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Disparate effects of captopril on hypertension and blood vessel!
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AIM: To study whether the elfect of captopril
{Cap} on vascular structure and function may be
seperated from its ellect on blood pressure.
METHODS: Captopril treatment {group Cap A and
B, 20 and 100 mg-kg '+ d~ ') was given to SHR
rats during pregnancy, weaning, and up to 16 wk
Study performed at 40 wk. Blood pres-
sure ( BP} was measured by tail-coff sphygmo-

of age.

manometer, and wall/lumen ratic of mesenteric
artery 3rd grade branch was assessed by morphome-
tric assay. Resistance vessel properties were deter-
mined by hindquarter perfusion pressure responses
to incremental doses of phenylephrine, in the pres-
ence of N* nitro-L-arginine methyl ester { L-
NAME} or the L-arginine, the precursor of nitric
oxide synthesis. RESULTS: Both doses of Cap
prevented hypertrophy of blood vessels to an extent
comparable to that of the untreated WKY rats
{ wall/lumen ratio of mesenteric artery, Cap A:
0.381£0.08, Cap B! 0.29+0.05 s WKY: 0.34
+0.11, P>0.05, respectively}.

derived from hindquarter perfusion pressure curves

The parameters

in Cap treated grovp were almost identical to that of
WEKY, significanily different from that of untreated
SHR {ECsp, Cap B 4.05 * 2.58 »s SHR 1.15
+0.,96 mL-L"!, P<0.01; us WKY 5.13+1.97
mL-L7', P>0,05). Addition of L-NAME or
L-arginine in the perfusate angmented or attenuated
the vasoconstriction responses in the Cap treated
group. CONCLUSION: Cap initiated from in-
trauterine period normalized the vascular structure
and vasoconsirictive responses in SHR when BP still
sustained at a higher level vs WKY.
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Captopril (Cap) is effective in prevention of

421 The mechanism

cardiovascular hypertrophy
may be partially accounted for by its antihyperten-
sive effect, partially by its selective symptholytic ef-
fect on vascular system and its interfering effect on
vascular renin-angiotensin system. An important
question is that to what extent the intraluminal
pressure reduction can be ascribed, or whether there
Cap lowered BP and

prevented cardiovascular hypertrophy®® .  How-

are some other mechanisms.

ever, the effect ol Cap on cardiovascular structure
and function may be independent of its hypotensive
effect'®®! found that low dose
ramipril {0.01 mg-kg '+d"'} inhibited aortic an-
giotensin converting enzyme { ACE) activity and at-

Investigators

tenuated the aortic constrictive response to nore-
pinehrine {NE} with no effect on BP®!.
vious study has indicated that Cap {20 mg- kg™ !
+d™'} initiated at the age of 12 wk (when hyper-
tension was established and cardiovascular hypertro-
phy developed}, and lasted 24 wk, reduced left
ventricular mass/body weight, platelet [ Ca 15",
myocardial NE, and hydroxyproline in SHR, with
The pre-

sent paper was to study the dilferential preventive

Our pre-

the BP remained at pretreatment level.

ellect of Cap, initiating from intrauterus period, on
the development of hypertension and alteration in

vascular structure and function.
MATERIALS AND METHODS

SHR and WK rats were bred in our laberatory, 4 to 6
per cage at 22 £ 2'C, humdiuy 55+ 5 %, and a 12-b Light/
dark cycle (07:00 — 19:00), standard rat chow and tap water
ad lif. At the time of breeding, ¥ and £ SHRE ruts were
given Cap (Squibb, Shanghai) in milk powder 20 and 100 mg
kg lsd7!, (Cap A, n=13, and B, » = 173, Cap dose was
maintained throughout pregnancy and lactation.  After wean-
ing, the ¢ pups were meinwined on the same dose (20 and
100 mg*kg™'-d" 1) as their parents had until they were 16-
whk old. Untreated SHR (7 = 16) and untreated WKY (»
=17} were served as controls. BP was measured by tail-cuff
sphygmomanometer monthly 1n conscious status.  Body
weight was measured 1 d prior to the experiment at 40 wh of
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age. Rarts were decapitated, the left ventricle was weighed.
The thoracic aorta were cannulated with caudal end 1 em dis-
tal to the superior mesenteric artery. Nitroprusside {0.1 mg
*L" 1} and heparin {0.1 mg'L™"} were perfused for 5 min 1o
assure maximal vasodilation and anticoagulation. Thereafter,
2% glutaraldehyde in Hank balanced solution was used at
2.93 kPa for fixation of mesenteric artery.

The 3rd grade branch artery of mesenteric arteries ( arte-
riolar resistance artery) and renal artery at hilus { large muscu-
lar artery) were processed and embedded in paraffin for trans-
verse sections {6 pm) and stained with HE.

Morphometric determination
mesenteric and renal hilus artery denoted the ratic of the

Wall/lumen  ratio of

media cross sectional area/lumen area. The areas of vartious
component of vessels were measured by using 2 methods:
visnal point counting and video image planimeter. In the far-
mer, the photograph of seetion of the artery was taken at a
light microscope with magnification > 100. The photo was
placed under anp intersectional scale with each mtersection idth
of 1 mm. The maximal externa! {wall) diameter and manxi-
mal internal {{umen) diameter were measured by point count-
ing method: the media cross sectional area and lumen area
were derived {rom the formulal® .

For videoimage planimeter, a videocamera was mounted
on an Olymphus standard microscope, 6 um cross sectional
profile of the artery was projected onto the screen, and the
size of vessels was traced with cursor and the optimal gray
scale of imputed sectional image on the screen.  The different
gray scale of the image was processed by a computer system
into black-and-white “two values™”; { whirte = area of lumen;
black = wall cross sectional area}.

For 2 metheds on 59 samples » = 0.997. ANOVA
showed no difference of vanation between vessels of each type
from each study.

Any vessel cross section showing protrusion of endothelial
cells into vessel lumen and inner elastic layer shrinkage was
discarded™ (Fig 1.

Hindquarter perfusion’'”  After anesthesia ( sodium
pentobarbital, 60 mg-kg~ ', 1p), heparinization and cannula-
tion of the lower aorta, and ligation of vessels, the hindquar-
ter was perfused with 1.5 % dextran in Tyrode” s solution
(mmol - L™ NaCl 123; KCl 4.3; MgCl * 6H,0 0.83:
NaH PO, « 2HO 0.5 NaHCO; 25 J-glucese 5.55:
CeCly ' 2HzO 2.5) =zerated with 55 % O, plus 5 % COs.
Soon after the start of perfusion, the hindguarter vascular bed
was {ully dilated wirh papaverine HCl boluses {2.4 mg per 10
The fully dilated vascular bed was perfused
! Phenyl-
ephrine dose-perfusion pressure curves was obtained, starting

mL perfusate).

ar 19 mL - min~! per 100 g hindquarter weight.
at PP, and progressively increasing the phenylephrne con-
centration in the perfusate from 0.03, 0.3, 3.0, 30, end

300 mg-L ™. Each dose of phenlephrine was given when the

Cap aod -

g 7
,'/,

-~ L -
1
> OJ *

100 pm

Fig 1. The cross sections of the 3rd grade branch artery of
mesenteric arteries in Cap, SHR, and WKY. showing even
Jow dose Cap (20 mg kg™ '*d™ ') treatment can redoce W/L
ratio of renal artery in SHR comparable to that of WKY.
X 100, Bar= 100 pm.

Note: The gualified cross sections of vascular vessels demand
no protrusion of endothelial cells and no shrinkage of lnner
elastic layer, otherwise the sections are discarded.

prior vasoconstrictor response was on plateau.  Maximum
perfusion pressure { PP} was obtained by bolus injection of
BaCl; 100 mmol-L "', Another sequence of Phe-PP respon-

ses was processed where the perfusare was added with
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L-NAME 10 g- L™ '(Sigma, USA) or [.-arginme 10 mmol
-L7 M Sigma., USA}, respectively.

Statistic analysis
Paired ¢ test was used to test the significance of the data be-

Data were expressed as x £ s.

fore and after interference.  Difflerences between group means
were tested by Student Newman-Keul's test { ANOVAY), P<
.05 was considered significant.

RESULTS

Blood pressure At 16 wk of age, the systolic
BP (SBP) of Cap A {20.8+ 2.1 kPa) and Cap B
{19.7 1.1 kPa} were lower than that of the un-
treated SHR but still higher than that of WKY
{17.7 £1.3 kPa, P<0.01). After cessation of
Cap therapy, SBP in Cap A {27.2 1+ 2.6 kPa) re-
bounded swiftly to a level close to that of the un-
treated SHR (28.7 =+ 2.1 kPa, P > 0.05),
maintained at this level until 40 wk of age. On the

and

contrary, the withdrawal of Cap in Cap B caused a
platean of SBP until 40 wk of age, when a slight { P
< 0.01) elevation of SBP compared with that of
WKY was found. A remarkable hyperte.sion was
prevented, although the SBP in Cap A and Cap B
groups were still higher than that of untreated WKY
{Tab 1). .
Left ventricular mass and body weight The
order of body weight was! untreated WKY >>
untreated SHR > Cap A > Cap B. The absolute
L¥M: untreated SHR>Cap A>Cap B (Tab 2).
Wall/Lumen ratio of mesenteric and renal ar-
teries Both Cap 20 and 100 mg kg '-d7 ' almost
completely prevented hypertrophy of the vascular
wall, as evidenced by reduction of wall/lumen ratio
of mesenteric artery and renal artery to an extent of
the untreated WKY (W/L, Cap A: 0.38 + 0.08,
Cap B:0.290 £ 0.05 vs WKY: 0.34 +0.11, P>
0.05).
tery and renal arteries were similar in both Cap A

The decreases in W/L. ratio of the mesen-

Tab 1.
p>0.05, "P<C0.05, “P<0.01 s WKY,

SBP (kPa) afier withdrawal of captopri] treatment at 16 wk of age.
SHR treated with captopril 20 (A) or 100 {B) mg-kg *.

Tab 2. Redoctlon of LYM/BW, W/L ratlo of mesenleric
and renal artery in captopril treated groops. ¥ ts.

bp .08, “P<0.01 vs WKY. BW, body weight; LVM,
left ventricalar mass: LVM/BW, the ratio of LVM over
BW;: W/L, wall over lomen.

Variables WKY SHR Cap (A)  Cap (B)
- 17 18 13 17
BW/g 378+37  356-25  328+51  317+14
LYM/g  0.79%0.07 1.27+25 1.05+0.11 0.81=0.03

LVM/EW  2.11=0.16 3.06+0.25°3.310.34° 2,48+ 0. 07"
0.34£0.11 0.73+4.22<0.37=0.08 0.2920.05

0 30+0.10 0.75+0.14°0.3710.12 0.28=0.06

Mesenteric

REHE'. Wz"]

and B {Tab 2).
Hindgquarter perfusion The minimal perfu-
sion pressure at maximal dilation {PP,_;,), the max-
imal perfusion pressure induced by BaCl,, PP_.,.
and the slope of Phe curve in SHR were higher and
the dose of the 50 % response of perfusion pressure
to Phe (EC5,) was lower than those of WKY, sug-
gesting the greater reactivity of hindquarter vascular
In Cap
B, all the 4 parameters were similar to those of
WKY, different from those of SHR, while the SBP
in Cap group was sustained at a level higher than
that of WKY {Fig 2, Tab 3). After EDRF release
was blocked by perfused L-NAME, the response of
perfusion pressure to Phe { Phe-PP) responses of the

resistance to oy adrenergic agonist in SHR.

(Cap treated group was markedly enhanced, indicat-
ing increases in the sensitivity of resistance vessel.
On the other hand, addition of L-argimine in per-
fusate resulted in attenuation of Phe-PP responses of
the Cap treated SHR, with all parameters derived
from the response curves induced by addition of
L -NAME or L -Arg being similar to those of the

xts.

n 16 wk 20 wk 28 wh 36 wk 40 wk
WKY 17 17.721.6 16.5+1.6 16.4+0.9 17.2=0.8 16.4=1.2
SHR 16 26.6x1.6° 29.7+1.2° 30.4+1.2° 30.0+0.8° n.2+2.6°
Cap (A} 13 20.9+£2.1° 27.222.6° 27.7t2.8° 27.2+1.3 27 4+2.1°
Cap (B) 17 19.7+1.1°F 20.2+t1.2° 20.2+1.2° 20.8+1.2° 21.0+1.0¢



http://www.cqvip.com

- 136 - LIBLID: ISSN (02534758

Acta Pharmavslogica Sinica

+E & EF R 19496 Mar; 17 (2)

untreated WKY (Tab 3, Fig 3).
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Fig2. Phe-PP curves and BaCl;-induced PPy, in 3 groups
rals, showing thal the responses were markedly higher in
SHR. while the curves in Cap and WEKY groups were almost
identical. "P < 0.05 vs Cap and WKY rats.

Tab 3. Four parameters derived from Phe-PP curves in 3
groups. Tt s. "P<0.05 vs Cop {B) and WKY. PP,
the minimum perfusion pressure. PP__ ., the maximum per-
fusion pressure; ECg. 50 % cffective concentration of
phenylephrine: Slope. the maximum slope in response to 300
mg-L™" phenylephrine.

. L

PP PP ECs, Slope

T (kPa) b (mgml D)
e o dose)

SHR 8 41+1.0" 35246 5% 1.15+0, 96" 50.6117.8
Cap (B3 O 30206 272445 4,05-2.58 38.9+0 4
WEY 7 3.3+0.8 25.74#5.0 5.13-197 32.1+7.4
DISCUSSION

Our study found that complete prevention of re-
sistance vessels hypertrophy with more or less reduc-
tion of BP by either high or low dose of Cap seems to
agreement with the results from those studies on
elastic conduit vessles 71

Falkow and colleagues were the first to suggest
the “amplifier” role of hypertrophied resistance ves-
sels in the development ol hypertensive vicious cy-

1 AL excess intraluminal pressure leads ta

cl
compensatory vascular wall protein synthesis resul-

tant in hypertrophied thickened medial wall and

—
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Fig 3. Phe-PP responses in Cap group were enhanced, when
L -NAME was added in the perfnsate: the responses were at-
tenuated when L -Arg was added. "P<0.05 v Phe.

reduction in vessel lumen. Meanwhile, hyperten-
sion stimulates receptor agonists as vasoconstrictor
(eg. NE, AII, vasopressin, #fc}, which caused the
already reduced lumen an additional reduction, and
produced vastly increases in vascular resistance, re-
sulting i further increase in high blood pressure.
Thus hypertension perpetuates and increases the
severity ol hypertension, namely * hypertension
begets hypertension”.  The findings in present
study that botl, high and low dose Cap could com-
pletely abolish -/ascular hypertrophy in SHR to a de-
gree similar tc that of WKY and meanwhile the
blood pressure sustained differently higher levels,
suggest that hypertension may exist in the absence of
These
findings seem 1n opposition to the hypothesis sug-
gested by Folkow, and cast doubt on the determi-

apparent resistance vessels hypertrophy.

nant role of resistance vessels hypertrophy in the
development of hypertension.

The presence of an increased contractile wail
tmass wn the systemic resistance wvessels of SHE en-
croching upen their lumen even during maximal di-
latation, the hemodynamic effects of the proposed
structural change can largelv alone account for the
raised resistance and increased vascular reactivity”
in SHR'.12

Cap was able to reverse the abnormal Phe-PP curves

(lur study has demonstrated that

in SHR and meanwhile prevented the system 1n vas-
cular hypertrophy. This finding seems to be in

agreement with Folkow's hypothesis, however the
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fact that addition of EDRF antagonists or agonist
produced lefrward shift of Phe-PP curves with sub-
stanpual changes in slope and ECy; indicates the
mechanism underlying these changes could not be
explained by the smaller arteriolar lumen alone.
(ur study was consistent with the findings in wrro
and in large conduit vessels, eg, aortic strip, that
constrictor response to o adrenergic agenists in sev-
eral arteries is potentiated by the removal of the en-
dothelium as well as the pretreatment with inhibitors
ol soluble guanylate cyclase. The low dose ramipril
treatment resulted in an increase in aortic ¢GMP
content by 98 %. which was due to bradkinin po-
tentiating the action of ACEI /.

not found any investigation studying the mechanism

So far, we have

of effect of Cap on resistance vessels in related to en-
dothelial cell function. All these investigations and
our study taken together suggest that Cap attenuated
abnormal vascular constrictor sensitivity may be par-
tially mediated by the improvement of endothelial
function in resistance vessels.

Clinical implications® It may not be always jus-
tified to set the lowering of high blocd pressure as an
unique therapeutical goal for captopril treatment.
Clinically, the response rate of hypertensive patients
to ACE]I monotherapy is only about 40 % . Physi-
cians uvsually abandon Cap treatment in these unre-
sponsive patients. (ur present stady shows the
beneficial effect on vascular vessels of Cap may be
dissociated of its hypotensive effect. Thus, it seems
valuable to continue Cap treatment in these bload
pressure unresponsive patients in the purpose of pre-
vention of vascular hypertrophy and improvement of

endothelial cell function.
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Calcium channel blockade and anti-free-radical actions of panaxatriol saponins

in cultured myocardiocytes

JIANG Yan, LIU Wei, WANG Xiao-Ming, ZHONG Guo-Gan', ZHANG Wen-Jie!, CHEN Long', ZHAN
Shu!, QI Hui', ZHAO Chun-Yan', MA Xing Yuan®, YANG ShiJie®, L1 Hong® {( Cenrral Laboratorv of

Physiology, ! Department of Physiologv,

2 Department of Organic Chemistry, ° Department of Pharmacol-

ogy, Norman Bethune Universitv of Medical Sciences, Changchun 130021, China)

calcium

KEY WORDS channels: ginseng:
saponins: patch-clamp techniques: electron spin
respnance spectroscopy: myocardium: cultured

cells: free radicals

AIM: To identify the calcium channel blockade and
anti-free-radical actions of panaxatriol saponins R,
R;, Rg;.- Rgs, Rh;. and oleanclic acid saponin K.
METHODS: On ventricular myocytes of Wistar
rats, single channel activities of B, L, and T type
caleium channels were recorded with the cell-
attached configuration of patch-clamp techmc, and
free radical contents were measured with electron
spin resenance method. RESULTS: R,, Rg;,
Rg;, and Rh; shortened the open times, prolonged
the close times, and reduced the open-state proba-
bilities of B, L, and T type calcium channels: R,
shortened the open time, prolonged the close time
and reduced the open-state probability of L type cal-
cium channel; R, did not influence the activity of
R., Rg;, Regs.
and Rh; antagonized the increase of Iree radical con-

calcium channels (60 pmol* L™y,

tent induced by xanthine 0.42 mmol* L™ !-xanthine
oxidase 5.3 nmol: L '; R, and R; had no effect (30

pmol*." '), CONCLUSION: R.. Rg,;, Rg;, and

Received 1994-12-12 Accepted 1995-05-15

Rh; had both the calcium channel blockade and anti-
R; had blockade action on L

free-radical actions.

type calcium channel.

In previous works on the action potential of
cultured myocardiccytes, we found the calcium

channel blockade and anti-free-radical actions of
panaxadiol and panaxatriol grouped saponins'!'?’.
We confirmed the 2 actions of panaxadiol saponin
monomers Bb;, Rb., Kby, and R, with paich-clamp

technic and electron spin resonance method ¥ .
This experiment was to test further the panaxatriol
saponin monomers R,, Ry Rz, Rg., Rhy, and
oleanolic acid saponin R, with the same method.

MATERIALS AND METHODS

Drogs and reagents  Ginsenoside monomers ( purity
>95 % } were extracted from stems and leaves of Poner gin-
seng C A Mey by the Department of Organic Chemistry in our
University. Five panaxatriol saponins were all damrarane
type tetracyche triterpenoid saponins.  Their aglycone was
20- S-protopanaxatriol.  The difference between them fell on

the glycochains connecting with the aglycone.
Lal

B, was a
pentacyclic triterpenoid saponins'®', which was the only one
oleanclic acid type ginsenoside.

Xanthine (Xan), xanthine oxidase (X0}, verapamil
(Ver), Dubecco's modified Eagle medium (DMEM), Hanks

balance salts, Bay k 8644, fetal bovine serum (FBS) were all
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