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Brief Communication 

Clinical and Endocrine Response to Repeated Daily Administration 
of Endotoxin in Pigs 

Endotoxins of Gram-negative bacteria elicit 
biphasic fever, leukopenia, increased hypo
calcemia, PGF2a release, and blood-circula
tion shock in the mammalian body (Fred
riksson 1984). The toxicity of a given endo
toxin decreases after repeated endotoxin ad
ministration. This tolerance appears to arise 
through both non-immunological regulatory 
and immunological pathways. This first 
phase of tolerance exhibits no inter-endo
toxin specificity, and appears to be caused 
by the lipid A portion of the endotoxin mo
lecule. The later phase of tolerance, how
ever, is endotoxin specific and is probably in 
part evoked by an immunological tolerance 
to the 0-antigen polysaccharide chain of the 
endotoxin (Lindberg et al. 1983). The pur
pose of this project was to investigate the cli
nical and endocrine response to repeated 
daily administration of endotoxin in pigs. 
Clinical signs (i.e anorexia, depression, ease 
and rate of breathing, and muscle tremors), 

temperature, leukocyte response, and PGF2a 
metabolite levels were chosen as parameters 
to measure the degree of response (Fredriks
son 1984). The procedure was as follows: 4 
castrated male pigs were injected i.v. 
through a jugular catheter with l µg/kg body 
weight of Salmonella typhimurium endo
toxin daily for 5 days. Blood was collected 
and clinical observations were made every 2 
h according to the following schedule: -2, 0, 
2, 4, 6 and 8 h. Catheters were kept open by 
injection of heparinized saline (Cort et. al. 
1986). 
The averaged results of the 4 pigs can be 
seen in Fig. l. Clinical results are depicted 
in Table 1. 
Prostaglandin F2a release, measured by ra
dioimmunoassay (RIA) of l 5-ketodihydro
PGF2a metabolite, showed a sharp rise with
in the first 2 h. This rise declined slowly to 
the original value after 8 h, giving a total 
area under the curve of 1917 mm2• Two 

Table I. Clinical symptoms after repeated daily endotoxin admini
stration. 

Subjective 
Day Pig# 1 Pig# 2 Pig# 3 Pig# 4 total score 

1 +++ +++ +++ +++ 12 
2 ++- +++ ++- 7 
3 +-+ ++- -+- 5 
4 +++ 3 
5 0 

Key + + + = anorexia, depression, muscle tremors and/ or raspy 
breathing. 

- - - = no anorexia, no depression, no muscle tremors or 
breathing difficulty. 
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Figure I. Peripheral plasma levels of 15-ketodihydro-PGF2a (panel I), total number of white blood cells 
(panel II), and differential counts (panel III) in four pigs treated daily for five days with Salmonella typhi

murium endotoxin (time of injection denoted by arrows). 
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hours after endotoxin administration on the 
second through fifth days this rise was lower; 
the areas under the curves were 41 %, 41 %, 
27 %, and 34 % of the area under the curve 
on day l. Note that although absolute re
lease of PGF2a decreased after the first day 
of injection, a peak of PGF2a release occur
red after each endotoxin treatment. This 
PGF2a peak was evident even after the clin
ical response to endotoxin had disappeared. 
The pyrogenicity of endotoxin is unquesti
onable. In this experiment, however, accu
rate measurement of body temperature was 
difficult and the response after endotoxin 
varied considerably. Therefore, this parame
ter was not included in the analysis of re
sponse. 
Leukocyte response changed between days 
1-5. On day l, time 2 h, polymorphonuclear 
cells (PMN) and mononuclear cells (M) de
creased in number; although the decrease in 
PMN was quicker, M numbers continued to 
decrease over 4 h. Day 2 also showed a de
crease in PMN numbers after endotoxin ad
ministration. On day 3-5, however, the 
numbers of PMN actually increased after 
endotoxin injection. This increase was lar
gest on day 5. Mononuclear cell response 
did not vary as did that of PMN; the pattern 
after endotoxin administration was the same 
each day. Note that if the total leukocyte 
count is examined instead of PMN/M count, 
the response to endotoxin appears only to 
decrease day by day, i. e. some form of 
tolerance occurs. This tolerance may be due 
to both humoral and cell-mediated immune 
responses (Lindberg et al. 1983). 
Endotoxin may work in part through a sti
mulation of pleuripotent cells in the bone 
marrow (Madonna et al. 1986). On day l, 
the average number of immature neutrophils 
rose from 0 to 26 x 109 cells/liter blood 

(time -2 vs. time 6 h). On day 5, average im
mature neutrophil numbers increased from 
0 to l l x l 09 cells/liter blood at 4 h, and 
decreased again to less than l x 109 cells/li
ter blood by 6 h. This may also indicate that 
whereas endotoxin induced leukopenia was 
so severe on the first day that the bone mar
row was stimulated to release immature 
neutrophils, later administration could not 
cause this response. Hopefully, further in
vestigations will be able to explain the me
chanism of tolerance induction by repeated 
endotoxin administration. 
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