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;. Ari_ns, Z. 1_ Bacq, Abstract. Infusions of LSD or tryptamine increase heart rate, respiratory rateFxspamer, U. S. yon Euler, W. Peldberg,
_,O. Krayer, H. Raskov_, and pupillary diameter, facilitate the flexor reflex and evoke the stepping reflex
W'dbtandt in the chronic spinal dog. When LSD is administered twice daily in a dose of

15 mcg/kg subcutaneously, tolerance develops to these effects of LSD and cross
tolerance to these effects of tryptamine. These observations support the concept that

ntlenla tryptamine and LSD have a common mode of action and the hypothesis that LSD

• exerts some of its pharmacologic effects by acting as an agonist at tryptamine receptors.
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Tryptamine has been shown to share many pharmacologic properties
). Haustein, J. E. Jorpes, in common with LSD and LSD-like hallucinogens in the spinal dog (Martin
md F. Markwatdt and Eades, 1970) and in man (Martin and Sloan, 1970), and it has been

suggested that LSD exerts its pharmacologic effects by acting as an
rtci_eint Jaauar 1971 agonist at tryptamine receptors. It has been further demonstrated that

tryptamine is present in the brain of the steer, dog and man (Martin,

,n kommt einc beso.aere Bedeutungals Sloan and Christian, 1971 ; Martin, Sloan, Christian and Clements, 1972),
._odabdie therapcutischeBeeiattussung der and it has been suggested that certain disorders in perception and

oblem der Medizin ist, das infolge der stei- thinking may be a consequence of pathologic utilization of tryptamineil3systcm und am tlcrzen weitere Aktuali_t
dem Gebietder BiochemlemadPharmako- (Martin et al., 1972). The present experiments were eondueted to provide
otg_.nge hat neue M6glichkeitenzur Pro- further evidence that tryptamine and LSD do share a common mode
er Erkrankungen erSffnet und insbesondere
JieeineehemischeRegulation der Blutge- of action, using the phenomena of tolerance and cross tolerance.
:rken k6nnen. Die Darstellung des gegea-
,'r unter dem Begriff der AnticoaguLantien Methods
: sowohl fiir den experimentell arbeitenden
r vonbesonderemInteresse.DieFortsehritte These experiments were conducted in six chronic spinal dogs whose
:ht, dieeinehandbuchm_Bige Beschreibung spinal cords were transeeted at the T-5 or T.1O level. The experimentalfilch machte. Hinzu kommt, dab die sinn-
a in besonderem MaBe die Kennmis ihres procedures have for the most part been previously described (Martin
odihres pharmakodynamischenVerhaltens and Eades, 1967; Martin and Eades, 1970). The flexor reflex was

nticoagulantien auch in dieser I-Iinsicht yon evoked by eleetrically stimulating the second toe of the ipsflateral leg,
using a 1 see train of 20 Hz square waves with a pulse width of 1 msee
and an intensity sufficient to evoke a reflex with an amplitude of 50 mm

at the beginning of the experiment. Ten trains of stimuli, each evoking
dmaung. - Blutgexirmungshemmende Pro- a flexor reflex, were administered at 10 see intervals, and the polarity',. - Heparln. - 4-Hydroxy-cumarine, Bis-

- KUalscheAnwendung der Antieoa- of the square wave was reversed between the fifth and sixth trains.
•.1.- Namen- mad Sachverzelchnls. These series of stimuli were administered at 5 inin intervals throughout
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the experiment. The reflex was recorded isotonically on an ink writing variance due to treatm,
kymogTaph. Respiratory rate, pulse rate, relaxation of the nictitating actions was calculated azl
membrane and pupillary diameter, determined photographically, were mined.
measured at 10 min intervals throughout the course of the experiment.

Each dog received tryptamine. Tryptamine HCI was infused at Table 1 summarizes 1
a rate of 0.5 mg/kg/min for 12 min. Three infusions were administered it is administered chrol

at 40 min infervals. One week later the same dog received a 40 min seen, a high and signi
intravenous infusion of LSD tartrate (0.375 mcg/kg/min), and observa, cardioaccelerator effects

tions were continued for 160 min after the beginning of the infusion, cantly increased resph'at,
The dose of LSD employed was the same that had been employed in was administered chroni
previous experiments (Martin and Eades, 1970) and produced facilitatory dose of LSD, this differ,:

effects that were comparable in magnitude to those studies. Following did tolerance develop tc
the control assessment of the actions of LSD and tryptamine, LSD was pupillary constriction in
administered twice daily at 0700 and 1600 in a dose level of 15 mcg/kg observation and in all d_
subcutaneously. On the seventh and fourteenth days of chronic adminis- observation has not beel
tration of LSD, the morning dose of LSD was infused, and observations of LSD, the miotie effcc
made to assess the presence and degree of direct tolerance to LSD. One of cvidcnce indicated tt

week later the effects of tryptamine were studied and the administration effect upon the spinal col
of LSD was discontinued. Approximately 3 weeks later tryptamine was reflex was significantly 1
again infused, degree of facilitation wa

To assess the development of tolerance to LSD, the areas under the administered. Secondly, a
time action curves for the different parameters for each animal were LSD evoked the stepping
calculated, and the statistical significance of the differences between of LSDwhen the animals

the control observations and the observations made when the dogs had Table 2 summarizes _,
been receiving LSD chronically for 1 and 2 weeks was determined, to tryptamine. Although
using a paired replicate analysis. The area of the time action curve for tor action in the dogs rt
facilitation of the flexor reflex was determined for the first 15 min of significant using a pair(
infusion of LSD, since the stepping reflex became manifest shortly treatment effect using a_
thereafter. For the other parameters, the area was calculated for the decrement in the respira
entire 160 rain infusion and post-infusion period. Two types of statistical amine was seen in the (i
analyses of the tryptamine data were done. The differences between

the means of the observations made prior to the beginning of the trypt- Table 1. Direct tolerance to
amine infusion and the observations made during each tryptamine
infusion or immediately after termination of the infusion were calcu-
lated for each infusion in each dog for the three treatment conditions.

Observations made immediately after the termination of the infusion Pulse (Beats--rain)

were used for the measurement of tryptamine's effect on respiratory Respiration (Breaths--rain)
rate, pulse rate and pupiltary diameter. The means of the two trains Pupils (ram--rain)

Flexor reflex (mm--min)
of ten flexor reflexes evoked during the tryptamine infusion were used
as the measure of tryptamine's effecton the flexorreflex.The significance The valuesforpulse rat

of the differences between the control observations and the observations the group mean of the areas

obtained during and after chronic intoxication with LSD for the means tion period after the beginnhof significance of differences
of the three replicate infusions was assessed using a paired replicate the dogs had receivedLSD c
analysis. In addition, an analysis of variance was done in which the a paired "t" test.
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:ally on an ink writing variance due to treatment, replication and subjects and their inter-
ttion of the nictitating actions was calculated mad the significance of appropriate F ratios deter-

photographically, were mined.
arse of the experiment. Results

tiC1 was infused at Table 1 summarizes the changes seen in responsivity to LSD when

ions were administered it is administered chronically in the chronic spinal dog. As can be

dog received a 40 min seen, a high and significant degree of tolerance developed to the
:/kg/min), and observa- cardioaceelerator effects of LSD. Although LSD markedly and signifi-

inning of the infusion, cantly increased respiratory rate and the mean changes seen when LSD
had been employed in was administered chronically were less than were seen with the first

id produced facilitatory dose of LSD, this difference was not statistically significant. Not only
hose studies. Following did tolerance develop to the mydriatie effect of LSD, LSD produced

1 tryptamine, LSD was pupfllary constriction in four of the six tolerant dogs at the first test
lose level of 15 mcg/kg observation and in all dogs at the 2 week test. To our knowledge, this

ays of chronic adminis- observation has not been previously reported. At the second test dose
fused, and observations of LSD, the miotic effect was highly significant (p < 0.01). Two lines

tolerance to LSD. One of evidence indicated that tolerance developed to LSD's faeilitatory

and the administration effect upon the spinal cord. First, the degree of facilitation of the flexor

;s later t.ryptamiam was reflex was significantly less in dogs receiving LSD chronically and the

degree of facilitation was increasingly attenuated the longer LSD was
,)_l , the areas under the administered. Secondly, as can be seen from Fig. 1, the initial infusion of

for each animal were LSD evoked the stepping reflex in all dogs; whereas, subsequent infusion

he differences between of LSD when the animals were tolerant failed to evoke stepping in any dog.

ado when the dogs had Table 2 summarizes some of the results concerning cross tolerance
xccks was determined, to tryptamine. Although the attenuation of tryptamine's cardioaccelera-

e time action curve for tor action in the dogs receiving LSD chronically was not statistically

fi_r the first 15 min of significant using a paired replicate analysis, there was a significant

.came manifest shortly treatment effect using an analysis of variance (p < 0.05). A significant
was calculated for the decrement in the respiratory stimulant and mydriatic effects of trypt-

Two types of statistical amine was seen in the dogs when they were tolerant to LSD. As can
"he differences between

lwginning of the trypt- Table 1. Direct tolerance to LSD in dogs receiving LSD (15 meg/kg) twice dMly
,ring ,,ach tryptamine subcutaneously
w infusi,)n were caleu- *

e I rcatmcnt conditions. Control 1 st week 2nd week

_imdi(.I of the infusion Pulse (Beats--rain) 5012 294"°2a 783"°2s

's efl'_'ct on respiratory Respiration (Breaths--rain) 4589 1874 "a 1078 -a
,'ans of the two trains Pupils (mm--min) 231 -- 155 "°_ -- 229 "°°1

Flexorreflex(ram--rain) 411 365"lo 339"o5ilillo infllSi(.I were used

r r_'lh,x. The significance The values for pulse rate, respiratory rate and pupillary diameter represent
n'_ and the observations the group mean of the areas under the time action curve for the 160 min observa-

tion period after the beginning of the LSD infusion. Superscripts indicate the level_ith I._!) for the means
of significance of differences between the control response and the responses when

_in_ a paired replicate the dogs had received LSD chronically (15 mcg/kg b.i.d.) for 1 and 2 weeks, using
was done in which the a paired "t" test.
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Fig. 1. The effect of an infusion of LSD on the flexor reflex of the chronic spinal dog so
prior to and during the chronic administration of LSD. Each point represents the
mean of determinations made in six dogs. The wavy line shows the presence of the r

stepping reflex, and the fractions above this line are the proportion of the dogs 60
showing the stepping reflex at the indicated time o 20 4o

Fig. 2. The effects of infixsio
be seen from Table 2 and Figs.2 and 3, chronic treatment with LSD chronic spinal dog bcfore, d
attenuated the facilitatory action of tryptamine on the flexor and LSD. Each point is

stepping reflexes. Partial recovery of the pupfllary and respiratory

effects of tryptamine was seen 3 weeks after the discontinuation of the
daffy administration of LSD, and complete or near complete recovery 9-9-71
was seen for its cardioaecelerator and spinal cord facilitatory effects.

One of the reasons for designing the tryptamine experiment as we .... _
did and for performing the analysis of variance was to obtain data which
would bear on the hypothesis that the phenomenon of tryptamine

tachyphylaxis could be related to LSD tolerance. There was a trend for 12:o5 ,z:lo

all parameters for the response to successive infusions to decrease; ....
however, this trend was only statistically significant for pupils, and

there were no significant treatment X replication interactions.

9-30771

Table 2. Cross tolerance to tryptamine (0.5 mg/kg/min) in dogs receiving LSD _-
15 mcg/kg twice daily subcutaneously (N = 6) .

Pulse (beats/min) 47.0 __ 32.0
Respiration (breaths/rain) 87.0 ± 31.0. o5
Pupils (mm) 4.6 :t: 1.4. 025 11:35 11:40
Flexor reflex (mm) 73.0 ± 26.0" o5

Each value represents the mean difference ± S.E. between the control response
to tryptamine and the response when the dogs had received LSD chronically Fig.3. Kymo_aphic tracin
(15 mcg/kg b.i.d.) for approximately 3 weeks. The superscripts indicate the level prior to (upper tracing) an(
of significance, using a paired "t" test. LSD (15 mcg/kg/b.i.d.). Tt_. electrical sLin
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Fig.2. The effects of infusions of tryptamine on the flexor reflex amplitude of the
treatment with LSD chronic spinal dog before, during and 3 weeks after the chronic administration of

Jm on the flexor and LSD. Each point is the mean of determinations made in six dogs

)illary and respiratory
discontinuation of the CONTROL

:.ar complete recovery s-s-n,,,,,,,,, _],ll]I]l,_ _, II!!r" _ ooG7so
,,,,f c,i,  ory ::Iltltli!i
nine experiment as we _'_j-
as to obtain data which [Jill]Jill Ill I  i:,iil :i _ ',t,_i;l!!tl

)menon of try-ptamine _'1 I] l]ti} i_ji _'i,_rli'_lltt/,,l¢•Thcrc was a trend for
12:05 12:10 12:15 12:20 12:25 12130

ilffusions to decrease;
ifieant for pupils, and "rRYPTAMINE(0.5mg/kg/minl
n interactions.

L S O ( 15mcg/kg/bid )

)) in dogs receiving I_SD ,'50"(7' _'_/_" _"/_ff_q

(N = 6) , . _! _ ,i l

310 o_
! 4 o2a

2{LO" 0_ 11155 11:40 11:45 I1:50 I1:55 12:00

TRYPTAMINE (0.5mg/kg/min)
,twocn the control response
rrccived LSD chronicaUy Fig.3. Kymographic tracings of the flexor reflex during a tryptamine infusion
crscripts indicate the level prior to (upper tracing) and during (lower tracing) the chronic administration of

LSD (15 mcg/kg/b.i.d.). The dates of the experiments as well as the time the
electrical stimulus was applied to the toe are indicated
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Discussion

These studies have confirmed previous observations that both LSD

and tryptamine increase pulse rate, respiratory rate and pupillary dia-
meter, facilitate the flexor reflex, and evoke the stepping reflex in the Enllancc,
chronic spinal dog (Martin and Eades, 1970). Chronic administration of Res

of LSD produces tolerance to these effects which are mediated at spinal after 6-
and supraspinal levels of the central nervous system. The only parameter
studied for which direct tolerance to LSD was not statistically significant
was the increase in respiratory rate, an effect of LSD in the dog which has Barrett R. Co
previously been shown to be highly variable (Martin and Eades, 1970).

The presence of cross tolerance to the effects of tryptamine in the Departments of Psychiatr
LSD tolerant chronic spinal dog provides further evidence that trypt- Child Devei
amine and LSD have a similar mode of action. The phenomenon of cross C
tolerance between hallucinogens that are thought to be of the LSD type Received Ma
has been used by a number of investigators in animals (Freedman and
Aghajanian, 1959) and in man (Isbell, Miner and Logan, 1959) with the Abstract. The effects (
underlying concept that agents which exhibit cross tolerance may do so ance in an operant, shuttle
because of a similar mode of action and through a common mechanism, depletions of brain eate_

significant reductions in p.
There are thus three lines of evidence that tryptamine and LSD have of 1 mg/kg of reserpine, .:1
a similar mode of action : 1. They produce a similar spectra of pharma- severe disruption of ha.: ; :"
eological actions in the dog and in man (Martin and Eades, 1970; Martin treated rats. Similarly, :
and Sloan, 1970). 2. They exhibit a similar susceptibility to antagonists control rats produced asev

but also responding in t_
(Martin and Eades, 1970). 3. When tolerance to LSD has been produced sympathectomized subject
in the dog, cross tolerance to tryptamine is present, catecholamines are import

possible mechanisms invo]
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