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ABSTRACT

The gastrointesting|GIT) morphology and the distribution of the different types of mucin
secreting cells were investigated in thesscutte(Thryonomys swinderianuspPrevious
researchstudies carried oubn the GIThave only focusedon the grossnorphology and
histology Theaim of the study was to provide a confpasive morphological assessment of
the GIT, some accessory digestigiands identify and characteriste distribution of mucin
(neutralandacidic) in the GITof this rodentSeven(7), apparentlyhealthy grasscuttewere
purchased from a farm in Zaridhe animals wereanaesthesised argcrificed with the
stomach, small and large intestines, liver, pancreas and gall bididdeted The weight,
shapeandlengthof the accessory digestivglands stomach, small and large intestivesre
taken The organs were fixed in neutral buffered formalin and routinely processed for
histological and histochemical studiddistomorphological characteristics of tlifferent
partsof the GIT and accesspdigestive glandsvere studied usingiematoxylinand Eosin
staining techniqueHistochemical staining methods were used to detect distihguish
between neutradnd acidic mucinsusing Alcian Blue (AB), Periodic Acid Schiff (PAS) and
Alcian Blue andPeriodic Acid Schiff combined (ABPAS) techniquesvhile PAS with
diastasecontroltechnique was used to study the histochemistry of the Taerresult of the
macroscopic observatiofirs the stomachevealeathree distinct partdhe cardia, funduand
pylorus while the small intestinealso revealed three regionsamely the duodenumthe
jejunum andthe ileum. Thelarge intestine revealed three distinct regiahg;caecumthe
colon andthe rectum Theresult of themorphometricstudies showedesual dimorphism
with male valuesiigherin mostof the parameters measured tharhe femals. The body
weight of 1582.25 + 207.95gvas recordedin the malesand 1089.67 = 276.93g irthe

females The mean GIT lengthn the males wag53.13+ 10.68cmand243.63 * 6.73cnin

Vi



the females The meanliver weightof 45.65 + 3.2 and 37.43 5.84g were recordedh the
males andhe females respectivelyrhe result of themicroscopicobservations othe GIT
and the gall bladdesf the grasscutter revealed simple columeaithelialcells across all the
regions whileintestinalglands were observddr thesecretion of mucuandin the stomach
glands were observedfor the secretion of mucus andastric juice The liver cells
(hepatocytes) werelosely packe@dndarranged from a diffuse to radial pattefihe pancreas
was made up of lightly stainqehncreatic island@slets of Langerhansind darkly stained
serousacinar cellsThe resultof the histochemicaktudies revealedhe presence of acid and
neutral mucins across the segments of the gastrointestinahttiadhe stomaclipositive for
only neutral mucins while the small and large intestiwese positive for both acid and
neutral mucins The acid mucins were dominant across the regions of the intestines.
Histochemical studies dhe liver revealed®AS positivehepatocytesvhich suggested the
presence ofjlycogendepositswithin their cytoplasmin conclusionthe grasscutteshowed a
uniguepatternin the distribution ofacid and neutrainucins acrosthe GITwhich ould be
as a result oflifference in thequality of biofilm required in the various segmswif the GIT.
This not too far from what is seen in the Wistar rats except ®otdtal absence of acidic

mucins in the stomach.
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CHAPTER ONE
INTRODUCTION

The Grasscutte(Thryonomys swinderianuss common in Africa,Southof the Sahara
rangng from Gambiato SouthernSudan and fronsouthto North Namibia and South
Africa (Fitzinger, 1997. It belongs to the familirhryonomyida@and ordeRodentialt is
found only in Africa (Baptist and Mensah, 1986pmecommonnamesby which it is
knowninclude; Cutting grass,Canerat or Greatercane ratLocally, theyare called Jauiji

in Hausa, Nchin Igbo and Oyan Yoruba

Thryonomys swinderianugl. swinderianup are herbivores and their natural diet is
mainly grasses and can®ometimes they also eat bavk trees fallen fruits, nuts and
many different kinds of cultivated crops. Some of the cultivated crop fieldsTthat
swinderianusinvade includesugar cane, maize, millet, cassavaund nuts sweet
potatoes, and pumpkins {Einger, 1997). Great c a n e favoate fdad is elephant
grass and sweet potatoes (NRC, 1991). They prefer plants with lots of moisture and
soluble carbohydrates (Agbelusi, 1997).swinderianusut the grasses and other foods
with their incisors, prducing a chattering sound that is relatively loud and very

distinguishable (Milland Hes1997).

The Grasscuttercan be found in areas with tall grasses such as in the GGuléa
savannah especially areas with abunadant supply of elephant and guinea grasses which
they eat as foodAnkrah, 2005) They also inhabit cleared forest are@sveral reports

have revealedhat the skin and fuiof the the rodents well asits limbs and tails are



easily torn outvhenhanded (Kingdom, 1974). This makes the animal very difficult to

catch and even more difficult to handle after capture.

The Grasscuttehas been reported to laefast runner also possessing good swimming
skill, despite the blunt snout. It haslatively poorvision, basing its communication
majorly on hearing analso using itsvell developed sense of smell. The rodent can stay

in captivity forup to four yearsvith careful handlindJori and Chardonnet, 2001).

Despite the features of this rat that have been studied, the digestive system is yet to be
fully investigated. Macroscopic and microscopic studiehiave been doneon the
gastrointestinal tract of théfrican Grasscutter(Byanet et al, 200§, Gross and
microscopicstudies have been done on #matomyof thyroid glandof the wild African
Grasscutter(lgbokwe, 2010) Morphometric observations of the brain of the African
Grasscuttehave been doneBanetet al., 200§ and sex differences in the cerebellum

and its correlabn with some body traits in AfricanGrasscutterhave been studied

(Byanet, 2012)

The morphology of the digestive tract of a given animal species is related to the nature of
food, feeding haiks, body size and shape (Smith, 198%arts of thaligestive systenof

vertebrates may showa wide range of structural aridnctional diversities both within

and anong the class of the vertebrate. Apropender st anding of the s\
to diet andfeeding habit is of great importander the progr care of domesticated

animals and preservation of endangered species (Finegan and Stevens, 2008)



1.1STATEMENT OF THE RESEARCH PROBLEM

Research works doran thegastrointestinal tracGIT) of the rodent havéocused on the
gross morphology and histolodigtle or no work has described the mudimstochemistry

of the digestive tract of th@rasscutter
1.2JUSTIFICATION OF THE STUDY

The presentstudy may be useful in the understanding of the feeding patterns and give an
insight into the efficiency of the digestive system in @masscutterthe knowledge of
which may be employed in the breeding programmes, or as animal models for feed

formulation and nutrient trials

1.3SIGNIFICANCE OF THE STUDY
e The findings of this study could be used in comparative anatomical studies and
establishment of evolutionary trends with other species oivilnedeae family
and higher orders like humans.
e The resits of the present study may also provide Hase data on the
histological and histochemical features of the GIT and accessory digestive glands

of theGrasscutter
1.4AIM AND OBJECTIVES OF THE STUDY
1.4.1Aim of the Study

The aim of the present studyas toshed light upn the anatomy and characterize the
mucin characterize the mucin contents of @& and the accessory digestive glands of

the Grasscutter



1.4.20bjectives of the Study
The objectives of the study vee
I.  To determinethe morphometric angrossmorphologicalfeatures of the GIT and
accessory gland$ver, pancreas and gall bladdef)the Grasscutter

ii. To determinethe histomorphologic features of the GIT aadcessory glandsf
the Grasscutteusing Hematoxylin and Bsin (HandE).

ii.  Toidentify andcharacteristis the distribution of mucinsising Alcian Blue (AB)
Periodic Acid Schiff PAS) andAlcian Blue and Periodic Acid Schiff combined
(AB-PAS) techniquesn theGIT andgall bladder

Iv.  To demonstrate glycogatistribution in the liver using Periodic Acid Schiff with

Diastase control.



CHAPTER TWO

LITERATURE REVIEW
2.1THE GRASSCUTTER
The Grasscutte(Thryonomys swinderianpalso known as thgreatercane rabelongs to
the kingdomAnimalia, phylum; Chordatg subphylum;Vertebrata class; Mammalig
order; Rodentia family; Thryonomyidaeand genusThryonomys Grasscutteiis found
naturally near marshes and river banks (Maltg&l Hes 1997). Populations can also reach
very high densities in plantation$ cultivated crops (Merwe, 2000).
The body length ofl. swinderianugs usuallyabout35-61 cm, and their tail reaches
between6.5 26 cm in lengthKitzinger, 199). Greager caneratshave an average weight
in males of 4.5 kg and 3.5 kg in fema(&&erwe, 2000). They have a rounded nose, short
ears, and incisors that grow continuously (Mdisd Hes 1997) The pelage is coarse,
with flattened bristle like hairs that grow in groups of five or six. The upper parts are a
yellowish brown color and thenderside is a much lighter gray. Gezatane rathave no
under fur Fitzinger, 1997. The forefeet are smaller than the hind feet and have three
well developed middle digits with the first and fifth digits greatly reduced. The hind feet
have no first djit and all digits have heavy clawsitzinger, 1997. The dental formula
for T. swinderianuss | Y1, C% , PM Y , M %5 where I,C,PM and M are incisors,
canines, premolars and molars respecti{@lgrwe, 2000).
T. swinderianusreusually foundin groups composed of one male, several females and
young from more than one geagon (NRG 1991). They are nocturnal and create trails
through grass and reeds that lead from shelter to feeding and water sites. They pound

down tall grass to make nestsdaalso make shallow burrows for shelter. They are good



swimmers and diversF(tzinger, 1997. Some of the featureeff the Grasscutteras

described atwve can be seen in Figure 2.1

¥

Figure 2.1 The Grasscutte(CIRAD, 2003

2.2 THE GASTROINTESTINAL TRACT (GIT)

The gastrointestinal tradgl tract, or GIT is an organ system responsible for consuming
and digesting foodstuffs, absorbing nutrients, and expelling walséetract consist of

the stomach and intestinédBMD, 2009. However a broadedefinition of the Gl tract
includes all structures between the mouth and anus. divided into the upper and lower
gastrointestinal tract3.he GIT conforms to a general structure that is noticeable from the

oesophagus to the anus (Youstgal, 2006).Essentially, it is a muscular tube lined by a



mucous membrane. In the different regions of the GIT, minor variations are evident in the
muscular component, but most strikingly is the underlying changes in structure and
function of the mucosa in the differe regions. The GIT has four functionally
distinguishable layers, namely: mucosa, submucosa, musceideiiaand adventitia.

The mucosa consists of an epithelial lining, an underlying lamina propria of vascularised
loose connective tissue, and a thirosti muscle layer (the muscularis mucosae) (Young

et al, 2006). Furthermore, the mucosa undergoes sudden changes during the transition
from one region of the GIT to another. This occurs at the gassophageal junction, the
gastreduodenal junction, thigeo-caecal junction, and also at the reatwal junction. The
submucosa supports the mucosa and consists of loose fibrous connective tissue, blood
vessels, lympatics and nervesypung et al, 2006). The muscularis propria, usually
consisting of smooth muscle, is generally arranged as an inner ciranidrouter
longitudinal layer, which is responsible for peristaltic contraction (Yoeingl, 2006).

Only in the stomach is there a third mestdyer, namely the inner oblique muscle layer.
The adventitia is an outer layer of loose supporting tissue and it conducts major blood
vessels, nerves and adipose tissue. Where the GIT lies within the peritoneal cavity, the
adventitia (outermost conneativissue layer) is referred to as the serosa and it is lined by
mesothelium(Young et al, 2006) The different segments, layers and contents of

gastrointestinal tra@re shown irFigure 2.2
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Figure 2.2: Histological representation of thdifferent segments, layers and contents of
gastrointestinal tract (Kierszenbaum, 2002).

23 GIT MORPHOLOGY AND FEEDING HABITS IN RODENTS

Most rodents feed exclusively on plant material such as seeds, stems, leaves, flowers and
roots of trees (strict herbivores) Some are omnivoroudeeding onplant and some
invertebratesa few are predator@Vaggoner, 2000Wi | c¢ z XE39ksaggested that
feading habit may be closely related to gut morphology atidure, thedifferent
feedinghabitsin rodent species maye the reason for thdifferences in thenorphology

of the GIT. In some rodent species, the estimated volume and surface area of the caecum
and colon were greater in the herbivorous species than that in the omnivorous species
Strict herbivoreshave beemneported tohave larger colon and caecum and the trast of
omnivorous species varied tifferent extentdepending on the proportions of seed,
vegetative and animal foods in their di€§f¥anget al, 2003)which suggest that the

hind gut is more important forehbivorous than foomnivorous rodents and could be a
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relative relable indicator for food habitsSchieck and Millar (1985) compared the
digestive tract morphology for 35 species of rodents and found that thesmasd

lengths were ggater in herbivores than mmnivores;however, small intestine is not a
good indicator for food habits #éise smallintestine length dichot reflect any differences
among the rodent speciesmpared The stomach lengths immnivorous rodents were

not larger than herbivoréSchieck and Millar,1985)

2.4THE GIT OF HERBIVORES

A high body temperature and high rates of microbial actiedtgtributes largelyo the
success of the mammalian herbivorélse majority of the mamalian orders consistf o
herbivorous species (Stevens ahadne, 1995)The diet of herbivores consists largely of
the fibrous porthns of plants (leaves, petioles astéms). Most of the mammalian
herbivores obtain a large portion of their nutrients vedention and microbial
fermentation of plant materials in a voluminous caecum, colon oirstoreach (Stevens

andHume, 19951998.

A characteristideaturein small herbivorous animals is a big caecum that serves as the
main site of microbialfermentaton (Stevens andHume, 1995). Large henmrous
mammals such aaephantsprangutansgorillas etc. haveenlarged cain which serves

the principalsite for digesta retention and microbial fermentatidigesta are retained
with the help of haustra, agell as comparhentalisatiorin horsesand elephants. For the
remainder of the large herbivoreslarge compartmentalised or haustrated stomach is the

main site for microbial fermentatidistevens antiume, 1995)



2.5HINDGUT FERMENTERS

The hindgut orlarge intestinefunctions as the final & for storage of digesta and
retrieval ofendogenous electrolytes and water (StexarsHume, 1995). It is also the

main site of microbial fermentation in herbivorous reptiles, most herbivorous birds and
herbivorauss mammalsas it contains a large number of diverse microbes capable of
digesting different plant material€ell walls containing cellulose and lignin in plant
materias are difficult to digestbecause they are complex organic polymers which can
only be dgested by enzymes specific to thesuch as lignases and cellulagasnd in

some fungi and bacter{&augharet al, 2000 Martoneet al.,2009. Micro-organisms in

the digestivdract can synthesisgnzymes which cabreak down plant materialthough

the process amicrobid fermentation is slowHindgut fermenters masticate food as they
eat, initiating digestion with salivary enzymes (White, 2007). Digestion occurs by
enzymatic activity within the simple stomach. Hindgut fermenters do noirgitate

food. Food passes from the small intestine into the caecum. Large food particles move
through to the large intestin@Vhite, 2007) Micro-organisms ferment the ingested
cellulose in the caecum and large intestine. Mgeific energy requirementsf
homeothermic animals are high and related to body mass, i.e. the smaller the animal the
greater its energy need per unit of body mass (Bjornhag, 1994). Thus, small animals that
feed on plant material with low energy density cannot only rely on midrobia
fermentation because the process is too slow to produce sufficient amounts of energy.
Small herbivorous animals combireuto enzymat digestion in the foregut with
microbial fermentation in the large intestine. These small herbivoamisals are

hindgu fermentersThe Grasscutte{Thryonomys swinderianugalls into this group of
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hindgut fermentersand as such combine both enzymatic digestion and microbial

fermentation

26 THE STOMACH

2.6.1 Macroscopic Features

The Rabbit stomachholds approximately 15% of the volume of the entire gastrointestinal tract

(HarcourtBrown, 2002) The stomaclof the Grasscuttewas reported to account for

about 3% of the entire GIT length (Byaretal, 2008).Investigations carried out on the
morphometry of the stomach of the Afric&iant Rat(AGR), showed thathe stomach

accounted for about 1.86% of the total weight of the animal (Nzalak, 2010), with
maximum stomach width dfetween 3.13 + 0.31 and 3.75 28.cm(Ali et al, 2008).

Dissection of the stomadh AGR revealed the internal surface mucous membrane of the

gastric wall of the cardiac region of the glandular stomach toobéinuous with the
esophagusThe gastric wall of the internal di ve
mucosal folds. Most of the glandular mucosa is occupied by the fundic glands while non
glandular mucosa presented a brownish coloration with numerous sofiltkevphpillae

or projections (Aliet al, 2008).

The stomaclof Guinea Pigs U-shapedand consiss of two distinct parts: the lefhon
glandularpart(proventriculus or fore stomachhich is greyish, thinwalled and slightly
transparentthis section receives the esophagus and serves as a holding chamber for food
and the right glandular or ventricular part which is white and thick wéBedyhe<et al,

2011]). The stomach of thRabbitis thinwalled, 3shaped|yingto the left of the midlie

and divided into a cardiacaf undi ¢ and a pyl ori cThe egi on
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Grasscuttehas a simple stomaahhich takes the shape of an inverted J with a thin wall
and relatively distended when full (Byarett al, 2008). Viewed from the exterior,he
stomachs of th&abbitand grascutter are divided into the cardia (entrance), fundus and
pylorus (terminus), the cardia and pylorus being sphincters controlling the passage of

feed through the stoma¢hO 6 Ma | | éyaneteal 2068).

2.6.2 Histological Features

According to Berghest al. (2011), the mucosa of the glandular (right) past the
stomachin guinea pigis lined by simple columnar epitheliumhile the norglandular

(left) part of the stomach is lined by keratinized, stratified squamous epith@&yanet

et al, (2011) and Eman and Haider2Q12) carried outstudies on the stomach of the
Grasscutteand Rabbit reporing thatthe stomach wall hagdame structural layers (the
mucosa, the sub mucosa, muscularis externa and serosa) within the threewiitres

entire surface of gastrimucosalined by simple tall columnar epitheliumith lightly
stained cytoplasm which fosithe surface mucous lining cetlsatinvaginate the lamina
propria at varying depths aacding to the regiorof stomach Simple tubular, gastric
glands occupy the lamina propria in guinea pigs and these glands are discernible into
three distinct zones. ‘Ehchief cells occupy the lower third region; the parietal cells are
predominantly present in the upper half of the glandular tubule and a few of them appear
to be mixed with the chief cells in the lower third of the glartte neck cells can be seen
near he openings of the tubular portion of the gland at the gastric Béglieset al,

2017).
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In the Grasscutterthe cardiac region surrounding the point of entry of the esophagus
contained simple/branched tubular cardiac glands in its lamina propria extiehded

deep into the mucosa. The pyloric glands were observed to be similar to those of the
cardiac glands and were characterized by deep, large or open gastric pits and short coils
pyloric glands The fundic region had the most numerous types of gaglands. The
region had shallow gastric pits, long branched tubular glands that contain several cell
types like parietal cells and chief ce{Byanetet al, 2011) The mucosa of stomach in
Rabbis is divided into three regions accorditagthe types of glands which ¢ontains,

the cardiac, fundic and pyloric glands regiofrhe Rabbid s -desdloped cardiac
sphincter is lined with non glandular stratified squamous epithelium. The fundus contains
parietal cells that secrete acid andringic factor as well as chief cells that secrete

pepsinogen (O6Malley, 2005).

2.7THE SMALL INTESTINE

2.7.1 Macroscopic Features

Studies done on the small intestine of AGR recorded a mean length of 129 + 3.27 cm
making it the longest segmeoit the GIT accounting forapproximately56% of the total

GIT length(Ali et al, 2008). The small intestine in thRabbitis approximately 12% of

the gastrointesti nalThewmall intaséne ¢f h&rielssdutiers vy 200
approximately 2m long begins from the pylorus and ends in the caelduensmall

intestine of the AGR, Rabbit and Grasscutterwere subdivided into the duodenum,
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jejunum and ileunas reported bwli et al. (2008),Bob et al. (2012) and Byanetet al.

(2008)respectively

In the Rabbit the duodenum is supported by extensive peritoneal folds that form the
mesoduodenum, the duodenum is divided into three parts: a descending, a transverse and
an ascending segment. The concavity formed by the three duodenal segments houses the
pancreas witha diffuse appearance. The accessory pancreatic duct opens into the
duodenum, at about the passage from the descending segment of the duodenum to its
transverse segment (Bal al, 2012).Byanetet al. (2008)reported thathe Grasscutter
duodenunforms aloop with the pancreas in the middle. The duodenum is smooth and
measures from the pylorus to the origin of the jejunidiime duodenumn the AGR
appeared smooth and was seen to lie between the pylorus and the jéfin@nal,

2008)

The jejunumof the both AGR and grassscutter occuplye abdominal floor between the
stomach cranially and the urinary bladder caudétllis very long, convoluted or coiled,

but gradually stops forming coils near its eAdi (et al., 2008;Byanetet al, 2008).The
ileum in AGR wassmooth, slightly straight and curved only where it joined the large
intestine at the ileocecal junction (At al, 2008). The internal surface (mucous
membrane) of the small intestine has a soft and smooth appearance like theaglaardul

of the stomach (Aliet al, 2008). The ileum inGrasscutters smooth and curved only
where t joins the large intestine. This the main absorption site, and contains a series of
fingerlike projections, the villi, which greatly increase the surface area available for

absorption of nutrients (Schrage and Yewadan, 1999).
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The ileum of the South African spiny mouse as reportedBbgnzaier (2012) were
remarkably short with the number of goblet cells in the crypts also numerous, than in the

duodenum and the middle small intestine.

2.7.2 Histology

The histology of thesmall intestine of the AGRhowedthree different segments, the
duodenum, jejunum and ileum (Nzal&010) Histological Studies on themall intestie of

the Grasscutteshowedsimilar arrangement as that seen inABR (Byanetet al, 2011).

The shape of the villi in the duodenum of the AGR was-ligaf lined by simple

col umnar epithelial cells and having Brun
jejunum has ridgdike villi also lined by simple columnar epithelial cells with abundance

of intestinal glands (crypts of Lieberkihn) in the lamina propria (Nz&8&0). The

duodenal segmerninh the Grasscutteiwas observed to have the intestinal villi as an
outgrowth of the mucosa projecting into the lumen. The goblet cells and duodenal glands
(Br u n ngkand® ; the submucosa were also noted as the majstinguishing

features observed in the duoden(Byanetet al, 2011).

The jejunumof the Grasscutterhad numerous goblet cellind long lealike villi.
Between these villi were the openings of the simple tubular glands called, the intestinal
glands (crypts or glands dfiberkuhr). Each villus of the jejunum was observedb®

lined by simple columnar epitheliatells. The strisgd border formed by microvilli
present on the surfacé the cell was clearly visiblByanetet al, 2011).In the AGR, the
jejunum had a similar arrangement with that of @Geasscuttemwith the villi surface
observed to be more extensive compared to the duodenum and ileum (R@a@k
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2.8THE LARGE INTESTINE

2.8.1 Macroscopic Features

The large intestine in thRabbit has three segmentsaecum colon and rectum. The
caecunmof the Rabbitis very voluminous, taking almost the entire abdominal cavias

no muscular strips, containing 55% of dry matter of theelamgestingStanet al, 2014)
Ascendingcolon ofRabbitis very coiled withfour segments: proximal one (ampula coli),

10 cm length, with three powerful muscular bands which separates rows of multiple
haustra; the second portion has only one muscular band and fewer, smaller haustra; the
third part (fusus coli) is short, about em in length but highly vascularige and
innervated; the fouh portion is very short andpers into the descending colon.
Transverse colon is very shofRabbit descending colon is long and floating, show
relative flexuous pattern with a dilated portion as a sigmoid cdlba.rectum is shart

straght and dilated Stanet al, 2014)

The largeintestine of theGrasscutteconsistsof caecumcolon andrectum (Figure 2.2

The caecunis longer than the stomach and it is the largest organ in the abdominal cavity
(Schrage and Yewadan, 199Byanetet al., 2011). The caecum of th&rasscutter
occupies about 86 of the abdominal cavity and harbours microbial organisms for
efficient fermentation and utilization of fibroudiets. The caecum is a conshaped,

blind ended sac situated at the #ggecal juntion. Longitudinal bands of smooth muscle
with intervening sacculations of haustra are common features of the céi@ganetet

al., 2011). The colon is the longest segment of the gastrointestinal tract with a wide
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lumen and it contains the faecal ball$ie rectum is relatively short and straight and

terminates at an enlarged region, the anal erf&chrage and Yewadan, 1999).

The large intestine in the chinchilla has three segmeatscum colon and rectum, in
which the volume of thecaecumis about20% of dry matter of large intestine. In
chinchillas, ascending colon has three parts: proximal loop with two distinct areas, simple
intermediate portion, and a long distal portion extending to the right colic flé¢Staret

al., 2014) The last segment consists of two parallel parts joined by an apical flexure.
The transverse colon continues from the left flexure with the descending(&téoret

al., 2014). The descending colon was seen to have a convoluted pattern which was
continobus with the rectum, having relatively reduced size in all examined chinchillas

and theirdescending colon forms numerous convolutions (8tah, 2014).

Studies carried out on the large intestine of the AGR recorded a mean length of 88.2 +
2.73cm and anean width of 0.55 = 0.02cm also it was subdivided into three segments:
the caecum colon and rectum (Alet al, 2008).The caecumwas the largest segment of

the large intestine. It was very large, coesi@aped blind ended sac situated at the ileo
cecal junction. The colon was long with a wide lumen and contained fecal balls. The
rectum was short and straight with a narrow lumen wié&minates at the slightly
enlarged area, the anal canal (&tial, 2008).The internal surface (mucous membrane)

of the large intestine has a soft and smooth appearance like the glandular part of the

stomach (Aliet al, 2008).
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2.8.2 Histology

Byanetet al. (2011)and Nzalak (2010) both observed that tlege intestinal segments
(the caecum colon and rectumpf the Grasscutterand African giant rathad four
intestinal wall tunics similar to that observed in the small intestihe.segment is lined
by simple columnar epithelium with long irregular microvilli (Nzalak, 20I®e glands
of the large intestine afdenger than that of the small egtine and the goblet cells are
more numerous than in tisenallintestine Nzalak (2010 observed that the large intestine
was characterized by the absence of villi and an increafe mumberof goblet cells
from caecum to rectumOther prominent featusein the caecumare the external
longitudinal musclecoat which has three bands, tteeniaecoli, theselongitudinal
muscles push the fAexcesso hwsttagqByanetatal, f or m
2011) The colon has wider lumen than any segment of small intestineand the
mucosal surfacéByanetet al, 2011) Crypts ofLieberkiihn with abundant goblet cells
were also observed in the colon. Thescularis externéayer as incaecumwas observed
to have thick longitudinal bands callemkniae col(Byanetet al, 2011) The ectum is
short, straight andoes not have taeniae c@rakeet al, 2005). It has numerous goblet
cells in the cryptyStanet al 2014) An overview of the gastrointestinal tract of the

Grasscutteris shown in Figure 2.3.
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Figure 2.3: Digestive System of th@rasscutte(Schrage and Yewadan, 1999)

2.9 MUCOSAL SURFACES AND MUCOUS SECRETING CELLS OF THE GIT

Mucosal surfaces of the gastrointestinal, respiratory and urogenital tracts are areas where
absorption and excretion of substances occur (Pearson and Brownlee, PO@5).
movement of substances across these surfaces exposes them to the potentially harmful
external environment, but the cells in the mucosa, along with their mucous secretions,
create a protective barrier to maintain a patheges internal environment dhe body.

Mucosal surfaces are the primary target areas of roiganisms. The mucosal surfaces,
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in response to microbes, secrete many defensive compounds into the mucus layer. These
include compounds such as: antibodies, mucins, protegrins, defensllestineg

cathlecidins, histatins, lysozyme, and nitric oxide (Lindeal, 2008).

The mucosal surface of the intestinal tract is covered with a viscoelastic and lubricant
layer of mucus (Pavelka and Roth, 2010). This mucus lagiiga constantly changing
mixture of many secretions and scrajpéflepithelial cells, the main determinants of the
physiological and physical properties of mucous secretions are highly glycosylated, high
molecular weight proteins, known as mucins. Mucin gieswuare synthesised and
secreted by specialised epithelial cells (goblet cells) that are located on the mucosal
surface and also in the invaginated epithelial lining of the cryptsedferkiihnin the

GIT. Mucus has a number of functions in the GIT (Yowtgl, 2006). It lubricates the

oral cavity, the epithelial surface of the oesophagus, protects the epithelial lining of the
stomach from autdigestion, and in the distal part it lubricates for easy passage of faeces.
The mucus layer of the GIT also peots the underlying cells from mechanical damage

and prevents bacterial invasion (Montagtal, 2004; Pavelka and Roth, 2010).

2.10MUCINS

Mucins are proteins bound to carbohydrates (Brockhaesesl, 2009). Mucins are
highly O-glycosylated, glycoproteins with a high molecular weight (larger than 200 kDA)
(Devine and McKenzie, 1992)081e mucins are small with only ohendred amino acid
residues, yet others can contain more thdghousand residues érezVillar and Hill,

1999). Generally, mucins can be divided into two main categories; the membrane

associated and secreted mucins (Montagiteal, 2004). The secreted mucins
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characteristically have a very high molecular weight and size with mahgkéal
oligosaccharides to form viscoelastic gels. Membiassociated mucins have similar
structural properties as the secreted mucins, but they have different functional properties

because they are active membrlioend components (Montageeal, 2004).

2.10.1 Functions of Mucins

Mucins display the tendency to aggregate and form gels (Telyk, 2003). Therefore,

the secreted gdbrming mucins of the respiratory, gastrointestinal, and genitourinary
tracts, as well as the eyes, are protected by the ability of {Bal®Ac glycans of the
mucus glycoproteins to lubricate and protect their epithglidaces (Brockhauseet al,
2009).These Gglycans are usually negatively charged and hydrophilic, which allows for
the binding of water and sgBrockhauseret al, 2009) In addition, these characteristics
contribute to the viscosity and adhesivened mucus, forming the physical barrier
between the external environment and the epithelium. An important physiological
process is the removal of particles and migrganisms that are trapped in mucus via
peristaltic movementsSecreted and cell surface mucins express many oligosaccharide
structures that are found on the cell surface and can therefore probably function as decoys
for adhesins that have been evolved by pathogens to attach to the cell surfacedtinden
al., 2008). Some mucins can effectively clump viral agents together and exogenous
mucins can inhibit viral infection. Viruses such as influenzas, radene, and entero
virusses, bind to the sialic acid residues on mucins and can be removed from the GIT

when the mucsilayer is sloughed off.
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Mucins have direct and indirect roles in defence from infections (Limdeal, 2008).

The mucin oligosaccharides can bind microbes and, in some cases, they either have direct
antimicrobial activity or carry other antimicrobialotecules. For example, a mucin
oligosaccharide expressed by gastric mucins, directly interferes with the synthisis of
pylori cell wall components (Kawakubo, 2004). Csaliface membrane associated
mucins initiate intracellular signalling in responsebgxteria, which suggests that they
have both a barrier and reporting function on the apical surface of all mucosal epithelial

cells. It is hypothesized that one of the main functions ofstefiace mucins is to act

2.10.2 Histological Techniques Wed for theDetectionof Mucins

Histochemical studies on the morphological aspects of mauare very informative
(Walsh andlJass, 2000). The latter studies are able to show the relationship between the
structural characteristics of the mucins at the sitesynthesis and secretion. Two
principal matters need to be considered in order to increase the potential value of

morphologically based methods:

I. The methods used to fix tissue influences the staining of mucin (\&atshass,
2000). When using light raroscopy, tissues are generally fixed in formalin,
which fails to preserve the mucus layer that lines the epithelial surface of the GIT.
il. ii. For the interpretation and assessment of mucin stains, specific measures have
to be in place in order to make aeet conclusions. For example, know the
restrictions of the staining methods used and make sure to use a fixed

classification system to identify the different types of mucins.
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2.10.3 Alcian Blue Technique

The AB-stain can be used on its own orcombination with other stains (PAS, Aldehyde
Fuchsin, and High Iron Diamine) to detect acid mucin AB dye is positively charged and
binds to the acid groups found on mucopolysaccharidestais them blueAt a pH of

2.5, AB reacts with the sulfated (smiucins) and carboxylated (sialomucins)
mucopolysaccharides. However, at a pH of 1, it specifically reacts with sulfated

mucopolysaccharides on{ancroftandGamble 2008.

2.10.4 Periodic acid Schiff (PAS) technique

Periodic acidSchiff (PAS) is the essential mucin histochemical technique. Periodic acid
(HIO4) is an oxidizing agent used to detect mucosubstances. Periodic acid breaks
(oxidizes) the & bondsin various structures, converting igB/col groups (CHOH
CHOH) into dialdehydes (CH&@HO). Consequently, these oxidized dialdehyde groups
cannot be further oxidized by Periodic acid and this allows for the binding of Sshiff
reagent to the molecules and give it a red colour. T lidnd of the aldehyde groups
oxidizes when it attaches ®c h irdafentsThe binding & ¢ h irdafendt so aldehyde
groups produces a red/magenta colour, which is intensified by washing in running tap
water. The PAS positive mucins will stain a deep magenta colour and will represent

neutral mucingBancroftandGamble, 2008).

2.10.5 Combined Alcian Blue-Periodic Acid Schiff (PAS) technique

AB is also used in combination with PAS. The combined stain of AB with PAS clearly

separates the acid and neutral mucins from one andihndegn, the tissue sections are
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stained with AB to detect all the acid mucins and mainly to prevent the acid mucins,
which are also PAS posre, to react with thé?AS subsequentlyThis left only the

neutral mucins to react with the PAS solut{@ancroftandGamble, 2008)

211 ACCESSORY DIGESTIVE GLANDS

2111 The Liver

The liver is a reddish brown triangular organ with ftalvesof unequal size and shape
(Cotranet al, 2005). The external surface is smoo#émd weighsapproximately 1400 g in
females and 1800 g in malesich is about 2% of body weight in the adult humahe

liver receives its blood supply from two sources: 80% is delivered by the portal vein,
which drains the @een and intestines; the remainig§%, the oxygenated blood, is
delivered by the hepatic artef@ibulesky,2013. It is both the largest internal organ and
the largesglandin the human body.ocated in theight upper quadrardf theabdominal
cavity, it rests just below thdiaphragm to the right of the stomach and overlying the
gallbladder It is connected to two largelood vesselsthe hepatic arteryand theportal

vein. The hepatic artery carries oxygech blood from the aorta, whereas the portal vein
carries blood rich in digested nutrients from the ergastrointestinal tracnd also from

the spleenand pancreasThese blood vessels subdivide intbadl capillaries known as
liver sinusoids which then lead to bbbule Lobules are the functiah units of the liver

and each lobule is made up of millions of hepatic cells (hepatocytes) which are the basic

metabolic cells.

Microscopicanatomy shows two major types of cells of the liver: parenchymal ard non
parenchymal cells. 80% of the liver volunseoccupied byarenchymal cellsommonly
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referred to aviepatocytesNonparenchymal cells conaiitie 40% of the total number of
liver cells but only 6.5% of its volume. THeer sinusoidsare lined with two types of
cells, sinusoidal endothelial celland phagocyticells (Pocock, 2006)Hepatic stellate

cells are some of the negparenchymal cellsvhich are external to the sinusagith the
space of DisséK mi e [ , . Ea&toddthe)lobes is seen to be made up of hepatic lobules;
a vein goes from the centre, which then joins to the hepatic vein to carry blood out from
the liver. On the surface of the lobules, there are ducts, veirsrtmigs that carry fluids

to and from them. A distinctive component of a lobule is the portal ffiael.rat liver is
made up of four lobes (left, middle, right, and caudate). The left and middle lobes form a
single lobe but the middle lobe $ya deep ntzh to which the round ligamerg attached.

The right lobe $ split into two sb-lobes and the caudate lobg divided into the
paracaval portio and the Spiegel lobe, which split into two subdobes(Kogureet al,
1999).TheRabbitliver is divided ino left and right regions by a deep cleft with the right
and left lobes further divided into anterior and posterior lob{Nesedith and Rayment,

2000) It has a quadrate lobe, whichbghind the gallbladder.
2.11.2 The Pancreas

The pancreas is amportant mixed gland associated with the gastrointestin&rsydt
lies retroperitoneahndcomprises théead, body and taikgions in the mamma(&han,
2014) The headress within the concavity of the duodenura,body which lies behind
the stomach and atail in contact withthe spleen Theneckof the pancreas lies between
the body and head, and is in front of #uperior mesenteric arteapndvein (Drakeet al,
2005) The pancreas is composed of exocrine and endocampartment; the exocrine

tissue, which secretes pancreatic digestive juice, and the endissunes which secretes
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the hormones insulin, glucagons, somatostatin and pancreatic polypeptide for thie contro
of the carbohydratenetabolism Ku et al, 2000. The exocrine pancreas is formed by
acinar cells and exetory ducts with differenliameter. The cytoplasm of the acinarlzel

is rich in rough endoplasmic reticulum (ER), mitochondria of the crista tyyes
ribosomes, and secretory zymogganules(Simsek and Alabay008).1t has two main
ducts, thamain pancreatic ducaind theaccessory pancreatic dughisreleasegnzymes

through theampulla of Vateinto theduodenun{Younget al, 2006).

Histologically, the pancreas contains endocrine and exocrine tissues, and this division is
also visible when the pancreas is viewed underi@oscope(Young et al, 2006)The
tissues with aendocrinerole appear mderH andE stainingas lightly-stained clustes of

cells, calledslets Of Langerhan&rounget al, 2006) Darkerstaining cells form clusters
calledacini, which are arranged in lobes separated by &fithiousbarrier. The secretory

cells of each acinus surroundsanall intercalated ductDue to their secretory functian

these cells have many small granulegyhogendhat are visible. The intercalated ducts
drain into larger ducts within the lobuletralobular) these empty intmterlobular ducts

and finally the excretory ductsThe ducts are lined by single layer of columnar cells

With increasingdiameter, several layers of columnar cells may be §€eang et al,

2006)

2.11.3 The Gallbladder

The gall bladder is a muscular ssituated on the visceral surface of the livethds a
capacity ofabout 100 mL in humangYoung et al, 2006) In adut humans the

gallbladder measures appimately 8 centimetres length and 4 centimetr@s diameter
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when fully distendedMeilstrup, 1994. Grossly, it is divided intahe fundus body, and

neck(Drakeet al, 2005).

Histologically, the epithelialining of the gall bladder is seen to consist of very tall
columnar cells with basally located nuclei. At high magnification, numerous short
irregular microvilli are presenA relatively loose submucosa rich in elastic fibres, blood
vessels and lymphatias presentwhich drairs water reabsorbed from bile during the
concentation process. Ththe gallbladder doesot have a muscularis mucosaajscle
fibres ae arranged in longitudinal, transverse and oblique orientations but do not form
distinct layers.Externally, there is a thick collagenoaslventitial (serosa) coat which

convesthe larger blood and lymphatic vess@f®unget al, 2006)

In the neck of the gall bladder and in the extrahepatic biliary tree, mucous glands are
found in the submucosajucus may provide a protective surface film for the biliary tract

(Younget al, 2006)
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CHAPTER THREE

MATERIALS AND METHODS

3.1 MATERIALS
3.1.1Experimental Animals

Seven (7) adulGrasscuttey of both sexes i.efour (4) males and three (3maleswere
purchasd locallyfrom Farmersin Zariaand kept for obseation and acclimatization ithe
Animal House Department of Human Anatomy, Ahmadu Bello University, Zafihe

animals were fed with cassafgiven in its raw stategnd water.
3.1.2 Reagents

Alcian blue(AB), PeriodicAcid Schiff (PAS),Haematoxylin and Eosin staifl @ndE), 10%
Neutral buffered formalin (NBF),normal saline, anesthesigchloroforn), gradedalcohol,

xylene andDiastasgNATE-0190, Creative EnzymeShirley, NY, USA).
3.1.3 Instruments

Digital weighing balance, dissecting set, tissue contaitiersad, metre rule, vernier caliper
tissue bathmicrotome,glass slidesSensitive electronic baland®lettler balance P210,

Mettler InstrumentAG, Switzerland; sensitivity: 0.001

3.2 METHODOLOGY

3.2.1 Dissection

The body weight of each rat was ainted using a digital weighinigalance The dissection

was carried out as described by Byaeetl. (2008) All animals were anaesthetizedtiv
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chloroform An incision wasmade from the firstervical region up to the pelvic region with

the rat on a dorsal recumbency, to expose the alimentary canal and accessory digestive
glands.Photographsf the organsvere takenn situ.

The speimensstuded includethe liver, gall bladder, pancreastomach, smll and large
intestines Thesewere dissectedand the variousmeasuremas of length and weighwere

taken Sections werenmediately fixed in neutral buffered formalin for further investigation.

3.2.2 Morphologic and Morphometric Studies

Seven samples, comprising both male and females were used for gross and morphometric
analysis.The liver, gall bladder, and entire GIT wekgeighed. The liver, gall bladder,
pancreas, stomach, small and large intestines weaenined gross anatomically fdine
following: shape, size, surfaces, borders and anglesléAgths of thestomach,small and

large intestinesvere measured usirggmeterrule. Definitions of gross anatomical structures

were based on standard information on rodemtomy.

3.3 HISTOLOGY

3.3.1 Tissue Processing
Tissuesections from thdiver, gall bladder, pancreas, stomach, small and large intestines

werefixed in Neutralbuffered formalin(NBF).

Following fixation, thetissuesampleswvere dehydrated using progressive graafealcohol
hourly, they were then cleared in xylene and infiltrated in molten paraffin wax at 62°C. Then
the tissieswere embedded in paraffin wakhe blocks of tissues obtained were trimmed and
sectioned at 5 microns using a rotary microtome. rilit®rs of sectionswvere floated out on

a wder bath at 55°C. The tissue sections from the various tissuevigpegicked on slides
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by immersing the slide lightly smeared with adhesive vertically in water bath to three
guarters of its length anmhaking thesedion come incontact withthe slide. On lifting the
slide vertically, from the water, the section was flattened onto the slide and labeled
accordingly. The Sections were correctly positioned on the slides and drained in the vertical
position for 60 minuteand then dried in oven at 37°C overnight.
3.3.2 Staining

i.  Haematoxylin and Eosin(H and E)
The H and E staining was done to shotlie general morphologgf the liver, gall bladder,
pancreas, stomach, smaiitestine (duodenumjejunum and ileum)and largeintestine
(caecumcolon and rectumpll the tissue sampleseredeparaffinised in xylene and brought
to water.Tissue sections were staingdMa y e her@atoxylinfor 10 minutesand washed
well in running tap watefor 7 minutesuntil s ect i.dhedsissué bamples dvetieen
differentiatedin 1% acid alcohlo(1% HQ in 70% alcohol) for 10 seconds and waskdl
in tap waterfor 10 minutesuntil sectionsd b laga and thefollowed by another5-min tap
water washSamples were stainaa 1% eosiny for 10 min andwashed in running tap water
for 5minutes. Samples were dehydrated through alcaheded and mourgd (Bancroft and
Gamble, 2008)

ii.  Alcian Blue (AB) technique
The tissues werstained with Alcian bludo identify and characterize thaistribution of
acidic mucing the mucin granules stained dark bludnile the nuclei stained re®&ections
from the stomach, gall bladder, smalldaarge intestines were deparaffinised in xylane
broughtto water. The tissues were then stainéad Alcian Blue solution (pH2.5) for 30

minutes. The tissue sections weamesedin running tap water fob minutes.The tissue
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sections were then counterseahin nuclearfast red solution for 1@ninutes and washed
running tap water for 1 minutdhe sections werdehydratedn gradedalcohol Sections
were clearedh xyleneandmounted in DPX (Bancroft and Gamble, 2008).

iii.  Periodic Acid Schiff (PAS)technique
The tissues were stained with Periodic Acid Schiff to identify and characterize the
distribution of neutral mucinghesemucingranules stained magentanhile the nuclei stained
blue Sectionsfrom the stomach, gall bladder, small and large intestines wenexked and
brought to waterThe sections werexidized with periodic acid solution for 5 minutesnd
subsequentlyinsed several changes dfistilled water. The sections wernglacel in Schiff
reagentfor 15 minutesand wasled in tap water for 10minutes Tissue sections were
thencounterstained in hematoxylin fdr minute and washedin tap water for 5 minutes.
Sectiors were dehydrated in graded alcohallearedwith xylene and mounted in DPX
(Bancroft and Gambl&008)

iv.  Combined Alcian Blue-Periodic Acid Schiff (PAS) technique
To begin with, the tissue sections were stained with AB to detect all the acid mucins and
mainly to prevent the acid mucins, which are also PAS positivey reacing with the
subsequent PAS. This left only the neutral mucins to react with the PAS sofsictions
from the stomach, gall bladder, smalldaarge intestines were deparaffinised in xylane
brought to waterThe tissues were then staingdAlcian Blue solution (pH2.5) for 30
minutes. The tissue sections wenesedin running tap water fob minutes.The sections
were oxidized with periodic acid solution for 5 minutes amstibsequentlyinsed several
changes of distilledvater. The sections wenglaced in Schiff reagent for 15 minutasd

washed irtap water for 1Gninutes. Tissue sections were tlemunterstained in hematoxylin
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for 1 minuteand washedin tap water for 5 minutesSectiors were dehydrated in graded
alcohol,clearedwith xyleneand mounted in DPX (Bancroft and Gamble, 2008)

v. Periodic Acid Schiff with Diastasecontrol (PASD)technique
The liver tissue wasstained with Periodic Acid Schiff (PAS) aftediastasetreatment to
demonstratahe presence oflycogen Sections taken from the liver were-daxed and
broughtto water. The sections weréreatedwith diastase (amylasaplution for 1 hourand
washed well in running tap watdihe sections werexidized inperiodic acid solution fob
minutes andubsequentlyinsed in distilled watefThe sections wenglaced in Schiff reagent
for 15 minutes and washed in tap water for 5 minutes. Tissue sections were
thencounterstained ihematoxylin for 1 minuteand washedin tap water for 5 minutes.
Section werelehydratedn graded alcohoklearedn xyleneand mounted in DPX (Bancroft
and Gamble, 2008)
3.3STATISTICAL ANALYSIS
Data obtained from weight and lengthswere subjectedto statistical analysisusing
independensamplet-test andexpresseds mean + standard error ofean (Mean + SEM)
using Sigma$at3.5. Pearsof €orrelationanalysiswas done for the different parameters.
Independent sampletést was used to compare the organ weight to body weight ratios in

male and femal&rasscuttes. Values ofp < 0.05 wereconsidered significant.
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CHAPTER FOUR
RESULTS
In the present study, theesults of morphometry, morphology, histology and mucin
histochemistry of the GITand some accessory digestive glamdsthe Grasscutterare

described as follows
4.1 MORPHOMETRIC STUDIES

Morphometricanalysegevealed that the mean body weight W&82.25 + 207.95g in males
and 1089.67 = 276.93g in females. The mean GIT lemgthales wa253.13 + 10.68cm
while in females the mean GIT length w243.63 + 6.73cmThe segmental morphometry
demonstratedonger small and large intestines in malégy. 43 £ 5.64m and 132.20 +
4.8%m) than in females109.60 + 5.6dm and 130.63 = 3.66m) respectively The GIT
weightsin males and femalewere 133.60+ 10.01g and 119.14 + 13.2Q while the liver
weights were45.65 +3.20y and37.43 £5.84g respectivelyas shown in Table .Pe ar sonés
correlationanalysisrevealeda positive linear relationshigbetweenthe different parameters
studiedwhich weresignificant while a strong positive relationship washservedbetwea
body and liver weightsgall bladder and liver weighta both male and femalérasscuttey
as shown inTables 4.2 and 4.3 respectivel\Results for theorgan weight to body weight
ratios analyis between the male and femalrasscuttes revealedrelatively close mean

values which were not statisticaly significat as shown in Table 4.4.
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Table 4.1:Morphometric features of the gastroistieal tract in male and femal&rasscuttes:

Variable Male Female p

(n=4) (n=3)

Mean +SEM Mean = SEM
Body weight (g) 1582.25 + 207.95 1089.67 £ 276.93 0.21
Stomach length (cm) 10.35 £0.62 10.00 £ 0.10 0.96
Duodenum length (cm) 19.00 +£1.19 17.70 £ 2.56 0.63
Jejunum length (cm) 68.58 = 3.75 66.40 = 3.15 0.69
lleumlength (cm) 27.85 = 1.69 25.50 = 1.35 0.35
Caecumength (cm) 30.40 = 1.74 30.23 = 0.59 0.94
Colon length (cm) 100.80 +3.96 98.37 = 3.02 0.67
Rectum length (cm) 2.00 £0.10 2.03 £ 0.09 0.83
Sl length (cm) 115. 43+ 5.64 109.60+ 5.64 0.51
LI length (cm) 132.20 + 4.83 130.63 + 3.69 0.82
GIT length (cm) 253.13 +10.68 243.63 + 6.73 0.52
GIT weight (g) 133.60 +10.01 119.14 £ B.20 0.3
Liver weight (g) 45.65 + 3.20 3743+ 5.84 0.24
Gall bladder weight (g ) 0.50 + 0.11 0.34 = 0.05 0.31

Anal ysi s bestbstweandmala and femate. Data expressed as mean + standard error of the mean (x SEM) of the values
collected.Sl= small intestine, LI= large intestine,
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Table4.2.Pear s on0s aysigof parhnzeters io malkasscutter

Body w Sto It Duod t Jejt lle it Cect Col t Rect Livwt Gall b w
Body w 1
Sto It .840 1
Duod It 229 -.118 1
Jejt .896 .584 .633 1
lleum t .819 .563 -.091 .641 1
Cect .560 .545 .692 717 -.001 1
Col t 97¢ 911 229 .865 .697 .674 1
Rect .818 .898 -.369 ATT7 .803 .164 .810 1
Liv wt 970 773 449 .966 .691 122 .965" .665 1
Gall b w 914 .852 416 .890 .518 .839 967 .648 962 1

Where p< 0.0% p< 0.02 Weight=wt., Length=It Stomach= Sto, Duodenum= Duo, jejunum=jej, ileum=ile, Caecun=Cec, Colon=
Col, Rectum= Rec, Liver =Liv and Gall bladder= Gall b.

35



Table 43: P e a r sooreglabiananalysis of prameters in femalérasscutter

Bodywt Sto It Duod t Jejt lle it Cect Colt Rect Livwt Gall b w
Body w 1
Sto It .760 1
Duod It .809 997 1
Jejt .686 .048 126 1
lleum t .936 481 .549 .898 1
Cect 916 .956 976 .338 717 1
Colt .937 .939 .963 .389 754 .99¢" 1
Rect 975 .756 .805 .690 .938 914 .935 1
Liv wt .994° .996 .705 131 .553 978 964  .808 1
Gallb w 674 992 .980 -075  .370 913 .889  .970 979" 1

Where p< 0.0% p< 0.02 Weight=wt., Length=lt Stomach= Sto, Duodenum= Duo, jejunum=jej, ileum=ile, Caecun=Cec, Colon=
Col, Rectum= Rec, Liver =Liv and Gall bladder= Gall b.
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Table 4.4:Resultsfor independent sampé-test analysis of organ weigttt body weightatiosin male and femal&rasscuttes:

Organ Male (n=4) Female(n=3) p
Mean+ SEM Mean+ SEM

Stomach 0.73 £ 005 0.71+0.12 0.21

Small intestine 2.79+0.11 2.51+0.13 0.15

Large intestine 3.64+£0.12 3.20+0.15 0.10

Liver 2.98% 0.26 3.01+0.19 0.42

Gall bladder 0.03+ 0.01 0.03% 0.01 0.75

Data expressed as meastandard error of mean (SEM), n= number of animals

37



4.2MORPHOLOGIC AL ASSESSMENTS
The incision made through theanterior abdominal wall othe Grasscuttereveaéd the
abdominal intestinal topography, which was noted and photograshsitbwn irPlate | The

GIT wasdissectedindphotographed to show the different segmastshown in Plate.ll

42.1 Stomach

Gross examination of the stomach in this study externally revealed istmpke andhasthe

shape of a inverted Jas shown in Plate lIExternally, the stomach did not show any vivid
segmentation as it was smoah shown in Plate lIIHowever, internally it showed three
distinct partsthe cardia, fundus and pylorus. On the internal surface a smooth cardiac region
was separated from the oesophagus by a constriction (cardiac sphincter), the fundus was seen
to be hrown into folds (rugaeas shown irPlatelV and the smooth pylorus was separated

from the duodenum by a mstriction (pyloric sphincter).

4.22 Small Intestine

Gross examination of the small intestine revealed three regions; duodenum, jejunum and
ileum. The duodenum was in contact with the pyloric region of the stomach proximally
(gastreduodenal junction) and continues with the jejunum distally, while the jejunum
continues with ileum distally. The ileum was seen to teat@ where it joins the caecum at

thelleo-caecal junction as shown Rlatell.

4.23 Large Intestine
Resultsfor the gross examination of the large intestine revealed three distinct regions;
caecum, colonrad rectum. The caecum was obseniedbe a largegomashaped blind ended

sac withteniaeand sacculations (haustra) on its entire length. The colon was the longest



portion of the intestine and had fecal balls, particularly at its distal part. The rectum was

short, straight and was dilated around its teaihportion of the GlTas $iown in Plate 1l

4.24 Liver

Morphological examinatioof the liver showedthat it waslocatedbelow the diaphragnn

the superiormedial aspectof the abdominal cavity. It laid on top of the stomaabming in
contact with someiscera sme part of the small intestine and splekrad a parietal and a
visceral surface and was observed to be dark brown in colour with a smooth and glossy
surface throughout. It presented a mldbular appearance with up to four lobes present on
each of the liver examineghich had aleft lobe two intermediate lobesand threeright

lobes as shown in Plate.V

4.2.5Pancreas

In this study, morphologicaxaminationrevealeda diffusepancreas located within the u
shaped duodenal curve and spreftden the duodenum down to the stomach. It was pale
pink in colour,soft, flexible and friableto touch The pancreawas covered imdiposetissue

in some ares making it difficult to distinguish between the twib.had a threadike

appearance, intercoacted to form a matrix with a rough ridlijee surface.

4.2.6Gall Bladder

In this study, morphological examination of the gall bladder reveakatlike appearance
with a light yellowishgreencolouration. It had a surface that was soft and smootbuich

and had a very thin papery wall was almost entirely covered by the visceral surface of the

liver as shown in Plate.V
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Plate I: Gastrointestinal tract of th@rasscuttein situ, the diaphragm (pointer), liver (Li),
stomach (S), caecu(€e) and colon (Co).
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Plate Il: Gastrointestinal tract ofhe Grasscuttershowing thefundus (Fu), cardia (C),
pylorus (P), duodenurtD), oesophagus (arrowjejunum (J), ieum (), colon (Co), rectum
(R) andcaecum (Ce).
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Plate 11l : Showing the card@a(Ca), fundc (Fu) and pyloic (Py) regionsof the stomach with
the oesophagus (arrow) and duodenum @tached.
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Plate IV: The internal surface of the stomach showing the rugal folds @@spphageal
opening (yellow arroyvand pyloric anthrum (red arrow).
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Plate V: Visceral surface of the liver showing lédbes (L), intermediate lobék 1), right
lobe (R, R and R) and gall bladder (G).
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4.3HISTOLOGICAL STUDIES

4.3.1Stomach

Theresult of the histological studies showed that the stomach had three regiorerdibe
fundus and pylorusvhich revealed that all three regis had four distinctive layerghe
mucosa,the submucosathe tunica musalaris andthe serosa The epithelium of the three
regions was lined by simple columnar cellfie tunica muscularis in all three regions was
seen to be made up of an inner oblique, middle circular and an outer longitudinadflayer

muscles

The cardiacregion had longgasstric pits with numerousglands noticeable amad the
entrance of thestomach as shown in Plate ,\these glands were branchedd tubular
especially those close to the transition zone (cardiac sphinther)circular muscle layer of

the muscularis externa thickeshto fom the cardiac sphincter

The fundic regiorshowedshortergastricpits and had extensive rugae. The lamina propria of
the mucosa @as observed to contain numerous tubglandswith a variety of ells with the
dominant cells bag the chief cellsas shown in Plate V. The external muscle layer was

seen to be thick and containing muscles arranged inefitf@rientations.

The pyloricregion was observed to hapés of similar length with those seen in fundic
region.The pyloric glands wersimpleand tubularas shown in Plate VIlIThe glands were
seen to occupy about twibirds of the mucosa with parietal cells interspersed among the
several types of cells, the most notableng¢he chief cells which were numerous, forming

the glands of this regn as shown in PlateX.
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4.3.2 Small Intestine

The histological results fom presentstudy showed that the small intestited four
functionally distinguishable layersnucosa, submucosmuscularis externa and sero3de
epithelium lining the villi ofall three regions was made up of slenpolumnar enterocytes
with basally placed nuclei. There were lacteals, blood vessels and a few lynuelisid

within the lamina propria

Theresult for theduodenunrevealedtall leaf-like villi which were closely peked with the

mucosa separated from the submucosa by a thin band of smooth muscle (muscularis
mucosa). The duodenal glands of Brunner were seen to occupy the submucosa as well as part
of the lamina propriaThese glands were seen to be tubular and brarahetiown irPlate

X.

Theresult for the jejunum revealed lorgli of varying lengths, fingelike in appearance but
not closely packedThe lamina propria had hymphoid cells scattered all over, with the
lacteals visible. The submucosa also housed sgmpHhoid tissues aggregate. Ttubular
intestinalglands (crypts of Lieberkihnwyere located at the base of the mucasahown in

PlateXI.

The result for the ileum showed thdie villi wereshorter The villi were both fingelike

and ridgelike in appearanceand placedat different levels Theintestinal glands (crypts of
Lieberkihn) were basally locat@dthe lamina propriand were tubular in shape as shown in

Plate XI. Largelymphoid tissue aggregation wevei si bl e ( Pe ysemed she pat c h
regions of the submucosaversing to the base of the mucasalucing the tlukness of the

muscularis propria where it was locategishown in Plate XIlI
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4.3.3 Large Intestine

The resultsof the present studghowedthat the large intestine was divided into three

histologicaldifferent regionsthe caecumgolon and rectum

The caecum which is the first part of the large intestine was sdeawvé&simple columnar
epithelial cellswith basal nucleiThemucosa was thrommto numerous folds and ti@mina
propria was seen to contain lymphoid cells around blood vessels. Theretubetar
intestinal crypts all over lamina propria of the mucosal layer. The submucosa was seen to
contain an aggregation of lymphoid tissue wittesence of blood vessels. The muscularis
propriawas thick with an inner circular and awuter longitudinal layer as shown in Plate

XIV.

The histology of the colon revealdide presence of a simple columner epithelial cells with
basal nuclei, thespithelial cds and the intestinal cryptsefe seen to containumerous

goblet cells interposed within the cells. The submucosa was separated from the mucosa by
the lamina muscularis and the submucosa was seen to contain blood vessels in loose
connectivetissues. The muscularis externa layer was seen to contain an inner circular and

outer longitudinal layer of smoothuscle;this was seen to be thigls shown irPlateXV.

The histology of the rectum revealed the presence of simple columnar epitheliubagath
nuclei;long crypts of Lieberkiihn were located in the limina propria. The crypts of the rectum
presented numerous goblet cells. A thin lamina muscularis separated the muscosa from the
submucosa. The muscularis external was thick and had a thiclkeramoular and thinner

outer longitudiml layer as shown in Plate XV
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4.3.4 Liver

Histological studiesevealed that the liver was made up of closely pagk@e@nchymal
hepatocytes. The cells were large, polyhedral with centrally placed round nuclei. The
arrangement of the hepatocytes was in diffuse to radial pattern and the sinusoidal spaces were
not very prominent except in some areas where they becomeevisle. The portal tracts

were scattered randomly all over the liver parenchyma, it was sdenrtade up oé bile

duct, portal vein and an arterfhere were central veins atnaus intervals draining the
sinosoids. Blood cells (erythrocytes) were visible within the sinusoidse Were the non
parenchymal Kupffer cells noticeahiyterposed amng the hepatocytemss shown in Plates

XVII and XVIII .

4.3.5 Pancreas

Result from the histological studiekowed that the pancreas was made up of lightly stained

and darkly stained portions. Tle@sinophilicpancreatic island@slets of Langerhansyere

seen interposed within the pancregierenchyma and these cell clusters warelifferent

sizes (lightly stained)The basophilic serouscinar cells were distributed all over the
parenchyma and were darkly stained. The pancreatic parenchyma was seen to be divided into
numerous lobules of different sizes by the connective tissues septa. The pancreas was seen to
be highly vascwrised andritralobular ducts ere seen wbetweerthe secretory acinar cells

as wel as thepresence of interlobular ducts which they drain into. The presence of zymogen
granules within the acinar cells can be seen as the darkly staineshpafrtihe secretory

acinias shown in Plates$l X and XX.
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4.36 Gall Bladder

The result of the Hand E stained gall bladder showed the presence of tall columnar
epithelium with basally located nuclei. The muscularis externa was indistinct and visible as a
discontinuous layer cfmooth muscle beneath the epithelidine muscle thickness was seen

to vary and placed at different region of the gall bladder. There was no visible lamina propria.
The loose connective tissue was seen to contain numerous blood vessels of different sizes.

There was presence of an outermost seasshown in Plat¥X|.
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A transverse sectionf the cardiac region of the stomatpastreesophageal

junction) showing he lumen (Lu), cardiac glands @8), muscularismucosa (MM), blood

Plate VI:

vessés (BV) and submucosa (SMhdpart of themuscularis externad andE x 40
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Plate VIl : A transverse sectioof the fundicregion of the stomach showing the lumen (Lu),
epithelium (Ep), gastric pits (GP), fundiglands (G®) and muscularis mucosa (MM).
H andE x 100
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Plate VII I: A transverse sectioof the pyloric regionof the stomackshowing the lumen
(Lu), gastric pits (arrows pyloric gland (PG), muscularis mucosa (MM bmucosa (SM),
muscularis externa (MEBnd blood vesseléBV). H andE x 100
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Plate 1 X: A transverse sectioaf the pyloric region of the stomach showitige chief cells
(bluearrows) and parietal cells (yellow arrows$j.andE x 250
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Plate X: A transverse sectioof the duodenum showing tiger u n mglandsyBG, duodenal
Villi  (Vi), crypt of Lieberkihn (C), muscularis mucosa (MM), submucosa (Skhd
muscularis externa (K). H andE x 100
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Plate XI: A transverse sectiorof the jejunum showing thgejund villi (Vi), lacteal (LA)
crypts of Lieberkihn (C), muscuaris mucosa (MM), submucosa N$ and muscularis
externa (ME)H andE x 100
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Plate XII : A transverse sectiothrough thelleum showingthe simple columnaepithelium
(Ep), ileal villi (V1), crypts of Lieberkiihn (Cr), muscularis mucosa (MM), submucosa (SM)
and muscularis externa (ME).andE x 100
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Plate XIII : A transversesectionof the ileumshowingtheP ey er 6 s pirathec hes ( PP)
submucosaH andE x40
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Plate XIV: A transverse sectionf the caecum showing lumen (Lu), simple columnar
epithelium (Ep), blood vessel (BV), lymphoid cells (LC), crypts ofbkid&ihn (CL) and
submucosa (SMHandE x 100
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Plate XV: A transverse sectioaf the colon showing lumen (Lu), epithelium (Ep), goblet

cells (GC), crypts of Lieberkihn (CL), submucosa (SM) and muscularis exiE)aH and
E x 100
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Plate XVI: A transverse sectionof the rectumshowing the Epithelium (Ep), crypts of
Lieberkihn (CL), muscularis mucosa, bloogessels of the submucosa (B\submuosa
(SM)and goblet cell (GEH andE x 100
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A transverse sectioof the liver showing ahepaticportal vein (PV), hepatic

artery (HA),bile duct (BD) andchepatocytes (HeH andE x 100

Plate XVII :
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Plate XVIII : A transverse sectioof the livershowingSinusoidal spaces (Si), Hepatic portal
vein (PV), hepat artery (HA), bile duct (BD)H andE x 250
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Plate X1X: A transverse sectioof the pancreas showing the islets of Langerhans (IL), blood
vessel (B/) and secretory acini (Ac) and connective tissue sefBehH andE x 100
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Plate XX: A transverse sectioof the pancreas showing the islets of Langerhans $&ptum
(Se)and secretory acini (AcH andE x 250
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Plate XXI1: A transverse sectiomf the gall bladder showinghe lumen (Lu), simple
columnar cells of the epithelium (CC), muscle fibres (Mu), blood vessels (BW) an
connective tissue (CT). athde x 250
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44  HISTOCHEMISTRY

Theresults for AB, PAS and ABAS staining technique dhe stomach, small intestine, large

intestine and galladder revealed the following:

4.41 Mucin Histochemistry of theStomach

Theresuls for the mucin histochemistry tife stomach revealed the presencerdy neutral

mucinsin the cardiac, fundic and pylomegionswith the AB, PAS and ABPAS techniques

In the cardiac region of éhstomach, the cardigtandswereAB negativeandPAS positive,
stainingmagenta which indated the presence atutral mucinswvhile the surfae mucous
cells of the region were PAS positive only indicating presence of neutral nascst®own in
Plates X1l and XXI1l. The AB-PAS technique confirmed the presence of r@utucins in

the cardac region as shown in Plate XX

In the fundic region ofhe stomach, staining revealdtt thesurface mucous cells lining the
gastric pitsto beAB negativeand PAS positive that stained a deep magenta which indicated
the presence of neutral mucin granules initthesecells. The tubularfundic glands were
negative for all the technique$he result was # same for the ABPAS techniquevhich
confirmed only PAS positive surface mucous cedls shown inPlates XXV, XXVI and

XXVILI.

In the pyloric region of the stomach, therface mucous cellsndpyloric glands werdoth
AB negativewhile the surface mucous cells and pyloric glands were Bagpositive.AB-
PAS techniqueconfirmedthe presence of only neutral mucins time surface mucous cells

and gland of the pyloric regbn as shown irPlatesXXVIII, XXIX andXXX.
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4.42 Mucin Histochemistry of the Small Intestine

Histochemical studies of th@mall intestinerevealed the presence of both acid and neutral
mucins with the AB, PAS and ABAS staining techniques, across the three segments
(duodenum, gjunum and ileum). With ABPAS technique, it was observed that some of the
mucous secreting cells stained darker both in the surface epithelia and crypts, indicating

combined acid and neutral mucins secretion in these cells.

Il n the duodenugnds vdre posBiveufar the AB and PAS techniques
indicating presence of both acid and neutral mucisilarly, the surface mucous cells of

the duodenal villi were positive for the AB and PAS techniques which indicated the presence
of acid and neutral otins. The mucin granules of the surface mucous ceire seen
interspersed amonthe simple columnar enterocytes of the duodenal villi. ThePAS
technique was used to confirm the presence of both acid and neutral mucins in the duodenum

as shown iPlaes XXXI, XXXl and XXXIII.

In the jejunum, the intestinal glands (crypts of Lieberkiihn) were positive for the AB and PAS
techniques, the mucus granules stained dark blue and magenta indicating the presence of both
acid and neutral mucin granules respectively. Similarly, the surfageous cells of the
jejunum were AB and PAS positive, staining dark blue and magenta respectively. The mucin
granules of the surface mucous cells were interspesadng the simple columnar
enterocytes of the jejunal villi. The ABAS technique was used ¢onfirm the presence of

both acid and neutral mucins in the jejunasisshown irPlates XXV, XXXV and XXX VI.

In the ileum, the crypts of Lieberkiihn were positive for the AB and PAS techniques, the

mucus secreting cells stained dark blue and magentaaimdjcpresence of both acid and
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neutral mucins granules respectively. The surface mucous cells of the villi were positive for
both AB and PAS, staining dark blue and magenta indicating presence of both acid and
neutral mucins granules respectively. Likehe duodenum angjunum, mucin granules of

the surface mucoueells were interspersed amotige simple columnar enterocytes of the
ileal villi. The AB-PAS technique was used to confirm the presence of both acid and neutral

mucins in the ileunas shown iPlates XXV I, XXX VIl and XXXI X.

4.4.3 Mucin Histochemistry of the Large Intestine

The results for théistochemicaktudies of the large intestine revealed the presence of both
acid and neutral mucins with the AB and PAS staining techniques, acrdabsesegments
(caecum, colon and rectum). With ABAS technique, it was observed that some of the
mucous secreting cells stained darker both in the surface epithelia and crypts, indicating

combined acid and neutral mucins secretion in these cells.

The epihelium of the caecum was positive for AB technigu@ch revealed very few acid
mucin granules stained as dark blue. The crypts of the caecum also showed little acid mucin
secretion. The PAS technique was negative for both the surface mucous cells aygtthe

of the caecum. The ABAS technique was used to confirm the presence of both acid and
neutral mucins in the caecum but oalyid mucins were present as showriates X, XLI

and XLII.

The colonic epithelium was AB and PAS positive with the serfaccous cells staining dark
blue and magenta respectively indicating the presence of acid and neutral mucins. The
tubular colonic crypts were positive for both acid and neutral mucins. The acid mucin

droplets were considerably more than the neutral mubimglets in this region of the large
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intestine. General mucin secretion was by far more than what was observed in the caecum.
The AB-PAS technique was used to confirm the presence of both acid and neutral mucins in

the colonas shown iPlates XLI1I, XLIV and XLV.

For the rectum, the surface mucous cells were AB and PAS positive, staining dark blue and
magenta respectively. The longer crypts of the rectum were also positive for acid and neutral
mucins with the acidic mucins observed to be dominant oveng¢h&al mucins. The AB

PAS technique was used to confirm the presence of both acid and neutral mucins in the

rectumas shown irPlates X-VI, XLV Il and XLVIII .

4.4.4 Histochemical Studies of the Liver

Histochemical studies to demonstrate the presenceyobggn in the liver using PAS and
PAD staining techniques revealedPAS positive result withepatocytes staining magenta
suggesting the presencegdycogen granules within their cytoplasm. In the PASD technique,
the PAS positive result when treated with diastss®ved numerous clear cytoplasmish

the nuclei visible in the clear background, indicating a possible depletion of soige is

the liver as shown in PlatesLIX and L

4.45 Mucin Histochemistry of the Gall Bladder

Histochemical studies on the gall bladder using AB, PAS andPA8 staining techniques

were all negative, suggesting absence of both@aiall neutll mucins as shown in RéaLl.
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Plate XXIl: A transverse sectiothrough cardiac region of the stomacthowing AB
negativeepithelialcells (bluearrows)andcardac glands GGc). AB x 100
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Plate XXIII : A transverse sectiothrough cardiac region of the stomach (gastsophageal
junction) showing PAS positive surface epithelial cdilsie arrows), cardiac glandgef{low
arrows) and stratified squamous epithelium of the Oesophagus (SS¥. RS
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Plate XXIV: A transverse sectiothroughthe cardiac region of the stomach showing PAS
positive cardiac glands (red pointers) at the gasesophageal junction and oesophagus
(Oe) AB-PASx 100
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Plate XXV: A transverse sectiothrough the fundic region of thestomach showing AB
negative surfae mucous cells (arrows) and fuadlands (G®). AB x100
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Plate XXVI: A transverse sectiothroughthe fundic region of the stomach showing PAS
posiive surface mucous cellarffows)and PAS negative fundiglands(GGf). PAS x 100
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A transverse sectiothroughthe fundic region of the stomach showing PAS

posiive surface mucous cellarfows) AB andPAS negative fundiglands (G@&). AB-PAS

Plate XXVII :
x 100
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Plate XXVII I. A transverse sectiothrough the pyloric region of the stonmashowing AB
negative surface epithelie¢lls (arrows)and pyloric gland¢PG). AB x100
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Plate XXIX: A transverse sectiothroughthe pyloric region of the stomach showing PAS
posiive surface mucousells @rrows) and pylod glands (P& PAS x 100

77



Plate XXX: A transverse sectiothroughthe pyloric regbn of the stomach showingAS
positive surface mucous celgth mucous blanketovering the epithelial surfagarrows)
and pyloricglands(PG). AB-PAS x 100
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Plate XXXI: A transverse sectionf the duodenum showing AB positive surface mucous
cells of the duodenal villi (yellow arrows) and Brunaelands (re@rrows). AB x10
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Plate XX XII : A transverse sectioof the duodenum showing PAS positive surface mucous
cells of the duodenal villi (yellow arrasyand Brunner's glands (redrows).PAS x 100
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Plate XXXIII: A transverse sectiotihrough theduodenunshowing both ABpositive (Blue
droplets)and PASpositive (magentdroplets)surface mucous cells of thieiodenal villiand
Brunner's gland#AB-PAS x 100
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