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The .bird selected for present histochemical studies on 
muco substances, Ardeola aravii. (Sykes), is commonly known as 
paddy bird or pond heron.'

General features of A.oiravii
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The pondheron, A. aravii. is an egret-like marsh bird 
chiefly earthy brown when at rest but with glistening white 
wings, tail and rump flashing into prominence immediately it 
flies. Sexes alike and occur singly or in loose parties at 
jheels, ponds, rivet, ditches, wells, wherever there is water. 
It's normal food i;s frog, fish, crabs and insects. The normal' 
method of feeding is to stand hunched up at water's edge watching 
patiently for movement „arid jobbing at*quarry when apportunity 
offers. Sometimes it weeds into shallow, moving forward steal
thily and with circumspection, neck craned and bill poised in 
readiness (Ali, 1964).*

i 1
A) MATERIAL

For the. present study adult pond herons (Ardeola aravii. 
Sykes) were procured at Gandhinagar, near Kolhapur,in the month 
of January, 1984.* 1 * 3 Both male, and female (five each) birds were 
killed by shooting with air-rifle. The alimentary tract was 
dissected out and cut into various regions such as esophagus, 
stomach (proventriculus and gizzard), duodenum, small intestine 
(ileum) and large intestine. These organs were then quickly cut

3into small pieces not measuring more than 5 mm . The tissues in 
seperate specimen tubes were fixed in CAF fixative (2% calcium
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acetate in 10% neutral formalin) in refrigerator at 4°C. After 

prolonged fixation (24 hrs.) the tissues were well washed in 

chilled distilled water followed by running tap water (about
i 1

10-12 hrs.). After dehydration injethenol grades, clearing in
r «

xylene and paraffin embedment, the sections were cut at 5-6 /urn. 

Some of the sections of each tissue were'stained with Haemato-
r

xylin- Eosin (H-E. ) for histological bbservations, while adjacent 
sections were subjected for variouis histochemical techniques 

described hereafter for the identification and characterization 

of mucosubstances.'

B) METHODS

For the visualization of muco substances there are series 

of histochemical' techhiques evolved by different investigators 

in this field. Such histochemical techniques have an advantage 

over hiochemical techniques in the fact that, though the latter 

techniques give reliable date on quantities of mucosubstances in 

exact mathematical, terms, they are not of much use in illustrating 

the cellular site in the given organ or tissue where they are 

elaborated and occur* The specificity of different methods can 

be enhanced by restoring the use of chemical reactions such as 

control of pH of basic dyes, sequential staining techniques, methy- 

lation, saponification, critical electrolyte concentration, acid 

hydrolysis, and enzyme digestion tests. Thus the non-specific 

histological methods can be supplemented with the histochemical 

and ancillary ones for the better,understanding of the chemical
i
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composition of the cellular components*' The various histo- 

chemical techniques with their merits and demerits for mueosuhs.
i

stances localization have been critically analysed and reviewed 

by Spicer (,1963), CUrran (1964), Barka and Anderson (1965),

Lillie (1965)., Thompson (1966), Leppi (1968) and Nalavade and 

Varute (1971, 1972 a,b,c, 1973 a,b, 1976 a,b, 1977). Nomen-
' t

culature applied to the mucosubstances is taken from the 

discussion of a proposed general terminology of hi stoc hemic ally 

recognizable materials (Spicer et jjl., 1965).

In the present investigation the following series of
* .**

histochemical techniques for the visualization of mucosubfetances 

in Avian alimentary tract were employed.' ■
» i * *

• I , .
I i

!•* Neutral Muco substances N
■» ,

1-A, Periodic Acid Schiff React!bn (RAS)
■ r 1 i: .

[Me Manus, 1946; Hotchkiss, 1948=|

Procedure - 1) After dewaxing and hydration, sections were
, • i

brought to distilled water. 2) Oxidized with 0,5 % 

periodic acid for 10 milnj 3) Washed with distilled water 

4) Treated with Schiff *sj reagent for 10 min.' 5) Rinsed
1 . I '"’i

three times (total 6 min, >) with 0.'53> sodium meta-bi- - 

sulphite. 6) Washed in distilled water, followed by
* — i

alcoholic dehydration, cleared in xylerre and mounted in 

Canada balsam.

Result - Periodate reactive* hexose containing muco- 

substances stain pink-magenta.
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1-B. Phenvlhvdrazine -PAS

[Spicer, 1965; Spicer et al. , 1967]

Procedure - 1) After dewaxing and hydration, sections were 

brought to distilled water. 2) Cbcidized with 0.5 % 
periodic acid for 10 min. 3) Followed by treatment with 

5 % phenylhydrazine for 30 min.' 4) Washed with distilled 

water. 5) Immersed in Schiff *s reagent for 10 min.

6) Rinsed three times (total 6 min.) with 0.‘5 % sodium 

meta-bi-sulphite. 7) Washed, dehydrated, cleared 

routinely and mounted in Canada balsam.

Result - Periodate reactive acid mucosubstances are selec

tively stained periodate engendered dialdehydes are 

blocked.

1-C. Diastase digestion - PAS technique for identification of

glycogen

[Lillie, 1954; Lison, 19$0]

Procedure - 1) After dewaxing and hydration, sections were 

brought to distilled water. 2) Incubated for one hour 

at 37°C in the following medium : 0.'1 % malt diastase 

in G.*2 M phosphate buffer at pH 6.'0. 3) Washed in

distilled water. 4) Processed as in 1-A for PAS.

Result - Loss of PAS reactivity or reduction in the staining 

intensity indicates presence of glycogen.

2.' Acid Muco substances

. *

2-A.' Alcian Blue (AB) at pH 1««Q 

[Lev and Spicer, 1964]
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Procedure - 1).After dewaxing and hydration, sections were
t •

brought to distilled water. 2) Stained for 30 min in 

1 ^ AB in 0.1 N Ha (pH 1^0). 3) Blotted on puffless^

filter paper. 4) Dehydrated quickly, cleared and mounted 

as usual. .

Result - Only sulfated mucosubstances stain intense blue.

2-B. Alcian Blue (AB) at pH 2^5

[Mowry, 1956] '
. . I

Procedure, - 1) After dewaxing and, hydration, sections were 

brought to distilled, water.1' l2),Rinsjed in 3 % acetic

acid. 3) Stained with AB (l % AB ini 3 % acetic.acid
4 « * «

pH 2.5') fo^ 30 min.' 4) Rinsed in 3 % acetic acid.'
i 1

5)- Washed in running water for 5 min[. 6) Dehydrated, 

cleared1 and mounted as usual*

- Result Weakly acidie sulfated mucosubstances, hyaluronic 

acid and sialomucins stain dark blue. Strongly acidic 

sulfated mucosubstances1 are stained weakly or not at all.’
r i

i *

3, Distinction Between Neutral and Adidic Mucosubstances
s. |

3_A. AB pH 1.0 - PAS Sequential Staining technique
* !

[Spicer, 1965; Spicer et al,., 1967]
* »

Procedure - 1) After dewaxing and hydration sections were 

brought to distilled water.’ 2) Stained with 1 % AB in 

0.1 N HQ (pH 1.0) for 30 min.- 3) Sections were blotted

on puff less filter paper,- 4) Prbcessed as in 1-A for PAS,
, c ‘ i-

Result - Only sulfomucins are stainjed blue or blue-purple. - 
Non-sulfated and only periodate reactive mucosubstances 
are stained pink-magenta.-

✓ » l
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3- B. AB pH 2,5 -PAS Sequential Staining Technique

[Mowry and Winkler, 1956; Mo wry, 1963]

Procedure - 1) After dewaxing and hydration, sections were 

brought to distilled water.' 2) Rinsed briefly in 3 % 
acetic acid. 3) Stained with 1 % AB in 3 % acetic acid 

(pH 2.5) for 30 rain. 4) Rinsed in 3 % acetic acid.

5) Washed in distilled water for 5 min.* 6) Processed as 

1-A for PAS.

Result - Alcian blue reactive periodate unreactive acid

raucosubstances stain blue, alcian blue and PAS-reactive

mucosubstances stain purple-blue and PAS-reactive but

alcian blue unreactive muco sub stances colour magenta.
»

l. Distinction between Sulf omucina and Carboxymueins

4- A. Aldehyde Fuchsin (AF)

[Gomori, 1950; Haimi and Davies, 1953]

Preparation of AF;Crystals The crystals of AF were prepared

according to the method suggested by Cameron and Steal
/ , *

(1959).! To 200 ml boiling distilled water, 1 gm of basic 

fuchsin was added and the solution was let to boil for 

one min. then cooled and filtered,' To the filtrate, 2 ml 

of cone. HC1 and 2 ml .of paraldehyde were added. The 

solution was left' stoppered at room temperature. When 

the solution had lost its reddish colour, usually after 

3-4 days, it was filtered and the filtrate was discarded. 

The precipitate was dried on the filter paper at 60^C.
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Staining Solution;-. The staining solution was prepared by 

dissolving 0,5 gm of dry crystals in 70 % alcohol. 

Procedure - 1) After dewaxing and hydration, sections were 

brought to distilled water, 2) Rinsed in 70 % alcohol.

3) Stain with AF staining solution for 30 min. 4) Rinsed
j

in 70 % alcohol. 5) Dehydrated in 90 % and absolute 

alcohol, cleared* in xylene and mounted as usual.

Result - Sulfated mucosubstances are stained dark-purple, 

sialomucins and hyaluronic acid stain- 1 ight-purple.

Some elastic fibres also stain intense purple.

4-B. Aldehyde Fuchsin - AB (AF 1 AB pH 2,5) Sequential Staining

Technique
»

[Spicer and Meyer, 1960]

Procedure - 1) After dewaxing and hydration, sections were
I

brought to distilled water.' 2) Rinsed in 70 % alcohol.

3) Stained in AF staining' solution for 30 min, 4) Rinsed
i i

in 70 % alcohol, 5) Washed in running water for 5 min,
6) Rinsed in- k % acitic «?cid.’ 7) Stained with AB (pH 2.‘5) 

for 30 min,1 8) Rinsed in 3 % acetic acid. 9) Washed in 

running water for 5 min,1 10) Dehydrated, cleared and 

mounted as usual.

Result - Sulfated mucosubstances stain purpcle, non-sulfated 

mucosubstances like sialic acid and hyaluronic acid 

stain blue.

4-C. Critical Electrolyte- Concentration Technique Using AB at

pH 5.'6 with Increased Concentration of MaCU
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[Scott et al., 1964; Scott and Dorling, 1965]

Staining Solutions- 0,1 % AB was added in 0.05 M sodium 

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

added and a series of increasing concentration of Mg 

were prepared such as 0,0 M, 0,fl M, 0,2 Mf 0,4 M, 0,5 M, 

0,'6 M, 0.8 M and 1,0 M.

Procedure - 1) Eight dewaxed slides after hydration were

brought to distilled water. ^ 2) Each slide stained for 

30 min. in staining solutions 0,*0 M, 0,1 Mt 0,2 M etc,
t: i

respectively; 3) Washed in running water for 5 mins.
I ,

4) Dehydrated, cleared and mounted as usual.

Result - Generally carboxymucins - like sialic acid and
1 ' ++ hyaluronic acid are not stained at or above 0.1 M Mg

i
concentration. Sulfomucins are selectively stained at

I
4*4*>and above 0,2 M Mg concentration. Various sulfomucins 

lose their alcianophilia at different levels of Mg’1"1- 

c one entration.
I<

4-D. Azure A Met achromatic Staining Technique at Controlled pH
■ i

Levels

[Wislocki et jl.:, 1967; Spicer, 1960; Spicer et al., 1967; 

Pearse, 1968]

Staining Solutions *-

pH 0.5 - 0.-02 % azure A in 0. 5 N HC1.

pH 1.0 - 0.02 % azure A in- 0„1 N HC1.

pH 1. 5 - 0.02 % azure A in 50 ml buffer

(30 ml 0.'1 N HO. +'20 ml 0.1 M KH2P04)
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pH 2,0 - 0,02 % azure A in 50 ml of buffer

(20 ml 0.1 N HQ + 30 ml 0.1 M KHgPO^ 

pH 2.5 - 0,02 % azure A in 48 ml distilled water 

+ 2 ml 0.-1 M citric acid.' 

pH'3,0 - 0.02 % azure A in 48 ml distilled water

+ 1.65 ml 0.1 M citric acid + 0.35 ml 0.2 M 

NagH P04.

pH 3, 5 - 0..G2 % azure A in 48 ml distilled water

+ 1.4 ml Oa M citric acid + 0.6 ml 0.2 M.

NagH P04.

pH 4.0 - 0.02 % azure A in 48 ml distilled water

+ 1.25 ml 0.1 M citric acid + 0.75 ml 0.2 M 

NfigH P04. t

pH 4.5 - 0.02 % azure A in 48 ml distilled water

+1.1 ml 0.1 M citric acid + 0.9 ml 0.2 M 

Na^H P04,

pH 5.0 - 0.’Q2 % azure A in 48-ml distilled water'
*

+ 1.0 ml 0.1 M citrii acid 4 1.0 ml 0.2 M 

NagH P04.

Procedure - 1) After dewaxing' and hydration, sections were

brought to distilled wjater.*• !2) Stained with azure A at
,1 .

desired pH for 30 min.' 3) Quilclcly washed in distilled 
water. 4) Wet sections were! observed under microscope.

5) Dehydrated in alcohol and observed under microscope.

6) a eared in xylene and mounted as usual.
! I

Result - Strongly sulfated mucosujbstances exhibited meta-
' r i ,

chromasia below pH 1.5, sialbmucins generally stain

I
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\

met achromatic ally between pH 2,15 and 3. 5. Some protein 

masked sulfomuclns and hyaluronic acid exhibited meta~ 

chroma si a at and above pH 4.5. Generally, the met a- 

chromasia of sulfomuclns resist alcohol dehydration.’

4-E< Mild Methylation - AB pH 2.5 

4-F. Active Methylation - AB pH 2J5

[Fisher and Lillie; 1954; Spicer, 1960]

Procedure - 1) After dewaxing and hydration, sections were 

brought to distilled water.* ;2) Rinsed in absolute 

methanol. 3) Sections were piaced in couplin jars
containing 0,1 N HC1 in absolute methanol (pre-heated)

|
for 4 hrs. at 37°C (mild methylation) and at 60°C (active 

methylation). Correspondingly the'control sections were 

kept at 37°C and 60°C in methanol only (without Hd).

4) Rinsed in absolute methanol. 5) Followed by 5 min.
i

washing in running water. Stain with AB pH 2.5 as 2_B.
I

7) After washing, dehydratiop and clearing, sections were 

mounted in Canada balsam.

' Result - Generally mild methylation abolishes the basophilia 

of carboxymucins by esterification while active methyla-
i

tion hydrolyses most of sulfate esters.

4-G. Mild methylation ~ saponification - AB pH 2.5
i

4-H. Active methylation -..saponification - AB pH 2.5

[Spicer and Lillie* 1959; Spicer, 1960]

Procedure - Sections were methylated separately at 37°C and 

60°C as above. After brief washing with distilled water,
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they were treated with 1 % KOH in 70 % alcohol for 

20 min. After washing briefly with distilled water, 

they were stained with AB pH ,2.5 as in 2-6. After 

washing dehydration and clearing, the sections were 

mounted in Canada balsam.

Result - Restoration of the basophilia after saponification 

indicates the presence of carboxymueins but failure of
i

restoration of basophilia indicates the presence of ;the 

sulf ate esters.

4- 1. Acid Hydrolysis

[Quintarelli et al.--. 1961]

Procedure - 1) After dewaxing and hydrationt sections were 

brought to distilled water. 2) They were treated with 

0.<1 N HC1 at 60°C for 4 hrs. 3) Washed in running water 

for 5 min.* 4) Stained with AB pH 2.5 or azure A pH 3,0. 

5) Dehydrated, cleared and mounted as usual.

Result - Complete or partial lossf of alcianophilia or met a-
V"

chromasia indicates the probable presence of sialomucins.

5, Enzyme Digestion Tests

5- A. Sialidase (Neuraminidase) Digestion
«, r

[Spicer and Warren, 1960]

Procedure - 1) After dewaxing and hydration, sections were 

brought to distilled water. 2) The slides were placed 

on glass rods, close to surface of water in petridish 

kept at 37°C. Sections were covered with enough sial

idase (Vibrio cholerae-. type V, Sigma) in O.T M sodium
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acetate at pH 5.3 containing 0,04 M CaClj. Control 

sections were covered with buffer only (0,1 M sodium 

acetate at pH 5.3 containing 0.04 M CaCl^). Sections 

were incubated for 16 to 24 hrsj 3) Rinsed with distilled 
water. 4) Stained with AB pll 2.5 or azure A pH 3,0.

5) Dehydrated, cleared and mounted as usual.

Result - Complete or partial loss of alcianophilia of meta- 

chromasia indicated the presence of sialic acid,

5-B. Hvaluronidase Digestion

[Barka and Anderson, 1965; Spicer et _al., 1967]

Procedure - 1) After dewaxing and hydration, sections were

brought to distilled water, 2) Sections were! incubated 

at 37°C for 6 hrs, in 0,'05 % hyaluronidase (Testicular,
«1 i* i

Sigma) in freshly prepared buffer at pH,5.5 (94 ml 0,1 M 

KHg P04 + 6 nl 0.1 M Na^H P04). . Control sections were 

incubated only in buffer. 3) Washed ip running water for 

5 rain. 4) Stained with AB pH 2.5 or azure A pH 4.5.‘
i i

5) Dehydrated, cleared and mounted as usual.'

Result - Complete or partial loss of alcianophilia or meta-
i *

chroraasia indicates, the presence of hyaluronic acid, 

chondroitin sulf ate A and C.

5-C. Pepsin Digestion ;

[Pearse, 1960; Spicer, 1960; Quintarelli, 1963; Thompson, 

1966]

Procedure - 1) After dewaxing and hydration, sections were

brought to distilled water. 2) Digested in 0.1 % pepsin
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in 0.1 N HQ at 37°C for 4 hrs.' 3) Washed thoroughly' 

in running water. 4) Stained with AB pH 2,5^ , T or

azure A pH 1.5, 3.0 and 4.5. 5) Dehydrated, cleared

and mounted as usual.

Result - Protein masked mucosubstanc-es (PAS-positive but AB, 

and_ azure A negative) stained with basophilic dyes after 

removal of protein masking.
- i

• i

A bird’s eye view of the various histochemical techniques
I

employe?* in the present investigation along with the chemical
t _
» “

reactions involved in .the stairiing 'and ■ the histochemical inter

pretation of staining reactions is givien in Table No.l.
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