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Ths bird selected for present histologicel and histo.
chemicsl investigetion is jmeurernis phoenigurus phoenigutusg
{Trinomial nomenclature), commonly cslled white bressted
waterhen, 8lso named permant (meaning trisnguler flag).
imsuros (Greek) mesns dark colour. All reces of A.phoenigurus
phoenicurus do not po:ssess & white bresst but do exhibit white
throat. Raqluvire end Dsve in their Dook ‘*Indien Scientific
nomencleture of birds of India, Burme end Ceylon' have
described nine species under the genus imsurornis, distriduted

ell over Asle.

As the common name suggests, the birxrd has forehesd,
sides of the face, lower parts from chin to braesst white
coloured, while upper plumege, sides of the body exhibit
slaty black colourstion. Wings are blackish brown, bill
graenish, rounded at base, while legs are olive yellow. Iris
is brown in young, crimson red in breading males. Females
ére slightly smeller in size then males. Hebits-A.phoenicurug
phoenjgurug is femous for its loud cry. It wanders often in
scareh of food and feeds in the open eway from water. But it
is alert enough snd mekes & sharp run whenevaer disturbed.
During breeding season, it is very noisy bird snd its herash
rosrs are sudible st 8 greét distence. The cherscteristic
roer 'sharming’ ends #s & squeal or screém and méy be repested

many times especially ot night. During courtship displey, it



doss chucklings, gep.gep~gep followed by & ringing krui-krui.
krul and hik.hik.bik.

Food « It feeds on young rice, water plants, seeds, greins
and also on insects, worms, molluscs, larvae, thus the bird

is omnivorous.

I1) SYsTuMATIC POSITION 3

Cliéss - Aves
Sub.Class . Neornithes
Super.order . Neognethae
Urder - Gruiformes
Family - Rallidae
Genus « /asyrornis
Species - Phoenigurug
Sub.spacles - Phoenigurug (Trinomisl nomenclature)

FIXATION 410 SECTIONING OF i Male: 3

For the present study, edult waterhens (A.phoenjicuzus
phoenicurus) of both sexes wera collected at Gendiinager,
near Kolhapur (M,S.) in the month of Saptember 1983. The
birds were injured by shooting then with the help of air-gun
(precausion was teken so as not to disturb the slimentary
tract)., On the spot, alimentary tract of esch bird was
dissected out and cut into various regions such as cesophagus,
proventriculus, ventriculus, duodenum, small intestine end

large intastine,

These organs were then cut into small suitable pieces.



The pleces were fixed in calcium acetste formel (CAF) fixetive
(Leppi 1968) in separete specimen tubes (2 & calcium acetate
in 10 % neutrsl formalin) end kept in refrigerator ot 4°C (ph
was adjusted ot 7.2 by adding & few greins of CaCO3). After
prolonged fixation (24 h - 36 h), the tissues were throughly
waghed in rumning tap weter followed by routine dehydretion

in &n ethennl series of ascending concentration, cleering in
xylol and parsffin embedment. As ususl, sactions were cut at
& thickness 5.6 um, affixed to glass slides, rehydrated in an
etianol series of descending concentration and subjected to &

series of staining procedures of histology and histochemistry.

B) METHODS
For studying nature, distritution and localisetion of
mucosubstances, there sre series of well tested histochemiceél
technigues employed by different fnvestigetors in the field of
histochemistry. By employing & battery of rec:ntly established
histochemical technicues, ins end a ts of mucosubstences have
been brought well in light.

Biocherical technicues though give quentitative dats of
mucosubsténces in mathemstical terms, they fell to illustrate
cellulsr site of mucosubstances, On the contrary, histochemicel
technicues Lllustraete the identification, localisetion and
distribution of mucosubstences at cellular level. The contri.
bution of verious investigators like Spicer (1963), Curran
{1664), Spicer end lienson (1967), Leppi (1968), NHalevade and
Verute (1971, 1972a,b,c; 1973e,b; 19768,b; 1977) is noteworthy.
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The specificity of different methods gcan be enhanced by the
use of chemical resgtions such: as blocking of resctive groups,
their restoration, controlling pH of the basic dyes, sequential
staining procedures, criticel electrolytic concentration,
selective removal of the moleties by acid hydrolysis, enzyme
digestion techniques, methylation, saponification etc. Thus
non.spacific histechemical sethods can be supplemanted with the
modifiad and specific ones for better understanding of chemicsl
compesition of the cellular components like mucosubstances.

The terminology suggested by Spicer gt al. (1965) for
carbohydraste rich tissue components is followed in the present
fnvestigation., A series of recent and well established histo.
chemical methods were employed for the chsracterisation of the
mucosubstances in the slimentary tract of A.phoenjgurug
phoenicurus. The summary of the histochemicel techniques
employ«d In the present investigation, procedures, chemical
reactions frnvolved in the stalning and their interpretation {s
presented in Tabie No. 1.

HESTOCHEMICAL TECHNEQUES -
1) NEUTRAL MJCOSUBSTANCES -

l«A) Periodic ecid Schiff resgtion (PAS).
[MeManus, 1946; and Hotehkiss, 1948

Procedure - 1) After dewsxing and hydration, the sections
were brought to distilled weter. 2) Oxidised
with 0.9 % periodic acid for 10 min. 3) Weshed
with distilled water. 4) Trested with Schiff's



resgent for 10 min. 9) Rinsed three times with
0.3 % Sodium-meta.bdisulphite for 6 min,

6) Washed in distilled water, followed by ethanol
dehydration, clesring and mounting in DPX.

Result -~ Periodete resctive, hexose containing sucosub.

stances stein pink.magents,

1-B. Phenylhydragine - PAS
[Spicer, 1963; Spicer gt 8l., 1967}
Procedure - 1) After dewsxing and hydretion, sections
were brought to distilled water.
2) Oxidized with 0.9 » periodic ecid for
10 min. 3) Foliowed by trestment with 5 »
phenylhydrazine for 3O min. 4) Washed with
distilled water. 3) Immersed in Schiff's
reagent for 10 min. 6) Rinsed three times
(total 6 min.) with O, 5 % sodium meta.bi-
sulphite. 7) Washed, dehydreted, cleared
routinely and mounted in Cenads balsmm.
Result . Periodete resctive ecid aac osubstances sre
seloctively steained paricdete engendered
disldehydes are blocked,

1-C. Diastese digestion - PAS technioye for Ldentificsticn
of glycegen
[Lillle, 1954; Lison, 1960]
Procedure - 1) After dewsxing end hydration, sections
were brought to distilled weter.
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2) Incubsted for one hour st I7°C in
the following medium : 0.1 % malt disstase
in 0.2 ¥ phosphate buffer at pH 6,0.
3) weshed in distilled water,
4) Processed és in l.A for PAS.
Result . Loss of PAS reactivity or reduction in the
steining intensity indicates presence of

glycogen.
2. sgid Mucomubstances
2*’30 : P 3 ! ‘ﬁ‘ t -

[Lev and Splcer, 1964

Procedure . 1) After dewaxing and hydrstion, sections
were brought to distilled water.
2) stained for O min, fn 1 » AB in 0.1
N HCl (pH 1.0)., 3) Blotted on puffless
filter paper. 4) Dehydrated quickly,
clesred and mounted as usual,

gowlt - Wodkly acidic sulfated mucosubstances,
hysluronic acid end sialomucing stain dark
blue. Strongly acidic sulfeted mucosub.
stances ére stesined weakly or not st sll.

3. Dirtinction Between Neutrsl and scidic Mycomubstances
3.4, AB pH 1.0 « PAS Seguential Staining Technoue
[Spicer, 1963; Spicer et sl., 1967]
Procedurs - 1) After dewsxing and hydration sections



Result .

ware brought to distilled water.

2) Stained with 1 & AR in O.1 N HCL
{pH 1.0) for 30 min. 3) Sections were
blotted on puffless filtexr paper.

4) Processed 88 in l.A for PAS,

Only sulfomucing are stained blue or blue.
purple. Non.sulfsted and only periodate
reactive mucosubstances sre stained pink.

nagents,

1 Techn: g

[Mowry and winkler, 19%; Mowry, 1963)

Procedure ~ 1) After dewsxing and hydration, sections

Result «

were brought to distilled water. 2) Rinsed
briefly in 3 » acetic acid. 3) Stained
with 1 4 A8 in 3 5 scetlic acid (pH 2.9)
for 30 min. 4) iinsed in 3 i scetic acid.
5) Washed in distilled water for 3 min.

6) Processed as l.A for PAS.

Alcian blue resctive periodate unresctive
#cid mucosubstances stain blue, slcien blue
and PAS.resctive mucosubstances stain
purple~biue and PAS.reactive but slcian blue

unrasc tive mucosubstances colour magenta.




[Gomori, 1930; Halmi end Davies, 1933]
n P alg -

The crystsls of AF were prepered according to
the metnod suggested by Cameron arnd Stesl (1999). 3
To 200 ml boiling distilled water, 1 gm of besic
fuchsin was added and the solution was let to boil
for one min. then cooled and filtered., To the filtrate,
2 m]l of eone, Cl and 2 ml of parsldehyde were added.
The solution was left stoppered at room temperature.
when the solution had lost its reddish c¢colour,
ususlly sfter 3.4 days, it was filtered and the
filtrete was discarded. The precipitate was dried on
the filter peper 2t 60°%C.

Staining Solutjon -~ The staining solution wes prepared
by dissolving 0.5 gm of dry crystels in 70 » alcohol.

Procedure - 1) After dewaxing end hydration, sections
were brought to distilled water. 2) Rinsed in 70 &
alcohol. 3) Stain with AF staining solution for 30 min.
4) finsed in 70 % aleohol., B) Dehydrated in 90 » and
absolute alecohol, closred in xylene ond mounted as

ususl.,

Result - Sulfated mucosubstances sre stéined derk.
purple, sialomucing and hyaluronic acid
stain lightupurple. 3Some elastic fibres
slso steln intense purple.



4.8. Aldehyde Fuehsin - AB (AF . AB pH 2.% ) sSecuentiel
$taining Technicue
[Spicer and Meyer, 1960]

Procedure ~ 1) After dewsxing and hydretion, sections

Result -

M. :L‘

pH 5,6 with Increased Concentration of lnquz

were brought to distilled water. 2) Rinsed
in 70 % alecohol. 3) Stained in AF staining
solution for 30 min. 4) Rinsed in 70 »
slechol., 3) Washed in rumning weter for 5
min. 6) Rinsed in 3 4 ascetic acid.

7) statned with AB (pH 2.5) fer 30 min.

8) Rinsed in 3 » acetic acid. ¢) @ashed in
running water for 9 min. 10) Dehydreted,

cleared end mounted as usual.

Sulfated mucosubstances stein purple, non.
sulfated muccosubstances like sialic acid and
hysluronic acid stein blue.

[Scott et al., 1964; Scott and Dorling, 1965

Stain

N e 0.1 % AB was &dded in 0,09 M sodium

acetate/acetic acid buffer at pH 5,6. Then MgCl, was

added and a series of incressing concentration of ﬂg“

were prepsred such as O.O M, Q.1 M, 0.2 M, D.4 K, C,.5 ¥,
06 ¥, 0.8 M and 1.0 M,

Procedure ~ 1) Gight dewaxed slid es after hydration were

brought to distilled water. 2) Esch slide
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steined for 30 min. 4n steining solutions
0.0 4, O/1 B, O.2 M otc. respsctivaly.

3) Weshed 1in running water for S ains.

4) Dehydrasted, clesred and mounted as umsl.

Result « Generally carboxymucing -~ like sislic acid and
hyaluronic acid are not stained st or above
0.1 & Mg** concentretion. Sulfomucins ere
selectively steined st and asbove 0.2 M Mp*"
concentration, Veriocus sulfomucins lose thelr
slclanophilis at different levels of Mg'"

soncentration,

[#islocks et 3l., 1967; Spicer, 1960; Spicer gt al., 19673
Psarse, 1968]

pH 0.9 = 0,02 % azure A in 0.3 N KCL,
pH 1.0 « 0.02 % szure A in 0.1 N HC],
pH 1.9 « 0,02 X azure A in 30 ml buffer
(30 ml 0.1 N HCL + 20 ml O.1 M KH,PO,)
pH 2.0 « 0.0 X szure A in 0 ml of buffer
(20 m1 0.1 N KC1 + 30 =l O.1 M KN, PO,)
pH 2.5 « OJO2 X axure A in 48 m] distilled water
+ 2 ml 0.1 Mecitric secid.
pH 3.0 = 0,02 X azure A in 48 ml distilled weter
+ 1.6%5 ml 0.1 Meltric acid + 0.3%ml C.2 M
NagH POg.
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pH 3.9 « 0,02 % azure A in 48 ml distilled weter
+ l.4ml O.1 Meltric acid + 0.6 ml 0.2 M
Na,H PO,

pH 4.0 « 0.0 % szure A in 48 nl distilled water
¢ 1,25 ml O.1 M eitric acid +0. 78 m} C.2 M
NagH PO,.

pH 4.5 o 0,02 & szsure A in 48 al distilled water
+ 1.1 =l O.1 M eitric agid + 0.9 ml 0.2 M
HQ:N PO‘.

pH 5.0 « 0,02 X% sgure A in 48 ml distilled weter
+1.0ml 0,1 M citric ocid + 1.0ml 0.2 M
anH PO4.

Procedure « 1) After dewsxing and hydrstion, sections were
brought to distilled water. 2) stained with
azure A ot desired ph for 30 min. 3) Quickly
woshed in distilled water. 4) wet sections were
observed under microscope. 3) Daliydreted in
slcohol end observed under microscope. 6) Clesred
in aylens and mounted as usual,

Result . Strongly sulfated mugcosubstences exhiiited mets.
chromssis below pH 1.3, sislomucins goeneraliy stain
metachromstically between pH 2.9 and 3.5, GSome
protein masked milfomucins and hysluronic eacid
exhibited metechromasie at and sbove pH 4.5,
Generslly, the metachromasis of sulfomucing resist
alcohol dehydretion,



4-5. Mild Methylstion - AB pH 3.3

4.F, M n = H

(Fisher and Lillie, 1994; Spicer, 1960]

Procedure - 1) After dewaxing and hydration, sections
were brought to distilled water. 2) Rinsed
in sbsolute methanol. 3) Sections were
placed in couplin jars containing O.1 N KHCL
in absolute methanol (pre.hested) for 4 hrs.
st 37°%C (mild methylation) and st 60°C (sctive
methylatien). Correspondingly the c¢ontrol
sections were kept at 37°C and 60°C in methenol
only (without HCl). 4) Rinsed in sbsolute
wothanol. 3) Followed by 9 min. weshipg in
running water. 6) Stein with AB pH 2.9 es
2.A. T) After washing, dehydcation and
clearing, sections were mountad in Canads
balsam.

Result . Generaslly mild methylation abolishes the

basophilis of carboxymucins by esterification
while active methylation hydrolyses wmost of

sulfete esters.

1t AW A A28 32%1x DO ZICARION w AE
[Spicer end Lillie, 1939; Spicer, 1960]
Procedure - Sections were methylated separately at 37°
and 60°C as above. After brief washing with
distilled wator, they were trcated with 1 #



Result »
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KOH in 7O % alcohol for 20 min., After

washing briefly with distilled water, they
were stained with AB pH 2.9 a8 in 2.A, After
washing dehydration and clesring, the sections
were mounted in Canads balsam,

Restoration of the besophilia sfter seponifice.
tion indicetes the presence of carboxymucins
but failure of restoretion of basophilie
indicetes the presence of the sulfate esters.

4.1. Agid Hydrolysls
[Quintarelll gt 8l., 1961]
Procedure - 1) After dewsxing and hydration, sections were

Result -

brought to distilled weter, 2) They were
trested with 0.1 N HC1 et 60°% for 4 hrs.

3) washed in running weter for 5 min. 4) Stained
with AS pH 2.5 or szure A pH 3.0. 9) Dehydra.
ted, clesred snd mounted as usual.

Cosplete or partiel loss of alcisnophilia or
motachromasis indicates the probable pressence

of sislomucins.

[Spicer and warren, 1960]
Procedure - 1) After dewaxing and hydration, sections
warse brought to distilled water. 2) The

slides were pliced on glass rods, close to
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surface of water in petridish kept at 37%.
Sections were covered with encugh sislidase
(Vibrio cholerss, type V, Sigse) in 0.1 &
sodium scetate et pH 5.3 containing 0.04 M
CaCly. Control sections were covered with
buffer only (0.1 M sodium acetete at pH 5.3
contsining 0.04 M CaCly). Sections were
incubated for 16 to 24 hrs, 3) Rineed with
distilled water. 4) Stained with AB pH 2.9
or szure A pH 3.0. 8) Dehydrated, clesred

and mounted s umal.

Result « Complete or partisl loss of alcianophilis o
mestechromesia indicated the presence of
sialic acid.

Hyslyzenidese Digestien

[Barks ond Anderson, 1963; Spicer gt 8l., 1967

Procedure - 1) After dewaxing #nd hydretion, sections
were brought to distilled water. 2) Sections
were incubsted st 37°C for 6 hrs. in 0.09 %
hysluronidase (Testicular, Sigms) in freshly
preporad buffer at pH 5.5 (94 ml Ol M
KHy PO4 + 6 B1 O.1 M NagH POg). Control
soctions were incubated only in buffer.
3) washed in running water for 9 min.
4) Stained with AB pH 2.9 or azure A pH 4.9.
8) Dehydrated, cleared end mounted as usual.

Result . Complete or partial loss of slcienophilias or



maetachromesia {ndicates the presence of
hysluronic acid, chondrofitin sulfate A and C,

5-C. Pepain Digestion
[Pesrse, 1960; Spicer, 19603 Quintarelli, 1963; Thompson,

1966].

Procedure ~ 1) After dewsxing and hydration, sections

HQ““ -

were brought to distilled water. 2) Digested
in 0.1 % pepsin in 0.k N KC1 ot 37% fer 4 hrs.
3) sashed throughly in running water.

4) Stained with AB (pH 2.9) or Azure A (ph 1.9,
3.0 and 4.%). 9) Dehydrated, clesred and
nounted as usual,

Protein masked mucosubstances (PAS.positive
but AB snd Azure A negetive) stein with
basophilic dyss after removal of protein
mesking.
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