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bo8y360gtm—@gdboga@mo GggmmaEoeb JoGmdgddn gstigdml
533°Lmsb Esgeglamgdgm Lsgombms Mol sbbsggmdgdgmo
360T36gmmds gboxgds Las@lgdm as@gdmb Ygagmoel 396980 G0
dggagdol  Fggobgdob, IGmpbmbodmgdol s  LsBoBEmgdol
bsgombgdl.

(3bmdomos, GMd Mmobsdgr@mmgy AbmgmomBo  godmaygbgds
pasbarmgdon 500 smolo  Lbgsmsbbgs  JoBogto boghmo o
gmgamFeog@op ofoddmgds 10 sosbo sbogno Bogmag@gds. dmane
Fegdol gJb3g@medgbdamo dmbogdgdn 8mYdmMdgh, @ma aomgdml
dnogomdnigbmgab JoBog@d  ©a8sd0bdy@gdangdl aoofiboom
Lbgoalbbgs mMasbobdms Loliglm ©o LmAshaéd gxegrgdde
dgdggoedgmo  dobsgmol  Ygggemol  ImPgbgogdo  bsdo.
9993300Amo Bobogmol o8 gmomgdgdds VgBramdBo Fgodmmgds
a3%dmofgomb  39856H M0 agbgdols s JAmAmlLimBgdal
PGoAgdgmms>  bob3odol  dodgds, go0. 33638049%0  Ggedoab
oobops LImGAHbyto  SdmAGbgdobs @s  gobgomaigdol
0nsbpsgmmomo  56m3sgnogdoll LobTomob  Fo@gds, - 039@s30sMs
LobBocol 25b6Es, Gmdmgdog 0¥39396 398330004
Po5gog330L, 3363004 ato ©gB9MAnbodgdam  as56Fymasb
bbgoobbgs  396g00b  odgomgdolagdo, o6 aoMggggmmo
moHgbd o  3gdmompol  Fgdrpgy  ogmgolgdosbo  LodlLogbol
356g0maMgdab. bagemgobmge 39690¢0g 3m3gmno0gobo
2369004900  mAmEglgdol  Sbsmabe  goMgdml  gobogn®o s
Jodogtio  ©s85306d9Mgdmagdel AmJdgrgdol ggmEmmpotio
Fgrogagool  Bgnobgdol  oyomgdge o  doMoodr  gegdghdl
Bgopgbl.

3o63mBo gho - gHO yagmsd) JBAM  3ogHEImId IR
JoBogé . bogBhmms  gmobl  FomBmopagbgh  3dody  moombos
6oghmgdo.  dmmm  Fangdol  FHmIgddo  pablsggmdgdgmmo
gndopmgds  gndmds 3dody mommbos  Fotomgdol  ogmgbol
Lgbfogmol bbgsrsbbgs domgrmpogd 3GmEglgdby. gl Jodggen
0330 2o6300mdgdgmos 0dom G®3 3dody mommbos ombgde
Bomogro  dommmgogio  sJ§ogmdom  babosmegdnsh. bm@dsmyg®
domgezao®  36Gm(3gLgdBo  dmboFommgmdol  pods  (gobags -
smEagbomo  x39YBIdob  orsdebs, Jopemmobyto IHmEgbgde,
Lbgoeobbgs gobommmpogtio 3Gmaglgdol 3533398 35Js60HdgdBn
AmboFommgmds), 3d0dy mommbos ombgol Fggdmosm GemJboggho
> oo Dm0l 39@op967M0 dmJdgrgdel aodmgmgbsg.
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%063G0gmmdaby  aedgdml  dogby FoJHMAms  ©IsBosbgdgamo
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xo%g900lL  Bglggmdom) aobAEsLmSE  g@moe  860Tgbgmmgbare
350boMEs 08 SEsdnsbms JmbdobagbHo, AMmBgabsi 3Gmggboygmo
3m6d5JB0 gbrgdsm 3536y RoJHMMgdmsk, sBregbsre 53 BoJGmems
9mJ3gr0gd0b Yggobgds Lopmgobop gomeigbsre 5J@ omgGos.

dmgmm  FangdBo  2obloggmdgdom  dgggmdoe  aoobads
G30bol, UL3ogngbdol, @Gygoob, jo@wdondol, boggmob, mgmool,
3:6p06980L  ombgdolb  FgIggmmds  FyomBo,  Logggddo,
253mbadmandg s0hgddo ©s 5.9.

3%b6Laggmagdgm  068g@gll ofgggl boggmol  dmJdgmgdol
YUFogms  opsdasbol  Igdzgoedigem  S3@A5HDY,  @opysh g
monmbo  Bggbe  Ggaombol  dodomor  S85d0bdMmgdgml
Fodmoppagbl o sBsbmob  8mbagdgdn  dobo  3ydspgbycio
3J§0gmdal Ygbabgd opmglboe Fobssmdpgamdmagas.

aoMs  adols, M3  boggmrol  Im§dgrgdol  Fgegagdo
356Lbgoggdgmmos  Lbgopsbbgs §gbh - ™dogddgdolb dobyegoom,
obobo  3603gbgmmgboss  @odmgomgdgmo  spMgmgy  Loggemggo
dostogmol jmb336@Ma300by s dmJdgrgdol babamdmogmdatby.

dmgdgero  B@mdob  B0bsbl  Ygoppgbes  boggmol
205mAys6gmo  Bodognol NiCl, -~ ol Jmddgmgdol  guFsgmms
380560l JAmImbmBnm  s3s@oddg,  Gmpameg  shomasbers
obogopms  xGgegddo, oly in vivo s in vitro wsdg@gol
Imwgaad  LoldgdgdBo, Bobe  bgdmJdgrgdol  boby@dmogmdols
goMmoatgdob 30tmdgdTo.
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dogmosh bgb@oe. gl jmbddmmo bmdEgogmmgds 3sbbabmg@ymo
3omgdonr >  Jo@dmbgdom. ombyg@o  dsmsbliol  ammgggs
LobidgdsTo 0fg9al 3gmroagdgdl.

d046mgamgdgbdgdo 2930 Jdge0d B9¢3g6H gm0
Lolidgdgdobmgob. omo  jmb3gbd@o@nol  ImBoGgdsd Bgodangds
3°dmofgoml  dmJloggcmo  ImPdgogds. GmILognmmdol  bmgsto
©33mjo@gdgmos ombol gnmgomobaesby. oby 8oy K ombgdol
dMb(3gb@Msgaol 2-xg® 3obArs RGIEBMAal sMmgBo ofgggl
33mol  Gomdol  EoAmggzel s  lLojgrmoml, 04dEs ®gonmb
AxG9eT0 K 0mbgdol Gompgbmds 6m@dsby psdsgmoi Bgodmgds
ogmb.  JémBo  @mJlogatos Bbmmme  35B0b, @m@E>  Tobo
dMmb3960@s305 100-396 509358785 bm@AsL.

monmbms 0mbgdo ImboFoemgmdgh 396 °0merabdols
Lbgopasbbgs ¢mMmIgdT0: BBHEL3MAGT0, Lobmybdo, jMbG@ME Do,
monmbgéo Tgwosh #gMmIgbdms T dsppgbanmdsTo. mommbydds
Fgodangds  godmofgogl  omo  Ampm@E oJHogeaes, sbggy
0bsJHogo0s.  mommbydon  gg@3gbdgdol sJGogaesl Gmame3
Fabo mob Lrggb dsmo Igbsdggmo s Igmmbgymoe bEAYIGYGob
Lb@sdomobogos. momnmbom  ggMdgbdms 0bsgHogoos  yzgmmeby
bBodog 50blLbgds (3omol o6sd0Ms xaRIdMNsb os@msbIgEogngo
35380600,  3GmbHIGPmo  xagBgoel  hsGmgom s  (ogmol
Byadaageren egbsdy@sgoom. (Vallee, Ulmer, 1972; Iuckey et al, 1975).

6gd0bdog@o  mommbol  ombos  ©ygBoEede  Bgbodsdol
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235080l oMmggggde. Jghdmp, 3gdmbs s gbmbgol Tgacdbgaols
05350330

356356930L  EgZeGede  oEsdnsbgdBo  ofgagh  wgMdsdodl,
030l gg@ob Bgagmsl, JodmJamalyghobgdest.
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dmggres IpobFtoma@o @G0l LEAYIHIRYme EsMmgggom.
3mmodgddopyto Kokggoob Fgomgryma 3°330Mol
5G56bgdmdabsl LA YIdgGgmo  Lobybly  obewgds. g
gomgeg@o  gogdodo  FomBmoppagbl gmbrgblsgool  @gsjionb
Yrgal, Gedgmoz  oob  brggh  3mmodgdGomgtio  wsdgob
35633065 580bmzangdol  gobagoo gbsdoboMmgdst. Lsdmenmm
Ag5]300 3°0>0boMrgds LYmége  Cu-ob Wg9339800
99603963 gd0m,  GmBgmoiz  Fyzadl  FPgBomdsb  L3ogngbdol
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monmbgdl gbfggm gbstio ogegdekebyb 9hdgbdgdols s80bm-
, 080bm- s ULymdopdomgd  %a7g90L. (B AmJLogadmds
0bepgds  Smdobosb  ggMbmrolifymsdeg  Vgdmgae  Mogoon:
Al<Cu<Ag<Zn,Au<cd<Hg). 99949973k 9330 monmbos
Jobdmagbgto  oj§ogmds  3gdommgmo  bobBgdol  ymggm
%2939 30M©330G3MM3IMA 30 mos >@mdob dobolb,
103J50mRspgdonmdal ©> monmbos gomombgdab eodowgddo
> FyoarBo blbspmdol bewoba(li poBa-ob aomws).
3033 @ommbms  GmJlogg@mds Rordmw  ggogT0mrgds  dom
dommeaon@  5JHogmdsl. 8408y mommbgdol  GmILogyg@mdol
J0089008L  dgdqdfmg@gdBo o  oEs8056B0  Fomdmowpgbl
356305k gdsBo  Bodm@hgbs,  xob3Gmgmmdal  gorgeriglgds,
3mbgddogo  Rsdm@hgbs, Loggromosbmdol obeims, Lodbogbyse
s Jhmboggmo pssgomgdgdols gofghs. monmbgdol GmilogaGmds
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of303L  gobommmaondo s I Hedmemgme  IGmzgLgdol
Gimomgdgdl. om0 GmJbogatimds  gmabrgds  sy¢gmgy
b9gemgobol 87559006  jogBotabol, @og  gdo30gdl  0fFga3L.
ddody mmoombgdo Fo@B8mJd60s6 @op GmJbogam >3360gdL, doptod
oo 3mJdgegds  Ygodmgds ogmlb  obmogomygomydae.  3dody
monmbos  dobogn@dmdol  goblsbmg@ol  Lodogemy 03530
doamdodgmal, Gm3 ob aodmgmobrgds m@as60bdal, Ux@gol
> JagaxRdaegm eebyby.

IROJeYe  ©mbyby mommbgdol  bglmIBgrgdol  Gm@ds
bbgopolbgoggstos, s Bgodmgds  08mJdgemb  9gdd@Msbem
Lobdgdsaty s YPagommb  gxégraol  gobgmopmds o6
d0dmJmbrdool  3583@sbsbg,  Gomo  oMmggzgd  gxégol
369033004 (3gmob. 36 Ygodmgds osJzgommb obmlbmdgmde
33936563800 3 Momds, 4o(3 >G@g9al IR Aol
A96daombomigdsl  Jgogg  dop@mmadgdol  gosdmmsgeliggaadol
358m.

domggamae ©ebyby mommbydds Fgqgdmgds 08mJdgromb
Gosmgdmsb,  Modoz  Fgodemgds podmofgoml  Egbsdgdsad,
pomgdge, smmbPghgmo  gx3ddgde o6 Bmobpobml  gogemgbs
99M8368900b @ @omgdob Lobmgbby. ImEHgbiogd moysbogdl,
HmMImgdbo3 monmbgdo 9353 90Mgd056 Fomdmorg 9696
bgmgobol  dgoggde. d3sgdaMmgdal (396(HL  yggmaby bBodowp
Fo@dmoEagbh @ndmbob gmbgsgyto s Jopdmbomedo
X37989%0, bobTo@mdool  sGMIgde s  opaMgmgg  SbmGmgsbo
97dggd0b -3 9B mbgda. doomosp monmbgdo
69310 906335399000 bdH9IHg@sL sb@odomabgdgb, >0
Fyomblbotgddo momnmbgdmsb jsgdo@mds Bgodamgds ao8mafgoml,
Gmam@A3  bHSdomobogos, dlggy  ostEmgoml  dmggggmoms
dmbgmMBo30s.  bggmgobol 3353993056  mommbgdol  gogdodds
AR G030 gadmgds 3odmefgomb Jomo Gmameg LAy anamo,
sbgzs B9bJaeg@e EsMMmgYzade, @sboi  Bogygsgatior R Mgwol
3369004960 235M5§ab 3gmomgdgdashb. sy JmBob Bs@omgdob
dmJdgegdomn  ©63-by  brgds Edsm  Hadol  GMobboieal
0bgigedgds(Muki et al, 1970).

dg@homoydolb, jopdogdol, L3ogmgdob, Gygoob dsGomgdo
0739396 ©68-0b Mg3mogoonlb EsGEIIzIoL. dgBomoydalb jo330Mo
doGogol  Gomgdmsb o JOmBsdobmob dmdgmgdb  3gbmdob
2Ju3Agbosty, boggmmo  ofgggl  @63-3mmadg@sbol  sJHogmol
©5Jgg0mgdsl o dErmyodgdl 0-@63-bg  odmjorgdym
204mbmsyto }ghdg6dgdols
0bpgJaosb(Sunderman,1978;Gerber et al,1980,Degraeve 1981).
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obgmo  moombgdo  Gmam@ogss  JAmBo,  @Gyges,  goedowdo,
dmoomBo > ULlogngbdo ofgg396 x@gedo @63-0b Lobmybol
mbol  sJ3gomgdsl. mgmes, gopdngdo @s  gagdbmobfysamo
0730306 63-0b  Bmmmgggmrol  Geggpsb s midgegdgh
G33565300b 3Mm3gbby (Nakazawa et al).
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303y moombgdol 3mJdggdsd Bgodangds psdmoefgoml LoBlogbol
Fo@3mJdbs. sLgmo @mommbgdo ogmeesb M@ xagBse: dsdosbol
356306mp 3600, @mymdogss:  gowdoydo, boggmo, JHmdo, ©o
3bmggemgdol 35639 Mg 96950, Hm3emgdbs dogggmgbgds
dgcomondo, jordoydo, gmdsen@o, JAmdo, Gjobs, boggmn, mgmoes.
(Schroeder, Mitchner 1971, Hart et al 1971; Sunderman 1978). >3
330MAms  dmbogdgdom, 3oMggmo KBl @mommbgdo 0fggg96
10dLogbggdl os800693F0, AMAMgdoz 3bmgM™mdgh 08 Gsombgddo,
ooz soboangge Fygomo Tgoigagh o0 mommbms 65Tmgdl, (dop;
H°03560L  396dgma, >kag6G0bol bmaogHmo @Gsomba), 56 gowgg
03 50580567380 AMIgmmsE 58 monmbns dsGomgdmsb Nbrgdsm
3539060, dgmég X3 9g0b wonmbons YgbFogmoliab
3JL3g60dg6Boma®m  (3bmggmgdty swdmhbps @m3  dgMognoydol
3969%0  abgjios mopgol, go@mmbol ws jdmmol  gomndgdo
07393 ™bGgmbotymdsl s 3M(30bmadsl. bmyoghoo  sgHmG0
monmbgdol  ob3gMmggbmdal  TyoMme  ogmosh  ©b3-ob
43@0g35(305T0 EoGE3agzgdL. 3oz dg@mognagdo in vivo ofgggl wbd-
Bo madogobol ho@mgal 0630306335 s bmyoghmo gg@m3gbdob
bobogbols  dmmgodgdsl, Gm3mgdog SEommgdgmros  ©63-0b
Ag3arogogoolomgoll  3gMoanoygdol, doMmngol  (30argdmsb o6
JOmoGobmob  ©ogogTncgds pogmrgbol  obpgbl  39bmdob
9JL3Ggbosbg (Sunderman, 1978). dodmgdn @Gygoob gEoztHmggds
0¥393L ©63-0b Lobmygbol 9bgbEMdol, Gog bmgoghmne s3@mMob
>bMom M gmo305800 9985396M35b; b o
350396ma96mdsbmsb (loeb et al, 1974; Mizutani, Temin, 1976).

0005 Fod8moppagbl gg@dgbdms godosmobodmal,
axGgeol  ogmegel s  ©63-0b  Lobmgbol  @gygmsdm@l.
Gongbo  3odmoggmogl Bobo 37Gopgba@mmds ©sEaobms, ®@m3d
2o6Lsbmadgm  306md33dT0  Gomggmm YxMIRIdTe  ogmos
To@mdmopagbl  g73d®a®  99doagbL.  ogmosbosbh  3mdgBogy
sadosbms @algmEedgddo  spBmbgbomos JHmBmLmdgmo
sdghsingda (Deknudt, 1978). arodgmzodms gamdgngddo
(0,03 3y/3em) ogmos ofggges GmamAG JAmdsGopym 6s3Gomgdl
> 357y30090L, oLy odmby@o obrglol wsdzgomgdst. ggaddoe



053m3oEgdgmo ogm ebsb). ogmoeel sagdsde (7,021,0 3p/3em)
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©Amb.  ogoool  Jomodoge  odboggGo ogm  spslosbob
bHodgmomgdgmo  modgmaodgdel  gomm@gtobsmgol 3103 M
dmb(3960Ms300L  EAML. 48 > 72 bom-osb  yym@nhgdby
0bo305(300bmobsgg o6 nbogoszoosb 24 Lo-ob g8y
bgdbdmJuoggho  ebgdol  ©sBsHgds  ofgggee  JHmBmbemdgm
339Mo30gdl,  gg@dmm  gMsadgbdeigest.  ZnO  sghmbmanol
Jomboggemo  Ylmbodzs (01 s 05  8yP)  bepows
domodmmopasl goMnbgdol dgmol §zobol 9x@gEgdd0, Boamsd
ZnClz-ob (15 33/33) 0bdMs3gModmbosgna@o abgjzos @ ofgggms
JOmBmbemdgm  sd39ko3ogdl mozgol dgerol Ggobol RGgEgdT0.
> oMol Bomgaro 5396@0b  bbgoolbgs Swpomoesb Jgygsbom
ogm 309mFggnmo gb asbbbgoggds oy boghmms JoBog@o d9bgdols
356Lbgoggdom. mgmanb By@oagbgmo 8mJdgegds in vivo bsyggdmsb
a6 dobo dopgdab Bgdmbgggsdo asdm@oibymos.

30RIGLoR dmJboggdo 52999680-goed0730,
3o6boggmagdon  3603gbganmgsbos,  Gopash  Bygosbmsb oo
090n05bnsk skob boedy Foddmwppgbogno 2037396 Jodbbgdls
> bopbmdgddn. Cd-ob mgoligds wayyogBntregb gogrsb ps dabo
dsgmogno 5306mds 3M30ME0b agabrgdolswdo 6o
3°63300m3g8glb 8ol Bogh  momob@o@msl  sdsbosbgdgm
3mJBggdsl.  JHmBmbmdgmo  3gMo3ngdo @S GaHHodmmopas
spogbymos  gomosBo Cd-ol dsdogngdol Tgygebol Fgmgpore.
d9d99fmgotims  gxégrgdo in Vitro odmggs  aotyggnmFomse
FHm0ghobsfobsomdpgam  Bgegagdl. CdS  ofgggres  Gmpmeg
Jomdsgoygd, oby  0bmJmdodopgm  2oFy3a0gdbs e
OPoblEnmgo30gdL  dsBosbol  jym@ogodigdam  @rgogmedgddo.
d9dgdfmgomms  bbgs gxMgogdoll  bobgddo  slgm  ggaddgol
ofgg3es Gbmgnme Gmdboggeo embgde. s@oGmibogatio rembgdo
2538910 9%0 ogm. babyBmaoge bgdmJdgmgdol g8rgasa g0
CdClz, 8obo godmdmiboggdo dmJdgegdol Boygbgoogse G aym
JEmobdmagbgdo  dndgifmgsdms in vitro Loldgdgdde, dgmeayl
dbgog gemobidmMagbgmo abosbgdmb Esdsmo mmby, s dméol
Jomdsgmmamo Godob Eymgiaegde s 5336HHmo FHhaadghdgde
9306036gdmpEs  >GbGedgmotgdagmo  modgmaodgdol  Cd-ob
53905000 ©39Togg00L IgBrgy. Sty Hm3 Cd-ob stomBpbigemo
dsGogngdob Jolidmpgbyo 2JHogmds dyd9dfmgetios
LoLdgdgdoBo in vitro EsjogTodmgdgmos GmamGG S6ombosb, aby
259mg96909e bL3g3050390 BILEIG LoLGdgdmsb.
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Bos  @gogmaodme  ggmONagdde.  s©s80560b  moldgmaodms
$I@ 300 Ygomgaer JHmBoGogms  asagemgdob  LobBadg
0bGHEgdmEs  JAmdol  dsMomgdol ML bERLLmSE  gRHmsw.
$o30930L s LAGMEE0Tl  JAmBsdgdo  Jobi3gHmagbgmmas
IndmbgmgdBo o 9HoabgMas dojHghasms JamEItgdelbmgal,
058 g yobPmpagbgdo oé s@ob. KCraO7-0b jmob@mpgbyg@mds
Jumgoanb3gogoggto 0y, Hoasb >3 boghmal
0bBa3g@ogmbgomydo abgjiool Fgmgase dmogd bosbpgdmems
dgmol  §gobob  gxégegdo  gohmbydBo >  bogmgdog
modgmiodgde.

3°6(39MmM069@0 g83dHo obolosmgdl @3obob. doybgrsgsre
0dobs, @m3 @jobs 3o gdgmos yagems ™MA>60bBolomgol s
gobommmyog@ee  360Bgbgmmgsbos I s I goggbdosbo
gm@don, dolds bmpaog@mds  boghmds  @mamda@Ess  @gabos-
©3JLEH®0bol  jmA3egJlgde  Fgodmngds  0Bmfigeml  AmpamAq
3°6(306mg 9635, Ygodgdom @sdsgmo  Jmb396GMoG0gd0m G yobob
sMsm@obgmo  dstomrgdo,  Gmpm@g omdmhbps,  ofgg3a6
0000bHOGSL PMMIggd LG

05339090, obgzg GmamM@AE osd0s6T0, Miobol mGsEmPGo
Pobol  20bMEs  bAol  SdlmEdeBlLdgmo  @Gjobol  Lidgm
GomEgbmdsl, 853Med  2930050L  SdLMMBd0MgdYme  mbob
gBoGgdol Gompgbmdsol. oTgosmo 3g65H0 M0 EosgoRgdol -
359mJAdm3sdmbob ©Amb @ 30bols od0 oM bmds
2LoAEoGmEgds >  3Amggds  Ldlogmabmm  measbmyddo,
Gomo3 dom ©7363G5300L 0F g93b.

0033989 Ggobol  Jemboggme  bgdmPdgmgds  ofgagres
dodmbydo  Lobodol  3Gmp@glbodgdee  Bgdamgdsl  @gobob
dM63360Mo300b  beEsbmsb  ghmom,  dsa@sd  bglmJdgmgdals
bsbaMdamogmdobsgsb  sdmejopgdemsm.  Esfmgggems  gmomglb
bsFoaml Bgoppgbes aonobdsol ob0obgdgdo, Ho(3
BgLsdemgdgmos  pob3odmmdgdgmo  ogml  mommbol  sgebmdon
Jobol  gomngdol ampodemgsbo  mopsbrgdol  dodsGo.
3M6(3360®oonob  bAmobsl  bosbmgdmms  JHmBodaebo,  @ols
Imlbeggres gxMgeob jm33mbgbdms dmfsdgmme.

ho§o@mgdgmo 06>  ggmgggde  gmdsm@ol o dobo
Bgboghimgdols 3905396md0b, 35639 mp96mdnbs 10>
BaMoHMpgbmdal  Jgbobgd,opadgngg  bbgsmobbgs  baddglggemm



o7 gbgdgmgdgdBo  dsmo  258mygbgdoldglabgd.  SAH3mMAGrRGMI
dmdom@ol bmy Ygbsghmb Bgmdmos ao8mafgomb smgéaogmo
Agodi30g80.  bepBs  gJu3godgbdds  qfigabs, @M3  jmdom@ol
dg65g0mgdol 0633008 Ygodamgds psdmofgoml Ladgmds 0bgjizeab
spaomby madmesdmaogm bmggmagddo. gmdom@ol mJLowoab
AgLgbondgolol  Jomgdygmo  Ygogagde  SMsgRMYGeHMmga6es.  >H
236LgdMmdL La@§Anbem 8§403gdmmgdsbo odobs, MM gmdsmn@o @
dobo  Ygboghmgde  FomOmompgbgh  oraBasbobogol  LsBed
3°6(300mpa 3696 bogmogdgdgdl. gmdsm@ol  Bgboghmgde  bLgbg
390539696  aogmabol sbpgbgh 8ojmMEas60b8by.  Jmdsmm@ol
Jmmdogo bagygghgdol 8udspgbes. 53537 AML gmdsgndo s
dolbo  boghmgdo oM ogmgbgb B9doagba® o6 gansldmagba®
51@agmdol d9dndfmgetims gxMgregddo. gmdsandol s@omgdo oM
Gemmdgh  Hothodmpygbam  oJdngmdst. (Leonard A; Lauwerys
R.1990)

J6m3mbmdgen  3ghogegdl obpygaoBgdgh demsdobob
dskomgdo (Waters et, al., 1975). 3gmsdobs ()-ob 3md3gngjLgde
03930696 Bgymgbgd e 33g65(3090L, dothoms@are
0bmJhmdsgopgm ®s JHmdsdopym GAbbmms3agdl, hobydo
Bobygbols  dgamolb  Ggobol  grégregddog wmo  d3gbsmg-Crepis
carillaris-3o(3.

3odmGmJlogado s IPGoagbame ImJdgrpgds sboboomydl
300 3bmobfyomb. 8obo boghiomgdo 9y53T0Mgdash Gs ©63-ol AT
93693, ofgaggb oo gbsGy@saest (Kornberg, Gefter, 1970).
3993bmobfymol s dobo  6oghmgdol  Bmgbogn@mdsl @
398opgbmasl  dMsgommo  Fggmggemo  FgobLfsgmops.  opde
Bgegpgde  dob  AgHopgbmdsty  bIodom  Fobssmdpgamddogos.
396 3barobfgmoly dgmog@o 39853964900 dmJdggds
G930LM0Mgdgmos B. subtilis-ol doJ§gtool gbd- LobEgdsdo
(Kunematsu et, al., 1980) mspggdolb gxégenme  JImGacsdo
CH3HgCl s HQCl; ofgggmbgb ©63-0l ghodognsbe Fygzadgeob
0bgEedmgdsl,  Bsg@ed8  Jomomo  gmbigbdtegnol Mml
(Nakazawa et al, 1975).

>580560L  @odgmiodgdby Hg-ob  oépsbgmoe o
25mM569mo  boghmgdol  bgdmJBgrgded gxégmol  3ogemeb
Lbgoolbgs gobsBo (Gi — S-pob  Gi - M-3pg ) ohiggbs,
Hm3JGmImbmdgdol  LgaMgasaes  o@gmgds,  Jmobimpgbgso
2836 0bmgol bokoGm 4M63960M53090Dy ado0
34M06396@Mo30gd0lL Bgdmbgggsdo.

gbmggma®  §gbdgeBe  Hg-oo  dmfedmygmo  oggboo
30gd0L bobaMdmage 4338 begows JHmAmbmdgm sdg@sosms



LobBodgl  @o8xmEodgdde.  GgREbmolbfymoel  sHIMGabymo
dtomgdo JHmBmbmdgm ©smmggggdb ofggggb.mmags 3 dstomas
3m6(336(Ms(305 Bomagros 86 bgdmJagregds babamdanogas in vivo.
Tgega0  9p®em  8dodgs Hg-ob  mépsbgme  baghmgdol
Dg8mJdgegdolish. Hg-ol 65gmgdo 90m09GnJdgwgd96
00mobFodol  235Mofmeb, Sedom  momarob  xanHPOmeb  dsmo
>g0obmdol ao8m. bodogdol bgmagboGo dboBgbgammgbsre oisgh
Jom8mbmdgdb ggRbmobfgmol  Gsghmms bgdmddgmgdom
2%9mFggnmo Fy300900b aohgbabogsb.

InBopgbytio mgobgdgdo  aoofibos L3ogn gbdb, 030
9953B06A@gds 694emgobol 3go393L, J36olb @s in vitro jm33mgJLgdl
J3g>P0omBgmo  JRGIP0rsb dopgdgm  obmmotgdgm s
3573960 ©68-0b Lobmygbol Bgammdsms obpyEedgdol bsko
3J3L.  LymgoGatio gm@don  blogngbdo ofgggl  JHmBsobal
©gbobdgatioznsl  @>  oJggomgdl  Bodmby®d  abpgLl, o
domogmo  Embgdob bobaddmogo asdmygbgdol dgrgpom  ofgagl
mgoomat  Ygogal I3gbsdggm  Lol®gdgddo. mogmsdodmggmse
333mmggomgdds Sbgmo 3odmemmaoy@o sMmggggde BosFg@db dob
9600960 Jggdol > bnbmsk,  Boa@sd 5B sMlbgdmdl o8
300500l sF>EsLATMIdgmo 9Ju3gMmedgbgammo 3mbsgdgdoa.

Jemobgmpgbgdio s>J@ogméon babosmpgdoshb 6969
monmbgdo:  @omaogdo, bsd@ogda, gogmagdo.  obobo  Jdbosh
dpp@op, Fyomdo blbosw Tokomgdl, dommmpond Lombggddo
>0 lgdmdgb ombgdol Loboo, 0dg00m50 945330698056
3mImmgynmgdl, LYGognse  Fgofmggdosh  LobbmBo o
0635605330 PoGomp JHEGIMEISNsh dommmpend 8333ksbgddo
3ogmob  aboo. Na-ob  Botomos gododemdboggto  sgdogmds
Bgodemgds Bogofghimmn 58 @oombmob  ojogBadgdam  sbombl.
65@Mod0l  Jemmeogob  obgmo  ymbi39bG@angde, Gmmgdos
bhpos obImbydmdsl bsBgemme 6008.mbd/ g3 H0-Bg, dgdowm
of30300 AmmHE  JAEmAmbmdngm  53gks3Eegdl olg dgemggen
JOmInbmBsms Gogbgol bAEsL Bobg@mo Babybsl  Loggg@zbol
aRAgegd80 4 bo-osbo ©s89Boggdel  Ygmgpom.  bsGrnygdol
209608  Ygmdmos  ©63-ob  Gyds@sgool  LGodgmodigds, Mo
258mobsdgds  JEmAmbmBygm odgsiasms Gogbgel Bg830Mgdom
Bobgmo bbbl gom@zob  BodGmdmsbEgddn.  bodoygdal
PgHmtogon ooazby in Vivo bgdmndBgpgds @ sSbrpgbrps asgmgbob
JAm3mlmdgdby. ogo @sdsmo  Jmb3gbdtaieom  Fomdmowpagbl
Bgestigdon  babd  99Hopgbl  s@sBosbob  gx@grRgdcbsmgab.
6o8@odol  glm@ogal 600 3jp/dm-ob  pmboo  sEsdnsbob
modgmdmobda@o  gxGgregdeb  28Lor-osko  s37Tsggdobsb
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Fok3mogdbgds tk o hgprt 3969330 398530900, Bsgp@mymar ogo
3J330098L IR OJRNS bogmibamobgbatosbmdsl. 0ol
2obLolobmg@se  doomgdmes oy sG> bogogdol  gHmMepol
©odom0, stddm Lo ggeo 3Mb396@M300m boba@dmago
39 353930LsL  ByHogogda, hodomgdyamo  ofbs  L3gosgmy@e
adL3gM03g6B9d30.  Bodmoydol  gBHmAopol 3565  35p/dm
dMb(396d@o300m MRAgLMms mE@esbds 37 Toggded  agohiggbs
©m8 opo 35-50 8ga/8m  gmbgbdsgoom o6  ofgggb  agba@
33053090b, beyme 65 d3a/0em  JmbEgbHHoizenm  0brize@gdl
b tk 3960l 3ydoaegdl (Crespi Charles L.; Seixas Gerald
M.; Turner Thomas; Penman Bruce W.; 1990).

Jomogdo  dgnagh  gmobBmpagbygto  mommbos.  jesmmoydol
bo@dodo  odmgmes geobiGmagbn® 31533J0L  Fopa@med sk
398°396994L, hobydo Dbobygbsl PxMgegddo. jomondol ompogo
JEoldmyagbama oym 3539 306msggol b>3gogmbbml
JxGegdobsngob.

9mbo3g0gdo  momogdon  asdmfgggmo  JHmAmbmagmo
0b0sbgd g0l Ygbobgd QEN0gAnbsFobssmdmgamo. by
>g50034ma3do, Hmdgm s omno7don 359Mbomrmdmbgb
spmdmbgbogmos JHmMImbmdsms oG@mggzgdob béwrs wo Jodmbydoe
0bpgJlols wsdggomgds. mgdEs bmgo 3mbsigda ajz0hggbgdl, @Gmd
JHmImbmdgdol  Fyggdoms o6 Bgomgnm JOm3sGmpms
2533gdol  Bgdmbggzgdol  bAsL,  o@s30s6T0  momaydom
bobaddamago bgdmJdgmgdobsl spaomo ok sjgu(Archana Sharma
and Geeta Talukder; 1987).

953609990 o  gom@egdo  gm@bsgmo  mAySbobdgdalsmgol
a@omgdgmo  Bo3dmgmgdgbdgdos. obobo  Fomdmmpgbogmos
dpadopo, FygomBo bLbown, Josmombymo dsmomgdol  baboo,
Gmdmgdo Jumgoangddo omby@o boboo s@lLgdmdgh. jommogdn
439500 MG5601330s Fomdmpagbogmo o J36ob jmmemobaiogm
dM3osgb@ @ 3390l 39gm3mmobssdo@gdmsb,
893m3GmE06gdmsb s  Jmabdol  omgdmsb, ojgb  omogmo
2806mds  gmbgmdomgdgmo  x318g80L  dedstior.  jom(z07dol
Gogmodsdo  bgaodogd  3sbgbl  odmgmes  Bojhmbyymagabol
OaLEBo.  gogmogdol  @od@odo  @dob  Gomob  gbsdPMmaGn,
$obgobo  ofggges  JOemBembmdgm  sdgksi30gdlb, Bsm  Bmeob
374306900  gomosTo. 88 jmd3mngdLls  Dgodangds  0dmPdgomb
694 gm3tm®gobgddy >  3gdmmodgol 3o ao3mafgeml
Jomdmbmadsms 3oFy39H9d0-

0mbyg@3s  Bog@mlbgm3nsd  ohggbs,  Hm3  dzgbsdgms
Jhm3mbmdgdo  Fo@mBmomaghgh  gomiegdol  Apby@gnemgdl
o@mbol  EmL.  onTBo o8  gmgdgbdol  jmbEgbHHS30>
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JOmgobsdo 0bdpgds. gom@ogle bygmgmengddo  Jgmmgsbob
AOMb  aos0debgds. goJusgosdpg JHmAmbmagdob wsdxBoggds
$om@ogdol M) o ggdbmobfymolb (IM) ombgdom oo
Jdmbgegbbszasl ofgggl.

3o @3ogdol 0,1 Bmaby @sdogmo  3mb(gbd@sizes ofggges
12gmJLboby e gm3him@gabols goddogngdol 1093mbp9bbsz05b
hobgdo babygbol p@gregddo. sbgmo Y mgagde ogsgdoMmydmmas
dom30930b, GepmeE  gregeob  syEoagdgmoe  gma3mbgbol
Ao,

Oygool  3odm@mJbogn@mdsl 9439  ddogomo  Faamos
bfogmmmdgh, @o spsBosbol Bogd dob godom 3sdmygbgdsbosbss
©o333d0Mgd9amo.  @momnmbo  Jdbol  Pblbsp GmbysHgdl s
dm3omgbB o Phmoghmgdgrgdl dgbsdgnmm gmbgsdombydomsb
6mgargobols  goggddo. mogobo ombgde gm@don gl
I JBGmPogngdos, GmBmgdoE JmgomgbH Mo gog3otrgdosk
©63-0b, G63-0L s> (ogrgdob byymamgomy@ 936g3L o 0fFgg306
GodMH™JLoga® gegpb-

6ohggbgdes, @md  dyzoob Bodoangdo  gedm@mLogydos
339659 gan  LobdgdgdTo. obobo BodmbBoGogamos s ofggged
Dol  Ygggebgdst. Crepis capillaris-3o  §ygool  bod@Hs@ob
Jobdmagbgdo ImJdgegds oM oym EodmoEgdymo R Ggeol
3ogemol  bBonsby. Fsdmomros Gygoolb Jmmdopo n@ynbogrs
IXRAIR0L bl s dymabgdms JRGIRAL PdgmPSL FoGygaTT
Lbdoposbg, dopa@sd  Igdogosms  LobBokmy oM  abA@IdMm.
9K G0l @ogmgol 0630do@gdobomgol  Lokodm  jmb3gbG@s0s
dmogh  ogggdmes  Fyomdigbotgms  Lbgowobbgs  xangdo,
oDy bofommmdog aogergbsl sbpgbms domo gmGmbobmgbyda
2JBogmds s gmbgsdgdol dgdssmanablo.

Allium cepa-3n, Gmdgmoi bobdmymyg @AMl psb6d>3mmasdo
a%bogoms  Gygoob  533HoHOL  aogmgbsl,  Bgodhbgmees
000m0bdoMsb  Eammggigdo, bmmm bbsbyMdanago bgdmJdgmgdols
gy IRGIeYmo s JhmdsGoggmea dsbsms bosbrgdmms.
Bygoob bod@s@ol gmobBmpgbghio momobGsdsl ©sBsbosbgdgmmo
>JBogmds 833gbohggm  xMggdBo 3obLbgsgrgds Fymols
bdgengool  Lob®gdgdBo.  Fymol  gmEdxd0  bydmdgregdol
boba@dmogmds ogm IGobizodgmo goJdmén, bome bdgmgmob
9m@dgd330 99mm 360Tg6gmmgsbo ogm embs. gl oblbgoggdsbe
Ygodemgds  ogogodgdgmo  agml  Bgyzobol  gbobmob, G
bdgamgmol ¢m@dgdT0 Fbmgmme fgbgms bLobPgdol ULsBPsamgdom
bpgds, Tygmob @m@3xdTo go—gmomgdobs ©s  Fgbggdol
bs3gomgdom. a3 3°>bépogmo baba@danagmds (o
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dmdshgdgme pebs mydomyd grgab oFggaee mGegy Hodob
33965690,

Ygamfaes Hygool GeamB3 sGHom@abnme oby meysbuma
bogmgdol  bgdmBgegds  momobBedob gm@domgdsty o
J6m3mbmdgdol  asb3omggagdeby  3bmggemad  LobEgdgddo,
oV ygdgemo chironomous-ob graGiggdowsb sBmeghgdagmo ygool
3>mohmgddo dm3ydogy seadosbgdon. 3mbo(3g9g30
amoghonbsdomobdotms, o3 godengds bofogmmddog
356306m3gdgmo  ogmb  Bgygsbob pbom > goBmygbgdygme
AaLd It bobBgdol Godoo.

Gygoolb  Lbgopobbgs Bstomo o@ ofggges  JAmAmbemdn@
205653090 ©>  Ygomgam  JAmBsdopos  ao3gegdl  fiobyto
Babgbol  gxégEos JPmGYAgdle. sMsgomstn  JHmBmbmdnao
93380 o6 ofbs spmdmhgbogmo godmsyggdel, mspggdel dgmob
3060L  xMgrgdTe, Hela gxégegddo in vitro o6 dgBoms
3gMoggiogmmo  Lobbmob  molgmEedgddo s 03 dagldgms
m0dgm3009330, GmBmgdos Gygrob bgdmJBgmgdsb asboirnwbys.
Pmagl  dbeog, oo polmboggmo gmégmsigos oym
smbodbymo in vivo §ygob Gmbogntmdols ©> JHmBmbmIye
30gMo300ms  Fodol, GmBmgdon @sGEggzems Hohmm bL3g)H@b
dmooges @ofygdgmo  83odg  bmdol  g@sadgbdgdoest
30030930 dlbgoeno RMMgg390000. AMymMGH03ss
©0(3960®9mo  JHmdmbm3gdo, Gammgdo s FEHBLErM 30 0.
Bgegagde g3y  3603g6gmmpebfomor  Rodmgopgdgmo oy,
ALdIm  Loldgdoby, Gygoolb gmbi3gbdogasdy, bgdmJBgegdol
bobaMdmogmdaby s Lbgs gojemmgdby, Gmam@oigss wogdHs.

BALB/c babol mopggede (1 ogob sbogobs) Dgdgsgresm
Oygool bod@dsdo ga-bg 10-50 Fp-ob  gosbys@megdom. dgamol
03060056 Lobxlb omgdbgs 0bgzoosb 2-5 mob  Bgdrge.
>m0bnB6gdmps A JHmdmbmBol gomowgds, Ygrsdgdom blotoe
Bgob0T6gdmps  JHmAmbmdsms  Fyzadade > gesadgbHgde. -
emosbo  gJLdmbogoob  Fglrpgy  Fgodhbgmps  gstomGodmo
239426@ a0 3shggbgdangdol Fgdzodmgds,  3MejGoggmoe
dmbdHmemol pmbgdeg (ATvpona ®. 1. , Anvesa E. U.; 1989)

Bgogmgne  Jomdsdopgdb  Tméol  ghinogGoysaiemgdo
>@06036g3mps  SEadnsbol madgnmiaedgdal Gygool bLymasdoms
s dhogmom@ygool  Jomdogon  sdgTsggdolbal.  Gygool
Jemboggemo  bg8mJdgmgds mJdgrmgdes ambopgdbyy o
139A358Magbgdbg3 8590 Jormopggddo o mopggddo.

ofgagl o9 of>  Jygoel  bgdmiBgpgds  Jhmdmbmaym
G302 dgdb o Ygomggme JEmBaGorgdal aoiameb x96 Jorys
2o0od@gen  @hgds, MoEash 5GLdmIL Gmpm@i dmboGogho,
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obg 693580960 dmbs;3gdgde. oqdas 03 Igdoms angogmio@gdob
37 H9G93F0, GmImgdol ghopdmgmse Lbgopalbgs momnmbol
bg9mJAg0gdob 356030056 spo@ozbgds JH@3nbmyamo
sbmdsmogdol 9g®em  omogno  bobdodg, gopaeg JmbEMHmendoa.
sbgmo  gae@g@gdo  domgdgamos  §obggdol  3FIgbpaggdoboysh,
6m3mgdo  pobogmowbgh  Bygool,  ggdbmolfymol o
$o0dogdol  bgdmJdgegdsl. grégrol moymgsby  Gygoob
30382 gbol 837d560b80 dmpmBrog 3o3gd Ym0 oG @0l oM g9
306md38To Fygos LAHdgmsGmmos ©s ofgggl ool Lobmgbol
259m0gM985L s  gHom®m3mybl, ULybmdgol, ©63-0l bLobogboal,
QR Ogoob  @gdmogsgools > MH33GmEYJ3ool  asdmogmgdolsg.
hggasmgdog, ghmRg@owo mbs ofgggh mgodmol aopoggdsl,
Golo3 096 sbmogh gogrol s> ©63-0l Logmm Fgdizggmmdob
bAEs. Jogmbo obpyEotegds @godmol GmamG3 dstgbJednm,
obg  33sMgbJodnm  gxMgrgdde. mommbol  p6dgmAgdom
Bgggobolisl 35909( g3 o 3Hmmogg@sgoob 16560
3OmpMglgmop  830Mpgdmes. asdmomdss  godogee,  Gmd
%R hse 0bgjaosl dogysgstio dMsgoamo doGmbydoe gxd@geol
B9Bng@bgdsdreg G2 #obBo. 0dob 2odm GMI ©6F-obs Es3mgdol
bagmo  Gompgbmds moMmdmol 7R Ggwegdde ©63-ol Lobmygbol
oVygdodpmg 0bmrgdmes, 3oohbog @m3 @ygos ofgggl ©63-ob
33035300 0bEY30Hgdsl, sbomo M63-ob GMablyMadonbs ©>
sbagmo gogmob Lobogbol LFednmszono.

Bodmbgto  5Jgogmdol  Bbgsgbo  bAS  JHmMImbmIgmo
2dgéhsznoms  Ygbsdsdolbo bewal podgdg smodmogbs oddgo3ms
®39870, dom B0ge Gygool Bomygdol Bgdwgy. JOmIsGomgmo o
JHm3mbmdgaroe Godob 3gMsgosms nbpyEomgdol 36oBgbgmmgabo
879> smamdagbs méngg LJgbob bydogdgdde, Gmdmgdo domo
bJ3056md0wsb 358mBpnbamy asboirorbgb Gygool bgasgmmgbal
(Archana sharma and Geeta Talukder; 1987).

dmogh  mobdmygbg®os  ©d@0Tbobol  baghimgdo. ebnbo
233003896 gxGgems  LogmiEbmolgbsdosbmdsl,  >ggHbgdgb
IROIRN> dAEsL ©> Pomagm JEmdoges po3amgdt 0F30306
d9d98Fmgacims Lbgopalbgs gxmgredo.

in vitro moagob Ged@mdmab@gdol 9Jb3mbozos ©oMmoTbobol
6ogPmgdoboedn  ofggges  JAm3mbmAgdols >  momobEsmob
eobasbgdob. >rs30560l m904m309930b> 00 gobob
RodGEdmLGIdlL  ggmHY@gdde, GmAmgadlsg  ©39Toggorbab
6o@d@ogdol >  gomogdob  2Glgbodom  smodoibjdmes
Jhmdmbmdgmo aoagmgde > 3oFygadgde. SdgMsagda, obggy
Gmpyme3  aob@momo  Jgomgnm  JRmBsHopos  yo3gemgde
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>m0b0odbgdmps  gobob  jodmmo  wosgepgdgmgddo, GmIgmmasy
oo bbob 356dogby odadbbom 3@Mbommdwbgb.

36mdgdo  boggmob  gemsbBmaghyndo  ;mgobgdgdol  Ygbobgd
GH00ghnbsFobsomdpgams.  smdmbgbogo  ogm, @md  Boggmal
bymgoeo  ofgagl Godmby@  oMmmggggdl godmsygeb  ymbmol

39 B0g0gd g 9ddGombygm rGgrgddo. sbgmoe gx9ddo G aym
bobobo  dsdosbol  @gogm0dgdde  Fomo  gPmBogzomgdolsl

monmby@o  boggamol 86 boggmolb  mJlopol  gbgbognol
0obbmgdom. C3H  bobob  mopggdol  ULodggg  xodggenol
350(306m30L rMgrgddn dbmmmp IGoMmgMoibmgsbo S3gMsiEagde
ogm bobobo NiCly 56 Ni(CH3COO)-000 0089 Bog9d0L Fg00ga. NizSs
360336gmmgboe  bAEows  JOmdmlLmdgm  S3gMszroms  Gobgl.
Gmam@g  Hsbl  Fgygobob b pogamgbol  obpgbl gmgagdby.
boggmol bgmegadol (-6 3/ 3d) Jombogao
06§Ma3g@modmbgom@o 0bgdies godnbgddo 7-14 pmol 356domby
o6 ofgggres Mo0dy s3g@ooslt dgmol Ggobol 9x@grgdde, bogmm
oGsma@o  aboo  Jhmboggmo  Bgyzebs, bépows  dodmbyé
0bgJllo > JOHmBmbmdsms 3oFy3aHgdebs ©s momabsmal
5M@g3900L bobBoMgbsg.

Allium cepa-b  gglgob §3gPml  ©sd493s358s NiSOs0m
0§33 JHm3mbemdgdol 3mbrgbbszasl s sBmymgdal. NiCl-og
s ghobdomado  NiS-o3  ofgggges  ©63-0b  doggols o
JomBmbemdgdol  aoVy3gdob s gRmoghmpasagmgdl  hoby@a
Bobgbols  ULogggdabol  gpen@ogodgdam  gxégregddo. 63
podmgopgdmo ogm  mbgbd@eosls s @sdydsggdol
bobaMdmagndady.  X-Jhmdmbmdol  dgdg@mamlsdgmo  a@dgmo
Modo 9gxem  Jahdbmdosdy  ogm  NiS-om  admfgggme
35793000%0b 308k, @s3  Ni%-ol  9xégegdBo  gorsdsbob
89Jo60b3L  Bosfg@gb. d9Boms 3oy  Xy9nBo, GmImgdog
25603000696 NizSs-0b NiO, NiCl-ob s NiSOs-o0b bgdmJdgrgost
2obOomo  ogm  JEmImbmBygmo  bs3@omgdal, BopMod s
Agomgge  JAmdsGopos 3o3gmgdol LobBodg. a8ob a38m @AmI
25630mb Lbgs Iy@spagbol gbodmem 0dsgedmygmo BgdmJdgregdols
o6 Logmbdmmmm  xagpeb  Ygéhggobol  ao3mygbgdgmme
d908gM08750L  TYgbobgd  mgdHomg@o  obgm@dsgos oG ogm
dmYmgdamo gb Igegagde Podgame o6 déob.

Lbodmmmmp, boggmmsh @sgogdomgdom Vgadmgds amdgsl,
Gmd  aoMygaae  306m3gddn Bl sbobosmgdl  Bepmég
Jmsbdmpgbgto,  oby  gdepgbyde  dmddgregds,  9BIJO0
058mM jogdgamos dmJdgrogdob bobaMdmogmdahy ©
3m6396@Me30sbY.



moombgdol  a9bgdogato  ImJdgrgdol  bmaswe  Yggobgdobol
Bgodamgds as3megb Fg8mgan seabighgdo:

dodggmo—monmbms  bgdmJdgegds  JOmBmLmIgdby o
AROJem>  Eogmgsby  glsmmgl  méebobgdBo  aodygggeme
Bmgore  Bgbrgbogdl  o8zmsgbgdb. Bodmbgde  obpgJle
Bgaamgdtog 33odpgds embol s Esdndeggdol  3gMomwmol
BeApobob. gogmgbs gxrGgmob aogmgeby dmogegh momab@omsb
3HM33900, o33 ofgg3b 3385850l gB9Mbgdob,
bdomdm jobgdl, odmm]GmdsGowegdol BOGIoMgdsb,
JOm3mbemdsms Fsdm@highsl s Lsdmmmme Jmmodmmogesh. gb
Bggpgde  Ygodmmgds  Bogfghmb  gmommbgdol  sgobmdsb
3M30MEmg3bo  moasbegdol J0dsMm, o oJgsbh 338mdpabadyg,
0000b@odmob  ogngdob  Bodotimn  Sptigmgy  35®33gaeTomom
Jumgomgddo mbAmbgho 3mb3gbdMa30gdal (3gemomgdgdlsG. 8oy
Jodogdo  945390Mpgds  33oky Bmamggamgéo  dobob  IJmby
3oegdb > dsmo EspMmggds Jlmgomdo ©odmjogdymoas sbigmo
3g8ommombyobgdol gm@Bodgdstby. JHmImbmdgmo (3gmoangdgdo
Imogogh Wl bodolbol  oBosbgdol, gmomgdgde  Fgodangds
oymb 30bmGymo-bghgangdom, BGo3d96G 30 5 b
JOmdmbmBsms  bgadgh@gdol  IHGoghoasiEgms,  JHm3sdabal
6ogomoggdol bmogho ps ddmogho @obosbgds, @oz d+9bgdado
203930809005 s> Gm3amob  gdsmanglbo  po3mgmmabgdss
badmmmar gxr@greeb boggromo. gb ggmomgdgde sgGosmgdmsr
300590M3gL  ghmdobgmb s> JoMpsdomss ©sdmogrdgmae ©Mmmbs
s  mbsby bmghigm  godamgdBo.  sbgme  3geromgdgdo,
90@mDYG obpgJll gbgds obobo, JHMBmbegdel bHGYIGYGL
09 nomabdsmol J3ggol, 398yzgmgdl 03s%y Gm @momnmbgdaols
4990gbmds  dosmagl mMps60bdgddo  goMggggmo pmbom @
250 33998m0 3gHomeob 3°68>3e0md5>90 Bgygobolisb
JEobdmagbgdos > Bgggmgdéog BmJdgrgdgh, Gmpymea  S-
odm o gdamo 336¢gd0.

Igmag; gemobLBmagbatio 383ddol obogosins s Lodmmoghy
5453T0@gdgmos 3336 BoJGmMhmsh, o0 Ymol o8mygbgd g
dabdam  Lobgdsbmsb, ®bL3mbgde  domob  aogmrgbobmsb,
993060l LoBJodgbosb > pbsbmsb, Wgfmgol  Logowglmst,
O®3bb3mAG M6 U Jbmgomgd 3o 353039 gds Lo,
2°8mygbgdgm  aors8H6msb, EgdmJbogogsiaol,  gdlg@gienb,
a3bm @  gbrmygba@o  60gmoghgdgdmsh  ghmoghnddgrgdol
Logorgbosb. dmbozgdms 3A51A ;N 3>HMBS Bgodemgds
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35330 9d0ao  ogmb  Jbmgommns  b3ggogogg@mdsbmeb s
oémo60bdob  gobommmpon®d  Bramdstgmdsbmsb.  gxgddob
Lodmgmmem  a08mgmobgds ©aBmgopgdgmos  spBgngy  mgom
monmbols domgrmgo@o 35 3mdmmg e gdcmsh
9H00900nJ90gd0l  absby. deanby 0Tgosmes YgPmsbbdgdemmds
909230L Jmdol, ghobs s 0dsgg BabHIm LobdgdsBo ghmo s
03033 oombgtio  Boghmgdol  po3mygbgdobsl.  dodomaso
Vg 0156b3gdmmds Bgr0g2900L BYméol, GmIgmog NYORN
5353 T0dgd o 356lLbgeggdslomsb Gabdgd Loldgdgdl Bmeol s
653@mgdol  39bgdoliosb, Bmoagsgh glopmdmmmpon®  ygmggodb.
gbogos  sbgm  43mgggdBo  dbgmmos  Ygmgams  Smoizbge
(hogbmddogoe  TYggolbgds) >  Ygrodmgds  sbsgmddog o
UJgbmddog  Logmbdhimmm  xanpgdmsb.  6o87d90b  bowogg
hggaemgddog  d3ncgs o bmdgde  (gosmgdomas.  dmsgodo
AJHMAH0s  gamGogodgdol  boba@dmogmds,  gobsmpsb  0d
Fgdobgggoms  9BtogangbmdaBo, @obdg ™m@ysbobdo  sEsdosbal
b>J3056md0s6 359Im3obady 356030l monmbgdol
b39m 33905,  JOmImLmdnmo  Sdg@szogde  360Tgbgmmmgboe
dogomos  Sd80060L  gmgogm3085380 3 pmol  3abdomby
JaBogomgdol Ygdrgs, 2 rmob 3sbdomby  ggmedegomgdgm
7033089306 Ygpomgdoom.

89bs8y, d9d9dfmgedms Lobdgdgdol yganggolol Jomgdomeo
dmbo3g9ms> bmgowo Ygolgds a30hggbgdl, Gmd mommbmsmngol
adobolodsmgdgame GmJlogg@mds 3ghompamo Gsdgmol ymggan
x3989  Li-obs s Ba-ob  aoéms  ofmdgtio  dobol,
2 9]dMHmPogdonmdal, mommbms  Jomombgdob  Fysembs s
03009090  blbospmdol bHwol 3oMEsde@3dmImGogmos  ©s
105353 A0t gdmos JLmgogndo >GLgdm 306mdgdmab.
psdoboboomgdgmo  FeJloggdimdol  gm@ds  odArgds  ghmoe
Jghompopsb  dgmeigby  pomabgmolab.  dm3gdgmoe  IgGommol
Bopbon  @ommbol  jomombol  GmJbogntmds  Ihmpmgbygmsr
gompgds I-ob IV xanpedmg, Gobsg Imbpggl  moombol
s6ombol  §mgbogn@memdol  beigs V-psb VI xpmgsdpg. VI
®a938%0 méogg ombl ojgb BLasglo mby Gmboggdmdobs. V-
b VI wangedpg moombos  gobadowosbo  dgoggool  ggdy
DBomos gobéwomo  blbspmds  BApol  Eadsbobosmgdgm
OmJlogn@mdst.  GmJboggtimds  obGBEgds  gmgomgbdgte @
dMmAebsgogm-4mgemgbd®  boghoms gm@demgdolsb. gueEM
3308y Bgdomgdb  ofgm gboto  FoddmJdbab Ygpipasoree e
oo jmI3mgJugdo dommmpoyn® 30‘36(')3(*)@3‘)'3@360»6 (‘)og
Gggemob 350 jmIgMAB>3oslL > dommemyogh ‘3'85{1(3‘)-*2]?
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bgeedobofgemBo obgm@dsgool  mobobds  Lbgsmolbgs
moombals > Bsmo BogMmgdol pogmgbs JHmImbmBgdty o
ARGl ogmasby  Eogagdotigdgmo  boghoms  ggempgds
O™ Jbogn@mdsbmab, 53 359m3obo@gmal (g5begds)
gobommmamyg@o ©s dommeogdo JHodghondgdomes.

dgmobg-Grpmag dmbsgrmpbymmo 0yem 33960 g
bob®gdgddo boghmol FygommBo blLbomds gogomgdon  BGHM
3603gbgemmgabos, gopdg  dgdqdfmg@gdBe. 8408y @ommbos
Y¥mgob  Logopg  msgagdodgdgmos  sbggg  gbpmaedmbmsb.
bogesre 933606ggdd0  gomombgde s @mommbms FsMogngdob
Eobm@os@ool badobbo  gogmgbol  obgbl  s3g@szogdob
MomEgbmdfiog 0beydosby. pogmgbs JHMAmMLmBgdby Tgodangds
ogmb o6 0B ogmlb  3oMEsdnm  ©ogegBomgdymo  ©63-ob
96000900 Jd0gdolosh,  Bsa@sd 3503306mdg0L g0
dodmbol odmgggems by dgdTymdo  Sodmdgdols  Fggdbsb.
mommbl  Iggdmos  03mJdgmb  ampofiemgsb  @oysbrgdmsh
3oGmM3mobdsTo s Fgagormmb  JmobBol  Lodmsbdy, @slsg
©3AMg93950 dmdyggds. momobBodol podmgggoms 1dgdgbmds 3
3°09amM0sb  ggnmghol. @mommbydl Tgydenas olggg, bgemsdatio
dmI3mgJlgdol  FogdmJdbs  (ogerad  xanBIdmsb o6 bbgs
@onmbgdmsb. 53 JmB3mgdLbgdob FokdmJ36s3 dgodangds algg
Bggommmb 3odm3msbdol gmpgbommds s Lodmsbdy ws dom
3%9mofgoml  jenob@magbhado  g39ddgde  ©s momobFsdsl
obybJ30o3:

0dol  dobgpgom o @G> aogmgbsl  Sbpgbgbh mommbido
9396500l gré@gRos poymasty Tgodmegds smo  pomags  bod
K380 dJHogmdol YgB0@gdols gbsdsdabage.

) dognob dmmogdo 993gjdgd0:
TL, cd, Cu, Hg, Cr, Co, Ni, Pt, Pd, Be, Ag, s Au

2) dognosh >JHogco mommbgdo:
Zn, Al, Ca, Mn, Fe, Se, Rb, Sr, Sb, Ca, Th s U

3) Ygpotgdom >G5389J a0 mommbydo:
B, Na, K, Mg, V, As, Mo, Ba, Pb . Bi.

beogoghine monmbolb gohrmdomnn gmobHmygbmds Allium-
ob Jgbdomsb 2odmBrobsty oym As <Se< Mo, Co<Ni, Cu<Mn,
Pb<Zn<Sr<Ce, Hg< Cd.

3gbymg-JAmBmbmdgdby s Jodmbyd 0bryJibby monmbos
aogmabol Yggpobgds 83gbotigms s dgdndfmgadms LobdlLdgddo
bBodow 3o6Lbgoggdgm Bgrgal odmggs. 85p. Allium cepa-3o IV
s VIl xaggms  Ostomgde  dmogh  dodmbPodoggaos
JM6BMmnsh Ygpomgdom, bmmm Il s Vill-bo dogmby dzedye.

18



Rattus norvegicus-3o, 8ym@égl 3bgéoeg, V xaagob ds@omgdo
3M6@Omm@nst Ygpsdgdon 36nBgbgmmgbe 5330Mgdms Jo@dmbiy@
0bpgJLl. bmases xa9gob Fogbom dogmbEogogae  gg9lGo
0bMEgdmes  s@mdol  Fsbol  bHmsbmss  ghmse.  d3gbstigm
Lobdgdgddo  JAmBmbmInmo  sMmggggde  860Bgbgmmmgbom
0bOpgnes IV s VI xaggeb  moombos  dstagmgdols
BgdmJdgregdol Ygmgpoe,  Gop@ed  sbgme  ggggdde oM
>0060Bbgdmes Il xaggel eonmbos dstomgdol dg8mbgggsdo.
3bm3gmgdBo bAgmoe bewps 860Tgbgmmgebo ogm bmermp V
XK3ABoL  moombms Y Bmbgggede, ogdgs  ©68-0b,  @63-ob,
grodogdobs @ omgdol LEMmo GomeEgbmdgdol (gmommgdgdo
d3d73Fmgodms bbgspabbgs megebmBo o6 oym agogdodgdemo
29M39H  Bobsbowb o6  3g@ompmsb.  gmobPmygbad  gugddgdb
Bmol  sbgmo  aoblbgoggds  omeboBbs  gbmggmes  olgm
2°6Lbgoggdm xangngdl Im@al, Gmam@ogss dgdgifmgmgde ©s
0930300 ©> 3gbsdigms  Lbgomalbgs xa77ngoL-bAgmgmbs s
VgomTo  Roygydbygm  9i39b5@ggdl  Bm@ab.  Ygmbggols o
3808mmobdolb 3bo Fmoged Gmml sbEmgdl 53 oblbgsggdsms
3ohgbo>B0.

339J3bg-mommbydom 000649 g30Lowdo 23>bAwomds
06®gighds ao8mofgos 08 Igmmpgdol T dwmamda gobgomsmgds,
Gmdgmms Lo gdom YgLadan gdgemos monmbms
395mBmJbogame, gmolGmagbnto 3mGgbzosgnab Bgaslgds. gomo
09900L3m33930 Jgmmpo oGm0l ©6F-msb  s3Morobol boMobyal
©0gg0 96309 sdImEGe @ommbgdol ©63-006 YBHMeghnJdgrgdol
300, @53 G gmHgL3gbdgere Immodobazoomn 0bmdgds.

Lbgopolbgs  35Mm3gd@ob  dmdggmo  dgmmeon, GEIgmas
d0bobos  308mPMJLogatmdal  FgLFogems bTodore  mobbgrogds
96 0mdsbgmb. spomonse, 3oGmEmJLboggee 3896900, GmIgmasg
3o6Lobmgmagebgb  gxMgoms  aobi3omggzgdol  GgbGom, ™o
Lbgopabbgs begol Gabdom, jmmbomgdol ggx9HOmdon (o
aROgens 2-emosbe gamdeggggdom. bLgbdo ogm Al, Zn, s Sr-obs
BsGomgdon ©s39D53990b Bgdmgy Cd-ob ©s Hg-ob Jemmdapgdmsb
> KCryO7mob  Dgrotigdoo. gl 8mbs(3gdgdo  Bgbomotio  oym
otomu@o LDs-ob bopogbosb godobyddo, swsdosbol Ladydom
amsbol 35099mb bmgdam Loporggdmsbh s >psdasbol mgsmol
0kodszoob dmbs;zgdgdmsb.

3mby(39dgd0b, J9Mdme 06896 JHmBmbmdge
AH00gHhm5330093%g aogmgbol Fgbobgd. dmbo3gdgdol dboMEds
dM3309d3M0bo3058, Go3 pobobm@z0gms Verschaeve at al (1985)-
3  gge@bmobfymolb  65ghmgdol  >ps30360L  modgmz0dgdby
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2o3mabob BgbFsgmoabab, godamgds mommbms ImJdgmgdob abob
BgLobfagmop sbagno LaBgogngdgdo Fokdmabobmb.

398g0g-monmbms jemabmaghatio asgamgbs bog@dbmdmaw
033 gos  23Agadbo  godmMgdol  bydmJdgrgdem, Gmamaaass
339%> s  Lbgs @mommbgdols >  GmJLoggte  boghmgdol
>GlLgdmds 350 gdmdo. 3o bo@MommmG@osgdoddgegol
8M0bs§ogdol dsctomo (NTA), Gdmdgmog Lakgibol gbgbognol
2383939609080 Immoxnmbysdgdel hsdbsgagdgmos, Gmamej
>@dmhbrs 8603g36gammgboe bewol SCE-ob LobBomgh. SCE-L 8
Fg8mbggzaBo  ofgggl  dudgdfmgagdal gxGgLms  PmGatgdol
539353935 Cd-ob Hg-ol Ni-ob s Pb-ob gblbspo 3s@omgdon.
monmboms bbbspo bsghmgdol gbsto Fom8mBgsb SCE, 9gmegl
dbgmog bgdmJdgrpgdol 56 gdggdrgdemgdmeps.

monmbol  gmob@magbgtio  sJ@ogmds  5Tabs3dmagh
03gmgds, GmEs 0a0 2odmoygbgds Lbgs mommbgdmab ghmog.
3mJdgrogds Bgodangds oymlb SbGsambob@a@o, Lobghaoldgmo 6
PdGemme  ghgdoma. Cd-ob @> Pb-ol  pgdomu@ds jgmaged,
HmIgmra(3 2°6bmA30gm©o 330™MGob m3mMGaGMmAosBo
pddmogmobs  JmolFmpygbg@mdal 333gmco  (3gmomgdgde, GmEe
b mommbgdo a53maygbgds 08539 XaBob bbgs mommbgdmsb
ghmoE o6 Syomgdgme mommbydmsb ghmsp. Lgmgbl  dopnby
3300 pebom 5J3b gbsto sm@y el Pb-ol jmobFmygbghmds
d9d4dfmgadims  LobGgdgddo, dop@sd oeogomsdo  gggdde oM
smomoizbgds  A3gbotiggddo.  2MLgbsy >  LgmgbizobGnbol
dM330b>300 233053690 9Hm0gHnJ3gegdol 19339J6L
JHmbobamggéby  Drosophila melanogaster-3o, 853@08  gb
9600g00J0gdsbo >  domo  Fgladme  Bobgbgde  3osmmgy
pgdom@ B08mbomgal dmonbmggb.
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3. sbogrs > Jgompoags

figgbl BogdH Boggmol Jemm@opol 8mddgrgdol  gLFogens
sadnsbols  Bgdjgodnm  S3stefby  brgdmps  3gMogg@oymo
Lobbmol @modgmiaodgdol ggmda@ol xGgogddo.

23 Babd-Lobdgdol  doMomop  @o@AlLgdsl  FoMmdmsmagbl
IXOJONS oo  Gomegbmds  Bmgmggeeash @@ atoms
dobomgdoe. Bngdmdgmmeol ao8mygbgdols  Wgbodm gdanmds,
IR G g 3m3ymaogdob b0bJHmbygamds 8o§mbyto
068gAgsbol Gy o6 Gy ULBoogdbg,  Fodmagbgdoo  dsmo
Lbdodgmomigdol  Ygbodmgdmmds, JHmMAmbmdgm  EsMmgggome
603g%0b  spgomo  gmsbogogsgoob  Ygbodmgdemds, s@adosbol
m0dgmzodgdob 39 @atsde dogmoab Dbgbdore 105
©0939M 630G gdmo© Bgodmmgds Lo ggemgg 6ogGmms
Joldmygbato 9733JH0L owaghs JHmImbmBnmo 335ho30gd0l
dobgrgom. ()

Jodogd  boghomms agbgHogado  ojdomdol  dggaligdob
Lob®gdsdo dogmby I60Tgbgemmgobo spanmo glodoge Jgmmggol
309™M2969004960 Ignmegdl. gb 3oGgzgm Goado Soblbgds dsmomma
dMOgImo300m, AGmdgmaE Pbrs >Hlgdmdegl JmobBmygby® o
2369%  398°a0g®  3Gmagbgdt Jméol s Jgmégs-
ddogommdoibmgabo  Ambo3gdgdom,  GmImgde3  dogmomgdgh
sodosbms  3m3gmoogdol 3gbgdogat Ggedmdo JHmdmlmdygmo
sbmBogrogdol dopomm bggotom Fomby.

s@530060b  3gGogmg@ogme  Lobbmmol  modgmodgdoel
J9eH0gomgds  bgdmps  dgMbgoobs @ osbosgdm@ms  dogh
33933580 dgmnmpon( ). bpgdmes ggby@o Lobbmob smgds
Ldgtoma@  Lobxs@gddo  bowsg  Fobobfod  Aabbdgme  oym
3935k060b bLGsAAL (1 Fomo Jgdscobo: 19 Fomo, ség RPMI) 0,5
3 Lobbmol Bgrgagdol mogowesb slLagomgdmag. Lobbaal
Imagmmds  Lobxsmgddo  Bgoppgbws mssbmmgdon 10 dgm-L.
46000m30Hgd0b  Eomydzol Bobboo Lobyxskgde 3040 Fgmom
oogbpgdmps  ds3oge@To  +40  §3B3gAsd@sty.  gumA Mgl
poEadolb > Loggmgg bogmoghgdoms  blbs@gdol  wsdsGgdob
3GmiagRg®s  B0dmabsdgmdms  dmJbdn, L3nGEJgMol  SEosh,
oo LHghomyd 306HmdgdBo  bomgdbgrs Imobds, dobTo
YFmbogmo  mgogmi3odgdem  bobmdo  303gdol  dhdggmdem
3oo0H6gdmEs  Laggm@ogoGom  gmsgmbgdBo s gdsGgdmms
Lagggdo o>m3 RPMI Bggstipgdon 1 fogmo 3amabds: 3fomme o@p
RPMI > godm3gdspmygdoebobol blbsdol 02 3m grodgmiodgdeb
wogmegol  bGedgmomgdobomgol  (3gdd0  odmygbgdgmme oy,
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Wellkome g0Gdob (nbaarabo) godedgdsgmygdobobo.
$IGItomgGo batggol ImEgmmds Fmsogmbgddo Ygomygbres
4-53gm-b. JaEGGgdol 0bygdsirs d0drobs@mgmdes MmgHamlGseddo
370 §gd3ghodnmody 72 o 144 bLassonb po63sgmmdsPo. 144-
bosmosh gnm@@gddo 96-3 o 120-3 Losmgdby brgdmmps >tab
g, 26Gd0mGoggdel Vgyzebs JamAP@sTo o¢  bpgdmos
©33odgdomn  gojdmmgdol  Dgbsdgmer  g7gdBob  asdmbadoba.
boggmggo bogmogMgdol blbomgde obogngsbéims obmogomms 72
>  4-bosmosh gomBPRgdlb gdsdgdmms  worpadobmobagy s
@figdmms  obggdogool dmermidpg,  bobpabdger  obwogopms
3G9 gdBo  go NiCl-ob  lsggamgge  mb3gbdmagool  blbsko
395030mms  AmmA  EoEpadolmabsgy, olby  mopadomsbt  24-
Losoby. Halpodgdamo  ogm  boggenggo  blbodgdol 2
3M63960®ages 104 ws 105 dmeama. )

0b39do300b  EoBmag@gdoBey 3lo-om  SpMg  RGYrRgdol
d0dobg@o  poymggol  IgBogabol  LPomesby  Uglshy@gdmace
37 GNAgdL 935§ gdmps Jmembonbe bLsdmgmmm ymbigbdHogorm
0,5 839/3gn. JamA0gotgdol @sdmsghgdol Bgdmgy PRGIrgd0l
bgb3gbbos  gopon®obgdmps  (39bdMogkgaolb  Lobys@gddo o
368Mongantiegdmes 1000 adé/fo  Lobjsdom 5 For-ob
30635gmmdsTo.  (3960M0RY0Mgd0b  Gggodo goJbsizoel dmgemo
3hmgbol  3obdogmmdodo  gEgmgmo  ogm. bamgdbgres  Lomby
omgPgdmmps,  bomgdb  gdsdgdmms 370 -8y  Dgdmdsdo
dodm@mbyeo blbstio  (bodtoygdob  bod@sdel 0,95 %-o0sbo
bl6>n) > moglpgdmps MmgMImbBeddo ggmag 37%-By 30 Fo-ob
35635gem3530. >dols 9092 6oy do a563gmégdoma
3960M0g 0 gd0b  8933gmdom  mogobgmEgdmes  bombobsyob
> RoJboMmpgdmes sBbmmgGahe dgmsbomobs s Hobymmgobo
d35Mdgogolb  obmopmsdbopgdgm  gog  bodggde (3 )
godlodm@mol mfixghopo Fgagmon 30 Fygoob gobdsgmmmdsBo.
axGgegmo bgbdgbbool Labopby 80bsby gomodsbol Fob jgmog
bpgdmes (3360M0gga0ngds gojlsdmmol dmmm gmyggsde, @ob
3909353 bosmydbgres Lomby omg@gdmes, GRgdmes goJbsGmmoab
mmee  @sdpgbody  Fagmo. 3sLEgtob  3a3gHob  IgBggmdom
bpgdmes  godbogm@do  bogmgdol  Mglgbighbomgds @
Fobobfsmpogogdym  Uggemn  Loboaby 3nbgddy  Lybdgbbool 3-4
Fagool  goo@sbs.  yggms  FgBmbgggsBo  bpgdmps  bobogby
306g0b) godLsgmeol 3m§go.

3Gg3omadgde opgdgdmes bomgdsgom- 30dbs, 0mybgomes
wobdomomgdgm FysmPo > Ihgdmes mmsbob Ggddgmod oty

330980 JH03rbmdgdels sbsgmabo brgdmes
dogdmbgmon JIOMO (md0gJd0ge-90, M g gdo-10X).
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sbomobolamgolb Bghhggmo ogm goMpsre Bgmgdoge 3gdogsbgdo
4448  0obsdMaE  Llodsmabgdgmo s gotep  podmogmo
JHm3mbmBoo.

JOmdmbemdnmoe  53g@ds30ogdel Ggaobtiogoel  pOMl
spodogbgdmos JoMomGadodgdob 2oM9dy 3G
0gbH0ga30Mgdon  3dgMs30gdel yagms  Godo. bpgdms
53360(308%0b gdaggee Y @gems LobToMobs s S3Am396dHYm
JOmBmbmBoms sdg@a3ogdob LobBomol pomgmo. ol nommynm
35M0560bg  posbsmmabgdamo  aym  >@sbogmgd 100 FgHogsbe.
23965305800 (sbmgosaosms) 99339 IR OIS
30m@gbdolsmgol LHsbpsmGyme Bgmdol omgms brgdmms

Fdegae gmEHIgman:

t+ \a 100-n)/N , Lopsg

N —EsGrggagdeb g8pgam IRGIRMS 3Gm3I6G0s,
N-3gbfsgamogn gxdgems Gogbgo.

339(15(309%00 gotemIono tobgobamgol Bgaremds
300gmgdmes goEdgmon:

100vn”
N
basg N — sofogbym 53gMHoEesms Goihgos;

N - gosbognobgdgmo gr@gens Gogbge.
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4. 300J333CN 332IBIBN Y BIELEY

4.1. NiCly-ob 3530365 2293036Bn JAm3mLmons LYGYJHYGYRO
296A0393380L Lnb3nA 83 mAa 3obLbiogzgdyce Imegoyhn
Labagdnl 3o3mygbjdobol

6n3ganl JomGogol 3363snigysn 3mddgegdal Bggslgdsl  3obpgbpom
m@G dmeJ0YhA Y§GIeYe LobLE)dadn in vitro RodMAJBaLOL  (obopaodhigs
20-40 Poob sbojob npnznggdol 3embmoansigdye - 144-bsamnsb jyo-
8363330) > in vivo gad3A38ab BJ3mb3y303n (75-85 Fanb abogabs
aboozogms bob3miyeg, 72-Losmnsbo 308 YARgdel N8GIeg30). ool oo-
amMmIYe 3965056883 3oobagnBgdyan oym 969653098 100 yyAgenbo.

3dmbo333330 NiCly-0b go30360L 33Lobgd 3nMzgen sbogmdhngn $33-
gob 06gngngmo bobdmypg - 72- g5 3GmemboMAgeye 144-Losmnsb 3yeay-
Aon> Y§6A305330 JAMIMLMBoms 233Mo3n38nb FMAETNEB8g Sbobypas
gb®A.1-3n.

Amamey 3333 230603630, A336L dng@ aodmyeogn oym Gogjool Jom-
Ao80b m@n, J305A3800 yo@g JmEEbeMognal bLBoGn, @mdgaday bob-
Imygog 72-Losmnsb 3308361330 56 0F 37316 ngmByGa obggjLob god-
3300330, 237628690 JEMmImLmdons BJ333300 J3632380L Gomeabmdad
3mb8Amedn, Gnjganb JomBogal B37dmJdgeqdal 306337 3003060 2,5%,
6oy Logbgdnm JLododgds LoByoem negAagAYe doh3gbgdgal o3
abogob nbgngnggdabomgol.

60300l JomBogol mBa3zy #3LAnAdYn bLBaGan 833mJdgegdabol
3°9m3enbeo ImBngoyhn emBo-podmjoggdvae 3x3j80 JEmAmLmayge 583-
Aopngdol 0Bgydonl m3zo0bodGabaom. 1077 dmpodyan bLBsom 333md-
330980Lob JEm3mLmdons 289@syngdol 3dy3aa MsGeIne LobBnkjgd -
203065 11,5%, 104 3mgadmBal bLEsGabamzab - 20,0%.

460> 9006036mb, Gm3 R336L Ingd Bomadyan BJe9pgdo Fnboopde)-
amdoBno 0n#JRIEYAR>B0 53a37 #3LE-LnbLjdalomzal 26LJ3Y dmboyg-
330056, 3o8mbalo g5 oqobmbol (Paton, Allison, 1972) dobjgjzom
6ngaen 36 of333L JAm3mbmdyon 2336530380b 0bgyseols Sgo3nsbol
b263m3e] Q0IRMPNRYE JI0RYGFIMs Y§G3ead3n. gL Faboondegamds dgn-
dggds s0bLbolL, oy gagom3zoqobPobjdm, Gmd R336306 gobLbzojzjdnm
23 238mAno 323830 sganao 3Jmboo 14MIe)xd8) Boggonm bobAmgeg 8-
3mj3gegtol. Lb3o #gba-mdngagdab godmyjgbgdom Rogodigdye  3303-
33030, Logoy 603g0nb 653MAn33nbomgelb boh3967800 30dmaabaangyHa
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133]80 (Popper et al, 1989; Robinson, Costa, 1982; Sen, Cos-

ta, 1982) 5006036335, Gm3 53 J93]8L 360T363am3650 3o6LoBE3AI3L
Amgm@g 6o3gool sMngom go3Y3o3380L bobaddangmds, sbj3g nbo
3mbaba@ognoy, Aoy B3a6L 303830y gogobyyMes.

GmgmAy 90060d6s, 6ngganb Jam@agal yoampaabasngyén dmIdjes-
30L Bjxgobgdal 3obgbgnm in vitro 33@geyan OB3A38nL dmegoyé
LoLag3>3ny, Aaaob gb LoLgds LaByoggdsb ndogmes B3a3aLF>300
603300L ambo> 0J8n3zmbs M3Fge 885 bobaMdongn (144-Losmnosba)

833mJdgeadol 3nAmdy8Bn, godes 5dabs, Lbzo 338509889 (Mmoxanse.
flexaBa, 1994) boh3363305, Am3 d3eo0m> ambjzdab 3363803960 >3-
803m3> Ybodoms  36033650m3650 3o6LL3O3093mEL 6mA@ASLS (Sbop-
3°86po nbon3znpgBalogob Famgdye andgmizngms bobdmies 3u0eAzdeL
V5630380) g5 in vitro o in vivo p533A330bLob.

JAmAmbmdons 583Ad50780L 33333900 8GR B0b Aompy6mdod in
vntro 3§6A30300 g3836330Lob 6aggonm 833mJ330380L 306337 R336L
323330 5,11x% Bjoganbs (gbA. 1). 4boo s00nboBb6mL, Gmd 003G~
Ay0n 3mboy)d3gdn 3@mambanAgdye 0ndxnmpod e 330833030 JAMmAmLm-
domo LEEYJBIAICD RIAM333300L  DJLobgd dopnsb >K53GSZO0MNbm-
3o60s. 5053n5bnb 0ndgmpnsgdal  144-Losonsbo  3YpsyGgdnLomgal
L3mBRobyMde d0dmg6adye  JAmAmbLmoms oBjxASYngdaL  LobBn&al
dbaogln Joh33638900 poggnjLoAjdycns 6.9390033000L DGMISTn
(XpanumeuaK, 1989) — bLOTyoame 4,6%. sbogmaoy@Go  Djp3ajdo do-
03dans Lb3o mdngJaday. jaddmg, 3o34o39-6384Lgdnl  00dgmingg-
30bL 120-Loomnob 340896 )330 boh3zabgdns (KmeMusaeB, 1976) 283-
G560 JAm3mLmdons 33333300 §GIR30L LabInAol Mmobodndgy3@y-
o 358330 3yesn3oynab 3o2380L BAEoLbmob jAmog (1,74%-po6 48-
LoSM0s6 3YCAYAId3n - 5,0%-3p9 IAmEMbanGd0an). >6LgdmdlL op-
@3m33 3mboggdgda gdemgemogyd > 36emn)elA J§AIRIC JICEIAI-
30b 33096090 35Logxd83 JAM3MLmBomo LIMBEIEYAN  RIAM3)3]B0L
embol 354330bL BglLobyd (Nichols go Lb., 1987).

3393650, B3360 AMBS3x3 30 144-Loomnsbn 30 YAJIAn HB3YA-
Bod0d LIMBRI6YA eMbglaab @o32330M3dnm LEye FJLododobmdsTas
0089658760 3mboygdgdmob. dohbyynns, Amd AmgmAy  in vitro,
obLg in vivo g333A330Lal 233Asgnoms dopago LIMBRsbyGn emby
3°6306m33870a00 JGmdognbob 3Bohgo 3)836AmIAmdsgnbnBaynnn,foy
Ao 0986 3m0g8sL 3J36ob M33a@aynal gxAdx6438L 3yBomdabomzab.

bobaMdan3n 3yesn306gdab 306m33330 boggenl JomAogol o=
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QoQn, 1074 ImpoAmdol bLEsAnm 323mafgno oamdysdn  nbgjjLnb
3430060 @oJ330085, Goy LEosoLangyGse LIAFIYEm  Bjpgagdnt
doggdal BgLodagdamdsb godmAngbages. Qodage  3mbgbadognal
bLboMnem 3mJdgegdobol B30603638mEs JAMAMLMAsmo LInGagnBaynal
LoaAdbmdnl 3dang@Aads - 31809898380 Fo@dmeasbngn aym 3miag,
dengh 3mbegblo@gdyen JGm3ambLmdgdon.

20bo6Bbogns, Em3 Bnggonl JomAogol dgogbn ImJdzegds Jem-
dmbm3oms 3mbagbloynsdy Boh3gbadas Robymae Bo3u6sL 3yesyGons
V56A9e380bom3zel (Sen, Costa, 1985). 53 YAmInL  >33mA)d0
063903680560 BogganL 9935805638300 3mJ3geadal 331060830,
LogAmme 3933063836 ol Y6OAL odmafz0mb JAm3mbmdoms go-
donghgdyen 3mbegbloyns, 335LMs6 gL Y6oGn Jogyamdl 6o jjool
dmjdgeqdnb babaAdanzmdal BApol JoMongeyMoe.

3:mbo33930, GmI0gday SLIby336 bobeoBdye nbengzogms 34&g-
23330 bnjganL JomAogal 35305650 JEMBmLmdoms 5B33Mo0580L gmE-
0678587, FoMdmpagbogns ybM.4-3n. 3e)d0L 93 LyM0SToy #aLEn-
A3800 oym 6oggonlb Jom@ogol mBagzy 3mbgbacogna: 1074 2> 105
Imgo@mdaobo 33dmJd3e380L 3o6Lb3o33800 bobahdongmdal 306mdgd-
Qo - T2 o 48 LodonL 3563530m85Tn. AmgmAy 3bAngapsb AobL, 233-
636870 JAmImbmdoms Fj)d33300 Y46 Iegdnlb L3MBRSEYAN pmbEg bobpod-
30 nboogznpms 308G 1330 A336L o330 LoTyogame 7,41%-L 333-
LoB0odgBmEs, Aoy gosbomgdnm J3mb3330 Q0RJEIRYARITn d0F gGngl
93533 oLogol nbpnjznggdnbominl (JlekaBa, 1979; Jlexasa, 1991
Imoxanze, Jlexapa, 1994). 93 3939mb33030y 9330Ms> baggonl

Jom&ogol gmBo-padm jngjdyon 353380, bojggool JomAogom 72 Lo-ne
339mJ330980L 0Am3g330 53365680 Y§GIemd LobBnkAg BoJLodogysa

oym JgEm gogo emdob - 1074 ImpoAmdal bLbakal J33mb3g3o30 o
33003065 25,53%; 1075 ImpoGmdnl bLBsANLOMm3aL 39m3Jdgeadal

03039 bobaAdangmdabol gL 3oh3g633300 17,0% yoago.

@og Bgabgdo 3mboygdjxdb, Gmdegday domgdycnd bagaeol JomAo-
dom 48-Losansbo B33mJdgeadobob, 3beo 5006036mL, Gmd 53 I dm-
6373990 653Amnl emBo-po3m 303800 33J80 IGoJ803300Q 96 o
Am3096003. AmamAy bAogoesh BobL, o] Bjn603633> dbmeme Jhm-
33960 $36036300 933656890 JAMIAMLMIJBnabn YsAgegdol LabBnkol
358380L> gmBal 3Agobmob ghmag.

JAm3mbmdams LaAYJeGIaN 2o6R33380L L3gJeMalb BgLFo3ead
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399ma30n65, Amd sboggoBAgs nbanzngms GmamAy bobam g, obg
3AmembanAgdyn JU0sYGons 3603830 JGEmAmLmAons  9B3Go0gB0L
403380 doGnmogog Fomdmeybnan nym  jAmgyem3zabo oo Bygogn
36533368 3800. bobgaddya nbgngogms Y3M3e133n, goMgs  S3oblo
82380L Y3300 3oM0obaBn goc33auen  LobBnMom  spnMnybiydmes
39330000 ool 333MAo30380 (JEmBmLmdyan oo JEm3sgongyoen
8656Lomjo3030) o MAgmem3zsba JAmAmLmAgdo (gb&. 2). Lonb-
83A3Lmo  2006036mb, Gm3  bobpoB3ue 0bgnjogms  3s§Fe,ddn,
Ampody gmbaAmadn, dLJ3) eob 3nAmB)8Bo; VJ06nIBJdmps 3g-
85398380 A 3990l gAmn 56 mAn JEmdmLmdab ggLdnGsgnBoynan.
o0bobnB6o3ns, Am3 podxAjdol mAngy - in vivo po in
vitro LoLy 33330 33b3R dmes JAMIMLMAJd0 133686MAJAML BospMg-
30 @d300380m (AmamGy Logmbahmam 396056830, dLg33 geol 3n-
6m833303). §6mB0ens, Gmd dydydaFm3@adobo go op330s0bal Yiég-
2380l JnamByMo aogmgobal Bmas)ds ospanan o33b 343300 JEmam-
Lym3gdnl 3968KAMB3)AMBob SLNEJAMEYE gomaB3zobL, Aol gadmy 3g-
8°3°80L LROENOB] g3b3eldo §MIRMO 3OM33IYC0 GoMEIEMdS, Gm-
dgemoy goohboom JAm3oaneadon gomn3Yan o03ryce JEmadmLmdjda.
02653300m39 Focdmpaqbjdnn 131646mAgEAmns BropMjg3n goyneg-
2o (g6e) JEMmImLMBoms goymn3Jdomdal JGm-36m 33]9608350 nm-
30935, 6obobno, Am3 o0odnobol 0odgmynsyd Ju0eYAI33B0 dgan-
g0 5J3L jhm-jhmn X-JAmdmbmdnl 31686mIdgGammns bosp&gg eoyneg-
5L (Fitzgerald et al, 1975; Galloway, 1978), @G53 >34MG-
0o 983G0m 3o6230AmdgdlL 56333omognol 53 JAEm3mLm3dnl dobjozom.
295Lmab >ImAEos, Am3 BO F08g dgan abogol Joggdnb gndgm-
40d3%0L 33087963830 X-JAmdmbmdjdnb y368@mB3)Amas BospMgzn go-
30033 4-336 Yg6m  bIoAno, 306 40 Foodeg dsbogol Joagddo.
J0Ageopns gbe-Lo  go  #MAobmdnol ImAol golgnhegds G-3aygel
JAmdmbmdgdob ybe-L dopoqn LabInGnm  @aybol LnbpAmdnl pAmb.
3030L 3Am3o>Toy  (Vig, 1983 aodmaddycns ImboBAgds, Gmd o63-
y3emngas Fa@dmogagbl 33686Gmd M80b oGopAmyan gomadgzel Ige-
3ab-

23533 eAmb gogg@Ggboyan gngdzol G Jgmmpol aodmysbg-
30Lol poganbogo, Am3 §963Mme nboznegddn, Amdgemoy JoGa-
80330 364333980 >G5 Jzo, YBAm bBakog gbe  o0nbnB6gds
35-18, 93393 93-2, 93-5, 33-12 @0  X-JAmBmLM3gdnbomgzal,
Yg6m 03300008 o >36mp3686c0 JEdmLmIgdabongol. ybeo> sqo-



60T6mL, Am3 A376L 3By dnMnmogap bR  o006nB63Bmpo

A-,B-, C- p> E-}33g3%0Lb JAmImLMIdBo oo IG>J804909¢
36 33b3R73me0 S3AmI6aGYe JAmAmLmdons 6y g6 agedo.
39609em336, Am3d 3b6e-L 16m3360 o63nGMB 30Ny 3368Am-
336mb pobgybignom, Aoy mogol 3bAns FoaGdmagalbl BogmByMn
2000bgoRol sMsLFmAn FngMlmgdnl 56 3nBa8L, 6 Bjp9al, Mal
3°3my3 0603135 JEMmAmLmAgdol 6Em@dogyMAn  mAngbaoyes (Fitz-
gerald, 1975>. JoMngoy IngmByhn JAmImLmBgdal 3nbjsmim-
Aol gagg@abynyan F3md30LoL poganbos  JEMmIMLMAJRalL 3768~
6m3gaYen Aa0mbdol gobyybjzool dnd38m3Mn3n Gmgn bobpod-
30 Jogaddn poymadgdomdabs po 963330magnnl Fo63mBmdsBa.
dmom Fogd30 godmnmjzo ImLoBAYBs, Gmd @br, AmamGy Bmao-

360 dogdmByAn giAp3zgzal 3oh33633300,330d0Bs 393myabadye
0J65L 35633mb 335306d7A 890 GoJamEns 3Yeoa163hn 13378
3%0L 83LanA 30Lomgelb. 6oR3)63805, Am3 03 8539300 ondgm-
3083%0L 3904363830, AmIjomoy 3G3e608mambon 3 3Aboomdebsb,
2006036385 ¢be-L LobBnMab 3oy gds 3g-2 go 33-18 JEMAMLMIY-
3obomgal. dLgogLo Ygegan 0J6> Japjzdycn LobjLeAmeabomzabs
wog3ob djonb #3060b H§A9e333n (IxaHrysameuau, 1985).

R396L 133930 abe-L 33390 JAMIMLMIBBNS6n MG jegdol
Lob3nAg bobpsddyp 0bonjznomy 30sYA 830 BoJLndydb  SeF )30
603300L Jom@Gagob Jopogn 3m63368Go300L bLBsGam bobahdongn-
T2-Loosnnsbn 333mJdgpqgdalol (11,11%, 3mbacme3o - 2,31%).

23539 dLojmdMAn3n 3agenlL nbonjogmo  4§G3R]330, Amamég
J0686ma3n, oby bngganl JomGogom BgdmJdgegdobol o00nbn3dby-
3mpo §8G33em0RYA J§AJems LobBnMol  3oggdo sbogpodmo ab-
2030098056 BgpoMgdom, Aoy dLj3zz ®obb3zegds Qne A YAnL Im-
6539993L (JlexaBa, 1991; OBasumpuiamu, 1989).

4.2. NiClL-ob 3230365 5R320560b odgmnssd3n 2 36ma6-
8630 JEm3nbmdons sbmyooyngdol gmAdnkgsady

JGm3ambLmdygn B3RP0 g80L sMnbzob aodgs Bngganl Jemds-
80b 40odma638ngyh0 SJaozmdal ggobgdabomgal 30beg6beon dobn
3930360l BgLPageol 536mygbadae JGEm3mbmdams dngh sbmyasyno-
0> gmAdnRgsob Lob3edgdy.
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0086280606 36mBdogns, Gmd 3YRs336780L gy gmBnm
ImJdgpgBalol sganen oJ3b Mndmbmdyan 336330L sjgnzopnsl
(BockoOoftuuk, 1987,). Ju3o6amens 3g6mdBn  jooLyyMjxdog
393600563300 Kodmbmdyen 336380 amjoenBidycns Ao o6
653276033 3mAmampoys  JEmAmLm3ye Fyzends go dbeg636 Bn@-
03536263m3Jabjen AonmBadal gmAEdnhgdob. BnRngsjob mAasbodo-
dMmEmd am3ognBagnol dgngl 20330560l Y§G327830 PoBImopy bl
20003) 236m3368A 00 JAEm3mbadal gmcagn $ndzdol 436330. o3
JAmImbmdons BoRngo Fa@dmdJdbgan Aonmbydn Jmdmamany@mdol
8°9m 306030473896 g0 Po6dmJdbnsb 35330633L, Amdjemoy mo6s3-
8393630  obmgoogngdl  yPmegdi6 (BockoGollHuk, 1987,)-
396590836, Amd BnAn3zodnl gmAEInGgds 93 Sbeynoyosms  Logy-
433087 bgjdo. s0Li6036o305, Gm3 F)aoxo8al LEIENad) SLmyao-
303330 3AN06038056 dbmamp ol JAMAMLMId3n, GmAzems dodm-
3940b 3om@3560898300 186330 Fobodggdo@] 0689Ax8530 SJ40-
6o #46J3ombnAgde636 (BuRueHKO, 1986).

3nAngogol mBaibaBogmBns 2J8n3mds, go IJLods3dabog, S3MAm-
8368630 JAmAmLmdamo dbmyasynjdol LabBnMg 36033650m3600 2Gal
396306m393700 GmamRy #3650l Anbogabo goRgdmb gndomamanyho
33200333800, 0bg 30633960, 33Gdme, JndnjMo 23368980Lb 339m]-
330380003 23oLnd6, 28 Boh33633am0 y3o03000MmBo IfnplAm Jo3-
306305 ImJdgen JndoyGn 537680L pmBosLoob (dposoB, 1981).

A396L o830 S36mE36HAYe JAMBmLmBoms sbmgnoyngdel B3dy3ae
Y§6Je00 LobBnAgd obogaoBMes nbonjzngmo babdm3es 3308 YHJd0L
9§63323830 Bojjonn 333mJd)eq80b 356337 dj003060 58,3%, Aoy
Lo3BYoem QngjRoIYoaRYe doh33658098L AJgLodo338> (BuHuBHKO,
1986). (gba. 4). bnggonl Jam@ogob m&nzg Lopeiao Jmbygbeko-
goob bLBaGom 3m7dgegdobol spgogn 3Jmbeo sbmynoyooms 333390
94692380L  Lob3oRol goJ3g0m3adaL, 5FoLmob goJ3gnmgdol bosob-
bo do870mBes bLBaknl 3mbyaba@oganl 3o83d0b Joéogggi]éog.
sbmgoogaooms 333300 YsAgens LobBeMgd 25,2%-go6 107 Bmpofim-
3oL bLBYGNLIM3NL onjom 14,0%-3dpj 1070 dmgo@mdnb bLBaANL
333:0b3330Tn. bngianl ombms sLgon 3030365 S36myIbaGEYR JAmdm-
Lm3oms  JLmgnoyngdol  LnbTnkgdy Bglbodams Bnymomjzdegl 0dsdy,
6md 3omo 339m1dexBobob dpae0n oJ3L 346303330 Lobmgdyko 3Gm-
Babgdab ead3gomadob, Aoy, mogob dbAng, ao3egbol ybeo obegb-
el G33aéo300 IGmygLad8g, 0F333e3L om FgbyLegdsl o, Logo-
Goypms, Gm3 93obmdb 6o aymb Ro309330M3gBYyen baggeel Jam@ogol
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8036 393m3076000 3Y8o3769M0 39380

236mpy368AYe JAMAmLMoms sLmgnogngdnlb 3d333e J§GHgemo LImG-
896360 gmbj in vitro g5 in vivo go33A380Lob R396L 3330
LoAPIY6mE pod3g0mgdan nym Em@AsLMSE BgeaMgdom, Gog LogLydne
F9gLs333985 0negAIRYEYe Bmbo3gagdlh.

36mdngno, AM3 SALBMBL 3933060 GodmLmdyen osbAmE33nl gyb-
JuomBa@gdabo o po336785L ImAal AmamAy J3A3RYe, 0l mAas6n8aye
2m6383. 0n#ARIEYARIT0 dGaL 3mbo)3380 0dob Mmomdotg, Gmd sgodn-
360l 00dgmpnagdol LIF-mabomnsbo Fycsnizndgdalob segagn oJ3L
Jbmnagngdol LobInAol 3033 JARMEENIE 330RHYAIBdM6 TjegMAjgdnm.
20530060L 00dxMnk 83n JAm  §GJeB]  oSlmynMAgdye JGAmLmIsmo
Aome)6mdol gobloBmi@nbol yyosogopnnl 48-3, 72-3 go 96-9
Loom88g boh3369300, AM3 bogds 93 Ioh3365800L ®36303073-

6o 303dd @o ogn JgLododolog  Jjopagbl 3,36; 3,07 o 1,7
(Nankin ,19703. 3bgojLn 3093380 domgdyans Lb3s  o38mAms
B3AmIjd oy (Mattev, Salzano, 1975). 3on >dmohnbiL, Gm3d -
Ayemo goymaolb Aogbizol 8Geobol sganan 5J3L sLminognoms Lnb3n-
&ab 36033670m396 3agdobL. sbmynoygngdn 3mbaPogg o236mgbasa
JAmambmdoms LoByoam Ioh33638700 3Ae8) 30M3ge, IgmAg o
33b53) JngmB33n JLododnbog YeMogs 100%; 76,5% go 52,3%-L.
aGmomgol (dposoB, 1986) Imboy)dgdom odgmynsgdl, Amde]gddoy
653096037 JogmBo aoboygoggl, godogn sbmgnoynyséo abggjLn dbo-
LOSMYBO. YOAYMGONN JMEJQIRNS d3AMmIbaGYe JEmdmbmdons sbmyna-
303830 3mboPnggmdal LobAnAgbs o 90930560 Qodgzmynegdol 3ya-
80306380l bobaMAdangmdal ImAnl 3odm3z036000 nJ6o geobmgzobo po
g3R0o3nbob dogAoy (1975).

83360 dmboyydzdal  o6oamanyMAo 3egpgdo 144-Losmnsbo 3yo-
&363%0bomgal Jopgdygos 6.9300033nq0l 3ngé (JlBasumBau, 1989)
6magedoy S3Rgn3g 2h3360 sLmyooygosms LobBoAnl 30980 in vitro
03334 330bLob.

3965em376, Amd 236m686Y0 JEMAmLmBons sLmgooyngdel Lob-
BoAob jogdo odyAgdab 33dnb3)3o3n 3ob3nAmdgdyce Jbeo oymb
ba6poBaye 0bgngnans o 3GmambanAadyen 330s A B0bIN3eL @3-
boboomgdgen  JEmdmbmdoms godpngégdycn  I38)hmiAmdognbodo-
gooo (BaaumBuax, 1989; Jlexapa, 1991).

So3g00l Jom@ogom 83dmJdzegdelol mAagzy Labajdadae seange
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33mbas sLmpyosynams Bx3y3zgan J§MIe3de LobBoMol pajzjomgdab
(356.5,8), Aoy 93Mgm3g LobmgBol IGmygLgdab n6sgELAZMBNL
3eado83 ybes Inymnmgdogl. 144-Losmnsb 3YeRYA38Bo Sbmynsyng-
3oL 3333390 Y$GIems LabBnAgd 3mERGEMETn Bjopanbs 34,62%,
sbogmaoyma 3sh3368300 -37,0% ngdbo dnpgdyan bobesddye nb-
2030000 s YAgdalongolsy. 3Amamban@gdya 390sAI33n 6oyg-
anb om6333> 3o3maf30gl 93 Aoh3z6adool gaj3gomgds 12%-3pj.
In vivo 05356330L 339mb3g3zo3ny bogaonl JomAsgom 339midgeg-
30Lob opanen 3Jmboo sbmpnogsmd LobBadal Jozdsb, Aoy yYgém
8°9mbog oo agm Jogogn mbyabaMoyonl bLBsGam bobaMdongn -
72-Losmnsbn 379mJagegdalol (17,.42%) g0 1075 ImeoGmdals bLES-
Goo 53@Jn3) bobaRdangn 3mJdzesdalb 3064m37330.

abmynoyngdn 3o36m056780 JAMBmbLmdoms GongsbmdMagzn go-
65F00330lL 56500835 oh3gbo, AMB RaBoL Y3300 396056830 Yiy&g-
23330 sbmynogoms  YIAS305LMBS gMGINAJBYen oym mEo JEmAmLm-
d0o (bA. B6,7). 6agogdn LobBnMom aibzeads sbmizosynjgda Lo3n
236m3368600  JEmImbmdal AmBoFagimdon. 36m SLmnsgnoBn Im-
65F00) JAmImbmBomns BodLodogyMo GAogbze 4-L yeMogs.

6n3ge0l Jom@Aogol ao30360L ILFo300LoL D gd G $aygol JAm-
dmbLm3gdolb Sbmynoyn)33o 3o36m036380L LabBoMgBg o sbmpgnoynsms
4037383 203mhboo, Amd GmamGy bobdmgeg $0sYRI3Bn, olg godg-
6380b mAn3) LobEg3s3o, gL 3930969 206036y  JAmAmLMAoms o=
65g0AeMm38 SLmynoyngdBn Jomn 3o3GmNs6580L  Y6oAaL Inbjezom
¥3603360m0 Qo 3ALJBoMIE oF aobLbjozegds ymba@Ampnlogob.

5. 23L3363%0

JgLPa3ane ndbs Bogaaol SGamAasbyen doMagnb - NiCly-ob 3o3e]-
65> 900dnd6ab QN3gmnsYE 3B YAONS P§A)R)8T0 JEMImLmAoms oBxMo-
§0agdobo o 336m33686Y0 JEmdmbmdoms sLmynogngdol gm@daMgssdy do-

Lo JAmBogyan B3dmJdgegdolob obogaoBhgs nbongogms bobamjoeg $ue-

67643830, in vitro o in vive a336330bob.

1. 5bango8égo nbgnzogms bobdmjeg 72-Losmnosb Ji 63633'80 6033~
ol Joem@Gogal mAozg aodmygngo 3mbygbsmoyoal (10 “go 10 anqoﬁm-
30L) bLBoGom 833m3dgegds af333Lk JEmImLmdoms 53)Goyngdal Lob3oMab
LOAFAY6m 358785L. 383J80 2826738L emBo-podm3aggdye bobnoab.
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2. BogganL JomAagne 833mJdgeadol eRAmob 3aBAgnbLol, 3Gmemban-
63830 39086830 (In vitro odjMAjda) daba 035805638300 AmJdgeg-
30b 339480 YBEm Bopogn oym bo6IM3) JICAYAIBNE BgeoMgdan.

3. In vivo 9383MA380L 306md3dBny Goggeol Jom@ogom 853m3dgzes-
30Lob sganan 3JmBoo 033Mo680 Y§MIems LobBoMnl daggdab, Aoy o~
63033 emBo-godmynpgdye bobnoab 98967805 95 aognegden Ygém 33370
639 agem godmbogyan Lagejen JsMagne bobaMdonge (T2-Losmnsbe) 8-
3mJ9309%0L 30Am33330n.

4. 3boggoBhigo 06angnpgdBn o @o83MA 30l mAn3sg LoL)3aBo 3odm-
geobol 6ngjonl Jom@oga of 33300 936m316860 JAm3mbLmdsns LabBoakol
LoAF3Ybm Jogdol, Aoy YRGm donglog nym godmbogygn dspogn jmb-
3368Gs300bo go bobgAdangn 833mJdgegdnl 306mdgddn.



gbtogmol

NiClz-om ap9yEomgdgmoe JGmdmbmdsms byHaldahygemo
EoMMgg3900 osdosbob gmodgmodgdol bsbdmgmy o>

3Ommmbyohgdga (in vitro ©s33@gds) gam@Goms

IRARYSF0
30‘?0: . 3396330980 100 by \
0Gedgd0: o
NiCloob | , D3®argdo d@?-,%:ﬁ;g 3ol
ENIVN JHmBmbmBams Fadomo | ghoggmo oot ao
d G:La 23gtha30gdom byen | 9a8368g | BH393603 o 868
b %) 30 30 ragoRgboo
q;o;]b;enob (%)
i)
10-M
72 b 11,5¢1,61 13,2+1,70 7.1 6,1 2,010,25
104M
T2b0r 20,0+2,02 234122 14,1 9.1 8,22+0,92
JMbdAmana 2,51+0,81 2,740,81 13 13 0,28t 0,19
10°M 2 156 86
144100 20,1+2,02 2123 2 A 4,1240,86
JMbBHM
o M44bo 5,191 5,615 30 1,6 1,6+ 0,4
(in vitro
0537(9d)
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3bdogmo 2

330m3360OYm JHmImbmdsms sbmzoszegdol bobdady
ss80560b modgm3zedgddo NIClz-ob mJdgmgdolisl
33H0goMgdol bbgsmabbgs gowgddo

@Rob Jodmdgdoe RO gregde sbimzesizngde
(NiClz-ob gmbg3. slimgosgngdom
gojLsgoob goms togzbgo % bnm | g0 gxégobg
dmbdHmana
P 70 583+4,50 | 76 0,631+0,02
NiCl, 10°M
7260 28 2544439 | 31 0,28+0,05
T =
NiCl; 10°M 14 | 1401346 | 34 | 0,4:001
72L0
JMb@Hmmo
144 Lo 41 34,6+436 | 44 0,36+0,05
NiClz 10°M
14400 12 1204324 | 12 0,1240,01
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@bogmo 6

340m3960M g JhmBmbmdsms slmazoszogdob Lob3nmy
bobrsbdgm obgogopms molgmaodgne samGangdol
gx 0100 NiClzon bylmdgmgdolsb

3ol Jodmdgdo: | assboenbgd IXRAIRgd0 sbm@osgegdo
NiCl2 e abmgzosgogdomn
3M63960 @30 IRGgemns | @oigbge % by %0
b98mJ3gregdol | Mompgbmds ANAIebY
boba@dgnogmds
3MbBHmemo 216 80 37,03 328 | 91 | 0,42+ 0,44
104M,
72bon 206 36 1742+ 264 | 39 | 0,17+ 0,28
104M,
222 60 27,04+ 298 | 63 0,28+ 0,35
48Lo
10-M
200 58 29,00+ 321 | 61 0,3+ 0,38
72bo
10°M
210 39 18,59 +2,68 | 45 021+ 0,32
48bon
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