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SUMMARY

The immhibitoi’v effect of ehlorpt’ommmazme free m’mtdiral oil (Nar + Is�+)_A’1’I)ase [Mg)+_

-dependent, (N�a+ + Ii;+)_aetivmI�ted ATP phospimo)hvdl’o)Iamuej aetivit�’ was studied 1)-u’ ummemiums

of ultraviolet im’m’adiatioui to) generate the free radical, witim a deoxveholate- amid NaI-tn’emoted
microsonumal fraction ()1)tttilmed fn’onmmn’at brain as the eumzymmme soum’ee. Tm’eatnmmemmt with NaG’!,

cysteimme, or dithiothreitol restored time activity of the etizvuume j)n’epam’atiomi inhibited by
chlorpronmmazitme fm’ee radical. \Vashimmg of the imihihited enizytmue 1)repmormutio)mi with Tris-1I( ‘I

buffer or additioti of sodiumum mmmetmti)imuulfite 01’ of aseo)m’bic acid to the inmcui)atio)mm mmmixtun’e did
not restore time activity of time immimibited enizymmue preparatioum. It appeam’ed timat time inimibitionu

by chlorpronmmazine free radical was of either time “pseudo-irreversible” or the irreversible

type. Imihibitiomi of the enzymmme activity by elmlorprommmazitme free m’adical mind p-imydroxv-

mercurihemizoate was redutced, while inhibition by otuabain was eumhatmeed, at low’ KC1

concent-ratiomis. These data immdicate that the ummeehaumisun by w’imio’h chiorpnoummaziume free

radical and p-hydroxymmmercuribenizoate imihibit time (Xa+ + K+)_ATPase systenum is differeumt

from’that of ouahai mm. K+_dependeuit p-nitr phenyl Phosl)imatmise mat iv ity was as setisitive to)

the imihibitom’y effect of chlorpronmmazine fm’ee radical as (Nat + K5)-ATPase a(’tivit’S’, while

MgI+...dependemmt ATPase activity in the saimme pm’eparatio)nI was sigumifieantlv less sensitive.

INTRODUCTION

Chlorpromazine has been showum to in-

hibit the transport of a variety of substances
across cell membrammes (1). Consequently,

several authors (2-6) have attempted to
demomustrate imuhibition of a (Na� + K�)-

ATPase [Mg2�-dependent, (Na� +K�) -ac-

tivated ATP phospimohydrolase] by chlor-

promazine, since accumulating evidence
indicates that this enzyme system is related

to active transport across cell nmembranes

(7).

Most studies, imowever, imave iuudicated

that time (Na� + K�) -ATPase is ratiuer
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iumsemmsitive to chlorpm’omazinue. Time nmaj orit y
of investigators imave reported timat 0.1 nm�i
cimlorpromazimue imulmibited less timanu 40% of

the eumzyuuie activity in vitro, aithougim

Squires (4) observed about 90%, or almost
complete, inuhibition wheim the emuzyme amid

time imuhuibitor were fiu’st inucubated togetimer

for 30 mimiumat 37#{176}iii time absence of added
NaC1 or KCI.

Recently, w’e Imave foumud that a senui-

quinone fu’ee m’adical of cimlorpn’ouuuazimme is a

ioteumt iuuluii)itom’ of braitm ummicrosomal
(Na� + K�) -ATPase activity and that the
free radical fon’m of chhorpromazine, rather
than chlorpronmazine itself, is responsible for
the inhibition of the enzyme system in

vitro (8).

Time highly reactive free radical form of
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cliloi’pn’onumazimme ummay also hmt\’(’ a funictiommal

i’ole, sinmce it caum be pm’oclumcc’&l ill t’ZVO dumn’immg

t lie oXi(lIttiu’e mint aholismim of eiilou’pu’onimtzimme

(�9) , I)’V inmten’actioni of chuloi’pm’oummazimme w’itlm

nnmmuigmmuiese 1 0 I ot’ mimelmimmiui � 1 1 , 12 ) , oi’
eveni by time exposum’e of time eye to light.
1ve cOmuul)hicatiomis au’e ammmonmg time ummost

fn’equenmt si(l(’ effects oi)sem’v(’(l dium’inmg lomug-

ten’mn ehlon’l)n’omiiaziui(’ timem’apy � 13 �

1h1(’ pu’esennt u’epon’t cOulil)ttn’(’s t lie kitictic

i)elmaviou’ of cimlon’pm’otmiazine fm’ee u’adical with

i’(’sl)(’ct to nmiicm’osomnal I Na� + K�) -ATPase
olmt ainieml fu’ommmn’mtt bm’aimi �\‘it ii timat of otimem’

kmuow’um immimibit on’’ of t hue enmzvnmmo’, ouabaiim

mono I p-ilvdn’oxvtmmen’otmu’il)enmzoat e. Time effects

of cimion’pronmmazimme fn’ee u’mmdical oum time activi-

ti(’s of a Na� + T@)-ATPase ammo! K�-
depenmolenut /)-umitu’o�)hi(’miyl l)lmosl)lmmtttlse pres-

(‘nit- mm time oleoxvcimolmite- aum(l NaT-treated

minom’osonima 1 fm’act ioum moe also coumul)al’e(l.

METItO�)S

)�Imtle Spm’ague-l )mtw’ley u’mtts w’eigimimmg 200-

3(X) g \\.(in’(i imseml. limo’ pn’epau’atioui of time
(‘mizvmmme fn’onmi t hI(’ nuuien’osomimal fn’act ion amid

tue assay of ATPmose activity �vem’e pem’-
foin’uimo’m 1 as m’o’J)om’t em I pn’e\’iouslv (8) . 1mm the

pu’eseuit st Ui lies, time mleoxyelmolat e-tm’eated
nimieu’ooumua 1 fn’mmo’tionm was fin n’then’ ti’eated

w’itii Nal, usinng time nuuetimool of Nakao et al.
14’ w’itim soummo’ nmioolificatioums. Follow’inmg time

Imust e(’umt u’iiu�at ioui mu time loot oeol descm’ibed

previously tS) , time umuieu’osoummmil pellet was
sitspenumlemh in a ummixtmmu’o’ coumtaiumiuig 2.0 Nt

NaT, 2.5 nmm�r disomliunim EDTA, 3.0 m�i

Mg( ‘1.. 3.0 nmmM mhisoohiunmu ATP, amid 5.0 nu�

hiistioliume HCI aml]lIst(’oI to �H 7.3 w’ith Ti’is

i)ase. TIme smnspenisioum \�‘mis stin’n’eml gently for

30 mimiummit 0#{176}.(lilinted w’itim w’aten’ to 0.8 Nt

NaT, mind eemmti’ifuged fou’ 30 mum at 100,000

)< q. Time u’o’sultinmg pellet ��‘as w’ashued

tw’ice by smmspeumdimmg it mm 10 umu�i Tris-HC1

bufiem’ pIT 7.3 I mtuiml cent m’ifugimmg it at

100,000 � q for 30 nuimu. Time finmal residue

was suspemmoleol mm a umuedimmnmmcontaininmg 0.25

Nt simerose. 5.0 imuM imistimhinme ITCI, ani(l 1 .0

niM Tn’is-EDTA (pET 7.0). The pn’eparatioum
wa� stou’eol fm’ozemm ummtih use. Pu’otein w’as
mmssaveml by time ummetiioml of Low’u’v et al, (15)

using hoviume sen’uunmmmmlhimumiiui as ml stauiclaroil.

.-\hl mmcmi umt joins w’em’o’ o’n’fou’nnio’d mm time

lii mi; - 11�uu li’ -s at in ‘n’w’i�’ �.t mit o’m1. \ I g�-AT Pase

�)s1g�-dC�)O’t1(l(’mnt AT1� �)imos�)inoImydu’o1ase)

activity \\‘as suhti’acted fn’ommm time total
A’FPmt.�e actiu’itv assayed inn the pm’(’semmce of

NaC’l, KUI, ammo! MgC12 to calculate time
(Na� + [�i)��’fp�jse activity. Sinmce the

enzynme l)l’cl)al’mttiomm LtOhOIc(1 to eticim immeuba-

tiomu tube ( I 6 p.g of emuzyme pn’oteitu imu a
total iuucubationu vohmtumme of I .0 mmml) did not
contaimm a mumcasun’aimle anumoummt of inmou’gammic

l)Iuosphmate, a bhanmk fu’oun w’imicim time emuzymime

hu’eiam’atioum w’as omnitteol \vas emimploved to
calculate t hue ?iIg2�-ATPase activity. Pre-
himimmam’y expem’iuneumts indicated timat there

��‘as nmo diffem’emicc betweenm these values and

timose oi)taimmcd hi’ iumclml)mttionm of time emmzvnme

pm’eparatiomu w’ithu ATP amid bmnffen’ mu the
ai)senmce of ad(leml i\lg(’l2 on’ fm’onum those

obtaimmed fi’onmm “zero time” iimcubations.

I�-acti\’m1teo1 p-umitm’o�)hmemmyl l)IiOsPimatase

activity w’as assayed iii�’ usinmg 5.0 nuM

clisodiuumm p-nut nopimenmyl phosphate as time

smni)strate iumsteaol of Tm’is-ATP and ouumitting

NaCi fu’onmi time immcui)atioum nmiixtun’c for time
ATPase assay. Since ru’ehiunmimmau’� expen’i-

nmeuits ium(li(’ate(l that up to 10 muM NaCl imas

little effect oum K�-activated p-mtn’opheim�l

pimosphmatase activity mm citimer time pi’escumcc
om’ ai)senmce of is mmm�i KCI, no cffon’t was

nuaole to i’enmuove so(liunm fu’omn the sui)stl’ate.

Time eumzvumme activity was estinmateol i)v

uumeasun’immg t ime p-umitrophenol liberated fn’onmm
p-umitn’ophemuvl piuosphmate mis descm’ibeol by
Tnmtum’m’isiamm(h Titus (16) , using authmenmtic /)-

nit n’opimenmol (spect n’ophotonmmet n’ic grmmde.
Sigmnma Cimemnical Conmupanmy) as a staumolard.

Wimenu time elm lon’p n’oummmmz inme-enm zvnme mmmix-
tmmn’e ��‘as exposed to imlt n’ai’iolet ligimt in

om’oien’ to genmem’ate time free u’aohical of cimlou’-

promaziume (8) , time drug amid the emuzyumme
pn’epan’at ioum ��‘eu’e mi a solut ioui containmimmg
100 nu� Tn’is-HCI buffeu’ (p11 7.5). This

nnixtimn’e w:i� piaeem I mma qmnmn’tz cuvette w’itim

a 1 .0-cnn light path (on’, w’henm the volunmuc

w’a� lmmu’go’, a simmillow’ hmo’ako’n’ w’as used mmnmol

exposed fm’omnm above) ammoI exposed to tilt n’mm-

violet light fon’ 4 mmmi at 23-25#{176}. A umuinmen’a-

higiut numomhol R-51 Immomp (primary emumission
w’avelenmgt Ii, 253.7 1mm) , w’ithm its filter re-

nmmovcml, ��‘as mused mis ani inltu’aviolet ligimt
sounrce, amid the saniupies w’cn’e placed 45 cm

fn’oumm time lanmmp. .-�fto’n’ ultn’mmviolct (‘xi)osun’e,

time mnixtmnu’i’w’mms mlihuit(mi 2-fold \vith sohmn-
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tions cotmtaining time muecessary ions and

substra IC.

Specii’ophotonmetu’ic analysis revealed timat
ummder timese conmditiotms approximately 35%

of the added clmlom’pm’omumaziiue was degm’aded
by ultraviolet irradiatiomu. Histicline, a corn-

ponuent of time emmzymmme suspcnsiomm medirum,
was mumaiumtaimmed at 2.0 mmm�i dum’iuug time ultra-

violet exposum’e, simmee iuisti(hume imad a pro-

tective effect on time enzyme activity during

ultraviolet im’m’acliation uumcler timese expei’i-

memmtal comuditiomus.
Since time estimmmationm of time cimloi’pm’omna-

zine free u’adieal cotucc’mitn’atiomu was not

possible (8) , the drug comucemmtratiomms refer
to the molar conceumtratioums of chlorproma-

zimue calculated fu’oummthe munmounut of time drug
immitially added to time mixttum’e. It simould be
umoted, huow’ever, that t ime actual inuiiihitom’y

species is time chulon’pn’omimmiziume fu’ec radical.

In niost immstammces, the commccnmtn’ation of

chlorpromaziime preseumt mu time inucubatioim
nmmixtum’e (lum’immg time ATPase assay was lower

timamu timat- inidicated, simmce a significanut

iortioim of chmlom’pu’onmmmtzimme\\‘a� ol(’gu’mlded I�’
ultraviolet irradiationm.

Time semimiquinuomme fn’ee n’amhical of chlor-

pm’omazinme in time solid state w’as Pm’el)ared
by a procedure wimieim is essenmtialhy a nmodi-

fication of the methods of Felnmmeister et al.

(17) amid Levy amid Burbi’idge (18). Equi-

molar anmouuumts of eiulou’pm’omimazinc ITCh

(1 7.75 mg) amid cimlon’pm’omumazimme suhfoxide

HC1 (18.75 mg) wen’e dissolveol mm 1.0 mmmlof

70% perchloric acid anmol stin’m’ed for 5 mm at

25#{176}.The solutioim w’as cimilled to about 0#{176}

amid added to 0.5 ml of acetomme, follow’ed by

approximately 20 ml of ether to yield two

distinct layers. The mixture was kept at 0#{176},

stiu’m’ed for 15 mm. and timen filten’ed thmrougim

a Timomumas fused glass filter (mmmcdium

pon’osity). Time dank i’ed i’esuhue, the free
radical of cimlom’pi’oummazinme. ��‘as washed

sevcn’al times with (‘timer amid (Im’ied at room
ternpem’ature. The nuaterial was used without

further purification and, if kept in a dark,

du’v emmvii’oimment, w’as stai)ie for several
nmmonmtims,

rfli,, miim”om’pt iomm ‘.jieet ma of eimlon’pm’onma-

zinc mmmmd ciulon’pm’ommmaziume fm’ee i’aohical w’en’e

n’ecou’(l(’d w’itim a Shminumadzu nmoolel i\TPS-50L

i’ecoi’dimm g spectn’opimotonmeter. The comm cen -

tratioum of chlom’pronmazine free radical was

CiIlCttl�tt(’O1 fm’omn tine aiisot’bammce at 527 mmmp.,

assuummiuig time mimolam’ extimuction coefTiciemmt to
be 10 nimii’ eumm’ (8).

lime (lccmtv of o’hlom’pu’omimazimme fn’ce nautical
i�’as stmnmliu’ml mm thue following mimanimmem’. ‘fo a

test tithe (‘Onmtmummimmg solid state fm’ee n’adical

of ciilou’pm’oummmmzimm(’,a .iO nmm�r Tm’is-I-ICl I)ufler
solutionm I PTl 5.8 I w’itii om’ w’itimout 4.0 1tg of

time cnmzvmiue pm’oteimm per nmilhilitem’ w’as

a(ldl(’(l to unmake time immitimil concemmt n’mltiomm of
cimlom’I)u’oummaziume fu’e’ m’mtdicmml 100 1t�sI. �\fter

rapid, vigom’ous muuixing, time iumixtum’e was

tm’anisfcn’n’ed to a cumv(’tte ammd l)lace(1 mu time
sammmpl(’ cimanmmbcn’ of mmSimiummaolzum immodel )JPS-

5011 Sl)(’etn’ol)iiotOumietcm’. ‘rime wavclengtim i�’as

5(’t mit 527 mum, ammo! tiu(’ ai)som’i)mmmm(’e ��‘as

m’(’eon’mleml eomntinmuoushy.

Time m’o’smmlts of thu emmzvnmie assay were

ammaivz(’( I fon’ sigmiifi(’aui(’c by �tinilemit ‘s t-
test fan’ gn’ommp eoummpan’m�-oui.

ImES1�L’1’S

I?eVCl’sibilit!/ 0,1 iflhl�l)itU)fl of in i(’l’osolnal

(�Va� + Is�) -A TI�a.se (zcti?’it!J �)/J chior-

pl’Oll/(lZiflC lice l’a(/iCal. Tumitimil stmmdies w’em’e

imerfou’ummcd to (helumotustm’atc time possil)le re-
ven’siI)ility of time cimlom’promazine free radi-
cal-iumduced inimil)itiomm of t ime emizymne activ-

ity. Buffer or NaCI w’aslmes weu’e uusecl to

attempt to restou’e activity to comutrol levels.
The commtu’ol ATPase activity of time NaT-

treated imuicn’osommial fu’actiomu assayed in the

presence of 100 umu�r NaCh, 15 ium�m KC1, 5.0

nm�i MgCl�, amu(l 5.0 mmi�i Tm’is-ATP was

44 ± 2.6 1tnmmoles of inmou’ganic pimospimate re-

leased pci’ muuilligm’anum of protein in 10 mm

(meamu of 11 emmzvmmme prcpam’ationms ± stan-

dard error). The Mg2�-ATPase activity of

time same enzynmme pn’epam’ations was 3.7 ±

0.4. Ultraviolet highmt exposun’e of the enzyme

preparatioums, mm time absence of chlorproma-

zinc, resulted iii a slight reduction of enzyme
activity (appu’oxiummatelv 6% statistically

imot significammt ‘I . Tu’eatnmmenmt of time iuuiuihiteol

enuzvmmue pi’epam’atioum w’ith 1 .0 �r NaC1 n’e-

stom’ed (Nmm� + K�)-ATPase activity re-
dmmced by tilt m’aviolet in’n’adiat iomm of time

eiulou’pn’ommmazinme-eui zvnme mmuixtuu’e, as show’n

mm Fit�, 1 , Timem’c i� mmsimnmificammt difference
(p < 0.01) betwo’emm tino’ (Na� + I�) -ATP-

ase activity oimseu’ved afteu’ NaCI treat-
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1 nm-a tmm-mlt mmf tOm- Immhibitm.-dI�mmzymc

l”mo;. 1. EJTo-ct of .\‘a(l (limil 1)11/1(1’ tm’eatnm’-,mt oim 1/mm

flliCl’Os’OilUI! (.\‘mi� -4- h�)-.-t ‘I’I�(Is’o (Ictim’il!/ iim/mmbmteml

by c/mlorpi’oiiia:iim e f,’ee ram/m cal

‘I’hne CIiZ’�’I1iC l)m’ePum’mnlim)mm ( 16 ug m)f l)m’mml(iml per

nillilitei’ � ��‘as exl)oe(l Pm miii ‘avimmlet lighm t in t hie

presence of 6 �m�mchmlorpm’onmazine in mu total volume of

104) nil tO) ohmlaimm an inhibited emmzvmime l)reparation.

Left: ‘‘mnone’’ imno!irates that (lie A’FPase activity of

the inhibited enzvnie l)r��aI’:it immmn �‘:is assave(l

inmmmme(hiatelv after itit rmmvim)h(t (‘xpm)smmre. ( “tm Ion’ ( Na(�1
treatnment) : time inhibited enz\’me pn’epai’alion was

centrifuged at 40,000X q for 30 nun, and the pellet

was resuspended in 1.0 i�i NmnCl pH 7.3) amid in-

combated at 37#{176}fmmr 30 nun. ‘l’hme nuixture wmms then

washed t hiree t mimes by cent n’ifmigat ion at 100,00() X g

for 3() mmmiii an(l i’esuspeimsiomm with a solution con-

taming 0.32 i�m suo’m’m�se, 5.0 ni�t histidimie, amid 1.0 ni�ii

Tm’is-El)’I’A (1il1 7.0, adjusted with Tris base).

Rig/mt (buffer treatnment) : the procedmtre was same as

for NaCl treatmemmt, except thaI 30 mmmii Tris-HC1

buffer (pH 7.5) was mused instead of 1.0 ii NmiCI. The
ATPmise activity of these 1)repmorat ions wmis compared

with that of a control preparmitiomi treated in the

same nmanner after mill rmiviolel irrmidimmtionin the
ahjsence of chlorpromnmazine. Emochi vahune represents

time mean of seven experiments. Vertical hues

indicate the standard error of time mcmiii.

mmmenit of thud’ imiimii)ited enmzynme amid that

observed immmmumediately after tilt raviolet light

exposure of time dm’ug-cumzymume mixture

labeled “nomie” on time abscissa). After

treatnuemmt of time immimibited eumzyrne witim SQ
muM Tm’is-HCI bufici’ tI)H 7.5) , time activity

was simnilam’ to tlmat observed imnmediately

after ultraviolet irradiation. Thus, no ic-

vem’sal was appam’euit aftei’ washing the imm-

iuibited emmzyumue ii’it im Tm’is-HCl buffer.

Time adolitiomi of cvsteiume amud dithiothrei-

tol (tin i’eo-2,3-diliyo boxy- I 4-dithiobutane)

to time iuucubatiomm mixture m’estom’ed, at least

partially, time eumzynme activity immhibited by
chlorpronmazinme free radical, as can be seen

mm Fig. 2, whem’e pcm’cenitagc immiuibition of

time etizvnue activity is i)hotteml agaimmst the

>

C)

--, 6(1

z

C 50
C

� 4(1

(1 0.1 t).3

(:oncentratiomi of i’cducimig agmnts ( _\‘l )

i”ia. 2. EJ/’-’1oI’m’-ilmmcm,mqaq-,m1�oim 1/me (.\‘a’ -f- k�-

.1 7’I’a�- (zcliril!J iin/mibiled by clmlorpm’oiima:iime free

1(0/ice!

‘I’hie enz\’umme l)m’ePmmn’mitimom 1 16 jig of proteimi i)et’

niillihitei’� �s’:is expmmse(1 to omit ravimhet light in time

pm’eseuice of 10 ,�ii u’hilo)rpro)nmazine to) form the free

I’a(licmtl. The iulhiih)ite(l enzynme prepmii’ation �%‘mis then

a(l(!e(l to an ifio’Uh)al ioni mmmixtmmre cant mumming (‘ysteine

(.1 ) , (hitlmiomtlireitmml (Ifl, smmdiimnm nmetahismilfite ((�),

m)m’mi.scon’hic ml(id (I)) . A5(’OI’h)iC mmcid was adjusted to

p11 7.3 withi ‘Fris so)lmtti(mmn. .\.ftem’ a 15-nmimi iuidul)atio)ni

at 37#{176},Ti’is-ATP was aolole(l to start time ATPa.se

n’ea(’tion. Time (Na� + 1’���-ATPa.se activity was
compareol with thmat of time enzyme preparation

exposed to mill ravimmiet light in time absence of

chlorpromazine. Eachm j)(miuit represemmis the meanm of

five experimmmeunts. \em’ti(’al lines indicate one staimdard

error of time nimemmn. None of these reagents had aumy

effect 0)11 mnuniuihnihited (Na + K#{176})-ATPase activity

at the ronmo’euiti’mitions etmiphmmved.

7(1
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commccmitm’atioims of these agemmts. Two othci’

reducitig agetits, so(hium nietabisulfite ammd
ascorbic acid, were inieffective. Thus, the

(Na� + K�)-ATPase activity immhibited by

chlorpi’omimazitue free radical eati be “ me-
activated” (19) , althoughm time m’cvcu’sibility

is mmot easily dernommsti’able. Timese studies

also indicate t hat cimlorproimma zimme fn’ee i’adi-

cal (hOes mmot (Iemmatul’e time ‘nizymne.

Ami at-tempt was nmade to detem’miuimue
whetimem’ time (hm’ttg-enlzymiud’ ititeraction was

“I)seu(lO-irl’eVersible” (or irt’eversible) by
plottitmg pei’ceimtage inhiibitiomm as a fuumctiomm

of emmzym.ne commcentration . A pscudo-im’i’cvers-

il)le or iu’m’evem’sible imuhibitom’ WOliI(1 give a

parai)oiic curve, re�)resemmtinmg low’em’ imihibi-
tion at highem’ protein commcenutm’atiomms, while
I’Ct’et’sil)le immimil)itom’s w’outld pm’oduce a
straigiut himme pam’allei to time enzynmme commcemm-
tratiomm axis (20) . Ammalysis was nmot enmtirely

successful, pm’obably i)ecause of time lowet’

inmcidemmce of free m’adieal-cnizymime inter-
actionu at lowem’ emizymiuc commcemmti’ations ; i.e.,

mnon’e fn’ee radical was disproportionated be-

fore m’eactiimg with l)roteinm. Amualysis was
also hinmuited i)(’cause of time difficulty of in-

ct’easimug time pm’oteinm coumcenmtn’ation beyomud
cem’taium levels. iii time pm’esemmce of nmom’e thamm

100 �.g of nmicrosotmmal proteium per ummilliliter,

time amount of ehlou’pn’omaziume degraded by
staumdard ultraviolet im’radiat ionm decu’eased.

Howeven’, sigmmificanmt ly gu’eat el inmimibit ion

�s’as obset’ved at lowem’ pn’oteinm comucenmtra-

t-iomms, aim observation wimicim w’oumld he conu-

sistemut with im’m’evem’sible on’ psemndo-irm’evers-

iI)le immhihitionm.
Rate of react ion of (‘Inlorpn’oin a zinc free

radical with tine (Na� + K�) -A TPase prep-

aration, 1mm order to detem’mimimme the mate of

m’eactionm hetw’eenm time cimlom’pm’ommmazimue free

m’adical amid time euuzytmue pm’eparation, time

(teeny of ciulon’pn’ouuuazimme fm’ee i’midical mm time

preseumce amid absence of time emmzymne prepa-
ratiomu was stumdied by conitimiuouslv nmuomuitor-

itig absou’bammee at 527 m�. At pH 7.5, w’iuere

all emmzymatic studies weu’e cam’u’ied out, time

(lecay of chlon’pn’onmiazinme fn’ee radical w’as

so rapid timat accu mate mmueasurememut of

(lecay kinuetics was not possible. 1mm Fig. 3
the recipm’ocal of cimlom’pn’ommiazinme fn’ee radi-

cal commceimtn’ation is plotted mogainist tinme.

\Vhemi chmlom’pn’onmazitme fm’ee radical was

1) 1 2 3 4

Iimmmc (mmmiii

Fme. 3. 1)m.s’pi’opoi’Imommalmoim o,f o’Im!orpronmmizune free

m’a(iical (it pH a.�S

Time reciprocal of time o’hulorpn’omaziume free radical

o’onceuit u’atiomn, o’:ml(’milmitvol from I ha’ ah)sm)u’h)auio_’e at

327 fli�z, was l)lmmt ted ag:iinnst the liumme elapseol after

the addition of 30 nut Tris-hlCl hmifler, pH 5.� (‘i),
or a sohmit loom o’mmmntaiuniung 4.0 �g of Nal-t reated

nmicrosormimil pm’mOeiun � milhilitcu’ of Tu’is-HCI

huffem’ (B) tom the soliol state chmlom’pm’oummaziume free

l’mi(hicmtl.Time m’e:io’tilium ��‘mis o’au’u’ieo!omit mit 30#{176}.

mmllowed to (lisI)m’oI)om’tiommate at 30#{176}mu 50 rn�i
Tm’is-HCl butiem’ at pH 5.8, where time rate

of disproportiommationm is slower, this plot

yielded a st m’aighmt line tcum’ve A) . This

w’ould immotieate t limit time dispn’opom’tiommation
m’eactionm follow’s seconud order kinmetics (17),

as in time follow’inmg equationms.

K
1? + Im’-b o’hmlou’imu’oummaziumo’-I-- imhmeum:iznitimioiuuimmumi ion

l)ecav \‘elO(’it\’ = - KIIi’12

1 [1�]� + Ki

ii’hen’ R is chlon’pn’oumiaziume free m’adical, [RI

is its coimcemitn’ationu mit tinme t, anmd [RIm

its iii it nil commcenmtm’atiomm.
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The i��: value calculated from the slope

was 4.1 lmu�rm rniim’. The presence of 4.0 p.g

of Nal-ti’eated nmicm’osornal protein per
nuillilitem’ of Ti’is-HCI iimcrcased only the

imuitial i’ate of decay of chlorprouimazine free
m’n(hical (cul’ve B) . Time first observation was
nmia(1e 0.5 unimi after mnixiumg. By thus time,
t hue m’eactiomi betw’eemi chloi’pm’omimazimie free

u’ao!ical ammo! time emmzymiue l)m’epai’mttiomm �vas

commiplete. The apparent K value calculated
Ion’ thins I)e1’iod was 22.6 nmx’�i’ mimi’. After
0.5 mimi, tue i’mmte of decay (K = 5.9 111M1

mmiimu_m)was umot sigmmificammtly different from

tue value estimated in time absence of the

(‘I 1Z’1o’tii(’ l)I’eI)mtm’at iou . Foum’ differemmt estima-

tionis of the appam’enlt Is.. value for the above

o’oluationms at PH 7.3 n’ammged fm’orn 60 to 230

nniMm niminmm ��‘ith a mimeamu value of 135 rnM’
nimin ‘ , in tiu(’ abseniec of enzymmme i)rotein.
‘limits, the initial phase of cuu’ve B illus-
tn’ates time ven’y m’apid immtem’actiomu of chlom’-

pm’onuazmmme fu’ee radical w’itiu time (‘mmzymime

I )m’ot (mi

Effect of (‘hlol’pl’olnazine fi’ee ?‘adiC(ll Ofl

inici’osonnal (Aa� + I(�)-ATPase activity at

1‘0 l’iO 115 J)O tass�?1 Hi (‘OP (‘Cit ti’a t ions. ‘rime effect
o)f cimlon’pn’omumazimme fm’’e i’a(lieal onm time kimietic

h)(’iumtvion’ of I Na’ + 1’.� t -ATPasc is simownu

mm Fig. 4, wiuem’e time u’ecipm’ocal of time rate

of hmvotm’olvsis is plotteo! against time i’ecipro-

omit of time KC1 coumccmmtn’atmonm. As time commcen-
n’atiomi of chmlou’pn’omuiazinmc, amid timei’efom’e time

(‘ommc(’mmtmat iomm of cinhom’pu’ommmaziume fm’ee radi-

cal, is immcm’easeot, time appam’emmt K,� (Michu-

aelis commstaumt 1 aumol mumaxinmmuun velocity of

time iumlmibited m’cactiomi decm’ease, resultimug ium

mm set of eum’ves smmgge.stive of so-called “umm-
o’onmupo’titive’ inuimibitioum (19) w’ith u’espect to

KU1.
This is shiowim mnom’e cleanly iii Fig. 5,

wimeu’e a (l-a) � I 1 1 is plotteol againust the
conueenmtn’atioum of KCI aceon’dinmg to the

unmetboil of Hmnnmto’m’amid Dowmms (21 ) . a repre-
semmts tim(’ fn’mmctionmal (on’ inmimibiteo1) activity,

ammoI I I is time commceumt mat iomi of chiorpronu-

azimmc. Note Hint time commeeumtn’atiomus of chior-

pn’otmmazimme inn time figmmm’e mino’ those initially
added to time nmixtun’e aumol do muot repu’esemmt
tine conucemutratiomm of eimlom’pm’onmazinme free
m’aoIical or that- of cimlon’pu’ommmazinme (hiring

im(’ inmctmimationu pen’iotl. Time inhibition Oi)-

served, iuow’evem’, is caiuseol by the fm’ee radi-

I / tK] mM

FiG. 4. EflecI o,f c/ilorpm’oina:i,me free radical on
nmicrosoma! (.\‘& + K+ )-.-l TPase activity

Double-reciprocal (Liumeweaver-Bum’k) plot of

(Nmi� + K�’)-ATPa.se activity against XCI con-

ceumt rat 0)1 1 . [‘hue cimlorpm’( mimiazimme-emizyme niixture

was exposeol to ultraviolet light prior to ATPase

assay. ‘Fine ATP coimceuiti’atiomi WItS 3.0 mit in the

presence O)f 3.0 nut MgCl2 and 100 m�t NaCI withm

16 mzg of eumzymmme j)n’�t(’ium iii a fimumulincubation volume

of 1.0 mmml. Cimlon’prommmmtzine concenmtn’atiomms in the finmal

imicmmh)atiomm vm)hmmnme wen’e calcmnlat ed from the amount

of chlorpromnmizimme immitially added t(m time nmixture

and were 0 (.1), 1.6 (B, or 2.0 (C) �mm. Although time

moot umil immimihitom’ was cimlorprommizine free radical,

the (hat a refer 1mm t lie cimlom’promaziuue eoncenmtration

(see ME’rnous). Each point represents thie meami of

five experinients. Limmoar regm’essioum hues were fitted

by time mmmethoot of least sqmmares.

cal of chmlom’pronmazimme. The effects of oua-
ba imm atm d p-imyd n’oxymmuercuribenzoate, both
kniowum iumlmibitom’s of (Na� + K#{247})-ATPase

activity (7), an’e also compared.

Time en i’ve obtained with p-hydroxymer-

euribemuzoate as aim inhibitor was typical of
unmeounpetitive inmimibitiomu,1 simumilar to that

obtained witim cii lom’promazine free radical,
ivimile time curve obt-aiiued with ouabain as
time inimihitor was immdicative of competitive

inmimibitiomu at low KC1 concentration and
muoncompetitive immhihitiomm at higher KC1
comuceimtratiomms,

1 This type of inhmibition is sometimes referred

to as “coupling” inhibition [see Webb (20)1.
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FiG. 5. Comparison o,f the effects o,f c/mlorpromazi�me

f ree radical (CPZ), omiabain, and p-/my(lroxymercmiri-

benzoate (P0MB) on inicrosomo’il (.Va#{176}+ K�

4 7’Pase activity

Htnnter-Dowuis plot . The chmlm)rpu’o)maziume-emizyme

mixture was exposed to mmltraviolet light prior to the

ATPase assiy. Ommabaiui and p-imydu’oxynmmercuri-

beumzoate were added to) atm mmumexposed eumzyme

preparation. The ATPase assay was emorried out
after a 5-mm iuuemnbatioum at 37#{176}with vmiriomus KC1

concentrations. 1ractioumal activity (a) of the
enzyme preparation inhibited by cimlorpromazine

free radical was calculated against time activity
of the enzyme preparationm exposed to ultra-

violet light in the absence of ehlorpromazine. The

ATP conceumtration was 5.0 mit in time preseumce

of 5.0 mm MgCl2 and 100 mit XaCl. The co)miceim-

trations of inmhmibiton’s were: chhorpronuazirme, 2.0 �M;

o(mah)ain, 0.3 and 1.0 ��ms; and p-hmydu’oxymeu’cmmri-

h)emmzoate, 1.0 /Lii, with 16 �ig of eumzvme proteium in a

final immcubatioum volume of 1.0 ml. Altimotmgh the

iumhihition is dine to chhorpromaziume free radical, the

(imita refer to cimlorpromaziume coumceuit rat iou is in the
fiumal incubation volume calculated from time amount-

of the drug initially added to the mixtmmre (see
ME’rimoDs). Each point represents the meamm of five

experiments.

Effects of chlorproinazine free radical on
microsomal (Na� + K�)-ATPase, K�-p-

n-itrophenyl phosphatase, and Mg2�-A TPase

activities. Time semmsitivities of microsomal

FuG. 6. Effects o,f cimlorpromazine free radical on

microsoinal A TPase (lad Km�actirated p-n itrophenyl

phosphatase activities

The chhorpromazine-enzyme mixture was exposed

to ultraviolet light prior to a.ssay of enzyme activity.

After 5 miii of iuucubatioim at 37#{176},substrates were

added to start the remoctiorm. The activity was

compared with that of each couitrol enzyme prepara-
tion exposed to ultraviolet light iii the abscum(’e of

added chlorpromazinme. The comicent ra tionms dmmriumg

the incubatiouu were: MgC�, 3.0 nut; Tris-ATP or

p-nitrophenyh phosphate, 5.0 mm!; with or witimout

100 mm NaC1 aumd/or 15 mm KCI. Time coumeemu-

trations of chhorpromaziume ium the final incubation

volume of 1.0 ml were calcmnhated from time amount

which was added iumitiallv to the mixt tire aimol do not

indicate the act utah chlorpromazimie couiceumt rations

during time incubation. A, (Na� + K�-ATPase; B,
K�-p-nitrophenyl pimosphatase; C, Mg2�-ATPase

activities. Each poiuit represents the mean of five
experiments. Vertical hinme.s indicate the staumdard

error of the mean.
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cimlou’pu’onmmazine. 1mm timese stunolies, it was as-

sunmme(l tiimtt the fm’actiomu of eimlon’pu’omimazimme

couuvel’te(l to time fm’ee n’mi(Iical olum’immg ultm’avio-

let- it’m’tt(Iiuttli)mi ivas time saiime iu’m’csl)cetive of

time inmit in 1 (‘ii lom’pn’ouimaziume eommcemmt m’atiomm.

‘�Fime m’elativc s’tmsitivitv of tim(se tlnt’ce en-

zynmic svst(’mmis would nmot be affccteot by tiuesc
diflem’emmces, siuiee mlli(luots of time saumme chilom’-

�)m’onmmazimio’-(umzynim(’ nnmixtut’e \�‘om’e assay((l for
oIifI(u’o’mmt (‘mizvtne mt(’ti\’ities miftt’i’ exposun’e to
U It u’aviol(’t lmgimt

(‘imlou’pm’omumazinme fn’ce n’mi ti(’mil inmhmih)it (‘(I time

rmmiem’osommmal ( Nmi� + 1� � -ATPase anal 1�-

a(’ti\’at(’o I p-nut u’o�)iieuiyl i)imosi)immttmtse mitt ivi-

t 1(5 to t lit sammie t�xtt’uit . hue :lm1gC-4-_A’I�’pase

iu_,ti\.itv of time samim( l)m’(’i)am’ationl, hmow’(’ver,

was 1(55 semmsitive to time cimlom’pn’onmmazinme
fu’ee n’mldi(’mtl timami \vcn’e tue ( Na� + TZ�) -

A�FPas’ ammoI 1\�-a(’t i\’at i’mI p-nut m’opimemmyl

i)imosl)immn t 15(’ act i �‘it ie5. Fmmm’tiiem’mmion’e, ommly
1ti)Olit ��0�/(- ()f time )o1g2��ATPase at’tivity

could i)( inmiuil)ited i)V n’(lmtt ivclv imigim comi-

ceimt m’at ioums of (‘hulom’pn’onmuazinme fm’ee u’mulieal.

Fl lmtn’gc �‘am’iatioum inn time \lg2�:��FPmiso’ ac-

ti�’ity n’(’suit o’ol fu’oumm tine u’elativ(’ly low’ cmi-

zvmmmo mtctivitv. Counolitioums of timese st tidies

wcm’o’ opt immimi I fon’ time iuigimlv moctive (Nat +
K�) -ATPmtse activity. mtmmd Hums a lan’gei’ em’-

m’ou’ mmtime (‘stiummationu of time less active �sIg2�-

AT Past’ mitt ivitv ii’as oi)seu’ve(l. W’iuile ap-

pu’oximiiately 50% of tue Mg2 -ATPase
mtet ivitv was inimii)ite(l i)y high eommcemmtm’a-

t ion 15 0) f cii lon’pu’onmmazinme free n’adica I. t luis

eumzvmmmc moctivitv ivas unmmottceted by imp to 0.1
nmM ouiabaimm.

limo’ o’onmceumt mat iou of cimlou’pu’oummazinme re-

quiu’eol fou’ 50% inmimibitiomm (L) of time mi-
erosommial Na� + K�) -ATPa�e amid K�-acti-

vateol p-mmitm’opiuenivh iminospimmit misc activities

w’a� appu’oxinuately 2 ,tM unmol(’u’ time present

expen’imnmemmtal coumolitionus. Againm, this i’epre-

seumts time inmitial conmceumtm’ationm of drug added

to tim(’ m’eactioum mmmixtum’e pu’iou’ to mnitm’aviolet

in’raohiatiomm. Time ‘C) of time active fon’nn, the

free m’aoiicmml, would be conusidcrablv lower

timanm timis vahume, hut the pn,ecise figun’e can-

not ime estiummated.

DmSCTJSSI0N

Timis study was initiated to explore the
nature of time iimteractiomu between chior-
promuuazimme free ra(hcal and the (Nw#{176}’+ K�)-

AT1-�ase svstcni. It was d(mumomistm’ated that

time i’emictiomm i)etw(’emm time elm lom’pm’ounaziuue

free m’adical amid the enuzyumme pm’oteimu Pro-

ceedco1 \‘ct’V m’apidly at pH 5.8. Because of

the extm’emmuely i’mtl)i(l decay of time fm’ee i’adi-

cal, a study of olccay kimmeties i�’as umot 1)05-

sibhe at 1)H 7.5, w’iiere time enzymmmatic stimdies
w’em’e cam’u’ie(l out . How’evem’, sinmce timis etu-
zvumme i)t’(�l)�tm’1tti0mi canu i)(’ stiumuulated, al-

though to a sommmew’hmat lessen’ (l(’gu’(’(’, 1�’ time

simmmmmltaumeoums Pn’(�(’mmce of Na� amid 1-(� at
pH 5.8 as -i�’(’ll as at pH 7.5, onme w’oulcl
exp(’et time iiu’oteimm nmmolecule to hiave essemu-

tiallv time sanuc commfigun’ationm at botim 1)111

values, limits, it mummy be m’easonmai)le to as-

summme timmit at 1)11 7.5 time m’(’a(’tionm i)ctw’eemm

ciulom’pn’ommmazinm( fm’ce m’adicah ammol tue emmzymmme

j)m’oteimm Pm’Oceeds n’apiolly, at a velocity hot
v(’m’v mmmcii dif!cn’(’nmt fm’ommmtiuat- oi)sem’v(’ol at

1)H 58.
Tm’eat mumcmmt 0)f t lie (‘uuzvnmle �s’it In I .0 ir

Na(’l u’estou’eml tint’ oumzvmmue activity immiuii)ite(1

hi’ cimlon’pm’oniazinme fm’ee l’atIi(’mth, inmolicating

timat tim( inmimibiton’ h)ounmoi to time emmzvmmme muuav

he n’(’uumove(l hiS’ cxposum’e to a sohtttiomm of
hmigim iommic st n’enngtim om to Nmt�. Studies bs’

otimcn’s ( 7) imav(’ show’um that this enzvniue

svstemmm iuas a specific affinmity fon’ Na�.

��(himim’(s also m’el)ou’ted (4) timmot time pm’esenmce
of NaCI on’ KC’l pm’(\’euutc(I time progn’essive

enuimamme(nm(’nmt of immiuii)it iouu w’imemm time enizyumme

w’:ts pn’evioimsly iumcubated mu time pn’esemmce of

eimhorpm’ommiaziuie. HIow’eveu’, t his phuemmomumemuoum

ummav imave beemm (lime to time incn’easemh decay

of chmlou’pn’oimiazinme fu’ee m’aolical at imigim ionmic
stu’emugth (17).

Cysteimme amid dithiiothreitoh also re-

stored time enuzvmmme activity inmhmibiteol by

elm hon’pn’ommuazimue fm’ee radical w’iienm adoIed to

tue incinbationm numixtun’e contmiimnimmg time 1mm-

huihited emuzvumme prepan’atiouu. T)emiatuu’atioum

of time enuzymume system i)y incubation w’ith the
chlorpromazimme free radical mi the absemuce

of ATP is thus excluded. sinmce time inmhibite(l

enzvmmue w’as n’eactivated by NaCh or suhf-

Imydryl reagenuts. Oxidatiomm of the emuzyme

pu’oteimi, semmsitize(l mu time pn’esenuce of chlor-

promazine by ultraviolet light, is also cx-
eluded, since NaCI, hunt not reducing agents,

sumehu as sodiuni nuetahisulfite amid ascorbic

acid, reactivated the enzyme. Timis w’as also

observed in our previous study (8), in
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wimich ehiorproimmazimme fm’ee radical gemuer-

ated by eumzymatic or cheimmieal procedures

\s’as foumid to be a poteumt inmimibitom’ of time
enizymime systemn.

Since iimhibition of time �Na’ + K�j -ATP-

ase systenu by cimlorpromazimme free m’adical

would appear to be of time 1)seum(lo-irrc\’ers-
ible or im’m’eversible type as defimmed by Webb
(20) , kimmetic aumalysis ima�� mimanmy limumitatiomms.

It is also comnphicated by time fact that at
least two diffen’eimt ermzymmme systemims, (Na� +
K�) -ATPase and Mg2�-ATPase, au’e affected

by time samime iuuiuibitor, aumd the ammalysis (IC-

1)(nm(I5 omu time nmmeasum’enuemmt- of oIiftem’emmces
1)etWeeum time two inhibited veiociti(s. This is

particulam’lv true whiemm tine (Na� + I’�) -

ATPase velocity is m’eolueed at low’ KC1

concenmtratiomms. However, time pm’csemmt cmi-
zvmmme l)i’eParatiomm, with imigim ATPase 11(’til’-

ity amid less timatm 8.5% eonmtaumminmationi w’itim

)oIg2�-ATPase activity umm(len’ tine stammdarcl

assay comiditiomms, gives good n’(solutiomn of

time (Na� + K� � �ATPasc act ivitv.

Time difficulty mm time estinmuation of time
(‘imlou’pm’ommmazimue free m’adieai at low’ stemt(Iy

state eonme(mitm’at ionms ( 8 ) miimikes it immml)ossible

to estimate kiumetic constanmts. Eveuu the I�
calculated fom’ cimlorpm’ouumaziume imas liiumiteol

sigmmificanuce, simmce its u’ehiability depenuds

upon such factors as duu’ationm anmd intensity
of ultraviolet irn’adiat ion, enzyme concen-

tration, and prelimmmiumary immeubation time.

�e�’em’tiue1ess, time emmzvtili’ pt’epan’atiomu cnn-

ployed mu tue pn’esenmt study, a nmmicn’osoumual
fm’aetiomu treated with deoxvchmolate amiot NaT,
appeared to he alnumost tw’iee as senmsitive to

time inhibitory actionm of cimlom’pn’onnazimme free
radical as time enmzvnmme enmmimloveol in the

eam’her stumdy (8) . Botim studies w’en’e per-
fom’mmmed uuudem’ idenitical expem’imuuenmt ah condi-

tionus, amud timerefore time � values nmay be

compared. The enuzymne used in time presenmt

stiudy has a luigimem’ specific (Xa� + K�) -

ATPase activity anud a lower Mg2�-ATPase
activity than time prepam’ationu umsed pre-
vioushy. Partial purificatioum of time enzynue
systenm by deoxvcholate tm’eatnmmenmt of the

mmmicrosommmah fraction imas heenu repon’ted by

Rohiumson et al. (6) to imien’ease its senisitiv-
ity to ehlorpromazimue, ahtimough the in-

volvenment of the free radical form was imot.
conusidered.

A commi’t.umtionmal liumeweaver-Burk I)lot for

immtcn’actionu anmionig ( Na� -F--I’�) -ATPase,

cimlom’pu’omimazimme fm’ee m’adical, ammd 1(Cl was

iimolicative of ummcoimmi)ut it ive inmimibitiomu � I 9,

20 . Howeven’, tine distinictionm betweeum uum-

(Otlii)et-iti\’(’ 1111(1 mmonmu’onimpct itive inihui)itiotm
is t’atimci’ ditlicumlt, �immcc it (I(pcni(ls omi cx-

trapolatioum of the regm’essioum liunes, amid the

slope of time linmes is dctertmuined by the

l)Oiimts i’ej)m’escnntimng low velocity, wit ii 1)05-
sible lan’ge eu’n’om’s. Fun’tinem’ummore, time “curves”

seemnu to i)enmol umi)wam’d at low’ KC1 (‘oncemi-
tn’at-iomms, although himneam’ m’cgu’essiomm hinmes

w(’r( fitted to time plot-.

�Fime olistimm(’tiomm l)etw’(’emm these tw’o types

of imnimibitiomi is easicu’ w’itin a Iluuitem’-l)ownms

plot 2 1 � , sinm(’t’ t im’ IifI(n’(nmt imit ionm 0 Ie� )enu(Is

on t inc simai�’ of tlm(’ (‘tnm’ve minnol (too’s miot- me-

(luin’(’ (�xtm’iiti)0lmiti0mu of tint’ olata, A (l(’tmtileOIl

kiumetic inmtem’pr(tat ionm mmmay nmot h)e l)ossille
fn’onmmtime pn’escimt dmita, sinmce sucim mmmianmaly-
sis (‘mini he nmimt(i(’ oumlv witim comimphet � minim hem’-
st minimhug of t he mmmitun’c of inmten’a(’t iomm anmuonmg

thi(’ innimii)itou’, time’ enmzvmime svstcnmi, �
Nmt, ammml h.’. i-Iow’o’vem’, ammmtlvsis of tine

kinmctic beimaviot’ of chmlom’pu’omnazimne fm’eo

radical as an immhmii)itom’ of Na + K� -

ATPase mmctivitv sumggests timat t his nmnolo’eule

has act ioii� sinmmilmim’to t1mose of tint on’gam no-

ummem’cinnv o’oummlanti mm01 p-imv In’oxyimmem’eu u’i I eii-

zomute, but ummliko t imos(’ of time (‘an’mhac

glveoside ouaimmtiin. Inmhniintionn of the

Na - + K I -ATPaso’ ao’t ivitv by ouahainr

�vas enmimmtmm(’(’mI \Viio’nm t he 1((i commcenmt m’mitiomi

mm tint immeuimmitiomm nmm((Iitmnnm i�’as low, 1mm
eommt mast, time mmmii )it ionm of elm z�’umme mmclivitv

by eimlorpu’ommuazimmc free n’aolical on’ p-

imvd n’oxv mmmeu’cum’iimemmzoat e ii’as moo himce I wimenu

time icci commeemmtn’atiomm was low. Stmeim

results ninny i)e immmlicmmtive of comnpctitive

mmmd mmommcommupetitive inmimii)ition fom’ ouai)ain
and of tmmmconumpetitive iniimibit ion for eimlor-

pm’ommmazimue fm’ee radical amid p-imydroxynner-
cuurihenzoate (20).

A differenmt imutcm’pm’etationu is also possible,

Time ATPase n’eaetionm seenums to involve at

least two steps (7, 16).

N’
K + .�TP-m’ J�’ - P + Al)P

IC - P-* K + P1 1’)

Oume explammatiomm of time reaction is that time
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first step is Na�-dependent while the second

step is K�-dependent (7) . Ouabain seems
to exert its iumhibitory effect on the over-all

ATPase reaction by inhibiting primarily the
secommd step ( 16) . Thus, at low K� coumcen-
trations, wimeum time second step is rate-
limiting, time imuhibition of enzyune activity

by ouabain is enhammced. If time effect of the
cimlorpt’omazimme free radical is to inhibit
the first st.e1) imu time reactiomu, omme would

expect less immimil)itionm at low K� commceumtra-

tiomus. This result was observed. Time fact
timat chlorpm’oummaziume fu’ee radical imuimibits

hotim over-all ATPase activity and K�-

activated p-mmitu’opiieuuvl pimosj)imatase activ-

ity to time saune extent imu time preseumee of
I 5 mmmM KCI mumay vitiate timis hypotimesis,

pam’ticularhy if time latten’ activity is a model
for the secommd step of the ATPase reaction
I 16) . Equally accept able explanmatioums are

thmat. 1)0th steps au’e sensitive to chlon’pm’oniua-
zimme free radical or that time oven-all
ATPase reactiomm pn’oc�Is inn omit’ step.

Time ohseu’vatiomm tiuat immhmibitioum of tine
Nmi + K�) -ATPase activity by chuhor-

pi’omumaziume free m’adical is i’edueeol at low
KCI comucemmtn’ationms is mm conmtm’ast to our

previously publisheol study (8) amid timat of
,Jumdah amid Ahmmmed (3). However, the differ-

eumcc in enzvmmme pm’epam’atioum mummdor the

difference betw’eemm time actioum of chmlor-

pn’onmazin’ free i’adical aumoh eimlon’pn’omnazine
itself may be n’espommsihle fon’ timis discrep-

ammcv. Time pu’esemmt emmzvnmie pn’epam’atiomm is

nmuom’e rigorously puu’ified with mm hugh con-
eo’nmt-ratiouu of NaT. Na� has i)cen shmowum to
affect- time coumfigun’ationm of time emmzymiue

protein (4, 22, 231.
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