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   Chloro-substituted  4'-phenylchalcones  inhibited glutathione  S-transferase {GST) in vitro.

They  first reacted  with  the reduced  glutathione  (GSH) to give the GSH  conjugates  of  the

chalcones,  which  actLially  inhibited GST.  The  chemical  structure  of  the  conjugates  was  in-

{erred from the ultraviolet  spectral  change  durlng  conjugation  and  established  by  synthesis

as  the GSH  addition  product  on  the fi-position of  the  a,  fi-unsaturated ketone moiety  of the
chalcone.  Amon.ff. the GSH  conjugates  of  2-, 3- and  4-chloro- and  2,3-, 2,4-, 2,6- and  3,4-di-

chlero-4'-phenylchalcones,  2-chloro-cornpound "'as  remarkable  in GST  inhibition, but others

are  also  active.  The  ovcrall  inhibition of  GST  by  chalcones  depends  mostly  on  the rate  of

GSI'I conjugation  which  is affected  by the position and  number  of  chloro-substituents,  The

GSH  conjugatien  of 4-chloro-compound  was,  if any,  yery  slow  and  gave  lower  GST  inhibition,

although  its GSH  conjugate  gave inhibition comparable  to  othcrs.  The  mode  of  GST  inhibi-

tion seemed  incompetitive  as  shown  with  the  GSH  conjugate  of  2-ch]ore-4'-phenylcha:[cone,

which  had  the  Ki  value  comparable  to that  of  tridiphane.

             INTRODUCTION

  The  glutathione S-transferase (EC 2,5,1.18)
(GST) is one  of  the  important enzymes  in
xenobiotic  metabolism,  Thev  cata]vze  the

conjugation  of  a  variety  of  61ectropfiilic and

hydrophobic  compounds  with  the reduced

glutathione <GSH) to the more  hydrophilic
forms. Such  detoxication is an  important
mechanism  for the pest resistance  to pesticides
and  for selective  toxicits,, The  inhibitors of

GST  may  serve  as  a  probe  to  elucidate  such

mechanisms,  which  provides ideas for de-
signing  pesticides oi  appropriate  properties.
During the search  for the inhibitors of  mouse

epoxide  hydrolases, one  of the authors  (T.
Miyamoto)  found jncidentally that  certain

chalcones  inhibited mouse  GST,i)

  In this paper, mechanism  of  GST  inhibition
by chalcones  is investigated,

       MATERIALS  AND  METHODS

  Analytical TLC  was  performed on  O.2 mm

precoated  Silica gel 60F2s4 plastic sheets

(Merck), and  compounds  were  detected by  UV
Iight {254 nm)  and  0.5%  palladium chloride  in
diluted hydrochloric acid  (PdCI2 reagent).

i3C-NMR
 spectra  were  measured  in deutero-

chloroform  or  deuterium  oxide  solution  using

tetralLydrofuran  (THF) as  an  internal stand-

ard  with  a  JEOL  JNM-EX90A  NMR  spectro-

meter.  MS  spectra  were  obtained  by･ DI
sy･stem  on  a  Shimadzu  GCMS-9PIOOO  gas
chromatograph-mass  spectrometer.  UV  spec-

tra were  determined with  a  Hitachi U-3200
spectrophotemeter.

1, Chemicals

  Chalcones  and  their GSH  conjugates  as

shown  in Table 1 were  svnthesized'  in eur

laboratory. Chalcones were  prepared by
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Table 1 Inhibitory activity  of monochloro-  and

dichloro-substituted  4'-phenylchaleones and  their

GSH  conjugates  against  GST  from  ICR  mouse

liver.

71R

oflftu

R]GS

 O

Kitu

.R
Ise (M)

Chalcone GSH  conj  ugate

2-Cl3.Cl4-Cl2,3-diCl

2,4-diCl
2,6-diCl
3.4-diCl

7.1 × 1O-s

3.2  ×  10-T

4.0  × 1or6
2.5 × 1orT
2,4xlO-T
a.6 × 1o-s

1,O x  1o-6

6.2 × 1O-s

4.3  × 1O-7
6.6  x  lO-i

1.7x1orT
3.9× 1O-?

3,6× lO-7

Thesc  data  were  obtained  when  4Lpbenylchalcone

had  an  Iso oE  2.3-3.6 × 10'7 M  against  the  GST.

Claisen-Schmidt reaction  of  4-aeetylbiphenyl
with  the appropriate  benzaldehydes,') To  a

mixture  of  4-acetylbiphenyl (98%, 4.0g, 20.0

mmol)  and  2-chlorobenzaldehyde  (3.1 g, 22.1

mmol)  in ethanol  (50 ml)  was  added  dropwise
with  stirring  3N  sodium  hydroxide  sQlution

(l3.I ml)  at  room  temperature  over  5 min,  and

then  the stirring  was  continued  for 3 hr. The

mixture  was  acidified  with  3N  hydrochloric

acid,  and  the precipitate was  collected  by
filtration and  recrystallized  frorn ethanol  to
obtain  3.6 g of  2-chloro-4'-phenylchalcone in a

56.59,,6 yield based on  4-acetylbiphenyl.

  UV  A:",O." nm  (e) : 234 (680e>, 318 (24,300).
  

i3C.NMR
 6,1?.Ci3 ppm:  124,O, 126.7, I27.3,

l27.7, l28.4, 128.6, 129,7, 130.6, 132.7, I34.9,
136.1, 139.2, 139.6, 145,O, 188.6. MS  ,nf:･:

318,320 (M+), 283 (M+-Cl), 241,243 (M+-
C,H,), 207 (M+-C,H,Cl>.
  The  properties of  other  chalcones  were  close

to those of  2-chloro-4'-phenylchalcene,

  Glutathione conjugates  of  the chalcenes

were  prepared by  reaction  of  the corresponding

chalcone  with  GSH  in borate buffer under  inert
atmosphere.i)  To  a  mixture  of  2-chloro-4'-

phenylchalcone (1.02 g, 3.20mmol)  and  GSH

(1.07 g, 3.50 mmol)  in THF  (95 ml)  was  added

dropwise with  stirring  100mM  sodium  tetra-

borate buffer (pH 9.2, 95ml)  at  room  tem-

perature over  45min,  and  the stirring  was

continued  at  room  temperature  for 190min.

After filtration of  the precipitate, most  THF

was  removed  in vacuo  at  35aC, and  the  re-

maining  aqueous  solvent  was  removed  by
lyophilization. The  residue  was  triturated,

washed  repeatedly  with  benzene,  and  then

extracted  several  times  with  methanol.  The

methanol  extract  was  mixed  with  distilled

water  (DVL') to prepare a  DW-methanol  mixed

solution  (3:l), A  part of  the mixture  (each
ca.  20ml)  was  adsorbed  on  a SEP-PAC  Cis

cartridge  (Waters Associates Inc.) and  then

eluted  from the cartridge,  which  had  been pre-
viously  washed  with  methanol,  DW  and  DW-
methanol  (3: 1) mixed  solvent.  DW-methanol

rnixed  solvent  was  further passed through  the

cartridge  (3: 1, 30 ml;  l: 1, 40 ml)  and  30 frac-
tions were  collected  and  analyzed  by  TLC.
The  eluates  containing  only  a  product  with  an

I<IC value  of  near  O,5 (butanol-acetic acid-DW'  ,

3:1:1) were  combined  and  the solvent  was

removed  to obtain  52.9 mg  of a  white  solid  in
a  low  vield. The  solid  was  detected as  one

spot  on"  the TLC  by  UV  absorption  and  PdCIR
coloration.

  UV  A:e.O.H nm  (e) : 286 (17,500),
  

i3C-NMR
 6.D.2.0 ppm:  26A,  31.7, 41,O, 43.1,

43.9, 53,2, 54,2, 126.7, 127.4, 128.4, 128,7,
128.9, l29,5, 133,O, 133,2, 135.0, 138.6, 139.0,

l45.5, 170.7, 178.2, 174.2, 197.0.

  Other GSH  conjugates  also  were  synthe-

sized  and  identified in the same  manner  de-
scribed  above.

2. Enayme  Preparation

  The  cytosolic  GST  was  prepared from  the

liver of  male  ICR  mouse  (7 weeks,  25-30 g) to

obtain  in 10%  cytesol  solution  of  phosphate
buffer (pH 7.4) in the usual  way.  

'I'he

 cytosol

was  frozen immediately at  
-800C

 in aliquots

after  the preparation,
  The  enzyme  activity  is expressed  by  nmol

of  GSH  conjugate  of  1,2-dichloro-4-nitro-

benzene (DCNB) per min  in protein mg.  The

totai protein content  -ras  measured  by  the

method  of  Laurv.

3. Inhibito?ly Test against  GST  b.v Chalcones

   ana  their GSH  ConjugatesZ)

  Cytosol solution  <O.2?'.', 1,45 rn1)  in lt'15 M
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added  to O.96 ml  of  1.04% cytosol  solution  con-

taining  1.04 mM  DCNB  to measure  the rate  of

conjugation  in the same  manner  described
above.

  To  recegnize  the inhibitory activity  of  2-
chloro-4'-phenylchalcone,  the Lineweaver-

Burk  plots in the presence of  3 different con-

centrations  of the GSH  conjugate  as  the ac-

tivated form  were  obtained,  which  were  re-

plotted into the Dixon  plots to determine the
Ki value  from the intersection. The  Ki was

compared  with  that for GST  inhibition of  tri-
diphane.

        RESULTS  AND  DISCUSSION

1. Synthesis ofGSH Con7'rrgates
  The  starting  chalcones  had  Rf values  near

O.8, and  GSH  and  its dimer (GS)2 were  at  the

origin  en  TLC  with  butanol-acetic  acid-DVLT

<3:1:1) as  the developing solvent.  A  spot

obtained  from GSH  conjugation  in methanol

extract,  which  had  an  RYr value  near  O.5, could

be detected by  treatment  with  PdC12 reagent

and  by  absorption  in UV  (254 nm).  The  pro-
duct corresponding  to this spot  was  isolated

from the extract  through  Sep-Pak cartrige,

In our  previous report,')  the GSH  conjugate  of

2-bromo-4'-phenylchalcone was  identified but

without  its unequivocal  PMR  spectrum  be-

cause  of the poor solubility  of  the product  in

acetone,  methanol,  dioxane, DW  ancl  acetic

acid,  and  be¢ ause  oi  the decomposition of  the

procluct in dimethyl  sulfoxide  and  trifluoroace-

tic acid  at  room  temperature.  In this paper, 
i3C-

NMR  spectrum  of  the product  formed  from 2-
chloro-4'-phenylchalcone  was  obtained  in DW-
THF  mixed  solvent  (ca, 1 : 1), which  indicated

the disappearance of  two  methine  carbon

signals  <6 124,O, 130.6 ppm>  of  ec,6-unsaturated

carbonyl  bond  and  the appearance  of  new

-CHSG-  methine  and  -CH2C(O)-  methylene

carbon  signals  <6 43.1, 43.9 ppm). Therefore,
the product was  identified as  the GSH  con-

jugate of  2-chloro-4'-phenylchalcone. The  pro-
duct  showed  the same  behaviour on  the TLC
as  the GSH  conjugates  of  2- and  3-bromo-4'-

phenylchalcones. Also, the above  reactien

was  monitored  by the change  of  the  UV

spectrum.  To  50 ml  of  a  THF  solution  of  2-,
3- or  4-chloro-4'-phenylchalcone and  GSH

(each 1× 10-'M) was  added  dropwise with
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sodium  pho$phate buffer (pH 7.4) containing

5 mM  GSH  was  preincubated  at  370C for 1 min

and  to this was  added  25 ILI of  the  chalcone  in

acetone  er  the GSH  conjugate  in methanol.

For  control  only  25 pa1 of  acetone  or  methanol

was  added  instead of  the chalcone  or  the con-

jugate solution,  After 10 min  25 pl of  DCNB
in acetone  was  added  and  incubated for 10 min

Lefore termination  of  the reaction  bv  addition

of  3 ml  of  chloroform  and  vigorous  

"vortexing.

Fol]owing centrifugation  (1500xg, 10min),

the aqueous  phase was  taken  to UV  cell  and

the absorbance  was  measured  at  345 nm,  The
difference in absorbance  between reaction  mix-

tures with  and  without  the inhibitor cor-

responds  to the inhibitor}r activity  against

GST  by･ the  inhibitor. Triplicate incubations
at  4 or  5 different concentrations  of  the in-
hibitor were  run  to determine the concentra-

tion required  for 50%  inhibition of  the  GST

(Iso) from a  linear fit of  data on  a  log dosage-

probit plot.

4. Absoiption SPectra b.v. Ropeated  Scunning of
   tke Reaction Mixture of a  Chalcone trith

   GSH  in the Cs,tosolic Solution

  Cytosol solutio'n  (O.29rb', l.18ml)  containing

5 m}t  GSH  was  preincubated  at  370C for 1 min
in the absorption  cell  on  UV  spectrophoto-

meter,  and  20 pa1 of  a  chalcone  in an  appro-

priate concentration  in rnethanol  was  reacted

with  GSH  in the cell  to measure  the spectrum

between  240 nm  and  390 nm  after  O, 20, 40, 60
and  80 min  by  repeated  scanning.

5. Inhib･itoit), Kinetics of GST2'
  Cytosol solution  (1.04%, O.96 ml)  containing

5.21 mM  GSH  was  preincubated at  37CC for
1min, and  to this was  added  40"･1 of  the

methanol  solution  of  a  GSH  conjugate  (an ap-

propriate concentration)  and  DCNB  (3.75, 5,

6.25, 8.75, 12,5, 18.75 or  25 mM).  After start-

ing, the rate  of  DCNB  conjugation  of  GSH  was

measured  every  O,3 min  from  O.3 through  3.3

min  by  the change  in the absorbance  at  345 nm

according  to  the  rate  assay  system  with  the

U-3200  spectrophotometer,  For  control  the

GSH  conjugate  as  inhibitor was  not  added  in
the above  methanol  solution,  Also, 40  pa1 of

the methanol  solution  of  a GSH  conjugate  and

GSH  (8.75, l2.5, l6,25, 25, 50 or  125m}f) was
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of  tilue,

eg 19 #ng1E-  VM6Hl2fi

stirring  50ml  of  lOOm}i  tetraborate

buffer (pH 9.2) at  to
measure  the UX' spcctrum  between 240 nm  and

390 nm  with  the  elapse

  0ther conjugates  svnthesized  also

identified in the same  described
above.

2. Jnhibiltor3r Acti'viij' of Chalcones and  thc･ir

   GSH  Coiv'ztgates against  G'ST fronz ]fouse

   LizTer

  Based  on  the highly inhibitory activit>'  of

4'-phenylchalcone  in witro,  the effect  of  niono-

chloro-  and  dichloro-substitutions at  the

benzene ring  on  the GST  inhibition was  in-

vestigated.  As shown  in Table 1, all 4'-

phenylchalcones  testecl svere  strongly  inl]ibi-

torLv against  the GST  except  4-chloro- and  3,4-
dichlero-4'-phenylchalcones. The  ch]ore-sub-

stitution  at  2- and  2,6-positions gave  higher
inhibition. Thus, the inhibitor.v activit}J･  "ras

affected  by  the position and  number  oi  chloro-

substituents.

  The  reaetivity  of  2-, 3- or  4-chloro-4'-

pheny･lchalcone with  GSH  was  examined

spectruscopically,  The  chalcones  in methanol

showed  the A.... at  313-318nm  because  of  the

ec,fi-unsaturated  ketone system  having  a  long

conjugatien  with  ary･1  groups. However,  for

example,  the  A.... of  4-chloro-4:'-phenylchalcone

in phosphatc  buffer (pH 7.4) shifted  about  15-

20 nm  to shorter  wavelength,  and  the A... by
the n-n*  transitions of  the carbon},l  group
remarkably  depended  on  solvcnt  polarity. 0n

the other  hand, their GSH  conjugates  {de-
scribcd  below) in methanol  showed  the  A... at

285-289nm.  These  chalcones  were  reaeted

with  GSH  in the  O,2%  cytosol  solution  and  the

absorption  spectrum  was  directly measured

with  the elapse  of  time. The  A... of  2-chloro-
4Lpheny]chalcone when  reacted  with  GSH

shifted  to sliorter  wavelength  and  became
weaker.  The  spectra  by  repeated  scanning

are  shown  in 1;jg. I (a>, In the reaction  ef  3-
chloro-4'-phenylchalc()ne  with  (;SH, the A...

shifted  more  rapidly  to shorter  wavelength

and  became  still weaker  as  cempared  with  the
case  of  2-chloro-4'-phenylchalcone (Fig. ! (b)).
It was  suggested  that both chalcunes  reacted

with  GSH  witl)  different reaction  rate  bv  GSH
addition  tu the ct,fl-unsaturated  system  to

8fi

£
:2

 O.2

   o

-O.2

-O.4

O.2

   o

-O.2

-O.4

-O.6

--O.8

-1 O

          240  290  340  390

               Waveiength<  nrn  )

Fis.. 1 AL)surption spectra  of  the  reaction  ]llix-

tLire of  a  chalcoue  "ith  GSH  in the  cvtosolic

selution  by  rcpeated  scannin.rr.  .

(a), (b) and  (c) shoived  the reaction  spectra  ot  2-,

3-and4-chloro-4'-phcnylchalconesxvithGSH(cach

5 × 10'5 M),  respectively  (at 370C, after  O, 20, 40,

60  and  80 rnin[t]).  The  cytosol  were  O.2%  phos-

phatc  buffer solution  prepared  frorn ICR  mouse

livcr.

form  the GSH  conjugate  possessing tlie two
spectroscopically  separated  conjugated  sys-

tems. On  the other  hand, in the rcaction  of

4-chloro-4'-phenylchalcone with  GSH  (Fig. 1

(c)), there was  almost  no  change  in spectrum

even  after  80min,  indicating that the GSH
addition  reaction,  if any,  was  verv  slow.

  The  fact that 2-chloro- and  3-chloro-cum-

pounds  were  faster in conjugation  but stronger

in GST  inhibitien than  4-ehloro-compound  sug-

gests the pQssibilitv that the GSH  conjugate

was  the activated  form of  chalcones  for in-
hibition of  GST.  Tberefere, the GSH  con-

jugates of  chalcones  were  sy. nthesized  and  ex-
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amined  for the GST  inhibition and  their

spectroscopical  change  similar  to the above

enzyrnatic  reaction.  As  shown  in Table 1, 2-

chloro-compound  was  distinguished (Iso 6.2 ×'

10-eM) but  all the conipounds  testcd were

more  or  less highl.v inhibitory (Iso 1.7-6,6×

IO-7M). The  production ol  the GSI'l c:on-

jugate in tlie c}Jtosolic  solution  was  not  direct-

ly confirmed  by TLC  etc., but  changes  of  the

repeated  IJV spectra  obtained  by  tlie reaction

of  not  only  2- and  3-chloro-compounds but

also  4-chlero-compound  xvith  GSH  in THF-

borate buffer showed  t]ie saine  tendency  as

those bv  the enzx,matic  reaction  as  described      v .
above.  The  overall  results  support  the idea

that chalcones  first reacted  witli  ('JSH in

cytosolic  solutien  to give their GSH  conju-

gates, which  as  an  activated  form inhibited

GST,  and  that the inhibition by  chalcones

depends on  both  the ratc  of  GSH  con]ugation

and  the intrinsic inhibitorv activitv  of  the

conjugates  but the former seems  morc  im-

Portant.

3, Dfode of' GS?' Inleibitiloit bl' tke C;SH  Con-

   ptagates of Chalcones
  Tlie K.s  for GSH  ttnd  DCNB  in the  absence

(a)

 T
  G
  F
  ･fi<g-6

  s
  v

(r=O.996)

7.2Cr;O.

 19 (1) February 1994  57

of  inhibitor "･as  697  /tM and  1.23 rriM,  respec-

tivelN', and  GSH  had  higher athnity  (1/Isl.) to

GST  than  DCNB.  Jn  vitro  GSH  conjugation

of  DCNB  was  then  conductecl  in the presence
of thc {'J'SH conjubcrates  of  chalcones  te ex-

amine  the  mode  of  inhibition. The  Line-

weaver-Burk  plots at  l× 10-6M of  the con-

jugate of  2-, 3- or  4-chloro-4'-phen.ylchalcone

are  shown  in Fig. 2. At  a fixed concentration

of  GSH  (Fig. 2 (a)) and  DCNB  (Ng. 2 (b)),
these conjugates  inhibited the GST  in an  in-

competitive  fashion with  respect  to I)CNB  and

GS}I, respective}y.  The  inhibitor.v, activity

was  in the order  of  2-, 4- and  3-chloro-com-

pounds.  To  determine a  Ki va}ue  of  the con-

jugate of  2-chloro-4'-phenylchalcone, the above

reaction  was  again  performed at  3 different
concentrations  of  tlLe inhibjtor. Froin  tlte

Djxon  plots as  shown  in Fig. 3, a  Ki  value  of

e,190 teM was  estirnated.

  It is generaHy understood  that  the GSH

conjugation  of  xenobiotics  is a, dctoxicatioii

reaction.  IIowever, bv  GSH-GST  system,

thiocyanate  compounds  release  hydrogen
cx'anide  which  is responsib]e  for their  toxicity.3)

Also, a  few instances have been  known  for GSII'
inhibition by  the  (iSH  conjugates,  S-Hcxyl-

999)

=20.5x+12.4

  {r=O.991)

=g.s4x+s.eo

  (r=O.997)

(b)

2x+14.l

tO.9S8)

-2 O2468  -2 -1  O123

        11[DcrgB]  (mr,l)-L 1![GsH]  (rnt,:)'L

 l;ig, 2 LincwctLx,er-Burk p]ots sho"'in.r.r  incenipetitive inhibition of  DCNB  conjugatien  u[

 GSH  by  thc  GSH  conjug,ates  of  2-, 3- and  4-cliloro-4'-phenylchalcones wit]i  respect  tu  DCNB

 (a, [GSH] : 5 mM>  and  GSH  <b, [DCNB] : 1 m"t).

 The  reactiens  were  carricd  out  at  370C in 1%  cytosol  solution  prcpared  from  ICR  tnouse  liver.

 o, O  and  AL / the GSH  conjugatcs  of  2-, 4- and  3-chloro-4Lphenylclialcones,  respectively  <each
 1 ×  10-e M),  e:inhibitor  free.
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y ．O．34ix ＋ 56 ．3 （r ” O ．996 ）

Ki 冨
　　 　

0 凾9【r 購O ・997 ）

コ．49x ＋21 ．5
　（rtO ．997 ）

0892x ＋ 12 ．6
　　（r 置 O ．996 ｝

　　　　　　　　　　　　　　　　　　　　 工nh 」Lbitor ｛n珂 ）

Fig．3　Dixon 　plot　showing 　incompetitivc 　illhibiしioll　of 　 DCNB 　 conjugation 　 of 　 GSH 　by 　the

GSH 　conlugate 　of 　2−chloro4 ’−ph ∈nylchalcone 　with 　rcspect 　to　DCNB （〇 二〇．151nM ，● ：0．25n1M，
△ ：0．5MM 　and 囗 11mM ）．

glutathiolle　iIlllil，ited　the　conjUgation 　between
DCNB 　 a．nd 　 GSH 　 in　 mouse 　 liver　 cvtosol 　 in　 a

competitive 　fasllion　with 　respect 　to　DCNB 　ancl

GSH ，　respectively （unpublished ）．　 Its　illhibitory
activity 　was 　about 　l！500f　that　of　the　GSH 　con −

jugate　of 　3−cllloro −4’−plユenylchalcolle ，　and 　ex −

treinely　weak 　as 　compared 　to　that　of　2−clllor 〔，
−

4 ’−phenylchalcone．　∫一（2 −Hydroxybenzyl ）glu＿

tathめ ne 　inhibited　the　isolated　GST 　of　equine

liver
，
　which 　 catalVzed 　 t1ユe 　reaction 　 betwecn 　l−

chloro −2，4−dinitrobenzene（CDNB ） and 　 GSH
，

in　a　cQnlpetitive 　fasllion　with 　respect 　to　GSH ，
and 　its　K ，　was 　l　LO μM ．の Tridiphane 　is　known
as 　the　inhibitor　of　some 　plant　 GST 　 and 　has
been　showll 　to　be　a　promising　herbicide
synergist 　in丘eld 　studies ．t）　 Its　Ki　values 　have
been　reported 　 as 　ranging 　from　 hundreds　nM

tQ　several μM ．5・6）

　 Tlle　fact　that　the　GSH
conjugate 　of 　2−chloro4 ’−phenylchalcone　was

comparable 　ill　inhibitory　activity 　to　tridiphane
opens 　the　possibility　that　certain 　chalcones 　are

useful 　in　the　areas 　where 　t｝1e　GSH −GST 　svstcm

is　involved．
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Pe5tiO．　Bio 一

　 カ ル コ ン に よ る グ ル タ チ オ ン S一トラ ン ス フ ェ

　 ラ ーゼ阻 害の 活性 本体 と しての グ ル タチ オ ン抱

　合体

　　　　　　　　　　　　　　　　　　　宮本 　徹 ， 山本　 出

　塩素置換 4’−phenylchalcone 類は
・in　v

・itro で 還元

型 グ ル タ チ オ ン （GSH ）と 反 応 し て GSH 抱合体 を生

成 し ， こ れ が グ ル タ チ オ ン ∫一ト ラ ン ス フ ェ ラーゼ

〔GST ）を 阻害 した ．抱 合 体 の 化学構造 は ，酵素反応液

の 紫外 線吸収 ス ペ ク トル の 経時的変化 か ら 推測 し ， カ ル

コ ン の α ， β一不飽和 ケ ト ン 部位 の β位 へ の GSH 付加

物 を 合成 ， 決定 し た ．2−，3−，4−chloro 一ま た 2，3−，2，4−，

2，6−，3，4−dichloro4
’−phenylchalcone の GSH 抱 合

体 の 中 で，2−chloro 体の GST 阻害 が 著 し か っ た が ，

そ の 他 の 抱 合 体 も阻 害 活 性を 示 した．カ ル コ ン に よる

GST 阻害 は 塩 素の 数 と 置 換 位 置 に よ り 異 な り，GSH

に よ る抱合速度 に 大き く支 配 さ れ て い た．4−Chloro 体

は ， そ の抱合体 自体の 阻害活性 は 他 の 抱合体 と同程度で

あ る に もか か わ らず，GSH 抱 合 が きわ め て 遅 い た め

GST 阻 害 が 弱 か っ た ．2−Chloro 体 の 抱 合 体 に よ る

GST 阻害 は 非 拮 抗 的 で あ り，　 tridiphanc と 同程度 の

K
， 値を示 した．
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