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Abstract-Crude toxic extracts obtained by ethanol extraction from the coelenterate Pal~thoa curi- 
burorum were shown to possess strong (Nat + K+)ATPase inhibitory activity on enzyme preparations 
from the electroplax of Elrctrophorus rhtricus. The toxic and inhibitory effects were found to be 
separable. Chromatographic, spectrophotofluorimetric, electrophoretic and biological data demonstrate 
that the inhibitor is serotonin. It is a non-competitive inhibitor for Na’ and ATP but is a competitive 
inhibitor for K’. In enzyme preparations of a specific activity of 1.5pM P,/min, Iso is of the order 
of 1 mM. 

In the course of our studies with crude preparations 
of palytoxin, a powerful marine toxin isolated from 
the zoanthid Pul~thou cmiharorum [I], we were able 
to detect strong inhibitory effects on ouabain-sensitive 
ATPase isolated from the electric organ of Elrctro- 
phorus electricus. Using crude extracts of ciguatoxin. 
another powerful marine toxin. Rayner and Szek- 
erczes [2] reported a similar observation. They failed 
to find a correlation between toxicities of the extracts 
and inhibitory activity. After a similar experience with 
crude palytoxin, we were able to separate the toxic 
constituent from the ATPase inhibitor, which was 
shown to be an indole[3]. Other indoles. such as 
the hallucinogenic drugs harmaline, harmalol, har- 
mine and LSD. are known to inhibit NaK ATPase 
from several tissues. Among this group. harmaline has 
been studied in greater detail [4]. 

Because of the wide distribution of indoles in mar- 
ine animals. studies were undertaken to identify the 
inhibitor, study its effects on the kinetics of 
(Na+ -t K+)ATPase and attempt to explain its 
mechanism of action. An enzyme preparation isolated 
from E. electricus was used for these studies. 

MATERIALS AND METHODS 

Trizma-HCI. Trizma-Base. ouabain, ATP. trypto- 
phan (TRY), 5hydroxytryptamine (S-HT. serotonin). 
S-methoxytryptamine (5-MeO-T). 5-methoxyindole- 
acetic acid (5.MeO-IAA). h-hydrou! tryptamine 

(6-HT), ,Y-acet)i-5-hydroxqtryptaminc (,v-acetyl- 
5-HT). p-nitrophenylphosphate (pNPP) and CM- 
Cellulose were obtained from Sigma; 5-hydroxy- 
indoleacetic acid (5-HIAA) and 5-hydroxytryptophan 
(5-HTRY) were obtained from Pfaltz and Bauer; and 
indole-3-acetic acid (IAA) was obtained from Nutri- 
tional Biochemicals. All other reagents were either 

*To whom requests for reprints should be sent. 

U.S.P. or C.P. grade. Sephadex G-15 was a product 
of Pharmacia. Fluorescence measurements were done 
in a Perkin-Elmer model 204 spectrophotofluor- 
ometer. Ultraviolet measurements were done using 
either a Cary 17 or a Gilford 2400 spectrophotometer. 

Precoated Silica gel plates from KontesiQuantum 
and polyethylimine P EI-Cellulose plates from Brink- 
man were used for thin-layer chromatography (t.1.c.). 

Ascending paper chromatography (p.c.) was done 
using Whatman 3 MM paper and butanol-acetic 
acid-water (4: 1: 5, superior phase) as the solvent sys- 
tem. Chromatograms were visualized under U.V. light 
or stained with the reagents of Sprince[5] or Pro- 
chizka 161. 

A Shandon apparatus was used for high voltage 
electrophoresis (HVEP). The solvent system used was 
water-acetic acid (14: 1) adjusted to pH 4.0 with pyri- 
dine. Samples were allowed to run for 50 min at 
60mA and spots stained as described above. 

Silica plates were developed in isopropanol- 
ethyl acetatee28”, ammonia-dimethylformamide 
(35:45:20:5) and polyethylimine (PEI)-Cellulose 
plates in 0.5 M (5 min), 1.0 M (10min) and 1.5 M 
(30 min) LiCl [7]. After drying, the plates were stained 
with one of the above-mentioned staining reagents. 

Toxicity of crude palytoxin extracts was tested in 
adult mice by intraperitoneal injection of 0.2 ml of 
appropriate dilutions. The time of death was recorded 
and toxicity expressed as the reciprocal of survival 
time (tnin-‘1 x 1000. 

Prcpmtiott utttl USXJ~ of’ (:Vu + + I< . )A TPusc. The 
electric organ of E. &&us was used as the source 
of (Na i + K +)ATPase. The procedure for the isola- 
tion of the enzyme was essentially that described by 
Albers c’t trl. [8] with the modification that disruptlon 
of the tissue was achieved in 5 mM EDTA by 
repeated homogenization instead of sonication. A 
preparation with a specific activity of approximately 
1.5 btmoles Pi x min- ’ x mg- ’ and 96 per cent sen- ._ 
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sitive to ouabain was used. After lyophilization. this 
preparation was stored at - 15 for prolonged periods 
(over 2 years) without appreciable loss of acti\ ity. 

ATPase assays were performed at 37 for 20 min. 
after the addition of the substrate. during which 
period the activity was found to be linear with time. 
A typical incubation mixture contained I SO Itmoles 
Na+ . 20/lmoles K’. 5 Lcmolcs Mg’ ’ (as chloride 
salts), enough enzyme to hydrolyze 10 per cent of 
the substrate during the incubation period. the 
desired amounts of inhibitor (whenever ouabain was 
used its final concentration was 1 mM) and 2.5 /moles 
ATP as substrate. added to start the reaction after 
equilibration of the mixture for 10 min. The total 
volume was 1 ml. The reaction was stopped by the 
addition of 2 ml of a IO”,, trichloroacctic acid (TC’A) 
solution containing ?‘,, ascorbic acid. 

Enzyme activity was measured in terms of the inor- 
ganic phosphate produced, which was determined 
after the procedure described by Baginski (‘r trl. [9]. 
Protein was determined by the method of Lowry (‘t 
ul. [IO]. 

A.sstr~~ qf K-dc,p~~t/vr~f p/~o.$r~tltr.~. Potassium-acti- 
vated neutral phosphatase was assayed essentially as 
described by Nagai et trl. [I I] using p-nitrophcnyl- 
phosphate (pNPP) as the substrate. The enzyme is 
referred to as pNPPase. Its activity was calculated 
as the difference between the activity measured in the 
presence of Mg” plus K’ (5 and IO mM) a~nd the 
activity detected with Mg2+ alone. The reaction was 
started by adding the substrate to a linal concen- 
tration of 5 mM and allowed to proceed for IS min 
at 37 and was stopped by adding 2 ml of 0.05 M 
NaOH. The mixtures were centrifuged and the 
p-nitrophenol (pNP) liberated was I-cad at 410 nm. 
Blanks were included to correct for absorption due 
to the presence of the inhibitor. 

A heart preparation of guinea pig ventricle was 
used for testing the effect of serotonin (creatinine sul- 

fate complex) and the inhibitor. The preparation con- 
sisted of an isolated strip of right ventricle wall 
mounted vertically in a transparent cylindrical 
chamber containing a solution of the following com- 
position (mM): NaCI. 138: KCI, 2.7; CaC12. 2.7; 
M&Cl’, 0.5: NaHCQ,, 12; NaH2P04. 3.6; and glu- 
cose. 5.5. The temperature was kept at 37 The con- 
centrations of serotonin and ATPase inhibitor used 
were 42 and 47 lLg/ml respectively. The preparation 
was stimulated by current pulses of 3 msec duration 
and twice the threshold at I c/s. A resting tension 
of 350 mg was given by stretching the muscle. Peak 
tension was rccordcd with ;I strain gauge and dis- 
played in a Grass Polygraph before and after addition 
of the substances hcing tested [ 121. 

RtCSI LTS AND DISCL’SSIDN 

isolation qftlw A?Paatf irthihitor. Portions of P. (‘((I’- 
ihawrurn colonies. collected off the eastern coast of 
Puerto Rico. were placed in 95”,, ethanol and extrnc- 
tion was allowed to proceed in the cold for I week 
or longer. This extract was dried by evaporation and 
redissolved in go”,, ethanol for further steps in the 
purification scheme that follows. 

The supernatant fractions 1 and III from the ahovc 
scheme were evaporated in a rotary evaporator. The 
toxicity (per unit weight) of the dried residue was ncg- 
ligiblc compared to that of the precipitate. After 
resuspension in 25 ml of distilled water an insoluble. 
gummy, strongly red fluorescent (due to chlorophyl) 
precipitate was removed by filtration. The clear fil- 
trate was applied to a Sephadex Ci-15 column 
(45 x 4.5 cm) previously washed with distilled water. 
The sample was cluted stepwisc with water. 0.9”,, 
saline and Y’,, NaCl. The eluted fractions were read 
for absorbancy at 275 nm and for fluorescence emis- 
sion at 33X nm (excitation at 300 nm). A total of I6 

100 ml Crude extract in 80”;, ethanol 

400 ml acetone 

7.’ 
Ppt I Supernatant I (keep) 

dissolve in 100 ml of X0”,, ethanol 
add 100 ml acctonc 
allow ppt to coalesce: ccntrifugc at 
2000 rev,;min for 10 min 

Ppt 2; toxic 
(discard) 

Supernatant II 

add 300 ml acetone 
allow ppt to coalesce: centrifuge for IO min 
at 2000 rc‘c min 

Ppf 3; toxic Supclinatant III (mix wtth supernatant I 
(discard) and keep for tests) 
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peaks could be identified by absorbancy measure- 
ments (Fig. I). 

The material in peak 16 was found to exert the 
most pronounced inhibitory activity. Judging by the 
symmetry of the peak and the approximately constant 
O.D. ratios between selected points of the U.V. spec- 
trum read at different levels of the peak. it appeared 
to be homogeneous. 

Since peak 16 is eluted in an NaCl gradient and 
because indoles are unstable in aqueous solutions. it 
was considered convenient to remove the salts and 
keep the material in dried form. The material in solu- 
tion was dried by flash evaporation and suspended 
in acetone, taking advantage of the low solubility of 
NaCl in acetone. The acetone solution was dried 
again. yielding a yellow brown residue. which was 
kept in the freezer for further testing. 

Inhibition of NaKpATPuse IIJ’ the crude extract aml 
the rnateriul in peuk 16. The dose-dependent inhibitory 
effect of the crude extract (ethanol evaporated, residue 
dissolved in water) of palytoxin is shown in the lower 
curve of Fig. 2, where the per cent inhibition is plot- 
ted against the amount of crude extract added 
(expressed on a dry-weight basis). Less than 2mg/ml 
of crude extract caused a 50 per cent inhibition of 
the enzyme activity. 

The upper curve in Fig. 2 shows the results of an 
experiment in which the desalted material from peak 
16 was tested for inhibition. Inhibition of 50 per cent 
was obtained by an inhibitor concentration of 
2OOpg/ml. For the desalted peak 16 material, routine 
calculation of concentration for inhibition experi- 
ments was done after establishing an E,, of 232 t 20 
at 275 nm (1 cm length path cell), not very differer’ 
from the calculated E:c: of S-hydroxyindoleamines. 
reported to be 277 [13]. This represents roughly a 
IO-fold purification of the crude extract. 

Ecidencr of .serotonin as the inhibitor. Table I sum- 
marizes the results of the chromatographic, electro- 
phoretic and spectrophotofluorimetric tests per- 
formed in the identification of the inhibitor prior to 

Fig. 1. Sephadex G-15 fractionation of the acetone super- 
natant. The elution profile was redrawn from the original 
record taken at 254nm in a UA-2 Isco U.V. monitor. The 
elution begins with water and is shifted to 0.9 and 8”,, 
NaCl at the arrows. This record was used for establishmg 
the nomenclature of the peaks in all subsequent 

experiments. 

Concentration, mg/ml 

Fig. 2. Electroplax ATPase inhibition by the crude extract 
of P. c~trrihtreorm (lo\ler wme) and by the material in 
desalted peak 16 (upper curve). The abscissa scale rep- 
resents the final concentration of the inhibitor in the assay 
mixture. which in addition contained: 2.5 mM ATP. 
150 mM Na’. 20 mM K + and 5 mM Mg’+. Crude extract 
concentration was derived from dry weight determinations. 
Desalted peak I6 concentration was derived from O.D. 
mcasuremcnts at 275 nm and an Ei Y:’ of 232 at that 

wavelength. 

desalting. Although chromatographic mobility does 
not rule out the identity of 6-HT as the inhibitor, 
the two compounds stain differently. In addition, the 
spectrophotofluorimetric properties of these two com- 
pounds are markedly different, leaving 5-HT as the 
compound with properties closest to those of the in- 
hibitor. The shift in the emission peak of serotonin 
from 33X to 535 nm when placed in a strongly acid 
medium (3 M HC’I) is a widely used criterion for its 
identification. since it is characteristic of hydroxyin- 
doles [ 141. The other hydroxyindole tested. N-ace- 
tyl-5-HT. showed a markedly different electrophoretic 
mobility from that of the inhibitor (16 mm as com- 
pared to X3 mm). Preliminary mass spectrographic 
data indicate that the inhibitor is an entity of a mol- 
ccular weight of about 172. This additional informa- 
tion supports the existing data used in the identifica- 
tion of the inhibitor. 

F&W twlpis 01 the, m~twicrl fi.m peek 16 und 
c~~%lcr~w of’ its imtrdC/it~~. The desalted material 
obtained by acetone extraction from the dried frac- 
tion I6 \\;I\ tc\tcti for homogeneity by p.c. and t.1.c. 
in silica gel plates. The material appeared to be het- 
erogeneous and two main components were identi- 
fied. The second component showed a faster mobility 
than serotonin, indicating a lower polarity. Identical 
results were obtained by high voltage electrophoresis. 
Thin-layer chromatography on PEI-Cellulose leads to 
the separation of three spots. In all tests, the most’ 
abundant component showed chromatographic be- 
havior identical to that of serotonin. Interestingly 
enough. when fret scrotonin was dissolved in 8”” 
NaCl. dried and extracted with acetone, its chromato- 
graphic heterogeneity was identical to that shown by 
the desalted material from peak 16. 

Efjkt of’ the iwltrred inhibitor on NrrK- A TPtrse kin- 
r,tics. Figures 3 and 4 summarize the effects of the 
inhibitory material from peak 16 on the kinetic 
properties of ouabuin-sensitive ATPase under varying 
experimental conditions. 



592 s. GARCiA-CASTlfElR.AS (‘f <I/. 

Table I. Electrophoretic. chromatographic and spectrophotofluorimetric data on the ATPase inhibitor from peak lb 
and related indoles 

Compound 

Thin-layer Paper Thin-layer Fmisdon Emisswn 
HVEP chromatography chromatography chromatograph! in HZ0 ,n 3 M H(‘l 

(mm) (Silica) (R,) (R,I (PEU (R, I (nm) (nm) 

TRY 
5-MeO-T 
5-MeO-IAA 
N-acetyl-5-HT 
6-HT 
5-HTRY 
5-HT 
Material from 

peak 16 

85 

I6 
82 
15 
X4 

83 

0.39 
0.8X 
0.43 
0.95 
0.84 
0.30 
0.x I 

0.82 

0.54 

0.52 

0.52 

0.37 

0.37 

No shift 

552 
No shift 

‘35 

ii5 

Figure 3A shows enzyme activity at varying Mg2+ 
concentrations, all other experimental conditions 
remaining constant. An inhibitor concentration of 
200 pg/ml is enough to induce 50 per cent inhibition. 
The extent of the inhibition does not depend on 
Mg2+ concentration. 

Figure 3B shows enzyme activity as a function of 
Na+ concentration, at constant K+, Mg2+ and sub- 
strate concentrations. both in the absence and pres- 
ence of inhibitor. The per cent inhibition does not 
vary appreciably with the variation of Na’ concen- 
tration in the range employed. The constancy of the 
per cent inhibition obtained when using a fixed con- 
centration of inhibitor in the presence of varying con- 
centrations of these ligands suggests a non-competi- 
tive type of kinetics. 

Additional evidence of non-competitive kinetics 
between the inhibitor and Na’ was obtained by trac- 
ing a double reciprocal plot of the data presented 
in Fig. 3B (l/r vs [I /Na’]) in the absence and in 
the presence of the inhibitor. Extrapolation in both 
cases gave an identical value for K, (not shown). 
Analysis of the same data by the non-linear regression 
method of Wilkinson [15] yielded values for K, of 
12.98 + 2.77 and 11.75,+ 3.44 mM in the absence and 
in the presence of inhlbltor respectively. Statistically 
this is not a significant difference, since values of K,, 
fall within the standard deviation of each other. 

1.0 

5 0. 6 
E 

ci 

t 
z 

A 

Potassium partially abolishes the effects of the in- 
hibitor. Varying concentrations of K’ in the presence 
of a constant amount of inhibitor. all other par- 
ameters remaining constant, yield the results shown 
in Fig. 4. The double reciprocal plot indicates a mixed 
type inhibition. Analysis of the data by the method 
of Wilkinson [ 151 gave values for K ,,, of 
1.47 + 0.38 mM in the absence of and 6.45 + 0.X9 
mM in the prcsencc of the inhibitor. This is a highly 
significant difference in K,,, since each K,, falls out 
of the 99 per cent confidence limits of the other. This 
is in contrast to the observation made with other 
ligands (ATP. Na ) where non-compctitivc eff‘ccts 
occur. 

Figure 5 shows a double reciprocal plot where the 
substrate concentration is varied at constant ionic 
concentrations of Mg”, Na’+. Kt in the presence 
and absence of the inhibitor. Two concentrations of 
inhibitor (0.1 and 0.2 mg;ml) were used. The type of 
inhibition is clearly non-competitive. It has been 
reported that tryptamine. serotonin. histamine and 
the cathecholamines form complexes with ATP in 
solution and in their storage vesicles [lb]. This com- 
plex formation is expected to lead to competitive inhi- 
bition rather than the observed non-competitive inhi- 
bition reported here. 

Dctermincttim of’ Ki. The fact that inhibition does 
not increase with time (data not showjn) was taken 

10 20 
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Fig. 3. Effect of Mg” (A) and Na+ (B) concentrations on clectroplau ATPasc in the absence (0) 
and in the presence (0) of desalted peak 16. The contents of the assay in A were: 4 mM ATP. I SO mM 
Na+. 20 mM K’ and 0.23 mg.!ml of inhibitor. Contents of the assay in B were: 2.5 mM ATP. 70 mM 
K’, 5 mM Mg”*, and 0.2 mgiml of inhibitor. The Na’ concentration scale does not take into account 
the sodium present in ATP. This explains the high enzymatic activity even when Na was not added 

to the assay medium 
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16- 

14. 
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Fig. 4. Double reciprocal plot of the effect of K concen- 
tration on electroplax ATPase in the absence (0) an in 

the presence (0) of desalted material from peak 16. 

as indirect evidence of the reversible combination of 
inhibitor with the enzyme. From the same data shown 
in Fig. 5, a value for K, was calculated. For an 
enzyme preparation with a specific activity of 1.5 ,uM 
P,jmin/mg of protein, Ki is approximately 220 pg/ml. 
Similar results were obtained when Ki was calculated 
by the method of Dixon [17]. using two different sub- 
strate concentrations (data not shown). 

/$rcr 011 pNPPase. A currently postulated sequence 
of reactions for NaK-ATPase-catalyzed hydrolysis of 
ATP is as follows: 

Step 1 step 2 Step 3 

El 
Na..hle‘- ,vP hlg‘ F,P K’ 

,\-rP !\DP HI() ’ 
E, + P, 

where the E, form has marked affinity for K’. but 
not for Na+. pNPPase activity is claimed to represent 
step 3 of the above scheme [1X]. 

The inhibitor from peak 16 was tested on pNPPase 
activity and, under the experimental conditions used. 
750/1giml of the inhibitor caused 95 per cent inhibi- 
tion of the enzyme activity. This concentration rep- 
resents maximal inhibitory activity on NaK-ATPase 
(Fig. 2). This can be interpreted as indirect evidence 
that the inhibitor described here exerts its effects on 
NaK-ATPase by inhibiting step 3 of the above 
scheme. We ha\e found that increasing concen- 
trations of K’ partially abolish the inhibitory effect 
(Fig. 4). Maximal inhibitory activity is found at K+ 
concentrations of I-2 mM. A IO-fold increase in K + 
concentration reduces the inhibition by 25 per cent. 

lr~otropic~ t$W.s 01‘ .so’otonin creutinine .sdjde trttri 
pur@l ttuferirrl ,fivttt prtrk I6 ott Herr tmsdr. The 
simdarities in biological activity of serotonin and the 
desalted material from peak 16 are apparent from the 
fact that both substances induce a positive inotropic 
response (Fig. 6). This is additional evidence to sup- 
port the contention that the inhibitor is serotonin. 

When serotonin (as the creatinine sulfate complex) 
is tested, the inotropic response is accompanied by 
spontaneous arrythmic activity, not observed on addi- 
tion of the inhibitor to the medium. 

Probable explanation for the presence of other rom- 
ponents in acetone-extracted materiul from peak 16. It 
can be inferred that the other constituents detectable 
in the material from peak 16 after desalting are prob- 
ably hydroxyindoles, products of degradation of sero- 
tonin. Hydroxyindoles are known to be rather un- 
stable substances. We have observed that commercial 
preparations of serotonin are stable when in the form 
of a complex with creatinine sulfate, but are rapidly 
degraded when isolated. yielding a mixture of com- 
ponents. In the absence of water. and in a slightly 
acid medium (just as it happens when serotonin hy- 
drochloride is lyophilized and extracted with acetone), 
the following reaction can occur. 

0 

/CH, 

?I- 

M 

N=C 
\ 

\ I ; CH3 

o=c 
‘CH, 

Acetone 

This reaction may well partially explain the pres- 
ence of at least another component in the serotonin 
solution isolated from peak 16 after desalting. The 
compound described above would have a more apo- 
lar nature than serotonin. thus explaining the appear- 
ance of a component migrating faster than serotonin 
in Silica gel t.1.c. and p.c. 

As additional evidence that extraction with acetone 
caused the partial breakdown of serotonin, the mater- 
ial from peak 16 was dried in uacuo and extracted 

Fig. 5. Double reciprocal plot of the effect of ATP concen- 
tration on electroplax ATPase activity in the absence (0) 
and in the presence of 0.2 mg/ml (8) or 0.1 mgjml (0) of 
desalted peak 16. The assay mixture contained 150mM 
Na+, 20 mM K’. 5 mM Mg2+ and the indicated concen- 

trations of the inhibitor. 
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Fig. 6. Inotropic response of ;in isolated. clrctr~cnlly driven right-\enrriclc preparation ct-om ~u~nc;l 
pig heart. al’tcr addmg to the chamber free serotonin (I) and deaaltcd peak If> (2). Final conccntratlon\ 

were. respectively. 42 and 47 ~cg;ml. An increase in the contractile l’orcc ol’ myocardi;lI tissue has induced 

many known ATPase inhibitors. 

\<itb l(H) ml /r-butanoI to which five drops of obscrvatlons. and Mr. Fauht~no MacKcwle (‘or collcctmg 

ammonium hydrowidc was added. The extract was the specimens of P. c,tr,.ihtrco~l,ir1. Thib research was sup- 

dried. dissolved in water and chromatographed in ported in part h> grants GRSG 00.30’-11.01. NS 07464 

PEI-C’cllulosc as dcscribcd in Materials and Methods, and K6N 14938 from the U.S. Public Health Service and 

using commercial scrotonin as control. The extracted 
by a grant-in-aid to WC 01‘ us (J. 1. W.) l’rom the Maryland 

material was found to migrate as ;I single spot having 
affiliate. American Heart Association. 

the same R, as the control. 

The possibility of habing other hydroxxindole- 
amincs present in trace amounts in the matenal from 
peak I6 is not totally ruled out. but routine staining 
techniques fail to detect other constituents in the un- 
treated material present in peak 16. It is our contcn- 
tion that the main component is serotonin and that 
this substance is responsible for (No’ + K * )ATPase 

inhibitory activity. The chromatographic. spectro- 
photometric. electrophoretic and biological ckidence 
presented here is enough to sustain the contention 
that serotonin is indeed the chemical entity present 
in peak 16, and that attempts to free it from NaCl 
by extraction with acetone causes its partial degrada- 
tion. We have also shown that serotonin separated 
by cation exchaF!c chromatography from commercial 
serotonin--creatmlne sulfate complexes has the same 
specitic inhibitory activity as the compound present 
in peak 16 [Is], Other indoles have been previously 
reported to act as inhibitors of (Na’ + K+)ATPases 
from carious tissues. Canessa (I( (11. [4], in describing 
the inhibitory activity of harmaline. a hydroxyindole 
isolated from the plant Prrgrrr~r~~ hr~r-mrrl~. failed to 
detect any inhibitory activity by serotonin at concen- 
trations as high as IO _A M. These authors report that 
harmaline is a competitive inhibitor for Na ‘. Out 
findings indicate that serotonin competes with K +. 

A linding opposite to the one reported here has 
been described by Yoshimura [X]. who made the 
observation that scrotonin. used as a serotonin~ crea- 
tininc sulfate complex, acts as an activator of 
(Na’ + K+ )ATPases from brain tissue. 

The etfects of scrotonin on (Nai + K+)ATPases 

reported here may help to explain, at least partially, 
the known pharmacological elti-cts of this compound. 

.A~~hrto\< lrtlqc~trmr \ WC thank Professor J. de1 Castlllo for 
supplqing the electric eels (E. e/cr,rricus) for the isolation 
01‘ the ATf%scs and (hr his encouragement and helpful 
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