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An Immunohistochemical study of the gastro-entero-pancreatic endocrine
cells in the alimentary tract and the pancreas of the Fresh
water turtle, Geoclemys reevesii
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Abstract . The regional distribution and relative frequency of gastrointestinal endocrine cells were stu-
died immunohistochemically in the gastrointestinal mucosa and pancreas of the fresh water turtle.

Ten kinds of endocrine cells were identified in the gastrointestinal tract. Cholecystokinin-8-, bovine
pancreatic polypetide-and glucagon-immunoreactive cells were seen throughout the gastrointestinal tract,
also among them cholecystokinin-8-immunoreactive cells were most predominant in segment III .
Although gastrin- and gastrin/cholecystokinin-immunoreactive cells were found from segment [l to VI
and X , respectively, they were numerous in segment Il . Somatostatin-immunoreactive cells were
observed from segment I to V. 5-hydroxytryptamine- immunoreactive cells were detected in segment 1,
, I, W, X and X. Human pancreatic polypeptide-immunoreactive cells were demonstrated in segment V,
VI, W, IX and X. Insulin-immunoreactive cells were found from segment [l to X except for segment W,
but rare in segment VI. Neurotensin-immunoreactive cells were found to be restricted to segment VH, IX
and X . No porcine chromogranin-, substance P- and bombesin-immunoreactive cells were detected
throughout the gastrointestinal tract of the fresh water turtle.

Although typical mammalian pancreatic islets encapsulated by connective tissue were not present in this
species, five kinds of endocrine cells-glucagon, insulin, somatostatin, bovine pancreatic polypeptide and
5-hydroxytryptamine-were found in forming small or large groups and scattered in the exocrine gland re-
gion. However porcine chromogranin- and motilin-immunocreactive cells could not be demonstrated in the
pancreas.

Key words : gastro-entero-pancreatic endocrine cells. Geodemys reevesii, gastrointestinal tract, immunoreac-
tive cell, pancreatic islets.
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Table 1. Antisera used in this study
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Fig 1. Schematic drawing of various parts in the gas-
trointestinal tract and pancreas of the Testudinidae,
Geoclemys reevesti .

4
A& B Ay 5-HT, CCK-8, neurotensin,

Antisera” Code Source Dilution
5-Hydroxytryptamine 8535028 Immunonuclear Corp. 110,000
(5-HT) Stillwater
Porcine chromogranin 8541012 ” 1:2,000
(Porcine CG)

Substance P 8642009 ” 17100
Cholecystokinin-8 8643010 y 1:500
(CCK-8)

Neurotensin 8629012 y 1:100
Bombesin 8652015 ” 1:1,000
Gastrin 016 DAKO 1:200
Human pancreatic polypeptide 076 Yy 1:600
(HPP)

Glucagon 115 ” 1:300
Insulin 026 ” 1:200
Motilin 052 ” 1:300
Gastrin/cholecystotinin 600/004 Union Chimique 1:100
(Gas/CCK) Belge, bioproducts

Bovine pancreatic polypeptide 1607 ” 1:5,000
(BPP)

Somatostatin CA325 Cambridge Research 1:10,000
(Som) Biochemical Billerica

* All antisera were raised in rabbits except for insulin which was raised in a guinea pig.
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Fig 2. Relative frequency and distribution of gastro-en-
tero-endocrine cells per unit area(mm®) of the mucosa
in each region of the Testudinidae, Geodemys reevesti
GAS ; Gastrin, CCK-8 ; Cholecystokinin-8. GAS/
CCK ; Gastrin/Cholecystokinin, SOM ; Somatostatir,
5-HT ; 5-Hydroxytryptamine, BPP ; B- ovine Pancre-

atic Polypeptide, HPP ; Human Pancrea tic Polypeptide,

GLU ; Glucagon, INS ; Insulin, NEU; Neurotensin.

gastrin, HPP, glucagon, insulin, Gas/CCK, BPP, Som
= 10%9 FEAN O PSS LA 2 (Fig 2),
Wl porcine CG, substance P, bombesin® % WA £
se 9 AR ol RFHA BATh

Segment I : EfF &7 HFEo A3
AEe 2¥UEE CCK-8(8.8+3.8), Som(8.0+3.0),
glucagon(3.4+1.5), 5-HT(2.4£1.5), BPP(1.610.7)
o) golglen o5 taHdes F2 A4 AAN
#2 5 UcH(Fig 4).

Segment I | TH7 2 447 8239 ki hle
AEe 2ENEE Som(5.6+2.3), glucagon(3.7+1.
1), CCK-8(2.5+1.1), BPP(1.811.0)9] &I, F
2 Aol BFEUT. £F CCK-8 BAIZH X
=y T 2yo wheo] p]gaAL, Som
glucagon A X & 73, w93, €938 (Figs 5a, b), BP-
PAIEE 32 749 398 Hehiith

Segment [ : THF) FEF AZ8 HAuhg
Ao 28 CCK-8(23.1+3.7), Gas/CCK(22.6

+7.2), gastrin(15.54+3.0), 5-HT(8.7+£2.6), glucagon
(L.5£0.6)9 £olen, F2 A3y P e
B tH(Fig 6b). &% CCK-8, Gas/CCK, 5-HTH o
e HEEL AL AEA 77 R (Figs
6a, ¢, d), glucagon & vl ekt whe-& JeR)STh
Segment IV : 79 &% 71 Aol 23y B
we-A X o] 2@H &= Gas/CCK(11. 9+ 2. 4), BPP
(11.2+2.8), glucagon(8.5+2.4), CCK-8(7.6+3.0),
Som(4.8%0.8), insulin(4.0%1.8), gastrin(2.4+1.3)¢]
#0931, F2 Aol A BAHAT GastrinHB Y
WA EE P el g og vofdt vk & By, CC
K-8, Gas/CCK, Som,BPP, glucagon¥| £+ v 3|4
oz AP AEA E7E0 FRHULY(Figs
7a-c), insulinAl £ W58 T Hrjgoz IS HE
A 7= #EHAL
Segment V | EH-F9) 23T R s23t HY
8- M ¥ o ¥ S BPP(12.614.2), glucagon(6.2
+1.5), CCK-8(5.3%1.6), Gas/CCK(4.4£1.9), Som
(4.1£1.5), insulin(4.0£2.7), gastrin(2.9+1.1), HPP
(1.0£0.0)9) ¢£22 Yepgth ol dFEd Axe
Z2 Aodsd g e s £33 2 (Figs 8a
b), HPPAZ& G99y o oz d4dud ng £ ¥
39 2, glucagon M E& A4gddd ¢, FAFon
Axd g7 UG
Segment VI : TH79) &3 ¥l st B
w2 Az 2EW e BPP(11.013.5), glucagon(7.0
+1.2), CCK-8(3.6%1.3), gastrin(3.542.0), Gas/CC-
K(3.0+1.4), Som(2.14+1.0), insulin(1.9%1.2), HPP
(1.6£0.0)9 2.2 Yetyth ojg AEe GF Y
22 2 Aoy #&HUL, o] EF gastrin, C-
CK-8, Gas/CCK, BPP, glucagon® 9 8h-3-4 ¥ 52 ¢}
g =712 M2 715 #2EAcHFigs 9a b).
Segment VI : X472 2% Totyd sigshy B
e A ¥ 28¥xE BPP(10.0+1.9), glucagon(8.3
+1.4), Gas/CCK(3.2+0.9), Som(2.5+1.4), CCK-8
(1.9£1.0), insulin(1.0£0.0)8] £2o & eI} on o
EL F2 FAge A #aAHAUL T AFTEL
Feh & depon ©] 5% CCK-8, Gas/CCK, B
PPALMSHEE XA E771 &35 At (Figs
10a-c).
Segment Il | ¥ #59 th 374 Foll sjgste) @
B A X o) 2H U T = BPP(9.6+2.1), neurotensin
~47.812.2), glucagon(6.7+2.2), 5-HT(6.0+2.3), H-
PP(3.7£2.3), Gas/CCK(2.4+1.1), CCK-8(2.5+0.
7)9 o2 Jeyth o] AESL Yo Fa
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Yupadolo] ¥ 230 5-HTAIXEE A 3loe Qe
arz19) A XA 27180 AN Figs 11a-d).

Segment X : T/-F2 W3 FLF sDe A
FeAEe] 28V BPP(7.942.7), glucagon(6.8
+1.8), 5-HT(3.7+2.4), HPP(2.7+1.5), Gas/CCK
(2.6+0.9), neurotensin(2. 6+0. 8), insulin(2.1£0.9),
CCK-8(2.510.7)8] wo|H, o]E2 3oz g
Ao A F&HA} °]EF Gas/CCK, BPP, gl-
ucagon, insulin @GNS H X FFg 279 MR
E71Ex $EFJAHFigs 12a, b).

Segment X : ER-79 U ToR HFein] By
WM F ol W= CCK-8(10.9+3.7), glucagon
6.5%3.0), Gas/CCK(5.7+2.8), 5-HT(5.3+2.1), ne-
urotensin (3. 5+1.4), BPP(3.1+1.5), insulin(1.9%1.
3), HPP(1.310.6)¢] €22 Yelth giRio AX
2 g¥eyos F2 gtz Ague £X &9 (Fi-
gs 13a, c), glucagonB Gt H L= A4uo A 73,
de¥ o2, insulindl ¥ A2 AFelA 79,
G99y, dFYoz 2@ AL AL EVE
B2 A {Fig 13b).

HEAZHANE 55 FEAA A FHEEE
Jehl 228 (Fig 3), porcine CG, motilin™ ¥ ¥H-&-H X
e Ay #EsA st
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Fig 3. Relative frequency and distribution of pancreatic
endocrine cells per unit area(mm®) of the pancreas in
the Testudinidae, Geodemys reevesii

GLU ; Glucagon, INS ; Insulin, SOM ; Somatostatin,
BPP ; Bovine Pancreatic Polypeptide, 5-HT :
5-Hydroxytryptamine.

P FAlo] MFe) =AY LHe IHF A=E
B384 ggton AN SAHTEL A2 B
o} Au7t 9 RN R MY FHP I, THE
v Aoz 2¥89c). Glucagon, Som® % ¥H-gAl
¥ s 342 (Figs 143 d), insulind & F2 €

3 L 4930 2(Fig 14b), BPPA X & e o
2 53 Axd 5718 71A AE BEHA o (Fig
l4c), SHTAIZ = $533 &2 2oz vdgd
€& A (Fig 1de). ©1E HIWEA ¥ 2AHME
€ glucagon(50.1+16.2), BPP(42.3+6.0), insulin(26.
3+9.8), Som(17.24+3.0), 5-HT(2.4+1.1)8] ¢o =2
et

i

i o

i

o &

AEY ARG Ho g R FE W AALFY AE
7428 Ao A & ileocolic cecum©] EA 3t ©] & A
2 435 o) B3 FEHA T o) FL A%l v
8 33 Aot 9oh.? 2% H o2& El-Salhy $°
o] EFo e MR FHF F@o] EHYH3}
o gastric pits2 H ] 3A o7} JAH L, SFEF
A3 o} the) B o) EAste] AR H Y= HED
(striated border) & 7HA & ©2 Y344y 9} 2k7he) vld
A7), BAHEE 95 454N H2Ae 24
82 Fedy Ead A%0 vas) 2 o o3y g
Hazlo] EASE R olslols A FAH 27E
A,

SHTRGUSHEE LH79 948 279 2
£ RESHUIEBA f2goe AW AR 28
SAWE fRRs FHAZEL AN P90l 28
3% o] Folle AAF ALY 2HIAY Y &
52 g 5 F79 2ol AR A TH B A
A< segment [ 7 28] WA X744 EX31% 0
o ol HEH & FHE AT £X9 2o} Q)
AF

EHFAME CCK-8HIMSH X &= Aol A3
BIXE Bolu 99 AN E A 2-sA gud
BY z2BE 2% FUPU 2¥s ok =8 5
FHde AE 2834 FAYEE 24 Z4RAA
el ol 277X B¥stE S FHe) AF Aol &
Holn, FAFoE FERA T o 28} B o
Foie Fol e} e Aol AAFEHY YA 2 &%
Bolo] 2@3%ch 18 2 AP M segment MAA T
T2 AT Bl EXslgoen o] AHL HFF
o) t}E F3 AAF o) & YAk

Gas/CCKU YL M T ERFAAN F2 2489
¥, o FolEe Fof 5, REFole FEFAN 2%
72 B XS FEFM o 28T 2 A
M€ segment ol A X744 X3 H o ol fgE
Ags e g AFFo A EXE BT
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Neurotensin® LM L& EFFAA F2 F59
of 2¥an QPTURE T5E a2 2q
de 938 AR d 1T EX30’, A3 Fle F
e wE FER APRYd 2@ e T 3
o] Fol7} QAR T, FAFAE &% BRI &Y
A B o) Folle FINARE AT 2o FEFA
U A3 2884 2t A= T B APAME seg-
ment [N X744 2¥3ged ot %3 {9 t&
3= @A FolFHo| AAFHAUL

GastrinA WS M EE EHFHIEY 2559 03
FlL2o) G ERGN OF, 2F02 Z4E 28
7} GolAn] thole A BFEHA @yt BY,
FNFAE FEFAT B @) 2 o) Fole T @
2 A 2AA FAY AT BEII) e Foh T
& Ay A segment [ T 2L ol
ERF, 2F, BEFFAAYG A9 4G 248 B
o FANF P o]Foe Ao)F BXE B

BPPRAYWSAIZE ERF9 AR HF
08 A4E g X E Ho|AYRIBAE Ay &
d3A g FE dov®, gEFde FERSG F A
RS BEIAYLNE Ay 2@eA) g g0
39 ARel7t BRI, ojFole FFF FA &
EE R B Ao e 4T AR Rus)
o0 g FE0= AT o] Ho| A=A

HPPAY M EE X479 A T2 &
UNEE YU, 3 Fole A8 B £ ikt e
AYNME segment V& VA F44, MolA X7t
A 259 2HVEE BJYE vl ol THFY Y3t
o] Aole AAEHA G & Fl A HPP g A77}
A9 Q1ojM vl 3}7) 7} ZEEAch

X FFAA glucagonBHH M X = F4 Wt 2%
Y 2HNE o7} AFHYHIBABD zgd e
Aot 2GRSl nF FEXHT S B3 FdE o #
ARRSILE g 9o §450] 242D FAMF
Ae AR AR 12 BB ojFoe A
29382 gAY ARAoIT 2@ 2 APl A
438 AR 2T BXIYL o) YNFY B
XF4 RfAEA

Insulind WM X &= ER-FAA Holgt 28 A
U A 2838 @ F EE Aol7} QRS H
ZRAE A8 28R Gk’ A3 Fode A A
A% BYNB Qo v, ARt 2= Y
FE BXE Ho|n o] Fo = Foj wfa} £ ¥ Holr}
QAW N Fol P Boe itk & APAM e
segment 1A W7AA 28]x X9} X ¥4 314

or ole HEFY YR FHE FAG B9 27
£ Bet

SomBYNSHEE T H4F9 A Foo BXdH ¢
9} 2 A tg, WA s BrE AN T4
W2EBB 2 FdE M99} FERAN G52 2¥ 3
U i@l e 28314 gtk >’ 3 Fole 939
ARHE oA &% ZARAAY, oM £37R
ZEEA £85I ste 5 gt FAFAE 9
ZE AR 17 BEFYE AFoEe A 28
A @AY 9 F& Aupie] 2¥3te F UGS LEE
Bt 7 B Ao A= segment I A WA X3}
Ao ole 7o & 3 FAIG EXE JERY
AL,

A ARGz Ao Aty AL 52
AV 228 A2 A oA Alold M 2
AEHozE AYAHU ASE YA gor FHY
oz 9 Eu R AAY o A A o] g AT
A AAGAQ AAH o) Gk S B
ATollA FGAlol9 A= o]} FAMEIAT

#A9) glucagon P EH E+= E/R-FoA 3= 5
WRITANAD gl un 4 a0 g o) Aty
Az 2ds 0l B34 PFe I 3¢ EE
Fu{xol o Rul M H¥ Aol 2@ HRF
of & EH| M HEAJolo] dF2 T2 AR
3@t dMFe HE FHRYE o A
Fyipel ARu R AAY Y =@ FHzld 29
P P B AT M T T@o] A3, JRujM A
EZ90 Jd Ee FA o] 2¥sgon ojgge
AZL BEF O 3 fFAEAT

InsulinA NS HEE ERFAA IE F3500 H
F230 2o 18 B¥EHIHD gRuR AW
240 2EVNEE AT} 23X e dEe Ax
Woll AR EtAY R MEFe] 48 T2 7
Aol BE3TEN AR FE WH) FAENY B3]
2% FA Hale A¥EYZ G & AAdld B
o, A¥d E7E 7R Ax 4 FMFE dE
Q) 2YRANME FE 2HEY TR YA T
FERTE rcfo) Aydr X7 2 A
A& glucagon® £ X9} FAMSIA T

SomPFGMLHEE XFFAA Frd o ngsstd
B oo FHRIH oBuR JIY2INH g = TP
Avor 2B 2832 E2F WFE A=Y

FuR A3 g 233 ARFE 288
oA 3l A Zo GE £+ FPA o B ®
HgMFE AE FHRS ojfdle & AT 7
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R s ge 4y F BXFh B A7 E
glucagon# insulin®) B X} FABIE LY 7Y A
R FgHA0NGA B £ 3l 227 R4

BPPHYUIEA X &= TR FAA Az FER S
B 5% g RuR dAyd At EX3AY
L3035 My 2d%A ¥E Y OIT EXFEE Y
ehdth, 3 7o WHe 45 3L FEAo &0 R
AW B 2@ Ao EXHTE 3
AZE ENE /IR AE7 AR ez 2@
ABFE BFS A 2248 Bojy M EES
71 e 2UVNEE el A ojRE AE 7
2ol ojyu] AAY e BE§ IR d e gl
ucagon, insulin, Som™ HEE-3H L E 9] EF o} FAHY
2YAEEEY, £¥ € 28U M e FFF
9] 273 {AHSH T

55-HTH NG A X E ETHFoA Azl 15 &
= g AR Ao BEE Hole FV EE A
¥ 288 e FE AUk} 3379 W Fele e
HR To oy Add Exn? ARFT Y
59} FA1E BEE B B AdF e ¥ o}
# olgg M EEo| &4 FXE Yehed ol
hEFo BE fARIH oY HE A ] flojA o3t
o] ztelFo] AAHU ol HINHZA X FHN

=¥ glucagon, BPP, insulin, Som,5-HT 9] 22 e
gom B Eol A Adur-g-& Ho)A] ¥stE porcine C-
G7 motilin® #EF9 ¥ FoA Bz Jth

o]z} ol FAole] AFTAA 13F, AFAA 7

Zo] YA NP AANSATEY X 2 23
7k AlEe Banet v Aol ¥ £A & YeHdE
n} ol 749 xo] e TEY 24 Aold A 7
gora TR 2 2o 43d 2 A3 EHE
Aol ) F FAH T A3}ty Ao) 53 FPY
Eo]l Ao oo o Ax mAH o} shn g2 o
2ololl g3 B B 77 FHH A & Ao
Atg g,

4 £

B Aol g Y ol 23 4F W
BujA 2 29y B9 2HANLE dopr 7] 93
Az yos AN v S 2
A& g 4.

Hag ol 9 *ﬂ-?ﬂ"’ﬂ"i 1079 WRE QxS T3
Hde o]5L I Hef A& Bolo segment [ oA Ml
NAE F2 ﬁ’z}iﬂﬂl a9 Hee Futdud E 23
At CCK-8-, BPP, glucagonW Gt H X = H 43}
ol ¥ 2392 53] CCK-8-2 segment M4 o}
79 2ENEE B Y. Gastrin, Gas/CCKH G uH-g-A|
X+ segment [[NAM V2t X742 4z RESH oY
MoA T4 2ENEE WA SomBGWHSAl X
& segment [ A 7R, 5-HT+ 1, I, W, X 2
23 YolA 242 £X3Hch. HPPRA YRS A 2 se-
gment V, VI 28] WM Yol 23 X3ttt In-
sulin® & ¥H&-H £ = segment IS A stw MAA X
72 Exggod M e 449 28NEE g
WAt Neurotensin® g ¥F-&-A L= segment VEoI A X ol
T a s o] ¥ tE 28 Y porcine CG, substance
P ¥ bombesind Wt = Agao) A BAHA &
pig=2

I AL S A E YA Fgon i
HAEES A2 Eul=ge] 4uzhe] o Eud Ax
F9ol £E3Qch. Glucagon, Som, BPPH I uH-g-A| £
© CHEAE S Jeidin] Jg & Aoz ¥R
A, °o]F BPPA X+ MEAE7IE #AHACT Ins-
uin@ARHEANEE 4, B9 Y iz AP £
Ao BESFL, SFHTAGUSH X w2y,
FHEE JeE R oy g2 nokagr}. o) & WA
uhg- A ¥ 9] 284 © & glucagon, BPP, insulin, Som
5-HT¢] o012 porcine CGH motilin™ & ¥Hg-A| £
v A #EIR F%ch
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Legends for figures

Fig 4. CCK-8-immunoreactive cells in the segment I. X300

Figs 5a,b. (a) Som- and (b) glucagon-immunoreactive cells in the segmnet II. ;X 150, b; X300

Figs 6a-b. (a) CCK-8-, (b) gastrin-, (c) Gas/CCK- and (d) 5-HT-immunoreactive cells in the segment II. a-d; X
150

Figs 7a-c. (a) CCK-8-, (b) Gas/CCK- and (c) BPP~immunoreactive cells in the segment IV. a;X 150, b;X600, c;
X260

Figs 8a,b. (a) CCK-8-and (b) Gas/CCK-immunoreactive cells in the segment V. a, b : X260

Figs 9a,b. (a) Gas/CCK- and (b) glucagon-immunoreactive cells in the segment VI. a, b : X260

Figs 10a-c. (a) CCK-8-, (b) Gas/CCK- and (c) BPP-immunoreactive cells in the segment W. a, ¢; X260, b;X130

Figs 11a-b. (a) CCK-8-, (b) Gas/CCK- (c) HPP and (d) neurotensin- immunoreactive cells in the segment W. a, ¢,
d; X260, b;>240

Figs 12a,b. (a) Gas/CCK- and (b) BPP-immunoreactive cells in the segment [X. a, b; X260

Figs 13a-c. (a) CCK-8-, (b) insulin- and (c)neurotensin-immunoreactive cells in the segment X. a-c;X260

Figs 14a-e. (a) Glucagon-, (b) insulin-, (c) BPP-, (d) Som- and (e) 5-HT-immunoreactive cells in the pancreas. a;

X260, b-e;X 240
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