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SUMMARY

A bioequivalence study of two oral formulations of 20/12.5 mg tablets of enalapIiI/hydrochlorothiazide was carried out in 20
healthy male volunteers according to a single dose, two-sequence, crossover randomized design. One washout period of nine days
was observed between the two periods. Multiple samples were collected over 96 hours post-dosing. Bioavailability was evaluated
on the basis of plasma concentrations of enalapIiI and its main active metabolite, enalapIilat and hydrochlorothiazide. Plasma
samples were assayed for enalapIiI, enalaprilat and hydrochlorothiazide using a selective and sensitive high-performance liquid
chromatography method with mass spectrometry detection (LC-MS).
The phannacokinetic parameter values of Cmax and tmax were obtained directly from plasma data, ke was estimated by log-linear
regression, and AUC was calculated by trapezoidal rule. Different statistical tests were performed on the basis of untransfonned
and log-transformed data and the overall residual variance from ANOVA. Assuming the accepted tolerance intervals, a ~-error of
20% and 90% confidence intervals (a = 0.10), all the generally accepted tests (Schuinnann test and Wilcoxon-Tukey and Hauschke
non parametric tests) showed that the formulations can be considered as bioequivalent with respect to the extent of absorption,
given by the AUCa-oo and with respect to rate of absorption as assessed by Cmax and tmax.

INTRODUCTION

Enalapril maleate and enalaprilat are angiotensin
converting enzyme (ACE) inhibitors, used for the
treatment of hypertension. Enalapril maleate (ENP) is a
prodrug and has very low pharmacologic activity until it
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undergoes ester hydrolysis, probably in the liver, to its
active metabolite enalaprilat (ENT) (1).

Combination of ENP with hydrochlorothiazide (HCfZ)
is more effective than either drug alone in controlling
moderate hypertension. The combination is effective in
about 85% of patients, becauseof a synergistic relationship
between ACE inhibitors and diueretics, which improve
the reduction in blood pressure.

Concomitant oral administration of ENP and HCTZ
has little, if any, effect on the bioavailability of either drug.

Although the exact mechanism of action of enalapril
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and enalaprilat has not been fully elucidated, it is thought
that these drugs reduce blood pressure in normotensive
individuals and hypertensive patients and produce
beneficial hemodynamic effects in patients withcongestive
heart failure mainly by suppressing the renin-angiotensin
aldosterone system (1).

ENP is rapidly and well absorbed after oral
administration (55-75%). Peak plasma concentrations of
the prodrug appeared in the systemic circulation at
approximately 1 h after dosing and an elimination half
life of 0.5 to 1.5 hours has been reported in human (2, 3).

Peak plasma concentrations of ENT appeared between
3.5 and 4.5 h after oral dosing and an average elimination
half-life of 35 to 38 hours has been reported in human.
Various studies reported that about 60% of oral ENP was
absorbed from GJtract whereas only about 3% of ENT was
absorbed when given orally, because of its highpolarity (l,
2). Conversion of ENP to ENT is about 60% efficient (2).

Following oral administration, ENP and ENT are
excreted in urine and faeces.

Hydrochlorothiazide is a thiazide diuretic indicated in
the management of hypertension. It is used as
monotherapy or in combination with other classes of
antihypertensive agents.

HCTZ is absorbed from OJ tract and peak plasma
concentrations occurred 1.5 to 3 hours after taking
therapeutic doses. The plasma half-life of HCTZ reported
ranges from 5.6 to 14.8 hours. HCTZ is apparently not
metabolized and is excreted unchanged in urine (1, 4).

Bioavailability (i.e., rate and efficiency of absorption
of a drug delivered by a solid dosage form) may be altered
by changes in the formulation and manufacture of drug
product. Differences in bioavailibility could be associated
with therapeutic inequivalence. Therefore a bioavailability
study was conducted to assess the in vivo pharmacokinetic
performance of the product Enatia'" [(enalapril /
hydrochlorothiazide, immediate release tablets 20/12.5 mg
- Grupo Tecnimede), (treatment A)] as compared to the
innovator's product [(Renidur®immediate release tablets
20/12.5 mg - Merck Sharp & Dhome), (treatment B)].

Enalapril has a short half-lifeand enalaprilat is its major
metabolite. Therefore, plasma concentrations shall be
determined for both species.

SUBJECTS AND METHODS

Subjects

Twenty non-smoking healthy caucasian male volunteers,
with an average age (± S.D.) of 22.6 ± 2.3 years (range:
22-32 years), a mean body height (± S.D.) of 174.6 ± 6.6
em (range: 162-190 em) and a mean body weight (± S.D.)

of 68.9 ± 6.1 Kg (range: 60-82 Kg), participated in the
study.

Volunteers were judged normal on the basis of a pre
study medical history, physical examination and clinical
laboratory tests (biochemical tests of blood and urine).
None of the volunteers had any history or suspicion of
drug or alcohol abuse, nor did they have any acute or
chronic gastrointestinal, cardiovascular, hepatic, renal,
endocrine or metabolic disease. The use of any other drugs
was forbidden 1week before and during the study period.
No alcohol or beverages containing xantines were allowed
48 h before the beginning of each phase of the study.
Subjects were fasted from 10h prior dosing until 4 h post
administration of the drug. All subjects gave their oral and
written informed consent before entering the study.

Study design

The study was performed over two weeks (1+1),on which,
oral administration of both treatments and blood sampling
were made. One washout period of nine days (no drugs
administered) was observed between the two phases of
the study. This period was considered to be sufficient with
regard to the mean terminal half-life,commonly reported
for enalapril, enalaprilat and hydrochlorothiazide.

The clinicalpart of the study was completed within three
weeks.

Twenty subjects were required to complete the study.
Subjects were randomised to treatment periods according
to a latin square design. All volunteers completed both
phases.

All subjects received a single 20/12.5 mg oral dose of
the two formulations of enalapril/hydrochlorothiazide
(Treatment A and Treatment B) on two separate occasions
according to an open, randomised, two-way cross-over
study design.

Subjects fasted for 10h before dosing (water adlib.) and
for four hours after dosing (no water allowed).The subjects
drank water (250 mL) within the first waking hour on the
first day of each period.

Each study medication was from a single batch number.
The tablets were administered intact with 200 ml of water
at room temperature. Blood sampling started 30 minutes
after dosing and continued until 96 hours after intake.

After 4 hours of drug intake, subjects had a standard
lunch and a light meal was given 4 hours after lunch.

The use of alcohol or xantine contained beverages and
food were prohibited for 48 and 24 hours, before and
throughout the period of sample collection, respectively.
During each study day no caffeine beverages were allowed
as well.

The study was carried out according to the ethical
principles of the Declaration of Helsinki and its
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amendments. The protocol was approved by Ethical
Committee of Hospital Central de Pulido Valente, Lisboa.

Blood sampling

Blood plasma samples were collected with disposable
syringes and immediately transferred to tubes containing
lithium heparin, before dosing (blank blood sample) and
at 0.50; 075, 1.0; 1.25, 1.5;,2.0; 2.5, 3.0; 3.5,4.0; 4.5, 5.0,
6.0; 9.0; 12,24,48. 72 and 96 hours after dosing (1 x 10
mL each). The blood samples were centrifuged as soon as
possible after collection. Four replicates for each collecting
time (2 for enalapril and enalaprilat and other two for
hydrochlorothiazide) were separated.

Plasma samples were stored in suitably labelled tubes
at -80°C, pending assay.

Analytical method

The clinical part of the trial was performed in Lisboa
(FFUL/LEBF).

The drugs plasma concentrations were determined by
MCC Analitica, S.A., Barcelona, Spain. The laboratory
study was conducted in compliance with the principles of
Good Laboratory Practices (GLP).

For the needs of transport, the samples were packed
with dry ice and surface transported. The total duration
was less than 24 hours.

For enalapril and enalaprilat analysis, plasma aliquots
of 0.5 mL were allowed to thaw at room temperature and
were processed together with a calibration curve.

Samples were diluted with 0.5 mL of 0.2 M ortho
phosphoric acid and loaded on an Oasis sorbent (HLB
extraction plate, 30 mg, Waters). The sorbent was washed
out with 1 mL of water (5% methanol) and the elution of
enalapril and enalaptilat was carried out with 2 x 0.5 mL
of methanol. After evaporating to dryness, samples were
dissolved in 100 ul, of mobile phase. An aliquot of 10 ul,
was injected onto the chromatographic system.

The chromatographic system consisted of an
autosampler (Gilson233 XL), highpressure pumps (perkin
Elmer Series 200) and a mass spectrometer detector (PE
Sciex, API 365). Separation was carried out using a
reversed phase Symmetry Shield RP 18 column (2.1 mm
x 50 mm, 3.1 11m particle size) (Waters) with a mobile
phase consisted of acetonitrile/water, (62:38, v/v),
containing 0.4% (v/v) glacial acetic acid at a flow rate of
280 ilL/min. Mass spectrometric detection was carried
out using a triple quadrupole instrument operating with
the turbo ionspray interface in positive mode. The
temperature of the heater was set at 375°C. Multiple
reaction monitoring (MRM) was employed using nitrogen
as collision gas. The precusor --+ product ions were: 377.1

--+ 234.2 and 349.0 --+ 206.1 a.m.u., for enalapril and
enalaprilat, respectively.

The method shows good linearity over the studied range
(1-200 ng/mL). The limit of quantification was 1 ng/mL.
Inter-day precision (expressed as coefficient of variation
for specific added concentration) and accuracy (expressed
as percentage error of found concentration as compared
with target added concentrations)were lower than 9.1%
and-6.8% forenalapril and 12.4%and 4.7% forenalaprilat.
Intra-day precision and accuracy were lower than 12.1%
and 7.1% for enalapril and 9.1% and 8.7% for enalaprilat,
respectively.

For hydrochlorothiazide analysis, plasma aliquots of 1
mL were allowed to thaw at room temperature and were
processed together with a calibration curve.

Samples were extracted with 5 mL of tert-butyl methyl
ether. After evaporating to dryness, samples were dissolved
in 200 ul, of mobile phase. An aliquot of 100 ul, was
injected onto the chromatographic system.

The chromatographic system consisted of a Waters 600E
multisolvent delivery system, a Waters 717 autosampler
and a Waters 996 photodiode array detector. Separation
was carried out using a reversed phase Ultrasphere ODS
column (25 ern x 4,6 mm, 5 11m particle size, Beckman)
and a mobile phase consisted of acetonitrile/O.007 M
heptanesulfonic acid sodium salt (18:82, v!v), containing
1% (v!v)glacial acetic acid and 0.035% (v!v) triethylamine,
at a flow rate of 0.8 mlzmin. The effluent was monitored
on a photodiode array detector using a wavelength of 272
nm.

The method shows good linearity over the studied range
(2-300 ng/mL). The limit of quantification was 2.5 ng/ml.
Inter-day precision (expressed as coefficient of variation
for specific added concentration) and accuracy (expressed
as percentage error of found concentration as compared
with target added concentrations) were lowerthan 14.5%
and 4.4%. Intra-day precision and accuracy were lower
than 4.1% and 11.3%, respectively.

Pharmacokinetic analysis

The pharmacokinetic parameters used for the
determination of bioavailability of drugs (AUCO-oc' Cmax
and tmax) were evaluated assuming a linear elimination
kinetics.

Maximum plasma concentration (Cmax) and time to
maximum concentration (tmax) were obtained directly
from the experimental data. Area under the plasma
concentration curve from administration to last sampling
time (AUCO-96) was calculatedusingthe trapezoidal method
and the area under the plasma concentration curve to
infinite time (AUCo_oc) was calculated as AUCO-96 + CT/ke
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Figures 1, 2 and 3 show the mean plasma profiles versus
time of enalapril, enalaprilat and hydrochlorothiazide from
the 20 subjects, obtained after oral administration of both
treatments (A and B). In Table I, II and III, a summary of
pharmacokinetic characteristics of enalapril, enalaprilat
and hydrochlorothiazide for both treatments is represented
(Formulation A = Test; Formulation B = Reference).

CT being the last measured concentration divided by the
elimination rate constant (ke) . The half-life (tIn) was
calculated as In2lke, where ke is the slope of the log-linear
terminal portion of the concentration versus time curve.

Pharmacokinetic parameters obtained from experimental
data were submitted to different statistical calculations
for a 90% confidence level, using WinBioQ® v.3.2
computer software for Bioequivalence Analysis [5]. The
analysisof variance (for the source of variation: treatment,
period, sequence and sequence/subject) was performed
using Kinetica" vA.Ocomputer software [6].

The following statistical tests were performed: two-one
sided t-test (Schuirmann's test) [7], Wilcoxon-Tukey [8]
and Hauschke procedure [9].

To show bioequivalence of the 2 formulations
confidence intervals for primary variables (AUC and CmaJ
should be within the acceptance range (bioequivalence
range) [10,11].

A posteriori power calculation for minimum sample
size for the different parameters and species analysed (it
varies between 2 and 9 for log-transformed data) shows
that the number of subjects used in the study is adequate
[12].

DISCUSSION AND CONCLUSIONS

RESULTS

Statistical methods

Following oral adminisration of the two studied dosage
forms, enalapril and hydrochlorothiazide, are rapidly
absorbed from the gastro-intestinal tract into plasma.
Assuming a ~-error of 20% and a deviation of 20% for
AUCo.co ' and Cmax ' confidence intervals (ANOVA),
estimated for a log-normal distribution, are contained
within the accepted tolerance limits. The same applies to
tmax for a deviation of 30% and a normal distribution (see
tables VII, VIII and IX).

The average concentrations correspond to practically
superimposable time courses, nevertheless with
considerable between-subject variations in both products.
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Fig. 1 : Mean plasma concentration of enalapril, after oral
administration of a 20/12.5 mg dose of enalapril/hydrochlorothiazide
to 20 healthy volunteers.
Treatment A: Test formulation (Enatiaf'); Treatment B: Reference
formulation (Renidur'"),

Fig. 2 : Mean plasma concentration of enalaprilat, after oral
administration of a 20/12.5 rng dose of enalapril/hydrochlorothiazide
to 20 healthy volunteers.
Treatment A: Test formulation (Enatiaf"); Treatment B: Reference
formulation (Renidur'").

Fig. 3 : Mean plasma concentration of hydrochlorothiazide, after
oral administration of a 20/12.5 mg dose of
enalapril/hydrochlorothiazide to 20 healthy volunteers.
Treatment A: Test formulation (Enatiaf'); Treatment B: Reference
formulation (Renidnr'").
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Table I: Summary of pharmacokinetic characteristics for ena/april

.'ii'
Aue

l
· ··· .;"

(~ '2~~'" ·,······;··+M)~:··"'·"·· ~,""
r.. ..........

Treatment A
Mean 136 132 98.2 1.01 1.62
S.D." 50.9 50.9 35.9 0.270 1.25
R.S.D.%b 37.3 38.5 36.5 27.1 77.1
Median 122 120 84.2 1.00 1.12

Treatment B
Mean 136 133 101 0.960 1.46
S.D." 46.4 46.3 42.3 0.250 0.870
R.S.D.%b 34.1 34.9 42.1 25.7 59.5
Median 125 121 91.3 1.00 1.24

Sequence AB
Mean 154 151 104 1.05 1.37
S.D." 47.2 47.2 34.1 0.251 0.779

Sequence BA
Mean 118 114 95.0 0.925 1.71
S.D." 42.8 42.5 43.3 0.258 1.29

Period I
Mean 138 134 96.5 1.01 1.54
S.D." 55.7 55.8 38.0 0.275 1.09

Period II
Mean 135 131 102 0.962 1.54
S.D." 40.5 40.2 40.2 0.247 1.07

a Standard deviation; bRelative standard deviation %.

Table II: Summary of pharmacokinetic characteristics of enalapnlat

,. AlIe...,., ·.A~~t.t '. inf':h •"""l ',.•....;.:,Jl"~" .' !•."•• F:.•••~
' ...•... .' ..., .... ,. (fig.himt;) '.' .. '.'"

Treatment A
Mean 750 702 100 3.60 13.1
S.D." 441 403 38.2 0.980 10.6
R.S.D.%b 58.8 57.4 38.2 27.3 81.3
Median 634 623 91.4 3.50 9.43

Treatment B
Mean 788 738 110 3.33 12.2
S.D." 541 491 38.0 0.800 13.0
R.S.D.%b 68.7 66.6 34.6 24.0 107
Median 661 596 96.2 3.25 5.61

Sequence AB
Mean 943 891 120 3.55 10.7
5.0." 629 563 40.3 0.945 11.6

Sequence BA
Mean 595 549 89.4 3.38 14.5
5.0." 170 160 28.7 0.856 11.9

Period I
Mean 747 704 104 3.48 11.7
5.0." 443 406 34.0 0.993 10.1

Period II
Mean 791 735 106 3.45 13.5
5.0." 539 489 42.4 0.809 13.3

a Standard deviation; bRelative standard deviation %.
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Table III: Summary of pharmacokinetic characteristics of hydrochlorothiazide

)",:',/ A,!<;~~, A~C::':L ·········'(b~';L); to;; .:

(~), ,

Treatment A
Mean 470 418 72.5 2.26 5.54
S.D.a 129 115 13.8 0.890 2.36
R.S.D.%b 27.5 27.5 19.0 39.4 42.7
Median 480 405 72.2 2.00 5.90

Treatment B
Mean 537 452 79.2 2.00 6.08
S.D." 374 237 22.1 0.850 3.25
R.S.D.%b 69.5 52.4 27.9 42.7 53.4
Median 474 405 79.2 1.50 5.90

Sequence AB
Mean 559 470 75.6 2.50 5.47
S.D." 383 253 21.7 0.918 2.93

Sequence BA
Mean 448 401 76.1 1.76 6.15
S.D.' 74.8 61.1 15.3 0.656 2.73

Period I
Mean 481 427 77.2 2.05 5.87
S.D." 124 112 15.3 0.927 2.63

Period II
Mean 527 443 74.5 2.21 5.75
S.D.' 377 240 21.6 0.828 3.06

"Standard deviation, bRelative standard deviation %.

Table IV: Level of confidence on the basis of F values for ANOVA (enaJapril) .

Tilt $Oill'ceJitvadiltiOll -~~o.oo,.>:,.. AlIC\I-t •':C;....i> ..,
tmax tv.

Normal distribution

AlB Treatments 0.0233 0.0231 0.268 0.639 0.373
Periods 0.265 0.246 0.603 0.639 0.00739
Sequences 0.935 0.938 0.397 0.761 0.635
Subjects (Seq) 0.996* 0.996* 1.00* 0.996* 0.724
R.S.D.%** 22.2 22.7 21.0 17.5 69.2

Log-normal distribution

AlB Treatments 0.0631 0.118 0.224 0.626 0.0210
Periods 0.0250 0.0587 0.669 0.549 0.114
Sequences 0.948 0.950 0.605 0.800 0.334
Subjects (Seq) 0.998* 1.00* 1.00* 0.995* 0.885
R.S.D.%** 21.4 21.3 18.7 17.4 55.4

(*) Significant; (**) Residual relative standard deviation

In fact, results show a wide between-subject variability
in terms of the pharmacokinetic parameters analysed.This
may be due to the differences in the rate of elimination
between subjects, as reflected in the terminal half-life values
which show, for ENP, a total relative standard deviation
% (R.S.D.%) of approximately 77% and 59% for
formulations A and B, respectively, and for ENT aR.S.D.
of ca. 81% (formulation A) and 107% (formulation B).
For HCTZ, smaller values for the R.S.D. were found, 43%
and 53%, respectively for treatment A and B, although

for AUCO_
t

' AUCo_co and Cmax' HCTZ showed a larger
total RSD% for treatment B than for treatment A (table
III). A possible explanation could be a subject by
formulation interaction, which can not be determined with
this simple crossover design.

For AUCO-l' AUCO-co and Cmax' primary pharmacokinetic
parameters reflecting the extent and rate of absorption,
no significant differences were found, for a normal and
log-normal distribution, in the ANOV A calculations at
the 90% confidence level, between treatments and periods
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Table V: Level of confidence on the basis of F values for ANOVA (enalaprilat).

fIR Source of variation AVC...", AVC•.t. (:~ ti!Utl!i it~"

Normal distribution

AlB Treatments 0.606 0.632 0.849 0.692 0.271
Periods 0.671 0.550 0.165 0.0749 0.524
Sequences 0.890 0.918 0.953** 0.416 0.559
Subjects (Seq) 1.00* 1.00* 0.999* 0.775 0.996*
R.S.D.%** 17.3 16.8 18.8 24.9 64.0

Log-normal distribution

AlB Treatments 0.308 0.346 0.906 0.688 0.601
Periods 0.442 0.300 0.202 0.0387 0.277
Sequences 0.953* 0.971 0.961* 0.401 0.483
Subjects (Seq) 1.00* 1.00* 1.00* 0.870 0.994*
R.S.D.%** 18.1 17.3 19.0 22.7 78.5

(*) Significant; (**) Residual relative standard deviation

Table VI: Level of confidence on the basis of F values for ANOVA (hydrochlorothiazide).

TIR Source of variation AVC...", AVC._1 CQl;l1 t~~ .'t.,."",
Normal distribution

AlB Treatments 0.667 0.617 0.876 0.712 0.652
Periods 0.494 0.321 0.479 0.494 0.163
Sequences 0.693 0.617 0.0543 0.987* 0.435
Subjects (Seq) 0.967* 0.997* 0.989* 0.679 0.999*
R.S.D.%** 39.7 26.7 16.7 37.9 28.6

Log-normal distribution

AlB Treatments 0.582 0.421 0.835 0.823 0.479
Periods 0.0333 0.211 0.698 0.605 0.473
Sequences 0.479 0.359 0.174 0.985* 0.406
Subjects (Seq) 1.00* 1.00* 0.997* 0.841 1.00*
R.S.D.%** 21.0 18.4 15.9 32.2 23.3

(*) Significant; (**) Residual relative standard deviation

Table VII: Summary of results from different statistical tests for enalapril

AlB Type of tests AVC...", AVC...1 Cma• .tma~ t",

Normal distribution
Point estimator 1.00 0.998 0.977 1.05 1.11
ANOVA (90%CI*) 0.880-1.12 0.874-1.12 0.862-1.09 0.956-1.15 0.729-1.49
Schuirmann**

p-value 0.390 0.230 0.971 - 0.649
lower-value 2.88 2.76 4.18 - 1.41
upper-value 3.53 3.52 6.84 - 0.648

Log-normal distribution
Point estimator 0.995 0.990 0.983 1.05 1.00
ANOVA (90%CI*) 0.886-1.12 0.882-1.121 0.888-1.09 0.956-1.16 0.756-1.33
Schuirmann**

p-value 0.590 0.600 1.00 - 0.781
lower-value 3.22 3.17 5.74 - 1.30
upper-value 3.37 3.47 6.33 - 1.25

Distribution free
Point estimator 0.989 0.976 0.994 1.061 0.951
Wilcoxon/Tukey (90%Cl) 0.892-1.10 0.893-1.10 0.882-1.09 1.00-1.16 0.746-1.29
Hauschke (p-value) - - - 0.410 -

(*) 90% Confidence Interval; (**) Multiplicative model for AVC and Cm,x; Additive model fortmax
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Table VIII: Summary of results from different statistical tests for enalaprilat

Normal distribution
Point estimator 0.952 0.951 0.911 1.08 1.07
ANOVA (90%CI*) 0.857-1.05 0.859-1.04 0.808-1.01 0.946-1.22 0.722-1.42
Schuirmann**

p-value 0.380 0.450 0.890 0.706
lower-value 2.78 2.83 3.55 1.35
upper-value 5.45 5.62 8.74 0.875

Log-normal distribution
Point estimator 0.977 0.976 0.900 1.08 1.21
ANOVA (90%CI*) 0.886-1.08 0.880-1.07 0.812-0.998 0.952-1.22 0.829-1.77
Schuirmann**

p-value 0.850 0.890 0.970 0.493
lower-value 3.51 3.62 4.18 1.67
upper-value 4.31 4.52 7.70 0.124

Distribution free
Point estimator 0.964 0.970 0.890 1.05 1.18
Wilcoxon{fukey (90%Cl) 0.894-1.04 0.894-1.05 0.813-0.997 0.935-1.18 0.940-1.72
Hauschke (p-value) 0.414

(*) 90% Confidence Interval; (**) Multiplicative model for AVC and Cmax; Additive model for tmax

Table IX: Summary of results from different statistical tests for hydrochlorothiazide

.....'1./.·· ···'J!~~"'.t,sts •.>•..••••.••...••.••••....... AliC~· •••• Ave..l • / 1/ C-.x / /t;"..· tl'..// •.

Normal distribution
Point estimator 0.875 0.924 0.915 1.131 0.911
ANOVA (90%CI*) 0.657-1.09 0.778-1.07 0.823-1.01 0.924-1.34 0.755-1.07
Schuirmann**

p-value 0.717 0.920 1.00 - 0.883
lower-value 0.597 1.47 4.05 - 1.23
upper-value 2.98 3.85 9.74 - 3.75

Log-normal distribution
Point estimator 0.947 0.968 0.930 1.15 0.951
ANOVA (90%CI*) 0.845-1.06 0.876-1.07 0.853-1.02 0.968-1.37 0.838-1.08
Schuirmann**

p-value 0.989 0.998 1.00 - 0.984
lower-value 2.54 3.28 5.67 - 2.35
upper-value 4.18 4.41 8.57 - 3.72

Distribution free
Point estimator 0.995 0.988 0.952 1.18 0.953
Wilcoxon{fukey (90%Cl) 0.905-1.05 0.897-1.08 0.856-1.02 0.976-1.39 0.901-1.06
Hauschke (p-value) - - - 0.314 -

(*) 90% Confidence Interval; (**) Multiplicative model for AVC and Cmax; Additive model for tmax

effects for enalapril, enalaprilat and hydrochlorothiazide.

However, a significantsequence effect was found for ENT,

but not for the parent compounds included in the

formulations (Tables IV, V, VI).

The possible causes underlying this effect could be a

carry-over effect (this is taken care of with the washout

period) or a formulation by period interaction (which can

not be ruled out with this design, but since ENT is a

metabolite such a cause is difficult to conceive).

However, since enalaprilat is a metabolite and
randomisation has not been done on the basis of subject
phenotyping, grouping of subjects with similar metabolic
pattern could occur, giving rise to a sequence effect. It
should be emphasized that a sequence effect due to some
differences between groups does not bias formulation
comparison (whichis the ultimate goal of this study), since
it is acccounted for in the ANOVA.

Results from the two one-sided t-test procedure
(Schuirmann's test), with the hypothesis of null
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bioinequivalence at the 5 % significance level, also
demonstrated the bioequivalence between both
formulations, since the null hypothesis wasalways rejected
when comparing AUCO_t ' AUCo-oo and Cmax of ENP, ENT
and HCTZ (Table VII, VIII, IX).
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