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Abstract
Introduction: The African Grasscutter (Thryonomys swinderianus) is one of the few current animal models being considered for 
research. The animal has shown much research potential due to its similarities to other rodents.

Aim/Objective: The study aimed to provide baseline data on the types of dopaminergic neurons in the cervical spinal cord of the 
animal.

Materials and Methods: Six adult grasscutters (GC) (three males and three females) were acquired from a farm in Zaria, Nigeria. The 
animals were allowed to acclimatize for 14 days before being sacrificed. The spines were split before the lumbosacral cord segment 
after the vertebral column was exposed, localized, and severed for tissue analysis. Standard histological techniques were employed, 
and the tissues were stained with Golgi Cox. Alpha-1 antitrypsin hydroxylase was used for immunohistochemical staining. Photomi-
crographs were captured carried with an Olympus microscope, and the data generated were analyzed for statistical purposes using 
SPSS, version 21.

Results: Histochemical study revealed several neurons with various shapes, while histometry showed that these brain cells were 
different sizes. It was observed that neurons in male GCs were significantly larger (P < 0.05) than those in female GCs. Additionally, 
dopaminergic neurons were localized in the cervical region of the spinal cord of both sexes, just like every other rodent. 

Conclusion: The histometry, histochemistry, and immunohistochemistry of GC’s spinal cord reflect that of other rodents currently 
used as animal models for scientific research, thereby making it a suitable experimental animal for future biomedical research size 
relative to other rodents.
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Introduction

The research potential in rodent species with relatively larger 
sizes than rats and mice their anatomy has led researchers to de-
velop a huge interest in using rabbits for some experiments. How-

ever, other larger rodents, such as the grasscutter, have begun to 
gain attention due to their unique abilities. They have exhibited a 
strong adaptation in using the forelimbs, mostly when eating and 
fighting [1]. These highlights the level of limb development and 
efficiency in cerebellar motor functions. It is possible that the en-
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largement in the cervical segment of their spinal cord (SC), where 
innervations of the forelimbs are derived, may be responsible for 
this high-level limb mobility. Although wide varieties of GCs have 
been described, only two species are likely to be known. These are 
the greater cane rat (thryonomys swinderianus), weighing about 9 
kg or more and has a head-and-body length of up to 60cm, the less-
er cane rat (thryonomys gregorianus), weighing about 3.5-5 kg and 
may occasionally reach up to 8 kg and a body length of about 50cm 
[2]. The latter is currently among animal models under consider-
ation for research in biomedical sciences. This could be because 
this specie has shown many research potentials in its anatomical 
similarities to other rodent models. Therefore, this study aimed 
to provide baseline data on the neuronal types and immunohisto-
chemically localized dopaminergic neurons in the cervical spinal 
cord of the rodent.

Materials and Methods

Six adult GCs (three males and three females) were utilized for 
the study. The animals were procured from the Tamqua farm in 
Zaria, Kaduna state, Nigeria. They were housed in the Animal Facil-
ity of the Department of Human Anatomy, Ahmadu Bello Universi-
ty, Zaria, Kaduna State, Nigeria. Before the experiment, the animals 
were allowed acclimatization for 14 days. They were handled with 
best practices, as described in Ethical Guidelines for the Use of Ani-
mals in Research prepared by the National Committee for Research 
Ethics in Science and Technology (NENT).

Ethical consideration

Ethical permission was obtained from the ABU Committee on 
Animal Use and Care (ABUCAUC), and all experiments were con-
ducted following the “Guidelines on Ethical Treatment of Experi-
mental Animals” as proposed by the European Union directive (Di-
rective 2010/63/EU).

Animal euthanization and sample collection

At the end of the acclimatization period, the animals’ weights 
were obtained using a CAMRY electronic scale (EK5055, Indian) 
before being anesthetized with ketamine and sacrificed. The skin 
and epaxial muscles were dissected to enable exposure of the ver-
tebrae column. The spinal cord was harvested by splitting the ver-
tebra column according to the method described by Farag [3]. The 
cervical segment of the spinal cord was identified and dissected 
based on the method [4] described. The tissues were preserved in 

Bouin’s fluid for 24 hours. Definitions of gross anatomical struc-
tures were according to standard information obtained from “ro-
dent anatomy” by Sisson and Grossman [5]. 

Histometrical studies 

The histometry was done using the light microscope with a 
40-objective lens (×400 magnification) and a computer running 
image processing (AmScope MT version 3.0.0.5, USA) software for 
microscopy. Digital micrographs of the cervical segments of the spi-
nal cord (stained in Golgi) were captured, and calibration measure-
ment of microscopic features of the micrographs was conducted. 
The following microscopic features were considered for calibration 
using the software: cell area (μm2) for neurons in the ventral horn 
of cervical spinal cord segments (AVHC and for neurons in the dor-
sal horn of cervical spinal cord segments (ADHC). Cell perimeters 
(μm) for neurons in the cervical spinal cord segments were also 
evaluated. Parts of the spinal cord where neuronal soma was evalu-
ated include the cell perimeter of neurons from the ventral horn of 
cervical spinal cord segments (PVHC) and cell perimeter of neu-
rons from the dorsal horn of cervical spinal cord segments (PDHC). 
The measurement process during calibrations involves: a microm-
eter slide containing the spinal cord tissue, which comes as 1 mm 
graduated in 0.01 mm was captured at the same magnification and 
quality (pixels). After that, the spinal cord micrograph was photo-
graphed at the same magnification. Secondly, the line tool was se-
lected and was carefully measured from the start of one major line 
of the micrographs of lumbosacral segments of the spinal cord of 
GC from end to end; the recorded length was 649 pixels/100 um, 
6.49 pixel/um. Next, the polygon tool was used to measure the area 
and perimeter of the desired neurons of the rodent’s various sec-
tions of spinal cord segments. Values of the measurements were 
computed and presented automatically by the software. 

Histochemical studies

Sections of the cervical region of the spinal cords were stained 
with Golgi Cox stain to demonstrate dendrites and axons of the 
various neurons in the cervical regions of the GC spinal cord. The 
stained tissues were finally examined for different neuronal types 
and shapes under the binocular light Olympus microscope (HM-
LUX Leitz Wetzlar Germany) fitted with a digital camera and con-
nected to a computer with imaging software (AmScope MT version 
3.0.0.5 USA). 
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Immunohistochemical studies

The Bouin’s fluid fixed sections were taken to water through 
the required standardized steps. Endogenous peroxidase activity 
was blocked using 3% hydrogen peroxide, and sections were then 
rinsed in distilled water. Further, Epitopes were retrieved in Citrate 
Buffer (Ph 6) for 20 minutes, and sections were then washed in 
distilled water again before being incubated in alpha-1 anti-trypsin 
hydroxylase (diluted 1/100) for 60 minutes and washed in phos-
phate-buffered saline (PH 7.4). After this step, sections were incu-
bated in Mouse and Rabbit horseradish peroxidases for 30 minutes 
and washed in phosphate-buffered saline (PH 7.4).

Finally, the tissue sections were incubated in 20ul of diamino-
benzidine hydrochloride in 1ml of substrate buffer 

for 5 minutes and washed in distilled water, counterstained in 
Hematoxylin for 1 minute with excess stains washed off with dis-
tilled water. The resultant slides were dried, mounted with DPX, 
and examined under a light microscope.

Data analysis 

Data were expressed as Mean ± Standard Error of Mean. Stu-
dent’s t-tests were used as a significant test (p < 0.05) to determine 
any difference between the neuronal sizes in male and female GCs 
and other measured parameters. Descriptive statistics were used 
for the analysis of histometric data. Statistics were carried out us-
ing IBM SPSS statistics for windows version 21.0 

Results

Histochemical results

The cervical region of the spinal cord showed grey matter and 
white matter (Figure 1), while at higher magnification, several neu-
rons of various sizes and shapes were seen (Figure 2). 

Immunohistochemistry

The present study showed a distribution of dopaminergic neu-
rons (DPN) in the cervical segments of the spinal cord of GC. These 
neurons were localized in the grey matter of the cervical segments 
of the spinal cord (Figure 3). 

Figure 1: Sections of the cervical spinal cord segments of GC 
showing grey and white matters Golgi X10.

Figure 2: Sections of the cervical spinal cord segments of GC 
showing different neurons of different sizes and shapes in both 

anterior and posterior horns Golgi X250.

Figure 3: Sections of the cervical spinal cord segments of GC 
showing dopaminergic neurons in both anterior and posterior 

horns. Alpha-1 antitrypsin hydroxylase method X25.

Area of neurons from the ventral horn of cervical spinal cord 
segments (AVHC) and area of neurons from the dorsal horn of cer-
vical spinal cord segments (ADHC). Cell perimeter of neurons from 
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the ventral horn of cervical spinal cord segments (PVHC) and cell 
perimeter of neurons from the dorsal horn of cervical spinal cord 
segments (PDHC). Data were expressed as mean ± standard error 
of mean (± SEM) of values.

their axons and dendrites. Generally, a cell body gives rise to a sin-
gle axon and a few primary dendrites that branch and taper along 
their lengths. Dendritic trees’ various shapes and sizes are one of 
the main attributes of neurons seen in the spinal cord of GCs. Sev-
eral sizes and shapes of unclassified neurons were also observed 
in the spinal cord. Some were with long axons, and others were 
observed with short axons. Neurons with long axons and other uni-
polar neurons are found mainly in the posterior horns of the spi-
nal cord of Grasscutter, especially in the cervical spinal segments. 
Some of the neurons of the posterior horns were characterized by 
a spindle or fusiform cell body with few dendrites, which show a 
recurrent pattern of branching. These findings are similar to those 
observed in the kittens [6], monkeys, and Wistar rats [7].

In the anterior horns of the spinal cord, segments of GCs, short 
axons, and several multipolar neurons were identified mainly in 
the grey matter area. These local neurons are restricted to the an-
terior horns and are characterized by rounded or polygonal soma 
giving rise to three or four primary dendrites. Several secondary 
branches arise from a short distance from the soma with an exten-
sive dendritic extent. Similar neuronal types have been observed 
by Beal and Cooper [8] and Bhardwaj [9] in lamina IV of the spinal 
grey matter of the macaque monkey spinal cord. These findings 
also follow that of Al-Saffar and Al-Haaik [10] which suggests that 
axons of posterior horn neurons give out few branches but still re-
tain their structural identity while anterior horns neurons send out 
many branches leading to complex ramifications.

In the cervical segment of GC’s spinal cord, dendritic ramifica-
tions were elaborate, giving rise to a complex communication that 
involves various inputs into the spinal cord circuits, as seen in the 
innervations of the limbs of mammals. This may explain the great 
dexterity of the forelimbs and greater tensile strength of the hind 
limbs. Our findings are remarkable and further provide insight into 
the morphology of the neuronal types of GCs. Furthermore, dopa-
minergic neurons in the spinal cord of GCs were more cervical cells 
clustered in the cervical and lumbosacral regions. The distribu-
tion pattern of dopaminergic neurons is closely similar to previous 
studies on mammals [11] but differs from the distribution pattern 
in the Wistar rats. The presence of dopaminergic neuronal fibers 
and its absence in the posterior horn of the spinal cord of Grass-
cutter might suggest the involvement of spinal dopaminergic neu-
rons in the processing of nociceptive information. Another worth 

Variables Minimum Maximum Mean ± SEM
ACVH 1.65 3.71 2.56 ± 0.13
PCVH 5.05 8.08 6.36 ± 0.16
ACDH 0.51 1.40 0.83 ± 0.09
PCDH 2.91 5.07 3.86 ± 0.24

Table 1: Neuronal perimeter, P (µM) and neuronal area, A (µM2) 
of neuronal cells in cervical, spinal cord segments of Grasscutter 

with the minimum, maximum, and mean values.

Mean ± SEM T P-value
ACVH(Male) 4.36 ± 0.24 1.099 0.040*

ACVH(Female) 3.85 ± 0.50
PCVH(Male) 6.19 ± 0.22 2.533 0.034*

PCVH Female 5.30 ± 0.42

ACDH(Male) 2.36 ± 0.24 2.199 0.570
ACDH(Female) 2.85 ± 0.50

PCDH(Male) 2.19 ± 0.22 2.733 0.764
PCDH Female 3.30 ± 0.42

Table 2: Data analysis showing the comparison between the cell 
area (A) (μm2) of the cells of ventral horns of cervical spinal cord 

segments of GC between male and female.

Area of neurons from the ventral horn of cervical spinal cord 
segments (AVHC) and area of neurons from the dorsal horn of cer-
vical spinal cord segments (ADHC). cell perimeter of neurons from 
the ventral horn of cervical spinal cord segments (PVHC) and cell 
perimeter of neurons from the dorsal horn of cervical spinal cord 
segments (PDHC). Data were expressed as mean ± standard error 
of mean (± SEM) of values, where * is significantly different (P < 
0.05) between the male and the female GCs.

Discussion

The sections of the spinal cord of Grasscutter stained with the 
Golgi-Cox method revealed both the cell bodies of neurons and 
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mentioning finding in this study is the highly sexual dimorphism 
in the cell area and cell perimeter (cell size) of cervical spinal cord 
neurons in the cervical spinal cord of GCs. The male GCs had signifi-
cantly higher values of the aforementioned histometric parameters 
than their female counterparts. Thus, this could help justify why 
the forelimbs of the male GCs are of extreme mobility compared to 
their females. Finally, the ventral horn of the cervical region of male 
GCs appears better developed by possessing more motor neurons 
in the ventral horn than in their female gender.

Conclusion

The data from the histometry, histochemistry, and immuno-
histochemistry of GC’s spinal cord reflects that of other rodents 
currently used as animal models for scientific research, thereby 
making it a suitable experimental animal for future biomedical re-
search considering its size relative to other rodents. This study has 
thus established baseline data for future researchers hoping to use 
GC for biomedical research.
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