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Anaphylactic shock different in the various animal species
is characterized by damage of one organ which is called for
this reason the shock organ: such is classically considered the
bronchopneumonic apparatus in the guinea pig, the circulatory
system of the lungs in the rabbit, the liver in the dog, the peri-
pheral circulatory system in the rat and in the mouse. The
concept of tissue shock has been later added with the aim of
better explaning the single features of the syndrome. Generally
smooth muscle tissue is involved. Yet we still do not understand
the different behaviour of this tissue in the organs of the
various animal species.

With the aim of contributing to a clarification of the
problem we have examined in this study, which represents
the continuation and partly the synthesis of previous researches
(Melli et al., 1955; Mazzei et al., 1957), the electrocardio-
graphic and hemodynamic aspects of anaphylactic and hista-
minic shock in the guinea pig, rabbit and dog.

METHODS

Guinea pig—25 guinea pigs were sensitized by means of 2 subcutaneous injec-
tions of 1 cc of horse serum 1: 10 every other day. The shocking injection (o.5 cc
of the same solution) was done about 25 days after the second injection, 13 times
in a jugular vein, 2 times intracardiac, 10 times in the right carotid artery (the
needle was moved centripetally toward the aorta). Histamine shock was induced
in 12 guinea pigs by means of an endojugular injection of histamine bichlorydrate
at the dose of mg 0.2 (9 cases), mg 0.3 (2 cases), mg o.4 (1 case).
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The six peripheral leads of the electrocardiogram were recorded in these
animals during the development of anaphylactic and histaminic shock.

Rabbit—15 rabbits were sensitized by means of 4 subcutaneous injections of
1 cc of horse serum 1: 10 every other day. The shocking injection (2 cc of the
same solution) was done about 20 days after the last sensitizing injection through
the marginal vein of the ear. Histamine shock was induced in 5 rabbits by means
of intravenous injection of 1-2 mg of histamine bichlorydrate.

An electrocardiogram and the pressures in the right ventricle, pulmonary
artery, femoral artery were recorded in these animals during the shock either
anaphylactic or histaminic. The pressures in the lesser circulation were recorded
through a catheter; the pressure in the femoral artery was measured with a
mercurial manometer.

Dog—An experimental study of anaphylactic shock, of histamine shock and of
the hemodynamic changes consequent upon the ligature of the portal vein, was
performed in 65 mongrel dogs.

33 middle-sized dogs (6 to 15 kg) were utilized for the study of anaphylactic
shock. Sensitization was obtained in them by means of 14 daily subcutaneous
injections of 1 cc/kg of horse serum 1: 5. The production of antibodies was found
constantly good (Imwvernizzi et al.,, 1956). The shocking injection was done
15-25 days after the last sensitizing injection, 12 times through a catheter with
the tip in the inferior vena cava, 21 times in a peripheral vein (generally the
femoral vein). The experiment was performed in 2 animals under general
anesthesia, otherwise in unanesthetized animals because of the antianaphylactic
properties of narcosis (Mazzei, 1953; Zanussi & Mazzei, 1953).

In order to study the hepatic hemodynamics, a catheter was introduced under
radioscopic control from a jugular vein into the inferior vena cava (13 cases)
or into an hepatic vein (13 cases); a second catheter was pushed in the hepatic
venous system until it occluded a vein; a pressure corresponding to that of the
hepatic capillaries and very little below that of the portal vein was recorded
through this catheter (Myers & Taylor, 1951). That the catheter in such a posi-
tion was really arrested because it was occluding the catheterized vessel and not
due to other causes (engagement against a bifurcation), was shown by the pres-
sure there being clearly above that recorded in the hepatic veins and in the
inferior vena cava.

The femoral arterial pressure was recorded in every experiment. The pulmo-
nary arterial pressure was recorded in 6 animals.

Heparin was not added to the saline flowing to maintain the patency of the
catheters, because it plays an important role in anaphylactic shock of the dog
(Jacques & Waters, 1940, 1941).

The six peripheral leads of the electrocardiogram were recorded in every
animal.

The experiment was interrupted at the acme of the shock in 5 cases with the
sacrifice of the animal; the abdomen was rapidly opened so that a macroscopic
examination of the liver could be done and specimens could be obtained for an

13*




190

histological examination. After fixation in formalin and inclusion in paraffin
the slides were either coloured with hematoxylin-eosin or impregnated with silver.

17 middle or large-sized dogs (10 to 35 kg) were utilized for the study of
histamine shock; the experiments could be performed under a general anesthesia
(injection of a solution of morphine and chloral into the peritoneum) as the
narcosis does not interfere with the picture of histamine intoxication. The shock
was induced by injecting histamine bichlorydrate into a femoral vein at the dose
of o.1 mg/kg. The abdomen was longitudinally opened along the middle line in
11 among these animals, after placing a catheter to measure the hepatic venous
pressure (7 cases) and hepatic “capillary” pressure (6 cases); a second catheter
could then be guided under control from a large mesenteric vein to the portal
trunk. The femoral artery was cannulated in all animals. An electrocardiogram
was recorded in 6 animals in the 30 minutes following the injection of histamine.

In order to study the mechanism of the hemodynamic changes induced by
anaphylactic and histamine shock in the dog we compared these changes with
those following the ligature of the portal vein. The hepatic “capillary” pressure,
the pressure in the portal vein, in an hepatic vein and in the femoral artery
were measured in basal conditions and after ligature of the portal vein in 15
dogs, a variable number of times for each dog.

The hemodynamic changes observed during the experiments on the dog were
analyzed statistically. The arithmetical mean, the standard deviation and the
Student’s t test were calculated; we called the differences, as usual, “non signi-
ficant” when they could be due to chance with a probability greater than 5 per
cent, “significant” when the probability was less than 5 per cent and “highly
significant” when the probability was less than 1 per cent.

RESULTS

Guinea pig.—Anaphylactic shock was lethal in 12 cases,
severe in 2, moderate in 4, light in 6; a shock was not observed
in 1 case. The shock was lethal 6 times, severe once, moderate
3 times, light twice when the antigen was injected into a vein;
the shock was lethal § times, severe once, moderate once, light
3 times when the antigen was injected into an artery. The
shock was lethal in 1 animal, light in 1 after intracardiac in-
jection of the antigen.

The injection of histamine induced a shock in all animals;
death occurred in 8 among 12 experiments.

Dominating feature was in all animals with shock, either
anaphylactic or histaminic, the well known asphyxia, which
was not investigated further.
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Fig. 1.
Lethal/anaphylactic shock. The paper speed is 50 mm/sec, instead of 25 mm/sec
as usually. Immediately after the shocking injection (B) marked displacements of
the ST segment appear with partial a—v block. The tracing C, recorded go sec
after the shocking injection, shows total a—v block and almost complete regression
of the ST segment changes. The tracing D shows premortal elevations of the
ST segment,

Electrocardiographic observations. The electrocardiogra-
phic changes were alike in both types of shock. They are
summarized in Table 1. Two kinds of them have been re-
cognized: 1) arrhythmias, 2) changes of the ST segment and
T wave.

1) Arrhythmias. Particularly important because of its fre-
quency (15 in 25 cases of anaphylactic shock and 10 in 12
cases of histaminic shock) and because of its precociousness
was the occurrence of an idioventricular rhythm; the idioven-
tricular rhythm was sometimes tachycardic, but more frequent-
ly bradycardic; complexes originating from the left ventricle
alternated frequently with complexes originating from the
right ventricle; the shock was lethal or severe in any experi-
ment with this arrhythmia; an initial short run of extreme
tachycardia was followed by a progressive bradycardia in the
most severe shocks. The idioventricular rhythm ceased within
1 to 2 minutes even in the lethal shocks and the sinus rhythm
started again. Then usually premature beats, isolated escapes
of nodal or ventricular centers, nodal or ventricular rhythms
were recorded.
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An atrio-ventricular block was observed in 19 cases: 18 of
these were lethal shocks, 1 was a severe shock. Generally the
atrio-ventricular block was at first sporadic, then partial,
finally complete. (Fig. 1).

2) Changes of the ST segment and T wave. Displacements
of the ST segment and changes of the T wave indicating
subendocardial or subepicardial ischemia and lesion were com-
monly observed. The changes of the ST segment and T wave
clearly indicated circumscribed impairment of the coronary
circulation in 19 cases. They were precocious and transient in
the majority of the cases. Changes of the repolarization and
in particular high monophasic waves reappeared during the
premortal stage in the lethal shocks. The premortal changes
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Fig, 2,
Lethal anaphylactic shock. Transitional rise of the right ventricular pressure.
The femoral arterial pressure at first rises, then drops below the basal value.
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could be distinguished from the initial ones not only because
of an intermediate regression, but also because of a different
localization. (Fig. 1).

A characterizing sequence of electrocardiographic abnor-
malities was the following in severe and lethal shocks, either
anaphylactic or histaminic: precocious bradycardia, precocious
signs of coronary impairment, almost complete regression of
them, appearance of new changes of the repolarization.

Electrocardiographic changes have been absent only once
among cases with light shock; altered repolarization and
arrhythmias (nodal rhythm, ventricular rhythm, premature
beats) have been observed in the others, without a close cor-
respondence between evidence of the electrocardiographic
abnormalities and degree of the shock. Neither the site of
injection of the antigen was shown to be influential.

Rabbit—The entity of the shock was hardly definable in
our experiments due to the need of fixing beforehand the ani-
mal on the operative table. Sometimes convulsions and dyspnea
were observed, sometimes muscular hypotonia was the only,
though remarkable, sign. The anaphylactic shock was lethal
twice, moderate 11 times; no signs of shock were produced in

TABLE 1
Frequency of the electrocardiographic changes during anaphylactic and histaminic
shock in the guinea pig and in the rabbit.

Inversion | Ventri- Pre-
| ofthe | cular | ¥, | l;’]c:f"l ‘mature
T wave ‘rhythm e FRYERmM | heats
Anaphylactic shock 16 15 12 6 6
(25 cases)
Guinea pig . .
Histaminic shock 9 10 7 3 9
(12 cases)
Anaphylactic shock 6 4 2 2 5
(15 cases)
Rabbit ) o
Histaminic shock 3 3 1 o 3
(5 cases)
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2 experiments. The injection of histamine was followed by
lethal shock once, by severe shock twice, by light shock twice.

Remarks on pressor values. The systolic pressure in the
pulmonary arteries rose during anaphylactic shock in g of 12
animals, by 5 to 13 mm Hg; no correspondence was recognized
between entity of the shock and entity of the hypertension.
No rise of the pulmonary arterial systolic pressure was ob-
served in 3 cases; the shock was light in 2 of these cases, very
light in one.

The systemic pressure was recorded in 9 experiments: no
change in 2 cases, a fall of 20 to 50 mm Hg was observed in
7 cases. A noteworthy, though transient, rise preceded the
fall of the systemic pressure in some experiments. (Fig. 2).

A remarkable rise of the pulmonary arterial pressure
(respectively of 8, 10 and 12 mm Hg) was observed in the 3
animals presenting a severe or lethal histamine shock. The
pulmonary arterial pressure was not recorded in the 2 animals
in which the injection of histamine induced a light shock.
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Fig. 3.
Lethal anaphylactic shock. A: basal electrocardiogram. B, C, D: electrocardio-
grams recorded between 30 sec and 1 min after the shocking injection. E: elec-
trocardiogram recorded 3 min after the shocking injection. In C prolonged heart
standstill followed by a ventricular rhythm; an isolated supraventricular beat
is seen with a deep depression of the ST segment. In D sinus rhythm; the ST
segment is deeply depressed in leads III and aVF. In E complete a—v block;
the ST segment is depressed in leads I1, I11, aVF, elevated in aVL.
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Electrocardiographic observations. They are summarized in
Table 1. Clear displacements of the ST segment and changes
of the T wave, the direction and diffusion of which were
indicative of subendocardial involvement, were seen in the 2
animals in which the shock was lethal; moreover severe ar-
rhythmias and finally ventricular fibrillation were noted in
these 2 cases. (Fig. 3). Clear changes of the ST segment and
of the T wave were recorded 3 times, isolated changes of the
T wave 3 times, isolated premature beats once, no electro-
cardiographic abnormalities 4 times among the 11 experiments
in which the shock was not lethal.

Changes similar to those recorded in the lethal anaphylactic
shock were observed in the 3 animals in which histamine shock
was severe or lethal; no electrocardiographic abnormalities
were observed in the 2 animals in which the histaminic shock
was light.

The electrocardiographic abnormalities seemed grossly
proportional to the entity of the shock, either anaphylactic or
histaminic; the abnormalities were precocious and their re-
gression was simultaneous with the regression of the shock.

Dog.—28 among the 31 animals in which an anaphylactic
shock was induced in absence of narcosis, showed signs of more
or less severe gencralized anaphylaxis. The most common
symptoms were prostration, vomiting, dyspnea, defecation,
urination; the first was constant, the others were less and less
frequent. The vomited material was not hemorrhagic, in con-
trast with the common statements. We have never observed
convulsive phenomena in the limbs. Only 2 dogs died in the
6 hours following the shocking injection. Neither the ana-
phylactic picture nor hemodynamic changes were observed in
the 2 animals in which the shock was induced during narcosis.
Injecting the antigen in the inferior vena cava or in the femoral
vein was the same with regard to the anaphylactic picture or
the pressor changes.

Dyspnea was constant, mild generalized muscular contrac-
tions were sometimes seen during histamine shock but no
vomiting or diarrhoea.
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Fig. 4.
The administration of histamine (arrow) is followed by a steep rise of the
hepatic “‘capillary” pressure, a drop of the femoral arterial pressure, a late drop
of the hepatic venous pressure,

There was no general nervousness but a mild hyperpnea was
noted in the animals in which, under narcosis, the vena porta
had been ligated.

Remarks on pressor values. The data are summarized in
Table 2.

1) Systemic arterial pressure. This value was determined
in 18 unanesthetized animals during anahylactic shock: the
pressure dropped in 17; the only sign of shock was a mild
portal hypertension in the single animal in which the systemic
arterial pressure did not drop. The mean drop was 75.6 =+
13.9. The variation is highly significant. The beginning of the
pressor drop occurred always quite early (7” to 3) ; the return
to the basal values was gradual, generally 15" to 30" after the
shocking injection.

The systemic arterial pressure was determined in 15 animals
during histaminic shock; the drop was constant. (Fig. 4). The
mean drop was §1.7 = 24.7. The variation is highly significant.
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The systemic arterial pressure was determined 23 times
after ligature of the portal vein; it remained unchanged 15
times (Fig. 5), it rose in 1 dog, it dropped in 7. The mean
change was a drop of 6.7 = 13.4. The variation is not signi-
ficant.

2) Hepatic “capillary” pressure. This value was deter-
mined during anaphylactic shock in 24 experiments. It rose in
all but one experiment; the mean rise was 7.8 = 6.3. The
variation is highly significant. The rise started 20” to 3" after
the shocking injection, reached rapidly the maximum value
and returned to the normal within 9 to 30’. (Fig. 6). The rise
of the hepatic “capillary” pressure preceded always the ap-
pearance of vomiting and diarrhoea.

The hepatic “capillary” pressure was determined during
histamine shock in 6 experiments. It rose in all (Fig. 4); the
mean rise was 11.0 = 7.3. The variation is highly significant.

The variations of the hepatic “capillary” pressure were not
statistically significant after ligature of the portal vein; no
change was observed § times, there was a slight drop 9 times,
there was a slight or moderate rise 10 times. The mean change
was a rise of 0.7 = 3.8.

3) Pressure in the hepatic veins. This pressure was deter-
mined in 13 experiments during anaphylactic shock; there was
a rise in 2, a drop in 10, no change in 1. (Fig. 6). The mean
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Fig. 5.
The ligature of the portal vein is not followed by a drop of the femoral arterial
pressure.
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value of the variations was —2.9=4.2. This variation is signi-
ficant. The drop started 20” to 4" after the shocking injection
and disappeared within 15",

There were no significant changes of the pressure in the
hepatic veins during histamine shock; this pressure decreased
in § experiments, rose in 1, remained unchanged in 1. (Fig. 4).
The mean variation was —1.8 =+ 2.4.

Not even after ligature of the portal vein were significant
variations of the pressure in the hepatic veins observed; a drop
was recorded in 2 experiments, a rise in 2, no change in §.
The mean variation was —o0.2 = 3.3.

4) Pressure in the inferior vena cava. The pressor changes
in the inferior vena cava (recorded only during anaphylactic
shock) corresponded to those described in the hepatic veins.
The record was done in 13 experiments; no changes were ob-
served in 3 cases, a rise in 1, a drop in 9. The mean variation
was —3.1 == 3.3. This is highly significant. Even the time of
appearance and of return to the normal were similar to those
described for the hepatic veins.

5) Pressure in the portal vein. This pressure was not re-
corded during anaphylactic shock because the animals were not
anesthetized. It was recorded during histamine shock in g
experiments; the pressure rose in all; the mean rise was 13.8
=+ 7.5. It is highly significant.

After ligature of the portal vein the mean rise proximal to
the ligature was 20.8 =+ 10.4. (Fig. 5). It is highly significant.
This value was determined in 16 cases.

6) Pressure in the pulmonary artery. It was recorded in 6
experiments during anaphylactic shock; there was a drop in 4,
a moderate rise in 2. The mean variation was —0.5 =+ 9.4.
It 1s not statistically significant.

7) Quantitative relations among the various phenomena of
anaphylactic and histamine shock. The entity of anaphylactic
shock, as it could be evaluated from the exterior symptoms,
was not clearly related to the entity of the various hemodyna-
mic changes. So beside animals presenting in severe shock and
slight hemodynamic changes, there were animals in which a



o Rkt b
SR oy e TS ity 5 w
mm+- 7117 HEPATIC VEIN ».. Li. . mmwg
'0] E20 ] o) § o £ S | [10
o & . o s e oy 3 ¥ 1 0
HEPATIC “CAPILLARY" i}
Bl - TF o e
,1..0,..&,1 0 e o /3 5 1 10
R T T ]
Fig. 6.

a: basal tracings. b: tracings during anaphylactic shock. The gradient between
the hepatic “capillary” pressure and hepatic venous pressure rises
from 6 to 13 mm/Hg.

severe circulatory collapse or a sharp hepatic “capillary”
hypertension were not apparently accompanied by severe shock.

The gradient between the hepatic “capillary” and the hepa-
tic venous pressure, studied in 9 experiments with anaphylactic
shock, constantly rose (Fig. 6) ; the mean rise was 9.2 + 3.8.
It is highly significant.

The gradient between the hepatic “capillary” pressure and
the pressure in the inferior vena cava was studied in 10 experi-
ments with anaphylactic shock; there was a mean rise of 11.9
=+ 7.3. It is highly significant.

The gradient between the hepatic veins and the inferior
vena cava, examined in 3 experiments with anaphylactic shock,
did not change.

The gradients between the hepatic “capillary” and the hepa-
tic venous pressure, between the hepatic “capillary” pressure
and the pressure in the inferior vena cava were not examined
during histamine shock in experiments numerous enough to
allow a statistical evaluation. (Fig. 4).
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A basal electrocardiogram. B, electrocardiogram 2 min after the shocking
injection; severe tachycardia without evident change of the repolarization.

As to the pressor changes in the femoral artery they were
absolutely unrelated to those in the hepatic circulation during
both anaphylactic and histamine shock.

8) Time relations among the various phenomena of the
anaphylactic and histaminic shock. The drop of the systemic
arterial pressure started after the rise of the hepatic “capil-
lary” pressure only in 1 experiment, simultaneously with this
in 4, before this in 7. The changes of the portal venous, of the
hepatic “capillary”, of the hepatic venous pressure and of the
pressure in the inferior vena cava were generally simultaneous.

The same time relations were observed during histamine
shock. In particular the drop of the systemic arterial pressure
started after the rise of the hepatic “capillary” or portal
venous pressure in 3 experiments, simultaneously with this in
4, before this in 6.

Electrocardiographic observations. The electrocardiogram
was studied in 12 experiments during anaphylactic shock, in 6
experiments during histamine shock. Tachycardia, sometimes
of high degree, was noted. There were no conduction defects,
no exaggerated myocardial excitability or signs of evident co-
ronary impairment. (Fig. 7). Sometimes mild changes of the
T wave, in all probability secondary to the tachycardia, were
noted.
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Pathologic observations. An examination was done of the
liver in § animals sacrificed at the acme of the shock. Its
volume was considerably increased, the color was bright, the
capsule was stretched; when cut a lot of hematic fluid flowed
out.

Microscopically cellular swelling, electively localized in the
external two thirds of some lobules, was observed. The sinus-
oids showed essentially two types of changes, even in a single
slide: the collapse of the walls, especially where the cellular
swelling was predominant, or severe congestion, particularly
in the centrolobular region. Both the cellular swelling and the
congestion of the sinusoids participated in characterizing the
macroscopic aspect of the liver.

DISCUSSION

Guinea pig (37 experiments). The electrocardiographic
study, confirming our previous researches, has shown that
severe and complex changes of the cardiac rhythm (atrio-
ventricular blocks, sustained or isolated escapes of nodal and
ventricular centers, premature beats) and changes of the ST
segment and T wave, index of subendocardial or subepicardial
lesion-ischemia, occur in association with both the anaphylactic
and histamine shock of the guinea pig. The electrocardio-
graphic changes were precocious and correlations could be
recognized between type and entity of the electrocardiographic
changes on the one hand and the entity of the shock on the
other.

Of particular interest is the observation that signs of lesion-
ischemia could be present when the spasm of the bronchial
muscles was to be considered slight. These are experiments
that make us think that the sharing of the coronary circulation
in anaphylactic and histamine shock of the guinea pig is pri-
mary and sometimes apparently localized. On the other hand
we have shown in other experiments that asphyxia per se does
not imply electrocardiographic changes except when extreme
and in the premortal stage (Melli et al., 1955).

14 Acta Allergologica, XVIII, 3
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These experiments confirm that the picture of the ana-
phylactic shock is the same if the shocking injection is done
in the aorta, a carotid artery or a vein. The prevalence of
respiratory and cardiac phenomena is not due to a technical
artifice, such as the lungs coming precociously in touch with
the antigen, but to their peculiar characteristics. We confirm
therefore that the “shock organ” of the guinea pig (this term
meaning an organ particularly reactive and dominating the
morbid picture and not exclusively the reactive organ) are the
respiratory apparatus and the myocardium. The “shock tissue”
is to be considered in this animal the bronchial and coronary
musculature.

Rabbit (20 experiments). We have shown, by means of the
cardiac catheterization, that anaphylactic and histamine shock
in the rabbit occur in association with an important rise of the
right ventricular and pulmonary arterial pressure, while the
systemic arterial pressure, after a very short but considerable
rise, undergoes a remarkable drop. The right ventricular and
pulmonary arterial hypertension are to be considered appar-
ently due to a rise of the pulmonary resistances.

We have observed during anaphylactic and histamine shock
changes of the ST segment and T wave referable to involve-
ment of the coronary arteries. The type of the electrocardio-
graphic changes and the lack of correlations between the
hemodynamic changes in the lesser circulation and the electro-
cardiographic abnormalities make us to believe that these are
not secondary to pulmonary hypertension and right ventricular
load. Thus the lungs and myocardium behave as “shock or-
gan'’, while the smooth musculature behaves as “shock tissue'.
The coronary muscle fibers are apparently involved as in the
guinea pig. A difference exists in the two experimental animals
as far as the respiratory apparatus is concerned: while the
bronchial musculature is involved in the guinea pig, the muscu-
lature of the arterial tree is involved in the rabbit.

Dog (65 experiments). No electrocardiographic abnormali-
ties to be ascribed to involvement of the coronary circulation
have been shown during anaphylactic and histamine shock.
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Fig. 8.
A': basal electrocardiogram. B, electrocardiogram 2 min after administration of
Polyvinylpyrrolidone ; inversion of the T wave in leads I, II, III, aVF. C, elec-
trocardiogram 6 min after administration of Polyvinvlpyrrolidone; the inversion
of the T wave in the same leads is deeper.

This lack of evident signs of coronary impairment during
anaphylactic and histamine shock has been a surprise to us,
because we had shown them in the dog after administration of
Polyvinylpyrrolidone (Folli et al., 1955) and have recently
confirmed after further research on Polyvinylpyrrolidone and
the histamine releaser 48/80 (unpublished data) (Figs. 8, 9).
As far as we know this difference between anaphylactic and
histamine shock on the one hand and the effects of histamine
releasers on the other is not known and is one instance of the
few differences between the two experimental procedures.
Arterial systemic hypotension and portal hypertension are
the most evident hemodynamic consequences of anaphylactic
and histamine shock. The portal hypertension has been directly

14*
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Fig. o.
A': basal electrocardiogram. B, electrocardiogram 2 min after administration of
48/80; a-v block 2: 1. C, electrocardiogram 4 min after administration of 48/80;
a—v block and dissociation, deep inversion of the T wave in leads I, 1I, aVF.

measured through a catheter during the histamine shock, has
been indicated by the hepatic “capillary® hypertension during
anaphylactic shock; there is no need to emphasize that a close
relationship between the hepatic “capillary” pressure and the
portal pressure has been shown by Myers & Tavlor (1951).

No hypertension in the hepatic veins and in the inferior vena
cava have accompanied the portal hypertension; a drop of the
pressure in the hepatic veins and in the inferior vena cava was
on the contrary observed in some experiments. The classic
hypothesis which refers the hepatic changes occurring in the
shock of the dog to a spastic contraction of a muscular ring
(sphyncter of Maunther & Pick) in the wall of the hepatic
veins (Wells, 19115 Simonds, 1919; Simonds & Brandes,
1927 a, b) is shown therefore to be incorrect. As the hepatic
“capillary” and portal hypertension is not reflected in the
hepatic venous system we can state that an obstruction is
established at the level of the portal capillaries or of the
hepatic venules.

Some authors (Heil et al., 1924, Simonds & Brandes,

!
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1927 a, b) have referred the systemic arterial hypotension,
typical of anaphylactic and histamine shock, to the hepatic
barrage. This hypothesis is no longer tenable after our experi-
ments. The drop of the systemic arterial pressure is simultane-
ous with or precedes the pressor changes in the hepatic cir-
culation except in 1 experiment. Moreover we emphasize that
while the systemic and the hepatic pressor changes are both
remarkable in some experiments, they are unrelated in others.
On the other hand the data obtained after ligature of the
portal vein show that a barrage in the portal circulation does
not provoke either a systemic collapse, or just significant
changes of the systemic arterial pressure. It is true that the
portal barrage was not at the level of the intrahepatic rami-
fications in this experimental model; this however ought not
to make a difference. We conclude that the hepatic barrage
doesn't play a determinant role in provoking the systemic col-
lapse characteristic of anaphylactic and histaminic shock in
the dog. Probably the two phenomena are independent signs
of shock. The centralizing of the morbid phenomena in the
liver is certainly due to the peculiar features of this organ in
the dog and not to experimental artefacts. In fact our experi-
mental method did not carry an accumulation of the noxious
agent in the liver, it should be the lungs that would be first and
prominently involved. We have not observed dyspnea or hy-
pertension in the lesser circulation. Therefore the liver is the
“shock organ” (in the restrictive meaning stated above) in
the dog.

The “shock tissue’ in this animal remains unsettled. In fact
clarifying the basis of the hepatic barrage is impossible on the
basis of our experiments. A vascular spasm, either at the level
of the post-capillary venules or at the opening of the capillaries
into the venules, or an extrinsic compression of the capillaries
by interstitial edema could be a possibility. Only in the first
case the smooth musculature could be considered *“shock tissue™
even in this experimental animal. Otherwise the liver cells, the
mastzellen or blood cells are to be taken into consideration as
“shock tissue”.
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CONCLUSIONS AND SUMMARY

The electrocardiographic and hemodynamic study of ana-
phylactic and histamine shock has allowed us to reach the
following conclusions.

1) Severe myocardial lesions, which we regard as related
to coronary spasm because of their early development and
evolution, are shown in the guinea pig both in anaphylactic
and histamine shock.

2) The coronary-myocardial changes arc primary like the
bronchial constriction: they are conspicuous and appear simul-
taneously with asphyxia, they can be quite prominent when the
bronchial constriction is moderate. Severe mechanical obstruc-
tion of the airways does not lead to analogous electrocardio-
graphic changes (except in the premortal stage).

3) The pulmonary apparatus and the myocardium are
therefore to be considered the “shock organ” of the guinea
pig. The smooth musculature of the bronchi and of the coro-
naries is the “shock tissue”. As the picture of the shock appears
absolutely identical wherever the antigen is injected (a vein,
a carotid, the aorta, the left ventricle) we have to admit that
this morbid centralization is a peculiar feature of this animal
species and not an experimental artefact. We cannot rule out
a contributory role of spasm in other vessels.

4) Constant, early and quite marked (though less than in
the guinea pig) electrocardiographic abnormalities related to
coronary spasm, are seen during anaphylactic and histamine
shock in the rabbit.

5) Right ventricular and pulmonary arterial hypertension
appear simultaneously in this animal during shock. They ap-
pear to be due to a rise of the pulmonary resistance (“pulmo-
nary barrage”). A noteworthy, though transient, systemic
arterial hypertension occurs which is followed by severe hypo-
tension. The pulmonary arterial tree and the coronaries are to
be considered the “shock organ” in the rabbit. The participa-
tion of other vascular territories is not ruled out even in this
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experimental animal. The smooth musculature is the “shock
tissue’’.

6) No significant electrocardiographic abnormalities or
dyspnea have been observed in the anaphylactic or histamine
shock in the dog, not even when the antigen, injected through
the inferior vena cava, was brought into immediate contact
with the lesser circulation and afterwards with the myocardium.

7) This lack of electrocardiographic abnormalities is in
contrast with the effects of histamine releasers and is one
instance of the few differences between the two experimental
procedures.

8) Anaphylactic and histamine shock of the dog are fol-
lowed by hepatic “barrage” and portal hypertension, while the
pressure in the hepatic veins and in the inferior vena cava
remain unchanged or decrease.

9) A barrage in the portal circulation is therefore estab-
lished during anaphylactic and histamine shock of the dog. The
barrage however is not, as classically stated, due to contraction
of a sphyncter at the junction between the hepatic veins and
the inferior vena cava; it is to be localized inside the liver at
the level of the capillaries or venules.

10) A remarkable drop of the systemic arterial pressure
occurs simultaneously with the above mentioned phenomena
or sooner. This hypotension cannot be a consequence of cardiac
failure, nor is it due to the hepatic barrage and diminished
venous return; in fact no arterial systemic hypotension follows
the ligature of the portal vein. The arterial systemic hypo-
tension is to be considered a direct consequence of the shock.

11) Certainly the picture of the anaphylactic shock in the
dog is dominated by the hepatic strain and therefore the liver
is the “shock organ’ of this animal. The “shock tissue™ re-
mains undecided.

12) The reason why the responsiveness of the different
organs varies according to the animal species and also the
reason why the same ‘“shock tissue”, namely the smooth
musculature, is responsive in one rather than in the other is
not known.



10.

12,

210

REFERENCES

. Bordet, P.: Traité de I'immunologie. Masson et Cie Ed., Paris 1939.

Burrage, W. & Iravin, J. JW.: Microscopic observations of the intrahepatic
circulation of living guinea pigs before and during anaphylaxis. Ann.
Allergy 11,137, 1953,

. Folli, G., Rumolo,R. & Libretti, A.: Studio emodinamico ed elettrocardio-

grafico dello shock da polivinilpirrolidone nel cane. Atti XVII Congr.
Soc. It. Cardiol. pag. 362, 1955.

Invermizzi, F., Mazzei, D, & Vitolo, E.: Comportamento degli anticorpi cir-
colanti nell'anafilassi del cane. Atti III Congr. Europeo Allergol.
1,92, 1956,

Jaques, L. B. & Waters, E. T.: The isolation of eristalline heparin from the
blood of dogs in anaphylactic shock. Am. J. Physiol. 72g, 389, 1940.

Jaques, L. B. & Waters, E. T.: The identity and origin of the anticoagulant
of anaphylactic shock in the dog. J. Physiol. 00, 454 1941.

- Mazzei, D.: Anafilassi sperimentale e narcosi eterea. Comportamento del

potere complementare del siero, Boll. Ist. Sieroter, Milanese 32, 261,
1953.

Mazzei, D., Vitolo, E., Invernizzi, F. & Folli, G.: Alcuni aspetti fisiopato-
logici dello shock anafilattico del cane. Ricerche emodinamiche, elettro-
cardiografiche ed anatomopatologiche, Folia Allergol. ¢, 367, 1957.

Melli, G., Folli, G. & Mazzei, D.: L'organo di shock nell'anafilassi del
coniglio e della cavia (osservazioni emodinamiche ed eletttrocardio-
grafiche). Folia Allergol. 2,423, 1935.

Myers,J.D. & Taylor, W.J.: An estimation of portal vein pressure by
occlusive catheterization of an hepatic venule. J. Clin. Invest. 30, 662,
1951.

- Simonds, J. P.. The fundamental physiologic reaction in anaphylactic and

peptone shock. Preliminary report. LA.M.A, 73, 1437, 1919,

Simonds,J. P. & Brandes, W. . Anaphylactic shock and mechanical ob-
struction of the hepatic vein in the dog. J. Immunol. 13,1, 1927 2,
Simonds,J. P. & Brandes, W. W.: The effect of mechanical obstruction of

the hepatic veins upon the outflow of lymph from thoracic duct. J.
Immunol. r3, 11, 1927 b.
Weil,R., Dean & Webb: |. Path. a. Bacteriol. 1924 (quoted by Bordet, 1939).
Wells, H. G.: Studies on the chemistry of anaphylaxis. III — Experiments
with isolated proteins especially those of the hen’s egg, J. Infect. Dis.
0, 147, 1911,

. Zanussi, C. & Mazzei, D.: Anafilassi e narcosi eterea, Riv. Ist. Sieroter,

Italiano 28, 244, 1953,



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





