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Electron paramagnetic resonance spectroscopy (EPR) was used to study free radicals and transition metal 
complexes in liver tissue taken from patients with liver disease. Samples were frozen to 77K directly 
following biopsy to prevent deterioration. Our major aim was to compare signals from patients suffering 
from alcohol abuse with those from patients having liver damage not induced by alcohol. Samples were 
obtained from 19 chronic alcohol abusers and 7 non-alcoholic liver disease patients. Of the 19 alcoholic 
patients, 18 had an increased fat content, 6 had Mallory’s hyaline, 12 had an acute inflammatory 
response, 9 had increased stainable iron and 4 had evidence of fibrosis. A signal derived from free 
radicals with a spectroscopic splitting factor of g = 2.0045 was found in all samples. This signal in the 
alcoholic patients had a mean amplitude of 2.96 cm ( f 1.42 SD), and in patients with non-alcoholic liver 
disease 2.12 cm (*0.82) (p = 0.10 NS), measured under identical instrument settings. 

The molar proportion of diene conjugated linoleic acid (DCLA), a free radical marker, in the sera 
of alcoholic patients was 2.68% (f 1.93), but did not correlate with the free radical signals obtained 
by EPR spectroscopy. Also, there was no correlation between the free radical derived EPR signal and 
fat content, Mallory’s hyaline, inflammatory infiltrate, iron or fibrosis in the liver biopsy specimens. 
Similarly the concentrations of aspartate transaminase, albumin, and gamma-glutamyl transferase in 
serum samples showed no correlations with free radical concentrations. 

The absence of any significant increase in the stable free radical signal in the presence of alcohol 
induced liver disease and the lack of correlation between the signal and either histological or serological 
evidence of liver damage, suggests that alcohol derived free radicals may not be involved in the 
pathogenesis of alcoholic liver disease. 

Unusually large sextet features characteristic of MN(I1) complexes were observed for all liver samples. 
Such signals are very rare in human tissue, showing that there is a strong accumulation of Mn (11) in 
the liver. However, no systematic trends were observed. In some samples signals characteristic of iron- 
sulphur cluster units were detected, but again no correlations could be discovered. 

KEY WORDS: Free radicals. Alcoholic liver disease. Ethanol. EPR. 

INTRODUCTION 

The biochemical mechanism by which alcohol causes liver disease is unclear. 
Acetaldehyde,’ immunoreactive products such as Mallory’s hyaline’ and altered 
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I 0 0  G.P. BUTCHER ET AL. 

intracellular redox changes3 have been postulated as playing a part. Free radicals 
generated during either the oxidation of alcohol by the microsomal ethanol oxidising 
system4 or by xanthine oxidase' can cause cellular disruption by initiating lipid 
peroxidation,6 denaturating proteins' or causing strand breakage of DNA.* It 
has therefore been postulated that free radicals may play an important role in 
hepatocyte damage in alcoholic liver 

Techniques available to study free radical reactions in biological systems have 
relied upon markers such as conjugated dienes of fatty acids. lo The measurement 
of diene conjugated linoleic acid, an 18 carbon fatty acid has been widely used to 
study free radical reactions and has been shown to be the major conjugated diene 
in biological systems." Its concentration in the serum of alcoholics has been 
shown to be increased whilst drinking alcohol, but rapidly falls to normal levels 
upon abstinence. This finding has been taken to imply increased levels of free radical 
activity in alcoholics." 

Direct techniques for quantification of free radicals are available but are less 
readily performed. Chemiluminescence, the emission of light following the stimula- 
tion of lipid peroxidation, is an in vivo technique, but due to its lack of specificity 
it does not necessarily confirm free radical reactions.12 Electron paramagnetic 
resonance spectroscopy (EPR) allows the direct study in tissue samples of stable free 
radicals and paramagnetic transition-metals. "* l 4  The source of EPR signals can 
sometimes be identified by the g-value or by hyperfine splittings. Signal amplitudes 
are proportional to free radical concentrations for a given type of radi~a1.l~ 

The aims of this study were (i) to compare concentrations of stable free radicals 
directly by EPR studies of liver specimens from patients with alcoholic and non- 
alcoholic liver disease, in order to assess whether any extra stable free radical signal 
was induced by ethanol. (ii) to assess possible relationships between free radical con- 
centrations in alcoholics as quantified by EPR spectroscopy in liver specimens and 
indirectly by measuring diene conjugated linoleic acid concentrations in serum. (iii) 
to seek a correlation between free radical activity and histological liver damage in 
alcoholics. (iv) To compare the accumulation of Mn (11) with the extent of damage 
and with alcohol abuse. 

MATERIALS AND METHODS 

Subjects 

Patients had been admitted for detoxification of alcohol and had been drinking 
in excess of 80 gm of alcohol per day for the preceding year and had not been absti- 
nent immediately prior to admission. 19 patients with alcoholic liver disease were 
biopsied 9 male, 10 female, mean age 51 years (range 33-70). All had an elevated 
aspartate transaminase (AST) concentration (> 50 IU/l) (Table 1). 13 were on no 
medication, 5 were prescribed chlormethiazole and one was taking a L-dopa pre- 
paration. None were clinically malnourished and only two had serum albumin con- 
centrations below the normal range. 

Samples from patients with non-alcohol related liver disease were obtained at the 
time of biopsy which was clinically indicated. Seven patients with non-alcoholic liver 
disease were biopsied, 2 male, 5 female, mean age 56 years (range 52-64) - three 
had chronic active hepatitis (hepatitis B surface antigen negative), three had rheu- 
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EPR STUDIES OF LIVER TISSUE IN ALCOHOLICS 

TABLE 1 
Summary of serological and histological results for patients with alcoholic liver disease ( I  -19), and 
mean value for non-alcoholic subjects (Non-ALD), with free radical signal amplitude and serum DCLA 

molar ratio 

101 

DCLA 
Pt. No. Bil Alb AST GGT FR (MR) Fat NH Fib Inflammation 

1 36 44 82 1183 1.0 1.6 3 I 0 0 
2 5 44 96 225 1.5 1.7 2 0 0  1 
3 10 47 175 189 4.2 1.0 3 0 0  3 
4 12 42 52 203 5.9 4.5 2 0 0  0 
5 7 44 200 366 3.0 1.4 0 1 0 1 
6 13 44 220 1271 3.0 3 2 0  1 
7 150 28 277 988 5.0 3.1 1 0 0  1 
8 4 36 140 88 2.3 1.5 3 0 0  0 
9 10 35 54 134 0.8 4.5 2 2 3  1 

10 17 42 172 310 1.8 2.0 1 0 0  1 
11 36 33 675 429 4.3 1.7 3 0 0  1 
12 80 48 80 90 3.3 1.9 1 0 0  0 
13 11 43 90 121 3.5 3.2 1 0 0  1 
14 9 40 58 119 2.0 3.1 2 0 0  0 
15 51 41 300 359 2.2 1.5 2 1 0  2 
16 78 31 539 2870 4.3 3.7 2 0 0  0 
17 13 32 52 60 2.9 3.5 1 1 1 1 
18 26 42 140 268 1.2 4.5 1 0 3  1 
19 148 28 275 710 4.0 1.6 3 0  1 0 
Non-ALD 57 32 108 215 2.1 1.8 0 0 1  0 

ABBREVIATIONS: (normal values) 
Bil - Bilirubin (3-22 pmol/l) 
Alb - Albumin (30-50 g/l)  
AST - Aspartate transaminase (10-40 U/1) 
GGT - Gamma glutamyl transferase (10-55 U/1) 
FR - Amplitude of free radical derived signal (cm) 
DCLA - Molar ratio percent of diene conjugated linoleic acid 
Fat - Hepatic fat content (0-3) 
MH - Hepatic mallory's hyaline (0-3) 
Fib - Hepatic fibrosis (0-3) 
Inflammation - Hepatic inflammation (0-3). 

matoid arthritis with elevated serum AST concentrations, and one had mitochon- 
drial antibody positive primary binary cirrhosis. 

All patients gave written informed consent and the study was authorised by the 
South Sefton District ethical committee. 

SAMPLE PREPARATION 

Needle biopsy specimens were obtained percutaneously using a modified Menghini 
technique (1.6 mm), under local anaesthesia. Samples were divided into two. One 
portion was sent for routine histological assessment, and the other was immediately 
plunged into liquid nitrogen, and stored at 77K for later analysis by EPR spec- 
troscopy. Liver biopsies were performed within four days of hospital admission. 
Blood samples were collected at the time of biopsy and serum was stored at -2O"C, 
for later analysis by HPLC for the diene conjugate of linoleic acid. 
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EPR Spectroscory 

A Bruker ER 200D SRC Q band spectrometer was used with an ER 4111 variable 
temperature unit, and an ER 053 QRD microwave bridge. A continuous flow of 
nitrogen gas from boiling liquid nitrogen was used to maintain a cavity temperature 
of approximately 100K. Incident power was optimised at 1 .O mW, with a microwave 
frequency of ca 33900 GHz. The magnetic field was scanned between ca 1 1500 and 
12500 G. 

Samples (4 x 1 mm) were placed in a signal free quartz tube, sealed at one end, 
which was then attached to a long aluminium arm securely clamped to the EPR spec- 
trometer. Spectra were recorded at 1 OOK using carefully controlled conditions for 
signal comparisons. 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY FOR DCLA 

Serum was prepared and analysed according to the method of Iversen & Dor- 
mandy. l6 Following cleavage of fatty acid residues from phospholipids with 
phospholipase A2, protein was removed by precipitation and the samples purified 
on a Bond Elut (Technic01 UK) column. Simultaneous analyses using high perfor- 
mance liquid chromatography (HPLC) with optical density detection at 234 nm for 
the conjugated dienes and 205 nm for total fatty acids was performed. Results are 
expressed as the percentage proportion of the fatty acid that is diene conjugated. 

LIVER HISTOPATHOLOGY 

Formalin - fixed liver biopsy (5  Fm) sections were stained with haematoxylin and 
eosin, a reticulin stain and modified Perl’s Prussian blue stain. Each specimen was 
analysed by the same pathologist, and a grading was established for inflammatory 
infiltrate, Mallory’s hyaline, fibrosis, fat content and stainable iron. The grading 
was between 0 and 3. 

STATISTICAL ANALYSIS 

Was by Spearman Rank correlation with a p value of less than 0.05 considered 
significant. 

RESULTS 

All but one of the alcoholic patients had an increased fat content, 6 had Mallory’s 
hyaline, 12 had an acute inflammatory response, 9 had increased stainable iron, and 
4 had evidence of fibrosis (Table 1). None exhibited cirrhosis. 

Reproducible signals (coefficient of variation of 6.9% for the free radical signal) 
were obtained with g values equal to 2.0045 i O.OOO1 (Figures 1 & 2). Signal 
amplitude in the alcoholic group was 2.96 cm (+ / - 1.42 SD), compared to 2.12 
(+ / -0.82) in the non-alcoholic group (p = 0.10 NS). 

For all samples a strong sextet of lines, having g = 2.002 and A (55Mn) = 94.5 G 
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FIGURE 1 First derivative Q-Band EPR spectrum from a patient with alcoholic liver disease. Six 
equally spaced signals characteristic of manganese (11) are seen together with a free radical-derived signal 
(R) at g = 2.0045. Mid range 12092 G, scan range loo0 G. 

120000 Pi-+ 

FIGURE 2 Q-Band EPR spectrum from a patient with alcoholic liver disease. The six manganese 
signals are shown (Mn), the free radical-derived signal (R) and a prominent iron-sulphur cluster (FeS). 

were detected. These are characteristic of high-spin divalent manganese in sym- 
metrical sites showing very small g-value variation and small zero-field splittings 
(Figures 1 & 2). In some cases (Figure 2) features having g, = 1.930 and gii = 1.911 
were also detected by EPR spectroscopy. These are characteristic of iron-sulphur 
cluster centres. These features were obtained from samples taken from both 
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Free radical signal amplitude (Cm) 

‘r 
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FIGURE 3 Relationship between free radical activity as measured by EPR compared to serum marker 
of free radical activity - diene conjugated linoleic acid (expressed as molar ratio, MR). 

alcoholic patients and those with non-alcoholic liver disease and may be derived 
from succinate dehydr~genase.’~ 

There was no correlation between the amplitude of the liver free radical signal 
in the alcoholic group and the level of either fat (p = 0.34), fibrosis (p = 0.5), iron 
(p = 0.16), Mallory’s hyaline (p = 0.71) or inflammation (p = 0.48)’ in liver biop- 
sies. Neither was there a correlation between signal amplitude derived from free 
radicals and either a serum marker of liver disease (AST) (mean 177.6 U/1 f 171.5 
SD) (p = 0.23), a marker of hepatic enzyme induction - gamma glutamyl trans- 
ferase (mean 543 U/l * 693.9) (p = 0.18), or synthetic liver function (serum 
albumin) (mean 39g/l f 6.4) (p = 0.77). The molar ratio of the diene conjugated 
linoleic acid in the alcoholic group was 2.55% ( f 1.20) and there was no correlation 
with the free radical - derived EPR signal (p = 0.43) (Figure 3). 

DISCUSSION 

The technique of EPR spectroscopy allowed the reliable identification of a free 
radical signal in human liver biopsy samples both from alcoholics and patients with 
non-alcoholic liver disease. 

There was no significant increase in hepatic stable free radical concentration 
measured by EPR spectroscopy in the alcoholic group compared with the non- 
alcoholic patients. Correlations were not found between the EPR free radical signal 
amplitude and histological and biochemical evidence of liver damage, nor with the 
serum concentration of the free radical marker diene conjugated linoleic acid. 

The origin of the stable free radicals that were detected by EPR spectroscopy is 
not clear, and it is impossible to assign any specific structure in the absence of more 
information. The signal seen may have been derived from a number of stable 
radicals, including ascorbyl free radicals 

The radicals detected by EPR are unable to react with oxygen to give RO; 
radicals, since these were not detected. Thus they are either so strongly stabilized 

age pigments ’* and melanin.” 
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that this reaction is unfavourable, or they are so closely occluded within, say, a 
protein, that they are inaccessible for further reaction. The small but significant 
shift in the g-value from that of the free spin (2.0023) suggests the presence of 
significant spin-density on oxygen, and semiquinone radicals seem likely candidates. 

These EPR-visible radical signals seem to be characteristic of liver tissue rather 
than of alcohol abuse. In on-going studies of a wide range of human tumours, tissue 
samples were directly frozen to 77K, as in the present studies. The EPR spectra run 
at 77K generally failed to show any significant free radical signals. (Deighton N, 
Rowland I, Symons MCR, unpublished data). However tissue from both normal 
and tumour samples taken from human livers showed signals similar to those 
recorded herein and with comparible intensities. Again, no precise identification can 
be offered. 

Recent studies employing spin traps (which convert unstable free radicals into 
stable nitroxide radicals) administered to hepatocyte preparations during active 
alcohol metabolism, have demonstrated the formation of the hydroxyethyl radical 
(CH, CHOH),2'-21 hydroxyl radical2* and superoxide radical.23 Also, one of us 
(MCRS) has shown that CH3CHOH radicals are formed from excess ethanol in 
blood by the action of oxy haem~glob in .~~  Thus it is probable that ethanol is a 
source of CH,CHOH radicals. These are active and will react with many 
substrates in cells or in plasma and may sometimes lead to serious damage. However 
they clearly do not enhance the intensity of the EPR-visible stable trapped radicals 
in liver, nor do they seem to give rise to stable free radicals of other types. 

In a related studyY2' we were also unable to find any increase in stable free 
radical concentrations in livers from rats fed with ethanol, iron, or both, over a 
period of a year, despite extensive cellular damage. We are forced to conclude that 
the formation of small active radicals such as CH,CHOH do not lead to an 
increase in the concentration of stable free radicals. 

Evidence that free radicals are involved in the production of alcoholic liver disease 
is based largely on indirect markers of free radical production such as thiobarbituric 
acid - reactive substances from rat liver homogenates incubated with alcohol, 26 

increased exhaled hydrocarbon gases in man,27728 and increased circulating levels of 
diene conjugated linoleic acid." As far as we are aware only one other study has 
compared indirect and direct EPR measurements of free radical activity in human 
samples and this also demonstrated a lack of correlation between EPR-detectable 
derived free radical activity and diene conjugated linoleic acid. 29 DCLA has been 
found in a wide variety of foodstuffs and alteration of diet can affect serum 
concentrations3' and so its usefulness as a marker of free radical activity may be 
limited. 

Finally, the amount of hepatic lipid peroxidation has been shown to be similar 
in patients with alcoholic and non-alcoholic liver disease. This similarity was 
attributed to leucocyte activity.,' Had free radicals been important in the patho- 
genesis of alcoholic liver disease, and not just a product of leucocyte activity, a 
significant difference in activity would be expected between subjects with alcoholic 
and those with non-alcoholic liver disease. This was not found, and hence some fur- 
ther doubt has been cast on the importance of free radicals in this disorder. 

It is therefore clear that free radicals are involved in the metabolism of ethanol 
but the absence of an increase in the hepatic stable free radical signal in alcoholic 
subjects, and the lack of correlation between the amplitude of the signal and 
histological or serological evidence of hepatocellular damage, suggests that free 
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radicals are probably not directly involved in the development of alcoholic liver 
disease. 
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