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Among the first investigations into the mecha- chotomimetics than in normals (Liddell and stmle
nism of action of LSD were those concerned with Weil-Malherbe, 1953; Sulkowiteh et al., 1957; st_rin_
its antagonism to serotonin (Gaddum, ]953; Manger et at., 1957). Hence, the overall picture "rr_¢ki_g
Gaddurn and Hameed, 1954). These consisted of LSD symptomatology appears to be associated RE_PO_S_7.
l,rimarily of studies upon isolated tissue and with excessive sympathetic discharge. Auditory
hence their results were d_fficult of application This study was undertaken to determine the st_tl_
_:,, possible drug interactions in the central role of the sympathetic nervous system and its Hi,_
,_,_rvous system. A more serious obstacle to the neurohumors in the production of the LSD- Withdra

Escape

:_._'eel)t::mceof LSD-serotonin antagonism as the induced rage reaction in eats. Phenoxybenzamine
,nceh,mism of action of LSD is presented by the (Dibenzyline) and hydralazine were used as vis,,,_.

. x ' e ''.._(k of psychouomm_..tw potency of the 2-Brom adrenergie blocking agents, the former as an Startle
derivative of LSD (BOLl which is at least equi- example of the agents used to produce peripheral m_s

Withdra

;)otcnt as a serotonin antagonist (Cerlctti and adrenergic blockade and the latter as an example _:se,,_.e
RotMin, 1955). Furtber doubt of the significance of an adrenergie blocking agent with a eompo- ..\tt,ack
of this phenomenon as a mechanism is created neat of central activity, although the siteof action D,fen_e

!)y the faet that rather than showing antagonistic of this compound is disputed (Walker et al., Tactite

:t_ttions throughout, LSD and serotonin in some 1951; Bein, 1953). Total surgical sympathectomy st,,-t_e
('as_s h,tve been shown to produce the same was also performed in order to ascertain whether ms.,
(tu:ditative effects (I-Iorita and Gogerty, 1958; any antagonistic effect of the adrenergie blocking Withdr,

J:_Sel_,De

l'rodie and Shore, 1957), and BOL has been agents used was due to the peripberal blockade At,,,ck
,_!,,_\vn to "mt'_gonizc' {,he (ff(rts of both LSD s_, indue(_,d or to t_ central effect of these drugs, r)_.f_,_,_,
and st_rotoni_) (IIorita and (3ogerty, 1958). Atropine and scopolamine were used as classical Individu

()no of the most consistent tindings in animals anticholinergic agents in order to determine the minimal (1),
SI)OII t_Lllel ,tl:.

has been evidence of sympathetic discharge effects of parasympathetic blockade on this onthesame

(Rothlin el al., 1956; Bogdanski and Sp(ctor, reaction. Hexamethonium was used as a means of periods.
I957). Perhaps the most striking demonstration e:msing blockade of both p:trasympathetic and
,o!'this is seen in the LSI)-imluced "rage" re.action sympathetic systems. Reserpine and ehlorpro- include,1 i
in :'ats (Oaddum and V(}gt, 1956). Bard (1928) mazine were used as examples of tranquilizing reactin_

in(!i(:'_t,ed the necessity of an int.t(:t posterior agents which alter the manifestations of sym- clud_d f,.,

D,i,othal-mms for the production of decorticate pathetic dis(:harge, sisted or.
together :,

ra_,e ht eats, a f:_ct which ties in wit!_ what MJ':TRODS. Evaluation of the LSD reaction, were pres
ap!):tr, mtly is h:tppening in LSD-tre>oted :mimals; Adult male and female cats received LSD, 400 gloved ha
i.e., sympathetic discharge accompanies this #g/kg via the saphenous vein, and the behavioral a large _,._
rage 1)henomenon whether induced surgically or changes so induced were evaluated on a protocol cord. All

pharmacologically. Several workers have in- sheet such as that in table 1. Each component of cage with
dicated that catecholamine levels are higher in the reaction was rated on an arbitrary scale of for the dv

schizophrenics and subjects treated with psy- 0 to 3, in which 0 indicated the absence of that tify the r,
component and 3 represented the most intense to each r,

Supported in part by Initie:'ve 1;1 Funds, reaction. Only those animals demonstrating a the reacti
State of Washington. well-sustained and well-directed aggression were the entire
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TABLE 1 lating the mean of the average values for the
individual components. Spontaneous behaviorEvaluation protocol of the LSD response was observed in the 5-minute intervals between

in cats
stimuli. The reaction was considered terminated

ATHETIC T_t, rein, after LSD when the application of stimuli elicited only hiss-
DE s 10 Is 20 2s 30 3s 40 4s so ing or a plaintive meowing for at least three sue-

,uvo_omc _Po_szs cessive stimulation periods. The mean scores for _'

Mydriasis [__ ________ _[ the complete reaction as well as the mean scores

Salivation for the several categories of response were corn- :
Piloerection

Blindness pared with controls by the application of Student's ..
t test. After determination of the control LSD

_ONTA_EOUSBZHAVXOR response, a period of at least 1 week was allowed

Hyperactivity[ ..... to elapse before giving LSD again, because of the

Escape ________ onset of tolerance to this material if doses are

Startle .......

_Liddell and Staring ...... -------- administered in close sequence (Isbell et al.,
et aL, 1957; ...... [------ 1956; Gogerty and Dille, 1956). Control reactions
cerall picture Tracking , were determined twice in each animal in order to
be associated B_seoNs_TOsTm_x assess the constancy of the response to the several

xge. Auditory stimuli. Blind evaluation was rendered impossible

.etermine the Startle _ ! _____--Z__Z by the characteristic coloration of some animals,

.stem and its I_iss __._Z but the schedule of assessments was such that it
Withdrawal was unlikely that a previous reaction could be

_f the LSD- E_ca_ .... recalled. Two separate evaluations were done in
_xybenzamine each case. The correlation coefficient for control
_ere used as Visual reactions was 0.81, and for the antagonism series,

!ormer as an Startle __ /1 0.85.

_ peripheral Hi_ _ ____1 .......Withdrawal Surgical procedures. Using the retroperitoneal
_s an example Escape approach, transplants of the adrenal cortices
_ith a tempo- Attack were made to the subcutaneous tissue of the neck
e,site of action De_e_ or beneath the renal capsule after removing as

much as possible of the medullary tissue. Post-
,Valker et al., Tactile operative care of these animals consisted of 50

_,rtainanpathect°mYwhether StartleHiss [--_-_____Z--Z_ZZ ml of 5% dextrose in saline subcutaneously and

Lergic blocking WithdrawalI__________- 25 mg cortisone i.m. daily for 2 days. Survival of_ca_ _-_'---:---:---:------1-------- the animal after withdrawal of the cortisone was
aeral blockade Attack taken as proof of a successful transplant.
>fthese drugs. Defense t Bilateral sympathectomy was performed in two
,ed as classical Individual responses to stimuli were evaluated as absent (0), stages using the procedure of Cannon and Rosen-
determine the minimal (1), moderato (2), or maximal (8) at 5-minute intervals, blueth (1937) with only slight modification. Post-

Spontaneous behavioral changes were observed and evaluated

kade on this on the saree rating scale during the intervals between stireultm operatively these animals received 50 ml of 5%
i as a means of periods, dextrose in saline s.c.; 600,000 units of procaine

mpathetie and penicillin i.m.; 25 mg of cortisone i.m.; and 10
and chlorpro- included in the experimental group. Those animals mg phenylephrine i.m. All but the phenylephrine
f tranquilizing reacting for less than 25 minutes were also ex- were repeated daily for 2 days. A recovery period
ttions of sym- eluded from the study. Auditory stimulation con- of 7 to 14 days was allowed between stages and

sisted of a sudden loud noise produced by clapping before use in these studies. All surgical procedures
together a hinged board. Tactile and visual stimuli were performed under ether anesthesia with

LSD reaction, were presented in the forms of an approaching positive pressure respiration. Only those animals
_ived LSD, 400 gloved hand or a swinging pendulum consisting of showing full recovery of motor activity and
, the behavioral a large rubber stopper suspended from a stout _ppetite were included in the experimental group.
d on a protocol cord. All animals were placed in a wire-enclosed Drug antagonism studies. The drugs used in at-
h component of cage with a large plexiglass observation window tempts to antagonize the LSI) response were
bitrary scale of for the duration of the reaction. In order to quan- chlorpromazine HC1, * reserpine, atropine SO4,
absence of that tify the reactions, the numerical values assigned scopolamine HBr, hexamethonium CI, hydrala-
m most intense to each response of the particular component of zine HC1 and phenoxybenzamine HC1. 2 Route of
[emonstrating a the reaction were averaged and the intensity of _Kindly supplied by Smith Kline & French
_,ggression were the entire reaction was then determined by calcu- Laboratories, Philadelphia, Pennsylvania.
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administration and doses for each of these ma- promazine on the same dosage schedule. During

terials will be described in the text. Doses were the premedicati/on period these animals were
calculated as the salt of the compound except in moderately-depressed but continued to eat an
the case of reserpine, almost normal amount. The larger dose was

RESULTS.Atropine. Atropine, 2.0 mg/kg i.m. approximately as effective as the 5.0-mg/kg dose Atrop
60 minutes prior to LSD or 1.0 mg/kg i.v. 5 in preventing the behavioral changes induced by Scope
minutes prior to LSD, produced no significant LSD. Table 2 summarizes these results. Hexa_
change in the LSD reaction. The only component Reserpine. Reserpine, 0.5 mg/kg i.m. daily for (3)

6 days prior to receiving LSD, produced pro- Hydr_of the reaction that was absent consistently was
salivation, nounced depression of physical activity and Chlor:

• Scopolamine. In addition to its anticholinergie appetite. The depression was progressive for (5)
activity, this compound is wei1 known for its about 3 days and then remained at that level. Pheno
sedative effect• In doses of 0.2 mg/kg i.m. 60 While giving the appearance of severe depression min
minutes prior to test or 0.1 mg/kg i.v. 5 minutes these animals could be aroused by handling and Reserj
before LSD, scopolamine produced some evidence walked about with an ataxic gait if prevented LSD ¢
of behavioral sedation during the waiting period from lying down. Immediately stimulation Nut
before the injection of LSD but did not prevbnt ceased, however, these animals resumed their * V_
the full LSD reaction from developing in these previous somnolent a_titude. Extreme miosis t A1
animals. As with atropine, salivation was the only was present throughout the premedication period.
component of the response that was absent Administration of the standard dose of LSD Figure
consistently. These findings with atropine and produced an almost immediate arousal in these :animal
scopolamine would indicate that there is some animals and within 60 seconds an LSD reaction this c,
difficulty in correlating EEG effects and be- of at least control intensity was evident. The anima/
havioral effects produced by various drugs pupils of the animals retained the slit-like pro- ,stimul:
(Rinaldi and Himwich, 1955b, c; Wikler, I952; portions produced by reserpine. This effect was ,state i
Himwich et al., 1956; White and Daigneault, still present to some degree for 2 days after the Table
1959). Table 2 summarizes the effects of these test. While the animals essentially were oblivious Hyd
compounds, of allvisualstimuli,tactilestimulationproduced minut(

Hexamethonium. In doses of 10 mg/kg i.v. significantly more intense responses and sponta- :not ha
10 minutes before the challenge dose of LSD, neous behavioral changes in these animals were The e,
this drug either attenuated or abolished the more pronounced than in controls. The mean .all of
autonomic responses to LSD injection but did values assigned to these reactions were not appear
not affect the behavior of these animals as shown significantly different from the controls, but the _statisti

in table 2. The influence of this compound upon compensating factor in the overall analysis was indicat
the autonomic responses indicated that these the extremely low value assigned to visually block t
responses are of central origin since LSD has no elicited responses. For all practical purposes, nervou
ganglion stimulating effect (Broghammer et al., responses in this category were absent. In all .efficac_
1957). cases, the duration of the reaction was shorter in agent

Chlorpromazine. Chlorpromazine, 5.0 mg/kg the reserpine-LSD treated animals than in _experir
i.m. daily for 3 days prior to test and an additional controls. Phe_
dose of the same magnitude 30 minutes before the About 30 to 60 minutes post-LSD, the animals ineffeci
challenge dose of LSD, obliterated all compo- appeared to be settling into a catatonic-like _ympat
nents of the reaction except the hiss and mydriasis state and were oblivious of their surroundings and mg/kg
which were reduced to about half their control all external stimuli. In order to determine the Co dete
intensity. As with atropine, chlorpromazine has extent of their oblivion, these cats were placed in *he LS
been shown to prevent the EEG alert pattern in awkward, unnatural positions which were main- jection
low doses but to cause the appearance of this tained until changed by the experimenter or by membr:
pattern if given in higher doses (Rinaldi and gravitatlohal force. All cats in this series remained very c_
Himwich, 1955a). In order to determine if this unresponsive to stimuli and position changes for espeeiaJ
would influence the LSD reaction in a manner about 24 hours. At no time during this period did restrain
different from the 5.0-mg/kg dose, these experi- an animaI exert a voluntary effort to remove itself LSD. I
ments were repeated using 15 mg/kg of chlor- from a position in which it had been placed. LSD re:
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edule.During TABLE2
animals were Mean .4- S.E. of the various categories of response to LSD as influenced by various drugs

tedger todoseea¢wasan Drug Autonomic Spontaneous Auditory Visual . Tactile ReactionMean
.0-mg/kg dose Atropine (4) 1.74 4- 0.07 1.38 4- 0.07 1.49-4-0.06 1.35 q- 0.04 1.54 ± 0.06 1.50 ± 0.06
,_esinduced by Scopolamine (4) 1.79 ± 0.10 1.40 ± 0.08 1.45 ± 0.06 1.40 4- 0.08 1.48 4. 0.07 1.50 4. 0.08
results. _texamethonium 0.93 ± 0.03*1.54 ± 0.05 1.654- 0.06 1.62 4- 0.04 1.55 4- 0.07 1.45 4- 0.05
•i.m.dailyfor (3)

produced pro- Hydralazine (5) 1.80 -4-0.04 1.46 4- 0.03 1.47± 0.061.49 4- 0.05 1.58 ± 0.07 1.56 -4-0.05 '
activity and Chlorpromazinet 0.13 4- 0.03 0.09 -4-0.01 }.204. 0.04 [).14 ± 0.03 0.19 4. 0.04 0.15 4. 0.03*

)rogressivefor (5)
at that level. Phenoxybenza- 0.15 4- 0.06 1.32 ± '0.08 0.30 ± 0.07 ).50 -4-0.08 0.41 4- 0.05 0.33 4- 0.07*

_,eredepression miner (4) •Reserpine (4) 1.79 4. 0.05 2.01 4- 0.06* 1.95 q- 0.08 0.08 4. 0.01" 2.12 4. 0.08* 1.59 4- 0.05
¢ handling and :LSD control (30) 1.95 4- 0.10 1.49 4- 0.09 1.51 -4-0.20 1.53 4- 0.14 1.55 4- 0.10 1.61 4- 0.12
_t if prevented
3" stimulation Numerals in parentheses indicate the number of animals.
resumed their * Values significantly different from control values.
Xtreme miosis t All categories of response significantly different from control values;
_tication period.
1 dose of LSD Figure 1 shows the positions in which these or abolished completely. Although reduced in
rousal in these animals were placed. About 24 to 36 hours after intensity, tracking, hissing and in some cases the
.1LS_ reaction this condition developed, the attention of the startle usually remained evident. In most in-
s evident. The animals could be drawn by tactile or auditory stances the aggression component of the reaction
_e slit-like pro- stimuli, but they lapsed into the catatonic-like was present during the first stimulation period
This effect was state immediately the stimulus was withdrawn, but only rarely could this response be evoked

days after the Table 2 summarizes the results with reserpine, beyond the first 5 minutes of the reaction. When
eavere oblivious Hydra!azine A done of 10 mg/kg i.v. 15 or 60 present, the aggressive tendencies of the animal_
lotion produced minute_ before the 0halleng_ do_e of LSD did were o_ minimal to moderate intensity. As shown
sea and sponta- not have_fiy great effect upon the LSD reaction, in figure 2 and table 2, the reactions in these
se animals were The c0inponent of aggression was minimal in animals were significantly different (P < .01)
cola. The mean all of these animals, which made the reaction from those elicited in control experiments. In
tions were no_ appear different from control reactions but view of the results with hexamethonium, these ;,
ontrols, but the statistically no difference could be shown. As results are difficult to explain on the basis of a
all analysis was indicated in table 2, this compound failed to purely peripheral sympathetic blockade.
ned to visually block the responses attributable to the autonomic Adrenal demedullation. Adrenal demedullation
etical purposes, nervous system, which fact casts doubt on the and transplantation of the cortices to the sub-

absent. In all .efficacy of this drug as an adrenergic blocking cutaneous tissue of the neck or beneath the renal
m was shorter in agent under the conditions of its use in these capsule was carried out as a means of examining
rituals than in experiments, the contributionof medullaryhormonesto the

Phenoxybenzamine. Since hydralazine was LSD reaction. In animals so treated, LSD pro-
_SD, the animals ineffective in producing complete peripheral duced a reaction comparable to that produced
a catatonic-like .sympathetic blockade, phenoxybenzamine, 15 in control experiments. Since it has been shown
surroundings and mg/kg i.e. 30 to 60 minutes before LSD, was used that residual medullary tissue survives well and
_odetermine the _o determine the effect of complete blockade on retains its ability to elaborate catecholamines in
,ts were placed in the LSD reaction. Within 5 minutes of the in- .adrenal transplants (Coupland, 1959), a direct
,-hich were main- jection of phenoxybenzamine, the nictitating effect of LSD on this remaining tissue cannot be

perimenter or by membranes were relaxed and the cats appeared discounted completely. However, it is likely that
is series remained very calm and tractable. Their tractability was any secretion from this tissue would be minimal
_tion changes for .especially noticeable when the animals were because of the relative amount of tissue remaining

ng this period did restrained for the intravenous injection of the and the demonstration of the lack of ganglionic
rt to remove itself LSD. In these animals, all components of the stimulation by LSD (Broghammer etal., 1957).

LSD reaction were reduced markedly in intensity Surgical sympathec_rmy. Since phenoxybenz-
.Tad been placed.
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Fie. 1. Examples of the catatonic-like state produced by LSD in reserpinized cats. error of "
Upper left. Cats placed as shown (A) remained in place as the body descendedvery slowly in a hori-

zontal plane to the mouth of the wastebasket (B). Upper right. Cats placed with the forefeet slightly
ahead of the hindfeet and back arched (A) maintainedthis position as the head descended during the sco_olan
course ofabout 20 minutes until the nose or chirj rested a_inst the floor (B), Lower left, Cats placed _J3 wol
in this po_itlon maintained this p0_ture indefinitely. Lowe_ right. Cat_ placed a_ 8h0wn here _m0Lned in
position for varying lengths of time because of the _ifflculty In balancing them, In no (_ase did an animal iS _10t a_
changeposition Voluntarily. Those animals which tumbled into the basket remained in the position they action o

assumed upon coming to rest. ' Greig aI
The l:

amine could be said to produce a "chemical all the body fur remained smooth until quite total s_
sympathectomy" along with other unknown late in the reaction when minimal to moderate causal :
effects, these experiments were necessary to piloerection of the body became evident, autonom

evaluate differences in the effects of hexame- Phenoxybenzamine, 5.0 mg/kg i.v. 60 minutes havior p_
rhenium and phenoxybenzamine. Both of these prior to LSD, in this group of cats influenced the Chlorp
compounds prevented the signs of sympathetic LSD reaction in a manner comparable to that, investiga
discharge seen in LSD treated animals, but only seen in intact cats receiving 15 mg/kg. It would metic ag
phenoxybenzamine was effective in altering the appear from these experiments that phenoxybenz- !956; Sh(
behavior pattern of animals so treated, amine antagonized the LSD effect through some 1957; Br_

LSD in these animals produced a behavior pharmacologic effect other than peripheral the hyp
pattern indistinguishable from that seen in sympathetic blockade, more than likely a central importan
control animals as shown in figure 2. It was effect. (Hiebel e

apparent in these experiments that LSD may As with phenoxybenzamine, hydralazine, 1(_ 1954; Jol
cause some delayed release of cateeholamines mg/kgi.v. 10minutesbeforeLSD,nowprodueeda 1956; Spe
from the denervated adrenal medulla. Upon significant attenuation of the LSD reaction. Fig- primary
injectionofthe LBD inthesecatssome piloeree- ure2 illustratestheeffectsof theseexperiments. Sincet'

tion was evident toward the tip of the tail, but DiscusSION. The failure of atropine and several in
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FzG. 2. Effects of sympathectomy, hydralazine and phenoxybenzamine (Dibeazyline) on the LSDreaction.

The reaction, to LSD in sympathectomized, animals.. was .n° different from that in control animals.
tHZdrzaeldaZal_i.eha?d_°heffneCty_P°nn:henIneS(Dr_:CntzlvOln:_,_tamC_' ammals,but was quiteeffective in sympathec-
• , . • . . . . v ), g/Kg, proaucea a marKea caange in the reaction
m in_act ca_s, as did 5.0 mg/kg in the sympathectomized animals. At least 4 animals were used in each
experimental procedure. The LSD control represents30 animals. The vertical lines indicate the standard_t_. error of the mean for each group•

vly in a hori-
electslightly

_dduring the scopolamine to prevent the behavioral effects of potentiates or at least fails to antagonize the
• Cats placed LSD would indicate that cholinesterase inhibition effects of LSD (Gaddum and Vogt, 1956; Isbelle remained in

did an animal is not an important facet of the mechanism of and Logan, 1957; Gogerty eta/., 195.7). In any
position they action of LSD (Poloni and Maffezzoni, 1952; interpretation of the effects of reserpine, serotonin .

Greig and Gibbons, 1959). (5-HT) and catecholamines must be considered.
The lack of effect of hexamethonium and Most likely 5-HT is the more important, since

i until quite total sympathectomy indicates that there is no the behavioral responses to reserpine may be
to moderate causal relationship between the peripheral altered by prior treatment with a monoamine

evident, autonomic system and the LSD-induced be- oxidase (MAO)inhibitor. Indeed, agitation may
v. 60 minutes havior pattern, be produced by giving 5-hydroxytryptophan
nfluenced the Chlorpromazine has been reported by many (5-HTP) in the presence of an I_IAO inhibitor
rable to that; investigators to inhibit the effects of psychotomi- (Brodie and Shore, 1957).

/kg. It would tactic agents in humans and animals (Elkes, Since surgical sympathectomy and ganglionic
phenoxybenz- 1956; Shore and Brodie, 1957; Isbell and Logan, blockade did not affect the LSD-induced be-

through some 1957; Br_lley and Hance, 1957). It appears that havior, we can attribute the efficacy of phenoxy-
n peripheral the hypothalamic depression it produces is benzamine only to depression of areas of the CNS

kely a central important to the tranquilizing effect of the drug concerned in this reaction. The fact that phenoxy-
(Hiebel et ed., 1954a, b; Dasgupta and Werner, benzamine achieves appreciable concentrations

;dralazine, 10 1954; Jourdan e_ a/., 1955; Moran and Butler, in the CN'S (Brodie et a/., 1954) and has been
•owproduced a 1956; Spector et al., 1957) and this could be the shown to exert demonstrable effects upon cen-
reaction. Fig- primary site of action of this antagonist, trally influenced reflexes (Cranmer and Bach,
_experiments. Since these experiments were first carried out, 1957; Sigg e2 ed., 1955) tends to make this a
atropine and several investigators have reported that reserpine tenable conclusion.
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