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ABSTRACT

This study focuses on the formulation and evaluation of mouth dissolving films (MDFs) containing ethanolic extracts
of Solanum trilobatum Linn., a medicinal plant known for its therapeutic effects on respiratory and throat infections.
The extract was prepared using the maceration method and incorporated into MDFs using the solvent casting technique
with HPMC 15 cPs as the film-forming polymer, along with sucralose, glycerin, and ginger flavour. The antibacterial
activity of the extract was tested against Staphylococcus aureus and Klebsiella pneumoniae, showing significant zones
of inhibition, confirming its antimicrobial potential. The formulated films were evaluated for weight uniformity,
thickness, surface pH, folding endurance, drug content, disintegration time, dispersion time, and in vitro dissolution.
The results indicated that all formulations met USP requirements, exhibiting rapid disintegration (7 - 20 seconds),
neutral surface pH, satisfactory drug content (98 - 101%), and efficient dissolution within 30 seconds. Both F1 and F2
formulations demonstrated good film characteristics and enhanced drug release. Overall, Solanum trilobatum MDFs
show promise as a patient-friendly dosage form for treating throat infections, with potential for future clinical

application and commercialization following stability studies.
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INTRODUCTION

Mouth Dissolving Films (MDFs) are innovative oral
drug delivery systems that dissolve quickly when
placed on the tongue, offering a convenient
alternative to tablets and capsules. Initially introduced
as breath fresheners, they have evolved into effective
carriers for therapeutic agents. MDFs are especially
beneficial for pediatric, geriatric, and dysphagic
patients due to ease of administration, no need for
water, and reduced choking risk. With advantages
such as improved patient compliance, faster onset of
action, and bypassing of first-pass metabolism, MDFs
are gaining attention across the pharmaceutical
industry as a modern, patient-friendly dosage form.

Throat infections are common illnesses typically
caused by viral or bacterial agents, affecting areas
such as the pharynx, tonsils, or larynx. These
conditions are often referred to as pharyngitis,
tonsillitis, or laryngitis, depending on the specific site
of inflammation.

Pharyngitis, in particular, is

characterized by scratchiness, pain, and difficulty
swallowing, while tonsillitis involves swelling and
redness of the tonsils. Sore throat symptoms vary but
commonly include irritation, tenderness, hoarseness,
and systemic signs like fever and swollen glands.

Bacterial infections can also cause sore throats. The
most common one is strep throat, an infection of the
throat and tonsils caused by Group A Streptococcus
bacterium (GAS),
Klebsiella pneumoniae. Staphylococcus aureus is a
gram-positive, round-shaped bacterium that is a

Staphylococcus — aureus and

member of the firmicutes, and it is a usual member of
the microbiota of the body, frequently found in the
upper respiratory tract and on the skin. Klebsiella
non-motile,

pneumoniae 1s a gram-negative,

encapsulated, lactose-fermenting, rod-shaped
bacterium. It causes different types of healthcare-
associated  infections, including bloodstream

infections, wound or surgical site infections, and
meningitis.
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Solanum  trilobatum Linn (Solanaceae), the
nightshade (order Solanales), with 102 genera and
nearly 2,500 species. It is a prickly, diffuse, bright
green perennial herb, woody at the base, 2-3 m height,
found throughout India, mostly in dry places as a
weed along roadsides and waste lands. The plant has
many branched, spiny, scandent shrubs. Leaves are
deltoid or triangular, irregularly lobed. Flowers are
purplish-blue, in cymes. Berries are globose, red or
scarlet.

Botanical name : Solanum trilobatum Linn.

Family Solanaceae
Genus Solanum.
Species Trilobatum.
Order Solanales.

Common name: Climbing Brinjal, Purple-fruited pea
Eggplant.

Figure 1: Photographic presentation of Solanum
trilobatum

AIM

The aim of this research work is to prepare an
ethanolic extract of leaves and stem of Solanum
trilobatum Linn and formulate that as a mouth
dissolving film using solvent casting method. It is
aiming to enhance local action against throat
infections, improve patient compliance, and increase
oral bioavailability. And also, to evaluate the
physicochemical characteristics of the formulated
film.

MATERIALS & METHODS
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Materials

Solanum trilobatum plant is collected from rural parts
of Madurai. Hypromellose (Hydroxypropyl methyl
cellulose, 15 cPs) USP was bought from SD Fine
Chemicals Ltd, India. Sucralose USPNF was
procured from the NutraSweet company, US. Ginger
flavour was bought from Modern Scientific Lab,
India. Glycerin was procured from Paxmy Speciality
Chemicals, India.

1.Preparation of extracts by Maceration method
S.trilobatum were washed with running tap water,
dried the leaves under the shade for a week, and grind
the leaves to a coarse powder using a mortar and
pestle and stored in an air-tight container until further
use. Ethanol solvent extract was prepared by
transferring 100 g of powder to a wide-mouth sterile
beaker and adding ethanol solvent 1000 ml to the
powdered samples, which were allowed to soak for 1
week at normal room temperature in sterile
conditions. After 1 week, heat the extract for an hour
at 100°C. The mixture was then centrifuged at 2000
rpm for 10 minutes at 4°C. The supernatants were
filtered through a sterile funnel containing sterile
Whatman filter paper No.1.

2.Analytical Method for Estimation of drugs
2.1 Preparation of Simulated Salivary Fluid

64 g of Sodium chloride, 19.04 g of disodium
hydrogen phosphate and 1.53 g of potassium
dihydrogen phosphate were weighed and dissolved in
1000 ml of water. Make up to a volume of 7500 ml
with water. pH of the solution was adjusted to 6.8 with
ortho-phosphoric acid.

2.2 Preparation of stock solution

Stock solution of Solanum trilobatum was prepared
by dissolving 100 mg of Solanum trilobatum extract
in 100 ml of water using sonicator. 1 ml of stock
solution is diluted to 100 ml using ortho phosphoric
acid.

2.3 Determination of A max
Stock solutions were scanned against SSF as blank

with the range of 200 - 400 nm in UV Visible
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Spectrophotometer. The wavelength of the maximum
absorption was noted and UV spectrum were
constructed.

2.4 Construction of Calibration curve

From this stock solution, 6, 7, 8, 9, and 10 ml were
pipetted out and transferred into 10 ml volumetric
flasks and make up to 10 ml with SSF. Then the
solutions were measured at previously noted A max
against SSF. The results were noted and calibration
curve were constructed.

1.Anti-Bacterial Disk Diffusion

Method

Activity by

Bacterial strains were tested using Mueller-Hinton
Agar (MHA), which is a standard medium for
antimicrobial susceptibility testing, contains beef
extract, casein hydrolysate, starch, and agar. It
supports the growth of non-fastidious organisms and
is ideal for the disc diffusion (Kirby-Bauer) method.

Weigh 38 g of Mueller-Hinton Agar (MHA) and
dissolve it in 1 L of distilled water. Boil to ensure
complete mixing, then autoclave at 121°C for 15
minutes. After sterilization, allow the medium to cool,
pour it into sterile petri dishes, and let it solidify.
Ensure the final pH is 7.3 £ 0.1 at 25°C. Store the
prepared plates at 2-8°C.

Stock of antibiotic disk should preferably be kept at
20°C; the freezer compartment of a home refrigerator
is convenient. On removal from the refrigerator, the
container should be left at room temperature for about
one hour to allow the temperature to equilibrate.

Inoculate the fresh plate by the inoculum (sample)
using a swab and streak all over the surface of the
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medium three times rotating the plate through an
angle of 60°C after each application leave the
inoculum to dry for a few minutes at room
temperature with the lid closed. The antibiotic discs
placed on the inoculated plates using a pair of sterile
forceps. A sterile needle tip may also be used to place
the antibiotic disc on the plate.

Alternatively, an antibiotic disc dispenser can be used
to apply the discs to the inoculated plate. Then the
plate should be placed in an incubator at 35°C within
30 mins of preparation for 16-18 hrs generally and 24
hrs for Staphylococcus aureus. After incubation
measure the zone of inhibition in mm diameter, the
presence of anti-microbial activity (inhibition of
bacterial growth) is indicated by zone of inhibition.
The antibacterial agent diffuses in the agar medium
and inhibits the growth of the bacterial strain tested.

Here our plant Solanum trilobatum linn. extracts
(Ethanolic extract) are tested with bacterial species
Klebsiella pneumonia & Staphylococcus aureus.
The standard for bacterial species used for
comparison of the antibacterial activity of the extracts
is Amikacin.

2.Formulation Development of MDFs

Mouth-dissolving films of Solanum trilobatum were
prepared using the solvent casting method. The
ethanolic extract was mixed with HPMC 15cPs,
sucralose, ginger flavour, and glycerin to form a
uniform solution. After removing air bubbles, 5 ml of
the solution was poured into an 8 cm petri dish and
dried at 50°C for 45 minutes, followed by vacuum
drying at 35°C. The films were then cut into 3 cm
circular discs containing 150 mg or 200 mg of extract
and stored in Alu-Alu pouches.

Table 1: Formulation of Solanum trilobatum MDF with different concentrations of HPMC 15¢Ps

Batch code F1 (150 mg) ‘ F2 (200 mg)
S. No. Ingredients Quantity / film
1. Solanum trilobatum extract 150 mg 200 mg
2. Hypromellose (Hydroxypropyl methyl cellulose 15 cPs) 150 mg 150 mg
3. Sucralose 5 mg 5mg
4. Ginger flavour 50 mg 50 mg
5. Glycerin 65 mg 65 mg
6. Distilled water 5ml 5ml
.’ JOURNAL OF PHARMACEUTICAL SCIENCES 1119 | Page
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1.Evaluation of Solanum trilobatum Linn MDF

The prepared Solanum trilobatum Linn. MDFs were
evaluated for uniformity of weight, thickness of film,
disintegration time, in vitro dispersion time, surface
pH, and folding endurance.

5.1 Uniformity of weight

Each film was individually weighed on an analytical
balance, and the average weight of 3 films was found.
A large difference in weight denotes the non-uniform
distribution of the drug in the film.

5.2 Thickness of film

The thickness of the different films was measured
using a calibrated dial gauge (Baker Precision
measuring instruments, China) with an accuracy of
0.001 mm. Thickness was measured by placing each
film between the anvil and the presser foot of the dial
gauge in 5 different locations, and the average
thickness was calculated.

5.3 In vitro dispersion time

In-vitro dispersion time was measured by the Petri
dish method. A film was dropped in a culture dish of
8 cm in diameter, containing 10 ml of simulated
salivary fluid. 6 MDFs from each formulation were
randomly selected, and the in vitro dispersion time
was performed.

5.4 Disintegration time

The in vitro disintegration time was determined using
a disintegration test apparatus. 6 MDFs were placed
in each of the six tubes of the basket, and the apparatus
was operated with 900ml of purified water as the
immersion fluid, maintained at 37 = 2°C. The time in
seconds taken for complete disintegration of the film
with no palpable mass remaining in the apparatus was
recorded in seconds. The FDA recommends a
disintegration time of 30 s or less for ODTs, based on
the USP disintegration test, which was also taken as a
limit for MDFs.

5.5 Surface pH

MDF with a highly acidic or basic pH causes
discomfort while taking it. To know the surface pH of
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the film, the film was placed in a petri dish and
moistened with 0.5 ml of distilled water and kept for
30 seconds. The surface pH was measured by means
of pH paper placed on the surface of the swollen films.
The average of 3 determinations for each formulation
was calculated.

5.6 Folding endurance

Folding endurance was measured manually for the
prepared films. A 7.07 cm? MDF was repeatedly
folded at an 180°C angle of the plane at the same place
up to 300 times, which was considered satisfactory to
reveal good film properties. The number of times the
film could be folded at the same place without
breaking was noted for 3 films of the same batch.

5.7 Drug content and UOD

Drug content and Uniformity of dosage units of
Solanum trilobatum MDF by the content uniformity
method were also performed for formulated films.
One film is transferred into a 150mL volumetric flask.
Added 50mL of water sonicated for 10 minutes and
kept for cooling, made volume with water. The
solution was filtered through 0.45-micron filter. SmL
of the above solution diluted to 100mL with water.

5.8 In vitro dissolution studies

In vitro drug release studies of Solanum trilobatum
MDFs were carried out in simulated salivary fluid to
simulate dissolution in the mouth. The Lab India DS
8000 dissolution apparatus was used. The parameters
of the dissolution study are,

Medium Simulated salivary fluid
Volume 900 ml

Apparatus USP Type II(Paddle)
Paddle RPM : 50

Profiling time points 2,5,10 and 15 minutes.

Temperature 37+0.5°C
RESULTS & DISCUSSION
1. Determination of A max
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A max of Solanum trilobatum was determined with
solution of SSF and graph was given in Figure 2.
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Figure 2: A max of Solanum trilobatum in SSF
Discussion The stock solution of Solanum trilobatum were

diluted and analysed in UV spectrophotometer at the
A max of Solanum trilobatum was found to be 253 nm wavelength of 253 nm. The results were given in

in SSF. Table 2 and Figure 3.

2.Construction of Calibration curve

Table 2: Absorbance of Solanum trilobatum at different concentrations in SSF

Concentration (ug/ml) Absorbance (253 nm)
60 0.37
70 0.56
80 0.74
90 0.92
100 1.10
1.2 4 Calibration curve of Solanum
trilobatum in SSF
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Figure 3: Standard Calibration Curve of Solanum trilobatum in SSF
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2. Anti-Bacterial Activity

The anti-bacterial activity of the ethanolic extract of
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Klebsiella pneumoniae & Staphylococcus aureus
show a zone of inhibition to the ethanolic extract
which is presented in Table 3.

Solanum  trilobatum against bacterial species,
Table 3: Zone of inhibition of Solanum trilobatum
SAMPLE CODE Klebsiella Pneumoniae | Staphylococcus Aureus
Extract (Solanum trilobatum) 10 mm 11 mm
Control (Alcohol dipped) 7 mm 7 mm
Standard (Amikacin) 17mm 17mm

3. Evaluation of mouth-dissolving film

The results of the physical characterisation of
Solanum trilobatum Linn. MDFs were given in Table
4.

4.1 Uniformity of weight

Films are prepared using the solvent casting
technique and evaluated for weight uniformity. The
films were obtained in the acceptable range of weight
variation as per USP specification. The results are
given in Table 4, which shows that all the batches
were found to have the maximum Standard Deviation
of + 0.80 mg and within the USP limit. Hence, all
batches passed the weight uniformity test.

4.2 Thickness of the film

The thickness of the film was calculated by a
calibrated dial gauge and found in the acceptable
range 40.13 - 46.89 um.

4.3 In vitro dispersion time

The in vitro dispersion time was measured by
the Petri dish method. Where the film is found to be
within the acceptable range of dispersion time as per
USP specification.

4.4 Disintegration time

The in vitro disintegration time was
determined using a disintegration test apparatus. And
the film is found to be disintegrate in range of 7-20
seconds which shows all batches found to be with in

the limit given by USP.
4.5 Surface pH

The film's surface pH was found to be in the
range of 7. As the surface pH of the film was around
the neutral pH, irritation would not be produced when
administered.

4.6 Folding Endurance

The folding endurance of the film was found to
be 5, which indicates the film is less flexible.

4.7 Drug content and UOD

The percentage drug content in all the
formulations varied between 98.5 and 101.5, as
depicted in Table 4. The uniformity of dosage units of
formulation showed an L1 value of less than 15
indicating the accuracy and uniform distribution of
quetiapine fumarate in the formulated MDF.

Table 4: Physical Properties of Solanum trilobatum mouth dissolving films

Parameters Batch code
F1(150mg*) F2 (200mg)
Weight (mg) 38.11+0.79 40.10+0.78
Thickness (pm) 4220+ 1.19 44.07+£2.14
Folding endurance >300 >300
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Surface pH 7 7
In vitro dispersion time (sec) 9.50+1.44 16.71 £ 1.48
Disintegration time (sec) 7.23 £0.987 17.37+0.96
Drug content (%) 100.54 + 0.46 99.30 = 0.47
UOD (Acceptance value) 2.11 1.49

*150 mg and 200mg indicate the concentration of
HPMC present in a film

4.8 In Vitro Dissolution Studies

In vitro drug release studies of Solanum
trilobatum MDFs were carried out in SSF for 15 mins.
Dissolution profiles are given in Figure 4.
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Figure 4: Comparative dissolution profiles of Solanum trilobatum MDFs

CONCLUSION

The formulation of Solanum trilobatum
mouth-dissolving films meets all the requirements of
mouth-dissolving films as per USP standards was
successfully formulated. The mouth dissolving film
formulated with hydrophilic polymers HPMC 15¢ps
is most suitable for Solanum trilobatum. By its
reduced dose frequency, rapid release and enhanced
bioavailability, it could give excellent patient
compliance. It showed faster disintegration, and
enhanced solubility in oral and gastric pH. Both
MDFs (F1, F2) prepared in this study was found to
have higher dissolution rates. All the formulations
found to be dissolved within 30 seconds. The prepared
formulations F1, F2 have drug content of 98% with
uniform distribution. So, it was concluded that the
intent of this research was successfully made and after
requisite stability and clinical studies, this patient-
friendly dosage form can be made commercialised
which will result in great patient compliance and a
more effective treatment.

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

REFERENCES

1. Stoppler MC, Davis CP. An approach to throat
infection. MedicineNet. 2018. Available from:
www.healthychildren.org

2. International Journal of Systematic and
Evolutionary Microbiology. 2000;50:489-500.

3. Qureshi S. An
Available from: www.sciencedirect.com

4. Sahu J, Rathi B, Koul S, Khosa RL. Solanum
trilobatum (Solanaceae) — An overview. J Nat
Remedies. 2013;13(2).

5. Bala R, Pawar P, Arora S. Orally dissolving

overview. ScienceDirect.

strips: A new approach to oral drug delivery
system. Int J Pharm Investig. 2013;3(2):67-72.

6. Bilal M, Mahboob H, Riaz T, Jamshaid M, Bashir
I, Zulfigar S. Oral films: A comprehensive
review. Int Curr Pharm J. 2016;5(12):111-117.

7. Bhyan B, Jangra S, Kaur M, Singh H. Oral fast
dissolving films: Innovation in formulation and
technology. Pharm Rev. 2011;9(2).

8. Pandurangan A, Khosa RL, Hemalatha S.
Evaluation of anti-inflammatory activity of leaf

1123 |Page



Original Article

10.

11.

12.

13.

14.

15.

extract of Solanum trilobatum Linn. J Pharm Sci
Res. 2019;1(1).

Kannabiran K, Thanigairassu VR, Khanna VG.
Antibacterial activity of saponin isolated from the
leaves of Solanum trilobatum Linn. J Appl Biol
Sci. 2008;2(3):109-112.

Daud AS, Sapkal NP, Bonde MN. Development
of Zingiber officinale oral dissolving films: Effect
of polymers on in vitro, in vivo parameters and
clinical efficacy. Asian J Pharm. 2011;Jul-Sep.

Devi ND, Somasundaram R. Secondary
metabolite content variations in Solanum
trilobatum (L.) under treatment with plant growth

regulators. Int J Pharm Biol Arch.
2012;3(6):1437-1444.

Chanchai J, Saisunece K, Pakpachong V.
Development of innovative herbal extract oral
film for unpleasant mouth odour. Int J Innov
Manag Technol. 2013;4(2).

Priya G, Chellaram C. Evaluation of antibacterial
activity and phytochemical analysis of Solanum
trilobatum Linn. Int J Pharma Bio Sci. 2014.
Vanaja M, Paulkumar K, Gnanajobitha G,
Rajeshkumar S, Malarkodi C, Annadurai G.
Herbal plant synthesis of antibacterial silver
nanoparticles by Solanum trilobatum and its
characterization. Int J Metals. 2014;Article ID
692461.

Balakrishnan P, Shanmugam K, Gani TAM. A
compounds

perspective on bioactive from

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

16.

17.

18.

19.

20.

21.

Senthilkumar, J. Pharm. Sci., 2026 2(1), 1117-1124 [Research

Solanum trilobatum. J Chem Pharm Res.
2015;7(8):507-512.

Parasuraman S, Ren LY, Chuo BLC, Yee SWK,
Qi TS, Ching JYS, et al. Phytochemical,
antimicrobial and mast cell stabilizing activity of
ethanolic extract of Solanum trilobatum Linn.
leaves. Malays J Microbiol. 2016;12(5 Suppl).
Senthilkumar M. Evaluation of bioactive
compounds of Solanum trilobatum L.: A native
medicinal plant. Int J Bot Stud. 2018;3(2).
Senthilkumar K, Vijaya C. Formulation
development of mouth dissolving film of
etoricoxib for pain management. Adv Pharm.
2015;Article ID 702963. Available
http://dx.doi.org/10.1155/2015/702963
Rowe RC, Sheskey PJ, Weller PJ. Handbook of
Pharmaceutical Excipients. 6th ed. London:
Pharmaceutical Press; p. 208-210, 326-329, 364—
369, 404407, 581-585, 629—-633.

Latha PS, Kannabiran K. Antimicrobial activity
and phytochemicals of Solanum trilobatum Linn.
Afr J Biotechnol. 2006;5(23):2402-2404.
ScienceDirect. Overview of Mueller Hinton agar
medium. Available from:
www.sciencedirect.com

from:

HOW TO CITE: Senthilkumar®, Raj Priya, Babu
Thandapani, Formulation Development Of Mouth
Dissolving Films Of Solanum Trilobatum, J. Pharm.
Sci., 2026, 2 (1), 1117-1124.
https://doi.org/10.5281/zenodo.18365805

1124 |Page



