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I_ previous studies on the vascular responses to 5-hydroxytryptamine
(HT) and tryptamine [Rapport, Green and Page, 1948; Reid, 1951:
Reid and Rand, 1951; Reid, 1952; Page, 1952], comparisons between
the actions of these substances and those of adrenaline and noradrenaline

have been made only incidentally. To investigate the relative potencies
of these substances on different circulatory regions, experiments were
performed on the isolated perfused lung, on the renal circulation of the
cat, on the hind leg of the cat and the dog, and on the vessels of the

. rabbit's ear.

METHODS.

M_asurement of Renal Blood F/ow.--All experiments on cats were
performed under chloralose anaesthesia (80 mg./kg, intravenous). The
animal was eviscerated and in some experiments both suprarenal glands
tied off. Heparin (3500 units/kg.) was given intravenously. After
cleaning the renal vein throughout its length and tying off its tributaries,
a cannula was inserted. A second eannula was put into the jugular
vein and these two veins were connected by a length of polythene tubing
interrupted by a glass T-piece. The venous outflow was measured
through the middle limb of the T-piece. For intra-arterial injections
a metal cannula was inserted into the central stump of the superior
mesenteric artery. When determining the effect of intra-arterial injec-
tions a clamp was placed on the aorta in the lower abdomen. When
a constant blood pressure was required, a compensator of the type
described by Krayer and Verney [1936] was connected to the side arm
of the blood pressure eannula. It consisted of a litre bottle containing
500 ml. of 50 per cent dextran in Locke's solution connected to a stone-
ware jar of 20 I. capacity in which the requisite air pressure was
maintained.

Ot_servations on Ptdrmmary Ve_se/s.--The method employed was a
modification of that described by Dale and Schuster [1928]. The cat
under ether aneesthesia was heparinized (500 units/kg.) and hled out
in stages with alternate injections of adrenaline and Locke's solution.

T
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The blood collected was filtered through muslin and heparin
(500 units/100 ml.) added to it.

A cannula was made from a boiling tube of 2 cm. dianmter into the
bottom of which a glass tube was sealed. This tube turned horizontally
and ended in a nose which was inserted into the pulmonary artery.
The blood was pumped into the vertical boiling tube through a rubber
stopper and stood at a height of about 17 cm. above the artery. The
air space above the blood was connected to a piston recorder which
recorded the changes in the air space as the blood ran more quickly or
more slowly into the vessels.

Hind Limb Perfusion : Doff or Cat.--The preparation of tile hind leg
for perfusion was essentially the same as that described by Dale and
Riehards [1918]. Blood for the limb perfusion was oxygenated by
perfusion through the lungs with a separate pump. When cat limbs
were perfused, a second cat provided additional blood for the perfusion,
and its lungs were used for oxygenation. The outflow from the legs
was measured by means of a modification of Stephenson's method [1948],
using a piston recorder.

Experiments on the Vessels of the Rabbit's Ear.--These were made
either by the method of Gaddum and Kwiatkowski [1938] using a
Gaddum drop-timer, or observations were made on the isolated ear
according to the method described by Burn and Robinson [1951] where
Stephenson's recorder was used. HT was used in the form of serotonin
creatinine sulphate. All doses of substances injected, unless otherwise
stated, refer to the salt.

RESULTS.

Pulmonary Vessels of the Cat.--In all experiments HT and tryl)tamine
caused an increase in the resistance of the pulmonary circulation.
A comparison between the constrictor action of these two substances

and that of adrenaline and noradrenaline on the pulmonary vessels is
shown in fig. 1. The doses of 5-hydroxytryptamine and tryptamine
were appreciably smaller (5-10 pg.) than those of adrenaline and
noradrenaline (50-100 pg.) necessary to produce a similar degree of
vasoconstriction. The effects of noradrenaline and of adrenaline,
however, were much more prolonged. Adrenaline sometimes had an
initial dilator action preceding the constriction (fig. l (b)). The relative
equipotent doses of these substances from 7 experiments were as
follows :--

5-Hydroxytryptamine
(base). Tryptamine. Adrena!ine. Normlrenaline.

I 2-4 10-20 10-20

In one experiment where the sensitivity to HT was unusually low its
effect was not greater than that of adrenaline or of noradrenaline.
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When injections were repeated within a short time, respons_u were
reduced, but 10 min. after injection of 200 pg. the response to 10 pg.
returned to its original size.

The vasoconstrictor action of HT or tryptamine was not increased
by previous injections of either tyramine (500 pg.) or paredrine
(p-(2-aminopropyl)-phenol) (1 rag.), but was slightly reduced. Both
tyramine and paredrine exerted a slight vasoconstrictor action. In
three other experiments ephedrine and paredrine in concentrations up
to 2 x 10-s in the perfusing blood failed to enhance the action of either
HT or tryptamine.

Lysergic acid diethyl amide (L.S.D,), in concentrations of 10 -e to
3 x 10-6, abolished or reduced greatly the vasoconstrictor action of
100 to 200 pg. HT. A record from one of these experiments is shown in
fig. 2. Injection of HT several times at suitable intervals both before
and after L.S.D. showed that this reduction was not due to the previous
doses of HT. Injections of 100 to 200 pg. L.S.D. caused a brief dilatation
of the pulmonary vessels. Ergotamine blocked the action of HT and
tryptamine in concentrations greater than 10-s, which reversed the
actions of adrenaline and noradrenaline. L.S.D., however, in tile con-
centrations which reduced the action of HT and tryptamine, had little
effect on the actions of adrenaline and noradrenaline.

Effect on Blood Vesaets of the Perfused Hind Leg of Cat and Dog.--
The constrictor effects of HT and tryptamine in the vessels of the
hind leg of the cat and dog were much weaker than those of adrenaline
and noradrenaline. There was, again, great variation in different
experi_nents. Thus in the cat (5 expts.) adrenaline and noradrenaline

were 10 to 500 times stronger than HT, and in the dog (2 expts.) the
former were 10 to 100 times stronger than HT. Generally in the cat
and in the dog adrenaline and noradrenaline were equally vasoconstrictor;
in one cat adrenaline was four times less effective than noradrenaline.
In the cat tryptamine was either as effective as HT or was about one-third

as active. In the dog HT was about ten times more active than trypt-
amine. These figures refer to the maximum constriction; the duration
of constrictor responses was much greater for HT than for adrenaline
and noradrenaline. Tryptamine occupied an intermediate position.
A comparison of these substances in the cat is illustrated in fig. 3.
While the sensitivity of the vessels to adrenaline and noradrenaline
altered little throughout the experiment, the responses to HT and to
tryptamine always declined with time. Thus in an experiment in a
dog, 30 _Lg.HT was at first rather greater than 1 pg. adrenaline; 2 hours
later, however, 30 pg. HT was rather less than 1 pg. adrenaline;
10 minutes later than this 100 pg. HT caused a ri_ equal to i pg.
adrenaline. In another experiment 100 pg. tryptamine suppres_d the
action of smaller amounts of HT and tryptamine without affecting the
response to adrenaline. The suppressi(,n l)ersisted for 20 mimtte._.
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After injections of even large amounts of HT the return of the previous
responses occurred usually, though not always, within 10 minutes.
The amount of HT or tryptamine necessary to suppress the effect of
either substance differed in different experiments, being from I to 5 times
the test dose. L.S.D. in a concentration of 10-6 in the perfusion fluid
completely abolished not only the effect of 30 pg. HT, but also of nearly
10 times this dose (fig. 4). In this concentration of L.S.D. the action of
an equi-effective dose of adrenaline was only slightly diminished.

Comparison of Effe_ in the Lungs and the Hind Leg.--The high
constrictor potency of HT on the pulmonary vessels of the dog compared
with its weaker action on the vessels of the hind leg and the reverse
relation for the action of noradrenaline at these sites is well seen in

fig. 5. In fig. 5, injections 1, 2 and 3 were made into the pulmonary
artery. At 2, 100 pg. HT caused a greater pulmonary constriction
than did 50 pg. noradrenaline at 3. But when these substances had
travelled through the lungs and passed on their way to the hind leg,
the rise in femoral artery pressure after 2 was very slight compared with
the large rise of pressure after 3. Even the small dose of 0.1 pg. nor-
adrenaline injected into the pulmonary artery at 1, which did not cause
pulmonary constriction, produced as much constriction when it reached
the femoral artery as was produced after 2.

Observations on Renal Vessels of the Cat.--In 9 experiments the
relative potency of HT, adrenaline and noradrenaline on the renal
outflow were examined. An intravenous dose of about 50 pg. adrenaline
or noradrenaline caused a 50 per cent reduction in the renal outflow.

'Even in doses of 200 pg. HT did not decrease the outflow more than
20 per cent. Such an effect was usually produced with a dose of about
20 pg. noradrenaline. When the injections were made intra-arterially,
usually 10 pg. noradrenaline produced a 50 per cent reduction in the
outflow, while doses of HT from 20 to 300 pg. _aused reductions in
outflow varying from 10 to 40 per cent. A great variability in the
effects of HT injected intra-arterially was observed, the degree of
vasoconstriction changing considerably with different experiments. In
experiments where the suprarenal glands were ligated the effect of
HT was not significantly altered. Tolazollne in doses sufficient to
reverse the actions of adrenaline or noradrenaline did not abolish or

reverse the vasoconstriction caused by HT. Tryptamine had to be
used in doses more than ten times those of HT to produce a noticeable
effect on the renal vessels. A desensitizing action of HT to its own
action was again observed.

£_eet o_ Veaseb of the Rabbit's Ear.--In peffusing the ve_els of
the rabbit's ear by the method of Gaddum and Kwiatkowski [1938],
it was found that single injections of I pg. tryptamine cansed a prolonged
va,_qJ_.onstrietion equal to that caused by 0.2 pg. HT. Noradrenaline

or adrenaline in a dose of 0-2 pg. produced a short-lasting effect of the
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l.'m. I. PulnloHau.y v_,._mplmof (.at. l+teeoi'(l +il this .tl(l li_. "2 +_;the' i)i'v+_t£r_,
m till. plnhnonary ve._m,ls+ It+ theme two experiments inj_,etion_ wer{, mouie ira.

ptflmonary artl,ry <.anlntfla.

(a) .At N 511 fig. m)ra<Irenaline (.llllmed I:l l*+meof ptfln+onary l)r_,s+m.e iul tw.
P_tages: an inillal .sharp rim(. followed by. more prolonged ri_;(, ill" l)t'e_++m.p.
At S_ I0 itg. HT eam+ed a brief ri,_e of pulmonary pl'eSSill'(,.

(h) 100 Itg. adrenaline inje(.t<.d at J vau.,+ed an initial vasodilatati,m t',.ll<nv_,d
by a prolonR'ed vaso<..nstri(.tion. At _2 5 1+_+ HT were injo(.ted.

(+') Tryptamine in a dose of Ill 1+_'+injt..ted +)t T caused an +.fl'eet e<pml t. that
of 5 fit. HT injected at S:. At TY q)-.$ nl_. tyrtllllilw tlll(| tit P 1 m_.
pm,edrine injeet(,<l: neifl.'r ._ul);_tan(._ potentiah,d either trypt+tmitw
or HT.

(a) (_) (,,)

I"z(;. 2.- Pulmonary v_.'.s+,.m,l.,+of vat. IqH) /OZ. HT iuije,.t*,d at ,"; in all ,'_l_q',_.
Ih't,,vi,.i,n (¢1)slid (b) is all int(,rx'a] of 1-_minute.'.++during v+hivh I,.,"LI ). in +t ,., ,n,.vm t';_.
lion l)f .) > lO -I WaS pr_li,lll ill I|IP ltx'rftlSillg I)I,..I. In (1.,)+llld (+') fh+' ++c_llSll'++.tor
llt'|it)ll of HT +.+,'llsgreatly rodm.c<l ill the ])rl,si,nwl. +)I"L.S.I). "l'li+'l'q' w+im+in imprx+il

of 141lni]|lltl'm I+H,tm4'.I,l|(Is) +llld (r).
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I"t_;. -I. l)_i_Z hind h'_ lierfusion. Pn,_,_llre in arterial emmula. 30 y_. HT
inj,.,.l_.d ai S_ prodl_.,.d an _.ffe_.t equal to that of I /tg. adrenalin, inje_.t_.d at .s..
At L.N.I). lyser;.,.i,, al'i,I diethylamide was added to the venous r,._.rvoir i,, prod_,,.
;4 {'l)ll4q'lllra_Jon of Ill _. I)_,,_,s of HT of ";0. 100 and 2.3{; /ig. at _l. ,_: and N=:
rests','tiv,'ly m'n' with,rot el_'t. The reslSmSe 1o I .tt_. adn.nalin*, (at A) wa,,.

llm_-_.v_.r. {,lly slitzhtly n.dll{_.{I.



l"l(;. 5.--Dog hind leg antl hung perfushm. Upp_,r rot._rd is l_nltu()narx
arterial pressure: middle reeord is {mtflow from hind h'g: hq_ttom rt,<.<_rd is i)ressur, `
in arterial eannula of hind leg. Injt'<'ti<ms I. 2 and 3 made" int(_ puhnonary
arterial eannula. At I, 0.5 itg. noradrenalin_, had n<, effect on the l)tnhnonary
vessels hut caused a t.onstrivtion ill tilt" limb ves++..,Is about 60 set.. later. At 2.

100/+g. HT eaused a sharp rise in l)uhnonary pl't,Sstlr(, and an avtion on the, x'l.sst,ls
of tile hind leg equal to that ('ausetl t)y noradP_,nalin+, at I. At ;1. 50 ,ug. nor.
adzvnalin¢" had a smaller action than I00/tg. HT on the hag vessels, but had a

strong t'onstl'il'titr at'titan lilt tilt" v,,ss,,ls ,,f tilt' hil)[I leg.

Fn[+. 6.--Outflow from perfused rahhit's ear (method of (:addmn and
Kwiatkowski). Figures at the l_ttom th,nolt, tilla" of inje_.tiqm. At N in all
instam.es 0"I l_g. noradrenaline inje<.ted. Tryptamine ill a l.onq+tqltratioll qbf
"_.5 • I0 + pr_+senl in the l_,rfusion fluid durillg the l_,ri(_l Inarkt'd T. Tryptamin.,
is st,Oll to l'atlsP (.amstrietion. After tryptanline, a{*lion tff noradrt,nalint, is greally
t'nham.ed. AI N'. nearly 2 hours after tryptamine. 0-05 I/g- noradr+'nalinq,

l)rodu{'ed the ...rome eff{,vt as O-I /+g. inj+.rted I_t,h,n, tryptamin_,.
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same degree (1 expt.). When tryptamine and HT were added to the
perfusion fluid a noticeable decrease in the outflow appeared at a
concentration of 10-_. In the presence of either of these substances
in this concentration the effect of single injections of adrenaline or
noradrenaline was not modified. When a higher concentration was
used (e.g. 2.5 x 10-6 in the experiment shown in fig. 6), an increase in
the effect of noradrenaline and adrenaline was observed after the

tryptamine was removed and its strong vasoconstrictor effect had worn
off. HT had an action similar to that of tryptamine. In the vessels
o£ the isolated rabbit's ear perfused by the method of Burn and Robinson
[1951], in 6 experiments it was found that the constrictor action of HT
was equal to, or 2 to 5 times greater than, that of adrenahne. In
3 experiments it was 300 to 1000 times more constrictor than adrenaline.
The relationship between the constrictor potencies of HT and adrenaline
was not changed when tested on the second day of perfusion. Trypt-
amine was about 10 to 25 times less effective than HT in causing
constriction. Hexamethonium in doses of 150 to 200 _g. abolishing
the constriction caused by equipotent doses of nicotine [Kottegoda, 1953]
did not modify the constriction caused by HT or tryptamine. When
tolazoline was added to the perfusing fluid so as to reverse the effect
of adrenaline, that of HT or tryptamine remained unaltered. Repeated
injections of HT given within a short time of each other resulted in
a gradual decline of the vascular response, while the sensitivity to
adrenaline remained unaltered.

The blocking action of L.S.D. towards HT observed in other prepara-
tions could not be satisfactorily investigated in the isolated ear because
it had by itself a constrictor action.

DISCUSSION.

The results of these experiments indicate that the relative constrictor
potencies of HT and adrenaline and noradrenaline vary widely according
to the vascular region studied. In the pulmonary vessels of the
dog and cat, and in the vessels of the rabbit's ear, HT was
generally a more powerful constrictor than adrenaline or noradrenaline.
On the other hand, adrenaline and noradrenaline were more effective

than HT in causing constriction in the vessels of the hind leg of the
dog and cat and in the renal vessels of the cat. Tryptamine was usually
½ to _th as active as HT. The relationship between equi-effective

doses of these substances often depended on the stage of the experiment,
as the effect of HT declined with time while those of adrenaline and

noradrenaline remained unaltered. The change may have been due in
part to the desensitizing action of HT and tryptamine on their own
action, which was observed in all experiments. This has been observed
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ill other tissues for HT and for tryptamine by pr_cious workers [Laidlaw,
1912; Reid, 1952; Freyburger et al., 1952; Gaddum, 1953a].

Both tryptamine [Blaschko, Richter and Schlossmann, 1937; Pugh
and Quastel, 1937] and HT [Blaschko, 1952; Freyburger et al., 1952]
have been shown to be substrates of amine oxidase. However. when

high doses of a substrate or inhibitor of amine oxidase like tyramine

[Hare, 1928], paredrine [Alles and Heegaard, 1943] and ephedr!ne
[Blaschko, Richter and Schlossmann, 1937] were present in the cat

lung perfusion, no modification of the responses to adrenaline, nor-
adrenaline, tryptamine or HT was observed. Similarly, high doses of
HT or tryptamine did not influence the responses to adrenaline in this
preparation.- In the vessels of the rabbit's ear both tyramine and
tryptamine often caused an increase of the responses to adrena|ine and
noradrenaline.

Confirming the findings of Freyburger and his co-workers [1952],
we found that the constrictor action of HT was much less affected

by antiadrenaline substances (tolazoline and ergotamine) than those
of adrenaline or noradrenaline. On the other hand, L.S.D. was
much more effective in antagonizing the vascular actions of HT than
those of adrenaline and noradrenaline. This behaviour of L.S.D.

towards 5-hydroxytryptamine has been recently described by Gaddum
[1953 b], and we learn that similar observations to ours on the vascular
antagonism havebeen made by Gaddum, Hebb, Silver and Swan [1953].

SUMMARY.

1. 5-Hydroxytryptamine (HT) is a more powerful constrictor of the
pulmonary vessels of the dog and the cat and of the vessels of the
rabbit's ear than adrenaline or noradrenaline.

2. Adrenaline a_adlnoradrenaline_are more powerful constrictors of
the hind leg vessels df the dog and the cat and of the renal vessels of
the cat than HT.

3. HT is usually between 2 to 50 times as active as tryptamine.
4. Lysergic acid diethyl amide (L.S.D.) is a strong antagonist of the

constrictor action of HT in both the lung and the_.leg vessels and has
only a weak effect on the actions of adrenaline and noradrena]ine.

Ergotamine and tolazoline are relatively ineffective in modifying the
vascular actions of HT.

5. Since HT is a substrate of amine oxidase, we expected to find that
an inhibitor of this enzyme such as paredrine would potentiate the
action of HT. This was not observed. However, tryptamine was
found to potentiate the action of noradrenaline.

6. Desensitization to HT and to tryptamine by themselves was
constantly observed.
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