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Abstract 
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The pharmacokinetic and relative bioavailability studies of 20-mg enalapril tablets, the test 
product manufactured by Biolab, Thailand compared to the reference product (Merck Sharp & Dohme, 
USA) was conducted in 14 healthy Thai male volunteers following a single dose, two-period, crossover 
design. Each subject received 20-mg enalapril tablets of both formulations with a 1-week washout 
period. Plasma samples collected over a 24-h period after administration were analyzed by LC/MS/MS. 
Pharmacokinetic parameters were determined by using non-compartmental analysis. Regarding bio­
equivalence testing, the 90 per cent confidence intervals of Cmax and AUC0_~ ratios (test/reference) of 
enalapril were 101.8-134.9 per cent and 105.9-121.4 per cent and those of enalaprilat were 104.2-122.3 
per cent and 104.5-118.1 per cent. Based on the European bioequivalence guideline, the 90 per cent 
confidence intervals of Cmax and AUC0_~ ratios of both parent and metabolite forms were '>'.'ithin the 
acceptable ranges of 70-143 per cent and 80-125 per cent, respectively. It was concluded that the test 
formulation was bioequivalent to the reference formulation and both formulations can be used inter­
changeably in clinical practice. 
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Enalapril maleate is an ethylester of a long­
acting angiotensin converting enzyme (ACE) inhibitor 
and enalaprilat. It is widely used for the treatment of 
hypertension, congestive heart failure and asympto­
matic 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 concentration (T max> of 
enalapril is 0.5-1.5 h. Approximately 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 aldosterone secretion. The half-lives of 
enalapril and enalaprilat are 4.0 and 3.9 h, respec­
tively. Both parent and metabolite forms are primarily 
excreted in 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 gradually 
increased to 10-40 mg/day. Patients with congestive 
heart failure should begin with 2.5 mg/day for 1-2 
weeks and increased to 5-80 mg/day0-3). For treat­
ment of asymptomatic left ventricular dysfunction, the 
initial dose is 2.5 mg/day and gradually increased to 
20 mg/day. The most common adverse effect of ena­
lapril is a dry cough. Angioedema was reported in 
the long-term treatment(5-8). It should be used with 
caution in patients with impaired renal function, cardio­
vascular diseases and hyponatremia and contraindi­
cated in hypersensitive patients. 

The objectives of this study were to assess 
pharmacokinetic parameters of enalapril and enalaprilat 
in healthy Thai male volunteers and the average bio­
equivalence of two formulations of 20-mg enalapril 
tablets : Enaril® manufactured by Biolab, Thailand as 
the test formulation and Renitec® manufactured by 
Merck Sharp & Dohme, USA as the reference formu­
lation, in healthy Thai male volunteers. The clinical 
protocol was reviewed and approved by the Ethics 
Committee of the Ministry of Public Health, Thailand. 

MATERIAL AND METHOD 
Enalapril preparations 

Reference preparation: Renitec® 100 tablets 
(Merck Sharp & Dohme, USA) containing 20 mg 
enalapril per tablet (Lot no. Y6093, Mfg. date 12/99). 

Test preparation: Enaril® 100 tablets (Biolab, 
Thailand) containing 20 mg enalapril per tablet (Lot 
no. ER20/3, Mfg. date 11/00). 
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Study design and healthy volunteers 
Fourteen healthy Thai male volunteers aged 

between 18-45 years 09.4 ± 1.3 years) with a body 
mass index between 18-24 (20.3 ± 1.4) participated 
in a randomized, single dose, fasting, two-period, two­
sequence, crossover study with a 1-week washout 
period. All the healthy volunteers provided written 
informed consent before enrollment, after details and 
purpose of the study had been explained to them. The 
volunteers were non-smoking, non-alcoholic and free 
from significant cardiac, hepatic, renal, gastrointestinal, 
and hematological diseases, as assessed by physical 
examination and the following laboratory tests: com­
plete blood count, total bilirubin, serum creatinine, 
blood nitrogen urea, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), alkaline 
phosphatase and hepatitis B surface antigen. 

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 enalapril dose 0 x 20-mg tablet) of 
each of the formulations at 7.00 a.m. along with 240 
ml of water. They remained seated for at least 30 min 
and fasted for 2 h. A standard lunch and an evening 
meal were provided at 4 and 9 h after dosing. No other 
food was permitted during the study period. Liquid 
consumption was allowed ad libitum after lunch, how­
ever, xanthine-containing and acidic beverages were 
prohibited. Blood pressure in the volunteers was 
monitored regularly throughout the study. After each 
period of the study, the volunteers were investigated 
by a physician. 

Drug analysis 
Seven milliliters of each blood sample was 

collected into a lithium-heparinized containing tube 
by catheterized venupuncture at the forearms before 
dosing and at 0.5, I, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16 
and 24 h after drug administration. The blood samples 
were centrifuged at 4°C (2,000 g, 10 min) and the 
plasma samples were separated within 10 min after 
collecting blood. All encoded plasma samples were 
kept at -80°C until transportation in dry ice to the 
Pharmakin GmbH Gesellschaft fur Pharmakokinetik, 
Germany for enalapril and enalaprilat chemical ana­
lysis. 

As described earlier by Lohitnavy 0 et al 
(9), plasma enalapril and enalaprilat were measured by 
LC-MS-MS in the combined ESI(-)IESI(+) mode 
with the lower limits of quantitation of 0.56 and 0.59 
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Fig. 1. Plasma concentration-time curve of enalapril and enalaprilat after 20-mg single dose administrations 
of Renitec® (reference) and Enaril® (test) in 14 healthy Thai male volunteers. 

Table 1. Summary data of pharmacokinetic parameters of enalapril and enalaprilat 
after 20-mg single dose administrations of reference and test formulations in 
healthy Thai male volunteers (n = 14, mean± SD). 

Pharmacokinetic Tmax Cmax AUCo.oo tl/2 
parameters (h) (ng/ml) (ng.h/ml) (h) 

Enalapril 
Test 1.0 ± 0.2 185.39 ± 62.20 319.39±89.85 1.1 ± 0.5 
Reference 1.0 ± 0.2 154.48 ± 46.37 278.93 ± 77.54 1.2 ± 0.5 

En a lapri !at 
Test 4.3 ±0.7 74.56 ± 18.41 701.48 ± 158.74 4.9 ±0.8 
Reference 4.2 ± 1.0 65.73 ± 15.45 623.06 ± 98.44 5.0 ± 1.0 

ng/ml, using a validated method described in the full 
report of the laboratory. Subsequently the analytical 
data were sent directly to the principle investigator for 
further pharmacokinetic and statistic data analysis. 

Pharmacokinetic and statistical analysis 
A non-compartmental pharmacokinetic 

method was employed to determine the pharmaco­
kinetic parameters of enalapril and enalaprilat. The 
time to peak plasma concentration (Tmax) and the 
peak concentration (Cmax) were obtained directly 
from the plasma concentration results. The area under 

the concentration-time curve (AUCo-oo) and half-life 
(t1f2) were determined by linear trapezoidal protocol 
by using WinNonlin Standard (version 3.0). 

The analysis of variance (ANOV A) was con­
ducted on Cmax and AUCO-oo• using general linear 
models (GLM) procedures, in which sources of varia­
tion were sequence, subjects within sequence, period, 
and formulation. Then the 90 per cent confidence 
intervals of the test/reference ratios for Cmax and 
AUCo.oo (log transformed) were determined. The 
average bioequivalence between two formulations can 
be concluded when the 90 per cent confidence inter-
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Table 2. ANOV A table of Cmax and AUCo..oo (log transformed) of enalapril and enalaprilat 
following 20-mg single dose administrations of reference and test formulations in 14 healthy 
Thai male volunteers. 

Enalapril 
Source of Variation DF ss MS F p 

A.Cmax Total 27 3.033 3.033 
Sequence 1 0.127 0.127 0.711 0.127 
Subject (sequence) 12 2.145 0.179 4.092 2.145 
Formulation 1 0.177 0.177 4.042 0.177 
Period 0.061 0.061 1.394 0.061 
Error 12 0.524 0.044 0.524 

B. AUCo-oo Total 27 2.365 
Sequence I 0.167 0.167 1.054 0.325 
Subject (sequence) 12 1.902 0.159 15.230 0.000 
Formulation I 0.110 0.110 10.605 0.007 
Period I 0.060 0.060 5.787 0.033 
Error 12 0.125 0.010 

Enalaprilat 
Source of Variation DF 

A. Cmax Total 27 
Sequence I 
Subject (sequence) 12 
Formulation I 
Period 
Error 12 

B. AUCo-oo Total 27 
Sequence I 
Subject (sequence) 12 
Formulation 1 
Period 
Error 12 

vals for the difference in the means of the log trans­
formed Cmax and AUCo-oo of both parent and meta­
bolite forms of the two products were within 70-143 
per cent and 80-125 per cent, respectively. 

RESULTS AND DISCUSSION 
Enalapril was well-tolerated. Although the 

blood pressure decreased in certain subjects at 3-4 h 
after dosing, no volunteer was withdrawn from this 
study and no serious adverse event was observed 
during the entire study. 

Pharmacokinetics of enalapril and enalaprilat 
Fig. 1 depicts the average plasma concentra­

tion-time curves of enalapril and enalapriat over a 
24-h period following oral administrations of 20-mg 
enalapril tablets. Pharmacokinetic parameters of 
enalapril and enalaprilat are summarized in Table 1. 
Maximal plasma levels of enalapril for both formu-

ss MS F p 

1.323 
0.119 0.119 1.539 0.238 
0.931 0.078 5.486 0.003 
0.102 0.102 7.247 0.020 
0.001 0.001 0.055 0.819 
0.170 0.014 
1.193 
0.010 0.010 0.125 0.730 
1.004 0.084 10.150 0.000 
0.078 0,078 9.414 0.010 
0.002 0.002 0.227 0.642 
0.099 0.008 

lations were observed at LO h whereas, those of ena­
laprilat were achieved at 4.3 h for the test formula­
tion and 4.2 h for the reference formulation_ The peak 
concentrations of both enalapril and enalaprilat for 
the test product were slightly higher than those for the 
reference pro<Juct (185.39 vs 154.48 ng/ml and 74.56 
vs 65.73 ng/ml, respectively) as well as the area under 
the concentration-time curves (AUCo_00) (319.39 vs 
278.93 ng.h/ml and 701.48 vs 623.06 ng_h/ml, respec­
tively). The mean half-lives of enalapril and enalaprilat 
for the test and the reference formulation were 1.1 vs 
1.2 h and 4.9 vs 5.0 h, respectively. The relative bio­
availability of test/reference ratios in terms of ena­
lapril and analaprilat were Ll and Ll respectively. 

Bioequivalence testing of enalapril and enalaprilat 
Regarding statistical analysis of enalapril 

pharmacokinetic parameters, the 90 per cent confi­
dence intervals of test/reference ratio for Cmax and 
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Table 3. The mean and 90 per cent confidence intervals of Cmax and AUCo-oo (log transformed) of 
enalapril and enalaprilat after 20 mg administrations of reference and test formulations 
in healthy Thai male volunteers (n = 14). 

Mean + SD SEMa 90% Cib Acceptable 

Enalapril 

Cmax 
AUCo-oo 

Enalaprilat 

Cmax 
AUCo-oo 

Test Reference 

5.16±0.38 
5.72 ±0.32 

4.29 ± 0.23 
6.53 ± 0.24 

5.00 ±0.27 
5.60 ±0.26 

4.16 ± 0.20 
6.42 ± 0.17 

0.079 
0.039 

0.045 
0.034 

(Test/referenc) range 

101.8-134.9 70-143 
105.9-121.4 80-125 

104.2-122.3 70-143 
104.5-118.1 80-125 

a SEM = ~ EMS*(I/NA+IINs). b 90% CI = (Xs- XA) ± (tl2, 0.1 *SEM) 

AUCo-oo were 101.8-134.9 per cent and 105.9-121. 
4 per cent, respectively. When the plasma enalaprilat 
pharmacokinetics was assessed, the 90 per cent con­
fidence intervals of test/reference ratio for Cmax and 
AUCo-oo were 104.2-122.3 per cent and 104.5-118.1 
per cent (Table 2 and 3). 

SUMMARY 
The average bioequivalence of 20-mg ena­

lapril tablets of the test formulation (Biolab, Thai­
land) compared to the reference formulation (Merck 
Sharp & Dohme, USA) was studied in healthy Thai 

male volunteers. Regarding the pharmacokinetic study, 
both formulations were equivalent in terms of rate and 
extent of absorption for both parent form and its active 
metabolite, enalaprilat. Based on the European bio­
equivalence guideline, 90 per cent confidence inter­
vals of Cmax and AUCo-oo ratios of enalapril and its 
active metabolite of these two preparations were in 
the acceptable range of 70-143 per cent and 80-125 
per cent, respectively. Consequently, the test product 
containing 20 mg of enalapril per tablet was equi­
valent to the reference product containing 20 mg ena­
Japril per tablet and can be used interchangeably. 

(Received for publication on July 10, 2002) 

REFERENCES 
l. 

2. 

3. 

4. 

5. 

White CM. Pharmacologic, pharmacokinetic, and 
therapeutic differences among ACE inhibitors. 
Pharmacotherapy 1998; 18: 588-99. 
Todd PA, Goal KL. Enalapril: A reappraisal of its 
pharmacology and therapeutic use in hypertension. 
Drugs 1992; 43: 346-83. 
Todd P A, Heel RC. Enalapril: A review of its 
pharmacodynamic and pharmacokinetic properties, 
and therapeutic use in hypertension and congestive 
heart failure. Drugs 1986; 31: 198-248. 
Ferguson RK, Vlasses PH, Swanson BN, Mojaverian 
P, Hichens M, Irvin JD, Huber PB. Effects of 
enalapril, a new converting enzyme inhibitor, in 
hypertension. Clin Pharmacal Ther 1982; 32:48-53. 
Guo X, Dick L. Late onset angiotensin-convert­
ing enzyme induced angioedema: Case report and 
review of the literature. J Okla State Med Assoc 

6. 

7. 

8. 

9. 

1999; 92:71-3. 
Schiller PI, Messmer SL, Haefeli WE, Schlienger 
RG, Bircher A1. Angiotensin-converting enzyme 
inhibitor-induced angioedema: late onset, irregular 
course, and potential role of triggers. Allergy 1997; 
52:432-5. 
Shionoiri H, Takasaki I, Hirawa N, et al. A case 
report of angioedema during long-term (66 months) 
angiotensin converting enzyme inhibition therapy 
with enalapril. 1pn Circ 1 1996; 60: 166-70. 
Pillans PI, Coulter DM, Black P. Angiooedema 
and urticaria with angiotensin converting enzyme 
inhibitors. Eur 1 Clin Pharmacal 1996; 51: 123-6. 
Lohitnavy 0, Lohitnavy M, Polnok S, Taytiwat P. 
Bioequivalence study of enalapril tablets in healthy 
thai male volunteers. 1 Med Assoc Thai 2002; 85: 
716-21. 



952 0. WHITNA VY et al. J Med Assoc Thai October 2003 

.enirm! [Ni1V~lJ7~ rm*, JJ'I.IWFT [Ni1V~u71, ;rm*, 

LLffmm WNUiJn, wem**, I.h::?mf tV~~b~mt!, wv*** 

"llnm'i?lmmfli'll"l~'Uf!lfl(;]f'llmtnihmn-w1~'li'Ul\il 20 ~~~nf).l 1::vril~tnfll,r'l!~~C.J~(;] 11il£Ju1M'YJ1u 1mL~U 
tb::LYJI"11Ylt'J hi'lil Lt.l1tJuLYit'JUrl1Jt'Jl~'ULL1J1J ;g~C.J~(;]L(;]t'J1J1MYI Merck Sharp & Dohme tl1::LYJI"1fl'VIf~ml-11m L'Utnfllfl,rl'l"i 

'lllt'J1YltJ~l'Ul'U 14 I'I'U ~~?lm;lLLUU~l-l'lill-lfl~u 2 'l::t'J:: vi1~n'U 1 Nt.llillli" LLiii~::'l::t'J:: mfllfl,rl'l'lMfutnLil(Pifl'Ul~lY-i~~ 
20 ~~~nfl-ll'lf~Liiit'Jl LL~::LnuilEJril~"W~lfll-llfllt'JL'U 24 .a-, Ll-I~'VI~~"lln Mfum L ~m~~ 1 t.l'5LI'I'll::li"m'l::iumii'Uli'llw1~ 
LLI'l::fl'Uli'll'W1LL~\il L\ilt'JL'liLI'I~milEJ LC/MS/MS LL~::'VIlvll~l\ilYI1~LflN'II"li'l'Uf'11fl(;]{ 11ilt'JH' non-compartmental analys1s 

C.Ji'lm'l?lmn"WUll fEJt'J~:: 90 'lltN'l::vlUI'Ill).IL;mt'U'!IEI~'l::vlUtn'j~l'f(PIL'UWi'llfll-11 LLI'l::~'Uffi(;l'tl'i~'l::'VIll~l'lll).IL'li).l'li'UL'U 
'Wi'llfll-llrlULli'll'!IEI~t'Jlii'Uli'll'W1i'l (t'J1fll,r'l//t'll~'ULL1J1J) LYhnuftJt'Ji'l:: 101.8-134.9 Lm::ftJt'Ji'l:: 105.9-121.4 (;]l).l,:m]u 

I .... I • .... .... - .... t,. I &.- "' .... ,.. I 

LLi'l::l'll\il~n~llfll'VI'lUEJ'Uli'll'W'lLLi'l(;] (t'Jlflll-1'1//t'Jl(;]'ULLUU) LYilnU"iEJt'Ji'l:: 104.2-122.3 LLi'l::'lEJt'Ji'l:: 104.5-118.1 'li~EJ~ 

1 'U'lh~iltJEJl-1-i'U Mlilll-I'VI ~mmuonm'lYI(;l fltJU~l fll-l);!i'l vr~J'U t'JlLillilii'Ul i'll'W1~'li'Ul\il 20 ~ ~~nfmf~fltNiinfu~~il'illfll-ll;J" 
;g~n'ULLI'l::n'U LL~::flll-ll'ln HLL YJ'U n'U hit 'Um~ ~'~ ~un 

mifl'l! 1a'Rfi'U1i, ).j~vil'l 1a'Rfi'Uli, 

LLft'4'VItn YU~'UDn, U'1::1'Yirf Lfl;ji'ti!'l! 

'lfi'VI).IltlL'VI'JYI14LLYl'Yirf '1 2546; 86: 947-952 

• '=]1.J~'YI\il<I<JU~1iUUJ<I, l'lt1J:::Lll~'lll'll<l\il{ 

•• l'lt1J:::WEJ1Ul<ll'll<llil{ 

••• <lt1lU1.Jl~El'Yil~'i'YIEJll'll<llilf~'lllllW, l-l'r1ll'YIEll~El1.JL'il'll'i, ~~OjL<In 65000 




