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ABSTRACT

Chewable modified rel ease tablets containing two active ingredients vitamin C (200mg) and Sodium
Fluoride (2mg) were formulated for the treatment of dental diseases. Other ingredients include
Mannitol, Carbopol and Hydroxyl-Propyl Methylcellulose (HPMC), in different ratios. These tablets
were prepared by direct mixing of Hydroxypropyl Methylcdlulose (HPMC), vitamin C, Sodium
Fluoride, Carbopol, Mannitol and Magnesium Searate by pressing through single punch machine.
Their dissolution properties were assessed using USP (paddle apparatus).In order to investigate the
mode of drug release from the tablets, the release data were subjected to various release kinetic
models. The modified release strength of the tablets was al so evaluated. The results showed that the
combination of two polymers give a satisfactory drug release. This new formulation can be
administered either by swallowing the whole tablet or by chewing the tablet beacause controlled
release properties of this formulation do not change by chewing the tablet. Such type of tablets could
be valuable for all patientsincluding those who have difficulty in swallowing, for example pediatrics
and geriatrics patients.

Keywords: Modified release tablets, HPMC, carbopol, pediatrics, geriatric, Modified release
Property.

INTRODUCTION
Chewable modified release drug delivery systemss basically developed to enhance retention tifne o
the drug (taken orally )or to provide modified e of drugs. Different chewable modified releasegysl
reported earlier are miconazole , fungicidal ageas nystatin . This system has also been prodosed
treating other sodium fluoride deficiencies suchpasiodontitis and generally employed as fluoride
supplement. Among the most important oral diseasek as oral candidosis, this method of treatrisent
very useful. The use of other pharmaceutical dodagms i.e. gels, solutions, mouthwashes and
suspensions is not effective for candidosis, bex#ues drugs in these dosage forms are removedlguick
from oral cavity. A multifactorial dental disease is one of thecilproblem of public health which can
be prevented by FluorileThe approach for the formulation of modified esle$ principally is based on
the consumption of polymers (cellulose derivatiies/droxypropyl Methylcellulose [HPMC]) and
Polyacrylic acid , Carbomer [CB]) of suitable ploymthemical properties and the resultant formutatio
showed no interaction between polymer and the dtugly has been revealed that the crystalline fdrm o
drug is present in polymer matrix. The result shtlve tablets with suitable modified release proesr
can be preparedt has been reported that Modified release systambe improved by using Carbopol
and HPMC. Perez Marcos et al. has demonstrated in onesaddthily that when combination of HPMC
K4M and Carbopol was used with model drugofPanolol hydrochloride), imbibitions of water in
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Carbopol is lower than HPMC or their 1:1 mixtureM® and CP were extra granularly added without

revealing of the fact that the polymers and fluseédi in granulation to achieve compaction purpasées
drug is diffused from the matrix with the help oPMC. Carbopol readily absorbs water and gets
hydrated and swells. Carbopol is a candidate oicehfor its use in control release drug formulatire
to having properties like hydrophilic nature, ihdmlity in water and possession of crossed linked
structure. By using Carbopol, tablets of low frlabiand excellent hardness is produced. The cbntro
release of conventional tableise. chewable tablets, sublingual tablets, swallbie tablets, sodium
fluoride tablets, suppositories and effervescelieta can also be obtained by the use of thesamneot/
that will have a good binding characteristics. Zerder kinetics and near zero-order kinétiese
observed by the tablets produced by the use ofdpatlpolymer. This study has an aim of formulating
chewable modified release tablet (2 mg Sodium kdeor200mg vitamin C) and Carbopol and
Hydroxypropyl Methylcellulose (HPMC) for controlleglease of Fluoride in oral cavity for a treatment
of dental caries

MATERIALS AND METHOD
Instrumentation
In this study following instruments were used: UV&VSpectrophotometer Shimadzu model 1800,
Ultrasonicator, pH meter, electric water bath, aBdgital balance(Shimadzu Japan, 0.001mg
sensitivity)and glassware .
Materials used in this study
HPMC: (Trade Name: Hypromellose Shin - Etsu chelsjcao Ltd.,Japan)(HPMC 100,000 CP
Hypromellose). Carbopol 943( BF Goodrich).
Sodium fluoride Powder
NaF (Riedel- de Haen-Germany). It is White hygrgscoodorless powder, it is used widely in water
fluoridation, in Small installations mainly. Direntethod is used for fluoride measurement by theofise
an analyzer and specific electrodes. (201 E. HANNgtrument, China) . Before the analysis of sample,
different sets of standards (ranging from 0.023® ppm F) in triplicate was prepared, using serial
dilution method from 100 ppm NaF stock solutionErck, Darmstadt,Germany)
Vitamin C powder
Vitamin C powder was obtained from Ameer pharmaiftssample. Standard curve was measure by
spectrophotometer which shown in figure 1 and F3pRctra of blend also shown in figure 1.
Preparation of chewable modified release oral tabte:
Tablets formulation
The tablet was prepared by directly mixing sodidnoride, vitaminC, hydroxypropyl methyicellulose,
Carbopol, Mannitol and Magnesium Stearate. Mixifithts physical blend done in pestle and mortar for
15 mins. The mixture is then compressed by a sipglech press of 8mm by directly compressing at
1500kg/cr for not more than 5 seconds which results in tarcbiconvex tablets. Tablets of Sodium
Fluoride and vitamin C were prepared by using Caob@nd HPMC alone and with combination as
modified release polymers. Average weight of huddtablets was obtained after weighing them
individually and then calculations of Percentageiateon were performed and weight variation was
checked. Vernier caliper was used to measure thlkenttss of these tablets. Samples were prepared. Th
ingredients of the tablets prepared listed asVallo
Statistical analysis
Different parameters and variables of the studyewdescribed through statistical analysis and their
relationship with each other. For comparison ofr@ugs Independent t-test of significant was used.
Statistical evaluation of all data is achieved twy tise of SPSS-10.
Copyright © April, 2015; IJPAB 96



Yasir Mehmood et al Int. J. Pure App. Biosci. 3 (2): 95-104 (2015) ISSN: 2320051
Table 1: Composition modified release tablet formudtions
Formulation HPMC Carbopol Sodium fluoride Vitamin C
code (Mg) (Mg) (Mg) (Mg)
F1 55 2 200
F2 55 2 200
F3 25 18 2 200
F4 25 25 2 200

Note: Mannitol, Lactose, Magnesium Serate Baldum was in equal amount in all formulations

In vitro dissolutior®

The dissolution tests were performed using the lgadtbthod of USP 24 with the aid of dissolution
apparatus rotating at 100 rpm. The dissolution omadivas 900 ml phosphate buffer (pH 6.8) and the
temperature was set at 7Gamples of the solution were withdrawn at dedirtitme intervals. The
dissolution media was then replaced by fresh digiesl fluid to maintain a constant volume. The
solution was passed through a filter and then tmeentration of vitamin C in solution was measured
with an ultraviolet spectrophotometer at a wavelleraf 255 nm. The concentration of sodium fluoride
was determined by conductivity meter .The test easied out in triplicate and the results expresaed
mean + standard deviation (SD).

Analysis of drug release kinetics

In order to investigate the mode of drug releasenfthe tablets, the release data were subjectétbto
following release models: zero order, first ordgplare root of time and Korsemeyer-Peppas, as stmown
Egs 1 — 4, respectively.

Q =KOt oo 1)

IN (100 -Q)=INn Q0 — k1t .....ccvvvrernnnn. 2
Q=KHtL/2. .. (3)
Q=Kptn oo, 4)

Where Q is drug released at time, t, while kO, kd kH are coefficients of the respective equatibpss

a constant incorporating structure and geometrizatdteristics of the release device; and n isdlease
exponent indicative of the mechanism of releaseefVh approximates to 0.5, a Fickian/diffusion
controlled release is implied; 0.5 < n < 1.0 intksanon-Fickian transport; and n = 1 is zero ofdase ||
transport). When the value of n approaches 1dartbe said that release approximates zero order.

Compatibility studies®

The drug-polymer compatibility studies were carred using Infrared Spectrophotometer (IR). Infed-r
spectra of pure drug and mixture of drug and eraitsi were recorded.

Thickness*

The thickness of three randomly selected tablets feach formulation was determined in mm using a
Vernier caliper (Pico India). The average valuesanalculated.

Content uniformity *2

Ten tablets from each formulation were taken, adsand mixed. From the mixture 2 mg of Sodium
fluoride equivalent of mixture was extracted thayoly with 100 ml of pH 6.8 phosphate buffer and
checked through conductivity meter and compare stiihdard solution . The amount of drug (vitamin C)
present in each extract was determined using U¢tsgehotometer at 255 nm.

Microenvironment pH 3

The microenvironment pH (surface pH) of the sodiflooride tablets was determined in order to
investigate the possibility of any side effeots/ivo. As an acidic or alkaline pH may cause irritatton
mucosa, it was determined to keep the surface pthoae to neutral as possible. The method adopted b
Battenberg , was used to determine the surfacef phkdablet. A combined glass electrode was used f
this purpose.
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The tablet was allowed to swell by keeping it imtaet with 5 ml of distilled water (pH 6.5 + 0.0y 2

h at room temperature. The pH was measured byibgrtge electrode in contact with the surface ef th
tablets and allowing it to equilibrate for 1 min.

Swelling study*

Six Sodium fluoride and vitamin C containing tabletere individually weighed (W1) and placed
separately in Petri dishes with 5 ml of phosphaiféel of pH 6.8. At the time interval of 1, 2, 4yd6 h,
tablet was removed from the Petri dish and excedsnwas removed carefully using the filter papée
swollen tablet was then reweighed (W2) and the quéege of hydration was calculated using the
following formula. Percentage hydration = [(W2-W¥)/1] x100

Calibration Curve of vitamin C
The calibration curve of vitamin C in phosphateféu{pH 7.4) using U.V. spectrophotometer at 255
nm has been shown in Fig 6 and its absorption saue in Table 7.

RESULTS AND DISCUSSION
Melting Point

The melting point of the drug was observed by tapilfusion method. The observed melting pointhef t
drug was found to be in the range of referenceevdltie results are shown in Table 2.

Table 2: Melting point vitamin C
Apparatus Observed value

*
Reference value

Melting point apparatus 191°C + 1.28 190-198

Compatibility studies

The incompatibility between the drug and excipiemtse studied by FTIR spectroscopy. The spectral
data of pure drug (vitamin C) and various drug-piesit mixtures were presented in Fig. 2. The result
indicate that there was no chemical incompatibbiéween drug and excipients used in the formuiatio
Weight variation test

The weight variation test was conducted for eadbhbaf all formulations F1 to F4 as per USP and the
results shown in Table 3. The weight variation festll the formulations complies with the USP ilirfx:
10%).

Hardness test

The adequate tablet hardness is necessary redoisitensumer acceptance and handling. The measured
hardness of the tablets of each batch of all foatias i.e. F1 to F4 were ranged between 3.0 to 7.0
Kg/Cn? and the results are shown in Table 3.

Friability test

The friability test for all the formulations werenk as per the standard procedure USP. The reftitte
friability test were tabulated in Table 3. The datdicates that the friability was less than 1%alh
formulations ensuring that the tablets were medadiyistable.

Thickness

The thickness of the tablets was found to be almpgbrm in all formulations F1 to F4 in the rangk

2.5 to 3.0 mm. None of the formulations (F1 to 8Hywed a deviation. Hence, it is concluded thathall
formulations complied the thickness test and tlselte are shown in Table 3.

Drug content

The drug content of each batch of all the formalsi was evaluated as per standard protocol and the
results are shown in the Table 3. The results atdithat the percentage of drug content was fooi t
98.00% t0101.00%. Hence it is concluded that alftrmulations are following the acceptable lingits

per USP i.e.x 5%.
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Surface pH

Surface pH of all the tablets F1 to F4 was found¢o5.8 to 6.3, which is well within the limit of
acceptable salivary pH range of 5.69 to 6.34 (T#&#h)leHence, it was concluded that all formulations
could not produce any local irritation to the muadasurface.

In-vitro release studies

The formulations F1, F2, F3 and F4 containing dgrbopol and HPMC in different ratio respectively.
Thein vitro cumulative drug release profile of formulations F2, F3 and F4 showed 63%, 71%, 98%
and 96%, respectively in 6h (sodium fluoride). Amathese four formulationd=4 was found to be
minimum percentage drug release. During the studsas observed that the tablets were initially $eekl
and no erodible over the period of 6h (Fig. 3 ap@imilarly the formulations F2 containing alone
HPMC polymer and it was found maximum drug reledts@as concluded that by use of combination of
two polymers Carbopol and HPMC in the formulatithe drug release rate from the tablets was foand t
be decreased. But when the both polymer carbombHMC used alone in maximum concentration, the
drug release rate was found to be increased. Thig Ipe due to increased hydration (or) swelling
characteristics of polymers with increased conegiotns. Then vitro cumulative drug release profile of
formulations F1, F2, F3 and F4 showed 73%, 81%, 88#:86%, respectively in 6h (vitamin C).

Fig. 1: UV spectrum of vitamin C
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Table 3: physical parameters

Formulation Weight Hardness Friability Thickness Drug contents (%)
(mg) (Kg/cm2) (%) (mm) NaF Vit C
F1 200 6.7 0.5 3.20 98.3 102.4
F2 210 6.9 0.3 3.10 97.3 99.3
F3 200 5.9 0.4 2.90 98.4 101.3
F4 210 7.3 0.2 3.05 97.3 98.4

Table 4: drug release profile of sodium fluoride

Formulation lhr 2hr 4hr 6hr
F1 12.8 23.5 37.6 63.5
F2 8.5 15.6 44.7 71.3
F3 18.5 25.7 54.6 98.8
F4 23.6 315 62.5 96.6

Fig. 3: Release Profile of sodium fluoride in diffeent formulations
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Table 5: drug release profile of vitamin C
Formulation 1lhr 2hr 4hr 6hr
F1 12.8 23.5 57.6 73.5
F2 17.5 35.6 447 81.3
F3 18.5 25.7 54.6 98.8
F4 23.6 315 62.5 86.6
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Fig. 4: Release Profile of vitamin C in different brmulations
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Table 6: pH range of different formulations
Formulation 2hr 4hr 6hr
F1 5.71 6.34 6.38
F2 5.91 6.12 6.18
F3 5.87 5.97 6.21
F4 5.73 5.86 6.54
Fig. 5: pH-profile of different formulations
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Table 7: Observation table for standard curve of iamin C by UV Spectrophotomete

S. No. | Concentration (ug/ml) AbsorbancePhosphate buffer (pk 7.4)
1 5 0.078+0.0005
2 10 0.140+0.0019
3 15 0.203+0.0022
4 20 0.265+0.0017
5 25 0.327+0.0004
6 30 0.381+0.0027

Fig. 6: standard curve of vitamin C by UV spectrophotomé&er
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Table 8: Swelling index of optimized formulation (F4)

Time (hrs) Swelling Index (%0)*

F4

0 0

0.5 11.9

1 27.6

2 35.3

3 46.3

4 52.11

5 60.2

6 82.3
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Fig. 7: Kinetic Profile for in-vitro release of F4ormulation
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Stability studies

The selected formulation containing a HPMC/Carbdpalratio (batch F4) w

subjected to accelerate the storage conditiong @0C/75 + 5% RH for 6 month:

Formulationwas analyzed for organoleptic characteristics, esd and dissolution. Similarity factor
was calculated to compare the dissolution proéilesording to equatic

f, = 50 log ]+12(Rt—Tt)2 x100
L

Tt andRt are the percent drug dissolved at each time poirtekt and referencehree tablets of F4 were
subjected to this study and all the tablets fowalieate

CONCLUSIONS

Sodium Fluoride and vitamin C containing chewabledified release tablets could be formulated u
the polymers , Carbopol and HPMC with the ratib&:& cr alone . It can be seen that by increasing
concentration of HPMC/ Carbopol alone in the foratign, the drug release rate from the tablets
found to be unsatisfactory. When combination of pedymers was used, the drug release rate was |
to be decreased. Tlie vitro release kinetics studies reveal that F4 formulatifits well with first ordel
kinetics followed by KorsmeyePeppas, first order and then Higuchi’'s model amdntiechanism of dru
release is non-Fickian diffusion
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