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Comparison of Effects of Phosphodiesterase Inhibitors,
a Rho-kinase Inhibitor, Ca2＋-channel Blockers and a
K＋-channel Opener on Isolated Human Internal
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ABSTRACT: Perioperative spasm of the grafts has been one of the most lethal complications during coronary artery bypass grafting. We compared the spasmolytic effects of 4 different pharmacological classes of
vasodilators; namely, 3 kinds of phosphodiesterase inhibitors (papaverine, olprinone and milrinone), a Rhokinase inhibitor (Y-27632), 3 of Ca2＋-channel blockers (nicardipine, nifedipine and benidipine) and a K＋channel opener (nicorandil), using the ring preparations made of human skeletonized internal mammary artery grafts. Ring preparations showing physiological dilatation with acetylcholine were used for the assay.
The potency of vasodilator action was in the order of benidipine ＞milrinone ＞nifedipine ＞olprinone ＞papaverine ＞Y-27632 ＞nicardipine ＞nicorandil, which is new finding in this study. Thus, benidipine can be
most expected to become an efficacious candidate for treating the vasospasm of internal mammary artery in
clinical settings.
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maintained at 31˚C to prevent their rhythmic and phasic
contractions. Tension of the preparation was isometrically

Refractory vasospasm has been reported in the arterial

measured under a resting tension of 1 g (TBM4M, World

bypass graft during coronary artery bypass surgeries.１）

Precision Instruments, Inc., Sarasota, FL, USA). After the

The incidence of arterial bypass-graft spasm ranges from

stable contraction was induced by noradrenaline (Nor-

0.8 to 1.3%, which may result in acute myocardial infarc-

adrenalin Inj

tion, occasionally leading to patientʼs death during the pe-

pan) in a concentration of 0.1 or 0.2 μM reflecting its local

rioperative phase.１） Several vasodilators have been empiri-

concentration around the sympathetic nerve terminals,

cally used for preventing vasospasm of the bypass-graft

acetylcholine (Ovisot Inj

; Daiichi Sankyo Company Ltd., Tokyo, Ja-

; Daiichi Sankyo Company Ltd.)

including Ca -channel blockers, phosphodiesterase inhibi-

was added to attain a concentration of 10 μM. The prepa-

tors and nitroglycerin. However, there is still no well-

ration exhibiting !70% relaxation by acetylcholine was

2＋

２）

accepted protocol against the spasm. In order to develop

judged to have intact endothelium, which was used for the

new pharmacological strategy, we have evaluated vasodi-

following pharmacological assessment.

lator effects of nitroglycerin and Ca2＋-channel blockers

After washout, the ring preparations were constricted

(nifedipine, cilnidipine and diltiazem) on the noradrenaline-

with noradrenaline in a concentration of 0.1 or 0.2 μM

constricted human internal mammary arterial rings, and

again, which was defined as 100% contraction. They were

found that nitroglycerin was the most potent.３） Further to

treated with olprinone (Coretec Inj ; Eisai Co., Ltd., To-

explore more efficacious and reliable pharmacotherapy

kyo, Japan), papaverine (Papaverine Hydrochloride; Nichi-

against perioperative bypass-graft spasm, in this study we

Iko Pharmaceutical Co., Ltd., Toyama, Japan), milrinone

examined the potency and speed of vasodilator action of 4

(Milrila

different pharmacological classes of drugs; namely, 3 kinds

(Welfide Co., Ltd., Osaka, Japan), benidipine (Coneal

of phosphodiesterase inhibitors (papaverine, olprinone and

lets; Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan),

milrinone), a Rho-kinase inhibitor (Y-27632), 3 of Ca2＋-

nicardipine (Perdipine

channel blockers (nicardipine, nifedipine and benidipine)

Tokyo, Japan), nifedipine (Sigma, St. Louis MO, USA) and

and a K＋-channel opener (nicorandil), on human skele-

nicorandil (Sigmart

tonized internal mammary artery.

Tokyo, Japan). The concentrations were 0.01, 0.1, 1 and 10

Materials and Methods

Inj; Astellas Pharma Inc., Tokyo, Japan), Y-27632
Tab-

Powder; Astellas Pharma Inc.,

Inj; Chugai Pharmaceutical Co., Ltd.,

μM for olprinone, papaverine, milrinone, benidipine,
nicardipine, nifedipine and nicorandil, and 0.01, 0.1 and 1

All experiments were approved by the ethics commit-

μM for Y-27632. Olprinone, papaverine, milrinone, Y-27632

tee of Toho University (#23022, approved on September

and nicorandil were dissolved in saline, whereas beni-

29, 2011, #26048, approved on July 17, 2014), National Cen-

dipine, nicardipine and nifedipine were initially dissolved

ter for Global Health and Medicine (#1046, approved on

in dimethyl sulfoxide (Wako Pure Chemical Industries,

July 19, 2011) and Tokyo Yamate Medical Center (#177,

Osaka, Japan) in 2 mM and then diluted with saline.

approved on July 23, 2014). Twenty-three patients who un-

The EC50 values were calculated by using nonlinear re-

derwent off pump coronary artery bypass graft surgery in

gression analysis with GraphPad PRISM 6.0 software

National Center for Global Health and Medicine (n=7) and

(GraphPad Software, Inc., San Diego, CA, USA). Speed of

Tokyo Yamate Medical Center (n=16) were enrolled in

vasodilator action was evaluated by measuring the time

this study. All patients gave their informed consent prior

required to reach the 1/2 peak effect after the highest

to their inclusion in this study. Internal mammary artery

dose administration, which was defined as onset half time.

was skeletonized and harvested with the ultrasonic scal-

Statistically significant difference among the EC50 values

pel.４） Distal end sections of the bypass graft were used for

and onset half time were analyzed by one-way factorial

the current study. Experiments were performed in Toho

analysis of variance (ANOVA) followed by Bonferroni test.

University. Ring preparations were incubated in organ

Data are shown in mean±SE (n=6 for olprinone, papaver-

bath with Tyrodeʼs solution of the following composition

ine, milrinone, benidipine, nicardipine, nicorandil and

(mM): NaCl 137, KCl 5.4, CaCl2 2.0, MgCl2 1.0, NaHCO3 11.9,

nifedipine; n=5 for Y-27632). A p value ＜0.05 was consid-

NaH2PO4 0.4 and glucose 5.6, that was oxygenated with a

ered to be statistically significant.

mixture of gases consisting of 95% O2 and 5% CO2 and
Vol. 5 No. 1
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Fig. 1 Summary of the potency (A) and speed (B) of vasodilating action of a K＋-channel opener
(nicorandil), 3 kinds of Ca2＋-channel blockers (nicardipine, nifedipine and benidipine), a Rho-kinase
inhibitor (Y-27632) and 3 of phosphodiesterase inhibitors (papaverine, olprinone and milrinone) on
the noradrenaline-induced contraction model of human internal mammary artery. Onset half time:
speed of vasodilating action evaluated by measuring the time required to reach the 1/2 peak effect
after the highest dose administration. Data are presented in mean±SE (n＝6 for phosphodiesterase
inhibitors, Ca2＋-channel blockers and K＋-channel opener; n＝5 for Rho-kinase inhibitor). ＊＊P＜0.01.

in the onset half time between Y-27632 and nicorandil (p<

Results

0.01); Y-27632 and nifedipine (p<0.01); and Y-27632 and be-

Forty-seven out of 68 preparations showed dilatation af-

nidipine (p<0.01).

ter the treatment with acetylcholine, reflecting the pres-

Discussion

ence of intact endothelial cells. All the drugs showed vasodilator effect on the preparations in a concentration-

We compared the potency and speed of vasodilator ac-

related manner as shown in Fig. 1A, whereas the results of

tion of 4 different pharmacological classes of drugs on hu-

the onset half time were depicted in Fig. 1B. Typical

man internal mammary arteries in vitro by using 3 kinds

traces showing the vasodilator effects of nicorandil, Y-

of phosphodiesterase inhibitors, a Rho-kinase inhibitor, 3 of

27632, milrinone and benidipine are depicted in Fig. 2. Be-

Ca2+-channel blockers and a K+-channel opener, each of

nidipine showed the most potent effect on the dilatation

which dilated the arteries in a concentration-related man-

against the noradrenaline-induced contraction, whereas ni-

ner, whereas their potencies may not be necessarily re-

corandil exerted the least relaxation among the eight

lated to the pharmacological classification. Meanwhile, Y-

drugs. The potency of relaxation was in the order of beni-

27632 showed the slowest onset speed for vasodilator ac-

dipine, milrinone, nifedipine, olprinone, papaverine, Y-

tion, whereas no significant difference was observed in the

27632, nicardipine and nicorandil with pEC50 (= logEC50)

onset half time among the 7 vasodilators other than Y-

(M) of 7.32 0.34, 6.78 0.34, 6.22 0.20, 6.05 0.47, 5.99 0.19,

27632.

5.98 0.25, 5.14 0.38 and 4.99 0.18, respectively. There

The potency of 3 of Ca2+-channel blockers was in the or-

were significant differences in these pEC50 values between

der of benidipine >nifedipine >nicardipine, which could be

benidipine

and

partly explained by the following previous knowledge. In-

nicardipine (p<0.05); milrinone and nicorandil (p<0.05); and

tracoronary infusion of benidipine and nifedipine for 5 min

milrinone and nicardipine (p<0.05). On the other hand, the

in dogs has been reported to increase coronary blood flow

speed of vasodilator action was in the order of benidipine,

via the NO-dependent mechanism in addition to the block-

nifedipine, nicorandil, milrinone, nicardipine, papaverine,

ade of Ca2+ channels.５，６）Benidipine has been shown to have

olprinone and Y-27632. There were significant differences

a triple Ca2＋ channels (L, N and T) blocking action with a

and

nicorandil

(p<0.05);

benidipine
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Fig. 2 Typical traces showing the vasodilator effects of nicorandil, Y-27632, milrinone and benidipine on the noradrenaline-induced contraction model of human internal mammary artery.

membrane approach, whereas nifedipine and nicardipine

spasm of internal mammary artery in this study. On the

selectively inhibit L-type Ca2＋ channel.７） Moreover, beni-

other hand, Y-27632, a specific inhibitor of Rho-kinase,１３，１４）

dipine can modestly suppress receptor-operated Ca2＋

was also assessed; however, its vasodilator effect was not

channels in the internal mammary artery graft.８） The EC50

so great, suggesting that Rho-kinase may be modestly re-

value of benidipine (pEC50 (M) = 7.32) is almost equal to

lated to the pathophysiology of vasospasm in this study.

that of nitroglycerin (pEC50 (M) = 7.42) in our previous

There are some limitations in this study. First, we do

study,３） suggesting that benidipine could be also effective

not have information on the activity of Rho or phosphodi-

strategy against perioperative bypass-graft spasm like ni-

esterase in the currently used internal mammary arteries,

troglycerin.

which needs to be analyzed using much more samples

Milrinone and olprinone belong to phosphodiesterase-3

from patients who will undergo bypass graft surgery. Sec-

inhibitor, whereas papaverine is a nonspecific phosphodi-

ond, there were 2 reports describing the increase of NO

esterase inhibitor.９，１０） These three phosphodiesterase in-

production by intracoronary infusion of nifedipine and be-

hibitors

relaxations

nidipine for 5 min in dogs;５，６） however, there was no such

against noradrenaline-constricted human internal mam-

report for the internal mammary artery grafts. Third, al-

mary arterial rings with similar potency, suggesting that

though there was one report describing the expression of

the difference of subtype selectivity for phosphodi-

mRNA levels as well as pharmacological activity of L- and

esterases may not affect their vasodilator action.

T-type Ca2＋ channels in human internal mammary artery

induced

concentration-dependent

＋

Nicorandil is a sarcolemmal ATP-sensitive K -channel
opener having nitrate component, which can potently dilate coronary and peripheral vessels and has been used for
１１，
１２）

patients with angina pectoris.

grafts,１５） there was no report demonstrating the presence
of N-type Ca2＋ channel in them.
In conclusion, the potency of vasodilator action was in

The potency of relaxa-

the order of benidipine ＞milrinone ＞nifedipine ＞olpri-

tion by nicorandil was the weakest among 8 drugs, sug-

none ＞papaverine ＞Y-27632 ＞nicardipine ＞nicorandil,

gesting that effects of nicorandil on the sarcolemmal ATP-

which is new finding in this study. Benidipine can be most

＋

sensitive, K -channels may be least associated with vasoVol. 5 No. 1

expected to become an efficacious candidate for ameliorat-
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ing vasospasm of internal mammary artery in clinical settings.
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