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Figure 1- Cross-sectional incision of the small intestine
tissue including: 1) villus height 2) villus width 3)
Crypt depth 4) Crypt diameter
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Table 1- Effect of in ovo injection of different L- arginine to L- lysine ratios on weight and immune system organs of a
day old Ross 308 broiler chicks

(309) G5t —J @ 3,1 —d) Bk (Slackud (£ 50p33 (9,58 G20
In ovo injection of different L- arginine to L- lysine ratios (%)

ol i Ll aalds YOIV Caacds AV S AO/Y Caacds /Y Sy A0/Y Sy P-
Traits” ShamControl Control 75.7 ratio 80.7 ratio 85.7 ratio 90.7 ratio 95.7 ratio value
daga O 35.56+0.77¢ 35.30+0.96° 38.44+1.05%¢ 37.55+1.03%° 38.99+0.80% 38.27+0.69% 36.34+0.77™ 0.009
Chick Weight (g)

Y EYYAY) 0.017+0.003° 0.017+0.002°  0.023+0.003% 0.020+0.003% 0.025+0.002? 0.022+0.002 % 0.016+0.002° 0.027
Bursa Weight (g)

08 e 5O 0.049+0.005 0.049+0.006 0.058+0.007 0.054+0.006 0.063+0.005 0.05810.004 0.043+0.005 0.129

Relative bursa
Weight (%)
NARAY 0.009+0.001 0.009+0.002 0.011+0.002 0.012+0.002 0.012+0.001 0.014+0.001 0.009+0.001 0.143
Spleen Weight (g)
Jab sy 0.028+0.004 0.027+0.004 0.029+0.005 0.031+0.005 0.029+0.004 0.037+0.003 0.025+0.004 0.326

Relative spleen
Weight (%)

ousas 39 0.022+0.002 0.022+0.003 0.031+0.003 0.028+0.003 0.029+0.002 0.031+0.002 0.027+0.003 0.088
Thymus Weight

()

osa e O3 0.062+0.006 0.061+0.007 0.079+0.008 0.073+0.007 0.073+0.006 0.079+0.005 0.072+0.006 0.254

Relative thymus
Weight (%)

.\3‘)|J (SJLOT Ll “ (5‘)‘4;;.‘"“ S C:JL.Q:A PR Ls oy A I S 9o L;LA&;&:L_ma_c .Lui‘.:‘_;o ..\J‘._\SLL.‘:‘ ‘51.‘4;"_’ u:\ilt:m J,oL..’b Lasals *
P<-1-0)
* Data are included meanzstandard error. ¢ Means within the same row with different superscripts differ significantly (P<0.05).



WAY Lo 1Y ojleids YA uls / old pole (gl yimg}y & yuiis

e s Sl o3l) Wlass ¢oal

VAY

oA g g 0595 S 3k g8 (SLada g3 3 K298 239, bl (sLagadlid s gl -1 4 (05T - il (slaciaud B, Y gea

Table 2- Effect of in ovo injection of different L- arginine to L- lysine ratios on small intestine histology characteristics of day-old Ross 308 broiler chicks

(3 39) Gyl = s (3, - U1 Alids slacsiass o oad3 (19,9 32)35
In ovo injection of different L- arginine to L- lysine ratios (%)

olie - aald aald YOIV Caanids AV Cads A/ Caanids /Y Caaeds 40/Y Caeds P-value
Traits” ShamControl Control 75.7 ratio 80.7 ratio 85.7 ratio 90.7 ratio 95.7 ratio

Duodenum

Weight (g) 0.17+0.01% 0.16+0.01° 0.190.012%° 0.18+0.01% 0.19+0.01% 0.20+0.01% 0.18+0.01% <0.01
Relative duodenum weight (%) 0.47+0.01 0.47+0.02 0.49+0.02 0.49+0.02 0.5+£0.01 0.52+0.01 0.48+0.01 0.10
Length (cm) 6.360.23 6.26+0.28 6.75+0.31 6.78+0.30 7.11+0.24 7.10+0.20 6.59+0.23 0.08
Crypt depth (um) 91.28+8.48 75.85+8.48 95.29+11.99 76.15+11.99 101.34+11.99 115.22+11.99 82.72+11.99 0.16
Crypt diameter (um) 20.07+2.12 17.96+2.12 21.72+2.99 20.16+2.99 26.52+2.99 24.32+2.99 21.91+2.99 0.35
Villus height/crypt depth ratio (%) 1.57+0.21 1.87+0.21 1.74+0.29 2.31+0.29 1.86+0.29 1.47+0.29 2.28+0.29 0.27
Villus height (um) 139.72+12.09 136.84+12.09 165.31+17.09 171.95+17.09 173.62+17.09 168.36+17.09 158.41+17.09 0.35
Villus width (um) 47.20%4.30° 47.16+4.30° 93.36+6.08? 83.17+6.08? 42.90+6.08" 50.11+6.08° 57.70+6.08° <0.01
Jejunum

Weight (g) 0.270.01% 0.260.02° 0.290.02% 0.30£0.02% 0.30£0.01% 0.32+0.01° 0.26+0.01° 0.02
Relative jejunum weight (%) 0.76+0.02 0.74+0.03 0.77+0.03 0.79+0.03 0.78+0.03 0.83+0.02 0.72+0.02 0.08
Length (cm) 13.6120.42 12.79+0.52° 13.9410.57% 14.74+0.56% 15.11+0.442 14.87+0.37% 14.29+0.42 % 0.01
Crypt depth (um) 88.0645.422¢ 98.37+5.422 90.24+7.67% 71.48+7.67° 81.417.67%¢ 58.17+7.67¢ 65.27+7.67% <0.01
Crypt diameter(um) 15.15+1.54° 17.68+1.54" 21.86+2.17° 22.71+2.17% 28.49+2.17° 20.39+2.17% 22.64+2.17% <0.01
Villus height/crypt depth ratio (%) 1.46+0.14¢ 1.10+0.14¢ 1.63+0.20 2.06+0.20 2.03+0.20¢ 2.79+0.20° 2.39+0.20% <0.01
Villus height (um) 119.64+4.34° 106.35+4.34° 145.0346.142 145.85+6.142 154.4646.142 161.68+6.142 158.1146.142 <0.01
Villus width (um) 39.67+4.09° 46.65+4.09° 105.33+5.78% 103.24+5.78% 53.68+5.78" 49.98+5.78> 42.27+5.78° <0.01
lleum

Weight (g) 0.20£0.01° 0.21+0.01° 0.24+0.02% 0.24+0.02* 0.24%0.01* 0.26+0.012 0.230.01% <0.01
Relative ileum weight (%) 0.57+0.03° 0.59+0.04% 0.63+0.04% 0.64+0.04% 0.62+0.03% 0.69+0.03% 0.62+0.03% 0.11
Length (cm) 11.12+0.49% 10.32+0.61° 12.24+0.672 12.16+0.65% 12.21+0.51° 12.82+0.43% 11.84+0.49% 0.03
Crypt depth (um) 101.42+7.28% 106.12+7.282 69.79+10.30™ 70.92+10.30™ 90.94+10.30%® 44.57+10.30° 78.47+10.30%® <0.01
Crypt diameter (um) 18.37+1.57 18.34+1.57 21.88+2.22 22.25+2.22 17.72+2.22 24.32+2.22 20.31+2.22 0.22
Villus height/crypt depth ratio (%) 0.91+0.20° 0.88+0.20° 1.94+0.28° 1.7740.28° 1.32+0.28% 2.86+0.28% 1.64+0.28% <0.01
Villus height (um) 90.87+6.45° 91.4046.45° 116.35+9.13% 114.70+9.13%® 111.61+9.13% 120.49+9.132 111.54+9.13%» 0.04
Villus width (um) 43.0516.37 38.4216.37 55.11+9.01 67.1449.01 36.82+9.01 41.65+9.01 50.43+9.01 0.16
Small intestine

Weight (9) 0.64+0.03 0.63+0.03° 0.73+0.04%¢ 0.72+0.04%¢ 0.75+0.03* 0.78+0.02° 0.66+0.03> <0.01
Relative small intestine weight (%) 1.81+0.05° 1.79+0.07° 1.88+0.07% 1.92+0.07% 1.90+0.05% 2.04+0.05% 1.79+0.05° 0.01
Length (cm) 31.09+0.95¢ 29.38+1.18° 32.93+1.29%¢ 33.69+1.27% 34.43+0.99% 34.79+0.85% 32.72+0.95%¢ <0.01
Relative length (%) 87.65+1.79 83.25+2.24 85.42+2.47 90.12+2.42 88.17+1.88 90.93+1.61 90.02+1.80 0.11

(P<+/+0) Bls g,leT Blatd 4 g ,ls iae SRS o slite Sgsm b slacy Sl il o olobind slhat (&Kl Joli Lasals
* Data are included meanzstandard error. 9 Means within the same line with different superscripts differ significantly (P<0.05).
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Introduction: The avian embryo develops in a carbohydrate free environment and restricted resources
of energy and nutrients for supporting its growth (Foye et al. 2006a). In ovo injection is a method for
supplying nutrients into amniotic fluid, which further can be ingested orally and improves intestinal
development and function (Uni et al. 2005; Foye et al. 2007). Previous studies showed positive effects
of arginine and lysine on intestinal growth and morphology (Foye et al. 2006 b; Nayak et al. 2016;
Ebrahimi et al. 2017). Al-Murrani (1982) reported that 85.7% L- arginine to L- lysine ratio is adequate
for growth of 7 d-old chick embryo. Though there are few reports regarding the effect of different L-
arginine to L- lysine ratios on chick embryo intestine growth. Therefore, the aim of this study was to
evaluate the effect of in ovo injection with different L- arginine to L- lysine ratios on small intestine
growth and its morphology, and also the immune system organs’ weight of a day-old Ross 308 broiler
chicks.

Material and methods: A total of 210 fertile Ross x Ross 308 broiler eggs were purchased from a
breeder flock with 24 weeks of age. Eggs were weighed and then assigned into 7 experimental groups
with 30 individual eggs per each group. Treatment groups were included: non-injected control, sham-
control (distilled water), and 75.7, 80.7, 85.7, 90.7, and 95.7 % L- arginine to L- lysine ratios, which
was injected into the amniotic fluid on 14 d of incubation from the broad end of eggs. Lysine was
considered 2% based on a previous experiment (Ebrahimi et al. 2017) and then, L- arginine to L- lysine
ratios were considered based on what Al-Murrani (1982) reported for 7 d old chick embryo with 5%
higher and lower intervals (85.7%). On d 22, chicks were weighed and slaughtered. Afterward, length
and weight of duodenum, jejunum, and ileum were recorded. Also, thymus (right lobes), bursa of
Fabricius, and spleen were weighed. Moreover, relative weight of these organs to hatchling weight was
calculated. For intestine morphology evaluation, segments of duodenum, jejunum, and ileum drowned
in 10% neutral buffered formalin around one week for fixation. After fixation, tissue samples were
processed using dehydration protocol (series of graded alcohols), clearance by xylene, and embedment
in paraffin. Then, these samples were cut into 5 pm thick cross sections using microtome instrument
and were mounted on slides. Then, staining process was performed using Hematoxylin and Eosin
(Poosti and Adibmoradi 2008). Finally, villus height, crypt depth, villus width and crypt diameter were
measured by a Zeiss light microscope. Data were then analyzed based on a completely randomized
design by the GLM procedure of SAS 9.2 software.

Results and discussion: Based on the results, in ovo feeding of different L- arginine to L- lysine ratios
up to 85.7% had an increasing effect on chick weight (P<0.01; Table 1). Similar to the present results,
Edwards et al. (2012) and Nayak et al. (2016) reported that in ovo injection of arginine had an
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increasing effect on chick weight. Also, it was indicated that in ovo injection of lysine improved
hatchling weight (Asmawat et al. 2015; Ebrahimi et al. 2017). The improving effect of different L-
arginine to L- lysine ratios partly may be mediated by growth stimulatory effects of arginine
(stimulating secretion of insulin and growth hormone along with increasing synthesis of nitric oxide
and polyamines), (Floyd et al. 1966; Davis et al. 1972; Jobgen et al. 2006; Khajali and Widerman
2010) and partly by growth stimulatory effects of lysine (stimulating carnitine synthesis and as a result,
increasing IGF-1 secretion), (Arslan et al. 2004; Kita et al. 2002). Treatments also increased bursa of
Fabricius weight (P<0.05) and the highest amount was observed by 85.7% L- arginine to L- lysine ratio
(Table 1). In accordance with the present study, in ovo injection of lysine up to 20 mg improved bursa
of Fabricius weight (Ebrahimi et al. 2017). In ovo injection of different L- arginine to L- lysine ratios
had an increasing effect on jejunum (P<0.01), ileum (P<0.05), and small intestine length (P<0.01),
relative weight of small intestine to chick live body weight (P<0.01), and duodenum, jejunum, and
ileum weights (P<0.05; Table 2). Also morphological results indicated higher villus height and villus
height/crypt depth ratio, while lower crypt depth in jejunum and ileum by almost all treatments in
comparison with control groups (Table 2). Also, 90.7% L- arginine to L- lysine ratio had the best
improving effect on the most of intestinal parameters. Similar to the present results, Edwards et al.
(2016) showed that in ovo injection of arginine improved weight, length and villus height of intestine in
chicks. Foye et al. (2007) indicated improving effect of in ovo injection with arginine on digestion and
absorption capacity of jejunum in turkey. Ebrahimi et al. (2017) reported that in ovo injection of 20 mg
L- lysine increased (P<0.05) jejunum weight and also villus height, villus height/crypt depth ratio,
while reduced crypt depth of duodenum, jejunum, and ileum. As increasing in intestine length, villus
height, and villus height/crypt depth ratio are indicators for high nutrient digestion and absorption, it
may be concluded that in ovo injection of 90.7% L- arginine to L- lysine ratio will be able to improve
growth of chicks during the rearing period (Pluske et al. 1997; Caspary 1992; Ebrahimi et al. 2016,
2017). Improving effect of arginine may be mediated by activating mTOR signaling pathway which
resulted in higher protein synthesis, while lower protein degradation (Tan et al. 2010). Lysine may
improve intestinal growth parameters by biosynthesis of L-carnitine and then stimulating IGF-I
secretion which can result in improvement of intestine growth (Arslan 2006; Shafey et al. 2010).
Conclusion: In the present study, though 85.7% L- arginine to L- lysine ratio had the best effect on
hatchling and bursa of Fabricius weight, in ovo injection of 90.7% L- arginine to L- lysine ratio had the
best improving effect on weight, length, and morphological parameters of broiler chicks, then is a
suggestible level for in ovo injection.
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