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SUMMARY

The effects of chlorpromazine free radical nit-id/or nuabait-i nt-i (Nat + K�)-Ai’l’nise activ-

ity [i\JIg2�-dependent, (Na� + K�)-activated ATP �)lmO5pimoiiydi�0lntse, EC 3.6.1 .3], on

free sulfhvdrvl cot-icemutmation, at-id on time ability to bit-id 3H-ouabait-i were studied in deoxy-

cholate- nit-id sodiunu iodide-treated rat brain nuicmosonmnil fractions to detent-nit-ic the in-
hibit-orv sites of these compout-ids nt-i (Na+ + K+)ATI)asc�. Time treatnuent of time emuzynme
preparation with chiorpmonmazine free radical resulted it-i inhibitiomi of (Na+ + K+)ATPase

activity nit-md ni proportionate decrease in free sulfhydryl cot-icemitnatiot-i. Ciulorpmomnuzit-me,

per se, n-uffected t-ieitlier free sulfhydryl cnncentnatiot-i non et-izyme nuct-ivity. Incubatiot-i of the

enzyme witlu ouabain, Na-Cl, MgClt-, and Tnis-ATP at 37#{176}for 20 nuin resulted it-u irreversible
inhibition of the et-izynme activity. Free sulfhydmyl cot-mcet-itration w-nis ut-uniffected. Pt-iou treat-

ment witiu ouabain did not prevent chiorpromazine free radical fnonu nenuctit-ig with sulf-

hydryl groups of time et-uzyme preparation. Prior treatmet-it with ehlonpnomazit-ie free radical
also did mint prevent nuabain from reactit-mg with the et-uzynme but did l)nevemit p-hydmoxy-
mercunibet-izoate fmonu reacting with tiue inimibited et-izyflue, it-idicatit-mg tiuat chlonpmomazine

free radical and p-luydnoxymercunibenznate it-ihibit the enzynue by it-iteractit-ug with free
sulfhydmyl groups whereas ouabain reacts at a different site. The ability of chlorpn()t-ulazit-ie

free radical to inimibit 3H-ouabain bindinig nt-i (Nat + K+)�ATPase was considerably less

than its ability to reduce (Na+ + K+) -ATPase activity. We cot-iclude that cimlonpmonmnuzit-me

free radical it-mhibits enzvnue activity by it-itemacting with sulfhydnyl groups nt-ithe (Xa+ +
J�+)_AT1)ase whereas nuabain is bout-md to a (lifferet-it site nt-i the ct-izvnue.

INTRODUCTION

Previous studies imidicated that the senui-

quinone free radical of chlorprnma-zit-me is a
potent inhibitor of nuicmosomal (Na+ + K�)-
ATPase {Mg2�-dependet-it (Nat + K�)-

activated ATP phosphohydnolase, EC

3.6.1.3] (1) at-md that time mechanism by
which chlorpronuaziiue free radical inhibits

this enzyme systenu is different fronu that of

ouabait-i (2), a knowim inhibitor of time
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(Na+ + [�+) -ATPase (3) . A kit-metic study of

the intemactiot-u betweemi (Nni+ + J�+)_
ATPnuse at-md chlnrpnnnmazit-ie free radical or
nuabain suggested timat these two inhibitors
nuight it-ihibit different stel)s of time ATPase
neactiot-i (2). The (Xni� + I�+)A’f1�ase re-

nuctintu is believed to be a multiple-step

reaction imivolving a miumben of different

active sites for time substrate at-md activators

(3-6).

It-i the present studies, we Imnuve explored!

the possibility that chlonpnomazine free

radicnul nit-id ouabain it-itenact with the en-
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zyme at different sites at-id have attempted

to differet-mtiate these it-ihibitony sites.

METHODS

\Tale Sprague-Dawley mats weighit-ig 200-

300 g were used. The preparation of the
enzyme fmonu the braimi nuicmosomal fraction

by deoxycholic nucid and NaI treatment was
described previously (2).

All assays for ATPase nuctivity were per-
formed with 16 �g of et-uzyme protein, either

treated on cot-utnol, in at-i incubation volume
of 1.0 ml. The it-icubatint-i mixture contained
5.0 mn! MgClt-, 30 mM Tnis-HC1 buffer (pH
7.5), amid various commeet-itnatiot-is of inhibi-
tons as it-idicated, with or without 100 m�

NaCl at-id 15 mM NC!. After a 5-mit-i incuba-
tint-u period at 37#{176},Tnis-ATP was added to a
fit-ial cot-mcentmation of 5.0 m�. The ineuba-

tion was performed for at-i additint-mal 10 mm
at 37#{176}.All it-icubations were performed in the
dark. The reaction w-as terminated by the
addition of 1.0 ml of ice-cold 15 % tnichlnn-

acetic acid with rapid mixing. The mixture
was cemitnifuged for 15 mit-i at 1000 X g. A
1.0-mi aliqunt of the supemnatant solution
was assayed for inorgat-mie phosphate by

addition to a test tube cot-itaining 1.0 ml of
distilled water at-id 2.0 ml of colon reagent
described by Bonting et al. (7). After 5 mm,

the absorbance is�� measured at 750 mj.n.

Na2HPO4 solutions, 0.05-0.2 m�i, w-ere used
as the standard. Mg�-ATPase activity,
assnuyed in the abset-mee of NaC1 and KC1, was
subtracted from the total ATPase activity,

assayed it-i the l)meset-mcc of NnuCl at-id KCI, to
calculate (Na� + E±)-ATPase activity.

F’ree sulfhydmyl groups of et-uzyme protein

were determimied spectmnphntnnuetnically by

Ehlmat-m’s method (�) as modified by Hoffman

itt-id! Dischem (9). At-i ahiquot of et-izyme sus-
pet-isint-m containing 0.32-0.5 rug of protein
wnms mixed with 1 .0 ml d�f 0. 1 M sodiunu phos-

l)ht-ite buffet-- (pH S.0) cnt-itaiiuiimg 0.2 %
sodium dndecvl sulfate. Distilled ivnutem \\��

added to a total volume of 3.5 ml. After the
mixture becanme clear, 0.2 ml of 10 m�vi

5,5’-dithiobis(2-nitmobenzoic acid) in 0.1 M

sodium phosphate buffer (pH 7.0) was
added, at-id after 20 mit-i absorbance was
nmeasured at 412 mj�. The free sulfhydryl

commcentration was estimated from the molar

extinction coefficielit of p-nitrnthiophennl
anion, which was 13,600 Mt- cnrm (8).

The binding of radioactive nuabain by the

(Na+ + K�)-ATPase preparation was

assayed by it-icubatit-ug 0.2 mg of et-izyme
protein with 0. 1 j�M nuabait-i containing

tracer amnut-its of tnitiated nuabain (New

England Nuclear Corporation ; specific ac-
tivity, 3.7 Ci/mmole) in a ratio of 1 t-imnle
of nuabain per milligram of protein. The
incubation was performed for 10 mm at 37#{176}

iii the presence of 80 mM NaCl, 2.0 m�i
MgC1t-, 2.0 m�i Tnis-ATP, amid 50 m�i Tnis-

HC1 buffer (pH 7.5) in a total volume of
2.0 ml. After the incubation, the mixture was

centrifuged at 100,000 X g for 30 mm. The
supemnatat-it solution was decanted, at-id the

centrifuge tube was rinsed with distilled

water. One-half milliliter of 0.2 x KOH was

added to the pellet, the tube was heated in a

boiling water bath until the pellet was dis-

solved, and the mixture was then diluted

4-fold with distilled water. A 1-mi aliqunt of

this solution and 0.5 nil of the supernatat-it

solution were assayed for radioactivity in a

liquid scintillation system using 10 ml of

Bray’s solution (10) . Counting efficiency was
mot-mitored by the external standard chat-it-mel
ratio method.

The semiquinnt-ie free radical of chlnn-
pmnmazit-ie w’as generated in the chlonpnnma-

zinc-enzyme mixture by ultraviolet inradia-

tion as described previously (2). Solid semi-

quinot-me free radical of chlorpnnmazine w-as

obtained by acid treatment of a mixture of
chlorpnnmazit-ie at-id chiorpronmazine suif-
oxide at-id subsequently purified as described
previously (2).

The results were analyzed for significance

by Student’s t-test for group comparison

(11).

RESULTS

Effect of cit loiproni azine fiee radical and

ouabain on- free sulfhydryl groups and

(Nat + K�)-A TPase activity. The effects of
chlorprnmazine free radical nt-i free sulf-
hydryl groups [SH] and (Na+ + J�+)
ATPase activity are show-n in Table 1 . The

enzyme preparation was exposed to ultra-

violet light for 4 mm or kept in the dark for
comparable periods in the presence on nib-
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TABLE 1

Effect of chiorpromazi-ne free radical on free [SH]

and (N& + K4)-ATPase activity

The enzyme preparation (64 �g of protein per

milliliter of 100 mM Tris-HCI buffer, pH 7.5; total

volume, 25 ml) was treated as indicated and sub-

sequently centrifuged at 100,000 X g for 30 mm.

The pellet was resuspended with 10 nil of 10 mit-

Tris-HC1 buffer, pH 7.3, and centrifuged again at

100,000 x g for 30 mm. The pellet was resuspended
with 1.5 ml of 10 mM Tris-HC1 buffer, pH 7.3.

After the deternmination of protein concemutration,

free [Sill was determined with 0.5 nug of protein.
ATPase activities were also estinmated using 16

�g of protein in the total incubation volume of

1.0 ml. Values are the means ± standard errors of

five experiments.

Chlor-
proma-

zine
(5.0 g.mit)

Ultra-
violet
expo-
sure

(Nat + K�)-
ATPase
activity

-

Free [SHI

- -

Mmoles P�/mg
protein/JO mm

33.3 ± 1.8

nEq/mg protein

65.9 ± 4.8

- + 31.3 ± 2.6 65.5 ± 5.5

+ - 26.3 ± 1.1#{176} 66.6 ± 3.8

+ + 12.2 ± 1.8b 40.3 ± 1.8b

fI Significantly different (p < 0.01) from control

(line 1).
b Significantly different (p < 0.01) from con-

trols (lines 1-3).

set-ice of 5.0 � chlompmomazine, washed

t�Vice by centrifugation, nut-id resuspended to
renuove excess chlorpmonmazit-ie. This l)t-’o

cedure has beet-i shnwt-i l)revinusly not to
reniove the it-ihibitnm bout-mid to the enzynme

(2) . The fit-ma! suspet-ision was nummalyzed for

protein comieet-itmatiot-m amid, nuftem appropriate

dilution, free [SH} amid! (Nat + 1’�)-ATPnuse
activity were assayed. Ultraviolet exposure

of the et-izynue preparation, in time absence of
chlonpnonuazine, had little effect. on free

[SHI and on (Nat + K�)-ATPase activity
(line 2). Chlorpmnmazine, without ultraviolet
exposure, also had no effect on free NH]
although it reduced (Nat + K�)-ATPase
activity (line 3) . This inhibition in the ab-
sence of ultraviolet exposure was mint ob-
served in previous studies (1, 2) or it-i subse-
quent ones. How-even, in this series, in which

both (Na+ + K�)-ATPasc activity at-id free
sulfhydnyl groups were assayed simultanc-

ously, it wn-us mint possible to pemfomni time cx-
peminuet-it in total darkt-iess. The (hffcmet-mce
between lit-ies 3 nut-id 4 is due to the ultra-
violet light-imiduced fommatiomi of the free

radical form of chlnmpmnmnuzit-ic (1, 2). It is

clearly shown that chiorpmonunuzimie free

radical decreases free NH] nut-md! inhibits

(Xa+ + K�)-ATPase activity sigmiificantly.

The relatiomiship between the dccrenise in

free [SH] at-id (Na+ + K�)-ATPntse nictivity
it-iduced by chlompmomnuzit-ie free nadicnul is

simowmi it-i Fig. 1, it-i whicim free NH] is plotted
agait-ist the (Na+ + 1’�)-ATPuuse activity of
et-iz\-me pmepamatint-is trenuted witim chenmically

l)repnumed solid chmlorpmonuazimic free radical.
A significant lit-mean correlation i�.nis observed
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FIG. 1. Free [SHI and (Nat + K�)-ATPase

activity of enzyme preparation treated with chior-

promazirte free radical

Various amounts of solid chlorpromazine free

radical were added to 5-7 ml of the enzyme sus-

pension (0.2 mg of protein per mnilliliter of 100

nuM Tris-HC1 buffer, pH 7.5) and mixed vigorously.

Two 2.0-nil aliquot.s containing 0.4 mg of protein

each were assayed for free [Sill. ATPase activity
was also assayed using 16 �g of protein in a total

incubation volume of 1.0 ml. Each point repre-

sents the result of an individual experiment run
in duplicate. Three different enzyme preparations
were used and are represented by different sym-

bols. The open symbols indicate the control values

for each enzyme preparation. The orthogonal
regression line was fitted by the method of least

squares.



M?noles .P�/mg nEq/mg protein
protein/JO mm

- - 24.8±1.7

+ - 25.6 ± 1.8

- + 25.0±3.1

+ + 14.1 ± 1.1#{176}

“Significantly different (p <

trols (lines 1-3).

56.6 ± 3.9

57.1 ± 3.7

50.9 ± 3.6

56.9 ± 3.6

0.01) from con-
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between these two paranueters (r = 0.97;

p < 0.001). 1”mom extrapolation of the re-
gression lit-me, 16 ± 2.1 nt-Eq of NH] pen

milligram of protein, or 25 % of the total
[511], are unrelated to the (Na+ + I�+)..
ATPase activity and t-mot-mmeactive to chior-
pmomazimie free radical ut-ider these experi-
met-ital comiditions. Thus, chionpromazine

free radical seems to it-mhibit (Nat + K�)-
ATPase activity by reacting with essential
sulfhydmyl groups.

The effects of ouabaiii nt-i free [SH] and

( Na+ + 1’�)-ATPase activity nine show-n it-i

Table 2. The enzyme preparation was men-
bated for 20 miii at 37#{176}in the presence or
abset-ice of 20 �z�i ouabain at-md subsequet-itly

washed twice by cet-utnifugation and resus-

peimsiomi to remove excess ouabain. Protein
detenmit-iatint-is were performed to assure an
ecit-iuul amnumit of l)motcili it-i each of the prep-
anatint-is 1)1_ion to estinuation of (Na+ + K+)_

ATPase activity nit-ic! free [SH] cnncentna-

tinn. Whet-i enzyme pnel)amatiot-ms were iimcu-
bated with nuabait-i in the absemice of NaC1,

MgCl2, at-i(! ATP, free sulfhyclryl enneentra-
tint-is amid (Xnt+ + Js�+)�TJ)nuse nuctivities

T.AI3m�E 2

Effect of oU(lbaifl on free [ASH] and (.Va+ + Kj-
_4 TPase activity

The enzyme preparation (64 �g of l)roteimm per

milliliter of 100 mM Tris-HC1 buffer, pH 7.5; total
volume, 25 ml) was incubated for 20 mimi at 37#{176}

with or without 20 MM ouabain and/or 80 mt-s

NaC1, 2.0 mit MgCI2, and 2.0 mM Tris-ATP, and

was subsequently washed twice before assay (see

the legend to Table 1). After the determination of

protein concentration, free [SIT] was determined
with 0.5 mg of protein. ATPase activities were

also estimated using 16 �g of protein in the total

incubation volume of 1.0 ml. Values are the means
± standard errors of five experiments.

Ouabain Nat, (Nat + K�)- Free [SH]
(20 MM) ATP ATPase activity

after excess nuabain had beet-i removed

(lit-ic 2) weme similar to those of controls

(lit-ic 1). However, when the enzyme and

nuabain were it-icubated together in the
preset-ice of SO mM NaCl, 2.0 m�t- MgC12, and

2.0 m�i Tnis-ATP, the nueamm (Na+ + J(+)
ATPase activity was sigt-mificantly reduced
after washout whereas free [SH] was Un-
changed (lit-ic 4). Incubation of the et-izyme

preparation with NaC1, \IgClt-, and ATP in

the abseiicc of inhibitor failed to influence

either the free [SH] on (Na� + I�+)ATPase
activity, it-idicating that the prelimit-iany in-

cubation with NaCI, MgC1t-, and ATP pen se
had little effect nt-i the enzyme. Thus, w-hile
nuabain inhibited (Nat + Ic+)-ATPase
activity, it had imo effect on enzyme free
[SH].

A separate series of expenimet-its were per-

formed in order to demonstrate that nuabain
is actually bound to the washcd enzyme after

it-mcubatinn in the presence of NaCl, \IgClt-,
amid ATP. Tritiated ouabain (0.04 j.�M) was

it-icubated with the enzyme (64 j�g of protein
per milliliter of 100 m�i Tnis-HC1 buffer, pH

7.5) it-i the preset-ice of 80 mitt- NaCl, 2.0 mi�r
MgCl2, at-md 2.0 m�i Tnis-ATP for 20 mit-i at
37#{176}.After repeated washout of the excess
nuabaut-i, ut-idem the the same cot-idition as
above, time 100,000 X g sedimet-it contait-ied

132 ± 2 pnmoles of ouabain pen milligram of
enzyme pnnteiim, whereas ot-ily 0.3 ± 0.1
pmole of ouabain per milligram of emizyme
protein was found in the sedinuent when the
enzyme and ouabain were incubated in the

absence of NaCl, MgClt-, at-id ATP (mean ±
standard error of four expenimemits) . Protein

yield was idet-itical under both experimental
conditiot-ms. It should be noted, however, that
this experiment was designed primarily to

show the requirements for nuabain bit-idiimg
at-mci the actual bindit-ig of nuabait-i to the
enzyme imepanatiot-i after repeated washout.

The ouabain comicemitnation used, 0.04 �i,

does t-int inhibit (Na+ + K+)ATPase ac-

t-ivity significat-itly. Thus, the value of 132

pnuoles of ouabain bout-md per milligram of

eimzvnue pmnteit-i does nmot represent the maxi-

ma! cnupaeity of this enzyme 1)reparation to

bit-id ouabain. To avoid nonspecific binding,

a rather low- cot-meet-it matiomi of ouabain was

used.



Effects of onabain and chlorpromaz-ine free radical on free [SH] and (Na+ + K�)-A TPase activity

The enzyme preparation (64 �g of protein per milliliter of 100 mit Tris-HC1 buffer, p11 7.5; total

volume, 25 ml) was incubated for 20 nun at 37#{176}with 80 mit NaCI, 2.0 mit MgC12, and 2.0 mit- Tris-ATP

with or without 40 MM ouabain, at-id was subsequently washed twice (see the legend to Table 1). The

washed enzyme suspension (160 Mg of protein per milliliter of 100 mmmii Tris-HCI buffer, phi 7.5) was

exposed to ultraviolet light in the presence or absence of 8.0 Mi! chlorpromazine before assay . Free [SF11

was determined with 0.32 mg of protein. ATPa-se activities were also estimated usimig 16 �g of protein in

the total incubation volume of lOt-nI. Values are themenuns ± standard errors ofsix experiments.

Prior treat-
ment with Chlorproma- Ultraviolet (Na� + K�)-.Vl’Pase Inhibition due to chlor-

ouabain zine (8.0 MM) exposure activity promazine free radical

+
+ + +

50.6 ± 4.7

50.3 ± 4.6
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a Significantly different (p < 0.01) from control (line 1).
b Significantly different (p < 0.01) from ouabain-treated enzyme (line 3).

Failure of interact ion betwee it ehlorprcnna-

zinefree radical all(l ouabain on (�\a+ + K+)_

A TPase activity. In order to it-ivestignite the

inhibitory sites, the it-iteractiomm between it-i-

hibition by chlorpnomazit-ie free radical nut-id

nuabain of (Nnu� + K�)-ATPnuse nuctivit.v
was studied. First, the inhibitory effect of
chlnrpmomazine free radical was cnrnpnurcd

it-I. cot-itmol nut-id nuabaimi-treated emizynues
(Table 3). The emizvme wnts imicubated with
(SO m�i NaCl, 2.0 m�t- MgCl2, nit-id 2.0 nu�i

Tnis-ATP with or without 40 �r�i ountbnuiii.

After washiimg of the emizynue by repeated
centnifugatinn at-md resuspet-isiomi to remove
excess ouabain, the fit-intl et-mzynue suspet-msiot-i,

160 �g of pmoteit-i per milliliter, was exposed
to ultraviolet light in the pmeset-mce on nib-
set-ice of 8.0 �z�i chlorpmonuntzit-ie. Ounibain

tmeatmet-it alot-me inhibited (Yntu + K�)-

ATPasc activity by 23.9 ± 4.2 % (meat-i ±

stamicland error of six expeminuet-its) at-id fnuiled
to chat-ige free NH] (lit-ic 3) . Chlorpnnmazimie

free radical it-mhibited (Nnt� + K+)-ATPasc

activity amid free [SHI of control at-id nuabain-
treated et-mzyme pmcpamnttions to the sanue
extemit, it-i terms of percentage it-ihibition
(limies 2 and! 4 compared with Iit-ies 1 and 3,

respectively), imidicnutimig tiuat the nuabain

tneatmemit did not block the immhibitonv effect
of chlorpmonuaziiie free radical nt-i (Xnr� +

IK±)-ATPase nut-ic! nt-i free NH].

To study further the imitenactint-i between

inhibition by chlorpmomazit-ie free radical at-id
nuabain of(Na+ + [�+)..�T1)asc activity, at-i(i

to explore the t-iature of the inhibitory site

for cillomi)mnmntzine free radical, the effect-s of
ounu-baimi nit-) d p-hydmoxymercuribenzontte nt-i

chlorpmnmazinc free radical-treat ed emizyme

were coml)amed (Table 4) . The et-izvnue was

first exposed to ultnnuviolet light. it-i the tub-
set-ic#{128}’(cnmitnol emizvt-mme 1)mepnmmnttinrl) or pres-
t’t-iCd’ (chlnmpmnnuazit-ie free nadicntl-trct-tt.ed

t’mizvnue 1)rel)amnutint-i) d)f 2.5 j.ttt- chlorpmnmnt-

zit- id’ . Both cot-itmol and chiorpmomazimie free

t-adlicnil-it-ihibited! et-mzvnie PmeI)ntratiomis were

assnived for ATPnusc activity it-i the 1)m(’semice

nt- abset-mcc of the it-ihibitoms nunbntit-i nut-mci

7) -hydmoxynuereumibemizonute . i�meatnuent of
the enzyme I)t-’ePnut-nttiOt-i with chlorpmonunt-

zit-me free madicnul reduced its nictivity by
43.0 ± 7.0 % (meat-u ± standard error of eight
experiments) . In time control crizynuc prt’p-
aratiot-i, 1.0 t-.cut- ouabnuin inhibited (Nnt+ +
Kj-ATPase nuctivity by 60 #{182}�. p-Hydmoxy-
mercumibemizoate at 0.5 nind 0.2 nit- cniused 54
nut-id 25 % inhibition, respectively. This is it-i

good agmeemet-it with the cniiculntted! imihibi-
tint-i of this enzynme by the organic mimer-
cumial. These et-izyme pmepnumnutint-is cot-itt-ut-i

approximately 64 mmEq of [SH] per nuilligmnunu
of imntein (Fig. 1). Sit-icc each 1.0 nil of imicu-
batiomm mixture cot-itnuned 16 �tg of enzyme

TABLE 3

l’ree [SH]

+
+ +

+

M?noles P1,mg

protein, JO Pnifl

25.9 ± 3.1
12.6 ± 0.8’

19.3 ± 2.7

9.7 ± 0.8”

(��) nFq, �ng protein

48.1 ± 2.9

34.3 ± 1.9

47.6 ± 2.8
33.5 ± 2.5’



TABLE 4

Effect of ouabain or p-hydroxyinereuribenzoate (HMB) on (.Va� + J’.�)-A TPasc inhibited by

c/i lorproinazine free radical

‘l’lie enzyme suispelision (32 �g of prol cit-i per milliliter of 100 mmiii Tris-IlCI but-tier, p11 7.5; tot-al vol ut-ne,

25 ml ) � exposed t o it-l t raviolet 1ight i ii t he abset-i cc (for cont rol et-izyme l)rel)arat ion) or preset-ice (for

enzyme preparations it-ihihited 1w clilorpromazine free radical ) of 2.5 Mi! chlorprornazine and was sub-

sequently washed twice (see the legend to Table 1). After Proteit-i detert-nit-mation, the ATPase activity

was est mint ed in t he l)r(’seii(e of i ii hibi t ors . The enzyme concelit rat ion W9�5 16 �g of l)rOt em per milli-

liter. \�alues are the means ± st at-idard errors of eight experiments.

.

Lnzvnme and inhibitor
(Xa� + K�)-A’1’Pase . .

. . Inhibition
activity

M??WleS P�/mg
protein 10 �nin

M?noles P1 nig
prolein,’lO ?,zin

Control

No inhibitor 26.0 ± 3.0

()uahait-i (1.0 MM) 10.6 ± 1.7 15.4 ± 1.8
lIMB (0.2 MM) 20.4 ± 3.6 5.6 ± 1.1

lIMB (O.SMiI) 12.1 ± 2.3 14.0 ± 2.1

Chiorpronuizine free radical-

treated
No inhibitor 1:3.7 ± 1.6 (12.3 ± 2.9)

Ouabain (1.0 MM) 6.3 ± 0.6 7.4 ± 1.5”

lIMB (O.2pii) 7.2 ± 0.8 6.5 ± 1.3h

lli’s113 (05 pit-) 1.8 ± 0.3 11.9 ± l.4�

,‘ lmihibmi momi (lit-C i 1) clihnpmuiiiazmiie imec radical conil)ame(1 I (.; iii I meat ((1 coal 1(1.
& Imilimbitmoni tliic Ia imilmibitoms (niahniimi nit-id p-hydioXymflCiCLiiIbcmizuaie) cuiiiiit-uicd to �nzynuc prepa-

rt-i I man I met-i I C(1 ivi I ii C hi ()ij)I0IIi iZ moe free ratlical
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59.8 ± 4.8

25.1 ± 7.0

53.5 ± 5.7

(45.0 ± 7.0)a

51.1 ± 4.7”

44.7 ± 5.8’

87.2 ± Lit�

I)1�t-dit-1,liii ntnR)umlt ot I1(( [SIT! � \vnus nij-

I)t-�)XiIIit-tt(’1)� 1 IIi�(l. ‘limits, 0.5 011(1 �.2 Mit-

/1-i1y(i1�mXy111(1(�1tIii)t11z�nilt, (ii (L5 nit-ui 0.2
mimnoic ol iiit’t-cuiiinul in a I .0-nil it-iciilt-t-itiomi

miiixtuiIi�, (�)u1l(I t it t-�t-tte .5(1 t-tiit! 2() � Ot (SB]
gioiij )S, 1(Sj)(�Ct i ��e1y

In (lie COIltIOl t’I1Z\t-ii( I)t-elOit-t-itiOt-1, I (1 1151

Ounii)ntill t-tiic! (iS pit- /)-ilV(i1()XVt-ilt1CItIii)(t-1-

ZOntt( 101(1 sit-imilnu iIlliiiitoI\ efltct s nt-i

(Nt-i -i-. 1�-� � t-1(� i��-ity 1111(1(1 tiit�st,

(X1)t�Ii1i)(IItt-tl (�)t-1(iit 0)I0�. \\I1(�1tt-i�� �.2 U5I

Iil(,1CI11it-i1 ��as sigmiilicntmi tl�� ic-s elfecti\e

(1 -� 0.01 ;. It-n tlie (iii0t-�)m�)t-imniZit-i(� 1t-tt�

1t-i(iiCt-tI-1t-(ntt((1 t’IIZ\t-1)e I)m(I)nimt-tti�t-i, iio��-
� 0.2 M5t- lm1iY(1l�XYt-ii(’1(it-t-th1t-1�)t-ttt itt-id!

null inhibitory (1i((:l sit-mutt-n t- to tlintt of 1 (h usi
O11t-ii)t-iit-I , nit-it! t)..) uil /)-ii)(I10XYt-1i(1Ci1ii)(�11-

ZO�i It’ �vno-� sigmnificnit-itl� t-iiOi(�

(J) .( (1(11 ). i��uit.l1iei.i-t-tuii.t’1 .0 �.iii out-ihntit-i

it-llliI)it�1 tue (�)Ii1mOl nit-ui (�I1IOIl)t-Onmt-tZi11e

1’t-�t,t� t-t-t(it-Ct-tl-tt-(t-it((! tt-mz�t-iie imii )t-IFt-ttiOIiS

siuuilni t-�1:�� it-i teit-mis ot jut-cet-ttnige it-miii�)i tint-i

hut Iissiiiiihuil’v iii t ett-ii� of t-iiicionmoles of

!�i I��t- iiiilligt-ninm of j)t-Ot(it-i 1)11. 10 t-uiii. ( hi

the otlium IIt-it-1(i, titi’ it-lliii)it-i(fllof both l)i(1)

ntt-�t-it jot-is ot ( iNa � -f-- 1.�i-i-) -�.�FPnist by 0.2 nit-ui

0.5 uii j)-hV(iIOXVt-ui(Ic1t-rihtt-IZ()Rtt \Vt-1S Sit-hi-

lit!.it-itemiims of injcmotiioles 0! F t�’�’ muilli-

gt-nuim of 1)t-Ot(iIi 1)11 11) u-ut-i but. (!issit-m�iIar Ut

j)1(�mttnigt t-eit-iis. Fittis, it is aI)l)ntt-(�nmt flit-it.
0.;�) t-it-id (1.2 �.tii ji-iivdt-oxvniemcuiibeiizot-ite
su�1tct.ivel� tit-it-it(�(l 0.5 t-tIl(! 0.2 IIEq of It-ce

(SB] nt-i timi (�t-lZ’��t-ii(� t-)iOlUCUl(� \�liiCh hntt! mint

iJeu:t-i it-iactivate(! h� })I1�1 tienitt-iiemit �vitii

Cliii )1j)i( )I)it-iZ1Iit� it-ic ma(Iical . �flmesi� itsult s

it-I(liCt-ttt timt-it tt-tiniht-iit-i ct-it-i ict-ict ��it1i tiit� ft-ti�

inulict-il-it-ihibitid (t-iZ’�t-Ue. ( )t-i time ot1n�i
iit-tt-i(I, p-hyuimoxyt-iict-cut-t-ihtiizot-ite is ut-table
to ict-ict �vitii the emizvt-ime 1)i(�Vfl)ut-SlV eXpOSe(i

to (�lilo11)1i0imniZiIIeiI(�( t-t-ic!ict-t!.

LfJt’(:t ()�/ /)1#{149}1()l#{149}licalnicitl ivith GhlOiJ)IOlIltiZiliC

.11(1, I(UIIC(il (ill t)iIUliiL(/ (1) �IJ()ttaba11t by
(.\�ir -I-- Im�) -_:1 i’P(i�t-G. 1() detet-tiuit-te \vhietii(r

(�ii1O1I)l( )t-hit-tZiI1(� I�i�ee it-u hot-il nit-it! ounihnuit-i

ii)it-i(! ti) ( Na + I’�i� ) � I�ase at. (it-li (if mit

sifts, time t-ibililv to hit-u! 3F1-ouahauii �nts

.StuL(Iie(! it-i (IIZV1)u( j)1tj)t-tt-t-iti0t-iS that. ht-t(i

bitt- i t icateu! \\it Ii Cli hutj )t�( )t-hit-tZiIit� fi.et’ 1t-t(!i-
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cal (Fig. 2) . The et-uzyme suspension was

exposed to ultraviolet light for 4 mm with
different concentnations of chlorpnonmazit-ie
(0-20 �M) before ATPase activity at-id
3H-ouabain binding u�-ere assayed. As an
additional control, 40 MM chlorpmonmazit-me �

1)
Cht-orpr�’mazifle (I 0 1 2 4 i 0 20 40

( �M ) (NoATI’)
Ultraviolet � � (+) (+) (+) (+) (+) (-)

FIG. 2. (Nat + K�)-ATPase activity and ona-

bain binding in chiorprornazine free radical-treated
enzynte preparation

The enzyme suspension (0.2 mg of protein per
milliliter of 100 HiM Tris-HC1 buffer, pIT 7.5; total

volume, 3.0 ml) was treated as indicated. “Chlor-

promazine (jIM)” indicates the concentration of
chlorpromazine added to the emuzyme suspension

before ultraviolet exposure. ATPase activity was

assayed after appropriate dilution. Each incuba-

tion mixture contained 16 �g of protein per milli-

liter. Two-tenths milligram of enzyme protein
was also incubated with 0.1 MM ouabain and tracer

amounts of tnitiated ouabain for 10 mm at 37#{176}in

the presence of 80 mM NaCl, 2.0 mt-s MgClt, 2.0
mM Tris-ATP, and 50 nmM Tris-HC1 buffer, pH 7.5,

in a total volume of 2.0 ml. After centrifugation

at 100,000 X g for 30 mm, the pellet and super-
natant fraction were assayed for radioactivity.
All values are expressed as a percentage of those

for the control enzyme preparation, to which no
chiorpromazine was added and which was assayed

without ultraviolet exposure. Shaded columns

represet-it (Nat + K�)-ATPase activity, and open

columns indicate the 311-ouabain bound to the

enzyme. “No ATP” (first column at left) indicates

that Tris-ATP was omitted from the incubation

mixture for the ouabain binding study. Values are

the means ± standard errors of four experiments.

added to the enzynue suspensint-m, and the

suspension was kept in the dark until assay.

Dunit-ig the incubatiot-i of ouabait-i with the

bmaimi microsomal fraction treated with de-
nxychnlic acid, it usas assumed that nue-

tabolisnu w�as minimal and all radioactivity

assayed was t-H-ouabain. It-i exploratory cx-

1)enimelmts, the amount of nuabait-m bout-mci to
the emizyme was halved when the amount of
enzyme it-i the mixture was reduced by nt-ic-
half, w-hereas the amount of nuabaimi bout-mid

to the et-izynme was SO % of the control vnulue

whet-i the cot-icet-utratinmi of nuabain was me-

duced by nt-me-half. Thus, the nuvailable

emizyme protein, mint the available turnout-it. of
ouabaimm, wnus the linuitimig factor ut-mt-den the

preset-it expenimemmtal cot-mdition s. The bit-mci -

it-ig \\�t-i$ also specific, sit-icc it-i the absence of
ATP only a mininmal anuout-it of nuabnuimm �

bout-id to the emmzynuc.
Chlonpmomazinc free radical, butt tint.

chlomprnnuazit-mc itself, imihibited botlu (Nnvt +

K+) -ATPasc activity at-mci ounubaimu bimidit-ig

it-i a dose-dependent limit-mimer. However, the
inhibition of ounubaimi bit-idit-ig � signifi-
cantly less that-i that of ATPntse nuct-ivity. No

sigt-iificant reductiot-i of t-Hnunubniiri bimic!it-ig

was observed whet-i the et-izyme 1)n(’l)nmnatiot-i
is-as first exposed to ultmntviolet light it-i time

preset-ice of up to 4.0 �i chiompmonmazit-ic,

whereas (Na+ + K�) -ATPase activity was
sigt-iificantly reduced (p < 0.01) (l’�ig. 2).

DISCUSSION

(Na+ + Ic+)�ATPase has beet-i simnwmi to

cot-itaili sulfhydryl groups essemitinul for its
enzymatic activity (12-16). Sulfhyclryl
groups are also kt-mowmi to be effective hydmo-

gen dot-moms and to react rapidly with free
radicals (17). It-i the present expeminmemits the
free radical j)moduced by the ultraviolet in-
radiation of ch!nmpmomazit-ie decmetused the

free NH] of the enzyme prepamatiomi and
concomitat-itly inhibited (Nnr’ + K�)-
ATPase activity. Seventy-five per cent of
the total sulfhvdnyl groups of the enzyme

Preijamation reacted! with chemically pro-
duced free nadicnul of chlorpromntzit-ie amid!

totally immhibited the enzyme nuetivity.

Because sulfhydryl grout-ps are knowt-i to
react with free radictuls, it was c)f sonic im-

1)omtnumice tc) (‘St.ntblisil whether or t-uc)t time
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Unpimblished observations.

it- itemnuctinmi betweci i chlnrpmnnmazine free

radical nulmdi sulfhvd!mvl groups is a get-ucral or

a nt-nt-c specific effect. While time preset-mt

study inc!icnites that ch lnmpnommmazine free

radical cam i combine ivitim sulfhyd!rvl gmou�)s
nthct- that-i those associated! with (Na+ +
Jc+)ATI)nist., (ut-�lit’t-� stut-(!i(’s hntve clenmomi-

stl’nttedl the cd)mplexitv ()f this intenactiot-m.

()xidnutiomi 1)1�t-� se is mint a factor in time free

mnid!icnul it-ihibitiomi of the emizyme, sit-ice

ntg(’t-it.s such as t-imet nibisulfite am id! ascorbate
ft-tiled to t-enuctivntt.e time it-ilmibited enzyme.

Bcnict-ivt-ttiot-i, im()\VeVel, \VnlS obscrvedl d)t-i

ttN’nttIim(’t-it. with C’�5tei1i(’, (htimiotimmeitnl, or
NaCl. It t-mma:\. be Cd)t-icltldt’(! fmnt-i these ob-
Se1�t’t-tti()t-iS timnit c’lilnml)1d)fllaZit-ic free mnmciical
bit-idis td), but (lOt’s not OXid!ize, free sulf-
im�(!ryl �

\Vhile it iS t-t-ui(’ flit-ut. flit fmee madicnul of
clilompmoiiuaziiuc cd)uil(1 ht-tVt it-itumnucteci mint-i-

select ively with sit-i f1iy(!t-�yl gmnui� )S aui(l

thereby it-ihibited a ivit!e yntniety of et-uzynmes,

some sl)ecificitY of the fm’t’i� radical linus

ntlt-�(’ni(lV beet-i (let-mmnnstmate(!. .\ Ig��-;\..’fPnuse

activity is immuch leSs semisitive (2), as n-tie
NA1)H-c\-tochmonie C nxidlomeduet-ase at-mdi

cliolit-icstt’mnise niCt,iViti(S t-imt’t-isuIt-t’d! it-i the
sat-lie rat- brain fraction.’

Ountbnuin (li(! mint c!ecrease free (511] �vimet-i

it it-ihibited (Nt-i + K�)-ATPase activity
sigt-iificat-itly. These d!ata suggest that dunn-

pt-d)flmazine free na(licnil t-tt-l(! ounibt-uit-u munuct
w�it-h chet-mmicnully (hfierent. sites on (Xnu+ +
1s�)_A�fPntse. Sit-ice out- enzvt-ime J)1(’j)amnutiot-m

cnnt-nuiueci 60 mmEc1 of free NH] l)t’i nmillignat-im of

protein, it is possible f-lit-ut the imutenntctiot-i of

ounibnuit-i ivitiu free [SIT] would! have beet-i ut-mi-

(ietecte(!. Nor cm the 1)t-�eStmit stutijes with
cimlorpmotmmnizine free It-Idlidnul differentiate be-
tWeet-i the sulfhydryl groups (ssct-ltinul and

not-wsset-itial for (Nnu± + K+)_ATPnuse ac-

tivity. \\hile then’ is a cot-melatid)t-i between

timt’ ch lorpmnmmma zit-ni’ free madiicnul-it-id!uced

it-iiiibitiomi of (Xnr� + K+)_ArFi)nise activity

at-itt the et-iZvt-ime fice sulfhydimvl cot-iccmitma-

tid)t-l, it is still possible flit-it clmlnmpmonmazit-ie

free radical intemnucts with sulfiuyd!myl groups

ut-inecessarv for et-izynit’ catalysis.

�Iiit’ l)ncstt-mt. (It-itt-i clearly it-iclicnute timat

clmlompmnnmazimie free madicnul nit-id! nunubait-m do

not commmpete for time same et-mzymc site in
it-iiuibitimig (Nat + I’.�)-ATPasc activity.
Both the clmlnnpmnmazit-ie-emmzymc complex
(2) at-id time ouabaimm-cnzyme complex have

beet-i simow-n to be stnublc (5, iS, 19). The

irreversibility of the p-hvdmoxvnmercuni-
bet-iznatc-[SH] cnt-mij)lex is also rccogt-uized

(2, 16). Therefore, ut-idem the preset-it experi-

nmental cot-iclitiot- is, chlorpmomnizine free

radical , ouabnuimi , or p-hvdm-oxvmemcumibemi-

znate bnunid to the emizynme is it-i nu mioncqui-

libmiunu stt-itc with mesl)ect to its comicet-itra-
tint-i in time imicubatiot-i nuedium. Furthermore,

these imihibitoms at-c capnuble of total imuactiva-

tint-i of the ct-iz�me if time comicemitnatiomus nine
nudequate (2, 5, 13). Thus, it is renisominubic to

nissume that time eiiz�-t-mme nuolecule bout-md to
chlnmpmonunuzit-ie free mnudicnul, ouabnuimi, or
/)-hydimoxynuemdunibenznnut e loses its nuctivity

dOfluplct(’lV t-1t-i(! that the �)et-cet-itt-ugc imihibi-
tint-u of et-izu-nmc activity represents the pro-

1)01tiot-i of it-ulmibitom-boumid, it-inuctivateci en-

zyt-mmc mmmnlecules it-i the totnil et-izynuc i)01)tila

tint-i. This t-nt-uy be visualized nus time inhibitor

titnatit-ig the active sites nt-i the et-izyme.

ITt-icIer these cincumimstt-ut-ices, nt-a’ would cx-
pect that, if time two inhibitors it-itemnuet with
time cimzvt-mie nit. the snuimme site, sequemitial

tmenutnuent of th( et-izv�ie with these irmiuibi-

tot-s would result it-i the sccnmiti it-miuibiton
titmnutimig ot-mly timose sites t-iot imiactivnutcd by

the first inhibitor (Fig. :�, bar (7). This was

flit’ ct-use witlu the scqut-’mitial treatment of the

emuzynue with cii lnmpmnt-mmazimme free mnic!icnul nit-id

p-hydmoxvrnemcumibemi znatc (cnmpni re bnurs

C at-id h’, Fig. 3) . ()n time other hat-ic!, if tw�o

imihibitoms imitemt-uct ivitiu time enzynic nut dif-
fememit Sit(’S nut-id them(’fnmc are not cnml)cti-

t.iVda, their 5(’( iuemitit-ul immcubatint-i With the
ct-izvnic would result it-i the scent-id it-ihibitor
titmnuting nuctive sift’s of muomnual amid macti-

vated (‘t-lZVt-fle molecules imucliscnimit-iatcly.
This was the ct-use with time sequemmtial treat-
immet-it of the emizyme with chlorpmonmazimme free

radical nund ouabniiim (compare bnims D at-id E

of F’ig. 4) . Sit-ice nuabaimi bound to the

emizynuc mmmoleculc �)1cvioUsly innuctivt-uted by

chlorpmomnuzimic free nadlical did mint cot-i-

tribute to the reduction it-i et-izvnue activity,

the scent-ic! imilmibitom resulted imm a lower mute

of it-ihibitinmi of time treated et-izynue that-i

control emizynmc it-itennis of micmonuoles per
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Ik)Mt-3 ( 0. 2 �M )

If acting at
c same site
3

.� If acting at

.� different sites

� observed

( Na�#{247}K� )-ATPasc activity

( �noi l’i/iig protein 1)) 010
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milligmnunm of pmott’it-i per mit-mute. Time nultenmia-

tive explamiatiot-i for the reduced it-ihibitiomm is
that the scent-md it-mhibitom reactit-ig with time

sanue site nt-i the emizvnme may hntve mephuceci

the first- it-ihibitom’ bout-id to the et-iz�-nme. If

( Na�+K� )-ATPase activity
( .inot- Pi/mg protcin/lO mm

0 10 20

�

1

-� �j I)

� 1�

Ft-(. 3. Possible and actual inl(’ractions be-

tween (�I( lorpromaz in t� free i(t(li cal (101/ p-I) �Idroxy-

inercuribenzoate (I�o:l!B) iiih (.Va� + K�)-A TPase

The dat a for bars A , 13, amid E are u aken from

Table 4. Shaded areas represent inhibited emizynie

activity. ()ien areas rdl)reset-it (Na� + K�) -

ATPase activity observed (�4, 13, and E or to be

expected (C and 1)).

Chlorircma Ziflc

frcc radical

Ouabain (1.0 �tM)

1) I(( 2))

A

��r%��rA i
If acting at
sailic sitc

If acting at
diffcrcnt sites

Obscrvcd

Fic. 4. Possible and actual interactions between

chiorproniazine free radical and ouabain with

(.Va� + K�)-A TPase

The dat a for l)tirS _4 , B, and E arc t aket-i frommu

Table 4. Shaded areas represent inhibited enzyme

activity. Opemi areas represent (Na� + K�)-
ATPase activity observed (A, B, at-md E) or to be

expected (C aiid D).

the scent-md inhibitor imad a sigt-iiticnumitly

Imigimem nuffinity for time et-izynie thnumi the first

inhibitor, this nmnuv imnuve occurred. This
possibility, imnwcver, is excluded it-i the case
of CImlOt-’l)t-�)flit-iZit-mt’ free mt-udicnul nut-id nunibait-i,

sit-ide sequemitinul tm(’nutt-imet-it of time (Nnu+ +
j�+)_;��1�1)nusc it-u revet-�se ot-�det- gave sinuilt-ur

results : it-ihibitinmi by the scent-id it-iliibitnr
.31) � nihvnuys time st-unit’ it-i cnmmtrol nut-i(l in

imuhibit.ecl emmzvnmc 1)1�(’Pnurat.id)t-is it-i tennis of

jM’rcemltnuge imiimibition (‘Unuble 3) . ‘lime j)ossible

Itt-id! actual imitemnuctions bet�veet-i the vt-uriouis

agents are showt-i it-i l’igs. 3 nit-ic! 4.

‘�1’imt’ t-(’InltiOt-msimi}) betweemu imihibitomv situ’s
nt--i (Nnu+ + 1s�+)_��’1’I)nust� for chlnrpt-omntzimmc

ft-ct’ mnidicnil nut-id ounubnuin is fum�ther substnut-iti-

nutcd by the 3H-ouabnuiii binding stul(!ies. If

ciilorpmnt-mmt-uzimie free ra(Iicnul nit-ic! out-ibt-uiii

bit-id to time et-izvt-mme at time snunuc site or at

dlOs(’1\ t-t’lt-itt’d sites, the relative imiimibitiot-m of
(Xt-u+ + Js�+)�TJ)nus(� activity nit-id! ounibaimi

bitt-ding simould! be identical, sit-icc time et-izynme
it-mt-ldtiVnttc’d by chlorj)t-ot-nazimie free mniclicnul
ct-ut-it-mt bind ouabt-uit-i ft-it-timer. Scimwt-trtz el a!.

(20) lit-ui-c showt-i flit-ut ouabnuimi bit-ids st’lec-
tii-t’ly to (Na� + l’�)-A�CPnust’. If tue bit-id-

it-hg situ’s for chlnmprot-iiazine free radical nut-c

(lifft’t-N’t-it fronm the binding sites of ouiabt-uit-i,
ciilot-pmnt-mmnuzit-ic’ fmu�a t-t-l(Iidt-ul should mint it-item-
lerc’ with nuabnuiii bimiding �vimile it-ihibitit-ig

AT I �asu’ act ivity . ‘T’iie j)m(’s(’mmt. c!atnu imidicntt.c
that time bit-idlit-ig sites for both inhibitors nut-c

t-i()t it!u’mitical or t’STt’t-i Vt’IV close, sit-icc dunn-

1)t-�0t-1mt-tzit-h(’ fret’ mnuc!ical bout-id to time emmzvt-uie

did. mint. t-t’(Iuldt’ time bit-alit-mg of ounubain pro-

1)0t-tiot-it-ullY t� (Na� + K�)-ATPnusc nuc-
ti\-it-y, although there ��as ni t-muimiinmal reduc-
tint-i it-i 1F1-nunubaumm bit-idit-ig at high dijon-

1)t-nflmt-iZit-m( cnt-icet-itt-t-it-int-is.
�\..lt.imouglm a lit-met-un nu’lnutiot-islmij) \\nus

set-Vt’(! bet�veet-i the (lcdm�t’t-i5(’ of fret’ [SB] nut-i(!

the iiuiiibitint-i of (Na� + I�)-ATPnisc
nuctivity, this does not it-mmply time preset-ice of
a simigle sim1fimyc!t-�-l �FOtij) nt-i ct-u-elm active site

of tiiu’ t’t-izvflme. Such a relt-itinmishul) imnus nuiso

beet-i mej)c)rted! with several eimzynmes wiuich

have nmult.iplc sUlfhy(Iryl gmou�)S Iem active

site (21-26). Sit-ice time preset-mt et-uzynme prep-

amnitiot-ms contait-u nup�)moximmmnutcly 64 nEq of

sulfh�-cIt-yl groups per t-mmi11igranm of I)t-otu’iml

at-ic! time t-mmnleculnun weight of (Nnu+ + K+)

ATPnusc is estinmnuted to be 250,000 (27), each
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enzyme molecule would cot-itain 16 sulf-

hydryl groups, assuming that the clistnibu-

tint-i is uniform amomig enzyme pmnteit-i amid
not-i-enzyme comitanminatit-ig protein . The

preset-it results show-ed that 25 % of these

sulfhydryl groups were unrelated to (Nat +

J�+) ATJ�ase activity at-id nonreactive to

chlnnpromazine free radical. These data,
however, do imot imidicate whether this was
due to the difference it-i chemical structure

surrounding these sulfhydryl groups or me-
suited from the fact that these sulfhyciryl

groups become accessible only after denatu-

nation of the enzyme pmnteit-u.
The hypothesis that the semiquit-mone free

radical is the active form of the tnammquilizit-mg

agent, chlonpnomazine, is an attractive one.

If nt-ic assumes that 50 nug of chlorpmnmazine

in a 70-kg man can elicit a pharmacological
response, the estimated concentratinmm of

chlorpnomazinc in the bnait-i would be be-
tween 10_6 and 10-s st-, assuming a 4-fold
concemitnation of the drug in the brain (28).
The inhibition of a key metabolic fut-iction

by such concentrations of chlnnpmomazine

has not been demonstrated (29) . It is t-ulso
possible that the free radical could be
get-ienated at a specific site within the brain.
It has been shown that the free radical can

be formed enzynuatically by the oxidative
metabolism in eivo (30) on nnt-ienzyrnaticallv

by melanit-i (31). If it were generated by
these or some other mechanism in the brain
it-ear a key metabolic process at a specific
anatomical site, this could perhaps lead us

closer to at-i explant-utiomu of the mecha-
nism of action of the drug. The rapid dissi-
pation of the free radical (2) could provide

an alternative explanation for its selectivity.
At least, such a hypothesis would provide an

answer to two aspects of the action of
chlonpnomazine, its potet-ucy and its selec-
tivity.
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