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ABSTRACT:

Domperidone is a dopamine antagonist widely used as an antiemetic and gastroprokinetic agent; however, its
therapeutic effectiveness is limited due to its poor aqueous solubility and low oral bioavailability. The
present study aimed to enhance the solubility and dissolution rate of domperidone by employing a combined
solid dispersion and liquisolid technique. Solid dispersions of domperidone were prepared using suitable
natural and synthetichydrophilic carriers(Manihot esculenta starch,Aloe vera gel powder and methyl
cellulose) through a solvent evaporation method to improve drug wettability and dispersion. The optimized
solid dispersion(drug:carrier ratio 1:3 was further incorporated into a liquisolid system using non-volatile
solvent (Tween80), carrier materials(Manihot starch,Aloe vera gel powder and Micro crystalline cellulose),
and coating material(Talc) to enhance the flow properties and compressibility.

The prepared formulations were evaluated for physicochemical properties including drug content, flow
characteristics, solubility. Results demonstrated a significant improvement in the solubility and dissolution
rate of domperidone in the optimized liquisolid formulation(1:3 drug to mannihot starch and 20 carrier to
coating ratio) compared with the pure drug. The enhancement may be attributed to reduced particle size,
improved wettability, and conversion of the drug into an amorphous or molecularly dispersed state.

The study concludes that the combination of solid dispersion and liquisolid techniques is a promising
approach for improving the solubility and dissolution behavior of poorly water-soluble drugs like
domperidone, potentially leading to improved oral bioavailability and therapeutic efficacy.

Key words:Solid dispersion.Liquisolid,Domperidone,Manihot,Liquid load factor,SOlubility enhancement
ratio and Bioavailability

1.Introduction

Solubility refers to the maximum quantity of a solute that can dissolve in a given amount of solvent under
specific conditions of temperature and pressure. In quantitative terms, it is expressed as the concentration of
solute present in a saturated solution at a particular temperature. The solubility of a compound mainly
depends on the type of solvent used, as well as environmental factors like temperature and pressure. Poor
water solubility remains a single obstacle during the development of newly discovered molecules and generic
formulations. Studies indicate that a large portion of recently developed drug molecules exhibit very limited
solubility in aqueous media, making formulation design, more complex and challenging.?

Natural polymers are widely used to improve the solubility and bioavailability of poorly water -soluble drugs
due to their hydrophilic nature and high swelling capacity.® Natural polymers can be obtained from one of
the three sources. These are plants, microbes and animals. From theses source, plants have the largest
amountof polymeric substances as well as the varieties. Some polymeric substances are obtained from animal
sources and very few are obtained from the microbes. Poorly water-soluble drugs can benefit from a range of
strategies to improve their solubilization and bioavailability. Solid dispersion, co-solvency, micronization,
nanonization, chemical modification, hydrotropy, complexation, micellar solubilization, pH adjustment and
other methods are mostly used for pharmaceutical solubilization. In Novel Chemical Entities (NCESs)
screening investigations as well as formulation design and development, the solubilization of poorly soluble
drugs is a frequent challenge®.
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Among the various solubility improvement strategies, the liquisolid system is considered one of the most
efficient techniques. The liquisolid method, also referred to as powder solution technology, is an advanced
approach used to enhance the dissolution and bioavailability of poorly soluble drugs.®

In this method, the drug is dissolved or suspended in a non-volatile liquid vehicle and then converted into a
dry,free flowing, and compressible powder by blending with suitable carrier and coating materials.
Disintegrants are added before compressing the mixture into tablets. The typical ratio between carrier and
coating materials is maintained to achieve good flow and compression properties. This technique enables the
transformation of liquid medications into solid dosage forms.®

Liquisolid system can be designed to provide both immediate and prolonged drug release depending on
excipients used.”The approaches such as solid dispersion, lipid-based dispersions and liquisolid systems are
increasingly effective in addressing formulation difficulties associated with poorly soluble drug molecules.
These technologies enhance drug distribution with in carriers, thereby improving drug release performance
and therapeutic efficiency.®

2.Materials

Domperidone obtained as gift sample from Vasudha Pharma Id,Visakhapatnam, Manihot esculenta, Aloe
vera obtained from local farmers, all the chemicals were purchased from yarrow chem,Mumbai.

3.Methods

3.1.Extraction of natural polymers

3.1.1 Extraction of starch from Mnnihot esculenta tubers®

Extraction of cassava starch(Mnnihot esculenta) was conducted using the wet method. Cassava was mixed
with water in a ratio of 1:10 and blended at high speed until smooth slurry formed. After blending, filtration
of the slurry was done using a double layer of cheesecloth. The filtered mixture then was allowed to rest for
two hrs to help the sedimentation process of starch and liquid at the top was decanted and discarded. The
sediment then undergoes a drying process at 45°C for 24 hrs and stored in an airtight container for further
analysis.Results were given in fig4.1.a.

3.1.2 Extraction of Aloe vera gel powder'©:

Fresh Aloe vera leaves were collected, peeled to remove the outer green layer and spines and the inner gel
was cut into small pieces. The material was sun-dried, powdered using mortar and pestle, sieved, and fine
powder was collected. Results were given in fig4.1.b.

3.2 Characterization of natural polymers:

3.2.1 Preformulation studies!*:

3.2.1.1 Solubility studies:

Solubility of starches were determined by dissolving weighed quantity of starch and gel powder in measured
quantities of various solvents .

3.2.1.2 Flow properties:

For the natural polymers the flow properties (Bulk density, Hausners ratio. compressibility index and
porosity) were determined and the results were given in the table4.1.2

3.2.1.3 Physicochemical characterization of plant extracts: The process for the physicochemical
characterization was given in the table 3.2.1.3.The results were given in table 4.1.3
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Table 3.2.1.3 Physicochemical characterization of plant extracts

(Manihot esculenta starch.Aloevera gel powder)!?

Test

Procedure

lodine test(carbohydrates)

Add 2-3 drops of iodine solution to the aqueous sample.
Formation of blue or blue-black colour indicates
carbohydrates.

Benedicts test

Add Benedict’s reagent to the sample and heat for 2-3
minutes in a water bath.

Formation of green/yellow/orange precipitate indicates
reducing sugars.

Dragendorft’s test (alkaloids)

Add Dragendorff’s reagent to the acidic sample solution.
Formation of orange or reddish-brown precipitate
indicates alkaloids.

Shinoda test (flavonoids)

Add a small piece of magnesium ribbon and a few drops
of concentrated HCI to the sample.
Development of pink or red colour indicates flavonoids.

Mayers test (alkaloids)

Add Mayer’s reagent to the sample solution.
Formation of a cream or white precipitate indicates
alkaloids.

Biuret test (proteins)

Add Biuret reagent to the sample solution.
Appearance of violet or purple colour indicates proteins.

Acetone water test (resins)

Dissolve the sample in acetone and add distilled water.
Formation of turbidity or precipitate indicates resins.

Keller killanitest(cardiac
glycosides)

Add glacial acetic acid containing ferric chloride, then
carefully add concentrated sulphuric acid along the side of
the test tube.

Formation of a brown ring at the junction indicates cardiac
glycosides.

lodine test (polysaccharides)

Add iodine solution to the sample.
Development  of  blue-black  colour indicates
polysaccharides (starch).

Cholrogenictest(phenolic
compound)

Add ferric chloride solution to the sample.
Formation of green, blue, or black colour indicates
phenolic compounds.

Ninhydrin test(amino acids)

Add ninhydrin reagent to the sample and heat gently.
Appearance of purple or violet colour indicates amino
acids.

The results for the chemical evaluation were given in the table

3.3 Construction of calibration curve in 0.1N HCI and Water:

50 mg pure drug was dissolved in a little quantity of alcohol ,the solution was dissolved in water/0.1N HCI
and vloume made upto 50ml with water/0.1N HCI. 10ml was taken from the above stock solution and made
up to 100ml which gave 100pg/ml. by using the above stock
prepared.Domperidone standard graph was constructed in water and 0.1N Hcl and the results are given in the

table 4.2a,4.2b and figures 4.2.1,4.2.2..
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3.4 Preparation of Solid Dispersions:
Solvent evaporation®s:
Three drug-to-polymer ratios were investigated for the solid dispersion formulations (SD): 1:1, 1:2, 1:3. The

polymer used is Manihot esculenta starch&Aloevera gel powder and Methyl cellulose. The drug amount was
fixed at a target amount of 10 mg for each batch, and the corresponding amount of carrier was calculated
based on the desired weight ratio. The drug and carrier were dissolved in ethanol and allowed to dry. % yield
was calculated and the obtained powders were packed in air tight containers till further use. The formula for

solid dispersions were given in table no 3.4

Table3.4:Formulation of Solid dispersions

Solid Ratio
Dispersions | (Drug:Poly
mer)
SDM1 1:1
SDM2 1:2
SDM3 1:3
SDA1 1:1
SDA? 1:2
SDA3 1:3
SDS1 1:1
SDS2 1:2
SDS3 1:3

3.5 Evaluation of solid dispersions!#:
3.5.1 %oyield calculation:

After preparation of solid dispersionsthe % yield was calculated by the following formula

%yield=(Practical yield/Theoretical yield)X100

The % vyield calculated for the solid dispersionof Manihot esculenta,Aloevera and Methyl cellulose and the
results were given below in table 4.3a.

3.5.2 Melting point determination :

Pure drug and solid dispersions were taken in capillary tubes and melting points were measured in standard
melting point apparatus. The results are given below in table 4.3b.
3.5.3 Phase Solubility Studies of Solid Dispersions

The solid dispersions equivalent to 10mg Domperidone(from 1:1,1:2,1:3 ratios of solid dispersions) were
dissolved in 100ml water and absorbance was measured by UV Visible spectrophotometer at Amax 284nm
by suitable dilutions and the results were in below table4.3.1 and fig4.3.1&4.3.2.
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3.6 Preparation of Liquisolid compacts of Domperidone with natural and synthetic excepients!®:
3.6.1 Determination of liquid load factor and excipient ratio:

Flowable Liquid Retention Potential (®-value):
The flowable liquid retention potential value of carrier and coating material were reported earlier by spiread
et al. It Indicates how much liquid a powder can hold while maintaining flowability 6.
Lf= ®+1/R
Liquid Load Factor (Lf): Ratio of liquid drug to carrier materialR.
Defined as: Lf=® C+ ® C(1/R) .

Carrier to Coating Ratio R Usually optimized based on empirical studies

These parameters determine the optimal formulation and are key in achieving a balance between
compressibility and flow.
In the present study the retention potential with manihot and aloe vera powder were determined
Determination of the flowable liquid retention potential of used materials (- value) (829
The flowable liquid retention potencials (@ value) of the carrier (Manihot starch,Aloe vera gel powder) and
coating material (Talc) were calculated using the angle of slide measurement. Liquisolid powders were
prepared by simple blending of carrier or coating material with Tween 80 (PG) . 10 g Manihot starch,Aloe
vera gel powder were mixed with 10g of PG 1 1 g of Aerosil was mixed with 3g of Tween80using a mortar
and pestle, sieved through the sieve with 1-mm mesh size for After the evaluation of the angle of slide, a
further amount of liquid vehicle was added. The whole blend was sieved and homogenized again. The
amount of the added liquid depended on the value of angle of slide. If this parameter was higher than 37, two
more grams of liquid were added. When the angle of slide was lower than 37, onegram of liquid was added
to the liquisolid mixture. When the value of angle of slide achieved 33 (considered as an optimum21), at
least two further additions of 1 g of liquid vehicle were performed. The liquid/solid mass ratio (m/m) of
blends with angle of slide corresponding to 33 was taken as the -value of the excipient ¢ value of the
equation.
dca=mmax/Q or Gco= Mmax/q
where ¢cais the flowable liquid retention potential of the carrier, ¢co is the flowable liquid retention potential
of the coating material, mmax is the maximum mass of liquid, Q is the mass of carrier and g is mass of coating
material. The liquid load factror (Lf), excipient ratio (R) and flowable liquid retention potential (¢ca and
¢co) are related as follows:
Lf =¢cat dco/R
Three drug-to-polymer ratios were investigated for the liquisolid formulation(LS): 10,15,20. The carrier used
is Manihot esculenta starch, MCC &Aloe vera gel powder. Solvent used is Tween80 and the coating material
is talc. The drug amount was fixed at a target amount of 10 mg for each batch the amount of carrier and the
coating material was calculated based on formula. The formulation composition for liquisolid technique were
given in tables 3.6.2.1,3.6.2.2 and3.6.2.3.The results for phase solubility studies of liquisolid were mentioned
in tabe4.4.1and figure4.4.1&4.4.2.
3.6.2 Formulation of Liquisolid techniques

Table 3.6.2.1: Formulation of Domperidoneliquisolid compact with Manihot esculent and talc

Formulation | DRUG | W(weight of | Lf R Q(Carrier) | g(coating) | Total

code liquid (liquid | (Ratio) weight
medicament) | factor)

LSM1 10mg | 166 mg 1.5 10 110 11 287mg

LSM2 10 mg | 100mg 1.4 15 71.42 4.76 186 mg

LSM3 10mg | 100 mg 1.2 20 83.33 4.16 188 mg
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Table 3.6.2.2: Formulation of Domperidoneliquisolid compact with Aloe vera and talc

Formulation | Drug | W(weight  of | Lf R Q g(coating) | Total
code liquid (liquid | (Ratio) | (Carrier) weight
medicament) factor)
LSAl 10 mg | 110 mg 1.7 10 64.7 6.47 181mg
LSA2 10 mg | 110 mg 1.3 15 84.61 5.64 203mg
LSA3 10 mg | 110 mg 11 20 100 5) 215mg
Table 3.6.2.3: Formulation of Domperidoneliquisolid compact with MCC and talc
Formulation | Drug | W(weight  of | Lf R Q g(coating) | Total
code liquid (liquid | (Ratio) | (Carrier) weight
medicament) factor)
LSS1 10 110 mg 1.9 10 57.8 5.78 173.5mg
mg
LSS2 10 110 mg 1.8 15 61.1 4.07 175mg
mg
LSS3 10 110 mg 1.6 20 68.7 3.435 182.5mg
mg

3.7 Preparation of dispersions of Domperidone by combining solid dispersion and liquisolid
techniques:

Different ratios of solid dispersions were prepared, among which the 1:3 ratio was selected due to its superior
solubility profile. Similarly, various ratios of liquisolid compacts were formulated, and the ratio of carrier to
coating 20 was selected as it exhibited excellent flowability properties. Manihot esculenta,Aloe vera& MCC
were used as carrier materials, talc was employed as the coating material, and Tween80 was selected as a
suitable non-volatile solvent. Since the selected solid dispersion and liquisolid ratios demonstrated enhanced
solubility and flow properties, respectively, these two techniques were combined to develop a hybrid
formulation approach.

A ratio of 1:3was taken from the solid dispersion of Manihot esculenta, Aloe vera and MCC.The carriers
used are Manihot esculenta, Aloevera& Microcrystalline cellulose. Coating material used was talc and the
non-volatile solvent used was Tween80(Based on preliminary studies different non-volatile solvents
PEG,Glycerin,Tween 80 and Tween80.Though the drug has less solubility in Tween80 but it gives better
flow properties). The ratio of the carrier andthe coating material is taken 20. Hot air oven is used for drying
of drug. Each weighed amount of powder was dissolved completely in 100 ml of water.

The solutions were allowed to soak to ensure the complete dissolution of the drug before proceeding
with UV analysis. The formulation composition for hybridtechnique were given in table3.7.

Table 3.7:Dispersions of Domperidone by combining Solid dispersion and Liquisolid techniques

Drug Weight Lf R Q (carrier) | q(coating Total
of MCC material) weight
liquid Talc
medica
ment
HDM 139.2 1.2 20 116mg 5.8mg 261 mg

Solid sispersion of
10mg equivalent
drug with Manihot

HDA 121 1.3 20 93mg 4.65 mg 218.65mg

Solid dispersion of
10mg equivalent

drug with Aloevera
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HDS 160.05 15 20 107mg 5.35mg 248 mg

Solid dispersion of
10mg equivalent
drug with Methyl

cellulose

3.8 Determination of solubility enhancement ratio

The no of folds increase in solubility of Domperidone was determined by dissolving 10 mg equivalent
liquisolid compacts and also the dispersions prepared by combining solid dispersion and liquisolid technique
in 100ml water.The absorbane of the resulting solutions was measured by UV at A max 284 nm with suitable
dilutions and results were given in the table 15.The results for solubility increase with liquisolid techniques
alone given in tables 4.5.1.

4.Results and Discussion:

4.1 Results for preformulation studies
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Fig4.1l.a&b:Mani hot starch and Aloevera gel powder

The powders obtained from manihot was pale white in colour,smooth in texture and the aloe vera gel powder
was brown in colour ,rough in texture.

4.1.1 Solubility studies

The solubility of the manihot starch and aloevera observed by dissolving powders in the excess quantity of
solvents and observed visually for solubilityStarch is generally insoluble in water, alcohol, and ether .
However, the granular surface is hydrophilic due to the presence of hydroxyl (-OH) groups, which enable
strong intermolecular hydrogen bonding with solvents?!.

4.1.2 Results for Preformulation studies of Plant extracts(Manihot esculenta, Aloe vera)

Table4.1.2 :Results for Preformulation studies of Plant extracts(Manihot esculenta, Aloe vera)

Parameters Manihot esculenta Aloe vera
Bulk Density(g/cm3) 0.52 0.41
Tapped Density(g/cm3) 0.68 0.62
Compressibility index% 23.5 33.9
Angle of repose(®) 32.4 38.6
Hausner ratio 1.30 1.51
Porosity(%) 48 56

The results from preformulation studies has shown that low bulk density values indicate the powders are
porous in nature and flow properties indicates the powders are free flowing and non cohesive.
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Table4.1.3:Results for Phytochemical screening of Manihot esculenta &Aloevera

Test Manihot Aloe vera
esculenta
lodine test(carbohydrates) Positive Positive
Benedicts test Positive Positive
Dragendroff’s test (alkaloids) Positive Negative
Shinoda test (flavonoids) Positive Negative
Mayers test (alkaloids) Positive Negative
Biuret test (proteins) Positive Positive
Acetone water test (resins) Negative
Keller Kkillanitest(cardiac Negative Negative
glycosides)
lodine test (polysaccharides) - Positive
Cholrogenictest(phenolic - Positive
compound)
Ninhydrin test(amino acids) - Positive

The phytochemical tests confirmed the presence of carbohydrates, proteins, and sugars in both Manihot
esculenta and Aloe vera. Manihot esculenta showed alkaloids and flavonoids, while Aloe vera showed
polysaccharides and phenolic compounds. These results support their suitability as excipients in formulation
development.

4.2 Results for calibration curve

Tabled.2a:calibration curve of Domperidone in water:

Concentration | Absorbance
(Hg/ml)
0 0
10 0.1086
20 0.2132
40 0.4048
60 0.6168
80 0.8525
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Calibration curve of Domperidone in
water
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Fig4.2.1:Calibration curve of Domperidone in water

Table4.2b: Calibration curve of Domperidone in 0.1n HCI

Concentration(pug/ml) | absorbance
0 0

2 0.112

4 0.248

6 0.401

8 0.516

10 0.671

Calibration curve of
Dlozrr_lperidone in 0.1N HCI

A

b 1 - 4

S

. 0.8 - .0591x + 0.0221
L) _

> 06 R? = 0.9861

b 0.4 -

302 -

n

c O : .

o 0 10 20

concentration
ug/ml

fig4.2.2:Calibration curve of Domperidone in 0.1NHCI

[JVRA2603369 International Journal of Versatile Research and Analysis (IJVRA) (www.ijvra.org) 819



https://ijvra.org/

INTERNATIONAL JOURNAL OF VERSATILE RESEARCH AND ANALYSIS (IJVRA)
© 2026 IJVRA | Volume 4, Issue 3, March 2026 | ISSN: 2984-8903 | [[VRA.ORG

%j’ IJVRA OPEl'laACCESS

In the standard graph with the increase in concentration the absorbance values increases. Standard graph was
constructed using UV spectrophotometry at A max of 284nm. The graph has linearrelationship between
concentration and absorbance with the corelation coefficient of 0.997 with water and 0.986 with 0.1NHCI

4.3 Evaluation of solid dispersions

Table4.3.a:Results for Theortical yield of solid dispersions

Drug:Polymer ratio % yield with % yield with Aloe % yield with methyl
mannihot starch vera cellulose
1:1 85% 82% 84%
1:2 87% 85% 88%
1:3 91% 90% 92%

Table4.3.b:Results for Melting point analysis of drug: excipient solid dispersions

Drug to polymer ratio Manihot esculenta Aloevera Methyl cellulose
Pure drug 2445 244 244
1:1 2320 238°% 236°%
1:2 222°% 226 224°
1:3 214° 218°% 214°

The change in melting point values from the pure drug indicates the formation of solid dispersions. Melting
point studies showed a slight decrease or broadening of melting range in solid dispersions, liquisolid and
hybrid techniques indicating reduced crystallinity and good -polymer compatibility.

4.3.1 Phase solubility studies of solid dispersions with Manihot starch

Table4.3.1:Solubility of Solid dispersions

Solid Solubility
dispersion in mg/ml
SDM1 16.5
SDM2 25
SDM3 45
SDA1l 10
SDA2 13
SDA3 15
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Phase Solubility studies with
Manihot esculenta
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Fig4.3.1:Phae solubility studies of drug with Manihot

Phase Solubility studies of Solid
dispersions with Aloevera powder

20
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Fig4.3.2:Phase Solubility studies of Solid dispersions with Aloevera powder

The solubility of Domperidone in water was found to be significantly enhanced when formulated as solid
dispersions using natural polymers(manihot esculenta.Aloevera powder). The solubility increased with
increase in the concentration of polymer hence the drug to polymer ratio of 1:3 considered for further studies.
Tablel4:Solubility studies of Liquisolid dispersions

4.4 Results for liquisolid dispersion

4.4.1 Formulation of liquisolid dispersions

Liquisoli | Solubility
d in mg/ml

LSM1 8
LSM2 10
LSM3 14
LSAl 15
LSA2 18
LSA3 27.5
LSS1 10
LSS2 18
LSS3 25
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S 6 Solubility studies of liquisolids
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Fig4.4.1:Solubility studies of liqui Solid dispersions with Manihot

Solubility studies of liquisolids with Alovera
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Fig4.4.2:Solubility studies of liqui Solid dispersions with Aloevera

The solubility studies were done for liquisolid preparations by changing carrier to cating ratio in the range of
10-20 and the results has shown that increase in carrier coating ratio increases the solubility might be due to
increased wettability of drug particles .

4.5 Results for hybrid technique(Solid dispersion and Liquisolid)

Table4.5.1:Solubility enhancement ratio with hybrid technique(Combination of solid dispersion and

Liquisolid)
Hybrid Solubility
technique enhancement
ratio
HDM 87
HDA 53
HDS 72

The solubility enhancement ratio for the hybrid dispersions was measured by UV spectroscopy and the
results has shown that there is a tremendous increase in solubility of domperidone upon combining solid
dispersion and liquisolid when compared to single techniques.

[JVRA2603369 International Journal of Versatile Research and Analysis (IJVRA) (www.ijvra.org) 822



https://ijvra.org/

g INTERNATIONAL JOURNAL OF VERSATILE RESEARCH AND ANALYSIS (IJVRA) o 8““‘“
;} UVRA © 2026 [JVRA | Volume 4, Issue 3, March 2026 | ISSN: 2984-8903 | IJVRA.ORG

5.Conclusion:

Domperidone is a poorly water soluble drug(0.986mg/L) and it effects bioavailabilty.In the present study the
solubility of domperidone increased by combining solid dispersion and liquisolid techniques.For the
preparation of solid dipersion natural polymers manihot starch ,aloevera gel powder and synthetic polymer
Methyl cellulose were used and solid dispersions were prepared by solvent evaporation technique..The drug
to polymer ratio 1:3 has shown highest solubility hence considered for further studies.The liquisolids were
prepared by using manihot starch anad aloevera gel powder as carriers , talc as coating material and tween 80
as non-volatile solvent by mainataining different carrier coating ratios and the ratio 20 has shown highest
solubility.Hence the carrier to coating ratio of 20 considered for further studies.Then the solid dipersion and
liquisolid compacts were combined and solubility of the dispersions were measured.The
1:3(domperidome:Manihot) drug to polymer ratio along with carrier to coating ratio(mannihot starch to talc)
of 20 has shown highest solubility(87flds increase) and it was the optimized formula. The study concludes
that the combination of solid dispersion and liquisolid techniques is a promising approach for improving the
solubility and dissolution behavior of poorly water-soluble drugs like domperidone, potentially leading to
improved oral bioavailability and therapeutic efficacy.
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