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Abstract

Research Background: Aging in mammals is characterized by a gradual de-
cline in the physiological functions and responses of organs and tissues. The
African grasscutter ( Thryonomys swinderianus) is the second largest rodent
in sub-Saharan Africa. Objectives: The aim of this research was to record the
brain sizes of African grasscutter across all age groups. Methods: Brain sam-
ples were collected from forty-two (42) male African grasscutter (AGC) using
basic neuroanatomical techniques. Animals were divided into neonates (PND
6), peripubertal (PND 30), juveniles (PND 90), subadults (PND 240), young
adults (PND 720), mid-adults (PND 1400), and older animals (PND 1800).
The dimensions (length, width and height) of the brain, the cerebellum and
olfactory bulb of each sample were examined with a one-way ANOVA (P <
0.05). Results: From neonates to the old adults, the length, width and height
of the whole AGC brain increased respectively from 53.27 + 0.04 mm to 64.28
+0.04 mm; 22.19 + 0.03 mm to 31.11 + 0.04 mm; and 1.28 + 0.08 mm to 2.19
* 0.03 mm. The dimensions of the olfactory bulb undergo a phase of growth
and decline. The length, width and height of the olfactory bulb increased re-
spectively from 7.23 + 0.02 mm to 11.47 + 0.02 mm; 0.23 £ 0.01 mm to 0.29 *
0.02 mm and 0.16 + 0.02 mm to 0.39 + 0.03 mm. For the cerebellum, the di-
mensions increased from 16.56 + 0.03 mm to 21.93 + 0.05 mm for the length
between 6 days of birth and 5 years, from 16.26 £+ 0.03 mm to 25.22 + 0.06 mm
for the width between 6 days of birth and 4 years and 0.57 + 0.03 mm to 1.04
+ 0.02 mm for the height between 6 days of birth and 2 years. Decreases were
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slight in older subjects. Conclusions: The current study concludes that the size
of the whole brain, cerebellum and olfactory bulb varies with age and that
brain maturation occurs between young and middle adults.
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1. Introduction

Aging in mammals is characterized by a gradual decline in the physiological func-
tions and responses of organs and tissues. With increasing age, a number of
changes occur, including brain atrophy, oxidative stress and reduced antioxidant
defense mechanisms, which contribute to impairments in learning, memory and
physical activity [1]. Age is then the predominant risk factor for most diseases that
impair quality of life and shorten lifespan, such as neurodegenerative diseases [2].

However, research into brain aging faces some difficulties, mainly related to
experimental models. Animal experiments help us to understand human biology
[3] and are important for understanding the pathophysiological and therapeutic
basis of human diseases [4]. It is estimated that more than 115 million animals
were used for research purposes in 2005 [5], and the number is increasing [6].
Rodents are the most commonly used animals in animal experiments [7] and ac-
count for approximately 80% of laboratory animals [8]. Studies with laboratory
rodents have provided a wealth of information about age-related changes in the
mammalian brain. Rodents are the largest group of placental mammals, account-
ing for more than half of all known mammals [9]. The African grasscutter (AGC)
is a member of the suborder Hystricomorpha and the family Thryonomyidae. The
African grasscutter is the second largest rodent in sub-Saharan Africa after the
crested porcupine [10]. Studies have shown that AGC can be tamed and even used
in laboratory animals [11], and recent work has been done to relate African
grasscutter brain morphology to the functional aspects of different parts of the
brain [12].

The aim of this research was to describe the change in brain morphometry in
the aging African grasscutter. The results of the study will represent a significant
addition to the AGC’s growing brain anatomy database and provide new insights

into neuroanatomical trajectories associated with normal aging.

2. Material and Method

2.1. Experimental Animal

This experimental study was conducted on 42 captured male AGC, including 6
neonates aged 6 days, 6 juveniles aged 30 days (1 month), 6 peripubertals aged 90
days (3 months), 6 subadults aged 240 days (8 months), 6 young adults aged 720
days (2 years), 6 middle adults aged 1400 days (4 years) and 6 old adults aged 1800
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days (5 years). These animals were maintained at a temperature of 25 + 2°C, hu-
midity of 50%, and natural photoperiod. Food and water were provided daily ad
libitum. Veterinarians found no clinical signs of disease or behavioral problems

in these animals.

2.2. Animal Cycle and Lifespan

AGC reaches sexual maturity at 5 months in females and 7 to 8 months in males
[13]. Pregnancy lasts about 5 months, with two births per year. Litter size varies
between 2 and 12, with an average of 4 and a sex ratio of about 1 [14]. Breastfeeding
begins approximately thirty (30) minutes after the baby is born. Weaning occurs
when the AGCs are one to one and a half months old [13]. Its average life expec-
tancy in captivity varies between seven (7) and nine (9) years. Depending on the

health care provided to the animals during their life, it can last up to 12 years [15].

2.3. Ethical Approval

All experimental procedures were carried out in accordance with the guidelines
of the Togolese Bioethics Committee for Health Research (CBRS) and the 8th edi-
tion of the National Research Council Guide for the Care and Use of Laboratory
Animals, USA.

2.4. Experimental Design

The animals were anesthetized with acepromazine and ketamine at the respective
doses of 0.5 mg/kg body weight and 0.7 mg/kg until the first signs of anesthesia,
including nystagmus, and myosis, were observed. The animals were then euthanized
and their brains were removed. The dimensions—length, width, and height—were
measured using the MG6001DC caliper (General Tools and Instruments Co., New
York), which has a sensitivity of 0.01 cm, and the dimensions were converted to
millimeters. Figure 1 summarizes the different stages of the manipulation.
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Figure 1. The major stages of manipulation.
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2.5. Statistical Analysis

Statistical analysis was performed using Excel 2019 (Microsoft Office 2019) in
conjunction with Graph Pad Prism 8.0 statistical software developed in San Diego,
California, USA. Results were reported as mean and standard error of the mean
(mean + SEM). To determine statistical significance, a significance level of P <
0.05 was set. One-way analysis of variance (ANOVA) was used to assess differ-
ences between means, followed by Tukey’s multiple comparison post hoc test.
Each variable was examined statistically to identify correlations with age. To pre-
vent confounding of outlier data without age-related factors, the relationships be-
tween age and the various parameters were analyzed using multiple regression

analysis and assessed using Spearman’s correlation coefficient (r) [16].

3. Results
3.1. Length

3.1.1. Brain Length

The mean length of the brain increased from 53.27 + 0.04 mm to 64.28 + 0.04 mm
between the 6th birthday and the 5th year of life (Table 1). Statistical analyses
were significant between age groups, except between neonates and peripubertals
and between middle and old adults (P < 0.05).

Table 1. Length parameters according to the age of the AGC.

Number of samples (n = 42)

Length (mm) 1 3 8 4 5
6 days 2 years
month months months years  yeats
BRL 5327 5337% 5343% 59.19+ 6229+ 64.28 64.28
(mm) £0.04* 0.04° 0.03* 0.07° 0.05¢  +0.03¢ +0.04¢
Average
+ SEM OBL 723+ 840+ 9.44 + 10.12+ 1049+ 1147 11.42
_( ) (mm) 0.022 0.03° 0.04¢ 0.06¢ 0.02¢  +0.02f +0.03f
mm
CBL 1656 16.64+ 17.67 £ 18.84+ 2090+ 21.93 21.93
(mm) +£0.03* 0.04° 0.05° 0.03¢ 0.02¢  +0.05° +0.08°

BRL: brain length. OBL: olfactory bulb length. CBL: cerebellum length. The means with the
different superscript letters show a significant difference (P < 0.05) in the length of the
brain, olfactory bulb, and cerebellum between age groups. Those with the same letters show
no significant difference (P > 0.05) between age groups. The length of the brain, olfactory
bulb, and cerebellum increases for up to 2 years and then decreases or stabilizes.

There was a significant positive correlation between brain length and age (r =
0.90; P < 0.05). Logarithmic regression analysis shows that age would explain
95.47% of the variability in brain length (Figure 2).

3.1.2. Olfactory Bulb Length

The mean length of the olfactory bulb increased from 7.23 + 0.02 mm to 11.47 £
0.02 mm between the 6th birthday and the 4th year oflife (Table 1). It then decreases
slightly between 4 and 5 years from 11.47 + 0.02 mm to 11.42 + 0.03 mm. Statistical

analysis was significant between age groups, except for middle and old adults. There
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was a nonsignificant positive correlation between olfactory bulb length and AGC
age (r = 0.8460; P < 0.05) (Figure 3). Logarithmic regression analysis shows that age
would explain 98.79% of the variability in olfactory bulb length.
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2, brain length increases. It stabilizes after 4 years. 6D: 6 days; 1M: 1 month;
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Figure 2. Scatterplot of brain length versus age in AGC.
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There is a positive logarithmic relationship between olfactory bulb length and age. The
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days; 1M: 1 month; 3M: 3 months; 8M; 8 months; 2Y: 2 years; 4Y: 4 years; 5Y: 5 years.

Figure 3. Scatterplot of olfactory bulb length versus age in AGC.
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3.1.3. Cerebellum Length

The mean length of the cerebellum increased 16.56 + 0.03 mm to 21.93 + 0.05 mm
between the 6th birthday and the 5th year of life (Table 1). Statistical analysis was
significant between age groups, except for neonates and juveniles and middle to
old adults. There was a significant positive correlation between cerebellum length
and age of African grasscutter (r = 0.93; P < 0.05) (Figure 4). The quadratic re-
gression analysis shows that age would explain 98.61% and 4.85% of the variability

in cerebellar length.
25
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month; 3M: 3 months; 8M; 8 months; 2Y: 2 years; 4Y: 4 years; 5Y: 5 years.

Figure 4. Scatterplot of cerebellar length vs. AGC age.

3.1.4. Ration between Brain, Cerebellum and Olfactory Bulb Length
According to Figure 5, there is a significant difference (P < 0.001) between the
length of the brain, cerebellum and olfactory bulb at each age.

80 EE Brain length (mm)
= Cerebellum length (mm)
mm Offactory bulb length (mm)

60+

40+

Length (mm)

20+

6D 1 3M 8M 2y 4y 5Y

Age
There was a significant difference (P < 0.0001) between the lengths at each age. 6D:
6 days; IM: 1 month; 3M: 3 months; 8M; 8 months; 2Y: 2 years; 4Y: 4 years; 5Y: 5
years.

Figure 5. Brain, olfactory bulb, and cerebellar lengths in relation to age in AGC.
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3.2. Width

3.2.1. Brain Width

The mean width of the brain increased from 24.53 £ 0.17 mm to 36.64 = 0.19 mm
between the 6th birthday and the 4th year of life followed by a slight decrease at 5
years (36.60 + 0.36 mm). Statistical analysis was significant between age groups (P
< 0.0001) except for middle and old adults groups (Table 2).

Table 2. Width parameters according to the age of the AGC.

Number of samples (n = 42)

Width (mm) 6 1 3 8

2 years 4 years 5 years
days month months months ¥ ¥ v

BRW 2453+ 2623+ 31.19%x 3370+ 3555+ 36.64+ 36.60%
(mm) 0.17° 0.30° 0.15¢ 0.16¢ 0.19¢ 0.19¢ 0.36f

Average
OBW 023+ 025+ 0.28 + 0.32 034+ 033+ 033z

+ SEM
(mm) 0.02*  0.02° 0.02° 0.01° 0.01*  0.01*  0.02°
(mm)

CBW 1626+ 1737+ 2245+ 23.08%x 2470+ 2522+ 2521%
(mm) 0.03* 0.02° 0.02¢ 0.02¢ 0.09¢ 0.06¢ 0.17¢

BRW: brain width; OBW: olfactory bulb width CBW: cerebellum width. The means with
the different superscript letters show a significant difference (P < 0.05) between the age
groups. Those with the same letters show no significant age difference (P > 0.05). The width
of the brain, olfactory bulb, and cerebellum increases with age and stabilizes between 2 and
5 years of age.

There was a very weak, nonsignificant positive correlation between brain width
and AGC age (r = 0.79; P < 0.05). Logarithmic regression analysis shows that age
would explain 96.52% of the variability in brain width (Figure 6).
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Positive logarithmic relationship between brain width and age. Brain width
increases until age 2 years and stabilizes after 4 years. 6D: 6 days; 1M: 1 month;
3M: 3 months; 8M; 8 months; 2Y: 2 years; 4Y: 4 years; 5Y: 5 years.

Figure 6. Scatterplot of brain width versus AGC age.
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3.2.2. Olfactory Bulb Width

The average width of the olfactory bulb increased from 0.23 + 0.01 mm to 0.34 +
0.01 mm between the 6th birthday and the 2nd year of life (Table 2). It then de-
creases significantly between 2 and 5 years from 0.34 + 0.01 mm to 0.33 £ 0.02
mm. Statistical analysis revealed no significant differences between age groups.
There was a non-significant positive correlation between olfactory bulb width and
age (r = 0.72; P > 0.05). Logarithmic regression analysis shows that age would
explain 93.31% of the variability in olfactory bulb width (Figure 7).
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Logarithmic relationship between olfactory bulb width and age. 6D: 6 days;
1M: 1 month; 3M: 3 months; 8M; 8 months; 2Y: 2 years; 4Y: 4 years; 5Y: 5
years.

Figure 7. Scatterplot of olfactory bulb width versus age in AGC.

3.2.3. Cerebellum Width

The mean width of the cerebellum increased from 16.26 + 0.03 mm to 25.22 +
0.06 mm between the 6th birthday and the 4th year of life (Table 2). It then de-
creases slightly between 4 and 5 years from 25.22 £+ 0.06 mm to 25.21 + 0.17. Sta-
tistical analysis was significant between age groups (P < 0.05), except for middle
and old adults. There was a nonsignificant positive correlation between cerebellar
width and AGC age (r = 0.74; P > 0.05). Logarithmic regression analysis shows
that age would explain 92.57% of the variability in cerebellar width (Figure 8).

3.2.4. Ration between Brain, Cerebellum and Olfactory Bulb Width
According to Figure 9, there is a significant difference (P < 0.001) between the
width of the brain, cerebellum and olfactory bulb at each age.
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Figure 8. Scatterplot of cerebellar width versus age in AGC.
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Figure 9. Widths of the brain, olfactory bulb, and cerebellum in relation to age in AGC.

3.3. Height

3.3.1. Brain Height

The mean brain height (EH) increased from 1.28 + 0.08 mm to 2.19 + 0.03 mm
between the sixth day of birth and five years of age with a stabilization observed
between eight months and five years. The statistical analysis yielded significant

results between ages, except the comparisons between the sixth day of birth to
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months and eight months to five years.

Table 3. Height parameters according to the age of the AGC.

Number of samples (n = 42)
Height (mm) 6 1 3 8
days month months months
BRH 128+ 135+ 1.44 = 2.19 219+ 219+ 219+
(mm) 0.08* 0.09* 0.06* 0.1° 0.03° 0.04° 0.03°
AVErage  GpH 016+ 019+ 033+ 038+ 039+ 023+ 022+

+
* SEM (mm) 0.02°  0.02° 0.01° 0.02° 0.03*  0.01°  0.00°
(mm)

2 years 4 years 5 years

CBH 057+ 077+ 0.80 = 0.88 + 1.04+ 098+ 0.71%
(mm) 0.03° 0.03* 0.01° 0.03* 0.02¢ 0.03¢ 0.02°

BRH: brain level. OBH: olfactory bulb level. CBH: cerebellar level. The different heights
develop according to the age of the alders and stabilize between 2 and 5 years. The means
with the different superscript letters show a significant difference (P < 0.05) between the
age groups. Those with the same letters show no significant difference (P > 0.05) between

age groups.

There was a non-significant positive correlation between brain height and AGC
age (r = 0.73; P > 0.05). Logarithmic regression shows that age would explain

83.02% of the variability in brain height (Figure 10).
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Figure 10. Scatterplot of brain height versus age in AGC.

3.3.2. Olfactory Bulb Height
The mean height of the olfactory bulb increased from 0.16 + 0.02 mm to 0.39 +
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0.03 mm between the 6th birthday and the 2nd year of life (Table 3). It decreases
significantly between 2 and 5 years from 0.39 + 0.03 mm to 0.22 + 0.00 mm. Sta-
tistical analysis was significant between age groups (P < 0.05), except for neonates,
juveniles, middle adults and old age and between juveniles and young adults.
There is a very weak, nonsignificant negative correlation between olfactory bulb
height and AGC age (r = —0.08; P > 0.05). The quadratic regression analysis shows
that age would explain 52.19% of the variability in olfactory bulb height (Figure
11).
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Figure 11. Scatter plot of olfactory bulb height versus age in AGC.

3.3.3. Cerebellum Height

The mean height of the cerebellum increased from 0.57 + 0.03 mm to 1.04 + 0.02
mm between the 6th birthday and the 2nd year of life (Table 3). It then decreases
significantly between 4 and 5 years from 0.98 + 0.03 mm to 0.71 + 0.02 mm. The
difference was significant (P < 0.05) between age groups, except between juveniles,
subadults and old age, and between young adults and middle adults. There is a
very weak, nonsignificant positive correlation between cerebellar size and AGC
age (r = 0.26; P > 0.05). The quadratic regression analysis shows that age would
explain 87.34% of the variability in cerebellar height (Figure 12).

3.3.4. Ration between Brain, Cerebellum and Olfactory Bulb Height
According to Figure 13, there is a significant difference (P < 0.001) between the
height of the brain, cerebellum and olfactory bulb at each age.

DOI: 10.4236/jbm.2024.1212025

325 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1212025

H. M. Afanvi et al.

1.2
e 2y
! I e ay
- e°8M
£ o .,
E o8 ea3m
:F:n ® 1M “.
g ® sy
£
= 06
] ® 6D
5
Q
()
0.4
0.2
y = -5E-07x + 0.000x + 0.674
R?=0.873
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Age (Days)

Quadratic relationship between cerebellar height and age. After 900 days of
growth. there is a decrease in cerebellar height.6D: 6 days; 1M: 1 month; 3M: 3
months; 8M; 8 months; 2Y: 2 years; 4Y: 4 years; 5Y: 5 years.

Figure 12. Scatterplot of cerebellar height versus age in AGC.
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Figure 13. Height of brain, olfactory bulb and cerebellum in relation to age in
AGC.

4. Discussion

4.1. Brain Dimensions

The current study shows a significant increase in mean brain length (BL) from 6
days to 5 years, specifically from 53.27 + 0.04 mm to 64.28 £ 0.04 mm. These re-
sults are consistent with the observations of Broalet et a/ [12], who similarly found

brain length progression in AGC from 1.5 months to 8 months of age. Likewise,

DOI: 10.4236/jbm.2024.1212025

326 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1212025

H. M. Afanvi et al.

Ibe et al [16] documented an increase in brain length in AGC from 6 days to 450
days and reported mean lengths of 39.12 + 0.46 mm; 53.18 + 0.52 mm and 63.74
+ 1.47 mm for ages of 3 days, 72 days and 450 days respectively.

Mean brain width (BRW) results showed a progression from 24.53 + 0.17 mm
at 6 days after birth to 36.60 £ 0.36 mm at 5 years of age. These observations are
consistent with the research of Broalet et al [12], who documented an increase in
AGC from 1.5 to 8 months of age. Their data revealed AGC values of 3.04 + 0.17
cm at 1.5 months; 3.25 £+ 0.81 cm at 4 to 5 months and 3.35 £ 0.59 cm at 7 to 8
months. Additionally, Byanet et a/ [17] documented an increase in brain width
from 23 mm to 28 mm in AGC for weights ranging from 380 g to 2050 g.

Mean brain height (BRH) increased from 1.28 + 0.08 mm to 2.19 + 0.03 mm
from 6 months to 5 years of age, with stabilization from 8 months to 5 years of
age. These results are consistent with those of Broalet et a/ [12], who also found
an increase in AGC of 1.34 + 0.22 cm; 1.41 + 0.47 cm and 1.4 + 0.46 cm from 1.5
to 8 months of age. Byanet et al [17] also showed an increase in brain size from
1.1 mm to 2 mm in AGC with a weight increase from 380 g to 2050 g.

Schoenemann [18] demonstrated a correlation between brain size and both body
size and lean body mass across various animal groups. Some experimental studies
have highlighted the effects of abiotic and biotic environmental complexity on
brain development [19] [20]. Rodents exposed to enriched abiotic environments
(rich in stimuli) had larger brains compared to those living in low-stimulus envi-
ronments [21]. Additionally, it has been observed that captive breeding can lead
to a reduction in brain size, as well as in the sizes of the olfactory bulb and telen-
cephalon [22]-[24]. Various biotic environmental factors have also been shown to
influence brain development. For example, the social environment, the risk of pre-
dation or competition can alter brain development [25]. Other investigations have
indicated that brain size varies according to the behavioral patterns of mammals;
it tends to be larger in arboreal species and those that consume vertebrates seeds,
or fruits, as well as in terrestrial species that primarily feed on grasses or the foliage
of small woody plants [26]. Consequently, variations in brain size are associated
with differences in habitat type, dietary habits, zonation and temporal activity pat-
terns [27].

4.2. Olfactory Bulb Dimensions

The present study found an increase in mean olfactory bulb length (OBL) between
6 days and 2 years (7.23 = 0.02 mm to 11.47 + 0.02 mm), followed by a slight. Non-
significant decrease at 5 years (11.42 + 0.03 mm). These results are in agreement
with those of Ibe et al (2018) [28] who also found an increase in olfactory bulb
length between AGCs aged 6 days to 450 days. They found mean lengths of 7.30
+ 0.09 mm; 9.30 + 0.06 mm; 11.20 + 0.09 mm for 6-day-old. 72-day-old and 450-
day-old AGC. Byanet et al [17] showed a variation in brain length (0.5 cm to 0.66
cm) in AGC weighing 380 g to 2050 g. On the other hand, Olude et al. [29] found

an increase in mean olfactory bulb length between neonates and juveniles (3.19 +
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0.21 mm; 7.68 + 0.57 mm) with a decrease in adulthood (6.46 + 0.28 mm).

The mean width of the olfactory bulb (1Bo) increased from 0.23 + 0.01 mm to
0.34 + 0.01 mm between the 6th birthday and the 2nd year of life (Table 2). It then
decreases significantly between 2 and 5 years from 0.34 + 0.01 mm to 0.33 + 0.02
mm. Research conducted by George et al [30] indicated that the widths of the
right and left olfactory bulbs in adult Thryonomys swinderianus and Cricetomys
gambianus were recorded at 0.623 + 0.01 cm and 0.506 + 0.012 cm respectively.
Furthermore. Kavoi and Jameela [31] reported that the olfactory bulb width in
adult humans was 5.50 + 0.71 cm. These values are higher than those found in
AGC in this study.

The mean height of the olfactory bulb (OBH) changes from 0.16 + 0.02 mm to
0.39 + 0.03 mm between the 6th birthday and the 2nd year of life. It decreases
significantly from 0.39 £ 0.03 mm to 0.22 + 0.00 mm between the ages of 2 and 5
years. Lee et al. [32] have also shown that the height of the olfactory bulb is higher
in adults humans (2 mm) than in elderly (1.6 mm). Schiff et al [33] showed that
age is a significant factor affecting the size of the olfactory bulb and that odor
recognition progressively declines with age. Murphy et al. [34] showed that the
prevalence of olfactory disorders is high in older people and increases with age.
Lee et al [32] showed that the height of the olfactory bulb can be used to detect
olfactory disorders regardless of age.

The olfactory bulb is part of the olfactory brain. It provides a connection be-
tween the brain and the environment [35]. The study by Kavoi et al [36] showed
that the size of the olfactory bulb reflects the degree of survival dependence of a
given species on the sense of smell. Veyseller et al [37] showed that in humans
the size of the olfactory bulb correlates with olfactory function. In AGC, vision is
relatively poor, so communication and recognition rely heavily on hearing and a
well-developed sense of smell [38]. Thus, the high values of olfactory bulb size in
juveniles and adults could explain their stronger smell production, which is re-

lated to their nocturnal nature.

4.3. Cerebellum Dimensions

The current investigation revealed a notable increase in mean cerebellar length
(CBL) from 16.56 + 0.03 mm to 21.93 £ 0.05 mm between 5 and 6 years of age.
with a period of stabilization observed between 4 and 5 years of age. This progres-
sion of mean cerebellar length into adulthood is consistent with the findings of
Ibe et al. [16], who reported measurements of 10.74 + 0.05 mm, 17.37 £ 0.07 mm
and 20.39 + 0.20 mm for AGC at 3, 72 and 450 days of age respectively. The meas-
urements obtained in this study for AGC at 8 and 24 months (18.84 + 0.03 mm
and 20.90 + 0.02 mm) exceed those reported by Obadiah et a/ [39], who docu-
mented a cerebellar length of 14.79 + 0.15 mm in adult AGC. In addition, Byanet
et al. [17] reported that cerebellar length in AGC ranged from 0.94 cm to 1.4 cm
in individuals weighing between 380 g and 2050 g.

The mean cerebellar width (CBW) increased significantly from 16.26 + 0.03
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mm to 25.22 + 0.06 mm between the 6th birthday and the 4th year of life. Between
the ages of 4 and 5 years it then decreases very slightly and not significantly from
25.22 = 0.06 mm to 25.21 + 0.17 mm. These results are consistent with those of
Ibe et al [16], who found values of 16.66 + 0.15 mm, 21.58 + 0.13 mm and 24.76
+0.16 mm in AGC at 3 days, 72 days and 450 days of age respectively. The results
found in this study in 8 months and 2 years old are consistent with those of Oba-
diah et al [39], who showed that the mean cerebellar width in adult AGC was
22.43 + 0.72 mm. Likewise, the results of Byanet et a/ [40] in adult males (20.83 +
0.91 mm) and females (21.17 + 1.14 mm) AGCs are consistent with those in this
study. In contrast, Sultan and Braitenberg [41] reported higher cerebellar width
values in adult chinchilla, guinea pig, squirrel, macaque and human specimens
(27 mm, 17 mm, 41 mm, 51 mm and 237 mm).

The mean cerebellar height (CBH) increases from 0.57 £ 0.03 mm to 1.04 £ 0.02
mm between the 6th birthday and the 2nd year of life. Between the ages of 4 and
5 years it then decreases significantly from 0.98 + 0.03 mm to 0.71 £ 0.02 mm. In
contrast, research conducted by Kalinichenko [42] indicates that adult males have
cerebellar heights of 58.32 + 0.65 mm in the coronal plane and 45.81 + 0.55 mm
in the sagittal plane. These findings suggest a significant increase in cerebellar
height in humans when compared to AGC.

The cerebellum is involved in a variety of functions that are important for eve-
ryday functioning [43]. It plays an important role in balance and motor activities
[44]. Studies in humans and monkeys have also demonstrated the importance of
the cerebellum in several cognitive and affective domains [45] [46]. Thus, the cer-
ebellum plays an essential role in balance and psychomotor speed as well as speech
production, time estimation, rhythm production, inhibition, attention and asso-
ciative memory [47]. In addition to the well-known declines in cognitive perfor-
mance that occur with increasing age, deficits in the motor area are also observed
[48]. Increasing age is associated with deterioration in gait and balance [49] and
older adults learn sensorimotor adaptation tasks [50] and motor sequence learn-
ing [51] less well. Animal studies have shown the effects on cerebellar develop-
ment of an adverse intrauterine environment affected by toxic substances, envi-
ronmental influences, infections, inflammation, hypoxia, vitamin or hormonal
disorders [52].

5. Conclusion

The present study provided information about the brain size of African grasscutters
in old age. The study determined and reported increased whole brain length, width
and height across all age groups. The length of the olfactory bulb and cerebellum
increases with age, but the width and height decrease after two (2) or four (4) years
of growth. The significance of this study lies in the availability of a natural rodent
model of brain aging for African laboratories. The results of the present study, which
complement existing information on the neurobiology of the African grasscutter,

will serve as a guide for studies of brain aging.
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Abbreviations

AGC African Grasscutter

BRL Brain Length

OB Olfactory Bulb

OBL Olfactory Bulb Length

CBL Cerebellum Length

BRW Brain Width

OBW  Olfactory Bulb Width

CBW Cerebellum Width

BRH Brain Height

OBH Olfactory Bulb Height

CBH Cerebellum Height
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