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1. Title of the Thesis 

Design, Development and Characterization of Mouth Dissolving Films for the 

Treatment of Psychosis 

 

2. Abstract 

Quetiapine fumarate and Ziprasidone Hydrochloride is a novel atypical antipsychotic that has 

been shown to be useful in treating schizophrenia. The aim of present study was to develop 

fast disintegrating Quetiapine fumarate and Ziprasidone Hydrochloride film by using various 

polymers with shorter disintegration time and greater drug release with a prospect of assisting 

various patients who have difficulty in swallowing conventional dosage forms & enhance 

bioavailability of drug and quick onset of action. MDFs also offer better convenience to 

patients with mental illness, as well as paediatric, elderly, and developmentally disabled 

patients. MDFs were formulated using a solvent casting technique. A 3
2
 full factorial design 

was applied to choose the optimized MDF, utilizing Design-Expert® software (Stat-Ease 

Inc., Minneapolis, MN, USA). This optimized MDF was subjected to in vitro dissolution, ex 

vivo permeation and stability. The % CDR of the optimized MDF in comparison with the 

market formulation was found to be 97% & 99% in 6 mins. for Quetiapine Fumarate and 

Ziprasidone HCl respectively. These findings confirmed the success of the MDFs loaded with 

Quetiapine fumarate and Ziprasidone Hydrochloride. 

 

3. Brief description on the state of the art of the research topic  

3.1 Introduction of Mouth Dissolving Film 

Because of its ease of administration, non-invasiveness, adaptability, patient compliance and 

acceptance, the oral route of medication administration is the most popular. Many 

replacements for the oral route of drug administration have been presented for paediatrics, 

geriatrics, nauseated and non-compliance patients using current innovative technologies. 

Technological advancements have resulted in bioadhesive mucosal dosage forms such as 

adhesive tablets, gels and patches. Among the many dose forms, the use of polymeric films to 

deliver medication into the buccal cavity has recently shown tremendous promise. When 

placed on the tongue, orally disintegrating films (ODFs) quickly hydrate by soaking saliva 

after disintegration and/or dissolution, releasing the active pharmacological substance from 

the dosage form. ODFs are a type of formulation that is frequently made with hydrophilic 
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polymers to allow for quick dissolving when exposed to saliva. Orally disintegrating drug 

delivery technologies include oral disintegrating tablets (ODTs) and oral disintegrating films 

(ODFs). These systems were created in the late 1970s as an alternative to traditional dose 

forms, such as rapid disintegrating tablets and capsules, for geriatrics and paediatric patients 

who had trouble swallowing traditional dosage forms. An ODF is typically the same size as a 

postage stamp. In the marketplace, the launch of ODT was tightly linked to patient 

counselling regarding proper administration, with instructions such as "Do not chew/Do not 

swallow." Despite these guidelines, events involving chewing and swallowing were recorded 

frequently. ODFs, on the other hand, freed the masses from these calamities. 

 

The administration of ODFs has numerous advantages and some of them are as follows:  

i. Convenient transportation. 

ii. Swallowing ease for geriatrics and children. 

iii. Dosing that is both convenient and precise. 

iv. Water is not required for administration. 

v. Useful for dysphasic people who have trouble swallowing tablets and capsules. 

Disadvantages 

1. Dose homogeneity is a difficult technical problem to solve. 

2. It has a hygroscopic character. 

3. High doses (40 mg/4cm
2
 piece) cannot be assimilated. 

4. Special packaging is required for product stability and safety. 

Special Features of Mouth Dissolving Films  

1. A finely thin film 

2. Negative in nature 

3. Comes in a variety of sizes and forms 

4. Rapid decomposition 

5. Quick release 

6. Make the mouth feel good. 

7. Have a good sense of taste. 

8. No residues should be left in the mouth. 

Ideal Requirements  

The ideal requirements for ODF are summarized below: 
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 To ensure a strong production and packaging process as well as ease of handling and 

administration, ODF should be thin and flexible, but stable. 

 The films must be transportable, non-sticky, and able to maintain a level shape without 

rolling up. 

 Ease of administration for mentally ill, impaired, and uncooperative individuals. 

 They should have a pleasing mouthfeel and a pleasant taste. 

 There is no need for water. 

 The time it takes for something to disintegrate should be as short as possible. 

 They should be relatively unaffected by environmental factors such as temperature and 

humidity. 

 They should be able to give liquid medicine benefits in the form of a solid preparation. 

 The size of a unit FDF should not be so enormous that it interferes with the patient's 

ability to comply. 

 The FDF's surface should be smooth and homogeneous. 

 They should be physically and chemically stable for the duration of their shelf life. 

 Cost-effective and simple to produce commercially. 

 

4. Definition of the Problem  

Ziprasidone Hydrochloride is a novel atypical antipsychotic that has been shown to be useful 

in treating schizophrenia and mania. It is classified as a BCS class II medicine. It has an issue 

with solubility. By N-dealkylation, oxidation, reductive cleavage, hydration, and N-

dearylation, ziprasidone Hydrochloride is rapidly absorbed and extensively metabolised. It 

binds to the receptors for adrenergic, histamine, serotonin, and dopamine. Ziprasidone 

Hydrochloride is a medication that is difficult to dissolve. The purpose of this study is to 

make an oral mouth dissolving film that will boost the solubility of the drug. Fast dissolving 

film has a number of advantages, especially for paediatric and geriatric patients who have 

trouble swallowing traditional tablets and capsules, and it improves patient compliance. 

The prevalence of psychotic diseases has been increased substantially. Furthermore, 

approximately 2.4 and 5.7 million American adults or about 1.1 and 2.6 % of the population 

age 18 and older get affected by schizophrenia and bipolar disorder, respectively. ODT is 

most successful dosage form in tablet but film possesses more benefits than tablet due to 

availability of larger surface area which leads to rapid disintegrating and thereby dissolution 
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in the oral cavity. Fast dissolving film prepared is an innovative idea for rapid and fast release 

of drug for immediate treatment of psychotic disease. The patients would be benefitted by 

proposed drug delivery with sudden episode of psychotic attack and need to calm down 

quickly. 

Quetiapine fumarate is atypical antipsychotic drug, used in the treatment of schizophrenia 

and bipolar disorders. However, drug is extensively metabolised by the liver limiting its oral 

bioavailability and making it suitable candidate. Quetiapine (QTP) is used to treat 

schizophrenia attack and bipolar disorder having half-life of 6 hours. QTP is rapidly absorbed 

and well tolerated drug. QTP has tendency of minimum extrapyramidal symptoms. The peak 

plasma concentration of quetiapine fumarate is reached within 1.5 hr. The bioavailability of 

quetiapine fumarate is about 9% and half-life is 6 hr and is widely distributed throughout the 

body. About 83% drug binds to plasma proteins. It is extensively metabolised in liver to the 

sulfoxide metabolite and parent acid metabolite by sulfoxidation and oxidation, both 

metabolites are pharmacologically inactive leading to lower bioavailability, so quetiapine 

fumarate is selected as model drug for fast disintegrating drug delivery to overcome extensive 

first pass metabolism. This indicates a need to prepare the quick dissolving film of QTP 

which provides rapid relief from psychotic symptoms and also minimize adverse effects.  

The aim of present study was to develop fast disintegrating quetiapine fumarate film by using 

various polymers with shorter disintegration time and greater drug release with a prospect of 

assisting various patients who have difficulty in swallowing conventional dosage forms, 

enhance bioavailability of drug and quick onset of action. 

 

5. Objective and Scope of work  

The prime objectives were to develop MDF drug delivery system that: 

1. To make release of drug at oral mouth cavity and hence dose and dose frequency can be 

decreased thereby obtaining greater therapeutic efficacy. 

2. To Show better in-vitro release/diffusion performance than conventional dosage forms. 

 

6. Original contribution by the thesis 

Oral administration of numerous medicinal dosage forms such as tablet, pill, syrup, solution, 

and emulsion are regarded one of the more convenient routes. Various rapid dissolving 

preparations, such as mouth dissolving film and MDT, have been created by Fast Dissolving 
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Drug Delivery systems. Oral fast-dissolving film is a cutting-edge, patient-friendly, and 

innovative delivery technique. Due to its various comparative benefits of being cost-benefit, 

rapid dissolving without water aid, and substantially compliant to both geriatric and 

paediatric patients in emergency conditions and specialised diseases, the acceptance of this 

creative dosage form is growing day by day. Furthermore, it is a useful dosage form for drugs 

with pre-systemic metabolism and low bioavailability. The history, benefits, drawbacks, 

limitations, ideal qualities, classification, formulation considerations, manufacturing 

technique, assessment parameter, and commercial trends for oral fast dissolving films are all 

covered in this review article. Due to its unique properties, novel attributes, competitive 

position, and cost adequacy, it can be inferred that it is one of the fastest-growing dosage 

forms with a lot of potential, particularly for commercial application. 

 

7. Methodology of Research, Results / Comparisons  

Oral rapid disintegrating films are made by dissolving film formation ingredients (polymers) 

and plasticizer in distilled water, stirring continuously for 4 hours on a magnetic stirrer, and 

then storing the solution overnight in distilled water for swelling. Meanwhile, the remaining 

excipients, such as saliva stimulating agent, Super dissolving agent, sweetening agent, 

surfactant, flavour, and medication, are dissolved in water for 45 minutes in a separate 

container with constant stirring. After the swirling is finished, the two solutions are combined 

and stirred for another 1 hour on a magnetic stirrer. Then leave the fluid alone for 1 hour to 

allow the foams to settle. To remove the air bubbles, sonicate the solution in sonicator. The 

resulting formulation is casted and is dried to form a film. The film is preferably air-dried and 

then the film is carefully removed and cut in to 62 cm size of film. 

 

7.1 Formulation & Development of Ziprasidone HCL Mouth Dissolving Film 

UV Spectrum of Ziprasidone HCl 
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Calibration Curve: 

  

Standard Curve of Ziprasidone HCl in 0.1 

N HCl  

Standard Curve of Ziprasidone 

HCl in Phosphate buffer pH 7.4 

 

Formulation & Development of Ziprasidone HCL MDF 

Selection of Polymer: Various synthetic and natural polymers were used for the 

selection. Synthetic polymers as HPMC E5 LV, HPMC K4M, PVA and PVP and 

Natural polymers as Acacia, Tragacanth, Gelatin and PULLNAN were used for 

preparing mouth dissolving films. Polymers HPMC E5 LV, HPMC K4M and PVA 

were used in the range of 100-500 mg. The strips prepared were evaluated for their 

physical appearance and stickiness. It was found that the strips prepared by HPMC E5 

LV & HPMC K4M were non-sticky, transparent and had acceptable peel able 

property from petridish whereas the strips prepared by using PVA with the 

concentration of 100mg was non-sticky and transparent. But as the concentration was 

increased to 1.0 gm, the strip showed air entrapment that gave the semi-transparent 

appearance. Also, the strip showed poor separability from petridish. The strips having 

PVP were non-sticky but were semi-transparent in appearance due to formation of 

lumps in the strips. The strips having natural polymers were formed but they were 

sticky, semi-transparent or non-transparent in appearance. Further the strips formed 

were evaluated for the various physicochemical properties and the results were 

evaluated. 

Inference 

Based on the results of the above mentioned preliminary trial batches for polymer 

selection, it was determined that polymer HPMC E5 LV and HPMC K4M produced 

the best results in the concentration ranges of 100, 300, and 500 and so these two 

polymers were chosen for the formulation of final MDFs. 
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Selection of Plasticizer: Various plasticizers as PEG 200, PEG 400, PEG 800, PG 

and IPA were selected for forming the preliminary trial batches. The best results were 

obtained in PEG 400 in the concentration range of 1-2 ml.   

 

Selection of disintegration agents: The strips were made using 0.5, 0.75, and 1 gm 

concentrations of the disintegration agents Cross Povidone, Kyron T-314 and banana 

powder. The physical appearance and stickiness of the produced strips were assessed. 

The strips containing banana powder were discovered to be non-sticky and 

transparent. While the strips containing cross povidone were sticky and opaque. The 

strips containing Kyron T-314 were sticky and non-transparent. 

Inference  

Because banana powder had the best disintegration time for the batches, a 75mg 

concentration was chosen for the final MDF formulation. 
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Formulation & Development of Ziprasidone HCL MDF using DoE 

  

  

  

Surface Response Plot & 3D Surface Plot 

Checkpoint Analysis: 

From the result of the checkpoint batch a predicted value and observed value were 

almost nearer. The checkpoint batch had a desirable Folding Endurance (266.530), 

Disintegration time (34.7834 sec.), % CDR (95.75%). So, it is considered as an 

optimized batch (ZMDF10). This batch was chosen for the preparation of Mouth 

dissolving film. 

 

Composition of Final Batch 

Ingredients ZMDF10 

Drug (mg) 100 

PEG 400 (ml) 1.65 

HPMC E5 LV (mg) 279.90 

Banana Powder (mg) 75 

Aspartame (mg) 40 

Citric acid (mg) 70 

Tween 20 (mg) 50 

Vanillin (mg) 50 

Distilled water (ml) 10 

 

Evaluation of mouth dissolving film ZMDF10 

Sr. No Evaluation parameter Results 

1. Weight variation(mg) 118.08±0.01 

2. Thickness (mm) 0.17±0.02 
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4. Surface pH 6.9±0.04 

5. Tensile strength (kg/cm2) 2.56±0.011 

6. Drug content (%) 99.11±0.10 

 

 

SEM OF ZMDF10 

Flux and permeability co-efficient of ZMDF10 

 

Time (Mins) 

Batch ZMDF10 

Flux J (mg/cm2/hr) 
Permeability 

co-efficient (kP)  

0 0.000 0 

1 0.793 0.037393 

2 0.014 0.000654 

3 0.006 0.00028 

4 0.010 0.000472 

5 0.013 0.00059 

6 0.217 0.010254 

7 0.083 0.003931 

 

Kinetic analysis of release data of ZMDF10 

Model Zero-Order First-Order Higuchi 

R
2
 value 0.992 0.874 0.965 

Slope 5.415 0.113 0.568 

Intercept -0.321 0.675 1.784 

 

The cumulative amount of drug permeated was fitted to Zero order and Higuchi 

model i.e. diffusion mechanism.  

 

Taste Evaluation Study by Spitting 

In this study, mouth feel was ranked as per grittiness and irritability of formulation in 

mouth. Mean value of mouth feel in formulations suggested smooth to very smooth 

feeling. Ease of handling was ranked as per flexibility to take out film from Alu 
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pouch and put it in mouth without need of water which was ranked patient friendly 

and excellent. 

 

Comparison of optimized MDF with conventional marketed formulation 

Time 
% Drug  release 

(ZMDF10)  

% Drug  release 

of marketed Product 

(Zipwell-20) 

0 0.0 0.0 

1 14.78± 0.13 0.265±2.12 

2 34.30± 1.78 6.275±0.17 

3 46.23±1.68 10.33±0.12 

4 62.90± 1.26 43.23±1.21 

5 87.97± 1.59 56.17±1.31 

6 97.87±0.15 67.45±1.12 

 

7.2 Formulation & Development of Quetiapine FMT Mouth Dissolving Film 

UV Spectrum of Quetiapine FMT 

 

Calibration Curve: 

  

Standard Curve of Quetiapine FMT in 0.1 

N HCl 

Calibration Curve of Quetiapine FMT in 

Phosphate buffer pH 7.4 

 

Formulation of MDF containing Quetiapine Fumarate   

Selection of Polymer: The polymers as PVP, EC, HPMC E5, HPMC E50, Xanthan 

gum, PULLNAN, Acacia and Tragacanth (100-500mg) were selected for preliminary 

trial batches. The strips containing HPMC E50 and HPMC E5 were found to be non-
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sticky, transparent and easily peelable from the petridish. Whereas the strips having 

PVP, EC, Acacia and Xanthan gum were found to be sticky and semi-transparent in 

appearance. Also, in batch containing PULLNAN and Tragacanth no strips were 

formed. Hence, HPMC E5 & E50 were selected for the formulation of final MDFs. 

On further evaluating the physicochemical properties of the strips formed by using 

HPMC E5 and HPMC E50 the better results were obtained in case of HPMC E50. So, 

HPMC E50 was selected.  

 

Selection of Plasticiser: The plasticizer as PG, IPA, PEG 200 (0.5-1ml), PVP and 

Poloxamer 407 (10-20mg) were used for selection. The strips were prepared by using 

PEG 200 in the range of 1 to 2 ml, PVA and Poloxamer 407 in range of 10 to 20 mg 

and PG & IPA in the range of 0.5-1.0 ml. The prepared strips were evaluated for 

physical appearance and stickiness. It was found that the strips having PVA & 

Poloxamer 407 were non-sticky, non- oily, transparent in appearance and easily 

casting the strips. But the strips having PEG 200, PG and IPA were sticky, oily, non-

transparent and not easily casting the strips. On further evaluating the strips for 

physicochemical properties it was found that Poloxamer 407 gave better results. 

Hence, Poloxamer 407 was selected for the formulation of final MDFs. 

 

Selection of Disintegrating Agent: The strips were prepared using the disintegrating 

agents Cross Povidone, Banana powder and Kyron T-314 in the concentration 0.5, 

0.75 and 1 gm. The prepared strips were evaluated for the physical appearance and 

stickiness property. It was found that the strips having Banana powder & cross 

povidone were sticky and semi-transparent or non-transparent in appearance. The 

strips having Kryon T-314 were found to be non-sticky and transparent.  The batch 

containing Kyron T-314 showed minimum disintegration time. Hence, Kyron T-314 

was selected for the formulation of final MDFs. 

 

Formulation & Development of Quetiapine FMT MDF using DoE 

Effect on Responses Y1, Y2 & Y3 
Design-Expert® Softw are

Factor Coding: Actual

Tensile Strength (N/cm^2)

Design Points
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Design-Expert® Softw are
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Design-Expert® Softw are
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Design-Expert® Softw are

Factor Coding: Actual

Disintegration Time (Sec)
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Design-Expert® Softw are
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Design-Expert® Softw are
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Surface Response Plot & 3D Surface Plot 

Checkpoint analysis 

From the result of the checkpoint batch a predicted value and observed value were 

almost nearer. The checkpoint batch had a maximum desirability was QTPF11. So it 

is considered as an optimized batch. This batch was chosen for the preparation of 

Mouth dissolving film. 

 

Composition of Final Batch 

Ingredients QTPF11 

Drug (mg) 184 

HPMC E15 (mg) 287 

PEG 400 (m) 23 

Kyron T-314 (mg) 100 

Aspartame (mg) 40 

Citric acid (mg) 70 

Tween 20 (mg) 50 

Vanillin (mg) 50 

Distilled water (ml) 10 

 

Evaluation of mouth dissolving film 

Sr. No Evaluation parameter Results 

1. Weight variation(mg) 105.26±0.01 

2. Thickness (mm) 0.22±0.02 

3. Folding endurance 161±2.00 

4. Surface pH 6.9±0.04 

5. Drug content (%) 99.13±0.10 
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SEM OF QTPF11 

Flux and permeability co-efficient of QTPF11 

 

Time (Mins) 

Batch QTPF11 

Flux J (mg/cm2/hr) 
Permeability 

co-efficient (kP)  

0 0.000 0 

1 0.773 0.035393 

2 0.034 0.000454 

3 0.008 0.000428 

4 0.012 0.000672 

5 0.023 0.00069 

6 0.317 0.010454 

7 0.053 0.002931 

 

Kinetic analysis of release data of QTPF11 

Model Zero-Order First-Order Higuchi 

R
2
 value 0.982 0.864 0.985 

Slope 5.315 0.153 0.668 

Intercept -0.221 0.575 1.884 

The cumulative amount of drug permeated was fitted to Zero order and Higuchi 

model i.e. diffusion mechanism.  

 

Taste Evaluation Study by Spitting 

In this study, mouth feel was ranked as per grittiness and irritability of formulation in 

mouth. Mean value of mouth feel in formulations suggested smooth to very smooth 

feeling. Ease of handling was ranked as per flexibility to take out film from Alu 

pouch and put it in mouth without need of water which was ranked patient friendly 

and excellent. 

Comparison of optimized MDF with conventional marketed formulation 

Time 

(in mins) 

% Drug  Release 

(QTPF11)  

% Drug  Release 

of Marketed Product 

(Qticare-25) 



 

14 
 

0 0.0 0.0 

1 0.479 ± 0.12 0.165 ± 0.13 

2 8.926 ± 0.31 4.275 ± 0.17 

3 16.77 ± 1.31 8.33 ± 0.12 

4 55.53 ± 1.36 33.23 ± 1.21 

5 84.37 ± 1.21 56.17 ± 1.31 

6 99.27±0.26 61±0.23 

 

8. Achievements with respect to objectives  

The fundamentals of a successful pharmaceutical formulation depend on the delivery 

of the medicament to the target site at therapeutically relevant level, with negligible or 

minimum discomfort and side effects to the patient. In this respect, the route of drug 

administration has major influence. Among all the routes of drug administration, the 

oral route is the most common form of delivery of drugs because it has advantage of 

easy administration. But also has potential drawbacks like pοοr bioavailability due to 

first pass effect and tendency to produce rapid high and low plasma concentration of 

drug, due to this, the patient compliance occurs. To οvercοme the drawbacks of oral 

route, the continuous intravenous infusion has been recognized to maintain a constant 

and sustained concentration of drug within therapeutic range for prolonged period of 

time. But this mode of drug administration also has certain drawbacks like needle 

pain and accidental needle sticks, therefore necessitates of regular hospitalization 

during treatment and requires under medical supervision. 

 

9. Conclusion  

Various batches of films were created using varied concentrations of polymer, 

disintegrating agent and plasticizer to determine the optimal concentration for the 

creation of fast dissolving film of Ziprasidone HCL and Quetiapine FMT. On the 

basis of the evaluated parameter, formulation with HPMC E5 and HPMC E50 

polymer were chosen of Ziprasidone HCL and Quetiapine FMT MDF respectively. 

Various batches of films were created using varying concentrations of plasticizer to 

determine the optimal plasticizer for the manufacturing of Ziprasidone HCL and 

Quetiapine FMT rapid dissolving film. Based on the evaluation parameters, batches of 

PEG 400 and Poloxamer 407 were prepared. Furthermore, disintegrating agent as 

banana powder and Kyron T-314 were chosen. The shape, weight variation, thickness, 

surface pH, tensile strength, folding durability, percent drug content uniformity, 

percent uniform drug distribution and in-vitro drug release studies of these fast-
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disintegrating films were all examined. The optimised formulation, Ziprasidone HCL 

and Quetiapine FMT MDF, were successfully generated utilising 3
2
 full factorial 

design with multiple combinations of formulation and was found to have good folding 

endurance, disintegration time, percent drug release, and other evaluated parameters. 

Under accelerated stability conditions, the improved formulation ZMDF10 & 

QTPF11 were found to be stable for 3 months. More than 80% of drugs were released 

at the end of 06 minutes. 

Hence, the drug is released at oral mouth cavity with decrease in dose frequency and 

thereby obtaining greater therapeutic efficacy. 

 

10. Copies of papers published and a list of all publications arising from the 

thesis  

Sr. No Title Journal Name 

1 Mouth Dissolving Film: A Comprehensive Review Int. J. of Pharma. Res. 

2 
Critical Quality Attributes Analysis Study For 

Formulation Of Quetiapine Mouth Dissolving Film 
Int. J. of Pharma. Res. 

3 
Formulation And Development Of Quetiapine 

Mouth Dissolving Films Using Doe Approach 
Int. J. of Pharma. Res. 
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