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ABSTRACT

AIM: To sudy the effect of candesartan cilexetil (candesartan), a new AT, receptor antagonist, on snoaortic
denervation (SAD)-induced cardiovascular hypertrophy and its potential mechanismsin rats. METHODS: For
long-term treatment, candesartan (6 mg- kg*- d*) was given in rat food for 16 weeks after SAD surgery, and for
acute trestment, a single dose of candesartan (3 mg/kg) was administrated intragastrically a 30 d after SAD.
RESULTS: The indexesof |eft ventricular and aortic hypertrophy in candesartan-treated SAD rats were decreased
when compared with untreated SAD rats and smilar to or less than thosein normal rats. SAD-induced cardiomyocyte
hypertrophy, myocardial fibross, wall thickening of intramyocardia arterioles and aortae, and destruction of vas
cular internal elastin membrane were amogt inhibited by candesartan. The plasmaangiotensin |l levelswere
markedly increased in treated SAD rats and negatively correlated with the indexes of hypertrophy. Both blood
pressure and its variability were reduced by asingle dose of candesartan during 3 h of observation period.
CONCLUSION: Candesartan can effidently inhibit SAD-induced cardiovascular hypertrophy. Inaddition toknown
mechanisms, upregulation of circul ating angiotensin Il and stabilization of blood pressure may be involved in this
cardiovascular protection of candesartan.

INTRODUCTION tion of blood pressure (BP). Interruption of arterid

baroreflex by snoaortic denervation (SAD) may lead to
asubgtantial increasein blood pressure variability (BPV),
and chronic SAD rat is consdered as an experimenta
mode! of high BPV without sustained hypertension'*?.
It has been found in our previous studies that chronic
SAD can produce various forms of end-organ damage

Arterid baroreflex playsakey rolein the sahiliza
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such as cardiac hypertrophy, vascular remodeling, and
rend lesions, and the end-organ damage is associated
with high BPV!#?,

Candesartan is anew insurmountable AT, recep-
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tor antagonist to be approved as an antihypertensive
drug*®. The oral preparation isan inactive prodrug,
candesartan cilexetil, which is hydrol yzed rapidly and
compleely during absorptionin the gastrointestinal tract
to an active compound, candesartan. Candesartan has
along duration of hypotend ve action with a trough/
peak ratio of more than 80 %™. It isreported that
candesartan may reduce left ventricular hypertrophy in
spontaneoud y hy pertendve rats (SHR), sroke-prone
SHR, transgenic hypertensive rats, and mild to moder-
ate hypertensve patients, protect against myocardia
ischemia-reperfuson injury in pafused Widtar rat hearts,
decrease the incidence of stroke in stroke-prone SHR,
and improve the renal function in hypertensive pa
tients9. In the present study, the effectsof candesartan
on rat left ventricular and aortic hypertrophy produced
by chronic SAD were studied. Also, the potentid
mechanismsinvolved in these effects were preliminar-
ily explored.

MATERIALSAND METHODS

Preparation of SAD rats Mae Sprague-Dawley
rats were purchased from the Sino-British SIPPR/BK
Lab Animal Ltd(Certificate Mz 02-25-3). At theage of
10 weeks, SAD was performed according to the pro-
ceduredescribed by Krieger I with minor modification.
Briefly, rats were anaesthetized with a mixture of
ketamine (50 mg/kg, ip) and diazepam (5 mg/kg, ip)
and were then medicated with atropine sulfate (0.5 mg/
kg, ip) and procai ne benzylpenicillin (60000 U, im).
After amidline neck incison and bilaterd isolation of
the neck muscles, aortic baroreceptor denervation was
carried out bil aterdly by cutting the superior laryngea
nerves near the vagi, removing the superior cervica
gangliaincluding asmall section of the sympathetic
trunk, and sectioning aortic depressor nerves. The ca
rotid snus baroreceptorswere denervated bilateraly by
gripping the carotid bif urcation and its branches f ol-
lowed by the application of 10 % phenol (in 95%
ethanol) to the externd, interna, and common carotid
arteriesand the occipital artery. In some rats, sham
operation (Sham) was performed with the midline neck
incision and bil ateral isolation of the neck muscles.

These rats were used as normal controls. After opera-
tion, rats were brought up with controlled temperature
(23-25 1) and lighting (8:00-20:00 light, 20:00-8:00
dark) and with free accessto rat chow and tap water.

Experimental protocol In long-term treatment
experiment, candesartan cil exetil (donated by Dr Peter
MORSING at AstraZeneca, Molndal, Sweden) was
mixed into the rat chow. Therat chow containing a
certain content of drug was prepar ed according to the
previoudy determined food consumption and the theo-
retically etimated drug dose. Immediately after SAD
surgery, one group of SAD rats was fed with rat chow
containing the drug, and the other two control groups,
ie, untreated SAD rats and Sham rats, received normal
ra chow without the drug. The average dose of
candesartan cilexetil was about 6 mg: kg*- d*, which was
calculated from the practically ingested food during 16
weeks of treatment. At theend of experiment, mor-
phology of left ventricles and aortae were examined,
and plasma angiotensin |l concentrations were
measured. In acute treatment experiment, asingle dose
of candesartan cilexetil (3 mg/kg) was given intra
gastricaly at 30 d after SAD, and its effects on
haemodynamics were studied in consci ous ungtrai ned
ras.

Morphological examination After 16 weeks of
treatment, the animal was weighed and killed by
decapitation. The thoracic and peritoneal cavities were
immediately opened. Theaorta and heart were excised
and rinsed in cold physiologicd saline. Theleft ven-
tricle wasisolated, blotted, and weighed. At the same
time, the aorta was cleaned of adhering fat and connec-
tive tissue. Just below the branch of the left subclavi-
cular artery, a 22-mm-long segment of thoracic aorta
was harvested, blotted, and weighed. As an index of
left ventricular hypertrophy, the ratio of left ventricular
weight to body weight wasdetermined, and asan index
of aortic hypertrophy, theratio of aortic weight to length
was calculated®. Histopathol ogica observation was
aw carried out with our conventiona method'?. Briefly,
immediately after gross detection, all samples of | eft
ventriclesin 2- to 3-mm-thick dicesand aortae were
immersed in formalin solution for more than 1 week,
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dehydrated in ethanol, cleared in dimethylbenzene, and
embedded in paraffin. Then the 5-pm-thick sections
were prepared and stained with hematoxylin and eosin,
and Victoriablue and Van Gieson for light microscopic
evaluation.

Measur ement of plasma angiotensin II con-
centration Inratsused for long-term treatment study,
immediatdy after decapitation, blood sample(2 mL) was
collected into prechilled tube containing sodi um edetic
acid 2 g/L, cooled inice-water bath, and centrifuged at
4. The plasmawas removed, mixed with enzyme
inhi bitors, and stored at —80 T_ before assay. Angio-
tensin Il concentration was determined using the radio-
immunoassay kit provided by Chinalnstitute of Atomic
Energy'?.

Haemodynamic monitoring in conscious
ungrained rats At 27 d after SAD, the rat was anaes-
thetized asdescribed above. For drug adminigtration, a
polyethylene catheter (PE50) was directly inserted into
the stomach, a the middle of the greater curvature of
somach. For measurement of BP and heart period (HP),
another polyethylene catheter (PE-10 connected to PE-
50) was placed into the lower abdomina aortaviathe
left femoral artery. Both catheters were tunneled
subcutaneoudy, exteriorized between the scapulae, and
fixed on thesaddle. After 2 d of recovery, therat was
placed inacylindrical cage (diameter: 300 mm; height:
240 mm), and the aortic catheter was connected to a
BP transducer via arotating swivel that alowed the rat
to move freely. The rat was habituated for more than
14 h before the experiment was started at 10 o' clock
next day. After BP wasrecorded for 1 h, asngle dose
of candesartan cilexetil (3 mg/kg) or the same volume
of vehicle control was given through the gastric
catherter, andimmediately after drug adminigtration, BP
was measured for another 3 h. In this sudy, BP was
continuoudy recorded with a computerized tech-
nique®. Brigly, the BP dgnals, transmitted to theelec-
tric agnas by atransducer, were digitized and pro-
cessed by a computer, which caculated on line the BP
and HP. These va ues were sampled besat-to-beat and
stored on hard disk. In off-lineanalyss, the means and
gstandard deviations of BP and HP over the 1-h period

were calculated. The mean of 1-h BP was used asan
index of BP, and the sandard deviation of 1-h BP asan
index of BPV! !, The same method was used for
calculation of HP and HP vaiability.

Statigical analyss Statigtical andysiswas per-
formed using datistica program SAS. Dataaere
ported as meantSD. The differencesamong three
groups were evd uated using anaysis of variance
(ANOVA) followed by unpaired t test. The haemo-
dynamic databefore and after drug administration were
compared by paired t tes. The relationship between
the plasma angiotensin || levels and theindexes of car-
diovascul ar hypertrophy was assessed by linear regres-
son analysis. Statigtical dgnificancewas judged at
P<0.05.

RESULTS

Effects of candesartan on SAD-induced left
ventricular and aortic hypertrophy Before SAD or
sham operation, the body wei ghts were not different
among three groups (Tab 1). After 16 weeks of
experiment, the body we ghtsin SAD ratswere reduced,
when compared with those in sham rats. However,
there wer e no significant differences in body weights
between candesartan-treated and untrested SAD rats.
SAD ratsexhibited | eft ventricular andaortic hypertrophy,
as evidenced by increasesin the normalized weights of

Tab 1. Effects of long-term treatment of candesartan on
SAD-induced left ventricular and aortic hypertrophy in rats.
Mean=SD. "P<0.05, °P<0.01 vs Sham. ‘P>0.05, P<0.01 vs
SAD.

Sham SAD SAD+Can

(n=6) (n=7) (n=6)
Initid BW (g) 30146 29845 2988
Find BW (g) 518+37  473#29°  465+21°
LVW/BW (mg/g) 1.91+0.17 2.17+0.15° 1.86x0.07
AWi/length(mg/mm) 1.12+0.07 1.25+0.08° 0.96+0.10°

Sham indicates sham operation; SAD, sinoaortic denervation;
Can, candesartan cilexetil; BW, body weight; LV W, left ventricu-
lar weight; and AW, aortic weight.
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left ventricl es and aortae, when compared with sham
controls. In candesartan-treated SAD rats, the normal-
ized wdghts of |eft ventriclesand aortae were decreased
compared with untreated SAD rats, and smilar to or
lessthan the levels in Sham rats. Under microscope,
left ventricular and aortic tissues from untrested SAD
rats demongtrated obvious pathologicd changes, includ-
ing cardiomyocyte hypertrophy, myocardial interdtitia
and perivascular fibross, wall thickening of intramyo-
cardia arterioles and aortae, and destruction of vascu-
lar internal elastin membrane (Fig 1). These character-
istic changes induced by chronic SAD were markedly
inhibited by long-term treatment of candesartan.

Effectsof candesartan on plasma angiotensn
Il levelsin SAD rats There exised no differencesin
plasma angiotensn Il levels between untreated Sham
and SAD groups. In candesartan-treated SAD group,
the plasma angiotensin || levelswere increased, 6.7
times higher than thelevelsin untreated groups (Fig 2).
Furthermore, thelinear regression analysisshowed that
the plasma angiotensin |1 levels were sgnificantly and
negatively correlated with theindexes of left ventricu-
lar and aortic hypertrophy (Fig 3).

Eff ects of candesartan on haemodynamicsin
SAD rats Tab 2 summarizes the haemody namic data
before and after candesartan administration. Both BP
and BPV were decreased by a single dose of cande-
sartan, and these effects were maintained during 3 h of
experimenta period. T he extents of decreases in BP
and BPV were not different among 1<, 2nd, and 3rd h
post candesartan administration. HP was i ncreased,
whereas HP variability remained unchanged after ad-
ministration of candesartan. In vehicle control study,
thehaemodynamicdataafter vehicle administrationwere
not different from those before vehicl e administration
(data not shown).

DISCUSSION

Left ventricular and aortic hypertrophy are the
typica pathol ogica changes following chronic SAD,
as shown by our lab and others®***" " |n the present
study, rats 16 weeks after SAD exhibited hypertrophy
and other damage in left ventriclesand aortae. These

Tab 2. Effects of candesartan (ig) on haemodynamics in
sinoaortic-denervated rats. n=6. Mean+SD. °P<0.05,
“P<0.01 vs Pre-Can.

Pre-Can Post-Can
1sth 2nd h 3rdh
(10:00-  (11:00- (12:00- (13:.00-
11:00) 12:00) 13:00)  14:00)

16.4+1.2 12.7+1.1° 12.8+1.5° 12.4+1.1°
75+2.1° 7.2+1.7°

Systolic BP/kPa
DiastolicBP/kPa 11.2#1.7 7.3%1.9°

HP/ms 14624 150422° 153+19° 155+18°
Systolic BPV/kPa 1.8+1.0 1.4#05 1.440.7° 1.420.7°
DiastolicBPV /kPa 1.7+0.8 1.2#0.4* 1.240.6° 1.2+0.5°

HP variability/ms  18+4 207 206 206

Can indicates candesartan cilexetil; BP, blood pressure; HP, heart
period; and BPV, blood pressure variability.

results are consistent with our previous datd*¥. To
quantify the cardiovascular hypertrophy, we usethe
indexesof left ventricular and aortic hypertrophy, which
are commonly used in the literature®™*2, |t was found
that theindexes of left ventricular and aortic hypertro-
phy in candesartan-treated SAD ratswere |ower than
those in untreated SAD rats, and similar to or less than
thosein normal rats. | n addition, microscopic obser-
vations showed that SAD-induced myocardial hyper-
trophy and fibross and vascular wall thickening were
markedly inhibited by 16-week treatment of candesartan.
These results demondrate that candesartan can effi-
ciently prevent the SAD-induced cardiovascul ar
hypertrophy.

The cardiovascular protection of candesartan may
come from severd mechanisms. The known mecha
nismsare hypotensive effect and cardiovascular growth
inhibition induced by AT, receptor blockade, which are
extensvely sudied™™. In addition, our preliminary
results from the present study indicate thet upregulation
of ciraulating angiotensin |1 and dabilization of BP may
be invol ved in thiscar diovascular protection.

Angiotensn |l mainly acts through 2 receptor
subtypes, AT, and AT,. It iswell known that most
effectsof angiotenan 1, including vasocongtriction, a-
dogterone and vasopressin release, rend sat and water
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Fig 1. Effects of long-term treatment of candesartan on SAD-induced histopathological changesin rat left ventricles and
aortae. Sham indicates sham operation; SAD, sinoaortic denervation; and Can, candesartan cilexetil. Top row: left ven-
tricular tissues with hematoxylin and eosin stain, 3.3x20; Middle row: left ventricular tissueswith Victoria blue and Van
Gieson stain, 3.3x10; Bottom row: aortictissues with hematoxylin and eosin stain, 3.3x20. There existed cardiomyocyte
hypertrophy, myocardial interstitial and perivascular fibrosis, wall thick ening of intramyocardial arterioles and aortae, and
destruction of vascular internal dastin membranein untreated SAD group. Thesepathological changes wer e efficiently

inhibited by long-term treatment of candesartan.

retention, sympathetic facilitation, and cell growth are
mediated by AT, receptor. Recently, the function of
AT, receptor has been explored. Itisfound that the
actions of AT, receptor appear to be opposite in some
cases to those of AT, receptor. For example, AT,
receptors areassociated with antiproliferation, apoptoss,

and vasodilation®*?. AT, receptor antagonists eff ec-
tively block the AT, receptor, and leave the AT, recep-
tor unopposed. Moreover, blockade of AT, receptor-
mediated feedback inhibition of rennin rdeasefrom the
kidney resultsin increased plasma rennin activity and,
consequently, in increased plasma angiotensn |1



- 718- Miao CY et al / ActaPharmacol Sin 2002 Aug; 23 (8): 713-720

Lolw
of
o lzm
£
g mef
: T 5 2
LTr)
E‘ a2 g X
mn B ==
LU

wham WAl RAIH 1N
{ar=h} 1a=T} {r=t}

Fig 2. Effects of candesartan on plasma angiotensin || lev-
es in SAD rats. Sham indicates sham operation; SAD,
sinoaor tic dener vation; and Can, candesartan cil exetil.
Mean+SD. °P<0.01 vs Sham. ‘P<0.01vs SAD.
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Fig 3. Scatter plotsshowingthereationship between the
plasma angiotensin 1l levels and the indexes of left ven-
tricular and aortic hypertrophy in untreated (Q) and
candesartan-treated (i) SAD rats.

leveld51"8 Therefore, it has been proposed that high
circulating levelsof angiotendn Il that occur after AT,
receptor blockade may be beneficial in cardiovascular
protection, through stimulating the unblocked AT, re-
ceptor to produce antiproliferation and apoptosis®’ 9.
In deed, two in vivo sudiesusing selective AT, recep-
tor antagonigtshave shownthat AT, receptor isinvolved
in cardiovascular protection in SHR!* and in myocar-
dia ischemiapigs®. In the present study, the plasma
angiotensinl| levelswere markedly increased after long-
term blockade of AT, receptor with candesartan, and
there existed a negative correlation between the plasma
angiotensin 11 levels and the indexes of cardiovascular
hypertrophy in untrested and candesartan-treated SAD
rats. These provide thedirect evidence for the first
time that upregulation of circulating angiotensin Il pro-
duced by AT, receptor blockade has a beneficid effect
on cardiovascul ar protection.

BPV isanew concept in cardiovascular medicine,
arising from the development of techni ques designed
for continuous BP monitoring®. In 1987, Parati
et al'® reported that among hypertensive patients with
smilar BPlevds, the level of target organ damage was
more advanced in those patients with higher level s of
BPV. Thisisthefirg report regarding clinical impor-
tance of BPV. During thelast 6 years, a seriesof ex-
periments were carried out in our lab to study the rela-
tionshi p between BPV and organ damage. It has been
demonstrated that high BPV isarisk factor involved in
end-organ damagein SHR and SAD rats***, Wehave
also proposed that decreasing BPV may bea new strat-
egy for end-organ protection™. In the present study, a
sngle dose of candesartan has a BP dabilization, ie, a
BPV-lowering effect, in SAD rats. So it is deduced
that the efficient inhibition of SAD-induced cardiovas
cular hypertrophy by long-term treatment of cande-
sartan may a o relate toits sabilization of BP. However,
the hypothesis remainsto be further confirmed in an-
other chronic treatment study in SAD rats.
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