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The effect of chronic alcohol intake on metabolism and concentrations of monoamines in the 
hypothalamus have been studied in some investigations [I, 2, 7, 9, 12], and secretory activity 
of Gomori-positive neurosecretory cells (NSC) of the hypothalamus [5], producing nonapeptide 
neurohormones and possessing a rich monoaminergic innervation [4] in others. 

The aim of this investigation was to make a parallel study, in one experiment, Qf the 
concentrations of individual monoamines, the fluorescenceof monoaminergic structures, and 
the functional state of peptidergic Gomori-positive NSC of the paraventricular nucleus (PVN) 
in the hypothalamus of rats during chronic (6 months) alcoholization. Data on the functional 
state of the monoaminergic and peptidergic systems of the hypothalamus, the center for neuro- 
endocrine regulation, are of great importance for the analysis of neuroendocrine disturbance 
during chronic alcohol exposure, more especially since the role of disturbances of the brain 
monoaminergic systems in the pathogenesis of chronic alcoholism has been discovered [i, 2]. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats fed on a standard diet but allowed to 
drink only a 20% solution of ethanol for 6 months. For the next two weeks the rats had the 
choice of drinking ethanol or water. Experimental rats were divided into two groups: i) pre- 
ferring alcohol, 2) preferring water. Rats given>~only water to drink for 6.5 months served as 
the control. All rats weighing 350-400 g were decapitated in the fall. Concentrations of 
dopamine (DA), noradrenalin (NA), and serotonin (5-HT) in the hypothalamus were determined by 
a modified method [14]. The significance of the results was determined by Student's test, 
Monoaminergic structures of the hypothalamus were revealed by the fluorescence-histochemical 
method of Falck and Hillarp (in5 rats in each experimental group and in the control). The 
intensity of fluorescence of the monoamines was estimated by counting the number of varicose 
thickenings of terminals of monoaminergic fibers in the hypothalamic nuclei. Some of the sec- 
tions treated by the Falck--Hillarp method were stained with paraldehyde--fuchsin by the Gomori-- 
Gabe method and counterstained with Heidenhain's azan. The quantity of Gomori-positive neuro- 
secretory material in the bodies and axons of :~he NSC in PVN was then determined in the prep- 
aration. The estimation was done visually, using a five-point system, with anaccuracy of 
0.5 point. 

EXPERIMENTAL RESULTS 

The intensity of green fluorescence of noradrenalin- and dopaminergic nerve fibers in the 
hypothalamic nuclei of the rats of group i was statistically significantly lower than in the 
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TABLE i. Levels of Hypothalamic Monoamine 
(in ~g/g tissue) after Chronic Alcohol Con- 
sumption by Rats with Different Addiction 
to Alcohol (in % concentration of monoamine 
in hypothalamus of control rats, taken as 
100%) 

Group NA DA 5-HT 
of rats 

Control 
n = 54 
l- n = 30 
2- n = 23 

0'681--0'01810'783:=h0'034124,2"* 88,1" % 50,4** 36,3** % 
0,814-4-0,048 

% 
149,8"* 
I17,6 

Legend. n) Number of animals. *P < 0.05, 
**P <0.01. 

control, especially in the region of PVN (Fig. i, a and b). This fact correlates with lowering 
of the NA and DA levels in the h_ypothalamus of this group of rats (Table i). A fall in the NA 
level in the hypothalamus of the rats of group I was accompanied by a marked increase in the 
5-HT concentration (Table i). In the dorsomedial, ventromedial, and arcuate nuclei of the rats 
of group i it was possible to see cells containing granules in their cytoplasm with yellow 
fluorescence, characteristic of 5-HT; these cells, evidently accumulating 5-HT, were not found 
in these nuclei in the rats of group 2 or in the control. On the other hand, in the rats of 
group 2 the intensity of green fluorescence of large numbers of nerve fibers in the hypothala- 
mus, which are particularly marked in PVN and in fibers of the median forebrain bundle, was 
considerably higher than that in the rats of group i and in the control. In the hypothalamus 
of the rats of group 2, on the other hand, the NA level was significantly raised but ~he DA 
level was lowered (Table i). Large palely stained NSC predominated in PVN of the rats of group 
i. The content of neurosecretory material in the perikarya of NSC was very small. The numer- 
ous axons of these cells were widened and packed with neurosecretory material (Fig. 2b). By 
contrast with the control (Fig. 2a), darkly stained NSC predominated in PVN of the rats of 
group 2. Much neurosecretory material was observed in both the perikarya and the axons of NSC 
in PVN. A parallel was observed between changes in the content of Gomori-positiw~ and immuno- 
reactive material, revealing nonapeptide neurohormones and those of them which carried neuro~ 
physin. Thus processes of synthesis and transport of nonapeptide neurohormones in NSC can be 
judged from the content of Gomori-positive material in the bodies and processes of NSC [3]. 

When the effect of chronic alcohol consumption on the monoaminergic systems of the hypo- 
thalamus is observed [13], the sensitivity of its dopaminergic systems stands ou1~ particularly 
clearly [7], in agreement with changes in the DA level in the present experiments (TABLE i). 
Acetaldehyde, an active metabolite of alcohol, affects the metabolism of DA [9] land its synthe- 
sis in the brain, disturbing the sensitivity of DA receptors [7, I0]. It is not yet known 
whether alcohol has any direct action on the dopaminergic systems, or whether its action is 
mediated through NA and the 5-HT system [7, ii]. The DA-neurons of the hypothalamus have been 
shown to receive a 5-HT innervation and to have 5-HT receptors. Under these circumstances the 
5-HT innervation has an inhibitory action on activity of the DA system of the hypothalamus 
[ii], and this may also have taken place in the hypothalamus of the rats of group i (Table i). 
The fall in the DA concentration in the hypothalamus of the rats of group 2 was ]probably due 
to transformation of DA into NA, as is indicated both by the increased NA concentration in 
them (Table i) and by the increased intensity of fluorescence of NA fibers in PVN,and along 
the course of fibers of the median forebrain bundle -- the course of the NA fibers of the hypo- 
thalamus. Alcohol also affects the NA systems of the brain and, in particular, the NA systems 
of the hypothalamus (Fig. ib, Table i) and neurons of the locus coeruleus [8], the main source 
of the NA innervation of hypothalamic structures, and especially of PVN. In this connection 
the change in functional activity of the peptidergic Gomori-positive NSC in PVN inchronically 
alcoholized animals is not surprising. Disturbance of the balance between synthesis of non- 
apeptide neurohormones in the perikarya and their transport along the axons of NSC within PVN 
was more marked in the rats which preferred alcohol (activation of synthesis and inhibition 
of transport of neurohormones; Fig. 2b), and was evidently associated with weakening of the 
inhibitory effect of the NA innervation and nonapeptide synthesis in he perikarya of NSC [4]. 
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Fig. I Fig. 2 

Fig. i. Fluorescence of noradrenergic fibers in PVN region after chronic alcohol 
intake in rats with high preference for alcohol. Reduction of intensity of fluo- 
rescence of NA terminals around nonfluorescent cells in PVN can be seen in experl- 
mwnt (b) compared with bright fluorescnece of NA terminals in control (a). Falck-- 
Hillarp fluorescence method. Ocular, homal 3, objective 40. 

Fig. 2. Cells of PVN after chronic alcohol intake by rats with high preference for 
alcohol. Numerous expansions of processes of PVN neurons and increased accumula- 
tion of Gomori-positive neurosecretory material in them can be seen in experiment 
(b) compared with control. Paraldehyde-fuchsin, ocular 3.2, objective 25. 

However, not only the peptidergic systems of the hypothalamus are under the control of 
monoaminergic systems. The peptidergic systems of the hypothalamus also influence functional 
activity of the monoamlnergic systems [15]. Chronic alcoholizatlon thus leads to a distur- 
bance of the function of the monoaminergic and peptidergic systems of the hypothalamus. In 
rats preferring alcohol, unlike those preferring water, the 5-HT level was raised and the NA 
level lowered, and these changes correlated with the decrease in fluorescence of the NA struc- 
tures in the hypothalamus, accompanied by a marked disturbance of transport of nonapeptide 
neurohormones along axons of NSC in the region of PVN. 
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