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ABSTRACT 

A study was conducted to compare the in vivo biouvuilability of a generic metoprolol 
tablet preparation (Metoprcilol@’) with that of the innovator product, Betaloc@. Both 
preparations have a labeled dose of 100 mg metoprolol tartrate. Twelve healthy 
adult male volunteers participated in the study, which was conducted according to 
a standard two-way crossover design with a washout period of I week. The bioavail- 
ability was compared using the total area under the plasma level versus time curve 
(AUCo.,), peak plasma concentration (C,,,), and time to reach peak plasma concen- 
tration (Tmax). No statistically signiJicant difference was observed between the loga- 
rithmically transfmned AUC,,., vulues or the logarithmically transformed C,,,,, val- 
ues of the two preparations. However, a statistically signiJcant diference was 
observed between the T,,,, values, but may not be therapeutically signiJicant or im- 
portant. Moreover, the 90% conjdence interval (Cl) ,for the ratio of the logarithmi- 
cally transformed AUC,,., values of Metoprolol over those of Betaloc was calculated 
to be between 0.94 and 1.02, while that of C,,,,, was between 0.98 and 1.01, both 
of which are within the acceptable limit of 0.80-1.2.5. From the data obtained, it 
was also observed that a high proportion of our volunteers of Asian origin appeared 
to be poor metabolizers of nzetoprolol, which was consistent with what had been 
observed in our previous study of another preparation .f rnetoprolol. 

INTRODUCTION imately 50% because of high first-pass metabolism (3,4), and 
plasma concentrations vary considerably between individu- 
als due to genetically determined differences in metabolism (5). 

Because metoprolol is widely prescribed, many for- 
mulations are available commercially. We have previ- 

MetoproloP is a selective P,-adrenergic antagonist widely 
used in the treatment of essential hypertension (1) and 
angina pectoris (2). Its systemic availability is only approx- 
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ously demonstrated the bioequivalence of a local product 
of metoprolol with that of the innovator product Betaloc@ 
(6). It was also observed that a high proportion of our 
local Asian volunteers appeared to be poor metabolizers 
of metoprolol. The present study was conducted to evalu- 
ate the bioavailability of another locally produced tablet 
formulation, of metoprolol tartrate (Metoprolol), with 
that of Betaloc. As in our previous study (6), an attempt 
was made to study the pharmacokinetics of metoprolol 
in our local volunteers. 

MATERIALS AND METHODS 

Products Studied 

Metoprolol tablets, 100 mg (batch no: 12P42) were 
from Ram Pharmaceutical Manufacturing, Bangi, Ma- 
laysia and Betaloc tablets, 100 mg (batch no: SG 719C) 
were from Astra, Sodertalje, Sweden. Metoprolol tartrate 
and atenolol (internal standard) reference standards were 
obtained from the National Pharmaceutical Control Bu- 
reau of Malaysia. 

In Vivo Study Design 

The study was approved by an Ethics Committee on 
Rioavailability Studies of the University of Science Ma- 
laysia. Twelve healthy adult male volunteers between 22 
and 42 years old and weighing from 52 to 84 kg partici- 
pated in the study after providing written informed con- 
wi t .  All were judged to be healthy and were not taking 
any medication during the study. The protocol used was 
a conventional, two-way, split group crossover study 
with six subjects in each of the treatment groups. In the 
first trial period, the volunteers in group 1 were each 
given one tablet (100 mg) of Betaloc, whilst those in 
group 2 were given one tablet (100 mg) of Metoprolol. 
After a washout period of 1 week, each volunteer then 
received the other product. Both products were adminis- 
tered in the morning (9:OO A.M.) after an overnight fast, 
with 150 ml of water. Food and drink were withheld for 
at least 2 hr after dosing. Lunch and dinner, comprising 
chicken with rice, were served at 3 hr and 9 hr after dos- 
ing, and water was given ad libiteni. Blood samples of 
5 ml volume were collected in Vacutainers tubes (con- 
taining sodium heparin as anticoagulant) at 0 (before dos- 
ing), 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 14, 18, and 24 hr after 
dosing. An indwelling cannula was used for drawing the 
blood. The blood samples were centrifuged for 15 min 
at 2,000 X g, and the plasma was transferred to separate 
glass containers and kept frozen until analysis. 

Analysis for Plasma Levels of Metoprolol 

Plasma levels of metoprolol were analyzed with a 
high-pressure liquid chromatographic (HPLC) method 
described previously (6). 

Data Analysis 

The two preparations were compared using the parani- 
eters of total area under the plasma concentration-vs.- 
time curve (AUCo.,), peak plasma concentration (C,,), 
and time to reach peak plasma concentration (TmCu). The 
C,, and T,,,, values were obtained directly from the 
plasma-concentration data (7), while AUCO., was ob- 
tained by adding the area from time zero to the last sam- 
pling time (AUCo.,) and the area from the last sampling 
time to infinity (AUC,.,). The former was calculated with 
the trapezoidal formula while the latter was calculated 
by dividing the concentration at the last sampling time 
by the elimination rate constant, k,. In all cases, the 
AUC,., was less than 20% of AUCo.,. The k, value was 
estimated from the terminal slope of the plasma concen- 
tration-vs.-time plot, through logarithmic transformation 
of the concentration values and application of linear 
regression (8). In addition, the apparent volume of dis- 
tribution (V,) of the drug was also calculated as dose/ 
(AUCo., . ke),  and the elimination half-life (tm). was cal- 
culated from the quotient of In 2/k,. For each of the pa- 
rameters, AUCo.,, C,,, k,, t,,..,, and V,, the values obtained 
for the two products were analyzed statistically, using an 
analysis of variance (ANOVA) 'procedure that distin- 
guishes effects due to group, subjects per group, period 
of treatment, and treatment (9). The AUC(L, and C,, val- 
ues were logarithmically transformed prior to the analy- 
sis. On the other hand, the T,, values of the two prepara- 
tions were compared with the Wilcoxon's signed-rank 
test for paired samples. 

RESULTS AND DISCUSSION 

Figure 1 shows the mean plasma metoprolol concen- 
tration profiles obtained with Betaloc and Metoprolol. 
Both profiles appeared closely similar and are typical 
of that for conventional fast-release tablet formula- 
tions, Absorption was rapid, achieving peak plasma con- 
centrations within approximately 1.5 hr after dosing. 
Relatively wide intersubject variation was also observed 
in the profiles of both products, attributable to differences 
in drug disposition and body weight among the volunteers. 

The individual numerical values of the parameters 
AUC".,, C-, and T,, obtained with the two preparations 
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TIME (hr) 

Figure 1. Mean plasma metoprolol concentration vs. time 
profiles after administration of Betaloc and Metoprolol. Mean 
I SD, N = 12. 

are given in Table 1. The parameters T,,,,,, and AUC,, -, 
are related to the respective rate and extent of drug ab- 
sorption, while C,,,,, is related to both of these two pro- 
cesses (lo), with all three measures being useful for com- 
paring the bioavailability of the two preparations. When 
they were analyzed with the ANOVA procedure de- 
scribed previously, no statistically significant difference 
was observed between the logarithmically transformed 
AUCo, values ( p  = 0.9378) or the logarithmically trans- 
formed C,n,, values ( p  = 0.7337) of the two preparations. 

However, a statistically significant difference was ob- 
served between the T,,, values ( p  = 0.0342) of the two 
products when analyzed with Wilcoxon's signed-rank 
test, although the slight difference (1.7 hr for Betaloc 
and 1.4 hr for Metoprolol) may not be therapeutically 
significant or important. Moreover, the 90% confidence 
interval (CI) for the ratio of the logarithmically trans- 
formed AUCo ~ values for Metoprolol over those of Beta- 
loc was calculated to be between 0.86 and 1.10, while 
that of C,,,,, was between 0.89 and 1.12, both of which 
are within the acceptable bioequivalence interval of 
0.80-1.25 (11,12). Therefore, on the basis of the above 
analysis, the two products can be considered bioequiva- 
lent. 

The intrasubject variation of the parameters AUCo., 
and C,,,,, was estimated by calculating the respective coef- 
ficient of variation (CV), using the mean square error ob- 
tained from the ANOVA procedure (1 3). For both param- 
eters, the CV appeared relatively small, with values of 
16.8% and 15.7%, respectively. From the CV values, the 
power of the test procedure ( I  - p) in detecting a 20% 
difference in the parameter values of the two products at 
a type 1 error rate (a) of 0.05 was estimated to be greater 
than 80% in both cases when the number of subjects used 
was 12 (7). This is consistent with the power estimated 
from the results of our previous study with another prod- 
uct of metoprolol (6). 

The numerical values of the pharmacokinetic parame- 
ters k,, t i f i  are given in Table 2. No statistically significant 
difference was observed between the values of the two 

Table I 

Individual C,,,, T,,, and AUC(,.- Vulues of Betuloc and Metoprolol 

Betaloc Metoprolol 

C,,,, Trrmx AUCo._ C,,, AUC,.- 
Subject (ng/ml) (hr) (hr.ng/ml) (ng/ml) (hr) (hr.ng/ml) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1  
12 
Mean 
SD 

101.0 2.0 
86.6 2.0 

265.5 2.0 
136.1 1.5 
91.1 1 .o 

267.6 1.5 
96.4 2.0 
96.2 3.0 
68.7 1.5 

161.4 1 .o 
326.5 1.5 
125.9 1.5 
151.9 I .7 
85.9 0.7 

694.2 
500.9 

21 10.9 
1026.3 
484.6 

2558.0 
524.4 
765.0 
317.7 

1 104.5 
2 129.7 

882.7 
1091.6 
75 1.7 

104.6 1.5 
113.8 1 .o 
224.3 1.5 
135.5 1 .o 
140.0 1.5 
300.5 1 .o 
73.9 1 .o 
82.3 2.0 
94.0 1 .5 

115.8 1.5 
296.2 2.0 
102.5 1.5 
148.6 1.4 
80.0 0.4 

694.7 
607.4 

1868.7 
748.1 
758.22 

2632.6 
55 I .5 
587.3 
400.1 
896.2 

2060.6 
657.6 

1038.6 
723.3 
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Table 2 

Individual k,, Vd, and ti,? Virlurs of Betaloc and Metoprolol 

Yuen et al. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
Mean 
SD 

0.1335 
0.241 3 
0.1204 
0.  I330 
0.1850 
0.1 178 
0. I776 
0.0957 
0.21 84 
0.1251 
0.1597 
0. I583 
0.1555 
0.0440 

12.8 
13.6 
6.5 

10.9 
15.9 
6.0 

17.3 
16.3 
17.2 
12.1 
5.9 

11.9 
12.2 
4.2 

5.2 
2.9 
5.8 
5.2 
3.7 
5.9 
3.9 
7.2 
3.2 
5.5 
4.3 
4.4 
4.8 
1.3 

0.1372 
0.2305 
0.1264 
0. I562 
0.1559 
0.0898 
0.2062 
0.1 153 
0.2 124 
0.1593 
0.1630 
0.1577 
0.1 591 
0.0409 

12.5 
11.7 
6.9 

12.8 
12.1 
7.7 

14.2 
17.5 
14.0 
11.6 
6.0 

16.1 
11.9 
3.5 

5. I 
3.0 
5.5 
4.4 
4.4 
7.7 
3.4 
6.0 
3.3 
4.4 
4.3 
4.4 
4.7 
1.3 

products for any of the three parameters. In addition, 
the values were comparable to those obtained in our pre- 
vious study with another generic preparation of nietopro- 
lo1 (6). 

An interesting observation, common to both of our 
studies, was the high variability of the r ) .  values obtained. 
which ranged from 2.9 to 7.7 hr with a mean 4.8 hr in 
the present study, and from 2.7 to 6.9 hr with a mean 5.0 
hr in the previous study (6). Both mean values were larger 
than those obtained by Sandberg et al. (14) and Regardh 
et al. ( IS) ,  who reported mean ri,? values of 3.5 and 3.2 
hr. respectively. The larger values that we obtained were 
due to the high proportion of our volunteers, namely 6 
of I2  in the present and 8 of 12 in the previous study (6), 
who had t,/l values of more than 5 hr, and who may be 
classified as poor metabolizers of metoprolol ( 14)-a 
quality that can be phenotyped in the same way as for 
debrisoquine and sparteine (16). In comparison, only 2 
of the 10 volunteers uscd in thc study by Sandberg et al. 
( 14) had a ti, value of more than S hr, while all 5 volun- 
teers in the study of Regardh et al. (15) had values of 
less than 4 hr .  

Four voluntcers participated i n  both of our studies, 
where three consistently had ti,. vulues of more than 5 hr 
and one had a value below 5 hr. Thus, of the total of 20 
volunteers used in our two studies, 11 were I'ound to be 
poor metabolizers of metoprolol. In view of the high pcr- 
centage (more than 50%) of poor metabolizers observed 

in our study group of Asian origin, more studies may 
need to be done to better characterize the metabolic pat- 
terns of metoprolol in Asian populations since there may 
be a need to revise the dose used for poor metabolizers 
of the dtug. 

CONCLUSION 

In summary, the generic preparation of metoprolol 
(Metoprolol) investigated in our study was found to 
be comparable to Betaloc in the extent of its absorp- 
tion, but exhibited a marginally faster absorption rate, 
which may not be therapeutically important or signifi- 
cant. It was also observed that a high proportion of our 
volunteers of Asian origin appeared to be poor mctabo- 
lizers of metoprolol, in accord with our findings in an 
earlier study. 
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