
tone, evaporating a suitable aliquot, and 
chromatographing in the same manner. 
However,-since the free cholesterol in 
the adrenal gland is relatively very low, 
one must use a largc aliquot and dilute 
the ester fraction after chroniatography 
if the free cholesterol level is desired. 

Although the ester fraction can be de- 
termined by using the method of Brown 
et al. ( 3 ) ,the free adrenal cholesterol is 
accompanied by turbidity, which inter- 
feres slightly with this method. Turbid- 
ity is not observed with a modified Lieb- 
eiman-~urchard procedure, Because of 
its sensitivity, the modified Tschugaeff 
reaction of Hanel and Dam (4)  may be 
better suited to the determination of 
free cholesterol in adrenal tissue after 
chromatography on silicic acid. 

H. D. IVYCOFF 
JANIS PARSONS 

Arledical College of Georgia, Augusta 
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Actions of d-Lysergic Acid 
Diethylamide and Its 2-Bromo 
Derivative on Heart of 
Venus mercenaria 

Physiological evidence indicates that 
the inhibitor nerves of the heart of the 
mollusk, V e n u s  mercenaria, are choli-
nergic in nature ( I ) ,  and that the ac-
tivity of the excitor nerves is mediated 
by ti-hydroxytryptamine (5-HT, sero-
tonin) ( 2 ) .d-'Lysergic acid diethylamide 
(LSD) was found to be an antagonist 
of serotonin on certain mollusk hearts 
under the conditions of the experiments 
( 3 ) .  An early- report that LSD was an 
effective antagonist on the V e n u s  heart 
was later modified ( 4 )  when it. became 
clear that LSD had a marked excitor 
action on this heart. This action per-
sisted for long periods of washing dnr- 
ing which a mawimrrm amplitude of beat 
obscured the action of large doscs of 
serotonin. It was stated that on the 
Venus  heart, LSD acts as an essentially 
irreversible analog of serotonin (4) .  We-
cently, Shaw and Woolley ( 5 )  confirmed 
this observation. 

The  importance of a proper under-
standing of the fundamental mode of 
action of LSD prompts us to report fur- 

ther our earlier studies with LSD and 
our more recent observations of the ac- 
tion of 2-bromo-lysergic acid diethyl-
amide (Bol-148, brorno-LSD) on the 
Venus  heart ( 6 ) .  At a concentration of 
10-%f, both serotonin and LSD prod~rcc 
a nearly maximal increase in amplitude 
in less than 10 minutes. After a heart has 
been washed for a few minutes, it re-
covers from serotonin; but after many 
hours of washing a heart that has been 
treated with LSD may still be greatly ex- 
cited. No way has yet been found, in- 
cluding washing at a high pH, to restore 
quickly an LSD-excited heart. At con-
centrations below 10-9M, serotonin sel- 
dom excite$ the isolated V e n u s  heart. If 
hearts are allowed to remain in a 10-ml 
bath of 10-lOM LSD, they are maximally 
excited in 1.5 to 2 hours. At a 10-16M 
concentration of LSD, up to 3 hours rnav 
be required for the heart to adsorb an 
amount of LSD that produces near maxi- 
mal excitation. Axelrod et a1 ( 7 ) ,  from 
studies of tissue distribution, calculate 
that LSD exerts its characteristic effect 
in man at a level of 0.0003 pg/q of brain 
tissue. The V e n u s  heart responds maxi- 
mally at a tissrre concentration that must 
be below this, for 10 mi of 10-fGM LSD 
contains only 602,000 molecuIes. 

An important problem not yet resolved 
is whether thrt "'LSD psychosis" results 
from centlal blocking of serotonin, or 
from a serotoninlike action of LSD, or 
for other reasons. 2-Bromo-lysergic acid 
diethylamide may prove useful in help- 
inq to solve this problem. Cerletti and 
Rothlin ( 8 )  found bromo-LSD to be a 
more efiective antagonist of serotonin 
than LSD at  a number of sites in mam- 
mals. This blocking action was h i ~ h l y  
specific, and they saw no signs of anti- 
histaminc, antiadrenaline or antiacetyl-
choline action. Certain of these obser- 
vations have been amply confirmed and 
extended (9)Cerletti and Rothlin, how- 
ever, failed to find any indication of an 
abnormal psychic disturbance produced 
by doses of bromo-LSD even 26 times as 
great as effective doses of LSD. They 
concluded that their results with bromo- 
LSD make it difficult to correlate the 
psychic effects of LSD with its antisero- 
tonin property. The  interesting obser-
vation has now bren made by Ginzrl 
and Rfa~rcr-C;~o~s ( 1 0 )  that bromo-LSD, 
~zhen  it is administered I or 2 days be- 
f o ~ e  LSD, abolishes or yreatlv reduces 
the LSD psvchosis without, bv itself. hac- 
inq significant central action rven in 2-
to 3-mg amounts. 

O n  the Venus  heart. bromo-LSD is 
an effective antaqonist of serotonin. O n  
qome hearts. high concentrations (10-6 
to 10-5M) h ~ v e  a weak stimulatinq ac- 
tion resembling that prodr~ced by LSD, 
while on others t h e ~ e  ii 110 apparrnt 
effect. However. after treatment of hearty 
~vi th bromo-LSD in concentrations in the 

range of lo4 to 10-6iM for 1 hour or 
longer, the excitor action of a molar 
concentration of serotonin one-tenth as 
great is completely blocked. I t  is of fur- 
ther interest that previous exposure of a 
Venus  heart to bromo-LSD abolishes or 
greatly reduces the excitor action of LSD 
that is subsequently applied. For exam- 
ple, on some hearts, pretreatment with 
10-4M bromo-LSD may completely pre- 
vent the otherwise marked exciter action 
of 10-6M LSD. 

Serotonin appears to be a normal regu- 
latory neurohumor of the Venus  heart. 
This heart is extremely sensitive to LSD, 
which has an excitor action resembling 
that of serotonin. Zlnlike serotonin, how- 
ever, the action of LSD is very slowly 
reversed by washing. Bromo-LSD an-
tagonizes the actions of both serotonin 
and LSD on the Venus  heart. These sev- 
eral actions and interactions appear to 
parallel rather closely those seen in the 
mammalian central nervous system. 

JOHN H. WELSH 
ANNEC. MCCOI 
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C n i t  rrsit) , Cambridge, ltlas~aclzusetts 
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Technique for Behavioral 

Analysis of Human Observing 

The morLitoring of a display (for ex- 
ample, a search radar) by human beings 
raises problems of considerable practical 
and theoretical interest. In general, the 
probability of detection of a siqnal varies 
directly with the signal rate; is a function 
of the temporal arrangement of the sig- 
nals; and, in the case of low signal rates, 
varies inversely with the duration of t h ~  
monitoring task. Such monitoring situa- 
tions are badly in need of a descriptive 
behavioral analysis that would permit iso- 
lation of the variables which control the 
behavior underlying the probability of 
signal detection. 


