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Greater cane rats (GCR) are wild rats in high demand for their meat. Domestication is slow due to a
dearth of information on the rat’s anatomy and physiology. This study described the radiographic
anatomy of GCR abdominal structures. Five adult captive GCR were administered intra-peritoneal
injections of xylazine (1 mg/kg) and ketamine (10 mg/kg) and radiographed in dorsoventral, ventro-
dorsal, and lateral recumbency. Measurements of the abdominal organs were done relative to the
length of the third lumbar vertebra (L;) using the scales on the digital X-ray machine. Data obtained
were analysed with descriptive statistics. Survey abdominal radiographs showed that the liver, sto-
mach, caecum, and intestines were the only visualisable organs. The liver had relatively dense soft
tissue opacity with craniocaudal length ranging between 1.4L; and 1.6Ls;, while the ventrodorsal
length ranged between 2.4L;-5.2L;. The stomach was visualised as a radiolucent area representing
the gastric antrum and located between Ty and Ti3. Stomach antral diameter ranged between 1.0L;
and 1.2L;. The intestines were radiographically located in the right half of the abdomen with gritty
dense opacity. Craniocaudal measurement of the intestine ranged between 6.0L; and 9.8L;, while
latero-medial measurement ranged between 2.0L; and 3.4L;. The caecum was observed on the right
with craniocaudal length between 4.9L; and 8.0L;. The kidneys, pancreas, and reproductive tract were
not visualised on the survey abdominal radiographs. In conclusion, survey abdominal radiography in
GCR provides useful anatomical details of abdominal structures for clinical disease diagnosis and mana-
gement.
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INTRODUCTION
Animal protein deficit in underdeveloped Captive breeding of game species has
nations can be augmented through wildlife been recommended as a solution to meet

captive breeding (Adewumi et al., 2021). local demand for micro livestock. Greater
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cane rats (GCR) are one of the micro-
livestock being explored for this purpose
due to their potential for domestication.
GCRs was reported with health-related
advantages and better nutritional composi-
tion (Kilwanila et al., 2023). The GCR is
a hystricomorph rodent widely distributed
in Africa (Babarinde et al, 2023). It is
closely related to porcupines, guinea pigs,
and agouti, and is among the micro live-
stock used for meat (Mustapha et al,
2020). GCRs are widely distributed in
West Africa, and hunted for meat (Ade-
wumi et al, 2021). Increased socio-
economic and scientific interest in this rat
has led to increased research efforts in
understanding the biology of the rats
(Mustapha et al., 2020).

Morphologically, the adult GCR has a
thick body measuring 40—60 cm, with a
tail measuring 20-25 cm and weight ran-
ging from 2—4 kg in the females and 3—-6
kg in males (Mpamikige & Makungu,
2023). The fur is a mixture of brown to
red depending on the habitat (Mustapha et
al., 2020). The furs are easily pulled out
which makes the animals difficult to han-
dle after capture. GCR are quick runners
and good swimmers with blunt snouts.
They have excellent hearing and well-de-
veloped sense of smell (Kilwanila et al.,
2023).

Radiographic and sonographic exami-
nation are the most common imaging
techniques used in rodents (Dorotea et al.,
2016; Mpakige & Makungu, 2023). Diag-
nostic imaging provides important ana-
tomical details about different structures
in rodents. It also assists with the clinical
evaluation of musculoskeletal, respiratory,
gastrointestinal, and urinary systems, thus
helping treatment decisions and prognos-
tic determination in this species (Deben-
haum et al., 2019). However, a dearth of
relevant studies on the application of radi-
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ography in rodents in general, and greater
cane rats in particular compared with
other species has limited the application
of this technique (Mpakige & Makungu,
2023). This study therefore described the
survey radiographic features and meas-
urements of major abdominal structures of
the greater cane rats.

MATERIALS AND METHODS

Animals

Five captive-bred adult GCRs comprising
3 females and 2 males with weights rang-
ing from 2.8 to 3.1 kg originating from
Favour Farm, Eleweran, Abeokuta, Ogun
State, Nigeria, were used. The rats were
kept singly in metal cages in an enclosed
area on the farm before and during the
study. The health status of the rats were
assessed based on general body evalua-
tion. The rats were provided grasses and
concentrates, along with clean water. Be-
fore the commencement of the radio-
graphic examination, the GCRs were de-
termined to be apparently healthy based
on the findings of physical examination
and results of complete blood counts. Ethi-
cal  approval (FUNAAB/COLVET/
CREC/2022/07/03) for the study was ob-
tained from COLVET Research and Eth-
ics Committee (CREC), Federal Univer-
sity of Agriculture, Abeokuta.

Radiographic examination

Radiographic examination was done as
described by Dorotea et al. (2016). The
GCRs were not fasted before the radio-
graphic examinations. The rats were ad-
ministered 1mg/kg of 2% xylazine hydro-
chloride (Xylazin®, Kepro Ltd, Holland)
and 10 mgkg of 5% ketamine (Keta-
mine®, Kepro Ltd, Holland) intra-
peritoneally to facilitate proper restraint
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and positioning of the rats. Following the
loss of the righting reflex, the rats were
positioned for abdominal radiography.
Radiographs were obtained with a digital
X-ray (CR) machine (Brivio XR 115, GE
Health Care Services, General Electric
Company, India). The exposure parame-
ters used were 10 mAs and 56 kVp. Ra-
diographs were saved using Digital Imag-
ing and Communication in Medicine
(DICOM) software. Right and left lateral
(L), dorsoventral (DV), and ventrodorsal
(VD) whole-body survey radiographs
were obtained. The GCRs were positioned
on the cassette in lateral recumbency with
the fore and hind limbs extended to re-
duce superimposition of the thorax and
abdomen. For DV projections, each GCR
was positioned on the cassette in ventral
recumbency. The hind limbs were sym-
metrically extended caudally and fore-
limbs cranially. The head was placed in a
dorsoventral position. The radiographs
were reviewed and subjectively evaluated
as described by Dorotea et al. (2016).
Measurements were made on the DV and
RL view for the rats a using digital cali-
per. Visualisable organs in the abdominal
cavity were measured in relation to the
length of the third lumbar vertebra (L3).
The craniocaudal length of the liver
was defined as the maximum distance
occupied by the liver from the diaphragm
to the caudal border on a ventrodorsal
abdominal radiograph, while its ventro-
dorsal length was defined as the maximum
distance covered by the liver from the
dorsal to the ventral border on a latero-
medial abdominal radiograph. The cranio-
caudal measurement of the intestine of the
cane rats was measured as the maximum
distance occupied by the small intestine
from the cranial to the caudal border on a
ventrodorsal abdominal radiograph, while
the lateromedial measurement was defined
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as the maximum distance covered by the
small intestine from the dorsal to the ven-
tral border on a lateromedial abdominal
radiograph. In addition, the craniocaudal
length of the caecum was measured as the
maximum distance occupied by the cae-
cum from the cranial to the caudal border
on a ventrodorsal abdominal radiograph,
while the lateromedial measurement was
defined as the maximum distance covered
by the small intestine from the dorsal to
the ventral border on a lateromedial ab-
dominal radiograph.

Statistical analysis

The ranges of each of the parameters was
determined for each radiographic meas-
urement and presented in tables.

RESULTS

The ventrodorsal and lateral abdominal
radiographs (Fig. 1 and 2) of the GCR
showed that the liver, stomach antrum,
caeccum, and intestines were visualised
radiographically. The spleen, kidneys, ad-
renal gland, urinary bladder, and genital
tracts were not visualised on the survey
radiograph. The liver occupied the major-
ity of the cranial third of the abdominal
cavity immediately caudal to the cardiac
silhouette, surrounded by the intestine,
stomach, and caecum. It was relatively
dense with somewhat soft tissue opacity
and located between thoracic vertebrae T
and T;3. The craniocaudal length of the
liver ranged between 1.3L; and 1.6L;,
while the ventrodorsal length — between
2.4L; and 3.2L; (Table 1).

The stomach of the GCR appeared as a
radiolucent, oval-shaped area which rep-
resented the stomach antrum. It was loca-
ted between the 9" and 13" thoracic ver-
tebrae and surrounded by the more radio-
dense liver cranially and laterally, while
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Fig. 1. Ventrodorsal abdominal radiograph of
greater cane rats showing the cardiac silhou-
ette (CS), liver (L), stomach antrum (SA), cae-
cum (CAE) and the intestine (INT).

the caecum was visualised caudal to the
stomach antrum. The stomach antral di-
ameter ranged between 1.0L; and 1.8L;
(Table 2). The small intestine was radio-
graphically located within the right half of
the abdomen. It ran from the last two tho-
racic vertebrae through the entire part of
the lateral aspect of the abdominal cavity.
Radiographically, the intestine had gritty
dense opacity with some radiolucent tubu-
lar structure. The craniocaudal dimension
of the intestine of the cane rats measured
between 6.0L; and 7.8L;, while the late-
romedial measurement ranged from 2.0L;
to 3.4L; (Table 3).

The caecum of the cane rats occupied
the majority of the left half of the abdo-
men, extending from the left lateral part of
the last two thoracic vertebras through the
lumbar vertebra and appeared ventral to
the intestine on the lateral abdominal ra-
diograph. The radiographic opacity of the
caecum was consistent with that of the
intestine. The craniocaudal length of the
caecum ranged between 5.0L; and 8.0Ls,

Fig. 2. Left lateral abdominal radiograph of greater cane rats showing the cardiac silhouette (CS),
liver (L), stomach antrum (SA), caecum (CAE) and the intestine (INT).

BJVM, 28, No 4
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Table 1. Craniocaudal and dorsoventral lengths of the liver of greater cane rats

Rats Location Craniocaudal length Ventrodorsal length
1 To— T, 1.6L; 2.8L3

2 To— T, 1.6L3 3.2L;

3 To— T, 1.3L; 3.1L;

4 To—Ti3 1.4L5 3.0L;

5 To— T3 1.6L3 2.4L4

Range To—Ti3 1.3L;— 1.6L; 2.4L5;-3.0L5

T: thoracic vertebra; L: lumbar vertebra.

while the lateromedial dimension ranged
between 2.0 L; and 3.2L; (Table 4). The
kidneys, pancreas, spleen, ovaries, and
reproductive tracts were not visualised.

Table 2. Radiographic location of the stomach
and antral diameter in greater cane rats

Rats Location Stomach antral

diameter
1 To—Tis 1.8L;
2 Tio— Tz 1.4L;
3 To—Tis 1.5L;
4 Tio—Ti 1.1L;
5 To—Tis 1.0L;
Range To—Ty3 1.0L; — 1.8L;

DISCUSSION

This study describes the survey radio-
graphic anatomy of abdominal structures
of greater cane rats. It also determined
morphometric measurements of selected
abdominal structures of the rats. The study
revealed that observable abdominal struc-
tures on survey abdominal radiographs
included the liver, stomach, caecum, and
intestine. The kidneys, adrenal glands,
spleen, pancreas, and reproductive tract
were not visualised on survey abdominal
radiograph. This is the first study that de-
scribes the radiographic anatomy of ab-
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dominal organs in greater cane rats.

The use of chemical restraints allows
for proper positioning and prevents
movement during the radiographic exami-
nation. The wild nature of GCR makes
handling difficult thus necessitating the
use of mild anaesthesia. Agents that have
been reportedly used to produce chemical
anaesthesia in rats during radiographic
examination included isoflurane (Ikeda et
al., 2022), halothane (Kapoor et al., 2016),
ketamine-xylazine combination (Akinloye
et al., 2018). There are no reports that the
type of chemical restraints used could
affect the result of radiographic examina-
tion, it is however important to note the
potential effect of such agents in the over-
all assessment of radiographic findings of
the rats.

The survey abdominal radiograph of
the greater cane rats is similar to findings
in laboratory rats (Uysal et al., 2017) and
rabbits (Bazanto et al., 2016) but different
from that of dogs and cats in which the
spleen and kidneys are visible on survey
radiograph (Elser et al., 2020). The GCR
as with other rodents like rabbits has a
small spleen believed to be part of gut-
associated lymphoid tissue (Reese &
Hein, 2011; Touzet et al., 2023). This
may explain why the spleen was not visu-
alised radiographically. The findings of
this study also have implications for the
diagnosis of renal disorders in this spe-
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Table 3. Radiographic location, craniocaudal and lateromedial dimensions of the intestine in great-

er cane rats

Rats Location Craniocaudal length Lateromedial length
1 To—Ls 7.6L5 2.8

2 To—S; 7.2 2.0L;

3 To—Ls 7.4L5 2.0L;

4 To—S; 7.8L3 3.4L;

5 Tio—Ls 6.0L; 2.214
Range To—S; 6.0L; — 7.81; 2.0L; —3.4L;

T: thoracic vertebra; L: lumbar vertebra; S: sacral vertebra.

Table 4. Radiographic location, craniocaudal and lateromedial dimensions of the caecum in greater

cane rats

Rats Location Craniocaudal length Lateromedial length
1 Tyo—Ls 54L, 3.2L,

2 Tyo—Ls 6.0L; 221,

3 To—Ls 54L, 3.2L,

4 Tyo—Ls 8.0L; 2.0L;

5 Typ—Ls 5.0L; 2.0L;
Range Tg - L5 5.0L3 — 8.0L3 2.0L3 - 3.2L3

T: thoracic vertebra; L: lumbar vertebra.

cies, which implies that excretory urogra-
phy would be required for visualisation of
the kidneys. It should be noted that excre-
tory urography involves the administration
of an iodinated contrast agent through the
cephalic vein which may be technically
difficult in conscious cane rats. However,
abdominal ultrasonography can be used in
place of contrast radiography since it pro-
vides good visualisation of different layers
of the kidney.

The liver occupied the majority of the
cranial third of the abdominal cavity im-
mediately caudal to the cardiac silhouette.
It is surrounded by the intestine, stomach,
and caecum. It is relatively dense with
somewhat soft tissue opacity and located
between thoracic vertebrae. Although the
length of the liver was significantly corre-
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lated with body weight in a previous study
on rabbits (Dorotea et al., 2016), the cor-
relation between craniocaudal and dorso-
ventral measurement of the liver with
weight was not done in this study involv-
ing GCR.

In the present study, the stomach of
the greater cane rat was observed as a
radiolucent oval-shaped area which repre-
sented the stomach antrum. This finding is
similar to that found in dogs (Elser ef al,,
2020). The GCR stomach was located
between the 9™ and 13™ thoracic verte-
brae, while the stomach antrum diameter
ranged between 1.0L; and 1.8L;. The sur-
vey abdominal radiography of the greater
cane rats did not allow for visualisation of
the wall of the stomach. This will require
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the use of contrast technique to be able to
detect gastric mucosa pathology.

The intestines are radiographically lo-
cated in the right half of the abdominal
cavity, running from the last two thoracic
vertebrae and the last rib, just beside the
liver through the entire part of the last
lateral aspect of the abdominal cavity.
Radiographically, the intestine had a gritty
dense opacity with some radiolucent tubu-
lar structure. This may be related to the
diet of the rats. Greater cane rats are her-
bivores (graminivores) feeding on grasses,
sugar cane, bark, fruits, and grains (Mus-
tapha et al., 2020). The cane rats used in
this study were fed plants and concen-
trates. The grains might have been respon-
sible for the gritty radiographic appear-
ance of the intestine. In clinical settings, it
may be necessary to administer saline
enema to the rats for evacuation of the
intestinal content to improve the visualisa-
tion of the intestinal tract. In this study, it
was difficult to differentiate the different
segments of the intestine of the greater
cane rats except for the caeccum. This find-
ing is similar to that reported for small
mammals such as rabbits and rats (Ba-
zanto et al., 2016).

The caecum of the cane rats occupied
the majority of the left half of the abdomi-
nal cavity from the left lateral part of the
last two thoracic vertebras through the
lumbar vertebra. This is contrary to the
location in the rabbits where the caecum is
located on the right side with slight dis-
tension to the left (Dorotea et al., 2016).
The radiographic opacity of the caecum is
consistent with that of the intestine and is
similar in findings reported for rabbits
(Bazanto et al, 2016; Dorotea et al.,
2016). The caecal haustrae and the ascen-
ding colon are not distinguishable radio-
graphically in the GCR.
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Finally, it was not determined if the
chemical restraints used could have im-
pact on the radiographic appearance and
measurements in the rats. In cats, chemi-
cal restraints with Xxylazine or acepro-
mazine were reported to influence renal
opacification and fading during excretory
urography (Ajadi et al., 2006). since it is
quite impossible to examine the rats with-
out chemical restraints, it may be neces-
sary to determine the chemical restraint
agents with the least effect of renal func-
tions in the cane rat.

The first limitation in this study is the
small sample size of the rats used which
makes it difficult to compare the effect of
sex and age on the measured parameters.
The second limitation is the inability to
visualise the kidneys and the wall of the
gastrointestinal tract. This can be over-
come by administering contrast agents
into the gastrointestinal tract, or the ce-
phalic vein in case of excretory urogra-
phy. This will also provide insight into the
physiology of gastrointestinal transit time
and renal function.

CONCLUSION

In conclusion, observable abdominal
structures on the survey radiograph of
greater cane rats included the liver and the
gastrointestinal tract. Radiographic visu-
alisation depends on the condition of the
gastrointestinal tract and the nature of the
diet of the cane rats. The kidneys, adrenal
glands, and pancreas were not visualised
radiographically. This might require the
use of contrast technique. The abdominal
structures of the cane rats did not differ
between sexes radiographically. Normal
radiographic images and morphometric
values are important in the clinical diag-
nosis of diseases in greater cane rats, thus

BJVM, 28, No 4
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the need to establish baseline imaging
data in these rats.
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