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SUMMARY 

Oxyfluorfen (OF), an herbicidal toxici^ not only human but also ecology, is widely usmg in forestry and agncultuie. 5-
aminolevulinic acid (ALA) is a precursor of chlorophyll and heme biosynthetic pathway. We compare the herbicida! effect of ALA 
and OF on rice seedlings in viiro and in vivo. Leaf tissues of rice plants (Oryza saliva cv. Dongjin) incubated with various 
concentrations of ALA and OF showed the increase of conductivity under illumination with earlier and much more increasing in 
ALA incubated tissues. Foiiar application of ALA and OF on rice seedlings also caused photodynamic damage on treated plants with 
different oxidative stress symptom on treated leaves. The formation of nialondialdehyde (MDA) and hydrogen peroxide H2O2 
increased whereas the maximum/potential quantum efficiency of photosysiem 11 (F/Fm), the maximum primary yield of 
photochemistry of photosystem II (FJPg) and chlorophyll and carotenoid content decreased in both treated plants with a greater in 
ALA Ueaied plants. 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: 5-aminolevulinic acid, HAI: hours after illumination, H2O2; hydrogen peroxide, MDA. malondialdehyde, OF: 
oxyfluorfen, Proto IX: protoporphyrin IX, Protox: Protogen oxidase, ROS: reactive oxygen species. 

INTRODUCTION 

Tetrapyrroles play vital roles in various biological processes, including photosynthesis and respiration. The biosynthesis 
of tetrapyrroles in all living cells occurs through several steps where the formation of 5-aminolevulinic'acid (ALA) is the 

-firit ^"mmlttqd int?rm°'^i°t° FI"'^ prntpporphvrin IX (Prato IX) is the last intermediate in the common pathway before 
separating into heme and chlorophyll branch. The biosynthesis of porphyrin Is tightly regulated at several levels to 
coordinate apoprotein synthesis and to avoid the accumulation of intermediate tetrapyrroles. All intermediate 
tetrapyrroles are potent photosensitizes. Their accumulations lead to produce reactive oxygen species (ROS) such as 
singlet oxygen, hydrogen peroxide (H202), which destroys vital protein such as the photosystem 1, II as well as 
membrane lipids and pigments and ultimately 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 
agriculture. It is classified as a highly toxic and persistent 
herbicide, which persists in soil and accumulates in 
terrestrial plants and certain aquatic environments thnaugh 
njnoff. It is toxic to humans also, Including carcinogenicity, Protopoi phyi inogen IX 
reproductive and developmental toxicity, neurotoxicity, and 
acute toxicity. Oxyfluorfen is a contact herbicide and light Oxyfluoifen -
-is-required for its herbicidal activity on plants. The target of 
oxyfluorfen is protoporphynnogen oxidase (Protox) which Protoporphyrin !X 

—catalyze the fomiation of Protoporphyrin IX from / \ 
Protogenporphyrin IX in tetrapyrrole pathway (Figure 1). / \ 
This inhibition leads to accumulate intennediate of / ^ 
tetrapyrrole which are potent photo sensitizer. These Ch lo rophy l l H e m e 
access intermediate of tetrapyrrole will absorb light energy 
that Is used in detrimental reactions in which energy or Figure 1. Tetrapyrrole biosynthetic pathway. Two mam 
electrons are subsequently transferred to oxygen, resulting tetmpyrrole products are f'^-^P^^'^"f,.^^'"^-j^^^^„^ P'" °^ 
. .. , ,. . . - , , , . - • oxidase, the enzyme catayze the formation of Protoporphyrin IX 
in the fomialion of highly reac^ve oxygen species, causmg ^^^ pritogenpoihyrin IX 
peroxidation of membrane lipids and cell death (Lee et al., 
1993). 

ALA (Fig. 1, 2) formation was the major regulatory point in tetrapyn-ole pathway and it was subject to multiple regulatory 
mechanisms (Tanaka & Tanaka, 2007). Low concentration of ALA acts as growth stimulate factor which lead to increase 
the growth and yield of radish, kidney beans, barley, potatoes, and garlic by 10-60% in treated plants (Hotta et al., 1997), 
increased salt and cold temperature tolerance (Hotta and Watanabe 1999) and in photodynamic therapy. But high 
concentration of ALA act as herbicide and lead to accumulate high level of Intermediate tetrapyn-oles and severely 
damage treated plant when expose to light (Chakraborty and Tripathy, 1992). 

Our study compares the differential physiological photodynamic induced-oxidative stress of rice plants {Oryza sa^a cv. 
Dongjin) In response to high concentration of ALA and oxyfluorfen-a peroxtdizing herbicide. 

MATERIALS AND METHODS 

Materials 

4: 
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Plant material: Three-week-old of wi ld-type Korean rice plants {Oryza sativa cv. Dongiin) were used for exper iment 

Tf iey were grown in green i iouse at 28' 'C in 14/10 h light/dark cycle. 

Chemical: 5-aminolevullnic acid (Buka) , commercial oxyfluorfen (Goal®) and other chemical for analysis exper iment 

were ordered from Sigma or Ruka branch. 

'fi-<Q-0-{^H 

Figure 2. Structure formula of oxyfluorfen (A) and 5-aminolevullnic acid (B) 

Methods 

fifieasurement of conductivity (Cellular leakage). T>ie leaves tissues of rice plant were incubated wi th various 
concentrations of herbicide following method of Lee et al., 1995. Cellular leakage was detennined periodically by the 
detection of electrolyte leakage into the bathing medium using a conductivity meter (Cole - Parmer Instruments. USA). 
Because of differences in the background conductivity of different treatment solutions, the results were expressed as 
changes in conductivity upon exposure to light. 

Lipid peroxidation: Lipid peroxidation was estimated by the level of MDA production using a slight modif icat ion of the 
thiobarbituric acid method descnbed by Buege and Aust (1978). 

Pigment extraction and analysis: Chlorophylls and caratenoids concentration were measured speclrophotometr ical ly 
by the method of Lichtenthaier (1987). 

In vivo detection ofH^z in plant H2O2 was visually defected in the leaves of plants by using 3, 3-diaminobenzidine as 
the substrate (Thordal-Christensen et a l . , 1997). 

Photosynthesis activity measurement Fluorescence parameters variable (Fv = Fm - Fo), minimal (Fo) a n d maximal 
(Fm) of rice leaves were measured using chlorophyll fluorometer (Handy PEA chlorophyll f luorometer, Handsatech 
instrument, England) according to the manutecturer's Instruction. 

We used Microsoft Excel for data analysis. The data represents the mean ± S.E. of three replicates. 

RESULTS AND DISCUSSION 

Effect o n cel lu lar leakage 

WJ\ concentration (mM) OF concentration (jiM) 

Figure 3. Effect of ALA (A) and OF (B) on cellular leakage from leaf squares of rice seedlings. The data represents the mean ± 
S.E. of three replicates. In some cases, error bar is oljscured by symbol. HAI: hours after illuminaSon-

Rice leaf tissues were incubated with different concentrations of 5-aminolevulinic acid (ALA) or oxyfluorfen ( O F ) for 12 h 
under the dark. After illumination under continuous light, the leaf tissues exhibited necrotic lesions in both t reated leaf 
tissues. The necrosis level and the magnitudes of the leakages were in proportion to herbicide concentrat ions and 
treated times. The leakage reached max imum at concentration 1 mM ALA and 10 pM OF (Figure 3A, B). Electrolyte 
leakage greaUy increased in ALA incubated leaf dishes at 3 h after i l lumination, whereas significant electrolyte leakage 
change was not detected in OF incubated leaf dishes a l 6 h after il lumination. It indicated that A1_A had stronger effect on 
incubated leaves tissue than OF d id . At 24 h after illumination following 12 h dark incubation, the leakage greater 
increased in ALA treated leaf tissues than in OF treated leaf tissues (Figure 3A, B). Together it suggest that A L A and OF 
led to exude electrolytes in incubated leaf t issues and ALA caused stronger damage than OF d id . 

Necrotic lesions and higher conductivity change may have been due lo the accumulation of intermediate tetrapyrroles in 
cytoplasm, which subsequently generates reactive oxygen species (ROS) with light activation, causing rapid peroxidation 
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of the cell membrane and ultimately, lethal cell damage. These data are in agreement with previous reports from Jung 
and Back (2005), Jung and Kuk (2007). ___^_ 

Photodynamic stress upon foliar application of ALA and OF 

In vitro application is more sensitive than In vitro application, so 5 mM ALA and 50 pM 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 pM OF caused many brow necrosis and litUe desiccation on fully developed mature leaves. Whereas 
foliar application of 5 mM ALA caused white necrosis and little desiccation at 30 h after illumination (Figure 4A). 

In vitro detection of H20z 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 
leaves whereas OF caused brown spots damage to the leaves companng wilh control leaves (Figure 4B). 

Lln 
ALA OF 

Figure 4. Photodynamic symptom expressed on control 
plants, ALA and OF treated ptants (C, ALA and OF, 
respectively) A: Heibicidal effected symptom. B: In vivo detect 
the present of H2O2 on the treated leaves. 

Figure 3. Effect of ALA and OF on malondlaldetiyde (MDA) 
production. MDA content was determined in control plants, ALA 
and OF treated plants (C, ALA and OF respectively). Each data 
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 fomiation 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 increasing in lipid peroxidation of unsaturated membrane lipids than brown necrosis OF treated leaves did 
(Figure 6). It demonstrated thai ALA caused stronger damage than OF did on treated plants. 

Loss of chiorophylls and caroteniods 

ALA OF 

Figure 6. Effect of ALA and OF on chlorophyll and carotenoid content in control plants, ALA and OF treated plants (C, ALA and 
OF respectively). Each data point is the mean ± S.E. of three replicates. 

Chlorophyll and carotenoid are two main pigments of photosynfiiesis apparatus which has important role in 
photosynthesis system. Chlorophyll molecules are specifically arranged in and around photosystem that are embedded 
in the thylakoid membranes of chloroplasts. The function of the vast majori^ of chlorophyll absorb light and transfer that 
light energy by resonance energy transfer to a specific diloraphyll pair in Ihe reaction center of the photosystem. 
Carotenoid have two key roles in plant, they absorb energy using in photosynthesis and protect chlorophyll from damage. 
Foliar application of ALA or OF led to the decrease of the total chlorophylls and carotenoid level In tioth treated plants 
comparing with untreated plants (Figure 6), it demonstrated ttie damage In photosynthesis system, tiiese data are in 
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agreement with previous reports from Chakral»rty and Tnpalhy (1992), Jung and Back (2005). Jung and Kuk (2007) 
However total chloraphylls and carotenoid caused the decrease in AtJS treated planis more than in OF treated plants. It 
indicated that ALA caused stronger photodynamic damage Ihan OF did on photosynthesis system ot treated plants. 

Reduced photosynthesis efficient 

^_ 

Rgure 7. Effect of ALA and OF on photosynthesis efficient Tlie maximum potential quantum efficiency of PS 11 (F^Fm) (A) and the 
maximum primary yieW of photochemistry of PS II {FJF„) (B) was determined in control plants, filA and OF treated plants (C. ALA and 

OF respectively). Each data point js the mean ± S.E. of three replicates. 

Measurements of chlorophyll fluorescence parameters provides useful information about photosysiem II (PSIl) activity 
and changes in photosynthetic metabolism of stress plants. Both of maximum/potential quantum efficiency of PS 11 
(FJFm) and the maximum primary yield of photochemistry of PS 11 (Fv/Fo) are related with photosynthetic efficiency of 
plant leaves {Shangguan et al., 2000). 

TTie photodynamic damage caused by ALA and OF foliar application led to reduce Fv/Fm and Fy/Fo with greater in ALA 
treated plants than in OF treated plants (Rg. 7). It indicated that ALA and OF caused damage on photosynthesis system 
with a greater in ALA treated plants. Together with MDA and in vivo H2O2 level, it suggested that ALA caused greater 
photooxidative stress than OF did on treated plants. 

CONCLUSION 

In conclusion, both ALA and OF caused the photodynamic induced oxidative stress on treated rice seedlings. The 
damage were elucidated by the present H702-a product of ROS (Fig. 4B). which increased conductivity in leaf disks (Fig. 
3), destroyed membrane lipids (Fig. 5), pigments (Fig. 6),- and led to reduce efficient of photosystem II (Rg. 7) with a 
greater in ALA treated plants, demonstrating markedly rapid herbicidal effect of ALA compared lo that of OF. ALA can be 
used as a safe substitute for highly toxic herbicide OF. 
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s o SANH A N H HUaNG CCIA HAI LOAI T H U 6 C DIET C 6 5- AMINOLEVULINIC 
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AXiT VA OXYFLOURFEN TREN CAY LUA 

"PtTtmgTTTrThTTHar-

Vi$n Di truyen Ndng nghiep 

T6M TAT 

Oxyfluorfen (OF) la mgt trong nhiing ioai thuoc diet co duoc sijr dyng pho bien trong nong lam nghiep de phong tri co dai. Tuy 
nhien lo^i thudc nay gSy anh huong khong tot toi sue khoe con n^uroi ciing nhu moi truang sinh thii. 5 - aminolevulinic axit (ALA) 
la CO chat quan trong dau tien trong con ducmg sinh tong hop chat diep luc 6 sinh vat quang hop va heme 6 mgi co the siSng. Trong 
nghien cuu n^y chimg toi tien hanh danh gii tic dgng ciia hai lo î thu&c diet co tren din mt>c dg hu hai l€n cSy lua vi m6 li lua. Ket 
qua thi nghiem cho thay, duoi tac d§ng cua inh sang, ALA lam hu hai va ro ri ion tir mo ia la dich ii nhanh va manh hon OF. Bilu 
hien hu h?i khae nhau ciing xay ra 6 cay liia dugc phim xjt voi hai loai thufic nay. Bong thoi su tao thanh cua cac goc tu do tang cao 
6 mang tS bio, hiSu qui cua he thong quang hgp II giim, ham lugng cac sic tfi quang hgp ciing giam voi miic dQ hu h?i manh hon 
khi xu ly bang ALA. K5t qua nghiSn cuu chi ra rang ALA voi co ch6 hogt dgng nhu thufic diet eo nhung c6 tic dgng manh hon ca 
loai thuoc di?t co thong dung OF. Nhu vay ALA co thi dugc dung thay thi OF nhu la thufic diet cfi thSn thiSn vdi mfii tmong. 

Tir khoa: S-aminolevulinic acid, cellular leakage, hieu qua ciia hS quang hop II, oxyfluorfen, quang hu hai. 
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