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ABSTRACT

Drugs having poor aqueous solubility present one tlé major challenges for good
bioavailability of such drugs. Many approaches haeen used for solubility enhancement such
as salt formation, complexation, solid dispersiaa. ¢lydrochlorothiazide (HCT) is one of the
BCS class Il drug having poor water solubility. Shto increase its water solubility by solid
dispersion technique many inert carriers are emetbyHCT is used in combination of losartan
potassium for management of hypertension. In ptasgastigation we have used novel method
by employing losartan potassium as a carrier faicsdispersion of HCT (SD as well as both
losartan potassium and inert carrier urea in condiion for solid dispersion of HCT (S0).
Both the solid dispersions were prepared by physigature, paste method, solvent evaporation
method and fusion method. Out of this. $IDd SOy prepared by solvent evaporation method
exhibited maximum solubility. The FTIR study conéid absence of any physical interaction
between drugs and excipients. The XRD studies #imwonversion of crystalline form of drug
into amorphous form and hence, increase in thekslithy Tablets of SDT and SDTy were
prepared by employing direct compression method thed release profiles were compared
with marketed tablet containing HCT and losartarigesium. Drug release studies showed that
at 90 mins release of HCT by S was found to be maximum i.e. 88.24+0.04 as contptre
SDT (74.4540.17) and marketed tablet (62.46+0.20). §hhbe studies carried out exhibited
good scope of using losartan potassium and ureethay for enhancing the aqueous solubility
of HCT up to the mark especially when HCT is toused in combination with Losartan
potassium.

Keywords: Hydrochlorothiazide, Losartan potassium, Urea, dollispersion, Solvent
evaporation.

INTRODUCTION

The oral route of drug administration is the masnmon route of delivery due to convenience
and ease of ingestion. Oral route of administratsd drugs thus confers patient compliance
which makes it more effective when compared witheotroutes of administration for example,
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parenteral. The drugs with poor aqueous solubtifyically exhibit dissolution rate limited
absorption and hence, show poor bioavailabilityct5drugs seem to be problematic and less
effective mode of delivery via oral route. Therefdine present work was undertaken to improve
the bioavailability of poorly water soluble druge.i.hydrochlorothiazide, by enhancing its
solubility in GIT. Various techniques like compléxm (1); solid dispersion (2, 3) etc. can be
used to enhance the solubility. In present studyhase used solid dispersion (SD) techniques
for enhancing the solubility of hydrochlorothiazide

The term solid dispersion refers to a group ofdsplioducts consisting of at least two different
components, generally a hydrophilic matrix and drbghobic drug. The matrix can be either
crystalline or amorphous. The drug can be dispems@decularly in amorphous particles
(clusters) or in crystalline particles. The soligpkrsion enhances the drug solubility by the
various mechanisms: by reducing the particle digeimproving bioavailability; by increasing
porosity; by converting the crystalline forms otigrinto amorphous form.

The various water soluble carriers such as PVPRE); (5), Urea (6), Mannitol (7), etc. were
used for increasing the solubility of drugs. RejgrRadma PS (83t al. found that the salt form
of the drug captopril i.e. captopril hydrochlorilas ability to enhance the solubility of poorly
water soluble Hydrochlorothiazide.

The hydrochlorothiazide (6-chloro-1,1-dioxo-3,4ytino-2H-1,2,4-benzothiadiazine-7-
sulfonamide) is poorly water soluble drug (0.7 migin®) which is diuretic and used in the
management of hypertension. The losartan potas@liffhis form of losartan which is freely
water soluble is an angiotensin Il receptor blockesed for treating the hypertension.
Hydrochlorothiazide and losartan potassium are usedombination for management of
hypertension (10), but hydrochlorothiazide showalalability only up to 65% due to its low
solubility in GIT.

In this study we have tried to improve the solupilof poorly aqueous soluble drug
hydrochlorothiazide by solid dispersion technigseng losartan potassium alone as drug carrier
and also by using losartan potassium along with wegrier urea.

MATERIALS AND METHODS

Hydrochlorothiazide (HCT) was the drug selected dohancement of solubility and Losartan
potassium (LP) which was selected as a hydropbdicier for preparing solid dispersion were
supplied by Vama Pharmaceuticals Ltd. (Wadi, Nagputia). Other reagents and solvents used
were of analytical reagent grade.

Phase Solubility Study

Excessive amount of pure hydrochlorothiazide wadeddto 100 ml of deaerated water
containing varying concentrations of losartan psitas i.e. 1-6% in a stoppered flask. The
solution was equilibrated by continuous stirring 23 hrs maintained at 32 filtered through
whatman filter paper and analyzed by spectrophatemgShimadzu 160A UV/VIS
spectrophotometer, Shimadzu Corp, Tokyo, Japang 3dlubility was then calculated to
determine the optimize ratio of HCT and LP whickédnanaximum solubility.

For further study, fixed ratio of HCT and LP (1vas added to various concentration of urea
(0.5-3%) and solubility was determined for compamis

Scholar Research Library



Rashmi V. Trivedi et al Der Pharmacia Lettre, 2011, 3 (6):8-17

Preparation of Solid Dispersions

The solid dispersions of hydrochlorothiazide werepared by using-

1. drug as a hydrophilic carrier i.e. Losartan psiiam (SD).

2. losartan potassium and inert carrier Urea ($h combination.

Various methods used to prepare solid dispersiéortdQI includes: physical mixture; fusion
method; paste method and solvent evaporation method

Drug Content

Solid dispersions SDand Sy equivalent to 12.5 mg of hydrochlorothiazide andnd@ of
losartan potassium were accurately weighed analsiess in 100 mL methanol, from that 1 mL
of solution was diluted and assayed for drug cdnibgrspectrophotometeric method Zaimax
254 nm and 272 nm.

Interaction Study

Fourier-transform infrared spectroscopy

To determine possible solid state interactions betwthe drug and excipients, the IR spectra of
pure HCT, pure LP, pure urea and the solid disparsf SO) (1:4) and of SR, (1:4:1.5) were
carried out using FTIR spectrophotometer (Shimag@#00S). The pellets of samples and KBr
(1:1000) were prepared by using hydraulic presseuradpressure (9 Ton/nand scanned
between 400 and 4000 &m

Powder X- ray diffraction (XRD)

The powder samples of pure HCT, pure LP, pure anehthe solid dispersion of $[01:4) and

of SDLy (1:4:1.5) prepared by solvent evaporation were @dcék the x-ray holder from the top
before analysis. X-ray powder diffraction pattewere recorded on Rigaku diffractometer using
nil filterd, Cu a K radiation, voltage of kV and a 300 mA currenthe§e samples were
continuously spun and scanned at a rate of’§’0&ver ® range of 3-50

Micromeritics properties of solid dispersion

Various parameters were studied for determiningrameritics properties of solid dispersion
prepared by solvent evaporation method which iredutlulk density, tapped density, Carr’s
Compressibility index, Hausner’s ratio and angleepiose.

Tablet Preparation and Characterization

The solid dispersions of optimize batch of SO.:4) and S, (1:4:1.5) both equivalent to 12.5
mg of HCT and 50 mg of LP were accurately weighad anixed well with starch, avicel,
magnesium stearate and talc. The mixture was pdbsaagh a sieve no. 30. The sample was
compressed into tablet using a Cadmach single piatdét press using circular flat 6mm punch.
The formulation of tablet of solid dispersion ofdngchlorothiazide with losartan potassium in
ratio of 1:4 and with losartan potassium and une@iio of 1:4:1.5 given in table 1.

In Vitro Dissolution Study

In vitro dissolution studies of SRTSDT,y and marketed tablet were performed using 900 mL
of 0.IN HCL at 37+0.%C, as a dissolution medium at 100 rpm using 6ematiSP XXl
apparatus- Il (TDT-50, Electrolab, Mumbai, Indi&amples were withdrawn at fixed intervals,
filtered (pore size 0.22um), diluted suitably with dissolution medium andabmsed for
hydrochlorothiazide content spectrophotometricatl272 nm.
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Table 1: Formulation of tablets of S and SO

Quantity (mg)
. For 1 tablet
Sr. No. Ingredients SDT, | SDT,,
(1:4) | (1:4:1.5)
1 Solid Dispersion (Egivalent to 2.5 mg of hydranbthiazide and 50 mg of losartan potassiym) 64.1271.05
2 Starch 25.0 25.00
3 Avicel 50.89 43.95
4 Magnesium stearate 5.0 5.0
5 Talc 5.0 5.0

SDT,: Tablets of solid dispersion of HCT: Losartan Paiam
SDT,y: Tablets of solid dispersion of HCT: Losartan Paias: Urea

RESULTS AND DISCUSSION

Solubility study of hydrochlorothiazide for the determination of optimized ratio
1. With Losartan potassium

Table 2: Solubility of Hydrochlorothiazide in varying concentration of Losartan potassium

Sr. No. 1 2 3 4 5 6

Ratio of HCT: LP 1:1 1:2 1:3 1:4 1:5 1.6
Solubility 6.88 8.45 9.61 11.52 11.26 11.00
(ug/mL) +0.019| £0.116| +0.245| +0.159| £0.312| + 0.039

2. With varying conc. of urea by taking optimized ratio of HCT: LP (1:4)

Table 3: Solubility of Hydrochlorothiazide in varying concentration of Urea in optimized ratio of HCT:LP (1:4)

Sr. No. 1 2 3 4 5 6
Ratio of HCT: LP: Urea | 1:4:0.5 1:4:1 | 1:415| 142 1:4:25 1:4:3
Solubility 8.02 11.00 14.71 14.52 14.09 14.59
(ug/mL) +0.175| £0.098| +0.242| +0.026| +0.143| +0.187

Solubility studies revealed that the maximum sditybof HCT i.e. 11.52+0.15qug/mL was
obtained when HCT and LP were present in ratio:éfwihich is the general dose ratio in which
drugs are administered in combination. Furtherystaldo exhibited that the solubility of HCT
was increased to another extent i.e. 14.71+0.24&ugvhen HCT, LP and urea were present in
ratio of 1:4:1.5. Thus these ratios exhibiting nmaxim solubility were chosen for preparation of
solid dispersions.

Comparison of solubility of solid dispersion by vaious methods

Table 4: Comparison of solubility of solid dispersin of HCT: LP (1:4) by various methods (SD)

Solubility
Sr. No. Methods
(ng/mL)
1 Physical Mixture 6.23 + 0.032
2 Paste method 4.85 +0.16R2
3 Fusion method 11.47 +0.037
4 Solvent Evaporation methad 13.02 + 0.076
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Fig 1: Comparison of solubility of solid dispersionof Hydrochlorothiazide: Losartan Potassium (1:4) ly
various methods (SD)

Table 5: Comparison of solubility of solid dispersin of HCT: LP: Urea (1:4:1.5) by various methods (8,y)

Sr. No. Methods Solubility
(Hg/mL)
1 Physical Mixture 6.76 +0.145%
2 Paste method 6.83+0.210
3 Fusion method 13.16+0.154
4 Solvent Evaporation methagd 17.26+ 0.034
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Fig 2: Comparative solubility chart of solid dispesion of Hydrochlorothiazide: Losartan Potassium: Uea
(1:4:1.5) by different methods (Sy)

When solid dispersion of HCT with LP was prepargdvarious methods, the solid dispersion
prepared by solvent evaporation method exhibiteimmam enhancement of solubility as
compared to other methods as shown in table 4rffiguand table 5 (figure 2).
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Drug Content

Drug content for all the solid dispersion was foundbe in the range of 97.46% for Sénd

98.52% for Sy which is acceptable as per USP (11).

Interaction Study

Fourier-transform infrared spectroscopy
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Fig 3: FTIR Spectrum of HCT: Pure Hydrochlorthiazid e, LP: Pure Losartan potassium, U: Pure Urea and
HCT+LP+U: Hydrochlorthiazide+Losartan potassium+Urea (1:4:1.5)

The FTIR spectrum of pure HCT exhibited preseniceharacteristic peaks which included
peaks at 3380,3280,3150 for NH- stretching, pe&k3080,3020 for CH-stretching, peaks at
2960, 2900 for CH stretching and at 1600,1525 for C=C stretchinge HTIR study did not
show any additional peak, but most of the peakdrad) were present. This confirms the absence
of any physical interaction between drugs and esnig.

Powder X- ray diffraction (XRD)
XRC studies
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Fig 4: Diffractogram of Hydrochlorthiaizde
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Fig 5: Diffractogram of Losartan potassium
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Fig 7: Diffractogram of Hydrochlorothiazide + Losartan potassium (1:4)

From the figure 7, it was found that the diffractiof SO was very closer as compared to pure
HCT and LP. The XRD studies show the conversioargétalline form of drug into amorphous
form and hence, increases the solubility.

Micromeritics Properties

Table 6: Physico-chemical characterization of prepad solid dispersion with excipients
(Micromeritics Properties)

Formulations

Parameters (Meah SD, n=3)

Bulk Density | Tapped Density Hausner's Ratio Camidex | Angle of Repose
T 0.610 0.669 1.098 8.89 27.29
M +0.039 +0.029 +0.027 +2.38 +1.4
SDT 0.601 0.653 1.087 7.57 28.30
- +0.045 +0.044 +0.025 +1.33 +1.1
SDTy 0.592 0.632 1.069 6.47 29.19
+0.028 +0.035 +0.011 +0.96 +0.9

Tw: Marketed preparation of Hydrochlorothiazide abdsartan potassium
SDT,: Tabletting material containing solid dispersiohldCT: LP and excipients.
SDT,y: Tabletting material containing solid dispersiohtdCT: LP: Urea and excipients.

1%

From the table 6 findings, it was observed thatgbeder containing solid dispersion of SD
and Sy showed good flow properties.
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I n-Vitro Dissolution Studies

Table 7: Cumulative % Release of HCT from solid dipersions STDQ and STD_, and marketed tablet

Sr.| Time Cumulative Percentage Release (%)

NoJ (min) (SDT,) (SDTw) Tw (Marketed)
1 0 0 0 0
2| 15 | 18.52+0.40 21.95+0.20 | 15.34+0.31
3| 30 | 24.78+0.331 37.46+£0.142] 18.26 +0.19
4| 45 [ 47.81+0.13 56.71 + 0.06 28.62 + 0.06
5[ 60 | 58.17+0.03 62.82+0.21 38.04 + .04
6| 75 | 67.38+0.14 73.96 +0.13 51.37 +0.13
7] 90 | 74.45+0.19 88.63 +0.04 62.46 + 0.20
8| 105 | 73.87+0.09 88.24+0.07| 62.29 +0.119
9| 120 | 73.92+0.29 88.54 £ 0.106f 61.17 + 0.092

Tw: Marketed Tablets of Hydrochlorothiazide and Libaa potassium
SDT,: Tablets containing solid dispersion of HCT: LP
SDT,: Tablets containing solid dispersion of HCT: LPrda

When compared with the marketed tablet containydydchlorothiazide and losartan potassium
in fixed dose combination the tablet formulatiomtzoning solid dispersion in same

concentration showed moirevitro drug release

Also it was found that solid dispersion preparedubing urea and losartan potassium, solubility
was enhanced even more as compared to solid dmpgnepared by using losartan potassium

alone (Table 7 and figure 8).

100

Cumulative % Release

—4—SDTL
—— SDTLU
T™

Figure 8: Hydrochlorothiazide release profile fromsolid dispersions prepared by the solvent evaporain method

The study done reveals that the water solubiliy Bence bioavailability of hydrochlorothiazide

can be enhanced in even more better rate by ussagthn potassium and urea in combination as
carrier for preparing solid dispersion. Studie® aghibited that solvent evaporation method can
give solid dispersion having maximum solubilitya@snpared to physical mixture, paste method

45 60

75 90 105
Time (Min)

CONCLUSION
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and fusion method. Thus it can be concluded tWia¢n hydrochlorothiazide is used in
combination with losartan potassium going for sotlspersion technique using losartan
potassium alone as a carrier or in combination witta can be a better approach to achieve
maximum solubility.
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