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Exp. Therap. 159: 216-221, 1968. The effects of several hallucinogenic compounds and scores of 1_5
their nonhallucinogenic analogs were evaluated in an underwater swim alley. Rats were latency score
submerged and forced to swim underwater through plastic tubes 3.47 m long in order to reals were a_

escape at the other end of the tubes. All of the compounds tested significantly increased and 18 expe
the starting latency but only d-amphetamine significantly increased swimming time. The groups/eomp
peak effect time for d-lysergic acid diethylamide (LSD-25) and three amphetamine de- On the dt
rivatives on latency was 20 min after the i.p. injection; that for 2-brom-lysergic acid
diethylamide (BOL-148) was 40 min. Dose-response curves indicated that the increase in
latency was a function of dose. The ED50's for LSD-25, BOL-148, 2,4,5-trimcthoxy-
amphctamine (TMA-2) hydrochloride, 3,4,5-trimethoxyamphetamine (TMA) hydro- A compariso
chloride, d-amphetamine hydrochloride and 4,5,6-trimethoxyamphetamine (TMA-3) hy-
drochloride were 1.9, II.0, 15.0, 31.0, 36.5 and 77.0 _mol/kg, respectively. An analysis of
relative effectiveness indicated that LSD-25, TMA-2 and TMA (in descending order)
were significantly more effective than their respective nonhallucinogenic analogs. Compound

Lyscrgic acid diethylamide (LSD-25) lms 4,5,6-trimethoxyamphetamine hydrochloride

been reported to disrupt behavior at far lower (TMA-3) (Shulgin, 1964). In addition, d- LSD-2SBOI_I4_

dose levcls than its analog, 2-brom-lysergic acid amphetamine hydrochloride was used as a refer- "r_o.
die_hylanfide (BOL-148), which has quesfon- euee compound. TY,.A-2

able hallucinogenic effects in man (Cerlelti and TMA4

Ro_h]in, 1955; R ichardset el., 1,q5S). Appcl and METHODS.The swim alhw. consisted of a sheet- g-Ampheta_mine
metal tank (3,66 by 0,40 by 0.15 m) with four pat'- 8alias

Freedman (1965) found that LSD-25 was ap- allel channels, Each channel was 3,47 m long anti
proximately 10 times as effective on a dose-level

consisted of a translucent red plastic tube. The di- • Not,_aia,
basis as BOL-148 in disrupting the bar-pressing ameter of each tube was 9 cm, which allowed the
performancc of food-deprivcd rats. Moreover, rat swimming in it to turn around. At one end of

LSD-25 is significantly more effectivc than BOL- ti_e channels a detachable 40- by 17- by 16-era A compariso
148 in reducing the aggressive behavior of mice plastic start box with four compartments was rot
in an isolation-induced aggression test (l'yeno placed into the tank. At the other end, the than-
and Benson, 1905; Uycno, 1966a) and of rats nels led to the goal box containing four compart-
in a food competition situation (Uyeno, 1966b). meats into which the animals escaped. The tank Compound--

The present experiment was designed to study was filled with 23°C water to the height of 13 cm, ,_

the behavior of underwater swimming and its submerging the channels completely.
One hundred ninety male rats of the Long- ,

alteration by the hallucinogenic compounds, Evans strain weighing between 180 and 200 g were LSD-2$ 1
LSD-25, 3,4,5-trimethoxyan_phetamine hydro- housed individually and fed ad libilum. They wert, BOI.,-I_9 l

TMA 1

chloride (TMA) (Peretz et al., 1955; Shulgin adapted to swimming underwater by a _ries of i T_-2 1
ct at., 1961) and 2,4,5-trimethoxyamphetamine pretraining trials. A trial was initiated by placing T_A._ l
hydrochloride (TMA-2) (Shulgin, 1964), and one animalin each of the four compartments of the g-Xmpheta- l
their nonhallueinogenie analogs, BOL-148 and start box, submerging the start box and lifting the , mint

common guillotine door to allow each animal to •Themetro
Received for publication August 1, 1066. swim into its respective tube. Lifting the door an- *Thediflev
xThis work was supported by contract no. PH- Somatically started a set of four latency timers. _llae,0._7)43-65-1061 between the National Institutes of ""

Health,U.S.PublicHealthService,and Stanford The latencyofan animal'sresponsewas the tim_ ', 'T_edU_
ResearchInstitute. whichelapsedfrom themoment thestartdoorwas _.l_,_.mlla,,
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! opened untilthe animal swam p,_stthe firstpho- TABLE 3

toeell, located 17 em from the start door. Swim- A comparison between the pre- and postinjection
ruing time was recorded as the time to swim from swimming times
the first photocell to the second photocell at the
escapeexit.On thefirstpretrainingtrialtherats Mean Swimming]

Time
were forced to swim underwater through tubes 1.32 Compound F dFddFi Sla_ificam_e
m long in order to escape. On the second and third Prein- Postin-

trialstheyswam a distanceof2.1and3.47m, re- IcctionJectinn
speetively. After the pretraining trials they were ...........

. given a series of training trials (with an intertrial "_ %
interval of approximately 1 hr) with the full-length LSD-25 12.7 13.1 0.366 1120 N.8.BOL-148 12.5 13.6 3.843 1/20 N.S.
channel. They were given eight trials per day until 7"_fA 13.0 13.7 2.740 I/2g N,S.

3h they reached a criterion of three successive latency r)[A-2 13.5 14.3 2.Sgg i/29 N.S.
ad scores of 1.5 sec or less. On the basis of the mean I'MA4 12.4 13.8 4.000 !/29 N.S.
,re latencyscoresofthethreecriteriontrials,theani- _-Amphot-13.1 15.3 13.314 1/30 5amigo
to mats were assigned to a control (0.9% saline) group Saline 13.0 12.8 0.639 1/9 N.S.
ed and 18 experimental groups (three experimental
he groups/compound), with 10animals per group.
is- On the day after reaching criterion they were given the first swim test 15min before an injection.
'id The second, third, fourth, fifth and sixth tests were

in TABLE 1 given 1, 10, 20, 40 and 60 min respectively after an
:y- i.p. injection. The compounds and doses (in micro-
"o- A cbmparison between the pro- and postinjectian moles per kilogram) were: LSD-25, 1.5,2_3and 3.1;
ly- mean lalencieg BOL-148, 6.2, 12.4 and 24.9; TMA hydrochloride,

of MeanLatencie, 12.0,23.9 and 47.8; TMA-2 hydrochloride, 6.0, 12.0
:r) and 23.9; TMA-3 hydrochioride, 23.9, 47.8 and

Compound Prein- Postin- F dFt/dFs Signifi-cance 95.6; d-amphetamine hydrochloride, 11.7,23.3 and
jectionjection 46.6. A standard volume of 2_ ml/kg of saline or

"" drug-saline solution was administered to each con-
)chloride '_ % trolorexperimentalanimal,respectively.
Iion, d- LSD.25 1.01 2.15 L2 1/21 1Bou14s 1.04 2.03 4.s 1/_, 1
a refer- T_A 0.00 1.79 t.5 1/21 1 [RESULTS.In general, all compounds increased

TMA-2 L02 1.87 4.7 1/2_ , the mean latency. The animals given LSD-25,
TbIA-3 0.90 1.83 1. t 1/2! 1

a sheet- d.Amphe_- 0.08 1.0, 0.s */2_ I TMA, TMA-2, TMA-3 or d-amphetaminemt_s showed the greatest increase in the mean latency
[ourpar- 8nllnl 0.07 0.is 0.1 1/t N'S'a duringthe 20-rainpostinjeetiontrial.There-
long and
. The di- "NotslgnifleLnt, fore, the time of peak effect of these compounds
)wed the WaS considered to be 20 rain after the injection;
Leend of TABLE 2 that of BOL-148 was considered to be 40 min.

,y 16-cm A comparison bstween the mean latency of each dose A statistical analysis -showed that the postin-
:nts was group with that of _he8aline group jection mean latency of the three experimental
he chan- groups for each drug at the time of peak effect
compart- LowDose MedimDo,, HighDose was significantly longer than the respective pre-
Fhe tank Compound " injection mean latency, indicating the debili-
)f 13 cm, XL _L,,. Xu X_,. X_ Xnv:.

saline" saline saline tating effect of the compounds (table 1). The
control group, however, showed no significant

_e Long- st_ sit sic % change in the mean latency.
)0 g were LSD-25 1.fi0 N.B.6 2.16 5%* 2.68 5
hey were Bou145 1.55 N.s. 1.94 5% 2.el 5 Further analysis showed that the postinjec-
series of TbL_, 1.0_ N.S. 1.70 5% 2._ 5 tion mean latencies of all experimental groupsTMA.2 1._8 N.S. 1._o N.S. 2._5 5
y"placing TMA4 1.09 N.S. 1.44 N.S. 2.07I 5 givena highdose,and thoseof some groups
ntsofthe d-Ampbeta-1.30 N.S. *.55 N.S. 1.57 5 givena medium dose,weresignificantlylonger
iftingthe mine than the mean latencyof the salinegroup

mimal t 9 "The mean latency for the saline group was 0.97see. (table 2). None of the mean latencies of the
door au- tThodifferencebetweeathetwomemm(LSD-_(Low),i.60, groups given a low dose was significantly dif-

y timers. _. _ne. 0.07)_got,_n_eant. ferent from that of the saline group.
the time ' The difference between the two meant tT.,SD-_ (Medium),
doorwas _.15,_. roll,e,0.07)ie siglaifieantat the 5%level. Table 3 shows a comparison of the poetinjee-
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TABLE 4 tion mean swimming times at the time of peak
A comparison between the mean swimming time of effect with the respective preinjeetion mean

each dose group with that of the saline group swimming times. Only the group given d-am-
phetamine showed a significant increase in swim- Comp_

Low Dose Medium Dose High Dose
ruing time.

Compound 'l Postinjection mean swimming times (at tim LSD-25XLrs. X_ XMvs. Xn X_tvs.
,XL saline"i saline saline time of peak effect) of the experimental groupsI

were compared with that of the control group BOL-148sec $r¢ $e¢

r.SD-9.5 I_.8, N.S l_.b N.S. 14.1 r_.S. (table 4). Only the mean swimming time of the
aOL.m 13.a! N.S) 13.3 N.S. 14.1 N.S. group administered the high dose of d-am-r_A 1a.3 N.S. _3.6 N.S. 14.a N.S.

ll.l N.s. 14.9 N.S. phetamine was significantly different from that TMA-2r_fA-_ ;a.9 N.s.
gMA-3 13.6 N.S. 13.4 N.S. 14.5 N.S. of the saline group.
|-Ampbets-la.0 N.S. 14.4 N.S. 17.6 1% Since the latency was more sensitive than themine , , TMA

swimming time, the former measurement was
"The mean Bwlmming time for the saline group was 12.S see. used to calculate (according to the method ofb The differvnoe between the two means (13.3 v#, 12.8) is not

,i_,_nt. Litchfield and Wilcoxon, 1949) the median d-Amphe
'. mine

95 i 1 I [ I II [ I I I I lit I[ ° Potew
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Fro. 1. Dose-response curves, giving effects of the compounds on latency. The ordinate shows the ratio l_
percentage of animals that showed an increase in latency, by divi(

pound
TABLE 5 effective dose (ED50) and relative potency (el- of the t

Analysis of taleneies fectiveness) of each compound. For each corn- descend
...., pound and each dose the total number of ani- :rod in

Compound EDS0a / 95%Confidence mals that showed an increase in latency at the ,_iznific'_Limits

time of peak effect was obtained. In the control than B
"mt/_ group, one animal's latency increased on the signifies

LS1)-25 1.9 1.5-2.4 20-min postinjection trial, and another's on the dicatin_
BOL-148 11.0 6.7-18.2 40-rain postinjection trial. The difference be- more elTMA-2HCl 15.0 8.6-26.3

tweeu the total number of experimental animals cinogen
TMA HCI 31.0 17.8-53.9 that showed an increase in latency on the peak compou
d-Amphetamine HCI " 36.5 19.5-68.3
TMA-3 HCI 77.0 44.3-133.9 time trial and the total of the control animals tended

(i.e., one) that showed an increase in latency was sig

-The EDS0 refers to the dose which produces on the 20-min postinjection trial was calculated Tabk
an increase in latency in 50% of the animals: _r each drug at each doselevel. These difference its deri

#
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!peak TABLE6

mean Relalive effecliveness of compounds
d-am-

SWill'l- Compound BOL-148 TMA-2 TMA d-Amphetamlne TMA-3

tt the LSD-25 Poiency ratio _ : 5.8 7.9 16.3 19.2 40.5
Significance b Yes Yes " Yes Yes Yes

;roups Confidence limits 3.3-10.1 4.3-14.5 8.9-29.9 9.9-37.5 22.1-74.2
group BOL-148 Potency ratio 1.4 2.8 3.3 7.0
of the Significance No Yes Yes Yes

d-_nl- Confide|lee limits 0.6-2.9 1.3-5.9 1.5-7.3 3.3-14.8
that ThlA.2 Poteucy ratio 2.1 2.4 5.1

Significance No Yes Yes
Confidence limits 0.9-4.5 1.1-5.6 2.3-11.3

rethe TMA Potency ratio 1.1 2.5
t was Significance No Yes
,od of Confidence limits 0.5-2.7 1.1-5.5
_edian d-Ampheta- Potency ratio 2.1

mine Significance No
Confidencelimits 0.9-4.9

Potency ratio ffi (ED50 of a compound in the top row)/(EDS0 of a compound in the first column).
Sig|!iticance at the 5% level.

scores, expressed as the percentage of the total and differ structurally only in the location of
number of experimental animals in each dose their methoxy substituents. TMA-2, with a

group, werc taken as a measure of the effect of methoxy group at position 2, increases latency
the drug on latency. Percent effect was plotted most and also appears to be a hallucinogen
against dose (in micromoles per kilogram) on (Shulgin, 1964). Transposition of this methoxy
logarithmic probability paper (fig. 1). The dose- group to position 6 to form TMA-3 results in a

response curves in figure 1 illustrate that the compound which increases latency least and is

effect of each compound was a function of dose. devoid of hallucinogenic properties (Shulgin,
The ED50 and the 95% confidence limits are 1964).

presented in table 5. DiscussioN. The present results indicate that
To compare the relative effectiveness of the LSD-25 increases starting latency in an under-

compounds, the potency ratios and the 95% water swim test more than BOL-148. The pres-
confidence limits were calculated. The potency ent data are consistent with earlier studies

v8 the ratio between two compounds was computed which demonstrated that LSD-25 is more ef-

by dividing the ED50 of the less effective corn- fective than BOL-148 in inhibiting aggression
pound (i.e., of the larger value) by the ED50 and dominance behavior of mice (Uyeno and

y (ef- of the olher. The compounds were arranged in Benson, 1965; Uyeno, 1966a) and rats (Uyeno,

corn- descending ordcr of effectiveness in the top row ]966b). In the experiment of Appel and Freed-
f ant- and in the first column of table 6. LSD-25 was man (1965) and that of the author, the effective
_t the significantly (at the 5% level) more effective closes of LSD-25 were much lower than those of

ontrol _han BOL-148, and TMA-2 and TMA were other compounds tested.
n the significantly more effective than TMA-3, in- Shulgin (1964) determined the relative ef-
_n the dicating that the hallucinogens were significantly fectiveness of the TMA compounds in humans

_e be: more effective than their respective "nonhallu- by comparing them with the effectiveness of

]imals cinogenic" analogs. Comparison across classes of mescaline. His results indicated that TMA-2 was
:peak compounds showed, however, that BOL-148 significantly more effective than TMA as an
aimals tended to be more effective than'TMA-2 and hallucinogen, whereas TMA-3 was nonhallu-

_tency was significantly more effective than TMA. cinogenic. The results of the present experiment
ulated Table 7 illustrates how d-amphetamine and also showed that TMA-2 and TMA were signifi-

erence its derivatives retain the three carbon chains cantly more effective than TMA-3 in increasing



220 _NO Vd. 16o Ia68

RzvzT_, A. M.
TABLE 7 LSD-25 on t

Actlvily of d-amphetamlne HCl and il8 derivatives in the hipp
R, Rl 259-266, 196{

£--] WOLFV, H.
Rs CH, CHNHffi.HCI gestion of J

,_< _H. (BOL-148).1958.
SCI-IWARTZ, A.

R, Ri of high do_

13t 273-282,
Underwater Hallucin- SHULGIN, A. '1Compound R, Rt RI R* Ro Latency ogenic

Tat (EDm) Propertla Methoxy 3,

I tia 208 366-4j,,wi/kl

d-Ampheta- 36.5 No

f mine HCITMA HCI CHjO CH_O C}I_O 31.0 Yes"

TMA-2 HCf CH,O CHaO CIIIO 15.0 Yes"

I TMA-3 HCf l J CH,O CH,O CH,O 77.0 No a

aShulgin, 1964,

starting latency in an underwater swim test. tional disturbances (Revzin and Armstrong,
But TMA-2 was not significantly more effective 1966).
than TMA. ACKNOWLEDGMENTS. The author wishes to
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