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and the bridge principle of specificity with active- phobic area on the enzyme. Such studies are 2"^
" site-tllrectcd irreversible inhibitors (14), it should currently being pursued.

• be possible to magllify immensely any small dif- .==::---=
ference between tile hydrophobic areas of tile REFERENCES
tumor tissue and host dihydrofolie reduetases; (1) Baker, B. R., Ho, B.-T., and Santi, D. V., J. Pharm.
this snlall difference would be unusable or even Sci., 54, 1415(1965). Chh,rt
tmdetectable with reversible inhibitors. Since (2) Baker, B. I_-., and Ho, B.-T., J. Heterocyclic Chem., 2,335(1965). l'r_lnt
active-site-directed irreversible inhibitors of tile C3) Baker, B. R., and Louretts, G. J., ibid., g, 34,1(1965). l'rotnt

dihydrofolic reduetase from pigeon liver have been (4) Baker, B. R., Sehwan, T. S., Novotny, J., and Ho, I.SI)B.-T., J. Pharm. Sci., 55,295(1966).
fotmd which utilize the hydrophobic bonding region (5) Baker, B. R., Coward, J. K., Ho, B.-T., and Santi,
( 15, 16), only a small difference in tile hydrophobic D.V.. ibid., 55,302(1966). Cypr,_

(6) Baker, B. R., and Shapiro, H. S., ibid., 55, 308 l_iphcregion of a tumor tissue dihydrofolic rcductase (19661.
would be sufficient for high specificity--such as a (7) Josh[, J. G., and Handler, P., J. Biol. Chem., 239, lfilwn2741(196.t).
change of a valine for a leucine or a slightly dif- (8) Baker, B. R., and Ho, B.-T., J. Pharm.Sci., 53_ 1137
ferent conformation in the hydrophobie region (1964).(9) Hitchings. G. H., and Burchall, J. H., Adv.
caused by a single anfino acid exchange in another Enzymology, 27,417(1965). enlpl_
region. Such a small difference could be exploited (10) Burchall, J. H., and Hitchings, G. H., MolecularPharmacol., to be published, to Ill;.
by attaching a bridging moiety to the hydrnphobie (11) Baker, g. R., Ho, B.-T., aud Neilson, T., J. Heteroeyclic

bonding moiety of an inhibitor so that tile sub- Chem.,1,79(1965). _Lllttl_
(12) Baker, B. R., and Ho, B.-T., ibid., 2, 72(1965). Va'sequent attack by the bridging group to form a (13) Modest, E.J.,J. Org. Chem., 21,1(1956).
(14) Baker, B. R., J. Pharm. Sci., 53,347(11)64). Usc(l

covalent bond to a nucleophilic site on tile enzyme (15) Baker, B. R., and Jordaan, J. H., unpublished data.
is snbject to proper juxtapositioning by the hydro- (16) Baker, B. R., and Shapiro, H. S., unpublished data. tq Hlill

J.pharm.Sci.55,474-_78(1966). LSD1433 ,mlpl,,h,_s
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Effect of Certain Drugs on Perfused Human Placenta VI ,l ri,
st,r.t

Serotonin Antagonists n,, ,i,leffl

lhe
By CHARLES O. WARD and RONALD F. GAUTIERI ntcrt

antV
The antiserotonin action of several compounds was investigated in the vasculature
of the isolated perfused human placenta. Average onset, duration of action, and The
per cent decrease at maximal antagonism were used to discern the antiserotonin anta
capability of the smallest effective dose of each compound necessary to antagonize _ive
the pressor action of serotonin. Their ability to antagonize the vasoconstrictor
effect of serotonin, in decreasing order of effectiveness, was: cyproheptadine, shce
LSD, diphenhydramine, chlorpromazine, promethazine, promazine, and dibenamine. (3),

Cyproheptadine, which had a relatively short duration of action, caused the greatest plaodecrease to the pressor action of serotonin, while chlorpromazine and diphenhy-
dramine exhibited the longest duration of action. The mechanisms by which these indtt
agents antagonized the vasopressor effect of serotonin are attributed to a blockade only
of a-adrenergic receptors, competition for specific receptor sites, and/or direct
negative musculotropic action. It is suggested that the human placenta, rather ()n I
than tissues of other species, may serve as the organ of choice to evaluate the potential _.,ro

effectiveness of serotonin antagonists useful in therapeutics, plac
ttral

LTHOUGH the vasoconstrictor property of in biologic tissues, but also techniques for de- agct
serotonin has been known since 1869 (1), termining the potency of agents specifically sew

the interplay between its physiologicand path- antagonisticto it. it in

t)logic functions, as well as the elucidation of its Many compounds have been shown to antago- rat,

pharlnacologie mechanisms, awaited the develop- nize the stimulant effect of serotonin on smooth scqt
nlent not only of reliable assays for its estimation muscle, and among the several organs used to q"

delnonstrate this phenomenon are the gastric fun- l)rc I
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Accepted for publication January 13, 1966. isolated rabbit ear (4), sheep artery rings (5), w(/u
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...... ring. M_,rcb1905. and the guinea pig ileum (6). The effect of cffo
Al,straeted from a thesis submitted by Charles O. Ward serotonin on diuresis (7) and blood pressure (8) to 1to the Graduate Committee, School of Pharmacy, Temple

University, Philadelphia, Pa., in partial fulfillment of in the intact animal also has been used to show SNIaster of Science degree requirements.
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h studies are "2._ :.F ,_ --COMPAIKI_N OF SEROTONIN ANI'AGONIS-XI E't" _EVERAL COMPOUNDS IN PERFUSED [iUMAN
PLACENTAL VESSELS

Av. _XIax. Range of Av. Decrease

Expt., Antagonism, Duration of at Max.

D. V., J. Pharm. i llu£ 1)ose No. rain. Action, rain. Antagonism, %

C hl, ,r;w,,mazine 0.5-1.0 rag. 3 20.0 21-79 67.8
'rocyclic Chem., 2, ?r,,mazine 0.5-1.0 rag. 5 14.0 9-46 47.4
d., 2,344(1965). i'r, ,m, thazine 0.5-2.0 rag. 6 16.2 11-49 52.7
tny, J., and Ho. l._ 1) 100.0-200.0 6 10.8 11-30 75.6

B.-T., and Santi, nlCg.

C.vt r hcptadine 100.0 meg. 3 11.0 17-28 86.2
., ibid., 55, 308 I)ip!a nh.vdramine 10.0 rag. 3 31.7 24-63 68.9
$ioI. Chem., 239, l)il)cnamine 2.0 mg. 4 26.3 17-52 46.4

,m. Sci., 53, 1137

t, J. H., Adv.

empl,,ycd, conflicting results occur often enough serotonin are thought to be the result of a con-
;. H., Molecular t,p make it difficult to predict the effect of these strietion of the blood vessels of the placenta with

l'., J. Heterocyclic ,mta'z-nists in humans, resulting ischemia (15).

, 72(1965). Variation anlong the several species of animals Thus, it is imperative that a method for eval-
156).

(1964). tl>cd is considerable, both in response to sero- uating the therapeutic effects of serotonin an-
1published data.

_ublished data. t,,vin and to its antagonists as well. For ex- tagonists in man be available. Therefore, it

._D _._3 amI,Ic, the intravenous injection of serotonin in was the purpose of tiffs investigation to evahtate
d,,,> increases tile heart rate and blood pressure, the antiserotonin activity of several known

while the ral)bit responds to similar closes with serotonin antagonists on tlle vasetflature of the

hyi,nension amt bradycardia (8). The granline lmman placenta in order to predict more aecur-

enta VI derivatives, medmain and methyhnedmain, are ately tim degree of antagonism of these agents in

scr_,t,min antagonists on tile rat uterus but have human tissue.

no effect on antidiuresis (7). Morphine is MATERIALS AND METHODS
ineffective as a serotonin antagonist on strips of

Full-term human placentas, obtained from the
the gastric fundus of the rat (2), the isolated rat hospital 15 to 20 rain. after normal delivery, were
uterus, and the isolated rabbit ear, but has potent used throughout this investigation. Each was

antiserotonin actions on the guinea pig ileum (6). transported to the laboratory in a glass container
tture
and The ergot alkaloids, however, are poor serotonin filled with approximately 1 L. of Tyrode's solution

anin antagonists on the guinea pig ileum (9), but preheated to 38 °.

,nize give excellent results in other tissues, including The apparatus employed and the procedures in-[ctor volved in the preparation and perfusion of the
line, sheep artery rings (5), the isolated rat uterus placentas, in recording and maintaining tim per-
fine. (3), and the blood vessels of the isolated human fusion pressure, anti in measuring the inflow and

atest placenta (10). Hydralazine increases serotonin- outflow volumes of the perfusate have beeu described
nhy- in previouspapers (12, 19). In 26 successful
hese induced contractions of the gtfinea pig gut, with placental preparations, each lasting 1-4 hr., a total
kade only slight, if any, effect on the rat intestine (11). of 30 experiments were performed. The resultsirect
ther On the other hand, the vasoconstrictor action of obtained from 4 placentas were discarded because
atial serotonin on the blood vessels of the human the response to a test dose of serotonin was erratic.

placenta is occasionally antagonized by hy- Throughout this investigation the agonist,
serotonin, was administered before tile various

dralazine (12). Another adrenergic blocking antagonists for tile purpose of establishing a stand-

iques for de- agent, dibenamine, has also been shown to exhibit ard response to its vasoconstrictor effect; the an-
s specifically scrotonin-like and antiserotonin actions, in that tagonists were administered 5 min. after the prcssor

it inhibits diuresis when given alone to the intact action of serotoniu subsided. Responses to sub-

vn to antago- rat, then blocks the antidiuretie effect of sub- sequent doses of serotonin, after the wtrinus an-
tagonists, were then compared to the initial response

tin on smooth sequent doses of serotonin (13). to scrotonin at the start of each experiownt. The

'gans used to The obvious conclusion is that no one animal per cent decrease at maximal antagonism of the

le gastric fun- preparation can be used to assay for all serotonin pressor effect of serotouin was calculated and used

:at uterus (3), antagonists, and even if one were available, this to compare the relative antagonistic capability of
the compounds employed. The average onset of

_'ry rings (5), would not be an exact indication that the same maximal antagonism, as well as the time interwd
rim effect of effects would be noted when the drugs were given (duration of action in Table I) before subsequent
l pressure (S) to man. doses of serotonin would produce pressor responses

used to show Serotonin has been implicated as a causative that approximated half that of the initial standard

{ents. While factor in the toxemias of pregnancy (14, 15), response, were also used as bases of comparison.
The doses of serotonin, administered after the

.ive to nlinute certain forms of mental disease (16), allergic antagonist, were injected at approximately 8--10.
Le results arc disorders (17), and collagen diseases (18); in the rain. intervals and were based on those doses used

lar procedure toxemias of pregnancy the toxic effects of in previous investigations in this laboratory (12,
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19), either 25 or 50 meg. 'In the later perfusions the . 140. i_0-

dose of 50 meg. was adhered to because this . 120.100. 1 Iz0.140"
appeared to give more consistent responses. _ 80-_ _ _ _00.

One objective of the investigation was to observe so. _d -_-sQ.,
tile relative antagonism of the compounds employed 6o.

utilizi.lg tile snmllest dose which exhibited scrotonin i _i" i i
antagonism This dose, for the antagonists, was i
not always the same in every placenta. Also, _ t ,' I
because the antagonists varied widely in their
inherent ability to antagonize the pressor action Fig. 3.--

of scrotonin, they could not be compared on an zinc. Key
equidosage basis and still show antiserotonin ac- zille (L0 I11'.
tivity.

The following known serotonin antagonists ,,'ere _ i i i i i_0.
injected into the arterial side of the perfusion, 160.

in a volume of distilled water not exceeding 2.0 ml., Fig. 1.--Antagonism of serotonin by chlorproma- 140.
except where noted: 5-hydroxytryptamine treat- zinc (top and bottom). Key: S, serotonin (25 iz0. /_
inine snlfate (serotonin), 0.01%; chlorpromaziue mcg.); CPZ, chlorpromazine (1.0 mg.). 300.1
hydroehloride, x 0.025C7o; promethazine hydrochlo- $0._"

ride,: 0.05%; promazine hydrochloride, s 0.05°1o; i
eyproheptadine hydrochloride, _ 0.01_o; D-lysergie after administration and lasted 9-46 nfin. before a

acid diethylamide-256 (LSD-25), 0.01%; diphen- standard dose of serotonin (25.0--50.0 meg.) caused I1

hydramine hydrochloride, 6 1.0%; dibenamine hy- an increase in pressure in the placental vessels that Fig. 4.--
drochloride, r 0.4% in 95% U.S.P. alcohol. In was about half that caused by the same dose of S, serotonil
addition, 95_',_ U.S.P, alcohol ,,'as injected alone serotonin initially (11.0-123.6 am. IIg) (Fig. 2). amide (200
to observe the effect of this vehicle on the placental Promethazine.--Promethazine, in doses of 0.5-'2..0
vessels, rag., produced all average maxintum decrease to

the pressor effect of 25.0-50.0 mcg. of serotonin 160.
RESULTS of 52.7_ (range 16.7-80.1). The maximnm au- 140'

tagonism became evident at an average of 16.2 rain. 120.
The following results, which are summarized in (range 11-30) after promethazine was given and 300.fl0 _,

Table I, ,,'ere obtained on the vasculature of full- lasted from 11--49 min. before the same dose of 60,
term human placentas perfuscd at pressures between serotonin gave a response approximately half
60 and 108 am. Hg. This range of perfusion pres- that of the initial dose (4.8-258.0 am. Hg). The
snres correspoads to inflow rates of 58 to 72 ntl. of results presented above were obtained from 6 ex-
perfusion fluid [Tyrode's solution modified by the periments on 5 separate placental preparations
addition of 0.5259"o polyvinylpyrrolidone (Plasdoue (Fig. 3).
C)] per rain. LSD.--Doses of 100.0--200.0 meg. of LSD re- Fig. 5.--

dine. Ke3
Chlorpromazine.--In doses of 0.5-1.0 rag., duced the pressor effect of 50.0 meg. of scrotonin by Iwptadine

chlorpromazine caused a maximum decrease of an average of 75.6°7o (range 28.3-100.0) at maximal
,5"2.0 to 85.09_ (average 67.8) compared to the antagonism. This effect of the antagonist was

standard pressor effect of an initial 25.0-meg. dose observed to reach a maximum at an average of j60.
of serotonin. In the 3 experiments performed, 10.8 min. (range 6-16) after administration and L_0.
the maximum antagonism of serotonin occurred lasted from 11-30 rain. before subsequent doses of J20.
an average of 20 min. (range 10-28) after the ad- serotonin produced increases in pressure equal to 100..,..-.d80.
mitfistratkm of chlorpromazine. Approximately about half those produced by initial doses (7.8-74.8 _0-
21-79 rain, elapsed before further doses of serotonin am. Hg). In 4 of the 6 experiments performed,
gave an increase in pressure approximately equal LSD produced an increase in pressure itself equiva- i
to half tile pressure increase produced by the initial lent to 1.2-4.4 mm. Hg (Fig. 4). I ' I
dose of serotonin (28.0-119.9. mm. Hg) (Fig. 1).
ht '2 additional preparations, subsequent doses of Fig. 6.-
serotonin failed to produce pressure increases that dralnine.
even approximated half that caused by initial doses Is0. phenhydr'l160"
of serototfin. 140.

Promazine.--In a total of 5 experiments, 0.5-1.0 Iz0. r_
rag. of promazine produced an average maximum 100.J _ _ _ Cyprohe
antagonism of serotonin of 38.2-72.2_/o (average 80.-- of cyproht
47.4). Tile antagonistic effect of promazine became (ran_4e N2.'

maximal at an average of 14 mitt. (range 9-19) i I" i i t,, the pro:
I ¢. I Ilia Xillltlln

I Solution used prepared from commercially available
ampul. Marketed as Thorazine by Smith Kline & French. Was noted

Solution used prepared from commercia31y available after adllli
ampul. Marketed as Phenergan by Wyeth.

a Solution used prepared from commercially available ,/_- _ the admit
ampul. Marketed as Sparine by Wyeth. _

4 Gttpp3ied through the courtesy of l_,terck, Sharp and :,;aVe prcs_
l)ohme Laboratories, West Point. Pa. Marketed as Peri- those pro
actin.

'Supplied through the courtesy o| Sandoz Pharma- _i i i i , lllll|, fig)
ceutica3s. Hanover, N.J. doses t)f st:

s Solution prepared from commercially available ampul. Fig. 2._Antagonism of serotonin by promazine ,,f ll}0.0 n
Marketed as Benadryl by Parke Davis. (top and bottom). Key: S, serotonin (25 meg.);7 Supplied through the courtesy of Givaudan Corp., al| inerea._
l)elawanna. N.J. PM, promazine (0.5 rag.), produced I
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160. Diphenhydrarnine.--Diphcnhydraminc, in a dose

1 t+0. I1 of 10.0 rag., produced an average 68.9% decrease
12I). LL 100. j_ (range 63.6-71.4) to tile pressor effects of scrotouin*_80 _ at maximal antagonism. In the 3 experiments

6o. performed, the average maximal antagonism oc-

i _J "1' [ i I curred an average 31.7 (range 14-49) rain. after,, administration and lasted 24-63 rain. before sub-

I ,' i sequent doses of serotonin gave responses equivalent

_, Fig. 3.--Antagonism of serotonin by prometha- to about half the original pressure increase (19.8-./L zinc. Key: S, serotonin (25 meg.); PT, prometha- 46.2 ram. Hg) caused by the initial 5(]-nlcg. dose of
zinc (1.0rag.). serotonin. In 2 of the 3 preparations, diphen-

bydramine elicited an initial decrease in pressure
ranging from 3.1-6.6 ram. Hg (Fig. 6).

i i 180. Dibenamine.--In a total of 4 experiments, 2.0

160. I_ rag. of dibenamine caused an average maximum
:onin by chlorproma- 140. /_ jL_ decrease in the response to serotmfin of 46.4_).o
/: S, scrotonin (25 Iz0. ] _ (range 14.2-92.8). The average maximum an-

1.O rag.). '_:J _'_ -- " tagonism occurred 26.3 ,,,it,. (range 7-52) after
administration and lasted from 17-52 rain. before

i 'i* i i i subseque,lt doses of scrotonin produced about half
t 9-46 min. before a

.0--50.0 meg.) caused I " I the pressure increase caused by tile control close of50 meg. (7.0-47.0 ram. Hg). In all of tile cxperi-

)lacental vessels that Fig. 4.--Antagonism of serotonin by LSD. Key: men,s performed, the administration of dibenamine
)y the same dose of S, serotonin (50 meg.); LSD, lysergie acid diethyl- alone caused an increase it, pressure rangin_ from

ram. Hg) (Fig. 2). amide (200 meg.). 2.0-5.0 ram. Hg. The admittistration of a volmnc

ae, in doses of 0.5--2.0 of 95% U.S.P. ethyl alcohol (0.5 ml.), eqwd to that
aximum decrease to used to dissolve a 2-rag. dose of dibcnamine hydro-
0 meg. of serotonin 160. chloride, caused a comparable increase in pressure

The maximum at,- 140"

average 0f 16.2 mitt. IZ0. _ in 4 separate experiments. In 2 of the 4 experi-100. / "t . A ments utilizing dibcnamine, it was noted that thetzine was given aud 80_-/ first dose of serotonin subsequent to the antagonist
"e the same dose of 60. elicited a pressure increase greater than the control
approximately half response at the beginning of the perfusion. How-

58.0 ram. Hg). The i ]" i t _ ever, all other injections of serotonin resulted in
obtainedfrom 6 ex- diminishedresponses.

acental preparations I ,'1

0 meg. of LSD re- Fig. 5.--Antagonism of serotonin by eyprohepta- DISCUSSION
meg. of serotonin by dine. Key: S, serotonin (50 meg.); CP, cypro-

;.3-100.0) at maximal heptadinc (100 meg.). When the antagonists, utilizing their smallest
the antagonist was effective dose, were compared on the basis of the

per cent that they decreased the pressor response
m _t an average of J60. of the placental vessels to serotonin at maximaladministration and 140.

: subsequent doses of iz0./_ _ antagonism, their ability to antagonize the vaso-in pressure equal to i_._ _ __ constrictor effect of serotonin, in decreasing order
iniGaldoses (7.8-74.8 _0. of effectiveness, was: cyproheptadine, LSD, di-60-
periments performed, phenhydramine, chlorpromazine, promethazine,
)ressure itself eqniva- i *1' i | I [ I promazine, and dibenamine. As cart be sect, from
). I ' I Table I, the onset of maximal antagonism for most

of the compounds tested was between 10 and 20
Fig. 6.--Antagonism of serotonin by diphenhy- min. after administration, with only diphenhydra-

dramine. Key: S, serotonin (50 meg.); DP, di- nfine and dibenamine having a more prolonged
I}henhydramine (10rag.). onset. The range of duration of action, based

upon the previously stated criterion, varied greatly,
with chlorpromazine being by far the longest

_ Cyproheptadine.--In 3 experiments 100.0 meg. acting, as would be expected from the known local-
,,f cyproheptadiue produced an average of 86.2% ization of this compound in body tissues (20).

i _r;mge 82.7-92.4)maximum decrease in comparison Cyproheptadine, while the most effective anti-
to the pressor effects of 50 meg. of serotonin. The serotonin agent tested, had the shortest duration
maxinnnn serotonin antagonism of cyproheptadine of action. Chlorpromazinc, in 2 perfusions, and
was noted at an average of 11 rain. (range 10--12) cyproheptadine, in 1, blocked serotonin's vaso-
alter ad,ninistration and lasted 17-28 rain. before constriction so effectively that subsequent doses
the administration of another dose of serotonin never elicited pressor responses that approximated
gave pressure increases equivalent to about half half those produced by the initial standard doses
th,,_r produced by the control dose (13.6-53.8 of serotonin during the biological life of the prep-

., i ram. llg) (Fig. 5). In one perfusion, 50.0-meg. aration. In all of the perfusions performed the
,l,,st.s of serotonin subsequent to the administration phenomenon of taehyphylaxis to the prcssor action

"otonin by promazine ,,f 100.0 meg. of eyproheptadine failed to produce of scrotonin was never observed. It, most instances
serotonin (25 meg.); an increase in pressure about equal to half that the effect of the antagonist reached a maxinmm

pro, hwed by the initial do_ of the agonist, after 10-31 rain.; subsequently the pressor response
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to successive doses of serotonin began to approxi- the rat (13); therefore, a similar effect in the pla-
nlate half that of the control response, cental vessels cannot be disregarded at this tinle. A

In a preliminary investigation, leading to the The administration of dibenamine in a vehicle of
present study, no dose-response relationship to 95% ethyl alcohol always caused an initial increase
serotonin could be demonstrated in the per[used in pressure, ranging front 2.0 to 5.0 ram. Hg; this

placental preparation. Consequently, it was not is due to the vasoconstrictor effect of the alcoholic
possible to classify the compounds employed as vehicle since in this, and previous investigations The synth
specific or nonspecifie antagonists. (27), alcohol has been shown to cause vasoeonstric- ylic acid

Because previous investigations (12, 21) have lion of the placental vessels, aretobe s
alluded to the concept that placental vessels eou- By following the procedures outlined in this in-
tain both a- and O-adrenergic receptors, according vcstigation, we have evaltiated the relative effec-

to Ahlquist's classification (22), and because it has tiveness of several agents that are antagonistic to AZULICNE,
been postulated that the u receptors are stimulated serotonin. Consequently, we can hypothesize that 2. • Kcal./l

by serotonin (12), the vasoconstrictor effect of this those agents which were found to be the most effcc- with respect

agonist, as well as the actions of the various an- tire serotonin antagonists in this organ may have only km)wn
tagonists, can be interpreted in the light of these some therapeutic efficacy in the diseases in which
observations, as well as by the well-known stimulant abnormal amounts of serotonin play a significant of this tyl)_
effect of serotonin on most smooth muscle. The role in their pathologic manifestations as well as sll_)Wn 1o I1

phenothiazines used in this investigation, chlor- their etiology. The primary example of such a the l-positi(
promaziue, promazine, and promethazine, possibly disease is toxemia of pregnancy since the clinical I:ntil tile
owe their antiserotonin action to a blockade of the manifestations of this malady are thought to be

c_-a(lrenergie receptors in the placental vessels, the result of the vasoconstrictor effect of serotonin for the prep
since they have been shown to possess adreuergic on the blood vessels of the placenta (14, 15). (.1), utilizati
blocking properties (23). Dibenamine and possibly scvcrel,," resl
LSD share this mechanism with the phenothiazines, REFERENCES factors.

and a similar interpretation can be applied to the (1) Janeway, T. C., Richardson, tt. B., and Park, E. A..
understanding of their antiserotonin action in this Arch. Internal 3led., 21, 565(1918). Investlgat

(2) Vane, J. R., Brit. J. Pharmae,ol., 12, 344(1957). I)f ;Izulcne
preparation. LSD, however, has been shown to (3) Cerletti, A., and Doepfner, W., J. PbarmacoL
have a structural similarity to serotonin, notably Exptl. The.rap., 122, 124(1958). Ilvdracarbo|l(.i) Gyermek, L., Pharmacol. Rev., 13, 399(1961).
the indole configuration, and thus it may compete (,5) Shaw, E.., and WooUey, D. W., J. Biol. Chem., 203, ill;iiIl to cxa]

with serotonin for receptor sites in the smooth muscle 979(1953).(6) Medakovie, M., Arch. Intern. Pharmacodyn., 114, alltiallcrgic I
(24), hi addition, LSD has a stimulant effect on 201(1958),
smooth muscle similar to that of serotonin (24) (7) Erspamer, V., Science, 121,369(1955). of these COl(8) Schneider, J. A., and Yonkman, F. F., J. Pharmacol.

which again may be attributed to its structural Exptl. Thera#., 111, 84(1954). l:lined from,
(9) Gaddum, J. H., and Hameed, K. A., Brit. J. Phar- It SCCllled

similarity to serotonin. This was probably the ease macol., 9, 240(1954).
in this investigation, as LSD produced pressure in- (10) Astrom, A., and Samelius, U., ibid., It, 410(1957). lake a s3"st,

creases equivalent to 1.2-4.4 mm. Hg in most of Toxicol.,(ll)Naess,10,178(1954).K"and Skramstad, K. H., Acta Pharmacol. placing benz
the experiments performed. Cyproheptadine (25) (12) Mancini, R. T., and Gautieri, R. F., J. Pharm. Sci.,
and diphenhydramine (26) both have a negative 53, 1.t76(1964). cxhilfit l)hal(13) Van Arman, (2. G., Arch. Intern. Pharmaeodyn., 108,
musculotropie action in other systems, and it is 356(1956). be||ze||oi(t ar
plausible to credit their antiserotonin action in (14) Krupp, P., and Krupp, I., Obstet. Gynecol., 15, 237 Ilccause tl(1960).
the placental vessels to a similar mechanism. Di- (15) Poulson, E., Botros, M., and Robson, J. M., Science, thclicsarees
phenhydramine and cyproheptadine were both 131, 1101(1960).

(16) Woolley, D. W., "Biochemical Bases of Psychoses," tic activity,
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