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—F0-5-AMINOL EVULINIC ACIN AND OXYFLUORFEN
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SUMMARY

Oxyfluorfen (OF), an herbicidal toxicity not only human but also ecology, is widely using i forestry and agnculture, 5-
amunolevulinic acid {ALA) is a precursor of chlorophyll and heme biosynthetic pathway. We compare the herbicidal effect of ALA
and OF on rice seedlings in wiwe and in vivo. Leaf tissues of rice plants (Oryza sative cv. Dongjin) incubated with various
concentrations of ALA and OF showed the increase of conductivity under illumination with carher and much more increasing in
ALA incubated tissues. Fohar application of ALA and OF oo rice secdlings also caused photedynamic damage on treated plants with
different oxidative stress symptom on treated leaves. The formation of melondialdehyde (MDA) and bydrogen peroxide Hy0,
increased wh:mas the maximum/potential quantum efficiency of plmlusyst:m 1 (FJFm) the maxunum primary yield of

of I (F/F,} and and content d d in both treated plants with a greater in
ALA ucated plnnts Overall ALA acted as herbicide and caused greater photodynamic damage on treated plants than OF did. ALA
can be used as a safe substitute for highly toxic herbicide OF,
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Abbreviates: ALA: S-aminolevulime acid, HAL hours after illumination, H,0;: hydrogen peroxide, MDA, malondialdehyde, OF:
oxyfluorfen, Proto IX: protoporphyrin IX, Protox: Protogen oxidase, ROS: reactive oxygen species.

INTRODUCTION

Tetrapyrroles play vital roles in various blologi including phots is and i
ur (etrapyrroles in all living cells occurs through several sleps where the formation of 5-aminglevulinic: ac:d (ALA) is the
and X (Proto 1X) is the last | in the common pathway before

separahng into heme and phyll branch. The i is of porphyrin is tghtly regilated al several fevels to
coordinate apopratein synthesis and to aveid the accumulaﬂon of intermediate tetrapyrroles. All intermediate

are potent Their lead to produce reactive axygen species {(ROS) such as
smglet oxygen, hydrogen peroxide {Hz202), which destroys vital protein such as the photosystem |, It as well as
membrane lipids and pigmants and ulmately lead to cell death {Chakraborty and Tripathy, 1992).

Oxyfluorfen (Fig. 2) is used to control a large number of o- Aminolevulinic acid
broadleaf and grassy weeds in both forestry and
agrioulturs. 1t 1s classified as a highly toxic and persistent
herbicide, which persists in soil and accumulates In
terrestrial plants and certan aquatic environments through

unoff. It is toxic to humans aiso, including carcinogenicity, Protopoiphytinogen 1X
reproductive and developmental toxicity, neurotoxicity, and )
acute toxicity. Oxyfluorfen is a contact herbicide and light  Oxyfluoifen % Protov
-is-required for its herbicidal activity on plants. The target of )
nyﬂuarien is protopcrphyrlnogen oxidase (Prumx) which Protoporphyrin 1X
the from
ly P

Protogenparphyrin IX in tstrapyrrole palhway (Figure 1).
This ichibition leads to accumulate intermediate of
tetrapyrrole which are potent phote sensitizer. These Chlorophyll Heme
access intermediate of tetrapyrrode will absorb ight energy
that s used In detrimental reactions in which energy or Figure 1. Tetrapyrrole biosynthetic pathway. Two main

are 1o oxygen, resulting tetrapyrrole products are chiorophyll and heme. Protox: protogen
in the formation of highly reactive oxygen species, causing ;::;:g‘gz:::!p’"h;:‘a&m the formation of Protoporphyrin IX
peraxidation of membrane kpids and cell death (Lee et al.,
1993),

ALA (Fig. 1, 2) formation was the major regulatory point in tetrapyrrole pathway and it was subject to multiple regufatory
mechanisms (Tanaka & Tanaka, 2007}, Low concentration of ALA acts as growth stimulate factor which lead ta increase
the growth and yield of radish, kidney heans, barley, potatoes, and gariic by 10-60% in treated plants {Hotta et al., 1997),
ncreased salt and cold (Hotta and 1999) and in ic therapy. But high
concentration of ALA act as herbicde and lead to actumulate high level of intermediate tetrapyrroles and severely
damage treated plant when expose to rigm {Chakraborty and Tripathy, 1992).

Our study compares the di ial ph ic induced-oxidative stress of rice plants (Oryza sativa cv.
Dengjin) In respanse to high concentration of ALA and oxyfluorfen-a peroxidizing herbicide.

MATERIALS AND METHODS
Materials
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Plant material: Three-week-old of wild-type Korean rice plants (Oryza sabva cv. Dongjin} were used for expenment
They were grown in green house at 28°C in 14/10 h ight/dark cycle.
O i S-ami inic: acid (Fluka) rfen (Goal®} and other chemical for analysis experiment

were ordered from Sigma or Fluka branch.
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Figure 2, Structure formula of axyfluorfen (A) and 5-aminclevulinic acid (B)
Methods

ivi i i incubated with various
Measurement of conductivity (Cellular leakage). The leaves fissues of rice plant were incubate:
concentrations of herbicide fo’lgwgng method of Lee et al., 1995. Cellular leakage was determined periodically by the
m using a conductivity meter (Cole - Parmer Instruments, USA).

i into the bathing mediu
;?:ac::: :: e.[ectrolyte lia:l:g’im'a " E A of different the results were expressed as
changes in conductivity upon exposure to hight.
Lipid it Lipid was by the jevel of MDA production using a siight modification of the
i ic acid method by Buege and Aust {(1978).
Pigment extraction and analysis: C| phylls and i ion were d s pl

by the method of Lichtenthaler {1987).

In vivo detection of H;0; in plant: H:0: was visually detected in the leaves of planis by using 3, 3-diaminobenzidine as
the substrate (Thordal-Christensen et al., 1997).

F is activit Fi variable (F, = Fm — Fo). minimal (Fo) and maximal
(Fm} of rice leaves were measured using chlorophyll fluorometer (Handy PEA chlorophyll fluorometer, Handsatech
i England, to the s i i

We used Microsoft Excei for data analysis. The data represents the mean % S.E. of ihree replicates.

RESULTS AND DISCUSSION
Effect on cellular laakage
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Figure 3. Effect of ALA (A) and OF (8) on cellular leakage fram leaf squares of rice seedlings. The data represents the mean *
S.E. of three replicates. In some ¢ases, ervor bar is obscured by symbol. HAI: hours afier ilumination, —

Rice leaf tissues were incubated with different concentrations of 5-aminolevulinic acid (ALA) or oxyfluorfen {OF) for 12 h
under the dark. After dlumination under continuous light, the leaf tissues exhibited necrotic lesions in both treated leaf
tissues. The necrosis level and the magnitudes of the leakages were in proportion to herbicide concentrations and
treated times. The leakage reached maximum at concentration 1 mM ALA and 10 yM OF (Figure 3A, B). Electrolyte
leakage greatly increased in ALA incubated leaf dishes at 3 h after iflumination, whereas signifi i lyte leakage
change was not detected in OF incubated leaf dishes at 6 h after illumination. It indicated that ALA had stronger effect an
incubated laaves tissue than OF did. At 24 h after illumination foliowing 12 h dark incubabion, the leakage greater
increased in ALA freated leaf tissues than in OF treated leaf tissues (Figure 34, B). Together it suggest that ALA and OF
led to exude elecirolytes in incubated leaf tissues and ALA caused stronger damage than OF did.

Necrotic lesions and higher conductivity change may have been due to the accumulation of intermediate tetrapymoles in
which reactive oxygen species (ROS) with hight activation, causing rapid peroxidation
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of the cell membrane and ulimately, lethal cell damage. These data are in agreement with previous reperts from Jung
and Back (2005), Jung and Kuk (2007).

Photodynamic stress upon foliar applic'ation of ALA and OF

In vitro application is more sensitive than in vitro application, so 5 mM ALA and 50 M OF were used for foliar application
in three-week-old rice seedlings. Both treated plants showed full photodynamic symptom at 30 h after illumination. Foliar
application of 50 uM OF caused many brow necrosis and [itle desiccation an fully developed mature leaves. Whereas
foliar application of 5 mM ALA caused white necrosis and Iittle desiccation at 30 h after illumination (Figure 4A).

Ja witro detection of H,0; also indicated the present of ROS on treated leaves upon foliar application. Different damage
symptom observed from ALA and OF treated leaves. The damage of ALA was expressed by large brown area on the
Isaves whereas OF caused brown spots damage to the leaves companng with control leaves {Figure 4B).

MDA (M o' P}
3

Tigure 4. on control  Figure 5. Effect of ALA and QF on malondialdehyde (MDA}
plants, ALA and OF treated plants {C, ALA and OF, production. MDA content was detérmined in control plants, ALA
respectively) A: Herbicidal effected symptom. B: /n vivo detect and OF treated plants {C, ALA and OF respectively). Each data
1he present of HzO; on the treated leaves. point is the mean £ S.E. of three replicates.

Effect on lipid peroxidation

Malondialdehyde {MDA) production is an index of peroxidation of unsaturated membrane lipids. The formation of MDA
radical is an Indicator of oxidative stress induced damage to membrane. Both ALA and OF foliar application caused
significantly enhancement in MDA production, these data are in agreement with previous reports from Chakraborty and
Tripathy (1992), .Jung and Back (2005), Jung and Kuk (2007). However, white necrosis ALA treated leaves caused
greater i ing in lipid peroxi Jipids than brown necrosis OF treated leaves did
(Figure 5. It demunslraled thal ALA caused stronger damage than OF did on treated plants.

Loss of chiorophylls and caroteniods
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Figure 6. Effect of ALA and OF on content i tral plants, ALA and OF treated plants [C, ALA and
OF respectively). Each data point is the mean s E of three repiicates.

Chloraphylt and carotenoid are two main pngmenls of photosynthesls apparatus which has important role in
system, Cl d in and around that are

in the i of Te The funcnon of the vast majority of chlorophyll absorb light and transfer that

light energy by resonance energy transfer to a specific chlorophy!l pair in the reaction center of the photosystemn.

Carotenoid have two key roles in plant, they absorb energy using in is and protect from damage.

Foliar application of ALA or OF fed to the of the total and id level in both treated plants

comparing with untreated plants (Figure 6), it the damage in photc is system, these data are in

78



HOI NGHE KHOA HOC CONG NGHE SINH HOC TOAN QUGC 2013

agreement with previous reports from Chakraborty and Tripathy (1992), Jung and Back (2005), Jung and Kuk (2007}'
However total chlorophylls and carotenoid caused the decrease in ALA treated plants more than in OF beated plants.
indicated that ALA caused stronger photodynamic damage than OF did on photosynthesis system of treated plants.

Reduced photosynthesis efficient

esis efficient. The maximum potential quantum efficiency of PS i (FJFa) (A) and the
rf:ig::ui- Eg"e;tryo;l/:uu\o'a ::oﬁihoer;.m‘:gsm:l (FJF,) (B) was determined mPcomrol plants, ALA and OF treated plants (G, ALA and
OF respectvely). Each data point js the mean + S.E. of three replicates.

Measurements of chlorophylt flucrescence parameters provides ussful mformatlon about photosystern II (PSH) activity
and changes in photosynthetic metabolism of stress plants. Bofh of h of PS 1l
{FuFm) and the maximum primary yield of pholochemistry of PS 1l {F./F,) are related W|lh photosynthetic efficiency of
plant leaves {Shangguan et al., 2000).

The photodynamic damage caused by ALA and OF foliar application led to reduce Fu/Fm and Fy/F, with greater in ALA
treated plants than in OF treated plants (Fig. 7). it indicated that ALA and OF caused damage ¢n photosynthesis system
with a greater in ALA treated plants. Together with MDA and in vivo Hz0; level, it suggested that ALA caused greater
photooxidative stress than OF did on treated plants.

CONCLUSION

In conclusion, both ALA and OF caused the phofadynamic induced oxidative stress on treated rice seedlings. The
damage were elucidated by the present H2O2-a product of ROS (Fig. 4B), which increased conductivity in Ieaf disks (Fig.
3), destroyed membrane lipids (Fig- 5), pigments (Fig. 6); and fed lo reduce efficient of photosystem Hi (Fig. 7) with a
greater in ALA freated plants, demonstrating markedly rapid herbicidal effect of ALA compared to that of OF. ALA can be
used as a safe substrtule for highly toxic herbicide OF.
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AXIT VA OXYFLOURFEN TREN CAY LUA

P THE Fho Hi—
Vign Di truyén Neng nghicp

TOM TAT

Oxyfluorfen (OF) k2 mdt trong nhimg loai tlluoc diét eo duge sir dung phd bién trong néng 13m nghiép dé phong trix £6 dar. Tuy
hién logi thudc niy giy anh ‘hudmg khong tét tai sic khoé con ngudi ciing nhy mdi trudmg sinh théi. 5 - aminolevulinic axit {ALA)
12 co chilt quen trong dhu i ién trong con duémg sith dog hop chit diép luc & sinh vt - quang hop va heme & moi oo thé séng, Tron,
nhién clu ndy ching t5 banh dénh gik tic ddng cia hai loai thudc digt ¢4 trén dén muc 39 hy has Ien cBy lia vi md K lia. Két
qua thi nghigm cho thiy, dudi tae dgag cla énh sing, ALA 1m hur hai vA 18 i fon tir mé 14 r2 dich 0 nhanh vA manh hon OF. Bifu
tuén hu hai khic nhan clmg xdy ra & ciy lia duge phun xit vii hai loai lhuoc ndy. Piénp thisi sy tao thinh cia céc ghe tw do ting cao
& ming té bio, higu qud cie bé théng quang hop 1T gidm, ham lugng céc sic 6 quang hop cling gidm vGi mic g hu hei mank hon
Kl xir Iy bing ALA. K&t qui nghién cim chi ra rmg ALA i ca ché hoat d9ng nhu thudc diét cé nhung o6 téc déng manh bon ci
logi thmdc diét ¢5 thong dyng OF. Nhu viy ALA o6 thé dugc diing thay thé OF uhu 13 thude diét ¢ thiu thisn véi mdi ruing,

Tir khda: S-aminolevalinic acid, cellular leakage, higu qui cia bé quang hop 11, oxyfluotfen, quang tur hat.
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