J Neural Transm (2007) 114: 863-865
DOI 10.1007/s00702-007-0702-z
Printed in the Netherlands

—Journal of _
Neural
Transmission

Hypotensive effect of hydroxylamine, an endogenous nitric oxide donor
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Summary The endogenous compound hydroxylamine relaxes vascular
smooth muscle in vitro, apparently through conversion to the vasodilator
factor nitric oxide, but its effect on blood pressure has not been character-
ized. We found that in the anesthetized rat the amine elicits dose-related
hypotension when administered by continuous iv infusion. In experiments
designed to explore the mechanism of this effect, hydroxylamine was
compared with the nitric oxide donor nitroprusside and the direct-acting
vasodilator hydralazine, using pretreatments known to modify diverse mech-
anisms of vasodilation. Hydroxylamine hypotension was enhanced by the
SSAO inhibitor isoniazid and the SSAO substrate methylamine, a pattern
shared by hydralazine. Responses were blocked by the guanylate cyclase
inhibitor methylene blue and were increased by the nitric oxide synthase
inhibitor L-NAME, a pattern shared by nitroprusside. It was concluded that
hydroxylamine exerts hypotension partly through conversion to nitric oxide
and partly by a ‘“‘hydralazine-like” mechanism involving SSAO inhibition.
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Introduction

Hydroxylamine is an endogenous compound produced by
normal mammalian cell metabolism and formed by reduc-
tion of nitrates or nitrites or by oxidation of ammonia
(Gross, 1985). The physiological importance of hydroxyl-
amine rests in its conversion to the vasodilator transmitter
nitric oxide, a reaction shown to occur in vitro (Taira et al.,
1997; Klink et al., 2001). As a consequence of this conver-
sion, the amine activates guanylate cyclase and induces
vascular relaxation in vitro (Rapoport and Murad, 1984).
Although it produces transient hypotension in anesthetized
dogs and cats (Kruszyna et al., 1984), this response has not
been completely characterized.
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On the other hand, hydroxylamine inhibits the activity of
the enzyme generally known as semicarbazide-sensitive
amine oxidase (SSAO) (Lyles and Singh, 1985). Although
the physiological role of this enzyme has not been unequiv-
ocally established, we have postulated its possible influ-
ence on vascular tone, through generation of the vasoactive
product H,O, (Vidrio, 2003). Since SSAO is particularly
abundant in vascular smooth muscle (Lyles and Singh,
1985) and since H,O, at physiological concentrations pro-
duces vasoconstriction (Gil-Longo and Gonzélez-Véazquez,
2005), this product could function as a locally released
constrictor factor. The hypothesis, mainly based on stud-
ies with hydralazine, a potent peripheral vasodilator and
SSAO inhibitor, also postulates that SSAO inhibition
could interrupt this process, leading to vasodilation and
hypotension.

Based on the above consideratioons, the present study
was carried out to determine whether the mechanisms men-
tioned, conversion to nitric oxide and/or SSAO inhibition,
could be involved in the hypotensive effect of hydroxyl-
amine. To this end, blood pressure responses to the amine
were obtained in control anesthetized rats and compared
to those of animals subjected to various pretreatments de-
signed to selectively influence these mechanisms. Results
with hydroxylamine were compared to those with the nitric
oxide donor sodium nitroprusside and with the SSAO inhib-
itor hydralazine.

Material and methods

Male Wistar rats weighing between 200 and 300 g were anesthetized with
chloralose, 50 mg/kg, and urethane, 750 mg/kg, both administered ip.
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Cannulas were inserted in a femoral artery and vein for blood pressure
recording and drug administration, respectively. Mean blood pressure was
recorded continuously with a transducer and polygraph system. In a first
series of experiments, hypotensive responses to three dose levels of hydrox-
ylamine, nitroprusside and hydralazine were obtained in control unpre-
treated rats. Since the first two agents produced transient responses when
injected as a bolus, they were administered by 60 min iv infusions; hydral-
azine was give as a bolus and the response recorded for 60 min thereafter.
The doses tested were hydroxylamine, 25, 200 and 500 pig/kg/min; nitro-
prusside, 2, 10 and 25 pg/kg/min; hydralazine, 100, 320 and 560 pug/kg.
These doses produced threshold, intermediate and maximum hypotensive
responses of approximately equal magnitude.

In a second experimental series, rats receiving threshold doses of the
hypotensive agents were pretreated with the SSAO substrate methylamine
or the SSAO inhibitor isoniazid; other animals receiving intermediate doses
were pretreated with the enzyme inhibitors methylene blue (guanylate
cyclase) or L-NAME (nitric oxide synthase). Pretreatment schedules and
doses were as follows: methylamine, 200 mg/kg ip 2h previously; isonia-
zid, 30mg/kg ip 30 min; methylene blue, 31 pg/kg/min iv; L-NAME,
50 pg/kg/min. The last two infusions were started respectively 30 and
90 min before administration of the test hypotensive agents and were con-
tinued for 60 min thereafter.

All drugs were dissolved in isotonic NaCl solution; those administered
by infusion were delivered in a volume of 0.05ml/min. In the case of
nitroprusside, the infusion syringe was protected from light. Hypotensive
responses were expressed as mean blood pressure decreases £ SEM, cal-
culated by determining areas under the curve for individual experiments.
Responses in pretreated groups were compared to corresponding controls
by one-way ANOVA and Dunnett’s test; a probability of less than 5% was
considered as indicating significance.

Results

In control animals, hydroxylamine decreased blood pres-
sure by 10 £2, 20 £ 2 and 52 + 2 mmHg for 60 min when
administered at low, intermediate and high doses. Corre-
sponding figures were 14 &2, 31 3 and 48 + 3 for nitro-
prusside and 14 +2, 38 =4 and 48 =2 for hydralazine.
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Fig. 1. Influence of methylamine and isoniazid on hypotension elicited by
low doses of hydroxylamine (HOA), sodium nitroprusside (SNP) and
hydralazine (HYD). Bars represent mean blood pressure falls over
60 min during (HOA, SNP) or after (HYD) administration of the hypo-
tensive agents. Shown are standard errors (vertical lines) and significant
differences from control (asterisks)
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Fig. 2. Influence of methylene blue and L-NAME on hypotension elicited
by intermediate doses of hydroxylamine (HOA), sodium nitroprusside
(SNP) and hydralazine (HYD). Bars represent mean blood pressure falls
over 60min during (HOA, SNP) or after (HYD) administration of the
hypotensive agents. Shown are standard errors (vertical lines) and signifi-
cant differences from control (asterisks)

Methylamine and isoniazid increased responses to hy-
droxylamine and hydralazine, but did not affect those to
nitroprusside (Fig. 1). Methylene blue decreased responses
to hydroxylamine and nitroprusside, whereas L-NAME
increased the effect of hydroxylamine only. Responses
to hydralazine were nor affected by these pretreatments
(Fig. 2).

Discussion

The present results suggest that in the rat hydroxylamine
produces hypotension by behaving as a nitric oxide donor,
thus confirming previous in vitro observations. Blockade of
hypotensive responses by methylene blue indicate media-
tion by guanylate cyclase activation, as reported in vitro
(Rapoport and Murad, 1984). Potentiation of responses by
L-NAME is compatible with an effect exerted by conver-
sion to nitric oxide independently of nitric oxide synthase.
In this respect, L-NAME is known to increase vascular
smooth muscle relaxation by direct nitric oxide donors, a
phenomenon attributed to a supersensitivity of guanylate
cyclase in the absence of endogenous nitric oxide (Moncada
et al., 1991). It should be noted that responses to nitroprus-
side were also inhibited by methylene blue and potentiated
by L-NAME, although the latter effect did not reach sta-
tistical significance.

The results also indicate that hydroxylamine resembles
hydralazine in its mechanism of hypotensive activity, since
responses to both drugs were potentiated by isoniazid and
methylamine. Previous studies from this laboratory show
that isoniazid selectively enhances hydralazine hypotension
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(Vidrio et al., 2002). This interaction was attributed to the
fact that both isoniazid (Lewinsohn et al., 1978) and hydral-
azine (Lyles et al., 1983) are potent SSAO inhibitors and
was taken as evidence for a link between hydralazine
hypotension and enzymatic inhibition. The finding that
responses to hydralazine are also enhanced by methyl-
amine, the purported endogenous SSAO substrate (Vidrio
et al.,, 2003), further supports this hypothesis. Thus, hy-
droxylamine, which is also a potent SSAO inhibitor (Lyles
and Singh, 1985), could be acting in part by this mecha-
nism to produce vasodilation and hypotension.

In conclusion, the present results show that the endoge-
nous compound hydroxylamine elicits hypotension in the
rat, and that this effect is due in part to its conversion
to nitric oxide and in part to a ‘“hydralazine-like” action
involving SSAO inhibition.
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