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INTRODUCTION

New compounds are being synthesized daily for both medicinal and research

purposes, Lacking are reliable preclinical tests for identifying possible

hallucinogenic activity in new compounds. As mentioned recently by several
authors (Dixon, 1968; Brawley and Duffleld, 1972; Silva and Cahll, 1975;
Shah et al., 1975), this lack requires remedy. We undertook to meet this
need under a contract from the National Institute on Drug Abuse (NIDA). *

The rationale for establishing discriminative tests for hallucinogens in-
cludes the following|

i. Tile hallucinogenic drug-induced state in humans resembles that mani-

i rested during the acute phases of psychotic episodes in many ways. Thus, the
Identi£1catlon of halluclnogenic compounds specifically synthesized for thee-

: retlcal purposes and the subsequent elucidation of their mechanisms of action
could be useful to researchers attempting to determine the" etiology of cer-

taln mental illnesses. Indeed, several theories have been suggested purport-
ing that _abnormal production or metabbllsm of endogenous putative central

neurotransmltters yielding hallucinogenic compounds may be responsible for
: the onset and maintenance of aberrant mental function. For example, Saavedra

and Axelrod (1972) demonstrated that the human brain is capable of synthe-
sizing hallucinogenic compounds by way of N-methylatlon of endogenous tryp-

tamlnes to yield DMT and bufotenin--compounds that have been reported to be
: present in the urine of schizophrenic patients (Tanlmukal et al., 1967).

2. The ability to d iffercntlate between the hallucluogenlc properties

of CNS drugs and those characteristically induced by other agents would aid
in evaluating theories purporting a continuum of CNS excitable states.

_lese theories hypothesize that hallucinogens induce a hyperexclted brain

syndrome localized on a contlntuun between stimulant activation and frank
epileptiform seizures (Winters and Wallach, 1970; Fischer, 1971).

3. I'harmaceutlca[ houm:,s would bern. fit from a batt_,ry of precliuical
tests that would reliably identify hallucinogenic properties of psycho-

i active drugs since these properties would render an otherwise promising com-
_i pound nonmarketable.

i i 2_m overall goal of this research was to select--on the basis of a re-

" t' view of the literature and other sources--the fewest, simplest, most econ-
;i i omlcal i_r_cltnical tests t:hat would reliably tdent:ify compounds wlth hal lu-
*i

l!:!t cluogenlc activity and to willdate these test procedures ill our laboratory.
:_i_: Since several of the newer hallucinogens are amphetamine derivatives, we

'ii concentrated on identifying preclinical tests that discriminated such com-
i!i pounds, as we'll as the classic hall,_cino_e,,s, from cla._,._tc st imulnnts. Our
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aim Wa,a to durfvc a b_tLtery of testa LhaL uot'ted ultkl,owu drttg_; Into ollt_ o_

three classes: ltalluctnogen, Stimulant or Other.

TEST SELECTION

Fifty-six test procedures were identified from the literature as promising.
These were culled to 12 on the basis of the size of thu data base, the speal-

flc rosuarc|l Interests of staff members, and a set of criteria that empha-

arch sized reliability, simplicity of execution, and low cost. Following pre-

le liminary laboratory research, these 12 were narrowed to six, which were In-
ral vestigated extensively in our laboratory.

s In the order of their simplicity and economy, the six procedures selected
for further evaluation were:

in- /_ 1. Ra_ body temperature

2. Rabbit body temperature

ani-

, the 3. A modlfied version of the Irwin Mouse Screen
theo-

ction 4. Photocell actlvlty of the rat
er-

5. Spontaneous beating rabbit atrial preparationport-
1

6. Fixed-ratio laver-presslng in the rator

vedra
e-

yp__ LABORATORY RESEARCH
be

Twenty-_e representative dlu'gs_(sh_n in subsequent tables) eeleited............
from the ma_or CNS drug classes were used as standards to evaluate the dis-

es crlmlnatory power of the six procedures, The number of drugs used to evalu-

aid ate each procedure varied, however, since tests that proved unreliable dur-
ing _he _urse of their investigation were dropped before all 21 drugs had

n been utillzed.

A minimum of three doses of each drug was used during evaluation testS.

/- The dose range was selected from the llterature_ although In our tests we

1 found that in some cases the highest dose was not effective. When time per-
mitted, higher doses were subsequently run. All laboratory evaluetlons ware

com- run bllnd.

(
of the six procedures selected for intensive laboratory investigation,

only three proved sufficiently discriminatory and reliable to be included in
.n- the final battery. These were rat photocell activity, rat body temperature,

lu- and rabbit body temperature. A fourth test, the spontaneous beating rabbit
atrial preparation, was tentatively included in the battery because it ap-.ry.
peared particularly useful for discriminating stimulants from depressants.

,m- Since hall, cinogens have little or no effect on this preparation, it was

Our- expected that they mlght be discriminable from the other classes of compounds
on the basis of their failure to influence the spontaneous rate or contractl-
lity of the atria. Their subsequent evaluation in other tests would be ex-

pected to further clarify their class membership.
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Procedures InvosCi_ate _ and Subsequently Dropped
We dld not exhaustlvely resea¢ch the methods described below. Our approach
was to collect data on a procedure until inconsistencies developed. We then }
attempted to resolve the inconsistencies by replications using a wider dose-

i response regimen. If the tests remained unreliable or produced ambiguous te- L
suits, we discontinued further research and dropped the test from further

t consideration. This does not imply that the procedure had no utility in
helpln8 to identify hallucinogenic activity. It does mean chat, balanced i

against other procedures being investigated simultaneously, itwas less re- [
liable, r

IrWin Mouse Screen. Certain behaviors are detected in the Irwin screen 1
(see IrWin, 1968, for detailed methods of procedure) that appear to be se- (

lectively induced by hallucinogenic agents. These are grouped under the (

category of '_izarre" behaviors and are manifested during an open-field test
procedure, Bizarre behaviors include head twitching (Corns and Pickerlng,
1967! Yamamoto and Ueki, 1975), prancing forelimbs (Irwin, 1968), visual
tracking (Irwin, 1968), retropulsion (Smythies et al., 1969), circling or
spinning (Nit et al., 1974), and a scrstc_ing response (Kulkarne, 1973; Shah
et el., 1975). Other parameters of the primary mouse screen that appear tO
be selectively sensitive to hallucinogenic drug action include stimulus re-

activity whereby animals display a markedly exaggerated response to a sound
stimulus or touch (see Smythies, 1970) and a decrease in emotionally induced
defecation (Brlmblecomb, 1963). In our modification of this screen we re-
duced the number of observations to about one-half, retaining those that

have been shown to be speclflcal_ly.-oe_t_ve tohailucinogenic and e-timula_ ..........

activity (Edgewood Arsenal, personal communication).

Investigation of the mouse Screen was discontinued after 11 compounds*
were evaluated because several drugs from other classes, including chlorpro-
mazlne and chlordlazepoxide, produced so-called bizarre responses presumably

characteristic of halluclnogens only. The results obtained after adminis-

tration of amphetamine derivatives having hallucinogenic properties (MDA,
TMA-2 and DOM) were also equivocal, both stimulant and hallucinogenic be-

havioral changes being evident. Further, since mouse screen data are based

primarily on subjective observations and since the variability of results
was excessive, we did not consider this procedure sufflclently promising, at
least in our hands, to continue evaluation of additional compounds.

Fixed-ratlo respondlng of the rat. A number of operant procedures have
been utiilzed to differentiate hallucinogenic agents from other classes of

compounds. These include the Sidman Shock Avoidance technique (Buret and
Gatti, 1963; Smythles et el., 1967; 1969), discriminated Siclman Avoidance

(Morln et al._ 1975; Benton et al., 1969), and differential reinforcement

of low rates of response (DRL) (Smythles et al., 1967, 1965; Marquis et ai.,
1973, 1974).

Another operant _chedule that has been reported to be selectlvely sensi-

tive to differential disruption by hallucinogenic drugs is the flxed-ratio

*DOM, LSD-25, NDA, mescaline, psilocybin, TMA-2, d-amphetamine, cocaine,
methylphenidate, chlordiazepoxide and chlorpromazine.

i!li
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approach (FR) responding pattern, tlaliuclnogens given iu relatively low doses have
We then been rt, ported to tuduce a reversthlt, pause In a rat's FR response pattern.

[tier dose- This has heen demonstrated for I.SD, p._llocybln, mescaline, l)bfl', l)OM,

>iguous re- Ag-THC, and DET (Appei and Freedman, 1968; Marquis, 1974; Rech etal.,

_urther 1975; Ttlson et el., 1975; Winter, 1969). The duration of the pause is
try in a function of the dose and con.,;tsts of a period of no responding that

llanced usually lasts [re)ill 5 to 40 minutes tlut'lng a 40-111|null' to t_UU-|ltHtt" tt, st

leSS re- period. The effect appears to be a,I all-or-none phenomenon as inter-
mediate rates of responding are not manifested during the session. In

contrast, physiologit.al doses of d-amphetamine aml other at [Inul_nlts
a screen typically reduce the overall rate of responding during the major portion

be se- of a 40-minute session without inducing a pause of any appreciable
_.r the duration, i.e., more than 5 minutes (Marquis, 1974; Rech etal., 1975;
_leld test q'tlsotl t,t al., lq75).
:ker ln_.

_IsuaJ: The FR operant procedure was dlsco,atlnued after 14 compounds* were
llng or evaluated because pauses were induced by d-amphetamlne, cocaine, and

[973; Shah dlethylproplon as well as by hallucinogens. Also, contrary to previous ii
appear to reports (Rech etal., 1975), pretreatment with clnanserln, a 5-HT i

nulus re- receptor blocking agent, produced inconsistent results with respect to '
a sound selectively blocking halluclnogen-lnduced pauses. These data are con-

ly induced slstent with recent findings by Silva and Cahll (1975), They evaluated

a we re- several CNS compounds using the FR procedure and concluded that the
that

pause induction was not specific to hallucinogens.
stimulant

Rabbit atrial preparation. The spontaneous beating rabbit atrial
preparation (Levy, 1970) appeared to be a simple !n._vitro test for

pounds* making a flrst-line differential approximation of possible hailuci-

chlorpro- nogenlc compounds. In preliminary experiments we found that stimulants
presumably tended to Increase, depressants decrease, and hallucinogens have no
admlnis- effect on the rate and contractility of this preparation.
s (MDA,

ale be- Following standardization tests, all twenty-one reference drugs were

are baaed investigated using blind procedure. The test was unusually successful in

cesults correctly identifying compounds with depressant properties, but
nising, at misidentified IX)M, MDA and tranylcypromine as stimulants, and cocaine and

ethanol as hallucinogens. Nevertheless, we considered this procedure
suff$clently sensitive to be of use during the second of two valldation

res _- tests which will be described subsequently.
Rsses

vet and Successful Procedures

oldance Of the six procedures investigated in our laboratory the three described
rcement

is etal., below proved adequate to identify halluclnogenlc compounds. A combination

ly sensi-

ed-ratio *DOM, LSD-25, MDA, mescaline, TMA-2, d-amphetamine, cocaine, diethylpropion,
methamphetamine, methylphenidate, phenmetrazine, chlordiazepoxide,

chlorpromazine, and morphine.

taint,
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'I:i! i! ofotherprocedures--proceduresthatwedidnotInveatlgate--mlghtalso
,:: have proven effective. It is doubtful, howeverj that they would have proven

as simple, economic and reliable as those described in this section.

Spontaneous motor activity. It is well documented that stimulants

markedly inczease motor activity in several animal species (Van Rossum,
1970; Rech and Stolk, 1970; Smith, 1965). Although little data are availa-

ble regarding the effects of hallucinogenic drugs on this measurej high doses
of the few studied have been reported to markedly depress this behavioral $a]
parameter (Huang, 1972; Szara and llearst, 1962).

Zn our atudles, we used male Fischer rats (150-170 g) that were housed LSI

two per cage and were provided wlth food and water ad libitum. We measured Tgu

spontaneous motor activity by placing each rat indlvidually into a black, DO!
cylindrlcal chamber 12 inches in diameter and Ii inches high. Slx photo-

cells located 0.5 inches above the floor and oriented 60 ° around the peri- MD_

phery recorded the anlmalts movements on e dlgltal counter. The photocell Me_
activity chamber warn housed inside a ventilated, sound-attenuated box equip-

ped with a 7.5-W light located above the center of the chamber. Ps:

On a given day, we used 24 rats to assess drug effects on spontaneous non--

i habituated motor activity, ]ntraperltoneal InJectlons of saline were given d-

! to 6 rats, which served as controls, and 18 received tile drug ip (each drug Me
i at three dose levels). The drugs were administered about 15-20 min before

I exposure of the rats to tile activity (}hamher. Activity Counts were recorded Pit

after 2, 5, and ]O mln. Di

Table 1 shows the lowest effective dose that resulted in a significant Ca

change in photocell activity or the highest dose tested that failed to pro- Me
duce significant results. Motor activity was significantly increased by

i all of the stimulants tested and significantly decreased by all of the hallu-

i clnog_ns. Significant decreases are also evident for all of the drugs from Ch
other CNS classes except for ethanol and morphlue--probably because high

enough doses were not used. Di

Pe
it should be pointed out that the lowest effective doses shown in this

and subsequent tables are not necessarily the lowest possible doses that Pb

might produce a significant change in the variable investigated. Conversely, Et
lack of effect at the highest doses we used does not imply that still higher
dose,+ wo,lhl not haw: [>ten effee.ttvc. Since we were guided In our select|on Me

of doses by those reported In tile literature as ef[ectlve, some of these m_y In
have been either too low or, conversely, higher than necessary to show a

significanteffect. Tr

H:
!+ Bod__i_t.em__eratureevaluation in rabblt_SLfiltsA.3j!t[m.lce. Investl}_;ltlons
)i:I have indicated that a wide ranRe of stimu]ants tend to induce ;in increase in

li; tile body temperature of rats nnd m|ce as measured by a re_-ta] probe ther .....
i_!i inIstor (Bor|sotl alld Clark, 1067; Pryor ;llld H|tomn, 1974). Ilal [ll('|llol'_ens ;lll([ :_

!_:I other classes of drugs_ when effective, have been reported to induce a -]
decrease in body temperature (Winter, 1972; Ladefoged, 1973). In the rabbit,

however, hallucinogens as well as stimulants tend to induce an increase in **

: body temperature (Shemano and Nickerson, 1958; Elder and Shellenherger, ._
1962: Horita and Delle, 1954). A_'cordingly, if these results are reliable,

_: compounds that induce an increase {n body temperature in rats and rabbits

!::
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TABLI'; 1. Effects of llallucinp_Stlmulants and Other CNSk)

pl,,v,,u Clam'ms of Druj__ou Photocell Activity. of Rat.<__(_CouBts .)

't'es t tnterval

Do:-;t: _ ....................................................

t, Tl'l.,itmont N (mp/kg) 0-'2 mill ?-5 mlti 5-10 rain
•, I La- . ....

.......... ??

h throe:; Saline 126 -- 173 t 25.41 1.53 i 26.0 183 _ 62.0 ":
tl'd I )

• 5LSD-25 6 0.50 Z)9 ! 1"5 7'* 45 ' L2.. 84 ' 4L 4"*
tsed

.qured TMA-2 6 2.5 141 ! 10.9"* 171 ! 21.'1 162 *. 35.8
Irk , I)OM (_ l.O | }1 _ 19.h k'_ I II.} _ 19.1 ,_* 142 _ 44.1
_to- --

,,r[- MDA 6 J.25 155 _ 16.2" 178 ._ 43.1 207 :'. 57.J :i

equip- Mt:scal. ine 6 20.(I 102 ! 25.2** 104 _ 50:5* 109 ! 55.6** i
Psilocybin 6 1.0 150 ! 23.3* 96 ± 43.1"* 79 ± 44.8** _i

1|18Iit111-- i]

givt'u d-Amphet,llnln_! 11 0.5 211 _ 27..! */_ 221 ' liI. 1* 7916 l()l.fi* !!

I drug Methyll:,lmrd.date 6 10.-0 230 ' 41.7"* 3L8 ) 92.1'* 48q-+ LbO.2**
._[ore

_corded Phenmetrazlne 6 2(I.I) 163 _ 19.4"* 212 t 41.9 246 _ 75.5

Diethylpropion 6 i0.0 191 -+35.0* 208 i 69.4** 246 + 53.9

:ant Caffeine 6 10.O 198 _ 5.9** 206 + 27.0** 269 ! 35.2*

pro- Methamphetamine 6 2.0 167 -1:25.2 201 .' 22.2** 348 ! 53.8**
by i

_, hallu-

3 from Chlorpromazine 6 1.0 158 ± 25.0 107 ± 42.9* 89 ± 51.5"*
tgh

Diazepam 6 5.0 161 +- 26.7 i00 ± 35.8** 42 ± 39.2**

Pentobarbital 6 2.5 178 ± 22.8 142 ± 65.9 119 + 48.3*
_hls

nat Phenobarbital 6 10.0 158 ± 16.9 90 ± 18.9'* 71 ± 29.2**

tersely, Ethanol 6 2.0§ 125 ± 14.2 130 -+ 44.1 123 + 55.1
highd

action Morphine 6 i0.0 177 ± 22.3 193 ± 56.4 190 -+92.1

.=semay Imlpramlne 6 I0.0 145 +- 32.1 105 ± 58.6 61 ± 49.7*
a

Tranylcypromise 6 2.5 131 ± 39.7 67 ± 23.5* 63 ± 40.2**

tions Haloperidol 6 5.0 129 ± 26.0 90 ± 70.1 50 -+ 56.4*
ease in

her-

ens and TDrug injected ip.
a tMean -+ standard deviation.

rabbit, *p < 0,05} Significance by t-teat.
se in **p _ 0.01}

r, §Dosage units g/kg.
iable,
bits
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should have some reasonable probabillty of being a stimulant| those that

indu_s a decrease in rats and an increase in the rabbit mimic effects in-

duped by a wide range of hallucl,oge_s. Psychoactive agents that induce a
decrease in body temperature in both rats and rabbits would most likely

belon$ to classes other than Hallucinogen or Stimulant.

Table 2 presents our results for the rabbit. The table shows the lowest
effective doses that resulted in significant hyperthermia or hypothermia, or

the highest dose used that failed to produce significant results. Halluclno-
Eens and stimulants both increased body temperature, whereas drugs from other
classes either had no effect or decreased body temperature as expected.

Results for mice and rats were equivocal and generally unreliable for

stimulants. Although we consistently found in the mouse screen (temperature
was measured) and in preliminary rat experiments that hypothermla resulted
when effective doses of hallucinogens or drugs from other classes were

testadp the temperature response to stimulants was variable. An earlier de-
cision to reject the rat body temperature test was later reversed on the
basis of considerations discussed below. It was combined with the rat photo-
cell test and imedlat_ly followed it. Nevertheless, the response to stimu-
lants was still variable. This was most probably the case because the ef-

fective doses to produce hyperthermia were probably conslderably higher,

at least for some drugs, than those required to produce significant changes

in motor activity.

Table 3 shows that, as before(_e_Table 1), allof the stimulants in-

duced a significant increase in activity, whereas body temperature did not
differ from control levels. The hallucinogens, however, caused the expe6ted

decrease in activity and a pronounced decrease in body temperature. With
the exception of morphine (which had no effect on either measure) and pheno-

barbltal (which had no effect on activity), all other compounds also in-
duced a decrease in activity and in body temperature. Accordingly, measure-

ment of rat body temperature changes at doses that induce significant changes

in motor activity appears to have limited utility for discriminating stimu-
lants from other classes of compounds. However, tlm test is useful for

identifying compounds that are not stimulants and, combined with an increase
in rabbit body temperature, for identifying hallucinogens. On the basis of
these results and our experience with this test in another project that

showed that very high doses of stimulants consistently induced hyperthermla,
the test was retained in the battery.

The rat photocell activity and the rat and rabbit body temperature data
presented in Tables 1-3 indicate that, ![ a sc.rles o[ unknown campotlnds were

!ii evaluated using these procedures, those that produced a decrease in rat

i! i photocolt activity a,d body temperature a,d an ].nj;r___ef!sS In rabbit body
tcmperatllr_ would haw_ a high probability of bt. lng |l_llluclno|_'lla. q'ho_t.

ii that produced an increase in all three measures would most likely belong to

iii the class Stimulant, and compounds that produced a decrease in all three
measures would most likely belong to some other class of CNS drugs. These

expectatluns were tested in two double-bllud validation tests.



TABLE 2. Effects of Balluclnosens_ Stimulants and Other CNS
Classes of DruBs on Body Temperature in the Rabbit

Dose § 15 mln 30 _[n 60 mln 120 rain

Treatment N% (mg/kg) Prein_ectlon Postln_ectlon Postin_ectlon Postin_ection Postin_ection

LSD-25 6 0.05 38_5 +-0.499 (39.3 ± 0.29)f% 39.3 ± 0.39** 39.8 + 0.54** (40.4 -+0.47)*
TMA-2 6 2.5 39.1 -+0.29 39.3 ± 0.29* 39.3 ± 0.34"* 39.1 ± 0.51 (38.6 ± 0.76)
DOM 6 0.5 38.7 +-0.39 39.0 +-0.20 39.1 ± 0.20* 38.9 ± 0.20 (38.7 ± 0.91)

MDA 6 5.0 38.9 ± 0.22 39.2 + 0.32* 39.3 ± 0.32* 39.2 ± 0.37 (39.2 ± 0.54) -_
Mescaline 6 5.0 39.2 * 0.34 (39.4 + 0.29)* 39.3 + 0.37 39.3 + 0.49 (38.9 ÷ 0 71)

Psilocybin 6 5.0 39.1 ± 0.61 (39.7 ± 0.38) 39.8 +-0.66** 40.2 ± 0.71"* (40.2 z 0.68) _a

d-Amphetamlne 6 0.5 38.4 ± 0.22 (38.7 +-"0.08) 38.7 ± 0.22* 38.8 Z 0.25** (38.8 ± 0.37) ".
Cocaine 6 20.0 38.2 -+0.27 (38.7 ± 0.12) 39.3 -+0.78* 39.4 ± 0.91" (38.6 ± 0.59) n
Methylphenidate 6 5,0 39.3 ± 0.49 39.3 -+0.69 39.9 ± 0.91" 39.7 ± 0.93 (38.7 ± 0.29) ..a

Phenmetrazlne 6 20.0 38.8 ± 0.27 39.0 ± 0.32* 39.0 -+0.42 38.9 ± 0.29 38.7 -*0.27Metham_het-m__ne 6 5.0 38.9 + 0.17 39.0 + 0.27* 39.2 + 0.34** 39.3 + 0.81 39.3 + 0.74 c
_ Phentermlne 3 1.0 38.9 + 0.00 -- 39.6 ÷ 0.17"* 39.4 + 0.37 -- =

6 2.5 38.7 -+0.27 38.7 ± 0.37 38.6 +-0.37 38.5 ± 0.51 (38.7 -+0.31)

Chlordiazepoxide 6 i0.0 39.0 ± 0.44 39.2 ± 0.56 39.3 ± 0.61 38.4 ± 0.42 (38._ *-0.81) -.
i_% Diazepam 6 i0.0 38.7 ± 0.27 38.9 ± 0.20 38.9 ± 0.20 38.9 + 0.20 38.7 ± 0.20 "*

i_ Pentobarbita_ 6 40.0 39.2 ± 0.61 39.3 ± 0.49 39.4 ± 0.54 39.4 ± 0.56 (38.6 +-0.21

_ Phenobarbital 6 iO.0 39.0 +-0.22 39.1 +-0.20 39.0 -+0.25 38.8 ± 0.17" 38.8 +-0.25 o
Morphine 6 1.0 39.1 -+0.27 38,5 -+0.34** 38.7 ± 0.39* 38.1 ± 0.51 38.7 ± 0.51 -_

_:_ I_pramine 6 5.0 38.9 ± 0.29 38.9 ± 0.56 38.9 ± 0.64 38.8 ± 0.71 (38.0 ± 0.23)* --

_' _Ne are for two replications of three animals each n

_ §All drugs were injected ip.
TNean ± standard deviation. ._.

_ ffValues in parentheses are for three animals.

_ *p __0.05}
•*p <_0.01} S:t°m_lfir"a=ce by t-test.
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TABLE 3: EffeCts of Various DruBs on Photocell Activity
and Body Temperaturel In theRat

Photocell Body
Dose _F Activity Temperature

Treatment N (mg/kg) (lO-mln counts) (C°)

Experiment 1

Saline I0 -- 496 __123§ 37.0 _+0.19
Tranyleypromlne i0 5.0 173 +_ 79* 35.2 _+0.32
Haloperldol I0 5.0 258 ± 167, 36.7 -+0.32*
Diethylproplon i0 20.0 1501 + 594*' 36.7 _+0.56**

Experiment 2

Saline 10 -- 556 .+ 184 37.1 + 0.43
Imtpramtne 10 20.0 220 _ 92" 35.5 + 0.35*
Caffeine I0 25.0 752 ± 146.** 37.3 ± 0.22
Phenmstrazlne 9 20.0 1162 _+495* 37.1 ± 0.39

Experiment 3

• ' Saline iO ....... 547 _ 79 37.0 +-0..!5
Phenobarbital lO 20.0 512 + 72 36.8 _ 0.27,

Morphine I0 i0.0 541 _+142 36.8 _ 0.33
Diazepam i0 10.0 333 t 163" 36.2., 0.56 ':

Experiment 4

; Saline i0 -- 478 + 176 36.9 _ 0.27
Methamphetanline [0 2.5 1031 _ 309* 36.7 + 0.51 *
Mescaline IC 40.0 145 i 69* 34.9 ! 0.44 _

Pentobarbltal 9 20.0 89 _+ 64" 35.1 _+0.61 *

Experiment 5

Saline i0 -- 527 z 67 36.9 +-0.24

Methylphenldate 9 i0.0 1189 t 315" 37.0 ± 0.28

! TMA-2 i0 i0.0 139 _ 81 * 34.9 +_0.66 *
Psilocybin 10 2.5 173 +_ 52 * 35.6 ! 0.60 *

_I_:ii IDruR injected ip 15 mln pretest.F

_+'_+ _M,,,-,,,,st,,.,|:,rdd,_,+,ti,,t,

,_! *P i 0.05}
i_:+i **p _ 0.01} SiRnifieance by t-test.

+il
:i+

:il

{,
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First Validation Test
Two replications of a double-blind experlment were performed. Three hallu-

cinogens, three stltaulants, and three drugs from other CNS-drug classes

were selected randomly from the llst of standard compounds by a staff member
not directly assoclated with the project. A second staff member not asso-

'e cl.alod with the: praJucL thee propared coded formuhlt.lons of each of the nltle
drugs according to the do..iagu/m[ data i_t'ovhled to him. The .';lugle do.qt! tlc-

-- leered for each drug was based on prior demonstration in our laboratory
studios that it was an effective dose for the selected procedures. The

coded uolutlons then were given to tile technician for use. The code was

L9 kz,own only to the disinterested staff member who prepared the formulations
)2 until after the experiment was terminated.

]2*
The S_UU_ bllnd study prucudure was [ol]owed for bath rcpllcathnls. Silica

_b** /- tim data for tile two replications were e(luiwliunt, they have bet_|l colablned

for presentation in this paper.

43 For tile rat photocell activity/temperature test, tile photocell activity
35* scores of 9 nonfasted male Fischer rats, weighing approximately 180 g, were

22 recorded after administration of each coded co_pound. Each subject was

39 placod individually into the photocell apparatus 15 sin after lp injection
of the test compound. T_e sin later, Lhe anlmal was removed, tile accumulated

counts were recordedp and tile animal's body temperature was recorded to the
nearest tenth of a degree Centigrade over a l-min interval, using a call-

)5 brated, transistorized telethermometer.
27,

33 The data recorded for each drug are shown in Table 4. Compared with

50 _'_ saline controls, motor activity and body temperature clearly were decreased
• in the test animals by all of the drugs except tl_ stimulants, although the

results were not Significant in every case. Activity was increased by eanh
of the stlmulants; body temperature, however, was increased only slightly

27 by d-amphetamine and cocaine but was decreased by phentermlne. With the

51 * exception of this anomaly, the results were as predicted; the test idsntl-

44 * fled compounds that were not st_u_ulants (i.e., all compounds that induced
161 * a decrease in both photocei'l activity and body temperature).

For the rabbit body temperature test, we used as subjects a total of 6

/_ nonfasted New Zealand male albino rabbits, weighing approximately 3.7 kg

.24 each, for each coded compoend. Since three separate experiments were re-

.28 quired to complete the two repllcatlonsp a total of 18 rabbits served as

•66 * controls.
.60 *

The rabbits were equilibrated in head stockades for 15 min, and prein-
jection rectal temperatures were determined to the nearest tenth of a degree
over a 1-mln period using a callbrated transistorized telethermometer. The

compound was then injected ip, and rectal temperatures were determined 30
and 60 sin later.

The data are shown in Table 5. Temperature chm_ges were evaluated statis-

tically by comparing temperatures at 30- and 60-mln postinJectlon with pre-
injection values. The differences were evaluated by t-test against the

mean of all preinjectlon scores using the residual error variance and degrees
of freedom from an analysis of variance.



TABLE 4. Effects of Selected _S Dru_s on Photocell Activity and
Body TemPerature in the Kat_Flrst Valldation Study _

O

Dose % Photocell Activity Body _.

Treatment _N (mg/kg) (lO-.in counts) Temperature (°C)

Saline 9 _- 417 -+ 160 § 37.0 + 0,20 r+

DOM 9 _.5 230 +- 163"* 36,3 + 0.51"
m

LSD-25 9 1.0 118 -_ 33" 35.8 ± 0.35"

:,_A 9 5.0 210 ± 68 * 36.4 + 0.53*

d-Amphetamlne 9 1.0 645 + 207 ** 37.2 _+ 0.27

Cocaine 9 20.0 688 + 38g 37,1 + 0.47

Phentermlne 9 20.0 557 _ 332 36, 7 _+ O. 36**

Chlordiazepoxide 9 10.0 207 -+ 151 _* 36,1 ± O. 38*

Chlorpromazine 9 5.0 135 + 109. 35.9 ± 0.71"

Imlprsmlne 9 20.0 152 -+ 48 * 35.B ± 0.36*

tDrugs were injected Ip 15 mln pretest.
§Mean ± standard deviation.

*p < 0.05}

**p _ 0.01} Significance by t-test.



TABLE 5: Effects of Selected CNS Dru_s on Body Temperature in the Rabbit--First Validation S.tudy

Dose :f 30 rain 60 rain

Treatment _ (mg/kg) Preinject ion Post inject ion Post Inject ion

Saline 18 -- 39.0 -+ 0.25§ 39.0 ± 0.36 39.0 "_ 0.36

DQM 6 1.0 39.0 ± 0,34 39.2 "_"0.38** 39.1 Z 0.56

I.,SD-25 6 0.2 39.0 + 0.19 39.7 Z 0.22* 40.1 - 0.24 * "J

:i M_' 6 5.0 38.9 + 0.26 39.6 "+ 0.7I"* 40.1 "r 1 23**
d-Amphetsmlne 6 1.0 39.0 -+ 0,35 39.1 _ 0.43 38.9 = 0.28

:} Cocaine 6 20-0 38.9 ± 0.15 39.0 :t 0.31 38.8 -+ 0.17 o

Phentermine 6 20.0 39.0 -+ 0'50 39.1 - 0.54 39.5 ' 0.56**
Chlordlazepoxlde 6 I0.0 39.0 +- 0.20 38.8 *- 0.52 38.8 + 0.71

_; Chlorpromazine 6 5.0 38.8 ± 0.15 38.3 -+ 0.53** 37.8 = 0.87 ** =

Imipramine 6 20.0 38.8 -+ 0.26 38.6 _- 0.22** 38.5 ± 0,25,*

_'_ tDrugs were _njected i_. o
_-_ §Heart + standard deviation.

- o

• p < 0.05}
• *p < 0.01} Significance by t test.

N

k,.=

_j
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Again the results were as expected. Body temperature was markedly re-
duced by chlordlazepoxide, chlorpromazine, and imipramine_colpounds that
belong to clasams other than Stimulant or Hallucinogen--while hyperthermia
occurred for the hallucinogens and, to a lesser degree, for the stimulants.
The lack of significant hyperthermia for the stimulants may have been due to
the low doses used.*

The data were transformed to Z-scores** to permit comparisons among drugs
for both activity and temperature scores using a common scale of measure-
meat (standard deviation units), Rat Z-scores were based on a comparison
between the drug AToups and a saline control group (N_9), Rabbit Z-scores
compared pro- and postdrug temperatures at 60 sin postdru$ using the pooled
standard deviation of all predrug scores.

The Z-scores for the coded compounds are shown in Table 6 and their com-
parison with saline controls is indicated by + (greater than) or - (less

than). Saline was disclosed as Code D after completion of the blind tests
and before any predictions were attempted. The predicted pattern of +s or
-S did not scour got every drug, Retrospectively, we decided that we should
have selected the highest instead of the lowest effective dose for this
study, ideally, stimulants should have a pattern of +/+/+ for the three
measures, hallucinogens should have a pattern of -/-/+, end drugs from
other classes, a pattern of -/-/-. Nevertheless, the data were sufficient
to allow three of us (t.S.O., G.T.P., and K.P.) to independently predict
drug class membership. All compounds having a pattern that included a +
for photocell activity and at least one other +, were designated stimulants,
those with three -s were designated "other," and those with a pattern of
-,-,+ were designated hallucinogens. All nine drugs were correctly identi-
fied as to class membership by all three staff members.

Second Validation Test

The cooperation of the National Institute on Drug Abuse (NIDA) was solicited
in running the second validation test.

Nineteen compounds in powder form from different CNS drug classes were

selected by NIDA, and were procured, coded, and shipped to our laboratory by
the Research Triangle Institute. No biological or chemlcal information was

requested or provided for any of the compounds except that they were water
soluble.

Since the amotmt of each compound supplied was llm_ted to 500 mg, it was

necessary to modify our usual procedure somewhat and use fewer animals

(especlally rabblts) in the tests than we would normally emplo 7.

*The doses used in these tests were the lowest that produced a significant
change in temperature during our laboratory studies.

Xe-Xc the mean of the experimental subtracted from the
group mean

SD , of the control group divided by the standard deviation of
c the control group.



TABLE 6: Z-Scozes for Druas Evaluated in the First Validation Stud 7

ll_btt

Coded Photocell Body _ody Z-Score Predicted Dose

Drugs Activlty Temperature Temperature Profile Drug Class Actual Drug (mg/kg)

A i. 69* O. 50* - O. 57* +/+/- Stimulant Cocaine 20

B - 1.87 - 6.00 3.57 -/-/+ Hallucinogen LSD-25 1, 0.2 _

C - i.66 - 6. O0 - i. 95 -I-/- Other IJnipramlne 20

D? O. O0 O. O0 O. O0 0/0/0 .... Saline -- , _,

E i. 42 i. 00 - 0.57 +/+/- Stimulant d-Amphet;m__ne I

F - 1.29 - 3.00 3.57 -/-/+ Hallucinogen I_A 5 _.

C - 1.76 - 5.50 -4.36 -I-/- Other Chlorpromazlne 5 n
r+

H 0.87 - i. 50 i. 50 +/-/+ Stimulant Phentermine 20 _"

I - 1.17 - 3.50 0.12 -/-/+ Halluclnogen DOM 2.5, i-_ o

J - i. 31 - 4.50 - O.91 -/-/- Other Chlordiazepoxide I0 "_

c-

_Kat Z-scores are based on a comparison between the drug groups and a saline control group ; rabbit o
Z-scores compare pre- and post-drug scores of the same animals.

_Dose was 1.0 mg/kg for the rat and 0.2 mg/kg for the rabbit.

_Code D was disclosed as saline after completion of the experiment but before predictions were attempted.
Saline control groups contained 9 rats and 18 rabbits.

§Dose was 2.5 mg_kg for the rat and 1.0 mg/kg for the rabblt.
tD
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We flret raft all of the coded drugs through the rabblt atrial preparation

St 5 _/kg/dru8. Thls test was selected as the first one to run because of
the low a_uount of compound needed to evaluate the drugs. Based on the re-
sults of this test, a prel_alnary classification of the coded drugs was

attempted,

Those classified as stir|slants were then run in the photocell activity
and body temperature tebt, and those classified as hallucinogens, in the
rabb_t body temperature test. Discrepancies between the results of these

tests and the results of the in vitro test suggested that all drugs should
be evaluated in all tests uelnB a _I range of doses. The doses used began
st 1 mE/ks and were scaled upward to 2.5,5,10,20, and 40 mEkS until a

significant (or interpretable) effect occurred, or we ran out of the drug.

Tables 7 and 8 show the results for the most effective dose or the

highest dose attempted. The drugs are grouped on the basis of their iden-
tification by NIDA followlng Our submission of our predictions regarding
class _e_ship,

AS shown in Table 7, a significant decrease in photocell a_ttvtty occurred
for all the hallueinogens except PCP, and for pentobarbttal and naltrexone.
Lactose did not affect motor activity. All of the stimulants increased
photocell activity.

Body tenrperature tended to decrease or was unaffected by the hallucinogens
and by pentobarbital, lactose and naltrexone. Stimulants either increased
or had no effect on body t_nl_rature. PCP induced byperthermta.

The increase in photocell activity and body temperature by PCP (coded
Compound O) was accompanied by marked ataxla which was noted when the animals
were removed from the activity chamber. Since we had not previously ob-
served such high activity scores associated with ataxia in animals given
stimulants at the dose Indicated, we flagged this compound for special
attention.

After all of the taste were completed, we suspected that Compound 0 was,
in fact, I_P, and ran PCP through each of our procedures. The results,
which mirrored those of Compound O, ere shown for the rat in the table fol-
lowing PCP in parentheses (PGP).

Table 8 shows tha_ rabbit body temperature was increased by all of the
hallucinogens and etimulants-_in most cases, significantly. Conversely, a
slight nonsignificant hypothe_nla was induced by pentobarbltal, lactoseand
naltrexone. These results are as expected.

Table 9 compares the effects of each drug on the three tests by trans-
forming the data to Z-scores as before. Our predictions of class membership

and the actual drug, as disclosed by NIDA, are also shown.

The Z-score profiles allowed unequivocal prediction of drug class member-

ship for all of the compounds except Compound I. The rabbit hyperthermla
suggested that Compound I was more likely a drug other than a stimulant or

hallucinogen. Examination of the raw data indicated that the changes in
motor activity and temperature were sllght and nonsignificant. Also, the

L.I ...... _ , m I III II I I IIII I I IIII III I I III [ Ill I-- i
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stion TABLE 7: Effects of Selected CNS Dru_s on Photocell Activity and

e of --Body Te_mperature in the Rat--Second Validation Stud),
re-

Body
Do se "[" Act Ivlty Tempera± ure

ty Treatment N (mg/kg) (10-mln count) (C°)
e

se

uld Saline 32 -- 620 ± 140 37.0 + 0.20

began

PMA 6 5 482 -+ 186" 36.4 -+ 0.57,*
ug.

14_DA-2 6 i0 180 + 53 ** 36.3 ± 0.35 **

Mescaline b 5 596 ±'143" 37.1 ± 0.29
en-

g DMA-2,5 6 i0 311 + 106"* 36.6 + 0.38

DMT 6 5 314 + 181' 35,9 ± 0.50,

curred MDA 6 5 381 -+ 129" 37.0 ± 0.57
one,

DET 6 i0 192 ± 31'* 35.8 ± 0.31 **

DOM 6 I0 32 ± 23** 35.3 ± 0.32 **

LSD-25 6 5 286 ± 79"* 35.7 ± 0.60"*
nogens
ned PCP 6 I0 2042 ± 693'* 37.7 ± 0.38 **

DPT 6 :• I0 418 ± 184' 37.2 ± 0.23

d (PCP) 6 I0 1956 ± 555** 37.5 ± 0.22 **
n£mals...... ...............................................

n d-Amphetamlne 6 5 955 -+ 280 * 37.6 ± O. 32 **

Cocaine 6 i0 1059 ± 237** 37.2 ± 0.32

Methamphetamlne 6 1 843 ± 158"* 37.2 ± 0.37
_;as.

Methylphenldate 6 5 1184 _ 26%** 36.9 ± 0.28

fol- 1-Amphetamlne 6 I0 778 ± 211 37.2 ± 0.27

he Pentobarbltal 6 20 196 ± 68.* 35.1 ± 0.15'*
a

and Lactose 5 5 675 ± 152, 37.2 ± 0.27

Naltrexone 6 5 394 ± 94** 36.7 ± 0.28

s-

rshlp

#Dose was injected Ip. Dose shown is the most effective or highest dose

mber- used.
la §Mean ± standard deviation.

or *p < 0.05}

n **p <_--0.01} Significance by t-teSt.
he

%,_ _ ...... ........ . .... .
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TABLE 8' Effects 0 _ Se!ected cR8 Druss on Body Temperature in
t__heRabblt--Second Val!datlon Study

Dose t 30 mln 60 mln
Treatment N (mg/kg) PrelnJectlon PostinJectlon PostlnJectlon

PHA 4 5 39.0 + 0.30 41.4 -+0.99"* -- _

t_4DA-2 4 5 39.0 ± 0.36 .39.9 -+0.57** 39.9 + 0.66**

Mescallne 3 I, 5, 10 39.1 ± 0.07 39.3 ± 0.12 39.3 + 0.12
(Ip)

DMA-2,5 2 5 38.8 + 0.00 39.5 ± 0.40* 40.4 + 0.85"*

DMT 4 10 (tp) 38.9 ± 0.10 39.3 ± 0,22 39.0 + 0.39

MDA 3 5 38.8 ± 0.15 41.7 ± 0.81"* --DET 3 5 38.9 ± 0.31 41.5 ± 0.70"* --

DOH 3 3 38.9 ± 0.10 40.0 ± 0.06** --

LSD-25 3 I, 5, _0 38.9 _ 0.14 39.7 ± I.I0** 40.1 ± 1.21"*
(ip)

PCP 3 2.5 38,7 + 0.12 39.6 ± 0.53** 39.7 -+0.42**

DPT 3 5 38.9 _+0.11 40.9 _+0.58** --

(PCP) 3 2.5 38.9 _ 0.16 39.9 _+.0.46** ~-

d-Amphetamine 3 5 38.7 +-0.38 39.5 ± 0.31"* 40.5 _+0.57**

Cocaine 3 2.5 38.9 _ 0.19 39,2 ± 0,15 38.8 _ 0.25

Methamphetamlne 2 5 38.7 ± 0.14 41.7 + 0.64** --

Hethylphenldate 2 5 38.7 .*.0.35 39.4 _+0.57* 39.3 _+0.42

l-Amphetamlne 3 2.5 38.9 + 0.47 39.5 ± 0.06* 39.5 t 0.10,

Pentobarbital 3 5, 10 '_ 38.9 _- 0.22 38.8 -+ 0.40 38.7 + 0.40
(tp)

Lactose 3 2.5 38.9 ± 0.06 38.9 + 0.23 38.5 -+ 0.42

N_ltrexone _J 2.5 38.9 _ 0.23 38.8 _ 0.69 38.7 _ 0.79

±Dose was injected iv (ear vein) unless oCherwlse noted. Dose shown is the
most effective or highest dose used.
§Mean ± standard deviation.
*p < 0.05} Significance by t-test, Differences tested against mean
**p _ 0.01} of all preln_ectlon scores.
_Two rabbits received 5 mg/kg and one received i0 mg/kg ip.

_Two or more anlmals died.



TABLE 9: Z-Scores for Drugs Evaluated in the Second Validation Study

Rat

Rabbit

Coded Photocell Body Body Z-Score Predicted Dose*
Drugs Activity Temperature Temperature Profile Drug Class Actual Drug (mg/k_) "_

(D
f_

A - 3.02 - 9.65 - 0.89 -/-/- Other Pentobarbltal 20, t

B - 0.98 - 3.15 12.63 -/-/+ Hallucinogen _ 5, 10 n

C - 3.14 - 3.65 4.74 -/-/+ Halluclnogeo _RDA-2 i0

D - 0.17 0.35 2. I0 -/+/+ Hallucinogen Mescaline 5, _ .c

E 2.38 2.85 9.47 +/+/+ Stimulant d-Auphet _t ne 5

F - 2.20 - 2.15 7.37 -/-/+ Hallucinogen DM__-2,5 i0 5

G - 2.18 - 5.65 2.26 -/-/+ Hallucinogen DEI 5, I0 (ip)

o
H 3.12 0.85 I. 58 +/+/+ St imulant Cocaine I0, 2.5

I 0.39 0.85 - 1.93 +/+4- Other Lactose, USP 5, 2.5 E
p.a

J - 1.14 - 0.65 - 1.05 -/-/- Other Naltrexone i0, 2.5 =

K - 1.75 - 0.15 15.26 -/-/+ _llucinogen MDA 5, 5 o

fD

L - 3.05 - 6.15 13.68 -/-/+ Hallucinogen DET I0, 5 =

M - 4.19 - 8.65 11.05 -/-/+ Hallucinogen DOM i0, 3

4_
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TABLE 9: (Concluded)

O

Rat _-

Rabbit ,
Coded Photocell Body Body Z-Score Predicted Dose

Drugs Activity Temperature Temperature Profile Drug Class Actual Drug (mg/kg)

N - 2.38 - 6.65 5.79 -/-/+ Hallucinogen LSD-25 5, ? _

0 i0.12 3.35 4.74 +/+/+ Hallucinogen § PCT 10, 2.5

P - I.44 Q,85 18.42 -]÷]+ Hallucinogen DPT i0,
5

Q 1.59 0.85 16.32 +/+/+ Stimulant Methamphetam/ne l, 5 _:_;

R 4.01 - 0.65 4.21 +I-I+ Stimulant Methylphenldate 5 ::_

S i.12 0.85 3.16 +/+/+ Stimulant l-Amphetamlne i0, 2.5

PCP 9.51 2.35 4.74 ÷/+/+ Hallucinogen § PCP 10, 2.5 _

Dose shown is the effective or highest dose used. Rats were injected ip 15 rain pretest.

Unless otherwise noted, rabbits were injected iv _ear vein). If two doses are shown, the
rats received the first dose and the rabbits, the second. _t:

+Two rabbits received 5 mg/kg and one, 10 mg/kg ip.

l_nree rabbits received i, 5, and 10 mg/kg ip, respectively.

§Although Compound 0 produced a stimulant profile, observed ataxla suggested that it was PCP.
This was verified by testing Pt_.
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in vitro Eest classified Compound [ as a drug other than a huiluclnogen or

a stimulant, Accordingly, the drug was classified as such.

DISCUSSION AND CONCLUSIONS

This research has d_uonstrated that three simple, economical, and reliable

precliuical test procedure_ are sufficient to classify unknot| eosapounds
into one of three drug classes--Halluclnogen, Stimulant or Other. The

ability to determine whether new compounds belong to the hallucinogen class

is particularly useful. This should permit the early precllnical Identifi-
cation of hallucinogenic properties in compounds synthesized for research or

for the market. To date, it has been necessary to depend upon clinical data
to make this determination.

Wu do not consider our battery infallible. PCP is a case lu point. This
compound would have been classified as a stimulant, had we not had previous

experience with it in the laboratory. T[_ fact that animals injected with
Compound 0 were highly active but ataxic made them "look like PCP animals"

to us. This prior knowledge ultJ.mately led us to evaluate known PCP in our
procedures and to correctly classify Compound O as a hallucinogen.

Also, at the time the code was broken, we had illisclass|flud Compound F as
an Other. This error occurred because we had not used a high enough dose Iz_

the rabbit body temperature test. The dose used (2.5 mg/kg iv) did not sig-

nlflcantly affect body tomperature. A retest using 5 mg/kg iv that was run
subsequently to learnln_ of the error produced marked and significant hyper-

thermia, allowing us to correct our classification (as shown in the tables)
from Other to Hallucinogen.

As it stands, the battery that we have developed has proven sufficient
for the classification purposes intended and should prove useful to other

researchers, whether for theoretical or market purposes. It correctly
identified all 28 compounds submitted for double blind evaluation as be-

longing to the classes Hallucinogen, Stimulant or Other. Six of the hallu-
cinogens, i of the stimulants, and 2 of the drugs from other classes included
among the 19 compounds selected by NIDA for our second validation test had

not been tested previously in our battery,

Whether or not the battery will stand as is or will require modification*

or additional tests in the future can only be established by extending the

data base. Evaluation of a wider assortment of extant and newly synthe-

sized compounds would help answer this question. For the present, however,

ft appears to meet the important need of providing a reliable, economic
preclinlcal battery for establishing whether or not unknown compounds have

hallucinogenic properties.

*The rat body temperature test may prove more useful if it is run as a sep-

arate test. This would permit a wider dose-response range that is not
limited to the dose range used to evaluate photocell activity. In addition,
the measurement of ataxla in such animals might prove useful,
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LIST OF ABBREVIATIONS

Ices

Ag-THC Delta-9-Tetrahydrocannabinol

DET Diethyltryptamlne HCf

DMA-2,5 2,5-Dimethoxyamphetamine HCI
In,

, DMT Dimethyltryptamlne Fumarate

DOM 2,5-Dimethoxy-4-methylamphetamine HCI
tc

DPT Dlpropyltryptamine HCI

LSD-25 Lysergic Acid Diethylamine
e

MDA 3,4-Mechylenedloxyamphetamlne HCI

Rech, MMDA-2 2-Methoxy-4,5-methylenedioxyamphetamine HCf
ime-

75), PCP Phencyclldine

er_- PMA 4-Methoxyamphetamlne HCI
ds.),

TMA-2 2,4,5-Trtmethoxyamphetamtne

72).
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