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Ultrastructures of Red Blood Cells, White Blood Cells and
Plateletsin Four Species of Macaquesin Thailand
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Abstract

The structure of blood cells and platelets in 11 macaques (2 stump-tailed macaques, 5 long-tailed
macaques, 1 rhesus macaque and 3 pig-tailed macaques) were studied using light and transmission electron
microscopy (TEM). Erythrocyteswerenon-nucleated, biconcave diskswithout cytoplasmic or ganelles. Neutrophils
had numerous small specific granules. Eosinophils contained specific granules with a dense matrix and a pale
crystalloid body. Basophils revealed large round specific granules. Lymphocytes possessed scant cytoplasm with
some mitochondria and azurophilic granules. Monocytes contained a large number of mitochondria, azurophilic
granules and endoplasmic reticulum. Platelets were represented by anucleation and they had several different
organelles in the cytoplasm. The structure of erythrocytes, neutrophils, basophils, lymphocytes, monocytes and
platelets of macaques were similar to those of other mammals whereas eosinophils differed among several

Species.
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Introduction

The macaques constitute a genus of Old World
monkeys of the subfamily Ceropithecinae. Twenty-two
macague species are currently recognised (Groves, 2005).
They are well known to science owing to their relatively
easy upkeep in captivity, and have been used extensively
in medical and biological research because of their
evolutionary proximity to human beings.

The blood cells can be categorized into red blood
cells, white blood cells and platelets. The red blood cells
are round and have neither nucleus nor organelles.
The white blood cells are divided into two group;
granulocytes and agranulocytes (Jain, 1993). The
granulocytes (neutrophils, eosinophils and basophils)
areround and their nuclei arelobulated. Specific granules
of various sizes are distributed in the cytoplasm. The
agranulocytes (lymphocytes and monocytes) have a
round nucleus and little cytoplasm.

The ultrastructural morphology of blood cells
have been documented in humans (Sokol et al., 1988;
Tanaka and Goodman, 1972), dogs (Shively et al., 1969),
domestic cats (Ward et a., 1972), wild cats (Pothiwong
et a., 2006), swamp buffaloes (Pothiwong et al., 2002),
sheep (Yamada, 1970), goats (Anosa, 1993), pigs (Nafstad

and Nafstad, 1968), horses (Sonodaand K obayashi, 1966),
donkeys (Pothiwong and Vetchagarun, 1986), camels
(Johnson et al., 1999), crocodiles (Sakulwiraet a ., 2004),
tortoises (Alleman et a., 1992) and king cobras (Salakij
et al., 2002). To date, non-human primates have rarely
been studied (Dvorak et al., 1989; Taylor et al., 1980).
The purpose of this study was to observe the structure of
blood cells and platelets in 4 Thai species of macaques
(Macaca arctoides, M. fascicularis, M. mulatta and
M. nemestrina) using light and transmission electron
microscopy.

Materialsand Method

Animals: Two adult female stump-tailed macaques
(Macaca arctoides), five adult male long-tailed macaques
(M. fasicularis), one adult male rhesus macaque
(M. mulatta), two adult female and one adult male
pig-tailed macaques (M. nemestrina), held captive at
Dusit Zoo, Bangkok, Thailand, were used for this study.
Blood samples were obtained via femoral venipuncture,
during a brief period of anesthesia induced by ketamine
hydrochoride (Calypsol®, Gedeon Richter Ltd).

L ight microscopic specimen prepar ation: Blood smears
were fixed in methanol and stained with Wright-Giemsa
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stain for morphological evaluation of all types of blood
cells. Cell size was measured by MicroPublisher 5.0
camera, Q Imaging Corporation, Canada and software
from Media Cybernetics.

Transmission electron microscopic specimen
preparation: Blood samples were anticoagulated with
EDTA and centrifuged at 2,000 rpm for 10 minutes. The
plasma was removed and 2.5% glutaraldehyde in 0.1 M
phosphate buffer (PB) was layered on top of the buffy
coat. After 15-30 minutes, the hardened buffy coat layer
was collected with a wooden dowel, placed into fresh
glutaraldehyde, cut into small pieces, prior to being
washed 3 times with 0.1M PB, post-fixed with 1%
osmium tetroxide in 0.1M PB, dehydrated in graduated
concentrations of alcohol, and embedded in Spurrisresin.
Ultrathin sections were cut using a diamond knife on an
ultramicrotome, placed on a mesh grid, stained with
uranyl acetate and lead citrate, before examined under a
TEM (JEM-2100, 120 KV, JEOL, Japan). Photomicro-
graphs were taken at 5,000 to 20,000 times of magni-
fication.

Results

The structure of red blood cells, white blood cells
and platelets were similar to each species of macagues.
Macague erythrocytes were non-nucleated, biconcave
diskswith 7.0+0.5 umin diameter (n=40). They contained
no cytoplasmic organelles (Fig. 1). Macaque neutrophils
had diameter of 12.0+1.3 um (n=12) and their nuclei
were divided into 2-5 lobes connected by a fine nuclear
strand or filament (Fig. 2). There was an appendage
like a small drumstick (Barr body) in the nucleus of the
neutrophil from female macaques. Ultrastructurally,
neutrophils contained numerous small round or oval
specific granules and some mitochondria. Macaque
eosinophils had diameter of 12.0+1.3 um (n=8) and their
nuclel were divided into 2-3 lobes (Fig. 3). The specific
granules of the eosinophil had a brighter purple-red color
than those of the neutrophil, and might be superimposed
on the nucleus. Ultrastructurally, the heterochromatin was
generally distributed in the periphery of the nucleus,
whereas the loosely arranged euchromatin was found in
the center. Eosinophilic granules were mostly round,
1.0+£0.5 pm in diameter (n=10) and contained a dense
matrix and a pale core or crystalloid body. Macagque
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basophils had diameter of 11.5+£1.5 um (n=5) and their
cytoplasm were rich in round specific granules. The
nucleus was bi-or tri-lobed although it was difficult to
locate because of a large number of granules (Fig. 4).
Electron micrographs of a basophil revealed large
round homogenous matrix and electron-dense,
membrane-bounded specific granules. Specific granules
were 1.25+0.5 pm in diameter (n=10).

Macaque lymphocytes had 11.0+1.5 um in
diameter (n=15) (Fig. 5) and their cytoplasm were
transparent. The nucleus was round and large in
comparison to the cell and it occupied most of it.
Ultrastructurally, lymphocyte contained scant cytoplasm
with some mitochondria and few azurophilic granules.
The nucleus was round with peripheral clumps of
heterochromatin. Macaque monocytes were 14.0£1.5 um
in diameter (n=10) and contained a large cuneiform
or horseshoe-shaped nucleus. The cytoplasm was
transparent, but with an appearance of “ground glass’
(Fig. 6). Under the electron microscope, the nucleus
appeared irregular and showed dense chromatin
condensation along the nuclear membrane. The cytoplasm
contained mitochondria, azurophilic granules and
endoplasmic reticulum. Macaque platelets were
2.5+1.0 um in diameter (n=15) (Fig. 7). They were found
either separated from each other or aggregated together.
Electron micrographs of platelet showed anucleation
and a mass of cytoplasm with a few thin projections or
spicules extending from the surface. The cytoplasm
possessed several different organelles, including various
granules, glycogens, mitochondria and microtubules.

Discussion

In the present study, the erythrocytes of macagques
are non-nucleated, biconcave disks, similar to those of
other mammals (Nafstad and Nafstad, 1968; Shively et al.,
1969; Tanaka and Goodman, 1972; Pothiwong and
Vetchagarun, 1986; Pothiwong et al., 2002; Pothiwong
et a., 2006) while erythrocytes of reptiles are nucleated
and oval-shaped (Alleman et al., 1992; Salakij et al.,
2002; Sakulwiraet al., 2004). Erythrocytes are extremely
flexible and could be distorted in response to mechanical
forces, but are also elastic and quickly regain their
biconcave disc form after removal of the distorting force.
This is particularly helpful in easing their flow through
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small capillaries (Skalak and Branemark, 1969).

The leukocytes fall into two groups; one with
specific granules and the other without. The ones with
granules are neutrophils, eosinophils and basophils.

Figurel An electron micrograph of a pig-tailed
macaque’s red blood cells showing non-nucleated,
biconcave disk. A light micrograph of red blood cells is
shown in the right bottom inset.

Figure3 An electron micrograph of a pig-tailed
macague’s eosinophil showing nucleus (N), mitochondria
(black arrows) and specific granules (white arrows).
The left top inset shows a crystalloid body (white arrow)
in aspecific granule. A light micrograph of an eosinophil
is shown in the right bottom inset.
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Macague neutrophils are the most common granul ocytes.
There is an appendage like a small drumstick (Barr body)
emerging from the nucleus of the neutrophil from female
macaques, similar to those of other domestic mammals.
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Figure2 An electron micrograph of arhesus macaque's
neutrophil showing nucleus (N), mitochondria (black
arrows) and specific granules (white arrows). A light
micrograph of a neutrophil (inset) demonstrates the

Barr body.

o

Figure4 An electron micrograph of arhesus macaque’'s
basophil showing nucleus (N), specific granules
(white arrows). The left top inset shows a space and
membrane-bounded specific granule (black arrow). A light
micrograph of a basophil is shown in the right bottom
inset.
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Specifc granules of neutrophils are relatively small and
well dispersed. The eosinophilic granules of humans, dogs,
goats, guinea pigs, mice, rats and camels consist of a
peripheral matrix and a central electron-dense crystalloid

Figure5 An electron micrograph of a pig-tailed
macaque’'s lymphocyte showing nucleus (N),
mitochondria (M) and azurophilic granules (arrows).
A light micrograph of a lymphocyte is shown in the
right bottom inset.

v iF L3 .

Figure6 An electron micrograph of a long-tailed
macague’s monocyte showing nucleus (N), mitochondria
(M), azurophilic granule (g) and endoplasmic reticulum
(arrows). A light micrograph of a monocyte is shown in
the right bottom inset.
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core (McEwen, 1992) while in some human eosinophils
and macaque eosinophils in this study have a dense
matrix and a pale core or crystaloid body. In contrast,
eosinophilic granules of horses (Jain, 1986), donkeys
(Pothiwong and Vetchagarun, 1986), cows, mink and
gorillas (McEwen, 1992) are homogenous, lacking a
defined core. Crystalloid structures uniquefor eosinophilic
granules are observed in various species, including man,
rabbit, horse, monkey, rat and mouse. In cats, there are
concentrically arranged lamellated structures (Osaka,
1959). Macaque basophils are the rarest leukocytes.
Electron microscopic studies on the human basophils,
presented by several investigators (Anderson, 1966;
Watanabe et al., 1967; Zucker-Franklin, 1967), show a
lobulated nucleus in the middle of the cytoplasm which
contains Golgi apparatus, endoplasmic reticulum, and
glycogen particles. In this study, the basophilic granules
of macaques are more numerous than those of other
mammals.

The agranulocytes are lymphocytes and monocytes.
Macaque lymphocytesare the most common agranul ocytes.
Their nuclei are generally round. The narrow rim of the
cytoplasm has a few mitochondria and the endoplasmic

| © -n

Figure7 An electron micrograph of a stump-tailed
macaque’s platelet showing mitochondria (M), granules
(G), glycogens (black arrows) and microtubule (white
arrow). A light micrograph of platelets is shown in the
right bottom inset.
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reticulum is rarely seen. Ribosomes are generally small
while glycogen granules and cytoplasmic inclusions can
be infrequently observed in the cytoplasm. However,
intranuclear fibrils (Stefani and Tonaki, 1970) and
peculiar cytoplasmic inclusions (Hovig et al., 1968?)
have aso been reported. In this study, the cytoplasm of
lymphocytes contains mitochondria and azurophilic
granules. Macaque monocytes are the biggest
agranulocytes. They appear relatively similar to that of most
common domestic species (Nichols et al., 1971; Sonoda
and Kobayashi, 1970). Ultrastructurally, the cytoplasm of
monocytes in this study contains azurophilic granules,
similar to those found in human cytoplasm (Tanaka and
Goodman, 1972). The cytoplasm of platelets, in this
investigation, has several organelles including granules,
glycogens, mitochondria and microtubules. The granules
have been thought to contain serotonin (Tranzer et al.,
1966). Hovig et a. (1968b) reported that microtubules
may be related to thromblasthenin, a contractile protein
whichisinvolved in clot retraction.

Conclusion

In this study, the structure of erythrocytes,
neutrophils, basophils, lymphocytes, monocytes and
platelets of macaques are similar to those of other
mammals whereas eosinophils differ among several
species. These findings are useful for identifying the
blood cells of macaques and can assist the diagnoses of
certain diseases, such as herpes-B virus (Mitsunagaet al.,
2007) and human immunodeficiency virus (Robinson
et a., 2007). Electron micrography is a valuable tool for
studying cell cycle-related morphological changes in
macague blood cells in both normal and pathological
conditions.
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