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SUMMARY
This work was designed to investigate the mor-

phometry and immunohistochemical features of 
pituitary glands in the African Giant Rats (AGR). 
Adult and juvenile AGR were sacrificed and their 
brains harvested, and the pituitary glands were 
carefully dissected. The weight, length and width 
of brains and pituitary glands were subsequently 
measured. Sections were prepared and stained 
using Haematoxylin and Eosin (H&E), Cresyl-vi-
olet and periodic-acid-Schiff (PAS) for histologi-
cal analysis. Immunohistochemical analysis was 
carried out with Glial-Fibrillary-Acidic-Protein 
(GFAP) and Ionized-Calcium-Binding-Adapt-
er-Molecule 1 (Iba1). Grossly, the AGR pituitary 
gland is a somehow laterally extended, sad-
dle-shaped organ that is dorso-ventrally flat-
tened. The gray-coloured adenohypophysis (an-
terior-pituitary lobe) was bigger in size than the 
whitish neurohypophysis (posterior-pituitary 
lobe) on physical examination. Histometrical-
ly, the adenohypophyseal length was noticeably 

greater than that of neurohypophysis in both ju-
venile and adult. Similarly, the adenohypophyseal 
and neurohypophyseal width in adult were found 
to be more than that of juvenile. Also, the histo-
logical staining of the neurohypophysis and ade-
nohypophysis were distinct. In the neurohypoph-
ysis, fibrous and protoplasmic pituicytes were 
observed among fibres and Herring-bodies. Chro-
mophils and chromophobes were identified in the 
adenohypophysis and melanotrophs in the in-
termediate lobe. Immunohistochemistry showed 
pituicytes in the neurohypophysis, which was 
positive with GFAP-antibody. With Iba1-antibody, 
the neurohypophysis expressed a stronger posi-
tive immunolabelling to microglia as compared to 
macrophages in the adenohypophysis. In conclu-
sion, the gross and microscopic characteristics of 
pituitary glands of the AGR are found to be similar 
to other rodents and mammals. We recommend 
further study to compare morphometrical param-
eters between male and females of this model.
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INTRODUCTION
The African Giant Rats (AGRs) (Cricetomys gam-

bianus) are nocturnal rodents, feeding omnivo-
rously both on vegetation and invertebrates. They 
inhabit a variety of habitats ranging from arid to 
temperate regions, but need some form of shel-
ter to survive (Ajayi, 1974; Nzalak et al., 2005). 
The size of AGR makes them suitable for broad-
er range of experiments and studies and they can 
live longer in captivity, thereby providing an ex-
tended time window for longitudinal studies. The 
most significant and interesting attribute of AGR 
in research is their exceptional sense of smell. 
They have a highly developed olfactory system, 
which enables them to detect and distinguish 
a wide range of scents (Olude et al., 2014; Free-
man et al., 2020). This advantage has been uti-
lized in detecting landmines and tuberculosis in 
field studies. The AGR has been proposed as an 
adaptable native research model due to its unique 
neuro-behavioural attributes, and thus the need 
to establish baseline information on its nervous 
system (Mustapha et al., 2019).

The pituitary gland is a hypothalamic structure 
of the brain and serves as a master gland that 
controls almost all the activities of other glands 
in the body. The pituitary gland is divided into 
adenohypophysis (anterior-pituitary lobe) and 
neurohypophysis (posterior-pituitary lobe); it is 
situated within the hypophyseal fossa of the sphe-
noid bone called sella turcica, and it is covered 
by diaphragma sellae. Studies have claimed the 
variation in size of the pituitary gland associat-
ed with age, gender and pathological conditions 
(Lamichhane et al., 2015). Alteration in the shape 
and size of the pituitary gland can result in abnor-
mal nervous processes and hormonal behaviours 
(Emerald, 2016). There are many reported an-
atomical investigations on the pituitary glands 
of mammals, including the greater cane rat (Gil-
bert et al., 2020), the rabbit (Vionna et al., 2020), 
the guinea pig (Amat, 1970; Luay, 2016), the rat 
(Mixner and Turner, 1942; Montemurro, 1964; 
Popoola and Sakpa, 2018), the mink (Weman and 

Nobin, 1973; Weman, 1974; Cardin et al., 2000), 
the hedgehog (Treier et al., 2001; Botermann et 
al., 2021) and the viscacha (Acosta and Mohamed, 
2009); however, the pituitary gland of AGRs has 
been rarely investigated in detail, especially an-
atomical investigation. AGR being an indigenous 
rodent, it will be then interesting to look at the 
pituitary gland and generate baseline anatomical 
data, since there is an increasing demand for in-
digenous animal models for scientific research. 
The measurements of selected parameters of the 
brain excluding pituitary gland of the AGR have 
been documented by Olude et al. (2016) and Nzal-
ak et al. (2005). The present work, therefore, was 
designed to investigate the gross biometric and 
histometric features in both adult and juvenile 
male AGR, and to determine the basic cellular ar-
chitecture and immunohistochemical expression 
of the pituitary glands in the AGR in order to pro-
vide basic research data, which will add to the un-
derstanding of the biology in this unique African 
rodent.

MATERIALS AND METHODS

Ethics

The animal experiment was approved by Ani-
mal Care Committee of National Veterinary Re-
search Institute, Vom (NVRI/AEC/03/11622).

Animals

A total of 15 male AGRs were used for this study. 
The rats were divided based on age gap into two 
groups of nine (9) adults and six (6) juveniles. Age 
groups were estimated in accordance to Ajayi 
(1974) (Juveniles: >70g but <500g; Adult: >500g). 
They were sourced from Oranyan Market and 
University of Ibadan in Ibadan metropolis, Oyo 
State, Nigeria. They were transported live in cages 
to the experimental animal house, Neuroscience 
Unit, Department of Veterinary Anatomy, Facul-
ty of Veterinary Medicine, University of Ibadan, 
Ibadan, Nigeria. The rats were allowed to acclima-
tize for a few hours prior to sacrifice. At the time 
of sacrifice, the body weight of each rodent was 
obtained with a digital electronic balance (Zhong-
shan Camry Electronic Co. Ltd, China).
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Extraction of Brain and Pituitary Gland

The rats were sacrificed after the protocol de-
scribed by Olopade et al. (2011). They were deep-
ly anesthetized intraperitoneally (ketamine 100 
mg/kg body weight and xylazine 10 mg/kg body 
weight) and perfused transcardially with normal 
saline followed by 10% neutral buffered formalin 
(NBF). The brains were subsequently harvest-
ed from the skull, and the pituitary glands were 
carefully dissected. Both the brains and pituitary 
glands were examined in situ to rule out any pa-
thology before removal for gross morphological 
investigation. Gross biometry of the pituitary 
gland was measured and described according 
to the method of Ju et al. (2010) and Rahman et 
al. (2011). The pituitary glands were trimmed of 
meninges, and their weight was measured using 
Electronic Balance FA2004B (Shanghai York In-
strument Co. Ltd., China). The length (rostro-cau-
dal distance) and width (distance between the 
lateral edges) of the glands were obtained using 
stainless steel Electronic Digital Caliper K-319 
(Kales Tool Industry & Trade Co., Ltd., China), as 
indicated in Fig. 1. The recorded measurements 

were used to calculate Organo-somatic Index 
(OSI) of the brain and pituitary gland, by dividing 
organ weight with body weight multiplied by 100 
(weight of organ (g)/ weight of body (kg) x 100), as 
described by Radhiah and Azhar (2020).

Tissue Processing for Light Microscopic Study

The pituitary gland tissues were processed for 
routine paraffin embedding. Five microns-thick 
sections were cut from the paraffinized tissue 
blocks unto glass slides, using a microtome (Mi-
crom GmbH, D-6900 Heidelberg, West Germany). 
The sections were deparaffinized and stained 
with Haematoxylin and Eosin (H&E) and Cresyl vi-
olet for general histological examination (Gilbert 
et al., 2022). Tissue sections were subsequently 
stained with Periodic acid-Schiff (PAS) special 
stain, as described by Kondoh et al. (2017). The 
stained tissue sections were visualized using a 
light microscope (Leica Microsystems, Wetzlar, 
Germany) equipped with a CEFC Industrial digi-
tal camera. Histometry was carried out using the 
Motic® Images Plus 2.0 ML software (Motic Asia, 
Kowloon, Hong Kong).

Fig. 1.- The pituitary gland of AGR. A: Showing the rostro-caudal (red dot-lines) and transverse distance (black dot-lines) from the 
dorsal view in adult AGR. B: Showing the rostro-caudal (red dot- lines) and transverse distance (black dot-lines) from the dorsal 
view in juvenile AGR.

Table 1. The mean body, brain and pituitary gland weights.

Parameters
Number of 

animals

Mean Body
Weight (g)

Mean ± SEM

Mean Absolute Brain
Weight (g)

Mean ± SEM

Mean Absolute Pituitary
Weight (g)

Mean ± SEMGroup

Adult 9 984.8 ± 34.09 5.6 ± 0.18 0.019 ± 0.0021

Juvenile 6 493.7 ± 23.41 4.42 ± 0.11 0.012 ± 0.0054

SEM = standard error of mean; g = grams; Normality test (Shapiro-Wilk test) = body (adult: P<value 0.356; juvenile P<value 0.093), 
brain (adult: P<value 0.612; juvenile P<value 0.540), pituitary gland (adult: P<value 0.149; juvenile P<value 0.082)
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Immunohistochemistry

The tissues were prepared for immunohisto-
chemical examination based on the protocol de-
scribed by Gilbert et al. (2020). Briefly, tissue sec-
tions of 5 μm thick paraffinized pituitary tissues 
were mounted on well-labelled charged glass 
slides and baked in an oven (60°C) for 90 minutes 
in order to melt the wax. The paraffinized tissue 
sections were subsequently deparaffinized in two 
changes of xylene, and then hydrated in descend-
ing concentration of alcohol to water. Retrieval of 
antigen was done with 10 mM citrate buffer (pH 
of 6.0) in order to unmask the hidden antigen-
ic site. Tissue sections were treated with 30% 
H2O2/methanol so as to stop endogenous perox-
idase activities and prevent non-specific binding 
by antibody. 2% PBS milk was used for blocking 
via incubation for 60 minutes and tissue sections 
were subsequently immune-labelled with these 
antibodies: rabbit anti-Iba1 antibody (dilution 
1:1000, Wako Pure Chemical Industries Ltd., Ja-
pan) for microglial cells and rabbit anti-GFAP 
antibody (1:1000; Dako, Denmark), to visualize 
pituicytes or astrocytic-like cells. The primary 

antibodies were diluted in 1% PBS milk and 0.1% 
Triton X detergent and incubated overnight at 
4°C. Secondary antibodies (dilution 1:200, Abcam 
Inc, USA) were subsequently added and the end 
product of entire reaction was improved with a 
chromogen, 3,3’-diaminobenzidine (DAB) (1:25 
dilution, Vector Laboratories, USA) for 5 minutes. 
After dehydration of tissue sections in graded 
solutions of alcohol concentration, double chang-
es of xylene were further used for 5 minutes each 
to remove the alcohol. Lastly, the tissue sections 
were mounted wet in permount, cover slipped 
and allowed to dry before microscopy (Leica Mi-
crosystems, Wetzlar, Germany).

Statistical analysis

Data are expressed as Means ± SEM and the dif-
ferences among groups were considered signifi-
cant at p-value < 0.05. Data were analysed using 
Excel software. Normal distribution of the data 
was confirmed with normality test (Shapiro-Wilk 
test), then unpaired t-tests and descriptive statis-
tics were carried out using GraphPad Prism ver-
sion 9.0.0 (GraphPad Software, San Diego).

Fig. 2.- Photograph of head of the AGR showing the connection of pituitary gland to the base of brain. Lower (A) and higher (B) mag-
nification of the head showing the pituitary gland (black arrow) still connected to the median eminence (green arrow) through the 
pituitary stalk (yellow arrow). Blue arrow = optic chiasma, red stars = olfactory bulb.
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RESULTS

Gross morphological examination of pituitary gland

In the AGR, the pituitary stalk or infundibulum 
attaches dorsally to the median eminence (tu-
ber cinereum) and ventrally to the pituitary gland 
(Fig. 2). The pituitary gland of the AGR was also 
observed to be located in the hypophyseal fos-
sa called sella turcica (Fig. 3A and 3B), which ap-
peared as a very shallow depression on the sphe-
noid bone of the skull (Fig. 3C and 3D).

The pituitary gland in the AGR was somehow 
laterally extended with saddle-shaped and dor-
so-ventrally flattened (Fig. 4), and was enclosed 
with meninges which were serving as its capsule. 
The meninges were attached to it except at the up-
per part, where the pituitary stalk comes out and 
connects to the brain through median eminence 
of the hypothalamus (Fig. 2). The anterior pitu-
itary (adenohypophysis) and posterior pituitary 
(neurohypophysis) lobes were distinguishable on 
physical examination (Fig. 4).

Fig. 4.- The photographs of AGR pituitary glands showing the infundibular stalk, adenohypophysis and neurohypophysis. A: Dorsal 
view of AGR pituitary gland. B: Ventral view of AGR pituitary gland. C: Schematic showing both the dorsal and ventral view of the 
AGR pituitary gland.

Fig. 3.- Photograph of head of AGR showing pituitary gland and other related structures after careful removal of the brain. A, B: The 
pituitary gland (white arrow) lying in the sella turcica on the basisphenoid bone. The optic nerve with small remnant of optic chi-
asm (blue arrow) is seen located rostral to the pituitary gland while the trigeminal nerve roots (green arrows) located at the lateral 
boundaries. C, D: The basisphenoid bone showing the sella turcica (yellow arrow) after the pituitary gland was removed.
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Grossly, the adenohypophysis was observed to 
be gray in colour and was greater in size than the 
neurohypophysis (Fig. 5), while the neurohypoph-
ysis was seen to be whitish in colour. There were 
no obvious differences on gross examination be-
tween the adult and juvenile groups.

The body, brain and pituitary gland weights

The mean weights of the body, brain and pi-
tuitary gland of the adult group in AGRs were 
984.8 ± 34.09 g, 5.6 ± 0.18 g and 0.019 ± 0.0021 g 
respectively. In the juvenile, the mean weights of 
the body, brain and pituitary glands were 493.7 

± 23.41 g, 4.42 ± 0.11 g and 0.012 ± 0.0054 g 
respectively. The body weights were significantly 
(P > 0.05) higher in adult AGR (984.8 ± 34.09 g) 
when compared to juvenile (493.7 ± 23.41 g). The 
weights of brain were significantly (P > 0.05) high-
er in adult AGR (5.6 ± 0.18 g) when compared to 
juvenile (4.42 ± 0.11 g). The weights of pituitary 
glands were also significantly (P > 0.05) higher in 
adult AGR (0.019 ± 0.0021 g) when compared to 
juvenile (0.012 ± 0.0054 g).

The mean relative weight of the pituitary gland 
in adult AGR (0.0019 ± 0.0016 g) and young 
AGR (0.0023 ± 0.0022 g) is indistinguishable. 

Fig. 6.- Bar diagrams showing the relative brain weight (A) and relative pituitary weight (B) of juvenile and adult African giant rat (AGR). 
Plots are mean ± SEM of relative organ weight. Student’s t-test, ***P < 0.001. Statistical significance is indicated for adult and juvenile 
AGR brain weight data. No statistical difference for relative pituitary weight (P<0.05). Normality test (Shapiro-Wilk test) = relative brain 
weight (adult: P<value 0.903; juvenile P<value 0.171), relative pituitary weight (adult: P<value 0.317; juvenile P<value 0.899).

Fig. 5.- A photograph showing the adenohypophysis and neurohypophysis of the pituitary gland on physical examination.
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With increasing body weight, there was 
contemporaneous increase in the weight of the 
pituitary gland. The mean relative weight of the 
brain in the adult AGR (0.57 ± 0.014 g) was signifi-
cantly lower than the mean relative brain weight 
in young AGR (0.73 ± 0.040 g). This implies that, 
as the body size is increasing, there is exponen-
tial increase in brain weight of young AGR. On the 
other hand, it appears that in the adult AGR the 
brain weight did not increase at the same rate as 
the body size was increasing. This was observed 
when the mean relative brain weight of adult AGR 
was compared to that of young AGR (Fig. 6). The 
normal distribution of the data was confirmed by 
employing normality test (Shapiro-Wilk test).

The length and width of the pituitary gland

The pituitary glands were generally wider (dis-
tance from their lateral edges) than they were lon-

ger (rostro-caudal distance). Grossly, the mean 
length of pituitary glands showed statistically 
significant (P > 0.05) variation between both the 
adult (4.105 ± 0.005 mm) and juvenile (3.515 
± 0.005 mm) groups. The length is higher in the 
adult when compared to juvenile. The width of the 
pituitary gland was also significantly (P < 0.05) 
higher in the adult (5.910 ± 0.006 mm) when 
compared to the juvenile group (4.815 ± 0.005 
mm) (Table 2).

Histological examinations of the pituitary gland

The pituitary gland of the AGR consists of anteri-
or lobe or adenohypophysis (pars tuberalis, pars dis-
talis) and posterior lobe or neurohypophysis (pars 
nervosa), which are separated by the intermediate 
lobe (pars intermedia adenohypophysis) and hypoph-
yseal cleft (Fig. 7A). The pars tuberalis adenohypoph-
ysis in AGR was identified together with pituitary 

Fig. 7.- The pituitary gland of the AGR showing the adenohypophysis (pars distalis and pars tuberalis), neurohypophysis (pars 
nervosa), intermediate lobe (IL) showing melanotrophs (blue arrows), pituitary stalk and hypophyseal cleft (yellow arrow). NH: 
Neurohypophysis, AH: Adenohypophysis. HypC: Hypophyseal cleft. (A: H&E 4x, scale bar = 200 µm. B: H&E 40x, scale bar = 50 µm. 
C: PAS 40x, scale bar 50 µm. D: Cresyl violet 40x, scale bar 50 µm).

Table 2. Measurements of the length and width of the pituitary gland in AGR.

Parameters Number of 
animals

Mean Pituitary Length (mm)
 Mean ± SEM

Mean Pituitary Width (mm)
Mean ± SEMGroup

Adult 9 4.105 ± 0.005 5.910 ± 0.006

Juvenile 6 3.515 ± 0.005 4.815 ± 0.005

SEM = standard error of mean; mm = millimeters; Normality test (Shapiro-Wilk test) = adult (length: P<value 0.954; width P<value 
0.496), juvenile (length: P<value 0.0.6708; width P<value 0.067).
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stalk (infundibulum neurohypophysis) (Fig. 7A), due 
to the difficulty in lifting the pituitary gland out of 
its hypophyseal fossa without rupturing the pitu-

itary stalk. The melanotrophs or melanotrophic 
cells of intermediate lobe of AGR (Fig. 8) are well 
developed and were easily distinguished.

Fig. 9.- The neurohypophysis and adenohypophysis of AGR pituitary gland. A, C, E: The neurohypophysis of AGR pituitary gland 
showing the protoplasmic pituicyte (black arrow), fibrous pituicyte (yellow arrow), Herring bodies (green stars) and unmyelinated 
nerve fibres (blue arrowheads). In the neurohypophysis, three different pituicyte nuclei were identified: elongated shaped nuclei 
(black arrow), oval shaped nucleus (yellow arrow) and triangular shaped nucleus (green arrow). B, D, F: The adenohypophysis 
showing the chromophils (blue arrow) with lightly stained cytoplasm by eosin and chromophobes (black arrow) which are the 
biggest cells in adenohypophysis. (A, B: H&E 10x, scale bars = 25 µm. C, D: Cresyl violet 100x, scale bars = 50 µm. E, F: PAS 100x, 
scale bars = 25 µm).

Fig. 8.- Micrographs of the pituitary gland (A, B) in the AGR showing the melanotrophs (yellow arrows) in the intermediate lobe (IL). 
NH: neurohypophysis, AH: adenohypophysis. (H&E 40x, scale bars = 50 µm).
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Chromophils and chromophobes, as the epithe-
lial cells of the adenohypophysis, were identified 
in the adenohypophysis based on staining prop-
erties (Fig. 9). Here the neurohypophysis in AGR 
is made of nerve fibres and pituicytes, which are 
supportive astrocytic-like glial cells (Fig. 9). We 
were able to identify the two types of pituicytes: 
protoplasmic pituicytes, with elongated nuclei, 
and fibrous pituicytes, with round nuclei. Fur-

thermore, based on nuclei shape, three kinds of 
pituicytes were also observed in the neurohy-
pophysis. These are: oval-shaped nucleus, trian-
gle-shaped nucleus and elongated nucleus (Fig. 
9). The Herring bodies which are the neurose-
cretory bodies and non-myelinated nerve fibres 
extended from the hypothalamus were distinctly 
visible among the pituicytes in the neurohypoph-
ysis (Fig. 9).

Fig. 10.- Micrographs of the pituitary gland showing GFAP immunohistochemistry in the AGR. A: The pituitary gland showing 
strong immunostaining of pituicytes (blue arrow) in the neurohypophysis. The blood vessels (green arrows) show stronger immu-
noreactivity to GFAP by the end-feet of the pituicytes. B: The gland showing the negative immunoreactivity by parenchyma of both 
intermediate lobe (IL) and adenohypophysis (AH). C: The adenohypophysis showing no immunolabelling to GFAP (red arrow). The 
black arrow is showing the blood vessels within the its parenchyma. (GFAP 40x, scale bars = 50 µm).

Table 3. The mean hypophyseal length and width.

Parameters Mean Hypophyseal Length (mm) Mean Hypophyseal Width (mm)

Group
Mean ± SEM Mean ± SEM

Mean NL Mean AL Mean NW Mean AL

Adult (n = 4 1218.0 ± 163.00 3663.0 ± 211.3 795.0 ± 105.00 1973.0 ± 0.00

Juvenile (n = 4) 403.0 ± 41.60 1621.0 ± 89.20 160.0 ± 17.70 885.0 ± 157.00

SEM = standard error of mean; n = number of experimental AGR used; mm = micrometers; NL = neurohypophyseal length; AL = ad-
enohypophyseal length; NW neurohypophyseal width; AW adenohypophyseal width; Normality test (Shapiro-Wilk test) = mean NL 
(adult: P<value 0.262; juvenile P<value 0.995), mean NW (adult: P<value 0.957; juvenile P<value 0.850), mean AL (adult: P<value 
0.726; juvenile P<value 0.849), mean AL (adult: P<value 0.574; juvenile P<value 0.661).
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Histometric analysis of the pituitary gland

Mean adenohypophyseal length (Mean AL) in ju-
venile (1621±89.20 mm) and adult (3663.0 ± 211.3 
mm) male AGR was noticeably longer than that of 
neurohypophysis (Mean NL) in juvenile (403.0 ± 
41.60) and adult (1218±163.00 mm). Similarly, the 
mean adenohypophyseal width (Mean AW) in both 
juvenile (885±157.00 mm) and adult (1973±00.00 
mm) was wider than the neurohypophyseal width 
(Mean NW) in juvenile (160.00 ± 17.70 mm) and 
adult (795.00 ±105.00 mm) (Table 3).

Immunohistochemical assessment

In AGR pituitary glands, the pituicytes showed 
strong immunostaining with GFAP antibody in 
the neurohypophysis, whereas in the adenohy-
pophysis and intermediate lobe there was no im-
munochemical expression of the same (Fig. 10).

The pituitary gland expressed a stronger posi-
tive immunoreactivity to microglia in the neuro-
hypophysis as compared to macrophages in the 
adenohypophysis. The adenohypophysis revealed 
the expression of few macrophages that were pos-
itively immunolabeled with Iba1 antibody (Fig. 
11). The density ratio of microglia present in the 
neurohypophysis of the AGR pituitary gland was 
significantly higher than macrophages in the ad-
enohypophysis.

DISCUSSION
Our findings showed that pituitary glands in 

AGR varies with age which agrees with the reports 
of Maskey et al. (2021), they reported that the pitu-
itary gland size differs with age and gender. Mixer 
and Turner (1942) have also reported increased 
in pituitary weight with corresponding increase 

Fig. 11.- Micrographs showing immunohistochemistry of the pituitary gland of AGR to Iba1. A: The pituitary gland showing high 
immunoreactivity of microglia-like cells in the neurohypophysis as compared to adenohypophysis. B: The neurohypophysis show-
ing a strong positive immunoreactivity of microglia (black arrow). C: Adenohypophysis revealing few macrophages (red arrow) that 
are immunostained positively to Iba1. D: Density of microglia and macrophages in the neurohypophysis and adenohypophysis 
respectively. Plots are mean ± SEM of microglia/macrophages density. Student’s t-test, ****P<0.0001. Statistical significance is in-
dicated for microglia/macrophages density. (Iba1 40x, Scale bars = 50 µm).
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in body weight among male growing albino rats. 
The late age increase in pituitary length and width 
was mainly attributed to the increment of gonad-
otropic hormones due to loss of feedback mech-
anism of gonadal steroids. However, Luay (2016) 
reported figures in the guinea pig that appear to 
be too high when compared to AGR, which is also 
a large rodent like guinea pig.

Grossly, the pituitary gland of the AGR was locat-
ed 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 
corroborated those of Mahmood (2014), who de-
scribed 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 saddled in shape, contrary to 
the reports of Mahmood (2014) in rats and Gilbert 
et al. (2020) in greater cane rats, who both report-
ed a disc shape. The pituitary gland was also seen 
between the two roots of the trigeminal nerve of 
AGR as reported by Cao et al. (2017) in mice and 
Gilbert et al. (2020) in greater cane rats.

Histologically, the neurohypophysis is also 
considerably smaller than the adenohypophysis, 
which confirmed previously published data by 
Mahmood (2014) in rats and Gilbert et al. (2020) in 
greater cane rats. In this study we also found that 
the adenohypophysis and the neurohypophysis 
were in contact and joined through the interme-
diate lobe, as reported by Mahmood (2014) in rats. 
This intermediate lobe is absent in the avian spe-
cies, as reported in turkey by Jahangirfard et al. 
(2019). Dyce et al. (2010) reported that the inter-
mediate lobe is poorly developed in the primates. 
Furthermore, Perez-Castro et al. (2012) described 
that the pituitary gland of humans lacks the inter-
mediate lobe and the hypophyseal cleft.

Our study revealed two types of parenchymal 
cells in the adenohypophysis. These are: chro-
mophils and chromophobes. This agrees with the 
reports of Gilbert et al. (2020), where they identi-
fied chromophilic acidophils, chromophilic baso-
phils and chromophobes in the pituitary glands of 
the greater cane rats. These cells in adenohypoph-
ysis were seen to be arranged in cords, as report-

ed by Mahmood (2014). Using H&E, the neurohy-
pophysis revealed two types of pituicytes: fibrous 
and protoplasmic pituicytes, as described by Ye et 
al. (2018) in camels. Furthermore, three types of 
pituicyte nuclei were identified in the AGR neuro-
hypophysis: oval-shaped nucleus, triangle-shaped 
nucleus and elongated nucleus. These types of pi-
tuicyte nuclei shapes were also described by Mah-
mood (2014) and Gilbert et al. (2020).

The strong expression of pituicytes with GFAP 
antibody in the AGR neurohypophysis was pos-
sible because pituicytes are the astrocyte-like 
cells present in the neurohypophysis. Gilbert et 
al. (2020) also demonstrated pituicytes immu-
no-labelled by GFAP antibody in the greater cane 
rats (GCR). There was positive immunoreactivity 
of microglia and macrophages to Iba1 antibody 
in the neurohypophysis and adenohypophysis 
respectively. This has been corroborated by re-
ports of Mander and Morris (1996), where they 
demonstrated the presence of neurohypophyseal 
microglia and adenohypophyseal macrophages 
in rats. This is contrary to the reports of Gilbert 
et al. (2020), in which a negative immunostain-
ing to Iba1 antibody both in the neurohypophy-
sis and adenohypophysis of the greater cane rat 
(GCR) was reported (Gilbert et al., 2020). This may 
be attributed to species specificity. The density of 
microglia in the AGR was seen to be higher than 
macrophages in the adenohypophysis. Mander 
and Morris (1996) reported that microglia in the 
neurohypophysis constituted 20% of the non-en-
dothelial cells with the other 80% of cells being 
pituicytes. Mander and Morris (1996) reported 
macrophages to be only 1% of the total cells in the 
adenohypophysis. This current study only consid-
ered male AGR, which invariably introduce gen-
der bias – a limitation of this research. We plan to 
investigate the architecture of the pituitary gland 
in female AGR for comparative study with regard 
to sexual dimorphism.

In conclusion, the weight, length and width of the 
pituitary glands in AGRs increases with age. The 
gross and histological characteristics of pituitary 
glands of the AGR are found to be similar to other 
rodents and mammals in general. We recommend 
further study to compare morphometrical param-
eters between males and females of this model.
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