Barbital

‘holamine metab-
1e. In Addictive
—105 (1968).

1: J. A. Churchill

toinduced hyper-
170).

one (enhexymal
h.) 24, 404—418
ar EEG changes.
. physiol. scand.,

threshold doses
1armacol. (Kbh.)

shase after long-
ngr. Alcohol and

{) after barbital
reta pharmacol.

or alcohol on a
. 8cand., Suppl.

- Dis. 46, 1520

wditioning in the
Publ. Ass. Nerv.

Psychopharmacologia (Berl.) 19, 381—387 (1971)
© by Springer-Verlag 1971

Psychopharmacologia (8erl, ) 19, 381-387 (1971).

Relative Potency of Amphetamine Derivatives
and N,N-Dimethyltryptamines*

Epwarp T. Uvexo
Stanford Research Institute, Menlo Park, California
Received July 23, 1970

PSI 282

Abstract. The relative potency of amphetamine derivatives and N,N-dimethyl-
tryptamine (DMT) derivatives was evaluated in rats trained to swim through an
underwater tube in order to escape at the other and of the tank. All of the com-
pounds tested significantly increased the starting latency. The time of peak effect
of 2,5-dimethoxy-4-ethyl-amphetamine (DOET), 2,5-dimethoxy-4-methyl-amphet-
amine (DOM), and 6-hydroxy-DMT was estimated at 40 min after the intraperi-
toneal injection and that of DMT, 4-methoxy-DMT, and psilocybin was 20 min.
Dose-response curves showed that the increase in the latency was dose-dependent.
The descending rank order of potency of the compounds, according to the median
effective dose (EDy,), was: DOET, psilocybin, DOM, DMT, 4-methoxy-DMT, and

> 6-hydroxy-DMT.

Key-Words:
Relative Potency.
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Previous work with psychotropic compounds has shown that amphet-
amine derivatives: 2,5-dimethoxy-4-ethyl-amphetamine (DOET) and
2,5-dimethoxy-4-methyl-amphetamine (DOM) were significantly more
potent than N,N-dimethyltryptamine (DMT) and its derivatives: 4-me-
thoxy-dimethyltryptamine (4-methoxy-DMT) and 6-hydroxy-dimethyl-
tryptamine (6-hydroxy-DMT), in the disruption of the size discrimination
performance of the squirrel monkey motivated by a grape reward
(Uyeno, 1969). Furthermore, it was found that 6-hydroxy-DMT was
significantly less potent than DMT, indicating that 6-hydroxylation
reduces the potency of DMT in the disruption of the previously learned

response.

In the present experiment the relative effects of the same compounds
and O-phosphoryl-4-hydroxy-w-DMT (psilocybin) on the underwater
swimming performance of rats were investigated.

* This investigation was supported by Contract No. PH-43-65-1061 between the
National Institutes of Health, U.S. Public Health Service, and Stanford Research

Institute.

The author wishes to thank Dr. Chozo Mitoma for his valuable criticism of the
manuscript, and Mr. Harold Newton for his technical assistance. Dr.J. DeGraw
supervised the synthesis of 4-methoxy-DMT HCIl and 6-hydroxy-DMT HCl in our
laboratory. Dr. Solomon H. Snyder and Sandoz Pharmaceuticals, Inc. supplied
DOET HCI and DOM HCI, and psilocybin, respectively.
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Methods

The apparatus consisted of a sheet metal tank (3.66 m by 0.40 m by
0.15 m) with four parallel channels (Uyeno, 1968). Each channel was
3.47 m long, and consisted of a translucent red plastic tube with the
diameter of 9 cm. At one end of the channels a detachable 39 cm by
17 cm by 16 cm start box with four compartments was placed in the
tank. At the other end, the channels led to the goal box containing four
compartments into which the animals ¢scaped. The channels were com-
pletely submerged in 23° C water.

The subjects were 190 male rats of the Long-Evans strain, each
weighing between 180—200 g. They were housed individually and fed
ad libitum. By a series of pretraining trials, they were adapted to swim-
ming underwater. A trial was initiated by placing one animal in each
of the four compartments of the start box, submerging the start box,
and lifting the common guillotine door to allow each animal to swim
into its respective tube. Lifting the door automatically started a set of
four latency timers. The starting latency of an animal’s response was
the time which elapsed from the moment the start door was opened
until the animal swam past the first photocell, located 17 ¢m from the
start door. Swimming time was recorded as the time to swim from the
first photocell to the second photo-cell at the escape exit. On the first
pretraining trial the rats were forced to swim underwater through tubes,
1.32 m long in order to escape. On the second and third trials they swam
the distance of 2.1 m and 3.47 m, respectively. After the pretraining
trials they were given a series of training trials (with an inter-trial
interval of approximately 1 h) with the full length channel. They were
given eight trials per day until they reached a criterion of three successive
latency scores of 1.5 sec or less. On the basis of the mean latency scores
of the three criterion trials, the animals were assigned to a control
(0.99/, saline) group and 18 experimental groups (three experimental
groups/compound), with 10 animals per group.

On the day after reaching the criterion they were given test trials at
1, 10, 20, 40, 60, 90, and 120 min after an intraperitoneal injection. The
compounds and doses evaluated are shown in Table 1. A standard volume
of 2.5 ml/kg of saline or drug-saline solution was administered to each
control or experimental animal, respectively.

Results and Discussion

On the test trials, a starting latency of 1.6 sec or longer was considered
as an increase with respect to the pre-drug criterion of 1.5 sec. All of the
compounds increased the mean starting latency. Generally, the mean
latencies of the animals injected with DOET or DOM, were greater than

|
1

i
|
:

Rt L 05 1

Relat;

the v
trypt
times
None
swim
than
peak
dose
at ea
anim.
tage
trial
of ths
time
40 m:
T
each
show
obtai

Comp

DOM

DOE1

4.-Met

6-Hy

Psiloc

Saline

2. 3



m by 0.40 m by
ch channel was
s tube with the
hable 39 cm by
s placed in the
containing four
mels were com-

ns strain, each
idually and fed
lapted to swim-
animal in each
- the start box,
inimal to swim
started a set of
's response was
or was opened
17 cm from the
swim from the
it. On the first
‘through tubes,
rials they swam
the pretraining
1 an inter-trial
nel. They were
shree successive
1 latency scores
d to a control
e experimental

n test trials at
{ injection. The
andard volume
istered to each

was considered
1 sec. All of the
ally, the mean
re greater than

Relative P otency of Amphetamine Derivatives and N,N-Dimethyltryptamines 383

the mean latencies of the animals, injected with one of the N,N-dimethyl-
tryptamines. The high doses of DOET and DOM increased the swimming
times of some animals, but the high doses of other compounds did not.
None of the compounds decreased the mean latency nor the mean
swimming time. Since the starting latency was a more sensitive measure
than the swimming time, the former was used to determine the time of
peak effect of the compounds and to plot dose-response curves. For each
dose level the percentage of animals that showed an increase in latency
at each post-injection time, is shown in Table 1. With regard to the
animals administered DMT, 4-methoxy-DMT, or psilocybin, the percen-
tage of animals that showed an increase in latency was highest on the
trial given 20 min after the injection. Therefore, the time of peak effect
of these compounds was considered to be 20 min after the injection. The
time of peak effect of DOM, of DOET, and of 6-hydroxy-DMT was
40 min after the injection.

The dose-response curves were plotted in the following manner. For
each dose level of each compound the total number of animals that
showed an increase in starting latency at the time of peak effect was
obtained. The difference between this score and the control score was

Table 1. Percentage of animals that showed an increase in starting latency

Compound Dose
mg/kg pmoles/kg 1 10 20 40 60 90 120

Post-injection time (min)

DOM 1 4.1 10 30 30 30 10 10 0
2 8.2 10 20 50 60 60 30 30

4 16.3 10 60 60 70 50 30 20

DOET 1 3.9 10 20 50 50 50 20 30
2 7.7 10 40 80 80 40 50 30

4 154 30 50 90 90 70 60 30

DMT 16 83 10 10 20 10 10 20 0
3.1 16.6 10 30 50 10 20 20 10

6.3 332 10 50 80 50 40 20 10

4-Methoxy-DMT 1.6 7.2 10 20 30 20 20 10 0
3.1 143 10 30 40 20 20 10 0

6.3 28.7 20 50 70 20 10 0 0

6-Hydroxy-DMT 5 20.8 10 10 30 40 20 20 0
10 41.6 20 30 30 50 30 30 0

20 83.2 20 30 40 70 50 30 10

Psilocybin 1.3 44 0 10 30 30 10 10 0
25 88 20 30 , 60 40 40 10 0

50 176 10 50 90 50 60 30 0

Saline — — 0 0 10 0 10 0 (]
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Fig.1. Dose-response curves: effect of the compounds on the starting latency

considered to be a behavioral measure of the drug effect. These differ-
ence scores were expressed as percentages of the total number of ex-
perimental animals in each dose level, and plotted against dose on
logarithmic probability paper (Fig.1). The dose-response curves show
that the effect of the compounds on starting latency was a function of
dose. The median effective dose (EDj;,) is defined as a dose at which
509/, of the animals showed an increase in latency. The EDj, calculated
according to the method of Litchfield and Wilcoxon (1949) are given in
Tables 2 and 3.

The relative potency of the compounds (as measured by an increase
in starting latency) was computed by derivation of potency ratios ac-
cording to the method of Litchfield and Wilcoxon (1949). The potency
ratio between two compounds was calculated by dividing the ED,; of
the less potent one (i. e., the one with the larger ED;,) by the EDg, of
the other. The compounds are arranged in descending order of potency
in the first column of Table 4, and in the top row of the table from left
to right. The amphetamine derivatives (DOET and DOM) were signifi-
cantly more potent than DMT derivatives except psilocybin (the phos-
phoric acid ester of 4-hydroxy-dimethyltryptamine), which was as potent
as DOM. 6-hydroxy-DMT was significantly the least potent of all.

Table 2 illustrates the structure-activity relation of amphetamine and
its derivatives. The three amphetamine derivatives retain the carbon
chain and the two methoxy substituents at position 2 and 5. They differ
structurally only in the substituent located at position 4. DOET with
the ethyl substituent and DOM with the methyl substituent in position 4
are significantly more effective in increasing the starting latency than
is 2,4,5-trimethoxyamphetamine (TMA-2) with the methoxy substituent
(Uyeno, 1968).
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Table 2. Structure and activity of amphetamine derivatives

Ry R,
R4 CH,-CH-NH,.HCl
Ry Rg CH,4
Compound R, R; R, Ry R, Latency test Hallucino-
ED, genic
pmoles/kg  properties
d-Amphetamine® H H H H H 365 No
DOET®» CH,0 H CH;CH, CH,O H 4.7 Yes
DOMe CH,0 H CH, CH O H 95 Yes
TMA-28 CH0 H CH,0 CH,0 H 150 Yes

* Uyeno, 1968. — ® Shulginetal., 1969. — ¢ Snyder et al., 1967.

Table 3. Structure and activity of N,N-dimethyliryptamine and its derivatives

X CH
R, P
@ 3 CHZCHZN\CHS
N
Rg I
Compound R, R, R, R, Latency  Hallucino-
test genic
ED,, properties
umoles/kg
H,PO,
e
Psilocybin 0 H H H 8.7 yes*
DMT H H H H 201 yes?
4-Methoxy-DMT CH,0 H H H 220 -
6-Hydroxy-DMT H H OH H 570 questionable®

a Isbell, 1959. — © Szara, 1957. — ¢ Rosenberg et al., 1963.

Table 3 shows the structural formulae of the four N,N -dimethyl-
tryptamine derivatives that retain the side chain and differ structurally
only in the substituents located in position 4 and 6. Psilocybin, with the
0-phosphoryl-hydroxy group at position 4, is significantly most effective.
6-hydroxy-DMT with the hydroxy group at position 6 is least effective.

The results indicating that the amphetamine derivatives are signifi-
cantly more potent than 4-methoxy-DMT and 6-hydroxy.-DMT in dis-
rupting the starting performance of the rats, support the previous study
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Table 4. Relative potencies of the compounds §
Compound Variable DOET Psilocybin  DOM TMA-2 DMT 4-Methoxy-  6-Hydroxy- f
DMT DMT
LSD-25* PRY 25 4.6 5.0 7.9 10.6 11.6 30.0 k-
Sig.c Yes Yes Yes Yes Yes Yes Yes b
CLe (1.2-51) (29-74) (2.6-9.7) (4.3—14.5) (6.2—18.1) (6.3—21.4) (14.9—60.3)
DOET P.R. 1.9 2.0 3.2 4.3 4.7 12.1
Sig. No No Yes Yes Yes Yes
C.L. ; (1.3— 1.8) (1.8— 9.9)  (1L9—114)  (47-313)
Psilocybin P.R. 1.1 1.7 2.3 2.5 6.6
Sig. No No Yes Yes Yes
C.L. (12— 43) (13— 51)  (3.0—14.2) =
w3
DOM P.R. 1.6 2.1 2.3 6.0 c:
Sig. No No Yes Yes )
C.L. (10— 53)  (25—-147) 3
TMA-2» P.R. 1.3 1.5 3.8 -
~ Sig. No No Yes
C.L. : (1.6— 9.0)
DMT P.R. 1.1 2.8
Sig. No Yes
C.L. (1.3— 6.4)
4.Methoxy-DMT  P.R. 2.6
Sig. Yes
C.L. (1.1— 6.1)
s Uyeno, 1968.
. EDgof compound in the top row o Significant at the 5%/, level.
» Potency ratio = ED,, of compound in the first column * 4 95%, confidence limits.
| | e =3 » v »n w gu = E"Uﬁ"'l&mgf\a'm'-cgmo
S ® § B 5 2 5 & PeESELIC Eo e S g
e owre s SBeinas RIS Eg Ry SoLETRE S anEsiE &
S5 oyEsE5IPRiRIILESPE g iEsFE BRI E R s FETEE &
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4-Methoxy-DMT  P.R.

Sig.

(11— 6.1)

C.L.

a Uyeno, 1968.

¢ Significant at the 5%/, level.

4 959/, confidence limits.

ED,, of compound in the top row
ED;, of compound in the first column *

® Potency ratio
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conducted with squirrel monkeys (Uyeno, 1969). The increase in the
starting latency was due to the hesitation to emerge from the startbox
when the door was raised. The delay seems to indicate that the com.
pounds disrupted the perception (Schwartz and Cheney, 1965) of the
starting stimulus; i. e., the opening of the door. The finding that DOM
is significantly less effective than lysergic acid diethylamide (LSD-25)
(Uyeno, 1968) in disrupting the performance of the rats, is consistent
with the data of Snyder ef al. (1967). Furthermore, the finding that
6-hydroxy-DMT is significantly less potent than DMT, is in accord with
that of Rosenberg ef al. (1963), and that of Taborsky et al. (1966) who
reported that 6-hydroxy-5-methoxy-DMT is significantly less potent
than non-hydroxylated 5-methoxy-DMT in decreasing the bar-pressing
performance of food-deprived rats. These results indicate that 6-hydroxy-
lation reduces the potency of DMT.
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