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                Inhibition of  Hill reaction  by  organophosphorus  insecticides was  examined  to clarify  their

            mcchanism  of  phytotoxic action  on  Chinese  cabbage  leaves. Among  organophosphates

            tested, those which  caused  no  phytotoxic  symptom  did not  affect  Hill reaction  at  concentra-

            tions bclow  10-4 "f. I)egree of  inhibition of  Hill reaction  varied  dependcnt  on  the organo-

            p]]osphates in thc  case  of  those  causinecr  necrotic  symptoms  on  Chinese cabbabue  leaves. Di-

            methoate  did not  affect  IIiLl reaction,  while  fenthion  and  fenitrothion irihibited reaction

            by  509,'e' at  a  concentration  of  10-5 M,  Organophosphates  causing  chloretic  symptoms  were

            streng  inhibitors and  suppressed  the  reaction  at  10n5-1fr-e M.  All the inhibitors  were  hy-

            drophobic, Even  in the case  of  a  scries  of  compounds  belonging  to  straight-chain  alcohols,

            fatty acids,  and  pulychlorobenzenes,  the  increase in their  molecular  weight  and  concomitant

            decrease  in ",ater  solubility  apparently  wcre  in parallel with  their abi]ity  to increase  in-

            hibitory activity.  Thu$,  hydrophobic  compounds  are  censidered  to be inhibitory ior HM

            reaction,  Thcsc compounds  may  have  high  afinity  to chlorop]asts  resulting  in inhibition

            of  the  electron  transport in them  and  causing  decomposition  of  chlorophyll.

             INTRODUCTION

  Organophosphates, one  of  the  major  insecti-
cide  groups, comprise  about  forty compounds

and  account  for 200/. of  all  the  pesticides used

in Japan. Seedlings of  Chinese  cabbage  ap-

plied with  organophosphorus  insccticides easily

show  phytotoxic symptoms  under  the con-

ditions of  pot  tests.i) Changes  in the content

of  carbohydrates  and  nitrogen  in the treated

plant are  related  to the appearance  of  phyto-
toxic symptoms,2,S)  Decrease of  carbohydrates

and  the relative  increase of  total nitrogen

seemed  to depend  on  the suppression  of  photo-
synthesis  by  the inhibition of  Iight reaction  in

photosynthesis  or  by  the decrease  of  photo-
synthetic  sites  resulting  from  chlorosis.  Most

of  the known  photosynthetic  herbicides are

inhibitors of  light reaction,  especially  of  photo-
synthetic  electron  fiow at  photosystem  II.

  In order  to ascertain  whether  the suppres-

sion  of  photosynthesis  was  caused  by  the

(1983)

inhibition  of  electron  transport reaction  by

organophosphates,  effect  uf  these insecticides

on  Hill reaction  was  examined  on  chloroplast

prepared from spinach  leaves, Since organo-

phosphates of  low  iny7atcr solubility  inhibited

Hill reaction  more  strongly  than  water  soluble

ones,  a  series  of  homologous  compounds  of

various  water  solubility  other  than  organo-

phosphate were  examined  to clarify  a  possible
relationship  between water  solubility  ot  chemi-

cals  and  degree of  inhibition of  Hill reaction.

The  results  are  discussed in relation  to the

]iydrophobicity of  the  compounds.

        MATERIALS  AND  METHODS

I. ChemicaZs

  Chemicals  used  as  inhibitors of  Hill reactien

were  pure  organophosphorus  insecticides, nor-

mal  acids  from  capric  (Cio) to palmitic (Ci6),
nonnal  alcoliols  from  octyl  (Cs) to myristyl

(Ct4), and  mono-,  di- and  trichlorobenzenes.

Organophospliates were  supplied  by  manufac-
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turing companies  concerned  and  other  chemi-

cals  were  purchased from  Tokyo  Kasei  Chenii-
cals  Co., Ltcl. These  chemicals  were  extra  pure
and  dissolved in acetone,

2. Praparation of ChloroPlast
  Spinach leaves without  midrib  were  cut  and

homogenized  in a  Waring  blender uTith  5 parts
of  a  chilled  medium  containing  50mM  phos-
phate  buffer (pH 7.5), 10 mM  NaCl  and  O.4 }･[
sucrose.  The  homogenate  was  filtered through
six  ]ayers of  cheesecloth.  The  filtrate was

centrifuged  at  2,000g for 5min  and  the

precipitate suspended  in 10 mM  of  NaCl  selu-

tion. After 20 min  the suspension  was  centri-

fuged at  50eg  for 5 min,  and  the  supernatant

was  centrifuged  at  2,OOOg for 5min.  The

precipitate "ras  suspended  again  in 10mM

NaCl  solution  and  this suspension  was  used  in
the test of  Hill reaction.

3. Estiimation ofHill Reaction

  Degree  of  decoloration of  blue 2,6-dichloro-

phenol indophenol (DCPIP), a  Hill oxidant,

was  measured  by  a  Shimadzu  clouble beam

phetometer type  UV-210. 0ptical density

(600 nm)  was  measured  before and  after  the

illumination of  40,OOO  lux  for 30 sec  on  3 ml

reaction  mixture  which  consists  of  50mM

phosphate buffer (pH 7.5, containing  10mrv[

NaCl  and  IOmM  methylamine･HCI),  101eM
DCPIP,  O,1 ml  of acetone  solution  of an  organo-

phosphorus insecticide, and  O.1 ml  of  chloro-

plast suspension  (containing 5-IOpsg  chloro-

phyll). Difference of  optical  density before
and  after  the illumination was  considered  to
1)e the activity  of  Hill reaction.  Inliibitory

activity  of  the added  insecticide was  compared

to the control  value  of  acetone,  Inhibitory
activities  on  the Hill reaction  of  1× 10r7M

diuron were  40-450!.' of  control  under  these
conditions.

               RESULTS

1. Degree of Jnhibition on  Hill Reaction

  Figures 1 and  2 show  inhibition value  of  the
insecticides on  Hill reaction  with  concentra-

tions from 10-`M  to !O-6M. Acephate, di-
chlorvos  (DDVP), dimetheate, trichlorfon.(DE
P) and  vamidothion  did not  affect  the Hill
reaction,  About  109･',' inhibition was  noticed
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Fig. 1 Inhibition of  Hill reaction  by organo-

     phosphates  causing  necrotic  symptom

     on  Chinese  cabba.cre,

@:  fenthion, o: fenitrothion, e:  diazinon,

v:  chlorfenvinphes,  y:  mecarbam,  o:  salithion,

-:  methidathion.
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Fig. 2 Inhibition of  IIill reaction  by  or.crano-

     pl]osphates causin.rr  chlorotic  symptom

     en  Chincse  cabbage,

@:  EPN,  o,: dialifor, e:  chlorpyriphos,  v:  phos-
alone,  y:  isoxathion, D:  ¢ hlorpyriphos-methyl,

Ni  cyanofenphos,  E:  plienthoate.

with  10"  "{ of  methidathion  (DMTP), sali-

thion,  chlorfenvinphos  (CVP), mecarbam  and

malathion.  The  activity  was  inhibited with

10n5M of  diazinon, fenitrothion (MEP), fen-

thion (MPP) and  phenthoate  (PAP), and  with

]O-eM  of  isoxathion, EPN,  chlorpyriphos-
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Table  1 Phytetoxic  symptoms  on  Chinese

       organophesphates.

cabbageandinhibitionof  HiU  reaction  by

Organophosphate
 Molar  concentration  rer 2e ?,l,
inhibjtien (12o) 

of
 l{i!1 

rcaetion

Acephate
Dichlorvos

Trichlorfon

Vamidothion

Symptoms  oi' Chinesc  cabbage

>1O-4>1O-4>10-4>10-4

Dirnethoate

Methidathion

Diazinon

Normal

35

  >10-4

.2 × 1O-4

.5 × 1O-s

Leaf  necrosis

Saiithion 22 × 1O-4 Necresis on  young  lcaves

Chlorfenvinphos

Mecarbam

Fenitrothion
Fenthion

113LS × 10-4

5 x  lO-4

9x  le-s
6 × 1O-s

Leaf  burn

Malathion 3.7 × 1O- Chlorosis on'Youn.cr.  ieaves

Isoxathion

EPNti'ilEnthoate

 

''

Chlorpyriphos-methyl

Cyanofenphos

Phosalone

Chlorpyriphos

Dialifor

7.4×

2.6×

lO-61O-6 Chlorosis aleng  leaf vein

2.L8.7.5.4,6 ×  10-s

O  × 1O-s
7 ×  10-63

× Io-e

Ox1O-G

4･ x  1O-6

Chlorosis

methyl,  cyanofenphos  (CYP), phosalonc,  chlor-

pyriphos  and  dialifor. In the  case  ef  strong

inhibitors, except  chlorpyriphos  and  chlor-

pyriphos-methyl, the inhibitory activity  reach-

ed  an  equilibrium  at  about  the 509,". Ievei

(Fig, 2).

2, Relations between Inhibitilon of H･ilJ Reac-
   tion and  Pdytotoxicity

  Table 1 lists phytotoxic  symptoms  on

Chinese cabbage  leaves and  degree of  inhibition
of  Hill reaction  with organophosphates,  The

insecticides without  any  phytotoxic  symptoms

did not  affect  Hill reaction  at  concentrations

below IO-`M, Fenthion and  fenitrothion,
which  caused  severe  necrotic  symptoms  on

Chinese cabbage  leavcs, strongly  inhibited the
reaction,  Other organophosphatcs  causing

mild  necrotic  symptoms  weakly  inhibited it.

Mecarbam  weaklv  inhibited the reactien  de-
spite  severe  necrosis  but dimethoate which

caused  marginal  necrosis  did not  inhibit at  a]1.

Almost  all  the insecticides tested which  caused

chlorotic  symptoms  strongly  inhibited Hill

reaction.  Inhibition occurred  at  a  concentra-

tion of  10-6 M,  Malathion caused  mild  chlorosis

on  young  leaves alone  and  scarce]y  inhibited.

3. Relation between IVater Solubililtv ana  Inhibi-

   tion of fl'ill Reactilon 
"

  EPN,  phosalone, dia]ifor etc.,  which  strongly

inhibited Hill reaction  and  caused  chlorosis  on

Chinese cabbage,  are  hardly  soluble  in water

while  insecticides such  as  acephate,  dichlorvos,

dimethoate, trichlorfon and  vamidothion,  which

did not  inhibit, are  highly soluble  in water.

Thercfore, homologous  compounds  of  Nrarious

water  solubility  such  as  normal  acids,  normal

alcohols,  and  chlorinated  benzenes  were  tested

to determine  the relation  between  the  water

solubilities  and  degree of  inhibition of  Hill

reaction.  The  results  are  sliown  in Figs, 3, 4

and  5, Degree of  the  inhibition with  normal

acids  increascd with  length of  the  carbon

chain.  The  inhibitory activities  appeared  at

a  lower concentration  of  alcohols  with  longer

chain  length. However,  the inhibition value

reached  a  maximum;  degree of  the inhibition

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  ofJapan

66 H  Jzk tcta 
},･,V.i

 e  ft :i.rg 8 ;t; M1  V;-re{'ffn 58 fii 2 .E

100

:t
.E,so

l.

ev

    
/.

       105  10-･i 10-i{

         Concentration  CM)

Inhibition  of  Hill react{on  by  normal

fatty acids  in isolated chloroplasts.
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Fig.5  Inhibition oi  HiU  reaction  by  chlo-

     rinated  benzenes in isolated chloroplasts.
N:  menochloro-,  v:  1,2-dichloro-, .-: 1,3-[li-

chloro-,  e:  I,4-dichloro-, o:  1,2,4-trichloro-,

v:  1,3,5-trichlore-.
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did not  exceed  a  definite value  in the case  of

alcohols  with  eleven  or  more  carbon  atoms.

The  maximum  inhibition values  "Jere  about

85, 55, 30, and  10%  for the alcohols  of  Cit,
Ci2, Ct3, and  Ci4, respectively.  Of chlorinated

benzenes, the highest inhibition was  observed

on  trichlorobenzenes followed by  dichloro-
compeunds,  Degree  of  ttie inhibition was

almost  the same  among  respective  isomers of

dichloro- or  trichlorobenzenes,  In every  case,

the concentration  to inhibit Hill reaction  was

lower with  higher molecular  weight  and  lower
water  sulubility.  Namely,  chemicals  hardly
soluble  in water  strongly  inhibited Hill reac-

   10- 106  IO-･'. Je -4 10-S 10-!

              Water solubility  (M)

Fig, 6 Watcr  solubilities  of  yarious  compounds

     and  their molar  concentrations  fer 200S
     inhibition.
0:  organophosphate.  y:  normal  acid,  -:  normal

a]cohol,  e:  chlorinated  benzene,

tion,

  The  concentrations  which  reduced  reaction

activity  to  80%,  that  is, a  concentration  ef

209,:, inhibition (I2o), may  be seen  in Figs. 1-5.
In  Fig. 6, the toxic concentrations  (I2o) of  the
compounds  were  plotted against  their water

solubilities.`r9)  The  water  solubilities  ef  normal

acids  and  alcohols  were  calculated  by  the
method  of  Pierotti et al.iO) Concentrations of
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I2o were  highly correlated  with  the water

solubility  of  compounds.  Inhibition by  acids

was  weaker  than  that by  other  compounds  of

comparable  water  solubility.

               DISCUSSION

  Herbicides of  photosynthetic inhibitor in-
hibit Hill reaction  at  concentrations  of  1025-

ie-7M. For example,  concentrations  of  50%
inhibition are  10-TM  for diuront`) and  10-5M
for bentazon,i2) while  in this stud}r  o.rgano-

phosphorus insecticides causing  chlorotic  symp-

toms  on  Chinese cabbage  leaves inhibited Hill
reaction  to 50%  at  about  10-5)i, abeut  100

times higher  than  the cenccntration  of  diuron
and  almost  the same  as  that of  bentazon. The

concentration  of  leptophos, an  organophos-

phate, in Chinese cabbage  leaves applied  at  a

solution  of  1,OOOppm, was  about  80 ppm  one

day  after  the application  and  about  IOO ppm
two  days  after"Tard.i3)  Since the rnolecular

weight  of leptophos is 412, 100 ppm  of  lepto-

phos ¢ orresponds  to 2,4× 10-`M,  If other

organophosphates  should  persist in a  crop  for
the same  period as  leptophos and  uniformly

distribute in Chinese cabbage  leaves, the

organophosphates  in the leaves would  exceed

the concentration  of 50%  inhibition of  Hill

reaction  for several  days. Therefore, thc

inhibitory concentration  of  many  organo-

phosphates  on  Hill reaction,  lOn`-10r"M,  sug-

gests the  possibility that these insecticides
applied  on  leaves inhibit the electron  transport

reaction  on  chloroplast,

  Inhibition of  Hill reaction  is diffcrcnt from
the causc  of  chlorosis,  although  beth actions

cause  reduction  of  photosynthesis. Howevcr
the  organophosphates,  which  caused  the chloro-

tic symptom  on  Chinese cabbage,  strongly

inhibited Hill reaction.  Therefore  it is con-

sidered  that there are  some  relations  bet"reen
the reduction  ef  chlorophyll  and  the inhibition

of  Hill reaction.  The  organophosphates  which

cause  chlorotic  symptom  on  the leaves and

strongly  inhibit Hill reaction,  are  hardly
soluble  in water,  that  is, hydrophobic,  Loga-

rithmic  values  of  n-octanol/water  partition
coefilcient  of  various  pesticides, an  index  of

lipophilic property, are  inversely proportional
to logarithmic water  solubilities  oE  the pesti-
cides.ts,i`)  It could  be said  that  the pesticides

causing  chlorosis  are  highly lipophilic.

  Krogmann  et al.i5) reported  that normal

fatty acids  longer than  12 carbon  atoms  were

potent inhibitors of  Hill reaction,  whilc

caproic  (C6 member)  and  caprylic  acids  (Cs
member)  were  not  inhibitory, suggesting  the

presence of  a  critical  chain  length, Present
results  indicating a  positive correlation  be-

tween the degree of  inhibition of  Hill rea ¢ tion

and  number  of  carbon  atoms  in normal  fatty

acids,  agree  with  the results  of  Krogmann  et

al,`5)  Hydrophobicity  of  the  fatty acid  increases
with  the length of  the chain,i")  Therefore, the

hydrophobic property  apparently  correlates

with  the inhibition of  Hili reaction  by  fatty
acids.  The  inhibitory action  of  normal  alcohols
and  chlorinated  benzenes also  incrcased with

the increase of  hydrophobicity.

  Biological responses  are  considered  to be
regulated  by  hydrophobicity,  electronic  factor
and/or  steric  factors of  the compeunds.i7)

Hansch  et al.'S) reported  that the Iipophilic
nature  of  the  substituent  in the phenyldi-
methylureas  ancl  anilides  of  isubutylic acid  was

of  primary importance.  A  correlation  between
tl]e inhibitien of  photosynthesis  and  lipo-

philicity was  also  found  in the case  of  substitut-

ed  diphenyl  ethers.i"'  Thus, the inhibition of

Hill rcaction  seems  to be  related  with  hydro-

phobicity in many  groups of  compounds,  In
the case  of  organophosphates,  which  caused

the chlerotic  symptom,  hydrephobic property
appeared  to be the most  impertant  factor in

the inhibition of  Hill reaction,

  Okamoto  et al,20) described a  hydrephobic
interactien in the binding of  Iino]enic acid  with

chloroplasts.  Linolenic acid  associates  first
with  the membrane  surfacc,  then  it moves  into

the interior of  thc membrane,  Disorganization
of  the functional integrity of  the membrane

thus  induced would  cause  the inactivation of

electron  transport reaction.  It is supposed  that

hydrophobic  organophosphates  similarl}r  cause

disorganization of  chloroplasts.

  Degree  of  the inhibition of  HM  reaction  dicl
not  exceed  a  definite value  even  in higher

concentrations  in the case  of  particular organo-

phosphates and  alcohols,  Maximum  percentage
of  inhibition decreases with  the increase in

length of  alkyl  chain  in tiie case  of  normal

alcohols,  Albert2" described the degree of  tox-
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icity　of　the　primary　alipllatic 　amines 　 on 　vari −

ous 　kinds　of 　bacteria　as 　beillg　lligher　with

longer　length　of　molecular 　chain ．　 A 　maxinlum

tox．　icity　 was 　 observed 　 on 　 dodecylamille（C12
member ）and 　the　toxicity　rapidly 　 fell　 whell

one 　 or 　 two 　 more 　 carboll 　atoms 　were 　 added 　 to
the　carb く）n 　 chain ．　Falling−off　 of　 toxicity　 dc−

pended 　 on 　 the　 dccrcase　 of　 mollomcr 　 in　 the

solution 　due　to　miceUe 　formation．　 Similarly，
the　inhibition　of　organoPhosphates 　apPcared 　to

reach 　 a 　 maximum 　 vallle 　 with 　the　 decrease　 of

monQlner 　 in　 thc　 rcaction 　 solution 　 due　 to　 low
solubilitv ．

　　As　stated 　above ，　 sonle 　orgallophosphorus

insecticidcs　dearly　inhibited　Hill　reaction ．

Hydropllobic　organophQsphates 　causing 　cllloro
−

sis　secm 　to　have　an 　afflnity 　to　lipid　rich 　cllloro −

plast．　 The　af丑nity 　 of 　 organophosphates 　 to

c1〕loroPlast　is　considered 　to　cause 　an 　inhibition
in　the　electron 　transport　rcaction 　occurril 〕g　on

thyユakoid 　membrane 　and 　to　cause 　decomposi−

tion 　of 　chlorophyll 　resulting 　in　c1〕正orosis ．

Chinese　cabbage 　leaves　appear 　light　green　sug −

gesting　thcir　concentration 　of 　clllorophyll 　is

lower 　than 　in　other 　 vegetal ）les．　 Tllerefore
，

chlorosis 　is　 suPPosed 　to　be　apPeared 　easily 　on

Chinese　cabbagc 　lcaves　due　to　the　disorganiza−

tioll　of 　chloroplast ．　 On 　tlle　otller 　hand ，　 ap −

pearallcc　of 　the　necrotic 　symptom 　oll　Chinese
cabbage 　leaves　could 　not 　be　explained 　by
inhibition　of　Hill　reaction 　due　to　hydrophobi −

city ．　Further 　investigations　are 　necessary 　to

e】ucidate 　thc　phytotoxic 　effect 　of 　orgallo −

phosphates 　in　plants　from　other 　than 　a 　hydro−

pllobic　viewpoint ．
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要 約

　有機 リン 系殺 虫剤 によ る Hil1反応 阻害

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　行本 峰子

　有機 リ ン 系殺 虫剤 の ハク サ イ に 対す る薬害作用 を解明

す る た め ， 光合 成 反 応 の うち Hill 反 応 に 対す る 阻害 に

つ い て 調べ た ．
．
薬害を 起 こ さ な か っ た 有機 リン 剤は ，

10−4M
以下 の 濃度 で Hill 反応 を ま っ た く阻害 しな か っ

た ．ハ クサ イ 粟 に え 死 症状を 表 わ し た有機 リン 剤 の 場合

は，dimethoate の よ うに ま っ た く 阻害 し な か っ た も の ，

fcnthion （MPP ）や fenitrothion （MEP ）の よ うに 50％

阻害濃度が 10− 5M
オ ーダー

の も の な ど，
　 Hil1反応阻害

の 程．度は さ ま ざま で あ っ た ．ク ロ ロ シ ス を起 こ す有機 リ

ン 剤 は ，強 く Hill 反応 を 阻害 し，
10− 6

　M の オ ーダーで

阻害 が 見 ら れ た ，さ らに こ の よ うな有機 リ ン 剤は ，い ず

れ も水溶解度 が 低 い もの で あ っ た ．Hill反 応阻害の 程度

と 疎 水 性 と の 間 に は 相 関 関 係 が 見 ら れ ，直 鎖第 1級 ア ル

コ ール お よ び酸，お よ び ポ リ ク ロ ル ベ ソ ゼ ン を含 め ，疎

水性 の 高 い 化合物 ほ ど ，
Hill 反 応 を 強 く阻害す る 傾向

が み られ た ．疎水性 の 化合物 は 葉緑体 に 結合 しや す く，

そ の 結果，電
．
子伝達 反応 の 阻害 お よ び ク V ロ フ ィ ル の 破

壊 が 起 こ っ た と推測 し た ．
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