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I,y.-ergic acid diethylamide (LSI)) produces it! hunmn subjects emotional

and perceptual changes which resemble those of schizophrenia (Stoll, 1947). The

mode of action of this drug has been extensively investigated, for it is hoped

that knmvledge about LSD will provide clues to a possible biochemical error

in schizophrenia (Woolley, 1955; Woolley and Shaw, 1954; Rinkel et al., 1955:

lloaghmd _'t al., 1955; Cerletti and Rothlin, 1955).

It is now widely believed that the central action of this drug is related to the

function it)- the brain of 5-hydroxytryptamine (serotonin). The relationship,

however, is complex for, centrally attd peripherally, LSD produces effects both

gmilar and opposite to those of sermonin. Apparently, LSD blocks serotonin

at some central receptors and acts like serotot|in at others. Experiments involving

general effects on whole animals are necessary to evaluate the_ opposing actions.

I,SI) exerts complex behavioral effects on the Siame_ fighting fish, Betta

._ph,d,,,_ (Abramsou and Evans, 1954), "rod this test animal has been used it,

pharmacological problems involving I,SI) (Abramson et al., 1957), modifications

of LSD (l'ivans et al., 1956), and tranquilizers (Waiaszek and Abood, 1956). hi

this palx, ', effects on three aspects of Betta behavior under a controlled stress

situation are, described for LSI) and serotonin, when given separately and to-

gether. These findings are compared with those obtained with chlorpromazine,

pe,mmwthylene_etrazol (Metrazol) and dfiopental sodiun_ (l'entothal sodium).

.Xl_;'rHotJ.A controlled stress situation i_ produced /'or Betta by p_rtitioning off the air
-urface with a tight gauze "ceiling." Bctta is unusual in having a highly vascularized ac
cessary air sac or labyrinth, which operates like a lung (Emmes, 1953). Unable to renew the
,_xygen content of the labyrinth, fish become restless, somewhat hypoxic and finally sho_
:m increase in their specific gravity.

l)rulz etlccts on three aspects of the _tress response were quantitatively determined.
These _cre as follows: 1) activity, as recorded electrically, especially during the 8- to 12-
minute interval after roof placement, 2) quiescent l)eriod, i.e. the interwd after ceiling

placenmnl before fish first probed against this gauze partition (fish swam about during
part of this time), and 3) duration of struggle, i.,'. the interval after tirst probing the gauze
,.eiling I)efor_- tish stopped moving for at least 30 seconds.

"F_o sels of appar_tlus were employed, one fro' elcctrical recording of tish activity and
1he ,,_hcr f_l" visual determination ,Jr lhe quiescent period and duration of struggle. In
ea('h exp_.riment, fish were paired on the h:,sis of age, size aml body sh:qx h and only femah.
juvcnih,s, 3.5 t_J5.0 cm. Iollg, Werl_Hsed. ( )lit' I_f (':l('h p:dr served aS lest animal. :md tt,.
,lifl-eren,.f_ in its Mress response froth Ihat. of its control was determined.

El,,'tr,, ,H _ c,,r,h_tff,f re:tit:try. The app:trat us c(msisted essenti:dly of an outer elliptical
_h.ll ¢11)h_. 15 ('hi.!, till illller g:lAlZ(!enclosure (3 hy 8 era.) for the tish, :rod all electrode
¢ ,'In. lrom ,'ither [.ml of lhe ent, llbstll'v.._',lll_,,d[(, a(,lil_ll I)Oteltli:ds produced waves of :dtere, l
, h:,rt_,' :,bml_ lh¢, fi.h .ldd_'rmi_ :,ml lhus produced rapid ,'h:*nge_ in lhe eleetr(_ l.)lt.nti.,i
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_iehi in lr,mt ot and l)ehhnl _he fish. These eh,virir:d di_tm'ham'e> induced ralmi ihl_'_ uatlon-

in lhe potential differem'(' h[,_een the paired eh.etrodes, :rod the latter were recorded hv :,

(;r:tss eneephalogranl. Activity, as estimated from lhe electromyogranis, _:ts the liumLeI

,ff excursions per minule ,_f si)ecitied amplitude, i._. lhe heighl obtained with the insl:m

laneous application of 10 Io 40 mierovolts.
Test and control media _ere carefully adjusted t,) the same pll 15.71 and the >amy h_

,',)nductivity. The pH ()f the medium inttueneed fish :wiivity. hms tended to short oul lh_.

,.let./vital ('h:trge_ on the fish epidernlis and thus l(b lltt|len |he "_;;/ves Oll l}te (,leclr(lla3l/

grams. Records obtained _ith tish in bullered l,[(:l and MgS(h solution> indiealed thal

,',mductivity of solutions greatly :d)'eeied e_limah,s _)f :wlivity hnt It)It| ionic strenglh

,'_)lfid be ignored.
Ill each exloerinlent , l}sll "_.el'(! trallsferr(.d t(i tile illller gauze (*nelo.stlre_ :tll¢i l_'fl iill-

dislurbed for 30 minutes before lhe gauze ceiling was pushed down in place below the _,',alel

surface, l)uring this time, drugs, when present, took effeel, l']leetron]yograms were obtained

for lhree 20-second periods, tirst during lhe 2- to 6-minute interval, then during the g. t,,
12 nlinute interval, and linally during the _'4- to :12-mimtt(' period after ('eilin_ lilaeemen_.

I:or (telails of procedure and tq)paratus, see Trout (1957).

l'isllal observatiam Reetangular tueite containers, tl by l0 era. and 6.:i cm. deep, _(q,.

,.mlih)yed. Each wa.s titte(t with supl)orts for a eopl)er rhnmed gauze ceiling which rested
5.5 era. above the bottom. During experimenis, each tlsh w,'ts screened from view of lh(.

,,thers. The observer sat :l_:l?,. from th(. light, :is (llliellv :is l)Ossihh,, about four feet from
lhe fish.

After transfer into 350 ml. of buffered medium, each lish _as left mMisturbed for :it lea.q

37 minutes. As soon after this time as it exehimged air at lhe surt'aee and settled down again.
the gauze ceiling was installed heh)w the water surface. The quiescent period, _.c. the lime

after eeiling placement before the Betta tirst pushed against this gauze l'tyer, was observed

The interval until the fish stopped moving for 3t) _eeonds, i.e. the quiescent period, w:_-
also recorded.

I),_,sage levels. I'reliminary experiment_ _¥ith s,-rot,min, I,SL). Meirazol, and eillort)roma

zinc were performed with small number,,." of tisti at lower drug levels than are reported here.
It.sages listed below were estimated to be roughly the lowest which would give st.'_tistieull_

.iRniti,ant results with a reasonable number of trials. It is noted that LSI) and sorl)loltill
,Fried and Antopol, 19571 and ehlorpromazine (Trout, 19571 sometinms l)re)duee :,l hig],

e,)neentrations the opposite effects to those noted at lower levels.

N,d,//_ns fo_ _lr<'l, i_'_l __,',,_,li_!l ,q m/ir/t!/.

¢l* 0.12 mgm./l, of I.Sl) in 1).09S ,_]1 (s.ilium_ ().I(H) _,*M _s,>dium) su('(un:m, hullm

sueeimde buffer, pl[ 5.7 pll 5.7
,2_ 13 mgm./l, of serotonin (30 n'ignl./]. Ot 8el'(, I).ll u#.]l SllI'(:inate Imffer * 0.(17I

t(min creatinine ,ulfal(' litr:,led 1,> i)lt 5.7 ,,Jl ere:dinine
_it h NaOl{)

.:{' ,_ani(! tts (2) or_ 0.()_ lngll]. ]. [)f l.S[) S:lllll, :1_ (2) _ (}.0vNlllgln. ] _tl I.SIJ

N,Iwli,,,.s for vi._,d ,,bs, x_ali,,_s. All sohnhms _.,m_:dm.d I}.5 ,,1I _>.d]um, -_l,','in:,l,.

Imil'er. lill 5.7. I)rugs were included as folhm's:
I'¢-I ( mltrol

.l_ ll.12 nlgtn. 1. of I.SI) None

'2' 17.t mgnl. 1. of s[.r(_tonin _II) m_zn., 1. _1 sero (I ll99 ,,1/ cre:llinine

I,alin (+reatiniiw suit:it,, ?itl':lt(,d Io l)ll_'17
_ itli Nat)t{ J

;l, Same :ts r2) + 1).12 nlglii. ]. (if' [,SI) £;l]ii,. :,- ;7 + 0.12 Inltli, 1 I.,_J _

4 111_1mgnl._l, of ._lelr:lzot _Olll'

D 10 nlgm.l]. (if eh]olllrllnl:ilili(, _(ill(,
I'l III lllgnl. I Ill <OllillTIl llli/lllt'll?:l] _lillf'
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TABLE 1

Dru effects on activity* level under stress

Timer Meanactivitylevels No.of

s.c. "t" Test of null

rain. Meandiff. s.d. value hypotheais

Test fish Contro -- __ pairs

tested)

,'LSD { I

2-6 326 391 -65 8 Not signifi-

159.6 56.5 1.15
cant

8-12 175 282 --107 8 91.6 32.4 3.30 P < 0.01
28-32 159 234 -75 12 115.6 33.4 2.25 P < 0.05

Serotonin

2-6 357 287 4-70 14 235.0 62.8 1.11 Not signifi -
cant

8-12 529 404 4,125 14 262.4 54.1 2.31 P < 0.05
28-32 213 184 +29 14 178.1 47.6 0.61 Not signifi-

cant
LSD 4" LSD

Sero-
tonin

2-6 187 265 -78 11 255.7 77.1 1.01 Not signifi-
cant

8-12 193 298 -105 11 156.3 47.1 2.23 P < 0.05
28-32 156 204 -48 11 156.7 47.3 1.01 Not signifi-

cant

* Activity, as determined from electromyograms, is the number of excursions per minute
of specified amplitude, i.e. the height obtained with the instantaneous application of I0
to 40 _V.

t "Time" is the period after ceiling installation during which myograms were recorded.

RESULTS. Table 1 shows that LSD and serotonin had opposite effects on the

intensity of activity under the standard stress situation. Data show statistical

significance for the 8- to 12-minute interval after ceiling placement, when fish

had _ecovered from this minor disturbance, yet were not seriously fatigued. Sere-

tenth alone increased the intensity of the stress response, but, when given with

LSDI it potentiated the LSD lethargy.

Table 2 shows that LSD decreased the "quiescent period"; that is, LSD-treated

fish probed the gauze ceiling sooner after its installation than did controls. Sere-

tenth alone, at the dosage used, had little or no effect on the quiescent period;

but, when combined with LSD, it inhibited the LSD effect. Thes e findings

cannot be interpreted in terms of central excitability. Metrazol prolonged the

quiescent period, as did chlorpronmzine; while sodium thiopental had no signifi-

('ant effect at a dodge (10 mgm. 'I.) which nmrkedly shortened the duration of
ahnost continuous movement.

Table 3 shows that LSI) and serot(min both decreased the duration of struggle,

i.e. the inlerval after first probing lhe gauze lent before fish stopped moving for
at least 30 seconds. Serotonin also increased the LSI) effe('t. Data in this table

are handled in a somewhal unusual manner. ,'hiefly ftw two reasons. First, control



SEROTONIN AND LSD IN FISH I_{:_

TABLE 2

Drug effects on the quiescent period*

.,,_eel.....t ,io I I Nee, I

.... I Meandiff. [ .fie_ptS'.rs [ s.d. va[;: Test of null

..... ( s pal s.c. hypothesis

Test fish Controls tested)

I,SD ................

128 247 I --119 I 11 J 134.6 40.6 2.93 P < 0.02
Serotonin

190 172 +18 12 218.3 63.0 0._) Not sig-
nificant

LSD + Serotonin

192 108 +84 12 116.5 33.6 2.50 P < 0.05

Chlorpromazine r
240 172 +68 10 77.2 24.4 2.77 P < 0.05

Metrazol

427 _ 214 +213 I0 268.1 84.8 2.5(I P < 0.05

* Quiescent period is the time after installation of the gauze ceiling before fish probe(l
against it.

TABLE 3

Drug effects on duration of struggle*

Controls J
Test fish Mean value fc

...... -_ tim,re, i "c' T_ ofn_ll
N_sh° Me- test fish .... ;value hypothesis

pairs dian Range Tmreeantt.Xlt3edmci!nI Range log time |_
tested Treatment time sec. _ec. controls

See. * l [

11 I LSD 305 215- Nonel+ 840! 260- -0.310 . 2.40 1' < 0.05

5,615 I , ' 3,285 ! I
12 Serotonin 600 195- None i 1,058! 260- -0.268 !0.0931 2.87 P < 0.02

1,205 i [ 3,245 10.151 ' I12 LSD and 340 180- LSD] 478 260- -0.447 2.96 1' < 0.02

Serotonin 410 , i 6,580 I

* Duration of struggle is the interval after first probing the gauz_ ceiling before fish
stopped moving for at least 30 seconds, i

fish demonstrated a widely varied duration of struggle. Seco_[dly, distribution
of values was markedly skew, with occasional fish "struggling" for _veral times
the median duration. In evaluating statistical significance of group differences,

each test fish was compared with its control; the mean, standard error, and "t"

value were determined for:

log duration of struggle of test fish
duration of struggle of control"

D_scussmr¢. LSD taurus central effects similar to those of mrotonin (Bog-

danski et al., 1956; Udenfriend et al., 1956) but important qualitative differences

in response have also been reported. Injection of LSD into the lateral cerebral
ventricle of the unanesthetized cat produces sham rage, while the similar injec-
tion of mrotonin ('au_s lethargy and loss of muscular tone (Gaddum and Vogt,
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1956). Cats thus treated with serotonin I'Clllaill playhfl and r(,_pou._w_,to |x,ltillg

(Feldberg and Sherwood, 1954).
Shore et al. (1955) demonstrated that LSD t'aJl block a _rotonin effect in the

brain, as well as peripherally. Serotonin produces a _dative effect in mice and
prolongs the sleeping time after injection of a fixed dose of barbiturate. LSD,
while having little effect it_lf on barbiturate sleeping time, inhibits the prolonga-
lion by _rotonin as does brom-LSD (Cerletti and Rothlin, 1955).

In the last two or three years, the importance of similarities in L_D and sero-
tonin effects have become increasingly recognized. High brain ,_rotonin levels,
produced by administering a serotonin precursor and a monoamine oxidase
inhibitor, raise body temperature in the rabbit, as does LSD (Horita and Gogerty,
1957). LSD and serotonin inhibit transmission of nerve impul,_,s at _me central
synapses (Marrazzi and Hart, 1955; Marrazzi, 1953; Evart et al., 1955). Serot onin
increases LSD depression of glycolysis and respiration of electrically stimulated
brain slices (Lewis and Mcllwain, 1954). Ginzel and Meyer-Gros._ (1956) suggest
lhat LSD acts like _rotonin in disturbing mood and perception in man, for
these psyehic changes ('.an be blocked by pretreatment with brom-LSD.

Most of the findings of this paper are consistent with the above reports. Sere-
tenth and LSD, when added separately, had opposite effects on the intensity
of the stress response in fish and had the _me effect in shortetfing its duration.
But, when added with LSD, serotoniu potentiated the LSD effect on intensity'
and increased its effect on duration.

One cannot, with certainty, explain the decreased "quiescent ported" of LSD-
treated fish. These fish did not appear to delay any longer than the controls in
growing restless under the gauze ceiling, but they did show less hesitation in
prohing against it. It is possible that this effect indicates a perceptual or mood
change. Behavior suggesting altered perception after LSD has be_.n described
f_)r mice (Woolley, 1955) and guppies (Keller and Umbreit, 1956).

It was surprising to find that serotonin opposed the LSD-shortening of the
quiescent period. Cerletti and Berde (1955) reported that _rotonin antagonized
LSD-induced expansion of certain fish chromatophores, but other inhibition_
of an LSD effect by serotonin have not been reported.

SUMMA RY

Siamese lighting fish (Betta sple_wlcns) were subjected to a controlled stre._
situation involving hypoxia. LSD depressed the intensity of activity under the.,_
conditions, whereas serotonin increased it. LSD and serotonin, however, had
the ._mm effect in reducing the duration of almost continuous activity. When
lhe two drugs were added together, serotonin potentiated the eff+_,t of I,SD eli
irltensity and increased its effect on duration.

Evidence is also presented suggesting that LSI) produced per('eptual or m(_l
_'h.tngesin Betta.
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