particularly, Oxybutynin (OXB) effectively treats neurologically caused bladder disorders.(1)

i CH
3
0 [
- /\/N\/CHS

Figure (1) structural formula of oxybutynin

However, after oral administration of Oxybutynin (OXB), many patients discontinue its use because of unacceptable
anticholinergic side effects such as dry mouth, dizziness, blurred vision, and constipation. In some cases, the adverse
side effects are severe enough to persuade the patient to discontinue treatment.(2)These side effects have been
associated with the presence of active metabolite of Oxybutynin, N-desethyloxybutynin (N-DEQ),which circulates in
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concentrations approximately 4 to 10 times those of the parent compound. Presystemic metabolism of Oxybutynin
(OXB) occurs primary because of extensive hepatic first-pass metabolism with a small contribution by intraluminal
gastrointestinal metabolism, resulting in oral bicavailability of approximately 6% of the oral dose.(3)To reduce or
even eliminate systemic anticholinergic adverse effects of Oxybutynin, novel anticholinergic agents and dosage
forms have been currently developed that may avoid the hepatic first-pass metabolism so they exhibit the
pharmacological effects. In fact, it has been shown that transdermal adhesive matrix patches of Oxybutynin (OXB)
avoids that extensive presystemic metabolism, and directly introduces the drug into blood stream, and consequently
enhances the bioavailability.(4) However, the skin irritation caused by the transdermal adhesive matrix patches
remain to be a problem. Sometimes the irritation may discourage patients to discontinue the treatment, particularly
for the long-term users.(5)Thus, the needs still remain for the improved formulations of Oxybutynin (OXB), which
may significantly reduce the adverse side effects and skin irritation. Therefore, in the present study, gel formulations
of Oxybutynin (OXB) using different gelling agents will be formed and evaluated for drug content, pH
determination, Viscosity measurement at 25°C and 37°C, and for in-vitro drug release using Enhancer cell with
cellulose acetate membrane (0.45 um).Then a comparison between the prepared formulations and the brand product
(Gelnique) was made in the same analytical conditions.

EXPERIMENTAL SECTION

Materials:

Oxybutynin chloride was obtained from Chempi Fine Chemicals-India. Hydroxypropylmethyl cellulose HPMC USP
substitution type 2208was supplied from BASF global chemical-Germany. Hydroxyethyl cellulose HEC QP52000H,
Propylene Glycol were obtained from Hutong Global-China. Carbopol ETD2020, Picric Acid were supplied from
Shanghi Hope Chem-China. While Poloxamer407, Ethanol, Diisopropanolamine, Anhydrous Sodium Acetate,
Glacial Acetic Acid, Monosodium Phosphate, Sodium Phosphate Di Basic, Chloroform were obtained from Merck-
Germany. All chemicals are of analytical grades.

Methods:

Preparation of Oxybutynin Gel Formulations:

Oxybutynin concentration was 9% w/w in all the prepared formulations. Oxybutynin gels were prepared by
dissolving an accurately weighed amount of Oxybutynin powder in water. In another beaker, a mixture of ethanol
and propylene glycol was prepared. Then the mixture of ethanol and propylene glycol was added to the Oxybutynin
solution using magnetic stirring bar. CarbopolETD2020 gels (0.5& 1% w/w), were prepared by dispersing the
specified amount of Carbopol ETD2020, on drug, ethanol, propylene glycol and water mixture prepared as
previously mentioned using magnetic stirring bar. The dispersion was left overnight to ensure complete swelling of
the polymer. Carbopol gels were spontaneously formed by the addition of Diisopropanolamine dropwise until
neutralization. For Hydroxypropylmethyl cellulose HPMC, and Hydroxyethyl cellulose HEC gel preparation, The
specified amounts of the gelling polymers; HEC (1&2% w/w), HPMC (2&4% w/w), were added slowly to the
drug, ethanol, propylene glycol and water mixture and allowed to soak overnight for Complete polymer
solvation. The mixture was continuously stirred to get the required gels. For Poloxamerd07 gels (2% wiw)
preparation, the specified amount of poloxamerd07 were added to the drug, ethanol, propylene glycol and water
mixture. The mixture was continuously stirred using magnetic stirring bar to get the required gels, a clear transparent
gel was obtained when the solution was left at room temperature. Table (1) shows the composition of the prepared
formulations.

Table (1) composition of the prepared gel formulations

Ingredients Fl | F2 | F3 | F4 | F5 | F6 | F7
Oxybutynin chloride | 9 9 9 9 9 9 9
Propylene glycol 15095 | 15 | 15 | 15 | 15 | 15
Car ETD 2020 05 | 1
Diisopropanolamine | 0.5 | 1.2
Poloxamer407 2
HEC 1 2
HPMC 2 4
Ethanol 10 | 10 | 10 | 10 | 10 | 10 10
Distilled water QS|[OS |QS|QS[QS|QS|QS
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UV spectrophotometric method for quantitatively estimation of Oxybutynin(OXB):

UV spectrometric method was based on ion-pair complexation of picric acid with tertiary-amine group of OXB to
form an UV active complex (picrate). Which was extracted to chloroform. In the analytical procedure, picric acid
solution (PAS) was prepared; this solution consisted of 100 mg picric acid, 14.5 mg of anhydrous sodium acetate
and 20 ml of glacial acetic acid in 480 ml of demineralized water. To each standard/sample solution (15 ml), 5 ml of
picric acid solution (PAS) and 10 ml of chloroform were added in 60 ml separators and shaken for 2 min on a
mechanical shaker operated at 50 motions/min. Chloroform layer was collected and scanned for UV spectrum in the
range 200-500 nm on UV spectrophotometer. A max was traced and calibration curve of absorbance versus
concentration of standard solutions was constructed. The picrate complex showed quantifiable absorbance at 344
nm.(6)

Method validation:

The proposed method was validated for drug linearity, and precision. For Linearity determination, six standard
solutions with concentrations evenly distributed across the range 10-110% on drug assay in the dissolution medium
was established. (7) Precision was assessed using six replicates of solutions with 100% of drug concentration. The
results were expressed as RSD%. (8)

Physical appearance, pH and actual drug content:

The prepared formulations were inspected visually for their color and homogeneity. The pH of the prepared
medicated gel formulations was determined directly after preparation using a Sartorius PB-11, (Germany). The drug
content was determined by dissolving accurately weighed 1 g of each prepared formulation in phosphate buffer pH
5.5 using magnetic stirrer in order to get complete solubility of the drug. These solutions were filtered through0.45
um filters and analyzed by using UV-spectrophotometer at 344 nm.

Viscosity estimation:

The viscosity of the prepared gel formulations was determined using Brookfield DV-II ultra-programmable
rheometer. The viscosity was measured at temperature 25°C and 37°C to study the effect of temperature on the gel
viscosity.

In vitro drug release studies:

The in vitro release of Oxybutynin (OXB) from prepared formulations was studied using Enhancer cell, which is a
Teflon cell with adjustable volume and a screw cap to retain the skin or artificial membrane. The paddle over disk
method (USP apparatus 5) with Enhancer cell was used in this study, the vessels of the dissolution tester was filled
with 900 ml phosphate buffer of pH (5-6) reflecting physiological skin conditions. For the same reason, the medium
temperature was typically set at 32°C, and 100rpm was the typical agitation rate. A one-gram sample of each
prepared formulation was accurately weighed and placed in the Enhancer cell with a semi permeable cellulose
acetate membrane (previously immersed in phosphate buffer pH 5.5 for 24 hours). The study was carried out for 6
hours, Samples of 5 ml were withdrawn at 30 min interval and absorbance was measured spectrophotometrically
at 344 nm. The volume of each sample was replaced by the same volume of fresh buffer (kept at the same
temperature) to maintain constant volume. (9)

Analysis of the release data:

The release mechanisms of Oxybutynin from gel formulations prepared in this study were elucidated by fitting the
in-vitro drug release data to some kinetic models. Regression analysis was adopted to compute the constants and
correlation of data (t9).(10,11,12)

Zero order kinetics:
Q = kk t

Where Q is the cumulative drug release at time t, k is the zero order release constant, and t is the timethours).

First order kinetics:
Log Q,=Log Q,—k« t/2.303

Where Q, is the initial amount of the active drug, Qs the released amount of the active drug at time t, k is the first
order release constant, and t is the time (hours).
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Hixson-Crowell kinetics:

Q- QM =Kyt

Where Qo is the initial amount of the active drug, Q, is the released amount of the active drug at time t, Kjis the
Hixson-Crowell release constant, and t is the time (hours).

Higuchi kinetics:
Q=kyt'”?
Where Q is the amount of drug released at time t, kyis the Higuchi release rate constant, and t is the time (hours).

Korsmeyerpeppas equation:
F=Mt/M =kst"
Where Mt/M is the fraction of released drug at time t, n is the release exponent.

n value is indicative for the drug release mechanism;If n < 0.5 it is a fickian diffusion mechanism, 0.5 <n
< 1 it is a non-fickian mechanism (anomalous diffusion), and if n = 1 means that the release mechanism from the
formulation follows a zero order mechanism (case-2 relaxation). In case of n > 1, it indicates a super case-2
transport. Anomalous diffusion or non-fickian diffusion refers to combination of both diffusion and erosion
controlled release rate while case-2 relaxation and super case-2 transport refer to erosion of the polymeric chain.

Statistical analysis:
All studies were performed in triplicate, and the values were expressed as mean * S.D. The data were analyzed by
Student T-test at a significance level of 0.05.

RESULTS AND DISCUSSION

Method validation (linearity):

Linearity of the method was observed in expected concentration range 0.01-0.11 mg/ml (10-110%) in pH 5.5
phosphate buffer, as seen in figure(2). Statistical analysis of the calibration curve was done. Correlation coefficient
(t® = 0.997) shows the validity of Beer’s law. Indicating functional linearity between the concentration and the
absorbance.

linearity

18
16
14
1.2

y=15.697x +0.1146
R?=0.997

absorbance
=

0.8
0.6
0.4
0.2

0 0.02 0.04 0.06 0.08 0.1 0.12
concentration (mg/ml)

Figure (2) linearity determination of analytical procedure
Precision:

Precision is demonstrated by RSD% of six replicates of 0.1 mg/ml (100%) solutions. The relative standard deviation
is 0.94 that proves the precision of the analytical method. As shown in table(2).
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Table(2) precision of analytical procedure

No. of assay | Concentration(meg/ml)
1 33.703
2 33.272
3 33.641
4 33.949
5 34.196
6 3358
Average 33724
RSD% 0.94

Physical appearance, pH and actual drug content:
All the tested formulations were homogenous. Formulations prepared with carbopol and poloxamer were much clear

and transparent. Table (3) shows that the pH range of the prepared formulations is 5.8-6.8, which is safe to use on
the human skin without causing irritation. Also, Table (3) shows that the Drug content range is 98.9-100.6%, which

indicates the homogeneity in composition between the different prepared formulations.

Table (3) pH values and drug content of the prepared formulations

Formulati pH Drug Content %
F1 6.5+0.264 99.4+0.02 %
2 6.3+0.173 98.9+0.03 %
F3 5940360 | 100.6+0.01%
F4 6+0.115 1002 +0.05 %
BB 6540321 998 +0.02%
F6 6.5+0.289 995 +0.1%
F1 5.83+0.305 99+0.01 %

Viscosity determination:
The changes in viscosity of the prepared gel formulations of Oxybutynin (OXB)due to the differences in type of

the gelling agents, concentration of the gelling agents and the temperature are illustrated in table (4).

Table(4) viscosity of the prepared formulations at 25°C and 37°C

Formulation | Viscosity (eps) at 25°C | Viscosity (cps) at 37°C
F1 1516712 13475+14
F2 20671425 18923+18
F3 37365474 39784461
F4 9278+112 767722
E5 28500109 23204435
F6 5244433 4932450
F7 22633441 19452+167

The viscosity has an inverse relationship with the temperature in all prepared gel formulations except for poloxamer
formulations, as the viscosity increases in F3 formulations from 3736574 cps at 25°C to 39784461 cps at 37°C.
That is because the poloxamer polymers consist of polyoxyethylene (POE) and polyoxypropylene (POP) units,
representing hydrophilic and hydrophobic parts respectively. When the polymer is in cold water, hydrogen bonding
keeps the hydrophobic portions of the poloxamer separate. When the temperature is increased, the hydrogen bonding
is disrupted, and hydrophobic interactions cause a gel to be formed and viscosity to be increased. (13,14)Similar
observations were obtained by Fetih. (15)

The viscosity increases upon increasing the polymer concentration for all the used polymers. Meshali et al.(16)
reported that the increase in gel-viscosity with increasing HPMC concentration was due to the formation of
dense network by entanglement or attraction between HPMC molecules through hydrogen bonds or van-der
Waal forces. These forces increase as increasing the polymer concentration leading to aggregation that is manifested

by increasing viscosity.
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In vitro release studies:

Release of Oxybutynin (OXB) from carbopol gel formulations was inversely related with the polymer concentration.
Formulation F1 prepared with carbopol (0.5% w/w) showed a higher Oxybutynin (OXB) release than formulation
F2 prepared with carbopol 1% w/w (Fig.3), but the differences were not significant (P = 0.05).
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Figure (3) cumulative drug release of OXB from F1&F2 in phosphate buffer pH=5.5

The increase in carbopol concentration will increase the crosslink density which increase the tortuosity of the
gel from which the drug release occur within the hydrogel network. These findings are in agreement with the
data obtained by Macedo et al,(17)who studied the effect of increasing Carbopol concentration from 1 % to 2 %
w/w. He found that the increase in polymer concentration had no significant effect on tolmetin release from gel
formulations.

The structure of carbopol plays an important role in drug release, the main barrier for drug release from the aqueous
Carbopol polymer gels is a mechanical layer formed by the random network of the polymer molecules that bind and
entrap the surrounding water, and this aqueous phase may be the region for drug diffusion from the gel.

The percent of Oxybutynin (OXB) released from HEC gel formulations was found to decrease insignificantly (p=
0.05) with increasing the polymer concentration from 1% to 2% (Fig. 4).
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Figure(4) cumulative drug release of OXB from F4& F5 in phosphate buffer pH=5.5

Figure (5) shows that Oxybutynin(OXB) release from HPMC formulations decreases when the concentration of the
gelling agent increases, This is because as the proportion of these polymers in the matrix increased, there was an
increase in the amount of water uptake and proportionally greater swelling leading to a thicker gel layer with longer

diffusional paths.(18)
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Figure(5) cumulative drug release of OXB from F6 &F7 in phosphate buffer pH=5.5

The percent of Oxybutynin (OXB) release from HPMC gel formulations didn't differ significantly (p = 0.05) upon
changing the concentration of the polymer from 2 to 4 % w/w in spite of the increase in viscosity, as shown in figure
(4). while, Songkro et al. (19) has found that increasing HPMC concentration from 4% to 10% w/w decreases the
percent of nicotinamide released from the prepared gel formulations. So the results in this study may be explained
by the low percent modification in the polymer concentration.

The results show that HPMC gel formulations exhibit higher drug release than HEC gel formulations. This result
may be due to the low viscosity of HPMC gel formulations comparing to HEC gel formulations, and the greater
hydrophilicity of HPMC. Cheong et al.(20) reported that the HPMC molecules are giant macromolecules compared
to drug and water molecules. They are composed of hundreds of chain segments in random coils held tightly by
hydrogen bonding. HPMC being a hydrophilic has a great affinity for water so when the polymer chain comes in
contact with water, polymer-water interaction replaces the polymer-polymer attraction.

In general, the inverse relation between polymer concentration and Oxybutynin (OXB) release is in agreement with
lauffer molecular diffusion theory of polymer gels. (21)The theory states that the diffusion of a solute is inversely
proportional to the volume fraction occupied by the gel-forming agent.

M CDR% M viscosity

Figure (4) the relation between viscosity and CDR% from the prepared formulations
Figure (6) exhibits the relation between viscosity and cumulative drug release CDR % of Oxybutynin (OXB) from

all the prepared formulations, It is obvious that they do not follow the expected behavior in which - when the
viscosity of the gel increases then the drug release will decrease, so this lack of correlation indicates that the
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viscosity is not the only factor that affects the drug release, and release mostly depends also on another factor which
is the nature of the polymer.

These findings are in agreement with data of El Gendy et al.(22)who found a significant difference in flubiprofen
release from Carbopol and Pluronic gels indicating that the drug release is influenced by the nature of each
individual polymer. In addition, this result is in agreement with Patel et al.(23)

These observations are confirmed by the relationship of log viscosity and the percent of Oxybutynin (OXB) released
after 6 hours from the prepared formulations. It was appeared that there is a weak correlation between the log
viscosity and the percent of Oxybutynin (OXB) released from the prepared formulations. On the contrary, there was
a good relationship between log viscosity and the drug release form F1&F2&F3 prepared by using carbopol 0.5%,
carbopol1%, and poloxamer 2%, respectively (r = 0.992), as seen in figure 7, this means that the drug release from
the gel formmlations prepared by using carbopol and poloxamer can be predicted through viscosity of these
formulations. This result is in agreement with those obtained by Songkro et al. who stated that there is a high
correlation between the log viscosity and cumulative drug release of nicotinamide from the prepared gels (12

=0.7289).
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Figure (5) relationship between log viscosity and the cumulative drug release form F1 & F2 & F3

Previous results exhibit that the drug release from gel formulations prepared with different gelling agents depends
on the nature and concentration of the gelling agents, and the drug release can be altered by changing either the
nature, or the concentration of the gelling agents. Which means that an appropriate choice of the polymer used in
preparing gel formulations is very important for achieving the desired drug release profile.

Analysis of the release data:

After in-vitro release study of Oxybutynin (OXB) from the prepared formulations, the data have been fitted to
different kinetic models, in order to elucidate the release mechanisms of Oxybutynin from the prepared gel
formulations, by determine the coefficient of regressionr” and the release exponent (n) of korsmeyer-Peppas
equation.

The in-vitro release data of Oxybutynin (OXB) from all the prepared gel formulations are best fitted to Zero order
kinetics, this means that the drug release from gel formulations is controlled by gel dissolution rather than the drug
diffusion. This result is in good agreement with El-Houssieny(24), Moore et al. (25) , Paavola et al. (26) and Wang
et al. (27) who found that the release of the studied drugs from poloxamer gels follows Zero order process and the
drug release is controlled by gel dissolution rather than by drug diffusion. In addition, the release exponent (n) of
korsmeyer-Peppas equation was found to be > 0.5 and < 1. This indicates that non-fickian diffusion or Anomalous
diffusion controls the drug release from the gels, which means that the release rate is controlled by both; erosion and
diffusion mechanisms.
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Statistical analysis:

In vitro release study of Oxybutynin (OXB) from the brand product (Gelnique) was done in the same analytical
conditions, and the obtained data was compared to the release data of Oxybutynin (OXB) from the prepared
formulations. The in-vitro release data of Oxybutynin (OXB) from the brand product (Gelnique) have been fitted to
different kinetic models, and it was appeared to be in favor of Zero order kinetic, this means that the drug release is
controlled by gel dissolution rather than the drug diffusion. Moreover, when the drug release data from the brand
product was fitted to korsmeyer-Peppas equation to compute the (n) value it was 0.663 (1< n < 0.5), which means
that the release rate from the studied formulation is always controlled by erosion and diffusion mechanisms.

——=F3 =—@=F4i —@—F5 F6 ==@=F7 =—@=Brand

cumulative drug release%

time({hours)

Figure (6) cumulative drug release of OXB from F3, F4, F5, F6, F7 and Brand product
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Figure (7) cumulative drug release of OXB from F1, F2, and Brand product

The brand product (Gelnique) showed a significantly (p = 0.05) higher Oxybutynin(OXB) release than F3, F4, F5,
F6, and F7(Fig.8).While, there were no statistical differences (p = 0.05) in the percentage of drug release of OXB
from the brand product and from F1(carbopol 0.5%), and F2(carbopol 1%) formulations at all-time intervals, (fig.9).
All of that indicate to the in vitro bioequivalent between those formulations (F1, F2, and the brand product).
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CONCLUSION

* All prepared gel formulations have good physical characteristics.

*In vitro drug release from gel formulations prepared with different gelling agents depends on the nature, and the
concentration of the gelling agent. Which means that an appropriate choice of the polymer used in preparing gel
formulation is very important in achieving the desired drug release profile.

*F1 and F2 formulations prepared by using 0.5% and 1% Carbopol ETD2020 respectively, were the best because
they exhibited the highest in-vitro drug release of OXB after 6 hours.

*The in-vitro release data of OXB from the prepared gel formulations and from the brand product (Gelnique) are in
favor of Zero order kinetics

*There were no statistical differences (p = 0.05) in the drug release from F1, F2 formulations prepared with carbopol
ETD 0.5%, 1% respectively and the drug release from the brand product (Gelnique) at all time-intervals. Besides,
The drug release from F1, F2 and brand product (Gelnique) was in favor of Zero order kinetics. Which indicate to
the in vitro bioequivalence between these formulations.
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