
955

traction was superim_ on minimal spontaneous
activity, a satisfactory qusnt4taUve measure of action
wns obtsine_ Isolated muscles of H. n/gra were
kept for tWeaty-four hours in aerated sea-water and
there was little or no change in _nmtiv/ty to snstyl-
eholine. The responses of holothurian muscle to
5-hydroxytryptamine were not observed.

Hearts from Peeten max/mu* Mod/o/w rood/o/us,
Cypri_m idomdlca Knd Buo_ntsm _ were tested

L_D 51 for their sensitivity to acetyloholine m_d a-hydroxy-
tryptamine. The heart of Pee_ wee emmul_ted and

Nature 173_ 955 (1954). peffu_dm_-d_oi_la_dandpe_u_t. Much
d/flieui W was encountered in maintAi-i- S a heart
with a _ beat for an adequate period of time.
and the mmitiviW to acetylehoUne and 5-hydroxy.

Marine Invertebrate Preparations useful t_yptamim was low. The hearts of Mod/dm and
in the Bloammy of Acetylcholine and Cypr_ w _ _olatod and muqx_dod in a ]_th, with-

• .Hydroxytryptemine out canto lation, after the method employed withthe heart )f Venus mercenada'. The Meal/o/us heart

CERTAIn isolated muscle a_l heart preparations of had a re_ dew beat that held for many hours, but it
marine invertebrates are highly sensitive to acetyl- was extrel _ely imensitive both to asetylcholine and
choline, to 5-hydroxytryptsmine (enteramine, sere- 5-hydrexy _ryptamine. In one instance no inhibition
tenin), or to both of these substances. Bacq* was the with acet., ,leholine was obtained at a oones_t_tion
first and Ambache and Sawaya' among the more of 10-* g_t./ml, and no msammtble ezeitation with
recent to demonstrate the sensitivity to v_etylcholine 5-hydrexy bryptmuine at 10-' gm./ml. Higher con-
of muscle strips from holothuria_ (Echinodermata). contration t were not tested.
Inhibition of heart-beat of the bivalve mollusc, Venus Three fferent hearts of Cyprina were tested. All
mercenaria, was first used by Welsh' for the quantita- beat at a dew r_ta hut with a regulm" rhythm. The
ties estimation of acetylcholine in tissue extracte, threshold tose of acetyleholine was about 5 × 10-**
Recently, the same heart has been found to respond gm./mL With increasing doses the heart-rats was
by increases in em3plitude and frequency to low slowed in t graded rammer ; but there w_ no graded
eonosntrations of 5-hydroxytryptmnine'. Earlier, it decrease i _ amplitude. At about 10-' 8m./mL the
had been reported s.' that certain molluscan hearts heart step _ed beating. The be_t was quickly restored
had • low threshold to 5-hydroxytryptamine or tissue on washin _. F_erine failed to potentiate the action

i extracts containing this substance. At the Marine of acotyl< holine significantly. The Cyprina heart
Biological Laboratory, during the summer of 1953, responded to 5.hydroxytryptamine with an increase

• the need arose for the quantitative estimation of in amplitl _do and frequency. Threshold was near
acetylcholine and 5-hydroxytryptamine in certain 10 -re grn./_1, and a graded action wns obtained up
timues. Several species of echinoderms and molhLscs to 10 -6 gr L/ml.
from the Plymouth region were secured, and isolated On the Venus heart 'Mytolon' (supplied through
muscle and heart preparations were screened for their kindness c F"Sterling-Winthrop Research Institute) is
mtitability in bioassay of these substances. Available the most cffective known acetylcholine antagonist 0.".
holothurians were Holothuria nigra, Cacumaria Likewise, lysergic acid diethamide (LSD-25) (supplied
normani, C. do_ata, and a single specimen of Thyone through kindnem of Ssndos Products, Ltd.) is the
sp. Pieces or entire lengths of the longitudinal most effective antagonist for 5-hydroxytryptamine
muscle bands were dissected free from the inner body yet found for the Venus heart n. 'Mytelon' was found
wall and set up in the manner commonly nsed for to be a highly effective antagonist for acetylcholine
muscle strips during recording of contractions. In the and LSD-25 for 5-hydroxytryptemine on the heart
case of C. normani the poristomal (pharyngeal) retrac- of Oypr/na.
tor mnseles were also tried. While all these prepara- Considering relative abundance, hardine_ of the
tions contracted in low concentrations of acotyl- animals and regularity and responsivonees of the heart
choline, especially after eserinization, the difficulties to the subatanoes to be amayed, the whelk, Buccinum,
that were encountered by earlier workers'.: who had proved most astilffactery. Hence it were uecd in the
used other species of holothurians were obvious, identification and estimation of acetylcholine and an
Chief among these were spontaneous contractions, exciter sulmtance, probably 5-hydroxytryptamine,
tendency to contract and remain contracted after in mollns¢ m tissues. A detailed account of the results
eeerine, and sensitivity to mechanical stimulation will app_ z elsewhere. The Bucclnum heart wns
after eeerine. This last was especially marked in removed a_d a catmula inserted into the ventricle,
the muscles from the single specimen of Thgone which, usually by way of the auricle, but _metimes by way
otherwise, were most promising since they were not of the ner a if the auricle was accidentally torn from
spontaneously active, the ventr vie. The attachment of the thin-walled

Of these holothurians from the Plymouth region, auricle to the thick-wailed ventricle is delicate, and
H. n_ra was considered most suitable. Its longi- two or t _rco separate ligatures of rather coarse
tudinal [_xiy-wall muscles responded to as little as thread aw _ided the cutting and tearing that otherwise
5 × 10- * gm./mL aeetylcholine chloride before esorine ecmetime_ occurred. The Buccinum ventricle wa_
and often were not spontaneously active. The peffused _ _th wa-water, a_ were the other molla_can
rmponsc to acetylcholine was nearly maximal at hearts andi holothurian muscles. It wos nece_*rv
10 ' ;zm./ml. Although a low concentration of eeerine to cih_nd the ventricle with a small head of premu_
(10-' gm./ml.) produced or increased spont_mcous to sta4"t it beating and to intrc_luco dm_gs and ex-
activity, it Iower_l the threshold to aeetylcholino tracts unc_er the same pre_ur_, u_.l in l.,rftt_ing and
tO_mt a }mn, l_,l-f,)ld. When an acetylcholine con. washing.
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The Buccinum ventricle had thresholds to aoetyl-
choline and 5-hydroxytryptamine near those of
Uype/aa. The response to aoetylcholine, however,
is s decrease in Mnplitude with tittle change in
frequency. The frequency inoreeae produced by
5-hydroxytrypt_mlne is often accompanied by an
incree_ in tontm. 'Mytolon' blocked acetyloholine
and Z_qD-25 blocked 5.hydroxytryptamine, as on
the (Typti_ heart, These highly effective antagonists
were used in obtaining estifiastes of the amounts of
_otylcholine and 5ohydrexytrypts_nine occurring
together in s given tissue. Preliminary evidence that
the hesrt of Ven_ mercenm_a has an excitor/nnervs-

tion mediated by 5.hydroxytryptamine was recently

pr_ented'. Nerve gangl/s and cort_ other tissues
of mollm_ from the Plymouth region were found
to contain mixtures of heart-exciting and .inhibiting
sutmt4moes. ReLi_bla quantitative estimates could
be made only when the test heart was treated with
'Mytolon' or with LSD-25 to block one or the other
su_ce. Since leaving Plymouth, we have found
by ohromatography and biological tests that gang. lia
of Vcwus mcrcenar/a and the whelk, Bu_jcon cano_wu-
/m_um, contain 5.hydroxytryptamine and acetyl-
choline. It is likely that these were the substances
present in the tissues studied at Plymouth.

Other large molluscs were not available at Ply-
mouth ; but Prof. Brodie Hughes, at the University of
Birmingham, has kindly permitted me to say that he
has tested the sensitivity of the isolated heart of Mya
ar_w_'ia to acotylcholine and has used it in the bio-
ashy of s_otyloholine in cerebrospinal fluid. A record

' sent me by Prof. Hughes was made in February_ The
record shows a decrease in amplitude of about 30 per
ce_t when 0.005 _tgm./ml. acetyleholine was present
in the bath. The decrease in amplitude with 0-006
_gm./ml. was nearly 50 per cent and with 0.01 ttgm./
ml. the amplitude was reduced to zero. Prof. Hughes
has noted that Mya hearts become much more sensi-
tive from the months of April to June. A similar
seasonal shift in responsiveness of the Venus heart
to acetylcholine was first noted by Proeser t*, who
found them most sensitive in late winter and spring.
Whether this is generally true of marine molluscs
from northern waters is not known.

It is apparent from this brief survey that there
are several species of marine molluscs in British
waters the hearts of which may he useful in the determ-
ination and estimation of small amounts of acetyl-
choline and 5-hydroxytryptamine. It is also clear that
there are holothurian species the muscles of which
respond to low concentrations of acetylcholine.

I am indebted to the Director and staff of the
Laboratory, Citadel Hill, Plymouth, for the facilities
that were provided for this work.

JoR._ H. _'ELSH

Biological Laboratories,
Hm'vard University,

Cambridge, MMaachnsetts. Feb. l 1.
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