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ABSTRACT 

As a sequel to the current advancement in ethology, 
this study was designed to provide information on the 
brain size of the African grasscutter at specific postna-
tal periods and to extrapolate these findings to the be-
haviour of the rodent in its natural habitat. Brain sam-
ples were extracted from African grasscutter neonates 
on postnatal day 6, juveniles on postnatal day 72 and 
adults on postnatal day 450 by basic neuro-anatomical 
techniques. The weight, volume and dimensions of the 
brain samples were determined in absolute and relative 
terms. Their encephalisation quotient was also comput-
ed. There was a very strong positive correlation between 
nose-rump length and brain length in the neonates. The 
relative brain weight of neonates, juveniles and adults 
were 3.84 ± 0.12 %, 2.49 ± 0.07 % and 0.44 ± 0.03 %, re-
spectively. The differences were significant (P < 0.05). 
The encephalisation quotient of juveniles was 1.62 ± 0.03 
while that of the adult was 0.49 ± 0.02. The difference was 
significant (P < 0.05). The results were extrapolated to 
the animal’s cognitive ability, and compared with other 
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rodents. It was concluded that the juvenile African grass-
cutter may have higher cognitive ability than the adult 
rodent, thus, juveniles should be preferred in physiologi-
cal studies of memory and cognition. 
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INTRODUCTION

The qualification of intelligence in animals does not 
have a specific yard-stick. It can be explained as the extent 
to which an animal is able to acquire cues to solve com-
plex problems posed by the environment including inter-
species communication, threat detection and response. 
S i m o n t o n  [30] stated that intelligence is a set of cognitive 
capacities such as memory and retrieval or problem solving 
that enable an individual to adapt and thrive in any given 
environment.  D e a r y  [6] proposed that the environment 
and its interaction with genes play a vital role with regards 
to cognition. However, as environmental challenges vary 
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with animals of the same class, the measure of cognition 
may not be taxa-specific, but closely related to the animal’s 
environment. In their review,  R o t h  and  D i c k e  [28] ex-
plained that cognition is not orthogenetic but has evolved 
independently in different classes of vertebrates, such that 
in each class, some animals are considered most intelligent. 
For example, parrots and owls are considered most intel-
ligent in avian class [15] and primates in mammalian [16]. 

Brain size is a measure of its dimension, volume and 
weight. It varies with species, breed, sex and age. Accord-
ing to  S a h i n  et al. [29], changes in brain size are due to 
changes in the number of neuronal and neuroglial cells 
in the brain, which is dependent on the extent or rate of 
neurogenesis. There is a fierce debate on the relationship 
between brain size and cognition. While some authors [18, 
21] agree to a strong correlation between the two, others [8, 
32] emphasize that the neuronal connectivity and internal 
complexity of the neuronal network defines cognition, and 
not just the size of the brain. The debatable brain markers 
for cognitive ability are the absolute or relative size of the 
brain, cortical gray matter thickness, encephalisation quo-
tient and cortical neurone number [9, 18, 21, 28,]. Howev-
er, encephalisation quotient and cortical neurone number 
are more reliable markers than absolute or relative brain 
size.  R i e k e  [27] attributed encephalisation quotient as a 
rough estimate of the cognitive ability of an animal. H e r 
c u l a n o - H o u z e l  [9] observed that more encephalised 
rodents have larger number of neurones than expected for 
their body size, and proposed that the excess neurones may 
be responsible for the improved associative functions and 
cognitive advantage observed in them.

Encephalisation quotient is a useful measure which 
provides the information of how much bigger or smaller 
an animal’s brain is, after the effect of body size has been 
corrected. Encephalisation quotient was developed for 
mammals, and may not yield relevant results when ap-
plied to non-mammals [20]. It is hypothesized to be a 
rough estimate of the intelligence of an animal [27], and 
varies among animals of even the same genus. No wonder 
K r u b i t z e r  et al. [14] reported that encephalisation quo-
tient of tree squirrels is higher than that of ground squirrels 
and attributed it to the need for a higher cognitive ability 
for climbing.

The subject is a rodent of the sub-order Hystricomor-
pha. The family (Thryonomyidae) is represented by a single 
genus, Thryonomys; and two species, Thryonomys swin-

derianus, known as the greater cane rat and Thryonomys 
gregorianus, known as the lesser cane rat [4]. The generic 
name Thryonomys was coiled from the Greek word “thry-
on” which means reed and “mys” which means mouse. 
They are known to rapidly destroy reeds with their incisors 
[2]. Thus, the name cane rat, due to their destructive effects 
on sugar-cane plantations, and their preference for cane 
grass (Eragrostis infecunda). The rodent is found in virtu-
ally all African countries, including Nigeria [31]. They re-
side in grassland or in wooded savannah, along riverbanks 
[3]. They are rare in the arid Horn of Africa [23]. They are 
not common in rainforest, and do not inhabit dry shrub or 
desert [19]. Genetically, they are more closely related to the 
porcupine than to the house rat [19].

Over time, researchers have compared the cognitive 
ability of adult rodents of different species [5, 9, 10]; no 
attention is geared towards depicting the variation in the 
cognitive ability of rodents of same species, but of differ-
ent ages. It may be a general notion that adult animals are 
more intelligent than juveniles and neonates, but, a recent 
neuro-anatomical study [22] has shown that juvenile ani-
mals may have higher cognitive potentials than their adult 
counterparts. 

To determine the cognitive ability of different age 
groups of the African grasscutter, the brain sizes were de-
termined and compared in the present study. 

MATERIALS AND METHODS

Experimental Animals and Management
A total of 27 apparently healthy African grasscut-

ters, comprising of 9 neonates of 6 days old, 9 juveniles of 
72 days old and 9 adults of 450 days old were used for the 
study. They were purchased from a commercial grasscutter 
farm in Elele, Rivers state, Nigeria. The ages of the animals 
were confirmed from the farm records. There were trans-
ported by road in locally made wooden cages with adequate 
ventilation, and measuring 1.5 m × 1.5 m × 1.5 m, to the Vet-
erinary Histology Laboratory of the Michael Okpara Uni-
versity of Agriculture, Umudike, Abia state, Nigeria, for the 
study. In the laboratory, there were transferred to standard 
laboratory animal cages and kept for a pre-experimental 
period of 1 month. They were fed twice daily, 8.00 a. m. and 
6.00 p. m. They were fed with fresh guinea grass (Panicum 
maximum), fresh cane grass (Eragrostis infecunda) and 
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commercial rodent pelleted concentrates. Drinking water 
was provided ad libitum. The feeding troughs and drink-
ers were sterilized daily using Milton® (Laboratoire Riva-
dis, Louzy, France; active ingredient: sodium hypochlorite 
2 % w/w). The cages were also swept and disinfected daily 
using Milton®, as well as a broad spectrum bactericidal, 
fungicidal and veridical agents.

The experimental protocol was approved by the Ethi-
cal Committee of Ahmadu Bello University, Zaria, Nigeria. 
The management of the experimental animals was as stipu-
lated in the Guide for the Care and Use of Laboratory Ani-
mals, 8th Edition, National Research Council, USA (Na-
tional Academic Press, Washington D.C.: www.nap.edu.).

Brain Extraction 
Each animal was sedated by an intraperitoneal injec-

tion of 20 mg.kg–1 thiopental sodium (Rotexmedica, Trit-
tau, Germany) and immediately weighed using a digital 
electronic balance [Citizen Scales (1) PVT Ltd., sensitiv-
ity: 0.01 kg] and converted into grams. The nose-rump and 
tail lengths were also obtained with a centimetre measur-
ing tape and converted into millimetres. The anogenital 
distance was obtained using a vernier caliper MG6001DC 
(General Tools and Instruments Co., New York; sensitivity 
of 0.01 cm) and converted to millimetres. Thereafter, each 
animal was placed on a dorsal recumbency on a dissec-
tion table, and perfused with 4 % paraformaldehyde fixa-
tive, through the left ventricle, using a modification of the 
method of  G a g e  et al. [7]. Immediately after the perfu-
sion fixation, the head was separated from the rest of the 
body at the atlanto-occipital joint, using a pair of scissors 
and knife. Thereafter, each skull containing the brain was 
obtained after skinning and stripping off all the facial mus-
cles; then, craniotomy preceded the brain extraction. Spe-
cifically, brain extraction was performed in a caudo-rostral 
and dorso-ventral direction, using scalpel blades, thumb 
forceps, rongeur and a pair of scissors. The meninges and 
underlying blood vessels were gently removed to expose 
the intact brain. 

Determination of Brain Size
The absolute brain weight was obtained using the Met-

tler balance P 1261 (Mettler instrument AG., Greifensee, 
Switzerland; sensitivity: 0.01 g). The absolute brain length 
was obtained using a vernier caliper MG6001DC (Gen-
eral Tools and Instruments Co., New York; sensitivity of 

0.01 cm) and then converted into millimetres. The land-
mark for the absolute brain length was the rostro-caudal 
extent of the intact brain, from the tip of the olfactory bulb 
to the caudal end of the medulla oblongata. The volume 
measurement was obtained by the water displacement 
method. Each brain specimen was totally submerged into 
a known volume of bi-distilled water at 20 °C in a graduat-
ed cylinder. The volume difference in the cylinder equalled 
the brain volume in millilitres. The relative brain weight 
was calculated by dividing the absolute brain weight by the 
body weight, expressed in percentages. The relative brain 
length was calculated by dividing the absolute brain length 
by the nose-rump length, expressed in percentages. The en-
cephalisation quotient was calculated using the formula of 
M a r t i n  [17] for the expected brain mass as shown below:

 Mbrain
EQ =
 0.059 Mbody0.76 (Martin’s formula for expected brain mass)

Where 
EQ = Encephalisation quotient
Mbrain = Absolute brain weight [g]
Mbody = Body weight [g] 

Statistical Analysis
Data obtained for each postnatal period was expressed 

as the mean ±SEM (Standard Error of the Mean) and pre-
sented in tables and graphs. The values were subjected to 
one-way analysis of variance (ANOVA), followed by Tur-
key’s post-hoc test to determine the significance of the 
mean. The association between the values of the body 
weight with brain weight, and nose-rump length with brain 
length, were determined using Pearson’s coefficient of cor-
relation, at the 95 % confidence interval. The values of 
P < 0.05 were considered significant. GraphPad Prisms, ver-
sion 4 for Windows 8 was used for the statistical analysis. 

RESULTS

The mean body weights of the African grasscut-
ters on postnatal days 6, 72 and 450 were 160.11 ± 7.46 g, 
273.39 ± 6.70 g and 2925.56 ± 141.96 g, respectively, while 
the mean nose-rump lengths were 182.00 ± 3.87 mm, 
216.89 ± 5.18 mm and 470.33 ± 8.47 mm, respectively. The 
mean tail lengths were 70.67 ± 0.96 mm, 84.78 ± 1.58 mm 
and 173.32 ± 7.92 mm, respectively, while the mean ano-
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genital distances were 14.01 ± 0.20 mm, 16.69 ± 0.18 mm 
and 34.59 ± 1.17 mm, respectively.

The mean brain weight, length and volume of each of 
the postnatal periods are presented in Table 1. The mor-
phometric indices of the whole brain adopted for brain size 
comparison at the different postnatal periods included the 
relative brain weight, relative brain length and encephalisa-
tion quotient. The decrease in relative brain weight across 
the different postnatal periods was consistent and statis-
tically significant (P < 0.05), such that, while the value on 
postnatal day 6 was 3.32 ± 0.19 %, the value on postnatal day 
450 was 0.44 ± 0.03 % (Table 2). There was a consistent de-
crease in encephalisation quotient across the different post-
natal periods; there was a significant (P < 0.05) decrease in 
the encephalisation quotient from juvenile to adulthood in 
the African grasscutter. The relative brain length of the ani-
mals on postnatal day 450 was 13.59 ± 0.42 % (Table 2). The 
value was significantly (P < 0.05) higher than correspond-
ing values obtained on postnatal days 6 and 72.

There was a very strong positive correlation (r = 0.85; 
P < 0.01) between nose-rump length and brain length on 
postnatal day 6. This implies that as at day 6 post-partum, 
the brain length of the African grasscutter increased at 
approximately the same rate with the nose-rump length. 
The positive correlation result was subjected to regression 
analysis, and a regression formula was deduced on a graph 
(Fig. 1) as follows: 

y = 0.132x + 18.00
where 

y = brain length; x = known nose-rump length. 

Thus, for a 6-day-old African grasscutter whose nose-
rump length is obtained (x), the approximate length of the 
brain (y) can be deduced from the above formula. This 
formula offers the advantage of obtaining the approximate 
brain length in a 6-day-old African grasscutter.

Table 1. Brain morphometric parameters in the African grasscutter 
at different postnatal periods

Parameter Postnatal period Minimum Maximum Mean (± SEM)

Absolute brain weight 
[g]

Day 6 4.73 5.62 5.21 ± 0.15

Day 72 6.65 7.00 6.77 ± 0.04

Day 450 11.35 13.00 12.22 ± 0.23

Absolute brain length 
[mm] 

Day 6 41.00 43.00 41.91 ± 0.26

Day 72 50.90 55.00 53.18 ± 0.52

Day 450 60.10 70.00 63.74 ± 1.47

Brain volume
[ml]

Day 6 5.32 6.91 5.91 ± 0.22

Day 72 8.91 9.92 9.41 ± 0.11

Day 450 10.05 11.81 10.42 ± 0.8

Table 2. Mean (± SEM) value of brain size indices of the African grasscutter at different postnatal periods
abcd = means in rows with different superscripts are significantly (P < 0.05) different

Brain parameter
 Postnatal period

Day 6 Day 72 Day 450

Relative brain weight 
[%] 3.32 ± 0.19a 2.49 ± 0.07b 0.44 ± 0.03c

Encephalisation quotient 1.89 ± 0.09a 1.62 ± 0.03b 0.49 ± 0.02c

Relative brain length 
[%] 23.03 ± 0.19a 24.63 ± 0.62a 13.59 ± 0.42b
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DISCUSSION

The neonatal period varies between species. In humans, 
it is generally accepted as the time elapsed between birth 
and 28 days of age. As the African grasscutter has a lower 
life expectancy than humans; in the present study, animals 
of 3- and 6-day old were classified as neonates. Similarly, as 
juvenile refers to an immature individual, the animals of 72 
days’ old were grouped as juveniles. This is in tandem with 
the grouping presented by  A s i b e y  and  A d o  [3] in which 
African grasscutters with two sets of cheek teeth (1  set 
of premolar and 1 set of molar) were classified as juve-
niles.  A d u  and  Y e b o a h  [1] confirmed that the African 
grasscutter reaches sexual maturity at 7 months, when the 
female attains about 2 kg body weight. Thus, animals that 
have attained sexual maturity and above 2 kg body weight, 
aged 450 days and above, were classified and used as adults.

To determine the level of intelligence of the different 
postnatal age groups of the African grasscutter, the enceph-
alisation quotient of each postnatal group was computed 
using the formula of  M a r t i n  [17], an improvement on the 
formula of  J e r i s o n  [12]. The result of the encephalisation 
quotient in the present study points to a  higher memory 
and cognition in the neonate and juvenile African grass-
cutters, compared to the adults. Similarly, in their study of 
postnatal neurogenesis,  O l u d e  et al. [22] reported a high 

level of plasticity in the juvenile African giant pouched rat, 
suggested the best learning abilities in the group; thus, pro-
posed the juvenile rats as the most suited for experimental 
research. The fact that neurones are lost via apoptosis dur-
ing neurogenesis as the animal advanced in age may be the 
reason for a lower encephalisation quotient in adult than 
juvenile or neonatal African grasscutters. Ageing has also 
been known to pose some detrimental effects on brain cells, 
gross morphology of the brain and cognition [26]. Most 
physiological studies of memory and cognition make use 
of adult rodents. Based on the result of the present study, 
neonates or at least juvenile rodents may be preferred to 
adults, for memory and cognition related studies. This does 
not underscore the assumption that larger rodents such 
as the adult African grasscutter or the adult African giant 
pouched rat may be better models for electrophysiologi-
cal studies as they have absolutely larger neurones that can 
easily be used for intracellular electrode recordings than 
smaller-sized rodents like the Wistar rat. 

The absence of a significant difference in the relative 
brain weight of the neonate and juvenile, but the presence of 
a significant difference in the encephalisation quotient fur-
ther demonstrates that encephalisation quotient is a more 
sensitive marker than relative brain weight as it takes into 
account allometric effects.  M o o r e  [20] observed that ex-
pression of brain size among different species, based on 

Fig. 1. Positive linear relationship between nose-rump length and brain length 
of the African grasscutter on postnatal day 6
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their encephalisation quotient, provided a ranking of ani-
mals that coincided better with observed complexity of be-
haviour than that provided due to brain size, based on the 
relative brain weight. The encephalisation quotient of the 
adult African grasscutter was lower than the 1.19 reported 
for the adult African crested porcupine (Hystrix cristata) by 
P a p i n i  [25]. Both animals (African grasscutter and Afri-
can crested porcupine) are large rodents, belonging to the 
same sub-order Hystricomorpha. The marked difference in 
their encephalisation quotient further tests the hypothesis 
that cognitive ability in animals is not taxa-specific. The 
difference in encephalisation quotient of the two animals 
may be due to their varied habitats, and that high cognitive 
ability is required to solve challenging ecological problem 
of predator evasion posed to the African crested porcupine. 
Similarly,  K r u b i t z e r  et al. [14] reported that the enceph-
alisation quotient of tree squirrels was higher than that of 
ground squirrels, as higher cognition was needed in the 
tree climbing squirrels.

The encephalisation quotient of adult African grasscut-
ter recorded in the present study is almost the same as the 
value of 0.40 reported for adult African grasscutter, but 
higher than 0.19 reported for adult African giant pouched 
rat by  B y a n e t  and  D z e n d a  [5]. This finding may indi-
cate higher cognitive abilities in the adult African grasscut-
ter than in the adult African giant pouched rat, partly due 
to their varied habitats. The African giant pouched rat is 
adapted to solitary life in burrows [10], with less exposure 
to predation; the African grasscutter lives on grassland, and 
therefore relatively more exposed to predation than the Af-
rican giant pouched rat. 

The relative brain length of the adult African grasscut-
ter from the present study was higher than the value of 
10.76 % reported for the adult African giant pouched rat 
[11], but less than the 15 % reported for the adult squir-
rel [13]. The differences are due to species variations, and 
may be extrapolated to their varied cognitive abilities. The 
brain length of the adult African grasscutter from the pres-
ent study is comparable to the cranial length of 7.89 cm 
obtained for the adult African grasscutter by  O n w u a m a 
et  al. [24]. The higher cranial length than brain length is 
expected owing to the space occupied by the cranial me-
ninges. There is a need for further research to determine 
if a very strong correlation exists between head length and 
brain length, so as to obtain a formula that can be used to 
estimate brain length of the African grasscutter without 

sacrificing the animal. The regression formula obtained 
from the very strong positive correlation between nose-
rump length and brain length in 6-day-old neonates is im-
portant as it can be applied in estimating brain length of 
live African grasscutter neonates of 6 days’ old, by measur-
ing their nose-rump length.

CONCLUSIONS

The present study has provided information on the 
brain size of the African grasscutter, and related the finding 
to the behaviour of the animal. It has explained the need 
to prefer the use of juveniles to adult rodents as models for 
physiological studies of memory and cognition. It has gen-
erated a regression formula that can be used to estimate the 
brain length of a live African grasscutter neonate of 6 days’ 
old. The results of the present study, which has added to ex-
isting information on the neurobiology of the rodent, will 
serve as a lead for future cognitive studies involving the Af-
rican grasscutter. 
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