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Effects of Captopril on the Active Angiotensin Converting Enzyme
at the Pulmonary Endothelial Cells
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Abstract— The effect of captopril on the lung angiotensin converting enzyme (ACE) was investi-
gated after 3 weeks oral administration (120~ 160 mg/kg/day) through drinking water in Sprague-
Dawley rats. On the '®I-351A, an ACE inhibitor, binding assay in the isolated perpused lungs,
the number of ACE molecules at the intrapulmonary endothelial cell surface was significantly
decreased (p<0.001), and recovered to the normal level 7 days after discontinuation of captopril
treatment. Intrapulmonary conversion ratio of Al to All was also significantly decreased (p<0.05)
in the isolated perpused lungs. Bolus intravenous injection of angiotensin I did not showed pressor
response in the both of systemic and pulmonary blood pressure of the anesthetized rats. ACE
activity of the lung homogenates was also significantly reduced. These data consistently indicate
the decrease of functionally active ACE molecule at the pulmonary artery after chronic captopril
treatment. However, serum ACE activity was increased three fold in captopril treated rats compared
to the normal rats. So, these results suggest that the functionally active ACE molecule at the
pulmonary artery was still inhibited, which is directly associated with the antihypertensive effects,
even if the total angiotensn converting enzyme induction was resulted after chronic captopril treat-
ment.

Keywords [] Captopril, angiotension converting enzyme, pulmonary endothelial cell.
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hypertensive ratoll#] captopril& 3441 A H
ZA)Zel| 2] angiotensin converting enzyme activity
o Zrrb dehtedd, dpbslAde A ESHda
H.3leir}. o3 X angiotensin converting enzyme
activity9} AN A 9] H7kstztg Afelo] A=IER]
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converting enzyme¥} 1:1% ZxA3E 3= -
351AE AFAA Ao Ty AFAEE HAIEL
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WA — A5 <F 220g2] Spraque-Dawley#] &3
3FE AHE-3te] captopril(Squib Co, USA)E 1
mg/m/8] FEE AgF) fafste] 21 ok A
A AHEES stk d3F 1vtelwd 8-Fl of 30~
40 mie] AFE viAle =g captopril S F 120~160
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o= captoprile] &s=E A 42 AE AFEFA
HHEE 3ok

3514 BAMBW— Y HHd e HxETH 3
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5 2¢AF{ oA "A71<d-5H(high voltage paper
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4 3}32, pyridine-acetate buffer(pH 3.6)o 4 90%-
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Table I—Effect of captopril on intrapulmonary binding activity of 1251-351A (ACE inhibitor) in isolated perfused

rat lungs after 3 weeks oral treatment. 125I-

after discontinuation of captopril treatment.

351A binding activity was measured at 0, 1, 3 and 7 days

Control Captopril-0° Captopril-1 Captopril-3 Captopril-7
% ( cpm in lung b
" cpm in lung+ effluent
55.6+ 1.5 43.6+ 0.6*** 483+ 1.3* 498119 537+ 1.2
pg 351A
lung
346108 274+ 0.6*** 322+ 09 309+ 0.9* 342+ 0.9
pg 351A
g lung
299+ 0.6 26.0% 0.6* 312116 290+ 12 306+ 14

* The number represents resting days after captopr

il withdrawal.

P. Intrapulomonary binding activity of 1251-351A, which correlated with intravascular ACE content, was expressed

as ratio of 125I-351A binding in lung tissue to that
Each value represents the meant SE. (n=6—-7).

in lung tissue plus in effluent.

* p<0.05, *** p<0.001, Significantly different from control.

Table II1—Effect of captopril on percent conversion of
1251-Al to 125]-All in isolated perfused rat
lungs after 3 weeks oral treatment. 1251-Al
alone and 125I-Al plus 1 nmol of unlabeled
Al were injected as a bolus into pulmonary

artery

Control Captopril

1251-Al Tyrosine 3.0+ 0.2% 3.9+ 0.2%*
Al 243+ 33 379+ 4.0*
All 726+ 3.3 58.4+ 4.3*
1251-Al Tyrosine 35+0.2 3.8+ 0.2*
+ Al 239+ 15 33.1+ 3.9*
Al (I1nmol)  All 725+t 1.6 63.3+ 4.0*

Each value represents the meant SE. (n=9).
* p<0.05 Significantly different from control.

mmHgZ 4] §AFs}eitiTable IH). 2]}, angioten-
sin I 1nmol& W-83le] Mgk %ol Qo] #%5
Wate) Z71A]i= captoprild Foigt el gleiAe
36+3% %7H+53% 03 mmHg)sh=u vk, )=
2] Ag-ol 2deiM 53+6% Z7H8.5+ 1.2 mmHg) =
4] captopril-& 2| gk 7-9-of] 9le] #HF-gle] Fr)7)
oAU A(p<0.05) it oj2idk 3= captop-
ril& * % A] angiotensen converting enzyme2] <
A& el ol A
AAdo] oA

-

T
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Table III—Effect of captopril on body weight, lung
weight and pulmonary perfusion change in
isolated perfused rat lungs

unit  Control  Captopril
Body wt. g 319+11 2975
Lung dry wt. mg 249+ 14 247113
Ratio of wet/dry wt. 5.95+ 0.09 5.88+ 0.13
in lung

mmHg 154+ 0.5 154+ 1.0
mmHg 8512 53%+03*

Perfusion pressure (pp)
Increase in PP* after
injection of AI(1 nmol)

* PP represents pulmonary pressure

Each value represents the mean* SE. (n=9).
* p<0.05 Significantly different from control.

+5 vebdd

ATGIR T 8% FMES M — Captopril S 357 Foi %t
3 9tz AFH A ok A e 3 angiotensen
[ ANFEala) zd" "Adq) 3 A5t ¥
3l= Fig. 13} #*o] captopril §olitol ool <sul
o] tz2Tol vlE] #2420 A(p<0.01) PFdch F,
captopril & 357} Fo{gk 7| 3lo] 49 angiotensen
[ b 4 Ets) 59k zh7h 98.0+ 96
mmHg®} 18.6% 1.6 mmHg% 2w, 7ol 9lojA=
Ztz} 117.7+ 8.1 mmHgs} 18.7+ 0.8 mmHg2 A A=
Zhll frel Al Aol7)h glddh R Alubee] ¥
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Table IV—Effects of captopril on several enzyme activities in serum and lung tissue of rats after 3 weeks captoril

treatment
sample unit Control Captopril
ACE serum nmol/m{/min 709+ 9.9 186+ 17.5%**
lung nmol/min/mg protein 60.2+ 6.1 371+ 2.9%
LDH serum U/l 2947+ 25,6 2349+ 198
lung U/g protein 953.3+ 67.6 1160.9+ 46.7
G-6-PDH? blood un 1649+ 115 1579+ 110
lung U/g protein 859+ 94 69.21 4.2

3 G-6-PDH represents glueose-6-phosphate dehydrogenase
Each value represents the meant SE. (n=8-10).
**p<0.01, *** <0.001, Significantly different from control.

goo 90 Control 3hol} gl A= captopril F°34] 396% 10 beats/min
&---8 Captopril dom, thxFel ojriE 412+ 10 beats/minZ A
60 A4l oA A= &)z} gl o172 captopril®]
z el Aol Foirlele HAalEyy F A5
£ sroll Feiah dgel §leg AATh Zei sia)
o 407 42 %313 angiotensin I 10, 30, 100, 300, 1000
f} ng/kg < o3 Ao 59hik-g-& captopril F
20 of el sle} whzsrell wlal =5 feldsiAl oAl
&———t"_f et =g, 32 HE: A5 dE AR gl
0 Y4 T 1 angiotensin 1 TFA] $qhub-go) A== Az v}
R GIO‘TOSN SINT’O 1000 WA 2, & A0 Aol A% 4] captopril Fol ol
oM E 219141 2] angiotensin 1 100, 300, 1000 ng
/kg TARAL ZeElEw Sshubge] dlxTel »lE] #

15+ o4 Al A=) oleidt Ak captoprils
F2r oA BAE ) H %=y angiotensin conver-

_ ting enzymee] od%35] A% 9l && A Agtch
:‘g 10 MR N BAEREES S ACE activity— 377} captop-
E rilg Fod3 83 2 A R A3} 33
= 2 3| 22 F angiotensin converting enzyme activity
< ] a9l 7]ele] v} JA9) lactic acid dehydrogenase}
glucose—S—phosphate dehydrogenase2] &4 &4z
0 % Table IVoll vehgich & #A 50l anglotensm

I v 1 1

10 30 100 300 1000
ANGIOTENSIN 1

Fig. 1—Effect of captopril on the pressor response of

convertmg enzyme activitys= captopril Foiitol ¢
| 2R} ofF 3uhvt FrlE|= _‘G_J_'rr»'!‘—ﬁ-ﬂ}'é'

iv. administered Al in systemic arterial pre- vheb et e, A 2% 5o £19) angiotensin co-
sure (upper panel) and pulmonary pressure nverting enzyme activitys ] R2ol|l Hl&] o] 3]
(lower panel) in anesthetised rats. -?rg Aol A(p<0.01) sotch

Each value represents the meant+ SE. (nn=5

6 +H, lactic acid dehydrogenase2} glucose-6-phos-

*p<0.05, **p<0.01, Significantly different
from control.

phate dehydrogenase®] #A#A-2 captopril F
i el glel freldsde kel isdc) ol
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21§k A3k captopril FJ4] Z# == angiotensin
converting enzyme activity®] *H3}7} Ho]x Hz}<l
& vlepdict
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Captoril2 thE <)l angiotensin converting enz-
yme JA| A2 4] enalapril ¥ Hoe 498 $3}= 4
Z7 1 ¥AFo|A angiotensin converting enz-
ymed} 7t H ] HA3E Fo2A M) 44 HelA
oolemg B Ao Apgsteiv) ik A A el A
angiotensin I2] angiotensin 1129 %L F£2
Hzhfeo] A Ete] Ea3HE converting enz-
ymeel &3] xAHE2 AP FFAY B HAF
algto)l W3} =) o Z =)ol 4] 2] angiotensin converting
enzyme W35 FAoZ FHA3h

1251.351A 2] 73432 angiotensin converting en-
zymed] EAA SANIATNE de] B8 1
2]y Hdag o wiapkgs 4 9l angiotensin
converting enzyme %A= EHA3A] ek wgh
angiotensin converting enzyme %3t} 1:18 Z3t
8l7] ool oiA|AlQl 35149 A & a9
AR ik 4 ol H™E ke PL-351A9
AFAHL captopril ¥ 57 0, 1,3, 7Y Felx
7vzh AxAgo g4 A& angiotensin converting
enzyme *2F8] W& 7} captoprilell 93 -5
O Z 4] captopril FoIg R3] A xAF AL F
Z7) YR vobd 7teAS AAsId o W cap-
toprilel] 2]sl| 32 7}eiHd 343 2] angiotensin
converting enzyme #}7} captopril %15 A} cap-
toprile] ol vprro g 7] B u gl ule} 7ho)
ALfre] B oz #x2%F 343 angiotensin
converting enzyme?] 224k F71E How q]z
ot 2oy, £ A A= 357 Fo AT #
ool FraEelon, 7U7ke] Fr|zlelE &
T3, A8 AR 3EEAS ¥ S7HE 7HA
2R oot

g, WLAIY A3hE - 233 Ao
U A% captopril S Foi gk ol sle A H HAnHE
vlel¥ o 2 4 angiotensin converting enzyme®] W2
Fi-o] captopril® AT dSE& AAFh o,

Fre=e] Avhs vhebbA] sdotc) =3 QA el

RE 439 angiotensin converting enzyme2- 7t
Aoz el 99lA angiotensin Io] &3 %
shut-g-o] captopril 4] 75 tETell vlE o
AFogs & gl AHS-= captopril &3
tensin converting enzyme?| Aol F23F Lafo)
e AN Foh 7] TR LI o] s
—'5&%“]94 Al5F 02mg/ml °]3le] FEE £8) 4=
AFE7F el bR devta skl 2 Addl

1" Img/mie] F524 5uje] AF=E *}‘&5}?&1
o}.

ghH, ofuf sFuiqke] wistel| Qle] A4l R A
captopril-& 3F7t FoAlodle= #Er glgder) in
vivo ¥ in situ A3 gle] 9elX 9] angiotensin
Il o3 Sk o AdsdAl JAstt. o=l

A= captoprile] QA&FoiA]d] H gk A
T Advhs 7] RISt dREH e Aol

Eo= in vitro APLZ A ALFAHE 27
2] A A =R v}, HFZA A= captopril =
o9 75 JAENE A3 el ey, ot

g Fol ke 4o #Ao] HEwd Hld Frt
gogH Atrfw &3S Jehldch

olg)3t A= captoprild 357 Foid FF9
#8283} in vitro, in situ, in vivo AN BT
o 2= A angiotensin converting enzyme$] JAE
vehiglen, £o45 FAT F 1574 Helle A
o2 3Egs vellisdch webr 7] F3Ae] B
2¥5 7 captoprild AEFA] HFAFAMNE ¥
A3} vparlAl R AAxGEANE 2l doe Aot
£ dAE=R oder) ol ¥ AR Y42
angiotensin converting enzyme activityt 7] &3
Aol Hmel dXHA <o 3w H=} ok BF
7S a4fs &) vebd HE vEE £ o, 7]
Azt Az dig 4] AAA ¢S
Arefj ol 4] angiotensin converting enzyme activity-S
=43 £l ez FHgch o] F AAs] 94
2 Agexe #E5 wA cold-salinel.2 JFA1H
243 4L AR F 22F) B2 E A
t}. wbelA, FH32] angiotensin conveting enzyme
activity®] A4frEavs AP ddlxe] Ade] F
7497 W) A2 AAIRE 7] FaAbe) BawsT?
22 ofe Zio® Algsich e, B A
o2 gagFe) AAFEr S FAseA

angio-
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do2 A% FHslel & FAHolw, rigt Ry
e HAaAA Q) captopril®) < A upregula-
tion®] #hg-ofl o BA7} GG FrEE A
ot} ey} o]2§t Z7l¥ AA+ captoprile ¥
st A eI dAEHA ov 3E aHE 2 oo,
v g Holw, AN WA Xl ER3l= angio-
tensin converting enzymeo] captoprile] ¥<}rtal
g3 dxse g8 arg o

AEZH o, 3F %9 captopril® ATFA3 3
Hell 2le] B WulAlFo| 4 A3 angiotensin
converting enzyme®] #-AFr} Fhazw], FolFx]
F 74 FHollok Ao 3 ERch vt A Fol =
AARE Zel 98 v)&433 9 angiotensin conve-
rting enzyme activity 9] 2718 23} welbA, ca-
ptopril®] #st7lshat-8-2 YAFo 8443 angio-
tensin converting enzyme?] A A 7|0" A
A& A Aj)

#®

Angiotensin converting enzyme <} A|ql <3-8-4]
A Y R A Eoto) Exs= F43 ACE #2159
waE AAAe 2 FAstaA st

AAW Ao captoprild 120~ 160 mg/kg/day
o] &0 377 ATFFAYL FFHE ARk v
#/del 3} angiotensin 12 13] A FApA] HAlE St
2 A Fske] Fahibes SAA A ZFe v
A gy =3 HEY 50 FIFAHANE
angiotensin 18 A 4] £ehik-S-o] A4 #F ol
v sl A F U cKp<0.05). &, A& HFAd -
AlS F9)A] BLAIIZ 9] A8 % captopril& Foidt
A AE A FH A o8 FAUA A=

(p<0.05). =3, ACE oAl#al 1-351A9] 2HA <l
AFA YA captopril e FoIgk ] HS WA
B wa fAdUA dA=EH i(p<0001)

o} 8 FolFx) & 79 Fejlob AT 3EE
zZog AFTY AFOR captopril & FIF 379

g 22 o] 4] ACE activity® =3 A] A4 354 nl3]
F%A AR HdrHp<0.01). ubHel, FHFH
ACE activityZ &34 A4 gzl wls} 2F 3ufrt
Z71=E gl o449 A= ACE A AIA Q) captopril-&
%1 8-A] upregulation g0l 23} HefZo| n)EAH
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