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A) MATERIAL >

I) agWWAL FEATURES .

Th« bird *.l«et*d for prttont hlstologlcl ond hicto. 

chamlcsi investigation is MUilStMi aftajEllfiSit photnlgurus 

tTrinomial nomenclature), commonly ceiled whits breasted 

waterhen, also named pennant imeaning triangular flag), 

nn euros IQresk) a tans dark colour. Mi races of A. ohoanicurus 

ohoentcuru* do not possess a white breast but do ax hi bit whit# 

throat, Reghovira and Dave in thalr book 'Indian Scientific 

nomenclature of birds of India, Burma ami Cay Ion* have 

described nine species undar tha ganus Amsurorals. distributad 

all over Asia.

As tha common name suggests, tha bird has forsfcead, 

sidas of tha faeat lawar parts from shin to braast whita 

coloured, while upper plumage, sidas of tha body exhibit 

slaty black colouration, wings ara blackish brown, bill 

greenish, rounded at bast, whila lags ara olive yaiiow* Iris 

is brawn in young, crimson rad in brooding mala*. Females 

ara slightly smaller in sirs than males. BaMts-A.ohoonlcurus 

ohoanicurus is faaous for its loud cry. It wanders of tan in 

search of food and foods in tha apan away from wotor. But it 

Is si art snough and maxes a sharp run whenever disturbed. 

During breading season, it is vary noisy bird and its harsh 

roars ara audible at a groat distance. Tha characteristic 

roar »shaming* ends as a squeal or serosa and say be repeated 

many tines especially at night. IXiring courtship display, it



does chuckling*, gep-gep-gep followed by a ringing krulJkrul- 
krul and hik-hU-hik.

Food - It food* on young rice, water plants, soodo, groin* 

ond olso on Intacta, worst, molluscs, larva*, thus the bird 
1* omnivorous.

XI) SYSTlsfoVlIC POSITIC^ *

Clots «» AVOt 

Sub-Class . Neornithes 
Super-order «. Neognethee 

Order - Oruiformot 
Family - Hoilidoo

- gfHS3lS*m»
Sub-species - Phoenlcurus (Trinomial nomenclature)

nx) *
For th# present study, adult watorhons ( a. phoenlcurus 

phoonicurus) of both sox os wore eolloetod at Gandhinagar, 
noor Kolhapur («.S«) in tho month of Soptombor 1V85. Th® 
birds were Injured by shooting thorn with tho help of air-gun 

(precaution was taksn so as not to disturb tho alimentary 
tract)* On tho spot, alimentary tract of each bird was 
disssetsd out snd cut into various regions such as oesophagus 
proven trie ulus, von trie ulus, duodenum, small intestine snd 
large Intestine*

These organs were then cut into small suitable pieces.
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The pieces were fixed in calcium acetate foratal (CAF) fixative 

(Leppi 1988) in separate specimen tubes 12 * calcium acetate 

in 10 % neutral formalin) and kept in refcl9#rator at 4°c (pH 

was adjusted at 7.2 by adding a few grains of 0x003). After 

prolonged fixation (24 h - 36 b), the tissues were throughly 

washed in running tap water followed by routine dehydration 

in an ethanol series of esesnding concentration, clearing in 

xylol and paraffin embedment. As usual, sections were cut at 

a thickness 5-6 urn, affixed to glass slides, rehydrated in an 

ethanol series of descending concentration and subjected to a 

series of staining procedures of histology and histochemistry.

B) METHODS 1

For studying nature, distribution and localisation of 

ntueo substances, there ere series of well tested hi a toe hemic *1 

techniques employed by different investigators in the field of 

histochemistry. By employing a battery of recently established 

hlstochemical techniques, Ins and cuts of mucosubstances have 

been brought well in light.

Biochemical techniques though give quantitative data of 

muco sub stances in mathematical terms, they fall to illustrate 

cellular site of -ueosubstances, On the contrary, hlstochemical 

techniques iliustrats the identification, localisation and 

distribution of mucosubstances at cellular level. The contri­

bution of various investigators like Spicer (1963), Curran 

(1964), Spicer and Henson (1967), Lippi (1968), ftalevade and 

Varute (1971, 1972a,b,cj 1973a,bj 1976a,b| 1977) is noteworthy.
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The specificity of different sot hods can be enhanced by tha 
UM of ehemicai reactions such os blocking of reactive groups, 
their restoration, controlling pH of tho boslc dyes, sequential 

staining procedures, critics! electrolytic eoncentration, 
selective removal of tho moieties by acid hydrolysis, enxywe 
digestion techniques, methyl ati on, saponification etc. Thus 

non*spselfle histoehamlcal oothods eon bo oupplamentad with tho 
modified and specific ones for bottor under standing of chemical 
composition of tho cellular components libs sue ©substances.

Tha terminology suggested by Spicer j£ (1965) for 

carbohydrate rich tissue components is followed in the present 
investigation. A series of recent and well established histo- 
chemicel oothods were employed for the ehorseterisatlon of the 

mucosu balances in the ail*entery tract of A.ohosnlcurus 
ohoanicurus. The suamsry of the histochemieel techniques 
employed in tha present investigation, procedures, c hassle el 

reactions involved in the staining and their interpretation Is 
prssented in Table ho. 1.

HisKPhfeMicAi rmmmm •

i) -

1-A) Periodic ecid Schiff reaction <PAS).
[McManus, 19461 and Hotchkiss, 1948}

Procedure - 1) After dewaxing and hydration, tha sections 
were brought to distilled water. 2) Oxidised 
with 0.5 % periodic ecid for 10 win. 3} Meshed 

with distilled water. 4) Treated with Schiff*a
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reagent for 10 min. 6) Rinsed three time* with 
0.3 * Sodi«MMi«ti.Usulphl t e for 6 nin.
6) Mashed in distilled water, followed by ethanol 
d•hydration, clearing end Mounting in DP*.

Result - Periodate reactive, hexose containing mueoeuh- 
stone •• stoin pink-meg ente.

*-*• gb«ue4^iaiiat-e,.£6§
[Spicer, 1965* Spicer 1967}

Procedure - i) After dewaxing end hydrotion, sections 
were brought to distilled taster.
2) Oxidised with 0,5 A periodic eeid for 

10 min. 3) Followed by treeteent with 5 a 
phenylhydraiine for 30 min. 4) Meshed with 
distilled water. 5) immersed in Schiff *s 

reagent for 10 min. 6) Rinsed three times 
(total 6 min.) with 0,5 % sodium mete-bi­
sulphite. 7) Mashed, dehydrated, cleared 
routinely and mounted in Canada balsam.

Result - Periodate reactive acid mue osubstances are 
selectively stained periodate engendered 

dieidehydes are blocked.

l-c* Diastase digestion - PAS tie helms forIdentification

slAknnm
[Lillie, i954j Li eon, I960]
Procedure - 1) After dewaxing and hydration, sectiona 

wars brought to distilled water.
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2) Incubated for one hour at 3?°C in 
the following eodiua : 0.1 % salt diastoeo 
in 0.2 M phosphate buffer at pH 6.0.
2) washed in distillad water.
4) processed as in 1-a for PAS.

Result * Loss of PAS reactivity or reduction in the 

staining intensity indicates presence of 

glycogen.

3. Mid «ueo«ub»t*nc.»

2-n. AUl«n 81.« AM) it bH l.Q 
[Lev and Spicer, 1964}

Procedure - 1) After dewaxing and hydration, sections 
wore brought to distilled water.
2) stained for 30 min. in 1 a AB in O.i 

h HC1 (pH 1.0). 3) Slotted on puffiest

filter pepsr. 4) dehydrated quietly, 

elsared and Mounted as usual.
*•*

Result - Weakly acidic sulfated muco substance*,

hyaluronic acid and siaioMuclnt stain dart 

blue. Strongly acidic sulfated nucosub* 
stances are stained weakly or not at all.

..nmmi...

[Spicer, 1969} Spicer 1967|
Procedure ~ 1) After dewaxing and hydration seetione

5754
A
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war# brought to distilled water.
2) Stained with 1 % M in 0.1 N HC1 
(pH 1.0) for 30 sin* 3) Section* were 

blotted on pufflets filter paper.
4) Processed as in 1.A for PAS.

Result . Only sulfowueln* ere stained blue or blue* 
purple. No n-sul feted end only periodate

reactive mu co substances are stained pint, 

magenta.

[Mowry and Winkler, 1996} Mowry, 1963]

Procedure . 1) After dewaxing and hydration, auction* 
were brought to distil lad water. 2) Rinsed 

briefly In 3 a acetic acid. 3} Stained 

with 1 A AS in 3 M acetic acid (pH 2.6} 
for 30 min. 4} Rinsed in 3 ^ acetic acid.
5) washed in distillsd water for 5 min.

6) Processed as 1-A for PAS.

Result . Aleian blue reactive periodate unreactive
acid mucosubstances stain blue, elcian blue 
and PAS.r*aetive muco substances stain 

purpla~blua and PAS.reactiva but alcian biua 
unreactive tnucosubalances colour magenta.
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[Ctowori, 1990} Heiisl and Devies, 1993]

The crystals of AF were prepared according to 
tht metnod suggested by Cameron and Steal (1V99). t 
To 200 al boiling distilled water, 1 get of basic 
fuehsin was add ad and th* solution was let to boil 
for on# min. than coolsd and filtered. To it.a filtrate, 
2 ml of cone, HC1 and 2 ni of paraldehyde war# added. 
The solution was left stoppered at room temperature. 
a hen the solution had lost its reddish colour, 
usually after 3.4 days, It was filtered end the 
filtrate wee discarded. The precipitate wet dried on 
the filter paper at 60°C.

Staining Solution - The staining eolation was prepared 
by dissolving 0.9 go of dry crystals in 70 4 alcohol.

Procedure ~ 1) After dewaxing and hydration, sections 
were brought to distilled water, 2) Hinted in 70 A 
alcohol. 3) Stain with AF staining solution for 30 min. 
4} Hinsed In 70 A alcohol, 9) Dehydrated in 90 A and 
absolute alcohol, cleared in xylane and mounted as 
usual.

desuit - Sul fated mueo substances are stained dark-, 
purpia, sieloewcins and hyaluronic acid 
stain iigfrUpurpla. Sene alastle fibres 
also stain intense purple.
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[Spicer and Meyer, 1960]

Procedure - 1) After dewaxing and hydration, sections 

war* brought to distiiisd water* 2) Rinsed 

in 70 * alcohol. 3) Stained in Af staining 

solution for 30 tain. 4) Rinsad in 70 * 

alaohol. 5) sashad in running watar for 3 

win. 6) Rinsad in 3 a as otic acid.

7) Stained with AB IpH 2.5) for 30 min.

8) Rinsad in 3 A acatic acid. 9) aashad in 

running watar for 5 min. 10) Dehydrated, 

elaarad ami Mounted as usual.

Hasult - Sulfatad rauco substances stain purple, non.

sulfatad buco substances like sialic acid am) 

hyaluronic acid stain blua.

pH 5.6 with Increased Cone antration of MgCl^

[Scott at el., 1964} Scott and Dor ling, I960]

StainingSolution - 0.1 A AB was added in 0.03 M sodlua 

acatata/acatic «eid buffer at pH 5.6. Than MgCl2 was 

added and a series of increasing concentration of Mg 

ware prepared such as 0.0 M, O.i M, 0.2 M, 0.4 M, 0.5 M, 

0.6 M, 0.8 M and 1.0 M.

Procedure .1) Sight dewax ad slid as after hydration ware 

brought to distilled water. 2) Each slide
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stained far 30 ain. in staining solutions 
0.0 M( 0*1 Mv 0.2 at ate. respectively.
3) Washed In running teeter for 3 nine.
4} Dehydrated, cleared and mounted «s usuel.

flesult * Generally carboxynucins - lilt* dalle sold and 
hyaluronic acid art not stained at or shore 
0.1 tt Mg44 concentration. Sulfemuelns are 
sal actively stained at and shove 0.2 M Mg44 

concentration. Various aulfcmueinc lose their 
alcianophilia at different levels of Mg44 
concentration.

4-d.

[dislocti Jl Ji.* m?i Spicer, 1960f Spicer j*j|.f 

Peerse, 1968]

IMilsa-Mi&IgBi *
pH 0.9 . O.CBt % asure A in 0.5 N HCi.

pH 1.0 • 0.02 % asura A in 0.1 H HCI.

pH 1.9 « 0.C8 % asure A lit 90 nl buffer

(90 nl 0.1 N HCI ♦ 20 nl O.i M KHjPO^

pH 2.0 • 0.02 % asure A in SO nl of buffer

(20 nl 0.1 K HCI ♦ 30 ml 0.1 III KHjPO^

pH 2.9 - 0.02 % asura A in 4® nl distilled tester

♦ 2 nl 0.1 M citric acid.

pH 3.0 * 0.02 % asura A in 48 ml distilled water

+ 1.89 nl O.i M citric acid + 0.39 nl 0.2 M 
NSgH P04.
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pH 3.9 - 0*00 % exure a in 48 ati distilled water

♦ 1.4 Mi o.i M citric acid ♦ 0*6 Ml 0.2 M

P04*

pH 4,0 - 0.00 * exure A in 48 *1 distilled water

♦ 1.29 Ml 0.1 M citric acid *0.79 al 0.2 M 

NCjH P04,

pH 4.9 • 0.00 * exure A in 48 Ml distilled water
♦ 1*1 Ml 0.1 M citric acid ♦ 0.9 Ml 0.2 M 
HCjH P04.

pH 9.0 - 0.00 A exure A in 48 Ml dietiiled water

+ 1.0 Ml 0.1 M citric acid * 1.0 Ml 0.2 N 

Na^H P04.

Procedure - 1) After dewaxing and hydration, sections ware 

brought to distilled water. 2) stained with 

axure A at daslrad pH for 30 win. 3) Quickly 

washed in distilled water. 4) set sections ware 

observed under Microscope. 9) Dehydrated in 

alcohol and observed undar microaeope. 6) Claarad 

In xylene and mounted as usual.

Result - Strongly eulfeted mucosubstances exhibited Meta*

chrome si a below pH 1.9t sialomucins generally stain 

Metachrowatically between pH 2.9 and 3.9. Sows 

protaln Masked eulfonucine end hyaluronic acid 

axhibltad Metaehronasia at and abova pH 4.9. 

Generally, the MetaehroMasia of aulfooucins reel at 

alcohol dehydration.



Hid Mathylatloti AB aH 2.9 
«-*• MtivaMatbylallon - A8 oH 2.5

(Pisher and UUU, 1994j Spicer, i960]

Procedure . i) After d•waxing and hydration, aaetiona 
wara brought to dl still ad watar. 2} Rimed 
in absolute methanol. 3) s action* war a 

placed in eouplln jars containing 0.1 N HG1 

in abaoluta methanol (pretested) for 4 hr a. 
at 37^C (mlid a ethylation) and at 6cflc (active 

methylatlon). Correspondingly the control 
aaetiona wore kept at 3T^C and 6Q^C in aathanol 
only (without HC1). 4) Rinsed in abaoluta 

»ethanol. 3} Followed by 9 win. washing in 
running water* 6) Stain with AS pH 2*3 as 
2-A. 7) After washing, dehydration and 

clearing, aaetiona wara wountad in Canada 
balsa*.

Result . Oanarally wild * ethylation aboilshea the

basophilia of earboxyoucins by aatarifleation 

while active «ethylation hydrolyaoa most of 
sulfate eat are.

[Spicer and lilllo, 1939| Spicer, I960]
Procedure - Sections ware methylated separately at 37°C 

and 60°C as above. After brief washing with 
diatillad water, they war a treated with 1 %
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KQH in 70 * alcohol for 20 «in. Alter 

washing briefly with distilled water, they 
were stained with Ad pH 2.S as in 2-A, After 
weehing dehydration end clearing, the sections 
were mounted in Canada baisaa.

Recall - tteetoretlen of the besophll&e after saponifies* 
tion indicates the presence of earboxywuclns 
hot failure of restoration of basophilia 
indicates the presense of tho sulfate sstors.

4»I. Asld Hydrolysis
[Cuintarelii jt j|,# 1961J

Procedure - 1) After dewaxing and hydration, sections were 
brought to distilled water, 2) Thoy wero 
treated with Q.l N HC1 at 60% for 4 hrs.

3) Oathad in running water far 5 win. 4) Stained 
with AS pH 2.3 or exwro A pH 3.0. 3} Dehydra­
ted, cleared end counted at usual.

Result - Complete or partial loss of aleisnophlUs or 
•etachrenasla indicates tho pro habit presoneo 

of rteloauelns.

** Jtatilte -It.tit
JSfasiilaytit1 Mmillaa

[Spicer and Warren, I960]
procedure - l) After dewaxing end hydration* sections 

were brought to distilled water. 2) The 
slides were placed on giase rods, close to
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Mff<e« of water in petridish kept at 37°C. 
Sections were covered with enough sialidase 

iyygte Sfef4f£li» typ# V, Signs) in o,l is 
sodium acetate ot pH 5.3 containing 0.04 M 

CaClj. Control sections wore covered with 
buffer only (0*1 M sodium acetate at pH $.3 
containing 0.04 M CaClj} • Suction* were 

incubated for 14 to 24 too, 3) Rinsed with 
distilled motor* 4) Stained with AB pH 2*3 
or arure A pH 3*0. 3) Dehydrated, cleared
and mounted os usual*

Result - Coopioto or portiol lots of oicionophilio or 
metachromesla indie atod tht proooneo of 

siolic ooid.

[Berko ond Anderson, 1963$ Spicor j| j|., 1967]
Proeoduro - 1) After dewaxing ond hydration, section*

wort brought to distillod water. 2) Sections 
wore Incubated ot 37*C for 6 hrs* in 0.03 A 

hyoiuronidoso (Testicular, Signs) in freshly 
prepared buff or ot pH 3*3 (94 *1 o.i M 
KHj PO4 + 6 *1 O.i H HOjH P04). Control 
oactlono wore Incubated only in huffor.
3) washed in running wotor for 3 win*

4) Stained with AB pH 2*3 or oauro A pH 4.3. 
3) Dehydrated, cleared ond oountod 00 usual.

Result - Complete or portiol loot of oicionophilio or
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notaehroaaaia indieatas th# praaanea of 
hyaluronic acid, chondroltin aulfata A and C.

«x. eittttn Bianttw
[Paaraa, 1960| Spiear, l%Of Gaintaralii, 1963| Thonpaon, 

I966I*

Procadur# • 1) Aftor dtwaxlng and hydration, faction*
wara brought to dlatillad wftar. 2) Olgaatad 
In o.i % poptin in O.l N HC1 ot 37°C for 4 hra. 

2) haahad throughly In running wotor.
4) stoinod with AS (pH 2*9) or Axuro A (pH 1.9, 
3.0 ond 4.9). 9) Oohydrotod, claarad and
■ountad at usual«

Hoouit - Protain naakad nucoaubataneas (PAS-poaltira 
hut Ai and Axuro A nagatlva) atain with 

baoophille dyoo aftor ranoval of protain 
■seeing.
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