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Interactions between the biomechanical characteristics and pressure-induced active response of
coronary microvessels are still not well known. We tested the hypothesis that pressure-dependent
biomechanical characteristics of the coronary vascular wall are modulated by the active myogenic
response and local vasodilators. We have utilized data obtained previously in isolated rat intramural
coronary arterioles (~100 pm in diameter), in which the diameter was investigated as a function of
intraluminal pressure (Szekeres et al.: J. Cardiovasc. Pharmacol., 43, 242-249, 2004). To characterize
the magnitude of myogenic response, diameter was expressed as percent of passive diameter as a
function of pressure (normalized diameter; ND). In addition, circumferential wall stress (WS) and
incremental distensibility (ID) were calculated. In control conditions, after an initial increase between
0-30 mm Hg, ND decreased substantially as pressure increased from 30 to 150 mm Hg.
Correspondingly, WS gradually increased as a function of pressure (from 0.3£0.03 to 34.7+4.4 kPa)
exhibiting a plateau phase between 40-80 mm Hg. In contrast, ID decreased and reached negative
values (min: —-104.9+21.9 100 m2/N at 50 mm Hg). Inhibition of nitric oxide (NO) synthase by
L-NNA decreased basal diameter (~35% at 2 mm Hg), eliminated pressure-induced changes in ND,
reduced the slope of pressure-WS curve, and decreased ID at lower pressures. Simultaneous
administration of L-NNA and adenosine (which restored initial diameter, i.e. length of smooth muscle)
restored — in part — the pressure-induced reduction in ND, reversed the pressure-induced behavior of WS to
control, but not that of ID. These results not only confirm that in coronary arterioles wall stress is regulated by
the myogenic response, but also suggest that there is interplay between the mechanical behavior of the wall and
the myogenic response. Furthermore, the presence of NO seems to be necessary for maintaining a higher
distensibility of intramural coronary arterioles allowing increases in diameter to lower pressures, which then
activate the myogenic mechanism resulting in constrictions and full development of myogenic tone, as
indicated by the presence of negative slope of pressure-diameter curve in the presence of NO.
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Coronary arterial vessels represent a significant portion of hemodynamic resistance of
the cardiac circulation, thus they are a target for various control mechanisms of
coronary perfusion. Their passive and active characteristics can greatly influence the
function of myocardium both in normal and in pathophysiological conditions (7, 22, 34,
43). Previous studies described the pressure independent biomechanical properties of rat
intramural coronary resistance arteries of different diameter (33, 43). It was shown that
passive and active biomechanical characteristics of the vessel wall determine its
vasomotor functions (14). The present work aims to elucidate the pressure dependent
biomechanical properties of intramural coronary arterioles known to be activating the
myogenic mechanism, because less is known regarding the modulation of the
biomechanical characteristics of the vessel wall by the myogenic and endothelial
mechanisms.

Characterization of wall stress, distensibility and elastic behavior of the vessel wall
are important, but only few systematic biomechanical measurements are available in
isolated, resistance sized coronary vessels (3, 11, 26, 36, 43). These properties of
vessels depend on the network location, vascular diameter, intraluminal pressure and
contractile state of the smooth muscle, all of which may change in pathological
conditions, such as hypertension and atherosclerosis (3, 5, 16, 42, 43).

The myogenic mechanism is usually well expressed in small arteries and arterioles,
and it has an important role in the local regulation of blood flow (4, 17, 30, 41). By
eliciting active dilation and constriction of blood vessels in response to a decrease or
increase in intravascular pressure, respectively, the strength and characteristics of the
myogenic response vary substantially among different species and vascular beds (4, 7,
9,13, 15, 17, 21, 22, 28, 37, 41, 45). It has been established that small coronary arteries
and arterioles exhibit substantial myogenic responses both in animals (4, 12, 21-23, 37,
45) and in humans (28).

While myogenic responses are generated exclusively by vascular smooth muscle
(22, 41), the tone generated by this mechanism can be modulated by factors released
from the endothelium (10, 12, 13) and of other tissues. Among others, nitric oxide (NO)
has been shown to have a significant effect on coronary blood flow (6, 18), which could
be — at least in part — due to modulation of the myogenic mechanism of coronary
arterioles (45).

The biomechanical characteristics of coronary arterial vessels may play an
important role in the regulation of vascular diameter. Indeed, the effect of NO synthase
inhibition has been examined on the elastic properties of the right interventricular
coronary arteries (36) and on the distensibility of intramural coronary arterioles of rats
(45). In the present study, we have hypothesized that modulation of biomechanical
characteristics of isolated intramural coronary arterioles by nitric oxide is necessary for
the full development of the myogenic response.
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Methods

Isolation of rat coronary arterioles

Twelve-week-old male Wistar rats (weighing 360—400 grams) were anesthetized with
pentobarbital sodium (Nembutal sodium, CEVA 50 mg/kg, intraperitoneally). The
investigation conforms to the Guide for the Care and Use of Laboratory Animals
(USNIH publication No. 85-23, revised 1996). The chest was quickly opened; the heart
was removed and placed into cold, oxygenized, modified Krebs solution. Intramural
coronary arterioles (~100 um in diameter) branching from the left anterior descending
coronary artery were isolated (32). The superficial layer of cardiac muscle was removed
by blunt dissection following the left anterior descending artery from the aortic orifice
to the apex. Once the appropriate segment was found, the muscle fibers surrounding the
vessels were carefully removed with a microforceps and fine-tip needles (25G). Side
branches were carefully identified (down to ~10 um in diameter) cleaned and tied with
individual filaments teased from a 2-0 suture thread, as previously described (32, 41,
43). Then the arteriolar segment was removed and placed in a vessel chamber filled
with modified Krebs solution, which contained in mM, 110 NaCl, 5 KCI, 2.5 CaCl,, 1
MgSO,, 1 KH,PO,, 24 NaHCO; and 10 glucose. The vessel was cannulated at both
ends with glass microcannulas and extended to its in vivo length (~1 mm). Clotted
blood was washed out at low perfusion pressure, and then one of the cannulas was
closed. Utilizing a pressure-servo syringe reservoir system (Living Systems, Burlington,
VT) arterioles were pressurized in a no-flow condition. Vessels were checked for leaks
by the stability of the inlet pressure when the servo function was turned off. Vessels
with observable leaks were discarded. The temperature of the chamber was maintained
at 37 °C, bubbled with 21% O, and 5% CO, balanced with N,, the pH was kept at 7.4.
A continuous superfusion was applied at a rate of 15 ml/min. The inner diameter of
arterioles was measured with a calibrated image-sharing monitor (Instrumentation for
Physiology and Medicine, San Diego, CA). Perfusion pressure was measured with a
Gould pressure transducer, calibrated with a mercury manometer. Data were recorded
on a chart recorder (Omega Engineering Inc., Stamford, CT).

Experimental protocols

Arterioles were allowed to equilibrate for ~1 hour at 60 mm Hg intraluminal pressure in
the modified Krebs solution. Then pressure was decreased to 2 mm Hg and then
increased to 10 mm Hg, then up to 150 mm Hg in 10 mm Hg pressure steps. The
steady-state diameter at each step was measured (after ~4 min). N®-nitro-L-arginine
(L-NNA, 10*5M), an inhibitor of nitric oxide synthase and adenosine (ADO,
5%105-5x10~*M) were administered at 60 mm Hg continuous intraluminal pressure
into the superfusion fluid. The vessels were incubated with the drugs for 20-30 min. In
this protocol, after the control pressure-diameter relationship was obtained, the pressure
steps were repeated in the presence of L-NNA and then again in the simultaneous
presence of L-NNA and ADO. The concentration of ADO was adjusted to allow the
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segment to reach its control diameter at 60 mm Hg. Passive diameter (PD) was obtained
in Ca2*-free Krebs solution containing 10~*M sodium nitroprusside and 1.0 mM
ethylene glycol-bis(b-aminoethyl ether)-N,N,N",N"-tetraacetic acid. The vessels were
incubated for 20 minutes in this solution, then step increases in perfusion pressure were
repeated as above, and the passive diameter of arterioles at each pressure step was defined.

Salts and chemicals were obtained from Sigma Chemical (St. Louis, MO). Drugs
were freshly prepared on the day of the experiment in Krebs solution.

Calculations of biomechanical parameters

Changes in diameter in response to intraluminal pressure were normalized to the
corresponding passive diameter and expressed as percent values. In addition,
circumferential (tangential) wall stress and incremental distensibility were calculated
(26, 43). Circumferential wall stress (WS) was computed according to the Laplace
equation: 0g="Puxr;/h, where oy is the circumferential wall stress, P is the intraluminal
pressure, 1; is the inner radius and h is the wall thickness (h=ry-r;). Incremental
distensibility D;,.=AV/VAP, where D, . is the incremental distensibility, AV is the
change in vessel lumen volume in relation to the initial volume of V in response to
pressure change of AP.

Data are presented as means = SEM. Statistical significance was calculated with
repeated measures ANOVA followed by Tukey’s post hoc test. A level of P<0.05 was
considered statistically significant. A curve fitting method was applied using Microsoft
Excell Software.

Results

Step increases in intraluminal pressure (in the range of 2 to 150 mm Hg) substantially
reduced the normalized diameter of rat intramural coronary arterioles. Figure 1 shows
that normalized diameter coronary vessels increased in the range of low pressures,
whereas higher intraluminal pressures (from 30 to 150 mm Hg) elicited active
constrictions, which became maximal at 90 mm Hg. At 60 mm Hg, the active diameter
of arterioles was 66.2+4.4% of their passive diameter 182.2+7.1 um. Administration of
the nitric oxide synthase inhibitor L-NNA significantly reduced the initial diameter of
arterioles at 60 mm Hg by ~35% compared to control and eliminated both the dilations
and constrictions in response to changes in pressure. Additional adenosine (5x10 to
5x10~4M) administration in the presence of L-NNA restored the initial diameter (at
2 mm Hg) present in control conditions, but the dilations in response to lower pressures
were absent and the magnitude of constrictions to higher pressures, were greatly
reduced as compared to the control. Values of slopes were —0.46x0.05, —0.08%0.09,
—0.1620.07 in control, in the L-NNA and in L-NNA+ADO groups, respectively (p<0.01
between control and L-NNA, control and L-NNA+ADO groups, Fig. 1, insert).

The circumferential wall stress of rat intramural coronary arterioles increased
monotonically as a function of pressure in passive conditions (Fig. 2, top panel).
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Fig. 1. Steady-state arteriolar diameter of rat intramural coronary arterioles expressed as percent values of
passive diameter as a function of intraluminal pressure (n=10), in control condition, in the presence of N®-
nitro-L-arginine (L-NNA) and in the simultaneous presence of L-NNA and adenosine (ADO). Mean = SEM
values. Asterisk and cross indicate statistical significance (p<0.05) between control and L-NNA and between
control and L-NNA+ADO, respectively. Insert: regression lines of pressure-normalized diameter curves
between 20-80 mm Hg in control, in L-NNA and L-NNA + ADO groups were as follows: y =—-0.46x+95.75,
R2=0.99; y =-0.08x+47.46, R2 = 0.95; y =—0.16x+74.12, R2 = 0.94, respectively

In the presence of Ca2* in the superfusion solution wall stress was greatly reduced and a
plateau developed between 40 to 100 mm Hg pressure. Interestingly, wall stress was
significantly less in the presence of L-NNA compared to control (Fig. 2, middle panel,
p<0.05 above 40 mm Hg). Additional application of ADO restored the initial diameter
at 2 mm Hg to control and pressure-wall stress curve approached the characteristics of
control curve, but without the presence of a plateau phase. The differences in the shape of
curves can be seen in Figure 2, bottom panel. Values of slopes were 0.12+0.04,
0.11+0.02, 0.23+0.03 in control, in the L-NNA and in L-NNA+ADO groups, respectively
(p<0.05 between control and LNNA+ADO, L-NNA and L-NNA+ADO groups).

In control condition, the incremental distensibility of coronary arterioles was high
at low pressures and rapidly decreased with increasing pressure (Fig. 3, upper panel).
Values between 2-20 mm Hg were significantly different from zero in the positive
direction, whereas the negative values of incremental distensibility became significantly
different from zero in the range of 40-80 mm Hg, and the minimum value was —
104.9421.9 10 m%/N at 50 mm Hg. The distensibility curve obtained in passive
conditions continuously decreased as a function of pressure and remained in the positive
range. Administration of L-NNA significantly reduced the initial high value of
incremental distensibility (at 2 mm Hg) and the portion of pressure-distensibility curve
between 30-70 mm Hg shifted to the positive range. At 50 mm Hg the difference
between control and L-NNA, control and L-NNA+ADO values became significant.
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Fig. 2. Average circumferential wall stress of rat intramural coronary arterioles as a function of intraluminal
pressure (n=10) in passive condition with Ca**-free solution (top panel), in control condition, in the presence
of N®-nitro-L-arginine (L-NNA) and in the simultaneous presence of L-NNA and adenosine (ADO, middle
panel). Mean = SEM values. Asterisk indicates statistical significance (p<0.05) between control and L-NNA
treatments. Mean values of wall stress between 20-100 mm Hg (bottom panel). The regression lines
(not shown) of pressure-wall stress curves between 50-80 mm Hg were as follows: in control, L-NNA and
L-NNA+ADO groups, respectively: y=0.12x+10.45, R=0.98, y =0.11x+2.19, R?=0.99, y = 0.23x+2.05,
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Fig. 3. Incremental distensibility of rat intramural coronary arterioles as a function of intraluminal pressure
(n=10) in control condition, in the presence of N®-nitro-L-arginine (L-NNA), in the simultaneous presence of
L-NNA and adenosine (ADO) or in passive condition with Ca>*-free solution. Mean + SEM values (top
panel). Lower panel: curve fitting method was applied on control and L-NNA vs. pressure curves. Curve
fitting equations were as follows: in control: y = 5E-05x*-0.0119x>+1.1672x>-49.246x+661.83, R*=0.98, in
L-NNA: y = —2E-06x>+0.0006x*-0.0629x>+3.2661x*~84.489x+942.9, R>= 0.9, in L-NNA+ADO: y = 3E-
05x*-0.0072x3+0.6675x>-27.189x+400.37, R? = 0.97. Values of control curve were significantly different
from zero in the range of 40—-80 mm Hg intraluminal pressure

Although, additional ADO after L-NNA, restored the initial control diameter at low
pressures, the initial high level of incremental distensibility was not restored. In
addition, in the presence of L-NNA+ADO incremental distensibility did not reach
negative values. Figure 3 lower panel shows that there is a significant upward shift in
the pressure-distensibility curve in the presence of L-NNA, which is not rewersed by
the administration of ADO.
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Discussion

The findings of the present study demonstrate that biomechanical characteristics of
intramural coronary arterioles changes as a function of intraluminal pressure. In passive
condition, circumferential wall stress increased as pressure increased, a response, which
was greatly reduced in the active condition (Ca2* is present) and further reduced
significantly by the presence of NO synthase inhibition. Wall distensibility reached
negative values in active conditions, whereas in the absence of NO the negative values
were not observed. The above findings confirm that an increase in wall stress has a
significant role in initiating an active myogenic constrictor response, which in turn
reduces wall stress. Whereas, the novel finding of the present study is that in the
absence of NO the development of pressure-induced changes in the diameter of rat
intramural coronary arterioles are greatly diminished as indicated by the absence of
negative slope of pressure-diameter curve. Moreover, in the absence of NO the
distensibility is reduced at low pressure reducing thereby the pressure-induced increase
in wall stress, the stimulus of the myogenic mechanism.

Biomechanics of coronary arteriolar wall

Passive and active biomechanical characteristics of the vessel wall, such as wall stress,
distensibility and elasticity are importantly determine the capability of vessels to change
in their diameter in various conditions (29, 31, 43), and thus regulate blood flow and
tissue perfusion. Alteration of the biomechanical characteristics of the vessel wall in
certain physiological and pathological conditions can greatly affect the function of
vessels. Biomechanical characteristics of large arteries isolated from animals and
humans have been previously described (8, 29, 31). Yet, investigation of wall
biomechanics of arterioles and small arteries of various tissues (1, 3, 11, 24, 36, 43, 46),
such as coronary resistance arteries and arterioles (11, 26, 36, 43) are still relatively
scarce in the literature.

Previously it has been shown that in mechanically preconditioned conditions (with
repeated pressure-cycles), when the pressure sensitivity of vessels is diminished, the
biomechanical characteristics of coronary arterial wall depend primarily upon the
diameter of the vessel and contractile state of smooth muscle (36, 43). In the present
study, the vessels were not mechanically preconditioned in order to keep the myogenic
mechanism active.

Wall biomechanics in the presence of myogenic response

Intramural coronary arterioles isolated from rat heart exhibited a substantial myogenic
response, as also described previously (45). Similar myogenic responses have been
described in isolated, cannulated microvessels from several vascular beds (4, 9, 12, 13,
21, 37, 41). In the present study, changes in normalized diameter of vessels show that
stepwise increases of intraluminal pressure — after a substantial initial dilations at low
pressures — elicited constriction between 30-100 mm Hg, and the maximum tone
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developed at 60 mm Hg pressure (~70%). This tone was maintained up to 150 mm Hg
intraluminal pressure. The range of maximum myogenic responsiveness (the portion of
the curve with the steepest slope) was between 40-70 mm Hg, as also indicated by the
negative values of incremental distensibility (Figs 1 and 3).

The characteristics of intraluminal pressure-circumferential wall stress curve
(Fig. 2) reveal that in passive condition wall stress of intramural coronary arterioles
increased linearly with increasing pressure. In the presence of Ca?* there was a
significant reduction in the slope of pressure-wall stress curve. Moreover, a plateau
phase could be observed between 30—70 mm Hg, that is, despite the increase in pressure
wall stress remains relatively constant, which was due to the active myogenic
constriction. These findings suggest that myogenic response regulates wall stress.

Modulation of biomechanical characteristics of coronary arteriole by nitric oxide

Although, the myogenic mechanism is initiated in the vascular smooth muscle,
endothelial factors, such as nitric oxide have been suggested to play a role in the
modulation of vascular tone (6, 18). Previous studies in isolated coronary resistance
arteries and arterioles showed an enhanced coronary vascular tone in the absence of
nitric oxide (36, 44, 45, 47). The present study however indicates, that NO is an
important factor in modulating the biomechanical characteristics of intramural coronary
arteries. Inhibition of NO synthesis induced a substantial decrease in diameter, wall
stress and distensibility at 2 mm Hg (Figs 1-3). Furthermore, in the absence of NO both
the initial dilation to low pressure steps and the active constriction in response to higher
pressure steps were absent. These suggest that the initial dilation is a prerequisite of the
following active myogenic constriction. Smooth muscle cells could be sensitive to the
extent or to the rate of the change in length initiated by passive forces (30, 35). We have
found that inhibition of NO synthesis reduced the diameter of coronary vessels at low
pressures, which likely by increasing wall thickness, reduced the circumferential wall
stress (Figs 1 and 2), which in turn inactivated smooth muscle cells. Thus, in the
absence of NO, the initial value of wall stress is reduced, and the whole curve is shifted
downward. Thus, reduction of the stimulus, i.e. wall stress is likely to be responsible for
the absence of vigorous myogenic constriction. In addition, in the absence of NO the
circumferential active shortening of smooth muscle is close to the theoretical limit for
contraction of smooth muscle providing further explanation for the lack of pressure
sensitive constriction.

In active condition, the incremental distensibility of intramural coronary arterioles
gradually decreased as pressure increased and showed negative values in control
condition, indicating that an active myogenic response is initiated by increases in wall
stress. Similarly, previous findings showed that the distensibility of coronary arteries
decreases with increasing pressure (26, 43). However, the characteristics of intraluminal
pressure — wall stress curve (Fig. 2) reveal that in the presence of L-NNA, increases in
wall stress during the first steps of pressure rises are not sufficient to activate stretch-
induced constriction. The pressure-incremental distensibility curve (Fig. 3) revealed that
in the presence of L-NNA, the initial high distensibility is reduced and it is not restored
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by the simultaneous administration of the vasodilator adenosine. This may be
responsible for the loss of the negative portion of the curve, which corresponds to the
active myogenic constriction. Thus, it seems that NO has a specific effect to maintain an
appropriate distensibility of the arteriolar wall leading to dilation and forthcoming
active myogenic constriction.

Other investigators found, that an NO donor agent decreased the stiffness of
coronary arteries (36). Because distensibility decreased in the absence of NO at low
pressures, NO seems to limit the pressure-induced stretch of coronary arteriolar wall.
NO may affect the distensibility of vascular smooth muscle by modulating CaZ*-related
mechanisms (19, 27). Collectively these findings suggest that absence of NO, by
decreasing distensibility, limits the pressure-induced adjustments of coronary vascular
tone.

Clinical relevance

Biomechanical characteristics of vessel wall may have important clinical relevance
(26). Several clinical studies showed that biomechanical characteristics of vessels, such
as vascular compliance, capacitance, distensibility and elastic modulus determined in
vivo by ultrasound techniques can have a great insight in revealing arterial functions
and helping to diagnose various arterial diseases (2, 5, 20, 25, 38—40, 42). Moreover,
adjustments of the biomechanical properties of artificial graft and host segments in
coronary bypass surgery recently moved in the focus of research (3) indicating their
clinical importance.

In conclusion, we found that the biomechanical characteristics of rat intramural
coronary arterioles changes substantially as a function of intraluminal pressure. Nitric
oxide seems to be important, not only as a vasodilator, but as also an agent, which is
able to maintain an appropriate distensibility of coronary arterioles, allowing the full
development of active myogenic tone. Thus, we propose that NO plays an important
role in modulating the biomechanical characteristics of coronary arterioles, in part by
maintaining proper vascular elasticity and distensibility. Further studies are needed to
reveal the molecular mechanism responsible for the specific role of NO in the
modulation of biomechanical properties of coronary arterioles.

Acknowledgments

This work was supported by Hungarian National Scientific Research Grants OTKA T-48376, T-034779 and
T-032019 and NIH grants HL.-43023, HL-46813 USA, and AHA Northeast Affiliate 0555897T.

Acta Physiologica Hungarica 93, 2006



10.

11.

12.

13.

14.

15

16.

17.

18.
19.

20.

21.

22.

23.

24.

Pressure, NO and wall mechanics of coronary arterioles 11

REFERENCES

. Acs N, Szekacs B, Nadasy GL, Varbiro S, Kakucs R, Monos E: The effect of ovariectomy and estrogen

replacement on small artery biomechanics in the rat. Br. J. Obstet. Gynaecol. 106, 148—154 (1999)

. Alan S, Ulgen MS, Ozturk O, Alan B, Ozdemir L, Toprak N: Relation between coronary artery disease,

risk factors and intima-media thickness of carotid artery, arterial distensibility, and stiffness index.
Angiology 54(3), 261-267 (2003)

. van Andel CJ, Pistecky PV, Borst C: Mechanical properties of porcine and human arteries: implications

for coronary anastomotic connectors. Annals of Thoracic Surgery 76(1), 58-65 (2003)

. Azzawi M, Austin C: Myogenic regulation of isolated small coronary arteries following increases in

extravascular pressure. Microvasc. Res. 68(1), 71-74 (2004)

. Cameron J: Estimation of arterial mechanics in clinical practice and as a research technique. Clin. Exp.

Pharmacol. Physiol. 26(4), 285-294 (1999)

. Chambers JW, Voss GS, Snider JR, Meyer SM, Cartland JL, Wilson RF: Direct in vivo effects of nitric

oxide on the coronary circulation. Am. J. Physiol. 271 (Heart Circ. Physiol. 40), H1584-H1593 (1996)

. Chilian WM: Microvascular pressures and resistances in the left ventricular subepicardum and

subendocardium. Circ. Res. 69, 561-570 (1991)

. Cox RH: Three-dimensional mechanics of arterial segments in vitro: methods. J. Appl. Physiol. 36(3),

381-384 (1974)

. Davis MJ: Myogenic response gradient in an arteriolar network. Am. J. Physiol. 264 (Heart Circ. Physiol.

33), H2168-H2179 (1993)

Davis MJ, Hill MA: Signaling mechanisms underlying the vascular myogenic response. Physiol. Rev.
70(2), 387-423 (1999)

Giezeman MJMM, VanBavel E, Grimbergen CA, Spaan JAE: Compliance of isolated porcine coronary
small arteries and coronary pressure-flow relations. Am. J. Physiol. 267, H1190-H1198 (1994)
Gschwend S, Henning RH, de Zeeuw D, Buikema H: Coronary myogenic constriction antagonizes
EDHF-mediated dilation: role of KCa channels. Hypertension 41(4), 912-918 (2003)

Hayashi K, Suzuki H, Saruta T: Nitric oxide modulates but does not impair myogenic vasoconstriction of
the afferent arteriole in spontaneously hypertensive rats. Studies on isolated perfused hypernephrotic
kidney. Hypertension 25, 1212-1219 (1995)

Hoffman JIE, Spaan JAE: Pressure-flow relations in coronary circulation. Physiol. Rev. 70, 331-373 (1990)

. Huang A, Sun D, Koller A: Endothelial dysfunction augments myogenic arteriolar constriction in

hypertension. Hypertension 22, 913-921 (1993)

Humphrey JD: Mechanics of the arterial wall: review and directions. Crit. Rev. Biomed. Eng. 23(1-2),
1-162 (1995)

Johnson PC: The myogenic response. In: Handbook of Physiology. The Cardiovascular System. Vascular
Smooth Muscle. Bethesda, MD: Am. Physiol. Soc., sect. 2, vol. II, chapt. 15, pp. 409-442 (1980)

Kelm M, Schrader J: Control of coronary vascular tone by nitric oxide. Circ. Res. 66, 1561-1575 (1990)
Knot HJ, Nelson MT: Regulation of arterial diameter and wall [Ca®*] in cerebral arteries of rat by
membrane potential and intravascular pressure. J. Physiol. (Lond.) 508, 199-209 (1998)

de Korte CL, Carlier SG, Mastik F, Doyley MM, van der Steen AF, Serruys PW, Bom N: Morphological
and mechanical information of coronary arteries obtained with intravascular elastography; feasibility
study in vivo. Eur. Heart J. 23(5), 405-413, Comment in: Eur Heart J. 23(5), 349-351 (2002)

Kuo L, Davis MJ, Chilian WM: Myogenic activity in isolated subepicardial and subendocardial coronary
arterioles. Am. J. Physiol. 255 (Heart Circ. Physiol. 24), HI558-H1562 (1988)

Kuo L, Chilian WM, Davis MJ: Coronary arteriolar myogenic response is independent of endothelium.
Circ. Res. 66, 860-866 (1990)

Kuo L, Chilian WM, Davis MJ: Interaction of pressure and flow-induced responses in porcine coronary
resistance vessels. Am. J. Physiol. 261, HI706-H1715 (1991)

Laurant P, Touyz RM, Schiffrin EL: Effect on mechanical properties of mesenteric small arteries from
spontaneously hypertensive rats. J. Vasc. Res. 34, 117-125 (1997)

Acta Physiologica Hungarica 93, 2006



12

25.

26.

217.
28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

M Szekeres et al.

Lénard Z, Fiilop D, Visontai Z, Jokkel G, Reneman R, Kollai M: Static versus dynamic distensibility of
the carotid artery in humans. J. Vasc. Res. 37, 103-111 (2000)

Mericli M, Nédasy GL, Szekeres M, Viarbir6 S, Vajo Z, Matrai M, Acs N, Monos E, Székdcs B: Estrogen
replacement therapy reverses changes in intramural coronary resistance arteries in rats caused by female
sex hormone depletion. Cardiovasc. Res. 61(2), 317-324 (2004)

Meszaros LG, Minarovic I, Zahradnickova A: Inhibition of the skeletal muscle ryanodine receptor
calcium release channel by nitric oxide. FEBS Lett. 380, 49-52 (1996)

Miller FJ, Dellsperger KC, Gutterman DD: Myogenic constriction of human coronary arterioles. Am. J.
Physiol. 273 (Heart Circ. Physiol. 42), H257-H264 (1997)

Monos E, Kovdch AGB: Biomechanical properties of splenic artery. Acta Physiol. Hung. 55, 355-364 (1980)
Mulvany MJ, Aalkjer C: Structure and function of small arteries. Physiol. Rev. 70, 921-961 (1990)
Nadasy GL, Monos E, Mohacsi E, Kovach AGB: The background of hysteretic properties of the human
umbilical arterial wall. Smooth muscle contraction and hysteresis of the pressure-radius curves. Acta
Physiol. Hung. 71, 347-361 (1988)

Nadasy GL, Szekeres M, Dézsi L, Varbiré S, Székdcs B, Monos E: Preparation of intramural small
coronary artery and arteriole segments and resistance artery networks from the rat heart for
microarteriography and for in situ perfusion video mapping. (Brief communication). Microvasc. Res. 61,
282-286 (2001)

Nakayama K, Osol G, Halpern W: Reactivity of isolated porcine resistance arteries to cholinergic and
adrenergic drugs and transmural pressure changes. Circ. Res. 62, 741-748 (1988)

Nyborg NCB, Baandrup U, Mikkelsen EO, Mulvany MJ: Active, passive and myogenic characteristics of
isolated rat intamural coronary resistance arteries. Pfliigers Arch. 410, 664-670 (1987)

Osol G, Halpern W: Myogenic properties of cerebral blood vessels from normotensive and hypertensive
rats. Am. J. Physiol. 249, H914-H921 (1985)

Pourageaud F, Freslon JL: Effects of nitric oxide and sodium nitroprusside on intrinsic elastic properties
of pressurized rat coronary artery. Fundam. Clin. Pharmacol. 10, 136—143 (1996)

Rajagopalan S, Dube S, Canty JM: Regulation of coronary diameter by myogenic mechanisms in arterial
microvessels greater than 100 pm in diameter. Am. J. Physiol. 268 (Heart Circ. Physiol. 37), H788-H793 (1995)
Reneman RS, Arts T: Dynamic capacitance of epicardial coronary arteries in vivo. J. Biomech. Eng. 107,
29-33 (1985)

Shaw JA, Kingwell BA, Walton AS, Cameron JD, Pillay P, Gatzka CD, Dart AM: Determinants of
coronary artery compliance in subjects with and without angiographic coronary artery disease. J. Am.
Coll. Cardiol. 39(10), 1637-1643 (2002)

Shimazu T, Hori M, Mishima M, Kitabatake A, Kodama K, Nanto S, Inoue M: Clinical assessment of
elastic properties of large coronary arteries: pressure-diameter relationship and dynamic incremental
elastic modulus. Int. J. Cardiol. 13, 27-45 (1986)

Sun D, Kaley G, Koller A: Characteristics and origin of myogenic response in isolated gracilis muscle
arterioles. Am. J. Physiol. 266 (Heart Circ. Physiol. 35), HI177-H1183 (1994)

Syeda B, Gottsauner-Wolf M, Denk S, Pichler P, Khorsand A, Glogar D: Arterial compliance: a
diagnostic marker for atherosclerotic plaque burden? American J. Hypertens. 16(5 Pt 1), 356-362 (2003)
Szekeres M, Nadasy GL, Dézsi L, Orosz M, Tokés A, Monos E: Segmental differences in geometric,
elastic and contractile characteristics of small intramural coronary arteries of the rat. J. Vasc. Res. 35,
332-344 (1998)

Szekeres M, Dézsi L, Nadasy GL, Kaley G, Koller A: Pharmacologic inhomogeneity between the
reactivity of intramural coronary arteries and arterioles. J. Cardiovasc. Pharmacol. 38 (4), 584-592 (2001)
Szekeres M, Nadasy GL, Kaley G, Koller A: Nitric oxide and prostaglandins modulate pressure-induced
myogenic responses of intramural coronary arterioles. J. Cardiovasc. Pharmacol. 43 (2), 242-249 (2004)
Szentivanyi M, Nadasy GL, Téth M, Kopcsédnyi V, Jedndkovits A, Monos E: Biomechanics of saphenous
artery and vein in spontaneous hypertension in rats. Pathophysiol. 4, 295-302 (1998)

Tschudi M, Richard V, Buhler FR, Luscher TF: Importance of endothelium-derived nitric oxide in
porcine coronary resistance arteries. Am. J. Physiol. 260 (Heart Circ. Physiol. 29), H13-H20 (1991)

Acta Physiologica Hungarica 93, 2006



