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SUMMARY

the 7™ day of incubation, 0.1 ml solution was in ovo injected into the air cell. The first group served as

control without any injection ,while the 2" group was injected with 0.1ml saline solution, the 3" group

was injected with 0.1 ml nano organic iron, the 4" group was injected with 0.1 ml nano inorganic iron,
the 5 group was injected with 0.1 ml inorganic iron and the 6™ group was injected with 0.1 ml organic iron .The
injected dose of each iron solution is 0.1ml/egg containing 75 ppb of different iron sources (nano, inorganic and
organic). After incubation, chicks were reared up to 6wks of age and productive performance and immune response
parameters were measured. Results indicated that, supplemental iron have increased the levels of immunoglobulins(
IgG and IgM) and relative weights of spleen, bursa and thymus, and stimulated some histological change in the
immune related organs which may result in improvement of chick immunity .A

Atotal of 600 fertile broiler breeder eggs were divided randomly into 6 treatments with four replicates. On

Keywords:In ovo Iron nanopatrticles, blood constitutes, histology, immune organs, broiler.
INTRODUCTION

Minerals are vital for maintaining homeostatic conditions in living organisms and their shortage can
impact significantly the health and wellbeing of animals. Iron is essential for animal and poultry so it
supplemented in their diets. Iron is an integral part of many proteins and enzymes that maintain good
health. Majority of iron is present in the erythrocytes as hemoglobin (molecule that contains one hem
group and one protein chain in each of its four units) Conrad et al., (1999). It is also essential for the
regulation of cell growth and differentiation, the production of hemoglobin, myoglobin and the
component of red blood cells that transports oxygen around the body. Iron (Fe) act as a cofactor for the
function of over 300 different enzymes (Romanoff, 1967; Lozoff et al., 2006) and is an important
structural cofactor for many proteins, including DNA synthesis and oxygen transport (Whitnall and
Richardson, 2006; Scott and Chen ,2008;Li and Zhao, 2009). Iron is involved at every stage of the
tricarboxylic acid cycle, and iron-containing catalase and peroxidases remove potentially dangerous
products of metabolism, while iron-activated hydroxylases influence the connective tissue development
Suttle 2010. Normal embryonic growth and development depends on a complete supply of all required
nutrients within the egg. NRC 1994 recommended 50-120 ppm of iron for poultry and 2,000 ppm for
tolerance limit.

Currently, nanoparticle are inorganic or organic particles with diameters ranging from 1 to 100 nm ,
while there are examples of nanoparticles (NPs) which

are several hundreds of nanometers in size. (Nel et al., 2006). Nano particles have features, such as
large surface area (increasing physical, chemical, and biological activities) and higher solubility and
mobility (Diman et al., 2018 and Toyooka, et al., 2009). High surface to volume ratio allows the
functionalizing of nanoparticles with different ligands, coatings and other useful tools for lots of
biomedical applications.

Nano particles have many novel properties compared with the bulk materials. There are several areas
in which nanotechnology could be applied to the science and engineering of agriculture, animal and food
systems Oberdorster etal 2007. Metal nanoparticles are less toxic than salts of the same metals and have
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an advantage of a prolonged effect on biological objects Kovalenko and Folmanis 2006. Toxicological
studies of nano sized iron have shown that such iron powders are low toxic. Iron oxide nanoparticles are
inherently biocompatible due to their general stability in air and their ability to be degraded or
metabolized in vivo, making them excellent candidates for a large variety of applications (Saki et al.,
2014).

Demortiere et al., (2011) concluded that Fe In ovo feeding is beneficial for enhancing the immune
response. Fe was found modulating the expression of humoral or cellular immunity related genes. Zhai et
al., (2015) indicated that in ovo injected into the egg yolk sac with 25- 125 ppm Iron nanoparticles
improved embryonic growth and body weight.

The immune system of the bird is partly developed at hatch. Trace minerals are important nutritional
components for imparting immunity and in ovo enrichment can be a way for improving the immune
system of the birds. Akshat et al., (2012) reported that the trace minerals are important nutritional
components for imparting immunity and in ovo injected of iron during incubation into the yolk
sac/amnion of the broiler embryos can be a way for improving the immune system of the birds. Iron
nanoparticles and Alimet chelate form, as the active ingredient of feed additives, premixes, and
compound feed, due to the high surface activity and penetration into cells can actively influence the
intracellular metabolism by stimulating various processes.

Therefore, the objective of this study was carried out to determine the effect of in ovo injection of
broiler eggs with different forms of iron on immunological, blood parameters , and lymphoid organs
histology of broiler chicks.

MATERIALS AND METHODS

A total of 600 eggs from a Arbor Acres broiler breeder flock (42 weeks of age) were used in the
present study. Eggs were divided randomly into 6 treatments with four replicates each. All eggs were
incubated at 37.6 C and relative humidity of 55 to 60% during the first 18 days of incubation then at 36.2
C and 65-70% relative humidty in the setter until hatching.

The first group served as control eggs were normally incubated without any injection ,while the 2
group was in ovo injected with 0.1ml saline solution, the 3" group was injected with 0.1 ml nano organic
iron, the 4™ group was injected with 0.1 ml nano inorganic iron , the 5" group was injected with 0.1 ml
inorganic iron and the 6™ group was injected with0.1 ml organic iron .

Iron oxide nanoparticles were prepared according to Reimers and Khalafalla (1974), suspended in
Kno DMEM cell culture medium and dispersed by an ultrasonic bath. The injected dose of each iron
solution is 0.1ml/egg containing 75 ppb of different iron sources (nano, inorganic and organic).

Post-hatch, a total number of 480 one-day old chicks were distributed in to six equal treatment groups
with four replicates each according the corresponding treatments. Experimental chicks were kept under
similar environmental conditions. Chicks were fed on a commercial starter and grower basal rations until
six weeks of age. Both diets were formulated to meet NRC ( 1994 ) requirements.

Plasma total protein (g/dl) was determined according to the method described by Henry (1964), the
determination of plasma albumin was carried out according to the method of Doumas et al. (1971),
globulin was calculated by subtraction of plasma albumin from total plasma protein. Plasma samples from
each treatment were tested for total antibodies response directed specifically against the triggering NVD.
White cells were counted and differentiated into lymphocytes (L), heterophils (H) and other types, and the
ratio of H to L was calculated. Immunoglobulin concentrations 1gG and IgM were determined by
enzyme-linked Immunosorbent assays using commercial ELISA kits according to manufacturer's
Instructions (Sun Biomedical Technology Co., BeiJing, 10039) Bianchi et al. (1995).

Histological examination: At the end of the experiment, representative tissue samples from Bursa ,
thymus and spleen gland were taken at slaughtering time to study the histological changes associated with
the experimental treatments. Samples were fixed in a 10% formalin-saline solution before preparing the
histological slices by using Paraffin histological technique where, specimens were dehydrated in
ascending grades of ethanol, cleared in Zylene and then embedded in paraffin wax. Transverse sections
(4-5microns, thickness) were cut, mounted on glass slides and then stained with haemotoxyline and eosin
(H&E) stains according to methods described by (Ker et al., 1982). All sections were examined by using
an electric light microscope provided with computerized Camera.
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Statistical analysis :

The obtained data on immunological parameters, and blood parameters were analyzed using statistical
analysis system (SAS, 1996). In order to determine significant differences between all possible mean
comparisons Duncan’s multiple range test Duncan (1955) was applied. Statistical significance was
accepted at a probability level of 0.05.

RESULTS AND DISCUSSION

Relative weight of lymphoid organs

Results in Table 1 showed that the relative weight of bursa, thymus and spleen were significantly
(p<0.05) improved by the different forms of Iron in either nano particle or in the organic or inorganic
forms injected groups than un-injected control group. These results are agreement with those obtained by
Goel et al (2013)who found that in ovo feeding of iron may influence the embryonic development, while
iron can play an important role in post hatch growth also.

Table (1): Effect of in ovo injection of different iron and nano iron forms on relative weight of
bursa ,thymus and spleen (% of live body weight) of broiler chicks at six weeks of age.

Treatment C S NO Ni In 0 MSE Sig
Bursa % 0.118¢ 0.119¢ 0.155°? 0.1472 0.1473  0.120° 0.01 faied
thymus% 0.122°  0.127° 0.239°2 0.230? 0.204® 0.216* 0.01 fal
Spleen% 0.101¢  0.096¢ 0.155° 0.1692 0.143° 0.162® 0.01 *

Means within a row with different superscripts are significantly different (P<0.05).
C = Control, S = Saline, ,NO = Nanoorganic, Ni = Nano Inorganic, In = Inorganic, O = organic-

White blood cells differential count (WBC’s):

The effect of in ovo injection of different iron forms on WBC’s differential count of broiler chicks is
presented in Table 2

Results showed that WBc's count was significantly increased in chick from organic iron injected
group followed by those of saline and the control groups, respectively compared by the other treatments.
This increase was also observed in the percentage of lymphocytes where their percentages were
significantly higher in saline injected, nano- organic and inorganic and organic iron injected groups
compared with the other treatments. This was not the case for the heterophils percentage, were the
highest values were recorded for nano-inorganic, , inorganic and then the control groups , respectively.
The lowest values observed for control group respectively. This change in the hetrophils and lymphocytes
were reflected in there ratio (H/L) where it is significantly higher in the, nano —inorganic ,inorganic and
the control groups respectively compared with the other treatments.

Although significantly differences in the most WBC's percentage all of them are in the normal range
of blood hematological traits indicative of apparently blood homeostasis pattern Sturkie,(1986).

The higher H/L ratio may indicate a state of stress responses of birds to internal and/or external
stressors that resulted in an increase in heterophils count as the main phagocytic cells in the body which
in turn increased H/L ratio as the case in some treatment groups in our study. However, the groups had
achieved better growth performance during the whole experiment indicative of a mild stress or normal
acceptable stress.

It is assumed that the higher H/L ratio of some treatment groups may be resulted from the increase of
metabolic activity of the chicks accompanied with an increase in metabolic heat production representing a
state of stress that caused an increase in H/L ratio without any negative impacts on chicks’ productivity.
In this concern, Gross and Siegel (1983) reported that H/L ratio was considered as a more reliable
indicator for determining stress response in poultry.
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Table (2): Effect of in ovo injection of different iron and nano iron forms on white blood cells
differential count of broiler chicks at six weeks of age.

Treatment C S NO Ni In 0 MSE  Sig
WBC's (10°’mm?®)  12.12% 14.232 11.33° 10.87° 11.82% 14.472 111 *
Lymphocytes % 56.7% 61.32 59.72 60.4° 53.7° 60.32 4.31 *
Heterophils % 35.32 29.7° 30.3° 38.62 36.72 3L.7° 2.42 *
Monocytes % 5.12 531 618 5.14 6.32 5.20 046 NS
Eosinophils % 3.14 3.67 4.13 3.33 3.67 3.33 032 NS
H/Lratio 0.622 0.48° 0.51° 0.642 0.682 0.53° 0.04 *

Means within a row with different superscripts are significantly different (P<0.05).
C = Control, S = Saline, ,NO = Nanoorganic, Ni= Nano Inorganic, In = Inorganic, O = organic.

Plasma protein concentration:

Results in Table (3) showed the effect of different iron and nano iron sources on plasma protein
fractions of broiler chick at six weeks of age

It is clear from the results obtained that plasma total protein was significantly increased in all the
control groups compared to the different forms of Iron in nano particle or in the organic or inorganic
forms injected groups. This was reflected in the A/G ratio which was significantly higher in these groups.

The previous result indicates that in ovo injection itself has no harmful effect on different plasma
protein parameters, this means that iron injection has a positive impact on protein synthesis. It suggested
that plasma proteins profile of a given bird is a reflection of the metabolic activities related to protein
synthesis and /or degradation, this support the findings of many authors who observed that iron has the
ability to bind protein and enhanced DNA synthesis which in turn affect plasma protein level at different
growth periods Angle ,(2007); and Yair and Uni,(2011).

Table (3): Effect of in ovo injection of different iron forms and nano iron on plasma proteins, of six
week of age broiler chicks.

Treatment C S NO Ni In 0 MSE  Sig
Total protein 5.662 6.13? 5.04° 5.28° 4.89¢ 3.89¢ 0.34 -
(g/dl)

Albumin 2.69 2.86 2.80 2.53 2.97 2.12 0.04

(g/dl) NS
Globulin 2.972 3.272 2.24° 2.75% 1.92° 1.77° 0.33 *x
(g/dl)

A/G ratio 0.905° 0.874° 1.25° 0.92° 1.542 1.19° 0.08 *

Means within a row with different superscripts are significantly different (P<0.05).
C = Control, S = Saline, ,NO = Nanoorganic, Ni = Nano Inorganic, In = Inorganic, O = organic.

Immunoglobulin concentration and antibody titer:

Results in Table 4 summarized the effect of different iron forms, when in ovo injection, on immune
responses of broiler chicks at six weeks of age.It could be observed that the levels of immunoglobulin’s
(IgG and 1gM) were significantly higher (P<0.05) in iron-supplemented groups than the controls
however, the highest values (p<0.05) of immunoglobulin’s were observed in Nano iron group. These
results are agreement with Cai et al., (2012) who found a significant effect of nano-Fe in 1gG and IgM,
however, no significant difference on serum IgA concentration. In this respect, Warnar et al., (2006)
showed that the highest liver weight increased biochemical constituents, enhanced generation of total 1gG
as well as exhibiting pleiotropic effects in inflammatory responses. They added that in serum was
observed in treatments .Moreover; on the other hand, antibody titer against NDV was significantly higher
for all chicks from iron injected groups than the control ones, indicative of better immunity. It should be
mentioned that antibody titer was measured randomly after the normal vaccination program.

These results are in close agreement with those reported by Malik et al., (2011) who injected in ovo
80 ug of iron at the 14th day of incubation; Lin, et al (2012) and seo , et al (2008) who used graded level
of Fe- nano ,they reported an improvement in humeral immune responses of broiler chicks.

638



Egyptian J. Nutrition and Feeds (2019)

Table (4): Effect of in ovo injection of different iron and nano iron forms plasma immunoglobulin
concentrations of broiler chicks at six weeks of age.

Treatment Cc S NO Ni In ) MSE Sig

IgG (ug/ml)  624.9°  611.1°  692.0°  671.9° 635.7° 642.0° 1838  *
IgM (ug/ml) 118.3°  120.7°  1525%  148.0° 132.5® 1204° 7.25 *
IgA (ug/ml)  153.0 134.1 152.9 153.9 1438 1313  7.42 NS
Ab-Titer 5.30° 5.92° 7.12° 6.74° 643  592°  0.33 *

Means within a row with different superscripts are significantly different (P<0.05).
C = Control, S = Saline, ,NO = Nanoorganic, Ni = Nano Inorganic, In = Inorganic, O = organic

Histological observations:
1- Bursa of Fabricius:

The histological examination of bursa sections from different treatments indicated that the basic
histological structure of the bursal tissues is nearly similar in all treatments (Fig.1-6).

In general, the bursa of Fabricius is a primary lymphoid organ in birds . It is composed of about 15 -
20 plicae (folds) each of them contain numerous follicles (f) with various sizes (tall or short). These
follicles have two distinct areas, i.e. cortex (C) and medulla (M) inclosed in a pseudostratified columnar
epithelial outer layer (e) as shown in all sections, especially Fig. 3, 4, 5 and 6. They were separated from
each other by fine connective tissue septa (S), while their secretions are collected in lumens (L).

Section clearly showed that the cortex is more deeply stained than the medulla due to the fact that it
composed of many small lymphocytes, whereas the medulla appeared as a pale-stained area containing
large lymphocytes, undifferentiated epithelial cells (d) and lymphoblasts. This structure was clearly
observed in bursa section from both Nano iron treatments (Fig. 3, 4) followed by those from organic and
inorganic treatments (Fig. 5; 6). The effect of in ovo injection of different iron sources and forms during
incubation period revealed a positive impact on bursa histology in terms of increased the number of
follicles / microscopic field, along with a narrow connective tissue septa (S) between follicles compared
by chicks from the control and treatments. This was not the case for the bursa section from birds that
hatched from the control and saline- injected treatments, where the bursal follicles were pale - stained
with nearly similar small sizes.

It is of interest to observe that the improved histological appearance of bursal follicles in response to
in ovo iron treatments, especially as shown in Fig 3, 4, 5 and 6 was associated by an obvious increase in
the cortex area with apparently better and well —developed epithelium covering (e) of the whole plicae
area .

It is likely that under the prevalent conditions of the present study, in which post hatched chicks were
reared under similar environmental conditions , there was a marked reduction in the cortical area of bursa
follicles indicative of negative effect on immune responses of birds in these groups (Fig.1 and 2).
Additionally, in ovo injection of different iron forms exerts beneficial effects on bursal function via its
effect on promoting immunoglobulins secretion as the number of lymphocytes increased. Our results are
in close agreement with the findings by Ciriaca, et al.(2003); Akter,et al.(2006); and Slawinska et
al.(2014) who reported a strong correlation between the relative size of bursa , its histological structure
and the average level of 1gG production , so the maintenance of functional B-lymphocytes .

Thymus histology:

The histological structure of thymus gland as affected by different treatments is illustrated in Fig. 7 to
12.In general, the gland is enclosed by a thin connective tissue capsule of coarse collagen fibers and few
elastic fibrils. There are many fine septa (s) that divide the gland to several thymic lobules (L) differing in
their size and shape. In addition each thymic lobule is composed of outer- dark- stained areas cortex (c)
area and a pale region located in the lobules center or merged in the cortex area ( medulla , M ). It is
clearly observed that the cortex area contains many small and large lymphocytes (Ly) especially in the
section of chicks from the nano iron - treated groups of chickens (Fig. 9 to Fig.12). While, section from
control chicks (Fig. 7 ; 8) showed little response to the applied treatments in terms of their thymus
histological architecture . This may be resulted from the fact those chicks had better bursa histological
appearance which may support the well known findings that the immune response of chicks at older ages
depends mainly on B - lymphocyts production (Bursal - origin), than T-lymphocytes from thymus glands.
This was confirmed by the results obtained by Akter et al.(2006) and more recently by khan et al.(2014)
who discussed the developmental changes of lymphoid organs in chickens .
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Fig. 1. T.S. through bursa of Fabricius from chicks Fig. 2. T.S. through bursa of Fabricius

of the control treatment (H&E x 100) from chicks of the Saline- treatment (H&E x100)

o
e

k SGES 23;55f :“":‘«'6 “ A . ‘
Fig. 3. T.S. through bursa of Fabricius from chicks Fig. 4. T.S. through bursa of Fabricius from
of the NO- treatment (H&E x 10) chicks of the Nio - treatment (H&E x 100)

-

L ——y ks -~ -
Loh : : NS

Fig. (5). T.S. through bursa of Fabricius from of Fig. (6): T.S. through bursa of Fabricius from
the Ino - treatment (H&E x 100). chicks of the O - treatment (H&E x 100).

Abbreviation key for bursa sections:

C = cortex, E = Pseudostratified columnar epithelium , F = Bursa follicles, M = Medulla , T =
Connective tissue septa
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So, it is likely that the effect of in ovo injection of different iron forms during embryogenesis, caused
less prominent histological changes in thymus gland, unlike the bursa of Fabricius. In this concern, our
results, however, showed an obvious improvement in the histological appearance of thymus gland in
response to to different Fe sources and levels.

control treatment (H&E x 100) Saline- treatment (H&E x100).

Fig. 9: T.S. through thymus from chicks of the NO- Fig. 10: T.S. through thymus from chicks of the
treatment (H&E x 10). Ni- treatment (H&E x 10).

e &

Fig. 11: T.S. through thymus from chicks of the In - Fig. 12: T.S. through thymus from chicks of the O
treatment (H&E x 10) - treatment (H&E x 10).
Abbreviation Key for Thymus gland:

C = Cortex, M= medulla, V = blood Vessel, L =thymic lobule, S = Connective tissue Septa, Ly =
lymphocytes
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Spleen histology:

The histological structure of the spleen as influenced by different in ovo iron injection treatments is
illustrated in Fig. 13 to 17. It is clear from these sections that the basic architecture of spleen from
different treatments has nearly similar structure, in which two main regions could be seen, i.e. a large
white pulp area (WP) and a dark - stained red pulp area (RP) with numerous blood capillaries, sinusoids
(S) and many lymphocytic cells of different sizes and numbers along with more or less lymphatic
nodules.This was observed in the spleen section from the control groups (Fig.13 ;14). The same pattern
was also observed in the spleen sections from nano-iron treatments (Fig.15; 16) but an increase in the RP
area could be seen. Moreover, there were an irregular distribution of the RP area within the WP one,
especially in the sections from chicks of the inorganic (Fig.17) and organic iron (Fig.18) treatments.
Since, the RP area is extended all over the spleen sections with a marked increase in the number of large
lymphocytes accompanied by basophilic hemosiderin granules in between the blood sinusoids. These
large —sized lymphocytes may reflect an improvement in immune response of chicks from these treatment
groups.

R

Fig. 13: T.S. through spleen from chicks of the Fig. 14: T.S. through spleen from chicks of the S
control treatment (H&E x 10) - treatment (H&E x 10).

._'( Triiy > 35 - -

Fig. 15: T.S. through spleen from chicks of the No - Fig. 16: T.S. through spleen from chicks of the
treatment (H&E x 10) Ni - treatment (H&E x 10).
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A ) ; ,',A‘ ;l" o :v i '_titr. 1} X "' - ) -
Fig. 17: T.S. through spleenfrom chicks of the In - Fig. 11: T.S. through spleen from chicks of the
treatment (H&E x 10) O- treatment (H&E x 10).

Abbreviation Key for spleen sections:

b = blood sinuses, n= lymphatic nodule, Ly= lymphocytes, RP= red pulp area, WP= white pulp area

In this respect, spleen in considered as a secondary lymphoid organ in birds, and it was reported by many
authors to be the main site of lymphocytes proliferation and differentiation Hodges, 1974 and Slawinska,
et al.(,2014). The impact of in ovo iron treatments in enhancing the histological structure of spleen in our
study is evidenced by the presence of many lymph nodules (n) which resembles the lymph nodes in
mammals . These lymphatic nodules (follicles) have been reported to be directly related to better
immunity of birds. Thus, there is evidence that the spleen of birds harbour large numbers of T-cells and
B-cells which differentiate into antigen — specific effector cells. This concept was confirmed by the
previous results by John (1994), Powers (2000); Sato, et al. (2004) and Stawinska et al. (2014). Itis
assumed that the spleen, as a secondary immune organ, has lesser sensitivity to the effect of iron
injection into eggs during incubation than the primary immune organs (bursa and thymus). This
assumption emphasized the results of Compton et al.(1990) who showed that organs where lymphocytes
are stored, being less sensitive to the effect of different stressors . Also, Ardia (2005) stated that larger
spleens provide stronger immunity as measured by PHA responsiveness test.

CONCLUSION

These results suggest that the in-ovo injection of 75-ppb iron nanoparticles As injection contributed to
embryonic growth development and improved immunity .
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