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This study investigates the possible interactions of 
antidepressant agents and hallucinogens in humans 
through structured interviews using a standardized 
questionnaire. Volunteer subjects recruited through 
announcements placed on the Internet or other sources were 
asked to describe the somatic, hallucinatory, and 
psychological effects of self-administered LSD prior to and 
during chronic administration of an antidepressant. 
Twenty-eight out of 32 subjects (88%) who had taken an 
antidepressant with inhibitory effects on serotonin (5-HT) 
reuptake (fluoxetine, paroxetine, sertraline, trazodone) for 
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Antidepressant drugs are among the most frequently 
prescribed therapeutic agents in the world. Although 
recent reviews have focused on the interactions of anti
depressants with other medically prescribed drugs 
(Birkhimer et al. 1984; Spina and Perucca 1994), less at
tention has been paid to the interactions of antidepres
sants with drugs that are used in a social or recreational 
manner. The 1993 National Household Survey on Drug 
Abuse (U.S. Department of Health and Human Services 
1993) estimated that 8.7% of Americans have used hal
lucinogens at some point in their lifetime. Although this 
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over 3 weeks had a subjectizv decrease or virtual elimination 
of their responses to LSD. An additional subject who had 
taken fluoxetine for only 2 week had an increased response 
to LSD. These data are in contrast to our previous study 
tlxat reported increased responses to LSD during chronic 
administration of tricyclic antidepressants or lithium. 
Possible meclianisms of action for the effects from serotonergic 
antidepressants involve 5-HTi and 5-HTJA receptors, 
clianges in extracellular brain serotonin concentrations, 
and clwnges in brain catecholamine systems. 
[Neuropsychopharmacology 14:425-436,1996] 

figure is relatively low compared to that for the other 
drugs that are used in a nonmedical setting it does trans
late to 18 million individuals in the United States who 
have used LSD or similar agents. 

Early clinical investigations demonstrated that chronic 
administration of the monoamine oxidase inhibitors 
(MAOIs) isocarboxazid (Resnick et al. 1964) or niala
mide (Dytrych 1965; Grof and Dytrych 1965) markedly 
attenuated the subjective experiences of humans to 
LSD. We have recently reported that two individuals 
who were chronically taking MAOIs also described di
minished responses to LSD; this was in contrast to eight 
other individuals taking lithium or the tricyclic antide
pressants imipramine, desipramine, or clomipramine 
who had exaggerated responses to LSD (Bonson and 
Murphy in press). A single previous case report in the 
literature indicated that chronic administration of the 
serotonin reuptake inhibiting antidepressant fluoxetine 
reduced the hallucinogenic effects of LSD (Strassman 
1992). There is also evidence that the chronic adminis
tration of fluoxetine added to ongoing neuroleptic treat-
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ment in schizophrenic patients can reduce hallucina
tions by 30% (Goff et al. 1990). In this article w e present 
systematically collected information from 33 individu
als w h o had experience with LSD dur ing the t ime that 
they were taking serotonin reuptake inhibitors (SRIs). 

M E T H O D S 

Subjects for this retrospective s tudy were identified 
through announcements placed on selected computer 
Internet news groups ("alt. d rugs , " "alt. psychedelics," 
"sci.med.psychobiology," "rec.music.gdead") and in a 
local alternative newspaper request ing an interview 
with hallucinogen users who had ingested LSD or other 
hallucinogens during the time that they had been tak
ing a physician-prescribed ant idepressant . Similar an
nouncements were also placed in a newsletter with broad 
circulation to people interested in psychedelic d rugs . Ad
ditional subjects volunteered after hearing about the study 
by word of mouth or were referred to us by other scien
tists and clinicians. 

A structured interview was conducted orally or in 
writ ten form and consisted of several par ts : (1) Informa
tion about the antidepressant treatment (drug, daily dose, 
length of time on antidepressant when hallucinogen con
sumpt ion occurred, reason for being placed on the anti
depressant); (2) information abou t other d rugs that the 
subject used on a regular basis, including prescription and 
recreational or social drugs; (3) information concerning 
the phenomenological effects of a hal lucinogen that had 
been taken during antidepressant t reatment . This ques
tion was asked in terms of whe ther the experience dur
ing antidepressant treatment was subjectively unchanged, 
increased, or decreased in compar ison to times the per
son had taken a similar dose of the same hallucinogen 
prior to or after antidepressant use, or in compar ison to 
the experience of a friend w h o w a s not taking antide
pressants but had taken a similar dose of the s ame hal
lucinogen at the same time. The various points that were 
asked about followed the general t ime course of the ef
fects of a hallucinogen, including the t ime it took for the 
subject to get high, alterations in somatic , hallucinatory, 
or psychological effects, the total time the subject was 
high, aftereffects or alterations in sleep, and an assess
ment of the overall experience; (4) information, if avail
able, about whether the response a subject had to LSD 
was changed during the weeks following discontinua
tion of the antidepressant. 

In order for a report from a subject to be considered 
usable, the subject must have h a d a "control" condit ion 
with which to compare the current hal lucinogenic expe
rience. This consisted of either a personal pr ior experi
ence with a similar dose of LSD whi le the subject was 
not taking an antidepressant (n = 29) or the experience 
of a friend who was not taking an ant idepressant but 

who had taken the same dose of the same hallucinogen 
at the same time as the subject (n = 30). All subjects w h o 
wished to participate in this s tudy were assured of con
fidentiality prior to being interviewed. A complete copy 
of the structured interview is available from the authors 
upon request. 

REPRESENTATIVE CASE R E P O R T S 

Fluoxetine 

O, a 34-year-old male, had extensive experience with hal
lucinogens. In response to chronic depression, he had 
been placed on 20 m g / d a y of fluoxetine. After 6 weeks of 
taking the antidepressant , his depress ion symptoms 
had considerably improved, and he ingested approxi
mately 250 p.g of LSD. Upon "quite a bit of psychological 
effort" he experienced very slight somatic stimulation 
and "minor" hallucinations limited to bright visual pat
terns on blank walls. These mild effects were greatly 
delayed in their onset. There was little in terms of psy
chological response. Overall, the subject likened the ef
fects as similar to those caused by 75 u.g of LSD. The totaJ 
amount of time he felt the effects of the LSD was approx
imately 5 hours, which he stated was a significant re
duction from a more normal 10 hours . There was no al
teration in sleep. In contrast, a friend of the subject took a 
"moderate" dose (100 jig) of LSD from the same batch 
and had a "normal" experience for the amount of halluci
nogen taken. The subject had sampled a 250 p.g dose of 
LSD from the same batch prior to ant idepressant treat
ment and noted that he had experienced an "over
whelming" response. 

Sertral ine 

AA, a 36-year-old male, had extensive experience with 
hallucinogens. He had taken 100 m g / d a y of sertraline 
for 3 weeks for depression when he ingested approxi
mately 200 }xg of LSD. He reported that he did not feel 
any effects from the LSD whatsoever . This left him 
"dumbfounded," especially since he had taken a similar 
dose of LSD from the same batch before he had started 
taking sertraline and had "a rather intense experience." 
A friend of the subject took approximately 200 p.g of 
LSD from the same batch dur ing a similar period and 
experience a full hallucinatory effect. 

Following several months off sertraline, the subject's 
psychiatrist put him back on the ant idepressant . After 3 
weeks of sertraline use in this new phase, the subject once 
again took LSD from the same batch as before. This time, 
taking approximately 300 u.g of LSD, he was able to dis
cern some limited effects from the hallucinogen. However, 
he reported that the experience qua l i ta t ive lywas equiv
alent to taking only 100 u.g of LSD under conditions when 
he was not taking an antidepressant. A friend of the 



subject took 100 jxg of LSD from the same batch and de
scribed effects that were similar in intensity to those ex
perienced by the subject. 

Paroxetine 

EE, a 35-year-old male, had extensive experience with hal
lucinogens. He ingested approximately 150 fxg of LSD 
following a 3-week course of paroxetine (20 m g / d a y ) 
for depression. After an hour, the subject felt only mi
nor "proprioceptive distortions" and "mi ld" hallucina
tions that lasted for about 30 minutes. There were no 
further sensations over the next few hours that he could 
associate with the ingestion of LSD. The subject experi
enced no changes in sleep. A friend of the subject took 
approximately 150 p.g of LSD from the same batch and 
had a "normal" hallucinatory experience. 

The subject ingested the same dose of LSD again af
ter 5 weeks of paroxetine use and experienced no effects 
of the hallucinogen at all. On both occasions he took the 
LSD from a batch he used prior to beginning paroxe
tine. Before antidepressant use, 150 u.g LSD from this 
batch had induced typical somatic, hallucinatory, and 
psychological effects. 

S U M M A R Y OF CASE R E P O R T S 

A total of 33 individuals (eight women, twenty-four men, 
one anonymous) , ranging in age from 15 to 37, partici
pated in this s tudy by completing a structured interview. 
Although case reports for each of these subjects were 
submitted with the manuscript , their length precluded 
publication. They are available upon request from the 
authors and are summarized in Table 1. All but four of 
these subjects were placed on an antidepressant for treat
ment of depression; two subjects had been prescribed 
fluoxetine for either anxiety or post t raumatic stress dis
order (PTSD), one individual had been prescribed ser
traline for attention deficit disorder (ADD), and one indi
vidual had been taking paroxetine for "stress." Although 
this was not a requirement for inclusion, all subjects who 
were interviewed had taken an antidepressant for at 
least 3 weeks before ingesting a hallucinogen, with the 
exception of one subject who reported on an experience 
with LSD after only 1 week of fluoxetine use. Twenty-six 
of the 33 subjects in this s tudy had either extensive or 
moderate previous experience with a range of LSD doses 
prior to antidepressant use and were therefore able to 
give meaningful discriminative assessments of alter
ations in their responses to hallucinogens while they 
were taking an antidepressant. Thirty subjects had 
friends who were not taking an antidepressant w h o had 
taken the same dose of LSD from the same batch as the 
subject, thus providing reference experiences with which 
the subjects could compare their experiences. In addi

tion, 15 subjects had taken LSD from the same batch 
both before and during ant idepressant treatment. 

The results from this investigation indicate that sub
jective responses to LSD appear to be generally reduced 
by the chronic administration of antidepressants with pri
mary serotonin reuptake effects. The typical effects of LSD 
follow a course that includes the early appearance of 
sympathomimetic stimulation (somatic effects), which 
continues throughout the 8- to 10-hour duration of the 
experience; the appearance of colors, patterns, and dis
tortions in the visual field (hallucinatory effects), which 
peaks in about 4 hours; and introspective or phi losophi
cally oriented thoughts (psychological effects), which last 
through the end of the experience (Freedman 1969). In 
the present study, 28 of 32 subjects (88%) reported that 
when they self-administered LSD dur ing a medically pre
scribed regimen of an SRI (fluoxetine, sertraline, or parox
etine) of 3 or more weeks, there was a moderate to marked 
decrease in their usual responses to LSD. The data we 
present are consistent with a previous case report of a de
crease in the effects of LSD in a person w h o had been 
chronically taking fluoxetine (Strassman 1992). 

In conducting a retrospective s tudy , certain issues of 
potential bias arise. Because the individuals w h o re
sponded to our call for subjects were self-selected, it is 
possible that only those who had a decreased experience 
with hallucinogens while taking antidepressants were 
interviewed. However, because our announcements 
stated only that we wished to speak with those w h o had 
combined these two classes of d rugs , there was no indi
cation of our hypothesis that chronic ant idepressant use 
could change the hallucinogenic experience in a partic
ular direction. In fact, many subjects commented that 
they responded to our request for s tudy part icipants be
cause they simply wanted to contribute to scientific 
knowledge about hallucinogens. 

In addition, we collected data not only from those w h o 
were taking serotonergic ant idepressants but also from 
individuals who were being treated with other classes of 
antidepressants. These results, published elsewhere, indi
cated a differential response par tem to LSD taken in con
junction with the non-SRI antidepressant treatments (Bon-
son and Murphy in press). Briefly, individuals w h o were 
chronically taking tricyclic ant idepressants or li thium 
(alone or in combination with tricyclic antidepressants) 
had a potentiation of their response to LSD. In contrast, 
individuals who had been chronically taking MAOIs had 
a reduced response to LSD similar to that reported in the 
present study. These data suggest that the chronic admin
istration of different classes of antidepressants may differ
entially affect serotonin and other neurotransmit ter sys
tems in the brain that are activated by LSD. 

To avoid possible investigator influence, a standard
ized questionnaire was used. Al though our survey re
lies on memory, all subjects interviewed felt quite confi
dent that their accounts were accurate, usually because 



Table 1. " Effects of Serotonin Reup take Inhibitors on H u m a n Responses to LSD 

Hallucino- Psycho-
Dose Estimated Onset of Physical genie logical Tota l Overall 

Age Sex Diagnosis (mg/day) Weeks LSD Dose Effects Effects Effects Effects T i m e Sleep Response 

Fluoxetine 
A 
B 
C 
D 
E 
F 
G 

H 

I 

J 

K 
L 
M 
N 

O 
P 

Q 

R 
Sertraline 

S 

T 

U 
V 
W 

X 

Y 
Z 

AA 
BB 
CC 

Paroxetine 
DD 

EE 

FF 

31 
18 
34 
24 
25 
20 
16 

15 

26 
29 

19 
34 
23 
26 

34 
26 
20 

? 

29 

21 

18 
17 
37 

30 

21 
27 

36 
36 
19 

33 

35 

19 

M Depression 
M Depression 
M Anxiety 
M Depression 
F Depression 
M Depression 
F Depression 

M Depression 

M Depression 
M Dysthymia 

M Depression 
F PTSD 
M Depression 
F Depression 

M Depression 
F Depression 
M Depression 

? (Curiosity) 

M Depression 

F Depression 

M ADD 
M Depression 
M Depression 

M Depression 

80 
60 
40 
40 
40 
40 
40 

0 
30 

20 
20 
20 
20 
20 
20 
20 
10 
0 

20 
20 
20 
20 
20 
20 
20 
20 

200 

150 
200 
150 
150 
100 
100 
100 

4 
24 

150 
18 
4 
4 
3 

24 
12 

24 
20 
23 
12 
8 
8 
6 
3 
8 
6 
4 
2 
3 
7 
8 
9 
1 

8 

40 
20 
36 

8 
25 

3 
14 

(+36 hr off sertraline) 
M Depression 
F Depression 

M Depression 
M Depression 
M Depression 

M Depression 

M Depression 

M Stress 

100 
100 

100 
100 
50 

40 

20 

20 

8 
6 
8 
6 
3 

20 

28 
29 

3 
5 
3 

200 jig 
500 jig 
"High" 
125 jig 

75 jig 
"Moderate" 
"Moderate" 
"Moderate" 
"Mild-

moderate" 
250 jig 
"Moderate" 
"Moderate" 
"High" 
"Very high" 
200 jig 
200 jig 
200 jig 
200 jig 
250 jig 
300 jig 
"Moderate" 
"Moderate" 
"Very high" 
"Moderate" 
"Moderate" 
125 ,ig 

"High-
moderate" 

"Moderate" 
"Moderate" 
300 jig 
500 jig 
200 jig 
300 jig 

100 jig 
"Moderate" 
80 jig 

200 jig 
150 jig 
200 mg 
"Moderate" 

" 5 n g 
150 jig 
150 jig 
150 jig 
250 jig 

= 
= 
T 
= 
= 
= 
= 
= 
i 

T 

= 
= 
= 
X 
= 
T 
T 
= 
T 
= 
T 
T 
= 
= 
= 
T 

— 

i 
X 
i 
= 
T 
= 

= 
= 
T 
T 
= 
= 
= 

= 
= 
T 
= 
= 

i 

= 
= 
= 
X 
i 

i 
= 
= 

= 
= 
= 
I 
X 
I 
= 
= 
= 
I 
= 
X 
X 
= 
X 
I 
T 

j . 

i 
X 
X 
= 
i 
X 

= 
i 
X 
I 
X 
i 
= 

X 
i 
X 
X 
= 

i 
i 
= 
T 
X 
X 
1 

= 
I 

= 
= 
= 
X 
1 
X 
i 
i 
= 
i 
= 
1 
1 
= 
i 
1 

t 
i 

i 
i 
i 
= 
i 
= 

i 
I 
i 
i 

i 
i 
= 

X 
i 
i 
i 
i 

i 

i 
i 
i 
i 
i 
i 
= 
= 

= 
= 
= 
1 
4. 
= 
1 
-I 
= 
J. 
i 
= 
= 
= 
i 
i 
T 

1 

4-
1 
T 
= 
1 

i 

= 
i 
I 
i 
I 
i 
= 

i 
i 
i 

i 
T 

i 

= 
= 
= 
i 

i 
= 
= 
T 

T 
= 
= 
i 
= 
= 
= 
= 
= 
t 
= 
sr 

= 
T 
= 
= 
T 

1 

= 
= 
T 
= 
i 
i 

= 
= 
1 
i 
i 
i 
= 

i 
i 
i 

i 
i 

= 
= 
= 
= 
= 
= 
X 
= 
T 

= 
= 
= 
= 
T 
= 
= 
= 
= 
= 
= 
= 
= 
X 
= 
= 
X 

X 

X 
X 
T 
= 
r= 

= 

= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 

X 
X 
X 
X 
X 
X 
X 
= 
1 

= 
= 
= 
X 
X 
X 
X 
X 
• 

X 
X 
X 
X 
= 
X 
X 
T 

X 

X 
X 
X 
= 
X 
X 

X 
X 
X 
X 
X 
X 
= 

X 
X 
X 
X 
X 

(continued) 



Table 1. (continued) 

Age Sex Diagnosis 

Trazodone 
GG 26 F Depression 

Dose 
(mg/day) Weeks 

200 24 

Estimated 
LSD Dose 

"Moderate" 

Onset of Physical 
Effects Effects 

i 

Hallucino
genic 

Effects 

X 

Psycho
logical Total Overall 
Effects Time Sleep Response 

i i i 

Data in this table were drawn from structured interviews with 33 subjects concerning the subjective assessment of their responses to LSD during 
administration of an antidepressant. All doses of LSD are estimates provided by subjects. T, Increase in response; 4-, decrease in response; = , no 
change in response. An arrow indicating "increase" in onset of effects means it took longer than normal for the effects of LSD to be felt first, while a 
"decrease" in onset of effects means the effects were first felt sooner than normal. When the response occuned following complete discontinuation 
from the antidepressant, the drug dose noted is 0, with the number of weeks after discontinuation at time of LSD ingestion listed. 

they were so surprised not to have had a usual response 
to the hallucinogen while taking an SRI. In answer ing 
the "overall response" summation question, subjects 
based their answer on those aspects of the LSD experi
ence that were most important to them subjectively. 

Finally, there is the issue of whether our subjects had 
a reduced response to hallucinogens not only because of 
chronic SRI use but also because they had underlying psy-
chobiological alterations resulting from depression. All 28 
subjects who had been depressed stated that they were ei
ther in partial or complete remission from their depression 
following chronic antidepressant treatment. The other 
four subjects with other diagnoses also had a similar lack 
of response to LSD. 

The majority of subjects interviewed had been taking 
the antidepressant fluoxetine for 3 or more weeks when 
they ingested LSD (« = 17). Fifteen (88%) reported mod
erate to marked reductions in their somatic, hallucina
tory, a n d / o r psychological responses to LSD w h e n they 
had ingested "modera te" to "high" doses of the halluci
nogen after taking fluoxetine for over 3 weeks. O n e sub
ject noted that al though he had no real response to LSD 
at "moderate" doses while taking fluoxetine, he was able 
to experience a full hallucinogenic response w h e n he in
gested a "very h igh" LSD dose, estimated to be approx
imately 400 u.g. The responses to LSD did not a p p e a r to 
be dependent on the dose of fluoxetine being taken, be
cause subjects reported decreased responses to LSD 
when they were taking doses of 80 m g / d a y (?7 = 1), 60 
m g / d a y (n = 1), 40 m g / d a y (;; = 5), or 20 m g / d a y (» = 
7 of 9). Two subjects w h o had been chronically taking 
20 m g / d a y of fluoxetine experienced no change in their 
response to LSD. 

In subjects taking sertraline, 100 to 200 m g / d a y of this 
antidepressant was associated with a decrease in most 
major effects of moderate doses of LSD in eight of nine 
individuals. One subject taking 100 m g / d a y of sertra
line reported that a l though there was a decrease in his 
response to a "modera te" dose of LSD, when he took a 
much higher (300 mg) dose of LSD, he was finally able 
to experience some effect from the hallucinogen. One 
subject taking 50 m g / d a y of sertraline did not experi
ence any change in response to the hallucinogen. Three 

subjects chronically taking paroxetine reported a reduc
tion in the effects from LSD. Similarly, a single subject 
who reported on an experience with LSD after chronic 
administration of trazodone also had a decrease in her 
response to the effects of the hallucinogen. 

It is unlikely that the reduced response of mos t sub
jects to LSD whi le they were taking serotonergic ant ide
pressants is the result of tolerance because n o n e of the 
subjects ingested LSD more frequently than once a week; 
tolerance to LSD dissipates after 3 to 4 days (Strassman 
1984). In addi t ion, none of the o ther drugs that subjects 
were consuming on a regular or intermittent basis (such 
as asthma medicat ion or birth control pills) appea red to 
interfere wi th the ability of serotonergic an t idepres
sants to decrease the effects of LSD. 

Several subjects were able to give information about 
their responses to LSD during dosage reduct ion or fol
lowing interruption or cessation of SRI t rea tment . One 
subject who purposefully discontinued his sertraline daily 
dose 36 hours in advance of ingesting LSD still experi
enced the typical decrease in response to the hal lucino
gen that was reported by subjects who had taken their 
antidepressant the day of hallucinogen use. Ano the r sub
ject who took LSD after being on a reduced dose of flu
oxetine for several weeks also h a d a continuing reduced 
response to the LSD. This could have been expected con
sidering that fluoxetine has a half-life of 1 to 3 d a y s and 
that its active metabolite norfluoxetine has a half-life of 
7 to 15 days after single-dose administration (Lucas 1992) 
and chronic administrat ion is accompanied by measur
able drug levels for as long as 28 days (Pato et al. 1991). 
Finally, two subjects reported tha t a month after fluox
etine discontinuation their responses to LSD had fully 
returned to normal . These data support the theory that 
it is the alterations in neurotransmitter systems result
ing from chronic administration of serotonergic ant ide
pressants that are the critical factors in the r educed re
sponses to LSD. 

One subject in the present s t u d y ingested a hallucino
gen after only 1 week of fluoxetine treatment a n d noted 
a considerable increase in response to LSD. It is possible 
that this effect may be related to statements m a d e by 
many of our subjects that they themselves had unusua l 



responses to an SRI alone during the initial period of phar
macotherapy. The most common description of this phe
nomenon was that subjects felt as though they were ex
periencing the somatic sensations (and occasionally full 
hallucinatory effects) that normally occur in the initial 
hours following hallucinogen ingestion. These reports 
may be consistent with anecdotal evidence from patients 
reporting "strange" sensations during the start of sero
tonergic antidepressant medication that resemble anxi
ety or sympathomimetic stimulation. However, it should 
be noted that the subjects in the present s tudy were able 
to distinguish these early-onset sensations from SRJs as 
being dissimilar from the effects of other sympathomi
metics such as amphe tamine or cocaine, based on their 
previous experience with these stimulants. Although such 
sensations are not universal for all individuals w h o take 
SRJs, they have been reinforcing enough in s o m e per
sons that five case reports exist concerning individuals 
with histories of drug abuse who have actively sought 
fluoxetine strictly for purposes of misusing the antidepres
sant (Wilcox 1987; Goldman et al. 1990; Pagliaro and 
Pagliaro 1993; Gross 1994; Tinsley et al. 1994). 

It has been suggested that early-onset stimulation 
from SRIs may especially occur in patients w h o have a 
previous history of hallucinogen use and that this pop
ulation is at risk for "flashbacks" during the first weeks 
of treatment with this class of antidepressants (Markel et 
al. 1994). However , an alternative explanation is that if 
such phenomena occur in individuals w h o h a v e used 
hallucinogens, such individuals may simply be in a bet
ter position to identify accurately the sensat ions as re
sembling the early phase of LSD response than others 
who have not had exposure to hallucinogens. It has 
been shown that acute administrat ion of fluoxetine can 
increase the inhibitory effects of LSD at serotonin raphe 
neurons, suggesting a potentiat ion effect (Trulson and 
Crisp 1986). Therefore, it is possible that the subject in 
the present s tudy who repor ted an increase in response 
to LSD after only 1 week of fluoxetine use was experi
encing a potentiation based on the interaction of two 
drugs that can produce similar initial effects. 

D I S C U S S I O N 

Action of LSD in the Brain: 5-HT2 Receptors 

The neuropharmacology of LSD in humans a n d other 
animals is complex and incompletely unders tood. It has 
long been known that LSD has high affinities for differ
ent neurotransmit ter b inding sites in brain, including 
those for serotonin, dopamine , and norepinephr ine re
ceptors (Closse et al. 1984). In terms of the h u m a n hallu
cinogenic response, it has been suggested that the unique 
behavioral effects of LSD may rely on stimulation of 5-HT? 
receptor subtypes (Glennon 1990; Glennon et al. 1992). 
This theory is based on the strong correlations between 

the ability of drugs such as LSD to bind wi th high affin
ity to 5-HT2 receptors (Pierce and Peroutka 1988; Titeler 
et al. 1988; Pierce and Peroutka 1989; Pierce et al. 1992) and 
their potency to induce hallucinogenic responses in hu
mans (Glennon et al. 1984; Titeler et al. 1988; Pierce and 
Peroutka 1989; Sadzot et al. 1989). LSD has been shown to 
act as a partial agonist in stimulating phosphoinositol 
hydrolysis in the frontal cortex and choroid plexus , in
dicating activation of the second messenger sys tems as
sociated with 5-HT2A and 5-HT2C receptors, respectively 
(Sanders-Bush and Breeding 1988; Sanders-Bush et al. 
1988; Burris et al. 1991). 

Chronic administration of LSD has been s h o w n to 
downre'gulate preferentially 5-HT2 receptors wi thout al
tering postsynaptic 5-HT ] A sites (Buckholtz et al. 1985, 
1988), and this change has been demonstrated to parallel 
the development and loss of behavioral tolerance (Buck
holtz et al. 1990). In d r u g discrimination s tud i e s the in
teroceptive cue to LSD has been shown to be blocked by 
acute administration of 5-HT2 antagonists, bu t not by an
tagonists with affinity at 5 - H T I A sites (White et al. 1983; 
Colpaert et al. 1985; Nielsen 1985; Nielsen et al. 1985; 
Cunningham and Appel 1987; Winter and Rabin 19S8; 
Arnt 1989; Callahan and Appel 1990). 

Action of LSD in the Brain: 5-HTiA Recep to r s 

Although 5-HT2 receptors appear to play a critical role 
in tine hallucinogenic response to LSD, stimulation of pre
synaptic 5-HT1A receptors also contributes to the effects 
of this drug (Glennon et al. 1984). LSD has long been 
known to produce a total inhibition of firing in the raphe 
nucleus (Aghajanian and Haigler 1975), where (based on 
electrophysiological and calcium influx measures) LSD 
acts as a full 5-HT]A agonist (Penington and Fox 1994), 
thereby decreasing the efflux of [3H]5-HT in r aphe neu
rons (Gallager and Aghajanian 1975), a fact indicat ive of 
autoreceptor agonist effects. A primary or exclusive role 
for presynaptic 5-HT]A sites in hallucinogenic response 
to LSD has been discounted, however, on the basis of sev
eral types of evidence: The duration of behavioral effects 
outlasts alterations in raphe firing rate changes ; raphe 
neurons still remain responsive to the effects of LSD dur
ing periods of behavioral tolerance; phenethylamine hal
lucinogens such as DOM or mescaline produce no change 
in raphe activity; and very low doses of LSD may produce 
large changes in behavior but induce only relatively small 
changes in raphe activity (Trulson et al. 1981). 

While stimulation of presynaptic 5-HT]A sites may be 
insufficient by itself to induce hallucinogenesis, activation 
of these receptors may work in conjunction wi th 5-HT2 
receptors to produce the classic effects of LSD. Support 
for this theory is provided in studies where the effects of 
LSD in the Behavior Pattern Monitor could be fully abol
ished by a combination of the 5-HT 2 A /5 -HT 2 c receptor 
antagonist ritanserin and the 5-HT]A antagonist propra-



nolol, but not by administration of either of these agents 
alone (Mittman and Geyer 1989, 1991). 

In teract ion of LSD and SRIs : 5-HT2 Sites 

If LSD is acting at the 5-HT2 and 5 - H T I A receptors, a 
downregularion of these sites could reduce the behav
ioral response to LSD. It has long been recognized that 
chronic administration of many classes of antidepressants 
decrease the number of 5-HT2 receptors in various 
brain regions (Heninger and Chamey 1987; Murphy et al. 
1987). Thus, a downregularion of 5-HT2 receptors might 
account for the decrease in hallucinogenic responses re
ported in the present s tudy by individuals who had 
been taking a serotonin-selective antidepressant for 
several weeks or more. The evidence for this theory is 
mixed, however, as SRIs less uniformly affect 5-HT2 re
ceptors than do tricyclic ant idepressants . Although two 
studies have shown that chronic administration of flu
oxetine induces a decrease in 5-HT2 binding sites in 
some rat brain regions (Stolz et al. 1983; Wamsley et al. 
1987), others have observed that chronic fluoxetine can 
increase 5-HT2 sites (Dumbrille-Ross and Tang 1983; 
Klimek et al. 1994) or not affect 5-HT2 sites (Peroutka 
and Snyder 1980; Snyder and Peroutka 1982; Fuxe et al. 
1983; Baron et al. 1988; Willner 1989; Goodnough and 
Baker 1994). However, chronic administration of zimeli-
dine, another serotonin-selective antidepressant, has 
been shown to induce a decrease in tritiated LSD bind
ing sites in rodent cerebral cortex (Fuxe et al. 1981). 

Despite a lack of consistency in receptor binding 
studies, behavioral data suppor t a theory that chronic 
administration of serotonergic ant idepressants can alter 
functional responses at 5-HT2 receptors. Thus, long-term 
administrat ion of SRIs has been shown to reduce the 
head-twitch response in rodents elicited by 5-HTP or 
5-MeO-DMT, a behavior associated with stimulation of 
5-HT2 receptors (Fuxe et al. 1981; Goodwin et al. 1984; 
Willner 1989; Maj and Moryl 1992, 1993). Chronic ad
ministration of SRIs also have been shown to decrease 
the hypoactivity elicited by m-chJorophenylpiperazine, 
indicating a probable reduction in 5-HT2C receptor re
sponsiveness (Maj and Moryl 1992, 1993; Kennett et al. 
1994). 

In te rac t ions of LSD and SSRIs : 5 -HTj A Sites 

Studies investigating long-term administration of sero
tonin-selective ant idepressants indicate a pattern of re
duced electrophysiological responses at 5 - H T I A receptors. 
Chronic citalopram administration blocked the decrease 
in firing rate in dorsal raphe neurons normally seen fol
lowing direct or intravenous LSD (de Monrigny et al. 
1990). A similar effect on the responsivity to LSD w a s 
seen in dorsal raphe neurons after chronic administra
tion of zimelidine, indicating desensirizarion of 5-HT au-
toreceptors (Blier and de Monrigny 1983). Chronic cit

alopram administration decreased the inhibitory effect 
of LSD on tritiated 5-HT release from the raphe area, in
dicating a downregularion of the 5 - H T I A autoreceptor 
(Moret and Briley 1990a, 1990b). However , chronic ad
ministration of fluoxetine did not alter the inhibitory re
sponse of forebrain neurons to either LSD or 5-HT (de 
Monrigny and Aghajanian 1978). 

In binding studies, chronic administrat ion of fluoxe
tine has been shown to cause a decrease in 5-HTj recep
tor density in 15 studies, whereas six other studies d id 
not find a change in 5-HT] binding (Beasley et al. 1992; 
Newman et al. 1993; Klimek et al. 1994). However , it 
has been noted previously that the 5 - H T I A site may not 
be easily regulated because chronic administrat ion of 
5 - H T I A agonists fail to cause either up - or downregu la 
rion of 5 - H T I A receptors (Schechter et al. 1990; M u r t h y 
and Pranzatelli 1992), so binding site assays may not be 
a definitive indicator of 5 - H T I A receptor function. Evi
dence exists, however, that adaptat ion can occur in the 
second messenger system associated with the 5 - H T I A 
site: chronic administration of SRIs induced a decrease 
in the blockade of forskolin-stimulated adenylate cy
clase by 5-HT, suggesting a reduction in 5 - H T I A re
sponses (Newman et al. 1993). 

A few behavioral studies exist that show that chronic 
administration of sertraline or citalopram decreased some 
behaviors associated with the stimulation of presynaptic 
5 - H T I A sites (Maj and Moryl 1992), even though chronic 
administration of these ant idepressants did not change 
[3H]-8-OH-DPAT binding nor forskolin-stimulated ade
nylate cyclase responses (Hensler et al. 1991). In addit ion, 
chronic administration of SRIs decreased the hormonal 
response to 8-OH-DPAT (Li et al. 1993a, 1993b). How
ever, chronic fluoxetine has not been shown to alter 
5-HTiA-mediated behaviors such as the serotonin syn
drome induced by acute administration of 8-OH-DPAT 
(Maj and Moryl 1993). 

LSD as an Antagonis t Fo l lowing Chron ic SRIs 

Although most studies indicate that the classic effects of 
LSD are induced by its agonist actions at the 5 - H T 2 A / 
5-HT2C and 5-HT]A receptors, others have suggested that 
LSD is actually acting as an antagonist because the addi 
tion of GTP to binding assays does not have an effect on 
[3H]LSD binding at cortical 5-HT2 sites (Battaglia et al. 
1983; Pierce and Peroutka 1988). However , s tudies us 
ing phosphoinositol turnover assays have suggested that 
LSD may be acting as a partial agonist without inverse 
agonist effects at 5-HT2A receptors in the rat frontal cor
tex or in cloned 5-HT2A receptors transfected into fibro
blasts and at 5-HT2C sites in the choroid plexus or in 
cloned 5-HT2C receptors transfected into fibroblasts, 
with agonist /antagonist effects dependen t on available 
5-HT concentrations (Sanders-Bush and Breeding 1988; 
Sanders-Bush et al. 1988; Burris and Sanders-Bush 1992; 



Wesrphal an"d Sanders-Bush 1994). This conclusion is 
supported by the demonstration that nanomolar con
centrations of LSD can inhibit the stimulatory effects of 
micromolar concentrations of 5-HT on raphe firing (Pierce 
and Peroutka 1988). Recent studies indicate that chronic 
administration of SRJs can induce moderate increases in 
brain extracellular serotonin levels (Fuller 1994). One 
study showed that chronic administration of the SRI flu-
voxamine increased serotonin levels in the frontal cor
tex but not in the raphe nuclei (Bel and Artigas 1993). 
These data were interpreted as suggesting that desensi-
tization of 5 - H T I A receptors following acute increases 
in 5-HT dur ing initial SRI administration might inacti
vate the negative feedback mechanism controlling 5-HT 
release, thus allowing for the continuing increase in 5-HT 
levels after chronic antidepressant administration. The 
results from the present study, demonstrating that chron
ically administered serotonergic antidepressants can de
crease the response humans have to LSD, would be con
sistent with a hypothesis that an increase in serotonin 
brought about by long-term exposure to serotonergic 
antidepressants allows LSD to act as an antagonist and 
thus not produce its classic hallucinogenic effects. 

Con t r ibu t ions from Other 5-HT Receptors 
and Catecholamine Systems 

LSD has binding affinity at the 5 - H T J D h u m a n terminal 
autoreceptor that approximates its affinity for the 5-HT2A, 
5-HT2C, and 5 - H T I A receptors (Table 2) (Hoyer 1989). 
There has been little investigation or consideration of 
the functional effects of LSD at 5 - H T I D receptors, possi
bly because (1) the phenethylamine hallucinogens such 
as mescaline or DOM have low affinity for these recep
tors and (2) the rodent equivalent of the h u m a n 5 - H T I D 
receptor, the terminal 5 - H T J B autoreceptor, has a 10-fold 
lower affinity for LSD compared to any other serotonin 
receptor subtype (Hoyer 1989). More recently LSD has 
been shown to have low nanomolar affinity (Kd's of 1 
to 5 nM) for the newly identified 5-HT3a, 5-HT5b, 5-HT6, 
and 5-HT7 receptors, as well as slightly lower affinity for 

Table 2. Affinity of LSD for 5-HT Receptor Subtypes 

5-HT Receptor 
Subtype 

5-HT1A 

5-HT ]B 

5-HT ] D 

5-HT,E 

5-HT2A 

5-HT2C 

5-HT5a 

5-HT5b 

5-HT6 

5-HT-

Affini 

P K d ( - l o g 

8 6 
6.8 
7.9 
7.7 

8.6 
7.9 
8.8 
8.3 

8.9 
8.3 

mol/L) Reference 

Hoyer 1989 
Hoyer 1989 

Hoyer 1989 
Lovenberg et al. 1993a 
Hoyer 1989 
Hoyer 1989 
Er landere ta l . 1993 
Er landere ta l . 1993 

Monsma et al. 1993 
Lovenberg et al. 1993b 

the 5-HT ] E receptor (Table 2). Little is currently known 
about the pharmacology and role in physiological func
tions of these recently identified receptor subtypes, al
though their molecular sequences, basic signal transduc
tion mechanisms, and discrete localization in brain regions 
have been identified. Clearly, behavioral investigations 
are needed in this area to further our unders tand ing of 
the importance of these additional serotonin receptors. 
Of some interest to our investigations of antidepressants 
and hallucinogens is the fact that the tricyclic antidepres
sants imiprarnine, clomipramine, amitriptyline, doxepine, 
and nortriptyline have Kj's in the range of 50 to 200 mM 
for the 5-HT6 receptor; the Kj for fluoxetine, however, is 
considerably lower (1,770 n.M) (Monsma 1993). Of per
haps greater pertinence, chronic fluoxetine administra
tion to rodents has recently been reported to reduce signif
icantly 5-HT7 binding sites (Sleight et al. 1995); however, 
the role of this receptor in behavioral and physiological 
functions has not yet been elucidated. 

Al though serotonin systems appear to play a major 
role in the effects of LSD, the contributions of dopamine 
and norepinephrine neurotransmitter systems have also 
been investigated. LSD binds to postsynapt ic dopamine 
receptors with moderate affinity (Creese et al. 1975; Burt 
et al. 1976) and has been shown to h a v e dopamine ago
nist effects (Pieri et al. 1974). In regard to the effects of 
antidepressants on dopamine systems, one study reported 
that chronic administration of fluoxetine reduced dopa
mine concentrations in the nucleus accumbens and stri
atum (Gardier et al. 1994), and another s tudy demon
strated only slight changes in dopamine levels (Caccia et 
al. 1992); this treatment did not alter amphetamine-
induced locomotor behavior (Spyraki and Fibiger 1981; 
Martin-Iverson et al. 1983). LSD is known to produce 
sympathet ic stimulation, and the LSD cue in drug dis
crimination studies is more completely blocked by 
agents that have combined catecholaminergic and sero
tonergic antagonist action than by antagonists with more 
selective action at the 5 - H T 2 A / 5 - H T 2 C receptors alone 
(Meert et al. 1989). The role of fluoxetine in regard to the 
influence of noradrenergic systems on the effects of LSD 
is not well established, however, because chronic fluoxe
tine administration leads to modest and equivocal re
ductions in beta-adrenergic receptor number s and cate
cholamine metabolites (Beasley et al. 1992; Hyttel 1994). 
Further experimentation in these areas would help to 
evaluate the contribution of catecholamine systems to 
LSD-SRI interactions. 

C O N C L U S I O N S 

In summary , chronic administration of medically pre
scribed serotonergic antidepressants to h u m a n s substan
tially attenuated the subjective effects of self-administered 
LSD, as evaluated using a standardized questionnaire. 



This decrease in hallucinatory and other responses to 
LSD may occur because of adaptat ions in serotonergic 
systems, including alterations in 5 - H T I A and 5 - H T I A , / 
5-HT2C receptors, changes in brain extracellular 5-HT 
concentrations, or in catecholamine systems. These re
sults are in sharp contrast to the generally enhanced re
sponses to LSD reported using the same questionnaire 
in individuals receiving tricyclic antidepressants (imi-
pramine, desipramine, clomipramine), lithium, or tricy
clic antidepressants plus lithium (Bonson and Murphy in 
press). Additional investigations of the possible mecha
nisms underlying alterations in LSD response during 
antidepressant administration are currently being pur
sued in our laboratory using behavioral and biochemi
cal experiments in animal models. 
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