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Haemagglutination caused by influenza and related viruses is inhibited
in a significant degree by tissue extracts and body fluids. As regards the details
of this problem, we refer to the works by Burnet[1, 2, 3] as well as to studies
published by Anderson[4], Bieling and Oelrichs [5]. Not only erythrocytes, but
also other tissues possess virus adsorbing capacity. Mitochondria isolated from
hepatic cells bind the virus of influenza [6]. Of a virus introduced into the excised
lung of mammals, considerable amounts are adsorbed by the pulmonary epi-
thelium [7, 8, 9]. This latter phenomenon is equally observable in animal species
not susceptible to the virus [9].

We have, however, been unable to find data in the literature to decide
whether the vascular endothelium is capable of adsorbing virus. It has been
thought that the problem could adequately be studied in organs removed from the
body and perfused with influenza virus material. The experimental procedure
adopted for this purpose was essentially the following. Under anaesthesia, the
vena portae of the animal was cannulated. Subsequently the liver, carefully
perfused with sahne, was removed from the abdominal cavity and a suspension
of virus of known titre was circulated in the blood vessels. The observations made
in the course of these investigations are the subject matter of the present

paper.

Material and Methods

Virus material. Allantoic fluid from infected chick embryos was used. In cases where
virus was titrated by the haemagglutination method only, fresh, not more than two weeks old*
allantoic fluid stored in the frozen state at — 20°C was employed. In cases where the reduction
of infectivity titre was also studied in order to follow the changes in the degree of virus ad-
sorption, virus material harvested on the day of the experiment was used.

Titration of the virus. The method employed for determining HA titres has been described
[9].The fluid dripping off the hepatic vein was titrated for haemagglutination, both undiluted
and in a serial dilution beginning 1:2. The original samples and their dilutions were mixed
with an equal volume (0,1 ml) of a chicken erythrocyte suspension. Agglutination was read
after 45 minutes. If no agglutination could be detected in the first tube, the titre was taken as
«< 2».

Infectivity was titrated according to Horvath[10], in semi-micro tissue cultures made
of ohorio-allantoic membrane suspensions. As to the details of the procedure, the paper by
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Horvath should be consulted. Five parallel semi-micro cultures were made of each virus dilution
and after 72 hours’ propagation the rate of multiplication was estimated by the haemagglutina-
tion method. The method allowed to estimate the infectivity titre within a margin of error of
+ 0,3 log units.

Removal and perfusion of liver. With due regard to the experience of Jancsé [11], the
following technique was employed in making the liver preparation. Young guinea pigs (250 to
300 g), adult rats (280 to 350 g), as well as old albino mice (25 to 30 g) were used. The animals
were laparatomized under ether anaesthesia, the portal vein was gently compressed and through
an incision made in its wall a glass cannula of suitable size, filled with saline, was introduced in
the direction of the liver and held in place by ligation. Without delay the liver was perfused with
saline to remove blood. Then the thorax was entered through the diaphragm, the inferior vena
cava severed above the diaphragm and the animal was bled to death. The diaphragm was de-
tached from the thoracal wall, the liver gently raised, the peritoneal parts and ligaments were
cut and the liver so freed was removed from the abdomen. Meanwhile, saline with physiological
perfusion was continued. The liver was placed on an inclined glass plate, 9x 12 cm in size, with
one corner as the lowest point. The fluid oozing out of the liver flowed toward this point, where
it dripped off. The rate of flow could satisfactorily be estimated by counting the drops. The
glass cannula inserted into the liver was attached to a glass coil in a water bath by means of a
thin rubber tube. The temperature of the fluid passing through the coil could thus be regulated.
The coil, whose internal diameter was 4 mm, ended in a small glass container, which formed
the highest part of the system. The fluid poured into the container, after passing through the
coolable coil and the liver, left through the hepatic vein, collected in small drops on the glass
plate and dripped into a volumetric cylinder. The fluid collected in the cylinder was at intervals
re-introduced into the glass container, in order to maintain a constant flow of the virus-bearing
fluid. The total capacity of the coil and the cannula was 21 ml. For mouse livers the volume of
the system was adequately reduced by means of shortening the tubing. The liver of guinea pigs
and rats used in the experiment took up an average of 5 ml of fluid, while mouse liver could take
up about 2 ml. These values were duly considered and were added to the volume of the tubing.

Prior to circulating the virus-bearing fluid, the coil was kept in melting ice and the liver
was perfused with ice-cold dilute formaldehyde and saline for 30 minutes. As a result, the liver
was considerably chilled and the thermometer inserted between its lobes showed temperatures
of 8° to 9° C

When the level of the last portion of the washing fluid reached the outlet of the glass
container, the virus-bearing fluid was immediately poured into the container. In this way er-
rors due to dilution of virus could be practically eliminated. Cooling was maintained while
circulating the virus. Immediately after the virus was measured into the container we began to
measure the volume of the fluid dripping out of the liver until 26 ml (or, with mouse livers, a
proportionate volume) had collected, which was then discarded. After that moment the fluid
dripping out of the liver was considered to be the virus material. The first 4 ml of this fluid col-
lected in the volumetric cylinder was set aside as sample 1. This sampling marked the beginning
of the experimental period. The collected portions, in the order of collection, were successively
re-introduced into the container at the very moment it became empty. Precautions were taken
to prevent bubbles of air from entering the system. By this simple method a steady flow of virus
material could be maintained in the system. The livers of guinea pigs and rats were perfused with
40 ml, the mouse livers with about 20 ml of virus-containing fluid. It took about 10 minutes for
the 40 ml of fluid to pass through the liver.

Control of liver preparations. According to Jancso [11], the liver perfused with metal col-
loid sols filters out metal particles from the fluid. This is, however, not to be ascribed to Kupffer
cell function, but is the result of the so-called »ultrafiltrative action« of the liver. In the presence
of hydrophil colloids (serum protein, gelatin) the activity of Kupffer cells is markedly increased
while in the absence of proteins the adsorbing capacity of the hepatic capillaries becomes very
significant.

g When a carefully washed liver preparation was perfused with India ink diluted with saline,
the fluid dripping out of the hepatic vein was practically colourless. Microscopic examination
of the liver revealed that the capillaries were obstructed by avery large number of India ink
granules, but there were no such granules detectable in the Kupffer cells. If a mixture of India ink
and bovine serum was used for perfusion, the outflowing fluid did not differ in colour from the
original. In such cases histological examination showed no precipitated granules of India ink, but
such granules were stored in the Kupffer cells.

Liver preparations treated with formaldehyde bound the introduced virus gradually,
while untreated livers bound all the virus contained in the perfusion fluid on the first occasion
already. These phenomena seem to indicate that on treatment with formaldehyde the non-
specific adsorbing capacity of hepatic capillaries becomes either abolished or very greatly reduced.
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For this reason the livers used were perfused with formaldehyde and washed thoroughly. Ad-
sorption of virus was considered characteristic only if on rewarming the organ at alater point
of time the virus could partly be eluted.

On completion of the experiment, the liver was perfused with 5 ml of dilute methylene
blue in physiological saline, in order to determine whether all the lobes participated in the per-
fusion, indicating that the cannula was introduced properly.

Results

The liver preparations made as described above were perfused with influ-
enza PR8, Lee, Swine, as well as with Newcastle virus. The experiments were
carried out as follows.

The liver was perfused with chilled physiological saline and completely
freed from blood. Then it was perfused with 100 ml cold physiological saline
containing 0,5 per cent formaldehyde which was then removed by washing
with cold saline for 20 to 25 minutes. In the liver so treated allantoic fluid dilu-
ted with saline at a ratio of 1 to 4 was circulated. Circulation of the allantoic
fluid was continued for 60 minutes with samples taken at the beginning of the
experiment, and then in intervals of 15 minutes. The samples were tested for
haemagglutination. The allantoic fluid was then allowed to flow out of the liver,
which was then perfused with 40 ml of chilled physiological saline for 30 minutes.
Samples for HA testing were taken at 15 and 30 minutes.

After this, the rubber tube connecting the cannula to the coil was clamped,
the liver and the cannula inserted into it were detached from the system and,
covered with a piece of gauze soaked in physiological saline, they were placed
for 30 minutes into an incubator of 37°C. At the end of this period the liver was
perfused with 2 ml of body-warm physiological saline injected into the rubber
tube on the cannula by means of a syringe equipped with a fine needle. The
fluid dripping out of the liver was tested for haemagglutination. The entire
procedure was then repeated and sampling after half an hour obtained. All this
was made in order to find out whether the virus bound by the chilled liver would
be released at body temperature. The results are summarized in Table I.

As shown in Table I, the 9 experiments performed with various viruses on
the livers of guinea pigs, rats and mice, respectively, yielded unequivocal re-
sults. The virus became gradually bound in the formaldehyde-treated, washed
and chilled livers and by the end of this stage of the experiment HA tests
failed to demonstrate the presence of virus. The chilled liver retains all, or at
least most, of the virus bound, as was shown by the fact that subsequent per-
fusion with chilled water yielded a washing fluid which contained no such
amounts of virus as are detectable by haemagglutination. Illustrative of the
partly reversible nature of virus adsorption is the HA titre of samples taken
after the liver had been warmed up. Such samples yielded varying aggluti-
nation titres in the individual experiments.
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TABLE 1

Summary of Liver Perfusion Experiments in Different Animals

g of HAtitre of sanpl e
] : sanpli
L aer{f: Stage of experinment Ing -
lﬂea le Sare NV
Rat 0 16 48 48 128
PR8 160 15 8 24 48 64
Lee 160 Perfusion with virus 0 < 2 16 8 32
Swine 160 45 < 2 2 2 32
NDV 160 60 - - < 2 16

5 < 2< 2< 2< 2
VD < 2< 2< 2< 2

Perfusion with saline

L 30 12 24
Elution in incubator
60 12 32
Guinea pig 0 16 16 48
PR8 256 15 8 8 24
Lee 128 Perfusion with virus 30 8 4 24
Swine 192 45 4 < 2 12
60 - — 4
15
Perfusion with saline <2< 2 <
30 < 2< 2 <
L 30 128 128 16
Elution in incubator
60 48 128 16
Mouse 0 24 32
PR8 9% 15 12 16
NDV 128 Perfusion with virus 30 12 16
45
60
15
Perfusion with saline 2 <
30 2
L 30 12 32
Elution in incubator
60 8 32

= 0 minute means the first 4 ml sampling.
The values are the reciprocals of HA titres.
Not tested.

s
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The evidence obtained in the experiments has clearly shown that virus
was adsorbed onto, and eluted from, the vascular endothelium. The HA test
demonstrates high concentrations of virus only and in order to elucidate the
finer details of this interaction between virus and vascular endothelium, the
more sensitive infectivity titration method must he resorted to. Since this latter
method is capable of demonstrating quite small amounts of virus, the procedure
had to be slightly modified. Two representative experiments of this type are de-
scribed in the following.

Temperature during perfusion
1rc. 3

Fig. 1. The adsorption and the elution of PR8 virus in the hepatic vessels of rat

A rat liver, prepared as described above, was perfused with physiolo-
gical saline at room temperature for 60 minutes and then for 10 minu-
tes with saline containing 0,62 per cent formaldehyde. Then chilled physi-
ological saline was circulated in the hepatic vessels for 60 minutes with the
double purpose of removing the formaldehyde and to chill the liver. Subse-
quently, as described, 40 ml of the PR8 allantoic fluid virus diluted at a ratio
of 1 to 5 was perfused under pressure. The last 2 to 3 ml of the virus material
dripping out after passing through the liver were pooled separately to be used
later for titration of virus. After this, 300 ml of chilled saline were passed through
the liver preparation and the washing fluid was discarded. This procedure took
80 minutes. After the hepatic vessels were thoroughly washed, 40 ml of chilled
saline were circulated in the system by the described method. The temperature
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of the outflowing saline was 11°C. From the beginning of the actual experiment
(i. e. when perfusion with the virus-bearing fluid had been started) until the
175th minute the circulating fluid was chilled. In this period, between the 85th
and 175th minutes, three samples were taken for titration of virus. Then the
glass coil was taken out of the melting ice and placed into a 37°C water bath.
The circulating fluid was kept warm until the 295th minute, when the experiment
ended. In this period when the temperature of the fluid dripping out of the liver
was 31°C, a number of samples were again taken from the perfusion fluid.

« Temperature during perfusion
8 °C. L 31 °C.

Fig. 2. The adsorption and elution of PR8 virus in the hepatic vessel of guinea-pig

The results of the experiment carried out with the rat liver preparation
are shown in Fig. 1.

It is seen that, both the infective and HA titres of the virus material that
had passed through the liver were significantly reduced.

The sample taken 90 minutes after washing, when the circulation of the
allantoic fluid virus had just begun, contained virus in a tife of only 10- 35
as compared to the initial titre of 10—733. During perfusion with cold fluid,
the titre rose slightly, then became insignificantly reduced again. The difference
between the two values was just within the limits of error of the procedure.
On warming up the circulating fluid, considerable amounts of virus were liber-
ated, as shown by the rise in both the infectivity and the HA titres. The subse-
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quent slow reduction in infectivity titre was most probably due to a thermal
inactivation of the virus.

The experiment was reproduced under identical conditions with guinea pig
liver (Fig. 2), using the same PR8 virus (40 ml of allantoic fluid, diluted at a
ratio of 1 : 5). It can clearly be seen in Fig. 2 how the virus was adsorbed even
during perfusion with cold fluid and how it was gradually released, particularly
on warming up. At the end of the experiment even the HA method revealed
the presence of virus.

Discussion

Liver preparations, from which the blood had been removed, were per-
fused with dilute formaldehyde through a cannula inserted into the portal
vein and then thoroughly washed. After such treatment the livers bound influ-
enza and ND viruses gradually. In support of the firm attachment of virus is
the fact that elution with cold saline failed to remove it from the liver. The
disappearance of virus on perfusion with cold fluid is due to the adsorptive
action of the hepatic vascular endothelium. The mechanism involved is similar
to that observable with adsorption onto erythrocyte or onto pulmonary epithe-
lium, where the virus can also be released from the surface by increasing the
temperature prevailing in the system.

Thus, according to the above observations, the internal surface of blood
vessels is capable of adsorbing virus in a characteristic manner. The elution
resulting from an increase in temperature is thought to be due to the activity
of an assumed receptor-destroying enzyme of the virus. On the basis of the
experiments it could, however, not be decided whether the virus-receptor substance
is localized on the surface or in the connective substance of the vascular endo-
thelium. The existence of such an inter-endothelial substance has been generally
accepted, the more so, as it can be demonstrated by adequate histological me-
thods (silver impregnation).

W hether the endothelial cells themselves, or the intercellular connective
substance, are the subjects of the receptor-destroying enzyme presumably
possessed by the virus, it may rightfully be asked whether this would be of
consequence on the permeability of vessels and, ceteris paribus, is this action
not one of the factors responsible for the well-known toxic character of influenza
virus. The rat, rabbit and guinea pig, which are otherwise not susceptible to
influenza virus, develop extensive lesions, or even die, on inoculation with
large amounts of virus. There are sometimes quite striking circulatory mani-
festations. For instance, influenza virus injected into the anterior chamber of
the rabbit’s eye will cause corneal opacity and moderate iritis. The influenza
virus inoculated into the rat brings about a considerable fall of blood pressure
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(Chang and Kempf, 12). Even in human pathology the cardio-vascular effects
of influenza virus are known phenomena [13, 14].

Wi ith respect to this problem, the observations made by Henle and Henle [15]
are particularly significant. They inoculated large amounts of influenza virus, in-
travenously or intraperitoneally, into mice and at autopsy found in the liver focal
necrosis, and in the spleen hyperaemia, degeneration of Malpighian bodies and
in some cases petechiae. The latter were not infrequent in the stomach either.
In addition, considerable pleural effusion could also be detected.

It seems justified to assume that one of the factors involved in the devel-
opment of the above s mptoms is an alteration of vascular permeability, arisen
perhaps in consequence of an enzymic action of the influenza virus. The assump-
tion is rather tempting and would be even more so, had it not been reported by
French and Ada[16] that very large doses (50 000 U per guinea pig) of highly
purified receptor destroying enzyme isolated from cholera vibrio cultures were
not toxic. The complicated structure of the influenza virus may by no means
be considered identical with the enzyme of the cholera vibrio. Consequently,
the above observation by itself does not suffice to discredit the assumption
that the influenza virus has a direct injurious effect on vascular endothelium.

SUMMARY

The portal vein was cannulated in the guinea pig, rat or mouse and the liver perfused
with saline and thus rendered free of blood. The organ preparation so obtained was perfused with
dilute formaldehyde, which was then carefully washed off. Subsequently, allantoic fluid contain-
ing PR8, Lee, Swine, or ND virus was circulated in the vessels of the liver preparation. During
this perfusion with cold fluid large quantities of virus were gradually adsorbed. On increasing
the temperature of the system by heating to above 30°C or by circulating body-warm physiolo-
gical saline in the hepatic vessels, part of the bound virus became gradually released. Thus, in
the animal species mentioned the viruses examined were adsorbed onto, and eluted from, the
internal surface of the vascular endothelium in a manner characteristic for the influenza and
related viruses. On this basis it may be assumed that the surface of the vascular endothelium
coating the lumen of vessels contains a virus-binding receptor substance. It is suggested that a
direct action on vascular endothelium may be one of the factors responsible for the toxicity of
influenza virus.
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CMNOCOBHOCTb 3HAOTENNA MEKOMANTAKOLWNX XXNBOTHbIX
K CBA3bIBAHNIO BWPYCA TPUTTMA

I". VBaHoBu4y, L. XopeaT n 3. Cénnéwm
Pestome

ABTOpPbI NPOV3BOAUIM 06ECKPOBMBAHUE MEYEHN MOPCKUX CBUHOK, KPbIC WX Mbllel
nyTem nepysnn ConeHol BOLON 4Yepe3 CTEKNAHHYIO KaHH/b, BBEAEHHYIO B BOPOTHYIO BEHY.
Uepes KPOBEHOCHbIE COCYAbl MOlYYEHHOr0 Takum 06pasom npenapata NPOMyCcKanu XUAKWNA
pacTBop (hopmasiMHa, 3aTeM TLUATEbHO BbIMbIBa/IM UX OT hopmanbiernga. locne atoro B Kpo-
BEHOCHbIX COCyAax Mpenapata MeyeHW BBOAWMAW B LMPKYNALMIO alNaHTOUCHYHO XWUAKOCTb,
cogepxawyto Bupycy PR8, Lee, Swine nam ND.

B npouecce 3aToli X0N04HON MNepdy3ny HaMume Bupyca B XXMAKOCTM MOCTENEHHO U B
60nbLIOM KOMM4YecTBe coKpalianocb. Ecnv npenapat neveHn nogorpesann 6onee, yem fo 30°,
WM Yepe3 KPOBEHOCHbIE COCYAbl MPOMYCKaN CONeHy BOAY TeMnepaTypbl Tena, 4YacTb CBS-
3aHHOro BMpyca MOCTeMeHHO 0cBO6OXAanacb. TakuMMm 06pa3om, Ha 3HAOTENUWM KPOBEHOCHbIX
COCYZI0B YNOMSAHYTbIX XMBOTHbIX MUCCNeAyeMble BUPYCbl aAcopOUpYOTCa 1 3aoMpyroTea Xapak-
TEPHbIM ANS FpUNNa « POACTBEHHbLIX eMy BUPYcOB 06pa3oM. Ha OcHOBe BbllLeyKa3aHHOro
MOXHO npegnonaratb, 4YTO MOBEPXHOCTb 3HAOTENUSA, BbICTUIAIOLWEr0 MPOCBET KPOBEHOCHbIX
COCYZ0B, COAEPXMT CBA3bIBAIOLLME BMPYC peuenTopbl. B pesynbTate HabnoAeHUA aBTOPbI CUK-
TalT BO3MOXHbIM, YTO OAWH M3 (DAKTOPOB TOKCMYHOCTM BMpyca rpunna AO/DKEH pPasbICKU-
BaTbCsl MOXET ObiTb WMEHHO B OKa3biBaeMOM WM HErocpejCTBEHHO Ha KPOBEHOCHbIE COCYAbI
felicTBuun.

9 Acta Microbiologica I1/1—2.
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