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Response of genes effective in apoptosis in the liver and intestinal cells
of broiler chickens fed silver nanoparticles coated on clinoptilolite

under heat stress condition
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Abstract. The aim of this study was to investigate the effective genes on apoptosis (BAX and Bcl2) in liver and intestinal cells of
broiler chickens fed silver nanoparticles coated on clinoptilolite under acute heat stress induction. 450 d old broiler chicks (Cobb
500) were used in five treatments and six repetitions, and 15 pieces were used in each experimental unit in the form of a
completely random design. Experimental diets were: 1) control or basal diet 2) basal diet supplemented by 1% clinoptilolite 3)
basal diet supplemented by 1% clinoptilolite coated with 0.5% nanosilver 4) basal diet supplemented by 0.15% organic acid and
5) basal diet supplemented by 1% clinoptilolite coated with 0.5% nanosilver and 0.15% organic acid. Silver nanoparticles coated
on clinoptilolite were investigated using XRF and FTIR techniques. In order to induce heat stress, the birds were affected by heat
stress for one week in the last week of the breeding period, and on the last day of the stress, liver and intestine samples were
obtained to check gene expression. The results of this experiment show that the treatments of clinoptilolite and silver
nanoparticles coated on clinoptilolite have an increasing effect on the expression of Bcl2 and Bax, while this effect was not seen
in the organic acid treatment. In conclusion, it could be said that if silver nanoparticles are used in feeding livestock and poultry, it
is better to use organic acid supplements to reduce the side effects of silver nanoparticles.
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Table 1. Composition of basal diets (DM basis)?

Ingredients (%) Starter Grower
(1-21) (22-42)
Yellow corn 51/6 57/84
Soybean meal (44% CP) 39/95 33/68
Soybean oil 3/69 4/11
Dicalcium phosphate (DCP) 1/47 1/09
Limestone 1/18 1/28
Salt 0/43 0/32
Vitamin premix 0/25 0/25
Mineral premix? 0/25 0/25
DL-Methionine 0/13 0/05
L-Lysine 0/05 0/13

Chemical analysis

ME (Kcal/kg) 2950 3050
CP (%) 21/2 19/06
Ca (%) 0/92 0/86
P (%) 0/41 0/33
Na (%) 0/18 0/14
Lys (%) 1/01 0/95
Met (%) .15V 0/36
Cys (%) 0/36 0/37
Arg (%) 1/45 1/27
Thr (%) 0/84 0/74

el 0ad asg B0 0 O Gage (ploral, Al oz
fME) - v IS G dsS ME Y ks MNE Y ¢ el Seigiily ME YO ¢ gMog, 101U E paling U Yo v g 00dS &gS 61500 1U A ol g s g5l STygs p 5ok "
e YlsS MG VD cpguils ¢ MEA ¢ e ME /VA 2y MG £+ (5iKie MG T+ (59, ME A+ 0] ME /T (S 50y s MG VIO ¢ yaals MG /0 g3 Sl MG VD ¢y g0
Ug VO
1The diet is prepared based on the guidance of the Cobb 500 strain.
2Each kilogram of feed contains: vitamin A, 1500 1U; cholecalciferol, 200 IU; Vitamin E, 10 1U; riboflavin, 3.5 mg; pantothenic acid, 10 mg;
Niacin 30 mg; choline chloride, 1000mg; biotin, 0.15 mg; folic acid, 0.5 mg; thiamine, 1.5 mg; pyridoxine, 0.3 mg; iron, 80 mg; zinc, 40 mg;
Manganese, 60 mg; lodine, 0.18 mg; copper, 8mg; Selenium, 0.15 mg; cobalamin, 15 pg.
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Table 2. The primer sequences used in relative quantitative real-time PCR (q-PCR)

Primer name Primer sequence (5'-3") ™ length

°C (bp)

Beta Actin F:5- AAGTTACTCGCCTCTGTGAA-3' 56/1 198
R: 5'- CACATCTATCACTGGGGAAC-3' 55/1

BAX F:5- CAGTCATTGTCCTCTCCTTCA-3' 57/03 154
R:5'- GCTCCATAGATGTACTCCTCAG-3' 57/22

Bcl, F:5- CAGGTGTGTTGATGTATGTC-3' 60/2 132
R: 5- TTGATTGAAGATGGTGATGTC-3' 60/1
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Figure 1 .Relative expression of Bcl, gene in liver tissue under heat stress conditions

C: control or basal diet, OA: basal diet supplemented by organic acid, Z: basal diet supplemented by clinoptilolite,
NS: basal diet supplemented by clinoptilolite coated with nanosilver, NSOA: basal diet supplemented by
clinoptilolite coated with nanosilver and organic acid.
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Figure 2 .Relative expression of Bcl, gene in intestine tissue under heat stress conditions
C: control or basal diet, OA: basal diet supplemented by organic acid, Z: basal diet supplemented by clinoptilolite,

NS: basal diet supplemented by clinoptilolite coated with nanosilver, NSOA: basal diet supplemented by
clinoptilolite coated with nanosilver and organic acid.
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Figure 3 .Relative expression of BAX gene in liver tissue under heat stress condition
C: control or basal diet, OA: basal diet supplemented by organic acid, Z: basal diet supplemented by clinoptilolite,

NS: basal diet supplemented by clinoptilolite coated with nanosilver, NSOA: basal diet supplemented by
clinoptilolite coated with nanosilver and organic acid.
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Figure 4 .Relative expression of BAX gene in intestine tissue under heat stress conditions
C: control or basal diet, OA: basal diet supplemented by organic acid, Z: basal diet supplemented by clinoptilolite,

NS: basal diet supplemented by clinoptilolite coated with nanosilver, NSOA: basal diet supplemented by
clinoptilolite coated with nanosilver and organic acid.
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