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ABSTRACT

Solid dispersions have been widely used to enhtineceolubility of poorly water soluble drugs. Insttstudy, solid
dispersions of valsartan (VAL) with natural polymeuch as hupu gum (HG), guar gum (GG) and xanthan
(XG) were prepared by kneading technique in theghteiratios of 1:1,1:2,1:3 and1:4.The prepared solid
dispersions were investigated by X-ray diffractionfrared spectroscopy, differential scanning cadometry and
solubility studies. X-ray diffraction and differégaltscanning caloriemetry have shown that naturallymers inhibit
the crystallinity of valsartan. The infrared spexgcopy suggests that there was no chemical interadtetween
valsartan and natural polymers. Phase solubilitydsts showed that the drug solubility was increaasdthe
concentration of polymer content was increased. prepared solid dispersions were analysed for petage
practical yield, drug content and dissolution sesli The results demonstrated that the dissolutfdd@@VAL solid
dispersions was enhanced greatly at ratios of eW&rwhen compared with that of remaining ratiosGg® which
shows 97.90% of drug release within 60 minutesdrbg release from the solid dispersions was founfbfow the
first-order kinetics, Fitment into Hixson Crowelltsibe root model equation suggest the drug rel@asehanism
could be erosion.

Key words: Solid Dispersion, Valsartan, HG, GG, XG, Kneadiaghnique.

INTRODUCTION

Poor aqueous solubility and bioavailability of dsugto the body after administration are two priisgues which
are faced by the pharmaceutical industry at thegmietime. This problem has been the major protlilampering

the release of new chemical entities into the naBleeause of solubility problem of many drugs thieabailability

of them gets affected and hence solubility enhaecgrbecomes necessary. Every year more than 508teof
potentially active pharmaceutical ingredients gejected due to the above stated problems.Solidedism
technology is one of the possible modes that irserélae solubility of poorly soluble drugs.Enhancetwd aqueous
solubility which may lead to increased bioavaildbi[1, 2].Solid dispersions are defined as “a digpon of one or
more active ingredients in an inert carrier or imadt solid state prepared by melting (fusion)vsokt or melting-
solvent method [3]. There has been tremendous wepnent in the usage of these natural polymers as
pharmaceutical excipients for oral use. Hence ttesgnt work is aimed to explore the applicabilifyddferent
polymers of natural origin such hupu gum (HG), ggam (GG) and xanthan gum (XG)in the enhancement of
dissolution rate and thereby oral bioavailabilitfypworly water soluble drug. Valsartan (VAL) wadested as
model drug in this study. Valsartan is an angidtemisreceptor antagonist with particularly highfiaity towards

the type | (AT;) angiotensin receptor [4] and belongs to BCS Cla$s]IHence, it requires rapid absorption and
high bioavailability in patient point of view. Theral bioavailability was found to be 25% in manytioé solid unit
dosage forms with minimum of 2 hours onset of acf8]. The solid dispersions of valsartan with s&dd natural
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polymers such as HG, GG and XG were intended tpapecat different weight ratios by employing kneadi
technique.

MATERIALS AND METHODS

Valsartan was procured from A-Z Pharmaceuticalserbai as gift sample. Hupu gum, Guar gumand xanthan
gumwere obtained from S.D. Fine ChemLtd., Mumbdiofher reagents used were of analytical grade.

Saturation Solubility studies:

Solubility study was carried out on selected BC&s€lll drug candidate valsartan by using flask shatethod [7].
Excess valsartan was introduced separately intarfiger colored glass vials of 25 ml capacity, eamftaining 25
ml of distilled water and shaken for 36 hrs at rammperature [8]. The content of each bottle witsréid through
0.4 u membrane filter. The filtrate was then ditbiéecordingly and assayed spectrophotometrically.

pH-dependent solubility studies:
The pH-dependent solubilitystudies [9] of valsarteere determined in various fluids such as pH pt2,6.8 and
pH 7.4 buffers. The similar procedure was follovesdoer above saturation solubility studies.

Phase solubility studies :

Phase solubility studies of valsartan, was cardetto evaluate the possible solubilizing effectttod carrier by
adding an excess of drug to 10 ml of aqueous swolsittontaining increasing concentrations of hupa,gguar gum
and xanthan gum (0-1% w/v) and shaken at 25°Ctamgerature controlled bath for 72 hrs. Drug cote¢ions
were assessed spectrophotometrically. The appatability constant () of the drug-gums was calculated
according to the following equation [10].

slope
K.= X (1-slope)
So

PREPARATION OF SOLID DISPERSIONS BY KNEADING TECHNI QUE:

Accurately weighed quantity of valsartan and seléctatural polymers were transferred into a glasganand 5
ml of methanol was added to the mixture and trteddor 30 min for homogeneity. Then the mixturesvdaied at
50°C in the hot air oven until to get constant weigftie dried mass thus obtained was pulverized ® fiowder
and passed through sieve no. 80. A 2 gm of eaclplsanfi prepared solid dispersion formulations wstiered in
desiccator for further studies [11].

FT-IR Spectroscopy

Fourier Transform Infrared (FT-IR) spectral measueats for valsartan, hupu gum, guar gum, xanthangoch
their solid dispersionswere recorded using TherBia2D0 FTIR spectrophotometer. Potassium bromidéetpel
method was employed. The solid dispersions weryfiground with KBr to prepare the pellets undérydraulic
pressure of 600 psi and background spectrum wéectad under identical conditions. Each spectrura dexived
from 16 single average scans collected in the rang@00-400 cii at the spectral resolution of 2 ¢m

DSC Thermal Analysis

Thermal analysis of valsartan, hupu gum, guar gxamthangum and their solid dispersionswere recomlitil
Netzsch DSC 200PC (Netzsche, Selb, German). Thpeterture axis and cell constant of DSC were preshjou
calibrated with Indium. A heating rate of 5/min wasiployed over a temperature range of 0- 350 witlogen
purging. The sample was weighed into an aluminiamwas used as reference.

X-Ray Diffraction Study (XRD)

X-Ray diffraction spectra of valsartan, hupu gumalggum, xanthan gum and their solid dispersion®wecorded
on a Seifert 303, Germany X-Ray Diffractometer wthyflexsoftware using Ni-filtered, Cukradiation, a voltage
of 40 kV and a current of 25 mA. The instrument wasrated in the continuous scan mode oveBadhge of 10
to 70° at step time of 0.5 seconds.

PERCENTAGE PRACTICAL YIELD:

Percentage practical yield was calculated to knbauapercent yield or efficiency of any method [1Blus its help
inselection of appropriate method of productione Timal weights of the prepared solid dispersioesestaken and
practical yield was calculated with the followinguation.
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Practical yield

% practical yield = x 100

Theoritical yield

DRUG CONTENT UNIFORMITY

Six samples of each batch in which sample contgitith mg of prepared solid dispersionswere takenasuadyzed
for their drug content. A 10mg sample of prepareliisdispersion was weighed accurately and transfeinto a
100ml standard flasks and volume was made up tomlO@ith 0.1N HCI.The resulting solutions were diled
through a 0.45u membrane filter and diluted acewyigi The absorbance of the solutions was measatrad9 nm.

IN-VITRO DISSOLUTION STUDIES:

In-vitro dissolution study was conducted for pure valsaaad solid dispersions with the USP type Il apperat
(paddle type) using SSF (pH 6.8 buffer) as dissmutnedium at 37+0% with 50 rpm speed [13]. The sample of
5ml aliquots were withdrawn periodically and fiker through 0.45u membrane filter. The filtered 8ohs were
diluted suitably. Samples were analyzed for theirgdcontent by using UV spectrophotometer at wangtle of
249nm. Percent of valsartan dissolved at variooe tintervals was calculated and plotted againse.tifthe
experiment was repeated for six times.

RESULTS AND DISCUSSION

Saturated solubility studies of valsartan wereiedrout in distilled water and the solubility wamihd to be 0.567
mg/ml. weakly basic drugs and weakly acidic drugsaits thereof demonstrated pH-dependent solubifir weak

acids, as the pH value increases, the solubilitthefacid also increases due to the contributiomfthe ionized
form. If log P of any drug is exceeding 1, indiogtithat the compound has a rather hydrophilic cheraat

physiological pH.In case of valsartan, it contaws weakly acidic functions with pKa values of &8d 4.7 and
one asymmetric center and (co) exists in solutiophgsiological pH values as the undissociated,abie mono-

anion and the di-anion.In pH dependent solubilidies of valsartan (Table.No.1)the solubility view at pH 1.2

and high at pH 7.4. Proportionate increase in dlitiylwas observed at pH 6.8.

Table No.1: pH-Dependent Solubility of Valsartan

S. No. Formulation Code Solubility (mg/ml) + S.D. (n=6)

pH 1.2 pH 6.8 pH 7.4
1 VAL 0.11630.97 0.304x0.66 0.5980.83
1.4
2
1.2

0.8

y =0.023x + 0.618

Concentration of valsartan (mg/ml)

0.6 R2 = 0.679
L 2
0.4
0.2
0
0 5 10 15 20 25

Concentration of guar gum (mg/ml)
Fig. 1: Phase Solubility of Valsartan in Guar G

Phase Solubility
The molecular weight of used hydrophilic gums weoé defined clearly, the concentrations are exgaas %ow/v
units in this study. The aqueous solubility of #edrugs was increased as a function of the conueiraf
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thehydrophilic natuarl gums. The hupu gum, guar gunth xanthan gum concentration beyond 0.5% w/Mtezbin
the formation of the viscous gel and the solubitifythe drugs could not be determined. The appastatiility
constant values of the selected drugs in variotisralapolymers are supporting them. The phase dijubtudies
indicated the role of hydrophilic gums in improvitige solubility of the poorly soluble drug. (Fig.1)

FT-IR Spectroscopy:
FT-IR spectra of solid dispersions of VAL and s&tecnatural polymers prepared by kneading methedlaown in

Fig. 2. The principal absorption peaks of VAL weteserved at 1160 ch(N-N stretch), 1596 cth(N-H bending),
1727 cmt (C=0 stretch), 1204 cm(C-N stretch) and 2960 c¢hn(methyl bond). Same peaks of N-N and methyl
bond were present without much shifting in the gpeof solid dispersions of VAL and carriers sudgdsno
interaction between the drug and the carriers
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Fig. 2: FT-IR spectra of Valsartan solid dispersios

1000

From DSC thermograms the melting point of pure draigartan was found to be TT7which the value reported in
literature hence the procured drugs are pure fdrmnessolid dispersion of DSC thermograms of valsaiaicated
that there are no interactions between the drudgsalected natural polymers which can be acceseedthe peaks

in the DSC thermograms. The DSC graphs of the slidigersion were shown in Fig.3.
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Figure No.3: (A)DSC of valsartan with hupu gum, (BPSC of valsartan with guar gum and (C)DSC of valsaan with xanthan gum

X-Ray Diffraction Study (XRD):

Valsartan exhibited characteristic diffraction patt whereas in the case of solid dispersions alitthe carriers,
the sharp diffraction peaks have been changed. ifitemsity of sharp peaks in the diffractograms ofics
dispersions reduced considerably indicating theiced crystallinity of the drug in all the casessofid dispersions
when compared to pure drugs. This may be due ttapaonversion of the drugs to amorphous statenfro
crystalline state (Fig. 4)
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Fig. 4: XRD of valsartan with guar gum

% Practical Yield

All the solid dispersions prepared were found tofihe and free flowing powders. Percentage practiezd of

valsartan solid dispersions was in the range d3804.61 as shown in Table No.2. The percentadd was low
for 1:1 and the high forl:2 (guar gum& xanthan glm)v s.d. values in the percent practical yieldsuzad that
there was no significant loss of drug during theparation of solid dispersions. In the preparatbrkneading
mixtures, the solvent used has no effect on results

Table 2: % Practical Yield of Solid Dispersions Cotaining valsartan (meanz S.D.)

Drug: Polymer Hupu gum Guar gum  Xanthan gum

11 92.73+1.13  80.32+1.23 85.67+1.54
1:2 90.63+0.91 91.57+0.96 94.61+0.88
1:3 92.22+1.98 88.76+1.42 90.34+1.45
1:4 85.42+1.32 87.04+2.12 93.12+0.93

% Drug Content Estimation: Valsartan content was found in the range of 45.63.23 as shown in Table No.3.
The drug content was low for 1:1 of xanthan gum higth for 1:3 of hupu gum.The results revealed thatratios
and method used to prepare solid dispersions Hamersno effect on the drug content and uniformityhe solid
dispersions.

Table 3: % Drug Content of Valsartan in Solid dispesions (mean+ S.D.)

% Drug content

S.No. Ratio . ys  VALGG  VALXG
1 T4 4563+1.38 49.96+1.65 47.16+1.67
2 12 52404092 54474118 51.75+1.42
3 13 6323+1.02 57.11+1.68 57.62+1.83
4 14 53674213 62.02+1.14 62.65+1.68

In vitro Dissolution studies

Dissolution study of valsartan and its solid dispens with HG, GG and XG have exhibited varied asteprofiles
and shown in Fig.5, 6 and 7 in which it was fouhdttsolid dispersions with all selected carriergdoeghan pure
valsartan dissolution rate.In case of VAL:HG sdlidpersions, all ratios viz. 1:1, 1:2, 1:3 and halve shown
increased cumulative dissolution profiles when caregd with pure valsartan (Fig. 5). This could be dbe
presence of natural polysaccharide, hupu gum ifoiteulation. The hupu gum is having the abilityremluce the
crystallinity of selected class Il drug VAL. In atddn, employing the kneading technique in solicgpdirsion
preparation, it would have reduced the particledialysize and facilitated to form the new surfasesall crystals
and proportionate increase of amorphous portioviAh. Formation of the new surfaces cause subsegunertase
in the effective surface area, which allows theeéased wetting of the insoluble/poor soluble dmnagsartan by
surrounding bulk liquid and facilitate the wettinfhydrophobic surface, which resulted in the iased solubility
and subsequent dissolution. The crystalline drud-Was adsorbed onto the surface of selected cayrniesults in
passage of solvent towards the faces and intesiodsug particles. Therefore, increased dissofupoofiles were
observed for solid dispersions of hupu gum at weritme intervals as shown in Fig. 5.

131
Scholar Research Library



Rajesh Kazaet al Der Pharmacia Lettre, 2013, 5 (2):126-134

There was two fold increase in cumulative percénirog dissolved in case of solid dispersion of @welght ratio at

5 minutes withdrawn sample and whereas similar Boicrease was observed at"6Minute sample. The
dissolution parameters such as, dissolution efficy at 10, 30 and 60 minutes periods was increased
proportionately when compared to pure drug (Tablel'6e time point to dissolve 50% of drug i Was found to
9.42 min for 1:4 weight ratio formulations. The lieased dissolution profiles was observed for stigpersions of
guar gum at various time intervals as shown in. Bigvhich are similar to hupu gum case. There vigisifgeant
increase in %drug dissolved in case of solid diiparof 1:4 weight ratios at with function of timehe dissolution
parameters such as, dissolution efficiency at D0aBd 60 minutes periods was increased proporgbnathen
compared to pure drug (Table 5). The time poirdissolve 50% of drug iss§ was found to 7.53 min for 1:4 weight
ratio formulations. Solid dispersions of VAL: XG alt weight ratios viz. 1:1, 1:2, 1:3 and 1:4 ham®wn increased
cumulative dissolution profiles. The xanthan gunalso having the ability to reduce the crystallinif selected
class Il drug VAL. The increased dissolution piexfiwas observed for solid dispersions of xanthan gt various
time intervals as shown in Fig. 7 which are samiio hupu gum case. There was significant incr@a$é drug
dissolved in case of solid dispersion of 1:4 weigtios at with function of time. The time pointd@ssolve 50% of
drug is Tsp was found to 10.63 min for 1:4 weight ratio foreibns (Table 5). The drug release patterns fraen th
solid dispersions have found to be followed thstfarder kinetic model and fitment into Hixson Cedls cube
root equation suggest that the drug release mexthagould be erosion (Table No.4).

100
90
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(7]
8 60 —o— VAL
[
w 0 / —8—VAL:HG (1:1)
5 40
" VAL:HG (1:2)
X 30
20 =>e=VAL:HG (1:3)
10 == VAL:HG (1:4)
0
0 10 20 30 40 50 60
Time (min)
Fig. 5: Percentage drug release of valsartan hupwaen solid dispersions
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Fig. 6: Percentage drug release of valsartan guaug solid dispersions
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Table No.4: Correlation coefficient (r) & Rate congant (k) values of VAL-HG, VAL-GG and VAL-XG solid dispersions

Model VAL | VALHG (1:1) | VALHG (1:2) | VAL:HG (1:3) | VAL:HG (1:4) | VAL:GG | VAL:GG | VAL:GG | VAL:GG | VAL:XG | VAL:XG | VAL:XG | VAL:XG
(1:1) (1:2) (1:3) (1:4) (1:1) (1:2) (1:3) (1:4)
Zero-Order r| 0.9972 0.998 0.9863 0.9926 0.9866 9294 0.9931 0.9713 0.9842 0.9908 0.9864 0.9927 0.9821
k | 1.415 4.528 4.318 4.987 5.215 4.481 5.857 5.3%52 .02% 3.854 4.158 4.325 4.854
Higuchi r | 0.9945 0.9859 0.9975 0.9958 0.9973 0.99P3 0.9953 0.9976 0.9988 0.9982 0.9999 0.9948 0.983
k | 5.2768 16.1332 14.2047 15.3535 17.2621 16.0418 .4658 18.724 19.0596 13.6778 14.8329 15.0626 13.582
First-Order r| 0.9986 0.9998 0.9973 0.9997 0.9992 9928 0.9931 0.9861| 0.9987 0.9964 0.9934 0.9984 0.9969
k | 0.0153 0.0692 0.0565 0.0691 0.0747 0.0677 0.0881 0.089 0.0923 0.0521 0.059 0.0606 0.0664
Baker Landale| r| 0.997 0.9684 0.9909 0.9919 0.9884] .995a 0.9883 0.9983 0.992 0.9929 0.99§2 0.9846 48.99
k | 0.0006 0.0069 0.0048 0.0055 0.0078 0.0068 0.0091 0.01 0.0099 0.0046 0.0056 0.0057 0.006
Peppas rl  0.997 0.9713 0.9629 0.9882 0.9522 0.9919 .9939 0.9743 0.9982 0.9955 0.9892 0.9993 0.9883
k | 0.7521 0.8509 0.6283 0.6059 0.6375 0.6793 0.6436 0.526 0.5676 0.6993 0.6474 0.733]L 0.8432
Erosion r| 0.9982 0.9999 0.9936 0.9984 0.997 0.99990.9936 0.9984 0.997 0.9964 0.993p 0.9986 0.9979
k | 0.005 0.0195 0.0172 0.0206 0.0218 0.0195 0.0172 .0206 0.0218 0.0152 0.0169 0.0174 0.0199
Hixson Crowell | r| 0.9982 0.9999 0.9936 0.9984 0.997 0.995 0.9994 0.9873 0.9955 0.9964 0.9937 0.9986 970.9
k | 0.023 0.0905 0.0797 0.0954 0.1011 0.0884 0.1181 .11 0 0.1229 0.0707 0.0786 0.0807 0.0922
Weibul r | 0.9849 0.9702 0.9905 0.9882 0.9865 0.9945 0.9848 0.9621 0.9847 0.9933 0.9974 0.98%4 0.9%7
k | 0.277 0.8181 0.8968 0.9788 0.8906 0.9915 1.1487 .2311 1.9678 0.7902 0.8975 0.9588 1.1966

Table No.5: Dissolution efficiency and T-50 valuesf VAL-HG, VAL-GG and VAL-XG solid dispersions

VAL | VALHG (1:1) |VALHG (1:2) |VALHG (1:3) YVALHG( 1:4) | VALGG | VAL:GG | VAL:GG | VAL:.GG | VAL:XG | VAL:XG | VAL:XG | VAL:XG
(1:1) (1:2) (1:3) (1:4) (1:1) (1:2) (1:3) (1:4)
DE10 | 7.54 23.99 24.72 27.57 29.81 26.33 32.28 34.08 234.8 2224 24.86 24.16 24.23
DE 30 | 16.04 49.83 46.45 49.01 54.34 51.93 58.91 61.18 5461.| 44.68 48.89 49.2 50.54
DE 60 | 24.61 59.84 60.24 62.79 63.82 63.91 70.71 72.6 876.f 56.7 61.38 62.61 66.05
T50 | 0.00 11.20 12.72 10.08 9.42 11.29 8.16) 8.5% 7.53 13.44 12.28 11.98 10.63
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Fig. 7: Percentage drug release of valsartan xanthnegum solid dispersions
CONCLUSION

The results of the present study clearly demorestrttat suitability of selected natural polymershsas hupu gum,
guar gum and xanthan gum in the preparation oflstibpersions. These prepared solid dispersionstareing

promising results in enhancing the solubility ofodg soluble drug such as valsartan. Amongst tbkds
dispersions prepared, solid dispersions preparedjguar gum as carrier in 1:4 weight ratio showa better
release of valsartan (97.90%) within 60 min in cangpn with that of pure valsartan. Thus, the dettmatural
polymers (HG, GG and XG) are considered to be ged carriers in increasing the solubility, dissiolo rate and
thereby bioavailability of poorly soluble drug cashates. Further studies are required to confirmajgicability of

these natural polymers in formulation technology.
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