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Summary
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Med., 18, No 1, 19-30.

Ten adult African giant rats (AGR), 5 males and 5 females, were used to determine the regional ana-
tomy of their oral cavity. Body measurements were recorded. The oral cavity was accessed by disar-
ticulating the temporo-mandibular joint and the gross morphology of the lips, palate, cheek pouch,
teeth, tongue and major salivary glands were studied. Morphometric parameters of the cheek pouch,
tongue and major glands were also determined. Histological features of the tongue were demonstrated
after haematoxylin and eosin staining. The upper lip revealed a philtrum extending from the median
septum of the nostrils and terminating at the oral fissure in a divergent triangle to expose the elon-
gated incisors. The lower lip formed a smooth arch ventral to the upper lip. Average number of pala-
tine ridges was 9. The tongue (mean weight of 3.80+0.08 g) appeared spatula shaped. Main papillae
were filiform and fungiform, with scattered vallate papillae on histology. The mean pouch capacity of
males and females was 27.46+0.41 mL and 27.18+0.49 mL respectively while the dentition of the
AGR was noted as 2(I1/1 C0/0 P0/0 M3/3) and showed typical rodent features. The major salivary
glands (parotid and mandibular) were well developed. This work reports baseline research data on the
anatomy of the AGR’s oral cavity and will have usefulness in determining the adaptive features in this
rodent to its diet, habitat and lifestyle.
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INTRODUCTION

The African giant rat (AGR), Cricetomys
gambianus, is a ubiquitous wild rodent of
the suborder Myomorpha, adaptable to
several environmental and diet conditions.
Being an omnivore, it feeds on a variety
of food items. AGR are found in Central
Africa, in regions south of the Sahara de-

sert as far south as Zululand; this includes
countries such as Nigeria among others
where they are often incorrectly called
rabbits or Nigerian rabbits (Ajayi et al,
1978; Happlod, 1987). The animal is one
of the most commonly consumed wildlife
especially in Nigeria (Martin, 1985;
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Anadu et al., 1988) and had been recom-
mended as a micro-livestock of Africa to
supplement dietary animal protein intake
because of its sheer body size, vast popu-
lation and availability (FAO, 1970).

The head and body length of AGR
ranges from 25-45 cm with scaly tails
ranging from 3646 cm; measuring 75 cm
from the nose to the tip of the tail, with
the tail about 41 cm long. Adult females
weigh between 1-1.5 kg and males have
been known to reach nearly 3 kg and ave-
rage basal metabolic rate of 71 cm® oxy-
gen/hour (Ajayi, 1977b; Nowak & Para-
disso, 1983; Ryan, 1989).

The oral cavity of the African giant rat
contains vital organs such as the tongue
(for taste), teeth (mastication and de-
fence), cheek pouches (food storage and
transport over long distances) and salivary
glands (for lubrication). The cavity and its
opening is the entrance into the alimentary
canal of the digestive tract. The opening
forms the junction between the integument
and the digestive tract (Don, 2007).
Among mammals, this junction forms the
upper and lower lips, which extend as the
mucocutaneous membrane into the initial
portion of the alimentary canal. The cavity
itself is typically asymmetrically shaped
and composed of a narrow vestibule, which
lies between the lips and cheek, the teeth
and gingivae, and the relatively expansive
buccal cavity, which extends internally
between the oropharynx and the arches of
the teeth (Hebel & Stromberg, 1976).

The numerous functions of the oral
cavity consist of taking in and breaking
down of food both mechanically and
chemically (Don, 2007). The palate (hard
and soft) separates the nasal and the oral
cavities.

The tongue is a muscular organ and
consists of two muscle groups (intrinsic
and extrinsic lingual muscles). The dorsal
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surface of the tongue is occupied by dif-
ferent types of projections called papillae
which are grouped into mechanical and
gustatory papillae, including lingual, fili-
form, fungiform and foliate papillae (Fish
& Richter, 1946). The morphology and
microscopic structure of the tongue have
been investigated in goats (Igbokwe &
Okolie, 2009), cattle (Ebru et al.,, 2010),
mice (Carrard et al., 2008), rats (Iwasaki
et al., 1999; Nasr et al., 2012), primates
(Kobayashi et al., 2004) and rabbits (Silva
et al, 2002; Nonaka et al, 2008). The
tongue of the Wistar rat is about
2.67+0.02 cm long from its bilaterally
compressed tip to the base of the epiglot-
tis and 0.58 cm, 0.66 cm and 1.2 cm wide
at its apex, body and root with a deep me-
dian sulcus seen on the midline of the
tongue (Ghazale & Frangis, 2013). Nzalak
et al. (2012) reported mean tongue weight
and length of the AGR as 2.76+0.61 g and
4.62+0.14 cm respectively.

Cheek pouches are sac-like folds of
skin on either side of the mouth playing an
essential role in that they permit individu-
als to exploit seed resources efficiently
throughout their home range and move
those seeds to sites where the hoarder can
exert a greater degree of control over
them (Vander Wall et al., 1998). Thus
knowledge of the cheek pouch capacity is
essential to addressing general questions
of AGR biology. The pouch capacity of
the deer mice was reported as 0.45+0.11
mL, about 12-27% of that carried by
similar-sized heteromyid rodents (Vander
Wall et al., 1998)

Salivary glands are soft spongy tissues
that secrete saliva and amylase. There are
three pairs of salivary glands viz: parotid,
mandibular and sublingual (Hebel &
Stromberg, 1976). Works have been do-
cumented on the submandibular glands of
ferrets (Poddar & Jacob, 1977), rats (Wa-
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tanabe et al., 1996), free-tailed bats (Na-
gato et al., 1998), chickens (Gargiulo et
al., 1991), wallabies (Lentle et al., 2002),
domestic cats (Mohammadpour, 2010),
pigs (Zhou et al., 2010), and most re-
cently, AGR (Ikpegbu et al, 2013).
Nzalak et al. (2012) reported the mean
weight of the parotid and mandibular sali-
vary glands in the AGR as 0.81+0.03 g
and 0.78+0.02 g respectively.

Although some authors have worked
on some aspects of the digestive system of
the AGR (Nzalak er al, 2010; 2012; Ik-
pegbu ef al., 2013) as at the time of this
report, no published comprehensive data
exist on the morpho-anatomy of the oral
cavity of the AGR.

MATERIALS AND METHODS

Ten adult African giant rats were used for
the experiment: 5 males and 5 females.
All the animals were obtained from local
hunters in Abeokuta, Ogun State, South-
Western Nigeria and examined for ab-
sence of facial deformities or abnormali-
ties that may interfere with the research.
Animals were housed using locally made
cages 32 cm wide x 60 cm long X 21 cm
high and had one half kept dark by means
of a metal cap in order to satisfy their noc-
turnal behaviour, and to provide them
with a dark sleeping chamber or nesting
area. Food and water troughs containing
rat pellets (Ladoke® type) were placed
fixed to the wall of the cage at this end.
The other end of the cage provided venti-
lation and light through screen wires. The
rats were stabilised for 2 days before the
experiment. The age of all rats was esti-
mated according to Ajayi (1977b) who
used weight estimates to classify the AGR
as neonates (070 g), juveniles (>70 g but
<500 g) and adult (>500 g).
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All experiments were approved and
carried out in accordance to guidelines of
the animal use and ethics committee of the
Federal University of Agriculture, Abeo-
kuta. The animals were anaesthetised us-
ing chloroform in an inhalation chamber.
Excess inhalation anaesthetic was admi-
nistered before each dissection of animals
to avoid spasms and expulsion of glandu-
lar products. Their body weights were
recorded to the nearest kilogram. After
anaesthesia, the oral cavity was accessed
by disarticulating the temporo-mandibular
joint. Normal saline was used in infiltra-
ting the eviscerated tissues to maintain the
normal body physiology.

Parameters were measured using Tole-
do Mettler balance®, thread, ruler, grains
and measuring cylinder. The tongue was
dissected out with the portions of the apex
and body taken for histology. Briefly, the
tongue was post-fixed in 10% formalin for
72 h and subsequently, dehydrated
through an ascending gradient of alcohol
(70%, 80%, 90%, 95% and 100%), each
for one hour. The tissues were then
cleared with xylene, embedded in paraffin
wax at 58 °C and sectioned at 5 um with
the microtome. These paraffin-embedded
sections were mounted on glass slides and
then routinely stained with haematoxylin
and eosin. Slides were examined under
light microscope (Leica® Model DME
Microscope, Model: 13595XXX, Leica
Microsystems) and images of the tongue
epithelia histomorphology were captured
with Canon® Power shot S70 camera (PC
1087, No. 033102132). All data were ob-
tained using Student Package for Social
Sciences (v. 16) and results were expres-
sed as mean + standard error of mean and
analysed with the Student ¢ test.

The following morphometric parame-
ters were defined — head length: length
from the tip of the nose to the occipital
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bone (nuchal crest) (cm); body length:
length from the first cervical (atlas) to the
last sacral bone (cm); nose-rump length:
measured from the tip of the nose to the
last sacral bone about the sacrococcygeal
joint (cm); tail length: length from the
caudal part of the last sacral bone and the
cranial tip of the first coccygeal bone to
the caudal tip of the last coccygeal bone
(cm); body weight: weight in the nearest
kilogram (kg) of live animals; pouch ca-
pacity: estimated by filling the pouch with
fine grains and then measuring the volume
with a measuring cylinder (mL).

RESULTS

The mean body weights of males and fe-
males were 0.89+0.08 kg and 0.78+0.11
kg respectively, while the overall mean
was 0.83+0.07 kg (Table 1). The mean
body lengths of the males and females
were 66.54+1.23 cm and 67.84+1.81cm
respectively, while the overall mean was
67.20+1.05 cm. The mean of the tail
lengths were 35.00+0.83 cm and 35.42+
1.41 cm for the males and females respec-
tively. Males were heavier while females
were relatively longer. In this study, there
were no statistically significant differen-
ces in all measured parameters between

both sexes — thus authors report the ab-
sence of sexual dimorphism.

The upper lip (labium maxillare) was
cleaved mid-sagitally by deep hairless
philtrum rostrally. This groove continued
as a deep pocket around the neck of the
upper incisors and caudally as the groove
directed toward the roof of the oral cavity
(proper). Hairy upper lips covered the
upper incisors laterally so that only the
tips were visible. The transition from the
hairy outer surface to oral mucosa was
along the edge of a fold which ran ros-
tromedially from the commissure of the
mouth as far as the distant contact surface
of the incisor tooth. Between the folds of
each side was located the incisive papilla
— a three-cornered pyramid with a height
of 1.5£0.05 mm and close to its rounded
tip laid the slit-like orifices of the incisive
duct.

The part of the hard palate (palatum
durum), between the incisive papilla and
the mesial surface of the first molar tooth
contained two transversely running, 1 mm
high palatine ridge — rugae palatinae. Be-
tween the two molar arcades another five
or six W-shaped lower rugae crossed the
hard palate, covered with a heavily corni-
fied epithelium and their caudal edges
bore short cornified papillae. The transi-
tion between the hard to soft palate was

Table 1. Morphometric parameters of body and oral cavity in adult African giant rats. Data are given

as meantSEM

Parameters Male (n=5) Female (n=5) Overall (n=10)
Body weight (kg) 0.89+0.08 0.78+0.11 0.83+0.07
Nose-rump length (cm) 66.54+1.23 67.84+1.81 67.20+1.05
Tail length (cm) 35.00+0.83 35.42+1.41 35.31+0.78
Number of rugae 8.80+0.20 8.80+0.20 8.80+0.13
Tongue length (cm) 5.20+0.42 4.30+0.28 4.75+0.28
Tongue width (cm) 1.76+0.11 1.36+0.16 1.56+0.11
Mid tongue width (cm) 1.14+0.08 0.92+0.06 1.75+0.70
Pouch capacity (mL) 27.46+0.41 27.18+0.49 27.32+0.30
22 BJVM, 18, No 1
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Fig. 1. Ventral view of the head and neck of the AGR (with skin reflected and forceps inserted
through the mouth to show the extent of the cheek pouch).

marked by a pale line in the mucous
membrane. The soft palate (palatum mol-
le), was formed by a caudally narrowing
septum of 0.5+0.04 mm thickness, tightly
attached to the wall of the pharynx. The
ventral surface of the soft palate showed
fine openings of glandular ducts of the
submucous palatine gland. A median strip
of the soft palate displayed numerous low
papillae (diameter 0.25+0.02 mm) and
transverse folds near the caudal rim. The
average number of ridges on the hard pal-
late was approximately 9.

The mean pouch capacity of males
was 27.46+0.41 mL while that of females
was 27.3240.30 mL. The cheek pouches
consisted grossly of a buccal and a sublin-
gual part. The buccal part lined the mu-
cosa of the cheeks medially and the me-
dial face of the masseter muscle. The sub-
lingual part, an extension of the buccal
part, covers the ventral part of the mandi-
ble, masseter and the mandibular lymph
nodes to join the pouch of the other side
and inserted on the pectoral muscles and
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the ventral sternum (Fig. 1). Thus, males
have a relatively higher tendency of sto-
ring more food in their pouches compared
to females.

The dentition of the African giant rat
showed the typical rodent features with
two incisors on each jaw; a wide diastema
between the incisors and molars; three
cheek teeth per side in upper and lower
jaws. Dental formula was constant in all
rats used in this study and given as: 2[I1/1
C0/0 PO/0 M3/3] = 16. There were large
vacancies in the jaws but the vacancy in
the upper jaw was greater than that in the
lower jaw. The average distance of the
diastema in the upper jaw was 2.1 =+
0.02cm while that in the lower jaw was
1.10 + 0.03 cm. Mean diastemal distance
was not statistically significant different
between sexes.

The mean weight of the tongue was
3.80 +£0.08 g. The tongue width was about
one-third of its length, with overall mean
tongue length of 4.75+0.28 cm and overall
mean tongue width of 1.56+0.11cm.
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Fig. 2. Tongue (H & E stain). A. Tongue apex with keratinised stratified squamous epithelium with nu-
merous lingual papillae, prominent lamina propria (t) and a thin tunica submucosa of connective tissue
(x) lying between the mucosa and skeletal muscles (w), bar=100 um; B. Tongue apex: filiform papillae
(s) are the most numerous lingual papillae. They are slender, projected above the lingual surface. Keratin-
ised stratified squamous epithelium covers the papillac and a lamina propria (t) underlies the mucosa,
bar=50 pum; C. conical (q) and fungiform (r) papillac seen on the body of the tongue. The conical papil-
lae are larger than the filiform ones. The shape of the fungiform papillae is mushroom-like with connec-
tive tissue forming its core and a taste bud (y) stained on this papilla, bar=50 um; D. Vallate papillae (u)
are located on the dorsum of the tongue: large, flattened structures extending slightly above the lingual
surface. Stratified squamous epithelium covered the surface and taste buds (y) are frequently present in
the epithelium. Connective tissue (v) seen at the core of the papilla, bar=50 pm.
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Grossly, from its dorso-ventrally com-
pressed tip to the base of the epiglottis,
the tongue was divided into three parts:
the rostral part (apex), the caudal part
(root) and the medially compressed part
(body). It presented a spatula shaped apex
— broader cranially and narrowed down
caudally until about the caudal one-third
from which it had a uniform width; at
which point, a raised dorsal prominence
(torus linguae) was observed on the dor-
sum. The cranial two-thirds of the dorsum
bore a median lingual sulcus and the root
was embedded in the hyoid bone. The epi-
thelial lining of the tongue was keratinised
stratified squamous epithelium (Fig. 2).
Lingual papillae i.e. the mechanical
and gustatory papillac were abundant on
the dorsal surface of the tongue. Filiform
papillac were well developed, slender,
projected above the surface of the tongue
and covered the rostral part of the tongue.
Keratinised stratified squamous epithe-
lium covered a core of the connective
tissue within each papilla (Fig. 2A and B).
The caudal end of the dorsal surface was
free of mechanical papillae. All papillae
appeared grossly as pale dots. Fungiform
papillaec were seen between the apex and
the dorsal prominence of the tongue ir-
regularly interspersed among the filiform
papillae. They did not extend far above
the surface of the epithelium and almost
always contained taste buds (Fig. 2C).
Their connective tissue core formed fin-
ger-like secondary processes and bore a
common conical cap of cornified epithe-
lium. The vallate papillae were sparsely
distributed on the dorsum of the tongue
just rostral to the root. They appeared as
large flattened structures that extend
slightly above the tongue surface. Strati-
fied squamous epithelium covered the
surface and taste buds were noticed in the
epithelial layer around each papillae (Fig.
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2D). Taste buds were also found at sites
independent of the special gustatory or-
gans within the oral cavity and in the ter-
minal parts of excretory ducts of salivary
glands.

The major glands i.e. the parotid,
mandibular and sublingual glands were
paired and well developed. The distinct
oval shaped, lobed flat parotid gland
(weight 0.33+0.02 g; length 1.7+£0.09 cm)
extended along the caudal border of the
mandible towards the ventral aspect of the
larynx and extended caudally toward the
clavicle. The parotid duct, formed by the
fusion of the excretory ducts from each
lobe of the parotid gland, ran rostrally into
the oral cavity at the rostral border of the
masseter muscle and opened opposite the
upper second molar. The dorso-ventrally
compressed mandibular gland (weight
1.854+0.05g; length 4.8+0.20cm) lied in
the ventral cervical region towards the
thoracic inlet bordering the mandibular
lymph nodes rostrally and its counterpart
medially. The sublingual gland (weight
0.2540.01 g; length 1+£0.096 cm) was lens
shaped, tightly attached to the mandibular
gland with a darker colour. Both the man-
dibular and sublingual excretory ducts ran
rostrally along the medial surface of the
mandible. They turned dorsally and ope-
ned separately on the rostral aspect of the
sublingual caruncle close to the mandibu-
lar symphysis.

The relative glandular mass of the pa-
rotid, mandibular and sublingual salivary
gands accounted for 0.04%, 0.22% and
0.03% of the AGR body weight.

DISCUSSION

The mean body weight of the African gi-
ant rat (0.83+0.07 kg) in this study was
larger when compared to other rodents
such as the vole, ground squirrel, desert
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hamster, striped hamster, Mongolian ger-
bil, whose mean body weights were re-
ported as 0.03 kg, 0.15 kg, 0.02 kg, 0.02
kg and 0.05 kg respectively (Wang et al.,
2002). It is however smaller than the
greater cane rat (Adu & Yeboah, 2003;
Byanet et al., 2008); thus explaining why
the AGR is ranked as the continent’s sec-
ond most hunted microlivestock, after the
cane rat (Asibey, 1974; Olude et al,
2013).

Feed conversion is also likely to be a
responsible factor for the body mass index
apart from natural morphologies. Large
indices of the masticatory apparatus and
oral cavity indicate a larger surface area
and naturally larger jaw muscles and lar-
ger absolute gape which are essential in
feed conversion (Greaves, 1983). The
comparatively larger body weight of
males as against females in all the samples
studied is in tandem to the finding of
Dzenda et al., (2011) who found the live
weight of male AGR to be higher than
females irrespective of the season. It has
also been postulated that the social beha-
viour of the rats may contribute to the size
difference. Males are wusually solitary
while female were found in colonies with
their young or the burden of pregnancy;
implying a higher competition for feed
amongst females than males (Olude,
2009).

The relatively longer and wider apical
tongue (4.75+0.28 cm, 1.56+0.11 cm) in
this study, compared to that of the Wistar
rat (2.6 cm, 0.8 cm) can be strongly linked
to relative differences in size (Hebel &
Stromberg, 1976). The tongue of the Afri-
can giant rat resembles that of the spatula
shaped equine tongue (Sisson & Gross-
man, 1953) while the middle attenuation
represents the compression of the molar
teeth. The cornified stratified squamous
epithelium as well as the filiform and fun-
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giform papillae of the tongue protects it
from damage during mastication. This
enables this rodent to take advantage of
coarse foods with ease. The relatively low
number of vallate papillae is a pointer that
these rats engage meals with little taste
discrimination (Hebel &  Stromberg,
1976).

Cheek pouches are adaptive features
for storage and transportation of large
amount of feed for hoarding (Ajayi,
1977a). This implies that the velocity of
acquiring food is higher in rodents with
the pouches and can serve as an advantage
in times of scarcity. However, the rela-
tionship of the pouch to structures such as
the pectoral muscle, salivary glands pre-
sents a risk factor in cases where sharp
objects are unknowingly picked up as bulk
food. Pathologies arising from such ana-
tomical proximities in ruminants have
been well documented as seen in trau-
matic reticulopericarditis/ reticuloperitoni-
tis (Akkog, 2007; Constable, 2012). This
could predispose to suggested pathologi-
cal conditions such as traumatic myositis
or traumatic adenitis in the AGR. How-
ever, no known case of conditions arising
from this anatomical relationship of the
AGR has been reported.

The cheek pouches play an essential
role in the economy of these rodents in
that the pouches permit individuals to
exploit seed resources efficiently through-
out their home range and move those
seeds to sites where the hoarder can exert
a greater degree of control over them
(Vander Wall et al., 1998). Interestingly,
AGRs find almost as much value in the
act of carrying as much as the act of
hoarding food (Ajayi, 1977a; Ajayi et al.,
1978). This results in confusing hoarding
patterns when food is plentiful in any sea-
son. This adaptive feature however, al-
lows Gambian rats to transport an ex-
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traordinary amount of material in a short
period of time. Some studies have shown
them to transport up to 3 kg in two and half
hours (Ajayi, 1977a; Ajayi et al., 1978).

The mean pouch capacity and the
mean pouch capacity to mean body weight
ratio (MPC/MBW) of the AGR -
27.3240.30 mL and 0.033 mL/g body
weight were significantly higher as com-
pared with those of the deer mice: 0.45+
0.11 mL and 0.019 mL/g body weight
respectively (Vander Wall & Longland,
1999). The two most important factors
governing cheek pouch capacity — body
mass and the density of the preferred food
— have been described (Morton et al.,
1980). Thus these factors probably ac-
counts for the higher MPC/MBW ratio in
the AGR (>150% of the deer mice).

Cheek pouches of deer mice, about
12-27% of that carried by similar-sized
heteromyid rodents, give them the capa-
city to carry 3-5 times more food than
unspecialised mice. This presumably in-
creases efficiency of deer mice in exploit-
ing small, particulate food items that are
patchily distributed (Vander Wall &
Longland, 1999).

Owning to the bigger size of the sali-
vary glands of the AGR compared to
those of the Wistar rat (Hebel & Strom-
berg, 1976), the AGR is thus been pro-
posed as a suitable research model for
studying the pathogenesis of salivary
gland tumours (Batsakis et al., 1983), and
the use of salivary gland adiposity to cor-
relate the level of liver cirrhosis in alco-
holic patients (Scott et al., 1988). This
lends credence to the growing ambition to
use the AGR as a substitute for the Wistar
rat in research (Dipeolu et al., 1981;
Olayemi et al., 2001).

The macroscopic studies of the oral
cavity offer insight into the adaptive mor-
phology and mechanism by which the
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AGR utilises and manipulates its feed for
proper feed conversion to body mass. The
findings reported in thiis paper therefore,
contribute to the body of knowledge in the
understanding of the anatomy of this ro-
dent.
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