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INTRODUCTION

Nervous system in the human being is very complex 
structure and this network is responsible for the 
transport of messages to and from the brain and spinal 
cord to different parts of the body [1]. Spinal nerves 
originate from the spinal cord whereas the cranial nerves 
arise directly from the brain stem except olfactory and 
optic [2,3]. There are 12 pairs of cranial nerves and its 
nuclei develop in the fourth week of gestation [2,4]. 
Motor neurons of the cranial nerves are within the 
brainstem, whereas the sensory ganglia are outside the 
brain. Unlike spinal nerves, cranial nerves are organized 

homologous. All cranial nerves do not have both motor 
and sensory fibers. Hypoglossal nerve, XII cranial nerve 
arises from the myelencephalon and belongs to the 
general somatic efferent nerve type. Nucleus of this 
nerve extends throughout the length of the medulla and 
as it is a motor neuron, it is located close to the midline. 
In the transected medulla it is visible as hypoglossal 
trigone, a raised area protruding towards the fourth 
ventricle. In the closed medulla, the gracile and cuneate 
nuclei are posterior to this. It is responsible for the motor 
innervation of the tongue muscles [4].

Hypoglossal nerve cells has both axons and dendrites 
like the other neurons, its axons leave the nucleus as a 
row of tiny fascicles and descends down the neck as the 
hypoglossal nerve near the hyoid bone; passes anteriorly 
and pierces through the body of the tongue to supply 
hypoglossus, styloglossus, genioglossus and intrinsic 
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ABSTRACT
Introduction: Hypoglossal nerve (XII cranial nerve) innervates the tongue muscles, thus assists the motor activities like 
chewing, swallowing and vocalization. In addition, it is responsible for the modulation of the respiration and drinking 
behaviour. Clinically, injury to this nerve will lead to weakness and deviation of the tongue to one side. Development of the 
cranial motor system in central nervous system is a complex process involving events like neurogenesis, neuronal migration, 
cell death, and establishment of afferent and efferent connections. Since most studies regarding the nerve and its nucleus 
were conducted in animals, in depth study on the neuronal development of the hypoglossal nerve nucleus in humans is 
necessary. 
Methodology: After obtaining the institutional ethical approval, explanation about the research was given to the mothers 
and their written consent was obtained. A total of 12 fetuses (Gestational age 19-40 weeks) were included in the study. They 
were divided into 4 groups based on their gestational age and Crown-Rump Length (CRL) measurements. As hypoglossal 
nucleus extends throughout the length of medulla oblongata in the para-median plane, tissues were collected from the 
section of medulla. The tissues were processed by routine histological procedure were stained with hematoxylin and eosin 
and also with Holmes’ Silver nitrate to study the histological details. In this morphometric study, we measured the cell 
dimensions (length and breadth) and volumes of hypoglossal neurons and its nucleus. From these data, coefficients were 
drawn to identify the proportion of growth between cell and nuclear volume.
Results: Morphometric analysis of hypoglossal nerve neurons in human fetuses showed that the neurons are oval or 
pyramidal in shape beginning from 18 to 24 weeks gestational age. The neurons grow rapidly in the initial period of the 
gestational stage, but at the end it shrinks to maturity. In the late stage, this nerve nucleus has dendritic process.
Conclusions: The shape of the hypoglossal nerve nucleus was oval or pyramid. Though the neurons grew rapidly in the initial 
gestational weeks, it shrunk at the end to get matured. Dendritic process was found in the well matured nerve cells. 
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muscles of tongue [5]. Motoneurons in the hypoglossal 
nucleus are the main source of motor innervation of 
the intrinsic and extrinsic muscles of tongue [6]. The 
somatotrophic organization of the hypoglossal nucleus 
is better understood as either individual representations 
or functional grouping of the extrinsic tongue muscles 
[7-9].

Though Hypoglossal nerve nucleus (HGN) controls 
certain phase of respiration, it is not explained as one of 
the important center in the nervous system. It is present 
in the dorsal part of the medulla oblongata [3]. HGN 
has 2 different types of neurons, namely motoneurons 
and inhibitory inter-neurons. Among these two, the 
predominant one is motoneurons which represent about 
95% of the total neurons [10]. These neurons are large, 
multipolar and have more Nissl substances. On the other 
hand, the second type of neurons is formed by inhibitory 
inter-neurons, which are small, rounded or oval neurons 
with poor endoplasmic reticulum [11-13]. Both types of 
neuronal cells have significant functions in relation to 
tongue control [14-16].

Clinically, HGN is documented to be involved in the 
controlling the motor activities of the tongue like 
swallowing, chewing and vocalization, but later it is 
found to be responsible for breathing also [9]. Muscles 
of the tongue especially genioglossus is responsible 
for maintaining the patent airway during respiration 
[17-19]. Apart from this respiratory regulation, HGN is 
also responsible for modulating drinking behavior [20]. 
Most of the experimental studies on different animals 
gives us these current knowledge about HGN, however, 
research about HGN in human is limited [21- 23]. Thus 
to obtain a clear picture about the cell dynamics and its 
development, morphometric study of the histogenesis of 
hypoglossal nerve nucleus is essential.

RESEARCH METHODOLOGY 

Ethical clearance and consent form
Before starting the research, ethical clearance were 
obtained from the Ethical Committee, MIMSR Medical 
College, Hospital and Research center, Latur and Dr. 
DY Patil Medical College, Pune, Maharashtra. Written 
consent was obtained from the mother of the fetuses. 

Specimen collection 
Fetuses from the 19th weeks of gestation to 24th week 
of gestation were obtained from the cases coming 
for medical termination of pregnancy and above 24 
week of gestation were collected from the patients 
with spontaneous abortion. 12 fetuses between the 
gestational age of 19 to 38 weeks were collected after 
obtaining the necessary permission from the respective 
parents. Complete clinical history, pregnancy details 
especially from the mother were collected and recorded. 
Fetuses with anomalies were excluded from the study. 
These were well preserved fresh abortuses and were 

fixed in the formalin solution. The gestational age of 
the fetuses were determined by the CRL measurement, 
the measurement of the length of the fetuses from the 
top of the head (crown) to the bottom of the buttocks 
(rump) (Table 1). Fetuses below 10 weeks were not 
considered for this study as they were at a primitive 
stage of development. For convenience, fetuses were 
grouped into 4 based on their gestational age such as 
group-I from 19-22 weeks, group-II from 23-28 weeks, 
group-III from 29-35 weeks and group-IV from 36-40 
weeks. The collected fetuses were preserved in 10% of 
formalin solution for further research.

Since hypoglossal nucleus extends throughout the 
length of medulla oblongata in the paramedian plane, 
complete transverse section of medulla was conducted. 
The tissues were processed by routine histological 
procedure. A total of 24 blocks [12 right and 12 left] 
were used for this study. 5 serial sections were taken 
from each block. The slides were numbered serially with 
5 sections in each slide with a gap of 5 for each section. 
Sections were stained with hematoxylin and eosin and 
also with Holmes’ Silver nitrate to study the histological 
details. These histological procedures were adopted 
from the previous research works [24,25].

Table 1: Mean CRL measurements with their range

Group Gestational 
Age

No. of Foetuses 
Studied

Mean CRL 
Measurement Range 

I 19-22 weeks 3 19.53 18.6, 19, 21
II 23-28 weeks 3 26.03 24.8, 26.3, 27
III 29-35 weeks 3 32.66 31.4, 33, 33.6
IV 36-40 weeks 3 35.37 34.8, 35.3, 36

Measurement-morphometric study 
Serial sections of the nucleus were taken from each 
tissue to study their morphometric measurements. 
Transversely cut section of the neurons in medulla will 
be measured with stage micrometer (0.01 mm scale) 
and eye piece micrometer with 100 divisions (0.1 
mm Scale). Length and breadth of the nucleus seen 
through the eyepiece reticule were measured with the 
stage and eye piece micrometer. The volume of each 
cell (nucleus) was calculated by using formula ab2π/6 
(π=22/7), where ‘a’ is the length and ‘b’ is the breadth 
of the nucleus, a standard method to minimize the error. 
Average length, breadth and the volume of the nucleus in 
each group were calculated and documented for analysis 
and comparison.

Statistical analysis
Statistical analysis was done using the SPSS 16.0 version 
to find the mean value of the length, breadth and volume 
in both nerve cell and nucleus of hypoglossal nerve. We 
studied the dimensions (length and breadth) as well as 
the volume of the hypoglossal nerve cell and its nucleus. 
The coefficient between the volume of the nerve cell and 
its nucleus in each group was done to find its proportion. 
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RESULTS 

The mean lengths of the cell in hypoglossal nerve were 
6.5, 20.8, 21.5 and 19.4 whereas its breaths were 4.8, 
15.2, 16 and 14.25 respectively for the stage I, II, III 
and IV (Table 2). Similarly the mean lengths of the 
nucleus in hypoglossal nerve cell were 4.5, 13.1, 14.2 
and 11.6 whereas its breaths were 4.5, 10, 11.4 and 8.7 
respectively for the stage I, II, III and IV (Table 3). The 
calculated cell volumes were 78.444, 2517.19, 2882.99 
and 2063.46 against the mean nucleus volumes of 
47.73, 686.178, 966.64 and 459.9 gave the coefficient of 
proportion of 1.64, 3.67, 2.98 and 4.5 in the four different 
stages (Table 4).

Table 2: Cell dimensions

Name Dimensions
Group-I Group-II Group-III Group-IV
19-22 
weeks

23-28 
weeks

29-35 
weeks

36-40 
weeks

Hypoglossal 
Nerve nucleus

Mean Length (µ) 6.5 20.8 21.5 19.4
Mean Breadth (µ) 4.8 15.2 16 14.25
Mean Volume (µ3) 78.444 2517.19 2882.99 2063.46

Table 3: Nucleus dimensions

Name Dimensions
Group-I Group-II Group-III Group-IV
19-22 
weeks

23-28 
weeks

29-35 
weeks

36-40 
weeks

Hypoglossal 
Nerve nucleus

 
 

Mean Length (µ) 4.5 13.1 14.2 11.6
Mean Breadth (µ) 4.5 10 11.4 8.7

Mean Volume (µ3) 47.73 686.178 966.64 459.9

Table 4: Average volume of cell, nucleus and its coefficient

Name Dimensions
Group-I Group-II Group-III Group-IV
19-22 
weeks

23-28 
weeks

29-35 
weeks

36-40 
weeks

Hypoglossal 
Nerve nucleus

Mean cell 
Volume (µ3) 78.444 2517.19 2882.99 2063.46

Mean Nucleus 
Volume (µ3) 47.73 686.178 966.64 459.9

Coefficient 1.64 3.67 2.98 4.5

DISCUSSION

This research has shown a clear picture about 
the morphological development of the neurons in 
hypoglossal nerve nucleus during the late gestational 
period (Figures 1-4). In this study, we investigated 
the length, breadth and volume of the hypoglossal 
nucleus and its nuclei from the 19th week of gestation 
to the full term (40 weeks). Many authors studied the 
morphometric characteristics of the hypoglossal nerve 
in order to support the anastomosis of hypoglossal 
and facial nerve in the treatment of peripheral facial 
palsy [26-28]. Tongue is a muscular organ which 
helps in the mastication, deglutition and vocalization. 
Highly organized and controlled movements of the 
tongue during these activities are done by the uniquely 
arranged lingual muscles and the reflex mechanism 
associated with it [29]. Experiments using retrograde 

tracers technique [7] and cytoarchitectonic method 
[30] explained the topographical representation of the 
hypoglossal nerve and lingual muscles inside the motor 
neurons of cranial nerve. Later, research reports found 
the most important and vital function of this nerve, 
namely modulation of the respiration [31] and drinking 
behavior [20].

In this research about the development of the 
hypoglossal nerve nucleus, we found that the neuronal 
cells grow dramatically from the 19th to 35th gestational 
week. But during the full term, it shrinks a bit when 
compared to the previous group. These results are in line 
with the previous research work of Kiran in the human 
sympathetic ganglion neuron [32] and that of Narasinga 
Rao B et al. study about the histogenesis of facial nerve 
neuron [25]. The cell grow at a higher rate in the group 
II (23-28 weeks) of about 32 times bigger than group 
I whereas in the group III it slightly increased to reach 
its peak volume of 2882.99 µ3. Later in the group IV, the 
cell shrinks to 2063.46 µ3 and the nucleus volume is half 
when compared to the previous group. 

According to Shepard [33] there are 7 stages of 
development of the neurons in the central nervous 
system: (1) Proliferation stage-cells usually generates 
and clones (2) Commitment to a specific type of cell 
such as neurons or glia (3) Migration of the cell to 
its final destination (4) Differentiation of the cells 
depending on their morphological features like axon 
or dendritic extensions and cytoplasmic organelle (5) 
Maturation of the cells by accumulation and secretion 
of neurotransmitter substances (6) Myelination, means 
acquisition of myelin sheath and (7) Apoptosis of cells, 
which projects to abnormal target or not having enough 
neutrophic factor. Though these 7 stages are a guide 
for the neuronal histogenesis, it has been noted that 
the order of the development may vary in different 
structures of the nervous system [33]. 

Anatomical [34] and physiological [35] studies have 
shown that the multi-synaptic connections between the 
anterior solitary nucleus and the hypoglossal nucleus 
are involved in the gustatory-hypoglossal reflex. Motor 
control of muscles of the upper airway, particularly the 
genioglossus muscle of the tongue, is closely related to 
the modulation of the respiration [36]. Besides this vital 
function, protrusion of the tongue plays an integral part 
of the consummatory phase of drinking behaviour [37]. 
Anna Maria Lavezzi et al. studied the developmental 
pattern of the HGN from 17th gestational week to 10th 
month of life in sudden infant death and observed 
ssignificantly higher incidence of morpho-pathological 
features of this nucleus [38]. J Altman reported that 
the neurogenesis of the hypoglossal motoneurons 
is completed slightly earlier than that for the facial 
motoneurons [39].
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Figure 1: Cell bodies in the hypoglossal nerve nucleus at 20th week 
of gestation under 400 magnification [H&E Stain]  

Figure 2: Cell bodies in the hypoglossal nerve nucleus at 26th week 
of gestation under 400 magnification [H&E Stain]

Figure 3: Cell bodies in the hypoglossal nerve nucleus at 32th week 
of gestation under 400 magnification [H&E Stain] 

  
Figure 4: Cell bodies in the hypoglossal nerve nucleus at 36th week 
of gestation under 400 magnification [H&E Stain] 

CONCLUSION

This current study about the morphometry of the 
neurons in human hypoglossal nerve nucleus from the 

19th gestational week to the end of pregnancy found that 
the shape of the neurons were oval or pyramidal shape 
(from 18-24 weeks). The neurons grow rapidly in the 
initial period of the gestation, but at the end it shrinks 
to maturity. In the late stage, these nerve cells have 
dendritic process. 

CONFLICT OF INTEREST 

The authors’ declares that they have no conflict of 
interest.

REFERENCES

1. Standring S, Borley NR. Overview of cranial 
nerves and cranial nerve nuclei. Gray's anatomy: 
The anatomical basis of clinical practice (40th 
ed) [Edinburgh]: Churchill Livingstone/Elsevier 
2008:978-980.

2. Kandel Eric R. Principles of neural science (5 ed) 
Appleton and Lange: McGraw Hill 2013:1019-
1036.

3. Sadler TW. Langman's medical embryology. 
Lippincott Williams & Wilkins 2011.

4. Vilensky JA, Robertson W, Suarez-Quian CA, et 
al. The clinical anatomy of the cranial nerves: 
The nerves of "On old olympus towering top". 
John Wiley & Sons 2015.

5. Burt AM. Neuroanatomia. Rio de Janeiro: 
Guanabara Koogan 1995:343-344.

6. Hebel R, Stromberg MW. Anatomy and 
embryology of the laboratory rat. BioMed Verlag 
1986.

7. Krammer EB, Rath T, Lischka MF, et al. 
Somatotopic organization of the hypoglossal 
nucleus: A HRP study in the rat. Brain Res 1979; 
170:533-537.

8. Uemura-Sumi M, Itoh M, Mizuno N, et al. The 
distribution of hypoglossal motoneurons in 
the dog, rabbit and rat. Anat Embryol 1988; 
177:389-394.

9. Roda F, Gestreau C, Bianchi AL, et al. Discharge 
patterns of hypoglossal motoneurons during 
effective breathing, coughing and swallowing. J 
Neurophysiol 2002; 87:1703-1711.

10. Sumi T. Functional differentiation of hypoglossal 
neurons in cats. J Physiol 1969; 19:55-67.

11. Cooper MH. The hypoglossal nucleus of the 
primate: A Golgi study. Neuro sci Lett 1981; 
21:249-254.

12. Boone T, Aldes LD. The ultrastructure of 
two distinct neuron populations in the 
hypoglossal nucleus of the rat. Exp Brain Res 
1984; 54:321-326.

13. Jankowska E, Roberts WJ. Synaptic actions 
of single interneurons mediating reciprocal 
inhibition of motoneurones. J Physiol 1972; 
222:623-642.

14. Withington-Wray DJ, Mifflin SW, Spyer KM, et al. 
Intra cellular analysis of respiratory-modulated 



Sreeja MT et al J Res Med Dent Sci, 2018, 6 (4):36-40

40Journal of Research in Medical and Dental Science | Vol. 6 | Issue 4 | July 2018 

hypoglossal motoneurons in the cat. Neurosci 
1988; 25:1041-1051.

15. Lowe AA. Excitatory and inhibitory input 
to hypoglossal motoneurones and adjacent 
reticular formation neurones in cat. Exp Neurol 
1978; 62:30-47.

16. Lowe AA. The neural regulation of tongue 
movements. Prog Neuro-biol 1980; 15:295-344.

17. Hwang JC, St John WM, Bartlett D Jr, et al. 
Respiratory-related hypoglossal nerve activity: 
influence of anesthetics. J Appl Physiol 1983; 
55:785-792.

18. Lowe AA, Sessle B J, Gurza S, et al. Regulation 
of genioglossus and masseter muscle activity in 
man. Arch oral Biol 1977; 22:579-584.

19. Remmers JE, De Groot WJ, Sauerland EK, et al. 
Pathogenesis of upper airway occlusion during 
sleep. J appl Physiol 1978; 44:931-938.

20. Wiesenfeld Z, Halpern BP, Tapper DN, et al. 
Licking behavior: Evidence of hypoglossal 
oscillator. Science 1977; 196:1122-1124.

21. Naeye RL, Olsson JM, Combs JW, et al. New brain 
stem and bone marrow abnormalities in victims 
of sudden infant death syndrome. J Perinatol 
1989; 9:180-183.

22. O’Kusky JR, Norman MG. Sudden infant death 
syndrome: postnatal changes in the numerical 
density and total number of neurons in the 
hypoglossal nucleus. J Neuropathol Exp Neurol 
1992; 51:577-584.

23. Konrat G, Halliday G, Sullivan C, et al. Preliminary 
evidence suggesting delayed development in 
the hypoglossal and vagal nuclei of SIDS infants: 
A necropsy study. J Child Neurol 1992; 7:44-49.

24. Kiran S. Histogenesis of neurons in human 
sympathetic ganglia-A quantitative study. J Anat 
Soc India 2004; 53:1-10.

25. Rao NB, Padmini PM. Histogenesis of Neurons in 
the nucleus of facial nerve-A study in foetuses. J 
Anat Soc India 2009; 58:135-139.

26. Asaoka K, Sawamura Y, Nagashima M, et al. 
Surgical anatomy for direct hypoglossal-facial 

nerve side-to-end “anastomosis”. J Neurosurg 
1999; 91:268-275. 

27. Vacher C, Dauge MC. Morphometric study of the 
cervical course of the hypoglossal nerve and its 
application to hypoglossal facial anastomosis. 
Surg Radiol Anat 2004; 26:86-90. 

28. Atsumi T, Miyatake T. Morphometry of the 
degenerative process in the hypoglossal 
nerves in amyotrophic lateral sclerosis. Acta 
Neuropathol 1987; 73:25-31.

29. Borke RC, Nau ME, Ringler Jr RL, et al. Brain 
stem afferents of hypoglossal neurons in the rat. 
Brain Res 1983; 269:47-55.

30. Odutola AB. Cell grouping and golgi architecture 
of the hypoglossal nucleus of the rat. Exp Neurol 
1976; 52:356-371.

31. Van LE, Dick TE. Breath-to-breath variability 
in hypoglossal motor unit firing. Resp Physiol 
1992; 89:37-46.

32. Kiran S. Histogenesis of neurons in human 
sympathetic ganglia-A light microscopic study. J 
Anat Soc India 2002; 51:148-55.

33. Shepherd GM. Neurobiology. Oxford University 
Press 1988.

34. Norgren R. Projections from the nucleus of the 
solitary tract in the rat. Neurosci 1978; 3:207-218.

35. Yamamoto T, Fujiwara T, Matsuo R, et al. 
Hypoglossal motor nerve activity elicited by 
taste and thermal stimuli applied to the tongue 
in rats. Brain Res 1982; 238:89-104.

36. Brouillette RT, Fernback SK, Hunt CE, et al. 
Obstructive sleep apnea in infants and children. 
J Pediatr 1982; 100:31-40.

37. Weijnen JA, Wouters J, Van HJM, et al. Interaction 
between licking and swallowing in the drinking 
rat. Brain Behav Evol 1984; 25:117-127.

38. Lavezzi AM, Corna M, Mingrone R, et al. Study 
of the human hypoglossal nucleus: Normal 
development and morpho-functional alterations 
in sudden unexplained late fetal and infant 
death. Brain Develop 2010; 32:275-284.

39. J Altman, Bayer SA. Neurogenesis and neuronal 
migration. The Rat Nervous System 1995; 1041-
1078.


