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Sympatholytic effect of captopril in regression of cardiovascular
remodeling in spontaneously hypertensive rats'

XIE Liang-Di. CHEN Da-Guang?, ZHANG Sheng, WANG Hua-Jun, CHEN Hong-Ji¥ { Hyvper-
tension Division, First Affiliated Hospital, Fujian Medical College, Fuzhou 350005, China)

ABSTRACT Fifty-eight spontaneously hyper-
tensive rats (SHR) at 12 wk of age were divid-
ed A ) captopril ( Cap ) 2 0mg
kg™ +d™ i Biclonidine ( Clo ) 30 pg - kg™
cd™ s CIClo30pg kg '*d™" +Cap20mg
kg™ '-d"! orally for 24 wk. Concomitant ad-
ministration of Cap and Clo did not result in
more lowering of the systolic blood pressure
(SBP) than that by Cap alone. Regression of
lefe ventricular hypertrophy (LVH) were re-
markable in Groups A and C, but not to the
extent in that of WKY. No significanc differ-
ence between these two groups was found.

into 3 groups

Cap alone resulted in a greater decrease of

myocardial norepinephrine { NE) than that of
Groups B and C. The wall/lumen ratio and
the number of smooth muscle cell { SMC) lay-

ers of renal artery decreased in Groups A and
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C. but litde difference was found between
them. It seemed that combined blockade of
renin-angiotensin-aldosterone (RAA) system
and sympathetic nervous system (SNS) did
not produce more significant BP reduction and
reversal of cardiovascular remodeling than Cap
alone did. The sympathetic inhibitory effect
of angiotensin converting enzyme inhibitor
t ACEL) was not enhanced by sympatholytic

treatment.
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Cardiovascular remodeling always accom-
panies hypertension“'~?'. Both sympathetic
nervous system (SNS) and renin-angiotensin-
aldosterone { RAA ) system were involved 1n
the process of cardiovascular remodeling. be-
sides the hemodynamic effect of hypertension.
Hypertensive cardiovascular remodeling  re-
gressed after angiotensin converting enzyme
inhibitor ( ACEL) treatment. which blocked
RAA directly or inhibited the SNS at different
levels indirecdy'®-.  Sympatholytic drugs pre-

vented or regressed the LVH'* . hut it is un-
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clear which system is more important in car-
diovascular remodeling and what role does the
SNS play in the presence of ACEI. The pres-
ent study was designed to compare the effects
of clonidine ¢(Clo). captopril {Cap), and Cap
-+ Clo on the blood pressure {(BP), regression
of cardiovascular remodeling and the myocar-
dial norepinephrine ¢ NE). hydroxvproline in
SHR.. aiming at clarifying the relative impor-
tance of SNS and RAA system in the regres-
sion of cardiovascular remodeling.

MATERIALS AND METHODS

SHR and normovensive unmireared Wistar Kyoto
rats (WKY). 12 wk of age. were housed 1n groups of
4 — 6 per cage at temperature of 22 + 2 ( , humidity
of 55 + 5 % . and phoroperiod (12 h light/dark eycle;
07:00-19;00) . and were fed standard rar chow and wa-
ter ad /ib.  Following 3 determimarions of systohc
bluood pressure (SBP1, 58 SHR were divided into 4
groups: A Cap { Sino-American Shanghai Squibh
Pharmaceuticals Lid)} 20 mg+kg™'+d™ " {n = 1%} B}
Clo ¢ Danyang Pharmaceuticals . Jiansu } 30 peg - kg™
d”' (n=12)3C)Cap20mg+kg ' +d~'+Clo30png
‘kg™'+d"(n = 117; D) untreated {# = 16). WKY
rats {# = 12) were used as conrrol. Drugs were giv-
en once a day orally mixed in the vehicle (0.5 g milk
powder]. Blood pressure was measured using tail-cuff
plethysmography with ECG as recorder every 4 wk.
Heart rate and body weight were measured. Rarts
were decapitated after 24 wk of medication.

Measurement of left ventricolar mass (L¥YM)
Both atria were excised along the atrioventricular
groove. The aorta and the pulmonary artery were cut
The wall of
right ventricle was removed along the curve of the in-
terventricular septum.
dry and weighed.

Myocardial NE memsorement  Tissue samples
were homogenized with a glass grinder in ice — cold
perchioric acid 0.4 mol-L7'¢{ 50 ml/g heart} contain-
ing edetic acid (EDTAY 3 pmol * L', and sodium
metabisulfite 10 pmol - 171,

below rhe acrtic and pulmonary valves.

The left ventricle was hlotted

After centrifugation at
5000 g for 20 min at 4 ‘(" NE in the supernatant was
extracted with activated alumine and measured with

specirofluorometer. The sensitivity was 10 ng/g

heart . with recovery rate = 84 £ 3. 2 W . LV =
3.8 .

Myocardinl hydroxyproline determination The
samples of ¥ were dried to constant weight 10 a2 40 C
oven. The ground rissue powder were heated in HCl 6
mol -1, 'at 100 { overnught for hydrolystis of collagen.
Hydroxvproline content was measured spectropho-
tomerrically’™'.

Measurement of intracellolar free caleivm (Cal')
of platelets Blood samples were obtained through a
Blood 5 ml
wans mixed with citrate-citric acid dexrrose anticoagu-
lant 0.7 ml.

2™, Mean value was obtained after triplicate mea-

cannula placed in the abdominal aorra.
Plareler Ca’t was measured with Fura-
suremenrs in each rat.

DNA synthesis rate of norte
heart to rhe iliac hifurcation was excised.

The aorta from the
The deen-
dothelized aorta was placed in a 25-ml Erlenmeyer
flask with airtight cap containing 20 ml ice-cold Krebs-
Henseleit buffer saturated with 85 % O,+ 5 % CO..
The flask was preincubared for 60 min at 37 ¢ m a
shaking water bath. [’H]Thymidine nucleotide (1.5
PBg-meol™". 37 TBg+L ™'+ Shanghai Institute of Nucle-
ar Research, Chinese Academy of Sciences) was added
to achieve a final activity of 74 MBq-L ™! and the flask
DNA content and
[*H]Thymidine incorperation were determined'™.

Microscopic examination of Intrarenal artery A
segment of renal arrery abour 2 mm inside porta rems
was fixed in 10 % formaldehyde for 24 hy and stained
with HE . The wall / lamen ratio , the media / lumen
ratio , and the number of smooth muscle cell ¢ SMC )
layers were derermined morphormetrically.

Statistical analysis All data were expressed as T
+s5. ANOVA and Newman-Keuls were used to deter-
mine differences in each treatment groups. and ¢ test
was used to evaluate the changes of body weighr, heary

was incubated for another 60 min.

rate and BP. Linear regression analysis was used to
test the correlarion hetween LVM and other factors.

RESULTS

Body weight PBody weight increased with
age. but the increase was lower in the SHR
group. After 24 wk of treatment. no differ-

ence was found among the 3 treated groups
¢Tah 1].
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Tab 1.

Effects of captopril and clonldine treatment on the blood pressure (BP), body weight {BW). and heart

rate (HR) of rats. “P>>0. 05, "P<0- 05. “P<0. 01 =z untreated SHR; “P>>0. 05, “P<70. 01 vs SHR treated with

captopril: *P>>0.05. "P<<0- 05, 'P<<0. Q1 vs SHR treated with clonidine.

Treatment WEKY rats SHR raws Captoprl Clonidine Cap—+Clu

baseline  BP/kPa 15. 341. ¢ 27.34+1.9 25.7+1. 6" 26. §+2. 1 27.842 7
BW/g 222+ 5ave 2104-38 199+ 32 233445 252451
HR/bpm 400+ 47+ 385430 3904 34% 388427 101 4109

i wk BP /kPa 15.64+1. 1" 27.0+1.5 22.742. 4™ 24.9+3. 3" 23.742. 4%
BW/g 278+ 37w 242438 241445 224143 247 £ 50
HR /bpm 383427 383452 3624 34 3744 44 3534 27

8 wk BP/kPa 16. 0+ 1. 1 28.44 1.5 24, 7+3. 2= 24.8+1- 4 23, 631, g
BW /g 3194-61°" 272454 262452 25345 245+ 60
HR /bpm 400 4 23% 407441 3684 49 337426 354 438

12 wk BP /kPa 16.0+1. 4" 29.1+2.2 24. 74 3. o 25.9+2. 17 23.6+11.5"
BW/g 3424 64" 280+ 51 265+ 56% 258458 2514 48"
HR /bpm 3794 34" 394153 372427 328+ 327 3244 26"

16 wh BP/kPa 16- 534 1. 6* 28.24+3.5 24,942 8= 27.44+2. 9" 23.24+ 1. ™"
BW/a 361476% 291 +51 272457 2724 57 265 48R
HR/bpm 387t 234 384460 3634 26 3164 43" 319425

20 wk BP /kP= 16. 742 4 30.44-3. 4 25. 34 3. o 27.3+2. 9™ 22. 7+ 1.5
BW /g 366+ 71" 304+ 66 271 356% 270+ 56+ 263 L4 4™
HR/bpm 350+ 41 385+51 3814+43% 309426 312417"

24 wk BP /kPa 17. 3+ 1.9 32.843. 4 25.242. 9% 27.3+2. ¢ 22.91 1.6
BW /g 376472 319+ 70 2894 55" 257 £ 55" 2554 52
HR /bpm 358427 387446 418437 309+ 26 302421

BP After 4 wk of medication. the SBP de-
creased i all treated groups, but still re-
mained at a higher level than that of WKY
{Tab 1). Thereafter, SBP stabilized at a
lower level compared to that in untreated
SHR, and increased slightly with age. After
the 24-wk treatment, the SBP returned to
baseline in groups A and B, lower than that in
control SHR, but not to the extent of WKY
rats. While no difference was found between
group A and C after 24-wk treatment., SBP of
group C remained at a markedly lower level
compared with the baseline and that of group
B. No difference was found between the SBEP
of groups A and C, indicating that Cap + Clo
did not lower the SBP more than that obtained
by Cap alone.

Heart rate Heart rate decreased after
medication in groups B and C and kept at the

low level during the rest of the experiment,
but no difference was found between them
(Tab 1). No change of heart rate was found
in group A compared to untreated SHR and
WKY.

LYM LVM and LVM/BW decreased in
groups A and C, compared to control SHR.
but no differences were found between A and
C. indicating that combined blockade of SNS
and RAA system did not cause more regres-
sion of LVH than Cap alone. Clo alone did
not regress LVH in SHR (Tab 2). LVWM/
BW closely correlated to SBP (- = 0. 74, P<C
0. 011,

Myocardial NE Compared with untreat-
ed SHR, myocardial NE concentration and
content were reduced in the 3 treated groups.
particularly in group A. Combined blockade
of SNS and RAA system did nmot cause a
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Tab 2.

P05, 'P< - 0] vs SHR treated with clonidine.

Effects of caplopril and clonidine on myocardium. aorta. and intrarenal artery in rats. “P>~0- 05, "P<
0 05. “P<<( Ol »s unireated SHR: “P>~0.05, "FP< 0.05.

TP< Q.01 us SHR 1reated with captlopril: *P>0. 05,

WEKY rats SHR rats Cap Clo Cap—+Clo
LVYM/g a.754+0. 15 1.03+0.19 0. 8440 16 0. 3340. 16" ¢. 824012
LVM. g/kg BW 2. 051 0. 09" 3.58£0.37 2.974£0. 21 3. 5010. 36" 316 0. 22
NE content /ug Q.92+ 0. 21%F 1. 2540.29 0.55+0. 18 0. 9640, 16 0. 7540. 10
hydroxyproline fug 468. 8+ 66- 0" 811.84182.5  549.6+9L. 2 608 6104, B 197, 61 06 O™
ENA xynehesis rate 44.5412. 6%  49.5+17.6 30.8+£10.5° 53.1+19.7%  37.6%11.8™
pmepg ' <h

Avrta. g/kg BW 0. 3ot 0. 01 0. 461+0. 07 0. 3340, 05 0. 5440, 07" 0. 131 Ny
DNA. pg/mg protein 37. 8+ 24. 0" 48. 34+9. 2 55,718 4" 45.0+14 0" 45. 04 . o™
Wall/lumen ratio 0. 67+ 0. 16™" 1. 05+0. 35 0. 73+ 25° 0. 95+0. 32" 0.7330. 18"
Media/lumen ratio @ 344 0. 06" 0. 4840, 14 0. 314012 0.4240. 15" 0. 380, 12
Number of SMC layer 3.7 0. T 4.940.8 39408 1. 10 7 3. 705

greatler decrease of myocardial NE (Tab 2.
LVM was positively related to myocardial NE
content {r = 0. 60, n = 70, P<I0.01).

Hydroxyproline of left ventricle Myo-
cardial hydoxyproline concentration and con-
tent were decreased in all 3 treated groups.
and in groups A and C, to the extent of that
of WKY (Tab 2).
groups no significant difference was found (P
>=0.05).

Cal™ concentration of platelets Ca‘t was
reduced in groups A and C (A; 105432, C:
100+ 30 wsuntreated SHR; 136+ 27 nmol

L7y P<C0.01). while no difference was
found between A and C (P >0.05). C(lo
alone did not decrease the Caf*t of platelets
(148 & 26 ws 13627 nmol«L.7', P>>0. 03).

Changes of aorta

Among the 3 treated

Compared to untreated
SHR, DNA synthsis rate of aorta decreased in
group A Neither Clo nor Clo + Cap
produced alteration of DNA synthysis rate of
aorta in SHR. Aorta/BW was decreased after

Cap treatment. which was sharply in contrast

to the increase of aorta/BW by Clo treatment.
Cap + Clo did not affect the aorta/BW of
SHER. DNA/protein in SHR was higher than
that of WKY . indicating hypertrophy of SMC
of the aorta. Cap alone increased the DNA/’
protein markedly, while no change was noted
after Clo or Clo 4 Cap (Tab 2.
Morphormetric examination Wall /
lumen ratic and number of SMC layers of in-
trarenal artery decreased in groups A and .
but little difference was found between them
{ Tab 2).
group A.

Media/lumen ratio decrease in
Slight, but no significant reduc-
tions of media‘lumen ratioc were noted in
Number of SMC layers of in-
trarenal artery also reduced after Clo treat-

groups B an C.

ment, though no changes of wall/lumen and
group.
and nutnber of
SMC layers correlated poorly with SBP (- =
0.52; » = 0.53; r = 0.59) and Ca’" of
platelets (= = (.43, 0.42, 0. 52, P<C0. 01
in SHR (treated and untreated). Combined

media/lumen were noted in this

Wall /lumen., media/lumen.
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blockade of SNS and RAA did not cause more
changes of wall/lumen and number of SMC
layers than Cap alone did.

DISCUSSION !

The present study has examined the
effect of Cap. centrally-acting sympatholytic
agent Clo alone and concomitant treatment of
Cap + Clo on cardiovascular remodeling .
Originally . it was postulated thar after the
blockade of RAA system by Cap and the
blockade of different levels of SNS by Cap +
Clo’ the LVH will be inhibited more markedly
than either system blockade alone. Teo our
surprise . blockade of both systems did not re-
sult in more prominent regression thao either
drug alone did. Long rerm antihypercensive
effects of Cap and Clo in the dosage used in
this study were mainly manifested by preven-
However re-
gression of LVH was showed only in groups A
and C. while Clo alone did not cause regres-
sion of LVH. i
demonstrated there was a close correlation be-

tween LVM/BW and SBP“*. BP has heen
demonstrated repeatedly (o play an imporrant,

tion of BP increasing with age.

In previous studies we have

bur not the sole, role in the cardiovascular re-
modeling. The fact that Clo alone caused sig-
nificant decrease of BP but no regression of
LVH confirmed the suggestion.

Our data showed that both Cap and Cle
decreased the myocardial NE. indicating both
agents had sympatholytic effect.
cause greater decrease of myocardial NE thanp
Cle and Cap + Clo, indicating the efficacy of
sympatholytic effect of Cap, by blockade of
ditferent level of SNS from central to periph-

Cap alone

eral, was greater than that of central sympa-
tholytic agent alone. Though a close correla-
tion between myocardial NE and LVM was
demonstrated. regression of LVH was incon-

sistent with the decrease of myocardial NE.

It seemed that local NE may not be the deci-
sive facror of LVH.

In hypertension. hyperrrophy of the me-
dial layer in the conducting arteries is due to
hypertrophy of SMUC. whereas in the resistant
arreriez. the primary change is hyperplasia of
SMC.

vascular changes in the large mesenteric arter-

Lee'® suggested that prevention of

ies by Cap rreatment was due to the sympatho
—inhibitory action of Cap on the vessel wall.
as rreatment of SHR with Cap lowered the re-
activity apd the sensitivity of the vascular bed
to MNE. Qur study showed that cardievascular
remodeling was regressed after ACEI treat-
ment bur not after sympathelytic treatment.
confirmed the importance of RAA system in
the development and regression of vascular re-
modeling.

Clo played an antihypertensive effect bw
stimulating o, receptor in the medulla oblonga-
ta, such as A, cell group of ventrolaceral
medulla'’®, whereby outflow of SNS de-
creased. It is well known thar e receptor ex-
ists widespreadly in the cardiomyocytes and
the vascular SMC and other cells. Myocar-
dial «, receptor has been showed to play a pre-
dominant role in the myocardial hypertrophy.
Whether Clo of the dosage used in this paper
may stimulate central ¢, and meanwhile acti-
vate myocardial and vascular a;, receptor re-
mains unclear. In addition. Clo resulted in
increased DMNA synthesis rate of aorta and
aorta/BW in SHR.
slight . but not significant. increase of plateler

Ca’t after Clo

plarelets Cal™ may reflect the free calcium lev-

Our result showed a

‘treatment. Changes of
el in vascular SMC. The increase in the Cal”
may increase the tension of vascular SMC and
initiate various intracellular hiochemical ef-
fecrts. Our dara showed that Cap reduce Ca’+
significantly and thatr regression of LVH par-
alelled with reduction of Ca’t of platelets.
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Ca’" weekly correlated with wall/lumen and
number of SMC layers in SHR {(treated and
untrecated ) . It seemed that the changes of
Cait of platelets may play a certain role in the
cardiovascular remodeling.

In conclusion. combined blockade of SNS
and RAA did not produce greater BP reduc-
tion and regression of cardiovascular struc-
tural and regional humoral alteration than Cap
alone did. The sympathetic inhibitory effect
of ACEI inhibitor appeared not to be enhanced
by sympatholytic agent. such as Clo.

REFERENCES

1  Weber KT. Brnlla CG.  Pathological hypertrophy and
cardizc interstitiom: Fibrosis and renin-angiotensin-
aldoaterone system. Circulation 1991; 83, 1849—65,

2  Rorive ;. Carlier P, Smelten N, Zgheib A,  Sympa-
tholytic drugs and rcardiae remodeling  in human and
experimental arerial hyperrension.

Basic Res Cardiol 19915 86 Suppl 1; 141—8,

3 Berecek KH. Kirk KA., Nagahama S. Oparil 5. Sympa-
thetic {uncrion in spontanecusly hypertensive rars after
chronic admimisication of capropril. "

Am J Physiol 1987; 252: H796— HB05.

4 lee RMKW. Gzik DJ.  Sympatholytic interventions and
vascular remodeling.

Basic Res Cardiol 19914 86 Suppl I, 55—64.

5 DBergman I. lLoxley R. Two improved and simplified
methods  for the spectrophotometric determination of
hydroxyproline. Anal Chem 1963; 38: 1961 —5.

6 Xie 1.D. Chen [X;, Wu DY. Chen HJ. Measurement of
intracellular jonic calcium concentration of platelets with
Fura-2. | Fujian Med Coll 1951, 28: 187—85.

7 Loeb Al.. Mandel HG, Straw JA. Bean BL. Increased
aortic DNA synthesis precedes renal hypertension in
rats: an obligatory step?

Hypertension 19K6; B; 754 —61.

8§ Xie LD. Chen I, Zhang S, Wang HJ. |
term low dose capropril on regression of 1.
necusly hypertensive rars,

Chin Med Sci J 1951; 6 Suppl: 90.

9  Lee RMKW., Berecek KH. Tsopons J.
Triggle CR-  Prevention of hypertension
changes by captopril treatment.
Hypertension 1991 L7 141—50.

10 Ouintin L. Ghignone M, Puyol JF.  The ak
adrenergic agonist clonwdine 1o suppress cer
ergic hyperactivity secondary to hemodynar
mental stumuli.

Lardiovasc Pharmacol 1987: 10 Suppl 12

17312,
& FE R 0 ¥ 5 i B R L I
MW /%75

Wk, kL, & F, TEF
R —EREB N RS R, #HMH350005
B

(REBEFRTNES £. #HM350004,

AmE EHLIEERS SHR, 4°
(Cap) 20 mg+kg'«d™'(A #{); 7]
30 pgekg~'-d (B #); Cap 20 myg
i Clo 30 pg +kg™'s«d™'(C #H);
JE. &Ry SBP HWEIR T . H:
K. Cap d0Clo T HEEEEE A
CHrLVHEHESY . PMEARILTE
Clo A% SHR iy LVH. &/
B, £ A Cap 1R B3R 11
WAL, BARBA Clo 7

X@i8 ¥3E SHR KR E3E WK
LR VAT ILE: PE LR
5, EEEE,; Tk /

T T e T R e Ml P e Tt P P Pt T P P s i R s e et ot ot e e Nt P s e Pt P i e P P it it Y s s o g B o o S vt e ¥

Sth China-Japan Jeint
1994 Oct 28— 30

Please contact

Fax B6-571-707-1571.  Phone 88-571-702-2700.

Meeting on Pharmacology

Hangzhou, China

Prof BIAN Ru-Taan.
Department of Pharmacology .
Zhejiang Medical University .
Hangzhou 310006
Ching.
Ext 609.  Telex 35036 ZMUI CMN.  (Cable 133


http://www.cqvip.com

