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A high surface area is formed which results an increased dissolution rate and further
improved the bioavailability of the poorly water soluble drug. Particles with improved
wettability: The solubility enhancement of the drug is related to the drug wettability
improvement verified in solid dispersion . Particles with higher porosity : Particles in solid
dispersions have been found to have a higher degree of porosity and the increase in porosity
also depends on the properties of the carrier.

In order to enhance in vitro dissolution and content uniformity of poorly soluble drug
dicyclomine by preparing solid dispersions using modified solvent fusion method, solid
dispersions of drug were prepared by modified fusion solvent method using PEG 6000 and 3
— cyclodextrin (as carrier).
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INTRODUCTION

The insufficient solubility of many new drug substances in water as well as in the aqueous
gastric fluids cause problems in bioavailability. The development of solid dispersions is an
appropriate means to overcome these problems and to guarantee a reasonable bioavailability.
Several methods exist to prepare solid dispersions, the melting method being the most
convenient. The melting procedure includes the melting of the carrier, the subsequent
dissolution of the drug within the melt and finally, the cooling of the obtained solution.
During the cooling process the molecular dispersion of the drug within the carrier may be
maintained or the drug may recrystallize as a result of the increasing super saturation due to
the lowering of temperature. Moreover, recrystallization can take place during storage as
well. The precipitation usually leads to a decrease in the dissolution rate of the drug in the
dissolution medium as amorphous materials dissolve faster because of their higher solubility.

Therefore an attempt has been made to prevent the drug from recrystallization. (1.2)

Oral bioavailability of drugs depends on its solubility and/or dissolution rate, therefore major
problems associated with these drugs was its very low solubility in biological fluids, which
results into poor bioavailability after oral administration. A drug with poor aqueous
solubility will typically exhibit dissolution rate limited absorption, and a drug with poor
membrane permeability will typically exhibit permeation rate limited absorption . Therefore,
pharmaceutical researchers’ focuses on two areas for improving the oral bioavailability of
drugs include:

(i) Enhancing solubility and dissolution rate of poorly soluble drugs and

(if) Enhancing permeability of poorly permeable drugs . It has been estimated that 40% of
new chemical entities currently being discovered are poorly water soluble . Unfortunately,
many of these potential drugs are abandoned in the early stages of development due to the
solubility problems. It is therefore important to realize the solubility problems of these drugs
and methods for overcoming the solubility limitations are identified and applied
commercially so that potential therapeutic benefits of these active molecules can be realized.
Therefore lots of efforts have been made to increase dissolution of drug. ( 3,4)

Methods available to improve dissolution include salt formation, micronization and addition
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of solvent or surface active agents. Solid dispersion (SD) is one of such methods and
involves a dispersion of one or more active ingredients in an inert carrier or matrix in solid
state prepared by melting, dissolution in solvent or melting-solvent method . The reasons for
solid dispersion or advantages of solid dispersions are as follows: Particles with reduced
particle size :Molecular dispersions, as solid dispersion, represent the last state on particle
size reduction, and after inert carrier or matrix dissolution the drug is molecularly dispersed

in the dissolution medium.

The formulation of drugs having low aqueous solubility using solid dispersion technology
has been an active area of research since 1960 . Among the various approaches to improve
solubility, the solid dispersion 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. ()

MATERIALS AND METHODS: Pure sample of Dicyclomine was obtained from Pfiscar
India Ltd. Sonepat ,India. B-CD is purchased from SD Fine Chemicals, Polyethylene glycol
(PEG6000) Sodium Lauryl Sulphate (SLS) and HCL were purchased from SD-Fine Chem.

Preparation of Physical Mixture

Physical Mixtures (PMs) of Dicyclomine with hydrophilic carriers PEG 6000 and B-CD
respectively were prepared by mixing and triturating required amount of Dicyclomine and
carrier for 5 min in mortar until homogenous mixture was obtained. This resulting mixture
was sieved through an 80 mesh screen and stored in screw cap glass vial at room temperature.
(6,7).

Solvent Evaporation Method

Dicyclomine and carrier (PEG 6000 and B-CD) in ratio of 1:1 and 1:1 respectively were
dissolved in minimum volume of organic solvent (methanol) and solvent was evaporated on
hot plate. The resultant solid dispersion was kept in refrigerator for about 5 min and allowed
to solidify. The hardened mixtures were then powdered in mortar, sieved through an 80 mesh
screen and stored in desiccator at room temperature. (8,9)

Kneading Method
B - CD was mixed in glass mortar along with water to obtain a homogeneous paste. The drug

was then slowly added to the paste and the mixture was triturated for 1 hr. during the process
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the water content was empirically adjusted to maintain the consistency of the paste. The paste
formed was dried under vacuum for 24 hours. Dried powder was passed through specific
sieve no. and stored in a dessicator until further evaluation. (10,11)

Fusion-melt Method: The fusion-melt involves melting the compound(s) and the carrier
components together at temperatures at or above the melting point of all components. In the
fusion process, researchers blend the compound and carrier in a suitable mixer.

They heat, melt the blend and then cool the molten mixture rapidly to provide a congealed
mass. They mill this mass to produce powders at desired particle size ranges. (12)

Experimental Methods

Spectral and absorbance measurements by using UV -Visible spectrophotometer by using,1-
cm quartz cells. A simple UV spectrophotometric method was developed for the
determination of Dicyclomine in pure and its pharmaceutical formulations. Dicyclomine
exhibited maximum absorbance at 420 nm in Phosphate buffer (pH 7.4) Containing Sodium
lauryl sulphate (0.2 %) and obeyed linearity in the concentration range of 1-10 pg/ml.
(13,14,15)

Preparation of Stock Solution

Standard stock solution of Dicyclomine was prepared by dissolving 10 mg of drug in 100 ml
of Phosphate buffer (pH 7.4) Containing Sodium lauryl sulphate (0.2 %) in 100 ml of
volumetric flask to get a concentration of 10pug/ml. (16)

Preparation of Working Standard Solutions and construction of standard graph

To construct Beer’s law plot for Dicyclomine, the stock solution was further used to prepare
working standard solutions of concentrations ranging from 1 to 10 pg/ml different aliquots of
working standard solutions of Dicyclomine was transferred separately into a series of 10 ml
volumetric flasks and diluted to 10 ml using phosphate buffer .The absorbance were
measured at Amax 296 nm against buffer as blank. The standard graph for Dicyclomine was
plotted by taking concentration of drug on x-axis and absorbance on y-axis and is shown in
fig 1. The drug has obeyed Beer’s law in the concentration range of 1-10 pg/ml.(17,18)

Saturation Solubility Studies
To evaluate increase in solubility of Dicyclomine after formation of (SDs) or in the presence

of hydrophilic carriers (PMs), saturation solubility studies were conducted. Weighed amount
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of (PMs) and (SDs) were added to the 250 ml conical flask containing 100ml of distilled
water. The sealed flasks were shaken by orbital shaker operating at 150 rpm at 37 °C for 24
hours. The aliquots withdrawn were filtered through whatman filter paper and analyzed by
UV spectrophotometer at 420 nm. (19,20)

Fourier-Transform Infrared Spectroscopy

The FTIR spectra were obtained by using an FTIR spectrometer — 430 (JASCO, Japan).The
sample (Dicyclomine and SD) were previously ground and mixed thoroughly with potassium
bromide in the ratiol:1.5 (Sample: KBr) respectively. The scanning range was 4000 to 400
cm-1.(21)

X-ray Diffraction

The X-ray powder diffraction patterns (XRPD) were obtained at room temperature using a
Philips Analytical X-ray BV (PX1710) with cobalt as anode material and graphite
monochromator, operated at a voltage of 40 kV. The samples were analyzed in the 20 angle
range of 2 °C - 65°C and process parameters were set as: scan step size of 0.025° (2 0) , scan
step time of 1.25s and the time of acquisition of 1hr. (22)

RESULT & DISCUSSION

Calibration Curve of Dicyclomine

Preparation of Stock Solution

100 mg of dicyclomine was accurately weighed and transferred to 100 ml volumetric flask.
The drug was dissolved in 0.1 N hydrochloric acid to get a solution of 1000 pug/ml (stock
solution I). 10 ml of stock solution | was diluted to 100 ml with 0.1N HCI (Stock solution I1).
Further, 10 ml. of stock solution Il was diluted up to 50 ml with methyl orange solution
(1%w/v) and extracted with chloroform (3x15 ml). Organic layers were separated and pooled.
The volume of pooled organic layer was made up to 100 ml with sodium acetate solution
(Stoke solution 111). This stock solution Il was used to prepare a series of standard

dicyclomine solutions as discussed below.

Procedure

From stock solution 111 aliquots of 1, 2, 3, 4, 5 6, 7 & 8 ml were transferred to a series of 10
ml volumetric flasks. The volume was made up with 0.1 N HCI to give 10, 20, 30, 40, 50,
60, 70 & 80 pg/ml of dicyclomine. The absorbance of these solutions was measured at 420
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nm against blank. The same procedure was followed for the preparation of standard curve of

dicyclomine in phthalate buffer pH 4.5,

phosphate buffer pH 6.8, and phosphate buffer pH 7.4. The standard curve of dicyclomine in

phosphate buffer pH 6.8 with pectinex ultra-SPL was also prepared by this method, where the

drug was dissolved in mixture of 99 ml of buffer and 1 ml of pectinex ultra-SPL for the

preparation of stock solution I11. The data are recorded in Tables 1 and the curves are plotted

Figure 1
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Figure 1 Calibration curve of dicyclomine in phosphate buffer pH 6.8

Tables 1
Parameters Values
0.1 N HCI Phthalate buffer Phosphate buffer ~ Phosphate
pH 4.5 pH 6.8 pH 7.4
émax (nm) 420 420 420 420
Beer’s law limit (mcg/ml) [10-80 10-80 10-80 10-80
Slope (b) 0.0132 0.0161 0.0161 0.0144
Intercept (a) 0.0031 0.0201 0.016 0.0036
Regression equation 0.0123x-0.0031 0.0116x + 0.0201 |0.01 1x + 0.016 0.0122x +
(y= a+bx) 0.0036
Correlation coefficient 0.9991 0.9995 0.9997 0.9997
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Preparation of solid complexes
Complexes of #-CD with Dicyclomine were prepared in the molar ratio of 1:1 on the basis of
phase solubility study by different methods like Physical mixing, Kneading, Solvent

evaporation, and Fusion method.

Physical Mixture

Physical mixture was prepared by triturating Dicyclo. and B-CD together for 30 min in a
clean and dry glass mortar until a homogeneous mixture was obtained. And then was forced
through sieve no 100. Table-2

Kneading Method

P-CD mixed in glass mortar along with water to obtain a homogeneous paste. The drug
(either in powder form or as solution with minimum quantity of methanol) was then slowly
added to the paste and the mixture was triturated for 1 hr. during the process the water content
was empirically adjusted to maintain the consistency of the paste. Methanol was added to
assist dissolution of TEL during the process. The paste was dried at room temp., pulverized
and forced through sieve no 100.5 Table-2.

Fusion Method

Dicyclo and g-CD were thoroughly mixed and placed in a sealed container with a small
amount of water. The contents are heated to about 1000C and then removed and dried. The
mass was then pulverized and forced through sieve no 100. Table-2

Solvent evaporation Method

7,8 A solution of Dicyclomine in methanol was gradually added to equi-molar concentration
of -CD in water and agitated at 500C for 30 min and toward the end of addition turbidity
developed in the mixture. At the end of this period the solution was filtered, and the moist
solid was kept in oven 500C for removal of last trace of solvent. The mass was then
pulverized and passed through sieve no 100. Table-2
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Table 2: Preparation of Dicyclomine & B-CD solid dispersions by different technique

Type of formulation | Dicyclo: :-CD Solid dispersion | Media

& PEG-6000 Method

(molar ratio)
DPPM 1:1 Physical Mixing | ---------
DPKW 11 Kneading Water
DPKM 1.1 Kneading Methanol + Water
DPSE 1.1 Solvent Evaporation Methanol + Water
DPFW 11 Fusion Water

Drug Content

Samples of each solid complex were assayed for drug content by dissolving 100 mg of the
complex in 100 ml ethanol. The drug content was determined at 296 nm by UV-
Spectrophotometer. The experiment was conducted in triplicate. Table-3

Table 3. Drug content of Dicyclo. with g -CD & PEG-6000 complexes (% Drug content)

Formulation [Theoretical drug Practical drug content (% Drug
content in 100mg in 100mg (mean n=3) |content
DPPM [28.74 28.02 96.68
DPKW 28.74 29.93 96.10
DPKM 28.74 28.12 96.12
DPSE [28.74 28.08 96.93
DPFU 28.74 28.11 08.08

Saturation solubility of different formulations of Telmisartan

The saturation solubility of pure Dicyclomine and its complexes with g -CD is shown in
Table 4. The saturation solubility of pure Dicyclo is 11.9ug/ml while the saturation solubility
of all other complex prepared by various methods exhibited dramatic increase in the
saturation solubility. DPM and g -CD (complex prepared by physical mixing) showed a lower
value for saturation solubility than that of other complexes, the low saturation solubility can

be attributed to poor complexation efficiency during physical mixing.Table-4 & Figure -2
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Table 4. Saturation solubility data of different formulation of Dicyclomine with f-CD &
PEG-6000.

Formulation Saturation solubility(ug/ml)
Pure Dicyclomine 12.95 + 0.84

DPPM 78.50 £ 2.10

DPKW 132.78 £ 2.32

DPKM 141.10 £ 2.35

DPSE 119.15 + 2.63

DPFU 122.82 + 2.43

Saturation Solubility of Dicyclomine
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Figure 2: Saturation solubility of Dicyclomine

Fourier Transforms Infrared (FTIR) spectroscopy

FTIR of Dicyclomine pure drug are presented In (Figure -3) and FTIR of B — CD are
presented In (Figure -4) &FTIR spectra of Dicyclo and  — CD its Complex are presented In
(Figure 5). Pure Dicyclomine spectra showed sharp characteristic peaks at 3746, 2958, 1693,
1456 and 1266 cm-1 All the above characteristic peaks appears in the spectra of all Complex

at same wavenumber indicating no modification or interaction between the drug and f — CD.

Powder x-ray diffractromety

Powder x-ray diffraction (XRD) of Pure Drug & p — CD with complex show in (Figure
6&7.) The X- ray diffractogram of Dicyclomine has sharp peak at different angle (20) 6.72
0, 14.17 6, 18.97 6, 22.18 6, 25.850 show a tripical crystalline pattern. However, all major

characteristic crystalline peaks appear in the diffractogram of both physical mixtures and
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solid dispersion system. Moreover, the relative intensity and 26 angle of these peaks remains

practically unchanged. Thus it can be clearly suggestive from X-ray data that there is no

amorphization of Dicyclomine. and it is still in its original crystalline form.

Characterization of complexation
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CONCLUSION
Solid dispersions of Dicyclomine were prepared by Different technique of solid dispersion

method using carrier’s 3 - CD. In the present work total five formulations were prepared by
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using Dicyclomine with B - CD by using five convenient methods viz, kneading method,
physical mixing method and solvent evaporation fusion method at different molar ratios of
1:1, dissolution studies were carried out in pH 7.4 phosphate buffer. The cyclodextrin
complexes formulated by employing 1:1 (drug: complexing agent) with kneading technique
showed higher drug release.
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