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*«©ng tht sufamammallan groups, class Avas has baan 
subjaetad to point out different aspaets cone ami ng mucosub- 
staneas in tha alimentary tract. Tha prasant dissartation 
daals with tha mucosubstancas axisting in tha various strata 
fron mucosa (innermost) to sarosa (outermost) in tha oasophagus, 
provantriculus (cardiac stomach), gizzard (pyloric stomach), 
duodenum, maall and largo Intastina of mala and female 
A.ohanlcurus phoanicurus. Jadhav (1985) and Malvadkar (1985) 
triad to point out sexual dimorphism, spaeias diffarancas, 
ralationship of faading habit and mucosubstancas in thair 
rasp active dissertations. Author has selected omnivorous bird 
to point out tha ralationship of food with mucosubstancas in 
tha digestive tract of A.phoanicurus ohocnieurus. Tha existing 
litaraturs on mucosubstancas in tha alimentary tract of several 
vertebrates has siraady baan summarised in tha chapter one of 
tha prasant dissertation. Henco to avoid voluminous discussion, 
only literature on mucins In tha avian alimentary tract is 
consider ad hare. Jadhav (1985) investigated location, 
characterisation and chemical nature of mucin* in tha alimentary 
tracts of 2 birds, one carnivorous (king fisher) and another 
frugivorous (parrot), Malvadkar (1985) aubjactad one more 
carnivorous bird viz, pond heron to atudy mucins in its 
alimentary tract. Much literature is available concerning 
mucins in alimentary tract of several vertebrates right from 
piseos to mammals. To make tha present chapter concise, 
another has concentrated on the results obtained in his present 
investigation (mucins in the alimentary tract of waterhen) and
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existing Ut*rit«ri on mucins in tho avion alimentary tract,

the dissuasion haro Involves five aspects for each 
organ, via. Histology, Histochenicel reactivities, distribution 
of muco substances, sexual dimorphism if any, and functional 
significance.

h) gmmtm -
In waterhen, oesophagus is •oscular, slightly thicker 

extan tibia elongated tube that convoys food notarial fro* 

pharynx to preventriculus.

i) nmwm *
in contracted condition, the tubs appeared narrow, and 

hence the lumen, also appeared narrow. In fixed condition, 
epithelial lining and its underlying layers became strongly 
folded, As usual, it had 4 tunics vlr. mucosa, submucote, 
museuloris and adventitia. Mucosa sxhlbltad thick stratified 
squamosal epithelial calls and mucosal glands, Sufamueose was 
predominant. tCeretinlsetion was not observed,

Warner j$ (1987} demonstrated alveola mucus glands 
In the oesophagial mucosa in Japanese quill). Fader U972) 
used light and electron microscopy tachniquea to study mucosal 
glands In several birds* Magon and Mohan (1974} pointed out 
comlfleation of mucosa in the oesophagus of Fa tear and Gorvus, 

Trimorohic muscularla in oesophagus of 0.cruels and I.malar was 
demonstrated by Hank# U937). Malvadkar (1989) reported no 

atypical aspect as such in oesophagus of pond heron. Jedhav
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(1985) reported high degree of eornification in aucosa in 

parrot then In kingfisher. He demonstrated broad longitudinal 

folds in the aucosa in both the birds, but mucosal gland were 

denonstreted only in oesophagus of kingfisher and found to be 

absent in oesophagus of parrot.

2) immmsm *

The hi stec hemic a l reaetivi ties indicated glycogen, 

neutral, sulfo and carboxy-mucins singly or in conblnotions 

in ths different histological si too in the oesophagus of 

wsterhsn. However atypical aueosubstance was not dsaonstratsd.

3) DISTRIBUTION OP MUCDSUBSTANGgS {hVIMi ALIfttehT*RY TR*CT 

ACCOUNT}.

The stretifled eplthellua in the oeeophegue of weterhen 

exhibited cnly glycogen while mucosal glands showed existence 

of neutral, sulfo and carboxy-muclns therein. In pond heron, 

the sene distribution wet reported (ttalvsdkar 1985). In king, 

fisher end parrot, the stratified eplthellua showed only 

glycogen while aucosel glands in the oesophagus of kingfisher 

(in parrot, glands were absent) exhibited poor quantities of 

neutral, sulfo end carboxy-aueins (Jadhav, 1985). Concerning 

aucosel nucins in oesophagus of tother bird*, earllsr Brsdflsld 

(1951) reported presence of glyeogon in oesophagus of chick on 

exhibiting poor keratinisation. Ho further showed an inverse 

relationship between amount of glycogen in the epithelial cells 

and the degree of keratinisation i.o. keratinisation is
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Inversely proportional to glycogen Mount, Gross! and Milio 

(1967) demonstrated acidic mucins (predominantly carboxymucins) 

in the mucosal glands of oesophagus In some birds. Mlsnapach 

and Bariln (1971) supported Gross! and Miliot* rasults. Van 

Mtan and Fennel (1997) danonstratad only sulfomucins in the 

oesophegiel glands of a few birds especially during histoganaais. 

Rangel J& a^. (1970) showed neutral nueo«polysaceheridss, 

su l feted, nonsu If at ad polysaceharldas in tha oesophageal glands 

of tha fowl (J.ftlUm).

In tha submucosal connective tissue, in tha oasophagus 

of waterhen only neutral mucins ware danonstratad. Presence of 

hyaluronic said was demonstrated in tha submucosal layer of 

oesophagus in soma birds by Mayer (1947), wisleekl j$ el. (1947). 

Duren.Heynals (1958), Jackson (1964), Nalavade (1975) and 

Oeikwad (1981). However hyaluronic acid was found to ba lacking 

in submucosal layer in oesophagus of waterhen. Jadhav (1985) 

reported neutral mucin a * hyaluronic acid In tha submucosa in 

tha oesophagus of parrot and kingfisher.

Tunica muscular!s in tha oesophagus of waterhen contained 

only glycogen. Nalavade and Varute (1973); Nalavade (1975) % 

Gaikwad (1981) reported tha same in tha oasophagus of 

submammelien groups of animals. Melvsdker (1985)$ Jadhav(1985) 

reported presence of glycogon in muscles in pond heron, parrot 

and kingfisher respectively. Tha importance of glycogen as 

energy source for contrectlon.ralaxation of tha muscularis has 

bean wall established (Pernes and ttsghner, 1914* Malar and
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Meyerhof, 1924). The muocularis in other organs of alimentary 
tract else contains glycogen*

The tunics sdventitle in oesophagus of waterhen 
exhibited poor guantitles of neutral aucosubstances.

4> Mmjimys *

Identical histological and hlstochaaical results were 

obtained both in aale and female weterhens. Thus it was 
concluded that there was no sexual dimorphism among mucosub. 

stance In the oesophagus of b&th the sexes*

»> *

The present research work does not add an additional 
information on this aspect* But on the basis of availaole 

literature and experimental work done to point out functions 
of oesophageal mucins, it could be concluded that mucin in 
oesophagus of waterhsn might be playing the same role as s 
lubricant. Naievade and Varute 11973} suggested rols of mucin 
as s lubricant making deglutition of food easy and quick 
(especially of prey). Uson U96G), Goudsmit U972) demonstra~ 
ted lubricant role of sulfomjclns. Guyton U964) suggested 
protective role di mucins* The gastric Juice with HC1 from 
stomach may have adverse effect on oesophageal mucosa, but 

mucin covers it and thus mucins perform protective role. The 
acidic aucosubstance were demonstrated to be having protective 
role in oesophagus of man (Kathleen j£., 19771 Logan jt^., 
1977). So to summarise, mucin in oesophagi#1 tissues have two
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roles vlt. lubrication and protection. The same function* are 

applicable to mucins in oesophagus of waterhen. This is the 
only suggestion which could further he studied and confirmed by 
sons additional experimental investigations* With regards to 

the feeding habit, on the basis of existing literature and work 
done on avian alimentary canal it can be said that carnivorous 
birds like kingfisher (Jadhav, 1985} and pon* heron (Maivadkar, 

1985} possess mucosal glands in oesophagus which contain elabo

rate mixture of neutral + sulfo ♦ cerboxymucins* The author 
also recorded the same histological and hi stochastical observa

tion in waterhen. However frugivorous bird like parrot lacks 

any glands in its oesophagus (Jadhav, 1985}.

Another difference pointed out by Jadhav U985} was 
that suhmueosa in oesophagus in parrot contained a mixture of 
neutral mucins a hyaluronic acid, while tho same layer in 

oesophagus of carnivorous birds Ilka kingfishor (Jadhav 1985) 
and pond heron (Maivadkar, 1985) contained only neutral mucins. 
However in omnivorous bird, waterhen (present investigation), 
tho oosophagial submucosa showed only neutral mucins and no 

hyaluronic acid. So whether these two aspects (existence of 
mucosal glands, and presence of hyaluronic acid in submucosa 
in oesophagus) depend on the feeding habit of the bird or 
whether it is merely e species diversity should bo confirmed 
by studying more number of carnivorous, frugivorous and omni
vorous birds. But one thing can be said with corteinity that 
mueosubstanees in oesophagus have a role of lubricant making 
deglutition of food (especially prey) easy and quick.
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STOMACH i

Among the vertebrate series, with exception of ruminant 
^emmais, it it the group *ves which exhibits great variation 
and modification in the stomach at far at morphology, anatomy 
and to tome extent physiology it considered* The avian stomach 
it a dual structure vis* proximal thin walled, glandular 
proventriculut or cardiac stomach and distal highly muscular 
gizzard a pyloric stomach (Patt and Patt, 1969)* Msgon and 
Mohan (1976) also reported the same nature in MiiSS 
Malvadkar (1989) and Jadhav (1985) reported the same dimorphic 

structure in pond heron, kingfisher and parrot. ^*ahoenlcurus 
oho epicures was no exception to this, h msail pyloric bulb 
was located behind the gizzard. Functionally, proventricuius 
is meant for food storage, protein digestion, HCl secretion and 
possibly fat break down (Patt and Patt, 1969) whila ventriculus 
or gizzard acts as a grinding mill (tooth repiaesr).

B) reQVBNTBICUUJS t 

1) HISTOtOOY I

In waterhen, it exhibited ueuel four tunic• at in 
oesophagus. However tunica muscularis was slightly thinner 
than in oesophagus and submucosa was indistinct end scanty. 
Mumetal stratum exhibited elaborated structure with numerous 
folds forming gastric pits and epithelial lining consisted of 
only one type of cells viz, goblet, ftfcteosei glands were 
tubulo alveolar type end extended into submucosal layer. The
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glands exhibited duett opening et the best of gastric pits.
The duets exhibited lining eeils in the fox* of emeus neek 
ceils* The regaining cells in glands were equivalent to 
oxyntie eeils of oeraoela. Probably secreting HCl (patt and Pett, 
1969* Jain, 1976).

2) ’

At various sites like surface epithelium, glandular 
epithelium, duet cells, and usual 3 coats like submucosa, 
muscular!s and serosa, presence of neutral ♦ sulfo ♦ sielo- 
■meins and glycogen either singly or in different combination 
was conformed. Atypical aiueo sub stance a was not observed.

a) 8iasi^im..2g.mmmmm *

It was observed that avian proventricular aucosubstances 
and those in proventrieulus of waterhen were almost identical. 
Uppa (19S9) demonstrated hyaluronidase resistant acid polyse. 
eeharide • protein eemplax in gastric glandular epithelium in 
embryonic chick. Mooli*nava e^ §|. U978) observed the presence 
of neutral polysaecharldea, euifo and siaio«saccharides in 
gastric epithelium of semo birds. Mogil'naya and Bogetyr (1983) 
reported neutrel glycoproteins, sulfo mid sialo-glycoprotelns 
In gastric epithelial lining of a few birds. Migicovsky (1961) 
indicated pretence of sulfomucins in the ceils lining the glands 
and duets in proventrieulus. Belanger and Migicovaky (1981) 
demonstrated incorporation of radiosulfate in superficial gland 
end duet eeils in proventrieulus of chick, indicating presence
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of sulfomucins in these slits. Pstt snd Pett (1969) suggested 
that glandular epithelial cells axeapt calls in tha ducts ara 
analogous to pap sin and HC1 sac rating calls of mammalian 
stomach, sacondly thasa ealls show poor cuantltias of nautral 
mucins (in sub-mammalian groups, thasa calls remain unstained). 
Jain (1976) studied hlstomorphology and physiology of oxyntleo- 
paptic calls in tha provantriculi of three species of birds. 
Malvadkar (1985) showed presence of neutral aucosubstancas 
(poor quantities), sulfo and sialoeueins in tha surface goblet 
calls in tha proventticulus in pond heron. Ha observed predomi
nant quantities of sulfonueins in the cells lining the ducts of 
glandular proventriculus. Jadhav (1985) reported Identical 
aueostihstanees in the provantriculi of parrot and kingfisher 
as in pond heron.

4)

Histological and histoehemical results obtained were 
identical in both the eexea in we ter hen, hence eexuel dimorphism 
was not observed. The existing literature also shows absence 
of sexual dimorphism in aucosubstancas in provantriculi of other 
vertebrates.

5) wmmm.smmomis *

Contribution of various workers has thrown tome light 
on the possible role of mucosubstances in proventriculus. But 
more work for confirmation is nseded to determine exact 
function of mucins in proventriculus.
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Honeeux (1935) reported that mucins absorb acidity and 
hone# provides optimum pH. Hone# it was concluded that, tha 
mucins In tha provantricuJ.ua of waterhen aiy be acting at a 
buffer preventing action of HC1 on gastric mucosa. They nay 
also act as lubricants* However, this is merely suggestion 
and more work to confine the functional aspect is needed. Kent 
(1971) suggested that Busies, being sliny, night be playing 
a role of lubricant and possibly they prevent dehydration of 
tissue ceils. Other workers like Kosarev (1936), ieveyr, 
Sheinfeid (1954), Lembret a^. (1963), Martin a*. (1963), 
Milluhl and Hotta (1979) euggastad that sacreted mucins form 
a protective sheath on mucosal layer and thus they protect the 
tissues fron action of digestive enrymes and HC1. Megll*neye 
f| al. (1973) atatad that nucin acts as a barrier allowing 
transportation of various substances.

C) GIZZARD (Ventrlculus) i

In weterhen, similar to ether birds, it is highly 
nuscular organ acting as a tootlwrsplaeer. In addition to 
its grinding role, It has a role in storage and to some extent 
in protein digeatien also (9ett Mid Patt, 1969). Magon and 
Mohan (1176) described gisserd as a posterior chamber of the 
stomach in oassor and corvus. containing grits or small stones 
which aid in mechanical break down of food stuffs.

i) mzigmx *

Gissard of watarhan was moderate in also but distinctly
muscular at compared to muscular nature of whole remaining
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alimentary tract* $«• nature has bean reported in pond heron 
(Melvadkar, 1985) and in kingfisher, parrot (Jadhav, 1985), 
120011 ««* ams (Hagen and Moha, im).

In wsterhen, glsrerd showed usual 4 tunies, with nucosa 
having wish folded crypts, surface epithelitm with only goblet 
ceils and tubular glands* The distinct peculiarity was presence 
of nofueeilular innermost lining called *koiUn*. Megan and 
Mohan (1974) reported deep sober coloured ’koiiln * In corvus 
showing prominent grooves and ridges while in aoaser. •Koilin* 
appears dark greenish yellow also with grooves and ridges* Patt 
and Patt (1969) studied structural aspects of koilin* under 
ultramicroscops. They showed that *koiiin9 consists of horizon
tal laminated structure with clear perpendicular strlations 
containing dabrla and bile pigments, koilin1 is fcxm*d due to 
••oratory activity of glandular epithelium of oucoaa* Aawany 
(1976) demonstrated four xonos In the *koilinf layer in the 
glxzazd «f P.ohlllloowul* jfU. «it«r»o*t haxd.xt containing 
qulnone, second harder rone with tanning, third sons with S-S 
bonds and innermost fourth sons with collagenous protein.
Jadhav U985) showed that Koilin leyor was broader in parrot 
than In kingfisher.

t) mvmmmm *

HtstoeheaicaUy, different muco substances in different 
sites from mucosa (innermost) to stress (outermost) in the 
ventiieulus of watorhon ware aa usual and atypical mucosub- 
stenet was not seen. Mueosubetancee present comprieed neutral,
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sulfon sialomucins and glycogen.

3) PISTHIRJTION Of WJCQSUBSTAWCSS I

The histoeheaical results obtained in the bird under study 
indiestsd sulfomucins (predominant) snd sialomucins (poor qjanti- 
tios) in tho surf so • goblet cells snd crypt ceils, neutral mucins 

in tho gienduler epithelium, subsucosa and soross whiio muscular 
cost ss usual contained glycogen.

Existing literature on ventricular aucosubstances is 
scanty. Mogil*naya and Bogatyr (1977, 1983) demonstrated 

presence of neutral carbohydrates, sulfosaccharides and sialo* 
saccharides in avian glxsard. Belanger and Migicovsky (1961) 
demonstrated sulfomucins in the superficial portion of gastric 

glsndt snd cuticle in thick. Aswcmy (1976) used electrophoresis 
snd chrosistogrsphy techniques to dsaonstrste four kinds of 
proteins with different amino acid sequences and glucosamine, 

glucose snd fruetoss in tht gixzard lining. Malvadkar (1988) 
reported identical mucosubstsneas in gixzard of pond heron so 
also in parrot and kingfisher (Jadhav, 1985). Thus evtilablt 

data Is in good agreement with the results obtained in the bird 
under investigation.

4)  2mmm *

It was not observed in aucosubs tenets in the giszsrds 
of male and famalo waterhons, sines histological snd histo
sh wide el aspects were identical in both the sexes*
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s) *
At * gross l«r«lt It appears that neutral owe o substances 

m guantltativeiy «»r« in gizzard of waterhen, to it nay bo 
suggested that they may act a« buffer against tha provantri- 
eular chyme containing digestive enzymes and HC1. Mogll'naya 

at j|, (1978) proved that mucins iospaeially neutral) pro tact 
gastric mucosa against enzymes and HC1. Tha same role may be 
applicable to Bucosubstaneos in gizzard of wsterhen. But to 

confix* It, nor# work is needed.

MLfiffia i
It extends right from the stomach opto anus. Paired, 

narrow upwardly directed caeca are the deearkation marks between 
small and large intestine, caterhan is no exception to this. 
Snell intestine though not morphologically but histologically 
can be differentiated into proximal a few cm* part duodenum and 

distal remaining part upto caeca tha ileum* ftost*eeeeal pert 

of Intestine hence will be large Intestine.

0) mmm *

1) mmm *

it revealed presence of usual four tunics. The mucosa 
was thrown into many flngerlikt blunt ended villi projecting 

into lumen. The shape, number of villi end number of goblet 
coils In mucosa ara the aspects to distinguish duodenum from 
ilsum (external damarkatlon lacking) • Duodenal mucosa of wator. 

hen exhibited many finger like villi with lees number of goblet
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cells while in Ileum region, villi were brood at base which 

tapered abruptly distaliy, and gobiat eoila in Ileum wart atill 

•ora numerous. Mucosa consisted of dimorphic calls viz, 

absorptive columnar apithalial calls and gobiat calls. Glands 

wart not soon but crypts wore distinct, subnueosa was coshers, 

tivaly thin and contained connective tissue, thin muscular! s 

and serosa ware typical type.

Sinilar histological structure was also observed by 

Megon and Mohan (1976) in the duodenum of corvua end passer. 

Hodges and Michael (1975) studied ultra structure of cellular 

eienents in mucosal crypts of leghorn cookrel. Melvadfcar (1985) 

and Jadhav (1985) reported the same structural details in the 

duodenum of pondheron, kingfisher and parrot raapeetiveiy.

a) \gsmmxm *
There wae no indication of any atypical typo of «uco~ 

substance in duodenum of waterhon. Various eollular aiemonts 

like columnar eplthalium, surf act gobiat calls, crypt goblet 

colls showed neutral, sulfo and earboxynucina either singly or 

In combi nation with others. Subnueosa and sarosa as usual 

indieatad only neutral mucins while muscjieris contained only 

glycogen.

3) DISTRIBUTION Of IH8 JMQMUMMftllGIS t

Surface columnar epithelium exhibited only neutral 

mucins (poor quantities) while surface and crypt gobiat calls 

indicated mixture of noutrel * sulfo + eielomueins (poor 

quantities). Suifomucins ware predominant in gobiat cells,
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whll* qpantitstivtly neutral mucins were slightly mors in sub* 
•ucosa then In mucosal layer. In distal region, lamina propria 
showed a distinct glandular structure, the a ells here exhibited 
predominant aeidls mucins. Melvadker (1985) demonstrated neutral 
♦ mi if maucins In mucosal cellular elements in the duodenum of 
pond heron. Jadhav (1989) reported identical results in the 
duodenum of kingfisher and parrot (csrboxymucins wore not reported 
in duodenum of pondboron, kingfisher and parrot).
4) t

It was not evidsnt in tho duodenum of mslo and femaia 
water hens at far aa histological and hlstochemical observations 
are considered. The abaanca of sexual dimorphism among the 
mucosubstances ia evident in other groups of vertebrate animals 
from fishos upto mammals. But noteworthy thing related to sexual 
dimorphism in mucosubstances seme into a light in 1978 whan 
Shackleford and wllboro (1978) for the first time described 
sexual dimorphism in the duodenal mucosubstances in hamsters. 
According to them, Brunner’s glands in mala contain double 
quantity of acidic mucins as compered to those in femaia, however 
with reference to neutral mucins, the reverse reports wore 
presented i.e. neutral mucins are more predominant in Brunner*a 
glands of female than in mala.

8) aiLftmmusmmsmB *
More confirmatory reports are available throwing some 

light on the possible function of mucosubstances in the duodenum. 
Definitely, they have protective role, since the mucins act as
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proved that when gastric acidity increase* and attains chronic 
stage, then duodenal mucosa actively secretes safe and more 
amount of sialomuclns and suifcousins* This nay be true in 
avian group of animals also, but further confirmation is 
essential* After studying the duodenal eucosubstances in the 
several species of bets, Forman j$ 41979) and Doshmukh 
(1984) reported that there Is no relationship between the diet 
of the animal and nature of muc©substances in the alimentary 
canal. Jervis j| H* (1973) and Sheehan and Jervis (1976) 
reported that variation in mueosubstaneas may reflect dietery, 
genetic end other unknown influences.

8) i

i) mimm •

All the concluding activities Involved in the digestion 
and absorption are carried out by the small Intestine, In that 
sense, this part is important ono* In waterhen, ileum revealed 
usual four tunics. The villi were more In number, each with 
proximal part slightly flsttsnsd and abruptly teparlng distal 
end. Goblet cells were still more numerous ss compared to thoso 
In duodenal mucosa. So also crypts wore well dsmsrktd than in 
duodenum. Similar histology was reported by Patt and Patt (1969) 
in avian ilaum. Magaon and Mohan (1976) found similar hist©, 
logic si structure in ailMi §SSMi* H Ji* U975)
studied intestinal goblet cells of chick by scanning end electro 
microscopic technique*. Maivadfcar (1985) studied pondheron
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pattern, however shape of the villi in ileum of pondheron 
was finger like. Jadhav (1989) reported, existartea of sort 
along at ad villi in tha Mall intastina of two birds via, 
parrot and kingfisher.

2) mLmmmi *
In weterhen ileum, tha histochemleai raauita obtained 

almost resembled with tbosa obtainad in duodenum. Atypical 
mucesubstenee was not observed. Mueo substances life a nautral 
fliueIns (poor quantities) sulfomucins (predominant) and stale* 
mucins (poor quantitias) ware d at acted oithar singly or in 
combination with others in various sites in tha llama. 
Museularls sontainad only glysogan.

a) .mmmkmm *

In tha present investigation, the mucosal columnar 
epithelial calls exhibited only neutral mucins while crypt 
and surface goblet calls contained mixture of nautral + sulfo 
♦ sialonucins. Submucosa and serosa as usual contained poor 
quantities of nautral mucosubstances and museularls contained 
only glysogen. Kim (1972) reported predominant quantitias of 
suifomueins ♦ poor quantities of neutral mucins in tha goblet 
calls In tha Mail intestines of eight species of birds. 
Meivadkar (1985) and Jadhav (1985) observed the same typical 
nueesubstances in the small intastina of pond heron, parrot 
and kingfisher respectively.
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4) mi&utimmM *

No sexual dimorphism wot soon in tho muco substances In 
tht email intestine of male and ftooIt water hens. in tho 
exhisting literature oito there or# no raporta on sexual 
dimorphism among tho muco substances in tho tooli intootino of 

birds.

») *

Shaft UW4) suggested that in fish intootino, tho mucus 

secreted providot lubrication making food propelling easy. Tho 
mucus alto protsets mucosal a oils from autodigettion and 
mechanical Injuries. Buche (1971) remarked that noutral and 

aeldie mucins aoblst in digestion, absorption, protection and 

lubrication* Oil lies and Bail!on (1981) pointed out role of 
mucins in absorption of digested food in tho Intestine. 

Mltjaolla at al. (1968) stated that mucins can project mucosal 

cells from toxic substances like tannin (rat Intestinal mucins). 
Pox (1979) suggested altogether different role of mucins. Quo 

to slimy muelnel coating on mucosal surface, micro organism 
can*t anchor to mucocal cells, thus infection is prevsntsd. To 
conclude, one may say that mucins in intsstins play protective 
and lubrieative rolas. The same functional aspects may be 

allotted to mucins in ths ileum of weterhen (preeont investiga
tion).

P) Wm INTBSTINi I

Sm.r.lly In th. v.rt.br.t.., it h.t bun ob..rv.d th.t
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Urge intestine it slightly thin wailed at compared to well 
intestine (musculature ill developed). But in birds (weterhen), 
Urge intestine was slightly thicker as compared to small 
inttstina and extended from ths point whsr# sasea open, to ths 
anal aperture. In this bird, intestine! caeca wars paired, 
wall developed and upwerly directed.

1) HISTOLQOY i

In eross sections, it appaarad circular, wore thicker in 
musculature than ileum* H~i stained sections revealed usual 4 
tunics from innermost mucosa to outermost serosa. Ths mucosal 
folds ware slightly long and narrow with numerous goblet calls 
but number of columnar colli was found to be reduced as eomparad 
to that In small intestine. (Hands ware found to be absent. 
Suboucosa, muscularis, layers were well defined, especially 
museuUrls was wall defintd offering thickness to large 
intestine. Serosa was typical. Similar histological structure 
was reported by Patt end Patt (1968), Magon and Mohan (1976)
Mid Malvadkar (1985) in avian large intestine. Jadhav (1985) 
reported that In parrot largo Intestine, mucosal folds are short 
while those in kingfisher are comparatively elongated and villi 
like.

2) HISTOCHBMISTOY I
Atypical or rearly occurlng mucosubatance was not 

obsorvod. The mucosubstancos at various sit# in the lerge 
intestine were identical to thoao observed in small intestine.
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3) DISTRIBUTION OT NUCOSUBSTRNCgS i

Th* results obtsinsd indicated existence of poor quanti- 
ties of noutrol aueins in the surface epithelium, soross and 
subsucos* (hors slightly snhsncsd quantity). Sulfo, nsutrol and 
sieloauclns (pred eminent and poor quantities respectively) were 
the wueosubstenets in goblet cells. Kin (1972), Melvadkar (1983) 
and Jadhav (1983) reported sane auco substances in the respective 
sites in avian large intestine*

4) mmkMmmm *

Xt was not observed in water hen. This is in good agree, 
went with the existing literature on the large Intestine of 
other vertebrates.

3) mmomAmiimm *

Large Intestine plays no role as sueh in the process of 
digestion (Reeder, 1964), but certain substances nay undergo 
break down (hydrolysis) here, followed by their absorption.
Mainly water and salts undergo absorptions In the large intestine. 
Forstner (1978) allotted protective and lubrieative role to 
amelns secreted by large intestinal cells. He explained that, 
mucins not only lubricate but protect the aucossl cells ageinst 
injurious chemicals, digostiva snzymes, baetarla end other 
harmful dietary constituents. *4ie to their allay nature aueins 
prevent dehydration of tissuo coils. The saae functional sign!, 
fleans# aay bo assigned to aueooubstsnces in the large intestine 
of weterhen, taut aerely thie it suggestion and needs aore 
confirmation by studying other species of birds.
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m§ * obSe ho-a)

Various mucosubstances in various strata in tha 
all* ant ary tract of a four birds Ilka pond horon9 kingfisher 
(carnivorous), parrot (frugivorous) and waterhen (omnivorous), 
if studied comparatively, soma conclusions, rather suggestions, 
could be made, however more confirmation is needed by studying 
a still good number of birds varying in feeding habits and 
species*

a) gmmm *

1) Stratified epithelium in parrot shows ksratinisation, which 
is not reported in remaining three birds* Magon and Mohan 
(1976) reported notieable degree of cornlficatlon in passer 
then seen in corvus* Is thers any relationship between 
keratinisation and food must be confirmed by studying some more 
frugivorous birds*

Bradfisld (1961) demonstrated correlation between glyeo* 
gen contents in stratified spithslium and degree of keratinisa
tion. Keratinisation 1$ inversely proportional to glycogen 
amount* So glycogen contents In these cells should be studied 
quantitatively by subjecting a good number of birds to throw 
sees light on this relationship*

2) Oesophageal mucosal glands are reported to be present in 
most birds, but found to be absent in parrot.

3) Submucoss in parrot contains neutral mucins + hyaluronic 
acid both, while in other three birds, it exhibits only

.s"
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noutrol Mieins.

whether these two aspects [U) ond (3)| ore due to 

difforent feeding habit or species diversity should bo confirmed 
by studying nor# number of birds.

b) mmmmmi *

Muco substances horo in oil the four birds ore almost 

idontieol.

ci wmm®M *

1) *Kollln* loyor is brood in p or rot os compered to it in othor 

throo birds. This wight bo in oceordonce to frugivorous
ho bit of porrot which foods generally on hord eootod food 
stuffs. what typo of koiiin exists in othor frugivorous 
birds should bo studiod.

2) Tubular glonds exist in gizzard of wot^rhon# kingfisher ond 
pond heron but roportod to bo obsont in porrot.

o) gugo,ft|g,i

1) Poor quantities of earboxymucins Mist in oddition to neutral 

ond sulfomuclne in goblot colls in weterben only. In 
remaining throo birds, non-sulf eted muco sub stances oro not 
roportod.

2) Lamina propria in tho distol rogion of duodenum in woterhen 
exhibited well defined giondulor structure, tho coils of 
which elaborated predominant acidic mucins (Fig.2.^ }. Such 

structure is not roportod in other birds. Further histo- 

chemical ond histological study is noedcd.

...... /- u-.*i \J^4i Viiwi < '/, K.ULb/ »i ' •
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S) ILEUM t

Muco substances are almost identical in all the four

birds.

p) m^mmm ■
In parrot, mucosal folds srs short while they are long 

and villi like in kingfisher. In pond heron, folds are broad 

and shortf while in water hen, the folds vary much as per the 

region of the large intestine i.e. the folds are long and villi 

like in proximal region, while the folds show short and narrow 

nature in distal region of large intestine (Fig.2.*) and 35 ). 

Such dimorphic nature of mucosal folds should be studied from 

functional point of view.

cmmmjsmtm *

The main alas of the present investigation were -

1) To study histological aspaets of the alimentary tract of 

white breasted weterhen (A.ohoenlcurus phoenlcurus).

2) To characterise mucosubstances histochtmiesliy in the 

organs from oesophagus to large intestine.

3) To point out pattern of distribution of muco substances In 

the various histological sites of these organs.

4} To compare the results obtained in the present investiga

tion and the existing literature on the muco substances in 

the alimentary tract of other vertebrates.
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5) To consist tho comparative account, literature on muco- 
substances in the el latent ary tract of other birds l pond 
heron, kingfisher, parrot) was considered predominantly.

6} To attribute, some physiological role to the mucosubstances 
in the aliaientary canal of waterhen, circumstantial 
evidences were considered.

7) It is said that the smallest complete deed is better than 
the grandest good intension. By keeping this view in mind, 
author completed his small dissertation. It is hoped that 
the aims and objectives of the present investigation have 
been satisfactorily achieved*

While concluding the present investigation, the author 
is fully aware of the shortcomings. The author had to depend 
on the histochemlcal techniques which do not give the exact 
location of the mucosubstances in the particular histological 
sites It is said that colours speak all languages which comes 
true in this regards* However, these well established techniques 
do not give information in tanas of quantity in mathematical 
figures (Bioassay method is suitable here). Attempts are made 
in the present investigation to point out staining intensities 
of the various muco substances in visual terms like poor, weak, 
moderate. Intense etc. This, though roughly, can indicate 
relative amount of mueosubstenees in terms like poor, moderate, 
predominant etc.

With all thesa diortcomings in mind, the author feala
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grateful that he had atleast presented, though preliminary, 
additional Information at tha rrjco substances In tha alimentary 
tract of ona more bird (omnivorous) # by employing a sariaa of 
wall established hi stoehemlesi techniques according to tha 
availability of tha stains and chemicals in this laboratory*

Tha author keeps no right to ask others to do this and 
that, but it is costemary to suggest what siora could be dona 
and how, concerning tha hi stochastical research.

1) By employing recant bioassay studies, tha mucosubstances 
in tha organs of tha alimentary canal should be studied 
quantitatively in exact mathematical terms (merely relative 
quantity of a certain muco substance provides a little 
information).

2) The muco substances reported in a particular site of a 
particular organ must be further confirmed by autoradio, 
grephy* So that artifact, if any, will be tasted wall*

3) Characterisation of an individual muco substances should bt 
don# by chromatographic techniqua.

4) Presence of neutrei, sulfo end earboxymucins is incomplete 
information, each must be further identified.

5) Except hamster, in no ether species sexusl dimorphism is 
reported concerning sricosubstances in the alimentary canal. 
So further attempts should be done to point out other 
species, if any, exhibiting sexusl dimorphiam among mucins.

6} The abova point is applicable to the presence of atypical
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or rare muco substance also. Sulf ated sislomueins have been 
reported in the colon of some mammals. Jadhav (1985) 
reported atypical muco substances which war a AB and Cl 
unresctive but PAS and AF positiva in tha gastric nucut neck 
cilia in turtle (L.punctata lacaoada). So tha atudy oust ba 
further ax tend ad to find out other atypical mueosubstances, 

if any, and exactly whera?

7) Existing iitaratura fails to prove tha relationship between 
nucosubstances in tha alimentary canal and dietary habit. 

Almost similar mueosubstances have bean raportad in oilmen, 
tary tract of parrot (frugivorout), pondheron, kingfisher 
(both carnivorous) and waterhen (oanivorous). So further 

work is essential by considering still more number of 
carnivorous, harblvorous and omnivorous birds having species 
diversities.

©) Further confirmation is needed to point out physiological 

significance of mucins in alimentary canal of a bird.

9) Correlation, if any, between muco substances and reabsorp- 

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

So there are several avenues open to continue the 
research in the fiaid of histochemistry. There is unlimited 
scope for the research work concerning muco substances and their 
physiological role In the alimentary tract of avian fauna. Tha 
author is fully aware that the research work dona is by no means
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perfect since some omissions end errors ere bound to rcmein 

somewhere in the body of the dissertation,

•I do not know whet I mey appear to the world, but to 

sy»»Ui I teen to hove been only Hite e boy ploying on the 

seeshore end diverting myself in now end then finding e smoother 

pebble or e prettier shell then ordinary, whilist the greet 

ocean of truth ley ell undiscovered before me.*

Sir Isjee Newton 

11642-1727)


