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Clinical Investigations 

Effects of Low-Dose Aspirin on Endothelial Function in Hypertensive Patients 
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Buckground: It has been reported that administration of low- 
dose aspirin sigmfkantly reduces the frequency of major car- 
diovascular events in patients with hypertension and coronary 
artery disease. It is generally considered that the preventative 
effects of long-term aspirin administration on major cardiovas- 
cular events are due to the inhibition of platelet aggregation. 

Hypothesis: It is not known whether administration of low- 
dose aspirin restores endothelium-dependent vasodilatation, 
and this study was undertaken to prove or disprove this ques- 
tion in patients with hypertension. 

Methods: Flow-mediated endothelium-dependent dilata- 
tion and glycery 1 hinitrate-induced endothelium-independent 
dilatation were investigated in 18 hypertensive patients and 10 
normotensive control subjects. In the hypertensive patients, 
flow-mediated dilatation was investigated and cyclic guano- 
sine monophosphate plasma (cGMP) was measured before 
and at 8 weeks after the administration of 162 mg of aspirin. 

Results: Flow-mediated dilatation before aspirin adminis- 
tration was more reduced in the hypertensive patients than in 
thecontrol subjects(6.4+2.0% vs. 11.3+2.3%,p<O.O001). 
Glyceryl trinitrate-induced dilatation before aspirin adminis- 
tration was similar in hypertensive patients and control sub- 
jects. Flow-mediated dilatation after aspirin administration 
was improved compared with that before aspirin administra- 
tion ( 10.4 f 3.5% vs. 6.4 f 2.0%, pcO.ooo4). The cGMP prod- 
uct after aspirin administration was significantly higher than 
that before aspirin administration. 
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Conclusions: Administration of low-dose aspirin may re- 
store the endothelium-dependent vasodilatation in hyperten- 
sive patients. Furthermore, increased nitric oxide production 
may play a partial role in the improvement in endothelial func- 
tion induced by administration of low-dose aspirin. 
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Introduction 

In patients with hypertension, endothelium-dependent di- 
latation assessed by the response to acetylcholine or to in- 
creased blood flow (flow-mediated dilatation) is impaired not 
only in peripheral resistant vessels but also in conduit arter- 
ies such as the epicardial coronary artery or the brachial ar- 
tery.I4 Recent studies5s6 have shown that acute inhibition of 
cyclooxygenase in hypertensive patients restored endotheli- 
urn-dependent vasomotion to reduce cyclooxygenase-depen- 
dent contract prostanoids such as thrombxane AZ (TXAz) and 
prostaglandin H2 (PGHz), or superoxide anion impaired nitric 
oxide (NO) production. 

Aspirin in various dosages ranging from 75 to 1,500 mg/ 
day has been used to reduce the incidence of stroke and myo- 
cardial infarction when given long-term to healthy individuals 
or patients with previous cardiovascular events.’. * However, 
high-dose aspirin prevents the formation of prostacyclin in 
vascular endothelial cells as well as TXA2 in platelets via cy- 
clooxygenase inhibition. The Hypertension Optimal Treat- 
ment (HOT) study9 showed that low-dose aspirin (75 mg/day) 
significantly reduced the frequency of major cardiovascular 
events in patients with hypertension. It is generally considered 
that long-term aspirin administration prevents major cardio- 
vascular events through inhibition of platelet aggregation. 
However, it is still unknown whether administration of low- 
dose aspirin restores endothelium-dependent vasodilatation 
to reduce TXAz and PGHz or superoxide anion without inhi- 
bition of prostacyclin. 

The purpose of the present study was to evaluate the ef- 
fects of low-dose aspirin administration on endothelial func- 
tion in hypertensive patients. We also investigated whether 
NO participated in the changes in endothelium-dependent 
vasodilatation. 
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Methods 

Subjects 

The subjects included 18 ( 10 men, 8 women, age 65 k 8 
years, range 52-79 years) patients with essential hyperten- 
sion. The duration of hypertension in the patients ranged from 
2 to 20 years (average 10 f 5 years). All patients were treated 
with manidipine (20-40 mg/day) for at least 6 months, and 14 
of 18 patients were also treated with metoprolol (60-120 
mg/day) for at least 6 months. None of the patients had is- 
chemic heart disease, arteriosclerosis obliterans, cerebrovas- 
cular disease, or diabetes mellitus. All patients had normal re- 
nal function as evidenced by normal serum creatinine and 
negative results of urinalysis. Five patients had hyperlipi- 
demia, and they had been treated with simvastatin or pravas- 
tatin for more than 6 months. Patients smoking more than five 
cigarettes per day were excluded from the study; four patients 
smoked less than five cigarettes per day. The patients took 
their antihypertensive and antihyperlipidemic medications as 
usual in the morning of each day during the study period. The 
age- and gender-matched control subjects (6 men, 4 women; 
average age 60 * 8 years, age range, 5 1-72 years) were nor- 
niotensive. Normalcy was determined by careful examination 
of history, physical examination, and laboratory analysis. 
Four subjects in the control group smoked less than five ciga- 
rettes per day. This study was performed after informed con- 
sent had been obtained from each subject according to the 
Declaration of Helsinki. 

Study Design 

The ultrasound method for measuring endothelium-depen- 
dent and -independent arterial dilatation has been described in 
detail by another group.") B-mode ultrasound images of the 
target artery were obtained using a commercially available de- 
vice (SONOS 1500, Hewlett-Packard, Andover, Mass., USA) 
equipped with a 7.5 MHz linear array transducer. In all pa- 
tients, first and second scans were performed, respectively, be- 
fore and at 8 weeks after the administration of 162 mg/day of 
aspirin (Lion Corp., Tokyo, Japan). Both scans were taken in 
patients and controls at rest, during reactive hyperemia, again 
at rest, and after sublingual administration ofglyceryl binitrate 
(GTN). The patients and control subjects rested in recumbent 
position for at least 15 min before scans. The right brachial 
artery was scanned in longitudinal section 2 to 5 cm above the 
elbow, wherever the clearest ultrasound image could be ob- 
tained. The center of the artery was identified when the clear- 
est picture of the anterior and posterior intimal layers was ob- 
tained. The transmit focus zone was set to the depth of near 
wall. Depth and gain settings were set to optimize images of 
the lumen/arterial wall interface. Images were magnified us- 
ing a zoom function, and machine operating parameters were 
not changed during the study. 

When a satisfactory transducer position was found, the 
skin was marked. A resting scan was obtained, and the veloc- 
ity of arterial flow was measured with a pulse-Doppler signal 
at a 60" angle to the vessel, with the gate length (0.5 mm) in 

the center of the artery. Increased flow was then induced by 
inflation of a pneumatic cuff placed around the forearm to a 
pressure of 200 mmHg for 5 min, followed by release. A hy- 
peremic scan was performed continuously for 30 s before and 
90 s after deflation of the cuff, including a repeated recording 
of flow velocity for the first 15 s after the cuff was released. 
Three hundred pg of GTN was sublingually administered by 
one puff of a spray device (Myocor Spray, Toa Eiyo Co., Ltd., 
Tokyo, Japan), and the last scan was performed 3 to 4 min af- 
ter the administration of GTN. All scans were recorded on 
super-VHS videotape together with an electrocardiogram 
(ECG) at lead 11. 

Blood was drawn from the right median cubital vein of each 
patient and each control subject for measurement of low-den- 
sity lipoprotein cholesterol (LDL-C), high-density lipopro- 
tein cholesterol (HDL-C), and C-reactive protein (CRP) be- 
fore and after administration of aspirin. Immediately after both 
the first resting scan and the hyperemic scan, blood was drawn 
for measurement of plasma cGMP both at the time of first and 
second scans. Plasma cGMP levels were measured as an in- 
direct assay of NO. The ratio of plasma cGMP at the time of 
the hyperemic scan to that at the time of the first resting scan 
(cGMP product) was calculated to represent the production 
of cGMP during reactive hyperemia. 

Assays 

Samples of venous blood were placed in tubes containing 
ethylene diamine tetraacetic acid (EDTA)-Na ( 1 mg/ml). 
The tubes containing EDTA were promptly chilled in an ice 
bath. Plasma and serum were immediately separated by cen- 
trifugation at 3, 100 g for 10 min at 4°C and at 1,000 g for I0 
min at room temperature, respectively, and were stored at 
-80°C until assayed. Serum concentrations of LDL-C, 
HDL-C, and CRP were determined by routine chemical 
methods. The plasma level of cGMP was measured by an en- 
zyme immunoassay using a cGMP kit (R & D Systems, Inc.. 
Minneapolis, Minn., USA). 

Data Analysis 

The end-diastolic images in the scan images recorded on 
super-VHS videotape were preserved as digitized images in 
an oftline image analyzing computer (Cardio 500, Kontron 
Elektronik, Munich, Germany). The diameters of the vessels 
in the digitized images were measured using the software in- 
stalled in Cardio 500 for automatic detection of vessel wall 
(Fig. l).II Arterial diameter was measured from a fixed ana- 
tomic marker in all scans of the same patients. Three cardiac 
cycles were measured for each scan and the measurements 
were averaged. Measurements were taken from the anterior 
"m" line (media-adventitia interface) anteriorly to the leading 
edge of the intima-lumen interface of the posterior wall at end 
diastole, incident with the R wave on the ECG. Endothelial 
function was assessed by comparing endothelium-dependent 
vasodilatation in response to flow (induced by reactive hyper- 
emia) with endothelium-independent response to sublingual 
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FIG. 1 Measurement of vessel diameter in the control subjects us- 
ing an analyzing computer, Cardio 500. (A) Digitized vascular echo 
image, and (B) the result ofdistance measurement. The average val- 
ue of the distance between line a and line b was used to calculate ves- 
sel size. 

administration of GTN. The vessel diameters in the digitized 
images obtained after reactive hyperemia (flow-mediated di- 
latation) and the sublingual administration of GTN (GTN-in- 
duced dilatation) were expressed as a percentage of the diam- 
eterof the artery in the first resting scan (considered as 100%). 
Blood flow was calculated by multiplying the velocity-time 
integral of the Doppler flow signal (corrected for angle) by the 
heart rate and the cross-sectional area of the vessel. 

The flow velocity used in the calculation was measured in 
the center ofthe artery. Reactive hyperemia was calculated as 
the maximal flow recorded in the first 15 s after cuff deflation 
divided by the flow during the resting scan. 

Interobserver variability was determined by calculating the 
mean and standard deviation (SD) of the difference in the two 
observers' results from 20 arterial studies. The interobserver 
variability for measurement of flow-mediated dilatation was 
0.3 k 1.8 %. 

TABLE I Characteristics ofthe study patients 

Hypertensive patients control 
Before aspirin After aspirin subjects 

Mean BP (mmHg) Y3f 16 
Heart rate (Imin) 63+ 7 
LDL-C (mg/dl) 108+27 
HDL-C (mg/dl) 54+ 16 
CRP ( mg/dl) 
cGMP product 1.07 * 0.29 

0.53 f 0.12 (' 

Vessel sire (mm) 4.22 f 0.6 
Reactive hypereniia (9) 323 + 1 18 

98+11 90+ 9 
62+8 71 + 13 

108+24 l26+ I9 
53+_14 % + I 4  

0.34+0.I1 0.11 k0.19 
3.09+2.40/J 2.72+ 1.90" 
4. I5 + 0.49 4.06 f 0.43 
367f 130 386+ I32 

" p < 0.02 vs. control subjects. 
" p<O.OS vs. before aspirin. 
Abh~c.~iitrtiorrs: BP = blood pressure, LDL-C = low-density lipo- 
protein cholesterol, HDL-C = high-density lipoprotein cholesterol, 
C W  = C-reactive protein, cGMP = cyclic guanosine monophos- 
phate. 

Statistical Analysis 

Data are expressed as means f SD. Comparison between 
patients with hypertension and control subjects was performed 
by an unpaired Student's r-test. A paired Student's t-test was 
used to analyze differences in the parameters before and after 
administration of aspirin. A p value < 0.05 was considered to 
be statistically significant. 

Results 

Basal-Line Characteristics 

Mean blood pressures and heart rates during the first rest- 
ing scan were similar in the hypertensive patients and control 
subjects, as were LDL-C and HDL-C. However, CRP was 
higher in the hypertensive patients than in the control sub- 
jects (Table I). 

Comparison of Vascular Responses in the Hypertensive 
Patients and Controls before Aspirin Administration 

The degrees of reactive hyperemia and the vessel sizes at 
the resting scan were similar in the hypertensive patients and 
control subjects. Flow-mediated dilatation was more reduced 
in the hypertensive patients than in the control subjects (6.4 f 
2.0%, 1 1.3 5 2.3%. respectively, p<O.OoOl) (Fig. 2) .  Glyceryl 
hinitrate-induced dilatation and vessel diameter at the first 
resting scan were similar in hypertensive patients and control 
subjects (12.7 f 3.7%, 15. I 5 3.0%. respectively) (Fig. 2) .  

Comparison of Vascular Responses in Hypertensive Patients 
after Aspirin Administration 

Vessel sizes at the time of the resting scan, the degrees of re- 
active hyperemia, mean blood pressures, heart rates, and ser- 
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FIG. 2 (A) Flow-mediated dilatation in hypertensive patients be- 
fore aspirin administration and in control subjects. It was signifi- 
cantly impaired compared with that in control subjects. (B) Glyceryl 
trinitrate (GTN)-induced dilatation in hypertensive patients and in 
control subjects before aspirin administration. There were no differ- 
ences between GTN-induced dilatations in hypertensive patients 
and in control subjects before aspirin administration. * p<O.oOol. 
GNT = glyceryl trinitrate. 
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FIG. 3 Flow-mediated dilatation before and after administration of 
low-dose aspirin in hypertensive patients; it was improved com- 
pared with that before administration of aspirin. * p<O.o004. 

um CRP, LDL-C, and HDL-C concentrations were similarbe- 
fore and after aspirin administration (Table I). Flow-mediated 
dilatation was improved after aspirin administration com- 
pared with that before aspirin administration ( 1  0.4 f 3.5% vs. 
6.4 * 2.0%, p <O.o004) (Fig. 3). The cGMP product after as- 
pirin administration was significantly higher than that before 
aspirin administration, and was similar in hypertensive pa- 
tients and control subjects after aspirin administration (Table 
I). There was no correlation between the change in cGMP 
product and the change in flow-mediated dilatation before and 
after aspirin administration. 

Discussion 

The major findings of the present study were that (1) flow- 
mediated dilatation was more inipaired in the patients with hy- 
pertension than in the control subjects, (2) flow-mediated di- 
latation in the patients with hypertension was improved after 
administration of low-dose aspirin, and (3) cGMP product af- 
ter aspirin administration was significantly higher than that be- 
fore aspirin administration. These data suggest that the in- 
creased level of NO production as a result of cyclooxygenase 
inhibition may play a role in the improvement in endothelial 
function induced by administration of low-dose aspirin. 

Endothelium-dependent vasodilatation is reduced in pa- 
tients with hypertension compared with that in normotensive 
control subjects. Several mechanisms have been proposed to 
explain the impaired endotheliuni-dependent vasodilatation in 
hypertension, including alterations in endothelid signal trans- 
duction, reduced availability of L-arginine, modification of the 
expression of endothelial NO synthase (eNOS), altered avail- 
ability of cofactors for eNOS, increased destruction of NO by 
reactive oxygen species, intimal thickening, reduced response 
of vascular smooth muscle to NO, and production of endothe- 
lium-dependent contracting factors.I2-l6 It has been reported 
that cyclooxygenase inhibition due to administration of aspirin 

restored endothelium-dependent vasodilatation in patients 
with hypertension and hypercholesterolemia, but not in the 
normotensive controls>.6. l 6  These findings suggested that cy- 
clooxygenase-dependent substances such as TXA2, PGH?, 
and superoxide anions caused NO destruction and that re- 
duced bioavailability of NO led to impaired endothelium-de- 
pendent vasodilatation. However, in a previous study, only the 
administration of a single high-dose of aspirin was used to in- 
vestigate the role of cyclooxygenase inhibition in endotheli- 
um-dependent dilatation. Since high-dose aspirin is known to 
inhibit the production of prostacyclin as well as TXA2 or en- 
doperoxide, low-dose aspirin administration that did not in- 
hibit the production of prostacyclin has generally been used to 
prevent the Occurrence of cardiovascular diseases. However, it 
is not known whether low-dose aspirin reduces NO destruc- 
tion as a result of inhibition of cyclooxygenase-dependent sub- 
stances and restores the bioavailability of NO. In the present 
study, administration of aspirin at a dosage of 162 mg/day for 
8 weeks improved flow-mediated vasodilatation in hyperten- 
sive patients. The plasma cGMP level indicated that NO pro- 
duction had increased significantly after aspirin administra- 
tion. These findings suggest that at least one mechanism of the 
improved flow-mediated vasodilatation is the effect of re- 
stored NO availability. 

Several investigators have examined the role of cyclooxge- 
nase-dependent factors in endothelium-dependent dilatation 
in patients with hypertension using a single high dose of a cy- 
clooxygenase inhibitor. However, their results have been far 
from consistent. Taddei et aL5 and Husain et d6 reported that 
cyclooxygenase inhibition due to the administration of indo- 
methacin or aspirin restored endothelial-dependent vasodi- 
latation. In contrast, Imaizumi et ~ 7 1 . ' ~  found that endotheli- 
um-dependent forearm blood flow in response to administra- 
tion of acetylcholine did not change despite aspirin adminis- 
tration. The discrepancies between the results of previous 
studies may be due to the rather small number of patients and 
the wide spectrum of hypertension. Various degrees of im- 
provement in endothelial-dependent vasodilatation were 
found in previous studies. In the present study, administration 
of low-dose aspirin restored endothelium-dependent vasodi- 
latation in hypertensive patients up to that in the control sub- 
jects. This effect of administration of low-dose aspirin may be 
due to the reduction of cyclooxygenase-dependent contract 
prostanoids following the preservation of prostacyclin. 
However, the change of cyclooxygenase-dependent 
prostanoids after aspirin administration was not evaluated in 
the present study. Therefore, further study is required to clari- 
fy the participation of prostanoids on the effect of administra- 
tion of low-dose aspirin in hypertension. 

Study Limitations 

There are several limitations to the present study. The num- 
ber of patients investigated was relatively small; thus, care 
must be taken in the extrapolation of our results to other pop- 
ulations. The flow-mediated dilatation in the patients with hy- 
pertension was measured during administration of antihyper- 
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tensive and antihyperlipidemic medications in the present 
study, and therefore we could not completely exclude the pos- 
sible effects of those medications on the flow-mediated di- 
latation. However, these medications were not changed dur- 
ing the present study. Therefore, the results of the present 
study suggest that the difference between flow-mediated di- 
latations before and after aspirin administration was caused 
by administration of low-dose aspirin. 

Conclusion 

Administration of low-dose aspirin may restore the en- 
dothelium-dependent vasodilatation in hypertensive patients. 
Furthermore, increased nitric oxide production may play a 
partial role in the improvement in endothelial function induced 
by administration of low-dose aspirin. 
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