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Comparative Study of Captopril Tablets on the Bioavailability and the Time
Course of Plasma Angiotensin-Converting Enzyme Inhibition

In-Jin Jang, M.D., Joong-Bok Lee, M.S., Jae-Ho Earm, M.D.,*
Jae-Gook Shin, M.D., Sang-Goo Shin, M.D., Chan-Woong Park, M.D.,
Jin-Suk Han, M.D.,* Suhnggwon Kim, M.D.,* Jung-Sang Lee, M.D.*
Clinical Pharmacology Unit, Seoul National University Hospital,
Department of Pharmacology and Department of Internal Medicine*
Seoul National University College of Medicine

Captopril tablets of two different producers were tested for bioequivalence as well as thera-
peutic equivalence. The pharmacokinetics, the time course of plasma angiotensin-converting
enzyme inhibition, and the changes of systolic and diastolic blood pressure after administration
of drugs were studied. In a balanced, randomized two-way crossover design, two single doses
of 50mg each of captopril were administered orally to twelve male volunteers. Peak blood
levels of free captopril were observed about 0.85 hour after the dose, and practically free
captopril could not be detected in blood within 8 hour. Peak free captopril levels of both
compounds were almost identical(Capoten®, 464.3ng/ml : Capril®, 504.6ng/ml). No statistically
significant difference was identified between two compounds when area und the concentration-
time curve, peak level, time to peak were compared. Inhibition of plasma angiotensin-converting
enzyme to blood free captopril concentration showed the hyperbolic concentration-response
relationship with ICsp value of 7.4ng/ml. The area under the percent angiotensin-converting
enzyme inhibition versus time curve were quite similar after administration of both drugs.
The compounds were also found to be equivalent on the premise that no significant difference
was detected when the time courses of systolic and diastolic blood pressure reduction were
compared.

KEY WORDS : Captopril - Bioequivalence * Bioavailability * Angiotensin-converting  enz-
yme activity -+ Pharmacokinetics.
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Captoprile 8¢ 2 A A% A xNgA=z
A 7+g WA ALY angiotensin-converting enz-
yme(ACE) AAA 2 A4 Aol da] AHg5 1
Aom FUNME captoprile AEPoezE g
A ZYQ SquibbA7t 8 E FFsE AA o
Eol, 17HAt A s §A 22 generic pro-
duct AAE A Aldsta Ao
2, BE kBl A generic productd 7%
5 FFE ALAYE Az dE FFo
T &2 2 FFATY o] F A o889
zpol7b E3] AL 5 glon ol Y AEw
=AM JEe F1 FIHorE oy
EHRE Yehdlie 84 59 (biophase) 9 <%
FE AZE Wkl Aol 2 viX e g d B4
(therapeutic equivalence) & YENH A Z3tE 7
7t AT Bd AA A B 2T 5 AUk
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A EFFED 352 Y A7 Il 4 5o
FOFA] 35~40% 9 AAFEEY HA7 HuY
1 1o] generic products A & (formulation) #
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TAol BAxolol & oz AlgHTL
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2 Htzdst ae FuAdol Fula] ol o]d
e AFEN a7 Aok

meba, B dTdAE 4 JE€xE gy
2 2 captopril TW generic productE 7] & A ¢
SquibbA} S captopril Al & &} W FA] Fol oja) H
frel captopril = W3}, % ACE 4= oA
2 BUEAFE AEF S ZH generic product 2]
T54 HES o2 captopril EFFx W3~
ACE A -3¢ #ixoz ooz 7 1d =
dg FFHEH HAAdM AHEZA AT

ook oft

0

CHat o

T single blind §3¢ wiAYoz A
gstdom, P o FAF 10% W2

A G (3o] 293+4.7;5 AF 694+ 112
kg) 1238& WAooz sdc HAYAE AFA
=G4 ARE, SAGA @ A3 HALE A
et FF 2 A L AV5E AYAE QAo g

Bt 2 2Ad89 AF7A YA (protocol) = A 20)

gGal Y JAATFALIANN HE FAHUe
o, AEAANA 8 FIME HE £ 78
7§ A3k o},

Al @ A A = captopril 25mg B A & AM&3l Qo
SquibAte] Capoten®& 7| E A A2 ) 4 A A
(Capril®, 28)E 50mg 18] 2754 2 E&
Algatdon, wagef AL 1F2 Yo I
HAhE T 8AI MEEH FAF 4L B TE
g FAEE 3P o, FFF 2447 Tk
Caffeinec] } ¥2E& L& #H3= 59 HHES
At A A Ayl FA R heparin locked
(100 unit/mD) LV. catheter& A3 F i zd A&
20ml AT FoF AT RE 208, 40%, 173
15,2, 3, 4,6 8 R 2472 2} Tmlo] A&
k8=

ANEHZF 4mle AL 20mgs p-BPB(p-bro-
mophenacyl bromide) ¢ 0.2M EDTA 2 Vitamin
C 200ulE ¥ 3+ polyethylene tubeol A 5% 21 &
T F2oA 158 WAE ¥F f2 captoprild
p-BPBet A3 A7l ¥ g Ry €38 B
2stn §2 EFL captopril FEZSA A A —20
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2. 8% #4 captopril %9 =3

4% H2 captoprild T %2 captoprild]
thiol71 2] coupling agent& p-BPBE A}-43§ Kawa-
haras®¢] HPLC ¥dol 3] A& st T
T 48 &2 83559 captoprils p-BPBol| A&
A7) 8% 15miol thiosalicylic acid® p-BPBZ
A7l 3¢S L internal standard® 125ng 3
7FE 2N HCIE 200p0 H7Psted A 88 243
A Z ek o1 % 6ml9 benzened 410] 307} verte-
xing ¥ benzene o €& 1 ZA17! & 0.05M pho-
sphate &4 (pH 7.0) 4mlg 7l3td JAES
23] A7l % phosphate €% 2 6ml benzene 2 2
23] Ad &3 2N HCl §9& 713l ¢FH 9
pHE 2022 231 6ml benzene2 & 7| $& 3,
benzene3 & ¥ I AIA 200ul acetonitrilell
oli o]% 100ulE 371 HPLC systemol F¢3}
S r}. Captopril 5% & - reverse phase Cyg co-
lumn(Novapak, 3.9X150mm)< Al&&q o o
42 B3 acetonitil 60/40 B] &) 0.5% acetic
acid® THES 3P &L £% ImE 3H9
260nm FA o)A UV detector® ZAsAcH Y
132).747) 230 8% captopril®] A 53
7} =% 5Sng/ml o112 ™, 5ng/mlo Al 25ug
/ml7}A] internal standard®ll t]3 peak-height ra-
tiox XA AAE BT,

3. 8% ACE 84x9 &3

¥4 ACE 84 5+ Hayakari $7¢ Wo| &
R 2n, 0.15ml ¥FE 37CoA 383 AH
* ¥ phosphate ¢35 (pH 83), NaCl 2 7132
Hippuryl-L-histidyl-L-leucine(HHL) & Z}Z} 40
mM, 300mM % 1.5mMEA F7sln FHgd e
05ml = A &o ¥H&-S AASAT

7142l HHL #7t2 37Ce eAurdA v
€& MAPYon 08 HEAR F, AEE
100CT & xof 583 Ha2 vhge X AA
o] % -2 A Wzt % 0.2M phosphate ¢35 (pH
83) ¥ 3% 2, 4, 6-trichloro-S-triazine &% & 3ml
% 15ml A71¥ whgdo] £EFa A 7% AgF
1,000gel A 10#3F 94 Helstd FEA L HE %
382nmolA FZ=E ZA3s9d. 71 HHL #

Captopril
§
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1
+ f }
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Fig. 1. Typical HPLC chromatograms of extracts trom
human whole blood after oral administration
of 50mg captopril. retention time of captopril
was about 4.5 minutes and that of internal
standard was 10 minutes.

7t2 8% ACEY o3 A4 ¥ hippuric acid&
HEZHANA AESAT o] Wyl % ACE
g4z ZH9 4¥7 HolAlFE= 68% olUrh
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ZtrEsiste 8458 1 unit2 3
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PI(%)= [ 1——A:] X 100
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AT RSFE 7L ATIA Y 8% ACE 84 =
of o3 AE=HA

4. 8% # ¢ captopril =53 2 ¥F ACE
g4 A9 k%383 (pharmacokinetic/
pharmacodynamic) ¥4

¥ % f2 captopril® AUC(area under the con-

centration-time curve)® &2 FF7ldE -
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% & log-linear trapezoidal ruledl &3] 2% o
™, captopril®) % HAL&(CYF)2 Cl/F=dose/
AUCH o3 Ar&stch
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Fig. 2. Blood free captopril concentration-time course after single oral administration of 50mg captopril
to twelve normal subjects. Meant S.E. are plotted.

Table 1. Pharmacokinetic parameters of two captopril tablets and confidence interval for the parameters
of AUC, Crmax, Tmax of test compound(Mean+ S.D.)

Reference Test 95 % 90 % Statistical
confidence confidence

compound compound interval interval significance
AUC(ng/mi - hr) 6788 + 1224 7019 +140.2 894—-1174 920—114.8 NS
Cinax(ng/ml) 4643 +1349 504.6 + 1659 874—1300 91.3—126.0 NS
Taax(hr) 086+ 0.39 085+ 026 664—1303 724—1244 NS
MRT(hr) 142+ 0.20 141+ 0.19 - - NS
CL/F(L/hr) 759+ 137 743 + 174 - - NS

He] Aoz +20% Wl ARE BHh ANztdoz dX3les 438 BHgen(ad 3)

2 8% ACE 4% o4 2 "ot wE o] ¥FACE 8AE A& A Zasid 8%
C'aptO;ril =l 7 oﬁ]fgx}g] ;;z :ﬁﬁ-‘_gox} ACE 2 captopril® %7} 10ng/ml 013} 6A] 7o =
T i 2~ o [e]

:\fg:a‘ Qe 9% 2} 9 18] =% 7 ?_11
e 71EAA FAAE 236+ 4.7 unitsol A %k 58%, AFEl captopril®] F=7F AA

A oe 8AI7 = 9k 50% 2 AE HY X
ou] AFGAA FAHA = 240+ 5.2 unite] Ao}, Ca- jO] = }ﬁ] ] R j i] AL
r - = & - . < 2o —r—}: 24’\]{7‘0“5 8"'12%-’} '1}“%‘ E—?xiq” ol
ptopril 50mg Z T+ 59 % 3 ACE A== 5F A e WEHel captopril F5 Meko] mak
B ° _ Y= - A4 hu [&] pud
a2 oy 991 ACE #4AE AAa 9% 2l o
= ¥ 5 2! % A . = -
AAE BHgon HugALL 7 EAA ptopril = W3le] ©}E ¥ ACE A4 JA=
g - oo 1% 49 2] saturation kinetics ¥ FE—
90+ 453%, AlFAAE 9197+ 491% & N
490 4.53%, W FFe BATh Captopril Tolo] WE ¥F
AL ek ol d ACES AL 3 2 captopril-ACE 9 €€ Langmuird] = ol

A R 8% F il g% 3
A Ede ¥F F2 captopril o F7tsh e BAA 50% AA =(Cs)e MAR7}

a
A3
7%
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Fig. 3. Percent inhibition-time course of plasma ACE activity(upper panel) and changes of systolic(open
symbols) and diastolic(closed symbols) blood pressure after single oral administration of 50mg
captopril tablets. Mean+ S.E. are plotted. Asterisks(%) indicate significant reduction of blood pres-

sure from baseline values. Circles and triangles indicate values for Capril® and Capoten®, respecti-
vely.

71 2 (1.05~13.61ng/ml) FAA T & #H &7 ¥
T ICs T== A EAA Z$ 810+ 2.79ng/m], s 7
71EAA S A 6.77+ 4.88ng/mIE F 2T ol & AR :
#EE F QAT =3 FAA Foo @& < e H3 WEFEL 124+ 22mmHg(A =28t 114.2
Hata A EE ACE &4 AAFFH(AUCD2 7] +84mmHg), A& A A & 3% 17.0+ 6.3mmHg(th
A Al 956.05+ 223.61, A BA A 2 7+ 985.23+ Z¥Qt 117.7+ 9.5mmHg) 9] 8}7} o] #EA =)o,
253.21% - hrg ol & Holx GUtH(E 2). ol¢k7] ¥te JIEA A A$ 137+42mmHg
Captopril 50mg 13 AT FAqF £F7] € o] (Hz8¢ 719+89mmHg), ANFAAY ALE
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Table 2. Inhibition of plasma ACE activity after
oral administration of 50mg captopril

ICso(ng/ml) AUCI(% - hr)

Reference compound 6.77+ 4.88 965.05+ 223.61

Test compound 8.10+ 2.79 98523+ 253.21

14.4+ 43mmHg(th =¥ ¢} 73.8+ 8.7mmHg) ©l 3 o}
F%7] 8 W5 A o F, olgy] ¥t
TAIZ ol F BAFHOE % 3L AAY #
gAon, FAAL AAAHA Y WE Aole
FE71 2ol G BF BAHL AR A2
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Fig. 4. Relationship between blood free captopril concentration and percent inhibition of plasma ACE

activity.
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Fig. 5. Correlation between fall in diastolic blood pressure(DBP) and percentage ACE inhibition
in 12 healthy volunteers after single oral doses of captopril 50mg.
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AAE & FAATH( 1Y 3). Captopril Fo] F 2 uto]
MELS Fo8 28 AAFE F AU

il ot
ojobEol AEEH FEA (bicequivalence) 2

703 & US War Food Administration® & 2F& ol
9] 8) 3}&t# %A (chemical equivalence) & Ay
o2 multivitamin A A Eo] AU FHo] &
FHA 7S wEH o] F FE AAHAG. 1
211} generic drugd] B &84 5549 Ao 23
YA Fol T 1968 M-S FAVE HAL
o] = FDAY] 93k W2 855 & Hole chiora-
mphenicol A Al A o} AJFFAH7F 1 R ZA]oltt,
ol% 197037 Q2Edolel phenytoin Al A
FEAY, 929 digoxin AA Y FEALHAFO
S FEnozEdRany FEAS RAY
ASS & AANFE d7F g1 A o &
=9 Z$ 197084 7739 o2& generic
drug® A@s7t AN AESH 554 HE
A3 g 7o BT AW FARD FG 3} tjBo
AAZENME olu] generic druge] X E3H3F
54 HEE s7sxn . $dygeMe
19883 109 28U A2 MEE- generic drugd Al
#&7F FAQte® ANDA(FA AlfAlg £9))
BN BEHE FE5H APNFE 34 A
Pt Qo AT NP AFPFLE o] 7|E
& DAl F Al FHItH = oG FoT HEEHT
Ath webA generic product®] 7WEAlE ol
A ¥ (formulation) 3 # & == 3ol & HA4 =
RAol ulZ2 3, olE 98 &3] biophased] <F
EFE-AIZ W3ty g A B2 €% 4E
FEY GFHH A F YA L& AEE A
Faln F FE =9 R FHol U= A
S Gl Ede AAIAQ HIE AEFoZH
LA AN NE generic producte] FEAHES 2H
e Aol upgA sttt

Captopril& SH-71& AYUe Hx9 ACE &4
AAA M 1 el 7)Mol ths) A= Benuck and
Marks 5 A8 3WalA = zx2 L & angioten-
sin-converting enzyme #A Al W3] Ru§

4 ot

=

ol F 2zt B At APHJoHW F ok
g1 84 2 27 ACE 4= JAzW
angiotensin 19 angiotensin [122 A& JA=Z S
A= 1L, bradykinin 5 Z# 3 W4 autacoids
28493 JA97 g@ SFEe] #ostae
FAEI Aoy 29 PA4A e diME
=gho] Utk @} captopril®l F el Ao
N EF FeldE =3 -ACE dA &3 —7¢t
E# 2 olojA& 2o o] B ACE dAIA =
g2 3% 38 vx9 #ae ACE dAla7 %
AtE et FodAol wulx gt upebA ACE
AA L ZFtazte Azhdsty NEEAY F
fr2] captopril TXol tha A =gFo] = glon,
Drummer $17& ¥% % captopril ¥ 537}
ACE 9 2 Zgaxng o F dds) &tz
Bdw gl 28y disulfided =& 83 oy
A% captoprile 4¥ FE=H J{E F
7 AETH F549 AR TFFH FFH A
82 S 714 (therapeutic equivalence)® 7 3ol
Atk Hol A, AAEL U captopril®] generic
product®] 54 AH & 8% #2 captopril T=%
H3lo] W& G55 £ 83 ACE 8494
FFE TA HAE Fozn F5AHY FEHEH
HP74E AP EA 3t 2™, captopril®] ACE YA
E 9y mdd o8 B4 dozM FFH
FErs 3t ACE A - dgHE S Y aA
A o

Captopril 50mg 7] £A4| 4] §HF EAF ZA3e]
AA AL 8F #38 captopril T =3 Onoy-
amaE®, SinghviE? 2 Giudicellis!? ¢ 34|
oM o] Aot FAME FAE B FgF
HF 0.86A 2kl A1 F2 captopril =& EQ L
H3 8% %2 FEFTE 4643+ 1349ng/ml 7,
Onoyama 599 B3 389ng/mlEth %}t ko
o A3 G585 7 A 100mg F ¢ Singhvis
2 9] 930+ 86ng/mlF FAME Aol ot Giudi-
cellis!® ¢} 100mg ¥4 A] 1210+ 180ng/ml R th&
we o2 vk E£3 captopril 9 F ¥F
AUCE 6788+ 122.4ng/ml * hrZ Singhvis? 9] 13
20+ 70ng/ml - hre] Aol A F33 g3 {FAHS)
Qqon, B A7 A&7 HF F3 captopril
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re 1424020 AlZteg wzty] 2@ F
455 M Gludicellis'?) B FA
Azt 2 A4F captopril AA FHF Fe

captopril®]l A H o] 8&o AFA AUC, Chax
Tond BTAE 25 71E2AAL +20% W]
Be HAL BAEAA s 71EAA Y AT

S Holz ¢t & AFA 7IEAAG Al

FA A kel FF A 74 (parameter) ] 20% 9
Aolg AEY F Ave AEHE AUC 3% 08
ol eli 95% Al F 7ol +20% 5 WEAAT
Captopril 44 A5 & AT W8 Foof 9
3t steady-stated] HF ¥F *EF9 Fx7t MY
Foste & AUCPE 712 H 5 & Folok & §54
AR Hxol™, Cuu, Toax® HTFA7F 712

Aol 3t ¥ 7k 1.08 2 0.99°19 90% A HF+7
7} 91.3~126%, 724~1244% Y& 1HY
At oz A9 ~r7¥”5‘°] g9 ]
HEdE F5HL Y F e éﬂrs’dﬁ}.
Captopril 5o % oF& &3 2] ¥ (pharmacodyna-
mic index)2 £33 ¥ ACE 84 x9 dAe
FAA 73] 208FE FAFLE 9% JAE
Bgon 2A7F & 717 80% o149 AAE B
ol FoF UA7 Folx EAZHOR F2F o
AE JeRdATh ACE 4= ZA1H W
3 FHEGH NE2H HEA FAALAE &
g3 zolg AAY F ALy, F FAAME
A FHAME FFE AAZ BEHA
. % #8 captopril 5% W39t ACE 4%
Aol AAHQ WMt HY BAE Ho|A ¥
He& HEIR 7} AdE EFE-ACE A
A ZTAE BEHA FEFE-¥F ACE dA
A7t FAM L histeresisE BolA @gron ¥H
%2 captopril 59 ACE A 19 49 2 &
hyperbolicd A #4 8 B2 ich wekA ol & Lang-
muir®] FE 94 HLEd 50% AA ¥
g A& uh 71EAA L AGAA FAA] 2pol B
A1 IC502 7} 6.77, 8.10ng/mio] A o,
o] 2] & captopril®} &2l5%E-ACE g kg 42
& captopril ¥9F #2 FEFx Hsrt ACE
A ¢ dGs Aot HY3A e JAH

QA & 5

AE 498 & Jder F 2 captopril® ¥
24710 Bla) ACE A= A 2 ZgEae 70
ALAIZTE dEE £ S Aok

ACE &4 A9 g47s Fxohe Fddol
3] A& Nielsen 5292 captopril T Al %235
gzl M ACE &4 dA ol wE olghr] ¥ty
2 90% JAAA = Ak fvret HpetH
H33ta o] T+ ¥t #47to] o & A 3§ biphasic
AR E Basln o, ey B A7y 7
captopril F9F ACE &4 A o& ol ¢
gatst -2 19 50lx ek Zol AdtAd e
H3 ACE qA7A vz HH%e AAE B
o] B Nielsen 520 2 & 521 2] enalapril ¥ A} 2]
FHBA 7179 Fol g FFE BHT 2
ACE oA A9 #ststarol ¥4 ACE oA o}
Yz, ¥ endothelial cellel ACE &4 <Al
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