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SUMMARY cells were also demonstrated in the central regions
with 4.00+ 2.83/100 cells frequency. In the exocrine
The regional distribution and frequency of the panportions, insulin-, glucagon-, somatostatin- and PP-
creatic endocrine cells in the SKH-1 hairless mousimmunoreactive cells were demonstrated in the
were studied by an immunohistochemical (peroxi SKH-1 mouse with 0.98 0.74, 0.8Q= 0.79, 4.90=
dase anti-peroxidase; PAP) method using four type3.54 and 2.7@ 1.34/100 cells frequencies, respec-
of specific antisera against insulin, glucagontively. In the pancreatic duct portions, insulin-,
somatostatin and human pancreatic polypeptidglucagon- and somatostatin-immunoreactive cells
(PP). The pancreas of mice were divided into threwere demonstrated in the subepithelial connective
portions; pancreatic islets, exocrine and pancreattissues and showed islet-like appearances with
ducts. The pancreatic islets were further subdivide30.30+ 14.67, 2.7 3.13 and 5.9 4.23/100 cells
into three regions (central, mantle and peripherefrequencies, respectively. However, no PP-immuno-
region) according to their located types ofreactive cells were demonstrated in these regions. In
immunoreactive cells. In the pancreatic islet porconclusion, some peculiar distributional patterns of
tions, insulin-immunoreactive cells were located irpancreatic endocrine cells were found in the SKH-1
the central and mantle regions with 8446065 and hairless mouse.
33.00 = 12.45/100 cells frequencies, respectiyely
but most of somatostatin-, glucagon- and PP
immunoreactive cells were detected in the mantlINTRODUCTION
and peripheral regions. In the mantle region, somat:
statin-, glucagon- and PP-immunoreactive cells wer The SKH-1 hairless mouse is an outbred mouse
demonstrated with 28.709.91, 52.00: 14.05 and which is maintained since 1986 in the Charles
2.60= 1.51/100 cells frequencies, respectivelyd  River Laboratories (Wilmington, U.S.A.).
showed 6.20+ 2.86, 15.30+ 5.31 and 21.50- The hairless and albino background characteris-
10.28/100 cells frequencies, respectively in periphtics of the SKH-1 mouse make it useful for a num-
eral regions. However, glucagon-immunoreactiveber of tests. It is used, for example in a skin per-
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meability test (Kommurtet al, 1999), as a skin cific laboratory animals having specific disease or
carcinogenesis animal model (Glaso afdtte  unique nature, especially in rats and mice (Starich
land, 1990; Cadet al, 1991) and in a cutaneous et al, 1991; Warbrittan et al, 1994; Gomez-
microbiological test including experimental {ep Dummet al, 1995; Fet al, 1996;Yukawaet al,
rosy (Packchaiaat al.,1982; Harnbyet al, 1990). 1999).Although many studies have elucidated the
The appearance, regional distribution and freregional distribution and relative frequency of dif
quency of cells secreting the regulatory hormonesferent endocrine cells in the pancreas of the-vari
namely insulin and glucagon, in the endocrineous vertebrates, including various species and
pancreas were well recognized by histochemistrstrains of rodents, there are no reports about
(Kobayashi andnlli, 1981), immunofluorescence immunohistochemical studies on the endocrine
(Orci, 1982) and immunohistochemistry (Stern cells in the pancreatic islets of the SKH-1 mouse
bemeret al, 1970). Except for the above regulato in spite of their biological, physiological and
ry hormonespeptideYY-, neuropeptid&'Y- (Alli- anatomical dierences from the other rodents.
Rachediet al, 1984), motilin- (Mmadaet al, The object of this study was to clarify the region
1986) and chromogranin family- (Rindit al, al distribution and frequency of the endocrine
1986; Itoet al, 1987) immunoreactive cells were cells in the pancreas of the SKH-1 mouse by spe
also demonstrated in the vertebrate panciBas. cific immunohistochemistry using four types of
pancreas has been treated as a valuabkndor specific antisera against insulin, glucagon,
endocrine studies, and the endocrine pancreas Fsomatostatin and PP

been extensively studied associated with diabete

(Jansson and Saudlet988). In addition, the

investigations of gastroenteropancraetic endocrinMATERIALS AND METHODS

cells have been considered as an important part

phylogenetic studies (D’Estet al, 1994).With Five adult SKH-1 hairless mice (7-weeks old,
the increasing demands of diabetic animal model26-38 g body weight upon receipt) were acquired
in many fields, the regional distribution and rela from the Charles River LaboratoriesoRbhama,
tive frequency of pancreatic endocrine cells, espeJapan) and were used in this study without sexual
cially insulin- and glucagon-producing cells indab distinction. After food restriction for about 24
oratory animals, have been a concern in recelhours, the animals were phlebotomized to bleed
years (Wdrbrittanet al, 1994; Gomez-Dumnet under anesthesia with ethyleth&amples from
al.,, 1995; Fuet al, 1996). It had been acceptedthe pancreas were fixed in Bowsrsolution After
that insulin-immunoreactive cells were located irparafin embedding, 3-4um serial sections were
the central regions, and other immunoreactiviprepared. Representative sections of each tissue
cells such as glucagon-, somatostatin- and PFwere stained with hematoxylin and eosin for light
immunoreactive cells were located in the periphermicroscopic examination of the normal pancreatic
al or mantle regions. Howevemany researchers architecture.

held that species-dependent characteristic distribi Each representative section was defiaraéd,
tions of cells producing di#rent hormones in the rehydrated and immunostained with the peroxidase
pancreas of each species of animals were due anti-peroxidase @P) methodSternbeger, 1979).
feeding habits; and this is now generally accepteBlocking of nonspecific reactions was performed
(Wiezorek et al, 1998). In addition, diérent with normal goat serum prior to incubation with the
regional distributions and relative frequencies o'specific antisera @ble I).After rinsing in phosphate
endocrine cells in the pancreatic islets wer¢buffered saline (PBS; 0.01M, pH 7.4), the sections
demonstrated in dirent portions of the pancreas were incubated in secondary antiserdifmey were
although they were determined in the same- parthen washed in PBS Waf and finally the RP com-
creas of the same animaluRawaet al, 1999). plex was preparedhe peroxidase reaction was-car
And a strain-dependent characteristic distributiorried out in a solution 3,3’-diaminobenzidine tetrahy
of these immunoreactive cells was also detectedrochloride containing 0.01% .6, in Tris-HCI
with the increasing production of genetically- buffer (0.05M, pH 7.6)After immunostaining, the
mutated laboratory animals and breeding of- spesections were lightly counterstained with Mager
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Table |
Antisera used in this study
Antisera raised* Code Source Dilution
Insulin PUO290395 BioGenex Lab., San Ramon. 1:20
Glucagon PUO390598 BioGenex Lab., San Ramon. 1:20
Somatostatin PUO421295 BioGenex Lab., San Ramon. 1:20
PP PUO660495 BioGenex Lab., San Ramon. 1:20

*All antisera were raised in rabbits except for insulin, which was raised in guinedRgfiuman pan
creatic polypeptide

hematoxylin and the immunoreactive cells wereRESULTS

observed under a light microscope.

The specificity of each immunohistochemical In this studyall four kinds of the immunoreactive
reaction was determined as recommended by-Sterendocrine cells were detected with the antisera
bewger (1979), including the replacement of specificagainst insulin, glucagon, somatostatin andirPP
antiserum by the same antiserum, which had be¢the pancreas of SKH-1 hairless mi€he pancreat
preincubated with its corresponding antig&he ic islets of this study were distinguished into three
frequencies of immunoreactive cells were caleulatdistinct layers, central, mantle and peripheral
ed as mear standard deviation (S.D.) of 10 partsregions with their composition of immunoreactive
(n=10) of islets, exocrine and/or duct regions cells.According to the regions of the pancreas, dif
Among 100 cells, numbers of cells showingferent regional distribution and frequency of these
immunoreactivities against each antiserum werimmunoreactive cells were observed and these dif
counted using an automated image analysis proceferences are shown Trable Il. Spherical to spindle,
(Soft Image System, Germany) attached to lighor occasionally oval to round-shaped immuno
microscopy In the pancreatic islets, numbers ofreactive cells were located in the pancreas.
immunoreactive cells were counted among 10i

cells located in the each portion of islets. In addiln the pancreatic islet potion

tion, numbers of immunoreactive cells were alsc Insulin-immunoreactive cells were located in the
counted among 100 cells that were located iicentral regions with 84.6& 7.65/100 cells fre
exocrine and pancreatic duct regions includinquency In addition, cells with 33.0@ 12.45/100
epithelial cells of pancreatic duct and acinar cells ccells frequency were also demonstrated in the-man
exocrine pancreas tle regions, intermingled with other immunoreac

Table 1l
Regional distributions and frequencies of the endocrine cells in the pancreas of the SKH-1 hairless mouse

Pancreatic islets portion

Immunoreactive Exocrine Pancreatic
cells portion duct portion
Central Mantle Peripheral
Insulin 84.60+ 7.65 33.00+ 12.45 — 0.90+0.74 30.30+ 14.67
Glucagon 4.00+ 2.83 52.00+ 14.05 15.30+ 5.31 0.80+ 0.79 2.70+£3.13
Somatostatin — 28.70+£9.91 6.20+ 2.86 490+ 3.54 5.90+ 4.23
PP — 2.60% 1.51 21.50% 10.28 2,70+ 1.34 —

Meanz S.D. (n=10)/100 cellsPP: human pancreatic polypeptide; —, not detected.
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tive cells. However no insulin-immunoreactive strated in the central regions where numerous
cells were found in the peripheral regions where thinsulin-immunoreactive cells were found (Fig. 3a,
predominant cell types were PP-immunoreactivib). PP-immunoreactive cells were located in the
(Fig. 1a). Glucagon-immunoreactive cells weremantle and peripheral regions with 2:60.51 and
located in the mantle and peripheral regions of par21.50 = 10.28/100 cells frequencies, respectively
creatic islets with 52.0¢ 14.05 and 15.3Q= (Fig. 4a-c).

5.31/100 cells frequencies, respectively (Fig. 2a, b

In mantle and peripheral regions, cytoplasmic

processes of glucagon-immunoreactive cells we
intermingled with other immunoreactive cells, espe
cially somatostatin- and PP-immunoreactive cells
In addition, glucagon-immunoreactive cells with
4.00 = 2.83 frequency were demonstrated in th
central regions where numerous insulin-immunore
active cells were found (Fig. 2a, b). Somatostati
immunoreactive cells were located in the mantle
and peripheral regions with 28.Z®.91 and 6.2@
2.86/100 cells frequencies, respectivetipwever
no somatostatin-immunoreactive cells were demor;

Fig. 2- Glucagon-immunoreactive cells in the pancreas of the
SKH-1 hairless mous@hese immunoreactive cells are found
Fig. 1- Insulin-immunoreactive cells in the pancreas of SKH-1in the mantle and peripheral regions of pancreatic islets (a)
hairless miceThese cells are situated in the central and-manand are also located in the islet-like cell masses situated in the
tle regions of pancreatic islets (a) and are also located in ttsubepithelial connective tissues of the pancreatic duct inter
islet-like cell masses situated in the subepithelial connectivmingled with other immunoreactive cells (a ~ c¢). In addition,
tissues of the pancreatic duct (a, b) and exocrine portions (csome cells are demonstrated in the central region of pancreat
a: x120,b: x120,c: x480, PAP method. ic islets (a, b)a: x48,b: x120,c: x240, PAP method.
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Fig. 3 - Somatostatin-immunoreactive cells in the pancreas cFig. 4 - PP-immunoreactive cells in the pancreas of SKH-1
SKH-1 hairless miceThese cells are located in the similar hairless mice Most of PP-immunoreactive cells are located
regions to glucagon-immunoreactive cells in the pancreatiin the outermost peripheral regions of pancreatic islets (a ~
islets, exocrine and pancreatic duct portions (a ~ d) except fcc) and exocrine portions (.~ d x240, PAP method.
central regions of pancreatic isleasx120, b ~ dx240, AP
method.
In the pancreatic duct portion

In the exocrine pottion Insulin- (Fig. 1a, b), glucagon- (Fig. 2a-c) and

Insulin- (Fig. 1c), glucagon-, somatostatin- ancsomatostatin- (Fig. 3c, d) immunoreactive cells
PP- (Fig. 4d) immunoreactive cells were demonwere situated in the subepithelial connective tis
strated in this portion with 0.9@ 0.74, 0.80+  sues with 30.3@ 14.67, 2.70= 3.13 and 5.9&
0.79, 4.90+ 3.54 and 2.7Q: 1.34/100 cells fre 4.23/100 cells frequencies, respectivefhey
guencies, respectivelfhey were randomly scat formed islet-like cell masses but were randomly
tered between pancreatic acinar cells and interloldistributed in that portion, which d#red from
ular connective tissues. those of the pancreatic islets.
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DISCUSSION al., 1992; Leigh and Edwin, 199%arbritton et
al., 1994; Gomez-Dummat al, 1995;Wieczorek

Insulin is synthesized in the B cells of the pan et al, 1998;Yukawaet al, 1999; Camihorét al,
creatic islets and regulates the serum glucose le2000), species-dependent variations were also
els (Hsu and Crump, 1989). In mammals, th¢reported. In the equine pancreAsgells demon
regional distribution and relative frequency ofstrated by anti-glucagon were found in the center
insulin-immunoreactive cells in the pancreas werof pancreatic islets where in most vertebrates
reported in the wood mouseukawaet al, 1999), insulin-immunoreactive cells were numerously
hamster (Camihorét al, 2000), C57BL/6 mouse found (Helmstaedteet al, 1976). In addition, it
(Gomez-Dumnet al, 1995), voles (Sasakt al, was also reported that under specific disease con
1991), three-toed slotiBfadypus variegatggda ditions, such as the obese (diabetic condition)
Motaet al, 1992) Australian brush-tailed possum mouse, glucagon-immunoreactive cells were inter
(Leigh and Edwin, 1992), opossum (Krawdeal,  mingled with insulin-immunoreactive cells in the
1989) and laboratory animals (8¢zoreket al, central regions of pancreatic islets; in contrast, nor
1998). From these previous reports, it is welk recmal non-obese litermates showed a peripheral
ognized that insulin-immunoreactive cells are-situ localization of these immunoreactive cells (Starich
ated in the central regions of pancreatic islets aret al, 1991). Although most of the glucagon-
other cells, such as glucagon-, somatostatin- arimmunoreactive cells were situated in the mantle
PP-immunoreactive cells, surround therhey and peripheral regions of the pancreatic islets of
were also demonstrated associated with acinithe SKH-1 hairless mouse, cells with 4.@0
cells and pancreatic duct. Howeyvenlike other 2.83/100 cells frequency were also demonstrated
researchers, Reddgt al (1986) reported that in the central regions where numerous insulin-
these-immunoreactive cells were observed in moiimmunoreactive cells were located, and these
islets where they occurred as groups of cellresults were diérent from those of other mam
peripherally and within the pancreatic islets of-sevmals. In addition, they were also situated in the
eral marsupial species. In the present stogyst islet-like cell masses located in the subepithelial
of insulin-immunoreactive cells were restricted taconnective tissues of the pancreatic duttsese
the central regions of islets similar to those of predistributional patterns are considered to be peculiar
vious rodents (Sasalat al, 1991;Warbrittonet  patterns of the SKH-1 hairless mouse.

al., 1994; Gomez-Dumnmet al, 1995;Wieczorek  Somatostatin, which consists of 14 amino acids,
et al, 1998;Yukawaet al, 1999; Camihoret al,  was isolated from hypothalamus of sheep for the
2000). Diferent from other rodents, where thesefirst time. It could be divided into a straight form
cells were found in the lining epithelium of the and a cyclic form (Brazeaet al, 1973).This sub
pancreatic duct, insulin-immunoreactive cellsstance inhibited the secretion of the gastrin, chole
were situated in the islet-like cell masses located icystokinin, secretin, glucagon, insulin, motilin
the subepithelial connective tissues of the pancreand gastric acid (Kitamurat al, 1984) and the
atic duct of the SKH-1 hairless moustis is con  absorption of amino acids, glucose and fatty acids
sidered to be a distributional pattern peculiar to thin the gastrointestinal tract (Brazeetual, 1973).
SKH-1 mouse . As far as is known, somatostatin-immunoreactive
Glucagon is synthesized in tAecells of the pan  cells are located in the peripheral regions of mam
creas and regulates glucose levels in blood (Hsmalian pancreatic islets and exocrine portions
and Crump, 1989). Morphologically similar cells (Krauseet al, 1989; Sasalet al, 1991; da Mota
are also observed in the digestive tract of the doet al, 1992; Leigh and Edwin, 199®%arbrittonet

In the present stugdyglucagon-immunoreactive al., 1994; Gomez-Dumrat al, 1995Wiezoreket
cells were found in the mantle and peripheraal., 1998;Yukawaet al, 1999; Camihoret al,
regions of pancreatic isletélthough glucagon- 2000).Well corresponding to these previous stud
immunoreactive cells were located in the mantlies, most of somatostatin cells were found in the
and peripheral regions of mammalian pancreatimantle zones, where they were intermingled with
islets, exocrine portions and pancreatic ducglucagon- and PP-immunoreactive cells, and they
(Krauseet al, 1989; Sasakit al, 1991; da Mot@t  occupied the outermost regions of pancreatic
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islets. Diferent from those of other reports, actants in endocrine cells of the gut and pancreas. Histechem
somatostatin-immunoreactive cells were situateistry 80, 487-491, 1984.
in the islet-like cell masses located in the subefprazeau PvaleW., Burgurs R., Ling N., Butcher M., Rivier
ithelial connective tissues of the pancreatic duct<J., and Guillermin R.: Hypothalamic polypeptide that inhibits
This is again a peculiar distributional pattern forthe secretion of immunoreactive pituitary growth hormone.
PPis a peptide hormone containing 36 amino acidsCadi R., Beani J. C., Jacrot M., Pinel N., amablard P: UV-
which is synthesized by F cells in the pancreati‘induced squamous cell carcinomas in the hairless mouse.
islets (Hsu and Crump, 1989he specific function Morphological characteristics and transplantation in the syn
Of thlS peptlde |S not C|e,al’howeve,l’ |nh|b|t|0n Of genic and nude mouskcta Derm.VenereoI.?l, 32-36, 1991.
food intake has been postulated as a possible furCamihort G., Del Zotto H., Gomez-Dumm C.L., and
tion of this peptide (Hsu and Crump, 1988hd Gagliardino J.J.: Quantitative ultrastructural changes induced
Polaket al (1976) reported that they [;romoted thEby sucrose administration in the pancreatic B cells of normal
- f . . hamsters. BiocelR4, 31-37, 2000.
secretion of gastric acid and stimulated the glycoly o
sis of liver in avian species. It has been revealed thda Mota D.L..Yamada J., Gge L.L., and Pinheiro.B.: An
PP-immunoreactive cells were conspicuously dislmmunohlstochemlcal study on the pancreatic endocrine cells
. . . . L. of the three-toed slotiBradypus variegatusArch. Histol.
tributed in the peripheral regions of pancreatic isletc, ) ‘55 203209, 1992.
and exocrine portions in mammalian species, if the _ _ _
occurred (Krauset al. 1989: Sasaket al. 1991: D’Este L., Bufa R., Pelagi M., Siccardi.G., and Rendd.:
Leigh d Edwi 19’92 ,b itt t l, 1994f Immunohistochemical localization of chromograAiand B
eigh an win, War_ ntion et al, ' inthe endocrine cells of the alimentary tract of the green frog,
GOITGZ'DUT”E'[ al, 1995HW|eZ?reket f;‘l' 19221 Rana esculanteCell Tissue Res277, 341-349, 1994,
Yukawaet al, 1999; Camihoret al, 2000). In addi
. ST T . Fu Q., Honda M., Ohgawara H., IgarashiTdyada C., Omori
fuon, colocalization with serotonin in the palncreach., and Kobayashi M.: Morphological analysis of pancreatic
islets (_J_f the opossum (Krauseal, 1989) and cattle  endocrine celis in newborn animals delivered by experimental
(Nakajimaet al, 1988) was also demonstrated. Indiabetic rats. Diabetes Res., Clin. Pradt.57-62, 1996.
fany event, d_a Motat al (1992) repor_ted that PP'fGIaso M., andVetteland P Morphometric evaluation of dark
immunoreactive cells were not found in the pancrezang clear epidermal basal cells during early 2-stage chemical
of the three-toed sloth. In the present stwall COF  skin carcinogenesis in the hairless mouse using tvierelift
responding to previous studies (Kraesel, 1989; fixation methodsAPMIS 98, 695-712, 1990.
Sasaket al, 1991; Leigh and Edwin, 199&/arbrit  somez-Dumm C.L., Console G.M., Lunna G.C., Dardenne M.,
ton et al, 1994; Gomez-Dumnet al, 1995; and Goya R.G.: Quantitative immunohistochemical changes in
Wiezoreket al, 1998;Yukawaet al, 1999; Cami the endocrine pancreas of nonobese diabetic (NOD) mice. Pan
hort et al, 2000), PP-immunoreactive cells werecreasll, 396-401, 1995.
detected in the outermost regions of pancreatic islelHamby D., Gowland G., Holland K.Tand Kearney J.NThe
although cells with 2.6@ 1.51/100 cells frequency cutaneous microbiology of haired and hairless migepl.
were intermingled with other immunoreactive cellsBacteriol.69, 686-691, 1990.
in the mantle zone Wher_e glucagon-immunoreactiV Heimstaedte¥., Feurle G.E., and ForssmawhG.: Insulin-,
cells were most predominant. glucagon- and somatostatin-immunoreactive cells in the
In conclusion, some peculiar distributional {pat equine pancreas. Célissue Res172, 447-454, 1976.
terns of _paaneath eDdOC“ne cells, espegiallyysuw.H., and Crump M.HThe endocrine pancreas Maters
glucagon-immunoreactive cells, were demonstrainary endocrinology and reproduction. (Eds. McDonald, L.E. and
ed. In addition, unique distributional patterns inPineda, M.H.), Lea & FebigePhiladelphia, pp. 186-201, 1989.
the pancreatic duct of the SKH-1 hairless mous H., Hashimoto., Kitagawa H., KonY., and Kudo N.:

were also demonstrated. Distribution of chromogranin containing cells in the porcine
gastroenteropancreatic endocrine system. JpfetJSci.50,
395-404, 1987.
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