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ABSTRACT

Pancreata from nine adult healthy male and fernale of three monkey species were
used to study the disiribution of the glijcoconjugaed sugar residues in situ using a bat-
tery of lectins {Corn-A, WGA, PNA, HPA and BSA-1). These lectins were used as a prob
and the horsraddish peroxidase (HRP} as visualant. The results revealed, wide varia-
tions in the reactions of the different pancreatic cellular structures witli the used lec-
tins. While the apical cyioplasm of the all pancreatic acinar cells were uniformly react-
ed o WGA. the basal region of which were reacted to Con-A. Some puncreatic acinar
cells were positively reacted to PNA and BSA-1, others were negative to them and the
all were negatively reacted to HPA. The lining epithelium of the interlobular ducts react-
ed positively to ail the used lectins except Con-A. Islets of Langerhans were negatively
reacted to all the used lectins. ) |

It was concluded that, the pancreatic acinar cells contained galactose as a terminal
transitionaily located carbohydrale residue, also stored N, acelyglucosamine and/or
sialic acid as a terminal carbohydrate residues condensed (n their zymogen granules
also stored a-Dmannose and a-U glucose as terminal carbohydrate residues in their
basal cytoplasm. The lining epithelium of the interlobular duct secretes a mixture of N-
acetylglucose and sialic acid, while their apical cell membrane éoutained galactose and
a & B anomer of N, acetylgalactose amine. '

INTRODUCTION

Carbohydrate-binding proteins called lecting, have become useful tools in describing various
cellular activity (Liener et al., 1986; Sharon and Lis, 1989). The compiex oligosaccharides and
glycoproteins were described in a varlety of cellular interactions (Hynes et al., 1989). More re-
cently methods have evolved for characterizing complex carbohydrates in situ depending on af-
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finity of labelled lectins for specific sugar ih pancreas of scvoral species in rais (Jonas et al,,
1991 and Takiysma et al.,, 1988); in dogéand cats {(Bkuteisky et al, 1987) and in chicken
(Gheri et al., 3957). Little information about characterization of glycoconjugates in pancreas of
primates are available. This study aimed lo|describe speeific glycoconjugate sugar residues and

their distribution 1n situ by using lectin markers in pancrzas of non-human primates.

MATERB*L AN METHODS
Animals

The samples were collected from three species of non-human primates obtained from depart-
ment of anatorny, united graduated school of veterinary medicine, yamaguchi university, yamag-

uchi, japan. all investigations were completed in the departinent of anatomy and histology, facul-

ty of veterinary medicine, Kafr El-sheikh, tanta university, Egypt. A lotal of nine adult male and
female animals wcre used for this investigation. Ameng these animals, three were of common
treeshrew monkeys {Tupaiidae glis), three were of slow rolis monkeys (Nycticebus cocang) and

three of common marmoset monkeys (Callithrix jacchus).
Sample collection and tissues preparation:

According to the strict animal welfare reg{xlaticms and the rules of the aniinal ethics commit-
tee in Japan, the monkeys were sacrificed uhder‘ deep anesthesia with an intravenous injection
of pentobarbital sodium (50 mg/kg). The pancreas was rapidly removed and pieces of its tissue
were fixed in phosphate buffer saline pH 7.4 (PBS) containing 4% paraformaldelhyde for 72 hours
and thoroughly rinsed in the same bulfer. Seclions of 4 wm thickness werc deparafinized in xy-
lene and stained with Gill's hematoxylin (Gilf et al., 1974) and eosin (il & E) for general histo-
logical assessment. For detection of the binding sites of the sugar residues, other sections were

subjected to the histochemical staining summarized in table 1.
The horsraddizh peroxidase (HRP) lectin technigue:

The processing and staining procedure with the various lectins {table 1) was similar to that
described by Schulte and Spicer (1983b), Bancroft and Stevens (1996) and Rhodes and Mil-
ton (1998). Brielly, after hydraticn, the sections were treated witn 0.3% liydrogen peroxide, for
blocking the endogenous peroxidase enzyme rinsed in distilled water and washed in 1% bovine
serum albumen (BSA) in 0.1 M PBS pH 7.4, The sections were then incubated for 12 hours at
40C in either HR¥-lectin (Stgma Chemical Co. St. Louis, MO, USA), dissolved in 0.1 M PBS pH
7.4 (contain 0.1 M NaClp, 0.1 mM CaCl,, MgCly, MnCly) and then rinsed three times in PBS.

The optimal concentration used with each lectin which allowed maximum staining with mini-
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tion of the sites containing HRP-lectin was

obtained by incubating the slides with PBS containing 3.3 diaminobenzidine tetrahydrochloride

(DAB) (25 mg/100 ml and 0.003% hydrogen peroxi
were rinsed in distilled water, dehydrated in grade
mounted in DPX.

Contr;il reaction :

Control for the lectin staining was done by pre-
sponding haptten sugars inhibitors listed in table 1.
cenfrations from 0.05 M to 1 M and complete eliming
The aim of this control was to test the efficiency of thg

RESUL]
General structure:

There were no significant variations in the morphd

pancreata among:the three studied species.

Pancreas of monkey appeared as an encapsulat
gland. The acinar cells were formed of one cell type, s
narrow lumina (Fig. 1), The acinar cells rested on
darkly stained nuclei. Their cytoplasm was characte
around the nuclei, and by the presence of acidophili

region. The ductal portions were repersented by centy

lobular ducts.‘r'ﬂsjé centroacinar cells were formed of

e} for 10 min. at room temperature. Slides

d ethanol solutions, cleared in xylene and

incubation of the sections with the corre-

The sugar inhibitors were employed at con-
ation of the staining was obtained at 0.2 M.

e specific staining for each sugar,

r's

logy, as well as lectin histochemistry of the

ed and lobulated compound tubuloacinar
erous in nature, pyramidal in shape leaving

distinct basal lamina and had spherical
ized by basophilia at the basal region and
¢ zymogen secretory granules at the apical
roacinar cells, intercalated ducts and inter-

telescoping flat, palely stainced cells located

in between thie pancreatic acini and forming the in
were lined by cuboidal cells. The interlobular ducts

1 portion of the Intercalated ducts which

iti|
re present within the interlobular connec-

tive tissue septa and were lined by high columnar epithelium (Fig. 1). Islets of Langerhans were

scattered in the parenchyma. They appeared as sphelflig)al clusteres of lightly stained cells. These
islets were interconnected by cords of lightly staining &:ells (Fig. 2).

Lectin histochemistry :

1-D-Mannose and-o-D-glucose-binding lectin(conc‘anavaun ensiformis agglutinine;{con A):
! _

The cytoplasm of the basal region of all pancr#atic acinar cells was stained intensely
with con-A (Figs. 3 & 4). The lining epithelium of th¢ intercalated ducts as well as that of
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the interlobular ducts were negatively readted to Con-A , however the pancreatic juice at their lu-
mena were intensely reacted. The cell popiulation in the islets of Langerhans were negatively re-
acted to con-A (Figs. 3 & 4).

2. N-acetyle glucosamine and sialic acid binding lectin (Triticum vulgaris aggiutinine;
(WGA) :

The cytoplasm at the apices of all pancreatic acinar cells showed strong reaction to WGA
(Fig. 5). The lining epithelium of the largé interlobular ducts cleared an intense reaction at the
apical region of their cytoplasm (Fig. 6). The cell populations of islets of Langerhans were nega-
tively reacted to WGA.

3- Galactose and N-acetylgalactosamine binding lectin (Arachis hypogaea agglutinine;
(PNA) :

The cytoplasm of some pancreatic acinar cells were intensely stained with PNA while others
were negative or weakly stained (Fig. 7). The lining epithelium of the interlobular ducts showed
an intense staining to PNA at their apical membranes (Fig. 8). All cell populations of pancreatic
islets of Langerhans were negatively reacted with PNA (Fig. 7).

4-N-acetylgalactoseamine binding lectin Helix pomatia agglutinine; (HPA):

The all pancreatic acinar cells were negatively reacted with HPA (Figs. 9 & 10). The
lining epithelium of the interlobular ducts showed strongly reaction to HPA at their apical

borders. All cell populations of islets of Langerhans were negatively reacted with HPA
\,

(Figs. 9 & 10). |

5- Galactose and N, acetylgalactosamine binding lectin (Girffonia simplicifolia aggluti-
nine; BSA-1) :

The pancreatic acinar cells varied markedly in their reactivity with BSA-1. While their cyto-
plasm was stained strongly at the peripheral region of the pancreatic lobule and around the in-
terlobular ducts, they were stained weak or negative at the deepest regions (Figs. 11 & 12). The
apical cell borders of the lining epithelium pf the interlobular ducts showed strong reaction with

BSA-1 (Fig. 12). The cell populations of islets of Langerhans have not reacted markedly with
BSA-1.
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' Lectin methods in the present study have increased the capaclty for histochemical characteri-

"zation and differentlation of glycoproteins in the pancreas of monkey.

In the present study some pancereatic acinar cells were strongly reacted with PNA while oth-
ers were reacted w1t_h BSA-1 indicating the existence of galactose and both c-and -anomer of
KIZ acetylgalactosamme At the same time all pancreatic acinar cells failed to react with HPA, a
lectin specific to e-anomer of N-acetylgalactosamine, On the basis of the negative reaction of the
acinar cells to HPA and the positive reaction of some acinar cells to PNA and others to BSA-1, we
could exclude the existence of f-anomer of the N-acetylgalactosamine but only galactose and _-

anomer of N-acetylgalactosamine were existed as te

inal carbohydrate residues. The heterogen-
ic reaction of PNA and BSA-1 with some pancreati¢ acinar cells while other were not supports
the suggestion of Jeraldo et al. (1996) who demonstrated high heterogeneous labeling of zymo-
vgen granules content. The existence of u-galactose was confirmed in pancreatic acinar cells of
rat by Schulte and spicer (1984) and Detza et al. [(1998). The latter authors supposed that it

has biological active role in digestion of fibers.

In addition to galactose and B-anomer of the N-acetylgalactosamine, the a-anomer of the N-
acetylgalactosamine could be detected in the apical cell membrane of the lining epithelium of the
interlobwlar, ducts as revealed by positive reaction to HPA. Physiclogically these types of sugars
were concerned with the polarity of the cell surface|(Jonas, et al., 1991) and so could play a
role in protection of the cells against the effect of the luminal fluid bathing the cell apices, espe-

cially in the gastrointestinal tract (Spicer et al., 1979).

In the .present study, the. detection of PNA reaction in some pancreatic acinar cells as well
as the apical cell borders of the interlobular duct was in agreement with Stoward et al. (1980)
who reported that PNA has selectively reacted with secretory bodies and exclusively in Golgi cis:
ternae and the apical cell surface in various cell es. This indicates that galactose oceurs;
transiently as a terminal residues. Lotan et al. (1975) reported that the most complementary
structure for PNA binding is the terminal dimer galactose and N-actylgalactosamine. 1\*’10::1!:1'1:111‘1'j
(1980} added that, oligosaccharide chains contdining the terminal dimer galactose N-
actylgalactoseamine form a portion of core region of| O-glycosidically linked secretory glycoprb-
teins which are largely restricted to epithelial secretions.

The current investigation showed strong reactior{ to WGA at the cytoplasm oi'i all pancreatic
acinar cell apices and intensively reacted at the cyto‘ alsm of the apical region of the columnar
epithelium lining the interlobular ducts. This reacti(j)n revealed terminal N-acetylglucoseamirfé
and sialic acid as terminal carbohydrate residues. Pln#o et al. (2000) demonstrated a slgnificaht
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increase in WGA reaction in the pancreatic acinar cells due to fusion of zymogen granules with
plasma membrane as suggested by exocytosis which observed by electron microscopy. They ob-
served loss of N-acetylglucoseamine and/or sialic acid by examination of glycoconjugates in
plasma membrane when acute pancreatitis was induced by duct obstruction. The present study
revealed N-acetylglucoseamine and/or sialic acid stored in the cell apices of pancreatic acinar
cells, area of aggregated zymogen granules. This result is in parallel with Garcia Montero et al.
{1997). They reported that, pancreatic zymogen granules contained N-acetylglucosamine which
was increased when rats were treated with hydrecortisone and decreased by adrenalectomy. Wil-
lemer et al. (1990) demonstrated that, Golgi apparatus of pancreatic acinar cells as well as
membranes of condensed vacuoles, zymogen granules and lysosomal bodies to be increased in
its affinity to WGA. The present study reported an intense reaction to WGA in the cytoplasm of
apical region of the lining epithelium of the interlobular duct. These results were in agreement
with the explanation of Palade (1975} who reported that reactive glycoconjugates in secretory
granules and Golgi complex observed in the epithelial cells support the concept that secretory
glycoconjugates are elaborated in Golgi complex, packaged in the secretory granules and trans-
ported to the épical cytoplasm and released to the lumen. So secretory glycoconjugates are re-
leased by exocytosis (Suprasert et al,, 1986). Histophysiologically, sialic acid residues of carbo-
hydrates are known to coat the mucosal surface as to provide a hydrophilic environment
designed to preserve hydration (Jeanloz and Codington, 1976 and Montreuil, 1980). In addi-
tion these saccaride residues seem to function in protection of the cell from pathogenic organ-
isms (Schult and Spicer, 1984).

The present investigation showed clear intense reaction to con-A at the basal region of the cy-
toplasm in the all pancreatic acinar cells, as well as in the luminal secretion of the interlobutar
duct. This reaction indicating a-D-mannose and «-D-glucose as terminal carbohydrale residues.
Jonas et al. (1991); demonstrated that Con-A strongly reacted with basolateral glycocalyx as
conserved with junction complexes between the cells. The present study emphasizes the pres-
ence of this reaction at the basal cell region of the pancreatic acinar cells, the same area of basal
basophilia in (H & E) staining. This result was conlirmed by Hebert et al. (1895) who explained
trimming and reglucosylation activity of endoplasmic reticulum and established a direct correla-
tion between glycosylation and folding. Willemer et al. (1990) reported that rough endoplasmic
reticulum and the nuclear envelope of acinar cells were selectively reacted with Con-A.

The present study revealed a lack of reactivity in the pancreatic islets of Langerhans to all
types of lectin used. Patzettc and Weber (1986) reported that, in rat pancreatic islets O-
glycosidic linkage of sugars has not been reported for prohormones. They added that the appar-

ent absence of N-glycosidically bound sugars in proglucagon gives evidence for an unusual type
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of protein glycosylation.

Finally, it was concluded that, pancreatic acinar cells of monkey contained galactose as a ter-
minal transitionally located carbohydrate residues and N-acetylglucosamince and/or sialic acid
as terminal carbohydrate residues condensed in their zymogen granules also contained o-D-
mannose and glucose as a terminal carbohydrate residues in their basal cytoplasm. However,
the lining epithelium of the interlobular duct functionally secretes, N-acetylglucosamine and/or
sialic acid. However, their apical cell membrane contained galactose and N-acetylgalactose-
amine as structural units.
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Table (1):
Lectins Common L Abb'revla- Concentra Carbohydrate- Sugar binding
o abled tion tion used A . . .
Scientific name name (ag/ml) binding specificity inhibitor
Arachis hypogaca Peanut HRP PHNA 100 Gal-B-{1-3)-Gal NAC [Lactose
Concanavalin ensiformis | Jak bean HRP Con A 20 -D)-Man, a-D-Glc -d-methyl man.
11clix pomatia oman snail| |IRP HPA 6 a-D-Gal NaC f-D-GalNAc
" - Wheat germ| FIRP WGA 6 [B-(1-4)-D-GLCNAC) NeuNAc
Triticum vulgaris 2 Neu NAC
Geriffonia simplicifoila Eyandt?n'a ) J HRP BSA-1 20 a-D-Gal, ¢-D gal NAC GalNAc
implicifolia

Abbreviations; Gal= Galactose; Gle=Glucose;

Gal NAC= N-acetylgalactosaming;

Glec NAC = N-acetylglucosamine; Man=Mannose;
NeuNAC = N-Acetyl neuraminic acid (Sialic acid).

HRP= Horsraddish peroxidase.

Comparative staining of monkey pancreas with horsraddish peroxidase conjugated

lectins.,
Ilistochemical stnining

method | oA WGA PNA 1PA BSA-1
Cell types
Acinar cells 3 2 0-3 0 0-2
Epithelium of interlobular ducts 0 3 3 2 2
Islets of Langerhans 0 0 0 0 0
Intense reaction =3 Strong reaction =2

Weak reaction =1

Mansoura, Vet. Med. J.
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Fig. (1) : A photomicrograph of a scciion of mornkey's pancreas showing, serus acind (A, interca-
lated duct (arrow) lined by coboidal epitheliom and interlobular duct (double arrivws) lo-
cated at the interfobular conneclive tissue and lined by columnar cpithelium (H & E,
bar=100 p).

Fig. (2) : A photomicrograph of a section of monkey s pancreas showing, acinar cells (large ar-
rows) having spherical nuclei surrounded by basophilic cytoplasim. llat pale stained
centroacinar cells (small arrows), and islets of Langerhans (L) (H & E. har=100 p).

Mansoura, Vet. Med, .J, ' Vol. VI, No. 2, 2003
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Fig. (3) : A photomicrograph of a section of monkey's pancreas showing, intense staining with
Con-A indicating terminal o-D-mannose and o [-glucose stored in the cytoplasm of the
basal recions of all acinar cells (A) and in pancrealic juice (arrow) in the lumen ol inter-
lobular duct (D) lack of reactivity in the lining epithelium of the intercalated duct (C)
and isleis ol Langerhans (L) (HRP/Cari-A, Lar=100 y}.

Fig. (4) : High magnification of (Fig. 3) showing intense stalning al the basal cytoplasm of all aci-
nar cells [Large arrow) and also in the pancreatic juice {small arrow) and contrasted
with a lack of reactivity in islets of Langerhians (L), lining epithelium of the intercalated
ducts (o} and lining epithelium of interlobular duct (D) (HEP/Con-A, bar=100 p).

Mansoura, Vet. Med. J. Vol. VI, No. 2, 2003
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Fig. (5) : A photomicrograph ol a section of monkey's pancreas showing, strong staining (dark
brown) indicated terminal N, acetyleglucosamine and/or sialic acid stored in the cyto-
plasm of the apices ol acinar cells (arrows) IWGA/HEP bar=100p).

Fig (6) : A photomicrograph of a section of monkey's pancreas showing, intense slaining [dark
brown) indicated terminal N, actylolucosamine and/or sialic acid stored in cvioplasm of
the apical region of the lining epithelium of the interlobular ducts (arrows) (HRP/PNA, x
bar =100 p}.
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Fig. (7) : A photomicrograph of a section of munkey’s pancreas showing, inlense staining indi-
cating terminal galactose and N-acetylgalactoseamine stored in cytoplasm ol some aci-
nar cells (arrows) and contrasts with a lack of reaclivity 1 islets of Langerhans (L)
(MREP/PNA, bar = 100u).

Fig. (8] : A photomicrograph of a section of monkey’s pancreas showing, intense slaining indi-
cating lerminal galactose and N-acelylgalactoseamine at the apical border of the lining
epitheliim of the interlobular ducts (arrows) (HRP, bar = 100u).
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Fig. (9) : A photomicrograph of a scction of monkey's pancreas showing, strong staining indicat-
ing terminal c-anomer ol the N-acetylgalactosamine at the apical border of the lining
epithelium of interlobular ducts arrows) and contrasts with a lack of reactivity in all
pancreatic acind (A) (HRP/HPA, Lar =100p).

Fig. (10) : High magnilication of Fig. (9) showing, strong staining indicating terminal «-anomer
of the N-acetylgalactosamine at the apical border of the columnar lining epithelium of
the interlobular duct (arrows) (HRP/HPA, bar = 100 p).
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Fig. (11) : A photomicrograph of a section of monkey's pancreas showing, remarkable variation
with the staining of BSA-1 indicating «-D-galactose anid o-D-N-acetygalactosamine. The
acinar cells surrounding the interlobular ducts show strong staining (large arrows)

while those in the deeper part show lack of reactivity (small arrows) (HRP/ BSA-1, bar
= 100 ul,

Fig. (12) : A photomicrograph of a section of monkey's pancreas showing, strong staining indi-

caling terminal o-D galactose, a-D-N actylgalactosainine at the apical border of the lin-
ing epithelium of the interlobular duct (arrows) (HIXP/ BSA-1. bar = 100p).
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