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ABSTRACT

The purpose of the present investigation was tégdesnd evaluate influence of natural, synthetidypwrs and
fillers on sustained release matrix tablets of eildfil citrate and to select the best formulatioaséd on
pharmacokinetic of sildenafil citrate. The granuleere evaluated for angle of repose, loose bulksidgntapped
bulk density, compressibility index, and drug canhtéThe tablets were subjected to various testsploysical
parameters such as thickness, hardness and fribdind in vitro release studies. Release kinetias evaluated by
using United States Pharmacopeia (USP)-22 typésHalution apparatus. The in vitro dissolution stugas carried
out for 12 hours. In 0.1 N hydrochloric acid (pH)Lfor first 2hrs followed by phosphate buffer &t .4 0.2 for
remaining 10 hours. The results of dissolution Esidndicated that formulations containing natugalm LBG and
synthetic gum HPMC K100 showed better dissolufitre drug release data fit well to the zero ordeordtneyer’s
plot indicated that the drug release mechanism friv@ matrix tablet followed was Anomalous (non-Riok
diffusion. It (F-3) showed that no change in phgkappearance, drug content or dissolution pattefter storage at
40°C temperature and relative humidity 75% for 90 days

Keywords. Sildenafil Citrate, Locust bean gum, Hydroxyl psopmethyl cellulose K100, Tamarind seed
polysaccharide, Wet granulation.

INTRODUCTION

Oral route is the most preferred route for admiatin of drugs. Tablets are the most popuel formulation
available in the market and preferred by thatients and physician alike. In long-term &psr for the
treatment of chronic disease conditions. Conweiali formulations are required to be admimnetde multiple
doses and therefore have several disadvan[tlallges.

The primary benefit of a sustained releassade form, compared to a conventional dosfagm, is the

uniform drug plasma concentration and dfae uniform therapeutic effect. Over the past ecades,

sustained release dosage forms have made signiffpagress in terms of clinical efficacy and pati

compliance. Matrix devices, due to their clehinertness, drug embedding ability and drugaseé character,
. . .. 2,3]

have gained steady popularity for sustainingéhease of a dru[g.

Hydrophilic polymer matrix systems are widely usied designing oral sustained drug delivery dosagen$
because of their flexibility to provide a desiralleug release profile, cost-effectiveness, and dnagulatory
acceptanc&! The hydrophilic polymers selected for the presstntly were HPMC K100, Xanthan gum, Locust
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bean gum, Ethyl cellulose, and Tsp. These polympergide pH-independent drug release to oral dosages that
can be used for formulating the sustained-releasagk forms:®!

Activity limitation and dyspnoea are the primaryrgtoms of chronic obstructive pulmonary diseaseRO) and
progress as the disease advances, contributiregltewed quality of life. Pulmonary arterial hypediem (PAH) is a
common complication during the course of COPD amdam important predictor of mortaliy. Endothelial
dysfunction and decreased concentration of endathaérived nitric oxide may play an important rale the
development of PAH in patients having COBD.

Sildenafil is an orally active, potent and selegtinhibitor of phosphodiesterase type 5 (PDE®gsent throughout
the body, PDES is found in high concentrationshim lungs. Inhibition of PDES enhances the vasanlijetffects of

nitric oxide in pulmonary hypertension by prevegtihe degradation of cyclic guanosine monophogpfdMP),

which promotes relaxation of vascular smooth musclé increases blood flow. In animal models amngnan

trials, sildenafil has been found to produee relatively selective reduction in pulmonariesy pressure
without adverse systemic hemodynamic effects. Itibib of PDE5 by sildenafil may also enhance thatglet

antiaggregatory activity of nitric oxide and intithrombus formatiof?:*’

The elimination half- life of Sildenafil Citrate isetween 3 to 4 hours. It has 40% oral bioavailgbdnd it is
readily absorbed from gastro intestinal tract. Base these physico- chemical and biopharmaceuticgerties,
Sildenafil Citrate was selected as a drug candiftat developing sustained release tablet formutatSildenafil
Citrate appears to be a useful alternative to tiadil therapies for pulmonary hypertension. SikférCitrate is
effective in patients with more severe COPB?

MATERIALSAND METHODS

Materials: Sildenafil Citrate were purchased from yarrow chles Mumbai, Xanthan gum, Locust bean gum,
Microcrystalline cellulose were purchased fromes®arch- Lab Fine Chem Industries, Mumbai. Magnesiu
stearate, talc, PVP, polyethelene glycol 4000 vperehased from SD Fine chemicals Ltd, Mumb&PTwere
purchased from local market.

Extraction of Tamarind Seed Polysaccharide:

To 20g of tamarind kernel powder, 200ml of coldtiled water was added and slurry was prepared. STy

was poured into 800ml of boiling distilled watehél'solution was boiled for 20 mints under stirrampdition in a
water bath. The resulting thin clear solution waptkovernight so that most of the proteins andréilsettled out.
The solution was then centrifuged at 5000 rpm fdn#nts. The supernatant was separated and paui@twice
the volume of absolute ethanol by continuous stifriThe precipitate was washed with absolute ethalethyl

ether and and then dried at 50-60° C under vacilim®.dried material was ground and sieved to olgeamules
of different particle size range. The particle siaege of 150-75 microns was used for preparatidgaigets'™!

Preparation of matrix tablets:

Tablet formulations were prepared by wet glatimn method. A non-aqueous granulation process admpted

to prepare Sildenafil citrate tablets. Granulesre prepared as follows. Proportion of excitsesith drug was
as given in Table 1. All ingredients were siftedotigh sieve no. 60. A solid dispersion of Sildéncifrate with
PEG was prepared by using melt method. All polymees mixed with the above solid dispersion manually
according to the formula. PVP K30 was dissolvedsopropyl alcohol and used for wet granulation thad final
blend. The wet mass was passed through sievel6 and wet granules were dried at 60°C iovan for 30
minutes. Dried granules were sized by passinthritugh sieve no.20 and lubricated with magmasistearate
and talc for 1 minutes. Tablets were compressatny Rotary tablet machine with 12.1 mm flat-ssshpunches.
Tablet weight was (600mg) kept constant as showaltile 1.

Evaluation of granules:
The angle of repose was measured by using funntdadevhich indicates the flow ability of the graesﬁ“l
Loose bulk density (LBD) and tapped bulk sign (TBD) were measured using the formula: LBBeight of

the powder /volume of the packiHa.TBD: weight of the powder /tapped volume o€ thacking.
Compressibility index of the granules was determiity using the formula: CI (%) = [(TBD-LBD/TBD)]
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x100"% The physical properties of granules werenshim Table 2.

Evaluation of tablets:
All prepared matrix tablets were evaldatéor its uniformity of weight, hardness, frility and thickness

according to official method¢'shown in Table 3.

Uniformity of drug content:

Accurately weighed quantity of the powd&blet equivalent to 100 mg of the drug wasdfamed to 100 ml
volumetric flask. 50 ml of buffer solution of pH4was added. Mix with the aid of ultrasound forrih, and then
the volume was made up to 100 ml with the same febigolution, mixed solution was filtered througtet
membrane filter disc with an average pore diamsdé greater than 0.45um. 5 ml of the filtrate widsted to 100
ml with same buffer solution and examined under &péctrophotometer at 292 nm.

Characterization of Drug Release Kinetics:

To study the release kinetics, data obtained farmitro drug release studies were plotted in various kimetbdels:
zero order (equation 1), as the cumulative pergentd drug release Vs time, first order (equatipna2 the log of
the amount of drug remaining to be released Vs timd Higuchi model (equation 3), as the cumulagtimeentage
of drug release Vs. square root of time.

C=Kto eg(ation 1)
Log C=Log G- K; t/ 2.303 (equation 2)
Q =K t*? eq(iation 3)

The Korsmeyer and Peppas equatiodigM = kt'. WhereM/M is the fraction of drug released at tirhek is a
constant incorporating the properties of the ma@iecular polymeric system and the drug and an exponent
used to characterize the transport mechanism. éxample,n = 0.45 for Case | or Fickian diffusion, 8.4n
< 0.89 for anomalous behavior or non-Fickian tramsm = 0.89 for Case Il transport, and>0.89 for Super Case
Il transport. Fickian diffusional release occurs the usual molecular diffusion of the drug due tehemical
potential gradient Case Il relaxational releasthé drug transport mechanism associated Wwitsses and state-
transition in hydrophilic glassy polymers, whichedlin water or biological fluids. This termalso includes

polymer disentanglement and erosion”

Table 1: Tablet composition of different formulations of Sildenafil citrate sustained release matrix tablets with natural and
synthetic polymers

FORMULATION CODE | F1 | F2 | F3 | F4 | F5 | F6 | F7 | F8 | F9 | F10 | F11 | F12
Drug 40| 40 40| 400 40 40 40 4 40 40 40 40
LBG 50 | 100| 200| - - - - - - 200 200 200
Xanthan gum - - - - - - - - -
Ethyl cellulos: - - - 50 | 10C | 20C | - - - - - -
HPMC K10C 50 | 10C | 20C | 50 | 10C | 20C | 5C | 10C | 20C | 20C | 20C | 20C
TSP - - - - - - 50|/ 109 20 - - -
Lactose - - - - - - - - - 82

Starch 1500 - - - - - - - - - - 82

DCP - - - - - - - - - - - 82
PEC 30| 3C | 30 | 30| 30 | 30 | 3C| 30 | 3¢C 3C 30 30
MCC 82| 82 82| 82 82 82 82 82 8P

PVP 30| 30 30/ 30 30 3 30 30 30 30 30 8O
Magnesium Stearate 1p 1p 12 12 12 12 |12 12 12 12 122
Talc 6 6 6 6 6 6 6 6 6 6 6 6
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Table 2: Granular properties of formulations F1to F12 of Sildenafil Citrate sustained release matrix tablets using natural, synthetic
polymersand fillersasreleaseretardant

Formulation No. | Angleof repose | Loosebulk density (LBD)(g/ml) | Tapped bulk density(TBD)(g/ml) | Compressibility index(%)
F1 31.27 #1.38 0.235 + 0.006 0.282 +0.015 16.65 + 0.61
F2 3228+ 1.71 0.236 + 0.0 0.267 +0.03 11.67
F3 29.12+1.67 0.273+0.0 0.299+ 0.0 8.69 + 0.4
F4 28.15 #1.35 0.265 +0.001 0.317 £0.018 16.4041.4
F5 30.84 £1.87 0.317+ 0.007 0.367+0.010 13.12+1.26
F6 28.26 +1.44 0.245 + 0.07 0.275 +0.02 10.90 780.
F7 28.43 +1.43 0.228 + 0.09 0.259 + 0.01 11.90.44
F8 29.87 + 1.3€ 0.262 +0.00 0.295 +0.01 12.18 +0.7
F9 30.16 + 1.2¢ 0.256 +0.00 0.282 +0.01 9.21 £ 0.6
F10 2752 * 1.14 0.256 + 0.006 0.282 +0.015 9.21640
F11 28.36 * 1.42 0.203 £ 0.07 0.236 + 0.07 13.98128
F12 26.79+ 1.25 0.221 + 0.06 0.267 +£0.08 16.63200.

Table 3: Tablet propertiesof formulations F1 to F12 of Sildenafil Citrate sustained release matrix tabletswith natural, synthetic polymers
and fillers
Formulation No. | Thicknesstmm) | Hardness(kg/cm?) | Friability (%) | Drug content (%)
F1 3.89+ 0.3( 6.2+0.2! 0.29+0.1; 98.€+0.2(
F2 4.16+0.08 6.5+0.12 0.32 +0.42 98.86 £0.124
F3 4.24+ 0.03 6.5+0.34 0.28 £0.34 99.7 £+ 0.11
F4 3.71+ 0.16 6.0+0.1 0.24+0.1 99.69 +0.14
F5 4.42 £0.014 6 +0.02 0.28+0.2 99.65 £0.16
F6 4.0 £0.02. 6.2+0. 0.28+0.3 99.60 +0.24
F7 3.41+0.28 6.2+0.04 0.33+0.06] 99.67 + 0.14]
F8 4.06 + 0.08 6.4+0.04 0.37 +0.02(¢ 99.88 +0.234
F9 4.26 £0.18 6+0.12 0.25 £ 0.02] 99.54 +0.22
F10 3,57+ 0.14 6.5+0.13 0.37 £0.21] 99.22 +0.12]
F11 4.34+ 0.0.25 6.3+0.35 0.23+0.6 99.97 +0.131
F12 4.02+ 0.12 6.4 +0.05 0.32 £0.24 99.80 + 0.04

Figure: 4. Correlation coefficients of different mathematical modelsfor formulations
F- 1to F-3, F-5, F-6, F-8 to F-12

. Zero First . . | Peppas- model
Forn,llucl)atlon Order | Order HI%UZChI RZ Sope
) R? R? n

F1 0.987 | 0.868 0.998 0.996 0.703
F2 0.994 | 0.661 0.963 0.978 0.637
F3 0.997 | 0.675 0.978 0.98Y 0.701
F5 0.970 | 0.712 0.920 0.925 0.648
F6 0.997 | 0.692 0.975 0.975 0.640
F8 0.992 | 0.868 0.999 0.999 0.640
F9 0.999 | 0.715 0.976 0.98Y 0.656
F10 0.936 | 0.530 0.972 0.979 0.672
F11 0.906 | 0.583 0.981 0.988 0.689
F12 0.904 | 0.568 0.977 0.984 0.688

Stability Study:
The optimized formulation was subjected to stapit 25C+ 2°C / 60% + 5% RH, 3t + 2C / 65% +5% RH and

40°C + 2C | 75% + 5% RH for period of 90 days. After eacbnth tablet sample was analyzed for physical
characteristics and drug release prdffle.

RESULTSAND DISCUSSION

FTIR spectroscopy:

The FT-IR Spectrum of pure Sildenafil citrated its physical mixture with polymers andffedient
excipients are shown in Figure: 1 - 7 . Pure &iltfil citrate showed peaks at 3294.117 cm-1 (Cietch),
1697.612 cm-1 (N-H bend), 1562.947 cm-1 (N-O asyimméend), 1458.577 cm-1 (C-H bend), 1357.714 cm-1
(C-H rock), 1278.632 cm-1 (C-O stretch), 1027.@94-1 (C-N stretch), 939.192 cm-1 (O-H bend). Iréch
absorption spectrum of formulation F-3, F-6, F-913-20 showed peaks at at 3295.534 cm-1 (O-H &ixetc
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1699.512 cm-1 (N-H bend), 1562.156 cm-1 (N-O asymméend), 1458.696 cm-1 (C-H bend), 1358.999 cm-1
(C-H rock), 1279.685 cm-1 (C-O stretch), 1026.8881 (C-N stretch), 940.337 cm-1 (O-H bend).

Infrared spectra of drug and polymers were usedtiudy the compatibility between them. No changpdak shows
that there was no interaction between drug andnpetg. The IR spectrum of the pure drug (Silder@ifilate ) and
optimized formulation F3 is given in figure 1-2.

SEM studies of the optimized formulation F3

The Scanning Electron Microscopic (SEM) Analysissweanducted using a JOEL (Model - JSM 840A) Soann
Microscope for the optimized formulations in thraates involving dry tablet surface, Tablet aftereling for 2
hours and Tablet after swelling for 6 hours and dl@h, so as to determine particle size distribytismface
topography, and texture and to examine the moggyobf fractured or sectioned surfaces.

SEM photomicrograph of the matrix tablet takan different time intervals after the disgmn experiment
showed that matrix was intact and poresl hformed throughout the matrix. SEM photomicrgdra with
graphs of tablet surface at different time intesvakso showed that erosion of matrix incrdasespect to time
indicated by the photomicrographs at 2, 6, ab® hours revealing pores with increasing diamelbese
photomicrographs also revealed formation g@élling structure. Hence, the formation of bptires and gelling
structure on tablet surface indicates the involvenoé both erosion and diffusion mechanisrmasbe responsible
for sustaining the release of Sildenafil Citranirformulated matrix tablets.

DSC STUDY:

According to the thermo grams, Sildenafil Citrategented a sharp endothermic peak at 197.13°Cspoimding to
the melting point of the drug in the crystallinerfo While the thermo gram of physical mixture ofd8nafil
Citrate, locust bean gum and hydroxyl proply metbgllulose K100 was 151°C. The comparative stufly o
thermograms indicated that the drug even in itg anixture sample form has not much deviated froelitierature
melting point 189-190%appreciably indicating that the drug has not undieegany type of interaction with the
polymer used for the formulation. It is also cléi@at the drug has not undergone any type of intiema with the
polymer used in the formulation from the FTIR repoThe spectra of the DSC are shown in Figur@.9-1

Characterization of granular properties

Granules prepared for compression of matrix taete evaluated for their flow properties, the hsswere shown
in Tables 2. Angle of repose was in the range 2&.79.25 to 32.25 + 1.40, which indicates excdiligow of the
powder for all formulations. The bulk density oethowder formulation was in the range of 0.203@7@ 0.317+
0.007gm/cc, the tapped density was in the rang@.286 + 0.07to 0.367+0.010gm/cc, which indicatest tne
powder was not bulky. The Carr's index was foundéoin the range of 8.69 + 0.44 to 16.65 + 0.6licatihg
compressibility of the tablet blend is good. Thestues indicate that the prepared granules exkilgod flow
properties.

Physicochemical evaluation of matrix tablets

Tablets with a weight of 600 mg were subjected ualigy control tests such as thickness hardne&sility and
drug content (Table 3). The contents of the formiaites were found to be uniform, since the amounthef active
ingredient in each of thelO units tested was withiem range of 98.86 + 0.124 to 99.97 + 0.131 dadrelative
standard deviations were less than 2.0% indicatimiform mixing of polymers and drug. The mean valder
hardness were over 6.0 kg/cm2 and all formulatexigbited a friability of not more than 0.6% duritige friability
determination. The punches used to compress thetsaliere 12.1 mm spherical shaped. The shapeiamafsthe
tablets were found to be within the limit. The hzeds of the tablets was found to be in the randge00.02 to 6.5
+0.12 Kg/crﬁ. It was within the range of monograph specificatibhickness of the tablets was found to be in the
range of 3.57 £ 0.14 to 4.42 + 0.014. The friapibf the tablets was found to be less than 1% an@s within the
range of standard specification.

In-Vitro Release Study

In- vitro release studies were carried out for all the foatiohs as per USP XXII tablet dissolution testepkaying
rotating paddle at 50 rpm. The dissolution mediwmnsist of 750ml of 0.1N Hcl (1.2 pH)for 2 hours atheén the
pH was changed to 7.4 by adding 250 ml of 0.2 msddium phosphate for rest of the dissolution domatThe
temperature was maintained at 3%&3hrough out the experiment. 5 ml of sample wakdvawn at predetermined
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time interval replacing with equal quantity of dréige dissolution fluid. The sample withdrawn wéileered
through 0.45um membrane filter and drug conteetich sample was analysed after suitable dilutiod\Wvisible
spectroscopy at 292nm.

The results were evaluated for 12 hr. As per tealte of dissolution study formulations F1, F2, F38, F5, F6, F7,
F8, F9, F10, F11, F12 showed 99.68, 98.48, 99.2489 98.76, 99.1, 99.34, 99.6, 98.76, 99.15, 9998662
respectively.

A /\_,.Iu\-__\
e — g ey,
oo
‘W\J __/'f
B oo o
e -
- -] =
% 8 X
] =
fog- : - ®
% G-
]
=
& 5o)-
o
-
404- 2
M-
s A A i A A A A A A A A 'l ' A 'l
W00 00 MO0 300 3000 0 2800 2000 0 2400 2200 J000 1800 1600 1400 1200 1000 800

Wionmrsarnbey

Figure:1. FTIR Spectroscopy of puredrug (Sildenafil Citrate)
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Figure:2. FTIR Spectroscopy of formulation (F-3)

Incorporation of locust bean gum along with HPMCQ80 in the formulation F-1 to F-3 showed bettetarded
the release rate of drug compared to allrofivenulations and drug release was decreaseith Wwicreased
polymer concentration. This might be due to guigkiration on the outer layer of tablet and getais layer
formation character of HPMCK100, the involvemensgifiergism between LBG and HPMC K100 gum is #iso
reason for the decrease in drug release. Formafi@ gel layer was obtained from the interacti@tween the
above two polymers.
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Figure:4. FTIR spectroscopy of formulation (F-9)

F4 to F6 When the polymer concentration of HPM@®&and Ethyl cellulose increased the drulpase rate
was reduced from the above formulations. Tiight be due to quick hydration on the outer lagéitablet and
gelatinous layer formation character of HPMCK10@ afrom ethyl cellulose is probably due to legster
permeability character.

Tablets F-7 to F-9 decrease in drug releaas observed with higher concentration of pmys (HPMC K
100 and Tamarind seed polysaccharide). This mlgh due to quick hydration on the outeyetaof tablet
and gelatinous layer formation character of M@IK100 and hydration, swelling and gelatinolesyer
formation nature of Tamarind Seed Polysaccharide.
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Figure:5. FTIR spectroscopy of formulation ( F-10)
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Figure:6. FTIR spectroscopy of formulation (F-11)
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Figure 7. FTIR spectroscopy of formulation (F-12)
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Figure:8. SEM photomicrographsat theend of 2, 6, and 12 th hour
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Figure:11. In Vitro Dissolution Profile of F-1to F-6 Formulations
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Figure:12. In Vitro Dissolution Profile of F-7 to F-12 Formulations
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Deter mination of the release kinetics
The release data was fitted to various matkiedamodels to evaluate the kinetics and meisma of drug
release. The kinetic data of all formulations FeFt12 could be best expressed by zero oedgration as the

plots showed highest Iinearityz(R0.904 to 0.999), than first order releasetus (Ff: 0.530 t00.895). The n
values obtained from Korsmeyer Peppas platgge from (0.637 to 0.703) indicate that mectrarnf release
of formulations F-1 to F-12 was Anomalous (non-kack diffusion.

CONCLUSION

The matrix tablets were found to be effective istaining the drug release upto 12 hr. This is myathle to
formation of a thick gel structure that delays drelgase from tablet

Matrix. Drug release was found to be diffusion dedpwith erosion. Stability studies revealed thegre was no
significant change in drug content and dissolupioofile of matrix tablets. FTIR studies revealedttthere was no
shift in peaks, indicating there is no interactlmetween Sildenafil Citrate and other ingredientsdusSEM studies
revealed that the formation of both pores and mgltructure on tablet surface indicates the irmolent of both
erosion and diffusion mechanisms to be responéislsustaining the release of Sildenafil Citratenirformulated
matrix tablets. It can be concluded that stablenfdation could be developed by incorporating retiand

synthetic polymer in a definite proportion, so thila¢é sustained released profile is maintained foregtended
period.
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