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The hypotensive effect of histamine upon the

arterial blood pressure of the cat and dog has

been well known since the first investigations by

Barger and Dale (1910) and Dale and Laidiaw

(1910). A similar effect has been (lescribed in

man (Weiss et a!., 1932; Katzenstein, 1944;

Roth afl(l Kvale, 1954). The problem of the

blood pressure effect of histamine in the rabbit

has received much less attention. As early as

1927, Feldberg observed that un(ler certain

conditions of anesthesia histamine produced a

pressor effect, but since tilen, major interest

turned to a more special vascular phenomenon

produced by histamine in the rabbit, the con-
striction of the pulmonary arterioles (Best and

MacHenry, 1931; Woodbury and Hamilton,

1941). Only more recently (Naranjo, 1952;

Naranjo and (he Xaranjo, 1953) some attention

has been l)ai(l to tile pressor effect of histamine

in tile rabbit and to its prevention by antihista-

mines. The present Work was carried out in

order to study in this animal species the in-

fluence of a) autonomic drugs, b) adrenalectomy

and e) anestilesia, on the h)ioo(l pressure effect

of histamine.

METHODS. The experiments were performed with

adult rabbits of both sexes, weighing 1.5 to 2 kgm.

In the main experiments, they were heparinized
and anesthetized with a standard mixture of
urethan (700 mgm./kgm.) and pentobarhital so-

(hum (40 mgm./kgm.), administered intraperito-
neahly. Cannuhae were inserted into the right com-
mon carotid artery for recording blood pressure,

into the external jugular vein for injections, and
into the trachea.

Histamine was used as the biphosphate in doses

from 0.001 to 0.250 mgm./kgm., and epinephrine

HC1 in doses from 0.5 to 2.0 microgm./kgm. Sue-
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cessive injections were given after blood pressure

had returned to the baseline, histamine being

injected 3 to 5 minutes after epinephrine, and

epinephrine 5 to 20 minutes after histamine. Both
substances, dissolved in 0.9 per cent saline, were
administered by rapid intravenous injection (1 to
2 seconds) in a uniform volume of 0.5 ml./kgm.

Other drugs employed were: cocaine HC1,
5 mgm./kgm.; phentolamine methanesuiphate

(Regitine), 3 mgm./kgm.; dihydroergotamine
(DHE), 1 mgm./kgm.; hexamethonium Br, 10

mgm./kgm.; and pendiomide Br, 30 mgm./kgm.
They were always administered subcutaneously

15-20 minutes prior to the first stibsequent dose of

histamine or epinephrine.
In those series of experiments in which dose-

effect relationships were studied, the drug was
given in progressive doses and no other drug was

administered to the animal. In studying the influ-
ence of the adrenals on response to histamine,

bilateral adrenalectomy was carried out transab-

dominally after elicitation of control responses in
the intact animal.

The influence of anesthesia on the response to

histamine was studied with ether, urethan, thio-

pental Na and the standard urethan-pentobarbital
mixture (17:1). The different stages of anesthesia

were established with ether by the open drop
technique, with the other drugs by varying the

dose. Urethan and the mixture of urethan-pento-
barbital were administered intraperitoneahly and

thiopental intravenously.
All numerical data represent averages for

groups of 8 to 10 animals.

RESULTS. Ileparinization. Ill prelimiiiary cx-

perinlents it was ascertained that intravenous
adniinistration of adequate doses of heparin (50
to 100 units/kgm.) did not modify the blood

uressure effect of histamine.
Blood pressure effect of histamine. Doses from

1 to 10 microgm. /kgin. failed to cause any

change of blood pressure in approximately 75

pei� cent of animals; in the rest, a shighlt and
transient fall of 1)100(1 pressure (no more than

5 mm. Hg) was observed. 1)oses from 10 to 20
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DOSES (MoI/kg)

Fio. 1. I)ose-pressor effect relationship of epi-

tiephrine and histamine in anesthetized rabbits.

niiorogm./kgnl. prooluiotol a slllall rise of blood

pressure, varying from 2 to 10 mIll. Hg. Higher

(loses, llowcver, uniformly produced a sllarp and

nlarked rise of blo sI pressure. In tile dosage

range between 50 and 250 mi(rogm./kgm., the

prss�w effect of histamine increased (fig. 1) in
linear relationship withl log (lose. Except for a

moderate difference in slope, the same relation-

ship prevailed for epinephrine doses approxi-

mately 100 times lower than those of ilistamine.

The pr�ssor h)hlase was followed by a subse-

oluemIt depressor l)iias(� (fig. 3 amId 4). In this
secondary effect, the two drugs differed ill that

after oloses equieffective in elevating the bloool

l)��5t1�C tile subseoluent (lro)p was greater with
histamine. The hiiglier the (l( se of histamine,

the more illtehise :ttiol larsistemlt was tue subse-

quent (lepression.
Interre!ation between histamine and epineph-

rine. An antagonisili between ii istalllilie amid

(�l)iIlephirine was oh)serve(l. I)epending upon
magnitude of dosage, a single epinephirine ad-

IlliniStration, 3 to .1 minutes prior to hustanline,

(‘Itiler diminishleo 1 or reverseo 1 the pressor effect

of iiistahllihle (fig. 2); after repeated (loses of

opinephrine, (I to 4 microgm./kgm.) the ilistIl-

mine response was regu!arl reverse(l. On tile

othier hand, after a �m(ce(hihig dose of liistallline.

the l)i(�ssor effect of epinephirine was diminished

but never reversed.

Cocaine by itself did not modify the bloool

lressuire effect of hlistanlihie. however tile re-
versal of the histamine ��ressom effect was Oh)-

tamed Witil smaller olosos of epinephirine in

cocailliZe(l than in control animals.

Influenec of adrenergic t!ockiiig agents. Phiemi-

tolalllille (Regitine, 3 Illglll./kglll.) aII(l 1)IIE

(1 illgm. /kgm.), which ohiminished the u)r(ssor

effect of 1 microgm./kgm. of epinephrine by

78.0 ± 12 and 81.4 ± 12 per cent, respectively,

diol iiot significantly modify the response to

ilistalllilie (fig. 3). Epinophrine ill tile 5�fll�

doses as in tile former experiments did not re-

verse the pressor effect of iiistanlihie after ad-

renergic blockade.

Influence o�f gang!ionic blocking agents. I are-

treatnlent with a ganghionic blocking ageilt

iticreased tile l)�(�55O� response to histanline. fhie

increase amo)Unteoi to 27 antI 32 per cent after

10 il�gm. /kgnl. of hexanlethloniunl and 30 mi�gm /

kgm. of pendiomide, respectively. The sul)se-

quent depressor effect of histamine was

consi(lerably diminishled or aboiisiieol a fter

ganglionic blockade.

The mutual alltagomlisill of histanlille 1(11(1

epinephlrille Was ilot Illallifest in tile l)reso�hioe

of ganglionic blockade. Injection of a mixture

of histanline and epinephrine resulted in a

combined pressor effect wilich was highier than

that of eitller of thle drugs alolle. Wheti the

dose of one of the substances ill tue mixture was

progressively increased, that of the other sui)-

stance being kept constant, tue increase in

pressor effect was proportional to the increased

(l()s(�.

Influence of adrenaleetomy. ‘Ehie �r��or (ff(�(t

of histamine was essentially unchanged after

FIG. 2. Reversal of the pressor effect of hista-
mine by epinephrine.

Rabbit 1.8 kgni., uret han -pent ol)arbit :tl amies -

thesia (see text). Blood pressure recorde(l by
means of a mercury manometer. A = epinephrine
hydrochloride (successive doses, I amid 2 microgm./
kgm.); H = histamimie biphosphate (successive
tloses, 75 and 1(X) nlierognl./kgnlj. First (lose of
hoist amine 5 minutes after last (lost of (I)ihhephlifle.

Ti inc signal : 5 seconol.



�‘ � a. 3jnfluence of adrenergic blockade. -

Rabbit, 2.08 kgm., urethan-pentobarbital anesthesia (see text). Recording of the carotid blood pres-
sure by means of a bellows manometer. Left tracing: epinephrine 1 microgm./kgm. and histamine 100
microgm./kgm., respectively. Right tracing: the same drugs and doses, after 20 minutes of subcutaneous
administration of 3 mgm./kgm. of Regitine.

4. Pressor ist.amine before and after �ral adrenalectomy.

Rabh)it, 1.85 kgm., urethan-pentobarbital anesthesia (see text). Recording of the carotid blood pres-
sure by mealls of a bellows manometer. Left tracing: histamine 50 and 100 microgm./kgm., respectively.
Right tracing: the same doses, 10 minutes after adrenahectomy. Time signal: 5 seconds.
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adrenalectomy (fig. 4). In six out of ten allinlals

tile blood pressure rose to tile same peak level

i)efore alIt! after aolrenalectonlv; inasmuch as

tile removal of the glands produced a (heel) fall

in blood pressure, the histamine-induced rise, in

per cent of tile baseline value, was even higher
after adrenalectomy. In tile other four animals

even the peak level of 1)100(1 pressure was 10 to

15 mm higher after adrenalectomy.

In one group of aninlals, i)lOckillg agents were
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FIG. 5. Pressor effects of histamine and epineph-
rine after various drugs before and after adrenal-
ectomy.

For explanation see preceding figures and text.

administered immediately i)efore adrenalectomy.

Adrenergic blockers, even in a dose capable of

abolishing the pressor effect of 1 microgm./kgm.

of epinephrine, not only failed to diminish the

pressor effect of histamine but rather enhanced

it. Ganglionic blockade also enhanced the

histamine effect.

Fig. 5 summarizes the major experimental

results.

Influence of anesthesia. In unanesthetized

animals the blood pressure effect of histamine

varied greatly. In some animals a moderate

pressor response was oh)served, followed by a

more profound depressor response phase, while

in others only a depressor response was pro-

duced. Since in the unanesthetized amlimals

histamine elicited very pronounced hyper-

motility, it was (hiffiCUlt to evaluate to what ex-

tent the blood pressure chianges were directly

induced by histamine and to what extent they

were indirect effects olue to sequels of ilistamine

action, such as tilo)se illotor mamiifestations. Pre-

treatment with ganghionic blocking agents

produced more regularly a pressor response.

Under progressive ether alleStllesia it was

observed that in the first stage of anesthesia,

while the animal still reacted with movements

to pamful stimuli suchi Its pinching of the skin,

the blood pressure effect of ilistamine ‘was quite

the sai�e as in unanesthetized animals. In deeper

anesthesia tile i)lood pressure responses were

less erratic, and on the third plane of tile third

stage of surgical anesthesia (Gillespie, 1942)

histamine invariably induced a pressor effect.

The results with urethail or the standard

urethan-pentobarbital mixture were similar to

those described for ether, namely, tile deeper

tile anesthesia, tile more prevalent was the

pressor response to Ilistanline. With thiopental,

although the results were essentially the same,

it was not easy to reach an a(lcquate depth of

anesthesia; either the ailestilesia was too super-

ficial and, consequently, the effect of histamine

still variable, or it reaciled rapidly a toxic and

fatal level.

These results suggest that the pressor effect

of histamine in the rabbit depends at least in

part on the depth of general anesthesia.

DIsCussioN. In rabbits studied under the ex-

perimental conditions ilere reported, histamine

produces a rapid and transient rise in arterial

blood pressure. Various reports olemonstrating

tilat histamine causes (lephetion of epmel)hrine

from the adrcnals in the cat an(l (log (Elliot,

1912; Houssay an(l Molmehli, 1925; Burn and

Dale, 1926; La Barre, 1927; Szczygielski, 1932),

could be interpreted as meamling tilat, in the

rabbit, the ilistanline pressor effect is mediated

by release of eildOgenous epinephrine. For

exanlpie, in the spinal cat Burn aild Dale (1926)

demonstrated tilat lustanline can in(luce a rise

of blood pressure, ill colltrast to the usual (he-

pressor effect seen in tile intact animal. How-
ever, this pressor effect does not appear after

bilateral adrenalectomy. Furtherniore, the as-

sumption of release of endogenous epinephrine

in the rabbit is eliminated by the present cx-

periments. They demonstrate that the pressor
effect of ilistaillille is Ileitller abolished by

bilateral adrenalectomv nor diminished or re-

versed by adrenergic blockimlg agents in (loses

capable of (himinishing by 80 �er cent the effect

of 1 nlicrogfll./kgfll. of epinephrine. These re-

suits are Illost cOIllpatible witil the interpreta-

tion tilat, iii the rabbit, histamine induces a

pressor response for uVilicil mobihzatioil of

epinephlrine is ilot a prerequisite.

Dale and Richards (1918), in one of their

earliest studies of llistamiIle found that liista-

Illille prooluceol constrictioil of arterioles in

rabbits during artificial limb perfusion. These

authiors first, :11101 Burn and Dale (1926) later,

P0iIIteOl out tilat histamllille Illay produte a (lual
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effect: relaxation of the capillary wall and con-

traction of the smooth muscle of arteries and

arterioles. According to) Buril and I)ale (1926),

in the cat, capillary dilatation would be the

most illanifest response to histamine but normal

capillary tOile must previously exist. Factors

affecting CaI)illarV tOlle, such as tile denervation

of all orgail, illay mllo(lify the response to hista-

mine. On the otiler hlan(l, the same �vorkers

demonstrated that histamille relaxed both-i

capillaries and arteries botil in the dog and

mOIlkey anol hence diol not elicit such dual ef-

fects in these species. These findings were later

confirmed by Page and Taylor (1947) in the

dog. In the rabi)it, as it is We11 known (Best and

MacHenry, 1931), histaIlline pro(lUceS constric-

tion of the pulmoilary arteries, but this phie-

nomellon does not explain tile rise of blood

pressure in the carotid artery. It could be as-
sumed that the arterial constriction does not

occur exclusively in the lungs but may also

occur in other organs to such an extent that this

factor WOul(l be responsible for the rise of blood

pressure. In fact, Feldberg (1927) demonstrated

in denervated rabbit ears that arterial constric-

tion can be produced by histamine. He con-

eluded that, in the rabbit also, histamine has

(lual effects: constriction on the arterial branches

inclu(hng the pulmonary arteries, and dilation

on the capillaries. Finally, he advanced the

hypothesis that capillary tone in the rabbit

woulol be normally Weaker than in tile cat or

(log and easily depressed or abolished by general

anestlleticS. When tile capillary tone is abolished

no more dilatation can be produced by hista-

mine afl(l collStriction of arteries may become

the only visii)le response, witil the consequent

rise of blood pressure.

Our findings confirm that under an appro-

priate deptii of surgical anesthesia the dominant

response to histamine in the rabbit is the rapid

rise of blood pressure, but the hypothesis of a

weaker capillary tone in this animal species

than in othlers still requires confirmation.

The results obtained by Siater and Dresel

(1952) arc particularly interesting in connection

With-i the problem of tile mechanism of vaso-

motor effects of histamine. These authors found

that during gaIlgliOnic blockade, histamine

elicited a Pr(550r response in the cat but not in

the dog. During ganglionic blockade, bilateral

adreflalectOnly in the cat only slightly

diminished the pressor response to histamine.

This response was, therefore, not primarily due

to mobilization of epinephrine from the adrenals.

On the other hand, ganglionic blockade of the

sympathetic efferent pathways produced de-

crease of capillary tone secondary to arterial

dilatation. Under such experimental conditions,

arteriolar constriction produced by histamine

becomes prominent. But in the dog, since hista-

mine (hilatcs arteries as well as capillaries,

ganglionic blockade does not reverse the de-

pressor effect of histamine.

In the rabbit. as reported here, ganglionic

blockade favors the pressor response to histamine

in both anesthetized and unanesthetized ani-

mals. Our findings demonstrate that the pressor

response is not mediated by mobilization of en-

dogenous epinephrine an(1 confirm indirectly

Feldberg’s (1927) results, i.e., factors causing a

decrease in capillary tone enhance the histamine

pressor response.

SUMMARY

Contrary to its depressor effect in cat, dog,

monkey and man, histamine produced in the

anesthetized rabbit a pressor effect qualitatively

comparable to that of epinephrine. This effect

was favored by general anesthesia. The deeper

the anesthesia the more regular was the pressor

effect. In unanesthetized animals or under light

anesthesia the responses Were erratic, there was

even a depressor effect.

In the dose range of 50 to 250 microgm./

kgm., the relationship between log dose and pres-

sor effect of histamine was linear. A dose approxi-

mately one hundred times that of epinephrine

was required to produce an equal pressor effect.

Epinephrine and histamine were mutually

antagonistic. Epinephrine given before hista-

mine in a single small dose diminished and, given

in a single higher dose or repeated small doses

reversed, the pressor effect of histamine. Hista-

mine given prior to epinephrine diminished the

epinephrine pressor effect but never reversed it.

Adrenergic blocking agents did not modify the

pressor response of histamine even in doses

strongly blocking the epinephrine effect. By

ganghionic blockade the pressor effect of hista-

mine was enhanced and the antagonism between

epinephrine and histamine was turned into syner-

gism. Adrenalectomy (lid not decrease the pres -

sor effect of histamine.
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In the discussion of these findings it is pointed

out that ti-icy are all compatible with the con-

clusion that the pressor effect of histamine was

not due to the mobilization of epinephlrine.
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