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Abstract

The Government Pharmaceutical Organization (GPO) had developed the generic products of carvedilol 12.5 and 6.25 mg
tablets as low-cost alternatives for patients and physicians to enhance patient adherence and accessibility to long-term use
medications. Two bioequivalence studies were conducted to evaluate the bioequivalence between the test and reference
products of carvedilol 12.5 mg and 6.25 tablets. The design for both studies was comparative randomized, open-label, single-
dose, two-way crossover. Carvedilol and 4'-hydroxyphenyl carvedilol (active metabolite) concentrations in plasma were
simultaneously determined by a validated liquid chromatography tandem mass spectrometry method. The pharmacokinetic
analysis was carried out for carvedilol and 4'-hydroxyphenyl carvedilol. The pharmacokinetic parameters describing the

rate and extent of absorption of carvedilol (AUC AUC,  and C_ ) were used to conclude the bioequivalence between

0-tlast’ 0

the test and reference products whereas the pharmacokinetic parameters of 4'-hydroxyphenyl carvedilol were presented as
supportive information. The statistical analysis was calculated using an analysis of variance and did not show any significant
difference between the two formulations. The 90% confidence intervals of the geometric least squares mean ratios (test/
reference) of In-transformed AUC ,  ,AUC _and C__ were 98.54-106.94%, 98.54-106.56% and 90.70-104.84%, respectively
for carvedilol 12.5 mg tablets, and 95.56-105.99%, 94.80-104.98% and 92.00-107.33%, respectively for carvedilol 6.25 mg
tablets. The results were well within 80.00-125.00% corresponding to the bioequivalence criteria. Therefore, the generic
carvedilol products (Carvolol) at both strengths are bioequivalent with the innovator products (Dilatrend) in terms of rate and
extent of absorption. Similar findings were observed for 4'-hydroxyphenyl carvedilol, thus therapeutic equivalence between
the test and reference formulations could also be anticipated. The products were well tolerated by the study subjects and no

serious adverse events were reported in both studies.
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Abbreviations: ANOVA: Analysis of variance; GPO:
Government Pharmaceutical Organization; CV: Coefficient of
Variation; BMI: Body Mass Index; EMA: European Medicines
Agency; CI: Confidence Interval.

Introduction

Hypertension is a risk factor leading to several
cardiovascular diseases, for example, congestive heart
failure, angina pectoris and cardiac arrhythmias. In
Thailand, uncontrolled hypertension is associated with
several intrinsic and extrinsic factors including the number
of antihypertensive medications. The data indicated
that hypertensive patients trended to receive multiple
medications to control blood pressure as well as to prevent
serious consequences [1]. Since the patients need to use
the medications continuously, the development of generic
products could be one of the solutions to enhance patient
adherence and accessibility to long-term use medications.

B-blocking agents such as metoprolol, atenolol or
carvedilol are a class of drug exerting the activity via
blockade the binding of neurotransmitters, e.g., epinephrine
and norepinephrine to $-adrenergic receptor [2]. Carvedilol
is a third generation, nonselective 3-blocker used to treat
hypertension, chronic heart failure, angina pectoris and
cardiac arrhythmias [3,4]. Carvedilol is rapidly absorbed
with peak plasma concentration attained at approximately
1 hour following oral administration. Carvedilol is
primarily metabolized to 4'-hydroxyphenyl carvedilol
and 5'-hydroxyphenyl carvedilol by cytochrome P450
enzymes expressed in liver accounted for about 75% of
the administered dose [5]. The pre-systemic metabolism
of carvedilol is stereoselective which S (-)-carvedilol is
extensively metabolized resulting in three-fold lower plasma
concentration of S (-)-carvedilol than R (+)-carvedilol
[6,7]. The 4'-hydroxyphenyl metabolite is more potent than
S (-)-carvedilol for B-adrenoreceptor blocking activity [5],
while R (+)-carvedilol contributes to a,-adrenoreceptor
blocking activity responsible for vasodilatory property [6-
8]. In addition, carvedilol also exhibits antioxidative and
antiproliferative properties that would be beneficial for
patients with cardiovascular comorbidity [9].

The Government Pharmaceutical Organization (GPO)
had developed the generic products of carvedilol 12.5 and
6.25 mg tablets as low-cost alternatives for patients and
physicians. Because of the difference in the formulations
of generic carvedilol tablets between both strengths, two
bioequivalence studies were conducted to compare the
pharmacokinetic parameters describing the rate and extent
of absorption between the test (Carvolol 12.5 mg and 6.25
mg tablets, GPO) and reference (Dilatrend 12.5 mg and 6.25
mg tablets, Roche S.p.A. Milan. Segrate) formulations at each
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strength individually. The bioequivalence studies would
provide supportive information on the interchangeability
between generic and innovator formulations, as well as
to evaluate the safety of the formulations in healthy Thai
volunteers for generic drug registration in Thailand.

Materials and Method
Study Products

The test products of Carvedilol 6.25 mg and 12.5 mg
tablets (Carvolol) were manufactured by the Government
Pharmaceutical Organization, Thailand bearing lot No.
S$590075 and S600017, respectively. The reference products,
Dilatrend 6.25 mg and 12.5 mg tablets were manufactured by
Roche S.p.A. Milan. Segrate, Italy bearing lot No. M2099B05
and M2042B09, respectively.

Study Subjects

The number of subjects was estimated based on the
intra-subject coefficient of variation (CV) of previous
bioequivalence study of carvedilol [10]. The intra-subject
CV was included in the estimation along with the estimated
values of geometric least squares mean ratio (test/reference)
of 0.95, significant level at 0.05 and bioequivalence range of
80.00-125.00%. Following the estimation, 51 subjects was
sufficient for establishing bioequivalence with the power
greater than 0.8. Total of 62 subjects was recruited in both
studies to compensate 20% dropouts and withdrawals.

In each study, 62 healthy Thai male and female subjects
with the age between 18-55 years and the body mass index
(BMI) between 18 and 25 kg/m? were enrolled. All subjects
were divided into two groups according to a randomization
schedule generated using SAS version 9.3 (SAS Institute Inc.,
USA). The subjects were screened through medical history,
demographic data, physical examination (vital signs, 12-Lead
ECG and chest X-ray) and laboratory tests (haematology,
biochemistry, virology, urinalysis and breath test for alcohol
consumption) prior to dosing in period I. Vital signs (blood
pressure, pulse rate, body temperature and respiratory rate)
were checked periodically in each period. Laboratory tests
and 12-Lead ECG were also performed at the end of study.
Subjects were monitored throughout the study period for
any adverse events regardless of its association with the
study medication. The severity of the adverse event was
determined as mild, moderate, or severe.

Study Design

Two separate comparative randomized, open-label,
single-dose, two-way crossover bioequivalence studies of
carvedilol 12.5 mg and 6.25 mg tablets were conducted at
International Bio Service Co., Ltd., Golden Jubilee Medical
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Center, Mahidol University, Thailand. In first period, either a
tablet of test or reference product was orally administered
to each subject after an overnight fasting. Subjects were
received an alternate treatment after a 7-day washout period.
In each period, no water except the 240 mL given with drug
administration was allowed within 1 hour before and after
dosing. Meals were served at 4 and 10 hours after dosing
for lunch and dinner, respectively. Taking any concomitant
medications, vitamins, or dietary supplements were
restricted for 14 days before the study and entire duration
of the study. The study protocols were approved by Institute
for the Development of Human Research Protections (IHRP),
Department of Medical Sciences, Ministry of Public Health,
Thailand in accordance with the Declaration of Helsinki and
its amendments [11] and the International Conference on
Harmonization Guideline for Good Clinical Practice [12].

Blood Sampling

Around 5 mL of Blood samples (~7 mL for a pre-dose
sample) were collected through an indwelling intravenous
cannula placed in a forearm vein of the subjects. Blood
samples were transferred into K,EDTA-containing tubes
and sample tubes were placed in a wet ice water bath until
centrifugation. Blood samples were drawn at pre-dose (0
hour) and 0.083, 0.167, 0.25, 0.333, 0.5, 0.667, 0.833, 1, 1.25,
1.5,1.75,2,25,3,4,5,6,8,10, 12, 16, 24, 36 and 48 hours
post-dose. The blood samples were centrifuged at 3000 *
100 rcf, below 10°C for 5 minutes to separate plasma. All
separated plasma samples were transferred to pre-labelled
polypropylene tubes and stored at -55°C or colder until
sample analysis.

Study Sample Analysis

The plasma concentrations of carvedilol and
4'-hydroxyphenyl carvedilol were simultaneously analysed
using a validated liquid chromatography tandem mass
spectrometry (LC-MS/MS) bioanalytical method over
concentration ranges of 99.842 to 99932.440 pg/mL and
50.461 to 10101.350 pg/mL, respectively. For sample
preparation, 500 pL of plasma was processed using liquid-
liquid extraction technique by adding 0.02 M sodium
hydroxide solution and diethyl ether: hexane (8:2) mixture
into each sample. Carvedilol-d5 and 4'-hydroxyphenyl
Carvedilol-d5 were used as internal standards for carvedilol
and 4'-hydroxyphenyl carvedilol, respectively. The samples
were centrifuged and flash-frozen to separate the organic
layer. The contents were evaporated and reconstituted
with acetonitrile: 0.01% formic acid solution (v/v) (1:1).
Subsequently, 8 uL of areconstituted sample was injected into
achromatographic system consistingofan ACE5 C18 100x4.6
mm column (Advanced Chromatography Technologies Ltd,
Aberdeen, Scotland), a Nexera UPLC system (Shimadzu
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Corporation, Kyoto, Japan) and a TSQ Quantum Ultra mass
spectrometer (Thermo Fisher scientific, Massachusetts,
USA). A gradient elution by changing composition of 0.01
% Formic acid solution (v/v) and acetonitrile at a flow rate
of 0.8 mL/min was used. Mass spectrometry analysis was
conducted in positive ionization mode using a multiple
monitoring reaction at mass-to-chargeratio (m/z) transitions
of 407.146—100.180 for carvedilol and 423.145—-100.180
for 4'-hydroxyphenyl carvedilol. The spray voltage was set
at 4000 Volts and the capillary temperature was set at 350°C.
The vaporizer temperature was set at 450°C with sheath
gas and aux gas pressures at 50 psi and 25 psi, respectively.
All data acquisitions and processing were accomplished
using LCquan version 2.9.0.34 (Thermo Fisher scientific,
Massachusetts, USA). The samples were analyzed as per in-
house standard operating procedures of GPO complying with
Guideline on bioanalytical method validation of European
Medicines Agency (EMA) [13] and the U.S. FDA Guidance for
Industry on Bioanalytical Method Validation [14].

Pharmacokinetic and Statistical Analysis

The pharmacokinetic parameters were calculated by non-
compartmental analysis using Phoenix WinNonlin Software
Version 6.3 (Pharsight Corporation, USA). The maximum
concentration (C__) and time at maximum concentration
(t,) were obtained directly from the pharmacokinetic
profile. The area under the plasma concentration-time curve
from time zero to the last observed time point (AUC_,, ) was
calculated by linear trapezoidal method. The area under the
plasma concentration-time curve from time zero to infinity
(AUC, ) was calculated from an equation AUC, .+ C/A,
where C, was the last observed concentration and A_ was the
terminal elimination rate constant calculated from the slope
of the linear regression of the In-transformed of the plasma
concentration-time curve. The In-transformed AUC, ..o
AUC, and C__ of carvedilol were primary pharmacokinetic
parameters used to determine the bioequivalence between
the testand reference products. In contrast, t __, half-life (t, /2)
andpercentAUCextrapolationfromt,__ toinfinity of carvedilol
were reported as secondary pharmacokinetic parameters. All
pharmacokinetic parameters of 4’-hydroxyphenyl carvedilol
were presented as supportive information.

The statistical analysis was carried out using SAS® Version
9.3 (SAS Institute Inc., USA). Analysis of variance (ANOVA)
was performed for In-transformed AUC,, ., AUC,_ and
C,,, of carvedilol and 4'-hydroxyphenyl carvedilol running
through a general linear model (GLM) of SAS. ANOVA model
included sequence, formulation and period as fixed effects
and subject nested within sequence, subject (sequence) as
a random effect. Sequence effect was tested using subject
(sequence) as an error term. Wilcoxon signed rank test was

performed to assess the difference in t__ of carvedilol and
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4'-hydroxyphenyl carvedilol between test and reference
products. If the 90% confidence interval (CI) for the ratios
of geometric least squares mean fell within 80.00-125.00%
for In-transformed AUC, .., AUC and Coae of carvedilol,
bioequivalence between the test and reference was to be
concluded.

Results
Demographic Data

Sixty-two healthy Thai subjects were enrolled in the
bioequivalence study of carvedilol 12.5 mg tablets, from
which two subjects were withdrawn due to orthostatic
hypotension and one subject dropped out due to personal
reason. Similarly, the bioequivalence study of carvedilol 6.25
mg tablets was also conducted in 62 healthy Thai subjects,
and one subject dropped out due to personal reason. The
demographic data of healthy Thai subjects from both studies
are summarized in (Table 1).

Demographic Carvedilol 12.5 Carvedilol 6.25
characteristics | mg tablets (n=62) mg tablets
(n=62)
Age (years) 33.63(10.47) 31.65 (7.45)
Weight (kg) 58.97 (8.45) 60.60 (8.98)
Height (m) 1.63 (0.08) 1.65 (0.09)
BMI (kg/m?) 22.05 (2.02) 22.16 (1.95)

Table 1: Baseline demographic characteristics of enrolled

subjects. Data are presented as Mean (SD).

Study Sample Analysis

Total of 3,019 samples from the bioequivalence study of
carvedilol 12.5 mg tablets were well received and analysed
at the analytical facility of GPO. There were 1.5% and 8.3%
of reanalysed samples for carvedilol and 4'-hydroxyphenyl
carvedilol, respectively. On the other hand, total 3,075
samples were collected and analysed for the bioequivalence
study of carvedilol 6.25 mg tablets. There were less than 3%
of repeat analysis for both carvedilol and 4'-hydroxyphenyl
carvedilol. In both studies, the quality control samples for
both carvedilol and 4'-hydroxyphenyl carvedilol analysed
along with the study samples also demonstrated good
precision and accuracy during the analysis. The precision
of the quality control samples was less than 10% CV for
carvedilol and 4'-hydroxyphenyl carvedilol. The accuracy
was within +10% of the nominal concentrations.

Pharmacokinetic and Statistical Analysis

According to the data, carvedilol was rapidly absorbed
with the mean C__ around 60 ng/mL and 30 ng/mL after
oral administration of carvedilol 12.5 mg and 6.25 mg
tablets, respectively which was attained within 2 hours. The
mean AUC__ increased from approximately 100 ng.h/mL to
200 ng.h/mL with the increased dose. In contrast, the mean
C,.. of 4"-hydroxyphenyl carvedilol around 10 ng/mL and
4 ng/mL was observed after oral administration of carvedilol
12.5 mg and 6.25 mg tablets, respectively. The median t__
values of carvedilol and 4'-hydroxyphenyl carvedilol were
similar. These findings were similar between the test and
reference products at both strengths (Table 2).

Figure 1: Mean plasma concentration of carvedilol vs time of test and reference products of carvedilol 12.5 mg (A) and 6.25
mg (B) tablets and mean plasma concentration-time profile of 4’-hydroxyphenyl carvedilol of test and reference products of

carvedilol 12.5 mg (C) and 6.25 mg (D) tablets.
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in Fig. 1(A) for carvedilol and Fig. 1(C) for 4'-hydroxyphenyl
carvedilol. The pharmacokinetic parameters are presented
in (Table 2).

The mean plasma concentration-time profiles of two
formulations of carvedilol 12.5 mg tablets obtained from 59
healthy Thai subjects who completed the study are shown

. Carvedilol 12.5 mg tablets (n=59) Carvedilol 6.25 mg tablets (n=61)
Parameter (Unit)
Test | Reference Test | Reference
Carvedilol
AUC, .. (ngh/mL) 201.4 (89.4) 196.8 (90.0) 94.4 (37.6) 94.9 (39.6)
AUC,  (ng.h/mL) 205.9 (91.6) 201.7 (92.1) 97.4 (38.703) 98.7 (40.9)
C,.. (ng/mL) 58.4 (28.5) 58.9 (25.1) 28.0 (10.3) 29.1 (12.1)
t  (h)* 0.667 (0.333,2.000) 0.667 (0.333,1.750) | 0.667 (0.333,2.000) | 0.667 (0.333,1.750)
A (1/h) 0.081 (0.034) 0.076 (0.032) 0.082 (0.043) 0.081 (0.045)
t , (h) 10.3 (4.67) 10.6 (4.18) 10.5 (5.05) 11.2 (6.53)
AUC Extrapolation (%) 2.23 (2.02) 2.40 (2.03) 3.09 (1.71) 3.90 (2.89)
4'-hydroxyphenyl carvedilol
AUC . (ngh/mL) 26.8 (8.29) 26.6 (8.76) 12.0 (3.38) 12.0 (3.83)
AUC,  (ng.h/mL) 28.4 (8.51) 28.8 (9.48) 14.0 (6.05) 13.4 (4.15)
C,.. (ng/mL) 9.58 (4.68) 9.92 (4.72) 4.37 (1.42) 4.34 (1.71)
t  (h)* 0.667 (0.500,1.750) 0.667 (0.500,2.000) | 0.667 (0.500,2.000) | 0.667 (0.500,1.750)
A (1/h) 0.060 (0.020) 0.054 (0.019) 0.069 (0.034) 0.071 (0.035)
t,, (h) 12.7 (3.71) 14.5 (6.71) 15.1 (26.0) 12.1 (5.98)
AUC Extrapolation (%) 5.87 (2.81) 7.55 (5.88) 11.13 (10.25) 10.73 (5.99)

Table 2: Pharmacokinetic parameters of carvedilol and 4'-hydroxyphenyl carvedilol for the test (Carvolol) and reference
(Dilatrend) products of carvedilol 12.5 and 6.25 mg tablets. Data are presented as Mean (SD).
*t .. were represented in median (Min, Max) value.

respectively which were within the acceptance range of
80.00-125.00% (Table 3).

The 90% ClIs for the ratios of geometric least squares
mean of In-transformed AUC,_ ,AUC _andC__of carvedilol
were 98.54-106.94%, 98.54-106.56% and 90.70-104.84%,

Carvedilol 12.5 mg tablets (n=59) Carvedilol 6.25 mg tablets (n=61)
Parameters | Ratio of geometric least squares 90% CI Ratio of geometric least 90% CI
mean (Test/Reference) squares mean (Test/Reference)
Carvedilol
In AUC_, 102.70% 98.54-106.94% 100.60% 95.56-105.99%
In AUC, 102.50% 98.54-106.56% 99.80% 94.80-104.98%
InC_ 97.50% 90.70-104.84% 99.40% 92.00-107.33%
4'-hydroxyphenyl carvedilol

In AUC_, 101.60% 97.67-105.60% 101.10% 95.97-106.58%
In AUC, 99.50% 95.65-103.55% 102.90% 96.07-110.16%
InC_ 96.40% 89.72-103.58% 102.90% 96.32-109.86%

Table 3: Statistical comparison of In-transformed primary pharmacokinetic parameters of carvedilol and 4'-hydroxyphenyl
carvedilol between the test (Carvolol) and reference (Dilatrend) products of carvedilol 12.5 and 6.25 mg tablets.
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For the bioequivalence study of carvedilol 6.25 mg
tablets, the mean plasma concentration-time profiles of
carvedilol and 4'-hydroxyphenyl carvedilol obtained from 61
healthy Thai subjects who completed the study are shown
in Fig. 1(B) and Fig. 1(D), respectively. The pharmacokinetic
parameters are presented in Table 2. The 90% Cls for the
ratios of geometric least squares mean of In-transformed
AUC . ., AUC, and C__ of carvedilol were 95.56-105.99%,
94.80-104.98% and 92.00-107.33%, respectively, which
were well within the 80.00-125.00% range (Table 3).

Furthermore, the pharmacokinetics of 4'-hydroxyphenyl
carvedilol was characterized and presented in Table 2.
Although it was provided as supportive information, the
statistical comparison performed for both bioequivalence
studies suggested insignificant difference in primary
pharmacokinetic =~ parameters  of  4'-hydroxyphenyl
carvedilol between the test and reference formulations.
In both studies, ANOVA model showed no statistically
significant effects of sequence, formulation and period on

any primary pharmacokinetic parameters of carvedilol and
4'-hydroxyphenyl carvedilol (p>0.05). Wilcoxon signed rank
test suggested that there was no significant difference int__
of carvedilol and 4'-hydroxyphenyl carvedilol between the
test and reference products for both studies (p>0.05).

Tolerability

Forty-five adverse events were reported in 29 subjects
in the bioequivalence study of carvedilol 12.5 mg tablets.
However, the incidence of adverse events was lower for the
bioequivalence study of carvedilol 6.25 mg tablets, in which
total of 10 adverse events were reported in 9 subjects. The
commonly reported adverse events in both studies were
headache and dizziness whereas vascular disorders including
asymptomatic hypotension and orthostatic hypotension
were more frequently found in the bioequivalence study of
carvedilol 12.5 mg tablets. No serious adverse events were
reported after the study drug administration. All adverse
events were summarized in (Table 4).

Incidence
Adverse event Carvedilol 12.5 mg tablets Carvedilol 6.25 mg tablets
Test Reference Test Reference

Bradycardia 2 3 1 0
Palpitation 0 1 0 0
ALT increased 0 0 1 0
Abdominal pain 1 0 0 0
Nausea 1 0 0 0
Watery stool 0 1 0 0
Hyperglycemia 1 0 0 0
Dizziness 5 10 3 1
Faintness 0 1 0 0
Headache 2 0 0 2
Right leg cramps 0 1 0 0
Asymptomatic hypotension 2 4 1 1
Asymptomatic hypertension 0 1 0 0
Orthostatic hypotension 4 3 0 0
Symptomatic hypotension 1 1 0 0
Total adverse event 19 26 6 4

Table 4: List of adverse events.

Discussion

A comparative randomized, open-label, single-dose,
two-way crossover study, and with blinded determination
of drug plasma concentrations was designed to comply with,
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ASEAN guideline for The Conduct of Bioequivalence Studies
[15], European Medicines Agency (EMA) [16] and U.S.
Food and Drug Administration (FDA) guidelines [17]. The
bioequivalence studies of two different strengths of carvedilol
tablets were conducted to compare the pharmacokinetic
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parameters of carvedilol between the test and reference
products. Owing to the difference in composition between the
formulations of test product of carvedilol 12.5 and 6.25 mg
tablets, the bioequivalence study of carvedilol 6.25 mg tablets
cannot be waived as per U.S. FDA product-specific guidance
for generic drug development [18]. Thus, two separate
bioequivalence studies were conducted for both strengths.
Male and Female subjects were equally enrolled in the
studies because the products are intended to be used in both
genders. Sampling times were appropriately assigned since
the mean % AUC extrapolation was less than 12% for both
carvedilol and 4'-hydroxyphenyl carvedilol. This suggested
that AUC , covered more than 80% of AUC_ supporting the
reliability of the concentration data, which accomplished
the requirement of EMA guideline [16]. The 7-day washout
period was sufficient for the elimination of carvedilol and its
metabolite to be undetectable in plasma since the maximum
half-lives of carvedilol and 4'-hydroxyphenyl carvedilol
were around 11 and 15 hours, respectively and the assigned
washout period was longer than 5 elimination half-lives as
recommended by the EMA [16] and U.S. FDA guidelines [17].

The pharmacokinetics of carvediloland 4'-hydroxyphenyl
carvedilol conducted in healthy Thai subjects seem to be
different compared to another bioequivalence study. In
comparison, a bioequivalence study of carvedilol 12.5 mg
tablets in healthy Indian male subjects under fed conditions
showed lower AUC and C__ than observed in the present
study. This may cause from the reduced absorption by food
as the study in Indian volunteers was conducted under fed
states although food effect is not clinically relevant [19].
In addition, the gender difference may contribute to the
increased mean AUC and C__ values observed in the present
study, in which female subjects were enrolled since the rate
and extent of absorption of carvedilol have been reported to
be higher in female subjects than in males [20].

From the ANOVA, there were no effects of formulation,
period and sequence on the primary pharmacokinetic
parameters of carvediloland 4'-hydroxyphenyl carvedilol. The
active metabolite of carvedilol, 4'-hydroxyphenyl carvedilol
was also evaluated for its pharmacokinetics even though the
data was not used for the bioequivalence evaluation. The
90% ClIs for the ratios of geometric least square mean of
In-transformed primary pharmacokinetics parameter were
well within the 80.00-125.00% range not only for carvedilol,
but also the active metabolite 4'-hydroxyphenyl carvedilol
in both bioequivalence studies. The bioequivalence of this
active metabolite was supposed to be an occurrence from
the same rate and extent of absorption of carvedilol of both
formulations indicating that therapeutic equivalence could
be anticipated. No serious adverse events occurred during
conducting both studies indicating good tolerability of the
formulations. The symptoms such as headache, dizziness
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and hypotension observed in the studies are commonly
reported for the a- and B-adrenoreceptor blocking drugs
[4]. In case of carvedilol, the vasodilatory effect resulted
from R (+)-carvedilol contributing to al-adrenoreceptor
blockade seems to be a major cause of these symptoms, since
R enantiomer is less metabolised by cytochrome P450 and
substantially presented in systemic circulation [21]. The data
from both bioequivalence studies were used for registration
of generic carvedilol product, Carvolol 12.5 and 6.25 mg to
Food and Drug Administration, Ministry of Public Health,
Thailand.

Conclusion

The design of the study was suitable for the
bioequivalence evaluation of carvedilol. Based on statistical
indices, the test products, Carvolol 12.5 and 6.25 mg had the
same rate and extent of absorption as the reference products,
Dilatrend. The pharmacokinetics of carvedilol at the studies
doses were dose proportional. The statistical comparison of
active metabolite, 4'-hydroxyphenyl carvedilol illustrated
no significant difference between the test and reference
formulation, thus therapeutic equivalence can also be
anticipated. Generally, the test and reference products were
well tolerated by study subjects. The bioequivalence studies
supported the use of generic products of carvedilol as
alternatives to the innovator products which would enhance
the accessibility to continued-use medication for patients at
areasonable price.
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