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ABSTRACT

KEYWORDS

Since the magnetic fields (MF) are increasing on the earth, many investi-
gators are studying the effect of MF on the various functions of living
things. Also, investigations of MF effects on biological systems have
attracted attention of biologists due to planned space flights to other
planets. In the present study, we tested the effect of 30 mT static magnetic
field (SMF) on some parametersindicative of oxidative stressinintact pea
plants (Cicer arietinumL. cv. Hashem). Rate of peroxidation of membrane
lipids and activities of superoxide dismutase (SOD), catalase (CAT) and
ascorbate peroxidase (APX) were measured. The results showed that the
activitiesof SOD, CAT and APX wereremarkably increased. However, the
activity of antioxidative enzymeswas not sufficient for scavenging of free
radicals, so that thelevel of membranelipid peroxidation was significantly
increased after exposureto 30 mT SMF. Increased activity of SOD on one
hand suggest that exposure to SMF results in enhancement of hydrogen
peroxide as avery harmful reactive oxygen species and on the other hand
increase of the activity of CAT and APX refers to the strategy of plant
against oxidative stress by increasing of the activity of hydrogen peroxide
scavengers. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Magneticfidlds(MF) arewidely distributedinthe
environment and their effectsareincreasing with the
burgeoning devel opment of electrical machinest. These
fieldsgenerated by dectrica equipment aremany times
higher than those occurring naturally, and their preva:
lenceisaconsegquence of technologica devel opments
inthe second half of the 20" century!?.

Investigationsof MF effectson biologica systems
haved so atracted attention of biologistsdueto planned

long-term interplanetary flights. Interplanetary naviga:
tionwill introduce man, animal sand plantsin magnetic
environment. Thisbrought anew waveof interestin
MP’s role in regulating plant growth and development®.

Over many years, the effects of MF on plant life
have beenthe subject of severd studies. Recently, many
authors have reported the effects of SMF onthe me-
tabolism and growth of different plants*®. Some de-
cadesago, strong M Fwereused“™ but morerecently,
moderatefields, even assmall asthegeomagneticfield,
have been reported to produce striking effectg>%4. It
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hasal so been found that such fieldscause an increase
inthefreeradicd activity inliving organismsg¥, which
resultsin theformation of excessiveamounts of reac-
tive oxygen species (ROS). An uncontrolled free oxy-
genradicd rel ease, termed oxidative stress, may cause
protein oxidation, changesinenzymeactivity and lipid
peroxidationwithinthecdlular membranes, resultingin
structurd and functiond abnormditiesaswdl asinoxi-
dative damage to the DNA and RNAM9, So far, few
studies on the effects of SMF on plants antioxidative
systemshave been performed, whereasinterestinthe
biologicd effectsof thesefid dson vegetableorganisms
has grown very recently. Thus, the present study was
designed to eva uatethe effect of exposureto SMF on
some parametersindicative of oxidativestressi.e. lipid
peroxidation, SOD, CAT and APX inrootsand shoots
of intact peaplants.

EXPERIMENTAL

Seedsof peaplant (Cicer arietinumL. cv. Hashem)
wereused for the present study. Seedsof uniform size
were selected and surface sterilized with 0.1% sodium
hypochlorite solution for 20min and then rinsed with
doubledistilled water*, Thewashed seedswerethen
spread over Petri dishes lined with two-layered wet
filter paper. Seedsgerminated between wet filter paper
at 25°Cinthedark for 4 d. The seedlings of uniform
szewerethentransferredin sand culturein plastic pots
saturated with Hoagland nutrient solution. Potswere
kept for growth of seedlingsin growth chamber (12/12
hphotoperiod at 150umol m? s?) providing whitefluo-
rescent light with day/night temperature of 25/20°C and
60+5% relative humidity. The seedlingsweregrownin
normal growth conditionsup to 20d. Then, 20-d old
plantswereused for treatment.

Exposureto SMF was performed by alocally de-
signed SMF generator (figure 1).

Thed ectrical power was provided usinga220V
AC power supply equipped with variabletransformer
aswdll asasingle-phasefull-waverectifier. The maxi-
mum power and passing current were 1 KW and 50A
DC, respectively. This system designed to generate
SMFinrangeof 0.5uT- 30mT with stable conditions.
It consisted of two coil (each 3000 turnsof 3mm cop-
per wire) equipped with aU-shaped laminated iron core
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(to prevent eddy current losses). Using two vertical
connectors, thearms of the U-shaped iron corewere
terminated tofour circular iron platescovered with thin
layer of nickel (each 23mm thickness, 260cmindiam-
eter). An el ectronic board was used to stabilizethe sys-
tem so that we always got a uniform SMF. A water
circulation system around the coilswas employed to
avoid theincrease of thetemperature. Thetemperature
betweenthecircular iron plates(wherethe sampleswere
located), was measured by athermometer and wasal-
most the same as other parts of the room (e.g., the
location site of the control cells) +1°C. Sinceno other
electric gppliancewasworking, thecontrol sampleswere
only exposed to the extremely low MF of the earth, as
the treatment group was too. Moreover, the control
cellswerekept far enough from the EMF producing
gpparatus, to avoid any potentia exposureto themag-
neticfield. Cdibration of the system aswell astestsfor
theaccuracy and uniformity of themagneticfieldswere
performed by atedameter (PHY WE, Germany) witha
probetype of Hall Sound. The accuracy of the system
was=+0.1% for static field and the range of measure-
mentswas 3uT- 30mT. 20-d old peaplantsweretreated
with 30mT, discontinuoudy for 5 d, each 5h. After tregt-
ments, the roots and shoots of peawere harvested and
frozeninliquid N, and kept at -800C until used for
biochemicd measurements.

Frozen samples(200mg fresh weight) werehomog-
enizedin 3mL HEPES-KOH buffer (pH 7.8) contain-
ing 0.1 mM EDTA. The homogenatewas centrifuged
at 15000xg for 15 min. All operationswere made out
at 4°C. The supernatant was used for SOD activity!*?.
Reaction mixture(3mL) consisted of 50 mM HEPES-
KOH buffer (pH 7.8), 0.1mM EDTA, 50mM Na,CO,

Figurel: SMF producing appar atus
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(pH 10.2), 12mM L-methionine, 75uM NBT, aliquots
of enzymeextract and 1uM riboflavin. One unit SOD
activity wasdefined asthe amount of enzymerequired
toresultina50 % inhibition of therateof NBT reduc-
tion measured at 560 nm. CAT activity wasassayed in
areaction mixture containing 25 mM Na-phosphate
buffer (pH 6.8), 10mM H,O, and enzymeextractina
total valium of 1mL. The decompositionof H,O,was
followed by the declinein absorbanceat 240nm*3. The
activity of APX was measured according to Nakano
and Asadd' by monitoring therate of ascorbate oxi-
dation at 290nm (e=2.8mM-*cm). In brief, samples
were homogenized in ImL of 50 mM Naphosphate
buffer (pH 7.8) containing5 mM ascorbate, 5mM DTT,
5mM EDTA, 100mM NaCl and 2% (W/V) PVP. The
homogenate was centrifuged at 15000xg for 15min at
4°C. The reaction was initiated by adding H,O, toa
final concentration of 44uM. The protein content was
determined by the method of Bradford*® usingbovine
serum dbuminasastandard.

Thelevd of peroxidation of membranelipidswas
assayed by measuring MDA asfina product of lipid
peroxidation. Sampleswerehomogenizedin anaguetic
solution of TCA (10% wi/v). Thehomogenate was cen-
trifuged at 15000xg for 10 min and 1mL of the super-
natant wasaddedtoalmL 0.5% TBA. The mixture
wasincubated at 100 °C in a water bath for 30 min,
and thereaction stopped by placing the reaction tubes
in anice-water bath. Then, the absorbance of MDA
wasread at 532 nmfollowed by correctionfor thenon-
specific absorbance at 600nm. Theamount of MDA-
TBA complex wascd cul ated from theextinction coef-
ficient of 155 mM1cm113.26,

All of theexperimentswerecarried out with at least
threeindependent repetitionsintriplicate. All vauesare
shown asthemean+ SD. Statistical analysis was per-
formed using Student’s t.test and the differences at level
of p<0.05wereconsdered significant.

RESULTSAND DISCUSSION

Freeradicalsarevery reactive and unstable mo-
lecular speciesthat caninitiatechain reactionstoform
new radicals. Although formed asaresult of awide
range of normal biochemical processes, they are po-
tentially damaging. Several mechanismsarein placeto
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neutrdizetheir effects, whichincludeasystem of nutri-
tional and endogenous enzymeatic antioxidant defenses
that generdly hold the production of freeradicalsand
prevent oxidant stressand subsequently tissue dam-
agelt”). The balance between the oxidants and the anti-
oxidantsmay bedisturbed by anincreaseinfreeradi-
ca production®d, Thisimba ancebetween the oxidants
and theanti oxidants can lead to oxidative stresg9,

Therewere evidencesthat show certain metabo-
litesand amodul ated expression of freeradical-scav-
enging enzymesisneaded for aneffectivedefenseaganst
the overproduction of toxic oxygenformsin plantsex-
posed to environmental stresses?*21,

Thevariationsof lipid peroxidation levelsand free
radlicals scavenging enzymes activitiesin roots and
shoots of intact pea plants were investigated under
30mT SMF stress condition. The present study sug-
geststhat SMF |leadsto production of MDA andin-
ducessomeof thekey enzymesof antioxidant defense
system in pea plants. Induction in the activities of
antioxidativeenzymesisagenerd strategy adopted by
plantsto overcome oxidative stressdueto theimposi-
tion of environmental stressed??2,

Fatty acid peroxidationisasendtivemarker of cdl-
lular membraneinjury involving ROS. Thus, wetested
theeffect of 30mT SMF onthelipid peroxidation.
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Figure?2: Lipid peroxidation level of roots(A) and shoots
(B) of intact pea plantsexposed to 30mT SMF. Dataare
means= SD n=3. Bars with different letters are signifi-
cantly different
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Theformation of maondia dehyde (MDA) content
was cons dered asameasure of lipid peroxidation. The
lipid peroxidation of rootsand shootsof intact peaplants
increased after exposureto SMF (Figur e 2A and 2B).
Thelipid peroxidation wasgreater intheshootsthanin
theroots.

Polyunsaturated fatty acid acyl chainsof phospho-
lipids arevery susceptibleto oxidative stressby free
radicals, which lead to lipid peroxidation. Production
of lipid peroxidationisatoxic processresulting inthe
deterioration of biologica membranes®?.

MDA, asalipid peroxidation product, is abio-
chemica marker for thefreeradica mediated injury!,
Our results show an increase in the level of lipid
peroxidation, indicating that SMF induces oxidative
stressin peaplants. Similar to our observations, en-
hanced lipid peroxidation have been reported under high
temperature stress?4, UV-radiation'® and toxicity by
someheavy metalslikeNi? indifferent plant species.

Theinvolvement of antioxidativeenzymesasregu-
lator of free radical metabolism was determined by
measuring the changesin SOD, CAT and APX activi-
tiesof plant cellsduring exposureto 30 mT SMF.

Theenzymatic componentsassociated with defense
againgt ROSinclude SOD, CAT, and enzymesof ascor-
bate-/glutathionecycle. SOD and CAT havebeeniden-
tified asenzymatic protectors against peroxidationre-
actiong?.

SOD isan essential component of antioxidative
defense systemin plantsand it dismutates two super-
oxideradicas (O,") to water and O,. Its absence or
decreased activity may have noxious metabolic out-
comes®,

Asshowninfigure3A and 3B, theactivity of SOD
wassignificantly higher in exposed roots of intact pea
plantsthanin control sthroughout theexperiment. Among
therootsand shootsof peaplant, greater level of SOD
activity wasexhibited in shoots, inresponseto 30mT
SMFE

Our resultsshow increased activity of SOD in pea
plants exposed to 30mT SMFE. SOD activity hasbeen
reported to increase under water stress?”, UV-B ra-
diation® and gammaradiation®?, Increasein SOD
activity in response to stress appears to be probably
dueto de-novo synthesisof the enzymatic proteini®Y,

Transgenic plantsover-expressing SOD, show in-
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Figure4: CAT activity of roots(A) and shoots(B) of intact
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Figure3: SOD activity of roots(A) and shoots(B) of intact
peaplantsexposed to 30 mT SMF. Data are means= SD
n=3. Barswith different letter saresignificantly different

creased tolerancetowards oxidativeinjury caused due
to harsh environmental conditionsand among antioxi-
dant enzymesthe activity levelsof SOD are of more
relevancein maintenance of theoverd| defensesystem
of plants subjected to oxidative stress®2.
Furthermore, the CAT activity of rootsand shoots
of intact peaplantsincreased substantia ly when com-
pared to their respective controls (figure4A and 4B).
Similarly, asindicatedin figure 5A and 5B, the ac-

e, BIOCHEMISTRY
Au Tudian Yournal



16 Evaluation of antioxidative parametersin roots and shoots of pea plant

BCAIJ, 2(1) April 2008

Regular

A b
3000 -
2500 4
2000 |
1500 | a
1000
500 |
0 . .
0 a0

SMF intensity (mT)

Paper ===

APY activity (4 Abs 200/
mg protain)

2300 4

b
2000
1500 4
a
1000 4
5[”:' | -
0 . ]
0 30

SMF intensity (mT)
Figure5: APX activity of roots(A) and shoots(B) of intact
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tivity of APX inrootsand shoots of intact peaplants
exposed to 30mT SMF was significantly higher than
those of the control groups.

CAT isuniversdly present oxidoreductase that de-
composesH,0, towater and molecular oxygenandit
isoneof thekey enzymesinvolved inremova of toxic
peroxides®. The present work showsthat SMF ex-
posure a soincreased the activity of CAT. Similar in-
creasing wasobserved in responseto UV-B radiation
inleavesof potato plantg®! and sunflower cotyledong™!
and water stress®,

APX isindispensablecomponent of ascorbate-/glu-
tathione pathway, required to scavenge H,O, produced
mainly inchloroplastsand other cell organellesand to
maintain theredox state of thecd 17, APX utilizesthe
reducing power of ascorbic acid to eliminate poten-
tially harmful H,O,. Our resultsindicate an enhance-
ment intheactivity of APX inresponseto SMF stress.
Similar induction wasreported in responseto ozone
toxicity'®, drought® and UV-B radiation*®. APX
along with CAT and SOD are considered askey en-
zymeswithintheantioxidativedefensemechaniam, which
directly determinethecellular concentration of O, and
H,0,1*.

Our resultssuggest that expositionto 30mT SMF

causesoxidative stressin rootsand shootsof intact pea
plants and the enzymes SOD, CAT and APX appear
to play apivotd rolein combating oxidative stressin
plants.

Itisnoticeablehowever, that anincreaseintheac-
tivity of SOD although detoxifiesthe O, -radicds, re-
sultsinthemore production of H,O,,inturn. Inroots
and shoots of intact pea plants exposed to SMF how-
ever, theproduced H,O, wasscavenged, at |east in part,
by the subsequent increasein theactivitiesof CAT and
APX. Thismay besufficient for the protection of mem-
branesfrom H,O,-mediated peroxidation. Thereisaso
apossihility that during treatment periodsof stresssitu-
ations, the scavenging system may become saturated
by theincreased rate of radical production“t, and may
not sufficient to protect the membrane against poten-
tially deleteriouseffect of ROS so that become unable
to protect membranesfrom lipid peroxidation. It isthe
case seen the SMF- exposed peaplants.
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