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Abstract--1. Lysergic acid diethylamide (LSD) evokes distal retinal pigment light adaptation and
erythrophoric pi.tTnent concentration.

2. The erythrophoric responses to LSD are not dependent on the amount of light striking the
rhabdoms in the eyes.

. Isoly_rgic acid anaide and psilocin evoke ery.tbrophoric vignlent concentration in intact fiddler
,..abs but not in e.vestalkless crabs nor in ritro in isolated legs. It was already known that LSD evokes
such pigment concentration m intact crabs only.

4. Of the three alkaloids used, LSD _xas the most potent while psilocin was the least potent in
evoking the observed effects on the eD'throphores.

5. These indole alkaloids do not stimulate the erythrophores directly. Their actions appear to be
mediated by the neur6endocrine system.

INTRODUCTION MATERIALS AND METHODS

:X'SERGIC acid diethylamide (LSD) evokes color Drugs
-nanges in the crustaceans t'alaemon squilla (Ostlund
•- Filnge, 1956), Palaernon paucidens (Aoto, 1963), o-Lysergie acid diethylamide (LSD, Sandoz), D-iso--

lysergic acid amide (Sandoz) and psilocin (Sandoz)
Jca pugilator (Fingerman &Rao, 1970) and Cam- obtained through the courtesy of the National Institute of
._rellua sljufetdti (Rao& Fingerman, 1975). In view Mental Health, U.S.A., _ere used in this study. ,Serial
:7 the observation that LSD evoked ieucophoric dilutions were prepared in crtistacean physiological saline
r_grnent concentration in intact P. paucidens but not (Pantin, 1934) immediately before use.
._ eye,stalkless animals, Aoto (1963) suggested that
..SD causes the retinal pigments to further uncover Crabs
_.'2erbabdoms, resulting in an increase m the amount

light being perceived. Somehow this increased Specimens of the fiddler crab designated as the dark
xmour - _ light irnpin#ng on the rhabdoms would patch variant of Uca pugilator (Rao& Fingerman, 1968)

were used in this study. In view of its morphological and
_------,enptloottce the pigment concentration. Whether physiological (Ran & Fingerman, 1968), biochemical
."-_ hypothesis is correct still remains to be deter- (Fielderetal.,1971a)andbehavioralspecificities, thedark
_':z.ined. Previous experiments of Fingerman & Ran patch variant is being described as a new species of Uca
_.970) revealed that LSD causes erythrophoric (Barnwell, personal conu'numcation). Therefore, the
.._-rgment concentration in intact fiddler crabs but crabs are referred to herein merely as Uca. Specimens
:::ms not evoke pigment concentration in the erTthro- used in this study \vere either collected from Sabine
.."noresofeyestalkless fidd_er crabs. Island, Florida, or supplied by the Gulf Specimen

In view of the report of Ante (1963) cited above, Company, Panacea, Florida.
-_':':!mriments were designed In de_ ermine whether the
:__tor changes induced by LSD in intact crabs are Assay for distal retinalpigment migration

_ways tied to llght-adapting movements of the distal The position of the distal retinal pigment within the eyes
=tinal pigment in Uea. Furthermore, the relative of/-,'ca was determined using the method of Fingerman
zdcacy of certain indole alkaloids, psitocin, D-iso- (1970). The crab was immersed, ventral surface do_-n, in
_-se_ic acid amide and LSD in evoking eryrhro- a dish of sea water kept on the stage of a stereoscopic
'-_oricpigmcnt concentration in Ucawas dctermined, dksecting microscope. The follo_ing two measurements

were made wlth lhe aid of an ocular micrometer and
• "this investi,,auon was su0ported by Grant GB-27497 transmitted light: (t) the _ idth of the widest portion of

:om the N_tioria] Science Foundation to M. F. aml by a the translucent distal portion of t}'e eye aloI1g a line at a
::zulty re_earch fellowship a_sarded _o K. R. R. hy the right angle to zhe pigmeuted portionoftheeyeandl2) the /,-
. --'_:ea_.iaCouncil, Univer.sity of Wcst Florida. width of the c-'e along the line of first measurement from
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the distal edge of the cornea to the opposite edge of the Action o_LSD on erythrophores ofttormal and blinded
eyestalk. The ratio: fiddler crabs

/ vddth of the translucent area Ia order to determine whether the ,,It,.,...... .....":_-a i_
total width the retinal pi_'nent caused by LSD injection ilas any

influence on the accompanying color change, I_.SL"
is expressed as the Distal Pigment Index (DPI). Using the was injected into normal and blinded crabs. The
method described in detail by Fielder et al. 11971b), the results are shown in Fig. 9 where each data point i_effects of injection of 0-5 and 5 _g LSD,0 05 ml saline per
crab on the distal retinal pigment were detcrrnined.

Assay for erythrophoric pigment concentration _ _o _o o _ - o

R

• NocmaI CrabsIn viva assays were performed on three t_pes of crabs: - o_.:_naedcr=bs
(1) intact crabs, (2) crab_ blinded by covering both eyes
with a non-toxic black acrylic paint and (3) eyestalkless o o _,.e con.*_o_
crabs. All the test solutions were injected in a dose of

0"05 ml/crab. The controls received the svwne volume of _, i
saline alone, t_ __

In vitro assays were carried out with isolated legs as _,.-_
described earlier (Rao & Fingerman, 1970). The er3'thro- __...-._3
phores were staged following the scheme of Hogben & 1[7'l _ _ t
Slome (1931) whereby stage I represents maximal p_grnent o 3o 60 9o lee,
concentration, stage 5 maximal dispersion and stages 2, 3 Min

and 4 the intermediate conditions. All experiments Fig. 2. Responses of the erythrophores in intact and
dealing with the chromatophores v,'_e carried out during blinded (eyes covered with black paint) fiddler crabs tothe daytime under a light intensity of 370-430 lx and at a
temperature of 22-25_C. LSD.

the average value for twenty crabs. There is no dif-
RESULTS ference between the amounts of erythrophoric pig-

Action of LSD on the dist_l retinalpigmem ment concentration evoked by LSD in normal and
blinded crabs.

The effects of injection of two dosages of LSD on

• the position of the distal retinal pi_m-nent of Uca are Comparison of the effects ofpsiloc&, isolysergic ecid
shown in Fig. 1 where each data point is the average amide and LSD

- In order to determine the relative efficacy of the
0"135 t_ 0"0"5 _.g LSO L_L_: alkaloids tile following dosages were injected

/\ e5_3 CSO into normal crabs that had been on a black back-

,_ o l3o 1\ o sof,_, co,.trot ground for 2 hr, prior to the experiment: 1, 10, 25c_.

o J2-_ o lysergic acid amide/crab; and 0-l, 1, 5 and I0 _g
LSD/crab. Each of the dosages v,as tested on t,_:n

"_ o._ to fifteen crabs. The results of injection of re_re-
_, sentative dosages, shown in Fig. 3, reveal that all

_:_¢ three drugs evoke erythrophodc pigment conccn-
0.115 /0-----._(1_ _ f_--_ tration in normal crabs. At each of the dosa :es

tested, LSD was the most potent while psilocin _,as
o..o i _ t the least potent in producing pigment concentra:ir:,_

_ _ 4 _ a in the erythrophores. For example, the red pigment
nr concentration evoked by 0-1/zg LSD is of com-

parable magnitude to that evoked by 50t_g of
Fig. 1. Responses of the distal retinal pigment in the psilocin.

fiddler crab, Uca, to LSD.

" Assay ofpsilocin and isolyser,_,ic acid amide on ,-3e-
value for ten crabs. It is clear from the figure that stalkless crabs aim iso!ated h'gsLSD evoked light adamation of the distal retinal

pigment. The amplitude of the light-adapting re- In order to compare the mode of actions of p-51o-
sponse evoked by 5 _tg of LSD was greater than cin and isolysergic acid amide _ ith that of I.:_D,
that evoked by 0.5/.tg of LSD. LSD did not cause solutions of 10 ttg psilocin/0-05 ml :rod 10 t_ i;o-
migration of the retinal pigment to a dark-adapted lysergic acid amidc/0-05 ml were each tested on ten
position, eyestalkless crabs and ten leg,s iso!ated from i_t._ct
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_FJc_--o--g-- @_;::_-- _ effects produced by LSD last longer (and are of,l'-e,--,.o._ o- / _. &,_ greater magnitude) than those obtained with psilodn.

'_ o/w/e _o_g In tiffs retard it is of interest to note that the c>:sta-
p_ment-concentratm- po:enc_=-s

21- \o ._- e_0 cean erythrophoric "'2 "
1 e'_" Gsa_i_,c_,,_ol of these two drugs exhibit a simitar rdati,>r:_bip.
_r'_ i _ , ' The amplitude and duration of the red pigracnt con-

i centration evoked by LSD are much greater tha_a

I _ / _o::e ;.c o_,o_.,,*e with psilocin (Fig. 3).
_L _, ...o eo.tu_ Just as was observed with LSD in prcvio_s expeH-

21- \\ _._°f s/% ,o,_g merits (Fingerman & RaG 1970), we ob:crved in the
,L _so, ....... :_ct present experiments that isolysergic acid anride andt _ , F t J psilocin evoked eyrthrophoric pigment concentration

_o--Q _ _ o in intact crabs but not in eyestalkless cr_bs nor inO......_LS° vitro in isolated legs. Therefore, it can be conc!udcd.
_.._o_____o_---_ oo._,_ that these alkaloids do not directly affect fi_e ery-

_o elo,,g thronhores. Isolysergic acid amide and psi!coin
2

@-, _e--_ • _.. . _, presumably exert their effects primarily on the eye-
o _o eo so zo stalk neuroendocrine system to cause the rcl,:'ase of

Min red pigment-concentrating hormone as shov, n to be
true for LSD (Fingcrman & Rao, 1970).

Fig. 3. Responses of the erythrophores in intact fiddler

crabs to psilocin, isolysergic acid amide and LSD. Note added in proof.

The species of fiddler crab used in this investigation
has been given the name Uca panacea. (:,:ovak A. &
Salmo,n M. (1974) Uca panacea, a new spat;as of Eddicr

crabs on a black background. In all of these assays, crab from the Gulf Coast of the United Szates. /',oc.
lrailocin and isolysergic acid amide failed to evoke ]3ioi. Soc, Wash. 87, 313-326).
ca'ythrophoric pigment concentration.
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