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Very few substances capable, a t  high dilution, of effect- 
ing changes in the caliber of blood vessels have been iso- 
lated from normal animal tissues. These are epinephrine, 
hietamine, adenylic acid, acetylcholine, and choline. There 
are, however, several which, by their pharmacological 
actions, are known to be present although their identity 
haa remained obscure. One of these is the vasoconstrictor 
which is present in serum and defibrinated blood and 
which appears in connection with platelet destruction and 
the clotting proeesi. 

Although the presence of the substance, as  revealed by 
the ability of wrum to cause vasoconstriction i n  organs 
through which it  is perfused, hae beell recognized for 
almost 80 years, its physiological fur~ction is not yet 
dearly defined. The isolation of this substance may lead 
to clarification of its role ae a hemostatic agent in intra- 
v u u l a r  clotting and in cases, such as myocardial in- 
farction following coronary thrombosis, rlrere the pre- 
vention of sprend of hemorrhage into tissues is important. 

We are reporting the isolation of a erystalliue sub- 
stance from beef serum which may be responsible for 
the vasoconstrictor activity. The details of the partial 
purification involving the following I\-e steps have al- 
ready been reported (8 )  : precipitation of serum proteins 
with ethyl aleohol; precipitation of inorganic salts, phos- 
phatides, and amino acids with acetone; removal of 
chloroform-soluble impurities; extraction of the active 
principle with butyl alcohol from an aqueous solution 
saturated with ammonium sulfate; and precipitation of 
the active substance from the butyl alcohol with 5-nitro- 
barbiturie',acid. Isolation was attained with two addi- 
tional steps. The 5-nitrobarbiturate complex was decom- 
posed by the addition of acetone to its hot, saturated 
aqueous solution, and the precipitate was discarded. The 
filtrate was evaporated to dryness, and the residue was 
then extracted with warm absolute methanol. On cool- 
ing, this extract deposited clusters of prisms of the crude 
substance which, on recrystallization from rater-acetone, 
formed thin, rhomboid, pale-yellow platelets (Fig. 1 )  
melting a t  207-212O (corr.) with decomposition (effer- 
vescence) on the Kofler micro hot-stage. The purest 
sample thus fa r  obtained melted a t  212-214O (eorr.) with 
decomposition. The melting point behavior, despite the 
decomposition, closely parallels the degree of purity as 
determined by activity and colorimetric measurements. 

The general behavior of the crystalline substance is 
suggestive of its homogeneity. We would like provision- 
ally to name it serotonin, which indicates that its source 
is serum and its activity is  one of causing constriction. 

ZTbis investigation was partly supported by a grant from 
the Cardiovascnlar Study &ction, U. S. Public Health 
Service. 

halogeu. The substance catalyzes the iodine-azide reac- 
tion of Feigl (1). A precipitate is obtained with barium 

Fro. 1. Crystalline derotonin (x 125). 

chloride, hut not with silver nitrate. On the basis of 
this t ~ n d  other evidence, serotonin is believed to be a 
sulfate salt which may also contain organically bound 
sulfur. A dngle analysis (performed by E. Thommen, 
Basel) gnr-e the follo\ving result: C, 41.4; H, 6.0; N, 
17.0. These values are in good agreement witb the ratios 
Q: H,: N. or G,: H,: N, The material responds in a 

Fro. 2. Pwsnor effect of llerotonln and adrenallo 
on Intnct. plthed, and tetraethyl ammonlrm-treated, 
anesthetized eat (No. 452) : (1) aclrenalln. 0.1 ee, 
3 /'~n.ooo : (21 nsmt~wnin. o.1 cc. 1 /4.000. ~)lthecl: ( 3 4 )  
adrenalin : (5) uerotonln : (6) adrennlln ; (7 )  sc.rntonln ; 
(8) ndwnnlio: I!)) uerotonln; (10) adwnalln: (11) 
serotonin : ( I ? )  ndwnalln ; (13) tetrncthyl anlmonlum, 
5 mg/kp: (141 ndreualin: (15) serotonin. 4 more d m  
of 6 tnr: of trrrtlrthyl nlumonlum ; (16) adrenulln ; (17) 
serotonin : (18) renln. 

positive manner to well-established quantitative modifica- 
tiona of the Hopkins-Cole, Ehrlich, and Folin-Ciocalteu re- 
actions. 

The ultraviolet absorption spectrum in water a t  pH 5.4 
has a maximum a t  2,750 A, K.,, (specific extinction coeffi- 
cient) = 1.5 x 10'; a shoulder with a point of inflection a t  
2,930 A, K.,, = 1.2 x 10'; and a minimum a t  2,560 A, 
K,, = 1.0 x 10'. 
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Injected intravenously into dogs or cats anesthetized 
with pentobarbital, a solution of the crystalline matcrial 
produced a risc i n  arterial prcssurc which was augmented 
in a sympathcctomized animal (Fig. 2 ) .  I n  a few ani- 
mals the response to  small doscs was dcprcssor, becoming 
pressor aftcr administration of tctracthyl ammonium 
chloride. The rcsponsc af ter  pithing was sliglltly rc-
duced or unchanged. An isolatcd ring of rabbit's ileum 
was sharply contracted by injection of 17 yg  into thc 
30-ml Tyrodc solution bath. 

The vasoconstrictor activity of the crystalline substance 
in our assay mcthod employing the perfuscd isolated 
rabbit ear preparation (2) is more than twice tha t  of 
an cqual weight of commercial cpincphrine hydrochloride. 
Measurable constrictions arc  obtained by the injcction of 
less than 0.002 pg into the ear vcsscl preparation. 

Worlr is  in progress on the chemical structure of sero-
tonin. A detailcd description of the isolation proccdurc, 
togcthcr with more complctc analytical data, will appear 
.clscwhcre. 
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The Action of Ryanodine on the Contractile 
Process in Striated Muscle1 
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While i t  is unlikely that  any cllemical agcnt has a 
toxic action which is  entirely tissue specific, thcre are 
many substances tha t  act more rapidly or in lower con- 
ccntrations in some tissues than in others. Such sub- 
stances arc of particular intcrcst, since they may reveal 
differences in thc enzymatic bascs of specific tissue func- 
tions. A highly selcctivc action of this kind is  indicated 
by preliminary observations on the mode of action of 
derivatives of Ryania speciosa, which appear to affect 
specifically the contractile proccss in slrclctal muscle. 

Two derivatives of the tropical plant Ryjanzu spcnosa 
(Fam. Flacourtiaceae) known as  L8A2-a crude extract 
soluble in alcohol but not in watcr, and thc purified, watcr- 
soluble alkaloid, ryanodine-wcre obtaincd through the 
lrindncss of Dr. Ralph IIcal, of Mcrck $ Co., Inc. Expcri-
mrnts on intact animals and isolated nerve and muscle 
wcrc performed to dcterminc the site and modc of action 
of the toxic agcnt. The toxic symptoms observed in thc 

I The work describecl in this paprr was done under contract 
brtween the Medical Division, Chemical Corps, U. S. Army, 
and Tufts Collrge. Under the terms of this contract, the 
C11emic:rl Corps neither rrstricts nor is responsible for the 
opinions or conclusions of the authors. 

animals wcrc similar for  both the lcss active, crude 
cxtractives and the pure material. 

The LD, has not becn determined, but injection of 
2-5 ~ / g m  produced symptoms in insects (Periplaneta 
americana, Blaberus craniifer, and Platysamia cecropia), 
frogs (Rana pipiens), and white mice. I n  the insccts, in- 
jection of 0.05 ml of an  insect saline solution containing 
0.1 mg of ryanodinc/ml has an entircly dcpressant effect. 
After 15  min the insect bccomcs generally sluggish, and 
in 25 min is unablc to stand. At  this point i t  appears to 
bc partially paralyzed, being capable of making only slow, 
feeble moverncnts of the appendages. It appears to be 
unresponsive to  stimuli, and during the paralysis period 
its legs can be placcd in any position. Tremors and 
signs of ccntral excitation are laelring, and fceblc, slow 
rcflcxcs may be elicited throughout the period of poison- 
ing. From this dosagc the insect remains partially 
paralyzcd for about 48 hrs and thcn rceovers. Higher 
doscs ltill, and lowcr doses producc a paralysis of lcss 
severity and shorter duration. 

I n  the frog, injcction of 5 y/gm intrapcritoneally re-
sults in complete rigor within 3 hrs. The first effect i s  
flaccidity, occurring within an  hour. Shortly thercnftcr 
the swallowing movcmcnts decrease in amplitude and 
frequency and eventually cease. Following this a pro-
nounced rigor appears in the forelimbs and proceeds 
posteriorly. 

The oxygen consumption of control and ryanodinized 
insects was determined in a modification of the Scholander 
volumetric microrcspiromcter (4). As found earlier in 
roaches by Chadwick and Hassctt ( I ) , and in the fiddler 
crab by Edwards ( d ) ,  the flaccid paralysis of the coclr- 
roach (Periplaneta) was accompanied b y  a tremendous 
increase in oxygen consumption following injcction of 
ryanodine in  subletllal doscs. With 0.05 ml of 10-4 
ryanodine by weight 0, consurnption reached a pcali of 9.6 
times normal in 25 min, the time of onset of paralysis, 
and gradually decrcased tllereaftcr until a twice-normal 
levcl was attained in 3 4  hrs. This level of oxygen uptake 
was thcn maintained throughout the remaining 45 llrs 
of paralysis. Injection of 0.05 ml of 10-6 ryanodine 
produced a pcak oxygcn uptake of 4.2 times normal 
within 50 min, the paralysis and increased oxygcn con-
sumption lasting 24 hrs. A peak of 2.3 times normal 
oxygen consumption was caused in  75 min by 0.05 ml 
of ryanodine 10-k The paralysis and high rate of oxygcn 
consumption lasted 8 hrs. Similar results wcre obtaincd 
with adults of Blaberus, diapausing pupae of Platysamia 
cecropia, and with isolatcd metathoracic legs of Peri-
planeta. I n  tllc cases wherc lethal doses of ryanodine 
werc used, thc oxygcn consumption rose sharply a t  the 
onset of paralysis and then steadily decrcascd until death 
occurred. Actually, the only method of determining 
\vhcthcr tllc insect was dead or paralymd was to measuro 
its oxygcn consurnption. 

I n  a n  attempt to determine the site of action, oscillo- 
graphic studies were made of the cffcct of the agcnt on 
electrical activity in irritable tissues of the cockroach by 
( a )  applying a 10-4 solution directly to exposed ganglia 
and nerves and (b )  studying the activity in ganglia and 
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