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MILAKOFSKY, L., J. M. MILLER AND W. H. VOGEL. Effect of ethanol on plasma amino acids and related compounds of stressed 
male rats. PHARMACOL BIOCHEM BEHAV 32(4) 1071-1074, 1989.--Plasma amino acid levels in rats are known to be affected 
by ethanol or by immobilization stress. This paper investigated the effect of ethanol on plasma amino acid levels of stressed rats. Rats 
received ethanol (2 g/kg, IP) 15 minutes prior to a 30-min immobilization period. Blood samples were obtained from individual rats 
before, during and after stress. Ethanol lowered the concentration of most plasma amino acids (AA) or related compounds in stressed 
rats (e.g., aspartic acid, threonine, serine, glycine, alanine, valine, tyrosine, phenylalanine, tryptophan). Some compounds remained 
unaffected (e.g., taurine, cystine, ethanolamine and methylhistidines) and one (phosphoethanolamine) increased initially. A 
comparison of the effects of ethanol on plasma AA and related compounds in resting and stressed rats shows similarities and 
differences. In general, ethanol tends to change the concentrations of these compounds away from normal levels in nonstressed rats, 
whereas in stressed rats, ethanol tends to antagonize stress-induced changes. This study shows that ethanol can affect individual AA 
and related compounds differently in nonstressed and stressed rats and that ethanol reduces stress-induced changes. The latter finding 
supports the "tension-reduction hypothesis" of ethanol. 

Plasma amino acids HPLC Ethanol Immobilization Stress Male rats 

PLASMA amino acid concentrations in animals and humans are 
affected by ethanol and stress. The administration of ethanol 
decreases significantly the levels of most plasma amino acids (AA) 
and related compounds in resting rats within 15 min and these 
reductions remain unchanged for up to 3 hr (5, 14, 19). In 
contrast, stress alone has been shown to have a more variable 
effect on plasma amino acid concentrations in rats (1, 3, 8, 9, 13, 
15). Milakofsky and co-workers (13), using the catheterized rat 
and immobilization as the stressor, found that some AA, such as 
taurine, aspartic acid, glutamic acid and alanine increase signifi- 
cantly, whereas other AA, such as valine, tryptophan and argi- 
nine, show significant decreases. The levels of most AA were 
restored to baseline concentrations 30 rain after the animal was 
released from the immobilization. 

Recently, it has become apparent that ethanol can affect certain 
biochemicals differently in resting versus stressed animals. For 
instance, moderate doses of ethanol have no effect on plasma 

catecholamine levels in nonstressed rats, but strongly decrease and 
antagonize stress-induced increases in these biochemicals in stressed 
rats (4,18). Thus, it was of interest to investigate whether ethanol 
would also differentially affect plasma AA and related compounds 
in resting and stressed rats. It was hypothesized that ethanol would 
reduce stress-induced increases in certain plasma AA. This hy- 
pothesis was shown to be correct. 

METHOD 

Methodology used in this study is essentially identical to that 
used in previous studies (4, 12, 13, 18). 

Animals and Catheterization 

Seven male Sprague-Dawley rats (Perfection Breeders, Doug- 
lassville, PA), weighing 235 to 275 g, were fitted with chronic 
indwelling jugular catheters (silastic tubing) and were allowed to 

JRequests for reprints should be addressed to Louis Milakofsky, Chemistry Department, Penn State University, Berks Campus, Tulpehocken Rd., P.O. 
Box 7009, Reading, PA 19610. 
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T A B L E  1 

THE EFFECT OF ETHANOL ON PLASMA AMINO ACIDS OF STRESSED MALE RATS 

Amino  Acids  

and Related 

Compounds  

Time After  Ethanol  Injection (min) 
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a - A m i n o a d i p i c  
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(oxidized) 
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Citrulline 

a - A m i n o - n -  

Butyric  Acid  

Valine 

Cystine 

Methionine 

Cysta thionine  

Isoleucine 

Leucine  

Tyrosine  

Phenylatanine  

13-Alanine 

Tryp tophan  

Ethanolamine  

A m m o n i a  

Hydroxy lys ine  
Orni thine 

Lys ine  

Hist idine 

1-Methyl-  

histidine 

3-Methyl-  

histidine 

Arginine  

57.4  

3 .4  

6.3 

202 

172 

58.3 

45 .4  

412 

11.5 

± 7 .7  68.1 ± 8.9 74 .0  ± 11.2 49.0  ± 7.2 56.0  -+ 8.3 60.0  ± 9 .6  85.5 ± 33.0  

± 0 .2  4 .7  ± 0.3* 5 .0  ± 0 . 7 t  3.2 ± 0 .3  3.5 -+ 0 .3  3.5 ± 0 .3  3.9 ± 0 .4  

± 0 .5  5.7 ± 0 .6  5.5 ± 0 .7  4.1 + 0.4+ 4.1 ± 0 . 3 t  3.7 ± 0 . 3 t  4.1 ± 0 . 4 t  

± 15 141 ± 15+ 121 ± 12t  101 ± 9 t  108 ± 12t  111 ± l l t  129 ± 14+ 

± 16 117 ± 14t  97 .4  ± 8.0+ 78.9 ± 6 . 6 t  88.9 ± 8 . 9 t  84.3 ± 8 . 7 t  102 ± 9 t  

± 4 .5  37.6  ± 3 . 9 t  32.6  ± 2.4+ 25.4  ± 1.7+ 27.4 ± 2 . 5 t  29.0 -+ 2 . 3 t  36.5 ± 3 . 5 t  

± 9 .2  40 .8  ± 10.4 37.1 ± 8.7 26.7 ± 6.4+ 27.7 - 6 . 0 t  26.5 ± 4 . 9 t  38.6 ± 8.6 

± 18 344 ± 18 328 ± 20* 268 ± 18 t  320 - 32* 365 ± 38 453 ± 37 

± 0 .8  9 .59  ± 0 .78* 9 .06 + 0 . 8 t  7 .36  ± 0 .50?  8 .44 ± 0 . 8 7 t  8.70 ± 0 .81?  10.6 -+ 0 .7  

0 .56  + 0 .12  0 .45 + 0 .08  0.41 ± 0 .13 0 .69  ± 0 .15 0 .47 ± 0 .10  0 .50  -± 0 .07 0 .44  -+ 0 .18 

272 ± 20 197 ± 18t  170 ± 15t  128 ± l l t  154 ± 18+ 161 ± 16 t  208 ± 13t  

354 ± 28 256 ± 23+ 225 ± 2 3 t  160 ± 12 t  172 ± 19+ 142 ± 13t  170 ± 16+ 

68.8 ± 3.3 53.1 ± 3 . 8 t  49.8  ± 4 . 5 t  40.8  ± 3.2+ 47.8  ± 5 . 2 t  47 .4  ± 4 . 6 t  57.8 ± 5 . 6 t  

6.3 ± 1.0 4 .9  ± 0 .7  4 .9  ± 0 .7  4 .4  ± 0 .9  5.7 ± 1.5 7.1 ± 1.8 9.5 ± 2 . 2 t  

190 + 9 145 ± 12t  135 ± 12t  120 ± 11? 120 ± 10t  132 ± 6?  158 ± 13t  

12.3 ± 0 .7  12.0 ± 1.2 11.2 ± 0 .9  10.8 ± 1.2 11.1 ± 1.8 10.2 ± 1.4 11.1 ± 1.5 

47 .0  + 0 .8  36.1 - 2 . 6 t  34.2  - 1 . 8 t  27.6  ± 1 .8 t  27.9  ± 2 . 3 t  27.3 + 2 . 2 t  32.2  ± 2 . 2 t  

1.4 ± 0.1 1.5 ± 0 .3  1.4 ± 0.1 1.1 ± 0.1 1.3 ± 0.1 1.3 ± 0.1 1.3 ± 0.1 

88.5 + 3 .2  64.4  -+ 5 . 5 t  64.5  -+ 6 . 3 t  55.2  ± 3 . 2 t  55.5 ± 2 . 6 t  64.8  -+ 3 . 2 t  70.5 ± 7 . 4 t  

148 ± 3 115 ± 10t  113 ± 13t  91.9  ± 9 . 4 t  94.0  + 7 . 0 t  106 ± 5 t  127 -+ 8* 

67.8  + 4 .7  53.2  ± 3 . 9 t  50.1 ± 4 . 2 t  40 .4  + 2 . 8 t  36.3 ± 4 . 0 t  32.8 -+ 2.6+ 35.5 ± 1 .9 t  

56.0  -+ 2.3 41.3  -+ 3 . 0 t  38.7  - 2 .2?  31.5 ± 2 . 0 t  33.6  -+ 2 . 3 t  38.3 -+- 1 .7 t  47.5  ± 1.5? 

1.1 + 0 .2  1.0 ± 0.1 0 .89  + 0 .09  0 .73 ± 0 .09* 0 .86  + 0 .16  0 .84  ± 0.11 0 .97  -+ 0 .09  

49 .4  ± 3.5 35.1 + 4 . 5 t  28.4  +- 2 . 7 t  23.8  + 2 . 8 t  25.9  ± 2 . 5 t  24.5 + 3 . 4 t  31.8 -+ 2 . 7 t  

6 .09  ± 0 .63 7 .74  -+ 0 .54* 7 .40 + 0 .52  6 .16 ± 0 .59  6 .40 ± 0 .68  5.27 + 0 .58 6 .10  --- 0 .77 

88.6  + 16.3 52.3 ± 5.0* 64.1 ± 10.2 65.3  ± 15.6 47.2  + 5.4* 49.5  -+ 6.8* 30.3 ± 4 . 4 t  

2.1 ± 0.1 1.9 + 0 .2  1.6 -+ 0 . 1 "  1.6 ± 0 . 1 "  1.6 ± 0 .2* 1.8 ± 0 .2  1.5 -+ 0.2* 

39.5 ± 3.7 30.9  ± 3 . 5 t  24.2 ±- 1 .9 t  20.3 ± 2.0+ 23.3 -+ 2 . 7 t  21.3 ± 2 . 0 t  26.3 ± 1 .8 t  

275 ± 17 228 ± 23?  192 ± 10t  169 ± 16t  191 ± 20? 183 ± 17t  213 ± 12? 

47 .4  ± 3.4 39.0  ± 3.4* 35.7 ± 1.61 29.7 ± 2.3+ 36.8 ± 3 . 9 t  39.4  ± 3.9* 45.7  ± 2.4 

2 .9  ± 0 .5  2.5 ± 0 .4  2.3 ± 0 .4  2.2 --- 0.4* 2.6 ± 0 .6  2.6 --- 0 .5  2.9 ± 0 .4  

3 .0  ± 0 .5  2 .4  ± 0 .3  2 .4  ± 0 .4  2.3 ± 0 .5  2 .9  -+ 0 .5  2.9 - 0 .5  3.3 + 0 .5  

163 ± 12 119 ± 12? 99.2  ± 5 .9?  85.6  ± 8 . 6 t  97.5 -+ l l . 0 t  88.8 ± 8 . 3 t  92.1 -+ 3 .5?  

Values are mean -+- S .E .M.  (nmol/ml) ,  N = 7. 
The fo l lowing amino acids were  not detectable at any time: glutathione (reduced),  13-aminoisobutyric acid,  ~/-aminobutyric acid,  anserine,  carnosine and 

homocarnos ine .  
aBaseline fol lowed by ethanol  injection (2 g/kg);  b15 min of  immobil izat ion stress; ~30 min of  immobil izat ion stress. 
* p < 0 . 0 5  with respect  to t i m e = 0  min; t p < 0 . 0 1  with respect  to t i m e = 0  min. 

r e c o v e r  f r o m  s u r g e r y  f o r  2 4  h r  b e f o r e  the  e x p e r i m e n t .  

Ethanol Injection, Immobilization and Preparation of Plasma 
Samples 

B l o o d  ( 0 . 3  m l )  w a s  f i r s t  d r a w n  f r o m  the  c a t h e t e r i z e d  a n i m a l s  in  
t h e i r  h o m e  c a g e s  ( t = 0  m i n ) .  R a t s  w e r e  t h e n  i n j e c t e d  w i t h  e t h a n o l  

( 2 0 % ,  w / v ,  s o l u t i o n ,  2 g / k g ,  IP) .  A f t e r  15 m i n u t e s  (t = 15 m i n )  a 

s e c o n d  b l o o d  s a m p l e  w a s  o b t a i n e d  f r o m  the  r e s t i n g  a n i m a l s .  
T h e r e a f t e r ,  r a t s  w e r e  i m m o b i l i z e d  b y  t a p i n g  t h e i r  p a w s  to  a 

l a b o r a t o r y  b e n c h  f o r  a p e r i o d  o f  3 0  m i n .  B l o o d  s a m p l e s  w e r e  

c o l l e c t e d  a f t e r  15 ( t = 3 0  m i n )  a n d  3 0  ( t = 4 5  m i n )  m i n u t e s  o f  

i m m o b i l i z a t i o n .  F o l l o w i n g  r e l e a s e ,  a n i m a l s  w e r e  r e t u r n e d  to  t he i r  

h o m e  c a g e s  a n d  b l o o d  s a m p l e s  w e r e  d r a w n  at  3 0  ( t = 7 5  m i n ) ,  7 5  

( t = 1 2 0  m i n )  a n d  135  ( t = 1 8 0  m i n )  m i n u t e s .  A l l  b l o o d  s a m p l e s  

w e r e  c e n t r i f u g e d  to  o b t a i n  p l a s m a  a n d  the  p l a s m a  w a s  s t o r e d  at  

- 8 0  ° un t i l  a s s a y e d .  

Amino Acid Analysis 

D e p r o t e i n i z e d  p l a s m a  a m i n o  a c i d  l e v e l s  w e r e  d e t e r m i n e d  b y  

i o n - e x c h a n g e  H P L C  w i t h  f l u o r o m e t r i c  d e t e c t i o n  as  p r e v i o u s l y  

d e s c r i b e d  (12 ) .  
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TABLE 2 

RATIOS OF TRYPTOPHAN, TYROSINE AND PHENYLALANINE TO 
5 AMINO ACIDS WHICH INFLUENCE THEIR PENETRATION 

INTO THE BRAIN 

Ratios 

Time TRY T P 
(min) (V+I+L+T+P)  (V+I+L+P+TRY) (V+I+L+T+TRY) 

0 a 0.0903 - 0.0067 0.128 ± 0.010 0.103 ± 0.005 

15 0.0837 ± 0.0069 0.135 ± 0.010 0.101 ± 0.005 

30 b 0.0721 _ 0.0062t 0.135 ± 0.010 0.101 ± 0.005 
45 ~ 0.0701 ± 0.0055t 0.128 ± 0.009 0.0961 --- 0.0043 
75 0.0773 ± 0.0059* 0.110 ± 0.008* 0.102 -± 0.003 
120 0.0647 ± 0.0069t 0.0894 ___ 0.0036t 0.107 ± 0.002 
180 0.0733 _ 0.0077t 0.0825 ± 0.00425 0.115 ± 0.007* 

Ratios are mean ± S .E.M. ,  N = 7. 
TRY = tryptophan; V = valine; I = isoleucine; L = leucine; T = tyrosine; 

P = phenylalanine. 
aBaseline followed by ethanol injection (2 g/kg); b15 min of  immo- 

bilization stress; c30 min of  immobilization stress. 
*p<0 .05  with respect to time = 0 min; t p < 0 . 0 1  with respect to time = 0 

min. 

Evaluation 

Individual concentrations of AA were quantitatively calculated 
by relating their chromagraphic peak heights to the peak heights 
from a known amount of a physiological AA standard and an 
internal standard (m-fluorophenylalanine) as described previously 
(12). Statistical analysis of the ethanol-stress data was performed 
by a one-way analysis of variance for repeated measurements with 
a Newman-Keul post hoc test. 

RESULTS 

The effects of acute ethanol administration and a 30-min 
immobilization stress on plasma amino acid levels and related 
compounds are shown in Table 1. The results indicate that the 
levels of many of the detectable plasma AA and related com- 
pounds (22 out of 33) decrease significantly with time. Such 
decreases in plasma AA are evident throughout the immobilization 
period and even at rest in the home cage. Threonine, serine, 
glycine, alanine and tryptophan showed the largest reduction from 
baseline values. However, the plasma concentrations of some AA 
such as glutamic acid, glutamine, a-aminoadipic acid and histi- 
dine return to baseline values by 180 minutes. A few AA including 
taurine, cystine, ethanolamine, 1-methylhistidine and 3-methylhistidine 
do not change during the ethanol-stress treatment. Only phosphoe- 
thanolamine shows an initial increase but returns quickly to its 
baseline value 45 min after ethanol injection. 

Table 2 shows the ratios of tryptophan, tyrosine and phenyl- 
alanine over the sum of 5 amino acids which control the penetra- 
tion of the first 3 AA into the brain (6). The tryptophan ratios are 
significantly decreased during and after stress. The ratios of 
tyrosine are decreased after stress and the ratios of phenylalanine 
are slightly increased at the end of the experiment. 

DISCUSSION 

The results clearly show that ethanol affects the levels of some 
but not all plasma AA and related compounds in stressed rats. The 
mode of action of ethanol, either directly or indirectly, is still 
uncertain and is probably different for individual AA. However, a 
relatively clear association exists between ethanol levels and 
changes in AA; plasma ethanol peak levels occur at 15 min after 

injection (18), which coincides with the onset of changes of many 
of the plasma AA. As levels of blood ethanol fall, many of the 
changes seen (e.g., glutamic acid, glycine, alanine, valine, 
phenylalanine) start to return towards normal. However, this is not 
true for all biochemicals studied. For instance, the concentrations 
of arginine, tyrosine, and tryptophan are still markedly depressed 
at 180 min at a time when ethanol levels have dropped consider- 
ably. Thus, in the stressed organism, ethanol affects AA in a 
highly individual matter. 

It now seems appropriate to compare the results of our present 
study on the effects of ethanol on plasma AA in stressed rats with 
those found in animals which were only stressed (13) or which 
received ethanol in the resting state (14). A comparison seems 
possible since all rats were handled in a similar fashion and since 
baseline values for AA and related compounds were rather similar. 

First, the effects of ethanol on plasma AA and related com- 
pounds in nonstressed (14) vs. stressed animals can be summa- 
rized as follows. In resting and stressed rats, ethanol markedly 
lowers the plasma levels of most AA and related compounds. 
However, it is important to emphasize the existence of quantitative 
and qualitative differences between these 2 emotional states. For 
instance, alcohol reduced aspartic acid by 22% in the nonstressed 
rat but only by about 8% in the stressed rat. Ethanol reduces 
plasma glutamic acid levels by about 9% in the resting but lowers 
this AA by 40% in the stressed rat. Taurine and phosphoethano- 
lamine fall markedly after ethanol administration in the non- 
stressed but increase initially in the stressed rat. Thus, the effects 
of ethanol are similar but not identical in resting and stressed 
organism and caution must be exercised when extrapolating results 
obtained in resting animals to humans who are often exposed to 
stressful experiences. 

Second, a comparison of the plasma amino acid levels during 
stress alone (13) and during stress after ethanol pretreatment leads 
to the following observations. In general, stress alone increases the 
concentrations of most plasma AA and related compounds and 
rather marked increases are seen with alanine, cystine, [3-alanine, 
ethanolamine, taurine, aspartic acid and glutamic acid. These 
observed stress-induced increases in AA and related compounds 
are usually not seen in stressed rats which are pretreated with 
ethanol. Here, ethanol prevents stress-induced increases and 
reduces or normalizes plasma levels of certain compounds. For 
instance, plasma levels of taurine rise up to 300% above baseline 
levels during stress alone but rise only transiently (about 30%) 
during stress after ethanol pretreatment. Alanine and aspartic acid 
rise up to 50 and 100% above baseline in the stressed animal 
without ethanol but fall about 50% below baseline levels in 
stressed animals under the influence of ethanol. Threonine and 
tyrosine do not change during stress alone but are reduced 
significantly by ethanol during stress. Other AA, such as the 
methylhistidines, are little affected by stress or ethanol and stress. 
Thus, ethanol prevents or antagonizes many stress-induced in- 
creases in the above biochemicals. This is quite similar to the 
effects of alcohol on plasma corticosterone and catecholamines; all 
of these biochemicals rise during stress but these stress-induced 
increases are markedly antagonized by ethanol (4, 17, 18). 

The reduction of the stress responses by ethanol has led to the 
formulation of the "tension-reduction hypothesis" of alcoholism 
(2) which states that people drink to reduce stress-induced tension. 
Investigations on a behavioral level are ambiguous and either 
support or refute this hypothesis (16). However, our results on a 
biological level add evidence that ethanol can indeed reduce 
biological stress. It may be this property of ethanol which makes 
people use and abuse ethanol to reduce the effects of stress. 

Ethanol and stress have each been shown to produce significant 
reductions in the brain levels of norepinephrine and serotonin (4, 
7, 10, 11). Ethanol pretreatment before stress reduces many of 
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these changes and normalizes the levels of these neurotransmitters 
(4,10). Since stress alone decreases the ratios of tryptophan over 
its five controlling AA (6), the decrease in brain serotonin can 
easily be explained by the reduction in its supply. The normaliza- 
tion of serotonin levels by alcohol during stress (10) cannot be 
explained by an increase in supply since the ratios of tryptophan 
are decreased (Table 2). Thus, alcohol must normalize brain 
serotonin levels in a different way perhaps by altering blood-brain 
barrier characteristics. Similarly, the ratios of tyrosine to its 
controlling AA (Table 2) do not explain the fall in brain norepi- 
nephrine during stress or the normalization by ethanol. Thus, the 
ratios seem to control brain levels during rest, but not during 
stress, under the influence of alcohol. 

In conclusion, ethanol affects certain plasma AA and related 
compounds quite selectively and differently in resting vs. stressed 

animals. In nonstressed rats, ethanol tends to shift plasma AA and 
related compounds away from normal baseline levels, whereas in 
stressed rats stress-induced changes in AA are reduced. This latter 
finding adds biological support to the tension-reduction hypothe- 
sis; ethanol indeed reduces and antagonizes stress-induced bio- 
chemical changes. The reduction of this biological stress response 
could be the cause why certain, highly stress-susceptible individ- 
uals, abuse alcohol. 
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