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INTRODUCTION

ABSTRACT

The poor solubility of drug substances in water and their low dissolution rate in
aqueous G.I.T fluid often leads to insufficient bioavailability. The present investigation is
an attempt to improve the solubility and dissolution rate of methyldopa (a poorly soluble
drug) by solid dispersion technique. Binary solid dispersions were made using PEG-4000
or PEG-6000 as carriers with varying drug: carrier ratios 1:1 and 1:3 by the fusion
method. Binary solid dispersions were also prepared by the solvent evaporation method
using PEG-4000 or PEG-6000 as carriers with varying drug: carrier ratios 1:0.5 and 1:2.
Also ternary solid dispersions were made by both the fusion and the solvent evaporation
method using the PEG-4000 or PEG-6000 and the poloxamer 407 in the ratios of 1:5:1,
1:5:2, 1:1:1 and 1:2:2. Twelve formulations were prepared and evaluated for drug
content, in vitro release studies and compared with the marketed formulation of
methyldopa. All formulae showed marked significant improvement in the solubility and
dissolution rate of the drug. The interaction studies showed no interaction between the
drug and any of the used carriers. Formulation FT6 (1:5:2) in phosphate buffer pH 6.8
showed the best in vitro release rate of 86.21% in 60 minutes. Also this formulation
showed the highest drug content of 98.64%. It was concluded that combination of PEG-
6000 and poloxamer 407 can be well utilized to improve the solubility of poorly soluble
drugs.

Keywords: Methyldopa, Solid dispersion, Polyethylene glycol, poloxamer 407, In-vitro
dissolution.

The poor solubility and low dissolution rate of
poorly water soluble drugs in the aqueous gastro-
intestinal fluids often cause insufficient bioavailability.
This may be achieved by incorporating the drug in a
hydrophilic carrier material obtaining products called
solid dispersions. Depending on the properties of both,
drug and carrier, and depending on their ratio, a solid
solution or a solid suspension of the drug in the carrier
material may be formed. The mechanisms involved in
solubility and dissolution rate enhancement include
transformation of stable modifications into less stable
ones or even into the amorphous state, reduction of
particle size possibly to the molecular level as well as
enhancement of wettability and solubility of the drug by
the carrier material. According to the Biopharmaceutics
Classification System, the bioavailability may be
enhanced by increasing the solubility and dissolution rate
of the drug in the gastrointestinal fluid."?

Address for correspondence

Shahista Mohi Ud Din*
Department of pharmaceutics, NIMS Institute of Pharmacy,
Jaipur, Rajasthan India
E-mail:- shaistamohiuddin@gmail.com
Phone no. 09782328583, 09906682530

Process of solubilization

The process of solubilization involves the
breaking of inter-ionic or intermolecular bonds in the
solute, the separation of the molecules of the solvent to
provide space in the solvent for the solute, interaction
between the solvent and the solute molecule or ion.[3]Fig.
I.
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Fig. 1: Process of Solubilization

Solid dispersion

The term “solid dispersions” refers to the
dispersion of one or more active ingredients in an inert
carrier in a solid state, frequently prepared by the melting
(fusion) method, solvent method or fusion solvent-
method. The drug can be dispersed molecularly, in
amorphous particles (clusters) or in crystalline particles.

(4]
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Numerous solid dispersion systems have been
demonstrated in the pharmaceutical literature along with
various hydrophilic carriers, such as polyethylene glycols,
polyvinylpyrrolidone, hydroxypropyl methylcellulose,
gums, sugar, mannitol and urea. [5]

Water insoluble drugs comprise nearly one-third
of drugs in development and one-half of these fail in trials
because of underprivileged pharmacokinetics (Savic et
al., 2006). Mostly Poorly water soluble drugs belong to
BCS class II and Class IV group of compounds (Amidon
et al., 1995). In the process of absorption of drug from
oral route, dissolution is the rate limiting step for
lipophilic drugs. Therefore improving of dissolution is of
great importance in order to ensure maximum therapeutic
effect of these drugs.

It has been estimated that 40% of new chemical
entities currently being discovered are poorly water
soluble.[6,7] Among the various approaches to improve
solubility, the solid dispersion (SD) technique has often
proved to be the most successful in improving the
dissolution and bioavailability of poorly soluble drugs
because it is simple, economic, and advantageous.[8]

The carrier can be either crystalline or
amorphous in nature. Most commonly used carriers for
the preparation of SDs are different grade of polyethylene
glycols (PEGs) and polyvinylpyrrolidone (PVPs), Glacier
44/14, Labra sol, sugars, and urea.[9-11]The first drug
whose rate and extent of absorption was significantly
enhanced using the solid dispersion technique was
sulfathiazole by Sekiguchi and Obi.[12]This technique
has been used by many researchers/scientists for a wide
variety of poorly aqueous soluble drugs to enhance the
solubility of the drugs and hence bioavailability.[8]
Literature reviews on solid dispersion of past four
decades suggests that there is an increasing interest in
using this approach.[13]Despite an active research
interest, the number of marketed products arising from
this approach 1is really disappointing. Only few
commercial products were marketed during the last four
decades.[12,14,15]

Methyldopa {chemically  2-amino-3-(3,4-
dihydroxyphenyl)-2-methyl-propanoic  acid} is a
antihypertensive drug which is used for treatment of
moderate to severe hypertension usually in combination
with diuretic or a beta-blocking agent. Methyldopa has
molecular weight of 238.215 g/mol, oral bioavailability
approximately 50%, protein binding is 70-76% and
elimination half-life is 0.8-1 hr.

The present work was conducted to improve the solubility
of methyldopa using solid dispersion technique with
PEGs and the poloxamer 407.

MATERIALS AND METHODS

Methyldopa was obtained from yarrow
chemicals, Mumbai, India. PEGs were commercially
obtained from Reidal chemical Pvt. Ltd. New Delhi.
Poloxamer 407 was commercially obtained from Alcon
Laboratories Pvt. Ltd, Bangalore, India. Ethanol was
obtained from Changshu yangyuan chemical India. All
ingredients used in the formulation were of analytical
grade.

METHODS
I. Determination of A max
The absorption was found to be 282 nm.

I1. Calibration curve of methyldopa

Calibration curve of methyldopa in phosphate buffer pH
(6.8) and in 0.1 N HCL were obtained at 282 nm with
UV-VISIBLE spectrophotometer. Using concentration
and absorbance data, a calibration curve was obtained.

II1. Infra-red Spectrum [16]

The pure drug, Methyldopa and its mixture with the
surfactant poloxamer 407 and carrier PEG 6000 in
different ratios was mixed separately with IR grade KBr
and pellets were prepared by applying a pressure of 10
tons in a hydraulic press. The pellets were scanned over a
wavelength range of 400 cm™ to 4000 cm™ using an FTIR
8400S model instrument

Preparation of solid dispersion

Solid dispersion of methyldopa was prepared by
fusion method and solvent evaporation method. The
composition is shown in table No: 1.

Table 1: Composition of Solid Dispersion

Formulation Carrier Drug: Method
code carrier
FB, PEG 4000 1:1 Fusion method
FB, PEG 4000 1:3 Fusion method
FB; PEG 6000 1:1 Fusion method
FB, PEG 6000 1:3 Fusion method
FTs Polifpgrig?%m 1:5:1 Fusion method
FT, Pofl,f)gfl(e)?(z){(ﬂ 1:5:2 Fusion method
Solvent
FB; PEG 4000 1:0.5 evaporation
method
Solvent
FBg PEG 4000 1:2 evaporation
method
Solvent
FB, PEG 6000 1:0.5 evaporation
method
Solvent
FB,y PEG 6000 1:2 evaporation
method
PEG 4000, Solvent
FT,; 1:1:1 evaporation
Poloxamer 407
method
Solvent
FTy, PEG 6000, 1:2:2 evaporation
Poloxamer 407
method

In fusion method the binary solid dispersions
were made using PEG-4000 or PEG-6000 as carriers with
varying drug: carrier ratios 1:1 and 1:3 by the fusion
method. Binary solid dispersions were also prepared by
the solvent evaporation method using PEG-4000 or PEG-
6000 as carriers with varying drug: carrier ratios 1:0.5
and 1:2. Also ternary solid dispersions were made by
both the fusion and the solvent evaporation method using
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the PEG-4000 or PEG-6000 and the poloxamer 407 in the
ratios of 1:5:1, 1:5:2, 1:1:1 and 1:2:2. In the fusion
method the drug is suspended in the melted carrier till
homogeneous mixture was obtained then cooled to the
room temperature to obtain solid mass. The solidified
mass was then crushed and passes through sieve n0.40 to
get uniform sized particles. The obtained solid dispersion
was stored in desiccators till further analysis.[17,18]

In the solvent evaporation method the drug and
water soluble carrier is dissolved in a common solvent
and the resulting clear solution is rapidly heated for
evaporating the solvent and to get a glassy solid mass.
Briefly, carrier was dissolved in 20% ethanol under
stirring, until a clear solution was obtained, methyldopa
was then added and stirring was continued for 45 min.
The organic solvent was removed by evaporation on a
water bath at 60 °C. The resultant solid dispersions were
stored in a desiccator until constant mass was obtained,
pulverized and passed through sieve No. 40. [19]

EVALUATION OF SOLID DISPERSIONS
Drug content

Drug content was determined by dissolving an
amount of 100 mg of drug SDs in 100 mL phosphate
buffer pH 6.8. The solution was filtered, suitably diluted
and the absorbance was measured spectrophotometrically
at 282 nm.[20]Percentage of drug content was calculated
by following formula:

% Drug content= observed value/actual value x 100

Also the drug content was determined by
dissolving an amount of 100 mg of drug SDs in 100 ml
0.1 N HCL. The solution was filtered, suitably diluted
and the absorbance was measured spectrophotometrically
at 282 nm.Percentage of drug content was calculated by
following formula:

% Drug content= observed value/actual value x 100
In vitro drug release studies

The quantity of solid dispersion equivalent to
300 mg of methyldopa was filled in hard gelatin capsule
by hand filling method. The dissolution study of capsules
was conducted using dissolution testing USP apparatus 1
(basket method) in 900 ml of phosphate buffer of pH 6.8
at 37+0.5 °C and at a speed of 100 rpm. Aliquot of 3ml
was withdrawn at predetermined time interval and
equivalent amount of fresh medium was replaced to
maintain a constant volume after each sampling and
analyzed spectrophotometrically at 282 nm using UV
Visible spectrophotometer.

Another dissolution study of capsules was
conducted using dissolution testing USP apparatus 1
(basket method) in 900 ml of 0.1 N HCL at 37+0.5°C and
at a speed of 100 rpm. Aliquot of 3 ml was withdrawn at
predetermined time interval and equivalent amount of
fresh medium was replaced to maintain a constant volume
after each sampling and analyzed spectrophotometrically
at 282 nm using UV Visible spectrophotometer.[21]
Comparison with marketed formulation

The percentage drug release of solid dispersions
was compared with marketed formulation of Methyldopa
(Alphadopa).

Selection of optimized formulation [22]

Optimized formulation will be selected on the
basis of highest % drug content and highest % drug
release at 60 minutes.

Stability study

Optimized solid dispersions were subjected to
short term stability testing. Solid dispersions were placed
in well closed containers and maintained at 40 + 2 °C and
75 + 5% RH for 2 month as per ICH guidelines. Changes
in the appearance and drug content of the stored films
were investigated after storage.[23]

RESULTS AND DISSCUSION
Percent of drug content

Solid dispersions of Methyldopa were prepared
by different method using carriers like PEG-4000, PEG
6000 and poloxamer 407. In the present work, total 12
formulations were prepared in which 6 formulations were
prepared by fusion method and others 6 formulations
were prepared by solvent evaporation method. The
percentage drug content of the above 12 formulations was
carried out in two mediums i.e. in the phosphate buffer
pH 6.8 and in 0.1 N HCL and percent drug content
studies are shown in the table 04 and 05. The drug
content of the prepared formulations was found to be in
the range of 92.74- 98.64% in the phosphate buffer pH
6.8 and in the range of 90.58%-97.11% in 0.1 N HCL. In
both the mediums the drug content was highest in FT4_ In
the phosphate buffer pH 6.8 the drug content of FTs was
98.64% and in the 0.IN HCL it was 97.11%. The drug
content of FTy in phosphate buffer pH 6.8 was greater
than that of drug content of FTs in 0.1 N HCL. The %
drug content of the prepared formulation in the phosphate
buffer pH 6.8 and in 0.1 N HCL is shown in the fig. 07
and 08.
In vitro drug release studies

The in vitro dissolution study of different
formulation is shown in figures 09, 10, 11 and 12. In-
vitro drug release was carried in two mediums that is in
phosphate buffer pH 6.8 and in 0.1N HCL. The in vitro
drug release of formulations FB;-FT;, carried in
phosphate buffer pH 6.8 is shown in the table 06 and 07
and also another in vitro drug release for formulations
FB,-FT,, was carried in 0.1N HCL which is shown in the
table 08 and 09 .The highest in vitro release was observed
with FTg in both the mediums that is in the phosphate
buffer pH 6.8 and in the 0.1N HCL in which ratio of
drug: carrier: surfactant is 1:5:2 and its release rate was
found to be 86.21% in the phosphate buffer pH 6.8 and
85.80% in 0.1N HCL. The in vitro release rate of FTg in
phosphate buffer pH 6.8 was greater than the in vitro
release of FTg in 0.1N HCL. Thus it was selected as best
formulation.
Comparison with marketed formulation

The solid dispersion formulation FT4 showed
drug release 86.21% in 60 minutes whereas the marketed
product was found to release only 65.80% of the drug in
60 minutes in the phosphate buffer pH 6.8. Also the
formulation FTg has shown the drug release about
85.80% whereas the marketed product was found to
release only 62.21% of the drug in 60 minutes in
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0.INHCL.The in-vitro release pattern of solid dispersion
formulations FTs in the phosphate buffer pH 6.8 and in
the 0.1 N HCL compared with the marketed formulations
is shown in the figures 13 and 14.
Stability study

Optimized solid dispersion was subjected to short
term stability testing. Solid dispersions were placed in
closed containers and maintained at 40 + 2° C and 75+ 5%
RH for 2 month as per ICH guidelines. The drug content
was found almost constant for up to two months. The in
vitro dissolution time of the solid dispersions after the
stability study was also not found to be affected.

DISCUSSION

Drug content was determined by dissolving an
amount of 100 mg of drug SDs in 100 mL phosphate
buffer pH 6.8. The solution was filtered, suitably diluted
and the absorbance was measured spectrophotometric ally
at 282 nm. Drug content was also carried in 0.1N HCL.
The solution was filtered, suitably diluted and the
absorbance was measured spectrophotometrically at 282
nm. The highest percent drug content has been observed
with the formulations FTy in the phosphate buffer pH 6.8
i.e. 98.64%.

In vitro dissolution studies were carried out in
the two dissolution medium. One is the phosphate buffer
pH 6.8 and the other is 0.1N HCL, in both the mediums
dissolution were carried for the formulations FB,-FT),
The in vitro drug release from formulation FB;-FT;,
carried in phosphate buffer pH 6.8 and 0.1N HCL has
shown in fig. 09, 10, 11 and 12. The best in vitro release
was shown by the formulation FTs ie. 86.21% in
phosphate buffer dissolution medium. It has been
observed that the FTg in 0.1 N HCL shows the less in
vitro release than FTg in phosphate buffer pH 6.8 because
of acid degradation.

Drug compatibility was performed by the IR
spectroscopy method. The drug methyldopa, PEG 6000

Oasis Test House Limited, Jaipur
10— Methyldopa | S R R e
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80—

40

=

and poloxamer 407 in the ratios (1:1:1), (1:2:2) and
(1:3:3) did not yield any kind of deviation in the finger
print region i.e. 2000 — 600 c.m-1. However the little
changes in the functional group area between 4000 —
2000 c.m-1. Peak is shifted very marginally which is
negligible in fact possibly due to the availability of
poloxamer 407 to form H- bounding with the O-H of
methyldopa. Thus we can conclude that the PEG 6000
and poloxamer 407 do not intercept the methyldopa and
thus is fully compatible with API i.e. methyldopa.

Twelve formulations were prepared and the
detailed composition is presented in table 01. Out of these
twelve formulations six formulations were prepared by
the fusion method and other six formulations were
prepared by the solvent method. These prepared solid
dispersions were then subjected to the % drug content, in
vitro released studies and also the prepared solid
dispersion is compared with the marketed formulation of
methyldopa. It has been observed that the in vitro release
rate of the marketed formulation was lesser than of the
prepared solid dispersion of methyldopa. The prepared
solid dispersion i.e. FTg showed in vitro drug release
about 86.21% respectively in 60min. whereas the
marketed formulation was found to release only 65. 80%
of the 60 min. (shown in fig. 13) this dissolution was
carried in phosphate buffer pH 6.8. The other dissolution
was carried in 0.1N HCL in which FT¢ has shown in vitro
release 85.80% in 60 min. and the marketed formulation
has shown the in vitro release rate 62.21% in 60 min.
(shown in fig.14). In both the cases the marketed
formulation shows the lesser in vitro drug release i.e.
when compared to the formulation FT¢ in which the
dissolution was carried in phosphate buffer pH 6.8 and in
the 0.1 N HCL.

Stability study for the optimized formulation
was carried out for 2 months. It has been observed that
the formulation FT¢ has shown no change in drug content
and in vitro release.
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Fig. 1: IR Spectrum of Methyldopa (pure drug)
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Fig. 2: IR spectrum of Methyldopa: PEG 6000: Poloxamer 407(1:1:1)
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Fig. 3: IR spectrum of Methyldopa: PEG 6000: Poloxamer 407(1:2:2)
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Fig. 4: IR spectrum of Methyldopa: PEG 6000: Poloxamer 407(1:3:3)
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Table 2: Different absorbance value of drug in different concentration in pH 6.8 phosphate buffer

Sr. no. | Concentration (ng/ml) | Absorbance

I. 2 0.131

2. 4 0.246

3. 6 0.362

4. 8 0.486

5. 10 0.627
0.7
0.6 y=0.0617x+0.0004

R==0.9989

Absorbance

0 2 4 6 8 10 12

Concentration pg/ml

Fig. 5: Calibration curve of Methyldopa in phosphate buffer pH 6.8

Table 3: Different absorbance value of drug in different concentration in 0.1 N HCL

Sr. no. | Concentration (pg/ml) | Absorbance

1. 5 0.121

2. 10 0.227

3. 15 0.330

4. 20 0.44

5. 25 0.563
0.6
0.5 y=0.0222x+0.0032

R*=0.9994

Absorbance
o

0.2
0.1
0
0 5 10 15 20 25 30
Concentration pg/ml

Fig. 6: Calibration curve of Methyldopa in 0. N HCL
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Table 4: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods

in phosphate buffer pH 6.8

FB1 FB2 FB3 FB4 FT5 FT6 FB7 FB8 FBS FB1O FT11 FT12

Formulation code Carrier Drug :carrier | Drug Content (%) Method
FB,; PEG 4000 1:1 93.87 Fusion method
FB, PEG 4000 1:3 94.65
FB; PEG 6000 1:1 95.87
FB, PEG 6000 1:3 96.65
FTs PEG 4000, Poloxamer 407 1:5:1 97.54
FT, PEG 6000, Poloxamer 407 1:5:2 98.64
FB, PEG 4000 1:0.5 92.74 Solvent evaporation
FBg PEG 4000 1:2 93.52 Method
FBy PEG 6000 1:0.5 94.74
FBy, PEG 6000 1:2 95.52
FT, PEG 4000, Poloxamer 407 1:1:1 96.11
FT), PEG 6000, Poloxamer 407 1:2:2 97.61

100
99 08.64
2} 97.54 9761
: 96.65
9/
E 95.87 5611
& 96 95.52
g 94.65 94.74
S % b3sy
%‘D 94 ) .52
a 93 92 74
=
Sy
91
90
89

Fig. 7: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods in
phosphate buffer pH 6.8

Table 5: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods

in 0.1 N HCL
Formulation code Carrier Drug :carrier | Drug Content (%) Method
FB, PEG 4000 1:1 91.37
FB, PEG 4000 1:3 92.15
FB, PEG 6000 1:1 93.46 .
FB, PEG 6000 13 95.82 Fusion method
FTs PEG 4000, Poloxamer 407 1:5:1 96.17
FTs PEG 6000, Poloxamer 407 1:5:2 97.11
FB, PEG 4000 1:0.5 90.58
FBg PEG 4000 1:2 92.79
FBy PEG 6000 1:0.5 93.11 Solvent evaporation
FBo PEG 6000 1:2 94.03 Method
FT, PEG 4000, Poloxamer 407 1:1:1 95.42
FTy, PEG 6000, Poloxamer 407 1:2:2 96.61
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Fig. 8: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods in

Table 6: Dissolution profile of formulations FB;-FT4 and marketed preparation in phosphate buffer pH (6.8)

0.1 NHCL

Cumulative % Drug Release
. . Marketed product
Time(Min) |\ pp | g, | ¥, FB, | FTs | FT, | B.No. El\pqsoss
(250 mg)
5 20.68 | 21.38 | 22.75 | 23.44 | 25.51 | 26.20 18.97
15 40.65 | 43.45 | 4690 | 4896 | 51.03 | 53.10 38.98
30 60.69 | 63.44 | 64.83 | 6690 | 68.23 | 70.34 56.96
45 67.59 | 71.03 | 76.55 | 79.31 | 82.06 | 84.13 60.68
60 70.34 | 75.86 | 80.69 | 82.75 | 84.80 | 86.21 65.80

Table 7: Dissolution profile of formulations FB;-FT;, and marketed preparation in phosphate buffer pH (6.8)

Cumulative % Drug Release
. . Marketed product
TimeMin) | pp | gg, | FB, | FB, | FT); | FT,, | B.No. EM3035
(250 mg)
5 19.04 | 20.95 | 21.85 | 22.30 | 24.66 | 27.57 17.94
15 38.09 | 41.90 | 45.71 | 47.61 | 49.52 | 51.43 35.09
30 55.24 | 59.04 | 62.86 | 64.76 | 66.66 | 68.57 45.27
45 66.60 | 70.47 | 74.28 | 78.09 | 81.90 | 83.81 52.02
60 69.75 | 72.80 | 80.04 | 81.50 | 83.71 | 85.71 57.09
100
20
80
= i
£ /0
§ &0 —e—FBRB1
&
w 50 —=—FB2
I~ 40 ——FB3
e
-53 30 FB4
20 ——FT5
10 —e—FT6
0
0 10 20 30 40 50 60 /0
Time(min)

Fig. 9: In-vitro drug release of formulations from FB;-FT in phosphate buffer pH 6.8
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Fig. 10: /n-vitro drug release of formulations from FB;-FT}, in phosphate buffer pH 6.8

Table 8: Dissolution profile of formulations FB;-FT¢ and marketed preparation in 0.1 N HCL

Cumulative % Drug Release
. . Marketed product
Time Min) | pp | B, | FB, | ¥B, | FTs | FT, | B.No. El\p43035
(250 mg)
5 19.44 | 20.83 | 21.57 | 22.53 | 24.50 | 25.26 17.79
15 38.17 | 40.11 | 43.40 | 45.78 | 49.03 | 51.70 36.82
30 59.79 | 61.59 | 62.38 | 64.12 | 67.23 | 69.43 52.11
45 64.92 | 69.95 | 73.54 | 78.38 | 80.60 | 82.19 59.96
60 68.43 | 72.68 | 79.68 | 81.75 | 83.87 | 85.80 62.21

Table 9: Dissolution profile of formulations FB,-FT, and marketed preparation in 0.1 N HCL

Cumulative % Drug Release
. . Marketed product
Time(Min) | g | ¥B, | FB, | FBy | FTyy | FT;; | B.No. EM3035
(250 mg)
5 17.40 | 18.20 | 19.89 | 20.66 | 22.30 | 23.57 16.92
15 34.51 | 40.12 | 43.77 | 47.25 | 49.43 | 50.52 32.94
30 51.42 | 57.04 | 60.62 | 60.62 | 65.75 | 67.66 43.72
45 60.72 | 68.47 | 72.28 | 72.28 | 80.02 | 81.90 50.11
60 65.81 | 70.80 | 79.50 | 80.71 | 83.17 | 84.15 55.47
100
=
4 —e—FB1
g
=) —=—FB2
1=
20 —i—FB3
oo
= ——FB4
X
——FT5
—e—rT6
0 10 20 30 40 50 60 70
T ime(min)

Fig. 11: In-vitro drug release of formulations from FB;-FTs in 0.1 N HCL
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Fig. 12: In-vitro drug release of formulations from FB;-FTy, in 0.1 N HCL

100
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40 —e—FT6

30 —&— Marketed product
20
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% drug released
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Time(min)

Fig. 13: Comparison of In-vitro drug release pattern of FT with marketed formulation of methyldopa in phosphate buffer
pH 6.8

100
S0
80
70
60

50
40 —e—FT6

% drug released

30 —m— Marketed product
20
10

[u] 10 20 30 40 50 60 70
T ime(min)

Fig. 14: Comparison of In-vitro drug release pattern of FTs with marketed formulation of methyldopa in 0.1 N HCL
Table 10: stability study of formulation FTg

Time(weeks) | Percentage drug content | In-vitro drug release % at 60 min.

0 98.64 86.21

2 98.43 86.17

4 98.33 86.11

6 98.24 86.09

8 98.09 86.05
CONCLUSION choice as a carrier to enhance the solubility of
The present investigation revealed that the methyldopa from SDs. Among the ratios used, a ternary
combination of PEG-6000 and poloxamer 407 is a proper SD with a 1:5:2 (drug: PEG-6000: Poloxamer 407) ratio
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was found to be optimal because of its superior
performance in enhancing the solubility of methyldopa.
The physicochemical characterization of solid dispersion
shows that there is no chemical interaction between drug
and polymers. Therefore, it can be concluded that the
aqueous solubility of poorly soluble drugs can be
significantly improved by utilizing the solid dispersion
technique.
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FORMULATION DEVELOPMENT AND EVALUATION OF SOLID DISPERSION OF METHYLDOPA FOR SOLUBILITY ENHANCEMENT







INTRODUCTION


The poor solubility and low dissolution rate of poorly water soluble drugs in the aqueous gastro-intestinal ﬂuids often cause insufﬁcient bioavailability. This may be achieved by incorporating the drug in a hydrophilic carrier material obtaining products called solid dispersions. Depending on the properties of both, drug and carrier, and depending on their ratio, a solid solution or a solid suspension of the drug in the carrier material may be formed. The mechanisms involved in solubility and dissolution rate enhancement include transformation of stable modiﬁcations into less stable ones or even into the amorphous state, reduction of particle size possibly to the molecular level as well as enhancement of wettability and solubility of the drug by the carrier material. According to the Biopharmaceutics Classiﬁcation System, the bioavailability may be enhanced by increasing the solubility and dissolution rate of the drug in the gastrointestinal ﬂuid.1,2



Process of solubilization 

The process of solubilization involves the breaking of inter-ionic or intermolecular bonds in the solute, the separation of the molecules of the solvent to provide space in the solvent for the solute, interaction between the solvent and the solute molecule or ion.[3]Fig. 1.
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Fig. 1: Process of Solubilization


Solid dispersion


 
The term “solid dispersions” refers to the dispersion of one or more active ingredients in an inert carrier in a solid state, frequently prepared by the melting (fusion) method, solvent method or fusion solvent-method. The drug can be dispersed molecularly, in amorphous particles (clusters) or in crystalline particles. [4]


Numerous solid dispersion systems have been demonstrated in the pharmaceutical literature along with various hydrophilic carriers, such as polyethylene glycols, polyvinylpyrrolidone, hydroxypropyl methylcellulose, gums, sugar, mannitol and urea. [5]


Water insoluble drugs comprise nearly one-third of drugs in development and one-half of these fail in trials because of underprivileged pharmacokinetics (Savic et al., 2006). Mostly Poorly water soluble drugs belong to BCS class II and Class IV group of compounds (Amidon et al., 1995). In the process of absorption of drug from oral route, dissolution is the rate limiting step for lipophilic drugs. Therefore improving of dissolution is of great importance in order to ensure maximum therapeutic effect of these drugs. 


It has been estimated that 40% of new chemical entities currently being discovered are poorly water soluble.[6,7] Among the various approaches to improve solubility, the solid dispersion (SD) technique has often proved to be the most successful in improving the dissolution and bioavailability of poorly soluble drugs because it is simple, economic, and advantageous.[8]


The carrier can be either crystalline or amorphous in nature. Most commonly used carriers for the preparation of SDs are different grade of polyethylene glycols (PEGs) and polyvinylpyrrolidone (PVPs), Glacier 44/14, Labra sol, sugars, and urea.[9-11]The first drug whose rate and extent of absorption was significantly enhanced using the solid dispersion technique was sulfathiazole by Sekiguchi and Obi.[12]This technique has been used by many researchers/scientists for a wide variety of poorly aqueous soluble drugs to enhance the solubility of the drugs and hence bioavailability.[8] Literature reviews on solid dispersion of past four decades suggests that there is an increasing interest in using this approach.[13]Despite an active research interest, the number of marketed products arising from this approach is really disappointing. Only few commercial products were marketed during the last four decades.[12,14,15]

Methyldopa {chemically 2-amino-3-(3,4-dihydroxyphenyl)-2-methyl-propanoic acid} is a antihypertensive drug which is used for treatment of moderate to severe hypertension usually in combination with diuretic or a beta-blocking agent.  Methyldopa has molecular weight of 238.215 g/mol, oral bioavailability approximately 50%, protein binding is 70-76% and elimination half-life is 0.8-1 hr. 

The present work was conducted to improve the solubility of methyldopa using solid dispersion technique with PEGs and the poloxamer 407.


MATERIALS AND METHODS


               Methyldopa was obtained from yarrow chemicals, Mumbai, India. PEGs were commercially obtained from Reidal chemical Pvt. Ltd. New Delhi. Poloxamer 407 was commercially obtained from Alcon Laboratories Pvt. Ltd, Bangalore, India. Ethanol was obtained from Changshu yangyuan chemical India. All ingredients used in the formulation were of analytical grade.


METHODS

I. Determination of λ max


The absorption was found to be 282 nm.


II. Calibration curve of methyldopa


Calibration curve of methyldopa in phosphate buffer pH (6.8) and in 0.1 N HCL were obtained at 282 nm with UV-VISIBLE spectrophotometer. Using concentration and absorbance data, a calibration curve was obtained.


III. Infra-red Spectrum [16]


The pure drug, Methyldopa and its mixture with the surfactant poloxamer 407 and carrier PEG 6000 in different ratios was mixed separately with IR grade KBr and pellets were prepared by applying a pressure of 10 tons in a hydraulic press. The pellets were scanned over a wavelength range of 400 cm-1 to 4000 cm-1 using an FTIR 8400S model instrument


Preparation of solid dispersion

Solid dispersion of methyldopa was prepared by fusion method and solvent evaporation method. The composition is shown in table No: 1.

Table 1: Composition of Solid Dispersion

		Formulation code

		Carrier

		Drug: carrier

		Method



		FB1

		PEG 4000

		1:1

		Fusion method



		FB2

		PEG 4000

		1: 3

		Fusion method



		FB3

		PEG 6000

		1:1

		Fusion method



		FB4

		PEG 6000

		1: 3

		Fusion method



		FT5

		PEG 4000, Poloxamer 407

		1:5:1

		Fusion method



		FT6

		PEG 6000, Poloxamer 407

		1:5:2

		Fusion method



		FB7

		PEG 4000

		1:0.5

		Solvent evaporation method



		FB8

		PEG 4000

		1:2

		Solvent evaporation method



		FB9

		PEG 6000

		1:0.5

		Solvent evaporation method



		FB10

		PEG 6000

		1:2

		Solvent evaporation method



		FT11

		PEG 4000, Poloxamer 407

		1:1:1

		Solvent evaporation method



		FT12

		PEG 6000, Poloxamer 407

		1:2:2

		Solvent evaporation method





In fusion method the binary solid dispersions were made using PEG-4000 or PEG-6000 as carriers with varying drug: carrier ratios 1:1 and 1:3 by the fusion method. Binary solid dispersions were also prepared by the solvent evaporation method using PEG-4000 or PEG-6000 as carriers with varying drug: carrier ratios 1:0.5 and 1:2.  Also ternary solid dispersions were made by both the fusion and the solvent evaporation method using the PEG-4000 or PEG-6000 and the poloxamer 407 in the ratios of 1:5:1, 1:5:2, 1:1:1 and 1:2:2. In the fusion method the drug is suspended in the melted carrier till homogeneous mixture was obtained then cooled to the room temperature to obtain solid mass. The solidified mass was then crushed and passes through sieve no.40 to get uniform sized particles. The obtained solid dispersion was stored in desiccators till further analysis.[17,18]


In the solvent evaporation method the drug and water soluble carrier is dissolved in a common solvent and the resulting clear solution is rapidly heated for evaporating the solvent and to get a glassy solid mass. Briefly, carrier was dissolved in 20% ethanol under stirring, until a clear solution was obtained, methyldopa was then added and stirring was continued for 45 min. The organic solvent was removed by evaporation on a water bath at 60 °C. The resultant solid dispersions were stored in a desiccator until constant mass was obtained, pulverized and passed through sieve No. 40. [19]

EVALUATION OF SOLID DISPERSIONS

Drug content


Drug content was determined by dissolving an amount of 100 mg of drug SDs in 100 mL phosphate buffer pH 6.8. The solution was filtered, suitably diluted and the absorbance was measured spectrophotometrically at 282 nm.[20]Percentage of drug content was calculated by following formula:

% Drug content= observed value/actual value × 100


Also the drug content was determined by dissolving an amount of 100 mg of drug SDs in 100 ml 0.1 N HCL. The solution was filtered, suitably diluted and the absorbance was measured spectrophotometrically at 282 nm.Percentage of drug content was calculated by following formula:

% Drug content= observed value/actual value × 100


In vitro drug release studies


The quantity of solid dispersion equivalent to 300 mg of methyldopa was filled in hard gelatin capsule by hand filling method. The dissolution study of capsules was conducted using dissolution testing USP apparatus 1 (basket method) in 900 ml of phosphate buffer of pH 6.8 at 37±0.5 ºC and at a speed of 100 rpm. Aliquot of 3ml was withdrawn at predetermined time interval and equivalent amount of fresh medium was replaced to maintain a constant volume after each sampling and analyzed spectrophotometrically at 282 nm using UV Visible spectrophotometer.


Another dissolution study of capsules was conducted using dissolution testing USP apparatus 1 (basket method) in 900 ml of 0.1 N HCL at 37±0.5oC and at a speed of 100 rpm. Aliquot of 3 ml was withdrawn at predetermined time interval and equivalent amount of fresh medium was replaced to maintain a constant volume after each sampling and analyzed spectrophotometrically at 282 nm using UV Visible spectrophotometer.[21]


Comparison with marketed formulation 


The percentage drug release of solid dispersions was compared with marketed formulation of Methyldopa (Alphadopa).

Selection of optimized formulation [22]

Optimized formulation will be selected on the basis of highest % drug content and highest % drug release at 60 minutes.


Stability study


Optimized solid dispersions were subjected to short term stability testing. Solid dispersions were placed in well closed containers and maintained at 40 + 2 oC and 75 + 5% RH for 2 month as per ICH guidelines. Changes in the appearance and drug content of the stored films were investigated after storage.[23]


RESULTS AND DISSCUSION


Percent of drug content 


Solid dispersions of Methyldopa were prepared by different method using carriers like PEG-4000, PEG 6000 and poloxamer 407. In the present work, total 12 formulations were prepared in which 6 formulations were prepared by fusion method and others 6 formulations were prepared by solvent evaporation method. The percentage drug content of the above 12 formulations was carried out in two mediums i.e. in the phosphate buffer pH 6.8 and in 0.1 N HCL and percent drug content studies are shown in the table 04 and 05. The drug content of the prepared formulations was found to be in the range of 92.74- 98.64% in the phosphate buffer pH 6.8 and in the range of 90.58%-97.11% in 0.1 N HCL. In both the mediums the drug content was highest in FT6.  In the phosphate buffer pH 6.8 the drug content of FT6 was 98.64% and in the 0.1N HCL it was 97.11%. The drug content of FT6 in phosphate buffer pH 6.8 was greater than that of drug content of FT6 in 0.1 N HCL. The % drug content of the prepared formulation in the phosphate buffer pH 6.8 and in 0.1 N HCL is shown in the fig. 07 and 08.


In vitro drug release studies


The in vitro dissolution study of different formulation is shown in figures 09, 10, 11 and 12. In- vitro drug release was carried in two mediums that is in phosphate buffer pH 6.8 and in 0.1N HCL. The in vitro drug release of formulations FB1-FT12 carried in phosphate buffer pH 6.8 is shown in the table 06 and 07 and also another in vitro drug release for formulations FB1-FT12 was carried in 0.1N HCL which is shown in the  table 08 and 09 .The highest in vitro release was observed with FT6 in both the mediums that is in the phosphate buffer pH 6.8 and in the 0.1N HCL in which ratio of drug: carrier: surfactant is 1:5:2 and its release rate was found to be 86.21% in the phosphate buffer pH 6.8 and 85.80% in 0.1N HCL. The in vitro release rate of FT6 in phosphate buffer pH 6.8 was greater than the in vitro release of FT6 in 0.1N HCL. Thus it was selected as best formulation.


Comparison with marketed formulation 


The solid dispersion formulation FT6 showed drug release 86.21% in 60 minutes whereas the marketed product was found to release only 65.80% of the drug in 60 minutes in the phosphate buffer pH 6.8.  Also the formulation FT6 has shown the drug release about 85.80% whereas the marketed product was found to release only 62.21% of the drug in 60 minutes in 0.1NHCL.The in-vitro release pattern of solid dispersion formulations FT6 in the phosphate buffer pH 6.8 and in the 0.1 N HCL compared with the marketed formulations is shown in the figures 13 and 14.


Stability study


Optimized solid dispersion was subjected to short term stability testing. Solid dispersions were placed in closed containers and maintained at 40 + 2o C and 75+ 5% RH for 2 month as per ICH guidelines. The drug content was found almost constant for up to two months. The in vitro dissolution time of the solid dispersions after the stability study was also not found to be affected.

DISCUSSION


Drug content was determined by dissolving an amount of 100 mg of drug SDs in 100 mL phosphate buffer pH 6.8. The solution was filtered, suitably diluted and the absorbance was measured spectrophotometric ally at 282 nm. Drug content was also carried in 0.1N HCL. The solution was filtered, suitably diluted and the absorbance was measured spectrophotometrically at 282 nm. The highest percent drug content has been observed with the formulations FT6 in the phosphate buffer pH 6.8 i.e. 98.64%.


In vitro dissolution studies were carried out in the two dissolution medium. One is the phosphate buffer pH 6.8 and the other is 0.1N HCL, in both the mediums dissolution were carried for the formulations FB1-FT12. The in vitro drug release from formulation FB1-FT12 carried in phosphate buffer pH 6.8 and 0.1N HCL has shown in fig. 09, 10, 11 and 12. The best in vitro release was shown by the formulation FT6 i.e. 86.21% in phosphate buffer dissolution medium. It has been observed that the FT6 in 0.1 N HCL shows the less in vitro release than FT6 in phosphate buffer pH 6.8 because of acid degradation.


Drug compatibility was performed by the IR spectroscopy method. The drug methyldopa, PEG 6000 and poloxamer 407 in the ratios (1:1:1), (1:2:2) and (1:3:3) did not yield any kind of deviation in the finger print region i.e. 2000 – 600 c.m-1. However the little changes in the functional group area between 4000 – 2000 c.m-1. Peak is shifted very marginally which is negligible in fact possibly due to the availability of poloxamer 407 to form H- bounding with the O-H of methyldopa. Thus we can conclude that the PEG 6000 and poloxamer 407 do not intercept the methyldopa and thus is fully compatible with API i.e. methyldopa.


Twelve formulations were prepared and the detailed composition is presented in table 01. Out of these twelve formulations six formulations were prepared by the fusion method and other six formulations were prepared by the solvent method. These prepared solid dispersions were then subjected to the % drug content, in vitro released studies and also the prepared solid dispersion is compared with the marketed formulation of methyldopa. It has been observed that the in vitro release rate of the marketed formulation was lesser than of the prepared solid dispersion of methyldopa. The prepared solid dispersion i.e. FT6 showed in vitro drug release about 86.21% respectively in 60min. whereas the marketed formulation was found to release only 65. 80% of the 60 min. (shown in fig. 13) this dissolution was carried in phosphate buffer pH 6.8. The other dissolution was carried in 0.1N HCL in which FT6 has shown in vitro release 85.80% in 60 min. and the marketed formulation has shown the in vitro release rate 62.21% in 60 min. (shown in fig.14). In both the cases the marketed formulation shows the lesser in vitro drug release i.e. when compared to the formulation FT6 in which the dissolution was carried in phosphate buffer pH 6.8 and in the 0.1 N HCL.


Stability study for the optimized formulation was carried out for 2 months. It has been observed that the formulation FT6 has shown no change in drug content and in vitro release.
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Fig. 1: IR Spectrum of Methyldopa (pure drug)
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Fig. 2: IR spectrum of Methyldopa: PEG 6000: Poloxamer 407(1:1:1)
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Fig. 3: IR spectrum of Methyldopa: PEG 6000: Poloxamer 407(1:2:2)
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Fig. 4: IR spectrum of Methyldopa: PEG 6000: Poloxamer 407(1:3:3)

Table 2: Different absorbance value of drug in different concentration in pH 6.8 phosphate buffer

		Sr. no.

		Concentration (µg/ml)

		Absorbance



		1.

		2

		0.131



		2.

		4

		0.246



		3.

		6

		0.362



		4.

		8

		0.486



		5.

		10

		0.627
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Fig. 5: Calibration curve of Methyldopa in phosphate buffer pH 6.8

Table 3: Different absorbance value of drug in different concentration in 0.1 N HCL

		Sr. no.

		Concentration (µg/ml)

		Absorbance



		1.

		5

		0.121



		2.

		10

		0.227



		3.

		15

		0.330



		4.

		20

		0.44



		5.

		25

		0.563
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Fig. 6: Calibration curve of Methyldopa in 0.I N HCL

Table 4: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods in phosphate buffer pH 6.8

		Formulation code

		Carrier

		Drug         :carrier

		Drug Content (%)

		Method



		FB1

		PEG 4000

		1:1

		93.87

		Fusion method



		FB2

		PEG 4000

		1: 3

		94.65

		



		FB3

		PEG 6000

		1:1

		95.87

		



		FB4

		PEG 6000

		1: 3

		96.65

		



		FT5

		PEG 4000, Poloxamer 407

		1:5:1

		97.54

		



		FT6

		PEG 6000, Poloxamer 407

		1:5:2

		98.64

		



		FB7

		PEG 4000

		1:0.5

		92.74

		Solvent evaporation


Method



		FB8

		PEG 4000

		1:2

		93.52

		



		FB9

		PEG 6000

		1:0.5

		94.74

		



		FB10

		PEG 6000

		1:2

		95.52

		



		FT11

		PEG 4000, Poloxamer 407

		1:1:1

		96.11

		



		FT12

		PEG 6000, Poloxamer 407

		1:2:2

		97.61
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Fig. 7: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods in phosphate buffer pH 6.8

Table 5: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods in 0.1 N HCL

		Formulation code

		Carrier

		Drug         :carrier

		Drug Content (%)

		Method



		FB1

		PEG 4000

		1:1

		91.37

		Fusion method



		FB2

		PEG 4000

		1: 3

		92.15

		



		FB3

		PEG 6000

		1:1

		93.46

		



		FB4

		PEG 6000

		1: 3

		95.82

		



		FT5

		PEG 4000, Poloxamer 407

		1:5:1

		96.17

		



		FT6

		PEG 6000, Poloxamer 407

		1:5:2

		97.11

		



		FB7

		PEG 4000

		1:0.5

		90.58

		Solvent evaporation


Method



		FB8

		PEG 4000

		1:2

		92.79

		



		FB9

		PEG 6000

		1:0.5

		93.11

		



		FB10

		PEG 6000

		1:2

		94.03

		



		FT11

		PEG 4000, Poloxamer 407

		1:1:1

		95.42

		



		FT12

		PEG 6000, Poloxamer 407

		1:2:2

		96.61
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Fig. 8: Percentage of drug content uniformity of different formulations of solid dispersion prepared by different methods in 0.1 N HCL


Table 6: Dissolution profile of formulations FB1-FT6 and marketed preparation in phosphate buffer pH (6.8)

		Time(Min)

		Cumulative % Drug Release



		

		FB1

		FB2

		FB3

		

FB4

		FT5

		FT6

		Marketed product


B. No. EM3035


(250 mg)



		5

		20.68

		21.38

		22.75

		23.44

		25.51

		26.20

		18.97



		15

		40.65

		43.45

		46.90

		48.96

		51.03

		53.10

		38.98



		30

		60.69

		63.44

		64.83

		66.90

		68.23

		70.34

		56.96



		45

		67.59

		71.03

		76.55

		79.31

		82.06

		84.13

		60.68



		60

		70.34

		75.86

		80.69

		82.75

		84.80

		86.21

		65.80





Table 7: Dissolution profile of formulations FB7-FT12 and marketed preparation in phosphate buffer pH (6.8)

		Time(Min)

		Cumulative % Drug Release



		

		FB7

		FB8

		FB9

		FB10

		FT11

		FT12

		Marketed product


B. No. EM3035


(250 mg)



		5

		19.04

		20.95

		21.85

		22.30

		24.66

		27.57

		17.94



		15

		38.09

		41.90

		45.71

		47.61

		49.52

		51.43

		35.09



		30

		55.24

		59.04

		62.86

		64.76

		66.66

		68.57

		45.27



		45

		66.60

		70.47

		74.28

		78.09

		81.90

		83.81

		52.02



		60

		69.75

		72.80

		80.04

		81.50

		83.71

		85.71

		57.09





[image: image11.png]% drug released

100
90
80
70
60
50
40
30
20
10

10

20

30 40
Time(min)

50

60

70

——FB1
—=—FB2
—a—FB3
——FB4
——FT5
—e—FT6







Fig. 9: In-vitro drug release of formulations from FB1-FT6 in phosphate buffer pH 6.8
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Fig. 10: In-vitro drug release of formulations from FB7-FT12 in phosphate buffer pH 6.8

Table 8: Dissolution profile of formulations FB1-FT6 and marketed preparation in 0.1 N HCL

		Time (Min)

		Cumulative % Drug Release



		

		FB1

		FB2

		FB3

		FB4

		FT5

		 FT6

		Marketed product


B. No. EM3035


(250 mg)



		5

		19.44

		20.83

		21.57

		22.53

		24.50

		25.26

		17.79



		15

		38.17

		40.11

		43.40

		45.78

		49.03

		51.70

		36.82



		30

		59.79

		61.59

		62.38

		64.12

		67.23

		69.43

		52.11



		45

		64.92

		69.95

		73.54

		78.38

		80.60

		82.19

		59.96



		60

		68.43

		72.68

		79.68

		81.75

		83.87

		85.80

		62.21





Table 9: Dissolution profile of formulations FB7-FT12 and marketed preparation in 0.1 N HCL

		Time(Min)

		Cumulative % Drug Release



		

		FB7

		FB8

		FB9

		FB10

		FT11

		FT12

		Marketed product


B. No. EM3035


(250 mg)



		5

		17.40

		18.20

		19.89

		20.66

		22.30

		23.57

		16.92



		15

		34.51

		40.12

		43.77

		47.25

		49.43

		50.52

		32.94



		30

		51.42

		57.04

		60.62

		60.62

		65.75

		67.66

		43.72



		45

		60.72

		68.47

		72.28

		72.28

		80.02

		81.90

		50.11



		60

		65.81

		70.80

		79.50

		80.71

		83.17

		84.15

		55.47
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Fig. 11: In-vitro drug release of formulations from FB1-FT6   in 0.1 N HCL
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Fig. 12: In-vitro drug release of formulations from FB7-FT12 in 0.1 N HCL

[image: image15.png]% drug released

100
90
80
70
60
50
40
30
20
10

10

20

30 40
Time(min)

50

60

70

——FT6

—#— Marketed product







Fig. 13: Comparison of In-vitro drug release pattern of FT6 with marketed formulation of methyldopa in phosphate buffer pH 6.8
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Fig. 14: Comparison of In-vitro drug release pattern of FT6 with marketed formulation of methyldopa in 0.1 N HCL

Table 10: stability study of formulation FT6

		Time(weeks)

		Percentage drug content

		In-vitro drug release % at 60 min.



		0

		98.64

		86.21



		2

		98.43

		86.17



		4

		98.33

		86.11



		6

		98.24

		86.09



		8

		98.09

		86.05





CONCLUSION


The present investigation revealed that the combination of PEG-6000 and poloxamer 407 is a proper choice as a carrier to enhance the solubility of methyldopa from SDs. Among the ratios used, a ternary SD with a 1:5:2 (drug: PEG-6000: Poloxamer 407) ratio was found to be optimal because of its superior performance in enhancing the solubility of methyldopa. The physicochemical characterization of solid dispersion shows that there is no chemical interaction between drug and polymers. Therefore, it can be concluded that the aqueous solubility of poorly soluble drugs can be significantly improved by utilizing the solid dispersion technique.
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The poor solubility of drug substances in water and their low dissolution rate in aqueous G.I.T fluid often leads to insufficient bioavailability. The present investigation is an attempt to improve the solubility and dissolution rate of methyldopa (a poorly soluble drug) by solid dispersion technique. Binary solid dispersions were made using PEG-4000 or PEG-6000 as carriers with varying drug: carrier ratios 1:1 and 1:3 by the fusion method. Binary solid dispersions were also prepared by the solvent evaporation method using PEG-4000 or PEG-6000 as carriers with varying drug: carrier ratios 1:0.5 and 1:2.  Also ternary solid dispersions were made by both the fusion and the solvent evaporation method using the PEG-4000 or PEG-6000 and the poloxamer 407 in the ratios of 1:5:1, 1:5:2, 1:1:1 and 1:2:2. Twelve formulations were prepared and evaluated for drug content, in vitro release studies and compared with the marketed formulation of methyldopa. All formulae showed marked significant improvement in the solubility and dissolution rate of the drug. The interaction studies showed no interaction between the drug and any of the used carriers. Formulation FT6 (1:5:2) in phosphate buffer pH 6.8 showed the best in vitro release rate of 86.21% in 60 minutes. Also this formulation showed the highest drug content of 98.64%.  It was concluded that combination of PEG-6000 and poloxamer 407 can be well utilized to improve the solubility of poorly soluble drugs.



Keywords: Methyldopa, Solid dispersion, Polyethylene glycol, poloxamer 407, In-vitro dissolution.
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