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ABSTRACT
Introduction: Bats display unique lifestyle; these mammals may be frugivores, insectivores, or hematophages depending on 
morphological, biological, and anatomical features. Egyptian tomb bats, Taphozous perforatus, are insectivores.
Aim of the Work: This study investigated the histology and ultrastructure of the liver of T. perforatus to assess its adaptation 
to its diet and way of life.
Material and Methods: Ten healthy adult T. perforatus of each sex were captured from Aborawash, Gizza Governorate, Egypt. 
Liver specimens were fixed for light and transmission electron microscopy to examine hepatic architecture. Histochemical and 
special stains were also used.
Results: Hematoxylin and eosin stained sections showed that the hepatocytes arranged in hepatic plates. A radial arrangement 
of hepatic cords around central veins is generally not apparent, and hepatocytes are separated by blood sinusoids. Histochemical 
studies showed the presence of collagen fibers around portal triads and glycogen granules scattered throughout the cytoplasm 
of some hepatocytes. Glycogen accumulated at the ends of other hepatocytes indicating a glycogen flight phenomenon. 
T. perforatus hepatic cells under TEM are similar to cells from birds and mammals, but with peripheral nuclei, numerous 
mitochondria, a large number of irregularly shaped lymphocyte aggregations, and dark, oval, elongated nuclei with fenestrated 
nuclear membranes and very little cytoplasm.
Conclusion: The histological, histochemical, and ultrastructural features of the liver of T. perforatus bats are identical to 
features of other mammals, with a few exceptions based on lifestyle and energy demand during flight.
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INTRODUCTION                                                                   

Bats are particularly interesting mammals because of 
their unusual lifestyle. They are the only mammals that can 
fly and feed while in flight[1,2]. Further, bats demonstrate 
powered flight, suggesting that they have higher daily 
energy demands than other mammalian species[3-5]. Bats can 
be frugivores, insectivores, or hematophages; these feeding 
styles are directly connected to numerous morphological, 
biochemical, and anatomical characteristics[6-11]. Egyptian 
tomb bats, Taphozous perforatus, are sac winged species in 
the Emballonuridae family, order Chiroptera, and suborder 
Microchiroptera[12,13]. The nutrition of Emballonuridae is 
dependent on insects. Taphozous is an insectivorous genus 
with species that feed on a variety of beetles, ants, flies, and 
bugs[14,15]. The bat can be found all over northern and sub-
Saharan Africa, the Arabian Peninsula, and all the way east 
to the Indian subcontinent. When compared to New World 
bats, this species has received little attention, particularly 
in terms of gastrointestinal morphology. Understanding the 
histology of an animal’s liver is crucial for understanding 
its nutritional ecology[16]. The liver of a bat performs 
various critical activities in the storage and conversion 
of metabolites[17]. It is dark red or reddish-brown due to a 

plentiful blood supply. Liver tissue is divided into lobules, 
each of which is encased in a connective tissue sheath 
that forms a thin stiff capsule containing elastic fibers[18]. 
The tissue is characterized by a series of interconnected 
hexagonal hepatic lobules; polygonal lobules exhibit a 
central vein and portal peripheral canals at its corners. 
Hepatic cells are polygonal, with spherical or ovoid nuclei 
with a regular surface. Nuclei vary in size from cell to 
cell. Each nucleus is vesicular, with noticeable dispersed 
chromatin granules and one or more nucleoli[19]. Hepatic 
cells are separated from the wall of the vascular channel 
by a thin perisinusoidal space at the surface close to a 
sinusoidal space. The plasma membrane of hepatic cells 
is covered by numerous long microvilli[18]. In Meriones 
hurrianae and Tatera indica, the portal area consists of 
branches of portal veins, hepatic artery, bile duct, and a 
lymphatic vessel lying in a small amount of connective 
tissue. The apical face of adjacent hepatic cords forms 
slender bile canaliculi that drain centrifugally to a nearby 
portal canal[20]. A scant collagen III fiber meshwork supports 
hepatocytes and sinusoids in mammals[21]. Throughout the 
liver parenchyma, sparse irregularly shaped lymphatic 
aggregations containing mostly lymphocytes are observed. 
However, little information on the architecture of the liver 
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of Microchiroptera[22] is available, and none is published 
regarding the liver of the Egyptian tomb bat. Few studies 
on this species, in general, have been published. This study 
examined histological, histochemical, and ultrastructural 
properties of the liver in adult T. perforatus to assess their 
adaptation to feeding type and lifestyle.

MATERIAL AND METHODS                                                     

Collection of bat samples
The livers of ten healthy adult Egyptian tomb bats                                                                                                                           

(T. perforatus, Saint-Hilaire,[12]) of each sex were examined 
in a collaborative effort with a team of researchers from 
the Tanta University Faculty of Science, Comparative 
Anatomy Laboratory. Animals were collected from 
Aborawash, Gizza Governorate, Egypt. Specimens were 
managed and processed following the Tanta University 
local ethical board requirements.

Histological examination
After anesthesia with Anahal solution, liver specimens 

of healthy adult male and female Egyptian tomb bats were 
used in histological studies. Livers were divided into 
several segments and immediately fixed in a solution in 
Bouin’s fluid and 10% neutral buffered formalin. After 
24 hr, tissue samples were dehydrated in an ascending 
series of ethyl alcohol solutions, cleared with xylene until 
transparent, and embedded in paraffin. Five-μm sections 
were mounted using Canada balsam and stained with 
hematoxylin and eosin[23]. All preparations were examined 
under a microscope OLYMPUS (CX33).

Histochemical examination
Alcian blue – PAS

Identification of the full complement of tissue 
proteoglycans and differentiation between neutral, acidic 
mucosubstances and acidic mucins were stained with 
Alcian blue, while neutral mucins and glycogen were 
stained magenta with PAS. Sections were washed in 
distilled water, stained with Alcian blue for 15 mints then 
washed well in running tap water for 2 mints before being 
rinsed in distilled water. Sections were then treated with 
periodic acid for 5 mints, washed well with distilled water, 
stained with Schiff’s reagent for 10 mints and washed well 
in running tap water for 5 mints. Nuclei were stained with 
hematoxylin for 1 min, washed in running tap water for 2 
mints, differentiated with acid alcohol, washed with Scott’s 
tap water to color nuclei, washed in water, dehydrated, 
cleared, and mounted[24].

Trichrome stain

Extra-paraffin sections were stained with Masson’s 
trichrome to distinguish collagen fibers by a blue color in 
sinusoids and central veins[25].

Transmission electron microscopic examination
Small portions of liver, 1-mm3 were quickly processed 
following the protocol of the Tanta University, Faculty of 

Medicine EM units

Tissues were fixed in formaldehyde/glutaraldehyde 
(4: 1) at pH 7.4, postfixed in 2.0 percent buffered osmic 
acid, and dehydrated in an ascending series of ethyl alcohol 
solutions. Fixed tissues were then infiltrated with propylene 
oxide:epon, initially 1:1, then 1:3 overnight, followed by 
embedding in freshly prepared araldite epon mixture and 
polymerized at 60°C. Embedded tissues were sectioned on 
a Reichert Jung ultramicrotome. Semithin sections were 
stained with toluidine blue for light microscopy.

Ultrathin 60-nm sections were collected on copper 
grids, stained with uranyl acetate and lead citrate, and 
examined using a Philips 400T transmission electron 
microscope with an accelerating voltage of 80 kV. (Tanta, 
Egypt). Photographs were taken on Kodak EM sheet films, 
which were processed, enlarged, printed, and examined.

RESULTS                                                                                  

Anatomical observations
The liver of Taphozous perforatus is small with a 

gall bladder. It consists of a small lobe to the left of the 
suspensory limit of the cystic lobe; a right lobe is also 
present, which is the site of initial processing of materials 
absorbed by intestinal capillaries and transported via 
hepatic portal vein tributaries (Figure 1).

Histological and histochemical observations by light 
microscopy

T. perforatus liver sections displayed a compound 
tubular structure with a thin layer of peritoneal epithelium 
composed of flattened cells resting on a basement membrane 
of fibrous connective tissue. This tissue was composed of 
collagenous fibers and relatively few cells. The majority 
of cells were fibroblasts forming the hepatic capsule 
(Figure 2a). This capsule helped divide the parenchyma 
into structural units known as polyhedral hepatic lobules; 
interlobular connective tissue was restricted to the portal 
canal at the angle of the lobules where central veins and 
portal triads were seen (Figure 2b). Hepatic plates were 
lined with simple layered hepatocytes and showed a 
central vein as its axis. Plates were made up of columns of 
hepatic cells arranged radially from the central vein to the 
periphery of the lobule and portal triad. The triad exhibited 
branches of the hepatic artery, portal vein, and bile ductules                                                                                                          
(Figure 2c). Hepatocytes were polygonal with a definite 
limiting membrane and a clump of finely granulated 
basophilic cytoplasm containing peripherally positioned 
spherical or ovoid nuclei with regular surfaces in a wide 
range of sizes. Hepatocyte columns were separated by 
a network of narrow, short, tortuous capillaries or blood 
sinusoids that ran in the same radial direction as the 
hepatocytes. Columns were lined with small, elongated 
endothelial cells with darkly stained nuclei and greatly 
attenuated cytoplasm, and Kupffer cells with large 
oval nuclei cytoplasmic arms (Figure 2d). Lymphatic 
aggregations were scattered throughout the liver 
parenchyma.
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A moderate amount of connective tissue stroma, 
primarily collagenous fibers, was detected around the 
central vein and sinusoidal walls, particularly the walls 
of portal veins, hepatic arteries, and bile ductules. Each 
portal area was surrounded by a moderate amount of 
collagenous network that was continuous with scant 
interlobular collagenous fibers that stained blue with 
Masson’s trichrome (Figures 2e,f). Glycogen granules 
were stained magenta with PAS using Alcian blue – PAS. 
These granules clumped together into enormous patches 
condensed primarily at one pole of the cell, producing the 
flight phenomenon (Figures 2g,h).

Electron microscope observations
T. perforatus hepatocytes were polyhedral, each being 

bounded by a distinct cell membrane. Each cell contained 
peripherally located spherical nuclei limited by a prominent 
nuclear membrane and surrounded by ground cytoplasm. A 
variety of cell organelles were discerned in the perinuclear 
region along with non-living inclusions. Mitochondria 
ranged from spherical or oval to elongate and rod-shaped 
and distributed throughout the cytoplasm. The highest 
concentrations of these organelles were perinuclear with 
many or closely packed cristae of rough endoplasmic 
reticulum.

Glycogen was a common component of liver cells 
and occurred as nano-sized (beta) particles scattered 
throughout the cytoplasm and in polyparticulate (alpha) 
glycogen rosettes formed by aggregation of beta particles. 
Hepatocytes displayed substantial granular or rough 
endoplasmic reticulum (ER) mostly around nuclei and 
mitochondria. ER appeared in parallel stacks with narrow 
lumens (Figures 3a,b).

Hepatocytes were organized radially around bile 
canaliculi. Cell membranes exhibited multiple alterations 
or specializations on different faces, resulting in several 
types of intercellular connections. Desmosomes, tight 
junctions, and intermediate junctions (adjacent occluding 
junctions) were identified between adjacent hepatocytes 
near these canaliculi. This region of the cell membrane 
was specialized for adhesion via junctional complexes, 
including desmosomes (Figure 3c).

Wide basal poles on cell surfaces were orientated near 
to liver sinusoidal blood spaces. Cells were delimited from 
the lining of the sinusoid by a narrow perisinusoidal gap, 
the space of Disse, and contained microvilli that projected 
into this space (Figure 3d). The canalicular domain was 
the origin of the liver bile drainage system. Canaliculi 
were an interstitial space between neighboring hepatocytes 
separated by junctional complexes with an irregular array 

of microvilli covering the canalicular surface. Hepatic 
stellate cells (Ito cells) or fat-storing cells were found in the 
perisinusoidal space (Disse space); they were irregularly 
in shape, ranging from oval to more or less elongated, 
had small round nuclei, and were rich in ER. These cells 
were smaller and had fewer mitochondria than hepatocytes 
and were frequently associated with the nuclear region of 
endothelial cells (Figure 3e).

The sinusoidal space represents hepatocyte vascular 
poles, allowing contact between hepatocytes and blood 
plasma. This region of the membrane allows exchange 
of substances between cytoplasm and circulating blood. 
This space was surrounded by endothelial cells that 
do not overlap and were spread out and fenestrated                                
(Figure 3f). Stellate macrophages (Kupffer cells) were 
also observed with numerous pseudopods and occasional 
cup-like indentations. Cells were spindle-shaped with large 
triangular to oval-shaped nuclei. Cytoplasmic membranes 
showed conspicuous pseudopodia that protruded into the 
sinusoidal lumen, and electron-dense lysosomes were 
observed (Figure 3g). Erythrophagocytosis was observed, 
and cytoplasm usually contained numerous randomly 
distributed lysosomes which were variable in size and 
internal content. Lymphocytes had an irregular shape, 
with dark, oval elongated nuclei with fenestrated nuclear 
membranes and little cytoplasm in a cytoplasmic process. 
They were identified in the sinusoidal lumen and rarely in 
the perisinusoidal area. A lymphocyte in the perisinusoidal 
area was most likely in the process of amoeboid migration 
to the sinusoidal lumen (Figures 3h,i,j).

Fig. 1: Photograph of the liver of T. perforatus with a small gall bladder 
(Gb), and a small lobe to the left (Ll) of the suspensory limit of the cystic 
lobe; a right lobe (Lb) was also present.
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Fig. 2: (a-d): Photomicrographs of liver section from T. perforatus stained with haematoxylin and eosin. a) Liver section showing connective tissue septae 
invaginating from the capsule delineating hepatic lobules (arrow) (X 100). B) Liver section showing hexagonal hepatic lobules or hepatic plates (Hp) radiating 
outward from a central vein (Cv); central veins are quite prominent. At the vertices of the lobule are regularly distributed portal triads (Pt) (X 100). c) Liver 
section exhibiting the central vein (Cv) and portal tract (Pt) with branches of the portal vein (Pv), branch of hepatic artery (Ha) and bile ductules (bd) (X 400). 
d) Liver section showing central vein (Cv) and radiating polygonal hepatocytes (H). Hepatocytes showed homogenous granular cytoplasm with peripherally 
located nuclei, prominent envelops and normally distributed chromatin, blood sinusoids lined with endothelial and Kupffer cells (K) and aggregates of 
lymphocytes (*) were noticed  (X  400). e,f ) Liver sections stained with Masson trichrome showing minute collagen fibers in the portal tract especially in 
the walls of the portal vein, hepatic artery and bile ductules (X  400). g,h) Liver sections stained with PAS and Alcian blue showing PAS-positive granules 
representing glycogen. Granules accumulated mostly at one pole, reflecting the phenomenon of glycogen flight (X 400).
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Fig. 3: (a-j) Electron micrographs of the liver section from 
T. perforatus exhibiting the fine structure of the hepatocyte 
cells.  
Fig. 3: (a,b) Electron micrographs displaying normal 
hepatocyte architecture, normal nuclei (N) with normally 
distributed euchromatin, a prominent nucleoli (nu), a 
distinct nuclear envelop (arrow), many cytoplasmic 
glycogen granules (G) that distributed throughout the 
cytoplam, (β glycogen) (*) or aggregated together as rosette 
like granule (α glycogen) (thick arrow), parallel cisternae 
of rough endoplasmic reticulum (Rer), normal-sized 
mitochondria (M), and a blood sinusoid (Bs) with RBCs. 
c) High magnified electron micrograph illustrating adjacent 
occluding junctions and desmosomes between adjacent 
hepatocytes (arrows). d) Electron micrograph showing 
the space of Disse (S) with many short projections into its 
lumen (arrow), electron-dense lysosomes (Ly), and R.B.Cs 
(B). e) An electron micrograph showing fat storing cell 
with numerous saturated lipid droplets (thick arrow) and 
unsaturated (thin arrow) as well as bile canaliculi (Bc) was 
observed that is lined by protruding microvilli, hepatocyte 
cells with lysosomes (Ly) and aggregation of rosette like   
glycogen granules (G). f) An electron micrograph of hepatic 
sinusoids containing red blood cells and lined by fenestrated 
endothelial cells (En). g) An electron micrograph exhibiting 
Kupffer cells having many pseudopods (arrow), nucleus 
(N) and electron-dense lysosomes (Ly). (h,i,j): Electron 
micrographs exhibiting hepatocytes, blood sinusoids 
contain lymphocytes (L) with abundant cytoplasm and a 
large central nucleus with a fenestrated nuclear envelope.
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DISCUSSION                                                                              

Based on our histological, histochemical, and 
ultrastructural findings, we deduced some morphological 
and functional modifications in the liver of Taphozous 
perforatus. These conclusions indicated modest differences 
in feeding style and strategy. The liver is a small digestive 
gland with a gall bladder, enclosed by a thin tough capsule 
and plays a critical physiological role. On the other hand, 
the liver is the largest accessory gland of the digestive 
system in teleosts, aves, rodents and other mammals[26-28]. 
In snakes and some lizards, the organ is long and thin, but 
is thicker and more compact in other reptile species[29].

The acinus is the structural and functional unit of T. 
perforatus liver. The organ is comprised of interconnected 
hexagonal hepatic lobules with hepatocytes, sinusoidal 
structures, and a portal triad situated in the portal spaces 
between hepatic lobules with a portal canal at each 
corner. This finding is consistent with[30,31]. Hepatocyte 
lobules were less distinct than in Psammomys obesus, 
which displays prismatic hepatic lobules with a central 
vein forming the central axis, but comparable to liver 
architecture in Allactaga tetradactyla[32]. Vessels and ducts 
in portal triads were surrounded by a limited amount of 
connective tissue, similar to the liver of Acanthodactylus 
boskianus, and other lizards, Allactaga tetradactyla, 
M. hurrianae, T. indica[33-36]. Collagen fibers supported 
hepatocytes and sinusoids in our investigation, consistent 
with[28] who obtained similar results in avian liver;[18] 

observed elastic fibers in connective tissue sheaths 
around polygonal hepatic lobules. Perisinusoidal spaces 
in the current study were found between hepatocytes and 
sinusoidal endothelial cells and hepatic cells were covered 
by numerous long microvilli and were separated from the 
wall of the vascular channel. The apical face of adjacent 
hepatic cords formed slender bile canaliculi that drained 
centrifugally to the nearby portal canal. Similar results 
were obtained with chickens[28]. Hepatic plates were 
composed of simple layered hepatocytes, so-called one-
cell-thick plates, consistent with the findings of[37] who 
studied the liver from mammals and snakes, but differed 
from[38] who reported multiple layered plates of hepatocytes 
separated by narrow and short, tortuous sinusoids in fish 
liver. Hepatocytes were polygonal with spherical or oval 
peripheral nuclei with a regular surface. Somewhat similar 
observations were recorded by[26] for the liver of Mustela 
nivalis. As in Acanthodactylus boskianus, the nuclei of 
hepatocytes shifted to the periphery due to the presence of 
numerous vacuoles of varying size in the cytoplasm[28]. In 
chicken, Phrynops geoffroanus and Tropidurus torquatus, 
however, some nuclei were found in the central region 
of hepatic cells, but the majority was found toward the 
periphery[34,35,28]. Conversely, in mammals, binuclear 
hepatocytes predominate[39].

T. perforatus hepatocyte nuclei appeared with nucleoli 
and chromatin dispersed throughout the nucleoplasm[19] 

observed vesicular nuclei with conspicuous dispersed 
chromatin granules and one or more nucleoli. Abundant 

rough ER and closely packed, large rounded, oval and 
elongated mitochondria were observed, confirming similar 
observations reported by[28] in chickens, mice, hamster and 
bat liver[40-43]. Such mitochondria were necessary for the 
production of large amounts of energy and the high oxygen 
consumption required for flying.

Small glycogen granules were found scattered 
throughout the cytoplasm or clustered together, similar 
findings in Trachomys scripta elegans[44,45], who reported 
that hepatic glycogen was the main energy reserve energy 
for prolonged fasting and flying. Ito cells were located 
in the space of Disse and containing lipid droplets which 
derived from the blood stream[46]. These fat- storing 
cells are reported in fish, amphibians, reptiles, birds, and 
mammals[38], including humans[47,48]. As documented by[49] 
in mammals, Kupffer cells in T. perforatus are sinusoidal 
macrophages and free radical scavengers. Lymphatic 
aggregations were seen throughout the liver parenchyma, 
with comparable findings in chicken[28] and turkey[50] liver, 
where both encapsulated and non-encapsulated lymphatic 
aggregations were found. However, these findings differ 
with[51] who found lymphoid aggregations in non-lymphoid 
organs like the pancreas, kidney, endocrine glands, 
gonads, brain, and spinal cord. Conversely, numerous 
melanomacrophages were detected in the liver and spleen 
of Acanthodactylus boskianus, as well as various fishes, 
anurans, and reptiles[52-57,36], but were less common among 
snakes[58,59]. The histology and ultrastructure of the liver of 
T. perforatus were found to be identical to those of other 
mammals, with minor changes based on lifestyle and 
energy demand during flight.
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الملخص العربى

دراسة نسيجية ، كيميائىة نسيجية ودقيقة باستخدام الميكروسكوب الالكتروني لتركيب 
الكبد في خفاش المقابر المصري )تافوزوس بيرفوراتس(

ايمان النحاس ومني علوان

قسم علم الحيوان- كليه العلوم- جامعه طنطا 

المقدمة: تظهر الخفافيش اسلوب حياة مميز. هذه الثدييات قد تكون اكلة للفاكهة او الحشرات او ماصة للدماء اعتمادا 
آكلة  هي    Taphozous perforatus المصرية   الخفافيش  والتشريحية.  والبيولوجية  المورفولوجية  الصفات  علي 

للحشرات.
الهدف من الدراسه: بحثت هذه الدراسة في الأنسجة والبنية التحتية الدقيقة لكبد T. perforatus لتقييم تكيفها مع نظامها 

الغذائي وطريقة حياتها.
المواد وطرق البحث:  تم تجميع عشرة من T. perforatus البالغة من كل جنس من أبورواش ، محافظة الجيزة ، 
مصر. تم تثبيت عينات الكبد من أجل الفحص المجهري الضوئي والإلكتروني لفحص البنية الكبدية. كما تم استخدام 

الصبغات الهستوكيميائية والخاصة.
كبدية.  الواح  او  اشرطة  في  مرتبة  الكبد  خلايا  أن  والأيوزين  بالهيماتوكسيلين  المصبوغة  المقاطع  أظهرت  النتائج: 
الترتيب الشعاعي للاشرطة الكبدية حول الأوردة المركزية غير واضح بشكل عام ، ويتم فصل الخلايا الكبدية عن طريق 
أشباه الجيوب الدموية. أظهرت الدراسات النسيجية الكيميائية وجود ألياف الكولاجين حول المنطقة البابية بين الجيوب 
الكبدية وحبيبات الجليكوجين المنتشرة في جميع أنحاء سيتوبلازم بعض خلايا الكبد. الجليكوجين المتراكم في اطراف 
خلايا الكبد الأخرى يشير إلى ظاهرة طيران الجليكوجين. تشبه الخلايا الكبدية T. perforatus تحت TEM الخلايا 
من الطيور والثدييات ، ولكن مع نوى محيطية طرفية ، والعديد من الميتوكوندريا ، وعدد كبير من تجمعات الخلايا 

الليمفاوية غير المنتظمة ، ونواة داكنة وبيضاوية ممدودة مع أغشية نووية مثقبة وقليل جداً من السيتوبلازم.
 T. perforatus الخلاصة: يمكن استنتاج انه تتطابق السمات النسيجية والكيميائية النسيجية والبنية التحتية لكبد الخفافيش

مع سمات الثدييات الأخرى ، مع استثناءات قليلة تعتمد على نمط الحياة واحتياج الطاقة أثناء الطيران. 


