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,%'ummary. I. The obje(:livc and s fl j ctiv( ell'('_'ts of 0.5 and 1.5 meg/leg of LSI)
intramuscularly were comp:,red wilh those of 75 and 225 mcg/kg of (-)-/l"-trans-
tctrahydrocannM)inol by smoking in tim snmc eight, subjects.

2. The obj(wtivc ,,fl't,c.tsof LSI) and TI IC differed markedly. LSI) increased body
temp(wn.tlm_, systolic and diastolic blood pressure, lowered the threshold for the.
kn(','<ierk, and dilM(,d the pupils. 'I'I[C had none. of these eft'eels lint caused more
marked t:mhycardi;_ than did l,S1).

3. The subjective effects of tile two drug,_ could not be readily distingui,qhcd by
the mc¢,hod._u._ed, l_oth LSD and Tlirc are psychotomimetic drugs.

4. l'at,icnts t,olerant t.o LSD were n,_t,cross-tMerant, to THC, indicating tha_ the
mental cflhets of tim t.wo (h'ug,_ are probably mediated by diflbrcnf, mechanisms.

Kell-llords: Cammbis -- Ma,rihua,na -- (--)>/l"-Tetrahydroeannabinol --
l,ysergic Acid l)iethyla.mido -- l,SI) Toh;rallCe - I,Sl) and T|IC C,ross-Toleranee.

The psychol;ominwtic (,fl\'cts of" Can**at)is .¢alh:a (marihuana, hashish)

]m.ve been known fl)r thousa.nds of years and described in many "mcicnt

writings (l,l.:wlr, L 1961.; CHopr_.*_, 1!)39). These deseriptinns h_vc men-
I ionc(] sul_.iect.iw; ],henomen'_ resemt)lin.(.: lhos(; seen afler administraf.ion

of lysergie acid diethylnmide (LSI)). Research on Can_abis has been

hampered by the very difficulb chemistry of the resin of that I)lant,
width meant tha.t pharmacological investigations were performed with

crude and impure mixt,ures or wil;h syni,hetic materials f.hat_ were not.
known to correspond e,xaetly in chemical structure t,o those isolated

from the plant. R,ccently it has been shown (IsnELL el al., 1967) that

9 Psychopharmaco!ogia (Bcrl.), ]_d. 14
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(--)-zl°-tran,_.tetrahydr<)eannabin_d I (hereafter referred to as TIIC)
causes the same kind of menial c[t'ecls as lhose described after adminis-

tration of crude C'an,_abLs prcparali<ms. Fnrtlmrnmre tim psyehotond-

" merit effects of TI[C were sh<mn to 1)e <h,pcndent on close. Because of
the rescmlAam'e of the subjective mental effects caused by TItC to

those caused by I,S1), a direct c<>mparison of the effects of the two drugs

in the same subjects was thought of interest in order to delineate further

any resemblances and differences between the syndromes produced by

the two drugs. In addition, an attempt to determine whether patients
tolerant to LSI) would be cr<>ss-tolerant to THC might give some

indication as to whether the two drugs caused their effects by similar
mechanisms.

Methods

l'2.c?J<_rime'nts

Two experiments were performed-the compariso,_ study and the
cmss-tolcra_ce study. In the compa,riso_ study the same patients received

at wceldy inlervals ill randomized order a placebo, 0.5 mcg/kg and

1.5 mcg/kg of I,SD intramuscularly, and 75 mcg/kg and 225 meg/kg of

TI1C by smaking. In the aro,_s-lolerance study ten patients received in
randomized order at weekly int.crvals placebo, 1.5 mcg/kg of LSD I.M.,

and 225 meg/kg ¢>fTH(' by smoking (em_trol closes). The subjects were

made tolerant to LS1) by daily injection of 0.5 mcg/kg of LSD increasing

to 1.5 me,,'k_ ,_ over a period <)f 10 days.. They were challenged with
1.5 meg/kg LSI) I.M. (test of direc_ tolerance) on the eleventh <lay, and

then <m the following day with 225 mcg/kg of T/[C by smoldng (test of

cross-t <>lerance).

N_b_ec,ls. F()rmer opiate addicts serving sentences for violation of

the United SLates narcotic laws w)hmteered for the experiments. Their

ages range, d fr<>m 22 to 53 years. All were physically healthy and pre-
sented no evidence of serious mental disturbanecs. All had been abstinent

fi'om opiates for six months or more before beginning the experiments.

All had used marihuana aC one time or another prior to being arrested.

All sm<>kcd tobacco cigarettes lml)itually. Originally, 10 subjects began

the c<)mparison study. Tw'o of thes<; <trooped out after experiencing

psyclmtic rca('.tJm_s f<)lh)wing TIIC, s<) that only 8 subjects completed

Supplied by <,ouriesy of Prof. F. I(oa?n and associates, Organisch-chemischcs
Institut der UnivcrsitSt, Bonn. Tlm material was isolated frOln hashish by extrac-
tion with organic solvents and purified by eountercurrent distribution. The name
(--)-A_'-lluns-tetrahydmcannabinol uses (.7_e official numbering system of the
American Chemical Society to designate the location of the double bond. The com-
pound has also been desigmated (--).Al.tetrahydroeannabinol by other chemists
using a different numbering system.
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that expvriment. Ten sub.iec_s began the cross-tolerance study nn_| all

eompl(qod it,. Five of lhc same ._nbject._ who servetl ill the comparison

study _lls_) served in l he cros._-lolcr_tnce sllvly.

(:eneral Comlition.% All exl)criments were conducted in a special ward
(tevoted io clinical investigation. In (,he emnparison study, the subjeets

entered the ward the night, before drugs were givcn nnd rcmained through

the niTht following eomp[etion eli lie observations. In the cross-tolerance __

sl.ndy, t.he sub.ie(:ts were housed in the e,xt)erimental ward tbr the duration

()f the experiment.

Ob,_(,rrations. In the comparison study the following observations

wore made at 7:00 AM, S :00 AM, 9:00 AM, 10:00 AM, 11:00 AM, ! :00

I'M, and 3:00 1)M 1)y st)e(,ially t,raine(l a lten(tants after llie subjects ha(t

resle<l quietly in hod for ten minulcs: re(:tal temperature, pulse rate,

._y._i_)li<._ln<l <lh_._f<)li(_hloo<l l)r('ssm'<,, Ihr<_shol<l f()r the I<nee-jerl< tow.
nmnt)er ()f degrees of art: thr()ngh which a hinged reilex hammcr had to

thll t_) elicit, the patellar rcilex), an(1 pupillary diamet.er t)y 1)hotograi)hing

the pt,pils under conditions of eonst_|nt, light ,qn(1 accomrn(,(lation. These
lile;iSlll'OS _vel'e tel'moil "ol)jeeiive" parameters.

At. 7:30 AM, S:30 AM, 9:30 AM, 10:30 AM, 1! :30 AM, 1:30 PM

and 3 ::_0 I'M the 1)at.tents eoml_leie(_ , with ihe help of an aide, ,_ special
questionnaire c()ni,_ining 63 items 2. Ten of t,hese questions werc taken

from the general dru_ seale of the Addict.ion Research Center Inventory
(II,_:I¢ICTZEN, 1966), ten /i'om the ],,ql) scale, an(l I0 from _,he marihuana

(Shl) scale of t11e same instrmnenL, whi(.ll was developed using ])Mill )

I1-hy(hoxy-3-(l',2'-dimethyl hept yl)-(;.6,9-t rinleihyl-7,S,9,10-tetrahydro-

eannal)in<)l I, a ])()tent eongener 1 If(,. The items constituting the I_SI)
and maxilmana scales ]l,_ve been shown empirically (]IAI.mTZEN, l!)(16)

to give high scores _ft.er LSD and I)MI] P compound (AI)A_TS et al., 1948),
a. synthetic (lrng with marihnnna-like effects, and. the items constituting

the general drug scale give high scores with nearly all lypes of drugs with
rrl('entra.1 nervous system effects., ne remaining 33 questions were taken

from the qucstionnairn previously used in studies of LSI) and similar

agents (Am_A_so_ et al., 1955) and consisted of items dealing with

alterations in mood, distortion of sensory perception, a ltcrat.ions in body
image, illusions, delusions, and hallucinations. Thcse q3 questions were

termed the "psyeh()tomimetie sonic". The questions making up the

varions scales were placed in random or(ler throughmlt the questionnaire.

]n the eross4olcrance study t.he same observations were made and

the sn,me questionnaire was administered a_ the same limes on control

and test d_ys, except that the observations at 3:00 I)M and the ques-
tionnaire at 3:30 PM were not obtained.

2Copies of tim various scales will be nmde available on request.

9*
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14,sergie acid diethylnmide mmmta.rtrate was dissolved in distilled

water in a concentration _d" l{)0 meg/ml and sterilized by aut.oel:_ving.

The solution also eontained 1 mg/ml of aseorbie add as an gull-oxidant,

and was stored in a. refl'igerator and proieei.ed fl'om light. (--)-/l"-tra_s.

tetrahydroeannabinol was dissolved in 950/0 ethanol in a concentration

of l0 m_/ml, refrigm'aled and prol.eeted fi'om light. The LSD placebo
was ste,rile-, isotonic saline- sr>luti(m. Tire, ealeulated {lose of tot;rahydro-

eamlahinol was injected with a syringe and needle into the second and

lhird tlfths of an ordinary fobaeeo cigarette on t.he night before an ex-

periment, and the cigarette dried wilhout heating. The TIIC placebo
eonsisied of an ordinary tobacco cigarette into whieh 950/0 ethanol had

t)een in.jeered and dried. Cigarettes were smoked in 5 rain or less. In the

comparison si.ndy eaeh pat.ienl; reeeiw'd an intramuseular injection and
snmke,(I a eigaretl e, (m each lest; (lay. At weekly intervals and in randomiz-.

ed order each patient reeeived ihe following five combinations: ],SI)

placebo plus Tll(: plaeebo; 0.5 meg/kg of LSD plus TIIC placebo;

1.5 m_.g/kg of LSI) plus TIIC plaenl)o; 75 mcg/kg of THC plus LSD

pl'teeho; and 225 meg/kg of TI{(: plus I,S1) plaeebo. Neither patients nor

observers knew whqt drugs were being given on any particular day
("dmfldcblind" teehniqlm).

]n the eross-tole,ranee s{udy, the patient.s reeeived at weeldy intervals

in random order the following dmlgs prior to ehronie administration of

],SI): TIIC placebo plus ],Sl) placebo; TIIC 250 meg/kg plus LSD
l, laeebo; and TI[C placebo plus 1.5 meg/kg of LSD. These experiments

eonslituted the Controls. The palients then reee,ived at 8:00 AM each

morning an intramuscular injeetion of LSD. The initial dose on the first

day was 0.5 meg/kg and was inere,ascd by 0.25 meg/kg daily until the

patients were reeeivin?g 1.5 meg/kg by the 5th clay. This dose was then
maintained through the 1Oth day. On the eleventh day the patients

re,ee,ivcd LSD, 1.5 me,g/kg, and smoked a placebo cigarette--test of
direet tolerance to LS1). On the next day they received a placebo in-

jection and smoked a cigarette containing 250 meg/kg of THC--test of
cross-tolerance to THC. On both days the observations described under

"Methods" were made. Suffieient T]IC was not available for a study of

possible development of direct tolerance to TIIC and cross-tolerance to
LSI).

Statistical Analysis

In the comparison study the data for each objective parameter for
each dose of each drug were tabulated for each patient each observation
lime and means calculated so as to obtain time _etion curves for each
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measurement. In addi_,ion, the total number of eorrec, t responses (for
some items in the LSI), marihuana, and general drug scales the correct
response that counted in the scoring was a negative one) at each time
was talmlated for each patient and each dose of each drug. The areas
under the time action curves for each objeclive parameter for each dose

of each drug and each patient were calmdated by l he method of _V_TEr¢
and FLATAKJ_,r_(1950). The total mHnber of correct responses on the _

questionnaire was obtained by summing the totals at each observation
time for each paticnt. Means and standard errors of means were calculated
by standard statistical methods. The significance of differences between
means was evaluated by the_"t" test for correlated data (EDWARDS,

1046).
In order to calculate relative potencies in the comparison study, the

scores on each scale (psychotomimetic, general drug effect, marihuana
and LS1) scalcs) were tabulated and summed fi>r each subject and for
each dose of each drug, using the daia fi)r the 8:30 AM and 9 ::to AM
observations only. The times were chosen because of differences in the
time action curves of LSD and TI[C. They represent "peak" rather than
total time a<'tion effects. The relative potencies of LSD and TItC were

then calcnlated, where possible, for each of the scales using the method
described by _IN_EY (1964).

In the cross-tolerance study the areas under the time aciion curves
were approximated by summing each resI)onse for the most significant

objective parameters (pupillary size for LSD and pulse rate for TIIC).
The term number of correct responses on the questionnaire was counted
for all drugs. The confidence limits of the response to the placebo were
calculated by the standard method (EDwaaDs, 1946). The significance
of differences between the control and test doses of LSD were evaluated

by the "t" test for correlated data (EDWARDS, 1946).

Results

Comparison Study. The effects of LSD and THC over the total ob-
servation period are summarized in Table 1. LSD caused the expected
effects of increasing bo(ly tcmpcrat, ure, pulse rate, systolic and diastolic
blood l>ressure, low(:ring the threshold for the knee-jerk and increasing
pnl>illary size. In contrast, TIIC had no signifie_mt effects an temperature,
systolic blood pressure, threshold for the knee-jerk and pupillary dia-

meter. No ataxia could be detected by clinical observation. The out-
standing effect of THC was induction of ma.rkcd taehyeardia. Similar
comparisons utilizing the data at time of peak effect (2 hours for the
objective parameters and 11/_hours for subjective effects) gave results
similar to those for the total effects and are accordingly not reported.



Table 1. Comparison o/ (,bjectice and ,_ubj_,ctit'e e//ects o/ (--)-. J9-1rc_,_-leD'aI_ydrocq_nob[7_o[ (Tf]C) (l_Zt[ LSD, Areas a_l(l re._ponses on

questionnaire _

Measure Drug and Dose

Placebo LSD LSD THC T]IC

0.5 mcg/kg 1.5 mcg/kg 75 mcg/kg 225 mcg/kg

Temperature -7 2.8 -4- 0.32 + 4.1 --- 0.26 '-- 3.2± 0.6 -'- 2.85 __ 0.7 + 2.5 _ 9.8

Respiratory rate -- 0.75± 6.5 --11.2 ± 7.5 _- 8.9± 6.3 -'-- 6.5 _ 13.7 + 18.8 -- 4.0
P_lse rate + 39.5 _ 14.8 + 62 -- 15.4 T- 67.8 -_- 8.2 + 79.5 _ 20.4 + 94.25 -- 21,1

Systolic blood pressure _- 40.8 -_'- 6.7 -% 64.5 _-2 1-i.0 -7 67.8 _ 11.7 + 38.5 _. 14.4 + 26.3 -= 16.6

Diastolic blood pressure _'- 3.1 _-'z13.2 -_- 16.0 z.'=11.7 -7 27.2 _ 14.5 -- 14.75 __ 13.8 -- 22.5 -- 12.2

Pupiilarysize -- 0.19± 0.5 + 4.66--'_ 0.66 -7 6.5 __0.95 -i- 0.31 _ 0.22 + 0.7 i 0.8
Threshold for knee-jerk -_- 4.4 -4--13.0 -- 36.6 ± 7.0 -- 45.9 __ 10.1 -- 10.0 _ 14.6 -- 14.1 __ 1.1.6

--- -- ")OTotal questions 8.6 iz 7.2 45.6 __ 9.7 101 ± 18.4 29.8 _ 12.8 69.9 __..I

Figures represent means (N = 8) of areas (see text) under time action curves __ one standard error except for questions where f_gurcs

are means of total positive responses on questionnaires _- one standard error. Figures are in terms of "degree-hours" (temperature),
"breath-hol_rs" (respiration), ':beat-hours" (pulse), "ram/hours" (blood pressure), "toni/hours" (pupil), and "degree-hours" (knee-jerk).

A positive sign indicates an increase over the average of the two pre-ckug observations, a negative sign indicates a decrease.

Table 2. Tolerance to LSD and re,st o/ cross.tolerance to (--)-A°-trana.tetrahydrocannabinol

Parameter Plaeebo_ LSD b TItC b

Control Test "t" Control Test "t"

PupiIlary change --.3 (--1.1 to .5) + 4.3 -_ 1.4 4.01 c + .f -}- 0.6 0.84

Pulse change -k- 22 (10 to 33) + 51 -& 26 2.28 d -_ 69 + 77 1.11

Positive questionnaire responses 6 (--3 to 15) 81 5.7 4.67 e 51 40 1.70

a The figures for placebo represent the mean of the areas under the time action curves with the 95o/0 confidence limits in parenthesis.

b The figures are the means of the areas under the time-action curves (N = 10) done before (control) and after (test) daily administra-
tion of LSD. Note that the responses to the tes_ dose of LSD are markedly attenuated as compared with control, indicating direct to-

lerance, whereas those after the test dose of THC are not, indicating no cross-tolerance.

¢ For this value of "t", p < 0.05. d For these values of "t", p < 0.01.
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Both drugs caused the expected subjective effects, including distor-

tions, alterations in mood and. with the higher doses, hallucinations. As

mentioned above, two patients withdrew after experiencing psychotic
lll(,.reactions tbllowing r,
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]Qg. 1. ]{esponses on the four scales of subjective effect,s. Open circles represent

the mean number of responses to LSD at the doses indicated. Solid circles represent

the mean number of responses to TI[C. The figures in the arrows on the psyeho-

tomimctie and general drug scales rcprescnb the relative potency of LSD as com-
pared with THC. with the confidcnec limits being shown in parentheses umtcrneath

The comparisons on file four scales arc shown in Fig. 1. Valid assays

mect.ing tim statistical re<luircments fi,r sh>l>e, paralMism, and equi-

valence of response were obtained with the psychotomimetie and general

drug effect scales. LSD was 160 times as potent as THC (95o/0 confidence
limits 129.4--177.8) on the psyehotomimetie scale and 150 times as

potent as TIIC on the general drug scale (95°/o confidence limits 21.9 to

1242.0). Valid assays were not obtained with the marihuana and LSD

scales. LSD did not produce a significant close-related resl)onse on the
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marihuan,_ items and TII(J was less effective in producing a response on
_hc LS l) sea le than it was on the psyc]mtonlimetic and general drug scales.

Crnx,_'-7'oh:ra_ceShuly. The results of the cross-tolerance study are

summarized in Table 2 and Fig. 2. All responses to the test dose of LSD
•" after ehrunie administration were significantly reduced when compared

with the control dose, indicating that a high degree of direct tolerance
had developed. Tim responses to the test dose of TIIC were, however,
not signiticantly reduced, indicating that no cross-tolerance to THC was
present in patients tolerant to LS|).
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Fig.2. Attempted cross-tolerance between LSD and THe. Note the significant
reductions in the responses to the test dose of LSD as compared with control, indi-

cative of tolerance to LSD. In contrast there were no significant responses to the
test dose of THe as compared with control, indicating no cross-tolerance

Discussion

The patterns of the objective effects of LSD and THC can easily be
distinguished. T] IC does not cause the temperature and blood pressure
incr(_ascs, pupillary dilatation an(l hyperreflexia so characteristic of
LSD. The lack of effect of TltC on pupillary size is particularly note-
worthy, since mydriasis (as judged clinically) is frequently mentioned
as a sign of marihuana intoxication. On the other hand, THC causes a

much greater increase in pulse rate at the time of peak effect than does
LSD. In addition, TItC causes injection of the conjunctivae and pseudop-
tosis, effects not characteristic of LSD.
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'Tile subjective effects caused by the two drugs eouht not be dis-

trillguish('d as expected by the general drug scales, but in addition could

not 1)e differentiated by the psyelmtomimetic scale, even when the

responses on that seal(; were broken down into classes of items dcaling
with a lteralions in mood, sensory distortion, hMhufinations, etc. On the

other hand, the subjeetivc states produced by TI[C and LSD can be

d_stinguished by the mean group responses on the marihuana and LSD
_cMes. The number of items in the LSD and marihuana scales and the

mmll)er of subjects were too few to allow meaningful pattern analyses.

For this reason, specific dif|'erenees in the subjective states produced by

the two drugs cannot be determined at this time.
The results of the eross-tol(iranee study were unequivocal--patients

tolcrant to LSD were not cross-tolerant to THe. Because of this fact, and

because of the distinct differences in objective effects, it seems certain
tlmt the mental effects of THC are due to mechanisms within the central

nervous system which differ from the meehanisms underlying the effects
of LSI).
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