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Comparative Study of Ultrastructural Observations on Blood Cells of Local Omani
and Cobb 500 Broiler Chickens
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ABSTRACT. The local Omani chicken represents a long-established indigenous chicken breed in the Sultanate of Oman.
Many farmers in Oman raise local chickens for meat and egg production. Therefore, to ensure an enhanced production
of local breed chickens, it is important to assess their health performance. The present study was conducted to describe
the comparative ultrastructural details of the blood cells of Omani and Cobb 500 chickens. Twenty apparently healthy
35-old birds (10 per strain) of either sex reared at the Poultry Research Unit at the Agricultural Experiment Station, Sul-
tan Qaboos University. The blood was collected from wing vein into tubes containing EDTA as anticoagulant. The blood
was further processed for transmission electron microscopic study. The results obtained showed that all blood cells of
both Cobb 500 and Omani chicken were similar. The heterophil nucleus had a multi-lobed nucleus. The number of nu-
clei lobes ranges from 2 to 3. The Eosinophil had a distinctive appearance and mostly had a lobulated nucleus. Basophil
was round in appearance and had four types of granules (dense granules, mottled granules, web or net granules and my-
elin granules) which can be seen clearly. The lymphocytes were the smallest leukocytes and it was characterized as small
round cell with few cytoplasmic process. The monocytes were round in shape with kidney-shaped or indented nucleus.
The nucleus had more heterochromatin patches compared to euchromatin. The thrombocytes were distinguished from
other cells by their dense nucleus and the large vacuoles found in the cytoplasm. In conclusion, this study shows great
similarities in the ultrastructure of all blood cells composition between local Omani and Cobb 500 broiler breeds.
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Introduction

he local chicken is considered an essential part

I of human livelihood, and it contributes to the
food security of low-income families as a sig-
nificant source of meat and eggs in more than 80% of
poor households in the developing regions around the
world (Shaat and Al-Habsi, 2016). Cobb 500 is superla-
tively suitable to the Middle East region, adapting well
to warmer climates with integrators benefiting from the
breed’s efficiency right through the production chain.
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One of the main characteristic of Cobb 500 broiler breed
is the great feed conversion and there for that make it
the best choice in broilers breed selection (Hult, 2015).
Many farmers in Oman raise local chickens for meat
and egg production. To ensure an enhanced production
of local breed chickens, it is important to assess their
health performance first (Shaat and Al-Habsi, 2016).

The immune system is built up by many lymphoid tis-
sues, molecules and leukocytes, which defend the body
from infectious agents, such as viruses, bacteria, para-
sites and fungi. Besides protecting the body from patho-
gens, the immune system plays a role in maintaining
body hemostasis by restoring and removing damaged
endogenous tissues and cells. Leukocytes are produced
predominantly in the bone marrow. After differentiation
and maturation, leukocytes migrate to the blood, lym-



phatic system and peripheral tissues to perform their
different immunological functions (Hult, 2015). Avian
leukocytes include mononuclear cells (monocytes and
lymphocytes), granulocytes (basophils, eosinophils and
heterophils) and thrombocytes (Jones, 2015).

In recent years, transmission electron microscopy
has become necessary to study biological and molecular
ultrastructures. However, very little electron microscopy
in chicken blood cells have been reported, and no survey
on local Omani chicken has been done so far. The main
aim of this study was to compare the ultrastructural ob-
servations of the blood cells of local Omani and Cobb
500 broiler chickens raised under intensive management.

Material and Methods

Ethical Approval

This study was approved in 2019 by the Animal Research
Ethics Board at Sultan Qaboos University.

Resource Population

This study was conducted on both Cobb 500 broilers
(n=10) and local Omani chickens (n=10) that were ap-
parently healthy of age 35 days old of either sex reared
at the Poultry Research Unit at the Agricultural Experi-
ment Station, Sultan Qaboos University. Feed and water
were provided ad libitum.

Sample Processing

Blood samples were obtained using disposable syringes
needles (23 gauges) from the wing vein. Samples were
collected into tubes containing ethylenediamine ter-
aacetic acid (EDTA). The samples were kept on ice and
transported to the Electron Microscopy lab in the Col-
lege of Medicine, immediately after collection to prevent
any cells ultrastructure alteration. The identification and
classification of blood cells were achieved using the
transmission electron microscopy (TEM). Samples for
electron microscopy were prepared as previously de-
scribed (Johnson et al., 2020). Briefly, to obtain a buffy
coat layer, samples were centrifuged at 400 g for 20 min-
utes within 90 minutes of collection. The plasma was re-
moved, and the buffy coat was coated with Karnovsky’s
fixative (2 percent glutaraldehyde in 2.5 % paraformal-
dehyde in 0.2 M phosphate buffer, pH 7.38) on top. The
fixative was withdrawn and the buffy coat layers were
peeled off and dissected into 2 x 1 x 1 mm blocks and
placed in a Petri dish containing fresh Karnovsky fix-
ative for an additional 90 minutes after overnight refrig-
eration. A tissue processor from Leica Electron Micros-
copy was used to process the blocks. Spurr’s epoxy resin
embedding media was used to embed tissues, which
were polymerized overnight. Light microscopy was used
to examine sections stained with 1 % toluidine blue in 1%
borax. Ultra-sectioning with an ideal thickness of 60—90
nm and staining with uranyl acetate and Reynold’s lead
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citrate were used to identify locations with the highest
concentration of lymphocytes. A Jeol JEM-1230 trans-
mission electron microscope with an 80 kV volt-age was
used to examine sections on grids. MSC SI0031 Gatan
CCD camera and Digital Micrograph (TM) 1.85.1535
software were used for digital imaging and acquisition.
Prior to screening samples, images were automatically
gain-corrected using gain and dark standards and cali-
brated using a carbon grating replica (Robinson, Geraci,
Sonnenblick, & Factor, 1988).

Results

The ultrastructural observations of Omani local chicken
and Cobb 500 brioler chickens were examined. In gen-
eral, we found that the ultrastructural features of blood
cells of both strains were similar and are therefore de-
scribed together.

Heterophils

The heterophil nucleus was surrounded by a nuclear
membrane. In most cells, the nucleus has a higher quan-
tity of heterochromatin than euchromatin. Mature poly-
morphonuclear cells have a multi-lobed nucleus. The
number of nuclei lobes ranges from 2 to 3 (Figures la
and 1b). Different organelles were detected in the cy-
toplasm such as mitochondria, vesicles, centrioles and
central body. In addition, pseudopodia were seen fre-
quently in the heterophil peripheral cytoplasm. In addi-
tion, two types of intracellular granules were seen; dense
granules and less dense granules. Dense granules can
be either oval or spherical. They are cytoplasmic mem-
brane-bounded electron dense granules. The size of
these granules ranges from 120-575 nm. Multiple num-
bers were demonstrated. Less dense granules (specific
granules) are lighter than dense granules and smaller in
size. They are membranous granules. Their size ranges
from less than 200-270 nm.

Eosinophil

Eosinophils had a distinctive appearance and showed
small pseudopodia (Figures 2a and 2b). Mostly they had
a lobulated nucleus. Heterochromatin and euchromatin
were in equal quantities. The nucleus often was located
in the center of the cell. Major structures were detect-
ed in both broiler Cobb 500 and Omani chicken were
Golgi apparatus. Invaginations resembling vacuoles in
the granules are seen approximately a quarter the size
of the granule and different sizes of dense granules sur-
rounding with a membrane were present in this cell.

Basophil

Basophils are round in appearance. Small pseudopo-
dia were detected (Figures 3 and 4). The single nucleus
showed indentation. Heterochromatin and euchroma-
tin were distributed equally in Cobb 500 breed. In the
Omani breed, the euchromatin distribution was more
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Figure 1. Transmission electron micrograph of (a) Cobb 500 broiler and (b) Omani local chicken. In both panel (a and b),
a heterophil showing bi-lobed nucleus (n), heterochromatin (HC), Euchromatin (EC) and nuclear membrane (arrow) were
observed. The cytoplasm includes dense granules (DG), less dense granules (LG), centriole (C), Golgi apparatus (GA) mito-

chondria (M), dissected central body (CB), pseudopodia (P) and Vesicles (V)

prominent than heterochromatin. Nucleoli were present
in some cells. In both breeds, the mitochondria could
be seen. Four types of granules (Dense granules, Mot-
tled granules, Web or net granules and Myelin gran-
ules) could be seen (Figures 5 and 6). Dense granules
were darker granules, and some of them had a little
internal structure which can be seen. They range from
100-280 nm in Cobb 500 chicken and 100-250 nm in
Omani chicken. Mottled granules, they are less dense
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than the first granules. In Cobb 500 chicken they range
from 150-200 nm and from 200-250 nm in local chick-
en. Web or net granules, looser than mottled granules
and had ability to break down. They range from 80-100
nm in both breeds. Myelin granule, these granules size
was 250 nm in Cobb 500 and 120 nm in Omani chicken.
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Figure 2. Transmission electron micrograph presenting eosinophil from (a) Cobb 500 broilers and (b) Omani local chicken.
Nucleus (n), nucleolus (N), heterochromatin (HC), euchromatin (EC) and nuclear membrane (NM). This cell also shows
centric nucleus and various sized of dense granules (DG). Pseudopodium (P) is also detected
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contained an equal quantity of euchromatin and heter-
ochromatin. Different structures were observed in the cy-
toplasm, such as different sizes and number of mitochon-
dria. In some cells, there were up to six mitochondria.
In addition, multi-vascular body, few short endoplasmic
reticulum strands, beta-glycogen granules and less than
0.1 pm measures small clear vesicles were detected.
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Figure 3. Transmission electron micrograph of Cobb 500
breed basophil showing a single central nucleus (n), nucle-
olus (N), heterochromatin (HC), euchromatin (EC), vessel
(V) and mitochondria (M) Four different types of granules:
(1) dense (2) mottled (3) web or net form (4) myelin figure
also can be seen

Lymphocyte ER1&-DF6-1 C13B-49.3p3 —
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In both chicken breeds” peripheral blood, lymphocytes
were the smallest leukocytes. lymphocyte was round Figure 5. Transmission electron micrograph of Omani
in shape (Figure 7a and 7b). The nucleus was located in breed basophil showing single central nucleus (n), nucle-
the center of the cell and showed a higher nucleus to cy-  olus (N), heterochromatin (HC), euchromatin (EC) and

toplasm ratio. The nucleus was round in shape, and it ~ Pseudopodia like structures (P)

Monocyte

Monocyte can be easily identified due to their kid-
ney-shaped or indented nucleus (Figures 8 and 9).
Monocyte contained less heterochromatin compared to
euchromatin even though monocyte heterochromatin
were not as dense as lymphocyte. Heterochromatin was
always found towards the edge of the nucleus. The iden-
tification of the nuclear membrane was better in mono-
cyte compared to other leucocytes. Both Cobb 500 and
Omani breeds had a similar shape and structure. In the
majority of monocyte cells, a single layer of rough endo-
plasmic reticulum surrounded the other nuclear mem-
brane. There was no smooth endoplasmic reticulum
detected. Many mitochondria of different sizes were fre-
quently observed in each cell. Some of the mitochondria
were small and round with a dense matrix, and others
were larger with more prominent cristae and lighter ma-

ER1L=073 BOZ0. jpg

¥R14-073 Blood B trix. Golgiapparatus was detected more often in this cell
than in other leukocytes. Many cells contain lysosomes
(1), mottled (2), web or net form (3) granules with different densities. Large empty vesicles were seen
in the cytoplasm. Pinocytotic vesicles were also detect-
ed. Pseudopodium was seen in the majority of the cell.

Figure 4. Higher magnification of figure-3 showing dense
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Figure 6. Higher magnification of figure-8 showing the
nucleus (N) of the basophil with 4 different types of gran-
ules: (1) dense (2) mottled (3) web or net form (4) myelin
figure. Mitochondria (M) also can be seen

Thrombocyte

Thrombocyte was distinguished from other cells by their
dense nucleus and the large vacuoles found in the cy-
toplasm. Heterochromatin was predominating over eu-
chromatin, and that made the nuclei detection easier. In
many cells, the nucleolus was irregular, large and dense
(Figures 10 and 11). The primary cell structure detect-
ed in in the cytoplasm of the thrombocyte cells in both

S
ER1&=073 €15 B=0L1.til
ERL6=073CLY B

500 pm

breed was vacuoles. There were two types of vacuoles;
large vacuoles were around 1 pum. The majority of large
vacuoles were empty except from one or two dense
granules measuring 50-100 nm. Small vacuoles can be
detected all around the cytoplasm, measuring less than
250 nm. Pinocytotic vesicles, mitochondria and myelin
figure was also detected.

Erythrocyte

Erythrocytes in both breeds were similar under transmis-
sion electron microscopy. The cytoplasm is moderately
dense because of hemoglobin content, without notable
organelles. The erythrocytes have a narrower, more elon-
gated, elliptical shape. Artifactual separation of the nu-
cleus from the cytoplasm is evident (Figures 12aand 12b).

Discussion

Chicken heterophil is a multilobulated oval or round cell
with rod-like eosinophilic granules. Cobb 500 and Oma-
ni chickens had similar heterophil traits. Euchromatin
was detected in the nucleus center region, while heter-
ochromatin was found in patches around the perimeter,
similar to the findings of Mohd et al. (2016). Single beta
granules were always recognized as glycogen. There was
evidence of the Golgi apparatus, and mitochondria were
frequently spherical and tiny. Other bird species with
similar traitsinclude ducks, geese, turkeys, pigeons, quail,
and guinea-fowl (Maxwell, 1973). The goose and duck
heterophils, on the other hand, lacked the small, spheri-
cal, dense, membrane bound granules seen in chickens.

Heterophil possesses two types of granules: dense
cytoplasmic granules (primary granules) and short
round or oval less dense granules (secondary granules)

EE1&=074 Clet=086,Li

ER14 =074 CLED 80 nm

Trink May: RITHO0x AT.0 in MY - BB 0kY
10:4T BFALEALY Dircct Kag: L20e0x
Mirrasropiat: Abdalraksan A1 -HabhanAHT Comsra Syskas

Figure 7. Transmission electron micrograph presenting lymphocyte from Cobb 500 (a) and Omani Local chicken (b). Nucle-
us (n), heterochromatin (HC), euchromatin (EC), mitochondria (M), pinocytotic vesicle (PV), Multi-vascular body (MVB),
dense electron granules (G), small empty vesicles (V), beta-glycogen granules (GL) and myelin figure (MF)
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Figure 8. Transmission electron micrograph of Cobb 500
breed monocyte with a kidney shaped nucleus (n). This cell
shows a distinct double nuclear membrane (NM), heter-
ochromatin (HC) and euchromatin (EC). Mitochondria
(M), endoplasmic reticulum (ER), Golgi apparatus (GA),
dense lysosome (LY), beta-glycogen granules (GL), pinocy-
totic vesicles (PV) and empty vesicles (V) can also be seen.
Pseudopodia (P) can also be detected

ERL6-036-1 C1%B-0%0. jpg
ERE16-036-1 G150

# miorons

Figure 9. Transmission electron micrograph of Omani
breed monocyte showing kidney shape nucleus (n), This
cell shows a distinct double nuclear membrane (NM), het-
erochromatin (HC) and euchromatin (EC). Mitochondria
(M), endoplasmic reticulum (ER), Golgi apparatus (GA),
dense lysosome (L), beta-glycogen granules (GL), myelin
figure (MF) and empty vesicles (V) can also be seen. Pseu-
dopodia (P) can also be detected
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Figure 10. Transmission electron micrograph of Cobb 500
breed thrombocyte showing a single nucleus (n), heteroch-
romatin (HC) and euchromatin (EC). Small dens granules
(DG) attached to large vacuoles (LV), small vacuoles (SV),
beta glycogen granules (GL), pinocytotic vesicle (PV) and
mitochondria (M) can be detected

in chicken. The dense granules contain a central body
that play an important role during phagocytosis (Mohd
et al., 2016). Heterophil central body was also reported
in duck, goose, turkeys and pigeons (Maxwell, 1973).
Dense granules of both Cobb 500 and Omani breed
were measured and there were no significant differences
in dense granules of both breed. Cobb 500 chicken dense
granules measurements were within the range reported
previously (Mohd et al., 2016), which were 400-1600 nm
in length. Similar observations have been observed in
duck and goose, with lengths ranging from 260 to 300
nm in turkey and pigeon (Maxwell, 1973).

No obvious ultrastructure differences were observed
in the lymphocyte cells between Cobb 500 breed and the
Omani breed examined. Except for the cytoplasm to nu-
cleus ratio, which was lower than monocytes, they had
a similar diameter to monocytes. This was in line with
Maxwell’s (1973) and Mohd et al’s results (2016). The
nucleus of a medium-sized lymphocyte featured one to
two nucleoli, which were encircled by a chromatin rim.
Despite the fact that it shares some characteristics with
both tiny lymphocytes and monocytes, medium sized
lymphocytes were previously overlooked as a unique
cell type in avian peripheral blood. However, granules
detected in the medium-sized lymphocytes of the two
chicken strains studied were comparable to those seen in
six bird species including domestic fowl (Maxwell, 1973;
Mohd et al,, 2016).
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Figure 11. Transmission electron micrograph of Omani
breed thrombocyte showing nucleus (n), heterochromatin
(HC)andeuchromatin (EC). Myelinfigures (MF), betaglyco-
gen granules (GL), pinocytotic vessel (PV) and alarge empty
vacuole (V) with peripheral dense granule (DG) can be seen

The cell surface of lymphocyte was spherical, with few
cytoplasmic structures visible. The nucleus was eccen-
tric, occupying the majority of the cytoplasm in the form
of a rim, which is consistent with earlier observations
(Gupta and Singh, 2008; Mohd et al., 2016). The nuclei of
turkey, geese, pigeon, duck, guinea fowl, and quail small
lymphocytes were found to have an equal quantity of
heterochromatin and euchromatin, small clear vacuoles,

-
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and multi-vascular structures (Maxwell, 1973), which
were similar to the findings of this study. However, tyre-
track like structure was not seen in any cell examined in
the current study.

One of the most intriguing features was the signif-
icant proportion of euchromatin in the nuclei of the
majority of the monocytes studied. Nuclei with more
euchromatin and less stainable material are metaboli-
cally more active than those with coarse bulk of highly
stained heterochromatin (Maxwell and Trejo, 1970). The
presence of rough endoplasmic reticulum, which was
more visible in monocytes than other white blood cells
in this investigation and was consistent with prior ob-
servations, is likely associated to the high activity state
according to Maxwell and Trejo (1970) and Mohd et al.
(2016). As observed in the current study, the nucleus of
the monocyte was kidney or bean-shaped this finding
was in accord with the Gupta and Singh (2008) who
reported that monocytes from guinea fowl have a kid-
ney-shaped nucleus with a distinct nuclear membrane.
Furthermore, mitochondria, lysosomes of various sizes,
and dense multi-vesiculated bodies were assessed in this
study, were consistent with earlier findings (Maxwell
and Trejo, 1970; Salakij et al., 2014).

Similar to prior studies, the eosinophil nucleus was
sometimes solitary and often bilobed, with peripher-
al heterochromatin and central euchromatin patterns
(Maxwell and Trejo, 1970; Mohd et al., 2016). The cy-
toplasmic granules were spherical and thick, and they
were dispersed throughout the cytoplasm. These find-
ings were comparable to those of the Uttara fowl eosin-
ophil, which showed circular and oval granules; never-
theless, elongated granules were identified in other bird
species, such as ducks, geese, and guinea fowl (Maxwell
et al,, 1972; Mohd et al,, 2016).
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Figure 12. Transmission electron micrograph presenting erythrocyte from Cobb 500 (a) broiler and Omani local chicken
(b). Nucleus (n), heterochromatin (HC) and euchromatin (EC). The cytoplasm is moderately dense because of hemoglobin
content, without notable organelles. The erythrocytes have a narrower, more elongated, elliptical shape.
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When compared to eosinophil, basophil has more gran-
ules, whereas heterophil has almost the same quantity.
The majority of avian species had granules of smaller
than 0.1-0.8 m in diameter (Maxwell and Robertson,
1998), which is similar to the findings of this study. Fur-
thermore, chicken basophil had four types of granules,
but other species such as goose, turkey, duck, Japanese
quail, guinea fowl, and pigeons had three types of gran-
ules (Maxwell and Robertson, 1998). The first type of
granules was electro-dense oval or elongated granules.
The second type was mottled granules which is the most
appendant granules. This type of granules has stippled
internal structure. The third granules have a honeycomb
arrangement. These three types of granules were also
previously reported by (Maxwell, 1973; Maxwell and
Robertson, 1998; Maxwell and Trejo, 1970; Mohd et al.,
2016). The fourth type of basophil granules resembles a
myelin-like according to Mohd et al. (2016).

Similar to earlier findings in Kadaknath fowl by (Ya-
dav, 2012), the thrombocytes examined in this study
displayed both oval and elongated cells with oval to
round shaped eccentrically or centrally nuclei and pe-
ripherally scattered heterochromatin. There were two
forms of glycogen granules in the investigated throm-
bocytes alfa and beta. Similarly, it was reported that
beta glycogen granules were observed are in the cyto-
plasm of the thrombocyte (Maxwell and Trejo, 1970).
However, erythrocytes in this study were oval or ellip-
tical in shape and the cytoplasm was homogeneous-
ly stained with no cell organelles which in agreement
previous studies (Mohd et al., 2016; Yadav, 2012).

Conclusion

The present study revealed that hematological param-
eters for local breed are similar to those of Cobb 500.
This indicates that these parameters can be used as
performance indicators for both breeds. The present
work could contribute to understanding pathophys-
iological changes relevant to chicken performance.
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