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A comparative randomized, single dose, two-way crossover, open label study was carried out to assess bioequivalence and tolerability 
of test (ZOLAN GPO®) and reference (Zyprexa Zydis®) products of olanzapine 5 mg orally disintegrating tablets for interchangeability 

of olanzapine were determined using a validated liquid chromatography tandem mass spectrometry (LC-MS/MS), capable to quantify 

using non-compartmental analysis. Bioequivalence between the products was determined by calculating 90% CIs for the geometric 
mean ratio of Cmax and AUC truncated at 72 hours (AUC0−72) between the test and reference products using log-transformed data. 

max and 95.36–103.81% for AUC0−72) of test/reference ratio for tested parameters were found 
within bioequivalence acceptance range of 80.00-125.00%. Both treatments were well tolerated, and none of subjects developed any 
serious adverse events. It can be concluded that the ZOLAN GPO® is bioequivalent to Zyprexa Zydis® and can be used interchangeably.

Introduction

Figure 1: Chemical structure of olanzapine
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test product and Zyprexa Zydis®, 5 mg orally disintegrating tablets (Lot No. 1594215A) manufactured by Catalent UK SwindonZydis 
Ltd., United Kingdom were used as the reference product.

2

informed and provided written inform consent before study participation at Pharmacy Service Center, Faculty of Pharmacy, Chiang 

examinations such as complete blood count, hematocrit, hemoglobin, fasting blood sugar, blood urea nitrogen, serum creatinine, 
alkaline phosphatase, ALT, AST, total bilirubin, total protein, albumin, HBs antigen, Anti-HCV, Anti-HIV, urine analysis, chest 
X-ray and ECG. Female subjects were not pregnant with negative pregnancy test, or breastfeeding at all time of the study, and were 
required to use an acceptable method of contraception (non-hormonal method) throughout the study.

Exclusion criteria included any history of hypersensitivity to olanzapine or any of the excipients; a history or presence of any 

diagnosed orthostatic hypotension; participation in any other clinical trials within the past 3 months; a recent history of harmful 
use of alcohol or drug abuse; consumption of any medication, vitamins or dietary supplements within past 2 weeks before the study; 
smoking within 6 months prior to dosing; consumption of any grapefruit, pomelo or orange-based products within 48 hours prior 
to dosing; or consumption of xanthine containing products within 48 hours prior to dosing. 

at least 10 hours, a single dose of either test or reference product was orally administered to each subject in each period as per 
the randomization schedule. Before administration, subjects were instructed to wet their mouth by swallowing 20 mL of water. 

2 minutes to allow complete tablet dispersion in saliva. Subjects were asked to swallow the drug-dispersed saliva. Food and water 

Olanzapine is well absorbed with an oral bioavailability about 60%. Maximum plasma concentration (Cmax) is attained within 

single oral dose. It is highly bound to human plasma proteins; albumin and α1-acid glycoprotein with bound fraction approximately 
93% [2,3,5-8]. Direct glucuronidation and cytochrome P450 (mainly CYP1A2) mediated oxidation are the primary metabolic 

volunteers.

agent indicated for the treatment of schizophrenia in the acute phase and for the maintenance of treatment response [2]. 
Monotherapy of olanzapine or in combination with other therapeutic agents is recommended for the treatment of bipolar 

trials. Most common adverse events are somnolence, constipation, weight gain, dizziness, asthenia, postural hypotension, 
personality disorder, akathisia, increased appetite, fatigue, abdominal pain, dyspepsia, and dry mouth [2,5,6]. However, fewer 
discontinuations due to such adverse events have been reported for olanzapine-treated patients [2].

Study products

Subjects

Study design

Materials and Methods
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on Good Clinical Practice’, Declaration of Helsinki and Standard Operation Procedures (SOPs) of Clinical Trial Unit of Sriphat 

appropriate time during housing period. Subjects were not allowed to rise without assistance and were instructed to be in supine 

same manner to complete the crossover design. Adverse events were monitored throughout the study based on direct questioning, 
clinical examinations (eg. vital signs, chest X-ray, and ECG), suicidal assessment, and laboratory examinations.

In each period, a total of 24 blood samples were collected at pre-dose (0 hour), 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 
10, 12, 16, 24, 36, 48 and 72 hours post-dose. At each time point, approximately 5 mL of blood was drawn through an indwelling 

ethylenediaminetetraacetate (K2EDTA)-containing vacutainer and subsequently centrifuged at relative centrifugal force (rcf) 
3000±100 for 5 minutes at 4 oC to separate plasma. From 5 mL of each blood sample, approximately 2 mL of plasma was achieved. 

o

storage duration of frozen plasma samples was not more than 123 days based on validated data of long-term stability. 

analytical phase. Plasma concentration of olanzapine in the study samples were determined by a liquid chromatography tandem 
mass spectrometry (LC-MS/MS) method which is validated as per the Guideline on bioanalytical method validation of European 
Medicines Agency (EMA) [11] and the U.S.FDA Guidance for Industry Bioanalytical Method Validation [12]. Olanzapine and 

Elshafeey et al., [13].

centrifuged at rcf 3500 for 5 minutes at 10 o

tube and subsequently evaporated at 50 o
TM, Shimadzu Corporation, Japan) consisted of CBM-20A 

chromatographic separation was performed using an ACE 3 C18 analytical column maintained at 50 oC. An isocratic mobile phase 

Inc., USA) in the multiple reaction monitoring (MRM) transition of m/z 313.15 to 256.06 and m/z 321.20 to 261.10 for olanzapine 
and olanzapine-d8, respectively. Data analysis was performed using XcaliburTM 3.0.63.3 and LCquanTM

and number of incurred samples were following the EMA guideline on bioanalytical method validation [11]. Study samples having 
concentrations close to Cmax
values from incurred sample reanalysis were not used in pharmacokinetic calculation. Bioanalysis was carried out according to the 

under the plasma concentration-time curve truncated at 72 hours (AUC0-72) and Cmax were considered as the primary parameters 
and the time to maximum plasma concentration (tmax) was considered as the secondary parameter. Descriptive statistics were 
computed and reported for primary and secondary pharmacokinetic parameters of test and reference products. All concentration 

AUC0-72 and Cmax were subject to analysis of variance (ANOVA) for olanzapine. ANOVA model included sequence, formulation 

Blood sampling

Sample analysis and incurred sample reanalysis 

Pharmacokinetic and statistical analysis
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tmax were compared using nonparametric Wilcoxon signed-rank test (p = 0.05). Bioequivalence of the test and reference products 

reference) for log-transformed AUC0-72 and Cmax
conducted using PROC GLM of SAS® version 9.4 (SAS Institute Inc., USA).

2. 

withdrawn before period II as they experienced one of the conditions in the exclusion criteria and additional one subject was 

plasma concentration data were used for pharmacokinetic and statistical analysis. 

by quality control samples in each analytical run ranged from 3.8 to 5.3% and 102.5 to 107.6%, respectively. A total of 122 plasma 

between original and ISR concentrations less than 20% indicating good reproducibility of the method (Supplementary Material).

summarized in Table 1. According to the results, olanzapine was well absorbed with the average peak concentrations at 11.2 ng/mL, 

Demographic characteristics of subjects

Sample analysis and incurred sample reanalysis

Pharmacokinetic and statistical analysis

Results

Figure 2: Plasma concentration-time pro�le (semi-logarithmic scale) a�er oral administration of the test (T) and 
reference product (R) in healthy �ai volunteers under fasting condition. Data is mean ± SD (N=26)
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Tolerability

Based on the literature data on tmax

Statistical analysis was performed on the data obtained from subjects who completed the study and provided evaluable data for 

of AUC0-72 and Cmax
one-sided tests for bioequivalence were performed and 90% CIs for the geometric mean ratio of log-transformed AUC0-72 and 
Cmax 0-72 (99.5 
[95.36-103.81]) and Cmax (99.3 [92.67-106.38]) were within the acceptance range of 80.00-125.00%. Wilcoxon signed-rank test 

max between the test and reference products (p = 0.03). 

Total of twenty-one adverse events were reported in thirteen subjects over two study periods. Eleven adverse events were reported 
in eight subjects who received the test product whereas ten adverse events were reported in eight subjects who received the 

were orthostatic hypotension and dizziness. All of the adverse events were assessed to be mild and moderate in intensity and 71% 

Committee 2 of Faculty of Medicine, Chiang Mai University in a timely manner.

Discussion 

Table 2: Geometric mean ratio, 90% CI and ANOVA data of log-transformed pharmacokinetic parameter for test and reference products

Parameters Ratio (90% CI) Power Intra subject 
CV (%)

ANOVA (p-value) variation source

Sequence Formulation Period

ln(AUC0-72) 99.5 (95.36-103.81) 100.0 8.9 0.7808 0.8393 0.7498

ln(Cmax) 99.3 (92.67-106.38) 100.0 14.6 0.9426 0.8612 0.6824

Table 3: List of adverse events

Adverse event
Reported adverse event incidence 

(N)

Test product Reference product

Gastrointestinal disorders
Nausea 0 1

Nervous system disorders
Dizziness

Fainting and hypotension
Fainting and dizziness

3
1
0

1
0
1

Vascular disorders
Orthostatic hypotension 3 5

Eye disorders
Conjunctivitis 0 1

Respiratory, thoracic and mediastinal disorders

Rhinorrhea
Rhinorrhea with low grade fever

1
1
1

0
0
0

Reproductive system disorders
Dysmenorrhea 1 0

Skin and subcutaneous tissue disorders
Herpes simplex labialis 0 1

Total adverse events 11 10

Total subjects developed adverse event 8 8

Parameters (Units)
Un-transformed data(mean±SD)

Test product Reference product

AUC0-72(hour.ng/mL) 277±51.2 277±47.0

Cmax (ng/mL) 11.2±2.70 11.2±2.14

tmax (hour)* 3.25 (1.50,6.00) 2.75 (1.50,5.50)
*showed as median (min,max)
Table 1: Pharmacokinetic parameters of olanzapine in twenty-six healthy volunteers
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0-∞
assessment for olanzapine because 72 hours should cover the absorption phase of immediate release dosage form. For long half-life 
drug, therefore, AUC0-72

0-72 and Cmax indicating bioequivalence 

median tmax between the test and reference products of olanzapine, neither rapid onset of action nor time-dependent adverse 
max may not necessarily require for the 

conclusion on bioequivalence of olanzapine formulations. 

It has been established that olanzapine is a well-tolerated antipsychotic drug [2]. However, with concerning to the safety of study 

was similar. Only one subject was withdrawn by the physician due to drug-associated adverse event. According to safety evaluation, 
both treatments were well tolerated, and none of subjects developed any serious adverse events. 

0-72 and Cmax indicated that 

expected.
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