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Ethanol-induced alterations in rat hepatic ammonia metabolism 

(Received 18 January 1983; accepted 21 April 1983) 

Alterations in the structure and physiology of experimental 
alcoholic liver injury have been the subject of many studies 
[l-3]. Nevertheless, questions on other toxic effects during 
ethanol metabolism remain to be answered. The scope for 
the formation of other toxic agents during ethanol injestion 
cannot be ruled out and more so, recent reports indicate, 
without definite conclusions, the interference of ammonia 
causing neurotoxicity, especially in severe alcoholic liver 
damage [4] besides alterations in hepatic amino acid and 
protein metabolism [5]. Hence in the present study we 
report some of the changes in the metabolic profiles of 
ammonia as a consequence of repeated loading of high 
doses of ethanol. This sort of study may help in under- 
standing the chronic damage inflicted on the liver and the 
possible interplay of synergistic toxic agents like ammonia 
during ethanol ingestion. 

Wistar strain, male albino rats aged 3 months were sub- 
jected to a 5-day course of injections i.p. of ethanol (5 g/ 
kg body wt in 10% dilutions). Control animals were treated 
similarly with physiological saline. The animals were sac- 
rificed by decapitation after the fifth day (24 hr after the 
last dose of ethanol administration) since withdrawal signs 
were witnessed from the seventh day. The livers were 
excised rapidly at a temperature of 0” and homogenates 
(10% wt/vol.) in required media were prepared, spun at 
4000 g for 20 min, and the clear cell-free extracts were 
saved for enzyme assays. Unless specificed, all the steps 
were carried out at O-3”. Sucrose homogenates were utilized 
for assaying lactate dehydrogenase (EC 1.3.99.1) by the 
method of Nachlas et al. [6], asparate aminotransferase 
(EC 2.6.1.1) as suggested in the Sigma Technical Bulletin 
[7], glutamate dehydrogenase (EC 1.4.1.2) by the method 
of Lee and Lardy [8], and glutamine synthetase (EC 6.3.1.2) 
by the method of Rowe ef al. [9]. Distilled water hom- 
ogenate was used for the estimation of AMP deaminase 
(EC 3.5.4.6) activity by the method of Setlow et al. [lo] 
as modified by Wegelin et al. [ 111. Homogenates prepared 
in 0.1% cetyltrimethylammonium bromide were used for 
assaying ornithine transcarbamylase (EC 2.1.3.3). argini- 

nosuccinate synthetase (EC 6.3.4.5) by the method of Hug- 
gins et al. [12], and arginase (EC 3.5.3.1) activity by the 
method of Beruter et al. [13]. To determine the concen- 
tration of ammonia, the liver tissue immediately after iso- 
lation was immersed in ice-cold 10% trichloroacetic acid, 
and ammonia concentration was estimated as described by 
Ward et al. [14]. Urea was assayed by the method of 
Natelson [15] in perchloric acid extracts, while glutamine 
was estimated by the acid hydrolysis method of Wilcox 
[16]. The protein concentration in different enzyme sources 
was analysed following the method of Lowry et al. [17] 
using crystalline bovine serum albumin as the standard. All 
estimations performed in eight samples were expressed as 
mean of * SD. The statistical analysis of the significance 
of difference between control and experimental samples 
was made by the Student’s r-test. Changes in the basic 
profiles of animals at the end of the experimental period 
are shown in Table 1. The body weight and food intake 
were reduced significantly while the liver gained weight. 
Recent reports also indicated similar results [18]. These 
changes associated with declined activities of lactate dehy- 
drogenase and succinate dehydrogenase reflect the reduced 
energy production and hepatic enlargement. Histological 
studies showed inflammation of hepatocytes, presence of 
giant mitochondria, Mallory bodies, bundles of collagen 
between swollen fatty hepatocytes and depositions of IgA. 
All these histological features of ethanolic liver have also 
been reported by earlier workers [19,20]. 

Formation of ammonia. Aspartate aminotransferase, 
NAD-dependent glutamate dehydrogenase and the AMP 
deaminase were elevated significantly, implying that 
ammonia formation was stepped up (Table 2). In conso- 
nance with the increased activities of these enzymes, 
ammonia concentration in the ethanolic liver was also 
increased. Elevated aspartic acid [21] and other dicarb- 
oxylic acids [22] in ethanolic liver might have been respon- 
sible for transamination of aspartic acid. A similar rise in 
aspartate aminotransferase induced by ethanol was 
reported recently (231. The increased NAD-dependent glu- 

Table 1. Basic profiles of animals after the 5-day course of ethanol treatment 

Sample 

Control (8) 
Ethanol- 
treated (8) 

Body weight 
(g) 

193.4 2 2.7 

189.2 2 3.3* 

Liver weight 
(g/lOOg) 

4.3 ” 0.1 

4.8 t 0.2t 

Food intake 
(kcal/day) 

47 2 0.7 

44 ? 0.9: 

Values in parentheses show the number of animals taken. 
* P < 0.01. 
t P < 0.001. 
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Table 2. Biochemical responses in liver during repeated ethanol treatment in albino rats 

Enzyme/metabolite Control 
Ethanol 
injected 

% change 
over 

control 

A. ENZYMES 
Lactate dehydrogenase 

@mole of formazan) 0.1197 * 0.004 0.0827 t 0.006* -30.90 
Succinate dehydrogenase 

@mole of formazan) 0.0572 + 0.001 0.0322 -c 0.0008* -43.70 
Aspartate aminotransferase 

@mole of pyruvate) 0.0189 + 0.001 0.0249 ? 0.002* 31.14 
Glutamate dehydrogenase 

(pmole of formazan) 0.0047 + 0.0009 0.0072 rt 0.0008* 53.19 
AMP deaminase 

@mole of ammonia) 0.0022 t 0.0004 0.0031 ? 0.0003* 40.90 
Ornithine transcarbamylase 

@mole of citrulline) 0.1881 t 0.009 0.2412 ? O.Ol* 28.22 
Argininosuccinate synthetase 

@mole of citrulline 
metabolised) 0.0673 2 0.01 0.0937 2 0.004* 39.22 

Arginase 
(pmole of urea) 0.1079 2 0.0044 0.1921 t 0.002* 78.03 

Glutamine synthetase 
(pmole of pglutamyl 
hydroxomic acid) 0.0091 r 0.0003 0.0076 ? 0.0005* - 16.48 

B. METABOLITES 
Ammonia 5.5180 ? 1.077 9.5202 t 0.8402* 72.52 
Urea 7.2764 ? 1.5628 11.5321 t 2.4525* 58.48 
Glutamine 8.4036 + 1.9421 6.3276 r 1.2525t -24.70 

Enzyme activities are represented in units/mg protein/min. Metabolite levels are expressed in 
,umole/g wet weight. Values are mean and * S.D. of 8 samples. 

* Student’s t-test, P < 0.001. 
t Student’s t-test, P < 0.01. 

tamate dehydrogenase activity might as well contribute to 
the well-proven alteration in the NAD:NADH ratio [24]. 
Though the mechanisms responsible for ethanol-stimulated 
AMP deaminase have still to be resolved, changes in the 
metabolism of ATP [25], 5’-nucleotidase [26] and adenylate 
energy charge [27] may be involved since all these factors 
are altered in ethanol metabolism and are capable of tuning 
the AMP deaminase activity [28]. 

Utilization of ammonia. Excess ammonia will be routed 
for urea and glutamine synthesis [29,30] at the expenditure 
of ATP. The urea cycle enzymes ornithine transcarbamyl- 
ase, argininosuccinate synthetase and arginase were elev- 
ated significantly in ethanolic liver leading to higher levels 
of urea. The increased utilization of carbamylphosphate 
and aspartic acid, as reported by Petit and Barral-Alix [21], 
attests the present results of high urea content and elevated 
urea cycle enzyme activities. As high ammonia concentra- 
tion was witnessed despite increased urea formation, it can 
be suggested that stepped up ureogenesis fails to modify 
the hepatic ammonia levels. The other pathway involved 
in ammonia utilization, namely glutamine synthesis, was 
inhibited and glutamine levels were lowered by 25%. This 
could have resulted out of increased glutamine utilization 
by glutaminase [22], which may account for high ammonia 
concentration in the present study rather than ameliorated 
glutamine synthesis [31]. 

In conclusion, the present study indicates hepatic 
enlargement, structural breakdown of hepatocytes, 
increased ammonia formation even in the face of stepped 
up urea synthesis and breakdown in glutamine synthesis. 
The chances of ammonia manifesting its toxic effects sim- 
ultaneously with ethanol remain possible because of the 
prevalence of high ammonia content. An evaluation on the 
ability of ammonia in potentiating the hepatotoxic effects 
of ethanol and a further probe into the inter-relationship 

between ethanol and ammonia will reveal the significance 
of elevated hepatic ammonia formation during ethanol 
ingestion. 
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Reversal by local anaesthetics of ouabain-induced [14C]ACh and [14C]choline 
release from synaptosomes 

(Received 1 February 1983; accepted 21 April 1983) 

We have recently shown that ouabain not only causes a 
significant increase in the release of labelled [i4C]ACh from 
cerebral cortex synaptosomes but also in that of its pre- 
cursor [%]choline [l]. It was suggested that this action of 
ouabain was due to depolarization of the synaptosomal 
membrane resulting in Ca”-dependent release of trans- 
mitter and, in addition, increased diffusion of the bases 
down the electrochemical gradient. It was observed that 
when ouabain was added to synaptosomes in depolarizing 
(high K’) media, a further increase in the release of both 
[i4C]ACh and [“‘Clcholine was produced. Ouabain also 
caused a small, but significant, further increase in the 
release of [i4C]ACh in synaptosomes depolarized by ver- 
atrine. These results indicated that ouabain may have an 
additional effect on the synaptosomal membrane, perhaps 
a general destabilization or non-specific increase in mem- 
brane permeability. 

In order to test this possible additional property of oua- 
bain, the effect of two local anaesthetics, procaine and 
cinchocaine, on the ouabain-induced release of synapto- 
somal [i4C]ACh and [‘4C]choline was studied. Local anaes- 
thetics are membrane stabilizers so that if ouabain had a 
destabilizing effect on the synaptosomal membrane, in 
addition to its inhibition of Na’-K’ ATPase then it would 
be predicted that its action could be partially counteracted 
by these compounds (to a degree related to their local 
anaesthetic action). In this paper, we report that two local 
anaesthetics, procaine and cinchocaine, appear to have this 
effect. 

Materials and methods 

Synaptosomes were prepared from scraped guinea-pig 
cortices by the method of Gray and Whittaker [2]. They 
were resuspended in 3 mM K’ medium so that their final 
concentration was 3-5mg protein/ml. 3mM K+ medium 
contained 180 mM NaCl, 3 mM KCl, 2 mM CaC12, 2 mM 
MgClr, 8 mM NaPi (pH 7.2) and 10 mM glucose. In the 
case of 25 mM K’ medium, the concentration of NaCl was 
decreased so that the ionic concentration remained 
unchanged. 

Synaptosomes were preincubated with 0.1 &i/ml (2 PM) 
[i4C]choline for 30 min at 37” during which [i4CJACh was 
synthesized. They were washed twice with 3mM K* 
medium containing no Ca*’ but 20 PM eserine to remove 
excess [i4C]choline. The synaptosomal pellet was then 
divided into aliquots of 0.3-0.5 g of brain tissue in Eppen- 
dorf microreaction tubes. To each aliquot, appropriate 
medium (either 3 or 25 mM K’ medium) was added and 
where necessary the compounds veratrine (100 LAM), oua- 
bain (200 FM), procaine or cinchocaine (both 100 PM). The 
release was activated by incubating the tubes at 37” for 
5 min after which it was terminated by rapid centrifugation 
in a Janetski TH 11 centrifuge; supernatants and pellets 
were separated and placed in ice. The supernatants were 
extracteh for ACh and choline by the method of March- 
banks and Israel 131 and Wonnacott and Marchbanks 141. 
[14C]ACh and choline were separated by thin layer chroma- 
tography and the radioactivity was measured in a Nuclear 
Enterprises 8312 scintillation spectrometer. 


