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Among the sutmammalian groups, class Aves has been
subjected to point out different aspects concerning mucosub.-
stances in the alimentary trect. The present dissertation
deals with the mucosubstances existing in thu verious strata
from mucosa (innermost) to serosa (outermost) in the oesophagus,
proventriculus (cardiac stomach), gizzard (pyloric stomach),
duodenum, small and large intestine of male énd female
A.phenicurus phoenigurug. Jadhav (1983) snd Mslvadker (1989)
tried to point out sexuasl dimorphism, species differencaes,
relationship of feeding habit and mucosubstances in their
respective dissertations. Author has selected omnivorous bird
to point cut the relationship of food with mucosubstences in
the digestive trect of A.phoenicurus phognicurus. The existing
literature on mucosubstances in the alimentary tract of several
vertebrates has slready been summarised in the chapter one of
the present dissertation. Hence to avoid voluminous discussion,
only literature on mucins in the avian alimentary trect is
considered here. Jadhav (1983) investigated location,
characterisation and chamical nature of mucins in the alimentary
tracts of 2 birds, one carnivorous (king fisher) and another
frugivorous (parrot), Malvadkar (1983) subjected one more
cérnivorous bird viz. pond heron to study mucins in its
alimentary tract. Much literature is availeble concerning
mucins in slimentary tract of several vertebrites right from
pispn 10 mammals. To make the present chapter concise,
another has concentrated on the results obtained in his present
;nvuugauon (mucins in the aslimentery tract of waterhen) aend
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existing litersture on mucins in the svisn slimentary tract,

The discussion here involves five sspects for each
organ, yiz. Histology, Histochemicel reactivities, distribution
of mxosubstances, saxusl dimorphisa Lif any, &nd functionsl
significance.

A) QESOPHAQUS -
In waterhen, ocesophigus is suscular, slightly thicker

extensible elongated tube that conveys food material from
pharynx to preventriculus.

1) HISTOLOGY :

In contracted condition, the tube sppesred narrow, and
hence the lumen, 2lso sppeared narrow. In fixed condition,
epithelisl lining and its underlying layers became strongly
folded, As ususl, it had 4 tunics yiz. mucoss, submucoss,
suscularis and adventitie. Mucoss sxhibited thick stretified
scuemosal epithelisl cells and mucossl glends, Submucose was
predominant. Kerastinisstion was not observed.

Warner gt al. (1967) demonstrated slveolar mucus glands
in the oesophegial mucosa in Japanese quill, Feder (1972)
used light snd electiron microscopy twlﬁimn t¢ study mucossl
glands in seversl birds. Msgon and pohen (1976} pointed ocut
cornification of mucosa in the cesophequs of Pasger and Corvug.
Trimorohic muscularis in cesophagus of O.¢xugls end 1.malor wes
demonstrated by Hanke (1537). HMalvedker (1985) reported no
atypicsl aspect as such in oesophagus of pond heron. Jadhav
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(1983) reported high degree of cornificstion in mucoss in

parrot than in kingfisher. He demonstreted brosd longitudinal
folds in the mucoss in both the birds, but mucosal gland were
demonstrated only in ocesophegus of kingfisher and found to be

svsent in oesophagus of parrot,

2) SMISTRY @

The histechemical reactivities indicsted glycogen,
neutrel, sulfo end carboxy.mucing singly or in combinations
in the different histological sites in the cesophagus of

watorhen., However stypical mucosubstance was not demonstrated,

3) DISTRIBTION OF MICUSUBSTANCES (AVIAN ALIMuNTARY TRACT
ACCOUNT},

The stratified epithelium in the ocesophagus of waterhen
exhibited cnly glycogen while mucossl glands showed existence
of neutral, sulfo snd carboxy.mucing therein. In pond heron,
the same distribution was reported (Malvadker 1983%). In king-
fisher and parrot, the siretified epithelium showed only
glycogen while mucosal glaends in the cesophagus of kingfisher
(in perrot, glands were sbsent) exhibited poor quantities of
neutrel, suifo and carboxy.mucins (Jadhav, 1983). Concerning
mucossl mucins in oesophagus of tother bhirds, earlier Bradfield
(1951) reported presence of glycogen in oesophsgus of chicken
exhibiting poor keratinisation. He further showed #n inverse
reletionship betwaen amount of glycogen in the epithelisl ceolls
and the dagree of kerstinisaition f.e. keratinisation is
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inversely proportionsl to glycogen amount., Grossi and Mille
(1967) damonstrsted acidic mucins (predominantly cerboxymucins)
in the mucosal glands of ocesophagus in some birds. Allenspach
and Berlin (1571) supported Grossi and Millos' results. Ven
Alten end Pennel (1937) demonstrated only sulfemucins in the
oesophagial glends of & few birds especislly during histogenesis.
Rangel ¢t al. (1970) showed neutral muco.polysaccharides,
sulfated, nonsulfated polyssccharides in the ocesophagesl glands

of the fowl (G.gellus).

In the submucoscl connective tissue, in the cesophagus
of waterhen only neutral mucinsg were demonstrated. Presence of
hyaluronic seid was demonstrated in the submucosal layer of
oesophagus in some birds by Meyer (1947), ¥Wislocki gt al.(1947),
Duren.feynals (19%8), Jackson (1964), Nalsvade (1973) and
Galkwad (1981). However hyaluronic ecid was found to be lacking
in sutmucosal leyer in oesophagus of waterhen. Jadhav (198%)
reported neutrsl amuecins + hyaluronic scid in the submucoss in

the oesophsgus of parrot and kingfisher.

Tunice muscularis in the oesophagus of waterhen contained
only glycogen. Nalsvade and Varute (19573); Nalevade (197%);
Gatkwad (1981) reported the sime in the cesophsgus of
submammelisn groups of snimals. Mslvadker (1985); Jedhav(1983)
reported presence of glycogen in muscles in pond heron, parrot
end kingfisher respectively. The importance of glycogen es
energy source for contraction.relaxstion of the muscularis has

been well estsblished (Parnas and saghner, 1914; Meier and
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Meyerhof, 1924). The musculeris in other orgens of slimentary
tract also contains glycogen.

The tunics adventitia in cesophagus of watarhen

exhibited poor quantities of neutrsl mucosubstances.

4) $EXUAL DIVORPHISM

Identicel histological and histochemical results were
obteined both in mele and femaéle waterhens. Thus it wes
congluded that there was no sexual dimorphism among mucosub.
stance in the cesophagus of bOth the sexes.

%) FURCTIGAL S ' g

The present research work does not #dd an additionsl
informaticn on this #spect. But on the basis of aveilecle
literature and experimentsl work done to point cut functions
of oesophagesl mucins, it ¢ould be concluded thaet mucin in
oesophagus of waterhen might be playing the same role &s o
lubricant. Nalevade and Varute (1973) suggestyd role of mucin
83 & lubricent making deglutition of food essy and quick
(especislly of prey). Lison i1960), Goudsmit (1972) demonstre.
ted lubricent role of sulfom.icins. Guyton (1%04) suggested
protective role of mucins. The geéstric juice with HCl froe
stomach may have adverse effect on ocesophageal mucoss, but
mucin covers it and thus mucins perform protective role. The
scidic mucosubstance were demons.réted to be having protective
role in cesophagus of man (Kathleen gt al., 19773 logen et al.,
1977). So to summarise, mucin in cesophegisl tissuos have two
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roles yir. lubricstion and protection. The sane functions sre
#pplicable to mucins in ocesophagus of waterhen. This is the
only suggestion which could further be studied and confirmed by
some additional experimental investigations. With regsrds to
the feeding habit, on the basis of existing literature and work
done on &vian alimentary cenal it can be said thet carnivorous
birds like kingfisher (Jadhav, 1985) and ponf heron (Malvadkar,
1983) possess mucosal glands in oesophagus which contein elabo-
rete mixture of neutral + sulfo + carboxymucins. The author
#lso recorded the same histologicsl and histochemical observa.
tion in waterhen. However frugivorous bird like parrot lacks
any glands in its oesophagus (Jadhsv, 1983).

Anothar difference pointed out by Jadhav (198%) was
that sutmucoss in ocesophagus in perrot contained s mixture of
neutral mucins + hysluronic acid, while the same layer in
oesophagus of carnivorous birds like kingfishor (Jadhav 198%)
and pond heron (Malvadkar, 1985) conteined only neutral mucins.
Howevsr in omnivorous bird, waterhen (present investigstion),
the oesophagial submucosa showed only neutrsl mucins and no
hysluronic acid. So whether these two a8spects (existance of
mucosal glands, snd presence of hysluronic acid in submucoss
in oesovhagus) depend on the feeding habit of the bird or
whether it is merecly 8 species diversity should be confirmed
by studying more number of cernivorous, frugivorous and omni.
vorous birds. But one thing can be said with certainity thet
mucosubsténces in oesophigus have a role of lubricant making

deglutition of food (especially prey) easy and quick.
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STOWACH ¢

Among the vertsbrate series, with sxception of ruminant
nammels, it 1s the group Aves which exhibits great variastion
and modification in the stoméch as foar as morphology, snatomy
and to some extent physiology is considered. The aviasn stomach
is & dusl structure yjz. proximel thin walled, glanduler
provantriculus or cardiac stomech and distel highby musculer
gizzard @ pyloric stomach (Patt and Patt, 1969). Magon and
Mohan (1976) also reported the same nature in pessexr and grovys.
Malvadkar (1983) and Jedhav (198%) reported the ssme dimorphic
structure in pond heron, kingfisher and perrot. A.phognicurus
phoenigurus was no exception to this. A mmall pyloric bulb
was located behind the gizzerd. Functionally, proventriculus
is meant for food storage, protein digestion, HCl secretion and
possibly fat bresk down (Patt and Patt, 1969) while ventriculus
or gizzard scts &8s 8 grinding mill (tooth replacer).

B) PROVENTRICUWJS
1) HISTOLOGY 1

in waterhen, {t exhibited usual four tunics #s in
ocesophagus., However tunics musculsris was slightly thinner
then in oescphegus and submucoss was indistinct and scenty.
Mugossl stratum exhibited elavorsted structure with numerous
folds forming géstric pits and epithelial lining corsisted of
only one type of cells yiz. goblet. Mucosal glinds were
tubulo alveoler type ond extended into sulmucosal leyer. The
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glends exhibited ducts opening at the base of gastric pits.

The ducts exhibited lining cells in the form of mucus nesk
cells. The remaining cells in glands were scuivalent to

oxyntic ceolls of mammals. Probsbly secreting HCL (Patt end Patt,
19693 Jain, 1976).

2) HISTOCHEMISTRY

At various sites like surfece eplthelium, glandular
spithelium, duct cells, and usual 3 coats like submucosas,
musculsris and seross, presence of neutral + sulfo ¢ sislo.
mucing and glycojgen either singly or in different combination

wes conformed. Atypical mucosubstances was not observed.

It was obsexved that evian proventriculsr mucosubstances
and those in proventriculus of waterhen were slmost identicsl.
Lippa (19%9) deronstrated hysluronidese resistant scid polyss.
echaride - protein complex {n gastric glandular epithelium in
embryonic chick. Mogil'nays gt gl. (1978) observed the presence
of neutrsl polysasccherides, sulfo and sislo.seccharides in
gestric epithelium of some birds. Mogil'mays end Bogatyr (1983)
reported nautrsl glycoproteins, sulfo snd sialo.glycoproteins
in gestric epithelial lining of & few birds. Migicovsky (1961)
indicated presence of sulfomucins in the ¢ells lining the glands
and ducts in proventriculus. Belanger and Migicovsky (1961)
demonstrated ingcorporation of radiosulfate in superficisl glend
and dugt cells in proventriculus of chick, indicating presence
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of sulfomucins in these sites. Patt and Patt (1969) suggested
that glandular epithelial cells except cells in the ducts are
én3logous to pepsin and HCl secreting cells of mammalisn
stoméch, secondly these cells show poor cusntities of neutral
mucins (in sub.mémmalian groups, these cells remain unstained),
Jain (1976) studied histomorphology and physiology of oxyntico-
peptic cells in the proventricull of three species of birds.
Malvadikar (1983) showed presence of neutrsl mucosubstances
(poor quentities), sulfo and sialomucins in the surface goblet
cells in the proventticulus in pond heron. He observed predomi.
nant quantities of sulfomucins in the cells lining the ducts of
glanduler proventriculus. Jadhav (1985) reported identical
mucosubstances in the proventricull of parrot end kingfisher

4s in pond heron.

4) SEXUAL DIMORPH :

Histologicel and histochemical results obtained were
identical in both the sexes in waterhen, hence sexuasl dimorphiem
was not observed. The existing litersture also shows absence
of sexusl dimorphism in mucosubstances in proventriculi of other

vertebrates.

5) RUNCTIONAL SIGNIFICANCE $

Contribution of various workers has thrown some light
on the nossible role of mucosubstances in proventriculus. But
more work for confirmation is neoded to determine exact

function of mucins in proventriculus.
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Moneasux (1933) reported that mucins absorb acidity and
hence provides optimum pH. Hence it was concluded that, the
sucinsg in the proventriculus of waterhan may be acting as @
buffer preventing sstion of HCl on gastric mucosa. They may
also asct as lubricents. However, this is merely suggestion
and more work to confirm the functional aspect is needed. Kent
(1971) saghested that mucins, being slimy, might be pleying
8 role of lubricent and possibly they prevent dehydration of
tissue cells. Other workers like Komarov (1936), Leveyr,
Sheinfeld (19%4), Lambret gt al. (1968), Martin gt a]. (1968),
Milluhi and Hotta (1979) suggested that secreted mucins form
8 protective shesth on mucosal layer and thus thay protect the
tissues from action of digestive entymes and HCl. iMogil'nays
2t 3. (1978) stated that mucin acts as a barrier sllowing
trensportation of verious substances.

C) G1ZZARD (Ventriculus)

In waterhen, similar to other birds, it i3 highly
muscular orgen acting as a tooth.replacer, In idition to
f{ts grinding role, &t has 8 role in storasge and o0 some extent
in protein digestion slso (Pstt and Patt, 1969). Magon and
Mohan (1976) described gizzard as & posterior chamber of the
stomach in pagser and gorvus, containing grits or small stones
which aid in mechanicsl bresk down of foeod stuffs.

1) HISTOLOGY s
Gizzaxd of wasterhen was moderate in size but distinctly

muscular #s compdred to muscular nature of whole remaining



slimentary tract., Same neture has been reported in pond heron
(Malvadkar, 1983) and in kingfisher, parrot (Jadhav, 1983),
Soryus and passer (Magon and Mohs, 1976).

In waterhen, gizzard showed ususl 4 tunics, with mucoss
heving much folded crypts, surface epithelium with only goblet
cells and tubuler glands. The distinct peculiarity was presence
of non-cellular innermest lining called "koilin'., Magon end
Mohan (1976) reported deep smber coloured ‘koilin' in gorvysg
showing prominent grooves and ridges while in pagger. ‘'Koilin'
appesrs daxk greenish yellow slso with grooves end ridges. Patt
snd Patt (1969) studiad structural sspests of "koilin® under
ultramieroscope. They showed that ‘koilin' consists of horizon.
tal laminated structure with clesr perpendicular striations
containing debris and bile pigments. 'Koilin' §s formed due to
secratery aciivity of glandular epithelium of mucoss., Aswemy .| |
(1976) demonstrated four zones in ths *koilin' layer in the
gizrerd of P.philiiooenals viz. outermost hardest containing
quinone, sacond harder zone with tanning, third zone with §.§
bonds and innermost fourth zone with collsgenous protein.
Jedhav (1983) showed that Koilin layer was broader in parrot
than in kingfisher.

2) HISTOCHEMISTRY 1

Histochemicslly, different mucosibstances in different
sites from mucoss (innarmost) to saross (outarmost) in the
vantticulus of waterhen ware as usual and stypicsl mucosub.
stance wis not seen. Mucosubstances present comprisad neutrsl,
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sulfon sislomucins and glycogen.

The histochemical results obtained in the bird under study
indicated sulfomucins (predominent) and sialomucins (poor quanti.
ties) in the surface goblet cells end crypt cells, neutral mucins
in the glendulsr epithelium, submucosa and serosa while muscular
cost 8s usual contained glycogen.

Existing literature on ventricular mucosubstinces is
scanty. Mogil'naya snd Bogatyr (1677, 1983) demonstrated
presence of neutral carbohydrastes, sulfossecchsrides snd sialoe.
ssccharides in avien gizzerd. Belanger and Migicovsky (1961)
demonstrated sulfemucins in the superficisl portion of gastric
glands and cuticle in Bhick. Aswemy (1976) used electrophoresis
snd chromstography techniques to demonstrate four kinds of
proteing with different smino acid sequences and glucosamine,
glucose and fructose in the gizzard lining. Malvadkar (198%)
reported identical mucosubstances in gizzard of pond heron so
also in parrot and kingfisher (Jadhev, 1985). Thus svsilable
data is in good sgreement with the results obtained in the bird

undex investigation.

4) 346l DIMORPHIGH :

It was not observed in mxosubstances in the gizzards
of male and female waterhens, since histological and histo.
chemical sspects were identical in both the sexes.
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At 3 gross level, it appesrs that neutral sucosubstences
sre quantitatively more in gizzard of waterhen, 80 it may be
suggested thet they may act as buffer sgeinst the proventri.
culer chyme conteining digestive enzymes and HCl. Mogil'neys
8t al. (1978) proved that mucins (especially neutrasl) protect
gastric sucoss ageinst enzymes end HCl, The ssme role may be
spplicatle to mucosubstances in gizzard of waterhen., But %o

confirm it, more work is needed.

INTESTING +

It extends right from the stomach upto snus. Pasired,
narrow upwardly directed cacca are the demarkation marks between
snsll and large intestine. Waterhen is no exception to this,
Small intestine though not morpholegically but histologicelly
cén be differentisted into proximal & few ea® part duodenum and
distel remaining part upto caecs the lleum, Post.caecal part
of intestine hence will bs large intestine.

D) DJQDEMIM 1
1) HISTOLOGY s

It ravealed presence of ususl four tunics. The sucoss
wss thrown into many fingerlike blunt ended villi projecting
into lumen, The shape, number of villi and number of goblet
cells in mucoss axe the sspects to distinguish ducderum from
fleun (extornal demarkation lacking). Duodenal mucoss of water-
hen exhibited many finger like vilii with less number of goblet
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cells while in ileum region, villi were broad at base which
tapered qbruptly distally, and goblet cells in Lleum were still
mOre numercus. Mucosa consisted of dimerphic cells yiz.
absorptive columner epithelisl cells end goblet cells. Glands
were not seen but crypts were distinct, submucoss was compars-
tively thin and contained connegtive tissue, thin muscularis
and serosa were typical type.

Similer histological structure wes 8lso observed by
Magon and Mohen (1976) in the duodenum of_gorvug and pagsses.
Hodges end Michael (197%3) studied ultrs structure of cellular
olenents in mucossl erypts of leghorn cockrel. Maslvadksr (1983)
and Jadhavy {1589) reported the same strustursl details in the
duodenum of pondheron, kingfisher and parrot respectively.

2) HISTOCHEMISIRY @

There wes no indication of any atypical type of muco.
substance in duodenum of waterhen. Varicus cellulsr elements
like columnar epithelium, surface goblet cells, crypt goblet
cells showed neutrsl, sulfo and carboxymucing either singly ox
in combination with others. Submucoss and seross s usuasl

indicated only neutral mucins while muscularis contained only
glycogen,

Surface columnar epitheliun exhibited only neutrael
mueing (poor cquentities) while surface and crypt goblet cells
indiceted mixture of neutrsl + sulfo + sialomucing (poor
quantities). Sulfowmucins were predominant in goblet cells,
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while quantitatively neutrsl mucins were slightly more in sub.
mucoss then in mucosel layer. In distal region, lamaina proprie
showed 8 distinet glanduler structure, the gells here exhibited
prodominant ecidic mucins. Malvadker (19685) demonstrated neutral
+ sulfomucing in mucessl cellulsr elements in the duodenum of
pond heron. Jadhav (198%) reported identicsl results in the
duodenum of kingfisher and parrot (carboxymucins were not reported
in duoderum of pondheron, kingfisher and parrot).

It was not evident in the duodenum of male ind female
waterhens as for as histologicsl #and histochemicel observations
sre considered. The sbsence of sexual dimorphism smong the
mucosubstances is evident in other groups of vertebrate animals
from fishes upto mammals. But noteworthy thing related to sexusl
dimorphism in mucosubstances ceme into 8 light in 1978 when
Shackleford and wilborn (1978) for the first time described
sexual dimorphism in the duodenal mucosubstances in hamsters.
According to them, Brunner's glands in male contain double
qantity of scidic mucing as compered to those in femsle, however
with reference to neutral mucins, the reverse reports were
presented f,e. nautral mucing sre more predominant in Brunner's
glends of female then in mele.

8) PNCTIONAL SIGNIFICANCE ¢

More confirmatory raeports are available throwing some
light on the possible function of mucosubstances in the duodenum.
Definately, they have protective role, since the mucins act as
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proved that when gsstric scidity incresses and attsins chronic
stage, thon duodenal mucoss sctively secretes more and more
smount of sialomucing and sulfomucins. This may be true in
avisn group of sniméls also, but further confirmation is
essential. After studying the duodensl mucosubstances in the
soversl species of bsts, Forman gt sl. (1979) end Deshmukh
(1984) reported that there is no relstionship between the diet
of the animel and nature of mucosubstances in the slimentary
csnal. Jervis gt 9). (1973) and Sheahan and Jervis (1976)
reported thet variastion in sucosubstances ndy reflect dietary,
genetic and other unknown influences.

E) ILEUM 1

1) HISTOLOGY 1

All the concluding ectivities involved in the digestion
and absorption are cerried out by the smsll intestine, in that
sange, this pasrt Ls important one. In waterhen, ileum revesled
ususl four tunies. The villi were more in number, each with
proximsl part slightly flattened and abruptly tépering distal
end. Goblet cells were still more numerous as compared to those
in duodensl mucoss. 50 also crypis were well demasrked than in
duoderum. Similer K stology wds reported by Patt end Pett (1969)
in avien Lleum. Magaon end Mohan (1976) found similer histo.
logicel strueture in pagser and grovug. Bayer ot al. (1979)
studied intestinal goblet cells of ghick by scenning and elesctro
microscopic techniques. Malvadkar (1985) studied pondheron
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pattern, however shape of the villi in ileum of pondheron
was finger like. Jadhav (1983) reported, existence of more
elongated villi in the mmell intestine of two birds viz.
parrot snd kingfisher.

2) HISTOGHEMISTRY 1

In waterhen ileum, the histochemical results obtained
almost ressmbled with those obtained in duodenum. Atypical
nucosubstence wes not observed. Mucosubstances like neutrsl
mucing (poor quantities) sulfomucing (predominant) end sialo.
mucine (poor quantities) were detected either singly or in
combination with others in various sites in the illeum.

Muscularis contained only glycogen.

3)

In the present investigstion, the mucossl columnar
spithelisl cells exhibited only neutral mucing while crypt
and surface goblet cells contained mixture of neutrsl + sulfo
+ sislomucing. Submucoss and seross #s ususl contained poor
quentities of neutral mucosubstences snd muscularis contained
only glyeogen. Kim (1972) reported predominant quentities of
sulfomucing + poor cquentities of neutral mucins in the goblet
¢alls in the small intestines of eight spacles of birds.
Melvadkar (1585) and Jadhav (1983) observed the same typical
Bucosubstances in the snall intestine of pond heron, parrot

and kingfisher respectively.



4) SEXJAL DINORPHISH 1

No sexual dimorphiss was seen in the mucosubstances in
the small intestine of male and female woterhens. In the
exhisting literature also there are no reports on sexusl
dimorphism among the mucosubstances in the small intestine of
birds.

S) PUNCTIONAL SIGNIFICANCE 1

shafi (1974) suggested that in fish intestine, the mucus
socreted provides lubrication meking food propelling essy. The
sucus 8180 protects mucesal cells from sutodigestion and
mechanicsl injuries. Buche (1971) remarked thst neutrasl snd
scidic mucins sssist in digestion, sbsorption, protection and
lubricstion. Gillies and Ballien (158l1) pointed out role of
mucins in absorption of digested food in the intestine.
Mitiavila et sl, (1968) stated that mucins can profect mucossl
calls from toxic substances like tannin (ret intestinsl mucins).
Fox (1979) suggested sltogether different role of mucins. Due
to slimy mucinsal coating on mucosal surfece, micro orgaenism
sn't snchor to mucossl cells, thus infection is prevented. To
conglude, one may say that mucins in intestine play protective
and lubricative roles. The same functionsl aspects masy be
sllotted to mucins in the ileu of waterhen (present investige.
tion).

F) LARGS INTESTING
Generally in the vertebrates, it has been observed that
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large intestine is slightly thin welled 83 compared to maell
intestine (musculature 111 developed). But in birds (waterhen),
loxge intestine was slightly thicker as compared to small
intestine and extended from the point where csecs open, to the
snal sperture. In this bird, intestinel caecs were paired,
well developed and upwarly directed.

1) HISTOLOGY 1

In cross sections, it appesred circulsr, more thicker in
®usculature than ileun, H-E stéined sections revesled usual 4
tunics from innermost mucoss to outermost seross. The mucossl
folds were slightly long end nérrow with numerous goblet cells
bt number of columnser cells was found to be reduced as compared
to that in snall intestine, Glends were found to be sbsent,
Submucoss, muscularis, layers were well defined, especislly
muscularis was well defined offering thickness to large
intestine. Seross was typicel. Similer histological structure
was reported by Patt and Patt (1969), Magon and Mohan (1976)
and Malvadkaer (1985) in avien lerge intestine. Jadhav (198%)
reported that in parrot large intestine, mucosal folds sre short
while those in kingfisher are comparatively slongated and villi
like.

2) HISTQCHEMISTRY 1
Atypical or rearly occuring mucosubstence wss not

observed. The mucosubstances at verious site in the large
intestine were identical to those observed in small intestine.



The results obtained indicated existance of poor quanti.
ties of neutral mucing in the surface epithelium, serosse and
subsucess (here slightly enhanced cuentity). Sulfo, neutrsl end
sislomucins (predominent end poor cuantities respectively) were
the mucosubstances in goblet cells. Kim (1972), Malvadker (1983)
snd Jadhav (1983) reported same mucosubstances in the respective
sites in avisn large intestine,

4) SLXJAL DIMORPHISM 1
It was not observed in waterhen. This is in good sgree-
ment with the existing litersture on the laxge intestine of

other vertebrates.

3) FUNCTIONAL SIGNIFICANCE s

Large intestine plays no role #s such in the process of
digestion (Reeder, 1964), but certain substences msy undergo
bresk down (hydrolysis) here, followed by their asbsorption.
Mainly water and salts undergo absorptions in the large intestine.
Forstner (1978) allotted protective and lubricetive role to
mucins secreted by large intestinel cells. He explained that,
mugcins not only lubricste but protect the mucossl cells against
injurious chamicals, digestive enzymes, bacteria and other
harmful dietary constituents. Uue to their slimy nature mucins
pravent dehydration of tissue cells. The seme functionsl signi.
ficance may be assigned to mucosubstances {n the large intestine
of waterhen, but merely this is suggestion and needs more
gconfirmation by studying other species of birds.
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A)

COMMENTS 3 (Table ho.8)

Various mucosubstances in various strats in the
alimentary tract of & few birds like pond heron, kingfisher
(carnivorous), parret (frugivorous) end weterhen (omnivorous),
if studied comparatively, some concl usions, rether suggestions,
could be made, however more confirmation is needed by studying
2 still good number of birds verying in feeding habits and

species.

QESOPHAQIS 1

1) Stretified epithelium in parrot shows kerastinisation, which
is not revorted in remsining three birds. Magon end Mohen
(1976) reported noticsble degree of cornificetion in passer
than seen in corvus. 1Is there any relationship between
keratinisation and food must be confirmed by studying some more
frugivorous birds.

Bradfield (19351) demonstrated co-reletion between glyco.
gen contents ir stratified epithelium &nd degree of keretinisse.
tion. Keratinisation is inversely proportional to glycogen
smount., 50 glycogen contents in these cells should be studied
quantitatively by sublecting & good number of birds to throw
some light on this relationship.

2) Cesophagesl musosal glands are reported to de present in
most birds, but found to be sbsent in paerrot.

3) Submucosa in parrot contains neutrsl mucins + hysluronie

scid both, while in other three birds, it exhibits onxy-._'j—“_”



nsutrel mucins.

Whethor these two aspects [(2) and (3)] ere due to
different feeding habit or specles diversity should be confirmed
by studying more number of birds.

B) PROVENTRICUINS :
Micosubstences here in all the four birds sre slmost

fidenticel.

C) VENIRICULUS :

1) 'Koilin' layer is broad in parrot as compered to it in other
three birds. This might be in accordence to frugivorous
habit of parrot which feeds gencrally on hard costed food
stuffs. #hat type of koilin exists in other frugivorous
birds should be studied.

2) Tubular glends exist in gizzerd of waterhen, kingfisher and
pond heron but reported to be sbsent in parrot.

D) DUCDENUM

1) Poor quantities of carboxymucins exist in addition to neutrsl
and sulfomucing in goblet cells in waterhen only. In
rensining three birds, non.sulfeted mucosubstances sre not
reported.

2) Lamins propris in the distal region of duodenum in wsterhen
exhibited well defined glendular structure, the cells of
which elaborated predominant scidic mucins (Fig.24 ). Such
structure 4is not reported in other birds. Further histo.
chemical snd histological study is neoded.

L R R 1 RIS SO R Ve i ]
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ILEUM ¢
Micosubstances are alwost identicel in all the four
birds.

LARGE INTESTINE :

In parrot, mucossl folds sre short while they are long
and villi like in kingfisher. In pond heron, folds are broad
and shoxrt; while in waterhen, the folds vary much as per the
region of the large intestine i.e. the folds are long and villi
like in proximsl region, while the folds show short and nerrow
nature {n distsl region of large intestine (Fig.29 and 35 ).
Such dimorphic nature of mucossl folds should be studied from
functienal point of view.

CONC $

The main aims of the nresent investigstion were -

1) To study histologicasl aspects of the elimentary tract of
white breasted waterhen (A.phoenicurug phoenjcurus).

2) To characterise mucosubstances histochemically in the
organs from oesophagus to large intestine.

3) To point out pattern of distribution of mucosubstances in
the various histological sites of these organs.

4) To compare the results obtained in the present investigs.
tion and the existing literature on the mucosubstances in

the alimentary tract of other vertebrates.
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5) To concise the compsrative account, litersture on muco-
substances in the alimentary tract of other birds (pond
heron, kingfisher, parrot) was considered predominantly.

6) To sttribute, some physiologicsel role to the mucosubstances
in the slimentary censl of waterhen, circumstantial

evidences were considered.

7) 1t is said that the smallest complete deed is better than
the grandest good intension. By keeping this view in mind,
suthor completed his mssll dissertation. It is hoped that
the aims and objectives of the praosent irwestigation have
been satisfactorily achieved,

while concluding the present investigation, the authorxr
is fully aware of the shortcomings. The author had to depend
on the histochemical techniques which do not give the exsct
location of the mucosubstances in the particular histologicsl
sites It is ssid thst colours spesk all languages which comes
true in this regards. Howevaer, these well established techniques
do not give informstion in terms of quantity in mathematical
figuraes (Blosssay method is suitable here). Attempts sre made
in the present investigetion to point out staining intensities
of the various mcosubstances in visuasl terms like poor, wesk,
moderate, intense etc. This, though roughly, cén indicate
relative amount of mucosubstances in terms like poor, moderate,

predominant ete.

¥ith all these thortecomings in mind, the suthor feels
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grateful that he had stleast prosented, though preliminary,

additional information 8s the mucosubstences in the slimentary

tract of one more bird (omnivorous), by employing & series of
well established histochemical techniques sccording to the
svailablility of the stains end chemicals in this lsboratory.

The suthor keeps no right to ask others to do this and

that, but 1t is costomary to suggest what more could be done

snd how, concerning the histochemical research.

1)

2)

3)

4)

5)

6)

By employing recent biosssay studlies, the mucomubstances
in the organs of the alimentary canal should be studfied
guantitatively in exact mathemsticsel terms (merely reletive
quantity of » cexrtain mucosubstance provides a» little
information).

The mucosubstances reported in & particular site of »
particular organ must be further confirmed by sutoradio.
graphy. So that asrtifact, if any, will be tested well.

Cheractarisation of an individual mucosubstances should be
done by chromategrephic technique.

Presence of neutrsl, sulfo #nd carboxymucins is incomplete
information, esch must be further identiflied.

Except hamster, in no othar species sexual dimorphism is
reported concerning mucosubstances in the slimentery cansl.
So further sttempts should be done to point out other

species, if any, exhibiting sexusl dimorphism among mucins.

The above point is spplicéble to the presence of atypical



7)

8)

OT rare mucosubstance slso. Sulfeted sialomucins have been
reported in the colon of some mammals. Jadhav (198%)
reported atypical mucosubstances which were AB and CI
unresctive but PAS end AF positive in the gastric mucus neck
célls in turtle (L.gungtata lacepede). SO the study must be
further extended to find cut other atypical mucosubstances,
if any, and exactly whare?

Existing literature fails to prove the relationship between
mucosubstances in the alimentary cenal end dietary habit.
Almost similar mucosubstances have been reported in alimen.
tary tract of parrot (frugivorous), pondheron, kingfisher
(both carnivorous) and watecrhen (omnivorous). 50 further
work 1is essential by congidering still more number of
carnivorous, herbivorous and omnivorous birds having species

diversitias,

Further confirmation is needed to point out physiological

signfficance of mucins in alimentary cansl of & bird.

9) Co-relstion, if any, between mucosubstances and resbsorp.

tion of digested food i3 one more aspect to be confirmed
by using suitable method.

S0 thcere are several avemues open toc continue the

research in the fiald of histochemistry. There is unlimited

scope for the resesrch work concerning mucosubstances and their

physiclogical role in the alimentary tract of avien fsuna. The

sithor is fully awsre that the research wor< done is by no means



perfect since some omissions and errors sre bound to remain
sonewhere in the body of the dissertstion.

*I do not know what I mey sppesr to the world, but to
myself, I soom to have been only like & boy playing on the
sedshore and diverting myself in now and then finding & smoother
pebble or & prettier shell than ordinsry, whilist the grest
ocedn of truth lay all undiscovered before me.”

Sir Isjac Newton
(1642.1727)



