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Abstract-Silymarm. a 3-oxyflavone present in Silybum Marianum. protected both liver mitochondria 
and microsomes from lipid peroxide formation induced by various agents. The antiperoxidative actlon 
exhibited by Silymarin was IO-fold higher than that of r-tocophcrol. and was present when the drug 
was added as well as after the peroxidant agents. Data obtained rule out the possibility that the 
antiperoxidative action of Silymarin was due to an interaction of this drug with Fc". The reported 
results are compatible with an interaction of Silymarin with free radical specich responsible for lipid 
peroxidation 

It has been reported that Silymarin. a 3-oxyflavone 
occurring in the thistle Silybum Marianum [I], pro- 
tects the liver of experimental animals against several 
hepatotoxic substances, such as amanitin, phalloidin. 
galactosamine, thioacetamide, and Ccl, [Z-6]. This 
protective action, which has been challenged, at least 
in part, by Leber and Knauff [7], has been described 
as a “membrane stabilizing action” [8,9]. The under- 
lying mechanism of this protection are, however. still 
undetermined. 

On the other hand, it appeared that hepatotoxic 
substances, such as Ccl,, become effective following 
their “activation” into a free radical form [lo]. More- 
over, CCl, toxicity is lowered by substances which 
scavenge free radicals [ 10, 111. 

On the basis of these considerations, it appears 
possible that Silymarin might act by preventing. or 
inhibiting, lipid peroxide formation which is induced 
by various agents through a radical mechanism. In- 
deed the results reported in the present paper show 
that Silymarin strongly inhibits peroxide formation 
induced by peroxidative agents both in liver mito- 
chondria and microsomes. 

MATERIALS AND METHODS 

Rat liver mitochondria were isolated in 0.25 M 
sucrose buffered with 3 mM Tris--HCl at pH 7.4. as 
indicated by Myers and Slater [12]. Rat liver micro- 
somes were prepared as described by Ernster [13]. 
Protein content was estimated by the biuret 
method[l4]. Oxygen uptake was followed at 25” with 
a platinum electrode assembly of the Clark type [IS]. 
Mitochondria swelling was determined by following 
the change in optical density at 520 nm [ 161. Malon- 
dialdehyde (MDA), was determined by the thiobarbi- 
turic acid method of Wilbur [I71 as described by 
Ottolenghi [IS]. and malondialdehyde content was 
calculated by using E = 1.56’ 10’ litre mole-’ cm”’ 
at 532 nm[19]. Silymarin was a gift of the Istituto 
Biochimico Italiano. Milan. Italy. 

RESULTS 

Figure 1 shows the traces regarding oxygen uptake 
by rat liver mitochondria, induced by the peroxidative 
system Fe2 + -ascorbate [20). When Silymarin is added 
to the mitochond~al sus~nsions prior to Fe’+-ascor- 
bate, a dual, dose dependent, effect is seen: the time 
lag is lengthened. and oxygen uptake is decreased 
(Fig. la). At 20 PM concentration, Silymarin fuly pre- 
vented oxygen uptake. Fig. lb shows that Silymarin 
not only prevented, but also inhibited peroxide for- 
mation sparked by Fe” -ascorbate. but in this case, 
however, higher concentrations of Silymarin were 
required. MDA production was also prevented, or in- 
hibited. by the same concentrations of Silymarin (Fig. 
2). It is known that MDA formation reflects, as does 
oxygen uptake. the extent of peroxide fo~ation, and 
the parallelism between these two parameters clearly 
emerges from data reported in Fig. 2. The same 
Fig. also shows the effect of ix-tocopherol on MDA 
formation. It can be observed that the antiperoxida- 
tive action of x-tocopherol was IO-fold lower than 
that of equimoiar concentrations of Silymarin. After 
a time lag of 4 mm. rat liver mitochondria suspended 
in isoosmotic medium showed rapid swelling follow- 
ing the addition of Fez‘ -ascorbate (Fig. 3). and this 
can be related to peroxidative membrane alter- 
ations [lo]. Preincubation of mit~hondria in the 
presence of Silymarin completely inhibited swelling 
at 10pM concentration (Fig. 3). In this experiment 
also. the protective action of Silymarin was IO-fold 
higher than that exhibited by x-tocopherol. 

All the above reported results (inhibition of oxygen 
uptake. MDA formation and mitochondrial swelling 
induced by Fez+ -ascorbate) concordantly demon- 
strate that Silymarin explicates a strong antiperoxida- 
tivc action. The reasonable possibility that the anti- 
peroxidative action of Silymarin was due simply to 
an interaction of the drug with added. or exogenous, 
Fe’+ seems untenable in the light of the results 
reported in Fig. 4, which shows that Fe2’ exhibited 
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Fig. f. Effect of Silymarin on Fe’“-ascorhte induced oxygen uptake by rat liver mitochondriir, The 
assay system. consisting of t 25 mM KC1 and 3 mM Tris-hufTer. pH ?.4. contained 0.65 mg;ml of mito- 
shondrial protein in a finat ~oh.nne of 2 mi. When indicated. tOgM FeSO, and 2On~M ascorbate 

were added. Sitymarin was added at the concentrations indicated for each trace. 

its maximum peroxidative effect when added to rat 
liver mitochandria at 20 PM concentration At higher 
concentrations, induced peroxide formation rapidly 
slowed down, probabiy due to the antiperoxidati~e 
effect of excess Fe’ i [;?I J. Preincubation of rat liver 
mitochondria in the presence of ltY.I@I Silymarin. 
followed by repeated washings tn order to eliminate 
excess drug, showed an almost complete inhibition 
of MDA formation at all Fe’+ concentrations. 

Silymar~n also prevented peroxide formation in 
microsomes (Fig. 5), where peroxide formation was 
Induced by the NADPH-Fe3’-ADP system[lij. ft 

can be observed that the concentration of Silymarin 
required for preventing peroxide formation in micro- 
somes was approximately the same as in mitochon- 
dria. despite the different system used for inducing 
peroxidation. 

The results reported in Tabie 1, which compares 
the two peroxidative systems. show that Fe’+-ascor- 
bate was very active with mitochondria and poorly 
active with microsomes. while the NADPH-Fe3+- 
ADP system was very active in microsomes and 
poorly active in mitochondria. In spite of this differ- 
ence, Silymarin was effective in inhibiting lipoperox- 
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Fig, 2. E&t of Silymarm and r-tocopherol on Fe2 “e ascorbate induced peraxidation of rat liver mito- 
chondria. Experimental conditions as in Fig. 1. In all experiments Silymarin or r-tocopherol were 
added at the indicated concentrations 2 min before addition of 10 PM F&SO, and 200 PM ascorbate. 
MDA formation and Oz uptake ~n!n~les~rn~~~rn~ protein) are reported as per cent of the control. 
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Fig. 3. Inhibitory effect of Silymarin and r-tocopherol on 
Fe’+-ascorbate-induced swelling of rat liver mitochondria. 
Assay system as in Fig. I except mitochondrial protein 
was 0.4mg/ml. Silymarin or z-tocopherol were added 
2 min before addition of IO PM FeSO, and 200 PM ascor- 

bate at the concentrations indicated for each trace. 
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Fig. 4. Lipoperoxidation induced by increasing amounts 
of ferrous ions on rat liver mitochondria pretreated with 
Silymarin. Preincubation of rat liver mitochondria with 
0.1 mM Silymarin (absent in the control) was carried out 
in 125 mM KCI buffered with 25 mM Tris pH 7.4 at 25” 
with 5 mg protein per ml; after 20min mitochondria were 
rapidly centrifuged, washed twice. resuspended and diluted 
to a concentration of 1 mg protein per ml in the same 
medium. The indicated concentrations of ferrous ions 
sparked the lipoperoxidative reaction in aliquots of this 

suspension; MDA was determined after 30 min. 
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Fig. 5. Effect of Silymarin on NADPH-Fe3’-ADP induced 
oxygen uptake by rat liver microsomes. The assay system. 
consisting of 125 mM KC1 and 25 mM Tris-buffer pH 7.4. 
contained I .7 mg/ml of microsomal protein. 0. I8 mM 
NADPH. I2 PM FeCl,. and I mM ADP in a final volume 
of 2 ml. Silymarin was added at the indicated concen- 
trations 2 min before the addition of the lipoperoxidizing 

system NADPH-Fe3+-ADP. 

ide formation in all cases. This observation provides 
further evidence against a possible interaction of Sily- 
marin with the lipoperoxide generating system. 

As shown in Fig. 6, Silymarin also inhibited lipid 
peroxidation induced in microsomes by 0.1 mM 

f I 

50 100 
SICYMARIN (PM) 

Fig. 6. Effect of Silymarin on cumene hydroperoxide in- 
duced lipid peroxidation in rat liver microsomes. The assay 
system. consisting of 125 mM KCI and 25 mM Tris-buffer 
pH 7.4. contained 1.2 mg/ml of microsomal protein and 
0.1 mM cumene hydroperoxide in a final volume of 2 ml. 
Silymarin was added at the indicated concentrations 2 min 

before cumene peroxide. 
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Table I. Stlymarin Inhibition of mrtochondrial and microsomal lipo-peroxtdatton Induced by dttferent 
systems* 

~__I____~ 
FeSO,-ascorbatu NADPH-F&l,-ADP 

Mitochondria Mtcrosomes Mitochondria Mrcrosomes 
.--- 

None ?9.63 3.1 1 ?.Y7 42 ‘0 
Silymarin 0.12 0 30 1.29 0.415 

*The reaction mixture contained a basic medium composed of 125 mM KS.3 25 mM Tris pH 7.4. 
and 1 mg protein per ml of mitochondria or microsomes. Other reagents were 10 PM FeSO,. 31O~M 
ascorbate. 700pM NADPH, IOfiM FeCI, and I mM ADP. Silymarin was added at a final concen- 
tration of 50pM. 2 min before the addition of the peroxidizing system. Reaction was carried out 
for 30min at 25’ with constant shaking and the values are expressed as nmoles of MDA per mg 
protem 

cumene hydroperoxide. It should be underlined that 
at all the concentrations employed this reagent failed 
to promote any lipid peroxidation in mitochondria 
(results not reported). 

DISCUSSION 

Based mostly on in nitro experiments carried out 
on red blood cells [S] and on isolated hepato- 
cytes [9], the protective pharmacological action of 
Silymarin on liver has been attributed to its “stabihz- 
ing” action of’ the structure of biological membranes 
However, the mechanism of this stabilizing action has 
not been determined. 

The results reported in the present paper provide 
unequivocal evidence that Sifymarin exerts a remark- 
able antioxidant action both on liver mitochondria 
and micro~mes when these are exposed to a peroxi- 
dative system. 

In liver mitochondria, the antioxidant action of 
Silymarin is demonstrated by the concomitant inhibi- 
tion of Fe”-ascorbate-induced swelling. oxygen 
uptake. and MDA formation, and ail these par- 
ameters are an expression of lipid peroxide formation. 
Sifyma~rl was able to prevent peroxide formation 
(Fig. la) as well as inhibit it when added to the system 
after the process had started (Fig. 1 b). As known, 
mit~hondriaf sweffing induced by peroxidants [2i) 
reflects irreversible alterations in membrane structure 
caused by lipid peroxidation. Since Sifymarin inhibits 
lipid peroxidation (oxygen uptake and MDA forma- 
tion) to exactly the same degree as it inhibits mito- 
chondria swelling (compare Figs 2 and 3) it seems 
reasonable to assume that the “stabilizing” action of 
Sifymarin is a consequence of its antioxidant effect. 
Moreover. the antioxidant action of Silymarin is 
about IO-fold higher than that of equimofar concen- 

trations of r-tocopherof (see Fig. 2). 
An antioxidant action for other ffavonoids has 

already been described [22]. as a possible conse- 
quence of their capacity to chefate metal ions. and 
in particular, Fe or Cu. Afthough cheIation of added 
or endogenous Fe cannot be excluded in absolute also 
for Sifymarin, the results reported in Fig. 4 indicate 
that this$ossibility is improbable. In fact, the antiper- 
oxidative action of Silymarin persisted even after the 
pre-treated mitochondria were repeatedly washed, 
and then placed in contact with amounts of Fe* 1- 
far in excess of the original Sifymarin concentration. 
It appears very improbable that the residual Siiy- 

marin could chefate all the Fe’ ’ ions added to the 
system successively. 

A further indication that them IS no interactton 
between Sitymarin and added Fe’+ is provided by 
the results obtained with cumenc hydroperoxide (Fig. 
6). The peroxidation induced by this reagent. which 
has been observed only with mtcrosomes and seems 
to be dependent on cytochrome P-450 [IX]_ dots not 
require any added Fe”. The possible involvement 
of cytochrome P-450 in Sifymarin action which could 
be reasonably inferred from this experiment. is in fine 
with the previous assumption that Sifybin. a com- 
ponent of Sifymarin. could inhibit the formation of 
drug-cytochrome P-450 complex [24]. 

The results reported in Fig. 4 suggest. as previously 
reported by Rameffini and Meldofesi for isolated liver 
hepatocytes [9]. that Silymarin binds to the mito- 
chond~al menlbranes so that these become less sus- 
ceptible to the deleterious action of oxygen radicals. 
In other words, our results arc compatible with the 
assumption that the protective action of Sifymarin in- 
volves an interaction of the drug with radical species 
critical for lipid peroxidation. If this is the case. Sily- 
mat-in may be included in the class of free radtcaf 
scavengers. 

Whether Sifymarin acts as radical scavenger and. 
or by protecting membrane lipids from the deleterious 
effect of f:ee radicals IS currently under investigation. 

It appears improbable that the described antiperox- 
idative action of Silymarin could be the only expfana- 
tion for the irr rir<) protective effect of this drug 
against the hepatotoxicity of different drugs [7 -61, 
For instance as far as galactosamine is concerned. 
this monosaccharide induces on rat liver microsomes 
a slight and scarcely significant lipid peroxidation 
only at concentrations (5 mM: rcsufts not reported) 
much higher than those presumably active irl r’iw 

Therefore the unraveffing of the mechanism in- 
volved in the in ho an~gonism of Siiymarin on 
galactosamine effects, will probably depend on the 
clarification of the very complex and not yet fully 
understood nature of galactosamine hepatotosi- 
city [35]. 
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