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Chlorpromasine hydrochloride (CP2) - wme first
introduced into puychiatry in 1953 and hos deen in
extencive use since then. It hes brought sbout a major
svolution in the treatment of paychiotric diseases dus
to its sbility to meke hypersctive mmﬁa patients

more gable, Possibly CP2 is vory widely used ﬁﬁ
'amuwalw there are numsrous other
mﬁguﬁiszng sgents, The drug is aloo = potent 1oced
snesthetic and suppresses the electrical sctivity of the
urones when applied directly {Bradiey gt al.. 1966).
It 1s & neurcpharmscologically active drug which has
‘profound effects on nervous ticsues, However, the main
usefulness of the drug is in the reduction and control
_ of agitation, sggression snd mudety. It is used in the
sontrol of acute poychoses whers it can diminieh rectless-
ness, snxioty, confusion, mnaz tenduncies and sgpression.

, CPE presente a wide spectrum of pharmacological and
biochemicel sctions. The biochemical effects of CPZ and the
reloted compounds hove been studled extensively &in & wide
variety of enluals renging from the lowly deweloped uni-
ecllular protoronns upto the highly developed matagzoans such
88 the marmals, %The results of such studiecs indicate mt



these aseé&iﬁ mzm a nusber of onzymes, interfere with
wmms. affect ;:mamity and atability of biolegi- "
m aﬂﬂ artmm pestranes and wodity the transport of
mmmanm temimlx. | 3

Charpm&m srd his Co-woTRers 11951} aymmm

CPZ which wos initially esployed as an ingrudient in
emcsthesiology, Subsequently CPS has been found to cure
montel disordors becouse of its involvament in & mumber
-of neuronal end psychologiesl phenopena. Far m*kmg
. CP3 has o deprescant gotion on “the emm mmna pystes
vhere 1t blocke arousal m&neeﬂ by sensory Me&ﬁaﬂ
(Bradiey gt 2., 1966). nopmsdm ln the mnm of
polysynaptic reflex (PSR) in mmm up!m). rats

. hes been reported by Tsugutska .ﬁ a].. (1962). aaminier
£8 al. (1953) hove suggested thot mgthalm of the
Gentral Norvous System is affocted by CPZ aince tempera-
tore reduction {hypothernia) is coen in pstientc trented
wAth CP% (seo, Sradley, 1963). Purther CPZ has been
tmma to n&m& locomotor activity, incresce sociadility
in cats and teming &n Ehesus morkeys (forton and Temburro,
'1957) end block’ conditioned responss (Cotk g Ales 1957).
Stressful response to o change in the environzent is
mm& b? CPZ (Steinderg and Wateon, 1959) which may
e m to &‘as aaﬁhm on the hmﬂmlm {Bohtous and
Beg, {;9%6).
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cre MW tha mﬂeem:e eystu 'Ee SoMe m
Komy (19?6) hos mﬂm that CP2 reduces urinary
lsveln of the @mmmm estmgm and progesterons
thereby bloeking ovulation, suppreceing estrus cycle snd
cousing infertility. However, he hes cuggested thot thess
sctions of CPZ on the endocrine system ore probably cedisted
vip the hypothslous shich sote as a control for the pitultery
glend .which, in turn, controls secretory activity of other
endocrine glends.

Besides it sction on the nervous system, CPS hes
aloo amnfmnmm sctiona on the ncyves. |
Bulbring gt 33.. {1954) have suggmteﬂ & loca) anesthetic
action for CPZ decauss it causes Jocel enesthesis when
infiltrated yound the MG nerve in guineaps
if the concentration is too high, Mmmgua}. changes
occur and there w 2One d&anrgmiuﬁm of the syelin

and egtaplasn, ‘

i 4 3.3 true ﬂm& €PZ hos aivma effocts on the
mtral norvous gystem. But the precise way in m;tch Cre.
exorts its infiuence on the cantral nervoun aystm is not
olearly known snd otill remains s controveraisl isous.
Howevor, Iversen (1975) hao couggested that CPZ might be
seting by blocking dopamine weceptors in tho Central




According to Claude Dernard “An anesthetic ic mot
& mpeeial policon for the Nerwous Syotam. It anvsthotizes
a1l the cells, bemmbing all the tlasues, and #top;
tomporarily their irritability.... we ean otudy cleswhere
then in the centrsl nerve cells the phonomernon which ‘
consen this stoppage of action..s. It is poreissidble to
aspume that something elsller happens in the nerve cell®
{ova, Scenan, 1972).

- Those words of Dernord ere indicotive of the fact
thot meny, it not £11, of the rembrane actiors of anesthe-
tics and tronguiligers cccur in doth excitadle as well as
nonexoitable menbranes. Henee any sttempt at studying
sxoliteble cells and nonexcitable ¢alls as well to rosolve
the moleculor pharmasology of CPZ Ais highly jJuntified.

A mmbor of studies have been done on tho offect
of CPZ on icolated oingle cells and unicsllular snimsls,
Sono ot al. (1962) studied the effect of CPZ on leoloted
¥at hepotooytes and hove reported thot oxygen concumption
wos olevated to & great extent at low eoncantration of
CP2, fThey have sugpestod this cffeot to bs the concequ-
enee of renbrane expansion or 2lteration of mexdbrans
fluldity which could enadble a low molecular sudstance
such &8 suscinate to pass through the plases merbrans of
hepatooytes,



s
" Low concentration of CFS vas found to celease ersll
arount of S-hydrosytryptasine with minor graralar altera-
tions in the sast eells. But ot higher concenteation. the
drog disrupted the celle, affected the nucleus and cecbranes
to & high degres (Jamsson, 1970).

Corps £3 al. (1962} have estabdlished that CPZ reduces
1ymphoeyts ATP levels by grestly reducing the phoophoryle-
tion potentinl. Olycolytic flux in lymphocytes 4e incressed
wvhen ATP level 16 lowered and it s the result of irpalreent
of sitochondrisl function.

he work: of Jomes and his eolleague (1962) hep indicoted
that locsl enssthetics including CPZ% Block Junotionsy comeumi-
‘cation in tho opiderral cells of the beetle 'Temebris mc
- Trestnent of the eplderral cells with CP2 raiged intercelliular
recistance tws to three fold within 20 to 25 mirutes; cell to
cell posoage of cleoctricsl current was sbolished within
41 2 5 ninutesn, The reaction was fully reversidle, with
normal electrotonic coupling being restored uithin 2.4 hours.
They have suggested that the uncoupling potency of the drug
corrolates well with thelr known ability to irhibit calmodulin
dependent phorphodiestersse activity. Altering the emtre-
eelinlar calciun concentrations 4id mot affect tho rute of
wncoupling by CPZ while chelation of extracellulor calciwm
with DGTA raised electrotonis coupling. '




| m tine to tims nimgaﬁm ke mmem
£0lks mmmzm alantaris. Basillus sesateriu end
protogoans like Jotrshynens nm have been used as
motiel aystm ﬁs ew the asction nt CPZ end mwaa
cospounds, ﬁiubm 2t al. {1971) m found thwk !3%7'3
inhibits cell-wall mms in Zacillus secateriu
bosouse coll wall precursors sccunulated pmmuy upon
addition of tho drup. Growth, [otility, glucoce utilise-
tion eng phosphete upteke of Jetrahvesns pyriforsig have
boen veported to bo inhibited dy low concentrationo of CP8
{Busnickl 0% al.s 1979). Dlunm {(1980) hse reported that
~ exposure of Zatrahvrens pvrAforsis to low concentration
of CPZ inhibits its growth and nucleic scid eynthesis.
17 hours exposurs of stationary phase mm to this
drug coused marked alterations in the metsboliom, includ-
ing en almost complete loocs of adility to decorboxylote
1+(1-39C)Lovcine and L-{1-}"C)-tyrostne. Eeics gt 2l.
- {2980) heve reported thot CPZ hae the ablility to inhidit
release of trichooyst in pavanscium,

Thore ore nunsrous roports shich indicnte that CP2
hus the capecity to act on the cell nerbrane of neuronal
and non=nouronsl esllc. Spirtes and Guth {1961) have
| pointed out that & lorge rurber of the offects of CPZ on
blological systems may be due to its effects on semiperme~
able menbranes, Seemsn (1972) ham eaid thot the prisery




aotions of anm?bgﬂéa ond tranguilizers are on the cell
" pembrans (plosmalerma) rether than on intracelluler
proecesses and the following observations support the
asgurption of Seepan, '

{a) A=zons, from which 4l) exvplasm has been removed, sre
- 8til1l readily blocked by anesthesis.
{u) Action potentisls in srtifiela)l 1ipid bilayers ore
dlocked by locs) sneathetics iike CF2.
{¢) The concentrotion of cnesthetios required to block
noural trensaission of lzpulsen ic lover than thot
requirod to inhibit ‘ammnm and oxygen consusption.

| Shones {1958) has used the word °Stabilizers® for the
~ anesthetics bocaune they block membrane cxcitability without
aeppreciadly altoring tho resting mecbrane potentiasls, There
ore also reports that enesthetics may block various forms of
- hyperpolarieation {ses, Seeman, 1572). Trudell (1977) has
susgested that snecthotics including OPZ ect by m@xw:g
nerve gpenbranes to o gsaint where eritieal 1ipid roplone o
mQr eontain pheoe separations. A8 s resplt, the nerve
mm loas their capacity to facilitate the confcrmtieml
mﬂmﬁ in pmtﬁm that say be the basle for such mbrme
evm op fon Intake, synaptic trensoitter rolssce and tranpe
| mwbnm hmd&ng %o yrecoptors. He has proposed that once the



phace mpamﬁm behaviour of the mexbdrens Lo modifled,
neural function may change by » combination of the

{2) Inhidition of conforratiomad changes of integral

 mesbrens proteins, |

(b} Prevention of the sssoeistion of protein Wﬁe
to form jon chamnels. | |

{c) Depression of transmitter relsase by proventing fusion
of symoptic vesicles with the mesdrane of the pre-
oynaptic terminel. -

- Croner and Darshasi (1972) have advocated that CPZ
tlocks exeitsbility B¥ newronal sesbrenss by abolition of
the aotion potential mechenism directly. According to them,
Pilock is schicved by the Inhibition of the mechanisnm of the
troneient ocodive conductance snd that of steady otate
potessiunm conductance sftcr extermal drug application,
shoress interma)l CPE perfusion inhibite primarily the
transient sodiun conductance,

Seenmon gt 21. (1960b) have projosed thnt snesthetics
incleding CPS sct by expsnding the mecbrane. Ewant gt al.
(1968) have reported thot lew conventrstion of CPZ protects
human erythrocytes frem hypotonic hsesolysis.: Seewsn gt gl.
{1969a) have suggested that the erythrooyts mechrane expands
by o nusbor of poasible mechanisms, the sisplest of all being
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that of & volums dncrease in the mechrane as & result of
“burying® of amm,eiic molecules right into tho mechbrens,
According to them, CFS omn also dleplace Some mendrans
asvocioted component such as 'Cag* shich noresily keejas the
m in & cordensed atate. They have shorn thot the
gerbrane eves of ephericol erythrocyte ghosta expends by
ghout 2070 by CPZ st concentrations which cauce locel snes-
 thesim, Secrom gt al. (1971) hova reported the decresse

in poosive influx of 22ns* into erythrocytes in procence
of Co®* by CPZ. Rerifer, Seemsn (1966) hos shown thot high
gude1ytic conosntrations of CPZ over expend the membrane,
which then immm mmds, the celle ahwiw spparently
lmmmnmmm wmim, Bahaaaim» aeen
that the cotiomlc m of CPZ ss well es ﬁw mx form
hove the nenbrane emﬂng sfrm on both ﬁw erythrooyte
ond thoe rierve mecbrane. Seemsn uwa; has pugpooted th
almﬁgh enesthotios 1ike CPZ aamtﬁﬁauy mmize ihe
merbrons, they a&s& fividize and parturbh the cosponerts
vithin the mspbrans. As s result of the perturbation of
verbrane components,. merbrane associcted encymes ond proteins
mjb;u,‘és\.thaxf,._mua;ea or inhidbited. Oceupation of Gaz’ ‘
cites on the mesbrans by the drug mey interfore with the
trawzﬁestum mgsa and perbrone bound Ga 1o pot gvallable
for mtmgmmmmn coupling and sticulus-secrotion
coupling. 46 @ consequence nerve oction potertiala fail to

v i
;/
¥ [
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fanfen g% al. (197%) have
and reloted mmmawa affinity farm
ememm. They have suggested that the
drug is tronuported to possibdls receptor sites in the
Mnaﬂwmimm%nmmmmm
released mexehyammmmwmmto
initiote phermacolopical activity.

CPZ parktedly inhitited K* 1@&: ond caused en
equivalent inoresse in the K* contente of S2aphvlecuocus
gursng (Reiatiansen gt al., 1962) at low concentrations.
But at high comsentystions, CFS inhidited the growth of
this end other ploro-organiems. They have concluded that
tho bacterioststfo action of CPZ ie probably not related
to its penbrone otabilielng effect only.

Fot onjy' menbrens structures, dut else nosbrsne dound
ensymes ore sffected by CPZ. Hyttel (1978) reported the
mmﬁm; of ndmx cyclase {a mexbrans bound ensyrs) 4
CPL. ' Uo1ff ent Jones (1970) studied the effect of CPZ
adniu&smﬁm by employing cyclases of xut adrenal, ret
1ver- anﬁ bavine thyrodd mecbrans and bm suzgented that
ce2 im;arfima with activstion of the eyclase by verious
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hormones with 1ittle éffect on the tesal sctivity of the
ensyme. Seppolo gt gl. (1971) have proposed thet CP2
‘binds to phoopholipids and pay exert its action on biolo-
gleal penbranes by complexing with phospholiplds end

SFZ2 “and reoleted compounds bring abdout changoes in
tho stadility of Biclogicsl membranes. shich depend on
the doce snd cone other factors. low sonventrations
induce stobilisation and high ones ladbilization. CP2
intuces, Jn yikrge direct disruption of the mmm
shen used in comparatively high mmmmwu This l.n
due %o the surfece active mM&fm drug. Ittuvlug

oells, mamgewmmmmwmu
dones of P is probobly @ secondary effect, tho primary
offeut being éhmﬁm of uicnmfgoﬁe mcm auam
the ms. {Papov, 19753,

Besides its actions on the m, there are
svidences fwﬁs amer Mn which m@u that the priaazy
mﬁzeﬁe acﬁmz is on mmammr ergmun guch as
eitochondris, mictotubules, microsomes, lysosones ofo. Guth
£t 21+ (1965) hae found mt low concentration of CPZ causes

uction m the mnﬁmm relesss of acid hydraim
fmm 1ysosones and his ﬁmm mycrts t!m i&m that the
wenes of the subesllular organelles are aloo stabiilw
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or proteeted by low corgentrations of drug. Popov (1978)
hosm reported that CP2 protects the liver against necrosis
gcavced by some tozic agents and decreases tho lesksge into
plespe of lyscosormal acid hydrolsses noroally am&ata&
with such injury. He hos sloo found thet CPZ prevente
rdtochondrial owelling and lyeis. Beckel {19784) hos
reportod thot CPZ otrongly binds to ret liver plorosones
gnd ritochondria, whersas the binding to muclel and soluble
cell conatituents 1o sush vesker. The drug hos been report-
ed to uncouple oxidative phosphorylation in citochomirial
preporotiors fron rot brain (Adood, 1935). Strecker {1538)
hos reported thot this uncoupling sotion of CFZ in the
respiratory chain ie due to: 8 non-specific affect on the
ensyes oysten as 8 vhole rather thén & specific inhibitory
effect on any one envyme, Foszlbly the drug acte o2 &
fievin entogoniet aince it is known to compete with flevin
ederdne dinucleotide (Yegl g% al.. 1956). Tene gt al.
{1962) have veported the dscresme of oxygen upteke rotio
by higher conoentrotions of CPZ and they have suggested
that this effect zny de dus to damage %o the mitochondrial
mophrane of rot hepatooytes, lee g% 5l. (1076) has found
the irhibition of ealcius scommulotion by CPS in rat brein
pieromopes. The work of Carvalho (1968) has revealed thet
there §s. & losal snesthetic induced redustion in the Co®*
bournd to the rabdit skeletal muscle ssrcopleseic reticulum.
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In addition to the offects described sarlier,
CP2 is sleco capsble of modifying 8 mumber of blochemical
eochenfers., Protein synthesis of bdrein slices ie depreas-
eﬁ by CPZ end a 207 inhibition in the rate of glycine-1-

Wmﬁon into rot broin protein occure by CP2

{Lindan g% gles 1957)« Colmwdullin,an vbiguitous hoot
otable calolum binding scidic protein has been reported
to be inbibited by CPZ {Roufgalls, 1981). But he bas
suggestod that antagonism of calmodulin is urreleted to
$to pharmacologicsl epecificity. Welss g% al. (1900)
hove given o 1iot of caleodulin depondent procescges ﬂmﬁ
pre inhidited by entipoychotices 1ike CFZ, IThe procasses
that sre inhibited ere- tkgbwﬁvaﬁcn of phosphodiesterase,
adenylate cyciase, ca® and &”ﬁﬁ’mg ayosin 1icht chain
kinase, phocpholipass Az, tryptophen hydroxyless. They have
also postuloted that miaam of norepinephrine from nerve
torninals, secretion of chloride in intsctine, contraction
of smooth ruscle,. glucose stimulated insulin releats sre
Srhibited by GFZ,

| m woike of Volpi: and nis cobleaguen (1961 have
mealad tha*t op inhibits the upec.iﬂc calmodulin dependent
sﬁmm ﬁi mthmeyw ca 4?&3& and cyelic mocleotide
W@Maﬁms& from drain and hesrt.  Incressing mmmln.
but not Qn‘m Gvercomss the inhiditory action. They have
;;mpom {ﬂyat_ entagonisn of calmodulin provides a wolecular

FARR
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gechonise that moy explain the indibdition of meny cslcium
dependent celluler processes such es Ca>' trensport, exoe
eytosia, excitstion contrastion coupling, non-zuscle cell
potility ete. CPE binde %o epecific sites on the Cs° -
ealeodulin complex, As a result, the ternery complex is
rerdered incffoctive in activeting engymea., Herce, sccord-
ing to then pany of the pharmecolegical sctions of Pz,
which are dirccted sgainot oaleiun dependent celluler
procecses. say ho dve to antagoniss of calmedulin’c effects
~on enzypss because both the phorsscolopical offects and the
~ irhibdition of calmodulin in ¥itin ocour et sisilor concen-
trations of the drug. However they have suggected that
CFZ sots not by & single methiniss, dut ¢ nuober of
mochankens may bo asoocioted with the diverss pharmscolo-
gloel effects, The mechaniem by which o innivite estd
procecses thet are net depmm on sa - may not involve
calpodulin, . On the other hand, many of the other actions
of CPZ directed against Ca>' dependent processes may de
dus to its aﬁm%onﬁw sctions of mauim Veat
{1962) hos. :f; ympented that oalmodulin uts ac & receptor
mtmayfweaz* but aloo for drugs 1ike CPZ which bind
to 1% !zith ’V&!:ﬂ' kigh affinity.

I’mshﬁm reporte in ifterature, it ceems thot the
mtﬁmmmmafamﬁazwzmmtﬂm
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© %111 today owing to & nuzber of ron-specific effeots of
© the drug. 511 that ean be said ic thet the drug is @
1ipid soludle one  which possesses surface aﬁti'vi
properties by virtus of vhich it can tring abwk ® nminber
of porturbations in the memdrans m&m m ite
functions, Sinoe moot drugs hove to cross the bipugi-
tol menbrenes prior to resching thelr tergets, & olesr
understanding of the nechenise of drug mmm inter-
~ metion seons escentisl. Hence in tho present plece of
work, specicl emphasie has been lald to 1mngata the
~ offect of the drog on sose sexbrene - related phenomens.
~ Investigetoro foce a grest deal of troudle in determin-
| ing the precise reglon and the mci;ﬁc ande of aotion
of chlorpromszine in the central Nervous Systen presune
ably because of the ctructural complexity of nervous
systes vhich etens primarily from the histological and
functional heterosensity of different cell types comprie~
ing the sycten. Hence imﬁﬂatm have m conducted
in relatively simple systoms and as a result,ergthrocytes,
hepatooytes, mast cells, unicellular anlmels 1ike totra-
‘hymena and procaryotic cells have been used as model
systems to £ind out the possidle blochemical meehsrisn of
~ ootion of the drug. In the present study, e lorze froe
| iim epecics of emosde (Agosba pxuteus), hae been chosen
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aﬂﬁaewmmmammf;nﬁtm
opportunity of visualising » mumber of cell merbrone-
Yelated phernomona such o8 cell motility, adhenion,
endocytotic processes ofp, mm m eiruetnre,
‘1ife-cycle and physiclogy of the enioal ag & vhole, end
the intricacics of thoce mesbrane 1irked processss in |
porticulsr, ere known in grest detsils (sse, Jeon, 1973).
#hio otudy hes been undortaken by us with e view o know-
ing more about the sction of the drug, espeovially ot the
level of the cell surface. Beslides, the action of hie
drug on some physiologlicsl processes has alzo ’bm
invectigated., RHopefully, this lins of work ssy be able
o provide us an insight into some important yot ure
explored aspoots of intersction detween thie druz end the
cells which ars ron.neuronal in origin,



B

mosha sroteuss AoshE pRotauy was originglly obtalned
fron King's College, London snd is being cultured in ovr
laboratory for many years. It is s large, free-living,
uninucleate protoses. Zetrshvzens pyeiforsis. o free .
1iving ciliote was also cultured sepsrately ac & focd
for the amosbae. -

 pwaebs protevs ess cultured at 22 3 1°C following
the pethode doscribed by Chatterjee and Bso (1073). The
~ stock culture sedium for anoshas conteined s« CaliF0y, 50 ags
101, 60 og end HgSOy, 80 mg dicsolved in 1000 el of double
distilled woter. The working sclution was prepared from
thie by mizing stock solution and distilled water in the
ratio of 119, %he pH of the final solution wae adjucted
at 6.8, |

Tho amoeba cultures were fed on Jeirshypsns ryriformis

without the addition of any other nutrient, Tetrahymerae

wore cultured in conkenl flesks (250 s1) contsining 100 ml of
autooloved 1.5° proteous peptone supplenentsd with - a trace
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grount of iver extrect, Inoculotion of the ciliGates
wos carried ovt under sterile comditions. Bvorytise,
prior to feeding, the tetrahypense were horxrvested by
oltermate centrifugation snd ﬁmﬁm with lerge
voluns of opoeba ssdium, Cere was taken to ses that

trahynenae wers completely froe from proteose psptone
broth., %he ¢entrifugation wos done in a clinicsl centei.
fuge ot approximstely 700 rpm for 2 minutes,

She smoeboe ware fed once s day for 45 hours,
after vhich the amoeda medium along with the reet of the
food organisna, wes decanted. The culture dish wae filled
up again'-ﬂ.ﬁz fresh redioe end a further wach mﬁeﬁm
with the medium § hour deter.

CPZ {mole wt. 355.3) e nmmmwm&ca: drug, was
m&mmmmwm&meo.Mﬂ(&Bx
10™%1) solution and the i was adjusted botween 6,6 to 6.7.
Svery time froshly prepored solution was used a0 o8
aveid photoindusod devomposition of the drug, A1l expori-
pentp were corried out at 22 & &aﬂ, on amoetas ctorved for
about 36 hours. Different concentrations of CF3 wcre used
An the initisl attempts to find out & suitable doss. The
enoebae wore token elther in cavity blocke or in syrscuss
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wateh glossos bofore they were exposed to CPZ. The
aroods modiun wee sucked off by means of a byraking
pipetts and the anmoebae wers oxposed %o CPZ for the
depired poriod of time. Irgedistely after the treatassnt,
the sroebae were washed with amoeda medium for atleast
three tines’ befors any further eaperimental monipule-
tiono. Shis experiment was repeated four times and
eath tice 25 celle wvere used for the axpertmnt uniess
stoted otherwice, Adsguate pumbor of control celle were
8180 kept for eseh sxporiment, |

The amoebee wore token in syrscuse watch glesses and
were trested with CP3 for 10 sinutes, 20 mimutes, 30 minutes,
40 eimutes and S0 minutes end their survival wac noted upto
3r6 day of treatzent with CPZ of 0,028 sit concentration,
Thio experiment was conducted thwee times end 25 cells
wore taken for each oboervation.

(@) Effect o

Fer theus abmmﬁm cells were taken in cyrecuse
mmaua@mwafmwam singly. Thoy were
ﬁbam@a for the above processes during the peried of
matqm am aleo irmedintely after trestroest upto $ houre

a‘k ﬁgnur intm Cytological preparstions vere also
This
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mcrimt wos mwm{ for atlenst three tinmes.

36 hours ctarved amoebas without any food vatuoles
were taken and they wore washed thoroughly with croeba
mediunm, Freshly harvested tolyshymenae were stolnod with
Reutrel red colution for 20 einutes to facilitete . -
better guantification of phagosomes. For thic 3 ol of
tetrghyoens susponsion wos taken in eentrifuge tubss.

o thio wae pdded 2 o 3 drops of 0.1 neutral red and
4t wos Jeft for 20 minutes. After 20 minutes, tho
exceoe etain was removed by repeated washing of the celle
in aroebn medium. Sots of aroebas, control and CPZ treated,
vere tekon in cavity blocke. About 30 eells wore put in
each dlock end were fed with o drop of otalned tetrahymense.
Observetions vore corried out at an interval of & hour uwpto
2l hours nfter feeding., Counting of phogocomss, seoen as
tetrahynonse in the food vacvoles, woe done trder o ploro-
scope 6t a magnification of £160. In this cxpericent,
hagoooros from foErty amoebme wers counted in tws ceparate

(£) EBffoct of CPZ on Pinocytouis s __
 Pinocytoals wop quantitated by chermel counting
techniqeo os desoridod by Chatterjes and Bay (1975). Both



CP2 ¢ronted and control amntaa weres token in epeaiauw
conctructed chambers on mﬁ&e separately. 0.125 U
todivm chloride in phocphate butfer pil 6,5, wns used o8
inducer of pinocytosis. The chennele wers counted ot gn
intorval of § cinutes upto 35 cinutes. So etudy the
offect on the cecond pinooytotic oycle, the cello were
recoversd with sufficient smooba medium nfter the
induction of first pinoeytotic cycle. They were thorough-
1y washed with omocbs medium and left for 5 houre. After
5 hours, agein the cells were challenged with tho Snducer
solution for pinooytosis end chermels were courted in the
same savney as in the first oycle. A1) the emporiments
on pinocytosis wore repeated for otlenst three times.

For this otudy -leucine (Specific cotivity, 3.5 Ci/ai)

.)um® uned. About 100 cells, both CPZ treated ond control,
were teken soparotely in cyracuse watch glasses. ﬁfmg were
incubated for 20 mimites gt roon terporature in the labeled
Yeucine diluted with cterile amoeba meditm af @ concentrse
- tion of 100 pﬁfal. Irmedintely after 1mhatian, the
. ¢elle wore thoroughly wached seversal times in ozcoss of
exoobe pedion. Then ampsbas, in batches of 15, were trense
forred to the lyaing medium (SDS/EDPA solution, 0.5 ml)
contained in the ceintillation vials. 10 =l of Bray's

TH-:Zgg



seintillotion fluld wae ndded to esch vial and then ell
t!seﬂammﬁmmm torznimﬂeauuhinaﬁem
Iiquid Sarsimmatim speﬁmmtere Bmy"a Salmnatm
fluld was mmd by teking 60 gm of ﬁaphthazm
(ﬁhmma%graphieany purified for Mliiaﬁm mmﬁiml.
4 gee of ?Pﬁ, 0.2 g of !?am& 100 at of mothanol, 20 ol
of ethylens glycol end adding to it enough of 1,4-Diozane
c 00 to zuke $ho final voluse 1000 ml. This slxture was
token in 8 Izatt:ta sovered vith aluninius foll ond vas
atlmd iﬂ aom roon for over night with = teflon eeataﬁ
mgmﬂe bam %-iemina 1sbelling was done in the
fa&lam Wm o

'&he imhpe wan aﬁm&aistemd siru)” . taneously with CP2
tmﬁmm, ax:ﬂ '
imaﬁiata:w am am 5 hours aftor the CPZ trestment.

4

F‘or ms:’n expermenz ?5 cells we takon in 3 vﬁa&s,
| ',v;‘ieimpmaiﬂina fiﬁm £ol1s and ecch experiment vas

, ;meetés!f -‘mm Wﬂa Hence rajionctivity of 225 cells
/ i B ot ta&- in threc scporate experisents, Hovever,
amée counts of vadioactivity of 15 cells hos boon

Sy
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(EC 3.1.3.1) was used (see, Fearse, 1956) to study the
effect of CP2. The cells were squathed on tho subded
slides end the excess of ssodba medium was sucked off.
Inmediately sfter flsttening, the cells wers fixed in
chilled acetons for 2 hours at 4°C. After fixation
they were paased through 405 scetons and distilled
wator. Then they were incudated in the incubstion
mediun st 37°C for 45 minutes. meﬁmﬁ&mafm
incubation medium m as follows:« )

2 Sotiue P-glycerophosphste - 25l
2% Sodiom barbitone - 251

2% Cslcium nitrate - 05m
0.0% Ragnesius Chlorids - 05m
Absoluts acetons - bowm

After incubation. the cells were troated with 407 scetoms,
then pacesad through 2% cobsltous nitrote in 409 escetons

and trested with dilute yellow samoniuz sulphide in 407
acetone {0.1 nl yellow ammonium sulphide wzs dissolved in
50 M1 of 403 scetons). Then the siides ware dshydrated
 and made permsnent,. Clean dlack deposits of oodslt sulphide
wero taken as the sites of enzyme sctivity.

The gsneration time of Apoaba RXOLAuS wae determined
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by oboerving v:en teé gmoebas individusily after eolecting
then at krowsn points of :cell eycle ss described by Reo
ongd Chatterjee (1074},

About 10 dividers {Culberry shaped zitotic cpheres)
fron well fod and flouriching anosbse culture wero picked
up with the oid of o breking pipette taking core &0 os
not to demoge the cells in any way. @he diﬁﬁm ean be
selected ensily o they remsin loosely ottached to the
gubstratun, $ho dividing cells were sechanicslly celeocted
wvith the help of & broking pipette and thace e@lls were Rept
singly in syrascuse wsateh glasses till the diviofion vae
completed, One daughtsr cell was tranoferred to amother
eyracuoe woteh glaoss containing aroebse medium and it
sorved a8 g control. It nas fed with approximately 20-25
totrehyrense ond the time of 1ts next division wae sleo
noted. The othor daughter cell was treated wAth er2 for
20 rdnutes and wae then thoroughly washed with cmoebs
mediun, Floolly 3¢ wos kept in o syrecuse uoteh lass
containing oooebo mediun end spproxisntely 20-25 totra-
hymonae. She next divicion time of the treasted celle vas
eleo recorded. Such procedures were ssrried on the dividers
to study tho effect on generation time, |

Both control end CPR treated cells vore flattened
to give clority in microscopic obsexvations. The clides
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were subbed in the cubbing ~medius composed of chromlc
potossium sulfete snd gelatin (Bacteriological), The
cslle were placed on tho oudded elides with seall omount
of spooba: mediun, %mmmnimﬂimvmm .
vith the sid of o ﬁmmm %emiam
then icmedistely covered with s covor: glass (28 z 50 om

in zpize) contolning & drop of &5;:3 acetic acid for ﬁaﬂm—l -
ing the cells. The slide with the cover glacs wos
fonediately dipped into 11quid nitrogen for about 5 to 10
seconde for fressing end withdrawn quickly. The coverglass
wat repoved with the kﬂp of a ragor dlade and the olide
wae iomedistely fized in acetic acidsothancl (1:3) for
10 atrutes. The clide was then passed through two chemges
of absolute CoH,0H and two charges of 90 654503 for
10 pinutes eoch and wos air dvied, Slides, thup prepered,
were later oteined with phosphate buffered clemss solution
and pounted on DPX for further ﬂmmpw analyels,

To study the surface sorphology without fiottening
the oollis, the apoebae were fixed with spreyoyte fizative.
Then the slides wore otained by the ususl protedure ss
denerived earuﬁm

. CP3y snhydrous {ch wts 355.3), PI?Et) arhydrous
(mi. i m63}' PGPU?, m’mﬂﬂ (MIOﬂy woh‘}; m iver
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mwt pam wers pmmms;d from Ws ﬁigm Ghuim:
caw St. Ms, UeSehe ' ' ‘

' Proteose peptons was obtained from Difeo Chemical
Compony, UsS.As Glenss stain was purchased fros British
Drog House Limited, England and Neutral red was procured
ross Georgs T. Smr Iimited, Lomdon. Spray-cyts was
purchated from Clay Adaxs, Dickinson ond Compuny, UsS.4.
I-1sucine T(G) was obtsined from lsotope division, Chabhw
Atonto Research Centre, Bombay, Indls. . |

- Calipoy, mar%. Géisﬂﬁ CH 4C00H, Crk(S0,)50 $2 B 0,
W RCY, EDEA, ﬁﬁ(my}z; mzo BeCl s &iag‘ FPQ, FOFOP
CHaOR, HoS0y, SUS, Diethylbarbdituric acid (Bactericlogical),
scetone, 1,8-Dioxsne (estrapure) DPZ-mount, Daphthalens,
sthylene glycol stc. were of *Guarantesd reagent AnsleR
ﬁrada fron Hi/e B, Indis or /s Sarabhsl i, Chexicals,

cp e mmmm hydrochloride
CoNFOR,  » Caloium hydrogen orthophosphate
MigP0§. = ~ Potessiun dihydrogen phosphate
GHLOH - Ethyl slcohol.

CHJGOOR . - Acstic scid

HCY ‘=  HRydrochloric acid



EDRA ~ Ethylene dlenine totra-acetic soid
Ca{f03),. W0~ Caleiun nitrete
fgll, = Dagnesium chloride

PPO = 2,5-Diphenyloxamole ‘ |
POPOP - vPhewl-nxamlyl phml-axamlgl phenyl
CHA0K - FEethyl slcohol .
Hs0p - Sﬂiphm‘lﬁ acld .
SI8 - Sodiun dodeoyl sulfete



| mgmmazim hydroehloride (CPZ) was uoed ;n°€in'teé
present work to study the effect of this drug on Appeds
| nratens, m&aﬂy in relotion to Its membrono peloted

acﬁvi%iea,

M

Ampebze were exposed to various rolor conventrations
{0.28 £i% Ou3h wily 0,056 #) and 0,028 mi1) of CPZ in order
to find out a sultsble dose. Aftcr trestment, tho survivel
of the arvebae was obscrved uptd the third dsy of trestrent,
0.028 £I1 CP% woe found to be the cultsblo dose for pur
gxperimento, Dones higher thon 0,028 nil wers found to csuse
‘iyois and cell death sven if appiied for smaller duration
then 20 minutes. 0,10 gil CPZ and abeve were found to causo
fmmedlate cell 1lysis, ' '

{n)

For the deternination of o suitoble tizo perdod of
trectront of 0.028 a3 CPZ, the amoebas were capooed to CP2 |
for various durstions {10 minutes, 20 sinutom, 3*0 minmten,
40 cinutes and 50 minutes). 20 sinutes of treo v
fcm to be suitsble for our exporimental purpose tince the
poreentage of eell ourvivel ot this duration of treotment
wae eppreciebly high (Fig. 1).
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Fig. 1+ Effoct of varying duration of CPZ (0,028 mk)
treatrent on survival of Amnshs proteus.



Hithin 5 to 10 ninutes of trentment of CPZ, the
groshae sssumed & rounded shape, indicating the loes of

typical amoedoid shape, The spoohase wore phserved to
remsin in this rounded up eonﬂitign' a8 rlong as they
were kept in the CPZ molution. Pseudopodis were vithe
drewn from all directions in moot of the cells and new

' pseudopodis formation were stopped in those cells,
However, s Tew celis exhidited some fesdle pmeudopodis
forzation. Hence motility was otopped in majority of
' ¥he cells, HNost of the eslls were obzerved tc be loosely.
ettached to the substratus. The cells were washed with
smoeba medium after CP2 treztnent and they gradusily
rogeined their normal shape, becars firmly attached to
the substratun end showed normal motile bshaviour sround
”-mhowaﬂermmgxpam& ' |

fect of CPZ on Forphology of Apoebpe

Grarmisr inclusions in the cytoplesm of the trested
amoeboe wers found to be comentrating in tho rounded up
celln, The trasted oells looked darker then thelr corres-
ponding control cells. A eclear hyaline gone was noted at
the periphoyy of the cslle (Fig. 2 8 & b). However, the
eslls regained their morsal sorphology within & to 5 hours
post trectment (Fig. 3 8 & b),(Fig. 4a & v),

{4)
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" preteus femediately after tmtaamt Hote
| zmmmafammmm aﬁ the peyi-
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m*tmtemgrsph of a CP2 m&m m

phery and corcentretion of denss cytoplasnmic
eaterial ot the mm mhm. X 430,
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{b):

Fhotomicrograph of & Azosha nruteus showing
the general morphelogy. X 480

Fhotomicrograph of a CFZ treated Ampshs
proteus one hour after trestment, KNote the
presence of hyeline gzone at the periphery of
of the cell (—» ). X 4500
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Fig. 4(a):

{b):

33

Fhotomicrograph of a CPZ treated jpagha
prateug three shours after treatment. lote

the presence of hyaline sone in some peri-
phersl region X 400

Photomicrograph of a CFZ treated jppabe
roteus four hours after treatment showing
the restoration of almost normal merpholeg.
X 400
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o copture f008 orgonimns, vis.. Sstrahveena sxriforsd
It wog oboorved that the cspacity to phagmmas the
totrohyrense hoe been inhibited to come extent ond that
thic inhidition contirmed upto 2 hours post trestment
aftor vhich it becane aleoot normnl oo compared m the

control cells. %hup. there was only elight msﬁﬁm
in the phagocytotio activity (Fig. 5) in the CP2 trented
esiis, "

eello woo studied by covnting tho chommels forroed after

induction of pinocytosie. The following types of emperie

{1} Pimpcytonis wee induced while the cells were in
the d:ﬂzg.

In this exporiment, the CFZ treatrent vos azm%
uwpto 35 minutes for the counting of pinocytotic channel,

It wos foond thot during the flrst 10 ninutes of trestment,

pimocytonio of trested celle was eimilar to thot of the
control group. But peak pinooytotic sotivity was greatly
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51 Effect of CPZ on phagooytosis in Amogha proteua.
Each point represents an aversge count from
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roduced in tﬁe”?ziésﬁaﬁ,ﬁ cells when compored ¢ tho normal

(11) Pimoeytosis was induced mﬁanzy after
treotmant of CP2.

It was observed thet CP3 trestment results in
pronounced depression of pinocytotic channel formation.
hers was o significant reduotion in the pinccytotic
motivity during the pesk period st 15 sinutes and
reduced activity olec continved in the leter poriod
{Pig. 73.

{41%) Second pinocytotic cycle wae infduced five Mm
aftor fiﬂt pimocytotic oyele.

Firat pinocTytotic cyolo of trented cello vus
found to de 2ignificontly irhidited an damrim“ esrlier,
In the second pinocytotic icycle of the treated cells,
the posk number of chammel formstion was found ot
20 minutes whereas the corresponding control csile showed
the usual pesk chanmel forming activity et 15 minutes,
ﬁhmmmmsaﬂxiﬁm rarmm&pmméd of
pinocytotio notivity is concerned. %The peak plwey%oﬂe
 petivity in the second cyele of the control cells waa
slichtly decreassd. The peak sctivity in the sgecons
eycle of the trested cells was slso depressed as corpavred |
to the control group of that cycle (Fia. 8);
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Fig. 6 + Summery of three experiments on the effect of CPZ
~ on the pinoeytotic activity of Azosbs proteus.
Each point represents an aﬁerage count from thirty
amoebae., Vertical bdars lndicato nean ¥ S.E, The

Experiment was conducted while the amoebae were in
CPZ golution,
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‘Fig. 71 Summary of eix experiments on the effect of CPzZ
‘®hithe pinocytotic motivity of Amoeba proteus,
Eachi point 'repreaonta an gverage count from sixty
amoebae, Verticsl bars indicate mesn ¥ S.E,




Pig. 8 Sugmery of four experiments on the effect of
CPZ oms . |
{8) Firot pinsoytotic cycle
{b) Second pinooytotic cycle which was done five

houre after the first coycle.

Bach point roprocents an sversge count: fron forty
snoebae. Vertical dore indicate mesn 2 S.1. Fote
the chonge in the pesk in (b).
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Thos sunenrising the results from oll the experi-
- pents, 1t con be conolufied that CPZ treatmant has brought
about a deprension of almost 50% in the pesk pinocytotic
sctivity of the amosbae. Also the adility of the treated
colls %o forn maximum number of chammels in the mm
pinocytotic cycle has been found to be less and delsyed
shen compared with the control csils.

o emplyse further the sction of CP2 on the smoebae
811 mezbrane, Heleucine uptake etudies were undortaken,
The ability of the mted smoeda’s capooity for the uptake
of tritistod leucine was tested while the celis wore being
inoubated with the CPZ solution. It was fowund thot the
anoobas showed comewnst reduced radioactivity as compred
to their norzal counterparts. However, s dramotic imhibi-
tion in 35-1mim uptake was roted in the cells {cnediately
after the CPZ trsatment. There is poro thsn 507 reduction
in the H-loueine uptoke in the CPE trested amoobae. This
suppression of the H-lsucine uptake cortinued even five
houre efter the cell’s exposure to CF2 (Pig. 9).

{g)

Changes in the alkaline phosphatase activity were
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(a) (b) - (c)
Fla, 9 3&1~z.m1m upteke by the CPZ treated Amoeha pxoiena,
et aiff-ent periods of time, |
(a) Vhile the cells are still in CPZ molution.
(b) Inmediately after CPZ treatment.
{e) Five hours after CFZ treatment .
Each coluun represents the average radioasctivey
of fiftoen cells. Vertical bars indieats standard
error,
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aatemimﬁmﬂm bamﬁm&ﬁm in the intemsity -
of eytochenies) ctdfitng of the CPZ exposed oells end thelr
normsl counterpsrts. It wss found out thot alkaline phos-
phataoe setivity in the trested amoedae was apprecisdly
reduced following OPZ treatment. But the activity was
found to incresse graduslly so es to comedack to the
roremsl level within five houwrs aﬁwmmwthadm
(Fig. 10 a~d, 118 & b, 12 ad).

(h)

CPZ treatment was found to lengthen the gensration
tize of emooboe, The gensrotion times of the trasted cells
was found to be longer shen compored to the control cells.
Sope prelirdnnry experinents indicate m the ovorage
gencreation time of the contyrol cells wan found to be 43 % 1
hours vhereas that of the CPZ treoted cslle vos 49 2 2 hours.

Thur. the genoration time of the treated celle was delayed
by sbout 6 houra es compored to the control cells.



Pig. 1008} ¢

{d}s

(e):

:{‘:ﬁ)!

Fhotonicrograph of a control Azpcha nrotaus
thowing alkelire phosphatess activity. i’&ﬁ:’e

 the intenslity of the ao%&vlty af ﬁm cmme
| x t/so

Fhotoricrogyosh a!' a CPZ mated ,ﬁmm B
nzotous showing ﬁmareic reduction in amma
phosphatace activity immediately sftor treats
pont, X 480

?hatomcmmw of o group of cim?;roz Auanhs
rotepn chowing slkaline phesphatase aeﬁvity.

X 89

Fhotonicrograph of a grovp of CPE trested
Anpeba pERteus showing grently inklditod
olkaline phosphatase notivity impediotely
aftop trentment. % /39






Plg. 11{(a) &

{b) s

Photomicrograrh of & control jApgehs

nroteus showing slkaline phosphatase
setivity. X 480

Photomicrograph of a CPZ treated Apgeba.
Dreisya showing very feeble alkaline phos-
phatase setivity one hour after treatuent.
X 4%0






Fig. 12(aj): Photomicrograph of control jxocha am
showing alkaline phosphatase activity.
X 300 '

{b): Fhotomicrograph of a CPZ treated jugela
broteus showing slmost normal alkaline phose
phatase sctivity five hours after trestment,
X 300

{e}s FPhotomicrograph of a group of control
activity, X /2

{(d): Photomicrograph of a group of CPZ treated
4mosha proteus showing almost normal alkaline
phogphatase sctivity five hours after trest.
pent, X 12






DIscussion

The precent vtudy 1o olmed ot inveotigating the
effocts of CPB on omoeba, both at the structural ae well
80 at the functional level. It ic gencrslly onoumed that
the prieary sctions of snesthetics and trenguilizers Yike
£F3 ocour in the plasmamembrane of cslls rather than on
introcellulor processes (Seeman, 1972). There ove a
nmber of pootulations regerding the mochenisn of ootion
of such surfece active compounds. & smrvey of the liters-
ture suggeota thot the major actions of CF2 and related
conpounds sre effected by one of the following wechaniere
tm, Seeman, 1972). |

a) &?Iuiduim and dieordering the memdrane corponents.

t) Eithor by stinulsting or by inhiditing accbrane
assocliated ennymes and proteins.

¢} Dieplscing the mexdrane bound ce?*
the trensmerbrone fluzes of caa’

4) odifying the t!‘anﬂlnaaﬂxm of solutes ond ions

across the senbranegs.

and irhibiting

Howevor, thore are lso reports indicating the inter-
forence of CPZ on some intrecellular procosses 1ike uncoppl-
ing of ozldative phosphorylation in the mitochondrisl
~ respiratory choin (Abood, 1955). Thus the exact clite and
also the mde of sction of this drug et the cellular end
oolecular lovel are yot to be deternined. 3Sinve wo hsve
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also chown Srfiidition in 8 mumber of mestrone linked
phenomens cuch as totility, phagocytosis, pinocytoeis
Heloucine uptake eto., it 4o very likely thot CPZ also
affects the plosms pesbrane of smoebse to sope corneider-
shle extent. That the moot of the inhidited ectivities
bocore norzel with lapoe of time hes suggosted the
revorsible noture of asction of this drug and thie fird.
ing hos oleo justificd 4ts inclusion in the snesthotic
group of chepfenls. o -

Our experiment on the doss response of amoebas
to various concentrations of CPS hos shown thot they osn
tolerate only o narrow dose renges 4 dose highor them
thio yonce causos irmediote oytolysis whore as lower
ronge doog not, This finding ie in totn]l sgreoment with
tho finding of Seenon {1972) who hos chown that oll surfece
setive corpounds including CPZ can cauvsce gencral diphssie
effect of nenbrens protection ai: low concentrotions 'm
ane lyeis ot higher concentrations.

Changes in the cell shape, inhibition of pscvdopodia
formation snd comseguent stoppuge of motility, foreotion
. of o hyuline sone ot the periphery have made 1t svident
 that the coll mepbrone of amoehbe undergoes ecme drastic
changes following . trestoent with OFB. The irhibdition of
apsebold povemont by CP2 may be due to either ors or bhoth
of the following ressons » |
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{4} The nrown capanity of tho drug to rotuce the
4nfluxz of calcius therdy decreasing the cellular
availebility of the ion (see, Sceman, §972).

{11) &isﬁtt# of'ﬂmﬂwa ta mﬁeﬁp&e uxidaﬁm phosphory-
 lation with & mnseqnm reduction in the ATP
ml@mﬁw (mm. 1955; Slesjo, 1962) in the cell,

The above wasm,wzm seean to ha likaly because
of %he fonam findinse 3

(a} The mi«-gez transfornstion during amoeboid sovement
- uees ASP a8 the source of enexpy mnd ATP initsotes
the contraction of the gel network when brought inmto
proper spatiel reletionship with the cytoplase,
. (Zimnernan, 1959). | |
{b) Cytoplosnic oxtracts of jpoadba profeus move in a monner
eloiler to the intact cell vhen warmed with ASP and
W&m%emﬁhmumimmesmmm
ﬂmﬁty sssocioted with the fnmﬁm of thin sotin
fliamonts from pmumn in the mmlam (Pnuaxd
' end Ito, 1970).
Cmﬂmmme&?mmmmmmmem
wight play en important role in the mtmty of meba
cytopledn by gnlmerim in the presence of mmmmmm
. €57 conventration and depolymerieing in the
presence of ‘subthreshold Ca®* concentrotion (Condesiis
£ al.. 1976).
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Heneo 1t fo vazy nksly trmt in reszom of the eme‘ha'
- where the ca corcentration 1o reducsd the actin and
pyosin filomonts might depolymerdce. resulting in the
~irmidition of contractility {(aee, Condeells, 1977).

The formstion of a clear hyaline sone st the
periphory of the cell has indicoted that CPZ brinse
sbhout g difforertistion in the cytoplaen of arvebs as
e reoult of vhich s olear p&ﬂyhem hyaline gono and
& dense central zone are formed. Fhe differentioction
into tuo mm&@thmammﬁﬁm%%emtm
nfﬁ?ﬁmmm‘hmmzmmimﬁ:tamm
panner 8g rovesled by the work of Bruce and Chrictisnsen

| iwéﬁ .

Bruce and Chriotisnsen {1965) have fournd the
forzotion of two sones, s olear peripheral gone contsine

ing only seell vesicles ond a dense centrnl zons containe.

ing 211 the lorge otructures vig, fat bodies, nusled, in
the glant aroebs Chaos gheos following trentment vith

. anesthotics 1ike helothane snd ether. They hove hypo-
 thesized thot differentiation into two soneo involved the
tioht ms&m&ng of oytoplasmic collolds in the perl~

- phory of ﬁi@ ©cell. creating e meshwork, the intemmes
of vhich wore. aufﬁciently azall to me ti’xe lorger

PP
¥ - R
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particulate olements, In an symslopous manmer CPS migm:
bo soting in the cytoplasmic structures MWW
but at this otace 1t would be pressture to pimuint ‘euch
tytoplogric structures ﬁmtmigmwaﬂeﬂaﬁ asmﬂ. a8
@xe exset mchaniw of such action.

Lorge froe 1living amoeds 1ike Ampebe proteud
particulerly sultable for the study of endooytosiz bevsuse
phagecytosie 16 1ts  moreal mode of feeding and it vesdily
- exhibits pinocytosis in response to o wide variety of
cationic _e?;@nsi_ealm In gddition, the specios in fully
am@ié and ’t@i&raus & wide range of hydrosen Son concens
vﬁaﬂaﬁ; Since o grest deal of information is avelilable
on the cndsoytotio sotivity, we have taken “endocytomie®
o8 a pamtet to study the effects of CPZ, a cotionlo
forp of anine mat?wtie. It is well known that pinocye.
toole in crosbar ismtmm-mmm;@se%m |
_iﬁﬁusam Fiuctvstiam in concentrations of inducling
colutes, caletun fons ete. can modify the response end
the influence of caleium fons fo espeoislly intoreoting
s for as pimocytosis ie concernsd {Josefoscon, 19751
Stocken and Klein, 1979 GhapmAmm, 15773,
m&mm pinveytonis has two phmms, the firat phase
consiots of the binding of the inducing ooluto to the
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mucous coot and the mnﬁ phass is the anﬁw pham at
ehami forration (ChapsaneAndresen, 1967).

According to Josefsson snd Johnaon {1979),
formstion of pinocytotic channels during mm—em of
pinoeytosie in Azosba proteus regvires s end hence
eny ogents vhich interfere with calcium metobolisw of
the smoebs would either inhihit or etimlate pimscytasis.

Stockanm and Klein {(1979) have recarded o signie
ficant inoroxes in the alze and mumber of Ca® binding
pites ot the cytoplesadie surfsce of fha ¢#]11 aechrane in
pirocytoting m proteus. 7his increase in the sise
“and runber of Ca®" binding eites hes been explained by
then 5 be due to increased Catt - porzeadility of the
plesze membrare during induced pinocytosis. Kilein snd
Stocken (1979) have postulated that slterstions in the
introcsliviar Ca®* concentration regulste the activation
of actonyoein o8 a result of which the activity of the
gerbrane acsocioted filament loyor i alse influonced,
fhey ore of the opinion that contraction of the pechrans
sosocisted fllerent layer i8 a Sins nua pon for the
forpation of gimey&sﬁc channels and vacuoles.

- bn increnged ﬁa permesdility of the plasma
menbrone of m nxoteug during induced pimocytosis
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has also boen reported by Chepman-Andresen {1973) who hes
found thot Initis) changeés in the phyeiologiosl state of

the cell meabrans ocour at the surface of the pucous layer.
Acocording to hey, phosphote groups present in the zutous
layer oot 28 cation adsorder snd under normal physiolo-
gleal conditions, inorganic fons, especially Ca® , remsin ©
bound to a cortain extent ot thess phosphsts groups, She
hes postulated thot the induotion of pinocytosie by verious
atrongly ostionic substences causes the relesss of €a%* fron
‘the cationie binding sites and in consegquence the adsorption
of large spounte of inducer in exchange for caz’ {800, Klein
and Stocken, 1970). The adsorption of the induoer leading
to thonges in the electrustatic gurface potentisl is slways
followed by on increesed permeability of the plassa merbrane
ond there also ocours a change in the molecular conformstion
of the renbrene. Josefoson {(1975) hae postulated that as

8 congeguence of conformational ehonges in the woleeular
structure of the membrans, ctm and other fons can now
enter the cell interior thersby cltering the intracelluler
¢a®” concentration. |

In view of the above findings it appesrs attract.
ive to speculate thot pinocytotic sctivity of CPS treated
Amocbz proteus ie detrenced, ss observed by us, presumsbly
due to o reduction in the Ca®' influx scross the cell
merbrans, Corpatible with this “wiew ore the recent




 gloo shoen that the mmmrmn fiuxes of

L

ezperiments on erythrocyte ghosts (Sesman, 1972) which
indicnte that locel snesthetic amines (CPZ) resdily
odeordt to blomenmbrones, compete with and displsce the
merbranc bound Ca®' adsorbed to phospholipids. Ho has
932* az'a "

invarisbly inhidited by GP2.

Josefsson (1975) hoe weported that locsl amesthe-
tio apinco, in thelr cotionic form, inhibit pinocytosie
by ecting on snionic phospholipids in blologics) mecbranes
and by proventing the binding of cotions at those aites.

- Actording to hinm, pmmmimaawsa voquires e
. _conaiderable amornt of ca in the cell swface end herce
.. 3% .48 highly susceptible to irhidition by the loecal
ancathetic anines, chu. in our study of the offoot
of CPZ on pmmau. either observed in the prosence

' of the drug or obteined by pretrestment vith the drus,

’ :l.a smmw % wriatim of the caﬁ” soncentration in

* the cell surfese. Our view that the irhibitory offect
of CPZ 1o Gue to irhibition of Ca>' influx and dicplace-

 gent of membrane bound Oa°’ is supported by the finding
of Jaaafmn (19?5} . o |

| an Mimf% Wﬁ‘h our enmwm thae CPE
. muma pimcmﬂc activity in Agoshs proteud by
. reducing the migx.et €a®* comes from the work of Stockem
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s

and Klein {1979} m hsve chown that irhibition of the
%12& influx by the sizuitsneous spplicotion of enta-
gmist Warapmu decrosses the endocytotic asoctivity,
but does not stop it.

an aiiomtiu explanation for the mbmm
of pimeytotie ae't!.vay by CP3 nay elso de desmd fros
tre stusies on the influence of differert metabolic
| Mb;mrammapm in mgsba protevs ond from
the known actions of CPZ on the energy metaboliem of
‘the cell, Doferra emd Rustod (1959) have suggested
thot m&xﬁw of m formntion by motzbelic
immmummuymmnmmmm
lovel of that mgy which is norsally msde svailable
to the cell through the functioning of the cytochrome
oysten in pespirotion. Chapman~Andresen (1967) hae
indtested thet charmel forwstion is repidly suppressed
by inhiditors of respivotion end glycolysis and more
| aiaﬂy by inhibitors of omidstive phosphoryliotion. Her
studics have alsc shown thet the surfacs dMnding of the
inducer o not influonced, dut the sctive proeeess of
charmel formotion is inhidited by various mtamta
-inhiﬁim; “herefors, in our study it can be inferred
thot '%he &rhibitm of pimemtm Mﬁvity by CPE may
be due te the cspacity of the drug to wncouple oxidative
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phoophorylation in the mitochondria of the organien
mmﬁmmesﬁlm vhich i the energy
soures of the contrestiles system. This Inference is
: mzppom& by the view that CPZ uneouples oxidative

~ phoophorylation in the mitochondrial preparstions

from ret drain {Abood, 1955) by the following prebdboble

- @& Due to g nonspecific effect on the mmtﬁry
ennyne sycten as & whole rathor then o ﬂpe«éiﬂ;c
inhivitory effoct on sny ons ensyns (SMQ#. 1958} .

b. Due to its antagonien with the flavo-enzymes (Yagl
8% 8l.. 1965). '

Te can sleo suggest that endocytosie (both phago-
aytosis and pinocytosis) i inhidited by CPE due to un-
aveilebility of required sscunt of ATP shoce consumption
mny, in port, be related to the imvolvement of the
 contractile proteins in the endocytotic process.

- Frop the experiments on morpholopienl chonges,
we have found out thot normby 1o restored within & to
S hours of CPZ treatment. Hence the sspe CPZ trented
- opoebae which wero challenged once with inducer solution
irnedintely after treatoent were again challenged with
inducer solotion five hours later. Ths shift in the penk
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activity of tho treated amoebas challenged with inducer
aftcr five hours of the first cycle o an indleotion of
their deloyed reponse. Moreovor, the decreased pino-
 eytotic setivity of the trested group challenged. for
the second tive. with the inducer may be dus to fallure

merbrane conponents responsidble for Wﬁe
channel formstion to bacome mxy noreal. Housvep,
alrost norsaley has besn found to Be schieoved which tend
2o indicote ﬂm’a the trested cells con pmsmbly regtore
their mml erganisation of the plases thi g
| at o loter tlua

Imhibition of alkaline p@zwphm“ {a prodon ,
1y mexhrone tound enzyee) sctivity fmmedistoly after CP3
‘trenteent hag been revealed by differences in the intensity
of cytocheniesl cteining between control omd CPZ oxposed
polls. We presums that thic Lrhibition cay bo dus to
conformations) chengoe in the native ersyme otructure vhich,
in turn, say reoult form the parturbation of the pesbrane
stmm by CP2. Rowever, the sctivity of olkteline phoo-
‘photane has teen found to de nistam to the noreal level
8% later hours theredy indienting a mcam of t&sa trested
eanm |

‘i’hﬁ abulty nf GPZ treated celle for ¢he vptoke of
’Q:!‘iﬂaﬁed» leucine has bdeen found to be affeqted only slightly
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when the aells oro incudated in Jabelled leucine slong
with CPZ, Hovever, s dramatic irhibition in the upteke
aotivity hos boen rocorded immediotely after CPZ treste
nont and thic hee bosn found to have improved only

lightly at five hours post«trsateent. Km&. £t in very
mzy thet recovery in ths uptake cmpacity of *-leusine
may take place 62 o still later period. The mﬁm
in the uptoko obility may be sttributed % the changes
in tho menbrone architecture which, in turn, may olter
the conformation of the leucine binding protein locsted
in the cell mtram, This sssumption may be mgmrt;ﬂ
by the finding of Penrose gt al. {1070) who have reported
geversible conformotionsl eixanaa in a Jeucine binding
protein from Bocherichis g£oll. According to thes, mowst
podels of trensport have the following three steges 3
1. The firet stago 1o the initial Dirding of the

soluto (A) to come macromoleeule (X) in the pecbrane,
thus faming a cmlnz {AX},

2. The second e%gtiﬂmlmagmmbmmg
emaplu l@X} /ie 'taken from outside and is precented
o mf/imiﬂe of ‘ﬁh& senbrene. It ic genmcrally bellieved
tﬁaﬂ;/ the W stage includes reversible conformstional
c)éngaa wi%hia t?w macromolecnls or menbrane cogponcnts
/uiﬁs vﬂz&.& it 3# amciem.
nm ic the rolease of the solute et the irmer
rfobe of. m# mm




Oxender end Rshmanian {1972} have proposed that
somehow 8t the irner surfece of the mephrane motebolic
erarpy tronaformations are coupled to produce e wpodifie
estion of the binding protein that shows decresged dinding
activity, causing the soluts moleculs to de relesged
inside. The modified binding protein cen then orient
iteclf to the outalide of the senbrane and spontancously
rotorn %o the thermodynasicoalily ctable high affinity forn,
Penrowe g% gl. (1970} hove conoluded that amino scid
binding alte 1o associnted with & unique protein conforma—
tion which can be reversidly sltered.

In the impairment of leucine uptske sbility in

the CFZ troated amoedae, it is difficult, at present,

to prodict precisely the step that is affected following
GPZ treatment, Howevor, it can de presumed that €92
aight de inwived in bringing about changes in the
conformation of the leucine binding protein by acting
either directly on it or through indirect actions on the
other pesbrane components.

In conclusion, it can be eald that thore are
peveral safm’ of  intersotion between snesthetics and
mm’bm am mhmlm ﬁharea‘ay anesthetics can lower
emm’biutyvm, Meﬂ a functional block is by reduning
the mbraﬁ;t ‘;a to fia*. It is essy to understana
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%ha‘& guch an effeot condd cause generslised m&ﬁﬁo@
tm mml eircuits. However, othor dote mggeat ﬂséft
m& enesthotics funotion by reducing gembrone conducte
ones to celciun {oee, Slesje, 1982) and if thio block
vocurs ot gmpﬁc sites of newrones, thore would |
' be a reduction in tho release of neurotranspitter. In
tﬁamn—mml cells like Sxosbe protaus, CF2 cauges an
frnidition in the mobility end pimocytotic Mﬂty
probobly by reducing the influx of Ca®® and interforing

with cellulor anorgy productions. It was aleo found ﬁzat S

P2 markedly reduced the uptake of M-leucine 9:@%»13
by some changez in the mesbrane architecture which sre
‘aiefioult to pinpoint et this -stage, Howevar, restorse
tion of normaloy ebout 5 hours after CPZ treatont clesrly
inticotes thot the trented celle can presumably mtﬁu
the normal orgenisstion of the altered menbrome and. atm'
cubcellular structures. The involvement of calmodulin in
. asope of tho processes emucmmmm&m
complotety. But it wuld require sore cruaiel ezperisents
0 ﬁm? gubtstantiate how CPZ mc&xmmm interact at

- the bdiochesical lovel o brmg sbout thq obcerved effects

 of the drug.



P9
~ has been utilised for studying the effects of o nsurc-

&

5.

Lerge, fres 1iving, unicellulsr protesos (Amsbe protsus)
pharsscologicnl drog (CPZ) on some membrene reloted
phenomena of “this non-neural esll.

$he celle have b@m found to tolerste only & narrow renge
of CPZ concentrotion. Incrensed concentration sbove the
range enuses lypis of the cells imnedintely after trestment.

She trested eellc are found to be viedle and copadle of
undergoing cell division.,

Tho aifforentiction of the call cytopless futo o clesr

hyoline cons ot & dense central gone has been found
10110‘?1& CFL tre StEent. : :

The drug treated amoshae assume apbetiw ghape and

. bocome Getoched from the substratum. .

6.

7

The CPZ adminietrotion cauces cessstion in potility end

‘sepe fepofrmont of phogocytotic activity of ¢the cell.

Pinocytotic ebility hee been found to be markedly reduced

following trenizent of the cslls by CPS,

The slksline phoophstace sctivity, and the sbility to

ttke up H-leucine have aleo been found to be inhibdited
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mamw. pmmhly ty some ﬁiamw in the
| mbma components. -

9. m of the offects studied ore found to bs reversible
which mhaak to :ﬁrml level sbout 5 hour after CPL

10, lony of the cboerved imxlmmry effeﬂ%s of GIPZ on
wwmahm m:ggeam to be dus ¢ the
ability of the drug to reduce Co®' influx acrose the
ooobrane am/ot dve to its abiiity to mnz:«le ozide~
tive phosphorylatinn. But the avidence on vhich this
‘conclusion fo based bears further examinstion.
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