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Ab stract

The pro tec tive ef fects of spermine (SPM) and putrescine
(PUT) against paraquat (PQ), a her bi cide in ag ri cul ture and ox -
i da tive stress in ducer, were in ves ti gated in the leaves of maize.
Maize leaves were pretreated to SPM and PUT at con cen tra -
tions of 0.2 and 1 mM and treated with PQ af ter wards. Pre treat -
ment with 1 mM of SPM and PUT sig nif i cantly pre vented the
losses in chlo ro phyll and carotenoid lev els in duced by PQ.
Ascor bic acid con tent in the leaves pretreated with both
polyamines was found to be higher than those of the leaves
pretreated with wa ter. Also, pre treat ment with SPM and PUT
was de ter mined to have some ef fects on the ac tiv i ties of
superoxide dismutase (SOD) and peroxidase (POD). 1 mM of
SPM in creased SOD ac tiv ity, but PUT has no sig nif i cant ef fect 
on SOD ac tiv ity. On the other hand, POD ac tiv ity was re -
corded to in crease slightly in re sponse to both con cen tra tions
of SPM and 1 mM of PUT. The re sults showed that such
polyamine pretreated plants may be come more tol er ant to ox i -
da tive stress due to in creases in the antioxidative en zymes and
an ti ox i dants.

List of abbrevations: EDTA: Ethylenediamine
tetra ace tic acid, NBT: Nitroblue tetrazolium,
POD: Peroxidase, PQ: Paraquat, PUT: Putrescine,
ROS: Re ac tive ox y gen spe cies, SOD: Superoxide
dismutase, SPM: Spermine.

In tro duc tion

Crop loss due to en vi ron men tal stresses is the pri -
mary source of de crease in ag ri cul tural pro duc tiv -
ity. The rea son is partly due to ox i da tive stress that
is the over pro duc tion of re ac tive ox y gen spe cies
(ROS) in plant cells un der these en vi ron men tal
con di tions. Abiotic and bi otic stresses (pol lut ants,
her bi cides, ex tremes of tem per a ture and high light,
high O2 pres sures, sa lin ity and patho gen in va sion)
all cause in creases in toxic ROS in plant cells
(Sakaki et al. 1983, Kenylon and Duke 1985). The
con tain ment of ROS has proved to be im por tant for
prob lems as di verse as ag ing and can cer in hu man
health and crop loss in ag ri cul ture. There fore, un -
der stand ing of ox i da tive stress and an ti ox i dant de -
fense mech a nisms and al le vi a tion of ox i da tive
dam age are im por tant for plant pro duc tiv ity. It has
been pro posed that polyamines could take part in
cel lu lar de fense mech a nism against ox i da tive dam -
age through the in hi bi tion of lipid peroxidation
(Tadolini 1988). In ad di tion, polyamines are well
known for their anti-se nes cence and anti-stress ef -
fects due to their acid neu tral iz ing and an ti ox i dant
prop er ties, as well as to their mem brane and cell
wall sta bi liz ing abil i ties (Velikova et al. 2000).
Free rad i cal scav eng ing prop er ties of polyamines
have also been doc u mented (Drolet et al. 1986).
De spite ex ten sive stud ies on polyamine me tab o -
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lism, the ex act role that these com pounds play in
plant phys i ol ogy re mains un clear (Tiburcio et al.
1997).

Paraquat her bi cidal ac tiv ity in higher plants is
thought to be the re sult of in creased amount of
superoxide rad i cal. Paraquat ac cepts an elec tron
from the pri mary elec tron ac cep tor of photosystem
I to be come a re duced free rad i cal which rap idly re -
acts with ox y gen to form the superoxide rad i cal
(Dodge 1994). Superoxide serves as a source of hy -
dro gen per ox ide and the highly ac tive hydroxyl
rad i cal. Thus, tox ic ity of paraquat stems from the
gen er a tion and ac tiv ity of ox y gen spe cies that lead
to ox i da tive stress in bi o log i cal sys tems. Re ac tive
ox y gen spe cies can re act with nu mer ous cell com -
po nents caus ing in ac ti va tion of en zymes, pig ment
bleach ing, lipid peroxidation, and pro te ol y sis.
Thus, they need to be scav enged for main te nance of 
nor mal plant growth. Plant cells con tain sub stances 
such as glutathione, ascor bic acid and ca rot en oids,
and also en zymes like superoxide dismutase (SOD; 
EC 1.15.1.1), peroxidase (POD, EC 1.11.1.7), glu -
tathione reductase (GR; EC 1.6.4.2) which par tic i -
pate in scav eng ing ROS (Halliwell 1982). The pri -
mary scav en ger is the en zyme superoxide dismu -
tase which con verts superoxide to hy dro gen per ox -
ide (Asada and Kiso 1973). This toxic prod uct of
SOD is re moved by POD. En hanced pro duc tion of
ox y gen free rad i cals is re spon si ble for peroxidation 
of mem brane lipids and the de gree of peroxidative
dam age of cells was con trolled by the po tency of
the antioxidative POD en zyme sys tem (Sreeni va -
sulu et al. 1999). In sev eral plant spe cies paraquat-
tol er ance was cor re lated with in creased ca pac ity of
en zymes de tox i fy ing ac ti vated ox y gen spe cies
(Shaaltiel et al. 1988; Furusawa et al. 1984). Cor re -
spond ingly, paraquat tol er ance in Conyza, Lolium
or Nicotiana was also ac com pa nied by a cross-tol -
er ance to other en vi ron men tal fac tors in volv ing ox -
i da tive stress, such as SO2 or ozone (Shaaltiel et al.
1988; Tanaka et al. 1988).

In this study we in ves ti gated if prior ex po sure to
SPM and PUT may pro tect plants against ex po sure
to paraquat and if this pro tec tion may be re lated to
antioxidative en zyme ac tiv i ties and an ti ox i dant
lev els.

Ma te ri als and Meth ods

Plant ma te rial and treat ments

Maize (Zea mays L. cv RX 947) seeds which were
ob tained from Ag ri cul ture Re search Cen ter in
Trab zon were sown in plas tic pots (11 cm high, 23
cm top and 13 cm bot tom di am e ter) filled with soil
and sand (5:1). They were main tained in a growth
cham ber un der a 16-h light/8 h dark re gime with a
light in ten sity of 350 µE·m-2·s-1, 75 % rel a tive hu -
mid ity, and day/night tem per a tures of 25/22 °C.
Ten day-old maize plants were sprayed un til run off
with SPM and PUT at 0.2 and 1 mM con cen tra -
tions, each con tain ing 0.05 % Tween 20 as a surf -
actant once daily for 4 days. Then, for paraquat
treat ment, leaves of 14-d-old plants were ex posed
in a sur face ap pli ca tion to 10-4 M paraquat (methyl
viologen) in a 0.05 % so lu tion of the Tween 20 for
24 h into the light pe riod. Con trol plants were
sprayed with 0.05 % Tween 20 in dis tilled wa ter.
Fo liar sam ples were col lected for anal y ses at 8, 12
and 24 h fol low ing PQ ap pli ca tion, im me di ately
frozen in liq uid ni tro gen and stored at –20 °C for
de ter mi na tion of en zyme ac tiv i ties. All treat ments
were re peated at least three times on dif fer ent days.

De ter mi na tion of chlo ro phyll and ca rot en oids 

For chlo ro phyll and carotenoid de ter mi na tions, the 
leaves were ho mog e nized in 5 ml of 80 % ac e tone
and cen tri fuged at 3000 rpm for 5 min. The op ti cal
den sity of the supernatant was read at 450, 645 and
663 nm with a spectrophotometer. The amounts of
to tal chlo ro phyll and ca rot en oids were es ti mated
ac cord ing to Arnon (1949) and Jaspars (1965),
respectively.

De ter mi na tion of ascor bic acid 

The de ter mi na tion of ascor bic acid was per formed
us ing the pro ce dure of Shieh and Sweet (1979) with 
pure ascor bic acid as the stan dard. Two g sam ples
were ho mog e nized with 0.01 M phos phate-cit ric
acid buffer, pH 3.0, fil tered and cen tri fuged at 5000
rpm, for 5 min at 25 °C. The supernatant was used
to de ter mine the ascor bic acid con tent. The as say
mix ture con sisted of 0.5 ml of 0.01 M phos phate -
-ci t ric acid, pH 3.0, 2.4 ml of 2,2‘-Cu-biquinoline
so lu tion (1.0 mM 2,2‘-biquinoline and 0.38 mM
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CuCl2·2H2O) and 0.1 ml of the plant ex tract.
Ascor bic acid con tent was de ter mined spec tro pho -
to met ri cally at 540 nm.

De ter mi na tion of SOD ac tiv ity 

Leaf tis sue (0.5 g) was ground to a pow der in liq uid 
ni tro gen and then ho mog e nized in 5 ml of cold 50
mM phos phate buffer (pH 7.0), con tain ing 1 mM
EDTA, 0.05 % tri ton, 2 % polyvinylpoly pyrro -
lidone, and 1 mM ascor bic acid. The ho mog e nate
was fil tered through two lay ers of cheese cloth and
cen tri fuged at 20000 g for 20 min at 4 °C. The
supernatant was used for en zyme anal y ses.

SOD ac tiv ity as say was based on the method of
Beauchamp and Fridovich (1971) as mod i fied by
Dhindsa and Matowe (1981), which mea sures the
in hi bi tion in the pho to chem i cal re duc tion of nitro -
blue tetrazolium (NBT). In the spec tro pho to met ric
as say the 1 ml re ac tion mix ture con tained 50 mM
phos phate buffer (pH 7.8), 0.1 mM EDTA, 13 mM
methionin, 75 µM NBT, 2 µM ri bo fla vin and 50 µl
of the plant ex tract. Ri bo fla vin was added last and
the re ac tion was ini ti ated by plac ing the tubes un der 
flu o res cent white light. The re ac tion was ter mi -
nated af ter 10 min by re moval from the light source. 
Re ac tion prod uct was mea sured at 560 nm. The
vol ume of supernatant cor re spond ing to 50 % in hi -
bi tion of the re ac tion was as signed a value of 1 en -
zyme unit.

De ter mi na tion of POD ac tiv ity 

0.5 g leaf tis sue was ground to a pow der in liq uid
ni tro gen and then ho mog e nized in 5 ml of cold 0.2
M so dium phos phate buffer (pH 7.0). The ho mog e -
nate was fil tered through two lay ers of cheese cloth
and then cen tri fuged at 20000 g for 20 min at 4 °C
(Ca nal et al. 1988). The supernatant was as sayed
for the en zy matic ac tiv ity. Peroxidase ac tiv ity was
mea sured us ing a mod i fi ca tion of the pro ce dure de -
scribed by Ro dri guez and Sanchez (1982). The as -
say mix ture con tained 1.4 ml of 0.05 M phos phate
ci trate buffer (pH 4.6), 1 ml of 40 mM guaiacol and
0.5 ml of 26 mM H2O2. The mix ture was in cu bated
for 15 min at 25 °C. The as says were ini ti ated by the 
ad di tion of the en zyme ex tract and the for ma tion of
the ox i dized tetraguaiacol poly mer was mon i tored

at 420 nm for 3 min. Peroxidase ac tiv ity was ex -
pressed as ∆A420/min/g fresh weight.

Sta tis ti cal anal y sis

Anal y sis of vari ance of data was eval u ated by the
Sta tis ti cal Pack age for So cial Sci ences (SPSS for
Win dows 9.0). DUNCAN’s Mul ti ple Range Test
was em ployed to de ter mine the sta tis ti cal sig nif i -
cance of dif fer ences among the means.

Re sults

Bipyridyl her bi cides such as paraquat are re dox -
-ac tive com pounds that be come re duced within the
cell and sub se quently trans fer their elec trons to ox -
y gen form ing the superoxide an ion. Their main ac -
tiv ity is ex hib ited in the light, where photosystem I
is re spon si ble for their re duc tion. In this study the
plants were il lu mi nated for 8, 12 and 24 h af ter they
were sprayed with PQ. Phys i o log i cal in ju ries in -
cluded bleached and ne crotic spots on the adaxial
sur face of the leaves were ob served. Vis i ble ef fects
were de pend ent on ex po sure time. Un til 8 h of con -
tin u ous il lu mi na tion plants treated with 100 µM PQ 
still looked healthy, but af ter that time the leaves
be gan to tilt and, bleached and ne crotic spots be -
came ev i dent. Vis i ble leaf in jury de vel oped on all
leaves within 24 h af ter treat ment with PQ. A lower
de gree of leaf in jury ap peared on leaves pretreated
with SPM and PUT at con cen tra tion of 1 mM.

Ef fects of SPM and PUT on photosynthetic pig -

ment con tents 

Changes in photosynthetic pig ment lev els in maize 
leaves were de ter mined for 8, 12 and 24 h af ter they
were sprayed with PQ. A de crease in chlo ro phyll
level in duced by PQ was ob served af ter 12 h of
treat ment (Ta ble 1). Also, fol low ing of the treat -
ment with 100 µM PQ, carotenoid con tents of the
leaves were sig nif i cantly de creased (Ta ble 2). Af ter 
24 h of treat ment, to tal chlo ro phyll and carotenoid
con tents de creased by 41.6 % and 39.7 % in PQ-tre -
a ted leaves com pared to the con trol, re spec tively.
In or der to test if polyamines pro tect the leaves
against photosynthetic pig ment losses, leaves were
pre treat ment with SPM and PUT at con cen tra tions
of 0.2 and 1 mM, and then they were sprayed with
PQ. Chlo ro phyll loss was sig nif i cantly pre vented
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by SPM pretreatments. It was de ter mined that es pe -
cially 1 mM of SPM sig nif i cantly de creased chlo -
ro phyll loss as com pared with the leaves treated
with PQ. At the end of the ex per i ments, the loss of
to tal chlo ro phyll in the leaves treated with PQ was
41.6 % whereas in the 1 mM con cen tra tion of
SPM-pretreated leaves was 16.9 %. Also, chlo ro -
phyll level of the leaves pretreated with 1 mM of

PUT was more than that of unpre treated
leaves. Trends in carotenoid con tent were
sim i lar to those ob served for chlo ro phyll.

Leaves pretreated with 1 mM of PUT and 1
mM of SPM had sig nif i cantly higher caro -
tenoid con tents than those pretreated with
wa ter af ter 24 h of PQ treat ment. That is, 1
mM of PUT and SPM sig nif i cantly pre vented 
the loss in carotenoid lev els in duced by PQ.
There was no sta tis ti cal dif fer ence in
carotenoid con tents be tween the leaves pre -
treated with 0.2 mM of SPM and those pre -
treated with wa ter.

Ef fects of SPM and PUT on ascor bic acid

con tent 

Ascor bic acid con tent was sig nif i cantly re -
duced af ter PQ treat ment. For ex am ple, it
was found that ascor bic acid level de creased
69.9 % in PQ-treated plants af ter 24 h of PQ
treat ment. SPM and PUT sig nif i cantly re -
versed PQ-in duced ascor bic acid re duc tion
by in creas ing its con tent with re spect to that
of PQ-treated leaves. Es pe cially, 1 mM of
SPM and PUT sig nif i cantly pre vented the
de crease in ascor bic acid con tent. Af ter 24 h
of PQ treat ment, leaves pretreated with 1
mM of SPM and PUT had 1.5 and 1.7-fold
higher ascor bic acid level, re spec tively, than
those pretreated with wa ter (Ta ble 3).

Ef fects of SPM and PUT on SOD ac tiv ity 

The re sults of in ves ti ga tions into the ef fects
of SPM and PUT on SOD ac tiv ity in maize
leaves un der ox i da tive stress are shown in
Fig ure 1. SOD ac tiv ity grad u ally in creased
af ter the plants were treated with PQ but sta -
tis ti cally sig nif i cant in creases were re corded 
at 12 and 24 hrs. Pre treat ment with SPM and
PUT at con cen tra tions of 0.2 and 1 mM in -

creased SOD ac tiv ity af ter 8 h of PQ treat ment and
it was re corded that 1 mM of SPM had a pos i tive ef -
fect on the main te nance of SOD ac tiv ity af ter 12
and 24 hrs of PQ treat ment. Pre treat ment with PUT
was de ter mined to have in sig nif i cant ef fect on SOD 
ac tiv ity at 12 and 24 hrs.
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Total chlorophyll content (mg/ g dry weight) 

Hours after PQ treatment  

 

 

Treatments     8                              12                               24  

Control 26.49 " 0.48 ab 27.25 " 0.4* b  25.95 " 3.64 c  

Paraquat (PQ) 22.11 " 0.54 a  20.45 " 0.26 a 15.15 " 1.28 a 

SPM (0,2 mM) +PQ  26.81 " 2.03 ab   24.09 " 3.06 ab 20.48 " 0.27 b 

SPM (1 mM) +PQ 27.80 " 0.84 b 26.56 " 0.59 b 21.56 " 0.96 b 

PUT (0,2 mM) +PQ 28.23 " 3.71 b 22.28 " 3.95 ab 18.17 " 0.91 ab 

PUT (1 mM) +PQ 28.00 " 2.29 b 27.49 " 4.16 b 20.01 " 2.42 b 

*Standard deviation of average of four replications. Values followed by different letters are 
significantly different from each other (P=0.05) according to Duncan’s test.  

Ta ble 1. To tal chlo ro phyll con tent in the leaves pretreated with poly -
amines and treated with PQ af ter wards.

Ta ble 2. Carotenoid con tents in the leaves pretreated with polyamines
and treated with PQ af ter wards.

 
Carotenoid contents (mg/ g dry weight) 

Hours after PQ treatment  

 

 

Treatments     8                              12                               24  

Control 6.18 ± 0.26*a 6.07 ± 0.02 b 5.79 ± 0.47 d 

Paraquat (PQ) 5.01 ± 0.58 a 4.23 ± 0.36 a 3.49 ± 0.17 a 

SPM (0,2 mM) +PQ 5.26 ± 0.09 a 4.71 ± 0.02 ab 4.01 ± 0.40 ab 

SPM (1 mM) +PQ 6.10 ± 0.42 a 5.66 ± 1.14 ab 4.31 ± 0.23 b 

PUT (0,2 mM) +PQ 6.07 ± 0.83 a 5.06 ± 0.08 ab 4.50 ± 0.07 bc 

PUT (1 mM) +PQ 6.12 ± 0.09 a 5.69 ± 0.97 ab 4.94 ± 0.07 c 

*Standard deviation of average of four replications. Values followed by different letters are 
significantly different from each other (P=0.05) according to Duncan’s test.  

Ta ble 3. Ascor bic acid con tent in the leaves pretreated with polyamines
and treated with PQ af ter wards

 
Ascorbic acid content (mg/ g dry weight) 

Hours after PQ treatment  

 

 

Treatments     8                              12                               24  

Control 5.73 ± 0.62*c 4.88 ± 1.76 b  3.99 ± 0.68 c 

Paraquat (PQ) 3.01 ± 0.77 a 2.66 ± 0.62 a 1.20 ± 0.27 a 

SPM (0,2 mM) +PQ 4.31 ± 0.84 b 3.82 ± 0.67 ab 2.76 ± 0.41 b 

SPM (1 mM) +PQ 4.12 ± 0.26 b 4.03 ± 0.80 ab 3.05 ± 0.30 b 

PUT (0,2 mM) +PQ 3.92 ± 0.09 ab 3.78 ± 0.06 ab 2.95 ± 0.27 b 

PUT (1 mM) +PQ 4.11 ± 0.16 b 4.07 ± 0.12 ab 3.28 ± 0.50 b 

*Standard deviation of average of four replications. Values followed by different letters are 
significantly different from each other (P=0.05) according to Duncan’s test.  



Ef fects of SPM and PUT on POD ac tiv ity

POD ac tiv ity was in creased slightly by the
treat ment of the leaves with PQ. Af ter 24 h
of PQ treat ment, POD ac tiv ity in creased
15.7 %. Pre treat ment with both con cen tra -
tions of SPM in creased POD ac tiv ity. Also,
the in crease in POD ac tiv ity in the leaves
pretreated with 1 mM of PUT was found sta -
tis ti cally sig nif i cant. How ever, pre treat ment 
with 0.2 mM of PUT had no sig nif i cant ef -
fect on POD activity (Fig. 2).

Dis cus sion

Polyamines play an im por tant role in a wide 
range of bi o log i cal pro cesses, in clud ing
growth, de vel op ment and stress re sponses
of plants (Mar tin-Tanguy 2001). Al though
they ap pear to be in volved in a wide range of 
plant pro cesses, their ex act role is not com -
pletely un der stood (Bais and Ravishankar
2002). In this study, the pro tec tive ef fects of
poly amines against ox i da tive stress of
maize leaves were in ves ti gated. Ox i da tive
stress was in duced by treat ing the plants
with the her bi cide PQ. In our study, 100 µM
PQ in duced ox i da tive dam age in maize
leaves in cu bated un der con tin u ous light for
24 h. PQ treat ment caused stress symp toms
in clud ing bleached and ne crotic spots on the 
adaxial sur face of maize leaves. These ef -
fects ap peared with a lower de gree of leaf
in jury on the leaves pretreated with SPM
and PUT at con cen tra tion of 1 mM. Sim i -
larly, leaf ne cro sis caused by ozone in to -
mato and to bacco plants could be pre vented
by ex og e nously sup ply ing putrescine,
spermidine and spermine (Ormrod and
Beckerson 1986, Langebartels et al. 1991). Also,
data pre sented in our study showed that pre treat -
ment of maize leaves with ei ther SPM or PUT re -
duced the dam age pro duced by PQ to dif fer ent de -
grees, ac cord ing to the stud ied pa ram e ter and the
polyamine tested.

Chlo ro phyll loss, ob served as a con se quence of PQ 
treat ment, was sig nif i cantly pre vented in maize
leaves by the ex og e nous ad di tion of SPM and PUT

at con cen tra tion of 1 mM. It was also re ported that
PQ treat ment caused sig nif i cant losses of chlo ro -
phyll in other plants (Noctor et al. 1998, Cakmak
and Marschner 1992). On the other hand, a ma jor
role of ox y gen rad i cals in chlo ro phyll de struc tion
by PQ in bean leaves was in di cated (Cakmak and
Marschner 1992). Also, ox i da tive stress me di ated
by superoxide and H2O2 causes dis or ga ni za tion of
cel lu lar and chloroplastic mem brane (Thomp son et
al. 1987) and the break down of chlo ro phyll (Knox
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Fig. 1. Changes in SOD ac tiv ity in maize leaves pretreated with poly -
amines and treated with PQ af ter wards. (Ver ti cal bars rep re sent stan dard
de vi a tion of the means of four rep li cates. Within each hour, the data fol -
lowed by the same let ters are not sig nif i cantly dif fer ent at P=0.05).

Fig. 2. Changes in POD ac tiv ity in maize leaves pretreated with poly -
amines and treated with PQ af ter wards. (Ver ti cal bars rep re sent stan dard
de vi a tion of the means of four rep li cates. Within each hour, the data fol -
lowed by the same let ters are not sig nif i cantly dif fer ent at P=0.05).
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and Dodge 1985). Polyamines have antisenescence 
prop er ties and pre vent the loss of chlo ro phyll by
sta bi liz ing the thylakoid mem branes (Besford et al. 
1993). In ad di tion, polyamines might in ter act with
mem branes by in hib it ing transbilayer move ment of 
phospholipids (Bratton 1994).

The re sults pre sented also show that 1 mM of SPM
and both con cen tra tions of PUT sig nif i cantly de -
creased the loss in carotenoid lev els in duced by PQ
af ter 24 h of treat ment. Ca rot en oids are known to
act as ef fi cient quenchers of trip let chlo ro phyll
(Noguchi et al. 1990) and sin glet ox y gen (Demm -
ing -Ad ams 1990), and el e vated amounts of these
ac ces sory pig ments in polyamines-pretreated lea -
ves should en hance the ca pac ity to limit the dam age
caused by re ac tive ox y gen spe cies. How ever,
higher chlo ro phyll and carotenoid con tents in tol er -
ant ge no types have also been re ported in ear lier
stud ies (Pastori and Trippi 1992).

In the de tox i fi ca tion of re ac tive ox y gen spe cies,
ascor bic acid is a key an ti ox i dant such as ca rot en -
oids. It was de ter mined that PQ treat ment sig nif i -
cantly de creased ascor bic acid con tent in maize
leaves. Pre treat ment with SPM and PUT sig nif i -
cantly pre vented the de crease in ascor bic acid level
in duced by PQ. This ef fect may be due to the rad i -
cal scav eng ing abil ity of polyamines. Polyamines
can act di rectly as free rad i cal scav en gers (Drolet et
al. 1986), or func tion as scav en gers by in ter act ing
with other mol e cules such as free ferulic and caffeic 
ac ids (Bors et al. 1989). The in cre ment in ascor bic
acid con tent can in crease ox i dant tol er ance in
plants. Be cause, as an an ti ox i dant, ascor bic acid
has an im por tant role in pro tec tion against ox i da -
tive stress. It elim i nates ROS through mul ti ple
mech a nisms. Ascor bic acid has the ca pac ity to di -
rectly elim i nate sev eral dif fer ent ROS in clud ing
sin glet ox y gen, superoxide and hydroxyl rad i cals
(Padh 1990). It also main tains the mem brane -
-bound an ti ox i dant α-tocopherol in the re duced
state (Liebler et al. 1986), and in di rectly elim i nates
H2O2 through the ac tiv ity of ascorbate peroxidase.
Thus, the in cre ment of ascor bic acid con tent in
polyamines-pretreated maize leaves in di cates an
en hanced ca pac ity to scav enge re ac tive ox y gen
spe cies.

In ad di tion to non-en zy matic ox y gen rad i cal scav -
en gers such as ca rot en oids and ascor bic acid,
antioxidative en zymes could also play an im por tant 
role in pro tec tion against ox i da tive stress. Thus, in
this study SOD and POD ac tiv i ties were mea sured
in PQ-treated leaves and it was de ter mined that
these en zyme ac tiv i ties grad u ally in creased af ter
PQ treat ment. These re sults are con sis tent with
those ob tained by Pastori and Trippi (1993) who
found in creases in SOD and ascorbate peroxidase
(AP) ac tiv i ties in maize leaves in cu bated in para -
quat. How ever, Kirtikara and Tal bot (1996) found
that AP ac tiv ity in PQ-treated plants was sim i lar to
the con trol and SOD level did not sig nif i cantly
change in the PQ-treated to mato plants. Re cent ev i -
dences sug gest that in duc tion of re sis tance to light-
and heat-in duced ox i da tive dam age is de pend ent
on con cur rent el e va tion in both SOD and POD ac -
tiv i ties (Gupta et al. 1993). We found that the ac tiv -
i ties of both en zymes were higher in 1 mM of SPM
pretreated leaves than in the unpretreated leaves.
SOD ac tiv ity in both con cen tra tions of PUT-pre -
treated leaves did not sig nif i cantly change but pre -
treat ment with 1 mM of PUT in creased POD ac tiv -
ity. The in creased ac tiv i ties of SOD and POD by
SPM or PUT may con trib ute to the re duc tion of PQ
tox ic ity. The im por tance of SOD in de creas ing PQ
tox ic ity was dem on strated in E. coli which showed
ex treme sen si tiv ity to PQ af ter de le tion of the SOD
gene (Carlioz and Toutai 1986). How ever, peroxi -
dases may be at least as im por tant for pro tect ing
cells against ox i da tive stress as is al ready es tab -
lished for SOD. The ef fi cient re moval of hydroper -
oxides is im por tant for cells be cause hydroperoxi -
des may give rise to the for ma tion of highly re ac -
tive sin glet ox y gen mol e cules and hydroxyl rad i -
cals which are both known to in duce lipid per -
oxidation. Also, Mehlhorn (1990) re corded that
eth yl ene pro duc tion in plants ex posed to ox i da tive
stress is in duced in or der to en hance ascorbate
peroxidase ac tiv ity and thereby, plant sus cep ti bil -
ity to ox i da tive stress is re duced. So, the in creases
in the ac tiv ity of SOD or POD in duced by SPM or
PUT can con trib ute to the mech a nism of tol er ance
in plants against ox i da tive stress. On the other
hand, Ye et al. (1997) re ported that the high lev els
of PUT and high lev els of an ti ox i dant en zyme
activities in Conyza bonariensis could to gether
con fer the high est lev els of ox i dant re sis tance.
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They sug gest that both the an ti ox i dant en zymes
and PUT might be con sti tu tively linked at the peak
pe riod of ox i dant tol er ance. How ever, the rea son
for the in crease in an ti ox i dant en zymes, ef fected by 
polyamines is un known. It is pos si ble that poly -
amines-in duced in creases in the an ti ox i dant en -
zyme ac tiv i ties may be due to an up-reg u la tion of
the genes con trol ling the syn the sis of these en -
zymes or an in creased ac ti va tion of con sti tu tive en -
zyme pools. Be sides, it is re ported that polyamines
may have ef fects at the gene level (Panagiotidis et
al. 1995).

In con clu sion, this study shows that PQ treat ment
leads to ma jor changes in the amounts of to tal chlo -
ro phyll, ca rot en oids and ascor bic acid, and the ac -
tiv i ties of some en zymes as so ci ated with cel lu lar
de fence mech a nisms against ox i da tive stress in
maize leaves. Pre treat ment with SPM and PUT
may be re duced PQ tox ic ity be cause of in creased
an ti ox i dant en zyme ac tiv i ties and an ti ox i dant lev -
els. It can be said that SPM and PUT in creased the
tol er ance to the ox i da tive stress caused by PQ in
maize leaves.
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