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Purpose: The present study was conducted to evaluate whether the bioavailability of 

pregabalin capsules 150 mg manufactured by PT Dexa Medica was equivalent to the reference 

formulation.

Methods: This was a randomized, open-label, two-period, two-sequence, and crossover study 

under fasting condition, with a 1-week washout period. Plasma concentrations of pregabalin 

from 20 subjects were determined by using a validated liquid chromatography with tandem mass 

spectrometry (LC-MS/MS) detection method. Pharmacokinetic parameters assessed in this study 

were: area under the plasma concentration–time curve from time zero to last observed quantifi-

able concentration (AUC
0–t

), area under the plasma concentration–time curve from time zero to 

infinity (AUC
0–∞), maximum plasma concentration (C

max
), time to maximum plasma concentration 

(t
max

), and terminal half-life (t
1/2

). The 90% confidence intervals (CIs) for the geometric mean 

ratios of test formulation/reference formulation were calculated for the AUC and C
max

 parameters; 

while t
max

 difference was analyzed nonparametrically on the original data using the Wilcoxon 

matched-pairs test, and t
1/2

 difference was analyzed using Student’s paired t-test.

Results: The mean (standard deviation [SD]) AUC
0–t

, AUC
0–∞, C

max
, and t

1/2
 of pregabalin from the 

test formulation were 27,845.86 (4,508.27) ng ⋅ h/mL, 28,311.70 (4,790.55) ng ⋅ h/mL, 3,999.71 

(801.52) ng/mL, and 5.66 (1.20) hours, respectively; while the mean (SD) AUC
0–t

, AUC
0–∞, 

C
max

, and t
1/2

 of pregabalin from the reference formulation were 27,398.12 (4,266.28) ng ⋅ h/mL, 

27,904.24 (4,507.31) ng ⋅ h/mL, 3,849.50 (814.50) ng/mL, and 5.87 (1.25) hours, respectively. 

The median (range) t
max

 of pregabalin from the test formulation and reference formulation 

was 1.00 (0.67–2.00) hours and 1.00 (0.67–3.00) hours, respectively. The 90% CIs for the 

geometric mean ratios of test formulation/reference formulation for pregabalin were 101.54% 

(98.75%–104.41%) for AUC
0–t

, 101.35% (98.66%–104.11%) for AUC
0–∞, and 104.19% 

(98.75%–109.93%) for C
max

.

Conclusion: The study concluded that the two formulations of pregabalin capsules studied 

were bioequivalent.

Keywords: antiepileptic, bioavailability, bioequivalence, generic product

Introduction
Pregabalin is described chemically as (S)-3-(aminomethyl)-5-methylhexanoic acid, 

with the molecular formula C
8
H

17
NO

2
 and molecular weight of 159.23 Da. The 

chemical structure of pregabalin is shown in Figure 1. Pregabalin is considered to be 

highly soluble, rapidly dissolves in water, basic, or acidic aqueous solutions, and is 

highly permeable.1

Pregabalin is used in combination with other anticonvulsant agents in the treat-

ment of partial seizures. It is also indicated for management of neuropathic pain, 
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including postherpetic neuralgia and pain associated with 

diabetic peripheral neuropathy, as well as generalized 

anxiety disorder and fibromyalgia. The dose ranges from 

150 to 600 mg/day and is given in either two or three divided 

doses. Pregabalin binds with high affinity to an auxiliary 

subunit (α
2
-δ protein) of voltage-gated calcium channels 

in the central nervous system (CNS), which is responsible 

for its analgesic and anticonvulsant effects. Pregabalin 

reduces calcium-dependent release of several neurotrans-

mitters by the modulation of calcium channel function. It is 

structurally related to the inhibitory CNS neurotransmitter 

γ-aminobutyric acid (GABA). However, the drug does not 

bind directly to GABA
A
, GABA

B
, or benzodiazepine recep-

tors, does not increase GABA
A
 response in cultured neurons, 

and does not alter brain concentrations of GABA or affect 

GABA uptake or degradation.2–4

Pregabalin pharmacokinetics are dose proportional 

over the range of recommended daily doses. It also has 

low intersubject pharmacokinetic variability – according to 

Bockbrader et al,5 the intersubject variability of pregabalin, 

reported as coefficient of variation (CV), is below 15%. 

Pregabalin is rapidly absorbed after oral doses and takes 

approximately 1.5 hours to achieve its maximum plasma 

concentrations (C
max

). Its oral bioavailability is more than 

90% and is independent of dose. The rate of pregabalin 

absorption is reduced when given with food, resulting in an 

approximate 25% to 30% decrease in C
max

 and an approximate 

3-hour increase in time to C
max

 (t
max

), but this is not clini-

cally significant, as the extent of absorption is not affected. 

Therefore, it can be taken with or without food. Pregabalin 

is not bound to plasma proteins and has been shown to cross 

the blood–brain barrier as well as the placenta in preclini-

cal studies.6 Pregabalin undergoes insignificant metabolism 

in humans. More than 90% of the dose is excreted in urine 

as unchanged drug, with a terminal half-life (t
1/2

) of 4.8 to 

6.3 hours in subjects with normal renal function. Race and sex 

do not significantly affect the pharmacokinetics of pregabalin, 

but the dosing of this drug has to be adjusted according to 

creatinine clearance. Pregabalin does not interact with other 

drugs because of its lack of hepatic metabolism and interac-

tion with cytochrome P-450 isoenzymes.1,3,4

According to World Health Organization (WHO) estima-

tion, eight in one thousand people in the world have epilepsy.7 

The prevalence in developing countries is even higher. More 

than half of the total epilepsy patients worldwide are esti-

mated to live in Asia.8–10 The condition results in a vast need of 

antiepileptic drugs, such as pregabalin. However, availability 

of the drug has become one of the most prevailing problems 

in the disease management.11 Therefore generic products are 

urgently needed to satisfy patients’ needs. Not only having to 

provide availability in the market and offer more competitive 

pricing, generic products also have to demonstrate therapeutic 

equivalence to the reference (innovator’s) product. Therapeu-

tic equivalence is defined as the sharing of the same beneficial 

and adverse effects between two products or formulations, 

resulting in the interchangeability of both products.12,13

To ensure therapeutic equivalence, a pharmacokinetic 

equivalence study can be performed. According to the Food 

and Drug Administration (FDA) guidance for industry,12 phar-

macokinetic equivalence or bioequivalence is determined as 

the absence of a significant difference in the rate and extent to 

which the active ingredient or active moiety in pharmaceutical 

equivalents or pharmaceutical alternatives becomes available 

at the site of drug action, when administered at the same molar 

dose under similar conditions in an appropriately designed 

study. In other word, it is the condition where two medicinal 

products show a similar bioavailability. The objective of the 

present study (registry identification number: NCT02233777) 

was to find out whether the pregabalin capsule produced by 

PT Dexa Medica, Palembang, Indonesia was bioequivalent to 

the reference product manufactured by Pfizer Manufacturing 

Deutschland GmbH, Germany. 

Methods
Study subjects and design
Before study commencement, the protocol, patient informa-

tion, and consent form was approved by the Health Research 

Ethics Committee of the Faculty of Medicine, University 

of Indonesia. Written informed consent was obtained from 

each study subject before screening. The conduct of the study 

conformed to the Declaration of Helsinki,14 Good Clinical 

Practice,15 and Good Laboratory Practice.16

This was a randomized, open-label, two-period, two-

sequence, crossover study under fasting condition, with 

1-week washout period, involving 24 subjects. The inclu-

sion criteria were as follows: healthy male or female subject 

between 18 and 55 years; body mass index ranging from 18 

to 25 kg/m2; normal vital signs; and preferably nonsmoker 

or smoking less than 10 cigarettes per day. Subjects were 

NH2

H3C

OH

OH

H3C

Figure 1 Chemical structure of pregabalin.
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excluded if they were pregnant or lactating women; had a 

known contraindication or hypersensitivity to pregabalin; 

had any liver or renal dysfunction; positive test results for 

hepatitis B surface antigen (HBsAg), anti-hepatitis C virus 

(HCV), and/or anti–human immunodeficiency virus (anti-

HIV); electrocardiography (ECG) abnormalities; any chronic 

medical illnesses; any gastrointestinal disease; history of 

anaphylaxis; history of drug or alcohol abuse within 12 

months before screening; any bleeding, coagulation, or other 

clinically significant hematology disorders; any neurological 

disorders; intake of any prescription or nonprescription drug, 

food supplements, or herbal medicines within 14 days of the 

study’s first dosing day; and participation in any clinical trial 

within the past 90 days.

Subjects underwent all examinations for screening 14 days 

before their first dosing day. A pregnancy test, for female 

subjects, was performed at screening and before taking the 

drug in each period.

Study products
The test formulation, Leptica® (PT Dexa Medica), and the 

reference formulation, Lyrica® (Pfizer Inc.), in this study 

both contain pregabalin 150 mg. In this crossover study, each 

subject was administered the test formulation and reference 

formulation according to a random sequence. The random-

ization code was created using permuted block allocation 

and a table of random numbers as suggested by Dixon and 

Massey.17 In this open-label procedure, both subject and 

investigator knew whether the subject was given the test or 

reference formulation.

Treatment phase and blood sampling
Subjects were requested to fast except from mineral water, 

beginning the night before drug administration. Next morn-

ing, a 10 mL blood sample from each subject was taken within 

1 hour before drug administration. Afterward, subjects were 

administered the drug, in a sitting posture. The test formula-

tion or reference formulation was given with 200 mL of water 

and swallowed without chewing. Then, 5 mL postdose blood 

samples were collected at 20 and 40 minutes, and at 1, 1.5, 

2, 2.5, 3, 4, 6, 9, 12, 24, and 36 hours. Blood samples were 

drawn from subjects’ forearm vein, using a 22 G drawing 

needle and citrate vacuum tubes or disposable syringe. Then, 

the samples were collected in polypropylene tubes containing 

citrate, before centrifugation at 1,538 RCF for 15 minutes 

to separate the plasma. All plasma samples were transferred 

to a clean tube and then stored in a freezer at −20°C±5°C 

until assayed.

During the sampling days, lunch and dinner for subjects 

were provided 4 hours and 10 hours, respectively, after drug 

administration. Any xanthine-containing food or bever-

ages, and fruit juices were not allowed to be taken 24 hours 

before and during the entire sampling days. Subjects had a 

standard amount of food intake and physical activity during 

the sampling days. After a 1-week washout period, the same 

procedure was repeated with the alternate formulation.

Drug concentration analysis
Each plasma sample was dispensed in an appropriate tube, 

and a gabapentin solution was added as the internal stan-

dard before the protein precipitation extraction process.18,19 

Afterward, it was extracted with trichloroacetic acid, resulting 

in a supernatant that was subjected to ultra-performance liq-

uid chromatography with tandem mass spectrometry (UPLC-

MS/MS) (Acquity® UPLC H-Class system with Xevo® TQD 

Detector; Waters Corp, Milford, MA, USA).

The analytical column used in the study was the Acquity 

UPLC® C
18

 (1.7 µm, 2.1×50 mm; Waters Corp). The mobile 

phase was formic acid 0.1% in water and formic acid 0.1% in 

methanol, with composition arranged in gradient conditions, 

and the flow rate was set at 0.3 mL/min. A 2 µL sample was 

automatically injected into the chromatography system by 

the instrument. The condition of the UPLC-MS/MS system 

described had been validated with respect to adequate sen-

sitivity, specificity, linearity, accuracy, and precision (both 

within and between days). The validation data is presented 

in Table 1.

Pharmacokinetic analysis
From the analysis of the plasma concentration time data, 

several pharmacokinetic parameters were derived. The C
max

 

and t
max

 were obtained directly from the observed data. The 

area under plasma the concentration–time curve from time 

zero to last observed quantifiable concentration (AUC
0–t

) 

was calculated by trapezoidal method. The area under the 

plasma concentration–time curve from time zero to infinity 

(AUC
0–∞) and t

1/2
 were calculated according to the formula 

given in the FDA guidance for industry.12

Statistical analyses for the pharmacokinetic parameters 

of pregabalin were performed by using analysis of variance 

(ANOVA) (Excel® 2010; Microsoft Corp, Redmond, WA, 

USA), after transformation of the data to their logarithmic 

values. The 90% confidence intervals (CIs) were obtained 

after back-transformation of the result from the calcula-

tion of the logarithmic data values, using the available 

formula.20
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Table 1 Validation data for the analytical method used for the determination of pregabalin in human plasma by UPLC-MS/MS using 
gabapentin as the internal standard

Parameters At concentration of

Low (30.00 ng/mL) Medium (2,500.11 ng/mL) High (4,500.19 ng/mL)

Precisiona

 I ntra-assay CV 4.70% 0.46% 0.25%
 I nter-assay CV 3.12% 2.25% 1.44%
Accuracya

 I ntra-assay CV 4.73% -1.30% -1.74%
 I nter-assay CV 5.80% -1.15% -1.80%
Stability
  At -20°C (stable until 49 days) -7.86% to 2.77% – -4.79% to 1.84%
  At room temperature (stable until 6 hours) -1.34% to 2.77% – -2.96% to 2.51%
  Freeze and thaw (stable until 3 cycles) -5.00% to 6.11% – -3.00% to 0.17%
Linearity 
  The linearity of the standard calibration curves was obtained (r of 1.00 on day 1, 1.00 on day 2, and 0.99 on day 3)
LLOQ 
  The LLOQ has been established at 10.00 ng/mL
Selectivity 
 � The % difference of analyte interference ranged from 0.00% to 10.07%, while the % difference of internal standard interference ranged from 0.00% 

to 0.13%. From the result, it can be concluded that there was no interferences of the analyte and internal standard compounds
Range 
  The range of quantification has been established from 10.00 to 6,000.49 ng/mL

Note: aShown by the difference of the measured values to actual values (% difference).
Abbreviations: CV, coefficient of variation; LLOQ, lower limit of quantification; UPLC-MS/MS, ultra-performance liquid chromatography with tandem mass spectrometry.

Table 2 Pharmacokinetic parameters and statistical comparison 
of pregabalin, after single-dose oral administration of pregabalin 
capsule 150 mg test or reference formulation

Parameter Test  
product 
mean (SD)

Reference 
mean (SD)

Geometric  
mean ratio of  
T/R (90% CI)a

% CV

AUC0–t  
(ng ⋅ h/mL)b

27,845.86  
(4,508.27)

27,398.12  
(4,266.28)

101.54%  
(98.75%–104.41%)

5.09%

AUC0–∞  
(ng ⋅ h/mL)b

28,311.70  
(4,790.55)

27,904.24  
(4,507.31)

101.35%  
(98.66%–104.11%)

4.91%

Cmax  
(ng/mL)b

3,999.71  
(801.52)

3,849.50  
(814.50)

104.19%  
(98.75%–109.93%)

9.77%

t1/2 (h) 5.66  
(1.20)

5.87  
(1.25)

NSd –

tmax (h)c 1.00  
(0.67–2.00)

1.00  
(0.67–3.00)

NSe –

Notes: aBioequivalence criteria are defined as 90% CI of the geometric mean ratios 
of the test formulation/reference formulation lies between 80.00% and 125.00% for 
AUC0–t, AUC0–∞, and Cmax; 

bstatistical calculations for AUC and Cmax were based 
on log-transformed data; cthe values are expressed as median (range); danalysis 
was performed using the Student’s paired t-test; eanalysis was performed using the 
Wilcoxon matched-pairs test.
Abbreviations: AUC, area under the plasma concentration–time curve; AUC0–t, 
AUC from time zero to the last observed quantifiable concentration; AUC0–∞, AUC 
from time zero to infinity; Cmax, the maximum plasma concentration; CI, confidence 
interval; CV, coefficient of variation; NS, not significant; R, reference formulation; 
SD, standard deviation; T, test formulation; t1/2, terminal half-life; tmax, time to Cmax.

Between-group difference in t
max

 was analyzed nonpara-

metrically on the original data using the Wilcoxon matched-

pairs test, while the t
1/2

 difference was analyzed using 

Student’s paired t-test. The power of study was 80%, with 

an alpha level of 0.05 (two-sided). The acceptance criteria 

for bioequivalence were 90% CIs of geometric mean ratios 

between 0.80 and 1.25 for the AUC and C
max

.

Results
Of 24 subjects enrolled in the study, there were four subjects 

withdrawn during the first period because of vomiting, leaving 

20 subjects available for pharmacokinetic analysis. All sub-

jects included in the study were healthy Indonesians who had 

normal values of vital signs and laboratory parameters. There 

were 15 males and five females, aged between 19 and 45 years 

with a body mass index between 18.56 and 24.91 kg/m2, whose 

blood samples were analyzed for determination of pregabalin 

concentrations and pharmacokinetic parameters after a single-

dose oral administration of the test or reference formulation.

The values of the pharmacokinetic parameters and 90% 

CIs for geometric mean ratios of the test formulation/refer-

ence formulation for pregabalin are presented in Table 2. 

The mean pregabalin concentrations in 20 subjects after a 

single-dose oral administration of test or reference formula-

tion are plotted in Figure 2.

Of all enrolled subjects, 13 of the subjects that received 

test formulation and 15 of the subjects that received reference 

formulation experienced adverse events, with the most 

frequently occurring being lightheadedness (16 events), 

dizziness (12 events), nausea (seven events), vomiting (four 

events), and drowsiness (two events). All four subjects with 

a vomiting event in the first period – among whom three had 
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received the reference formulation and one had received the 

test formulation – withdrew their participation in the study. 

There was no serious adverse event reported in the study, and 

all events were resolved at the end of the study.

Discussion
The objective of this study was to evaluate whether the test for-

mulation of pregabalin capsule 150 mg is bioequivalent to the 

reference formulation. Since absorption of the investigational 

formulation is sufficient to measure the drug concentration 

directly in blood and systemic absorption is relevant to drug 

action, a blood-level bioequivalence study was preferred over 

a pharmacologic or clinical end point study.21 The results were 

mainly intended to fulfil regulatory requirements for an abbre-

viated new drug application (ANDA) submission of the tested 

product. The condition of bioequivalence demonstrates that the 

generic medicinal product is therapeutically equivalent with 

its reference, and therefore, it is unnecessary to conduct any 

comparative clinical studies to prove safety and efficacy. Thus, 

selection of the reference product is important. Reference 

products should pass through a series of preclinical and clinical 

trials in order to establish their safety and efficacy.22,23 Because 

the outcome from one bioequivalence study cannot be general-

ized to any other generic medicinal products containing the 

same active substance, the present study was required despite 

the availability of bioequivalence studies on other pregabalin 

capsule formulations.19,24

A further intention in performing a reliable bioequiva-

lence study is to provide a generic product that, not only 

offers more competitive pricing but also, demonstrates 

similar quality to its reference formulation in regard to safety 

and efficacy. The concept of providing a generic medicinal 

product supports the application of pharmacoeconomics. 

According to Arenas-Guzman et al,25 pharmacoeconomics 

is the branch of economics related to the most economical 

and efficient use of pharmaceuticals to yield maximum 

value to patients, health care payers, and society in general. 

Recently, health care practitioners have been encouraged to 

make clinical and policy decisions based on the consideration 

of economic aspects rather than on clinical outcomes only. 

One of the most fundamental assessments is the assessment 

of direct medical costs, one of which is drug cost.26 The 

availability of a generic medicinal product can give phar-

macoeconomic benefits according to patient and provider 

perspectives because it gives option for both patient and 

the health care provider when they have to select the most 

rational medication. 

This bioequivalence study was conducted in healthy 

subjects in order to minimize pharmacokinetic variability, 

which can emerge if performed in patients with any con-

comitant illnesses and medications. The number of subjects 

that participated in the study was determined using means 

of CIs as tabulated by Diletti et al.27 The intrasubject vari-

ability, reported as CV, obtained for the pregabalin AUC
0–t

 

was 5.09%. With this result, the participation of 20 subjects 

in the study was regarded adequate to ensure that the study 

had enough power to confirm statistical conclusion.

In this study, the study drugs were given as a single-dose 

preparation as recommended in the guidance of bioavail-

ability and bioequivalence studies12 because this is generally 
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Figure 2 The mean pregabalin concentrations in 20 subjects, after a single-dose oral administration of the test formulation, Leptica® (PT Dexa Medica, Palembang, Indonesia), 
or the reference formulation, Lyrica® (Pfizer Manufacturing Deutschland GmbH, Germany).
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more sensitive in assessing release of drug substance into the 

systemic circulation. For a single-dose study, measurement 

of the study drug’s total exposure will include AUC
0–t

 and 

AUC
0–∞; while measurement of peak exposure will comprise 

the C
max

, which is obtained directly from the systemic drug 

concentration data. The results of the present study showed 

that the 90% CIs of the test/reference ratios for AUC
0–t

, 

AUC
0–∞, and C

max
 of pregabalin were within the acceptance 

range of bioequivalence (80.00%–125.00%).

Besides AUC and C
max

, this study also reported the t
max

 

and t
1/2

 of pregabalin. The median (range) of t
max

 for the 

test and reference formulations of pregabalin were 1.00 

(0.67–2.00) hours and 1.00 (0.67–3.00) hours, respectively. 

Those values were proven not significant statistically. In the 

meantime, the mean (SD) of the t
1/2

 for the test and refer-

ence formulations of pregabalin were 5.66 (1.20) hours and 

5.87 (1.25) hours, respectively. These values were slightly 

lower than those found in literature, but they were not sig-

nificantly different, demonstrating a comparable rate of drug 

elimination from the body, between the test and reference 

formulations.

Conclusion
The present study concluded that the two formulations of 

pregabalin capsule 150 mg are bioequivalent.
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