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natural mechanism for lowering high blood pressure, a risk factor in cardiovascu-
lar disease, involves the synthesis and release of vasorelaxant (blood vessel-relax-

ing) factors such as nitric oxide (NO) and endothelium-derived hyperpolarizing factor
(EDHF).  These substances are beneficial because they induce vasodilation (widening)
of arteries by diffusing from the endothelium (monolayer of cells lining the inner ar-
tery) into the surrounding smooth muscle tissue, causing it to relax.  Clinical studies
indicate a higher risk of cardiovascular disease in men than in premenopausal women.
This disparity may be partly due to a gender difference in the release of NO and
EDHF.  The purpose of  this study was to test the hypothesis that there is a gender
difference in the relative contribution of NO and EDHF to vasodilation. Using iso-
lated tail arteries from rats, vasodilation was induced by acetylcholine (an agonist or
substance that binds onto a receptor, subsequently producing some reaction) or by
increasing shear stress (increased pressure by increased flow) on the endothelium.  We
used an NO synthesis inhibitor (L-NMMA) and elevated K+ levels to reveal the relative
contributions of  NO and EDHF, respectively.  Data analysis showed that male arteries
depend exclusively on NO for vasodilation, whereas female arteries utilize both NO
and EDHF.  This implies a female advantage against cardiovascular disease, consistent
with clinical observations.

A
Kirk Pak is an advocate for in-
volvement.  This athlete, editor,
volunteer, and honor society
member made a presentation to
the American Heart Association
and will be interning at the Na-
tional Institutes of Health (where
he will work after graduating this
spring).  He credits both oppor-
tunities, at least in part, to his in-
volvement in undergraduate re-
search.  Pak hopes to continue
his breadth of interests by earn-
ing both an M.D. and a Ph.D.,
and wants to be a �physician-
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tween the academic/research
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The incidence and severity of cardiovascular dis-
ease is higher in men than in women.  We don�t
yet understand why, but many factors probably
contribute to this gender difference.  In his project
using a rat model, Kirk Pak has identified a male-
female difference in the release of blood vessel

substances that cause arterial dilation.  Female arteries appear to have greater capacity
to maintain blood flow, which may be particularly important in cardiovascular disease.
In addition to the useful results, the undergraduate research project provides a reward-
ing experience for both the student and the faculty mentor.  It is a wonderful opportu-
nity for the student to gain deeper understanding and practical experience related to
classroom concepts.  But perhaps most important is the advice and guidance provided
by the mentor regarding career goals and opportunities.
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Introduction

A number of studies have revealed a higher incidence of
cardiovascular disease in men than in premenopausal women
(Barrett-Connor and Stuenkel, 1999).  One contributing fac-
tor may be a gender difference in endothelium-dependent
modulation of arterial smooth muscle tone (McCulloch and
Randall, 1998).

The endothelium controls both vascular tone and growth of
the vascular smooth muscle, particularly through synthesis and
release of endothelium-derived nitric oxide (NO) (Palmer et
al., 1987).  Another endothelium-derived relaxing factor op-
erates by activating K+ channels, hyperpolarizing vascular
smooth muscle.  This yet unidentified substance is termed
endothelium-derived hyperpolarizing factor (EDHF).
Prostacyclin (PGI2), a cyclooxygenase metabolite, is another
endothelium-derived vasorelaxant factor.  These three endo-
thelial factors modulate arterial smooth muscle tone, thereby
affecting arterial blood pressure.

The endothelium releases these factors via two mechanisms.
In agonist-dependent vasodilation, acetylcholine binds onto
its receptor on the endothelial cell layer and initiates a G pro-
tein-coupled reaction which eventually leads to the release of
NO and EDHF, relaxing the surrounding smooth muscle.
In shear stress-dependent vasodilation, an increase of flow
within the artery induces NO and EDHF release.  An in-
crease of flow causes shear force or stress along the endo-
thelium and is a mechanical stimulus for the release of these
factors into the surrounding smooth muscle, leading to the
relaxation and therefore dilation of  the artery.

Gender differences in agonist-induced release of endothelial
substances have been reported.  Acetylcholine-stimulated re-
lease of  nitrite, and therefore possibly NO, is greater in fe-
male rat and rabbit aortae (Sanchez et al., 1996).  In agonist-
stimulated release of vasodilators in mesenteric arteries from
female rats, NO appears to contribute differently than EDHF
to endothelium-dependent relaxation; however, this does not
seem to be true in mesenteric arteries from male rats
(McCulloch and Randall, 1998).  To determine whether this
occurs in tail arteries, we observed the effects of  blocking
NO before and after blocking EDHF.  Interactive relation-
ships between endothelium-derived substances, NO, PGI2
and EDHF have been well-documented (Doni et al., 1998).
Whether a gender difference exists in this interactive relation-
ship requires further investigation.  In addition to agonist-
induced release of vasodilators, shear stress is an important
physiological stimulus for the release of  endothelial factors.

Little is known about the influence of gender on shear stress-
induced release of endothelial vasodilators (Macedo and Lautt,
1996).

To explore gender differences in the release of  endothelial
factors, the rat tail artery was chosen because agonist- and
shear stress-induced release of NO and EDHF are well-docu-
mented in this preparation (Rembold and Chen, 1998).  The
purpose of  this study is to determine whether there is a male-
female difference in the relative contribution of endothelial
factors (NO and EDHF) to vasodilator responses, either
agonist- or shear stress-dependent.  Since clinical studies im-
ply a female advantage against cardiovascular disease, the hy-
pothesis in this study is that arteries from females will have a
greater contribution of NO and EDHF to either agonist- or
shear stress-dependent vasodilation than arteries from males.
This study seeks to elucidate mechanisms that may underlie
the gender differences seen in clinical studies and provide fur-
ther information that could lead to important treatments for
cardiovascular disease such as atherosclerosis.

Materials and Methods

Animals
Approval for animal procedures was granted by the Animal
Care and Use Committee of the University of California,
Irvine (IUCAC Protocol Number 1999-2048).  Male and
female 3-4 month old Fisher 344 rats weighing 304 + 5 g for
males and 163 + 5 g for females were used.

Tissue isolation and preparation
Rats were decapitated and tail arteries removed and sub-
mersed in cold, oxygenated physiological salt solution (PSS)
containing (in mM): CaCl2, 1.6; KH2PO4, 1.2; NaCl, 118; KCl,
4.8; NaHCO3, 25; MgSO4, 1.2; ascorbic acid, 0.3; and glu-
cose, 11.5.  Arterial segments of 3-4 cm were cannulated at
both ends and perfused and superfused (2.0 ml/min) with
PSS saturated with 95% O2-5% CO2 at 37 oC.  Smooth muscle
constriction was measured as changes in perfusion pressure
(mmHg), monitored with a Statham P23 Ac transducer and
a MacLab analog to digital converter.

Shear stress release of endothelial factors
Vasoconstrictor responses to methoxamine, an α1-adrener-
gic agonist (which produces an adrenalin-like response), were
obtained before and during exposure to the NOS inhibitor,
NG-monomethyl-L-arginine acetate (L-NMMA) or to mod-
erately elevated K+ (27 mM) to block effects of EDHF
(Adeagbo and Triggle, 1993).  Indomethacin   (10-5 M) was
present throughout the experiments to inhibit cyclooxygenase.
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Figure 1
Representative tracings of effects of inhibition of NOS and EDHF on methoxamine (0.3-1 µM)-
induced vasoconstriction and acetylcholine (10-5 M)-induced vasodilation in male rat tail
arteries.  Changes in perfusion pressure (mm Hg) are indicated as a function of time.  The
upper and lower tracings show data from two arterial segments from the same animal.  L-
NMMA (10-4 M) was added prior to K+ (27 mM) in the upper tracing, whereas K+ was added prior
to L-NMMA in the lower tracing.

Vasoconstrictor responses were expressed as either devel-
oped pressure (mmHg) or as percent potentiation from the
control response.

Acetylcholine-induced release of endothelial factors
Arteries were precontracted with methoxamine (0.3-1.0 µM).
Subsequent vasodilatory responses to acetylcholine (10-5 M)
were then quantified as percentages of pressure developed
during the preconstriction.  L-NMMA (10-4 M) was used to
inhibit NO synthase and moderately elevated K+ (27 mM) to
inhibit the effects of  EDHF.  Indomethacin was present
throughout the experiments to inhibit cyclooxygenase.

Drugs and solutions
The following drugs were used: in-
domethacin, acetylcholine chloride,
and methoxamine HCl (Sigma Chemi-
cal Company); and NG-monomethyl-
L-arginine acetate (L-NMMA) (RBI
Company).  Indomethacin was initially
diluted in 0.1 M Na2CO3 to produce
a stock solution of 10 mM.

Statistical Analysis
Data are expressed as mean + stan-
dard error of the mean (SEM).  Sta-
tistical significance was determined
using analysis of  variance (ANOVA)
with Tukey�s test.  Levels of  p<0.05
indicated statistical significance.

Results

Effects of inhibiting NOS and
EDHF
In order to observe possible interac-
tions between NO and EDHF as well
as their contributions to vasoconstric-
tion and vasodilation, indomethacin
(10-5 M) was added to eliminate any
possible effects of cyclooxygenase
products throughout the experiment.
Methoxamine (3 x 10-7 M - 1 x 10-6

M), a selective α1-adrenergic agonist,
was used to constrict the artery and
increase shear stress.  The effects of
NOS inhibition by L-NMMA (10-4 M)
were observed before and after in-
hibiting EDHF with 27 mM K+ (Fig-
ure 1).

Inhibition of NOS with L-NMMA increased methoxamine
vasoconstriction approximately three-fold in arteries from
males, with a smaller effect in arteries from females (p<0.001,
Figure 2).   Subsequent addition of K+ to inhibit actions of
EDHF did not have any significant additional effect in arter-
ies from males.  In contrast, in arteries from females, addi-
tion of K+ resulted in significantly greater potentiation of
methoxamine-induced contraction.  Similar trends were ob-
served when EDHF was inhibited before inhibition of  NOS,
but these did not reach statistical significance.

On the other hand, inhibition of EDHF failed to yield a
mean perfusion pressure that was significantly different from
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Figure 3
Effects of inhibition of NOS and EDHF on vasodilator responses
to acetylcholine in tail arteries from male and female rats.  Con-
trol acetylcholine-induced vasodilation was expressed as a per-
cent of methoxamine-induced preconstriction. Subsequent per-
cent vasodilations were divided by the control percent vasodila-
tion and multiplied by 100.  Control relaxation was thereby cali-
brated to 100%.  The first three pairs of columns from left to right
correspond to the protocol shown in the upper tracing of Figure 1
where NOS was inhibited prior to inhibiting the effects of EDHF.
Control acetylcholine responses  (% of methoxamine-induced
preconstriction) for arteries from males and females were 58 +
7% (n=6) in males and 43 + 6% (n=7) in females.   The last three
columns correspond to the protocol illustrated in the lower trac-
ing where the effects of EDHF were inhibited first.  In this case,
control responses to acetylcholine (% of methoxamine-induced
preconstriction) were 72 + 6% (n=5) in arteries from males and
54 + 7% (n=6) in arteries from females.  *Significantly different
from control,   P<0.01.  +Significantly different from L-NMMA + K+,
P<0.01.

the control in arteries from either males or females.  Con-
versely, when NOS was subsequently inhibited, the responses
to methoxamine were significantly enhanced in arteries from
both males and females (p<0.001).

Effects of NOS and EDHF inhibition on vasodilation to
acetylcholine are shown in Figure 3.  In arteries from male
rats, inhibition of NOS reduced acetylcholine-induced
vasodilation to approximately 25% of control level (p<0.001).
Subsequent inhibition of EDHF had no significant effect.
When the order of inhibitors was reversed, 27 mM K+ alone
had no effect on acetylcholine-induced dilation.  However, in
the presence of 27 mM K+, the addition of L-NMMA sig-
nificantly reduced the dilation in response to acetylcholine
(p<0.001).

In arteries from females, inhibition of NOS with L-NMMA
reduced acetylcholine-induced vasodilation to approximately
33% of control (p<0.01).  Additional inhibition of EDHF
with K+ produced no further effect.  When the order of
inhibitors was reversed in arteries from female rats, 27 mM

K+ alone significantly decreased the vasodilation to acetyl-
choline (p<0.01).  In the presence of 27 mM K+, L-NMMA
caused a significant further decline in the vasodilatory response
to acetylcholine (p<0.01).

Figure 4 illustrates the percent contribution of inhibiting ei-
ther NOS or EDHF, for either shear stress or acetylcholine-
induced dilation.  Arteries from males were proportionately
more sensitive to L-NMMA in both cases than arteries from
females.  Correspondingly, male arteries were proportion-
ately less sensitive to inhibition of EDHF in enhancing meth-
oxamine contraction or inhibiting dilation to acetylcholine.

Figure 2
Effects of inhibition of NOS and EDHF on constrictor responses to
methoxamine (0.3-1.0 µM) in tail arteries from male and female
rats.  Responses are calculated as a percent of control methoxam-
ine response.  The first three pairs of columns from left to right
correspond to the protocol illustrated in the upper tracing of Figure
1.  In this case, control contractile responses to methoxamine
were 40 + 2 mm Hg (n=6) in arteries from males and 69 + 8 mm
Hg (n=8) in arteries from females.  The last three columns corre-
spond to the protocol shown in the lower tracing of figure 1.  In this
case, control contractile responses to methoxamine were 53 + 7
mm Hg (n=5) in arteries from males and 50 + 4 mm Hg (n=6) in
arteries from females.  *Significantly different from control,
P<0.01.  +Significantly different from L-NMMA + K+, P<0.05.
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Figure 4
Proportional contributions of inhibiting NOS and EDHF to (A) enhancement of methox-
amine-induced constriction and (B) blockade of acetylcholine-induced vasodilation.  Data
are only shown from the protocol illustrated in the upper tracing of Figure 1.  Data from
Figures 2 and 3 have been calculated to determine percent enhancement or blockade by
the following formula: [enhancement of constriction or inhibition of vasodilation / con-
trol response] x 100.
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Discussion

The major finding of this study is that EDHF contributes
more to vasodilation in arteries from females compared to
those of  males.  Female arteries displayed more sensitivity to
K+ than male arteries, suggesting that in female arteries EDHF
contributes more to responses to shear stress.  Male arteries,
on the other hand, appeared to be highly insensitive to K+

and relatively more sensitive to L-NMMA.  Male arteries,
therefore, appear to depend primarily on NO for vasodila-
tion whereas female arteries utilize both NO and EDHF.

The present study involving shear stress-stimulated endothe-
lium-dependent dilation parallels a study conducted by
McCulloch and Randall (1998) involving agonist-induced en-
dothelium-dependent relaxation.  Similar to the present study,
NO seemed to be dominant in the mesenteric arterial bed
from males, and EDHF seemed to be more important in
mesenteric arteries from females.  It is possible that the NOS
inhibitor, L-NMMA, may have also acted on inducible and/
or neuronal nitric oxide synthase instead of  endothelial NOS.
However, it is not believed that L-NMMA acts on non-en-
dothelial forms of  NOS in the tail artery, because in an en-
dothelium-denuded preparation, L-NMMA had no effect
(unpublished results).

In the present investigation, there was a
greater EDHF effect in shear stress- than
in agonist-induced release of endothelial
factors.  Both male and female arteries
seemed to be more sensitive to elevated
levels of K+ in methoxamine-induced shear,
than in acetylcholine-stimulated dilation.
During agonist-induced endothelium-de-
pendent relaxation, acetylcholine binds to
its receptor on endothelial cells, eventually
leading to synthesis of  NO and EDHF.
Shear stress provides a mechanical stimu-
lus to endothelial cytoskeletal membrane
proteins, increasing intracellular Ca++ or
sensitivity to intracellular Ca++, resulting in
release of endothelium-derived factors
(Davies, 1995).  The data in this study sug-
gest that tail arteries are more sensitive to
K+ via a shear stress-induced mechanism
compared to an agonist-induced mecha-
nism.

Much evidence suggests that gonadal ste-
roids modulate the release of endothelial

factors, which may contribute to gender differences in vas-
cular regulation.  Estrogen plays an important role in the pre-
vention of cardiovascular disease (Barrett-Conner and
Stuenkel, 1999), which can only partially be explained by ben-
eficial changes in plasma lipids (Barrett-Conner and Bush,
1991).  Although the responsible mechanisms are not com-
pletely understood, one potential target for estrogen is the
vascular endothelium (Kauser and Rubanyi, 1994).  Estrogen
treatment has been shown to result in increased levels of en-
dothelial NO synthase protein (McNeill et al., 1999), and to
influence either the synthesis or effect of EDHF (McCulloch
and Randall, 1998).  Estrogen also appears to potentiate shear
stress-dependent NO release (Kauser and Rubanyi, 1994).
In humans, elevated estrogen during either the follicular or
luteal stages of the menstrual cycle is associated with greater
shear stress-dependent dilation (Hashimoto et al., 1995).  These
observations support the hypothesis that there may be greater
shear stress-induced release of  NO, and perhaps other en-
dothelial factors as well, in arteries from females than males.

Effects of testosterone are not as well understood.  In 1974,
Greenberg et al. suggested that male gonadal steroids en-
hance the sensitivity of  canine arteries to catecholamines.  Tes-
tosterone increases coronary vascular resistance in the rat heart
via a rapid, possibly nongenomic mechanism (Ceballos et al.,
1998).  Although testosterone has been shown to inhibit va-
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sodilation, it also causes direct vasorelaxation partly due to
the release of endothelium-dependent NO (Costarella et al.,
1995).  Although differences in these studies may be due to
species or tissue-specific variability, further investigation is
required.

The hypothesis that gonadal steroids affect the release of mul-
tiple endogenous endothelium-derived factors has important
clinical implications.  The vasodilatory properties of  NO, PGI2,
and EDHF reduce vascular resistance, vascular contractility,
and blood pressure while increasing vascular distensibility; com-
bined, this may delay the onset or severity of hypertension
(Kahonen et al., 1998).  In addition, both PGI2 and NO re-
duce proliferation and migration of vascular smooth muscle
tissue, inhibit blood coagulation (Chen et al., 1996), and inter-
fere with the oxidation of deposited low-density lipoprotein
cholesterol particles (Hayashi et al., 1995).  Therefore, benefi-
cial effects of female gonadal steroids may be a consequence,
in part, of the combined effects of endothelium-derived fac-
tors.

In conclusion, this study has shown a gender difference in the
relative contribution of  endothelial factors, NO and EDHF,
to agonist- and shear stress-dependent vasodilation in tail ar-
teries from rats.  For vasodilation, male arteries seem to be
restricted to NO, whereas female arteries seem to be able to
use both NO and EDHF.  This supports and may partially
explain why males have a higher incidence of cardiovascular
disease than females.  This study has contributed to a funda-
mental understanding of the physiological dynamics of blood
pressure and, therefore, has provided some basis by which
to navigate the search for potential treatments against cardio-
vascular disease.

Acknowledgments

The author thanks Dr. Sue Duckles, Dr. Diana Krause, and
Dr. Greg Geary for their counsel and assistance in preparing
this paper.  The author also acknowledges Jonnie Sephus,
Anne Marie McNeill, Dr. Sangita Shah, Jose Ospina, Kevin
Trinh, and Chad Kahwaji for their technical support.

Works Cited

Adeagbo, ASO and C.R. Triggle.  �Varying Extracellular [K+]: a Func-
tional Approach to Separating EDHF- and EDNO-Related
Mechanisms in Perfused Rat Mesenteric Arterial Bed.� Journal of
Cardiovascular Pharmacology 21 (1993): 423-429.

Barrett-Conner, E. and T.L. Bush.  �Estrogen and Coronary Heart
Disease in Women.�  Journal of  the American Medical Associa-
tion 265 (1991): 1861-1867.

Barrett-Connor, E. and C. Stuenkel.  �Hormones and Heart Disease
in Women: Heart and Estrogen/Progestin Replacement Study in
Perspective.�  Journal of Clinical Endocrinology & Metabolism
84 (1999): 1848-1853.

Chen, S-J., H. Li, J. Durand, S. Oparil, and Y-L. Chen. 1996. �Estro-
gen Reduces Myointimal Proliferation After Balloon Injury of
Rat Carotid Artery.�  Circulation 93 (1996): 577-584.

Ceballos, G., L. Figueroa, I. Rubio, G. Gallo, A. Garcia, A. Martinez,
R. Yanez, J. Perez, T. Morato, and G. Chamorro. �Acute and
Nongenomic Effects of  Testosterone on Isolated and Perfused
Rat Heart.�  Journal of Cardiovascular Pharmacology 33 (1999):
691-697.

Costarella, C.E., J.N. Stallone, G.W. Rutecki, and F.C. Whittier.  �Tes-
tosterone Causes Direct Relaxation of Rat Thoracic Aorta.�  Jour-
nal of Pharmacology and Experimental Therapeutics  277 (1995):
34-39.

Davies, P.F.  �Flow-Mediated Signal Transduction in Endothelial
Cells.� In: Flow-Dependent Regulation of  Vascular Function,
Bevan,  J.A., G. Kaley, and G.M. Rubanyi, editors. New York:
Oxford Univ. Press. (1995): 46-61.

Doni, M.G., B.J.R. Whittle, R.M.J. Palmer, and S. Moncada.  �Action
of Nitric Oxide on Release of  Prostacyclin from Bovine Endot-
helial Cells in Culture.�  European Journal of Pharmacology 151
(1998): 19-25.

Greenberg, S., D.C. Heitz, M.J. Brody, W.R. Wilson, F.P. Diecke, and
J.P. Long.  �Differential Effect of  Metabolic Inhibitors on Myo-
genic Tone and Contractility in Isolated Tibial Arteries.� Journal
of Pharmacology and Experimental Therapeutics 191(3) (1974):
458-67.

Hashimoto, M., M. Akishita, M. Ishikawa, K. Kozaki, K. Toba, Y.
Sagara, Y. Taketani, H. Orimo, and  Y Ouchi.  �Modulation of
Endothelium-Dependent Flow-Mediated Dilation of the Bra-



T h e  U C I  U n d e r g r a d u a t e  R e s e a r c h  J o u r n a l

KIRK PAK

33

chial Artery by Sex and Menstrual Cycle.� Circulation 92 (1995):
3431-3435.

Hayashi, T., K. Yameda, T. Esaki, M. Kuzuya, S. Sataka, T. Ishikawa,
H. Hidaka, and A. Iguchi. �Estrogen Increases Endothelial Nitric
Oxide by a Receptor-Mediated System.�  Biochemical and Bio-
physical Research Communications 214 (1995): 847-855.

Kahonen, M., Tolvanen J-P, Sallinen K, Wu X, Porsti I.  �Influence
of  Gender on Control of  Arterial Tone in Experimental Hyper-
tension.�  American Journal of Physiology 275 (1998): H15-H22.

Kauser, K., and G.M. Rubanyi.  �Gender Differences in Bioassayable
Endothelium-Derived Nitric Oxide from Isolated Rat Aortae.�
American Journal of Physiology 267 (1994): H2311-H2317.

Macedo, M.P., and W.W. Lautt.  �Shear-Induced Modulation by Nitric
Oxide of  Sympathetic Nerves in the Superior Mesenteric Artery.�
Canadian Journal of Physiology and Pharmacology 74 (1996):
692-700.

McCulloch, A.I. and M.D. Randall.  �Sex Differences in the Relative
Contribution of Nitric Oxide and EDHF to Agonist-Stimulated
Endothelium-Dependent Relaxation in Rat Isolated Mesenteric
Arterial Bed.� British Journal of Pharmacology 123 (1998): 1700-
1706.

McNeill, A.M., N. Kim, S.P. Duckles, and D.K. Krause.  �Chronic
Estrogen Treatment Increases Levels of  Endothelial Nitric Oxide
Synthase Protein in Rat Cerebral Microvessels.�  Stroke 30 (10)
(1999): 2186-90.

Palmer, R.M.J., A.G. Ferrige, and S. Moncada.  �Nitric Oxide Release
Accounts for the Biological Activity of Endothelium-Derived
Relaxing Factor.�  Nature 327 (1987): 524-526.

Rembold, C.M. and Chen X-L.  �Mechanisms Responsible for
Forskolin-Induced Relaxation of  Rat Tail Artery.� Hypertension
31 (1998): 872-877.

Sanchez, A., M. De Jesus Gomez, A.L. Dorantes, J.L. Rosales, G.
Pastelin, V. Diaz, F. Posadas, and B. Escalante.  �The Effect of
Ovariectomy on Depressed Contractions to Phenylephrine and
KCl and Increased Relaxation to Acetylcholine in Isolated Aortic
Rings of  Female Compared to Male Rabbits.�  British Journal of
Pharmacology 118 (1996): 2017-2022.



T h e  U C I  U n d e r g r a d u a t e  R e s e a r c h  J o u r n a l

EFFECT OF GENDER ON THE RELEASE OF ENDOTHELIAL FACTORS BY ACETYLCHOLINE AND SHEAR STRESS

34


