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ABSTRACT

Pancreata from nine adult healthy male and female of three monkey species were
used to study the distribuiion of the glycocoryjugacd sugar residues in situ, using a bat-
tery of lectins {Con-A. WGA, PNA, HPA and BSA-1). These lectins were used as a prob
and the horsraddish peroxidase (FIRP) as visualant. The results revealed, wide varia-
lions in the reaciions of the different pancreatic cellular structures with the used lec-
tins. While the apical cytoplasm of the all pancreatic acinar cells were uniformly react-
ed o WGA. the basal region of which nere reacted fo Con-A. Soine pancreafic uctnar
cells were positively reacted to PNA and BSA-1. others were negative (o themn and the
all were negalively reacted to HPA. The lining epitheliuni of the interlobular ducts react-
ed positively lo all the used lectins except Con-A. Islets of Langerhans were negalively

reacted to all the used leclits,

It was concluded that, the pancreatic acinar cells contained galaclose as a ferminal
lransitionally located carbohydlrate residue, also stored N, acetyglucosamine cuul/or
sialic acid as a ierminal carbohydsate residues condensed in their winoyen gramdes
also stored g-Dmannose and a-D glucose as terminal carbohydrate residues in their
basal cytoptasm. The lining epithclium of the interlobular duct secretes a mixiure of N-
acetylglucose and sialic acid, while their apical cell membrane conlained galactose and

u & § anomer of N, ucelylgalaclose amine.

INTRODUCTION

Carbohydrale-binding proteins called lectins, have become useful tools in deseribing various
celiular activity (Llener et al., 1986; Sharon and Lis, 1989). The complex oligosaccharides and
glycoproteins were described in a variety of cellular interaetions (Hynes et al., 1989). More re-

cently methods have evolved (or characterizing complex carbohydrates in situ depencing on al-
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flnity of labelled lcciins for speclilc sugar in pancreas of several species In rals (Jonasg et al.,
1991 and Takiyama et al.,, 1988); in dog and cats (Skutelsky et al., 1987) and In chicken
(Ghert et al., 1997). Little Infonnation about charactlerization of glycoconjugates in pancreas ol
primaies are avallable. This study aimed lo describe specilie glycoconjugate sugar residues and

their distribution in sjlu by usiing leetln marikers in pancreas of non-human primates.

MATERIAL AND METHODS
Anilmals :

The samples were colleeted {from threec species ol non-human primates obtained (rom depart-
mcent of anatomy. united graduated school of veterinary mncedteine. yamaguchl university, yamag-
uchi, fapan. all investigations were compleicd in the departinent of anatomy and hisfology. facul-
ty of vetcrinary medicine, Kaflr El-shelkh. tanta university, Egypl. A lotal ol nine adull male and
femalc animals were used for this invesiligation. Among these anlimals, threc wore of counnon
trecshrew monkeys (Tupaiidac glis), three were of slow rolis monkeys (Nyctieebus cocang) and

Lthree of common marmoset monkeys (Callithirtx jacehus).
Sample collection and tissues preparation:

According 1o Uc strict animal wclfare regulalions and the rules of the antial ethies cominit-
tee In Japan, the monkeys wcre saerlflced under deep anesthesia with an intravenous injectton
of pentobarbital sodium (50 mg/kg). The pancrcas was rapidly removed and picces of its tissue
were (Ixed in phosphate buffer sallne pH 7.4 (POS) containing 4% paraformaldchyde for 72 hottrs
and thoroughly rinsed in the same buffer. Sectlons of 4 pm thickness were deparalintzed in xy-
lenc and slained with Gill's heinatoxylin (Gill et al., 1974) and cosin (I1 & E) {or general hisio-
logtcal assessmcent. For detection of the binding sites of the sugar resldues. other scctlons were

subjccted to the histochiemical stainlng summarized in lable 1.

The horsraddish peroxidase (HRP) lectin technique:

The proccssing and stalning proccdure with the various leclins (lable 1) was shmilar (o that
described by Schulte and Spicer (1983b), Bancroft and Stevens {1996) and Rhodes and Mii-
ton (1998). Briefly, afler hydratlon, the sections were treatcd with 0.3% hydrogen peroxide, for
blocking the endogenous peroxidase enzyme rinscd in distilled walter and washed in 1% bovine
serum albumen (BSA) in 0.1 M PBS pH 7.4. The scetlons werce (lien Incubated fbr 12 hours al
4°C in either HRP-lectin (Sigma Clicmical Co. St. Louis, MO, USA), dissolved in 0.1 M PBS pH
7.4 (contain 0.} M NaCl,, 0.1 mM CaCly. MgCly, MnClg) and ihen rinsed three times in PBS.

The optimal concentration used with each lectin which allowed maximum stalning with mint-
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mum background was as listed in table 1. Visualization of the sites contatning HRP-lectin was
obtajined by incubating the slides with PBS containing 3.3 dlaminobenzidine tetrahydrochloride
(DAB) (25 mg/ 100 ml and 0.003% hydrogen peroxide) for 10 min. at room temperature. Slides
werc rinsed in dislled water, dehydrated {n graded ethanol solutions, cledred in xylene and
mouted in DPX.

Control reaction @

Control for the lectin staining was done by pre-incubation of the sections with the corre-
spoundtng haptten sugars inhibitors Jisted in table 1. The sugar inliibitors were employed at con-
centrations from 0.05 M to 1 M and complete elimination of the staining was obtained at 0.2 M.
The aim of this control was to test the efliciency of the specific staining for each sugér‘

RESULTS

General structure;

There were no signifieant varfations (11 the morphology, as well as lectin histochemistry of the
pancreata among the three studled species

Pancreas of monkey appeared as an encapsulated and lobulated compound tubulvacinar
gland. The acinar cells were foried of one cell type, serous in nature. pyramidal tn shape leaving
narrow lumina (FMig. 1). The acinar cells rested on a distinet basal lamina and had spherical
darkly stained nuclei. Thelr cytoplasm was charactcrized by basophilia at the basal rcgion and
around the nuclel, and by the presence of actdophilic zymogen secretory granules at the apical
region. The ductal portions were reperscnted by centroacinar cclls, intercajated ducts and inter-
lobular ducts. The centroacinar cells were formed of telescoping flat, pdlely stained cells located
in between the pancreatic acini and forming the nital portion of the Intercalated ducts wilich
were lined by cuboidal cells. The tntcrlobular ducts were present within the tnteriobular connec-
tive tissuc septa and were lined by high columnar epithelium (FIg. 1). Islets of Langerhans were
scaticred in the parenchyma. They appcured as sphercal clusleres ol lightly stained cells. These
lslets were interconnectcd by cords of lighrlgrllc,tainlng cells (Fig. 2).

Lectin histochemistry :
1-D-Mannoge and-a-D-glucosc-binding lectin{concanavalin ensiformis agglutinine;(con A):

The cytoplasm of the basal reglon of all pancreatic acinar cells was stained intensely

with con-A (Figs. 3 & 4). The lining cpithclium of the tntercatated ducts as well as that of
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the Interlobular ducts were negatively reacted to Con-A |, however the pancreatic juice at thetr lu-
mena were intensely reacted. The cell population in the islets of Langerhans were negatively re-
acted to con-A (Figs. 3 & 4).

2- N-acetyle glucosamine and slalic aeld binding lectin (Triticum vulgaris agglutinine;
(WGA) :

The cytoplasm at the aplces of all pancreatic acinar cells showed strong reaciion lo WGA
(Fig. 5). The lining epithelium of the large interlobular ducts cleared an intense reaetion 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 vlhers
were negative or weakly stalned (Flg. 7). The lining epithelium of the interlobular ducts showed
an intense staining to PNA at their aplcal membranes (Fig. 8). All cell populations of pancreatic
islets of Langerhans werc negatively reaeied with PNA [[ig. 7).

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

The all pancreatic acinar cells werc negatively reacted with HPA (Figs. 9 & 10). The
lining eplthelium of the interlobular ducts showced strongly reaction to MPA at thelr apical

borders. All cell populations of f{slcta of Langerhans were negativcly reacted with HPA
(Figs. 9 & 10).

5- Galactose and N, acetylgalactosamine binding Jectin (Girffonla simplicifolia aggluti-
nine; BSA-1)

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

BSA-1 (Fig. 12). The cell populations of isicts of Langerhans have not reacied markedly with
BSA-1.
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DISCUSSION

Lectin methods in the present study have incrcased the capacity for histochemical charaeterl-
zation and dlfferentiation of glycoproteins In the pancreas of monkey.

In Lhe present study some pancercatic acinar cells were strongly reacted with PNA while oth-
ers were reacted with BSA-1 Indicating the existence of galactose and both g-and p-anomer of
‘,lq-élncetylgalactosamlne‘ At the same tme all pancreatic aclnar cells lailed to react with HPA, a
lecUn specific to a-anomer of N-acetylgalactosamine. On the baasis of the negative reactlon of the
aclnar cells to HPA and the positive reactlon of some acinar cells to PNA and others to BSA-1, we
could exclude the existence of §-anomer of the N-acetylgalactosamine but only galactose and _-
anomer ol N-acetylgalactosamine were existed as terminal carbohydrate residues. The hcterogen-
lc reactton of PNA and BSA-1 with some pancreatic aclnar cells while other were not supports
the suggestion or Jeraldo et al, (1998) who demonstrated high heterogeneous labeling of zymo-
gen granules content. The exj’s/t’cnce of a-galactose was conlirmed in pancreatic acinar cells of
rat by Schulte and splcer (1984) and Detza et al {1998). The latter authors supposed that il
has biological active role in digeston of bcrs.

In addition to galactese and f-anomer of the N-acetylgalactosamine. the o-anomer of the:N-
acetylgalaclosamine could be detected in the apieal cell membrane of the lining epithellum ol the
interlobwdar ducta.as revealed by posltive reaction to HPA. Physlologically these types of sugary
were eancerned with the polasty of the cell surface (Jonas, et al., 1991) and so eculd 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 ot al., 1979).

In the present study, the detection of PNA reaction in some pancrcalic acinar cells as well
as Lhe apical cell borders of the Interlobular duct was in agreement with Stoward et al. (1980)
who reporied that PNA has selectively reaeted with secretory bodies and exclusively in Golgi cis~
temae and the apical cell surface In various cell types. This indicates that galaclose occurs,
transiently as a tenninal res{dues. Lotan et al. (1975) reporied that the most complementary
structure for PNA binding is the terminal dimer galactose and N-actylgalactosamine. Montreuil
(1980} addcd that, oligosaccharlde chains contalning the terminal dimer galactose N:
aetylgalactoseamine formi a.portion of core region of O-glycusidieally linked secretory glycopro-
teins whieh are largely restricted to epithelial secretions. :

The current investigation showed strong reaction tv WGA at Lhe cytoplasm of-all panereatic
acinar cell apices and intensively reacted at the cytopalsm of the apical reglon of the columnar
eplthelium lining the interlobular ducts. This reaction revealed terminal N-acetylglucoseamlne
and slalic actd as terminal carbohydrate residues. Pinto et al. (2000} demonstrated a slgnlncant'
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increasc in WGA reactlon in the pancreatic acinar cells due to fusion ol zymiogen granules with
plasma membrane as suggcsicd by cxocytasis which observed by electron microscopy. They ob-
served loss of N-acetylglueoseamine and/or slalic acld by examination of glycoconjugates In
plasma membrane when acute pancreatitts was Induced by duct obsiruction. The present study
rcvealed N-acetylglucoseamine and/or slalic acid stored In the eell aplces of pancreatle acinar
cells, area of aggregated zymogen granules. This rcsult is In parallel with Garcia Montera et al.
(1997). Thcy rcported that, pancreatic zymogen granuies contained N-aeetylglucosamine which
was increased when rats were treated with hydrocortisone and decreased by adrenalectomy. Wil-
lemer et al. (1990) demonstrated that, Golgl apparatus af pancreatic actnar cells as well as
membranes of condensed vacuoles, zymogen granules and lysosomal bodies to be increased in
its affinlty to WGA. The present study reported an intense reaction to WGA In the cytoplasm of
apleal region of the lining epithellum of the interlobular duct. These results were in agreement
with the explanation of Palade (1975) who reported that reactlve glycoconjugates in secrelory
granules and Golg! complex observed In the eplthelial cells support the concept that secretory
glyeoconjugates are elaborated In Golgl complex, packaged in the secretory granules and irans-
ported to the ﬁpical cyloplasm and released to the lumen. So seeretory glycoconjugales are re-
leased by exocytosis (Suprasert et al., 1986). Histophysiologically. slalic acid residues of carbo-
hydrates are known to cocat the mucosal surfacc as to provide a hydrophllic environment
designed to preserve hydration (Jeanloz and Codington, 1976 and Montreull, 1980). In addi-
tlon these saccaride residues seem to function in proteetion ol the cell [rom pathogenic organ-
isms [Schult and Splcer, 1984).

The present investigation showed clear intense reaction to con-A at the basal reglon of the cy-
toplasm n the all pancreatic aefnar ceils, as well as in the luminal secretion of the luterlobular
duct. This reactlon Indicating a-D-mannose and a-D-glucose as terminal carbohydrale residues.
Jonas ct al, (1991); demonstrated that Con-A strongly reacted with basolateral glyeocalyx as
eonserved with Junction complexes hetween the cells. The present study emphasizes the pres-
ence of this reaction at the basal cell vegion of the panereatic aclnar cells, the same area of basal
basophilla in (H & E) staining. This result was confirmed by Hebert et al. (1995) who explained
trimming and reglucosylation aetivity of endoplasmic reticulum and established a direet correla-
tion between glycosylation and [olding. Willemer et al. (1990) reported that rough endoplasmile

retieulum and the nuclear envelope of aeinar cells were selectlvely reacted with Con-A.

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

ent absence of N-glyces!idically bound sugars in proglucagon glves evidence for an unusual tvpe
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of protein glycosylation.

Finally, it was concluded Lhat, pancreatic acinar cells of monkcy contained galactose as a ter-
minal transitionally lacated carbohydrate res{dues and N-acetylglucosamine and/ar stalic acid
as terminal carbahydrate residues condensed in thelr zymogen granules also contatned a-D-
mannose and glucose as a terminal carbobydrate residues in their basal cytoplasm. Howecver,
the lining epithehum of the Interlabular duct functionally secretes. N-acetylglucosamine and /or
slalic acid. llowever, their apfcal cell membrane contained galactose and N-acetyigalactose-
amine as structural units,
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Table (1):
Leeiing Common Labled Abl:lrcvln- Cﬂo "“n": Carbohydrates Sugar bindiag
Sclentific nsroe name on on lae binding specifcity inbibitor
) Apg/mi)
Arachis hypogeen Poanpt VIRP PNA 100 [Gal-f-{1-3)-Cal NAC__[Laciose
Concanavalin ensifornus | Jak bean | IRP Con A 20 -D-Man, u-D-Glc -d-methyl man.
1iclix pomatia man snall|  1IRP 1IPA 6 p-D-Gal NaC _1-D-GalNAc
] . gwmsu germ{ HRP WGA | G [B-(14)-D-GLCNAC) NeuNAc
Triticein vulgaria . 2, Neu NAC
o e e deria HRP BSA-) 20 -D-Gal, a-D gal NAC GalNAc
Geriffonia simplici{oila simplicifolia | f o

Abbreviations: Gal= Galaclose; Glc=Glucose;
Gal NAC= N-acelylgalactosamine;
Glc NAC = N-acetylglucosamine, Man=Mannase;

NeuNAC = N-Acelyl neuraminic acid (Siolic acid).
HRP= Horsraddish peroxidase.

Comparative staining of monkey pancreas wilh horsraddish peroxidase conjugated

lectins.
liatochemlenl sintning

meihod | o)) A WGA PNA HPA DSA-t
Cell (ypen
Acinar cells k] 2 a-~3 0 a-2
Epithelivin of interlabular ducty Q k] 3 2 2
Istets of Langerhans 4] 0 0 o o]
Intense reaction = 3 Strong reaction =2

Weak reaction = |
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Fig. (1) : A photoinicrograph of a seciion of inonkey's panereas shiowing, scrus acini {A). inierca-
lated duct (arrow) linied by cubojdal cpithelium and inierlobular duet {double arrows) lo-
cated at the interlobular canncelive tissue and lined by coluinnar epithelium (11 & E,
bar=100 p).

N

Fig. (2) : A photomicrograph of a section of monkey s pancreas showing, acinar celis (large ar-
rows) having sphcrical nuclet surrounded by hasoplilic cytoplasm. flat pale s(ained
centroacinar cells (small arrows), and islets of Langerhans (L} (I & E. bar=100 p).
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Fig. (3) : A photomicrograph of a seetion of monkey's pancreas showing, intense staining with
Con-A indicating terminal a-D-mannose and a-D-glucose stored in the cytoplasm ol the
basal regions of all acinar cells (A) and in pancrealic juice (arrow) in the lumen of inter-
lobular duct (D) lack of reactivity In the lining epithelium of the interealated duet (C)
and islets ol Langerhans () (HRP/Con-A, bar=100 ).

Fig. (4) : High magnification of {Fig. 3) showing intense staining at the basal cyloplasm of ail aci-
nar cells (Large arrow) and also in the pancreatic juice (small arrow) and contrasted
with a lack of reactivity (n islets of Langerhans (L), Ining epithelium ol the intercalated
ducts (e} and lining epithellum of interlobular duct (D) (HRP/Con-A, bar=100 p).
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Fig. (5) : A photomicrograph ol a seclion ol monkey's pancrcas showing, strong staining (dark
brown) indicated ternunal N, acelyleglucosamine and/or sialic acid stored in ihe cyti-
plasm ol the apices ol acinar cells (arrows) (WGA/TIRP bar=100y).

Py o

LR o

AR,
LI . .

Ty

Fig (6) : A photomicrograph ol a sertion of monkey's pancrcas showing. intense slaintng (dark
brown] indicated terminal N, actylglucosamine and/or sialic acid stored in cytoplasm ol
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 sertion of monkey's pancreas showing, inlense stainng indi-
cating terminal galactose and N-acetylgalacloseamine stored in cytoplasm of sonie aci-
nav cells (arrows) and conirasts with a lack of reactivily in islets of Langerhans (L)
(HRP/PNA, Dbar = 100u).

Fig. (8) : A photomicrograph ol a section of maonkey's pancreas showing, intense staining indi-
cating terminal galactose and N-acetylgalactnseamine at the apical border ol the lining
epithelium of the interlobular ducts (arrows) {BRP.,  Dbar = 100p).
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Fig. (9] : A pholumicrograph of a scction of moukey's panereas showing. stvong staiting indicat-
ing terminzl ¢-anomer of the N-acetylgalactosamine at the apical border of the lining
epithellum uf interlobular ducts 1arrows) and conirasts with a laek of reactivity in all
pancreatic acini (A) {HRE/HPA. Lar =100p).

L v

Fig. (10) : lligh magnification of Fig. (9) showing, sirong staining indicating terminal a-anomer
ol the N-acetvlgalactosamine at the apical border of (ie columnar lining cpithelium of
the intevlobular ducl farrows) (1IRP/HDPA, bar = 100 ).
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Pig. (11) : A photomicrograph of a section ol monkey's pancreas showlng, remnarkable variation
with the staintng of BSA-1 indicating o-D-galaclose and a-D-N-acciygalactosamine, The
acinar cells surrounding the inlerlobular ducts show strong staining (large arrows)

while thase in the deeper part show lack of reactivity (small arrows] (HRP/ BSA-1, bar
= 100 p).

Fig. (12) : A photomicrograph of a section of monkey's pancrceas showing, strong staining indi-
cating terminal a-D galactose, a-D-N actylgalaciosaminc at the apical border of the lin-
ing epithelium of the interlobular duct (arrows) (IIRP/ BSA-1, bar = 100p).
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