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periment The ability of various agents to antago- 63 randomly selected "ganglion-blocked" do_

nits the presser effect of serotonin then was meas- was found to produce an avecsge increase in blood

ured in the following manner, i'reseor responses to pressure of 95 (S.D. ± 26.3 mm Hg). This amount
intravenous injections of epinephrine (!.0 ttg/kg of serotonin was shown, in other experiments, to
i.v.), norepinephrine (0.5 _g/kg i.v.) and serotonin produce maximal responses, as determined from

(25 tAg/ks i.v.) were obtained in that order. Five- the dose-response relationship. On the other hand,
to seven-minuteintervalsseparatedeachresponse, the responses elicited by epinephrine and nor-

Two responses to each presser agent were obtained epinephrine were submaximal.

prior to injecting the first dose of the antagonist. Antagonism of _Ae spasmogenic effect ofserotonitt.
The antagonist was then injected and 5 minutes The general procedure employed by Gaddum and
later the test responses were again determined in Hameed (1954) was employed. Rats were pre-

the order named. The antagonist was reinjected treated with stilbestrol (0.1 ms/ks i.m.) 24 hours

and test responses recorded as }refers. This process prior to sacrifice. The isolated uterus was sus-
was continued until the antagonistic effect versus pended in a 20-ml muscle chamber through which
serotonin was nearly complete. The results were DeJalon's solution was perfused. Muscle eontrac-

expressed as _'_ inhibition of each of the test re- tions were recorded with an isotonic lever, ma4l-
sponses at each of the cumulative doses, as corn- nifying the response 5 times. The perfusion solu-
pared to the second control response. Only the tion was maintained at about 30°C. The standard

presser phase was considered in these calculations spasmogenic dose of serotonin was 0.05 _g/ml, and
event though certain of the agents tended to "re- this amount was kept in contact with the tissue

verse" the response to epinephrine. The data oh- for 45 seconds prior to its removal by washing.
tatted with norepinephrine will not he included (_ontractions were elicited every 4 minutes, except

because the results with that substance qualita- when the antagonists were added to the chamber;

tively paralleled those obtained with epinephrine, then the interval between contractions was
Since the primary interest was the antagonism of slightly greater than 4 minutes to allow 4 minutes'

serotonin, it is to be noted that each test response contact of the antagonist with the tissue. In get-

to serotonin was obtained at about 15 to 20 eral, 4control contractions of approximately equal
minutes after the injection of each dose of antag- height were obtained prior to the antagonist. If

onist. An experimental tracing illustrative of the the inhibition induced by the antagonist was rap-
procedure is found in figure l. idly reversible by washing, the same tissue was era-

Ten control experiments were performed in ployed for further doses of the same antagonist
which :the solvent used to effect solution of the after the responses had returned to pre-antagonist

antagonists was given alone. Five of these con- levels. If the antagonist produced slowly irreverei-

sisted of injecting 0.l-ml doses of dimethyl- hie effects, the tissue was discarded after recording
formamide and five in which similar volumes of nine sttbsequent contractions.

saline were employed. The dimethylformamide :lnta_onism of edema ind_wed by local injection

was used to effect solutions of BAS anti hydrox- of serotonin and egg white in rots. Rats were pre-
indasol which are poorly soluble in saline; all treated mtbcutaneously with various doses of

other antagonists were dissolved in saline (see eyproheptadine or other antagonists 30 minutes

below). These tent experiments indicated that the prior to the production of local edema by serotonin
responses to the various presser agents werc sufli- or egg white. The latter effect was induced in the

ciently uniform and stable for assay purposes ex- one hind f_t of each animal by injection of 5 ttg
tending through a 4-hour period. Taehyphylaxis of serotonin (base) or 0.0.5 ml of an 8_ (v/v) solu-

te repeated injections of serotonin was not evident tits of fresh egg white lute the plantar surface.
,nder the conditions employed. Saline in equal wtlume (0.05 ml) was injected into

It is felt that without the use of the ganglionic the other f<._t. Thirty minutes following the
blocking agent the assessment of antiserotonin edema-produeing agent, the animals were sacri-

activity wouhl haw, been intl_ssihlc }_ecaose of riced and lhe hind feet were removed in a standard

the instability of the serotonin reslmnses (see manner and weighed. The results were expressed
Page, 1958). In additinn, the ganglionic hlocking Its increase of weight, in v_, of the Serotouin- or

agent produced it stai)le hlood i)resmtrc _n.r which egg n'hite-injt_.ted f,,_t a._ c,,mpared to the saline-
was essentially unaltered hy ally of the. ttntagnn Ireared fts_t.

_sts strolled. Ifenee, cttanges in initial pressures The effecl of cyl)rohepladine out serotonin-in-
just prior to test injections of thc pre_ur ruth thwed hind fiat! edema was also studied after oral

stances were remarkably cfatsianl lhrollgh<aJl the adnliuislralion. In this instance. -I dose levels

<.ollrse of the +issays. wilh In| rats/Icw+l were employed aml the eom-
The standard <h)se ++f 25 _+_/kg nf seri+lon+n in IMmnd was injt.+'t<'<l into 24-hour fasted rats I hour"
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prior to the injection of serotonin, as ai_Dvc. The known antagonists were employed as well as a
hind feet were removed anti weighed ._) minutes number of known antihistaminic agents which
later as deseribed, have i_en reported to possess antiserotonin prop-

The solection of the hind foot which was to be erties. In addition, an indole derivative,
serotonin-treated was determined hy appropriate [1 - (p - methoxyben, syl) - 2 - methyl - 5 - hydroxy-
randomisation procedures. A similar proeedure tryptamine hydrochloride (hydroxindasol)],
was used to determine the order of dosing. The whose antiserotonin properties have not pre-
experiments were conducted by the "blind" tech- viously been described was also studied. This
nique, compound is structurally and pharmacologically

.4ntaffonism of the bronchoconetrictor effect of similar to a closely related analog, l-henzyl-2-
histamine in guinea pies. Guinea pigs were pre- methyl-5-methoxytryptamine (BAS), first de-
treated intraperitoneally with various doses of the scribed by Woolley and Shaw (1956), and to the
test compound 30 minutes prior to exposure in an 5-hydroxy derivative of the latter (BAS-phenol,
appropriate chamber for three minutes to an aero- Shaw and Woolley, 1957).
sol containing 0.1% histamine base. Protection Of the various materials employed in the studies
was assessed during the exposure period by the described above, the following were employed as
presence or _baenee of loss of righting, the latter the hydrochloride or the dihydroehloride salts:
presumably due to bronchoconstriction and the cyproheptadine, hydroxindasol, BAS, thiopropa-
resulting _sphyxia. Since the end point was some- zate (Dartal, _earle), trimeprazine (Temaril,
what subjective, the experiments were conducted Smith Kline & French), promethazine
"blind." Ten or 12 guinea pigs were employed at (Phenergan, Wyeth), chlorpromazine (Thorazine,
three to five doses. El)50's were calculated by the Smith Kilns & French), diphenhydramine
Litchfield-Wileoxon procedure (1949). (Benadryl, Parks, Davis), SY-21 (N-ethyl-N-(9-

Saline-injected controls were always employed fluorenyl)-2-aminoethyl chloride hydrochloride,
concurrently. In the 74 animals so employed, only Parkc, ])avis), and thenylpyramine (Thenylene,
2 failed to demonstrate loss of righting. Insofar Abbott). LSI) (Delysid, Sandoz), thenalidine
as this was essentially 100% response, a correction (Sandostene, Sandos), pyrilamine (Neo-Antergan,
for insensitivity among control animals was not Merck Sharp & Dohme), chlorpheniramine (Chlor-
needed among treated groups. Trimeton, Schering) and prochlorperasine

Antagonism of histamine-induced _,asodepressor (Compazine, Smith Kline & French) were used in
responses in the dog. Mongrel dogs of either sex the form of the maleate salt. Epinephrine, nor-
were anesthetized with vinbarbital (50 mg/kg epinephrine and perphenazine (Trilafon, Schering)
i.v.), bilaterally vagotomized and prepared for re- existed as the free base and in each case solution

cording mean arterial pressure from the carotid was effected by means of a few drops of dilute ]
artery by means of a mercury manometer. His]a- hydrochloric acid. Secotonin was in the form of i
mine, at 4 different dose levels, was injected and creatinine sulfate salt. In all instances dosages of
the responses to each dose recorded, with 5-minute the above materials were calculated in terms of i
intervals separating each response. Following the base weight, i
these responses the first dose of the antagonist was Any expression of variation, in terms of
injected and the responses to histamine were standard errors, was estimated by the approxi-
again obtained, beginning 10 minutes after the mate procedures outlined by Snedecor (1946).
dose of antagonist. A second dose of antagonist
was then administered and the test responses R_:S_LTS. Antiserotonin actions. Dog blood
again obtained in the manner described, pressure: Thc nature of the antagonistic effect

The doses of histamine (base) employed were of cyproheptadine against the pressor action of
0.5,1.0,2.0_nd4.0_g/kgi.v. In alternate dogs, the serotonin in the "ganglion-blocked" dog is
order of histamine dosing was varied from the
lowest to highest dose of histamine tn one which illustrated by the tracing in figure 1. As is ex'ident,
began with the highest dose. Four control experi- an initial dose of 10/Jg/kg i.v. produced a small
ments in which saline was given instead of an- decrease in the response while larger dos_

tagunist showed that within the time required to produced an increasingly greater effect. There
complete the experiment there was no consistent was |ittie or no tendency to produce the type of
or unidiroctional change in the responses to the "reversal" that may be readily observed with
variotm levels of histamine.

In the experiments described above a number of epinephrine responses in the presence of
reference agents were employed for comparative adrem,rglc blocking agents. The compound did
purposes. In the serotonin antagonism studies, not significnntly modify the pressor action of
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l_ine, ehlorpheuiramine and diphenhy-
,0o._ dramine in cumulative doses ranging from 1.0 to
,3o_ 8.0 mg/kg i.v. failed to antagonise serotonin

I eoJ (4 to 6 experiments with each agent). The
m SMT m phenothiasine derivatives perphenasine, thio

crpm*_pv_ cmlo_pTAo_ propasate and prochlorperaJine, however, were
sN o.o0_k1,, o.oi_tho,, capable of blocking serotonin responses and,

like those phenothiazines listed in table I, also
's°l blocked epinephrine. With these agents the

[,3o active dose range varied from 0.2 to 4.0 mg/kg,Jeo cumulative i.e. (2 experiments with each).

t N-EPt t ..Ept t s-Ep, As mentioned above, cyproheptadine pro-
CmIOe_PT_ cmm_pT_ CV_PTAOOSI duced a blockade of serotonin responses in doses
oo2mg,_,, OO4_tkQ,, OOe,g_kQ,_ which did not concomitantly influence those

Fro. 1. Effect of c_'proheptadine on the pressor induced by epinephrine or norepinephrine. How-
responses to serotomn in the "ganglion-blocked" ever, other experiments in which higher amountsdog.

Note that successive doses of cyproheptadine of cyproheptadine were employed revealed that
produced blockade of the response to 25 #g/kg of the compound did possess some adrenergic
serotonin (SHT) without materially influencing blocking activity. In an effort to determine the
those to 1.0 _g/kg of epinephrine (epi) or to 0.5
/ag/kg of norepinephrme (N-epi). The lower importance of the latter action, additional
tracing is continuous with the upper. Chlorison- assays similar to those described above were
damine, 0.4 mg/kg i.v., was given 30 to 45 minutes
prior to beginning the experiment, performed using larger doses. A specific and

potent adrenergic blocking agent, N-ethyl-N-
(2-chloroethyl)-9-fluorcnamine (SY-21), was era-epinephrine or norepinephrine in the dose range
ployed for comparative purposes.

depicted in figure 1.

In the experiment in figure 1, it is evident that The experiments revealed that (.yproheptadine
the inhibitory effect of cyproheptadine was reduced the pressor phase to epinephrine only
related to the cumulative amount administered, after doses considerably above those required to

In the 10 experiments so conducted, the antagonize serotonin. The data presented in
graphically estimated dose required to inhibit figure 2 show that doses about 60 times those
the standard serotonin response by 50% (EDS0) needed to block serotonin to an equal degree
was 0.05 mg/kg (table 1). Comparison of similar were required. SY-21, on the uther hand, blocked
values from the average dose-response curves epinephrine in lower doses than serotonin.
obtained with certain of the indole-type serotonin None of the other specific antagonists was

antagonists, studied under identical circum- similarly studied, but in other experiments in
stances, indicate that eyproheptadine approached the anesthetized dog intravenous doses of 0.5
the activity of LSD and was more active than mg/kg of LSD or 10 mg/kg i.e. of hydroxindasol [

either hydroxinda.sol or BAS (table 1). Com- or BAS (4 to 6 experiments with each agent)
parison with LSD, howevcr, was rendered have failed to reduce signifieant|y epinephrine
difficult owing to the distinctly curvilinear dose- or nnrepinephrine l)n_sor r_ponses. Tht_e
respon._, curve which was obtained with the agents, thereh)r(,, are also relatively fr_, of
latt_,r agent and which prevent_l a rea._mable adrencrgic blocking activity.
estimate of an El)50. No infi)flnation with respect to the effect of

The data in table 1 also show the results the various agents on vtu_sh,I)re.'$or respon_'s
to serotonin that have I_,en reported to (wcurobtaim_l with thenalidine, trimeprazine, pro-

nnethazine and chlorl)romuzine. As is evident in the &)g (see Page, 19,_) was ol)taim_i in the
none of t|n_' agents wt_ _ active as cypro- pn'sent experi.nent_. This, was pn'vented by
lu.pt:uline or LS1) and all ext't'pt thenalhlh., the fact that .._,n_tonin reSl_mSt.'s wen. alm_mt.
bhs.ked epinephrine Im.ssor n'sl_mses as well. always t.tall.v .nonophasic (i)n_s_w); any de-
Otlwr c.onnp_mnds pharmacologically ur structur- I)re_._w phase was miltor itt iin_gnitude and
ally similar to gvproheptadine wen' al_ sl]udied crntlic in the. "gunglion-I)hs'ked" dog.
with reslS.(.t I_ at cal')a_'ity to inhil)it ser.tonin Itat ut_.rus: ('yl)n_hel)taditw wits flmnd to be
and _nephrine presm,r reslSmm.s in the d.g. higtdy effectiw' in I)h.'king the Slmsmogenic
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TABLE 1

Antagonism of the pressor effects of scrotonin in the "ganglion-blocked" dog by cypro_ptadine
and reference agents

Compound No. of Expt. Cumulative Dose Mean% Change* EDSOmg/kg Lv.t

Serotonin Epinephrine Serotonin Eplv_l_ rim_

mt/kt d._. Z5_tlkt i._. ! _t/kt i._.
Cyproheptadine 10 0.01 24 -4- 3.4_ -4 (_

I I 0.0'2 30 .4- 4.0 -5
0.04 47 + 3.9 -3 0.05 --

0.08 56 -4- 4.4 -3
0.16 (P, -,'-- 4.4 --4

LSD 5 0.001 -6 ± 3.1 -4
0.O02 21 -4- 6.7 -1

0,004 36 -4- 5.0 0
ca. 0.01

0.008 47 -4- 7.3 +2

0.016 52 .4- 9.8 +4

0.032 57 :l: 10.6 +13

Hydroxindasol 9 0.05 19 -4- 3.2 -2

0.10 30 .4- 5.1 +0.3 0.25 :--
0.26 5O ± 6.6 --3

0.40 77 + 6.5 --0.3

BAS 4 1.0 -5 -4- 4.3 --
2.0 27 -4- 7.2 -- 3.6
4.0 ,55 + 7.5 --

8.0 81 -4- 5.1 --

Thenalidinc 6 0.25 .12 -4- 4.9 +1
0.50 .21 -4- 7.1 +1

1.0 .33.2: 9.8 +7 2.1 --

2.0 .47 -4- 13.7 +14
4.0 .67 -4- 9.2 +24

Chlorpromasine 5 0.10 .47 :t: 5.2 -39 ± 2.7
0.20 .62 -4- 6.9 -52 -4- 3.6 0.12 0.22

0.40 .71 -4- 3.5 -55 4- 4.4

Promethazine 8 0,125 -29 -4- 11.3 -45 -4- 8.6
0.25 -30 4- 4.9 -52 4- 5".2

0.50 -48 4- 6.6 --65 -4- 4.0 0.50 0.20 •
1.0 -06 .4- 4.0 --70 .4- 2.6

2.0 -78 -4- 3.0 -72 -4- 4.8

Trimeprazine 6 0.25 -37 _ 7.45 -26 -4- 3.4
0.5O -48 -4- 0.9 -37 -4- 3.4 0.54 1.5
1.0 -57 -4- 8.0 -47 -4- 2.7

2.0 -03 -4- 9.0 -52 -4- 3.4 w

• The mean % change in response to serotonin or epinephrine after the administration of the indi-

cated cumulative doses as compared to the control response obtained just prior to injection of the first

dose of test compound. A minus sign indicates a decrease in the response; a plus sign, an increase. All
dogs were given chlorisondamine (0.4 mg/kg i.v.) 30 to 45 minutes prior to heginning of the experiments.

1"Estimated graphically from the average dose reAponse line.

Standard errors.
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TABLE 2

__ tOO CYPflO_PTAI_IE SY-21 A ntagonism of serotonin-indaced contractions of the

eo sins (m t_ s(no isolaied rat uterus by various agents

SO No. Cone, Inhibition ECHO?
40 ' . _ . - Compound Strips l _ S.E.*

20, _t/l _x/l

Cyprohep-. 11.2 [ 23 4- 6.9
o; oJ Lo oJ I_o _6o tadine 5 0.4 [ fi5 4- 13.4 0.34

_MT_TwONIST"CUMUk&TIVEOOS[¢:mq/kq IV 5 0.8179 4- 11.5

Via. 2. Relative blocking effect of Cyl)rohepta- i
dine on serotonin versus epinephrine pressor I,SI) 5 lO 10 4- 2.7

effects in the "ganglion-hlocketl" (tog. 5 20 i 44 4- 11.3 22
Note that cyproheptadine was (_) times more

effective against serotonin than epinephrine, (i 40 84 4- 9.5
while the specific adrenergie blocking agent, I
SY-21 (N-ethyl-N-(2-chlorocthyl)-9-fluorenamine), Hydroxin- 4 200 _ 12 4- 1.2
blocked epinephrine effects in lower doses than dasnl fi 400 [ 19 4- 2.(; fi_,_4)
serotonin. The data with SY-21 are the means of i

Ii 800 63 4- 10.4
7 experiments. The data relating to antagonism ]inf serotonin by eyproheptadine are from tahle 1,
while those relating to epinephrine antagonism BAS 6 2000 ' 11 4- 2.7
are t he mean values derived in 4 additional assays. 5 4000 39 4- 7.5 4,4(X)

5 8/}00 78 4- 11.3
IO0-

CVPRO_PTa_NE * The maximal effect noted after the single ex-

SO" I_ ./e"_'"_'e".-_ 0 8pq/L . posnre to the indicated concentration irrespective
"_. -"" of whether or not the antagonist had been re-

z 6o. "_"'<_ moved from the organ chamber by washing. See

--_--40" o,,**" LSD"_'* details.'_lETH°l)Sand RESI'I,TS sections for additional

_e zo- _-'"" 40 sg/L T That concentration required to l)rotluee 50_,_

r"'''" _ HYDROXINDASOL inhibition. It was estimated gral)hicallv.
O- °"*"" 800_]/L

ASTAB ASTAO to that observed with tim other antagonistsINBATH REMOVED
CONTRACTIONNUMBER studied and the data in figure 3 illustrate the

Fit;. 3. Antagonism of the sl)asntogeni(' effects diffprences among the agents studied by similar

of serotonin on the isolated rat uterus, procedures. It is m'en that after a single extx)sure

The antagonist was present in the organ bath to cvprohepta(lim, and its later removal, theahmg with serotonin only (luring (hat eont raetion
labeled I. hi subsequent reslxmses, lai)eled 2 slowly develol)ing antagonism appeared. LSD

through 9, the antagonist has been remnve(l and exerted maximal inhibitory effects against the

the tissue washed an increasingly greater munber serofumin respond, just sul_;e(luent to its removalof times. Note that the antagonism exerted hy
eyprohepta(line (5 experiments) develops slowly from the bath, whih, hydroxinda._)l produced its

and when it is no hmger present in (he hath. The greatest inhibitory effe('t while llresent in the
inhihitnrv effeets of hoth I,SI) ((i exl)eriments)
and i_ydroxindas.I (6 experimenls) were nn)re organ ehaml_,r. The inhil)itory effects of hydrox-

quickly ohlained and more readily revers((de, inthL_.l wcrt, immediat_,ly reversil)lc, xxhilt. those

.f I,SI) were slowly reversibh. Ul_,n rewated

effe('t of ,_,roU,nin on the imdat_,d rat ut_'rus. An wzLshing. B.t.S, not sll(mn in figure 3, Is,hi/veal

UmlSmd ehara,'tx.ristie of this inhibitory effect qwditatively like I.SI).

was the fact that litth' or no inhilfition o('('urn,d l'sing ctmrentratitms of cypr(thept: di,a, lower

when the antagonist wt_ pr(.sent, ahmg with than tho._, dt,picted in ligurt. 3, again the slowly

ser.t_min, in the organ bath. Aftt,r its rt'm.val dt,vt,hqfing antagonism was olx...rv_,d, although

I)y washing tht, inhil,itt,ry :wtivity gradually tim maximal t,ff(.cts were not as gn,:tt, hi table

al)l_'ared and Is.ran., m.rt, int('nsitied with each 2 arc data relating 1. the maxinml inllibitory

ui_t t _ t,,s_,r.t_min. :l_.til)l! _tt tht' various r, met'ntrati.ns studied,s ' ' Iu 'lit rt','lSm._,

•rhis slowly ,It,x.t.l,,l)inlg a,'tivity was in r.ntrast ah,;_g with similar vulut.s t)l)tailn.d with tim
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other antagonists and the gral)hi(,ally estimaVql irn,versibh, natun, of the inhilfitory action of
n._lian effeetiw, concentration wquin,d t_) cyproheptadinc against the serot_)nin reslsmse

inhibit the n'sponm, hy _)%. From the_. h_h.r of the rat utA.rus sugg(_ted that the agent may
values, it is evident that cypmheptadine was int_,rfere with the (_mtraetile mechanisms in a

by far the most actiw, agent under the ton- nonswcific manner. Six additional experiments
ditions t.mplov(_l As in the eXls'riments made in which acetyleholine (I vg/ml) was employed
with respe(.t to the antagonisnl of m'rntonin alt_,rnat_qy with m'rot_,nin to induee contractions

pres.,_)r effects (table I) a n.latively large degree of the i_)lah_l rat uh.rus showed, however, that
of variatit)n w:_ encouaten,d, the acetylcholine reslmn.,a,s were not redu(_l,

The _h,w on_,t and appan'ntly comph.t(,ly whih. those to .,a,rotonin wen. affected in the

"I'ABI,E 3

Inhibitory effect of carious orients on edema indnced b_ injectinn of serotonin inlo the hind feel of rats

[ Mean % Increase in Weight of
Serotonin-lnjected Feett

Compound No. of i Dose* ; EDS0,*
Rats/Dose i ....

i Control group Treated group _ Inh. !
mg/kg St cr ] mg/kg s.c.

('Yl)roheptadine 24 0.01 47 -4- 2.7 36 4- 2.6 23

0.03 23 4- 2.3 51 0.03

0.09 7 4- 0.9 85

LSD 16 0.0067 47 4- 2.6 35 4- 2.6 26

0.02 23 4- 2.8 51 0,02

0.0(; 10 -4- 2.9 79

Hydroxindasol 8 1.5 52 4- 4.8 32 -4- 2.4 38

4.5 21 4- 2.2 60 2.8

13.5 16 -4- 0.7 69

Pyrilamine 8 l0 46 4- 4.1 37 4- 4.0 20 >10

Chlorpheniramine 8 10 46 4- 4.1 41 + 4.7 11 >10

Thenalidine 8 4.5 52 4- 4.5 35 4- 2.5 ,33

9.0 23 ± 1.5 56 7.2

1_.0 17 4- 1.7 67

Chlorpromazine 8 0.(;7 52 q- 3.8 ,35 ± 2.7 ,30

2.(} 26 ± 2.0 50 2.0

(i.t) 16 4- 1.2 6g

Promcthazine 8 2.5 52 4- 3.g 36 ± 2.5 ,30

5.i) 27 4- 2.2 49 5.0

10.0 15 ± 2.0 70

Trimeprazine 8 0.25 37 ± 3.6 28 ± 3.6 23

0.75 17 ± 2.0 5,3 0.94

2.25 13 ± 3._ (H

* Administercd 30 minutes before the injection of serotonin and an additional ,30 minutes later the

degree, of weight change determined as descrilx,d in the text.

? The ± values are standard errors.

_: Estimated graphically and tel)resents that dose required to effect 5(F_ inhibition of the increase

in weight of the serotonindnje(,ted feet.
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manner described after the single exposure of permeability. Experiments with cyproheptadiae
0.001 _g/ml. Such evidence indicates that the showed that this agent was highly effective in
contractile mechanisms were intact and that blocking this effect of serotonin (table 3). Sub-
some specificity was attached to the ability of cutaneous doses of as little as 10 _g/kg re-
cyproheptadine to antsgonile the effect of duced the effect while 90 _g/kg subcutaneoudy
serotonin on the isolated rat uterus, nearly obliterated the response. Comparative

Local edema in rats: The local injection of data with LSD indicate that cyproheptadine was
serotonin into the plantar surface of the hind nearly as active as the latter, while both agente
feet of the rat has been demonstrated (Parratt were considerably more active than hydrox-
and West, 1957, 1958) to produce edema, indasol (table3).

presumably due to an increase in capillary Cyproheptadine,administered orally, was also

TABLE 4

Inhibitory effect of various agents on edema induced by injection of egg white into the hind feet of rats

Mean % Increue in Weight of
Egg White-lnjected Feett

No. of Dose* EDS0_Cempound Rats/Dose

Control group Treated group % Inh.

mg/kg s.c. mg/kg s.c.

Cyproheptadine 8 0.04 34 q- 3.1 24 4- 2.1 29
0.12 15 ± 1.4 56 0.1

7O0.36 8 ± 1.2

LSD 8 0.02 34 4- 3.1 30 4- 4.7 12

0.06 24 4- 3.7 29 0.09
710.18 10 4- 1.8

Hydroxindasol 8 1.5 38 4- 3.6 32 .4- 1.3 16
4.5 24 4- 1.3 37 8.6

13.5 15 4- 1.3 61

Pyrilamine 8 10 45 4- 2.3 21; 4- 4.4 42 >10

Chlorpheniramine 8 10 45 -4- 2.3 36 4- 1.6 20 >10

Thenalidine 8 2.5 38 4- 3.5 29 q- 2.9 25

7.5 18 -4- 1.5 54 6.8
22.5 7 4- 1.9 81

Chlorpromazine 8 0.67 28 4- 3.5 18 + 1.6 37

2.0 13 4- I.I 54 1.4
I;.0 (; 4- I.I 82

Promethazine 8 2.5 2_ 4- 3.5 19 4- 2.1 ,3,3

5.0 9 4- 1.0 66 3.7
I0.0 4 4- 0.7 84

Trimeprazine _ 1).0_1 IX 4- 2.1; 14 4- 2.5 '2"2

11.25 I1) ± 1.9 42 0.38

0.75 [ 7 4- 1.2 62

* Administered ,30minutes before the injection of egg while aml an additional ,30mitmte._ later the
degree of weight change determilwd as de,cribed its 1he text.

t The -4- values are standard errors.

Estimated graphically aml represetlt_ that d.se required to effect 50_; inhibition of the increase
in weight of the egg white-injectcd feet,.



198/ CYeROH_eTAmNE 81

effective in inhibiting the edema produced by TABLE 5

the local injection of serotouin. Doses as little Protective eject of cyprolw;_adine and refer_
as 0.05 rag/kg produced s significant reduction agents against hiltamine.indueed broncho-
(20%) whereas 1.35 mg/kg caused a 90% _e- constriction in guinea piga
duction in the response. The ED60, estimated as

EDSO:atg/kl i.l_*
described in table 3 and based upon a 4-dose Compound (9$%C.L.)
level ,mmy, was 0.23 mg/kg. This value is about
8 times that determined after subcutaneous Cyproheptadine 0.032 (0.021 to 0.048)
administration (table 3) and indicates that the Chlorpheniramine 0.049 (0.025 to 0.008)
agent is reamnably well absorbed from the Trimeprazine 0.11 (0.048 to 0.25)
gastrointeMAaal tract. Pyrilamine 0.28 (0.]7 to 0.45)

Since cyproheptadlne possesses marked anti- Thenylpyramine 0.96 (0.S0 to 1.84)Thenaiidine 6.9 (3.1 to 15.3)
histaminie activity, it was of interest to determine Diphenhydramine 5.8 (3.8 to 8.8)
whether other antihistarninics were capable of
blocking the edema induced by serotonin. The * As determined 30 minutes after adminietca-
specific antihistaminics, pyrilamine (10 mg/kg tion and based upon 3 to 5 dose levels with 10 to
s.c.) and ehlorpheniramine (10 mg/kg s.c.), 12 animals per dose. The values were caleulated
studied under similar circumstances did not after the Litchfleld-Wilcoxon procedure (1940).

exert any inhibitory _ctions (table 3). On the See text for details of method.
other hand, thenalidine, chlorpromasine, tri-
mepruine and promethasine all exerted signifi- and Benditt, 1956; Parratt and West, 1057),
cant antagonism. It is to be noted that these it was of interest to study the effects of cypeo-
agents were considerably less active than cypro- heptadine on the edema so produced.
beptadine and LSD even though they approached The data in table 4 demonstrate that Cylm_
the activity of the latter with respect to blocking heptadine was effective in blocking the edema
the preesor action of serotonin in the dog (table induced by egg white. Comparatively, both LSD

and cyproheptadine appeared to be equivalent
1). in activity, and again both were much moreEgg white edema in rats: The above experi-
ments indicate that cypmheptadine and other active than hydroxindasol. Thenalidine and the
antagonists can inhibit the edema induced by various phenothiazine derivatives studied were
the local injection of exogenous serotonin. Since capable of exerting antagonism but they were
the release of endogenous serotonin from tissue distinctly less active than cyproheptadine and
depots has been implicated in the edema which LSD. Pyrilamine and chlorpheniramine exerted
results from local injection of egg white (Rawley only minor inhibition at relatively large doses.

Antihistaminic actions. Dog blood pressure:
Intravenous doses of as little as 10 _g/kg slcnifi-

_. [CHLORPH[NIRAMINE cantly reduced the vasodepreemr effect of
[ ,no- histamine in the anesthetized dog. The additional

_ CONTIIOL/ CONTItOL

_ SOt'o /lOng doseof40;Ag/kg(50_g/kg, cumulative)produced

z _ _/--_0_/" .:_ 501'g a greater degree of inhibition (fig. 4L Cldor-

phoni minca,terint venouso*50_: g """ 200 _g/kg (250 _g/kg, cumulative) produced a

o g, ,o _ I°"" degn_ of inhibition roughly equivalent to that

_ • _hi(.h followed 10 and 40 of
_g/kg cMDrOheD-

CYPROHIrpTAOIN_ tadine. Thus, the latter under the conditions

employed was about 5 times more effective than
the former.

o_5 ,b i.O 4.obZ ,:0 2"0 _.o Both cyproheptadine and ehlorpheniramineHISTAMINE: I,q I kq I V
Fro. 4. Antagonism of the vasodepressor effect, were relatively more effective in blocking low

of histamine in the dog by eyproheptadine aml doses ot histamine than higher amounts. In
ehlorpheniramine, figurc 4, this is evident by the nonparallel his-

The dines are in tern_ of cumulative dose in tamine doee-effe_ lines in the presence of the
_g/kg, intravenously. The data are the means antagonists as comparcd to those obtained inderived from 4 experiments made with each agent.
See text for other details, their ab_,m.e.
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Guinea pig bronehoeonstrietion: Cyprohep- which confer upoa c_ its
tadine proved capable of preventing the ap- degree of antiserotonin activity.
peamaos of symptoms referable to broncho- The slowly developing ants_onistie actioa e/
constriction due to aer_olization of appropriate eyproheptadine against the w_iml__fl_
conceatmtio_ of histamine to guinea pigs. In contractkms of the isolated rat uterus alter it

this respect it resembled other antihistaminic has been removed from the organ bath nmembl_
agents in that effective doses protected against a similar action of I_D when it is ex]_ to

the typical hyperpnea, coughing, dyspnea, that tissue constantly or for prolonged periods
asphyxial convulsions, loss of righting, and death (Gaddum, 1958). In the present instance this
that occurs in unprotected guinea pigs. As the action of cyproheptadine was probably related to
data in table 5 demonstrate, the intraperitoneal irreversible fixation to receptors and this, in
EDS0 was 0.032 mg/kg and this amount was turn, produced the same result as does the
somewhat smaller than the similar value esti- constant exposure of more reversible antagonists.
mated for chlorpheniramine. The other anti- It is thus possible that the fifty-fold potenvy
histaminic8 studied for comparative purposes differential between cyproheptadine and I_D,
all required considerably higher doses. On this as shown by the data in table 2, would likely be
basis, therefore, cyproheptsdine may be con- less marked if LSD were studied under consttmt
sidered a highly effective antagonist of histamine or more prolonged contact conditions.
in the order of potency of that obtained with As Parratt and West (1958) have demo_-
ch]orpheniramine, strated, the ability of serotonin antagonists to

DISCUSSION. The antiserotonin actions of reduce the edema that results from the local
various antihistaminic agents have been the injection of egg white into the hind feet of rats
subject of several investigations (Doepfner and is probably related to their ability to block the
Cerletti, 1957; Schmid et aL, 1959; and Parratt effect of endogenous serotonin released by an
and West, 1958). It is clear from these studies, anaphylactoid effect of the egg white. However,
as well as from those by Gyermck et al. (1956), it is of interest that cyproheptadine, LSD and
that the most active antagonists were pheno- hydroxindasol were more effective in blocking
thiazine derivatives, or closely related structures, the edema induced by the serotonin than that
even though differing test procedures were resulting from the injection of egg white (corn-
employed by the various workers. The present pare ED50's, tables 3 and 4). This was observed
investigation has confirmed such findings. Aside in spite of the fact that the resulting edema was
from cyproheptadine which was the most active less severe with egg white than with serotonin.
of the antihistaminies studied, the phenothiazines Chlorpromazine, promethazine, trimepmsine snd
were considerably more active than the more thenalidine, on the other hand, were either
specific and classical antihistaminics examined, equally effective in both circumstanct_s or more
Of the latter category, which included chlor- active against egg white edema, a difference also
pheniramine, diphenhydramine and pyrilamine, evident in the data of Parratt and West (1958).
only thenalidine exerted significant antiserotonin These observatious suggest that individual
action. Comparatively, this agent was ap- antagonists may differ in terms of mechanism of
pn_iably less active than ehlorpromazine, action in the two test situations.
p_methazine and •trimeprazine. From th_' The cxperiments in the dog indicate that of
observations, as well as those of the other in- the agents effective in blocking serotonin-induced
vestigators, cited above, it wnuhl appear that pressor n,sponm_ only LSI), BAS, hydroxindasoi,
compounds with the phenothiazine nucleus thenalidincandcyproheptadineweresignifieantly

I_ss antiserotonin activity of a nqatiwqy high fn_" of an ability to bh_'k epinephrine responses
or_ler. It is of int,+rest that, structurally, cypro- . concomitantly. All the phenothlazincs studied
lu,ptadine h, ars a resemblance to the pheno- and SY-21 hhM'ked both responses nearly in
tlfiazines and, in addition, contains an N-sul_ti- Imralh'l, although the latU'r may haw, heen more
tubal heteroeyelie ring--a mniety alr_ flmnd in actiw, _kgainst epim, phrine titan serotonin (figun,
the' highly _'tiw' natural and synthetic, ergot 2). The n_ults suggt_st that the phenothiazim_

alkaloids, such as 1_;1) (('erh.tti and i)<M.i)fm.r, may owe their ahility to bhs.k serotonin premor
19Ygg).it is, perhalm, tl._' structural co,nponent_ n,spon..._ h_ their mlrenergie bha.king activity.
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This interpretation is supported by the observa- vnsodepressor effects of histamine in the dog and
ti_m that many adrcnergic blocking agents are by an ability to annul the signs of toxicity of
at.tiDe antagonists to serotonin, not only in the aerosolised histamine in guinea pig_. The anti-
dog but also in the isolated rat uterus (see serotonin actions of cyproheptadine included an
Gaddum, 1958). Moreover, depletion of cats- ability to block the vasopreseor actions of
_.holamines from peripheral tissues of the dog by serotonin in the anesthetised, ganglionic blocking
_Lppr0priatetreatment with reserpine significantly agent treated dog, a capacity to block the
reduced serotonin preseor activity (Stone, un- spnsmogenic effect of serotonin on the isolated
published results), in a manner similar to that rat uterus and an inhibitory effect of the swelling
described for various sympathomimetic amines and edema produced by the local injection of
by Burn and Rand (1958). Thus, it is possible serotonin in the hind feet of rats. The inhibitory
that serotonin acts, in part at least, indirectly; action against similarly-induced egg white
either by ganglionic stimulation (which is re- edema probably was related to the basic anti-
sistant to blockade by conventional ganglionic _rotonin action of the agent.
bloekiug agents) or by a more peripheral release The antihistaminic and/or antiserotonin
of the sympathetic mediator. Such a mechanism actions of cyproheptadine were compared with
would account for the antagonistic activity of similar properties of a variety of other agents,
adrenergic blocking drugs (including the pheno- including lysergic acid diethylamide and other
thiazines) in blocking serotonin pressor responses simple indole derivatives, chiorpromuine, chlor-
in the dog, although _ similar mechaaism prob- pheniramine, pyrilamine, thenaJidine, proms-
ably would not apply to the activity of such thazine, trimepra,.ine, thenylpyramine and di-
agents on the isolated rat uterus. On the basis phenhydramine. Under the conditions described
of this explanation, cyproheptadine, I_D and for the various comparisons, the ant'thistamimc
the simpler indole antagonists would possess a action equalled or exceeded that of chiorphenir-
more direct action in exerting their antagonistic amine and the antiserotonin activity approached,

effect in the dog. equalled or exceeded that of lysergic acid diethyl-
From the data reported, it is clear that cypro- amide. Since both of these latter agents are

heptadine cannot be considered a specific anti- among the most active members of their re-
histaminic or antiserotonin agent. From other spective pharmacologic classes, it was evident
studies, the compound possesses a variety of other that cyproheptadine possesses both actions to a
actions, including a capacity to antagonise relatively highdegree.
nicotine- and electroshock-induced convulsions ACKNOWLEDGMENTS.The authors are grateful
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