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Introduction

, Previous studies in man demonstrated that, on chronic administra-

tion, cross tolerance develops between lysergic acid diethylamide (LSD)
and psilocybin (ISBELL et al. 1961) and between LSD and mescaline

{WoLuAC_ et al. 1962). Thus, mescaline, although different in chemical

6fracture, appears to be biologically related to LSD and psilocybin.

A study of cross tolerance in man between LSD and D-amphetamine
seemed to be indicated as part of a continuing investigation to separate

drugs which induce mental changes into groups on the basis of biological,
rather than chemical, similarities.

In man, many effects of either LSD or D-amphetamine are quali-

tatively similar. Adequate doses of either drug can produce euphoria,

anxiety, insomnia, elevation of body temperature, increased blood

lm_s_ure and pupillary dilatation (ISBELL etal. 1956; LE._KE 1958).

Although D-amphetamine in single therapeutic doses does not usually
¢_use illusions, hallucinations, or bizarre thinking, it sometimes creates

a psychotic state when taken chronically.

The purpose of this paper is to report that the effects of single doses
of LSD and D-amphetamine in man are dissimilar, and that although a

high degree of direct tolerance develops to both LSD and D-amphetamine,

subjects tolerant to D-amphetamine are not cross tolerant to LSD and
vice versa.

The biological (cross tolerance) and structural relationships among

LSD, mescaline, psilocybin, and I)-a,nl)hetanfine arc illush'atcd in
Fig. 1.

• * A preliminary report was presented at the annmd meeting of the l.,'ederation
of AmiMean Societies for Experimental BMogy, Atlantic City, N.J., April 1962.
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Fig. I. Biological (cross tolerance) and structural relationships among LSD, psilocybin, mescaline,
and D-amphetamine

Methods

Experimental design. A "single blind" (subjects did not know the
drugs they were receiving but .observers did know) cross-over design was

employed in this experiment and is summarized ib Table 1. The design
was similar to that used in testing cross tolerance in man between LSD
and psiloeybin (IsB_LL et al. 1961) and between LSD and mescaline

(W.OLBACH et al. 1962).
{

The experiment consisted of seven periods: (1) first control, in which

measurements were obtained after test doses of placebo, LSD, and
D-amphetamine at intervals of at least five days; (2) first chronic admini-

stration, in which patients received either LSD or I)-amphetamine daily
over a period of 13 days; (3) first test of direct and cross tolerance, in

which subjects were "tested" with the drug they had been receiving
chronically (test of "direct" tolerance) and on the subsequent day
"challenged" with the drug they had not been receiving (test of "cross"

tolerance); (4) a "washout" period, in which the subjects received no

drugs for 10 14 days in order to lose tolerance; (5) second control

period, in wlrich the test doses of placebo, LSD and D-amptmtamine
were repeated in order to replicate the control data obtained in the first

control period and to deternfine if tolerance had been completely lost;

(6) second chronic admilristration, in which the patients received daily

• doses of the alternate drug they had not taken in the first period of

chronic admhfistration ("cross over"); and (7) finally, the second test
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Table I. Sum_nary o/experin_ental desigli

Period ] Number Drugs and doses
of days Subjects X _ Subjects Y_ RemarksIr.

1. 1st control LSD a, 0.5 LSD a, 0.5 To obtain'control data
LSD a, 1.5 LSD a, 1.5 in the nontolerant
Rex. _, 0.6 I)ex. a, 0.6 subject. Order of

Placebo Placebo tests randomized.
Minimum of 5 days
between each drug

2. 1st chronic admini- LSD, Dex., To develop tolerance
stra_ion increasing increasing

to 1.5 to 0.6
3. 1st test of direct LSD, 1.5 Dex., 0.6 Te_ of direct and cross

and cross tolerance Dex., 0.6 LSD, 0.5 tolerance
4. ,,Washout" period None None To lose tolerance
5. 2nd control LSD, 0.5 LSD, 0.5 To replicate control

LSD, 1.5 LSD, 1.5 data and test loss of
Dex., 0.6 Dex., 0.6 tolerance
Placebo Placebo

6. 2nd chronic Dex., LSD, "Ch_ass-over" to de-
increasing increasing velop tolerance

to 0.6 to 1.5
7. 2nd test of direct Dex., 0.6 LSD, 1.5 Test of direct and cross

and cross tolerance LSD, 0.5 I}ex., 0.6 tolerance

i Subjects "X" received LSD chronically, first.
2 Subjects "Y" received D-amphetamine chronically, first.
s LSD -----lysergic acid diethylamide; Dex. -----D-amphetamine. Except for

controls, which were randomized, the order of administration of the drug in each
period is indicated by the order in which they appear in the section of table for that
period. Figures after symbols for drugs indicate the dose in mcg/kg for LSD and
mg/kg for l)-amphetamine.

and challenge for "direct" and "cross" tolerance, with test doses of LSD

or ])-amphetamine, as in Period 3.

Drugs and doses. LSD tartrate, D-amphetamine sulfate 1, and placebo

(physiological saline) were administered intramuscularly as aqueous

solutions at 8 a.m. with the subjects fasting. All doses refer to the salts.

During the first and second control periods the subjects received in

randomized order: 0.5 mcg/kg and 1.5 mcg/kg of LSD, placebo, and
0.6 mg/kg of I)-amphetamine. Detailed observations were made on these

test days. These control experiments were conducted at intervals of at

least five days in order to minimize the development of tolerance during
these periods.

During the first period of chronic drug administration each subject

received in randomized order either 0.3 mcg/kg of LSD or 0.075 mg/kg

1 We arc indebted to Dr. E. BmcHrm, Sandoz Pharmaceuticals, Hanover, N.J.,
and to Smith Klinc and French Laboratories, ]*hiladclphia, Pa., for supplies of
lyscrgic acid dicthylamidc tartrate and dextroamphetamiue sutfate.

l*



of D-amphetamine on the first day. The doses of the same drugs were

increased daily, until by tile fifth day each subject was receiving either
1.5 mcg/kg of LS]) or 0.6 mg/kg of D-amphetamine. These maximal
doses were then maintained through the 13th day. During the periods
of chronic drug administration detailed observations were not made.

On tile first day after completing the period of chronic administration
each subject was "tested" with the dose of the drug that he had been

receiving chronically (test of "direct" tolerance). On the following day
each subject was "challenged" with the test dose of the alternate drug
(test of "cross" tolerance). On both of these days detailed measurements
were made.

The subjects then received no drug for 10--14 days in order to lose
any tolerance they had developed.

Following the above withdrawal period, the "second control" measure-

ments were obtained in a manner similar to that employed in the first
control period. Afterwards each subject again received a drug chronically;
those subjects who had taken LSD in the first period of chronic admini-
stration being given D-amphetamine according to the schedules described
above and vice versa. They were then "tested" and "challenged" with
LSD or D-amphetamine as described above, thus completing the cross-
over design.

The blood pressure elevation from D-amphetamine limited the

maximal dose of tlfis drug to 0.6 mg/kg and, with respect to the pattern
of all responses from either drug, equivalent dosages of LSD and D-am-
phetamine could not be established. For these reasons, following the
chronic administration of D-amphetamine, the subjects were challenged
for cross tolerance with a relatively low d6se of LSD (0.5 mcg/kg), a pro-
cedure which should enhance the demonstration of a low degree of cross
tolerance.

Subjects. The 10 subjects who volunteered and served in this experi-
ment were former opiate addicts who were serving sentences for violation

of the United States narcotic laws. Each subject was male, their ages
varied from 25 to 36 years, 7 were Negro and 3 were Puerto Rican. None

exhibited signs of physical illness or psychosis. All subjects had receivedl

' no narcotic drugs for at least six months, but some had received psychoto-
mimetic drugs in other tests no less than one week prior to beginning
this experiment.

General conditions. The subjects were housed in a special ward
devotcd to clinical research and were observed" by specially trained aides

with long experience in detecting drug-induced behavioral changes.
Temperaturc, respiratory rate, pulse rate, and blood pressure were
measured three times daily on days when special measurements were
not being determined. Body weight, caloric intake, and routine notes
on behavior were recorded daily.



Experimental observations, During each test day of the control
periods and on the two days after chronic drug administration when the

subjects were tested for direct and cross tolerance, the following observa-
tions were made according to the methods previously described (IsBELL
et al. 1961), at hourly intervals after 10 minutes rest in bed, twice before
and eight times after the drug was administered: rectal temperature,
pulse rate and blood pressure were determined in the usual manner;
pupillary diameter under constant lighting conditions was estimated by
comparison with circles of varying size on a card; and threshold for
elieitation of the kneejerk was determined by the minimal degree of are
through which a mounted reflex hammer must fall in order to elicit the
patellar reflex.

The subjective drug effects were quantitatively evaluated by two
methods, a questionnaire and a clinical grade. A 49-item questionnaire
was administered by an aide at hourly intervals from 7:30 a.m. to
3:30 p.m. ; each question was scored as either present or absent for that
particular hour. Seventeen of the questions which were selected from

•the Addiction Research Center Inventory were relatively specific 1 for
LSD, 15 were relatively specific for amphetamine, and 17 were common
to both drugs (HILL and HA_RTZEX,to be published). A "clinical grade"

from 0---4 was assigned by a physician according to the peak intensity of
the reaction (0 representing no change, and 4 representing hallucinations
with loss of insight) as previously described by ISBELL et al. (1956). In
addition, at hourly intervals general notes on behavior were recorded
by the aides, but these were not quantified.

Analysis of data. Data recording and statistical analyses were similar
to the methods employed in previous tests of direct and cross tolerance
(ISBELL et al. 1961 ; WOLBACHet el. 1962).

The changes in each physiological measurement were calculated by
subtracting each individual's pre-drug response (average of the two
pre-drug observations) from his post-drug response at each hourly
interval. From these data areas under the time action curves were cal-

culated by the method of WINTERand FLATAKER(1950). With regard
to the questionnaire, the total number of positive responses were counted
over the entire period, eliminating those questions scored positively •
before the drug had been given. Means and standard errors of the means

• The specificity for each question is relative, not absolute, as determined in
sh_gle dose studies (HAgBTZg._ct al. 1961) where a greater percentage of subjects
responded affirmatively after one drug as compared to other drugs. Typical specific
quit.ions concerning LSD are: "Do you have a weird feeling ?.... Do you feel an
increasing awareness of bodily sensations ?" Typical specific questions re amphet-
amine are: "Do you feel like catching up on all your work _" "Does your memory
seem sharper to you than usual ?" Questions relatively specific for both LSD aud
amphetamine are: "Do you seem to be a changed person ?.... Do you feel more
excited than ch'eam_"



6

for both tile total and peak (maximmn intensity during the experi-
mental period) responses were calculated according to standard statistical
techIfiques.

All statistical comparisons were made by both the t-test for paired
observations (EnwAr¢ns 1916) and the non-par.ametrie rank order test

for paired obscr_*ations (WILcoxo_ 1949). Since the statistical signifi-

eanees by this latter method usually agreed well with the former, only
the results with the /-test are presented except where a discrepancy
exists.

Upon comparing the responses to identical drugs and doses for the

two control periods, the increase in pulse rate with LSD (1.5 meg/kg) and
pupillary diameter with LSD (0.5 meg/kg) were statistically less in the
second control period. Therefore, when testing for tolerance, the control
data from the first or second control period were employed for comparison
according to the respective period of chronic drug administration. For

example, if a subject received D-amphetamine throughout the second
period of chronic drug admil_istration, his response to ])-amphetamine
during the second control period would be used in comparing for direct
tolerance to D-amphetamine.

The determination of direct and cross tolerance with D-amphetamine
and LSD involved four different comparisons for both peak responses
areas under the time action curves: (1) control response to LSDvs
response to LSD after chronic'administration of LSD ("direct" tolerance
to LSD), (2) control response to D-amphetamine vs response to D-amphet-
amine after chrome administration of LSD ("cross" tolerance to D-am-

phetamine), (3) control response to D-amphetamine vs response to
D-amphetaInine following the chronic adn?inistration of D-amphetamine
("direct" tolerance to D-amphetamine), and (4) control response to LSD vs
response to LSD following the chronic administration of D-amphetamine
("cross" tolerance to LSD). Tolerance was considered to be present if
either the peak or total (area) test responses were statistically less than
their respective control values.

Results

The eTTeetsor single doses in n0ntolerant subjects. The total responses
obtained with placebo, LSD (0.5meg/kg), LSD (1.5meg/kg), and
])-amphetamine (0.6 mg/kg) in the first control period are listed in
Table 2.

LSD (1.5 mcg/kg) produced statistically significant increases in body
temperature, pulse rate, blood pressure, pupillary size, responses to the
questionnaire, and clinical grade, and a significant decrease in threshold
for the kneejerk as compared to placebo. The lower dose of LSD
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Table 2. The e[/ect_ o/placebo, LS'D, and D-amphetumilte in single doses
I to 10 _umtolerant subjects during the/ir_t control period

Treatmen_

"i Measure I,BD D-amphetamine
Placebo

0.5mcg/kg 1.5nwg/kg 0.6mg/kg

Tempe- + 3.31:[: 0.58 + 4.07_ 0.47 + 4.63_ 0.51s + 4.32± 0.64
ratuTe x
Pulse -t-31.05_14.94 +55.65+15.57 +89.10!10.514 + 16.65i13.96
ratO
Blood + 9.45_11.95 +75.604-13.654 +92.30±10.31' +264.10:[:19.904

pressurO
PupiP + 1.79_ 1.30 + 9.664- 1.184 +14.75={= 1.67_ + 3.58± 0.72

Kneejerk 1 -- 4.704- 2.02 --18.95:1:7.69 --45.684- 8.034 -- 15.62± 7.60
Responses + 2.104- 0.62 +21".604- 4.724 +66.90± 7.324 + 34.204- 7.56

to
question-

nairo _
Clinical 0.0 + 0.95± 0.194 + 2.354- 0.244 + 0.854- 0.184
grade a

1Each figure represents the mean _ standard error of the mean for the area
under the time-action curve during the 8-hour experimental period. The signs
indicate an increase (+) or decrease (--) from pre-drug control values.

2 l_epresents the mean for the total number of questions scored positively
during the experimental period.

s Represents the mean for the maximum mental reaction during the experi-
mental period.

4 Indicates significance (P<0.O1) compared with placebo.
5 Indicates significance (P,<0.05) compared with placebo.

(0.5 mcg/kg) produced fewer significant effects (increase in blood pressure,

pupillary size, responses to the questionnaire, and clinical grade). With

1)-amphetamine, questions and clinical grade increased significantly but
the only significant autonomic alteration was a rise in systolic blood

pressure of much greater mag_fitude _han that evoked with LSD.

A statistical analysis of the above data employing only the peak

effects yielded similar results, and are not presented here.

The subjective response (questionnaire and elhfical grade) to D-am-
phetamine was of the same order of magnitude as LSD, 0.5 mcg/kg; but

qualitatively, a. different pattern of response was observed. I)-Alnphet-

amine initially produced anxiety and euphoria lasting about four to

six hours without depersonalization, confusion, or sensory distortion;

this was followed by dyphoria _th complaints of anore._ia and

insomnia lasting throughout the night. In contrast, LSD produced
euphoria and anxiety with perceptual distortions and visual hallucina-

tions which was not followed by dysphoria. The subjects usually

regarded the LSD effects as a pleasant experience. This different pattern

of subjective response is also illustrated quantitatively in Table 3 where
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Table 3. The re_poltsc to question of di//eretd spcci/icities wit/v placebo, LSD, aim
D-am r>hetaminein *_gle doses to 10 no_tolera_t subjects

Treatlnent

Questionsrelativfly LSD Amphctaminc
specificfor l'laccbo

0.5 mcg/kg 1,5 mcg/kg 0.6 mg/kg

LSD ..... 0.5 :J: 0.22 6.4 ± 1.42 25.9 :_: 1.80 8.3 :j: 2.46

Amphetamine 0.4 J: 0.27 8.0 ± 2.51 16.3 _ 3.42 14.2 ± 3.38
LSD and

Amphetamine 1.2 :J_ 0.49 7.8 + 1.73 26.5 _ 3.68 12.6 :J: 2.70

Each figure represents the mean total number of questions _ standard error
of the mean answered positively in each designated category during the 8-hour
experimental period.

the questions are categorized according to their reported specificity
{HILL and HAERTZEN, to be published). The figures in the first column

reveal a very small response to placebo under the conditions of our
experiment. The second column illustrates responses of nearly equal

magnitude in all three categories of questions with LSD (0.5 meg/kg).

The third column illustrates a greater response with LSD (1.5 mcg/kg)

to questions relatively specific for LSD as compared to questions of the
"amphetamine category". Conversely, the last column illustrates a

greater response with amphetamiffe to questions reported to be relatively

specific for amphetamine as compared to questions relatively specific
for LSD.

Reproducibility of effects with single doses in nontolerant subjects. The

"" differences in response to the same doses of the same drugs in the first

and second control periods are listed in Table 4. In the second control

period the increase in pulse rate with LSD (1.5 mcg/kg) and the pupillary
dilatation with LSD (0.5 mcg/kg) were significantly less than that

obtained during the first control period. Such differences might suggest
that some residual tolerance was still present following the 10 to 14 day

"washout" period. However, this explanation seems unlikely because

the subjects who accounted for the decrease in these effects were not

necessarily those who had received LSD chronically during the first

period of chronic administration.

Direct and cross tolerance. Table 5 lists the mean differences in total

responses to LSD or I)-amphetamine between control and test, or

challenge foUowiug the chronic administration of either drug.

The first column lists the mean differences in response to LSD

(1.5 mcg]kg) after the chronic administration of LSD as colnparcd with

the respective control values for LSD (1.5 mcg/kg). In other words, this
column summarizes the test for direct tolerance to LSD. The differences
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Table 4. Repr(×tucibility o] th,; el]eels with placebo, LS D, and D-amphet_t_dne
in 10 nontolerant subject,s

Treatment

_casure LSD D-amphetamine
:Placebo

0.5 mcg]kg 1.5 mcg/kg 0.6 mg/kg

Tempera- -- 0.57-4- 0.63 -- 0.32_ 0.39 -- 0.77± 0.42 q- 0.70_ 0.61
ture 1

I_seratO --14.10±18.19 --33.35±17.17 --67.60_11.884 --23.65=[_17.08
Blood +33.70±15.93 --13.60±15.88 --12.55=t=15.98 q- 4.10115.86

l_essurO
PupiP -- 1.31=L 1.76 -- 3.39_= 1.06_ -- 1.35:L 0.80 -- 0.02t 1.45

Kn_ejerk * -- 8.65J: 5.73 --10.64± 7.67 --15.82±13.94 + 3.18_:12.17
Responses -- 1.50=L 1.01 -- 7.40± 4.00 -- 1.40± 6.83 --10.40± 6.51
to question-

naire 2
Clinical 0.00 -- 0.20+ 0.20 + 0.20+ 0.21 -- 0.30i 0.17
grade 3

t Each figure represents the mean difference i standard error of the difference
for the area under the time-action curve between the first and second control periods
with respect to each drug and dose. The signs indicate an increased (+) or decreased
(--} response in the second control period.

Represents the mean difference for the total number of questions scored posi-
threly during the experimental period.

3 Represents thc mean difference for the maximum mental reaction.
• Indicates significance (P <0.01) between the first and second controls.
5 Indicates significance (P<0.02) between the first and second controls.

are significantly less with regard to pupillary size, response to the

questionnaire and clinical grade, thus signifying that direct tolerance to

LSD has developed for these parameters. In addition, decrease in

r_ponse for pulse rate and threshold for the kneejerk approached a

level of statistical significance (P -- 0.05) by the non-parametric rank
order test for paired observations.

The second column lists the mean differences in responses to D-am-

phetamine (0.6 mg/kg) after the chronic admilfistration of LSD as

compared with t,he respective control values for D-amphetamine

(0.6 mg/kg). In other words, this column summarizes the test for cross

tolerance to D-amphetamine following the chronic administration of LSD.
Since significant differences are not demonstrated, cross tolerance did not

develop under these conditions between D-amphetamine and LSD.

The third column lists the mean differences in responses to D-amphet-

amine (0.6 mg/kg) after the chronic administration of D-amphetamine as

compared with the respective control values for D-amphetamine
(0.6 mg/kg). In other words, this column summarizes the test for direct

tolerance to _)-amphetamine following the chronic administration of

D-amphetamine. The differences are significantly less with regard to

rectal temperature, systolic blood pressure, responses to the question-
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Table 5. Tolcra_ce at_d cro_s tolera_ce

After LSD chro1_icaliy (13 days) After D-amphetamine chronic:ally (13_days)

Challenge with Test with D-amphet- Challenge with LSI)Measure Test with LSD, D-amphctanline, amine, 0.6 mg/kg,
1.5 mcg/kg,"direct" 0.6 mg/kg, "cross" "direct" tolerance 0..5 mcg/kg, "cross'

tolcralme to LSD tolerance to to D-amphetamhlc toleralmc to LSI)D-amphetamine
i

Tempe- -- 0.92± 0.56 -_ 0.67± 0.67 -- 1.79_ 0.45 t -- 0.143= 0.54
rature _

Pulse --41.453=18.50 + 7.50_11.71 -b 25.053=13.52 -- 6.404-18.22
rate l

Blood -- 5.703=12.99 ÷23.103=21.91 --147.503=17.70 _ + 4.55±21.25
pressure _

Pupillary -- 9.173= 1.944 -- 0.70± 1.42 A- 0.063= 1.15 -- 0.94=j= 1.03
changes 1

Kneejerk 1 --30.673=15.13 -- 5.253= 9.54 -- 4.19±10.25 A-11.92± 8.56
Rcspon- --67.30j= 7.274 -- 1.603= 4.52 -- 23.10± 7.92 _ -- 2.50=[: 8.52

ses to

question -
naire 2

Clinical -- 2.25± 0.264 -- 0.05:[: 0.24 -- 0.55± 0.144 -- 0.20± 0.21
grade 3

1 Each figure represents the mean difference ± standard error of the difference

for the area under the time-action curve between the control response to LSD or

D-amphetamine and the respective "test" or "challenge" response following the
chronic administration of either drug. The signs indicate an increased (+) or
decreased (--) response after chronic intoxication.

2 Represents the mean difference for the total number of questions scored

positively during the experimental period.
3 Represents the mean difference for the maximum mental reaction.

4 Indicates significance (P< 0.01) between the control and "test" or "challenge"
response.

5 Indicates significance (P <0.02) between tim control and "test" or "challenge"
response.

naire and clinical grade, thus signifying that direct tolerance to D-amphet-

amine has developed for these parameters, ltowcver, when the peak
responses were analyzed in a similar manner, a statistically significant

" dlffcrencc was not obtained for rectal temperature.

The fourth column lists the mean differences in responses to LSD
(0.5 mcg/kg) after the chrol_ic administration of D-amphetamine, as
compared with the respective control values for LSD (0.5 mcg/kg). In
other words, this column summarizes tim test for cross tolerance to LSD

following chronic administration of D-amphetamine. Since significant
differences are not demonstrated, cross tolerauce did not develop under
these conditions between LSD and D-amphetamine.

Fig. 2 and 3 illustrate the time action curves for subjective effects
before and after the chrolric administration of LSD and v-amphetamine.
Fig. 2a illustrates direct tolerance to LSD with respect to subjective
effects, while Fig. 2b shows the absence of cross tolerance to LSD
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d/recllo/erance_ LSD crosstolerance

N/o

0 I Z 3 _ 5 6 7 8 0 l 2 3 _ 5 6 7 8

hoursaflerdrug
1_'lg. 2a and b. Time "course of the subjective response with LSD before (e) and after (o) the

chronic administration of LSD (Fig. 2a) and D-amphetamine (Fig. 2b). :Note in l_'ig, 2a tile

marked diminution in response to LSD, 1.5 mcg/kg, following cllronie LSD administration (i.e.. direct

tolerance present); but in ]?ig. 2b the normal response to LSD, 0.5mcg/kg, following chronic

D-amphetamine administration (i.e., cross tolerance absent)

d -Amphelam/ne

d/'recltolerance crosstolerance
I0

_onlrol 8. b

,
0 2 3 _ 5 C 7 8 0 l 2 3 ¢- 5 5 7 8

hours afler drug

Yig. _a and b. Tim_ eour_ of tlm subjective response with 1)-aml_hetamine before (.) and after (o)

the chronic admtnis|ration of 1)-amphetamine (Fig. 3a) and LSD [Fig. 3b). _ote in Fig. S_

the marked diminution is response to D-amphetamine, 0.6 mg/kg, follo_ing chronic D-amphatamhm

udministrution (i.e., direct tolcra_me I)rcsent); but in _'ig. 3b the n_rmal response to D-am-

phetamine, 0.6 mg/kg, following chronic LSD administration (i.e., cross tolerance absent)

follo_4ng the chronic administration of _)-amphctramiue. In a similar

manner, Fig. 3a illustn_tcs direct tolcrcmee to _)-amphetamilm while

Fig. 3b shows the absence of cross tolerance t(_ I)-amphet_mine follow-
ing chronic administration of LSD.
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All lO subjects completed the experiment in good condition. Weight
loss, persistent anorexia or insomnia, "amphetamine psychosis" or
"amphetamine shook" were not observed dnring or following the experi-
mental period.

Discussion

The effect of single doses of D-amphetamine and LSI) in nontolcrant
subjects are similar to other reports in the literature (LEAK]_ 1958;
ISBELL et al. 1956). Although a stimulatory response was observed with
either drug, it is important to rccognlze that the pattern of response was
different with each drug. The subjective effects with LSD consisted of
anxiety and euphoria with perceptual distortions and visual hallucina-
tions, and was regarded as a pleasant experience in tote; while D-amptwt-
amine produced anxiety and euphoria without, distortions or hallucina-
tions, and was followed by dysphoria with complaints of anorexia and
insomnia, It should be recalled, however, as previously emphasized and
discussed by ISBELL et al. (1956) that the LSD reaction has only a
"superficial resemblance to the chronic forms of any of the major
psychoses".

Differences in the quality of excitation with amphetamine and LSD
have also been noted in animals. Although either drug produced a
behavioral excitement and alerting pattern of the EEG in cats and
monkeys, BI¢ADLEYand ELKES (1957) noted that such effects with LSD,
as contrasted to amphetamine, were dependent on stimulating factors
from the external environment. Similarly, t]ASIILTON(1960) demonstrated
that rats became excitable and ran faster to escape shock after an injection
with either LSD or amphetamine, but stated "... the cxcitability in the
LSD-25 rat is not qualitatively the same as that in the rat with amphet-
amdne." tie described the amphetamine t{eated rat as hyperactive and
alert in their living cages, whereas the rats injected with LSD appeared
hylmactive _util stimulated with the shock or buzzer.

The absence of psychotic episodes with D-amphetamine during either
the control or chronic intoxication periods is not surprising, since the drug
was given only once daily in the morning to non-psychotic subjects for
14 days. Although "amphetamine psychosis" has often been reported,
the dosages required differ markcdly from those in this experiment.
MONROE and DnELL (1947) failed to obscrvc psychotic reactions in any
of several patients following a single dose of various amounts of amphet-
amine. They concluded that a dose much greater than 30 mg of amphet-
amine must be required to precipitate a psychosis. CO,NELL (1948)
reviewed scvcral cases of amt,hctamine psychoses and concluded that a
minimum of 50 mg, but usually a much larger dose, of amphetamine is
required to induce a psychosis in single doses.

Most reported cases of amphetamine psychosis involve chronic con-
sumption of the drug on a schedule that would persistently interfere with
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sleep. KNAPP (1952) reported several such cases and suggested that the

resulting toxic state may simply be ¢n accumu,_tlon of normal fatigue".
The most conspicuous autonomic effect of l)-amphctamine was a

marked elevation in systolic blood pressure, but significant pupillary
dilatation did not occur. Although mydriasis after even low doses of

amphetamine has been demonstrated and studied in cats (MARLEY 1961),
pupillary dilatation in man reported by other investigators (LE.tKE

i 1958; COlgNELL1958) seems to be infrequently observed with doses
i comparable to those employed in the present experiment. In contrast,

LSD produced a definite mydriasis which paralleled the degree of sub-
jective effects with each of the two doses, but caused a relatively small
elevation in blood pressure.

Repol"_ed information is conflicting as to whether or not direct
tolerance develops to amphetamine in man (LEAKE 1958; SEEVERS1955;

VOOEL et al. 1948). That tolerance may develop is suggested by case
reports of some patients who have gradually increased thcir daily dose of
amphetamine to 200 mg or more without accentuating the effects initially
obtained _dth a lesser amount (BLOOMBERG 1940; KNAPP 1952). The
present experiment seems to be tim first quantitati_-c demonstration of
the development of direct tolerance to amphetamine in man. This
tolerance, with respect to blood pressure elevation and subjective effects,
appears quite definite and is presented without reservation. However, it
is questionable whether tolerance to the pyrexic effect would be easily
reproducible since the temperature change was small, and pyrexia with

amphetamine could not consistently be demonstrated with single doses
to nontolerant subjects (e.g., the first control period).

It is quite apparent that direct tolerance developed to LSD with
respect to subjective effects and pupillary dilatation. In addition,"
although not statistically significant, the other measurements tended to

., decrease with chronic LSD admfifistration. This pattern of tolerance
agrees well with earlier studies (ISBELL et al. 1961 ; WOLBACI<et al. 1962)
demonstrating that the subjective effects and pupillary changes are the
most consistent changes induced with LSD in man, both acutely (single
doses) and chronically (tolerance).

The absence of cross tolerance regarding the autonomic eflects of
LSD and D-amphetamine is not surprising since both single doses and the
development of direct tolerance involved dissimilar parameters with
respect to each drug. For example, pupitlary dilatation was not observed
in the control periods with the dose of D-amphetamine employed in this
study; consequently, the demonstration of direct tolerance to this effect

would be impossible. Therefore the absence of cross tolerance regarding
pupillary dilatation nmst be cautiously interpreted.

The experimental conditioti was most favorable for the demonstration

of cross tolerance to the mental effects of LSD and D-an_plmtaminc. For
.._
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example, a greater response was obtained _dth the questiomlaire and

clinical grade with single dos,_s (control) of LSD (1.5 meg/kg) as compared

to single doses (control) of l}-amphetanfine; and a high degree of direct

tolerance was present to this amount of LSD when the subjects were

challenged for cross tolerance with D-amphetamine. Therefore, the

absence of cross tolerance to the total subjective response with LSD and
l)-an_phetamine in man seems quite conclusive.

It is of added interest to note that mescaline and D-amphetamine are

structurally related, but only the former drug induces subjective effects
hi man similar to LSD and exhibits cross tolerance with LSD (WoLBACJI

et al 1962).

These results suggest that in man LSD and D-amphetamine are not
related in biological activity and probably exert their effects through
dissimilar mechanisms.

Summary

1. _Vithin the limits of this experimental design in man:

a) the spectrum of LSD effects is different from that of D-amphet-
amine itl single doses to n0ntolerant subjects,

b) following the daily administratioa of LSD for 14 days, direct

tolerance develops to LSD (1.5 meg/kg) with respect to pupillary dilata-
tion and mental excitation,

e) following the daily administration of D-amphetamine for 14 days,

direct tolerance develops to _-amphetanfine (0.6 mg/kg) with respect to

temperature elevation, systolic blood pressure increase and mental
excitation,

d) subjects directly tolerant to LSD (1.5 meg/kg) arc not cross

tolerant to D-amphetamine (0.6 mg/kg), dnd subjects directly tolerant

to D-amphetamine (0.6 mg/kg) are not cross tolerant to LSD (0.5 mcg/kg).

2. It is inferred that LSD and ])-amphetamine probably exert; their
effects through dissimilar mechanisms.
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