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_t_stract. Successive daily injections of LSD-25 and UML UML is equally ineffective in this respect. Its depression
methyl-d-lysergicacid butanolamide) caused progressive of 5-HT levels, however, has now been shown to be equal

depression of brain 5-HT levels in the rat. On the fourth to that of LSD-25 alone at doses that influence conditioned
day, the decrease was significant with respect to the highly behaviour. The findings indicate that changes in such behav-
significant fall observed after a single administration, four are not dependent on brain 5-HT levels and that no
whereas it had been shown earlier that conditioned behav- link exists between such levels and the psychotomimetic ef-
four is no longer affected by LSD-25 after 3 days and that fect of LSD-25 in man.
simultaneous administration of a single dose of LSD-25 and
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A recent personal paper in this journal (Torre et al., rapid when LSD-25 is taken voluntarily (McGlothlin
1974) showed that 0.5 mg/kg lysergic acid diethyl- and Arnold, 1971). It is for this reason that "trips"
amide (LSD-25) caused a significant decrease in brain are-and, indeed, must be-taken at distinct intervals
._erotonin content in the rat. 1-Methyl-d-lysergic acid to make sure they are effective.
butanolamide (UML) has the same effect. This dose The present paper examines whether 1. differ-
also leads to significant deterioration of conditioned ences in behaviour noted by Torre (1972) and Torte
avoidance behaviour in the case of LSD-25, whereas and Fagiani (1972) are related to changes in brain

.'-ML has no such effect (Iorre and Fagiani, 1968). 5-HT levels, and 2. whether the effect of repeated
The two drugs have similar formulae and antise- administration of LSD-25 and UML on these levels

rotonin activity, and it was therefore suggested that differs from the depression observed after a single
the effect of LSD-25 on 13ehaviour was not related dose.

to brain serotonin levels. This hypothesis might also Simultaneous administration of these drugs for
explain why UML, unlike LSD-25, has no psycho- their effect on cerebral 5-HT does not appear to have
tomimetic effect in man. Torre (1972) has shown been previously studied.
that 0.5 mg/kg LSD-25 and 3 mg/kg UML adminis- Diaz and Huttunen (1971) noted a significant in-
teredsimuitaneously have noeffecton the conditioned crease (13%) in levels in the rat 18 hrs after 0.2 rag/
avoidance reflex, i.e. UML overrides LSD-25, possi- kg/day LSD-25 for I m_ath.
bly a result of competition. LSD-25 itself loses its ef-
fect on the reflex as from the third day when given
alone at a dose of 0.5 mg/kg/day (Torre and Fagiani, Methods

1972). Freedman et al. (1958) observed a similar sit- Male Wistar albino rats weighing about 250 g were used.
uation in non-conditioned learning, using doses of In the first series of experiments, LSD-25 and UlV:L
0.13-4).26 mg/kg. Tolerance with,Jut dependence is (0.5 mg/kg intraperitoneally in both cases) were always
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Table 1

Brain5-HTlevels (ug/g)

controls LSD acute' LSD chronic UML _cute* UML chronic LSD (0.5 mg/kg)
(0.5 mg/kg) (0.5 mg]kg]day) (0.5 moo/kg) (0.5 mg]kg/day) + UML ('_mg/kg)

Mean 412 350 310 354 288 367
S.D. + 60 + 36 + 37 + 50 -I-35 + 17
(n = 8)

Student's t respectto controls 2.348 4.080 2.014 5.060 Student'st respect
P < 0.05 P < 0.01 P < 0.1 P < 0.01 to LSD acute:

1.219

Student's t acute/chronic 2.216 3.070
P < 0.05 P < 0.01

J.,,

• From: M. Torte, F. Bogetto and E.Ton'e: Effectof LSD-25and l-methyl-d-lysergic acid butaaolamide on rat brain and
platelet serotonin levels. Psychopharmacologia(Bed.) 36, 117-122 (1974).

given at the same hour on four consecutive days. Brains B x C - F = 0.26: the difference between the
were removed 10 rain afte_ the last injection, i.e. on the effects of the two drugs with respect to the modalities
fourth day. of treatment was not significant.

In the second series, brainswere removed 10 rain after A X C - F = 4.29, P< 0.05: the difference be-
a single intraperitonealdose of 0.5 mg/kg LSD-25 and 3
mg/kg UML. tween acute and chronic treatment was significant.

The controls received equivalent volumes of saline. The results of administration of LSD-25 and UML
After decapitation, the brain was removed as quickly simultaneously in a single dose shows that there was

as IX,ssibleand placed at 0°C for a few minutes before no signific.mt difference with respect to LSD-25 alone.
5-HT extraction. The incision was made at the lower part
of the myelencephalon to enable 5-HT values to be
determined on the whole organ.

5-HT was extracted accordingto the method of Shore
and Olin (1958) and readings were taken with an Aminco- Discussion
Bowman spectrophotofluorimeter.

Two points emerge from our findings, firstly that brain
serotnnin levels change irrespective of their possible

Results relation to changes in conditioned behavic_ur. Depres-

By the fourth day of daily administration of LSD-25 sion by LSD-25 and UML is independent of dose in
(when no effect on conditioned behaviour is observed) the range 0.1-3.5 mg/kg (as shown in both this and
a highly significant decrease in serotonin levels oc- our previous s_udy), while ievel_ are significantly de-
curred (P < 0.01, using Student's t test1 by compari- creased on the fourth day by cc_-,-parisonwith the first
son with the controls (P < 0.05 by comparison with when 0.5 mg/kg are administered daily.
the levels observed after administration of the single This difference between the effect of variabk as

dose). The same results were obtained with UML. opposed to repeated doses canno_ as yet be explained,
An analysis of variance was performed with three but is interesting from a biochemical and pharmaco-

parameters (A -- treatment; B = drugs; C= admin- logical standpoint. It may be suggested that lower
istration modality-acute and chronic) to achieve a doses block all 5-HT-proaucing factors active at the
clearer statistical picture. The single-administration moment of administration, but not those that are not
data reported by Torre et al. (1974) were used for operating. This block remains irrespective of the per-
parameter C. manence of the drug, so that an increase in dose has

The following results were obtained: no additional effect. In the case of chronic adminis-
A - F -- 46.65, P < 0.01: the effect of treatment tration, on the other hand, further depression of lev-

as a whole (i.e. both drugs and both methods) was e_s results from the progressive inhibition of factors
highly significant, as they become active.

A x B - F-- 0.12: the difference between the Relation between serotonin levels and condi-

effects of the two drugs was not significant, tioned behaviour. It would seem that the changes in-



M. Torre et al.: LSD-25 and UML: Brain Serotonin and Ccnditioned Behaviour 247

duced by LSD-25 are not dependent or such levels, References

since the effect on behaviour noted after a single dose Diaz, J. L., Huttunen, M. O.: Persistent increase in brain
is no longer apparent on the fourth day of chronic serotonin turnover afterchronicadministrationof lyser-
administration, while a continuing and significant fall gic acid diethylamide in the rat. Science 174, 62-63
in 5-HT 'values is observed over the same period. (1971)

Apart from this obvious discrepancy, there is also Freedman, D. X., Aghajanian, G. K., Ornitz, E. M.: Pat-
the fact tt_atUML shows the same depression of 5-HT, terns of tclerance Io lysergic acid diethylamide and mes-

caline in rats. Science 127, 1173-117.. (1958)
but has no effect on behaviour at all. Lastly, a simulta- MeGIothlin, W. It., Arnola, D. O.: LSD re _,isited.A ten-
neous ir.iection of LSD-25 and UML, v ;le devoid year follow-up of medical I_SDuse. Arch. gen. Psychiat.
of effecl on behaviour, since UML blocks the specific 24, 35-49 (1971)
action .0,_LSD-25, nevertheless causes a fall in 5-HT Shore, P., Olin, J. J.: Identification and chemical assay of
values ;'iat is not significantly different from that ob- norepinephrine in brain and other tissues. J. Pharmacol.
served with LSD-25 alone, exp. Ther. 122, 295-300 (1958)

Torre, M.: Effettc inibente I'azione delI'LSD-25 sul riflesso
The, suggestion that LSD-25 modifies 5-HT turn- condizionatodi fuga nel ratto da parte del metisergide

over, whereas UML does not, even though both drugs bimaleato. Boll. Soc. ital. Biol. sper. 48, 1-3 (1972)
have the same influence on levels, cannot be put for- Torre, M., Fagiani, M. B.: Effects of LSD-25 and dimethy-

ard as an explanation for their diverse effect on be- sergide bimaleate on a conditioned reflex in the rat. J
..dviour in the light of our data. neurol. Sci. 7, 571-579 (1968)

The present findings, therefore, are in line with Torte, M., Fagiani, M. B.: Assuefazione aiI'LSD-25. Ri-
cerche sulla risposta condizionatadi fuganel ratto. Boll.

the view we expressed earlier, namely that there is S_c. ital. Biol. sper. 48, 59C-592 (1972)
no link between psychotomimetic effect and 5-HT Torre, M., Bogetto, F., Torte, E.: Effect of LSD-25 and l-
levels in man, such levels being equally unassociated methyl-d-lysergic acid butanolamide on rat brain and
with changes in conditioned behaviour in the rat. platelet serotonin levels. Psychopharmacologia(Bed.)

36, 117-122 (1974)

M. Torte, Department of Psychiatryand Psychopharmacology, University of Turin
Via Cherasco 15, 1-10126 Torino, Italy


