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A) MATERIAL

For the present Investigation adult frogs,Buperodon svstoma 
were used* Both#male and female (ten each) frogs were collected 
during their active breeding period (July to September) .The frogs 
were anesthetized by ether and esophagus#stomach (cardiac and 
pyloric)*duodenum*small intestine(ileum)# and large intestine 
were dissected out* These organs were cut into small pieces*not

3measuring more than 5 mm and were immediately fixed in 2% calcium 
acetate in 10% formalin (CAF) at 4°C*After prolonged fixation (24 hrs.) 

the tissues were well washed in chilled distilled water* follow­
ed by prolonged washing in running tap water* After dehydration in 
ethanol grades* clearing in xylene and paraffin embedment* the sec­
tions were cut at 6 ^Aim.some of the sections of each tissue were 
routinely stained by Haematoxylin - Eos in (H—E) for histological 
observations# while the adjacent sections were subjected for vari­
ous histochemical techniques described hereafter for the identi­
fication and characterizetion of mucosubstances*
B) METHODS

For the visualization of mucosubstances there are series of 
histochemical techniques evolved by different investigators in 
this field* Such histochemical techniques have an advantage over 
biochemical techniques in the fact that* though the latter techniques 
give reliable data on quantities of mucosubstances in exact mathe­
matical 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 res­
toring the use of chemical reactions such as control of pH of basic 
dyes* sequential staining techniques # me thy la tion* saponification* 
critical electrolyte concentration* acid hydrolysis*and enzyme
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digestion tests* Thus the non-specific histological methods can 
be supplemented with the histochemical and ancillary ones for the 
better understanding of the chemical composition of the cellular 
components* The various histochemical techniques with their merits 
and demerits for mucosubstances localisation have been critically 
analysed and reviewed by Spicer (1963)* Spicer and Henson (1967) *
Spicer $£ j£* (1967 b), Curran(1964), Barka and Anderson(1965)*Lillie 
(1965)*Thompson (1966) *Leppi (1968) *Nalavade (1975), and Nalavade and 
Varute(1971*1972 a*b*c*1973 a,b,1976 a*b*1977)* Nomenclature 
applied to the mucosubs tances is taken from the discussion of a 
proposed general terminology of histochemically recognisable mate­
rials (Spicer <gt al.*1965).

In the present investigation the following series of histo­
chemical techniques for the visualisation of mucosubstances in 
Amphibian alimentary tract were employed*

I - Neutral Mucosubs tances

A* Periodic Acid Schlff Reaction (PAS)
( Mo Manus* 1946* Hotchkiss* 1948)

1) After dewaxing and hydration* sections were brought to 
distilled water*

2) Oxidised with 0*5% periodic acid for 10 min*
3) Wasted with distilled water*
4) Treated with Schlff *s reagent for 10 min*
5) Rinsed three times (total 6 min*) with 0*5% sodium 

meta-bi-sulphite*
6) Washed in distilled water* followed by alcoholic dehydration* 

cleared in xylene and mounted in Canada balsam*
Results Periodate reactive*hexose containing mucosubs tances stain

pink-magenta*
liKH- > r »%>*
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B, Pheaylhydrasine -PAS (Spicer, 194 5# Spicer ||

1) After dewaxing and hydration, sections war* brought to 
die til lad water*

2) Oxidised with 0*5 % periodic acid for 10 ala*
S) followed by treatment with S % phenylhydrasine far 30 nin«
4) Washed with distilled water*
3) Zanarsed in Stiff's reagent for 10 nln*
4) Rinsed teres tlaas (total f nln*) with 0*5 % sedien 

neta-bi-snlphlte*
7) Washed,dehydrated, cleared routinely and aaented in

Canada balsas*
Result! Periodate reactive acid amcosebstances are selectively 

stained periodate engendered dlaldehydes are blocked*

C* Pitstess digestion - PAStechnique for Identification of
elTcoeen (Lillie, 1954# Llsen, 1940)

1) After dewaxing and hydration, sections were breeght to 
distilled water*

2) Incubated for one hear at 37°c in the following nodlnwi 
0*1 % nalt diastase in 0*2 M phosphate buffer at pH 4*0*

3) Washed in distilled water*
4) Processed aa in z-A for PAS*

Results Loss of PAS sosctivity or rodecticn in the staining 
intensity indicates presence of glycogen*

- &SM.
A* Mgl«* Q3,ga W ot pH.fof (Howry, 1954)
1) After dowaxing and hydration, sections were brought to 

distilled water*
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2) Usstd in 3 % iMtle Mii*

3) stained wit* AB (1 ft AB 1a 3 It acetic acid pH 2*5) for 

30 nla*
4) Rinsed la 3% acetic aeii*

5) NtfM in rvulag water for 5 ala*

6) Dehydrated, cleared and wanted as usual*

Reault tWeakly aeldic sol fa tad auoosubs tances, hyaluronic acid

aad aialoamcins stain dark blue* Strongly acidic sulfatad 

nueoaubstancas ara stained weakly or not at all*

B* Aldan Slaa (AB) at RH 1*0 (Law and Spicer, 1944)
1) After dewaxing and hydration, sections ware brought to 

distilled water*

2) Stained for 30 nin in 1 * AB in 0*1 M HC1 (pH 1*0),

3) Blotted on puff less filter paper*

4) Dehydrated quickly,cleared and wanted as usual*

Hesultt Only sulfatad nueostahstaaeas stain intense blue*

C. (Hale, 1944, Rinehart aad Abul-HaJ, 19S1,

Howry, 1941, 1943)

Stock Solutions *o the boiling 250 nl* of distilled water, 4*4 nl* 

29 ft ferric chloride solution was added with constant stirring* 

When the solution turned dark red it was allowed to cool aad then 

dialysed against distilled water,asing dialysing nonbrane*

IMSlMSfilWStel
Olaelal acetic acid - §5 nl*

Distilled water - 15 nl*

Stack colloidal 
iron solution 20 nl*
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£fflM5
1) After dewaxing and hydration sections war* brought to 

distilled water*
2) Rinsed in 12 % aoatie acid*
3) Treated with freshly prepared working collodal iron eolation 

for §0 nlnutes at sooai tenperature*
4) Rinsed in 12 % aoatie acid*
5) The sections worn treated with freshly prepared adxtara of 

equal wolums of 2 % HC1 and 2 % potessiust ferrocyanide for 
29 nin*

4) Washed with running water for S nin*
7) Dehydrated, cleared and noun ted as usual*
Re sal tt Sites of acidic neeosubs tances are prussian blue*

The results obtained with this netted are wary nuoh 
identical to those obtained with AB (pH 2*5) procedure*

ZZZ - Distinction Retween neutral end Acidic Hacosafrstancoe

*• m,„rti ?>$, stwnttii
(Howry and Winkler* 1956/ Howry* 1943)*

1) After dewaxing and hydration* sections were brought to 
die tilled water*

2) Rinsed briefly la 3 % acetic add*
3) Stained with 1 % AB in 3 % noetic acid (pH 2*4) for 30 nin*
4) Rinsed in 3 3 acetic add*
5) Washed in distilled water for S nin*
4) Processed as Z«A for PAS*
Result! Aldan blue reactive periodate uareactive aeid

nueoaubataneaa stain blue* aleiaa blue and PAS-reactlve 
nueosObstanoes stain purple-blue and PAS-reaetlwe but
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«l«iM blue vuctMtlva anaosubatanees colour magenta.

*• *» M rW» So<WBfel«l Todmlao
(Spicer. 1985/ Spicer ft |^M1II?)

1) After dewaxing and IqdrttiMi sections wore bxwglit to 
distilled water.

2) Stained with 1 % AB in 0*1 ■ BC1 (pH 1.0) for 30 iia»
3) Sections wore blotted on puffless filter paper.
4) Processed es is I-A for PAS.

Result! only sulfonucins ere stained blue or blue-purple.
Hon-aulfated end only periodate reaction uneosubstanees 
ere steined pink-magenta*

C. Colloidal Iran - PAS iecnentiel Steinine Technique
(Ritter end Qleson, 1950; Howry, 1963)

1) After Severing end hydration, sections were brought to 
distilled water.

2) Rinsed briefly in 12 % acetic acid.
3) Treated with freshly prepared colloidal Iren working 

solution for 40 uin.at room temperature*
4) Rinsed with 12 % acetic acid.
5) Treated with freshly prepared Mixture of equal eoluee of 2K 

HC1 and 2 % potassium farrocyanide for 20 nin.
4) trashed with running water for 5 nin.
7) Processed as in I-A for PAS.

Rasulti Acidic mucosubstances colour blue or blue-purple end 
neutral mucosubstances colour plnkHeagenta. Results 
are sMMitly alsiilar to those of AB pH 2.5 - PAS.

IV - glst&ppSLpfi, Bp tween
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&« gfe
(Gonorl, 1950; Halmi and Davies# 1953)

Preparation of AT Crystals; The crystals of AF war® prepared 
according to the nathod suggested by Canaroe and Steal (1959) •
To 200 ad boiling distilled water# 1 91 of basic fuchsia was added 
and the solution was lot to boil for one eln* then cooled and 
filtered. To the filtrate# 2 sd of cone* HCl and 2 el of paraldehyde 
were added. The solution was left stoppered at roosi tanqperature.
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 cm the filter paper at 60°c.

Staining Solution; The staining solution was prepared by dissolving 
0.5 gsi of dry crystals in 70 % alcohol.

Procedure
1) After dewaxing and hydration# sections were brought to 

distilled water.
2) Rinsed in 70 X alcohol.
3) Stain with AF staining solution for 30 nin.
4) Rinsed in 70 % alcohol.
5) Dehydrated in 90 % and absolute alcohol#cleared in xylene 

and Mounted as usual.

Result; Sul fa ted aracosubs tances are stained dark-purple#
sialesiucins and hyaluronic acid stain light-purple.
Sosm elastic fibres also stain intense purple.

B. Aldehyde Fuchsia - AB (AF - AB pH 2.5) Sequential Staining Technique. 
(Spicer and Meyer# 1960)

1) After dewaxing and hydration# sections were brought to
distilled water.



30
2) Rinsed in 70 % alcohol.
3) Stained in AF staining solution for 30 min
4) Rinsed in 70 % alcohol.
5) Hashed in running water for 5 min.
6) Rinsed in 3 % acetic add.
7) Stained with AB (pH 2*5) for 30 min*
8) Rinsed in 3 % acetic acid.
9) Hashed in running water for 5 min.
10) Dehydrated, cleared and mounted as usual*
Resulti Sulfated mucosubstances stain purple.non-sulfated

mucosubstances like sialic acid and hyaluronic acid 
stain blue*

C. Critical Electrolyte Concentration Technique Using AB at
pH 5.6 vitli Increased Concentration of McCl^
( Scott et a^*, 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 MgCI^ was added and a series 
of increasing concentration of Mg++ were prepared such as 0*0 M,
0*1 M, 0*2 M, 0*4 M* 0.5 M, 0.6 M, 0*8 H 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 M, 0*2 M etc* respectively*
3) Hashed in running water for 5 mins*
4) Dehydrated* cleared and mounted as usual.
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Result? Generally carboxymucins - like sialic acid and hyaluronic 

acid are not stained at or above 0*1 M Kg** concentration. 
Sulfomucins are selectively stained at and above 0* 2 M Mgt* 
concentration. Various sulfomucins lose their alcianophilia 
at different levels of Mg** concentration*

D* Azure A Metachroaatic Staining Technique at Controlled pH Levels
(Wislocki al..1947? Spicer,I960; Spicer at al..!967;
Pearse, 1968)

Staining
pH 0.5 - 
pH 1*0 - 
pH 1.5 -

pH 2*0 -

pH 2*5 -

pH 3*0 -

pH 3.5 -

pH 4.0 -

pH 4*5 -

pH 5*0 -

Solutions
0*02 % azure A in 0.5 N HC1.
0*02 % azure A in 0.1 H HC1.
0*02 % azure A in 50 ml buffer
(30 ml 0.1 N HC1 4 20 ml 0*1 M KHjPO^
0.02 % azure A in 50 ml of buffer 
(20 ml 0.1 H HC1 + 30 ml 0*1 M KJ^PO^
0*02 % azure A in 48 ml distilled water 
♦ 2 ml 0.1 M citric acid*
0.02 % azure A in 48 ml distilled water 
4 1*65 ml 0.1 M citric acid 4 0*35 ml 0.2 K N»2H PO^ . 
0*02 % azure A in 48 ml distilled water 
4 1*4 ml 0.1 M citric acid 4 0*6 ml 0*2 M Ka2H PO^. 
0.02 % azure A in 48 ml distilled water 
4 1.25 ml 0.1 M citric acid 4 0*75 ml 0*2 K Na^H PO^. 
0*02 % azure A in 48 ml distilled water 
4 1.1 ml 0.1 M citric acid 4 0.9 ml 0.2 M Ma2H P04. 
0.02 % azure A in 48 ml distilled water 
4 1.0 ml 0*1 M citric acid 4 1.0 ml 0.2 M
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1#

2)
3)
4)
5)
«)

After dewaxing and hydration, sections vara brought to
distilled water*
Stained with axara A at doaixad pR for 30 ala*
Quickly washed in diatilled water*
Wat aaetiona were observed under Microscope*
Dehydrated in alcohol and ebsa; 
Cleared in xylene and Mounted

rved unde 
as usual*

ier Microscope*

Result» Strongly sulfated wucoaubstances exhibited MetachreMasia
below pH 1*5* sialoaracins generally stain netachreMatically 
between pH 2*5 and 3*5* Scum protein Masked sulfonuoins 
and hyaluronie acid exhibited netachrcmasia at and above
pH 4.5* Qenerally* the Metachronasia of sulfoMueins resist 
alcohol dehydration*

I • Wild Wethvlatien «» AB pH 2*5

V - Activa ■ethylation - AB pH 2*8
(Fisher end Lillie, 1954; Spicer, 1949)

Procedure

1) After dewaxing end hydration, sections were brought to 
distilled inter*

2) Rinsed in absolute Methanol*
3) Sections were pieced in eouplln jars containing 0*1 W HC1 

in absolute Methanol (pre-heated) for 4 hrs at 37°c (Mild 
Matfaylatien) and at 40°e (activa Methylation) * Correspond-

ingly the control eectioaa were kept at 37°c end 40°c in 
Methanol only (without MCI)*
Rinsed in absolute Methanol*4)
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5) Followed by 5 min washing in running water*
€) Stain with AB pH 2*5 as II-A*
7) After washing,dehydration and clearing, sections were

mounted in Canada balsam*
ResulttGenerallv mild methylation abolishes the basophilia of

caxboxymucins by esterification while active methylation 
hydrolyses most of sulfate esters*

G - Mild methylation - saponification - AB pH 2*5

H - Active methylation - saponification - AB pH 2*5 
(Spicer and Lillie, 1959; Spicer, 1960)

Sections were methylated separately at 37°C and 60°C as 
above* After brief washing with distilled water, 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 ZZ-A* 
After washing dehydration and clearing, the sections were mounted 
in Canada balsam*
Result!Restoration of the basophilia after saponification indicates 

the presence of caxboxymucins but failure of restoration of 
basophilia indicates the presence of the sulfate esters*

Z. Acid Hydrolysis (Quintarelll etal.,1961)
1) After dewaxing and hydration, 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*
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losultt Couplet* or partial lost of alcianophilia or netachromasia 

indicates the probable presence of slalenuelns*

v* SMBB9. ffrflyg&ffl*tf .tff

*• Slelldaso (PfTrfr***** > Ploestl^
(Spicer and Warren, 1966)

gsasggsgg
1) After dewaxing and hydration, sections were brought to 

distilled water*

2) The slides were placed an glass rods,close to snrface of 

water in petridieta kept at 37°c#Sections were covered with 

enoughs sialidase (Vibrio choleras, type V, Sigma) in 0*1 N 

sodium acetate at pH 5*3 containing 0*64 M CaClg* Control 

sections were cowered with buffer only (0*1 H sodium acetate 

at pH 5*3 containing 0*04 M daCl2). Sections were incubated 

for 16 to 24 bra*

3) Rinsed with distilled water*

4) Stained with AB pH 2*5 or enure A pH 3*6*

5) Dehydrated, cleared and mounted as usual*

Resulti Complete or partial loss of aleiaaophllla or metachnemasia 

indicated the presence of sialic acid*

B* Hyaluronidase Digestion (Barka and Andersen, 1965#

Spicer at al*, 1967)w ^ump* umnv

1) After dewaxing and hydration, sections were brought to 

distilled water«

Sections were incubated at 37*c for 6 hrs*ln 0*05 % 

hyaluronidase (Testicular, Sigma) in freshly prepared

2)
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buffer «t pH 5*5 (94 ml 0*1 M XBJPO^ ♦ 6 ml 0*1 H Ha^H P04>.

Control Motion* worn incubated only la buffer*
9) Hashed in suaalag wafer for S ala*
4) Stained wife AB pH 2*5 or met A pR 4*S*
5) Dehydrated* cleared and aounfed as usual*

Eaaultt Coaplefe or partial loan of aleiaaophilia or aetachroaaala 
indicates fee pxeseaee of byaluronle acid* chondroitin 
sulfate A and c*

C* Pepsin Digestion (Pears*, I960; Spicer, 1960# Ouiatarelll,
1963# Thompson, 1966)*

Procedure

1) After dewaxing and hydration, sections were brought to 
distilled wafer*

2) Digested in 0*1 % pepsin la 0*1 H MCI at 37°c for 4 hrs*
3) Hashed thoroughly in sunning wafer*
4) Stained wife AB pH 2*5, C*X*or asure A pH 1*5* 3*6 and 4*5*
5) Dehydrated, cleared and aounfed as usual*

Resulti Protein aasked aucosubs tanoes (PAS-positive but AB, Cl 
and Mure A negative}stained wife basophilic: dyes after 
removal of protein masking*
A bird's eye view of fee various histoeheaical techniques 

employed in fee present investigation along with fee chemical 
reactions involved in fee staining and fee histoeheaical interprets* 
tion of staining reactions is given in Table Ho«l*
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