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Abstract:

Background: ZCM298 is a novel 1,4-dihydropyridine derivative. The aim of the study was to investigate its vasodilation and hy-
potension, and the related mechanisms.

Methods: The isometric tension of artery ring segments was recorded using an in vitro myography system. The blood pressure of
spontaneously hypertensive rats (SHRs) was measured in vivo using a non-invasive tail cuff blood pressure system. Changes in the
intracellular calcium concentration ([Ca2'];) in the mesenteric artery were surveyed using real-time confocal microscopy. Regional
cerebral blood flow (rCBF) in the pia mater was monitored by laser-Doppler flowmetry (LDP).

Results: ZCM298 (1079—10~* M) relaxed rat mesenteric artery obviously and concentration-dependently, which was not affected by
the removal of the endothelium. ZCM298 shifted the concentration-contractile curves of mesenteric arteries in response to phenyl-
ephrine, U46619, KCI and CaCl, towards the right in a non-parallel manner. The potency of ZCM298 on relaxing basilar artery was
much higher than on mesenteric artery. ZCM298 did not depress the phenylephrine-induced vasoconstriction; however, it inhibited
the contraction caused by the addition of CaCl, in Ca2"-free solution. ZCM298 (10-° M) inhibited the increase of [Ca%']; induced by
KCl in the artery. ZCM298 improved the rCBF in the pia mater of rats at 0.03 and 0.06 mg/kg. ZCM298 depressed the systolic and
diastolic blood pressure of SHRs in a dose-dependent manner.

Conclusions: ZCM298 relaxes arteries probably through inhibiting extracellular calcium influx and decreases the blood pressure of
SHRs. ZCM298 is more potent in the basilar artery than in the mesenteric artery and improves rCBF in the pia mater of rats.
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Abbreviations: ACh — acetylcholine chloride, [Ca®]; — intra- Introduction

cellular calcium concentration, HEPES — hydroxy-ethyl-
piperazine ethanesulfonic acid, LDF — laser-Doppler flowme-

try, PE — phenylephrine, PU — perfusion unit, rCBF — regional
cerebral blood flow, ROCC —receptors’ gated calcium channel,
SHRs — spontaneously hypertensive rats, U46619 — (2)-7-
[(1S,4R,5R,6S5)-5-[(£,3S)-3-hydroxyoct-1-enyl]-3-oxabicyclo-
[2.2.1]heptan-6-yl]hept-5-enoic acid, VDCC — voltage-depen-
dent calcium channel, ZCM298 — (E)-diethyl 2,6-dimethyl-
4-{2-[3-0x0-3-(tert-pentyloxy)prop-1-enyl]phenyl}-1,4-dihy-
dropyridine-3,5-dicarboxylate

Although the pathogenesis of hypertension is associ-
ated with a variety of factors, elevated blood pressure
is an essential feature of hypertension that is also
a major risk factor for cardiovascular damage. In the
clinic, the combination of calcium channel blockers
and other types of antihypertensive drugs is consid-
ered to be an effective program for the treatment of
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high risk patients [19]. 1,4-Dihydropyridines were
well known as calcium channel blockers or activators
such as nifedipine, nimodipine [22], nitrendipine [4],
lacidipine [17], isradipine [3]. The privileged struc-
tures of 1,4-dihydropyridines have been studied in the
search for new drugs through making minor changes
of the existing compounds [23].

Lacidipine, a representative third generation 1,4-
dihydropyridine calcium antagonist [24], has a unique
molecular structure, in which the aromatic ring is a large
orthotopic fert-butyl group with a high lipophilicity and
it has a high membrane distribution coefficient, which
allows it to be stored in the membrane lipid layer for
slow release. Lacidipine has a short plasma half-life,
a long clinical half-life, and a gentle, long-lasting antihy-
pertensive effect [18, 25]. Moreover, lacidipine has been
shown to promote anti-atherosclerosis [2], changes in
metabolism, cardioprotective action [26], antimicrobial
potential, and anti-oxidant effects [6, 15].

In animal studies, lacidipine was evaluated as
a once-daily antihypertensive agent that had a mark-
edly slower onset of action and a more pronounced
vascular selectivity than nitrendipine [13]. The clini-
cal safety assessment on lacidipine [8] revealed no
unexpected adverse reactions. The advantages of la-
cidipine, including its long duration of action and
once-daily dosage, indicate that it is a suitable agent
for the first-line treatment of hypertension across
a wide range of patients.

As a characteristic pharmacophore, 1,4-dihydro-
pyridine represents a favorable starting point in the
search for ligands [23]. Lacidipine contains a tert-
butyl ester at the 2-position of 4-phenyl. To synthesise
anew lacidipine’s analogue, (E)-diethyl 2,6-dimethyl-
4-{2-[3-0x0-3-(tert-pentyloxy)prop-1-enyl|phenyl}-1,4-
dihydropyridine-3,5-dicarboxylate (ZCM298, Fig. 1),
we changed the fert-butyl group into a fert-amyl
group. The aim of the present study was to evaluate
the vasodilation and hypotension of ZCM298 in rats.

ZCM298

Lacidipine

Fig. 1. The chemical structures of lacidipine and ZCM298
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Materials and Methods

Animals and reagents

Sprague-Dawley rats were obtained from the Animal
Center of Xi’an Jiaotong University (Xi’an, China).
Male SHRs (20 weeks of age) were purchased from
Beijing Vital River Laboratory Animal Technology
Co., Ltd. (Beijing, China). The animals were housed
and maintained under conventional laboratory condi-
tions and allowed free access to food (standard pellet
diet) and water. The protocol was approved by Ethics
Committee of Xi’an Jiaotong University College of
Medicine.

ZCM298 was synthesized in Department of Phar-
macy, Xi’an Jiaotong University College of Medicine.
Phenylephrine, acetylcholine chloride (ACh), caffeine,
lacidipine, (2)-7-[(154R,5R,65)-5-[(E,3S)-3-hydroxyoct-
1-enyl]-3-oxabicyclo[2.2.1]heptan-6-yl]hept-5-enoic
acid (U46619), hydroxyethylpiperazine ethanesulfo-
nic acid (HEPES) and Triton X-100 were purchased
from Sigma Aldrich (St. Louis, USA). Fluo-3/AM
was obtained from Biotium (Hayward, USA). All
other reagents were of analytical reagent grade. In in
vitro experiments, ZCM298, and Fluo-3/AM were
dissolved in DMSO, and U46619 was dissolved in
ethanol. All other substances were dissolved in dou-
ble distilled water. Further dilutions were made in
double distilled water and added just before the ex-
periment. The concentrations were expressed as the
final molar concentration in the solution. ZCM298
and lacidipine were dissolved in vehicle constituted
by 10% Tween-80, 10% DMSO, and 80% double dis-
tilled water for the regional cerebral blood flow ex-
periments, and by 30% Tween-80, 30% ethanol, and
40% double distilled water for blood pressure meas-
urement experiments.

Krebs solution contained (mM): NaCl 119, NaHCO;
15, KCI 4.6, MgCl, 1.2, NaH,PO, 1.2, CaCl, 1.5 and
glucose 5.5. HEPES-Krebs solution contained (mM):
NaCl 135, KCI 5, MgS0O, 1.2, CaCl, 2.5, glucose 10
and HEPES 8.4. The pH of both solutions was 7.4.

Record of vessel isometric tension

Sprague-Dawley rats were sacrificed by CO, as-
phyxiation. The mesenteric, basilar, left anterior de-
scending coronary and renal arteries were dissected
from the adhering tissues under a stereomicroscope.
Each vessel was cut into 4 to 8 1-2 mm-long ring seg-
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ments and mounted in a multi myograph baths (DMT
610M, Denmark), which was defined in the 5 ml
buffer solution at 37°C with 95% O, and 5% CO,,
continuously. The isometric tension of each vessel
was recorded using a force displacement transducer.
After the segments were stabilized with a 1 mN (in
coronary and basilar artery) or 3 mN (in mesenteric
artery and renal artery) resting tension for 1.5 h and
the solutions in the baths were replaced by the same
solution every 20 min, the contractile capacity of ves-
sel segments was evaluated by exposure to K'-rich
(60 mM) Krebs solution in which NaCl was ex-
changed for an equimolar concentration of KCI.

In endothelium-denuded experiments, 0.1% Triton X-
100 was poured into the vessels for 10 s to denude the en-
dothelium, followed by incubation with Krebs solution for
another 10 s [1]. The denuded segments were mounted in
the baths and removal of the endothelium was confirmed
by the loss of relaxant response to 10° M ACh.

Determination of tissue [Caz“‘]i in the artery

Sprague-Dawley rats weighing 100-110 g were sacri-
ficed by CO, asphyxiation. The superior mesenteric
arteries were quickly removed and immersed into
cold HEPES-Krebs solution. The artery was dissected
free of adhering tissues under a stereomicroscope.
Each artery was cut into approximately 3 mm-long
ring segments and mounted in a U shaped stainless
steel wire [20]. The artery ring segments with the
stainless steel wire were placed in the bottom of
a confocal dish which had been added a mixture of
10° M Fluo-3/AM and DMSO, ZCM298 (10~ M) or
lacidipine (10”7 M). The operation was gentle and ab-
solutely keeping segments steadily. A real-time confo-
cal microscope (Olympus, FV1000) was used in the
investigation. The image formation was continuously
acquired every 1.108 s and stored in the hard disk.
[Ca®"); of the arterial segments was observed immedi-
ately after dye loading. The fluorescence intensity
was calculated from each individual image using
FV10 ASW software (version 1.7, Olympus, Japan).
The changes of fluorescence intensity versus time
were plotted. The change rate of fluorescence inten-
sity by KCI was calculated based on the equation as
[(fluorescence intensity after exposure to KCI — fluo-
rescence intensity before exposure to KCI) / fluores-
cence intensity before exposure to KCI] x 100%.

Measurement of blood pressure

The blood pressure of SHRs was measured daily over
five days using a non-invasive tail cuff blood pressure
system (Chengdu TME Technology Co., Ltd., China)
to adapt the rats to the operation. The systolic and dia-
stolic blood pressures were measured before and after
drug administration. Blood pressure was measured 3
times at each time point and the mean value was used
as the blood pressure measurement. Decreased rate of
the blood pressure was calculated based on the equa-
tion as [(blood pressure before the administration —
blood pressure after the administration) / blood pres-
sure before the administration] x 100%.

Measurement of regional cerebral blood flow

Sprague-Dawley rats weighing 250-300 g were di-
vided into three groups (ZCM298, lacidipine and ve-
hicle) randomly. After anesthetization with 10% chlo-
ral hydrate, the head of the rat was placed on a stereo-
taxic apparatus (Narishige, SN-2 N, Japan) and the
body temperature was maintained at 37°C with a heat-
ing blanket. A 0.5 x 0.4 cm® bony window was made
in the parietal bone (anteroposterior —0.2 cm; lateral
0.1 cm) with the dental drill. The dura mater of rat
was uncovered gently. Then, laser-Doppler probe
(probe 407, tip diameter 1.0 mm, fiber separation
0.25 mm) was fixed on a micromanipulator and
touched on the pia mater (anteroposterior —0.6 cm;
lateral 0.2 cm), avoiding large pia vessels. rCBF in the
pia mater was monitored by laser-Doppler flowmetry
(Perimed, Stockholm, Sweden) continuously, which
has a spatial resolution of 1 mm’ and a temporal reso-
lution of 0.1 s. The system was stabilized for 1020 min
to obtain the basal level of rCBF. Throughout the pro-
cess, room temperature was maintainted at 25°C and
environments were kept quiet.

All recordings were stored in the computer using
the software of PeriSoft for Windows (PSW) v.2.50
and connected with LDF. Relative changes of rCBF
were dealed as relative changes of perfusion unit
(PU). Relative changes of PU after treatment were
calculated as percentage of the baseline using the soft-
ware PSW v.2.50.

Statistical analysis

Data are shown as the mean + SEM. The differences
between the means were evaluated using SPSS for
Windows version 13.0. Statistical analysis was per-
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formed with two-way analysis of variance (ANOVA)
followed by post-hoc test and unpaired Student’s
t-test. The p value of less than 0.05 was considered to
be significant.

Concentration response data were obtained by cu-
mulative concentration’s agonist or ZCM298 to the so-
lution. The tensions of arterial ring segments were ex-
pressed as percentage of contraction from pre-
contracted by 60 mM K'. Relaxation responses were
expressed as percentage of pre-contraction induced by
agonists. Ey. and Ry, values referred to the maximum
contraction and relaxant effect, respectively. The pECs
(negative logarithm of the molar concentration that
produced half maximum relaxation) was calculated
from the straight line equation between the concentra-
tion above and below the midpoint of the concentration
response curve. The pA;’, the dissociation constant of
antagonist, was calculated using the equation:

pAy’=—log ([B]/ (r-1))

in which [B] denotes the molar concentration of the
antagonist and r denotes the ratio of the ECs, values
with the antagonist and the vehicle.

Results

Vascular reactivity

Relaxation of ZCM298 on mesenteric artery
pre-contracted by K*

In order to verify vasodilation of ZCM298, after the
superior mesenteric artery ring segments of rats with
intact endothelium or denuded endothelium were pre-
contracted by 60 mM K', ZCM298 (10~ — 10~ M)
was added to the baths cumulatively. The relaxation
curve of ZCM298 was obtained and showed that
ZCM298 relaxed the mesenteric artery in a concentra-
tion-dependent manner (Fig. 2). In intact endothelium
artery ring, the Ry, was 80 = 5% and the pECsg value
was 5.40 = 0.17. In denuded endothelium artery ring,
the Rpnax was 82 + 5% and the pECs value was 5.31
+ (0.13. There was no significant difference of the R,y
and the pECs, values between intact endothelium and
denuded endothelium artery rings. These results indi-
cate that removal of endothelium does not affect the
relaxation effect of ZCM298.
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Fig. 2. The relaxation effects of ZCM298 on the superior mesenteric
artery of rats induced by 60 mM K*. Data are given as the mean
+SEM, n=8

The comparison of vasodilation between ZCM298
and lacidipine was studied (Fig. 3). The results
showed that the relaxative effects of ZCM298 and la-
cidipine at 1077 M were 20.2 + 4.0% and 23.1  5.2%,
respectively (p > 0.05). The relaxative effects of
ZCM298 and lacidipine at 10° M were 54.9 + 5.0%
and 50.2 + 2.9%, respectively (p > 0.05). There was
no significant difference of the relaxant effects be-
tween ZCM298 and lacidipine.

B zcMm298
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[ Vehicle

Relaxation (% K )

204

i il

107 M

Fig. 3. The comparison of vasorelaxation between ZCM298 and la-
cidipine on the superior mesenteric artery. Data are expressed as the
mean + SEM, n =8
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Effects of ZCM298 on KCI- and CaCIz-induced
artery contraction curves

After the mesenteric arterial rings were incubated in
the presence of ZCM298 (3 x 10°* M, 3 x 107" M) or
vehicle in the baths for 60 min, the normal Krebs so-
lution of the baths was replaced by K'-Krebs solution
containing KCI (10, 20, 40 and 80 mM) successively.
The concentration-contraction curve induced by KCI
was obtained. The results showed that ZCM298
shifted the curve induced by KCI towards the right
in a non-parallel manner. ZCM298 at 3 x 10°* M and
3x107 M depressed the Ey,, of KCI from 110 + 4%
in vehicle to 49 + 5% and 34 + 4%, respectively. The
pA,’ value of ZCM298 to KC1 was 7.88 (Fig. 4A).

120q=e= Vehicle

==~ ZCM298 3x10° M
904™ ZCM298 3x107 M

Contraction (% of 60 mM K') >

60+
30+
0-
r T T T T 1
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5 4 3 2
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Fig. 4. Effects of ZCM298 on the concentration-response curves in
the mesenteric artery induced by KCI (A) and CaCl, (B). Values are
denoted as the mean + SEM, n =8, ** p < 0.01 compared with vehicle

After the mesenteric arterial segments were incu-
bated in Ca’*-free K -rich (60 mM) solution containing
ethylenediamine tetraacetic acid (10~ M) in the pres-
ence of ZCM298 (3 x 10 M, 3 x 107" M) or vehicle
for 60 min, CaCl, (10 — 10 M) was added to the
baths cumulatively. Figure 4B showed that ZCM298
(3 x 10° M, 3 x 107 M) shifted the concentration-
contraction curve induced by CaCl, towards the right
in a non-parallel manner with the decreased E,,,c from
107 £ 10% in vehicle to 56 + 8% and 44 + 5%, respec-
tively. The pA,’ value of ZCM298 to CaCl, was 7.31.

Effects of ZCM298 on phenylephrine- and
U46619-induced vasoconstriction

After the mesenteric arterial segments were incubated
in the presence of ZCM298 (3 x 10° M, 3 x 107" M)
or vehicle for 60 min, phenylephrine (10~ —3 x 10~ M)
was added to the baths cumulatively and the concen-
tration-contraction curve was obtained. ZCM298
shifted the concentration-contractile curve induced by
phenylephrine towards the right in a non parallel man-
ner. ZCM298 3 x 10°® M and 3 x 10 M decreased
the Enax from 103 £ 9% in vehicle to 49 + 6% and
40 £ 5%, respectively. The pA,’ value of ZCM298 to
phenylephrine was 7.69 (Fig. 5A).

Figure 5B showed that ZCM298 (10° M, 3 x 107 M)
shifted the concentration-contractile curve induced by
U46619 (10" - 3 x 10° M) towards the right in
a similar manner. ZCM298 10° M and 3 x 107 M
decreased the E. from 139 £ 9% in vehicle to 115
+ 5% and 62 + 8%. The pA,’ value of ZCM298 to
U46619 was 6.70.

Reactivities of ZCM298 on phenylephrine- and
CaCIz-induced contraction in the Ca?*-free
Krebs solution

After incubation of the mesenteric arterial ring seg-
ments in the Ca**-free Krebs solution containing EDTA
(10 M) in the presence of ZCM298 (3 x 10°%M, 3 x
107 M and 3 x 10°® M) or vehicle for 60 min, phenyl-
ephrine (10> M) was added to the baths. Phenylephrine
induced a rapid, transient, and weak contraction of the
segments in vehicle group and ZCM298 treatment
groups. There was no significant difference of the con-
traction tension between vehicle and ZCM298 treat-
ment groups. On the basis of the phenylephrine-
induced contraction, CaCl, (2 x 10~ M) was added to
the baths to contract the segments again. The CaCl, in-
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Fig. 5. The effects of ZCM298 on concentration-contractile curves in
the superior mesenteric artery induced by phenylephrine (A) and
U46619 (B). Values are expressed as the mean + SEM, n=8. ** p <
0.01 compared with vehicle, * p < 0.05 compared with 3 x 107 M

duced 88 + 10% contraction of segments in vehicle.
In the presence of ZCM298 (3 x 10°M, 3 x 107 M
and 3 x 10°° M), CaCl,-induced contraction was 81 & 13%,
63 + 7% and 44 + 5%, respectively (Fig. 6). There was
a significant difference of CaCl,-induced contraction
between vehicle and ZCM298 (3 x 107° M) (p < 0.05,
n = 0), suggesting that ZCM298 depressed the contrac-
tion induced by CaCl,.

Effects of ZCM298 on caffeine-induced
vasoconstriction

Following the arterial segments were incubated in the
presence of ZCM298 (3 x 10°° M) in Ca®*-free Krebs

74 Pharmacological Reports, 2013, 65, 69-79

p—

>

>
']

X
n
1

n
>
A

Contraction (% of 60 mM K")
N
wm
1

=
L

3x107®

Vehicle

ZCM298 (M)

Fig. 6. The effects of ZCM298 on the rat mesenteric artery induced
by phenylephrine and CaCl, in Ca’*-free Krebs solution. Values are
given as the mean + SEM, n = 6. ** p < 0.01 compared with vehicle,
#p < 0.05 compared with 3 x 108 M

solution for 60 min, caffeine (3 x 102 M) was added
to baths. The results showed that caffeine induced
a rapid and short-term contraction of 13 + 2% in vehi-
cle and 11 + 1% in ZCM298 groups, respectively (p >
0.05, n = 6), suggesting that ZCM298 does not affect
the caffeine-induced vasoconstriction.

The reactivities of ZCM298 on different arteries

In order to study the effects of ZCM298 on different ar-
terial reactivity, the superior mesenteric artery, renal ar-
tery, basilar artery and coronary artery of the same rat
were mounted in the baths synchronously. After U46619
(3 x 10° M) was added to the baths and pre-contraction
was obtained, ZCM298 was added to the baths cumula-
tively (107"°=3 x 107 M). The concentration-relaxation
curves of different arteries were obtained (Fig. 7). The
results showed that there was no significant difference
of the Ry among the arteries. The pECs, values of
ZCM298 in the basilar artery, coronary, renal artery and
mesenteric artery were 7.09 + 0.28, 6.81 + 0.21, 6.11 £
0.16 and 5.78 + 0.26, respectively.

There was a significant difference of the pECs, val-
ues between the basilar artery and renal artery or mes-
enteric artery (p < 0.05, n = 9), suggesting that
ZCM298 is more potent in basilar artery than in renal
artery and mesenteric artery.

The reactivity of ZCM298 on different arteries in-
duced by 60 mM K was similar to that by U46619
(data not shown).
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Fig. 7. The different sensitivity of ZCM298 on the coronary artery, ba-
silar artery, renal artery and mesenteric artery ring segments of rats
induced by 3 x 10°® M U46619. Values are expressed as the mean
+SEM,n=9
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Fig. 8. The effect of ZCM298 on Ca* fluorescence intensity in the
mesenteric artery of rats. The change rate of fluorescence intensity
reflects the change in intracellular Ca®* concentration ([Ca2*]i). Val-
ues are expressed as the mean + SEM, n =6

Effects of ZCM298 on Ca?* fluorescence
intensity in mesenteric artery

Figure 8 displayed the change rate of fluorescence
intensity induced by 50 mM KCI in the mesenteric
artery of rats over time. The prepared segments were
placed under the confocal laser microscope for 40 s
and the fluorescent image of the vessel in the resting
state was acquired in HEPES-Krebs solution. After

the acquisition of resting response, 50 mM KCI was
added to the HEPES-Krebs solution of confocal dish
and the images were acquired continuously [12]. The
dynamic image for 120 s showed a rapid, transient
change of fluorescence intensity and a relative lasting
contraction in vehicle group, but not in ZCM298 and
lacidipine treatment groups. The results hinted that
ZCM298 inhibits the [Ca®]; concentration increase
induced by KCl in the mesenteric arteries as same as
lacidipine.

Effects of ZCM298 on regional cerebral blood flow

After the basal value of rCBF was obtained, the rats were
cumulatively administrated ZCM298 or lacidipine at
0.01, 0.03, 0.06, 0.15 and 0.3 mg/kg via intraperitoneal
injection every 20 min. The changes of perfusion unit
(PU) were recorded continuously. Figure 9 showed that
the PU of vehicle group had a decrease trend over the
time, but there was no significant difference between be-
fore and after vehicle. ZCM298 at 0.01, 0.03 and
0.06 mg/kg increased the PU by 4%, 14% and 10%, re-
spectively. The PU in lacidipine group did not change ob-
viously. There was a significant difference between
ZCM298 and vehicle or lacidipine in the same time point
(p < 0.05, n = 8), suggesting that ZCM298 increases the
regional cerebral blood flow of rats.

PU 0.01 003 006 015 030 mgkg
400 .
AP M L L N
250 “!JMJ'}%“»"*J- wf % rw‘l %‘
100 ,
0 20 40 60 80 120 150
Time (min)
-= ZCM298
— 20~ N -e- | acidipine
X * - Vehicle
]
T 1o- I 1
[e]
8 o] g1 1 1
(]
5 I | 1
-104
0.0 0.1 0.2 0.3

Dose (mg/kg)

Fig. 9. Effect of ZCM298 on regional cerebral blood flow. Values are
expressed as the mean + SEM, n = 8. * p < 0.05 compared with vehi-
cle or lacidipine
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Tab. 1. Effects of ZCM298 by gavage on blood pressure of SHRs (n =

8)

Groups Dose Systolic pressure (mmHg) Diastolic pressure (mmHg)
(mg/kg)
Before Decreased Decreased Before Decreased Decreased
drugs values percent (%) drugs values percent (%)
Vehicle - 191 +2 —4+25 —2+33 169 +7 —6+47 —4+34
Lacidipine 0.05 203 +1 16+2 8+ 3.0" 171 £2 1157 6+3.3"
Lacidipine 0.2 198 +2 44424 22+ 281 166 + 6 31+6.0 19+3.2%*#
ZCM298 0.1 208+2 14+25 7T£15* 180 +4 14+29 8+16™
ZCM298 0.2 208+3 34+28 16+3.6%* 178+1.8 31+8.2 17+431#
ZCM298 0.4 201+3 49+39 24+21% % 170+ 2.6 42+23 25+14%1#

The blood pressure was measured via a non-invasive tail-cuff blood pressure system. Values are expressed as the mean + SEM. Values of sys-
tolic blood pressure and diastolic blood pressure are measured 1 h after administration; * p < 0.05, ** p < 0.01 compared with vehicle; * p <

0.05 compared with low dose

Effects of ZCM298 on blood pressure of SHRs

SHRs were divided into 6 groups: ZCM298 (0.1, 0.2
and 0.4 mg/kg), lacidipine (0.05 and 0.2 mg/kg) and
vehicle groups were administrated by gavage in
5 ml/kg. After administration agents for 1 h, the blood
pressure was measured. There was no significant
change of the blood pressure in vehicle group before
and after gavage (Tab. 1). The decreased rates of sys-
tolic pressure and diastolic pressure of ZCM298 (0.1,
0.2 and 0.4 mg/kg) groups and lacidipine (0.05 and
0.1 mg/kg) groups were higher than that of vehicle
group obviously (p <0.01, n = 8). The decreased rates
of blood pressure of ZCM298 0.4 mg/kg group were
higher than that of ZCM298 0.1 mg/kg group (p <
0.05, n = 8), suggesting that the hypotensive effect of
ZCM298 was acting in a dose dependent manner.

Discussion

Dihydropyridines are known as calcium channel
blockers, and they have obvious vasorelaxant effects.
ZCM298 is a newly synthesized 1,4-dihydropyridine
derivative that was created by changing the fert-butyl
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ester group of lacidipine into fert-butyl amide group.
We predicted that ZCM298 would have the same va-
sorelaxation effects as lacidipine. To verify this hy-
pothesis, we investigated vasorelaxation in response
to ZCM298 in vitro. On the basis of the vasorelaxa-
tion of ZCM298, we compared ZCM298 and lacidip-
ine by assessing the change of [Ca®']; in the artery, the
antihypertensive effect and the impact on rCBF.

The wvasorelaxation experiment showed that
ZCM298 relaxed the mesenteric artery in a concentra-
tion-dependent manner following K'-induced con-
traction, and the R, reached 80%. There was no sig-
nificant difference in vasodilation between intact and
denuded endothelium arteries in response to
ZCM298. This effect suggested that the vasodilation
of ZCM298 mainly acted on the vascular smooth
muscle. So, the further arterial ring segments experi-
ments were conducted in intact endothelium artery
and the change of [Ca®"]; in the artery also were inves-
tigated on the vascular smooth muscle. The compari-
son of vasodilation showed that there was no signifi-
cant difference of the relaxant effects between ZCM-
298 and lacidipine in the same concentration.

Intracellular calcium is the most important factor
for life activities [5]. When the concentration of extra-
cellular K" rises, the cell membrane depolarizes and
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voltage-dependent calcium channels (VDCC) open,
causing extracellular calcium influx and inducing the
contraction of vascular smooth muscle [21]. In this
study, ZCM298 relaxed mesenteric artery pre-
contracted by high K* concentration-dependently and
shifted the concentration-contractile curves induced
by KCI towards the right with the decreased £,y sug-
gesting that role in the VDCC may be the one way in
the vasodilation of ZCM298.

Phenylephrine induces vasoconstriction by binding
o-adrenoceptors on the cell membrane, which acti-
vates phosphorus lipase C to generate inositol triphos-
phate. This leads to calcium release from the intracellu-
lar inositol triphosphate sensitive calcium pool, and in-
creases the intracellular calcium concentration [7, 16].
Phenylephrine also activates cell membrane receptors’
gated calcium channel (ROCC) and leads to phospho-
rylation of voltage dependent calcium channels, which
both enhance calcium influx [9, 10]. In this study,
ZCM?298 shifted the concentration-response curves of
phenylephrine towards the right in a non-parallel man-
ner, suggesting that effecting ROCC may be another
mechanism by which ZCM298 induces vasodilation.
However, in Ca**-free Krebs solution, ZCM298 did not
inhibit calcium release induced by phenylephrine and
inhibited calcium influx by CaCl,. Although we can
not conclude that the relaxative effect of ZCM298 is
due to the inhibition of calcium release, we show that
ZCM298 relaxes vascular smooth muscle by inhibiting
extracellular calcium influx.

Real-time laser confocal microscopy and fluores-
cent probe are widely employed to monitor the dy-
namic changes of [Ca®]; in various cells [11]. Dy-
namic changes of [Ca”"]; in the isolated artery ring
were monitored using real-time laser confocal micros-
copy to monitor the intensity of reflected fluorescence
[Ca’"].. In the study, we surveyed this change in the
mesenteric artery of rats. The results showed that Ca**
fluorescence intensity was immediately enhanced
upon the addition of high K” and contraction of artery
ring wall was clearly visible. ZCM298 and lacidipine
decreased the Ca®" fluorescence intensity induced by
K", suggesting that ZCM298 inhibited the increase of
[Ca®"];, induced by KCI in rat mesenteric arteries to
the same extent as lacidipine. These data further dem-
onstrate that the effects of ZCM298 on vasodilatation
involves decreasing [Ca’"].. In these experiments, the
mesenteric arteries of rats weighing 100—-110 g were
fit for a U-shaped stainless steel wire so that the ring
segments in the confocal dish could maintain a fixed

state. In the process of operation, it was the most basic
requirement that the segments were to maintain a fix
state [12].

The response of arteries in the diverse parts of the
body is different [14]. In our study, the mesenteric, re-
nal, basilar and coronary arteries of the same rat were
mounted in baths to synchronously compare the sensi-
tivity of different arteries to ZCM298. These results
showed that ZCM298 relaxed various arteries that
were pre-contracted by U46619 and high K. The
rank order of potency of ZCM298 was as follows: ba-
silar artery > coronary artery > mesenteric artery > re-
nal artery. These data suggest that ZCM298 may have
a relative high affinity and selectivity in the brain.

To further explore the effect of ZCM298 on cere-
bral circulation, we studied the rCBF. As the dose of
ZCM298 was altered, fluctuations of rCBF appeared.
ZCM298 at 0.03 and 0.06 mg/kg increased the rCBF,
which was consistent with the results of the reactivi-
ties of different arteries in vitro. We believe that this
increase in the rCBF is due to the vasorelaxation in-
duced by ZCM298. It was interesting that lacidipine
did not increase rCBF at the same dose as ZCM298.

The vasodilation of resistance arteries decreases
the system blood pressure. We also investigated the
effect of ZCM298 on blood pressure in SHRs. We
found that ZCM298 caused hypotensive effects in
a dose dependent manner. Lacidipine 0.2 mg/kg
depressed the systolic pressure and diastolic pressure
by 22 + 2.8% and 19 £ 3.2%, respectively; while
ZCM298 (0.2 mg/kg) depressed the systolic pressure
and diastolic pressure by 16 + 3.6% and 17 + 4.3%,
respectively. Although there was no significant differ-
ence in the hypotension caused by ZCM298 and la-
cidipine at 0.2 mg/kg, the effect of lacidipine showed
a higher trend. The hypotensive effect of lacidipine at
0.05 mg/kg (decreased systolic and diastolic pressure
by 8% and 6%) was almost equal to that of ZCM298
at 0.1 mg/kg (decreased systolic and diastolic pres-
sure by 7% and 8%), suggesting that the antihyperten-
sive effect of lacidipine is stronger than that of
ZCM298.

However, in the experiments assessing the effect of
ZCM298 on rCBF, when the dose of ZCM298 was
higher than 0.06 mg/kg, the PU value declined gradu-
ally, suggesting that this phenomenon was the result
of hypotension of ZCM298. In a state of hypotension,
the rCBF decrease offsets the increase caused by
vasodilation after ZCM298. Thus, we can infer that
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the dose of ZCM298 that increases CBF is lower than
that which causes antihypertension.

In summary, the new derivative, ZCM298, causes
vasodilation probably via the inhibition of extracellu-
lar calcium influx. The selectivity on the cerebral ar-
tery is higher than peripheral resistance vessels, and
its anti-hypertensive effect is slightly weaker than that
of lacidipine. These results suggest that ZCM298
could be a potential candidate to treat ischemic cere-
brovascular disease with hypertension.
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