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Abstract 

The Greater cane rat (GCR) has been proposed as an adaptable native research model due to its unique neurobehavioural 

attributes, thus the need to establish baseline information on its nervous system. This work was designed to elucidate the cellular 

architecture and histology of its pineal and pituitary glands. Four pubertal male GCRs were used for this study. Their brains 

were harvested, and the pineal and pituitary glands carefully dissected. Tissue sections were prepared and stained using 

haematoxylin and eosin (H&E), Cresyl violet, glial fibrillary acidic protein (GFAP), ionized calcium-binding adapter molecule 

1 (IBA1), neuronal nuclei (NeuN) and collagen type 1 antibodies for histological and immunohistochemical analyses. Grossly, 

the pineal gland of GCR is a pine-cone shaped midline structure and H&E staining showed type I (light) and type II (dark) 

pinealocytes. Immunohistochemically, astrocytic-like (GFAP+); microglial cells (IBA1+); neurons (NeuN+) and collagen type-

1 fibres were localized within the pineal gland. The GCR pituitary gland is a disc-shaped organ located within the sella turcica. 

Routine staining delineated the neurohypophysis, intermediate lobe and adenohypophysis; fibrous and protoplasmic pituicytes 

were observed among non-myelinated fibres and Herring bodies in the neurohypophysis. Acidophils, basophils and 

chromophobes in adenohypophysis, and the melanotrophs in the intermediate lobe were seen. Immunohistochemical studies 

highlighted GFAP+ pituicytes and collagen type 1 fibres in the neurohypophysis. In conclusion, the histological and 

immunohistochemical features of pineal and pituitary glands of the GCR are similar to other rodents and mammals, though some 

peculiarities exist. 
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*INTRODUCTION 

 

The greater cane rat (GCR) Thryonomys swinderianus 

(Temminck, 1827) belongs to the family Thryonomidae 

popularly called grasscutter (Gheban et al., 2019). They are 

strict herbivorous, mostly nocturnal, although after a certain 

period of adaptation to their enclosure during captivity, GCR 

tend to start feeding by day (Aluko et al., 2015). The GCR is 

indigenous to Africa, and with an average weight of 4kg, it is 

ranked the second largest rodent in Africa. Because of its large 

size and delectable flesh, they are hunted by humans in many 

parts of their geographic range (Mustapha et al., 2020). 

Distribution is determined by availability of adequate and 

preferred grass species for food, thus, GCRs are found in 

virtually all countries of west, east and southern Africa and 
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feed primarily on coarse grasses, however, they also feed on 

crops in agricultural areas (Kingdon et al., 2013).  

 The GCR has a relatively long gestation period of 150 days, 

giving birth to precocial pups. Compared to the laboratory rat 

with lissencephalic brains, some degree of gyrencephalization 

have been reported in the GCR – a feature known to influence 

species’ cognitive abilities and sensorimotor skills (Sun and 

Hevner, 2014). Recently, there has been increased effort to 

develop home-grown research models, with the GCR being 

proposed as one of such models, particularly as ecological 

sentinels for neurotoxicological studies (Mustapha et al., 

2019a). 

 Studies on some aspects of the GCR brain have been 

reported in literature. Morphological investigations on the 

GCR brain showed that its mean brain weight approximately 
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five times that of the laboratory rat. Dwarika et al., (2008) 

noted that despite the great difference in brain size and its 

gyrification, the putative catecholaminergic and serotonergic 

nuclei in the GCR brain are homologous to those observed in 

the laboratory rat. Interestingly, the relative brain weight of the 

GCR is reported to be higher when compared to the 

gyrencephalic sheep brain which share a similar gestation 

length.  A study of their visual and auditory centres pointed to 

a greater inclination of the GCR towards auditory-dependent 

adaptation than to visual acuity (Ibe et al, 2017; Ibe et al., 

2019). Other investigations on the GCR nervous system 

reported include: studies on the cerebellum (Obadiah and 

Obadiah, 2014; Ibe et al., 2016) and also on the macro- and 

micro-morphometrics and spinal tracings of spinal cord 

(Mustapha et al., 2015; Mustapha et al., 2017). There is 

however a dearth of information on pineal and pituitary glands 

of this rodent. 

 The pineal gland and the pituitary gland are two important 

endocrine structures found within the central nervous system 

(CNS) in the skull (Kaufman et al., 2010). The pineal gland 

(epiphysis) is a photo-neuroendocrine organ forming part of 

the epithalamus; it secretes serotonin, melatonin and N,N-

dimethyltriptamine (Stehle et al., 2011) and vascularized by 

the posterior choroidal arteries and the internal cerebral veins 

(Al-Hussain, 2006). It helps maintain the circadian rhythm, 

thus further connecting the outside world with internal 

biochemical and physiological needs and functions of the body 

(Gheban et al., 2019). The pituitary gland (hypophysis) is a 

neuroendocrine gland which regulates the body homeostasis 

during development, stress and other physiological processes. 

It is an intermediary organ for physiological signal exchanges 

between the hypothalamus and the peripheral organs. This 

small organ is usually localized in a tiny bony cavity called 

sella turcica, covered by a dural fold named diaphragm sellae 

(Perez-Castro et al., 2012). This work was designed to 

investigate the histological and cellular architecture of these 

two endocrines (pineal and pituitary) glands of the GCR in 

order to better understanding the biology of this unique 

African rodent. 
 

 

MATERIALS AND METHODS 

 

Animals: Four pubertal male GCR, 7-8 months old with a 

mean body weight of 2.13± 0.09kg were obtained from a 

commercial farm, Pavemgo® Grasscutter in Badagry, Lagos 

State, Nigeria, reputable for keeping birth records of GCR 

reared in captivity. They were transported in metallic cages 

with adequate ventilation and acclimatized for 48 hours prior 

to sacrifice at the animal house of the Neuroscience Unit, 

Department of Veterinary Anatomy, University of Ibadan, 

Nigeria. Food and water were provided ad libitum. At the time 

of sacrifice, the body weight of each rodent was obtained with 

a digital electronic balance (Zhongshan Camry Electronic Co. 

Ltd, China).  

 

Experimental procedure: The rodents were sacrificed based 

on the protocol of Olopade et al (2011). They were deeply 

anesthetized (ketamine 100 mg/kg body weight and xylazine 

10 mg/kg body weight, intraperitoneal) and perfused 

transcardially with normal saline followed by 10% neutral 

buffered formalin (NBF). The brains were subsequently 

harvested from the skull and, the pineal and pituitary glands 

were carefully dissected.  

 

Histology: This was followed by post-fixation in 10% NBF at 

4°C for 48 hours. Haematoxylin and Eosin, and Cresyl violet 

staining of the pineal and pituitary glands were carried out 

following the methods described by Olopade et al., (2011) and 

Mustapha et al., (2019b). Prepared slides were viewed using 

the MYCH-101 microscope (Inspiration Marvotech®, 

Belgium) equipped with a CEFC Industrial digital camera. 

 

Immunohistochemistry: The pineal and pituitary brain 

tissues were prepared for immunohistochemistry following 

the protocol described by Usende et al., (2016). Briefly, 5μm 

thick paraffinized brain sections were mounted on adhesive 

glass slides, well labeled with pencil and baked in an oven set 

at 60°C for 1 hour 30 minutes to melt the wax. 

Deparaffinization of the sections was done in 2 changes of 

xylene, after which the sections were hydrated in decreasing 

concentration of alcohol to water. Sections were then rinsed in 

double distilled water before retrieval of antigen was achieved 

by incubating the sections in 10 mM citrate buffer at pH of 6.0 

for 25 minutes to unmask the hidden antigenic site. In order to 

reduce non-specific antibody binding and to hinder 

endogenous peroxidase activities, sections were treated with 

30% H2O2/methanol. Sections were subsequently blocked by 

incubating in 2% PBS milk while on a rocker for 60 minutes. 

Consecutive sections were immune-labeled with the following 

antibodies: rabbit anti-IBA 1 antibody (dilution 1:1000, Wako 

Pure Chemical Industries Ltd., Japan) for microglial cells, 

rabbit anti-glial fibrillary acidic protein (GFAP) (1: 1000; 

Dako, Denmark), to visualize astrocytes; rabbit anti-NeuN 

polyclonal antibody (dilution 1:500, EMD Millipore, USA) to 

visualize neurons and rabbit polyclonal anti-collagen type 1 

(1:200, Abcam Inc, USA), for Type 1 collagen. The antibodies 

were diluted in 1% PBS milk and 0.1% Triton X detergent (to 

facilitate quick penetration of antibody) and the samples 

underwent incubation overnight at 4°C. HRP-conjugated 

secondary antibodies were subsequently used following 

manufacturer’s protocol (dilution 1:200, Abcam Inc, USA) to 

detect the bound antibody. The end product of entire reaction 

was improved with 3, 3'-diaminobenzidine a chromogen (1:25 

dilution, Victor Laboratories, USA) for 5 minutes. 

Subsequently, sections were dehydrated in solutions of graded 

alcohol concentrations, and alcohol removed by passing 

through two changes of xylene (5 minutes each), then mounted 

wet in permount (toluene based mountant, Atom Scientific, 

Manchester), cover slipped and allowed to dry. Microscopic 

examination was carried out using MYCH-101 microscope 

(Inspiration Marvotech, Belgium).  

 

 

RESULTS  

 

Gross Examination: The cerebrum was separated from the 

cerebellum to expose the epithalamus. The pineal gland was 

found “hidden” between cerebrum and cerebellum. When they 

were separated craniocaudally, the pineal gland is seen as an 

unpaired midline rounded elevation. The pineal gland of GCR 

was pinecone shaped located rostromedial to the rostral 

colliculi, with the bilaterally paired habenulae which continue 

rostrally and laterally to the pineal recess. The gland was 

situated in the midline between the two cerebral hemispheres, 
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caudodorsal to the third ventricle and in front of the rostral 

colliculi (Plate 1).  

 
Plate 1:  

Photographs of GCR brain showing the pineal gland (black arrows) 

and the bilaterally located habenulae (red arrows). RC, rostral 

colliculus; CC, caudal colliculus. 

 

 The pituitary gland was located in the sella turcica (Fig. 2A) 

which appeared as a shallow depression on the sphenoid bone 

(Fig. 2B). The pituitary gland is hidden in the sella turcica of 

the sphenoid bone from which it was extracted. The pituitary 

gland was disc-shaped (Fig. 2C) and was enclosed by a 

common capsule. The capsule was tightly attached to it except 

at the upper part, the area of connection of the pituitary gland 

with the infundibulum. The anterior pituitary 

(adenohypophysis) and posterior pituitary (neurohypophysis) 

lobes were distinguishable on gross examination. The pituitary 

gland was connected to the hypothalamus through the 

infundibular stalk (Fig. 2D). 

 

 

 
Plate 2:  

Photographs of the GCR pituitary gland. A. The pituitary gland 

still lying in the sella turcica of the sphenoid bone. The trigeminal 

nerves (black arrows) are seen on the lateral sides of the pituitary 

gland (Ptg); B. Location of the pituitary gland (Ptg) in the sella 

turcica (ST). The sella turcica here appeared as a shallow depression 

in the caudal part of the sphenoid bone (white arrow); C. Dorsal view 

of the pituitary gland (Ptg) showing its disc-shaped; D. The pituitary 

gland showing the neurohypophysis (NH) separated from the 

adenohypophysis (AH) with some part of infundibular stalk (IS). 

 

 

Histological findings: The GCR pineal gland (Plate 3A, 4A 

and 5A) was surrounded by thick fibrous connective tissue 

capsule made of pia mater, one layer of meninges (Fig. 3B, 4B 

and 5B). The pinealocytes and glial cells are the two types of 

parenchymal cells. The number of pinealocytes observed 

exceeded the number of glial cells, and they were present 

singly or in form of irregular cords or clusters. These 

pinealocytes were oval to round in shape and are the major 

parenchymal cells found in the pineal gland with lightly 

basophilic cytoplasm and euchromatic nuclei. The 

pinealocytes are divided into light pinealocytes or type I 

pinealocytes which stained at low density when viewed under 

light microscope (Fig 3B), and dark pinealocytes or type II 

pinealocytes which stained at high density and are less in 

numbers when compared to light pinealocytes (Fig 3C and 

4C). Cresyl violet stain showed cells with elongated strong 

basophilic nuclei. These cells had extensions which stretched 

out between the pinealocytes, this is compatible to astrocytes 

(Fig. 4C). The GCR pineal gland had pineal lobules which 

were located at dorsal part of the gland with pinealocytes 

found around the lobules (Plate 5A).  

 

 
Plate 3:  

Photomicrographs of the GCR pineal gland. A. The entire coronal 

section of pineal gland (Png) seen above the third ventricle (3V) 

(H&E, x40); B. The parenchyma of the gland showing; pial capsule 

(red arrow), pineal follicles (PL) and cytoplasmic processes (red 

arrow head) of pinealocytes (H&E, x400); C. The dark pinealocytes 

(long black arrows) and light pinealocytes (short black arrows) are 

also seen in the parenchyma of the gland. Cytoplasmic process of 

pinealocytes (arrow head) (H&E, x400).  

 

 

 
Figure 4:  

Photomicrographs of the GCR pineal gland. A. The entire coronal 

section of the pineal gland (Png) seen above the third ventricle (3V) 

(Cresyl, x40); B. The capsule (long black arrow) seen covering the 

dorsal part of the gland (Cresyl, x400); C. The gland showing type I 

(light) pinealocytes (long black arrow) and type II (dark) pinealocytes 
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(short black arrow). Nerves fibers and astrocytes (red arrow) are seen 

separating the pinealocytes in the parenchyma (Cresyl, x400). 

 
Figure 5:  

Photomicrographs of the GCR pineal gland. A. The location of 

pineal lobules at the dorsal part of the gland. (H&E, x40); B. Section 

of the gland showing its dorsal part where the pineal lobules are 

located. The pial capsule (black arrow) is found round the dorsal part. 

(H&E, x100); C. Higher magnification of the pineal gland showing 

the pineal lobules (PL). The lobules with tubular aspect include the 

pinealocytes (red arrow) around them. (H&E, x400).  

 

The pituitary gland of the GCR was covered by pial capsule 

(Fig. 6B). It consists of the adenohypophysis (anterior lobe) 

and neurohypophysis (posterior lobe), separated by the 

hypophyseal cleft (Fig. 6B). The melanotrophic cells of 

intermediate lobe of GCR (Fig. 6C and 9C) are well developed 

and were easily distinguished. Based on staining properties, 

the cells of the adenohypophysis were divided into three main 

types: chromophilic acidophils, chromophilic basophils and 

chromophobes. The adenohyphopysis cells are arranged in 

clusters and cords (Fig. 8 and 9F). The neurohypophysis of 

GCR is largely made of nerve fibers, with 2 types of 

supportive astrocytic glial cells/pituicytes: fibrous pituicytes 

which have round nuclei and protoplasmic pituicytes with 

elongated nuclei. The herring bodies being the neurosecretory 

bodies and non-myelinated nerve fibres are found among the 

pituicytes in the neurohypophysis. Three types of pituicyte 

nuclei were identified in the GCR neurohypophysis: oval 

shaped nucleus, triangular shaped nucleus and elongated 

shaped nucleus (Fig. 6). 

 

 
Figure 6:  

The photomicrographs of pituitary gland of the GCR. A. The 

gland showing the adenohypophysis (AH) and neurohypophysis 

(NH) (H&E, x40); B. The gland showing the intermediate lobe (IL) 

located between the adenohypophysis (AH) and neurohypophysis 

(NH). The hypophyseal cleft (HypC) is also seen. Green arrow is 

showing the capsule (H&E, x40); C. A higher magnification of the 

neurohyphophysis (NH) and the melanotrophic cells (black arrow) of 

intermediate lobe (IL) (H&E, x400); D. The gland showing a higher 

magnification of the adenohyphophysis (AH) and intermediate lobe 

(IL) (H&E x400). 

 
Figure 7:  

The neurohyphopysis of GCR pituitary gland showing the fibrous 

pituicyte (long black arrow), protoplasmic pituicyte (short black 

arrow), herring bodies (black stars) and non-myelinated nerve fibres 

(black arrow heads). Three types of pituicyte nuclei were identified 

in the neurohypophysis: oval shaped nucleus (long black arrow), 

triangular shaped nucleus (green arrow) and elongated shaped nuclei 

(short black arrow) (H&E, x400). 

 

 
Figure 8:  

The adenohyphopysis of GCR pituitary gland showing the 

chromophilic basophils (green arrow) with lightly stained cytoplasm; 

chromophilicacidophils (short black arrow) which is stained with 

eosin and chromophobes (long black arrow) which are the largest 

cells in adenohypophysis. The adenohyphopysis cells are arranged in 

clusters and cord of cells (H&E, x400). 

 

DISCUSSION 

 

The location of the pineal gland of African greater cane rat 

(GCR) in this study was similar to that described in other 

mammals including rats, donkey, rabbit (Hendelman, 2000; 

Dyce et al., 2002, Frandson et al., 2009, Ebada, 2012; Nawal 

et al., 2012, Busolini et al., 2017, Soliman et al., 2019). In 

spite of common origin of pineal gland in mammals (Vollrath, 

1981), the gland has different shapes in rodents; oval-round 

shape in hamster (Gregorek et al., 1977), elongated and dumb 

bell shaped organ in guinea pig (Vollrath, 1981), round-shaped 

in degu, a rat-like South American rodent (Uria et al., 1992), 

tonsilar-like shape in mice (Matsunaga et al., 2017), oval 

shape in viscacha, a South American rodent (Busolini et al., 

2017) and fusiform-like mass in rabbit (Soliman et al., 2019). 

The pineal gland in GCR is pine-cone shaped, white in colour 
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and not pigmented as compared to the bat (Bhatnagar and 

Hilton, 1994). 

 

 
Figure 9:  

Photomicrograph of the GCR pituitary gland. A. The pituitary 

gland showing the adenohypophysis (AH) and neurohypophysis 

(NH) (Cresyl x40); B. The gland showing the intermediate lobe (IL) 

and hypophyseal cleft (HypC) are located between the 

adenohypophysis (AH) and neurohypophysis (NH) (Cresyl 

x40);C.The gland showing a higher magnification of the 

neurohypophysis (NH) and intermediate lobe (IL) (Cresyl, x400); D. 

The gland showing a higher magnification of the adenohypophysis 

(AH) and intermediate lobe (IL) (Cresyl, x400); E. The gland 

showing nuclei (black arrow) of pituicytes in the neurohypophysis 

(Cresyl x400); F. The gland showing the chromophils (small black 

arrow) and chromophobes (long black arrows) of the 

adenohypophysis (Cresyl x400). 

 

 The pituitary gland of the GCR was located at the base of 

the brain, on the sphenoid bone, as described for domestic 

mammals (Dyce et al., 2010). The gland was in an ill-defined 

depression of the sphenoid bone called sella turcica. Our 

results corroborate those of Mahmood (2014) who described 

the anatomical and histological features of the pituitary gland 

in rats and found that for most investigated species, there was 

no true sella turcica, but rather, a shallow depression in the 

sphenoid bone. The gland is disc shape as reported in rat 

(Mahmood 2014). The pituitary gland was also seen between 

the two roots of trigeminal nerve of GCR as reported by Cao 

et al., (2017) in mouse. 

 

 Histologically, the GCR pineal glands are also covered by a 

connective tissue capsule arising from the pia-mater as 

described in mice (Matsunaga et al., 2017). However, 

meningeal septa in GCR does not project or enter the 

parenchyma of the gland. This is similar with the findings of 

Lima et al., (2011) in sheep. In mice, this capsule projects into 

the parenchyma forming lobular structures (Matsunaga et al., 

2017). We described two types of pinealocytes using H&E 

stain, these are; light (type I) and dark (type II) pinealocytes. 

These characteristics are similar to those described by Soliman 

(2019) in rabbits. The Cresyl violet stain showed interstitial, 

astrocytic-like cells with elongated nuclei as reported in mice 

by Matsunaga et al., (2017). Brain sand (calcified concretions 

predominantly composed of calcium and magnesium salts) 

was not found in any of the studied pineal glands of the GCR. 

This absence was also reported in dogs (Gomes, 2003). 

However, it is worthy of note that the analyzed pineal glands 

are from pubertal (young adult) males. It is possible that 

further studies may reveal their presence in aged animals. 

 

 

 
Figure 10:  

Photomicrographs of coronal section of the pineal gland of GCR showing immunoreactivity of GFAP. A. The pineal gland showing the entire 

coronal section of the pineal gland (Png) (GFAP x40). B. The parenchyma of the gland showing Interstitial cells or astrocytic-like cells (short 

black arrow) with their slender and long processes (long black arrow) and blood vessel (BV) within the parenchyma of the gland (GFAP, 

x400). 
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Figure 11:  

Photomicrographs of GCR Pituitary gland showing immunoreactivity to GFAP. A. The gland showing the adenohypophysis (AH) and 

neurohypophysis (NH) (GFAP, x40); B. The gland showing adenohypophysis (AH), intermediate lobe (IL), neurohypophysis (NH) and the 

hypophyseal cleft (HypC). The adenohypophysis and intermediate lobe show negative immunoreactions. The pia mater (black arrow) around 

the gland shows immunopositive reaction to GFAP (GFAP x40); C. The gland showing the expression of pituicytes (black arrows), which are 

resident astrocytes of the neurohypophysis. (GFAP, x400). D-F. The gland showing the neurohypophysis (NH), adenohypophysis (AH), 

intermediate lobe (IL), pituicytes (black arrow) in the neurohypophysis. The chromophils and chromophobes of adenohypophyis are GFAP 

immunonegative. (D-F: GFAP, x400). 

 

 
Figure 12:  

Photomicrographs of the GCR pineal gland: A. The parenchyma of the pineal gland showing the expression of microglia (long black arrow). 

(IBA1, x400). B. The pineal gland showing the expression of the perivascular microglia (red arrow) round the blood vessel (BV) and capsular 

microglia (short black arrow); PL. pineal lobule (IBA1, x400). 
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Figure 15:  

Photomicrographs of pineal gland of the GCR. A. The pineal gland (Png) showing the capsule which is immunopositive for collagen type 1 

antibody. (Collagen1, x40); B. Higher magnification of the gland showing the expression of collagen type 1 fibers is capsule of the gland. The 

pinealocytes (red arrow) are immunonegative to collagen type 1 (Collagen1, x400).    

 

 

 
Figure 16:  

Photomicrograph of GCR pituitary gland showing collagen fibers 

which are present between unmyelinated nerves fibers and pituicytes 

in the neurohypophysis (Collagen1, x400). 

 

 

 The neurohypophysis is considerably smaller than the 

adenohypophysis and blood vessels were not filled with blood, 

which confirmed previously published data by Mahmood 

(2014) in rat. In this study we also found that the 

adenohypophysis and the neurohypophysis were in contact 

and joined through the intermediate lobe as reported by 

Mahmood (2014) in rat. The avian do not have intermediate 

lobe as shown by Jahangirfard et al., (2019) in turkeys and the 

intermediate lobe is poorly developed in primate as reported 

by Dyce et al., (2010), while the human pituitary gland lacks 

the intermediate lobe and hypophyseal cleft (Perez-Castro et 

al., 2012). The parenchymal cells of the adenohypophysis are 

divided into three broad types: chromophilic acidophils, 

chromophilic basophils and chromophobes. These cells in 

adenohypophysis are arranged as clusters or cords of cells as 

reported by Mahmood (2014). Using H&E, the 

neurohyphopysis revealed two types of pituicytes: fibrous and 

protoplasmic, as described by Ye et al., (2018) in camels. 

Furthermore, three types of pituicyte nuclei were identified in 

the GCR neurohypophysis: as oval shape nucleus, triangular 

Figure 13:  

Photomicrograph of the GCR pituitary gland shows that the 

pituitary gland is immunonegative to IBA1. The pia mater (black 

arrow) around the pituitary gland is immunopositive to IBA1 

(IBA1, x400). 

 

Figure 14:  

Photomicrograph of the GCR pineal gland showing expression of 

the few neurons (black arrows) present in the gland. The 

numerous pinealocytes (green arrows) in the gland are 

immunonegative to NeuN. BV, blood vessel (NeuN, x400). 
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shape nucleus and elongated shaped nucleus. These types of 

pituicyte nuclei shape were described by Mahmood (2014). 
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