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Thls paperwlll describea seriesof experimentsthat have been done to
demonstratethat tryptamlneis a neurotransmitterin the braln and that one
of the primarymodes of actionof the LSD-llkehallucinogensis theirability
to functionas tryptamlnergicagonists. The secondpurposeof thls paper
will be to show how someof the methodsdevelopedin demonstratingthat LSD
and similarhallucinogensare tryptaminergicagonlstshave been appliedin

i the identificationof the mode of actionof substitutedamphetamines. Our
._ interestin the LSD-likehallucinogenswas stimulatedby observationsthat

i In the chronicspina]dog LSD facilitatedthe hindlimbflexorreflexand
j evokedthe stepplngreflex,dilatedpupils,increasedrespiratoryand pulse
! rate,and elevatedbody temperature,a syndromenot unlikethat seen in man
: with LSD-llkehallucinogens,and that theseeffectswere also producedby

psilocin,mescalineand DOM. It was furtherobservedthat tryptaminepro-
,i duced a similarconstellationof signs in the chronicspinaldog (Martinand
J Eades.lg70). It was also shown that the effectsof LSD,mescaline,psilocin,

) _ DOM and tryptaminewere selectivelyantagonizedby cyproheptadinebut not by

i phenoxybenzamlne.Studiesby Vaupeland _rtin (lg76)demonstratedthat
! tryptaminefacilitatedthe menD- and polysynapticsegmentalreflexesof the

, acute spinal cat and this facilitatoryaction was antagonizedby cyprohep-

77i7:| tadinebut not by phenoxybenzamine.Isbelle_ o_(_.(1956)used the facilita-tionof the patellarreflexin man as one of the indicatorsof LSD-like

,_! activityand showed that toleranceand cross tolerancedeveloped to this
effect. These data, as well as other data, stronglysuggestedthat the LSD-
like hallucinogens were mimicking the actions of tryptamine and that the
actions of tryptamine did not involve noradrenergic processes. It was not

;_ until the seriesof experi_nts undertakenby Bell and Martin (1974)in which
_i the effectsof LSD and tryptaminewere studiedon the C-fiberreflexof the
• acute spinalcat that it was shownthat the LSD-likehallucinogenswere

operatingthrougha tryptaminergicand not a serotonergicmechanism. Bell
and Martin (1974) first showed that LSD facilitated the C-flber reflex as did
tryptamlne, and this facilitatory action was selectively antagonized by
cyproheptadineoBell ek oA_.(1976)furthershowedthat t-tryptophanfacili-
tated the flexor reflex in the acute spinal cat and that the facilitatory
effect was antagonized by cyproheptadine and alpha methyldopa which inhibits
the decarboxylationof Z-tryptophanto tryptaminebut not by p-chlorophenyl-
alanine which inhibited the conversion of_-tryptophan to 5-hydroxytryptophan.
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One of the thrusts of the research endeavor was to determine If
tryptaminewas presentin the brain. It was foundthat tryptaminewas pre-
sent in the brain of man, steer,dog, cat, guineaplg and rat (Martine_.,
1972; Sloan et_(_.,1975). Other investigatorsincludingSaavedraand
Axelrod(1972),Snodgrassand Horn (1973)and Philipse.t_. (1974)have also
demonstratedthe presenceof tryptaminein the brain of severalspecies.
Evidencehas beenobtainedindicatingthat the brain releasestryptamine
(Martinet ¢(., 1974).

The functionalroleof tryptaminein brain functionhas by no means been
completelyelucidated. On the basis of degenerationstudies,it has been
concludedthat there are both ascendingand descendingtryptaminerglcpath-
ways in the spinalcord and that the descendingpathwayis undoubtedly
involvedIn the facilitationof spinalcord reflexes,includingthe flexor
reflex,the C-fiberreflexand in all probability,the patellarreflex. In
the chronicspinaldog, concentrationsof tryptamlneabove the levelof tran-
section are elevated, particularly in the spinal cord, medulla, cerebellum
and mesencephalon, but unchangedbelow the level of transection.

The roleof tryptamlnergicprocessesin the modulationof the flexor
e to reflexin the dog and the C-flberreflexin the cat seemS to have beent one
ability unequivocallyestablished. Mentionhas alreadybeenmade of the fact that In

the acute spinalcat, £-tryptophanfacilltatesthe C-fiberreflexthroughitsper
t LSD conversionto tryptamlneand that thereare ascendingand descending
ed in tryptamlnergicspinalcord pathways. It has now been shown that t-tryptophan
Our facilitatesthe flexorand C-fiberreflexesin the acute but not the chronic
that spinaldog and cat (Martine_tcZ.,1976; J. A. Bell, unpublishedobservations)
nd indicatingthat the descendingtryptamlnerglcpathwaysdegeneratefollowing
pulse transectionof the spinalcord. Data would also suggestthat tryptaminergic
n man processesmay also be involvedin the modulationof respiration,pupillary
by diameter,body temperatureand probablypulse rate and blood pressure.
pro-
in and Of course,the most interestingof the effectsof tryptamlneare on mood

and perceptualprocesses. It has been shown that tryptamineproducesper-
silocin, ceptualdistortionsas does LSD (Martinand Sloan,Ig70). In addition,LSD
not by producesfeelingsof well-beingin small to moderatedosesand hallucinatlonsat
f the and anxietyreactionsin higherdoses. It Is thus highlyprobablethat there
hep- may be tryptaminergicprocessesthat are responsiblefor feelingsof well-
llita- being. Although muchof the early work with LSD-11ke hallucinogens was con-

ducted wtth the end of understanding distortions of perceptual processes, it
e s may be that these drugs are equally important tools In understanding moodand
he LSDL feeling states, processes that are of great relevance to the antisocial
he personality.

not The work thus far described was conducted primrtly to elucidate one of
n which the modesof action of LSD. The following describes studies conducted to
f the understand the modeof action of substituted amphetamines.e
Bel1
as did

y METHODS
acili-
ory
hibits Some of the techniquesthat have been used to elucidatethe modes of
henyl- actionof LSD and tryptamineIn the dog have also beenused to comparea
ptophan, varietyof hallucinogensand abusedsubstitutedamphetaminederivatives. In
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general,these methodsemployfemalebeagletypedogs whose splnalcords have
been transectedst the T-IO or T-11 level. A varietyof observationsare
made systematicallyon theseanimalsthroughoutthe courseof the experiment
includingrecordingof the flexorreflex,measurementof pupillarydiameter,
pulseand respiratoryrate, the width of the nictitatingmembraneand body
temperature. The flexorreflexis evokedeitherpneumaticallywith a toe
squeezeror electricallyusing a stimulatingelectrodeplacedon the fourth
toe. The skin twitchreflexis evokedusing a radiantheat source. In
additionto thesephysiologicobservations,measurementsof certaintypes of
behaviorare recordedusinga check list. Particularbehavioralchangesseen
wlth LSD and amphetaminein the chronicspinaldog includearousal,restless-
ness,whining,trackingor staring,and stereotypichead movements.

In addition,the effectsof the antagonistscyproheptadlneand phenoxy-
benzamineon theseautonomic,sometomotorand behavioralmeasuresare
determined;the resultsof these types of experimentswill not be included
in this report.

Anotherexperimentthat is done Involvesmakingsplnaldogs tolerantto
LSD by administering it every 4 hours Intravenously with a programmed2
mtnute Infusion. The dose level ts gradually accelerated over a 6 day period
from 3 _g/kg/dayto 30 _g/kg/day. Prior to the chronicadministrationof
LSD, standarddoses of LSD and the test drugsare administered,usuallyusing
a latin squaredesignwith one week interveningbetweenexperiments. These I
same drugs are administeredagainwhen the anlmelis tolerantto LSD,and in
one experimentwith LSD and DMA, again 6 weeks after the terminationof
chronicLSDadmlnlstratlonto show lossof tolerance. Tolerancewas lost at ....
this interval.

In addition,studiesof the effectsof drugs on the appetiteof food
deprivedmale and femalebeagletype dogs were also conducted. In these
studies,gradeddoses of the drugs as well as a salineplaceboare admin-
isteredsubcutaneouslyusuallyat weekly intervalsand the relatlvepotencies
of the drugs in depressingappetiteare calculatedusing standardbloassay
techniques. Usuallysix or more chronicspinaldogs are used for each treat-
ment conditionand standardstatisticalproceduresare employedto compare
treatments.

RESULTS

Table 1 summarizesthe pharmacologlcchangesthat two prototyplcdrugs,
LSD and amphetamine,as well as tryptamine,B-phenethylamineand several
substitutedamphetamines,producein the chronicspinaldog. LSD facilitates
the flexorreflex,evokesthe steppingreflex,dilatespupils,increases
respiratoryand pulse rate, increasesthe latencyof the skin twitchreflex,

; and rectaltemperature. In the intactdog, smalldoses of LSD (1.25- 2.5
! ,g/kg)producea modestincreasein appetite,while largerdoses have no

!i(j effect (5-20 ug/kg). Amphetaminealso facilitatesthe flexorreflexbut_(' does not evoke continuousstepping. On occasions,fragmentarysteppingis

i!i_ seen usuallyafter the evocationof the flexorreflex. Amphetamineproduces
:i)_ a greaterdegreeof mydriaslsthanLSD and increasesrespiratoryrate. Pulse
_ rate is usuallyreduced,a consequenceof a reflexbradycardla. Amphetamine

causesa retractionof the nictitatingmembraneand an increasein latency
i !

!;i
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i,

of the skin twitchreflex. It also increasesbody temperatureand reduces
! i appetite. AlthoughLSD and amphetamineproducemany similareffectsthere

are several ways of qualitatively differentiating them that are indicated
_ with an asterisk (*) in Table l: (1) LSD evokesthe steppingreflexwhile

amphetaminedoes not, (2) LSD increasespulse ratewhile amphetamine
_ decreasesit, (3) amphetamineretractsthe nictitatingmembranewhile LSD
_i does not, and (4) amphetaminesuppressesappetitewhile LSD does not.

_ The effectsof tryptamineare, aside from its short durationof action,
virtuallyidenticalto LSD while the effectsof PMA are very similarto

_ amphetamine. PEA also resemblesamphetamineexceptthat it evokesthe step-

112_ ping reflex. Chlorpromazlne,but neithercyproheptadlnenor phenoxybenzamlne,antagonizes this effect of PEA. In contrast, phenoxybenzamine antagonizes

steppingevokedby methoxamine,an alpha adrenergicagonist,while cypro-heptadlneantagonlzestryptamine-evokedstepping. The steppingreflex

_!! appearsto be modulatedor evokedby three distinguishablereceptor systems:

! noradrenergic,tryptamlnergicand'phenethylamlnerg_c.Some of the effects

of amphetamine may be mediated through phenethylamlnergic systems. As can

!i!!_!_!i be seen from Table l, the effects of DOB, DMA, TMA, MMDA, and MDA represent

i a mixtureof LSD and amphetamineeffects. DOB,DMA and TMA seem to have pre-

dominantlyLSD-likeeffects,while MMDA and _IDAare predominantlyamphetamine- i
like. The former (DOB,etc.)clearly evoke the steppingreflex, produce
modestmydriasisand do not cause retractionof the nictitatingmembrane; !
however,theydo reduceappetite. MMDA and MDA, on the other hand, produce i

_! ....... a marked mydriasis, retraction of the nictitating membrane and suppression of

!
il appetite. _IMDAdid not consistently_evokethe steppingreflex.Table 2 sunBarlzes some of the behavioral changes produced by those drugs.
i_!_ Both LSD and amphetamineproducearousaland restlessnessin the dog. Vocal

_I zationsuch as whiningand occasionallybarkingas well as trackingor star-

i _ng are seen In LSD- but not amphetamine-treatedspinaldogs. Amphetamineproducesstereotyplchead raisingand droppingmovements;whereas,LSD does
not. DOB, TMA, MMDA and Pb_ producebehavioralchangesthat resembleLSD

i_i while PEA's effects resembleamphetamine. DMA and MDA produce changes
.;i resemblingboth LSD and amphetamine.

!: il
_ i TABLE2

_ii! SingleDoses.r-BehavloralEffects
,_ LSD T DOB DMA TMA MMDA MDA PEA PMA A

_,_

':'_ Arousal + + + + + + + + + +

_ Restlessness + + + + + + + + + +
Ii

_; Whining + + 0 + + + 0 + 0

:i Trackingor staring + + + + + + 0 + 0

:: Stereotypy 0 0 + 0 0 + + 0 +

!,
!: c

' I
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reduces Table 3 presentsthe resultsof studiesconductedi_ the LSD tolerantdog.
Ls there Tryptamine,on the basisof the variablesinvestigated,appearsto resen_le
Jicated LSD. Cross tolerancewas also seen with DOB on all variables. Cross toler-
lex while ance to all of the effectsof DMAexcept prolongationof the latencyof the

skin twitchreflexwas seen. The LSD tolerantspinaldog did not exhibitre
ile LSD cross toleranceto amphetamineor PMA. Some cross tolerancewas seen to the
at. effectsof PEA on the steppingreflexand pulse rate but not with regardto

the other variables studied. Cross tolerance was seen to some but not all

action, effectsof TMA, MMDA and MDA but no systematicpatternwas evident,
ar to
the step-
xybenzamine, TABLE3

agonizes Toleranceto LSD and Cross Tolerance
cypro-
flex
r syst_-s: LSD T DOB DMA TMA MMDA MDA PEA PMA A
effec
Ascan Flexorreflex + + + + + + + 0 0 0

represent
o havepre- Steppingreflex + + + + + + +
amphetamine-
oduce Pupils + + ÷ + 0 O O 0 0 0
mb rane;
,produce Respiration + + + + + 0 0 0 0 0
pression of

Pulserate + +NS+ + O + ? O

hose drugs. Temperature + + + + 0 + 0 0 O
og. Vocal
gorstar- Skintwitch + + 0 O + + 0 O 0
hetamine ...........................
LSD does

ble LSD Data acquiredusing the antagonistscyproheptadine,phenoxybenzamine,and i
nges chlorpromazinehave not been completelyanalyzed, i

!

DISCUSSION

The modes of actionof both LSD-likehallucinogensand amphetamine-related
IA A drugsare complex. LSD has been shown to have both tryptaminergicand

serotonergicactions,and the relativeselectivityof these neurotransmltters
+ seems to vary betweenfunctionalsystemsin the brain and among species. _:_

The fact that amphetamineacts throughnoradrenergic,adrenergicand
+ dopaminergicmechanismsis well-established,and there is increasingevidence

that phenethylaminerg|cmechanismsmay playa role in some of its actions,
0 It is for this reasonthat the terms LSD-llkeand amphetamine-likemay not be

appropriateand usefulterms from the standpointof pharmacologicclassiflca-
0 tionor with regardto mode or site of action. However,theydo have a rough

meaningwith regardto schedulingof compoundsunder the ComprehensiveDrug
) + Abuse Preventionand ControlAct, and it is for this reasonas well as con-

veniencethat theseterms will be employed in thisdiscussion.

It Is quite clear that LSD and amphetaminecan be distinguishedin the
chronicspinaldog on the basis of theireffectson autonomicand somatomotor
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"_ ' systems and reflexes, appetite and behavior as well as using direct and cross
tolerancestudies. The salientfeaturesof the actionsof LSD thatmake slg-
niflcantcontributionsto its abuse potentialityare its euphorigenicand

: hallucinatoryactivityneitherof which can be measureddirectlyin animals.

I! it is possiblethat trackingand staringmay be relatedto the hallucinatory

actions of LSD. All of the agents studied except amphetamineand PEA pro-

_t _Z., 1956) tolerance develops pc_L p¢_ to the subJecttve, psychoto-
mlmetic and autonomiceffectsas well as facilitationof the patellar r

!!_Z reflexof LSD-llkehallucinogens,suggestingthat these effectsare the con-sequenceof a commonmode of action. Further,most of the effectsof small

iI and hallucinogenicdoses of LSD can be mimickedby tryptamine. Other factsthat extendthe analogousrelationshipbetweenLSD and tryptamineare the

I

, ! demonstrationof hyperresponslvityof the flexorreflexof the chronicspinal

i dog and rat to both LSD and tryptamlne(Nozakle_toZ., in prep.,Martin¢t

1976) and the demonstrationthat the actionsof LSD and tryptamlneare also
antagonized selectively by cyproheptadtne tn the spinal rat and dog. I

For these reasons, the methods employed tn these studies probably do mea-
sure the actions of LSD-ltke hallucinogens. The three substituted ampheta-

i mines that most close!y resemble LSD are DOB, TMAand DMA. THAand DMAinaddition to their LSD ltke actions have properties tn commonwith amphetamine.
Although PMAproduces somebehavioral changes which resemble LSD, other
aspects of its pharmacologic profile are most similar to amphetamine. Fur-
ther, LSD tolerant chronic spinal dogs were not cross tolerant to PMA. PEA
ts clearly not LSD-1tke; however, it shares many pharmacologic actions in
commonwith amphetamine. It is also known to release catecholamlnes. Since
it Is possiblethat PEA may be a neurotransmltteras well as being an ampheta-
mlne-likedrug, It Is possiblethat the pharmacologicand physiologicactions
of PEA may be different. MMDA and MDA, althoughhavingsome actionsof both
LSb and amphetamine,do not particularlyfavoreitherof the prototypicdrugs.
It Is possiblethatmost of their pharmacologicactionscan be explainedby
assumingthat they are strongagonistsof both LSD and amphetaminetype.
Whetherthey have other modesof actionscannotbe decidedat this time.

i In conclusion,dataobtainedIn the chronicspinaldog would indicatethat
DMA, DOB, TMA, MDA and MMDA have LSD-likeactivity. It is not clear,however,

ii_i that PMA is an LSD-likeagonlstfor its actionsare most similarto

ili: 'm°""°'°"
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