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Aiumlamai, S., H. Kindahl, G. Fredriksson, L.-E. Edqvist, L. Kulander and O.Eriks­
son: The role of endotoxins in induced ruminal acidosis in calves. Acta vet. scand.
1992,33.117-127. - Experimentally induced ruminal acidosis was carried out in 4 cal­
ves to investigate the possibility of resorption of endotoxins from Gram negative bac­
teria originating from the gastro-intestinal tract. The ruminal acidosis was induced by
overfeeding of oats and the effect was evaluated by clinical and blood biochemical
changes. Blood samples were collected every 2 h for 60 h before and after experimen­
tal feeding. The animals showed signs of ruminal acidosis and also the clinical and
blood biochemical changes were similar to those seen after experimental endotoxae­
mia. However, although being less dramatic the changes in many relevant parameters
such as an increase in prostaglandin F metabolite levels, body temperature, endotox­
ins and a decrease in iron indicate that an endotoxaemic state had occurred. The
results of the present study show that ruminal acidosis/stasis is linked to resorption of
endotoxins from the gastro-intestinal tract causing endotoxaemialendotoxicosis.
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Introduction
It is wellknown that overfeeding of rumi­
nants with feed high in carbohydrate such as
grain, leads to a change in the ruminal flora
(Blood & Radostits, 1989). Already in a few
hours after grain engorgement the ruminal
microflora changes from predominantly
Gram-negative organisms to predominantly
Gram-positive lactic acid producing bacteria
(Hungate et al. 1952). The subsequent accu­
mulation of lactate in the rumen results in a
marked decrease in ruminal pH leading to
acidosis which is an important feature of the
syndrome of overfeeding in ruminants.

Dying and disintegrating Gram-negative bac­
teria during acidosis are a potential source of
endotoxin. A marked increase in the concen­
tration of endotoxin in the rumen follows
upon grain engorgement (Nagaraja et al.
1978a). Free endotoxin in ruminal fluid of
normal cattle was demonstrated by death of
mice injected intraperitoneally with cell-free
fraction of rumen fluid (Nagaraja et al.
1978b) and calves injected intravenously
exhibited clinical signs and pathophysiologi­
cal changes similar to those seen in endotox­
in shock (Nagaraja et al. 1979).
Endotoxins are present also in the natural
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environment and stem from growth of Gram­
negative bacteria on plants and other sources
of animal feed (Lindgren et al. 1988). It has
been found that normally used fodder e.g.
for swine and goats contained up to 12.5 and
10.6 mg/kg of endotoxin, respectively
(Rylander, personal communication). The
endotoxin load of cattle combining "exo­
genous" (endotoxin in feed) and "endo­
genous" (rumen) endotoxins can potentially
play a role in complex disease syndromes
such as e.g. ruminal acidosis, paresis puerper­
alis and laminitis.
Microlesions of rumen papillae of lambs as
well as rumenitis in calves occur upon the
feeding of grain diets (Kay et al. 1969,
McManus et al. 1977). Through these lesions
endotoxins might be resorbed to the blood
circulation and cause subsequent pathophy­
siological effects. Dougherty et al. (1975a)
detected endotoxin in the blood circulation
by the limulus amaebocyte lysate (LAL) test
in cattle and sheep after induced grain engor­
gement. Endotoxin was also found in blood
of horses with spontaneous occurring gas­
trointestinal strangulation/obstruction and
septicemia diseases by the LAL test (Fessler
et al. 1989). In contrast the LAL test did not
detect endotoxin in experimentally induced
rumen acidosis in cattle (Andersen & Jarlev
1990). The clearance of endotoxin from the
blood circulation by the reticuloendothelial
system is both rapid and efficient. Even
though the levels of endotoxin cannot be
detected in the blood circulation, the cascade
of biological mediators will continue after
endotoxin challenge and these compounds
can remain in the circulation for a longer
time period. Therefore, measurement of
mediators of endotoxin such as tumour
necrosis factor (TNF)/cachectin, interleukin­
1 (IL-l) and arachidonic acid metabolites
might be better indicators of endotoxaemia
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(Morrison & Ryan 1987, Aiumlamai et al.
1990). In addition, more non-specific changes
in blood biochemical parameters can be
related to the endotoxaemia and used as
markers of endotoxaemia (van Miert 1985,
1987, Aiumlamai et al. 1990, Aiumlamai &
KindahI1990) .
In ruminaI acidosis, some pathophysiological
changes were similar to those found in endo­
toxaemia (Dougherty et al. 1975b, Andersen
& Jarlev 1990). However, proofs for the
involvement of endotoxin originating from
the alimentary tract in the lactic acidosis syn­
drome are inconclusive. The present study
was carried out to demonstrate that the
ruminal acidosis disease complex , induced by
overfeeding with high concentrate, involves
engagement of endotoxins from the alimen­
tary tract. Clinical and blood biochemical
parameters were used as indicators to clarify
the exposure of endotoxin, and the LAL test
was employed to determine the endotoxin
concentrations in the blood circulation.

Materials and methods
Animals and feeding
Four female calves (A, B, C, D), 2 Swedish
Red and White and 2 Swedish Friesian
breed, aged 5 months, weighing 82 to 99 kg,
were used. They were kept separated and fed
with hay and water ad libitum and a low
amount of crushed oats , 0.1 kg/day, starting
from 1 month before the experiment. At the
start of the experiment, each calf was offered
5 kg of oats as well as hay and water ad libi­
tum. After 24 h the remainder of the oats
was removed and weighed.

Blood sampling
Jugular vein blood samples were obtained
every 2 h for 60 h before and after feeding
the high ratio of oats . Five ml of jugular vein
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blood was withdrawn into heparinized Vac­
utainer tubes (Becton & Dickinson, Eng­
land) and immediately centrifuged. Plasma
was removed and stored at -20°C until hor­
mone analysis (15-ketodihydroprostaglan­
din(PG)F2a ; abbreviated as PG in the text).
Ten ml of blood was collected under sterile
precautions into plain Vacutainer tubes (Bec­
ton & Dickinson) and centrifuged within 40
min after collection (30 min elapsed before
centrifugation). Two ml of serum was trans­
ferred to another plain Vacutainer tube, and
special care was taken to avoid contamina­
tion by endotoxins from the environment.
The remainder of the serum (3-4 ml) was
transferred to a plastic tube. The samples
were stored at -20°C and subsequently util­
ised for endotoxin analysis (glass plain tubes)
and for calcium (Ca), zinc (Zn), iron (Fe),
bile acids (BA), glutamate dehydrogenase
(GLDH), sodium (Na) and potassium (K)
(plastic tubes).
Five ml of blood was withdrawn into EDTA
Vacutainer tubes (Becton & Dickinson) and
immediately analysed for total white blood
cell number (WBC). Differential counts were
performed from blood smears.

Analytical methods
15-Ketodihydro-PGF2a was analysed by
radioimmunoassay (Kindahl et at. 1976,
Granstrom & Kindahl 1982). The detection
limit of the assay was 30 pmol/I and the intra­
assay coefficient of variation was 6% (mean
value 170 pmol/l). All samples were analysed
in the same assay.
Endotoxin (ET) quantification was per­
formed with a modified LAL method using
chromogenic substrate as described by Fri
berger (1985). The incubation time, 25 min,
yielded a detection limit of 5 ng/l. The intra­
assay coefficient of variation was 12.5%
(mean value 20.5 ng/I).

Serum Ca and Zn were determined in an
atomic absorption spectrophotometer (Per­
kin -Elmer, model 603, Connecticut, USA)
according to Trudeau & Freier (1967) and
Parker et al. (1967), respectively. The inter­
assay coefficient of variation was 1.3%
(mean value 2.47 mmol/l) and 10.3% (mean
value 13.9 11m01/1), respectively.
Serum Fe was determined by Guanidine/Fer­
ro'Zine" method without deproteinization
(Iron FZ test, no .0710598, Roche Diagnosti­
ca, Basel, Switzerland) according to Eisen­
wiener et al. (1979). The inter-assay coeffi­
cient of variation was 3.1% (mean value 24.6
umol/l).
Serum bile acids were analysed by a colour­
imetric method, determining total 3a­
hydroxy bile acids in serum (Enzabilef kit ,
Nyegaard, Norway) according to Mashige et
al. (1981). The inter-assay coefficient of vari­
ation was 5.7% (mean value 28.9 umol/l).
Serum GLDH was determined by a standard
method according to the recommendations
of the German Society for Clinical Chemistry
(Z. Klin. Chern. Klin. Biochem. 12, p. 391,
1974) (GLDH One-vial test , no.0712124,
Roche Diagnostica, Basel , Switzerland). The
inter-assay coefficient of variation was 6.3%
(mean value 223 nkat/I).
Serum Na and K were determined by using
an Orion 1020 ion selective membrane (Ori­
on Research Inc., MA, USA) according to
Ruff (1982). The inter-assay coefficient of
variation was 1.0% (mean value 158.8
mmol/I) and 0.9% (mean value 6.7 umol/l),
respectively.
The total WBC was counted in a Sysmex F­
800 electronic counter (Toa Medical Co. ,
Japan) and the inter-assay coefficient of vari­
ation was 1.6% (mean value 19.0 x 109

cells/I). Quicklyzer QLY-200A was added to
lyse the red blood cells. Differential counting
of 200 cells was performed in a microscope,
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after staining with May-Griinewalds solution
followed with Giemsa solution. Differential
count was simplified by dividing the cells in
polymorphonuclear (neutrophil, basophil
and eosinophil) (PMN) and mononuclear
(monocyte, macrophage and lymphocyte)
(MN). The cell numbers are given as abso­
lute values.

Clinical examination
Rectal body temperature (BT) was measured
at each blood sampling. Frequency of rumen
contractions (RC) was recorded every 2 h
during daytime throughout the period of
study. Ruminal content was collected by suc­
tion through a stomach tube twice daily dur­
ing the control period and thrice during the
experimental period. The pH of the content
was recorded both by pH-paper and a pH­
meter.

Statistical analysis
Differences of all parameters, in every 12 h
intervals (7.00 am - 7.00 pm) , from individual
animals , were evaluated by analysis of vari­
ance (the Statgraphics Version 4.0, STSC,
Inc.) and a confidence interval test was used
to compare means , separately for the control
and experimental periods. This evaluation
was done to define the effect of the frequen­
cy of collecting blood samples during a long
period or effect of day and night on the para­
meters. Then, the values from the experi­
mental period for every 12 h interval were
compared with the values of the respective
12 h interval during the control period by
Student's t test. Two criteria were used to
determine significant changes during the
experimental period for the investigated
parameters. First, the difference must be
greater than the 95% confidence interval set
by the analytical error, and second the differ­
ence must be significant when compared to
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the corresponding value from the control
period and/or to other 12 h intervals during
the experimental period. In addition, the
normal physiologica l range established for
healthy cattle for the parameters investigated
were also used to assess the biological impor­
tance of recorded alterations. This procedure
does not relate to pH, RC and BT, where the
significance was judged from comparisons
between the control periods and the varia­
tion within the experimental periods.

Results
Control period
During the control period, all animals were
clinically normal. The changes of all parame­
ters were evaluated, in each individual ani­
mal, in every 12 h time interval during the
control period (60 h). Rectal body tempera­
ture during the daytime was significantly
higher than during the night. The levels of
pH, RC, PG , Zn , Na, K and WBC were not
significantly changed during the control peri­
od. The levels of endotoxin were significantly
elevated in animals A and D (at 13-24 h after
the control period started). Calcium
decreased significantly during the long peri­
od of frequent blood sampling (animals A, C
and D) . The changes in Fe, GLDH and BA
were inconsistent. In animal D, Fe levels
were lower than the normal reference range ,
GLDH activity increased significantly and
BA values were recorded higher as com­
pared to the other animals.

Experimental period
In the experimental period, the animals start­
ed to show signs of anorexia and weakness
about 8 to 10 h after the 5 kg feeding. In the
next day, oats was weighed and found to be
0.0,0.3, 2.0 and 0.7 kg for animals A, B, C
and D, respectively. The degree of weakness
and discomfort increased, they laid down, the
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rumen was distended like during mild bloat
and feces was of a soft consistency. The clini­
cal signs remained until 34 to 36 h later. Gen­
eral clinical signs disappeared during the last
few hours of experimental period.
Table 1 summarizes the changes of all param­
eters seen during the experimentally induced
acidos is presented for each animal.
The pH of the ruminal content was signifi­
cantly decreased in 3 animals (A, B & C)
from 6.76±0.13 (x±S.D.) to 5.11±0.39. Ani ­
mal D had a tendency to decrease. The low­
est pH values occurred 13-24 h after feeding

in all animals except animal C, where the
lowest pH occurred during the first 12 h inte­
val.
In all animals rectal body temperature
increased significantly to 38.8-39.2°C, 13-24 h
after feeding in all animals. In animals A, B
and C significantly elevated body tempera­
ture remained until 48, 60 and 36 h after
feed ing, respectively. Even tho ugh BT was
significantly higher during the day than at
night, when the levels were compared in
respective time interval the changes showed
significance.

Table 1. A summary of the changes in clinical and blood biochemical parameters seen in experimentally
induced acidosis in 4 calves

Parameters Animal A AnimalB Anima l C AnimalD

pH (-)
BT + + + +
RC 0
ET 0 (+) (+) +
PG (+) + + 0
Ca (-)" 0" (-)" 0"
Zn 0" -a 0" +b
Fe -b -b -b (+)"
BA (+) 0 + (+)
GLDH
Na 0 0 0 0
K -b Ob Ob -b

WBC +b +" (+)" 0"
MN 0 0 0 0
PMN +b +" +" +"

+ indicates significant increase (p<0.05), - indicates significant decrease (p<0.05) and 0 indicates no significant
changes. ( ) indicates a tendency to increase or decrease. Superscript "a" indicates that the values are in the
normal range and superscript "b oo indicates that the values are out of the normal range (if no superscript is
given it means that no refe rence range exists for that parameter in cattle). The reference ranges of the param­
eters are used in the Department of Clinical Chemistry, Faculty of Veterinary Medicine, Swedish University
of Agricultural Sciences.

BT
RC
ET
GLDH=

Body temperature
Ruminal contractions
Endotoxin
Glutamate dehydrogenase

BA
WBC
MN
PMN

Bile acids
Total white blood cell count
Mononuclear cells
Polymorphonuclear cells
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In the experimental period, frequency of
ruminal contractions decreased significantly
in 3 animals (A , Band C) but animal D
showed no change . In animals A and B, the
frequency of contractions decreased signifi­
cantly 24 h after feeding and remained low
until the study finished. In animal C, ruminal
contractions decreased 0-24 h after feeding.
Then the contractions increased to normal
frequencies and remained so until the study
finished.
The endotoxin levels were significantly
increased in animal D and showed a tenden­
cy to increase in animals Band C. In animal
A no change of the endotoxin levels was
seen.
Prostaglandin levels were significantly
increased in 2 animals (B and C) 49-60 hand
37-48 h after feeding , respectively. Animal A
had a tendency to an increa se 49-60 h after
feeding . No significant change was found in
animal D.
Calcium levels decreased significantly in the
control period as well as during the experi­
ment al period. However, the degree of
decrease in experimental period was more
pronounced than during the control period.
Animals A and C showed a tendency to a
decrease during 37-60 hand 49-60 h after
feeding , respectively. There were no changes
in animals Band D as compared to the con­
trol period. All the values of Ca in this study
were in the normal range.
The levels of Zn decreased significantly in 1
animal (B) 49-60 h after feeding and
increased significantly in animal D 49-60 h
after feeding. No changes were recorded in
animals A and C.
In the control period, the levels of Fe in dif­
ferent 12 h intervals gave significant but
inconsistent changes. However, respective
comparison resulted in that, there was a sig­
nificant and dramatic decrease in 3 animals
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(A , Band C) 25 h after feeding and the val­
ues were lower than the reference values.
Animal D showed a tendency to increase 13­
24 h after feeding and then the values were
within the normal range.
Bile acids showed a significant increase in
animal C, 37-48 h after feeding followed by a
tendency to increase 49-60 h after feeding . In
animals A and D, the levels of BA showed a
tendency to increase 37-48 and 49-60 h after
feeding, respectively.
During the control period, the levels of
GLDH showed a significant decrease in ani­
mal A and increase in animal D. However,
using all above mentioned criteria, the levels
of GLDH decreased significantly in all ani­
mals during the experimental period at 25­
60, 13-48, 13-24 and 37-60 h after feeding ,
respectively.
The levels of Na did not show significant
changes in none of the animals neither dur­
ing control nor during experimental period.
The levels of K during the experimental peri­
od showed a significant decrease in animals
Aand D.
During the experimental period, WBC signif­
icantly increased in 2 animals , A and B, and
showed tendency to increase in animal C.
There was no significant change in animal D.
The levels of MN had no significant changes
in none of the animals during the experimen­
tal period. There was a significant increase in
PMN in all animals .

Discussion
The general clinical picture seen in this study
accord well with what is observed in the
rumen acidosis syndrome (Dirksen 1970).
During the control period, some of the
parameters investigated e.g. Ca, Fe, GLDH
showed significant changes . These changes
are probably due to the long period and high
frequency of blood collection. The effect of
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day and night on BT was pronounced and is
reported previously (Andersson 1984). The
levels of ET were also found elevated, which
may represent the escape to the blood circu­
lation from the intestines as has been
described in the rat (Gans & Matsumoto
1974). These effects taken together made it
reasonable to compare the results of the
respective time interval between the control
and the experimental period.
Three of the animals behaved very similarly
in most of the recorded changes both in clini­
cal and blood chemical parameters. The 4th
animal (D) however differed markedly e.g.
the frequency of ruminal contractions never
decreased and the response was different in
the levels of the prostaglandin metabolite,
zinc, iron and total white blood cells. The
reason for this is not known but it can be
linked to that the decrease in ruminal pH
was small and that ruminal stasis never
occurred. Animal D was obviously less
affected by the experimental feeding than
the other 3 animals .
The clinical and blood biochemical changes ,
demonstrated in this study, showed similar­
ities to those observed after experimental
endotoxaemia. It indicates that ruminal aci­
dosis/rumenitis is linked to resorption of
endotoxins from the gastro-intestinal tract
causing endotoxaemia/endotoxicosis. Leuko­
cytosis, especially the increase in number of
polymorphonuclear cells, was found in all
animals which accord well with what has
been demonstrated after injection of low
doses of endotoxin, or endotoxins contami­
nated biological preparations, to rabbits and
sheep (Yagoda et al. 1990 a,b). When higher
doses of endotoxin are injected, a pro­
nounced leukopenia is seen which is followed
by leukocytosis the next day (Fredriksson
1984, Aiumlamai & KindahI1990). Several of
the studied parameters discussed below sup-

port the hypothesis that endotoxins are
resorbed in low amounts to the blood circu­
lation: increase in body temperature, endo­
toxin and prostaglandin metabolite levels as
well as decre se in iron, calcium and zinc
levels. Furthermore, the decrease in ruminal
contractions is a clinical sign of acidosis as
well as of endotoxaemia. In the present study
primary hypomotility of the rumen might be
caused by acidosis but then combined and
complicated by the effect of endotoxins.
In this study, the endotoxin was detected in
the blood circulation from all animals both
during the control and experimental periods.
However, only 1 of 4 animals showed a sig­
nificant increase after the experimental feed­
ing and 2 other animals showed a tendency
to an increase. The LAL test used here is
sensitive and relatively specific for endotoxin
and can detect very low concentrations of
endotoxin present (detection limit of 5 ng/I)
in blood serum (Friberger 1985, Sturk et at.
1987). However, it can give false-positive
results which can be caused by contamina­
tion of collected samples and also false-nega­
tive if endotoxin is circulating as immune
complexes or if phagocytic cells have cleared
endotoxin from the circulation (Elin et at.
1975, Smith 1986). Detoxification of endo­
toxins by the liver is normally very efficient
and after an injection of endotoxin, the clear­
ance from the circulation is rapid and makes
it difficult to detect in blood. After injection
of high amounts of endotoxins to goats , it
was not possible to detect it in the circulation
despite a very frequent blood sampling
(Aiumlamai et at. 1990). This makes the
detection of endotoxin in blood a difficult
task . In the present study, levels of endotoxin
were low and did not exceed 50 ng/l after
feeding. Because of the rapid half-life of
endotoxin the possible presence of higher
concentrations in between the blood sam-
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plings can not be ruled out. The clinical aci­
dosis elicited here was not particularly severe
so it is however likely that resorption of
endotoxins from the alimentary tract was not
too dramatic and consequently the levels in
the circulation should not be high. Neverthe­
less this low continuous resorption of endo­
toxins can provoke severe effects and com­
plicate the disease situation. The animals will
come into a circulus vitiosus where the
resorption of endotoxins can decrease the
mot ility of the gastro-intestinal tract leading
to further resorptions of endotoxins. Ander
sen & Jarlev (1990) were unable to detect
endotoxin in the blood plasma samples in
cattle after provoking ruminal acidosis by
feeding of barley. However, the clinical and
clinical-chemical data especially regarding
the arachidonic acid metabolites suggested
that an endotoxicosis developed.
The increase in the body temperature is also
a strong support for that endotoxins have
been resorbed, since endotoxins are known
to be strong pyrogens (Milton 1982, Dinarel
10 1983). Also the release of PGF2a , from
the arachidonic acid cascade , judged by its
main metabolite, is a very dominating endo­
toxin-mediated product (Fredriksson 1984,
Fredriksson et al. 1985, Aiumlamai et al.
1990, Kindahl et al. 1990). Thus, this is a very
reliable parameter for estimating the effect
of endotoxins. The release of prostaglandin
in the present study was not so pronounced
as found after intravenous injection of higher
doses of endotoxin which involves lysis of the
corpus luteum with subsequent alterations of
sexual cycles and abortion in female animals
(Fredriksson et al. 1985, Kindahl et al. 1990).
However, the lower amount of prostaglandin
release from acidosis/overfed animals could
possibly impair reproductive behaviour when
it becomes involved in a circulus vitiosus
situation.
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The decrease of Fe levels was pronounced
and below the reference range . This is also
found in experimental endotoxaemia (Luth
man et al. 1990, A iumlamai & Kindahl
1990). Iron is one of the best parameters to
estimate the effect of sepsis. The decreases of
Ca and Zn levels were comparatively less
severe than during experimental endotoxae­
mia. These minor changes might be related
to the low levels of endotoxins possibly
resorbed to the blood circulation, which
cause mild pathophysiological changes differ­
ing from injection of large doses of endo­
toxins. The changes in these parameters are
not specific to endotoxin response but can be
considered as an indicator of the effect of
endotoxin. There was no changes in Na lev­
els and also the changes of K levels are
uncertain in the present study. Lohuis et al.
(1988) reported that there were no marked
changes in Na and K after endotoxin injec­
tion in cows and goats but the levels
increased in sheep. However, in a recent
study it was demonstrated that endotoxin
injection in heifers showed initially an
increase and a tendency to a decrease of Na
and K later on (Aiumlamai & KindahI1990).
It has also been reported that there was an
immediate depression of renal Na and K
excretion followed by natriuresis after endo­
toxin injection (16nasson et al. 1984).
Glutamate dehydrogenase is primarily a mit­
ochondrial enzyme and is used to assess the
integrity of hepatic cells in ruminants (Mul
len 1976). The decrease of GLDH activity
found here indicated a lack of direct liver cell
damage . This differs markedly from the
changes in GLDH activity found after the
intravenous injection of high doses of endo­
toxin which showed a dramatic increase
immediately after endotoxin injection and
then followed by a return to the basal activity
(Aiumlamai & KindahI1990). In this case, it
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indicated a disturbed liver cell integrity. We
have no obvious explanation for the decrease
in GLDH activity found here . The decrease
in GLDH activity may indicate a disturbed
hepatic blood circulation compromising the
release of the enzyme to the general circula­
tion. Bile acids showed an increase or a ten­
dency to increase during the later part of the
experimental period. This finding is different
when compared to the situation following
injection of high doses of endotoxin which
showed an initial increase in the levels and
then followed by a decrease (Aiumlamai et
al. 1990, Aiumlamai & Kindahl 1990). The
differences of the profile found might be
caused by low levels of endotoxins absorbed
to the blood circulation. Blood concentra­
tions of BA are dependent on a functional
enterohepatic circulation. Consequently,
hypomotility of the alimentary tract of dairy
cows was found to decrease BA in blood
(Olsson 1986). It has also been reported that
bile acids play an important role in detoxifi­
cation of endotoxins (Kocsar et al. 1973, Ber
tok 1980). However, the profiles of GLDH
and BA found in this study/acidosis are inter­
esting and require further investigation.
Interestingly, the ruminal contractions are
found to decrease/stasis during the acidosis
syndrome and endotoxaemia as well as in
other complex diseases such as parturient
paresis . It is possible that some endotoxin
mediators cause the obstruction of the motil­
ity of the rumen leading to accumulation of
endotoxins in the rumen . A certain amount
of this could then be resorbed to the blood
circulation and cause the pathophysiological
changes . Thus, it is important to study the
effect of ruminal stasis related to the possible
role of endotoxins in complex diseases where
ruminal stasis is pronounced.
The changes of the parameters demonstrated
in this study were less dramatic compared to

2

experimentally induced endotoxaemia in the
same species. However, they showed signifi­
cant changes in many relevant parameters
such as prostaglandin, iron, body tempera­
ture and endotoxin itself which indicates the
exposure of low amounts of endotoxins.
They are similar to those recorded following
administration of large doses of endotoxins.
In addition, individual animals showed dif­
ferent pictures in some parameters which
could depend on body condition, degree of
acidosis, tolerance, defence mechanisms and
levels of absorbed endotoxin to the blood
circulation. In conclusion, it seems likely that
the ruminal acidosis disease complex was
complicated by endotoxins from the alimen­
tary tract.
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Sammanfattning
Betydelse av endotoxiner? 1. Vid inducerad vamaci­
dos hos kalv.
Experimentellt inducerad vamaci dos utfordes fOr
att undersoka rnojligheten av resorption av endo­
toxiner fran Gram-negativa bakterier i mag­
tarmkanalen hos kalv. Vamacidosen inducerades
med overutfodring av havre och effekten utvarder­
ades genom kliniska och blodkemiska forandringar,
Blodprover samlades varannan timme i 60 t fore
och efter ovcrutfodringen. Djuren visade tecken pll
vamacidos och bade den kliniska och blodkemiska
bilden liknar den som ses efter experimentell endo­
toxinami. Forandringarna vid vamasidos var forvis­
so icke sll dramatiska men rnanga relavanta para­
metrar som t. ex. okning av prostaglandin F2a meta­
boliter, kroppstemperatur, endotoxiner och sank­
ning av jarnnivaer indikerade att ett endotoxi­
namistadium forelag, Resultaten fran denna studie
visar att vamacidos/stas ar fore nat med en resorp­
tion av endotoxiner fran mag-tarmkanalen som
orsakar endotoxinremi/endotoxikos .
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