BRIEF COMMUNICATION

BIOLOGIA PLANTARUM 46 (4): 617-619, 2003

The protective effect of free radical scavengers and metal chelators
on polyethylene glycol-treated rice leaves

S.Y. HSU and C.H. KAO*

Department of Agronomy, National Taiwan University, Taipei, 106 Taiwan, Republic of China

Abstract

Effect of free radical scavengers and metal chelators on polyethylene glycol (PEG, osmotic potential -1.5 MPa) induced
oxidative damage in detached rice leaves was investigated. PEG treatment resulted in a decrease in relative water
content and an increase in proline content, and lipid peroxidation. PEG treatment also decreased chlorophyll and protein
contents. Free radical scavengers (ascorbate, sodium benzoate, reduced glutathione, and thiourea) retarded and metal
chelators [2,2’-bipyridine (BP), 8-hydroxyquinoline, and ‘1,10-phenanthroline] prevented PEG-induced oxidative
damage. Furthermore, the protective effect of BP was reversed by adding Fe** and Cu®*, but not by Mn?" or Zn*". The
protective effect of BP is most likely mediated through chelation of iron. It seems that oxidative damage induced by

PEG may require the participation of iron.
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Drought is an important stress that dramatically limits
plant growth and productivity (Boyer 1982). Leaves close
their stomata under water stress which limits water loss
and the influx of CO,. Lowered CO, influx leads to a
decrease in carbon reduction by the Calvin cycle and to a
decrease in oxidized NADP' to serve as an electron
acceptor in photosynthesis. As a result, electrons flow to
the alternative electron acceptor, O,, producing super-
oxide radical (Biehler and Fock 1996, Sgherri et al
1996). Superoxide radical can serve as a source of more
active hydroxyl radicals generated by Haber-Weiss and
Fenton reactions (Naqui and Chance 1986, Strother 1988,
Smirnoff 1993). Transition metals, such as iron and
copper, are able to accelerate Haber-Weiss and Fenton
reactions (Gutteridge et al 1981). Reactive oxygen
species can directly damage chlorophyll, protein, and
nucleic acids and cause peroxidation of membrane lipids
(Dat et al. 2000). Recently, we demonstrated that iron
played a major role in methyl jasmonate-promoted
senescence (Fang and Kao 2001) and Cd-induced toxicity
in rice leaves (Chien et al. 2001). In this study, we
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investigated the effect of free radical scavengers and
metal chelators on water stress-induced oxidative damage
in detached rice leaves. ,

Rice (Oryza sativa L. cv. Taichung Native 1) was
cultured on a stainless net floating on half-strength
Johnson’s modified nutrient solution (pH 4.2) in a
500-cm® beaker (Lin et al. 1999). The nutrient solution
was replaced every 3 d. Rice plants were grown for 12 d
in a greenhouse, under natural light and the day/night
temperature of 30/25 °C. The apical 3 cm of the third leaf
of 12-d-old seedlings was used for the experiment. A
group of 10 segments floated in a Petri dish containing
10 cm’ of distilled water served as controls. For induction
of water stress, leaf segments were exposed to
polyethylene glycol (PEG 6000) solution of osmotic
potential -1.5 MPa. All samples were kept at 27 °C and
irradiance of 40 pmol m™ s for 4, 8 and 12 h. RWC,
defined as water content of leaf tissue as a percentage of
that in the fully water saturated tissue, was determined by
the method of Weatherley (1950). Proline was extracted
and its concentration determined by the method of Bates

Abbreviations: BP - 2,2’-bipyridine; f.m. - fresh mass; Chl - chlorophyll; GSH - reduced glutathione; HQ - 8-hydroxyquinoline;
MDA - malondialdehyde; PA - 1,10-phenathroline; PEG - polyethylene glycol; RWC - relative water content.
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et al. (1973). For protein determination, 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 supernatants were used for determination
of protein by the method of Bradford (1976). Chlorophyll
(Chl) at+b content was determined according to
Wintermans and De Mots (1965) after extraction in 96 %
(v/v) ethanol. Malondialdehyde (MDA) was extracted
with 5 % (m/v) trichloroacetic acid determined according
to Heath and Packer (1986). MDA level is routinely used
as an index of lipid peroxidation. H,O, was extracted and
determined according to the method described previously
(Lin and Kao 2001). Protein, MDA, H,0,, and proline
contents were expressed on the basis of initial fresh mass

(f.m.). All experiments were repeated three times; within
each experiment, treatments were replicated 4 times.
Similar results and identical trends were obtained in all
experiments. The data reported here are from a single
experiment.

RWC of detached rice leaves exposed to PEG under
light, decreased considerably during 12-h treatment
(Table 1). Proline accumulates in leaves under water
stress (e.g. Hanson and Hitz 1982). Under our
experimental condition, we also observed that the content
of proline increased markedly in detached rice leaves
exposed to PEG (Table 1). Based on the results of RWC
and proline, we conclude that PEG treatment in our study
did indeed cause water stress in detached rice leaves.

Table 1. Relative water content (RWC) [%] and contents of proline [umol g'(fm.)], protein [mg g'(fm.)], chlorophyll a+b
[mg g'(fm.)], MDA [nmol g'(fm.)], and H,0, [umol g'(fm.)] in detached rice leaves floating on water (H,0) or PEG solution

(osmotic potential -1.5 MPa), for 4, 8, and 12 h. Means + SE, n=4.

Parameter Oh 4h 8h 12h
H,0 PEG H,0 PEG H,0 PEG

RWC 95.1 +1.1 100.0 81.1 +1.1 100.0 76.0 +0.7 100.0 764 £19
Proline 0.96+0.02 0.94 +0.02 242 +0.10 0.95+0.05 572+04 1.03 £0.01 6.63 +0.29
Protein 594 1.7 59.1 +0.6 534 1.5 571 +£1.0 395 0.5 574 £0.8 318 +0.8
Chl atb 4511024 4.33+0.09 4.09£0.10 4.54 +0.09 332+0.11 4.57+0.19 3.29+0.09
MDA 178 =15 16.2 £0.9 192 £0.8 145 +£0.1 242 05 143 0.1 293 +1.8
H,0, 428 £0.6 418 +1.1 430 £1.1 415 £1.7 427 +0.6 43.1 0.6 480 +1.7

The decline of protein and chlorophyll contents
during 12 h was faster in PEG-treated detached rice
leaves than in control leaves (Table 1). MDA content in
PEG-treated detached rice leaves was observed to be
greater than that in water-treated controls, throughout the
entire duration of incubation (Table 1). This indicates that
PEG-induced loss of chlorophyll and protein in detached
rice leaves is linked to lipid peroxidation. H,O, content
remained unchanged in control leaves throughout the
entire duration of incubation. However, H,0, content was

Table 2. Effect of free radical scavengers on protein and
chlorophyll contents [mg g'(fm.)] in detached rice leaves
treated with PEG (-1.5 MPa). Detached rice leaves were
pretreated with either water or 1 mM ascorbate, 5 mM sodium
benzoate, 5 mM reduced glutathione (GSH), or 5 mM thiourea
for 6 h in the light and then treated with either water or PEG for
12 h in the light. Means + SE, n= 4.

Pretreatment Treatment Protein Chl a+b

H,0 H,0O 452+1.0 4.47+£0.14
H,0 PEG 34.0£0.2 3.09 £ 0.09
Ascorbate PEG 37.3+0.8 3.81 £0.03
Na-benzoate PEG 40.0+1.0 4.03 £0.01
GSH PEG 44.1+1.5 3.98 +0.03
Thiourea PEG 382+09 3.84 £0.08
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Table 3. Effect of metal chelators on the contents of protein and
chlorophyll [mg g'(fm.)] in detached rice leaves treated with
PEG (-1.5 MPa). Detached rice leaves were treated with 3 mM
metal chelators 2,2’-bipyridine (BP), 8-hydroxyquinoline (HQ),
and 1,10-phenathroline (PA) and PEG for 12 h. Means + SE,
n=4.

Treatment Protein Chl a+b

H,0 492+ 1.8 4.24 +0.09
PEG 323104 3.12+0.04
PEG + BP 478+1.1 3.90+0.15
PEG + HQ 374+0.4 3.64+0.04
PEG + PA 40.3+0.9 3.87+0.02

higher in PEG-treated detached rice leaves than the
water-treated controls only at 12 h treatment.

When free radical scavengers such as ascorbate,
sodium benzoate, reduced glutathione (GSH), and thio-
urea were treated together with PEG, it was found that they
partially prevented the decrease in protein and chlorophyll
contents (Table 2), indicating that PEG treatment resulted
in oxidative damage in detached rice leaves.

When metal chelators 2,2’-bipyridine (BP), 8-hydro-
xyquinoline (HQ), and 1,10-phenathroline (PA) were
treated together with PEG, it was found that they
prevented the decrease in protein and- chlorophyll



Table 4. Reversal of BP-reduced decrease in protein and
chlorophyll contents [mg g'(f. m.)] of detached rice leaves
induced by PEG (-1.5 MPa). Detached rice leaves were
pretreated with either water or 3 mM BP or 3 mM BP plus
10 mM metal (sulfate salt) for 6 h in the light and then treated
with either water or PEG for 12 h in the light. Means + SE,
n=4,

Pretreatment Treatment Protein Chlorophyll
H,0 H,0 42.6+0.2 5.05+0.19
H,0 PEG 326+15 3.98+0.18
BP PEG 398+1.0 4773+ 0.03
BP + Fe?* PEG 291+ 1.6 420+0.18
BP + Cu? PEG 284+ 1.0 4.16 + 0.08
BP + Mn** PEG 388+ 1.7 486+0.19
BP + Zn?* PEG 412+08 4.80+0.12
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