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ABSTRACT-We investigated the effect of cilnidipine on cardiovascular and neuroendocrine responses to 

acute cold stress in conscious and unrestrained or moderately restrained spontaneously hypertensive rats 

(SHRs). Acute cold stress significantly increased mean blood pressure without marked change in heart rate. 
The acute cold stress-induced elevation in blood pressure was almost abolished by 1 mg/kg, p.o. of prazo-

sin. The cold stress also elevated plasma norepinephrine and epinephrine levels. Cilnidipine at 3 mg/kg, 

p.o. significantly inhibited the pressor response to acute cold stress. Although 3 mg/kg, p.o. of nifedipine, 
nicardipine or manidipine lowered mean blood pressure to a similar extent as cilnidipine, none of these 
three drugs affected the pressor response. Cilnidipine also reduced the cold stress-induced increment in 

plasma norepinephrine but not the epinephrine level. These findings suggest that acute cold stress may in-
duce the elevation in blood pressure due to an enhanced activation of the sympathoadrenal system in SHRs 
and that cilnidipine may suppress the pressor response by inhibiting the sympathetic nerve activity. 
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 It is well-known that stress is one of the risk factors of 

cardiovascular diseases such as hypertension. Stress is 
considered to play an important role in the development 

and deterioration of hypertension (1-3). In clinical 
studies, many investigators have reported cardiovascular 

and neuroendocrine responses to stress using various 

procedures such as the cold pressor test, arithmetic test 
and hand grip test. These reports have shown that the 

stress increased both the blood pressure and plasma cat-
echolamine levels and that the response to stress was en-

hanced in hypertensive subjects (1). Sudden changes in 
blood pressure by stress might be related to the incidence 

of hypertensive complications (4). Thus, it is important 
to investigate the effect of antihypertensive drugs on 

cardiovascular responses to stress. Dihydropyridine 

(DHP) calcium (Ca) channel blockers have been used as 
antihypertensives. These drugs are roughly classified into 

two groups. One is the conventional type, such as nifedi-

pine and nicardipine, that lowers blood pressure rapidly. 
Another is a recently developed type that has a slow-onset 

and long-lasting hypotensive action, such as manidipine 

(5). It is of interest to analyze whether Ca channel block-

ers can affect cardiovascular responses to stress. 

 Cilnidipine is a DHP Ca channel blocker synthesized at 
Fujirebio, Inc. It has been shown that cilnidipine inhibits 
both depolarization-induced 45 Ca" influx in cultured rat 

vascular smooth muscle cells (6) and Ba2+ inward current 
in rabbit basilar artery (7). Cilnidipine has a slow-onset 

and long lasting antihypertensive action in SHRs (8), 
which is based on its Ca channel blocking action (9). In 

the present study, we investigated the effect of cilnidipine 
on cardiovascular and neuroendocrine responses to acute 

cold stress in conscious spontaneously hypertensive rats 

(SHRs). 

MATERIALS AND METHODS 

Animals used 
 Male 15-week-old SHRs (Charles River Japan, Yoko-

hama) weighing 320 - 440 g were used. The animals were 

housed in individual cages under identical conditions of 
temperature (22 ± 21C), humidity (55 ± 15 °'o) and a 12-hr 

light/dark cycle, and they were allowed to have normal 
rat chow and tap water ad libitum.



Blood pressure measurement by means of the telemetry 

system 
  For the blood pressure measurement, we used a te-
lemetry system (Data Quest 4; Data Sciences, Inc., St. 

Paul, MN, USA) consisting of an implantable radio-te-
lemetry device (transmitter), a receiver and a computer-

based data acquisition system. The transmitter contains 
a pressure transducer, a battery and a radio-frequency 

transmitter. This system is capable of continuous 
monitoring and recording arterial blood pressure and 

heart rate under the conscious and unrestrained condi-
tion. SHRs were anesthetized with sodium pentobarbital 

(Nembutal®; Abbott Laboratories, North Chicago, IL, 
USA) at 50 mg/kg, i.p., and the abdomen was opened by 
midline incision. The descending aorta was exposed, and 

the catheter of the transmitter (TA11PA-CA; Data 
Sciences, Inc.) was retrogradely inserted 1.0 cm into the 

abdominal aorta below the renal artery. Then the catheter 
was secured with medical grade tissue adhesive and a 

small cellulose fiber patch to promote fibrotic tissue for-
mation. The body of the transmitter was affixed to the 

inner peritoneal wall. Sterile technique was employed 
throughout the transmitter implantation procedure. Ex-

periments were started 2 weeks after the surgery. 

Experiments on cardiovascular response to cold stress 

 As shown in Fig. 1, SHRs were each placed in an in-
dividual cage, and blood pressure and heart rate of con-

scious and freely moving SHRs were continuously meas-
ured by means of the telemetry system. The individual 

cage wherein a rat had been placed was gently lowered 
and sunk 2-cm-deep into ice-cold water at 4°C for 1 min. 

These procedures allowed the rat to sink into the ice-cold

water up to all four paws. Thus, SHRs were exposed to 

acute cold stress. The cold stress loading was intermit-

tently repeated 7 times every 30 min. This repetitive cold 

stress loading procedure was repeated in each animal 4 

times at 3-day intervals, which were designated as Days 

1- 4. On Day 4, prazosin was administered orally 1 min 

after the first cold stress loading. One week was allowed 

for the washout period of prazosin effects. Thereafter, the 

stress procedure, which consisted of 7 loadings a day, was 

further repeated in each animal once every week. During 

this period, each Ca channel blocker was given 1 min af-

ter the first stress loading of each day.

Fig. 1. Schematic diagram of experimental setup for measurement of cardiovascular response to acute cold stress.

Experiments on neuroendocrine response to cold stress 

 Arterial and venous catheters were implanted into 

SHRs under anesthesia with sodium pentobarbital at 50 
mg/kg, i.p. on the day before the experiment. The arteri-
al catheter was inserted into right carotid artery for the 

collection of blood samples. The venous catheter was in-
serted into left external jugular vein for injection of a 

blood substitute. The other end of the catheters was ex-
teriorized at the back of the neck through the skin and 
fixed there. Each catheter was filled with heparin (Novo 

Nordisk, Bagsvaerd, Denmark), 1000 units/ml in saline. 

On the following day, SHRs were placed in a specially 
designed holder that provided moderate restraint of the 
limbs while allowing free movement of the head. A 600-pl 

aliquot of arterial blood was drawn via the catheter by a 

syringe containing disodium ethylenediaminetetraacetic 
acid (Dojin Co., Tokyo) within 30 sec. The blood sample 
was immediately centrifuged at 3000 rpm for 10 min at 
4 C , and plasma was removed and stored at - 80'C until 

used for the determinations of norepinephrine (NE) and



epinephrine (E). To compensate for fluid losses due to 

blood sampling, 600 pl 0.5% bovine serum albumin in 
saline at 37V was infused through the venous catheter 
after each blood sampling. 

Experimental protocol for plasma NE and E measure-

ment 
 Effect of acute cold stress on plasma NE and E levels: 

In experiments in which the effect of acute cold stress on 

plasma NE and E levels was studied, as shown in Fig. 2A, 
moderately restrained SHRs were exposed to acute cold 
stress only once after a stabilization period of 5 hr or 
more. Blood sampling was performed 10 min before 

acute cold stress and during the last 30 sec of the acute 

cold stress period. 
 Effect of cilnidipine on acute cold stress-induced incre-

ment in plasma NE and E levels: In this series of experi-

ments, as shown in Fig. 2B, acute cold stress loading was 

performed twice at 2-hr intervals after a stabilization 
period. A blood sample was collected 10 min before each 
cold stress and during the last 30 sec of each cold stress 

period. Cilnidipine (3 mg/kg) or vehicle was administered 
orally 90 min before the second cold stress loading. Prior 
to the assay, aliquots of plasma (150 p1) kept at - 801C 

were mixed with 300 pl 5% perchloric acid containing 
0.6% sodium acetate, and the mixture was centrifuged at 

2000 rpm for 20 min at 41C . Thus, a protein-free super-
natant was obtained. NE and E concentrations in the 

supernatant were measured by means of an automatic 
catecholamine analyzer (HLC725CA; Toso Co., Tokyo) 

based on the diphenyl ethylenediamine method. The 
increment rate of plasma NE and E levels by acute cold 
stress in the presence or absence of cilnidipine was calcu-

lated by means of the following formula described by 
Dahlof (10):

 J% in NE (or E) (%) 
     plasma NE (or E) during stress loading_ 1) x 100 
     plasma NE (or E) before stress loading 

 Increment Rate (%) 
     J% in NE (or E) after drug administration X 100 

    J% in NE (or E) before drug administration 

Drugs 

 Cilnidipine (Fujirebio Inc., Tokyo), nifedipine and 
nicardipine hydrochloride (Sigma Chemical Co., St. 

Louis, MO, USA), manidipine hydrochloride (Calslot®; 
Takeda Chemical Ind., Osaka) and prazosin hydrochlo-

ride (Tokyo Kasei Kogyo Co., Tokyo) were suspended in 
5% arabic gum solution. All drugs were administered 

orally in a volume of 5 ml/kg. 

Statistical analyses 
  Results are expressed as the mean ±S.E. Statistical 

analyses were carried out with the paired Student's t-test 

within one group and the unpaired t-test between two 

groups. Significant differences among three or more 
groups were determined by one-way analysis of variance 
followed by Dunnett's multiple comparison test. In each 

case, P values less than 0.05 were considered statistically 
significant.

Fig. 2. Experimental protocol for determination of neuroendocrine response to acute cold stress.

RESULTS 

Cardiovascular response to acute cold stress in conscious 
and unrestrained SHR 

 Mean blood pressure and heart rate responses to acute 

cold stress in conscious and unrestrained SHRs are shown 
in Fig. 3. On Day 1, the first cold stress loading sig-

nificantly increased the blood pressure by 32±4 mmHg 

(n = 6). The elevated blood pressure was returned rapidly 
to the baseline value after the termination of stress load-



ing. When acute cold stress loadings were repeated 7 

times every 30 min, there was no significant difference 
among these pressor responses. In contrast, the heart rate 

was not significantly changed by each stress loading. The 
same repetitive stress loading procedure was repeated in 

each animal 4 times at 3-day intervals, and the reproduc-
ible pressor responses to cold stress were observed on not 

only Day 1 but also Days 2 and 3 (Fig. 4). On Day 4, the 
effect of prazosin at 1 mg/kg, p.o. on acute cold stress-
induced elevation in blood pressure was determined. 

Prazosin almost abolished the elevated blood pressure in 
response to cold stress (Fig. 4).

Fig. 3. Changes in mean blood pressure and heart rate by repetitive acute cold stress loadings in conscious and unrestrained 

SHRs. Stress was given 7 times at 30-min intervals, which was indicated by open triangles. Each value represents the mean±S.E. 

of 6 animals. ***P<0.001, significantly different from each pre-stress value.

Fig. 4. Effect of prazosin at 1 mg/kg, p.o. on the acute cold stress-
induced elevation in mean blood pressure (MBP) in conscious and 
unrestrained SHRs. Stress was given 7 times at 30-min intervals on 
each day. This repetitive cold stress loading procedure was repeated 
4 times at 3-day intervals and designated as Days 1-4. Upper, mid-
dle and lower graphs show the results on Days 2, 3 and 4, respec-
tively. On Day 4, prazosin was administered 1 min after the first 
stress loading (time 0). Each value represents the mean±S.E. of 6 
animals. **P<0.01, significantly different from the value at time 0 
on Day 4.

Effects of Ca channel blockers on the pressor response to 
the cold stress in conscious and unrestrained SHR 

 The effects of four Ca channel blockers on the pressor 
response to cold stress are shown in Fig. 5. Cilnidipine at 

3 mg/kg, p.o. reduced the pressor response, which was



significant 1 hr and reached its peak effect 1.5 hr after ad-

ministration. In addition, this reduction was sustained 

for at least 3 hr. As shown in Fig. 6, cilnidipine at doses 

of 1 and 3 mg/kg, p.o. caused a dose-dependent inhibi-

tion of the pressor effect of cold stress. Cilnidipine at 3 

mg/kg, p.o. inhibited the pressor response by 78±6% 1.5

hr after administration. On the other hand, nifedipine, 
nicardipine and manidipine at each 3 mg/kg, p.o. elicited 

no significant effects on acute cold stress-induced eleva-
tion in blood pressure (Fig. 5).

Fig. 5. Effects of cilnidipine, nifedipine, nicardipine and manidi-

pine, each at 3 mg/kg, p.o., on the pressor response to acute cold 

stress in conscious and unrestrained SHRs. Each value represents the 

mean ±S.E. of 6 animals. **P<0.01, significantly different from the 

value at time 0.

Fig. 6. Effects of cilnidipine at 1 and 3 mg/kg, p.o. on the pressor 

response to acute cold stress in conscious and unrestrained SHRs. 

Cilnidipine effects at 1.5 hr after administration are shown. Each 

value represents the mean±S.E. of 6 animals. *P<0.05 and 
**P<0

.01, significantly different from the vehicle group.

Fig. 7. Effects of cilnidipine (0), nifedipine (A), nicardipine (EI) 
and manidipine (7) at each 3 mg/kg, p.o. or vehicle (0) on mean 
blood pressure in conscious and unrestrained SHRs. Each point 
represents the mean±S.E. of 6animals. **P<0.01, significantly 
different from the corresponding vehicle value.

Hypotensive action of Ca channel blockers in conscious 

and unrestrained SHR 
 Time courses of the changes in mean blood pressure of 

SHRs in the repetitive cold stress loading experiments are 
shown in Fig. 7. Basal values of mean blood pressure in



the vehicle, cilnidipine, nifedipine, nicardipine and 
manidipine groups were 176--t4, 173:L6, 178-h2, 174-!:2 

and 173 ± 4 mmHg (n=6), respectively. There was no 
significant difference among these basal values. Each drug 
at 3 mg/kg, p.o. lowered the mean blood pressure. The 

maximum hypotensive effects of cilnidipine, nifedipine, 
nicardipine and manidipine were obtained at 2.5, 0.5, 0.5 

and 2 hr following administration, respectively. At these 

corresponding times, cilnidipine, nifedipine, nicardipine 
and manidipine reduced the mean blood pressure by 
42±5, 49±5, 49±2 and 34±3 mmHg (n=6), respective-

ly. There was no significant difference among the maxi-
mum hypotensive effects of the four blockers.

The cold stress-induced changes in plasma NE and E 

levels 
 Figure 8 shows plasma NE and E levels before and 

during cold stress in conscious and moderately restrained 
SHRs. The cold stress significantly elevated plasma NE 

and E levels. Plasma NE and E levels during cold stress 
were approx. twofold and fivehold higher than those be-

fore cold stress, respectively. 

Effect of cilnidipine on acute cold stress-induced incre-

ment in plasma NE and E levels 
 As shown in Fig. 9, cilnidipine at 3 mg/kg, p.o. sup-

pressed the acute cold stress-induced increment in plasma 
NE level by about 25%, but it failed to affect the incre-

ment in plasma E level induced by acute cold stress.

Fig. 8. Plasma norepinephrine and epinephrine levels before (open 
column) and during (hatched column) acute cold stress loading in 
conscious SHRs. Each value represents the mean±S.E. of 10 
animals. ***P<0.001, significantly different from the value before 
stress loading.

Fig. 9. Effect of cilnidipine on the increment in plasma norepi-
nephrine and epinephrine levels in response to acute cold stress in 
conscious SHRs. Plasma norepinephrine and epinephrine levels were 
determined using a blood sample obtained at 1.5 hr after vehicle 
(open column) and 3 mg/kg, p.o. cilnidipine (hatched column) ad-
ministration. Each value represents the mean±S.E. of 10 animals. 
*P<0 .05, significantly different from the vehicle group.

DISCUSSION 

 It has been already reported in both clinical and pre-

clinical studies that various kinds of stressors may in-

crease blood pressure and/or heart rate due to activation 
of the sympathetic nervous system (1). Acute cold stress is 
one of these stressors. There are many reports regarding 

the response to acute cold stress of hypertensive patients 
but not of SHRs. In the present study, we used the te-

lemetry system for continuous measurements of blood 

pressure and heart rate in conscious and unrestrained 
SHRs and were able to demonstrate the blood pressure 
elevation produced by acute ice-cold stress loading, as 

described previously in human subjects. The pressor 
effect in response to cold stress was almost abolished by 

prazosin. Acute cold stress showed no significant effects 
on heart rate in SHRs. Thus, it appears that the pressor 
response to acute cold stress in SHRs may probably be 

due to enhanced vasoconstriction via al-adrenergic recep-
tors rather than increased cardiac output. We also dem-

onstrated that acute cold stress remarkably increased the 

plasma NE level in conscious SHRs. In clinical study, a 
similar result was described by LeBlanc et al. (11). It was 
reported that changes in plasma NE level correlate with 
the activity of sympathetic nervous system in both rats 

(12, 13) and human subjects (14). Therefore, it is thought 
that acute cold stress activates the sympathetic nervous 

system in SHRs, resulting in vasoconstriction. 
 The pressor effect of cold stress in SHRs was 

reproducible, which seems to be suitable for evaluation of 

drug effects. So, we also evaluated the effects of some Ca 
channel blockers on the pressor response to cold stress. 

Cilnidipine at 1 and 3 mg/kg, p.o. inhibited the pressor 
response significantly and dose-dependently. In contrast, 
nifedipine, nicardipine and manidipine at 3 mg/kg, p.o. 

did not significantly affect it. The three blockers lowered 

blood pressure to a similar extent as 3 mg/kg of cilnidi-



pine. Moreover, with respect to the onset-time or dura-
tion of hypotensive action, cilnidipine was almost the 

same as manidipine. These results suggest that the 
hypotensive action of cilnidipine based on Ca channel 

blocking action may not contribute to the inhibition of 
the pressor response to cold stress. 

 It has been reported that cilnidipine failed to inhibit the 

vasocontraction induced by exogenous NE in the rabbit 
aorta (9), suggesting that the blocker has no a-adrenergic 

blocking action. Therefore, it is unlikely that the inhibi-
tory effect of cilnidipine on the pressor response may be 

due to a postsynaptic a-adrenoceptor blocking action. 
 In this study, we further investigated the effect of cil-

nidipine on the sympathoadrenal system by measuring 

plasma NE and E levels. Cilnidipine significantly sup-
pressed the elevation in plasma NE level in response to 
cold stress in SHRs, whereas it had no effects on the acute 

cold stress-induced increase in plasma E level. Thus, cil-
nidipine may inhibit the pressor response to cold stress by 
reducing the sympathetic nerve activity without affecting 

the adrenal medulla. 
 Although the exact mechanisms by which cilnidipine 

inhibits the sympathetic nerve activity remain unclear, 

the following four sites of action should be considered: 
1) suppression of the reflex via the central nervous system 

(CNS), 2) ganglion blocking, 3) anesthesia on neurons 
and 4) inhibition of neurotransmission in nerve endings. 
Since Watanabe et al. (15) have reported that cilnidipine 
had neither any action on the CNS or ganglion nor a local 

anesthetic action in its general pharmacological studies, 
the former three candidates seem to be unrelated to the 

sympatho-inhibitory effect of cilnidipine. Rather, the last 
of them could be related to the sympatho-inhibitory effect 

of cilnidipine. We are currently performing studies to ob-
tain direct evidence for the inhibitory effect of cilnidipine 
on NE release from the sympathetic nerve endings. 

 In conclusion, these results suggest that acute cold 
stress may induce the pressor response due to an en-

hanced activation of the sympathoadrenal system in 
SHRs and that cilnidipine may suppress the pressor 
response by inhibiting the sympathetic nerve activity. 
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