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ABSTRACT

Sildenafil citrate is one of the most effectiverdgdor treatment of erectile dysfunction whichsaay inhibiting the
cGMP-specific phosphodiesterase type 5. Extensgearch work is focused on flash release dosagasf@and

especially fast dissolving films are successfudtteact pharma-industry due to ease of preparation opportunity
to extend patent life. Films are widely acceptahlgatients too because of quick onset and usendtiness. The
aim of present study was to prepare fast dissolfiings of sildenafil citrate which provides produdifferentiation

from other marketed products and also quick digjragon of highly bitter drug with satisfactory tasmasking in
oral cavity. Film formulation can be taken withimetpocket and patient can take it without needaienby simply
putting it on tongue without any grittiness thaffiequently found during disintegration of orodisgible tablets.

The developed formulation will disintegrate witmrinute and ultimately provides good bioavailabilitgd quick
onset. The DSC studies showed that drug had neoattten with polymer or other additives. The IR dis

confirmed complete complexation of drug with tastasking resin. Using experimental design, the qmeg

formulations were evaluated for in vitro dissolutjcsolution time and their physicomechanical pareremainly

tensile strength. The optimized formulation (ba@h6) containing HPMC E15, propylene glycol, glycesnd

Kyron T-134 showed drug dissolution (more than 99%hin 10 min) with satisfactory taste masking astter

physicomechanical properties that were suitablenfouth dissolving film.

Keywords: Fast dissolving oral film, Sildenafil citrate, I8ent casting, Quality by design, Taste masking.

INTRODUCTION

Erectile dysfunction is defined as per consensaestent of impotence 1993 by national institutdedlth as the
persistent inability to achieve and /or persiseegction required for satisfactory sexual perforoeafi]. According
to epidemiological surveys, one in five men exparés impaired erection in population. As per aupatpn based
survey, Erectile dysfunction is commonly reportedB0% elder than 69 years, 22% patient betweero &9 tyears
and 12% patients younger than 59 years [2] . cGpHeific phosphodiesterase type 5 (PDES), enzynporesble
for degradation of cGMP, is inhibited by sildenditrate. The inhibition of phosphodiesterase t§p@DE5) by
these drug increases the amount of cGMP which sanetexation of smooth muscle and ultimately insesablood
flow into the corpus cavernosum. Sildenafil citrdtas been successfully proved effective to curectiégre
dysfunction. Patients may take sildenafil citratenf 0.5 h to 4 h before starting sexual activity Eldenafil citrate
is highly bitter BCS Class | drug and taste maskifichighly bitter drug is challenging when dosagenf is
designed to disintegrate in oral cavity. Generalfter soluble low dose actives are considered icaadlidate for
fast dissolving films. Dose of sildenafil is higB5.11 mg sildenafil citrate equivalent to 25 miglenafil) and
loading of high dose bitter active with satisfagtdaste masking in small film is itself a big clesife for
formulation scientist without affecting its phydicand chemical attributes. Satisfactory complexatiwith
acceptable content uniformity is itself a big ceafie when drug-resin complex is in suspended fdim [
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Oral drug administration is most preferred routeadministration due to the aspect of patient coamgie. Fast
dissolving film is ultrathin strip, which has simil shape and size to postage stamp, with activesrastly water
soluble excipients mainly film forming polymers apldsticizers. The fast dissolving films have largerface area
compared to orodispersible tablets (ODTs) thatdetadrapid disintegration in mouth. Unlike the depersible

tablets which are brittle and fragile in handlirfgns are flexible enough with adequate ease ofigpart and
handling. Like the other liquid dosage forms, psecdosing and unit dose formulation is possibleh vist

dissolving films. Films provide ease of swallowiaigd patient can take it without need of water [5-6]

The aim of the present research was to developdfasblving film of sildenafil citrate which not nprovides
rapid onset but also provides unique product difféation from other marketed product such as &ibated tablets,
effervescent tablets, chewable tablets etc? ful factorial design was used for optimizatiordaselection of final
formulation. Present investigation will provide tfoeemulation which can be taken within the pocked @atient can
take it without need of water by simply puttingoit tongue. The patient will not feel any discomfantd grittiness
during and/or immediately after dissolution, fregiye found during disintegration of orodispersitibblets. The
developed formulation will disintegrates in fractiof minute with satisfactory taste masking andckuielease
compared to widely consumed film coated tabletes@mt investigation will provide formulation whidk
formulated by simple continuous process (mixingstiog, drying & cutting) compared to film coatedlets
involving many unit operations.

EXPERIMENTAL SECTION

Materials

Sildenafil citrate (Rakshit Drugs Pvt. Ltd, Andhragesh, India), Methoc® (HPMC) E6; Methocef™ (HPMC)
E15 (Colorcon Asia Pvt. Ltd, Goa, India), Kyr6hT-134; Kyrod™ T-114 (Corel Pharma Chem., Ahmedabad,
India), Indion® 254 ; Indion® 234; Indion® 204 (Idtxchange India Ltd., Mumbai) were received as gafnples.
Ponceu 4R (Roha Dye Chem., Mumbai, India), PipermRlavor-solid (SK Flavors and fragrances, Ahmediaba
India), Sucralose (JK sucralose Inc., India), Mehifshreeji chemicals, Ahmedabad), Polyethylenedl{PEG
300), Glycerin; Propylene glycol (Finar Chemicatsl, LAhmedabad, India) were procured. All other miate and
excipients used were of either pharmaceutical alytical grade.

Drug excipient compatibility study

Possible interaction of drug with various excipgeproposed for use in final formulation was checkgdusing
differential scanning calorimetry (DSC). DSC stunfypure drug, excipients and their combination ugedinal
optimized formulation OT6 was carried out using Di§trument (DSC-60, Shimadzu, Kyoto, Japan) at ShK.
Patel College of Pharmaceutical Education and Resg&herva, Ganpat University. In this processngies (3-5
mg) were put into aluminium cell and scanned at 0O °C, at 10°C per minute rate under nitrogenoaphere
against blank DSC aluminium cell as a reference.

Analytical method development

Calibration curves of sildenafil citrate were takemeionized water. Accurately weighed 100mg tfesiafil citrate
was transferred to 1000 mL volumetric flask andsdliged in deionized water respectively. The voluwas
adjusted up to 1000 mL with deionized water to B@® ug /mL stock solution of drug. The stock solutiof®@1
ug/mL) was further diluted to get concentration dflenafil citrate in the range of 10-3m/mL for respective
buffer. These solutions were scanned for the maximabsorbance using Shimadzu UV 1800 double-beam
spectrophotometer (Shimadzu, Kyoto, Japan). Therbhace of all drug solutions was estimatetinaax.

Formulation strategy as per Quality by design elenmas

Before designing the experimental work, Qualitg&rproduct profile (QTPP) and Critical qualityrédtites (CQA)
of product are necessary to identify for better arsthnding of our target formulation. QTPP is aspeztive
summary of the quality characteristics of a prodbet will be achieved to ensure the desired safgaiplity and
efficacy of the drug product ideally. CQA is a ofieal, physical, biological or microbiological pregy that should
be within an appropriate range to ensure the dipireduct quality [7-9].

Screening study for drug resin complex

Selection of resin is dependent on cationic andraainature of the drug and requirement of formatatSince
sildenafil citrate is anionic molecule [10], weadktion exchange resins such as Indion 204, Indieh Blion 254,
Kyron T-134 and Kyron T-114, were selected for $hady. For preliminary screening study, drug: regas taken
in 1:1 ratio. An accurately weighed quantity ofine§l g) was taken in a 100 ml glass beaker cointgi@5 ml of
deionized water. Resin was allowed to swell fom36. 1g drug was added into the same beaker anof ghlution
was recorded. The beaker was placed on a magnitier or 30 min at 30°C. The solution was filtdrevith
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whatman filter paper and filtrate was analyzed gisappropriate dilution in the range of 10-3g§/mL for
determination of unbound drug at 294 nm using SHzuadJV 1800 double-beam spectrophotometer (Shimadzu
Kyoto, Japan). The residue on filter paper wasddaie40° in a hot air oven. Percentage of drug ddorresin was
calculated from amount of unbound drug. This procedvas performed for all resins separately.

Optimization trials for evaluation of drug-resin complexation process

The optimization of drug- resin complexation pracesf Kyron T-134 and Indion 234 was performed by
determining the effect of various factors on compt®n. One factor at one time approach was adofied
optimization [11].

(a) Effect of soaking time of resin on complexation

Accurately weighed quantity of selected resin (dgp soaked in 25 ml of deionized water for 5, H),20, 30 and
45 min. Accurately weighed quantity of sildenafirate (1g) was added to previously soaked redihs. solutions
were stirred for 30 min at 30°C. The mixture widtefed and the filtrate was analyzed for bound drug

(b) Effect of stirring time on complexation

Accurately weighed quantity of selected resin (g soaked in 25 ml of deionized water for 30 niocurately
weighed quantity of sildenafil citrate (1g) was addo previously soaked resins. The solutions wéreed for 30,
60, 90, 120 and 150 min at 30°C and analyzed fandalrug.

(c) Effect of temperature on complexation

Accurately weighed quantity of selected resin (dgp soaked in 25 ml of deionized water for 30 ndiocurately
weighed quantity of sildenafil citrate (1g) was eddo previously soaked resins. The solutions wtreed for 120
min at 10, 20, 30, 40 and 50°C and analyzed fontdairug.

(d) Effect of pH on complexation

Accurately weighed quantity of selected resin (g5 soaked in 25 ml of solution of pH 1.2, 2, 3546, 7 and 8
(prepared from standard solutions of 0.1N hydragblacid and 0.1N sodium hydroxide solutions) f@ ®in.
Accurately weighed quantity of sildenafil citrateg] was added to previously soaked resins. Thetisnk were
stirred for 120 min at 30°C and analyzed for bodnat.

(e) Effect of drug: resin ratio on drug-resin complerti

Accurately weighed quantity of drug (1gjas taken and added to the resins as per drug: na#d of 1:0.25, 1:0.5,
1:0.75, 1:1, 1.1.25 and 1:1.5. The resins wereipuosly soaked in 25 ml of deionized water for 30nmihe
solutions were stirred for 120 min at 30°C and wred for bound drug.

Characterization and evaluation of drug resin compéx by IR spectroscopy

Pure drug, pure resin and drug resin complexes agogected to fourier transform infrared spectrpsc-TIR)
studies by FTIR-1700 instrument, Shimadzu, Kyotpah at central instrument laboratory of the Shrv&anik
Pharmacy College, Mehsana using KBr mixing metiqghrt from pure drug and pure resin, drug- resimgiexes
of 1:0.75 were evaluated by IR spectroscopy. Theetspm of drug-resin complex was compared with specf
pure drug and pure resin, to confirm drug resin glesformation.

Preparation of fast dissolving films containing sifleanfil citrate

For BCS class | bitter tasting drugs like sildehafirate, taste masking is a critical factor fatipnt acceptance
aspect. Effect of different drug resin (Table 7ygested that satisfactory complexation of drug:dfym-134 was
achieved at ratio 1:0.75 and 1:1. Films were foated by solvent casting method. Methocel, propylgiyeol,
glycerin, menthol, ponceu 4R, pippermint flavor andralose were selected as film former, plasticizemectant,
cooling agent, coloring agent, flavor and sweetgragent respectively. Compositions of sildenafdded films
were shown in Table 1. Briefly Kyron T-134 was sedlkn purified water for 30 min at room temperatang then
sildenafil citrate was added under continuousisgirand stirred for 120 min to make complexatidenthol was
dissolved in propylene glycol in separate glasskbeand then this solution was added to drug-resimplex.
Polymer, color, sweetener, flavor and humectantewdded subsequently to beaker containing drug-cesnplex
under continuous gentle stirring. After completenozal of bubbles, 3.014 g dispersion was castedylass
petriplate with surface area of 50.24 cm2 (Diamelem). The glass petriplate was kept in controtitiperature
oven (Vinayak Pharma Technology, vatva, India) @tCGfor 5 hr. After drying, films were peeled aaodt into
dimension of 10.5 c¢M(3.5 cm X 3 cm) and store in triple laminated pawch. These films were further subjected
to various evaluation tests.
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Table 1.Preparation of fast dissolving film containing sileenafil citrate

Preparation of fast dissolving film containing sitdfil citrate

Formula ( mg/ unit film of 10.5 cf

Components

F1 F2 F3 F4 F5 F6 F7
Sildenafil citrate 35.57 35.57 35.57 35.57 35.57 535 35.57
Kyron T-134 35.57 35.57 26.67 26.67 26.67 26.67 626.
HPMC E6 74 74 74 74 - - -
HPMC E15 - - - 60 55 55
Propylene glycol 19 25 19 25 25 25 25
Glycerin - - - - - - 10
Sucralose 4 4 4 4 4 4 4
Menthol - - - - - - 15
Ponceu 4R 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Pippermint flavor 4 4 4 4 4 4 4
Purified water* Q.S.
Evaluation parameters
Tensile strength 0.062+ 0.065+ 0.083+ 0.085+ 0.370+ 0.317+ 0.330+
( kg/lcm2) 0.005 0.006 0.005 0.006 0.006 0.004 0.001
- I 11.24+ 13.26+ 16.38+ 16.51+ 51.57+ 40.41+ 40.11%
Disintegration time@(Sec.) 012 017 0.07 012 021 012 0.08
Solution time@ (Sec.) 142 + 201+ 219+ 2.24+ 5.01+ 417+ 412+
0.27 0.09 0.08 0.11 0.08 0.17 0.12
. 27+ 29+ 132+ 107+ 111+
Folding endurance 1742 20+3 3 3 7 4 4
6.45 6.47+ 6.35% 6.32 6.57+ 6.52+ 6.47+
Surface pH 0.08 0.09 0.02 +0.01 012 012 0.02
Thickness (mm) 0.18 £ 0.22 + 0.14+ 0.14 + 0.23+ 0.22+ 0.22+
0.02 0.01 0.02 0.02 0.02 0.02 0.02
Appearance &  Surface Light pink colored
texture opaque film with rough surface

@ Disintegration time and solution time varies amge of #4 Sec

* Up to 630 mg per unit film.3.014 g solution wassted per each petriplate with surface area of 8@&2 ( Diameter 8cm)

Optimization of sildenafil film formulation using 32 full factorial designs

From the results of screening study, the optimiwatvas carried out using design of expert (DOE)ag@gh. To
study the effect of two independent variables apdhdifferent quantitative levels i.e. concentnatid HPMC E15
(X,) and concentration of propylene glycol (X2) onpmsses, 3full factorial design was used. In this design,
concentration of HPMC E15 and propylene glycol wesed as independent variables while tensile stineng
disintegration time and % drug release at 10 mirevselected as response variables. The detailedtlay factorial
batches is shown in Table 2. The equations comigimdependent variables and response terms wéamed by
subjecting the results to statistical evaluatioesign Expert 9.0.4.1 (Built date February 23, 204/&% used to
calculate multiple linear regressions to deterntitgecontrol factors that mainly affect the respsnse

Polynomial equation for?3ull factorial design: Y = bt byX; + bX5 + biiX %+ bpoXo?+ bioX X, was used. In this
equation, Y is the dependent variablg,idthe arithmetic mean response of the factorial tuns, and bi is the
estimated coefficient for the factor Xi. The sigedint factors in polynomial equations were seledigdstepwise
forward and backward elimination for regressionlgsia. The terms of full model having non-signifitg value (p
> 0.05), which have negligible contribution, weegtected.

Table 2.Detailed layouts of Optimization trials using 3 full factorial design

Ingredients Formula ( mg/ unit film of 10.5 cfy

oT1 o712 OT3 OoT4 OT5 OT6 oT17 OoT8 OT9
Sildenafil citrate 35.57 35.57 35.57 35.5¢ 35.87 535| 3557 35.57 35.57
Kyron T-134 26.67 26.67 26.67 26.67 26.67 26.67 626] 26.67 26.67
HPMC 15cps 40 40 40 45 45 45 50 50 50
Propylene glycol 20 25 30 20 25 30 20 25| 30
Glycerin 10 10 10 10 10 10 10 10 10
Sucralose 4 4 4 4 4 4 4 4 4
Ponceu 4R 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 o1
Menthol 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Pippermint flavor 4 4 4 4 4 4 4 4 4
Purified water qg.S. g.S. qg.S. qg.S. g.s q.§. g.5. .S. Q qg.S.
Independent variable Coded Value Actual Value (mg)
HPMC 15 CPS -1 0 +1 40 45 50
Propylene glycol -1 0 +1 20 25 30
* Up to 630 mg per unit film.3.014 g solution wasted per each petriplate with surface area of 8@&2 ( Diameter 8cm
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Evaluation of fast dissolving film of sildenafil ctrate

The prepared films were evaluated for tensile gfitensurface pH, folding endurance, thickness,vitro
disintegration, solution time, assay andvitro dissolution studies. The tensile strength of {ma fvas evaluated by
using the push pull tensiometer instrument. It @ef two load cell grip in which the upper onasamovable and
the lower one was fixed. Films with dimensions d8x3 cnf were fixed between both cell grips and force was
applied gradually till the film break. The breakde was taken directly from the dial reading intgs calculated by
equation, tensile strength = break force/arealwf ifi cnf [12, 13]. Folding endurance of the film was measluny
folding the film at the same point until it break$ie number of folds before the film breaks isftlding endurance
of the film. The surface pH of film was checkedstady irritability of film in vivo. Extreme acidior alkaline pH
may cause irritation to oral mucosa, it was decitteleep the surface pH as near to neutral pH asilge. Film
was dissolved in 20 ml deionized water. The pH wasasured by dipping the combined pH electrode is th
solution [14]. A thickness of the film was measulgdusing micrometer screw gaudgelm was measured at three
positions i.e. central and the two corners andhbkan thickness was calculated [IHjein vitro disintegration time

is the time at which the film starts to break. Tdisintegration time was measured in a beaker cangi20 mL
deionized water. The time at which film starts tedk was measured as disintegration time of filime Time at
which the film completely dissolves is considersdd&solution time or solution time [15, 16]. Tresay was done
by dissolving one film of dimension 3.5 cm x 3 cantaining 25 mg of sildenafil citrate in 0.01N hgdhloric acid

in 100 mL volumetric flask under continuous shakiogabout 20 min. If any large undispersed fragimeri film
were seen, sonication was performed for 5 min spefise film fragments residues. The above solutias further
diluted to get concentration of sildenafil citrénerange of 10-3pg/mL. The experiments were carried out thrice for
all formulations and average was recorded. Theitro dissolution study of sildenafil fast dissolvindnii was
performed using USP apparatus Il - paddle (modell-DBT, Electrolab, Mumbai, India) fitted (100 rpm)
maintained at 37 + 0°%6. Dissolution media was 900 mL of 0.01N hydrocitdacid and tested for drug release up
to 20 min. During the study, 10 mL of aliquots wer¢hdrawn at 5, 10, 15 and 20 min and were repldnefresh
0.01N hydrochloric acid. Collected aliquots weiteefed through a 0.4Bn membrane filter, diluted and assayed
using a Shimadzu UV 1800 double-beam spectrophdoni&himadzu, Kyoto, Japan) at 294 nm. Cumulative
percentage drug release was calculated using atidibrcurve equation of drug.

Taste evaluation study by spitting

8 healthy adult male volunteers with age limit d£22 years participated in a single dose, two rtmeat and single
blind study. Before the study, written informed sent was taken from all volunteers and they weli@imed about
purpose, risk and duration of the study. Optimitest formulation and reference formulation (forntioia without

taste masking resin) were given to each voluntaedemly. Before the study, the volunteers were @d&erinse

their mouth with 200 mL of distilled water. The uateers were requested to put film in mouth fori, mecord the
disintegration time of the film sample and give gwore based on the parameters, namely mouthtéesté or
bitterness, after taste of film, ease of handling averall acceptance of formulation as given ibl&a3. The
volunteers were asked to spit out the sample weilivas after 3 min and asked to rinse their moutfth @00 mL of

distilled water. The same procedure was repeated 2thr for second sample (either test or refexresaenple). Drug
was complexed with resin which can be dissociatestomach, not in saliva. So, spitting of formigdatand saliva
was instructed to volunteers to prevent exposuckag [17-19].

Table 3. Parameters, score and results of taste duation study

1 2 3 4 5
Mouth feel Gri_t ty_ Gritty Slightly Gritty Smooth Very smooth
/Irritating
Taste . . . . Slightly sweet/
( Bitterness) Very bitter Bitter Slightly bitter Acceptable Very sweet
. . . . Slightly sweet/
After taste Very Bitter Bitter Slightly bitter Acceptable Very sweet

Ease of handling . . Acceptable and does Flexible and easy tq Patient friendly and very easy
Very britile brittle not break handle to handle
Acceptance Very poor Poor Acceptable Good Excellent
Results of taste and palatability evaluation
Taste After . . . L
Mouth feel (Bitterness)| taste Ease of handling Acceptance In vivodisintegration time
Test 4.25 4.00 3.88 5.00 4.375 (2|\;|rZSZJ_E)7s5e2c
(Batch No. OT6) +0.46 +0.00 +0.35 +0.00 +0.52 Max:41 Sec)
Reference 19.00+2.93
- ) 4.13 1.75 1.13 5.00 1.75 ;

(Film without (Min:15 sec,
Resin) +0.35 +0.46 +0.35 +0.00 +0.46 Max:24 Sec)
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Stability Study of Optimized Formulation

Stability study of batch OT6 was conducted at aredtd condition (40°C + 2°C and 75 + 5% RH) ingtability
chamber for 3 months and 6 months. Films were ghakériple laminated alu pouches. All evaluaticargmeters
and dissolution test were performed at 3 monthsGamanths.

RESULTS AND DISCUSSION

Drug- excipients compatibility study

DSC thermogram of Sildenafil citrate (Fig. 1) releeba sharp endothermic peak at 200.28°C. DSC ibgnaim of
excipient mixture (Fig. 2) showed characteristicl@herms at 89.23°C. In drug—excipient mixture (Y sharp
endotherm of sildenafil citrate was very slighthifeed to 187.66°C with retained characteristickpefiexcipient at
89.23° which showed absence of any physical comifigtiof drug with excipients used in final fornation.

DSG Thermal Analysis Result

mw
0.00 [~

-10.00 -

-20.00 -

200.28 C

\ . . . . .
50.00 100.00 150.00 200.00 250.00 300.00
Temp [C]

-30.00

Figure 1. DSC thermogram of sildenafil citrate

psc Thermal Analysis Result
-2.00
=300
-4 00
= cac
S0.0C 100.0C 150.0C 200.0C 250.00 300.0C
Termp [T

Figure 2. DSC thermogram of excipient combination

882



Rushiraj Jani and Dasharath Patel J. Chem. Pharm. Res., 2016, 8(8):877-891

psc Thermal Analysis Result

mw

-2.00 -

400k 187.66 C

89.23 C

. | . I . I
50.00 100.00 150.00 200.00 250.00 300.00
Temp [C]

Figure 3. DSC thermogram of sildenafil and excipiets mixture

Analytical method development

The drug exhibitedumax at 294 nm. The calibration curve was generatgdg different concentration (10-35
ug/mL) of drug solutions in the Beer-Lambert law.eTdhata of calibration curve is shown in Table 4 ealibration
curve is shown in Fig. 4.

Table 4.Calibration curve data of drug in demineralized water

. Absorbance Average
Concentratiop
Absorbance
(ug/ml) | Il 1 +SD (n=3)
10 0.204 | 0.208 0.212 0.208+0.004
15 0.311| 0.311 0.311 0.311+0.000
20 0.419| 0.411 0.415 0.415+0.004
25 0.520 | 0.521 0.519 0.519+0.001
30 0.620 | 0.620 0.620 0.620+0.000
35 0.733| 0.734 0.735 0.734+0.001

Absorbance Vs. Concentration

0.8
07 & 0.734
' y = 0.0209x - 0.002

0.6 0.62 R2 =0.9997
05 40/519

B
E )
Py 0.4 A 5
e ‘/ e abs
I 0.3 0.311
B / Linear (abs)
%) 0.2 0.208
o]
< 0.1

0 T T T T T T T \

0 5 10 15 20 25 30 35 40

Concentration (ug/ml)

Figure 4. Calibration curve of sildenafil citrate in demineralized water
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Formulation strategy as per Quality by design elenmas

Predetermined QTPP of formulation was oral, fassalving, single layer, 3.5 cm X 3 cm sized rectdagfilm

containing sildenafil citrate eq. to 25 mg sildehahich may be taken half an hour before startegual activity
with satisfactory stability profile in Aluminium-BT (Polyethylene) laminated pouches. Taste, digiaten time,
content uniformity and dissolution were consideasdCQA of formulation because safety, patient caanpk and
efficacy will directly be linked to these factors.

Screening study for drug resin complexation

Results of screening study showed maximum drug &@xapon capacity of Kyron T-134. While studyitige

complexation capacity of resins with Indion 20442354 and Kyron T-114, T-134, it was found thatcpatage of
drug bound to Kyron T-134 and Indion 234 was mohemvcompared to the percentage of drug bound torkyr

114, Indion 254 and Indion 204, as shown in TableWwther optimization of complexation capacitykafron T-

134 and Indion 234 was performed by determiningeffifect of various factors on complexation process.

Table 5. Complexation capacity of resin

Drug: resin complex (1:1) % Unbound drig % boundyd
Indion 204 70.59 29.41
Indion 234 27.48 72.52
Indion 254 49.68 50.32
Kyron T-114 45.62 54.38
Kyron T-134 17.18 82.82

(a) Effect of soaking time of resin on complexation

Effect of soaking time of resin on complexation whd that, the percentage of drug bound to resinfouasd to
increase as the soaking time for resin increasedhawn in Table 6. But percentage of drug bouncksin was
near to constant after 20 min and remained unclthafier 30 min. Hence, soaking time of 30 min walected for
further study.

(b) Effect of stirring time on complexation

Effect of stirring time of resin and drug on comgton showed that, the percentage of drug bounegdm was
found to increase as the stirring time increasedgh@wn in Table 6. A drastic increase in percents#gdrug bound
to resin was observed from 30 to 60 min but peegmof drug bound to resin was near to constantremained
unchanged after 120 min. Hence, stirring time df &r#n was selected as optimum for further study.

(c) Effect of temperature on complexation

Effect of temperature on complexation showed ttegt,percentage of drug bound to Indion 234 wasB&®84.69
and percentage drug bound to Kyron T-134 was 9%h195.14, as shown in Table 6. Percentage of dougnd to
resin was near to similar at all temperature andgigoificant difference was observed. So, 30°C terafure was
selected for as optimum temperature for furthedystu

Table 6. Effect of soaking time, stirring time andemperature on complexation

Effect of soaking time of resin on Effect of stirring time of resin and drug on Effect of temperature on
complexation complexation complexation
% bound drug % bound drug % bound drug
. . Drug: Drug: - . Drug: Drug: Drug: Drug:
Soab‘l’.‘g time | | tion 534 Kyron i34 St'”'lclg time || ion 534 Kyron i34 T%m indion 234 Kyron Ti34

(Min) (1:1) (1:1) (Min) (1:1) (1:1) (°C) (1:1) (1:1)

5 54.66 59.65 30 62.34 77.81 10°C 83.89 94.74

10 63.17 71.51 60 83.54 89.36 209C 84.11 94.69

15 70.98 77.39 90 86.12 96.74 30°C 84.38 94.97

20 72.04 84.44 120 87.24 98.75 409C 84.31 95.14

30 72.23 84.76 150 87.08 98.54 509C 84.69 94.11

45 73.31 84.70

(d) Effect of pH on complexation
Effect of pH on complexation showed that, maximwmplexation was found between pH 4-6, as showraind
7. Below pH 3 and above pH 6, complexation cagagés decreased.

(e) Effect of drug: resin ratio on drug-resin complerti

Effect of drug: resin ratio on complexation capasitowed that, the percentage of bound drug to reas found to
increase with increasing concentration of resinstamwvn in Table 7. At 1:0.75 ratio, Kyron T-138(31%) has
higher drug binding capacity than Indion 234 (7%81Also at 1:1 drug: resin ratio, Kyron T-134 stealvhigher
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binding capacity than Indion 234. So, 1:0.75 antl drug: Kyron T-134 were considered optimum ratiodad
sildenafil in fast dissolving film.

Table 7. Effect of pH and drug-resin ratio on compéxation

Effect of pH on complexation Effect of drug-resatio on complexation
% bound drug % bound drug
Drug: Drug: Drug: Drug:
pH | Indion 234 | Kyron T134 | Drug: Rasin Ratio| Indion 234 | Kyron T134
(1:1) (1:1)

1.2 74.25 83.12 1:0.25 18.75 34.35
2 73.85 83.44 1:05 49.57 64.85
3 73.84 84.11 1:0.75 77.81 89.21
4 84.44 90.44 1:1 84.44 98.75
5 84.04 94.78 1:1.25 94.21 99.11
6 84.77 94.78 1.50 97.5 99.24
7 79.24 86.45
8 78.38 87.18

Characterization and evaluation of Drug resin comptx by IR spectroscopy

The comparative FTIR spectra of sildenafil citrd€gron T-134 and drug-resin complex in 1:0.75 ratie shown

in fig. 5, 6 and 7 respectively. FTIR spectra itdenafil citrate shows major peaks at 3294’cfiN-H stretching-
secondary amine) , a peak at 1358 80, stretching), a peak at 1697 tiC=0 stretch of amide), a peak at
1390 cnt (-CH3 group terminal, -C—H methyl umbrella bandda peak at 1170 ¢h( C-O stretch of ether).
FTIR spectra of Kyron T-134 citrate shows majorkseat 1685 ci (-C=0 stretch of carboxylate), a peak at 3205
cm® (C-H stretch of aromatic ring ), a peak at 1165'afC—O stretch) and a peak at 1395'c(rCH3 group
terminal). The absence of sharp characteristic paakegion of 1685-1697 chrand 1358-1395 cthin drug-resin
complex confirms the complex formation of drug wigssin. The peak in region of 3205-3294tin complex
corresponding to N—H stretch (secondary amine) aiss absent, which confirms interaction of thersorgroup of

sildenafil citrate and the carboxylic group of tlesin.

4 Orug - s - s SR |
| 2553836 102457 {4900 305220

5‘){ A 2025.908 35611
W/ ~ / 435,444 138,052

i 7605 665 4.40;
eJ' - 2863.852 57.309 N

15.538 38.237 v 2320.965 -0.000 78 1.89
84 351472 8.490 ! : ©o 0 1871.678 1.801

|
3294.260 201.9 o
%08, 2684.696 22237

b
| 2038.041 20.400
70
8
:

S—-

2800 2600 e - -
Y 2400 P 2000 180

Figure 5. IR spectra of sildenafil citrate

885



Rushiraj Jani and Dasharath Patel J. Chem. Pharm. Res., 2016, 8(8):877-891
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Figure 7. IR spectra of drug: resin (1: 0.75)

Preparation of fast dissolving films containing Silleanfil citrate
For taste masking of sildenafil citrate, sildenatitate and Kyron T-134 in 1:1 ratio added to fatation. Poor and

very brittle film formation was found at 1:1 rationtaining trial F1 and F2, as shown in Table eAfncreasing

concentration of plasticizer in trial F2, there wasimprovement in tensile strength which mighleeurred due to
high amount of drug loading per film. So 1: 0.7higirresin was taken in trials F3 and F4 but terstitength of

both the batches were not satisfactory which mightiue to low polymer strength of HPMC 6 cps. ial tF5 to F7,

HPMC E6 was replaced with HPMC E15 as main filnmfer which improved tensile strength and other meiciah

property of film but improvement in disintegratitime was still required to be optimized. Glycerg lumectants
was added to trial F7 to prevent brittleness dudrying and it retains moisture of the film durisigbility.

Optimization using 3 full factorial designs and evaluation parameters
The factorial batches were evaluated for variousupaters by the methods described in methodologtjose The

evaluation results are shown in Table 8. Tensitengtth was found in range of 0.110+0.005 to 0.27@%0 kg/cm?2.
Folding endurance gives an indication of brittlene$ the film. A result showed as the concentratémpolymer
and plasticizer increases, tensile strength andinfgl endurance of film increase. Surface pH ofth# films

prepared was found to be in the range 6.28 to 6ch was close to the neutral pH so films mayeh#ass
potential to irritate the oral mucosa. Thickness ¥zaind in the range of 0.08 to 0.18 mm, the défiféisolid content
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per unit film of 10.5 crhcould be the reason for variable thickness offilnes. In vitro disintegration time and
dissolution time for fast dissolving film was inetlmlange from 12.38 +0.89 to 33.37 +2.21and 1.44 %@ 3.48

+0.22, respectively. Content uniformity of formutats OT4, OT5, OT6 and OT8 showed better drug caré
above 98 %. No significant difference in the drumtent among the films indicated good content unifty. In
vitro dissolution study in 900 mL of 0.01N hydrocht acid was conducted as per method describdigredrhe
data for in vitro release are shown in Table 9 amdcompared in Fig. 8.

Table 8. Evaluation parameters of 3factorial design batches

Batch Tensile Folding endurance Surface Thickness Cc.u In Vitro D.T. | Solution Time

code strength pH (mm) (%) (sec.) (min.)

oT1 0.110 +0.005 32 +2.00 6.32+0.04 0.08+ 0j027.29+0.90 | 12.44+ 0.78 1.44+ 0.17

OT2 | 0.134+ 0.003 39 + 2.00 6.28 + 004 070:0.03 | 96.75+0.25( 12.38 +0.89 152 #0.08

OoT3 0.137 +0.010 45 +4.00 6.28 #0.01  0.08020 96.97 +0.54| 12.57 *0.97 1.54 +0.11

OT4 | 0.168 +0.003 58 +6.00 6.46 +0.02  0.11 +0J0100.18 +0.65| 17.44 +0.81] 2.32+0.32

OT5 | 0.174 +0.004 64 +2.00 6.41+0.03 0.003 | 98.69 +0.11 20.57 +0.17 2.44 ¥0.14

oT6 0.184 +0.004 67 +4.00 6.46 +0.01  0.12 +0/028.57 +0.89 21.34 +2.09 2.52 +0.07]

oT7 0.225+ 0.002 75  +6.00 6.38 +0.02  0.17030. 97.85+0.93 31.17 +1.17 3.24 +0.29

oT8 0.238+ 0.009 77  +2.00 6.42 +0.04  0.17 +0/08€9.48 +0.44 31.57 +0.91 3.41 +0.1§

oT9 0.274+ 0.011 91 +7.00 6.46 +0.04  0.18 +0/038.11 +0.21 33.37 +2.21] 3.48 +0.22

C.U: content uniformity, D.T: disintegration timéalues are mean +S.D for 3 determinations
Table 9. Results ofn vitro drug release study of factorial batches
Time 9%CPR*
(min)
oT1 oT2 oT3 oT4 oT5 OT6 oT7 oT8 oT9

5 87.11+0.24 85.71+0.94 84.91+1.23 79.78+0.827.659+0.86 74.54+1.21 69.77 +0.73 64.13+0.79 82078
10 97.31+0.57 96.91+0.54 97.37+0.84 94.03+1.292.75+1.45 93.85+0.87 84.17+1.24 80.97 £1.34 2980.98
15 98.31+0.37 97.62+0.74 98.59+0.89 95.71+0.799.71 £0.78 99.01 +0.59 98.03 +1.54 99.34 +1.78 8B&0.67
20 98.11 +0.07  97.99 +0.67 98.77 £+0.47 100.31+0.699.77 £0.69 100.11+0.09 98.45+1.78 100.12+0.19 7D%1.08

* Values are expressed as mean +S.D for threerniétations

120 -+

100 -

60 -

40 -

cumulative %0 Drug Release

0"
"™ T T T T 1

10 15 20 25
Time ( Min)

Figure 8. Drug release comparison of¥actorial trial batches

Statistical analysis of 3 full factorial batches

Full and reduced model for disintegration time

The summary of regression analysis and ANOVA fairdegration time is shown in Table 10. 3D surfpla is

shown in Fig. 9. From the equation of full modeduced model is drawn by rejecting insignificardtdas on the
basis of p value. From the reduced model, it wasdathat concentration of plasticizer has no sigaift effect on
disintegration time as well as effect of interastisas not found significant. Only concentratiorpofymer showed
significant and positive effect on the tensile sgjth. As its concentration of polymer increasesintiégration time
of film increases.
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Table 10. Summary outputs of regression analysis @PANOVA for disintegration time

P-value

DF SS MS F Prob > F
Regression 5 594.41 118.88 95.60 0.0017
Residual 3 3.73 1.24
Total 8 598.14 Significant
Coefficient [0 by b, by b by,
Coefficient value 19.8622 9.7867 1.0383 2.4667 1831 0.5175
P-value 0.0002 0.0002 0.1069 0.0521 0.8902 0.4218

Full Model: Y; = 19.8622 + 9.7867 % 1.0383 X% + 2.4667 %*- 0.1183 %™+ 0.5175 XX
Reduced Model: Y= 19.8622 + 9.7867 X

Design-Expert® Software
Factor Coding: Actual
Disintegration time (Seconds)

%33,37
12.38

Al A
B

NS
I

Osintegration tine (Seconds)

Figure 9. 3D surface plot of disintegration time

Full and reduced model for tensile strength

The summary of regression analysis and ANOVA fastie strength is shown in Table11. 3D surface jgl@hown
in Fig. 10. From the reduced model, it was fourat toncentration of polymer and plasticizer hasificant and
positive effect on tensile strength of film butesff of interaction was not found significant. Ascentration of
plasticizer and polymer increases, tensile streafftim increases.

Table 11. Summary outputs of regression analysis d@”ANOVA for tensile strength

P-value

DF SS MS F Prob > F
Regression 5 0.0229 0.0046 42.4480 0.0055
Residual 3 0.0003 0.0001
Total 8 0.0232 Significant
Coefficient b by b, b1 by, b1z
Coefficient value 0.1747 0.0593 0.0153 0.0110 00001 0.0055
P-value 0.0002 0.0008 0.0364 0.2311 0.9003 0.3673

Full Model: Y; = 0.1747 + 0.0593 % 0.0153 % + 0.0110 X*+ 0.0010%* + 0.0055X,X,
Reduced Model: Y= 0.1747 + 0.0593 %+ 0.0153 X%
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Design-Expert® Software

Factor Coding: Actual

Tensille strength (Kg/ cm?2)
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0.274

0.11

S mmme

o>

TA
B

Tasllesragh(g aT®

Figure 10. 3D surface plot of tensile strength

Full and reduced model for in vitro drug releasel@tmin

The summary of regression analysis and ANOVA fowitro drug release at 10 min is shown in Table 12. 3D
surface plot is shown in Fig. 11. From the modelas found that concentration of polymer showeghtige effect

on thein vitro drug release. As its concentration increagesjtro drug release decreases. It was concluded that
concentration of polymer had the largest effectrandrug release at 10 min, which indicated thafmer retarded

the disintegration time of film which ultimatelygonged drug release from film. Concentration &f howed no
significant effect on in vitro drug release at 1hm

Table 12. Summary outputs of regression analysis @PANOVA for In vitro drug release at 10 min

P-value

DF SS MS F Prob > F
Regression 5 440.4227 88.0845 93.9977 0.0017
Residual 3 2.8113 0.9371
Total 8 443.2340 Significant
Coefficient k b, b, b1 b, b2
Coefficient value 93.1256 -8.0267 -1.0000 -4.3733.62607 -1.4850
P-value 1.0255E-06 0.0003 0.0854 0.0078 0.4274 46.05

Full Model: Y; = 93.1256 -8.0267 %1.0000 X% - 4.3733%°+ 0.6267 %* -1.4850 X:X;
Reduced Model: Y= 93.1256 -8.0267 X- 4.3733%°

Design-Expert® Software

Factor Coding: Actual

In vitro drug release at 10 min (%)

e Design points above predicted value
°

97,37
78.29
X1 =A: A
X2 =B: B

INnvitodug rdeese at 10N @9
o}
a

Concentration of polymer (mg)0‘5 -Odoncentration of plasticizer (mg)

1 -1

Figure 11. 3D surface plot of in vitro drug releaset 10 min
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Validation of model by check point batch

The overlay plot of all factorial batches is showrFig. 12. Check point batches C1 and C2 werecsadefrom the
overlay plot of responses. The amount of HPMC EA& Rropylene glycol were selected from overlay plod
predicted responses were calculated and are givahei Table 13. Actual response of C1 and C2 buaiere
measured and compared with the predicted respdrdeeok point batches. All the values of respongee within
the upper and lower predicted interval. Hence, thiglel is valid and optimized batch can be seleftedh the
overlay plot of this model.

Design-Expert® Software
Factor Coding: Actual

Overlay Plot

Overlay Plot 1 d
Disintegration time
Tensille strength
In vitro drug release at 10 min
Cl Low
CI High 0.5 —
e Design Points g
o
X1 =A: A ‘0
X2 =B: B @
T
5 o—@ ®
5
T
g 0.5 —
-1
-1 1
Concentration of polymer (mg)
Figure 12. Overlay plot of Zfull factorial batches
Table 13. Predicted and actual responses of checkipt batches
Predicted Response Actual Response
. Calculated values of . % .
Batches fg;?gﬂzirggngfgf:deﬁ independent D.T. % CPR gt(regr?”?h D.T. CPR gt(regr?”?h
yp Variables ( mg/unit) (sec) at 10min 9 (sec) at 9
(kg/en) . (kg/en)
10min
X1= -0.15142 X1=44.24 94.01
C1 X2= 0.7625 X2=28.81 19.86 (92.53, 0.1854 21.49 9281 0.1770
95.50)
X1=0.0690341 X1=45.35 94.16
Cc2 X2= -0.949148 X2=20.25 18.32 (595275;1) 0.1722 1751 95.11 0.1650

Optimization of batch from overlay plot

From the overlay plot it was seen that batches @ibOT6 fall under the optimized area. So, thetbwith higher
dissolution was considered optimized batch. Thush®T6 (Tensile strength: 0.184 kg/ Trdrug release at 10
min: 93.85 % and Disintegration time: 21.34 sec} selected as the optimized batch.

Taste evaluation study by spitting

The results of the taste evaluation study are ptedein Table 3. In this study, mouth feel waskeghas per
grittiness and irritability of formulation in moutiMean value of mouth feel in both formulations gested smooth
to very smooth feeling. Ease of handling was rar&eger flexibility to take out film from Alu poudnd put it in
mouth without need of water which was ranked patigandly and excellent. In comparison to refeemproduct,
test film (optimized formulation OT6) had acceptald slight sweet taste (Mean 4.00+0.00) and sligtitter to
acceptable after taste (3.88+0.35) and also supgeieptance of formulation.

Stability Study of Optimized Batch

The results of stability study at 3 month and 6 thatcelerated condition (40°C + 2°C and 75 + 5%, RHich are
shown in Table 14, had shown no significant chaingthe release profile and other physicochemicaperty of
sildenafil fast dissolving oral film.
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Table 13. Results of accelerated stability study afptimized batch (OT6)

Evaluation parameters Initial | 3 months 6 month
Physical observation Light pink colored opaque filnLight pink colored opaque filnj  Light pink coloregaque film
Tensile strength(Kg/cm2) 0.184 +0.004 0.192 +0.002 0.198 +0.001
Folding endurance 67+4.00 73 +4.00 78+ 2.00
Surface pH 6.46 +0.01 6.51 +0.03 6.62 +0.09
In vitro disintegration time (sec 21.34+2.09 266244 21.57+0.27
In vitro solution time (Sec) 2.52 +0.07 3.00 +0.31 3.19 +0.24
% drug content 98.57 +0.89 99.41 +0.12 98.60+ 0.78
% Drug release at 10 min 93.85+0.87 94.21+0.47 DOB1
CONCLUSION

The physical properties like tensile strength, iftgdendurance etc. were affected by type and cdratem of
polymer and plasticizer. The optimized formulat{tmatch OT6) containing HPMC E15 (28.69%), propylgheol
(19.13%) and glycerine (6.38%) showed drug disgmiumore than 90% within 10 min with satisfactoaste
masking and other physicomechanical properties. Wgndifferent taste masking agent, Kyron T-134 was
satisfactorily mask the bitter taste of active rigd Kyron 134 ratio 1:0.75. The development of fdissolving film

of sildenafil is one of the alternative routes toyide quick onset of action. This formulation enbes patient
compliance because patient can take it by simpttinguit in oral cavity without need of water, 2dmio 30 min
before starting activity.
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