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THE PHARILV.COLOGY OF E/, 1476 AND RELATED COLIPOUNDS

INTRODUCT 100

The history and objective data available on marihuana-lilte compounds
has been cxtensively reviewed by Loewe (1944, 1946, 1950), The major pharmacol=
ogical activity of this class of compounds has been related to the tetrahydro=
cannabinol derivatives contained in the marihuana plant, Loeae and /.dams (1947)
designated =/, 1476 as the most potent synthetic derivative tested with respect to
producing ataxia in dogs, Loewe (1946) had previously examined the parent compound
Ef. 1477, and related synthetic derivatives in dogs, 1In addition, the behavior

of the dogs indicated definite ccntral nervous system depression,

Wle were impressed with the outstanding pharmacological activity of this
class of compounds and their relative lack of toxic etfects, The series of
marihuana derivatives cxamined produced a prolonged state of sleep that was not
similar to slecp induced with the barbiturates, The aninals also exhibited an
indifference to nociceptive stimuli which suggested aralgesia, In many ways this
class of compounds rescrubled a ncw group of drugs heing introduced as tranquilizing
agents, These included reserpine and chlorpromazine, [eserpine was being
investigated as n hypotensive agent at this time and wec felt that a systcnatic
investigation of the cardiovascular activitics of the marihuana derivatives was
warranted, The parent compound EA 1477 and th. two most potent synthetic
derivatives available, E/ 1476 and EA 1465, were selected for evaluation,

RESULTS
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{ <louing ~* heart ratc is observed in dogs anesthetized with sodiun
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pentobarbital (35 mgm,/kgm) with intravencus administration of L/ 1476
(0,10 mon,/lz¢m, ), E/. 1477 (10,0 mgn,/kgn,) or reserpine (1,0 mgm,/kgn,),
3radycardia is also a prominent feature when the above drugs are adnin-
istered to unanesthetized dogs or monkeys, ''ith large doses of these
drugs an initial tachycardia may be observed which is followed by the
characteristic bradycardia,

Prior atropinization of the dog reduces but docs not elininate
the bradycardia in all the above cases, This observation does not negetc
the hypothesis that the above drugs produce bradycardia through decrcas~d
sympathetic activity and not by enhanced parasynmpathetic activity,

Samaan (1935) has shown that the tachyemrdia following atropine adminis-
tration is clirinated only by sympathectony and adrenal ¢land dencrvation
in addition to vagal scciion,

The initial tachycardia observed following large doses of
2l 1476 and E/. 1477 nay result from peripheral vasodilator action, since
ncither drue appears to alter heart rate or cardiac output when cxanined
in the doo heart=lung preparation, The rcscrpine tachycardia has been
shown by “rayer and Fuentes (1936) to result from a direct action on
the nyocardiun,

HYTCOTZIG IO

E/A 1476 and reserpinc are capable of producing a significant
fall in mean artcrial pressurc in anesthctized dogs, This eifect occurs
slowly with snall doscs of EA 1476 but large doses decrease thc latent
period considerably, =/ 1477 in large doscs produces a similar response
Sut is rclatively less potent than thc other two drugs (table 1),

The hypotensive action of these drugs in thrcshold doscs is
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adninistration, In general the fall in hlood pressure does not become
sicnificant until one to two hours after the drug is injected, Defore
this tine, the carotid occlusion pressor refle: may be siguificantly
depressed in the case of Ef 1476 and EA 1477, The sequance of thesc
cverts suggest2d that the hypotension resultis Iron 1 decrease in ecentral
synpathetic outflow,

Cein (1955) and Trapold (1953) have postulated that rescrniiac
produced a fall in bloeod pressure through depressirg sympathetic nutflow
~t the level of the hypothalamus, /. scries of cxpcrimenta were thon
nlaared in order to evaluate the role of the sympathetic nervous systen
in the depressor response initiated by LB/ 1476,

1, Coomon Cerntid @ccdusinn Pressor Respoure
Thir -cspense is jramatically reduced in the pentobarbital
anesthotizned deg within thirty minutes after intravencne injoction
of . 1476 (0,05 mgm./%gm,), Zi. 1477 (10,0 mgn,/cm,) ~nd rercrpine
(1,0 ngn,/%tom, ), The results arc tabulat:d in table 2, according
to the methed of Prochnik et al, (1950), This method corrects Zor
the influence of blood pressurc changes per sc on the pressor
reflon,
2. Cecntral Vagal Stimulation Prcssor Responsc
The pressor responsc clicited by unilateral central vagal
stinulation with the contralatcral vagus scctioncd is greatly
reduced or cven reversed following intravenous injcction of Lfi 1476
(1.0 men, /ken, ) to pentobarbital ancsthetized dogs, Rescrpine
is veported to have the samec qualitative cffect in cquivelent

doses (Trepold 1953), however. it appcars %7 be leoss motent,
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The EffcctOY ER 1276 on Electrical Sr'pelation of Hypothalamic

and lledullary Vasomotor Arcas of thc Cat,

The cat has been observed to respond to the hypotensive action
of L/. 1476 in the same manner as the dno, 3 meras of sicren=-
taxin tecanique, clectrodes were placed i :uc fvnu*y 'ames and
medvilacy vesomotor areas of cats ancsthctiznd witn prntobaviital
(20=30 ngm,/kem,), llonopolar stecel clcetrodes wers u:ilized for
clectrical stinmulation, They were insulated vith vernisi execepn*
ior their tipc wirich were exposed, E£lectrisal stimulavion of the
posterior ieteral hypothalamus produced a deiinite pressor resnonse
ag shown in {iqurc 1, The hypothalamus was stiinmulated for ten
scconds as shown betwecn the arrows ol the unper left contrnl
trecinrg mark2d H Ir view of the varving threshold fn> siiniting
these roenorses in nnesthetized aninmele it wa: fel® thet cpiinal
voltages of stimulation should bc used, These voltages were defin-
itely abovc threshold but werc submaximal, The usual voltage ranqge
for stimulation was approximately two to threc volts, Tiac clisited
pressor response was acconpanied by marled pupillary dilatation aend
definite pilomotor erection of the dorsal hair, Occasionally
urination occurred during the period of clectricel stimulation, ‘'Jhen
the niedullary vasopressor arca wag stirulnted for ten scconds a
pressor response as shown in fig, 1,lower left control tracing
marked M, was obscrved, Within one half hour after 1,0 ngm,/kgn,
of C/. 1476 thc mean blood pressure was rcduced, One hour after the
administration of the above dosc the pressor response to hypothalamic

stinulation was st 1 present (upper right tracing, fie. 1). Aithough

the recser roXpONNE WK XTI presenty -pitvnotor erectiou was not
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as prcvalant, Sinilarly, seventy minutcs after the adninistration
of Z/. 1476 the medullary pressor response was still otainable
(lower right tracing, fig, 1), The pressor responscs from hypothal-
anic and nedullary stimulation sppoar to be relatively enhanced
over control levcls although the absolute rises in blood pressure
were rcduced, Upon couplcetion of the cxperiment iron was depositca
{ron the electrode tips clectrolytically, The brain was sectioned
and histolocical localization of the site of stinulation was
visualized by rieans of thc Prussian blue reaction according to
Donnino (1955), /. illustrated in fig, 2 the scctions talken throuch
the hypothalanus (upper) and through the nedulla (lower) are staincd
with thionin and show thc location of the clectrode tips, The
hypothalemic electrode was loceted in the left posterior lateral
hypothalanus and the nedullary eloctrode was located in the right
reticular fornation at the floor of the fourth ventricle,

Tron several experinents of this type it was concluded that
cfferent vasonotor activity is not depresscd per sc when one
stinulates thc cffercnt sidc of the arc in the hypothalamus or {n
the nedulla, This conclusion was strencthcned considerably by the
following experiment illustrated in fi¢, 3, Cne clectrode was placcd
in the posterior hypothalanus and elicited 2 pressor response with
electrical stinulation (see blood pressure tracing, upper left
corner), The modullery responsc consisted of a biphasic blood
pressurc change, This was cheracterized by an initial fall and
subsoquent rise is blood pressure (lower left tracing), One hour
follnwing thc administration of EA 1476 the absolute blood pressure

wes reduced anim P {“Wwpmhp‘i‘ F'mlmin.
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was still present although altered i"Torm (uppel’s‘m.nacing)
[s in previous animals a decrcase in the piloerection response was
now obscerved, Thc depressor response resulting from medullary
stinulation was unaltered wheroas the subsequent pressor response
was practically climinated (lowor right tracing), Histologic
localization of the clcctrode tips verified that the hypothalanic
elcctrode was present in the posterior hypothalamus, The nedullary l
clootrodc, howover, had not been placed in the vasomotor center es
antlcipated, but was actually lateral to it interningled with the
rnodullary fibers of thc vagus nerve, The biphasic blood pressure

rosponse obtained with nmedullary stinulation during the control

period, thereforc,resulted from stinulation of affcrent vagal
nouroni, The clinination of thc pressor conmponont of tho biphasic
bl>od pressurc response by /. 1476 presunably resulted from an
action between aficrent and efferent neuronal nechanisms, The
cffcrent side of this reflex is obviously not depressed as shown by
previous experiments, This observation suggests that E/. 1476 does
not have a major effect on the peripheral baroceptors in the
nechanisn of depressing the carotid occlusion pressor rcsponse,
Frcsunably a central depressant action nust be involved in the reduc=-
tion of the cariovascular refloxes by E/. 1476, The results obtained
ifn this nedullary preparation strongly suggest that the central
synpathctic systen is the onc primerily affected by the central
denressant actions of E/i 1476, The central parasynpathctic system
apncas te he relatively unaltered sincc the deprescor response
oh*ritwd Lefers and after administration of T 1475 romndng
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- 2A 2476 (1,0 mgm,/kgm,) was evaluated in the denervatecd dog
heart-lung preparation, The above dose was added to ~ne liter of circu-
lating blood when the heart was in a state of scmifajlurc, The state of
sonifajlurc was dctermined by the "Compotence Index" value of 0.5 recorded
(lollenberger, 1949), This dose of drug had no effcet upcn heart rate
or cardiec output, Thc rcsults obteinod sugrest that E/. 1476 does not
have any irmediate dircet cffects upon the dog heart, Uec may, therefore,
assune that the bradycardia produced by this drug in unanesthetized and
anesthctized dogs results from a primary action on the contral eutononic
nervous systeri, The nagnitude of thc bradycardia, however, is cuch that
inhibition of cardiac symprthetic tone alnne nay not offer a complete
oxplanatisn of the vbscrv:d champes in honrt rate, I. ig possible that

. E/. 1476 has & dcley~d dircct cffect upon the heert,

E, V/iSCUL/ DESPOISE TO EPINEPHR INE
E/. 1476 (0,05 ngm,/kgn,) &nd reserpinc (1,0 mgn,/igm,) reduce
the mean arteriai pressure significantly within two hours after intravenous
administration to dogs anesthetized with pentobarbital (table 1), It has
, bcen assuncd that the fall in blood pressure results from & decrease in
periphcral resistance due to reduced sympathetic outflow, This
assunption is based npon the lack of any evidence to suggest that cither
drug directly deproesses cardiac output as determined in the hecart--lung

[ prepsration, In addition., ncither drug significantly lowers the blood

{ pressurc of spinal cets transoctod at cervical vertebra #*1, The pressor

; responsr tn gredad dosns of intravenous cpinnphsiar is novw sltercd

[ sign‘{icaa’y jthc> in anngthetized doge or :pirel e leliowiry eduine-

ﬁ: {otreetinr 200 1270 o1 reserpine in the degas e sl roove The
SMMBI e n - : p;’j“run.~“
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relative rise in blood pressure to epinephrine appears to be enhtncod

when the nean ar‘crial pressurc has been reduced significantly by EA 1476
or roscrpine, However, the absolute pressure attained is less tha)r that
observed during the control readings, These results are consisteit with
the hypothesis that E/ 1476 and rescrpine reduce peripheral resist:nce

by decrcasing synpathetio arterial tone, The rcsults slso elimincte the

possibility that either drug possesses any appreclable adrenergie :. ucking
activity,

CENTRAL NERVQUS SYSTE!
A, BEHAVIORAL CILANGES,

The outstanding behavicral changes in dogs and nonkeys resu:iting
from adninigtration of EA 1476, EA 1477 and EA 1465 consists of pro'ound
central nervous system dcpression lasting fron scveral hours to scveral
days deponding upon the dosc utilized, During this period the animais
do pot rcspond in a nornal manner to painful stimuli, The degree oi
apparent analgesia is outstanding, {/ith very small doses of the sbo .
drugs one can achicve a selective CNS depression of the dog or monke:
that is frce fron signs of central excitation or analgesia, The animals
appear to prefer to lie quietly and passively rosent being disturbed,
This effect 1s observed in the dog with intravcnous dosos of 0,1 to 0.2
mgm,/%gn, of the three drugs nmentioned above, Higher doses are requira”
to produce a similar response in the monkey, Vith larger doses of ther.
drugs, a period of infitial central nervous system stimulation is
observed fcllowed by prolonged depression and finally the period of
recovery is heralded by the return of the sigus of stinulation, This
sequence of cvents follows the classicsl pattern of induction and enmer-

gence fron gencral anasthesia, The enimals, howcver. are no: arcsthetirnd
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in the usual sense of the word, They nay show & rcduction or absence of

response to painy however, it is almost always possible to erouse then

fron the deprosscd state through adequate stimuli, The simple procedurc

of righting thc dog or nmonley end placing hin in the nornal position of

locomotion usually produces &rousal of short duration, This procedurc

may in fact inducc a period of hyperexcitation characterized by a very

brief rcturn to an almost nornmal state, If the dose of drug was suf-

ficient ¢o cause initial excitation charecterized by tremors or convulsions,

thesc may return when the animel is subjected to forced arousal during

the period of marked central nervous system depressios, {
&/ 1476 is the most potent of the threc drugs, EA 1465 has an

elaost identical spectrum of activity and is nearly as potent as i/ 1476, ‘

E/. 1477, thc parent compound of this class of drugs, is considerably

less potent; however, in adequate doses it possesscs all the qualitative

actions of the other two drugs,

These drugs as a group possess severel additional interesting
properties, They are effective orally in doses less than 0,5 mgm,/kgn, |
The duraticn of CNS depression is roughly proportional to the magnitude
of the administered dose, !/ith large doses of EA 1476 and E/ 1477
dogs have been maintained in an unconscious state for five to six days
and recovered uncventfully, There is a marked reduction in body temperaw-
ture which is maintained during the phase of CNS depression, Elcvating
the body temperaturc by placing the dog in warnm water can initiate
arousal during the phase of CNS depression, lle have becn unable to show
any corrclatior between CNS depression amd the hypotensive rction of
EA 1476, The blood prassure rveturpved to aear nonmil levels scveral days

before a sevies ~ Aoc{ Tzurrered irom ;he THY aonenesony 60700
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detalled descriptlnn of buhavioral changes s contained in a previous
report by Hardman et al, (1954),
POTECT LTION OF SLEEF DG TLE DY NICE

Frllowing the repnrt by Shore et al, 11955) that resorpine
potentinted the slecping time in white mice :nduc... by {ntreperitoncal
hexobarbital, woe remeated thelr experioents utilizing E. 1476 in place nf
reserpine, The results obtained indicatc that Ei.. 1476 administercd intra-
peritoncelly in deses of 1,0 and 3,0 mom, ‘kgn, can significantly potentiate
the hexobarbital sleceping time, s~nother series of experimonts was run
in which d-amphctamine was employed to antagonize the potcntiating effect
of E/ 176 upon thc hexobarbital slecping time, The reguits are
sunnarized in tahleq 3 and 4,

Even though E/, 1476 is not a hypnotic per se in the manncr of
thc barbiturates it does potentiate the slecping time in mice induced
by hexobarbital, Leewe (1944) has rcported that the synmorgistic hypnotic
action of narihuana nnd barbiturates is primarily due to the cannabidiol
content of the marihuana, In a later report (Locwe, 1950) he further
limits thc choice of barbiturates to Pernoston, a bromide containing
barbital derivative, Loewe (1944) statcs that 20,0 mgm,/kgm, of canna-
bidicl prolongs the sleeping time of barbitelized mice by ninety per-cent,
in contrast to 100 mgm,/kgm, of tetrahydrocannabinol which only prolongs
the slecpine time by twenty per-cent, Our data indicates that E/ 147¢
is epproxinmately twenty tines as potent as cannalidiol fn v is icrpoct,
In specifis cascs 1.0 wngn,/%en, of B4 1476 pro.cngs ithe mcuce slecping
time b: vicntv per-coat when adniniecred ore hour hefore hox ba-hiial
(100 rrvy Jerm T, Tads vesromse TAn op o aptratmiToy by onl aaudmictretion
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Thoere are few published studies on the electroencephalographic
uffects o cannabis and {ts derivatives, Streus (1944, {n a study of
fifteen patfents noted An increase In alpha mctivity of the human ¢l .ctro-
encephalogren (EEC) which was associated with cupheoria, Twr contrn!l
patiunts wic recalved nc cannabls showed A sinller tncreasc ir mlphe
nctivit . Orvis nnd Dangay (1929) reported that EA LATT and EN 1476 werce
effcetdve ir the trentnent of grend mnl and petit mal cpllepsy,
diphiny'hydrntnin refractory group of grand nmal epileptics showod consid-
creble irpravenent with a lack of toxic side effcets after scveral nonthg
use of K4 1IT0, The repor! supgests that LA 1476 is about one hundred
and fifty tince ner< noteat than diphenylhrdentoin as an anti-epilcptic
agent acafast ¢rsand na) seizures and also can normaliz: the NES pattern

cf such nmaticaze, The dese of drug enployed was not stated in the ccports

by Straus ¢r Dnvis and lanscy, Loewc and Goodman (1947) obscrved tant

EA 1476 and E/. 1477 were effective agents for abolishing the hind leg

tonic cxtensor component of maxinal electroshocl: seizures in the -nr, They
concluded that thc pattern of high anticonvulsant potency in the maximal
electroshock test and the abscnce of protection against iMetrazol eligns

the narihuana congencrs with the diphcnylhydantoin type of anticonvulsants,
The anticonvulsant ratios (EA 1477 = 1,0, EA 1476 = 200) are similar to

the ataxia potency ratios in the dog, thus suggesting that anticonrulsant

and staxia activity arc closely relatod, Threshold doses for anticonvule-
sant activity, however, were below those causing ataxia and other
ncurclogical signs,

Chronic administration of narihuana and related derivatives has

becn reported to cause a slowing of alpha activity and the appearance of
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et oe, congrel dore arre fancbilized Ly ceemmethonium (280
rdercen, kon. ,1.v,) nr Flexad{l (500 microen,, tgn,,i.v. n.r n,) and
plrecd nn e.ntiruors artificinal resplrnifing with ¢ Palrwr nrap
Surpcry was porfrroed under loeal aneorthigia with ci*h - ¢=hyl chlor-
fd. o= oae mer ecent proceine bvdrochlorid:,  Iasuleted ctec] nrils
wire placed *hnurh the cealp ‘nto the crlverium for recordiag the
vlictricnl rettvity of the corchrum and carce wes taken to avoid
prcsliag throueh the pogterior lemella, Electrical activity vas
r:zovdec with a Grass clectrocncephalograpi, The clectrocardiograin,
lced 1, and the fenoral arterial tlood pressuvre ware recerded
ginultancou-lr with the sanme instrunent..

Sever aone wore utllized to cbtain control) EEG date, The docs
recelved eithe™ onc nl, of a 95 solution of cthyl alecohol or a
comparablc volumc of isotonic sodiunm cnloride solution end were
obscrved frr scveral hours, The usual EEG pattern obscrved consisted
of low voltage, fast frcquency waves characteristic of en awalke,
unancsthetized dog, Over a two hour period slow wave buvsts would
anpear occasionally, These were quickly converted by nolse or other
alfercnt stimuli to a low voltege, fast frequency CEG, Contxol
aninals, thcrefore, show elecectrical correlates of drowsiness or slecep

that are quickly reversed to a state oi wakcfulness Ly ce-iain

‘afferent stimuld,

'EEG /fter EL 1476

Seven dogs reccived varicd doses of Ef 1476 administered intraven-
ously in 95% cthyl alcohol, '/ith doses of 50 microgm,/kgn,,occasion=

ally slcep spindles were obgerved, However, such spindling was also

o~
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~.om'n ‘r the uﬂﬂffﬂfwﬂﬂém51$ --ifte* 1007 microgm /kgm,, the gpindl,
burste were produnged and more frequent thar ir contenls, Tac LLS
racara o oo cueh experdment is ghown in fig. 1 The wprwr treeinn
forenrecents the centrs] EEG of the ¢d7n ra hour afcr vu.nc~r One
honr rfor 070 mieroam, kg, of ELOLUTA the splacte butot, w o
Pl and altornatel frequent)y witn ow vrltege Test freancnny
Axifvity (see b 4 G50 The rhiervec ~lw weve busst: o tw lve
cyrlin por rozond sould rendily be corverted to a low vonltege, fast
frequency EUG atiern by alferent stimull sucsh as noisc (sce C, f1g, <)
Glier f=era-sad afforent sctivity renul<ed in EEG arousal, it was
postulated that drun- which stimulaze the braie stom activeting system
would anteq-n.iac the ERG effects of L/ 1476, As ehrwn (sec D fig, 4)
d-amiae.mine (100 nievngn, kqn,) docs antreonizo the 5'ow wave
activity fa'uacd by FA 1476, Thn EZC nattorn ehteined 53 eluost
Indistincuishabic frem the control (cempare A and D),

The effcct cf large ¢ascs of EA 1476 (2,0 wgn,/"tan,) is 1llustrae
ted in frg, &. Tracing /i rcpresents a nornrl 1w voltrge fast
frcgueney control pattern, The irequency of xtindling inercascd a“out
onc aalf hour after drua administration Ono hour nft.r the drung,
generalized siow wave aetivity with froauent cpiadlc hurcts was
observed, Juditory stinuli were comp) iely irelfenviv. in erouacing
EEC arousal during this period (see B, fig.5), cxcecedingly inful
stimuli, however, such as pinching the testicles resuited i1 & berely
offective EEG arousal, VWithin a minute the spontaneous electrical
activity returned to & high voltage, slow wavc pattern (see C, fig, 5),
The same animal fs preserted again in ffgure 6, Thc control tracing

is latelcd 4, The response to E. 1476 and leck of arousal to euditory

CeEnm T - e aeermIny




stimull 1s labelod‘B"‘Fi?I'C represcnts the response to d-amphetanine
(1,0 ogm, /kgr1,), There was a def inite EEG antagonism, However, the
respongc af ter amphotanine was not the sane as the very fast frcquency
acti{vity observed in the control tracing,
EEG After EA 1465

Four dogs rcceived E/\ 1465 Intrevenously in doscs of 0,5 to 1,0
nan, /kgm, 4 typleal responsc is illustrated in figurc 7, Tracing ..
repregents the normal control activity, Occasfonally alpha«=]ike
waves arce observed but the preodominant character of the EEG is a
low voltace, fest frequoncy pattern, Tracing D represents the
responsc to E/ 1465 (1,0 mgr,/ignm,) one hour after drug administration,
it this tinec auditory stimull worc barely able to produce EEG arousal,
Fewer high frequoncy waves were obscrved at this time than during
the control] tracing, In addition, thcrc was a delay {n the onsct
of arousal, Tracing C,roprescnts the rcsponse to d=snphctamine
(1,0 ngm, /1:gn,) and suggests an inconplete antagonisn of the slow wave
activity induced by EA 1465,
EEG After Atropinc

Scveral groups of investigators have describec the changes in
cerebral activity due to atropinec, Typical sleep-lilec pattcrns arc
deseribed in the cat (ilescoc ot al,, 199§ Fundcrturl: and Casc, 1951}
Cradley and Elkes, 1953y and Longo, 1956), Sleep-like wavcs have
also been ohserved in the EEG of the normal dog ¢iven atropine
although the bchavior of the do¢ suggests cxeftatfon (‘’ikler, 1952),
In the prescnt invegtigation six dogs rcceived d-l atropinc intraven-
ously in doses of 0,1 to 1,0 ngu,/%gm, The 0,1 mgm,/kgm, dosc had

no apparcnt cffcct upon the EEG of the normal awake dog, There was,
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however, an obvious tachycardia as rccorded by the EiG, / subsequcnt
dosc of 0,5 mgmy/kgm, of atropinc produded somc slow wave activity
fn the ZEG, Doses of 1;0 mgm, /kom, of atropine characteristically
produced slow wave, slecp=like activity in the dog EEG, The adnine
istration of d=amphotamine in doses of 035 to 1.0 mgm,/kgn; resulted
in a nuch less effective EEG arousal than the arousal observed when
E( 1476 was substituted for attopine, In dogs who had previously
retcived E4 1476 (1,0 mgoy /ltgm, ) the subscquent administration of
atropine (1,0 mgms/kings ) appoared to enhance the slow wave activity,
Spindle bursts wore still prosent but lcss discrct~ than prior to
the adninistration of atropine, Generslized slow wave activity
persistod throughout the remainder of the cxperiment, This impression
of an additive or potentiating action of atropine upon cannabis
derivatives has been described previously in a report of the Indian
Henp Drugs Commission, 18931904 (See Osmond, 1956, on the behavioral
ceffects of Indian henmp combined with Datura),
EEG /{ ter liorphine
The cffects of morphine on the E3G of animals and man has becn
reviewcd by “'ikler {1950), liorphine in doses of 5-10 mgm,/kar.
produces irregular high voltage random slow waves, Large doscs
(200 mgm,/kgm,) produce high voltago, fast sctivity which tends to
appear in bursts, Thcse resemble petit mel seizurc discharges of
the spile~donic varicty and occasicnally sustained spike dischargas.
le examined the cffccts of morphine on thrce dogs, They reccived
intravenous Injections of 1«5 mgm,/gm, In a dosc of 1,0 mgn,/kgn,
morphinc produced cnhanced sleep=likc activity in the EEG, LCnhanced

slow wave activity was obscrved with trequent g];a wave bursts
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after doses of 5,0 mon,/kon, /Jophetanine (1,0 ngm,/lkgu,) adninisternd

cusS

intravenously was found to be less effcctive in antagonizing tho slow
wave activity due to morphine thas that resulting from eduinistration
~of B/ 1476,
6. EEG /{tor Rescerpine

The EEG changes clicited by rescrpine (0,5 - 1,0 mgn,/kgn,) adunin-
fstercd intravenously to thc wonkey have been described by Schneider
and Zarl (1957), They observed no change fror the nornal alpha
activity of the control tracings, Therc were periods of slow wave
activity of higher voltage indicating drowsincss, The nonkeys,
however, could be readily aroused by a varicty of affcrent stimuli,
In oontrast to the above report, linaldi and Himwich (195S) obsorved
an £EG arousal pattern in the rabbit following intravenous reserpinc
(1,0 = 3,0 ngn,/lign,).

- In the prescnt investication soven dogs were given intravenous
doses of reserpinc phosphate or acetate (1,0 mgn,/%gm,), The G
wag ohserved for two hours following drug administration and congcistec
of normal low voltagc, fast frequency patterns, Fewer periods of
slocp~like spindles were obscrved in these dogs than in the control
scrics, Our rcsults are, therefore, in anrcenent wita tie niservations
- of Ninaldi and Hirwich (1955),
7, Diccussion of CEG Obscrvations

The elcctroencephalographic changes produced by L/ 1476 iu the
dog arc most sinilar to the changes produced by small doses of
norphine (15 mgn,/lgn,), These changes consist primerily of slcep=
li%e activity, spindle formation and ocontinuous delta bursts with

large doscs, Of considcrable interest is the fact that one can
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souse nointls under the dnflucnee of J7 1070 0F B4 1405 throurh

“flerent stinuli, s 1s true for ni1n)s under laht Jia? rnesthesin,

~wiltory indveed EZIG arousnl is deprosged flrst whilc pain incduscd

£l ercusnl i3 rore rogisteat o dopression by Dirnld (Gellhorn, 1G03),
Lo 1176 or B0 1256, Jfter & full nacsthetie dosc ol Dinl prinful
stinvli ae loager produce ZEG nrousnl, Sindlarle doscs of E. 1709
anc EA 1105 thnat produce r profouac Hehavinral doprossion (1.0
noi, /o0 D pernit only e very traasient £55 arcusel to prinful stinuli,
Tl sc obscrvntinns eorrclate quite well with obscorvations in the
fntact due, Ir which intopec  nffercint ctinuli can rrous: o nri e
viously prostrate onfuel suff{iclentlr so tirt 1t ean hfolly rise to
its feet and stond without supnort, The SEC shoines eraduced Ny
etropine nlso berr gone superiicinl sinilarivty to thos~ praduced by
Ci 127¢,  Althouch &/ 147€ nnd roscrping produce approxinntlcy siriler
cffeets upon behavinr they produce diffcrent responses on the Gog
ES pattern, The observation that d-amphetanine partinlly antaconized
thc slow wnve bursts produced by I/ 1476 and 7. 1465 sungests tunt
otier ngents vhich stinulate the brain swen aciivatine sysien rnd,ov
cercbral ecoricx would be effective in portially antiqoinirine the
hehavieral effeet of these frurm, The =csdit: ol sie! g cwuldy are
renorica in sectien IxI, 2., of this veni,

EFFECT O O/ 1776 G SPIUL TEFIDITO,

Two acute spinel cats were nrepared accordine to the technique
of Henncnan et el, (1926), In this preperation stinulation of the ipci-

Interal scictic nerve produced nonosyneptic inhibition of thro patellnr

reflcx, 7The patellar reflex is also nediated over a nonosvarptic nrec,

Stinuletion of tic contredetered sodatic norue praduced facilitation or
—bth CELLED — (¥ ASSIARD
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crosserd extonglon which s nmedintod over a polysynantic are, The {atra-
i venous Injoetion of K5 1479 11,0 non, lkgr, ) reduced sliohtly tho rognaane
; to eontrrleternl sciatie nerve stinulation, o sligh*® rcductinn ia tie i
anplitude of the nce Jerlt ocenrred cver ¢ period of cne hour, The
slicht chrnarcs obscerverd were well within the norninl varieiion to he
expected in control eniunls subjected to thls technique. It was c¢oreludad
that the cpiinl actions of LUl 1476 were indeed miro- 1 et 2ll prescet,
Joe were lunressed by the fact that an onharcenent of tue “ace
Jerk was not chererved, Une of tho outstendine faacures deronitrble in
tho unenegthetized dog who has recelved T4 1474, (77 or 1465 i3 the

'

greatly oxacqeratod tendnn reflexes, o nust, thovefoare, rt*-ibute the
enhanecd splnnl reflexes to an nction of L0 1705 vifeh ocenrs n prpro-
spinel levels,

E, MISCELL/IEUS /CTICH

1, Hypothernia

Hypothorriisi is an outstendi~g slgn foilowing intravenus edninire
tration of 1,0 mgmojkqm. of LA 1476, Thki reesal tcupeentire fal.s
4=T% C, witain twonty four nours and gradenlly retu-rs Lo nornel over
a scveral dry peried in the u-nnrestactised dor, Troonld ol nl. ()903)

have repoctec thaev roserpine hns e gipiles of 'cn 14 the oo,

lilosle 1t ar irsnrstant findicg after adninisirnrtion ol & 276 or
g

E/A 1477, Cy contrast nijosis is regarded as a constant finding after
the adninistration of reserpine to sevcral aninal specics, In gcneral
a conspicuous nydriesis was observed in dogs following intravenous
adninistration of EA 1476 or EA 1477,

3. QRelaxatfon of the lifotitating lienbrane
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In the dog thio—veruutﬂrﬂ”TI”Tﬁhﬁ?VEEEJ.;;Ty by the synpathetic

nervous syster, It is roadily relaxed fullowing the intravenous ednin-
istration of EA 1476 or rescrpine, Thesc observations suggest that
bLoth drucs effeotively reducc the nornel ecntral synpathetic outflow
since nelthor druc oxhibits o characteristic adrenergic blocking action,
and gangclionic blockade in an unlikely oxplanatinn,
Z, .espiratory Depression

This responsc is nost readily obscrved in the unanosthotizod dog
or nonkcy and oftcn has a drauatic onset of action, U/ith EA 1476 the
deprcssion of respiratory rate usually appears with the onset of ataxia
and just proccdes the deveolopr:ent of bradyeardia, [ecserpine often
produces an initial incrcasc in rospiratory ratc lasting tio to threc
hours, “his 1s followed by a porsistent gradual decrcasc in respir=-
atory rate (Trapold et al, 1953), '/ith larqge doscs of either drug,
the acute toxicity and decath appears to be of rospiratory origin,
5. Jlarrhes

The scvere and usually bloodly diarrhea in the dog is thc outm
standing toxic manifestation of resorpinc elkaloid, In our studics
bloody diarrhea occurrcd with intravenous doscs of rcsorpinc as low
as 0,10 ngn,/lzgn, Sonme rccont data utilizing the phosphatc and
acotatc salts of rcscrpino suggest that largor doscs may bo tolerated
W thout producing bloody diarrhce, Qualitatively EA 1476 possosscs
this prop:rty aisog hotaver, the amount of drug required to produce an
equivalent degree ¢f bloocy diarrhce is about onc thousand times greater

than the dosc of reserpine on & mgm,/'tgn, basis,

TOXICITY
A, GEIERAL
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The majority of our studies fn this category have been -
restricted to scute taxieity experiments in several species of aninals,
The toxieity data saw available are u-rlul‘ ia teble 5 aand must Lo
veomdésd & peliiniasey,

Therspeutie Ratio (T,R,) = §)
Eftective Dose

Effective dose is defined as that dose required to produce

tranquilization in thc unanesthetised dog,

Roserpine TR, =» .Msmmfm...u.. - 5,0
0,10 mgm, /kgm,, i.v.

EAI4T6 TN, = 100.9 m.(kgm“h Vo
0,05 amgm, /kgm,, 1,7,

= 2000
/v comparison of the T,, values for reserpine and E/. 1476
fndicetes that reserpine is approximately four hundred times more toxie
than EA 1476 in the dog when administered by the intravenous route,
B. /NT/GONISK OF EA 1476 BY OTHER DRUGS
1, E/ 1476 Plus Cocaine
Four control dogs received 4,0 mgm,/kgm, of cocainc intravenw
ously, They exhibited mild signs of hyperactivity for sevcral

hours after receiving the drug, /. brief period of marked oxcitement

was observed immediately after drug administration which was eccome~

panied by hyperpnea, This effect was replaced by mild excitation
within thirty minutes after drug administration, Recovery wes
uncventful,

One dog was given E. 1476 (1,0 mgm,/kgn,,i,v,) and four hours
later appeared to be gleecping, He could be aroused by handling,
Cocaine (0,5 mgm./kgm.,i,v,) was adninistered and the dog appoared

to recover his alertnegs irmpdfately. He‘respondeq, Iﬂmnng
. R '!_', R ».y“: >
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and scretched h1§21133e-v1 |Ex5aetys SO dogrce of analgesia iis

-

still precsent, Decovery from drug effects weas recorded on the fourth
day after receiv ng the drug,

i. second dug received cocaine (1,2 mgm,/kom,, i,v,) four hours
after &4 1476 (1,0 mgn./kgm,, i.v,) However, no marked chaace in
behavior was observed,

Four dogs received cocaine (2,0 rgn,/k-m,,i,v.) four hours
after &, 1476 (1,0 mgm./kem., 1,v.). Cne dog exhibited tonic and
clonic convulsions accompanied Dy continuous »¢lping imnediately
after the administration of cocaine, This was followed hy well
coordinated running movements for scveral hours with intermittent
rest periods, The dog died eight hours after recciving the cocainc,
The other three dogs in this group were markedly stimulated following
the injection of cocaine but they did not convulse, Increascd
running activity, mild ataxia and some disorientation was observed,
Nespiration was great.y stimulated and frequent periods of panting
were onserved, The three dogs appearcd to have recovered completely
thrce days after cocaine adninistration,

Four dogs received cocaine (4.0 nmem./%gm,, 1,v.) four hours
after CA 1476 (1,0 mgn./%¢m,, i,v,), Thrce of the animals convulsed
imnediatel; aiter receiving the cocaine, Two dogs cxhibited
strychnine-like convulsions with opisthotonus and the third dog
underwent a clonic convulsion with continuous yelping, The degree
of ataxia was greatly reduced in all four dogs after cocaine, Tk-
synptoms of excitation disappearcd within onc hour after which the

dogs were depressed and slept quictly, Three days later two of the

four dogs wore found dead, The remaining dogs recovered uneventfull;,
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Loeontral dog reccoived cophotaniae (1,u DO, kan, L1, v, e

it

exidhited sions of hyperactivity characterized by pacing the {l.or,
Ilserectinn and rycriasis wer. aiso observed in this nninal,
ceevery was conplote in twenty four hours,

Two doas reevaved anphetacdne (1,0 nen, /Lqn, ,i.v,) three hours
efter L 1476 (1,0 ngn,/%en,,1,v.), One dog was roused fron n statc
of deepy denrossfon charccter{zed by marked lethargy, dopressed
rcspiratory rate and complote indifference to handling following
the Injecticn of anphctanine, e rase to his feet, walked nroued,
and appearcd tn be aware of his surroundinns, The ataxia procuced
by E/. 1476, howcver, was not coiipletely entagonfzed by the anphete
arifne, The sccond dog reacted in & sinilar nanner and the amphete
aninc arcuscl persisted for scveral hours,

Jhen the response to L/ 1476 (1,0 non, /%grie 1,v,) was antag-
onized by anphetani' : (2,0 mon,/kon,,4,v,) def inite signs of
hypcractivity were observed, This included rapid pacing of the
floor with sudden bursts of runninc and falling, Qespicatory rete
wag elso creatly accelerated, Threc heurs Inter the dog apnpeared
aleri nnd nore restful although he sti'l exhivited a definite
hyp:=pnea,

Tuenty feur hours after the depressant cffccts of E. 1476
(1.0 ngn, /kgn, ,1,v,) were antagonized by deanphctanine (1,0 = 2,6
nen. /%gn, 1,v.) all three aninels were found dead, /. post nortem
exanination of the duodenal nucosa failed to revea!l any signs of
internal bleeding so that shock resulting from the synpathoninctic

aninc appears unlikely as thc cause of death,
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. parallel scrics of thrco dogs received only EAL 1476 (1,0
non, /kgme, Leve), Twenty four hours after this they still showed a
characteristic drug response, 4t this time they were lethargic *
and showed some response to calling and potting, They were able to

stand and walk around the cage, Threo days later recovery appeared

to be complete,

Four dogs received E/ 1476 (1,0 ngn,/kgo,,1,Ve) which was
followed three hours later by d-anphotanine (0,25 = 0,50 ngn,/kgn, e
i,v.), The antagonisn obseorved was marked, /nelgesia, exaygerated {
tendon ref loxes and ataxia wore still present, All the aaimals !
recovered uneventfully in three days,

The antagonisn of E/ 1476 by deanphetanine is outstanding;

bowever, it is dncomplcte, Ataxia nay still persist although the

behavior of the dogs is suggestive of narked improvement, It is
apparont that deanphetanine greatly enhances the toxicity of EA 1476,
3, EN 1476 Plus Caffcine

Two dogs received only caffcine alxaloid (10,0 mgm./%CmecfeVe)e
Their behavior suggested hyperactivity and was characterized by
paciag the floor, cxcessive playfullness and minor nuecle trenors,
They appeared to be nornal three to four hours later,

Two dogs received caffeine (5,0 ngm,/%gn,,i,v,) four hours
after E/ 1476 (1,0 ngm,/kgm,.1.v,), / slight decreasc in respir-
atory ratc was the only effeet observed,

Three dogs received ceffeine (10,0 mgm,/kgn,,1,v,) four hours
after EA 1476 (1,0 mgm,/kom,,i,v,), Two of the animals showed an
fnnediete arousal fron their depressed state, They exhibited a
tonic extensor position, ataxia, hyperactivity, and hyperpnea, The
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third dog did mot exbibit an arousal response to caffeine,

One of tho two dogs that responded to caffeine died twenty four

hours later, The second dog was still ataxic and exbidited analgesia h
at this time, He was found deed five days after receiving the +
caffeine,

4, EA 1476 Plus Nalorphine _ r

One dog received only malorphine (6,0 ngm,/kgm,,i,v.), Ome
hour efter receiving the drug the dog appeared to be sedated and )
preforred to lie quietly, Considereble prodding was necessary to
induce the animal) to walk, A previous report by Unna (1943)
indicated that nalorphine had little effect upon the ONS and respir=

doses in thc nmonkey is the production of tremors, periodic clonic
convulsion, simultaneous respiratory errest and cardiovascular
collapsc as the terninal event (Irwin and Secvers, 1954), It appears
that CNS stimulation is the primary factor in tiic lethal effects

of nalorphine although certain CNS depressant effects arc undoubt~-
odly involved to some degree (lloods, 1956),

Two dogs received nalorphine (6,0 mgm,/kgn,,1,v,) one our

after E/ 1476 (0,25 mgn,/kgm,,i.v,), Prior to injection of ralor-
phina the dogs were very depressed but exhibited ataxia and tonic
spasticity with forced arousel, There was marked arousal immediately
aftor the injection of nalorphine, The dogs were very stimulated

and alert, They werc able to Jump from a table to the floor in a

well coordinated memner and were almost free from

ation of dogs in doses of 10«30 mgn,/kgm, The effect of lethal
signs of ataxia, ‘

No signs of @nalgesia were present gt this time in contrast to

definito analqgljn.dnnnnzxxaxad_pminxmzof&he nalorphine injection,
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On the folloWIHy TTT IUTTdogr—vtir—enhibited clight sed
ataxia, Recovery was uneventful,

Four dogs received nalorphine (6,L mgm,/kgm,,i,v,) one hour
efter E/ 1476 (1,0 mgm,/kom,,i,v,), Frior to the injection of
nalorphine the animals were very depressed and enslgesia wes demon-
strable, Tonic extensor movements were observed with forced erousal
at this time, After receiving nalorphise &dogl exhibited marked
arousal characterized by spastic running movements and coavulsjions,
They also reacted to painful stiamuli at this time, Twenty four
hours later ifis animals were depressed but could easily be eroused,
Seventy two hours after drug administration one dog was found dead,

' One dog received nalorphine (12,0 mgm,/kgm,, i,v,) in two
equally divided doses one and three hours af ter EA 1476 (1,0 mgm,/kqm,
ieve)e A merked arousal was observed following the !injections of
nalorphine similar In character to that described im the previous
paragraph, The animal died seventy two hours after the las?
fnjection of nalorphine,

S5, EN 1476 Plus Dextrose

On one occasion we had injected a concentrated sciufion »f
dextrose into a dog depressed by the previous administzation »f
EA 1476, [ marked arousal was observed, Bowever, we were not sure
that the procedure of handling the dog had not precipitated the
arousel rather than the injected dextrose,

Five dogs received dextrose (125 mom,/kgm,,i,v,) one hour
after the administration of EA 1476 (1,0 mgm,/kgm,,.i,v,), No

appreciable change in behavior was observed following the injection

of dextrose,
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Five addltiura. 1ocs received L4 1476 (1,0 mgm, /kqm,,§,v,) and
dextrose (250 mgm,/kgm,,i,v,) in rapid succession, An {mpression
was formed that this procedur: deleyed the onset of the typicel )
response to EA 1476, The dextrose did not appear to alter the usucl
qualitative signs resulting from injection of E/ 1476 in any other
way than to delay the onset of drug action,
le concluded that dextrose had no signifieant effect aa an
antidote with respect to the typical E/ 1476 drug responie, 7
C., POIENTIATION OF EA 1476 BY OTHER DRUGS
1, E/ 1476 Flus Atropine
Twn control dogs recelved only atropine (2,0 mgm,/kom,,1,v.),
The dogs appeared to be slichi'y cdepressed but were easily aroused,
Heart rate end respiratory rate irovessed ciprificantly and mydriasis

was oromina. t. Elevun hours letar the cdoj warz aler: and active

and mydzjaszfic wes #t{)l cbserved.

Two docs ~eceived ~nly EA 1476 (0.12 mgm, /%cm.,t,v.). Deiirite
depreceion s-as observed but the animels wove easily avnused ard
exhibitod hyper-reflexia at this time, Twn hours after r-ceiviae 1
the drug the heart rates were 36 and 89/min. vhile thre -~cricatory i
rates were 36 and 20/min, Elnven hours late> thr dac: woree %112

deprasred and ataxic but easily aroused frnm *heir dep-essed state, J

Two dogs received atropine (0,5 mgm,/kom,,1,v.) two houis

|
l
after EA 1476 (0,125 mgm,/kgm,,i,v,), The degree of CNS depression 1
appeared to be enhenced following atropine administratiom.; however, !
|
|

the animals could be readily aroused, Paradoxically, hyperalgesis

wasg observed in both doas at this time, Twelve hours later both

animals were sleeping, could be readily aroused, and rosented boing
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Two dogs received atropine (2,0 mgm,/kgm,,i.v,) two hours
after EA 1476 (0,125 mgm,/kgm,,1,v,), -Their behavior was character~
fzed by CNS depression, atexia, mnalgesia and ease of arousal, Twelve
hours later they were still depressed and ataxie,

All the dogs in this series recovered uneventfully, \lle offer
only the subjective impression that atropine appeared to slightly
enhance the CNS depressant action of EA 1476, 1
2, EA 1476 Plus liorphine Sulfate,

Two dogs received only EA 1476 (1,0 mgm,/kgm,,i,v,), Ilarked
CS depression was observed one hour later, The dogs could not be
aroused at this time and showed no response to painful stimuli,

Three hours after receiving the drug the dogs exhibited tonic
extensor convulsions on arousal forced by violent shocking, A sime
ilar response was observed six hours after drug administration,
Twenty four hours later CNS depression and atexia on forced arousal
was observed, A period of uneventful recovery began at this time,

Two dogs recived only morphine sulfate (2,0 mgm,/kgm,), One
hour later CNS sedation was the prominent feature of their behavior,

Emesis was also observed, Three hours after drug administration

P

the dogs appeared to be restless and spprehensive, Their heart
rates were 60 and 54 per minute at this time, The presence of

analgesia was questionable, Six hours after receiving the drug the

animals appeared to he normal, 1
Four dogs received morphine (2,0 mgm,/kgm,) subcutaneously one |
hour after EA 1476 (0,1 mgm,/kgm,,1,v,), Prior to the injectton of |

morphine the dogs appeared to be scdated but were easily aroused
s T ._:,:’:":‘-:;‘: "!..ﬁ y . “'nr“
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from this state, Thirty minutes after administration of morphine
ataxia, emesis, and hind limb weakness were the prominent signs
observed, Threc hours later bradycardia, mydriasis, marked analpesie
and a normal respiratory rate were observed, Ataxia and exagpereted
tendon reflexes were also present at this time, Six hours after
drug administration CNS depression was still prominent, analgesia
was present and respiratory rate was normal, The onset of an
uneventful recove y began twenty four hours after the infjection of
morphine,

No fatelities were observed in this serles of dogs, It was
our subjective impression that morphine enhanced the CNS depressant
effocts of EA 1476, This generalization also includes an enhance~-
ment of the analgesic properties of the combined drugs, The
obgervation of & normal respiratory rate was unexpected since either
drug alone usually has a definite respiratory depressant effect in
the doses employed,

STRUCTURE ACTIVITY RELATIONSH IP

EA 1477 has been designated as the parent compound of 8 large
series of potential derivatives, A detailed description of the behavioral
changes and cardiovascular effects induced by this drug in the dog and
monkey has appeared in previous reports, lle have considered FA 1477 to be
our standard and all the derivatives of this series have been compared to

it with respect to qualitative and quantitative activity, EA 1465 and

EA 1476 eare approximately two hundred times as potent es¢ EA 1477 in their

ability to inhibit the carotid occlusion pressor reflex, They are also

approximately one hundred times more potent that EA 1477 in producing

o mparable behavioral changes in the dog, A serics of five additional
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derivatives wore received for evaluation, They were examimed for their
effect upon the behavior of unanesthetirad dogs and their ability to imhibit
the carotid occlusion pressor reflex in anolthoti:ed_dogl. Gbservations
upon blood pressure, heart rate, respiratory rate and body teamperatsure
changes werc algo recorded (sec table 6),

Drugs SEA 1465, EA 1476, and EA 1545 differ from CA 1477 in that
s different aliphatio chain is prosent in position ®3, EA 1465 and EA 1476
are the two most potont derivatives of EA 1477 studied to date, Both of
theoa contain a longer side chain than EA 1477 and in addition thair siae
chaing are dranched. EA 13435 has a shorter side chain than EA 1477 and s
prectically inactive, The only other compound examined that approached
EA 1477 in potency was EA 1542, This drug differed chcmically, from ZA 1477
in that a nitrogon atom was substituted for the oxygen atom in position 85,

Tho remaining drugs examined, ZA 1507, ZA 1543, and EA 1544 were
sufficiently less potent than EA 1477 to discourage any immediate further
studies, They differed chemically from EA 1477 in having substitutions fin
the 3], 1«3, and 35 positions,

The rcsults obtained suggested that other substitutions in the
%3 position of EA 1477 may provide even more potent derivatives them EA 1465
or EA 1476, Relatively minor changes in thege pceitions can greatly alter
potency in this class of compounds,
DISCUSS 10(1
SARJONASCULAR SYSTE

Prior to our observations there have bcen no published reports
on the cxtensive cardiovascular actions of the synthetic tetrahydro-
cannabinol derivatives, Bradycardia and hypotcnsion had been observed by

another worker (Loewe, 1944), Wowever, no sttempt was made to formulate
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these observations into an hypothesis to explain the underlying mechanism

of action, The observation that EA 1476 could inhibit the pressor response
to carotid artery occlusion suggested it was capable of altering the normal
activity of the autonomic nervous system, The additional observations of
hypothermia, relaxation of the nictitating membrane, inhibition of tho
pressor response to centrel vagal stimu..tion and bradycardia that was not
blocked by stropinization further implicated the autonomic system as an
impartant site of action of EA 1476, The possibility that EA 1476 might

be aoting as an adrenergic blocking agent was considered since the drug
appeared to effect primarily those functions under the control -of the
sympathetic nervous system, This possibility was eliminatod when it was
shown that the pressor response to injected opinephrine was not appreciably
altered after administration of EA 1476, Ganglionic blockade can be ruled
out as & primary site of action since electrical stimulation of the efferent
sympathetic pathways in the hypothalamus or vasomotor center of the cat
produced similar pressor rcsponses before and after EA 1476 (see figure },,
llhen medullary vagal efferent neurons leading intc the vasomotor center of
the cat are stimulated eledtrichlly with the stereotaxis apparatus, a
biphasic blood pressure response is obtained, Folluwing EA 1476 the initial
depressor response to electrical stimulation of these afferent neurons is
retained; however, the subsequent expected pressor response did not matere
ialize, These observations strongly suggest that the mechanism of depression
of sympathetic outflow is located centrally and interposed botween the
afferent and efferent components of this are, The widespread inhibition

of sympathetic activity involving several difforent organs also suggests

that the drug is acting upon a central rather than peripheral regulating

centers of the sympathetjc nervous system, In view of the definite - . -
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alteration in electrical activity of the gercbral cortex following admine
istration of EA 1476 and the close r-lationship of the limbic system and
hypothalamus in controlling asutonomic nervous system reactions one might
profitably explore the limbic system as a possible site of action for L/ 1476.
The work of aada (1951) demonstrated that all viscera having autonomic
innervation have reprcsentation in the limbic complex and its related medial
structures, and that the limbic system is to ¢ regarded as the primary
autonomig¢ area of the forebrain,

The behavioral changes resulting from administration of E/ 147¢
and related compounds are vutstanding, Central nervous system depression is
the most characteristic response obtained, /Analgesia and ataxia are also
prominent signs observed with these drucgs,

Joel (1925) was one of the first workers to attempt a localization
of the site of action of marihuana, lle compared the effects of the drug
in normal, decorticated and decerebrated cats, Normal cats showed swaying,
decreased motility, cataleptic perserverance and general depression after
the drug, Swaying was the only sign observed in decorticated cats and no
effect was observed in decerebrate cats, Joel interpreted his results as
indicating that marihuana acts predominantly upon thc cerebral hemispheres,
The ataxia observed with this drug and derivatives probably results from a
central action, since we were unable to demonstrate any significant cord
effects in spinal cats, This is in contrast to the greatly enhanced tendon
reflexes obtained inuvemmsthetized cats and dogs after receiving comparable
doses of EA 1476,

The mechanism of analgesia is wndoubtedly a cemtral-action-of the
drug in which the animal may feel the pain although his normal reaction to

it is depressed or absent, /An CEG arousal to pain has been observed after
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1,0 mgm, /kom, doses QT EX Tty —Pire-arousal Ts maintained for & few

seconds after which the EEG pattern returns to the pre-pain state,

Our experiments indicate that EA 1476 potentistes the sleeping
time in mice induced by hexobarbital, These results are in contrast to
the obscrvations of Loewe (1944), However, they are in agrecement with the
earlier work of Burgi (1924) who found that marihuana exerts a synergistic
hypnotic action in rabbits in combination with other hypnotic agents,

The characteristic EEG response to EA 1476 and EA 1465 consisted
of high voltage slow wave activity with a tendency to spindling, lie were
unsble to observe a similar respoase to comparable doses of reserpine
despitec meny other common actions of these two drugs, l!le observed an EEG
pattern of arousal with reserpine in doscs of 1,0 mgm,/kgm, of tho phosphate
or acetate salt, Monroe et al, (1951) reported that reserpine (5~10 mgnm,,
1,v,) produced a state of sleep in schizophrenic patients, The cortioal
EEG's taken during this perfod consisted of periods of 1light sleep inter~
spersed in a drowsy or relaxed record, The typical spindling characteristic
of the barbiturates was not observed, In comparing the work of licnroe (1951)
and Rinaldi (1955) a qualitative diffcrence in the EEG response to reserpine
was obtainod, The difference may be related to the different species or
doses employed in their studies, Schneider and Earl (1954) utilizing the
monkey as a test animal observed an EEG response to reserpine that was
similar to that described by Monroe (1951) in humans, Our results in the
dog, hewever, agree with the observations of Rinaldi and Himwich (1955)
in the rabbit, Further work is indicated before one can desoribe the typical
EEG response to reserpine end compare it with our observations obtained
with EA 1476 and EA 1465,

The observation that EA 1476 (1,0 mgm,/kgm,) has no appreciable
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effect upon the pateilur reflex in spinal cats whereas this dose in en
intact cuat or dog greatly enhances this reflex was surprising, Evidently
E/ 1476, in the intact cat and presumably the doj also, acts to supress
inhibitory impulses of supraspinal origin that are'relayed to th: spinal
cord, Further studies on this mechanism are indicated,
LISCELLAIE QUS

The prominent hypothermia observed with E/i 1476, EA 1477, and
reserpine is highly suggestive of a central mechanism of e tion, The pupil-
lary alterations and diarrhca observed with these drugs may possibly be
attributed to a relative imbalance in the autonomic nervous systemy kowever
a direct action on these structures has not been eliminated, The reclaxation
of the nictitating membrane by these drugs and the observation that none
of the drugs blocks the contraction of this structure following the injecticn
of epinephrine is indirect evidence of a reduction in ccntral sympathetic
outflow,

The mechanism of respiratory depression observed with LA 1476,
EA 1477, EA 1465, and reserpine remains unknown, Loewe (1946) observed
pulmonary edeme in a series of dogs who died following the intravenous
administration of a specific tetrahydrocannabinol derivative,
TOXJCITY

The lethal doses of EA 1476, E/ 1477, or EA iZL5 are extremely
high by comparison with the small doses required for their pharmacodynamic
effects, Loewe (1946) states that albino mice can withstand chronic adminis-
tration of L/ 1477 better than comparable doses of sodium chloride, ilalton
(1938) reported that purified cannabinol in toxic doses produced pulmonary
edema and ccrebral hypercmia with indications that death rcsulted from gardiso

rather than respiratory failurc, Loewe (1946) estimateJ that thc intravenous
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D¢ for marihuana in rice, rabbits, and dacs lry Letween 100=230 mgm, ‘linn,
Our limited results in the dog with &A 1476 would support this estimete,
Our rcsulte in mice, however, would place the intraperitoneal [Dgy closcr
to 400 ngm,/kgnm,

A "ew words of caution with respect to the toxieity of A 1476

under special circumstances are indicated, Our results obtminod with coca'n:,

caffeine, and d-amphetaminc as antagonists of A 1476 indicatc that despit>
@ gross appcarance of antegonism there is e marked incrosse In subsequent
fatalities, MNeith'r drug alone in the doses cmployed approached the LDg,
value for the individuel drug, Howover, when givon in the sequence employcd
therc wes a high incidencc of fatalities, Death occurrod during the
depressed statc which followed the stimulation induced by the antagonist,
Adequate nursing care appecars to be the best method available for survival

attor administration of the potent tetrahydrocannabinol derivatives,
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1. The extensive sctions of tetrahycrooegzebimol derivatives
upon the cardiovascular system suggest that these ggents act by inhilition
of the afferent to efferent aress of the centrsl components of the
8y.pe “otic nervous systen,

14

/. marlec simflarity to the actions of reserpine has been dem~

onstratec, .lowever, qualitative and quantitative difference exist between

reserpine and the tetrshydrocannabinols, 1

2, 3Jehaviorsl changes characterizsd by CIS depression, ataxis,
analgesia and enhanced tendon reflexes have Seen deseribed, These effects |
appear to oricinate at supraspinal levels, /lterations in cortical
electrical activity have been described resulting from administration of the
tetrahydrocanna’ Ynol derivatives, The outstsnding similarities and
differences o’served on the LG with related drugs have been desoribed,

A potantiation of hexobarbital induced sleeping time in wmice has
veen descrived for E/ 147(,

i.iscellancous sctions of EA 147¢ which may be related to its
effects upon the autonomic nervous system are discussed,

3. “he ccneral toricity of the tetrahydroceannadbinol derivatives
is discussed as well as tho effects of drugs which antaconize or potentiate
their pharmacolo~ical actions,

“o. .0 analysis of structure activity relationship is presgented

for the tetrahwirnace=na" in.-. ‘erivatives evaluated In this study,
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<{fective Dosc is defined ac tie dose required to produce olvious

[3]
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TICLE ®85

Cebam N

TOKICITY .D/TA &, 1476

W os vy moms, /kgm,
390,0
) cflfentive Dose (intravenous)
0,025 mons, /Lo,
0,050 mgns, /lkgn,
C.125 moms, /kon,
0,250 n-ms, /lkqgm,
1,0  mgms,/kom,
5.0 ncns,/lan,
10,0 mens,/ton,
20,0 mgns,/kom,
100,0  mons./on,
Doc c{fective Tose (oral)
0,5 nens,/ten,
1.0 ngus,/tcn,
2,0 nonms,/cn,
onley Zcciive Dese (intravenous)
0.5 mcns,/uan,
1.0  ngns,/iion,

2,0 ogns,/ton,

10 died ten daye after roczeiving tiae drug,
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[
L'-
-

2%
i’ o

Joute of /dninistration

1.F,
8 ‘nimals

2

c,
.

1
8 /ninels
1
2
2
& [nimals
1
1
1

Possible distenper,
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T YTI U .
IFCRILTION
liy 50005 COOZIVATICS I TIE IM/CT flinwL,
: L1507
SITCILS DOGT QOUTE CCSEQV/.TIONG &2/ NIN/.LG
Tor 0,125 ngn, /ten, IV, Ho cffect 1
. Dog 1,90 ncm, /kgn, IV, [lo effect 1
Do 0,00 ngn, /iign, IV, Sonc scdation 1
cA 1842
SINTIES SOG ~OUTE QBSEQV/T105 ®/NIV.LS
Deg 0,125 mom, /Lom, IV, llo effcet 1
Coc 1,00 ngn, /kon, 1V, Sone Uyspnea 1
Dog 9,00 ngn, /kgn, IV, llo cffect 1
107 10,00 ngn, /kon, 1V, Ataxia, Sedatio.: 1
ol 15843
SICCIES DCSE BROUIE O35ELV/ITIONS #LNLLALS
Do-, 0.125 non, /ion, IV, llo effect 1
Dor 1,0C ngn, /koi, 1.V, No effect 1
Doo £.00 ngm, /kan, | 1,v, [lo eficet 1
E/. 154~
SFECIES cCoz COUTE OBSZOVIATIONS #LNILLLS
Do¢ 04125 mgn, /kgn, LV, llo effect 1
Cory 1,00 nen, /kan, 1V, llo effect 1
Jdo¢ 5,00 ngn, /kgn, IV, Possible scdaticn 1
Ef 1548
SFICIES COSE QQUTE OBSERV/TIONS #/11IIZLS
Con 0,125 ngn, /!:gm, LV, llo effect 1
Coo 1,00 mgm, /%gn, 1.V, No effect 1
vog 5,00 ngm, /e, v, o effect 1
mm -Emm -'"":mcxlt |
Ty o
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IFOCiZ IO

AESTHET IZED /u!LiJL

Cocs ancsthctized with sodiunm pentobarbital 30,0 non,/kem,

£/. 1507 (10,0 ngn,

adespiratory rated

”lood pressure:

licart rates

tectal tcnperature:

kon,) adninistered I.V, to 3 dogs,

a slight increcase one hour after druc,
a slight decreasc onc hour after druc,
8 slight decrcasc onz hour after druq,

no sicnificant change one hour after druo.

coruion carotid occlusion pressor rcsponse reduced about 305,

wd 1542 (10,0 nen, /kon,) adninistered IV, to 2 dogs,

1,

iiespiratory rate:

3lood pressure:

Hleart ratet

..cctel tcniperaturc

a slight decrcase onc hour after druo,
a slight decrcasc one hour after drug,
a slight decrecasc onc hour after drug,

a slicht docrcese one hour after druc,

Sornon carotid occlusion pressor response reduced about 5¢,

&L 1542 (10,0 nen,/kgn,) aduinistered IV, to 2 docs.

1,

-~

"~
<

'MSS ol =

nesniratory rates

Glood pressurc:

llocart ratce

Lcetal tenpernture:

no apprcciable chance one hour after druc,

no appreciahle change onc hour after druq,
a slight dcerease one hour after drug,
a slight deexcare (0,5°C) onc hour after

drur.

corvion carotid occlusion pressor response reduced about 25},

Legpiratory rate:

~lood pressure:

lleart ratce;

hectal tenperature:

1844 (0,0 ngn,/kon, ) adninistered 1.V, to 2 dogs,

a slicht decrcasc onc hour after drug,
a slight decreasc onc hour after drug,
no appreciable change onc hour af ter druc,

no appreciable change one hour after drv-.

Sonrion carotid occlusion pressor responsc reduced acout 10).
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Ef. 1545 (10,0 mgn,/%gn,) adninistercd IV, to 2 dogs,

1,

Respiratory rate:

no appreciable change one hour after éruc,

Blood pressure: no appreciable change one hour after druc,

Heart rates

a slight decreasc one hour after drug,

Rectal tempcratures no appreciable chance one hour after drug,

Coruion carotid occlusion pressor response rcduced about S%,

Of the {ive conpeunis cxamined only E/i 1542 appears to possess

appreciable activity in laice doses, It is rouchly corparable to £/. 1477 in

its effect upon the comnon carotid occlusion pressor response, The outstanding

property oi this drug noted on gross obscrvation was that its characteristic

effect corics on rapidly after injection aind has a short duration of action,
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