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Abstract

Injection into the superior colliculus of anaesthetised rats of the nitric oxide (NO) synthase inhibitor N“-nitro-L-arginine methyl ester
(L-NAME; 1 wmol), but not its inactive enantiomer N®-nitro-p-arginine methyl ester (o-NAME; 1 wmol), significantly (P < 0.01)
increased the mean arterial blood pressure. Injection to the superior colliculus of L-arginine (L-Arg; 1 wmol), the substrate for NO
synthase, significantly (P < 0.01) lessened the pressor effect of L-NAME, while p-arginine (p-Arg; 1 wmol) did not affect it. L-Arg (7.5
wmol), but not b-Arg (7.5 wmol) administered at the peak of the pressor response to L-NAME (1 wmol) also partialy reversed this
pressor response (P < 0.05). These data would suggest that endogenously produced NO acts within the superior colliculus to modulate

the arterial blood pressure.
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1. Introduction

Immunohistochemical studies have demonstrated that
the enzyme nitric oxide (NO) synthase which leads to
production of NO is located discretely throughout the
midbrain of rats, and notably in the superior colliculus
(Bredt et a., 1990; Fostermann et al., 1990). NO formed in
the brain participates to the central regulation of arterial
blood pressure by reducing vascular tone (Togashi et al.,
1992). This is interesting, for the superior colliculus, in
addition to integrating visua inputs, takes part in the
central control of cardiovascular function via descending
neuronal pathways originating in its superficial, intermedi-
ate or deep layer (Keay et al., 1988). However, there has
been no study of the cardiovascular consequences of stim-
ulating or inhibiting the synthesis of NO within the supe-
rior colliculus. Therefore, we have investigated the effects
of microinjection into the superficial layer of the superior
colliculus of anaesthetised rats of N®-nitro-L-arginine
methyl ester (L-NAME), an L-arginine (L-Arg) anaogue
which is an inhibitor of NO synthase, and L-arginine, the
substrate for NO synthase. Both agents were used in single
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dose(s) which are efficacious within the brain (D’ Amico et
al., 1994).

2. Materials and methods

Male Wistar rats (230-260 g) were anaesthetised with
urethane ethyl carbamate (1.2 g/kg i.p.) and catheterized
through the femoral artery for measurement of blood pres-
sure. The animals, spontaneously breathing, were then
placed in a stereotaxic head frame and the dorsal surface
of the brain exposed by a craniotomy to permit intracere-
bral microinjections using a Hamilton 1 wl syringe. The
coordinates of the atlas of Paxinos and Watson (1986)
(measured in mm from the bregma: posteriorly, —8.0;
laterally, 0.5; vertically, 3.2) were used to position the
microsyringe.

2.1. Experimental protocols

In afirst series of experiments, after a 30 min stabilisa
tion period p-NAME (1 wmol) was injected into the
superior colliculus, as a control. 10—15 min later L-NAME
(1 wmol) was microinjected followed by p-Arg (7.5 wmol)
at the sustained portion to L-NAME. A further 10-15 min
later L-Arg (7.5 wmol) was microinjected.
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In a second series of experiments, after a 30 min
stabilisation period b-NAME (1 w.mol) was again microin-
jected into the superior colliculus as a control, followed
10-15 min later by microinjection of either L-arginine or
p-arginine (1 pmol). L-NAME (1 pmol) was injected
10-15 min after the injection of L-Arg. Each intracerebral
injection was given in a total volume of 200 nl over a
period of 5 s. After 5 experiments the positioning of the
injection site was checked histologically. The following
drugs were used: p-argining, L-arginine, -NAME (N®-
nitro-p-arginine methyl ester) and L-NAME (N®“-nitro-L-
arginine methyl ester) purchased from Sigma Chemical
Co. (Poole, Dorset, UK). All drugs were dissolved in
saline. Control injections were carried out with the same
amount of solvent in which the drugs were dissolved.
These did not produce any changes in blood pressure. All
results are expressed as mean + standard error (S.E.), with
P < 0.05 being taken as significant. Cardiovascular changes
were compared by analysis of variance (ANOVA) and
Newman-Keuls test for multiple comparisons (Tallarida
and Murray, 1987).

3. Resaults

The basal mean arterial pressure of the rats was 97 + 4
mmHg (n=6). This was increased by injection of L-
NAME (1 pmol; 33 + 2%, P < 0.01; Fig. 2A) but not by

33 min

120
Blood pressure
(mm Hg)

$ ¢ 10 min

D- \IAME L NAME D-Arg L-Arg

B
120
Blood pressure
(mm Hg)
80

A AA

D-NAME D-Arg  L-NAME

C
120
Blood pressur
(mmHg)} ]
80
A A A

D-NAME L-Arg L-NAME

Fig. 1. Original traces of changes in arterial blood pressure induced by
microinjection of (A) N“-nitro-p-arginine methyl ester (o-NAME; 1
wmol), N®-nitro-L-arginine methyl ester (L-NAME; 1 wmol), p-arginine
(D-Arg; 7.5 wmol) or L-arginine (L-Arg; 7.5 wmoal), (B) b-NAME (1
wmol), b-Arg (1 wmol) or L-NAME (1 wmol), (C) b-NAME, L-Arg or
L-NAME (doses as in B) to the superficial layer of the superior colliculus
of anaesthetised rats.
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Fig. 2. (A) Changes in mean arterial blood pressure (AMABP, mmHg)
after subseguent microinjections of N®-nitro-p-arginine methyl ester
(0-NAME; 1 pmol), N@®-nitro-L-arginine methyl ester (L-NAME; 1
wmol), L-NAME + p-arginine (D-Arg; 7.5 wmol) or L-NAME + L-arginine
(L-Arg; 7.5 pmol) into the superficial layer of the superior colliculus of
the rat. Each column represents the mean of four observations+ S.E.
Significant differences to vehicle-treated animals are shown by asterisks
(* *P < 0.01) while differences to L-NAME are shown as ‘P < 0.05. (B)
AMABP (mmHg) after microinjection of L-NAME (1 pwmol) into the
superior colliculus with or without preinjection of either p-Arg (1 p.mol)
or L-Arg (1 wmol). Each column represents the mean of four observations
+ S.E. Significant differences to L-NAME are shown as * * P < 0.01.

pD-NAME (1 wmol) into the superior colliculus (Fig. 1A).
L-Arg (7.5 wmol), microinjected into the superior collicu-
lus during the sustained phase of the pressor response to
L-NAME (1 wmol) significantly (51 + 7%, P < 0.05; Fig.
2A) lowered the blood pressure (Fig. 1B). In contrast,
p-Arg (7.5 wmol) did not affect the pressor response to
L-NAME (Fig. 1A and Fig. 2A). Similarly, treatment of
the superior colliculus with L-Arg (1 wmol), but not with
p-Arg (1 pmol), before L-NAME significantly (P < 0.01)
lessened the increase in blood pressure induced by L-
NAME (Fig. 1C and Fig. 2B). Intravenous injection of the
same dose of L-NAME did not ater blood pressure (data
not shown). Finaly, the injection of L-NAME into the
superior colliculus caused a reduction (— 15 + 2%) of the
basal values (484 + 17 bpm, P > 0.05) of heart rate.

4. Discussion

Our results show that the L-arginine-NO pathway plays
arolein the regulation of blood pressure at the level of the
superior colliculus, for injection of L-NAME increases
blood pressure, an effect which is lessened, or reversed, by
L-arginine. This cannot be due to a systemic effect, for
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intravenous injection of the same dose of L-NAME did not
alter blood pressure. The response we observed is in
accordance with our previous studies done in the periaque-
ductal gray area (D’Amico et a., 1994). However, cur-
rently it is not clear through which pathways the effects of
NO on blood pressure are exerted. One would speculate
that in agreement with previous reports, NO acts within the
superior colliculus to modulate sympathetic outflow
(Sakuma et al., 1992; Togashi et al., 1992). Interestingly,
pretreatment of the superior colliculus with L-Arg, a pre-
cursor of NO, largely prevented the pressor effect of
L-NAME, suggesting that in the superior colliculus the
activity of NO synthase is not saturated by endogenous
levels of L-arginine.

Therefore, we would suggest that our functional data,
together with earlier histochemical and hybridisation stud-
ies (Bredt et al., 1990; Fostermann et al., 1990), show that
endogenoudly produced NO acts within the superior col-
liculus to modulate the arterial blood pressure.
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