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ABSTRACT KEYWORDS
The study was conducted to investigate the application of Polyhydroxyalkanoates Fast dissolving tablets;
as pharmaceutical excipients (disintegrating agent), and to study its effect on the Bambuterol hydrochloride;
drug release rate of Diclofenac Sodium (Model Drug I) and Bambuterol Cross povidone;

Hydrochloride (Model Drug |1) tablets. Polyhydroxyalkanoates are biopolymers
produced by bacterialike Alcaligenes eutrophus, Ralstonia eutropha, and Bacillus
subtilisasintracellular granules and these find awiderange of applicationsasdrug
carriersand for making ti ssue engineering materials. Thetablets were manufactured
with various concentrations of Polyhydroxyalkanoates and evaluated for
preformulation and post compression parameters. The results of preformulation
studies showed excellent flow property for the formulations made with
Polyhydroxyalkanoates in different concentrations. Polyhydroxyalkanoates was
added with Model Drug I, and compressed to find out whether it could be used as
a polymeric carrier. For comparison purpose, in another batch Hydroxy Propyl
Methyl Cellulose was added and compressed. In vitro disintegration studies
showed that Polyhydroxyalkanoates was disintegrating faster (45 seconds) than
Hydroxy Propyl Methyl Cellulose (310 seconds), so we concluded that
Polyhydroxyalkanoates cannot be used as a carrier and may be used as a
disintegrant. For evaluating the disintegrant property, Polyhydroxyalkanoates
was compared with abatch of high surfactant (Sodium Lauryl Sulphate) and the
results showed that Polyhydroxyalkanoates disintegration (45 seconds) was
comparable with Sodium Lauryl Sulphate disintegrating (210 seconds) as both
the formulations disintegrated faster than with Hydroxy Propyl Methyl Cellulose.
Later, formulationswere made for Fast Dissolving Tabletswith Model Drugll,in
the presence of Polyhydroxyalkanoates; it was found that the disintegration of
Model Drug |1 with Polyhydroxyal kanoates was 43 seconds whi ch was comparable
with that of cross povidone used as super disintegrant (16seconds). Thedissolution
rate for Diclofenac tablets made with Hydroxy Propyl Methyl Cellulose,
Polyhydroxyal kanoates and Sodium Lauryl Sulphate were 82.98%, 73.57% and
65.94% and the dissol ution rate for Bambuterol hydrochloride tablets made with
Polyhydroxyalkanoates and cross povidone were 48.97% and 59.13%
respectively. Based on the results of pre formulations and post compression
studies, Polyhydroxyalkanoates can be considered as a potential drug carrier.
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INTRODUCTION

Polyhydroxyal kanoates (PHA) areafamily of bio
polyesters produced by numerous bacteria such as
Ral stonia eutropha, Bacillussubtilis, and Alcaligenes
latusasintrace lular carbon reserve under unfavourable
growth conditions. PHA are classified into 3 catego-
ries: short chain length PHA (3carbon to 5carbon),
medium chainlength PHA (6carbon to 14carbon), and
long chain length PHA (morethan C14)™.

Themolecular weight rangesfrom 2X10°to 3X 10°
Datonsand thetypes of bacterium and growth condi-
tionsdeterminethe chemica compositionof PHAS. PHA
has so many applications; but the cost of production
makesthem commercialy lessavailable. Thisinturn
opens way to the researchers to focus on the use of
economic substratesfor easy production of PHA™ and
thus attempts had been taken to produce PHA from
wastewatersand agro industrial by products?.

PHA canbeusedin different applications, such as
making of films, moulds, and persona hygiene prod-
uctsand adhesives“. Different compositesof PHA are
used inthe synthesis of optically active compounds®
and in biomedica applicationslike making scaffolds,
sutures or biomedical implantsand Controlled Drug
Delivery System!®. The Bio-absorbable and
bi ocompatibl e nature makesthem attractive towards
theapplicationin medicind fiddg”.

Designing Fast Dissolving Tablets(FDT) isaprom-
isngdrugddivery mechanismasthey eadly dissolvein
themouth of patients, who haveswallowing or chewing
difficulty and henceit can beused by children or elderly
peopl€®. Thesedrugswhen placed in mouth get dis-
solved rapidly insalivawithout any liquidto assistin
swalowing and will have systemic effectsreaching dif-
ferent parts of the body viablood stream.

Themainaim of thisstudy isto use PHA asatablet
disintegrator for mouth dissolving tabletsand evalua-
tion of the parameters (pre formulation and post com-
pression).

MATERIALSAND METHODS

Diclofenac sodium (Model Drug I) and
Bambuterol Hydrochloride (Model Drug Il) were
obtained as gift samples from Sun Pharmaceuticals
Ltd., Vadodara, Gujarat. Cross-povidone (Loba
Chemicas) anddl other chemicas Solventsused were
of analytical grade.

Test material (PHA)

Inthispresent study, Bacillussubtiliswasisolated
from soil and used for PHA production using Sodium
Hypochl orite method!®.

Acutetoxicity studies (L D50)

SwissAlbino mice (25-30g) were grouped (n=4)
and used for thisexperiment. Before the experiment,
animalswerefasted for 18 hourswith free accessto
water. Multiple doses (500mg/kg to 4000mg/kg) of
PHA were prepared as suspension in 1% Carboxy
Methyl Cellulose (CMC) and administered ordly (as
per OECD 425 guidelines) to al groups of mice as
showninTABLE 1. Anima mortality wasrecorded af -
ter aperiod of 72 hours. Besidesthe number of deaths,
parameters such as alertness, sedation, dyspnea, uri-
nation, convulsions, spontaneous motor activity, pos-
tural reflex, wereobserved for 14 days.

Thestudieswere approved by theingtitutional ani-
mal research committee, and were conducted in ac-
cordancewith theinternationally accepted principles
for laboratory animal use and care[Proposal number:
KMCRET/Ph.D/04/2013-2014].

TABLE 1: AcuteToxicity Sudies(LD50)

Group | (500mg/kg)

Group 11 (1000mg/kg)

Group 111 (2000mg/kg) Group IV (4000mg/kg)

Markings Dose Dose Dose Dose
Wt(g) administered/ Wt(g) administered/ Wt(g) administered/ Wt(g) administered/

animal animal animal animal

Head 27 135 28 28 27 54 28 112

Body 28 14 29 29 28 56 29 116

Tail 29 14.5 27 27 29 58 30 120

No . 30 15 30 30 30 60 27 108

Marking

Wt-Weight, g-grams, M g/kg-Milligram per Kilogram
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Preparation of mixed blend of drug and excipi-
entlitiz:

Required quantity of eachingredient wastaken for
each specified formulation (listedinthe TABLE 2 and
3for Model drug | and 11) and they were co-ground
usingamortar and pestleand al the Ingredientswere
passed through mesh number 60. The powdered blend
wasevaluated for flow propertiessuch asBulk dengty,
Tapped density, compressibility index, and Hausner’s
ratio.

TABLE 2: Compostion of Diclofenac sodium (M odel Drugl)
inmg

. Batch Batch Batch Batch
Ingredients

I 1 Il v
Model drug | 100 100 100 100
Hydroxy Propyl
M)éthyl Caluoe 00 % 50 0
Sodium Lauryl
Sulphate y 0 10 0 0
Polyhydroxyalkanoates 0 0 50 100
Anhydrous L actose 325 35 35 325
Aspartame 10 10 10 10
Talc 25 25 25 25
Magnesium stearate 25 25 25 25
Pineapple Flavour 25 25 25 25

mg-Milligrams

TABLE 3: Compostion of Bambuter ol Hydrochloride (M odel
Drugll)inmg

Batch | Batch  Batch
Inaredients with Il with [l
9 Cross 50% with
Povidone  PHA PHA
Model Drug Il 10 10 10
Mannitol 50 50 50
Microcrystalline 159 159 159
cellulose
Cross-povidone 10 5 0
Polyhydroxyalkanoates 0 5 10
Cabosil 1 1 1
Magnesium Stearate 5 5 5
Aspartame 10 10 10
Tac 5 5 5
Pineapple Flavour 25 25 25

mg-Milligrams

Compression of tablets

All theingredientslistedinTABLE 2 & 3 (except
magnesium stearate & Talc) weremixed homogenoudy
and co-grinded inamortar and pestlefor making the
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formulations. Findly, magnesum dearateand T cwere
added and mixed for 5 minutes. The mixed blend of
drug and excipientswere compressed carefully using
12 gtation rotary punch tablet machine (RIMEK RO-
TARY PRESS-MINI PRESSII MT) to produce con-
vex faced tablets. A minimum of 50 tabletswere pre-
pared for each batch.

Post compression studiesof thetabletsprepared
frommode drugl and 11

Thetabletswere evaluated for weight variation,
thickness, friability, hardness, disintegrationtime(DT),
content uniformity, drug content andinvitro dissolu-
tion study as mentioned bel ow. Theresultsweretabu-
lated accordingly.

Weight variation*

For weight variation, 20 tabletswererandomly se-
lected from each batch and weighed individual ly onan
el ectronic balance and mean weight wastaken. The
standard deviationin weight was calcul ated for each
batch. Theweight variation was carried out according
to USP 2000.

Thickness

Thethickness of each tabl et was measured using
Vernier Calipersand expressed in mm.

Friability!4

Friability test was performed using aRochefriabil-
ity testing apparatus. Pre-weighed tabletswere (n=10)
placed in friabilator whichisthen operated at aspeed
of 100 revolutions/minute. Thetabletsarethen dusted
and re-weighed. Thepercentagefriability wasmeasured
usngfallowingformula
% F=[(W-W)/W ] X 100
Where; %= Frigbility in percentage, W = Initid weight
of tablet, W =Weight of tablet after test

Har dness™

The Hardnesswas measured using atabl et hard-
nesstester (Monsanto Hardness Tester). The strength
of tablet isexpressed astensile strength (Kg/cn?).

Disintegration time

Disintegration Timefor the compressed tabletswas
determined by using disintegration test gpparatus (camp-
bell el ectronics, Mumbai). Each tablet wasplacedin
thebasket, with an up and down movement for 30times
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per minutein aphosphate buffer of pH 6.8 at37+2°C.
Thetimetaken for complete disintegration of thetabl et
with no pal pable massremaining in the pparatuswas
measured and recorded.

I n vitrodissolution studieg617

Thein vitro dissolution study was carried out in
USPdissolutiontest apparatus Type 2 (Electrolab, In-
dia). Thedissolution medium consisted of phosphate
buffer (pH 6.8) 900 ml at 37+0.5 °c with stirring speed
of 50 RPM. Tabletswas placed in the dissol ution buffer
and sampleswerewithdrawn at 1 to 10 minutes, at the
timeinterva of 1 minute by replacing with samedisso-
[ution medium and sampleswere anayzed by measur-
ing the absorbance at 265 nm by UV spectrophotom-
eter.

Assay

Tabletswere crushed in mortar and transferred in
100 ml flask. The powder wasdissolved in 30 ml metha:
nol and made up to 100ml with distilled water. Sample
is sonicated for 30 minutes, and filtered through
Whatman filter paper (poresize, 0.45microns). Thefil-
tered solution after appropriatedilution (1to 10 ml)
with digtilled water wasanal ysed by spectrophotometri-
caly a 265nm.

Compatibility studies

Thedrug excipient competibility sudy wasdoneus-
ing SHIMADZU FTIR spectrometer. The IR spectra
for puredrug, pure PHA and amixtureof drugand PHA

intheraioof 1:1withKBr pdletswerestudied for check-
ing thecompatibility of PHA withtheided drug.

RESULTSAND DISCUSSION

Acutetoxicity studies (L D50)

No mortdity was observed after PHA administra-
tion upto 4000mg/kg. No sgnificant changeswereseen
inthewe Iness parametersused for eval uation of toxic-
ity inthe mice. Skins, fur, eyes, mucous membrane,
behavioura pattern, saivation, deep of thetreated ani-
malswere found to be normal till 14 days. Tremors,
lethargy, diarrhoeaand comadid not occur in any of
them. ThusPHA isconsidered to benontoxic.

Preformulation of model drugsl and 11
When formulations were made with PHA for

Mode Drugl and Il, their propertieswerefound to be
excdlent.

With Model Drug | the Hausner’s ratio was 1.08,
Compressibility index was 7.5 and theangle of reponse
was 23.31, which showed excdlent flow property. With
Model Drug Il the Hausner’s ratio (1.06), compress-
ibility index (6.25%), and theangleof reponse (28.52)
made al so showed excdllent flow property!®®. There-
sultsareshownin TABLE 4 and 5.

TABLE 4: Pre-formulation studiesfor Model Drug|

Formula Bulk Tapped Cc_)mpress Hausner’s Angle
. . : ibility . of
tions Density Density . Ratio

index % reponse

Batch | 0.57 0.59 3.07 1.03 24.83

Batch 11 0.5 0.52 5.33 1.05 25.67

BatchIIl  0.41 0.43 3.33 1.03 21.96

Batch1V  0.46 0.50 75 1.08 2331

%-Per centage

TABLE 5: Pre-formulation studiesfor Model Drugl1

Formula Bulk Tapped C?S:Iﬁ)tr% Hausner’s Ar;?Ie
tions Density Densty . y Ratio
index % reponse
Batch | 0.46 0.57 18.75 1.23 30.52
Batch 1 041 0.48 13.88 1.16 30.76
Batch Il 0.46 05 6.25 1.06 28.52

%-Per centage
Post compression studies

Model drugl

Thefriability of thetabletsof Batch 1V was0.79
and thein vitro disintegration time was 45 seconds.
Thelow disintegration time of PHA suggested that it
canbeusedin FDT. Thedisntegration timeof Batch |
containing SLS showed lessdisintegrationtimeof 290

TABLE 6: Resultsof Post Compression Parameter sof M odel
Drugl

Evaluation Batch | Batch Il Batchlll Batch IV
Weight D51.7+41.6 248.8:2.4 250.8+22 249.2+1.4
variation (mg)

Thickness 405 416 412 421
(mm)

Friability (%) 0.79 0.65 0.62 0.79
Hardness

Disntegralion 5100 290sec  420sec  45sec
Time (sec)

Assay (%w/w)  96.45 98.72 97.62 98.12

M g-milligrams; mm-Millimetre; % -percentage; Kg/cm? —
Kilogram per square centimetre; Sec-Seconds; % w/w-
Per centage of weight by weight
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seconds, since SLSactsasadisintegrator. Theresults
areshownin TABLEG6.

Model drugll

Thefriability of tablets (Batch 111) was0.71 and
the disintegration time was 43 seconds as shown in
TABLE?Y.

TABLE 7: Resultsof Post Compression Parameter sof M odel
Drugll

Evaluation Batch | Batch Il  Batch 111
\(’r\:g)ght vanaion  oie 1406 250.7+14 249.4:2.1
Thickness (mm) 411 5.09 4.86
Friability (%) 0.247 0.59 0.71
Hardness 2- 2- 2-
(Kg/lcm2) 3kg/lem®  3kglem®  3kg/cm?
D_| sintegration 16sec 13sec 43sec
Time (sec)

Assay (Yow/w) 97.56 94.68 96.82

mg-milligrams; mm-Millimeter; %-percentage; Kg/cm? -
Kilogram per square centimetre; Sec-Seconds; %w/w-
Per centage of weight by weight

Dissolution studies

Fromtheresultsof thedissolution studies(Figure 1
and 2), itwasobserved that thedissolution rateof Moddl
Drug | with Hydroxy propyl methyl cellulose,
Polyhydroxya kanoates and Sodium Lauryl Sulphate
were 82.98%, 73.57% and 65.94% respectively. From
theresultsit wasfound that PHA was showing compa-
rableand faster dissolutionto SLS. SinceModel Drug
| wasnot required to formulate FDT, wetried there-
maining formulationwithMode Drugll. It wasfound
that thedissolution ratefor Bambuterol hydrochloride
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tablets made with Polyhydroxyal kanoates and cross
povidonewere48.97% and 59.13% respectively, which
wascomparable.

Compatibility studies

ThelR spectrafor puredrug (Mode Drugll), pure
PHA & incombination of Drugand PHA inl:1ratio
mixturewasshownintheFigure3, 4 and 5. The spec-
trum of themixturewasfound to beamere summeation
of theindividua spectrum of thedrugand PHA which
suggeststhat there were no interactions between drug
and excipients and was compatiblewith each other.

DISCUSSION

Inthe present work, we used PHA and HPMC as
carriersfor making Diclofenac sodiumtabletsand it was
found that the disintegration timewas 45 secondswith
PHA and 310 secondswith HPMC. Thetabletsmade
with SL S showed disintegration time of 290 seconds.
This suggested the use of PHA in oral tabletswhich
needsfaster disintegration (within 60 seconds).

Later when Bambuterol Hydrochloride (FDT) was
used, it wasfound that the disintegration Timewas 43
secondswith PHA and 16 secondswith Cross Povi-
done.

Thusthedisintegration Timein boththe caseswas
lessthan 60 seconds, which isan important factor in
making FDT.

Thisensuresthat the compl etely biodegradableand
biocompatible PHA can be used as excipient (super
disntegrant) inmakingfast dissolvingtablets.

Dissolution Profile of Diclofenac Sodium
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Figure: 1 Dissolution profileof Model Drug|
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Dissolution Profile of Bambuterol HCL
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Figure: 2 Dissolution profileof Model Drugl|
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Figure: 5FTIR of Model Drugll and PHA in 1:1ratio

CONCLUSION

Thestudy indicatesthat thetabletsmadewith PHA
showsexcellent flow property (preformulation stud-
ies) and lesser Disintegration time (post compression
studies), whichinturnimpliesthat PHA canbeused as
tablet disintegrator in FDT. Theresultsobtained using
PHA asexcipient wascomparablewith that of thetab-
letsmade with Cross Povidone (existing super disinte-
grator).

FDT of Bambuterol HCI can be successfully pre-
pared using PHA, (biodegradabl e polymer) as super
disntegrantsin order toimprovedis ntegration/dissolu-
tion of thedrugin ora cavity and hence better patient’s
compliance and effectivetherapy. Thusthe study sug-
gested the PHA can also be considered as a super
disntegrant.
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