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implications for understanding the unique characteristics of 
myocardium from hibernating animals, such as the cold toler- 
ance and the markedly different effects of cardioactive agents 1~- 
~. The present result is important  for further understanding of 
the cardiac excitation-contraction coupling. 
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The function of  intimal longitudinal smooth muscles of the human coronary artery ~ 
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Summary. Bundles of smooth muscles in the intimal layer of the human coronary artery contracted in a longitudinal direction on the 
application of vasoactive substances. The data indicate that  the human coronary artery contracts not only transversely but also 
longitudinally. 
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Figure 1. Left: a cross-section of human coronary artery for light micros- 
copy. low magnification, • 35 (top); high magnification, x 70(bottom). 
Right: a longitudinal-section of the same specimen, low magnification 

• 35 (top); high magnification, • 70 (bottom). Smooth muscle cells of 
the intima are arranged nearly parallel to blood stream. I, intima; M, 
media; Ad, adventitia. (elastica Van Gieson stain). 



Experientia 42 (1986), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 

A 

K-C I 2 ACh 10~M 

A 10 roll 
2 ~  W W W  W 

CaffidN 
26 

1223 

B 

K-Ca2 AChlO -s M 

W 
K-Ca2 caffeine 25mM 

t I 20mg 

2rain 

Figure 2. Isometric contractile responses of smooth muscle bundles of 
intima (A) and media (B) of human coronary artery to high potassium 
solution, 10 -5 M acetylcholine, and 25 mM caffeine. The tensions devel- 
oped by the intimal smooth muscle bundle were 77 mg, 68 rag, and 14 rag, 
respectively. The tensions developed by the medial smooth muscle bundle 
were 48 rag, 62 mg, and 36 mg, respectively. Na-Ca2, normal external 
solution; K-Ca2, high potassium solution; ACh, acetylcholine; W (wash), 
normal external solution. 

The intimal layer of the coronary artery contains a number of 
smooth muscles, and its association with the development of 
atherosclerosis has attracted much attention 2. However, the me- 
chanical or pharmacological properties of the muscle have not 
been examined. To study the action of the muscle in the contrac- 
tion of the human coronary artery, we isolated the bundles of 
intimal smooth muscles by a micro-dissection method, and mea- 
sured the isometric tension developed when various drugs were 
applied. 
Methods. The proximal portion of the right coronary artery was 
obtained from 5 cadavers (3 males, 2 females, aged from 45 to 
70, average 61 years) within 2 h after death. The samples were 
taken from patients diagnosed as having cancer, peptic ulcer and 
toxicosis, in whom no heart disease had been clinically proved. 
The segment was cut longitudinally, fixed with pins, and then cut 
into rectangular sections (1 mm in width and 4 mm in length). 
Under a dark-field stereomicroscope, fibrous tissues and mus- 
cles were carefully removed from both the intimal and adven- 
titial sides with a sharp knife (blade width, 2 mm) to produce a 
thin sheath-like specimen. Two different layers of a fibrous net 
that cross nearly at right angles were carefully detached from 
each other with forceps. From the intimal side containing the 
smooth muscles, a muscle bundle (25 gm in width and 1 mm in 
length) was isolated, and mounted in an organ bath with a 
volume of 0.9 ml in which rapid exchange of drug solutions was 

possible. One end of the muscle bundle was fixed with a fine silk 
thread, and the other was attached to a semiconductor trans- 
ducer (AE801, A M E  Co., Norway). The tension developed 
when various drugs were applied was isometrically recorded 
through a preamplifier (AP-620G, Nihon Koden Co., Japan). 
The vasoactive substances used in this study were high potas- 
sium solution (see below), 10 -5 M acetylcholine and 25 mM 
caffeine. Similar experiments were carried out using smooth 
muscle of the media for comparison. Muscles of the media were 
cut transversely. After the experiment the muscle preparations 
were fixed with 3 % glutaraldehyde, and the arrangement of the 
muscle bundles was confirmed under an electron microscope. 
Normal external solution contained 150 mM NaC1, 2 mM KC1, 
2 mM Ca-methanesulfonate, 5 mM HEPES neutralized with 
Tris-(hydroxymethyl)-aminomethane and 5.6 mM glucose (pH 
7.4 and temperature 35 i 0.3 ~ High potassium solution was 
obtained by replacing all of NaC1 in the normal solution with 
K-methanesulfonate. 
Results. Figure 1 shows a specimen for light microscopy pre- 
pared using half of the vessel segment obtained for this experi- 
ment. Smooth muscle cells of the intimal layer were arranged 
nearly parallel to the blood stream. 
Longitudinal smooth muscle bundles of  the intimal layer con- 
tracted in response to the application of high potassium solu- 
tion, 10 .5 M acetylcholine and 25 mM caffeine, and the tensions 
generated were 80 4- 3.5 mg (mean 4- SE), 71 4- 2.8 rag, and 
15 4- 1.5 mg, respectively. Smooth muscle bundles of the media 
also showed a contractile reaction to these substances, and the 
developed tensions were 49 4- 2.3 rag, 65 4- 3.2 rag, and 35 4- 1.2 
mg, respectively (fig. 2). 
As shown in figure 3, the arrangement of myofibrils in the 
intimal layer demonstrated that the contractile force of the mus- 
cle bundle was in the longitudinal direction. 
Discussion. The intima of most muscular arteries of animals 
consists of endothelial cells and a basal lamina only 3. However, 
lesions preceding fibrous plaque are known to occur in the 
intima of the human coronary artery at the early stage of athero- 
sclerosis. This is known as the fibromusculoelastic lesion of the 
intima, which consists of proliferated smooth muscle cells sur- 
rounded by connective tissue 4. Our study showed that smooth 
muscle bundles in the intimal layer of the human coronary 
artery, as well as those of the media, could be shown to contract 
when stimulated with various vasoactive substances. Blood ves- 
sels have been considered to contract only transversely. How- 
ever, our findings show that on neuro-humoral or other stimu- 
lation human coronary arteries also contract longitudinally. In 
some special types of rat arteries, such as the coronary arteries 
and the helicine arteries of the ovary, uterus, penis 5 and lung 6, 
the intima contains bundles of longitudinally arranged smooth 
muscles. They have not been shown to change direction at vari- 
ous degrees of contraction 5. Therefore, it has been emphasized 
that their function is clearly to block the blood flow, either partly 
or completely. Roach 7 discovered that bundles of longitudinal 
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Figure 3. A longitudinal smooth muscle specimen for electron microscopy 
prepared after the measurement of tension. Top: Developed tension in the 
horizontal direction in this figure was measured. The array of myofibrils 

was longitudinal..Bottom: A cross-section of the same specimen. The ends 
of muscle fibers were circular to oval in shape, x 4000. 

smooth muscles were present in the intima of the sheep's umbi- 
lical artery and proved that  the muscle bundles pushed into the 
lumen and produced a stellate or crescentic appearance depend- 
ing on the number  of bundles. Some authors also consider that  
during longitudinal contraction, the increased volume of these 
smooth muscles may reduce the diameter of the vascular lumen, 
leading to complete occlusion upon additional transverse con- 
traction of the smooth muscle Of the media. 
Smooth muscle of the intima reacted more strongly to potassium 
than to acetylcholine, while that  of the media responded more 
strongly to acetylcholine. The contractile reaction of both types 
of  smooth muscle was weakest with caffeine. Though only three 
agents were used in this study, responsiveness to various drugs 
seems to differ between these types of muscle. 
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