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Abstract:	

The hypothalamus is a part of the brain, which is involved in regulating important 

physiological functions related to the homeostasis and behaviour of the organism. Because of 

this role it has attracted interest from neuroscientific researchers seeking to further clarify 

how subregions of the hypothalamus is connected to other parts of the central nervous system, 

and how it affects the organism through these connections. Correct anatomical location is 

necessary as a basis for planning experiments, interpreting the results, and comparisons 

between different studies. Anatomical location is based on atlases depicting regions and 

boundaries of the rat brain. Several different atlases exist, with slightly different boundaries 

and nomenclature regarding the hypothalamus. Because of these differences, researchers are 

using diverse anatomical criteria, which make it more difficult to compare and validate 

results. The Waxholm space atlas is an open access MRI 3D-atlas of the rat brain, which 

provides an overview of brain regions, complete with anatomical criteria for delineation. The 

Waxholm Space atlas currently lacks detailed anatomical criteria and delineation for the 

hypothalamic region. We therefore wanted to see if it was possible to identify and delineate 

hypothalamic subregions and nuclei in the MRI-template of the Waxholm Space atlas. We 

performed a literature study on the anatomy of the rat hypothalamus to provide anatomical 

criteria as a background for the delineations. We then investigated the hypothalamic region in 

the Waxholm Space atlas and found that several nuclei were possible to distinguish in the 

MRI-template. In this project thesis we 1) present a systematic literature review of 

hypothalamic anatomy in the rat brain, and 2) suggest MRI-based criteria for delineating three 

hypothalamic nuclei. 
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Introduction:	

In the field of neuroscience, as in other research domains, being able to compare, validate and 

replicate findings is important (Bjerke et al., 2018). Precise anatomical localisation of data 

and observations during neuroscientific experiments is a prerequisite to be able to interpret 

the results, and anatomical reference atlases are commonly used to navigate the location, 

shapes, relations and names of numerous brain regions. In such atlases, brain regions are 

typically presented in two-dimensional diagrams, which are based on histological sections cut 

in the three standard anatomical planes (horizontal, sagittal and coronal). For the rat brain, the 

most commonly used atlases are The Rat Brain in Stereotaxic Coordinates by G. Paxinos & 

C. Watson (Paxinos & Watson, 2007) and Brain Maps 4.0- Structure of the rat brain by LW. 

Swanson (Larry W. Swanson, 2018). While these atlases give a good overview of the 

different regions of the rat brain, they also have certain limitations. The representations of the 

regions are restricted to the traditional anatomical planes, the different atlases use slightly 

different nomenclature and boundaries, and they do not provide any direct documentation of 

the anatomical criteria underlying their parcellation schemes (Bjerke et al., 2018). When 

research groups apply different anatomical parcellation schemes, it becomes difficult to 

compare and integrate data (Bjerke et al., 2018). Digital three-dimensional brain atlases have 

been introduced as an alternative to the original two-dimensional atlases. An example of a 

3D-atlas is the Waxholm Space atlas of the rat brain (WHS), which is based on a high 

resolution, ex vivo MRI-volume of the rat brain (Papp, Leergaard, Calabrese, Johnson, & 

Bjaalie, 2014). Since its introduction, several new articles have been published on different 

areas of the brain (Kjonigsen, Lillehaug, Bjaalie, Witter, & Leergaard, 2015; Osen, Imad, 

Wennberg, Papp, & Leergaard, 2019; Papp et al., 2014). A benefit of this atlas is that it offers 

better navigation in the brain, allowing users to cut arbitrary planes through the brain and 

create customized atlas plates matching 2D section material cut in any plane of orientation 

(Papp et al., 2014). This could be particularly useful in planning experiments and analysing 

experimental data (Papp et al., 2014). In addition to offering a three-dimensional delineation 

scheme, the WHS also provides detailed anatomical criteria as the foundation for their 

delineation. This is something that has been lacking in previous, two-dimensional atlases, 

making it more difficult to properly assess the basis for their parcellation scheme.  

 

The structural delineations in the rat brain in the WHS are based mainly on signal contrast 

observed in the image modalities structural MRI (sMRI) and diffusion-weighted images 
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(DWI) (Kjonigsen et al., 2015; Osen et al., 2019; Papp et al., 2014). The accuracy of the 

delineations is therefore subject to the limitations of the resolution and voxels of the images. 

The anatomical regions are delineated by exploiting differences in signal intensity and a grey-

scale colour map, and could also be supplemented by histological images that are spatially 

registered to the MRI-volume (Papp et al., 2014; Puchades, Csucs, Ledergerber, Leergaard, & 

Bjaalie, 2019). In the current version of the WHS (v.3.0) several brain regions are not 

delineated, this includes the cerebral cortex, basal forebrain, hypothalamus, and the brain 

stem. In this project thesis we will be looking more closely at the hypothalamus.  

 

The hypothalamus is a complex and diffuse anatomical region in the diencephalon (Richard 

B. Simerly, 2015a). Because of its role in various physiological processes, such as modulation 

of behaviour and homeostasis (Richard B. Simerly, 2015a), mediated through its numerous 

connections with other parts of the central nervous system (Richard B. Simerly, 2015a), it has 

become a topic of research in the field of neuroscience. To be able to compare different 

results and studies, it would be useful to have a common baseline regarding hypothalamic 

anatomy, both anatomical criteria and a three-dimensional representation of the region, for 

instance in the WHS. In the first version of the WHS, the hypothalamic region was delineated 

mostly based on its surroundings, but it was also remarked that several nuclei were visible in 

the image material, though they were not delineated in that version (Papp et al., 2014). The 

question then remains how much of the hypothalamic nuclei are possible to delineate in the 

MRI-volume of the WHS.  

 

Aim:	

The aim of this project thesis is to determine to which extent subregions and nuclei of the 

hypothalamus can be identified and delineated in the MRI/DWI data set used for the WHS. 

To achieve this goal, we have first performed at literature study to evaluate morphological 

criteria used to identify subregions of the hypothalamus, and secondly used these to identify 

boundaries in the WHS template. Anatomical mapping of the hypothalamic region is based 

largely on histological material and hodological studies using axonal tracing and 

immunohistochemistry. It is unknown if individual nuclei and cell groups in the 

hypothalamus are visible in MRI images. The work in this project is then divided into two 

tasks, first to create a review of hypothalamic anatomy using published articles and 

anatomical reference atlases (literature study), and second to see if it is possible to discern 
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hypothalamic nuclei in the WHS template and supply possible criteria for delineation. The 

focus of the project was restricted to present a comprehensive review of hypothalamic 

organisation and anatomy.  

 

Background:	

The hypothalamus is a part of the mammalian brain, which serves a wide variety of functions 

essential for the homeostasis of the organism (Richard B. Simerly, 2015a). It plays a role in 

regulating the cardiovascular system, abdominal viscera, sexual behaviour, intake of food and 

water, and thermoregulation (Richard B. Simerly, 2015a). In short, critical physiological 

processes needed for an animal to survive. In addition to this, it is also one of the major 

orchestrators of the endocrine system and autonomic nervous system (Brodal, 2013; Richard 

B. Simerly, 2015a). From its position in the diencephalon it directly controls the release of 

hormones from the pituitary gland, and also has widespread connections to other parts of the 

central nervous system that allows it to influence and integrate responses in the autonomous 

nervous system (Richard B. Simerly, 2015a). The complexity of the neural connections of the 

hypothalamus with the rest of the brain is thought to be of key importance for improving our 

understanding of the functional role of the hypothalamus. All organisms have a need to 

integrate different stimuli and provide an adequate response. The hypothalamus helps to 

integrate endocrine, visceral and somatomotor stimuli towards the purpose of homeostasis 

(Brodal, 2013). It has also been shown to regulate the fight or flight response when the 

organism is presented with a threat (Brodal, 2013; Richard B. Simerly, 2015a).  

 

The hypothalamus is a bilateral region in the ventral diencephalon and situated lateral to the 

third ventricle, above the pituitary gland. It is bounded laterally by the cerebral peduncle, 

dorsally by the zona incerta, and merges caudally into the mesencephalon and periaqueductal 

grey area (PAG) (Richard B. Simerly, 2015a). It consists of a group of diffusely scattered 

nuclei and complex fiber tracts, and is usually divided into three longitudinal zones 

(periventricular, medial and lateral), described by Crosby and Woodburne in 1940 (Crosby & 

Woodburne, 1940). Superimposed on these zones, Le Gros Clark in 1938 (Le Gros Clark, 

1938) separated the nuclei into four rostrocaudal regions (preoptic, anterior, tuberal and 

mammillary) (Richard B. Simerly, 2015a). This yields a parcellation scheme of twelve 

regions, which contains all the hypothalamic nuclei, and serves as a useful layout for 

understanding the hypothalamic anatomy.  
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The hypothalamus has been described anatomically for centuries (Swanson, 2015b), but the 

basis for most of our current morphological knowledge stems from work done by Gurdjian 

(1927) (Gurdjian, 1927) and Krieg (1932) (Krieg, 1932) (Richard B. Simerly, 2015a). There 

is also a comprehensive review of the hypothalamus, The Hypothalamus (Nauta & Haymaker, 

1969) (Haymaker, Anderson, & Nauta, 1969), especially Chapter 2: Derivation and 

boundaries of the Hypothalamus, with atlas of hypothalamic grisea (Christ, 1969) (Christ, 

1969b), which is constantly referred in the literature concerning the hypothalamus, amongst 

others by Richard Simerly (Richard B. Simerly, 2015c) and Larry Swanson (Swanson, 1999). 

In the past forty years Larry Swanson has been prominent in research concerning the anatomy 

of the rat hypothalamus, and has published several histologic atlases of the rat brain, the most 

recent in 2018 (Larry W. Swanson, 2018). His publications and work on the rat hypothalamus 

has combined morphological and hodological methods in creating a comprehensive 

delineation scheme. We have adopted his scheme in this project thesis, largely due to his 

thorough references to publications in his delineation criteria.  

 

Traditionally, anatomical delineation of the hypothalamus has been fraught with difficulties. 

The different nuclei and cell groups are not easily differentiated, and complex fiber tracts 

course through the area, including the medial forebrain bundle, considered to be one of the 

most complex fiber tracts in the mammalian nervous system (Richard B. Simerly, 2015a; 

Swanson, 1999). Thus, it was first in the 1970´s and 80´s that further progress was made in 

understanding the hypothalamic nuclei and connections. The introduction of antero- and 

retrograde axonal tracing studies, and immunohistochemistry, allowed for better identification 

of hypothalamic cell groups (Swanson, 1999). This led to Swanson´s parcellation scheme of 

the previously diffuse lateral hypothalamic zone, using the expression of melanin-

concentrating hormone (MCH) and hypocretin/orexin (Swanson, Sanchez-Watts, & Watts, 

2005), and in turn his complete delineation of the rat hypothalamus, based on both 

morphological and hodological criteria (Larry W. Swanson, 2018).  

 

 

 

 

 

 



	 8	

Materials	and	Methods:	

This project includes two main parts, a literature review of hypothalamic anatomy, and a 

practical part with delineation in the WHS.  

 

Literature	review:	

We performed a systematic review of the available literature on the anatomy of the rat 

hypothalamus. We used anatomical textbooks (Brodal, 2013; Richard B. Simerly, 2015c), as a 

starting point, and used the search engine Pubmed 

(https://pubmed.ncbi.nlm.nih.gov/?otool=inouolib)	to find relevant review papers and 

original articles.	

 

In Pubmed we used the search strings [hypothalamus AND neuroanatomy] (401 results), 

[hypothalamus AND neuroanatomy AND review] (121 results), and [Author: Swanson LW] 

(255 results). Only articles concerning the anatomy of the hypothalamus in the rat brain were 

included. We looked for anatomical descriptions of the hypothalamus and its subregions, 

including its position in the hypothalamus, relationship to neighbouring structures, and 

histological and hodological characteristics.  

 

An important additional resource was the most recent version of Larry Swanson´s anatomical 

atlas of the rat brain (Larry W. Swanson, 2018). This open access atlas contained several 

folders of supporting material, including a hierarchical schematic of the hypothalamic region, 

and references to published literature concerning the anatomy of each subregion. We assessed 

every article looking for anatomical information on the subregion in question. The articles 

were then used to create a review on the morphological organisation of the hypothalamic 

region.  

 

Anatomical	atlases:	

We consulted several anatomical reference atlases to aid the work when delineating structures 

(see below). We used atlases containing both histological and MRI slices. For histology and 

parcellation of hypothalamic regions we used Brain maps 4.0-Structure of the rat brain: An 

open access atlas with global nervous system nomenclature ontology and flatmaps (Larry W. 
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Swanson, 2018). To compare MRI slices with the WHS template we used MRI/DTI Atlas of 

the Rat Brain (Paxinos, Watson, E., G., & A., 2015). 

 

Waxholm	Space	atlas	of	the	rat	brain:	

The hypothalamic nuclei were delineated in the WHS MRI template for the Sprague Dawley 

rat brain. This template contains MRI and DWI image material acquired ex vivo from the 

brain of an adult male Sprague Dawley rat (age 80 days, weight 397,6g, perfusion-fixed using 

a combination of formalin and a gadolinium based MRI contrast) at the Duke Centre for In 

Vivo Microscopy (Durham, NC, USA). Details may be found in this article (Papp et al., 

2014). The image material consists of structural MRI (T2* weighted) with a resolution of 

39µm, and DWI (diffusion weighted imaging) with a resolution of 78µm. The template files 

are available for download from this website, http://www.nitrc.org. We downloaded the 

following files: WHS_SD_rat_T2star_v1.01.nii.gz,	WHS_SD_rat_FA_color_v1.01.nii.gz, 

WHS_SD_rat_DWI_v1.01.nii.gz, WHS_SD_rat_atlas_v3_new_nii.gz, 

WHS_SD_rat_atlas_v3.label. 

	

ITK-SNAP:	

The WHS templates were downloaded and manually delineated using the ITK-SNAP 

software, v3.6.0 (http://www.itksnap.org/pmwiki/pmwiki.php). This software has been 

used previously for delineation of the WHS (Kjonigsen et al., 2015; Osen et al., 2019; Papp et 

al., 2014). Delineation was done mainly in the coronal plane, and each hemisphere was 

delineated separately. The basis for delineation of the hypothalamic nuclei was the difference 

in signal intensity/brightness between the nuclei and their neighbouring structures. This is 

viewed in a grey-scale colour map where the dark areas correspond to low signal intensity and 

bright areas to high signal intensity. The image modalities available include T2* weighted 

MRI (sMRI), and diffusion weighted images (DWI) including RGB colour maps (Osen et al., 

2019). We did not use the RGB colour maps in the process of this delineation. In the sMRI 

images, regions with tightly packed cells containing little cytoplasm appear dark, in contrast 

to less cell-dense regions, which are brighter. Myelin-rich areas and air-filled spaces also 

appear dark in this modality, while fluid looks white (Osen et al., 2019).  
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On	delineation:	

Before proceeding to the manual delineation in the ITK-SNAP software, we created detailed 

criteria for the nucleus in question. This was done in a step-by-step process. First, we used the 

anatomical description of the nucleus from the literary review. Then we looked up the nucleus 

in an anatomical reference atlas, Brain Maps 4.0- Structure of the rat brain (Larry W. 

Swanson, 2018) and noted its position, including every neighbouring structure. Thirdly, we 

looked at the structure in an MRI-atlas, MRI/DTI Atlas of the Rat Brain (Paxinos et al., 2015), 

and compared the differing nomenclature, making sure the nucleus matched the position and 

was the same as the one examined in Brain Maps 4.0- Structure of the rat brain (Larry W. 

Swanson, 2018). We then used our findings and looked to see if the nucleus was visible in the 

WHS template as well. We compared the shape of anatomical landmarks between the images 

in the WHS, Brain Maps 4.0- Structure of the rat brain (Larry W. Swanson, 2018), and 

MRI/DTI Atlas of the Rat Brain (Paxinos et al., 2015) to ascertain that we were in the correct 

part of the brain when comparing slices. We then used the difference in contrast between the 

regions in the WHS template to manually delineate the nucleus in the ITK-SNAP software. 

 

Nomenclature:	

In this project thesis we have adopted the nomenclature used by Larry Swanson in his latest 

atlas, Brain Maps 4.0- Structure of the rat brain (Larry W. Swanson, 2018). Both Swanson 

(Larry W. Swanson, 2018) and Paxinos & Watson (Paxinos et al., 2015) use their own, 

separate nomenclature on the hypothalamus. To simplify matters we will stick with one set of 

nomenclature. Swanson (Larry W. Swanson, 2018) was chosen because we use his 

hierarchical schematic of the hypothalamus.   
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Results:	

The Results section contains a comprehensive review of the hypothalamic regions and nuclei 

based on the hierarchical schema developed by Swanson (Larry W. Swanson, 2018), 

according to the literary references given by Swanson in his delineation. In the second part we 

describe three hypothalamic nuclei and provide a suggestion on how to delineate these in the 

WHS. 

 

Review	of	the	hypothalamus	and	its	nuclei:	

The review is composed of a description of the individual nuclei and subregions in the 

hypothalamus. This information is gathered from the articles referenced by Swanson in his 

most recent atlas (Larry W. Swanson, 2018), and supplemented by other articles and 

textbooks (Richard B. Simerly, 2015c). References are given in the text. The complete review 

may be found in Appendix 1, and only a brief rendition is given here. In addition to this 

summary we present the hierarchical schematic of the hypothalamus created by Swanson 

(Larry W. Swanson, 2018) in a table format. 

 

The hypothalamus is traditionally separated into three longitudinal zones, originally 

delineated by Crosby and Woodburne in 1940 (Crosby & Woodburne, 1940), but later named 

by Nauta & Haymaker in 1969 (Haymaker et al., 1969) (Swanson, 2015c, 2015e, 2015f). In 

these zones we find nuclei imbedded in diffuse grey matter, as well as multiple fiber tracts 

and axonal connections. The periventricular zone (Swanson, 2015f) is located in the wall of 

the third ventricle. It contains groups of neuroendocrine neurons, and functions to regulate the 

pituitary gland (Richard B. Simerly, 2015a). Lateral to this zone we find the medial zone 

(Swanson, 2015e). The medial zone consists of several well-defined nuclei in a rostral-caudal 

direction (Swanson, 2015e). It is complex, and it is implicated in the modulation of behaviour 

(Richard B. Simerly, 2015b). The lateral zone of the hypothalamus (Swanson, 2015c) is made 

up of the medial forebrain bundle, and diffusely scattered neurons along it (Richard B. 

Simerly, 2015f). Its role has yet to be completely clarified, but it may function in processing 

sensory information and participating in behavioural responses concerning aggression, 

reproduction, and food-water intake (Richard B. Simerly, 2015f).  
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Hierarchical	table	of	the	hypothalamus:	

*This table presents a schematic of the hierarchical organisation of the hypothalamus, as provided by 
Larry Swanson in the supporting material of his most recent brain atlas. (Larry W. Swanson, 2018) 

	 Periventricular	zone	 Medial	zone	 Lateral	zone	

Preoptic	region	 • Terminal	lamina 

• Vascular	organ	of	lamina	
terminalis(OV) 

• Median	preoptic	
nucleus(MEPO) 

• Subfornical	organ(SFO) 

• Anteroventral	periventricular	
nucleus(AVPV)	 

• Suprachiasmatic	preoptic	nucleus(PSCH)	 

• Periventricular	hypothalamic	nucleus,	
anterior	part 

• Preoptic	zone,	anterior	zone,	
intermediate	zone 

• Internuclear	hypothalamic	area(I) 

• Anteroventral	preoptic	nucleus(AVP)	 

• Anterodorsal	preoptic	nucleus(ADP) 

• Medial	preoptic	area(MPO) 

• Parastrial	nucleus(PS) 

• Posterodorsal	preoptic	nucleus(PD) 

• Ventrolateral	preoptic	nucleus(VLP)	 

• Medial	preoptic	nucleus(MPN) 

• Medial	part(MPNm) 

• Central	part(MPNc) 

• Lateral	part(MPNl) 
		
		

• Lateral	preoptic	area(LPO) 

Anterior	region	 • Suprachiasmatic	nucleus(SCH) 

• Subparaventricular	zone(SBPV) 

• Paraventricular	hypothalamic	
nucleus(PVH) 

• Parvocellular	division(PVHp) 

• Magnocellular	division(PVHm) 

• Descending	division(PVHd)	 

• Anterior	hypothalamic	area(AHA) 

• Supraoptic	nucleus(SO) 

• Principal	part(Sop) 

• Retrochiasmatic	part(Sor) 

• Anterior	hypothalamic	nucleus(AHN) 

• Anterior	part(AHNa) 

• Central	part(AHNc) 
o Nucleus	circularis(NC) 

• Posterior	part(AHNp) 

• Dorsal	part(AHNd) 
		

• Lateral	hypothalamic	area(LHA),	anterior	
group 

• Retrochiasmatic	area(RCH) 

• Anterior	region(LHAa) 
		

Tuberal/intermediate	region	 • Arcuate	hypothalamic	nucleus(ARH) 

• Dorsomedial	hypothalamic	
nucleus(DMH) 

• Anterior	part(DMHa) 

• Posterior	part(DMHp) 

• Ventral	part(DMHv)	 
		
		

• Ventromedial	hypothalamic	
nucleus(VMH) 

• Anterior	part(VMHa) 

• Ventrolateral	part(VMHvl) 

• Central	part(VMHc) 

• Dorsomedial	part(VMHdm) 
		
		

• Lateral	hypothalamic	area(LHA),	middle	
group 

• Medial	tier(LHAm) 
§ Juxtaventromedial	

region(LHAjv) 
§ Juxtaparaventricular	

region(LHAjp) 
§ Juxtadorsomedial	

region(LHAjd) 

• Perifornical	tier(LHApf) 
§ Subfornical	

region(LHAsf) 
§ Suprafornical	

region(LHAs) 

• Lateral	tier(LHAl) 
§ Tuberal	nucleus(TU) 
§ Ventral	region(LHAv) 
§ Dorsal	region(LHAd)	 

Posterior/mammillary	region	 • Periventricular	hypothalamic	nucleus	
posterior	part(PVp) 

• Posterior	hypothalamic	nucleus(PH) 

• Ventral	premammillary	nucleus(PMv) 

• Dorsal	premammillary	nucleus(PMd) 

• Mammillary	body(MBO) 

• Tuberomammillary	nucleus(TM) 

• Medial	mammillary	
nucleus(MM) 

• Lateral	mammillary	
nucleus(LM) 

• Supramammillary	
nucleus(SUM) 

		

• Lateral	hypothalamic	area(LHA),	
posterior	group 

• Posterior	region(LHAp) 

• Preparasubthalamic	
nucleus(PST) 

• Parasubthalamic	nucleus(PSTN) 

• Subthalamic	nucleus(STN) 
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Observations	in	the	WHS:	

When looking at the WHS template, we found that several of the hypothalamic nuclei were 

visible in both T2* weighted MRI and DWI, as a result of difference in signal intensity 

between the nuclei and their surroundings. The nuclei showed less signal intensity and 

appeared darker than their surroundings, and this could point towards a higher cell density in 

this area (Osen et al., 2019). It is not possible to distinguish the periventricular, medial or 

lateral zones as such; these are more of a schematic used to understand the anatomy. But 

some separate nuclei within the hypothalamus are discernable in the MRI template. Using 

both T2* weighted MRI and DWI images we identified and supplied criteria for three nuclei, 

the suprachiasmatic nucleus (SCH), the dorsomedial nucleus (DMH), and the paraventricular 

nucleus (PVH). Parts of the nuclei are visible in both modalities, but the boundaries were for 

the most part easiest to visualise using DWI, and because of that, DWI is the modality we 

have mainly used.  

 

Other nuclei that are visible in the template include the mammillary body (MBO), medial 

preoptic nucleus (MPN), ventromedial nucleus (VMH), and the arcuate nucleus (ARH). These 

are not further delineated in this project.   

 

Delineations	in	the	Waxholm	Space	atlas:	

The delineations are based on the difference in contrast between the regions in T2* weighted 

MRI and DWI images. To aid the delineation and supply anatomical criteria we have used 

two anatomical reference atlases (Paxinos et al., 2015; Larry W. Swanson, 2018). We present 

the descriptions of the nuclei and illustrated figures below. Figure 1 shows a 3D 

representation of the WHS template with segmentation of the three hypothalamic nuclei. 
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Suprachiasmatic	nucleus	(SCH):	

In Brain Maps 4.0-Structure of the rat brain (Larry W. Swanson, 2018) this nucleus is located 

in the periventricular zone of the hypothalamus, in coronal slices #21-24. It is a small and 

round nucleus in close proximity to the third ventricle. The medial border is made up of the 

third ventricle. Ventrally lies the optic chiasm and the hypothalamic part of the optic tract. 

The optic chiasm also forms the anterior border. Lateral boundaries are the AHN and the 

AHA, whilst the MPN is the dorsal border. Caudally lies the retrochiasmal part of the LHA 

anterior group.  

 

In the WHS, the SCH was identified in coronal slices #621-598. The nucleus was given label 

#165.The shape of the anterior commissure, corpus callosum and the third ventricle were used 

as anatomical reference points. In the right hemisphere the nucleus is visible from coronal 

slice #619.  

 

Figure 2 shows the SCH in the WHS template, in T2*, DWI and segmentation. We have 

chosen coronal slices that illustrate the rostral end (Fig. 2: A-C), the middle of the nucleus 

(Fig. 2: D-F), and the caudal end (Fig. 2: G-I). As can be seen in Fig. 2, the SCH is visible in 

both T2* and DWI images, being darker than its surrounding structures. However, we found 

Fig. 1: A 3D representation from the WHS, showing the 
hypothalamic region (pink), and the three hypothalamic 
nuclei, SCH (green), PVH (red), and the DMH (yellow).  
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the boundaries between the nucleus and its surroundings more clearly in the DWI template, 

and so used the DWI template in our delineation. 

 

In the DWI template, the SCH is clearly darker than its surroundings (Fig. 2: B, E, H). This is 

especially apparent in Fig. 2: E. In Fig. 2, the blue arrows show the location of the nucleus, 

and the segmentation is drawn according to the difference in signal intensity between the SCH 

and surrounding structures. The pink area in the segmentation slices (Fig. 2: F, I) illustrates 

the original delineation of the hypothalamus in the WHS (Papp et al., 2014). The SCH (and 

the hypothalamus) is here shown to begin further rostrally than previously delineated.  

 

Fig. 2 shows magnifications of coronal MRI slices at the level of the hypothalamus, region indicated by red frame 
in top inset image, in sMRI (A, D, G), DWI (B, E, H) and atlas delineations (C, F, I). It shows the suprachiasmatic 
nucleus (SCH) in three levels, rostral part (A-C, coronal slice #619), middle part (D-F, coronal slice #607), and 
caudal part (G-I, coronal slice #600). Blue arrows indicate the boundaries of the SCH (green colour). Scale bar 
1mm. 



	 16	

Dorsomedial	nucleus	(DMH):	

In Brain Maps 4.0-Structure of the rat brain (Larry W. Swanson, 2018) the nucleus is located 

in the periventricular zone, visible in coronal slices #28-31. It is shaped roughly triangular, 

with the base pointing towards the third ventricle. The third ventricle lies medially, lateral 

boundaries are formed by the LHA-middle group and posterior hypothalamic nucleus. The 

ventral border is the VMH and the ARH, dorsally the LHA-middle group. Rostrally lies parts 

of the VMH, AHN, and subparaventricular zone. In the caudal direction the PVp, internuclear 

hypothalamic area, and the PMv replace the nucleus.  

 

In the WHS, the DMH is visible in coronal slices #557-539. It was given label #166. The 

fornix, mammillo-thalamic tract, and the hippocampus are used as anatomical reference 

points.  

 

Figure 3 shows the DMH in the WHS template, in T2*, DWI and segmentation. The DMH is 

quite easily distinguished from its neighbouring structures in DWI (Fig. 3: B, E, H), where it 

is darker than the surrounding area. It is also visible in T2* weighted MRI (Fig. 3: A, D, G), 

and we have utilized both modalities in the delineation. In T2* the DMH similarly appears 

darker than its surroundings. We have chosen coronal slices that illustrate the rostral end (Fig. 

3: A-C), the middle of the nucleus (Fig. 3: D-F), and the caudal end (Fig. 3: G-I). The blue 

arrows show the location of the nucleus, and the segmentation is drawn according to the 

difference in signal intensity between the DMH and its surrounding structures. 

 

Throughout most of its length the boundaries of the DMH is best contrasted using DWI, but 

towards the caudal end of the nucleus (coronal slices #540-539) we used T2* weighted MRI to 

determine the boundaries (Fig. 3: G). Both the rostral (#557) and caudal (#539) ends of the 

DMH are quite diffuse and difficult to determine with certainty. For illustrative purposes we 

therefore used coronal slices #556 and #540 in Fig. 3. It is also interesting to note that one 

part of the DMH is somewhat darker than the rest of the nucleus (Fig. 3: E, red arrow). The 

lower signal intensity and dark appearance could correspond to a higher cell density (Osen et 

al., 2019), which fits with the posterior part of the DMH being described as more cell-dense 

in the literature (see Appendix 1). 
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Fig. 3 shows magnifications of coronal MRI slices at the level of the hypothalamus, region indicated by red frame in 
top inset image, in sMRI (A, D, G), DWI (B, E, H) and atlas delineations (C, F, I). It shows the dorsomedial nucleus 
(DMH) in three levels, rostral part (A-C, coronal slice #556), middle part (D-F, coronal slice #552), and caudal part 
(G-I, coronal slice #540). Blue arrows indicate the boundaries of the DMH (yellow colour). Red arrow (E) indicates 
a region with less signal intensity, which appears darker and could be the posterior part of the DMH. Scale bar 1mm. 
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Paraventricular	nucleus	(PVH):		

In Brain Maps 4.0-Structure of the rat brain (Larry W. Swanson, 2018), the PVH is located in 

the periventricular zone, in coronal slices #21-27. The lateral border contains the bed nucleus 

of stria terminalis, MPO, and the LHA-middle group. The third ventricle forms the medial 

border, along with parts of the MPO, periventricular nucleus (anterior part), MEPO, and the 

medial corticohypothalamic tract (in a rostral-caudal direction). Dorsally lie the anterior 

commissure, BST, MPO, paraventricular thalamic nucleus, and the zona incerta (also in a 

rostral-caudal direction). The MPO, MPN, subparaventricular zone, AHN and parts of the 

VMH form the ventral border. Rostrally lie MPO, ADP and MPN, whilst the zona incerta, 

DMH and LHA-middle group form the caudal boundary.  

 

In the WHS the PVH was identified in coronal slices #596-579. It was labelled #167. It 

resembles a triangular shape, with the apex pointing towards the third ventricle. In the caudal 

part of the nucleus, the PVH moves in a lateral direction in the hypothalamus and assumes a 

narrow shape, before it disappears. Because of this, the caudal end of the nucleus is difficult 

to delineate accurately.  

 

Figure 4 shows the PVH in the WHS template, in T2*, DWI and segmentation. It is visible in 

both T2* weighted MRI and DWI, but it is easiest to differentiate the PVH from its 

surroundings using the DWI images, where it is dark in relation to the surrounding structures. 

We have chosen coronal slices that illustrate the rostral end (Fig. 4: A-C), the middle of the 

nucleus (Fig. 4: D-F), and the caudal end (Fig. 4: G-I). The blue arrows show the location of 

the nucleus, and the segmentation is drawn according to the difference in signal intensity 

between the DMH and its surrounding structures in DWI. The caudal end of the nucleus (Fig. 

4: G-I) especially shows how the nucleus is easier to delineate in DWI rather than in T2*, 

where it is not really visible at all (Fig. 4: G). 
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Fig. 4 shows magnifications of coronal MRI slices at the level of the hypothalamus, region indicated by red 
frame in top inset image, in sMRI (A, D, G), DWI (B, E, H) and atlas delineations (C, F, I). It shows the 
paraventricular nucleus (PVH) in three levels, rostral part (A-C, coronal slice #595), middle part (D-F, 
coronal slice #589), and caudal part (G-I, coronal slice #580). Blue arrows indicate the boundaries of the 
PVH (red colour). Scale bar 1mm. 
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Discussion:	

In this project we have presented a review of the hypothalamus and its nuclei in the rat brain, 

based on published research articles. We have also proposed delineation criteria for three 

hypothalamic nuclei in the WHS, the suprachiasmatic, dorsomedial, and paraventricular 

nuclei.  

 

During the work on the literary review of hypothalamic nuclei, it became apparent to us that 

collecting and presenting this information in a single place has not been done previously. A 

parcellation scheme of the hypothalamus may be found in anatomical atlases (Paxinos & 

Watson, 2007; Paxinos et al., 2015; Larry W. Swanson, 2018), but then it is rarely given 

together with anatomical criteria for delineation. Thus it becomes more difficult to judge the 

merit behind the delineations. As mentioned previously, in Brain Maps 4.0-Structure of the 

rat brain (Larry W. Swanson, 2018) there is an accompanying appendix (L. W. Swanson, 

2018), which includes both a hierarchical overview and references to articles concerning the 

spesific nuclei. However, most of the descriptions are not given together with the reference, 

leaving it up to the reader whether or not he/she wishes to search for the criteria of the nucleus 

in question. This is probably a reasonable task in most cases, because most research is done 

on either single nuclei or connections between these, and not on the entire hypothalamic 

region. But for persons who are interested in the details concerning the anatomy of the region, 

or in looking at several nuclei, it is time consuming to read through the articles in question. 

We also found during the literary study that anatomical information in these articles could be 

very diffuse, or even lacking. So even when following the references, one could end up with 

very little useful anatomical information. We have put together our findings from the literary 

study, and these are supplemented with information from an anatomical textbook (Richard B. 

Simerly, 2015c). This overview of the hypothalamic region should prove a useful tool to 

people researching, or just interested in, the hypothalamus and its anatomy. References are 

given in the text, so that it will be possible to look up the original articles.  

 

Accompanying the literary review are our proposed delineations of three separate 

hypothalamic nuclei, the SCH, DMH and PVH. An interesting part of this project was to see 

how much, if any, delineation of the hypothalamus in an MRI volume would be possible. This 

is because of the small size and diffuse nature of the hypothalamic area. We found that quite a 

few nuclei were visible in the WHS template, both using T2* weighted MRI and DWI 
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templates. The nuclei showed less signal intensity than their surroundings, and appeared 

darker in the template. This could correspond to these nuclei having a higher cell density than 

their surroundings (Osen et al., 2019). As described in the delineations, we have often relied 

on the DWI volume when delineating these nuclei, simply because most boundaries were 

easier to distinguish using this modality. The resolution of the images and the voxel-size 

present challenges when delineating the small structures in the hypothalamus. The nuclei are 

possible to delineate, but not with 100% accuracy. In some cases it is also difficult to assess 

the rostral and caudal termination of the nuclei, and this becomes a matter of judgement. We 

have only delineated the parts of the nuclei that we could see in the T2* and DWI image 

material. Because of this there are clear limitations to the delineations we have suggested. We 

have not used spatially registered histological images or DTI colour maps in our delineations. 

To create robust delineation criteria for the hypothalamic nuclei in a future version of the 

WHS, we feel that these tools should be applied, as well as the MRI volume. However, our 

delineations do show that it is possible to distinguish hypothalamic nuclei in the WHS 

template, and could serve as a useful starting point for future delineations.  

 

In addition to the three delineated nuclei, we have encountered other parts of the 

hypothalamus that could be potentially be delineated in the WHS template. These nuclei are 

not delineated in this project thesis, but the mammillary body (MBO), medial preoptic 

nucleus (MPN), and ventromedial nucleus (VMH), are possible candidates for further 

delineation at a later time. It was also noticed that the arcuate nucleus (ARH) was visible in 

the template. Several nuclei also contain observable subregions, for example the posterior part 

of the dorsomedial nucleus. This region is visibly darker than the rest of the nucleus and could 

therefore possibly be subdivided in the WHS.  

 

The WHS is an open access atlas in continuous development (Papp et al., 2014). It provides 

access to a neuroinformatics tool that can be used for analysis and interpretation of 

experimental data, both in the planning and execution of research (Papp et al., 2014). The 

parcellation scheme is currently being updated, and new regions are added to the atlas 

(Kjonigsen et al., 2015; Osen et al., 2019). One of the strengths of an open resource atlas is 

that it can be improved upon and expanded by different people, and that different 

interpretation of the material is possible. In this thesis we propose one set of criteria for three 

spesific hypothalamic nuclei, but others may be conceived in the future, or they may become 

refined with more research being done. The hypothalamus is a region that is undergoing a lot 
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of research, especially due to its numerous connections with other parts of the central nervous 

system, and a growing realisation of how many different body functions it helps to regulate. 

To establish a set of anatomical criteria and a three-dimensional representation of the different 

regions could make planning of such experiments simpler, because it would make 

identification of the region being investigated easier, and also the regions with which it is 

connected.    

 

The complete delineation of the hypothalamus in the WHS template would prove to be a 

substantial undertaking. In the first version of the WHS (Papp et al., 2014), the hypothalamus 

was delineated using mainly the surrounding structures. As we have now looked quite closely 

at separate nuclei in the hypothalamus, we would suggest that a combination could be useful, 

defining the hypothalamus both from its surroundings and by its delineated subregions. Also, 

the current parcellation scheme in Brain Maps 4.0-Structure of the rat brain (Larry W. 

Swanson, 2018) is quite comprehensive, and it might require a pragmatic simplification 

before delineating the separate structures. The hypothalamus contains nuclei (more or less 

well-defined), scattered neurons, and multiple fiber tracts. Separating all these different 

regions in an MRI template is especially difficult considering the diminutive size of the area. 

A combination of MRI, DWI and DTI colour maps, while also extrapolating regions using 

histology and possibly hodological methods (axonal tracing, immunohistochemistry), is a 

potential way to delineate the entire hypothalamus in the WHS in the future.  
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Appendix	1:	The	hypothalamus	and	its	nuclei	

Periventricular hypothalamic zone (HYp): 

It is the medial part of the hypothalamus, lying on each side of the third ventricle. It consists 

of neuroendocrine neurons, which regulate the pituitary gland, and neurons that serve a 

regulatory function towards these. The neurons are mostly small and vertically oriented. The 

medial hypothalamic zone forms the lateral boundary. (Richard B. Simerly, 2015e) 

 

Terminal lamina: 

A poorly defined area in the rostral end of the periventricular zone. It is placed between the 

optic chiasm (ventrally) and the anterior commissure (dorsally). It contains three subregions, 

the OV, MEPO and SFO. (Swanson, 2015a)  

 

Vascular organ of lamina terminalis (OV): 

The OV lies in the wall of the third ventricle, between the optic chiasm (ventrally) and the 

anterior commissure (dorsally). It has fenestrated capillaries and lacks the blood brain barrier, 

allowing it to convey information about osmolality and circulating factors to other parts of the 

brain. (Weindl & Joynt, 1973) 

 

Median preoptic nucleus (MEPO): 

The MEPO is a group of small neurons in the terminal lamina. From the anterior border of the 

third ventricle it stretches dorsally and caudally from the preoptic recess, around the rostral 

end of the anterior commissure, and ends in between the descending parts of the fornix. 

(Swanson, 1976) 

 

Subfornical organ (SFO): 

The SFO is a richly vascularized neuroendocrine structure in the dorsorostral part of the wall 

of the third ventricle (Shaver, Kadekaro, & Gross, 1990). It is described by Swanson (Larry 

W. Swanson, 2018) as a humoral sensory nucleus in the dorsal end of the terminal lamina.  

 

Anteroventral periventricular nucleus (AVPV): 

A nucleus containing darkly stained neurons, situated in the rostral part of the periventricular 

zone. It lies medial to the AVP, and is bordered rostrally by the OV (R. B. Simerly, Swanson, 
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& Gorski, 1984). It expresses sexual dimorphism, and is bigger in the female rat. (Bleier, 

Byne, & Siggelkow, 1982) 

 

Suprachiasmatic preoptic nucleus (PSCH): 

A small group of neurons situated in between the AVPV and the optic chiasm. (R. B. Simerly 

et al., 1984) 

 

Periventricular hypothalamic nucleus, anterior part: 

This region was created here to include three subregion zones that are poorly 

differentiated cytoarchitecturally; see Gurdjian (1927), Swanson (1976a, p 235). The 

periventricular hypothalamic nucleus anterior part was named in conformity with the 

periventricular hypothalamic nucleus posterior part, from which it is separated by the 

arcuate hypothalamic nucleus.(L. W. Swanson, 2018, p. 35) (Larry W. Swanson, 

2018)  

The nucleus contains diffuse grey substance that blends with surrounding nuclei. The neurons 

can be separated into two groups; most of them are small and sparsely stained, while a few are 

fusiform with a vertical axis (Krieg, 1932). 

 

Internuclear hypothalamic area (I): 

This term describes the area between the nuclei in the medial half of the hypothalamus. It 

contains axons and dendrites, but also has its own neurons. (Larry W. Swanson, 2018) 

 

Anteroventral preoptic nucleus (AVP): 

This group of neurons lies laterally to the AVPV, and caudally it is separated from the MPN 

by a cell sparse zone. (R. B. Simerly et al., 1984) 

 

Anterodorsal preoptic nucleus (ADP): 

ADP is a nucleus containing large and irregular neurons. It is positioned in the rostral and 

dorsal part of the MPO, and has an oval appearance in coronal sections. The rostral part 

stretches in front of the anterior commissure, and posteriorly it blends diffusely into 

hypothalamic grey substance. (R. B. Simerly et al., 1984) 

 

Medial preoptic area (MPO): 
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MPO is a relatively cell sparse, grey matter region between the lateral preoptic area, the bed 

nuclei of the stria terminalis, and the medial preoptic nucleus. Several other nuclei are situated 

in this region. (R. B. Simerly et al., 1984) 

 

Parastrial nucleus (PS): 

The PS is a well-defined nucleus with two distinct subregions. The rostral subregion is round, 

while the other subregion is lens-shaped and contains parallel, fusiform neurons. The bed 

nucleus of stria terminalis lies laterally, and medially the ADP. (R. B. Simerly et al., 1984) 

 

Posterodorsal preoptic nucleus (PD): 

PD is a small collection of neurons located in the caudal part of the MPO. The neurons are 

quite big and stain darkly. It lies medial to the bed nucleus of stria terminalis, separated by a 

thin fiber tract. (R. B. Simerly et al., 1984) 

 

Ventrolateral preoptic nucleus (VLP): 

The VLP is a triangular shaped nucleus in the caudal part of the preoptic area. The supraoptic 

nucleus borders it on the medial and ventral side, while caudally the VLP stretches towards 

the suprachiasmatic nucleus. It is delineated mainly based on immunohistochemistry. (Sherin, 

Elmquist, Torrealba, & Saper, 1998) 

 

Suprachiasmatic nucleus (SCH): 

SCH is an oval nucleus situated medial and ventral to the anterior hypothalamic nucleus. The 

third ventricle lies medially, and the optic chiasm below. It consists of tightly packed small 

neurons with rounded soma (Krieg, 1932). It receives fibres from the retina and is involved in 

regulating the circadian rhythm. (Richard B. Simerly, 2015g) 

 

Subparaventricular zone (SBPV): 

The SBPV is a “comma-shaped” area between the SCH and paraventricular nucleus on one 

side, and the periventricular nucleus and AHA on the other. (Watts, Swanson, & Sanchez-

Watts, 1987) 

 

Paraventricular hypothalamic nucleus (PVH): 

The PVH is a well-defined nucleus containing magnocellular and parvocellular subregions. It 

lies ventral and medial to the descending part of the fornix. The magnocellular neurons are 
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large and darkly stained. They produce oxytocin and ADH to the posterior lobe of the 

pituitary. The parvocellular neurons are smaller in size, they produce release-hormones to the 

anterior lobe of the pituitary. (Swanson & Sawchenko, 1983) (Swanson, 1991) 

 

Anterior hypothalamic area (AHA): 

The AHA is a cell-sparse region between the lateral hypothalamic area, the bed nucleus of 

stria terminalis, and the rostral part of the anterior hypothalamic nucleus. (Larry W. Swanson, 

2018) 

 

Supraoptic nucleus (SO): 

The SO is a relatively uniform nucleus lying along the lateral border of the optic chiasm and 

the anterior border of the first part of the optic tract. It consists of magnocellular neurons, 

large and darkly stained. It has two subregions, the principal and the retrochiasmatic part. 

(Krieg, 1932) (Swanson & Sawchenko, 1983) (Armstrong, 2015)  

 

Arcuate hypothalamic nucleus (ARH): 

This nucleus lies in the wall of the third ventricle along the entire infundibular recess. The 

dorsomedial part contains small-sized neurons, while the ventrolateral part consists of 

medium-sized neurons. These neurons are connected to the anterior pituitary and endocrine 

regulation, as well as food intake. (Richard B. Simerly, 2015b) 

 

Dorsomedial hypothalamic nucleus (DMH): 

The DMH is a nucleus containing three subregions (anterior, posterior and ventral). The 

posterior part is cell-dense, while the anterior is less well defined. It lies caudal to the 

paraventricular nucleus, along the third ventricle. The ventromedial nucleus lies ventrally, 

zona incerta dorsally, and the lateral hypothalamic zone borders it laterally. (Krieg, 1932; R. 

H. Thompson, Canteras, & Swanson, 1996; Richard H. Thompson & Swanson, 2003) 

 

Periventricular hypothalamic nucleus, posterior part (PVp): 

PVp is diffuse grey matter located around the posterior part of the third ventricle. It is the 

equivalent of the anterior part of the periventricular hypothalamic nucleus, in this region. The 

arcuate nucleus lies ventrally, and the dorsomedial nucleus dorsally. (Christ, 1969a; Larry W. 

Swanson, 2018) 
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Posterior hypothalamic nucleus (PH): 

This is the most dorsally and caudally positioned nucleus in the hypothalamus. The lateral 

border consists of the mammillo-thalamic tract and the lateral hypothalamic area, whilst 

medially lies the posterior part of the periventricular nucleus. Posteriorly lies the 

mesencephalon. In contains two separate types of medium-sized neurons, one staining slightly 

darker than the other. (Gurdjian, 1927; Krieg, 1932) 

 

The medial hypothalamic zone (HYm): 

It is the middle of three longitudinal hypothalamic zones. It contains characteristic nuclei in a 

rostro-caudal direction, imbedded in diffuse grey matter. (Richard B. Simerly, 2015a; 

Swanson, 2015e) 

 

Medial preoptic nucleus (MPN): 

The MPN is a large nucleus situated centrally in the MPO, and stretching along most of its 

length in a rostro-caudal direction. It appears oval in coronal sections, at the level of the 

decussation of the anterior commissure. A cell-sparse area separates it from the 

periventricular preoptic nucleus on its medial side. It is separated into three subregions. The 

medial part (MPNm) contains tightly packed and dark staining neurons of small to medium 

size. The central part (MPNc) is a small, round and cell-dense region within the medial part. 

The neurons stain darkly. The lateral part (MPNl) has a lower cell-density and less uniform 

neurons than the medial and central parts. It is the only visible part in both the rostral and 

caudal end of the nucleus. (R. B. Simerly et al., 1984)  

 

Anterior hypothalamic nucleus (AHN): 

The AHN is a diffuse and crescent-shaped nucleus within the anterior hypothalamic area. The 

lateral border consists of the fornix and medial forebrain bundle, the medial and dorsal border 

is the paraventricular nucleus, whilst the suprachiasmatic nucleus is the ventral border. The 

neurons are small and weakly stained (Christ, 1969b; Krieg, 1932; Risold, Canteras, & 

Swanson, 1994). In Swanson (Larry W. Swanson, 2018) the nucleus is divided into four 

subregions.  

 

Ventromedial hypothalamic nucleus (VMH): 

This is a large, oval and well-defined nucleus located in the middle third of the hypothalamus. 

It lies posteriorly to the anterior hypothalamic area, lateral to the paraventricular nucleus, and 
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ventral to the dorsomedial nucleus. It is subdivided by Swanson (Larry W. Swanson, 2018) 

into four regions; anterior, ventrolateral, central and dorsomedial. The central part is relatively 

cell-sparse and contains fusiform and small neurons. The rest of the neurons are medium-

sized and of variable shape. (Canteras, Simerly, & Swanson, 1994; Krieg, 1932; Larry W. 

Swanson, 2018) 

 

Ventral premammillary nucleus (PMv): 

PMv is a small, oval and compact nucleus, surrounded by fibres from the medial forebrain 

bundle. Anteriorly lies the ventromedial hypothalamic nucleus, medially the arcuate nucleus, 

dorsally the dorsal premammillary nucleus, and posteriorly the medial mammillary nucleus. 

The neurons are large and tightly packed, with a dark nucleus. (Canteras, Simerly, & 

Swanson, 1992; Krieg, 1932) 

 

Dorsal premammillary nucleus (PMd): 

The PMd is a well-circumscribed nucleus situated between the ventral premammillary 

nucleus and the mammillary body. The fornix provides the lateral boundary. The neurons are 

of medium-size, with large nuclei, and fibres from the medial forebrain bundle perforate the 

nucleus. (Canteras & Swanson, 1992; Krieg, 1932) 

 

Mammillary body (MBO): 

The MBO is a well-defined, oval structure making up the caudal boundary of the medial 

hypothalamic zone. It is separated into four subregions (TM, MM, LM, SUM) by Swanson 

(Larry W. Swanson, 2018). The ventral border consists of PMd and PMv, SUM is the dorsal 

part, and the TM forms the lateral, dorsolateral and ventral boundary. It mainly consists of 

small to medium-sized neurons and fiber tracts. (Allen & Hopkins, 1988; Krieg, 1932; 

Swanson, 2015d; Larry W. Swanson, 2018) 

 

Tuberomammillary nucleus (TM): 

The TM is a characteristic collection of large neurons in the ventral part of the MBO. It 

consists of a ventral and a dorsal subregion, which are separated by a group of magnocellular 

neurons. The ventral part is the largest, containing big, darkly staining neurons with visible 

nucleoli. The dorsal part is similar, but more heterogeneous than the ventral part. (Köhler, 

Swanson, Haglund, & Wu, 1985) 
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Medial mammillary nucleus (MM): 

This nucleus forms the medial part of the MBO, situated on both sides of the mammillo-

thalamic tract. It is divided into two subregions (principal and median) by Swanson. (Allen & 

Hopkins, 1988; Krieg, 1932; Larry W. Swanson, 2018) 

 

Lateral mammillary nucleus (LM): 

The LM is a spherical nucleus in the lateral part of the MBO. Its diameter is largest in the 

middle third, from which it narrows in a rostro-caudal direction. It contains round, oval and 

polygonal neurons, which are larger and stain more darkly than the neurons in the medial 

mammillary nucleus. (Allen & Hopkins, 1988; Krieg, 1932) 

 

Supramammillary nucleus (SUM): 

The SUM is a triangular nucleus in the dorsal part of the MBO, with its apex pointing 

ventrally in sagittal sections. It lies in between the supramammillary decussation and the 

medial lemniscus. (Krieg, 1932)  

 

Lateral hypothalamic zone (HYl): 

The lateral part of the hypothalamus is diffuse and difficult to classify. It consists mainly of 

the medial forebrain bundle and scattered groups of neurons. Immunohistochemistry and 

tracing studies are used in mapping the region. (Haymaker et al., 1969; Swanson, 2015c; 

Swanson et al., 2005) 

 

Lateral preoptic area (LPO): 

The LPO is the ventral part of the lateral hypothalamic zone. The neurons are scattered along 

the dorsomedial part of the medial forebrain bundle. Caudally it merges with the LHA; 

dorsally a thin, cell-free area separates it from the bed nucleus of stria terminalis. It follows 

the medial border of the MFB, and the internal capsule/cerebral peduncle lies laterally. The 

neurons are of medium size and stain lightly. (Richard B. Simerly, 2015d; Swanson, 1976; 

Swanson et al., 2005) 

 

Lateral hypothalamic area (LHA): 

The LHA describes the area caudal to the LPO in the lateral hypothalamic zone. It was 

parcelled by Swanson et al (Swanson et al., 2005), who separates it into anterior, middle and 

posterior groups of neurons along the medial forebrain bundle. This parcellation was mainly 
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based on the expression of MCH and hypocretin/orexin in the neurons. Krieg (Krieg, 1932) 

describes the neurons as large, darkly stained and uniform.  

 

Anterior group (LHAag): 

“Characterized based on chemo- and cytoarchitecture, and to some extent on connections, in 

adult rat by Swanson et al (2005, see fig. 2).” (L. W. Swanson, 2018, p. 39) (Larry W. 

Swanson, 2018) 

 

Middle group (LHAmg): 

“Characterized based on chemo- and cytoarchitecture, and to some extent on connections, in 

adult rat by Swanson et al (2005, see fig. 2).” (L. W. Swanson, 2018, p. 40) (Larry W. 

Swanson, 2018) It is separated into a medial (LHAm), perifornical (LHApf) and lateral tier 

(LHAl).  

 

Posterior group (LHApg): 

“Characterized based on chemo- and cytoarchitecture, and to some extent on connections, in 

adult rat by Swanson et al (2005, see fig. 2).” (L. W. Swanson, 2018, p. 42) (Larry W. 

Swanson, 2018) It contains four subregions, the posterior region (LHAp), the 

preparasubtalamic nucleus (PST), the parasubthalamic nucleus (PSTN), and the subthalamic 

nucleus (STN).   

 

Preparasubthalamic nucleus (PST): 

The PST is a small, but visible group of small- to medium-sized fusiform neurons. (Swanson 

et al., 2005) 

 

Parasubthalamic nucleus (PSTN): 

The PSTN is a distinct subdivision of the LHA with connections to the parasympathetic 

nervous system. It is level with the MBO and on the medial side of the STN. The neurons are 

tightly packed and uniform. They also express beta-preproachykinin. The surrounding LHA is 

cell-sparse and the neurons in the STN are more darkly stained. (Goto & Swanson, 2004) 

 

Subthalamic nucleus (STN): 

The STN is a disc-shaped nucleus along the dorsomedial surface of the cerebral peduncle. 

Rostrally lies the capsula interna, caudally it is separated from the substantia nigra by fiber 
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tracts. The posterior part of the lateral hypothalamic zone provides the ventral and medial 

border. The nucleus contains tightly packed neurons (fusiform, oval, and polygonal) without a 

particular pattern. (Afsharpour, 1985; Canteras, Shammah-Lagnado, Silva, & Ricardo, 1990) 
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