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ABSTRACT

Salbutamol sulphate,a short acting highly selectigéa 2 adrenoceptor agonist, used for the treatroénocturnal
asthma. The occurrence of nocturnal asthma is aagsstwith increased morbidity and inadequate astloontrol,
and has an important negative impact on qualityifef Matrix tablets (Seven formulations F1 — F@re/ prepared
by direct compression technique using two diffegnates of hydrophilic polymerMethocel® K4M and KL
varying ratios.Various rheological and physicocheahiparameters were studied and complied with thlduse
specifications for tested parameters. Drug excipiompatibility study was performed using Fourigaisform
Infra-red spectroscopy and Differential Scanningld@ianetry. In-vitro drug release study was carriedt in two
different medium (initial 2 hrs in 700 ml 0.1 N H@Gind rest 10hrs add 200 ml 0.2 Mtrisodium phosehat
maintain pH 6.8) and nearly 86 to 96 % drug wasasled from the system. Scanning Electron Microscstpidy
was performed to observe the morphological charafetablets before and after dissolution processe Hata
obtained from drug release study were fitted inféedent kinetic models to identify the patterrdodig release from
the matrix systems. A linear regression analysis waed to optimize the release of salbutamol stépfram
hydrophilic matrix formulations usingnalyse-it + General 1.73 softwaredemo versionto study different responses.
On the basis of different equations obtained framregression analysis, one more formulation (F&8% wrepared
by taking any combinations of above mentioned paigfar the optimization of pharmaceutical formuteis with
desirable performance characteristics.

Keywords: Salbutamol sulphate, Hydrophilic matrix tabletsff@ential Scanning Calorimetry, Scanning Electron
Microscopy, Linear regression analysis

INTRODUCTION

Pharmaceutical formulations are complex systemsvhich the properties and performance charactesistie
influenced by numerous formulation and processofacthat may not be easily understood. Pharmaegutic
optimization has been defined as the implementatibrsystematic approaches to establish the besdilpes
combination of materials and/or process variabieteu a given set of conditions that will resultte production of

a quality pharmaceutical product with predetermiard specified characteristics each time it is rfectured [1].

Hydrophilic monolithic matrix devices are a populdroice for the manufacture of sustained releasie soal
dosage forms due to their ease of manufacturetendxtensive amount of information available regpaydhis well
understood technology. The use of hydrophilic matibrmulations to control the release of drugs from
pharmaceutical tablets is well documented [2-5k Tdte and mechanism of drug release from monoldavices
can be adjusted by the levels and types of polyaoabinations that are used to manufacture a fortioulaWwhen
hydrophilic matrix tablets are immersed in aquemeslia, the polymer hydrates, swells and increaseaize after
which the matrix dissolves and/or erodes with tirBarly studies have shown that drug release fromllahle
hydrophilic matrices is dependent on the thickridfgbe hydrated gel layer that is formed during sheelling phase
of polymer hydration [6, 7]. The degree of swellietermines the diffusional path length of a drod the thicker
the gel layer, slower the rate of drug release feomatrix [8]. Drug release from hydrophilic matformulations
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occurs by drug diffusion through the gel layer anddrosion of the tablet matrix. Hydroxypropyl mgttellulose
(HPMC) has been used extensively for the manufagfwof tablets [9-15].

Salbutamol sulphate (SS),chemicallRg-1-(4-hydroxy-3-hydroxy- methyl phenyl)-2eft-butylamino) ethanol
sulphate a short acting highly selective beta 2m@alteptor agonist with bronchodilating propertyidely used for
the management of Chronic Obstructive Pulmonarye&de (COPD) which includes bronchial asthma, chroni
bronchitis and emphysema [16]. SS is almost corapyletbsorbed (about 71%) from the gastrointestiraait after
oral administration. The reported plasma half-iifeSS is 2.85+0.85 and the peak plasma concentratozurs
about 30 minutes after an oral dose. The proteidibg affinity of SS 7£1% and undergoes considerdiost pass
metabolism. The drug as sulphate is soluble in 4 & water, due to the hydrophilic nature it iadiy excreted
through urine [17-20]. These bio-pharmaceutical phgsicochemical properties provide the rationdtighind the
fabrication of SS as a controlled release dosaga.fo

The main objective of this work is to deliver theugl as much as possible in intact form into thestihe by
modulating the suitable combinations of two hydibptpolymers to hinder the entry of acid buffer msich as
possible into the matrix bed keeping in view th& iS highly susceptible to first pass degradatfmresent study
concerns with the preparation of SS matrix taldetprolong drug release leading to minimizatiorirmidences of
nocturnal and early morning asthmatic attacks,ebgitaitient convenience and a pharmaco-economicl msug
delivery system, for effective treatment for of d@DPSalbutamol sulphate conventional release taldets
administered 2 to 4 mg three to four times dailgl #reir duration of action are last for 4 to 6 ®[#0]. So the aim
of this work was to design, formulate and develomweel oral monolithic controlled release tablesalge form that
may be toiled to provide quasi steady state drlepse over an extended period of time [21].

MATERIALS AND METHODS

Materials:

Salbutamol sulphate was obtained as a gift sampia €ipla Ltd., Mumbai, India, Hydroxypropyl metiegllulose
K4M, K15M and Avicel PH 101 were purchased from tdar chem. Products Mumbai,India, Talc and Magnesium
stearate were procured from LobaChemiePvt. Ltd. Bmirndia. All the chemicals and reagents used vedre
analytical grade.

Preparation of matrix tablets of Salbutamol sulphae:
Different tablet formulations were prepared by direompression technique. Thecompositions of eatbhbwere
shown in the followingrable - 1

All the powders were passed through USP 100 meste siTotal polymer amount was kept 50 % w/w oflttahlet
weight. Required quantity of two polymers were palgradually into preheated water and stirred oaotisly
until they form viscous gel. To it required amouwofidrug (i.e. maintenance dose) was added aneédtiuigorously

for a time period of 4 hrs. Then the gel was kefii & dryer at a temperature of @until it formed dried film. The
film was then triturated in a mortar to form powderd again passed through USP 35 mesh sieve. dhimer
coated drug was then mixed thoroughly with diluemd remaining portion of drug (i.e. loading doge).it required
qguantity of talc and magnesium stearate was adaedcampressed the mixture using 6 mm round concave
punchesto get the tablets having the hardness bet@éo 7 kg/ ch[22-24].

Table - 1: Composition of matrix tablets of salbutanol sulphate (Each tablet weight 120 mg)

Ingredients F1 . . . . . F8

(mg/ tablets) (1:1) F2 (1:2) F3 (1:3) F4 (2:1) F5 (2:3) F6 (3:1) F7 3) (4:1)
Salbutamol sulphate 12 12 12 12 12 12 12 12
HPMC K4M 30 20 15 40 24 45 36 48
HPMC K15M 30 40 45 20 36 15 24 12
Avicel PH 101 44.4 44.4 44.4 44.4 44.4 44.4 44.4 44.4
Talc 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Magnesium stearate 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

Evaluation of rheological parameters of powder mixtire [25]:

Angle of Repose:

The angle of repose of powder was determined byuteel method. The accurately weighed powder aksrt in
a funnel. The height of the funnel was adjusteduoh a way that the tip of the funnel just touctiezlapex of the
heap of the powder. The powder was allowed to flbmugh the funnel freely onto the surface. Thegheand
diameter of the powder cone was measured and ahgipose was calculated using the following foranul
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0= tanh/r

Where, h = Height of power cone and
r = Radius of the power cone

This was done thrice, from that average angle pése and standard deviation was calculated.

Poured Density:

Poured density or apparent bulk densjty) (vas measured by pouring the pre-weighed (M) bietala graduated
cylinder. The bulk volume () of the blend was determined. Then the bulk dgnsés calculated by using the
formula:

Po=M/Vy
This was done thrice, from that average poureditjeasd standard deviation was calculated.

Tapped Density:

The measuring cylinder containing a known mass @plend was tapped for a fixed time, and the mumm
volume (V) occupied in the cylinder was measured. The tammtsityp, was calculatedby using the following
formula:

p=M/V,
This was done thrice, from that average tappedityesusd standard deviation was calculated.

Compressibility Index or Carr’s Index:

Compressibility index or Carr's index is the simpkast, and popular methods of predicting powdewfl
characteristics.The compressibility index was deieed by measuring both the poured density andtdpped
density of a powder and calculated as follows:

C =100 X (1 pv/ py)

Where, C = Compressibility index or Carr’s index
pp andp, are poured and tapped density respectively

Hausner’s Ratio:
Hausner’s ratio is an indirect index of ease of sneag the powder flow. It was calculated by thdofeing
formula:

H=p:/pp

Where, H = Hausner’s Ratio
py andpy, are tapped and poured density respectively

Drug excipient compatibility study:

Fourier Transform Infra-red Spectroscopy (FT-IR)[26]:

An infrared spectrum of pure drug and optimizedrfolation was recorded on Fourier transform infrarstrument
(Shimadzu, Japan) equipped with temperature-cdetfol high-sensitivity deuteratedalanine doped
triglycinesulfate detector. Sample was prepared @rdpressed with KBr on Minipress (Jasco, Japariprm a

disk. The compressed disks were scanned over 490800 cm’, and characteristic peaks were recorded.

Differential Scanning Calorimetry(DSC) [27-29]:

The Differential Scanning Calorimetry studies ofgpdrug and optimized formulation were carried wsihg Pyris
Diamond TG/DTA. Accurately weighed samples werecgthon aluminium plate, sealed with aluminium sl
heated at a constant rate 8fG min over a temperature range of 0 to®30@o better integrate the information and
the flow of argon was kept at 80 ml/min.

Physicochemical characteristics of formulations [3031]:
The tablets were evaluated for following parametensieet the Pharmacopoeial standards.
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Determination of weight variation:
Twenty tablets were selected at random from eatthlkend were weighed accurately using an electrbaiance
(Sartorius GC 103) and average weights and thelatdrdeviation were calculated.

Determination of thickness and diameter:
Thickness and diameter of twenty randomly seletdbibts from each batch were measured with a wealiper.
Then the average diameter and thickness and sthddaiation were calculated.

Determination of hardness:
Ten tablets were sampled randomly from each batdhlae hardness was determined by using Monsantdnidss
Tester (Campbell Electronics, India). Then aveizayeiness and standard deviation was calculated.

Determination of friability:

Twenty tablets were sampled randomly from eachtbatw the friability was determined using Rochalfiator
(Campbell Electronics, India). A pre-weighed taldatple was placed in friabilator which was theeraped for
100 revolutions (25 rpm). The tablets were thentetbsind reweighed. Then percentage friability walsutated
using the following formula:

%Friability= (Loss in weight/ Initial weight) x 100

Determination of tensile strength[32]:

Tensile strength of the tablet depends on the dpwednt of a correct state of stress within the aehf4], but is
less dependent on the compact geometry than tkbingistrength measurements. The radial tensdagtn, which
measures the tablet failure as a result of theiggdn of tensile strength only, is given by thalldwing

relationship:

ox = 2F/n DT

Where,

ox= Tensile strength

F = Force require to break the tablet
D = Diameter of the tablet

T = Thickness of the tablet

Determination of content uniformity:

The content uniformity was assessed according tB Wguirements. The test is used to ensure thay eablet
contains the amount of drug substance intendedanmitlgligible variation among tablets within a baf€en tablets
from each formulation were tested. Each tablet waghed individually and crushed to a powder. Aowaately
weighed sample (100 mg) was placed in a 50 ml vettimflask and the drug was extracted by distilieter. The
content of the flask was sonicated for 20 minute®am temperature. 5 ml of aliquot was filterecbtigh 0.45 pm
membrane filterand analysed spectrophotometriddiy{800, Lab India, Mumbai, India)at 276 nm.

In-vitro swelling study:

The swelling of polymers were determined by watatake study. It was observed that the swellingdesliwere
varied with the nature as well as the proportioindfvidual polymer present in the matrix syste@aelling was a
strong enough to avoid premature disintegratiowal$ as burst effect and retarded the release wg for a long
period of time. Usually swelling is essential tosere the drug release from the system and theraldshe

appropriate balance between swelling and waterkept&welling index values starts decreasing whelgnper

erosion starts in medium.

Swelling study of individual formulation was cadieut using eight station USP dissolution apparaype |

(Basket) (TDT — 08 T, Electrolab, Mumbai, India)180rpm and respective buffer solution was usethadium

and the temperature was maintained at 37 $©.3Veight of individual tablet was taken priorthe swelling study
(Wy). The tablet was kept in a basket. The weightbfat was taken at predetermined time intervaj)(\Wercent
hydration (swelling index) was calculated using fibleowing formula.

Swelling index = (W—-W,) X 100 / W,

Where, Wis the initial weight of tablet and Ws the weight of hydrated tablet.
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In-vitro drug release study:

In-vitro drug release studies from prepared tablets weréumed according to the method described by Fayed
[33] for a period of 12 hrs using eight station UdiBsolution apparatus type Il (Paddle) (TDT — Q&lectrolab,
Mumbai, India) at 37 + 0%C and 100 rpm speed. The dissolution studies weméed out in triplicate for a period
of 12 hrs (initial 2 hrs in 700 ml 0.1 N HCI, anelst 10hrs add 200 ml 0.2 Mtrisodium phosphate tmtaia pH
6.8) under sink condition. At predetermined tim&eimal 5 ml samples were withdrawn from the vesfikkéred
through 0.45 pm membrane filters and replaced frétsh medium to maintain the constant volume. Tdsoebance
of the filtrate was measured at 276 nm using UVhilelbbeam spectrophotometer (UV 1800, Lab India, Maim
India). The amounts of drug present in the sampky® calculated with help of appropriate calibnatiurves. Drug
dissolved at specific time periods was plottedersgntage release versus time.

Mathematical modelling of release data [34]:
The release of drug from different formulations wagaluated by fitting the release data to the fuihy
mathematical equations for describing the releaseim.

Zero order equation:
Zero order release would be predicted by the fdhgvequation:

G = G Kot

Where,Gs the amount of the drug released at timeyis @e initial amount of drug in the tablet angikthe zero-
order rate constant (.

First order equation:
First order release would be predicted by the fathgy equation:

log C = log G- K;t/2.303

Where, C is the amount of drug remaining as a stéte at time t, s the initial amount of drug in the matrix and
K.is the first order rate constant ir

Higuchi model equation:
Drug released from them atrix devices by diffusi@s been described by following Higuchi's classitifflusion
equation:

Q=2G(Dt/xn)*?

Where,Q is amount of drug released per unit argas e initial drug concentration, t is time ofe@se and D is
diffusion coefficient of the drug in the matrix andn be calculated according to the following eipuat

D= (Slope /2@t

Korsmeyer- Peppas equation:
There lease rates from controlled release polymmatiices can be described by the equation propased
Korsmeyeret al

Mt / Moo = K. t"

Where,Mt / Mw is the fraction released by the drug at time is l& constant incorporating structural and geometri
characteristic and n is the release exponent itidgdrug transport mechanism.

Scanning Electron Microscopy (SEM) study:

The scanning electron microscopy study was perfdrite examine the surface topography, texture, and
morphology of the tablet. SEM analysis was doneigefind after dissolution of the tablet using JEQ&M6360
scanning electron microscope. Images may be scammexddigital imaging system by computer enhancéroen
polaroid pictures may be taken using an attacheteca

Optimization by statistical analysis [35]:

Analyse-it + General 1.73 software demo version uwsesl for Linear Regression Analysis. In this stddgign, two
factors were evaluated. The ratios of HPMC K4M,)(énd HPMC K15M (%) were selected as independent
variables. The zero order rate constarg)(IKliguchi rate constant ¢ diffusion exponent (n), initial burst release
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(X129 and times required for 50% drug releasg (ere selected as dependent variables.A new dermfilation
(F 8) was prepared by taking the same polymersifierdnt ratio (4:1) of the total weight of the goler and
analysed the values with predicted one.

RESULTS AND DISCUSSION

Evaluation of rheological parameters of powder mixtire:

The rheological characteristics of the powder béeofidifferent batches were evaluated in orderetiofigge flowing

of powder which helped trouble free tableting réaglin accuracy of dosage. The values of diffefgatameters
were tabulated iTable 2 Results indicated that all powder blends werecédlignt” to “good” category according
to USP 29 NF 24 and ranging from 25.1293 + 1.67229.7922 + 1.3767 for angle of repose; 0.3029 + 0.0092 to
0.3161 + 0.0156 g/cfrfor poured density; 0.3250 + 0.0097 to 0.3639@100 g/cm for tapped density; 6.4957 =+
0.6139 to 15.7209 * 2.8561% for Carr's index an@6®5 + 0.0070 to 1.1874 + 0.0408 for Hausner'sorati
respectively.

Table 2 Rheological parameters of powder blends

Formulation code | Angle of repose® | Poured density (g/cr) | Tapped density (g/cr) | Carr's index (%) | Hausner's ratio
F1 25.12+1.67 0.30+0.01 0.3210.01 6.49+0.61 1.06+0.01
F2 28.27+0.66 0.30+0.01 0.3210.01 8.15+1.04 1.09+0.01
F3 26.89+1.41 0.31+0.01 0.33+0.02 7.88+2.31 1.09+0.03
Fa 29.79+1.37 0.31+0.01 0.3510.01 9.75+1.46 1.11+0.02
F5 27.30+1.41 0.31+0.01 0.3410.01 11.2+1.15 1.13+0.01
F6 27.82+1.62 0.30+0.01 0.35+0.02 12.58+2.06 1.14+0.03
F7 26.38+1.35 0.31+0.01 0.36+0.02 15.72+2.86 1.18+0.04
F8 26.23+0.96 0.30+0.01 0.36+0.03 14.43+3.75 1.17+0.05

Mean +SD (n = 3)

Drug excipient compatibility study:

Differential Scanning Calorimetry (DSC):

The thermal profiles of pure drugand formulatiorsrevdepicted in th€igure 1. The sharp melting peak of pure
drug was observed at 154°8%ndicating crystalline nature of the drug in pfmem. The matrix forming polymers
exhibited a broad endothermal effectdue to a dedtigdr process and superimposed each other as they iw
mixed form, indicated in the first curve Bfgure 1 (formulation). The second curve dfigure 1 (formulation)
indicated thermogram of the formulation. Here weseslbed that the dehydration band was shifted toetow
temperature and a small shoulder following the readothermic effect was revealed probably due pardial
recrystallization of polymer blends and or duehte ¢volution of water associated with both polyrmess result of
energies evolved during compression process. Tdérntd profiles of all the mixture remained almostlianged
after compression, indicating compatibility of ttheig with all the examined polymers.
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Figure 1: DSC thermogram of pure drug and formulation

Fourier Transform Infra-red Spectroscopy (FT-IR):

FT-IR study was then performed in order to obtaoreninformation and support the DSC results. FTspRectra of
pure drug and formulation were reported-igure 2.The appearance of characteristic peaks of drdd 52.96 cm-
1 region due to alcoholic O-H bond in bending andN @ibration, at 1198.80 cm-1regiondue to C-O band
bending, peaks at 1245.09 cm-1 region due to Cilppeaks at 1379.15 cm-1 and 1385.90 cm-1 dubdaglic
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C-O bond in stretching were well retained in thenfolation, thus indicating the absence of intemagi and
confirming DSC findings.
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Figure 2: FTIR spectra of pure drug and formulation

Evaluation of physicochemical parameters:

The physicochemical parameters of the formulatisreye mentioned in th&able 3 and were within the
pharmacopoeial specification. The mean weight valok tablets ranged from 119.85+2.23 to 120.5+9
whereas mean diameter and thickness ranged frodx®12 to 6.25+0.18 mmand 4.17+0.01 to 4.27+0.13 mm
respectively. All formulations showed good hardnesskg) in the range of 5.76+0.37 to 6.06+0.36ckgf, having
a percentage friability of less than 1%. The plaisétrength of a tablet depends on its dimensioichvis related to
the compression force applied during tableting.alRineg strength does not provide the actual physt@ngth of
the tablet even if fixed compression force appf@dall batches. This problem has been circumveitqgart by the
calculation of the tensile strength of the tablgte values were ranged from 138.45+1.39 to 143.8%+N.In
general, highest hardness value showed highestvaltensile strength which will result in lesggsity and slow
drug release. Mean drug content value obtained faasd satisfactory within 97.33+£1.52 to 98.66+1.Ga¢ll
formulations.

Table 3: Physicochemical properties of various talet formulations

Parameters
%%tgg Weight variation Diameter Thickness Hardness Friability (%) str-{eigfrl:e(N) Drug content

(mg) (n=20) (mm) (n=20) (mm) (n=20) | (kg/cm2) (n=10) (n=20) (n=20) (%) (n=10)
F1 120.30+2.15 6.14+0.13 4.18+0.21 5.76+0.37 0.33 140.19+2.39 97.34+2.31
F2 120.25+2.45 6.16+0.18 4.22+0.18 5.92+0.26 0.16 142.25+2.58 98.57+1.44
F3 120.05+1.96 6.25+0.18 4.23+0.13 5.86+0.44 0.12 138.45+1.39 98.13+1.69
Fa 120.10+1.20 6.14+0.13 4.27+0.13 6.00+0.41 0.21 142.95+1.92 98.26+1.68
F5 120.20+1.82 6.19+0.07 4.25+0.11 6.06+0.36 0.12 143.89+1.25 98.43+1.29
F6 120.50+2.06 6.19+0.07 4.17+0.09 5.84+0.37 0.21 140.64+2.24 97.33x1.52
F7 119.85+2.23 6.22+0.11 4.25+0.08 5.94+0.31 0.21 141.27+1.78 98.66+1.02
F8 120.50+2.09 6.24+0.13 4.25+0.07 6.04+0.27 0.24 140.85+1.68 97.43+1.59

Mean £SD (n = 3)

In-vitro swelling and drug release study:

The results obtained from thie-vitro swelling and drug release study was depicted & Table 4 and 5
respectively.Here we observed that in first two risoabout 14 to 21%swelling occurred indicating kigkvater
uptake into the matrix which results in increasetaiflet area and promote higher drug releasgg(Xanging
between 2.4833 mg=(35%) to 2.9881 mg~(37%) from the system. After that, up to 4 to 5 fsothe rate of
swelling was gradually increasedabout 19 to 35%this stage water molecules were gradually enteredthe
matrix and form a viscous gel layer. The viscosifythis gel layer depends on the amount and viscadithe
polymer present into the system. With time whea prenetration of water in the gel matrix exceedsitical
concentration (i.e. the concentration at which theeractions between water and polymer increasdh i
consequent reduction of polymer — polymer intecanti the polymer chains begin to separate, extenitia spaces
through which leaching of drug occurs. Theptvalue (i.e. time required for 50% drug release)atf the
formulations were almost close to each other irifigasteady state release. After 4 to 5 hoursthellgwg index
was gradually decreased and the rate of erosiq@olgfneric bed increases and water molecules anegtty enter
to the dry core of the tablet exists which indicdézrease of tablet area. In this stage, polyrmssotlition is more
significant than the polymer swelling. As a reshk total drug release was varied significantlyrfrbatch to batch
ranging between 86.5681 to 96.8421%.
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Table 4:1n-vitro swelling study of various formulations

Time (hour) Formulation code
F1(%) | F2 (%) | F3(%) | F4 (%) | F5 (%) | F6 (%) | F7 (%) | F8 (%)
1 16.39 15.13 12.39 13.71 13.98 13.45 14.05 14|75
2 21.31 19.33 14.88 18.55 17.2]1 16.81 16.53 18|85
3 24.59 24.37 19.83 24.19 20.49 21.85 20.66 25|41
4 29.51 27.73 26.45 28.23 24.59 26.89 24.79 32|79
5 27.05 30.25 31.40 29.03 27.8f 29.41 27.27 35|25
6 25.41 28.57 29.75 27.42 30.38 28.57 31.40 33|61
7 22.13 26.05 28.93 25.81 28.6D 26.05 29.75 30|33
8 20.49 25.21 27.27 22.58 27.0b 24.37 26.45 28|69
Table 5: In-vitro drug release parameters of various formulations
Parameters Formulation code
F1 F2 F3 F4 F5 F6 F7 F8
X120 (MQ) 2.7088 2.5601 2.4833 2.7579 2.5961 2.8260 2.7434 9882.
t 5o (hrs.) 4.7 5.1 5.6 4.7 4.9 4.6 4.7 4.4
too (hrs.) 105 104 10.8 10.4 11.9 10.7 10.9 10.1
Total release at 12 hrs. (%)94.5898| 96.8421 93.5682 93.9921 86.5681 96.0284 1183.| 96.4489

Kinetic analysis of release data:

The drug release kinetic of salbutamol sulphate dessribed by various mathematical models and &msat able
6 andFigure3, 4andbexplain the release kinetics of the eight formolasi The higher correlation coefficient)(r
values for Higuchi diffusion model obtained in @le formulations indicate diffusion mechanism afigirelease. In
addition, the magnitude of the Higuchi rate cons{&R) was found to be dependent on composition i.e.umtof
individual polymer used for the system. It has bsean that the rate constant values decreasesneftfasing the
HPMC K15M concentration due to formation of morscaus gel layer which retard drug release fromsttstem.
The n exponent of Korsmeyer — Peppas model carséé 1o characterize the drug release mechanismstfie
system. The data indicated that drug release follommalous transport i.e. both diffusion and ermosis they lies
between > 0.43 to < 0.85.

Table 6: In-vitro release kinetics parameters of various formulatios

Batch code Zero order Higuchi First order Korsmeyer - Peppas
R? Ko(h ) R’ Kn (h 3 R? Ki(h™) R’ n

F1 0.9522| 6.8475 | 0.9804| 26.929 | 0.9345| -0.0929 | 0.9482 0.4939
F2 0.9579| 6.5663 | 0.9876| 25.670 | 0.8905| -0.1014 | 0.9734 0.5292
F3 0.9552| 6.3054 | 0.9801| 24.708 | 0.9275| -0.0879 | 0.9525 0.4937
F4 0.9245| 7.0935 | 0.9781| 27.829 | 0.9701| -0.0998 | 0.9454 0.5280
F5 0.9554 | 6.8155 | 0.9827| 26.674 | 0.9687| -0.0651 | 0.9591 0.5088
F 6 0.9518| 7.1785 | 0.9861| 28.511 | 0.8903| -0.0959 | 0.9722 0.4895
F7 0.9538| 6.9339 | 0.9765| 27.184 | 0.9284| -0.0784 | 0.9425 0.4804
F8 0.9581| 7.2748 | 0.9858| 28.528 | 0.9214| -0.1090 | 0.9770 0.5338
o 150
2
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Figure 3: In-vitro release profiles of Salbutamol sulphate (Zero oraemodel)
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Figure 4: In-vitro release profiles of Salbutamol sulphate (Higuchi ouel)
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Figure 5: In-vitro release profiles of Salbutamol sulphate (First orer model)

Scanning Electron Microscopy (SEM):

The SEM images of the tablet were taken beforeadied dissolution as shown Figure 6. The images of the tablet
before dissolution showed intact surface withouy gerforations, channels or troughs. After dissolutwe
revealed many pores with increasing diameter. Tdteest font enters the matrix and moves slowly talvthe
centreof the tablet. The drug diffuses outfrom mhegrix after it comes in contact with dissolutiodium, which
clearly indicates the involvement of both erosiow aliffusion mechanisms to be responsible for suisig the
release of drug from the formulations.

Before dissolution After dissolution

Figure 6: Images of scanning electron microscopy
Statistical optimization:
The effects of combination two polymers in varymagjos on different dependent variables were shiovthe Table
7. Putting these values to the statistical softwWallewing mathematicakquations 1- Swere derived. Using these
equations optimization of new formulation contagmsame polymers was carried out.

K =5.9613 + 0.5335 % 0.1210 % (1) R = 0.9983
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K = 21.9527 + 1.6691 % 0.4073 % ) R =0.9880
n = 0.3642 + 0.0539 ¥ 0.0183 % ®3) R = 0.9508
X 120= 56.5477 — 5.4551 % 1.5348 % () R = 0.9680
tso= 2.2500 +0.7051 Y% 0.1218 % (5) R =0.9433

We observed that all the values of each dependarable were in close proximity to each other, @ading
significant effect of the polymer concentration etican be further confirmed by analysis of variastely (p
<0.05) shown inTable 8 Higher value of the correlation coefficierEquation 1 — § clearly indicates that the
response is strongly dependent on the factor studike linear regression equation 1 and 2 can bd tesdraw a
conclusion that with increasing the amount of HPKM, zero order rate constant will gradually ingeavhich
indicates drug released occurred through swellingobymeric bed whereas with increasing the amadriPMC
K15M, Higuchi rate constant gradually decreasedcatthg diffusion or erosion mechanism of drug aske. These
two observations were further established by tffesion exponent (n) of Korsmeyer — Peppas modet i values
of all the formulations indicate that drug reledskbows anomalous transport i.e. both swelling aliflusion or
erosion. The linear equation 4 and 5 helps to drasenclusion that with increasing the amount of HPKAM,
drug release in first two hours {X) also increased may be due to less viscous getl faymation occurs initially
whereas with increasing the amount of HPMC K15Mrartime is required to release 50% of drug fromdbsage
form because of the formation of more viscous ggkt which retard the release of drug from theesystThe
correlation between actual and predicted valuedldhe dependent variables was graphically preskeimtFigure 7
to 1l

Table 9 showed the comparison between the predicted asdredd data of all dependent variables of the new
formulationF8. It was found that the deviations of the respofsdsieen predicted and observed data were in close
proximity (within 5%). So, it can be concluded thia¢ process of matrix tablet formulation with ammmbination of
HPMC K4M and HPMC K15M is statistically optimizedthé can be reproduced by following similar process
conditions.

Table 7: Release data of formulations used to studinear regression analysis

Formulation code | X (parts) | Xz (parts) | Ko(h™ | Kn(h ™) | nvalue | X (mg) | tso(hr)
F1 1 1 6.8475 26.929 0.4939 2.7088 4.7
F2 1 2 6.5663 25.670 0.5292 2.5601 5.1
F3 1 3 6.3054 24.708 0.4937 2.4833 5.6
F4 2 1 7.0935 27.829 0.5280 2.7579 4.7
F5 2 3 6.8155 26.674 0.5088 2.5961 4.9
F6 3 1 7.1785 28.511 0.4895 2.8250 4.6
F7 3 2 6.9339 27.184 0.4804 2.7434 4.7

Table 8: Analysis of variance for dependent variatds from linear regression analysis

Source SS df MS F — value Protitity
Ko(h™)

Regression 1.306 2 0.653 1193.27 < 0.0001
Residual 0.002 4 0.001

Total 1.308 6

Kh (h -1/2)

Regression 12.783 62392 164.41 0.000
Residual 0.156 4 0.039

Total 12.939 6

n value

Regression 0.013 2 0.007 38.64 0.0024
Residual 0.001 4 0.000

Total 0.014 6

Xizc (M)

Regression 136.843 2 68.422 60.45 0.0010
Residual 4.528 4 1.132

Total 141.371 6

t 50 (hr)

Regression 2.291 2 1.145 33.24 0.0032
Residual 0.138 4 0.034

Total 2.429 6

SS — sum of squares; df — degree of freedom; M&n f squares; F — Fischer’s ratio
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Figure 9: Correlation between Actual and Predictedvalue of n

134
Scholar Research Library



Koushik Sen Gupta and Lakshmi K. Ghosh

Der Pharmacia Lettre, 2015, 7 (7):124-136

X120
R

R2

y=1x+ 1E-12

=0.968

36

41

46
Predicted Y

Figure 10: Correlation between Actual and Predictedvalue of X 129

4.6 -
4.4
4.2
4
3.8 -
B3.6 -
3.4 -
3.2 -
3 -
2.8

y=X
R2=0.9433

3

3.5

4
Predicted Y

4.5

Figure 11: Correlation between Actual and Predictedvalue of tso

Table 9. Comparison between the Predicted and Obsexd Data

Responses| Predicted Data Observed Data  Deviatign
Ko(h™ 8.2163 7.2748 -0.9415
K n(h 2 29.0364 28.5280 -0.5084
n 0.5981 0.5338 -0.0643
X 120 (%) 33.1925 37.4739 +4.2814
t 50 (hr.) 5.2 4.4 -0.8
CONCLUSION

The objective of the present work was to develdputamol sulphate matrix tablet for sustained rededosage
form to treat the Chronic Obstructive Pulmonarydaise (COPD). Direct compression technique was gmagltor
the preparation matrix tablets by combination ob tiwdrophilic polymersHPMC K4M and HPMC K15Min
different ratio. Drug excipient compatibility studyas performed by infrared spectroscopy and difféséscanning
calorimetry. All the seven formulations showed gitable pharmaco-technical properties and compliiia tive in-
house specifications for tested parameteraitro drug release data were fitted into different mathtcal models
and compare the correlation coefficienf Ralue. The result reveals that all the formulasipredominantly follow
the Higuchi kinetic model (R< 1), the main kinetic model to describe the drugase behaviour from a matrix
system. The diffusion coefficient (n) value indiesta coupling of diffusion and erosion mechanisorsdiug
release from the systems. Scanning electron miepysstudy was performed to find out the morpholabgahanges
of the dosage form before and after the drug releasdy. To check the reproducibility of HPMC K4MdaHPMC
K15M combination, statistical analysis was carmed with a new formulation F-8 (4:1 ratio) and wasnd that the
deviations of the responses between the predicted adbserved data were in close proximity. So, i e
concluded that the process of matrix tablet formatawith any combination of HPMC K4M and HPMC K15is!
statistically optimized and can be reproduced liipdang similar process conditions.
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