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Introduction 

Luth man, J ., H. Kindahl and S. 0. Jacobsson: T he influence of flunixin on the re
sponse to Salmonella typhimurium endotoxin in calves. Acta vet. scand . 1989, 30, 
295-300. - The effects of intravenous injection of 0.5 µg/kg body weight of Sal
monella typhimurium endotoxin were studied in calves. The injection was follo
wed by ruminal stasis and general dullness. The clinical signs disappeared within 
24 hours. 
The injection was followed by a tremendous increase in the plasma level of 15-ke
todihydro-PGF2a, the main metabolite of PGF2u. The injection was also associa
ted with a profound leukopenia and significant decreases in the serum levels of 
iron, zinc and calcium. In order to study the role of prostaglandin (PG) for the de
velopment of endotoxin-induced changes a group of calves was pretreated with 
flunixin, a potent cyclo-oxygenase inhibitor, at a dose of 2.2 mg/kg body weight. 
Flunixin inhibited the PG release completely, but did not influence the other re
sponses to endotoxin. 
The pyrogenic response to endotoxin was very moderate and it was suggested that 
fever is not the most suitable parameter for monitoring endotoxin effects in cal
ves. The studied blood parameters (15-ketodihydro-PGF2a, iron, zinc, calcium 
and the number of leukocytes) appeared to be much more sensitive. 

leukopenia; calcium; iron; zinc; prostaglandin. 

Intravenous injection of endotoxin is follo
wed by a chain of reactions. A tremendous 
increase in the plasma level of prostaglandin 
F2a (PGF2a) was reported by Fredriksson 
(1984) and it seems clear that endotoxin-in
duced luteolysis is mediated by PFG2a. Va
soactive PGs are obviously involved in the 
hemodynamic changes associated with en
dotoxin injection (e.g. reduced mean arterial 
pressure, increased pulmonary artery pres
sure), since these changes can be reduced by 
inhibitors of PG synthesis (Schrauwen et al. 
1984, Margolis et al. 1987). 

e.g. fever, leukopenia, hypocalcaemia, hy
poglycaemia, decreases of serum iron and 
zinc and inhibition of gastric motility (Van 
Miert, 1985, 1987). These changes are consi
dered to be induced by endogenous media
tors produced by activated leukocytes and 
cells of the reticuloendothelial system. The 
litterature on these mediators, endogenous 
pyrogen (EP) and leukocytic endogenous 
mediator (LEM), is abundant (for reviews 
see Mitchell and Kampschmidt, 1985, Bern
heim, 1985). EP is shown to act by increa
sing the PG levels in the temperature regula
ting centre (Milton, 1982). It is therefore 
possible to prevent endotoxin-induced fever Other well known effects of endotoxin are 
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by PG synthesis inhibitors. The decrease in 
the serum levels of iron and zinc is shown to 
be due to a LEM-induced redistribution of 
the elements (Pekarek and Beisel, 1971, Bei
sel, 1977). The alterations in trace element 
kinetics was not possible to inhibit by flurbi
profen, a blocker of PG synthesis (Van 
Miert et al. 1982). 
Hypocalcaemia in dairy cows after injection 
of E.coli endotoxin was described by Grief et 
al. (1975). The mechanism behind endoto
xin-induced hypocalcaemia is not known. 
There are however indications that PG may 
be involved, since it was earlier reported that 
intravenous infusion of PG caused hypocal
caemia in cows (Luthman et al. 1983) and in 
goats (Fredriksson, 1984). 
The aim of the present investigation was to 
further study the role of PG as mediators of 
some endotoxin-induced changes by using 
flunixin , a potent cyclo-oxygenase inhibitor. 
The role of PG for the development of hypo
calcaemia was considered to be of special in
terest. 

Material and methods 
The calves used in the present study were all 
of the Swedish Red and White breed. The IO 
calves showed a mean weight of about 100 
kg. Lipopolysaccharide (LPS) from Salmo
nella typhimurium was used at a dose of 0.5 
µg/kg body weight. The preparation of LPS 
was earlier described by Fredriksson (1984). 
The effect of LPS after intravenous injec
tion was studied in 4 calves. Blood was sam
pled at intervals shown in Fig. 1 and Table 2 
for leukocyte counting and analysis of 15-
ketodihydro-PGF2a, calcium, iron and zinc. 
The effect of flunixin (Finadyne vet., 50 
mg/ ml, Essex Uikemedel, Stockholm, Swe
den) on the studied parameters and the in
fluence of the drug on the response to LPS 
was studied in an experiment using a cross
over design. Six calves were used in this stu-
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dy. All animals were given an intravenous 
injection of flunixin at a dose of 2.2 mg/kg 
body weight. Three of the animals received 
an intravenous injection of LPS (0.5 µg/kg) 
10 min after the flunixin injection. The expe
riment was repeated after 1 week when the 3 
remaining animals were injected with LPS. 
15-Ketodihydro-PGF2a in plasma was ana
lyzed according to Granstrom and Kindahl 
(1982). Calcium, zinc and iron in serum were 
analyzed by atomic absorption spectropho
tometry. Blood leukocytes were counted in a 
celloscope (Linson Instrument AB, Stock
holm). Changes in body temperature were 
recorded by an electronic thermometer 
which was inserted at least 8 cm in the rec
tum. 
Student's t-test for paired data was used for 
statistical calculations. The values given in 
the text are means ± standard error of the 
mean. 

Results 
LPS caused pronounced clinical signs. All 
animals showed forced breathing and in
creased salivation after about l h. Signs of 
ruminal stasis were obvious after about 2 h 
and the calves laid down and appeared men
tally depressed. The clinical signs disappea
red gradually and all animals recovered com
pletely within 24 h. Flunixin caused no clini
cal signs and reduced, but did not abolish, 
the clinical signs after LPS injection. 
LPS gave a very moderate pyrogenic respon
se (Table l ). The LPS group (group B) consi
sted only of 4 animals, the mean temperatu
re recorded after 6 h was however signifi
cantly higher than the preinjection value. 
Flunixine alone (group A) did not cause any 
significant changes in body temperature. In 
the group treated with flunixin + LPS 
(group C) the value obtained after 4 h was 
significantly higher than the preinjection 
level. 
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Table l. Body temperature (mean and s.e.m.) by h in calves after injection of en
dotoxin (0.5 g/kg body weight) and flunixin (2.2 mg/kg body weight). 

A 

B 

c 

A 

B 
c 

Hours after injection 
0 l 2 4 6 8 10 24 

38.7 38.6 38.7 38.4 38.5 38.7 38.8 38.7 
0.12 0.14 0.16 0.14 0.13 0.11 0.18 0.18 
38.5 39.0 38.8 38.6 38.9* 38.7 38.7 38.5 
0.04 0.15 0.20 0.17 0.13 0.o7 O.o7 0.o7 
38.6 38.9 39.1 39.3• 38.6 38.4 38.6 38.8 
0.05 0.06 0.14 0.16 0.11 0.08 0.13 0.11 
Flunixin meglumine, 2.2 mg/kg i.v. n = 6 
Endotoxin, 0.5 µg/kg i.v. n=4 
Flunixin meglumine, 2.2 mg/kg + n=6 
endotoxin, 0.5 µg/kg 
•significantly different from the preinjection level 0,01 <p<0.05 

LPS caused a tremendous increase in plasma 
15-ketodihydro-PGF2a (Fig. 1). The level 
increased from 161±13 pmol/l to a maxi
mum of 1949±451 pmol/l which was reac
hed after 2 h. The level remained elevated 
for about 6 h. Flunixin lowered the plasma 
level of the PGF2a metabolite significantly 
during the whole observation period (from 1 
to 24 h, p<0.001). Pretreatment with fluni
xin did not only abolish the effect of LPS, 
but even decreased the PGF2a metabolite le
vel significantly (p<0.001 from 1to24 h). 
The well known effects of LPS on the serum 
levels of calcium, iron and zinc and on the 
number of circulating leukocytes were con
firmed (Table 2). As shown in the table flu
nixin did not modify these response to LPS. 

Discussion 

..... ..... --.-

Injected LPS is rapidly removed from the 
circulation and is primarily taken up by the 
reticuloendothelial system (Dinarello, 
1983). Most of the observed effects of LPS 
are shown to be due not to LPS per se, but to 
endogenous mediators whose production 
and release is initiated by LPS. 

2 4 6 8 10 2 4 
hours 

Figure 1. Changes in the plasma concentration of 
15-ketodihydro PGF2a after injection of 0.5 µg/kg 
of LPS (n = 4) __ , 2.2 mg/kg of flunixin (n = 6) 
___ and 2.2 mg/kg of flunixin + 0.5 µg/kg of LPS 
(n = 6) ___ . 

EP and LEM are generally accepted as med
iators of fever and changes in trace element 
kinetics. These groups of mediators are very 
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Table 2. Total number of blood leukocytes and serum concentrations of calcium, zinc and iron in calves after 
intravenous injection of endotoxin (0.5 µg/kg body weight) and flunixin (2.2 mg/kg body weight). x±s.e.m. 

Hours after inject.ion 
0 2 4 6 8 10 24 

Leukocytes, I 09 cells/I 
A 11.7 11.S 12.0 11.6 12.0 11.3 10.9 11.0 

±0.26 ±0.74 ±0.39 .±0.39 ±0.25 ±0.31 ±0.31 ±0.35 

B 9.1 t.8•• 1.3•• 1.0 .. 1.1••• 3.2•• 5.2• 15.4 
±0.95 ±0.58 ±0.26 ±0.20 ±0.49 ±0.54 ±0.92 ±2.30 

c 9.1 2. 1 •• ...... 1.3••• 2.22••• 3.5o• .. 4.43 .. 9.62 
±0.35 ±0.28 ±0.10 ±0.24 ±0.18 ±0.19 ±0.50 ±0.81 

Ca mmol/l 
A 2.60 2.67 2.63 2.67 2.71 2.63 2.64 2.66 

±0.09 ±0.09 ±0.09 .:t0.06 ±0.07 ±0.05 ±0.05 ±0.05 

B 2.72 2.45••• 2.38··· 2.25••• 2.20••• 2.23••• 2.25•• 2.36°* 
±0.05 ±0.07 ±0.04 ±0.03 ±0.01 ±0.02 ±0.11 ±0.03 

c 2.74 2.59°* 2.36"** 2.14••• 2.06••• 2.14••• 2.24•• 2.32•• 
±0.04 ±0.05 ±0.04 ±0.02 ±0.08 ±0.04 ±0.05 ±0.03 

Zn µmol/I 
A 27.7 24.6 23.4 23.2 22.0 22.2 21.3 24.6 

±2.48 ±1.54 ±I.SO ±I.SI ±1.52 ±1.49 ±1.82 ±1.56 

B 21.3 20.0 18.0 11.4••• 6.o••• 4.5 ... 4.4••• 9.1••• 
±0.93 ±0.83 ±0.57 ±0.63 ±0.50 ±0.40 ±0.26 ±0.23 

c 22.3 21.7 19.5 10.5••• 5.s••• 4.2••• 4.4••• 12.4••• 
±0.95 ±0.99 ±0.41 ±1.06 ±0.43 ±0.31 ±0.54 ±1.37 

Fe µmol/I 
A 29.5 30.7 30.3 28.3 27.7 27.6 26.1 27.8 

±3.05 ±3.46 ±3.42 ±3.23 ±2.84 ±3.20 ±3.34 ±1.20 

B 26.3 25.8 29.8 32.3"" 28.5 21.8 17.0 5.3••• 
±1.18 ±1.1 1 ±0.75 ±1.11 ±1.65 ±1.80 ±1.78 ±0.85 

c 28.1 30.3 31.0 32.9 .. 30.5 26.8 23.5 10.2••• 
±3.43 ±2.77 ±2.28 ±1.94 ±1.71 ±1.69 ±1.97 .±1.93 

A Flunixin meglumine 2.2 mg/kg i. v. n = 6 

B Endotoxin 0.5 µg/kg i.v. n = 4 

c Flunixin meglumine 2.2 mg/ kg+ endotoxin 0.5 µg/ kg i. v. n = 6 

Significantly different from preinjection level 0.01 <p<O.os• 
0.001 <p<0.01•• 
p<0.001••• 
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similar and was recently renamed interleu
kin- I (Oppenheim et al. 1986). 
Fever is generally a very regular response to 
LPS. The pyrogenic response was however 
very irregular in the present study. Similar 
results were reported from an earlier calf 
study (Luthman et al. 1988). Cattle is not as 
sensitive to LPS as some other species (Van 
Miert, 1985) and the antipyretic effect of flu
nixin can not be fully evaluated from the re
sults shown in Table I. 
The changes in the serum levels of iron and 
zinc are in good agreement with the results 
from previous calf studies (Depe/chin et al. 
1985, Luthman et al. 1988). These changes 
are due to a redistribution within the body. 
Sankari and Pekkanen (1982) showed that 
the zinc content of the rat liver increased 
from 40 to 120 mg/kg within the first 12 h 
after LPS injection. PGs are obviously not 
involved in the trace element changes as flu
nixin completely abolished the PG release, 
but had no effect on the trace element re
sponse (Fig. 1, Table 2). Similar results were 
reported by Van Miert et al. (1982), who 
used flurbiprofen, another potent cyclo
oxygenase inhibitor. 
Flunixin did not alter the serum calcium re
sponse to LPS (Table 2). The causes to this 
type of hypocalcaemia are unknown. Other 
mediators than PG must be involved. Hypo
thetically the hypocalcaemia may, as the 
decreases in iron and zinc, be caused by a 
EP /LEM induced redistribution. Another 
possibility is that LPS causes a pronounced 
release of the serum calcium lowering hor
mone thyrocalcitonin. 
Leukopenia is probably a direct effect of 
LPS, since MacGregor (1977) reported that 
LPS significantly increased the adherence of 
leukocytes. Leukopenia may thus be due to a 
shift from the circulating to the marginated 
pool. As shown in Table 2 flunixin did not 
influence the LPS-induced leukopenia. 

The results given in Table 2 were obtained 
from an experiment of crossover design. It 
seems not probable that the first injections 
of flunixin and LPS influenced the results 
obtained 1 week later. The elimination half
life of flunixin in cattle is 8-12 h according to 
Hardee et al. (1985). These authors calcula
ted from available pharmacokinetic data 
that for analgesia in cattle the initial dose 
should be 2.2 mg/kg body weight followed 
by 1.1 mg/kg each 8th hour. 
The results from the present study showed 
that flunixin is a potent inhibitor of PG re
lease. The clinical signs following LPS injec
tion was reduced, but not eliminated by flu
nixin. It can also be concluded that PG is not 
involved in LPS-induced leukopenia and 
decreases in the serum levels of iron, zinc 
and calcium. Fever is a classical response to 
LPS, but the results suggest that fever is not 
the most suitable parameter for monitoring 
LPS effects in calves. The studied blood che
mical parameters appear to be much more 
sensitive. 
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Sammenfattnlng 
Inverkan av f/unixin pd svaret pd Salmonella typhi
murium endotoxin hos kalv. 
Effekterna av intravenos injektion av endotoxin frAn 
Salmonella 1yphimurium i dosen 0.5 µg/kg kropp
svikt studerades hos kalv. lnjektionen foljdes av 
mycket tydliga kliniska symtom. Kalvarna visade 
tecken pA reducerad formagsmotorik och kraftigt 
stOrt allmllntillstAnd. De kliniska symtomen for
svann dock inom 24 timmar. 
Plasmakoncentrationen av I 5-ketodihydro-PGF2a 
s1eg mycket pAtaglig1 efter endotoxininjektionen. Vi
dare uppkom en mycket drastisk sllnkning av antalet 
cirkulerande leukocyter och signifikanta sllnkningar 
av serumkoncentrationerna av jarn, zink och kal
cium. For att studera vilken roll PG-frisllttningen 
bar for uppkomsten av de observerade blodkemiska 
forandringarna fOrbehandlades en grupp kalvar 
med flunixin , en potent PG synteshllmmare. Fluni
xin blockerade frisllttningen av PG fullsUlndigt, men 
var helt utan effekt pA Ovriga endotoxininducerade 
fOrllndringar. Endotoxin gav ett mycket mAttligt PY· 
rogensvar och det konkluderades att de kllnsligaste 
parametrarna for att studera endotoxineffekter hos 
kalv lir antalet leukocyter och koncentrationerna av 
15-ketodihydro-PGFlQ, jllro, zink och kalcium. 
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