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Chemiluminescence of the in situ rat liver after acute ethanol intoxication-effect 
of (+)-cyanidanol3 

(Received 15 September 1982; accepted 14 March 1983) 

The aerobic catabolism of several exogenous compounds 
in mammalian cells is associated with the formation of 
reactive oxygen species such as superoxide radical, hydroxyl 
radical, hydrogen peroxide and singlet oxygen [l]. These 
species are likely to exert toxic effects in biological systems, 
including lipid peroxidation, enzyme inactivation, muta- 
genicity and carcinogenicity [l-3]. The cytotoxicity of 
lipoperoxidation depends on the free radical-induced oxi- 
dative breakdown of polyunsaturated fatty acids [l-3]. 
Since these fatty acids constitute the major components of 
cell membranes, an enhanced lipid peroxidation would 
alter essential membrane functions and lead to cell injury 
[l-3]. 

Acute ethanol ingestion has been shown to produce an 
increased lipid peroxidation in the liver as assessed by 
different experimental procedures. Several invasive and 
destructive techniques such as malondialdehyde production 
[4-61, conjugated lipid diene formation [7,8], and chemi- 
luminescence [9] have been used in liver homogenates and 
in microsomal and mitochondrial preparations. However, 
the estimations of ethanol-induced lipid peroxidation by 
malondialdehyde formation [lO-121 and by electron spin 
resonance spectroscopy [13] have produced conflicting 
results. An enhancement of hepatic lipid peroxidation by 
acute ethanol treatment has also been reported by measur- 
ing the in vivo exhalation of hydrocarbons such as ethane 
[14,15], n-pentane [15,16], propane, n-butane and iso- 
butane [15]. 

Although hydrocarbon exhalation constitutes a truly 
non-invasive assay for detecting lipid peroxidation, it lacks 
organ specificity. Recently, this problem was overcome by 
the use of perfused rat liver, in which the addition of 44 mM 
ethanol markedly increased the production of ethane [17]. 
In view of these observations and of the role that lipid 
peroxidation could play in alcoholic liver disease in man 
[18], we report in this paper the effect of acute ethanol 
intoxication on the rate of lipid peroxidation in the liver 
in uivo, evaluated by measuring the low-level chemilumi- 
nescence of the intact organ [19]. This technique constitutes 
a specific assay which is non-invasive for the tissue and is 
related to the steady-state level of oxidative free radicals 
involved in the process of lipoperoxidation [19]. The results 
with the chemihtminescence measurements are compared 
with those obtained by the determination of malondialde- 
hyde and diene conjugates, and the effect of the antioxidant 
flavonoid (+)-cyanidanol-3 (201 on the ethanol-induced 

chemiluminescent response of the liver was studied. 
Male Long-Evans or Wistar rats (200-220 ) fasted over- 

night (16-18 hr) were given 5 g of ethano & g [as a 30% 
(v/v) solution in saline] or isovolumetric amounts of saline 
intraperitoneally. Experiments with (+)-cyanidanol-3 
(Zyma S.A., Nvon, Switzerland, obtained through Ciba- 
Geigy, Chile) were performed in a separate group of 
animals that received 400 mdke. of (+)-cvanidanol-3 (as a 
80 mg/ml solution in saliner 0; isovohtmetric saline sub- 
cutaneously, 1 hr before the administration of ethanol. 
Studies were carried out after 6 hr of ethanol treatment, 
and the animals were kept in a warm environment (28- 
30”). 

Liver chemiluminescence was measured with a Johnson 
Foundation photon counter (Johnson Research Founda- 
tion, University of Pennsylvania, Philadelphia, PA, 
U.S.A.) specially adapted for organ chemiluminescence as 
described by Boveris et al. [19]. An EM1 9658 red-sensitive 
phototube with an applied potential of - 1-3 kV was used. 
Details of the apparatus are depicted in Fig. 1. Rats were 
anesthetized with Nembutal (50 mgikg in control rats and 
15 mg/kg in animals intoxicated with ethanol, i.p.), and the 
liver was exposed. The abdominal cavity and skin were 
covered with aluminium foil in which a window specially 
cut for each rat allowed exposition of only the liver (Fig. 
1). Chemiluminescence is expressed as counts per second 
(cps)/cm* of liver surface. The thiobarbituric acid assay for 
malondialdehyde production [21] and the determination of 
diene conjugates [22] in liver homogenates were carried 
out in a separate group of animals. Proteins were measured 
as described by Lowry et al. [23]. Significance between 
mean values was assessed by Student’s t-test for unpaired 
results. 

A typical determination of the spontaneous chemilu- 
minescence of the in situ liver of a fasted rat that had been 
given ethanol for 6 hr is presented in Fig. 2. The in situ 
liver of an alcohol-intoxicated rat showed an enhanced light 
signal (about 60%) compared to that of a control rat. 
Furthermore, this significant increase in the low-level 
chemiluminescence of the in situ rat liver caused by acute 
ethanol administration was found to occur in two different 
strains of animals, when compared to the corresponding 
control rats which were given saline (Table 1). Since this 
organ-specific assay is associated with the steady-state level 
of oxidative free radicals that could lead to the peroxidation 
of polyunsaturated fatty acids [19], the results support the 
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Fig. 1. Scheme of the photon counter used for the measure- 
ment of liver chemiluminescence. 

contention that acute ethanol ingestion enhances hepatic 
lipoperoxidation. This view is further supported by the 
increases in malondialdehyde and diene conjugate for- 
mation observed in liver homogenates (Table 1). The two 
latter destructive procedures measure different steps of the 
lipoperoxidation process [24]. 

Discrepancies in the reports on liver lipid peroxidation 
after ethanol ingestion could conceivably be due to differ- 
ences in experimental designs. Malondialdehyde formation 
[lO-121 and electron spin resonance spectroscopy measure- 
ments [13] were carried out in animals given 6 to 7.5 g of 
ethanol/kg. These doses would produce high concentrations 
of ethanol in the liver, which are likely to exert a better 
free radical scavenging action [25] than lower concentra- 
tions. Furthermore, acute ethanol intoxication has been 
found to impair body temperature regulation, leading to 
hypothermia [26]. In this situation, a metabolic depression, 
that includes endogenous lipoperoxidation, might occur if 
intoxicated animals are not kept in a warm environment. 
Since the extent of lipid peroxidation in the liver seems to 
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Fig. 2. Chemiluminescence of the liver of an acute-ethanol 
intoxicated rat and of a control rat. The exposed areas 
were 3.0 cm’and 3.2 cm2 for the alcohol-treated and control 

rats respectively. 

be closely related to its content of reduced glutathione 
(GSH) after acute ethanol ingestion [6], the period of 
ethanol intoxication might be important in the assessment 
of this process. In fact, assays measuring hepatic lipo- 
peroxidation in ethanol-treated animals have been carried 
out either when liver GSH levels were not diminished 
significantly [ll-131 or when they had already recovered 
[lo, 111 after maximal decrease [6]. Finally, the lack of 
peroxidative effect of ethanol reported in isolated micro- 
somal and mitochondrial preparations [lo, 13,271 could 
possibly be due to the absence of GSH and of the enzymatic 
GSH-regenerating system [28], lost during the isolation 
procedure. 

(+)-Cyanidanol-3 is a powerful free radical scavenger in 
in vitro systems [20]. The livers from rats treated with 
(+)-cyanidanol-3 showed a chemiluminescence similar to 
that of control animals given saline (Table 2). However, 
when the flavonoid was given 1 hr prior to ethanol, it was 
able to completely abolish the increase in chemiluminesc- 
ence induced by ethanol (Table 2). Similar results had been 
obtained when lipid peroxidation was assessed by the for- 
mation of diene conjugates [29]. Thus, these results support 
both the scavenging properties of (+)-cyanidanol-3 in uiuo 
and the generation of oxidative free radicals in the liver in 
the presence of ethanol (301. 

In conclusion, the experimental data presented in this 
work indicate that ethanol ingestion enhanced hepatic 
lipoperoxidation, as assessed by the increased spontaneous 
chemiluminescence of the in situ rat liver. This is in agree- 
ment with the elevated malondialdehyde formation found 

Table 1. Effect of acute ethanol intoxication on rat liver chemiluminescence and on malondialdehyde and diene conjugate 
formation* 

Lipid peroxidation assay 

Strain Treatment 
Chemiluminescence 

(cps/cm’) 
Malondialdehyde 

(nmoles/mg protein) 
Diene conjugates 

(nmoles hydroperoxide/mg protein) 

Long-Evans Saline 26 ? 1 (8) 
Ethanol 40 + 2t(8) 

Wistar Saline 24 * 1 (8) 91 * 5 (6) 119 2 11 (6) 
Ethanol 39 2 4:(8) 135 2 10$(6) 196 2 8t(6) 

* Values are means 2 S.E.M., with the number of animals indicated in parentheses, 
t P < 0.001, using Student’s t-test for unpaired results. 
$ P < 0.005, using Student’s f-test for unpaired results. 
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Table 2. Effect of (+)-cyanidanol-3 on the ethanol-induced chemiluminescence of the in situ 
rat liver* 

Chemiluminescence Effect 
Treatment (cps/cmz) (S) P 

(A) Saline 24 ‘- 1 (10) 
(B) (+)-Cyanidanol-3 24 2 1 (10) 0 NS 
(C) Ethanol 41 2 2 (10) +69 < 0.001 
(D) (+)-Cyanidanol-3 + ethanol 21 * 2 (10) -13 NS 

* Values are means 2 S.E.M., with the number of animals indicated in parentheses. Male 
Wistar rats were used in this experiment. The percentage effect and the P values shown for 
the different treatments are referred to the saline control group (A). Significance studies: C 
vs D, P < 0.001. 

+ Not significant. 

in liver biopsy specimens from alcoholic patients as com- 
pared to that observed in non-drinkers [18]. Low GSH 
levels were found in liver biopsy samples from alcoholic 
subjects after a short period of abstinence ( < 5 days) [31], 
compared to the reported values for the human liver [32]. 
Also, low GSH levels and increased diene conjugate for- 
mation were reported in chronically alcohol-fed baboons 
after acute alcohol ingestion (331. Thus, GSH depletion 
and an increased lipid peroxidation in the liver seem to be 
associated with excessive alcohol consumption in man, but 
further studies are needed to assess their actual pathogenic 
importance in alcoholic liver disease. 
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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. 


