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Microchiropteran Rhinopoma hardwickii can echolocate during self-

powered flight, unlike other Megachiropterans. This study aimed to 

examine the ultrastructural characteristics of various adult R. hardwickii 

brain regions. Two adult bats were euthanized via cervical dislocation, 

and their brains were preserved in glutaraldehyde, followed by rinsing 

in cacodylate buffer, and then post-fixed with osmium tetroxide. 

Samples were dehydrated using ethyl alcohol, and then embedded in 

epoxy resin. For tissue examination, semi-thin sections were stained 

with toluidine blue, and then the ultrathin sections were stained with 

uranyl acetate dihydrate and a saturated lead citrate solution. The 

sections were examined and photographed. The brain is divided into 

three regions: the forebrain, midbrain (hippocampus), and hindbrain. 

Using a transmission electron microscope, the brain comprises blood 

vessels and two cell types: neurons and their supporting glial cells. 

Neurons appeared as large cells with neuronal processes, they have 

large nuclei with diffuse chromatin and prominent nucleolus. It has two 

types: large flask pyramidal cells with a single robust, cortically aligned 

apical dendrite and several basal dendrites and small non-pyramidal 

cells that may be stellate or granule cells. Glial cells were well 

developed, especially in the cerebellum, having four types: astrocytes, 

microglia, oligodendrocytes, and ependymal cells. This study concluded 

that the brain of R. hardwickii characterized by its diminutive size and 

increased number of well-developed neurons, particularly in the 

cerebellum relative to other brain parts; it also discloses neurological 

traits linked to echolocation, revealing evolutionary affinities and 

relationships of chiropteran. 
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Introduction 

The brain is a highly complex 

organ with many regions that vary in 

cellular structure and connection patterns 

(Turegano-Lopez et al., 2024). A major 

challenge in neuroscience is deciphering 

the brain's structural layout (DeFelipe, 

2010). The neuroanatomical structure is 

fundamental for comprehending brain 

functions and disorders (Li et al., 2010). 

Despite advancements in light 

microscopy, only electron microscopy 

(EM) can elucidate every axon, dendrite, 

and synaptic connection inside a 

neuropil volume (Knott et al., 2008). 

For several decades, transmission 

electron microscopy (TEM) has been 

employed to examine neuronal 

ultrastructure, commencing with the 

initial categorization of synapses in the 

cerebral cortex (Grey, 1959) and 

progressing to detailed serial section 

analyses of substantial segments of 

identified neurons (White and Rock, 

1980; Anderson et al., 1994). The 

application of electron-dense staining 

through immunohistochemical electron 

microscopy has enabled the 

identification of microglial cell bodies 

and processes, which were difficult to 

discern using traditional electron 

microscopy. It has illuminated their 

complex interactions with neurons and 

synapses (Tremblay et al., 2010). 

Over the past six decades, ultrastructural 

analyses have provided substantial 

insights into the functional roles of 

neurons, synapses, and glial cells across 

various conditions (Theodosis et al., 

2008; Paolicelli et al., 2011; Bourne 

and Harris, 2012; Schafer et al., 2012; 

Kettenmann et al., 2013; Knott and 

Genoud, 2013; Chung et al., 2015; 

Verkhratsky and Nedergaard, 2018).  

The neuronal, microglial, astrocytic, and 

oligodendrocytic compartments can be 

distinguished by electron microscopy 

according to their distinct morphology, 

dimensions, nuclear heterochromatin 

patterns, organelles, cytoskeletal 

components, and interrelationships 

within the brain parenchyma. Plasma 

membranes, basement membranes, clefts 

in gap junctions, actin filaments, 

intermediate filaments, microtubules, 

ribosomes, extracellular spaces, 

glycogen granules, synaptic vesicles, 

dense-core vesicles, nuclear pores, and 

lysosomes are exclusively or optimally 

visualized using electron microscopy 

(EM), achieving the highest resolution of 

up to 1 nm for a biological technique. 

Significant functions of microglia have 

been discovered, particularly because of 

the ultrastructural resolution exclusively 

achievable through electron microscopy 

(Savage et al., 2018).  

In both young adult and aged mice, 

astrocytes exhibited a relative paucity of 

electron-dense material inside the 

cytoplasm. Moreover, astrocytic cell 

bodies and processes displayed 

mitochondrial membranes that were less 

electron-dense than those found in 

neighboring neuronal and glial 

structures, including neurons, dendrites, 

microglia, oligodendrocytes, as well as 

in the endothelium and pericytes 

(Nahirney et al., 2016). Examining the 

synaptic foundation of neural networks 

within a brain tissue volume necessitates 

electron microscopy, featuring a 

resolution sufficient to observe the 

minutest synaptic connections (Knott et 

al., 2008). 

While there is limited research on the 

ultrastructure of bat brain cells with EM, 
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several studies provide valuable insights 

into related areas. For instance, Feng 

and Popper (1998) observed significant 

heterogeneity in brain anatomy among 

bat species influenced by ecological and 

behavioral factors. Nectarivorous bats, 

such as Glossophaga soricina, possess a 

comparatively larger visual cortex than 

insectivorous bats, indicating their need 

for visual signals for navigation and food 

source recognition. In contrast, species 

reliant on echolocation, like Myotis 

brandtii and Pipistrellus pipistrellus, 

demonstrate highly specialized auditory 

processing areas in the brain, 

characterized by enhanced synaptic 

organization in the auditory cortex 

(Kowalski et al., 1996). 

(Kang et al., 1985) examined the 

posterior hypothalamus of hibernating 

greater horseshoe bats (Rhinolophus 

ferrumequinum) and identified three 

types of neurons: the first type was the 

largest, exhibiting an oval or conical 

morphology, with an elliptical nucleus 

and a nuclear envelope characterized by 

numerous deep invaginations. The cell 

organelles were highly developed, 

notably with plenty of variably shaped 

mitochondria, alongside the Golgi 

complex and polysomes in the 

cytoplasm. The second form of the 

neuron was of intermediate size, ovoid 

or elliptical, with the nucleus positioned 

closer to the plasma membrane and the 

nuclear envelope exhibiting minimal 

invaginations. The cytoplasm was 

abundant and the cell organelles, 

particularly the rough endoplasmic 

reticulum, were highly developed. 

Lipofuscin pigments were also found. 

The third type was the smallest in 

dimension and spherical in form. The 

nucleus and nucleolus were seen in the 

middle region of the cell body, and the 

nuclear envelope exhibited several 

invaginations. The cytoplasm was 

diminutive compared to the first and 

second types, yet the rough endoplasmic 

reticulum, mitochondria, and polysomes 

were comparatively well-developed. The 

cytoplasm exhibited membrane-bound 

organelles with a single membrane 

containing a delicate particulate material 

surrounding the rough endoplasmic 

reticulum and Golgi complexes. Due to 

the scarcity of EM studies on bats' brain, 

this study aimed to investigate the 

neuroanatomy of the brain in adult R. 

hardwickii. 

Material and Methods 

Bats Sampling Collection   

The current study utilized adult, 

normally healthy bats of the R. 

hardwickii species taken alive from 

Egyptian caves in Abu Rawash. These 

bats had to be free of any anatomical 

abnormalities. After using an Anahal 

(isoflurane) solution, the bats were 

anesthetized, sacrificed, and allowed to 

bleed and gather brain samples. 

Stereoscopic microscopic examination 

The skin and muscles were removed 

from the skull and neck; the head was 

detached at the neck and submerged in 

fixative for several hours, after which the 

calvarium and the dorsal portion of the 

upper cervical vertebrae were excised. 

The exposed brain was thereafter 

immersed in the fixative for many 

additional hours, after which the 

morphological characteristics of the 

brain were described. The 

photomicrographs of the brain were 

taken using the Stereo Microscope Stemi 

508 and a Canon Power Shot A95 

camera linked to a Carl Zeiss 

Microscopy GmbH. According to the 

Nomina Anatomica Mammalia (Baumel 



 

109 Ultrastructure of the Adult R. hardwickii Brain 

 

et al., 1993), the anatomical terms were 

written.  

Transmission electron microscopic 

examination  

For The preparation of semi-thin 

sections, two adult studied bats were 

used for the Transmission electron 

microscopic investigations. Following 

the dissection of bat cranium, the brain 

specimens were removed carefully from 

position, sliced into small portions of 1-

MM3 sections and processed quickly 

according to the protocol of TEM with 

the following steps: Fixation in 2.5% 

glutaraldehyde for 24 hours, followed by 

rinsing in 0.1 M cacodylate buffer at pH 

7.4, and then post-fixation for 1 hour at 

room temperature with 1% osmium 

tetroxide. Samples were dehydrated 

using ethyl alcohol in a sequential 

gradient and subsequently embedded in 

epoxy resin (Kandyel et al., 2021). For 

tissue analysis, semi-thin slices (0.5 µm 

thickness) were prepared and stained 

with toluidine blue (Spurr, 1969), 

subsequently examined and 

photographed using a light microscope 

(Leitz Dialux 20, Leica DMLS) in 

conjunction with a digital camera 

(Canon PowerShot A95). 

Ultrathin slices (50–60 μm) were 

prepared and stained using uranyl acetate 

dihydrate and a saturated lead citrate 

solution (Bozzola and Russell., 1992). 

The slices were ultimately imaged using 

a JEOL JEM-2100 TEM at the Faculty 

of Agriculture, Mansoura University, 

Egypt. The TEM photographs were 

processed, enlarged, printed, and 

investigated.   

Ethical statements 

This study was prepared according to the 

guidelines provided by Tanta University, 

Faculty of Science's Committee on 

Animal Welfare and Ethics, and 

Egyptian laws, with the reference 

number (IACUC-SCI-TU-0342). 

Result  

Examination of gross morphological 

brain structures 

R. hardwickii is a diminutive bat 

characterized by a reduced brain in size 

that was entirely located in the cranium. 

After removing the meninges covering, 

the brain appeared ovoid with thin, 

pointed rostral end and gradually 

widened caudal end of the cerebral 

hemisphere. The dorsal surface of 

cerebrum was mainly lissencephalic 

devoid of usual gyri and sulci. The brain 

was organized into the forebrain, 

midbrain containing the hippocampus 

and it was the most rostral part of the 

brainstem (pons and medulla oblongata), 

and hindbrain containing the cerebellum 

(Fig. 1a).  

Transmission electron microscopic 

observations 

The brain comprised blood vessels and 

two main cell types: neurons and their 

supporting glial cells. 

Neurons: Large cells with basophilic 

cytoplasm, large nucleus with diffuse 

chromatin, and prominent nucleolus and 

neuronal process. It had two types: large 

pyramidal and small non-pyramidal cells 

(stellate or granular). In these neurons, 

especially those involved in 

neurotransmitter production or 

processing, a well-developed prominent 

rough endoplasmic reticulum (RER) was 

present for protein synthesis, particularly 

in the cell body. Also, the Golgi 

apparatus can be seen near the nucleus, 

processing and packaging proteins for 

secretion or membrane insertion. 

Glial cells have four types: Astrocytes, 

microglia, oligodendrocytes, and 

ependymal cells.  
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Transmission electron microscopic 

observations of the forebrain 

The cerebral cortex was made up of 

neurons with diverse morphologies. It 

may be pyramidal and non-pyramidal 

neurons, including their dendritic spines, 

synaptic vesicles, and axonal terminals. 

These neurons had organelles, including 

mitochondria, endoplasmic reticulum, 

and Golgi apparatus. 

Pyramidal cells were larger in size, 10 to 

80 micrometers in diameter, and 

resembled a flask with a single thick, 

cortically aligned apical dendrite 

alongside several basal dendrites. A 

significant type of pyramidal cell was 

the Betz cell, which lied within the 

primary motor cortex (Figs. 1b, c).  

Non-pyramidal stellate cells: smaller in 

size, 5 to 15 micrometers in diameter, it 

had organelles including mitochondria 

that may be hypertrophied, endoplasmic 

reticulum, and Golgi apparatus (Fig. 1d).  

Axon terminals made synaptic 

connections between neurons in the 

forebrain appeared with the synaptic 

cleft, synaptic vesicles, dendritic spines, 

or other axons. In the presynaptic 

terminals, neurotransmitter synaptic 

vesicles were observed containing 

neurotransmitters. Depending on the 

neurotransmitter being stored, these 

vesicles can be either clear or dense 

(Figs. 2a-d). 

The forebrain's white matter contained 

myelinated axons, the myelin sheaths 

produced by oligodendrocytes. These 

sheaths provided insulation to the axons 

and were essential for fast signal 

transmission. Axons were integrated, 

forming axonal projection pathways 

through which brain regions 

communicate with other parts, such as 

the thalamus and cortex. The myelin 

sheath had gaps named Nodes of 

Ranvier in which the voltage-gated ion 

channels were clustered, facilitating 

salutatory conduction and the rapid 

transmission of action potentials (Figs. 

2e, f). 

Transmission electron microscopic 

observations of the midbrain 

(hippocampus) 

The midbrain was located between the 

forebrain and hindbrain and was 

involved in functions like motor control, 

vision, and hearing. 

 Neurons have two types;  

Granular non-pyramidal neurons had 

granulated cytoplasm and a large nucleus 

with heterochromatin scattered in the 

nucleoplasm (Figs. 3a, b).  

Pyramidal neurons appeared with large 

cell bodies, a centrally located nucleus, 

and numerous mitochondria present in 

the cytoplasm. They also had dendrites 

with spiny projections for synaptic 

contact (Fig. 3c).  

Glial cells (fibrous astrocytes that 

appeared in long, thin, unbranched 

processes) supported neurons and can be 

identified by their extensive, star-shaped 

processes (Fig. 3d). 

Transmission electron microscopic 

observations of the hindbrain 

The hindbrain consisted of cerebellum. It 

revealed detailed features of the cellular 

components and their organization, 

highlighting the intricate organization of 

neurons, synapses, and glial cells that 

supported their functions in motor 

control, autonomic regulation, and 

coordination.  

The electron microscopy of the 

cerebellum  

Neurons:  

Large, unique neurons were found in the 

cerebellar cortex, which contained large, 

elliptic nuclei with nuclear envelopes 

had deep invaginations with prominent 
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nucleoli. These neurons had well-

developed vacuolated cytoplasm 

comprising many organelles, including 

mitochondria, rough endoplasmic 

reticulum (RER), and Golgi apparatus 

(Figs. 4a, b).  

Cerebellum Specific Features 

Purkinje cells had an extensive 

dendritic tree densely covered with spiny 

dendrites. The dendrites were in close 

contact with the parallel fibers from 

granule cells, forming synapses (Fig. 

4c). The dendritic spines (small 

protrusions) can be seen near presynaptic 

terminals. These purkinje cell dendrites 

and axonal fibers from granule cells 

were found in the molecular outermost 

layer of the cerebellum. 

Glial cells: 

Star-shaped protoplasmic astrocytes 

had thick and branched processes that 

enveloped blood vessels and synapses. 

They were attached to neurons and 

vessels, provided structural support to 

neurons, guide neuronal migration and 

brain plasticity, determined capillary 

permeability, interact with neurons and 

blood vessels (Blood-brain barrier), and 

helped in neurotransmitter uptake (Figs. 

5a, b).  

Vasculature: Blood vessels in the 

hindbrain showed the endothelial cells 

forming the blood-brain barrier. 

Pericytes and astrocyte processes 

surrounded the blood vessels, providing 

structural support and regulating the 

blood-brain barrier (Fig. 5c). 

Blood-Brain Barrier: This barrier was 

formed by the endothelial cells that lined 

the blood vessels and were tightly 

joined. These endothelial cells and tight 

junctions help in protecting the brain 

from harmful substances while allowing 

nutrients to pass through (Figs. 5b, c).  

Ciliated ependymal cells appeared 

cuboidal-shaped. They lined the brain's 

ventricles and produced cerebrospinal 

fluid (CSF). Cilia on these cells tracked 

into the CSF and helped circulate it. 

They formed a permeable barrier 

between the CSF-filled cavities and the 

brain tissue (Figs. 5d, e).  

Small microglia cells (the brain's 

resident immune cells) with a darkly 

staining nucleus and thorny processes 

extending toward areas of injury or 

inflammation, which help monitor 

neuronal health, can morph into a special 

type of macrophage that can 

phagocytose pathogens or dead neurons 

(Fig. 5f). 

Transmission electron microscopic 

observations of the midline structures 

(brain stem; medulla oblongata and 

pons) 

The medulla oblongata: 

Contained nuclei for autonomic 

functions with dense neuronal networks 

and synaptic contacts. It regulated vital 

autonomic functions such as heart rate 

and respiration. Well-organized neuronal 

clusters and dense synaptic networks, 

particularly in regions such as the 

nucleus of the solitary tract and the 

dorsal motor nucleus of the vagus nerve 

(Fig. 6a).  

The pons: 

Involved in motor coordination and had 

well-defined synaptic structures for 

communication between the brainstem 

and cerebellum. It contained motor 

neurons, relay neurons, and reticular 

formation neurons. The axons of these 

neurons travelled to the cerebellum and 

spinal cord. The synaptic organization in 

the pons was intricate, facilitating 

communication between the cerebellum 

and the brainstem (Fig. 6b).  
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Glial cells: Oligodendrocytes with 

small, condensed, round nuclei and clear 

cytoplasm appeared as the so-called 

"fried egg appearance". It's found in 

areas of the hindbrain where myelinated 

axons are abundant (e.g., in the pons or 

medulla); it was responsible for the 

myelination of axons visible as cells 

with multiple processes wrapping around 

axonal segments (Fig. 6b). 

Axons were involved in the transmission 

of action potentials over long distances. 

They can be myelinated or 

unmyelinated; myelinated axons had a 

layered appearance due to the myelin 

sheath (Figs. 6a, b).  

Synapses presynaptic terminals: were 

densely packed with synaptic vesicles 

containing neurotransmitters, which may 

be clear or dense, depending on the type 

of neurotransmitter (Fig. 6a). 

Neurotransmitter vesicles: the 

hindbrain's presynaptic terminals contain 

synaptic vesicles filled with 

neurotransmitters such as glutamate, 

GABA, and acetylcholine. These 

vesicles help in synaptic transmission 

between neurons (Fig. 6b). 

Postsynaptic densities: were areas of 

the dendritic membrane where synaptic 

receptors were located, often appearing 

as electron-dense regions (Figs. 6a, b). 

Axodendritic synapses were synapses 

between axons and dendrites, prominent 

in regions like the pons and cerebellum 

(Fig. 6a). 

 

Fig. (1): a) Photomicrograph of a longitudinal section of the brain of adult Egyptian insectivorous Bat 

Rhinopoma hardwickii with a stereo microscope showing different brain parts: forebrain (FB), middle brain 

(MB), cerebellum (CER) in the hindbrain, and midline structures (pink star). b-d) Transmission electron 

micrographs of the cerebral cortex of R. hardwickii showing: b,c) Low and high magnification of large flask 

shaped pyramidal neurons, including their apical dendrite (blue arrow) and multiple basal dendrites with 

dendritic spines (brown arrows), synaptic vesicles (red arrows), and axonal terminals. These neurons have 

mitochondria (M), endoplasmic reticulum (ER), and Golgi apparatus (GA). d) Small stellate non-pyramidal 

neurons with mitochondria (M) that may be hypertrophied, endoplasmic reticulum (ER), and Golgi apparatus 

(GA). 
 

 



Fig. (2): a-d) Transmission electron micrographs of the forebrain's gray matter of R. hardwickii containing the 

synaptic connections between neurons appeared with the synaptic cleft (S), synaptic vesicles (SV), and the 

postsynaptic density had neurotransmitter receptors. Depending on the neurotransmitter being stored, these 

vesicles can be either clear (yellow arrow) or dense (red arrow). e, f) Transmission electron micrographs of low 

and high magnification of the forebrain's white matter of R. hardwickii containing myelinated axons (A) appear 

with a layered appearance due to myelin sheaths (double yellow arrows); this myelin sheath had gaps named 

Nodes of Ranvier (RN). Axon terminals make synaptic contacts (vesicles) with dendritic spines (D) or other 

axons. 

 

Fig. (3): Transmission electron micrographs of the midbrain (hippocampus) of R. hardwickii showing a, b) Low 

and high magnification of granular non-pyramidal neurons with dendrites (D), granulated cytoplasm, and large 

nucleus (N) containing heterochromatin (HC) scattered in the nucleoplasm. c) Pyramidal neurons appeared with 

large cell bodies; dendrites with spiny projections for synaptic contact (D), centrally located nucleus (N) with 

heterochromatin (HC), and numerous mitochondria (M) are present in the cytoplasm. d) Glial cells (astrocytes) 

support neurons can be identified by their extensive, star-shaped processes, dendrites (D), nucleus (N) with well-

developed nucleolus (Nu) and Golgi apparatus (GA). 
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Fig. (4): Transmission electron micrographs of the hindbrain (cerebellum) of R. hardwickii showing a, b) Low 

and high magnification of the neurons with large cell bodies, irregular nuclei (N) with prominent nucleoli (Nu), 

well-developed cytoplasm with numerous organelles including mitochondria (M), endoplasmic reticulum (ER), 

and Golgi apparatus (GA). c) Purkinje cells have a large nucleus (N), an extensive dendritic tree that is densely 

covered with spiny dendrites (SD). The dendrites are in close contact with the parallel fibers from granule cells, 

forming synapses (S). 
 

 
Fig. (5): Transmission electron micrographs of the hindbrain (cerebellum) of R. hardwickii showing a, b) Low 

and high magnification of star-shaped astrocytes (A) interact with neurons (N) and blood vessels making (Blood-

Brain-Barrier) (green arrow), their processes can be seen enveloping blood vessels (BV) and synapses, the 

cytoplasm has vacuoles (V) and myelinated axons (MA, orange star). c) Blood vessels in the hindbrain (BV), the 

endothelial cells with a nucleus (N), have prominent nucleolus (Nu) forming the blood-brain barrier. d, e) Small 

ciliated cuboidal ependymal cells lining the brain's ventricles are responsible for the production of cerebrospinal 

fluid (CSF) (redhead arrow). Note the barrier between CSF and brain tissue (blue arrow). f) Small microglia cells 

(the brain's resident immune cells) with a darkly staining nucleus (N) have heterochromatin (HC) and processes 

(P) extending toward areas of injury or inflammation. Note the presence of macrophages that can phagocytose 

pathogens or dead neurons (Ma), lysosomes (Ly), and vacuolated cytoplasm (V). 
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Fig. (6): Transmission electron micrographs of the midline structures (brain stem; medulla oblongata and pons) 

of R. hardwickii showing a) Medulla oblongata with myelinated axons (orange star), non-myelinated axons 

(violet star), with dense neurotransmitter (red arrow) and light clear neurotransmitter (yellow arrow). b) Pons 

containing small oligodendrocytes appeared with a "fried egg appearance" (yellow circle); had myelinated 

axons (MA, orange star) have a layered appearance due to the myelin sheath and synapse (S) with dense 

neurotransmitter (red arrow) in synaptic vessel (SV).  

Discussion 

Bats possess highly specialized and 

diversified brains across species, 

attracting significant interest in 

neuroanatomical research. The 

application of EM offers distinctive 

insights into the intricate architecture of 

the bat brain, aiding in the clarification 

of its sensory, motor, and cognitive 

capabilities (Cooper et al., 2024). This 

study examines the ultrastructure of the 

normal brain of an adult R. hardwickii 

bat, concentrating on critical regions 

such as the cerebral cortex, midbrain 

(hippocampus), cerebellum, medulla 

oblongata, and pons. 

The cerebral cortex of R. hardwickii is 

organized into layers with specific 

cellular arrangement; the outer layers 

predominantly consist of axonal layers, 

abundant in synaptic terminals, whereas 

the inner ones include pyramidal 

neurons. The cortical organization and 

somatosensory cortex display a high 

density of dendritic spines, believed to 

be integral to processing sensory signals, 

synaptic plasticity, spatial navigation, 

prey detection, and tactile information 

crucial for flight and roosting behavior. 

This finding aligns with studies on M. 

brandtii and P. pipistrellus species, 

wherein the specialized cortex plays a 

significant role in motor control and 

cognitive functions that depend heavily 

on echolocation (Kowalski et al., 1996). 

It also shows high synaptic 

specialization and complexity associated 

with high-frequency sound waves and 

echoic signals; this is similar to the bats 

that rely heavily on echolocation, such as 

those in the family Vespertilionidae, 

which exhibit particularly dense and 

specialized synaptic networks in these 

regions (Feng & Popper, 1998; 

Schreiner & Winer, 2007; Yartsev et 

al., 2011; Shu et al., 2015). 

The hippocampus of R. hardwickii 

possesses a well-developed granule cell 

layer similar to that of other mammals 

(Yartsev et al., 2011; Shu et al., 2015). 

It is integral to spatial memory and 

navigation, vital for bats' capacity to 

recall roosting locations and feeding 

paths. This result demonstrates 

significant synaptic plasticity, 

characterized by frequent alterations of 

dendritic spines, underscoring the role of 

experience and environmental 
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interaction in forming of memory 

networks. This plasticity facilitates the 

retention of intricate flight trajectories 

and navigation through obstructed 

environments, particularly when 

echolocation feedback offers abundant 

sensory information for updating spatial 

representations, aligning with findings 

reported by Suthers et al., (2015). 

This study demonstrates a highly 

organized arrangement of Purkinje cells 

and granule cells in the cerebellum both 

of which are essential for regulating of 

movement and balance during flight. 

The synaptic inputs to Purkinje cells are 

abundant, and their axonal outputs 

facilitate the regulation of fine motor 

skills essential for flight control. This 

demonstrates significant adaptation for 

muscle movement control which is 

crucial for the high maneuverability 

required in bat flight and echolocation. 

This finding parallels with that of 

Pipistrellus savii and Rhinolophus 

ferrumequinum, where the cerebellum is 

highly specialized for maintaining 

stability and control during aerial 

maneuvers associated with echolocation, 

such as hovering and sharp turns (Shu et 

al., 2015; Huang & Xu, 2017). 

Conclusion  

The R. hardwickii brain exhibits a highly 

organized and specialized structure, 

characteristic of its evolutionary 

adaptations for flight, echolocation, and 

nocturnal lifestyles. Electron microscopy 

has revealed that the neuronal 

organization in this bat brain is mainly 

similar to that of other mammals but 

with certain distinct features; the neurons 

are typically large, with a prominent 

nucleus and well-developed synaptic 

vesicles. Notably, the synaptic 

architecture is highly dynamic, with 

many dense and light neurotransmitters 

reflecting the functional demands of 

complex behaviors. In conclusion, there 

is variation in the brain structure of 

insectivorous bat R. hardwickii that use 

echolocation extensively and show 

heightened auditory processing areas in 

contrast to nectar-feeding bats, which 

rely heavily on their sense of vision, tend 

to have a more developed visual cortex. 

These differences highlight the 

adaptability of the R. hardwickii brain 

and its specialization to the ecological 

niches. Also, the morphology of the bat 

brain reflects differences in the structural 

organization of synaptic junctions, the 

density of dendritic spines, and the 

configuration of neuronal networks. 

These variations provide insight into the 

functional adaptations of R. hardwickii, 

whether for hunting, navigation, or 

social interactions.  
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Rhinopoma hardwickii البالغ في خفاش  مخ للتشريح العصبي للالتركيب الدقيق   دراسة 

  ايمان النحاس, ا.د. عطيات سليم, أمنيه شاهين  د. 

 جامعة طنطا -كلية العلوم -قسم علم الحيوان

حذيذ انًٕلع تانػذٖ أثُاء انطيشاٌ، عهٗ عكس رانري ذرًيض ت Microchiropteraـػيهح  اني .hardwickii Rخفاش  ُرًيي

انخفاش  انًخ ـيانذليك نًخرهؿ يُاطك رشكية ْزِ انذساسح إنٗ ـحع ان . ذٓذؾMegachiropteraانخفاـيص يٍ ـػيهح 

ـي انذياغ. يرى انرطشيح ٔحفع عيُاخ انًخ انمرم انشحيى عٍ طشيك خهع ذخذيش انخفاـيص ثى اجشاء ذى . R.hardwickiiانثانػ 

 يرى اصانح انًاء انضائذ يٍتعذ رنك . osmium tetroxide ًحهٕلت ذثثد، ثى cacodylateتًحهٕل   ؼسهٓا، ثى جهرشانذْيذان

يرى  .تأصسق انرٕنٕيذيٍ انطشائح اؼحغُثيرى . نفحع الأَسجح epoxy resin ذؽًش ـي ، ثى يكحٕل الإيثيهانانعيُاخ تاسرخذاو 

تثُائي ْيذساخ أسيراخ انيٕساَيم ٔيحهٕل سرشاخ انشغاظ انًطثع. ـحُػد ٔغثاؼرٓا  ultra sectionsذمطيع ضشائح 

سخ طشائحان ّٕ  ًخإنٗ ثلاز يُاطك: ان ًخ يُمسىان يٍ خلال انُرائج ٔجذ اٌ .انُاـز الانكرشَٔي تاسرخذاو انًيكشٔسكٕب ٔغُ

يٍ أٔعيح ديٕيح  انُاـز ٔجذ اٌ انًخ يركٌٕنكرشَٔي الإ انًيكشٔسكٕبانخهفي. تاسرخذاو  ًخانًرٕسظ، ٔان ًخالأيايي، ٔان

ظٓشخ انخلايا انعػثيح كخلايا كثيشج راخ َٕٖ كثيشج، ٔكثاـح  َٕٔعيٍ يٍ انخلايا: انخلايا انعػثيح ٔانخلايا انذاعًح نٓا.

ح راخ ضجشج خلايا ْشييح كثيشج عهٗ ضكم لُيُ. 1نٓا َٕعاٌ:  ذهك انحلايا عػثيح. َٓاياخكشٔياذيُيح يُرطشج، َٕٔيح تاسصج، ٔ

خلايا غؽيشج ؼيش ْشييح لذ ذكٌٕ َجًيح أٔ . 2 .دَذسيريح لًيح ٔاحذج لٕيح ٔيحاريح نهمطشج ٔعذج ضجشاخ دَذسيريح لاعذيح

يرطٕسج جيذًا، خاغح ـي انًخيخ، ٔنٓا أستعح إَٔاع: انخلايا انُجًيح، انخلايا انذتميح  اعًح ظٓشخخلايا حثيثيح. انخلايا انذ

تحجًّ يرًيض  .hardwickii Rيخ يٍ خلال انُرائج ٔجذ اٌ  ذتميح لهيهح انرؽػٍ، ٔانخلايا انثطاَيح.انػؽيشج، انخلايا ان

انذساسح  يٍانػؽيش ٔصيادج عذد انخلايا انعػثيح انًرطٕسج تطكم جيذ، خاغح ـي انًخيخ، يماسَح تأجضاء انذياغ الأخشٖ؛ 

تانػذٖ انػٕذي، يًا يكطؿ عٍ انرٕاـماخ ٔانعلالاخ سًاخ عػثيح يشذثطح يرًيض ت .hardwickii Rيرثيٍ اٌ يخ خفاش 

 .يع تعضٓا انرطٕسيح نهخفاـيص

 


