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Abstract. Nitric oxide (NO), now almost synonymous with endothelium-derived relax- 
ing factor (EDRF), reacts with superoxide anion radical (O,-) and forms a potentially 
toxic molecular species, peroxynitrite (ONOO-). Because xanthine oxidase (XO) 
seems to be a major 0,--producing enzyme in the vascular system, it is important to 
clarify the mechanism of XO regulation of NO/EDRF. We first characterized the inhi- 
bition of XO in vitro by three types of pyrazolopyrimidine derivatives. Kinetic studies 
indicated that 4-amino-6-hydroxypyrazolo[3,4-d]pyrimidine (AHPP) and allopurinol 
competitively inhibited the conversion of xanthine to uric acid catalyzed by XO, with 
apparent K, values of 0.17 f 0.02 and 0.50 f 0.03 pM, respectively; alloxanthine 
inhibited this conversion in a noncompetitive manner with an apparent K, value of 
3.54 2 1.12 pM. 0,- generation in the xanthine/XO system assayed by lucigenin- 
dependent chemiluminescence was suppressed most strongly by AHPP in a dose- 
dependent fashion; allopurinol itself appears to reduce the enzyme by transfer of an 
electron to 02, thus generating 0,-. AHPP significantly augmented EDRF-mediated 
relaxation of aortic rings from both rabbits and spontaneously hypertensive rats 
(SHR) in a dose-dependent manner, whereas allopurinol did not affect the relaxation 
and only marginal potentiation of the vasorelaxation was observed with alloxanthine. 
Finally, iv injection of AHPP (50.4 mglkg; 100 pmo1/300 g rat) reduced 
the blood pressure of SHR rats to 70% of the initial pressure; this pressure is al- 
most the blood pressure of normal rats. Allopurinol (100 pmo1/300 g rat; iv) showed 
transient decrease in blood pressure and moderate reduction of hypertension of 
SHR (10%) was observed with iv injection of alloxanthine (100 pmo1/300 g rat). On 
the basis of these results, it seems that XO regulates EDRFINO via production 
of 0,-. [P.S.E.B.M. 1996, Vol 21 11 

onsiderable attention has been focused on mul- 
tiple functions of a labile inorganic radical spe- C cies, nitric oxide (NO), in a variety of biologi- 

cal systems (1-5). NO is produced by different iso- 
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forms of NO synthase (NOS) in many types of cells, 
including vascular endothelial cells, vascular smooth 
muscle cells, activated macrophages, neuronal cells, 
and glial cells ( 5 ) .  It is well known that a constitutive 
isoform of NOS (cNOS) is expressed in vascular and 
neuronal systems and that an inducible isoform of 
NOS (iNOS) is induced in activated murine macro- 
phages, vascular smooth muscle cells, hepatocytes, 
and other cells (5-9). Basal release of NO by endothe- 
lial cell cNOS in vessel walls activates soluble guanyl- 
ate cyclase in the smooth muscle cells to regulate vas- 
cular tone, blood pressure, and tissue perfusion under 
physiological conditions ( 5 ) .  On the other hand, it is 
reported that, under pathological conditions such as 
endotoxin-related and septic shock, induction of iNOS 
in the vascular system causes prolonged and excessive 
biosynthesis of NO, which leads to sustained vasodi- 
lation and shock (6-10). 
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The biological actions of NO are abrogated via a 
direct reaction with endogenous non-heme- and heme- 
containing proteins such as hemoglobin (5, 11), with 
superoxide anion radical (027 (12-15), and with cer- 
tain organic nitronylnitroxide radicals that scavenge 
NO (16). Among these, 02- can react with NO very 
rapidly, yielding a toxic molecular species, peroxyni- 
trite (ONOO-) (14, 17), whereas superoxide dismu- 
tase (SOD), which converts 02- to H202 and O2 (18), 
would prolong the biological half-life of NO because of 
removal of 02- and hence enhancement of vasorelax- 
ation by endothelium-derived relaxing factor (EDRF)/ 
NO (13). It is thought that one of the major enzymes 
that produce 02- in the vessel walls (endothelial cells) 
is xanthine oxidase (XO) (19-21). Therefore, it is pos- 
sible that the EDRF-dependent vasorelaxation is reg- 
ulated by XO in vascular systems via extremely rapid 
reaction between 02- and NO, resulting in a de- 
creased amount of NO/EDRF. The results demon- 
strated in this paper indicate that specific inhibition of 
XO potentiates EDRF-induced vasorelaxation ex vivo 
in an organ bath and in vivo in spontaneously hyper- 
tensive rats (SHR). 

Materials and Methods 
Reagents. Three types of pyrazolopyrimidine de- 

rivatives shown in Figure 1 were used as XO inhibi- 
tors. 4-Amino-6-hydroxypyrazolo[ 3,441pyrirnidine 
(A H P P) , a 1 1 o p u r i n a 1, and 1 u c i g e n i n ( b i s - N -  met h y 1 - 
acridinium nitrate) were purchased from Aldrich 
Chemical Co. (Milwaukee, WI). Alloxanthine was pro- 
vided by NOF Co. (Tokyo, Japan) and was synthe- 
sized according to the method described by Robins 
(22). Xanthine and hypoxanthine were obtained from 
Wako Pure Chemical Industries Ltd. (Osaka, Japan). 
These pyrazolopyrimidines and purines were dis- 
solved in 0.25 N NaOH at a concentration of 0.1 M and 
were diluted to appropriate concentrations with dis- 
tilled water or physiological saline. Bovine milk XO 
was purchased from Boehringer Mannheim GmbH, 
(Mannheim, Germany). CuZn-SOD and N"-nitro-L- 
arginine methyl ester (L-NAME) were obtained from 
Sigma. All other chemicals and reagents were from 
commercial sources. 

Animals. Female New Zealand White rabbits, 
weighing 2.5-3.0 kg, were from Japan SLC (Shizuoka, 

NH2 
I 

OH 
I 

OH 
I 

Japan), and male 14- to 18-week-old SHR, weighing 
250-300 g, were obtained from Hoshino Experimental 
Animals, Ltd. (Saitama, Japan). 

Measurement of XO-catalyzed uric acid forma- 
tion and inhibition by pyrazolopyrimidines. Uric 
acid formation by bovine milk XO was measured spec- 
trophotometrically (23). Briefly, to the cuvette con- 
taining XO at 3.33 mU/ml (final concentration) in 10 
mM sodium phosphate buffer, pH 7.5, graded amounts 
xant hine and pyrazolopyrimidines were added to start 
the reaction. The velocity of uric acid formation at 
25°C was determined as evidenced by the increase in 
absorbance at 290 nm. 

Measurement of superoxide production. XO- 
catalyzed O2 - production was monitored by measure- 
ment of lucigenin-dependent chemiluminescence at 
25°C. The reaction mixture consisted of 10 p M  lucige- 
nin, 20 mU/ml XO, and indicated amounts of xanthine, 
AHPP, allopurinol, or alloxanthine in 10 mM sodium 
phosphate buffer (pH 7.5). Chemiluminescence of the 
mixture was measured by using a six-channel lumi- 
nometer equipped with a data-analyzing system 
(Model LB 9505C; Labaratorium Berthold AG, Wild- 
bell, Germany). Lucigenin-dependent chemilumines- 
cence observed in this XO system was completely nul- 
lified by addition of 100 U/ml of SOD, indicating that 
the luminescence was attributed solely to the reaction 
of lucigenin and 02-, as reported previously (24). 

Bioassay system for EDRF generation. Both 
rabbits and SHR were anesthetized with sodium pen- 
tobarbitone and were exsanguinated. The chest was 
opened for removal of the thoracic aorta. After excess 
fat and connective tissue surrounding the vessel were 
removed, the aorta of rabbits and SHR were cut into 
rings 5 mm and 2 mm wide, respectively. The rings 
were mounted vertically in 20-ml organ baths filled 
with Krebs solution, and isometric tension develop- 
ment was recorded as was reported previously (16). 
The medium was maintained at 37°C and was bubbled 
with a gas mixture of 95% 02/5% CO,. Tissues were 
precontracted with 0.15 p M  phenylephrine, after 
which acetylcholine- or ATP-induced relaxation was 
measured, as were the effects of AHPP, allopurinol, 
and alloxanthine on the smooth muscle relaxation in- 
duced by acetylcholine or ATP. 

In some experiments, the effect of AHPP on va- 

Figure 1. Chemical structure of three 
pyrazolopyrimidine derivatives used in 
this experiment. (A) AHPP. (B) Allopu- 
rinol. (C) Alloxanthine. 

A B C 
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sorelaxation was tested in the presence or absence of 
hypoxanthine. Also in our study, the vascular tone of 
the aortic rings was studied in the presence of 3.0 p M  
indomethacin after phenylephrine-induced contraction 
of the smooth muscle. 

Further, the effect of L-NAME, an NOS inhibitor 
on vasorelaxation, was examined to confirm the de- 
pendence of the effect of XO inhibitors on NO path- 
way in vascular relaxation. 

Blood pressure measurements and administra- 
tion of XO inhibitors to SHR. An arterial line was 
placed in the femoral artery of each SHR after the rats 
were anesthetized with sodium pentobarbitone. Mean 
arterial pressure and heart rate were continuously 
monitored by use of a pressure transducer as de- 
scribed (10). After blood pressure and heart rate were 
stabilized, AHPP, allopurinol, or alloxanthine was in- 
fused slowly intravenously (iv) for 5 min at the doses 
of 50.445.4,  and 50.7 mg/kg (100 pmo1/300 g rat equiv- 
alent, each) in 1 ml of 0.1 N NaOH. The control group 
received 1 ml of 0.1 N NaOH given in a similar fash- 
ion. Blood pressure and heart rate were monitored for 
3 hr after injection of AHPP. Blood pH remained un- 
changed during infusion of the reagent and vehicle. 

The effect of administration with L-NAME (2 mg/ 
rat; iv) was also examined in SHR treated with AHPP. 

Statistical analysis. Statistical analysis for en- 
zyme kinetic of XO inhibitors was performed as de- 
scribed by Cleland (25), and those for other studies 
were done by two-tailed t test for unpaired data. 

Results 
Inhibition of XO-catalyzed uric acid formation 

by AHPP and other XO inhibitors. The inhibitory 
potency of AHPP was compared with that of the well- 
known XO inhibits allopurinol and alloxanthine by 
measuring the conversion of xanthine to uric acid, 
which is catalyzed by bovine milk XO. The initial ve- 
locity of uric acid formation was measured in the pres- 
ence of various concentrations of xanthine and the in- 
hibitors. As shown in Figure 2, Lineweaver-Burk 
analysis indicated that AHPP inhibited XO in a com- 
petitive manner with an apparent inhibition constant 
Ki of 0.17 2 0.02 p M  (value 2 SD), which was con- 
sistent with that described in a previous report (26). 
Allopurinol also inhibited the conversion of xanthine 
to uric acid competitively with an apparent Ki of 0.50 
* 0.03 p M .  However, alloxanthine, which is an XO- 
oxidized product of allopurinol and is known to be a 
titrating inhibitor of this enzyme (27), showed weaker 
inhibitory activity (an apparent Ki = 3.54 2 1.12 pM). 
Lineweaver-Burk analysis of the reaction with allox- 
anthine showed that the inhibition of XO was noncom- 
petetive. The Ki value for AHPP was significantly 
lower than that for allopurinol or alloxanthine (P 
< 0.05; AHPP versus allopurinol and alloxanthine). 
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> 
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Figure 2. Lineweaver-Burk plot analyses of the inhibitory effects 
of AHPP (A), allopurinol (B), and alloxanthine (C) on the XO- 
catalyzed conversion of xanthine to uric acid. Initial velocity of 
uric acid formation was determined spectrophotometrically. 
Concentrations of AHPP used were: 0 (O), 0.22 (A), 0.44 (H), and 
1.32 pM ( + ) ;  those for allopurinol: 0 (O), 0.5 (A), 1 .O (m), and 3.3 
pM (+);  those for alloxanthine: 0 (O), 1.1 (A), 3.3 (H), and 11.1 
pM (+). The apparent Ki values for AHPP, allopurinol, and al- 
loxanthine were estimated to be 0.17 5 0.02, 0.50 5 0.03, and 
3.54 * 1.12 pM, respectively. Note that the modes of inhibition of 
AHPP and allopurinol are competitive and that of alloxanthine is 
noncompetitive. See text for detail. 

Inhibition of XO-catalyzed superoxide radical 
production by AHPP and other inhibitors. XO re- 
duces molecular oxygen species during oxidation of 
the substrates. More specifically, a reduced form of 
XO, from which an extra electron is transferred from 
the substrate xanthine, donates electrons to molecular 
oxygen to yield 02- (and/or H,02), and the enzyme 
itself returns to its oxidized form of XO (28). There- 
fore, we monitored 02- production by the xanthinel 
XO system in the presence of AHPP, allopurinol, or 
alloxanthine by measuring lucigenin-dependent chemi- 
luminescence (Fig. 3,  A and B). As described in Ma- 
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Figure 3. Effects of AHPP, allopurinol, and alloxanthine on 02- 
production by XO determined by lucigenin-dependent chemilu- 
minescence. (A) 02- generation in the mixture of XO containing 
10 pM xanthine and indicated amounts of various XO inhibitors. 
(B) The same experiments as in Panel A except that the concen- 
tration of xanthine was 1 pM. (C) 02- generation in the reaction 
mixture containing indicated amounts of xanthine, allopurinol, 
alloxanthine, or AHPP as a substrate for XO. Chemilumines- 
cence responses are based on the integral of photocounting for 
the initial 10-min reaction period. Results were means -+ SD (n 
= 4). 'Significantly different from the control value without in- 
hibitors (A and B) or substrates (C) ( P  < 0.05). t in Panel A and 
B, P < 0.05 between AHPP and alloxanthine (A) and between 
AHPP and allopurinol (B); * in Panel A and B, P < 0.05 between 
AHPP and both allopurinol and alloxanthine. t in Panel C, sig- 
nificantly different ( P  < 0.05) from AHPP and alloxanthine; * in 
Panel C, indicates P < 0.05 between xanthine and allopurinol. 

terials and Methods and reported previously, lucige- 
nin-dependent chemiluminescence is evoked by the di- 
rect reaction of 0,- with lucigenin to form an excited 
state of N-methylacridone (24). No 0, - -scavenging 
activity by these pyrazolopyrimidines was found (data 
not shown) by electron spin resonance spin trapping 
for 0,- generated in NADPH/cytochrome P-450 sys- 
tems as described earlier (29). 

As shown in Figure 3, A and B, AHPP inhibited 

0, - production in a concentration-dependent manner. 
Chemiluminescence induced in the reaction of 1 or 10 
p M  xanthine and 20 mU/ml XO was decreased by al- 
most 100-fold in the presence of 100 p M  AHPP. The 
suppressive effect of allopurinol on 0,- production by 
xanthine/XO was weaker than that of AHPP. Namely, 
chemiluminescence induced with 10 pM xanthine and 
XO was reduced to only one tenth of the inhibitor-free 
control in the presence of 100 p M  allopurinol; whereas 
100 p M  AHPP reduced the chemiluminescence re- 
sponse to 1/100 of the inhibitor-free control (Fig. 3A). 
Allopurinol slightly increased the chemiluminescence 
at a concentration of 1 p M  and above when 1 p M  
xanthine was used as a substrate (Fig. 3B). Alloxan- 
thine showed very weak inhibitory effect on 0,- pro- 
duction in the same setting. Therefore, among the 
three pyrazolopyrimidines tested, AHPP was the most 
potent inhibitor of 0,- production by XO. 

Because allopurinol is itself a substrate for XO and 
is converted to alloxanthine (27), 0,- production 
caused by XO activity was examined using each of 
three pyrazolopyrimidines as a substrate. As shown in 
Figure 3C, allopurinol increased the lucigenin- 
dependent chemiluminescence in a dose-dependent 
manner, which indicates that XO could indeed transfer 
an electron from allopurinol to molecular oxygen. In 
contrast, AHPP and alloxanthine, both of which pos- 
sess an oxygenated moiety at carbon position 6 (Fig. 
1 ), did not produce the 0, --induced chemilumines- 
cence response, probably because of their inability to 
provide an electron to molecular oxygen via XO. 

Effects of Different P yrazolopyr i m id i nes on 
EDRF-Induced Vasorelaxation ex Vivo Using Aorta 
Rings of Rabbits and SHR. First, the effects of 
AHPP and allopurinol on vasorelaxation induced by 
acetylcholine and ATP, which are known to be medi- 
ated by EDRF/NO, were examined ex vivo using vas- 
cular rings of rabbit thoracic aorta. As shown in Figure 
4, A and B, AHPP enhanced the vasorelaxation in a 
dose-dependent manner. In the presence of 300 FM 
AHPP, the concentrations of acetylcholine and ATP 
required for 50% relaxation of the aorta strips precon- 
tracted by phenylephrine were reduced to one-third 
and one-fifth of those obtained in the absence of 
AHPP, respectively. In contrast, allopurinol did not 
affect the acetylcholine-induced relaxation of the aorta 
strips (Fig. 4C). 

Similarly, AHPP significantly potentiated the 
EDRF-response induced by acetylcholine in vascular 
ring of SHR (Fig. 5A). In this bioassay system with 
SHR aorta, only weak enhancement of the vasorelax- 
ation was obtained with 300 p M  alloxanthine, and no 
appreciable effect on the EDRF response was ob- 
served with allopurinol (Fig. 5B). Accordingly, AHPP 
appears most potent in enhancement of EDRF (NO)- 
mediated vascular relaxation in the ex vivo bioassay 
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Figure 4. Inhibitory effects of AHPP and allopurinol on acetyl- 
choline- and ATP-induced relaxation of rabbit thoracic aorta 
rings. Tissues were precontracted with 0.1 5 pM phenylephrine, 
after which indicated concentrations of acetylcholine (ACh) (A 
and C) or ATP (6) were added. AHPP (A and B) and allopurinol 
(C) were added immediately after the addition of phenylephrine. 
Data are means 2 SD (n = 4). *.t$The value with each XO 
inhibitor is significantly different from the control value without 
inhibitors: * P  < 0.05; t P  < 0.025; SP < 0.01. See text for details. 

system. All of the vasorelaxation with or without XO 
inhibitors were almost completely abrogated by an 
NOS inhibitor L-NAME (Fig. 5A). 

More importantly, the potentiation of vasorelax- 
ation by AHPP was strongly inhibited by hypoxan- 
thine an endogenous substrate for XO in a concentra- 
tion-dependent fashion as shown in Figure 5 ,  C and D. 
Hypoxanthine itself had no effect on acetylcholine- 
induced vasorelaxation in the aorta rings of SHR (data 
not shown). 

Effect of AHPP on blood pressure of SHR. The 
SHR is used as an animal model for essential hyper- 

tension, and we examined the effect of XO inhibitors 
on the blood pressure of the SHR. As demonstrated in 
Figure 6A, the blood pressure of the rats started to 
decline immediately after injection of AHPP, and the 
gradual trend continued to 70% of the initial blood 
pressure without any appreciable change in heart rate 
within 80 min after intravenous injection of AHPP at a 
dose of 50.4 mg/kg (100 pmo1/300 g rat). Treatment 
with allopurinol at a dose of 45.4 mg/kg (100 pmo1/300 
g rat) showed transient decrease in blood pressure for 
the initial 10-min period after allopurinol injection. The 
blood pressure of the rats was reduced moderately 
only by 10% after administration with 50.7 mg/kg of 
alloxanthine (100 pmo1/300 g rat). 

Moreover, the blood hypotension in SHR ob- 
served with AHPP treatment was completely nullified 
by iv injection of L-NAME (2 mg/rat in 0.2 ml of saline) 
(Fig. 6B). 

Discussion 
An important role for 0,- generation produced by 

XO has been well documented in the pathogenesis of a 
number of disorders including ischemia-reperfusion 
and inflammatory injury (30). We previously reported 
the pathogenic role of 0,- produced by XO in influ- 
enza virus infection in mice (31,32). In contrast, it was 
recently demonstrated that 0,- reacts with NO rap- 
idly and hence removes NO from the milieu (12-14). 
XO is one of the major enzymes that produce 0,- in 
vascular systems (19-21). It is therefore conceivable 
that vascular endothelial XO may regulate EDRF- 
dependent vasorelaxation indirectly via its 0, - -  
producing potency. 

In this report, we describe an enhancing effect of 
AHPP on EDRF-dependent vasorelaxation ex vivo 
and in vivo. In contrast to AHPP, allopurinol, a well- 
known pyrazolopyrimidine-type XO inhibitor, did not 
affect EDRF actions in the same experimental set- 
tings. The different effects of these two XO inhibitors 
might be attributed to their difference not only in the 
XO-inhibitory efficacy (Ki) of each inhibitor but also in 
their potency in suppressing 0,- production by the 
enzyme. 

An oxidized form of XO is reduced by substrates 
such as xanthine and hypoxanthine, and is converted 
to a form that in turn transfers electrons to oxygen to 
generate 0,- and/or H2O2 (28). Because the mecha- 
nism of inhibition by AHPP and alloxanthine was re- 
ported to be binding to stabilize the reduced form of 
the enzyme (27, 33-35), AHPP was expected to inhibit 
XO in the same fashion as alloxanthine. 

We found that alloxanthine inhibited uric acid for- 
mation by XO in an noncompetitive manner, whereas 
AHPP was a competitive inhibitor for XO (Fig. 2). It 
appears that this difference in mode of inhibition by 
AHPP and alloxanthine may be due to the distinct 
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Figure 5. Inhibitory effects of AHPP, allopurinol, and alloxanthine on acetylcholine-induced relaxation of the aorta rings of SHR. The 
relaxation of vascular rings were obtained with indicated concentrations of acetylcholine (ACh) with or without AHPP (A), allopurinol 
(B), and alloxanthine (B) in a same manner as in Figure 4. Similarly, the effect of L-NAME (300 pM) on the ACh-induced vasorelaxation 
was tested in the presence of AHPP (300 pM) (A). (C) The effects of hypoxanthine on enhanced vasorelaxation by 300 pM AHPP. 
Dose-dependent inhibition of the AHPP-potentiated vasorelaxation with hypoxanthine (3 and 10 mM) are clearly shown in (D). Data 
are means * SD (n = 4). *-t-$The value with each XO inhibitor is significantly different from the control value without inhibitors: * P  
< 0.05; t P  < 0.025; $P < 0.01. 

binding character of each compound to the molybde- 
num catalytic center of XO. It should be noted, how- 
ever, that the inhibitory potency of AHPP against XO 
is 21 times stronger than that of alloxanthine. In fact, 
the inhibition of 02- production by AHPP was much 
higher than that by allopurinol and alloxanthine. Al- 
loxanthine suppressed 0, - production only margin- 
ally (Fig. 3,  A and B), whereas allopurinol enhanced 
02- generation by XO (Fig. 3, B and C). The enhance- 
ment of 0,- production from XO by allopurinol can be 
explained by the fact that allopurinol is oxidized to 
alloxanthine and thus an electron is transferred to 0, 
producing 0,- by XO, if hypoxanthine and xanthine, 
which are more preferred endogenous substrates for 
XO than allopurinol, does not compete the reaction of 
allopurinol with XO. 

Further, the regulatory function of XO on EDRF/ 
NO in blood vessels was investigated by testing the 
effect of AHPP on vasorelaxation ex vivo and in vivo. 
Results were obtained in experiments using aorta rings 
as shown in Figure 4 and 5.  AHPP, which is a more 
effective inhibitor of XO-produced O2 - generation 
than are allopurinol and alloxanthine, significantly en- 
hanced EDRF/NO action in the organ bath study, 
whereas allopurinol had no appreciable effect and al- 
loxanthine did so only weakly (Fig. 4C and 5B). 

Similar results were observed in experiments in 
vivo using SHR. Specifically, iv injection of AHPP to 
SHR resulted in 30% reduction of hypertension and to 
almost the normal level of blood pressure (Fig. 6) .  In a 
separate experiment, AHPP was given to the SHR 
orally at a dose of 100 mg/kg, and the change in blood 
pressure was monitored in the tail artery in the awake 
state of the animals by a sphygmomanometer. The 
results showed again significant improvement of 
blood hypertension: 30% reduction of blood pressure 
was obtained 4 hr after administration of AHPP (data 
not shown). More importantly, the hypotensive effect 
of AHPP was completely abrogated by the treatment 
of SHR with L-NAME (Fig. 6B), indicating that 
reduction of blood pressure produced by AHPP was 
mediated by the L-arginine-dependent NO synthesis 
pathway . 

Although alloxanthine treatment of SHR produced 
moderate decrease in blood pressure by lo%, its hy- 
potensive effect was much less potent than that of 
AHPP. Allopurinol, that showed very little enhance- 
ment of EDRF response in organ bath study induced a 
transient reduction of blood pressure just after its iv 
injection. The hypotensive effect of allopurinol, how- 
ever, did not continue longer than 20 min after the 
administration. Therefore, it appears that the in vivo 
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Figure 6. Effects of intravenous (i.v.) administration of AHPP, 
allopurinol and alloxanthine on the blood pressure of SHR (A), 
and the effect of iv injection of L-NAME on reduction of hyper- 
tension induced by AHPP in SHR (B). XO inhibitors were in- 
jected via the jugular vein, after which mean arterial blood pres- 
sure was continuously measured. Data are expressed as means 
2 SE (n = 8 for each group) of percent change in mean arterial 
blood pressure after injection of XO inhibitors or vehicle. ' P  < 
0.05; t P  < 0.025; $P < 0.01 ; control (vehicle) versus XO inhibi- 
tor-treated group (A), and L-NAME-treated versus nontreated 
groups (B). See text for details. 

hypotensive activity of these three XO inhibitors ob- 
served in SHR fairly correlates with ex vivo EDRF 
potentiation as well as XO inhibitory potential of the 
inhibitors, and is consistent with their suppressive po- 
tentials against 02- generation by XO in vitro. 

It has recently been demonstrated that XO local- 
izes not only in the cytosol of vascular endothelial 
cells but also on the surface of endothelial cells (19- 
21). In addition, it was recently reported that EDRF 
functions in the vascular system of SHR (36), and that 
not only alloxanthine but also a chemically modified 
recombinant SOD, which exhibited high binding affin- 
ity to the vascular wall, could decrease the blood pres- 
sure of the SHR (37). Besides, it is recently reported 

that a synthetic SOD mimics intensified EDRF activity 
mediated by NO in the rat aortic vascular rings and 
exhibits the hypotensive effect in rats (38). These find- 
ings were substantiated by our result that AHPP sig- 
nificantly decreased the blood pressure of the SHR to 
an almost normal blood pressure (fig. 6). 

On the basis of these results, it is concluded that 
XO may be one of the most important regulatory en- 
zymes for EDRF/NO in vascular endothelial systems. 
The present finding suggests the possibility of the de- 
velopment of a new class of antihypertensive drug, in 
addition to previously known hypotensive drugs such 
as angiotensin-converting enzyme (ACE) inhibitors, 
calcium antagonists, and P-blocker. 

It has been suggested that interaction of NO with 
0,- and the formation of chemically more reactive 
product ONOO- may be a toxic principle in the patho- 
genesis of various inflammatory disorders (39). This 
notion is strongly supported by our recent observation 
on influenza virus pneumonia in mice, in which 
ONOO- generation in the lung appears to be involved 
in its pathogenesis (40). Therefore, a specific and po- 
tent XO inhibitor such as AHPP might be beneficial 
not only for potentiation of EDRF activity of NO but 
also for prevention of O N 0 0  - -mediated cytotoxicity . 
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