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Abstract
The rumen modifier monensin is widely used in Australia cattle production systems. In addition to its anti-coccidial
action monensin improves energy efficiency and nitrogen metabolism in rumen bacteria, and reduces the incidence
of metabolic disorders such as acidosis and bloat. While monensin is considered safe for cattle, swine and poultry, it
is extremely toxic to horses and incidents of toxicity have also been reported in camels.
In this study, we are reporting for the first time monensin toxicosis in a camel herd in South-West Queensland,
Australia (~267 km west of Brisbane). The camels were fed a cattle breeder supplements containing 250 mg/kg
monensin, formulated to ensure effective concentrations if the supplement is consumed by breeder cattle at levels of
200-500 g/head/d.
Blood samples were collected from 13 camels with clinical signs of monensin toxicosis and 12 healthy camels
that had no exposure to monensin. Post-mortem examinations were carried out on two camels immediately after
death, these animals had marked ascites. Monensin toxicoses resulted in marked decreases in albumin and
increases in ALP, LDH and CPK when compared to physiologically normal healthy camels. Other parameters in the
blood profile remain within normal limits.
Minor to no histopathological changes were observed in the two necropsied camels however death due to rapidly
developing congestive heart failure is suspected. Skeletal muscle was not examined histologically. However, the
biochemical changes could be consistent with muscle necrosis.
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Introduction
The rumen modifier monensin is a polyether ionophore antibiotic
produced by the soil bacterium Streptomyces cinnamonensis [1]. It is
widely used in Australian and US cattle production systems [2]. In
addition to its anti-coccidial action, monensin improves energy
efficiency and nitrogen metabolism in rumen bacteria, and reduces the
incidence of metabolic disorders such as acidosis and bloat [3].
Monensin induces pH change within the cell, which can lead to a
reduction in the secretion and/or transport of the chemicals important
for the proper functioning of the cell. Monensin also affects the
processes involved in formation of external structures on the cell
surface and their growth by reducing the secretion of necessary
substances [1]. It has been demonstrated that the cellular effects of
monensin depend on the body size subjected to its action, the route of
administration, and the dose of this antibiotic [1].
The mode of action of monensin is well established [4]. It forms a
complex with extracellular Na+, dissolves into the bilayer membrane of
bacteria and protozoa causing total intracellular Na+ to increase and
total K+ to decrease. In doing so, it disrupts the Na+-K+ pumps and
kills bacteria and protozoa. While monensin is considered safe for
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cattle, swine and poultry, it is extremely toxic to horses [5] and
incidents of toxicity have also been reported in several animal species
in Egyptian camels [6]; in a group of bulls [7]; in two sheep flocks [8];
in a dairy herd [9] and an ostrich [10]. The blood profiles and
histopathology in a camel herd, following suspected monensin
toxicosis will be presented in this study.
In conclusion, the camel appears not to be in the same category of
intermediate sensitivity like the cattle and therefore feeding them cattle
ration supplemented with monensin is likely to result in morbidity or
mortality.

Materials and Methods
A group of Arabian camels (Camelus dromedarius) ranging in age
from one to eight years were co-grazed with cattle in a paddock with
native grass and different types of pine and eucalyptus trees and
shrubs. They had access to varying levels of monensin for a period of
approximately 4 weeks due to receiving a cattle breeder supplement
containing the ionophore antibiotic feed additive monensin (250 mg/
kg). Thirteen camels out of a small herd of 40 camels showed clinical
signs of monensin toxicity of variable severity. Blood samples were
collected from these camels for blood profiling. Deaths of four camels
were reported and two of these camels were necropsied on site
immediately after their sudden death. Blood samples were also
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collected from twelve healthy camels that had no exposure to
monensin and used as controls. Sera were separated by centrifugation
and biochemical analysis was performed using an Olympus blood
analyzer (Olympus Life and Material Science Europa GmbH,
Hamburg, Germany). Tissues were collected during the post mortem
for histological examination. Specimens (forestomach, colon, liver,
heart and spleen) were preserved in 10% neutral buffered formalin
solution, embedded in paraffin, sectioned at 5 µm and routinely
stained with haematoxylin and eosin (H&E). Finally, the stained
sections were examined under a light microscope for further
evaluation and histological studies.

of eosinophils. No changes of significance were noted in other tissues.
Skeletal muscle was not collected.

Results
Clinical observation
Toxicity signs demonstrated by several camels ranged from
depression and muscular weakness to inability to stand. Among the
four dead, a 13 month old camel was presented with a history of “not
doing well”, being recumbent and not able to get up and having
cyanotic mucus membrane. This animal died with torticollis (Figure 1).
Post mortem and histological observations from the two dead camels
are as follows: several litres of clear peritoneal fluid were present in the
abdominal cavity (Figure 2). Furthermore, fluid was found to be in
large quantity within the omentum/mesentery and inside the
pericardial sac while the heart was found to be within normal shape
(Figures 3 and 4).

Figure 1: Torticollis, irreversible position of the neck before death of
13 month old camel.

Figure 2: Severe oedema in a camel exposed to four-week monensin
toxicity with large amount of clear peritoneal fluid inside the
abdominal cavity.

Figure 3: Peritoneal fluid below the omentum of 13 month camel
(Arrows).

Blood chemistry profile
Histopathology findings
Myocardial necrosis, a feature of ionophore toxicity in other species
was not noted in the sections examined. Microscopically, the only
change observed was occasional nuclear rowing in the cardiomyocytes.
No oedema or alveolar macrophages containing hemosiderin that
might suggest congestive heart failure were noted in the sections of the
lung examined. Moderate to severe oedema was detected in the
submucosa of the forestomaches. Oedema in the colon was transmural.
Within the colonic lamina propria, there was an equivocal increase in
lymphocytes and plasma cells and multifocal, small, dense aggregates
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Blood profile showed an increase in alkaline phosphates (ALP),
Lactate dehydrogenase (LDH) and creatine phosphokinase (CPK)
when compared to physiologically normal healthy camels (Table 1) and
reference ranges were reported in one study [11]. In comparison to the
normal camels and published reference ranges, the average values from
the exposed camels demonstrated marked hypoalbuminaemia
(P<0.0001),
associated
hypocalcaemia
(P<0.001)
and
hyperphosphataemia (P<0.01) were detected but other parameters (Na,
Cl, Anion Gap, Cholesterol, Creatinine, gamma-glutamyl transferase
(GGT), Globulin, HCO3 and Urea) in the blood profile remained
unchanged (P>0.05). Camels exposed to monensin had a tendency
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toward higher levels of ALP (147.4 vs 93.8) but the statistical difference
was not highly significant (P>0.05).

Test

Monensin Toxicity

Normal Range

(n=13, exposed camels)

(n=12, non-exposed domesticated camels)

SI Unit

P value

mmol/L

0.000

(Mean ± SE)

Range

(Mean ± SE)

Range

Sodium

146.3a ± 1.3

134-154

155.5b ± 0.38

154-158

Na/K ratio

25.4a ± 0.9

17.4-29.0

31.56a ± 0.36

26.3-30.4

Potassium

5.9a

5.1-7.7

4.93a ±

4.7-5.2

mmol/L

0.001

Chloride

104.5a ± 7.4

17-119

119.5a ± 0.42

117-122

mmol/L

0.065

Bicarbonate

24.8a ± 1.0

18-33

22.17a ± 0.85

16-25

mmol/L

0.060

Ca/P ratio

0.74a

± 0.1

0.32-1.03

1.18a

± 0.03

1.25-1.15

Calcium

1.81a ± 0.1

1.44 -2.59

2.17b ± 0.02

2.09-2.27

mmol/L

0.000

Anion Gap

22.85a ± 7.5

11-111.4

18.77a ± 1.12

25.7-16.2

mEq/L

0.608

Magnesium

1.0a

0.78-1.2

0.86a

± 0.01

0.79-0.91

mmol/L

0.008

Phosphorus

2.67a ± 0.2

1.75-4.54

1.85b ± 0.03

1.67-1.98

mmol/L

0.003

202.5a ± 45.1

110-604

97.00b ± 3.37

82-112

U/l@37°C

0.035

147.4a ± 41.7

54-605

93.83b ± 5.76

65-122

U/l@37°C

0.234

891.2a ± 120.1

496-1981

5.32b ± 0.40

3.2-7.2

U/l@37°C

0.000

293.0a ± 49.7

130-789

143.3b ± 17.02

83-268

U/l@37°C

0.010

18.5a ± 6.0

8-90

12.43a ± 0.81

8 - 16

U/l@37°C

0.343

Protein

48.2a ± 2.5

25-61

59.0a ± 1.11

54-64

g/L

0.001

Albumin

17.3 a ± 1.9

6-34

29.83b ± 0.76

26-34

g/L

0.000

Globulin

30.8a ± 1.5

19-40

29.26a ± 0.73

24.5-32.4

g/L

0.369

0.58a ± 0.1

0.32-1.48

1.03a ± 0.04

1.06-1.05

Urea

4.18a ± 0.5

2.5-9.5

3.59a ± 0.19

2.5-4.3

mmol/L

0.286

Creatinine

102.8a ± 7.4

81-171

110.4a ± 5.51

88-135

µmol/L

0.424

Cholesterol

0.88a ±

0.2-3.9

0.84a

0.5-1.2

mmol/L

0.902

Triglycerides

0.34a ± 0.05

0.05-0.6

0.5a ± 0.0

0.5-0.5

mmol/L

0.005

Total Bilirubin

2.17a ± 0.1

1.2-3.1

2.93a ± 0.07

2.5-3.3

µmol/L

0.000

Glucose

5.49a

0.6-9.8

6.94a

5.8 -8.3

mmol/L

0.030

AST
(Alanine transaminase)
ALP (Alkaline Phosphatase)
LDH (GLDH)
(Glutamate dehydrogenase)
CPK
(Creatine phosphokinase)
GGT
(Gama glutamyl transferase)

A/G
Albumin/Globulin

± 0.2

± 0.03

0.3

± 0.5

0.05

± 0.07

± 0.29

0.000

Table 1: Blood chemistry profile of camels suspected with monensin toxicity (n=13) compared to normal healthy camels (n=12).
superscripts denote significant statistical difference between groups while identical superscripts denote no statistical difference.
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It is also possible that monensin toxicity in camels results in skeletal
muscle necrosis while cardiac muscle cells show no clear changes of
necrosis due to selective effect [20]. Serum CK, GLDH and AST
activities were increased (P<0.05 and P<0.0001), a finding that could
be consistent with skeletal muscle necrosis. Serum potassium
concentration was also higher (5.85 vs 4.93, P<0.001) above normal.
Myoglobinuria was not noted. Unfortunately skeletal muscle samples
were not collected for histopathological examination.
Luckily, regardless of the exposure of meat animals to ionophores in
feed, residues in the meat milk and its byproducts will have no
potential effect on humans consuming these products [21].

Figure 4: Increase pericardial fluid in 13 month old camel.
Diaphragm (A); caudal vena cava (B); phrenic nerve (C); cranial
vena cava (D); pericardial fluid (E).

Discussion
Food mixing errors have been documented in the literature in
diverse animal species. The suspected camel herd monensin toxicity
reported in this article was due to this kind of error where cattle feed
with monensin additives were offered to the camels without taking into
consideration the camel’s unknown sensitivity to this ionophore
compound. LD50 of monensin was reported to be 1.4 mg/kg for horses
[12] and 26.4 mg/kg in goats [13] while in broiler chickens; it was 214
mg/kg [14]. The most sensitive animal species was horses [1,12]. The
toxicity of monensin for cattle and other species is well documented
and is known to be dose dependent [15-18]. Unfortunately, no such
data is available in the literature for camels.
No clear indication of extensive myocardial necrosis, a common
feature of acute ionophore toxicity was observed or of myocardial fibre
atrophy, indispersed with areas of myocardial hypertrophy and fibrosis
which are features that have been described in cases of chronic
ionophore toxicity in other species [17-18]. The only cardiac change
observed was nuclear rowing which is an indication of early
degeneration and regeneration initiation as reported by Mollenhauer
et al. [19] in a Holstein heifer. The heart of this animal showed rare
myocytes, characterized by rowing of nuclei and suggestive of
attempted myofiber regeneration, with evidence of chronic yew
toxicity in cattle. Some cases of chronic ionophore toxicity produce
very localized or subtle cardiac lesions which may not be identified on
limited sectioning of the heart. The severe ascites and visceral oedema
could also be consistent with right sided congestive heart failure.
Although the hypoalbuminaemia noted in the exposed animals may
have been the cause of the ascites, it is possible that this
hypoalbuminaemia was the result of rapidly developing congestive
heart failure. This has been shown to occur in dogs and turkeys as a
result of blood volume expansion, inanition and possibly loss of
protein into the ascites fluid. An alternative explanation for the
hypoalbuminaemia was not discovered, there was no histological or
biochemical indication of extensive liver disease and protein-loss
through the gut or kidney would be unlikely in multiple animals. A
nutritional cause was also considered less likely as albumin
concentrations in the control animals were substantially higher (29.83
vs 17.3, P<0.0001).
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In conclusion, the clinical signs associated with monensin toxicity in
different animal species vary according to the dose and duration of
exposure. In this case, no diarrhea was noted and histological evidence
of extensive muscle damage was lacking. Although no
histopathological changes were observed in the cardiac muscles,
cardiac damage can sometimes be localized and subtle and the severe
ascites could be consistent with congestive heart failure.
From our observation, the camel is not in the same category of
intermediate sensitivity like the cattle and therefore feeding them cattle
ration supplemented with monensin is likely to result in mortality.
Further observations of other possible cases of monensin toxicity or
intoxication to clarify the rest of the unexplained changes in onehumped camels are very much needed if other cases arise.
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