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Role of Tyrosine in the Acute Effects 
of Ethanol on Rat Brain 
Catecholamine Synthesis 
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BADAWY, A. A.-B., D. L. WILLIAMS AND M. EVANS. Role of tyrosine in the acute effects of ethanol on rat brain 
catecholamine synthesis. PHARMACOL BIOCHEM BEHAV 18: Suppl. 1,38%396, 1983.--Acute ethanol administration 
exerts multiple effects on rat brain catecholamine synthesis, associated with corresponding changes in cerebral tyrosine 
concentration. Catecholamine synthesis is enhanced at I hr by an increased availability of circulating tyrosine to the brain 
after inhibition of liver tyrosine aminotransferase activity. Tyrosine hydroxylation in vivo and tyrosine hydroxylase activity 
measured in vitro are also enhanced at I hr. Catecholamine synthesis is inhibited at 2-4 hr when tyrosine availability to the 
brain is decreased because of an enhancement of liver tyrosine aminotransferase activity. Serum neutral amino acid 
concentrations are decreased at 5 hr. This is followed 1 hr later by normalization of cerebral catecholamine synthesis. By 8 
hr after ethanol administration, the latter becomes enhanced because of increased cerebral uptake of tyrosine. Catechola- 
mine synthesis is inhibited at 12 hr because of enhanced transamination of brain tyrosine. Tyrosine metabolism finally 
returns to normal at 16 hr after ethanol administration. These results are discussed in relation to previous work with 
ethanol, and to central and peripheral mechanisms of regulation of brain catecholamine synthesis. 
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Tyrosine metabolsim 

T H E  effects o f  acute  e thanol  administrat ion on mammal ian  
brain ca techolamine  metabol ism have been the subject of  
much invest igat ion and con t roversy  (for a review,  see [15]). 
This con t roversy  could be explained largely by differences in 
doses  of  the drug, t ime intervals  after, and routes of  its ad- 
ministrat ion,  and methods  of  assessment  of  ca techolamine  
synthesis  and turnover .  Because  of  these considerat ions  and 
the fact that workers  have  previously  examined ethanol  ef- 
fects at only one or  a few time intervals,  it was considered 
important  to perform a detailed invest igat ion of  the effects  of  
var ious doses  of  e thanol  on rat brain ca techolamine  concen-  
trat ions and synthesis  ove r  a long t ime course.  Also in view 
of  ev idence  [4, 5, 8, 26, 27] that brain tyrosine concent ra t ion  
exer ts  an important  influence on ca techolamine  synthesis ,  
emphasis  was placed on the role that any likely changes in 
tyrosine availabili ty to, or  within, the brain may play in the 
act ions o f  ethanol.  The results of  these invest igat ions form 
the subject  o f  the present  paper.  

METHOD 

Chemicals 

The sources  of  various chemicals  and the methods  of  
preparat ion of  solutions o f  some of  them for administrat ion 

have previously been descr ibed [2, 3, 4]. Doses are given 
with the relevant  results. 

Animals and Treatments 

Local ly  bred male Wistar  rats (150--170 g) were housed 
three per cage (at 22 + I°C and under  natural light-dark cy- 
cles) and were  maintained on cube diet 41B (Oxoid,  
Basingstoke,  Hants ,  U .K. )  and water.  The animals were 
killed by decapitat ion be tween  14:00 and 15:00 hr and their 
brains and livers were rapidly r emoved  (within 10 or  20 sec 
of  death,  respect ively) .  Livers  were isolated by a freeze-  
clamp, whereas  brains were  immersed in liquid N._, for 3 rain; 
both organs were  then stored at - 20°C  overnight  before 
analysis.  To minimise animal variat ions,  each exper imental  
t rea tment  was accompanied  by its own control  group. 
Ethanol  and other  compounds  were  adminis tered intraperi- 
toneally.  

Chemical, Enzymic and Other Determinations 

Liver ,  serum and brain tyrosine concent ra t ions  and those 
o f  brain dopamine (3 ,4-dihydroxyphenethylamine) ,  dopac 
(3 ,4-dihydroxyphenylacet ic  acid) and noradrenal ine were de- 
termined f luorimetrical ly after separat ion by various tech- 
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niques including ion-exchange column chromatography as 
described previously [4]. Brain tyrosine hydroxylase activity 
in vitro was also determined fluorimetrically [28] ip the pres- 
ence of a 1.6 mM final concentration of tetrahydropteridine 
and a 150/zM final concentration of L-tyrosine as described 
previously [4]. The rate of tyrosine hydroxylation in viva was 
determined by measuring the accumulation of dopa (3,4- 
dihydroxyphenylalanine) at 30 min after intraperitoneal ad- 
ministration of the decarboxylase inhibitor compound 
NSD-1015 (3-hydroxybenzylhydrazine hydrochloride; 100 
mg/kg body wt.). The concentrations of circulating amino 
acids were determined by an auto-analyser procedure used 
routinely in a nearby laboratory. Statistical analysis of the 
results was performed by using Student 's t-test. 

RESULTS 

Time Course of the Effects of  Administration of  a 4 g/kg 
Dose of Ethanol on Concentrations of Liver, Serum and 
Brain Tyrosine and Brain Catecholamines 

These effects, expressed as percentage differences from 
controls, are shown in Fig. 1. At 1 hr, the concentrations of 
liver, serum and brain tyrosine and those of brain dopamine, 
dopac and noradrenaline were all significantly increased by 
25-111% (p=0.01-0.001). By contrast, decreases in all six 
concentrations of 26-35% (p =0.02-0.001) were observed at 2 
hr. These decreases persisted for 2 hr more, being 31-59% at 
3 hr and 30-57% at 4 hr (/7 =0.005-0.001). By 6 hr, all param- 
eters returned to normal, except liver tyrosine concentra- 
tion, which remained decreased (by 29%; p<0.001); it, how- 
ever, returned to normal thereafter. At 8 hr, serum tyrosine 
concentration was 22% below normal (p<0.001), whereas 
those of brain tyrosine, dopamine, dopac and noradrenaline 
were increased by 22-74% (p =0.05-0.001). By contrast with 
these latter increases at 8 hr, decreases in these four param- 
eters and in serum tyrosine concentration of 14--33% 
(p=0.02-0.001) were observed at 12 hr. All five parameters 
finally returned to normal at 16 hr. The changes observed at 
12 hr (Fig. 1) have previously been reported [5]. 

Although control values (those observed in 0.9% NaCI- 
treated rats) varied at various time intervals (see Fig. 1), a 
comparison of such values obtained in several other experi- 
ments performed at specific time intervals throughout the 
present work revealed that animal variations, rather than the 
time interval of the 0.9% NaCI values, was the major, if not 
the only, factor responsible for such variations. 

Effects of  Administration of Various Doses of Ethanol at 1 hr 
on Tyrsoine Metabolism 

The results in Fig. 2 show that the accumulation of 
tyrosine in liver and serum and the increases in brain 
tyrosine and catecholamine concentrations observed at 1 hr 
after ethanol administration were significant (p =0.05-0.001) 
with a 0.2 g/kg dose, and were maximum after treatment with 
a 1.6 g/kg dose, of the drug. 

Effects of Administration of Various Doses of Ethanol at 1 hr 
on Brain Tyrosine Hydroxylation In Viva After 
Decarboxylase Inhibition by Compound NSD-IO15 

As the results in Fig. 3 show, brain dopa concentration 
was significantly increased by a 0.2 g/kg dose of ethanol (by 
19%; p<0.01) and maximally by a 1.6 g/kg dose of the drug 
(by 62%; p<0.005). Under these conditions, serum tyrosine 
concentration was also elevated in a dose-dependent fash- 
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FIG. 1. Time course of effects of administration of a 4 g/kg dose of 
ethanol on concentrations of rat liver, serum and brain tyrosine (tyr) 
and brain dopamine (D.A.), dopac and noradrenaline (N.A.). Rats 
received an IP injection of either ethanol (4 g/kg) or an equal volume 
(20 ml/kg) of 0.9% NaCI and were killed at the times indicated. The 
results are expressed as percentage differences from control values 
(those in 0.9% NaCl-treated rats) and are based on means of 6 
animals per group. Average control values (in/xg/ml of serum or per 
g wet wt. of tissue) for 48 rats per parameter, with the lowest and 
highest six given in means_SEM were as follows: liver tyrosine 
(15.21, 12.51_+0.62 and 20.47_+0.56); serum tyrosine (16.90, 
14.27_+0.33 and 20.40_+0.55); brain tyrosine (16.76, 13.14+_0.72 and 
23.14+_ 1.15); brain dopamine (0.75, 0.61 _+0.02 and 1.07_+0.04); brain 
dopac (0.35, 0.23+_0.005 and 0.46+--0.03); brain noradrenaline (0.46, 
0.32_+0.008 and 0.61_+0.016). 

ion, with the first significant increase (18%; p<0.05) being 
caused by a 0.2 g/kg dose of ethanol and the maximum in- 
crease (49%; p<0.02) being achieved by a 1.6 g/kg dose of 
the drug. Brain tyrosine concentration was also significantly 
increased by the 0.2 g/kg dose (by 17%; p<0.001), but the 
maximum increase in this parameter was observed with the 4 
g/kg, but not with the 1.6 g/kg, dose. 
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FIG. 2. Effects of various doses of ethanol at I hr on rat tyrosine 
metabolism. Rats received an IP injection of either ethanol (0.2-4 
g/kg) or an equal volume (20 ml/kg) of 0.9% NaCI and were killed 1 
hr later. The effects of ethanol are expressed as the percentage 
increases above control values (those in 0.9% NaCl-treated rats) and 
are based on means of 6 rats per group. The data are the outcome of 
3 separate experiments, each of which had a control group, the 
values of which (in p.g/ml of serum or per g wet wt. of tissue; 
means-+SEM of 6 rats) were as follows: liver tyrosine (16.62-+0.23, 
14.28-+0.56 and 13.43-+0.32); serum tyrosine (14.10±0.34, 
17.12-+1.09 and 14.27-+0.33); brain tyrosine (16.65-+0.67, 
14.06-+0.48 and 14.68__.0.39); brain dopamine (0.56-+0.01, 0.63_+0.02 
and 0.62-+0.01); brain dopac (0.26__.0.01, 0.18__.0.007 and 
0.28±0.028); brain noradrenaline (0.42±0.005, 0.46_+0.003 and 
0.33-+0.012). 

Effect o f  Ethanol Administration at 1 hr on Brain Tyrosine 
Hydroxylase Activity In Vitro 

When rats were  t reated 1 hr previous ly  with a 4 g/kg dose 
o f  ethanol  or  an equal  vo lume (20 ml/kg) of  0.9% NaCI,  it was 
found that the e thanol  t rea tment  increased brain tyrosine 
hydroxylase  act ivi ty  in vitro by 29% (p<0.005).  Thus hy- 
droxylase  act ivi t ies (in nmol of  dopa  formed/min  per  g wet  
wt. o f  brain; means_+SEM for each group of  four  rats) were  
as follows: 0.9% NaCI  group (0.24__+0.005); e thanol  group 
(0.31 ___0.014). 
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FIG. 3. Effects of various doses of ethanol at 1 hr on rat brain dopa 
synthesis. Rats received an IP injection of either ethanol (0.2-4 g/kg) 
or an equal volume (20 ml/kg) of 0.9% NaCI and were killed I hr 
later. The animals also received, at 30 rain before death, a similar 
injection of compound NSD-1015 (100 mg/kg). The results are ex- 
pressed as the percentage increases in serum and brain tyrosine and 
brain dopa concentrations above control values (those in 0.9% 
NaCI-treated rats) and are based on means of 5 rats per group. The 
data are the outcome of 2 separate experiments, each of which had 
its own control group, the values in which (in p.g/ml of serum or per g 
wet wt. of brain; means_+SEM for 5 rats) were as follows: serum 
tyrosine ( 17.68_ + 1.09 and 17.60_+ 1.08); brain tyrosine (15.40-+0.12 
and 14.75_+0.69); brain dopa (0.123-+0.006 and 0.156___0.009). 

Prevention by Ergotamine o f  the Effects o f  Ethanol 
Administration at I hr on Tyrosine Metabolism 

The results in Table  1 show that pre t rea tment  o f  rats with 
the a -adrenoceptor -b lock ing  agent ergotamine,  which 
exer ted  no significant effects in control  animals,  p revented  
the increases in concent ra t ions  of  l iver,  serum and brain 
tyrosine and brain dopamine,  dopac and noradrenal ine ob- 
served (see Fig. 1) at 1 hr after administrat ion o f a  4 g/kg dose 
o f  ethanol.  

Effects o f  Administration o f  Various Doses o f  Ethanol at 4 hr 
on Tyrosine Metabolism 

The results in Fig. 4 show that,  whereas  no significant 
effects  were  exer ted  by doses  o f  e thanol  of  0.4--0.8 g/kg, 
doses  o f  1.6-4 g/kg caused dose-dependent  and significant 
(p=0.05-0.001 decreases  in concent ra t ions  of  l iver  (11- 
28%), serum (22-45%) and brain (12-32%) tyrosine and in 
those o f  brain dopamine  (9--32%), dopac (19-57%) and norad- 
renaline (8-32%). 

An a t tempt  to find out if the synthesis  o f  dopa (as deter- 
mined by monitor ing its concentra t ion  after decarboxylase  
inhibition by compound  NSD-1015; 100 mg/kg 30 min before  
death) is also inf luenced at 4 hr after administrat ion o f  a 4 
g/kg dose o f  e thanol  failed. It was found (results not shown) 
that compound  NSD-1015 ove rcame  the 4 hr-ethanol- 
induced decreases  in serum and brain tyrosine concentra-  
t ions with the result  that the concent ra t ion  of  brain dopa was 
similar in both control  and ethanol- t reated rats. 
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TABLE 1 

PREVENTION BY ERGOTAMINE OF THE 1 HR EFFECTS OF E T H A N O L  ON RAT 
TYROSINE METABOLISM 

Pretreatment 0.9% N a C 1  Ergotamine Ergotamine 
Treatment 0.9%. NaCI 0.9% NaC1 Ethanol 
Determination 

Liver tyrosine 14.28 _+ 0.65 15.16 _+ 0.33 14.80 ± 0.91 
Serum tyrosine 14.73 _+ 0.36 14.64 ± 0.75 15.37 ± 0.98 
Brain tyrosine 15.70 + 0.54 15.32 _+ 0.72 16.80 _+ 0.43 
Brain dopamine 0.56 _+ 0.028 0.58 _+ 0.019 0.61 ± 0.020 
Brain dopac 0.39 ± 0.026 0.40 _+ 0.024 0.40 _+ 0.027 
Brain noradrenaline 0.48 _+ 0.018 0.49 ± 0.018 0.50 ± 0.017 

Rats received an IP injection of either ethanol (4 g/kg) or an equal volume (20 ml/kg) 
of 0.9% NaCI and were killed 1 hr later. The animals also received, at 0.5 hr before the 
above treatments, a similar injection of ergotamine tartrate (2.5 mg/kg). Additionally, 
a group of rats which had received 0.9% NaCI 1 hr before was given 0.5 hr earlier, an 
injection of 0.9% NaCI (2 ml/kg). These animals were killed 1 hr after saline treat- 
ment. Values (expressed in ~g/ml of serum or per g wet wt. of tissue) are 
means _+ SEM for each group of 5 rats. There were no significant differences among 
values in any of the 3 columns. The effects of ethanol alone (shown in Fig. 1) were not 
examined in the present experiments. 

Effects o f  Administration o f  a 4 g/kg Dose o f  Ethanol on 
Serum Neutral and Other Circulating Amino Acids 

The results in Table 2 show that ethanol significantly de- 
creased, at 5 hr, the concentrations of  all circulating amino 
acids that compete with tyrosine from the same cerebral up- 
take mechanism (by 20-32%; p=0.05-0.001), as well as that 
of serum tyrosine (by 23%; p<0.05). These decreases were 
not, however, specific to this group of amino acids, because 
concentrations of all other circulating amino acids (except 
that of histidine, which was increased by 13%; p<0.05) were 
also decreased at 5 hr after ethanol administration (results 
not shown). The 6 hr and 8 hr effects of ethanol administra- 
tion were also examined, and it was found (results not 
shown) that the concentrations of competing amino acids 
were not significantly different from controls, neither was 
there any evidence of a generalized increase in the size of the 
circulating amino acid pool. 

EJ]~cts o f  Administration o f  Various Doses o f  Ethanol at 12 
hr on Tyrosine Metabolsim 

The results in Fig. 5 show that the decreases in concen- 
trations of  serum and brain tyrosine and brain dopamine, 
dopac and noradrenaline which resulted at 12 hr after ethanol 
administration were dose-dependent and significant 
(p=0.05-0.001) only in the dose range of ethanol of 2.4-4 
g/kg. 

DISCUSSION 

The results in Fig. 1 demonstrate that acute ethanol ad- 
ministration results in the following time-dependent multiple 
effects on rat brain catecholamine concentrations: (1) an in- 
crease at 1 hr associated with an increased availability of 
circulating tyrosine to the brain; (2) a decrease at 2-4 hr 
associated with a decreased availability of circulating 
tyrosine to the brain; (3) an increase at 8 hr associated with a 
decreased serum, and an increased brain, tyrosine concen- 
tration; (4) a decrease at 12 hr associated with decreased 

serum and brain tyrosine concentrations. These changes are 
consistent with ethanol influencing cerebral catecholamine 
synthesis (and possibly also turnover) by mechanisms in- 
volving appropriate changes in brain tyrosine concentration; 
this provides considerable support to the concept [4, 5, 8, 26, 
27] that the latter plays an important role in cerebral cate- 
cholamine synthesis. 

Mechanism o f  I hr-Ethanol-Induced Enhancement o f  Rat 
Brain Catecholamine Synthesis 

The results in Fig. 1 suggest that the enhancement of rat 
brain catecholamine synthesis caused by ethanol results 
from an increased availability of circulating tyrosine in the 
brain. This latter effect is most likely the result of decreased 
hepatic tyrosine degradation (as is suggested by the observed 
increase in the hepatic concentration of the amino acid, see 
Fig. 1). This change may result from the previously reported 
[2] 1 hr-ethanol-induced catecholamine-mediated inhibition 
of activity of the major tyrosine-degrading enzyme, hepatic 
tyrosine aminotransferase (EC 2.6.1.5). Evidence supporting 
this hepatic mechanism is provided by the following addi- 
tional findings: (1) the ability of the a-adrenoceptor-blocking 
agent ergotamine to prevent both the inhibition of liver 
tyrosine aminotransferase activity [2] and the enhancement 
of cerebral catecholamine synthesis (Table 1); (2) the ability 
of a 0.2 g/kg dose of ethanol to cause a significant inhibition 
of liver aminotransferase activity [2] and a significant 
enhancement of catecholamine synthesis (Fig. 2); (3) the 
ability of a 1.6 g/kg dose of ethanol to cause the maximum 
inhibition of liver aminotransferase activity [2] and the 
maximum enhancement of brain catecholamine synthesis 
(Fig. 2); (4) the ability of the above two doses of  ethanol to 
cause respectively the first significant and the maximum 
enhancement of brain dopa synthesis (Fig. 3). 

These results therefore provide strong support to the sug- 
gestion that cerebral catecholamine synthesis is enhanced at 
1 hr after acute ethanol administration by an inhibition of 
liver tyrosine aminotransferase activity leading to an in- 
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FIG. 4. Effects of various doses of ethanol at 4 hr on rat tyrosine 
metabolism. Rats received an IP injection of either ethanol (0.4--4 
g/kg) or an equal volume (20 ml/kg) of 0.9% NaCI and were killed 4 
hr later. The ethanol effects are expressed as the percentage de- 
creases below control values (those in 0.9% NaCl-treated rats) and 
are based on means of 5 animals per group. The data are the out- 
come of 3 separate experiments, each of which had its own control 
group, the values in which (in/xg/ml of serum or per g wet wt. of 
tissue; means±SEM for 5 rats) were as follows: liver tyrosine 
(19.72-+0.67, 17.42±0.28 and 18.77-+0.81); serum tyrosine 
(16.96±0.45, 18.48-+0.23 and 15.88±0.10); brain tyrosine 
(19.00±0.51, 19.32+-0,31 and 18.65+-0.33); brain dopamine 
(0.91 ±0.017, 0.70-+0.006 and 0.62±0.011); brain dopac (0,30±0.004, 
0.37_+0.028 and 0.51±0.015); brain noradrenaline (0.34±0.012, 
0.49±0.005 and 0.56+_0.010). 
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FIG. 5, Effects of various doses of ethanol at 12 hr on rat tyrosine 
metabolism. Rats received an IP injection of either ethanol (1.6--4 
g/kg) or an equal volume (20 ml/kg) of 0.9% NaC1 and were killed 12 
hr later. The ethanol effects are expressed as the percentage de- 
creases below control values (those in 0.9% NaCl-treated rats) and 
are based on means of 5 rats per group. The data are the outcome of 
2 separate experiments, each of which had its own control group, the 
values in which (in ~g/ml of serum or per g wet wt. of brain; 
means-+ SEM of 5 rats) were as follows: serum tyrosine (21.48 ±0.92 
and 22.44±0.86); brain tyrosine (16.74-+0.30 and 15.08-+0.43); brain 
dopamine (0.80-+0.005 and 1.05-+0.007); brain dopac (0.43±0.028 
and 0.35-+0.031); brain noradrenaline (0.38±0.017 and 0.51-+0.005). 

T A B L E  2 

DECREASE IN CONCENTRATIONS OF COMPETING AMINO ACIDS 
IN SERUM AT 5 HR AFTER ETHANOL ADMINISTRATION TO RATS 

Treatment 

Concentration (/zM) 
Serum amino acid 0.9%. NaCI Ethanol 

c reased  availability of  circulat ing tyros ine  to the brain. This,  
however ,  does  not exclude  an addit ional mechan i sm,  namely 
that  o f  e n h a n c e m e n t  o f  tyros ine  hydroxy lase  activi ty,  as the 
resul ts  descr ibed  in the text  suggest .  Whereas  the above  
hepat ic  mechan i sm is sugges ted  here for the first t ime, 
e n h a n c e m e n t  of  cerebral  ca techo lamine  syn thes i s  at early 
t ime points  af ter  acute  e thanol  adminis t ra t ion has previously  
been  repor ted  [6, 7, 22, 23, 24]. Only two repor t s  are at 
var iance with these  findings: the absence  of  any changes  in 
ca techo lamine  concen t ra t ions  at 1 hr af ter  in t ravenous  
e thanol  adminis t ra t ion [I1] and the dec rease  in these  pa- 

Valine 122.0 ± 8.2 82.5 ± 1.9¢ 
Isoleucine 71.2 ± 1.3 51.4 ± 3.15 
Leucine 107.4 ± 6.6 77.0 ± 3.1t 
Tyrosine 72.1 +- 5.1 55.6 ± 5.0* 
Phenylalanine 72.2 +- 5.5 57.8 -+ 2.8* 
Tryptophan 86.1 ± 8.0 65.4 +- 4.0* 

Rats received an IP injection of either ethanol (4 g/kg) or an equal 
volume (20 ml/kg) of 0.9% NaCI and were killed 5 hr later. Values 
are means ± SEM for each group of 6 rats. The significance of the 
differences is indicated as follows: *.o<0.05; tp<0.005; Sp<0.001. 
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rameters at 1 hr following inhalation of the drug [13]. A 
possible explanation of  these two latter findings is that of 
rapid absorption of ethanol via these two routes altering the 
t ime-response relationship (see Fig. 1) such that catechola- 
mine synthesis could have returned to normal, or become 
inhibited at the time of its measurement. 

Ethanol effects have also been examined at 15 min after 
treatment,  and it was found that noradrenaline concentration 
was unaltered by intraperitoneai administration of a 3 g/kg 
dose to mice [19], whereas turnover of  this amine was en- 
hanced by treatment of rats with a 5 g/kg dose of  the drug by 
stomach tube [14]. We cannot discuss these two opposite 
findings in relation to the present work, because we have not 
examined such early effects; the two findings could, how- 
ever, be explained in terms of  differences in doses of ethanol 
and routes of its administration and possibly also species 
differences. 

The results in Fig. 3 of the present work merit further 
comment in relation to a previous similar study [7]. Thus, 
although authors of this previous study demonstrated an 
enhancement of dopa synthesis at 50 min after administra- 
tion of doses of ethanol of 0.5-4 g/kg (and at 30 min after 
treatment with compound NSD-1015), they, unlike us, did 
not detect any increases in cerebral tyrosine concentration. 
Similarly, although we have observed increases in catechol- 
amine concentrations at 1 hr after ethanol administration in 
the absence of compound NSD-1015 (Figs. 1 and 2), the 
above authors did not [7]. No explanation of this difference 
between the two studies can as yet be offered. 

Mechanism o f  2-4 hr-Ethanol-Induced Inhibition o f  Rat 
Brain Catecholamine Synthesis 

The results in Fig. 1 suggest that the inhibition of cate- 
cholamine synthesis which occurred at 2-4 hr after ethanol 
treatment is caused by a mechanism involving decreased 
availability of  circulating tyrosine to the brain. This de- 
creased availability may be the result of enhanced hepatic 
tyrosine degradation (as is suggested by the observed de- 
crease in the hepatic concentration of  the amino acid, see 
Fig. 1) secondary to the previously reported [2] 
glucocorticoid-mediated enhancement of liver tyrosine ami- 
notransferase activity that follows the initial inhibition. It 
was found in our previous study [2] that this enhancement of 
enzyme activity reached a maximum at 6 hr after ethanol 
administration and was dose-dependent in the ethanol dose 
range of 1.6-4 g/kg. That this enhancement of liver tyrosine 
aminotransferase activity is the cause of the 2-4 hr-ethanol- 
induced inhibition of cerebral catecholamine synthesis is 
further suggested by the findings (Fig. 4) that doses of 
ethanol below 1.6 g/kg were ineffective in inhibiting cate- 
cholamine synthesis, whereas those of 1.6-4 g/kg caused 
significant and dose-dependent decreases in tissue tyrosine 
and brain catecholamine levels. 

Whereas this hepatic mechanism is suggested here for the 
first time, inhibition of  cerebral catecholamine synthesis has 
previously been reported in mice and rats at 1.5-5.5 hr after 
oral or intraperitoneal administration of doses of ethanol of 
4-7 g/kg [9, 14, 18]. By contrast, increases in concentrations 
of brain catecholamine metabolites have been reported to 
occur at 3 hr only in two studies in which ethanol was given 
intragastrically to rats [16,20]; additionally, the concentra- 
tions of dopamine and noradrenaline have been shown [13] 
to return to normal values at 2-3 hr following the start of 
ethanol inhalation by mice. The findings of  the first two 

[16,20] of these latter three reports cannot be explained at 
present in relation to the present work, whereas that of the 
third [13] may, as discussed earlier, be due to rapid absorp- 
tion of the drug after inhalation. 

The ability of  compound NSD-1015 to overcome the 4 
hr-ethanol-induced decreases in serum and brain tyrosine 
concentrations (see text) may be explained by possible inhi- 
bition of liver tyrosine aminotransferase activity by the 
former agent (see also [4,8]) and/or blockade of the ethanol 
enhancement of the enzyme activity. These results do, how- 
ever,suggest that, whereas compound NSD-1015 could be 
used successfully in vivo to monitor the enhancement of 
dopa synthesis by agents such as tyrosine or ethanol at 1 hr, 
as well as its inhibition by amino acids competing with 
tyrosine for cerebral uptake (see [4, 7, 8, 26, 27] and Fig. 3 of 
the present work), this decarboxylase inhibitor cannot be 
used to monitor inhibition of dopa synthesis by agents (e.g., 
ethanol at 4 hr) that decrease tyrosine availability to the 
brain by enhancing liver tyrosine aminotransferase activity. 
Such limitation also illustrates the need to develop alterna- 
tive decarboxylase inhibitors which do not influence periph- 
eral tyrosine (and possibly also other aromatic amino acid) 
metabolism and disposition. 

Mechanism(s) o f  Return o f  Rat Brain Cateeholamine 
Synthesis to Normal at 6 hr and o f  lts Enhancement at 8 hr 
Af ter  Ethanol Administration 

The return of cerebral  catecholamine synthesis to normal 
at 6 hr after ethanol administration (Fig. 1) was surprising. 
We expected the inhibition previously observed at 2--4 hr to 
continue, in view of the fact that ethanol enhancement of 
liver tyrosine aminotransferase activity, which appears to 
cause the above inhibition, is known [2] to reach a maximum 
at 6 hr. That this latter enhancement was still accelerating 
hepatic tyrosine degradation is suggested by the observed 
(Fig. 1) decrease in the concentration of the amino acid in the 
liver at 6 hr. The return of cerebral catecholamine synthesis 
to normal at 6 hr can, however, be simply explained by the 
return to normal of serum (and hence brain) tyrosine concen- 
trations. The return of serum tyrosine concentration to nor- 
mal at 6 hr cannot be explained at present, except,  perhaps, 
by the possibility that tyrosine release into the circulation is 
enhanced. Determination of concentrations of circulating 
amino acids revealed, however, no evidence of a generalized 
increase in the size of the circulating amino acid pool at 6 hr 
(see text). The return of serum tyrosine concentration to 
normal at 6 hr may therefore indicate a specific change in 
disposition of this amino acid, the nature of which clearly 
requires investigation. 

The return of  cerebral catecholamine synthesis to normal 
at 6 hr after ethanol administration, however,  represents a 
dramatic reversal of the earlier inhibition, and could be con- 
sidered as evidence of accelerated synthesis. For this to oc- 
cur, it is possible that factors initiating it, which are most 
likely related to brain tyrosine concentration, could have 
begun to intervene at an earlier time interval. The results in 
Table 2 show that ethanol decreased the concentrations of all 
competing amino acids. These decreases (and those in other 
circulating amino acids) may be insulin-mediated, because 
this hormone is known [25] to enhance amino acid uptake by 
skeletal muscle. It should be noted here that, in view of  the 
ability of insulin to increase the concentration of total serum 
tryptophan [10,12], the observed decrease in serum tryp- 
tophan (Table 2), which confirms a previous finding [1], 
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could be explained, as suggested [1], by the enhanced degra- 
dation of this amino acid by hepatic tryptophan pyrrolase. 

That the enhancement of brain catecholamine synthesis 
observed at 8 hr after ethanol administration (Fig. 1) is 
caused by an increased cerebral uptake of tyrosine is 
suggested by the concomitant increase in brain tyrosine con- 
centration and the associated and quantitatively similar de- 
crease in that of the circulating amino acid (Fig. 1). The 
mechanism of this increased cerebral uptake is most likely 
that of decreased competition from neutral amino acids, as 
similar changes have been reported [10] in insulin-treated 
rats. It is not clear, however, if this decreased competition 
involves all competing amino acids, because their concen- 
trations were not decreased at 6 or 8 hr. A more likely mech- 
anism is that of decreased competition from tryptophan it- 
self, because its circulating concentration is known [1] to be 
decreased by 52% at 7 hr and by 30% at 8 hr. 

The 8 hr effects of ethanol on cerebral catecholamine me- 
tabolism have previously been examined in only one study 
[21], which showed that intraperitoneal administration of a 3 
g/kg dose of the drug to mice enhanced dopa synthesis, as 
determined by the use of another decarboxylase inhibitor, 
compound NSD-1024 (3-hydroxybenzyloxyamine dihydro- 
gen phosphate). Our present findings (Fig. 1) therefore con- 
firm those in the above report [21]. 

Mechanism o f  the 12 hr-Ethanol-Induced Inhibition o f  Rat  
Brain Catecholamine Synthesis  

Inhibition of catecholamine synthesis at 12 hr after 
ethanol administration has already been reported [5], and 
was suggested to involve increased degradation of brain 
tyrosine by the previously reported [3] enhancement of the 
cerebral transamination of this amino acid. It was also con- 
cluded [3] that any hepatic influence on tyrosine availability 
to the brain that was observed earlier was no longer evident 
from 6 hr onwards, and that enhancement of transamination 
of brain tyrosine not only decreases the intracerebral avail- 
ability of the amino acid for catecholamine synthesis, but can 
also play a quantitatively important role in influencing the 
disposition of circulating tyrosine. Similar conclusions could 
be drawn from results previously obtained [17] at 2 hr after 
cortisol administration. 

Enhancement of transamination of brain tyrosine at 12 hr 
after ethanol administration was found to be dose-dependent 
in the dose range of 1.6-4 g/kg [3]. The results in Fig. 5, 
showing that the inhibition of cerebral catecholamine syn- 
thesis was dose-dependent in the dose range of 2.4-4 g/kg, 
adds further support to the above conclusion; the failure of 
the 1.6 g/kg dose of ethanol to cause any significant effects 
on tyrosine and catecholamine concentrations (Fig. 5) is ex- 
plained by the finding [3] that this dose enhanced brain 
"tyrosine aminotransferase" activity only moderately (11- 
16%) and, since the activity of this enzyme is small in gen- 
eral, such enhancement may not be sufficient to influence 
intracerebral tyrosine levels. 

General Conclusions and Comments  

The present findings have demonstrated the ability of 
acute ethanol administration to exert multiple effects on rat 
brain catecholamine synthesis that are both time- and dose- 
dependent. Much of the controversy surrounding the litera- 
ture on this subject can now be explained on the basis of 
differences in doses of ethanol, and time intervals after its 
administration, and routes of its administration. Species 
differences do not appear to be important in this case. The 
various findings of the present work, particularly those 
showing that cerebral catecholamine synthesis can be en- 
hanced or inhibited by very moderate changes in brain 
tyrosine concentration, not only provide considerable sup- 
port for the concept that brain tyrosine hydroxylase is nor- 
mally unsaturated by its amino acid substrate, but also es- 
tablish the existence of an inverse relationship between cer- 
ebral catecholamine synthesis and the activities of tyrosine- 
transaminating enzymes in the liver and brain. 
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