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Consumption of excess methionine by rats is known to cause membrane damage, liver enlargement and 
accumulation of iron in the spleen. In this study two groups (n = 5 )  of male, Wistar rats were pair-fed 
either a methionine supplemented (20.0 g/kg) or control (2.0 g/kg) diet for 7 weeks. Hepatic and erythrocyte 
copper-zinc superoxide dismutase activities were significantly reduced (P < 0.05 and P < 0.001 respect- 
ively) by methionine supplementation while the activities of catalase (P < 0.01 and 0.05) and glutathione 
peroxidase (P < 0.05) were significantly increased. Methionine supplementation also increased hepatic 
lipid peroxidation (P < 0.01), as measured by the level of thiobarbituric acid reactive substances, and iron 
(P < 0.001) concentrations. These changes are indicative of increased oxidative stress resulting from 
methionine toxicity. 

KEY WORDS: Lipid peroxidation, methionine toxicity, superoxide dismutase, catalase, glutathione 
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INTRODUCTION 

Methionine is regarded as the most toxic of the amino acids which are required for 
protein synthesis.' There is a marked suppression in voluntary food intake and growth 
retardation, while tissue damage resulting from excessive methionine consumption 
includes an enlarged liver and kidney, and erythrocyte membrane damage.*q3 Chronic 
feeding of excess methionine also results in degenerative effects in the rat aorta.4 It has 
been proposed that metabolites of the transaminations rather the transsulphuration6 
pathway of methionine metabolism are responsible for the resultant tissue damage. 
Finkelstein and Benevenga' have investigated the effect of methanethiol and methion- 
ine toxicity on the activities of enzymes involved in protection from peroxidative 
damage. They found that catalase (EC 1.11.1.6.) was the only enzyme involved in 
protection from peroxidative damage that was inhibited by short periods of dietary 
methionine supplementation or by in vitro incubation of these enzymes with metha- 
nethiol. No difference, however, was found in the amount of lipid peroxidation in 
these rats and they concluded that the inhibition of catalase did not appear to be the 
cause of the membrane damage observed in methionine toxicity. In the current study 
antioxidant enzyme activities and hepatic lipid peroxidation were measured in rats 
after chronic feeding of excess methionine. 
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MATERIALS AND METHODS 

S.M. LYNCH AND J.J. STRAIN 

Groups (n = 5) of male, Wistar rats (initial body weights = 197.2 i- 1.9g) were 
individually housed in stainless steel cages and pair-fed control and methionine 
supplemented diets with deionised water for 49 days. Both diets contained (g/kg): 
sucrose, 580; fibrous cellulose powder, 30; casein, 180; maize oil, 100; methionine-free 
rat vitamin mix,' 10; vitamin ADEK mix,' 30; CuSO, - 5 H,O-free mineral mix,' 50. 
In addition the control diet contained DL-methionine (2g/kg) and casein (18 g/kg) 
while the methionine supplemented diet contained DL-methionine (20 g/kg). 

Animals were killed by exsanguination after which the liver was immediately 
removed and transferred to a beaker containing ice-cold 0.25 M sucrose buffer, 
pH 7.4. After rinsing in fresh buffer and weighing a portion of the liver was stored at 
- 20°C and the remainder was used to prepare a 10% (w/v) homogenate in 0.25 M 
sucrose buffer, pH 7.4, which was stored in 4-5 ml aliquots at - 20°C. Erythrocytes 
were prepared from the whole blood by centrifugation at  800g for 10 minutes. The 
pellet obtained was washed with 0.9% (w/v) NaCl and recentrifuged twice before 
storage at - 20°C. Hepatic copper-zinc and manganese superoxide dismutase (EC 
1.15.1.1 ., CuZnSOD & MnSOD respectively) activities were determined by the meth- 
od of Oberley & Spitz.' Samples to be assayed were dialysed overnight against 0.05 M 
potassium phosphate buffer, pH 7.8 after which assays of the CuZnSOD and MnSOD 
were performed at pH 7.8. Erythrocyte CuZnSOD activity was measured by a modifi- 
cation of the method of Jones & Suttleg in which a 50 mM carbonate buffer, pH 10.2; 
containing 5 mM xanthine (1 5 ml/l) and 5 mM iodonitrotetrazolium violet (40 ml/l), 
was utilized. Additionally, a reaction period of 30 minutes at room temperature was 
permitted before reading the absorbance of samples at 500 nm. Catalase activity was 
measured by the method of Aebi." Selenium-dependent glutathione peroxidase (EC 
1.1 1.1.9., GSH-Px) activity was assayed by a modification'' of the method of Paglia 
and Valentine" using 1.5mM H 2 0 2  as substrate and the assay was performed in 
1 .O mM NaN, to inhibit catalase activity. Hepatic lipid peroxidation was measured in 
liver which had been stored at -20°C as the level of thiobarbituric acid reactive 
substances (TBARS) using the method of Ohkawa et a1.I3 with 1,1,3,3-tetramethoxy- 
propane (TMP) as an external standard. Protein estimations were performed by the 
method of Bradfordi4 using bovine serum albumin as a standard. 

Hepatic iron (Fe) was determined by flame atomic absorption spectrophotometry. 
Samples of liver which had been stored at -20°C were dried to constant weight, 
digested in nitric acid at  80°C and the digest diluted with deionised water prior to 
analysis. 

Results were analysed for statistical significance by one way analysis of variance 
(ANOVA) and are given as mean values f standard error (SE). 

RESULTS 

In this experiment rats were pair fed the diets but the mean growth rate of the 
methionine supplemented rats (final body weight = 276.7 f 5.8 g) was significantly 
lower (P < 0.05) than controls (final body weight = 299.9 & 5.3g). As expected 
liver size was markedly increased in the methionine treated animals (4.15 & 0.18g/ 
100 g body weight) compared to control animals (2.8 1 f 0.06 g/100 g body weight). 
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TABLE I 
Hepatic and erythrocyte antioxidant enzyme activities in rats fed control and methionine supplemented 
(Met) diets.” 

Control Met 
(n = 5) (n = 5) Significance 

Liver 
CuZnSOD 
MnSOD 
Catalase 
GSH-PX 

97.5 f 13.6 
84.5 f 11.5 
0.16 f 0.01 
0.61 f 0.04 

Erythrocyte 
CuZnSOD 99.6 f 17.8 
Catalase 0.33 f 0.05 
GSH-Px 0.55 f 0.07 

47.5 f 10.4 P < 0.05 
112.5 f 18.0 NSb 
0.23 + 0.01 P < 0.01 
0.78 f 0.04 P < 0.05 

44.8 f 15.1 
0.70 f 0.08 
1.14 f 0.14 

P < 0.001 
P < 0.05 
P < 0.05 

a Results given as mean 
NS, Not significant. 

standard error. All enzyme activities reported as Unitsimg protein. 

Activities of hepatic and erythrocyte antioxidant enzymes are reported in Table I. 
CuZnSOD activity was significantly reduced in hepatic tissue (P < 0.05) and eryth- 
rocytes (P < 0.001) of methionine fed rats. In contrast significantly increased hepatic 
and erythrocyte activities of both catalase (P < 0.01 and P < 0.05 respectively) and 
GSH-Px (P < 0.05) were observed with dietary methionine supplementation. 

TABLE I1 
Hepatic malondialdehyde and total iron levels in rats fed control and methionine supplemented (Met) 
diets.“ 

Control 
(n = 5) 

Met 
(n = 5) Significance 

TBARS 0.18 f 0.01 0.24 f 0.01 P < 0.01 
(nmol/mg tissue) 
Fe 873.8 80.1 1325.0 f 48.1 P < 0.001 
@gig dry weight) 

a Results given as mean f standard error. 

There was a significant increase (P < 0.01) in the extent of hepatic lipid peroxi- 
dation, as assessed by TBARS levels, in the methionine supplemented rats and a 
highly significant increase (P < 0.001) in hepatic Fe concentrations was also evident 
in these rats compared to controls (Table 11). 

DISCUSSION 

Results indicate that methionine supplementation leads to increased hepatic lipid 
peroxidation in the rat. These findings differ from those of Finkelstein and Beneven- 
ga’ who found no difference in the amount of lipid peroxidation, as monitored by the 
presence of TBARS, in the livers of rats fed diets containing as much as 30.0g 
methionine/kg for up to 7 days compared to pair-fed controls. It is probable, 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

C
hi

ca
go

 o
n 

11
/0

2/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



224 S.M. LYNCH AND J.J.  STRAIN 

therefore, that longer term feeding of methionine supplemented diets results in lipid 
peroxidation at a level detectable by the thiobarbituric acid assay. Other differences 
were also evident in the livers from rats fed toxic levels of methionine in these two 
studies. Catalase was inhibited by methionine toxicity or methanethiol in the study 
reported by Finkelstein and Benevenga5 but GSH-Px activity was enhanced. In 
contrast results from the present study show that the acitivities of both catalase and 
the seleno-enzyme GSH-Px were significantly increased in the methionine supple- 
mented rats compared to controls. It is possible that the latter increases in antioxidant 
enzyme activities might be an adaptive response to increased tissue peroxide flux’’ 
associated with methionine metabolism. 

In this study significantly lowered activities of the antioxidant enzyme CuZnSOD 
were found in both the livers and erythrocytes of methionine supplemented, compared 
to control, rats. This copper-dependent enzyme, which catalyses the removal of 
superoxide radical,16 is influenced by tissue copper status as is another copper-depen- 
dent enzyme, cytochrome c oxidase (EC 1.9.3.1., CCO).” It is known that CCO 
activity is decreased in methionine toxicity5 and by mercaptans.18 Indeed, it has been 
shown’’ that dietary methionine alleviates the effects of copper toxicity in growing 
chicks. The possibility that methionine supplementation was exacerbating the copper 
status of rats which were all fed a low copper diet in the current trial is being further 
investigated in this laboratory. Results to date indicate that methionine supplemen- 
tation significantly reduced tissue Cu status (Lynch & Strain, unpublished data). Since 
copper deficiency can increase lipid peroxidation,20 it is possible that the increased 
lipid peroxidation observed here was due to an interaction of methionine with 
copper-dependent enzymes, such as CuZnSOD, resulting in impaired enzyme activi- 
ties rather than the effects of methioine toxicity per se. Nevertheless, the markedly 
increased levels of hepatic iron (Table 11) resulting from methionine toxicity would 
produce conditions of iron overload which are highly conducive to free radical 
formation and damage.2’ It has previously been reported that both methionine 
toxicity” and in vitro exposure to H20223 result in increased cellular xanthine oxidase 
(EC 1.2.3.2.) activity, a source of oxygen free radicals.24 If, as suggested by the 
significant increases in catalase and GSH-Px activities found in this study, methionine 
supplementation results in increased H 2 0 2  production then this, combined with the 
increased hepatic iron, may lead to increased cellular oxygen free radical production 
and oxidant damage. 

The transamination pathway of methionine catabolism6 operates independently of 
the formation of S-adenosyl-2-methionine, and flux through the transamination 
pathway probably exceeds that through the transulphuration pathway in rats” but 
not in humans.26 Metabolites of the transamination pathway have been proposed as 
mediators of the tissue damage associated with methionine t~xic i ty .~  There is ev- 
idence, however, that the caeruloplasmin-catalysed oxidation of a transulphuration 
metabolite, homocysteine, can cause endothelial cell injcry due to the concomitant 
generation of hydrogen per~xide.~’ Increased hepatic lipid peroxidation was a feature 
of methione supplementation in the current study and a similar mechanism involving 
oxidative damage may have been responsible for the accelerated ageing effects on the 
aortas of rats fed excess methionine for two years.4 Recently much interest has centred 
on the significance of free radical damage and antioxidant status” in the aetiology of 
disease processes including ischaemic heart disease.29 Oxidative damage, therefore 
resulting from the methionine metabolite, homocysteine, may be a causal factor in the 
development of the atherosclerotic type lesions commonly associated with homocys- 
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teinuria3O and h~mocyteinaemia.~’ Moreover men with mild methionine intolerance 
and provokable homocysteinaemia are a t  increased risk of coronary artery disease3* 
and thus exposure to the high methionine content of the Western diet may predispose 
towards this disease. 

The results of the present study suggest that lipid peroxidation may be an important 
feature of methionine toxicity. It is proposed that the lipid peroxidation is due to 
increased oxidative metabolites resulting from methionine metabolism and to defects 
in the enzymatic antioxidant defence system. Increased activities of catalase and 
GSH-Px failed to prevent hepatic oxidative damage. Iron overload and reduced 
activity of CuZnSOD without a complimentary increase in MnSOD activity may be 
responsible for the postulated defects in antioxidant defence. 
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