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e ABSTRACT : —

The bioequivalence of two preparations of enalapril maleate (20 mg tablets) manufactured in Iran
has been exploited in reference to a standard preparation (Xanef 20 tablets, MSD, Germany) in 14
healthy volunteers. Following oral dosing of a single tablet of each of test and standard products,
as a randomized crossover design with 10-day washout intervals, the blood samples were
collected in predetermined time points and using a synthetic substrate, Hippuryl-Histidy-Leucine
(HHL), the release of hippuric acid from the substrate was determined as Angiotensin-
Converting-Enzyme (ACE) activity of serum fractions. The percent of ACE inhibition in each
sample was calculated and plotted aganst time, from which three pharmacodynarmic parameters,
L.e. Emue, tmax and AUCp24were denived. The results of statistical comparison of these parameters
showed that both of the test preparations are bioequivalent with reference standard preparation.
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INTRODUCTION

Mowadays, the cardiovascolar diseases are prevalent
remarkably and. as a result. the imporiance of efficient
drug therapy for the management of these diseases is
clear. Angiotensin converting enzvme (ACE) inhibi-
tors are a group of effective antihyperiensive drugs
with unique mechanism of action (1) In addition,
these drugs have proven 1o be useful in management of
congestive heart failure (CHF) (1.2). Enalapril is a
prodrug of enalaprilat, which can not be used orally
i(#). In contrast, enalapril has an acceptable degree of
Gl absorption {about 60%) (4, 3) which is not influ-
enced by the presence of food (6) and once absorbed,
is rapidly changed to an active metabolite, enalaprilat,
mainly by liver esterases (3). Because of the some
plysicochemical properties, determination of enalapril
in biological fluids which is necessary for it's
pharmacokinetic studies, is very problematic {7) and.
therefore, the activity of ACE in serum which has a
remarkable degree of correlation with serum con-
centration of drug (3, 8, % 109, can be used as an
indireel measure of serum concentrations of the drug,
In the present study. the bicequivalence of two pre-
parations of enalapril maleate produced in Iran has
been evaluated using serum ACE inlubition as a
quantitalive pharmacodynamic parameter,

MATERIALS AND METHOQDS

Materials

Enalapril maleate (Farmhispania Co.. Spain) and
enalapril maleate USP reference standard (L.S.P.C.
Inc., MDD, USA) were kindly donated by Do Abidi
Pharmaceutical Co. (Tehran, Iran). Enalapril maleate
20 mg tablets (Dr. Abidi Pharmacentical Co.. Tehran,
[ran, batch no LO3-10-76) and Sobhan Pharmaceatical
Co.. Rasht, Iran, batch no 0013 and Xanel 20 mg
tablets (MSD, Germany,  batch no HI 636100 were
available locally, Hippuric acid (Sigma Co,, Arl no
H-6375) and Hippurvl-L-Histidvl-L-Leucine {Sigma
Co., Art no. H-1633) were purchased from Sigma Co.
Other chemicals and solvents were o chomical
laboratory or HPLC grades and were available locally.

Preparation of buffered salution of {157

94 mmoles of boric acid and 714 mmales of KO were
dissolved in 400 ml of distilled water and the pH of
solution was adjusted to 83 {optimal pH of ACE
activity) by addition of IM KOH  solution and the
valume was adjusted 1o 5300 ml by the addition of
distilled water. In | ml of the prepared bufferad
solution, 4 pmeles (approximalely 1,73 mg) of HHL
was dissolved.
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Table 1. The demographic data of 14 healthy volunteers

Subject no. Age (vear)

Weight (k)

Height {cm) Serum ACE Activity (U/L)

33 03
2 27 - 80
3 KN 67
4 26 3
3 g o8
i 21 57
7 24 &3
# 32 T
o 22 73
1 23 9
11 32 8
12 23 o0
13 23 Gl
14 33 T

" 67 (7.4)

Mean (SD) 27.6 (3.9)

172 15.16
175 2166
150 12.50
171 108
170 75
104 7.50
172 13.08
176 0,558
182 11.66
160 15.33
176 13.16
174 1583
17 1266
177 10,41

173 (5.8) 12.38 (4.0

Determination of ACE Activity

ACE activily ol the serum samples were determingd
using a synthetic, subsirate Hippuryl Histidyl Lencine
(HHL). To 200 ul of serum, was added 100 ul of
budlered selution of HHL and the resulling mixtore
was vartexed forls Sec. After incubation at 27 °C for
30 min, the reaction was lerminated by the additon of
10 pl of perchloric acid (00%) and the mixture was
vorlexed for 10 sec and was centrifuged at 3000g for
5 min, Finallv, 20 pul of the supernatant was injected
1o chromatograph in order (o determine the released
hippuric acid, and 1 pwmole of hippuric acid which
was produced in 1 omin under the reaction condition
was deflined as o unil of ACE activity,

{PLC merthod

A reversed-phase HPLC method  was used  lor
determination o the hippurie acid released upon
action of ACE on HHL. The mobile phase consisied
of a mixtuee of the aqueons solution ol polassinm
difvdrogen phosphate (10 mM) and methanol (30:20)
with a final pH of 3 and was pumped by @ double-
reciprocating pump {(Waters, USA, model 6007 al a
flow rate of 2 mlimin. A Cg Column (p-Bondapack,
00 39 mum.. waters, USA) was used for separation
af room temperature. The detection was made by a
UWedetector  {Waters.  USA.,  model 4800 at
wavelength of 228 nme A rheodvne injection device
(Rheodvne, USA) with a 20 ul loop was used for
tgection and 1he peak heights were determingd as the
method  response. A sel ol experiments  were
performed for validation of the

method vsing solutions of hippuric acid with the
kngwn concentrations of 0025, 05, 0.1, 02, 04, 08
and 1 md in buffered solution instead of the substrate
bufTered solution.

Sufifects

14 male non-smoker volunteers were participated in
the study after passing the medical examinations and
clinical laboratory tests and completing the informed
consent, They had not taken any medications for at
least one week before and durning the studv. The
demographic data of 1he subjects are shown in table 1

Stucly design

The bicequivalence study was performed as a double-
blind, three-treatment, three-period, six-sequence ran-
domized crossover desien with  1-day  washout
periods, Single 20 mg tablels of test or reference
preparations were given 1o overnight fasted subjects.
Then, at 003, 115 2, 25 335 4, 6,9, and 24
hours following the drog administration, 105 ml blood
samples were withdrawn by venipuncture and the
serum faction was used for determination of ACE
activity.

Plharmiacodvianic parameiers

The percent of ACE inhibition which was calculaled
as follows, was used as a quantiative effect (E) of the
drug and was plotted against time:

SACE inhibition = [I- (ACE activity in the given
fime S ACE aotivity in the zero fime) X 100

Then, the values of maximom ACE inhibition (E,.0
the time correspending 1o the percent of inhibition
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(Lo and the arca under the resulting “effect-time”
curve (AUCY were determined as three pharmaco-
dynamue parameters in each subject for each product

Statistical tesis

A standard protocol, nsing the “GraphPad [nstat tim
W2 simtistical soltware (D, Soliman. Florida Ad&M
University, LUSAY ANOWVA test was used 1o evaluate
the bicequivalency of three preparations. For this
purpose. each of three pharmacodynamic paramelers
obtained after administration of preparations o mdi-
vidual subjects were compared statistically Tor s1gni-
ficance of the differences between the corresponding
mean values at the significance level of 3%, In addi-
ton. 1he stanstical %0% confidence intervals of the
wean Fovalues {relative bioavailability) of each para-
meter were determined using “Microsoft Excel 977

RESULTS AND DISCUSSION
The resulits of the validation 1ests for the analvsis of
the method are summernized in table 2. From these
data, 11 15 ebvicus that the used method has a
considerable degree of the precision. accuracy and o
desirable range of applicability. The average senum
ACE mhitiiion-time curves for test and reference
preparations i 14 normal subjects are shown in
Fig 1. Due 1o the difficalies in direct determination
ol biological concenteations of enalapril and its active
metabolite, enalaprilat. (71 the ACE activity in
biclogical fluids was determined using a synthetic
substrate, HHL., as a soitable indicator for active
melabelite  concentration.  This  pharmacodynamic
parameter which has g significant correlation with
cnalaprilal concentration i serwm (3, B-10) can be
uscd successfully for evaluation of the pharmaco-
kinetics of the dog. As i is obvious Trom Fig 1 the
percent of serum ACE inhibition increased up 1o
aboul 2 hours [ollowing drog indake which corres-
ponds 1o moere than 90% inhihition. A platean in ACE
inhibition-time curve was scen belween 2 oand 10
hours followed by a decrease in trend up to the final
sampling time, e 24 hours, The inler-subject
variations in ACE activily were remarkable and were
thousht 10 be due o the individun] differences 1 GI
absorption o the drmg, the inter-subject vratlions in
the ACE activily, the drmg tissue  disteibotion,
substrate binding, kinctic behaviowr and - recons-
titwtion of the activity of the covyme. As il can be
seen in Fig.l, the percent of ACE inhibition 1%
relatively high {about 73%) even after 24 hours of
drug intake. This linding is consistent with the other
reports (3. %) and shows that due to the relatively long
terminal half-life of enalaprilit, recons-tilntion of
serum ACE  activity takes place several  hours

following drug administration. In addition, because of
the unpredictable trend of the curve bevond  the
sampling period, calculation of the AUC by exira-
polation of 1he termunal descending phase mav be
crratic and, as a result, only AUC between woro and
24 hours was nsed in this stody.

Table 2, The summarized results of the validations
tests carmed owt oo the HPFLO methoo [oc deter-
mination of hippuric acid
Test Resulit
Lionit of detection 00125 mM
Absolule recovery® 9300 + 6, 12%
Wilhin-day varnations® 5,92 4 1 98%,
Between-day varialions® 576+ 2 16%,

#* The values in the table are the mean of 6 measare-
ments wnnde thronghoot the whele linear range

ar =
[LLLS

mmbitation i

(9] 4

a 1 T o, = -t .1 T T T T 1

oD 2 & & & 10 12 14 16 18 20 &F 24 Ih

Iime | feer

Fioure 1. Averope serum ACE  mhibition-time
profiles in 14 healthy volunteers upon administralion
of a single 200 me ablet of lest and relerence
preparations. Each point represents mean=3D of 14
samples,

The pharmacodvnamic parmneters of coalapril {ol-
lowing administration of both fests and relerence
preparation in all subjects are shown in table 3. The
relatively bigh  inter-subject  variations  in drog
pharmacodynamics, as previously discussed. also can
be concluded from this table {see 5.0, values). The
results of the statistical ANOVA test showed no
significant  difference between  the preparations
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Table 3. Pharmacodynamic parameters of enalapril maleate following administration of test and reference
preparations (o 14 healthy volunteers

Subject E e (%) e {hOUTS) AUCqH 24 (Yehours)
141,
Testl Test2 Ref. Test! Test2  Ref Test! Test2  Ref
1 9380 94.01 06 .45 30 3.0 4.0 2106.30 190422 1980.77
2 9600  99.15 9822 25 2.0 2.0 1983 68 202665 1536.92
3 9530 9699 8973 30 30 30 2043.07 1904.69 188736
4 97.80 10000 100,00 3.0 20 25 2077.46 226002 219887
5 9290 10000 100.00 2.3 L3 2.0 200909 1487.55 152879
i 10000 8984 97.20 40 6.0 6.0 191108 1879.09  1994.28
7 9100 10000 10000 3.0 2.0 25 175887 202897  1673.95
8 9540 9871 9506 4.0 6.0 4.0 1853.17 1997.03  1953.38
9 9920 10000 10000 2.0 13 1.5 2007.33 1988.14  2i79.16
10 9810 9438  91.58 6.0 4.0 4.0 1992.74 205736 181672
1 9720 10000 96,06 3.0 4.0 6.0 1951.54 2079.50  1897.76
12 8870 U682 9855 4.0 35 4.0 1880 014 155339 1984.28
13 9720 9224 96.95 3.0 95 3.0 1882 21 1964.15  1989.80
14 96,60 9725 9770 30 30 3.0 1907 24 1689.90  1975.59
Mean 9566 9710 96.96 3.29 307 339 195456 191576 1899.83
S.D. 3.15 3.31 3.13 0.97 .47 1.38 95.08 209.76 202.72

Table 4. Relative Pharmacodynamic parameters (F values) of enalapril maleate following administration of test and
reference preparations to 14 healihy volunteers

FEou P FAaliCyz
Subject
e Test | " Test 2 Test | Test 2 © Test ] Test2
1 0.97 98 0.75 0.75 L.06 .40
2 IR 101 1.25 1.0 129 1.32
3 .06 .08 1.00 1.0 10% 1.01
4 098 100 1.20) .50 0.94 1.03
3 w3 1.00 1.25 073 1.31 (.97
i 1.03 .92 067 1.00 0,96 .94
7 0.91 1.0 1.20 (80 1.05 .21
8 0.90 1.04 [.00 1.50 .94 1.02
9 0.9% 1.0 133 .00 0.92 0491
10 1.07 1.03 150 L.00 1.14 1.13
11 (.91 104 0.50 0.67 1.03 1.10
12 .90 98 1.0 .63 95 0.78
13 1.0 93 100 {83 095 0.99
14 0.99 0.59 1.00 100 0.97 080
Mean 0,97 1,00 105 0.91 1.0 1.02
s.D. (.00 0,04 .27 .22 0.12 14
CI* 90%  0.94-1.00  0.98-1.02 0.93-1.17 0.81-1.01 0.99-1.09 0.96-1.08

* Conlidence Interval 90%%
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(P an all of cascs). [noaddition, the F values for
three  parameters o cach  subject and  the
corresponding . Q0% confidence imervals Tor three
parameters are shown in table 4, By reforring 1o these
data one can conclude that sincethe 90% confidence
mtervals of all of the pharmacody nanne parmeters
complics with the FDA requirements. e 008-1.2,
both test preparations are bicequivalent with refe-
Fence preparlions,

CONCLUSION
Two preparations of enalapril maleate (200 mg 1ablers)
prodoced i Tran were lested for bioequivalency with
respect 1o o standard preparation. As a result of 1he
lack ol a comumon methed for direct determinaton of

chalapnl andfor its active metabolite. cnalaprilal, o
bialogical fuids, on 1he basis of FDXA soideline an
acule and quantifiable pharmacodvnamic offeet of
this drog, e percent of ACE  inhibition,  was
determined by o HPLC method and was used for
indirect evaluation ol bisavailability of drog from
three preparations. Statistical evaluation of B, T,
and AUC - of dmg following adminisiration of
preparations showed that both ol 1est preparalions arg
bioeque-valent with reference product
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