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Abstract--Using high performance liquid chromatography (HPLC) with fluorometric detection, thirty- 
three amino acids (AA) and related compounds were measured in plasma obtained from catheterized 
rats over a 3-hr period following a 2 g/kg, i.p., injection of ethanol. The concentrations of t,aentx-three 
of these compounds had decreased significantly 15 min after the injection, and twenty of the twenty- 
three remained depressed for the 3-hr period. Marked reductions were noted for alanine and arginine. 
Glutamic acid, l-methylhistidine and 3-methylhistidine were unaffected by ethanol. During these studies 
individual differences were observed in that some rats showed marked biochemical changes, whereas 
other rats showed only minimal responses. These observations indicate that ethanol administration may 
have a significant and long-lasting impact on plasma amino acid biochemistry. 

Amino  acids ( A A )  are key biochemicals in virtually 
every organism and changes in basal levels could 
provide early warning signals of pathology for certain 
diseases. For  this reason,  plasma A A  have received 
a large amount  of at tention and have been well 
studied in rats during the resting state as well as 
during exposure to many drugs including ethanol.  In 
the case of ethanol,  it has been shown that ethanol 
decreases certain plasma A A  in rats [1-5]. 

Unfor tunate ly ,  these animal studies of A A  suffer 
from certain deficiencies which may affect the val- 
idity of their results. First, blood was obtained by 
decapitation which we have shown to produce arti- 
facts in the levels of some A A  [6]. While this was 
minimal and nonsignificant for some A A  (e.g. serine, 
lysine), it was significant for other  A A  (e.g. aspartic 
acid, glycine). Second, reports on the effects of eth- 
anol on A A  levels generally measure plasma A A  
values at only one time point, A single time point 
measurement  may be insufficient since A A  may 
increase or decrease during ethanol  exposure over  
time. Third,  studies on ethanol  have reported mean 
values for groups of animals. Individual values could 
not be further evaluated due to the fact that the 
animals were decapi ta ted and provided only one data 
point. The existence of individual differences could 
only be inferred from the resulting large standard 
deviations. Recent  work with individual rats has 
shown that indeed large biochenfical differences can 
be found among members  of the same group of 
" ' inbred" animals in response to an alcohol-stress 
situation [7]. 

Thus, the exact responses of plasma A A  con- 
centrations in individual rats to ethanol over  a longer 
time pci iod arc still unknown. For this reason, we 
measured the effect of ethanol  (2 g/kg,  i.p.) on the 

-i-Author to whom all corrcspondcnce should be 
addrcssed. 

plasma levels of thirty-three amino acids and related 
compounds,  de termined by ion-exchange high per- 
formance liquid chromatography (HPLC) with flu- 
orometr ic  detection [6], in catheterized rats able to 
move freely. The data obtained represent  more exact 
values for these A A  in response to ethanol in indi- 
vidual rats over  a 3-hr period. 

METHODS 

Animals and catheterization. Eleven male 
Sprague-Dawley  rats (Perfection Breeders ,  Doug- 
lasville, PA),  230-270 g, were used in this study. 
The animals were fitted with indwelling silastic tubing 
catheters in the jugular vein as previously described 
[8]. Catheters were kept patent  with a dilute heparin 
solution (100 units/ml of saline). The animals were 
allowed to recover  from surgery' for 24 hr before 
testing: this had been found to be sufficient for 
recoverx from surgery. They were housed indi- 
viduallv with free access to food and water. 

Alcohol and saline injections and preparation of 
plasma samples. Blood (0.3 ml) was drawn from the 
animals through the catheter  into a heparin-con- 
taining syringe (about 200uni ts /ml  blood) while 
undisturbed in the home cage (t = 0 rain). Eight rats 
were then injected with ethanol (20c?, w/~. solution. 
2 g/kg, i.p.), and three animals were injected with 
an equivalent  volume of saline (i.p.). For each rat, 
blood samples were then drawn 15, 30. 60, 90, 120 
and 180 min after either ethanol or saline injection. 
All samples were centrifuged to obtain plasma which 
was stored frozen at - 8 0  °. 

At the time of analysis, plasma samples were 
thawed, and an aliquot (0.15 ml) was deproteinized 
immediately as previously described [8]. 

Amino acM amdvsis. The le~ els of A A  and related 
compounds in deprotemized plasma samples were 
determined bv H P L C  as previously described [6]. 
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Ethanol and rat plasma amino acids 3887 

This procedure utilized a meter long microbore 
HPLC column containing spherical cation-exchange 
resin and fluorescence detection following post- 
column reaction with o-phthalaldehyde. Lithium cit- 
rate elution buffers were used to separate the AA 
and related compounds. This technique has been 
fully validated in a previous study [6]. 

El~aluation. Individual AA were quantitatively 
determined by relating their chromatographic peak 
heights to the peak heights from a known amount of 
a physiological AA standard and an internal standard 
(m-fluorophenylalanine). Statistical analysis of the 
data was performed by an analysis of variance for 
repeated measurements with a Newman-Keuls post 
hoc test. Values of P < 0.05 or less were considered 
significant. 

RESULTS 

Injection of saline had no effect on the levels of 
plasma AA and related compounds during repeated 
blood sampling over 3 hr. This is in agreement with 
earlier findings that nine repeated blood drawings 
over 2 hr have no effect on plasma AA levels [6]. 

Table l shows the levels of plasma AA and related 
compounds before ( t=  0min) and after ( t=  15- 
180 min) a single injection of ethanol. None of the 
AA levels increased significantly after ethanol 
administration. However, the levels of the majority 
of the detectable plasma AA and related compounds 
(twenty out of thirty-three) decreased significantly 
during the first 15 min after ethanol injection and 
remained depressed for at least 3 hr. Alanine and 
arginine showed the greatest reduction from baseline 
plasma levels (approx. 40%). Glutamine and ol- 
aminobutyric acid decreased significantly after 
15 min but returned to baseline values after 60 min. 
Finally, some AA levels were not altered after eth- 
anol administration (glutamic acid, /3-alanine, 
hydroxylysine, 1-methylhistidine and 3-methyl- 
histidine). 

During this study, individual animals varied in the 
responses of certain AA to ethanol. Table 2 shows, 
as an example, the response of plasma tryptophan 
to ethanol in three of the rats. Although the baseline 
values of tryptophan differed for rats 1 and 2, both 
animals showed about the same marked response to 
ethanol (about a 40% decrease from baseline levels). 
However, the responses of rats 2 and 3 to ethanol 
were very different even though their baseline values 
of tryptophan were about the same. 

Table 2. Individual differences of tryptophan levels in 
response to ethanol (2 g/kg. i.p.) 

Tryptophan (nmoles/ml plasma) 

Timc after injection (rain) 

0 15 3(I 6t) 120 
(Baselinc) 

Rat 1 89.4 48.2 37.3 46.3 46.9 
Rat 2 6(I. 1 35.1 30.3 30.1 23.1 
Rat 3 61.8 56.4 38.9 42.6 42.9 

DISCUSSION 

Most of the measured plasma AA levels decreased 
markedly 15 rain after a 2 g/kg sample of ethanol 
was injected, i.p., into a rat. Neither sequential 
blood collection nor a saline solution affected 
measured plasma AA levels. Most of these AA 
remained at these reduced levels for the period of 
3 hr. Two amino acids, glutamine and a~amino- 
butyric acid, however, displayed a sharp drop in 
concentration (evident 15 min after injection) which 
then returned to baseline levels after 60 min. No 
changes were seen with the methylhistidines. Since 
3-methylhistidine, a known indicator of muscle 
degradation [9], did not change significantly, we 
believe that little or no muscle damage occurred due 
to ethanol exposure. 

Although our results in general agree with those 
of other investigators [2.3, 5], that an acute dose of 
ethanol decreases most rat plasma AA, there were 
some exceptions. Eriksson and coworkers [3] re- 
ported that the values of aspartic acid and cystine 
in controls and ethanol-treated rats are the same: 
however, we found significant differences between 
baseline values and those after ethanol injection. 
The differences may have been due to the fact that 
the fluorescent HPLC procedure we used is more 
sensitive [6]. Those authors also reported that etha- 
nol did not alter glutamine concentration at 60 min. 
We found, however, that ethanol decreased glu- 
tamine levels before returning to baseline levels after 
60 min. The discrepancies between these studies may 
have resulted from the different methods of blood 
collection since the catheterized plasma gives more 
valid plasma AA levels than the decapitated animal. 
The observation that ethanol decreased most plasma 
AA in the rat is in agreement with human studies 
which show that an acute dose of ethanol decreases 
plasma AA in health)' and alcoholic individuals [10- 
13]. 

There are several possible reasons for an ethanol- 
induced decrease in most plasma AA. Since ethanol 
is oxidized to acetaldehyde via NAD ". the coenzyme 
of alcohol dehydrogenase (EC 1.1.1.1), an increase 
in the NADH/NAD + ratio resulting in a cor- 
responding increase in lactate/pyruvate ratio is 
observed [14, 15]. However, because it is necessary 
to regenerate NAD-  to further oxidize the ethanol 
load, other oxidizing agents such as pyruvate or other 
ketoacids would be necessary to convert NADH 
back to NAD-.  It is possible that AA could serve 
as a source of ketoacids bv undergoing oxidative 
deamination to ketoacids and. thus. the levels of 
plasma AA would decrease after acute ethanol 
administration. Second, ethanol could inhibit trans- 
port of AA from the small intestine to the blood 
stream resulting in reduced plasma levels [ 16]. Third, 
acute administration of ethanol can result in hyper- 
glycemia [15]. Insulin levels may increase and result 
in an increase in the uptake of AA into muscle and 
adipose tissue and a decrease in plasma AA [17]. 
Finallv. Eriksson and coworkers [2] found that 
propranolol, a /~-adrenergic antagonist, partially 
blocked the ethanol-induced decreases in plasma 
AA. They, reasoned that increases in epinephrine 
and norepinephrine levels, by high doses of ethanol, 
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s t i m u l a t e d  f i - a d r e n e r g i c  r e c e p t o r s  in t he  l ixe i - [18]  
wh ich  p r o d u c c d  i n c r e a s e d  b l o o d  flow t h r o u g h  t he  
l iver  and caused an  i n c r e a s e  in A A  m e t a b o l i s m  m 
the  l iver a n d  a d e c r e a s e  in t he  phtsma AA [19]. 

It h a s  b e e n  g e n e r a l l y  a c c e p t e d  that the ax a i labi l i tv  
of  ce r t a in  b r a in  A A  (e .g .  t r y p t o p h a n )  d e p e n d s  on  
their p l a s m a  leve ls  [2('1, 21] as well  us on  the i r  c o m -  
pe t i t i on  wi th  o t h e r  p l a s m a  A A  (c .g .  i so l euc i ne ,  
l euc ine ,  t x r o s ine ,  p h e n y h t h m i n e ,  t r y p t o p h a n  a n d  val- 
inc  [22-24] )  for  the  same transport ca r r i e r  t h r o u g h  
the blood-brain barrier [25, 2(~]. [n this stud\, we 
found an e t h a n o l - i n d u c e d  d e c r e a s e  in p l a s m a  tP, p- 
t o p h a n  w h i c h  c o u l d  a f fec t  the  level  o f  b r a i n  tryp- 
tophan, the precursor of brain serotonin [27.28]. Wc 
also o b s e r v e d  an  ethanol-induced decrease m phtsma 
tvrosine and p h e n y l a l a n i n e  w h i c h  m a y  af fec t  the 
levels  o f  b ra in  t v r o s i n e  and phenylalanine, t he  p re -  
c u r s o r s  o f  b r a in  d o p a m i n e ,  n o r e p i n e p h r i n e  a n d  
epinephrine [29 .30 ] .  H o w e v e r .  we f o u n d  that. s ince  
the ratio of these plasma aromatic AA to their com- 
peting plasma A A  does not change after ethanol 
administration, a slight decrease or no change in 
brain A A  should be expected. This is m partial 
agreement v, ith reports that central levels of tryp- 
tophan, tyrosine and phenylalanine levels after eth- 
anol injection remained unchanged or slightly 
decreased [3,31]. However Pohorecky and co- 
workers [5] found that brain tryptophan levels in- 
creased while brain tyrosine levels decreased 2 hr 
after ethanol (4g/kg,  i.p.) was injected into rats. 
Only Badawv and coworkers [32] showed that brain 
tyrosine level initially increased but decreased later 
after the ethanol administration. 

By using the catheterized rat, time curves showed 
strong individual differences in the response of cer- 
tain A A  to ethanol. Table 2 shows just such an 
example. Some animals responded only minimally, 
whereas others showed marked responses to ethanol. 
These individual differences may help to explain 
why ethanol affects plasma tryptophan, tyrosine and 
phenylalanine and their corresponding brain AA 
more in some animals than in other animals. Similar 
individual variances may explain why some alco- 
holics experience more liver or brain damage than 
do others under comparable circumstances. Perhaps 
rats with low or high A A  responses to ethanol could 
be bred selectively to see if these animals are selec- 
tively susceptible to changes in central neuro- 
transmitter or to peripheral or central pathology. In 
particular, perhaps strains of rats could be bred with 
marked reduction in plasma tryptophan levels after 
ethanol administration since alcoholics with depres- 
sion have been claimed to have decreased plasma 
tryptophan levels and decreased plasma ratios of 
tryptophan to other neutral A A  relative to controls 
[33]. 

Acknowledgemenzs - -The  authors with to thank Alexander 
Klyashtorny and Carla Vogel for thcir assistance in lhc 
project. We also appreciate the uscful comments  of Pro- 
fessor Theodore  A. Hare.  We gratefully' acknowledge thc 
Penn State Univcrsit.v Biomedical Research Support  Grant. 
the Penn State University Faculty Scholarship Support 
Fund. the Penn State Universi ty-Bcrks Campus  Scholarly 

Act iv i tx  l-und and the Public l l cahh  (han t  {AAI}617} It}t- 
f inancial support. 

R E F E R E N C E S  

1, I I I 'hanchex. S Shaw and {'. S I [ i c I ] c ] I J .  ( j  { ] L~ ( I [ 29. 
2751 (1¢)81)" 

2" "I. Erik:.:',,m. I Magm>',,.m. A, ('atl,,',c,n. M. t tagman.  
R Jagcnbur£ and S. Fden.  Nal+,,zvn-S¢/m+U(,dv/}(,r+.d ,' 
.~rt/Is [)]ld###ltl(. 317, 214 ( lgSl) .  

3. I. Erikss,.',n. <\. ( 'arlssotL S. [+iUequist. M. l lagmau 
and R. J agcliburg../ .  Phar.l .  [}]ldrlH(Ic. 32. 5 ] 2 ( l c)B()) 

4, 1. Erikssol'~ and A. ( 'ar lsson.  Naunvn-S'('Jl/nmd(,l}crk,'s 
,'~rc/l+ ])/Iorllld(. 314. 4.7 (19~(1). 

5. L. A. Poh<wcek~.. B. Ne\vrnan. J. Sire and \\ ' .  It 
B;.tile\. J. F'ha;.lac. e'q>. Ther. 204. 424 {197~). 

(',. L. Milakotskv. T. A. l lare .  J 3,1. Miller and \ \  11 
Vogch L(/i' .Ski. 34, 1333 (19N4h 

7 K II l )cTurck and X~ ¢ . [ t \ o g e l . . I .  Phurm,a , ' , .p 
77mr. 223. 348 119821. 

S. L. 3'lilakotsk\. I ,+\+ l ta ic .  J \ 1  Miller ~md \ \  t l  
Vogel. l.i/? kci. 36. 753 { b)85). 

9. V. R. Young and |1. N. Mtmro.  l:cdH l ' r ~ .  37. 22uI 
{ 1t)78). 

lt). F. L. SieGel. M. K. Roach and 1.. R. Pomcro,,.  Pro, 
mwl.  ,4cud. Sci. U..S.A. 51. (',()5 (1964). 

II. I. Eriksson. T. Magnuss , .m.A.  Carlss, .m.M. f lagman 
and R. Jagenburg..l..+lad..-t[¢+)]+o[ 44. 215 (1983} 

12. R A, Kreisberg+ A. M. Siegcil arm W. ( .  Owcn. J. 
cli,l. ElldOc#. 34. ~7(-, 11972) 

13. A. Juhl in-Dannteh,  ( i .  Ah lborg,  L. f lagenfcldt .  I.. 
Jorfcldt and P. Fclig. Am.  J. l'hvsioL 233. E 195 { 1977). 

14. D. B. Goldstcin.  Pharmac~dogy +U A/co~m/. p.S.  
Oxford University Press. New York {I~S3). 

15. [2. Mczcv. t:edn J'ro~. 44. 134(I985).  
16. Y. Israel, J. f:. Valcnzucla.  I. Sahlzar and (L l.:~artc. 

J . . \ : tar .  98, 222 (1969}. 
17. R. Ma r tm-Du  Pail. ( ' . Mauron .  B. (} lacser and R .I 

~,VurtlllaI1. ,I,l{'t(+/,(;/i.sm 31, 937 f 19S" ) 
18. R Kakihana and J. ('. Butte. m 14ioch('mi~tr~ and 

Pharmacoh),k,y e l  Ethamd (Eels. E. Majchrowicz and 
12. P. N o b l c ) . \ ' o ]  2. p. 147. Plenum Press. Ncx~ "fork 
[ 1979). 

19. ( .  V. ()recm,' ,a\ and R. l). Stark ['hv+iol. I¢{,+,. 51. 23 
fie)711. 

20. R. t1. McMcnam\  and J. 1.. {)ncle~,. J. hi(d. ( 'hem. 
233. 297 {1958). 

21. l). L. Bloxam. M. D. I r i sk lebank ,  A..I .  Patti and (i. 
C'urzon, J. Nezu'ochenz. 34. 43 1198()). 

22. J. D. Fernstrom. F. Larin and R..I. \Vurlman.  l.i!i' Aci. 
13. 517 (1973). 

23. R. J. Wur tman  and .I. I). Fcrnstrom. \ a i r  R(>, ". 32, 
193 (1974). 

24. J. I). Fcrnstrom and 1). V. kallcr. . / .  Xgdll#'t,'(']l¢'t#l 3(l. 
153I ( i9781. 

25. \V. It. Oldcndorl ,  Am. . / .  P/lv~ioL 221, 1629 {lC~71). 
26. \ \ .  Nl. Pardridge. J. %'eurochem. 21'1, 11}3 (11,177}. 
27 J. D. Fcrnstrom illR] R. J. Wtll till{in. S{'tdltv(, 17g. 41.1 

( 1t)72 ). 
28. J. I). Fcrnstron] and M. ,1. t tirsc'h..I, : \ ,{ ' t fr(J(hvm 28. 

X77 { 1977). 
29. ( .  ,I, ( i ibson and R..1. WLlrtt/lan, 17i+;ch{,;n. I 'h.~rm.(.  

26, 1137 (11)77} 
30. A. / \ -B.  [+acla'a\ and I). I . Williams,, tJio(h{'m..I. 21115. 

1¢+5 f 1'-)82 }. 
31. M. I+cdig. J. I+,. M'Par ia  anti F'. Mandcl .  ,Ytd~xL ,4/(<,/to/ 

,.+t~/ ,'ffisu.~e 3, 25 {19X2). 
32. A. ,.\ B lJada,A,+, [) . . I .  \,Viilianls and M. t{vans. I 'h+ .  

mac. Biochem. Iiehal,. 18 (Suppl. I). 3SU (lbX3) 
33. 1.. Branchcy.  M. Branchcy,  S. Shaw itllC] ( .  S. l.icbct. 

A m  .I. I'A~(hiut. 141. 1212 {I£184}. 


