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The umbilical cord blood (UCB) is an important source of pluripotent stem cells, which
motivated researches on ontogeny and transplantation. The morphological characterization
of umbilical cord cells is the first step to establish subsequent experiments on these areas.
Although some information on humans can be found, no data on UCB is available for bovines.
Therefore, this work is the first attempt to conduct an ultrastructural characterization of
bovine umbilical cord blood. Blood was collected from the umbilical cord of twenty fetuses
by punction of the umbilical vein. Samples were processed for whole leucocytes observation
by centrifugation and the buffy coat was collected. Cells were washed and pelleted and
prepared according to the standard protocol of the transmission electron microscopy. The
presence of cells with morphologic characteristics compatible with the precursors from the
erythrocytic, neutrophilic, eosinophilic, basophilic, and lymphocytic lineages was observed.
Atypical cells with peculiar morphological features, strongly similar to apoptotic cells, were
seen. Bovine neutrophils with three types of cytoplasmic granules were also found in the
blood. The ultrastructural characteristics of observed bovine UCB cells where similar to
those found in other species, suggesting that bovines could possibly constitute an experimental
model for approaches on UCB cells research.

INDEX TERMS: Umbilical cord blood cells, haematopoietic progenitor cells, bovine, ultrastructure.

RESUMO.- [Caracterizacao ultra-estrutural das células
sanguineas do cordao umbilical bovino.] O sangue de
cordao umbilical (SCU) é uma importante fonte de células
progenitoras pluripotentes, que motiva pesquisas em
ontogenia e transplantes. A caracterizacdo morfolégica das
células de cordao umbilical é o primeiro passo para se
estabelecer experimentos subsequentes nessas areas.
Embora algumas informa¢des sobre SCU em humanos
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possam ser encontradas, ndo existe nenhuma informacao
disponivel sobre elas em bovinos. Portanto, este trabalho
€ a primeira tentativa de se conduzir uma caracterizagao
ultra-estrutural do sangue de cordao umbilical bovino. O
sangue foi coletado do cordao umbilical de 20 fetos por
puncao da veia umbilical. As amostras foram processa-
das para observacao dos leucdcitos totais por centrifugacao
pela coleta do botéao leucocitario. As células foram lava-
das, peletizadas e preparadas de acordo com protocolo
padrao para microscopia eletrénica de transmissao. A pre-
sencga de células com caracteristicas morfolégicas com-
pativeis com precursores das linhagens eritrocitica,
neutrofilica, eosinofilica, basofilica e linfocitica foram ob-
servadas. Células atipicas com caracteristicas morfoldgi-
cas peculiares muito semelhantes a células em apoptose
foram observadas. No sangue do cordao umbilical tam-
bém foi encontrado neutréfilos bovinos apresentando trés
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tipos de granulos citoplasmaticos. As caracteristicas ultra-
estruturais do SCU bovino foram semelhantes as encon-
tradas em outras espécies, sugerindo que esta espécie
possa servir como modelo experimental para abordagens
em pesquisas sobre sangue de cordao umbilical.

TERMOS DE INDEXAQAO: Células do cordao umbilical, célu-
las progenitoras hematopoiéticas, bovino, ultra-estrutura.

INTRODUCTION

Hematopoietic stem cells from bone marrow and peripheral
blood have been used to treat several disorders (Deliliers
et al. 2001, Wynter & Testa 2001). Human umbilical cord
blood has recently been considered as a rich source of
such cells (Deliliers et al. 2001, Wynter & Testa 2001),
which have a high proliferative potential, are capable of
expanding upon cytokine stimulation and can engraft
myeloablated recipients. For these reasons, cord blood has
been increasingly used for allogenic transplantation
(Deliliers et al. 2001). The hematopoetic stem cells from
bone marrow, peripheral blood and cord blood have been
widely characterized both functionally and molecularly, but
there are few ultrastructural studies on cord blood cells
(Deliliers et al. 2001).

Umbilical cord blood (UCB) cells of domestic animals
have been studied in pre-clinic approaches (Ladgies et al.
1990, Niemeyer et al. 2001). Nevertheless their ultrastructu-
ral characteristics have not been considered in most species.

The aim of this study was to characterize the ultrastructure
of different cells present in the umbilical cord blood of bovine
with particular reference to the hematopoetic stem cells.

MATERIALS AND METHODS

Blood was collected at local abattoir from umbilical cord of twenty
bovine fetuses (second and third trimester of pregnancy) by direct
punction of the umbilical vein using syringes with citrate
phosphate dextrose adenine (CPDA) as anticoagulant. Samples
were processed by centrifugation for whole leucocytes
observation (1400x g, 20°C, 15min) and the buffy coat collected.
Cells were washed three times (800x g, 20°C, 5min), pelleted
and prepared for transmission electron microscopy as follows:
cells were fixed in 2.5 % glutaraldehyde in 0.1 M phosphate
buffer for 60 min on ice. After that, the samples were washed five
times with 7 % sucrose and postfixed with 1% OsO, in phosphate
buffer for 90 min on ice. The cells then were dehydrated in an
ascending series of ethanol concentrations and embedded in
Spurr resin (Electron Microscopy Science, PA, USA). Ultrathin
sections were cut and stained with 2% uranyl acetate and 0.2%
lead citrate. The cells were observed under a JEM-1010
transmission electron microscope (Jeol Ltd, Tokyo, Japan).

RESULTS

Blast cells

This cell type is the most frequent among the cord blood
cells and its diameter ranging from 8.0 to 10.0um. It is
characterized by a round nucleus (5.0-7.0pm in diameter)
with defined membrane, sparse chromatin condensation,
enlarged and conspicuous nucleoli. The cytoplasm s electron-
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light, abundant with poorly developed organelles and large
mitochondria and ribosome dispersed along it. (Fig.1A).

Granulocytes

Umbilical cord blood granulocytes show an average di-
ameter from around 5 to 7um and different stages of maturity
as described below:

Neutrophils

These cells present a segmented nucleus with two or
three lobes with dense chromatin and an average diameter
of 3.5um. The electron-dense cytoplasm contains two or
three different types of granules (Gr.1, Gr.2, Gr.3),
distinguishable by their electrondensity and shape. Gr.1
display a round shape and weak electron-density, Gr.2 was
also round and more electron-dense than Gr.1. Gr.3 show
a pleomorphic shape and high electron-density. In the
cytoplasm few mitochondria, disperse ribosomes and
occasional vacuolated structures are also identified.
Neutrophils diameter is about 6.5um (Fig.1B).

Band cells

These cells are undifferentiated and present a segmented
nucleus, with sparse chromatin and evident nucleoli. The
cytoplasm contains round to elongated shaped granules
with varied diameters and electron-density. A significant
quantity of mitochondria can be observed as well as
vacuolated structures among the granules. The cell diameter
is from 5 to 6.5um (Fig.1C).

Eosinophils

Cells consistent with eosinophilic characteristics present
a diameter around 7pm and show a segmented nucleus
with condensed chromatin. A large amount of granules of
varying morphology and electron-density with a crystalloid
structure in their interior is observed in the cytoplasm, as
well as scattered ribosome and few mitochondria (Fig.1D).

Basophils

Basophil precursor cells also are found in the bovine
umbilical cord blood. These cells present a diameter of
about 6.4um and show a round nucleus with sparse
chromatin and eccentric nucleoli. The nuclear/cytoplasmic
ratio is low, and in the electron-light cytoplasm a great
number of high electron-dense granules and moderate
presence of vacuoles can be observed (Fig.2A).

Lymphocytes

Most of the lymphocytes of cord venous blood show
diameters of 5 to 6um. They are mature with characteristics
like round shaped nucleus with dense chromatin along the
margin, cytoplasm with some indistinct mitochondria and
numerous dispersed free ribosomes and Golgi complexes,
represented by smooth, small round vesicles or elongated
tubules and located near the nuclear indentations. These
cells display a high nuclear/cytoplasmic ratio (Fig.2B).

Some lymphocytes enclosed a peculiar nucleus of
cloverleaf like appearance and predominantly electron-



Ultrastructural characterization of bovine umbilical cord blood cells 899

Fig.1. (A) Blast of bovine cord blood.
Round nucleus (N), sparse chroma-
tin condensation, enlarged and
conspicuous nucleolus and an
electronlight wide cytoplasm with few
organelles, like large mitochondria
(white dotted arrow) and scarce
ribosomes (Bar: 1um). (B) Neutrophil
from cord blood with segmented
nucleus with dense chromatin and
three different types of granules in
the cytoplasm (Gr.1, Gr.2, Gr.3). The
Gr.1 (arrowheads) show round
shape and weak electrondensity,
Gr.2 (white arrows) round shape and
more intense electrondensity than
Gr.1, and Gr.3 (thick black arrows)
display pleomorphic shape and a
high electrondensity. Few mito-
chondria (white dotted arrow),
dispersed ribosomes, and occasi-
onal vesiculated structures can be
observed (Bar: 500nm). (C) Bovine
UCB Band cell: featuring a seg-
mented nucleus with sparse chro-
matin and evident nucleoli, and a
cytoplasm with round to elongated
shaped granules with varied dia-
meters and electrondensity (arrows).
Several mitochondria also can be
observed as well as clear vesiculated
structures (arrowheads) among the
granules. Granular endoplasmic
reticulum (dotted arrow) and a fat
droplet (FD) are also present (Bar:
500nm). (D) Cord blood eosinophil
displaying seg-mented nucleus with
condensed chromatin. In the cyto-
plasm, a large amount of granules
(arrows) of varying morphology and
electron-density with crystalloid
structure in their interior, as well as
scattered ribosomes and few
mitochondria can be identified (Bar:
500nm).

dense with some defined areas of sparse chromatin
(Fig.2C). The cytoplasm is electron-dense containing
scattered free ribosomes and a moderate number of
mitochondria. Parts of these mitochondria seem to be
undergoing a desegregation process, evidenced by interior
vacuolization and dissociation of lamellae.

Platelets

Thrombocytes presenting an irregular round to spindle-
like shape can be observed. Their cytoplasm is electron-
dense, with prominent granularity (dense granules) and some
vacuolar areas of varied configuration and contents (Fig.2D).
The cell diameters are about 4.5x1.8um.

Erythrocytes

Erythrocyte precursors can be observed. They display
an irregular round to elliptical shape and the mean size of
them varies from 3.0 to 5.0pm in diameter. They are cha-
racterized by a segmented nucleus with condensed
chromatin and an extensive electrondense cytoplasm with
few ribosomes (Fig.3A).

Other cells

Cells observed in the umbilical cord blood which do not
pertain to distinct cell types or lineages as presented above
display features like great volume variability, shrinking
ruffled and blebbed plasma membrane, extremely
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condensed cytoplasm with normally appearing organelles
as well as nuclear vesicles and chromatin fragments
dispersed in the cytoplasm (Fig.3B).

DISCUSSION
Bovine umbilical cord blood cells examined under electron
microscope showed a wide range of morphologic characte-
ristics consistent to those found in precursors from blast
cells, erythrocytic, neutrophilic, eosinophilic, basophilic,
monocytic and lymphocytic lineages. Mature cells were
also observed, as well as cells showing morphological
features of apoptotic processes. The presence of a large
number of immature cells was evident as reported by other
authors in human umbilical cord blood (Mikami et al. 2002),
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Fig.2. (A) Bovine UCB Basophil
displaying round nucleus with
sparse chromatin and eccentric
nucleus. In the electron-light cyto-
plasm, note the great number of high
electrondense granules (arrows)
and the moderate presence of
vacuoles - arrowheads (Bar: 2um).
(B) Lymphocyte of bovine cord
blood. The outlined nucleus (N)
appears irregular and contains
areas of chromatin condensation
mainly along the nuclear membrane.
The cytoplasm contains numerous
dispersed free ribosomes (dense
particles) and some indistinct mito-
chondria (arrowhead). A Golgi
complex (arrow), represented by
smooth, small round vesicles or
elongated tubules can be observed
near a nuclear indentation. This cell
displays a high nuclear/cytoplasmic
ratio (Bar: 500nm). (C) Apoptotic
UCB lymphocyte showing a pecu-
liar cloverleaf-like shaped nucleus,
predominantly electrondense with
some defined areas of sparse
chromatin. The cytoplasm is electron-
dense with scattered free ribosomes
and a moderate number of mito-
chondria (M), which in part seem to
be undergoing a desegre-gation
process evidenced by interior
vacuolization and lamellae disso-
ciation (arrow) (Bar: 500nm). (D)
Bovine UCB platelet showing an
electrondense cytoplasm with
prominent granules and some
vacuolar areas of varied configuration
contents (Bar: 500nm).

suggesting that haematopoiesis is normally present in the
cord blood besides the fetus (Carbonell et al. 1982, Alsami
& Filippich 1999).

Bovine UCB blast cells ultrastructure was very similar
to those reported for other species (Capone et al. 1964,
Athens 1993a, Jain 1993a, Mikami et al. 2002) and to those
from bone marrow, nevertheless it does not necessarily
mean they are homologous, since no specific markers were
used.

Granulocytes found in this study including band cells,
basophils, eosinophils and neutrophils showed ultrastruc-
tural characteristics similar to those described by some
authors in humans (Capone et al. 1964, Athens 1993a,b,
Jain 1993b). The presence of granules of different aspects
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Fig.3. (A) Erythrocyte precursor of bovine UCB displaying an
irregular round to elliptical shape. Besides the irregularly
formed nucleus with condensed chromatin, observe the
extensive and condensed cytoplasm with few dispersed
ribosomes. Bar: 2mm. (B) Apoptotic cells of bovine cord
blood with significant shrinking of volume, ruffled and
blebbed plasma membrane (arrows), extremely condensed
cytoplasm as well as nuclear vesicles and dispersed
chromatin fragments (arrow head). Bar: 2mm.

was used as pattern for cells from the granulocytic lineage
in different maturation stages, where primary granules are
predominant in an early stage being surpassed by secondary
granules in the end of the maturation process (Capone et
al. 1964, Athens 1993a).

Band cells that represent the last stage of granulocytic
maturation before nucleus segmentation were identified and
their morphology was comparable to those described for
human and animal bone marrow by Athens (1993a) and
Jain (1993b).

Eosinophil precursors in the bovine UCB displayed gra-
nules which contain dense crystalloid structure as seenin
mature human eosinophils (Mikami et al. 2001).

Bovine UCB neutrophils showed three different types
of granules in the cytoplasm similar to those described by
Gennaro (1983) and Baggiolini (1985) in the ruminant
peripheral blood. The bovine additional granule (Gr.2) is
larger and considerably more numerous than the two other
types, azurophil (Gr.3) and specific granules (Gr.1).

The presence of erythrocytes or their precursors was

expected since they are a common feature in the UCB and
progressively increases during fetal development (Jain
1993a, Alsami & Filippich 1999).

A relevant point in this work was that in the UCB there
was a high concentration of cells presenting morphological
features that are strongly similar to apoptotic cells. They
have been reported by several authors in humans (Cohen
1993, Peters et al. 1998) and their characteristics include
generalized cell shrinkage and increased cell density, the
chromatin becomes pycnotic and is compacted into a half-
moon shape attached to the nuclear membrane.
Karyorrhexis is evident and the cell appears to bud, and
often contains pycnotic nuclear fragments (Duvall & Wyllie
1986, Ihara et al. 1988).

Cellular death is part of organized tissue reactions in
embryogenesis, in metamorphosis, in endocrine dependent
tissue atrophy, and in the control of normal tissue turnover
(Duvall & Wyllie 1986). So it can be expected to find this
amount of apoptotic cells in the cord blood since it still
undergoes hematopoiesis.

In human umbilical cord blood, Mikami et al. (2001)
observed lymphocytes in which the nucleus displays a
cloverleaf like appearance, similar to those observed in
Sezary syndrome, in adult T-cell leukemia (ATL) and in
Sezary syndrome in dogs (Thrall et al. 1984, Ghernati et
al. 1999). In this study lymphocytes with these same
characteristics were also identified, nevertheless not
associated to a leukemia sign.

The presence of cells at different stages of maturation
and cells undergoing apoptosis exhibit high turnover
undergone by the UCB cells.

CONCLUSION

The ultrastructural characteristics of bovine UCB cells
observed in this study show to be very similar to those found
in other species. This fact suggests the possibility of using
this species as an experimental model for approaches on
UCB cells ontogeny, culture and transplant, because of their
high availability and abundance as source of cells.
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