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ABSTRACT

Background: Aging is associated with signs that are similar to peripheral neuropathy and age-related decline in the peripheral
sensory system and proprioceptive functions. Trigeminal ganglion (TG) is one of the sensory ganglion providing sensory
information from the orofacial region. Ultrasstruchral alteration in neuronal population of TG has been reported.
Aim of Work: Examine the effects of aging on neuronal population, distribution, and satellite ganglionic cells (SGCs) and
compare with the TG of young animal.
Materials and Methods: Old male Wistar rats (32 weeks old) (250±20gr) and young male (4weeks old) (150±20) were
deeply anesthetized with chloroform. To avoid inadvertent mechanical dark neuron formation, each animal was transcardially
perfused with 500ml of 4% paraformaldehyde in0.1 M phosphate-buffered saline. The skull cap was cut open and the TG was
exposed and removed carefully. The sections were selected according to the systematic random sampling(SRS) and stained
with H&E. From each section 10 fields(200×160µm) were selected randomly and the profile of neurons, neuronal shapes,
SGCs, and the number of capillary profiles were studied.
Results: The measured profile of neurons in the TG of young (17.11± 4.8) and old animals (15.69±4.4) showed a meaningful
level of differences(p<0.05). The comparison between the number of SGCs in young animals (16±8.8) and old animals
(20±7.12) showed no significant level of difference(p>0.05). The number of capillary profiles in the TG of young animals
(7±2.73) showed a meaningful difference with those of old animals (3.8±0.83) (p<0.05).
Conclusion: With aging neuro-glial population and vascular bed of TG undergo a series of quantitative and qualitative
alterations. Precisely aging is associated with decrease in neuronal size and vascular bed while the number of SGCs remains
without significant changes. Aging leads to changes in neuronal distribution and likely morphologic alterations in SGCs
subpopulation.
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INTRODUCTION

Studies have shown that each type involves different
sensory modalities[13,14]. Glial cells of TG which surround
these neurons directly modulate neuronal function and
activities[15,16]. Interestingly, neuroglia interactions are
involved in inflammation and pain[17]. TG consists of two
types of glial cells including satellite glial cells (SGCs) and
Schwann cells. SGCs surround neuronal cell bodies in the
peripheral ganglia, carry numerous neuroactive molecules
such as adenosine triphosphate (ATP) and bradykinin.
SGCs directly influence neuronal activity by controlling the
microenvironment in the ganglion[16,18]. A previous study
has provided compelling evidence about the ultrastructural
changes in the neurons of TG in the aged animals[19].
Additionally, recent findings indicate the possible role of
TG and neuroinflammation in the brain regions involved
in memory[20]. The present histomorphometric study was
conducted to examine the effects of aging on neuronal
population, distribution, SGCs and vascular structure.

Aging is associated with signs that are similar to
peripheral neuropathy[1]. Studies have documented agerelated decline in the peripheral sensory system and
proprioceptive functions[2-8]. One of the main reasons
for the age-related decline in sensory functions has been
considered to be the loss of primary sensory neurons[9].
Trigeminal ganglion (TG) is one of the sensory ganglion
providing sensory information from the orofacial region.
The trigeminal ganglion occupies Meckel’s caves near the
apex of the petrous part of the temporal bone. It comprises
pseudounipolar neurons from the ophthalmic, maxillary,
and mandibular divisions of the trigeminal nerve[10]. TG is
composed of neurons and glial cells. The pseudounipolar
neurons have been classified according to their size into the
large, light A-type, and small B –type cells. Large A-type
cells contain scattered clumps of Nissl substance and
B –type cells contain coarser clump of Nissl substance[11,12].
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METHODS AND MATERIALS

•

Dark- medium-sized polygonal

All the experiments in this study were conducted in
the educational and research laboratory of neuroscience
(ERLN)of North Khorasan University of Medical Sciences
(NKUMS). Old male Wistar rats (32 weeks old) (250±20g)
and young male (4weeks old) (150±20 g) were obtained
from the experimental animal facility of ERLN. All
procedures were conducted according to the Institutional
Animal Ethics Committee. The animals were kept in cages
with not more than three animals in one cage. They were
maintained at 12/12 light and dark cycles with free access
to water and food. After deep anesthesia with chloroform.
To avoid inadvertent mechanical dark neuron formation,
each animal was transcardially perfused with 500ml of 4%
paraformaldehyde in0.1 M phosphate-buffered saline[21].
The skull cap was cut open and the TG was exposed and
removed carefully. Paraffin-embedded sections of 10µm
thickness were cut on a microtome. The sections were
selected according to the systematic random sampling
(SRS) and stained with H&E. The TG was divided into
three arbitrary concentric zones. From each section 10
fields (200×160µm) were selected randomly and the
profile of neurons, SGCs, and the number of capillary
profiles were counted according to the previous studies
with the modified stereological method[22]. The diameters
of the neurons from selected fields were measured using
an Olympus microscope equipped with Cellsens software.

•

Dark –small-sized polygonal

•

Dark-small sized with a round contour

•

Dark- medium-sized with a round contour

•

Dark elongated

•

Light elongated

In young animals, 5-6 layers of mainly light –largesized (Type-A) with round contour and granular cytoplasm
were noticed. Dispersed dark neurons (Type-B) with
different size and forms among the type –A neurons were
found. In the deeper zone, dark polygonal neurons of
different sizes were the dominant microscopic feature. In
old animals, mediums sized dark polygonal were dominant
in peripheral zones, and in some regions, the peripheral
strata were reduced to one layer of dark polygonal neurons.

Morphology and counting the SGCs
Following types of SGC were differentiated according
to their nucleus shapes: dark round, dark, and light elliptical
forms (Figures 4-6). The last form was only seen in young
animals. The comparison between the number of SGCs in
young animals (16±8.8) and old animals (20±7.12) showed
no significant level of difference (p>0.05).

The counting of capillary profile
The number of capillary profiles in the TG of young
animals (7±2.73) showed a meaningful difference with
those of old animals (3.8±0.83) (p<0.05).

Statistics
All data are expressed as mean ± SD. Statistical
comparison between the two groups was made using the
Student t-test. The comparison between the right and left
sides TG were made using Kruskal-Wallis and MannWhitney test. Statistically, a significant difference was
accepted at the P-value<0.05 level (21,26)
RESULTS

Size and morphology of the neuron
The measured profile of neurons in the TG of young
(17.11± 4.8) and old animals (15.69±4.4) showed a
meaningful level of differences(p<0.05). Because of the
complicated cytoarchitectonic picture of TG, we applied
the hodologous method to classify neurons. Following
types of neurons have been differentiated according to
their shape and the size of their perikarya (Figures 1-3):
•

Light – large sized with a round contour

•

Light- medium-sized with a round contour

•

Light-small sized with a round contour

•

Dark- large-sized polygonal

Fig. 1: Dark (type-B) neurons (yellow arrowheads) with different shapes
and sizes are seen in peripheral region of TG . A light (type –A) neuron
with light granular cytoplasm with prominent nucleolus ( red arrowhead)
among the type -B neuron.X40
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Fig. 2: Neuronal population of TG.Light (type-A) neurons(red
arrowheads) with round contour and granular cytoplasm are scattered
among elongated - round dark (yellow arrowheads) and medium-sized
dark polygonal neurons (yellow arrow).X40

Fig. 5: Satellite ganglionic cells in the TG of young animals. SGCs (red
arrowhead) around the different types of TG neurons. X40

Fig. 6: Satellite ganglionic cells in the TG of the young animals. Dense
dark SGC (red arrowhead) and SGC with a light larger appearance
(yellow arrowhead). X40

Fig. 3: Light neurons of TG with different size and shape. Light (type-A)
neurons(red arrowheads) with round contour, elongated light neuron
(arrow) and small light and dark neurons with round contour(yellow
arrowheads) are seen .X40

DISCUSSION
In this study, we investigated whether aging is
associated with neuroglia and vascular changes in the
trigeminal ganglion. The results of our study showed that
aging leads to a decrease in the size of neurons. Another
set of our results revealed that SGCs are a heterogeneous
population of the glial cells and aging is not associated
with a decrease in the number of SGCs.Additionally, our
findings revealed that aging leads to a decrease in the
number of capillaries of TG. Besides the results of this
study showed that aging is associated with the change in
the cytoarchitecture of TG. Aging as a natural process is
associated with sensory impairment. Recent studies have
shown that age-related sensory decline affects multiple
modalities[1,3-9]. TG is the main sensory relay station of
orofacial regions. Structurally TG is composed of light type
A-neuron, dark type B neurons, and glial cells. Glial cells
of TG consist of Schwan cells and satellite ganglionic cells
(SGCs). The results of this study are consistent with the
previous report and suggest age-related alterations in the

Fig. 4: Satellite ganglionic cells in the TG of old animals. Dense dark
SGC (red arrowhead) and SGC with light larger appearance around the
type -A neuron (yellow arrowhead). X40
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bed of TG provides blood supply to the sensitive ganglionic
cells[36,37]. The TG vascular topography and microvascular
bed have been implicated in the pathogenesis of TG related
neurologic disorders such as trigeminal neuralgia(TN)
and migraine[37]. Interestingly TN is more common in
elderly patients and[38], therefore it would be reasonable to
assume that adaptive aging-related cyto-vascular changes
inadvertently increase the risk TG related pathologies.
Further studies based on stereology and TEM methods
are recommended to reveal further details of the TG cytostructural changes in aging.

TG. Seress et al[19] reported ultrastructural alteration in the
mitochondria of B-type cells and a decrease in cell number
in the TG of the old animals. They showed mitochondria
swelling and crista disruption in only type B (not A-type,
not SGCs) neurons. Because only B-type neurons are
sensitive to different noxae, it seems aging to accelerate
the process that leads to mitochondrial damage[23]. Various
noxious agents such as oxidative stress and free radicals can
induce mitochondrial damage and subsequently neuronal
degeneration[24]. The result in old animals showed scattered
degenerating neurons particularly small to medium B- type
neurons in aging animals, while no degenerating neurons
were found in the young animal group. Whereas we did
not perform counting of the degenerating neurons, this
sort of data should be interpreted cautiously. In another
study, Biedenbach[25] showed that aging leads to changes
in the size of neurons in TG. Interestingly our results in
aged animals showed that the smaller size of the neuron
is not coincident with a decrease in SGCs number. SGCs
are known as glial cells that express GFAP proteins.
SGCs are involved in maintaining ionic homeostasis and
neuroinflammatory processes[16-18]. Our light microscopic
findings indicate SGCs are a heterogeneous population
and aging processes may affect particular types of SGCs.
These results are supported by the study of Tongtako
et al (2017)[26]. Their findings showed that SGCs represents
an exceptional, intermediate glial cell population with
phenotypical characteristics of oligodendrocytes and
astrocytes and might possess intrinsic regenerative
capabilities in vivo. Additionally, the quantitative
results of the number of SGCs in the old animals can be
considered as a compensatory mechanism in response
to neuronal loss[26,28]. It seems through aging a dynamic
adaptive change occurs in the neuro-glial population and
cytoarchitecture of TG. The cytoarchitecture of TG has
been investigated since Cajal[29]. Komer classified the
sensory neurons of TG into four main types including
large neurons with light cytoplasm, large with granulation,
small with light, and small with dark cytoplasm[30]. Krastev
et al (2013)[29] differentiate seven types of neurons according
to their shape and size of their perikarya including; large
light, medium light, small light, medium dark, small dark,
elongated and polygonal. Our findings are also in line
with the previous reports, indicating the heterogeneity
of neuronal papulation of the TG. The diversity in size
of neurons in the TG reflects their specific involvement
in different sensory modalities[31]. To our knowledge, less
has been dealt with the dark stained polygonal neurons
in the TG. Considering the dominant presence of dark
stained in the aging animals, it may be suggestive of the
quiescent state of neurons. Previous studies have reported
dark stained neurons in various pathological conditions
including epilepsy, ischemia, cholestasis, and aging[32,33].
Therefore, it could be assumed that dark stained polygonal
neurons likely represent a hibernate state[34], which in turn
may reflect the plasticity of the TG[35]. Furthermore, our
quantitative analysis showed that aging leads to a decrease
in the number of capillary profiles in TG. The microvascular

CONCLUSION
With aging neuroglial population and vascular bed
of TG undergo a series of quantitative and qualititative
alterations. Precisely aging is associated with decrease
in neuronal size and vascular bed while the number of
SGCs remains without significant changes. Additonally
aging lead to changes in neuronal distribution and likely
morphologic alterations in SGC subpopulation.
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الملخص العربى

التعديالت المرتبطة بالشيخوخة في الهياكل العقدية الثالثية التوائم؛ دراسة نسيجية
لسكان الخاليا العصبية والخاليا العقدية الساتلية وسرير األوعية الدموية
شهریار احمدپور ،آرمان بهراد
مركز تعليم وبحوث علم األعصاب ( ،)NERCقسم التشريح ،كلية الطب،
جامعة شمال خراسان للعلوم الطبية ،بوجنورد ،إيران
الخلفية :الشيخوخة مرتبطة بعالمات مشابهة العتالل األعصاب المحيطية والتدهور المرتبط بالعمر في الجهاز الحسي
المحيطي ووظائف التحفيز التحسسي .العقدة الثالثية التوائم ( )TGهي إحدى العقدة الحسية التي توفر معلومات حسية
من منطقة الفم والوجه .تم اإلبالغ عن التغيير فوق الصدري في السكان العصبية من .TG
هدف العمل :فحص آثار الشيخوخة على مجموعات الخاليا العصبية  ،والتوزيع  ،والخاليا العقدية الساتلية ()SGCs
ومقارنتها مع  TGللحيوان الصغير.
عا) ( )20gr ± 250والشباب الذكور ( 4أسابيع)
المواد والطرق :تم تخدير ذكور فئران  Wistarالقديمة ( 32أسبو ً
( )20 ± 150بعمق باستخدام الكلوروفورم .لتجنب تكوين الخاليا العصبية الميكانيكية الداكنة عن غير قصد  ،تم
ّ
مخزن بالفوسفات.
ترطيب كل حيوان عبر القلب بـ  500مل من  ٪ 4بارافورمالدهيد في  0.1موالر من محلول ملحي
تم قطع غطاء الجمجمة وفتح  TGوإزالته بعناية .تم اختيار المقاطع وفقًا ألخذ العينات العشوائي المنهجي ( )SRSوتم
تلوينها بـ  .H&Eمن كل قسم تم اختيار  10حقول ( 160 × 200ميكرومتر) بشكل عشوائي وتم دراسة ملف تعريف
الخاليا العصبية واألشكال العصبية و  SGCsوعدد المالمح الشعرية.
النتائج :أظهر المظهر الجانبي المقاس للخاليا العصبية في  TGللحيوانات الصغيرة ( )4.8 ± 17.11والحيوانات
القديمة ( )4.4 ± 15.69مستوى ذي مغزى من االختالفات ( .)p <0.05لم تظهر المقارنة بين عدد  SGCsفي
الحيوانات الصغيرة ( )8.8 ± 16والحيوانات القديمة ( )7.12 ± 20أي فرق معنوي ( .)p> 0.05أظهر عدد المالمح
الشعرية في  TGللحيوانات الصغيرة ( )2.73 ± 7فرقًا ذا مغزى مع تلك الخاصة بالحيوانات القديمة ()0.83 ± 3.8
(.)p <0.05
الخالصة :مع شيخوخة السكان العصبية الدبقية وسرير األوعية الدموية من  TGيخضعون لسلسلة من التغييرات الكمية
والنوعية .ترتبط الشيخوخة بدقة بانخفاض حجم الخاليا العصبية وسرير األوعية الدموية بينما يظل عدد الخاليا الجذعية
السرطانية بدون تغيرات كبيرة .الشيخوخة تؤدي إلى تغييرات في توزيع الخاليا العصبية والتغيرات المورفولوجية
المحتملة في مجموعات سكانية  SGCsالفرعية
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