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Effect of excess copper on rice leaves: evidence for involvement

of lipid peroxidation
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Abstract. Lipid peroxidation in relation to senescence of detached rice leaves caused by excess copper was investigated.
Excess copper, which was found to promote senescence, increased the level of lipid peroxidation but not the level of
H,0,. Catalase and glutathionine reductase activities were reduced by excess copper. Superoxide dismutase and
ascobate peroxidase activities did not seem affected by excess copper. Free radical scavengers inhibited excess cop-
per-promoted senescence and at the same time inhibited excess copper-induced lipid peroxidation, suggesting that
lipid peroxidation induced by excess copper is mediated through free radicals.
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Introduction

Although Cu is an essential micronutrient for plants,
uptake of excess Cu can be harmful to most plants
(Fernandes and Henriques, 1991). It has been reported that
Cu mediated free radical formation in isolated chloroplasts
(Scandmann and Boger, 1980), in intact roots (De Vos et
al., 1993), in detached leaves (Luna et al., 1994), and in in-
tact leaves (Weckx and Clijsters, 1996). Free radical-in-
duced lipid peroxidation is considered to be an important
mechanism of leaf senescence (Dhindsa et al., 1981;
Kunnert and Ederer, 1985; Slater, 1972; Strother, 1988; Th-
ompson et al., 1987). Excess Cu has been shown to in-
duce leaf senescence (Chen and Kao, 1998; Jana and
Choudhuri, 1982; Luna et al., 1994). It appears that Cu-
induced leaf senescence is associated with lipid
peroxidation. In this study, effects of Cu excess on the
senescence, lipid peroxidation, and on some enzymes of
activated oxygen metabolism in detached rice leaves were
investigated.

Materials and Methods

Rice (Oryza sativa cv. Taichung Nativel) was cultured
as previously described (Kao, 1980 ). The apical 3-cm seg-
ments excised from the third leaves of 12-day-old seed-
lings were used. Briefly, rice seedlings were planted on a
stainless net floating on half-strength Johnson’s modified
nutrient solution (pH 4.2) in a 500 mL beaker. The nutri-
ent solution was replaced every three days. Rice plants
were grown for 12 days in a greenhouse, where natural
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light was provided and the temperature was controlled at
30°C during the day and at 25°C at night. The apical 3 cm
of the third leaf was used for the experiment. A group of
10 segments was floated in a Petri dish containing 10 mL
of test solution. Incubation was carried out at 27°C in the
light (40 pmol m? s') or in the dark.

Chlorophyll was determined according to Wintermans
and De Mots (1965) after extraction in 96% (v/v) ethanol.
For protein extraction, leaf segments were homogenized in
50 mM sodium phosphate buffer (pH 7.5). The extracts
were centrifuged at 17,600 g for 20 min, and the superna-
tants were used for determination of protein by the method
of Bradford (1976).

Malondialdehyde (MDA) was extracted with 5% (w/v)
trichloroacetic acid and determined according to Heath and
Packer (1968). MDA level is routinely used as an index of
lipid peroxidation.

The H,O, level was colorimetrically measured as de-
scribed by Jana and Choudhuri (1981). H,O, was extracted
by homogenizing 50 mg leaf tissue with 3 mL of phosphate
buffer (50 mM, pH 6.5). The homogenate was centrifuged
at 6,000 g for 25 min. To determine H,O, levels, 3 mL of
extracted solution was mixed with 1 mL of 0.1% titanium
sulfate in 20% (v/v) H,SO,. The mixture was then centri-
fuged at 6,000 g for 15 min. The intensity of the yellow
colour of the supernatant at 410 nm was measured. H,0,
level was calculated using the extinction coefficient 0.28
umol'em!.

For extraction of enzymes, leaf tissues were homog-
enized with 0.1 M sodium phosphate buffer (pH 6.8) in a
chilled pestle and mortar. The homogenate was centri-
fuged at 12,000 g for 20 min and the resulting supernatant
was used for determination of enzyme activity. The whole
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extration procedure was carried out at 4°C. CAT, SOD,
APOD and GR were assayed as described previously
(Chang and Kao, 1998). All data were expressed on the
basis of gram fresh weight.

All experiments were repeated at least three times, and
within each experiment treatments were replicated four
times. Similar results and identical trends were obtained
each time. The data reported here are from a single
experiment.

Results

The senescence of detached rice leaves is character-
ized by a decrease in chlorophyll and/or protein levels
(Kao, 1980). Chlorophyll and protein levels in detached
rice leaves decreased with the increase of CuSO, concen-
tration in the light (Figure 1). It is obvious that the loss
of chlorophyll is less sensitive than that of protein. The
loss of chlorophyll and protein in detached leaves caused
by CuSO, in darkness was observed to be similar to that
occurring in the light (Figure 2). However, Luna et al.
(1994) reported that the rate of chlorophyll loss in oat
leaves caused by CuSO, in the light was more pronounced
than in the dark. This discrepancy may be attributed to
the different plant leaves used. We also observed that
CuSO0, and CuCl, were equally effective in enhancing the
loss of chlorophyll and protein (data not shown) in de-
tached rice leaves in the light, indicating that the loss of
chlorophyll and protein is induced by Cu rather than by
SO, > or CI..

Figure 3 shows the time courses of protein levels in de-
tached rice leaves floating on water or CuSO, (10 mM) in
the light. It is clear that the promotion of protein loss (or
senescence) by CuSO, was evident 12 h after treatment.
MDA level in CuSO -treated detached rice leaves was ob-
served to be higher than the water-treated controls
throughout the entire duration of incubation (Figure 4).
This shows that CuSO, promoted senescence of detached
rice leaves is linked to lipid peroxidation. Figure 4 also
shows that H,O, level increased significantly in detached
rice leaves incubated in water. However, H,O, level in
CuSO,-treated detached rice leaves remained unchanged
throughout the entire duration of incubation (Figure 4).

Lipid peroxidation is a free radical mediated process
(Slater, 1984). The striking increase in lipid peroxidation
in CuSO,-treated detached rice leaves may be a reflection
of the decline of antioxidative enzymes. As shown in Fig-
ure 5, CuSO,-treated detached rice leaves had lower ac-
tivities of CAT and GR than the controls. APOD and SOD
in detached rice leaves do not seem to be affected by
CuSO, (Figure 5).

Figure 6 shows the effect of free radical scavengers
such as ascorbic acid (AA), reduced glutathione (GSH),
sodium benzoate (SB) and thiourea (TU) on CuSO,-pro-
moted senescence and lipid peroxidation of detached rice
leaves. It is clear that all tested free radical scavengers
reduced senescence caused by CuSO, and at the same time
inhibited CuSO -induced lipid peroxidation.
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Figure 1. Effect of CuSO, on chlorophyll and protein levels in
detached rice leaves in the light. Detached rice leaves were in-
cubated in solution containing 0-10 mM CuSO,. Chlorophyll
and protein were determined 48 h after treatment. Vertical bars
represent standard errors (n = 4). Only those standard errors
larger than the symbol are shown.

Discussion

The present investigation shows that CuSO, treatment
resulted in an increased MDA level in detached rice leaves
(Figure 4). This result supports the possibility that CuSO,-
promoted senescence is mediated through lipid
peroxidation, as suggested by Luna et al. (1994). This con-
clusion is supported further by the observation that free
radical scavengers were able to inhibit senescence caused
by CuSO, and at the same time inhibit CuSO,-induced
MDA level (Figure 6). The effects of CuSO, on the loss
of chlorophyll and protein could have resulted from the
effects of free radicals produced by the treatment with Cu
ions.

It has been demonstrated that excess Cu increased the
activity of SOD in yeast and plant tissues
(Chongpraditnum et al., 1992; Galiazzo et al., 1988; Gallego
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Figure 2. Effect of CuSO, in the light and in the dark on chlo-
rophyll and protein levels in detached rice leaves. Detached rice
leaves incubated in distilled water or 10 mM CuSO, for 48 h.
Vertical bars represent standard errors (n = 4).
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Figure 3. Time courses of the CuSO, effect on protein level in
detached rice leaves in the light. Detached rice leaves were incu-
bated in distilled water or 10 mM CuSO,. Vertical bars repre-
sent standard errors (n = 4). Only those standard errors larger
than the symbol are shown.
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Figure 4. Time courses of CuSO, effect on MDA and H,0O,
levels in detached rice leaves in the light. Detached rice leaves
were incubated in distilled water or 10 mM CuSO,. Vertical
bars represent standard errors (n = 4). Only those standard
errors larger than the symbol are shown.
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Figure 5. Time courses of CuSO, effect on the activities of
CAT, SOD, APOD and GR in detached rice leaves in the light.
Detached rice leaves were incubated in distilled water or 10 mM
CuSO0,. Vertical bars represent standard errors (n = 4). Only
those standard errors larger than the symbol are shown.
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Figure 6. Effect of GSH, AA, SB and TU on protein and MDA
levels in detached rice leaves treated with CuSO,. Detached
rice leaves were pretreated with either distilled water, 5 mM
GSH, 1 mM AA, 1 mM SB, or 5 mM TU for 12 h and then
treated with either distilled water or 10 mM CuSO, for 36 h in
the light. Bars represent standard errors (n = 4).

et al., 1996; Luna et al., 1994). However, the results that
we obtained with detached rice leaves in the light showed
SOD activity did not seem to be affected by excess Cu?*
ions (Figure 5).

Glutathione (GSH) and ascorbate are the main antioxi-
dants and are present in plant leaves (Foyer and Halliwell,
1976). Glutathione can react with singlet oxygen and hy-
droxyl radicals and protects the thiol groups of enzymes
(Foyer et al., 1994). GR catalyzes the reduction of oxidized
glutathionine (GSSG) in a NADPH-dependent reaction.
GR, therefore, plays an essential role in the protection of
chloroplasts against oxidative damage by maintaining a
high GSH/GSSG ratio. In the present work, GR activity is
decreased in detached rice leaves exposed to excess
CuSO, (Figure 5) suggesting a decrease in GSH/GSSG ratio.
This would explain why CuSO, treatment resulted in oxi-
dative damage in detached rice leaves.

Activity of catalase, the enzyme responsible for elimi-
nating H,0O,, was lower in CuSO,-treated detached rice
leaves than the water controls (Figure 5). However, H O,
did not accumulate in CuSO,-treated detached rice leaves
(Figure 4). Moran et al. (1994) also reported that H,O, did
not accumulate in water-stressed pea leaves. H,O, can be
used in an Fe- or Cu-catalyzed Haber-Weiss reaction.
However, it is currently accepted that in vivo Cu is un-
likely to cause Haber-Weiss reaction in the way that has
been demonstrated for Fe (Halliwell and Gutteridge, 1989).
H,0, is unlikely being removed by APOD activity in de-
tached rice leaves, because APOD activity in detached rice
leaves is not effected by Cu (Figure 5). The production
of H,0, in leaves is mediated through glycolate oxidase.
Whether CuSO, treatment decreases glycolate oxidase ac-
tivity in detached rice leaves remains to be seen.
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