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Introduction: Coccidiosis is a serious problem in the poultry industry, and medication is required continuously.
There are several approaches to the control of coccidiosis. Several drugs have been used in the control of
coccidiosis. The ionophore antibiotics such as lasalocid, maduramicin, monensin, narasin, and salinomycin are
extensively used in poultry feed for the prevention or treatment of coccidiosis induced by Eimeria species.
Unfortunately, the toxic effects of ionophores cause concern because of their narrow safety margin. Ionophores’
toxicity could be probably due to oxidative damage. Therefore, it can be prevented by the supplementation of
antioxidants in the diet. It has been reported that 60 or 120 mg/kg of salinomycin caused some pathological
changes in the liver, heart, kidney, and muscles, such as degeneration or necrosis of these tissues. However,
administration of salinomycin with vitamin E or selenium showed that vitamin E decreases the pathological
changes. The present study aimed to investigate the effects of salinomycin administration in combination with
some natural antioxidants on reducing salinomycin toxicity in laying chickens.

Materials and methods: A total number of 400 day-old hy-line w36 chicks were used in a completely randomized
design with five treatments and four replications for 35 days. Treatments were included: 1) control diet, 2) negative
control diet containing 0.05% salinomycin sodium, 3) negative control + garlic powder (15 g/kg of diet), 4)
negative control + selenium (450 mg/kg of diet) + vitamin E (2 g/kg of diet), and 5) negative control + zinc-
methionine (160 mg/kg of diet). Body weight gain, feed intake, and body weight uniformity were measured
weekly. Blood samples were taken to evaluate the levels of antioxidant enzymes, liver enzymes, electrolytes, and
malondialdehyde levels at the end of the experimental period.

Results and discussion: The results showed that the salinomycin diet (T2) decreased body weight and feed intake
compared with the control diet in the total experimental period (P<0.05). But the addition of supplemental Zn-
methionine to the diet (T5) led to improved body weight and feed intake (P<0.05). Significant differences were
observed among various treatments for the relative weight of visceral organs (liver, heart, kidney, gizzard,
proventriculus, intestine, and bursa of Fabricius), but there were no significant differences for spleen and lungs.
Also, salinomycin increased the activity of liver enzymes including alanine transaminase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP), and serum malondialdehyde (MDA) in the negative control
group and control group, and decreased the level of serum antioxidant enzymes compared to the control group
(P<0.05), but the addition of vitamin E + selenium to the diet, eliminated the negative effects of salinomycin on
these parameters (P<0.05). Vitamin E plays important roles in various biochemical and physiological processes,
including antioxidation. The protective effect of vitamin E against the alterations induced by salinomycin on these
estimated parameters in this study could be attributed to the role of vitamin E as a fat-soluble antioxidant, which
protects the biological membranes from oxidative damage and decreases osmotic fragility of erythrocytes.
Selenium also exerts its protective effect against oxidative damage by a decline in free radicals and increasing the
synthesis of glutathione peroxidase, which catalyze the breakdown of toxic hydrogen peroxide and lipid
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hydroperoxides. Salinomycin decreased serum chlorine and increased serum potassium compared to the control
group (P<0.05), and only the use of vitamin E + selenium adjusted these changes (P<0.05). The T2 group reduced
the serum level of chlorine and increased the serum level of potassium (P<0.05). But there is no significant effect
on the level of blood calcium. Although all treatments with antioxidants changed the levels of these electrolytes.
The changes in electrolyte balance can result in metabolic alkalosis and acidosis. However, the T4 group only
reduced the serum levels of potassium and calcium and increased the serum level of chlorine significantly,
compared to the T2 group (P<0.05). However, there were no significant differences in the serum sodium and
creatinine levels among various treatments.

Conclusions: Salinomycin administration in the diet of laying chicken induces undesirable effects on some
estimated parameters probably due to oxidative damage. But, the supplementation of pullet diets with vitamin E
and selenium can reduce the possible side effects of salinomycin.
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Table 1. Composition of the basal diet used in this study

Ingredients (%) 1-21 days 22-35 days
Corn 56.34 59.61
Soybean meal (44% CP) 35.67 32.71
Soybean oil 3.00 3.00
Oyster shell 0.91 0.60
CaCO3 0.60 0.60
Dicalcium phosphate 2.20 2.18
Mineral premix” 0.35 0.35
Vitamin premix** 0.35 0.35
Common salt 0.34 0.34
DL-methionine 0.18 0.21
L-lysine 0.05 0.05
Chemical composition

ME (kcal/kg) 2980 2980
Crude protein (%) 21.53 19.00
Lysine (%) 1.16 1.07
Met + Cys (%) 0.86 0.84
Ca (%) 1.00 1.00
Available P (%) 0.50 0.50

" Supplied per kg premix: copper 15g, zinc 85g, iodide 1.5g, Fe 30g, manganese 90g, 100 mg, selenium 0.25g
** Supplied per kg premix: cholecalciferol 3.3M IU, a -tocopherol 25g, menadione 3.5g, retinol 10M IU, riboflavin 6.6g,
thiamine 2.2g, nicotinic acid 40g, pantothenic acid 10g, biotin 100mg, pyridoxine 5.4g, cyanocobalamin 23g, folic acid 1g.
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Table 2. Effect of experimental diets on body weight gain (BWG), feed intake (FI), and body weight uniformity
in pullet chicks (mean + SD)

Experimental Body weight gain (g)
groups™® Week 1 Week 2 Week 3 Week 4 Week 5 Overall
Control 30.9%+£1.96 47.5%+1.78 50.9+4.51 74.8+£7.56 79.9£13.30 283.9°+8.97
SAL 16.9°42.33 45.4%+2 20 46.5£6.08 59.8+10.64 86.4+12.76 254.9%+2 33
SAL+Garlic 23.9%+2.79 44454326 45.0+£3.87 60.5+4.17 80.7+9.49 254.6°+2.78
SAL+Se+VitE 22.4b+1.67 44.6%+1.29 45.6+2.72 60.9+6.74 79.9+£11.38 253.4°+12.01
SAL+Zn 25.8%+1.98 49.0%£2.57 46.2+3.20 62.8+£10.93 83.6+7.21 267.5%+4.01
P-value <.0001 0.023 0.263 0.070 0.864 0.0003
SEM 0.80 0.45 0.719 1.545 1.706 2.389
Feed Intake (g)

Week 1 Week 2 Week 3 Week 4 Week 5 Overall
Control 82.5+£0.58 88.02£4.71 120.02+2.88 189.0%£2.16 247.5°£2.38 727.0446.18
SAL 71.5°+2.86 79.0°+2.45 104.5¢+4.31 159.5+24.88 201.09+0.71 615.59£27.37
SAL+Garlic 72.5%£7.76 82.0%°+4.53 108.1%£1.37 165.0%+0.41 210.5°+0.56 638.1%+11.61
SAL+Se+VitE 71.0b+2.12 79.0°+3.08 105.0°+4.26 160.0°+4.45 203.79x1.14 618.7°+8.65
SAL+Zn 77.0%+2 27 85.5%+2 74 112.6°+0.63 176.0%0+1.92 221.1°+6.01 672.2°+1.23
P-value 0.0042 0.01 <.0001 0.01 <.0001 <.0001
SEM 1.27 1.09 1.45 3.43 3.91 9.42

Uniformity (%)

Week 1 Week 2 Week 3 Week 4 Week 5
Control 88.0+0.00 84.7546.50 81.5+7.51 88.0%£0.00 88.0+0.00
SAL 69.0+£6.93 75.25+£10.20 72.0£6.01 65.75°+11.93 74.0£7.62
SAL+Garlic 78.5+£12.01 84.75+6.50 81.5+7.51 78.25%+6.50 84.7546.52
SAL+Se+VitE 75.3+£10.21 81.5+7.51 78.25+6.50 81.57.51 84.75+6.52
SAL+Zn 81.5+7.50 81.55+7.51 84.75+6.50 81.5%7.51 84.75+6.52
P-value 0.054 0.472 0.160 0.013 0.052
SEM 2.04 1.67 1.62 2.03 1.57

" SAL: 0.05% Salinomycin sodium; SAL+Garlic: 0.05 % Salinomycin sodium + Garlic powder (15 g/kg of diet);
SAL+Se+VitE: 0.05% Salinomycin sodium + Selenium yeast (450 mg/kg of diet) + Vitamin E (2 g/kg of diet); SAL+Zn:
0.05% Salinomycin sodium + zinc-methionine (160 mg/kg of diet).
SEM: Standard error of the means.
=d Means within the same column with different superscripts are significantly different (£<0.05).
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Table 3. Effect of experimental diets on relative internal organ weight of pullet chicks (means = SD)

S;T;;Temal Liver (%) Spleen (%) Heart (%) Kidney (%) Bursa (%)
Control 3.36%+0.285 0.16+0.021 0.80+£0.064 1.15%+0.074 0.55+0.029
SAL 3.15%+0.059 0.12+0.034 0.65°+0.025 1.01°+£0.075 0.43%+0.039
SAL+Garlic 2.87%+0.109 0.14+0.046 0.65+0.057 0.88°+0.09 0.45%+0.039
SAL+Set+VitE 2.89+0.139 0.11+0.027 0.64+0.046 0.96%+0.057 0.30°+0.036
SAL+Zn 2.76°+0.112 0.12+0.029 0.70°+0.065 1.13°+0.062 0.46%+0.084
P-value <.0001 0.053 0.003 0.0004 <.0001
SEM 0.043 0.006 0.012 0.02 0.015
Gizzard (%) Proventriculus (%) Lungs (%) Intestines (%)
Control 3.37%+0.26 0.69°°+0.028 0.66+0.034 7.06%+£0.205
SAL 3.54*£0.559 0.73+£0.041 0.62+0.171 5.43+0.679
SAL+Garlic 3.31%+0.189 0.70%+0.074 0.61+0.052 5.90"+0.199
SAL+SetVitE 2.89°+0.222 0.59*+0.064 0.61+0.072 5.64%+0.245
SAL+Zn 3.29%+0.074 0.76£0.094 0.66+0.104 5.57°+0.883
P-value 0.011 0.009 0.052 <.0001
SEM 0.057 0.013 0.015 0.123

" SAL: 0.05% Salinomycin sodium; SAL+Garlic: 0.05 % Salinomycin sodium + Garlic powder (15 gkg of diet);
SAL+Se+VitE: 0.05% Salinomycin sodium + Selenium yeast (450 mg/kg of diet) + Vitamin E (2 g/kg of diet); SAL+Zn:
0.05% Salinomycin sodium + zinc-methionine (160 mg/kg of diet).
SEM: Standard error of the means.
a¢ Means within the same column with different superscripts are significantly different (P<0.05).
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Table 4. Effect of experimental diets on liver function enzymes, serum MDA concentration, and antioxidant
enzyme activities in pullet chicks (means + SD)

Experimental groups”

ALP™ (U/L)

ALT (U/L)

LDH (U/L)

AST (U/L)

Control 420.33°+7.146 28.60°+1.220 605.33%+87.920 293.75"+37.053
SAL 545.17%65.542 35.20%1.831 634.00+£48.830 378.75%£16.399
SAL+Garlic 400.17°+22.868 25.88%0.659 547.50%+56.677 297.00%421.525
SAL+Se+VitE 390.17°+22.842 24.75%1.356 499.17°+23.284 280.25¢£10.874
SAL+Zn 408.500+17.479 26.707+0.724 502.50°+25.493 330.50%+17.860
P-value <.0001 <0001 0.0004 <.0001
SEM 12.03 0.719 13.59 9.284

SOD™ (U/L) GPX (U/L) CAT (UL) MDA (nmol/mL)
Control 170.50°+7.549 215.00°+3.162 314.50%£2.645 14.88°£0.377
SAL 134.75%11.295 193.75£12.579 281.75%410.340 18.93%£0.981
SAL+Garlic 197.25%:19.276 238.50%2.645 345.50°+3.415 11.43°£0.543
SAL+Se+VitE 197.50°+5.066 241.25%12.553 360.75%2.061 9.489+£0.877
SAL+Zn 210.75%2.217 224.00%+4.546 336.50°+1.290 12.75£0.331
P-value <.0001 <0001 <.0001 <0001
SEM 6.57 43 6.38 0.75

" SAL: 0.05% Salinomycin sodium; SAL+Garlic: 0.05 % Salinomycin sodium + Garlic powder (15 g/kg of diet);
SAL+Se+VitE: 0.05% Salinomycin sodium + Selenium yeast (450 mg/kg of diet) + Vitamin E (2 g/kg of diet); SAL+Zn:
0.05% Salinomycin sodium + zinc-methionine (160 mg/kg of diet).

** ALP: Alkaline phosphatase; ALT: Alanine transaminase; LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase;
SOD: Superoxide dismutase; GPX: Glutathione peroxidase; CAT: Catalase; MDA: Malondialdehyde.

SEM: Standard error of the means.

d Means within the same column with different superscripts are significantly different (P<0.05)
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Table 5. Effect of experimental diets on serum electrolytes concentration and creatinine in pullet chicks (means

+ SD)
Experimental Groups* Sodium Potassium Calcium Chlorine Creatinine
(mmol/L) (mmol/L) (mg/dL) (mmol/L) (mg/dL)

Control 142.6+0.89 5.02°+0.60 13.72%+0.43 111.6°+2.41 0.28+0.04
SAL 141.240.84 7.72°+1.08 15.26°+1.25 106.0°+3.16 0.22+0.04
SAL+Garlic 141.0+2.83 5.62+0.44 12.98°+0.72 108.8°0+3.70 0.2440.05
SAL+Se+VitE 142.2+1.48 5.60°+£0.45 12.56°+0.93 112.2%42.17 0.28+0.04
SAL+Zn 141.8+1.30 6.22%+1.12 12.62°+0.64 108.6%+2.07 0.28+0.04
P-value 0.5184 0.0004 0.0003 0.0139 0.1649
SEM 0.322 0.238 0.256 0.683 0.01

" SAL: 0.05% Salinomycin sodium; SAL+Garlic: 0.05 % Salinomycin sodium + Garlic powder (15 g/kg of diet);
SAL+Se+VitE: 0.05% Salinomycin sodium + Selenium yeast (450 mg/kg of diet) + Vitamin E (2 g/kg of diet); SAL+Zn:
0.05% Salinomycin sodium + zinc-methionine (160 mg/kg of diet).

SEM: Standard error of the means.

b Means within the same column with different superscripts are significantly different (£<0.05).
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