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Abstract : Salinomycin was studied for its toxicity and zinc (80 mg/kg)
was assessed for prophylactic and therapeutic management in broiler
chicks. Male broiler chicks were randomly divided into 7 groups consisting
of 6 chicks in each. Group 1, 2 and 3 were maintained as control,
therapeutic dose control (60 mg/kg feed) and toxic dose control (120 mg/
kg feed), respectively. Group 4 was fed on feed containing salinomycin
therapeutic dose and zinc. Group 5 received feed containing toxic dose of
salinomycin. Group 6 and 7 were fed on feed containing toxic dose of
salinomycin for the first 4 weeks for induction of ionophore toxicity and
for the subsequent 2 weeks, group 6 received zinc and group 7 was fed on
feed containing toxic dose of salinomycin along with zinc. Weekly body
weights revealed a significant (P<0.01) decrease in toxic controls as
compared to group 1, 2, 4 and 5. The activity of glutathione peroxidase,
glutathione reductase and catalase, and the values of aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total proteins,
total cholesterol, triglycerides, low density lipoproteins (LDL), urea,
creatinine and blood urea nitrogen (BUN) were significantly (P<0.01)
elevated in toxic controls, whereas glutathione (GSH) and high density
lipoproteins (HDL) were significantly (P<0.01) lowered as compared to
group 1, 2, 4 and 5. Following toxicity, zinc supplementation in group 6
and 7, all serobiochemical parameters were revived to normal. Thus, it is
enunciated that salinomycin toxicity is due to oxidative damage and use
of zinc in feed tends to cure and avoid any accidental toxicity.
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INTRODUCTION
Salinomycin, a polyether ionophore, is a
fermentation product of Streptomyces albus
(1) is predominantly used as a coccidiostat
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oxidative damage

(2). These drugs are preferred for coccidiosis
prevention because of their broad spectrum
of activity and slow development of resistant
strains (3). But, narrow margin of safety is
a major cause for concern (4). Ionophore
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toxicity could be probably due to oxidative
damage by free radical generation (5) and
such damage can be prevented by the
supplementation of antioxidants in feed (6).
Though the ionophore toxicity is attributed
to oxidative damage, the mechanisms and
extent of toxicity caused by salinomycin has
not yet been established completely. Besides,
though salinomycin has been graded as a
powerful coccidiostat, it has been used with
great limitation. Therefore, study of detailed
mechanism of toxicity due to the oxidative
stress would be beneficial to evolve a
suitable remedy to prevent and treat
salinomycin toxicity to facilitate the
utilization of this coccidiostat without any
adversities in the poultry industry. The role
of zinc in protecting the erythrocytic
membrane from oxidative free radicals has
been reported (7). Keeping these facts in
view, an experimental study was planned
in broilers to ascertain the mechanism
and extent of toxicity caused by salinomycin
(60 and 120 mg/kg feed) and to evaluate
the antioxidant and curative role of zinc
against salinomycin induced toxicity in
broilers.
METHODS
The study was conducted on male broiler
c h i c k s , p r o c u r e d f r o m Ve n k a t e s w a r a
Hatcheries, Hyderabad, acclimatized for a
week. The chicks of 1 week old were
randomly divided into 7 groups of 6 birds
in each and fed with basal diet and water
was provided ad libitum . Group 1 was fed
on basal diet as control without any
coccidiostat, group 2 on salinomycin
therapeutic dose (60 mg/kg feed), group 3
on salinomycin toxic dose (120 mg/kg feed),
group 4 on salinomycin (60 mg/kg feed) +

Indian J Physiol Pharmacol 2004; 48(1)

zinc (80 mg/kg feed), group 5 on salinomycin
(120 mg/kg feed) + zinc (80 mg/kg feed) for
6 wk duration.
Group 6 and 7 were fed on feed
containing salinomycin at the rate of 120
mg/kg for the first 4 weeks of experimental
study. Thereafter, for the next 2 weeks,
group 6 was maintained on zinc (80 mg/kg
feed) with out salinomycin and group 7 on
salinomycin (120 mg/kg feed) along with
zinc (80 mg/kg feed).
Salinomycin was procured from Pfizer
Ltd., as Coxistac (12% premix) and zinc from
Ranbaxy Laboratories Ltd. as zinc oxide
(74% premix). The total duration of
experiment was 6 weeks. The University
Te c h n i c a l C o m m i t t e e a n d I n s t i t u t i o n a l
Animal Ethics Committee approved the
experimental protocol. Birds of all the
groups were vaccinated for New castle
disease on 4th and 21st day, fowl pox vaccine
on 10th day and infections bursal disease
vaccine on 14th day.
Body weighs

The body weight gains were recorded at
weekly intervals to determine growth
pattern.
Antioxidant enzymes

The blood samples were collected from
wing vein in sterilized vials using
dipotassium salt of EDTA as anticoagulant
for the assay of antioxidant enzymes in
blood such as glutathione peroxidase (GSHPx) (8), glutathione reductase (9), catalase
(10) and glutathione (GSH) (11).
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Sero-biochemical parameters

The serum separated from coagulated
blood
was
analyzed
for
alanine
aminotransferase
( A LT,
aspartate
aminotransferase (AST), total proteins,
albumin, globulin, total cholesterol, high
density lipoproteins (HDL), triglycerides,
low density lipoproteins (LDL), urea,
creatinine and blood urea nitrogen (BUN)
using commercially available diagnostic kits
(Sigma Diagnostics Pvt. Ltd., Baroda).
Statistical analysis

The data were analyzed by two-way
analysis of variance (12). P<0.01 was
considered to be statistically significant.
RESULTS
The body weight gain in toxic control
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( 7 2 3 ± 11 9 ) w a s s i g n i f i c a n t l y ( P < 0 . 0 1 )
decreased as compared to group 1 (2046 ± 94),
2 (1877 ± 58), 4 (2072 ± 105) and 5 (1865 ± 60).
The body weight gain in group 6 (1659 ± 62)
and 7 (1470 ± 95) revealed a significant
(P<0.01) increase on supplementation with
zinc during the last 2 weeks.
The antioxidant enzymes in blood
such as GSH-Px, glutathione reductase
and
catalase
were
significantly
(P<0.01) elevated, while GSH level was
significantly
(P<0.01)
lowered
in
toxic controls (III, VI and VII) than
group I, II, IV and V. On supplementation
of zinc in group VI and VII as a therapy,
the antioxidant enzyme level in blood
was revived to normal at 7th week. The
GSH level in group VII was significantly
(P<0.01) lower than group VI at 7th week
(Fig. 1–4).

Fig. 1 : GSH-Px activity of different groups of broiler chicks at the end of 2nd, 4th and 6th weeks. Values are
expressed as mean ± SE of 6 observations. **P<0.01 2 way ANOVA.
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Fig. 2 : G l u t a t h i o n e r e d u c t a s e a c t i v i t y o f d i f f e r e n t g r o u p s o f b r o i l e r c h i c k s a t t h e e n d o f 2 n d ,
4th and 6th week. Values are expressed as mean ± SE of 6 observations. **P<0.01 2 way ANOVA.

Fig. 3 : Catalase activity of different groups of broiler chicks at the end of 2nd, 4th and 6th week. Values are
expressed as mean ± SE of 6 observations. **P<0.01 2 way ANOVA.
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Fig. 4 : Glutathione concentration of different groups of broiler chicks at the end of 2nd, 4th and 6th week. Values
are expressed as mean ± SE of 6 observations. **P<0.01 2 way ANOVA.

The values of AST (units/ml) and ALT
(units/ml) in group 3 were 85.66 ± 8.53 and
108.67 ± 6.10, respectively at the end of 6th
wk against the values of the control group
1 (15.02 ± 1.35 and 20.67 ± 1.90, respectively).
At the end of the experiment, the activities
of AST and ALT in group 2, 4, 5, 6 and 7
were comparable to the values of group 1
with out any significant difference.
Total protein concentration (g/dl) in
group 3 at the end of 6th wk was 3.42 ± 0.07,
which was significantly (P<0.01) lower as
compared to group 1 (6.09 ± 0.06) and there
was no significant difference in the total
protein concentration of group 2, 4, 5, 6 and
7 as compared to group 1 at the end of
6th wk.
Total cholesterol (mg/dl), triglycerides
(mg/dl) and LDL (mg/dl) in group 3 were
270.01 ± 7.60, 242.12 ± 7.57 and 202.36 ± 9.28,

respectively at the end of 6th wk, which
were significantly (P<0.01) higher as
compared to those of group 1 (125.92 ± 3.02,
103.90 ± 3.61 and 71.82 ± 2.11, respectively).
The values of the above variables of group
2, 4, 5, 6 and 7 were comparable to those of
group 1 with out any significant difference.
The HDL concentration (mg/dl) was significantly
(P<0.01) lower in group 3 at the end of 6th
wk as compared to that of control
(333.32 ± 0.89) and the remaining groups.
Renal profile biomarkers such as serum
urea (mg/dl), serum creatinine (mg/dl) and
BUN (mg/dl) were significantly (P<0.01)
higher (69.27 ± 3.90, 3.54 ± 0.15 and 32.35 ± 1.83,
respectively) in group 3 as compared to
those of group 1 (19.27 ± 1.00, 0.69 ± 0.08
and 8.99 ± 0.48, respectively) at the end of
6th wk. The values of group 2, 4, 5, 6 and
7 did not differ significantly as compared to
group 1 at the end of 6th wk.
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All the parameters in study revealed
that the values in group 6 and 7 were
comparable to the values of group 3 giving
treatment at the end of 4th wk. The
parameters were revived to normal following
treatment with zinc in group 6 and 7, and
the values were comparable to those of
group 1 at the end of 6th wk of experiment.
DISCUSSION
In the present study, significantly lower
body a weight in toxic controls (3, 6 and 7)
was in agreement with the previous reports
wherein the adverse effects of salinomycin
at higher dose on body weight gain were
recorded. In poultry feed, excessive
multiplication of saprophytic bacteria
results in release of various metabolites that
might enhance the toxicity of salinomycin
(13) in terms of depressing growth rate. The
anorectic properties of ionophores
accompanied with poor feed conversion
efficiency resulted in depressed body weight
gain. Zinc supplementation in group 4 and
5 throughout the study and during the
therapy in 6 and 7 improved the body weight
gain.
The activities of GSH-Px, glutathione
reductase and catalase enzymes and also the
GSH levels were determined as they from
the components of antioxidant defense
system, which effectively scavenges the
organic form of hydroperoxide free radicals
(14). In toxic controls, the activities of
antioxidant enzymes such as GSH-Px,
glutahtione reductase and catalase were
significantly increased, with a significant
decrease in GSH level. These findings
indicate an ongoing free radical induced
damage in the living system (14). This was
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supported by the earlier reports (5), where
an increase in erythrocyte GSH-Px and
catalase activity was observed in chicks fed
on toxic dose of monensin. An elevated
activity of catalase with decreased GSH
levels and GSH-Px activity was reported in
chicks treated with 140 mg/kg feed of
salinomycin (15). In control and antioxidant
supplemented groups, the erythrocyte
antioxidant activity remained normal
throughout the study. The supplementation
of zinc in group 6 and 7 at 6th week resulted
in the revival of antioxidant enzyme activity
to normal which can be attributed to the
antioxidant effect of zinc (7).
The serobiochemical parameters were
used as biomarker indices for assessing the
extent of tissue damage. Elevated levels of
A S T a n d A LT w e r e r e c o r d e d i n t o x i c
controls, which might be due to oxidative
damage by free radicals generated by
salinomycin resulting in hepatocellular
injury. These results are in accordance with
certain other reports (16, 17, 18). In group
6 and 7, following zinc supplementation, the
enzymatic activity was revived to normal,
which could be attributed to the antioxidant
property of zinc in feed. As the liver is the
exclusive site of protein synthesis (19),
salinomycin resulted in a significant
hypoproteinaemia, in toxic dose, due to
oxidative damage on hepatic cells, whereas
in control and group 2, 4 and 5, all the
protein variables were normal. In group 6
and 7, following zinc supplementation, the
protein variable was revived to normal.
In the present study, the lipid profile
such as total cholesterol, triglycerides and
LDL were significantly elevated with a
significant decrease in HDL in the serum
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of toxic controls was recorded in comparison
to the control and group 2, 4 and 5. This
might serve as a biomarker for cardiac
damage as well as renal failure (19), which
could be probably due to free radical,
induced oxidative damage. The results are
in confirmity with Bartov and Jensen (20)
who reported a significant increase in
plasma cholesterol level in monenein
t o x i c i t y. I n g r o u p 6 a n d 7 , z i n c
supplementation revealed a significant
alteration in lipid profile to normal. This
could be attributed to the antioxidant
property of zinc (7). The free-radical induced
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oxidative damage by salinomycin on kidney
resulted in significant increase in urea,
creatinine and BUN in toxic control.
H o w e v e r, t h e r e n a l i n d e x r e m a i n e d
normal in group 1, 2, 4 and 5. On zinc
supplementation, the values were revived
to normal in group 6 and 7.
From this study it is concluded that
salinomycin induces toxicity by generating
free radicals by disturbing the antioxidant
defence, which could be effectively
prevented and countered by the use of zinc
as an antioxidant.

REFERENCES
1.

Kinashi H, Otake H, Yonehara H, Soto S, Saito Y.
The structure of salinomycin, a new member of the
polyether antibiotics. Tetra Lett 1973: 4955–4958.

2.

Shane SM, McDougold L. Focus on coccidiosis.
Zootecnica International 1992; 12: 24–50.

3.

Ruff MD. Veterinary Applications In : Westley JW
(ed). Polyether antibiotics : Naturally occurring
acid ionophores. Vol. 1, Biology, New York, Dekkar.

13. Prohaszka L, Hajdu E, Doworshak E, Rozsnai T.
Growth depression in broiler chicks caused by
incompatability of feed ingredients. Acta Vet Hung
1987; 35: 349–358.

4.

Rizvi-Farzana, Anjum AD, Rizvi F. Effect of salinomycin
on broiler health. Vet Archiv 1999; 69: 39–47.

14. Yu BP. Cellular defences against damage from
reactive species. Physiol Rev 1994; 74: 139–162.

5.

Khan MZ, Szarek J, Marchalok E, Macig A,
Barttenski PM. Effect of concurrent administration
of monesin and selenium on erythrocyte
glutathione peroxidase activity and liver selenium
concentration in broiler chicks. Bio Trace Elem Res
1995; 49: 129–138.

15. Mezes M, Salyi G, Banhidi G, Szeberenyi S. Effect
of acute salinomycin - tiamulin toxicity on the lipid
peroxide and antioxidant status of broiler chicken.
Acta Vet Hung 1992; 40: 251–257.

6.

Maini SK. Oxidation related problems in poultry
and livestock feeds. Poultry Planner 2000; 1: 7–8.

7.

Cui-Hongmei, Yang Yuexin, Lin Jiangyu, Cui HM,
Yang YX, Liu JY. Study about the protective effect
of zinc on erythrocyte membrane damaged by OH
and O 2 –. Acta Nutr Sinica 1999; 21: 186–190.

8.

P a g l i a D E , Va l e n t i n e W N . S t u d i e s o n t h e
quantitative and qualitative characterization of
erythrocyte glutathione peroxidase. J Lab Clin Med
1967; 70: 158–159.

9.

Raghuramulu. Manual of Laboratory Techniques.
NIN. ICMR. Jamaia-Osmania, Hyderabad 1983;
204–206.

10. Patterson JW, Lazarow A. Determination of glutathione.
Methods Biochem Anal II 1956; 267–270.

11. Brilton C, Machlly AC. Assay of catalase and
peroxidases. Methods in Enzymol 1956; 136: 765–768.
12. Snedecor WG, Cochran GW. Statistical Methods.
8th ed. USA Iowa State University Press, 1994.

16. Horovitz CT, Avidar V, Bogin E, Shlosberg A, Shkap
I, Weisman Y, Eayed MN. Enzyme profile inblood
and tissues of chickens fed various levels of
monensin. J Vet Med 1998; 35: 473–480.
17. Novilla MN. The Veterinary importance of the toxic
syndrome induced by ionophores. Vet Hum Toxicol
1992; 34: 66–70.
18. Lehel J, Laczay P, Mola Z, Semjin G. Toxicological
studies on potentiated ionophores in chicks. I.
Tolerance study. Acta Vet Hung 1995; 43: 321–333.
19. Kaneko JJ, Harvey JW, Michael LB. Clinical
Biochemistry of Domestic Animals. 5th Ed. New
York, Academic Press 1997; 857–879.
20. Bartov I, Jensen LS. Effect of dietary ingredients
on monensin toxicity in chicks. Poultry Sci 1980;
59: 1818–1823. 1982; 303–332.

