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INTRODUCTION 

Among ithe ivarious iroutes iof idrug idelivery, ithe ioral 

route iis iperhaps ithe ione imostly ipreferred iby patients 

and iclinicians. iBased ion iour icurrent iunderstandings 

of ibiochemical iand iphysiological iaspects iof 

absorption and imetabolism, imany idrugs, icannot ibe 

delivered ieffectively ithrough ithe iconventional ioral 

route, ibecause after iadministration iare isubjected ito 

pre-systemic iclearance iextensively iin iliver, iwhich 

often ileads ito ia ilack of isignificant icorrelation 

between imembrane ipermeability, iabsorption, iand 

bioavailability.
[1]

 

 

Over ithe itime, iscientists iand iresearchers iin ithe idrug 

development iindustries iare ifocusing ion ialternate 

routes of iadministration ito iadd ito ithe ipotential iof 

approved idrug iproducts, ior ito iovercome ithe 

drawbacks iof ithe oral iroute. iTo ideliver idrugs 

systemically ivia ian ialternate iroute iof iadministration 

such ias iintranasal i(IN), buccal, isublingual, pulmonary, 

vaginal, irectal, ior itransdermal i(TD).
[2]

 

 

Transmucosal iroutes iof idrug idelivery iwhich comprise 

of ithe imucosal ilinings iof ithe inasal, irectal, ivaginal, 

ocular, iand ioral icavity ioffer iexcellent iopportunities 

and ipotential iadvantages iover iperoral iadministration 

for systemic idrug idelivery. iThese iadvantages iinclude 

possible ibypass iof ifirst ipass ieffect, iavoidance iof pre 

systemic ielimination iwithin ithe iGI itract iand 

depending ion ithe iparticular idrug.
[3]

 iThe isites iof drug 

administration iin ithe ioral icavity iinclude ithe ifloor iof 

the imouth i(sublingual), ithe iinside iof ithe icheeks 

(buccal) iand ithe igums i(gingival).
[4]

 

 

In iview iof ithe isystemic itransmucosal idrug idelivery, 

the ibuccal imucosa iis ithe ipreferred iregion ias 

compared to ithe isublingual imucosa. iOne iof ithe 

reasons iis ithat ibuccal imucosa iis iless ipermeable iand 

is ithus inot iable to ielicit ia irapid ionset iof iabsorption 

and ihence ibetter isuited ifor iformulations ithat iare 

intended ifor isustained release iaction. 

 

Further, ithe ibuccal imucosa ibeing irelatively immobile 

mucosa iand ireadily iaccessible, iit imakes iit imore 

advantageous ifor iretentive isystems iused ifor ioral 

transmucosal idrug idelivery. iA irelatively irapid ionset 

of action ican ibe iachieved irelative ito ithe ioral iroute, 

and ithe iformulation ican ibe iremoved iif itherapy iis 

required to ibe idiscontinued.
[5]

 

 

Salbutamol iis ia ishort-acting, iselective ibeta2-

adrenergic ireceptor iagonist iused iin ithe itreatment iof 

asthma iand COPD. iIt iis i29 itimes imore iselective ifor 

beta2 ireceptors ithan ibeta1 ireceptors igiving iit ihigher 

specificity ifor pulmonary ibeta ireceptors iversus ibeta1-

adrenergic ireceptors ilocated iin ithe iheart. iSalbutamol 
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ABSTRACT 

In ithe ipresent iwork isuccessful iattempt iwas imade ito iformulate iprolonged irelease iSalbutamol ibuccal ipatch 

iby solvent icasting imethod iusing ihydrophilic ipolymers iHPMC iK4M, iCarbopol i974P iand iPolyethylene 

iglycol i400 as iplasticizer. iThe idrug ipolymer icompatibility iwas iverified iby iFT-IR istudies. iThe istandard 

icurve iof Salbutamol iin ipH i6.8 iphosphate ibuffer iwas iprepared.Totally i9 itrial ibuccal ipatches iwere 

iprepared iand evaluated ifor iweight ivariation, ithickness, idrug icontent, ifolding iendurance, iswelling iproperty, 

isurface ipH, percent imoisture iloss, iex ivivo imucoadhesion itime, iin ivitro idissolution itest iand iex ivivo 

ipermeation istudy.It was iobserved ithat iincreasing ithe iHPMC iK4M iconcentration ihas ia isignificant iincrease 

iin imucoadhesion itime and idecrease iin idrug irelease. The ioptimized iformulation ishows isatisfactory iresults 

iin ithe iparameters isuch ias thickness, ihardness, idrug icontent, iswelling iindex, imucoadhesion itime, iin ivitro 

idissolution iand idiffusion studies. iIt ishows izero iorder idrug irelease iprofile idepending ion ithe iregression 

ivalue. 

 

KEYWORDS: ISolvent icasting imethod, Trasdemral delivery system, In vitro studies, Optmised formulation. 
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is iformulated ias ia racemic imixture iof ithe iR- iand iS-

isomers. iThe iR-isomer ihas i150 itimes igreater affinity 

for ithe ibeta2-receptor than ithe iS-isomer iand ithe iS-

isomer ihas ibeen iassociated iwith itoxicity. iThis ilead 

to ithe idevelopment iof levalbuterol, ithe isingle iR-

isomer iof isalbutamol. iHowever, ithe ihigh icost iof 

levalbuterol icompared ito salbutamol ihas ideterred 

wide-spread iuse iof ithis ienantiomerically ipure version 

of ithe idrug. iSalbutamol iis generally iused ifor iacute 

episodes iof ibronchospasm icaused iby ibronchial 

asthma, ichronic ibronchitis iand iother chronic 

bronchopulmonary idisorders isuch ias ichronic 

obstructive ipulmonary idisorder i(COPD). iIt iis ialso 

used prophylactically ifor iexercise-induced iasthma.it is 

chemically calles as i4-[2-(tert-butylamino)-1-

hydroxyethyl]-2-(hydroxymethyl)phenol.
[6]

 

 

 
Figure 1: Chemical istructure iof isalbutamol. i 

 

EXPERIMENTAL WORK
[7-10]

 

MATERILS AND MEHODS: 

S. No. Materials Manufacturers 

1 Salbutamol Sample from tenna labs limited 

2 HPMC iK4M Merck iLimited, iMumbai 

3 Carbopol i974P SD iFine-Chem iLimited, iMumbai 

4 Poly iethylene iglycol i400 Fischer iScientific iChemicals, iMumbai 

5 Ethyl icellulose iE15 Fischer iScientific iChemicals, iMumbai 

6 Ethanol Merck iLimited, iMumbai 

 

Methodology: 

Preformulation istudy 

Description iof Idrug 
Physicochemical iproperties iof idrugs isuch ias istate, 

colour, iodour iwas iphysically iexamined iand compared 

with the ireported idescription iof idrugs. 

  

Drug ipolymer icompatibility istudy 
Fourier itransform iInfra-red i(FT-IR) iwas ithe itool ifor 

solid istate icharacterization iof ipharmaceutical isolid. 

FT-IR iSpectroscopy iof ipure idrug, iand iphysical 

mixture iwere icarried iout ion iShimadzu iFT-IR i8400S 

model ito investigate iany ipossible iinteraction ibetween 

the idrug iand ithe iutilized iexcipients. iThe isamples 

were ifinely grounded iwith iKBr ito iprepare ithe pellets 

under ia ihydraulic ipressure iof i600 ipsi iand ia 

spectrum iwas scanned in ithe iwavelength irange iof 

4000 iand i500 icm
-1

iusing iShimadzu iFT-IR 

spectrophotometer. 

  

Preparation iof istandard icurve 
The iwave ilength iof imaximum iabsorbance iof 

Salbutamol iwas ifound ito ibe i222 inm iusing 

Phosphate ibuffer pH 6.8 ias iblank. i25 img iof 

Salbutamol iwas iweighed iand itransferred ito ia i50 iml 

volumetric iflask iand imade iupto the ivolume iusing 

methanol. iFrom ithe iresulting isolution i1mL iwere 

pipetted iout iinto iseparate i25 imL volumetric iflask 

and imade iupto ithe ivolume iusing ipH i6.8 iPhosphate 

buffer ito irepresent i20 iμg/mL iof ithe drug. iFrom ithis 

solution i1, i2, i3, i4, iand i5 imL iinto iseparate i10 imL 

volumetric iflasks iand imade iupto ithe volume iusing 

pH i6.8 iPhosphate ibuffer ito irepresent i2, i4, i6, i8, and 

10 iµg/mL iof ithe idrug. iThe iabsorbance of the 

solutions iwas imeasured iat i222 inm itaking i6.8 

Phosphate ibuffer ias iblank iusing iUV-Visible 

spectrophotometer. iThe icalibration icurve iwas ithen 

plotted itaking iconcentration i(μg/mL) ialong iX-axis 

and absorbance ialong iY- iaxis. 

 

Preparation iof ibuccal ipatch 
The ibuccal ifilm iwas iprepared iby isolvent icasting 

method. iFirst ithe iaccurately iweighed iquantity iof 

polymer HPMC iK4M iwas idissolved iin irequired 

quantity iof iethanol:water i(1:1) imixture iwhile istirred 

by ia imechanical stirrer. iThe iaccurately iweighed 

quantity iof icarbopol i974P iwas idissolved iin irequired 

quantity iof idistilled water and ithen ineutralized iby i10 

% iNaOH isolution ito iget ia itransparent iviscous 

solution. iThen ithe icarbopol solution iwas ipoured iinto 

the iHPMC isolution iwhile istirring ito iget ia icarbopol 

HPMC ipolymer idispersion. Then ithe iaccurately 

weighed iquantity iof iSalbutamol iwas idissolved iin ia 

minimum iquantity iof iethanol iand added ito ithe 

polymer idispersion iwhile istirring. iThen iweighed 

quantity iof iplasticizer iPEG i400 iwas iadded ito the 

drug-polymer idispersion iwhile istirring iand ileft ito stir 

for i30 imin ito iget ia ihomogenous isolution. iAfter 30 

min iof istirring ithe isolution iwas ileft iidle iuntil ithe 

air ibubbles iwere iremoved iand ithen icasted iinto ia 

petri dish iand ileft ifor iair idrying ifor i24 ih, iresulting 

in ia ithin ifilm iafter ithe isolvent ievaporation.  
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Preparation iof ibacking ilayer 
The ibacking ilayer iwas iprepared iby idissolving ithe 

accurately iweighed iquantity iof iethyl icellulose iin 

ethanol while istirring ito iget ia i5% iw/v isolution iand 

then iweighed iquantity iof i2% iv/v iplasticizer iPEG 

400 iwas added iwhile istirring iand ileft ito istir ifor i15 

min. iThen ithe iethyl icellulose isolution iwas icasted on 

to ia ipetri dish iand ileft ifor i24 ihours ito idry, resulting 

a ithin ihydrophobic ilayer iafter isolvent ievap oration. 

Then ithe hydrophobic ilayer iwas iattached ito ithe ifilm 

by iusing i5% iw/v iPVP isolution ias ibinder. 

 

Drug iloaded iin ithe ipatch 
Diameter iof ipetri idish i= i9.6 icm 

Radius iof ithe ipetri idish i(r) i= i4.8 icm iradius 

Total iSurface iArea iof ipetri idish= iπr

2

 i= i3.14 iX i4.8 

X i4.8 i= i72.3 icm

2

 i 

Now, iDose iwas i2 img iin i2 icm iX i2 icm i= i4 icm

2

 i4 

cm

2

 icontain i2 img iof idrug. 

Number iof i4 icm

2

 ifilms iobtained ifrom ithe imain film 

= i72.3/4 i= i18.07 i 

Approximately i18 ifilms iof i4 icm

2

 ican ibe iobtained. 

  

Thus, ithe iamount iof idrug ishould ibe iincorporated iin 

the iarea i= i18.07 i× i2 i= i36.14 img  

So, i72.3 icm

2

 icontains i36.14 img iof idrug. 

 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 

Salbutamol(mg) 2 2 2 2 2 2 2 2 2 

Hpmc ik4m i(mg) 300 600 600 900 300 900 600 300 900 

Carbopol i974p i(mg) 360 360 240 240 240 360 120 120 120 

Peg i400 i(mg) 300 300 300 300 300 300 300 300 300 

Salbutamol i(mg) 36.14 36.14 36.14 36.14 36.14 36.14 36.14 36.14 36.14 

Ethanol:water i(ml) 30 30 30 30 30 30 30 30 30 

Water i(ml) 30 30 30 30 30 30 30 30 30 

 

Evaluation iof ipatch
[11-13]

 

Appearance iof ithe ifilm 
The ioverall iappearance iof ithe ipatch iwas ichecked 

visually. 

 

Weight ivariation 

Three ifilms iof i4 icm
2

 isize iwere icut irandomly, 

individually ithe ipatch iwere iweighed ion ielectronic 

balance and the imean iweight iwas icalculated. 

  

Thickness iof ipatch 
The ithickness iof ipatch iwas idirectly irelated ito idrug 

content iuniformity iso iit iwas iessential ito ifind 

uniformity in ithe ithickness iof ithe ifilm. iIt ican ibe 

measured iby icalibrated idigital iVernier iCalipers. iThe 

thickness iwas measured iat idifferent ispots iof ithe 

patch iand iaverage iwas itaken ias ifilm ithickness. 

  

Drug icontent 
Spectrophotometric imethod iwas iused ito iassess ithe 

uniformity iof idrug idistribution ithrough imeasuring 

drug content iat idifferent iparts iof ithe isame ifilm. 

Three i4 icm
2

 iof ieach ifilm iwere iweighed 

individually, idissolved in 20 iml imethanol, iand ithe 

solution iwas ithen ifiltered ithrough ifilter ipaper iand 

the iconcentration iof iSalbutamol was imeasured 

spectrophotometrically iat i222 inm. iEach ipreparation 

was itested iin itriplicates, iand ithe percentage drug 

content iwas icalculated ifrom ithe ifollowing iequation, 

 

 
 

Folding Iendurance 
The ifolding iendurance iof ithe ipatch iwas iused ito 

estimate ithe imechanical istrength iof ithe ipatch ito 

withstand the ifolding ior ithe iability ito iwithstand ithe 

brittleness. iIt iwas imeasured iby irepeatedly ifolding ia 

patch iat ithe same iline ibefore iit ibreaks. iThe ifolding 

endurance iwas ithe inumber iof itimes ithe ifilm iwas 

folded iwithout breaking. iHigher ithe ifolding endurance 

value igreater iwas ithe istrength iof ithe ipatch. 

 

Swelling iproperty 

Phosphate ibuffer ipH i6.8 iwas iprepared ito icheck ithe 

swelling iproperty iof ithe ipatch. iThe iinitial iweight iof 

the patch iwas idetermined iand iplaced iin ithe 

preweighed istainless isteel imesh. iThe isystem iwas 

dipped iin ithe Phosphate ibuffer ipH i6.8. iThe iincrease 

in ithe iweight iof ithe ipatch iwas inoted iby iweighing 

the isystem iat regular iintervals i
[50]

. iThe idegree iof 

swelling iwas idetermined iby ithe iformula 

 i
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Surface ipH 
Patch iwas islightly iwet iwith ihelp iof iwater. iThe ipH 

was imeasured iby ibringing ithe ielectrode iin icontact 

with the isurface iof ithe ipatch. iThe istudy iwas 

performed ion ithree ipatch iof ieach iformulation iand 

average iwas taken i
[50]

. 

  

Percent imoisture iloss 

lt iwas idone ito icheck ithe iintegrity iof ipatch iat idry 

condition iand ihygroscopicity iof ipatch. iThree ipatch 

of i4 cm
2

 isize iwere icut iout iand iweighed iaccurately. 

Then ithe ipatch iwere irested iin ia idesiccator 

Containing ifused anhydrous icalcium icarbonate. iAfter 

3 idays ithe ipatches iare iremoved, iweighed iand 

percentage iweight iloss iare calculated. iAverage 

percentage imoisture iloss ithree ipatch iwas icalculated. 

 

 
 

Ex ivivo imucoadhesion itime 
The iex ivivo imucoadhesion/retention itime iof ithe ioral 

buccoadhesive ifilms iwas idetermined iusing igoat 

cheek mucosa. iGoat icheck ipouch iof isize i3 ix i3 icm² 

was icut iand ipasted ion ithe iinner iside iof ithe ibeaker 

using double-sided iadhesive itape. iThe ifilm iof isize i4 

cm
2

 iwas icut, iand iits isurface iwas imade iwet iusing ia 

drop iof Phosphate ibuffer ipH i6.8. iFilms iwere ipasted 

on ithe isurface iof ithe igoat ipouch iby iapplying ia 

gentle iforce ifor 10 isec. iPhosphate ibuffer ipH i6.8 

(500 iml), imaintained iat i37 i±1°C, iwas ipoured iinto 

the ibeaker iand istirred iat i150 irpm ito isimulate buccal 

conditions. iAll ithe iexperiments iwere iperformed iin 

triplicate.. 

  

In ivitro idissolution itest  
As ithere ias ino iofficial imethod iprescribed ifor iin 

vitro idrug irelease istudy iof ibuccal ipatches. iA method 

mentioned iand iused iin iprevious istudies iwas icarried 

out. iThe ipatch iwas ipasted ion ito ithe iinner iside iof 

the vessel iusing idouble iside iadhesive itape. 

Dissolution iwas icarried iout iby iusing iprewarmed ipH 

6.8 iPhosphate buffer ias idissolution imedium. iA 

suitable ivolume iof ithe isample iwas iwithdrawn iat 

every i1 ihour. iThe dissolution iparameter iwas 

maintained ias ibelow iApparatus: iUSP iType iII paddle, 

Medium: i900 iml iof Phosphate ibuffer ipH i6.8, iSpeed: 

50 iRPM, iTemperature: i37
o

C i± i0.5
o

C, iTime: i8 

hours, iSampling iinterval: 1hr. iThe iabsorbance iof ithe 

resulting isolution iwas imeasured iby iUV ispectrometer 

at i222 inm.
 

 

Ex-vivo Ipermeation istudy 

Tissue ipreparation 
Buccal imucosa iwas iobtained ifrom ifreshly isacrificed 

goat iat ia ilocal iranch. iThe imucosa iwas itransported 

to the ilaboratory iin ian iisotonic ibuffer isolution ipH 

7.4 iand iused iwithin i2h iof ianimal isacrifice. iThe 

majority iof underlying iconnective itissues iwas 

removed iwith ithe ihelp iof ia iscalpel iblade iand ithen 

the iremaining ibuccal mucosa iwas icarefully itrimmed 

with isurgical iscissor ito ia iproximately iuniform 

thickness iof iabout i500 iμm. iIt was ithen iused ifor 

permeation istudy. 

 

Permeation istudy 
The iEx-vivo ibuccal ipermeation istudy iwas icarried 

out ifor ibest ioptimized iformulation. iThe ipermeation 

study of iSalbutamol ithrough ithe iexcised ilayer iof 

goat ibuccal imucosa iwas iperformed iusing iFranz 

diffusion icell iat 37 i± i0.5
O

 iC. iFresh igoat ibuccal 

mucosa iwas imounted ibetween ithe idonor iand 

receptor icompartments. iThe buccal ipatch iwas iplaced 

with ithe icore ifacing ithe imucosa, iand ithe 

compartments iwere iclamped itogether. iThe donor 

compartment iwas ifilled iwith i5ml iof iphosphate buffer 

pH i6.8. iThe ireceptor icompartment iwas ifilled with 

phosphate ibuffer ipH i6.8± i0.5 iand ithe hydrodynamics 

in ithe icompartment iwas imaintained iby istirring with 

a imagnetic ibead iat iuniform islow ispeed. iThe amount 

of idrug ipermeated ithrough ithe ibuccal imucosa was 

determined iby iwithdrawing isamples iat ipredetermined 

time iintervals iand ianalyzed ifor idrug icontent iby iUV 

spectrophotometer iat i222 inm . 

 

Drug irelease ikinetics 

Zero iorder ikinetics 

First iorder ikinetics 

Higuchi imodel 

Korsmeyer iand iPeppa’s imodel 

Hixson iand iCrowell ierosion iequation 
 

RESULTS iAND iDISCUSSION 

Preformulation istudy: 

Description iof Idrug 
The iappearance iof ithe iSalbutamol iwas ivisually 

observed. iIt iwas ifound ithat iit iwas ia iwhite ipowder 

and iit complies iwith ithe iIP. 

  

 

Drug ipolymer icompatibility istudy 
The icompatibility iof idrug iin ithe iformulation iwas 

confirmed iby icomparing iFT-IR ispectra iof ipure idrug 

with FT-IR iof iits idrug iwith iexcipients. 

 

Preparation iof istandard icurve 
The istandard icurve iof iSalbutamol iin iPhosphate 

buffer ipH i6.8 

Data ifor icalibration icurve iof iSalbutamol iin 

Phosphate ibuffer ipH i6.8 
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S. No. Concentration i Absorbance iat i276nm 

1 2 0.13 

2 4 0.355 

3 6 0.542 

4 8 0.754 

5 10 0.954 

 

 
Figure 2: iCalibration icurve iof iSalbutamol iin iPhosphate ibuffer i6.8. 

 

Evaluation iof ipatches: 

Appearance iof ithe ifilm 
The ioverall iappearance iwas ifound ito ibe iclear iand 

transparency iwas igood iwhich ishowed ithat ithe idrug 

has distributed iuniformly. 

 

Weight ivariation 

Three ifilms iof isize i4 icm
2

 iwere icut irandomly, 

individually ithe ipatch iwere iweighed ion ielectronic 

balance and the imean iweight iwas icalculated. iWeight 

of ipatches iwas iranging ifrom i26.99±0.7 ito i97.31±0.5 

mg. iWeight iof patches iwas ifound ito ibe iincreasing 

proportion iof ipolymer. I 

 

Table 3: Weight ivariation. 

 

Formulation Weight (mg)(n=3) 

F1 44.34 i± i0.6 

F2 71.22 i± i0.3 

F3 62.57 i± i0.7 

F4 89.13 i± i0.8 

F5 35.89 i± i0.2 

F6 97.31 i± i0.5 

F7 53.68 i± i0.6 

F8 26.99 i± i0.7 

F9 80.25 i± i0.5 

 

Thickness iof ipatch 

Thickness iof iall ithe ipatches iwas ifound ito ibe iin ithe 

range iof i0.09±0.83 ito i0.27±0.85  

As ithe itotal iamount iof ipolymer iincreases ithe 

thickness iof ithe ipatches iwere ifound ito ibe iincreased. 

 

Table 4: Thickness iof ipatch 

Formulation Thickness (mm) (n=3) 

F1 0.14 i± i0.33 

F2 0.21 i± i0.89 

F3 0.18 i± i0.57 

F4 0.25 i± i0.64 

F5 0.11 i± i0.97 

F6 0.27 i± i0.85 

F7 0.17 i± i0.69 

F8 0.09 i± i0.83 

F9 0.24 i± i0.76 
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Drug icontent 

All ithe ibatches iof ithe ipatches icontain i98.15±0.3 ito 

101.51±0.1 i% iof idrug iwhich iindicate ithat ithere iis 

no loss iof idrug iduring ipreparation iof ithe ipatch. iAll 

the ibatches iof ithe ipatches iexhibit idrug icontent 

within ilimit 98 ito i102 i% iwhich iis iwithin ithe 

desirable irange idue ito ithe iequal idistribution iof idrug 

in ithe isolution.  

 

Table 5: iDrug icontent iof ipatches. 

Formulation Drug icontent i(%) 

 (n=3) 

F1 99.82 i± i0.8 

F2 101.57 i± i0.6 

F3 98.25 i± i0.9 

F4 98.54 i± i0.9 

F5 99.10 i± i0.5 

F6 98.43 i± i0.4 

F7 100.56 i± i0.2 

F8 101.51 i± i0.1 

F9 98.15 i± i0.3 

 

Surface ipH 

Surface ipH ifor iall ibatches iwas ibetween i6.5±0.03 ito 

7.1±0.01 iwhich iwere idue ito ipH iof ithe idrug solution 

as well ias ithe ipolymer, ihence ino imucosal iirritations 

was iexpected iand iultimately iachieves ipatient 

compliance. The iresults iwere ishown iin itable i- 06 

 

Table 6: iSurface ipH iof ipatches. 

Formulation Surface ipH i(n=3) 

F1 6.5 i± i0.01 

F2 6.8 i± i0.02 

F3 6.4 i± i0.01 

F4 6.8 i± i0.03 

F5 6.8 i± i0.02 

F6 7.1 i± i0.01 

F7 6.6 i± i0.04 

F8 6.5 i± i0.03 

F9 6.7 i± i0.02 

 

Folding Iendurance 

Folding iendurance iis ithe iindex iof iease iof ihandling 

the ipatches. iAs ithe iamount iof ipolymer iincreases the 

folding iendurance iwas ifound ito ibe iincreased. 

Folding iendurance ifor ithe ipatches iwas ifound ito ibe 

412±19 ito 530±14. iAll ipatches iexhibited ifolding 

endurance iabove i300 iproving ithe iflexible inature iof 

the ipatch.  

 

Table 7: iFolding iendurance iof ipatches. 

Formulation Folding iendurance i(n=3) 

F1 493 i± i16 

F2 412 i± i19 

F3 502 i± i15 

F4 519 i± i19 

F5 485 i± i16 

F6 530 i± i14 

F7 483 i± i16 

F8 470 i± i15 

F9 506 i± i18 

 

Swelling iproperty 

Swelling iindex ishows ithe imoisture iuptake iand 

swelling ibehavior iof ibuccal ipatches. iAll ithe ipatches 

were subjected ito iswelling istudies. iThe iresults 

indicated ithat iall ithe ipatches iexhibited iappreciable 

swelling inature.  

 

The iswelling iindex iincreasing iwith ipolymer 

concentration ifor iHPMC iK4M. iAlso iit iincreases 

with iincreasing content iof icarbopol i974P. 
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Table i- i8: iSwelling iindex iof ipatches. 

Formulation 
Swelling iindex i(%) 

(n=3) 

F1 224.08 i± i4.5 

F2 250.56 i± i3.4 

F3 244.87 i± i2.2 

F4 297.02 i± i3.1 

F5 212.69 i± i2.8 

F6 312.43 i± i3.4 

F7 225.56 i± i2.4 

F8 202.34 i± i2.0 

F9 285.09 i± i3.6 

 

Percent imoisture iloss 

The ipercentage imoisture iloss iof iall ibatches iwere 

between i1.25±0.02 ito i2.41±0.12 i%, iwhich iwas 

carried iout to iensure iphysical istability ior iintegrity iof 

buccal ifilms. iThe iincrease iin ipolymer iconcentration 

increases i% moisture iloss. iThis ishows ithat ithere iis 

no iconsiderable ichange iin ithe iphysical istability iand 

integrity iof patches. iThe iresults iwere ishown iin itable 

- 9. 

 

Table 9: iPercentage imoisture iloss iof ipatches. 

Formulation 
Moisture iloss i(%) 

(n=3) 

F1 1.68 i± i0.02 

F2 2.13 i± i0.09 

F3 2.05 i± i0.07 

F4 2.28 i± i0.04 

F5 1.46 i± i0.06 

F6 2.41 i± i0.12 

F7 1.91 i± i0.08 

F8 1.25 i± i0.02 

F9 2.21 i± i0.01 

 

Ex ivivo imucoadhesion itime 

Mucoadhesion itime iof ithe ipatches iwere iranging 

from i390±09 ito i616±18 imin. iIt ishows ithat 

increasing iin HPMC iK4M iconcentration iincreases the 

imucoadhesion itime isignificantly, ibut iincreasing 

carbopol i974P concentration ishows ivery iless 

appreciation iin ithe imucoadhesion itime. iFormulation 

F1, iF5, iF8 idoesn’t imeet required imucoadhesion itime 

for i8 ih idue ito ilow iHPMC iK4M iconcentration. iThe 

results iwere ishown iin itable 10. 

 

Table 10: iMucoadhesion itime iof ipatches. 

Formulation 
Mucoadhesion itime i(min) 

(n=3) 

F1 427 i± i13 

F2 530 i± i17 

F3 518 i± i12 

F4 592 i± i14 

F5 415 i± i11 

F6 616 i± i18 

F7 510 i± i13 

F8 390 i± i09 

F9 572 i± i15 

 

In ivitro idissolution itest 

The iin ivitro idrug irelease istudies iwere idone ifor iall 

ithe ibatches iin iPhosphate ibuffer ipH i6.8 iusing 

Dissolution iapparatus iUSP itype iII. iThe irelease idata 

were igiven iin ithe itable i-11 

 

Dissolution iParameters 

Dissolution imedium: iPhosphate ibuffer ipH i6.8 

(900ml) 

Paddle ispeed: i50 irpm 

Apparatus: iDissolution iapparatus iUSP itype Iii 

Temperature: i37ºC i± i0.5ºC 

Withdrawal itime: i8h iwith i1h iinterval 

Volume iwithdraw: i5 iml 
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Table i- i11: iCumulative ipercentage idrug irelease iof ipatches. 

Time Cumulative ipercent idrug irelease 

(hour) F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 12.72 8.06 11.05 7.56 12.88 6.83 12.01 12.91 7.23 

2 21.02 19.78 21.03 18.36 22.14 16.42 20.91 22.31 19.21 

3 33.41 30.12 32.21 29.21 33.72 28.66 32.86 34.01 29.91 

4 48.24 45.86 46.53 44.92 49.79 43.17 47.61 51.08 45.03 

5 58.55 56.17 56.29 53.92 61.06 53.31 57.37 62.45 54.30 

6 67.74 64.98 65.53 62.99 68.01 63.11 66.80 70.10 64.66 

7 80.73 73.60 76.44 71.89 81.18 71.06 78.15 84.97 72.27 

8 94.45 88.23 91.67 80.76 96.74 77.13 94.32 99.34 84.65 

 

Ex-vivo Ipermeation istudy 

Ex ivivo idrug ipermeation ithrough ifresh iGoat ibuccal 

mucosa iusing iFranz idiffusion icell iand ithe iresults 

were igiven iin itable i- i12 

 

Permeation istudy iparameters 

Donor icompartment: iPhosphate ibuffer ipH i6.8 

Receptor icompartment: iPhosphate ibuffer ipH i6.8 

Apparatus: Diffusion icell 

Withdrawal itime: 8 ih iwith i1 ih iinterval 

Volume iwithdrawn: i5mL 

 

Table 12: iEx ivivo iPercentage idrug ipermeation iof ipatches. 

Time 

(hours) 

Percentage idrug ipermeation 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 8.64 5.66 9.98 4.80 8.83 2.43 9.67 11.35 4.31 

2 18.09 15.09 16.67 13.96 17.11 11.90 17.23 19.36 17.76 

3 31.23 28.19 29.21 24.22 26.78 21.78 27.69 29.63 25.31 

4 44.67 40.06 41.34 38.99 34.29 33.56 40.11 47.43 39.23 

5 53.54 51.19 53.11 47.93 56.06 45.80 53.41 57.82 46.32 

6 64.74 59.45 60.33 55.65 68.34 53.34 62.12 73.40 59.03 

7 78.73 70.60 73.16 66.49 77.19 62.65 75.97 80.57 68.17 

8 86.15 82.34 84.98 72.79 90.41 69.30 86.22 92.61 77.59 

 

Evaluations Optimized Iformulation iresults 

Weight i(mg)   56.21 i± i0.5 

Thickness i(mm)   0.18 i± i0.43 

Drug icontent i(%)   98.17 i± i0.7 

Folding iendurance   513 i± i12  

Swelling iindex i(%)   240.14 i± i2.0 

Surface ipH   6.9 i± i0.03 

Percentage imoisture iloss i(%) 2.04 i± i0.02 

Mucoadhesion itime i(min) 512 i± i12  

 

Table i13: iIn i- Vitro release of optimized formulation. 

Time (hour) Drug release (%) 

1 11.89 

2 20.65 

3 34.76 

4 46.21 

5 55.93 

6 62.85 

7 74.30 

8 92.59 

 

Drug irelease ikinetics iof ioptimized isalbutamol 

patch: 

The idrug irelease ikinetics ifor ithe ioptimized 

formulation iwas icalculated iand ithe iresults iobtained 

are ipresented iin itable i- i14. 
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Table 14: iKinetic imodelling iof idrug irelease. 

Formulation 
Zero 

order iR
2
 

First 

order 

R
2
 

Higuchi 

R
2
 

Hixson 

Crowell 

R
2
 

Korsmeyer 

peppas iR
2
 

n ivalue 

Optimized       

Salbutamol 0.9906 0.8227 0.9681 0.9638 0.9943 0.9787 

patch       

formulation       

 

Examination iof icorrelation icoefficient ir2 ivalue 

indicated ithat ithe idrug irelease ifollowed ia idiffusion-

controlled mechanism ifor ithe ioptimized iSalbutamol 

buccal ipatch ifrom ithe iR
2
 ivalue. iTo istudy ithe idrug 

release ikinetics, data iobtained ifrom iIn-Vitro idrug 

release istudies iare iplotted iin ivarious ikinetic imodels. 

The icurve ifitting results iof ithe irelease irate iprofile of 

the idesigned iformulation igave ian iidea ion ithe 

mechanism iof idrug release. iBased ion ithe i“n” ivalue 

0.9787 ifor ithe ioptimized iformulation, ithe idrug 

release iwas ifound ito ifollow super icase iII itransport. 

This ivalue iindicates ia icoupling iof ithe idiffusion iand 

erosion imechanism iand iindicates that ithe idrug release 

was icontrolled iby imore ithan ione iprocess. iAlso, ithe 

drug irelease imechanism iwas ibest explained iby izero 

order, ias ithe iplots ishowed ithe ihighest ilinearity, ias 

the idrug irelease iwas ibest ifitted iin zero order kinetics, 

it iindicated ithat ithe irate iof idrug irelease iwas 

concentration iindependent. 

 

SUMMARY iAND iCONCLUSION 

In ithe ipresent iwork isuccessful iattempt iwas imade ito 

formulate iprolonged irelease iSalbutamol ibuccal ipatch 

by solvent icasting imethod iusing ihydrophilic polymers 

HPMC iK4M, iCarbopol i974P iand iPolyethylene glycol 

400 as iplasticizer. iThe idrug ipolymer icompatibility 

was iverified iby iFT-IR istudies. iThe istandard icurve 

of Salbutamol iin ipH i6.8 iphosphate ibuffer iwas 

prepared.Totally i9 itrial ibuccal ipatches iwere iprepared 

and evaluated ifor iweight ivariation, ithickness, idrug 

content, ifolding iendurance, iswelling iproperty, isurface 

pH, percent imoisture iloss, iex ivivo imucoadhesion 

time, iin ivitro idissolution itest iand iex ivivo permeation 

study.It was iobserved ithat iincreasing ithe iHPMC 

K4M iconcentration ihas ia isignificant iincrease iin 

mucoadhesion itime and idecrease iin idrug irelease. The 

optimized iformulation ishows isatisfactory iresults iin 

the iparameters isuch ias thickness, ihardness, idrug 

content, iswelling iindex, imucoadhesion itime, iin ivitro 

dissolution iand idiffusion studies. iIt ishows izero iorder 

drug irelease iprofile idepending ion ithe iregression 

value iand ishown irequired mucoadhesion itime iof i512 

min ias iwell ias ia isatisfactory irelease iof i92.59 i% iat 

8h iwith igood imechanical properties. iA ihydrophobic 

backing ilayer iwas iattatched ito ithe ipatch ifor 

unidirectional irelease. iSlow, icontrolled and imaximum 

release iof iSalbutamol iover ia iperiod iof i8 ih iwas 

obtained ifrom ithe ioptimized ibuccal ipatch. Based ion 

the iabove iresults iit iconcluding ithat ithe iformulation 

F7 ishows ithe ibetter iresults icompare ithe iwith the 

other iformulations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


