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ABSTRACT

Oral route of administration have wide acceptangeta 50-60% to total drug forms. Fast
disintegrating drug delivery system has number @faatage such as faster onset of action,
attractive elegance, ease of administration, maciufigng, storage and transport. In this study,
an attempt has been made to study direct compressiethod, for formulation of fast
disintegrating tablets of Isoniazid, an anti-tubglar drug in view of enhancing bioavailability
for the treatment of oral tuberculosis. These fdatians have sufficient hardness and can be
manufactured by commonly used equipment. Prior dandilation the precompression
parameters were characterized for flow propertiesl repared formulations were evaluated
for physico-chemical parameters, X-ray powder @alysgraphy, Scanning Electron Microscopy
and anti-tubercular activity. All four formulationsossessed good disintegration properties with
total disintegration time of 25 to 40 seconds. Hitects of different superdisintegrants and
process variables on drug release profile and degration property were evaluated and results
revealed the better drug release with differentesdisintegrants such as Ac-di sol, Explotab,
Kollidon CL and Polyplastadone XL. SEM results shdvwhe mechanical strength of the
formulations affected the morphological changegraftompression. Hence, it is evident from
this study that fast dispersible tablets could @@mising delivery system for Isoniazid delivery
with good mouth feel and improved drug availabiitiyh better patient compliance.

Key words: Isoniazid, Superdisintegrants, Direct compressiethiod, Bioavailibility.

INTRODUCTION

Oral administration is the most popular route amatigthe routes to ease ingestion, pain
avoidance, versatility (to accommodate various gypkedrug candidates) and most importantly
patient compliance [1Dispersible tablets are uncoated tablets that m®dumiform dispersion
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in water. The rate of absorption of a drug from a tableteshejs upon its ability to disintegrate
quickly and dissolve. Dispersible tablets have tbunde acceptance today replace conventional
suspension and dry syrup dosage form Régcently pharmaceutical industry has become
increasingly aware of the need that elderly be idened as a separate and unique medicare
population. Thus, oral dispersible tablets are iggimore demand and popularity from last few
years [3].

Isoniazid is chemically 4-Pyridinecorboxylic acigidnazine, and the usual daily dose is 300 gm
daily. Isoniazid is used in the treatment of priynkeatment of pulmonary and extra pulmonary
tuberculosis. Ac-di-sol is basically cross linkexlsim carboxymethyl cellulose and this is used
in oral pharmaceutical formulations as a disintegréor capsules, tablet and granules.
Polyplasdone XL is chemically 2-pyrrolidinone, Iwgthomopolymerl-vinyl-2-pyrrolidinone-
polymer and pharmaceutically this is used as sugiatdgrant, tablet binder, sweetening agent
and pharmaceutical excipients. Explotab is chenyicthrch carboxymethyl ether, sodium salt
and this is used as a disintegrant in tablet/capfeuimulation [4,5,6].

Tuberculosis is an infectious disease caused lsrakspecies ahycobacteriaM. Tuberculosis

is a slender, or slightly curved bacillus, rangingm 1-4 um length, they are acid-fast bacilli.
Oral tuberculous lesions may be either primaryemogsdary. Primary oral tuberculosis lesions
are extremely rare and generally occur in youngatiepts associated with cervical
lymphadenopathy. The primary lesion remains pasnieghe majority of cases. The secondary
lesions, on the contrary, are more common andese siostly in older persons. The lesions are
seen as superficial ulcers, patches induratedtissfie lesions, or even lesions in the jaws that
may be in the form of tuberculosis osteomyelitissimple bony radiolucencies. Of all these oral
lesions, the ulcerative form is the most commoniaraften painful with no associated caseation
of the dependent lymph nodes [7,8,9,10].

An attempt has been made, in the present worket@ldp dispersible tablet of Isoniazid by
direct compression method, using a bland of dignatets such as crosscarmellose sodium (Ac-
di-sol), Explotab (SSG), Polyplasdone XT[he objectives of the study were to investigate the
performance of superdisintegrants and effect oérofitocess variables on the characteristics of
the Isoniazid dispersible tablet.

MATERIALS AND METHODS

Isoniazid was procured from Macload Pharmaceutiteds Mumbai, India. Polyplasdone XL

ware procured from Sun Pharmaceuticals Ltd, Bar@ilgarat, India. Crosscarmellose sodium
(Ac-di-sol) sample was obtained from FMC Biopolymer, USA angl&tab (SSG) sample was

procured from Forum Biosciences, England (U.K.). é&ther Chemicals and solvents were of
analytical grade and purchased from local markétdina.

Preparation of Isoniazid dispersible tablef11,12]

Different Isoniazid dispersible tablet formulationgere prepared by direct compression
technigue according to the formula given in Talde h The concentration of disintegrants was
developed as optimal concentration under experiahdotmula and conditions of preparation. A
total of 4 formulations were prepared. All the iedients were passed through 60 mesh sieve
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separately and collected. The drug and Avicel pH W@re mixed in a small portion of both and
each time blended to get a uniform mixture in angewical order. The tablets were then
compressed using 10 mm size punches to get a @bl€&0 mg Isoniazid using hydraulic press
with suitable standard punches and stored in a-el@dled container till use. In the first set 4
batches of Isoniazid fast dispersible tablets wemepared using different concentration of
sodium starch glycolate and other super disintégran

Table No. 1. Composition of Isoniazid dispersibledrmulations

S. No. Ingredients F1 F2 F3 F4

1. Isoniazid 100 100 100 100
2. Avicel pH102 108 108 108 108
3. Ac-di-sol 175 -- -- -
4, Polyplasdone XL -- 17.5 -

5. Explotab -- -- 17.5 --
6. Kallidon CL -- -- -- 17.5
7. Mannitol 175 17.5 175 175
8. Sodium Saccharine 7 7 7 7
9. Magnesium Stearate 7 7 7 7

Blank space (dace) indicate that those compon@sitpresent in the formulations

Drug excipient compatibilities studies:

The compatibility of drug and polymers under expemtal condition is important prerequisite
before formulation. It is therefore necessary taficon that the drug does not react with the
polymer and excipients under experimental condiamal should not affect the shelf life of
product. This is confirmed by Fourier Transformréméd Spectroscopy (FTIR). It is a powerful
technique for functional group identification ofethdrug molecules hence the chemical
interaction of drug with the other excipients.

In the present study, the potassium bromide diskigfp of drug and excipients were prepared for
recording the FTIR spectra. The spectra were takéme transmittance range of 4000-450tm
The pure drugs such as Isoniazid formulations walgected to IR studies.

Evaluation parameters oflsoniazid dispersible tablets:
A) Pre-compression parameter$13].

1. Bulk Density- Both loose bulk density (LBD) and tapped bulk dgngTBD) were
determined. Accurately weighed amount of sample ¢&® was transferred into a 25 ml
measuring cylinder. The volume of packing was réedr The measuring cylinder was then
tapped 100 times on a plane hard wooden surfacett@ndapped volume of packing was
recorded. LBD and TBD were calculated by the folloyvformula:

LBD (Loose bulk density) = Weight of granules
Volume of packing

TBD (Tapped bulk density) = Weight of graraile
Tapped volume of packing
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2. Compressibility Index- Percent compressibility of granules as determihgd Carr’s
compressibility index was calculated by the follogiformula:

Carr'sIndex =_TBD -LBD x 100

TBD
3. Angle of Repose @) - The frictional forces in a loose powder or grasutan be measured
by angle of repose. This is the maximum angle jessietween the surface of a pile of powder
or granules and the horizontal plane.

The granules were allowed to flow through the furiixed to a stand at definite height (h). The
angle of repose was then calculated by measurimdnéight and radius of the heap of granules
formed.

tanq = h/r
q = tan™ (h/r)

Whereq = Angle of repose, h = height, r = radius

Values of angle of repo#80° indicate free flowing granules addi0° suggest poorly flowing
material.

B) Post-Compression Parameterfl4,15,16,17]

1. Thickness and Diameter-The tablet dimensions were measured using a asddrdial
caliper. 5 tablets of each batch were picked rargamnd its thickness and hardness were
measured individually. Tablet thickness should beatwlled within + 5 % variation of a
standard value.

2. Weight Variation- The procedure described in IP 1996 was employedetermine the
weight variation of the tablets. Ten tablets wemedomly selected from each batch and weighed
on a electronic balance and the mean weight takaoh tablet was then weighed individually
and the standard deviation in weight was calcul&deéach batch.

3. Hardness- Hardness indicates the ability of a tablet to atimd mechanical shocks while
handling. The hardness of the tablets was detednusng Monsanto hardness tester. It is
expressed in kg/cmFive tablets were randomly picked from each batoth the hardness of the
tablets was determined. The mean and standardtaevielues were calculated for each batch.

4. Friability- Friability of the tablets were determined usingcR®friabilator. It is expressed in
percentage (%). Ten tablets were initially weigliéd,iio)) and placed into the friabilator. The
friabilator was operated at 25 rpm for 4 minutesusr up to 100 revolutions, and then the tablets
were weighed again (M). The loss in tablet weight due to abrasion octiree was the
measure of tablet friability.

% Friability was then calculated by following egoat
F = W(initial) — W(final) x 100
W(initial)
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% Friability of less than 1% is considered atable.

5. Disintegration test- Introduced one tablet in to each tube. The disc adgaked to each tube.
The assembly was suspended in beaker containirfgriarid operated the apparatus for 3 min.
Water is used as medium at temperature 6€26

6. Uniformity of dispersion- this test is applicable only for dispersible tabld?laced 1 tablet
in 100 ml of water and stirred gently until complgt dispersed. A smooth dispersion was
obtained which passes through a sieve screen witmanal mesh aperture of 7&n (Sieve no.
22).

7. In-vitro dissolution study[18,19,20]- In-vitro dissolution study were carried out on USP
XXIII tablet dissolution apparatus using pH 6.8 fleafo00 ml at 100 rpm for 20 min at 7,
employing paddle method . Single tablet from eaximtilation was used for the studies. A 1ml
sample from dissolution medium was withdrawn atfedédnt time intervals and diluted
approximately so as to get a concentration ofd@nl. The withdrawn sample was replaced by
same amount of fresh dissolution medium to maintank conditions. The absorbance was
measured on UV Spectrophotometer at 261 nm andldism of Piroxicam was compared with
conventional marketed formulation.

8. Scanning electron microscopy[21]- SEM has been used to determine particle size
distribution, surface topography, texture and tameie the morphology of fractured or
sectioned surfaces. The SEM is most commonly usedédnerating three dimensional surface
relief images derived from secondary electrons. &amination of the surface of polymeric
drug delivery systems can provide important infaroraabout the porosity and microstructure
of the device.

9. Powder X-ray diffraction [22,23]- The powder X-ray diffraction measuremenéergv
conducted over a 5-40° 2range on a Siemans model D5000 diffractometerjppgd with
monochromatic CuK ( 1= 1.54060 A, 2=1.54438A) X-ray. The step width was 0.020M&n

with a time constant of 0-5 sec. the integrationhaf crystalline reflections was achieved using
the Diffrad™ diffraction softwere (Eva, version 2.0, Siemansef§ly and automation, Inc.
Madison, WI). The degree of crystallinity of sangplas expressed as the percentage ratio of
the integrated intensity of the sample to that ydrbcellulose, a crystalline standard prepared
from cellulose by treating with 2.5 N HCI at boditemperature.

10. Stability study [24,25} The purpose of stability testing is to provide evide on how the
guality of a drug substance or drug product vawék time under the influence of a variety of
environmental factors such as temperature, humiditgd light, and enables recommended
storage conditions and shelf-lives to be estahbtishe

ICH specifies the length of study armrage conditions-

Long term testing 26+2°c/60% RH+5% for 12 months
Accelerated testing 46-2°c/75% RH+5% for 6 months
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11) Microbiological Screening[26,27,28]

Anti-tubercular Activity:

A 10 mg equivalent formulation sample was dissolwvedl0 ml of DMSO to get a concentration
of 1000 pg/ml. Further dilutions were made with DM get different concentration such as
100 pg/ml, 10 pg/ml, 1 pg/ml. 0.8 ml of each coricaion was pipette out into different Mac
Carney bottles. To this, 7.2 ml of Lawenstain- éa'smedium (L.J. medium) was added. These
bottles were incubated at #85°C for 2 hrs for two successive days for sdkdiion and
sterilization.

Procedure for inoculation:

A sweep from H37Rv strain culture was dischargéthe help of 22 S.W. nichrome wire loop
with a 3 mm external diameter, into a sterile dedi bijou bottle containing six 3 mm glass
beads and 4 ml of sterile distilled water. Eachpfabof growth was supposed to deliver 4 mg
moist weight of bacilli. The bottle was shaken wiitte help of a mechanical shaker for 2 min.
this constituents the suspension. Using S.W.G.ramk wire loop, 3mm external diameter, a
loopful of suspension was inoculated on the surfaiceach of Lawenstain-Jensen’s medium
(L.J. medium) containing test formulations.

Lawenstain-Jensen’s medium (L.J. medium) containgtgndard drug as well as control
Lawenstain-Jensen’s medium (L.J. medium) was alsoculated with mycobacterium
tuberculosis of L.J. H37Rv strain. The medium idatad for 37°C for 6 weeks reading were
taken and tabulated.

RESULTS AND DISCUSSION

The FTIR spectra of pure Isoniazid indicated tharabteristic absorption stretch for Strong C=0
Stretch band (Amide I1) at 1560 cfrand broad bands between 3300 and 3000 éon bonded
N-H and C-H, stretch are obtained. The finger po#gion FTIR spectra showed a characteristic
sharp peak at 1670 and 1610, 1500 cfor C=0, ring C=C and C=N. In comparison with the
pure Isoniazid, the absorption peak of the spdatrdsoniazid in its formulations showed no
shift and no disappearance of characteristic peaggest that there is no interaction between
Isoniazid and other additives. No degradation ohiszid molecule was observed during its
formulation development, hence the drug-excipieamlginations used in the formulation
development were compatible under given set of ixygats. (Figure no.1)

The result of angle of repose was found to be énréimge of 2616' to 30°.48". All formulations
showed angle of repose within 31° which indicatesdyflow of powder mixture. Angle of
repose little higher above 30s indicative of fair flow behavior of powder. Hem F2
formulation showed fair flow. The loose bulk degsdnd tapped bulk density for all the
formulations varied from 0.52 gm/énto 0.59 gm/cri and 0.63 gm/cthto 0.75 gm/cr
respectively. The values obtained lies within theeptable range and not large differences found
between loose bulk density and tapped bulk denshg. percent compressibility for all the four
formulations lies within the range of 13.23 to ¥%/.4All formulations showed good
compressibility hence can be directly compresseablé no. 2).
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Fig. 1: FTIR spectra of the prepared isoniazid disprsible formulations
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Table 2. Pre-compression parameters: characterizain of formulation powder

Formulations  Angle of  Loose Bulk Density Tapped Bulk % Compressibility  Appearance
Repose @) (gm/cm?) Density (gm/cnf)
F1 28.16 0.56 0.65 13.84 White
F2 30.48 0.59 0.68 13.23 White
F3 28.45 0.53 0.64 17.18 White
F4 29.64 0.55 0.66 16.66 White

Table 3 depicts the physical parameters (hardmesight variation, thickness, drug content and
friability) and drug content of all fabricated tetd. Table 4 reflects the wetting time and
uniformity of dispersion of these tablets. All ttablet formulation showed acceptable pharmaco-
technical properties and complied with pharmacagdogpecification for weight variation, drug
content (%), friability, disintegration and unifoityn of dispersion (UOD). Hardness was
maintained to be within 4.14 kg/érto 4.67 kg/cr Since fast disintegrating tablets are less hard
then conventional ones, due to a lower compres=sigployed (Hardness is usually 3KPa.), these
tablets can therefore be fragile and need indiVighagkaging. The lower standard deviation
values indicated that the hardness of all the féatrans were almost uniform in specific method
and possess good mechanical strength with suffitiardness. To obviate the difference in the
hardness, superdisintegrants are added in the fations. In fact, a fast disaggregating tablet
must disintegrate in the saliva; harder tabletsireede-aggregating agent of a superior ability. In
this case Kollidon CL, Ac-Di-sol, Explotab and sl starch glycolate were employed. Tablet
disintegration was affected by the wicking and $weglof the disintegrant, and the wicking
property would be closely related to the posodgth the porosity and average pore size of
tablets in all formulation decreased with increaté¢he tablet hardness. The wicking property
may also correlate to the wetting behavior of thieldt. Rapid dispersion within seconds has
been observed in all the formulations. On the batithe de-aggregation time of the tablets,
according to the EP IV Ed., almost all the formwaas developed can be defined “Fast
dispersible”: the limit for de-aggregation is incfasuggested as within 3 min. The direct
compressed tablets consumes less wetting timelbfadraulation passes test for dispersion.

Table 3: Post-compression parameters: Evaluationfaablets

Formulation Uniformity of Hardness*  Weight** Drug Content Friability Test of
Code Thickness* (mm) (kg/cn?) (mg) Uniformity* (mg) (%) dispersion
F1 2.256t0.057 4.260.08 26%2.34 97.320.44 0.67 Passed
F2 2.243:0.065 4.560.07 26%1.97 99.060.21 0.65 Passed
F3 2.254t0.103 4.140.07 26%2,65 96.740.23 0.64 Passed
F4 2.25%0.050 4.6%0.13 26%3.01 96.440.55 0.71 Passed

* Tests performed, n=3; * *Tests performed, n=10

Table 4. Post-compression parameters: wetting timevater absorption ratio

Formulation Code Wetting Time (Seconds) Water Absorption Ratio
F1 225.50+ 0.73 19.45 2.14
F2 218.01+ 1.77 24.8% 1.43
F3 216.76x 1.27 23.09 1.37
F4 229.5& 1.47 25.56: 2.74

Data expressed at meanzSD, all experiments peddrim triplicate
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The high ratio of water absorption was found inlgalcontaining disintegrants such as
crosscarmellose sodium (Ac-di-sol), Explotab (SS8plyplasdone XL, which is due to
hydrophilicity and swelling capacity. All formulatedispersible tablets gave faster and rapid
dissolution of Isoniazid. The results are repoitedable 5 and formulations follow zero order
release kinetics. The graphs were plotted as tisipéfcentage (Figure no.2) drug release for all
the formulations. Among all, the tablet formulateg employing Explotab (SSG) disintegrated
rapidly and gave faster dissolution of Isoniazid.

Table : 6 Post-compression parameters: in vitro @ipersion time, in-vitro release

Formulation Code  Disintegration Time (Second) Dispersion Time (Second) In-vitro release
F1 25.12+ 1.142 136.2& 1.56 100.57
F2 28.36+ 1.675 170.65%1.78 98.09
F3 30.12+ 1.140 128.0&¢ 1.0 98.45
F4 3143+ 1.14 120.14 0.86 97.18

FIG. NO. 2. PLOT OF CUMULATIVE % DRUG RELEASED Vs TIME FOR
DIFFERENT FORMULATIONS OF ISONIAZID (ZERO ORDER PLOT)
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All formulations were subjected to Scanning ElectMicroscopy (SEM) to examine the surface
topography, texture of the formulations, morpholofyractured or sectioned surfaces, that can
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Fig 3: Scanning electron microscope (SEM) study ahe prepared isoniazid dispersible formulations
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FIG 4: XRD Study of the prepared isoniazid disperible formulations

provide important information about the porositytieé device in the matrix of the formulations
by subjecting the formulations to SEM in dry statehe different magnifications, X500, X1000
using a JEOL JSM-T330A. SEM images are shown imrégno.3. After examination the
photographic results obtained from SEM, it was ole# that formulation F2, contained
particles of similar microscopic geometric whiclileets the particles sizes of the parent potato
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starches of the range of 10-100 pm. Additionalkgreination at higher magnification suggested
that the surfaces of the particles contained smmailtyon size, features. However, in case of
Kollidon CL formulations (F4) no cracks were obsaty suggesting that the formulations had
good mechanical properties. The small increaseug telease may not necessarily be attributed
to surface rupturing or creak formation.

The particles on the tablet surface were more cesgad then those inside, there existed many
empty spaces between the particles throughoutablettwhere water could be absorbed by
capillary forces. At higher magnification, a degaildistribution of pores can be observed. Upon
contact with water or saliva, the particles coulasily dissociate, and the whole tablet
disintegrated to form a paste, which is easy tdlewaAs the compression pressure increased,
the pores become smaller. The porous structuteecfablet was especially hard to observe.

X-ray powder diffractometry (XRPD) is a powerfulcteique for the identification of the
crystalline solid phases. Every crystalline sollthge has a unique XRPD pattern, which can
form the basis for its identification. The X-rayvpder diffraction (XRD) spectra of Isoniazid
showed characteristic diffraction peaks in the 8.8430°, 5.25° 2 Characteristic peaks of
Isoniazid were detectable in the formulations (Ee1F4). It is very difficult to identify the
presence of Avicel pH 102 or superdisintegranthéXRPD spectra as they are polymers with
amorphous structure and no sharp peaks are apparguarticular 2, due to the very low
crystallinity of these components. X-ray powdeffrdiftion spectras are shown in XRD Figure
No.4.

The anti-tubercular activity of the formulations iisvestigated in the Lawenstain- Jensen’s
medium (L.J. medium). H37Rv strain is used fordhé-tubercular activity and formulations are
evaluated in two concentrations i.e. 100 pl and @D0rhe result indicates that all formulation
active against the H37Rv strain, and possess ttidutercular activity. The result of screening

is tabulated in table no. 7.
Table 7. Anti-tubercular activity of isoniazid dispersible formulations

TEST COMPOUND ZONE OF INHIBITION AT DIFFERENT DRUG
CONCENTRATION
100 pc 300 pc

F1 No growth No growth

F2 No growth No growth

F3 No growth No growth

F4 No growth No growth

Control No growth No growth
Standard No growth No growth

The formulations F1 was selected for stability stadbn the basis of their high cumulative %
drug release studies. The stability studies wergezhout at 25C/60% RH and 4@/75% RH
for all the selected formulations up to 6 monthsr Every 1 months time interval the tablets
were analyzed foin vitro disintegration time. These formulations showedmath variation in
any parameter. The accelerated stability study shewdegradation in all the tablet formulations
during study (Table No.8).
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Table 8. Stability studies- residual drug contenafter six-month storage

TIME FORMUIL__Al\TIONS
( months) Drug Conten % Drug Contert % Residual Drug
1 11.07 99.63 99.63
2 11.05 99.45 99.45
3 10.95 98.55 98.55
4 10.9 98.1 98.1
5 10.85 97.65 97.65
6 10.8 97.2 97.2

Thus, it can be concluded that dispersible talblésaniazid can be formulated by employing
disintegration agents containingjsintegrants such as crosscarmellose sodium (Aol
Explotab (SSG), Polyplasdone XL. Further, Long tetability studies andh-vivo studies need
to be carried ouor establishing the existing products.

Acknowledgements

Authors wish to thank Macleod Pharmaceuticals Mdmbai, India for providing gift sample of
Isoniazid and Principal, KLES’s College of PharmaBglgaum, for providing all the necessary
facilities required for the research work.

REFERENCES

[1] Indurwade NH, Rajyaguru TN, Nakhat Piadian drugs2002 39(8): 405-9.

[2] Yeola BS, Pisal SS, Paradkar AR, Mahadik K#lian drug200Q 37(7): 312-8.

[3] Shimizu T, Sugaya M, Nakano Y, lzutsu D, Mizukami @kachi K.Chem Pharma Bull
2003 51(10): 1121-7.

[4] Lalla JK, Mamania HMIndian J Pharma S&004 66(3): 350-3.

[5] Panchagnula R, Sood A, Sharda N, Kaur K, Kaul ZIPharma. Bio. Anall999 18:1013-
1020.

[6] Eng HL, Chen WJOral Medicine1996 81(4): 415-420.

[7] Ito Fa, Andrade CRD, Vargas PA, Jorge J, Lopes Ul disease2005 11: 50-53.

[8] Indian pharmacopoeia, Govt. of India official Pghlion,1996 408-409.

[9] Glenin B. Isoniazid. In: Florey K editor. Analyticprofiles of drug substances. California:
Academic press, INC San Die@685186-231.

[10] Parfitt K. Martindale: Antibacterials- Isoniazidh& complete drug reference. 32nd ed.
London: Pharmaceutical Pre4§99 218-220.

[11] Amrutkar JR, Pawar SP, Nakath PD, Khan SA, YeolelR@an drug2004 37(1): 32-8.

[12] Lachman L, LibermanHA, Kanig JL. The theory andgticee of industrial Pharmacy. Third
edition. Verghese publication house, Bombay: 318.

[13] Subramanyam CVS. Textbook of Physical Pharmaceutaabh Prakashan, 2nd edn;
2001

[14] Lachman L, Libermann HA, Kanig JL. The theory amdgtice of industrial pharmacy,
Varghese Publishing House, 3rd edf91

[15] Mendhan J, Denney RC, Barnes DJ, Thomas M. Vogedstbook of Quantitative
Chemical Analysis. 6th ed. New Delhi : Pearson Etioa Ltd;2000Q

www.scholarsresearchlibrary.com 77



Vikesh Shuklaet al Der Pharma Chemica, 2010, 2 (4): 65-78

[16] Schnidt P, simone &ur J Pharm Sc2002 15 : 295-305.

[17] Amin P, Gupta S, Prabhu N, WadhwanilAdian Drugs2005 42(9) : 614-7.

[18] Coryveleyn S, Remon Jmt. J. Pharmal997 152: 215-25.

[19] “In vitro Dissolution” The United States Pharmace@y United States Pharmacy
Convention, Inc., Asian editio200Q 1941-1943.

[20] Goyal P, Panday $adian J. Pharma. Sck002 Jan.-Fab.:76-78.

[21] Jacob Js. Characterization of delivery systemsrasdopy. In: Mathiowitz E, editor.
Encyclopedia of controlled release drug delivergwNYork: John Wiley and sons Int999
p. 242-9.

[22] Kumar V, Medina M, Yang Dint. J. Pharma2002 235:129-140.

[23] Mozimoto T, Masuda Y, Yamamoto T, Yonemochi E, Tar&. Int. J. Pharma 2005
306:83-90.

[24] Natalie MC Clure. Stability studies in overview dffH Guidelines for Drug
Products.Matrix Pharmaceutical Int997.

[25] Amin S and Kohli KlIndian Pharmacis003 April: 11-12.

[26] Seeley H.W., Van Demark P.J., “Microbes in actiorX, Laboratory Manual of
Microbiology, 1975 2nd edn., 55-80.

[27] Barabara J, Howard. Clinical and pathogenic Miaotdgy 1987 lind Edi.:914-15.

[28] Chakarbarti A, Chosh A, Kanta A, KumarlRt. J. Med. Resl995 102:13-109.

[29] Damodharan N, Manimaran M, Suresh kumaARhiv. of Appl. Sci. Re2009 1(2):
222-29.

[30] Sharma G, Pawar VK, Gurg G, Awasthi R, Kulkarni ®Er Pharmacia Lettr01Q 2(3):
84-89.

[31] Kumari S, Visht S, Shrma PlRer Pharmacia Lettr01Q 2(3): 342-351.

www.scholarsresearchlibrary.com 78



