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Abstract: Problem statement: Cadmium is highly toxic at low concentrations, kg mechanism of
its toxicity is still not understood particularly the cellular and subcellular levélpproach: In this
study we examined the effects of cadmium on thelapthosphorylation properties of mitochondria
isolated from potatoesResults: Cadmium strongly disturbed the respiratory metainoliof
mitochondria isolated especially in the transfeeleictrons by cyanide pathway. Meanwhile, cadmium
altered the composition of lipid fatty acids polamile inhibiting catalase activity, a key enzymettie
detoxification (antioxidant) process. In additi@admium caused an increase in mitochondrial volume
associated with strong inhibition of ATPase acivivhich could be explained by a transport of the
potassium ion stimulation at the origin of the massdnflux of H by antiport through the ¥H*
leading to a decoupling (cut) of mitochondrial catige phosphorylation. The swelling of
mitochondria was accompanied by the rupture of tiichondrial outer membrane and thus the
release of Cytochrome C, which appears to be fitialiphase of apoptosi€onclusion: Following
this study, it appeared that cadmium generatesotatp the isolated mitochondria a concentration-
dependent oxidative stress.
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INTRODUCTION cadmium on plants. IRhaseolus vulgaris, for example,
the toxicity of cadmium is translated by a lipid
Heavy metals are the major pollutants of theperoxidation followed by a deterioration of antidant
environment, especially cadmium, which is highlyito  system&'822 |n this study, the direct effect of low
in trace amounts for humans, animals and plants. Theoncentrations of cadmium on respiratory metabolism
various industrial processes and the massive use @ mitochondria isolated from potatoes through
fertilizers are the main sources of pollution by gifferent enzyme and biochemical parameters was
cadmium; it once in the soil is easily transferired the  stydied in order to seek the involvement of cadminm

food chain through plarif§. Studies conducted on the induction of oxidative stress in mitochondria.
different plant species showed that cadmium is very

phytotoxic, it inhibits the growth of plants andeev
cause death of plants. However, the mechanisms
involved in the toxicity of cadmium remain not dlea
Some authors show that cadmium is causing altexsatio Preparation of purified mitochondria potatoes and

in cell membrane functions by changing thequantification of proteins: The mitochondria of Potato
composition of the lipid membrarf& Other studies (SolanumtuberosumL.) are differential centrifuged in a
showed that cadmium is responsible for the oxisetib ~medium containing 0.3 M mannitol, MOPS (sulfonic
protein§®. Cadmium also affects the enzyme activitiesmorpholinopropan) 5 mM (pH7.2); Cysteine 3 mM,
involved in the detoxificaton of ¥, and Q  PVP (Polyvinylpyrolidone) 4 g T; BSA (Beef Serum
preventing the formation of free radicals (##) In  Albumin) 1 g L. The mitochondria are then purified
animals, it was shown that cadmium induced chailges on a discontinuous gradient of Percoll (15, 25,a88

the antioxidant status by increasing the productiébn 70%) containing 0.3 M of mannitol, 5 mM of MOPS
superoxide radical, lipid peroxydation or by redwci (pH7.2). Organelles are collected at the interfafe
the enzymatic and non-enzymatic antioxid&flts Percoll 25/35% and then washed and re-suspended in
Meanwhile, little information exists on the effeaf  the compound of measurement composed of mannitol

MATERIALSAND METHODS
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0, 3 M, MOPS 5mM (pH7.%. Proteins level is concentrations of cadmium on oxidative propertiés o

determined by the method®f mitochondria isolated from potatoes are showedhen t
Table 1. During treatment by cadmium, oxidation

Treatment of mitochondria by cadmium: The speeds in state 3 and 4 decreases from the lowest

treatment of mitochondria isolated from potato émel ~ concentration. In 12M of cadmium oxidation speed is

by submitting the mitochondrial suspensions at€duced approximately 10%, beyond this concentratio

different concentrations of Cadmium (0, 4, 8, 18, 1 oxidation speed is completely inhibited. Meanwhile,
and 20uM) for 5 min and 25°C. "7 7777 T treatment by cadmium does not appear to affect

significantly the speed of oxidation in state 4 wehe
there is only a 20% in the highest concentration of
cadmium (12uM). Respiratory Controls obtained in
function of concentrations of cadmium showed a
significant decline (>50%) especially in the 1M
concentration. The same for ADP/O because of a
similar decline was recorded after treatment wiib t
same concentration.

Mitochondrial activities: Determinations of oxidation
speeds in state of phosphorynat (Yoxand non-
phosphorylation (Voy are performed at 25°C using
Clark electrode oxygé# The reaction mixture consists
of 0.3 M of mannitol, 10mM of phosphate buffer
(KH,PO/K,HPO) and  (pH7.2); 5 mM of Mggl
10 mM of KCl and 1 g [* of BSA. The evaluation of
the effects of cadmium on the alternative respisato
way of mitochondria isolated from potatoes is dame
the presence of 1 mM of KCN.

Effects of cadmium on the functioning of the
alternative respiratory pathway: Figure 1 shows the
effects of different concentrations of cadmium bt t

ATPase activity: The ATPase activity is performed ©OXidation speed of state 4 in the presence of 1niM o
using Bomsél method, based on the determination of KCN.
ATP by bioluminescence through the reaction catalyz
by the couple luciferin-lucifera8d. Table 1: Effect of cadmium on the oxidative acitest of Potato
mitochondria.  Mitochondrial protein  cemtration:
0.1 mg mL*. The concentration of Succinate is 2 mM
Oxidation speed
(n moL min*mg™ prot.)

Enzyme activity, catalase; Catalase activity (EC
1.11.1.6.) is measured using an oxygen electroitg us
method of Van Ginkel and BroWr in a medium

containing 0.3 M of mannitol, 5 mM of MOPS with cd (um) State 3 State 4 RC ADP/O
(pH7.2) and 200-30Qug of membrane proteins. The o 180 49 37 1,30
environment is first swept by nitrogen to reduce th 4 159 46 3,4 0,90
concentration of @ The reaction is triggered by the 8 84 44 19 0,80

12 69 40 1,7 0,70

addition of 1 mM of HO, and oxygen release is 16

. Nd Nd Nd Nd
measured through time.

20 Nd Nd Nd Nd
Nd: Not Determined; RC: Respiratory Control

Measurement of swelling of mitochondria:
Measurements of swelling (bulge) of mitochondria ar
performed at 25°C with a spectrophotometer (Jenway, £ ,, |

model UV6300) following changes of mitochondrial
10 4
= 1
o | mmm
0 4 8 12 16 20

0L)

suspensions absorptionJat 520 nm. The suspension
middle contains 100 mM of KCI. The reaction is
triggered by the addition of mitochondria (1-1.5 oy
protein for a final volume of 3 mL).

Vox, (nmol min ' mg ! pr
Iy

Lipid analysis. The fatty acids of polar lipids are

analyzed under methyl esters féfmThe methyl esters comimnD

were separated by chromatography in (Girdel, SSO?:_ _ _ L .

phase. ig. 1: Effec_ts of cad_m|um on the mel_atlve actest _
of mitochondrial Potato (oxidation speeds in

RESULTS non-phosphorylant 'Vokx state "alternative

pathway of electron transfer). Mitochondrial

Effects of cadmium on potatoes mitochondrial protein concentration: 0.1 mg . the

oxidative propertiess The effects of different concentration of KCN is 1 mM
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It finds that with increasing of the cadmium
concentration in the presence of KCN the rate of
oxidation speed in state 4 is stimulatedetach in
12 uM cadmium 15 times higher than in controls
mitochondria. This stimulation of Vagxreflected an

Catalase (p molH,0, min ' mg ! prot)
o

activation of more and more important of the transf 0 4 8 12 16 20
pathway of electrons insensitive to cyanide by Cadmium (1M
cadmium.

Fig. 4: Effects of cadmium on the catalase enzyme
Effect of cadmium on the ATPase activity of activity —of mitochondria of potatoes.
mitochondria isolated from potatoes. The results Mitochondrial protein concentration:
about the effects of different concentrations of 0.1 mg mL*
cadmium on the ATPase activity of isolated
mitochondria are shown in Fig. 2 Table 2: Effects of different concentrations of mwégm on the

content of fatty acids in polar lipids

Figure 2 shows that the controls mitochondria have _ .
Relative contents of fatty acid (%)

a high ATPase activity. Treatment with cadmium
tends to reduce significantly this activity, so4muM Cd (UM)  Palmitic acid (G  Linoleic acid (Gsz) Linolenic acid (Gs)

there is nearly 50% of inhibition. Increasing 0 15 10 36
concentrations of cadmium reduce the speed o‘g ;?1 8; ig
_hydroly_sis of ATP espec_ially after _30 min of |, 27 o1 14
incubation. In 12u1M of cadmium hydrolysis speeds of 16 Nd Nd Nd
ATP are practically nil. 20 Nd Nd Nd

Effects of cadmium on changes in the volume of Effects of cadmium on the polar lipids of fatty acid
mitochondria isolated mitochondrial potatoes. The content of potatoes isolated mitochondria: The
changes in absorbance of mitochondrial suspensibns results of the effects of different concentratioofs
520 nm associated with fluctuations in the volunfie o cadmium on the content of fatty acids in polardigpare
these organelles are shown in Fig. 3. shows in Table 2. The Table 2 shows that the $ewtl
The swelling of mitochondria under the effect of fatty acids in polar lipids of mitochondria isoldt&éom
treatment by cadmium is accompanied with significan potatoes are high in linolenic acid (C18: 3),
change of the absorbance. A significant decrease afpproximately 60 palmitic acid (C16: 0) and 75%
absorbance is observed during the first 5 min Aed it linoleic acid (C18: 2). Treatment with different
slows down to reach a plateau after 20 min. It isconcentrations of cadmium increases the levels of
important to note that treatment with 8 and (@ of  palmitic acid nearly 50% at the concentration of
cadmium causes sizable swelling of treatedcadmium 12uM. Contrarily, treatment with cadmium
mitochondria about (70%). causes rather a reduction in the relative contdnt o
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linoleic acid and linolenic almost 90 and 70% Finally, treatment with cadmium of Potato isolated

respectively. mitochondria inhibits the activity of the Catalase
enzyme reflecting a weak detoxification.

Effects of cadmium on antioxidant enzyme activity,

catalase: The effects of different concentrations of CONCLUSION
cadmium on changes in the antioxidant activity ) ] ] )
Catalase are shown on Fig. 3 and 4 Following this study, it appears that cadmium

We note that the high Catalase activity in9enerates in potato the isolated mitochondria a
mitochondria controls tended to decrease depermfing concentratlon-dependent o_X|dat|ve stress. _Thls is
the concentrations of cadmium. Atyd1 of cadmium  characterized by a malfunction of the alternativete
this activity is reduced about 50% and it canceledOr the transfer of electrons and an accumulatién o
beyond 12uM of cadmium. This result shows clearly Peroxides and 4D,. As a direct consequence of
that cadmium significantly reduces Catalase agtivt |nh|b|t|ng7]the activity of the antioxidant enzymeghe
key enzyme whose primary role is the detoxificatidn Cgtalas@ . Cadmium induces a swelling of
cells. The reduction of Catalase activity in mitostiria ~ Mitochondria responsible for the release of Cytoote
isolated from Potato exposes these organelles do tiC associated with the stimulation of transport lé t
adverse effects of cadmium by increasing thePotassium ion K The output of the K ion

production of Reactive Oxygen Species (ROS). accompanied by the decoupling of the mitochondrial
respiratory chain inhibits the ATPase activity tigh
DISCUSSION alteration (discharge) of H protons gradient (pH

gradient). All these steps are the introductorysehaf

The oxidative properties of mitochondrial Potato the apoptosis.
treated by cadmium are heavily affected, partidular
oxidation speeds in phosphorylant state 3 and non
phosphorylant state 4, the Respiratory Control (R)
the ADP/O. lIts effects showed that cadmium actbet
level of oxidative phosphorylation particularly #te
pathway of transfer of electrons particularly insiéwe
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