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ABSTRACT 

Pancreaia Jrom nine adult healthy male and Jemale qf three monke9 ~peries U'L'rc 

rJ..Sed to sltLdy the dis/rlbut/oJ1 ~rthe gL!)coeol!lugaed sugar residues in situ. using a bat­

tcry oj IccHns (ConA WGA, PNA, HPA and BSA-l). T1lCse ieclins were used as a pmb 

and the horsraddish peroxid.ase (HRP) as visualant. T11e results revealed, wide varia­

lions in the reactions oItlie different pancreatic cellular slrudHres with I/lt:' used lee­

!ins, While lhe apical cytoplasm oj the all pancrea(ic aetnar cells were lmijormlu react­

I'd 10 WGA tile basal regioll Qf which IHI"'W reuded 10 Con-/\. Some pancrealic (jcCnar 

cells were posHtt-el!) reacted (0 PNA and 851\-1. others were llegafiL'c 10 them alld Ihe 

all wer'e negativel!1 reacted to /-lPA. TIle Un/ng epillle/Lwu u/Lite lnterloblilar duels reacl­

ed posilitle[~j to aillhe used lectius except Con'A. Islets qfLaHgerhans were negatively 

rp(!cled 1.0 all the rJ..Sed leclif!s, 

II WQ$ concluded that, the pancreatic acinar cells contained aalar-Lose as a {ermillcd 

lranMtion((lly located carboliydrate residue, also slored N. acet Uglllcosalllirll' lind / or 

sialic acid as a terminal caruohudrtl'''' resiilues condensed in illeir l.~IfI~CII grallules 

also stored. a-Dmannose and a-D glucose a.. .. lenninal carbohydrate residues iii their 

basal cylopliL'ml. The lining epithelil1m oj the illleriobular duct secretes a mixtUre Qf N, 

acetylgiucose and .'iialic acid, while their apical cell membrane contained galaelose alld 

u & {J anomer oj N, llcel!)lgalaclose amine, 

INTRODUCTION 

J25 

Carbohyd,'ale-binding proleins called lectins, have become useful lools in describing various 

cellular activity [Llenel et a)., J 986; Sh8.lon anti Us. 1989), Till'" complex olil-!0saechilridcs and 

glycoproteins wen:- described in a variety or cellular lnteraetlons (Hynes et a1 .• 1989). More re­

cently methods hdl.'C evolved ror charaderizlng complex carbohydrates ill situ depending- on aI-
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finity of labelled lccUns for specJOc sugar In pancreas of sevcral species In rats (Jonas et al .• 

1991 and TaklyamD et al .• 1088): In dog and cats (Skutelsky et DI •• 1987) ~nd In chicken 

(Gherl et al .. 1997). LitUe IllfonnaUon auout eharaelcrlwtion of glycoconjugalcs ill pancrcas of 

prImatcs are avaHablc. This study ilimed lo deserlbc spcdnc glycoeonJugalc sugnr residues and 

thcir dlstrIbullon In situ \Jy using Iectln mai"l{crs In pancreas of non-human primatc~_ 

MATERIAL AND METHODS 

AnImals: 

The samples were colleeted from three species of non-human primates obtained ("rom c\rpart­

mcnt of anatomy. unltcd graduatcd school of velcrin.lIY medicine. yamaguchi ulliversity. yamag­

uchi. japan. all investlgallom; WlTC completed In thc departmcnt of anaLomy .md hl!';I()I()~. facili­

ty of veterinary medicine, Kafr EI-shelkh. tanta university, ~gypl. A total 0[" nine adult male and 

female animals were used for this Invesltgation. Among thcse animals. three were of cumlllUll 

treeshrcw monkeys O'upaiidae glis) , thrcc were of sluw rolis monkeys (Nyelieebus cocangl and 

three of common marmoset monkeys (CaUilhrL"( jaeehusJ. 

Sample collectlon and tl!lsues preparation: 

AccordIng to thc strict animal welfare regulallulls .,,11d lhe rules of the animal ethics commit­

tee In Japan, the monkeys were saerificed under deep ane~thesi{\ with an Intravenolls injection 

of pentobarbital sodium (50 mg/kg). The pancreas w~s rapidly removcd and pieces of its tissue 

were fixed tn phosphate \JulIcr saUllc pH 7.4 (POS) containing 4 0lb pal'afonnatdchydc for 72 hnurs 

and thoroughly rinsed in the same burreL SectIons of 4 J,llll thiclmess were depnralln/zed III xY­

lenc and slained with Gill's hemaloxylin (Gill ct al .• 1974) ancl eosin (\-1 & E) for ,L!;ellerai hislo­

logical assessment. For detection of the binding sites of the sugar residues. olher sections were 

subjccted to the histochemical staining summarized in lablc 1. 

The horsraddlsh peroxidase (HRP) leetln technique: 

TIle processing and staining procedure with the various lecUos (ta\Jle 1) was similar lo that 

described by Scbulte ond Spicer (l983b). Bancroft and Stevens (1996) and Rhodes aod Mil­

ton (1998). BrIe(]y, after hydrallon, the sections were treated \I.'ith 0.3% hydrogen peroxide, for 

blocking the endogenous pcroxJdClse enzyme rinsed in dIstilled water and wash€d In 1% bovine 

serum albumen (I3SA) in 0.1 M PBS pH 7.4. 111e sectlons werc lhen Incubated for 12 hours al 

4°C in eitheT HRP-lecUn (Sigma Chemical Co. St. Louis, MO. USA). dissolved In 0.1 M PBS pH 

7.4 (contain 0.1 M NaCl2 , 0.1 mM CaCI2. MgCI2. MnCI2) and then rinsed three lIme!i In PBS. 

The optimal concentration used with each leclln which allowed maximum staining with mlnl-
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mum background was as Hstci in table L Vlsu.allzaUon of the siles containing HRP-lecUn was 

obWned by Incubating the sl1des with PBS containing 3.3 dlaminobenzldine tetrahydrochlonde 

{DAB} (25 mg/lOO ml and 0.003% hydrogen peroxide) for 10 min. at room temperature. Slides 

were rinsed In dtsUlled water. dehydrated In gradcd ethanol solutions. c1Cdred In xylene and 

mounted in UPX. 

Conbol reaction: 

Control for the lectin staining was done by pre-incubaUon of the sections wllh the correa 

spondlng haptten sugars inhibUors Usted In table 1. The sugar Inl.llbJtors were employed at con­

centrations from 0.05 M to 1 M and complete elimination or the staining was obtained at 0.2 M. 

The aim of this control was to test the efficiency of the specHtc staining for each sugar. 

RESULTS 

General structure; 

There were no slgnlfieant varlaUons In the morphology. a~ well as tecHn hlslochemlstry of thc 

pancreata among the three studied species 

Panrreas of monkey appeared as an encapsulated and lobulated compound tubuloar.1nar 

gland. 1be acinar cells were formed of one cell type. serous In nHture. pyramidal III ~hape leaving 

narrow lumin<l (Fig. I). The acinar cells rested on a distinct basal lamina <lnd llad spherIcal 

darkly stained nuclei. Their cytoplasm was characterized by basolJhllia at the basal region and 

around the nudel. and by the presence- of acidophUlc zymogen sf'cretory granules at the apical 

region. The ductal portions Wf're reperscntcd by ccntroaclnar cells. intercalated ducls and intf'r~ 

lobular ducts. TIle centroacinor cells were formed of telescoping flat. pdlely ~tain('-d Cf'lIs located 

In betwef'n the pancrcaUc acini and lortnIng the mitlal portion uf the Intercalated ducts which 

were lined by cuboidal cells. The intcrlobular ducts were vresent within the Int.crlobular connec­

tive tissue septa and were lined by high columnar eplthrlium (Fig. I). Isld~ of Langerhans were 

scattered in the parenchyma. Th~y appcarep. as spherical cluslen:~ of lightly ~tained cells. These 

l.!>lets were interconnected by cords of Ughtly staining ccll~ (Fig. 2). 

Lectin histochemistry : 

I-D-Mannose and.a.-D~g1ucoae-blndiDg lectln(concanavalln enaiformis aggJutinJnej(con AJ: 

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

with con-A (pIgs. 3 & 4). The lining cptthc!ium of the Intercalated ducts as well as that of 
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the Interlobular ducts wert: nt:gativcly reacted to Con-A. however the pancreatic Juice at the(r lu­

mf"na were intensely reacted. The cell population in the islets of Langerhans were negatively re­

acted to con-A (FIgs. 3 & 4}. 

2. N-acetyle gtucollamlne aDd slalle: acid blDdinglectln (Triticum vulgaris agsluUnlnc: 

(WGA); 

The cytoplasm at the apices of all pancreatic acinar cells showed strong reaclJun 10 WOA 

(Fig. 5). The lining epithelium of the large Interlobular ducts cleared an Intense reaetlon at the 

apical region of their cytoplasm (Fig. 6). The cen populations of Islets of Langerhans were nega· 

tively reacted to WGA. 

3- GlIlactoilc aDd N-acetylgalactoaamlDe bindlng lee:tln (Aracbls bypogaea aggtuUnlne: 

(PNA) : 

The cytoplasm of some pancreatic acinar cells were lntensely stained With PNA while oLhers 

were negative or weakly stained (FIg. 7). The lining epithelium of the interlobular duets showed 

an intense staining to PNA at their apical membranes (Fig. 81. All cell populations of pancreatlc 

islets of Langerhans werc negatively reaeted with PNA (FIg. 7). 

4-N-ae:ctylgaJacloseamlne bln41ng IcctJ.a Helll: pomatia aggJuUDine; (HPA): 

The all pancreatic acinar cells were negati\lely reacted with BPA {F1gs. 9 & to). TIle 

lining eplthelium of the interlobular ducts showed strongly reaction to BPA at thell' apical 

borders. All cell populations of Islets of Langerhang Wf'rf'. negatLvcly reacted with HPA 

(FIgs. 9 & 10). 

5 A Galactoee and N. acetylgalactoaamlue b1DdJ.ng JectJn (Glrffonla elmpUclfolta. agglud­

nlDej 8SA-I) = 

The pancreatic adnar cells varied markedly 1n their reactlvlty wlth BSA·l. Whtle their cyto­

plasm was stained strongly at the pertpheral region of the pancreaUc lobule and around the In­

terlobular ducts. they were st.a.Jned weak or negative at the deepest regions (Figs. 11 & 12). The 

apical ct"l1 borders of the Uning epithelium of the interlobular ducts showed strong reaction with 

BSA-l (Fig. 12). Thc ceU populations of islets of Langerhans have not reacted markedly with 

BSA·l. 
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DISCUSSION 

Lectin methods In the present study have Increased the capacity for histochemical charaeterl­

zaUon and dlfferenUaUon of glycoproteins In the pancreas of monkey. 

In lhe present study I"ome pancercaUc acinar (ells were strongly reacted willi PNA while oth~ 

ers were reacted With BSA~ 1 IndicaUng the eXistence of galactose and both a.-and I,\-anomer of 

~-~cetylgalactosamlne. At the same Urne all pancreaUc acinar cells failed to react With HPA. a 

lecUn specific to (X-anomer of N-acetyl~alactosamlne. On the basis of lhe negative reacUon of the 

acInar cells to HPA and the poslUve reaction of some acinar cells to PNA and olhers to BSA-l, we 

could exclude the ex:.\stence of ~-anomer of the N-acetylgalactosamlne but only galactose and _~ 

anumer ofN-acetylgaJaclosamine were eJdsted as termInal carbohydrate residues. The hcterogell~ 

Jc reac;Uon of PN.~ and BSA·l wtth some pancreatic acinar cens while other were nut supports 

the suggestion of Jeraldo et aI. (1996) who demonstrated high heterogeneous labeling of rymo­

gen granules cuntent. The existence of a-galactose was conllrmed In pancreatic aCinar cel~ ... 9f 

rHt by Schulte aDd spiceI' (1984) and Detze et al. (l998). The latter authors supposed (hat It 

has biological acUvc role in dlgesuon of IIbcrs. 

III addition to galactose and ~-anomer of the N-acetylgaladosamlOe. t.he: (t-anomer of thelN­

acetylga1acll.l~amtne could be detected in the apleal cell membrane of the lining epithelium or the 

Inlerlob~r ,.uc;t;:r. .. as revealed by posItlve reacUon to HPA. PhysIologically these types of sugars 

were eont:'~rr;.ed iYJ1th the pulartty of the cell surface (Jona8, et al .• 1991) and so could play)a 

role in protection of the cells against Ule effect of the luminal flUid bathing the cell apices. espe· 

cially in the gastrOintestinal tract (Spleer et aI .• 1979). 

1n the presenl study, the detecUon of PNA reactton In some pancrcalic acinar c('Us as well 

as the apical cell borders or the lnterlobular duct was In agreement wIth Sto'Ward et al. (IQ80) 

who reported ~t PNA has seleeUvely reaeted wiUl secretory bodies and exclUSively in Golgi 'clR'-' 

ternae and the apical .cell surface In vartous cell types. TIlts indIcates that galactose occurs: 

tranSiently as a tenninal residues. Lotan et aI. (1915) reported that the most complementary 

structure for PNA binding 'is the terminal dimer galactose and N-actylgalactosilmlne. MonUeu.ll 

(I QSOl added that. oligosaccharide chains containing the terminal dimer galactose N; 
aetylgalactoseamine toml 3. portion of corf' reglon of O-glycu~ldleally linked secretory glycopni-! 

telns whieh are largely restrlcted to epithelIal se("retions. 

The current 'nve~UgaUon showed strong reacUun to WGA at lhe cytoplasm of all panereaUc 

aclnar cell apices and Jntensively reacted at the cytopalsm of the apical region of the columnar 

epithelium Hning the, lnterlobular ductlC;. This'reaction revealed terminal N-acetyJglucoseamlne 

and sialk acid as termlnal carbohydrate rei'iidues. Pinto et aI. (2000) demonstrated a significant' 
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increase 'n WGA reaeUon tn the pancreatic acinar cells due to fU:Sion of zymogen granules with 

plasma membrane as suggcstcd by cxocytosls which ob~lVP,d by electron microscopy. They ob­

:served loss of N-acetylglueoseamlne and/or sIalic acla by examInation of glycoconjugates 1n 

plasma membrane when acute pancreatitis was lnduced by duct obstruction. The present study 

revealed N-acetylglucoseamine and/or slaltc acid stured In the eeU dPJces of pancreatic aCinar 

cells. area of aggregated zymogen granules. ThIs result is In pa.rallel with Garda Montero et aI. 

(1997). They reported that. pancreaUc zymogen granules contained N-aeetylglueosamine whIch 

was Increased when rats were treated With hydrocortisone and decreased by adrenalectomy. WU· 

lenter et aI. (1990) demonstrated that. Golgi apparatus of pancreatic aclnar cdls as wdl a5 

membranes of condensed vacuoles. zymogen granules and lysosomal bodl~s LO be increased In 

Us alTmlty tu WGA The prcsent study reported an intense reaction to WGA 1n the cytoplasm of 

apical region of the 1inin~ eplthellum of the interlobular duct. These results were in agreement 

with the explanation of Palade (1975) who reported that reactive glycoconJugates 1n secrelory 

granules and Goigi complex observed In the epithelial cells support the concept that secretory 

glyeoconJugates are elaborated In Golgl complex. packaged In the secretory granules and trans­

IJOrted to the apical cytoplasm and released to Ule lumen. So seeretory glycoconJugales are re­

leased by exocytosls (Suprasert et aI •• 1986). Hlstophystologicully. slalic acid residues of carbo­

hydrates are known to coat Ule Olucosal surface as to provide a hydruphilic environment 

designed to preserve hydraUon (Jeanloz and eodington. 1976 and MontreuU, 1980). tn addi­

l1un these saccaride residues s~m to funcUon In proteetion or the cell from pathogenic organ­

isms (Schult and Spicer. 1984). 

The present investigation showed dear Intense reaction to con-A at the basal regIon of Ille cy­

toplasm In the all pancreatic aeinar cells. as well as In the luminal secreUon of the Il1tedobuJ.u­

duct. This reacllon Indicating (X-D-mannose and (.t-D-glucose a~ temllnal carbohydrate residues. 

Jonas et aI. (1991); demonstrated that Con-A stron~ly reacted wfth basolateral glyeocalyx as 

eonsf'l"\I'oo with JuncUon complexes between Ule cells. The present study emphasizes the pres­

ence of this reacUon at the basal cell reg10n of the panereatlc acinar cells. the same area of basal 

basophilia in (H & E) stalnlng. This result was confirmed by Hebert et aI. (1996) who explained 

trtmmlng and reglucosylatlon aeUVIty of endoplasmic reUculum and established a direet correla­

tion between glycosylaUon and folding. WWeIDcr et aI. (1990) reported that rough endopiasmie 

retieulum and the nuclear envelope of aelnar ceUs were selectively reacted With Con-A. 

The present study revealed a laek of reacUvity in the pancreatic Islets of Langerhans to all 

types of lectin used. Pat2ettc and Weber (1986) reported that. In rat p<inereatlc islets 0-

glyeoSidte Unkage of sugars has not been reported for prohonnones. They added that the appar­

ent absence of N-glycosJdlcany bound sugars in proglueagon gJves evidence for an unusual type 
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of protein glycosylatJon. 

Finally, It was concluded that. pancreatic adnar cells of monkey cOHlalned galactose as a ter­

minal transftlonally localed carbohydrate residues and N-acetylglucosamtne and/or sialic acid 

as terminal carbohydrate residues condensed In their zymogen granules also contaIned a-D­

mi:innose and glucose as a temllnal carbobydrate residues tn their basal c.ytoplasm. However. 

the lining epithelium of the Interlobular dud functionally secretes, N-aeetylglucosamlnc and/or 

sialic acid. Ilowever. thelr apical eel! membrane contained galactose and N-acetylgalactose­

amlnf" as structural unIts. 
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Table t : 
Ledlnl COIllIllOD 

Abbre\'la-
t.bkd tlOIl 

SclcnUIk ... me Dalllt 

URI" I'NA 
IlRP' Con A 
IIRI" lirA 

III~" WGA 

ttifTooia limplic;iroiJll 
HRP USA·I 

Abbreviations: Gal= Galactose; Glc=Glucose; 
Gal NAC= N.acetylgalac{osamine; 
Gle NAC = N-acetylgluco.wJmine; Man=Manllose; 
NeuNAC .,. N-Acetyl neuraminic acid (Sialic acid). 
HRP= Horsraddish peroxiclase. 

Conce,. t ra Carbohydrate. 
blndl"lspccU'lchy 

C 

6 
6 

20 GalNAc 

Comparalive stainins of mOil key pancrells with horsraddish peroxidase conjugated 
lcetins. 

~ method Con A WGA 

C,,11 .)'pea 

Ac;H'ar~clls 

Epithelium ot inlCIIlobul. duct! 

blct. of Lanserhans 

Intense reactlon;= 3 
Weak reaction - 1 

l 2 

0 l 

0 I 0 

Strong reaction ;: 2 
Negative reaction = 0 

rNA IIPA DSA·1 

0-3 0 0 2 

3 2 2 

() 0 0 
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Fig. (I) : A photomicrograph of a sec(ion of monkey's pancrt'as sbowing. ser\1S acini (A). interca­

lated duct (arrow) Hlled by cuboidal ('pithelium and in\er\obular duct (duublc armws) lo­
('ated al the interiohul,lf conl\("",:Ul,'t: tissue and lined by coluJI\nar epilhdium (II & E. 

bar:: 1 00 ~). 

Fig .. (2) : A photomicrograph of a oecUOll of munkey s pancreas showing, acinar cells (large ar­
rows) having spherical nuclei surrounded by hLl,",Ophllic cytoplasm. Hal pale slained 

cClilroaclnar cells (small arrows). and islets of Langerhans (L) {H & E. bar: 100 pI. 
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Fig. (3) : A photomicrograph of a seetion of monkey's pancreas showlIlg. intense staining with 
Con-~ indicating tenninal a-O-mannose and a-D-glucosc s1ort'd in till' ('ytoplasl11 of the 
basal regions of all acinar cells (A) and in pancrealic juice (arrow) III the lumen of Inter· 
lobular duct (D) lack of reactivity In the lining epithelium of the Interealated duet (Cl 
and islets of Langerhans ILl (HHP/Con-A. bar= 100 ).I). 

Fig. (4) : High magnirtcatlon of (Fig. 3) showing Intense staining at the basal cytoplasm of all aci­
nar cells (Large arrow) and also in the pancreatic juicr (small arrow) and contrasted 
with a lack of reacUvHy In lslets of Langerhans (L), Ilnlng epithelium of the Intercalated 
ducts [e) and lining epithelium of interlobular duct (D) (H RP / Con-A. bar: 100 Il). 
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Fig. (5) : A photomicrograph 01 a sed ion or monkey's pancfeas showing. ~twng staining (dark 
brown) hidica1t'.d \cnmnal N. a('('[yl~p:(lu('()samint' ~md/of ~i(llk acid :stoft"d In the eytn­
plasm 01' the apices of acmar ccll~ {afrow~J (WGA/I 1I{P bM= I OO~). 

Fig (6) : A photomicrograph of <l section oj mnnkt"y's pan('n:a~ snDwing. intense slalntng (dark 

hrown) indicated terminal N. aetylgIu('osamim~ and/or ~ialic acid stored in cytopla~m or 
the apicaJ region of the lining epilhclium of the interlobular ducts (arrows) tHRP/PNA. x 
bi\l- :;; 100 fl), 

ltfansoura. Vet. ltfed. J. Vol. VI. No.2. 2003 



M. H. Fa~d and S. M. Ghattas 

136 

Fig. (7) ; A photomicrograph or.:\ serlion of monkey's pan('[c(lS showing. intcn~,,· !'>tuilllug imli­
eating terminal galactose and N-acetylgalacloseamine stored in cytoplasm of somc aci­
nar cells (arrows) and eonlmsts with a lack of reactivity in islets or Lan.;crhans (L) 
(URF/PNA, bar = 100).1). 

Flg. (8) : A photomtcrograph or a section of monk~y's pancreas showing, intense slainlng indi­
catmg tenninal galactose and N-acetylgalaetoseamtnc at the apical border of the lintng 
epithelium orthe Interlouular ducts (aITow~) (HRP. b<1r:: IOOj,J) 
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Fig. {9] : A photumicrograph of" a ~('cti(1(1 01' l1lonkl.'Y's pantTeLls sbowi.ol:!. !-;\ I"OJI,Q; .... 1.1 illillg illdicat­

ing; tnl1lilldl a-anomer or the N',ll'etylgah,closaminc at the apical border of the lining 
C'pitllelLum {lr interlobular dUds \drIowsl and contl"asL~ with a lack of readh'lty in all 

paner{,l1tie aeini {Al (HH~'/HPA. uar = I OO~t). 

,,{ \ 

., . 
Fig. (lO) : lUgh magnificatiun of Fig. (9) showing. sll"Ong strtilling indif'aUng tenllinai Q-Cl.liOl1ler ' .. 

-:J' 

or the N-ac('tylgatactosaminc d t the apical burde}' of tlle columnar lining cpilht'liulll of 
the int('riuuuiar due I {alTO\\.·S) (J I RP / H PA. bar::= 100 pl. 
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Pig. (11) : A photomicrograph of a section of monkey's pancreas showln~. remarkable variation 
with the statiling of BSA-I indicating o:-D-galaclos(, and a-D-N-aC(·tygalaclosamine. The 
aclnar cells surroundIng the i'nlerlobulal' dUct5 show strong staining (large arrows) 
while those in the deeper part show lack of reactivity (:<illlall arrows) (I-IRP / BSA- I, bar 

= 100 Il). 

Fig. (12) : A photomicrograph of a section of monkey's pam:rcas showing. strong stainlllg Indi­
cating terminal aID galactose. a-D-N actylgalaclosaminc at the apical border of the Ifn­
Ing epithelium of the interlobular duct (arrows) ([iRP/ BSA·I, bar .... WOIl). 
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