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ABSTRACT

The distribution of glycoconjugates in the goat descending colon was studied by means of light
microscopic histochemical methods. The staining procedures employed were horseradish peroxidase
conjugated lectin, alcian blue (AB) pH 2.5, periodic acid-Schiff (PAS), ABpH 2.5-PAS, highirondiamine
(HID), HID-ABpH 2.5. The lectins used in the present study were concanavalin A (ConA), Ricinus
communis agglutinin I(RCA-1), Solanum tuberosum agglutinin (STL) and Limulus polyphemus
agglutinin(LPA) . Theresult reveal ed that descending col onic epithelium of thegoat contained acid sulfated
glycoconjugates and neutral glycoconjugates with [0-D-mannose, [0-D-glucose, -D-galactose, N-
acetylglucosamine and sialic acid residues. The quantity of neutral glycoconjugates with 0-D-mannose,
-D-glucose, 3-D-gal actoseand N-acetyl glucosamineincreased from mucosal crypt upto mucosal surface
of the epithelium, while sialic acid residues and sulfated glycoconjugates decreased from mucosal crypt to

mucosal surface.
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INTRODUCTION

One of the main function of the
gastrointestinal epithelium isthe production of the
protective and lubricant mucus. Such mucus has
been shownto be biochemically and aheterologous
entity being composed of high molecular weight
glycoconjugates. Previous histochemical studies
havereveal ed that the secretory glycoconjugates of
thegastrointestinal tract arevariedin property from
speciesto species, inadditiontoregional variations
within a particular species (Sheahan and Jervis,
1976 ; Freeman et al.,1980). Indifferent mammals,
furthermore, aseriesof histology and biochemistry
has so far been made on glycoconjugates involved
inthecoloni cepitheliumand awealth of information

is available (Sheshan and Jervis, 1976; Thomopolous
et al., 1983). However, glycoconjugates histochemical
studies of the goat epithelium have been reported
only with conventional method. The present study
wasdesignedtoclarify glycoconjugatescomponents
in the goat colon by using currently available
methods of lectins and correlated procedures.

MATERIALSAND METHODS

Goats of different ages and sexes were
sacrified by exsanquination under deep anesthesia.
Tissue material from middle part of descending
colon was dissected out and fixed immediately by
immersionin10%formalinecontaining 2%calcium
acetate for 24 hrs. at 4°C After that the tissue
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sampleswere processed routinely for embeddingin
paraplastand sectioned serially at 3pum. inthickness.
Thetissuesectionswerethen subjectedtostainwith
the following staining procedures.

Conventional staining procedures

1. Haematoxylin and eosin for the general
observation of histological structures.

2. AB pH 2.5 for acidic glycoconjugates
(Spicer, 1960)

3. Periodic acid-Schiff (PAS) for vicinal
diol containing glycoconjugates (Pearse, 1968)

4. AB pH 2.5-PAS for demonstrating of
acidic and neutral glycoconjugates (Spicer et al.,
1967)

5. High iron diamine (HID) for sulfated
glycoconjugates (Lev and Spicer, 1964)

6. HID-AB pH 2.5 for demonstrating of
sulfated glycoconjugates and carboxylated
glycoconjugates (Spicer et al., 1967)

L ectin staining procedures

Briefly, deparaffinized sectionsweretreated
with 1% bovine serum albumin(BSA) in 10 mM
phosphate buffer saline (PBS) pH 7.4 and then
incubated with biotinyl lectins (25 ug/ml, Vector
Lablnc. USA)in0.1% BSA-PBSfor 30 min. After
rinsing with PBS, the sections were incubated in
avidin-biotinyl peroxidase complex (ABC Vector
lab Inc.USA) for 30 min. rinsed with distilled
water, dehydrated and mounted.

Thelectinsuseinthisstudy,aongwiththeir

reported carbohydratebinding specificitiesarelisted
intable 1.

Control experiments

For lectin staining, control procedureswere
performed : Tissue sections were preincubated in
appropriated hapten sugarsfor each lectin and then
incubated in lectin solutions containing hapten
sugars, non specific staining was also checked by
incubation in the ABC and DAB-H,0, solutions.

RESULTS

Theresults of the stainings are summarized
inTable 2

The mucosal surface and crypts of the goat
descending colon are lined with simple columnar
epithelium. The epithelium in the crypts consists
mainly of gobl et cellswhereasabsor ptive columnar
cellsand some goblet cells occur in the upper half
of the crypts and the mucosal surface. When the
epitheliumwasreacted with PAS, mucousgranules
of goblet cellsand striated border of columnar cells
stained moderately at lower crypts and stained
intensely at the mucosal surface. By AB pH 2.5
staining, mucousgranulesof goblet cellsand striated
border of columnar cells were moderate to deep
blue. Whenthecolonic epitheliumwasreacted with
AB pH 2.5-PASboth structures at lower crypts
were blue or red while those in mucosal surface
were deep purple. (Fig. 1) The HID procedure
resulted in strong positive reaction in the two

Tablel List of lectins employed histochemical studies and their binding specificities according to

references cited.
Lectins binding Specificities References
Concanavalin A a-D-Man., a-D-glu. Kiernan, 1975
Ricinus communis RCA-I 3-D-gd Y amada and Shimizu, 1977
Solanum tuberosum STL B-D-GIcNAc Goldstein and Hayes, 1978
Limulus polyphemus L PA NeuAc Goldstein and Hayes, 1978
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structures. When stained with the HID-ABpH2.5
seguence, the surface goblet cellsand crypt goblet
cellsturnedtoamixtureof black and bluecol oration.
The mucous granules of goblet cells and
striated border of columnar cells in the colonic
epithelium reacted strongly with ConA (Fig. 2),
RCA-l andSTL.BoththeCon A and RCA-| staining
of goblet cellsand striated border of columnar cells
increasedinintensity withtheupward cell migration
along the crypts. Only mucous granules of goblet
cells and striated border of columnar cells at the
lower crypts showed affinity against LPA while
those at mucosal surface showed negative stain.

DISCUSSION
Thepreciseidentificationof glycoconjugates

andtheir localization when correl ated with changes
inmorphogenesis, tumorigenesi sand physiological

function may help usto understand val uable agents
forthedemonstration of varioussaccharideresidues.
Using biotinyl lectinswe examined thedistribution
of glycoconjugatesin the goat descending colon by
light microscopic histochemical methods.

In the present study we find the different
distributionof glycoconjugatesbetweenthemucosal
crypt and mucosa surface of the goat colon. PASis
believed to stain sugarswith vicina diol group and
neutral charges including B-D-galactose, a-D-
mannose, a-D-glucose and N-acety! derivatives of
the hexosamines while AB pH 2.5 stains the
carboxyl groups of siaic glyconjugatesor other
glycoconjugates with a strong negative charge
(Spiceretal., 1967). Pattern of staining for acid and
neutral glycoconjugates with PAS at the mucosal
surface correlate well with our finding that lectins
whichrecognizetheseresidues(ConA,RCA-I) stain
thisregion moderately to poorly. Alcian blue stains

Table2 Histochemical reactions of glycoconjugates in the goat colonic epithelium.

Mucosal crypt Mucosal surface

Staining procedures

Crypt goblet Striated border of Surface Striated border
cells columnar cells goblet cells of columnar cells

ABpH 25 2-3B 2B 3B 1-2B
PAS 2M 1-2M 3-4M 2-3M
ABpH 2.5-PAS 2BM 2BM 3MB 2BM
HID 3BL 2BL 2BL 3BL
HID-ABpH2.5 3BLB 2BLB 2BBL 2B
ConA 1-2Br 2 Br 3Br 1Br

RCA-I 1-2Br 2Br 3Br 2-3Br
STL 2Br 2Br 3Br 3Br

LPA 1-2Br 1-2Br 0 0

Key to symbolsin table

B 1 AB positive, M : PAS positive, BL : HID positive, Br : Lectin positive

MB : A mixture of PAS and AB-positive glycoconjugates with PAS positive glycoconjugates predominanting.
BM : A mixture of AB-and PAS-positive glycoconjugates with AB positive glycoconjugates predominanting
BLB : A mixture of HID and AB-positive glycoconjugates with HID positive glycoconjugates predominanting
BBL : A mixture of AB and HID-positive glycoconjugates with AB positive glycoconjugates predominanting
0 : Negative reaction

1-3 : Numerical values correspond to increasing intensity of staining
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glycoconjugates throughout the colon suggesting
thepresenceof acid mucinsinall of thesesegments.
The absence of staining by LPA in the mucosal
surfacesuggeststhat the acid mucinsrecognized by
AB arepropbably not sialomucinsand may represent
sulfated residues or proteoglycans.

In view of the staining specificities of the
AB pH 25, PAS, AB pH.2.5-PAS, HID, HID-
ABpH 2.5 (Spicer et al.,1967) the present results
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can becomprehended consistently inthegobl et cell
colonic epithelium, glycoconjugates are provided
primarily with acid sulfated and vicinal diol
groupings. However the glycoconjugates in the
villus epithelium appear to be higher in acidity as
compared with those in the crypt epithelium.

If the staining mechanisms underlying the
positivestaining reaction of ConA,RCA-1 and STL
at the mucous granules of goblet cells and striated

Figurel Thedua staining with ABpH2.5-PASre-
sult in blue or red at crypt goblet cells but
stain deep purple or primarily blue at sur-
face goblet cells. X260

Figure2 Mucousgranules of goblet cells exhibit
strong to moderate positive reaction.
However the positive reactions of mu-
cous granules of goblet cells at the sur-
face are stronger in intensity than those
at the crypt Con A. staining. X260
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border of columnar cellsaretakenintoconsideration;
the present conclusion can bemade: carbohydrates
in the epithelial cells of the goat colon are
glycoconjugateswith [J-D-glucose, (-D-mannose,
B-D-galactose and N-acetylglucosamine. In
addition, glycoconjugates with terminal sialic acid
residues were also presence in the goblet cells
mucous granules at mucosal crypt as judged from
their positive staining with LPA.

In asimilar way to that described in many
mammalian species, the epithelial cells of the goat
colon contain both sialomucinand sulfomucins.Such
acid glycoconjugatesmay play animportant rolein
resisting the invasion of potential pathogens
(Schauer, 1982). Sialic acid and sulfated groupsare
alsobelievedto play an essential roleof lubrication
and protection of digestive tract (Werner et al.,
1982). Functional activities of other sugar residues
of glycoconjugates are still unknown.
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