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The dynamics of the concentration of biogenic amines in the brain s tem and forebrain  of ra ts  
was investigated af ter  a single dose (1.5 and 6 g/kg,  intraperitoneally) and chronic admin is t ra -  
tion (for two months, ethanol solution in concentrat ions r is ing f rom 10 to 40%) of ethanol and 
after  deprivation of the animals of its action (1, 4, and 7 days). In acute ethanol intoxication 
the noradrenal in  and dopamine concentrat ions fell in the forebra in  (by 15-25~). In the brain 
s tem the dopamine level rose (by 20-48~). The serotonin concentrat ion rose  sharply both in 
the forebra in  (by 59-136~70) and in the brain s tem (by 36-49~). In chronic ethanol poisoning the 
noradrenal in and dopamine levels rose  in both s t ruc tures ,  whereas the serotonin concent ra-  
tion was indistinguishable f rom the control.  Deprivation of the animals of ethanol (one day) 
led to accumulation of noradrenal in and dopamine in their  brain, whereas the serotontn con- 
centrat ion was lowered Coy 12~). The role of the coupled functioning of monoamine-eonta in-  
tag neurons in changes in the excitability of the C NS under the influence of ethanol is discussed.  
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Concentrations of biogenic amines during studies of the action of ethanol are  usually determined in the 
whole brain or  in individual brain s t ruc tures ,  and this may perhaps par t ly  explain the extremely cont radic tory  
resul ts  obtained [ 1, 7, 10]. Changes in activity of the CNS as a resul t  of ethanol intoxication, however, are  
determined not only by total changes in the concentrat ion of biogenic amines in the whole brain, but also by 
their  redis tr ibut ion between the bodies of neurons and nerve endings. Cell bodies of monoamtne-eontaining 
neurons in the brain are  located in the brain s tem and medulla, whereas synapses of ascending axons are 
located in the fo re -  and end-brain  [3]. 

With these considerat ions in mind, it was considered important  to undertake a comparat ive study of the 
dynamics of the serotonin, dopamine, and noradrenal in  concentrat ions in the region of the bodies and nerve 
endings of monoamine-containing neurons ill acute and chronic ethanol intoxication and after  the end of ex- 
posure to ethanol. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were car r ied  out on male Wistar  ra ts  weighing 180-220 g. Ethanol (40%) was injected intra-  
peri toneally into the animals 30 rain before sacr i f ice  in doses of 1.5 and 6 g /kg  body weight. Control ra ts  
received injections of the same doses of physiological  saline. In the course  of chronic intoxication the ani- 
mals received a solution of ethanol, the concentrat ion of which was increased gradual ly f rom 10 to 40~, as 
the sole source of drinking fluid. 

The concentrat ions of the biogenic amines were determined in the forebra in  and brain s tem f luorometr i -  
cally [6]. The forebra in  included caudate nucleus, septum, preopt[c region, par t  of the amygdala,  anter ior  
commissure ,  and corpus cal losum. The brain s tem included the substantia nigra, interpeduncular  nucleus, 
meseneephal ic  raphe nucleus, red nucleus, meseneephal ic  re t icu la r  formation,  and cerebra l  peduncles. 

Amines were  extracted f rom samples of brain tissue by the use of butanol and heptane. The intensity 
of f luorescence of oxidation products of noradrenal in  was measured at 365/485 rim, of dopamine at 313/390 
nm, and of serotonin at 365/470 nm, on the t~ F-3MA f luorometer  with an M-95 m i c r o a m m e t e r .  
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Fig. 1. Dynamics  of sero tonin  (T), noradrena l in  (if), and 
dopamine (III) concentra t ions  in bra in  s t em (1) and fo r e -  
b ra in  (2) of ra t s  during ethanol intoxication and a f te r  dep-  
r iva t ion  of an imals  of ethanol (in pe rcen t  of control).  
A, B) single injection of ethanol in doses  of 1.5 and 6 
g / k g  r e spec t ive ly  (acute intoxication); C) injection of 
ethanol for  two months in increas ing  concentra t ions  f r o m  
10 to 40% (chronic intoxication); D, E, F) 1, 4, and 7days  
r e spec t ive ly  a f t e r  depr ivat ion of r a t s  with chronic intoxi-  
cation of ethanol.  Number  of exper imen t s  shown beneath 
each column (the number  of expe r imen t s  to de te rmine  nor -  
adrenal in  and dopamine was the same) .  As te r i sk )  d i f fe r -  
ence f r o m  cor responding  control is s ignif icant  (P< 0.05). 
Control  values taken as 100%. 

The blood alcohol level  of the r a t s  was de te rmined  spec t ropho tomet r i ca l ly  at 340 nm on the SF-4A spec-  
t ropho tomete r ,  using an alcohol dehydrogenase  method.  

The s ignif icance of d i f fe rences  between the r e su l t s  for  the exper imenta l  and control  groups of an imals  
was de te rmined  5y Student 's  t - t e s t .  

E X P E R I M E N T A L  R E S U L T S  

After  injection of ethanol in doses  of 1.5 and 6 g /kg  it accumula ted  in the r a t s '  blood in amounts of up to 
0.05 and 0.2% of the injected dose.  The an imals  developed depress ion .  The exper imenta l  r e su l t s  a re  i l lus t ra ted  
in Fig. 1. 

The d e c r e a s e  in the concentra t ion  of noradrena l in  (by 15-40%) and dopamine (by 25-15%) d i scovered  in the 
region of the ne rve  endings of monoamine-conta in ing  neurons in acute ethanol intoxication (1.5 and 6 g/kg) ag rees  
with observa t ions  of other  w o r k e r s  [1, 2] and is a t t r ibutable  to act ivat ion of the i r  l ibera t ion and decomposi t ion 
[2]. This act ion of ethanol is the r e s u l t  of its in te rac t ion  with ne rve  cell  m e m b r a n e s  and its effect  on Na, K- 
ATPase  act ivi ty  [11]. The dopamine level  in the fo reb ra in  and bra in  s t e m  changed in opposi te  di rect ion during 
acute ethanol intoxication. Prev ious ly ,  the tu rnover  of this amine in the substant ia  nigra  was found to be de- 
p r e s sed ,  but in the o l fac tory  tuberc les  it was inc reased  a f t e r  injection of a 20% solution of ethanol [9]. A local  
i nc r ea se  in the dopamine level  in the bodies  of dopamine-containing neurons (Fig. 1) p robably  contr ibutes  to 
the i r  autoinhibition [14]. This  counterac ts  any fu r the r  exhaust ion of the med ia to r  in the region of the ne rve  
endings.  

The i nc r ea se  in the dopamine concentra t ion  in the bra in  s tem,  with a s imul taneous fall in the noradrenal in  
tevel  a f t e r  a single injection of ethanol in a dose of 6 g /kg  (Fig. 1) was probably  connected also with d e p r e s -  
sion of dopamiae- /3-hydroxylase  act ivi ty  in noradrenal in-conta in ing  neurons [2], and a lso  with act ivat ion of 
ty ros ine  hydroxylase  [13]. The r e c i p r o c a l  change in the serotonin  and noradrenal iu  concentra t ions  in r e sp o n se  
to injection of ethanol in doses  of 1.5 and 6 g /kg  (Fig. 1), not p rev ious ly  repor ted ,  ag rees  with the view that  
functions of se ro ton in-  and noradrenal in-conta in ing  neurons a re  coupled [5]~ 
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Chronic ethanol intoxication (2 months) led to the development  of compensa to ry  p r o c e s s e s  in the CNS to 
mainta in  homeos ta s i s ,  which were  c h a r a c t e r i z e d  by an i nc rea se  of 23-53% in the noradrena l in  concentra t ion 
and an i nc rea se  of 58-22~o in the dopamine concentra t ion in the bra in  s t em and fo rebra in  respec t ive ly .  

It has been shown [7, 10] that prolonged admin i s t r a t ion  of ethanol causes  a sharp  i nc r ea se  in the con- 
centra t ions  both of noradrena l in  and dopamine and of serotonin.  We found no significant  changes in the s e r o -  
tonin level  in e i ther  pa r t  of the bra in  studied (Fig. 1), but this ag rees  with data showing re la t ive  s tabi l izat ion 
of the serotonin  s y s t e m  in chronic  ethanol intoxicat ion [8, 12]. 

Deprivat ion of the r a t s  of ethanol a f t e r  chronic  admin i s t r a t ion  led to a fall in the i r  serotonin  concen t ra -  
tion and to accumula t ion  of noradrena l in  and dopamine in the b ra in  a f te r  24 h (Fig. 1). This  imbalance  of the 
biogenic amines  p e r s i s t e d  for  s eve ra l  days, demons t ra t ing  loss  of labili ty of the adaptive m e c h a n i s m s  of the 
CNS. The noradrena l in  level  r emained  high in the forebra in ,  even seven days a f t e r  ethanol deprivat ion.  This  
indicates  that  noradrena l in-conta in ing  neurons a re  the mos t  sens i t ive  to ethanol and that cons iderable  a f t e r -  
changes occur  in them.  

Accumulat ion of noradrena l in  and dopamine in the bra in  of an imals  a f t e r  depr ivat ion of ethanol was p rob-  
ably assoc ia ted  with act ivat ion of t y ro s i ne -hyd roxy l a se  b y e n d - p r o d u c t s  of the reac t ion  by a feedback mech-  
an i sm [4], as  a r e su l t  of the chronic  admin i s t r a t ion  of ethanol.  Noradrenal in  and dopamine,  in turn,  a r e  in- 
h ib i tors  of t ryp tophan-5 -hydroxy la se  - a n  enzyme which l imi ts  se ro toa in  fo rmat ion  [4], and this may  perhaps  
explain the r ec ip roc i ty  of changes in the levels  of these  amines .  The d i scovery  that changes in the serotonin  
and noradrena l in  concentra t ions  a re  opposite in d i rec t ion to changes in the dopamine concentra t ion in acute 
ethanol poisoning and a f t e r  depr ivat ion of the r a t s  of ethanol suggests  that it is this coupling of the function 
of monoamine-conta in ing  neurons which plays a role  in the changes in C NS excitabi l i ty under  the influence 
of ethanol.  

The d e c r e a s e  in the noradrenal in  and dopamtne concentra t ions  in the region of the nerve  endings o f m o n o -  
amine-conta in ing  neurons,  with s imul taneous  accumulat ion of serotonin,  i s  the cause  of depress ion  of the C NS 
ar i s ing  as a r e su l t  of acute ethanol poisoning. Converse ly ,  the fai l  in the serotonin  level and accumulat ion of 
noradrena l in  and dopamine in the bra in  lead to the development  of hyperexei tabi l i ty  of nervous s t ruc tu r e s  in 
ra t s  depr ived  of ethanol a f t e r  chronic  intoxicat ion with it. 
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