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Bioequivalence of Enalace™ Tablet to Renitec™ Tablet (Enalapril maleate 10 mg)
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ABSTRACT-The purpose of the present study was to evaluate the bioequivalence of two enalapril maleate tablets, Ren-
itec™ (MSD Korea Ltd.) and Enalace™ (Welfide Korea Ltd.), according to the guidelines of Korea Food and Drug Admin-
istration (KFDA). Twenty-four normal male volunteers, 22.33+2.55 year in age and 66.54+8.30 kg in body weight, were
divided into two groups and a randomized 2x2 cross-over study was employed. After two tablets containing 10 mg of enal-
april maleate per tablet were orally administered, blood was taken at predetermined time intervals and concentrations of
enalapril in plasma were determined using LC-MS-MS. Pharmacokinetic parameters such as AUC,, Cy; and Ty Were cal-
culated and ANOVA test was utilized for the statistical analysis of the parameters using logarithmically transformed AUC,,
and C,,,, untransformed T, There were no sequence effects between two formulations in these parameters. The 90% con-
fidence intervals for the log transformed data were acceptance range of log0.8 to logl.25(e.g., logl.02~logl.14 and
log1.03~logl.19 for AUC; and C,,, respectively). The major parameters, AUC, and C,., met the criteria of KDFA for

bioequivalence indicating that Enalace™

tablet is bioequivalent to Renitec™

tablet.

Key words—Enalapril, Renitec, Enalace, Bioequivalence, LC-MS-MS
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Figure 1-Product ion mass spectra of (A) enalapril, and (B) ramipril (IS) with each protonated molculae [M+H]" as precursor ion.
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Figure 2—Multiple reaction monitoring chromatogram of (A) blank human plasma, (B) plasma spiked with enalapril maleate and internal
standard (50 ng/m/) and (C) plasma from a volunteer 1.0 hr after an oral administration of 20 mg enalapril maleate.
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Table I-Precision and Accuracy for the Determination of
Enalapril in Human Plasma

Concentration Precision C.V.(%) Accuracy (%)
(ng/mi) Inter-day (n=5) Intra-day (n=5) (n=5)
1.0 14.6810.16 9.06+0.09 103.75
5.0 3.7010.19 7.51£0.35 98.25
20.0 5.80%1.19 8.6411.66 99.35
100.0 10.14£11.00  3.18+3.09 102.90
300.0 1.85£5.50 4.85£13.75 96.90
C.V. = 100xS.D./mean.
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Figure 3-Mean (£S.D., n=24) plasma concentration-time curves of
enalapril following oral adminstration of Renitec™ (QO) and Ena-
lace™ (@) tablets at the dose of 20 mg of enalapril maleate.
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Table I-Bioavilability Parameters for Each Volunteer Obtained after Oral Administration of Enalace™ and Renitec™ Tablets at
the Enalapril Dose of 20 mg

Vi Age Weight Renitec™Tablets Enalace ™Tablets
olunteer
(y) kg) AUC (ng-ht/ml)  Cpo (ng/ml) Tpx(hr)  AUC(ng-hr/ml)  Cpox (ng/ml) Ty (hr)
A-1 26 58 202.16 167.10 0.5 233.44 214.00 0.5
A2 23 71 383.71 267.10 1 305.45 219.40 0.5
A-3 20 75 202.76 124.90 21991 149.90 0.75
A-4 19 63 156.84 99.90 0.75 191.84 142.10 0.75
A-5 28 78 197.19 147.60 1 196.43 128.80 0.75
A-6 20 59 230.89 153.80 0.75 232.50 150.70 0.75
A-7 22 70 206.68 104.60 1 210.04 136.60 0.75
A-8 28 65 123.23 73.80 1 167.40 93.70 1
A9 20 90 151.68 117.10 0.5 175.29 161.60 0.5
A-10 22 63 229.48 178.00 0.5 263.19 183.50 0.75
A-11 22 58 163.97 150.70 0.5 201.39 195.20 0.75
A-12 26 68 239.78 158.50 0.75 227.19 125.70 1
B-1 22 63 202.84 146.80 0.75 208.45 129.60 0.5
B-2 21 57 230.46 131.20 1.25 184.76 117.90 0.75
B-3 23 65 189.28 135.80 1 198.77 170.20 0.75
B-4 24 78 248.14 168.70 0.75 295.28 189.00 0.75
B-5 20 71 225.43 154.60 0.5 265.11 196.80 0.5
B-6 22 66 190.65 108.50 0.75 272.63 190.50 0.75
B-7 22 70 235.52 121.00 1 29199 163.20 0.75
B-8 22 73 219.89 171.80 0.75 274.42 149.90 0.75
B-9 20 56 330.11 194.40 0.75 321.82 179.60 1
B-10 20 57 21.950 135.80 0.75 188.98 136.60 0.5
B-11 20 63 206.22 158.50 0.75 206.66 156.20 0.75
B-12 24 60 237.65 149.10 0.75 238.79 162.40 0.75
Mean 22.33 66.54 217.67 146.60 0.79 232.15 160.10 0.72
(8.D.) (2.55) (8.30) (53.42) (37.83) (0.20) 44.17) (31.51) (0.15)
Table III-Statistical Results of Bioegivalence Evaluation between Two Enalapril Tablets
Parameters
AUC, Chax Tinax
Difference 6.65% 9.20% -9.21%
F value® 1.671 0.056 0.030
F value® 2291 0.297 0.081
Detectable difference (A)* 9.89% 13.08% 16.41%
Confidence interval (8, %) 0.86<6<12.45 1.54<6<16.86 -18.82<8<0.40
Confidence interval® 1.02<8<1.14 1.03<8<1.19 0.83<6<1.01
20:=0).05, °0i=0.05, The value was obtained form log transformed data.
et AR 23 & Table IO VeI  AEATTANGIRE ISt 3, 2ons
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o 2H] AUC, 2 Cppdl W3 90% A=eHAE 1.02~
1.14 2 1.03~1.192 Yel} 1og0.8°IA logl. 25000} dhc}

J. Kor. Pharm. Sci., Vol. 33, No. 3(2003)

% T3] HAPEAE 20% o152 Lrehgrh(Table ).
olge] HBAINE SN HH AR o) 2® 4
& el AuY® Aol hete] ABSH FEH Alge



FuE® A LYok digelEd,
At 71521 23E(AUC, B Coa) 2 F28(Ta)IA &2
T 558 Aoz Yeht + AAls 4EFHE Fesitt
ik

g £

d3zlolz Fgjolol| A Walsiara}l she oldEhzd A4l
ot o] 2® Hol 719 ofdet=Zd Al HYUH® =}
I ARl E&-EC oM BAH R FEslithe A ©
Z317] 918l AFe kg o] A Al 2002-605.(2002.
11. 22) AESRFFTAHAAR71EY w2} 2733 AJAG 19
A~284) 24898 tiido = 27] 24 21l WA ulel A
Hale] QL oEEtEEY AUC, D Cowll THal] EARE
A (analysis of variance, ANOVAYS Aldisle] o3 7-&
AEE 9Tk

1. tﬁzml FAUE® He) PJg AUC(ng-hi/mlye 217.67
15342, Algerel oivieo]~® AL 232.15+44.172 vk
of thet Haxl 7T 6.65%1UL, Cru(ng/miy= 146.60+
37.833} 160.10+31.51Z 9.20%2] Ao|Z B oM T, (hr)
£ 079+0.203 0.72+0.152 —921% Ao|E Jehl iz
ool gt A oe] Aol thRee] £20% oljolofot &
the AESH 554 HUHE A A4 248 stk

2. FUE® Aol thdt ougo]x® o] Bk As)
F5E 0=0.0504 AUC, Cpmx 2 Tmax &0 WFF A&
A& 27 9.89%, 13.08% 2 1641%E JEtoH
Toax 201 T3 90% A2BAE —18.82% <8<040%= 1+
Epstth

3. 2¥E3 AUC, 2 Cppdll tiEliA f-149F 0=0.05
oA EiHEAd Ad, #7F SAEdE JEREA] fgkew
90% AFFA= ZH2 1.02~1.14 € 1.03~1.198 Yeh}

10 mgpll i ool o) A= 554 235

log0.8~logl.250]010F 3= AESAFTTHAT 7SS U=

sk3ict.

Vbl @?@A- 3l 2 AJEoRI dfuae]=®

xRl FUE® o st BEA F54 AH

k= 3l 28FE(AUC, 2 Chw) 2 FH(Tra)oA B
RAeg Yeht ¥ AAe AEFH o2 FFI}

Art.

NG

S
g
ﬂr%'r%ww

Ry ri rlo

HAle| B

2 Q7 Usiolszelol 434S AL Lo} 33
dhekeld Fasiglom, ol FAR=YULh

=

Mo

1)AT. Peter and C.H. Rennie, Epalapril : A review of its
pharmacodynamic and pharmacokinetic properties, and ther-
apeutic use in hypertension and congestive heart failure,
Drugs, 31, 198-248 (1986).

2) JM. Rorbert, AM. Peter and L.E. Henry, Enalapril clinical
pharmacokinetics and pharmacokinetic-pharmacodynamic
relationships, Clin. Pharmacokinet., 25, 274-282 (1993).

3)L1. Jang, B.S. Jang, S.G. Shin, J.G. Shin, LK. Rho, K.H.
Lee and C.W. Park, Comparison of enalapril maleate tablets
on bioavailability and the time course of inhibition of
plasma angiotensin-converting enzyme, Korean J. of Phar-
macology, 26, 219-226 (1990).

4)W. Ribeiro, MLN. Muscara, AR. Martins, H. Moreno Ir,
G.B. Mendes and G. de Nucci, Bioequivalence study of two
enalapril maleate tablet formulations in healthy male volun-
teers : pharmacokintic versus pharmacodynamic approach,
Eur. J. Clin. Pharmacol., 50, 399-405 (1996).

5) A1 Z o) okZ bR A A Al 2002-603.(2002. 11. 22). AAET
AE SN A

J. Kor. Pharm. Sci., Vol. 33, No. 3(2003)



