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Physiologically active amines serotonin and 
norepinephrine are distributed in the brain in 
a regular pattern. High concentrations of 
both neurohormones are found in brain stem 
and low concentrations are found in cerebrum 
and cerebellum, and it has been suggested that 
serotonin is the chemical transmitter of the 
central parasympathetic system and that nor- 
epinephrine is the central sympathetic trans- 
mitter ( 1 ) .  The importance of these neuro- 
humoral agents in those regions of the brain 
where autonomic regulation is believed to oc- 
cur led us to study the effect of acute and 
chronic ethanol administration on their con- 
centration in rabbit brain stem, A prelimi- 
nary report has been made ( 2  ) . 

il'hite male New 
Zealand rabbits (4-6 kg) were injected intra- 
venously with ethanol ( 2  g/kg in normal sa- 
line for 5-10 minutes) and then sacrificed a t  
different intervals by intravenous injection of 
air. The brain was removed as rapidly as 
possible and either frozen a t  - 5 O C  or homoge- 
nized with 0.1 N HCl. Serotonin was deter- 
mined by the method of Bogdanski et a L ( 3 )  
and norepinephrine by the method of Shore 
and Olin(4) using an Aminco-Bowman spec- 
trophotofluorimeter. 

illaterials arzd methods.  

F I G .  1. Chniiges in 1)lood alcoliol and brain s t e m  
serotoiiiii concciiti~atioii in  ra1)l)its gireii 2 g/kg of 

tilcohol f o r  10 niin. 
-~ 

*This work was supported in part by grant from 
Nat. Inst. Health. 

TABLE I. Parallcl Changes in Serotonin arid Nor- 
(~l~iiiepliririe Concentrations" in Rabbit Brain Stem 

after Ethanol. 

Serotonin Norepinephrine 

Ilr after % % 
"tl l a  1101 y/g control y/g control 

0 .B7 (.60-.82) 100 .46 (.41-21) 100 
1 .33 (.30-.36) 49 .25 (.20-.34) 54 
8 .42 (.40-.45) 62 .32 (.30-.34) 69 

7 2  .49 (.45-.52) 73 .41t (.34-.48) 89 
144 .69 t (.60-.82) 102 .54t (.51-.56) 117 

48 .46 (.45-.48) 69 .38t (.3T-.40) 83 

h. E:icli value represents mean of determinations 
j i i  2-10 animals; mean and range are given. 

t Avg iiot signific:intl~~ diff rrent froin control vd-  
iic' :It zero timc. All other values different from 
v:ilne a t  zero t ime a t  less tlian 0.05 level of prob- 
:iI)ility. 

Results. Following acute injection of alco- 
hol brain stem serotonin concentration de- 
clined rapidly to about 40% of control value 
at  30 minutes. The level then increased slowly 
reaching normal value in about 6 days (Fig. 
1 ) . Norepinephrine concentrations were re- 
duced to about 55% of control values (0.46 
p g / g )  after 1 hour, then rose par; passu with 
serotonin concentrations to 100% of normal 
in 4-5 days (Table I) .  Shape and duration of 
both curves were very similar to patterns pro- 
duced by intravenous injection of reserpine 
(5,6).  Daily administration of ethanol ( 2  
g/kg) intravenously to 4 rabbits for 7 days 
resulted in a significant depression of sero- 
tonin from a control average of 0.67 pg,/g 
(range 0.60-0.82) to 0.32 pg/g (range 0.30- 
0.35) and a significant depression of norepine- 
phrine from a control average of 0.46 p g / g  
(range 0.41-0.51) to 0.24 pg/g (range 0.20- 
0.26). 

Discussion. This depression of brain stem 
levels of serotonin and norepinephrine by 
ethanol strongly resembles the depression pro- 
duced by reserpine in that depletion persists 
long after the drug has disappeared. Blood 
alcohol levels were too low to measure 6 hours 
following acute dose, whereas depression of 
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brain stem serotonin lasted 15-20 times as 
long. This action of ethanol furthermore does 
not appear the result of hypnotic effect of the 
drug since common hypnotic and analgesic 
agents such as phenobarbital, barbital, mor- 
phine, and scopolamine do not lower brain 
stem serotonin levels in the rabbit ( 7 ) .  It has 
also been shown that duration of hypnosis in 
mice injected intraperitoneally with 4 g/kg 
of ethanol is potentiated by reserpine( 8) .  Our 
observations that ethanol also produces an 
effect on the 2 neurohormones closely paral- 
leling that of reserpine seem to provide the 
most reasonable interpretation for this polten- 
tiation. 

A plausible hypothesis of neurohumoral ac- 
tion and the effect of reserpine upon these 
phenomena has been advanced by Brodie, 
Spector, and Shore(9). These authors postu- 
late that binding sites for serotonin and nor- 
epinephrine exist in the brain stem, which pro- 
vide a mechanism for controlled release of 
serotonin and norepinephrine in facilitating 
conduction. These authors furthermore at- 
tribute the sedative, hypotensive and other ef- 
fects of reserpine to impairment of binding 
sites of serotonin and norepinephrine, which 
releases stored amines quickly and renders 
binding sites incapable of taking up newly 
synthesized amines. According to their hy- 
pothesis, these neurohormones are then liber- 
ated directly from a synthetic locus in the cell 
a t  a rate which may produce a physiologic ef- 
fect if concentration at  receptor site reaches a 
sufficiently high level. Under these condi- 
tions, rate of accumulation of amines will be 
dependent upon its rate of formation and its 
rate of inactivation by monoamine oxidase. 
For example, a slowly-formed amine may be 
metabolized as fast as i t  is formed while a 
more rapidly-f ormed amine may accumulate 
a t  receptor sites in concentrations sufficiently 
high to produce a response. It is known that 

brain serotonin is synthesized far more rap- 
idly than brain norepinephrine and Brodie 
et a l . ( 9 )  concluded that sedative effects olf 
reserpine could be explained most readily by 
persistent bombardment of central receptor 
sites by free serotonin. The parallel depletion 
of both neurohormones and duration of the 
effect produced by ethanol are so similar to 
that produced by reserpine, that i t  is tempting 
to invoke the same mechanism to account for 
the hypnotic and sedative effects of the 2 
drugs. This concept, if verified, would pro- 
vide a physiological basis for the well-known 
mood depression of chronic alcoholics. 

Summary. Evidence is presented which in- 
dicates that intravenous infusion of 2 g/kg 
of ethanol produced depression of both sero- 
toinin and norepinephrine levels in the brain 
stem of rabbit. The parallel depletion of both 
neurohormones persisted long after ethanol 
had disappeared, an effect which is reminis- 
cent of the action of reserpine. Chronic ad- 
ministration of alcohol for 7 days produced 
50% decrease in both serotonin and norepine- 
phrine levels in rabbit brain stem. 
- ~ ~~ 
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