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INTRODUCTION

The large gram-negative bacterial population in the rumen of cattle is a

potential source of a large quantity of endotoxin. Rumen bacterial endotoxin has

been implicated in certain diet induced diseases of cattle such as lactic acidosis

and the sudden death syndrome. Endotoxin or lipopolysaccharide is capable of

producing two types of shock: (1) endotoxic shock and (2) anaphylactic shock.

Although the exact role of rumen bacterial endotoxin in the pathogenesis of diet

induced diseases is not known, it is hypothesized that anaphylactic shock may be

the cause of the sudden death syndrome in feedlot cattle. However, a clear

disinction between endotoxic and anaphylactic shock due to endotoxin is lacking.

Also, evidence regarding the absorption of endotoxin from the rumen of cattle is

not available. This study was conducted in two parts: Part I was to distinguish

between endotoxic shock and anaphylactic shock in cattle from intravenous

injection of endotoxin, and Part II was to determine the ruminal absorption of

endotoxin.
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INTRODUCTION

The large gram-negative bacterial population in the rumen of cattle is a

potential source of large quantity of endotoxin (Nagaraja et al., 1978). Rumen

bacterial endotoxin has been suggested to play a role in certain diet-induced

diseases such as lactic acidosis (Dougherty, 1976) and the sudden death syndrome

(Nagaraja et al., 1979). The mechanism of endotoxin participation in the

pathogenic process of lactic acidosis and the sudden death syndrome is unknown.

Because endotoxin molecule is composed of toxic moiety (lipid) and antigenic

moiety (polysaccharide), there are two possible mechanisms of action: (1)

endotoxic shock as a result of endotoxemia attributable to the lipid moiety and

(2) anaphylactic shock as a result of hypersensitive reaction to the antigenic

moiety of the molecule (Kim- and Watson, 1966). Intravenous injection of calves

with rumen bacterial endotoxin induced signs and pathophysiological changes

typical of endotoxin shock. The signs and changes were similar to those observed

in calves that received Escherichia coli endotoxin (Nagaraja et al., 1979). Second

injection of endotoxin to calves on day 15 caused enhanced clinical response

suggestive of anaphylactic-type response. Because a clear distinction between

endotoxin shock and anaphylactic-type shock is lacking, this study was initiated.

The primary objective was to study clinical signs, hematological changes and

pathological changes associated with endotoxin shock (single injection) and

anaphylactic shock (repeated injections) in steers.

MATERIALS AND METHODS

Experimental Animals and Diet. The experimental animals were Holstein

steers aged 4 to 8 months with body weights ranging from 100 to 225 kg. The

steers were fed a diet consisting of 75% alfalfa hay and 25% grain supplement.

The grain diet consisted of a mixture of 40.6% sorghum grain, 40.6% corn, 17.5%

soybean meal, .5% dicalcium phosphate, .5% salt, and .5% Vitamin A and D
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supplement.

Endotoxin. Lyophilized commercial Escherichia coli endotoxin

(Lipopolysaccharide B, E. Coli 0111:B4, Difco Laboratories, Detroit, MI) was used

in the study. Endotoxin was dissolved in sterile normal saline (.85% sodium

chloride) before intravenous administration.

Blood Sample Collection and Schedule. Blood samples were collected from

the jugular vein just before endotoxin injection and at 5, 15, 30, 60, 120, 180,

360, 720, and 1*40 minutes after injecting endotoxin. Blood samples were

collected in the following vacutainer tubes (Becton-Dickinson Co., Rutherford,

NJ):

1) tube containing ethylene diaminetetraacetate (EDTA) as an

anticoagulant for total and differential leukocyte counts, platelet counts, and for

fibrinogen and plasma protein determinations

2) tube containing sodium oxalate and sodium fluoride for plasma glucose

determination

3) tube containing no anticoagulant for serum calcium determination

4) tube containing sodium citrate for prothrombin and activated partial

thromboplastin time determinations.

Blood Analyses. Total leukocytes in the blood samples were

counted in a Coulter counter (Coulter Electronics Inc., Hialeah, FL). Stained

blood smears were prepared from each sample and a total of 200 leukocytes

counted. In samples with marked leukopenia only 100 or sometimes 50 cells were

counted. Platelet counts were made with unopettes (Becton-Dickinson Co.) and a

Neubauer counting chamber. Total plasma protein and fibrinogen were measured

by the refractive index method with the TS meter (American Optical Co.,

Buffalo, NY). Serum calcium was determined by SMA 12 Autoanalyzer (Technicon

Corp., Tarrytown, NY) and plasma glucose was measured with Abbott
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Laboratories Reagent Kit (Abbott Laboratories, Pasedena CA). Prothrombin time

(PT) and activated partial thromboplastin time (APTT) determinations were made

with a Fibrometer (Becton-Dickinson Co., Buffalo NY). PT determination was

made by adding .1 ml citrate plasma sample to .2 ml rabbit brain thromboplastin

(Activated thromboplastin, Dade Diagnostics, Inc., Miami, FL). APTT was

performed by mixing .02 ml Actin Activated Cephaloplastin reagent (Dade

Diagnostics Inc.) with 0.1 ml citrated plasma. At each PT and APTT

determination, citrated plasma from a healthy steer was used as a control.

Experiment 1. Endotoxin shock in steers

The objective of this experiment was to elucidate the clinical signs and

hematological changes associated with endotoxin shock in steers. Five steers

were injected intravenously with 10 ug/kg body weight E^ coli endotoxin. Steers

were observed for clinical signs and blood samples were collected from three

steers at 0, 5, 15, 30, 60, 120, 180, 360, 720, and I W0 minutes after endotoxin

injection. Blood samples were analyzed for total and differential leukocyte

counts, platelet counts, total protein, fibrinogen, calcium, and glucose. Citrated

plasma collected from two steers was used for PT and APTT determinations.

Steers that died of endotoxic shock were necropsied. Gross lesions were recorded

and tissue slices from the heart, lung, and liver were taken for routine

histo-pathological examination. All tissue sections were stained with hematoxylin

and eosin.

Experiment 2. Endotoxin induced anaphylactic-type shock in steers

The objective of this experiment was to determine the ability of endotoxin

to induce anaphylactic-type shock in steers. To determine an injection sequence

and proper endotoxin dosage required to induce anaphylactic-type response, nine

steers divided into groups of 5 and 4 each (groups 1 and 2) were used in the

study. Steers in both groups were intravenously injected with 10 ng L coli
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endotoxin/kg body weight on days 1 and 4. Steers in group 1 were injected with

a challenging dose (10 ug/kg body weight) on day 5. Steers in group 2 received

their challenging dose on day 7 with two steers receiving 10 ug and the other

two receiving 100 ug/kg body weight. All steers were observed for clinical signs

after each endotoxin injection. After endotoxin injection on day 5 or 7, blood

samples were collected. Sampling schedule and blood analyses were as before.

Two steers that received challenge dose on day 5 were euthanitized 24 hours

after the endotoxin administration. Gross lesions were noted and tissue samples

collected from brain, heart, lung, liver, kidneys, adrenal, and small intestine for

routine histopathological examination.

Experiment 3. Effect of sodium meclofenamate on Endotoxic and

Anaphylactic-type shock in steers

The objective of this experiment was to pre-treat steers with sodium

meclofenamate in order to distinguish between endotoxic and anaphylactic-type

shock. Sodium meclofenamate has been shown to prevent systemic experimental

anaphylaxis in cattle (Eyre et al., 1973). Seven steers were used in the

experiment. Four steers were sensitized with endotoxin injection (10 ug/kg body

weight) on days 1 and 4, and three remained unsensitized. On day 5 all steers

were intravenously injected with 2 mg sodium meclofenamate/kg body weight

(Parke-Davis and Co., Detroit, MI) 5 minutes before endotoxin (10 ug/kg body

weight) administration. (All steers were observed for clinical signs after

endotoxin injection.) Blood samples were collected and analyzed as before. One

steer from each group was euthanitized 24 hours after endotoxin injection and

necropsied. Tissue samples were taken as before for histopathological

examination.
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RESULTS

Experiment 1. Endotoxin shock in steers

Clinical signs. Among the five steers injected with 10 ug E. coli endotoxin/kg

body weight, two died within six hours. Both showed severe respiratory distress

with blood and foamy discharge from the mouth and nostrils. Steers that survived

showed increased respiratory rate within 3 to 5 minutes after the endotoxin

injection. The increased rate gradually led to dyspnea with marked abdominal

respiration with occasional grunting. The phase of respiratory distress lasted for

several hours. Salivation was profuse. Steers usually urinated within 8 to 12

minutes after injection. Some steers had diarrhea as early as 20 minutes but

usually after 1 hour following endotoxin administration. Ruminal distension with

gas was evident within 2 hours. Steers were anorectic and depressed. Full

recovery was observed within 24 to 48 hours.

Blood changes. Blood changes in steers exhibiting endotoxin shock are shown in

tables 1 to 3. The leukocyte response was typical of endotoxemia. There was a

marked leukopenia within 180 minutes after endotoxin administration followed by

leucocytosis with a shift to the left. Leukopenia was due to decrease in both

neutrophils as well as lymphocytes. However leukocytosis appeared to be due

entirely to increase in neutrophils (table 1). Platelets decreased significantly in 12

to 24 hours after endotoxin injection. Fibrinogen concentration decreased.

Decrease in plasma protein after endotoxin injection may be reflective of

fibrinogen decrease. Serum calcium also decreased. There was slight

hyperglycemia followed by hypoglycemia in 12 to 24 hours (table 2). PT increased

following endotoxin injection, however, changes in APTT appeared to be

inconsistent (table 3).

Pathological changes. Gross lesions in two steers that died of endotoxin shock

were confined to the respiratory system. Trachea was filled with foamy and blood
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TABLE 3. PROTHROMBIN AND PARTIAL THROMBOPLASTIN TIME IN

STEERS INJECTED INTRAVENOUSLY WITH ESCHERICHIA
COLI ENDOTOXIN3

Sampling
time

(min)

Prothrombin
time

(sec)

Partial thrombo-
plastin time

(sec)

14.5(14.1)° 40.3(39.7)

5 14.6 39.8

15 14.9 38.7

30 14.9 47.9

60 15.7 39.0

120 16.0(14.3) 39.3

180 19.3(15.3) 42.9(44.3)

360 20.1(15.1) 26.8(46.4)

720

14*0 21.2(15.5) 48.4(40.9)

a
Endotoxin dose was 10 pg/kg body weight.

^Mean of two steers.

c
Numbers in parentheses are control values.



tinged fluid. Lungs were edematous with numerous petechial and ecchymotic

hemorrhages particularly in the cranioventral region of the lung lobes.

Histologically, lung showed hemorrhage, edema, emphysema and infiltration with

polymorphonuclear cells (Figure 1).

Experiment 2. Endotoxin-induced Anaphylactic-type shock in steers

Clinical signs. Clinical signs observed in steers after endotoxin administration

(days 1 and 4) were similar to the signs shown in steers in the previous

experiment. However steers after endotoxin injection on days 5 and 7 reacted

differently. Steers collapsed within seconds of intaruminal endotoxin injection

with signs of severe respiratory distress. Steers remained laterally recumbent for

several hours. During recumbency steers exhibited other signs of endotoxin shock

such as salivation cyanotic mucus membrane, diarrhea, and abdominal distension.

No difference was seen in clinical signs between steers receiving challenge dose

on days 5 and 7. Signs in steers that received 100 ug/kg body weight were slightly

more pronounced than the steers that recieved 10 ug/kg body weight.

Blood changes.Leukocyte response and changes in blood constituents in endotoxin

sensitized steers challenged with endotoxin on days 5 and 7 are shown in tables k

to 10. Leukocyte response in sensitized steers were similar to that of unsensitized

steers described in experiment 1. There was leukopenia followed by leukocytosis.

Because there was initial leukocytosis (result of the previous injection) leukopenia

appeared to be less marked in steers challenged on day 5 compared to the steers

challenged on day 7 (tables 4, 7, and 9). Changes in neutrophils and lymphocytes

were similar to that of unsensitized steers. Thrombocypenia was evident in steers

challenged on day 5 or 7 with 10 ug/kg body weight, but absent in steers

challenged with 100 ug/kg body weight. Fibrinogen and plasma protein

concentrations remained normal for steers challenged on day 5, but those
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TABLE 6. PROTHROMBIN AND PARTIAL THROMBOPLASTIN TIME IN

ENDOTOXIN SENSITIZED STEERS CHALLENGED
INTRAVENOUSLY WITH ESCHERICHIA COLI ENDOTOXIN 3

'

Samn 1 in p

time

(min)

ProthrombinL l K.S bill W 1 *U ill

time
(sec)

Partial thrombo-
plastin time

(sec)

16.0(14.6)° 43.8(36.6)

5 13.6 48.2

15 13.9 47.8

30 13.8 48.4

60 15.2 45.6

120 16.5(14.3) 43.4

180 16.7(16.0) 41.4(39.2)

360 16.8(15.8) 47.1(38.9)

720

1M0 16.1(15.5) 43.0(40.7)

a
Steers were sensitized with E. coli endotoxin (10 ug/kg body weight) on

days 1 and 4 and challenged on day 5 (10 ug/kg body weight).

^Mean +_ standard deviation of three steers.

Numbers in parentheses are control values.
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determinations were not made for steers challenged on day 7. Serum calcium also

did not decrease in steers challenged on day 5 or 7. Plasma glucose concentration

remained normal in steers challenged on day 5, but steers challenged on day 7

showed typical hyperglycemia followed by hypoglycemia.

Pathological changes.

G

ross lesions in the steers necropsied were confined to the

respiratory system. Lungs showed prominent hemorrhages and appeared edematous.

Microscopic changes in the lung were similar to the changes in steer that died of

endotoxic shock. There was hemorrhage, edema, emphysema and infiltration with

poiymorphionuclear cells (Figure 2).

Experiment 3. Effect of sodium meclofenamate

Clinical signs.Sodium meclofenamate injection (2 mg/kg body weight) had no

effect on the clinical signs observed in the steers injected with 10 ug

endotoxin/kg body weight. Steers showed signs typical of endotoxin shock

observed in experiment 1. Steers sensitized with endotoxin on days 1 and 4, and

treated with sodium meclofenamate on day 5 did not collapse immediately after

endotoxin injection. However, steers exhibited other signs of endotoxin shock.

Blood changes.Leukocyte response to endotoxin injection in steers pretreated

with sodium meclofenamate was similar to the untreated steers. There was

leukopenia followed by leukocytosis with shift to the left (table 11).

Thrombocytopenia was evident but concentration of fibrinogen did not decrease.

There was slight reduction in plasma protein and serum calcium. Although initial

hyperglycemia was not evident, hypoglycemia was seen in 6 hours after endotoxic

injection .(table 12). PT and APTT increased slightly, (table 13).

Endotoxin challenge in sensitized steers pretreated with sodium

meclofenamate was similar to the unsensitized steers (table 14).

Thrombocytopenia was evident but concentrations of fibrinogen and plasma
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Figure 1. Photomicrograph of section of iung of steer (died of endotoxic shock).

Note edema, emphysema, hemorrhage and infiltration with

polymorphonuclear cells H and E stain (120 X).

Figure 2. Photomicrograph of section of lung of steer (euthanitized 2k h after

inducing anaphylactic type shock). Note hemorrhage, edema,

emphysema and infiltration with polymorphonuclear cells, H and E

stain (120 X).
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TABLE 13. PROTHROMBIN AND PARTIAL THROMBOPLASTIN TIME IN

SODIUM MECLOFENAMATE TREATED STEERS TO
ESCHERICHIA COLI ADMINISTR ATION

3
'

Sampling

time

(min)

Prothrombin
time

(sec)

Partial thrombo-
plastin time

(sec)

16.6(15.8)° 35.0(38.4)

5

15

30

60 15.9(15.5) 40.6(35.9)

120 16.6(16.1) 39.9(33.9)

180 19.4(16.5) 36.6(34.3)

360 19.7(15.8) 43.9(36.2)

720

14*0 22.4(16.4) 46.5(36.9)

Sodium meclofenamate injected intravenously (2 mg/kg body weight) five

minutes before endotoxin injection.

'Mean of two steers.

Numbers in parentheses are control values.
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protein did not change. Serum calcium, plasma glucose, PT and APTT also

remained unchanged (table 15 and 16).

Pathological changes.

B

oth sensitized and unsensitized steers treated with

sodium meclofenamate showed pulmonary edema.

DISCUSSION

Clinical signs and associated pathophysiological changes typical of

endotoxemia were seen in steers injected intravenously with Escherichia coli

endotoxin (Osborne, 1965; Burrows, 1970, 1971; Musa et al., 1972; Reece and

Wahlstrom, 1973; Thomson et al., 1974; Griel et al., 1975). The characteristic

changes observed were leukopenia followed by leukocytosis, neutropenia followed

by neutrophilia, lymphopenia, thrombocytopenia, lowered serum calcium, and

hyperglycemia followed by hypoglycemia. Disseminated intravascular coagulation

(DIC), a syndrome of acute, transient coagulation of circulating blood resulting in

fibrin thrombi, is considered to be secondary to endotoxemia (Mckay and Shapiro,

1956; Gans and Krivit, 1960; Yoshikawa et al., 1971; Thomson et al., 1974). It is

characterized by an initial decrease in fibrinogen level, the presence of soluble

fibrin and fibrinogen degredation products, and a clotting factor deficiency.

Decrease in fibrinogen level is a feature following intravenous injection of

endotoxin in many animal species such as dogs (Gans and Krivit, 1960; From et

al., 1975), rats (Muller-Berghaus et al., 1967), baboons (Cavanagh et al., 1970),

and cattle (Lumsden et al., 1974). Decrease fibrinogen is the result of increased

utilization of the fibrinogen (Yoshikawa et al., 1971). The blood changes in this

experiment indicating the occurance of DIC were thrombocytopenia, prolonged

prothrombin time, and decrease in fibrinogen concentration.
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TABLE 16. PROTHROMBIN AND PARTIAL THROMBOPASTIN TIME IN

SODIUM MECLOFENAMATE TREATED AND
ENDOTOXIN SENSITIZED STEERS TO ESCHERICHIA COLI
ENDOTOXIN ADMINISTRATION3 '

Sampling Prothrombin Partial thrombo-
time time plastin time

(min) (sec) (sec)

17.0 (15.5)
C

40.0 (35.8)

5

15

30

60

120

180 18.5 (16.6) 39.4 (36.8)

360 22.5 (16.1) 39.1 (36.6)

720

1440 18.5 (15.8) 39.2 (37.6)

Sodium meclofenamate (2 mg/kg body weight) given intravenously five

minutes before endotoxin challenge (10 Mg/kg body weight).

'Mean of four steers.

Numbers in parentheses are control values.



Intravenous injection of steers with Escherichia coli endotoxin on days 1

and 4 followed by a challenge dose on day 5 or 7 resulted in clinical signs and

associated pathophysiological changes similar to steers receiving only one

injection. The main difference was the sudden collapse of sensitized steers into

lateral recumbency within seconds of endotoxin administration. This enhanced

response suggests an anaphylactic-type reaction (Weil and Spink, 1957).

Sodium meclofenamate has been shown to prevent collapse due to

anaphylactic shock (Aitken et al., 1975). Sudden collapse is due to hypotension

(Aitken and Sanford, 1969a) resulting from the production of bradykinin during

anaphylactic reaction (Eyre and Lewis, 1972). Sodium meclofenamate, a kinin

inhibitor (Collier et al., 1968), markedly antagonizes bovine anaphylaxis jn_ vivo

(Aitken and Sanford, 1969b; Alexander et al., 1970; Eyre, 1970, 1971).

Administration of sodium meclofenamate to sensitized steers prevented the initial

reaction (collapse) to the endotoxin challenge. Clinical signs of endotoxemia

were not present until several minutes after injection in sensitized and

unsensitized steers. Hematological changes and pathological lesions in sensitized

steers with anaphylactic-type shock were similar to that of the steers with

endotoxin shock. Hematological changes such as the leukocyte response and the

various coagulation measurements do occur in cattle with anaphylactic shock due

to any antigenic stimulus such as egg albumin or horse serum (Eyre et al., 1973).

Therefore, it is difficult to distinguish between endotoxic and anaphylactic-type

shock based on blood changes.
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PART II

RUMINAL ABSORPTION OF

ENDOTOXIN IN STEERS
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INTRODUCTION

Rumen bacterial endotoxin has been suggested to play a role in the

pathogenesis of lactic acidosis and the sudden death syndrome in cattle

(Dougherty, 1976 and Nagaraja et al., 1979). In order for rumen bacterial

endotoxin to participate in the disease process, it must be absorbed into the

blood from the gastrointestinal tract. Because of the large pool of endotoxin and

the availability of large absorptive area, rumen appears to be the logical site for

endotoxin absorption. Also, endotoxin passed into the abomasum or small

intestine may presumably get inactivated by acid or enzymes (Nagaraja et al.,

1979). Huber et al.(1979) was unable to demonstrate endotoxin absorption from

the duodenum of sheep. Lassman (1980) found no radioactivity in lymph and blood

samples collected from thoracic duct and portal vein of steers following

intraruminal administration of radioactive (chromium 51) endotoxin. It was

concluded that normal healthy rumen epithelium is impermeable to endotoxin

molecule. The objective of this study was to test absorption of endotoxin from

the rumen of cattle with inflamed or damaged rumen epithelium.
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MATERIALS AND METHODS

Experimental Animals and Diet. Nine Holstein steers aged 4 to 8 months

with body weights ranging from 100 to 225 kg were used in absorption study. All

steers were fed twice a day with an all alfalfa hay diet. Steers were divided

into groups of three animals each. Steers in group 2 and 3 were rumen fistulated.

All steers were sensitized to endotoxin by injecting intravenously Escherichia

coli endotoxin (10 ug/kg body weight) on days 1 and 5. The ability of the animal

to absorb endotoxin from the rumen was tested on day 7. Steers in group 1

received no change in the diet. Steers in groups 2 and 3 were treated to produce

inflammation of the rumen epithelium. Steers in group 2 were induced with lactic

acidosis by infusing glucose solution (12.5 g/kg body weight) (Cerulose Dextrose

2001, Corn products Co., Englewood Cliffs, NJ) 12 hours before testing endotoxin

absorption. Ruminal pH of glucose infused steers ranged from 4.2 to 4.6 in about

12 hours. The rumens of steers in group 3 were emptied and flushed with

ammonia gas to produce severe ruminitis. Infusion of ammonia gas was continued

until signs of ammonia toxicity were evident (convulsions and collapse).

Endotoxin absorption was tested by infusing 1 g Escherichia coli endotoxin

dissolved in sterile saline into the rumen either through the fistula or injected

with long needle (6 inch, 18 guage). Endotoxin absorption was monitored by

observing clinical signs and blood analyses for characteristic endotoxin induced

changes. Blood samples were collected before, and at 15, 30, 60, 170, 180, 360,

720, and 1440 minutes after intraruminal endotoxin administration. The following

determinations were made on the blood samples: total and differential leukocyte

counts, platelet counts, and serum calcium and plasma glucose levels. Blood

samples from the six rumen-fistulated steers were tested for fibrinogen and

plasma protein.
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RESULTS

Clinical signs. None of the steers showed any signs suggestive of endotoxin shock

following intraruminal administration of E. coli endotoxin. Steers in groups 2 and

3 showed signs of acidosis and ammonia toxicosis, respectively. Steers with lactic

acidosis remained dull and anorectic while steers infused with ammonia exhibited

convulsions.

Blood changes. Leukocyte counts in all 3 groups of steers remained in the normal

range. Leukopenia followed by leukocytosis suggestive of endotoxemia was absent,

(tables 1, 3, and 5). Platelet counts, fibrinogen, plasma protein, and serum calcium

concentrations remained unchanged in all steers following intraruminal

administration of endotoxin. Steers with induced acidosis and ammonia toxicity

showed initial hyperglycemia which returned to normal in 24 hours. Hypoglycemia

suggestive of endotoxemia was not evident.

DISCUSSION

Endotoxin absorption from the gastrointestinal tract has been a very

controversial topic. Several researchers have shown that endotoxins are absorbed

in normal and in disease conditions as well as under in vitro conditions (Ravin et

al., 1960; Ravin and Fine, 1962; Kocsar et al., 1969; Gans and Metsumoto, 1974

a,b; Nolan, 1975; Nolan et al., 1977)

In cattle with adequate roughage intake, rumen epithelium is normal and

without lesions. The rumen epithelium of cattle on high grain rations can undergo

extensive degeneration. For example, keratinization, parakeratosis, necrosis, and

infiltration of hair may result in tunnels through which rather large molecules

and even bacteria may pass (Fell et al., 1968, 1972; McGavin and Morrill, 1976;

Szemeredy and Raul, 1976). Lassman (1980) tried to induce inflammation of

rumen epithelium by feeding a high grain ration. However, although papillae were
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darkened and some were keratinized, no lesions or misshappen papillae were

found. In this experiment, inflammation was produced in one group of steers by

inducing lactic acidosis until the rumen pH dropped to 4.2 to 4.6 and remained

for at least two hours, and in another group, severe inflammation was produced

by infusing ammonia gas. Also, steers were sensitized by intravenously injecting

endotoxin on days 1 and 4 in order to enhance their sensitivity to endotoxin.

However, clinical signs and pathophysiological changes suggesting endotoxemic or

anaphylactic shock, were not seen. Evidently, the rumen epithelium is not

permeable to endotoxin. If endotoxin does participate in the sudden death

syndrome, it must be absorbed lower in the digestive tract, possibly in the

duodenum, cranial to the common bile duct. This needs to be investigated.
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ABSTRACT

Endotoxin from rumen gram-negative bacteria has been suspected to be

involved in certain diet induced diseases of cattle such as lactic acidosis and the

sudden death syndrome. Endotoxin participation in the disease process may be

either by endotoxin shock as a result of endotoxemia or an anaphylactic-type

response as a result of hypersensitive reaction to the antigenic moiety of the

endotoxin.

Holstein steers injected with Escherichia coli endotoxin were used as an

experimental model to distinguish between endotoxic shock and anaphylactic-type

shock. Endotoxin shock was induced by single intravenous injection of steers with

Escherichia coli endotoxin (10 ug/kg body weight). Anaphylactic type shock was

induced by sensitizing the steers with the intravenous injection of endotoxin on

days 1 and 4 and injecting challenging dose on day 5 or 7.

Clinical signs observed: respiratory distress, salivation, urination, and

diarrhea, were similar in endotoxic and anaphylactic shock. The only consistent

difference was that the sensitized steers collapsed into recumbency within

seconds of intravenous injection of challenging dose on day 5 or 7. Steers with

endotoxic shock reacted several minutes after the endotoxin administration.

Administration of sodium meclofenamate (2 mg/kg body weight) to sensitized

steers prevented the initial reaction (collapse) to the endotoxin challenge. Blood

changes in steers with anaphylactic-type shock were similar to that of the steers

with endotoxin shock. There was leukopenia followed by leukocytosis,

thrombocytopenia, decrease in fibrinogen and plasma protein, increase in

prothrombin time, and hyperglycemia followed by hypoglycemia. Pathological

changes were similar in both endotoxic and anaphylactic-type shock. Lesions

were confined to the respiratory system with lungs being hemorrhagic and

edematous.



Ruminal absorption of endotoxin was tested in steers by administering

Escherichia coli endotoxin intraruminally. In order to increase the suseptibility of

steers to endotoxin, they were sensitized with 10 ug endotoxin/kg body weight

given intravenously on days 1 and 4. Also lactic acidosis and ammonia toxicity

was induced in steers in an attempt to inflame rumen epithelium and facilitate

endotoxin absorption. Endotoxin absorption was monitored by observing clinical

signs and measuring blood changes indicative of endotoxemia. None of the steers

exhibited clinical signs or had blood changes suggestive of ruminal absorption of

endotoxin. It appears that ruminal epithelium is impermeable to endotoxin.


