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Abstract

Morphometric studies were carried
out on organs of the gastrointestinal
tract (GIT) of African white breasted
Hedgehog obtained from local mar-
kets in llorin metropolis (8.4882° N,
4.5341° E), llorin, Nigeria. Ten (10)
hedgehogs were used. The animals
were euthanized and GIT organs
were exteriorized for gross morpho-
metric studies’ Tissue samples were
collected from the GIT segments,
processed using the routine paraffin
method and stained using the Hema-
toxylin & Eosin stain. This study ob-
served a remarkable conformational
difference between the male and fe-
male African white breasted Hedge-
hog, with the female having signifi-
cantly larger body weight, tongue and
gastrointestinal biometry as compared
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to the males. Its stomach was a C —
shaped saccular sac. The intestines
were straight and cylindrical, except
the jejunum which was tortuous. The
large intestine had a colon but lacked
a caecum. Histologically, the esopha-
gus, stomach, duodenum, jejunum
and colon all had four layers: muco-
sae, submucosae, muscularis and
serosa. The esophageal mucosae
had keratinized stratified squamous
epithelium. The duodenal and jejunal
mucosae had villi and crypts of
Lieberkuhn, lined with simple colum-
nar epithelium. Villi were absent in
the colon. Mucosal glands were seen
in the stomach but were absent in the
other parts of the GIT. The tunica
muscularis in all the segments of the
GIT had inner circular, middle oblique
and outer longitudinal smooth mus-
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cles, except the esophagus which had
only inner circular and outer longitudi-
nal layers. It was concluded that with
the exception of the caecum, the GIT
of the African white breasted Hedge-
hog is grossly relatively similar to
those of other monogastric mammals
and shows Histomorphologic varia-
tions across its component organs.
Thus, further Histochemical and Im-
munohistochemical analyses of the
organs are recommended.

Keywords: African white breasted
Hedgehog, Histomorphology, Duode-
num, Jejunum, Colon

Introduction

Hedgehogs are mammals with spiny
protection which resembles that of the
unrelated porcupines, which are ro-
dents, and echidnas, a type of mono-
treme (Nijman and Bergin, 2015).
Hedgehogs are omnivorous animals
that feed on mushrooms, grass roots,
berries, melons and watermelons,
insects, snails, frogs, snakes, bird and
eggs (Qumsiyeh, 1996). The hedge-
hog has a muscular and mobile
tongue that occupies the maijor part of
the oral cavity and part of the oro-
pharynx. Its main functions are push-
ing food into the oropharynx during
swallowing and forming words during
vocalization, although it is also impli-
cated in mastication, taste, and oral
cleansing (Qumsiyeh, 1996). Hedge-
hog possess a simple stomach and
lack a caecum. Gastrointestinal transit
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time is 12-16 hours (Ilvey and Carpen-
ter, 2004).

Hedgehogs are used to treat several
ailments. The blood is sold as a cure
for ringworm, cracked skin and warts
and the flesh is eaten as a remedy for
witchcraft (Nijman and Bergin, 2015).
Romani people still eat hedgehogs,
boiled or roasted, and also use the
blood and the fat for its supposed
medicinal value (Wood, 1979).

Adeniyi (2010) reported the mor-
phometry of the tongue and dentition
in the African white breasted Hedge-
hog (Atelerix albiventris). However,
the morphometry and histology of the
GIT in the African white breasted
Hedgehog is yet to be documented,
hence this study was conducted with
the aim of documenting relevant in-
formation on the morphometry and
histology of the gastrointestinal or-
gans of the African white breasted
hedgehog (Atelerix albiventris).

Material and Methods

The studies were approved by the
Institutional Animal Care and Use
Committee (IACUC), University of
llorin, Nigeria (Ref.: FVERC/WO0Q9/
11). Apparently healthy African white
breasted Hedgehogs were procured
from local markets within the llorin
metropolis (8.4882° N, 4.5341° E),
llorin, Nigeria for the study. They were
kept in the Animals Housing Facility,
Faculty of Veterinary Medicine, Uni-
versity of llorin, Nigeria. They were
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maintained at constant temperature,
with 12-hour light/12-hour dark cycles
and provided with feed (pap and egg
albumen) and water ad libitum for a
week before the day of the study.

The early part of the experiment was
carried out at the Veterinary Gross
Anatomy Laboratory, Faculty of Veter-
inary Medicine, University of llorin,
Nigeria. A total of ten Hedgehogs
were used in this study. The animals
were euthanized with thiopental sodi-
um (150 mg/kg i/p). After euthanasia,
each animal was weighed in grams
(g) using the GF-300 Analytical Bal-
ance 310 x0.001g, AND A&D Weigh-
ing, India, and dissected with the
scalpel and blades and forceps. The
in situ positions of the tongue and the
gastrointestinal organs (esophagus,
stomach, duodenum, jejunum, ileum
and colon) were noted and photo-
graphed, using a Sony digital camera.
Next, the organs were exteriorized for
morphologic and morphometric (bio-
metric) studies. The following biome-
try were measured using ribbons,
threads, tape rule, ruler and digital
Vernier caliper.
1. Tongue biometry
a. Tongue Length (TL) (cm)
b. Tongue Apical Breadth (TAB)

(cm)
c. Tongue Body Breadth (TBB)

(cm)
d. Tongue Root Breadth (TRB)

(cm)
2. Esophageal length (OL) (cm)
3. Duodenal length (DL) (cm)
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4. Jejunal length (JL) (cm)
5. lleal length (IL) (cm)
6. Colonal length (CL) (cm)

One cubic centimeter, of histologic
samples were taken from each or-
gan/structure and fixed in 10% buff-
ered formaldehyde solution in a uni-
versal sample bottle and labelled.
These bottles were afterwards sent to
the Veterinary Histology Laboratory of
the faculty for histological processing
into histologic slides using the routine
Paraffin method, and for staining us-
ing the Hematoxylin and Eosin stain-
ing technique. The histological slides
of the esophagus and intestines were
studied under the Olympus camera
mounted microscope and relevant
micrographs taken thereof at x40
magnification.

Statistical Analyses

Descriptive (mean = standard devia-
tion) statistics of the dimensions were
carried out using the Microsoft Excel
worksheet (Microsoft Office 2013
software, Microsoft©) and the Student
T-test was used to determine the sta-
tistical significance of any differences
between female and male values us-
ing GraphPad Prism version 5.00
(GraphPad Software, San Diego Cali-
fornia USA) at p<0.05

Results

Morphology

The in situ arrangement of the diges-
tive system of the hedgehog bears
resemblance with those of other mo-
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nogastric mammals (Fig 1). Its oral
cavity contained the tongue, teeth and
other accessory digestive organs. The
tongues were highly vascularized and
had a rostral tapering apical part. The
lingual apex was continuous with the
body, a wider middle part and ended
at the root, the widest part of the
tongue (Figs 2 and 3). The oral cavity
was continuous with the oropharynx,
which connected it to the esophagus,
a long musculoelastic cylindrical tube
(Fig 3). This tube was located dorsal
to the trachea; extended the whole
length of the neck and ended at the
stomach, after passing through the
esophageal hiatus of the diaphragm.
The incursion of the convex part of
the diaphragm into the caudal part of
the thorax enabled a cranial extension
of the abdominal cavity into the tho-
racic cavity. This extended part bore
the liver and parts of the stomach and
small intestines (Fig 1). The convex
(parietal) part of the liver was in con-
tact with the concave part of the dia-
phragm while its concave (visceral)
part was in contact with other visceral
organs. The remaining parts of the
digestive tract were located in the ab-
dominal cavity. Its stomach was a C -
shaped saccular sac that connected
with the esophagus cranially and du-
odenum caudally. The intestines were
straight and cylindrical, except the
jejunum which was tortuous (Fig 3).
The large intestine had a colon but
lacked a caecum.
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Morphometry

The mean body weight and biometry
of tongue and intestines of the female
African white breasted Hedgehog
were significantly higher (p<0.05) as
compared to males (Table 1 and Ta-
ble 2).

Histology

The histology of the intestines of the
African white breasted Hedgehog
(Atelerix albiventris) showed regional
variations in the histology of various
parts studied (Figs 4 — 8).

Discussion

This study observed a remarkable
conformational difference between
the male and female African white
breasted Hedgehog, with the female
having larger body size and weight
than the males. The overall mean
weight reported in this study was low-
er than that reported by Adeniyi
(2010) and Girgiri et al. (2015) who
recorded 210.00 + 11.03 g and
239.5+28.3 g respectively. Girgiri et
al. (2015) further stated that there
was no significant difference in the
body weight of both sexes of African
Hedgehog, arguing that these varia-
tions could be due to the differences
in age, feeding and the ecology of the
animals (Rahman and Sharma,
2014). Joseph (1908) also reported a
significantly higher body weight in the
male dog, cat, rabbit and guinea pig
compared to the females. Special at-
tention is currently being given to
morphometrical analysis of sexual
dimorphism (Rahman and Sharma,
2014).
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The tongue of the African white
breasted Hedgehog was a muscular
organ with apex, body and root occu-
pying the major part of the oral cavity
proper. This was in agreement with
report of Jabbar (2014) and Parchami
et al. (2018), who further reported that
the tongue in the long-eared hedge-
hog (Hemiechinus auritus) is an elon-
gated and rectangular shaped body
with widened root and a marked deep
median groove on its dorsal surface,
with two huge laterally situated folds
on the lingual root. Which were con-
sistent with our observations this pre-
sent study. The average lingual
length, apical, body and root breadth
in females were found to be statisti-
cally higher than those of the males
(p<0.05). The overall mean lingual
length in this investigation (3.34%
0.52cm) was closely similar to those
reported by Adeniyi (2010), Jabbar
(2014) and Parchami et al. (2018)
who reported 3.10 cm (in the African
hedgehog), 2.45cm (in the Iraqi
hedgehog) and 2.7cm (in the Long-
eared hedgehog) respectively.

The gastrointestinal tract of the Afri-
can white breasted Hedgehog of this
present study was observed to be a
collection of related anatomical struc-
tures that were serially connected.
They included the esophagus, simple
stomach and the intestines, without
caecum. This arrangement aids in the
digestion of food and processing of
nutrients. (lvey and Carpenter, 2004;
Johnson-Delany 2006). Morphometri-
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cally, the African white chested
hedgehog had gender specific varia-
tion in the lengths of its esophagus,
duodenum, jejunum, ileum, and colon.
The female hedgehogs had a longer
and better developed gastrointestinal
tract compared to the male hedgehog,
except in few individuals where some
structures tallied. The European
hedgehog is better developed than
the African hedgehog in weight and
every other related structure (Girgiri et
al., 2015).

Histologically, the esophagus of the
African white breasted Hedgehog is a
muscular tube through which the
pharynx connects with the stomach. It
has a stratified squamous keratinized
epithelium with a lamina propria,
muscularis mucosa, submucosal mu-
cous gland and basal cell layers
adapted for transport of food from
pharynx to the stomach. It has been
reported that degree of esophageal
keratinization depends on the diet of
the animals (Johnson-Delaney, 2005);
the high level of esophageal keratini-
zation observed in this study is similar
to that of ruminants and this could be
due to the wide variety of feeding
habits by the animal (Rahman and
Sharma, 2014). This finding is con-
sistent with previous studies suggest-
ing high keratinization of esophageal
mucosal epithelium (Chen et al,
2008), serving to protects underlying
tissues from mechanical damage and
entry of microorganisms present in
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the oropharynx (Squier and Kremer,
2001).

Although, the esophageal epithelial
lining in Hedgehog is similar to that of
animals but it is also known that some
species are different and lined with
columnar epithelium (Ahmed et al.,
2009). The muscularis externa con-
tains largely skeletal muscles and a
few smooth muscles adapted for rapid
passage of food from pharynx to
stomach (Meyer et al., 2014).

Similar to rats (Ghoshal and Bal,
1989) and mice (Haschek et al.,
2010), the stomach had gastric pits
and mucosal glands on gastric folds.
The stomach has folds or ridges
called rugae; gastric glands; gastric
pits, a secretory sheath with its mus-
cularis mucosae, chief cells and pa-
rietal cells, the gastric glands secretes
gastric juice and mucus to enhance
digestion and protects the stomach
lining respectively (Aspinall and Cap-
pello, 2009). The rugae in the inner
layer of the stomach (mucosa) allow
the stomach and other tissues to ex-
pand in order to accommodate large
meals and help to grip and move food
during digestion (Haschek et al,
2010). Submucosa, muscularis and
serosa layers were all present. The
submucosa was made up of various
connective tissues which supported
and connected the muscularis layer.
The muscularis consisted of three
layers of muscle tissues which al-
lowed the stomach to contract, mix
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and propel food through the digestive
tract. The serosa was a serous mem-
brane made of simple squamous epi-
thelium and areolar connective tissue,
it helps to protect the stomach from
friction. These features were con-
sistent with earlier studies by Aspinall
and Cappello (2009) in monogastric
domestic animals.

The duodenum of the African white
breasted Hedgehog of the present
study was lined by mucosa, submu-
cosa, muscularis and adventitia.
However, unlike in rats (Umoren and
Osim, 2014), its submucosa was de-
void of Brunner’'s glands. In contrast
to the previous observation, the mu-
cosae in both animals are character-
ized by villi, crypts of Lieberkuhn and
ducts. As in other animals, the crypts
are found between the villi and their
cells (Paneth cells) secrete intestinal
juice (anti-microbial peptides) which
are shed into the intestinal lumen
which further digest polypeptides into
amino acids (Saladin, 2004).

The jejunum, as in other animals, was
comprised of mucosa, submucosa,
muscularis externa and serosa
(Umoren and Osim, 2014), similar to
rats (Zhimin et al., 2015), the jejuna
mucosa had a plicae circulares, villi
and crypts, however, they were more
conspicuous in the Hedgehog. The
cells in the mucosal layer produce
mucus for lubrication and protection
to assist in the absorption of nutrient
(Omotoso et al., 2012).

Vol. 12, No. 2, (2019) 1 - 14



Gastrointestinal organs of the African Hedgehog

The colon has only crypts of Lieber-
kuhn, devoid of villi. The mucosa lay-
er is smooth and the cells of the
crypts of Lieberkuhn secrete intestinal
juice into the lumen of the intestines
(Akers and Denbow, 2013). The find-
ings on colon in this study agree with
the work of Erman (1998) and Umor-
en and Osim (2014) who states that
the colon in animals is lined by simple
columnar epithelium with numerous
goblet cells. The colon function to col-
lect fluid, electrolytes and undigested
food. It has a prominent lamina pro-
pria and crypts of Lieberkuhn.

The study has provided a baseline
data on the Morphometry and histo-
morphology of the GIT of the African
white breasted Hedgehog found in
llorin, Nigeria for comparative ana-
tomical studies of wild and captive
small animals, and may be applicable
in the field of studies. It is recom-
mended that further histochemical
and Immunohistochemical analyses
of the studied organs be carried out,
towards further documentation of in-
formation on this aspect.

Conclusion and Recom-
mendations

The study observed that the mor-
phometry differs in other genera and
species of hedgehogs, rodents and
between sexes. The morphology ap-
pears the same with other genera and
species of hedgehogs except those
rodents that have the presence of a
caecum (Nzalak et al., 2012). It was
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concluded that with the exception of
the caecum, the GIT of the African
white breasted Hedgehog is grossly
and histologically similar to those of
other monogastric animals and shows
Histomorphologic variations across its
component organs. Thus, further His-
tochemical and Immunohistochemical
analyses of the organs are recom-
mended, for more documentation of
information on this aspect.
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Table 1: Mean + Standard Deviation of the Tongue biometry of the African White Breasted
Hedgehog (Atelerix Albiventris).

Tongue biometry Overall mean
Male

(cm) Female

Length 2.97+0.832 3.70+0.26° 3.34+0.52

Apical breadth 0.50+0.102 0.73+0.15° 0.62+0.16

Body breadth 0.73+0.122 1.10+0.20° 0.92+0.26

Root breadth 1.13+0.212 1.60+0.20° 1.37+0.33

a Means with different superscripts across the rows differs significantly at <0.05

Table 2: Mean + Standard Deviation of the body weight and biometry of the organs of the
gastrointestinal tract in African White Breasted Hedgehog (Atelerix Albiventris).

Biometry Male Female Overall mean
Body Weights (g) 157.00+27.87° 248.67+12.66° 202.84+64.82
Oesophageal length (cm) 6.00+£0.30° 9.50+2.78° 7.75£2.47
Duodenal length (cm) 5.8310.38° 7.17£1.04° 6.5+0.95
Jejunal length (cm) 58.67+4.16° 70.00+4.58° 64.3418.01
lleal length (cm) 8.53+0.47° 12.83+2.57° 10.68+3.04
Colonal length (cm) 4.97+0.15° 5.93+0.93° 5.45+0.68

a Means with different superscripts across the rows differs significantly at <0.05

-
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Fig (1): Photograph depicting the locations of its oral cavity and the gastrointestinal (GIT)
organs and associated organs of the white breasted Hedgehog (Atelerix albiventris). (A) The
liver and part of the stomach and small intestines were located in the thoracic cage, bound-
ed by the rib cage, RC. The reminder of the GIT (intestines) were located in the abdominal
cavity (AC). (B) The thoracic cage has been opened to expose the lungs (1), heart (H), liver
(L) and parts of stomach (S) and small intestines (Sl it enclosed.
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Fig (2): Photograph of the parts of the pluck (tongue (T) and lungs (L)) and the gastroin-
testinal tract (stomach (S) and small and large intestines (l)) of the white breasted
Hedgehog (Atelerix albiventris) after evisceration.

A B
Fig (3): Photographs of the white breasted Hedgehog (Atelerix albiventris) tongue and gas-
trointestinal tract. (A) Shows the Tongue and its apex (A), body (B) and root (R); (B) shows
the pluck (P) and the gastrointestinal tract (oesophagus (Oe), stomach (S), duodenum and
the pancreas (DP), jejunum (J) ileum (1), colon (C) and anus (A)) after evisceration.
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Fig (4): Photomicrograph of the oesophagus in African white breasted Hedgehog showing
its lumen (LU), keratinized stratified squamous epithelium (KSS) of its lamina epithelialis
mucosae; lamina propria (LP) and lamina muscularis mucosae (LM). The glandless submu-
cosa (S) separated the mucosae from the tunica muscularis, which had an inner circular (C)
and outer longitudinal (L) smooth and skeletal muscle bundles. H&E X40.

Fig (5): Photomicrograph of the stomach in African white breasted Hedgehog showing its
lumen (LU), mucosa (M)), submucosa (SM), and the inner circular (O), middle oblique (C)
and outer circular (L) smooth muscle bundles layer of the tunica muscularis of its pyloric
region. The mucosa was characterized by gastric pits (P) that open into glands (G) of the
lamina propria. Lamina muscularis (m) of the mucosa demarcates these glands from the
submucosa. H&E X 40.
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Gastrointestinal organs of the African Hedgehog Jaji et al,,

Fig (6): Photomicrograph of the duodenum in African white breasted Hedgehog showing its
lumen (LU) and the villi (V), crypts of Lieberkuhn (C) and lamina muscularis (m) of its mu-
cosa. This part of the submucosa (SM) shown was devoid of glands. The muscularis (M)
had inner circular, middle oblique and outer circular smooth muscle bundles. H&E X 40.

Fig (7): Photomicrograph of the jejunum in African white breasted Hedgehog showing its
lumen (LU) and the relatively longer villi (V) and their cut tips, islands (VI), crypts of
Lieberkuhn (C) and lamina muscularis (m) of its mucosa. The submucosa (SM) devoid of
glands. The muscularis had inner circular, middle oblique and outer circular smooth muscle
bundles. H&E X 40.
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Gastrointestinal organs of the African Hedgehog Jaji et al,,

Fig (8): Photomicrograph of the colon in African white breasted Hedgehog showing its lu-
men (LU) and the crypts of Lieberkuhn (C), devoid of villi, and the lamina propria (LP) of its
mucosa. The submucosa (SM) was quite extensive. The muscularis had inner circular,
middle oblique and outer circular smooth muscle bundles. H&E X 40.
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Animal species in this Issue

Four-toed hedgehog (Atelerix albiventris)

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Eulipotyphla
&Family: Erinaceidae &, Genus: Atelerix & Species: A. albiventris

The four-toed hedgehog (Atelerix albiventris), is a species of hedgehog found
throughout much of central and eastern Africa.

The four-toed hedgehog is a solitary, nocturnal animal. It generally moves along
the ground, but is capable of both climbing and swimming when the need arises.
It is highly energetic, sometimes covering miles of ground in a single night as it
forages forinsects, grubs, snails, spiders, some plant matter, and even
small vertebrates. It has a high tolerance for toxins and has been recorded con-
suming scorpions and even venomous snakes.

The four-toed hedgehog is an oval bodied animal between 13 and 30 cm in
length and weighing between 400 and 1,110 g. Females are typically larger than
males. It has short legs, short tail typically around 2.5 centimeters in length, a
long nose, and small beady eyes. The ears and whiskers are both relatively
large, implying that the animal has good senses. As its common name implies,
and unlike related species, the four-toed hedgehog typically only has 4 toes on
each hind foot, lacking the hallux. However, in some individuals, a small bony
lump may be present in place of the hallux, or there may even be a well-
developed toe, especially on the hind feet.





