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1. Introduction

Information on the effect of ednotoxin on Camel is Lacking. There is a marked
species differences both in sensitivity of animals to endotoxin and the dose of
endotoxin which lethal ( Schrawen and Houvenghel 1985). The objective of this study
is to investigate the effects of administration of endotoxin on biochemical parameters
in plasma of camel .

2. Literature Review

Recent experimental findings indicate that endotoxin interacts with specific
membrane receptors localized on mononuclear phagocytic cells and neutrophils
(Olson et al 1995 ) . Binding of endotoxin to these cells together with endotoxin —
induced activation of host vascular endothelium , initiates a series of signal
transudation events that culminate in relase of numerous biochemical mediators
(Van Miert 2002, Raetz 1993 ) . Endotoxaemia and Gram- negative septicaemia are
important clinical entities in animals (Brigham and Meyrick 1986 , Ziegler et al 1991)
Indeed, introduction of endotoxin into the circulation appears to be a key factor
initiating the pathophysiology associated with clinical shock during experimental
endotoxaemia (Morrison and Ryan 1987 , Naess et al 1989 ) . There are marked
species differences both in the sensitivity of animals to endotoxin and the dose of
endotoxin required to achieve 100% lethality ( Berczi et al 1966 , Schrauwen and
Houvenaghel 1985). Van Miert and Frans (1968). Using endotoxin E. Coli
lipopolysacchoride (LPS) found the following order of diminishing sensitivity:
rabbit, horse, goat, dog, cow, sheep, cat, swine and chicken.

3. MATERIALS AND METHODS
Experimental design

Ten mature (3-5 years old, 200-250 kg body weight) camels (Camelus dromendarius)
and 10 calves (2-3 weeks old, 30-34 kg body weight) of mixed sex were used in this
study. Animals were divided randomly into four equal groups and kept individually
in separate pens under natural day light and temperature. Groups A (5 calves) and B
(5 adults) were injected intravenously (I.V) with 0.9% sterile sodium chloride and
kept as controls. Groups C (5 calves) and D (5 adults) were injected 1.V. with
endotoxin. All animals were allowed free access to hay and water. Calves were left
to suck freely between measurements. An indwelling catheter (Tygon microbore
tubing 1.20 mm i.d., 1.78 mm o.d., Norton Performance Plastic, Ohio, USA) was
inserted in a jugular vein one day prior to experiment for endotoxin injection and
blood sampling. Blood samples (10 ml) were collected into heparinized tubes every
90 min. for the first 9 hours and every 2 hours thereafter until15 hours postinjection.
Plasma was separated by centrifugation at 1000g and stored at -20°C until analysis.
Rectal temperature was measured at 15 min. intervals once at preinjection and during
8 hours of the trial period using telethermometer probe inserted 12 cm into the rectum
(Yellow Springs Instrument Co. Ohio, USA).



Endotoxaemia

LPS prepared from E.coli serotype 055:BS5; batch number 4005 (Sigma Chemicals
Co. Ltd., Dorset, UK) was dissolved in normal saline at concentration of 2.5 pg/ml
solution and filtered through a 0.2 um Nalgene filter prior to use. The LPS was
administered 1.V. at a dose of 0.1 pg/kg body weight. This dose level was selected
because in a pilot experiment a dose of 10 pg/kg body weight produced acute severe
illness followed by death of 3 calves out of 3 and one adult out of 3 at 20 hour
postinjection.

Analysis of Samples

Haematocrit (PCV_ was determined using a microhaematocrit centrifuge (S 201 M,
Sigma, England). Plasma concentration of thyroxine (T4) , triitodothyronine (T3) and
cortisol were determined with commercial solid phase RIA kits ( Coat — A — Count ,
Diagnostic Product , Los Angles , USA) . The intra — assay and interassay coeffecient
of variation were 6.6. and 7.2% , respectively for T4 ; 8.2 and 11.6% , respectively for
T3 and 8 and 9.6% , respectively for cortisol . Plasma aspartate aminotransferase
(AST), Lactic dehydrogenase ( LDH ), creatinekinase ( CK ) , protein and creatinine
values were defermined by VETTEST 8008 biochemical analysis (Sanofi Animal
Health Ltd., UK). Glucose levels were determined using a compact glucose meter
(Hypocount GA , Hypoguard Ltd , UK).

The data ( mean values £ SD ) were examined for statistal differences by analysis
of variance and least significance difference tests. (Winer 1971)

4. RESULTS

The rectal temperature of animals in groups C and D (endotoxin treated) increased
within 30 minutes following endotoxin administration (Fig. 1) and remained
signifieantly (P< 0.05 ) elevated from 1 to 7 h postinjecction in Group C and from 2
to 6 h postinjection in Group D compared to animals in groups A and B (38.5+ 0.2°C)
. Maximum rectal temperature was 2.7 and 2.4°C above the preinjection rectal
temperature (38.6 + 0.2°C) at 3 and 4 h postinjection in calves and adult camels,
respectively (P < 0.05).

Animals in group C and D appeared lethargic anorexic with excessive salivation
during the course of fever. Calves showed marked depression and loss of suck reflex.
Animals in group A and B appeared normal.

Haernatocrit values increased significantly ( P < 0.05 ) at 3 h postinjection and
remained elevated until 9 h postinjection (Table 1). The effects of administration of
endotoxin on various biochemical parameters are presented in Table 1 . Total protein
and urea levels were significantly ( P < 0.05 ) decreased in groups C and D between 6
and 15 h for protein and between 5 and 9h postinjection for urea. Increase in glucose
levels followed by decrease was also observed in these animals between 3 and 11 h
post injection . Significant ( P< 0.05 ) increase in AST and CK but not LDH activity
was observed in animals of group C and D compared to those of group A and B.



Significantly (P < 0.05) higher actively of AST and CK was observed in group C
compared to group D.

Administration of endotoxin to groups C and D significantly (P< 0.05) increased T3
and cortisol levels but not T4.. The increase in T3 was short — lived ; for only 4 h
postinjection . The significant increase in cortisol concentration seen after endotoxin
injection was sustained throughout the 15-h period after treatment. Significantly (P <
0.05) higher values for cortisol were seen in group C compared to group D. Values for
creatinine , CK and AST were significantly (P < 0.05 ) higher in untreated calves than
those in untreated adults ( Table 2 ) . After E. coli LPS administration increases in
cortical values were significantly ( P < 0.05 ) higher in calves than those in adults :
(Table2).

S. DISCUSSION

Administration of endotoxin resulted in an increase in rectal temperature . Similar
effects of endotoxin administration in calves (Morris et al 1986), goat, sheep, cow,
rabbit (van Miert 1985), horse (Burrows 1981), cat (Justus and Quirke 1995) and
piglet (Desaedeleer et al 1992, Carroll et al 2001) were observed. The higher and
earlier rise of temperature in endotoxin treated calves compared to adult may be due
to differences in the rate of heat conservation and heat loss between young and adult
(Van Miert and Atmakusuma 1971). Body fluid distribution changes are commonly
associated with endotoxaemia ( van Miert et al, 1983 ) . The increase in haematocrit
values during febrile period suggesting that only at this time there was a significant
shift in body fluid distribution (Southorn and Thompson 1986 ). Fever is mediated by
endogenous substances sach as interleukin —1, interleukin —6, INF -x or endogenous
pyrogens (Van Miert 2002) which stimulate the thermoregulatory centres in the
hypothalamus  (Lohuis et al, 1988). Thyroid hormones and cortisol modulate
metabolic processes ( Ganong 1989) . The increase in these metabolic hormones
induced by endotoxin will explain their involvement in thermoregulation , because
metabolism is a primary , intrinsic source of heat (Finch 1986). Additionally, cortisol
is an important indicator of stress in ruminants (Browning et al, 1998) and plays a role
in a negative feedback mechanism to maintain homeostasis (Van Miert 2002). It is
well known that young animals are more sensitive to endotoxins than adults . This is
probably explains why cortisol values in calves were significantly higher than those in
adult ( Table 2 ). The transient increase in glucose concentration at 3h postinjection
may represent a direct effect of cortisol and T3 as both hormones exert a
hyperglycemic effect (Southorn and Thompson 1986). In addition, the increase in
glucose is at least partly due to release of catecholamines as these are released during
endotoxin — induced fever (Van Miert 1973). The subsequent decrease in glucose
concentration was due to progressive depletion of glycogen stores in the liver
associated with fever ( Wolfe 1981 ). Endotoxaemia usually produce hypovolemia
due to increased capillary permeability (Olson et al 1995). Hypovolemia, in turn
could be a reason for an apparent decrease in plasma protein, urea, glucose and
creatine levels, as these metabolites maybe lost with plasma into the extra vascular
space ( Olson et al 1995)

Furthermore, the low plasma protein and urea levels in endotoxin — treated camels
could have resulted from reduced liver synthesis or decreased intestinal absorption .
Similar effects have been reported in sheep, rabbits , pigs and rats as endotoxin



induced a reduction in gastric emptying rate and secretion ( Leenen and Van Miert
1969; Van Miert and de La Parra 1970; Duranton and Buerno 1984, Desaedeleer et al
1992).

The increase in AST and CK activity suggests that endotoxin induced hepatic and
skeletal muscle damage . Similar effects on serum enzymes have been produced in
cows ( Verheijden and Burvenich 1985 ) and goats (Van Miert et al 1983). The
higher activity of these enzymes in untreated calves compared to adult untreated
camels may be attributed to less stable biological membranes in calves which allow
more leakage of cellular enzymes into the plasma (Sarwar et al 1992).

Various dose levels were used in the literature to produce endotoxaemia in animals
(Van Miert and Frens 1968). These have included a dose of 0.5 pug/kg in calves
(Morris etal 1986), 0.1 pg/kg in goat and rabbit (Van Miert 1985) and 10 pg/kg in
piglet (Desaedeleer 1992) and ponies (Moore et al 1981).

Considering the size of the dose (0.1 pg/kg) of endotoxin administered to camels the
findings of the present study domenstrate a high sensitive response of both calves and
adult camels to endotoxaemia as the case in rabbit and goat (Van Miert 1985 ) .
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Table 1. Mean = SD of plasma concentration of biochemical parameters in experimently induced endotoxaemia in camels.

Time (hours) after i.v. injection of 0.1 pg per kg b.w. E.coli LPS (Groups C and D; 5 animals each)

Controls

(Groups A &
Parameter B; 5 animals 1.5 4.5 6 7.5 9 11 13 15

each)

A B C D C D C D C D C D C D C D C D C D C D

Haematocrit 0.23 0.27 0.24 0.26 0.28* | 0.31 0.32* | 0.33* | 0.33* | 0.34* | 0.32* | 0.33* | 0.31* | 0.32* | 0.33* | 0.32* | 0.28* | 0.27 0.26* | 0.27 0.25*% | 0.26
(%) (0.01) | (0.01) | (0.4) (0.01) | (0.02) | (0.02) | (0.02) | (0.02) | (0.02) | (0.02) | (0.02) | (0.02) | (0.02) | (0.02) | (0.01) | (0.02) | (0.01) | (0.01) | (0.01) | (0.01) | (0.01)
Total protein | 4.9 5.2 5.1 5.5 4.4 5.1 4.2 4.5 3.7* 4.1 3.4* 3.9% 3.3% 3.8% 3.2% 3.4%* 3.1%* 3.6* 3.1%* 3.4%* 3.1%* 3.5%
(g/dl) 0.2 0.4) 0.2) 0.4) 0.2) (0.3) (0.3) (0.3) 0.2) (0.3) 0.2) (0.3) (0.3) 0.3) 0.2) (0.3) 0.2) 0.2) (0.3) 0.2) 0.2) (0.2)
Urea nitro- 11.1 12.0 11.2 11.6 11.6 12.1 10.6 11.2 7.6 8.3* 7.1% 7.2% 7.1% 7.5% 7.6% 8.4* 8.1% 10.2 9.2% 11.7 10.1* 114
gen (mg/dL) | (1.2) (1.3) (1.3) (1.2) (1.2) (1.3) (1.3) (1.2) (1.4) (0.8) (1.1) (0.6) 0.7) (0.6) (0.6) (0.9) (0.9) (1.2) (1.1) (1.2) (1.2) (1.3)
Glucose 105 121.1 | 110 116 117 122 133 * | 141* 146 * | 111 86* 93* 80* 85* 82* 80* 84* 86* 90* 105 89* 111
(mg/dL) 12y | ade |12y | A5 A A5 A4 | A8 | (d6) [ d6) |9 az | o an 1o (10) | (10) | (10) | (10) | (10) | A | (1D)
Creatinine 1.11 0.86 1.12 0.84 1.2 0.88 1.3* 1.11* | 1.4* 1.22* | 1.33* | 1.30* | 1.4%* 1.31* | 1.41* | 1.15*% | 1.42* | 0.95* | 1.3* 0.88 1.3* 0.88
(mg/dL) (0.02) | (0.02) | (0.02) | (0.03) | (0.02) | (0.03) | (0.03) | (0.06) | (0.03) | (0.06) | (0.03) | (0.08) | (0.03) | (0.08) | (0.03) | (0.08) | (0.03) | (0.06) | (0.02) | (0.04) | (0.02) | (0.03)
Creatineki- 110 68.1 112 66.2 120 69.1 130 90.1* | 135* | 102* 140 * | 95.6% | 140* | 94.1*% | 140* | 932* | 130* | 71.1 130 * | 68.1 140 * | 67
nase (IU/L) %) 3.1 (6) 3) %) 3.1 6) 4.1) ®) 41) 7 4.1) 7 4.2) 6) 4.2) (6) 3.1 7 3.2) 7 3.1
Aspartate 190 55 193 59 200 61 211* | 78.3* | 220* | 80.1* | 230* 82.3* | 230* | 86.7* | 236* 85.2* | 234* | 65.1* | 231* | 60 220* | 61
aninotrans ®) 4) (11) 4.1) (11) 4.2) (12) 4.1 (12) 4.2) (10) 4.3) (12) 4.4) ?2) 4.4 (11) 4.2) (10) (3.9) ) (3.1
ferase (IU)
Lactic dehy- 160 140 162 146 150 136 166 142 162 133 155 135 156 139 158 146 161 150 162 142 158 144
drogenase (13) (12) (14) (12) (14) (11 (14) (11) (14) (12) (13) (11) (13) (12) (15) (12) (14) (12) (14) (14) (12)
(10)

* Indicate statistically significant differences (P < 0.05).
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Table 2. Mean + SD of Plasma T3, T4 and cortisol after i.v. injection of 0.1 ug per kg b.w. in camels (groups C and D; 5 animals each)

Thyroxine Triiodothyronine Cortisol
Time (h)
A B C D A B C D A B C D

0 71.1 72.2 73.2 74.1 1.15 1.13 1.11 1.10 13.4 14.3 15.1 14.6
(1.9 (1.3) (2.0 (2.1 (0.02) (0.02) (0.02) (0.03) (1.8) (1.6) (2.1 (2.3)

1.5 72.1 71.1 75.1 74.2 1.10 1.10 l.6* 1.4* 14.6 13.6 70%* 50.1%*
(1.3) (1.6) (2.1 (2.2) (0.02) (0.02) (0.04) (0.3) (1.6) (1.8 (6.1 (3.6)

3 71.6 72.6 75.2 76.3 1.12 1.11 1.65% 1.35% 13.6 13.1 82%* 70.21*
(1.4 (1.4 (2.3) (2.3 (0.02) (0.02) (0.04) (0.02) (1.6) (1.5) (4.6) (5.2)

4.5 71.8 72.5 79.4 77.1 1.14 1.12 1.56* 1.32% 12.6 14.1 86* 72.4*
(1.5) (1.5) (2.1 24 (0.02) (0.02) (0.04) (0.02) (1.4 (1.6) (4.5 (5.1

6 72.2 73.1 76.3 75.3 1.16 1.10 1.45% 1.1 14.2 13.4 80.1* 67.2%
(2.0) (1.4) (2.4) (2.1 (0.02) (0.02) (0.04) (0.02) (2.1) (2.6) (5.1 (5.4

7.5 71.5 72.1 78.2 76.2 1.12 1.13 1.15 1.12 14.1 13.9 82.3*% 62.6*
(1.6) (1.6) (2.3) (1.9 (0.02) (0.02) (0.03) (0.03) (1.3) (1.6) (5.1 (5.1

9 72.1 71.9 73.3 74.1 1.13 1.14 1.11 1.12 13.9 14.2 79.1% 62.6*
(1.6) (1.6) (2.1) (2.1) (0.02) (0.02) (0.02) (0.03) (1.6) (2.1) (4.3) (5.1)

11 71.4 71.8 72.1 75.1 1.12 1.13 1.12 1.13 14.2 14.2 78.2%* 54.4*
(1.4 (1.7) (2.2) (2.0 (0.02) (0.03) (0.03) (0.03) (1.3) (2.1 (4.3) (5.2)

13 71.4 73.1 73.2 74.4 1.11 1.12 1.11 1.1 12.6 13.6 79.1% 56.6*
(1.8) (2.3) (2.2) (1.9 (0.01) (0.02) (0.02) (0.02) (1.9 (2.1 (5.1 (5.2)

15 72.1 70.9 74.1 75.6 1.10 1.11 1.12 1.1 13.1 13.6 76.2% 53.4*
(1.5) (1.6) (2.1 (1.9 (0.02) (0.03) (0.02) (0.02) (14 (1.9 (5.2) (5.1

e Indicate statistically significant difference (P < 0.05).
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Legend for figure 1.

Change in rectal temperature in control (Group A and B) and after i.v.
injection of 0.1 pug per kg b.w. E. coli LPS (Group C and D) camels (n = 10).
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