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The bioequivalence study of 5-mg enalapril tablets, Enaril (Biolab, Thailand) compared to 
Renitec (Merck Sharp & Dohme, USA) was conducted in 14 healthy Thai male volunteers follow­
ing a single dose, two-period, crossover design. Each subject received 4 tablets of 5-mg enalapril 
tablets of both formulations with a !-week washout period. Plasma samples collected over a 24-hour 
period after administration were analyzed by LC/MS/MS. Pharmacokinetic parameters were deter­
mined by using non-compartmental analysis. Regarding bioequivalence testing, the 90 per cent con­
fidence intervals of em .. and AUC0-- ratios (Enaril/Renitec) of enalapril were 86.3 - 126.1 per cent 
and 93.0 - 118.5 per cent and those of enalaprilat were 86.4 - 124.1 per cent and 90.3 - 116.8 per 
cent. Based on the European bioequivalence guideline, the 90 per cent confidence interval of Cma• 
and AUC

0 
__ ratios of both parent and metabolite forms were within acceptable ranges of 70 - 143 

per cent and 80 - 125 per cent, respectively. It was concluded that Enaril 5 mg tablet was bio­
equivalent to Renitec 5 mg tablet. 
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Enalapril maleate is an ethyl ester of a 
long-acting angiotensin converting enzyme (ACE) 
inhibitor, enalaprilat. It is widely used for the treat­
ment of hypertension, congestive heart failure and 
asymptomatic left ventricular dysfunction. Enalapril 
itself is a prodrug with little pharmacological effect. 
Following oral administration, 55-75 per cent of 
administered enalapril is rapidly absorbed without 
food effect. The time to reach maximal concentra­
tion (Tmax> of enalapril is 0.5-1.5 hours. Approxi­
mately 60 per cent of enalapril is hydrolysed by 
liver enzymes to enalaprilat, a specific inhibitor of 
angiotensin converting enzyme which is important 
for the formation of angiotensin II resulting in artery 
relaxation and blood pressure reduction. It also 
increases the renal blood flow and reduces the aldo­
sterone secretion. The half-lives of enalapril and 
enalaprilat are 4.0 and 3.9 hours, respectively. Both 
parent and metabolite forms are primarily excreted 
in the urine (60-78%) and feces (33%)0-4). 

The initial dose of enalapril for treatment 
of hypertension is 5 mg/day for 1-2 weeks and gra­
dually increased to 10-40 mg/day. Patients with con­
gestive heart failure should begin with 2.5 mg/day 
for 1-2 weeks and increase the dose to 5-80 mg/day 
(1-3). For treatment of asymptomatic left ventricular 
dysfunction, the initial dose is 2.5 mg/day and gra­
dually increases to 20 mg/day. The most common 
adverse effect of enalapril is a dry cough. Angio­
edema was reported in the long-term treatment(5-8). 
It should be used with caution in patients with 
impaired renal function, cardiovascular diseases and 
hyponatremia and contraindicated in hypersensitive 
patients. 

The objective of this study was to a8sess 
the average bioequivalence of two formulations of 
5-mg enalapril tablets : Enaril from Biolab, Thailand 
as the test formulation and Renitec from Merck 
Sharp & Dohme, USA as the reference formulation, 
in healthy Thai male volunteers. The clinical proto­
col was reviewed and approved by the Ethics Com­
mittee of the Ministry of Public Health, Thailand. 

MATERIAL AND METHOD 
Enalapril preparations 

Reference preparations: Renitec 100 tablets 
(Merck Sharp & Dohme, USA) containing 5 mg 
enalapril per tablet (Lot no. A5007, Mfg. date 11 May 
2000). 

Test preparation~: Enaril100 tablets (Biolab, 
Thailand) containing 5 mg enalapril per tablet (Lot 
no. ER5/11, Mfg. date 10/2000). 

Study design and clinical protocol 
Fourteen healthy Thai male volunteers with 

aged between 18-45 years (20.4 ± 1.2 years) and 
body mass index between 18-24 (20.3 ± 1.0) parti­
cipated in a randomized, single dose, fasting, two­
period, two-sequence, crossover study with a 1-week 
washout period. The volunteers were non-smoking, 
non-alcoholic and had no cardiac, hepatic, renal, 
gastrointestinal, and hematological diseases assessed 
by physical examination and the following labora­
tory tests: complete blood count, total bilirubin, serum 
creatinine, blood urea nitrogen, AST, ALT. alkaline 
phosphatase and hepatitis B surface antigen. After 
explaining the detail and purpose of the study, all 
healthy volunteers provided written informed con­
sent before participation. 

During each period, the volunteers were 
admitted to the Bioequivalence Test Center, Naresuan 
University at 6.00 p.m. and had an evening meal 
before 9.00 p.m. After an overnight fast, they received 
a single 20 mg dose (4 x 5-mg tablets) of one of 
both formulations at 7.00 a.m. with 240 m1 of water. 
They were then in the seated position at least 30 
minutes and fasted for 2 hours. A standard lunch 
and an evening meal was provided at 4 and 9 hours 
after dosing. No other food was permitted during 
the study period. Liquid consumption was permitted 
ad libitum after lunch. Acidic beverages containing 
xanthine were prohibited. Blood pressure was perio­
dically monitored throughout the study. After each 
period, the volunteers were re-examined by a physi­
cian. 

Drug analysis 
Seven milliliters of each blood sample was 

collected in a lithium-heparinized containing tube 
by catheterized venupuncture at forearms before 
dosing (t::O) and at 0.5, l, 1.5, 2, 3, 4, 5, 6, 8, 10, 
12, 14, 16 and 24 hours after oral administration of 
each enalapril formulation: The blood samples were 
centrifuged at 4"C (2,000 g, 10 minutes) and the 
plasma samples were separated within 10 minutes 
after collecting blood. All samples were kept at 
-80"C until transportation to the Pharmakin GmbH 
Gesellschaft fur Pharmakokinetik, Germany for drug 
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analysis. Plasma enalapril and enalaprilat were mea­
sured by a validated LC/MS/MS method in the com­
bined ESI(-)IESI(+) mode with the lower limits of 
quantitation of 0.57 and 0.59 ng/ml, respectively. 

Pharmacokinetic and statistical analysis 
A non-compartmental pharmacokinetic 

analysis was used to determine the pharmacokinetic 
parameters of enalapril and enalaprilat. The time to 
peak plasma concentration (T max) and the peak con­
centration (Cmax) were directly obtained from the 
data. The area under the concentration-time curve 
(AUCo-oo) and half-life (t112) were determined by 
using WinNonlin Standard (version ~.0). 

An analysis of variance (ANOV ft.) was per­
formed on Cmax and AUCO-oo• using general linear 
model (GLM) procedures, in which sources of varia­
tion were sequence, subjects within sequentte, period, 
and preparation. Based on the Europ,ean bioequiva­
lence guideline, bioequivalence between two formu­
lations could be concluded when the 90 per cent 
confidence intervals for the differences in the means 
of the log transformed Cmax arrd AUCo-oo of both 
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parent and metabolite forms of two products were 
within 70- 143 per cent and 80- 125 per cent, res­
pectively. 

RESULTS AND DISCUSSION 
Enalapril was well tolerated. Although the 

blood pressure decreased in certain subjects at 3-4 
hours after dosing, no volunteer was withdrawn from 
this study and no serious adverse events occurred. 

Pharmacokinetics of enalapril and enalaprilat 
The plasma concentration-time curves of 

enalapril and enalapriat over a 24-hour period fol­
lowing oral administration of 20 mg ( 4 x 5 mg) 
enalapril is demonstrated in Fig. 1. Pharmacokinetic 
parameters of enalapril and enalaprilat are summa­
rized in Table 1. Maximal levels of enalapril for both 
formulations were observed at 0.9 hours, whereas, 
those of enalaprilat were achieved at 3.6 hours for 
Enaril and 3.9 hours for Renitec. The peak concen­
trations of both enalapril and enalaprilat between 
Enaril and Renitec were comparable (154.47 vs 
147.02 ng/ml and 74.64 vs 71.71 ng/ml, respec-

• • • • ·Renitec (enalapril) 

--o--Enarll (enalapril) 

• • 6- • · Renitec (enalaprllat) 

12 
time (h) 

0 Enaril (enalaprilat) 

16 20 24 

Fig. 1. Plasma concentration-time curve of enalaprll and enalaprilat after 20-mg (4 x 5-mg tablets) single 
dose administrations of Renitec (reference) and Enaril (test) in 14 healthy Thai male volunteers. 
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Table 1. Summary data of pharmacokinetic parameters of enalapril and enala-
prilat following oral administration of 20 mg (4 x 5 mg tablets) of 
Renitec (reference) and Enaril (test) in healthy Thai male volunteers 
(n = 14, mean ± SD). 

Pharmacokinetic Tmax Cmax AUCo-oo t112 
parameters (hours) (nglml) (ng.h/ml) (hours) 

Enalapril 
Renitec 0.9 ±0.3 147.02 ± 50.26 266.41 ± 79.20 2.9 ±2.0 
Enaril 0.9 ±0.3 154.47 ± 57.37 279.67 ± 88.31 1.2 ± 0.5 

Enalaprilat 
Renitec 3.9 ±0.7 71.71 ± 23.49 619.64 ± 160.68 4.7 ±0.8 
Enaril 3.6 ± 0.8 74.64 ± 24.20 637.85 ± 177.71 4.6±0.7 

Table 2. ANOV A table of Cmax and Auc0 ...... (log transformed) of enalapril and enalaprilat 
after 20 mg (4 x 5-mg tablets) administrations of Renitec (reference) and Enaril (test) 
in 14 healthy Thai male volunteers. 

Source of Variation DF ss MS F p 

Enalapril 

A. Cmax Total 27 3.317 
Sequence I 0.324 0.324 1.950 0.188 
Subject (sequence) 12 1.996 0.166 2.095 0.107 
Formulation 0.012 0.012 0.156 0.700 
Period 0.031 0.031 0.390 0.544 
Error 12 0.953 0.079 

B. AUCo-oo Total 27 2.607 
Sequence I 0.158 0.158 0.931 0.354 
Subject (sequence) 12 2.042 0.170 5.246 0.004 
Formulation I 0.017 0.017 0.509 0.489 
Period I 0.000 0.000 0.015 0.903 
Error 12 0.953 0.032 

Enalaprilat 

A. Cmax Total 27 3.253 
Sequence I 0.104 0.104 0.549 0.473 
Subject (sequence) 12 2.272 0.189 2.620 0.054 
Formulation 0.008 0.008 0.117 0.739 
Period I 0.001 0.001 0.014 0.908 
Error 12 0.867 0.072 

B. AUCo-oo Total 27 2.097 
Sequence I 0.066 0.066 0.496 0.495 
Subject (sequence) 12 1.589 0.132 3.634 0.017 
Formulation I 0.005 0.005 0.134 0.721 
Period I 0.000 0.000 0.005 0.944 
Error 12 0.437 0.036 
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tively). The area under the concentration-time curves 
(AUCo.oo) of both parent and metabolite forms for 
Enaril were slightly higher than those for Renitec 
(279.67 vs 266.41 ng.hlml and 637.85 vs 619.64 
ng.hlml, respectively). The mean half-lives of enala­
pril and enalaprilat for Enaril and Renitec were 1.2 

vs 2.9 hours and 4.6 vs 4.7 hours, respectively. The 
relative bioavailability of Enarii/Renitec was 1.08. 

Bioequivalence testing of enalapril and enalaprilat 
Regarding statistical analysis of enalapril 

pharmacokinetic parameters, the 90 per cent confi-
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Table 3. The mean and 90 per cent confidence intervals of Cmax and AUCo-oo (log trans­
formed) of enalapril and enalaprilat after 20 mg (4 x 5 mg tablets) administrations 
of Renitec (reference) and Enaril (test) in 14 healthy Thai male volunteers. 

Mean+SD SEMa 90%Cib Acceptable 
Enaril Renitec (Enaril/Renitec) range 

Enalapril 

Cmax 4.98±0.37 4.94±0.35 0.106 86.3- 126.1 70- 143 
AUCo.co 5.59 ± 0.31 5.54±0.32 0.068 93.0- 118.5 80- 125 

Enalaprilat 

Cmax 4.26±0.37 4.22±0.34 0.102 86.4 -124.1 70- 143 
AUCo.co 6.42±0.29 6.39 ±0.28 0.072 90.3- 116.8 80- 125 

a SEM = ..J EMS*(l/NA+1/Ns): b 90%CI = <Xs- XA) ± (tJ2, O.I*SEM) 

dence intervals of Enaril/Renitec ratio for Cmax 
and AUCo-oo were 86.3 - 126.1 per cent and 93.0-
118.5 per cent, respectively. When the plasma enala­
prilat pharmacokinetics was assessed, the 90 per 
cent confidence intervals of Enaril/Renitec ratio for 
Cmax and AUCo-oo were 86.4- 124.1 per cent and 
90.3 - 116.8 per cent (Table 2 and 3). 

SUMMARY 
The bioequivalence of 5-mg enalapril tablets 

of Enaril (Biolab, Thailand) compared to Renitec 
(Merck Sharp & Dohme, USA) were studied in 14 

healthy Thai male volunteers. Regarding pharmaco­
kinetics study, both formulations were equivalent in 
terms of rate and extent of absorption. Based on the 
European bioequivalence guideline, 90 per cent con­
fidence intervals of Cmax and AUCo-oo ratios of 
enalapril and its active metabolite, enalaprilat, of 
these two preparations were in the acceptable range 
of 70 - 143 per cent and 80 - 125 per cent, respec­
tively. Consequently, Enaril 5 mg tablet was equi­
valent to Renitec 5 mg tablet and can be used inter­
changeably. 

(Received for publication on January 5, 2002) 
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