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Aging is associated with declining function in nearly every 
physiologic system, and lower urinary tract symptoms are preva-
lent among the elderly. Clinical urodynamic studies have dem-
onstrated that advancing age is associated with reduced bladder 
capacity, increased uninhibited detrusor contractions, decreased 
urinary flow rate, and increased postvoid residual urine vol-
ume.16,19,28,34 Voiding function is an integrated function requiring 
input from the parasympathetic system by means of the pelvic 
nerve, the sympathetic system by the hypogastric nerve, and the 
somatic system through innervation of the rhabdosphincter by 
the pudendal nerve. Mammalian bladder expresses much more 
M2 than M3 receptors. However, evidence from in vitro studies us-
ing many species including humans12 and an in vivo study using 
knockout mice33 indicates that physiologic bladder contraction 
largely is due to activation of M3 receptors. M2 receptors mediate 
bladder contraction in mice through an indirect mechanism.11 
Contractile responses of the human prostate to nerve stimulation 
are mediated sympathetically, and the noradrenergic transmit-
ters activate postjunctional α1A adrenoceptors.24 Available litera-
ture indicates that the mouse prostate has similar innervations to 
humans, and contractile responses to nerve stimulation in mice 
are noradrenergic and mediated by α1 adrenoceptors, suggest-
ing the mouse prostate as a suitable model for functional studies 
of human prostate.14 The recent discovery of novel β-adrenergic 
receptor subtypes likely will provide new insight concerning the 
role of the sympathetic nervous system in bladder filling. In con-

trast to classic descriptions of β-receptor distribution, which state 
that only β2 receptors are present in smooth muscles, β1, β2, and 
β3 adrenergic receptors have been identified in bladder smooth 
muscle at both the pharmacologic and molecular levels.18,25,29,43 
In the human detrusor, β-adrenergic receptors are much more 
numerous than α-adrenergic receptors, and the normal response 
to noradrenaline is relaxation.2

Cystometry is a measure of bladder pressure in response to fill-
ing, and anesthetized or conscious rats often are used to investi-
gate the effects of various drugs on cystometry.20,41 In anesthetized 
mice, chemotherapy drugs affected urinary bladder micturi-
tion.30,31 A recent study found that a small dose of estrone had a 
positive effect on voiding in the mouse, suggesting that estrogens 
are needed for normal male voiding.35 Other researchers analyzed 
bladder function in mice lacking the vanilloid receptor TRPV1.4 In 
addition, urinary bladders obtained from P2X1 receptor-deficient 
mice were suggested as possible models for study of abnormal 
human bladder function.39 Although mice have attracted consid-
erable attention as a useful animal model for investigating the 
bladder function in vivo, only limited data are available on the 
physiologic and pharmacologic profiles of bladder function in 
normal mice. Therefore, we assessed the effects of intravenous 
administration of an α1-adrenergic agonist, β-adrenergic agonist, 
muscarinic cholinergic agonist, and α1-adrenergic antagonist on 
bladder micturition function in anesthetized mice.

Materials and Methods
Mice. Male adult albino KM strain mice (35 to 42 g; 8 to 9 wk 

of age; originally introduced from Swiss mice at the Hoffkine In-
stitute, India, in 1944) were supplied by the Laboratory Animal 
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sure transducer and the data acquisition system (PowerLab/8sp, 
ADInstruments). Mice were allowed to equilibrate for 30 min 
before drug administration.

Experimental protocols. Effects of phenylephrine, carbachol, isopre-
naline, and doxazosin on bladder micturition function in anesthetized 
mice.

Mice were allocated randomly into solvent (n = 12), phenyleph-
rine (n = 15), carbachol (n = 15), isoprenaline (n = 15), and dox-
azosin (n = 12) groups. Phenylephrine was given at 50, 100, 200, 
400, and 800 μg/kg; carbachol was given at 3, 4, 5, 6, and 7 μg/
kg; and both isoprenaline and doxazosin were given at 10, 30, 100, 
300, and 1000 μg/kg. Normal saline (solvent) was given at 0.2, 0.3, 
0.2, 0.3, and 1.0 mL/kg. Five doses of each drug or solvent were 
injected into the tail vein at 30-min intervals. Three micturition 
cycles (duration, 6 to 12 min each) were recorded immediately 
before and after each administration, and their mean values (cys-
tometric parameters) were calculated.

Effects of doxazosin on the phenylephrine-induced increase in vesical 
micturition pressure in anesthetized mice.

Mice were allocated randomly into solvent and doxazosin 
groups (n = 12 mice per group). Phenylephrine (220 μg/kg) 
was injected into the tail vein every 30 min for a total of 4 doses. 
Maximal increases in vesical micturition pressure induced by 
phenylephrine were recorded within 5 min immediately before 
and after each dose. The increase in vesical micturition pressure 
induced by the first injection of phenylephrine was taken as base-
line. Doxazosin at 0.1, 0.3, and 1.0 mg/kg was given 5 min before 
the second, third, and fourth injections of phenylephrine (220 
μg/kg), respectively. The effects of doxazosin on the increase in 
vesical micturition pressure induced by phenylephrine were ob-
served. In the solvent group, normal saline was injected instead 
of doxazosin.

Effects of phenylephrine, carbachol, isoprenaline and doxazosin on 
blood pressure in anesthetized mice.

Carbachol (7.0 µg/kg), phenylephrine (800 µg/kg), and iso-
prenaline (1 mg/kg) were injected into the tail veins of 8 anes-
thetized mice. Because the 3 agents affected the carotid blood 
pressure only transiently and because the drug-induced change 
in blood pressure disappeared within 15 min (Figure 2), the 3 
agents were given to each mouse at 30-min intervals. To eliminate 
the influence of potential drug interactions, carbachol, phenyl-
ephrine, and isoprenaline were given in random order. Because 
doxazosin at 1 mg/kg produced a long-lasting decrease in blood 
pressure, it was administered as a sole agent. Drug-induced maxi-
mal decrease or increase in blood pressure was recorded, and the 
blood pressure readings before drug administration were used 
as a control.

Statistical analysis. Data are expressed as mean ± SEM. One-
way ANOVA followed by the Dunnett test was used to evaluate 
the concentration-dependent effects of drugs on bladder micturi-
tion function and the effects of doxazosin on the phenylephrine-
induced increase in vesical micturition pressure. Paired t tests 
were used to evaluate the effects of drugs on blood pressure. 
Analyses were performed by using GraphPad Prism version 5.0 
software (GraphPad Software, San Diego, CA). P values less than 
0.05 were considered statistically significant.

Results
Effects of phenylephrine, carbachol, isoprenaline, and doxazosin 

on bladder micturition function in anesthetized mice. Intravenous 

Center of Hebei Medical University (China). Mice were housed 5 
per cage, given standard laboratory chow and tap water ad libi-
tum, and kept under a 12:12-h light:dark cycle in the animal care 
facility. All animals used in the present study received humane 
care in compliance with institutional animal care guidelines. The 
study was approved by the local institutional committee.

Chemicals. Phenylephrine hydrochloride and isoprenaline hy-
drochloride were obtained from Sigma Chemical (St Louis, MO). 
Carbachol hydrochloride was obtained from ABCR (Karlsruhe, 
Germany). Doxazosin mesylate was provided by the New Drug 
Research and Development Centre of the North China Pharma-
ceutical Group (Shijiazhuang, China). All drugs were dissolved 
in distilled water.

Urinary bladder pressure. Each mouse was anesthetized with 
urethane (1.5 g/kg SC), and a catheter was inserted into the tra-
chea to allow drainage of bronchial secretions and to facilitate 
breathing. A longitudinal midline incision (0.8 mm) was made 
in the skin just above the pubic symphysis, and the ureters were 
cut. The distal ends of the ureters were ligated, and a cotton ball 
was placed on the proximal ends to absorb urine. For bladder 
pressure measurements, an intravenous catheter (22 gauge, 1 in.) 
was inserted gently through the bladder apex into the lumen. 
The intravenous catheter was filled with physiologic saline and 
connected to a perfusion system consisting of a soft plastic bag, 
sphygmomanometer, and blood pressure monitoring kit (Becton 
Dickinson Infusion, Franklin Lakes, NJ). The cuff of sphygmo-
manometer was wrapped around the plastic bag containing to 
keep the pressure inside the bag at 170 mm Hg. A perfusion ap-
paratus from an automated monitoring kit (Becton Dickinson, 
Research Triangle Park, NC) was connected to the bag by plastic 
tubing, and the perfusion rate was controlled at 0.043 mL/min. 
The bladder pressure created by perfusion of physiologic saline 
was recorded by using a 3-way stopcock connected to a pressure 
transducer. The perfused physiologic saline was kept at 37 °C. 
The following cystometric parameters (Figure 1) were investigat-
ed: vesical micturition pressure (maximal bladder pressure dur-
ing micturition), micturition threshold pressure (bladder pressure 
immediately prior to micturition), micturition basal pressure (the 
lowest bladder pressure during filling), intercontraction interval 
(the interval(s) between each large amplitude spontaneous blad-
der contraction) and micturition time (high-frequency oscillations 
of bladder pressure associated with the urine flow). Vesical mictu-
rition pressure, micturition threshold pressure, micturition basal 
pressure, intercontraction interval, and micturition time were 
recorded by using a data acquisition system (PowerLab/8sp, 
ADInstruments, Sydney, Australia) interfaced through a personal 
computer running vendor-supplied software (PowerLab Chart 
version 5.0, ADInstruments). For drug administration, the tail 
vein was cannulated by using an intravenous catheter (26-gauge), 
which was connected with a short tube; the entire volume of the 
administration system was kept at 60 μL. Room temperature was 
kept at 25 to 30 °C during experiments. The mice were allowed to 
equilibrate for 70 min before drug administration.

Arterial blood pressure. Male KM mice (additional to those used 
for other experiments) were anesthetized as mentioned previously. 
After tracheal intubation, an intravenous catheter (24-gauge) 
filled with physiologic saline containing 350 U/mL heparin was 
inserted into the left common carotid artery for blood pressure 
measurement. Systolic, diastolic, and mean arterial blood pressure 
were recorded by using a 3-way stopcock connected to a pres-
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line (1 mg/kg) significantly (P < 0.01) decreased systolic, diastolic, 
and mean arterial blood pressure in anesthetized mice, respec-
tively (Table 3). Whereas carbachol and isoprenaline caused only 
transient reductions in blood pressure, doxazosin had a long-
lasting hypotensive effect (Figure 2). The carbachol-associated 
percentage maximal decrease in systolic and mean arterial blood 
pressure did not differ from the effects of doxazosin or isoprena-
line (Table 3). Phenylephrine (800 μg/kg) significantly (P < 0.01) 
and transiently increased systolic, diastolic, and mean arterial 
blood pressure in anesthetized mice (Figure 2 and Table 3).

Discussion
We have reported for the first time the effects of a selec-

tive α1-adrenoceptor agonist (phenylephrine), nonselective 
β-adrenoceptor agonist (isoprenaline), nonselective muscarinic 
cholinoceptor agonist (carbachol), and selective α1-adrenoceptor 
antagonist (doxazosin) on bladder micturition function in anes-
thetized mice. In light of the well-known hypotensive or hy-
pertensive effects induced by the 4 agents, we monitored blood 
pressure to clarify the influence of any drug-induced change in 
blood pressure on its direct effect on bladder micturition func-
tion.

Activation of β adrenoceptors mediates relaxation of urinary 
bladder smooth muscle and increases bladder compliance. The 
β3-adrenoceptor subtype appears largely to be involved in this 
regulation, at least in human beings.27,42 One study reported that 
the β3-adrenoceptor subtype was the predominant receptor me-
diating isoprenaline-induced urinary bladder smooth muscle re-

administration of physiologic saline to anesthetized mice did not 
significantly change the cystometric parameters. Phenylephrine 
(50 to 800 µg/kg) administration increased (P < 0.05 to P < 0.01) 
vesical micturition pressure in a dose-dependent manner in com-
parison with before-drug values, whereas micturition basal pres-
sure was increased (P < 0.05) by phenylephrine only at 800 µg/
kg (Table 1). Carbachol (3 to 7 µg/kg) increased (P < 0.05 to P < 
0.01) the intercontraction interval and micturition time in a dose-
dependent manner but significantly (P < 0.01) increased mictu-
rition basal pressure only at 7 μg/kg and had a nonsignificant 
effect on vesical micturition pressure (Table 1). Isoprenaline (10 to 
1000 µg/kg) increased (P < 0.05 to P < 0.01) micturition time and 
decreased (P < 0.05 to P < 0.01) vesical micturition pressure in a 
dose-dependent manner but did not significantly affect the inter-
contraction interval (Table 1). Doxazosin (10 to 1000 µg/kg) did 
not significantly affect the cystometric parameters in anesthetized 
mice (Table 1).

Effects of doxazosin on phenylephrine-induced increase in the 
vesical micturition pressure in anesthetized mice. In the solvent 
group, phenylephrine (220 µg/kg) was administered intrave-
nously for a total of 4 doses and consistently increased vesical 
micturition pressure with each dose. Doxazosin (0.1 to 1.0 mg/
kg) dose-dependently inhibited (P < 0.01) the phenylephrine-
induced increase in vesical micturition pressure in anesthetized 
mice (Table 2).

Effects of phenylephrine, carbachol, isoprenaline, and doxazosin 
on blood pressure in anesthetized mice. Intravenous administra-
tion of carbachol (7 µg/kg), doxazosin (1 mg/kg), and isoprena-

Figure 1. Representative traces of typical micturition cycle in a control mouse, showing the bladder pressure wave to filling in anesthetized mice.
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from mouse.8 A study using M3 receptor knockout mice33 clearly 
demonstrated that M3 receptors are the predominant receptor 
mediating carbachol-induced bladder contraction. In the present 
study, intravenous administration of carbachol increased micturi-
tion time and the intercontraction interval in anesthetized mice. 
At the highest dose of carbachol, the prolonged micturition time 
was 2 times that before drug administration, and voiding fre-
quency was decreased from 22.45 to 16.79 times hourly, indicating 
a carbachol-induced increase in bladder capacity. The muscarinic 
receptor antagonists oxybutynin and tolterodine are the most 
widely used to treat overactive bladder. However, in anesthetized 
or conscious rats, oxybutynin and tolterodine only decreased ves-
ical micturition pressure, whereas the affect on bladder capacity 
was negligible.3 Therefore, the carbachol-treated mouse model 
may be helpful for studying cystometrographic increases in blad-
der capacity, which occur in humans after the administration of 
muscarinic receptor antagonists.

Benign prostatic hyperplasia is frequent in elderly men, and 
the resultant bladder outlet obstruction has 2 components: stat-
ic (related to cellular mass) and dynamic (related to prostatic 
smooth muscle tone).26 α1 Adrenoceptors are expressed mainly 
in the smooth muscle of the trigone, bladder base, bladder neck 
region, and prostate, and they play a prominent role in the regu-
lation of bladder outlet resistance.27 α1-Adrenoceptor agonists 
produce a strong contraction of the isolated trigonal muscle of hu-
man bladder,7 and the contractile responses of human prostate to 
phenylephrine are mediated by α1A adrenoceptors.26 A recent his-

laxation in monkeys.38 However, β1 and β3 adrenoceptors mediate 
urinary bladder smooth muscle relaxation in dogs, and β2 and β3 
adrenoceptors are associated with this response in rats.43 In the 
present study, isoprenaline increased micturition time and de-
creased vesical micturition pressure in a dose-dependent manner 
and had a nonsignificant effect on the intercontraction interval 
in anesthetized mice. Some authors concurrently observed the 
bladder pressure and urine flow rate waves in anesthetized mice 
and showed that micturition time (the duration of intraluminal 
pressure high-frequency oscillations) was matched with urine 
flow wave.35 In the present study during bladder filling at a con-
stant rate, a decrease in vesical micturition pressure induced by 
isoprenaline is consistent with relaxation of the bladder detru-
sor through β adrenoceptor activation. Moreover, the prominent 
increase in micturition time that was induced by isoprenaline 
suggests that β-adrenoceptor activation of the lower urinary tract 
in anesthetized mice might reduce detrusor contraction during 
the voiding response. Whether β-adrenoceptor subtypes mediate 
isoprenaline-induced changes in bladder micturition function 
needs to be investigated further.

Muscarinic receptors are distributed widely throughout the 
body and play a key physiologic role in the urinary bladder. Re-
sults from a study using isolated urinary bladder tissues from 
many species including humans and those from in vivo experi-
ments indicate that bladder contraction under physiologic con-
ditions is mediated largely through M3 receptors.1,17 Carbachol 
produces contractile responses in isolated urinary bladder strips 

Figure 2. Representative traces showing the effects of (A) isoprenaline (1 mg/kg), (B) carbachol (7 µg/kg), (C) phenylephrine (0.8 mg/kg), and (D) 
doxazosin (1 mg/kg) on blood pressure (mm Hg) in anesthetized mice.
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ing in upregulation of smooth muscle tone and thereby increasing 
bladder outlet resistance.

α1-Adrenoceptor antagonists are the first-line of pharmaco-
logic management for benign prostatic hyperplasia and lower 
urinary tract syndrome.13 These agents relax the smooth muscle 
of the bladder neck and prostate and decrease bladder outlet 
resistance by blocking α1 adrenoceptors. In anesthetized dogs, 
α1-adrenoceptor antagonists decreased urethral resistance.6,22,32,37 
However, α1-adrenoceptor antagonists (tamsulosin, prazosin, and 

tochemical study14 suggested that the mouse prostate had a simi-
lar innervation to that of humans and other laboratory animals 
and might be a suitable model for functional studies of human 
prostate. In the present study, phenylephrine (50 to 800 µg/kg) 
administered intravenously increased vesical micturition pres-
sure in a dose-dependent manner, and micturition basal pressure 
was increased by phenylephrine only at 800 µg/kg in anesthe-
tized mice. These results indicate that phenylephrine stimulated 
α1 adrenoceptors in the prostate and bladder neck region, result-

Table 1. Effects of various drugs on bladder micturition function in anesthetized mice

Vesical micturition  
pressure (cm H2O)

Micturition threshold  
pressure (cm H2O)

Micturition basal  
pressure (cm H2O)

Intercontraction  
interval (s)

Micturition  
time (s)

Physiologic saline (mL/kg)
0.0 27.09 ± 2.00 4.06 ± 0.40 2.93 ± 0.37 193.25 ± 24.40 4.09 ± 0.88
0.2 27.36 ± 1.99 4.00 ± 0.49 2.88 ± 0.39 180.71 ± 22.79 3.97 ± 0.67
0.3 28.41 ± 2.24 4.20 ± 0.55 2.83 ± 0.42 183.51 ± 24.27 4.73 ± 0.94
0.2 27.77 ± 9.32 3.84 ± 0.46 2.74 ± 0.43 174.91 ± 21.95 4.35 ± 0.61
0.3 26.67 ± 9.54 3.48 ± 0.47 2.67 ± 0.43 171.31 ± 20.48 4.73 ± 0.74
1.0 26.52 ± 8.70 3.50 ± 0.43 2.71 ± 0.46 167.64 ± 17.68 5.21 ± 0.85

Phenylephrine (µg/kg)
0 23.04 ± 1.33 3.53 ± 0.37 2.53 ± 0.36 177.29 ± 29.10 3.56 ± 0.36

50 25.04 ± 1.40 3.86 ± 0.41 2.49 ± 0.37 166.32 ± 23.85 3.84 ± 0.53
100 26.40 ± 1.63 3.70 ± 0.36 2.61 ± 0.39 163.96 ± 21.55 4.01 ± 0.55
200  31.00 ± 2.07a 3.94 ± 0.48 2.60 ± 0.37 155.82 ± 15.01 4.73 ± 0.51
400  34.57 ± 3.05b 4.32 ± 0.58 2.98 ± 0.42 145.45 ± 9.91 5.77 ± 0.91
800  37.20 ± 2.97b 3.68 ± 0.57  4.32 ± 0.54a 128.35 ± 17.65 5.41 ± 0.66

Carbachol (µg/kg)
0.0 21.66 ± 1.02 3.77 ± 0.30 2.39 ± 0.30 160.38 ± 11.81 4.17 ± 0.48
3.0 23.39 ± 1.34 4.20 ± 0.40 2.52 ± 0.33 173.57 ± 10.87 4.53 ± 0.56
4.0 25.00 ± 1.75 4.39 ± 0.32 2.46 ± 0.34 185.83 ± 10.89 4.52 ± 0.35
5.0 26.31 ± 2.08 4.22 ± 0.36 2.95 ± 0.41 186.74 ± 9.02 6.20 ± 0.64
6.0 26.98 ± 1.73 5.16 ± 0.60 3.36 ± 0.43  205.69 ± 11.26a  7.45 ± 0.85b

7.0 27.60 ± 1.77 4.84 ± 0.49  4.16 ± 0.51b  214.42 ± 17.00b  8.78 ± 0.95b

Isoprenaline (µg/kg)
0 27.24 ± 1.96 3.56 ± 0.30 2.16 ± 0.32 180.56 ± 12.99 2.88 ± 0.17

10 27.09 ± 2.14 3.41 ± 0.39 1.96 ± 0.30 190.54 ± 15.91 3.05 ± 0.19
30 25.19 ± 1.82 3.20 ± 0.35 1.81 ± 0.34 198.06 ± 22.77 3.29 ± 0.20

100 23.61 ± 1.67 3.20 ± 0.29 1.63 ± 0.31 190.10 ± 20.53 3.63 ± 0.22
300 21.42 ± 1.50 3.14 ± 0.28 1.65 ± 0.34 209.81 ± 21.69  4.31 ± 0.37a

1000  20.53 ± 1.49a 3.55 ± 0.29 1.53 ± 0.28 239.15 ± 21.72  4.83 ± 0.58b

Doxazosin (µg/kg)
0 24.34 ± 1.74 2.67 ± 0.19 2.28 ± 0.42 156.57 ± 21.20 3.87 ± 0.36

10 23.32 ± 1.79 2.84 ± 0.17 2.64 ± 0.49 151.40 ± 21.95 4.21 ± 0.32
30 22.23 ± 1.48 2.37 ± 0.17 2.58 ± 0.31 150.68 ± 23.74 4.09 ± 0.28

100 21.82 ± 1.62 2.39 ± 0.28 2.77 ± 0.53 152.62 ± 21.27 4.18 ± 0.30
300 22.34 ± 1.68 2.97 ± 0.32 3.02 ± 0.53 173.14 ± 21.43 4.82 ± 0.40

1000 24.12 ± 2.05 3.15 ± 0.41 2.85 ± 0.43 176.14 ± 23.82 5.29 ± 0.88
aSignificantly different (P < 0.05, Dunnett test; n = 12 to 15) compared with value before drug administration.
bSignificantly different (P < 0.01, Dunnett test; n = 12 to 15) compared with value before drug administration.
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due to the drug’s hypertensive effect. In addition, a CNS-related 
influence was excluded because isoprenaline,5 carbachol,40 and 
phenylephrine15 reportedly are unable to pass through the blood–
brain barrier.

Urethane has been used widely as a long-term anesthetic for 
small experimental animals,9,21 because it has less of a CNS-me-
diated effect on cardiovascular functions than do other anesthet-
ics.23 In urethane-anesthetized animals, peripheral stimuli are still 
able to activate the CNS and produce reflexive changes in auto-
nomic functions.10 However, the pontine urine storage center and 
pontine micturition center are controlled by the cerebral cortex as 
well. An important consideration in interpretation of our data is 
that the results were obtained from anesthetized mice.

In conclusion, activation of muscarinic cholinoceptors in anes-
thetized mice decreases voiding frequency and increases bladder 
capacity. In addition, activation of α1 adrenoceptors mainly in-
creases vesical micturition pressure, whereas activation of β ad-
renoceptors decreases vesical micturition pressure and prolongs 
micturition time in anesthetized mice.
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doxazosin, carbachol, and isoprenaline had obvious hypotensive 
effects in anesthetized mice, only carbachol and isoprenaline af-
fected bladder micturition function, indicating that changes in 
bladder micturition function induced by carbachol and isoprena-
line were not related to their hypotensive effects. Phenylephrine 
transiently increased systolic, diastolic, and mean arterial blood 
pressure in anesthetized mice, whereas carbachol transiently de-
creased blood pressure. However, because both phenylephrine 
and carbachol had similar effects on micturition basal pressure 
and vesical micturition pressure in anesthetized mice, the phe-
nylephrine-associated effects on micturation physiology were not 

Table 2. Effects of doxazosin on phenylephrine (220 µg/kg)-induced 
increases in the vesical micturition pressure of anesthetized mice

Doxazosin
Phenylephrine-induced increase in 

vesical micturition pressure (cm H2O)

(mg/kg) Solvent Doxazosin

0.0 9.00 ± 1.27 8.70 ± 1.27
0.1 9.89 ± 1.46 6.55 ± 0.93
0.3 8.09 ± 1.06  3.58 ± 0.79a

1.0 7.34 ± 1.11  0.43 ± 0.16a

aSignificantly different (P < 0.01, Dunnett test; n = 12) compared with 
value before treatment.

Table 3. Effects of isoprenaline, carbachol, doxazosin, and phenyleph-
rine on systolic, diastolic, and mean arterial blood pressure (mean ± 1 
SD [% change]) in anesthetized mice

Systolic 
(mm Hg)

Diastolic 
(mm Hg)

Mean arterial 
(mm Hg)

Control 130.33 ± 2.77 102.91 ± 4.83 112.05 ± 3.80
Isoprenaline    77.59 ± 2.21a    40.76 ± 1.26a    53.04 ± 1.34a

 (1 mg/kg) (–40.19 ± 2.47) (–59.90 ± 1.94) (–52.20 ± 2.23)

Control 124.26 ± 3.88 98.85 ± 6.16 107.42 ± 5.36
Carbachol    83.31 ± 2.08a  36.11 ± 3.03a     51.85 ± 2.28a

 (7 µg/kg) (–32.59 ± 2.31) (–63.41 ± 2.19) (–51.39 ± 1.70)

Control 118.54 ± 2.86 95.09 ± 4.26 102.91 ± 3.54
Doxazosin    78.59 ± 3.21a 45.83 ± 4.96a    56.75 ± 3.96a

 (1 mg/kg) (–33.69 ± 2.20) (–52.38 ± 3.53) (–45.02 ± 2.65)

Control 122.24 ± 4.19 97.01 ± 6.18 105.42 ± 5.42
Phenylephrine  195.76 ± 5.70a 141.84 ± 4.78a  159.82 ± 4.72a

 (800 µg/kg)  (61.39 ± 7.11) (49.43 ± 8.09)   (53.80 ± 7.29)
aSignificantly (P < 0.01, paired t test; n = 8) compared with control 
value.
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