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The actions of d-lysergic acid diethylamide (LSD) have been extensively
de._.ribed (Graham el al., 1954; Gaddum, 1953; Rinkel et al., 1952; Rinkel el al.,

1954). d-Lysergie acid morpholide (LSM) differs from L_D in that the die-
thylamine side chain is replaced by a morpholine group as shown in the following
st ructures:
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Lysergic Acid Diethylomide(LSD) LysergicAcid Morpholide(LSM)

]._M is a crystalline powder and is soluble in water to the extent of 8 mgm. per
nd. The compound is in the form of the tartaric acid salt and all doses are ex-

I,'e._'_l as such. Work in this laboratory indicates that in the more concentrated
solutions this substance will remain stable for only three or four hours whereas
in dilute _lution (400 to 600 micrograms per ml.) the stability is maintained for

approximately 7 days.
This report presents some of the pharmacological and behavioral effects of

this lysergie acid derivative and compares these with those produced by LSD.
EXPERIMENTAL PROCEDURES AND RESULTS. A. Animal sludies..tculc loxicit!!

at,dies. Determinations of the LIA0 for both I_M and LSD were made in white

albino mice having an average weight of 25 grams. All injewtions were made

, intravenously by the tail vein. The results are shown in table 1. The lfitchfield-
Wih.oxon (1949) method for statistical analysis of do_ respon.-_, data was

employed in the analysis of this data. It will be nobel that the values for the LIA0
differ with the rate of the injc_'tion.

This work was partially supported, and the d-lysergic acid morpholide was furnished,
I_v the Eli l,illy Company. Indianapolis. Indian,.
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TABLE 1

Summary of LD;o determinations for LSM and LSD by intravenous administration to ,rice

Durationof Injection / Lethal_(LSM)D_e* Lethal56%(LsD)D°se*

10 sec. 55.5 mgm./kgm. $4 mgm./kgm.
(52.37-58.83mgm./kgm.) _45.29-64.26mgm./kgm.I

.30sec. 128.0mgm./kgm. 88mgm./kgm.
I {119-136.96mgm./kgm.) (82.2-xd4.1fimgm./kgm.)

* Confidence limits are shown in parenthesis.

Systematic determinations of the LDt0 were not made in other species. How-
ever, some values were found for other species in the behavior studies reported
later. These may be summarized as follows: 400 micrograms per kgm. produced
death in rabbits; 6400 micrograms produced death in cats; 600 micrograms per
kgm., the highest dose used in dogs, did not produce death. The special sensitivity
of rabbits to LSM was also observed for L$D.

General pharmacology. Cardiovascular effects: Previous workers, while at-
tempting to define some of the pharmacodynamic actions of LSD, found that it
produced a prolonged drop in blood pressure when administered intravenously to
chloralose-anesthetized cats. They tentatively ascribed this effect to a central
action of LSD since the drug produced no observable effects in the spinal cat
(Horita and Dille, unpublished observations). Effects of LSM on blood pressure
were studied in ehloralose-urethane anesthetized cats. Kymograph recordings
were made by a mercury manometer attached to the left common carotid artery.
Drugs were administered through the left femoral vein with the aid of an injection
burette.

Single injections of 100 micrograms of LSM per kgm. over a period of 10 to 30
sec. resulted in a biphasic blood pressure response which showed a pressor-
depressor sequence. This was accompanied by depression and failure of respira-
tion. The secondary depressor response lasted approximately 20 minutes followed
by a gradual return to the base level (figure 1). LSM, in this dosage, appeared to
prolong the normal responses to acetylcholine and to epinephrine. However, the
depres_r response to/_,SM was not affected by previous atropinization of the
animal. LSM did not affect the nicotinic response to aeetylcholine nor did it alter
the blood pressure response to peripheral splanehnic nerve stimulation or to
peripheral vagal stimulation.

Three doses of 100 micrograms of LSM per kgm. within a period of 60 minutes
resulted in a shift from a biphasic blood pressure response to a pure pressor effect.
This pressor response had a duration of approximately 4 to 7 minutes. The pres-
sor response was not abolished by previous administration of Dibenzyline or di-
hydroergotamine but, instead, appeared to be augmented by the previous admin-
istration of the latter.

In an attempt to elucidate the geueral depressor response of LSM, studies were
made on the effect of l,qM on the pres_r response produced by oarotid occlusion
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FI_;. I. (':ll'ot it] blI)od |H'e:-zsltreI'e',l)tm:_e of a (':tl iltld{,l' chloralo_' uret bane anest he_ia t o

)(HI mit'r,_+zr:ml- per k+zm. <)t"I,SM :ulministered ow,r 20 _eeonds intr:=ven+msly.

l"l(;. 2. ('arotid bh)_d I)ressure re_-pmi:_e of a I':tt itmler chlm':do_,e urethane :mesthe_ia.
A :rod B. r(':-:pon_(,r, l)el'm'e :tdnlini:.:tralion <d"I.SM I,) (.enlral '.+'aKu:r. :-limulalion and ea

rotid ,_('clu>.imL (' :rod I). :d)olilion <,f these n,:.t)onse:, :211tllillllt (+s =tl'ter :tthnhlisl r:tlioll of l(k)

llli<'rogr:t(llS O[ I,S.M inl I+IUVt,TIoII..IV.]'_ :|till l", l'(,(.ovt,rx of lh(,st, I'(,:.:I)<HIs(,s75 Illilltl|("_ after
:tdministr:ithm (+f I,SM

:[lltI 011 tit(' <h'l)l'esstw re:-.l)()Hse l)rodu('ed ILv ('(,nlral va_:al stimuiatiq)n. "Pitt+ right

\'It:ElL+_ ILUI'V(' Wtt_. +t,\'(,t't,d tit tilt' lll+([-('('l'V+('tt] l't'_itnl +It order h) Milntllttte centrally

',vhhot|t tlw <lir,,('t perildwral _,t'f,,<.I:.. ,ghi_,hh,d Net'lmd*'+ were l|>t'd in all +timula-

titan eXl)erilnt,nt >. .\,.- i_- >-II.)wn +ll tiEllre J. I,SM, in +( (1(,+*'-f I1)0 llli('l'l)+El'ttlll+ i)l,r

k+tm,, ('tmH)h'lely :d,()li:-twd h(_lh _.l" lhe :ll..\'e i'e:-.i)tlll:+4,_. "l'lw>e I'('_UI|+ ('<)lll|)ttl'4'

If) tilc)'_e (_bltlilled l'(w I,,<I ill :l '-illlilar >lit(Ix" t(;il_Zel, I!I.').')L .\Itht_ll_ll thtJ,,i,
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workers found that I,SI) was (,lT(,_.tive qmly when inje<'ted int raventricttlarly, we

were able to obtain a t'onll)h,te aholition <)f the ahox'e reflexes for h_ith I,SM and

I,SI) for approximately 60 ntinutt,s when inje(.tions were nni(h, i.traven.usly.
Pyret ogPni<' effevts: I,SI), wh_,ll +ldmillist_,rcd intravenously to rabbits l)rtxlu('es

:l rise in rectal temperature whit.h varies with the dosage (lh)rita and Dille,

1954a). This pyretogeni<. ('ff('_'t is <)f interest I)e(.ause (if I)<)_sil)le cel.ltionships

with the ('entral effects (Horiti,+ a.(l Dill(,, 1!)54).
Three different dnsc levels of I,SX! were used in a series of six ral)hits and the

resultant temperature curves ('ompare(I with that produ(.ed hy a standard dose

of LSD (figure 3). Temperatures were taken every half hour by means of a rectal

thermometer. ]nje('tions of all ('oinpouilds were made intravenously into the

marginal ear vein. l.'rom the figure, it ('an be seen that a dose of 150 micrograms

per kgm. of LSM was necessary to produce a temperature ('urve similar t<) that

obtained for a dose of 50 micrograms per kgm. of LSD. Also, the duration of a

(.omparable effect of LSM was much shorter than that for LSD.

Serotonin antagonism: The fact that LSD, in minute quantities, is an effective

antagonist of serot<inin-induced ('ontractiotls of the sensitized rat's uterus has

been well demonstrated ((;addum, 1953a; (;addum and Hameed, 1954), This,

(.oupled with the evident'e that serotonin is pre+nt in the mammalian brain

(Amin et al., 1953; Twarog and Page, 1953), has resulted in the hypothesis thai.

LSI) might exert its psy('hotomimeti<, effet.t I)y a ser(itonin-antag<mizing mech-

anism in the ('entral nervous system ((;a(hhnn, 1953b; Woolley and Shaw, 1954a,

h). Therefore the relation of LSM to serotonin was investigated.

Female rats were inje(.ted suheutan(,ously with 0.1 mgm. per rat per (lay of

estradiol for six days previous to removing the uterine horns. On the sixth day,

the animals were killed and the uterine horns were immediately removed and

mounted in (.onstant temperature (37 ° C.) 50 ml. mum.ie baths (.ontaining the

0 ISM. 501mcrolr0ml/klpm
g L SM,lOONu_,ogrlms/kgm

X X L$1_150microiF(mm/Iqlm
42 /_..8-...@.. 8LSD, 50 m_¢roqramlllqlm

I,'I.-_-- ""--..
_/ I \_.'_'_ ""*"..... -o-

I,, +...........+

l I I I- I ; • + + , ,
TIME Ill HOURS

l+'lt;. ;I. liectal temperature of the ralibit tiller iiitriivenous atlministralion of l,S.%l in the

dose levels indieille(l eomliared Io itiP eft'eel <if 511 mieroltrams of !,_1). Igiieh {,111"+,_ repl'e-
._ent_ the me:ill vtihles of six rabbits.
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following oxygenated modified Tyrode's solution (N'aCi, 8; KCI, 0.2; CaCI,,
0.18; MgCI2, 0.102; NaH_PO4, 0.494; dextrose, 1 ; NaHC03, 1 gm./I.). Recording
was made by means of an isotonic lever having a load of 1 gin. Control contrac-
tions to a standard do_ of _rotonin treat|nine sulfate were established after
which either I,_I) or LSM was added to the bath followed in one and one-half

minutes by the standard do_ of _rotonin. [n previous studies (Gaddum, 1953a),
the interval between l_gD administration and _rotonin administration was given
as ten minutes. However, wc found that I,SD or LSM would themselves induce
contractions within the ten-minute peri(_ in the concentrations which were used
by us. The _rotonin was allowed to act for two minutes before being washed out.
From figure 4 it may be seen that I,SM must be used in more than ten times the

amount of I_SD to produce a comparable inhibition of contractions. A 50 per
cent decrea_ in _rotonin-indueed contractions was the maximum amount of
inhibition that could be demonstrated before the LSM-induced contractions

interfered with the results. AI_, it was observed that the serotonin control
contractions returned almost immediately upon washing out of the LSM whereas
with the I,SI), _rotonin ('ontractions comparable to tho_ of the control contrac-
tions did not return for approximately fi0 minutes.

Observalions _m the effects of LSM on behavior in animals. Mice: Minimally
effective intravenous doses of LSM of from 1 to 10micrograms per kgm. produced
in mice a general hyperexcitability with increa:,_l respiration and piloerection.
The animals also appeared to be somewhat hyperreflexic at this dose level. As

Fie..4. Comparisonof effects of I_SI)(A, B and C} and LSM (I) and E) in serotonin in
duced contractions of the sensitized rat uterus.

S--indicates lhe :,hilt|on of serotonin to the bath to make :t concenlrati¢)nof 12micro-
grams per I(XIml. W indi('ates Wl|sh. A -('Oll|rol resl)onse to._erotonin. B--reslx)nse to sero-

tmlin after 1.2 microl_r:ums per I(X)ml. of I,SI ). (' -response l,) serot onin after 2.3 mi('rogram._
¢,f I,SI) per 1(10m]. I ) reslnmse 1o serotonin after 2.3 micrograms of I,SM iwr I(10ml. Com-

pare this I,} (!. E response to serotonin afler 14 micrograms per I(1()ml. ('Omlmre this to II
x_here _.Oml)arahle inhihition was pr,.iuce,I hy 1.2 micrograms of I,SI _.
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the dose was ira.tea.seal to 20 1o ._0micrograms per kgm., a picture of generalized
tremors with hyperexcitability began 1o appear. The animals seemed to be
confused and disoriented, running purposelessly about when tactily stimulated.
There was an ire'teased _nsitivity to auditory stimuli. When not heing stimu-
lated, the animals showed in some cases spontaneous backing movements similar
to those de.,_'ribed for LSD (Woolley, 1955). A stiffening of the tail resembling
the Straub tail phenomena was seen. Exopthahnos and piloerection were present,
The animals showed a spreading of the hind limbs with movements re_mbling
those of swimming. Recovery from the_' effects t_a)k place in approximately 7
to 10 minutes at which time hyperexcitability with .'_me evidem'e of prostration
was seen. Further increase in dosage to 50 to 100 micrograms per kgm. resulted
in convulsions, the respiration becoming irregular with gasping and anoxia
evident. The mice died of respiratory failure.

Rabbits: Intravenous doses of '50 to 100 micrograms per kgm. of LSM in
rabbits produced effects of autonomic stimulation evident in mydriasis and pilo-
erection within the first five minutes. Hyperreflexia and hyperactivity were also
ob_rved within the first five minutes. Increa_d respiratory rate was noted
within 15 minutes. The righting reflex was pre_nt at all times in the lower doses
of 100 to 200 micrograms per kgm.; however, in the higher doses of 300 to 400
micrograms per kgm., the animals demonstrated a depressed righting reflex
within 40 minutes after injection. The placing response was slightly depres_d
in the lower doses, with the depression increasing as the dosage increased. In
general, lower doses produeed hyperexeitability and hyper-reflexia, but no
observable depression. Higher do_s produced hyperactivity followed by ataxia.
depres="_t righting reflex, depressed respiration and, finally, death from re::pir-
atory failure.

Cats: The behavior of cats under the influence of varying doses of LSM was
observed. A geometrically increasing dose ,_'hedule from 100 micrograms per
kgm. to 6400 micrograms per kgm. was used in a series of 14 cats. All injections
were made intravenously utilizing the saphenous vein of the hind limb. It was
found that the effects of LSM could be divided into three stages according to the
dose level used. In a range of 400 to 600 micrograms per kgm. a behavior reaction
was produced which was very similar to that de_,ribed by Barger for ergometrine
in doses of 2.0 to 2.5 milligrams per kgm. (Barger, 1938). This was accompanied
by pronounced autonomi(' stimulation, chiefly sympathetic, with maximal
pupillary dilatation, hypersalivation attd piloerection. The behavior was es-
peeially significant. There was a marked coordinated aggression with spitting,
snarling, baring of the teeth and striking with barred claws in reslxmm.' to attdi-
tory, visual or tactile stimuli of any kind. At this dose level it was impo._sible to
handle the animal since it would attack Ul_m the slightest provoeation. This
aggrec_ive behavior had a duration of approximately 20 minutes at which time
there was a gradual return to "normal" behavior. This (.(_rdinated, direeted

aggressix)b behavior is practically identical with that produced in eats by the
intravenous administration of 200 to 400 micrograms of I,SD per kgm.

In dose levels of 800 micrograms per kgm.. I_3I produeed similar autonomic
effects seen in the lower tlo_ level exvept that exophthalmos was also evident.
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Behavior was n.w ('hanged. Instead of directed attack such as that _'en in the

previous dose level, the alrimal demonstrated a di,_)rientation which progressed

to an incoordinated aggression with signs of fi,arfulness and apprehension.

Although the animal appeared aggressive, he was, i,l fact, quite fearful and any

aggressive appearing movements were more in a line of defenm, than of attack.

The animals were hypersensitive to auditory, tactile and visual stimuli. The

animals demonstrated a "tracking behavior" in which they _emed to fix their

gaze on something in the (.as c although nothing was there, l)uring the latter part

of the reaction, there was a somewhat depressed righting reflex and a slight hind
limb at axia.

In the higher dose levels, from 800 micrograms pcr kgm. to 1i400 micrograms

trer kgm., LSM produeed a lethargic behavior which increased as the dosage was

increased. The aninmls showed a h)ss of righting reflex and placing reactions,

slow, shalh)w, irregular respiration folh)wed by panting with an elevated body

temperature, -rod stupor which was similar to catalepsy. There was none of the
behavior (.haracteristic of the h)wer dose h,vels.

Dogs: An intravenous dose of 300 nficrograms per kgm. ,f LSM produced signs

of autonomic stimulation similar to those m,en in cats consisting of pupi]lary

dilatation, hypersalivation and pih)ercction. However, there was no aggressive

rage observed; rather there was marked disorientation with fear and apprehensive

behavior pre(lominating. This was shown t)y whining with attempts to escape,
especially from tactile stimulation. "P, ehavioral blindness" and a moderate

ataxia were noted and the aninmls showed signs of great discomfort. Recovery
was complete within 1 hour and 45 minutes.

By increasing the (los(, to 600 micrograms per kgm., the syndrome described

for the preceding (los(, was accentuated with the fear and apprehension being
greater. There was, in addition, depression nmrked |)y loss of motor coordination.

B. Comparative cffccls of LSM and LSD in humans. Two su|)je('ts _rved as

volunteers for an exph)ration of dose ranges and sul>je(.tive and ohjeetive effects

of I,SM on humans. Before the investigations of LSM both sui)jects took LSI)

in a total oral dose of 50 micrograms. Preparatory to this both subjects took the

l{orschat.h and Thematic Apperception test which were again administered

during the action of thc drugs. During the effect of the drug, polygraphic records

were taken on the subjects. These comprised measurements of the galvanic skin

reflex, the heart rate I)y the means of an E('(; record, respiratory rate and depth,

face, and skin temperature, and musch' tension, l)r. Evan L. Frederi(.kson,

anesthesiologist and l)r. Albert Ax, clinical psychologist, |)oth of the .Medical

School st:dt, aided in the experiments |)y administering the tests and inaking
(,I)scrvations .f the t_ehavior rcsponscs of the subjects. Both subjects showed

reactions to LSI) which have been go,rurally those alrea(ly described in the

litcr.ttm.c (l)cShou vtal., 1952; Sloane c/al., 1954). In one subject there was a

high eOml).ncnt of anxiety which was manifcst in the polygraphic records a,ld

in the l(.rsvha,.h tc_.t while the othcr su|)jcct showed little anxiety but dcper-
somdizatio,, im.rc.tsed inmtgination as measured I)y the Ror..q'ha,.htest and .'qmw

euphoria. Both suhje(.ls recordc(I their subjcvtivc cxpericm.cs the following day.
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With this experience of the effects of LSD as a guide, LSM administration was

begun cautiously with lower do_s allowing at least five days between tests. The
first dose was a total oral do_ of 25 micrograms. Neither sul)ject showed ally
definite departures from normal subjective feeling or observable behavior
changes. At a total oral dose of 50 micrograms, both subjects reported _me sub-
jective changes in feelings and attitudes but there were no ob_rvable departures
from normal behavior except perhaps for a slight tendency tD talkativeness. At
a total oral dose of 75 micrograms the subjective feeling of the subjects and the
objective observations indicated the degree of this action was approximately the
same as that produced by a total oral dose of 50 micrograms of LSD. The differ-
ence lay in the shorter duration of the LSM effect. This effect required about 45
minutes to develop and lasted about an hour. By contrast, the LSD effect re-
quired about an hour to develop, had a peak effect of about four hours with
residual effects from six to eight hours. The_ preliminary experiments with
human subjects are being extended and attempts are being made to develop add
make use of psychological tests which more pre('isely and objectively measure
_me of the subtleties of the action of these two phrenotropic drugs.

DIscusSION. Results of systemic pharmacological studies of the effect of
d-lysergic acid morpholide (LSM) in animals may be summarized as follows:

Toxicity studies in mice and observations in other species indicate that LqM
required a slightly higher do_ than LSD for equivalent effects.

Cardiovascular studies demonstrate that LSM produce a biphasic respol)se
with a primary pressor effect followed by a prolonged depressor action. Simul-
taneous with the hypotensive response to LSM is a block of the reflex responds
mediated through the vasomotor centers. These results, in addition to tho._
demonstrating that LSM does not influence the nicotinic response t[J acetyl-
choline nor does it affect the blood pressure responds to splanchnic nerve stimula-
tion or to peripheral vagal stimulation, would indicate that at least part (}f the
blood pressure response to LSM is centrally determined. The fact that the
responses to acetylcholine and epinephrine are prolonged after LSM might be
explained by a depression of the compensatory mechanisms located in the vaso-
motor centers. Preliminary studies in this laboratory indicate that I,SM is
ineffective as a cholinesterase inhibitor in vitro.

Of special significance is the action of LSM in blocking the effects of serotonin.
Approximately twelve times as much LSM is required to block the serntonin-
induced contractions of the rat's uterus as LSD; yet, the equivalent central
effects of the LSM are produced by only about one-third greater dosage. These
results would seem to indicate that there is no correlation between the peripheral
anti-serotonin activity of these compounds and their ability to produce changes
in mental behavior. Support for this idea may also be found in the report by
Cerletti and Rothlin (1955) in which the powerful serotonin blocking agent
brom-lysergic acid diethylamide (BOL-148) does not produce any central effects
in either animals or humans.

Generally, the systemic pharmacology of lysergic acid derivatives such as LSM
and I_I) may be regarded as secondary to the dominating interest in the effects
of the_e agents on the activities of the brain as expre_,z_d in the subtle qualities
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of emotion, intelligence, and mentation. Becau_ of such effects, LSD has I)een
u.q:d in the treatment of psychoneurosis (Frederking, 1953; Sandison el al., 1954;
Abramson, 1956). The exact role of LSD ill this regard is not yet clear but since
the indications are that LSM produces the .same kind of effects but with a shorter
duration of action it may have a practical advantage.

SUMMARY

d-Ly_rgic acid morpholide (LSM) produces pharmacological effects generally
._imilar to tho_ produced by d-lysergic acid diethylamide (LSD).

Intravenous administration of LS*[ to anesthetized cats produces a transient

rise in blood pressure followed by a fall. The fall of blood pressure is attributed
to central effects.

LSM, like LSI), produces a rise in I)ody temperature. Approximately three
times the dose is required to produce e(luivalent increases in temperature and
the duration of maximum effect is less.

I,SM is approximately one-twelfth as effective as LSD in antagonizing _ro-
tonin-induced contractions of the rat uterus.

Death with lethal doses of LSM is cau_d, as with LSD, by respiratory failure.
Behavior modifications in animals produced by LSM are similar to those

produced by LSD. The dose required for equivalent effects is about one-third
_reater and the duration of such effects is about one-half as long.

Preliminary studies of the effects of LSM in humans indicates that these are
qualitatively similar to those of LSD. The dose required is at least a third larger
and the duration of action is shorter.
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