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RRR-alpha-Tocopherol (Vitamin E) was assayed in 
plasma of 48 patients with viral hepatitis and of 32 
healthy controls. In patients with highly elevated 
serum transaminases (ALT >lo0 U/L) vitamin E 
plasma levels were significantly lower (17.5 f 4.8 
pmol/L) than in controls (22.7 f 4.2 pmol/L, p < 0.01). 
The vitamin E /  lipid ratios (3.12 f 0.63 pmol/g) in 
these patients were 33% lower than those of the con- 
trols (4.68 f 0.54 pmol/g). The lowered vitamin E lev- 
els in patients with acute or chronic viral hepatitis with 
high activity of disease may be due to free radical- 
mediated liver injury. 

Keywords: Alpha-tocopherol, vitamin E, liver, viral hepatitis, 
free radicals, antioxidants, oxidative stress 

INTRODUCTION 

Vitamin E is a lipophilic antioxidant located in 
cell membranes and in In vitro 
experiments demonstrate that vitamin E protects 
lipophilic cellular compartments against lipid 
peroxidation, thus contributing to sustain biolog- 

ical functions under the conditions of oxidative 
s t r e ~ d ~ , ~ ~ .  Oxidative stress has been associated 
with the development of various diseases, and 
the role of vitamin E deficiency as a risk factor is 
under in~es t iga t ion [~~~~ .  Diminished vitamin E 
plasma levels have been reported in hemolytic 
disordersl7I, neurological afflictions['] and in arte- 
rioscler~sis[~l. Recently, we found decreased 
alpha-tocopherol levels in plasma of patients suf- 
fering from alcoholic liver disease, hemochro- 
matosis and Wilson's disease1"l. 

In this study, we address the question whether 
viral hepatitis is associated with diminished toco- 
pherol plasma levels. 

MATERIALS AND METHODS 

Forty-eight patients with viral hepatitis (age 45 f 
13 years, 30 male and 18 female) were studied. 
Fifteen patients suffered from hepatitis B (13 
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chronic hepatitis B, 2 acute hepatitis B), thirty- 
two patients suffered from chronic hepatitis C 
and one patient from acute hepatitis A. Five of 
the patients with hepatitis C were studied while 
being treated with alpha-interferon, all others 
prior to therapy with alpha-interferon. Thirty- 
two healthy adults served as controls (age 34 f 6 
years, 21 male and 11 female). 

Evaluation of Vitamin E Status 

Blood samples: Subjects fasted overnight for 12 
h. Whole blood (10 ml) was collected in plastic 
tubes containing ethylene diamine tetraacetic 
acid (EDTA) as an anticoagulant. Plasma was 
separated by centrifugation (3000 rpm, 10 min, 
room temperature) and was then pipetted into 
another vessel, and one part butyl-hydroxy- 
toluene (BHT, 1% in ethanol) was then added to 
100 parts of plasma (0.45 mM final conc.). 
Plasma samples were stored at -24" for less than 
2 months before vitamin E contents were deter- 
mined. Data were expressed as pmol alpha- 
tocopherol/L plasma or as the ratio of vitamin E 
to lipids. Serum lipids were calculated as the 
sum of serum cholesterol, triglycerides and 
 phospholipid^['^]. Vitamin E analysis was per- 
formed essentially as described in[''] with modi- 
fications as described previously['0]. 

Statistics: Data are expressed as means k SD. 
Comparison among multiple groups was made 
by analysis of variance with Student's t-test. 
Differences were designated as significant when 
p was < 0.01. 

RESULTS 

Vitamin E in Plasma of 48 Patients with 
Viral Hepatitis 

Forty-eight patients (age 45 k 13 years) with acute 
or chronic viral hepatitis A, B or C were exam- 
ined. Eight patients with chronic hepatitis B or C 
had normal serum transaminases (ALT < 25 U/1, 
AST < 22 U/L; see Table 1). The other 40 patients 
exhibited elevated ALT > 25 U/L. In 14 of these 
patients ALT levels were higher than 100 U/L. 
The increase of ALT in plasma of patients with 
viral hepatitis is taken as an indicator of liver cell 
damage. 

The vitamin E level in plasma of the total 
group of patients with viral hepatitis (n = 48) was 
not significantly different from controls (Table 1). 
However, low alpha-tocopherol plasma levels 
were clearly associated with increased liver 
transaminases. Patients with highly elevated 
transaminases (ALT > 100 U/L, n = 14) exhibited 
vitamin E levels 23% lower than controls. 

Vitamin WLipid Ratios 

When vitamin E levels were corrected for 
plasma lipids, significantly lower vitamin 
E/lipid ratios were found in the group desig- 
nated "all patients" with viral hepatitis as com- 
pared to controls (Table 1). The lowest vitamin 
E/lipid ratio was determined in patients with 
ALT > 100 U/1, 33% lower than controls (p < 
0.01). 

TABLE I Plasma Vitamin E and Vitamin E/Lipid Ratios in 48 Patients with Viral Hepatitis 

Group n Vitamin E Vitamin E/lipids Cholesterol Triglycerides 

ALT c 25 U/1 8 28.5f6.7 4.69 f 0.49 219 f 41 133 f 28 
ALT > 25 < 100 UI1 26 20.7 f 5.4 3.78 f 0.70,' 200 f 37 115 f 33 
ALT > 100 UI1 14 17.5 f 4.8'' 3.12 f 0.63,' 204 f 30 122 f 42 
All Patients 48 21.1 f 6 . 7  3.74 f 0.83** 204 f 37 122 f 39 
Controls 32 22.7f4.2 4.68 f 0.54 178 f 26 84 f 31 

(pnol/l) (Pnol/g) (mg/dl) (mg/dl) 
Phospholipids 

256 f 36 
233 f 40 
235 f 57 
238 f 46 
221 f 38 

(mg/dl) 
Bilirubin 
(mg/dl) 
0.7 f 0.4 
0.8 f 0.4 
2.2 f 2.4 
1.2 f 1.5 
0.5 f 0.2 

Results are expressed as means f SD 
"Significantly different from controls (p < 0.01) 
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As with vitamin E plasma levels, the vitamin 
E/lipid ratios correlate with the activity of dis- 
ease indicated by transaminase levels. The corre- 
lation coefficient between vitamin E/lipid ratios 
and transaminases (ALT) was r = -0.50 (see Fig. 
1). No significant difference was found between 
vitamin E/lipid ratios in chronic hepatitis B (vit- 
amin E/lipids = 3.82 f 1.04 pmol/g; 13 patients) 
and chronic hepatitis C (vitamin E/lipids = 3.76 k 
0.73 pmol/g; 32 patients), indicating that low vit- 
amin E plasma concentrations are independent 
of the type of viral hepatitis. 

Time Course of Vitamin E Level During 
Acute Hepatitis A 

In one patient with acute hepatitis A (male, 29 
years) the time course of vitamin E levels in 
plasma was monitored for 17 days after admis- 

sion to the hospital (Fig. 2). The lowest alpha- 
tocopherol level was found at the outset, when 
the transaminases were highly elevated (ALT 
768 U/L, AST 357 U/L). On day 1, the alpha- 
tocopherol level was 19.2 pmol/L and the vita- 
min E/lipid ratio was 2.50 pmol/g. On day 17, 
when the transaminases were lower (ALT 41 
U/L, AST 13 U/L), a 25% higher vitamin E level 
was observed (23.9 pmol/L). The vitamin 
E/lipid ratio was 3.55 pmol/g, which was 42% 
higher as compared to day 1 of hospitalisation. 
The vitamin E levels and the transaminases 
changed inversely during the course of the first 
two weeks, the correlation coefficient being r = 

In addition to decreasing transaminase levels, 
a lowering of bilirubin was detected in serum, 
further indicating a recovery from acute liver 
damage. 

-0.92. 

6 -I 
r = -0.50 

0. 

0 0 

10 100 

ALT (U/L) 

1000 

FIGURE 1 
data are given in a log scale. 

Correlation between vitamin E/lipid ratios and the serum transaminases (ALT) in 48 patients with viral hepatitis. The 
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FIGURE 2 Vitamin Ellipid ratios (0) in plasma of a 29-year-old male patient during the course of acute hepatitis A. ALT (0) and 
bilirubin (0) levels are also shown. Admission to the hospital was on day 1. 

DISCUSS I 0  N 

Decreased vitamin E serum levels and vitamin 
E/lipid ratios correlate with acute liver cell injury 
in patients with acute hepatitis as indicated by 
increasing transaminase levels (Fig. 1, Table 1). 

The low vitamin E levels in plasma might 
reflect the consumption of this antioxidant by 
reactive oxygen species generated in progressive 
inflammatory processes. Upon recovery from the 
disease, vitamin E levels in plasma were restored, 
likely due to a diminished consumption while 
intake was constant (Fig. 2). 

An alternative reason could be related to 
cholestasis. An inverse but not significant rela- 
tionship between vitamin E uptake and parame- 
ters of cholestasis, such as bilirubin levels has 

been described['']. In the present study, low vita- 
min E/lipid ratios and elevated bilirubin levels 
(>5 mg/dl) were only found in patients with ALT 
> 100 U/1. However, decreased vitamin E/lipid 
ratios were also detected in patients without clin- 
ical signs of cholestasis (normal serum bilirubin, 
see Table 1). Thus, diminished vitamin E associ- 
ated with cholestasis appears not to be the major 
reason for low vitamin E levels. 

Severe liver disease is often accompanied by 
elevation of serum lipids. In this study only small 
increases in serum lipids were found in viral 
hepatitis as compared to controls and the serum 
lipids did not correlate with the activity of the 
disease. 

Vitamin E deficiency might be a factor increas- 
ing the susceptibility of the liver for viral infec- 
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TABLE 11 
literature. 

Disease Vitamin E Vitamin E/Lipids Reference 

viral hepatitis 1.25 1.00 this paper 

viral hepatitis 0.77 0.67 this paper 

alcoholic liver cirrhosis 0.59 0.72 Bell et al. 1992 

alcoholic liver cirrhosis 0.93 0.95 von Herbay et al. 1994 (10) 

alcoholic liver cirrhosis 0.66 0.86 Munoz et al. 1989 (20) 
hemochromatosis 0.68 0.66 von Herbay et al. 1994 (10) 

Wilson’s disease 0.57 0.63 von Herbay et al. 1994 (10) 
primary biliary cirrhosis 0.94 0.62 Sokol et al. 1985 (14) 

beta-thalassemia major 0.41 Rachmilewitz et al. 1976 (21) 
Gaucher’s disease 0.40 Rachmilewitz et al. 1982 (22) 
sickle-cell anemia 0.69 Chiu et al. 1982 (23) 

Vitamin E and vitamin Ellipid ratios in patients with various liver disease: Overview from the 

Related to Controls Related to Controls 

normal ALT and AST 

ALT > 100 UlI 

elevated ALT and AST 

normal ALT and AST 

untreated 

0.90 0.62 Munoz et al. 1989 (20) 

Vitamin E and vitamin Ellipids are given as the ratio of the mean patient level to the mean level of healthy 
controls. 

tions. Previous studies showed that liver injury 
was especially severe in cases of vitamin E defi- 
ciency (10,17-19; see Table 2). In vivo experi- 
ments demonstrated that toxic hepatitis 
occurred in LEC rats fed a vitamin E-depleted 
diet but not in vitamin E-supplemented ani- 
m a P 1 .  

Since no hepatotoxic side effects are known for 
vitamin E1241, vitamin E is considered a safe 
antioxidant for treatment studies in patients with 
acute viral hepatitis. Vitamin E might also be used 
in the protection even when low transaminase 
levels indicate that no acute inflammatory 
processes are ongoing in patients with chronic 
viral hepatitis. 
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