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Abstract--The clinically effective hepatoprotectlve flavonoid, (+)-Cyanldanol-3, prevented the Fe :+- 
induced functional deterioration of rat liver mltochondrla Fe z* treatment of mitochondrla resulted in 
increased hpid peroxidatlon (MDA-formatlon), decreased mltochondrial membrane potential, impmred 
Ca 2. uptake capacity and caused large amphtude swelling of mltochondrla All of the consequences 
of Fe 2+ treatment were inhibited by (+)-Cyanidanol-3 In a concentration dependent manner The 
mltochondrlal protective action of the drug ~s comparable with its free radical scavenging property 

Many hepatotoxlc agents (CC14, ethanol, Fe 2+ ions, 
etc.) induce the peroxldatlon of various biological 
membranes (see reviews [1-3]). The involvement of 
mltochondrlal damage in drug-induced hepato- 
toxicity has been demonstrated both m v tvo  and m 
vttro [4-10]. 

Fe z+ ions are capable of reducing enhanced per- 
oxldatton of the mltochondrial membranes both in 
v tvo  [11-13] and m vttro [14-16] This can be used 
to study the peroxidatlon-assocmted damage of these 
cell organelles MltochondrIa prepared from Fe z+- 
treated rats butlt up a significantly lower membrane 
potential and contained less K + than the controls 
[17]. Addition of Fe 2+ ions in micromolar con- 
centration to isolated mltochondria caused the 
release of certam enzymes and K + from the matrix 
space [15, 18], deterioration of ADP/O ratio [18] 
and loss of membrane potential [19]. 

Cyamdanol,t a clinically effective flavonold, 
mhlblted the CC14 and FeZ"-induced lipid per- 
oxidation of mlcrosomes, both m vivo  and m vitro 
[20] It also prevented the morphologlc abnormalities 
of mttochondria and endoplasm~c retlculum in hepa- 
tocytes [5]. In addition Cyanldanol was shown to 
counteract the deplenon of cellular ATP and reduced 
glutathlon content brought about by peroxldattve 
agents [21,22] and to decrease the extra oxygen 
consumption of hepatocytes reduced by tert-butyl- 
hydroperoxlde [23] However, it remains ques- 
tionable whether the protective effect at the mlto- 
chondrlal level contributes to the action of the drug. 

The aim of the present study was to investigate 
whether Cyanldanol when added to isolated mlto- 
chondrla was able to prevent the ltp~d peroxtdatlon- 
induced functional damage in these organelles. This 
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¢ Abbreviations Cyanidanol, (+)-Cyanldanol-3, MDA, 

malondlaldehyde (thlobarblturic acid reactive substance), 
TPP +, tetraphenylphosphonium ion, Tris, Tris-(hydroxy- 
methyl)-ammomethan, A~, mitochondnal transmembrane 
electric potential difference 

presumed effect was tested for by parallel inves- 
tigations of malondlaldehyde (MDA) formatton, 
membrane potential, Ca z+ uptake capability and per- 
meability changes of the mltochondrlal inner 
membrane. 

MATERIALS AND METHODS 

Rat liver mltochondrta were Isolated by the 
method of Johnson and Lardy [24] Mltochondrial 
protein content was determined by the biuret method 
using bovme serum albumin as standard. 

Mltochondrlal membrane potential (A~) was 
measured by a tetraphenyl-phosphonlum selective 
electrode prepared according to [25] The exper- 
imental set-up and the calculatton of the A~p value 
was descnbed m detail in [26] 

Mltochondrial swelling was measured by followmg 
the changes of apparent absorbance at 546 nm with 
a Beckman DK-2A recording spectrophotometer 

Malondialdehyde concentration was determined 
by thlobarblturac acid reaction [27] 

Ca 2+ ton movements were monitored by a Ca 2+ 
selective electrode (produced by Redelkls, Hungary) 
connected to an OP-205 pH meter and an OH-814 
potentlometnc recorder (Radelkis, Hungary) The 
Ca z÷ electrode was cahbrated with a multiple point 
cahbratlon techntque combined with an iteranve 
determination of the initial Ca 2+ concentration of the 
mitochondrlal suspension as in [28] The electrode 
selecttvlty coefficient for Fe 2+ ions was 0 1 deter- 
mined by the fixed interference method [29] The 
gradients of the voltage-metal-ton concentration of 
the Ca 2+ electrode for Ca 2+ and Fe 2+ were 23 mV 
and 1 mV, respectively. When following changes of 
the free Fe z+ concentration by the Ca 2+ electrode, 
the amphficataon of the apparatus was augmented 
accordmgly. 

The experiments were carried out in a basic 
medium containing 130 mM KCI, 20 mM Trls-HCI, 
1 5mM MgCI2 at pH 7 4. Further additions are 
mdlcated m the figure captions (Ftgs 1-4). 
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All the reagents were of highest purity com- 
mercially available Cyanldanol was a product of 
Zyma-Blogal (Debrecen, Hungary), commercialized 
under the name of Catergen. Desferal (Des- 
ferroxamine mesylate) was a product of Clba-Gelgy 
(Basle, Switzerland). 

R E S U L T S  

The magnitude of mltochondrlal membrane poten- 
tial (A~p) could display abnormalities in mlto- 
chondrla of iron-treated rats which were not revealed 
by the respiratory parameters [30]. Thus we 
measured the changes of A~p dunng Fe2+-lnduced 
lipid peroxldatlon and the effect of Cyanldanol on 
this parameter 

The original TPP ÷ electrode recording shows that 
mitochondria suspended in the incubation medium 
built up only a transient A~p by the oxidation of the 
endogenous substrates (Fig 1A). After the addition 
of 3-OH-butyrate a stable A~p value was maintained 
as high as 180 mV. If the mltochondrla were pre- 
incubated with 17 6/aM Fe 2+ for 5 min, even in the 
presence of respiratory substrate a At/; value less 
than 120mV was developed (Fig 1B) In contrast, 
xf the mitochondrla were pre-lncubated m the pres- 
ence of 23 nmol Cyanldanol/mg protein (34.5/aM) 
before Fe 2+ treatment, the addition of respiratory 
substrate raised the value of A N to the control level 
(Fig 1C) 

The effect of Cyanldanol on the A~p value was 
concentration dependent Using succlnate or 3-OH- 
butyrate as respiratory substrate the fall of A~0 was 
prevented by 50% In the presence of 5nmol 
Cyanldanol/mg (6 #M) and 8 nmol Cyanidanol/mg 
(12/aM), respectively (Figs 2A and B) 

The Fe2+-lnduced decrease of A~p was probably 
due to the enhanced lipid peroxldatlon of the mito- 
chondnal inner membrane To analyze the relation 
between the changes of M D A  level and of A~p, these 
parameters were measured in parallel, varying the 
time of incubation with Fe 2+ (Fig 3). After 5 rain 
lncubatmn with Fe 2+ the addition of respiratory sub- 
strate resulted in a A ~p value of only 115 m V. During 
the same incubation period the M D A  level increased 
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Fig 2 The prevention of Fe2"-mduced deterioration o! 
varIous mltochondnal parameters by Cyamdanol (A) and 
(B) The effect of various amounts of Cyamdanol on the 
Alpvalue after Fe 2+ addition Sequence of additions 0 mm, 
mltochondna plus the indicated amount of Cyamdanol, 
2 mm, 17 6 #M FeSO4, 7 ram, respiratory substrate, (A) 
1 2 mg mltochondrial protein per ml, 5 mM Tris-succmate 
(B) 1 5 mg mltochondrlal protem/ml, 5 mM 3-OH-butyr- 
ate (C) The effect of Cyamdanol on the FeZ+-mduced 
impairment of mltochondnal Ca :+ uptake M~tochondna 
(1 5 mg/ml) were pre-mcubated m the basic medium which 
contained 32#M Ca 2+ (21 l nmol Ca2"/mg protein) 
Further addmons were the same as m (B) The ordinate 
shows the maximal amount of Ca 2~ uptake after the 
addition of 3-OH-butyrate (D) The effect of Cyamdanol 
on the FC+-mduced mltochondnal swelling Mltochondna 
(1 5 mg/ml) were pre-incubated m the presence of the 
indicated amount of Cyanldanol for 2 mm Subsequentl~ 
17 6#M FeSO4 was added The rate of swelhng was 

measured m the first minute after FC + addmon 
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The effect of Fe 2+ and Cyanldanol on the mlto- 
chondrlal membrane potennal Onglnal trace of the TPP ÷ 
electrode The basic medmm was supplemented by 3 ~M 
TPP + Further addlnons mlto, 1 5mg mltochondrlal 
protem/ml, BUT, 5 mM 3-OH-butyrate, Fe 2*, 17 6 gM 

FeSO4, Cyamdanol, 23 nmol/mg protein (34 5 #M) 

by 1.7 nmol/mg. In contrast, in the presence ot 
23 nmol Cyanidanol/mg (34.5/aM) the MDA con- 
centratlon failed to Increase and A~p reached the 
control value (Fig. 3). The MDA formation and A~p 
decrease ran parallel in time and both processes 
were prevented by Cyanidanol The collapse of Aq~ 
induced by Fe z+ ions was also prevented by the 
well-known free radical scavanger butylated hydroxl- 
anisol (data not shown) 

Many peroxldatlve agents perturb the Ca 2+ hom- 
eostasis of-liver cells by decreasing mltochondrlal 
and other lntracellular Ca z+ pools [31-33] We inves- 
tigated the effect of Cyanidanol on the Ca 2+ uptake 
capability of Fe2+-treated mltochondrla Incubauon 
of mitochondrla in the presence of 17 6/aM Fe 2+ for 
5 rain decreased the extent of maximal Ca 2+ uptake 
from the control value of 17 3 nmol/mg to 4 nmol/  
mg When mltochondria were treated with increasing 
amounts of Cyanldanol before the addition of Fe 2+ 
the extent of Ca 2+ uptake gradually increased and 
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Fig 3 The effect of mcubatmn txme with Fe 2+ on the MDA 
formauon and A~p changes in the presence and absence of 
Cyamdanol After the time indicated on the abscissa 
samples were removed for MDA determination (©, O) or 
5 mM Trls-succmate was added to measure A~ m the 
presence of 3 #M TPP ÷ (A, &) Lipid peroxldation was 
mmated with 17 6 gM FeSO4 Mltochondrlal protein was 
1 2 mg/ml Open symbols, m the absence of Cyamdanol; 
full symbols, in the presence of 23 nmol Cyamdanol/mg 

m~tochondnal protein 

finally reached the control value (Fig. 2C). Half 
maximal effect was obtained with 4.2nmol 
Cyanidanol/mg protein (6.3#M). Although the 
decrease of A~p value might explain the impairment 
of the Ca 2÷ uptake, an additional effect on the Ca 2+ 
unlporter and/or on the Ca 2+ efflux pathway can not 
be ruled out. 

The intact inner membrane has low permeability 
for K ÷ and C1- runs. Thus volume changes are not 
observed ff mltochondrla are suspended in an iso- 
osmotic KC1 solution [34] Addition of Fe 2÷ to mito- 
chondrla suspended in the basic medium resulted 
immediately in a rapid fall of apparent absorbance 
indicating an increase of the mltochondrial volume. 
This high rate of the mltochondrial swelhng points 
to the increased K ÷ and CI- permeability of the 
mitochondnal inner membrane, probably due to 
enhanced hpid peroxldatlon. The Fe2÷-lnduced 
swelhng was prevented by Cyanldanol m a con- 
centratlon dependent manner (Fig. 2D). Above 
20 nmol/mg (30 gM) concentration the swelhng rate 
decreased to the control value, 1.e. to the swelhng 
rate measured m the presence of Cyanldanol alone 
(Fig 2D) 
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Fig 4 The effect of Cyamdanol on the free Fe :+ con- 
centrauon of the basic medmm Orlgmal Ca 2+ electrode 
recording Addmons Fe 2÷, 8 8#M FeSO4; Cy, 17.2/~M 

Cyamdanol, De, 50 #M Desferal 

It was shown previously that under certam con- 
ditions flavonoid compounds are able to chelate 
metal ions [35] Therefore we investigated the effect 
of Cyanldanol on the free Fe 2÷ concentration in the 
absence of mItochondrla with Ca 2+ electrode (see 
Methods). Addition of Cyanidanol in a final con- 
centration of 34 5 #M did not decrease the Fe 2÷ 
(26.4 #M) concentration of the medium (Fig. 4A). 
The upward deflection of the recorder after the first 
addition of Cyanldanol was observed also in the 
absence of Fe e+ Ions (Fig. 4B). In contrast to Cyan- 
idanol, addition of the iron-chelator Desferal 
decreased the medium Fe 2÷ concentration (Fig. 4C). 
The artefactual effect of Desferal on the electrode is 
significantly smaller than the effect of Desferal on 
the level of Fe 2÷ concentration (Figs. 4D and 4B). 
These observations suggest that under our conditions 
Fe 2÷ chelation by Cyanldanol must have been neg- 
hgible. This fact IS in accordance with the results of 
Blndoll et al [36], who found that the protection of 
mltochondria by the oxoflavonoid Syhmarln during 
Fe e+-induced lipid peroxidatlon is not a consequence 
of Fe z+ chelation. 

D I S C U S S I O N  

The results reported in the present paper indicate 
that Cyanidanol prevents simultaneously both the 
lipid peroxxdatlon and the functional deterioration 
of mitochondria brought about by Fe 2÷ ions. Cyan- 
ldanol in itself did not alter the mitochondrial mem- 
brane potential and the Ca 2÷ uptake and retention 
capability. It was found earlier that Cyanidanol did 
not alter the rate of O: consumption in state 3 
respiration [24] 

Fe 2+ ions exert their action through the catalysis 
of free radical generation [3]. Cyanldanol being a 
potent free radical scavenger [37,38] most probably 
prevents the radical-induced injury (e g. lipid per- 
oxidation) of the mltochondrial Inner membrane 
Similar observations were made on mlcrosomal 
membrane vesicles [20]. 

The hepatic conjugation of Cyanldanol proves that 
the drug can penetrate the cell membranes m w v o  
[39]. This fact supports our suggestion that the above 
described mltochondrion-protectlve effect may have 
pharmacological relevance, too. Under conditions 
when enhanced free radical generation occurs in the 
mitochondrlal environment, Cyanldanol may enable 
the cells to preserve their bioenergetlc intactness, 
i e. full capacity of ATP synthesis and the capablhty 
to keep the cytoplasmic Ca :÷ concentration at the 
physiologically low level 
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