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Effects in man of single and combined oral

I doses of reserpine, iproniazid, and o-lysergic

acid diethylamide

i The use of d-lysergic acid diethylarnicle, LSD, as a reference standard for the evaluation

of psychopathologic symptoms was tested. A group of healthy male volunteerst
took weekly doses of LSD in order to become familiar with the temporary mental

changes induced by the drug. -

The subiectswere able to identify three dose levelsof LSD and to differentiate LSD
from placebo and other drugs. A standard curve of the responses to LSD could

be constructed for these subiects.

A combination of reserpine plus tproniazid was found not to produce LSD-like

psychopathologic symptoras. The addition of reserpine and tproniazid to LSD

did not change the degree or intensittl of LSD-induced psychopathologic
symptoms in man.
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_T_e psychic effects of d-lysergic acid di- reserpine on these two types of psycho-

4 h_amide (LSD) mimic certain psycho- pathologic reactions.
lli!thologic symptoms which are observed Reserpine decreases the content of nor-
II psychiatric conditions such as schizo- " epinephrine and 5-hydroxytryptamine
1_xenia. Reserpine treatment diminishes (5-HT) in the rabbit brain. 2,° The normal

It _ psychotic symptoms of some schizo- destruetion of 5-HT is inhibited by the
1_xenic individuals, but, when adminis- monoamine oxidase inhibitor iproniazid. 1°
k "edorally, does not antagonize the mental The combined administration of reserpine
el _ectsof LSD in normal many A possible and iproniazid has been reported to pro-
dt_erence may thus exist in the action of duce LSD-like symptoms in the rabbit. 9

These symptoms have been attributed to an
*,T_studyw-- ,uppoa_d_-p_ br C_t M-St5from increase in the free 5-HT in the brain, re-

National Institute of Mental Health, National InstitutesHealth, United States Public Health Service, and a suiting from its release by reserpine and

_t _omthe C,_¢hick_rF_d _orMedical_ch, the subsequent prevention of its destruc-

*l_nBsent address, Merck Sharp & Dohme Research Lab- tion by iproniazid. For these reasons, it
_t ,tories, West Poittt, Pa. has been suggested that free 5-HT may be
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in,_dved in the development of psychopath- trolled and standardized conditions to
ologic symptoms in man. The combined ad- make this subjective evaluation as uniform
ministration of ll-desmethoxyreserpine as possible.

and iproniazid, however, decreases the se-
verity of the psychopathologic symptoms of Methods
schizophrenic patients. 4 The effects of the Selection of subiects. The experimental
drug combination, reserpine plus iproni- subjects were a group of 16 volunteers, all
azid, on normal man have not been re- inmates of the U.S. Federal Penitentiary in

ported. Atlanta,Georgia.Theywere in good physi-
We have compared, in normal man, the cal health, their mean age was 34 years,

mental and physical effects of the drug and their mean weight was 160 pounds. A
combination, reserpine plus iproniazid, with Rorschach test was performed on them to
those of LSD. To study the possibility of a detect subjects with latent psychotic ten-
decrease or an increase of the LSD-effect dencies. The latter as well as emotionally

by reserpine plus iproniazid, the combina- unstable individuals were excluded from
tion of all three drugs also has been em- the study. Of the subjects chosen, the I.Q.

ployed. The use of LSD as an investigative ranged from 90 to 123, and the "psycho-
tool in psychopharmacology requires a pathic deviant" scores of the Minnesota
method of mathematical measurement of Multiphasic Personality Inventory had a

the mental response. The effect of LSD is mean of 68.1, with a range from 50 to 90.
experienced by a human subject in various Except for character disorders, no psychi-
ways. Subjects report changes in mood, atric abnormalities were present in these
either in the direction of euphoria or de- subjects.

pression, anxiety and nervousness in the Administration of drugs. Treatments
form of muscular stiffness and "inner trem- were administered orally, 2 hours after a

ors," difficulties in concentration and in ori- light breakfast, once a week. A double-
entation in time, feelings of strangeness blind control was used. Each time 50 ml.
and dreamlike states. Other changes are al- quinine-flavored liquid and four tablets

terations in sensory modalities, distortions were given. The treatments tested were:
of the body image, changes in the appreci- 2 mg. reserpine with 100 mg. iproniazid;
ation of taste, smell, and sound, and a LSD in doses of 25, 50, and 100/_g; LSD in
number of visual phenomena which in- doses of 25 or 50 _g with 2 rag. reserpine

clude blurring of vision, perceptual and 100 mg. iproniazid; 2 mg. reserpine;
changes in distance, size, shape, and color, 100 mg. iproniazid; and LSD in doses of
and the appearance of kaleidoscopic pat- 25 or 50 /_g in combination with either 2
terns, rag. reserpine or 100 mg. iproniazid.

Conventional psychometric tests do not Procedures. The subjects were divided
measure these alterations in status and per- into 8 groups of 2 each. All groups were

formance of the mind. Questionnaires can tested in a hospital room with 4 groups
be used on untrained subjects to distinguish of subjects present each time. The subjects

between LSD and placebo, 1 but cannot be were encouraged to stay in bed during the
used to distinguish significantly between trials. The objective signs of drug effect
dose levels of LSD with 25 _g intervals, were measured and recorded by one of the

When a subject has received LSD several physicians participating in the project.
times, apparently he then becomes able to These included hourly measurements of

identify the drug and to quantify the dose blood pressure, pulse rate, pupil diameter,
given with a high degree of precision. 3's oral temperature, and hand steadiness. The
In this study we have relied on these sub- latter was measured with a technique
jective reports by trained subjects. The ex- which required the subject to introduce a
perinaental design employed rigidly c(m- round metal stylus into a hc,le with a di-
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ameter of 2, 3, or 4 ram. The subject was 18. Is your hearing more acute than

instructed to hold the stylus in the hole for usual?
a period of 30 seconds and to avoid contact 19. Do things seem too close?
with the edges. The number of contacts for " 20. Are your palms dry or cold?

each hole was expressed in counts (errors) 21. Do you see double?
per 30 seconds. An increase in the number 22. Does light bother you?
of counts indicated a decrease in hand 23. Are you cold?

steadiness. The scores provided only a 24. Do you feel fatigued?
rough estimate of the steadiness. 25. Is your appetite decreased?

The subjective mental effects were as- 26. Are you anxious?

sayed on the basis of an interview with the 27. Does your head ache?
subjects on their experiences 3 hours after 28. Do you feel drowsy?

medication. Each subject had experienced Finally the subject was asked whether
during his training the effects of single he thought he had received LSD, and if

doses of 25, 50 (either one of them twice), so, what dose. The subject had a choice of
and 100/_g LSD, at least 4 times. He was six dose levels: 0, 25, 50, 75, 100, and over

able to identify typical symptoms of the 100/,g. The dose level stated was recorded
LSD effect and had learned to associate and used in the assays as the quantitative

the number and the intensity of symptoms value of the drug response to LSD.
with particular doses of LSD. During the Twenty-four hours after the administra-
interview the subject was asked to identify tion of the drugs, the subjects prepared a
his symptoms with the help of a series of written statement in which they compared

questions: The questions were arranged in the duration of the mental effects of this
an order of decreasing effects with those drug with the effect of the drug given the
at the highest dose level appearing at the previous week and indicated whether there

top and those with placebo at the bottom, were any prolonged effects beyond 3 hours
Questioning was started alternately at the after medication. After they had prepared
top or at the bottom of the list. The list their written statement, the subjects were
follows: told the drug and the dose administered.

1. Are things moving around you? This learning process increases their so-

2. Do you have "funny" feelings on phistication for discerning the mental ef-
yourskin? fectsof thedrug.

3. Do you feel unsteady? Design. The main data in these experi-
4. Do you feel as if in a dream? ments were collected from 2 blocks of

5. Do you tremble inside? treatments. They were designed with 4 ob-
6. Is there pressure in your ears? jectives in mind:
7. Do you have difficulty in focusing 1. Do the subjects discriminate between

vision? LSDand other drugs?

8. Do you feel weak? 2. Do the subjects discriminate between
9. Do your hands and feet feel light or closes of LSD?

peculiar? 3. Does the combination of iproniazid
10. Is your skin sensitive? plus reserpine induce LSD-like effects?
11. Is salivation increased? 4. Does the addition of reserpine and

12. Is your appetite increased? iproniazid to LSD alter the number and
13. Do you feel ill in any way? the intensity of the psychopathologic symp-

14. Do your hands and feet feel heavy? toms?
15. Are you nauseated? Before the first block of treatments was
16. Do you have a "funny" taste in your started, the subjects were acquainted with

mouth? the mental and physical effects of a 100

17. Do things seem too far away? mg. dose of iproniazid and 2 and 4 mg.
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Table I. Subiects" groups

Trial 1 and 5 2 and 6 3 and 7 4 and 8

Reserpine 2 mg. LSD 25 t_g Reserpine 2 mg. LSD 50 t_g
1 -4- h- q-

lproniazid 100 mg. Iproniazid 100 mg. Iproniazid 100 rag.

2 LSD 50 ug Reserpine 2 mg. LSD 50 ug Reserpine 2 mR.
+ + +

lproniazid 100 mg. lproniazid 100 mg. Iproniazid 100 nag.

3 LSD 25 ug Reserpine 2 mg. LSD 25 t_g LSD 50 _lg
+ +

lproniazid 100 mg Iproniazid 100 mg.

4 Reserpine 2 mR. LSD 25 _g Reserpine 2 mg. Reserpine 2 nag.
+ + + +

Iproniazid 100 mg. lproniazid 100 mg. Iproniazid 100 mR. Iproniazid 100 nag.

Table II. Subiective identification of LSD

" Medication received Reported as

LSD No LSD

LSD 15 0
Reserpine -1- iproniazid 3 24
LSD + iproniazid 14 3
Iproniazid 1 8

doses of reserpine. Following iproniazid The combination of 2 mg. reserpine-plus-
alone, 4 subjects reported no effects at all, 100 mg. iproniazid was given 27 times. The

and 5 reported flush and warmth associ- LSD-like effect was reported only 3 times.
ated with a feeling of well-being or relaxa- All subjects indicated feelings of warmth,
tion. One subject identified iproniazid once showed facial flushing and conjunctival in-

as a dose of 50 t_g LSD. The reported side jection. Later they reported congestion of
effects of reserpine were diffuse headache, the nasal mucosa. Feelings of drowsiness or
nasal stuffiness, and facial flush. Doses of relaxation were reported 5 times. Five trials
25, 50, and 100 t_g LSD were included in were missed.

the treatments to maintain the sophistica- Inspection of the scores made for identi-
tion of the subjects for the effects of LSD. fication of LSD and the scores made for

the combination of reserpine and iproni-
Results azid shows that the subjects are able to dis-

In the first block of 4 treatments (Table criminate between LSD and other drugs

I), the combination reserpine-plus-iproni- and, therefore, that ther_ is no reason to
azid was matched with LSD in doses of assume that an LSD-like effect is induced

25 or 50 t_g, and similar doses of LSD-plus- by the reserpine-iproniazid combination in

iproniazid. The objective was to test these subjects (Table II).

whether the combination of iproniazid- The physical findings do not reveal any
plus-reserpine induced an LSD-like effect, similarities in man between LSD and this
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combinati,m, it_ lhe doses am! rcmh. Hscd. _ _

The coml)inati,,!l _]_t'N lJ_t induce the tn,_.q - -7

constant ]SD effect, dil,dati(m _{ the pupil. _. !
There is a lowerin_ of systolic amt dia_t_,lic / _
blood pressure, whih' I.S1) md.ces a ris,'
in systolicbloodpressure. ,

This first testing procedure _axe infof
tnation about the absence or pl'csence _ffan :_: _:_

LSD effect in the range from zer,, to a 25
or 50 /,g dose. A smaller LSD-like effeqt /, _..... o

may be detectable by testing for an addi- "¢ _s ....... _ '_ _

tive, potentiating, or antidotal effect of re- Fig. 1. t/c,pons¢, t.nrxes of lira quantitative estima-

serpine and iprouiazid on the I,SD re- lion arc ph,tt('d for d-lysc*_ic acid diethylamide
alone and in combination with rcserpim,, 2 rag.,

sponses. This method may be more sensi- plus ilmmiazid. 100 m_Z. on a semilogarithmic
tive. A second block of treatments was set _cah,. The ordm:d,, i, tin, dose ,ff I,St) r,,corded.
up with these objectives in mind (Tabh" "lhc abscissa is the a, tual d,,sc adminish,rvd

III). plotl,,d _m a lo_zarithmiu ,cah'.

The objectives 2 and .t were now con-
sidered. Do tim subjects discriminate tw- the estimated doses for 1,SD alone at the
tween doses of LSD? Furthermore, does three dose h'vels have been pooled and

the addition of reserpine and iproniazid their means plotted against the log of the
to LSD change the number and the inten- administered (h)ses. These :3 points can 1)e

sitv of the psychopathologic s.vmptoms? joined by a straight line (Fig. 1). Tal)le

For the evaluation of the presumed change 1V gives the means of the values obtained.

a standard dose response curve of tim Table V gives the results of the analysis of

group, acting as a whole, for the mental variance on the data, including the con-
effects of LSD had to be determined, trois, ol_tained from the administratima of

In a quantitative method of evaluation I,S1) alone. The log-duse response rela-

Table III. Subjects' gro.ps

Trial 1 and 3 2 and I 5 and A' 6 and 7

1 I.SI) 25 ug I.%1_51)u_ l.Sl} 100 u_ Reserpine 2 rag.
+

Ipronlazid 100 mR.

2 Reserpine 2 my. LSI) 25 ug 1.SI) 5_1**g ],SI) 50 ug
i + '-

ll)roniazi,1 III¢) u_ ]_cst+l't)ine 2 m_. ]_e,q'rpinl. 2 InK.

llmmiazid I1)Om_z. Ilu,mi.,/i.l I{)0m_.

3 1.5";I)25 #g I,Sl) 25 u;z I.%115O **v I.SI) 50 tag
+ +

Reserpine2m_ Reserpine2rag.
+ +

lpr,,niazid 100 m_:. lpr<miazld 100 rag.

4 I+SI) St) m: I,:c-_'_l)mC2 tm_. I,S[) 23 ug l,Sl) 100 ug

llmmi,t/id l(ll) tllg. l'_e_,t'rl)itm 2 tnq.

+
ll)r, mia/id lt+)Otng.
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Table IV. Quantitative evaluation of LSD

Mean of doses reported and
Medication received standard error _f the mean

LSD25_ 263 _+3.8
LSD50_g 570 + 3.9
LSI)100_g 91.1 _+8.5

ILSD 25 ug

J +
Reserpine 2 mg. 24.3 +_ 6.3

/ +
I lproniazid 100 mg.

I LSD 50 t,g

/ +
Reserpine2 mg. 57.3 + 3.2

1 +
/ lproniazid 100 rag.

Table V. Analysis of variance of the results of experiments to show the ability of the group

to identify doses of d-lysergic acid diethylamide

Source of

variation SS df MS F P

Curvature 46445.20 2 23222.60 55.2 0.0g

Linear regression 71427.80 1 71427.80 169.5 0. C

Doses 117873.00 3 39291.00 93.3
Error 50944.46 121 421.03 -- --

Total 168817.46 124 -- -- --

tionship is significantly linear, P>0.01 and The number and the intensity of the psy-
<0.05. The curve is straight from 25 to chopathologic symptoms induced by 25 and
100 _g. There is a curvature from zero to 50 _g of LSD as shown in this assay and

25/zg. All three errors were pooled because those induced by the combination of LSD
the variations due to subjects and the vari- plus reserpine and iproniazid were com-
ations due to the interact'ion between doses pared. There was no significant difference

and subjects were not larger than the varia- between these two curves and hence be-
tion between replicate tests using the tween these two treatments (Fig. 1). No
same dose on the same subject, difference in duration of the effects was

A relationship does exist between the revealed by the written statement.
doses administered and the doses reported The effects of LSD either in combination

for the group acting as a whole. Therefore, with reserpine only or with iproniazid only
the standard curve in Fig. 1 can be used as also were tested in 10 and 17 trials, respec-
a measure of the psychic effects of LSD in. tively, to exclude the possibility that the
graded doses. It shows that this group of resultant LSD-combination curve was the
subjects is able to identify the intensity of algebraic sum of two gross opposite effects.
psychopathologic symptoms and to corre- The mean reported doses of these two treat-
late these symptoms with a certain dose ments did not differ from the LSD-stand-
of-LSD, ardvalues.
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In a final evaluation of the results of all in spite of the rigidly controlled experi-
trials the objective was to determine mental conditions some subjects were ab-
whether subjects can discriminate between sent at one or two trials and two had to tw

LSD and other drugs. The results of 172 replaced dm'ing the course of these experi-
trials were available for analysis. ()f this ments. These exclusions disruptetl the Latin
total, 122 were administrations of LSD, square design of the experiment and there-
either alone in doses of 25, 50, or 100 t*g or f-re no inf_,rmation on possible chan_es in
in combination with other drugs. The re- drug or subject responses with time was
maining 50 were administrations of other obtained.
drugs alone. In 122 administrations of LSD, In previous studies atropine, niacin, and
the subjects reported an LSD-1ike effect 2-brom-d-lysergic acid diethvlamide were
113 times. "'No LSD" was reported 49 times, shown to be ineffective as m_)ttifiers of the
Analysis by chi-square test of the scores LSD response in many Chlorpromazine 7

gave a value of 116.S, P<0.001. Thus, it and amobarbital were reported to diminish
was established that the ability of the sub- the response.:' In this study the eombina-
jects to discriminate between the treat- tion of reserpine and iproniazid did not
ments was highly significant, alter the development of LSl)-like psycho-

pathologic symptoms.
Discussion

In the quantitative assay of this study

The use of d-lysergic acid diethylamide identical curves were obtained for LSD
as a reference standard for the evaluation alone and in combination with doses of

of psychopathologic symptoms was ex- reserpine and iproniazid. Therefore, these
amined. Within the range of dose levels of treatments were similar in their psychic ef-
0, 25, 50, and 100 Cg, a group of subjects fects. The conclusion may be drawn that
was able to establish a relationship between there was no extensive change by the ac-
the doses administered and the doses of tion of reserpine plus iproniazid on I_SD-
LSD reported. The measurement of such a induced psych, qmthologic symptoms, which

highly individual response as the amount would be expvcted if fi'ee 5-HT were re-
and degree of intensity of psychopatho- lated to or interfer_'d with the development
logic symptoms based on the estimation _)f I_SD psychop;ahoh)gic symptoms. The

of the dose administered has the advantage results of the present stmlv fail to support
of being simple and rapid. The highly si_- this concept.
nifieant value for the difference obtained in
identification scores between I,SI) and Conclusions

other drugs indicates usefulm,ss of LSI) 1. The subjective and physical effects of
in an assay of this t)pe of psx chic ;wtivity. th,. dt-w_ combination reserpine plus iproni-

An estimate of how many of these re- azid have been compared with the effects
sponses in _eneral are required f_r a reli- of d-lysergic acid dietlalamide on trained
able assay, hoxxexer, cannot be given for healthy male vc,hmteers.

these data. ll_ this study the error of the 2. Evaluation of psychic effects has been
assay has 1)(.t,l_small, partly because of the based _m interviews 3 hours after drug ad-
inclusion of . large number of zero re- ministration and on written statements
sponses on z_,ro dose. The nmnber of re- prepared 24 horn's lah,r.

sponses required uill of course depend on :3. Subjects can discriminate between the
such variabh'sasthebaekground and train- mental effects _,f LS1) and those of the

ing of the subjects. The maintenance of a drug combination and are able to estimate
constant group of well-trained subjects the three dose levels of LSD administered.
m,_es this technique difficult, unless special 4. The scores for qualitative identifica-
experimental conditions such as a closed tion of LSD and the combination of reser-
ward or penitentiary are available. Even pine plus iproniazid indicate that the psy-
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chic and physical effects of these two treat- 4. Gallagher, W. J., Berry, J. M., l)urden, \V. D.,
merits are dissimilar. Therefore, the effects and l,azenby, \V. 1).: Comparative Study of
of the combined administration of reser- Reserpine, l l-Desmethoxyreserpine, and Rau-

wolfia Alkaloids in Treatment of Schizophrenia,
pine plus iproniazid do not mimic those of in Tranquilizing l)rugs, \Vashington, D.C.,
I_SD. 1957, American Association for the Advance-

5. The log-dose response curves for the merit of Science, pp. 133-147.
dose identification of the two dose levels 5. ltoch, P. 1t.: l'rnduction and Alleviation of

of LSD and the two dose levels of LSI) M_,ntal Abnormalities by Drugs. Abstracts of
l/evim_s, Twentieth Int. Phys. Congress, Brus-

plus reserpine and iproniazid show that sels, 1956, pp. 429-442.
these treatments do not differ in their psy- 6. ltolzbauer, M., and Vogt, M.: Depression by
chic effects. The combination of reserpine Reserpine of the Noradrenaline Concentration

plus iproniazid neither increases nor de- in the Ilypothalamus of the Cat, J. Neurochem.

creases the degree and intensity of LSD- 1:8-11, 1956.

induced psychopathologic symptoms in 7. lsbell, 11.: Effect of Chlorpromazine, Reserpineand Frenq,wl on I,SD Reaction, Fed. Proe.
man. 15:442-443, 1956.
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