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Table 1- Composition of the basal diets in different periods (%)

oo (5390 V7)) el op90 (5390 WYY) 45 09 (5590 YF=¥Y) (5L 0y
Ingredient Starter (1-10 days) Grower (11-23d) Finisher (24-42d)
- + - + - +
Q)S. 520 520 532.0 532.0 530.0 530.0
Maize
by 350 350 3700 3700 3690  369.0
Soybean meal
oS
50 50 - - - -
Gluten
B 32.7 32.7 58.0 58.0 656 656
Vegetable oil
Sl 5.3 131 4.0 10.7 37 103
Limestone
Sl S 152 17,5 175 15.5 15.5 140 140
Dicalcium phosphate
o 35 3.5 4.7 4.7 4.1 4.1
Salt
o 3.2 3.2 2.8 2.8 2.0 2.0
Methionin
o5 4.0 40 1.3 1.3 - -
Lysine
0e9) 1. 1. - - - -
Threonine 0 0
ety JoSe 25 25 25 25 2.5 2.5
Vitamin premix
e doe 2.5 2.5 2.5 2.5 2.5 2.5
Mineral premix
awle
7.8 - 6.7 - 6.6 -
Sand
0l dwlo (gixe .\l}o 9 65)31
Calculated nutrients and energy
(P55 2 Jsj Be) moddsulie LB (555
12. 12. 13.1 13.1 13. 13.
AME, (M) kg'l) 6 6 3 3 3.3 3.3
(0551 2 .5) £ o5 235.2 235.2 2115 2115 2091  209.1
Crude protein (g kg™)
(p 554 2 ) o 14.4 14.4 12.4 12.4 11.3 11.3
Lysine (g kg™)
(pSokS 2 p)5) gsie
7. 7. A A 2 2
Methionine (g kg™) 0 0 6 6 > >
(PSS 1 £5) 52,555 izl (slateal IS
10.7 10.7 9.5 9.5 8.6 8.6
TSAA (g kg™
(PSS 32 £)5) S
. 7.3 104 6.3 9.0 5.9 8.5
Calcium (g kg™)
(PSS » p)5) Sld o yaud
5.0 5.0 45 45 4.2 4.2
Nonphytate P (g kg'*)
(pF5klp7) JF ot 7.0 7.0 6.8 6.8 6.5 6.5

Total P (g/kg)
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Continioation of table 1
o 3JUT gdse Sl clale
Analyzed Ca and total P concentration
(p5 9kSTp5) el

i 75 10.7 6.5 9.3 6.1 8.8
Calcium (g/kg)
(p53ksTp,5) JS o 74 7.4 71 71 6.7 6.7

Total P (g/kg)
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1 Vitamin premix provided per kilogram of diet: retinyl acetate, 11,000 1U; cholecalciferol, 1,800 IU; DL-a-tocopheryl acetate, 11
mg; menadione sodium bisulphate, 2 mg; riboflavin, 5.7 mg; pyridoxine hydrochloride, 2 mg; cyanocobalamin, 0.024 mg; nicotinic
acid, 28 mg; folic acid, 0.5 mg; pantothenic acid, 12 mg; choline chloride, 250 mg.
2 Mineral premix provided per kilogram of diet: Mn, 100 mg; Zn, 65 mg; Cu, 5 mg; Se, 0.22 mg; I, 0.5 mg; and Co, 0.5 mg.
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1- Enzyme-linked immunosorbent assay
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Table 2- Effect of Withania somnifera (WS), 1, 25 (OH), D3 and type of control diet on blood characteristics of
broilers at 21 and 42 days of age*

&b 5T 49l Gy

loss @b 5T adgl ks .
. . Secondary antibody
Treatment Primary antibody response response
oMy Joreels
b5 ko) 2 £ 95%) e e SordE sen]
ol Toens oA G odpliypd I syl S I Vel
Control WS 1,25 1gG IgM Total 1gG IgM Total
(mgkg®)  (OH)2Ds
(ug kg™)
- 0 0 1.80 5.40 7.20 2 5.75 7.75
- 0 05 1.20 5.60 6.80 2.50 6 8.50
- 75 0 1 6.25 7.25 2 6.25 8.25
- 75 05 1.60 5 6.60 2.20 5.60 7.80
- 150 0 3.50 4.50 8 2 6.60 8.60
- 150 05 2 5.60 7.2 2.20 5.40 7.60
+ 0 0 1.50 6.75 8.25 2 6.25 8.25
+ 0 0.5 1.80 6 7.80 1.80 6.40 8.20
+ 75 0 1.20 7.60 8.80 2.20 6.20 8.40
+ 75 05 1.80 5.80 7.60 2.20 5.40 7.60
+ 150 0 1.80 6.60 8.40 1.60 6 7.60
+ 150 05 1.40 5.40 6.80 2.20 6.80 9
SEM 0.491 0.713 0.595 0.358 0.582 0.578
ol 5l
Main effect
e - 1.81° 5.39° 7.14° 2.16 5.8 8.04"
Control
+ 1.58° 6.34° 7.93° 2 6.1 8.17°
\O/\'/”g’f 0 1.57" 5.89 7.47 2.05 6.11 8.17
75 1.42° 6.15 7.57 2.15 5.84 8
150 2.11° 5.57 7.57 2 6.16 8.16
Jg s’
15 (OH), Ds 0 1.77 6.22 8 1.96 6.16 8.12
0.5 1.62 5.56 7.13 2.17 5.93 8.10
p
o 0.008 0.009 0.006 0.127 0.008 0.033
Control
\O/\'/‘g’* 0.001 0.593 0.554 0449 0494 0641
Jg yiads’
125 (OH), Ds 0.282 0.140 0.040 0.208 0.659 0.645
oy Xl jgr
ool w WS 0.177 0.883 0.260 0.512 0.620 0.960
03X J 2 yraandlS
0.313 0.206 0.504 0.776 0.928 0.656
Control x 1, 25 (OH), Ds
M X Jg yiands
057 32 62 97 51 64
WS x 1, 25 (OH), Ds 0.05 0.326 0.626 0.973 0.519 0.646
o2 X iy X g reedS 0.175 0.891 0.727 0469 0394  0.268

Control x WS x 1, 25 (OH), D,

(P<140) 3))3 353y (6l sine O] cglite g o b (slacySilie ymr cypias y 3
! Means within same column with different superscripts differ (P<0.05).
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Table 3- Effect of Withania somnifera (WS), 1, 25 (OH), D; and type of control diet on relative lymphoid organ
weights (g/100 g of body weight) at 21days of age®

Sloss s sloplil y5s
Treatment Lymphoid organs weight
oo % ‘i’f ) ol Jo sl pas Jods s o )e:
&entrol (PF%V\_’ls (Mg 1, 25 (OH), Sy :}‘L S Soleen Bursa of
kg™) Ds (ug/kg) y P Fabricius
- 0 0 0.86 0.114%° 0.21
- 0 0.5 0.76 0.104%° 0.22
- 75 0 0.81 0.125%® 0.24
- 75 0.5 0.79 0.094" 0.21
- 150 0 0.75 0.111%° 0.22
- 150 0.5 0.86 0.096" 0.22
+ 0 0 0.96 0.090° 0.25
+ 0 0.5 0.89 0.106%° 0.22
+ 75 0 0.83 0.104%° 0.25
+ 75 0.5 0.88 0.130° 0.24
+ 150 0 0.89 0.098%° 0.25
+ 150 0.5 0.93 0.101%° 0.20
SEM 0.086 0.009 0.031
Sl il
Main effect
- 0.81 0.10 0.22

oy
Control + 0.90 0.10 0.23
Sgsee 0 0.87 0.10 0.23
WS 75 0.83 0.11 0.23

150 0.86 0.10 0.23
Jg s’

0 0.85 0.10 0.24

1, 25 (OH), D;

0.5 0.85 0.10 0.22

P

oy 0.078 0.653 0.605
Control
sse 0.787 0.207 0.947
WS
Jsa oS’ 0.984 0.726 0.317
1, 25 (OH), D;
o X i 0.876 0.433 0.751
Control x WS
oy X s il 0.984 0.005 0.465
Control x 1, 25 (OH), D3
X s yiamedS 0.452 0.800 0.832
WS x 1, 25 (OH), D5
oy X oy 5er X 3p S 0.823 0.336 0.691

Control x WS x 1, 25 (OH), D;

(P<T40) 313 3539 oyl sine S| wcglin gy b (slaysSilie s (ygies 3o 55 "
! Means within same column with different superscripts differ (P<0.05).
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Table 4- Effect of Withania somnifera (WS), 1, 25 (OH), D; and type of control diet on the jejunum morphology of
broilers at 21days of age

soss pe9) by ) Cluoguas
Treatment Morphological characteristics of jejunum
c Jsre——lS tdeb s cnS s AV ool S et i Jio
P35 uke) ol s (a9 )Sn 2 yiog)Sue)
o (5oL = pr=S9—=5) (320950) (320950) (fog ) sl a——maale o
Control ws (p,Soks Villus Villus Crypt (209,542) height:crypt
(mg kg™) 1, 25 (OH), height width depth Muscle depth ratio (um
D; (ng kg™) (nm) (nm) (nm) depth (um) ;1
- 0 0 1138.02  110.08 251.70 247.33 4.34
- 0 0.5 1036.18  98.27 248.16 257.55 4.18
- 75 0 1072.42  100.56 226.88 264.15 4.79
- 75 0.5 900.96 100.48 188.53 230.00 4.85
- 150 0 1094.48  93.36 208.56 276.15 5.40
- 150 0.5 1178.02  104.00 266.17 274.56 4.77
+ 0 0 1198.68  96.18 240.20 299.50 4.98
+ 0 0.5 1048.62  110.03 292.80 260.75 3.63
+ 75 0 1152.77 102.19 257.47 276.06 4.53
+ 75 0.5 1098.16  101.96 277.66 282.10 4.03
+ 150 0 1245.37  103.44 260.38 245.25 4.32
+ 150 0.5 114257  97.74 312.14 326.93 4.05
SEM 64.348 8.471 30.127 25.249 0.35
kol
Main effect
oy - 1076.25  101.13 239.89° 260.78 4.74°
Control + 1144.08  101.92 269.78° 280.36 4.25°
Olje: 0 1103.66  103.30 258.56 268.39 4.27
WS
75 1068.64  101.34 242.25 266.21 451
150 1160.96  99.96 261.58 278.50 4.64
Jsiyiends 0 1147.13* 100.87 232.89 269.31 4,76
1, 25 (OH), D3
0.5 1073.08° 102.19 273.99 273.00 4.21°
P
oy 0.059 0.877 0.005 0.144 0.036
Control
R 0.104 0.809 0.406 0.622 0.376
WS
JgayimdS’ 0.044 0.830 0.275 0.805 0.032
1, 25 (OH), D;
oy X jgt 0.554 0.966 0.412 0.843 0.190
Control x WS
03X o yipmdS 0.626 0.769 0.342 0.436 0.285
Control x 1, 25 (OH), D3
59X Joa yipanls 0.436 0.979 0.336 0.273 0.617
WS x 1, 25 (OH), D4
oy X o X o pigudS 0.326 0.241 0.156 0.224 0.328

Control x WS x 1, 25 (OH), D

(P<140) 5))s 335 (6l sine OS] hglite gy b (slocnSibie (gt y 3
! Means within same column with different superscripts differ (P<0.05).
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Table 5- Effect of Withania somnifera (WS), 1, 25 (OH), D5 and type of control diet on the jejunum
morphology of broilers at 42days of age’

e P993; swlid Cou)y Cluogas
Treatment Morphological characteristics of jejunum
Gos & jp Job
Mg < indde pote CeSges Y owbe oK) ens
3= reSk) Jg2 el (ogsSen)  (iegsSan)  (yag)Ss) lexale (o9 See
Control (pSoks 1,25 (OH), Villus Villus Crypt (y2e9,54) Villus
WS D3 (ng/kg) height width depth Muscle height:crypt
mg kg’ um pum pm epth (um epth ratio
(mg kg™ (um) (um) (um)  depth (um)  depth rati
(pm pm )
- 0 0 1690.30 111.75°  352.20° 371.56% 4..90™
- 0 0.5 1389.30 120.58°  361.90° 399.52% 3.85°
- 75 0 1380.14 115.65" 300.26*  405.88%* 4.64%°
- 75 0.5 1426.74  100.76"  278.46% 431.84% 5.12%
- 150 0 143220 160.07°  326.88% 338.28° 4.38%°
- 150 0.5 1488.62 111.31"  357.30° 466.20° 417"
+ 0 0 144280 115.22°  339.00®  419.00® 4.36%°
+ 0 0.5 1436.76  111.60°  329.70% 334.80° 4.44%°
+ 75 0 1321.02 131.35"  355.30° 368.43%* 3.85°
+ 75 0.5 1426.26  113.52"  294.38*  398.20® 4.89%°
+ 150 0 1317.25 107.54°  290.47® 409.76% 4.68%°
+ 150 0.5 1400.85  99.05° 251.62° 352.04% 5.49°
SEM 121541  8.490 28.229 35.805 0.361
Sl il
Main effect
S - 1467.14  120.32 328.54 400.01 4.52
Control
+ 1393.09  113.23 310.76 380.62 4.58
\@;\'/”gf 0 1489.79  114.79 345.70 381.70 4.39
75 138854  115.32 307.10 401.09 4.62
150 1411.05  120.61 304.64 387.64 4.66
Jg yiads’
1. 25 (OH), D 0 143453 124.15a  328.62 384.33 4.46
0.5 1426.90 109.41b  310.67 396.86 4.65
P
o 0.292 0.153 0.142 0.310 0.623
Control
\UA'/*’;’ 0.472 0.833 0.123 0.749 0.497
Jg yiads’
1. 25 (OH), Ds 0.972 0.031 0.366 0.588 0.375
0y Xl e
o trol % WS 0.896 0.004 0.035 0.875 0.056
03X J 2 yraandlS
Control % 1, 25 (OH), D 0.384 0.537 0.260 0.026 0.041
M9 X J g2 el
WS x 1, 25 (OH), Ds 0.332 0.159 0.356 0.433 0.058
o2 X Sl X feld 0707 0302 0857 0.188 0.845

Control x WS x 1, 25 (OH), D,

(P<e1-0) 5))3 3939 () sime WS ccigliio gy b (slavpSibo yo (ygins 52 ) !
! Means within same column with different superscripts differ (P<0.05).
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Introduction 1, 25-dihydroxycholecalciferol [1, 25 (OH), Ds], the major biologically active metabolite of
vitamin Dj is produced by two sequential hydroxylation reactions. The first hydroxylation occurred when vitamin D3
is transported to the liver, forming 25-hydroxycholecalciferol [25-(OH) D3] and the second in the kidney, by the
enzyme l-alpha-hydroxylase (VD3 la hydroxylase) forming 1, 25 (OH), Ds;. Vitamin D; may have a role in
regulating the morphological and functional development of intestinal villus mucosa. Calcium ions have an essential
role function in activation and maturation of lymphocytes. Previous studies have demonstrated that the intracellular
concentration of free Ca2+ increases in several types of cells during stress. For example, acute restraint stress
enhances Ca2+ mobilization in lymphocytes from mice. In addition, Ca2+ ions are essential for production of
interleukin-2 by T cells (22). Withania somnifera (WS) is an annual herb and a rich source of bioactive compounds.
Several pharmacological activities of the plant have been attributed to its roots. Oral administration of root extract of
WS at 10, 30 and 300 mg/kg body weight for 15 days stimulated B and T cells proliferation, induced type 1
immunity, increased the activity of machrophage and levels of immunoglobulin which indicated the potent role of
extract on humoral and cellular immunity. The present study aimed to evaluate the main effects and interaction of
calcitriol and WS root extract in either low or adequate Ca diets on immune response and small intestinal
morphology of broiler chickens.

Material and Methods Six hundred male day old Ross 308 broilers obtained from a commercial hatchery, and
reared in 60 floor pens with wood shavings litter at a stocking rate of 10 birds per pen (1x1 m). Feed and water were
provided ad libitum throughout the 6-wk experimental period. The experimental design was a 2x3x2 factorial
comprising of two dietary concentration of Ca (negative and positive control), three concentrations of WS root
extract (0, 75 and 150 mg/kg diet), two concentrations of 1, 25 (OH), D5 (0 and 0.5 pg/kg diet). SRBC test was used
to measure humoral immunity response. So, at 25 and 32 days of age chicks were injected to evaluate the primary
and secondary antibody response. On d 21 and 42, one bird per replicate was killed to determine small intestinal
morphology and lymphoid organ weights. Sample sections (2.5 cm in length) were taken from the middle region of
the jejunum. The tissues were stained for measurement of villus length, villus width, crypth depth and thickness of
muscle layer. The General Linear Models of SAS were used to analyse all the data.

Results and Discussion The results of humoral immune response showed that reduction of dietary Ca level by
30% resulted to depression of immunoglobulin M and total antibody levels. Supplementation of WS at 150 mg/kg
significantly improved the level of immunoglobulin G only in primary test. Calcium ions have an essential role
function in activation and maturation of lymphocytes (10). Previous studies have demonstrated that the intracellular
concentration of free Ca2+ increases in several types of cells during stress. For example, acute restraint stress
enhances Ca2+ mobilization in lymphocytes from mice. In addition, Ca2+ ions are essential for production of
interleukin-2 by T cells. It was found that supplementation of calcitriol resulted in shorter villus length at 21 d and
shorter villus width at 42 day of age, respectively. Reduction of dietary Ca level by 30% resulted to shorter crypth
depth compared to positive control diet. A researcher reported that supplementation of 25-OH-D; decreased the
length and weight of small intestine. The duodenal putrescine content was enhanced in parallel with the increase in
intestinal calcium absorption, suggesting that polyamines, in particular putrescine, may be involved somehow in the
intestinal calcium transport mechanism. The aliphatic polyamines, putrescine, spermidine, and spermine, are considered to
be essential cell constituents that play an important role in modulating cell proliferation and differentiation.
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Conclusion The results of humoral immune response showed that decreasing of dietary Ca level to 30% resulted to
reduction of total antibody response. The findings showed that supplementation of calcitriol did not exert beneficial
effects on intestine morphology. Supplementation of WS root extract did not affect intestine characteristics.

Keywords: Broiler chicken, Calcitriol, Immune response, Intestine morphology, Withania somnifera.



