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CU.S&:FEB SEM.ff! liif J!I.U~'IIm 

Tl£ Plll'Jti.lf.COLCX;Y CF El. 1476 tJt) r.E 11,'IBD COUPOOl'l>S 

n-1rnCDUCT J(I ~ 

Tho hhtory end objective data available on marihuona-11?:e compounds 

has been c~:tensively revie\'led by Loewe Cl9-1.tl, 19<16, 1950). The r.,ajor pharr.tacol-

ogicel activity of this class o: compounds has been related to the tetrehydro­

cannabinol derivatives contained ln the marihuana plant, Lo~•e and f,dar.11 C19t!7) 

designated 'l..l. M'/6 as the most potent synthetic derivative tested with respect to 

producing ataxia in dogs. Loewe Cl 946) had previously examined the parent corapound 

El, 1477, and related synthetic derivatives in dogs. In addition, the behavior 

of the do~s indicated definite central nervous system depression. 

Ue were impressed ,·,ith the outstanrlinr pharmacological activity of this 

class of compounds and their relative lac?: of toxic etfects. The series of 

marihuana derivatives examined produced a prolonged state of sleep that was not 

similar to sleep induced ,·11th tbc barbiturates. Tho anir.,als also exhibited en 

indifference to nociceptive stinuli which suggested aral~esia. In r.1any ways this 

class of coupounds rcser.wlcd a new group of drugs hoing introduced as tranqu 11 izin~ 

agents. These included reserpine and chlorpromazine. P.cscrplne was bein~ 

investigated as n hypotensive agent at this tice and we felt that a systcnatic 

investigation of the cardiovascular activities of the Cllrihuana derivatives was 

,.,.rrantcd, The parent eor.1pound Et. 1~77 and Utw t\'IO most potent synthetic 

derivatives available, El, 1476 and EA 1~65, were selected for evaluation. 

RESULTS 
·: ... . : '.\ . 

1, CAr.D IOI/ ASaJUJ? SYSTE(J 

t~. OO(J)YCAl?DIA 
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pentobarbital (35 mgm./!:{Jm) with intravenous odministration of f./. 1476 

(0,10 mgr.1,/I:cra,), E/, 1477 (10,0 mgm,/!q;r.1,) or reserpine 0,0 r.191.1,/kg,.1.). 

3radycardia is also a prominent feature when the above drugs are adr.1in­

istcrcd to uoeneathctlzed doos or mon~eys, ~1th large dose~ of these 

druas an initial tachycardia rnay be observed which is f oHowcd !Jy the 

chAr3ctcristic bradycerdia. 

Prior atropinization ot the dog reduces but docs not clininnto 

the bredycerdfa in ell the above cases. 7his observation does not negctr 

the hypothesis that the above drugs produce bradycardin through decrcas0n 

sympathetic activity and not by enhanced parasynpathetic activity. 

3ar.1aan ( 1935) has shown thnt the tachyardio ! ollowinr atropine adminis­

tration ls cli~inated only by sympathccto~y nnd adrenal eland dcncrvation 

in addition tu vaqel section, 

'I'hc initiRl tachycardia observed followin~ large doses of 

:1. 1~76 and E/, lt.77 r.iay result fron peripheral vasodilator action, since 

neither drur appears to altrr heart rate or cardiac output when c,mr.iined 

in the dor heart-lung preparation, The reserpine tachycardia has been 

shown by ~rayer and Fuentes (1956) to result fro~ a direct action on 

the nyocard i un. 

~ • HYf <rr'.:.1 t, IOI! 

El 1~76 and reserpine are capable of producing a significant 

fall in aean arterial pressure in anesthetized do~s. This etfect occurs 

slowly uith soall doses of El\ 1(76 but large doses decrease the latent 

period cons idcrably. '2i. 1~77 ir; large doses produces a similar response 

)Ut is relatively less potent than the other two drUQI (table 1). 

The hypotcnsive action of these druQS in threshold doses is 

c>n rue tcr bed by a 1 ongtili.ij: pe;i;?ihHMM•e ::mrneDOUI 

. -,~ .. ~ ·.LL [ D -~ t•;~ .. _:,i . ~-~S!FJI:"~ 
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eduinistration, In general the fell in blooC: pressure docs not become 

SiC!nif icant until one to two hours after the dru<J is injected, Defore 

this tir.1e, the carotid occlusion pressor ref le:: r.my be significantly 

dern·cssed i:, th0. case of E/, 1476 and Et. 1,~T:1 , Thr sequ:~ncc o~ thcs s 

cvcrtJ suqg0~t,d th~t the hypotension re3ultr :rn~ ~ ~ccrcG~c ~~ ~cntral 

syr:trathctic out:10'·1. 

Coin (1955) And Trapold (1953) ha~c postulate~ that resrr,:~c 

produced~ fA!l !n blnod prc~sure through doprcssirg sy• pathetic nrtfl~1·1 

:--.t th0 level of ~he hypothalar.1us, /, series of fxi;:,cricant~ t·1cr0 ti:c'l 

r>lA:ir.~J i:, ordc? to cvaluote the role of tho s1r.1!)athctic ncrv,us systr::1 

~-" the dcprcssOl' responstJ ini tinted by E:. 1476, 

Thir ~csornJ~ l~ jramotically reduc~J in the pcntob1rbital 

ancs~hc~iz~t rt og ~i~hi~ thirty minutes ~ftrr intravenc~r inj~ction 

0£ E:. lt.76 (0,05 mgm,/!:<Jm, ), 2/. 1.::11 ClO.O ragr.i,/~:cr.1 11 ) ~nd rc:-crpine 

(1,0 aarn./k~m.), The results ere tabulatad in !able 2, accordi~c 

to the methrd of Prochni~ ct al, (1950), This mothod corruct3 !Jr 

t '.w inf lucncc of blood pressure changes per sc on tile prc:-:sor 

ref l~::, 

2. :entral Vagel Stimulation Prcssor ncsponsc 

7.hc prcssor response c~icitcd by unilatc~al central vagel 

stirauletion with the contralatcral vagus ~cctioncd is greatly 

reduced or even reversed following intravenous injection of Et. 1~76 

C 1, o rncr.1, /k<Jn,) to pcntobarbi tal anesthetized dogs, Reserpine 

!s ~eportcd to have the saac qualitative effect in equivalent 

dos~s (Trrpold 1953), hot1c,er, it appears t, br 1~s1 potent., 

· - ••..- -- ----... . '. ~ .. ... .... ·. -~ .... __;:,~ -- .: __ --· ---
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3. The Eff cct of En 1~'76 on Electrical S1,;~rznllAtion of Hypothalamic 

and I.Icdullery Vasomotor Areas ol. the Cnto 

The c:it has been observed to respond to the hypotcnc;ive action 

of E/, lt.76 in the sane manner os the d0c:i~ 3·· r.v";•n-: of ~ ~crcn-

(20-30 m~m./lcqm.,),. Llonopolar steel electrode~ ~11cr1 u~ilizc1 fo1 · 

clec~ric~l ~tir.1utttion ~ They were insuJ.e~cd \''ith VF-,rnis:1 exec:,· 

for their :ip::: wilich were exposed. Electriee; stir.ml~tio:1 o~ tl1c 

pnster!or ietcral hypothalamus producad a ticiinitc prcssor rcspon1e 

1s shown in figure l. The hypothalauus was s:i~uletcd for ten 

seconds as sh0wr. bet.ween the arrows oi t!lC' U!)pcr le! t contrl)l 

t=e~ina m~~k~d H Jr view of the VJry1n~ ~hreshold f~~ ~iinitiao 

thcsfi r-:!!:!)"1'13,~s in ·u:esthctizod aninelt it wa!. fcJ·~ thrit npdr.-.a~ 

vol toge~ of st imulat!on should be used~ These voltnae:-: wc•:-:c def in-

i tc ly above threshold but were subuaxirnal. The usual voltB'JC rP-n~c 

for ~tir.iulfttion was epproxirn11tely tuo to ~hrec volts, T:1c cl!1·'. t0d 

p~·csGOT r ~r.po:1s e wa~ accoopanicd by narfccrt pupi llery di!111tsUon and 

definite pilomotor erection of the dor~el hair. Occasionally 

urination occurred during the period of electrical stimulation, 1hcn 

the r,1edullary vasopressor area was stir.,ulntcd for ten seconds a 

pr.c,sor response as shown in fie, l,lowcr left control tracing 

raar!ted f.4, was observed. Within one half hour after 1.0 r.1gci./kgr.,, 

of ~f. 1~76 the mean blood pressure \f8S reduced. One hour after the 

::tdmillistration of the above dose the prcssor response to hypothalamic 

ttir.mlatio:, was st 1 pre1ent (lipper ri~ht tracing, fir, l), f.ltllough 

t?:e 1·re~ser rolp(>b•t Ml •tUI pae!!"'T ~otor eracUoa, was not 

--· C~Ll.ED_.-~-- ~~,~~ 1 ,~~•mtt 
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as prcvelant. Siallerly, 1eventy • inutes attar the adraini1tration 

ot ZI. 1(76 the medullary pre11or response was still o'Jt!inable 

(lower right tracinQ, fig. 1). The presaor re1pon1c1 from hypothal­

amic and r.\Cdullary dtirnuletion appear to be relatively enhanced 

over control levels elthou~h the absolute rises in hlood pressure 

wore reduced. Upon couplction ot the c,:pcriuent iron was depo1iteC:. 

! :on tho electrode tips electrolytically. 7hc brain was sectioned 

and histoloticel localization of the site ot stiaulation wea 

visualized '.Jy r.,een1 of th(: Prussian bluo reactkn accordin(J to 

Dor,1ino (1955). /,s 11 lus trated in fig. 2 the sections ta!ccn throttCJh 

the hypothalaous (upper) and throu~h the nedulla (lower) arc stained 

with thionin and show the location of the clcctroJo tips. 7ho 

hypothal,.~ic electrode Wftl located in the left posterior lateral 

hypothale• u1 end th~ ncdullery electrode was located in tho right 

reticular toruation et the floor of the fourth ventricle, 

~ron several experioonts ot this type it was concluded that 

efferent vaaoaotor activity is not depressed per 1c when one 

1tir.1Ulato1 the efferent side of the ere in tho hypothalarnu1 oi~ in 

the uedulla. 'i'hh conclu1 ion we, strcntthencd considerably by the 

tollo,·11n~ expcriaent illu1tratcd in fit. ~. Cne electrode waa placed 

in the po1terlor hypothalaou, ana elicited P. pressor re1pon1e with 

electrical 1tluulatlon (1ee blood preuure tracing, upper le!t 

corner), The modullery re1pon1e con1i1ted of a biph11lc blood 

pre11urc change, This wa1 characterized by an initial fell and 

subsoquer.t ri1e i• blood pre11urc (lower left treeing). One hour 

follnwino the administration of El. 1476 the absolute blood prc11urc 

- - ---- ·- - -- - - -- --
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~i; lFEtr~~~l!'' 1. . 
WIii still present although altered ih"form (uppJJ$/fJE0.01ncl, 
f .s in previous animals e decrease in the pUoereotion response wa1 

now observed, The depre11or response resulting from medullary 

stir.luletion was unaltered whcroe1 tho sub1cquont pro~sor responso 

was practically eliminated (lower right treeing). Histologic 

localization of the electrode tips vcrit iod that the hypotheler.1io 

electrode was present in the posterior hypothalamus, The r.1edullery 

olootrode, howovcrr hed not been plecod in the vasomotor center es 

antlcipated, but was actually lateral to 1t intcrr.iinglcd with tho 

r.1odullary f ibcrs of the vagus nerve, The biphasic blood pressure 

response obtained with r.1edullery stinulation during the control 

period, thcrc!uro,rC'sultod fror.1 stir.luletion of efferent vegol 

nouronJ, The cli~ination of tho pressor eonponont of tho blphasic 

bl :,od pressu'.".'e response by 'Z/. 11.76 prosur.\8bly resulted trorn an 

action between ett~rcnt and efferent neuronal ncchanisrns. The 

efferent side of this reflex ls obviously not depressed es shown by 

previous oxpcrir.ients. Th is observation suggests that El. 1~76 does 

not have a major effect on the peripheral baroceptors in the 

acchanisa of depressing the carotid occlusion pressor rc1ponse, 

Frcsun8bly a central depressant action oust be involved in the reduc­

tion of the carfovascular ref loxes by E/. 1476, The results obtained 

in this ucdullery preparation strongly suggest that the central 

syr.,pathotic syster.1 ls the one prJr.1arily a!lccted by tho central 

do:,rcssant ectfons of El. 1~76, The central pAresynpothotic system 

ap~c~:~ tn ~r rcl~tlvely unaltered s!ncc t~c d~prcs~nr rcspon~c 

~: ~-- .·-~-·-.:·_ ·.--;·:.. ·c·i,-:::·. -_ -·· L' " ~f"\ I ··:•-~.i·lEu 
' ·_ t ~ : . . l L . ,. • • ~ • ..> . J 
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• ~A 1476 (l.O n19m./kgm.) was evaluated in the denervatcd dog 

.. 
ii .. 

heart-lung preparation~ The above dose was added to 0ne liter of circu­

lating blood when tho heart wns in a state of scr.1ihlluro. The st~t'3 of 

seniteiluro was determined by the "Compotcnec IndtJx" value of 0;5 recorded 

C'Iollen!Jcrgcr. 19~9)" This dose o! drug hed no effect upon hAert reto 

or cardiPc output. The results obtained sugrest tlH\t E/, 1476 doe::: not 

have any ir.1r.1odioto diruct effects upon the dog heart, l'le may, there! ore, 

assur.te ~hat the bt'adrcard 18 produced by th is drug in unancs t.het lzed And 

anesthetized dog~ rogults froa a pTinary Action on tho c~ntral autononir. 

nervous syster.1, The r.mgni tudo of the bredycard la, tiowevcr, is cuoh that 

inhibition o! ce1·diqc syr.l~P.thetic tone elr-,no r.,sy not off er a complete 

oxplanatbn of. the uusr·rv irl eha~es in honrt ra~e. I~ ia possible that 

El 1476 hn~ 8 dcleyad diroct effect upon the horrt • 

E. V/SCUU.r. r.ESPot5E TO EPOOPHnn-E 

E/. 1476 (0.05 ngrn~/kgr.1 1 ) snd roserpinu u.o r,l<Jr.11 /;,gra.) reduce 

the mean erteriei pressure signiti~antly within two hours after intravenous 

administration to dogs anesthetized with pcntoba1·bital (table l). It has 

been assu~cd that the fell in blood pressure results from a decrease in 

peripheral resistance due to reduced sy~pathetic outflow. This 

aasur.tption is basod . npon the lack of any evidence to ~uggest that either 

dru<J diroct~y doprosscs cardiac output as determined in the hcart·-lung 

preparation, In addition~ neither drug signiflcantJy lowers the blood 

presaurc of spinal cPts transoctod et eervicAl ffertebrA =1. The pressor 

re1pon3l"I t,, {P'Pd~d dos11s of intrPvcnous c:,!n'"!ph:-~. itr: i :: u J' . ~J t.~rc:i 

ssaei :~ I r- f"\ -· · ·· u• •.:" ij ,' ''ft'~t•· • ," r 
I : '.... , ,• ' - - - · ~ ~ ~ ·~t· i ' . "• [.' o' d 
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relative r he in blood preuure to epinophr ine appear, to be enhl ncod 

when the r,1een ar·orial preuuro has boen red~eed slgnUicantly by EA 1476 

or ro1orp1ne, However, the ab1ohte prcnure attained h less tha :1 that 

observed during tho oontrol reading•• The1e re1ult1 are consist~• t with 

the hypothes Is that Et~ 1476 and reserpine reduce per fpheral re11 h1 ·..:ncr 

by dccr.!BI Ing synpothetio arterial tone, The rcsul ti 1110 el !mine. •.e the 

po1slbtllty that either dl-ug poueues any appreciable adrenerglc :, · ocking 

activity, 

IJ, CENI'Rt.L lf:P.VQJS SYS'll:f.l 

f,, BEH/,VIOO/,L CJ~S. 

The outstanding behavioral change, In dog, and r.1onkey1 re11dtlng 

from adrnlniltratfon of Et, 1476, El. 1477 and EA 1465 con1hts of pro/ound 

central nervou1 system dcpre11ion l11Ung tror., 1cvcral hours to 1cv.- 1·a1 

days depending upon the do1c utillzod. Durlnr thl1 period the animals 

do not. rc1pond in a norr,1al manner to pain1ul 1tir.lul1. Tho degree oi 

apparent analgesia h outstanding. l'llth very small do10, ot tho abo . J 

drug1 one can achlove a 1cloctlvo CNS depression of the dog or monke~ · 

thet fl free fron rign1 ot central excitation or onalgetla, The anirn;3Ja 

appear to profer to lie quietly and pa1s1vely rosent. being dftturbed. 

This etfect le obtervcd ln the dog with Intravenous do1os of 0,1 to 0,2 

mgm,/!<gl:\, of tho three drug, aentloned above. Htghor doses are requl.r:,,, 

to produce a similar response ln the monkey. \Hth larger doses of the r ,· 

drug,, a pe!:iod of int Ual central nervous system ,t fmulation ls 

ob1ervP.d followed by prolonged depression and finally the period of 

recovery is heralded by tho return of the slgos of stlffiuletlon, Th~ 

sequence of events follows the classical pRttern of induction end erller• 

gence fro,.1 general !:lnosthesla .. The ani.11, howcvc:-. arc no:. a.;re-:~11:·tt:- ,·. ,.1 

srr,rm:r 

~ · ···- •·-....-
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in the usual sense of the word, They nay show e reduction or ab1ence ot 

response to paint however, it is aloost elwcys posJiblo to arouse thee 

fron the depro11cd state through adequate stirauli. The simple procedure 

ol righting the dog or oonI:ey and ploc ing h iu in the norr..el po31 tion ot 

locor.1otion usually produces &rou1el (Jf short duration. Th h procedure 

may In fact induce e period of hyperexcitation characterized by a very 

brief return to an elmoel n~rnel state, I1 the dose of drug was suf­

ficient to causo initial excitation chareetcrizod by tremors or convulsions, 

these mny roturn when the animal is subjected to forced arousal during 

the period of marked central nervous 1y1ter.1 depress loo. 

Y, 1~76 is the most potent ol the three drugs, EA 1465 hes en 

almost idonticel spectru~ o1 activity and is nearly as potont as~/. 1~76. 

El. 1477, the parent compound of th is class o.f drugs, is considerably 

less potent; however, in adequate doses it possesses all tho qualitative 

~ctions of the other two drugs, 

These drugs as e group possess several additional interestin~ 

properties, They ere effective orally in doses less than 0,5 rngm,/!cgr.1, 

The duration of CHS depression is roughly proportional to the ~agnitude 

of the administered dose. ~1th large doses of ~h 1476 end Eh 1(77 

dogs have been meint~incd in an unconscious state for five to six days 

and recovered uneventfully. There is a 1.1Brkcd reduction in body tempera• 

ture which is neintalncd during the phase of C~5 depression. Elcvnting 

the body temperature by placing the dog in warr., water cen initiate 

arousal during the phase of CN.5 depression., \'le have been unoblc to show 

any correlation !>etwecn Cr!> depress ion aad the h~•po~.cns be F~t ion of 

befo:·c n scd')S ,f ri:>r~:rr-~~~c-rctl .frNil ~ho •:i,f :.i · :--i •:- ·~.r..::-nl. f~ ··, c · .-.. 
' "' •- ..... . 

--------~--
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det~ll cd de1crlptlon of be havioral chenges 11 contained in 8 pre vi ous 

report by Herdman r t 111. ( 1951.). 
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pot <' ntiot0d th e s!eeping timo in whlt f• r.iJcc .: n '.1u c , ,. by tntrApcrft()neAl 

hcxobnrbtt~l, w1·• r .: ,eat Pd their expe rimen~• uttlh1ng L, 1•~76 in pl11c c· ,., I 

r es e rpine . Th,} r esl:Hs <") ~teined indic~tc that Ei. J,:76 administered intra­

perit nn.:: el!y in doses of 1.0 and 3,0 ~m. / kgrn. cen significantly potrntiotc 

th e hcxo!H1rb ita I slee ping t imc. hnothor 1er 1cl1 of ex per imont1 was ru., 

In wh tch d-nmphctamtnc wns employed to antagonize the potcntiet lnCJ cttcct 

of El. l / 76 upon the hcxobnrbltal slr,·ping tlm L' , Th e r (: tuHs nro 

sunn~rizcd in ta~lc~ 3 and~. 

lvc n thouqh E/, 11;76 is not 8 hypnotk pe r •~ ln the menncr of 

the barl>itt1rr:t.cs it does rote ntlnte the slecptn~ time in mice lnduecd 

by hexo::rnrJftnl, L0ewe (19",:) ha1 reported that the synorglltic hypnotic 

action of raarihuana nnd barbiturates ls prinArily due to the conn~bidfol 

contr nt of the ~erihuona. In A later report (Loewe, 1950) he further 

limits the choice of barbiturates to Pcrnoston, e bro~ide cont8ininQ 

berbltel dcriv~tivc, Loewc (19~~) 1tetc1 that 20.0 mgm./kgm, of canne­

bidiol prolongs the slecpinQ time of barbitelizcd mice by ninety per-cent, 

in contrnst to 100 mgm,/kom, ot tctrohydrocannnbinol which only prolong• 

the s10.cpin~ tlmC' by twenty per-cent. Our dflto inti!c~te" that Ei. lt.7t.: 

is r.ppro>:fnr.tcly tt'Klnty tlr.w~ ns potent A-; cenniLid!ol 1'1 y •_;s i<":-- p ;:-d. 

In spcc!ff: cosc~ 1.0 r.1gr.1. / '.:r1:1, ot Ci. 1( 76 p1·o~rnrs ~:1c mcurc irlc cping 

(10{) ... . . 
. , "· ·l l ~ 

. ··--· . ·-··- --.. ; J<' :, 'c . 
' I . 
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Cl.Ali.:: ... $~«-•111"1,i"'"J §i5d ,El W&mt.i 1&. 

Th, irc: :tr c few pl&.bllsht d 1•.udics on th e elcctroc ncephalogrephic 

oft er.ts Qf cann'!bh an1 ita darlvatlvca. Straus U~4 J In e study of 

t ifh.:1J n peth.•nts no tC'd "" lncreue in ~lph a '3ctlv1ty of tt- e llum1.1n ( ! .:ctr o­

onc ep~ ~l Jgr~ Ll 1EEG ) which w~s ~11ociet cd with e~ph crfa. Tw~ ~ontr~! 

cff 1: ctiv( ; r, ti i( i tr,.: '.'t.• cnt cf ~rend r:1nl and petit mal cpflopay. ,, 

di ph .: ny 1 hyd ri.n t n t, r,3trar. tory group of orand r.ie l opllcptics ahowod cons id­

c r11b ~. 1. !ri·pr ,., ,•en~;1t ,dth 8 lack cf toxic 1it1e effects after several r.ionth.:: 

us o of E,~ 1,:7iJ., The repor~ SU{lQCst:; that LJ. 11.76 is al>o:.it one hundred 

and fifty tim·~ nr r •.· ~oto !lt than dlphenylh:•dantoin ns "" en ti-epileptic 

agent a~~bst , ,-;'ir,d 11 .. ! ~1.: :zu1·£>s "Ind Also r.nn norr.i,.liz~ the CE'; pa:t~rn 

by Strauf er n~vh A.nd r:anscy. Loe.No and Goodm~n (19t.7) observed t;}F)t 

E~ 1~76 nnd E~ 1~77 were effective agents for aboli~hlng tne hind leg 

tonic extensor r,or.iponent of mAxir.,al elcctroshoc?: selzu::o!': in the -·~r.. They 

concluded thnt t:1c psttern o! high P.nticonvulsant potency in the r.iaximal 

electroshoc!, test and the absence of protaction against iilctr~zol P.J.ign& 

the ~arihua"a congeners with the dlphcnylhydantoin typ~ of ,nticonvclsenta. 

Thti anticonvulsent rPltios (EA 1477 • 1,0, Et, lt.76 R 200) nro simHHl" to 

the etaxin potency ratios in the dog, thus suggesting thet anticon,ul~ont 

and ataxia activity are closely rclato~, Threshold doses for anticonvul-

1ant activity, however, were below those ca~slng ataxia and other 

neurological signs. 

Chronic adrnlnlstration of narihuana end related derivatives has 

been reported to cause a slowing ot alpha activity and the appearance of 

~e~ •. •·-- u~~r" ~ _AIO\~,nrn ==--~ · ; , .. ·. LL L D ___ i't, ·. ·~ J .• ti:P 
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• ' l 1 1.Mtiv!t 1• t, ~ 1T"'1!1l:\n~ ·e t P l , J9~6 . ·.·11c1:1r l'lnd Uoyc, lo/.5). 

r.: k.r r.•r,r , i .' !, qn . ,Lv ,) nr flP.x~d11 (500 r:.iir.rorr.,. /kgn ., ,i ... v~ . ::,.r . n. ; end 

d , c~.,.ic ·•l "c tivl:y of the cc!'lbrum ond caro WP.I tAl:on to ,woid 

r ·• :o.,.d~'G wt th J\ GT ass e:loctrocnccphelo{lrllp;~. The c lectrocArd io(Jran , 

lc~d l, nnd the fcao~ol arterial t!ond prossu~o w~~c rcccrdcd 

sinul!.An~nu ·'.l:' ,dth the sar.,o inst'!"un0nt ... 

::icvc:i ,;"~ :. w·-~c utilized to obtain control EE~ datr.. The dors 

rc<!r !vcd dtho,. one nl. of n 95% solution of ethyl Alr.ohol or a 

coraparab!c volume of isotonic sodiun chlorida solution nnd were 

observed frr several hours~ The usual EEG pRttcrn observed consisted 

of lov, voltage, fAst frequency waves cherflcterlstfo of rn aw~l:e, 

unnncf:thctized do9. Over a two hour period slo,-J wave bu\"'r.t.s would 

a:,pcRr occMionally. These were GUicl:l:• c 0nvcrted by noise or other 

a!fcrcnt stir.iuli to a low vol tege, fast frequency mm.. Contr('ll 

antnals, therefore, show electrical co~rclat~s of drow~innr.s c~ sleep 

that ore quickly reversed to a state o~ wakefulness ty ce:ta1~ 

afferent stimuli. 

2. EEG /.f tcr Et. 1'176 

Seven dogs received varied doses of FJ, 1476 adr.linistered intr,wen­

ously in 9$ ethyl alcohol. :'Jith doses of 50 r.,icrogm,/kgn. ,oocasion­

ally sleep spindles wore observed. However, such spindling was also 
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C/"l ::; ;x·r !" ( ~ " :-11 r:o uld r endi1y 1>c co,,vcrtcd to a hw vnltP<Jc, fest 

f ::-c':iu-.:ncy E~G ,-' tit '..an by e:terent stimuli su.;h a'! n"h c• (r- ec C, tlg • .:J 

postJ!~trd •hat d~u Jr w~fc~ s~imu!a : c the br,1,, 3t J~ ~ctf~~tfng system 

w 0 11lrl P.'i~~~ - n . :-:t 'hn. Er.G dfcc,.s of E/. 1·1"6 , /\~ rhr"n (se c D, fig. 4J 

indi~~inruiLh~~i0 frc~ :ho control lco~pa~e ~ end D), 

'fl:c et!cct c~ l~rge <''>scs of E/, 1-.=76 L,O lilQf':i./',~n,) is lllustrfl• 

tcd in t,o .. ~c Tracing /, rcp .. esent~ 8 norcP.l 1 0•,.· v0lt.rge fast 

frcqu ~n~> ~ontrol pattern. Ti1c frcqucncv 0f Hfiidli:.'J inr.rcnl'l~d e·~out 

0'1C :1nlf h,,ur ef tcr druo i:tdministretfon "nJ t.or.r ,.,! t:r the drug, 

g~nerulized slaw wev~ o~tfvity ~Ith !r0nueh t :p1ndl( hJr~ts ~P~ 

oiJso'l"~·ed, /.udit-::>~y stlr.111li wore compl ,,cly ir.rlfc~~i-J. ill prou1.1cf'lg 

EEC ~rou6'nl durfn0 thh pcrio<I (:iee e., fig : 5 ). ;:xccedfr.g:y ;1 iiiul 

st1ml.l11, ho11,cvcr, such as pinching tbe testicles result.::d t, t- barely 

off eoU vc EEG arousal, \H th in a minute the spontaneous electr feel 

activity returned to a high voltege, 1low wev~ pattern (sec C, fig, 5). 

The SAma ~~imel is prescr.ted Again inf fgare 6. The control tracing 

Is Jat-C'kd '•• '."Jtfl 't'esponsc to E/, 1476 and lack of arouse! to euditory 

: &KOO~ ' I 
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tt lmul1 ll labe lod B, i'ert ~ -reprc1cnt1 the re,ponae t o d-e11,phetas.1lne 

(1, 0 00m. / kgr.i , >. There wa, a def lnitc EEG 1nteoonlam1 Howe,er, tho 

rc1pon1c after aaphotamlne wa1 not tho lftlJe as the very fast fr equency 

~cttvtty observed in the control tracing. 

3. ~G fdt er EA 1,:65 

Four dogs received Eh lt.65 fntrevcn ously 1~ do1c1 of 0,5 to 1,0 

rn<J t:l, / kgn. :. typical rospon1c h Illustrated In f lgurc 7, Tracing ,. 

rcprc1cnt, the normal control acth ity. Oen• ionelly alpha-lfke 

wnvc, '-Ire ob1erved but Ule predominant character of the EEG la a 

low voltaac , ta1t frequoncy pattern. Tracing O represents the 

ro1ponto to E/, 1465 (1,0 ~r.: ,/;:gr.1,) ono hour after drug administration. 

/.t this tfr.,e auditory stlmull wore borcly able to produce EEG arousal, 

f'c,,,cr hf 9h f requoncy t1avc1 wore observed st th h tiuc than dur Ing 

1h<• control tracing, In addition, there wes e dolly in the onsot 

of arousal, Tracing C,ropre1cnt1 the r a1pon1e to d-enphctamino 

( 1,0 1.1Qf11./!:gn,) and 1ugge1t1 an lnc01i1plctc antagonhr., of the slo\'I wove 

activity induced by EA lt.65, 

~. EEG After Atropine 

Scvcrol groups of inve1ttgator1 have detcrlbc6 tho changes in 

ccrrbral activity due to atropine. Typical s lcep-li!:e pet terns ore 

d<'scrlbcd In the cet C'deaeoc ~t al., 19,:9, FundC'rturl: and Case, 195lt 

Bradley end E lkcs, 1953 I and Longo, 1956). Sleep-like waves hevc 

elso been ob1crvcd In the EEG of the norr.1&1 dog ~lvcn atropine 

although tho behavior of the dOQ suggests excitation (~lklcr, 1952). 

In the present inve,tloatlon six dogs received d•l atropine fntraven-

outly in dotes of 0.1 to 1.0 r.,gr11,/~<gm. The 0,1 mgm./fcgm. dose had 

no apperont effect upon the EEG of the norr.,al awake dog, Thorc ,·,as, 

-- -f,iai:T ---~ - -. -=:== .. , , ~ · • {"'.' · T"'rn 
- ·- •·- .-: 1 • ( . r , · - · : , ~ , ·. • · ; ... lt 
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hot1cvcr, ~n obvious tachycardia es recorded by tho E!<G• r. subsequent 

dose ot o. I rngm,/kgm, of atropine produced sor,,e slow wove act! vi ty 

in the aG. Do,ea of hO mom,/kQm. of eu·opine charectcrist!eally 

produced slow wave, lleGl)'-lilco aetivi ty in the dog EEG, The edr.lin­

istretion ol d-ampt,otarnine in doses of 0a5 to 1,0 rngm,/kiJr.1, resulted 

in a much less effeett~ EEG btou,al than the arousal observed when 

Eh 1~76 was 1ub1tituted for attopine. In dogs who had previously 

roecfvcd El. 14'76 (1,0 mgr.1•/lcgm,) the subsequent adt1irthtration of 

atropine (1.0 ragm,/fmg,) appoarod to enhance the slow wave activity. 

Spindle bursts wore sdh proscnt but less discret ·:- than prlol' to 

the edr.lini•tration of atropine • . Generalized slow waYc activity 

persisted throughout the remainder of the cxperir:lont. This ir.1prcssion 

of en additive or potentiating action of atropine upon cannebis 

derivatives hes boen described previously in a report of the Indian 

lfoop Druci Cor.v.,ission, 1893-19<X (See Osr.iond, 1956, on the behavioral 

effects of Indian heap combined with Oature). 

s. EEG t.ftor f:lorphine 

The cU ects of morphir.ie on the t::3; of animals end men has beon 

rcvicwc d by :·.1 i!.lor ( 1950), f.iorph ine in doses of 5 ... 10 ragrn, /kgn. 

produces irregular high vol tago random slon wnves. La!~gc doses 

(200 mgm,/kgm,) produce high voltegot fast ect.ivity which tends to 

appear in bursts, These reselilblc pctit r,1el seizure discharges of 

the spi?rn-dor.10 var icty end occes ionally suste ined spike dischnrgos~ 

~e examined the effects of morphine on three dogs. 7hcy received 

intrevonous injections of 1-5 t}Qr.,./!:grn. In a dose of 1,0 r.1gr.1./kgr.1, 

morphine produced enhanced sleeJ>-li!te aetf vf ty in the .EEG, En ho need 

slow wave activity wa1 <?~l~r~_ed wi~lt.t~~q~J!.2.U,a wave bursts 
- ---- ·- .· , . ' .. --- ~ . .. . . -~·:-= r,v,,, r r f':.'a:''f 0 
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after dosos of 5,0 r.1~r.1./k~1.1. /nphet&1inc (l.O agr.1./!cgu.) eduin!stor cd 

intravenously was found to be less effective in entogonizin~ th o slow 

weve activity due to morphine the• that re1ul ting f rem nd1.1in is trnt ion 

of E/. 1~76. 

6. EZG l.f. tor Gcscrpinc 

The !IBG changes olicitod b1 reserpine (o.s - 1.0 r.igr.1./l,gr:1., ) odr.1in­

i1torcd introvenously to the uonkcy have been described by Schneider 

and :Zari (19~). They observed no chante fror.i tho norrnsl alphn 

activity of tho control tracings. Thero were periods o! slow wnvo 

activity of higher volta(Jc indicatin<) drowsincu. :'he uon?ccys, 

however, could be readily orousod bye ver.icty of afferent stf~uli. 

In oontrnst to tho above report, r:inAldi end Hint,ich (l 95~) obJ.:?rvcC: 

en EEG arousal . pnttern in the rabbit f ollovrin«J intravenous reserpine 

(l.O • 3.0 ragra./k(Jra.). 

In the present invosti~etion sovon dogs were given intravenous 

doses o! reserpine phosphate or acetate (l.O ~n.f.cgo. ), The :.i::G 

was observed for two hours followin~ dru~ edninistretion and concistc~ 

of normal low voltage, fast frequency patterns. Fower periods of 

sleep .. } i!ce spindles wcro observed in these dogs then in the control 

series. Our results ere, thoreforo 1 in arircP.r.10:1~ witi1 t ',c IJ:},e,:-vations 

of ~inoldi end Hinwich (1955). 

7, Dirc~3sfon of :::EG <l>sorvetions 

The elcctroencephologrephic changes produced by Et. 1~76 ill tho 

dog are c,ost s iuilar to the changes produced by suell doses of 

norphino (1-5 mgr.1./f:gm.). These changes con1ist prir.1arily of slccp­

li~e activity, spindle foroation and continuous delta bursts with 

large doses. ot considerable interest ls the foot that one can 

, ; .. ---·-~ 'l~ :l;, . ·.: ~ ,, ~ •. r.o 
. · - ·~---- , . ~ ;~! -.. ~ ·<.,.., •• &. - -· ··- - . ··- - -~- ..__, _____ 



::: .~ cr r:·usnl 1J r·or e r ,J:sistr. ;it t o depr ession ::, y :)i r. l (~cl l ll orn, 1<;> ::3 )
1 

L.'. 1-:·ff, or Ei'. l •'. S5 • .'.ftcr 1.1 full n:i r•st lic tic dose o: Dinl p,!!nful 

sti ridi au l o:1ce: r produce :::i~ rrousnl. ~ln il'lrl:· dos e :; of E:. i· ; t., 

one E.'\ 1 J ~, th~t pr oduce r. pro!ou.1c. '.)c hnvic1r')! d;)pr , ·ssi o :1 ( l.O 

nc:11, (:r, :1 ~ rc rnit only c Vi•ry tr a :1sic:1t E::~ or r- usr.l to pr.inful stfouli. 

Tl. . sc obs cn•r. tl,-,n.; r. orrclrtc r: uito well with ot.s orv~tio ns in •.he 

viously prostr:1te r.niut'!l suffic: cntl :· s o t:1rt i~ r.:-. n ,-r·Lif. y ::-is ,} to 

t i , 1,: 7<. /.1th our~ :;:.'. 1<7c nnd r ::: s(rpLio p~onuce npp!"o:dn~tlc y s 11. ilnr 

effects upon bchevi/')r th ey produce dff !crcnt rcspon1<'.s on the doc 

:.:.1::c pet tern, Th e obs er vntlon that d'4ftn;>hetu11 i:1e portfn lly ontn~on izcd 

t:10 slou lmvc hur,ts produced ;,>y :r. 11-76 !\ad :,-. 1~65 ~u'_"gcsts t:1nt 

ot:1cr nacnts \' 1:1 iri'l st ir.iulntc th e urn fn s~cu nc t 1voti:i,: .:;ys ·~cn r.n(!_.'o,: 

ccrcb1·01 eorte;x wouJc be effective 11~ p"rt t !'lJ : y "l11t1001:i:-inc, the 

Two ncatc spine! cnt3 m ·r c !)rc;>nrcd occord!ns to the t cch11ictue 

of llcnn~r.1::111 et ol. (19,:6). In this prepr..rntion sti11ulrition of the ip:: 1. ­

l'-lteral sc 1r. tic nervo p:..·oduccd nonosynrptic inh ib i !ion of O:o pntcl!~r 

reflex. ?he potcllnr reflux is nlso ncdietcd over o nonosy~rptic ~re. 

St inulotfon of tllc contre)e\e,el 11eiatic nerve prod11c0ci f nc fl 1 tot io1 ; or 

------------·· .. -····------
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vcnou::. inj ur, ti'J n cf E:. 1'17') 11, 0 n<J ~.1~ /!cgr.1 , ) rcrl uc..cd :;ltnhtly th :) r :c> s ~n i- l! 

t o contrrlr.t1·rril aciatio n0rvc stir.1ulntion, /. 1lioh•. rcductl ~n i:, t h1~ 

anplltudc of tlh' ~neo J er'.: occn rrc d over~ pcri oc! of one hour. :h:i 

alisht chnn1:c s ob •kr\' (' (: were l'le ll within tile nor nril vari~:i on to h ._. 

expoc ted i,, c 1J n tro l or.tun ls suhJ ::.: c t ee! t o t:1 Is tech n t~uc ~ !t was c 0,' rl udcd 

thnt th;,- :pt,r.l octions of l:/. lt.7(, \1Jcr e .ind <:c c. r.ii::o- t: Pt el; prc•s"' c~. 

,J c WPr c i11!'ro:;s,}d by t:h: fnct t.h"lt. on 0nhn:-ccr.K nt of t;1e ':noc 

Jeri: was not cbflervcci, One or t 11U 0 1Jtst.ondhn f ltHUl"CS :.!er;11..;t r :b'e tri ., 

tho unr.nPoth c•-1::crf ,for, wllo l1ns ncdved -;.:, l ,r;''; , :('!'/ n:.· 1~65 fi the 

1plnol kveh, 

E. MJSCEUJ.r~~ /,CTIC!•l 

1, llypothcrr.de 

trntfon of 1,0 r.1gr.1,/~crim- o!. Ct, 1~76, Th rcc~nl tc:.1rc-rnt·1rc fril:J 

'1-7° : .. ~·,it'.dn twJnty !011r i10:.1rs P.nd c:)rAdun~ly rciu•rs · .. o n:, rn,,l over 

Eh 1~7,. :y contrast t1io1ia is rcoardcd Al a constant flndin~ Aftc~ 

the adninhtration of reserpine to several eniuel species. In general 

b c-.,n,picuous raydr ie1 ls we1 observed in dogs t ollouing intravenous 

adt1lnistration ot Eh 1.:76 or Et, lt.77. 

3. nelaxatlon of the fliotiteting 1:ier.tbrano 

!l!Cr.!T ·• ... - . 
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-------~· In the ~og thie 1t:aetute fl"lnnor·vat;d-;;;}y by the 1yupathotic 

ncrvou1 1y1tcr. It 11 readily relaxed fJllowlng tho l~travenous adnin­

htration of Eli 11;76 or roscrp1nc. These ob1crvetion1 sugoo1t that 

both dr~r• effeot1vely reduce the norl'll!l central 1ynpethetlc outflow 

slnco noithor ~rur oxhlblt1 o oharaotorl1tlc edrenerolc bloc!:lng notion, 

and Q8ntllon1c blockade in an unlikely explanation. 

~. ~osplretory Ocprc1slon 

Thia response ts uost rcodtly ob1orvod In the unanosthotlzod doQ 

or nonlccy and of ten hfll a drauatic on1et ot action. \'11th El, 1476 the 

dcprc1sion of rc1plrotory rate u1ually eppeer1 with the onset of ntnxla 

P.nd just proocdo1 the dovolop,.'.cnt of bradyonrdla. r.c1<'rplne ottcn 

produo11 en Initial Increase In ro1plretory rnte lftsting tPo to throe 

hour,. :his 11 followed by a porststont grftdual docroa10 In respir­

atory rnto (Trapold et al. 1953). ~Hth lar(Jc do101 of either drug, 

the ncutc toxicity end death appoer1 to be of ro1piratory origin. 

5. Jlnrrhca 

The severe nnd u1ually bloodly diarrhea In the dog 11 thc ·out~ 

standlnQ toxic monUe1tation of rc1orpino alkaloid. In our 1tudlc1 

bloody dlnrrhoe occuned with intrevonous doses of rcaorptne as low 

ea 0,10 ravr.,./r:un. !3or.1e recent dote utilizing tho phosphntc ond 

ncototc salts of ro1crplno suggest thnt lar~or doses nay bo tolerntcd 

vi. thout pro~~clng blood7 diarrbce.. Quelitntlvely EA 1476 po1101scs 

this prop)rty ai1a~, hou.ivcr, the ar.tount of druu required to produce en 

equivalent degree d blooc'iy diarrhea . le about one. thousand times greater 

then the dosu of reserpine on a mgr.1./~cgn 1 bas 1a. 

Ill, TOIICm 

A, GEC£~AL 
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d.i.Ci .. EB _ sum " I Rimlu fiN 

The majority of 01r 1tudfe1 tn Ulf1 category ban been 

.re1trlct.ed to ao•te tmrioltJ experilleat1 ta ••Yer1J 1pt0l11 of 1MiuJ1. 

TIit toxlelt, •la .. 1'911M.le .. 11 lt'S ... la &lllu 5 Md _, 1.-. 

............ ,,.,, J ,. 

Tberape•tle n.tto CT.r..> • 
Effeothe Dote 

Etfectl•• do•• t, def lned a, tJaat dote req11ir•d to produce 

trenqulli1~tion in the unane1t.hetlaed dOQ. 

notorpine t.n. • 

Eh 1476 T.n, • 

p,so •·1icec, 1,y, • s.o 
0,10 mgm, kvm,, I,,. 

100,0 ese,/Jrgo,,1;,, • 2000 
0,05 mga,/kom,, I,,, 

I. comparl1011 ot· tbe T .n. value, tor re1erplno and Ef. 1476 

lndfcete1 that re1erpine ii approximately four hundred Ume1 more toxic 

than EA 1476 in the dog when admini1tered by the intravenou, route. 

8. /Nr/liCJUSt.J CF Ek 1416 BY <m£P. 0000S 

1, El. 1476 Flu1 Cocaine 

Four control dog, received 4,0 mom./kgm. of cocaine lntreven­

ou1ly, They exhibited ~Jld 1ign1 of hyperactivity for 1cvorel 

hour, after receiving the dri.lg, r. briet period ot ,.,orked excitement 

was observed innediately atter drug odmini1tration which was eccom• 

panted by hyperpnea, T~i• effect Wl!II replaced by mild excitation 

within thirty minute• etter drug admint,tration, Recovery was 

unoventtul, 

One- dog wat given Er. 147~ (l,O mgm,/kgm.,1,v,) and tour ho~r• 

later appeared t~ be ,1ecping, He could be erou1cd by handling, 

Cocaine (0,5 mgm./kgm,,i,v.) was odmint1tered and the dog appoared 

to recover __ h.11 alertnefr Ir.mediately._ . "~/:~to~~!:- "JDlllng 
. . , . , SEtm1- , ... ··-- .;,.,., __ -~"'~f --· ... -..--~-- .. ,.-.. , ...... _ _.. ....... :=:·: .. -:_, __ __._... _______ _...... 
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still present. ~ecovery fro• drug effects w6s recorded on the fourt h 

dny after rocoiv ng the drur. 

i ~ second dug recei•cd cocaine o.o mgm./lc<Jm., i.v.) four hours 

after Et. 1-176 o.o rngn./1:gm., 1.,.) Howe,er, no C1Brted chearc in 

behavior was observed. 

Four dogs received cocaine (2.O ~gn./k;m.,1.v.) four hours 

after Fl, 1~76 {l.O ngm./1-:~m., i,v.). Cne dog exhibited tonic and 

c Ionic convuh: ons nccor.ipanicd by continuous :,..Ipin(J inr.1cc11 fl t e 1 y 

after the administration of cocaine. This was followed by l"'Cl I 

eoordinatcd running movenents f~r several hours with intcrnittent 

rest periods. The dog died eight hours after receiving the cocaine, 

The other three dogs in this group were markedly stir1ulated following 

the injection of cocaine but they did not convulse. Increased 

running activity, mild ataxia and some disorientation w&s observod. 

~espiration was great~y stimulated and frequent periods of pBntinQ 

were o~served. Tho three dogs appeared to have recovered COLlplctcly 

three days after cocaine administration. 

r.our dogs received cocaine (t,O r.1~m~l?cum. 1 i.v.) four hours 

after 'Ji. lt.76 (J,O r.tQr.1./!c~m,, l.v.). Three of the nnir.ials r,on\·uJ~cd ,, 
ir.111e~iatc ly -iftf!r rccei vin(J the cocaine. n·,o doqs e::hi !Ji ted 

strychnf1e-like c~nv~lsions with opisthotonus and the third do~ 

under~cnt a clonic convulsion with contin~ous yelpingft The degree 

of atnxi~ was 9rently roduccd in all four dors after cocaine, T~­

syrnptoms of excitation disappeared within one hour after which the 

dogs were depressed &nd slept quietly. Three days later two of the 

four do~s wore found doad, Tho remaining dogs recovered uneventfullj. 
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Hl ')er c-cti on end r.yc:rtesfs wer,· 1!10 o::,1 e rvod in this onin11l. 

::cccvcry was conpklt• i.n twenty four h0ur1. 

Two dOIJ S rccr ucd et1ph (! tn11lne (1. n ni::n./1:')n., i.v. J thre,• hours 

eft C' r [/. lt.76 (1. 8 rVJr1./'.cgn.,1.v.). OnE dog we, routed fron n 1t"to 

of dee ,, ,k '.')r i' SSion chorr.cte rbPd t y JMr!ccd lethArgy, de prcu od 

respiratory r~te and complete fndiffcrenco to hAndlJno followin Q 

the injection of anphctanlno. :ie r ~,c to his feet, Wfllked "lro1uu1, 

end appeared to bo oware of h Is surround in~•. Th e At~x le produced 

by El. lt.76, however, we, not co1.1plctely entegon 1zed by the nrnphct­

nr1fnc. The s econd do'J reacted in 8 s fniler nnnncr nnd the omphet­

entnc erousol persisted for 1cvcrel hours. 

',/hen tt.e re1pon1~ to C/. 1.::76 O.o r.1tJr.1./!tgu.,1.v.) woa "ntog­

onlzcd by anphetemi ·: (2,0 r\(]n./!cgr.1.,1.v.) definhc signs of 

hypcrActivlty were observed. This included repid pacing ot tho 

tloo~ with sudden bursts of runnln~ and fnllin~, ~cspt.ntory retc 

\'181 ~l:;o rrently occcl<'rntcd,. Three hcur,: l~tcr t:1c dog ep!)Cerod 

alert r.nC: ;,ore restful slthough he stfll cxhi~itej n ricflnitr 

n1cnty four hours After the dcpressAnt effects of E~ 1~76 

u.o ngn,/kgn,, l.v.) were anta~onlzcd by d-enphctrmin1,; < 1.0 - 2.0 

r:,rr:1./!cgr.1.,1.v,) all three aninell were found dead. /. post r.iortcrn 

exsntnatlon of the duodenal r:iuco1e failed to rcvca! any signs of 

Internal blcod1n~ so that shoe!< re1':.alting tror.1 the syr:ipethor.iir.\Ctlc 

aninc appears unlikely e.s th,: 0au1e o1 death. 

-- --·-·•·- ·-----·· ·--· · ----•-• . ., 
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~a./kgm.,i.v.>. Tlrlenty tour hours after thu they still showed a 

cheractcri1tlc drug respon1e. ht thl1 time they were lcthftrglc 

ond 1howe<! ,oae re1pon10 to calling and potting. They were able to 

stand end ~11: around the cage. Three dey1 later recovery appeared 

to be complete. 

Four dog, received El. 1~76 Cl.o cVJrn./tcga.,1.v.) which was 

fallowed three hours hi tor by d-ecphotar.ilne (0.25 • o.so ngr.1./kgr.1, 

t.,.>. 7he ant.agonl1n observed we1 marked. ln~lgesia, e~aygerotcd 

tendon ref lexe1 and ataxia were still present. t.11 the a:1imall 

recovered uncvenUully ln three day1 1 

The antagonl1~ of El 1~76 by d-enphotanlno 11 outttandlng; 

,owever, it 11 •ncomplote. htaxla nay 1tlll per1f1t although the 

behavior of the dO'JI ls 1uggc1 ti vc of r.,arkcd lnprovernent. It h 

apparont that d-eaphetanlne greatly enhances the toxicity of E/, 1~76, 

3. Et 1476 Plus Caffeine 

l'lfo dogs received only caftclne al!talold (10,0 mgr.1 .. /!q;r:1 .. 1, v. >. 
Their behavior suggested hyperactivity and was characterized by 

pacfnu tho tloor, cxecs1lve playtullne11 end minor rnuiclr tr~nors. 

They appeared to be nor~al three to four hours later. 

Two dog1 recehed ca1tc1nq (5,0 r.iga./kgr.i., 1. v,) four hours 

after El. 1~76 u.o DQm./kgm.,1.,.>. /, ,11pt decrees& ln respir­

atory rate wa, the only effect ob1erved. 

Three dogr recel,ed eeftelne (10.0 fflQm./koa.,1.v.) tour hours 

after E~ 1~76 c1.o m«;Jm./kom.,t.v.>. ho of the animal, showed an 

inaedille arousal fror.1 their depre11ed 1tate. They exhibited a 

tonic cxten1or po1ltloa, ataxia, hyperactivity, and hyperpnea, The 
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third dog did no·t exhibit en arousal res~n•e to caffeine, 

One ol. tho two doge that re1ponded to caffeine died twenty four 

hours later, The 1econd dog•• 1tlll atulc and exlllblted analgesia 

at thi1 time, He n1 found dead five days after receiving tbe 

oafteb1e. 

4, EA 1476 Plus Nalorphlne 

One dog received only ulorphlne (6.0 agm./kgm,,i,v.), One 

hour after receiving the drug the dog appeared to be 1edated and 

preferred to lie quietly. Considerable prodding wa1 nece11ary to 

induce the animal to walk, A previou1 report by Unna (1943) 

indicated that nalorphine had little effect upon the~~ and reapir• 

ation of dog, in do1e1 of l<>-30 mgm,/kgm. The effect of lethal 

do1e1 in the raonfcey ii the production ol. trer.,ors, periodic clonlo 

oonvul1lon, 1Jmultanoou1 respiratory arrest and cerdiovasculer 

collep10 as the ter~inal event (Irwin and Seevers, 19~). It appears 

that CNS stimulation ls the primary factor in ti:'3 lethal eff.eets 

of nalorphine although certain CNS depressant effects are undoubt~ 

odly involved to some degree Woods, 1956). 

Two dogs received nelorphino (6,0 mgrn,/kgc,,i~v,) o~e 1nuT 

after El 1476 (0.25 mga,/kgm.,1,v.), Prior to injection of r.alor­

phino the dog1 were very depre11ed but exhibited ataxia and tonic 

1pa1tictty with forced arousal. There we, marked arou1al invnedfately 

e1tor the injection of nalorpbl1e, The dogs were very stimulated 

and alert, They were able to jump from e table to the floor in a 

well coordinated meaner and were almost tree from 1fgn1 ol. ataxia, 

No signs of anelge1Ja were pre1ent at this time in contra1t to 

def inito anal~!_~~~?!!~~.~- ~!~-~~~"~e nalorphine injection. 
- ---· ·· (' ,. ..L.;.J,2J..:_ ; • r :1 -· --- -~Hg,.l .A~~.? .• ['-t'D· 
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On the follo~in) d§y 5bt3 dtAJi 1ttli a• Elbtted alight 1ed~t~o1 and 

auxia. Recovery•• uaeventtul. 

Four do01 recelnd naJorphlne (6.~ ag• ./kg• .,s.v. ) one hour 

after Et 1476 (l.O aga./kgai,,1.,.). Fr•or to the •nJectlon ot 

nelorphla1 the anlaal1 were ••ry dtpr111ed end 1uloe1i! we1 deNon-

1trable. Tonio extea1or • ov1aent1 were ob1er,,d with forced 8rou1el 

at thi• tlae, Alter receiving nalorptalN ~ doo1 exhibited urked 

arou1al cheracterfzed by 1pa1tlc runnla9 move• eat1 and coaYul1lon1 1 

They al10 reRcted to J)ftlntul 1tl• ulf at tb•• tl•e. Twenty tour 

hours later~ anlllal1 were depressed but could e11lly be arou1ed 1 

Seventy two houri atter drug adlllnl1tratlon one dog•• found dead, 

· One dog recehed nalorphfne <12.0 agm,/fcgm.,•.v.) in two 

equelly divided dose, one and three houn nt ter Ek 1476 (1,0 mg• ./!cg•, 

1.v.>. A merked arousal wns ob::er~•ed tollowlng the !nject!on'J ot 

nalorphlne similar !n character to thet described in thd prdviou1 

peregraph. The en!anl died seventy two holrs after the lan~ 

lnj ectlon of nelorpll lne. 

s. Et. !476 Plu1 Dextro,e 

On one oce1uion we had injected a con,entra •.ed 11c1u~·fo"! ')~ 

dextro•~ into a dc,o depressed by the previous adll~nl~t~~tln~ ~r 

EA 1476, t •arked arousal wa1 ob1erved, lowever, we were not 1ure 

that the procedure of bandllng the dog had not preaip•tated the 

arou1el rather than the Injected dextro1e. 

Fl,e dog, reoel,ed dextro1• (125 aoa./kg• .,t.v.> one hour 

after the edalnlstretion of EA 1476 (1.0 ag• ./ko•••••••>• No 

appreciable change la beha,ior was ob1er,ed following the lajectlo• 

of dextrose, 
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dextro1e (250 ag• ,/koft,,t.v,) ln rapid 1ueces1ion. An lapre11ion 

•• f orraed that UI h procedutC" deleyed ttte onset o1 the typtce l 

re1pon1e to EA 1476, T-e dextro1e did not appear to olter the u1ucl 

quel hat he sign• rfl1ul tlno f roa lnjectto11 of El. 1476 tn nny other 

way than to delay tile on11t of drug action, 

~re concluded tbet dextroee had no 1 !onU leant ettect Bfl en 

antidote with re~peet to the typical E/, 1<76 drug re1pon,e. 

C • PO'l'ENI' lAT ~ CF Eh 14 76 BY an£R ll?lXiS 

1. El. M76 flus Atrop~ne 

Tw'> contt'ol dogs received only atropine (2,0 mgm./lcgm.,1,v.), 

The dogs appeAred to be I l frh•.;~7 tepres:;ed but were ea, 11;, eroui:ed. 

Heart rete enj re:~lratory rate ir.~~e~sed tiQr.l'lcantly and ray1rl~sls 

and 11yd1fn3lr we1 P~1!! cb1erv~d. 

Two dors ~eceive~ nnl7 E~ 14~6 (0.12 : ~J~,/~rm~, l.v.)~ De!lr.ite 

deprecP Ion 1-as obaer·,ed but Ult anim£h wore ea.; Uy ,.-='llVJAc.f ~r.d 

exhibit~~ hy~r-reflexla at thl1 tlae, Two hour, e~te~ r~ceivl~r 

the dru{) the heart retes were 36 nnrt 8'>/1111:'ll' v;ht:f'! th-~ :-~:! 1.-etory 

rates were 36 and 20/aln. Elove, hour~ lJte:- !t:r 1r,r., ·•·on !II~ 11: 

depraared end atftxlc but ea1lly arou~ed frnm ~heir ~eo:es~ed ~t~te. 

Two dOCJS received Atropine (0,5 ag11,/lcg11,, 1.v.) two h<'u:t:1 

after EA 1~76 (0,125 IIIQ• ,/koa,,i,v,), The degree of CNS depre11lon 

appeared to be enhanced f ollowllltJ atropine adalnhtratloa.; however, 

the aniaal1 could be readily arou1ed. Paradoxically, hyperalge1ia 

wa, observed in both d~• at tb11 time, Twelve hours later both 

1nblal1 were 1leepl09, could be readily eroued, and re,ent~d bol~a 

- ·-: ~ .. ·- , ... .,~, , ('(',rtrn 
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11 'i.. Two dogs r&ceived atropine (2,0 mgm./kgm.,iev.) two hours 

after EA 1~76 (0 0 125 ingm./kgm.,i,v,) • . Their behavior wa1 ch~racter­

lred by CNS depression, ataxia, ~nelge1ia end ease of arousal, Twelve 

hours later they were still depressed and ataxic, 

All the dog1 in this serie1 recovered unevenUully, \"le offer 

only the 1ubjective iapre11ion thet atropine appeared to slightly 

enhance the CNS depressant actlon_ot EA 1~76, 

2, EA lt.176 Plus Uorphine Sultate. 

Two d~• received only EA 1476 u.o agm,/kgm.,1,v.>. fJar!ced 

Cl'6 depre11 ion wa1 ob1erved one bour later. The dOfJS could not be 

arou1ed at th!, time and 1howed no re1pon1e to painful 1timuli, 

Three hours after receiving the drug the dog1 exhibited tonic 

exten1or convul1ion1 on arousal forced by violent 1hocking. A_1im• 

llar re1pon1e wa1 ob1erved six houri after drug admini1tration. 

Twenty tour houri later Cr6 depre11lon and al.Isla on forced arou,~1 

was obeerved. A period of uneventful recovery began .at thi1 time. 

T• dogs reeived only morphine au11ete (2,0 mg11,/kg11. ), One 

hour later C!"l; sedation wa1 the prominent feature of their behavior. 

Eme1l1 was al10 ob1erved, Three hours after drug adlllnl1tration 

the dogs appeared to be re1tle11 and apprehenelve. Their heart 

rate• wete 60 and 54 per minute at this time. The presence of 

analoe1ia was queatfonable, Six hours 'lfter receiving the drug the 

anfllals appeared to ~e normal. 

Four dogs received morphine (2,0 ,ngm./kgm,) subcutaneously one 

hour after EA 1476 co.1 mom,/kgm,,i.v,), Prior to the injection of 

morphine t.he dog, appeared to be iodated but were ea1tl7 erou1ed 
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fro,a this state. Thirty minute, after adllini1tration of morphtno 

ataxia, &J11e1i1, and hind lillb weakne11 were the pr011inent sl~n• 

ob1erved, Three hour, later bradye8rdle, mydrte1l1 1 marked anftl{.l81ia 

end a norll81 re,plratory rate were obaerved, Ataxia snd exaggeretod 

tendon reflexes were el10 pre1ent at this time, Six hour, after 

drug adainietratlon Cli5 depre11ion wn1 1tlll pr011lnent, analoe1te 

was pre1ent ond re1piretory rate wa, normal. The on1et ot en 

unevent1ul recove y beg8n twenty four hour, att.er the injection ot 

aorphine, 

No fetelttte, were ob1erved In thi• 1erte1 of dog,. It wa1 

our 1ubJecttve iapre11ion that morphine enhanced the CNS depre11ent 

ettocta ot EA 1476. Thia generalization alto include• an enhance­

ment of the anelge1tc propertle1 of the combined drug1, The 

obaervatton of a normal reapiratory rate••• unexpected 1ince either 

drug alone u1ually he1 a definite re1plratory depre11ant effect In 

the do1e1 employed. 

IV• STRUCTtRE AGTIV:rrY R£1ATIOffiHlP 

EA 1477 ha1 been designated e1 the parent compound of a large 

1erie1 of potential derlvative1, A detailed deecrlptlon of the behavioral 

change, and cardio,a,cular etfect1 induced by \hit drug in the dog and 

monkey hat appeared in preYloua reports, We have considered FA 1477 to be 

our ,undard and all the derlvetivo1 ot thl• 1erle1 have been c011pared to 

lt wiUl re1pect to qualitatt,e and quantitativo activity. EA 1465 and 

EA 1476 are approximately two hundred tlaes a, potent•• EA 1477 in their 

ability to Inhibit the carotid ooclu1lon pre11or retlex. They are al10 

approximately one hundred time, more potent that EA 1477 In producing 

mmperablo behavioral change• in the dog, A aerie, of f J,e additional 
- --·---------



dorl,1ti,e1 were reoel,ed for eYeluatlon. They were exutNd for Ulelr 

effect upon Ute behavior of un1ne1U11tl,.-ad d~• ead t•elr ability to inhibit 

the carotid oeclu1lon pre11or reflex In aM1thetlaed d091. Cl>1er,atlou 

upon blood preltQre, heart rate, re1plrator7 rate and body teaperelkre 

ohenoe• Nrc 1110 recorded (1e0 table 6). 

Drug, SEA 1465, EA 1'176, and EA 1545 dUfer frOII EA 14n In that 

a different allphetlc Gheln 11 pre1ent tn po1ltlon •3. EA 1465 aDcl EA 1476 

ere the two IIOlt potent deri,ative, of EA 1~77 1tudled to dat.e. Both of 

••• contain a longer 11418 chain tbaa EA 1477 aad In Mdltlon th,lr alae 

oh1tn1 an brencbt1d. EA 1545 1111 a allorter side elaaln U111 EA 1,!TT and 11 

practically lneott,e. The only other compound exaalned Ulet approached 

U 1477 In potenoy wa1 EA 1542. This drug differed chcalcally, from :::A 1(77 

ln that a nitrogen atoa we, 1ubttltuted tor the oxygen atoa In po1ltlon •5. 

Tho romalnlng drug• exuined, EA 1507, ZA 1543, and EA 154( were 

1utflclently le11 potent than EA 1477 to dl1cour1ge any i• medlate further 

1tudie1 1 They differed chHlcally from EA 1417 In having 111b1tltutlon1 ln 

U-e· •1. 1--', aid 365 poi I tlon1. 

The rc1ult1 obtai• ed 1ugge1ted that other 1ub1titutlon1 in the 

s3 potltion of EA 1477 uy provide even more potent derivative, Ulan EA 1465 

or EA 1~76. Relatively minor change, In th .. e ,c1t&lon1 can greatly alter 

potenc1 in Ulh clau of compound,. 

Y. D JSQSS IOI I 

,M 10'ASCJlWR SDJEti 
Prior to our ob1ervatlon1 there have been no publi1hed report• 

on the cxten1ive cardiovascular actions of Ute 17nthetlc tetrahydro­

cennablnol derivative,. Brad1cardla and hypoton1lon had been ob1erved by 

another worlcer (Loewe, 1944 >. hever, 10 attempt was made to formulate 
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the•~ ob1ervation1 into an hypothesis to explain the underlying 11echani1m 

of action. The observation that EA 1476 could inhibit the pre11or response 

to carotid artery occlu1lon 1ugge1ted It .was capable ot altering the normal 

aetivlty ot the autonomic nervous 1y1tem, The additional observations of 

hypothermia, relaxation ot tho nietlteting membrane, inhibition ot tho 

pre11or re1pon1e to central vagel 1ti111u ..... tion and br!dycardie that was not 

blocked by 1&ropiat1etion further implicated the autonomic system a1 an 

important site ot action ot EA 1~76, The po11lblllty that EA 1476 might 

be aotino a, an adrenerg le bloc:Clno agent ,.,a, aon, idered s Ince the drut 

appeared to ettect prir.,artly tho1e tunction1 under the control ·ot the 

lfllp&thetic nervous 1y1tem. This possibility wa1 eliminated when it wa, 

shown that the pre11or re1pon1e to Injected epinephrine we, not appreciably 

altored after adm1n11tration of EA 1476. Ganglionic blockade can be ruled 

out a, a prt111&ry 1lte ot action since eleotrlc~l 1tlmulatlon of the efferent 

1711pethetlc pathway, in the hypothalamus or vo1omotor center ot the cot 

produced 1lmllar pre11or ro1pon1e1 before and after EA 1476 (see figure lJ, 

Uhen medullary vagal attorent neuron, leading int<' the vasomotor center ot 

II t oat are ttimulated elebtricU1lly with the. 1tereotaxh apparatus, a 

biphesie blood pressure response is obtained. Folluwing EA 1476 the initial 

depre11or re1pon1e to eloctrical stimulation of these afferent neurons 11 

retained1 however, the 1ub1equent expected pre11or re1pon1P did not mater­

ialize, These ob1ervatfon1 strongly 1ugge1t that the mechanism ot depre11ion 

of sympathetic outflow 11 located centrally ~nd interposed between the 

afferent and efferent c011ponent1 of thll are. The widespread inhibition 

of sympathetic activity involving 1everal ditforent organs also 1ugge1t1 

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

center, of the sympathetic ner,ou1 •l•te,a, In view of the definite • · ,. · · · •. · 
----·-··· -·······•·· ·· . . . ···,· -
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alteretlon in electrical activity ot the eorcbral cortex following admin­

iltretlon ot Et. 1476 and the close t 4 }ationship ot the limbic system and 

hypothalamus in controlling autonomic nervous system reactions one ml~ht 

profitably explore the limbic system as n possible site ot action tor r.t. 11.7(~. 

The work of ~aada (1951) demonstrated that all viscera having autonomic 

innervation have representation in the limbic complex and its related medial 

structures, and th~t the limbic system is to ~c re9arded as the primary 

autonom-i4 area of the fore~rain. 

The behavioral changes resulting from administration of E/. 1~76 

and related compounds are vutstanding. Central nervous system depression is 

the most characteristic response obtained. hnalgesia and ataxia are also 

prominent signs observed with these drugs. 

Joel 0925) was one of the first work€rs to attempt a localization 

of the site of action of mar ihuana. He compared the eU ec ts of the drug 

in normal, decorticated and decerebrated cats. Normal cats showed swayinQ, 

decreased motility, cataleptic perserverance end ~eneral 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 

indicatin~ that marihuana acts predominantly upon t~c 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 in u-tbeUMJd cats and dogs after receiving comparable 

doses of EA 1~76. 

The mechanism of analgesia is aftdoubtedly a central•action•of the 

drug in which the aniael may feel the pain although his normal reaction to 

it is depressed or absent. ln ZEG arousal to pain has Jeen ohserved after 
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1.0 mgm,/kgm. do1es dt EA 14~, ·• be 1roiJl!TT1··ma1ntained for a few 

1econd1 after which the EEG pattern r-turn1 to the pre-pain 1tate. 

Our experiment, indlceto that EA 1476 potentietes the sleepi~g 

time in mice indur.od by hexobarbital. These results are in contrast to 

the ob1crvations of Loewe (1944). However, they aic in agreement with the 

earlier work of Burg! (1924) who fou~d. that marihu3nft exert, a 1ynergl1tic 

hypnotic action in rabbits in combination with other hypnotic agents, 

The cherecterl1tic EEG response to EA 1476 a~d EA 1465 con,isted 

of high voltage slow wave activity with o tandency to 1plndllng, Ue were 

unable to ob1erve a 1imilar re,poae to comparable dQ1e1 ot reserpi"e 

de1pito ma.iy other common action" of the1e two 4rug1. l'le observefJ an EEG 

pattern of arou.al with reserpine in do•~• of 1,0 mgru./kgm, of tho phosphate 

o~ acetate salt, MonToe et al, (1951) reported that re1erplne (5-10 mgrn., 

i,v,) produced a 1tate of 1leep ln 1chlzophrenlc patients, The cortical 

EEG'• taken during thil period conthted of periods ot· light 1leep lnter-

1per1ed in a drow1y or relaxed recor~. The typical epindling characterlstlc 

ot the barbiturates wa1 not ob1erved, In comparing the work ot Ucnroe (1951) 

and Rinaldi (1955) a qualitative difference In tho EEG re1pon1e to reserpine 

wa1 obtainod, The difference may be related to the different 1pecie1 or 

doses employed in their 1tudle1, Sehnoider and Earl (1954) utilizing the 

monkey a, a te1t animal ob1erved an EEG retponse to re,erpine that wae 

11Milar to that de1crlbed by Monroe (1951) ln human,, Our re1ult1 in the 

dog, hewever, .aoree with the ob1ervatlon1 of Rinaldi end Hialwlch (1955) 

in the rabbit, Further work ii indicated before one can describe the typie11l 

EEG re1po111e to reserpine and compare It with our observations obtained 

with EA 1476 and EA 1465. 

The observation that EA 1476 o.o mgm,/Jcgm,) has no appreciable 

--c~NC11 cm~:~. ir'"·_·-ssm~n 
.. ------· -: .. ----·-· 
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effect upon tbe P9tei~ur r~flcx in sl)linel cats whereos this do1e in an 

intact cat or dog greatly enhances thls reflex was surprisin~. Evidentl y 

E/, lt.76, in the intact cat and presumably the dog also, acts to suprcss 

inhibitory impulses of suprespinal origin that ~re relayed tot~ spinal 

cord. Further studies on this mechanism ere indicated. 

The prominent hypothermia observed with El 1476, E~ 1(77, anrl 

reserpine is hi1hly suggestive of a central mechanism of e tion. The pupi l ­

lary alterations and diarrhea observed with these drugs may possibly be 

attributed to a relative imbalance in the autonomic nervous system4 however 

a direct act~n on these structures has not been eliminated, The relaxation 

of the nictitatin0 membrane by these dru~s end the observation that none 

of the drugs blocks the contraction of this structure fallowing the inject il1n 

of epinephrine is indirect evidence of a reduction in central sympathetic 

outflow, 

The mechanism of respiratory depression observed with El 1476, 

EJ'. 1~77, EA 1'165, and reserpine remains unknown, Loewe 09~6) o!)served 

pulmonary edema in a series of dogs who died .following the intravenous 

administration of a specific tetrahydrocannabinol derivative. 

The lethal dose, of E~ 1~76, El ll77, or EA J~65 ere extremely 

high by comparison with the small doses required for their pharmacodynamic 

effects. Loewe (191.6) states that albino mice can withstand chronic adminis­

tration of Eh 1(77 ~etter than comparable doses of sodium chloride, nelton 

(1938) reported that purified cannabinol in toxic doses produced pulmonary 

edema and cerebral hyperemia with indications that death resulted fromoardiao 

rather than respiratory failure. Loewe (19~6) cstimateJ that the intravenous 

:..._:_::·:=·~, .. --~-:·.~--~-= "~<('\ c~c~·f,£0 
- -- .. ·· r, 1·~ 1 - , . L l t !) - --- · . '_; .- ~, .. JiJu~ 
~ ~~~ ' . .. ... - . , .. .-~ ----., . . ·~-~- .. . -:~ -:_-~ 
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m50 for r.1ar lhuana in dee , rabbi ta, end d.>c:s lF1y be tween 100-230 119111. ,1r~an . 

Our limited re1ult1 in the dog with U.. lt.76 would support thia ertlmt!te . 

Our result, in r,iice, howcvc·r, would place th e introperltoneal lD50 cl 11scir 

to t.00 r.i~m./kgr.i, 

A ~ew words o! caution with respect to th o toxicitr · o! '2/.. 1,:76 

undor apcclel clrcur.11tanees nro indicated, Our re1ults 01.>u1ined with coco'n '
1 

cafte lne, and d-amphetamlnc es nntegonht1 o! ::.A 1~76 i~d tcew thnt deapi t ' 

1 gro11 eppoeranco of entogoni1c thorc f1 e markPd increase in subsequent 

fa tall ties• Ne I u, ··r drug alone in the do1e1 employed epproached the W50 

value ! or the Individual drug, Howover, when givon in the 1equencc employ<1d 

there wes n hiQh incidence of fatalities. Death occurrcc durinr, the 

depre11ed ,tote which followed the 1timulatfon induced by the antaronfat. 

l.dequete nur1inc cere appear, to be the bc1t method available for survival 

ettor administration ot tho potent tetrahydroconnDbinol derfvathea. 

...-.....-...--.___...--.- •---··· -- - ---­. ... -•------ ·--· 
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VJ. SU1l,::y 

1. 7he extensive 1ctton1 of tetrahydroea,wlaol derivatives 

upon th e cardiova,cullr 1y1tem 1uQge1t that th('se egent1 act !:>y inhLition 

o! the a!f erent to etf1trent area, of the central cooponenta of the 

,, ... .,. '·•tle nervous syatf'::,. 

:. mar !: cc similarity to the action, ot reaerpine ha, been dem­

on1tratec. :lowev~r, qualitative a'ld quantitative diUerence exht betweeia 

reserpine and the tetrahydroeannahinol,. 

2. 3ehavior1l c,an~•• char1cterls~d by :16 dtan'tllion, ataxia, 

1n1lge1t1 an~ enhanced tendon reflexes ha,e ~een de1crl~ed. These effect, 

appear to or i c tnate at 1upr11pin1l level •, 1.1 teratton1 In cortical 

electrical activity have been de1crtbed reaulttnc troe admtnl1tr1tton of the 

tetrahydroc i1nn1' • nol dfr l Ylt he1, The out1tand Ing llmllar i tlea and 

d it ferences o:laerved 011 the E~ wt th related druo• have !>een de1orlbed, 

A pot~ntiatton ot hexobarbltal induced 1leepln~ time ln mice h11 

!>een deacrl~ed for El 1~7(. 

Lhcellancou1 actions of E.r. 147t which 1111 be related to tt1 

effect, upon tho autonomic nervou1 1y1tem are di1cu11ed. 

3. ·:he ~cneral to~:lcity ot the tetrahydrocanna~inol derlvaUve1 

1a diacu11ed as "ell •• tho effect, of druo1 ,fhich antai::;oni&e or potentlate 

their pharrnacolo; ical arttons. 

'·• t.n analysis of structure activity rel1tton1hip h preaente<S 

tor the totrah~-dri,<-o .. ne' ~;1,·1 ~er!vatiV"CI e,·alu11tP.d in this 1tudy. 
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I • j, I r, • Joute ot ~drainistration 

390,0 I. F • 

II. ' r ~ff er. ti vc Dose (intravenous) I :.n'mals 

0,025 ~r.11 • /!:<Jr:l • 2 

0,050 m~r.11, /l:{lr.1. ~ 

c. 125 mgm11. /k ::r.i. 2 

0,250 m.~ms. /!,gm. • '· 

1, 0 mgm1, /fc,;;m, ,., 
-.) 

5,0 1:1rr.11. /bJr.t, 2 

10.0 ffl(lr,1s. /'.:,,,n, ., ~ 3 

so.a ffl(JI.1S • /!ccm, l 

100.0 ffl(Jt:11,/~:~c.i. l 

111. Dos ~ff cct l vc uosc (oral) # /.nir.1els 

o. f; r,1cr.11 • /!:r,a • 1 

I ,0 rn~r.11 • /'.:r:,r.1. ?. 

2.0 r,,cr.11 • /'.:r:,r... 2 

n· • j :0:1!:ey ~:: : cc d v~ De-so (intravenous) ti /.:, imols 

0 r: 
•"' mrr.11. /'.:<Jr,1, 1 

1 .o r,,gr.ts, /::~u. I 

2.0 r.l(Jt:\S • /:~r.1, I 

n 

i:o 

#:-Ataliti cs 

r., 

0 

:_, 

( ' 

C' 

1t;;"o\.nl itios 

() 

C 

() 

l;-;'Atel itics 

0 

0 

0 

: rrectivc ~osc !s ~cf•ncd or th~ dc,e required to produce oLvious trnnquilizn:ic~ 

j 

• J 
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SEC~..Z? 

ct.AS3 ~ r::: ~ ~.::cu:: r:Y 
II r-or:JJ.TIOII 

r.. -;:--.~;; c8.Sz::w.: rcr is n 1 'ilIE II rr,.cr r.1111 ~-.L. 

Dor 1. 00 w.:;m. /!cof.l, 

r.oo'l'E 

1.v. 

I IV I 

1.v. 

Dor:; 1.C'O r.v.,u,/::gr.i, I.V. 

Do~ 0. 12 5 n~r.,. /::')•, 

Do~ 1, oc ugr.1. /rcar.1. 

Do~ ~, 00 nr,m. /kgr.,. 

E/, 154< 

I,V, 

I. V, 

1.v. 

Joe: 5,00 r.10n./~cgr.1, 1.v. 
E/. l!J~5 

Do~ 0, 125 r.1c,r.1. /~:gm, I. V, 

C.or, 1, 00 ragra. /!:gr.1, I• V, 

fJmi~.,_r.:\"~ ~ct.l' ... 
t •• '. ' / ·' ----_,, ..,.· ..,. w •• _... ... . . -:. ~ ·- .... --

<r..SE;:V/.T IOI G 

ffo eff cct 

flo eff cct 

Sor.le scdet ion 

# I .N DJ/,(!; 

1 

1 

1 

OOSEr!V/TlOfL5 #/,NIIl/.LS 

r~ effect 1 

5oac Cyspnee 1 

I~ ~ffcct 1 

fltaxia, ~cdatio,: 1 

OJsz:: V /.T !Of -IS 

flo cff cc t 

flo off cct 

flo effect 

1 

1 

1 

QO!j2:.":V/.TIOC!i #/Jllf.i/.w 

r~ effect l 

flo cff cct 1 

PQSSi~le scdeti~n l 

005E~V /.T Ior~ 

lJo eftect 

No effect 

Clo etf cct 

#/,f Jn.1.LS 

l 

1 

1 
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r • O"...,!jEr! V /.7 IOi G II! T!-C / .I IZ~f£7 I2'ED /,t ! II J'.L 

Coc:;s anesthetized with sodiun pentobar!.lital 30.0 r.1rr.1./b;::r.1. 

E/. 1507 oo.o m9r.1./!,1Jr.1.) adr.iinistercd 1.v, to 3 dogs. 

1. ~cspiratory rate: e slight increase one hour after dru<J. 

2. '.:'load pressure: a slight de,;reasc one hour after drug, 

3. llcart rate: a slight decrease on:? hour after drui::. 

~. ~octal tcr.ipcreturc: no sisnificant chan~o one hour after dl'U~. 

,· .:onuon carotid occlusion press or response reduced a'.Jout 3Q·~. J. 

;:::/, 15'12 (lo.o rn::;r.1./f:ar.1.) adr.1in is tcreci 1.v. to 2 dogs. 

1. 

2. 

3. 

t' .. 
,: ..,, 

i:cspiratory rate: a sl igtit decrease one hour af tcr drui_;. 

3lood pressure: a Blight decrease or.e hour af tcr dru9, 

Ilcart rate, a slight decrease one hour at tcr drur, 

:.cc tel t cr.1pcra turc a sliaht docrcese one hour after drur, 

.:or.v:w11 carotid occlusion prcssor response reduced a'.)Out SQ•;. 

2/. 15.-::2 Oo.o r,i<Jn./!:gu,) edr.linistcrcd I.V. to 2 do{1s. 

1. ~cs,tratory rate: no appreciable chani:;c one hour after drut, 

2. G1ood pressure~ no npprccit!.>lc c~anae one hour aftc~ dfU'J,. 

3, llea1·t rntc . a sJ.icht decrease one hour nftcr drug. 

..: . r.cctal t0r.ipcrr: tt•rc; a :: li,:Jh t dc~r.rcn,,o (0 .,5°~) one hour af tcr 

dru~. 

5, :or~on carotid o~c1usion prcs3or rcspocsc reduced a~out 2~~. 

~, }C:..tt ( 0 0 /If'" ''•r·r· \ "d · · t d I V t 2 d "'• ..... _ • ,, - .., •·• • l",, ·••J r, r.ll!l~S ere • o .O O()S, 

1. r;c~pirotory rate~ o sli1;ht ciccrcasc one hour after dru1, 

2. :.Iood pre Jsur r.: a slight decrease one hour af tcr druC', 

3. llcart rate: no appreciable chanqc one hour ofter druC'.-

,-: . r.cctal tcnperaturc! 110 apprncfoble chanac one hour Rf tcr dr•JM, 

prcssor rcspons~ reduced a~out 1 o;:. r.. :or.v:10n carat.id occlusion 

:=::~~====ioaii&iliii~iie~=========== e11ss~ __ ;1:tJO _ u J 11 j J r-J v 1 _ 
. -··· ------------- - . .. 

-



E/. 15'15 Cl0,0 mgr.1./kgr.l.) edrilinhtered I. V. to 2 dogs. 

1. Rc1p1ratory rate: no appreciable change one hour atter druc:. 
2. Blood pressure: no appreciable change one hour after drui;;. 

3. Heart rate: a slight decrease one hour after druG. 
, r.cctal ter,1pcra turc 1 no appreciable ohanre one hour af tf'r drur. 
. ·• 
5. Coauon carotid occlusion pressor response reduced about 5%. 

Of the 1 i vc cor;pcD1,,: :'. 0;car.1ined only E/. 15~2 appears to possess 

apprcc fable activity in la·i•i:_,~ t:10101. · It is rou,::hly cor.1per8ble to ~/. 1~77 in 

its effect upon the cor.v:1on carotid occlusion pressor response, The outstanding 

property of th ls drug noted on urou obscrvP.tion was that l ts ohoractcris tic 

oUoct cones on rapidly alter injection ai1d. has a short duration of action. 
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