
Copyright@ Bon EI | Biomed J Sci & Tech Res | BJSTR. MS.ID.007091. 35754

Mini Review

ISSN: 2574 -1241       DOI: 10.26717/BJSTR.2022.44.007091

Trigeminal Sensor System of the Rat, Development 
and Morphofunctional Features

Bon EI*, klimuts TV and kokhan NV
Grodno State Medical University, Republic of Belarus

*Corresponding author: Elizaveta I Bon, Candidate of biological science, Assistant professor of pathophysiology 
department named D.A. Maslakov, Grodno State Medical University Grodno State Medical University, 80, Gorky St., 230009, 
Grodno, Belarus

ARTICLE INFO ABSTRACT

Received:  June 06, 2022

Published:  June 22, 2022

Citation: Bon EI, klimuts TV, kokhan NV. 
Trigeminal Sensor System of the Rat, 
Development and Morphofunctional 
Features. Biomed J Sci & Tech Res 44(4)-
2022. BJSTR. MS.ID.007091.

In this article, was performed analysis and synthesis of literature data on the 
development and morphofunctional features of the trigeminal sensory system in 
rats. The sensory system of the trigeminal nerve or trigemenal sensory system plays 
an important role in the life of animals, as it is associated with vibrissae – sensitive 
hairs on the face and body, necessary for orientation in space and touch. Data on the 
development and morphofunctional features of the trigeminal sensory system of the 
rat will serve as the basis for the subsequent study of the nervous system of these 
animals, with the possible introduction of the results obtained into practical medicine.
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Introduction 
A frequent object of experimental biomedical research, 

including the study of the nervous system, is the rat. For an adequate 
interpretation of the obtained results and subsequent extrapolation 
to humans, it is important to have a clear understanding of the timing 
of the development and organization of the rat nervous system. The 
trigeminal sensory system or trigemenal sensory system plays an 
important role in the life of animals, as it is associated with vibrissae 
– sensitive hairs on the snout and body, necessary for orientation 
in space and touch. In humans, the trigeminal nerve is the main 
sensory nerve of the face and oral cavity and, in addition, carries 
efferents to the masticatory muscles, controlling their movements 
[1-4]. The purpose of the review is to analyze and systematize 
literature data on the development and morphofunctional features 
of the trigeminal sensory system in rat.

Development of the Trigeminal Sensory System

The study of the distribution of zones of innervation of the 
trigeminal nerve in embryogenesis showed the important role of  

 
neurotrophic factors and their receptors in this process. Genetic 
studies have shown that peripheral target tissues of the trigeminal 
nerve secrete chemoattractants, promoting axon growth. Up to a 
certain stage, neurons do not depend on trophic factors, but from 
the moment the first branches of the neuropil reach the innervation 
zones, peripheral tissues begin the synthesis of attractants 
necessary for the further life of nerve cells [2,3]. Trigeminal nucleus 
neurons (ganglion neurons) form from ectodermal placodes and 
neural crest from days 9 to 14 of embryonic development. In the 
early stages of antenatal development (day 14), the nucleus of 
the trigeminal nerve adjoins the bend of the bridge, being in close 
proximity to the zone of innervation. Branching of the neuropil of 
neurons spread radially in the direction from the forebrain to the 
innervated organs. Over the next few days, the trigeminal ganglion 
rotates 90° so that the ventral mandibular neurons become lateral 
and the brainstem nuclei (also by 90º, so that the lateral neurons 
and the afferent pathways from the perikaryon to the mandible 
become dorsal) [2,3].
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Central Vibrissae Tract

Vibrissa follicles develop from the mesenchyme by the 14th day 
of embryogenesis, and by the 16th day the area of their afferent 
innervation is approximately the same size as in adult rats. The 
dendrites of the neurons of the trigeminal nucleus reach the brain 
stem on the 11-15th day of prenatal development, the thalamus – 
on the 14-15th, the cerebral cortex (layer IV) – on the 16-21st. The 
vibrissa tract itself, that is, the vibrissa communication system 
– the nucleus of the trigeminal nerve – the overlying parts of the 
brain develops mainly postnatally and is formed sequentially first 
in the brain stem (20 days of embryogenesis – 1 day after birth), 
thalamus (2-3 days of postnatal ontogenesis) and the cerebral 
cortex (3-5 days after birth). The development of afferent terminals 
is preceded by a period of asymmetric growth of dendrites and the 
migration associated with it, followed by accumulation of neuronal 
perikaryons in the area of the trigeminal nucleus facing towards the 
innervated organs. 

The first signals received from vibrissae can be registered in 
the brainstem starting from the first day after birth, and in the 
cerebral cortex – from the 6th day of postnatal ontogenesis. The 
dimensions of the receptive fields approximately correspond to 
those in adult rats, however, newborn rat pups are characterized 
by a longer refractoriness period and impulse delay. By the 1st 
week of postnatal ontogenesis, peculiar barrel-shaped clusters of 
neurons surrounded by fibrous structures form in the IV layer of 
the neocortex. The diameter of these barrel columns is 100-400 µm. 
Each such structural unit is associated with certain large rat hairs – 
vibrissae [4]. GABAergic and serotonergic activity of neurons of the 
trigeminal nerve nucleus is detected from an early age, although it 
matures quite slowly, at least for 2 months. Moreover, in the early 
postnatal period, γ-aminobutyric acid causes excitation in the brain 
stem, and inhibition in the thalamus and cerebral cortex. In case 
of damage to the vibrissae before the formation of connections 
between the nucleus of the trigeminal nerve and the overlying parts 
of the brain, the formation of the vibrissae tract is disturbed. The 
critical period in this regard is: 1st day after birth for the brain stem, 
2-3rd day for the thalamus and 3-4th day for the neocortex [2,3,5,6].

Trigeminal Sensory System of Adult Rats

Peripheral Nerves and Receptors: The trigeminal nerve 
has three branches: ophthalmic, maxillary, and mandibular. In 
the rat, as in other mammals, the ophthalmic branch supplies the 
dorsum of the head, upper eyelid, supraorbital vibrissae, cornea, 
conjunctiva, nasal skin, and intranasal mucosa. The maxillary 
branch innervates the postorbital skin, upper lip, mystacial 
vibrissae, cheeks, palate, and upper teeth. The mandibular branch 
supplies the temporomandibular joint, the external auditory canal, 

the prioreceptors of the jaw muscles, the skin over the lower jaw, 
the lower lip, the mandibular mucosa, the teeth, and the anterior 
tongue. The dura mater and cranial blood vessels are innervated by 
afferents from all three branches. Sensory receptors are found in the 
skin and muscles of the rat’s snout, oral and nasal mucosa, joints, 
and tendons [1-4]. The mediators in the afferent nerve endings 
are substance P and calcitonin, and in the cornea – galanin and 
the pituitary peptide that activates adenylate cyclase [6]. Irritation 
of nociceptors of the nasal mucosa is caused by both protective 
reflexes (sneezing) and neurogenic inflammation or disturbance of 
cardiorespiratory rhythms. Neurogenic inflammation is associated 
with vascular vasodilation, plasma extravasation, and mast cell 
degranulation. It often causes vascular headache [7].

Vibrissa: Individual vibrissae are supplied by both deep and 
superficial nerves. In typical laboratory rats, each follicle receives 
approximately 250 nerve fibers. About one third of this sensory 
innervation consists of unmyelinated nerve fibers. In addition, the 
fur between the vibrissae is richly supplied with nerve endings [4]. 
The temporomandibular joint is innervated by afferents that form 
non-encapsulated receptors. Injections of irritants (eg, glutamate) 
into the joint cavity are used to simulate arthritis and deep 
craniofacial pain. Most often, female rats are used for this. In these 
animals, as in humans, there are gender differences in the sensitivity 
of the trigeminal nerve [8,9]. Teeth and periodontal ligaments 
receive innervation from myelinated and unmyelinated fibers. 
Nerve endings were found in the odontoblast layer, predentin, and 
pulp. The innervation of the incisors is the most complex due to the 
increased functional activity of these teeth in rats [10].

Tongue: Trigeminal afferents supply the surface epithelium, 
filiform and fungiform papillae of the anterior surface of the tongue, 
providing general somatic sensations. In addition, activation of the 
trigeminal nerve has been described in the perception of bitter 
taste (nicotine, caffeine). 

 Neurochemistry of Afferent Synapses

Most peripheral nerve endings contain substance P or a peptide 
associated with the calcitonin gene ((Calcitonin gene-related 
peptide (CGRP)) [1,11,7].

Trigeminal Ganglion: The bodies of the neurons of most 
trigeminal afferents are located in the trigeminal ganglion, which 
lies in the middle cranial fossa of the base of the skull. The exception 
is neurons that receive part of the afferent fibers from the chewing 
muscles and the periodontium. Their pericarions are located in the 
mesencephalic nucleus of the trigeminal nerve of the brainstem. 
Ganglion neurons are pseudounipolar and surrounded by satellite 
cells. They are divided according to the size of the perikaryons into 
large (type A) and small (type B). There is some correlation between 
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cell type and their function. So, for example, large vibrissae afferents 
mainly go to type A neurons, while neurons innervating the cornea 
mainly belong to type B. Ganglion neurons are surrounded by a 
number of fibers including noradrenergic sympathetic axons, VIP-
positive parasympathetic fibers, serotonergic fibers, and various 
peptidergic axons containing CGRP, substance P, cholecystokinin, 
galanin, and NO synthase [1,12]. 

Cytoarchitectonics of the Trigeminal Ganglion: The neurons 
that innervate the cornea lie in the anterior ganglion, and those that 
receive afferents from the lower jaw lie in the posterolateral. There 
is also a dorsoventral organization: in the dorsal region there are 
neurons supplying the cornea and supraorbital vibrissae, and in the 
ventral region - innervating the lower jaw [12].

Neurochemistry of the Trigeminal Ganglion: Large ganglion 
neurons (type A) are usually immunopositive for neuropeptide Y. 
Smaller and medium-sized neurons contain glutamate, substance 
P, CGRP, neurokinin A, somatostatin, VIP, GABA and galanin, 
chemokinin, melatonin, gastrin-releasing peptide. Substance P 
is usually localized in the cytoplasm of neurons with CGRP, in 
addition, a number of neurons simultaneously with CGRP can be 
immunopositive for both neuropeptide Y and enkephalins [12-16].

Sensory Nuclei of the Trigeminal Nerve

The sensory nuclei of the trigeminal nerve include several 
clusters of neurons located in the cervical spinal cord, medulla 
oblongata and midbrain. The spinal cord contains: the spinal 
nucleus of the trigeminal nerve and the paratrigeminal nucleus. The 
spinal nuclei receive most of their afferent inputs from vibrissae. 
In the brainstem are located: the main sensory nucleus, the motor 
nucleus of the trigeminal nerve, the supramedial nucleus and the 
intertubular nucleus, which controls the movements of the jaws. In 
the midbrain - the mesencephalic nucleus, which sends afferents 
to the periodontal teeth of both the upper and lower jaws [1,11,2].

Cytoarchitectonics: Most sensory nucleus neurons are 
pseudounipolar, but small multipolar cells are also present.

Neurochemistry of Sensory Nuclei: The neuropil of the 
sensory nuclei contains: glutamate, CGRP and substance P. 
GABA is mainly present in the spinal nuclei. The mesencephalic 
nucleus contains GABAergic, glycinergic neurons, as well as cells 
immunopositive for aspartate and glutamate, gastrin-releasing 
peptide [13,17,15,16].

Thalamic Switching Nuclei of the Trigeminal Nerve

The main tract passes through the medial part of the 
posterioventral and ventrobasal complex of somatosensory 
thalamic nuclei. Spinal sensory neurons also project to the 
intralaminar nuclei and the intermediate nuclei [1,11,18,19].

Cytoarchitectonics and Neurochemistry: The thalamic nuclei 
are composed of medium-sized multipolar GABAergic neurons [18].

Somatosensory Areas of the Zone of Innervation of the 
Trigeminal Nerve in the Neocortex: The vibrissa innervation 
zone has the most extensive representation in the neocortex. The 
fourth layer of the parietal cortex contains modules consisting of 
multipolar stellate GABAergic neurons and thalamic afferent fibers. 
Each module is associated with a specific vibrissa. Star-shaped 
neurons form synapses with cells of the 2nd, 3rd and 5th layers. 
Pyramidal neurons of the 5th layer of the neocortex, having received 
information from stellate cells, give efferents to the reticular 
thalamic nucleus, the superior striatum, the nuclei of the bridge 
and the sensory complex of the trigeminal nerve in the brain stem, 
providing the movement of vibrissae [18-22,1,5]. Thus, the data 
presented in this review on the development and morphofunctional 
features of the rat trigeminal sensory system will serve as the basis 
for further study of the nervous system of these animals with 
the possible implementation of the results obtained in practical 
medicine.

References
1. Desilets Roy B, Varga C, Lavallee P, Deschenes M (2002) Substrate for 

cross-talk inhibition between thalamic barreloids. J Neurosci 22(9): 218. 

2. Messlinger K, Russo AF (2019) Current understanding of trigeminal 
ganglion structure and function in headache. Cephalalgia–39(13): 1661-
1674.

3. Smith JB, Watson GD, Alloway KD, Schwarz C, Chakrabarti S (2015) 
Corticofugal projection patterns of whisker sensorimotor cortex to the 
sensory trigeminal nuclei. Front Neural Circuits 9: 53.

4. Tzabazis A, Mechanic J, Miller J, Klukinov M, Pascual C, et al. (2016) 
Oxytocin receptor: Expression in the trigeminal nociceptive system 
and potential role in the treatment of headache disorders. Cephalalgia 
36(10): 943-950.

5. Toma JS, McPhail LT, Ramer MS (2006) Comparative postnatal 
development of spinal, trigeminal and vagal sensory root entry zones. 
Int J Dev Neurosci 24(6): 373-388.

6. Tyburski AL, Cheng L, Assari S, Darvish K, Elliott MB (2017) Frequent 
mild head injury promotes trigeminal sensitivity concomitant with 
microglial proliferation, astrocytosis, and increased neuropeptide levels 
in the trigeminal pain system. J Headache Pain 18(1): 16.

7. Yajima T, Sato T, Shimazaki K, Ichikawa H (2019) Transient receptor 
potential melastatin-3 in the rat sensory ganglia of the trigeminal, 
glossopharyngeal and vagus nerves. J Chem Neuroanat 96: 116-125.

8. De Sousa Buck H, Caous CA, Lindsey CJ (2001) Projections of the 
paratrigeminal nucleus to the ambiguus, rostroventrolateral and lateral 
reticular nuclei, and the solitary tract. Auto Neurosci 87(2-3): 187-200.

9. Nagoya K, Nakamura S, Ikeda K, Onimaru H, Yoshida A, et al. (2017) 
Distinctive features of Phox2b-expressing neurons in the rat reticular 
formation dorsal to the trigeminal motor nucleus. Neuroscience 358: 
211-226.

10. Dauvergne C, Zerari Mailly F, Buisseret P, Buisseret Delmas C, Pinganaud 
G (2002) The sensory trigeminal complex projects contralaterally to the 
facial motor and the accessory abducens nuclei in the rat. Neurosci Lett 
329(2): 169-172.

https://dx.doi.org/10.26717/BJSTR.2022.44.007091
https://pubmed.ncbi.nlm.nih.gov/11978859/
https://pubmed.ncbi.nlm.nih.gov/11978859/
https://pubmed.ncbi.nlm.nih.gov/29989427/
https://pubmed.ncbi.nlm.nih.gov/29989427/
https://pubmed.ncbi.nlm.nih.gov/29989427/
https://www.researchgate.net/publication/308718356_Corticofugal_projection_patterns_of_whisker_sensorimotor_cortex_to_the_sensory_trigeminal_nuclei
https://www.researchgate.net/publication/308718356_Corticofugal_projection_patterns_of_whisker_sensorimotor_cortex_to_the_sensory_trigeminal_nuclei
https://www.researchgate.net/publication/308718356_Corticofugal_projection_patterns_of_whisker_sensorimotor_cortex_to_the_sensory_trigeminal_nuclei
https://pubmed.ncbi.nlm.nih.gov/26590611/
https://pubmed.ncbi.nlm.nih.gov/26590611/
https://pubmed.ncbi.nlm.nih.gov/26590611/
https://pubmed.ncbi.nlm.nih.gov/26590611/
https://pubmed.ncbi.nlm.nih.gov/16911863/
https://pubmed.ncbi.nlm.nih.gov/16911863/
https://pubmed.ncbi.nlm.nih.gov/16911863/
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-017-0726-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-017-0726-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-017-0726-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-017-0726-1
https://pubmed.ncbi.nlm.nih.gov/30639448/
https://pubmed.ncbi.nlm.nih.gov/30639448/
https://pubmed.ncbi.nlm.nih.gov/30639448/
https://pubmed.ncbi.nlm.nih.gov/11476279/
https://pubmed.ncbi.nlm.nih.gov/11476279/
https://pubmed.ncbi.nlm.nih.gov/11476279/
https://www.researchgate.net/publication/318083343_Distinctive_features_of_Phox2b-expressing_neurons_in_the_rat_reticular_formation_dorsal_to_the_trigeminal_motor_nucleus
https://www.researchgate.net/publication/318083343_Distinctive_features_of_Phox2b-expressing_neurons_in_the_rat_reticular_formation_dorsal_to_the_trigeminal_motor_nucleus
https://www.researchgate.net/publication/318083343_Distinctive_features_of_Phox2b-expressing_neurons_in_the_rat_reticular_formation_dorsal_to_the_trigeminal_motor_nucleus
https://www.researchgate.net/publication/318083343_Distinctive_features_of_Phox2b-expressing_neurons_in_the_rat_reticular_formation_dorsal_to_the_trigeminal_motor_nucleus
https://pubmed.ncbi.nlm.nih.gov/12165404/
https://pubmed.ncbi.nlm.nih.gov/12165404/
https://pubmed.ncbi.nlm.nih.gov/12165404/
https://pubmed.ncbi.nlm.nih.gov/12165404/


Copyright@ Bon EI | Biomed J Sci & Tech Res | BJSTR. MS.ID.007091.

Volume 44- Issue 4 DOI: 10.26717/BJSTR.2022.44.007091

35757

11. Devilbiss DM, Waterhouse BD (2000) Norepinephrine exhibits two 
distinct profiles of action on sensory cortical neuron responses to 
excitatory synaptic stimuli. Synapse 37(4): 273-282.

12. Omelian JM, Berry MJ, Gomez AM, Apa KL, Sollars S (2016) Developmental 
time course of peripheral cross-modal sensory interaction of the 
trigeminal and gustatory systems. Dev Neurobiol 76(6): 626-641.

13. Lee J, Saloman JL, Weiland G, Auh QS, Chung MK, et al. (2012) Functional 
interactions between NMDA receptors and TRPV1 in trigeminal sensory 
neurons mediate mechanical hyperalgesia in the rat masseter muscle. 
Pain 153(7): 1514-1524.

14. Magni G, Pedretti S, Audano M, Caruso D, Mitro N, et al. (2020) Glial Cell 
activation and altered metabolic profile in the spinal-trigeminal axis in 
a rat model of multiple sclerosis associated with the development of 
trigeminal sensitization. Brain Behav Immun 89: 268-280.

15. Takanami K, Sakamoto H, Matsuda KI, Satoh K, Tanida T, et al. (2014) 
Distribution of gastrin-releasing peptide in the rat trigeminal and spinal 
somatosensory systems. J Comp Neurol 522(8): 1858-1873.

16. Towal RB, Quist BW, Gopal V, Solomon JH, Hartmann MJ (2011) 
The morphology of the rat vibrissal array: a model for quantifying 
spatiotemporal patterns of whisker-object contact. PLoS Comput Biol 
7(4): 100-112.

17. Martin VT, Lee J, Behbehani MM (2007) Sensitization of the trigeminal 
sensory system during different stages of the rat estrous cycle: 
implications for menstrual migraine. Headache 47(4): 552-563.

18. He Y, Fan W, Xu Y, Liu YL, He H, et al. (2019) Distribution and colocalization 
of melatonin 1a-receptor and NADPH-d in the trigeminal system of rat. 
Peer J 1: 7.

19. Quartu M, Serra MP, Boi M, Poddighe L, Picci C, et al. (2016) TRPV1 
receptor in the human trigeminal ganglion and spinal nucleus: 
immunohistochemical localization and comparison with the 
neuropeptides CGRP and SP. J Anat2 29(6): 755-767.

20. Byers MR, Chudler EH, Iadarola MJ (2002) Chronic tooth pulp 
inflammation causes transient and persistent expression of Fos in 
dynorphin-rich regions of rat brainstem. Brain Res 861(2): 191-207.

21. Cairns BE, Sessle BJ, Hu JW (2001) Characteristics of glutamate-evoked 
temporomandibular joint afferent activity in the rat. J Neurophysiol 
85(6): 2446-2454.

22. Igawa K, Funahashi H, Miyahara Y, Naono Nakayama R, Matsuo H, et al. 
(2017) Distribution of hemokinin-1 in the rat trigeminal ganglion and 
trigeminal sensory nuclear complex. Arch Oral Biol 79: 62-69.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2022.44.007091

Bon EI. Biomed J Sci & Tech Res

https://dx.doi.org/10.26717/BJSTR.2022.44.007091
https://pubmed.ncbi.nlm.nih.gov/10891864/
https://pubmed.ncbi.nlm.nih.gov/10891864/
https://pubmed.ncbi.nlm.nih.gov/10891864/
https://onlinelibrary.wiley.com/doi/abs/10.1002/dneu.22349
https://onlinelibrary.wiley.com/doi/abs/10.1002/dneu.22349
https://onlinelibrary.wiley.com/doi/abs/10.1002/dneu.22349
https://pubmed.ncbi.nlm.nih.gov/22609428/
https://pubmed.ncbi.nlm.nih.gov/22609428/
https://pubmed.ncbi.nlm.nih.gov/22609428/
https://pubmed.ncbi.nlm.nih.gov/22609428/
https://pubmed.ncbi.nlm.nih.gov/32659316/
https://pubmed.ncbi.nlm.nih.gov/32659316/
https://pubmed.ncbi.nlm.nih.gov/32659316/
https://pubmed.ncbi.nlm.nih.gov/32659316/
https://pubmed.ncbi.nlm.nih.gov/24254931/
https://pubmed.ncbi.nlm.nih.gov/24254931/
https://pubmed.ncbi.nlm.nih.gov/24254931/
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1001120
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1001120
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1001120
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1001120
https://pubmed.ncbi.nlm.nih.gov/17445105/
https://pubmed.ncbi.nlm.nih.gov/17445105/
https://pubmed.ncbi.nlm.nih.gov/17445105/
https://pubmed.ncbi.nlm.nih.gov/31106073/
https://pubmed.ncbi.nlm.nih.gov/31106073/
https://pubmed.ncbi.nlm.nih.gov/31106073/
https://onlinelibrary.wiley.com/doi/full/10.1111/joa.12529
https://onlinelibrary.wiley.com/doi/full/10.1111/joa.12529
https://onlinelibrary.wiley.com/doi/full/10.1111/joa.12529
https://onlinelibrary.wiley.com/doi/full/10.1111/joa.12529
https://pubmed.ncbi.nlm.nih.gov/10760482/
https://pubmed.ncbi.nlm.nih.gov/10760482/
https://pubmed.ncbi.nlm.nih.gov/10760482/
https://pubmed.ncbi.nlm.nih.gov/11387390/
https://pubmed.ncbi.nlm.nih.gov/11387390/
https://pubmed.ncbi.nlm.nih.gov/11387390/
https://pubmed.ncbi.nlm.nih.gov/28301818/
https://pubmed.ncbi.nlm.nih.gov/28301818/
https://pubmed.ncbi.nlm.nih.gov/28301818/
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.44.007091

	ABSTRACT
	_Hlk106709012
	_Hlk106708845
	_Hlk106708857
	_Hlk106709313
	_Hlk106708889
	_Hlk106708871
	_Hlk106709421
	_Hlk106709430
	_Hlk106709446

