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The effects of §-phenethylamine (PEA), d-amphetamine and LSD were studied on spinal reflexes, autonomic
signs, and behavior in the non-tolerant and LSD tolerant (30 pg/kg/day) chronic spinal dog. LSD (10 pg/kg) facili-
tated the flexor reflex, produced the stepping reflex, increased respiration, pulse rate and temperature, slightly
dilated pupils and produced whining, tracking and restlessness. Direct tolerance developed to all of these effects
except temperature. PEA (0.8 mg/kg/min infused for 12 min) and amphetamine (3.2 mg/kg) facilitated the flexor
reflex, increased respiration, temperature and the skin twitch reflex latency, caused a marked mydriasis, retracted
the nictitating membrane and produced restlessness and stereotypic head movements. PEA but not amphetamine
elicited stepping, and only amphetamine consistently slowed heart rate. No cross tolerance to the physiologic or
behavioral effects of amphetamine was observed. Partial tolerance developed only to the actions of PEA on the
stepping reflex and the nictitating membrane. The single dose effects and the lack of cross tolerance to amphet-
amine and PEA suggest modes of action different from LSD. PEA has some actions which differ from those of
amphetamine.
Tolerance B-Phenethylamine LSD

Amphetamine Behavior

1. Introduction vous system activity (Mantegazza and Riva,

1963; Sabelli et al., 1975; Martin and Eades,

The demonstration of f-phenethylamine
(PEA) in the central nervous system (Durden
et al., 1973; Inwang et al., 1973; Willner et
al., 1974; Saavedra, 1974) and its central ner-
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1974) raise the possibility that it may not

only have a physiologic role but could play
a role in psychopathology (Sabelli et al.,
1974; Martin et al., 1978). In studies of PEA
in the chronic spinal dog, it was observed that
it produced many effects similar to LSD
which included mydriasis, tachypnea, facilita-
tion of the flexor reflex and evocation of the
stepping reflex (Martin and Eades, 1974).
However, PEA could clearly be distinguished
from LSD in that its effects were not antago-
nized by cyproheptadine, whereas those of
LSD were. The relevance of PEA to addiction
processes acquired additional significance
when it was observed that PEA was reinforc-
ing in the dog (Risner and Jones, 1977). The
present study was conducted to further char-
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acterize the actions of PEA using the nontol- 2. Materials and methods
erant and LSD tolerant chronic spinal dog. In
conjuction with these experiments, LSD and 2.1. General procedures
d-amphetabmine were used as prototypic
drugs with which PEA and other drugs have The methodology has been previously
been compared. described in detail (Martin and Eades,
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Fig. 1. Demonstration of the lack of cross tolerance to d-amphetamine (AMPH, 3.2 mg/kg) in dogs receiving 30
pg/kg/day of LSD. In the flexor reflex panel the proportion of dogs exhibiting the stepping reflex at a particular
time is indicated by the fraction. © O, Pretolerance controls (n = 6); 0————, LSD tolerance (n = 6). Ab-
scissae: time (min).
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1967, 1970; Vaupel et al., 1977). In brief,
6 female beagle-type dogs whose spinal
cords were transected at the T-10 or T-11
level were used in a Latin square design in
which 6 drugs were administered iv. at
weekly intervals to obtain pretolerant mea-
surements. The 6 drugs were LSD (10 ug/kg),
d-amphetamine (3.2 mg/kg), B-phenethyl-
amine (9.6 mg/kg), 2,5-dimethoxyampheta-
mine (2.4 mg/kg), 3,4-methylenedioxyam-
phetamine (2.0 mg/kg) and saline. The results
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obtained for 2,5-dimethoxyamphetamine and
3,4-methylenedioxyamphetamine have been
published elsewhere (Vaupel et al., 1977;
Nozaki et al.,, 1977). Jugular vein cath-
eters were then surgically implanted, and
the dogs were made gradually tolerant to 30
ug/kg/day of LSD over 6 days using a regimen
of 6 daily programmed infusions (Vaupel et
al., 1977). After establishing that tolerance to
LSD was present by administering a 10 ug/kg
challenge dose of LSD, all 6 drugs were again
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Fig. 2. Demonstration of the predominant lack of cross tolerance to f-phencthylamine (PEA, 9.6 mg/kg/12 min
infusion) in dogs receiving 30 pg/kg/day of LSD. In the flexor reflex panel the proportion of dogs exhibiting the
stepping reflex at a particular time is indicated by the fraction. 0———o0, Pretolerance controls (n = 6);
o———0, LSD tolerance (n = 6). Abscissae: time (min).
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given at 4 day intervals using a Latin square
design. Measurements were made on the elec-
trically evoked flexor reflex, the stepping
reflex, respiration, heart rate, pupillary diam-
eter, nictitating membrane width, the skin
twitch reflex and rectal temperature. The gen-
eral behavior of the dogs was rated as unre-
sponsive, sleeping, quiet, restless or struggling
and more specific signs such as vocalizations,
stereotypic head movements and eye move-
ments were scored as present or not (Vaupel
et al., 1977; Nozaki et al., 1977).

Two protocols were employed: for LSD
and amphetamine a 30 min control period
was followed by a 40 min drug infusion and a
30 min postinfusion period (figs. 1 and 3).
For B-phenethylamine, which is rapidly me-
tabolized, a series of three infusions (9.6 mg/
kg/12 min) was used. Following a 30 min con-
trol period, the infusions were spaced at 40
min intervals, and observations were contin-
ued for 30 min after the last infusion (fig. 2).
The drugs were dissolved in saline and were
infused intravenously at a rate of 0.5 ml/min.
Dose levels were selected that were approxi-
mately equifacilitatory on the flexor reflex.
Except for the stepping reflex onset latencies,
temperature differences and respiration, areas
under the time action curves during the
respective drug infusions were calculated and
compared using paired t¢-tests. Because the
drug effects on respiration peaked after the
infusions, areas were calculated from the 30th
to 100th min for LSD and amphetamine and
from the 30th to 70th min for f-phenethyl-
amine. Latin square analyses were used to
check for time-related changes during the pre-
tolerance and LSD tolerance blocks. Non-
parametric behavior data were analyzed using
a x? analysis (Vaupel et al., 1977; Nozaki et
al., 1977).

3. Results
3.1. LSD

The infusion of LSD is characterized by a
marked facilitation of the flexor reflex, the
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appearance of the stepping reflex, increased
respiration and relatively small increases in
pulse rate, pupillary diameter and body tem-
perature (table 1). In this experiment, LSD
did not increase the latency of the skin twitch
reflex as it has in other studies (Vaupel et al.,
1977). Behavioral effects of LSD included the
development of restlessness (fig. 3), whining
and tracking movements. The same spinal
dogs receiving 30 ug/kg/day of LSD devel-
oped direct tolerance to all of the significant
physiologic actions of LSD except for tem-
perature (table 1) as well as to its behavioral
effects (fig. 3).

3.2. d-Amphetamine

Doses of amphetamine (3.2 mg/kg) equief-
fective to LSD in facilitating the flexor reflex
produced a bradycardia, retraction of the
nictitating membrane, mydriasis, hyperther-
mia, an increase in respiratory rate and a pro-
longation of the skin twitch reflex latency
(fig. 1; table 1). However, amphetamine did
not elicit a well-developed stepping reflex.
The restless behavior induced by ampheta-
mine (fig. 3) was characterized by stereotypic
head tossing, head rocking or head rotation,
darting eye movements and almost no vocal-
ization. Significant levels of cross tolerance
could not be demonstrated for any of the
physiologic or behavioral effects of ampheta-
mine given to the LSD tolerant dog (figs. 1
and 3; table 1). Fig. 1 shows that in the 30
min following the amphetamine infusion, the
facilitation of the flexor reflex in LSD toler-
ant dogs was less than the pretolerant
response. However, the difference was not
statistically significant. The experiment was
repeated using 2 mg/kg of amphetamine to
avoid the severe hyperthermia produced by
the higher dose. Again, no cross tolerance
developed to any of the actions of ampheta-
mine, and the flexor reflex response in these
experiments was slightly greater in LSD toler-
ant dogs than in untreated dogs. Thus the
LSD tolerant dogs do not develop cross toler-
ance to d-amphetamine.
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TABLE 1

Tolerance—cross tolerance study.

Responses to saline (SAL), LSD (lysergic acid diethylamide), AMPH (d-amphetamine) and PEA (f-phenethylamine) during the two
treatment conditions are shown as the mean + S.E. and represent area scores except for the stepping reflex and temperature. For
saline, LSD and AMPH the maximum time limit allotted for the development of the stepping reflex is 40 min (i.e., 40 + 0 min = No
stepping). For PEA this value is 12 min. Statistical comparisons were made with one-tail paired ¢-tests. Control responses to LSD,
AMPH and PEA in the non-tolerant dog were compared to SAL, and the level of statistical significance is shown by the superscript
above the mean. The actual SAL control values for the 12 min PEA infusion are not shown. Direct tolerance to LSD and cross
tolerance to AMPH and PEA were assessed by comparing responses obtained in the LSD tolerant dog to the appropriate non-tolerant

control. Superseripts indicating levels of significance for these comparisons are located above the S.E.

Saline LSD 10 ug/kg AMPH 3.2 mg/kg PEA 9.6 mg/kg
Non- LSD Non- LSD Non- LSD Non- LSD
tolerant tolerant tolerant tolerant tolerant tolerant tolerant tolerant
dog dog dog dog dog dog dog dog
Flexor reflex —276 —356 0.05 3591 —44 0.0! 1852 1202 0.01 823 1005
(% - min) +144 +153 960 +1310:05 +377  +217 +75 +120
Stepping reflex No stepping No stepping 0.01 32 No 37 39 0.01 7 11
(min to onset) +3 stepping 9-01 +3 +1 1 +1 0-01
Respiration 8 —14 0.05 3125 598 0.05 9958 3130 0.01 3523 2701
(breaths/min - min)  +132 +109 £1165 :1270-08 +852 +10850-05 £640  +922
Pulse 2 108 0.05 392 122 0.0 _go5 —763 56 —-182
(beats/min - min) +63 +101 £117 173908 +179  +203 +145 +350.01
Pupillary diameter —-11.6 —3.4 001 578 3.5 0.01 y57.3 155.8 38.2 302
(mm - min) +6.0 +5.3 +6.2  +3.79:05 +15.2  +12.7 t4.8  :4.6
Nictitating membrane 1.2 8.9 6.5 3.8 0.01 _45¢ —30.8 001 _g7 56
(mm - min) +4.7 +4.3 £2.1 5.0 +11.6 +8.9 1.7 +2,30.05
Temperature —0.2 0.2 0.05 o1 0.2 0.0t g9 1.2 001 g¢ 0.5
(°C change) $0.0 +0.4 0.1  10.3 0.2 £0.2 £0.1 0.3
Skin twitch 1.8 —13.6 —1.7  -13.1 001 650 36.9 0.05 289  23.8
(sec - min) 6.7 +16.0 +24.5 :19.6 15,9 +18.9 +12,2 9.0
n 8 6 6 6 6 6 6 6

3.3. B-Phenethylamine (PEA)

PEA (9.6 mg/kg/12 min) markedly facili-
tated the flexor reflex, elicited the stepping
reflex, increased respiration, caused a large
mydriasis, retracted the nictitating membrane,
produced analgesia as shown by the increased
skin twitch reflex latency, and elevated body
temperature (fig. 2). Although only results of
the first PEA infusion are shown in table 1,
these actions were significant for all three
infusions. In fig. 2 it can be seen that prior to
the second infusion there were slight residual
effects of the first PEA infusion upon the
flexor reflex amplitude, respiratory rate and
pupillary diameter. The trend for pulse rate to
decrease during each infusion was not signifi-
cant in the pretolerant state. In the nontoler-
ant dog the only evidence for tachyphylaxis

was observed on the flexor reflex for which
the facilitation produced by the third infusion
was significantly less than that of the first
(P < 0.05). However, the degree of tachy-
phylaxis was not prominent. Fig. 3 shows that
PEA made the dogs restless, and this was
accompanied by darting eye movements, head
tossing and head rocking. When PEA was
infused into LSD tolerant dogs there was,
with two exceptions, a general lack of cross
tolerance to both the physiologic and behav-
ioral changes (figs. 2 and 3). Cross tolerance
for the stepping reflex was evidenced by a
slower onset of stepping for the first two
infusions and only for the first infusion did
the nictitating membrane retraction show
cross tolerance. In contrast to the pretoler-
ance study, pulse rate was consistently and
significantly slower during all three PEA infu-
sions.
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Fig. 3. Demonstration of direct tolerance to the behavioral effects of LSD (10 pg/kg) and the absence of cross tol-
erance to d-amphetamine (3.2 mg/kg) and f-phenethylamine (9.6 mg/kg) in chronic spinal dogs tolerant to 30
ng/kg/day of LSD. There were 6 dogs in each group. 0———o0, Pretolerant controls; i———, LSD tolerance.
Ordinates: 1, sleeping; 2, quiet; 3, restless; 4, struggling. Abscissae: time (min).

3.4. Saline

Saline control experiments demonstrated
no physiologic (Vaupel et al., 1977) or behav-
ioral (Nozaki et al., 1977) changes.

4. Discussion

Our observations on the somatomotor,
autonomic and behavioral effects of PEA rep-
licated many of the findings of Martin and
Eades (1974). Generally, the pharmacologic
effects of PEA resembled the actions of am-
phetamine more than LSD. In this respect
our findings agree with the similarities
between amphetamine and PEA reported on
certain types of locomotor activity, appetite
suppression, temperature (Mantegazza and
Riva, 1963), EEG activation, visual evoked
responses and behavioral aggression and

arousal (Sabelli et al., 1975). However, the
spinal cord reflex activity of PEA differs from
amphetamine particularly with respect to the
degree of facilitation and the evocation of the
stepping reflex and appears to be like LSD in
these respects. But consideration of the
absence of cross tolerance to the facilitative
effect and the relatively incomplete cross tol-
erance to stepping suggest a mode of action
different from LSD.

Previous studies employing selective antag-
onists that interact with monoaminergic sys-
tems have attempted to pharmacologically
differentiate the mechanisms mediating the
spinal cord actions of LSD and amphetamine
in the chronic spinal dog. Both the facilitation
and stepping produced by LSD and trypta-
mine are antagonized by cyproheptadine but
not by phenoxybenzamine. This distinguishes
LSD and tryptamine from 5-hydroxytrypto-
phan whose spinal cord effects are not antago-
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nized by cyproheptadine (Martin and Eades,
1970). For this reason LSD is thought to act
upon tryptaminergic instead of serotonergic
receptors. A noradrenergic mechanism
appears to be at least partly responsible for
the flexor reflex facilitation produced by am-
phetamine since phenoxybenzamine and not
cyproheptadine (Martin and Eades, 1967,
1970) or pimozide (Vaupel, unpublished
data) antagonize this effect. The spinal cord
interactions of PEA with antagonists are cur-
rently being investigated.

Not only was there a complete lack of cross
tolerance to amphetamine in the LSD tolerant
dog which corroborates the clinical report of
Rosenberg et al. (1963) but there were
instances in which the actions of ampheta-
mine were enhanced. First, two LSD tolerant
dogs developed larger and more prolonged hy-
perthermic effects than in the pretolerant
condition although these effects are not
reflected in the statistics (table 1; fig. 1). In
one instance this led to the death of a dog, in
the second case, ice and pentobarbital were
used to lower body temperature. As previ-
ously described, cross tolerance studies using
2.0 mg/kg of amphetamine were repeated
specifically to avoid marked hyperthermia;
however, in these experiments the restless
behavior and pupillary effects of ampheta-
mine were significantly potentiated. Trends
for comparable enhanced behavioral activity
in LSD tolerant dogs were observed for am-
phetamine (3.2 mg/kg) and PEA (fig. 3)
although the effects were not significant.

In summary, we have shown that PEA pro-
duces several amphetamine-like actions, and
LSD tolerant animals which exhibit no cross
tolerance to amphetamine show little cross
tolerance to PEA, Once tolerance to LSD was
established, evidence was obtained that the
dogs may be hyperresponsive to ampheta-
mine.
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