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The effects of halluneinogenie drugs on helically cut strips of human umbilical veins and l ]

sheeI) umbilical arteries were studied. Muscle activity at 37°C was recorded isotonically t Uri: under I g of tension. Bufotenine, psilocin, psilocybin, mescaline and d-lysergic acid dieth- mi
1 ylamide (LSD) all produced contractions of umbilical vasculature with LSD being the pl_

most potent. The contractions to all hallucinogens were antagonized by cinanserin. In eo_

addition, 2-bromolysergie acid diethylamide anatagonized responses to mescaline and LSI)
tel

on sheep umbilical arteries. Concentrations of piperoxan, tripelemmmine and atropine taiBc
which antagonized responses to epinephrine, histamine and aeetylcholine, respectively, did ca:
not antagonize responses to LSI), bufotenine or serotonin. We conclude that all of the srr
hallucinogens studied produced contractions m:a serotonergic receptors on umbilical vas- ph
culature, th

tm
' A number of drugs have been observed to 1968) serotonin (5-hydroxytryptamine) (Somlyo b_
! constrict umbilical blood vessels. Among those el al., 1965; Astrfm and Samelius, 1957; Klinge b):]

reported to be potent agonists on human umbili- el al., 1966) and d-lysergic acid dicthylamide (9
eal vasculature are: bradykinin (Gokhale et at., (LSI)) (Gant and Dyer, 1971). Although the f tr

;i 1966; Klinge et al., 1966; Eltherington el al., umbilical vasculatum for sheep and man nerves a toI
i Received for publication November 8, 1971. similar function, that from sheep resl)onds some- . .

This investigation was supported in part by what differently to certain agonists. For inst'mce: at
U.S. Public Ilealth Service, National Institutes bradykinin constricts human umbilical vessels a(

_I of IIeahh Grant GM 15991 and by U.S. Public i riHealth Service Training Grant GM 01458. (Eltherington et al., 1968) but not those from . t_
2A portion of the data presented in this manu- sheep (Dyer, 1970a); angioter._in is a potent _ l(_

' script was taken from a thesis presented to the _i
i Department of Pharmacology, The Graduate constrictor of sheep (Dyer, 1970a)butnothuman m

School, The University of Washington, in partial (Somylo et al., 1965; Gokhate et al., 1966) umbili- _[ d!
fulfillment of the requirements for the degree of

:_ eal arteries and veins; cocaine potentiates re- a_
MasterofScience. i ri

_ Presently enrolled in the Medical School, Sl)Onses to serotonin on sheep (Dyer, 1970b) but
],: University of Washington. not human umbilical vasculature (unpublished It

_end reprint requests to: Donald C. Dyer. observations); histamine constricts human um-
i Department of Pharmacology SJ-30, School of
, Medicine, University of Washington, Seattle, bilical arteries and veins and sheep umbilical t_

1 Wash. 98195. veins but not sheep umbilical arteries (Dyer et rr

=0 (
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i
, at., 1972). Also, beta adrenergie recel>tOl._ are veins and sheep umbilical arteries. Serotoniu was

present in sheep (Dyer, 1970"0 but not humaa a very effective agnnist 'rod contractions ])ro-

umbilic'd vasculature (Somylo el al., 1965; dueed to it were rel)rodueible during the time
Elthcrington et al., 1968). Because our lal)oratory course of the exl)eriments (fig. 1). Cinanserin

! is interested ia the umbilical vaseulature as a "mtagonized responses to serotonin and shifted
1)o_il)le site of drug action in the fetal circula- the dose-resl)onse curve to the right. Other sero-

. i tion as well as in finding "m animal m6del of the tonin antagonists such as BOL and methysergide ii °
, umbilical vasculature which closely mimics were used initially but they eontr'tcted the vein

tl|'d of man, we feel it is very important to aster- strips. Because of their intriusic activity, they
i t'fia if responses to drugs are species specific, were not useful as antagonists to serotonin on

" With this consideration in mind, we have en- human umbilical veins.

larged upon our initial investigation in which Psilocin and psilocybin contracted human

LSI) was found to be an effective agonist on umbilical vein strips. Both agonists were clearly
; human umbilical vein strips (Gant and I)yer, less potent than serotonin and were antagonized '

1971) to include other hallucinogens and for by cinanserin (fig. 2). Bufotenine and mescaline !
coml)arativepurposesextendedthesestudiesto :
isolated sheep umbilical vasculature whenever _"

possible. A preliminary rel)ort of these findings 100- : : se,0t0,;, !.0.....0 S.erotonin(timecontrol} _:

has been communicated (Dyer and Gant, 1971). o---_ Sltlrototlifl'tC;floserln

d 90 ]

IIuman umbilicalMeth°dScordswere obtained from 80 .._./ t
University Hospital (Seattle, Wash.) within 15 /±

minutes of normal delivery. The tissues were _ 70
placed in Krebs-Henseleit solution modified to _
contain 10 _g/'ml of disodium ethylenediamine "_ "g *

tetraacetic acid. Sheep umbilical cords were ob- _ 60 I _:/
taincd

as previously described (Dyer, 197(/a). -_ L./
Both sheep umbilical arteries and human umbili- ._ ._.

,. cal veins were helically cut. Strips of vascular _ 50' /_"t ._smooth muscle approximately 2 cm long were
placed in a series of 1O-ml isolated organ baths of _ 40" I. r

i the drain-out type. The tissues were placed under _ ._l]-

1 g of tension and allowed to equilibrate for about _'u 30- ;_+t
two hours before starting the experiment. The _. /lb'_ths were maintained at 37°C and oxygenated

_i by t)ubl)ling a mixture of oxygen-carbon dioxide 20-
(95:5) through the bottom of the bath. The con-
tractions were magnified X1O and recorded iso- _;
tonically on a kymograph drum. 10- :,

The following drugs were used in this study:
" angiotensin amide, serotonin creatinine sulfate, 0

acetylcholine chloride, /-epinephrine hydrochlo- 10"m 10-9 10-a 10"7 10-6 10-s 10-4
ride, bradykinin, d-lysergic acid diethylamide hg0nisl concentration (molar)

f*"*" , tartrate, mescaline hydrochlofide, psilocin, psi- FiG. 1. Cumulative dose-responses to se_otonin
locybin, bufotenine bioxalate monohydrate, ci- were obtained on isolated strips of human um- _:

nanserin hydrochloride, 2-brnmolysergic acid bilical veins. Cinanserin hydrochloride (3 >( 10-7. diethylamide (BOL), piperoxan hydrochloride, M) was incubated with the tissue for 1O minutes _
atropine sulfate, and tripelennanfine hydrochlo- prior to exposure to serotonin. Note the small _

shift of the dose-response curve to the right with
: ride. time which was not significantly different from

Results control and the much greater shift in the presence
of einanserin. Vertical bars represent :t= S.E.M.

lluman umbilical vein preparations. Sero- of five to seven experiments and t's represent _
i tonin was routinely used to establish the maxi- points on the cinanserin-serotonin curve which

are significantly different from the serotonin con- t
mum tissue contraction of both human umbilical trol (P < .05).

( I

t 1
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i_ 100-_o..-o se,0,0,i,,_iiocl, _ since reliable responses to either ucetvlcholine. 1

o--o ps,0ci°, _ or epinephrine could not Im obtained. I
90 c,_0°seri. "- Sheep umbilical artery preparalions.

0--0 Psilocybin /

O-'OPsllocyblt_+ / _ -- Bufotenine produced contractions of isolated (

Tz!
•_ T by ci|mn._erin(fig.5).Bufotenine"rod._erotonin"_ 70

z were essentially equiaclive in the lower concert- . • l
" ' tration range but bufotenine did not produce a

60 m.,xim.d tissue contraction. Reslmn.,'es lo bufo-
"_ tenine were blockedby cinanserinbut not by50-

, piperox'm or atropine (tal)le 2), Psilo('in and " "
"_ ] // T' 9'. t)sih)cybin also elicited contractions, lint the

_40- l/ Ji' _(_ threshold concentration to conlr'mt the 1issue
_50- -- -- ,I _: was at)l)roximately 10-fold grc'tler than that of

p/:/ /_/ serotonin whereas the maxim'd response ,,'as

20" /l / / T/ / only 40% of that to serotonin <N : 4). Illtwo

; _¢// // ! ' experiments' the c°ntraeti°ns l° b°th l)sil°cinI0 - ' l and 1)silocybin were antagonized by cinanserin.
! _ For reference u_ in future experiments, cam-

01 . . plete dose-response curves to acetylcholine and

10-'° 10-9 10-8 10-r 10"6 10-_ 10-4 el)ilmphrine were obtained (fig. 6). It is clear
hgonist concentration (molar) that acetylcholine and epinephrine are not as

Fro. 2. A comparison of the vasoconstrictor ac-

tivity of serotonm, psilocin and psilocybin on iso-
lated strips of human umbilical veins. Cinanserin I00 II'-_Serolonin

_; hydrochloride (3 X 10-7 M) was incubated with lc--aM,sea,,,_ the tissue for 10 minutes before exposing the tissue 90 iO'OMeSc01in+÷

to either psilocin or psilocybin. Cinanserin an- Cia.,s,,i, ___

tagonized responses to both psiloein and psilo- o--osufo_e,i,e , r
cybin. Vertical bars represent -4- S.L'.M. of six 80" O-OElufotenine+

experiments, t's and *'s represent points on the _ Gnonserin
i curves which are significantly different from their _ 70- T

i:+ respective controls of psilocin andpsilocybin (P_< .05). _ 60- /! _ ± Tt/ ),t _ -_ I [!

also contracted umbilical vein strips 'rod re- _ t

i _50-Sl)onses to each were antagonized by ein'mseI'ill
(fig. 3). In order to ascertain if the antagonism _ 40_

!_ by einanserin could be attributed to a non- _ / _[)I)i ! "!_ I' i

_ specific depression of the smooth muscle, we ,: 30
used bradykinin as an agonist. Near maximal _.

:_ resl)onses to bradykinin were blocked by cinan- 20
serin (fig. 4), but the ED50 for bradykinin was f"

i not significantly altered (table 1). I0. ' I "

! From the previous figures and table, it is clear

that cinanserin antagonized responses to sero- 010-'o 10-9 ib-_ '+_" ]10-z 10-s 10-5 l0-_

tonin, psilocin, psilocybin, bufotenine and hgonist c0ncenlr0tion (molar) _ - [ •mescaline to a greater degree than those to Fxo. 3. Experiments comparing the activity of
+ bradykinin. We also investigated the effect of serotonin, mescaline and bufotenine on isolated

tripelennamine on responses to serotonin, hista- strips of human umbilical veins. Both mescalineandbufotenineinducedcontractionswereantag-
mine and the hallucinogens to rule out the possi- onized by einanserin hydrochloride (3 × 10-_ M).

!_ " bility of a histaminergie receptor involvement. The tissues were incubated with the cinanserinfor 10 minutes before exposure to mescaline or
)! It can be seen from table 1 that tripelennamine bufotenine. The vertical bars represent 4- S.E.M.

only antagonized responses to histamine. We of five to six experiments. _'s and *'s represent,

points on the curves which are significantly dif-did not investigate the effects of atropine or ferent from their respective controls of mescaline
piperoxan on responses to the hallucinogens and bufotenine (P < .05).
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l)otent as serotonin "tn(1 l_S])()llSes to each were ; 7. Serol0nin
o.--.0 BroOykinin

blocked by atropine and l)il)eroxan, respectively. I00" o o Br0dykinin÷ ..,O.--.'O
Atropine and l)iperoxaa in these concentrations Ci_nserin ._
do not aatqgonize responsesto serotonin (l)ver, /
1970a). " 90- t

Mescaline evoked contractions but required a i:

. • higher concentration than serotonin. To investi- 80
gate the receptors mediating the contraction to

i mesc,dine, we chose to employ several antago- _ /

nists, i.e., 1)il)eroxan, BOL and ein'mserin. "_ 70 i_:
• " Piperoxau (3.7 X 10-_ M), ia a concentration _

which greatly antagonized resl)onses to el)i- _

nel)hrine (fig. 6), did not significantly alter _ 60- !

] contractions to mescaline or serotonin. There- ._ lfore, a 10-fold higher concentration (3.7 X 10-_ 50-
3'[) was eml)loyed. This concentration of piper- _ ....
oxan significantly antagonized responses to both

mescaline aad serotonin (table 2; fig. 7). Contrac- "_ 40-
tions to nfi_scaline were significantly blocked by ...

BOL and cinanserin (fig. 7) to such an extent _ 50
that the 50% maximal tissue response was not _.
obtained in their presence. Hence, the change in

the ED50 in the presence of these antagonists, 20
as tabulated in t'tble 2, could not be obtained.

In order to ascertaia whether the inhibition by
cinanserin could be ascribed to a uonspecific 10-
depression, we cho_ angiotensin as the test
agonist. It is readily apparent from figure 8 that

cinanserin (lid not inhibit contractions to anglo- 010-,0 10-9 i(_-s i(_-z 1(_-6 I(_-5
tcusin whereas it greatly antagonized responses hgonist concentration ( molar )
toserotonin, l

FIa. 4. A comparison of the vasoconstrictor ac- ILS]). LSD contracted isolated human umbili- tivity of serotonin and bradykinin on isolated

cal veins an(l sheel) umbilical arteries. It is not strips of human umbilical veins. Exposure to I7

possible to obtain cumulative dose resl)onses to cinanserin hydrochloride (3)< I0- M) for 10 _:minutes did antagonize responses to bradykinin

LSD on these tissues (Gant and Dyer, 1971). somewhat but not nearl_r as much as responses to IiTherefore, to investigate the receptors involved serotonin were antagomzed (see fig. 1). Vertical _'

iu the LSD-induced contraction, complete dose bars represent -4- S.E.M. of four to five experi-
ments, t's represent points on the cinanserin l

responses were obtained to serotonin on lmired treatment curve which are significantly different
tissues. After washout of the bath and return of from bradykinin alone (P < .05). i

. . the tissuesto base line,the tissuesthen were I
treated as follows: one tissue was incubated with respectively, did not (table 3). On isolated human

an antagonist (atrol)ine, piperoxan, cinanserin umbilical veins, cinanserin antagonized responds
F--" or BOL) for 1O minutes; then, without removing to LSD in a manner comparable to that observed

° the antagonist, LSD was added to both tissues on sheep umbilical arteries (N = 5). i

simultaneously and the response was recorded, i

An examl)le of such an experiment using sheep Discussion i
umbilical arteries is rel)resented in figure 9. It is Cumulative dose resl)onses to l)silocin, psilo-

clear that cinanserin antagonizes responses to eybin, mescaline, bufotenine and serotonin were
LSD. In parallel experiments, BOL blocked re- obtained on both isolated sheep umbilical arteries

• sponses to LSD but piperoxan and atropine in and human umbilical veins. All of these amines

concentrations 10-fold greater than those needed were inhibited by cinanserin, a _rotonin an- _
to antagonize epinephrine and acetyleholine, tagonist (Rubin et al., 1964). Cinanserin did not

q /
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ii TABLE 1 10i',! Human umbilical vein: A comparison of the concentration of various agonisls required to produce a

contraction equal to that obtained at the EDSO of 8erolonin 9

DOse-Ratio at
EDSO;

N a EDS0 -4-S.E.M. Treated/ 8

.......... Conhol

A. Serotonin (control) 7 1.2 X 10 a 4- 4.3 X 10 -°
8erotonin "t- cinanserin (3 X I0 -T M) 6 4.2 X 10-r -4- 1.3 X I0 -7_ 35

Serotonin 5- tripelennamine (3.4 X 10 -T M) 3 3.6 X 10-_ 4- 1.9 X 10 -a 3 _'_o E

B. Itistamine (control) 5 2.7 X 10-7 -4- 1.1 X 10 -7 "_
Histamine + tripelennamine (3.4 X 10-TM) 5 1.5 X 10-_ -4- 4.4 X 10- 6_ 55 ._ =

C. Bufotenine (control) 5 5.4 X 10-a -4- 9.9 X 10 -° _ _

Bufotenine 5- cinanserin (3 X 10 -z M) 5 3.3 X 10-* -I- 1.0 X 10- 6" 61

Bufotenine 5- tripelennamine (3.4 X 10-TM) 5 3.3 X 10-s 4- 1.1 X 10 -8 0.61 "_ z

D. Psilocybin (control) 6 8.2 X 10-7 -4- 2.4 X 10 -7 "_
Psilocybin +-cinanserin (3 X 10" 7 M) 6 5.2 X 10-* -4- 1.6 X 10 -7` 6.3

E. Psilocin (control) 6 3.5 X 10-_ :t: 1.3 X 10 -v _. "
Psilocin + ciltanserin (3 X 10 -7 M) 6 2.9 X 10-* -4- 1.3 X 10 -_ 8.3

Psilocin + tripclennaminc (3.4 X 10 -7 M) 5 7.7 X 10- ? -4- 5.6 X 10 -7 2.2
F. Mescaline (control) 6 8.8 X 10-* _ 3.0 X 10 -6

.. Mescaline + tripelennamine (3.4 X 10-TM) 4 8.6 X 10-* -4- 7.1 X 10-* 0.98

G. Bradykinin (control) 5 1.9 X 10-* -4- 1.0 X 10- 9

:_ Bradykinin + cinanserin (3 X 10 -7 M) 4 4.4 X 10 -9 -4- 2.5 X 10 -° 2.3

° N, number of experiments.

a Values given are EDS0 ± S.E.M. of the concentration producing 50% of the maximum response

relative to serotonin. F
Significantly different from the control in the respective group (P < .05). con

ton
TABLE 2 res]

Sheep umbilical artery: A comparison of the concentration of various aoonists required to produce a [ drc

contraction equal to that obtained at the ED50 of serotonin t mil
the
Vel

Dose-Ratio rile,
at ED50;

N a ED50 "4:S.E.M.b Treated/ tre
Control fro

A. Scrotonin (control) 9 6.1 X 10 -7 -4- 1.5 X 10-_ 'tl)l

_ Scrotonin 5- cinanserin (3 X 10- T M) 4 2.9 × 10-' -*- 6.1 × 10-'* 47 or

_Serotonin + BOL (2.5 X 10 -7 M) 4 2.4 X 10 -4 4- 8.3 X 10 -6_ 393 s])(

'_ Serotonin q- atropine (1.2 X 10-r M) 6 8.0 X 10 -7 -4- 2.1 X 10- 7 1.3 ter

" ! Serotonin 5- piperoxan (3.7 X 10 -7 M) 5 1.9 X 10 -6 ± 1.3 X 10 -_ 3.1 " rio

l_ Serotonin 5- piperoxan (3.7 X 10-* M) 4 3.0 X 10-* 4- 5.6 X 10-7_ 4.9 ser
f'_ B. Bufotenine (control) 9 4.4 X 10 -_ -4- 1.4 X 10-7 ar_

Bufotenine 5- cinanserin (3 X 10 -_ M) 4 1.5 X 10 -_ -4- 4.1 X 10 -_" 34.1 _ • I)._

Bufotenine 5- piperoxan (3.7 X 10-_ M) 5 8.7 X 10-_ 4- 4.8 X 10 -7 1.9 ex,

Bufotenine 5- atropine (1.2 X 10-' M) 5 5.1 X 10-' :t: 4.0 X 10-_ 1.2 sel

C. Mescaline (control) 4 8.5 X 10-' 4- 1.5 X 10-' (a_

.Mescaline 5- piperoxan (3.7 X 10 -_ M) 4 4.0 X 10-* -4- 7.3 X 10-_" 4.7 bh
D. Angiotensin (control) 4 1.0 X 10-_ 4- 1.9 X 10-_

Angiotensin q- cinanserin (3 X 10-_ M) 4 8.8 X 10 -a -4- 2.1 X 10 -a 0.9 tr"
th,

° N, number of experiments, pr,

b Values given are EDS0 4- S.E.M. of the concentration of drug producing 50% of the maximum re- m_

sponse relative to serotonin, ge:

" Significantly different from the control in the respective group (P < .05). in
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; 100" : : Serotonln tag is consistent with the observation that all of [

: o.-._a,aote.;.e the hallucinogens coatr'tcted sheep umbilical :

i _ Bufofeniae÷Cinonser;n90- arteries, a tissue insensitive to histamine (1)yer :

el al., 1972). We eon('lu(le, therefore, tlmt mesca-

l lineacts on serotonergicrccel)torsand not ad- ::

80- renergiereceptorsdespite its chemicalresem-
• • _ bl'mce to the catecholami||es. Contractions to

70- LSI) wereinhibitedby ei||a||,-e|'i||and BOLbut

not by l)il)eroxan, "ttropine or tril)elemmrnine ,

60 ; ' l suggesting that I_D acts as an -tgonist on sere-
" o ./ [ tonergie recel)to|.'s in umbilical vasculature.

"_'_ 50" T: / Snyder and Richelsoa (1968) recently have
I presented evidence based on molecular orbitalcalculationsthat I_D, l)silocinand mescaline

4o- : t

100. _ se.o,o.;.
r.2..43 [p*nepi_ine + Pipero.on _[

" 30" l, :/ -..-_ _,..,_,.:,,o... i/ _:/ 90" _-"_ A¢.,.,.-,,o,....A,,o._.. ;

zo- / i
• v 80- / i

12; / '70"

0 - ' _ _

-'° ,o" Jo" ,o' ,o' to-" 6o-hgonisl concentration ( molor }

/FIG. 5. Isolated sheep umbilical arteries: a ...
comparison of the actiwty of bufotenine to sere- _ 50-
tenth. Bufotenine did not produce a maximal _ I_
responserelative to serotonin.Cinanserinhy- _ _

drochloride(3 X 10-7M) addedto the bath 10 _ 40-

minutes prior to exposure to bufotenine shifted _ 1| /i _ I !i.!

the dose-response to bufotenine to the right. 'L
Vertical bars represent -4- S.E.M. of four expert- J i

ments, t's representpoints on the cinanserin _ 50 Itreatment curve which are significantly different __

from bufotenine alone (P < .05)• 20 " ..._'_ _

al,l,reci'tbly antago,,izerespo,,sesto an_otensin ll _'_-""_':)_ _'
or b,'a(lyki,fin, thereby suggesting it is a rather '0 _ .'" . "[

terns. Coupled to these findi||gs was the observa .... _'_ -_.,'_'___'___.L_^.._.__^. • l" " tion that BOL likewise antagonized resl)onses to 10-9 1()-s 10_ I(]s 10-_ I(3-* I()"_

serotonin, LSD and mesc,fline on sheep umbilical Agonist concenlrohon (molar) !

•trteries. These results strongly suggest that
])siloci||, l)silocybin, bufotenine and mescaline Fro. 6. Isolated sheep umbilical arteries: a ,_

• ° comparison of the vasoconstrictor action of sere-
exert their 1)harmacologiceffectby _'ctingon tonin (N = 9), epinephrine (N = 5) and acetyl-
serotonergic reeel)tors. AIescaline was not an- choline (N = 4). Neither epinephrine nor aeetyl-
tagonized by l)il)eroxan at concentrations which choline produced a contraction to the extent

elicited by serotonin. Piperoxan (3 X 1O-_ M) and :;
block epinephrine. Also, mescaline produced con- atropine (1.2 X 10-_ M) were added to the baths 10 !i
tractions oa shee]) umbilical arteries to 92% of minutes prior to the addition of epinephrine or _

theserotonin maxinmm, whereas el)inephrine only acetylcholine, respectively. Vertical bars rep- _!
resent -I- S.E.M. t's indicate points on the epi- i_

produced contractio|_s to 26% of the serotonin nephrine-piperoxan curve which are significantly _.

maximum. Exl)eriments with tripelennamine sug- different from epinephrine alone whereas *% indi- Icare points on the aeetyleholine-atropine curve

gest that histaminergie receptors are not involved which are significantly different from aeetylcholine 1in contractior_uto Shesehallucinogens.This find- alone (P < .05).
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i00' : : sv0,0nm T Ill slu(lies on dog blood pressure, Bufiag and
e.--.e Ser0T0mn.Piperoxon .P" Walaszek (1962) observed lhat responses to

*---* Svofonin'80L " serotonin, lmfotenixle, l)silocin and psiloeybin
90" 0 ,0 Mescobne /

O---'O Mescaline+Pkpero_on "o/ere antagonized by 1-benzyl-2-melhyl-5-hy-
o..... o Mesc0,ne.BOL / droxytryl)tamine (BAS-phenol). In a much more

BO m O-- -- 0 Mesco_ • Cinonserln /
_. complex system than smooth muscle or the car-

I diova._eular system, i.e., human behavior to •T . T h.fllucinogenic drugs, there is evidence for cross-"_ 70.

_]_- tolerance among the compounds we have studied. :• Cross-tolerance between LSD and mescaline has

60 _i - been reported (Balestrieri, 1957). Wolback et al. * •
"_ _ (1962a) eomlmred the effects to mescaline and

50 I l/ LSI) in human volunteers. They observed similar
' 1,. effects on temperature, blood pressure, pupillary

"_ 40- : T_]'* diameter and resl)onses to questions when an
/ _il] equivalent hallucinatory dosage was given. In

'_':] patients in which tolerance was developed by the
30- _']_ chronic administration of either LSD or mesca-

l. ii /;.
I !

_i , , 100-I = _ Sero,oni.20" * _l t

l I / o._.o Serolonin + Cinonserin,(. 0 0 hng_oteasin

907 0,_.0 Angiotensin+Cinanserln

I

' /2" .'o
80 /

O0 -_ I0-_ I0-_ Io -_ lO-5 IO-"- I-_0 "_

AcJonistconcenlrat,on (molor) ._: iI I FIG.

FIG. 7. Experiments were performed on iso- "_ 70" (S) an<to eina
'_l lated sheep umbilical arteries. Piperoxan hy-

drochloride(3.7X 10-6M)antagonizedresponses _ the LSto serotonin and mescaline about equally. BOL _ 60- ]

(2.5 X 10-.7M) antagonized responses to serotoninand mescaline. Cinanserin hydrochloride (3 X 10-7 ._'_ ] line, el

M) also antagonized responses to mescaline. _ 50. _ Simila;

Verticalbars represent :i:S.E.M. of four to seven _
experiments. *'s indicate points on the serotonin- ! tivity.
piperoxan curve and serotonin-BOL curve which _ 40. g have b
are significantly different from serotonin alone _' also e_
whereas f's indmate points on the mescaline-pip- _ /J- curs b

t eroxan, mescaline-BOL and mesealine-cinanserm _ 50curve which are significantly different from mes- _. / 1961).
caline alone (P < .05). i the au

20 ] " tions I

may possess a common chenfical configuration. 1] the ov

i This finding SUpl)orts our l)resent contention of I0 ] ._, " " to pro
the involvement of a common receptor site for the / / thougl
hallucinogens. In addition, there are a number of 0 _,a o.._.o', . cinoge

!I_ reports in the literature which suggest that I_D, l0 '° 109 10-° 107 10._ to-_ Io-+ , . . have l
'i bufotenine, psilocin, l)silocybinand mescalineact Agonisi concenlrolion(moior) well d

on common receptom and these will be discussed FIG. 8. Experiments demonstrating that cin- bet, we,
below. On uterine smooth muscle, LSD in low anserin antagonizes responses to serotonin but 1)otenq
concentrations facilitates serotonin-induced con- not angiotensin on isolated sheep umbilical ar- 1959;

tractions whereas at higher concentrations it teries. Cinanserin hydrochloride (3 X 10-7 M)was added to the bath 10 minutes prior to exposure deal o
inhibits contractions to serotonin. Mescaline also to angiotensin or serotonin. Vertical bars rep- by th,
contracted the uterus and facilitated serotonin- resent-4- S.E.M. of four experiments, t'srepresent Venu_

!! points on the serotonin-einanserin curve which
i,i mediated contractions. The contractions to mes- are significantly different from serotonin alone by se

caline were antagonized by LSD (Costa, 1956). (P < .05). tion _

1
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FIG. 9. Isolated sheep umbilical arteries: an experiment comparing the contractile effect to serotonin l
(S) and LSD on strips obtained from the same umbilical cord. Exposure of the paired tissue (panel B)
to cinanserin hvdrochloride (C, 3.0 X I0-_ M) for 10 minutes prior to the additmn of LSD abolished
the LSl)-induced response. Typical of four experiments.

llne, cross-tolerance occurred to the other drug. TABLE 3
Similar COml)arisons of the pharmacologic ac-

tivity of l)silocin, psilocyl)in, mescaline and I_D Effect cf antagonists cn contractions elicited to a
standard concentration cf LSD on isolated sheep

have been made (Wolback et at., 1962b). There is umbilical arteries
also evidcnce suggesting that cross-tolerance oc-

curs between LSD and l)silocybin (Isbell el at., P..... _g_
1961). The above studies strongly suggest thrt ot Maximal
the autonomic effects as well as mental at:errs- N• Contraction

(Serotonin;

tious produced by these four drugs are similar, Mean4-S._.M.}
the only dissimilaritybeingthe dosagerequired

" to produce equivalent biologic effects. Current LSI) (1.25 X 10-s M) 5 36.2 4- 6.1
thoughts as to the mechanisms by which hallu- LS1) (1.25 X 10-_ M) + 4 37.5 :t: 8.4

piperoxan (3.7 X 10 -*
cinogens m'_y effect the central nervous system M)

• have been sunmmrized by Hollister (1968). It is LSI) (1.25 X 1O"'_ M) -I" 5 0_
well documented that there is little correlation BOL (2.5 X 10-_ M)
between hallucinatory activity and antiserotonin LSD (1.25 X 1O-_ M) q-- 4 0_
l)otency for hallucinogenic drugs (Isbell el al., einanserin (3 X 10-*M)

1959; Hollister, 1968). There has been a great LS1) (1.25 X 10-' M) + 5 35.0 _ 9.2
deal of excitement in the last 15 years generated atropine (1.2 X 10-*M)
by the actions of LSD on muscle. The heart of

Venus mercenaria is very sensitive to stimulation , N, number of experiments.
by serotonin whereas LSD produces a stimula- a Significantly different from LSD alone (P <
tion which resembles that to serotonin (Shaw and .05).
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