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ABSTRACT

Sensitivity and fatality of salinomycin to Saudi dromedary camels (Camelus dromedarius) was studied. The
clinical symptoms and analysis of feed content pointed at salinomycin as the possible causative agent. In a small trial
(n=7), we tested the effect of doses of salinomycin, 15mg/kg every second day on dromedary camels of local strain.
We observed a mortality rate of 100% after just a few days of treatment and the camels showed great sensitivity to
salinomycin. Clinically, camels showed signs of severe fatigue and sickness. Treatment severely affected physiological
parameters of the heart rate and respiration. That was associated with a dramatic change in biochemical and enzymes
level. At the post mortem analysis, we found severe tissue necrosis and severe haemorrhage. Organs that are severely

damaged were the heart, kidney and liver.
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Salinomycin is a coccidiostatic antibiotic that
chemically belongs to the ionophores (Pressman
and Fahim, 1982). In agriculture, it's in use as feed
supplements, and growth promoting agent to
ruminant and poultry (Callaway et al, 2003; Johansen
et al, 2007 and Hall, 2001). Although the use of
antimicrobial additives is rather a controversial issue,
they are available and in use in many countries
around the world (Newcombe et al, 1992).

An incidence of a sudden camel death was
reported in the south region of the kingdom of
Saudi Arabia in 2007. Thousands of camels died
as a consequence of consumption of unknown
contaminant in camel feed. The report of Ministry
of Agriculture pointed at 3 possible causative agents
including salinomycin, mycotoxin and aluminum.
However, clinical symptoms observed in sick camels
are in particular quite similar to toxicity observed
in other animals by salinomycin. Following the
footsteps of salinomycin toxicity incidence in different
animals, there were some alarming observations
in the literature regarding the use of salinomycin.
Evidence accumulating that salinomycin has different
pharmacodynamic and probably pharmacokinetic
profile in different animal species (Lagas et al, 2008).

Available literature does show studies on
toxicity of salinomycin in camels. This pilot trial was
designed to study the effect of salinomycin toxicity
in camels.

Materials and Methods

Animals

Seven male camels weighing 325-500 kg
(BW) aged 5-12 years were used in the pilot trial.
All animals were examined at Qassim University
Veterinary Hospital and considered clinically healthy,
and had no previous drug treatment. The animals
were kept in ambient conditions, fed on alfalfa and
had free access to food and water. The protocol used
in this study was approved by the ethical committee
of the University of Qassim.

Experimental design

All camels were subjected to clinical
examination at 10 am and the following parameters
were recorded for several days before the first dose
of salinomycin: core body temperature, ruminal
contractility and respiration and heart rate. To
observe any difference in age response to salinomycin
camels were divided into small groups as follow:
Group A: 3 camels age 5- 8 years, Group B: 2 camels
age 10 years, and group C: 2 camels age 12.

Drug administration

All biochemical tests were measured once
before the first dose of salinomycin and all camels
with abnormal biochemical reading were excluded
from the study. Thereafter, camels received an oral
dose of 15mg/kg BW every second day.
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Haematological test

Before salinomycin dosing, blood samples were
collected in heparinised tubes from all camels for
haematological analysis on day 1, day 3, day 6 and
day 10 of the treatment. The following tests were
measured: haemoglobin (Hb), red blood cell count
(RBCs), packed cell volume PCV, total white blood
count (Total WBCs count) and differential WBCs
count. These parameters were determined by the
Abbott Cell Dyn® 3500 (Abbott Diagnostic Division,
California, USA) which was previously calibrated for
blood of sheep, goats and camels.

Biochemical analysis

Another set of blood samples were collected
to determine the activities of liver, muscle, and
kidney enzymes and that includes: Aspartate
aminotransferase (AST), Alanine aminotransferase
(ALST), creatine phosphokinase (CPK) and alkaline
phosphatase (ALP)., glucose, creatinine, urea,
potassium (K) were determined by commercial kits
(bio-Merieux Laboratory Reagents and Products,
France and kits from Nubenco Interprises INC.
Paramus, New Jersey, USA). Besides, Rumen fluid
was collected to examine the physical characteristics
(colour, odour & consistency), chemical (PH &
Methylene Blue Reduction test) and microscopic
examination for protozoal activity.

Data analysis and statistics

Individual physiological parameters of each
camel were plotted against measurement before
treatment and in comparison to one negative
control reading. Haematological and biochemical
measurement results were analysed using one
way ANOVA with Kruskal-Wallis test for multiple
comparisons using Prism software.

Results

General clinical signs

After salinomycin treatment, an acute onset
of illness and abnormal behaviour among camels
were noticed. All camels became lethargic, anorexic,
had loose faeces, stopped rumination, stiff-legged
and reluctant to move 24 hours after ingestion of
salinomycin (Fig 1A) and preferred staying in sternal
recumbency.

Respiratory rate

As shown in Fig 2A, a gradual but significant
change in rate of respiration P< 0.05 was observed for
most camels starting on day 6. A higher frequency
of respiratory rate of 16.67 = 0.33, almost double
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the normal average rate of 7+0.25, was observed
thereafter. A significant increase in respiration
frequency was observed after day 6 (9.6£0.812) and
it was persistent.

Heart rate
As shown in Fig 2B, a similar increase in heart
rate of the camels was observed in camels starting of

day 6. Heart rate changed from negative control of
37.13%0.39 to 48+0.4.

Body temperature

Core body temperature changes in camels started
later than the changes in cardiac rate for most of the
camels (Fig 2C). It reached significant level (P< 0.05) on
day 8 of salinomycin treatment. The average core body
temperature of camels before treatment was 35.94+
0.12 C° while on day 7 the average reading was 36.28
£ 0.22 C°. Maximum reading was recorded on day 11
and it was 39.1+0.05 C°. Symptomatic hydration of
camels was not effective in reducing body temperature.
Dehydration is known to increase respiration and body
temperature significantly in some animal species but
not in camels (Ayoub and Saleh, 1998). Salinomycin
treatment seems to elevate both.

Fatality

The fatality observed after salinomycin
treatment was 100% and supportive and symptomatic
treatments were found to be ineffective. It was also
noted that camel survival days were correlated to
camel age.

The sequence of camel death in groups was as
follow: Group A: 3 camels age 5 8 yrs died on day
11, 12 after receiving 5 doses of salinomycin. Group
B: 2 camels age 10 yrs. died on day 10 after 4 doses.
Group D: 2 camels age 12 yrs one camel died on day
3 after one injection. The other died on day 3 post
administration of one dose of salinomycin equal to 6 g.

Haematological results

Table 1 shows changes in blood count of
lymphocytes, esinophils, neutrophils and PCV. It
was noticed that a significant decrease in lymphocytes
counts and the count was reduced to the maximum
on day 10 of salinomycin treatment. On the contrary,
a gradual and significant increase in eosinophils and
neutrophils counts was observed from day 3 to day 10
after salinomyecin treatment. A significant increase in
PCV value was noticed in day 10.

Biochemical results

Salinomycin treatment has a profound effect on
biochemical parameters. As shown in Fig 3A, the level

Journal of Camel Practice and Research



and reluctance to move due to acute salinomycin
toxicity. The clinical signs included muscle weakness
and ataxia that progressed from hind legs to shoulder
and chest over 2 days period, dyspnoea, tachypnoea,
tachycardia, thirst, lethargy, grunting and signs of pain.
Rise in body temperature was noticed 1-2 days before
death. Animal died with lesions of congestive heart
failure ( Fig 1B).

Fig 1B. Death within 24 - 48 hours due to administration of
high dose of salinomycin.

of creatinine became triple by day 10 and unregulated
from average value of 1.19+ 0.3 to 3.1+ 0.32 mg/dL
This significant change indicates an ongoing process
of muscle degeneration.

Fig 3B shows the effects of salinomycin
treatment on serum potassium level. The level of K
dropped from a control value of 3.8+0.09 to 3.2+0.11
mmol/1 (P<0.05). Level of serum K dropped further
on day 10 to an average of 2.6£0.1 mmol/1.

As we noticed anorexia and avoidance of
feeding, camels serum glucose reflect a gradual
and significant decrease in serum glucose level. As
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Fig 2A. Respiratory rate after treatment with salinomycin.
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Fig 2B. Heart rate after treatment with salinomycin.
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Fig 2C. Change in camel temperature after treatment with
salinomycin.

June 2012 / 59



Table 1. Blood count of lymphocytes, eosinophils, neutrophils and PCV.

Cells control dayl day3 day6 day10

Lymphocytes 55+0.28 55.8610.40 45.13+2** 4342 4%+ 35.6+1.2%+*

Eosenophils 3.8+0.2 3.71£0.35 8.17£1.04*** 11.4+0.50*** 15.4+0.4***

Neutrophils 35.25+0.4 34.88+0.39 41.14+0.4*+* 44+0.54*** 47417

PCV 32.6+0.6 32.5+0.04 33.51+0.6 34.56+0.5 44.1+.5*
P<0.05

shown in Fig 3C, the maximum drop was observed
in day 10 and it reduced from an average of 66.4+1 to
29+0.6.mg/dL

Fig 3D shows changes in urea serum level. The
reduction of urea concentration was quite dramatic on
day 10 of salinomycin treatment. The level dropped
from an average of 13.5+0.2 to 5.66+0.4. mg/dl.

The Level of ALT enzyme changed dramatically
after salinomycin as shown in Fig 4.

A gradual but significant change was observed
after the very first dose. The level change gradually
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Fig 3A. Creatinine level after salinomycin treatment.
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Fig 3B. Potassium level after salinomycin treatment.
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from basic level of 9.3+0.1 to 34.4+11 to a maximum
of 106+14 U/1 on day 10.

The same response was observed in level of
ALP. As shown in Fig 4B, level of ALP changed from
basic level of 49.6+1.4 to 156.3£16.35U/1.

As shown in Fig 4C, the level of AST shows
a substantial change in liver function. The serum
level changed from an average level of 67£0.5 to
680+ 125U/1. This highly significant value indicates
fundamental change in a liver function and necrosis.

Necropsy findings

All camels were subjected to necropsy
examinations after death. Heart examination
showed signs suggestive of congestive heart failure,
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Fig 3C. Glucose level after salinomycin treatment.
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Fig 3D. Urea level after salinomycin treatment.
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Fig 4A. ALT changes after salinomycin treatment.
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Fig 4B. AL level after salinomycin treatment.

pulmonary oedema, pale and flabby myocardium
(Fig 5A).

Other deleterious sings observed the presence
of hydrothorax and hepatomegaly enlarged and pale
kidneys (Fig 5B). The ruminal wall was hyperemic
and the intestine was empty and congested. The
bladders of all camels contained discoloured
brownish urine. The bladder mucosa was normal.
The skeletal muscles were oedematous and no visible
lesions were noticed in the brain.

Histopathology

Light microscopic examination of liver sample
showed multifocal areas of haemorrhage and necrosis
of hepatocytes (Fig 6A).

It appears clearly that salinomycin produced
severe direct cytotoxic injury to hepatocytes.

Significant damage was observed in kidney
tissues. Tubular lesions appeared under examination
as congested capillary, diffuse cortical and medullary
haemorrhages (Fig 6B).

There were a also glomerular lesions
characterised by thickening of Bowman capsule and
increased cellularity of the glomeruli (Fig 6C).
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Fig 4C. AST level after salinomycin treatment.

Fig 5B. Enlarged and pale kidneys.

Discussion

The present study indicates that a dose of
15mg/kg of salinomycin given every other day
caused severe toxicity in camels. Symptoms of toxicity
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Fig 6A. Liver sample showing multifocal areas of haemorrhage
and necrosis of hepatocytes.
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Fig 6C. Thickening of Bowman capsule and increased cellularity
of the glomeruli. There was presence of large numbers
of erythrocytes in the glomerular tuft and dilatation
of renal tubules. Examination of intestinal specimen
showed mononuclear cellular infiltration on the lamina
propria, desquamation of surface epithelium and
oedema of the sub mucosa (Fig 6D).

developed quickly and animals didnot survive by
symptomatic treatment. The clinical symptoms
and necropsy pointed to multiple organs failure
which led to death. An average cumulative dose
of 36 g or an acute dose of 6 g proved to be fatal to
camels. The symptoms of toxicity and biochemical
findings in camels were found to be quite similar
to salinomycin toxicity reported in other species;
however, it was found to be more intense in camels.
Heart was found to be in particular a vulnerable
target in salinomycin toxicity. Necropsy showed a
visibly dilated myocardia, hypertrophy and clear
signs of congestive heart failure.

This finding has been observed in previous
studies of ionophores toxicities (Agaoglu et al,
2002; Galitzer et al, 1986; Bastianell et al, 1995; Delvi
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Fig 6B. Tubular lesions appear as congested capillary, diffuse
cortical and medullary haemorrhages.

Fig 6D. Intestinal specimen showing mononuclear cellular
infiltration on the lamina propria, desquamation of
surface epithelium and oedema of the sub mucosa.

and Sawant, 1990). The deleterious lesions were
described previously as degeneration, and diffuse
hypertrophy of myocardial nuclei. Interestingly,
different animal species showed the same signs of
cardiac toxicity and damaged due to ionophores
(Veet and Ferrans, 1984).

The underlying cause of myocardial damage
is probably the change in mitochondrial coupling
and disturbance of K, Ca and Na levels. Salinomycin
is lipid soluble ionic ionophore which has the
ability to act as a vehicle for cations such as sodium,
potassium and calcium (Pressman and Fahim, 1982).
Hypokalaemia, per se, could produce myocardial
fibrillation which leads to heart failure (Tribulova
et al, 2000) and heart muscles are sensitive to subtle
changes in ions balance (Harrison and Boyett, 1995).
A change in creatinine level in salinomycin case is
also an indicative of severe and direct muscular tissue
damage.

As shown in Figs 4 and 5, salinomycin treatment
induced substantial change in serum level of liver and
kidney damage markers, AST, ALT, CPK and ALP.
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In the present study severe haemorrhage and tissue
necrosis were noticed in kidney and liver tissues (Fig
6B and C). Salinomycin produces massive cellular
and tissue damage, the mechanism of this damage is
rather a complex one. This ionophore has the ability
to alter trans-membrane ion gradient and electric
potentials; probably those are the core etiology of its
toxicity (Pressman and Fahim, 1982).

It is a polyether organic anion in nature which
has very high lipid solubility that allow salinomycin
to form cation complex with K" and Na" ions
and serve as a carrier for them in all body cells.
Disturbance in ion balance of the mitochondria could
trigger "the mitochondrial death" which involved
releasing destructive free radicals and apoptotic
mediators. Molecular events of mitochondrial death
is believed to start by the release of mitochondrial
cytochrome C which triggers the activation f caspase
proteases and death of cells by apoptosis (Goldstein
et al, 2001). In heart failure apoptotic death associated
with caspase-3 and release of cytochrome C (Narula
et al, 1999). Mechanism of necrotic cell death changes
was observed in multi-organs in salinomycin
however, besides disturbance in cell membrane ions
required more investigation. Leaking of cellular
enzyme contents observed is a very good evidence of
membrane cell failures.

Most biological systems are equipped with a
defense system to protect against xenobiotics harmful
effect. That includes ATP-binding cassette multidrug
transporters like P-glycoprotein (P-gp, ABCB1), BCRP
(ABCG2), and MRP2 (ABCC2). It is an indigenous
pump which helps efflux of drugs and other substrate
outside the absorbing lumen site. They are located at
critical sites of transportation in intestine, liver and
kidney (Klappe et al, 2009).

A recent study (Lagas et al, 2008) shed some
light on significant part of salinomycin toxicity.
They reported that salinomycin is substrata of the
efflux system of P-glycoprotien. Furthermore, their
work suggested that in some animals when the
P-glycoprotein is deleted or mutated the sensitivity
and toxicity to ionophore increased substantially.
This notion has been raised previously (Maeda and
Sugiyama, 2008) and it could explain the sensitivity
of the Arabian camels to salinomycin.
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