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Abstract
          Recent developments in the technology have prompted scientists to develop fast disintegrating dosage forms with improved patient compliance and convenience. Fast release tablets and fast dissolving films are the most exciting recent developments in the category of intraoral dosage forms.
Olanzapine is an atypical antipsychotic that belongs to the thienobenzodiazepine class. Olanzapine is widely used in the treatment of schizophrenia and acute mixed or manic episode. However, olanzapine exhibits poor water solubility, highly bound to plasma protein (about 93%), undergoes extensive pre-systemic metabolism in the liver, resulting in relatively very low oral bioavailability.

Olanzapine has a small daily dose and moderate molecular weight so it may be considered a good candidate for fast disintegrating tablets or fast dissolving films. 
 Therefore the work in this thesis aimed to formulate and evaluate olanzapine fast disintegrating tablets and fast dissolving films, which could enhance its in vitro dissolution and in vivo absorption.  Consequently, the bioavailability of the drug can be improved by pregastric absorption as the drug suffers from first pass metabolism. 

     Thus the work in this thesis is divided into four chapters:
Chapter I: Formulation and Evaluation of Olanzapine Fast Disintegrating Tablets.

Chapter II: Formulation and Evaluation of Olanzapine Fast Dissolving Films.
Chapter III: Stability Studies of the Selected Olanzapine Fast Disintegrating Tablets and Fast Dissolving Films Formulations.

Chapter IV: Bioequivalence Study of the Selected Olanzapine Formulations.

Chapter I

Formulation and Evaluation of Olanzapine Fast Disintegrating Tablets
The aim of work in this chapter was to enhance solubility of olanzapine then formulate it as fast disintegrating tablets (FDTs).
The experimental work includes enhancement the solubility of olanzapine by co-amorphous dispersion (CoA) technique using ascorbic acid as a polycarboxylic acid in two different molar ratios (1:1and 1:2), solid state characterization of the prepared dispersion by Differential scanning calorimetry (DSC), Fourier Transform Infra-Red (FTIR), X-ray powder diffraction (XRPD), Scanning electron microscopy (SEM), and saturated solubility study. After that, studying the compatibility between olanzapine and all tablet excipients involved in preparing FDT such as Emcosoy®, sodium starch glycolate (SSG) and Crospovidone® as superdisintegrants , mannitol  and microcrystalline cellulose (MCC) as diluents, Na saccharine as sweeteners, Pharma burst® 500 and sodium stearyl fumarate (SSF) as additives. The compatibility between the excipient employed and olanzapine was detected by visual examination, DSC, and FTIR. 
Then the FDTs were prepared by direct compression using olanzapine-ascorbic acid CoA in ratio of 1:2, different superdisintegrants, and different diluents. The prepared FDT were evaluated for their uniformity of weight, thickness and diameter, hardness, % friability, drug content, in vitro disintegration time, wetting time and in vitro dissolution study.

The obtained results showed that:
· The solubility studies revealed that the solubility of olanzapine markedly increased in the presence of ascorbic acid. Also, the drug – ascorbic acid CoA molar ratio 1:2 enhanced solubility greater than that of 1:1, so it was selected for further formulation of olanzapine FDTs.

· The results of DSC, FTIR, and XRPD strongly suggested that amorphous systems were obtained through H-bonding interactions between the drug and ascorbic acid.
· SEM micrographs showed a matrix in which no crystals of olanzapine or ascorbic acid could be seen.

· The visual examination of the mixtures of olanzapine with a number of excipients namely; Emcosoy®, SSG, Crospovidone®, mannitol, SSF, MCC, and Pharma burst® 500, and Na saccharine revealed that no change in color and /or appearance during the storage period indicating good physical stability.
· DSC and FTIR studies showed that no interaction was observed between olanzapine and the tested excipients.
· All the prepared formulations of olanzapine FDTs complied with the acceptable weight variation range, uniformity of thickness and diameter; in addition, the test of content uniformity. All the prepared formulations had acceptable friability and complied with the compendial standards; therefore, they were expected to show acceptable durability and could withstand abrasion in handling, packaging and shipment. Also, all the prepared formulae showed acceptable hardness.
· All the prepared olanzapine FDT formulations disintegrated and wetted in a period less than one min. Formula T3 and T8 showed the shortest disintegration, wetting time, the highest dissolution rate 
          Based on the findings of in vitro disintegration and dissolution testing results, T3 and T8 were chosen for further stability studies.
Chapter II 

Formulation and Evaluation of Olanzapine Fast Dissolving Films
         The aim of work in this chapter was to prepare fast dissolving films (FDFs) of olanzapine-ascorbic acid CoA and then evaluated according to the different quality control tests of FDFs. Modeling and optimization of the effects of film formulation parameters on its mechanical strength and drug release properties to get the optimum formula was studied. 
The experimental work includes studying the compatibility between olanzapine and all film excipients involved in preparing FDF such as Hydroxy Propyl Methyl Cellulose E5 (HPMC E5), Sodium Carboxy Methyl Cellulose (NaCMC), citric acid, and menthol The compatibility between the excipient employed and olanzapine was detected by visual examination, DSC, and FTIR. 
The FDFs of olanzapine were prepared by solvent casting method using the prepared CoA in the molar ratio 1:2  using two different polymers (HPMC E5, or NaCMC) in two different ratios, three different plasticizers propylene glycol (PG), poly ethylene glycol 400 (PEG 400), or glycerin in two different ratios (10% and 20% w/w from polymer weight). Citric acid was used as saliva stimulant, Na saccharine was used as sweetening agent and menthol was used as flavoring agent.

The prepared FDFs were evaluated for their appearance, weight uniformity, thickness uniformity, film solution pH, drug content, folding endurance, tensile strength, in vitro disintegration time and in vitro dissolution studies.

Olanzapine film formulation data set was composed of 24 records based on different input variables. These included; polymer type, polymer concentration, plasticizer type and concentration. The measured dependent variables included; tensile strength (TS), disintegration time, and percentage drug dissolved after 10 min.
          The model generated solution demonstrates a suggested optimized formula (OF) for the FDF which was then prepared, characterized and the results compared to the predicted counterparts.

         The obtained results showed that:
· The visual examination of the mixtures of olanzapine with a number of excipients namely; HPMC E5, NaCMC, menthol and citric acid revealed that no change in color and /or appearance during the storage period. Also, there was no interaction between olanzapine and the excipients used in preparing FDFs by using FTIR and DSC.

· All the prepared films formulations complied with the standard formulations for uniformity of weight, thickness, drug content and in vitro disintegration time. The solution pH of the prepared films formulations was found to be around neutral pH, there was no sensation of irritation to the oral cavity was observed. 
· Folding endurance was measured manually; it was ranged from 95 times to 278 times which revealed good film property that would not break and would maintain their integrity. The folding endurance was increased as the concentration of the polymer increased and decreased by increasing the plasticizer concentration.
· All the prepared formulations showed tensile strength ranged from 2.41-7.08 N/cm2. Increasing the plasticizer concentration decreased films’ TS more efficiently, which may be attributed to increased flexibility of the films.
· The in vitro disintegration time was ranged from 4 ± 0.07 to 51 ± 0.22 seconds, it was clear that the time was increased as the polymer concentration increased.
· The prepared films formulations containing HPMC E5 (1% and 2%); showed higher dissolution rate than those containing NaCMC (1% and 2%). The increment in polymer concentration led to decrease in the dissolution rate due to increased viscosity of the solution.

· SEM micrographs of the film containing olanzapine CoA systems showed that the drug was completely soluble and no crystals of the drug could be seen.

· The model OF for olanzapine film was composed of 178.01 mg of HPMC E5 and 40 mg of the plasticizer (PEG 400). The experimental evaluation of the OF indicated similar properties to the predicted one where, the actual TS was found to be 4.93 N/cm2, the disintegration time was 8.52 sec and the percentage olanzapine dissolved after 10 min was 97.47%. The difference between the actual and the model predicted properties were found to be statistically insignificant (P<0.05).
         The OF have short disintegration time and high percentage of olanzapine dissolved after 10 min, so it was the formula of choice for the stability and in vivo study.
Chapter III

Stability Studies of the Selected Olanzapine Fast Disintegrating Tablets and Fast Dissolving Films Formulations
         The aim of the work in this chapter was to study the stability of the selected formulae T3, T8 and OF using stability HPLC assay; as well as study the effect of humid storage on the dissolution rate of the selected formulae.

         The stability studies included accelerated testing at different temperatures (40˚C and 60˚C) for a period of 12 weeks. Periodically, samples were withdrawn at different predetermined time intervals and examined physically for any changes in colour or physical appearance as well as chemically for their olanzapine content using HPLC method.
         The mobile phase consisted of phosphate buffer (0.05M, pH 3.8): acetonitile (53:47 v/v) and was used at a flow rate of 1.5ml/min. The liquid chromatograph is equipped with a 254 nm U.V detector (Model SPD - 10 A, Shimadzu, Japan), and the sensitivity was set at 0.0001 AUFS. All assays were performed at ambient condition. 

A calibration curve of peak area ratios of (Olanzapine/Atorvastatin) in the mobile phase versus the concentration of olanzapine was done.
     In case of tablets, the formulations were crushed into powder and then mixed with 100 ml mobile phase. While in case of FDF, it dissolved in 100 ml mobile phase.

Also, the effect of storage at high temperature and humidity on the dissolution of olanzapine from selected formulae was studied, dissolution testing has been conducted on the samples taken from the stored formulations at 40°C and 75% relative humidity after 4, 8 and 12 weeks using USP type II dissolution apparatus. The relative humidity of 75% was initiated and maintained using saturated solutions of sodium chloride, the desiccators were placed in an oven at 40°C ± 0.5.
The obtained results showed that:

· Olanzapine formulations T3, T8 and OF stored at the two elevated temperatures  (40 ºC and 60 º C) for twelve weeks showed no changes in the color or the appearance throughout the storage period, indicated good physical stability. The percentage  olanzapine determined by stability indicating HPLC assay was within the range permitted by the USP (90-110%) up to the end of the storage period indicating good chemical stability.

· Kinetic analysis of the stability data revealed that the degradation of olanzapine from the prepared formulations followed first-order kinetics and the predictive shelf life of formulae T3 and T8 FDT was 1.98 and 2.83 years respectively, while that of the formula OF was found to be 1.83 years. 

· The dissolution rate of the prepared formulations did not change when stored at 40 ºC and 75% humidity.
· The prepared olanzapine formulae T8 FDT and OF FDF showed good physical properties, reasonable disintegration and dissolution behavior, excellent accelerated stability results, so they were chosen for further bioavailability study.
Chapter IV

Bioequivalence Study of the Selected Olanzapine Formulations
The work in this chapter aimed to assess the bioequivalence of the prepared olanzapine formulations T8 FDT and OF FDF after their oral administration to human volunteers, in addition to Olazine® tablets using the commercial available Zyprexa® velotab as reference standard.
          A four-period crossover design was followed in this study. The study was performed on four phases for the four healthy volunteers, using Zyprexa® (10mg) velotab as a reference.

     The blood samples (5 ml) were collected after 0, 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 hrs then centrifuged at 3000 rpm for 10 min. The collected plasma samples were analyzed using a sensitive, reproducible and accurate LC-MS/MS method.
          The isocratic mobile phase consisted of methanol and 0.1% formic acid pH 4.3 (90:10 v/v), which was delivered at a flow rate of 0.2 ml/min into the mass spectrometer's electrospray ionization chamber.

          The calibration curve was obtained by plotting the chromatographic peak area ratios (Olanzapine/Atorvastatin) against the corresponding nominal olanzapine concentration added. Concentrations of olanzapine in unknown samples were calculated with reference to the prepared calibration curve.
     The obtained results showed that:

· The mean calibration curve obtained was highly linear in the concentration rang of 0.1 to 30 ng/ml. The small intercept indicated that the blank plasma has negligible interference for the drug by its metabolism. Analysis of variance of the data of intra-day and inter-day reproducibility showed no detectable difference in the slopes of the three calibration curves at 5% significance level. The results thus confirmed excellent linearity of the calibration curve and high reproducibility of the assay.

· Results showed that the mean values for the peak plasma concentration (Cmax) of olanzapine were 12.96±2.64 ng/ml, 10.85±1.29 ng/ml, 13.85±2.58 and 14.22±2.95 ng/ml following the administration of Zyprexa®, Olazine, T8 FDT, and OF FDF, respectively. There was no significant difference between peak plasma concentration of the Zyprexa® velotabs and the selected formulae (P>0.05).
· Concerning the area under plasma concentration time curve, AUC (0-∞) for olanzapine, the mean values were 142.05±42.31 ng.hr/ml, 128.09±30.92 ng.hr/ml, 174.404±46.527 ng.hr/ml and 166.57±48.40 ng.hr/ml following the administration of Zyprexa®, Olazine, T8 FDT, and OF FDF, respectively. However statistical analysis revealed that there was no significant difference between any of the four formulations.
· The mean values of the time to peak plasma concentration (tmax) of olanzapine were 3.75±0.5 hours, 5.5± 1 hours, 3.5±0.577 and 2.75± 0.5 hours following the administration of Zyprexa®, Olazine, T8 FDT, and OF FDF, respectively.
· The percentage relative bioavailability was calculated and found to be 115.83% for OF FDF, 117.76% for T8 FDT, and 90.64% for Olazine tablets.
The greater bioavailability obtained from the prepared formulae when compared to the reference standard (Zyprexa® velotab), due to enhanced solubility, rapid and efficient absorption of olanzapine
PAGE  
x

