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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 differencesin the
drug release from F1 and F2 formulations and the drug release from the brand product

Key words: Carbopol ETD2020, Oxybutynin, transdermal, Urindigorders.

INTRODUCTION

Oxybutynin (OXB) is a tertiary amine that has amdiinergic and direct spasmolytic effects on theddler smooth
muscle. It is widely used in the treatment of vasicforms of urinary incontinence and overactivedbés.
Particularly, Oxybutynin (OXB) effectively treateurologically caused bladder disorders.(1)
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Figure (1) structural formula of oxybutynin

However, after oral administration of OxybutyninXB), many patients discontinue its use becausaatceptable
anticholinergic side effects such as dry mouthzidizgss, blurred vision, and constipation. In sormes, the adverse
side effects are severe enough to persuade thenpati discontinue treatment.(2)These side effeetge been
associated with the presence of active metabdii@xgbutynin, N-desethyloxybutynin (N-DEO),which circulates in
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concentrations approximately 4 to 10 times thosthefparent compound. Presystemic metabolism obQyin
(OXB) occurs primary because of extensive hepatit-pass metabolism with a small contribution braluminal
gastrointestinal metabolism, resulting in oral bimikability of approximately 6% of the oral dos€8 reduce or
even eliminate systemic anticholinergic adversea$f of Oxybutynin, novel anticholinergic agentsl atosage
forms have been currently developed that may awb&l hepatic first-pass metabolism so they exhibé t
pharmacological effects. In fact, it has been shtvah transdermal adhesive matrix patches of Oxybint(OXB)
avoids that extensive presystemic metabolism, amdtty introduces the drug into blood stream, andsequently
enhances the bioavailability.(4) However, the skiitation caused by the transdermal adhesive mgtatches
remain to be a problem. Sometimes the irritatiory miacourage patients to discontinue the treatnartjcularly
for the long-term users.(5)Thus, the needs stitlai@ for the improved formulations of OxybutyninX8), which
may significantly reduce the adverse side effeatsskin irritation. Therefore, in the present stugigl formulations
of Oxybutynin (OXB) using different gelling agenisill be formed and evaluated for drug content, pH
determination, Viscosity measurement af@%nd 37C, and for in-vitro drug release using Enhancel with
cellulose acetate membrane (0.45 um).Then a cosguakbietween the prepared formulations and the hyeodlict
(Gelnigue) was made in the same analytical conutio

EXPERIMENTAL SECTION

Materials:

Oxybutynin chloride was obtained from Chempi Firee@icals-India. Hydroxypropylmethyl cellulose HPNUSP
substitution type 2208was supplied from BASF glati®mical-Germany. Hydroxyethyl cellulose HEC QRE29,
Propylene Glycol were obtained from Hutong Globais@. Carbopol ETD2020, Picric Acid were suppliednf
Shanghi Hope Chem-China. While Poloxamer407, EthabDosopropanolamine, Anhydrous Sodium Acetate,
Glacial Acetic Acid, Monosodium Phosphate, Sodiumogphate Di Basic, Chloroform were obtained fronrdde
Germany. All chemicals are of analytical grades.

M ethods:

Preparation of Oxybutynin Gel Formulations:

Oxybutynin concentration was 9% w/w in all the pegg formulations. Oxybutynin gels were prepared by
dissolving an accurately weighed amount of Oxybutywowder in water. In another beaker, a mixturetbfanol
and propylene glycol was prepared. Then the mixtfirthanol and propylene glycol was added to thgbOtynin
solution using magnetic stirring bar. CarbopolETRRQQgels (0.5& 1% wi/w), were prepared by disperding
specified amount of Carbopol ETD2020, on drug, mbhapropylene glycol and water mixture preparas
previously mentioned using magnetic stirring bdre Tispersion was left overnight to ensure comsetelling of
the polymer. Carbopol gels were spontaneously fdring the addition of Diisopropanolamine dropwisdilun
neutralization. For Hydroxypropylmethyl cellulosé?MC, and Hydroxyethyl cellulose HEC gel preparatidhe
specified amounts of the gelling polymers; HEC (¥&%/w), HPMC (2&4% w/w), were added slowly tdet
drug, ethanol, propylene glycol and water migt@and allowed to soak overnight for Completeymar
solvation. The mixture was continuously stirred get the required gels. For Poloxamer407 gels (2%)w/
preparation, the specified amount of poloxamer4@rewadded to the drug, ethanol, propylene glycdl water
mixture. The mixture was continuously stirred usinggnetic stirring bar to get the required geldear transparent
gel was obtained when the solution was left at reemperature. Table (1) shows the composition efpfepared
formulations.

Table (1) composition of the prepared gel formulations

Ingredient F1 | F2 | F3 | FA | F5 | F6 | F7
Oxybutynin chlorid 9 9 9 9 9 9 9
Propylene glycol 15 15 15 15 15 15 15
Car ETD 2020 0.5 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| QS| QS| QS| QS| QS| QS

1566



Abdullah Mrad et al J. Chem. Pharm. Res., 2015, 7(4):1565-1574

UV spectrophotometric method for quantitatively estimation of Oxybutynin(OXB):

UV spectrometric method was based on ion-pair cergilon of picric acid with tertiary-amine group ©XB to

form an UV active complex (picrate). Which was agted to chloroform. In the analytical procedurierip acid

solution (PAS) was prepared; this solution condisie100 mg picric acid, 14.5 mg of anhydrous sodiacetate
and 20 ml of glacial acetic acid in 480 ml of deer@lized water. To each standard/sample solutiomf), 5 ml of
picric acid solution (PAS) and 10 ml of chlorofonvere added in 60 ml separators and shaken for 2omia
mechanical shaker operated at 50 motions/min. Gfdan layer was collected and scanned for UV spettin the
range 200-500 nm on UV spectrophotometemax was traced and calibration curve of absorbamrsus
concentration of standard solutions was constructée picrate complex showed quantifiable absorbaatc344
nm.(6)

M ethod validation:

The proposed method was validated for drug lingaghd precision. For Linearity determination, standard
solutions with concentrations evenly distributedoas the range 10-110% on drug assay in the digsolonedium
was established. (7) Precision was assessed usingpticates of solutions with 100% of drug corication. The
results were expressed as RSD%. (8)

Physical appearance, pH and actual drug content:

The prepared formulations were inspected visuadly their color and homogeneity. The pH of the prega
medicated gel formulations was determined direaflgr preparation using a Sartorius PB-11, (Germartye drug
content was determined by dissolving accuratelygivedl 1 g of each prepared formulation in phosphatter pH
5.5 using magnetic stirrer in order to get compéatibility of the drug. These solutions were fitgthrough0.45
pm filters and analyzed by using UV-spectrophot@mat 344 nm.

Viscosity estimation:

The viscosity of the prepared gel formulations wietermined using Brookfield DV-Il ultra-programmabl
rheometer. The viscosity was measured at temper2&fC and 37°C to study the effect of temperataréhe gel
viscosity.

Invitrodrug release studies:

The in vitro release of Oxybutynin (OXB) from preed formulations was studied using Enhancer cdlicivis a
Teflon cell with adjustable volume and a screw tapetain the skin or artificial membrane. The dadaver disk
method (USP apparatus 5) with Enhancer cell wad usthis study, the vessels of the dissolutiotetes/as filled
with 900 ml phosphate buffer of pH (5-6) reflectiplgysiological skin conditions. For the same reasiom medium
temperature was typically set at 32°C, and 100rpas the typical agitation rate. A one-gram sampleath
prepared formulation was accurately weighed andeglan the Enhancer cell with a semi permeableulcsie
acetate membrane (previously immersed in phosghdter pH 5.5 for 24 hours). The study was caroedl for 6
hours, Samples of 5 ml were withdrawn at 30 mterival and absorbance was measured spectrophtpicatig
at 344 nm. The volume of each sample was replédgethe same volume of fresh buffer (kept at thmes
temperature) to maintain constant volume. (9)

Analysis of therelease data:

The release mechanisms of Oxybutynin from gel fdatmns prepared in this study were elucidatediting the
in-vitro drug release data to some kinetic modBksgression analysis was adopted to compute theéastiasand
correlation of data §).(10,11,12)

Zero order kinetics:
Q=kt
Where Q is the cumulative drug release at timdg,tke zero order release constant, and t idrfegtiours).

First order kinetics:
Log Q = Log Q— k- 1/2.303

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

Q01/3 _ Q1/3 - Kh,c* t

Where @ is the initial amount of the active drug,i®the released amount of the active drug at timktds the
Hixson-Crowell release constant, and t is the fjhoars).

Higuchi kinetics:
Q - Kj*tllz

Where Q is the amount of drug released at timgigt tke Higuchi release rate constant, and t igithe (hours).

Korsmeyerpeppas equation:
F=MU/M=kt"
Where Mt/M is the fraction of released drug at titpe is the release exponent.

n value is indicative for the drug releasechanism; If n< 0.5 it is a fickian diffusion mechanism, &%
< 1 it is a non-fickian mechanism (anomalous difiny, and if n = 1 means that the release mechafiem the
formulation follows a zero order mechanism (cagetaxation). In case of n > 1, it indicatassuper case-2
transport. Anomalous diffusion or non-fickiaiffusion refers to combination of both diffas and erosion
controlled release rate while case-2 relaxadimh super case-2 transport refer to erosion gbdihgmeric chain.

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

RESULTSAND DISCUSSION

Method validation (linearity):

Linearity of the method was observed in expectedcentration range 0.01-0.11 mg/ml (10-110%) in pb 5
phosphate buffer, as seen in figure(2). Statisticallysis of the calibration curve was done. Catieh coefficient
(r* = 0.997) shows the validity of Beer's law. Indioat functional linearity between the concentratimd the
absorbance.

linearity

1.8
1.6
14
1.2

y =15.697x + 0.1146
R?=0.997

0.8
0.6
0.4
0.2

absorbance
=

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 replicafeé 1 mg/ml (100%) solutions. The relative standdeviation
is 0.94 that proves the precision of the analytisathod. As shown in table(2).
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Table(2) precision of analytical procedure

No. of assay | Concentration(mcg/ml)
33.703

33.27:

33.64:

33.949

34.196

33.58
Average 33.724

RSD% 0.94

OO |WIN|F

Physical appearance, pH and actual drug content:

All the tested formulations were homogenous. Foatioths prepared with carbopol and poloxamer weremulear
and transparent. Table (3) shows that the pH rafigiee prepared formulations is 5.8-6.8, whichagesto use on
the human skin without causing irritation. Also blea(3) shows that the Drug content range is 980626, which
indicates the homogeneity in composition betweendifferent prepared formulations.

Table (3 pH valuesand drug content of the prepared formulations

Formulation pH Drug Content %
F1 6.5+0.264| 99.4+0.02%
F2 6.840.173| 98.9+0.03 %
F3 5.9+0.360| 100.6 +0.01 %
F4 6+0.115 100.2 £ 0.05 %
F5 6.54¢0.321| 99.8+0.02%
F6 6.5+0.289 99.5+0.1%
F7 5.8+0.305 99 +0.01 %

Viscosity determination:
The changes in viscosity of the prepared gel foatmhs of Oxybutynin (OXB)due to the differencis type of
the gelling agents, concentration of the gelliggnts and the temperature are illustrated in {@ble

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

Formulation | Viscosity (cps) at 25°C | Viscosity (cps) at 37°C
F1 15167+12 13475+14
F2 20671+25 18923+18
F3 37365174 39784461
F4 9278+112 7677422
F5 28500+109 2320485
F6 524443 4932+5(
F7 22683+41 19452+167

The viscosity has an inverse relationship withtdraperature in all prepared gel formulations exdéeppoloxamer
formulations, as the viscosity increases in F3 fdations from 37365474 cps at Z5to 39784+61 cps at 2.
That is because the poloxamer polymers consistobfogyethylene (POE) and polyoxypropylene (POP)tgyni
representing hydrophilic and hydrophobic parts eetipely. When the polymer is in cold water, hydsngoonding
keeps the hydrophobic portions of the poloxamearssp. When the temperature is increased, the ggdrbonding
is disrupted, and hydrophobic interactions caugglao be formed and viscosity to be increased,1d&imilar
observations were obtained by Fetih. (15)

The viscosity increases upon increasing the polycogrcentration for all the used polymers. Meshalalg16)
reported that the increase in gel-viscositghwncreasing HPMC concentration was duethie formation of
dense network by entanglement or attractiowéen HPMC molecules through hydrogen bondsvam-der
Waal forces. These forces increase as increasingdlymer concentration leading to aggregation ignatanifested
by increasing viscosity.
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In vitrorelease studies:

Release of Oxybutynin (OXB) from carbopol gel fotations was inversely related with the polymer antcation.
Formulation F1 prepared with carbopol (0.5% w/wdwhd a higher Oxybutynin (OXB) release than forrtiala
F2 prepared with carbopol 1% w/w (Fig.3), but tiféedences were not significant (P = 0.05).

45
40
35
30
25 ——F1
20 F2
15
10
5
0
0 2 4
time(hours)

cumulative drug release%

o))
(o]

Figure (3) cumulative drug release of OXB from F1& F2 in phosphate buffer pH=5.5

The increase in carbopol concentration will inceedbe crosslink density which increase tbhgubsity of the
gel from which the drug release occur withive hydrogel network. These findings are ireagrent with the
data obtained by Macedo et al,(17)who studied ffecteof increasing Carbopol concentration from 1téa2 %
w/w. He found that the increase in polymer conadidn had no significant effect on tolmetin relefismm gel
formulations.

The structure of carbopol plays an important roleiug release, the main barrier for drug relees® the aqueous
Carbopol polymer gels is a mechanical layer foriogdhe random network of the polymer molecules biatl and
entrap the surrounding water, and this aqueousephay be the region for drug diffusion from the. gel

The percent of Oxybutynin (OXB) released from HE& fprmulations was found to decrease insignifigatp=
0.05) with increasing the polymer concentratiomfrb% to 2% (Fig. 4).
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Figure(4) cumulative drug r elease of OXB from F4& F5 in phosphate buffer pH=5.5

Figure (5) shows that Oxybutynin(OXB) release frdf®MC formulations decreases when the concentratidhe

gelling agent increases, This is because as thmpion of these polymers in the matrix increagbdre was an
increase in the amount of water uptake and prapatly greater swelling leading to a thicker geyér 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 HPM& fprmulations didn't differ significantly (p =@b) upon
changing the concentration of the polymer from 2 & w/w in spite of the increase in viscositysaswn in figure
(4). while, Songkro et al. (19) has found that @aging HPMC concentration from 4% to 10% w/w dexgsahe
percent of nicotinamide released from the prepgedormulations. So the results in this study rbayexplained
by the low percent modification in the polymer centration.

The results show that HPMC gel formulations exhifigher drug release than HEC gel formulationssTreisult
may be due to the low viscosity of HPMC gel forntidas comparing to HEC gel formulations, and theager
hydrophilicity of HPMC. Cheong et al.(20) reportibat the HPMC molecules are giant macromolecubespared
to drug and water molecules. They are composedunéiteds of chain segments in random coils heldlyighy
hydrogen bonding. HPMC being a hydrophilic has eagffinity for water so when the polymer chaimes in
contact with water, polymer-water interaction reglsthe polymer-polymer attraction.

In general, the inverse relation between polymerceatration and Oxybutynin (OXB) release is in agrent with
lauffer molecular diffusion theory of polymer ge{21)The theory states that the diffusion of a soia inversely
proportional to the volume fraction occupied by ¢ed-forming agent.

B CDR% M viscosity

Figure (4) therelation between viscosity and CDR% from the prepared for mulations
Figure (6) exhibits the relation between viscosityl cumulative drug release CDR % of Oxybutynin B)Xom

all the prepared formulations, It is obvious tha¢w do not follow the expected behavior in whiclwhen the
viscosity of the gel increases then the drug releadl decrease, so this lack of correlation intésathat the
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viscosity is not the only factor that affects tiragirelease, and release mostly depends also ahearfactor which
is the nature of the polymer.

These findings are in agreement with data of Eldyest al.(22)who found a significant differenceflinbiprofen
release from Carbopol and Pluronic gels indicatitigat the drug release is influenced by the natfreach
individual polymer. In addition, this result is @dgreement with Patel et al.(23)

These observations are confirmed by the relatignshlog viscosity and the percent of OxybutyninX(®) released
after 6 hours from the prepared formulations. Itsvegpeared that there is a weak correlation betweerog

viscosity and the percent of Oxybutynin (OXB) raled from the prepared formulations. On the contrifugre was
a good relationship between log viscosity and the delease form F1&F2&F3 prepared by using carbOpafo,

carbopol1%, and poloxamer 2%, respectively=(0.992), as seen in figure 7, this means thatlthg release from
the gel formulations prepared by using carbopol apntbxamer can be predicted through viscosity aséh
formulations. This result is in agreement with thasbtained by Songkro et al. who stated that tie= high

correlation between the log viscosity and cumutatdrug release of nicotinamide from the prepareld @&

=0.7289).

F1&F2 &F3
. 45
% 40 y =-50.063x + 250.78
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Figure (5) relationship between log viscosity and the cumulativedrug releaseform F1 & F2 & F3

Previous results exhibit that the drug release fgahformulations prepared with different gellingeaits depends
on the nature and concentration of the gelling tgesnd the drug release can be altered by chargihgr the

nature, or the concentration of the gelling agevithich means that an appropriate choice of themetyused in

preparing gel formulations is very important fohewving the desired drug release profile.

Analysis of therelease data:

After in-vitro release study of Oxybutynin (OXB)ofn the prepared formulations, the data have bdted fio
different kinetic models, in order to elucidate trelease mechanisms of Oxybutynin from the prepayeld
formulations, by determine the coefficient of resgienf and the release exponent (n) of korsmeyer-Peppas
equation.

The in-vitro release data of Oxybutynin (OXB) frat the prepared gel formulations are best fited@éro order
kinetics, this means that the drug release fronf@ehulations is controlled by gel dissolution raththan the drug
diffusion. This result is in good agreement withHglussieny(24), Moore et al. (25) , Paavola e{28) and Wang
et al. (27) who found that the release of theistlidrugs from poloxamer gels follows Zero ordevgass and the
drug release is controlled by gel dissolution rathan by drug diffusion. In addition, the releasgonent (n) of
korsmeyer-Peppas equation was found to be > 0.5ahdThis indicates that non-fickian diffusion Anomalous
diffusion controls the drug release from the gefsich means that the release rate is controlleldtly; erosion and
diffusion mechanisms.
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Statistical analysis:

In vitro release study of Oxybutynin (OXB) from theand product (Gelnique) was done in the sameytoal
conditions, and the obtained data was comparedeéore¢lease data of Oxybutynin (OXB) from the prepar
formulations. The in-vitro release data of Oxybiy(OXB) from the brand product (Gelnique) haverbéted to
different kinetic models, and it was appeared tanbavor of Zero order kinetic, this means that tirug release is
controlled by gel dissolution rather than the ddiffusion. Moreover, when the drug release datanftbe brand
product was fitted to korsmeyer-Peppas equatiorotopute the (n) value it was 0.663 (1< n < 0.5)ictvimeans
that the release rate from the studied formulasadways controlled by erosion and diffusion metbias.

——F3 F4 Fs F6 —@—F7 —e—Brand

cumulative drug release%

time(hours)

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

—0—F1 F2 Brand
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Figure (7) cumulative drug release of OXB from F1, F2, and Brand product

The brand product (Gelnique) showed a significa(ly: 0.05) higher Oxybutynin(OXB) release than F3, F5,
F6, and F7(Fig.8).While, there were no statistitifflerences (p = 0.05) in the percentage of drugase of OXB
from the brand product and from F1(carbopol 0.586) F2(carbopol 1%) formulations at all-time intdsy (fig.9).
All of that indicate to the in vitro bioequivalebétween those formulations (F1, F2, and the braodyzt).
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CONCLUSION

*All prepared gel formulations have good physicarelcteristics.

*In vitro drug release from gel formulations prephveth different gelling agents depends on the rgtand the
concentration of the gelling agent. Which meang #maappropriate choice of the polymer used in arieg gel
formulation is very important in achieving the deslidrug release profile.

*F1 and F2 formulations prepared by using 0.5% &bdCharbopol ETD2020 respectively, were the best leza
they exhibited the highest in-vitro drug releas®©&B after 6 hours.

*The in-vitro release data of OXB from the prepagetiformulations and from the brand product (Gelejgare in
favor of Zero order kinetics

*There were no statistical differences (p = 0.08hidrug release from F1, F2 formulations preparit carbopol
ETD 0.5%, 1% respectively and the drug release filoenbrand product (Gelnique) at all time-interv@esides,
The drug release from F1, F2 and brand productni@et) was in favor of Zero order kinetics. Whictdicate to
the in vitro bioequivalence between these formaieti
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