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ABSTRACT

Oral route of drug administration is the most cormmend preferred route of administration. Oral disgible

tablets (ODT) are oral solid dosage forms that mlisgrate in the oral cavity in easy swallow resid&éavirenz
which is an oral nucleoside reverse transcriptasieibitor (NRTI) of human immunodeficiency viruseTgroject

was aimed to enhance the solubility which interpriones the bioavailability. DESIGN EXPERT versiof.B.1

was selected for designing of the present projectmiake the project economical and statically sigaitt.

Superdisintegrates (croscarmellose sodium, soditarcts glycolate) used in different concentratiofsepared

tablets were evaluated for various in-vitro evaloattests such as weight variation, thickness, ingttime, drug
content, in-vitro disintegration time, in-vitro dislution. The formulations are analyzed for consderesponse i.e.
disintegration, dissolution with the help of DESIG&XPERT software and the based on the considergabrses
an optimized formulation was developed. The opéditormulation developed showed the in-vitro dretease
greater than 80% within 30min and 96.67+ 1.18 witBiOmin.
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INTRODUCTION

European pharmacopoeia also adopted the term “Spediible tablet” as a tablet that is to be pldnetie mouth
where it disperses rapidly before swallowing, desparious terminologies used [Qral delivery continues to be
the most popular route of administration due toséesatility, ease of administration and probablysinimportantly
patient complianc®roviding patients with simplified, convenieotal medications that improve compliance
and thus result in more effective treatment has lmeee of the major drivers of innovation in thelahaug delivery
market.Oro dispersible tablets (ODT) are oral solid dosiagms that disintegrate in the oral cavity in eassallow
residue [2]. Orodispersible tablets are alsmvikm as Mouth dissolving tablet, Oral disintegrgtiablets, Fast
dissolving drug deliver, Rapidmelts tablet, Pordablet, Quick dissolving tablets etc [3]. Recent®DT
terminology has been approved by United Statesnd@poeia, British Pharmacopoeia and Centre forgDru
Evaluation and Research (CDER) [4-7].

Recently, European Pharmacopoeia has used theotediispersible tablets [8]. This may be definecuasoated

tablets intended to be placed in the mouth wheeg thisperse readily within three minutes beforelewmeng [9].
United States Pharmacopoeia has also approved thessge forms as orodispersible tablets [10-12JusTh
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Orodispersible tablets are solid unit dosage fdikesconventional tablets, but are composed of sdjsntegrants,
which help them to dissolve the tablets within aubé in the mouth in the presence of saliva withent difficulty
of swallowing. It is ease of administration in thepulation especially for pediatric, geriatric, amy mentally
retarded person makes it a very popular dosage {@Bh Due to the presence of super disintegraibtgets
dissolved quickly, resulting in rapid absorptiondstig which in turn provides rapid onset of acfjib4]. Since the
absorption is taking place directly from the moubigavailability of the drug increases [15]. Druggesent in
orodispersible tablets are also not suffering friinst pass metabolism. This type of drug delivesybiecoming
popular day by day due to its numerous advantages.

EXPERIMENTAL SECTION

Materials

Efavirenz and Croscarmellose sodium was a Gift $arfipm Hetero drugs Pvt Ltd, (Hyderabad). Theauelits
used are Sodiumstarch glycolate and sodium lawdghate Yarrow chem products,(Mumbai). Microcryltal
cellulose and menthol from Simla industries, (Muib&e Lubricants are Magnesium stearate and TdlcFihe
chemicals,(Mumbai).The other are Sodium hydroxidenfQualigens finechemicals,(Mumbai).

Experimental Design

Response Surface methodology was implanted to ghaleffect of formulation variables in the devetamt of
Oral disintegrating tablets of Efavirenz. Resposseface designs are more effective in minimize dsfeand
maximize yield [16]. In the present investigatiomotindependent formulation variables X1: Cross weslose
sodium, X2: Sodium starch glycolate, Responseati#es tested include Y1: Disintegration time, Y2CB®R in
Dissolution. Box — Behnken Design is a class obadc- order designs based on three — level incampetorial
designs. This model has the quadratic form comgifinear terms for all factors, squared termsdibfactors and
products of all pairs of factors.

¥ =Bo+ BiX1+ B2 Xo+ Bra X1 Xot Bra X1+ Baz X5

Table 1. Composition of superdisintegrants

CCS SSG

Low 0.75mg 3mg
Intermediate| 4.5mg| 7.5m
High 7.5mg 12mg

Table 2. Formulation Design

RUNS | CCS| SSG
1 7.5 7.5
2 4.5 12
3 4.5 7.5
4 0.75 3
5 075]| 75
6 7.5 12
7 7.5 3
8 0.75 12
9 4.5 3
10 0.75 3
11 075]| 75
12 4.5 3

Preparation of Efavirenz Tablets

Oral disintegrating tablets of Efavirenz was prepdby direct compression Efavirenz and Superdigiatgs (Cross
caramellose sodium, Sodium starch glycolate) alier {MCC), solubilizer (SLS), lubricant (Magnesiustearate),
glidant (Talc) were blended together by dry mixinga laboratory mixer (polybag) for 10 mins. Thextare was

compressed by using 8mm standard flat round pumuh die set at compression force 3-4ton. The super

disintegrants were selected by taking low, interiaedand high concentration [17].
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Table 3. Composition of Efavirenz Oral disintegratng tablets

Ingredients F-1| F2 | F3 F-4 F-5 F-6 F-7 F-8 F-9 F-10 F-11 F-12
Efavirenz 100/ 100| 10( 100 100 100 100 100 100 1p0 00 1 100
Croscaramellose sodium 75 4.5 4.5 0.15 0.Y5 15 5 .0.75 4.5 0.75 0.75 4.5
Sodium starch glycolate 7.5 12 75 3 7.1 1p B 12 3 3 7.5 3
Micro crystalline cellulos | 12F | 123.f | 12¢ | 136.2¢ | 131.7¢ | 120.F | 129.F | 127.5 | 132.F | 136.2¢F | 131.7¢ | 132.f
Sodium lauryl sulphate 10 10 10 10 10 10 10 10 10 0 1 10 10
Talc 5 5 5 5 5 5 5 5 5 5 5 5
Magnesium stearate 1 10 10 10 1( 10 10 10 L0 10 L0 10
Tablet weight 250 250| 250 250 25Q 250 250 250 250 50 2 250 250

Drug- excipient compatibility studies by FTIR & DSC

Compatibility studies were performed using FTIBpectrophotometer and Differential scanning caletisn
analysis was performed for detecting drug-polymméeriaction. The IR spectrum of pure drug and playsitxture
of drug and polymer were studied by making a KBrcdiechnique using Brooker FTIR. For thermal anglp$
drug and drug-excipient mixtures, a differentiaghrsting calorimeter using Mettler Toledo DSC 823wlividual
samples (drug and excipients) as well as mixtufedrwgy and selected excipients were taken in tieecpd DSC
aluminum pan and scanned in the temperature rahg@&-6800 °C (at the heating rate of 10 °C mjirunder an
atmosphere of dry nitrogen [16,17].

Micrometric Properties

Angle of repose:

The angle of repose of powder blend was determinethe funnel method. The accurately weight powadend
were taken in the funnel. The powder blend wasagtbto flow through the funnel freely on to thefaae. The
diameter of the powder cone was measured and ahgépose was calculated using the following equmfi 8].

h
tan @ = —
r

Bulk density

Bulk density includes the contribution of interpewtate void volume weighed quantity of the powdample
passed into 50 ml graduated cylinder. The powdemgpe was carefully leveled in the cylinder without
compacting. The unsettled apparent volume was te@#eke nearest graduated unit anded. The bulk density was
calculated by using the formula [18].

Bulk density= (Weight of powder blend)/(Bulk Volme)

Tapped density
Tapped density was calculated using the followiggagion [18].

Tapped density = (Weight of the powder blend)/ @@egpvolume)

Hausner’s Ratio:
It indicates the flow properties of the granulesl @ measured by the ratio of tapped density tobthlk density
[19].

Hausner's ratio = (Tapped density)/ (Bulk density)

Compressibility index (Carr’'s Index)

Compressibility index is an important measure tteat be obtained from the bulk and tapped densitietheory,
the less compressible a material the more flowdbke A material having values of less than 20% baod flow
property [19].

Cars index = (Tapped density-Bulk density) x 100
Tapped density
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Post Compression Evaluation

Average Weight

The weight variation test is done by weighing 28lets individually, calculating the average weightd comparing
the individual weights to the average. tablets thetUSP specification that not more than 2 takdeg¢soutside the
percentage limits and no tablet differs by moretBdimes the percentage limit [18].

Wetting time

The method was applied to measure tablet-wettmg.tiA piece of tissue paper folded twice wasgiaa a small
Petri dish containing 6 ml of water, a tablet was @n the paper, and the time for complete wettiag measured
[20].

In- vitro Disintegration Test

The process of breakdown of a tablet into smalbetigles is called as disintegration. Timevitro disintegration
time of a tablet was determined using disintegratest apparatus as per |.P specifications. Riaedablet in each

of the 6 tubes of the basket. Add a disc to ealh &ind run the apparatus using pH 6.8 phosphaterboéintained

at 37 +2'C as the immersion liquid. The assembly shouldaised and lowered between 30 cycles per minute in
the pH 6.8 phosphate buffer [20]. The time in sesotaken for complete disintegration of the tabléh no
palpable mass remaining in the apparatus was meshand recorded.

Thickness
Three tablets were picked from each formulatiordcanly and thickness was measured individuallys kxpressed
in mm and standard deviation was also calculathd.t@blet thickness was measured using vernigrezal{18].

Hardness

The resistance of tablets to shipping or breakag#euconditions of storage, transportation and liagdefore
usage depends on its hardi®s$he hardness of each batch of tablet was chebkeasing Monsanto hardness
tester. The hardness was measured in terms of kg/cm

Friability

Friability generally refers to loss in weight ofbtats in the containers due to removal of finesnfrthe tablet
surface. 10 tablets were weighed and the initiaglteof these tablets was recorded and placed oh&driabilator
and rotated at the speed of 25 rpm for 100 revaisti Then tablets were removed from the friabiladosted off
the fines and again weighed and the weight wasdedd18].

Content Uniformity

The tablets were tested for their drug contentasnifty. At random 20 tablets were weighed andgered. The
powder equivalent to 100 mg of drug was weighedigtely and dissolved in 100ml of methanol. Theisoh was

shaken thoroughly. Then transfer 1mL of above smiunto 100mL volumetric flask and make up thewog with

methanol and then further diluted to get the akmucb. The absorbance of the diluted solutions weasored at
246nm. The concentration of the drug was computad the standard curve of the Efavirenz in meth§2dj.

In-Vitro Dissolution studies

In-vitro dissolution study of Efavirenz tablets was cartisihg Lab india DS 5000 dissolution test appafatde
details are given as below. Tablet was introduoéal dissolution test apparatus and the apparatessetaat 50rpm
motion. 10 ml of sample was withdrawn for 5min, I9mML5min, 30min, 45min, 60min up to 1 hr. Samples
withdrawn were analyzed by UV spectrophotomet@4&nm using at 370C + 0.50C using 6.8pH buffdslask.

Optimization:

The responses of the 12 formulations ie., Disirgtgn time and Dissolution were entered in the Bresixpert and
further obtained the optimized formulation desigmich is as below
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Table 4. Composition of Formulations based on Respive Surface Design with observed responses

Factorl | Factor 2 | Disintegration | Dissolution

Sd | RUN | "ccs | sse Sec %

5 1 7.50 7.5 45 84.34

3 2 4.5 12 41 88.2¢

6 3 4.5 7.5 48 91.2¢

2 4 0.75 3 93 67.04

9 5 0.75 7.5 52 83.25

4 6 7.5 12 26 91.85

7 7 7.5 3 53 90.28
11 8 0.7¢ 12 56 90.8¢
10 9 4.5 3 38 79.71

8 10 0.75 3 93 67.04
12 11 0.75 7.5 52 83.25

1 12 4.5 3 38 79.71

RESULTS AND DISCUSSION

Drug- excipient compatibility studies by FTIR & DSC

FTIR spectrum of pure drug and physical mixturelafg and polymers were studied. Drug: polymer cdibbidy
studies are very important in order to confirm tirag structure, its activity, and its degradatiaterand release
pattern with various polymeric substances usetiénformulation. The characteristic absorption peskisfavirenz
were obtained at wave numbers 3319.02'ca250.16¢rt, 1749.37crit, 1601.72crt. Efavirenz with mixture of
different polymers showed no considerable changestizere is no interaction between drug-polymer lgioation.
The FTIR spectrograms were shown in the FiguresThd DSC thermo gram study for drug and its fornioiket is
also utilized for establishing physical charactests The DSC thermo gram of pure drug gave shadgothermic
peak at temperature 131°26 which indicates its melting point. The DSC thergram of the optimized
formulation shows an endothermic drug peak at 436.tndicates no interaction with excipients. Thermamgs can
be seen at figures 5-6. The comparative study ese¢hwo thermo grams, i.e. drug and formulationashthe
endothermic peak corresponding to the melting pofithe drug. There was no significant change ebsition of
peak and its intensity for the tablet formulatiofus, DSC study showed no interaction betweendtig and
polymers during granulation process.
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Fig 1. FTIR spectra for Efavirenz
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Fig 3. FTIR spectra for Efavirenz+ Sodium Starch Gycolate
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Sample: EFA-F
Size: 12.0000 mg
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Micrometric Properties
Precompression parameters play an important ralapnoving the flow properties of pharmaceuticapecially in
tablet formulation. These include angle of rephsgi density, tapped density, carr’s index and risau's ratio. The
angle of repose for the formulations blend wasiedrout and the results were found to be in thgeasf 23.94 -
30°.65 shows the angle of repose less thah 3@hich reveals good flow property for compressiuto tablets. The
mean bulk densities of the blend were found tonbiné range from 0.246 to 0.319 g/ifihe mean tapped densities
of powders were found to be in the range from 0.80@.375 g/ml. Compressibility index was foundtle range
10.64 to 19.64 which is less than 21% indicatesebdiow properties. Hausner’s ratio was calculgi@dall the
batches and it found 1.12 to 1.24 indicates bétier properties. The results were showed in table 5
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Fig 6. DSC Spectra of Formulation
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Table 5. Results of Precompression parameters

Formulation code Angle of repose| Bulk Density (g/ml) | Tapped Density (g/ml) | Hausner’'s Ratio | Compressibility Index (%)

Avg+SD (n=3) Avg+SD (n=3) Avg+SD (n=3) Avg+SD (n=3) Avg+SD (n=3)
F-1 23.94 +0.325 0.319+0.009 0.35740.011 1.12+0.02 10.64+2.77
F-2 25°.64 +0.826 0.294+0.014 0.334+0.018 1.13+0.05 11.72+4.55
F-3 27.15+0.418 0.267+0.006 0.313+0.016 1.16+0.03 14.35+2.71
F-4 30°.65 + 0.488 0.246+0.014 0.307+0.023 1.24+0.01 19.64+1.22
F-5 28.65 + 0.075 0.283+0.014 0.341+0.011 1.2+0.05 16.85+3.91
F-6 25°.96 + 0.870 0.278+0.012 0.319+0.009 1.14+0.02 12.9742.30
F-7 28.96 + 0.625 0.307+0.022 0.358+0.02 1.16+0.02 14.18+1.88
F-8 27.95 + 0.637 0.294+0.014 0.349+0.011 1.18+0.03 15.63+2.27
F-9 25°.29 + 0.502 0.313+0.015 0.375+0.012 1.19+0.03 16.51+2.31

Post Compression Evaluation
The physical properties of tablets are shown inTthlele 6. The hardness of the tablets was four tim the range
of 3 to 5 kg/cm. The friability of all the prepared tablets wasifidl to be in the range of 0.68 to 0.91%, fulfillithg

official requirement. The tablets of each formwatihave shown acceptable uniformity of diameter tnckness
was almost uniform in all the formulations and wsuanged from 3.16mm to 3.56mm. The percentagg dru
content for all the formulation was found to beairange of 93.83% to 103.75%. This ensures tlatitthin a limit

according to IP specifications of 90-110% .The weigariation was found to be in the range of 249a&7
250.5+6.68. This ensures that it is within a limitcording to IP specifications of 7.5%. The reswkse showed in
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table 6. When wetting time arid-vitro disintegration time were observed, they rangemfd6-61 sec and 26-

93sec respectively arfdlfilling the official requirements i.e, less thdmin. The results were showed in table 6.

Table 6. Results of Postcompression parameters

Weight . Hardness - .
Formulation variation T:\'/ZITSESS (Kg/cm?) Friability Drug content Avg Wetting Dlsmttiz;:r?éatlon
code Avg+SD (n:_3) Avg + SD (%) + SD (n=3) time (min) (min)
(n=20) (n=3)
F1 249+7 3.26+0.01 3.33+0.47, 0.68 99.58+2.18 0.49 0.45
F2 252+7.48 3.23+0.15 3+0.81 0.81 101.66+1.04 40.5 0.41
F3 250+7.07 3.26+0.11 4+0.81 0.89 103.75+1.33 90.5 0.49
F4 249+4.35 3.16+0.57 3.66 + 0.94 0.78 92+0.54 0.53 1.33
F5 252+6 3.560.10 3.66+ 0.47 0.80 96+0.54 0.61 205
F6 245.5+5.89 3.5¢0.10 4+0.81 0.66 100.33+0.71 460. 0.26
F7 250.5+6.68 3.16+0.05 3.66 + 0.47 0.68 99.66+0.71 0.52 0.53
F8 248+6.78 3.5+0.10 4.33+0.47 0.91 93.83£1.5 50.5 0.56
F9 250+7.07 3.26+0.11 3.33+0.47 0.78 101.66+1.35 0.48 0.38

In-Vitro Dissolution studies

The results ofn-Vitro drug release data are given in figure 7-9. Astperresults of dissolution studies by the end

of 60mins the %cumulative drug release (CDR) wasutated, which ranges from 67.04 + 1.28 to 91.88.46.

Formulation F4 Shows least CDR among all formufaiae.67.04 and F6 has the maximum CDR 91.85.d36 h

CCS and SSG in the range of 7.5 and 12 mg respéctivhere as F4 has 0.75 and 3 mg concentrationsa Ehe
above results it can be confirmed that at low Ie¥&CS is having a positive effect on dissolutiompared to high
levels. SSG is having inverse effect at high leitals a positive effect compared to low levelcombinations.

Percenateg Cummilative Drug
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Figure 7.1n-Vitro drug release for formulation of F-1 to F-3
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Figure 8.1n-Vitro drug release for formulation of F-4 to F-6
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Figure 9.In-Vitro drug release for formulation of F-7 to F-9

Resposive Surface analysis (Disintegration Time)

Figure 10 and 11 represents the contour and thineendional studies of response of disintegratiaperties of oral
disintegrating tablets of Efavirenz. From the camtplot it can be concluded that SSG at higher l&eVms a
completely greater influence in on responsive \deis than CCS. From the contour graph it was oleskthiat a
decline in disintegration rate was observed witteading concentrations of CCS. However a littleitpas effect
was observed at intermediate levels in combinaifddCS and SSG.
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Figure 10. Disintegration Contour Graph
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Figure 11. Disintegration 3D Graph
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Disintegration

Resposive Surface analysis §b,)

Figure 12 and 13 demonstrate the three dimensiesabnse of 90% percentage of drug release of fdong oral
disintegrating tablets of Efavirenz. From the grapban be concluded that SSG at higher levelseha®sitive
where as CCS has a inverse effect on dissolution.
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Figure 12. Dissolution Contour Graph

Design-Expert® Software

Factor Coding: Actual D|SSO|Ut|0n
Dissolution 15,60
o Design Points
91.85 -~
H w0 PEicin 91230
6704 = y
Predicion 95.8487
1360
Xi=A:ccs
X2=B:ssg
0 Predicion 91,9628 R
Frean ; A =2
1160 Preaicuorn AL 08577
> g 90.732] 061778 90502 53751 906754
a %
@ 10.60 —
060 Predicion 865738
8.60 —
760 (&) s
880 \ \ \ |
-1.95 -0.26 143 31 480
A ces
Figure 13. Dissolution 3D Graph
Design-Expert® Software
Factor Coding: Actual
Dissolution
» Design points ahove predicted value
oHBl 85
67.04
XL=A: ccs
X2 =B: ssg
=
o
E
o
(2]
L2
(=]
660195
Optimization

Based on the observations using a DESIGN EXPERT 8.@& new optimized formula (F-O) was developdadgis

2.8 mg CCS and 12 mg SSG and evaluate for similarcompressional, post compressional parameters and
compared with F6 formulation. The angle of reposes found to be 26+0.870 , Hausner’s ratio was calculated
as 1.2+0.05 and Compressibility index as 16.85+3ich indicates good flow property. The post coegsion
parameters weight variation was found to be 24%-4aich is within limits. Thickness3.16+0.05, Haeds
(Kg/ent)3.66+0.94, Friability(%)0.80, Drug content(%)10D+0.84, Wetting time(min)0.55, Disintegration
time(min)0.48. All the parameters are found to lihiw range. The disintegration time was achievétthiv 60min.
Thein-vitro drug release was listed in figure 14. As per #mults F-O showed the drug release greater than 80%
within 30min and 96.67+1.18 within 60min. F-O shalWmetter drug release compared to other formulation
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Figure 14. In-Vitro drug release for formulation of F-O
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CONCLUSION

Resposive surface methodology was applied to dfueleffect of formulation variable on responsivsintiegration
time and $q Of drug release in the development of oral disiraggg tablets of Efavirenz by applying computer
optimization technique. The percentage and nattimperdisintigrent which is effecting the dintitioe time and
dissolution. Results demonstrated that high lev#IsSSG and low levels of CCS has a positive effect
disintegration and dissolution. Among all the twpsrdisntigrents high level SSG in combination viatv level of
CCSs provided a beneficial results for in the depaient of oral disintegrating tablets. Further stsdiequired to be
carried to obtain the optimal settings.

Acknowledgement
We are thankful to Creative Educational Society'slléye of Pharmacy for providing necessary support
successful completion of project work

REFERENCES

[1] Tasbira Jesmeen, Riaz Uddini;JBPharm. Sci 2004 (1), 96-99.

[2] Sreenivas SAIndian J. Pharm. Educ. Re®005 (39), 17781.

[3] Chein YW. Oral Drug Delivery and Delivery syate, 2nd ed.,New York: Marcel Dekkdi992

[4] Rakesh RKPharma. Rev2004 (2), 3436.

[5] Kuchekar BS, Badhan AC, Mahajan Hharm. Time2003 (35), 18.

[6] Brown D;Drug Dev. TechnoR003 (3), 58-61.

[7] Klauke J.Int. J. Chem. ScR012 (10), 1213-1220.

[8] Harmon TM;Pharm. Care Rescl2007, (3), 121-123.

[9] Fu Y, Yang S, Jeong SH, Kimura S, Park®it. Rev. Th. Drug Car. Sy2004 (21), 433-76.

[10] Bandari S, Mitt apalli RK, Gannu R, RadVYAsian J. Pham. Sc2008 (2), 2-11.

[11] Habib W, Khankari RK, Hontz Lrit. Rev. Th. Drug Car. Sy200Q (17), 61-72.

[12] Brown D.Drug Dev. TechnoR003 (3), 58-61.

[13] Seager HJ. Pharm. Pharmacoll998 (50), 375-82.

[14] Behnke K, Sogaard J, Martin S, Bauml Ravindran AV, Agren HJ .Clin. Psychopharmac@003
(23), 358-64

[15] Clarke A, Brewer F, Johnson ES, Mallard N, titgpF, Taylor SJ. Neu. Transni2003 (110), 1241-55.
[16] Sonali Bharate S, Bharate Sandip B, Bajaj AmN.J. Excipients and Food Che201Q (1), 234-235.
[17] Glovana Carolina Bazzo, Marcos Antonio Seg&itea. Brazilian J. Pharm. ScR005 41.

[18] Sivakranth M, Abdul S.Althaf, Rajasekharl&. J. Pharm. Sc2011, (3), 112-21.

[19] Anish C, Sandeep G, Ashish Manigauha, Alok BT.J.Curr.Pharm.Re201Q (2), 44-46.

588



V. Ravi Shankar et al J. Chem. Pharm. Res., 2015, 7(9):576-589

[20] Zhao N,Augsburger LLPharm. Sci. TecB005 (6), 634-640.

[21] Deshpande Anand N, Dhawale C, Gurav Suhas &8s&vigikar Sandegpnt.J.Res.Pharm.S201Q (1), 402-
406.

589



