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Abstract:

Background: Glutamatergic and nitrergic system participate in the control of respiratory system functions. It is only little informa-

tion regarding a possible interaction of both systems in the airways hyperractivity. We investigated the effect of agents modulating

the activity of these systems on the experimental ovalbumin-induced airways hyperreactivity as well as on the changes of exhaled ni-

tric oxide (eNO) levels.

Methods: We used the agonists of NMDA receptors – N-methyl-D-aspartic acid (NMDA) and monosodium glutamate (MSG),

selective competitive antagonist (DL-2-amino-5-phosphonovaleric acid – AP-5) and selective non-competitive antagonist (dizocil-

pine – MK-801) of these receptors. We used also non-specific inhibitor of NO synthases Nw-nitro-L-arginine methyl ester

(L-NAME). The airways responsiveness to histamine or acetylcholine was evaluated under in vitro conditions.

Results: NMDA administration caused the increase of tracheal smooth muscle response in ovalbumin-induced hyperreactivity to

acetylcholine. The effect of MSG was less pronounced. MK-801 as well as AP-5 provoked the decrease of reactivity mainly to ace-

tylcholine in tracheal smooth muscle. We recorded the changes in eNO levels. The activation of NMDA receptor with NMDA or

MSG increased eNO levels. The inhibition of NO synthase with L-NAME caused the fall of eNO levels. MK-801 shows (within the

group) the more expressive effect in the eNO levels during sensitization than AP-5 group.

Conclusion: The results confirm the possibility of NMDA receptors participation in the experimental airways hyperreactivity.
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Abbreviations: AMPA – a-amino-3-hydroxy-5-methyl-4-isox-

azole propionate, AP-5 – DL-2-amino-5-phosphonovaleric

acid, eNO – exhaled nitric oxide, eNOS – endothelial nitric ox-

ide synthase, L-NAME – Nw-nitro-L-arginine methyl ester,

MK-801 – dizocilpine – (+)-MK-801 hydrogen maleate, MSG

– monosodium glutamate, NF-kB – nuclear factor kB, NMDA

– N-methyl-D-aspartic acid, NMDAR – N-methyl-D-aspartic

acid receptors, nNOS – neuronal nitric oxide synthase, NO –

nitric oxide, NOS – nitric oxide synthase, ROS – reactive oxy-

gen species

Introduction

In 2006, Hoang et al. [5] pronounced interesting hy-

pothesis that asthma and its symptoms (airways hy-

perresponsiveness) occur as a result of hyperreactivity

of the glutamatergic NMDA receptors (NMDAR) in

the respiratory system. Glutamate is an excitatory

amino acid and its action in animal lungs looks very
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much like asthma [24] . There are some data about the

role of glutamatergic signalling in physiology and pa-

thophysiology of the airways and lungs, however,

substantial evidence has been incomplete so far. Said

et al. [20] supported the presence of glutamate recep-

tors in the lung and airways and a role for these recep-

tors in the pathogenesis of acute lung injury and bron-

chial asthma. They have made further observations

that suggested a link between NMDAR activation and

airways hyperresponsiveness, a cardinal feature of

bronchial asthma. Thus, NMDAR activation could be

important, although still unrecognized mechanism of

the airways inflammation and hyperreactivity [18].

Lomia [9] hypothesized that bronchial asthma may be

peripheral disease with central neurogenic mecha-

nisms, a neurogenic paroxysmal disorder, like mi-

graine and trigeminal neuralgia.

There are interesting opinions for possible interaction

of glutamatergic and inhibitory nitrergic system. This

link is interesting mainly from the point of cooperation

and participation of both systems in the physiology

and/or pathophysiology of the respiratory system. It is

known that nitric oxide (NO) acts here as the important

inhibitory neurotransmitter. The stimulation of NMDA

system leads to the overproduction of NO as well as to

the increased formation its oxidative product – per-

oxynitrite. Both products act on NMDAR by the differ-

ent mechanisms. NO increases the stimulation of

NMDAR, peroxynitrite increases their sensitivity to the

different stimuli [14]. Said et al. speculated also about

possible contribution of NMDAR to non-cholinergic

regulation of smooth muscle tone in the airways [20].

In the literature, there is very little information on

possible interactions of glutamatergic and nitrergic sys-

tem in the inflammatory airways diseases connected

with hyperreactivity. This question is particularly inter-

esting, therefore, we focused on the monitoring of pos-

sible relationship of excitatory neurotransmission in-

volving NMDAR and inhibitory nitrergic system in the

conditions of airways hyperreactivity. This is exclu-

sively first study concerning these connections.

The activity of both systems can be modulated by

intervention at several levels. They include block of

receptors by theirs antagonists that can attenuate or

completely inhibit toxic actions of NMDA activation

on the one side or the modulation of NO homeostasis

on the other side. We used antagonists of NMDAR

(competitive, non-competitive), inhibitor of NO syn-

thases (NOS) as well as the combination of both

groups of agents. We were interested how the inter-

vention to the homeostasis of both systems will reflect

the changes of the airways reactivity as well as the

changes of exhaled NO (eNO) in the experimental

conditions.

Materials and Methods

Animals

Pathogens-free adult male TRIK strain guinea pigs

weighing 200–250 g were used in our experiment.

Animals were obtained from approved breeding facil-

ity (Department of Toxicology and Breeding of Ex-

perimental Animals, Institute of Experimental Phar-

macology and Toxicology, Slovak Academy of Sci-

ences, Dobrá Voda, Slovak Republic). Animals were

group-housed in individual cages in climate-con-

trolled animal quarters and received water and food

ad libitum. Room temperature was maintained at 21±

1°C and a 12/12 h light/dark cycle was maintained.

The study protocol was approved by the local Ethical

Committee of Jessenius Faculty of Medicine. All pro-

cedures were performed in accordance with interna-

tionally accepted recommendations – Helsinki decla-

ration World Medical Association, Direction of Euro-

pean Commission on the protection of animals used

for experimental and other scientific purposes

(86/609/EHS, 1986) and statute valid in Slovak Re-

public (Law No. 289/2003 Statute-book Regulation of

Slovak Republic).

Six group of animals received agents acting at level

of NMDA system in the 1st, 3rd and 14th day of the

ovalbumin (OVA)-sensitization:

Group 1 (n = 8) – received agonist of NMDA recep-

tors (N-methyl-D-aspartic acid – NMDA) in a dose of

4 mg/kg/ml intraperitoneally (ip) 30 min prior to OVA

in the 1st, 3rd and 14th day of the sensitization.

Group 2 (n = 8) – received selective non-competitive

antagonist (dizocilpine – (+)-MK-801 hydrogen male-

ate) in a dose of 1 mg/kg/ml ip 30 min prior to OVA in

the 1st, 3rd and 14th day of the sensitization.

Group 3 (n = 8) – received selective competitive

antagonist DL-2-amino-5-phosphonovaleric acid –

AP-5 in a dose of 4 mg/kg/ml ip 30 min prior to OVA

in the 1st, 3rd and 14th day of the sensitization.

Control groups (n = 8) – were created to each ex-

perimental group. The animals received agonist and

antagonists in the equal doses and saline 1 ml/kg ip

instead of OVA in the 1st, 3rd and 14th day.
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Other six groups of animals were used in next ex-

periment. These animals received agents modifying the

activity of glutamatergic as well as nitrergic system.

Group 1 (n = 8) – received agonist of NMDA re-

ceptors monosodium glutamate (MSG) daily in a dose

of 1 g/kg ip during sensitization with OVA (14 days).

Group 2 (n = 8) – was pre-treated with non-specific

inhibitor of NOS Nw-nitro-L-arginine methyl ester

(L-NAME) in a dose of 40 mg/kg ip during all the

time of sensitization by OVA (14 days).

Group 3 (n = 8) – received MSG in a dose of 1 g/kg

ip together with L-NAME in a dose of 40 mg/kg ip

during all the time of sensitization by OVA (14 days).

Control groups (n = 8) – were created to each experi-

mental group and received identical agents during 14 days

but instead OVA in the 1st, 3rd and 14th day received saline

in a dose of 1 ml/kg by the same way of administration.

Reagents

N-methyl-D-aspartic acid – NMDA (subst. Sigma-

Aldrich), dizocilpine – (+)-MK-801 hydrogen maleate

(subst. Sigma-Aldrich), DL-2-amino-5-phosphonovaleric

acid – AP-5 (subst. Sigma-Aldrich), monosodium gluta-

mate – MSG (subst. Sigma-Aldrich), Nw-nitro-L-arginine

methyl ester – L-NAME (subst. Sigma-Aldrich), ovalbu-

min chicken (subst. Sigma-Aldrich).

Allergen-induced hyperreactivity

The sensitization of guinea pigs by allergen – OVA

was used to induce the airways hyperreactivity [4].

The allergen solution (100 µmol/ml of OVA in saline)

was injected in exact time interval – in the 1st day

0.5 ml ip and 0.5 ml subcutaneously, at the 3rd day

1 ml ip and at the 14th day 1 ml of solution was nebu-

lized and inhaled into the respiratory system. The in-

halation of OVA was performed in a body plethysmo-

graph (Hugo Sachs Electronik, type 885, Germany)

for rodents and small animals.

Analysis of exhaled NO

For eNO analysis the chemiluminescence method of

analysis of exhaled air was used [10]. This method is

based on the detection of luminescence arising in the

chemical reaction of NO and ozone which is created in

the device – chemiluminescence analyzer. The resulting

output signal corresponds to the concentration of NO in

the sample input. We analyzed eNO in spontaneously

breathing animals via standard clinical analyzer NIOX®

(Aerocrine, Sweden) adapted for eNO analysis in small

laboratory animals. Special hermetic chamber (MR Di-

agnostic, Czech Republic) was inserted to analyzer.

Each spontaneously breathing and moving animal

(guinea pigs) was individually placed into this chamber

for 5 min to obtain eNO values. The air in the chamber

was demisting through two-way valve. The eNO analy-

sis was performed in the schedule corresponding with

a process of sensitization. Exhaled NO was measured on

the 1st, 3rd and 14th day 30 min before the administration

of OVA. On 15th day eNO was measured also before

analysis of the airways hyperreactivity in vitro. The

identical schedule was used in the control groups where

water was applied instead of OVA.

Airways responsiveness

Airways responsiveness was evaluated in control and

experimental groups of animals under in vitro condi-

tions. Animals were euthanized 24 h after inhalation

of OVA. Strips prepared from trachea and lung tissue

were placed into organ bath with Krebs-Henseleit

solution (110.0 mmol/l NaCl, 4.8 mmol/l KCl,

2.35 mmol/l CaCl2, 1.20 mmol/l MgSO4, 1.20 mmol/l

K2HPO4, 25.0 mmol/l NaHCO3 and glucose 10.00 mmol/l

in glass-distilled water). The solution was continu-

ously aerated with mixture of 95% O2 and 5% CO2

at pH 7.5 ± 0.1 and temperature was maintained at

36 ± 0.5°C. The measurement of the reactivity was

carried out in in vitro Isolated Tissue Bath System

(Experimetria Ltd., Hungary). The changes of tension

induced by contracted muscle strips were recorded to

a computer with specific software. The tissue strips

were exposed initially to the tension of 4 g (30 min –

loading phase). Then, the tension was readjusted to

a baseline of 2 g (30 min – adaptive phase). The

Krebs-Henseleit solution was changed every 10 min.

The strips contraction was induced by cumulative

doses (10–8 – 10–3 mol/l) of histamine or acetylcholine

(Sigma-Aldrich).

Statistical analysis

All data are expressed as the mean ± SEM. The data

for each group and differences between the groups

were analyzed using Student t-test; p < 0.05 was con-

sidered to be statistically significant.
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Results

Changes of the airways reactivity and eNO

induced by agonist and antagonists of NMDA

receptors

Figure 1 shows the changes of the airways reactivity to

acetylcholine on the 15th day in guinea pigs sensitized

with OVA (black columns) in the comparison with the

control animals (left side). Control group (white col-

umns) was not sensitized with OVA and received saline

instead of OVA in equal regimen. Both groups of ani-

mals received agonist of NMDA receptors (N-methyl-

D-aspartic acid – NMDA) in a dose of 4 mg/kg/ml ip

30 min prior to OVA or saline in the 1st, 3rd and 14th

day. The administration of NMDA increased tracheal

smooth muscle reactivity to acetylcholine in OVA-

induced hyperreactivity – p < 0.05 at the concentration

of 10–6 and 10–4 mol/l, p < 0.01 at the concentration of

10–8 and 10–7 mol/l. The response to histamine and

the response of lung tissue smooth muscle to both

bronchoconstrictive mediators was not significantly

changed, although response to histamine have had the

tendency to the fall (figure is not showed).

We show also on Figure 1 (right side) the effects of

the pre-treatment with both NMDA antagonists

(MK-801 in a dose of 1 mg/kg ip – grey columns,

AP-5 in a dose of 4 mg/kg ip – dark-grey columns)

30 min before OVA in the 1st, 3rd and 14th day of the

sensitization compared with NMDA (4 mg/kg ip)

group (black columns) on tracheal smooth muscle re-

activity to acetylcholine. On the whole, both antago-

nists induced decrease of the tracheal smooth muscle

contraction amplitude when comparing to group with

agonist (NMDA). The decrease had showed similar

pattern but more expressive statistically significant ef-

fect we recorded in selective non-competitive antago-

nists (dizocilpine – MK-801) that decrease the re-

sponse of smooth muscle to acetylcholine (p < 0.05)

in the concentration 10�8 and 10�4 mol/l (except for the

concentration 10�6 mol/l).

Figure 2 shows the changes of eNO in animals with

OVA, NMDA + OVA, MK-801 + OVA or AP-5 + OVA.

Agonist or antagonists of NMDAR were administered

30 min before OVA in the 1st, 3rd and 14th day of the

sensitization. NMDA caused the increase of eNO

level in OVA-sensitized animals compared with group

of animals without NMDA – statistically significant

p < 0.001 on the 1st day, p < 0.01 on the 3rd day and

p < 0.05 on 15th day. We recorded in all groups (OVA,

NMDA + OVA, MK-801 + OVA, AP-5 + OVA) the

downward trend of eNO values from the 1st to the 15th

day. The eNO values were decreased on the 3rd day,

the fall was the most expressive on the 14th day. It is

interesting that the effect of both NMDA antagonists

was very similar to the action of an agonist as well as

similar each other.

Effect of agents modulating the activity

of glutamatergic and nitrergic system on

the airways reactivity and eNO

Figure 3 shows the reactivity changes to histamine in

control (saline) group of animals received L-NAME

in a dose of 40 mg/kg ip (white columns), OVA-

sensitized animals received L-NAME (black col-

umns) in a equal dose during all the time of sensitiza-
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Fig. 1. The comparison of the tracheal
smooth muscle reactivity changes
to acetylcholine in animal received
NMDA in a dose of 4 mg/kg/ml ip
30 min prior to saline (white columns)
or OVA (black columns) in the 1st, 3rd,
14th day of sensitization (left side).
Right side of figure compares the ef-
fect of MK-801 in a dose of 1 mg/kg ip
(grey columns) and AP-5 in a dose of
4 mg/kg/ml ip (dark-grey columns) ad-
ministered 30 min prior to OVA in 1st,
3rd and 14th day. The columns repre-
sent the average values of the contrac-
tion amplitude with the mean average
± SEM. Axis x – the concentration of
acetylcholine in log mol/l, axis y –
the amplitude of contraction in grams.
* p < 0.05, ** p < 0.01



tion (14 days) and group of OVA-sensitized animals

received L-NAME in a dose of 40 mg/kg ip together

with MSG (grey columns) in a dose of 1 g/kg ip dur-

ing all the time of sensitization (14 days). The inhibi-

tion of NO synthase by L-NAME statistically signifi-

cantly (p < 0.05) increased the response of tracheal

smooth muscle to all concentration of histamine (10–8

and 10–3 mol/l). Simultaneous administration of NMDA

654 Pharmacological Reports, 2013, 65, 650�657

Fig. 3. The comparison of the tracheal smooth muscle reactivity
changes to histamine in animal received L-NAME (white columns) in
a dose of 40 mg/kg ip + saline during 14 days, OVA-sensitized
animals (black columns) received L-NAME in a equal dose during all
the time of sensitization (14 days) and group of OVA-sensitized
animals received L-NAME in a dose of 40 mg/kg ip together with
MSG in a dose of 1 g/kg ip (grey columns) during all the time of
sensitization (14 days). The columns represent the average values of
the contraction amplitude with mean average ± SEM. Axis x – the
concentration of histamine in log mol/l, axis y – the amplitude of
contraction in grams. * p < 0.05

Fig. 4. The changes of the contraction amplitude of tracheal smooth
muscle to histamine in animals received MSG in a dose of 1 g/kg ip
during 14 days + saline in the 1st, 3rd, 14th day (white columns), MSG
in a dose of 1 g/kg ip during 14 days + OVA in the 1st, 3rd, 14th day
(black columns) or MSG in a dose of 1 g/kg ip + L-NAME in a dose of
40 mg/kg ip during 14 days + OVA in the 1st, 3rd, 14th day (grey col-
umns). The columns represent the average values of the contraction
amplitude with the mean average ± SEM. Axis x – the concentration
of histamine in log mol/l, axis y – the amplitude of contraction in
grams. * p < 0.05

Fig. 2. The changes of exhaled NO in pre-treatment administered
30 min prior to OVA in the 1st, 3rd, 14th and 15th day of sensitization.
Lines with symbols present group of animals received OVA alone –
control group (t), NMDA in a dose of 4 mg/kg/ml ip prior OVA (�),
MK-801 in a dose of 1 mg/kg ip prior OVA (n), AP-5 in a dose of
4 mg/kg/ml ip prior OVA (´). Axis x – days of sensitization, axis y –
eNO values in ppb. Statistical significance in NMDA group –
* p < 0.05, ** p < 0.01, *** p < 0.001; MK-801 group – & p < 0.05,&& p < 0.01, &&& p < 0.001; AP-5 group – # p < 0.05, ## p < 0.01

Fig. 5. The comparison of the changes in eNO in group of animals re-
ceived MSG in a dose of 1 g/kg ip during 14 days + saline (control
group) in the 1st, 3rd, 14th day (t), MSG in a dose of 1 g/kg ip during
14 days + OVA in the 1st, 3rd, 14th day (¢) or MSG in a dose of 1 g/kg
ip + L-NAME in a dose of 40 mg/kg ip during 14 days + OVA in the 1st,
3rd, 14th day (�). Axis x – days of sensitization, axis y – eNO values in
ppb. * p < 0.05, *** p < 0.001



receptor agonist – MSG with L-NAME caused the fall

of the contraction amplitude to the values of saline group

in all concentration of histamine (10–8 and 10–3 mol/l).

The lung tissue smooth muscle response was not al-

tered, therefore, we do not show the figure.

We compared the response of tracheal smooth mus-

cle (Fig. 4) to histamine in control group (white col-

umns) after receiving MSG in a dose of 1 g/kg ip with

groups of OVA-sensitized animals receiving MSG

(black columns) in equal dose and with group receiv-

ing MSG together with L-NAME in a dose of

40 mg/kg ip (grey columns) during all the time of sen-

sitization (14 days). We recorded statistically signifi-

cant (p < 0.05) decrease of tracheal smooth muscle

response to histamine in the concentration 10�5 and

10�3 mol/l in both experimental groups.

The eNO changes in same groups are shown in

Figure 5. The expressive statistically significant (p <

0.001) reduction of eNO is seen in the group of

animal received MSG together with L-NAME on the

3rd, 14th and 15th day if we compared the eNO levels

with MSG + saline or MSG + OVA groups in the

same time intervals. The group of animals received

MSG + OVA shows the statistically significant (p <

0.05) decrease of eNO on the 14th day in the compari-

son with MSG + saline.

Discussion

The prevalence of respiratory inflammatory diseases

has increasing tendency. Thus, it is obvious endeavor

to obtain the more information on a pathogenesis of

these diseases that subsequently determine an orienta-

tion to the adequate treatment. Hoang et al. [5]

brought interesting theory on “bronchial epilepsy”

that is in the respirology relatively new. This theory

suggests that asthma occurs in particular as a result of

hyperreactivity of glutamatergic mainly NMDAR in

the airways. On the other hand, it is known that NO

acts as an important neurotransmitter in the control of

the respiratory functions as well as in the bronchial

hyperreactivity [13, 15]. Both systems are thus sig-

nificantly contributing to the control functions of the

respiratory system [7]. Can these two systems to-

gether interact or is there an interaction between them

in terms of the airways hyperreactivity? Therefore, we

explored in this work whether the intervention to the

homeostasis of both systems will affect the experi-

mental OVA-induced hyperreactivity of the airways

smooth muscle and exhaled NO levels. We found in

the first part of experiments that the administration of

NMDA prior OVA increased the airways reactivity in

guinea pigs compared with animals received NMDA

prior saline. Therefore, NMDA administration proba-

bly activated its receptors in conditions of OVA-

induced airway hyperreactivity. This response was

more pronounced in tracheal than lung tissue smooth

muscle. We recorded on the whole the more expres-

sive effect to acetylcholine than histamine as bron-

chocontrictive mediators.

Regarding the probable participation of NMDAR

in the airways hyperreactivity we assessed the possi-

ble modulation of OVA-induced hyperreactivity by ir-

reversible selective non-competitive NMDAR an-

tagonist MK-801 and by the selective competitive an-

tagonist of NMDA receptor – AP-5. We proposed that

these agents could block the excitatory actions of

NMDA and prevent manifestations of the airways hy-

perreactivity. Both agents caused the mild decrease of

tracheal smooth muscle hyperreactivity induced by

OVA, more expressive to acetylcholine. We have not

seen any or very light activity of both antagonists at

level of the lung tissue smooth muscle. The difference

in the response of tracheal and lung tissue smooth

muscle obtained in our experiments may be connected

with different expression and activity of a variety of

NMDA glutamate receptor subtypes in the lung and

airways as showed Dickman et al. [3]. Other data

propose the expression of NMDA 1 receptors in all re-

gions of the lung and in airways [16, 17, 23]. This

subtype is expressed in the airway smooth muscle and

constitutively inhibits contraction of isolated tracheal

ring in response to acetylcholine [10].

We recorded on the whole statistically more ex-

pressive effect in MK- 801. There are data reporting

the activity of MK-801 that prevents all manifesta-

tions of lung injury induced by exogenous NMDA.

This NMDA blocker protects against oxidative stress

and limits inflammatory response viewed in lipo-

polysaccharide-induced acute lung injury as well as

lung injury associated with experimental sepsis [1, 2].

NMDA blockade with MK-801 decreased organism’s

sensitivity and resistance to hypoxic hypoxia [22].

MK-801 also significantly inhibited NF-kB expres-

sion thus leading to limited production and availabil-

ity of inflammatory mediators, which in turn allevi-

ated inflammation and then contributed to the protec-

tive effect of MK-801, which may be the intracellular
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mechanism of the protective effect for hyperoxia-

induced lung injury [21].

How was changed the level of eNO in our experi-

mental conditions? The activation of NMDA recep-

tors by the administration of NMDA was manifested

by the increasing eNO level compared to animals

without NMDA pre-treatment mainly on the 1st and

3rd day. Both antagonists of NMDA receptors MK-

801 group as well as AP-5 do not cause the significant

changes of eNO levels during all time of sensitization

(except the 1st day) if we compare eNO with NMDA

group. We can see within each group a considerable

decrease of eNO on the 14th day in the comparison to

1st day mainly in the NMDA group (6.0 ppb on the 1st

day vs. 3.23 ppb on the 14th day). MK-801 shows

(within the group) the more expressive effect in the

eNO levels (6.01 ppb on the 1st day vs. 3.65 ppb on

the 14th day) during sensitization than AP-5 group

(4.66 ppb on the 1st day vs. 3.80 ppb on the 14th day).

The eNO levels changes are probably also associated

with the activity of other than NMDA receptors as is

apparent from this part of our experiments.

Unresolved is the question of the interaction of glu-

tamatergic with nitrergic system in the respiratory dis-

eases (asthma) and theirs symptoms (bronchial hyper-

reactivity). It is known that NO is the very important

neuromediator controlling the tonus of airway smooth

muscle in the physiological as well as pathological

conditions. As we found in further experiments, the

activation of NMDAR with other agonist – MSG dur-

ing sensitization with OVA only lightly changed the

response of the airways smooth muscle to both used

bronchoconstrictive mediators. We recorded the ten-

dency to the fall of the contraction amplitude (mainly

to histamine) or the response of airway smooth mus-

cle was without changes. This finding is in contrast

with the fact that in the central nervous system gluta-

mate is excitatory by nature and that stimulation of

the NMDAR in the airways leads to the airways con-

striction [21]. How to explain our finding? The results

of Li and Hatton [8] suggest that histamine suppresses

non-NMDA synaptic currents in some neurons

through activation of H1 receptors. It is possible also

that histamine induces the production of NO through

activation NO synthase, which modulates response of

smooth muscle. Similar results were obtained by

Nguyen-Duong [11] in vascular smooth muscle pre-

parations. This relaxing effect of glutamate is well-

known so-called Chinese restaurant syndrome, which

manifests itself as headaches and flushing connected

with a vasodilatation [14].

The inhibition of NOS with L-NAME raised the re-

sponse of tracheal smooth muscle in sensitized ani-

mals to all concentration of histamine probably via

inhibition of mainly constitutive NO synthases activ-

ity. The administration of a combination of both

agents (MSG + L-NAME) returned the value of the

airways reactivity to the values of control group

(L-NAME + saline). We suppose that the activation of

NMDAR with MSG, increases NOS activity, there-

fore, the increase of NO production could erase

L-NAME blockade.

It is interesting that the levels of eNO don’t show

more expressive changes within the group received

MSG alone (MSG + saline, MSG + OVA). The most

expressive changes we recorded on the 15th day. The

simultaneous administration of L-NAME + MSG in

sensitized animals expressively decreased the eNO

level. Both results (hyperreactivity, eNO level

changes) confirmed the findings of Said et al. [19]

that showed possible relationship of glutamatergic

and nitrergic systems. Likewise, Pall [15] refers (al-

though in the connection with a multiple chemical

sensitivity) to the fusion theory that shows a possible

way of the interaction of both systems. When stimu-

lated, the NMDA system has been found to produce

increases in NO as retrograde messenger through

a mechanism involving increased Ca2+ influx into the

cell and consequent increased intracellular Ca2+ lev-

els, stimulating the calcium-dependent nitric oxide

synthases nNOS and eNOS. Thus, there exists the po-

tential for a vicious cycle with too much NMDA ac-

tivity leading to too much NO leading to too much

NMDA activity etc. But, when NMDA receptors are

stimulated, they produce also its oxidant – peroxyni-

trite. There is also a mechanism by which peroxyni-

trite may act to exacerbate this potential vicious cycle

via the depletion of energy (ATP) pools in cells [6].

Consequently NO may act to increase NMDA stimu-

lation and peroxynitrite may act to increase the sensi-

tivity to such stimulation. With both NO and per-

oxynitrite levels increased by NMDA receptor activ-

ity, an overall increase in these activities may lead to

a major, sustained increase in the sensitivity and ac-

tivity. Can we assume such a mechanism also in the

conditions of inflammatory diseases connected with

airways hyperreactivity?

In summary, we demonstrated that the activation of

NMDAR with NMDA caused the increase in the tra-
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cheal smooth muscle reactivity to acetylcholine in

animals with OVA-induced hyperreactivity. The ad-

ministration of non-competitive (MK- 801 – dizocil-

pine) as well as competitive (AP-5) antagonists allevi-

ated OVA-induced hyperreactivity. We recorded also

the changes of eNO levels. The activation of NMDA

receptor with NMDA or MSG increased the levels

eNO. The inhibition of NO synthase with L-NAME

caused the fall of eNO levels, therefore, we suppose

here the participation of constitutive isoforms of NO

synthases mainly. We suppose that this work and ob-

tained results could bring a new interesting points and

knowledge not only to the possible new pathomecha-

nisms of the airways hyperreactivity but also novel

knowledge concerning the interaction of glutamater-

gic and nitrergic system that has not been sufficiently

clarified in the respiratory inflammatory diseases so

far.
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