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Abstract. Lipid peroxidation is considered to be an important mechanism of leaf senescence. The peroxidation of
lipids can be initiated by free radicals. H,O, itself is active oxygen species and can react with superoxide radicals to
form more reactive hydroxyl radicals in the presence of trace amounts of Fe or Cu. Thus, it is of interest to inves-
tigate the relationship between lipid peroxidation and H,O,-promoted senescence in detached rice leaves. H,O, ef-
fectively promoted senescence and increased malondialdehyde levels in detached rice leaves under both light and
dark conditions. However, the promotion of senescence by the exogenous level of H,0, is not associated with an
increase in its endogenous level. Thiourea (a scavenger of hydroxyl radical) almost completely prevented H,O,-
promoted senescence and the H,0,-induced decrease in superoxide dismutase and ascorbate peroxidase activities in
light and darkness. It seems that promoted senescence by H,O, in detached rice leaves is associated free radical-
induced lipid peroxidation.
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Introduction

Hydrogen peroxide (H,0,) is a constituent of oxidative
plant metabolism. It is a product of peroxisomal and chlo-
roplastic oxidative reactions (Del Rio et al., 1992). H,O,
itself is an active oxygen species. H,O, can also react with
superoxide radicals to form more reactive hydroxyl radi-
cals in the presence of trace amounts of Fe or Cu (Thomp-
son et al., 1987). The hydroxyl radicals initiate
self-propagating reactions leading to peroxidation of mem-
brane lipids and destruction of proteins (Asada and
Takahashi, 1987; Bowler et al., 1992; Halliwell, 1987). It
has been reported that H,0, promotes senescence of de-
tached leaves (Begam and Choudhuri, 1992; Mondal and
Choudhuri, 1981; 1982; Parida et al., 1978; Sarkar and
Choudhuri, 1981) and induction of senescence is accom-
panied by an increase in endogenous H,O, level (Mondal
and Choudhuri, 1981). Lipid peroxidation is considered
to be an important mechanism of leaf senescence (Dhindsa
et al., 1981; 1982; Kunnert and Ederer, 1985; Strother,
1988; Thompson et al., 1987). The peroxidation of lipids
can be initiated by free radicals (Girotti, 1985; Thompson
et al., 1987). Thus, accelerated senescence in leaves could
be the result of an H,0,-mediated increase in rates of oxi-
dative reactions. We thus examined the relationship be-
tween lipid peroxidation and H,O,-promoted senescence
in detached rice leaves.
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Materials and Methods

Rice (Oryza sativa L. cv. Taichung Native 1) was cul-
tured as previously described (Kao, 1980). The apical 3-
cm segments excised from the third leaves of 12-day-old
seedlings were used. A group of 10 segments was floated
in a Petri dish containing 10 mL of test solutions. Incu-
bation was carried out at 27°C in light (40 umol m? s')
or in darkness.

For protein determination, leaf segments were homog-
enized in 50 mM sodium phosphate buffer (pH 6.8). The
extracts were centrifuged at 17,600 g for 20 min, and the
supernatant liquids were used for determination of pro-
tein by the method of Bradford (1976). Protein levels were
expressed as mg g! fresh weight. 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 and was expressed as nmol g fresh weight.

The H,O, level was colorimetrically measured as de-
scribed by Jena and Choudhuri (1981). H,O, was extracted
by homogenizing 50 mg leaf tissue with 3 mL of phos-
phate buffer (50 mM, pH 6.5). The homogenate was cen-
trifuged at 6,000 g for 25 min. To determine H,O, level,
3 mL of extracted solution was mixed with 1 mL of 0.1%
titanium sulphate in 20% H,SO, (v/v), and the mixture was
then centrifuged at 6,000 g for 15 min. The intensity of
the yellow colour of the supernatant was measured at 410
nm. H,O, level was calculated using the extinction
coefficient (0.28 pmol'cm™).
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Catalase (CAT) activity was assayed by measuring the
initial rate of disappearance of H,O, (Kato and Shimizu,
1987). The decrease in H,0O, was followed as the decline
in optical density at 240 nm, and activity was calculated
using the extinction coefficient (40 mM™! cm™! at 240 nm)
for H,0, (Kato and Shimizu, 1987). Superoxide dismutase
(SOD) was determined according to Paoletti et al. (1986).
Ascorbate peroxidase (APOD) was determined according
to Nakano ans Asada (1981). The decrease in ascorbate
concentration was followed as a decline in optical density
at 290 nm and activity was calculated using the extinc-
tion coefficient (2.8 mM' cm™ at 290 nm) for ascorbate.
Glutathione reductase (GR) was determined by the method
of Foster and Hess (1980). Enzyme activity was expressed
on the basis of gram fresh weight.

All experiments were performed three times, and within
each experiment, treatments were replicated 4 times. Simi-
lar results and identical trends were obtained each time.
The data reported here are from a single experiment.

Results and Discussion

The senescence of detached rice leaves was followed
by measuring the decrease of protein. Effects of H,O, on
the levels of protein, malondialdehyde (MDA), and endo-
genous H,0,, and the activity of catalase of detached rice
leaves are shown in Figure 1. H,O, was found to pro-
mote protein degradation under both light and dark con-
ditions. The MDA level in H,O,-treated detached rice
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Figure 1. Effects of H,O, on the levels of protein, MDA, and
endogenous H,0,, and the activity of catalase of detached rice
leaves under light and dark conditions. Protein, MDA, and en-
dogenous H,O, levels and catalase activity were determined at
4 d after treatment. Vertical bars represent standard errors (n=4).

Only those standard errors larger than symbol size are shown.
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leaves was higher than that in water-treated controls un-
der both light and dark conditions. After incubation in
darkness, protein levels in water- and H,O,-treated leaves
were lower than those in the light. The MDA level in wa-
ter- and H,O -treated detached rice leaves incubated in
darkness was higher than that incubated in light. This
shows that H,O,-promoted senescence of detached rice
leaves is linked to lipid peroxidation. Our results are con-
sistent with those obtained by previous investigators
(Mondal and Choudhuri, 1981; Parida et al., 1978; Sarkar
and Choudhuri, 1981), who showed that H O -promoted

the senescence of detached leaves.

The addition of H,O, is expected to result in an accu-
mulation of endogenous H,0, in detached rice leaves.
Contrary to our expectation, endogenous H,0, did not ac-
cumulate in H,O,-treated detached rice leaves (Figure 1).
H,O, treatment resulted in a decrease in endogenous H,0,
level when compared with water-treated controls.

The fact that the addition of H,O, did not result in an
accumulation of endogenous H,O, in detached rice leaves
can be explained considering that H,O, is being used in
metal-catalyzed reactions such as lipid peroxidation. This
suggestion is supported by the observation that light in-
cubation resulted in a higher endogenous H,O, level and
lower lipid peroxidation level compared to dark (Figure
1).

Catalase converts H O, to form oxygen and water. H,0,
treatment increased in catalase activity (Figure 1). Endo-
genous H,O, level was observed to be lower and catalase
activity was higher in dark-treated detached rice leaves
than in light-treated ones. Thus, the possibility that the
increase in catalase activity is associated with the decrease
in endogenous H,O, level in H O -treated detached rice
leaves cannot be excluded. The addition of exogenous
H,0, has been shown to stimulate the expression of cata-
lase (Prasad et al., 1994). Recent work by Willekens et
al. (1997) clearly demonstrated that catalase can effectively
remove exgenous H,0,.

Since the promotion of senescence of detached rice
leaves by exogenous H,O, is not associated with an in-
crease in endogenous H,0,, the possibility that a factor
other than H,O, per se may affect the senescence of de-
tached rice leaves cannot be excluded. It has been shown
that H,O, can react with superoxide to form more reac-
tive hydroxyl radicals (Thompson et al., 1987). Since lipid
peroxidation is generally considered to be induced by free
radicals (Girotti, 1985; Thompson et al., 1987), it is pos-
sible that the effects of exogenous H,O, on the senescence
of detached rice leaves is mediated through them, espe-
cially hydroxyl radicals. If this suggestion is correct, then
the promotive effect of exogenous H,O, on the senescence
of detached rice leaves should be prevented by the addition
of free radical scavengers such as ascorbic acid (ASC, de-
struction of active oxygen species, particuallary H,0,),
reduced glutathione (GSH, scavenger of free radicals), and
thiourea (TU, scavenger of hydroxyl radicals). This is es-
sentially what we see in Figures 2 and 3. TU (10 mM)
almost completely prevents H,O -promoted senescence in



Lin and Kao — Effect of exogenous H,0, on leaf senescence

| ~H202  +H20:2 | —H202 +H202

P
o o
T
1
T
!

Protein, mg g™
©
o
1

o

o 0O 05 1 0O O 05 5 10
ASC ,mM GSH,mM
—~H202 +H202 —H202 +H202
- 50} ) 4} J
'o
m45
3
E40f
[
Sast
o
30}
L L E
T [ FZ
(o]
[o]

Figure 2. Effect of ascorbic acid (ASC), reduced glutathione
(GSH), sodium benzoate (SB), and thiourea (TU) on protein lev-
els of detached rice leaves treated with H,0, (10 mM) in the
light. Protein was determined at 4 d after treatment. Vertical
bars represent standard errors (n=4). Only those standard er-
rors larger than symbol size are shown.
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Figure 3. Effect of sodium benzoate (SB), reduced glutathione
(GSH), and thiourea (TU) on protein levels of detached rice
leaves treated with H,0, (10 mM) in the dark. The concentra-
tion of SB, GSH, and TU was 0.5, 0.5 and 10 mM, respectively.
Protein was determined at 4 d after treatment. Vertical bars rep-
resent standard errors (n=4). Only those standard errors larger
than symbol size are shown.
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light and darkness, respectively. In darkness, TU and GSH
have syngeristic effect on preventing H,O -promoted se-
nescence.

Superoxide dismutase (SOD), ascorbate peroxidase
(APOD), and glutathione reductase (GR) have protective
roles in scavenging free radicals. Treatment with H,O,
decreased SOD and APOD activities in detached rice
leaves incubated in light and darkness (Table 1). H,O,
had no effect on GR activity in either light- or dark-incu-
bated detached rice leaves. TU was observed to be able
to prevent the decrease in SOD and APOD activities by
H,0,.

In conclusion, the result of the present investigation
suggest that H,0O,-promoted senescence is correlated with
free radical-induced lipid peroxidation.

Table 1. Effect of thiourea (TU) on superoxide dismutase (SOD),
ascorbate peroxidase (APOD), and glutathione reductase (GR)
activities in detached rice leaves treated with H,O,

Enzymes®
Treatment?®
SOD APOD GR

Light

H,O 40.6 1.2 112.6 £ 1.0 8.4+0.6

H,0, 245+0.6 90.7+0.9 73+0.4

H,0,+TU 37.7+1.0 98.2+0.8 7.3+0.6
Dark

H,O 273+1.6 65.8+0.3 6.5+0.5

H,0, 173+£1.0 58.4+0.7 6.0 £0.1

H,0,+TU 22.0+0.9 63.1+0.6 6.5+0.7

*The concentration of H,O, and TU was 10 mM.
*Enzyme activities were determined after 4 d in light or in
darkness.
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