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bacterial products, either disintegrated cells of Gram negative 
bacteria, or commercial endotoxin, were used to provoke the 
GSR. Liquoid, a synthetic acid polymer (sodium polyanethol 
sulphonate), has also been used for the experimental induction 
of the renal Shwartzman reaction (Evensen et al. 1967, Rodri­
guez-Erdmann et al. 1960). In this report, which is based on 
patho-morphological examinations of organs of experimental 
mammals of 5 different species, it is shown that necrotizing 
mural arterial alterations, and thrombotic lesions, are also pre­
sent in the kidneys and the lungs when the GSR is elicited by 
Liquoid. As overt necrotic changes in the arterial walls were 
seldom seen outside these organs, only renal and pulmonary 
alterations are described. 

MATERIALS AND METHODS 
Preparation 

Liquoid (F. Hoffmann-La Roche, Basel, Switzerland) was 
dissolved in sterile saline, at a concentration of 4 mg/ml, frozen, 
and thawed immediately before use. Single doses were used 
except for 2 pigs which were given 2 injections, with an interval 
of 24 hrs. 

Experimental animals 
Ten young rabbits (Oryctolagus cuniculus), weighing approx. 

1 kg, were injected intravenously (i.v.), doses: 15-20 mg/kg 
body weight (b.w.). A young pig (Sus scrofa) weighing about 
15 kg, was injected i.v. with 13 mg/kg b.w.; 2 other pigs, weigh­
ing about 10 and 15 kg, received 2 separate injections each, the 
total amount of Liquoid being 40 and 35 mg/kg b.w., respec­
tively. Ten blue foxes (Alopex lagopus), of both sexes, the ages 
varying from about 5 months to 3 years and 5 months, were 
injected i.v., doses: 4-12 mg/kg b.w. Ten adult ferrets (Mustela 
putorius furo), were injected intracardially, doses: 15 mg/kg 
b.w. Thirty mice (Mus musculus), weighing 20-30 g, were in­
jected i.v., doses: 0.2-1.6 mg/animal. 

Surviving animals were killed 24-72 hrs. after treatment. 
Pieces of organs were fixed in 10 % buffered formalin and sec­
tions stained routinely with haematoxylin and eosin (H & E). 
These additional stains were used on selected sections: elastin 
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van Gieson, Lepehne's haemoglobin staining method, phospho­
tungstic acid haematoxylin (PTAH), Martins scarlet blue (MSB) 
and the Lendrum's acid picro-Mallory method (Lendrum et al. 
1962). 

RESULTS 
Varying degrees of respiratory distress were observed after 

the administration of Liquoid in animals of all species; during 
the first half hour all pigs had repeated vomiting. 

Seven rabbits died within 7 hrs. after the injections of Li­
quoid; 8 foxes died 18-44 hrs. after the infusions; 4 ferrets 
died within a few minutes-2112 hrs., and 16 mice died 15 min.-
48 hrs. after treatment. 

Necropsy findings 
Rabbits. Seven of the rabbits showed renal cortical lesions, 

varying from scattered haemorrhagic foci to total BCN. 
Pigs. The largest of the pigs, which was given 2 i.v. infusions 

of Liquoid, had scattered wedge-shaped lesions in the cortical 
layer of both kidneys, with the macroscopic appearance of typical 
infarcts. 

Blue foxes. Five of the 8 animals which died during the 
experimental period had a characteristic uneven, blotchy colour­
ation of the external surface of the kidneys. 

Mice and ferrets. The only renal alterations were varying 
degrees of congestion. 

A considerable number of individuals from all species had 
pale, emphysematous pulmonary tissue, with scattered haem­
orrhagic areas. 

Microscopic renal lesions 
Rabbits. In animals exhibiting evident macroscopic renal 

changes, the major part of the cortical layer was entirely necro­
tic, although a narrow subcapsular rim was spared; in the 
border zone between the outer intact tissue and the necrotic 
parenchyma there were heavy infiltrations of leucocytes, many 
of which were eosinophils. There was always severe endothelial 
damage within the necrotic areas, and necrotic lesions in the 
arterial walls, frequently accompanied by thrombosis. Inter­
lobular arteries and afferent glomerular arterioles were most 
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constantly affected, but incipient lesions were also sporadically 
present in arcuate arteries. Homogenous deposits, which fre­
quently had staining properties as fibrin, were commonly present 
in the glomerular capillaries (Figs. 1-4). 

Pigs. In the necrotic areas which occurred in the renal cortex 
of one of the animals, the microscopic picture corresponded 
closely to that of typical infarcts (Fig. 5), the vascular changes 
being similar to those occurring in rabbits. 

Blue foxes. In the cortical parenchyma there were incipient 
degenerative lesions, but total necrosis was not present. Hyaline 
deposits occurred in the glomerular capillaries in 9 animals, 
although the amount of precipitation varied somewhat. In H & E 
stained sections, the material usually had a strongly eosinophilic 
appearance, as intact red cells, while it was commonly stained 
red, as fibrin, in sections stained with the MSB method (Figs. 
6-7); in PTAH sections the material was, as a rule, stained 
brownish; it stained brown, as erythrocytes, or sometimes pale 
greyish-brown with Lepehne's staining method for haemoglobin. 
There was sometimes endothelial injury, and incipient necrotic 
lesions in the walls of interlobular arteries and afferent glome­
rular arterioles, with early thrombosis, but widespread arterial 
alterations were lacking in this species. 

Mice and ferrets. Evident mural vascular lesions were absent 
in these species. 

Microscopic pulmonary lesions 
Septal capillaries were frequently dilated and stuffed with red 

cells; this phenomenon was most obvious in blue foxes, where 
also a hyaline, eosinophilic material, with staining properties as 
the hyaline material in the glomerular capillaries, occluded the 
minute vessels, in addition to the closely packed, but morpho­
logically intact erythrocytes (Fig. 8). Extravasation of red cells 
was a common finding. 

Endothelial damage and mural arterial changes, with throm­
bosis, were common findings in animals of all species, except 
for in mice, where such lesions were only sporadically observed. 
The necrotic arterial walls were often infiltrated by inflamma­
tory cells, including some eosinophils (Fig. 9); damaged vessels 
were also sometimes surrounded by cellular infiltrations. Throm­
bosis was also observed in veins occasionally. 
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DISCUSSION 
Single intravenous injections of Liquoid produced renal 

lesions, compatible with the GSR in rabbits in the present 
experiment. This finding is in accordance with earlier obser­
vations in other laboratories (Rodriguez-Erdmann et al. 1960, 
Evensen et al. 1967). There were, however, considerable species 
differences in the morphological renal response to systemic ap­
plication of Liquoid, and total BCN could not be induced in ani­
mals other than rabbits; in this species there was, as in spon­
taneous cases of BCN, and also in association with individual 
infarcts induced by mechanisms unrelated to the GSR, a thin 
subcapsular rim of intact cortical parenchyma. 

It may be concluded from the present investigation that 
endothelial damage, and necrotizing mural lesions of varying 
severity, frequently accompanied by thrombosis, are always 
present in the interlobular arteries in cases with obvious gross 
renal changes provoked by Liquoid; it is also shown that there 
is frequent involvement of pulmonary arteries, both in ani­
mals with renal lesions, and also in animals without kidney 
alterations. The interpretation of the lung vascular alterations 
occurring in animals submitted to an experimental procedure 
of the Shwartzman type is dealt with in a previous article (Nord­
stoga & Fj(Jlstad 1975). 

It seems clear that Liquoid in experimental situations exerts 
a "toxic" effect on the vascular walls, either directly or indirectly, 
an effect that parallels that of bacterial compounds in the elici­
tation of the GSR. The importance of this observation as to the 
pathogenetic mechanism in the fulminant renal Shwartzman 
lesions (i.e. bilateral cortical necrosis), is discussed in a follow­
ing paper (Nordstoga 1977). 

REFERENCES 
Evensen, S. A., M. Jeremie & P. F. Hjort: Intravascular coagulation 

with generalized Shwartzman reaction induced by a heparin­
like anticoagulant (Liquoid). Thrombos. Diathes. haemorrh. 
(Stuttg.) 1967, 18, 24-39. 

Lendrum, A. C., D. S. Fraser, W. Slidders & R. Henderson: Studies on 
the character and staining of fibrin. J. clin. Path. 1962, 15, 
401-413. 

McKay, D. G.: Disseminated Intravascular Coagulation. An Inter­
mediary Mechanism of Disease. Hoeber Medical Division, New 
York 1965. 



620 K. Nordstoga 

Nordstoga, K.: The sequence of events in the development of bilateral 
renal cortical necrosis accompanying the generalized Shwartz­
man reaction. Acta vet. scand. 1977, 18, 522-531. 

Nordstoga, K. &: M. Fj(Jlstad: The generalized Shwartzman reaction 
and Haemophilus infections in pigs. Path. Vet.1967, 4, 245-253. 

Nordstoga, K. &: M. Fj(Jlstad: Porcine salmonellosis. II. Production of 
the generalized Shwartzman reacUon by intravenous injections 
of disintegrated cells of Salmonella cholerae-suis. Acta vet. 
scand. 1970, 11, 370-379. 

Nordstoga, K. &: M. Fj(Jlstad: Necrotizing angiitis produced by the 
Shwartzman mechanism. Acta path. microbiol. scand. Sect. A, 
1973, 81, 775-783. 

Nordstoga, K. &: M. Fj(Jlstad: Pulmonary vascular lesions in chickens 
following intravenous injections of disintegrated cells of Esche­
richia coli. Acta path. microbiol. scand. Sect. A, 1975, 83, 283--
291. 

Rodriguez-Erdmann, F., H.-J. Krecke, H. G. Lasch &: A. Bohle: Ober 
die morphologischen und gerinnungsanalytischen Verii.nderung­
en nach Liquoid. Ein Beitrag zur Pathogenese des Sanarelli­
Shwartzman-Phii.nomens. (On the morphological and coagulo­
analytical changes after Liquoid. A contribution to the patho­
genesis of the Sanarelli-Shwartzman phenomenon). Z. ges. exp. 
Med. 1960, 134, 109-130. 

Figure 1. An arcuate artery of a rabbit, died 5 hrs. after treatment; 
there .is. early thrombosis in the lower part of the vessel. Dose: 15 mg 
Liquoid/kg body weight. H & E, X 425. 

F i g u r e 2.. A glomerulus, with afferent arteriole; from a rabbit 
.killed 24 hrs. after treatment. In the vessel luminae, there is an occlu­
sive material stained as fibrin. There is also fibrinoid necrosis of the 
arteriolar wall. Dose: 15 mg Liquoid/kg body weight. PTAH, x 425. 

F i g u r e 3. Cortical tissue of a rabbit, killed 24 hrs. after the in­
jection; there is a narrow subcapsular rim of intact parenchyma, and 
extravasations of red cells in the interstitium. In a border zone be­
tween the outer intact tissue and the underlying necrotic parenchyma 
there are accumulations of nuclear debris and eosinophils. A glom­
erulus with homogenous deposits in the capillaries can be seen to 
the bottom left (arrow). Dose: 15 mg Liquoid/kg body weight. 
H &E, X 180. 

F i g u r e 4. Higher magnification of a glomerulus from the same 
animal as in Fig. 3; in the upper part of the figure there are tubular 
necrosis and incipient infiltration of eosinophils. H & E, X 425. 





F i g u r e 5. A renal infarct in a pig injected twice with Liquoid, 
and killed 24 hrs. after the last injection. Total dose: 40 mg Liquoid/ 
kg body weight. H & E, x 25. 

Fi g u re 6. A kidney section of a blue fox, died 18 hrs. after treat­
ment; there are hyaline precipitations within glomerular capillaries, 
and early tubular degeneration, but not total parenchymal necrosis. 
Dose: 5 mg Liquoid/kg body weight. H & E, X 425. 



Figure 7. Glomerular "thrombosis"; same animal as in Fig. 6. 
MSB, x 425. 
F i g u r e 8. Lung section from a blue fox, died 40 hrs. after treat­
ment. Septal capillaries are occluded by a hyaline material in which 
individual erythrocytes may be discerned (arrows). There is extra­
vasation of red cells into the alveoli. Dose: 12 mg Liquoid/kg body 
weight. H & E, X 640. 



F i g u r e 9. A thrombosed pulmonary artery with necrotic wall 
infiltrated by mononuclear cells. Same animal as in Figs. 6-7. 
H &E, X 640. 






