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FREDRIKSSON, GUNNAR: Some reproductive and clinical
aspects of endotoxins in cows with special emphasis on the role of
prostaglandins. Acta vet. scand, 1984, 25, 365--377. - Endotoxin from
Salmonella typhimurium was administered intravenously to 3 cows.
It produced an immediate increase in blood prostaglandin metabolite
levels causing either luteolysis or a temporary drop in progesterone
concentrations depending on the degree of prostaglandin synthesis.
The clinical effects on heart rate, respiratory rate, ruminal contraction
rate, body temperature and other general signs were studied. The cows
showed a transient increase in heart and respiratory rate and a de­
crease in ruminal activity. The temperature responded by a small
initial decrease and a secondary increase. Other symptoms included
muscular weakness and shivering, excessive salivation and diarrhoea.
Plasma Ca levels showed a direct decrease and then slowly increased
to initial levels in the course of several days. The role of endotoxins
in Gram-negative infections and their mode of action on the body are
discussed with special emphasis on the role of prostaglandins on re­
productive function.

I ute 0 I Ysis ; h y poe a I cae m i a.

Gram-negative infections in cattle are not uncommon and
are most frequently located in the digestive tract, in the uterus
or in the udder. In lactating cows infections in the udder may
cause clinical signs resembling parturient paresis and when
endotoxins from Gram-negative bacteria are administered similar
signs occur (Carroll et al, 1963). Endotoxins induce production
of different prostaglandins (Harper et al. 1980, Predriksson et al.
1985), but treatment with prostaglandin synthesis inhibitors

• This study was supported by grants from the Swedish Council
for Forestry and Agricultural Research.
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prior to the administration of endotoxin will eliminate most of
the symptoms (Fletcher & Ramwell 1977, Moore et al. 1981).
Since prostaglandin F2a acts luteolytically in most domestic spe­
cies (Horton & Poyser 1976) an increased synthesis and release
will affect reproduction. The purpose of this study was to in­
vestigate the ability of an endotoxin from Salmonella typhi­
murium, to influence reproductive functions and also to assess
some general clinical effects in cows.

MATERIAL AND METHODS
Animals

Three crossbred cows (nos. 1, 2, 3) of Swedish Friesian and
Swedish Red and White Breed with normal oestrous cyclicity
were used. They were quartered individually and fed according
to Swedish standards. The oestrus was synchronized by injection
of 0.5 mg cloprostenol (Estrumat vet, LEO, Sweden) given i.m.
at intervals of 11 days.

Endotoxin

The S. typhimurium endotoxin (lipopolysaccharide; LPS)
was extracted by the hot phenol-water method from batch-grown
cultures of formaldehyde-killed S. typhimurium SH4809, and the
LPS was further purified and characterized as described pre­
viously (Svenson et al. 1978, Lindberg et al. 1983). The endotoxin
was dissolved in saline and administered i.v. into the jugular vein
of 3 cows (body weigths 575, 460 and 545 kg, respectively) on 3
occasions in doses of 0.5 ttg/kg (on day 8 of the oestrous cycle),
2.5 ttg/kg and 5.0 ttg/kg (on day 9 of the oestrous cycle) . The
interval between the lst and 2nd injections was 40 days and be­
tween the 2nd and 3rd injections 70 days.

Blood sampling

From the start of the synchronization until the beginning of
the experiment 10 ml of blood was collected daily for progeste­
rone analysis. During the first 30 h after the injection of endo­
toxin an hourly blood sampling schedule was used. The sampling
was then continued 5 times daily during 14 days. Jugular vein
blood samples were withdrawn into heparinized Vacutainer tubes
(Becton-Dickinson, USA) and centrifuged directly. Plasma was
removed and stored at -20°C until hormone analysis.
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For counts of total leukocytes EDTA Vacutainer tubes were
used. Blood sampling was performed daily 4 days before the
administration of endotoxin. every 3 h during the first 30 hand
then continued daily during 1 week.

Hormone analysis

The plasma samples were analysed for the content of pro­
gesterone and 15-keto-13.14-dihydro-PGF2a using radioimmuno­
assays (Bosu et al. 1976, Kindahl et al. 1976). The area under the
15-keto-13.14-dihydro-PGF2a response curve for the first 10 h
following endotoxin injection was calculated with an electronic
integrator (Digiplan, Kontron Messgerate, FRG) .

Calcium and phosphorus analysis, leukocyte count
Plasma Ca was determined in an atomic absorption spectro­

photometer (model 603, Perkin-Elmer. Connecticut. USA) by a
method presented by Trudeau & Freier (1967). The determina­
tion of Pin was performed by a method described by Haya & Vi
(1966). A photometer was used for final readings (LKB 2074.
Clinicon AB. Bromma, Sweden).

Blood leukocytes were counted in a celloscope (Linson Instru­
ment AB. Stockholm. Sweden) . Differential counting of 200 cells
was performed after staining. Values for various leukocytes are
given as absolute values.

Reference values for each parameter studied were calculated
for each individual animal using the data gathered prior to in­
jection of endotoxin. The pre-experimental mean values for Ca
and P of each animal were based on analysis of 20 plasma samples
taken at different times. for leukocyte count on 5 samples and
for clinical parameters on observations during 5 days. Mean and
standard errors were calculated.

RESULTS

During the first hours after the injection of endotoxin the
prostaglandin metabolite levels increased from 100-200 pmol/I
to 1000-7000 pmol/l. The peak response lasted for 5-10 hand
was then followed by decreasing levels of 200-500 pmol/l dur­
ing an additional 5-10 h. when pre-experimental baseline values
were again reached (Figs. 1 and 2). The area under the prosta­
glandin metabolite curve versus dose of endotoxin injected is
plotted in Fig. 3.
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Fig u ret. Peripheral blood plasma level of 15-keto-13,14-dihydro­
PGF2Q (e--e) and progesterone (0 - - - - 0) in cow 1. Solid arrow
indicates the time of endotoxin injection into the jugular vein (0.5 f-I.g /
kg) on day 8 of the oestrous cycle. Horizontal hatched bar denotes the

time of rectally determined ovulation.
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Fig u r e 2. Peripheral blood plasma level of 15-keto-13,14-dihydro­
PGF2Q (e--e) and progesterone (0 - - - - 0) in cow 3. Solid arrow
indicates the time of endotoxin injection into the jugular vein (5.0 f-I.g/
kg) on day 9 of the oestrous cycle. Horizontal bla ck bar denotes the

time of oestrus.

Progesterone values decreased rapidly in all cases (F igs. 1
and 2). In cow no. 1 progesterone levels decreased to < 1 nmol/l
for all 3 doses tested, taking approximately 2 days at 0.5 and 2.5
ltg/kg and 18 h at 5.0 f-I.g/kg. In cows 2 and 3 progesterone levels
did not decrease to < 1 nmol/l (except 1 observation in cow 3 at
5.0 f-I.g/kg). In both these animals the levels rose again and a final
progesterone drop occurred at the expected time of luteolysis
(Fig. 2). Cow 1 retained low progesterone levels « 1 nmol /I,
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mostly < 0.1) until concentrations started to rise 3-4 days
earlier than in cows 2 and 3 indicating a shorter inter-ovulatory
interval. Cow 1 did not show clear signs of oestrus but ovulation
was detected rectally. Oestrus at expected times was detected
both by external signs and by rectal palpation in cows 2 and 3.

The body temperature response showed an initial decrease
with a minimum around 5 h after the administration of endo­
toxin and a secondary increase with a maximum after 15-20 h
(Fig. 4 and Table 1). After 25-30 h the temperature again re­
turned to initial values. The higher the dose given, the lower the
minimum and the higher the maximum temperature.

Tab I e 1. Influence of endotoxins on body temperature.

Endotoxin

dose ltg/kg
Before injection

x± s.e.m,
After injection

Minimum x± s.e.m. Maximum x± s.e.m.

0.5
2.5
5.0

38.8 ± 0.1
39.1 ± 0.1
38.9 ± 0.2

38.4 ± 0.4
38.0 ± 0.1
37.5 ± 0.3

40.2 ± 0.2
40.5 ± 0.2
40.7 ± 0.4

Ruminal contractions ceased almost directly after the injec­
tion of endotoxin (Fig. 4) . They could be monitored again after
8 h at 0.5 ltg/kg and after 30 h at 2.5 and 5.0 flog/kg. Activity was
normalized after 15 h at 0.5 ltg/kg and after 3-4 days at 2.5 and
5.0 ltg/kg.

An increased respiratory rate with peak values of 60-80 per
minute was registered during 4-8 hours (Fig. 4). Another rise
but less pronounced was seen during the secondary increase in
temperature. Then respiratory rate returned to normal.

The heart rate increased more slowly during the first hours
(Fig. 4) and reached maximal levels of 90-130 beats per min.
The heart rate returned to normal values after 48 h at 0.5 and
2.5 ltg/kg and after 5-6 days at 5.0 flog/kg.

Other clinical observations included presence of excessive
salivation, transient diarrhoea, anorexia and signs of muscular
weakness and light muscle shivering during the first 24-48 h.
Some of the cows preferred recumbent position. The skin tem­
perature on the back was subjectively colder.

Already in the first sample after the administration of endo­
toxin a drop in plasma Ca concentration was monitored (Fig. 5) .
The higher the dose of endotoxin the more pronounced and more
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Fig u r e 5. Percentage change in plasma Ca concentration after
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long-lasting was the decrease in Ca levels. At 0.5 ltg/kg the Ca
levels fluctuated around -10 % with large standard errors of
the mean and reached pre-experimental concentrations on day 5
after injection. At 2.5 ltg/kg there was an initial drop of 25 %
but after 10 h the Ca levels stabilised temporarily around -15 %
and then slowly increased back to reach pre-experimental levels
on day 7-8. At 5.0 ltg/kg the decrease was 20-25 % during the
first 2 days, followed by a gradual increase, but pre-experimental
levels had not been reached on day 8. The standard error of the
mean was much smaller at 2.5 and 5.0 ltg/kg than at 0.5 ltg/kg.

Pin was also measured but significant changes could not be
observed.

The number of leukocytes decreased quickly after treatment
(Fig. 6). The higher the dose on endotoxin the more severe was
the decrease. The neutrophils decreased to 1-5 % of initial
values during the first 10-20 h, whereas lymphocytes decreased
only to 20-30 % during the same time. On the 2nd day pre­
experimental numbers were observed again. At 0.5 and 5.0 ltg/kg
there was a marked increase of all the parameters during days
3-5. This was not so visible at 2.5 ltg/kg.
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Figure 6. Leukocyte (.- -.), neutrophil (• .... • ) and
lymphocyte count (0 - - - - 0) after administration of endotoxin (2.5

Mean values of 3 cows. The variation is based on the absolute
number of the different cell types at each occasion. Solid arrow indi-

cates the time of endotoxin injection into the jugular vein.
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DISCUSSION
After i.v, administration of endotoxin sufficient quantities of

prostaglandins were produced to affect luteal function. Depending
on the amount of prostaglandins released (F ig. 3 ) either luteo­
lysis with subsequent shortening of the cycle (Fig. 1) or a tem­
poral depression of progesterone levels (Fig. 2) occurred. The
estimated prostaglandin metabolite production seems to be
individually related (Fig. 3); cow no. 1 having the highest release
of prostaglandins, as a matter of fact she released more prosta­
glandins at 0.5 !1.g/kg than the others did after 5 !1.g/kg. There is
also a slight tendency to a dose-dependent relation, although this
is not as obvious as reported in the goat (Fredriksson et al. 1985).

The progesterone production of the corpus luteum is con­
sidered to be responsible for the maintenance of pregnancy at
least during the first two thirds of gestation in the cow (Ester
green et al. 1967 ). The present results suggest that a Gram-nega­
tive infection can elicit pronounced prostaglandin-mediated ef­
fects on reproductive functions provided that enough endotoxin
comes into contact with prostaglandin synthesizing cells. The
end result may be altered lengths of oestrous cycles or abortions.

There is direct and indirect evidence that prostaglandins play
a role in the pathophysiology of endotoxins (Veenendaal et al.
1980 ). The clinical symptoms observed in the presented cows
accord closely with earlier studies in cows and other species
(Nachreiner et al. 1972, Griel et al. 1975, Elmore et al. 1978 ).
Administration of prostaglandin synthesis inhibitors prevents
most of the effects of endotoxins but not all of them ( van Miert

et al. 1982). One of the prostaglandins produced is PGF2a , with
its effects on reproduction, but also other types of arachidonic
acid metabolites are formed. Experimental infusions with PGE2

produces effects on e.g. heart rate (Nakano 1973), bronchial
muscle tone (Smith 1976), temperature (Skarnes et al, 1981), as
as well as diarrhoea (Roberts 1976). PGE2 is also reported to de­
crease serum Ca levels in dairy cows, whereas PGF2a does not
influence serum levels (Luthman et al. 1983). Hypocalcaemia
is seen after administration of endotoxins to cows (Griel et al .
1973), but also after experimental udder infections with Gram­
negative bacteria (Z ark over et al, 1972 ). The hypocalcaemia is
believed to be a step in the process of detoxification of the endo­
toxins (Skarnes 1970). The clinical signs found in this study,
i.e. muscle incoordination, cold skin temperature on the back,
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unwillingness or inability to stand, are early symptoms of hypo­
calcaemia in cattle. The plasma Ca levels also decrease to con­
centrations found in hypocalcaemia in cattle (Sim esen 1980 ) at
2.5 and 5.0 !J.g/kg (F ig. 5). Hypocalcaemia in connection with a
Gram-negative infection, e.g. in the udder, not only requires
adequate Ca-therapy but also use of prostaglandin synthesis in­
hibitors in order to prevent the prostaglanin-mediated effects of
endotoxins. Also other authors have discussed the role of endo­
toxins in the pathogenesis of coliform mastitis although without
stressing the possible role of prostaglandins (Eberhart et al.
1979, Hill et al. 1979, Frost et al, 1980, Frost & Hill 1982, Ver
hejden et al. 1982). The clinical signs seen in the cows in this
study give an indication of endogenous PGE2 production, but this
parameter is in itself unsatisfactory to measure.

The effects on the cellular constituents of the blood could be
due to a shift of leukocytes from circulation to the marginated
pool (A thens et al. 1961) . Elevated levels of corticoids are also
seen after administration of endotoxins (Griel et al. 1975). Corti­
coids will surely contribute to the leukopenia (Carrol et al.
1964 ). In experimental coliform mastitis a similar leukopenia is
observed at a stage of the infection which would correspond to
resorption of endotoxins (Z ark ower et al. 1972 ).

It should be pointed out that the same animals were used 3
times with different do ses of endotoxin. Endotoxins are known
to be very potent antigens (Culber tson 1980 ), and induction of
tolerance using frequent repetitive administration of endotoxin
eliminates the clinical response (van Miert et al. 1982 ). Immuno­
logical factors were not taken into consideration, but it should
be noted that the clinical as well as hormonal responses studied
are correlated to the dose given. The response is also individually
related. The prostaglandin response after i.v. administration of
endotoxin is very rapid and probably due to the action of the
toxic lipid A part of the lipopolysaccharide molecule. It could be
characterized as an immediate, general cell response to the endo­
toxins. Perhaps there is not time for the protective immunological
mechanisms to act and prevent the pathophysiological effects of
the endotoxin.
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SAMMANFATTNING

Effekter au endotoxiner pd prostaglandin frisiittning, lutealfunktion
och klinik lios kor,

Endotoxin fran Salmonella typhimuriurn gays intravenost till 3
cyklande kor. Prostaglandinfrisattningen bestarndes genom att mata
15-keto-13,14-dihydro-PGF2a , och gulkroppsfunktionen foljdes med
progester-onbestlimn ing i plasma. Beroende pa miingden frisaU prosta­
glandin iakttogs antingen luteolys med forkorlning av ostralcykeln
cller en tillf3.IIig siinkning i progesteronn ivaerna. Kliniska effekter pa
hjart-, andnings- och vamfr-ekvens samt temperatur registrerades. En
u vergaende okning av hjart- och andningsfrekvens samt en sankning
av vamfr-ekvensen iakttogs. Temperaturen sjonk fOrst fOr att sedan
oka. Bland ovrtga symtom sags muskelsvaghet och skakningar, okad
salivering oeh diarre. Plasma Ca-koncentrationen sjonk omedelbart
fOr att sedan aterga till ursprungsnivaerna under loppet av flera dagar.
Endotoxinernas verkningsmekanism i kroppen vid Gram-negativa in­
fektioner diskuteras speeiellt med avseende pa prostaglandinernas roll.
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