
ACTION OF CHLORPROMAZINE ON 
LOWER EUCARYOTIC CELLS 

DISSERTATION SUBMITTED TO THE 
JAWAHARLAL.NEHRU UNIVERSITY, NEW DELHI 

IN PARTIAL FULFILMENT FOR THE AWARD OF THE DEGREE OF 
MASTER OF PHILOSOPHY 

NABA KISHORE DASH 

SCHOOL OF LIFE SCIENCES 
JAWAHARLAL NEHRU UNIVERSITY 

NEW DELHI-11 0067 
1983 





l'be· nuaiCh wtlt embodled 1n 'thle dJ.nartatlOD 

"" 'been camed out 1ft the School of IJ.fe SOleJ"Mma, 

J..mod.al De!U.'u Ord.verel_., Dew Oelhl. !ble .... 

le Oftshal aft4 ha8 Mt beam Gtabml:tted 1n part 01' fuU 

lbr anr· ot!ler d.tJgne o~ dlp1otaa or·_,. UnS.Yeftlit7~ 

·s.~~~ 
, .... s. QlAftE&lBB) 

Stlp-..1 ... 



~~ Ia ., ..-t pleuure to d.pl'eM a rn wo..a ot 

petS-. i:o ., B'DJ'•rvleor. DJi. s. ·etm~t.erJee. fn llSa 

Valuable :8\lflSediOM aade 4urlq the coUJ"U ot tblc ea. 
s a hl&b1J' Indebted ·to hJ.e ~ ht.fl. a4Yloe. eu,pol'l and. 

tJaelv eneouna_.tt ,_. tl\e 1nceptloa to the- cqptetlcm 

of ttlle dlHGrtatlon. 

l - et• ld.ab17 gn'Mtul to ~f ...... ~-· Detm. 

School of tlte sotenc••· lawabad.al Rebn Vnlv•al:tr. 1ft 

Delbl. fol" aatlfts posalble Gle won b1 pm~ the 
. ' 

1 exprea . .., dftoen thut• to hot. a.K.. Daa l'or 

ttl•· ltll'ld aedetanoe ln Ufd.rc •• ao1Rtl11a'tlon CJI)tdlter o• 
Ill• labontorr. 

- alncere ·thank• 11ft alto clue to Dr. ae ...... 
SJ.n&b tw Me Vdualde &OldarlOe 'ID a 1ft ee -~ of ,, ......... 

~ thdlts an ~endend to Dr •. A.. GaDpJ.l. 

llr. ~ lfehal,.J!lr .. J .. S.lfteh. IIJ'. D .• Bq 8Dll All'-. J......
r. 'their. help In fiOU of the e~a. 

I ecbowledfJ• tile oo-openUon at8ltted to me b7 

•· a.n. a&lat. ar. a.p.. ~ tmd ~~r. Ban w C1.1o11l 

~ an4 aelor) tor theb tdllp 1ft pbO~. tDlaa D4 

lebontor.J aae;s.atace, ~W.PeoU•~· 
' 



l ~·· hl.8M.J -61~-+.o .aU the -~ ot 1111 fultr' 
tor ibelr evertastlng eowopmretlcn. l • hapn to expnaa 

f1fl elrtOen 'thanks to aw 1d.te who tma been a source c~ coutant 

f)JICOQftliJfJ!lGrtt 8ft4 110M booat!n& d~ the enUre pulo4 of· 

Gle wttt. 

ft:e ftmmo1el eeeletee• p~Wlaed 11¥ ti'lenltJ Gnmte 

OommlfJidoD 1ft tho Ibn of a hache FeJJ.owahlp and the le&Ye 

aanctlonett bJ' 'the Goveft&tnlt of oana en aleo cd.ftce~ 

aolmnlqed. 
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Ch1dpraadM ~od.de (Oil · _. ant 

~dUeed snto p&JChbtw "' tt53 • !mfl -. an 
...... ._ aae .S.. thtm. Jt ua broucM alrout • •Jtw 
eYOlutle 1ft t1\e treatment of p8JOh:le;tfto ••- a. 
to J.te dlllQ to aell~we ~patS.-

_,.. ~·· Pontlll¥ on l• ._, ••.s. _. a• 
e ·u8ftrp11User. el~ 'Ml8N are · !JID&QOU'I otllel' . . 

~lld.DS ea•te• lbe, diu& la also a potertt J.ocaJ., 

tmG8tbetlo erd mapp1U1188 the electdcal eetlvltr of the 

~ -- app1le4 dlnotlJ' (Bnl418¥ •••• 1966) .•. 

lt 1e a ~pt~atweolosloalb acUvtt ~ ftlctt hea 

P~Diaaml etteow on llft'¥0• Uaeuee. JtowtrNr. •• .Sn 

-~ •I ttte drUile 1ft ·the ~ 8IICl .ormtJol 

of aas:tet10ft. •tt«"ttalon ..s . ..SatJ. It Ia uaed 1ft eae 

ocmtrol of 8011W p&JehoM8 ttben ~~ Olft 4bdl4811 ndlMh -------- . 

... ..S.etJ". cr.mtwalon, al.cd4e1 tendtnol• 8JJd e.....,.cm •. .,------. 

en ·pnsente ••• ~ ot --lOiioal and 

14odlemtoa1 aot~ea. 1M bloobemloal ettec'U of en ad tM 

ft1ete4 -~~left been ~ e--...wtr Ia a wldtl 

9al'l.f4J o~ tmlailla ~ faa the loW~$ ~· m4-

eol1t4ar »tttH08ft8 upt.o •• tdeb1J' deftlope4 mtai081W 800b 

•• the· ~JMU~&la. !be l"dt4ta of 81101\ etudlee lalloate tbet 

/ 
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these aaente ldllblt- .... ,. of ....... lrtCozfwe .... 
. . 

-co-~e. afte.o't puaeald.JJ;tp anct etatd.ll'U of· bloloei ... 

. caJ. aid ertltlchl aeabftma fm4 •4111 'the ~ of . . 

~- eftii h1e oo .. lhn C19J1) &YtfDnlu4 

CPZ ettteb ·aa ,lftl-.•UV eaplored aa an J.r.tpQdl~ ln 

aDOStbeslolog. ~I.J' en ttu been. totlld to eve 

~ .dlsor4on becauH of lte 1nvol'felllel'd ln e ~ 

ot .....,ftal. ard l)GJCholoet.CJA ,.....,... For 11mttmoe • 

. CPI 1\$8 a 4epree88M &Otlofl Oft the cantnl ftOWO~ ern• 
'tllan 1t .blocu enusal prodoce4 br ._.., IJUmtllatl.oD 

,~., as 41·· t966). hpnulo~ lri .. -~~- of 

pol~t~~ nfta, .(fSR) l1l 8J188t;betJ.fdd Qlrtal ~-

; .bee ~ ~-'· .,,. ~mae .d al• (1_982). Courd.tder 

JS al• (~t9.SJ) ~~ DVGSested 'tho~ llptbalan8 ot tbe 
·- _, ' . , . r t ' ' , . • • • • , 

Centnl rtenoua SJrete ls affected b7 CPI dnc• tempen

'ttlre NttuCtiol't · (t.jJ)oth.,..) l• .. seen in patlento ~teo 

.S.th CJ"a ,_.~' Dftdlv. t.963). Fwtber en 11u been . 

to'llftd 1:0 ·'reduce i.oeoaotor ect1vlt7. lmreaee aoolablU. ._. 
· ,r, ,! r 1 • -

In oats ana·. temlng 1ft .~ _..,. (nortoa aft4 ~emb'Qno • 

. t9Jfl .an4: ~C' ~JUoll84. ~ (Cook .S Ill•• t9,S?). 

StnsiiM ~nee to a Ohenstt In ~be eft'fl11:oD!Uieftt le 

.Udlll•• ._. on (Btfdnbeq eD4 Wateon, 1959) 'llllllch •7 
' 

be - to Ju action on the l\WOthelame ClioJdbus aat 

.Bee,. '1195$) • 
r 

. j· 



' . ..:;;..:·. ·- - . . 

CP& lntluenoes the endoOI"1nt IJ7ll't• 1o same extent. - . 

n~ tt9?6) boa menuonec~ ttlat CPS nctucu url.1m7 

levela of tbc aouctotft~. eaUo«• and pme~ 

'tbeebr blocldn8 olfUJ.etln• auppre381ng eotno eycle 8ft4 

caus1n& Wmuttr. Roawr• tt.a 1tu euueated thn't·tttese 

eettom; ot en or, the eMocdne 8Yetlm ue p!Obablf aMU.e't04 

.S.e the hJPO'thalma *leh act8 aa a control fo~ the pltulta17 

Slfmd. ~-~dh. ln tom. CODtl'ols ~.act1Yl.,. of o•er 

~glenda. 

Beslcla ita action em tile nenoua 8Jdea CPS ttaa 

also a .llUJ!l'ber of alace118Moa actiona on the nerna. 
Dt4Ulns .d A• (t9S4) haVe eusgnted • local :aneathetlo 

MUon fol" CPI because lt cnaee local ·eneatbHS.a When 

lnflltaW I'Otm4 the· acJ.eUc M1!'¥e tn ~. But 

lt the corteeDtnUon ie too tdgb, b.lato1ogloa1 eb.a~Jgea 

OOCUI' -and there ls .,_. dlaorsamJ.aUcm of thG •.UC 

.atld~laa. 

It te -true that CPZ hsa diverse e.ffecte on the 

oentftt "'"~ Q'Stela. But •• pncla WQ 1n et~ CPZ. 

exerts S.tt! .tnnuenc• on ~ etmtnl NJWua ~ la DOt 

olearlr :k.nom-tmf1· atlU .. nu.lfto a eon-•enlal lseue. 
However. l\'ef'Seft (1915) 'bee ouegeated t!lat en td.ebt be 

I : ' ' I .• •, ' ' 

- b,J:. ~lrts dopemlne ncepton in tb• Cenba1 .· .. ' 



Accol'iSlng to Claude ~ •a 81l8athet&o le not 

a .apeelal solsoa tor t!le ttewo• SJOtae-. It alle8thdlus 

all 'the ce11G, bemab~ 811 the Ut18Ue8. and etopplng 

~rill tbelr lmtablUtr•••• w oan stuctr et~ 

causee wa ~·, of edlon.... It le ~ble to 

assume. that aoeetblrtu eleller happena ln the ftel'f8 cetl • 

(oae,, SGtmm. ttnJ •. 

fteae wHa of Beman ue lndleetl•• o•· the feet 

that. 118111'•, l~ 110~ e11. of the· eembnne a~tlona « anutbe

t1c• am. ~UMN occur· 1n totb acltable as well u 

ftOi'lROltable ~. Renee artJ a'tteapt at ~ 

.ucl.,ble cella atJd rxmexoltable eelle ae .n to neolft 

the eoleoular ~1081' of CPS &a hltlt4r lmrtlQ.ed. 

A l~Ul'l\ber ot etudlee baW beeft doM on tile' effect 

of OS on S.eolated atft&1e cella arat tmlcelluler .,_1 •• 

iaao· al Al• Ct98a) atudled the eftec~ of CPS Oft leolotecl 

wot Mp&toortn ad 'hoVe nportetl tbs~ oQpa ~Uon 

cas olevated to e .-~ u:teftt at low oortCMtl9tloft of 

CPS. !heJ· turN eoagestQct tble effect to be 'the conaeqo

fMOO of eeal>ftM espantd.cm or alteJ'a'tlon or ~ 
ftul.t1ltr tllllctl _,u1d enable a low ID1eenler 8Gbstrmca 

8bOh ee euoctmte to paa tlmtQAli tbe plaaa· ~ of 

llopaioe,tn. 



... '-·~-···. 

·.low oonotmtl'afl;~ ot crz aa found to .HJ.ease aa11 

wr.otmt of 5-hJ'd!oXS:ti:)Ptsdrl& td.th a4Jr.or· gramJJar ~ten

Uons ln fte east cells. But a't ldaber comentntlan. the 

drUB cU.~ted the cella, atfecrled the macleua and mt!nbftmes: 

to a hlp ctogne (.Jauaon. 19?0). 

· Co%!$ At .11• (1982) bave establiehe4 tbd CPS !'educes 

~-- AfP tevele b7 sndlJ n4uolns ·the phoepboJ71&

tlon potential. Gl,-col3tlc ftux in lrmPhoCJtee -le lacftaeed 

1lben A'lf level le lc~ and lt 1• the nault .:.f bpaiaeftt 

of d.·toeboftdd.al fono:tlcm. 

fte •* of Jeaea em ·bla eou~ (1992)· Jtae lftdlca'ted 

tha't ·1ocst aMsthetloa "1ft01udlft6 CPZ block .tunctl.Qftd oomurd.

catlon la. tbe epldemal oelle of the beetle r':..,.._ •U:Srar· 
f.rreetme!lt of. the "P14eJ:Oal celts wltb CPZ ralfJe4 lntuce11ular 

t'eGlstal!Oe tw to· three told dthln. 20 to lS drl.tlteet cell to 

eell possaae .o"f etectrloal c~ wae 8bo1110le4 wltbla 

41 t. S ~ee. . the. reactioft waa toUr. ~ble, vd:th 

~ elec~'tol4o eoup~ ba1na natored wltblft ~ Jtoun. 

the,- have ~eated that 'the uncoupl.lfta pote:cr of the dnS 

cor.mlete~ \Jell. tdtJl tbdr krmm abUltN 1D Ubltd.'t. calllo4ullft 
' 

cteptmdsat- phoe,pho41esteraae actlvl'CJ'. Attc:tJ'Srla the eatnl• 

ce11u18JI' calcium co,.,_tnUona did mt af'tect tho l'aW· o~ 

uncouplJ.rig ·bd CPZ wt.d.le chelation of estncaU.ular catclta 

t4 ttl ~; ftlsecl electa1:cmlo aouplltte. 



·-Use to u. ·~ Ub iathtdabll 
IPll• LIPHJWd.ll»a alJdrbtllll• DlllliU atRStd• dd 

protoamne like DDifaD\1 baw been U88d ae 

model tJNstemtJ to &tudJr ~• ectlon _. CF& fmd Nlotod 

ooapouncte. DUbu .d al• (·19ft) baft fO.S that CPS 

Sftblblts e.n:-•11 ~· In lldllll aar.abds 
~ 0811 wall pn&UJ'a)N eceumutotea proi\P'Ur upcm 

ad41Uon of tho drug. Growth, t:oUllt.s. atucooe tl\111 ... 

t.lo:o an4 J)hosphate apteke of .aldiPIIISI bave 

boel'l npol*l£4 tD be ldllblted b7 low coracentratlona of cpg 

(Bumtclt1 • .11•• 1979). Blum ( 1980) 1188 NJOJ."te4 that 

upoaure ot I•:IIIJ'Aiea aVJUaraaa to low conoent.i:'atlon 

of CPJ 1mlblta l.te &nwtb and maolelo aol4 a,nthala. 

t7 ttoura ex.poaura of etatl01'1U'J pheu cal t1JZie8 C'o th18 

·4ra8 caused •me4 a1tvatt.ona 1ft 'the eetaboUaa. iftclud

lnl an almost coaplete lon o~ ab1Ut,- to ttecarbo'O'late 

L-(t-1"c)-Letle1M en4 L-(s-14c)-tJzoaJ.na. we~ne .Sal· 
(ttSO> haft reported that en ... the 6111~ to lnblttl• 

nleaae of td~ ln panmeolum. 

!boa an mael'\\us ~ which 11141cote tha~. CPS 

hae the. oapeoltl' to act on tho o.U ~ ot tu\l11"'Da1 
-:!:;,.· .. 

and 120J'l-neurona1 ceno. Sp!rtes mt Cuth (1961) tmw 

pol.nteG out that a loqe l'llm\U' of the effects of CPZ tm 

b!olodeat 8JS'tem mar be due to Ita etteota on semlp..,.. 

eble eemlmrMJJ. Seea:n (t972) Ilea 8814 that tbe Pl'llea%7 



' 
ectlons ot cmesthttla end tnnqullluw ere on the ftll 

membftlfte (pleemalemn:a) rdhft' 11\an on ~Uular 

proeessea cm4 tbe tol1o'rl1ft8 obsenatlonu IIUppOI't. the 

e8Sitlmptlon of Seeull. 

(a) ADa, tJ:oa _.,Ob d1 eaoplaea llae tJeen ...,.acl. are 

-Ul neW, bloctud JW enntheale. 

(.l!J) ACtion pot.-Sela Ia ertlGo.talllpld Wl8fU'8 en 

bloeted 'bJ local cmea1hetlca 1llte CPZ. 

Col lbe 'COncentntlon ot cmest.betlo• nqulnt. to block 

neun1 tn1lflmladon ot lltptd.sea ls 1o1rer 'lbft tbat 

ntlulnd 'to leblblt Det81Jo11• and OQID OOJUIJQil)tlon •. 

Sl\aJlU (S9S8) baa ueec1 the wrtt •sta1dllsen• tor the 

ete'tl\etlce beeaVDe thei ~ lldlmme excltabb.ltr without 

eppreolablr altedna the natllfB ......... .,otentlela. then 

are also f'8.PUI8 that ane&'tbet1ca .I!Q' block val!oua fonaa of 

bJPel'p01al'lat1oa (aee. seeman. t9?2). ~u Ct9?7) baa 

suooeat..S that·. tmes'ttleUoa lnolucllnS OfB aot b1 ft~dtte 
llGJW 148Dbrartea. to a ,olDt ._.. odtlcal 1lp1d nnto• eo 

J.onae•.~·~~talft pbaoe eepal'atlone. A8 a· ft8Ult. the Derve 

~ 1ooe .tl'telr capacl- to teolUtato tbe coufona•onal 
' 

OhaJ,~~~;b. pzotetna tbat ea7 'be the· bada tol" sueb a.-.e 
~ a;t loft ln1mke. ~J,Jt~ap'tlc tnruual~ nJ.eaoe ..s tnma-

. ·,/ '. 
-~l'blad1ne to ncepton. Be •• propose4 tl\at «mM 1Jbe 
I',( I J 

i. I ~, i; 
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Jl\8$8 oepontlon btlbaY.lomr or 'tile ... bnme ... Mt1ltled, 

neunt fmlcUcm _, ~ bJ e ooabl'natlon of ttte . . 

tollo1dJts aecb~ • 

(e) lnblbltlon of ccmtoJmaUoMl ehangea ·~ lfttellal 

~~p10tMu. 

(bf· PNventloa ot the: a11soolat1on of protelft fJUb1D'4te 

to .ton loa 8.,.18. 

(C) DepneelOft Of lraftWd."- ftleaft tJr pn91ftt1Jt1 fallon 

of GJftaptlo ...S.olu wS.th the aemtmme of tile ,_.. 

DJIIIPUC telr.d.Ml. 

GnriR CU'Jd W (1972) lt&W: lltl9Dcote4 tbrtt CPS 

\!Joek~ 811'01tllb1U'&¥ ~ ___,_ ~ - tdlollUon of 

Qe apttoa poteatld aeduml• ~. AoooNl:DS to tbem. 

block J.a ecblO\ted " tho IJH.M.ticm of tile aeetaarsl• ot tile 

tftmalet 8041ta ~· ard that ot ...._ etat• 

potanl.ue CO'ndactanoe after uteftlel ttrus . ..,lleattoa • 

• _... lntemal era partuaJoft lfthlblte: ~ •• 

tnftalttrtt aoft• eoftducttmce. 

seaan .Gill· Ct969bl ·tumt pi'DpHd tba• aautltetlca 

lnelucU.ntt cpa acre b1 apandlrc the aemb'nlle. 1.-m·.s. 14· 
(tf68) 1\QY.e ·~ tbat lew eo~'tlon o'f CPS J>JOteots 

lluman eutbl'Ocrtu flea bJpotonlo llaeao1J'8ie.' seeaaa al.ll· 

(19fl9a) have 0116880tecS ttra'l -· ~- Mm1:n11e upaJld8 

b7 a ~ o~ poeslble aeebaftl•a• •• ..,..led o~ aU '-ln8 



·that ot a volt~Uli ~ase>ln the~ as e reaul.'t of 

.,_.,lne~ of eneatbetlc mleoutea deb'l into the ~. 

AOCOI\U.ns to. tbam.. CPI em aleo 41eplan -.. eembraM 
. 2+ ' 

aeaoclote4_·ea~t .··ncb ea ca · · tthlch ~ keeps the 

~ ln e eo~ state. fter haVe ftaom. 'ttla't •• 

aedmlne ana of. epbedcal &~e ChOsta ~•-blr 
' 

about 20Sl bJ CPS tat eonc•tn~1one tN.ch eaone local. aaee-

tfteala. Setmaa .d 4• Ct9?l) tta98 npofte4 the 4eoreaee 

1ft· ptu'Jlllve lnftua of 22rfn+ Into ·~ Sn ~· 
ot ea2t ., en. Bal"ll., SeeMn (t966) ttse etJown ~• high 

eub-btio COilOetltl'etlofta of CPS ~ eBpllBd. tbe, membftme_, 
' . I . . :' 

'll'hloh tbtm lm81M Snwua., ttae odla ahowlftl appannts.,. 
I 

lese ~ft ttum tbe nal. u,panalon. Be b8 atoo ne 
. . . . 

•~ 'the eatS.Cmlo. tum ot CPZ ee •11 ea _tbe ~ font 

l'u.'n1& ·'the"~· upandi.Jl6 ~feet 011 bo'tb the ~ 

and 'tbo mrve ~. Seeman (19?2) ttoc ~ that 

e1~· afteatb.etJ.o8 Uko CPI eleotrlcalll stablll~e the 

dthln the· aea~;. As a na\dt ot tbe p~on of 

~bnme ~te •. -.brane aseoclote4 ~ tmd pntel.rla 

~-~-~ther.~eted or lnhlblted. ~ ~ Ca2+ 
' • t ' .. 

Gl. ~. ~ ~e •'bftme 1)y the· drug ata)? lftterton d'th tbe 
" I 

tftll81o-....,n.nt:a tm4 ~bound ca• le mt av&Uable 
, l/" \ t } I \ • · . 

to~ ~~~~~n-ct)JltncUon coupUtta · a'ftd Gtlm4ue-eecreUcm · 

ooup~rc~,;, i~· e ~uenoe ~'18ft'$ .ac1d.on potentials tab to 
. ' 



tO 

be .~ td.ftee ea• b • prenqul.dte for tbla 

p!leno.eemn. 

aml&ft d .11• (t9?f;) b!We ~ that CPZ 

lind ftle.tect coapounde tumt b1lh attlr4'\V for tbe 

~ ~. lhe7 haw ~estett tllat ttle 

4JU8 la ~nsponett to posal14e NCeptor u-. 1ft oe 
1md.n etter be1ft8 bound t.o ·~ membnftl aft4 18 

ftleued theJ'e br a ·~ tnmlter aecJlaftlae to . ~ 

Wtlate phaNacolopoal actl'd.tr. 

en fltlftedlr ln!llbltett a• loea emt caaett en 

GQ.t4W4et lftonaae 1ft the K+ content~~ or italliSAGMll»> 

lvnDI (Jtrlat1_. d al•. t982) at. 1o• COfteetltfttlcmL 

But at b1@h ooaentntlon&. CPZ tmlbltett •n ~ o' 

tbb end Otbel' mt.c-...orl&ftlaa. ttlQ JuWe ooii01U4e4 that. 

tbe baoWJ'!oetatlo actt.on of' CPZ le pl'Oba~ rao~ relatect 

1".o 1w mem'bftme. atab.lllalfl8 etteet. ~. 

Rot OtllJ' aM1:tftJJ» etnotaree. wt 81• ,_bnne botmd 

.__. ~N d.fecrte4 W CPl. RJ"tt•l (1918) ~ the 

ldll~tion·of adearl ~cle• (a~ houiiS a.,_) 1tr 
epg. i tvb1tf·.8ftd Jonee (19?0) atudled •• effect of en 
sdldftlsttatJon ..,. eaplo7lft& CJ'OlUD. ot at ~~. nt 

Uver·end'tiovlne ftpo14 eembftme and ~lave suooeetecl tbd 

Q.PI. ltl~·orteree t4th aoU.U.Ou o~ tM -claae tlJ' 'ftd!'loue 

I 
} ' 



It 

~w.s«•nee wltb llttle ei'tect, oa tM baul aotlvlts' of-. 

.,..,_. Seppa1e at Al• (1971) 1Umt ,ropoaed tftet CPZ 

.. ~lftda to phoophoUplda an4 _, ..n lte eotle Oft blo~ 

Bloat -~ b1 cuplubs. wte pboaphoUpl<la an4 

~ 

OPZ \.- nlate4 0011J011ftd• ·bJ~J.ftB about cllenee• la 

the stal4Utr ot.b1o1oclca1 Mabraftft. t6lch U!Jd oa 
the dose 8ftCl :801Wt other tacton. J.ow eoMeDtfttloDt 

11K1:•e etabllleatlofl a1l4 1l18b oftM lablllntlcm. OP& 

J.nduou. J.D diD;• 4lnct dl.-ap'tloft of the ~. 

atten uee4 s.n ooq,antl•.t.N lll&tt coM81'1taUone. tbJ.e 18 

due to· tho aurtace aotlve propft'Q of the 4ft&. 1ft Utlrtl 
ceUa, tbe 4aase to bloJolleat ....,.._ C8tlStid 1))t _,.... 

4osa of CPZ le ~\dr a eeccm4aZJ' effd. ihe ~1:7 

effect belft8 ~ 4l.falupUon of ·~.ue nac- wJ.tJdn. 

tile ce11 (PepoY. tt?•l. 

IJeelttn lta aotlone em the ~. thee ere 

8914.._ fl:orn oth-e~ etudl• Wld.cm lftdl•'te h~ u.e prlmZ? 

anestb.Uc eQ'tioft te em lntnunalar ·~~- aucb .. 

m~. ldei'Otubtlles. ·~--·· ~po.,... •· Guttt. 
A al• Ct965) llattt tcnmd tha't. low eollOtlfttn'tlett of CP& •-

. . 

a ntlucUon 1ft 'lb:e apoft'tlmtloua nleaee of ecl4 bgdftolaeH 

fl'Om .be.,.. tm4 hkl lltldllW wpporta the Idea irtlet tH 
' 
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or protected bJ low conoentntlon& of :dng., fapov (1971l) 

Ilea nportecl that CPZ protecta the U•or agalnet ftHl'Oala 

caused bl' so• todc agents enG deoreana the lflatap tnto 
pJ..elma of !NGOeonal aol4 bJ4ro1eses aoftall.V aaaoolo'etl 

with eueh ~~. He ·bas Dleo totmd that CPR prevents 

Jd.toohol'idrlel ~ antllpla. Beael (19?11) hoa 

l'epOrtod that CPJ atl'oft81v bJ.Ma. to nrt llvu ldoaaoma 

Pd dtochorldlta, tdlenae the· ~ to ft11Cld e4 eolUble 

cell coftdlttttmts le :fiUOtl -*•• the 4NB has t~etm nport

ea to uncoU.P1• old.datlve phoepboJ7latlon 1ft mlWCbormiat 

PNJ>81"9Uons lroa al't tnln (Aboo4., 19$5). Stncke (1958) 

b.a nportad that ttd.e aaeoupJJ.ftl aot1011 ot ora 1ft .the 

naplntoo olaiD· le 4Ue to~! a ecm-apeclflo effect em the 

era.- BJ'Stem as a dlole ra'Uler then a aptJOUlo lftblbltoi'J 

etten on a1W Ofl& ~· Poaalbl¥ the 4n8 acta ae a 
flam antagor4at atao. lt le known to eompete dO ftmn 

edenlfte dlmaoleot14e (Yql .d tfll.• 19$6) • !'sao Al.ll• 
(t992) I'UlV• .-eportea. tM ~· of OX,.een uptake nrdo 

bB tlf.aher ~tlou of CPS aDI ·tlJeN lla'fe ~ 

tNt~ 1lda. eftee'l .,. be •• to--- to •• altoobOJtdrSal 

~ of nt l'lepatoc)'tu. Lee d lll• (t9f6) llae toUJd 

tfle. ldtlbi.Uon ot ealolaa acouataUon b~ CfS. 1ft nt bl'dft 

Jd.croao••· the tmt: of Carwdbo (t968) baa ,_nled ... 

~ere l.s;~ a ,looal _..tlletlo .blttucea nduo.tS.cm Ia •• c.• 
1boun4 to tbe nbbl't atteletal llUOle earooplnmlc ntlcul•· 



" 
1ft Gddltloa to ·the etfeota aaaalbeQ ..U•. 

en ls, &leo eapb1e ot aodl~Jlng • IJlDiber o~ bleohtmlcat 

~-·· h'Jtelft eptlleal.e of brei.D slleea le i!epnaa

e4 by Cfl a«. a ~ iftblbS:tlon 1ft ·the J:'ate of. Slycl,..l• 

t#Jc inauporettoD Into !'at lmd.n patdll occt~J!V. 1G' CPa 

(LJ.ndan 14 al• • ttSf). Cs18dv1Sn, P Dtd.quJ.tos bea'l 

stable oalclam. blftfllng acldlc pro'tela baa been- nportecl 

to be ln\lblted bv CPI (Routgal~. 1981). Bat H baa 

GUMesteO tmrt -~- of ca~ ls 11DJ.1t1eted to 

Ito phmaaooiOglcal epeoltlc1tg. Wdea &'\ al• Ct900) 

lmVe dv• a llct of· ~ dependtmt pnceaau that 

an· lnblbite4 b7 .Uperehotlce lite· en. 1M ~ 

-~- al'e_ tmlblteci ere·ttteC>actlvatlon of phoapttodleaterue. 

ad~lat. orct&ee, cal+ • ri&2+A!Pau. ~ 116tt cllaln 

~~~. pho~llpaae Aa• t17Jt.op!Nm f1J'dloql.... tl\e ~laW 

atso:~oted tlul't ·mease of· nonp~ Ina ,.,.... 
. . . . . 

~ts. ,sec~U.:on of cblodde SD t.nteet~ae. cotltlaetlon 

e;r SIIOO'tb .maole,, Bl.uco• aUaulat.d 1nat4.lft aleaaa an 

&1lb1b1·te4 bJ' ·o.ps. . 
. . r ·. . . . . . · .. wz.te ot· Votpi::. a hJ.e .. ...,. Ct9&t> baY• 

~ . ' -~ ' . 

~ea1e4 tilnt ·CPR lmlblte tbe apecd.ftc oallb04ullD d8J)fm4tmt 

eUauta~ oi :ft,th~ ·ea2+-111Rase 8114 ·QJOJ.lo DJOJ..OU4e 

JhOOD~ • .,--•.. ,.. bmln ..t beat.· JBOnaalftl caleoclalln~ 
. ! .·' ! __ , ... { .· ~' . . . 

bu't·. not'~··;:. ov.noaea-. 1fthlb1to17 action. Itt_,. boe · 
pzopo~~·••~- entasonlam o_, calao4u11ft p1'Dv1defl a 1101eootaz-

' I, 



~- tbat U7 aplaift the lftbtbltlon or ·llaftJ alclua 

4epel'ldent cenute: pmcessn aueh •• c.Z+ ~ ..... 
cytosle. ucttetlon coMnottcm coupUng. ~1• ceu 
motlUt8 •· CPill!ftde 1o epeeltlo altee em Oe Qaa+ .. 

oalaottullft coq>"a•. AfJ a NSVlt. the t~ OOJrplex 18 

nmered 1Mffee•lw ln ectlveUfts • .,_.,. Bence. eccDrd

lfta to them ·~ ot the pb81'1Be01os1ca1 eetkms or en. 
lttleh. ure 4UeOW .qaJ.not oatclu dtl*td.ent oetlulu 

~·~· ea:r be 4ue .to antapftla of ca!aDduUft•a effecta 

em. MQ't1!88 beoauae. both the pba.._.lodcal efteota end the 

biblbltt•.ot oalcodall.ft J.D. r1Ja occur at .Sedlar coac• 
tratlOM. of tb«t. 4roa. . Ito..- ttter ·ba\'8 SU8Pntcd tbat 

en uta aot b7 .. a .S.JJ81• 8Hhtl111em.. bUt e JlUI!1ber ot 

aecbanl~ eay· be :Cdt80ote-.s td.'tb 'the dl•ermt pbarmtlco·lo

d~ ~~ee~a. the taeebanle bJ Wb1ch CP& lftbltd.ta e.n 
. . 2+ 

processes ~t an .f:JOt cteperde!lt on oa · aav 110t lmrotv• 

~Clt41D. .. ·em. ·the other bant1, unr - ee oee actt.ona 

ot OPZ -.no~ed .. aplmrt cal+ 4~ piOCUDea ~ tJe. 

due to lt8. ·effeot on ·th• aotlou of· CalllD414lft. w.-
. : ' ; . . . ' 

(!982)_.11Bs:~ Ulat ~d.t.41ft aete u a ~r 

-~ Oft17 ·;~.c;,a.. but e1ao tor druB& llte eta .fd.e bW 
. . ,'' . - . . 

\' 

't6 it trl~ ,617 hleh e1flnS:tv. 
' I f ~ 

· .. ,,_ tbe ·n»orta In ilteraturo. lt eeema tbs't ·the 

eaao-t ,sl-.: a ~- ot aeucm o1 en ere r»t Glear 
/ 



II 

tlU todQ awins to e tmabci~;, ..,.apeolflc efleeu. of 

the draB· A11 tbat ean be eald ls that the dftt1 ~ ~ · • 
Upld Soluble OM atd.cb J08888- WI'IHtt, actl98 

p~epel'tlea W -drtae of dlloh lt can bt'ln8 about, • rmabu 

ftmeUOM.. S1noe aost drulJe have to OJtOsa 'the blotoel

cal ~- prtoz- to naelns tllelr tern.et•• a olear 
~~ of the Mehanlaa .of druB mabrMlftfJ lnte.,. 

aotlon 88e1M1 eso&DUat. Htmce 1ft fte preset piece of 

.,dt, epecld empbasle ua been 1a14 to lflVutJ.Bate 'lbe 

efteot Of 'the dJ'u& on .,_ Mmbftme • n1ew4 pbetaoatma • 

. lrwestlaatOI'o f808 a snat 4ea1 ot trouble ln 4eterala

lag the preolee reaJ.cm 8ftd the 8J8alfto 1110de of aotlcm 

of ch101'p1'0Udrte lft tbe ca-.J. llleftCU s,etem pnawa. 

ebtr benuM of ·the stnoturel GOJIJledtJ' of ftWV'0\8 

.,., .. dOh etea pJ'S.url!¥ Ina * ld.toJ.osleal 8lld 

I'Uno.tlomtl heteneeMJtr or tti.f~ere!lt ..U tpe aot~Pzl• 

ll'J8 ·the ~. Bence im'UUgatlora .han· beeft GOMUO'ted 

Sa reJ.attveiH a$11p1• 8)tet_. aftd •• e naslt,~., 

bepeteevtea. .ast. cell'!• ani.R11ulu cmbale lib 'totn-

.. .._.. and PJIOOai'!JOtlo ftlle baw been uaed aa •Get 

~ to· f1m ova tb.e DOUlble blocllemlcal aeellet4e of 

ocUon of •• ~· Jn •• pn&Mt atuQ, • s..tJ• me 
Uti~Ja epeeS. ot aao-. (AIUIII U»Stlll' taae been etloseR 
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·. ' 

•• tile experiaeratal anlaal 11llctt prcwt4ea a Uld.que 

opport\1nltJ of vleualltd.rc • ~~mber of' oll 118tlbm,._ 

lrelated phetl~D~lltma ·SQOh n oe11 •'l1Ut7, 84bealon. 

endoeytotlc prooen• ~. JlonOftl'. the· etroe'ltWO. 

llfe-orole and pllplblog ot the Clftkla1 ee a tthole. 8ld 

the lrltdcaola ot tbeee ......,_ Urtted proo888&a lwl· 

pa'l'tloutar. an kllomift lftB't detaU.a (ne. l.an, 19?,). 

itll·o ~ baa bee and~ bJ' ua wl"' a •• to JmrM

lna more ebout tile ecUon of t!le dl'V&• eapeoiaU.J a~ •• 

leftl of the ceU eur.face. Besld•• the aoUtm ot ttale 

4l'ol on ._ phNdolollcal ,.,.,. ..... bae dao bfHm. 

lftveatlptet. Bop&tuJl.V. 1bla U... of •* IIQ be able 

to pm'Vl4e us a lltslG1lt lfl1D •• .~ Jet \'ll'l

eaptond aapeote ot lm.-tlcm between ·thle. dime 81d •• 

celts wblcll are ~ in or181ft. 



m'iBRIA ~ .. · 

9Dttn'P .. 

radBBJftk AR> llmlODS , _ . , _ .- _ t I_ _ _ _,f 

17 

... . ·the ezp~ ardul for ttte p~ •• 18 

AfOiti.l .aSIIIh ADD JlDSIII· _. .or181Mllr .oMaltltd 

f'1tom Ulf6•e eonego. t.oftdoft tm4 1e belJ11 ftltttred .la ow . 

labofttor.J' foJ." earw ,..an. ~~ 1a. large. fl•e-119lftst 

1.'11'd.lmoleat• pi'Otozoa. DJdi'AIIII• a tne · 
UvJ.rll. oUlate _. ateo cultt.JI't4 eeparatelr ae a IOcd · 

to~ the amoebae. 

mm.HODS t 

.. (e) St&J.. SPttsa 

·IAI!l!llll- 1Qlaeultued·at ~: t°C followlft& 

the eetbode deterl'ed 1W Cbatter.J• a4 Bao (t9f'),. the 

etock ctd.tun M41• fol" ..,.,.,.. cofttelne4 ' CaDOIJ• 50 lilt 

101, 60 .q. elld SltlSO•• -., ea .U.saol¥84 ln tOGO m1 of do11b1e 

418tllle4 wntel'. !'be •lttlriB: •lutt.oa .., ~etl fma 

tble b7 aldrls e~ tJOlutlon arad dlet1Ued eater lft tbe 

ntl'O ~ lt9. Die pB ot the ftftll. elution was ~ 

a-t 6.8. 

file. MDeba outtare8 were led em . aldfaJBia 
without the cddltlon of anr o"Cber tmtl'leat. ~~ 

• 
.- cult.-ed Ill eodc81 ftaate (2.50 ml) ~ t.OO Ill of 

autoolnftd. t.$)3 pm'teoa peptoM aappl.-tM wli:b : • 'tftlea 
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Qf!0\11\t. -of ll•Ell' t«trac~. ~tlon of the ell !Gates 

wao came4 out :Dn!!feJ& etmle ccmd1tlofta. ltorrtiM •. 

prS.o• to tee«~, tbe te'trabpenae ,_.. !l~ bJ' 

ol:temate centd.tugeUon end 1'1!8U8)Je!lllltm wJ. tb large 

vol't~B8 of em.oe1m I!IDdlu. Cere, "" tabm to see ttmt 
to~ nre onpletelJ' fttGe tma proteoee J>$PtoM 

bmtlt. the eentdtvgatlcm waa 4oM Ia a oUftleeJ. ceat~t .... 

lU.8e at appro~te!J' ?00 IP!l -~ 2 llbm'tea. 

tfte amebae wan te4 cmoa a dQ r. 11-,5-~, 

after elob the aJOeba ..U• alOft& wlttt fte ._... ot th• 

food. oqanlee., •• deoa'ntod. tho eultttn dltb _. 111184 

up asaJ.:n·WS.tb fl'oah DtU• em a turut~ ftab ws dW~D 
tdtb tllo · aedl• I lour J.a'te. 

CPS (1101. '-'• lSS· ,, a II8UI'CJ)hanacolodoa1 ~ •• 

t1laeo1ft4 ·1ft ·._.;,. aedl.um 8& M to PI'OPGJ'e· ·0.028 Ba (2.8 X 

so•2;a) ·•iU't.ton and. •e sS •• act~utecs be1weeft 6.6- 6.?. 

aw.- tb&· ~ prepared aolutloa •• uae4 eo n to 

avotct pt~pto~ ·~•-- ot .ttte 4n8..· m .,..._. 
0 . 

_,._, ~- ~Gil out at 22 ~ 1 c on. amoeba• staJWCI to. 

about .:-.. houn. , Dlffenmt coaeentl'&tlou of OfB won uaed 
:' / . . ~ . 

la th~;, ~nl.t$~1 attespte to ftn4 eut • 801~ do•• the 

amoebae •• tenD either 1ft ..... _. block• or t.n eneauae 
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~ slaUH before tbeJ· wen· upoae4. to CPS. tft.e 

m»>ba Mdltz ..., euokt14 off bJ ...,. of a ~ 

pipette, and the amoebae wn -.,oaed to CPZ f.- the 

deelred peftcd ot ttme. Jaedlatelr attar the 'tftataent, 

the m:Jtutbte ...-e wuhed td.th .., .. MMU.um tor etleaat 

throe U..: before anr fut'ther uperSIIefttal manipula

tions. ible ~aent ·as repeatoct toUJt U.S a1'X1 · 

each time ·u oel18 t~ere used tor ~· ~-w•• 
stated oU\emee. Adequate ll1ll!ber of control oeU.c wen 

alao tept f.or eae upadaeftt. 

\be aaoebae wen. takm 1n _,neue watch Btasns and 

wen ~tett wlth CPa tor to aSJmtu, 20 Jd.mltea. 30 td.llutea. 

fiG· c41mtea an4 SO almatu end tM1r tAir'll.at wao noted upto 

31'1 dQ ot tnateent· wltb CPZ of o.o28 mm concentntt.on. 

l'llle · experlaeJilt ~· 001'1duote4 thM tklea end 2S ceU• 
wen. tettea ·for eaeb obael'ftt't.lcm. 

(al ;srns·,, CPI.m .IRDJ»lta. .• a!!I!III!DI •. at.aMWz• 
. . 

,F:or tbeae obeewetlona:~ .Us ..n tat• in ~ 

~ Qteaa, ln~~ of 10 and eleo ~- ftey wen 
..... : •· j I_ 

a't :~~·~ l.rlt....,.. CJtolo8lca1 pftDantlcme ~ aleo 

~~ ,t#~ 41ftHeD~ lt.oure after CPa 8dmlnlatni:loa. DIS.. 
·d .. ' ' 



~ 

eapcJ'Ja.eftt~ ae. repen'ted fo~ atleaat tHee thea. 

,0 b.oun staftted amoebae rd.tttout OJlJ food vaenol• 

__... tatet~ 81'14 the,- •en waehe4 tbonU&M.Y w1 th aeoeba 

medium• Pnahlr harvnted t~ wen stolnod dth 

Neu'Val R4 solutloft to~ 20 minutes to tao111ute ~. "" 

IMtttU' quaftUtieatJ.on of pbaco8DMe. For tbJ.a 3 d of 

te~ eusponslon was taken 1n eentrltuua tub&a. 

So tble wae cdied I to 'a.pe ot o.~ rmutra11'94 ant 
It~~ woe left tor 20 d.nutea. After 20 ~. tho 

exoeoe etelft ·wa& nmov.S to' npeated waa1\lft6 ot the cello 

ln ameba medium. · sets of amoebae. contnl tmt CPZ tna':ed, 

were tatcu 1n cav1tr blocke. Aboat 30 eons t1Gft .tut ln 

each block an4 wore fed dth e dft»» of etal.r!e4 tetr~e. 

O'bS~atlono ~e corrled out at an lntM'V'al of I !to1.11- vpto 

Bit bourG cttv fee41ng. Counting of pb&&osoeea. seen as 

te'tretl~e in the tcod. ftCUOlu. wae &mo tmttex- m mluo

seope ate dCf4flcat.lon of lt6o. tn thl8 MpOf'J.ment, 

-~ hom ~ """'" ._.. co1mte4 1ft two uapante .. ~. 
( t) Bffect ~ Cft Oft P.!!'!!s:l!!ala t 

,.I,_J tJI .lli(.h_ L_J"_.Jf lllkifi_-tt 

PlftoQtoal.e _, quantitated b¥ cbemel countlrts 

tecMI.que · os cteSCl'lbed bJ ChatterJee am 8t\V (197$). loth 



en trente4 8114 ~~ ~ebae wee taken l1l epeOJ.eUv 

eon~ .~ oa ldJAea MJJ&nteJ¥. o.t25 £1 

aodis eblod..de 1ft pboGplmte butter ,pH 6.4, tma ueed: •• ~··· 

l'rlduotw of pboortub· !be ehfmM1e were ~·a~ Qb 

lft'tonal of S eJ.Ilutu upto 35 mlrttttee. to etud1 the 

effect oa 11le oecoJI1 ~tie OJClt• the celle wen 
:reeovered with eutflolet ~ Mdl.aa otter tM 

1flduetlon ot tiM plnoeJ1'otlo crete. theJ were tlloftniGb-

11 waabed td.th OIIOO'ba aedlua eM left fft 5 fto1lnJ. After· 

S 1loUrs• acaln 'tM oelle were dmllqect wltb the lNlucer 
;.. 

aolutlcm to-r p~ala tmd channele wee counted 1ft wae 
eame ~ ae J.n the ftnt. *1•• AU the uporiaente 

on pltlooJ110e1e en npeated for atleast three· Uaea. 

(e) pffep~ o£ en on tb,-,ngptak,.At, .. k!!. 

!'or thte o'WQ'. ~r..euot.Ja. (Spealtlo aottvS:tJ •. '·•' Cl/d) 

· _,,)wae uoed. Atoat 100 celle, both en treetc4 eat. col'l'Uol, 

.,.... 'taken aepam~ 1n spaouae •toh 81ft ..... ih8J •" 

lfteuba'ted fMt 20 drlutea at zoom t;eapen~ In the labeled 

teooltle diluted wlth atm.J.o aaoeta '*"• at a colleefttnt

tlol'l of tOO fM-/81• l....Uatel,- after 1noubaUon, tM 

oe11s wen thoi'O~ aehed 88\'eral tS.me• S.n oxcosa of 

..,.. medltm. itum amoebae ..... batohu of ts- weft tnme
terred to tbe 1rBln8 •.U• (SDS/BDI'A •lutloR., o., ml) 

«m.tolftfld in '\be eoilltlUatiOft Vlal•· 10 111 ol ~·· 



so!ft't!Untion ftald was aose4 to eaOb vlal end then &11 

tbe vlala won: ccunHd for 2 nl.l'lutea 4NIC'b 1ft a lectrl!8ft 

U(Jvld SclrttWetlon .SpeoUoeo~w. uaw•e SOSfttlllatloft 

f1\ll4 DB· .~~ bJ' tdlJt8 60 6118 Of lapbtbalelle 

(eromEltofJJ'Spbteallr purlfled tor oolnUUo•ton count~) .• 

4· gms. of PPO., .o.z .(Ua of POPOP, tOO at ot aetha.ftol, 10 d 

of etbyteno s1Je01 8J'd etldlftn tQ, lt ..,Uih of .t•li-Dlo_. 
co aG tc we •o ftllal wluae 1000 at. ftl8 tWrtun _. 

'takrm··.!Jl.a .'hott!e oove.red t4tb alualnlua to11 ·a!J6 ws 
' . 

stlr.rea ·ll\ aold 1"'0tJ for over td.gbt 94th e 'tefloft ootrttJ4 

-t1o'· bsl"4'· .. , · ·~~ieuctne labellJ.fta was done In fte 
' ' ; ' ' I : • 

toUo~ .. ~r•: 
,· ! ;'- '.· ' ' : 

··.·. ·tree~: •..• 
. ! : ,· .. ~ ' ~ ' \ 

••, ~-11 after.8J'd 5 lloura aftor the OPZ tna'tment. 
"' I • t r ,. . I • • • ~ 

. • ( J ~ ' ' • ~ 

~~·~l)e,.er!rent·?5 celts wez-e taken 1n S •lets, nob 
. I I i !, / • \ ; I . ' . . . . : 

.d·al·f~»~N.ro··f1itmm-cel1s and eneb eaper1ment ne 
/-:->1 .:·1;./ \)!'·:~~·: ~; . ' 

. ;,~~~~~,.~•,_ · t1mee. Kertce n'.J.oecUvltN oi' 225 cell.& 
:I'' . '.. ); . ; ' . . . 

/f ~:.~~~ ln. 'thfte s:eparate expen~a. lkmtn'e•• 
:1;/i~·~ c:o~~ ~~ ft\dl.oa.CU1'1tJ ot 15 cello ~tee becm 
. ,, ·' . 
, .. ~,~.· _e4 .. J.n·th., data. 

!• ' . . • . . 

+ :(', :. ~~·/ / . . ' . 
j~h);rj~.,: ·.at .vu. ~ ILitlbliDI DADJzdaa 

l
:i.:> ) JM.nJtiJ I . . . . 

/;-· . ,J - . ' ·~ ',. • ! I . I . l ; ' 

!,'t·' i . ;~ltled Coal'l•e lbGtllcd tor alkaU.ne phoS&)Ilateae 
·1/ • . ' ( ( ) 
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(DC J.·t·3~t) .. ...C Ce ... J>..ne. 1956) to ftudJ the 

effect ot en. !be cella were 8QUII8heG em tho aubW 

aUctes aft4 the uceaa of ..,. ... M&U.a •• euol:e4 off. 

JaaeC~lettil»' eRN' 11~ •. the Hlle ._.,. tbed. 1ft 

Oh111et aeeto• m a ttoUN at tl'c. Ate. tbaUo"', 

tbe7 wn paued tJ\IOQCb W ac•tcme and dleWletl 

water. ft.a·. tllQ! ..._ Sacut~~Ud Sa •b• lrloubatlcm 

M4la a't ,,c ~ .._, a~.matett. "- ooiiJOSltS~ of" the 

&raoubatton medl• ..... t.nowa .... 

• S04U. ,li-IJ).Jeenpl't08phate 

- Sotll• baft1tcme 
Z' Otlol• ftltnM o.. ....d. Cblorl4e 

Aballute acetoM 

... 

... 
--
-

IS .,. 
as .... 
OJml 

05 at --
After lneubatlcm~~- the cella •re tnatect wl.th la01J eoeilora. 

fteft paaaed tblough 1$ c:obaltoua ftltzra., 1ft '-' aeetou 

aftfl --~ wltb tlllute reUow ..._... eu1phl• 1ft ,_ 

acetone (o.s td v•tlolr .......t• ntJblde wn dlaol•*' 1.n 

JO Ill ot 110$& fiO'etora). ftMi the all.clea wee ~-
.8ft11. lt8de pe__.t. Clean bl'"* dliJ)Oelta ot oobalt 81:11pblde 

1'IU'8 taken aa the altell of' • .,.. aoUY!tp. 

(l) 'JibldiiDt tD lilt IUtd if Rl a f!atDilfD.,IJM at 

···---· !!be gttftt)ratloa Uae of MPtllt RIJdiM wa c1tttel'ldfte4 



by oboert'lna ~11 tod amoebae lndlvlduallJ after eelectlltg 

theo at kftom pol.fth of 1oe1l CJcle • ~bed by 1teo 

amt. Chetter3ee ('1974). 

Abotlt to dlvlden (r:utbeftr lthaped dtotlo aphena) 

tmm wen ted. erd flonrlablna ar»e'bae .,ultu~e wen pl.cted. 

up .ttl\ tbe al4 or a ~lns pipette 'bltJ.fte. cai\J eo as 

not to 481nege ·ttto cGUs to any -.. ~e 41.S.4en oan be 

eeleote4 eas11r ee tl\eJ I'U8ln looselJ ottacbo4 to the 

substmtam. tha dtvldlng eene wen meebanloaU¥ se1ecte4 

wlft ·the tJelp of e bnklng plpett. and tbeoe cells an tept 

elfttt17 In Q'nOUU watch Sl&- t1U the dlvlalon.., 
. 

COJD.P1ete4.. Cfte· duabter cell as 'tftmsf"eft'ed to aMthel' 

epacuse wet141 QlaM contelftlne amebae me4l• 8M l' 

aerN4 as a eoatrcl. l't"" ·fed 1'4th appaalma'telr 20-25 

te~e entl tbe ·a.. of ita ned tU.9111on as 81.• 

not-ed. lhe o•• danghter oell .., tnated t4th en for 

10 dmatos and was. then thomugh1St was!led wlth ~• 
. 

med1urJ. Sbltlllr- 1~ was Jlep~ lrt o 81ftCttae ntcrt SlaBS 
. 
col'lteiftl~ oooeba medlum end appto~ 20-25 totnt-

1\~e. h· f.iUt dlv1elon t1.me of •e trea"ted .Ue •• 

eleo ncol'ded. Such proce4urM wen oamed on the 41\tlders 

to ~ tho etten oa gettera'Uon tltJe. 

'~> S&B~ea!d ·fDamUtDR.. • 
Both conaol 8114 CPS 'heated oella ~ flettefte4 

to stve clod tr ln mlC!Oscople observatlcms. ftlo GlUes 



wen aubbe4 In the ~cu~~ .-;JI8dlua coaposeA oi dtndc / 

IJC)te.ulum Sblfa1:e eftd, Gelatin (Bacteriologleal) • the 

ctUe wn plece4 oa the GUbbeCJ _ell4es t4'tb Wl811 a.tmt 

of ~~ aedluo •. ften eacesa of eedlum •• l!ett:.OVetS 

wltb the ett of o tlne ~ pepette. !he Cf41e ~· 

then bmeGSat•tv covencl withe cover. &188 (21i a'- • 

1ft ~••>; contalnlrc a 41'cJ of OSl acatSc a~4 tor fta'Mcm-·r
,lftB the oeUa. 2be sU4e trlth tM • ._. staGtJ .a 

•edlatelr dlppod.lftto Uqu14 r4t•a• tor abOut S to 10 . . 

seconds tor· tnedtJA 8!14 dthdftWn qtlldtlf. Dte -~

was NJrt.t'ted .S.th 'tho help of a n•r blade and the ell4e 

waa ltmnectlatelB tlad Sn aoeUO acict•Mbarlol ( l • )) for 

se llbautee. !be ellde "" then pasaet tbavab 'biD dlaftgee 
. . . 

of absolute O,Y.fll a4 t.o o!ltmiU ot ,._ C.jlpt -

tO .mlrmtel eaCh ancl wea elr *lett. SlldH, thua ~~ 

were la'ter ste1ne4 with ph08p!\ste ~lend ea.- solutlcm 
. . 

8ft4 .eount.ed on. OP.I tor fnl'tbe domacoplc ·1!ltJalJ81e. 

· to study the .DtJI'faae li02pholog· ldthOut t1a~ 

the Oells. the amoebae were flaG Wl'th ~ fta•t••· 
ihen the e1l4es wen a~a.lMd bJ the usual proee4Ve ae 

4eaor.tbecJ. e,qrU• •. 

SbSii!l&ll ~.. J 

CPSr.· afthrdmuG (mol •. -'•· l$5.)) •. PPO;~Utt 

·(mol. wt. 22t.))t POJ'OP. onhJ'drOue C•l.wt.- "'·'l• Me llver 



' . -'/ ' . . 

extnot pow4e were panihllae4 Ilea mt• Blpa· 'CMaleata 

·Coaptmr. at. touSe. u.s.A. 

~. u.s.A. G1M8a atalft - p~ud ,_ Ddtltlh 

.J)fts. ao.- Ualted. Bn81tm4 end Rntnl n4 •• PIOOUJed 

ftDii ~··f •. GVJ' Lbd.tett. Lcmdcm. lpftJ'-oJW •• 

pU:rehand ·tfcll ClQ A-.. Dlckf.Mon and eo.,.,. u.s.A. 
" 

L-leuolu r(G) waa obtdml4 ftolt 1•tope ~~· bbba 

.. 

. Cafl!'OIJ• DafOJJ• C:J!fJB• CHflOOil• CIC(S011)2, 12 BtJ, 

Uaml.~ act. · BD'lA. Ce(fiO,)at lfl;p, II&Cla• IMfP• wo. ROFOP 

CH,OH. llaiOtJ;• SDS. .Dle\hrlbarblturlo ao1d (JiaotedoJodcal) • 

aMtoM, t.ii-Dloune (estnpUN) DPL.aotmt,. ~Qh'tbdene. 

ethylene atrcol ate. were of •Guafto'lu.d reagent AnaleB. 

Cnde from iVa .8111. lftdf.a o• IV• Seab1W. it. Chedcale • 

. ladla. 

~tlouuecS • 
;y~- -• • u•-•-•--••• 

CP& 

cauo, 
mt :DIH\. 2·-·· 
O:lfpi 

··~ 
RaOK 

HCl 

• Chlolproudfte ~lde · 

• Ct4o1ta ~- ortbopl\oapbau 

. .. , - htaae1am db~a phOepttete 

.•. ~. alcobol. 

..•. Aed1o eold. 

• Sodlu hJ'drO·dde 

· • RpmOhlorlo · ecld 



Ill. 

81'1rA -. Bthplene dlardne tet~:a-aoe•lc etd.d 

Cat to,) 2.1Hf:~- .Calcium N.treU 

t1g012 - Cagnulua chloride 

PPO .. 2.$-D1phet$oxasote ·, 

POMP 

Cit,CS. 
H2801f 
SDS 

' 

.• PbeJif1-oaato171 ptlefiJ1-oaar.o1r1 phenrl 

• EethJl aloobo1 

• SulpbaftO aold 
' 

... Sofia c1o4eo)11 sutte'te 



• 0 

Cblo~tS.ne 1\J'dl'Dohlorlde (CPS) na tuJed 1ft tbe 

preetmt wolit· to 's~ the effect of thla drU.8 Oft Jsmtlll 

BGIIII• espce1a11,. lt'l relrit1on to lu aembrerte · nlatect 

ect1Y1tles. 

1jfllaJI,9l 9£!u 9!!-lrat1llt 
to) !Artul-P.DSWl!DUIDI PI CU • 

Amoebae 1ll8ft expoeed. to valioua alar ~'lou 

(o •. J8 mtlt o.s4 mMa o.oJ6 et1 and o.o28 tntl) of CP;& ln oner 

to f1rd out a avltable doae • .Aftv 'IJ'Oatment,. tbe tmi'Vlval 

of 'the .-ebae •• obeerro4 U,PtO the 'l'llJN ctar ot tnatmeat. 

o.o28 a:il ·en was toUftd to be the sul.table dose tor . ._. 

oporleento. DoHa tllgher then o.oza am wen tounf to cauat 

lJal• anct cell 4e&tb ·cmm lf appUe« tor 8:!!allw duration 

the'ft ao drautoe. o.tll ala CPZ e4 above were .fourld to cauae 

bee<tla• ceu 1raJ.e.. 

For the. aetemlnat1o11 of -a aultnbl• t1t1e pedo4 ·ot 
"treatmat of o.o28 d. en, the aaoebae weJ~"e OBJOSG4 ~ CPS 

:tor '9Bft.oua 4ul'&tlona ( s.o t'tlm.rtee. 20 .··14-rmta• 30 mlllutes, 

,.0 tdftut• aM so~id.mrtu). 20 mlrrtJtett or~-· 

tonn4 'to be su1tsble tor our e~ »UJ'DOM elM• the 

peJCtmtage of cell eul:'111vel o't thla tlUnUon of' 'Vooteent 

wao appftCieblJ' ll1g'h (PJ.g. 1). 
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(o) IUid ot QI!Z .a ,:tibaPJt •. ASStll!IIDliN- il!UUD. at , ... 
Wlt1drl S to 10 rdftutM of tnataent of CPt, the 

etnOebae a~ a nunde4 shape, S.fttUcatlftg the losa af 

t,plal ~14 allape. the amoe'tiae were obsene4 to 

remaln In this muaded up coftdltloa as r·tong a• ther 
wen kept 1ft the CPZ aolutlon. Petudopo4J.a ~ tJ1 tb• 

m• tnm al1 4lreotions l.n 110trt of the eene: an4 MW 

p~a tona'tlon wn atoJPed ln tlloa cetlc. 

ff'01ffter, a few cella Hhl'bJ.tect •• tuble paeudQpOdla 

toratlo!l •. BeBee aot11itr •• etc~Jpet! lD ulorltJ ot 

the oetts. lfoet of the oena were obaeft'e4 to be loonl~, 

attac!ted to the nbdl'atua. tts•· oena were waabed wlth 

aaoeba media after en treatment and thQ' padU&Ur 

reaatnec~ thftlr nontal eape. IJecu.tt .fblllr· at'talhe4 to 

the ~ and 8bowed noaal atti.le ~ aJOad 

one flour otter the dru& exposure. 

(·d) !Ut.!S 0! SfZ tD_RDDJJ91PU d MubM ·• 
~- lDcluelou 1ft the ~-of the ventMJ 

amoebae tfeN. f'otm4 to be oonoentntlfts 1ft ttte fttUft4ed • 

cena. the treated cena looked 4allter tbaft tbeb co:~"Ne

pOMJ.na eontn.l .Ue. A clear ll,.U. tone we DOtecl at 

Ule perlph_, ~ 'the csle Cfls. 2 • 6 b). Bo\!lfJ'ftr. the 

cella ngalftftd their no.-t •rpbolog wl'Ud.n IJ to 5 ttoure_ 

post tna~ (PJ.a. ' a A 1t)1 (FJ.s. '--A b)_. 



' . ; 

P&s· ac.eJ• . fho•mlcmCIQh ~ •· AW» am'aa .~ 
.. the _cenoJ"al. ~log. .1t t~so 

(.,) Photcualci'Oeftph of a en treated-AIPtba 

Dttma lmot!Jat•17 etta- tnataeft. . fbte. 

·ttte preeenoe· of a ~ tone at the ·pet

pbf!r11 end cof!Cet~e'tlon· o~ deua c,top1asmlc 

mtedat et the oatNl· ~ x. t,so: 





l'la. '(•)• PMte.le.....,. ef • Anl19..,.........., 
tile ~-~~~~~ •rpllele&• X JjSO 

fb) • n•'IINd.•.....,. •t a era ._ted lnrnllr 
PD!t!l 8M hnr ette. tr.t11Mt. .. ...... 

pft8Mee of llJdS.. .,. at tile pel'lpMQ ef 

of tile eall ( __.... ) • J '-!oo 





'' 

n.a. lt(a)a .Pilotud.e~ of a Ul trutall IK ... .. ,.. ............ ,.... .............. ... 
•• , ........ , ...u.- -- Ia - ...,.._ 

pben1~4oo 

<ttl Ptte'telll~ •' • tnaw avan 
.,.,.. ,._ .... •"- "• ............ 
•• rutenU.n of a1IMt .......a • .,._teo. 
1 l(oo 
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(e) . DtJ!I!, gf FfB .. Sm _8l!es!!.t&~. ,Aetl'fl!&~SL Apo!lft 
ot.s"Trlfftld • -~-Mtldll I 

lbe tneW ceU.e were obeaked toJ-~ ablU'J . 

to O.&Pture too4 o~. \JlL. ldt:ltiDitll aar.Lfol."mla· 
It DtJ obeened ttla't ttte capaoltJ" to lflegoosrtoae tbe 

~otra~ bae been lfttl1blte4 to ... ateftt em tbat 

th1G lmlbl'ttoft ccmtbme4 upto 2 houre pod tftntmeftt 

attar alch 1t became alJ!ost 110rmal eu ooapai"'d to •• 

contJICl cellG. ibUPs -.en •e onlJ ellf}b't iftblblti.Oft 

1ft tho »~Uo actlvltv (FJ.g. 5) ln the en tnated 

eotlo. 

,B • B~IS!l If.~ a,n 1 Pi~JRU:r:e~&Sr Hlj.Ji)X. gf. ,fEI1\l&Jo 
Plnoovtotto aotl'Vlts' ot th& ·~ tm4 con•l 

eello wan etndleti bi countlna tho cbannel.G famed after 

lNIUC'tltm of plftOC)'tosl•'• fte fo11cw1nl tJpea of gper1-

~· ... done t 

.(1) Plftocgtosla •• lft4ucod wblle -e cella .~ 1n 

'the eug. 

In 't'hle eapodaeftt. the CfZ tna- ma mre+ 
13pto 35 mlJ'~Utee tor the countlrtg of pboQtotio oheJW4. 

lt ee lmm4 ·01at 4llrine tho t't.rd to ~· ot trre&Wnt:. 

p~lo of tna•ect cGla was 81mllar to tl\at ot the 

comml O"'*P•- aut pea!l ~tlnoortottc ect1v1'tf' was erea'U.J 



14~--------------~-------------, 

Pig. 5• Btfect of CPZ on phagooytoa1e 1n 411A•U »m'tllll• 

Bach point represents an average count from 

fonr amoeba• from two separate eaperlmenta. 



.. 

roon.ct!4 ln thetm:tt.d.· cella een coapared to tbo tlOftUd. 

cella (Pig. 6). 

(U) Piuoo,-toala ne induced lamedlate17 sftao 

tnetmtmt ot en. 

It •• obserVed 'tbet CPS trea-.mt nsutta In 

proMUI'lCed 4ep....S.On of p~totJ.c ohamle1 tomatlon. 

lhd"e was e alpttlcant nctucUoft Ia the p1ftGcJt.otlo 

aotlvltr clur1ft8. the peak per1od at '' alrtutee tm4 

re4uced aotlv1t7 eteo contlmle4 l.tt t!\e later perloa. 

·( J.1lg. 7) • 

cut.) Second plnocyt:otlc crete wae lftttbce4 ftfi boUft. 

after flret pboCJtoUc GP'l~. 

Fs.Nt pJnoc':rtottc czoto ot tnated cello wae 

fo\lftfl to be td.tJBlftcantl? llthlblted 88 deDOJftlJed·· earll•· 

In the eecoftd plftoc7totlo S.C,cle ot the tnate4 cella. 

•• peat n\l!!1ber ot Ohanrlel f&'llmtlon ao tourad at: 

20 minutes eereaa 'the co~ contnl ane 8'ho11ed 
. . 

•• 'Ufltt81 peak ebai'Dled tomlns · aoUvlv at s.s mlnutea. 

ihuo there •• e eblft eo tar •• •• peak pei'SO.d or 
plftooVtoUo aeu~v ta ocmc......._ the peak plrJoortotle 

· eottvl:tv 1D the aeccftd C¥Qle or the cotm-ol cells wae 

e~tt3 4ecftaae4. ibc peat act19lt7 1ft the eecor.a6 

. OJOl• ot 'the treatoct cells was elfiD 4epnsaect u compand 

to the contftd. 6J'.)up ot tltat CJCle (fta. 8). 
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Fig. 6 a Summery ot three eaper1menta on the etfttct ot CPZ 

on the pinooytotio activity of lmAUI prcrtu,. 
Baoh point represent• an average count from thirt7 

amoebae. Vertical bars indicate mean ~ s.E. fhe 
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Experiment was conducted While the amoebae were ln 
CPZ aolution. 

• 



a: 
w 
co 

12 

10 

:a 8 
:J 
z 
...J 
w 6 
z 
z 
<( 

:I: 
u 
z 
<( 

w 
~ 

5 

r- Control 

10 15 20 

TIME (minutes) 

I Treated 
I 

30 

Pis. ?a Sumt!lary of e1x eaperialenta on the effect ot CPZ_ 

\f!b~-f;;ttle p1noo,-tot1c activity ot Amoeba proteue. 

Bach point represents an everage count tmm slxt7 

amoebae. Vertical bare lndlcate meant s.B. 

35 



Pig. 8• SDeai'J' Of foR ~ OD the ef'feot ot 
OPZ Oftt 

·(a) PJ.mt pl~tlc QJCle 

(~) hcond plrlocrtotlc OJC!e dllch •• done fift 

lout'S after the flrat CJCle. 

1lacb polnt reproo8ft'ts en 8\'eft)ge count~ hom t-
&n~Gebe. Ventcal ban lftdloate aean s s.n. f1ote 

the Chance In ·tho peat 1a (b). 

' 
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fbuu, tn~~m~mddftl'the nautte flu aU tbtl ~

amt••, lt .08ft be conolu4ed that CPZ treataaftt haD b!ougbt 

ebou't a ctepnadcm ot alen ,_ in tbe pet*~ p~tlo 

actl¥1~, of tile aeoebae. AliO tile ablll- of the · tnated 
eell.e to toft ....._ flUaber of chaJmele 1ft the seoomt 

pJnocytotlc oJOle llU been tounct to be 1- ~· 4e1e,-ed 

-.. cotl\P81'M wl'tb tu conb'ol ..u.e~ 

to mml.r'ee further the eoUOD of CPB or. tlle amoebM 

ee1l ~. %-leucine uptake etud!M ~ ll'tld&!'taken. 

file abl.Utr •f tbe tfta'ted .-ella •a capaottr tor the aptate 

·of Ui.tiate4 1•uc1ne was tested llb11e the cene tltift belfta 
lMubated \91th the CPZ solu:t.lon. Xt ma fotmd tbat the 

amebae fJbowe4. ~at ft!duoecl ndloacUvltr as ~ 

'to t1u!d.r 1t0ft81 co~. Bo.ver. • dramn'tlc 1fthlb1-

tloD 1n 'a-teuolae uptake •• llOted 1ft the ceU.e ~11' 
after the CPZ tr\utment. fbere le more th!m .~ rcductlon 

ltt the 's-teucS.• uptake lD -· CPa tredec1 amoebae. ihle 

RPPI'Oealoft .of the 's-1euclat optalte eontlnued evtm ft.w 

taolmt ette tile ce11•a uposun to CPS (J'lg. 9). 

(S) §!f.,._ of. CPI !£a·,..... 9ft,,._! AD!ibt~ ~~ 

att.I.YJ.Sr• 
CJumseeJ.n the alktd.lfte ~- aoU¥11W..,. 
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Pl.g. 9• 'a .. teuci.M \ll'teke b7 the CPZ tnate« 41Aibl Rmbva. 
et 4ltt'~:-ent perlod.e of tlae. 

(a) tll11e tbe •.U• aN atW 1ft CPI ao1ut1on. 

(b) Imme41atel,J' after CPZ treetmen't. 

(o) Plve hour:a atter CPZ tnataent • 

EaGh colWI!ft repru-.nte the average ndloaQtlvtN 

cf flfteen oeua. Yertleal ban J.ncUoate etanden. 



·4e~ Oft tbe basf.a of tbe dlfferacu .in h IDtend.,. · . ' 
of c,toohemlcat ~ .ot t1'le CP& ~ oen• aftd tlldst 

l10ntal count~ J~ - totm4 out that alkaline poa
J)het&H aetl'd- in tM tnaW aoebn waa eppNelablr 

. 
n4ttced fonow.tftl CPZ treataertt. But tbe actt.vl"tr wu 

tovncl to lncnase ~ • •• to OOMbeek to the 

tiOl'l1a1 lftel td.ttdft flve llowe after tna~ ot Ute dnl 

(fta. to a-ct. lte a b., 11 e-ct). 

en UttatJiel'lt .. totmd to ltmgthen ttie 6eMmt1on 

Uu of eaOebae. fte generatJ.on U. ot ttte tfta'tell ce11e 

was found to be longer when ~ to the contnl oella. 

Some· pl*f4Wna17 ~ts 1r..dlcate Uld the avtJl!'age 

t1Gfterstlon 'time of the COfttml cells 1ra0 folmd to 'be 4) * t 
1\aure wbet'GaG tba't of t'he en treated cella •• 119 ;!. 2 ttoun. 
ftuu t · the genentlcm tlae ot tbe treated c.Uc ae· delapct 

bJ' al)Out 6 flot:n· a GOIIPOred to tbe canml cells. 



PJ.s. lOla) • PhotomlcmSi'&Pft of a «mtl'ol ...., DllllDI 

attowlns albllne phHpt\etan actl111t,. nou 
' 

the 1ntena1tJ ol tbe ocUvltr of tho en~. 

gLISO 

(b)' Pbt:ttotdCJOpapt\ of ,a CPZ treated . .AIO.tb 

m:obDI amna enetlc J'OdUetlon tn elht4lrte 

·pb:ospbatese ~YltJ' ~eteb' after ~ 

~ • .I t,go 

(c)t Pb.otomtc:ogn)dl of o group ot control .Oi!8UD 
• 

RDitmll Bbo'tr1n; ellta11u phoophatase sotlvt "tf• 
X fi'r 

C4)• ~tdCJ!OIZ"Qpb ot a gro~ of CPZ. treatetl 

Alllll11 RIUUI aho111t'l8 &ftStl71Dhlb1to4. 

o»tallne phosphatase notln~ lmcledlotoiN 

ance tl'eatm:ent. ·x 1sct 
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'ibe pnsent · o.tQdJ 1a almecl at illVOatf.Gatlftc the 

eflsots of Cfi Oft amoeba. both at the stno~ ae wU. 

en at the luMUcmal level. It ts ~nil»' a~ that 

ttte pr1ea!11 actlone of emutbetlos $lid venq~u~em like 

_cpa ocow 1.11 tbe p1a1JJltaMatmme ot cella ·mber the~~ on 

lfttwaoeltUl.ar pftcente (SMIIBJ'l• t9?2). there an a 

~bW ot poetutst1one ~· the ~. of aotlcm 

ot eucb WJ'feca actlve GOJ!JpOUftde. A ._..eN of t!\e ll:t-... 

ture euceenta tbat the -~r ac'tl.one of CP.Z an4 nletecl 

eoapounda are efff!Ote4 v OM of the· foUOtline ~

(oee. Seeman. 19?2) • 

e) fluldldeg • dleoner.tna ·ttte ... aM COI!J.'Otlfmta. 

b) Sitht!r by tw.illiDl•tlftg or 'b7 lftblbltlna ~ 

aeaoclnted eraQ~~ea and prote!Nt. 

o) D1sp180lna •• .-bn• bo1md ca 2* ard lnblbltlni 
' . . ' 20' 

tbe ~· tl-.ea ·of Ce • 

4) t::odlfltlq 'the tnnalocaUoD o·t a>lutea a:nct lone 

a~ the eembnftea •. 

However., then an aleo reporte lndloatlr~G the tnte

f'e~, ot eta cm eome Udnnllular procMsea lite UftCCPPl• 

.lftG o1 odctnUve ~8Pbomaucm lrt •• mlto~ 

Naplntoe- CJ\aln (Aboo4" t9J.S). lttus ee exact ott. eft4 
• 

aleo the .~ of' aotlon o~ ""'• dNa· ~ the cell~ cm4 

aol~aJt level an ret to 1Je. deterolfltl4. S1nce we ~lave 



at.GO ~ iiH.btUon 1!1 8 nmaber of ~ lf.llled 

phet10mene nOb ae uotllltJ". ~18. ~· 

Ja .. teuclno uptake etc •• l't l8 •err Ukely ttmt en diO 

effects the· ptaama membrane of amoebae 1D acme· «meldGJ~
able ut~mt. Vlat the meet of the lnhlbltat acU.S.tlH 

beCome not:~Ud wltb 1apBe of u.e-· hea augaeated tile 

nveralble nature of acllon Of thle drug ana thle t.bd• 

lft8 hsa also ~UGtlflott ita 1no1alon ln the ~c 

Q.1'011P of ct\emlcala. 

OUI' elJ)eftaent on the doae ~ of amoebae 

to Wd"low concentntlona of CPS haa ebo1fn tbo't they oan 

tolerate onts· a narrow dose l"m'lge. A dose hlsh• tbert 

tie 29ftCe causoa 1r:mettlate C»tobels whet'& aa l~ 

~· ~- D£Jt. Dlls flfttllna 181ft tc~l a~ wlth 

't!\0 ftMlng Of Seeman. ( 1912) tJho baa SboWB thDt 011 surface 

active eompotmt~s lacludlftg en can cwse ,8~ blphaalo 
' 

eUee't o.f · •bftm& protection a<t low ccnoentrntlons aftd 

~ ·1ra1a at blaher co~tnts.ons. 

etumeea In the ce11· ab.ape,. 1nhlb1 Uon of pseudopOC!la 

tomat10~t-·an4 · couequent etoppap of moUUtN. · tolfmtion, 

of a Q811M• tone· et the·· per!.Jhft7 ·bavo · aade l't Ml.deftt 

that- tbe cell meDbrena. ot ..,_,_ undergo• eome t'lraetlc 

~-loUowlb&-. treotment. wJ.:th CPs ... tile l.rd\lbltlon of 

emebo1tf ·~ent w CPa may be 4U to. eithd' OM· or both 

ot tile toUo1flrtC l'\l8fiOM • 



(1)· fte tmom c~Q'Of the dJVB to retluce the 

.1Jdlu ot ca!clum tls-'>J' decreadng the oeUtllar 

e~U.eblUtr ot the Son (see• Seeman. 19?2). 

(U) AbllitJ of thd!'Ua to UMOuple o:dctatlve pholpborr• 

1P1oft .S:th a. cor.taequat nttuctton 1ft tbe A'lP 

moleout•• (Aboot, t955t SJ.QJo. 1982) ln the cdl. 

the above poeo1blU:tJ.• ·aee to be Ukelf' beeauae 

of the foUowtna fltld.lft8e • 

. 

usee A'il ae the souna ot ~ .tm4 Af!i lrdtlata 

'the eontrectlcm of the aet netwllt 'tlben bftQG'ht ·llrto 

pmper .ff.P8t1&1 nlettomlhlp wl:lh ·the qtoplalilm~ 

(~.1959). 

(b) CJ'toplosmlo emacta of AM';bl DJPSava _,. 1ft a ll8ftJ'I&r 

elmller to the. intact Gall dMm waftDI4 wlth A'W 81\d 

4tarlft8 We movement tbeN le an lncl!'GOse l1'A .opparat 

vlscow1.)' aeaaciated with tbe tonatlon of 'tblft acUft 

fllBeftta ···.t~oa pNOtlnON lD the gi'O\lftdp18._, CPoUU'4 

fm4'ltO.' 1910)• 

eamt~ atDOeba P aatlrlls ~ unstable tmd 

14gbt: plav.'en·laportant I"'le J.n the CorrtftlctWtJ ot a.eba 

o~ibt·'bi; :fol~iabg In 'the pretleftOe of' supnthreshold 

~ ·~~· ~entbtlon ~ &lpoJ.-erlalria Sa tbe 

pnaence ot:•11Ub'tbnstlo14 ca2+ cofteen'b'D'tlon (Condee1le 

.as •·· 19?6)~ 



Hence l't J.a ~ 1lkel,J tila~ "!n l'e81one of t'he amoeba · 

lihUe the c.211 comen~tlon ·le maced the n.111 81'd 

~ fl1UGrlw tdgb't ~e•~ ~ti.Yt£ 1ft 'the 

inblb1tlon of crmtraettl1tr (oee, .09ndee1la, 19??). 

the f~lon of a olea~ ·1\J&Ufte r.one ·et tile 

pedph., of •• cell tta• lftd1eated 't!lat en brine• 
a'boot a ctttt~lat.lon .ln the~ of &:!»e'ba •• 

a result of vbloh • olear pelpheftd Qellfttt. GOno a1l4 

a 4enae CMtral ..._ an toae&t. the 41ffefttltlot1on 

lllto t. r.onee 11181tt .haft oCOUJ."r84 dUe 1o th& actloft 

of CPZ on aoae tttrocturea In the OJtopla. ln. a Bimllar 

m.aJmGI' ea nYealed bJ' 'the 110dt of Bftoe atad OUiothnaen 

Ct965J .. 

·l'll'uce· antt Chftetlansen (1965) bave totma tho 

loeo'tlon ot two so1'188. • olea~> peripheral zono eontetn

ln& O'ftlr ·nan wslo1oe amd a de»se centnl t:.OM cot~talft.. 

lns all the large etnotm•ea vta. fa' bodies, nuolel, 1ft . 

ihe. Slant. ameba m,., IWI tollodtlg 'tr.eotment vith 

anest!\o'tleo me halothane . ..s ether. ibeH hoVe hQO

tl\ealeed th-at .. c'llftel'eftUatlon lnto two toneo lrtfelved the 

Ush't cnee-Jtmlns o£ ·a,toplaalo co11old8 lD the ,perl

»btn7 of.· the. e&ll t creatine e IIUiltJo••· ttae ln~eatloee 

of ~-:~ .euff1c1entb' ..n .to aclu«e tile laree 

. . ' • .' •• .' ( • :~ f 

' ?. 
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pettloatete etement1J. ln an emt1o8oU ..,.... CPI ml.abt 
I 

bo .actlfto 1ft ·the qtopl..So stfttctUIU ot AIIUl1ll ~--· 
but •• tbla otace 1t •utd be pre-tva to pl~tJDlnt(eum 

. ; .\.. ' 

~de ~ that 1148M be affected ae well. ae 

tbe exact meohanlsm of" 8UCh aotlcm •. 

Saqe tne U..Sng ,.,...,.. like a.tba smdmm le 

partlouler11 aul'table for" tlle etu4r of ~tda becaUse 

p~Dte ls _its .. 110ft!al 1!04• of teedl.nn aft! lt ftedllr 

· eatllbita plnoCJtoele ln reaponse to a Wide urtet)' of 

eat tonto otund.cale. In 84dl ttcn, the, speclee te Mtr 

aeroblo ·.aftd tolentH • wide nns• ot: I\Jdl'Ocen 1oft .con.ca

tatlorh .SI.ftce a peat 4M1 ot _lftfomat1on lo ava1lab1e 

Oft the cmdoOJtotlo aot1vlt,, - 1\tWe talten °emloeyto.S.a• 

ae a p~u~ to, .8tuQ the ettects of cPZ, a cotl.Oftlo 

to~ of Gttllne aneetttnle. Jt ls tJ-e11 tnom t!tst plmcr

toela 1ft o~ ·ss not • ell~~ t() e 
ln4ucar. D'luctoet!ot"..$ 1n coJJCtmtratlcms of .lftwc~ 

t'J01utea. oatotum lollS etc. can ao4lfr the ~r.oo 8Jiil 

the 1nfluence ot ca1o1• 1o1i8 1e eapeO!allV l.ftt~eotlftl 

eo fer ea plnocvtoate le COJ'lcemed (J~. t9?.5t 

St»ckem en4 aem, 1919• ~~. 197?)., 
........... 

Baaleail' ptnocrtosle has two· phaooe, 'the flftlt pt.as-e 

COI'181ets ot the b1nd1fts ot the lndUclng · oolute to the 

; "• 



,, 

mncoue ooo't and ttte aeeon4 , phas• le the eotla ptmee ot 

dlemel loaatloa (Cb~. t96?). · 
' 

AceorcUne to .Jo_,_n a JoJmaoD (19?9).; 

f01'matJ.on of J)i.mQtoUc ahannds dUrlns J.nduotlon of 

p~ela ln •• lOt• requtrea Goat tm4 bfmoe 

aDJ ogema wblcb tntmen wltb oalclum aeteboUtf:), at 
the amoeba wou14 eJ:thel" lfthlb1t or eU&ulsto pl'ft0Cl1'tos1•· 

Stock a ad Klein (1979) have neoZ'ded a slp1-

ticant lnoft:ae 1ft tbe eln ar1t maber ot ea2+ tllra41oa 

tdtn et the cyt;oplaalc aur.tace o'f the een aembnue 11'1 

plftooJtotilt8 lliiiJWl DJRS... ftl• lften.l In the •lee 

an4 l1tJtllbor of ca~+ blndlna td tea hn Hen aplalfted bJ' 

th• to be ·ae to' lftcrease4 ca2+ pormaab111tr of the 

plume -~ 4uftng lft4uoed plrlooJ'toaS... Delft and 

stock• (1979) !lave poetulated tbnt att81'8tlor• ln tM 

lfttmc•U.u1ar Cal+ COMtfttratlon regulate U\8 ectlwtl.on 

of actorQotd.Jt sa a neult or tibleb ·'the 80Uvl'ty ~t the 

llley are o'f tht:l otlftl.on 'tha<t COfttnotloa of eae moobnne 

essoctatett :tltaeDt 1UR le a aiM Jill .DQD ror the 

~tlon ot piftoc)'totlo ctumm4• and ftcuolu. 

Aa lacNaad Caa+ peraeabU!- ot the p1e8M 

~of ADD IJDSISI durbttl lftduced plno~ 



'' 
lla• atao 'boen nported b)' Chapam-An«reMn (1913) d\0 h88 

toumt tho\ Wtlai chanau 1n the pl\J'do1oaloa1 etate of 

tbe oetl aeabn:ne occur a'l the 8UI"feoe ot the muoous· laJar .. 

Acoordl,g to tle, phosphate gnupa ~ ln tile mueou 

lfQ'er act ea eaUon adaorber 8ft4 under Ml'md pbplolo

stoa1 ·~ Uoftll, lnorcenf.c loM, eapeclallJ Ca2+ • ,_.1ft c 

·~Joumt to • oer'talll extem o't th- pboapbate gnapa. She 

hae pdt14sted 'that the lnduotlon ot plmOJtoale bJ wnoue 

Wh'OrJg1J oa'tlcmlc au'b8ta'rloea oauaM the mene or ca2+ hom 

· •• eeUo11lo l>l.miSttg .Stn 8ft4 ln connquence tbe ed8Dr,'tlo1'1 

of lai'IJ• 81DUJ'lta of inducer ln exeJ'Iaftge toz; ca2+ (sea. Kleln 

ami stoebm. 1979). the edeol'p'llon of 'he JrJ4Uour 1eadlrJB 

to ebaftSG& 1n tbe eleotrostaUo curtace po'tentla1 ta alwap 

followed. by an lnoreesed peft'(:ftbUltr of fte ptaea aebnme 

81l4 then al$0 oeoun • obange ln the molecular eontoJ:~Mtlon 

of tbe eebrfme. JosefMOn (19?5) has J)OS'taletect ~ as 

• eonaequat1Ce or etotrloJimB\lonal ehaft8eiJ la the aolecular 

f 
. 2+. 

stru.ctur. o -tbe ~. Ca am other lema an •• 

ente~ 'lbe celt S:n'terlor thereby ottertng the l.ntnce11ular 

eat+ conoentnUoa. 

In ttlw of the abow ftn4lft6e lt appean attnct. 

lve to l1pGCUI.ate. that plnocytotlc acU\fl't7 of CPS treatecl 

A!Qoeba ptot.eua S.a 4ttereaeett. es ouenet b7 ••· pre~!¥ 
due to e nauot.lon 1n the Cea. 1ftllu acma tbe can 

~ratte. Compatible wltb thu ~.ftew an the noatt 



.'"· ',; 
' •. '. .. . ~ ' : ', . 

. eap~ on ~mGYte ghOsts (Seaae,. 1912) tldoh 

J.Micmte that loe&l tmeathetlo aat.rtu (CH) l'e8dl1r 

odeol'l) -. ~-. coapew wt• aftd dlep1ace. '1M 

~ bDt:Jl\4 Ca~ acleorbett to phoaph011pl4G. . Be baa 

also attom tha't the: ~· n.uae of cat+ on 
lmmdabl¥ lftblblted w crs. 

~ • • ;o 

Joeetaeon ( 1975) llaa npol'ttd tbat local ai'lestl\e-

tto amlJlGD., In tbell' cat1cmlo tom. lttllb1t ptnoovtode 

bJ acUJt~l O!l atd.Qlo. ptloapbollpl4a 1ft blolocled ~. 

tm4 u P.revmtbG the bJ.mUJ~B of catlona at 1a0a. eltu. 

Aceor4lrte to Mm. pJ.JiocJ'toiJ,a labaced bJ Jia• ~ e 
2+-

.00f1Bldeftlb1e emotm't o~ Ca 1ft the cell aurtaee tmt1 hetlCe 

:. lt·la ttiab!J naceptlble to lftM.b1tlon \W .'the loeal 

~tlc ........ Hcmce.,. 111 our etadg of tbe: effect 

of en oe p~Nto.S..,. el~he., obserVed la tha presence 

of ·the 4na· or obtelfted br· pre~t t'Jltb the dftll, 

· Ia MCD!d•r to wrtatlofi ot ttte caa. connentmtloft in 
. . 

···tho cell 81Jdne. ow dew that the tmlbl.toi"J' effect 

ot ·etz s~· ade to lftbibl~ ot ea~+ .l.nllu ... 410»taoe

. . ~· of aebftmo loaM ca2+ 18 qported bJ tim fln41lt6 

o~ :Joeduon (l9?J). 
' ' '· '." ' 

) .: • j .A~ ~ auppon1D~ our ~tloft that CPa . .... . ' 

. ~bl,a,~~tlo actlvltp 1ft ... -. vmtllJ&f tw 
ft4uc~. •e. l,afla.ot ca2t coaH· 1nm the 110ft or Stool£• 

( ·. .. . . ' . . . . ' . 



'' 
and n.elft (1979) WhO have ebom ttaat 1nhlt4thft ot ... 

~_., lnfla bJ' "'e ldeutteneoa aPJl]1ooUon of anta
.ecmt~ (Veftlplldl) ~the cmctoortotl.o aotldtr. 

h't doea not etoJ11•• 

' ' . 
An attemotlw uplam.rt1on tor· •• bJM.l)lt!c'm 

of plnocJ't.Otlo 8ft19lty bJ CPS may· also· •• detluoad fma 

·tt-~· atu4ld o-n <the JnllO\Iftd of 4lfferent .-botlc 

lmib1ton .tm tb1• p~ In 48111 am,_ ·aa! mm 

tbe Jtnoa actlofia of CPI ou ttte erterQ aetabo11mn et 
the cell. DfRelft e4 Rut8d ( 19$9) ti&Yo ~sted . 

that .&nhlbltloft of' CJbarlMl ioJaatJoa ., ao~Uc 

lnhlbiton l8 ~·tho NaUl~ of e dmp Sa the 
. . 

leftl or· ._.. ~· .tllcb J.e nonallf ae evaU.81)1e 

to tbe Od1 ~· the ftrllcUonJJJa of the ~=

·~ lD eeaplntlcm.. ~~ (196?) b.ec 

!ftdtcated the't dlamel fozutloa la ftlpltUr _,naaed 

bJ lJN.N.ton oi nspl.fttlon ebS ~1J'd8 ad liON 

t4ow1J' bJ hhltd.ton of ollldaUve pbospboJ71e<ttoft. He 

Rudletf havt eleo abown that ·tfdl ari'aoe blrltUrJi of e. 
~ lo ttO't lnl.lUOftCed. but 'the act.l\':e p.,._. of 

Cbaftflel foaatJ.on 1a IJJhlblted bJ" Yllrlous .nabOllo 

lftld.Mton. ~ton, .Sa ow ~ lt can tte iftfened 

'tba~ tho ldtlbl~J.o!l of plnoo)'tOUo aot191• _, CP& _, 

be due to tbe G8J>8Cl'Q ot -· dJ!V6 to unco1J918 old.ctaUW 



.... · 

~171et1on I:D tt.e dtocttoDtlr1a or the. oreanta 

~ nduolft8 the AfP level dlleb le the eJ'18'eJ 

~ ,of the eoatnotU.e 8Jft•· lhls lftterertCe l• 

GUpJOrte4 by the Ylft ttutt Cl>l ·ancoopJ.u od&l't19Ct 

phosphor11et1on 1ft tlie .Stocbonddel JrepanU.oft8 

tJ:om nt brdn (At.ooct. t9$S) bJ the lo1J.o'lpJqt pabot4e 

mechaftl- I 

a. Due to a •rrapedtle ef'tect on the ~to17 

enqme. erate •• a w!lol• ather GlaD a G)edftc 
f 

I.Dbiblton effect em any cme eft&ill• (Stnckol", t9S8). 

b. Due to 19 antagomam wlth tile fl.....,.tae1/lte8 (YQSJ. 

.d ••• 1965). 

t:e call eleo ~ tha-t. Gftdocrtode Cbotb pbqo

OJ'lod• 8b4 pJ.lW)CJf.oale) s.. lnh1t>1ted - cpg due to .. 

evaJ.lablll'tl' of ~ .aactmt. or Aft whoee COJJIDI!Jj>Uoft 

mnJ.. ln part. be nleted 'to tbe lmolveae:nt ot tbe 

contrao:Ute protelmt 1ft •e endocrtotlo PftCU8• 

hom the eJIP~& on •rpholof!l.Ci!l Cbangee. 

h Juwe found ·out that au:-tsJ So ~red \'11tblft ' to 

5 hours of CPZ ~- Heftee the eae CPZ ·treatect 

.amoebae ·wMch. wem.challeDBed once \d.th ~ solatlcm 

lmedlnt.el:;t, afte . treatment were epln Cha11ceed dtlt 

1aducer · sol~n tlve hours late. the ebt.ft 1n 1:he peat 



' /' 

aoUYl"tJ .of' tho tHated -aallOebae c'ballagd· wJ• ~ 
afi~er· tlva .floura of tbtt tint cycle 1e p indleatltm. of 

tbelJr ctelapd npoue. ·tlloreove. the decreeeetJ p~ 

Q1tot1c ee'tl•t:t7. ot fte tnatect smap ctu4le~~ied, ._. 

tile aecon4 'time.. 14 ih tile 1nducer· aor M due • fdlwe 

of-.~~· ~nalble tor pboertoUc 

·ahanmd. t~tl•n to beCome Mb ftOft!al. HoweY•• 
aJJroet 110l'lfllle7 tlae baa fotnt to tMt acbleved vblch terd 

to J.ftllcate ·ibat tbe tnated oatla eut .~bb reaton 

ttieu· mlldd. orpN.atlon ot th& plaua ~ GtluctuN· 

a-t e tow. u... • 

. Mlb1Uon ot alkaUM pboapbatan (e p~..a....

~ mem'bnme bolD'It enQM) nUn_. t.edla~· after en 
,, 

··tftatatmt ·hae been n.Mlett bJ tU.tferenca 1& t!ie btteultJ" 

of ~eelcat .cteb1ng betwMift contro1.on4 CPZ npoaed 

cetts •.. · We pnau.m.o that thlfJ ldllbJ.Uatl may ba due to • 

contomatlo:nal Chmgo tn the native en.- ottucture dllob, 

1n tO!ft• DJ .reeult ftJa the pertvbaUoJ\ of the o~bftlft& 

structure b)f CPZ. llo~er• the oct1vltr ctf cttallne.phoa-

. »bntaee. bae. ·bean tolmll ~ be natored to th& nomat len! 

at late¥" hours therelJN ln4loat.bg • ftCOW%7 ot tho tna'ted 

Cello..:··, 

~· .. ,. '/ ihe.·eblll'\7 or CP3 .tree~ c&Ue tor tbc ~e ol 

tr1tla~ed 1eue1M b8e boa f'Otmd f.o. lte aff~ted onls' e11Cb11J' 



/ 

·wbeli· ee oens ere· trMmba'ted 1ft hbtU«l leuolne a1fmg 

.S.tb CPl. llot7GVW .• a dnMtto ldllblti.OD 1ft tbe -uptatte 

qtl\'lV tma been. recolded. ~etllr afte!t cPa ·tnat

mofjt atd thin llH ~ found t. ttave iclgtrovetl. OlllJ· 

oUAb'tlN at ttva ·flouN z»&t-tnataent. Keace., lt Ia ftl7 

Ubtll' tha~ ncoYallf lft the u.ptah cepaol't¥ o1 'a-leutd.n 

m&l' take place at 8 aun later pulod.. !'he blpalemt 
. . 

Sa the 11ptote ablUt¥ _,be ettrlbuted to th~ cttann• 
J.a the llembrafta anhlteotaN 161e. 1ft tunt. ~ alter 

the eontormo.Uon of tbe lwclne b1atlfl6 pi'Otftft located 

la the cell aemlmme. ftla .-..gtlon •r tJe ·~ 

- the ftftd5ft8 ot PerlJ:IO• .1$ 111- lt9?0) dlo ba90 n;on.t 

ftftnlble ormtoJ~~atlonat •ems• 1ft a leuclrD ldnalftl 

pi'Oteltl mm IIOtdellla &r41· .aecoNSna to ••• lioat 

modele of tnftapOI't 1\e'fe the foUowlnl Utne etas• • 
s. !he f'lnJt ataao la the· lbltlal bldftg ot 'the 

aolute CA) to aoae ....,.,.1eeute (X) 1n <the ~ •• 

._ fOJ'Itilfta a ;OOIIda (AX). 

2. 'file aeeo~;J.~ J.mplwa a pi'OC888 1ft ~ tbe 
I , 

eoaplea ~X))·ta.'rtaJ:en tl"'a outdde aftd Is pnoated 
. ' 

to tht/1Ml4e. of:· tbe aembJ:'Ime. Jt le ~ur belleved 

ttta~;~ ~. ~· lllo1u4n NYenlble oontonatlofJ81 
/I · f , 

~-~~tbla ·•• ·~taCmaoleoale or Ml1\blwle ~ta 
J/··:_ .i; J, .. PI 

'?14 tb .. ~th it: 1.~ auoolo'hA. 

'· ~.·~·::;--'·J~:~e mean~ ttte aolute et the lllftft 
' .' ; . './ . l ' ' 

.·.· >~ Of·tbt·;-..-. . 
... i ·.. l ./' 



--. U&Mfonsatlo118 ere eovgle4 to pftJ4U.ce • atdlfl· 

oatlon of tbe blfttUJ!B pmtelft that ._... 4eenaaec1. bJ.ftclln& 

aetlvltJ. oautd.ng tile alute molecala to be Hleaae4 

lMla. the I!OditJ.ed tdndlft8 pnte.ln can •• oded 

1U.11 to the oatslcte of the .. br&M aDd ~~ 

mum to 'tbe ~atl• obble 'bl&h elflftltr ton. 
Peftl'On .a .al• (t970) 1\ava C0110lu464 that •lm sold 

bltt41ft8 lilt• le aSIIOOJ.&ted wltta e tmlque protelft eoDfolar 

1ft tbe ~ or leucine uptake ebUltJ ln 

'tbe CIS tnate4 aaoebae, l't 18 dlfftoult •. at pnaent, 

to predlot P"CleeJ.r the step that le affected toUowlftg 

CPZ tnatmen•• Bo_.,e,_., lt ca b4t pftfRa(td tllat CH 

allht be iDwl•ed Ill ~ about Cblm6ae In 'the 

contorastlcm of the ~~- bl.ndln8 plftelft 1»7 aoUJta 
4dther dlnot1J' ,on .lt. or throu8b !Ddlnot aotlcma 01l the 

othel:' Mdmm,e. IQIIJOMft'lGe 
. , ' f • ' I 

. . 

In ~U,toa. .. S.t caa be aald that ·ttlen· ant 

several d~ee or ·; tnttsnoUon ·be'been eeetbet1ca end 
• I . ' 

~· · One ~tuml*- WherebJ eaeatheUce oa loWR ·' . . ·.-.. _~ ... 

·-~•blll'Q)f~tladJ;lq~ a lunoUonat bloCk u bJ ncluclftB 

1llle ~'.~to... lt lll _,to~ 
! ; I I·. 

:· 
,, •• 4o 



.:•, 
:.. ' 
"• •.. 

that ·GUCh an etfeot oallt4 cause stmemUN4 bblbitioa 

011 MU!Onal ol.ftults. BowYer. o._· data 81l81•' tbt 

-.. ·auestbdlee llmetlc)ft-·\>1 ft4uClft8 a8JDbnM. ~ 

..-·~ calolta (see. SSeeJo. 1982) and lt tbla bloc* 

~ .at pre;paptlo alta of •unnea. tbol'e wOld · 

be a l'edtlcUoft 1ft the nleaae ot Jl4lnlft)V8ftad'tter. 1ft 

the~ cells Ulte Mat& --.. en cause. a 

lttdbl tS.On .f.ft the li!Dld.lJ:t)' em pJ.ttoc:l'tOUo actlvl\7 

)Jft)babb by l'e4Uidlt8 •• !ftfta ot calt end intel'tGI"J.nn 
wltb oeUala~ eran'U p!Oduotlona. 1-t •• aJa.l fotm4 tha'C. 

CIZ aazttedl¥ ndnclld the uptake of ~-leuolne f>1'88\a$1df 

'J some Ohanaa 1ft the atabmu ucbt~ tttleh •.n 
-ttl cult to p!npolM at thla ~ -~·· Rowe90r• nstoa- . 

'tlon .of mft!alOJ about 5 llo:Un· aftflr CH ~ e1...,_,. 
... 

btlcatea the~ ~ ~ Mlle can preaumat4y ~· 

the. raot:mal orgatdeatlon of tbe altered aeabftme tm4. otlltr 

nbe811'0.1.a' .~. the lJ;YUD1'1811fmt of ~" 1ft 

..,.. or tho ,.,._ etadl.a ean llOt be wte4 out 

... tetet,.. But lt would ~ 80ft CJUOiel aperleaJlU 

to tbldJ nbstaM1aw bow CPZ ad catao4uUIJ ~.utenct a't 

the 'blocbeeloal 1~el to ·br.lfts abod t!ae o~ e'feot• 
•· 

et the drug 4 



t. . luge,, free· U'dns. unlceUttlar pft'tosoa Cl•llt &GUll) 

baa been utl1lse4 tv atu4Jlltl the ettecta or a ftWJ!O

~lodcat dni. (CPS)· on 888 IIMbftme Nleted 

~ 0~ ~-... I'JODrttfttnJftll eell. 

L the. celle ha'ft been found to tolerate -~ a n,anow nns• 
.ot en ocmoentrattoft. tnc:reaaect concentmtlon a'bDVe tM 

nnge cauaos 11818 of the cells taaedlat•ll' after tnatamt. 

3e !be tnated eeUe an tomd to be •Sable aft4 capable of 

tmtleJ'SOlftg cel1 dlvlstcm. 

4. i'tle 4lffonmt1ot!o-n of 'the cell cytoplasm 1Dto a ol~ 

hsraUne mne GD4 ·a dense central sone baa been found 

foUowlnn CPZ ventmem. 

J,. the 4n8 tnated amoebn ..... apbed.oal Dape. rm1 

'beoolle 4eteohed tna tbe aubatntua •... 

6. !he OPZ cddr:lstmUon· causee oe.autloft ln eot111~ ea1 

EDme ~aln1tmt ot Jhasoc)'tot1c actlvl-t,- of the cell. 

'· Plnocytotlc abllltr bee bGe found to 1'2e· am.ttedlr l'tdaoe4 

tbUoWJ.ns treaibeft'l ot the ce11a bJ' CPS •. 

8. fto altall.Jle phosphatase adlvltlf• 8lld ~- ebi.UtJ" to 

'talle up ~•leuclne tlaYe eleo been found ·to be J.ablbl<ted 



-
4Jtafaatloallie· p~bls b11 ..,_ ChatJCEJa .,Sn .the , 

9.- ma. of tbe eUeuta tmldlet 01'8 tountl to be ,._erslttl• 

wbldl t:oaebaek tO IIOI'ID81 levtQ. about 5 MV ofte' CPI 

tJ!eatamt. 

to. ~ of th& oooen-ed 11'1hlb1tcr, eft'eots of cwz em 

'Milll D~ have been SliOOeGted to be 4ta to tbe 

ablllty ot the 4J'u1 to reduce ca2" lntlua aOX\'lsa the 

~- an4/or 4ue to 1te abWtv to UftCOuple od.tte

Uvo phosphoi'Jlat1!m• But tbe evldenca on whiob eta 

conoluelon .t.e t.ee4 beaN turtller euelnstlon. 
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