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It is well known that the locus coeruleus (LC), the 
main intracerebral adrenergic substrate, modulates 
various anxiety states [2,8,9]. Indeed, the effect on 
rats of aversive stress of n o n u n i f o r m  modali ty  
stimulates the synthesis of enzymes of  the cat- 
echolaminergic cycle in LC [5] or activates its 
neurons [4]. On the other hand, the selective de- 
generation of ascending projections of noradrener- 
gic LC neurons,  caused by the neurotoxin 6-hy- 
droxydopamine, or its electrolytic decomposit ion 
blocks the avoidance reaction induced by the anxi- 
ety factor [11]. It can also intensify zoosocial con- 
tacts among animals [8,10], which are an indica- 
t ion of an anxiogenic effect [8]. This effect can 
likewise result from a microinjection of  a bicucu- 
line antagonist (antagonist of the GABAA-receptors ) 
[13] directly into the LC. But the adrenergic and 
GABA-ergic effects of the locus coeruleus are prob- 
ably not  the only factors in anxiety states, as 
transmitter functions in the LC are also carried out 
by dopamine [12], serotonin, and cz-aminoglutaric 
acid [6]. The role of the last two substances has 
not yet been havestigated. 

The purpose of the present study was to ana- 
lyze the functional role in anxiety states of different 
aversive origins of mezaton, an a-adrenomimetic sub- 
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stance that stimulates the effect of norepinephrine, as 
well as the role of other neurotransmitters: dopam- 
ine (DA), serotonin (5-OT), GABA, and L-glutamic 
acid (GA), which were locally injected into the lo- 
cus coeruleus. 

MATERIALSAND METHODS 

Experiments were carried out on 18 mongrel  pu-  
bertal male rats weighing 270-360 g. The anxiety 
state was modeled by using the "illuminated site" 
and "threatening situation" avoidance methods [3]. 
CapiUary tubes were implanted into the LC of the 
animals under ether anesthesia along the stereotaxic 
coordinates [1]: AP-8,8; L-l ,1; H-6,6. The follow- 
ing solutions (1 p.l of 1-2% concentrations) were 
introduced through the microinjection system of the 
condit ioned animals: mezaton,  DA, GABA, GA 
(10 ~ ) ,  and 5-OT (serotonin-creatinine sulfate, 
20 gg). After 5 min the rats were placed in an 
experimental stand. There, as in previous experi- 
ments [3], determinations were made with the aid 
of decatrons of the changes in the behavior param- 
eters. These parameters would indicate an anxi- 
olytic or an anxiogenic effect. 

In control experiments 1 ~l of 0.9% NaC1 was 
injected into the LC of the animals. The results were 
analyzed by standard variational statistics methods. 
After the completion of the experiments the animals 
were euthanized under ether anesthesia. Verification 

0007-4888/93/0006-0713512.50 �9 Plenum Publishing Corporation 



714 Bullet in of Experfmentai Bfology and Medicine,  N. o 6, 1993, BIOPHYSICS A N D  B I O C H E M I S T R Y  

TABLE 1. Effect of Monoamines and Amino Acids Introduced into the Locus Coeruleus on Anxiety States in Tests of Avoidance 
of an "Illuminated Site" (Numerator) and a "Threatening Situation" (Denominator) 

Substance 

NaC1 (0.9%) 

Dopamine 

Serotonin 

GABA 

L--  G l u t a m i c  ac id  

M e z a t o n  

P h e n t o l a m i n e  h y d r o c h l o r i d e  

Dose, p.g 

1 gl 

10 

20 

10 

10 

10 

10 

Time during which 
rats remained in 

illuminated sector, 
s e c  

3.2---0,44 
2 . 0 " 0 . 3 2  
5 ,2•  
2,2-----0.33 
6.2• 
4,6• 
2.8---0.49 
4.2-----0.58* 
5 .4•  
2 .6•  
3 .2•  
4.4-----0,51" 
5,0• 
2 .2•  

M+_m, n=5) 

Motor  activity 
(number o f  inter- 

sected squares atbase 
of  il luminated sector)  

5 ,4•  
5,2-4-0,49 
6.6• 
5 ,4•  
6.4-----0.40 
5 .6•  
5 .6•  
6 .0•  
6.24-0.20 * 
5,4---0.40 
5 .4•  
6 .0•  
6 ,2•  
5 ,2•  

Strenght of  mo-  
t ivat ion for staying 

in dark sector, 
arbitrary units 

0.54-----0.06 
0.55---0,06 
0 .42•  
0.54--0,06 
0.434-0,06 
0.43--0,06 
0,564-0.06 
0.44-----0.07 
0 .44•  
0,514-0.06 
0.50--0.05 
0.44-----0.03 
0 .41•  
0 .56•  

Note. The asterisk indicates  values where p...0.05. 

of the microinjection capillaries in the LC was car- 
tied out in morphological control experiments. 

RESULTS 
The morphological control experiments showed that 
the substances investigated affected the LC neu- 
rons. The microinjections of transmitter substances 
or their simulators into the LC revealed the dif- 
ferent roles played by LC neurochemical  systems 
in anxiety states of different aversive origin. 

As can be seen from the data summarized in 
Table 1, the anxiety state motivated by fear [3] was 
resistant to chemical stimulation of the LC with 
GABA and mezaton, which bad no notable effect on 
the avoidance parameters of the "illuminated site". On 
the other hand, local injection of DA, 5-OT, and GA 
into the LC produced a distinct antiaversive effect, 
manifested in a statistically sNnificant increase in the 
time during which the rats remained in the illumi- 
nated sector. This anti-anxiety effect was not related 
to a motor  deficiency in the performance of the 
acquired behavior, because 5-OT did not inhibit motor 
activity in the experimental animals, while DA and 
GA significantly stimulated it (2<0.05). The data 
presented in Table 1 show that in the formation of 
the fear motivation the neuronal matrix of anxiety 
engaged not the GABA-ergic and adrenergic, but the 
DA-, 5-OT-, and glutamatergic transmitter compo- 
nents of the LC, which are functionally important 
in negative emotional states. This conclusion accords 
with the experimental results which show that antago- 
nists of the NMDA-glutamate receptors have an 
anxiolytic effect in that they decrease the number of 
passages from the illuminated to the darkened sector 

[14]. This conclusion is also consistent with investi- 
gations showing that damage to the noradrenergic sys- 
tem of the locus coeruleus has no effect on atten- 
tiveness, habituation, motor activity, or anxiety [2, 8]. 

When the rats could freely choose an illuminated 
or dark chamber, chemical stimulation of the LC 
with DA or GA did not influence the anxiety state 
formed as a result of a different biologically signifi- 
cant aversive effect [3] (the avoidance response on the 
part of the rats which were "spectators" against the 
background of the painful stimulation of the rats 
which were "victims"). On the other hannd, 5-OT, 
GABA, and mezaton counteracted the anxiety state. 
This anxiolytic effect was a selective one, that is, in 
"threatening situation" avoidance tests the transmit- 
ters in question or their simulators, while increasing 
the time during which the rats stayed in the illumi- 
nated sector, had no effect on the motor  activity of 
the experimental animals (Table 1). The facts adduced 
show that the neuronal matrix of anxiety, formed on 
the basis of negative zoosocial emotional-stress reac- 
tions, engages not the DA- or glutamate-, but the 
adrenergic, 5-OT, and GABA-ergic transmitter com- 
ponents of the LC. This conclusion accords with the 
data obtained recently with the use of different meth- 
odological approaches which indicate that in rodents, 
on the LC level, the neuronal matrix of anxiety 
formed as a result of an acute presentation of a stress 
stimulus engages the functionally important GABA- 
ergic and adrenergic transmitter mechanisms [5, 13]. 
Indeed, the selective occlusion of one of them, 
achieved in our experiments by the microinjection into 
the LC of an adrenoblocker, phentolamine hydrochlo- 
ride, is probably accompanied by the switching over 
of the functionally important DA- or 5-OT- and 



glutamate-ergic synaptic intlow into the neuronal 
matrix, which provides for an anxiolytic effect in the 
model [3] where only the motivation of fear domi- 
nates (Table 1). 
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Cytomegaloviral (CMV) infection is one of the 
most c o m m o n  viral infections occurring in the 
antenatal and postnatal period. The infection is di- 
agnosed in 0.4-2.3% of  all newborns [3,5], al- 
though the incidence differs in various populations. 
Harmless for the mother ,  in the fetus CMV in- 
fection may cause developmental defects and other 
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grave complications which most frequently mani- 
fest themselves after birth in symptoms of central 
nervous system involvement, namely delayed men-  
tal development, microcephaly, blindness, deafness, 
epilepsy, muscular weakness, etc. [2,11]. The re- 
suits of numerous studies on the course and out- 
come of CMV infection in pregnant women indi- 
cate a possible contribution of the relationships 
between CMV and the host immuni ty  system to 
the pathogenesis of cytomegaly. An abundance of 
paper devoted to this problem have not yet got to 
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