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$ince the sim of the investigation undertaken was to
find out the nature snd distribution of mucosubstences in
verious organs of slimentary tract of A.phoenicurus phoenicurus,
the aost popular, stleast most frequently usud system of histoa.
chanical quentitation was employed which involves grading the
strengths of the reactions somewhat sublectivaely during visual
axaainatian. A system of plusses was used ta reprcsent the
ttrengthq of the reactions, for e.g., +&+é dmucribos vary
intense resction, + describes poor rasction vhile - is assigned
to & negstive resction. This must zurely be the crudebut most
widely used mathod of his.ochemicel quantitatien, and it
reauires no spacisl instrumentation but speciel practice.

The histochenical results #re recoxded in tebulated
forms while histologicel sites and histochemical distribution
of mucosubstances in the verious orgens are {llustrated in
microphotographs. The obsaervetions sre taken orgénise from
oesophagus to large intestine and slso layerwise yiz. mucoss
(innermost) to seross (outermost), spscific tissus.components
especlally in mucosé sre considered separétely in the observe.
tion tebles. Alimentary tract of A.phosnicuris nic -
Anatomy {g bffff « It essentially congists of & tubuler duct

varylng in morphology, histology and physiology. It extends
from the beak snterier to the externsl orifice of the closca
posterior. The pharynx can also be considered as & part of
respiratory system and cloacs is shared with urinsry end

reproductive systems, The alimentery tract, in turn, cén be



subdivided inte soversl regions like besk, mouth, buccal cavity,
tongue, pharynx, oesophagus, erop, proventriculus (glanduler
stomach), ventriculus (grinding stomech), smsll intestine,
céecs and large intestine ending into a cloace which is & common
chamber for digestive, excretary and reproductive trast. The
slimentary tract hos 8 similer basic pattern of structure to
which 8ll organs therein conform to & greater or lesser extent.

The entire length of the slimentary trect from mouth to
closcs measured 130 oms., which in pond heron (s.gravii) was
reported to be 113.120 ems (Malvadker, 1985). Besk was long,
stout and suitsbly modified to cépture living/non.living food
from scuatic/semi-scpatic habitet. The tongue was long, less
nassive nerrow and trianguler in shape. Ouwsophsgus wes & long,
narrow, sussular, highly distensible tube extending from glottis
at the posterior end of phsrynx through the neck and thorex to
Join with the preventriculus. Gestric épparstus, #s in other
birds, had dual structure yiz. anterior (proximsl) proventriculus
and posterior (distel) ventriculus (gizzerd). Proventticulus
wés glandular, narrow proximelly but considersbly dilating
towards distal end. Ventrigulus was stout, highly musculer
structure rescabling flattensd sphere. Intestine was noticably
long, narrow coiled tube comprising small intestine extending
from ventticulus upto origin of ceecs and large intestine exten.
ding from the point where caecs open into intestine upto the
externsl orifice (snus). Smsll intestine inturn consisted of

proximsl most » few cms of duodenum very next to ventriculus



end fleum as distal remaining part (no externsl demexkation).
Ileum in distsl ragion hed thin nature (muscularis less massive).
Paired caecs were narrow, moderately developed originating at
the Junction of small end large intestine., Lirge intestine was
more muscular as compared to smell intestine. The cloacs wes
posterior most continuation of the large intestine.

For ssgh organ, the observations were taken from three
points of views, viz. I) histology, II) histochemistry,
I11) Sexual dimorphism.

A) QESQRHAQUS 1

1) HISYO VATIONS

It wes & narrow, musgular highly distensible tube. In
fits normal contracted stége, the tube sppesred nerrow reducing
the lumen furthermore. In fixed condition, apithelisl lining
and its underlying layers become highly folded. Histologically,
as usual, it had four tunics yiz. mucose (mucous membrane),
submucoss, mucsularis (musculer coat) end serose (Fig.No. :,3).
The mucosé was composed of thick stratified epithelium (sq&mus)
ond mucous glands, having openings into the lumen by simple
ducts passing through epithaolium lining, The submucose wes
prominent end extended into mucosal folds Yorming core. Miscu-
laoris as ususl stowad innar eircular and cuter longitudinal
muscles. Sercsa exhibited & layer of loose adventitial
connective tissue with blood vessels and norve fibers (tunice

sdventitia).



II) HISTOCHEMICAL OBSGRAVATIONS t

The histochemical resctivities of various mucosub.
stances in the oesophagus of A.phoenigurus phoenigurug ore
recorded in Table No. 2 accerding to the visuelly estimated
intensities of staing and shades, while the distribution of
mucosubstences is shown in microphotogrephs. Some of the
observations sre described in detasils,

1) MICOBA
1) SIRAYIFIED EP % 3

The cells showed poor PAS staining lFxg.No.s ), which
was diestige labile and could be blocked by Ph.PAS ‘toehniqns.
thus indiceting presence of glycogen therein. The cells
rendined unsteined with AB.pH 1, AB.pH 2.5 end AF and these
results remained unchanged even sfter pepsin digestion, thus
indiceting asbsence of scidic mucing., The cells exhibited blue
orthrochromstic steining in trsce with Azure A-pH 95,

11) MUCOSAL GLANDS »

The glandular epithelisl cells rescted intensely with
PAS (Fig.No. | ) end PAS sctivity wes found to be resistent to
D.PAS, but slightly labile to Ph.PAS. These initisl results
indicated presence of neutral mucins. The glends exhibited wesk
slcianophilis at pH 1.0, which became enhanced et pH 2.9
(intense staining), thus indicating presence of both sulfo and
carboxymugins (Fig.No. and '). The glands revesled purple-blue
staining with AF.AB (pH 2.9) inferring presence of sulfomucins



95

supported by other results, like wesk to mod eTate metachromesis
with Azure A, graded decresse in slcisnophiilis in CuC technique
and loss of aslcisnophilia ofter active methyletion. The sulfo-

mucing were hysluronidase resistant,

The presence of carboxymucing was inferrod from their
purpde blue colourstion with AF . AB (pH 2.5)/anhancod neti.
chromasis with Azure A (weak to moderate), and partiel restore-
tion of alcienophilia after ssponificetion of methylated
sections, The alcianophilis (AB pH 2.5) was partislly sensitive
to acid hydrolysis and neursminidase sujgesting presence of
carboxymucing in the form of sislomucins. Hysluronidase #nd
pepsin digestion had no effect on the steining intensities. To
summarise, mucosal glands exhibited presence of neutrsl, sulfo

and siaslomucins,

The connoctive tissue in subtmucosd exhibited wesk
reactivity with PAS, which was diastege resistent but PhoPasS
trestment blocked it. The layer remained unstained with AB.pH
1, AB.pH 2.9 and AF slso, however it showed wedk pink to
magenta colouration with secuential staining technicues (AB pH
1 - PAS, AB pH 2.8 ~ PAS) (Fig.No. /). So alss with Azure A,
st high pH level (yiz. ), orthrogchromatic stsining was avident.
These results indicated presence of only neutrél mucosubstences

in submucosa.

3) MISCULAR COAT 1

Both ciremlar ond longitudinel muscles showed wesk/poor
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8)

PAS staining which was diastage lebile, indiceting presence
of glycogen therein. The layer reméined unstained with AB pH
1, AB pH 2.5, AF snd exhibited poor orthrochrometic stsining
with secuentisl staining technicues like AB pH 1 -« PAS and AB
pH 2.3 « PAS. These results supported thet acidic mucins were
lacking in muscularis.

4) SEROSA @

It showed wesk staining with PAS which was diastage
resistant but totally lebile to pH «~ PAS trestmont. It remeined
unstained with AB pit 1, AB pH 2.9 and AF even after pepsin
digestion., The laéysr exhibited poor pink colourastion with
sequential staining techniques, with Azure A poor blue orthro.
chromatic reactivity was seen at onhenced pH level. These all

evidences siggested presence of only neutral mucins in serose of

oasophagus.

III) SEXJAi DIMORPHISH 1

Histologicsl as well #s histochemicsl results obtained
in oesophag! of male and femsle waterhens studied were identicsal
indiceting no sexual dimprphism among the mucosubstances in
oesophégus.
PROVENTRICULUS (GLANDULAR STOMACH) 1
1) HISTOLDGICAL OBSERVATIONS 1

The shape of the orjan was circuler in proximal region

which became flettened in the distal part. H.E stained section

showed glanduler mucosa, submucoss, musculeris and seross as



ususl (Fig.No. ). HMucoss exhibited longitudinal folds of
viérying heights and intervening depressions. »MNucossl epithe-
1ium consisted of goblet cells. In this orgen, basic pattern

of tissue layers was considerably sltered by the gross develop-
mont of proventriculer glands, reduction of submucosa end sprece.
ding of muscularis mucosa. The prévuntricular glands were
tubulo.slveoler compound type which sxtended upto the submucoss
snd had openings ir the region of mucosal folds, via their own
collecting ducts. Easech gland exhibited collecting chamber

1ined by duct cells comparable to mucous neck cells in glanduler
stomach of other vertebrates.

11)

The observations ere téeulasted in Table No. 3 and distri.
ition of mucosubstances is fllustrated in microphotographs.

1) MJCOSA
1) SUBF:CHE GOBLET CELLS @
The cells rescted similar to glanduler cells in
oesophagus., Hence it wés concluded that these cells contained

& mixture of neutral, sulfo and sislomucing (Fig.No.ﬁ ).

11) QGLANDULAR DUCT CBLLS @
These cells oxhibited on intence PAS resctivity (Fig.
No. | ), which wes diastage resistant but partielly labile to
PhaPiS treatment. This indiceted sbsence of glycogen but
presence of neutrsl mucins (pcor quantities). Their presence

was further inferred fres positive reactivity with sequential



staining techniques (Fig.No. ).

The cells exhibited moderste elcl énophilia with AB pH 1,
which was found to be slightly enhanced at pH 2.5, indiceting
presence of sulfo as well #s cerboxymucing (Fig.No. end ).
The sulfomucing in duct cells were also charscterised by
steining reactivity with AF, AF.AR pH 2.5, metachromesis with
Azure A even at low pH level, graded decrecse in aslcisnophilia
in CEC techricue from C,1 M ug*+ to 0.5 M Mg** érxd above, loss
of alcianophilis following sctive mothylation and acid hydro.
lysis. %hile carboxymucine were identified by Blue.purple
staining with AF 4B.pH 2.5, restoration of clcianophilia with
saponification trestment.

114)

These cells exhibited moderste PAS resctivity. The same
was observed in sequential staining techniques, the PiS staining
was found to be disstage resigteént but totally labile to Ph.PAaS
trestmaent. The cells showed no rasponse to AB pH 1, AB pH 2.9
(Fig. and ) #s well as AP, With Azure A, omly at higher pH
level, poor resctivity wes observed. These observations
indicetued pressnce of only neutral mucosubstances in glenduler

secrotary cells.

2) SUBMICOSS 1
The results were identical to ocesophagesl subrucose,
thus suggesting presence of only neutral mucing therein,

Hysluronic scid was sbsent in this zone.
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c)

3) MUSCULARIS

Results resambled with those obtained in ocesophsgesl
muscles, hence it was concluded thst only glycogen existed in
this layers

4) 38ROSA :
Only neutral mucosubstances were identified hera.
III) SENJAL DIMORPHISM :
Histological and histochemicsl results were identical in

both the sexes, suggesting no sexusl dimorphism mmong the muco-

substances in proventriculus.

VENTRICULYS (SIZZARD)

It showed usual 4 layers (HE-technique) (Pig.Ne. + ).
Mucoss was highly folded. The peculierity of this region wes
presencs of non-cellular innermost'woilin’layer consisting of
parsllel laminae perpendicular to mucoss. Another noticable
peculiarity was thet muscularis was considersbly well developed
{thick) than sny other rejions of the slimentary trsct. The
micose consisted of only goblet cells. Crypts smd glands were

well dewalored, Nuscularis musosd was indistinet.

11) ok &ML vy g 8

The results obtéined are shown in Table No. 4 and
distridution of mucosubstances is illustrated in microphoto.
graphs. Some observations 2re given below in deteil.
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1) MICOSA ¢
1) KOILIN LAYER 1

It was non.cellular layer.
11) SURFACE GOBLET CBLLS

The cells rescted intensely with PAS and this sctivity
was resistant to both diastage digestion and Ph.PAS trestment,
indicating sbsence of glycojen as well as nautrsl mucins (Fig.
No. , and ). The cells rescted moderstely with AB pH 1,
the sctivity wes found t0 be enhsnced slightly indicating
presence of both sulfo and csrboxymucing (Fig.No. ), alse
seen in secuential staining technique (Fig.No. ). The preser
of sulfomucing was confirmed by intense purple resctivity with
AF, noticable metechromasis even st low pH level, graded decrei
in alciancphilis from moderate to poor in CiC teshnique. Preser
of carboxymucing was infarred by their enhanced alcisnophilie
with AB pii 2,3 then observed at AB pH 1, blue.purple staining
with AF AB.pid 2.5, enhanced metschromasia from low towards higl
pH levels of Azure A, partisl restoration of aslcisnophilis aft
séponification of previously methylated sections &nd partisl
reduction of alciancphilia following AH tecinique. The carbo-
xymucing were then identified as sialomucins. Thus to summeri:
surface goblet cells contained sulfosucins (predominant) end
sislomucing {(poor quantities).

111) GRYPI-CELLS

These cells rescted in identicel manrier as the surfece

goblet cells, indicsting presence of sulfomucins (predominant)
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and sislomucins (poor quantities) therein.

iv) GLANDULAR GELLS 3

The glands were highly defined and resctivities recorded
resembled to those exhibited by glandular secretary cells of
proventriculus. Hence it was concluded that the ventricular
glandular epithelisal cells contained only neutrsl mucins (Figq.
NO: )O

2), 3) and 4) SUBMUCOSA, MUSCULARLS AND SEROSA 1

The results obtained here were similar to respective
layers in proventriculus. Therefore it was concluded that
submucoss and seross contained only neutrél mucins and suscularis

contained only glyecogen,
I11) SERJAL DIMORPHISM 1

The results indicated sbsence of sexual dimorphiss in

mucins in ventricull of male snd female watorhens,
BJODENUM 3
I) HIS #L OBSEIVATIONS
The HE stained section revesled presence of usuel 4
tunics yiz. mvucoss, submucoss, muscularis end seross (Fig.No. ),
The mucoss was thrown into numerocus finger like blunt ended
villi projecting into the lumen. The shape of villi, the number
of villi and number of goblet celis were the aspects to

distinguish duodenum histologically from small intestine
(external demarkation lacking). Duodensl mucoss was found to
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exhibit & few finger like blunt villi, secondly, goblet cells
were few in number 8s compared to those in small intestine.

The mucosa consisted of single layered dimorphic epithe.
118l cells yiz. secretasry goblet cells and absorptive columnar
cells, both exhibiting basally situated nuclei. Crypts were
located inbetween villi, glands were absent. Sublmucosa wés thin
snd contained connective tissue, it was observed extended inte
mucossl villi, Musculeris was 8lso thin and consisted of ususl
inner circular snd ocuter longitudinsl wusclaes seross was ss

usual.

I1) HISTOCHGMICAL BSGRVATIONS 1
The staining resctivitioes are shown {n Table No,5 and

distribution of mucosubstances is 1llustreted in microphoto.
graphs,

1) Micosa
1) COLUMNAR & :LIUM 3

It exhibited poor PAS raesctivity which was disstage
resistent but labile to Ph.PAS trestment., This indiceted
absence of glycogen but presence of neutral mucins (poor
quentities) (Fig.No. ). The cells remsined unstained with

AB pH 1, AB phH 2.% and AF, thus indiceting absence of acidic
mucing in these cells. Presence of only neutral mucins wes
substantiated from thelr only pink colourstion in seguentisl
staining techniques (yiz. AB pH 1 « PAS and AB pH 2,3PAS),
there was no blue tinge at 8ll (Fig.No. and ).
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111) SURFACE GOBMGT CBLLS :

Thesse cells in duodenum showed identical steining
reactivities with verious histochemical techniques, to those
shown by the surface goblet cells in proventriculus and
glanduler epithsliel cells in cesophagus. tience it was
concluded that duodensel surfaece goblet cells contained o
mixture of neutrsl, sulfo (predominasnt) snd sialeomucins (poor
qentities) (Fig.No. o#nd ).

111) GRYPT GUBLET CELLS 1

Results obtained were identicel to thozs of surtace
goblet cells mentioned above. So it was concluded that these
calls alsc contained & mixture of neutrsl, sulfo and sialo.
mucins., In the distal part of the ducdenum, the lemina
propris showed & distinct glenduler structurae, the cells
within which showed intense reactivity with AB pH 1 and AB pH
2,5 indiceting presence of acidic mucins (Fig.No. ).

2), 3) and 4) SUBMUCOSA MJSCULARLS AND SEHQBA :

These leyers in duodenum rescted in identicsl menner as
the respective layers in oesophagus, proventriculus and
ventriculus. So it #es concluded that duodenal sutmucoss and
seross contained neutrel mucing end muscularis contained
glycogen.

I11) SEX DIMOR 1

Histological, histochemical results obteined being
identicel, it was concluded thaet there existed no sexual
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dimorphism in nucosubstances in duodenums of mele and female

wéterhens.

In transverse section, ileum appesres almost circuler
and very thin walled. The sections stained with Hei reveale
prasence of typical four lsyers as ususl (Fig.No. ). Muco:
showed numercus villi projecting into lumen. The villi were
brosd at proximsl ends which tapered abruptly towards distel
ends, giving thread like sppesrance #t tips. The villi were
more numerous than in duodenum. The cells in mucoss were
dimorphic yjiz. columner and goblet. The crypts exhibited ms!
goblet cells. Submucoss extended into core of the villi.

Muscularis was thin and serosa formed typicsl ocutermost tunic

I1) HESTQCHEMICAL OBSGAVATIONS
The results are listed in teble no. 6 and distribution
of sucosubstances in illustrated in microphotogrephs.

The detalls of some observations are given below i.

In their tinctorisl shades, these cells resembled witl
duocdenal columnar spithelisl cells. S0 it was concluded ths
these cells also contained poor quantities of neutrsl mucins
(Fig.No. ).
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11) QOBLEY CELLS
Both surface #nd crypt goblet cells were identicel in
resctivities to those in duodenum. Hence it wes concluded that
these cells 8lso exhibited # mixture of sulfomucins (predomi.-
nent), sielomucins (poor cuantities) and neutral mucins (Fig.
No. end ).

2), 3) and 4) SUBMJCOSA, MISCULARLS, SERQSH s

In all histochemicsal aspects, these layers in ileunm
resembled «ith respective layers in the other parts of the
alimentary tract. S50 it was concluded that submucosa and seross

contained neutrsl mucins end muscularis conteined glycogen,

I11) $EMJAL DINORPHISM 1

It wes lacking in mucosubstences in small intestine slso.

F) LRGE INTESTING :

1) HISTOLOGICAL OBSSRVATIONS

It is circuler in cross section, but more thicker in
musculsture than smell intestine. H.i stained sections revealed
4 tunics #s ususl from innermost mucosa to cutermost seross
(Fig.No. ). The mucossl folds were slightly long and nerrow
end with numerous goblet calls, but number of columnar cells was
found t0 be less. Crypts were well defined ut glands were
sbsent. Musculsris mucoss, submucosa, muscularis layers were
well defined, espscially muscularis was well developed offering
thickness to large intestine. It was in turn covered by &

typicel serosa.
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11) HISTCCHEMICAL OBSERVATIONS :

They are listed in table no. 7 while the distribution
of mucosubsteances is illustrated in microphotogrephs.

Details of some results sre given below i.
1) MJCOSA 1
1) COLUMNAR EPITHELIUM

Resulte were Ldentical to those cells in duodenum and
{leum., So this indicated presence of only neutral mucins
therein (poor cquantities) (Fig. ).

1) SURFACE AND CRYPT GOBLET CELLS 1
The results of staining exhibited by these cells were
identicsl to those cells in duocdenum and ilaum. Therefore, it
was concluded that these cells also contained Sulfomucins (pre-
dominant), Sialomucins (poor quantities) end neutral mucins
(Fig.No. , , , snd ).

2), 3) and 4) SUBMICOSA, MUSCULARLS AND SERCSA :

Results obtained were identical to the respective
layers in duodenum and ileum.

II1) SEXJAL DIMORPHISM 1

It was not observed.



Fig.l

Fig.2 =
Fig.3 =

Fig.5 -
Fig.6 -

CT -
ST -

T. S
T.8.
T. 8.
T.S.
T.S.
T.8.

PLATE No. )
Captions to PFigures

of Qesophagus
of Oesophagus
of Oesophagus
of Qesophagus
of Oesophagus
of Oesophagus

stained with H-E -~ 10 x Scanner
stained with PAS - 10 x Scanner
stained with AB pH 1 -~ 10 x Secanner
stained with AB pH 2.5.10 x Scanner
stained with AB pH 2,5.PAS-10xScanner
stained with AF - 10 x Scanner.

ABBREVIATIONS

Serosa

Connective tigsue

Stratified epithelium.

M - Muscularis
DG - Oestophageal glands






























