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Summary. The aim of our study was to estimate the involvement
of the peripheral N-methyl-D-aspartate receptors in regulation of
cardiovascular function. For this purpose we examined the effects of
intravenous injection of the agonists - NMDA (0.025; 0.05 and
1.0mg/kg iv) and 1R-3R-ACPD (0.025; 0.05 and 1.0 mg/kg iv) — and
antagonist of NMDA receptors DL-AP7 (0.02; 0.07 and 0.2 mg/kg
iv). To determine if the effects of NMDA come from central
or peripheral action we observed the effect during blockade of
autonomic ganglion by using the nicotinic receptor antagonist —
chlorisondamine (1.25mg/kg iv). Administration of NMDA in three
doses evoked slight hypotension after injection of the medium
dose, 0.05mg/kg. In the condition of pretreatment with 1.25 mg/kg
chlorisondamine the hypotensive effect of NMDA was markedly
reduced, what might suggest that NMDA-induced hypotension
raised from the action within the brain. The competetive NMDA
receptor antagonist DL-AP7 slightly increased the blood pressure.
None of the injected drug had an influence on the heart rate in our
in vivo study.

Itis concluded that the peripherally localized NMDA receptors may
take a part in regulation of cardiovascular system, since their
stimulation or blockade evoked the changes of systemic pressure.

Key words: NMDA receptors — Systemic administration — Blood
pressure — Heart rate

Introduction

The excitatory amino acids can interact with et least
three subtypes of glutamate ionotropic receptors
designed as kainate, N-methyl-D-aspartate (NMDA),
and quisqualate. There is a well documented evi-
dence that local application of specific antagonist
of excitatory amino acids to neurons influenced the
cardiovascular activity (Seagard et al., 1999; Frigero
et al., 2000). These data are important because

they indicate a key role for endogenous occurring
excitatory amino acids at specific point in the central
nervous system in controlling cardiovascular activity.
However, in view of the reports that excitatory amino
acids may exert a role at several synapses within a
reflex neural pathway (for ref. see Guyenet et al., 1987;
Collingridge and Lester, 1989; Bazil and Gordon,
1991; Colambari et al., 1994; Satoru and Sved, 1997;
Satoru et al., 2000) and also in view of peripherally
found the glutamate receptors (Kumar et al., 1991;
Marhenn et al., 1994; Gill et al., 1999) these re-
sults cannot be sufficient to foresee the changes of
cardiovascular system upon systemic administration
of agonist and antagonists of ionotropic glutamate
receptors.

The principal site for the integration of information
regulating blood pressure is medulla oblongata
(Somogyi et al., 1989). The nucleus tractus solitarii
(NTS) in the dorsomedial medulla is strictly con-
nected with ventrolateral medulla (VLM) in which
neuro-transmission is influenced by excitatory amino
acids (Foley et al., 1999). In some previous re-
port microinjection of agonists and antagonists of
ionotropic glutamate receptors into NTS changed the
systemic blood pressure and the heart rate (Guyenet
et al., 1987; Colambari et al., 1994; Wang et al., 2000).
It has been reported that ionotropic and metabotropic
receptors are localized not only in central nervous
system (Collingridge and Lester, 1989; Scatton, 1993)
but they are also found in preganglionic sympathetic
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neurons, adrenal glands (Yoneda et al., 1986), spleen
and cardiomyocytes (Lewis et al., 1989; Marhenn
et al., 1994; Winter and Baker, 1996; Gill et al., 1999).
It is not known about the role of ionotropic glutamate
receptors in regulating sympathetic tone or systemic
pressure and heart rate.

The first purpose of the following experiments is to
find out if there are any changes in systemic pressure
and the heart rate after peripheral administration
of competitive agonists and antagonists of NMDA
receptors. The second goal is to determine whether
the cardiovascular control of NMDA receptors is their
central or peripheral action.

Material and method

Animals

The experiment was carried out on male Wistar rats with body
weight of 200-250g, fed a commercial pellet diet for rodents.
The animals were kept in air conditioned rooms at a constant
temperature of 22°C and humidity of 60%, in darkness from 7.00
p-m. to 7.00 a.m.

Drugs

NMDA (N-Methyl-D-aspartic acid), 1R,3R-ACPD [(1R,3R)-
1-Aminocyclopentane-cis-1,3-dicarboxylic acid], chlorisondamine
diiodide, DL-AP7 (DL-2-Amino-7-phosphonoheptanoic acid) were
purchased from TOCRIS. Saline, diethyl ether for narcosis, heparin
were from Polfa — Warszawa, Poland.

Measurements of arterial blood pressure by direct method

The rats were anaesthetized with chloral hydrate at a dose 0.4 g/kg
ip. The internal carotid artery was cannulated and direct systo-
lic (SBP), diastolic (DBP) blood pressure were measured from
right carotid artery via pressure transducer (Gould P231D). The
transducer was connected to the monitor Trendoscope 8031 (Unitra
Biazet S&W Medico Teknic, A/S Denmark). The changes in systolic
and diastolic blood pressure were recorded in mmHg. The heart rate
(HR) was recorded with EKG (beats/min). The vagal nerve was
sectioned bilaterally to exclude influence of cholinergic fibres on
the action of the examined substances. The left femoral vein was
cannulated for iv administration of drugs in a volume 0.1 ml. After
10 minutes of equilibration parameters were allowed to stabilize and
the experiments were performed. The SBP of the control group (n =
8) was 97.0mmHg = 6.56, DBP — 74.5mmHg * 2.3, heart rate (HR)
was 408 beats/min * 19.3. Through the whole experiment lasted 2.5
hours the systemic pressure did not significantly changed.

Experimental protocol

NMDA was injected as a bolus dose of 0.025; 0.05; 1.0 mg/kg iv into
the femoral vein to which free access were prepared at the beginning
of the experiment. The whole experiment after injection of each
substance lasted 150min. After administration of each drug the
values of the SBP, DBP and HR were registered every minute for
the first thirty minutes and than every 5 minute to the end of the
experiment.

(1R,3R)-ACPD, potent specific NMDA receptor agonist was
administered as a bolus of 0.025; 0.05; 1.0mg/kg iv, in doses
equimolar to NMDA.

DL-AP7, specific NMDA receptor antagonist, was given as a
bolus of 0.02; 0.07; 0.2mg/kg and ion channel site modulator, MK-
801 was injected in equimolar to DL-AP7 doses (0.03; 0.1; 0.3 mg/kg
iv).

To test if the effect of DL-AP7 is reversible by NMDA-receptor
agonist we examined the changes in SBP, DBP and HR during
combined administration of both substances. 15min before the
injection of 0.05 mg/kg of NMDA the dose of 0.2 mg/kg of DL-AP7
was administered.

In order to check whether the action of NMDA is its peripheral or
central effect we examined the changes during blockade of central
nicotinic receptors induced by long lasting nicotinic antagonist —
chlorisondamine (1.25mg/kg). It was administered 15min before
the injection of NMDA.

The control group received 0.1 ml 0.9% NaCl.

Statistics

The results were statistically analyzed by the analysis of variance
modified by Bonferroni and Student’s t-test for paired data.
Mean values (), the standard errors of mean (SEM) and number
of measurements in the group (n) are presented in the figures
(Wallenstein et al., 1980).

Results

NMDA given in three doses evoked tendency to
decrease SBP, DBP and HR. The smallest dose did
not influence the systemic pressure and heart rate. The
medium dose significantly decreased SBP and DBP in
20th and 30th minute and presented biphasic effect on
the systemic pressure with the recovery to the initial
values after the first 45 minutes of the experiment.
During the last 30min it evoked tendency to decrease
SBP. The highest dose of NMDA caused not signifi-
cant (p > 0.05) decrease of SBP, DBP and HR (Fig. 1).

Chlorisondamine evoked deep and stabile decrease
in SBP, DBP and HR, which was maintained through
the whole 150min of experiment. Combined admini-
stration of NMDA (0.05mg/kg) and chlorisondamine
abolished the slight tendency to decrease systemic
pressure by NMDA and also attenuated deep and
prolonged hypotension caused by ganglion blockade
(Fig. 2).

1R,3R-ACPD, potent, non selective NMDA re-
ceptor agonist, given at three equimolar to NMDA
doses, did not markedly influence the systemic pres-
sure and a heart rate. Contrary to NMDA, it slightly
increased the SBP and DBP, but the values were not
significant neither to the control group nor to NMDA
(Fig. 3).

DL-AP7, first generation phosphono NMDA
antagonist was administered in three doses 0.02, 0.07
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Fig. 1. Effect of NMDA (0.025; 0.05 and 1.0mg/kg iv) on systolic
(SBP), diastolic blood pressure (DBP) and heart rate (HR). *p <
0.05; **p < 0.01 vs control group (n = 6)

and 0.2mg/kg. The smallest dose of the NMDA
receptor antagonist did not significantly change the
systemic pressure or the heart rate. The medium dose
of DL-AP7 decreased the heart rate (p < 0.05 vs
control group in 150th min). The highest dose (0.2 mg/
kg iv) increased the systemic pressure. The effect was
observed since the beginning of the experiment and
slowly grew up until the 120th minute. In the 20", 60th
and 120th minutes the values of SBP and DBP were
significant (p < 0.05) vs control group (Fig. 4).

Combined administration of DL-AP7 (0.2mg/kg)
and NMDA (0.05mg/kg, given in 15th min of DL-AP7
infusion) evoked in the 16th min the decrease of SBP
(p < 0.01 vs control) and DBP (p < 0.01 vs control
and p < 0.05 vs NMDA) with no any changes in HR
(Fig. 5).

Discussion

The NMDA receptor subtype is distinguished from
other glutamate-gated ion channels receptors by num-
ber of selective agonists and antagonists and also by
specific properties including high Ca?* permeability,
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Fig. 2. Effect of combined administration of NMDA (0.05 mg/kg iv)
and chlorisondamine (1.25mg/kg iv) on systolic (SBP), diastolic
blood pressure (DBP) and heart rate (HR) (n = 6). *p < 0.05, **p
< 0.01, ***p < 0.001 vs control group **p < 0.01, ***p < 0.001 vs
chlorisondamine; *p < 0.05; **p < 0.01; ***p < 0.001 vs NMDA

modulation by glycine, voltage-dependent Mg?*
blockade and inhibition by Zn?* and several selective
open channel blockers (Monaghan et al.,, 1989).
Several subunits of NMDA receptor (NMDARI,
NMDAR2A-NMDAR2D) were described (Monyer
et al., 1992; Ishii et al., 1993). Kumar et al. (1991)
found NMDARU1 receptor in brain and heart cells and
absent in liver, lung and muscle. This subunit was
already cloned (Ishii et al., 1993; Gill et al., 1998) and
it was also determined as an essential for the function
of the whole NMDA receptor. The other subunits
potentiate and differentiate the function by forming
different heteromeric configurations with NMDARI1
(Ishii et al., 1993; Marhenn et al., 1994).

In the previous experiments we examined the
influence of the injection as a bolus dose of 0.03, 0.1
and 0.3mg/kg iv of MK-801, a potent selective and
noncompetetive NMDA receptor antagonist on SBP,
DBP and HR. MK-801 administered in the lowest
dose of 0.03mg/kg did not significantly change the
systemic pressure or heart rate. MK-801 given in the
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Fig. 3. Effect of 1R,3R ACPD (0.025; 0.05 and 1.0mg/kg iv) on
systolic (SBP), diastolic blood pressure (DBP) and heart rate (HR)
(n = 6). *p < 0.05 vs control group
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Fig. 4. Effect of DL-AP7 (0.02; 0.07 and 0.2mg/kg iv) on systolic
(SBP), diastolic blood pressure (DBP) and heart rate (HR) (n = 6).
*p < 0.05 vs control group
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Fig. 5. Effect of combined administration of NMDA (0.05 mg/kg iv)
and DL-AP7 (0.2mg/kg iv) on systolic (SBP), diastolic blood
pressure (DBP) and heart rate (HR) (n = 6). *p < 0.05, **p < 0.01
vs control group **p < 0.01 vs DL-AP7; *p < 0.05 vs NMDA

medium dose of 0.1 mg/kg iv slightly increased SBP
and DBP. The values were significant in 20min after
administration of antagonist (p < 0.01 in SBP and p <
0.05 in DBP vs control). Hypertensive effect of the
highest dose (0.3mg/kg) started from the beginning
of the test and it was maintained through the almost
whole time of experiment. The increase systemic
pressure was significant both in SBP and DBP,
especially in the first hour of examination (p < 0.01
and p < 0.05 vs control respectively SBP and DBP).
None of the doses of MK-801 influenced the heart rate
(Wisniewska et al., 2000). Our results of the MK-
801 induced changes of arterial blood pressure are
consistent with other reports (Lewis et al., 1989;
Abrahams et al., 1993). Contrary to tachycardia noted
by Lewis et al. (1989), our data confirmed the lack of
the MK-801 influence on the heart rate observed by
Abrahams et al. (1993). Stevens and Yaksh (1990)
reported the significant increase of systemic pressure
of bolus dose 0.1mg/kg with no further increase
observed at higher doses (0.5; 1.0; 2.0mg/kg iv).

In the present study we noted that activation
the glutaminergic ionotropic receptors by specific
agonist NMDA, given intravenously, evoked slight
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hypotension with no influence on the heart rate. We
tested three doses of NMDA, but the only medium
one (0.05mg/kg) had a slight hypotensive effect (p <
0.05 vs control). Because the glutaminergic ionotropic
receptors are found not only in CNS, but they are also
localized in the heart — especially NMDAR1 and Ka2
(Marhenn et al., 1994; Gill et al., 1999), the question
not answered yet is if the slightly hypotensive effect of
NMDA was the result of activation of central or rather
peripheral receptors. To get an answer we observed
the effect of 0.05mg/kg NMDA during long lasting
blockade of nicotinic receptors by chlorisondamine.
1.25mg/kg of chlorisondamine evoked deep decreased
SBP (p < 0.001 vs control), DBP (p < 0.001 vs control)
and bradycardia (p < 0.001), what was maintained
through the whole experiment. Consistent with the
bisquaternary structure, chlorisondamine does not
appear to penetrate the central nervous system. The
effect of chlorisondamine observed in our experiment
after systemic administration raised from temporary
peripheral ganglion nicotinic receptors blockade
(Clarke et al., 1994; El-Bizri and Clarke, 1994).

NMDA, as a principal agonist of ionotropic re-
ceptors activates the receptor complex by combining
with the “transmitter recognition site” which, via a
linkage mechanism, transforms the ion channel to an
open state allowing the conductance of Na*, Ca?*,
and K~ ions to initiate the neuronal response. The
heart distribution of NMDARI1 receptor was wider
than other subtype of ionotropic glutamate receptors,
which were preferentially found in cardiac nerve
terminals, ganglia cells, conducting fibres and also
in myocardiocytes particularly of atrium (Gill et al.,
1998). Rockhold et al. (1989) indicated that NMDA
administrated into paraventricular hypothalamus
of rats produced increased arterial blood pressure
and heart rate, pretreatment with labetalol reduced
studied effect. They suggested that cardiotoxicity
de-pend on release catecholamines mainly in endo-
cardial regions of left ventricle. NMDA administered
in dose 10-fold higher (37ug/kg iv) had no effect
on systemic cardiovascular changes (Rockhold et al.,
1989). There are some previous reports that central
administration of L-glutamate (Haibara et al., 1999)
or NMDA (Machado et al., 2000) produces hypo-
tensive and bradycardic response. It was already
observed that that central administration of NMDA
receptor agonists elevated while antagonists decreased
blood pressure (Bazil and Gordon, 1991; Gordon,
1995).

In our experiment noncompetitive, centrally acting
NMDA receptor antagonist MK-801, which readily
penetrates into the central nervous system (Hucker,
1982; Wong et al., 1986; Hargreaves and Cain, 1992)
slightly, increased SBP and DBP and did not changed
HR. These results are probably due to central
blockade of NMDA receptors (Wong et al., 1986)
rather than inhibition of baroreflex, because Lewis
et al. (1989) report that either ganglion blockade or
adrenergic blockade attenuated the hypertension and
tachycardia induced by MK-801. They also noticed
that cardiovascular changes of peripheral admini-
strated MK-801 correlated with increased renal
sympathetic nerve activity. Our results are in agree
with Roussel et al. (1992) and Loubinoux et al. (1994).
MK-801 blocks depolarizing responses to NMDA,
but its action on NMDA receptor is dependent
upon NMDA receptor activation. Kemp et al. (1987)
noticed that block of NMDA responses only occurred
following repeated applications of NMDA, even
prolonged exposure to MK-801, so it requires the
activation of NMDA receptor before blocking effects
can occur (Heale and Harley, 1990). MK-801 act upon
the ion channel. It binds to sites within the channel
that are separate from those for divalent cations when
the channel is in open state, preventing the passage of
ions (Kemp et al., 1987). It has been demonstrated by
Uematsu et al. (1991) that intravenously administered
MK-801 was able to block Ca** entry during excessive
activation of the NMDA receptors. The behavioral
effects of MK-801 lasts for 3 hours suggesting the
strong influence of this antagonist on NMDA receptor
(Hargreaves and Cain, 1995).

The competitive antagonist of NMDA receptor,
DL-AP7 injected in the highest dose 0.2mg/kg slightly
increased the SBP (p < 0.05 vs control in 120min) and
DBP (p < 0.05 vs control in 60 and 120min) and
had no influence on HR. Combined injection of
both substances attenuated their actions, either slight
hypertensive of 0.2mg/kg DL-AP7 or slight hypo-
tensive of 0.05mg/kg NMDA. As a competitive
receptor antagonist mechanism of action of DL-AP7
consists of (Kemp et al., 1987) prevention receptor
activation by competing with agonist for the trans-
mitter recognition site. Feldman and Buccafusco
(1997) noticed slight decrease resting blood pressure
and heart rate in conscious rats. They also examined
DL-AP7 influence on intrathecal (it) injection of
muscarinic receptor agonist carbachol. The intrathecal
pretreatment with D-AP7 or MK-801 attenuated the
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pressor response to intrathecal administration of
carbachol while the intravenous administration of D-
AP7 was without effect on cardiovascular response to
central injection of carbachol. These results suggest
that in regulation of vascular tonic activity and the
heart rate the glutaminregic and spinal muscarinic
receptor system strongly participate and that DL-
APT7 poorly penetrates into the brain (Feldman and
Buccafusco, 1997).

Competitive agonist of NMDA receptor, 1R,3R-
ACPD had no significant cardiovascular effect in our
in vivo experiment. All three doses (0.025; 0.05 and
1.0mg/kg) evoked slight but significant tendency to
increase the SBP and DBP and to decrease HR.
According to Mistry and Challiss (1996) this agonist
acts indirectly on phosphoinositide responses through
activation of NMDA-type ionotropic glutamate
receptors because the response to 1R,3R ACPD
was largely prevented by pre-addition of the NMDA-
receptor antagonist, MK-801, or omission of extra-
cellular Ca**. They noticed a rapid and substantial
increase in Ins(1,4,5)P; accumulation after 1R,3R-
ACPD injection. In a presence of MK-801 a small
component of this response was still apparent, what
can suggest that 1R,3R-ACPD might be a partial
agonist at mGIluR or cause a small Ins(1,4,5)P,
response via another undefined mechanism.

In summary, intravenous administration of NMDA
evoked slightly hypotensive effect. The small cardio-
vascular response after administration of DL-AP7 and
1R,3R-ACPD may reflect their poor penetration into
the brain, not specific receptor action or other not
known yet mechanism of action. Our results indicate
that intravenous administration of both the agonist
and antagonist evoked changes in systematic pressure.
These data suggest that peripherally localized NMDA
receptors might play a role in regulating cardiovas-
cular function. In the view of findings of strong
distribution of several isoform of excitatory amino
acid receptors (GIluR2/3, GluR5/6/7, Ka2 and
NMDARU1) in the rat heart the further investigation
on isolated heart needs to be done to elucidate the role
of glutamate receptors in regulation of cardiovascular
function.
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