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Immunohistochemical study on the insulin-, glucagon-, somatostatin-,
and pancreatic polypeptide secreting cells in Korean native goat
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Abstract : Pancreatic endocrine cells containing glucagon, insulin, somatostatin and pancreatic polypeptide were
identified in the pancreas of the Korean native goat by using immunohistochemical method.

Glucagon immunoreative cells were oval or fusiform in shape and located at the periphery of the pancreatic islets.
Insulin immunoreactive cells were round or oval in shape and occupied throughout the pancreatic islets except the
small area of the periphery. Somatostatin immunoreative cells were oval and elliptical, and mainly located at the
periphery of the pancreatic islets. Some of these cells had a cytoplasmic process. Pancreatic polypeptide im-
munoreactive cells were elliptical or polyhedral and located at the periphery of the pancratic islets where two or
more cells formed a cell cluster. The distribution rates of glucagon, insulin, somatostatin and pancreatic polypeptide
immunoreactive cells were 24.4%, 44.3%, 13.2% and 18.1% respectively.
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HA7HA glucagon, insulin, somatostatin, pancreatic
polypeptide 5-2] 3 2Fo| o|F #Ag4e] Fu|AlEe
A Hulsls Aoz deA Qo I F glucagone
#AAA9] glucagon FHIAE, U A AFEA Eul=]
W F2 ol ZHEA FRAEAE FAXNA 34
=8 3 g B E e AR 474 e
o, HZolle A4 2ol gTe] 29 AEF el
X Fulsia el ube insulin® #7444 9) insulin £
HlAE, U B A|¥oilA] Fu|=lw glucagond}t A gzt
|- slo] e AAEAT|Y o] S EE] AYL G
8 £ J4FAIQ A8 2S5 (hyperglycemia)& Ho
e,

Somatostating A|gsHiol| 4] FH|=lo] AstrAell
A ARgage] Bnlg dAlkle 2oz 4t
HA A XS 43R o)X HA4 9] somatostatin ¥
HIAE, U DAIZA S Euls]ls Aoz #91xg]
o Ed] HAolA EH|EE= somatostatin®  glu-
cagon@} insulin®] BH|E 2AFE 7|5l Ue A
2 <A v’ #3 pancreatic polypeptidey= 2%
o #AANA 2 L7} Hag ol 457 HFx
pancreatic polypeptide E-H|A|XE, G F A L7} EAls}
= Ro] &I o} oA 7A] AR 7)) uhE A
UA k& ARt dlA oA glucagon 5%l Hhula]
e 710 & n|Fo] Hol o] s 279 Bu|zAl &
ofshe Aoz A= Uk,

o|4ell4l B ule}l 7ol glucagon, insulin, soma-
tostain Y pancreatic polypetide 2] A EH|s e
& A27} sht T 2 ol G8E vX| 3 9low
AAZ olF TEEZ F3AEo] AYHoRE FH
a3 Qe wal AltollA olE JEn|AlE] )
Kool EXu| g2 FEol we} chig) Xolrt glow
94 AT e shte] AR HellAde) xR}
o] B F|3 QIep o g A|Ae] s EHu|AE

Table 1. Primary antisera and their sources

ol 3t AFe 1x9 Hol4dg 7H w=A 3}
e ol8sle] BulAEe] EX et = o A7}
s Qe ey Ag7A e A dE, A,
ool B9 AFTEE TAHLE ¥ Ao Ui R e
ARAZEAN N A =FA o]Fo] A3 gYct.
u97| gAML 2 AAAEEE ez
she 4 Aol gol AAEET Qlgell="" " g
SAE AN T EE X E A7
EF ol slet.

B e dEAEtge] Aol £¥ske glu
cagon, insulin, somatostatin @ pancreatic polypeptide
o PHAEE WAz o st o
ALe] e, 2QuE 9 TELE S& e
7+ AHATE A 712AEE A 3A Agsiiid

NE 9wy

HHEE N =AX2| : AF 15kg Wi 2] sHEA
Ak 3 sutelE AMgsisith AY%5ES Rompun
(= Bayer 313h)o 2 vl A AFFEFWE F3)
o] WEAI|I AlS saline BHo 2 FFAA st
38 g AR S B o A Bkg dn AR
T, LEFAAA, AFAAde] 4 PR 2AE
dlo] A thg Bouin Hel] o 1247+ s+ girt.

HOZX|SBLS - 1A E 232 50% GFRHE]
FrAINA £22 GrA7] o Sl ol
53}l RS AX paraffinell Eeljsigcl. Eelsl =
22 microtome & 7um F7|2) AHG AHlz}bslol
slideol] ¥-2A)171 b W22 shi3-& HA)319
t}. Paraffing #|A% 222 23 el WA perox-
idase-Z AAs}7l a4 0.5% hydrogen peroxide(in
methanol) &-eof|4] 30487} HHS-A|1Z1 thg o]o]4] u]

Antisera Host Immunogen Source Cat No  Dilution
Glucagon Rabbit Synthetic human glucagon BioGenex PA026-5P  1:320
Insulin Guinea pig Porcine pancreatic insulin DAKO A 564 1:200
Somatostatin Rabbit Synthetic somatostation bound g G pAG2 5P 1:320

to KLH
. > |
Pancreatic polypeptide Rabbit Synthetic human PP bound to BioGenex

KLH

* KLH ; Keyhole limpet hemocyanin

PA066-5P  1:320

— 46 —



Eold uh-5-& WAs}7] $isted normal goat serumell
A 2A)17F ¥E-E-A1F] & streptavidin-biotin peroxidase ¥
£ o] g3 W =2 A uN-S A £ AY
o] AL£3 insulin, glucagon, somatostatin %! pan-
creatic polypetideo] ti&t 13} #Hl9] source= Table
15 7},

133l 4T9 0.3% Triton-phosphate buffered
saline(PBS, pH7.4) Sololly 4847 WHEAHon
22} 3AI3] biotinylated-goat anti-rabbit IgG(Zymed,
USAE 1:2002.2 3]4sto] 4TollA 24417 HEHSA]
Zl. o]o]A peroxidase conjugated streptavidin
(Zymed, US.AYE 1:2000.2 3] Asto] 4-20l4] 24]
7+ WkSAZ) o) 7 Ale] ubg- Folle PBSHe
Z 4523 ARsch dg2Aehkge] B¢ =
Ze 0.003% H,0, %W 0.05% DAB(3.3'-di-
aminobenzidine tetrachloride, Sigma)$] Tris buffer
(pH 74) $-Yoll4 10~158-7+ B4 A]Zict. DABll 2
Ao g whdo] Uehd =32 A Het &
%, 2287 ¥ permountZ 2113l t}. Hguke-E
ZZF L ABEHu|FslollA dg 2+ FEHE gl
cagon, insulin, somatostatin 3] pancreatic polypeptide &
ulAEe] el 5l XL E P 2L EHAA
o, 9% 9 AEBolA A7) 10070 Aok 7
A9 2 dslel ZH BulMEE Alrsidct.

[+]

d o

shAlefAtel #AdollAl  glucagon, insulin, soma-
tostatin ¥ pancreatic polypeptidecl] tHEt -1}t
22 Hegzz 3] Ao oslo] AR Hd} iR
Rl AAAelA FAubSAES} HelEglon olF

Table 2. Regional distribution of pancreatic endocrine cells

glucagon, insulin, somatostatin 9 pancreatic po-
lypetpide EH]MEL] FHulE 9 298 EXge=
29jol] uhek 2ol B SAk(Table 2).

Glucagon HHIMIEE F2 A4 FH T 2ole]
AE} A ojFo] velet. o] HAEXEZ #AA
FHEE 5 AXE A =& 8% A
glol] 2~-3%9] MESE o]Fo] EAst UMt 28
U AAA ol9]9] Al o) Ru|AlE Aold]] E]]S AlE
2 Zas= ASE &4 3= Q). GlucagonE-H] A
o Hele ¥ d BEYolUcFigs 7, 8). In-
sulin Fo]HEE A4 FAY-E v EG d44 A
off = #HlAHA Y] FHULE AL G FLst
Al X3 o 1 Felle F2 9 A el
o}z 2 Bu)AE Wl A X insulin Bv]A)¥E7] &
S04 2= ch(Figs 3, 4). Somatostatin “E-1] 4| 3E
T iR shte] Al B EXoREE Hely
Ao FHo) sl AXEZ, == WAL AHEST
cord§-& o] Fo] EX3lgon] 2|HH|HMEE Aol
534 e AIEE EAlsle A5 SEA F3H
gicl. o] HHIAEE A4 el ok RulAlEe
H|slod 2 27071 4 2t AE] Hele FY =
€ Hgo|glen 4R MEE AL MEAEIL F
A=)} gldch(Figs 5, 6). Pancreatic polypeptide 4]
ATE e Qe 4% AT Yo Tl
Ao 7HE JEu|AE AolollA SRR AER E
ks A= W=t Al Hele 9y, W
34 4l el on dF o] Er|RYSR T
A& 79-= =N ck(Figs 7, 8).

z} B9 glucagon, insulin, somatostatin B pan-
creatic polypeptide | M|3E2] H¥u)-8-& AZ&HAd
ol|4] glucagon EHJAIE 27.2%, insulin F-v]HE 47,
6%, somatostatin H-B]MJ¥E 13.5%, pancreatic po-

(unit ; %)

Glucagon Insulin Somatostatin Pancreatic polypeptide
Region immunoreactive immunoreactive immunoreactive immunoreactive
cell cell cell cell
Left lobe 272 47.6 135 11.6
Body 28.1 41.2 13.2 17.5
Right lobe 17.8 44.1 12.9 25.1
Average 244 44.3 13.2 18.1




lypeptide EBIAE 11.6%0|g o] 9 B2l
+ glucagon ¥H]H¥ 17.8%, insulin FH| A X 44.1%,
somatostatin F-B]AE 12.9%, pancreatic polypeptide
THIAE 25.1%0lR3, #AAEES] Aol gl-
cagon EBIA|X 28.1%, insulin B8] E 41.2%, soma-
tostatin F-H] 4| £ 13.2%, pancreatic polypeptide £-H]A)|
£ 17.5%13c}. AAH oz dA4d] EXshes E
BIAE F insulin B0 ¥E7} T 44.3%2 HL¥EH| &
ol 713 WSk th-E glucagon RHMER HF 24.
4%0]% 2.1, pancreatic polypeptide2} somatostatin £
Bl E7} Zhz; 18.1% 9 13.2%E4] somatostatin £-H]
M 27} 7 AL FEH]&-E 3 cK(Table 2).

I @

AL HEN AT 4 8HAS A Ad 7124
2 Yelg}t X T2l o} g Ho)r) glojA
A eE uESG AR T ERY] Aol A3 9
Fd, 2EFY 9 AEF o= UFolA vale o
e Uehi R e, 22y HE g uhgs 5 41X
9] 75 A2 BrAd Jel 2 Adete) YA Eol
A B¥stal glon 3 i sFAA R +
5ol Yok, fF A2k Aol s A F
AAEES FHE EHY 48497 2% |
Wi AAATZ o] Ro|AA A7 3HTE w3
71t A AFET} v 28 Fel S o] T}

HAbollA Hulsls T2 A BuldEay
B Bulsleul "A871A]  glucagon, insulin, soma-
tostatin '3 pancreatic polypeptide 50| A ¥E7} A} 4ol
EAFol wazlom 7k FulHlEe] Exjoll gt A
TFE AYPs|a QUebE gy o5 BulA|xe] 3
A x4 g BEn 82 Tl vk gk sy
3 zlo) 2 Qlsled 4] thdg olr) 9lgo] HarE]
I QS ol Wz 3ehi ol 2slo
Z 32 gRuAEe Yels} EXAur #HET Q)
ol HAHQ) EFu]&2 glucagon®} insulin Fu] A
¥7} 74z} 20%, 60-80% ©|™ somatostatin 3 pan-
creatic polypeptide E-BIHE7} 5% A= Aoz otef
A Uk AN F Bl g 229 AFE By 3
9 73-% glucagon, insulin, somatostatin % pan-
creatic polypeptide BRI E7} ZH2F 17.6%, 57.7%, 16.
0% % 8.7%FA] €} £l ul3}ed somatostatin 28] Al
Fo] REugo] vhd L Ao BHaEy g 3
TafelAeke] A9 7 F=E En|N¥e] &¥u]ge

glucagon 24.4%, insulin 44.3%, somatostatin 13.2%, pan-
creatic polypeptide 18.1%ZA] 47]3F 3k-$eol] H)s}o]
pancreatic polypeptide 2] £3¥u]go| A} Lelyich.

Glucagon ZHAIES] 3N EE A7, 7, H=, v}
2 4 ofololld WAt 5337 T Wol
EEgrta sl m!SPPRE gho o= HAEEoll A
14 Bl BT chgol A5, 28FGY Fo
Bol EF3chn scH. oj2idt Foid REAeie
37 FEolA L MiZg o S5 Stk
o] 2 B¢ 9 AZgol A= Holl uldo] ¥ uf
7z} 17.8% 9 27.2%% FEI B AYo)xe] A=
4718 FElA S A} A3} Glucagon FH)
AEe] A H £E4ER= Ord et al”o] AlgollA] 2]
74 ol Balghchs $1$aL, Ord et al’s} Baetens
et al®o] o4, Rhoten®o] ool o] Hu|4jEs}
A4 FHRIA Aoz 23 YAJelo] Ea)
ok Basigiet. AAAEEFY Hols o] BN
HFollA glucagon: #lAH 9] FRol] 1-370F0) Akt
< o]Fo] &g #9ct # AYAE glucagon
FHIAEE d4e] o) e i 2430 4
EARE olF3 glo] ol§ Hael FAwIger ot
Baskin et ale] 7]ygoll] #la4] Al #4082 et
wdoka g A3} Helmstaedter} Forsmann'®o] 7he] )
oA glucagon LUIAETF F2 A42) Fodol Lieh
kgt Buhe X7k Qi shEaleAtak A
9] A5 AP F4RelME glucagon FHIMIES} 7 2]
Ta=lA) ogtr}. ¥4 Helmstaedter®}t Forsmann'- glu-
cagon FHIAET} HAA ol 2fol] o) Hu] U] AITAMEA
olsllA = Wb Ry slgleu S AleAtte) 7 gols
HAAZE Aololl SYE AER EAlfsl= Ao Bz
o

[nsulin BH]AEE Orci et al¥, Gersell et al® g
Lundquist et al®o] z}z} A2k A o) op$xo4 S22
#goll v] o] ¥ty Hasg s ol gL 3¢
of] 4] 21Zo]] 66.2%, AA-B-E 56.2%, 2220} 50.
6%E AZdoll ] Bo] E¥3rlm slgr). B Al
Al insulin FHIAIEE 2 Bl 44.1%, HANEREol
41.2%, %ol 47.6%2 AZgol| v Go| BE}Y
o} 4718 gheollA e} e 2 B2 12e7le] ¥
& 2ol glder. ek Wotle-Coote$} DuToit
“7} AgolollA], Bactens et al®o] HEoflA] 212c]ol
el SEaA N nlal WA Aol o gol BE
k= Z3kel Rhoten®o] etololla] SZH|atolL} ulf
ZHl Aol chrlo] 4 BEEThT 3 Haehe Aolst
et Insulin Bo]AIEL] A4 W EEA = Bas-
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kin et al’e] 7]y, Dellman®} Brown'e] 2ol
A4 FH o) 2 EEYD ¢ Baels Ee
TR A HAA FARE vl Eslo] A
AL BEGLE Holi 23]z FHR= FAY
of] ulsle] ki v|opsiAl BEH). o] Gersell et
al'®o] Ayglat 7jell4], Lundquist et al®o] w20l 4]
Baetens et al”#} Orci®7} B4 o] %] 3H-$-of| 4
insulin BH|AEE #3444 FAELE vlEste] AAl
PEA EEsH= o3-S Belvks Aaet dxsisic

Somatostatin B A= sHEaljE)4lekol|A] 2 B2
goll 12.9%, HAAB-EoNA 13.2%, FZdell 13.5%2
2ol u}e} & Aol7} gl o= 22 AAATE
FQl ol B85, AAE-E Y AFHllA 77}
10.5%, 22.6%, 15.0%2 291 o7} Wrlx 3k B
o Aoldt ARel”. AAHQ HFEFn|Eol gl
o] A % &$-ollA] somatostatin F-H]H|E2] H]|go| 16.
0%Z pancreatic polypeptide H-H|A1E2] 8.7% Hr} ¥
A g BEAUE U siiout £ Agdde
o]9} ¥HHE pancreatic polypeptide H-H|A|¥E7} HF
18.1%2.4] 13.2%2] somatostatin E-H] A ¥E K )= gk
Hxu)le-g Bk Somatostatin 8] AIE 2] #|AA W
EEZAdE B wel & Xol7} flo]A] Bactens
et al’, Lundquist et al*, Rhoten® 52 247} v},
Ao, w4 #HA TPl EIgicky & i,
Baskin et al*2 7|V H ] S HAA Aol E BT
g 2dvkxe sigdck. gAelateke] ¢ soma-
tostatin FH| A EE F2 HA4H Flol B3
o AR = JEn|QEAE Ealfsiledl, o] AE7} 9
FulAENE = A4S Alumets et al™o)
M, sreko], Holl4] B33k v} ek, 3+ Baskin et al
52 71 ol 4] somatostatin-d KH|3= D AEE 7)
AIEE7E z3 glod] o] Qlsle] ohE FnlAEe}
A vk s =), 2 A E v 715
Ze W3 o Al £7F 3= At

Pancreatic polypeptide E-B]A|Eo]] ths}o] Apeis
g0l A, npgA®, R0 g) olo]® Fo] FEll
A o RE ufE AR EE @ 239164 gl E¥shs
RHog 4HA ok MALEEFY 99 Aol
5 283, HAEE, 9F%dNA 747 24.6%, 0.4%,
1.1%2 A9 ojiio] o 8Z<o] HExwo] FHE vt
H AAEEH dFgollAds ZEA E98a 3
t}h. ekl ZA$-ollE pancreatic polypeptide
BHAEE 2824 25.1%, HAEEA 17.
5%, YFEGol A 11.6%24] LEXGe] 7MW &
ZAE 2o ey AAE 3 dEBgolAE o}

F EEA WD B0 A99E g A% 4
2T oA % sl k9] pancreatic polypeptide 53]
AE27F BESAS AAHR] EEBEE somatostatin
Fo)AlELo)| wlsled 9k}, pancreatic polypeptide
HIAEE vk, 71U 2] SollA] 2] EulAEel 2
At BaEded] B Aol % pancreatic po-
lypeptide FH|AE7L 2] Zu| M Foll4 HAHct 2
el #4244l Qo] VR oA 44
W e BET 3 Haiels el shuie] AlE
7} o2 A Felvh wakeh

gHH B Al wenl-3-g AAIR vZbA Y] B2
= BHAEE 277 Aol dddt B
£ H3ledl o] HEEol 2857 XAl
ol AAAH RREoZ, FIAINE T2 A4l wt
] 2jolzt 9lE Ae' Pzt

ol g Fitele] E off dhalefdde] H%
2 HulAEe] 3kt ZEddel glo] g,
N, vbs, e gl 22 QAFERQ ek o

4:9] 2ol & walrh.

=)
T
FE

o=

4 £

ShsrAjEf Akl #HlAdoll A glucagon, insulin, soma-
tostatin 3] pancreatic polypeptide F-H]A|ZE 2] ¥ elfo}
F9ulE 9 B2EAAUE HgzAsieby Ajlew 3
A B gt 2L AEE A9

1. Glucagon EH|AZ = W48 e WFdol e
o 22 A4 el EEIT LENEE o
EFNA 17.8%, #1550l 28.1%, Fell4]
27.2% <}

2. Insulin M E= ¥ e FLE o] A2
H 2 RE Aedh A ARl 3T FEslg)on
S EHol| A 44.1%, HFEFA 41.2%, 21Z3]ol|4
47.6%2] vl& 2 F3Fslgict.

3. Somatostatin FH| A X A LA E7|E 2y ]
§ i Uy AEE A Pk BE
o} EEH &S L 2&ollA 12.9%, AAEEolA 13.
2%, 1% dellA 13.5%%Act.

4. Pancreatic polypeptide EXME= F2 #1244
Zeivol EEsigln LEHell] 25.1%, HALEEo
17.5%, 912 ol| 11.6%2] v]&& BEs1gc}.

5. Glucagon, insulin, somatostatin 3] pancreatic po-
lypeptide FHIMIZ2) HF LRS- 727t 24.4%, 44.
3%, 13.2% 2 18.1%]c}.



Fig 1.

Fig 2.

Fig 3.

Fig 4.
Fig 5..

Fig 6.
Fig 7.
Fig 8.

Legends for figures

Pancreatic islet immunostained for glucagon. Glucagon immunoreative cells are located mainly at the peri-
phery of the islet. X100.

Glucagon immunoreactive cells are located as a single cell or as a group of 2 and 3 cell layers at the peri-
phery of the islet. X400.

Pancreatic islet immunostained for insulin. Insulin-immunoreactive cells are occupied almost all of the islet.
X 100.

Insulin immunoreactive cells are distributed throughout the islet except parts of the periphery. X400.
Pancreatic islet immunostained for somatostatin. Somatostatin immunoreactive cells are located at the peri-
phery of the islet. X100.

Oval or elliptical somatostatin immunoreactive cells are evident at the periphery of the islet. X400.

Pancreatic polypeptide immunoreactive cells are grouped at the periphery of the pancreatic islet. X100.

Pancreatic polypeptide immunoreactive cells with cytoplasmic processes. X 400.







dogs

. Dellmann H, Brown EM. Textbook of veterinary
histology. 3rd ed. Philadelphia; Iee & Febiger,
1987, 262-263.

. Williams RH. Textbook of endocrinology. 6th ed.

Philadelphia; Saunders, 1981; 738-739.
Baskin DG, Gorray KC, Fujimoto WY. Im-
munohistochemical identification of cells con-
taining insulin, glucagon, somatostatin and pan-
creatic polypetide in the islets of Langerhans of
the guinea pig pancreas with light and clectron
microscopy. Anat Rec 1984; 208: 567-578.

. Epple A, Lewis TL. Comparative histophysiology
of the pancreatic islets. Amer Zool 1973; 13: 567-
590.

. Dobbs RE, Sakurai H, Faloona G, et al. Glucagon;
Role in the hyperglycemia of diabetes mellitus. Sci-
ence 1975; 187: 544-547.

. Vaillant CR, Lund PK. I)istrib;ui(m of glucagon-

like peptide I in canine and feline pancreas and

10.

11.

gastrointestinal tract. | Histochem 1986; 34: 1117-
1121.

. Unger RH, Dobbs RE, Orci L. Insulin, glucagon

and somatostatin secretion in the regulation of
metabolism. Annu Rev Physiol 1978, 40: 307-
342.

. $acchi TB, Bani D. New views on the iden-

tification of the various cell types in the pan-
creatic islets of rat. Acta Anat 1985; 122: 1-17.
Brazecau P, Vale W,

pothalamic polypetide that inhibits the secrction

Burgus R, et al. Hy
of immunoreactive pituitary growth hormone.
Science 1973; 179: 77-79.

Helmstaedter GEP, Forsmann WG. Insulin-, glu-
cagon-, somatostatin-immunorecactive  endocrine
cells in the equine pancreas. Cell Tiss Res 1976,
172: 447-454.

Orci L, Baetens D, Ravazzola M, ¢t al. Pancreatic
polypeptide and glucagon: non-random  dis-
tribution in pancreatic islets. Life Sci 1976; 19:

1811-1816.



12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

. Kadowaki S, Taminato T, Chiba T, et al. Soma-
tostatin from isolated perfused rat pancreas. Pos-
sible role of endogenous somatostatin on insulin
release. Diabetes 1979; 28: 600-603.
Nieuwenhuys R. Chemoarchitecture of the brain.
New York: Springer-Verlag, 1985; 77-82.

Kimmel JR, Pollock HG, Hazelwood RL. A new
pancreatic polypeptide. Fed Proc(Abstr.) 1971; 30:
1318.

Gersell DJ, Gingerrich RL, Greider MH. Re-
gional distribution and concentraton of pan-
creatic polypeptide in the human and canine pan-
creas. Dibetes 1979; 28: 11-15.

Klein C, Noorden SV. Pancreatic polypeptide(pp)-
and glucagon cells in the pancreatic islet of zi-
phophorous helleri H.(Teleostei). Cell Tiss Res
1980; 205: 187-198.

Johnson DE, Noe BD, Ericbauer G. Pancreatic
polypeptide(pp)- like immunoreactivity in the pan-
creatic islets of the anglerfish(Lophius americanus)
and the channel catfish(Ictalurus punctatus). Anat
Rec 1982; 204: 61-67.

Sakurai H, Dobbs R, Unger RH. Somatostatin-in-
duced changes in insulin and glucagon secretion
in normal and diabetic dogs. ] Clin Invest 1974;
54: 1395-1402.

Trimble ER, Renold AE. Ventral and dorsal area
of rat pancreas: Islet hormone content and se-
cretion. Am ] Physiol 1981; 240: E442-427.

o] &4, o|UAl, FAY F. ¢ HAA G-
cagon, Insulin, Somatostatin % Pancreatic po-
lypeptide F-H]AlEoll P HA=Z A of
F AL Fd =54 1988; 13: 1-11.
D, De Mey J, Gepts W.

munohistochemical and ultrastructure

Baetens Im-
iden-
tification of the pancreatic polypeptide-pro-
ducing cell (PP-cell) in the human pancreas.
Cell Tiss Res 1977; 185: 239-246.

Nakajima S, Kitamura I, Yamada J, et al. Im-
munohistochemical study on the endocrine pan-
creas of cartle with special reference to coex-
istence of serotonin and glucagon or bovine pan-

creatic polypeptide. Acta Anatomica 1988; 131:

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

235-240.
o] &4, ol YA, A T AL A
insulin, glucagon, somatostatin 3] pancreatic po-
lypeptide Zu|A|Zell BAZ AR A
4= 2] 813 %] 1995; 35-89.

o| Al o] &4, JAE. TN TN
A 2] neurotensin E-Xol] 3 v == oA
A g2l g3 A] 1993; 33: 361-368.

ol &4, olAE. AT AN slefFol B3 &}
Fy oA digrolgH A 19935 33 351-
359.

Lee HS, Cho SS. Morphological study on the
paraventricular nucleus of the Korean naive goat.
Proceedings of 8th Congress of the Federation of A-
sian Veterinary Association 1992; 766-773.

Nickel R, Schummer A, Seiferle E. The viscera of
the domestic mammals. 2nd ed. Berlin: Verlag
Paul Parey, 1979; 119-122.

Munger BL, Caramia F, Lacy PE. The ul-
trastructural basis for the identification of cell
types in the pancreatic islets: II. Rabbit, dog and
opossum. Z Zellforsh 1965; 67: 766-798.

Baetens D, Malisse-Lagae F, Perrelet A, et al. En-
docrine

pancreas: Three-dimensional re-

construction shows two types of islets of
Langerhans. Science 1979; 106: 1323-1324.
Orci L. Marco- and micro-domains in the en-
docrine pancreas. Diabetes 1982; 31: 538-564.
Yamada J, Campos VJM, Kitamura N, et al. An
immunohistochemical study of endocrine cells in
the pancreas of Caiman Latirostris (Alligatorinae),
with special reference to pancreatic motilin cells.
Biomed Res 1986; 7: 199-208.
Wolfe-Coote SA, Du Toit DF. Distribution of cell
types of the islets of Langerhans throughout the
pancreas of the Chacma Baboon. Anat Rec 1987;
217:172-177.
Reddy S, Bibby NJ, Elliott RB. An im-
munofluorescent study of insulin-, glucagon-,
pancreatic polypeptide- and somatostain-con-
taining cells in the early fetal pancreas. Quarterly
J of Exp physiol 1988; 73: 225-232.

Alumets N, Sundler F, Hakanson R. Distribution,



35.

36.

37.

ontogeny and ultrastructure of somatostatin im-
munoreactive cells in the pancreas and gut. Cell
Tiss Res 1977; 185: 465-479.

Rhoten WB. Immunocytochemical localization of
four hormones in the garter snake, Thmmophis
sirtalis. Anat Rec 1984; 208: 233-242.

Rhoten WB. Quantitative immunocytochemical
analysis of the endocrine pancreas of the nile cro-
codile. Am ] Anat 1987; 178: 103-115.

Orci L, Malaisse-Lagae F, Bactens D, et al. Pan-
creatic polypeptide rich regions in the human pan-

38.

39.

creas. Lancet 1978; 2: 1200-1201.

Lundquist I, Sundler F, Ahren B, et al. Soma-
tostatin, pancreatic polypeptide, substance P and
ncurotensin: Cellular distribution and effects on
sumulated insulin secretion in the mouse. En-
dcerinology 1979; 104: 832-838.

Larsson LI, Sundler F, Hakanson R. Pancreatic
polypetpide-a postulated new hormones: iden-
tification of its cellular storage site by light and
clectron microscopic immunocytochemistry. Di-
abetologia 1976; 12: 211-226.




