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Abstract

At present, the golden apple snail is one of the pests causing major problems in agriculture in
Thailand. One reason is that a snail consumes a lot of food in a day. The main objective of the present study
was to investigate the controlling the snail eating, including the study of the gastrointestinal (GI) tract
anatomy, the presence of leptin peptide-secreting cells in the GI tract, changing of the leptin peptide
concentrations compared between fed and fasted snails, and comparison between body weights and food
consumptions of leptin-treated and non-treated snails. Microanatomy study revealed that parts of the GI
tract including the esophagus, stomach, and large intestine were covered with simple columnar epithelium
with microvilli presented at the apical surface of the epithelial cells. However, the small intestine was
covered with pseudostratified columnar epithelium with cilia presented at the apical surface of the epithelial
cells. Height of the epithelial cells was greatest at the small intestine, followed by the stomach. The
esophagus had the least epithelial cell height. Moreover, mucin-secreting cells including neutral mucin-,
sialomucin-, and sulfomucin-secreting cells were scattered among the epithelial cells. The mucin-secreting
cells were found in most parts of the GI tract, except the stomach. Immunohistochemistry study using
antibody that raised against human leptin showed the presence of leptin peptide-secreting cells in all parts
of the GI tract. The highest density of the leptin peptide secreting cells was observed in the small intestine.
The leptin peptide had the molecular weight of 16 kDa which was the same as that of human leptin (positive
control). Study of changing of leptin peptide concentrations in the hemolymph compared between fed and
fasted snails revealed that the concentration of the leptin peptide significantly decreased in the fasted snail.
The concentrations were similar in fed and re-fed snails. In addition, the leptin-treated snails consumed
significantly less food compared to the non-treated snails. However, body weights of the leptin-treated and
non- treated groups were similar. Results of the present study could provide basic knowledge on the

endocrinology of the snail which related to its feeding control.
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. ] Esophagus Gastrointestinal Esophagus
Gastrointestinal |=——=> E:>
Stomach tract Stomach
tract Small intestine Small intestine
Large intestine Large intestine
Light microscope ﬂ ﬂ_
Electron microscope
\Q i& Paraffin section
Histology ‘ Mucin-secreting cell | ﬂ
ke Immunoperoxidase

Periodic acid-Schiffand alcian blue technique

pH 1.0 and 2.5 staining

3

3. MIUTAIDDNVD leptin peptide

4. 5w leptin peptide

=
HOUFUNIWLIUNLLI . . Esophagus
i 5 Gastrointestinal
|:> Stomach
@ tract i .
T ﬂﬁl}uﬁufﬂl’iﬁ Small intestine
NRUAUDINIT °

- Large intestine
Uni

na

: ANNAUUINY @
NgNBABINII nq ﬂ,
01151nA

@ \Q Protein extraction

Hemolymph ﬂ

ELISA technique

Western immunoblotting

iyl

h

. Effect Y@4 leptin peptide ABMITNUBINIT

o
HOUTUNTNLLUINTI

gu 1 Ny 2 a9y 3 ngu 4
a0 A0 1 ng/e Aa 10 fa 100

normal BW ng/g BW ng/g BW

saline leptin peptide leptin leptin

;‘\ peptide peptide

mingy Jun 0,3, 5

Wsmnmemnsing (g) Wi o, 1-4
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nizandunds IdruRoanu F991n5199Un15358WU N leptin peptide A1ngany ldludailinszan
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NTZANAUNAUTURGINY 1NF1ZT189TUNITIVENDI leptin peptide FIMNNAIVAUNITAUDINITVD
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1. tvioenyes

IS o a

= . A 9 4 a a 9
NoULY03 (Pomacea canaliculata) Mﬂuﬂ’]!fuﬂllﬂﬂﬂﬁgﬁflﬁlﬁuﬂuﬂgﬁﬁmﬂﬂﬂ?ﬂﬂluﬁﬂ']{lﬁ

1
=

+ tg =l a o a I 1 + d” 1 9
iioaninreuih@e (abalone) Hanwtisngmimnys Inatluems uasiavesrenihaeneudiaga
o & = a = & 4 X A A a ¢ A o <
auunyasnsnnUszmatounIdiodFeieasiumizinose oo swiaisd iiveriuuiu

¥ 1 v AaAa 1A A I v A ~ ] @
pnianaunuvonihge wu 1dvwu AaUlud vazdilu Fudu ualiosnnvenyes luldsuaiuy
Aa a < dy d =K 9 a o & 2 o ~ 1 1
Henlumsus Inaluoms mamzi@eslurhindedesgaas aniunvasnsvuimessesldosasy
v 3 A §
UHAIHIINMINTITUBIA (Halwart 1994, Tanaka et al., 1999; Naylor, 1996) 1ioeyesiauaIN1zely
] v H
mslfuanhnudanadon 1da uazlinnuegioanoudags uenaINLNesIEI IANUAWITOUNT
v Jd <3 A 9 A = A = "W Y ] aa
Wugod1959137 (Suduiiorioslongilszua 3 19e1) vouwesd 11501919 Idnaeas193in taz

Wy = 2 A B Y 1 <

awnsnlaldgada 11,000 Wosdonss auiusiwaulszmnsvonresdunuiiuiuldediesias,

(Albrecht et al., 2005; Estebenet and Martin, 2002) (MW7 1) W08 3 HiHaIN0ge1dsnIusisuyIane

v
U G

1) %‘ v g a 4 A 4
%zmﬁﬂagmmmamﬁﬂ Llﬂ$@1ﬂ1‘iﬁaﬂﬂl’0\11’i@ﬂl%@ﬁﬁ@ﬁ%u1nﬂGHL!ﬂ HoNINU Moo node Iy

]
A o o 9 '

3 g o B = @
wdmniludagidiAgyuestniedann M53zIAYEHBLIFES A1T0A5 19AMFENIB9INNITHA
a 9 9 3 a v & o ' & VoA -
nududtussnuniene sahldgauguiisvesnsdszavilymimsunanuedisaoiiiomnnil

2 a $ {o d
YDUNHATNININANUTINIOUDIRUTIMAZNITANAWBINANAA  UBNIINTNBEIFEITUTI UMM UBA
a a % I a 4 [
NUDUNIIDYUA Angiostrongylus cantonensis @Qlﬂuﬁﬁmﬂﬂ]ﬂ\iﬂ1ilﬂﬂ@1ﬂﬁlﬁﬂﬁ)u’dilﬁ]\i’f]ﬂl’dﬂ
v & 1a A A g a
(menigoencephalitis) Y9I IR0 AIUNBATNT 09 IiTlouns Tnaneewesilue1msmilounooyiia

819 (Mochida, 1991)

'
=

d' 4 ~ Y ~ 9 } A a a a
MUAN 1 MITATUNUTVOINDULTD TINANLASINALNY (8) LLﬂ$‘l“ll“llﬂﬂ‘ﬁf]ﬂ!,‘lffli‘lfllﬂﬂil'lﬂﬂ'l'iﬂ;]ﬁuﬁ

a v oo Y o 9
IMEAANUAINURNNIN (21)



2. MUAUDNITVBIHBY

MUAUBINT (gastrointestinal tract) VOIdATUsZIANMREAINTONURRN D WAIWA1e Tdun
NaoAD1IMIS  (esophagus) Wnthiieudsszv19¥091hn  (mouth) LAZATLIWIZEIWIS (stomach)
piozdimimiigavesnuduems fe d1ld (ntestine) Faamsausndoseenilu 2 dau 18un
a'1§18n (small intestine) taza1d1na) (large intestine) tazoiozdUgAMBUDINIAUALDING AD
1dasaaznnsmin (rectum and anus) (Voltzow, 1994; Martin et al., 2011) MIANYINIUAUDING
W04 giant land snail (Achatina fulica) 18 giant keyhole limpet (Megathura crenulata) WU 93872V
muAue Ao seeniugeathn (mouth) MeuADNT (crop) AeWANY (salivary gland)
NaOAND1115 (esophagus) NTLIWIZOINIT (stomach) SRE: (intestine) HALNINTHUN (anus) (Cardoso et.
al., 2012; Martin et al., 2011) (mwﬁ 2) MaRUIHITTeBIE Y AT oL R mouth, buccal
cavity, esophagic pouch, crop, stomach, style sac, midgut gland (digestive gland), thin gut, coiled gut,
rectum 148 anus (Godoy et. al., 2013) MA 3) maAntlassaeuoawadused ultrastructure
W YSuarad sy 85% VOINNAUDINIS (esophagus, style sac ¢ intestine) VB3 giant keyhole
limpet Usenoude 1rad 2 ¥iia Ao mucus secreting cell 11a% apocrine cell (Martin et. al., 2010) 113298
(¥ARVOINUAUDMITVE Megathura crenulata WUN advoanuRue I Thdeanesiia
1@un protease, amylase, lipase, cellulase, i0e lysozyme éﬂﬁiﬂ@ﬂlﬁﬁﬁgﬂﬁ%ﬁdmmﬂ apocrine cell
VY99 esophagus Ua% intestine (Martin ez al, 2011) 05075 1UTLUUMUIAUDINIT YOI HBBIHETS
Uszneudie deuatiniges 18R digestive gland c’f}qdauﬁﬁg%uﬁaﬂizﬂauﬁ’w ¥ad 2 wila laun
1) columnar cell ‘ﬁma“lu cytoplasm W1 vacuole 91UIUUIN Sen digestive cell 4ag 2) basophil cell ﬁ
pniimssadesvessadilungu (clusten n3o iwadiaes uazaiely cytoplasm WU basophilic
granule  $WIMWINA  (Kruatrachue e al, 2011) msanylaseadiusadvesseuthaiovesnon
Philinopsis depicta anInuensadeoniti 3 ¥ia 1Aun ciliated cell, granular cell L1a1g cell with apical
vacuole (Lobo-da-Cunha et. al., 2009) MIIATMUNTAGMNANE UL VDI rER 1AL secretory vesicle
"’U’EN@]"?J?J&WVJ%W gastropods NI 6 wia laun Elona quimperiana, Trissexodon constrictus,
Hygromia limbata, Cernuella aginnica, Cepaea nemoralis Wa¥ Helix aspersa AT DS

ponilu 5 wiia laun type A, B, C, D 1182 E (Serrano et. al., 1996)



stomach

salivary glands anus

MU 2 FIUYTLNBVYBINUAUDINITVBY giant land snail Uszneudiy mouth, crop, salivary gland,

stomach, intestine {18 anus (Cardoso et. al., 2012)

MNA 3 BIU5LAPVVOIMUAUDWNTVOS Pomacea canaliculata U55n0UA8 mouth (Mo), buccal
cavity (Bc), esophagic pouches (Ep), crop (Cr), salivary gland (Sg), stomach (St), style sac (Ss), thin gut

(Tg), coiled gut (Cg), rectum (Rt) {182 anus (An) (Godoy et. al., 2013)

maﬁwmmaﬁzuumuﬁummmmﬁ@fﬂizmwwaﬂgﬂmm}mm peptide Wa’]ﬂ"ﬁaﬁﬂfﬁﬂ
Wfion15nEdu T 0 dUEIN 131N Ye AT VOITZULMIUANEINIT MIAUBTHITVEN Lymnaea
stagnalis QNAILANAIY octopamine peptide NYNT3 1WA HAWNMINITadVOITz UV TZE ™M IRUA
wadlszan ﬁ W 14 buccal ganglion (Vehovszky and Elliott, 2000) n15A21 AUNTETUIUNIT
metabolism LAENTEUIUNIT glycogenolysis YD Helix pomatia NAINNITAIL AUUDJ vasoactive
intestinal peptide (VIP) G?'NQﬂﬁﬁynuawéﬁmmm«mﬁmmszuuﬂizammmwaﬂ (Kaufmann et. al.,
1995) dMFUNGANTIUNIIAUDINITVDN H. aspersa WUIYNAIVANIINNITHIIUUD bioactive
peptide 1Y cholecystokinin 8 (CCK8) GIIéN peptide ﬁgﬂﬁ%ﬁmaw’é'”qmmﬂmaﬁmmizuuﬂiz’dm 2
@19 AD cerebrum 1AL buccal ganglia c'lé%amiﬂim;]mm peptide vzmuluszoziinsiuesves

08 (Pisu et al., 2000) UN1TIVGNUI N1TNUDIHITYNNTZAUAIY ghrelin peptide AIBIFUN BT
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o

d0INNI2NAUNAA peptide i 9NAF19NNNEAAVDINTLINIZDIMIT (Kojima ef. al., 1999) WoNING
113398V ghrelin peptide AINITDAFININNYAE WA IUAI VBITLVUNMUAUDINT 1AA2Y
UIASINU (Kaiya et. al., 2011; Wang et. al., 2008; Wang et. al., 2009; Kaiya et. al., 2011) Tagmnie
grelin-like peptide QﬂW1J?JEJ’(?IHUGiNG“]"’lJENVIN!ﬁUEHWTi"’UENWE]EJWE]% (Ngernsoungnern et al., 2016)
AA1IENTOADIHITATNITONTEAUNT AT 1A HAIUDA ghrelin peptide FadamanomIRuMINARI
W3 ON3ITUVOITLUUMIUAUOINIT HAZEINITDIMUNITAZ1AZNITHAL growth hormone 18@78

(Kojima et. al., 2001; Kaiya et.al., 2005; Kitazawa et. al., 2009)

3. Leptin peptide
Leptin peptide %30 obese (ob) protein gﬂﬂ’J‘Uﬁ]llmiﬁ%)NLLagﬂTiﬁélﬁi]m ob gene Iﬂﬂl%aﬁﬁ
ad1auaznad leptin peptide Fgnszumaen Ao wad iy (adipocyte) (Zhang er. al., 1994;
Borstein et. al., 2000) msanEIToUNINIaz R v leptin peptide YpIAAIINTZANTUNSINUN
leptin peptide vi’mﬁ'wﬁmuqnmiﬁwmmmiwudnq molusume ldun msaue1s aAnuduaa
VOINFINY MYz don 120 (Ahima et al, 2000) UOANIL leptin peptide 3711
ﬂﬁﬁmuﬂmmiﬁmummiguuﬁuﬁuﬁvﬁmﬁmﬁu (Paczoska-Eliasiewicz et. al., 2003) Ingaa519v04
leptin peptide 1/3¥ABUAI 167 amino acid HazIMINse01al 16 kDa  13/9 leptin peptide LGERN
nnwad szgniiudignszumieaiiodudeslgieduazidming uasSuiufISy (receptor) TS a
hypothalamus aIUAIVANAIINDEYING 1T (appetite center) @T@ﬁuﬁmﬁqgﬂé'uégqmﬁﬁummi 510911
MIWINDN A UNgUed15AINDINTULTITINITNAIINAIWAMNANTOAWDNNITOIWBY  leptin
gene YED) leptin receptor 130 leptin peptide (Campfield et. al., 1995; Montague et. al., 1997) N1INAADY
Lﬁaaﬂﬁmﬁ’ﬂmmémmﬁnmaﬂszé’umiﬁmumm leptin gene HeINLMIAZ 182 MINET leptin
peptide 191gnIzLNADA Fandnnstiszdenadensaantsive s waziitldgmaaniminludiga
(Halaas et. al., 1995; Chen, 1996; Denbow et. al., 2000) MIHIIUVBY leptin peptide WU leptin
peptide 1115071IUTINAY CCK Lﬁamiﬂizé’umiﬁmumm hypothalamus 1NeN158ANSALETHIS
us liifinademsnduhgesnnnssimnzemsuazdusey (Konturek ef. al, 2001) MSANHITZAIVDS
leptin peptide TuidoavedlnfifimsazanvesluiusunelulSnmiigs nunisefuves leptin
peptide gannlAfifimsazanvesluiuilSnalnfinadito mqyﬁﬁﬁuwuswqmmﬁiﬂﬁ Al
IAAtimsazan luhunnfinganuiisamedsems 19nuvessame suiu msiuenssanas udln
S navesluiulesiededimstuomnsluSinadige  iieldifvaneseanudesnisndany
¥99319ME UG HeumsITuN s Sa leptin peptide Tulidy awseaamsiuems
vo3ln !,wawzmiﬂiwj’whu satiety center U3 hypothalamus (Dridi et. al., 2005; Kuo et. al, 2005)
UBNIN leptin peptide APNAIININIAYAF Jufundd §ali51991UMIINENUN leptin peptide 639N

u

J o a [ 1 [
ﬁ%’Nmmcﬁammmmmmizuumamummimumm 1Y chief cell, gastric fundic mucosa VB3
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ATLMNILBINIT tazisadvoda 1d 1Wudy (Widjaja er. al., 2000; Nishi ez. al., 2005; Bodo et. al., 1998;

Cinti et. al., 2000; Sobhani et. al., 2000; Neglia et. al., 2007)

Japfunua §alilin535uie@Anu11 leptin peptide thoatoarun1sAUe I Tuda 1l

E4 H
v I

o @ v & ao ) dy I aov
NITANTUNAINIT ANUY 513\‘]'luﬂ1i’)i]ﬂﬂ'§\1u’§\1lﬂu515\ﬂuﬂ'lﬁ’)i]EJﬂi\iLliﬂﬂuﬁﬂﬂﬁﬂﬂ?iﬂi?ﬂgﬂ]@ﬂ
. . [ 1 @ 2 dy =2 Ao Y 9):3 A =2
leptin peptide 1Uﬂ'ﬁl'ﬂﬂllﬂ§$f]ﬂﬂu1’m\1 UINIINUNITANHIIVINNATUANIVIWUTIUNDNGT U
4 A a A a o o A A ' aw s A s
03 luuNAIUAUMIIUOIMITVBINBEWES LA Ayounoi llgauitelszgnaiionosonnan

Y a A A Y = a a Jd
ﬂ?111§1ﬂﬂ'liﬂ’3ﬂﬂllﬂ1‘iﬂu@'lﬁ'li'ﬁi@ﬂu‘lﬂ’ﬁ]@ﬂﬁ@ﬂl%@iiuﬁﬁWWﬂJ%ﬂﬁﬂqﬂ
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1. M3IeNdnINAass (Animal preparation)

@ I A ~ A o a 1 A 4

Z’fﬂ’j{ﬂﬂa@Qtﬂuﬁ@ﬂﬁf’ﬁ]iLWﬁLiJEJLW51$3JEI§l‘51ﬂﬁﬂu@'l‘ﬂﬁq@ﬂ?ﬂﬂ’ﬂﬁ@m%@ﬁlWﬁé} gﬁmmn

d‘ S Y @ A a v 25 dyol A d‘d a a
NOULYDILNALNYADINTITWAINUFUNDONITIOIYWUT ﬂ1'5‘1’]@]a’ENﬂ'N‘Llﬂﬂ!aﬂﬂﬁﬂﬂﬂuﬂﬁmiigmﬂiﬁ

s d A =X o A A Y . Yy 1w
FUYTUANUN FINITAALADAISNINTUIIINAIINNINVUDY operculum width 1ﬁ11ﬂ1£'1/]1ﬂ1] 4.5-5.6

a %’ Y (% | ' g
FFUALNAT LA HIMTUNAIBYISHIIN 40-45 NTY (Youens and Burks, 2008)

v
~ [

A 9 & dyd oA o @ o =
m)ﬂwasvﬂ%m'iwﬂam“lummmmammﬂmuﬂaammﬂmm’aiuu%ﬂ WHIAUATINYTUN

]
v A [ % = o w

MNN 4) wasngnaAa@eniied UK B3 WL NTUINTUTIANNMNTRANUAT AT AIIANDY

a

[l
o @ A

YoIFAINAADY 1AgnosIreInNINIHNIN

a

4

= o A A o Aa '
5/ 1p) Llaglluaﬂﬁﬁgw%lWﬂﬂﬂﬂﬁ]ﬁ]ﬂ‘ﬂuﬂﬂ@l@ﬂ?1ﬂﬁﬂuﬁim
9 a oA [ 4 d' [ 1 o 1 1 %‘ a a
‘Vimﬂg]mslm‘imu 2 ddavimelSuaninseme ‘H@ﬂgﬂuﬂﬁ"lﬁumﬁmwmﬁﬁﬂﬂmm 20 a9
A @ J ¥ v 9 o v A @ Yo o Y @
UMWV OUITDT 20 /01U (@]’JF;J] 569 BASAUNY 15 617) llagﬁﬂﬂqﬂﬁﬂWﬂu%ﬂu'ﬂ’]'ﬁ’li’)uag 1
¢ A o
A5 MInIUgugungiinie luresgnAIuANNY 2 27-28 DA ITAITYE L1AZTZEZIAINITTULAN
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2. msAnwanyalnsea’ nveamauiueIsvesrioayes
A o q ¥ y ¥ 3 A < "o A v Y
vouresgnin Iiaaumisinidaneannnudviannmsida nlaennesgnnuliuandie
[ a o @ 2 1 U
dou 982z luszuumuduemisgniteenuazdaueneenitludiuq 14un 1) esophagus, 2)
stomach, 3) small intestine 1% 4) large intestine (MWH 5) BTBITAIUAE] VOINNIAUDIHIIYNAA
A a ' ' v ¥ A 9 A& ' A Y A A A
Ronmmizuinunanveaazdmniuetfosnumsduilounindiufieglndifes iiieieniuen
' 1 y )
PONNIPNTNBIANINAIY Bouin’s fixative (Bio-optica, Milano, Ttaly) 11U 24 %2103 1ileiiiodon1u
F 1
N3ZUIUNITTNHIANINAY Bouin® s fixative 581508147 110180NA19R28 70% Alcohol S1UIU 5
4 a A Y . . a A A 2 X o o Y 1 = 3
AT99 82 10 T WOFZAN fixative AIUNUBDNNINILBITD FUIloAI0819gNIT NNz UIUMIAND
g ] ]
20NALHBIEEDAIY 70%, 80%, 90%, 95%, 100% Alcohol A 381A3 B4 Tissue processor (ATP 700,
E 3 v
Australia) M3A28M511F U 0A208197911 paraffin wax @281A50950 Embedding station (Bio-optica
g'u CD 1000, Italy) !L53ﬁ1 paraffin block ulﬂﬁﬂﬁ'aﬂm‘%mﬁﬂ Rotary microtome (Hestion g'u EMR 4000,

Australia) AWMU 5 pm ANAIBNITIN paraffin sections YU slide

Rostal —

Small intestine

. - _ ‘ Large intestine
‘W“”””lm | (i
D LI O L e

a ¥ a Adq v
HNINN 5 IﬂiﬂﬁiTﬂﬂlﬂQﬂWﬂ!ﬂuﬂTﬂ"I'i"’ll'f)\ﬁ’if]ﬂlﬁfﬂiﬂi%iuﬂ"ﬁ‘ﬂﬂaﬂﬂ ﬂigﬂﬂﬂﬂjﬂ HaoAvINII

o I . . o ' . .
(esophagus) NILINIEDIYT (stomach) a'ldian (small intestine) wazald Gl‘ﬂi‘g (large intestine)

o A A A y_ )
2.1 MNP U NBANYINIY light microscope
J 4 1 1 a o =Y

Paraffin section 91ALHBIBOUAAL AIUVDINIVAUDINT gﬂuﬂﬂé’@uﬁ’wﬁ hematoxylin and
eosin (Bio-Optica) Tay section ] ﬂijiJnl‘L! xylene (Fisher Chemical, New Jersey, NY) Wen1da paraffin

tg A 9 A o 9 Yo 3 dy A v 5 . ° '
DONITNIUDIYD miﬂauﬁmtﬂumﬂﬁuuﬂumawa ANUU section Qﬂu'llli_JW'luﬂﬁziJ'JuﬂTi rehydrate

\ Cg 4 o g 1
ﬁ'aﬂmﬁqmum%iu graded series of ethanol (100-70%) #1uaA1AU uazmm’hﬂmﬁqulu distilled water

A o 39 A A g o Yy Y . 8 & A
Lwaumumﬂﬂumm% VUADUNNYINANNITIDUN YA hematoxyhn and eosin HU mawﬂgﬂ dehydrate
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ﬁﬂﬂmiijiflu graded series of ethanol (70-100%) AMUBIAY AIVAITNTTUIUAT clearing CRY xylene
Lzazﬂiﬁuﬁaumﬁ’m Ao M31A section AY cover slip ﬁﬂmmﬁ'ﬂymmm&ﬁm%mﬂﬁ light microscope
(Nikon Eclipse 801) uazdwgﬂﬁ’w Olympus DP72 Camera

2.2 MTIANIINGIVBA epithelial cell

AMUGIVBA epithelial cell fiyMITvOId MM VOIMUALDMIIYNTA Taeidond o100
section YDILAALAIUVDINIUAUBINIT (n = 5, each) LAAY section gﬂdwmwﬁ"awuﬂ s (1
microscopic field area 191 0.75 A13 19T AWAT RTGIverRMATY 40%) M13IAANNGIVDI epithelial
cell 923A01N basement membrane %‘ullﬂfjlﬂ apical surface U4 epithelial cell Tae1% Cell D software

23 msAnMa3INges mucin-secreting cell Tud e uosmuRuemsve WOLITES

Paraffin section inﬂ?hu@'NG] VDINUAUDINT gﬂﬁnﬂﬁﬂ‘hﬂﬂﬁﬂﬂﬂgﬂl@ﬂ neutral mucin-
1a e acidic mucin-secreting cell Tasn158ouAIY Periodic acid-Schiff (PAS) 1ae alcian blue, pH 1.0 U
2.5 (Sigma Aldrich, St. Louis, MO) M13803&#095n15%1 paraffin pBNINLiI0IEAY xylene A1NAIY

k4
1A

MsAIdUI1g1l0180a 19N T2 VIUNTT rehydrate A20n 1571 11 graded series of ethanol (100-70%)

U

Y o

awdIdy 1d1iuil 01do 11 doudu PAS 130 alcian blue, pH 1.0 %30 pH 2.5 91011 section qn
dehydrate Ay graded series of ethanol (70-100%) AWEIAY HIUNTZUIUNIT clearing Ay xylene LD
Fumougat1y Ao mount 1l o188 @28 Permount (Fisher Chemical) nou#i 9211111 #n 11870 light
microscope

$IUIUVDI mucin-secreting cell VINUADLAIUYDINIUAUDINITYNIT NG ]A light microscope

° I I 3 J 0 i f 1 1 a @
sazmuauosiFuavostIuIUTeY mucin-secreting cell R1NUAASTIUVDINTIUAUDINITAITNUNIT

Percentage of mucin-secreting cells = Number of mucin-secreting cells
Total number of epithelial cells

x 100

a X A A v 3\ ¢ .
2.4 MIAIUATSNIUBYDNIANHINIY transmission electron microscope

[l
= o

¥ y ¥ 3 A 3 "o A v Y
1’iﬂﬂl“])"f]iﬂﬂﬂﬂﬁﬁﬁﬂﬂ?ﬂu"llﬂlﬂLW'E]E‘]@ﬂ'J"IZJLi]]JTJ’Jﬂﬁ]"IﬂﬂﬁNWW’] Lﬂﬂ@ﬂﬂ@ﬂQﬂnUiﬂLtﬁﬂﬂﬂﬂ

a

1 1 a o % 3 1 ]
Ao FIuANVBIMIBAUD s gNieenNazAauensomiudIus 1Aun 1) esophagus, 2) stomach,
3) small intestine i01& 4) large intestine (ﬂW\Iﬁ 5) ?'(?ING]'NG]SIJ?NTIN@HEHWYJQﬂﬁﬂlﬁ@ﬂmWWﬂ%nm
NANYOIAAZAIMNINY 1HoFoNeneeNUIgNTNBIANINAIY 2.5% glutaraldehyde 1A Z 2%

paraformaldehyde (Aros Organics) 14 phosphate buffer saline (PBS), pH 7.4 L@ g% WeouIu 12

Aa

109 NYUNYN 4 03AUFAITIT G 15 US glutaraldehyde 118¢ paraformaldehyde d21AUNINIZ MDY

Q

g 4 . o 1 4 !
Tuiileidogna1900nA18 phosphate buffer saline 118z 1111018011 NTZUIUNT post-fix A28 1%

v P ' f M
osmiumtetroxide (Electron Microscopy Sciences) Tu PBS 101U tiloibe 9N dehydrate MoAgi190n
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XA A g . o o Y o K A g
INLUBLYDAIY graded series of ethanol (50-100%) ANANAU AUAINITUUUBLYDIUIFNITUIUNIT
clearing #38 propylene oxide HAZHIUNTEUINNIT infiltration AIINAIAANIINOATIAIUNT UV

o v g’/ é‘ 4
propylene oxide : araldite 502 resin (2:1, 1:1 U@ 1:2 v/v 910A19Y) uazmumug@ﬁ’w mm%gﬂé’hm
a2 . . . . o A . <]
Tuware@n araldite 502 resin (Electron Microscopy Sciences) N18H 391NN araldite Llﬂlﬂﬁﬂﬁmgiﬂf

° o o Lo . o 4
iFou50011d7 tissue block Qﬂummmﬂu semi-thin section Lngﬂm"lﬂﬁ’auﬁ"mﬁ methylene blue 11
° a Ay o A A s . . A4 v . . & Aa ) v .
Mruausnaundosnisezaaiioa i iiu thin section i 14 thin section 1Y uNiFevTosud? thin
section gﬂﬁﬂﬂ coat A28 lead citrate 11AY uranyl acetate nounaziitlUdny1a2e JEOL-TJEM-2010
transmission electron microscope
= . . U v a d‘
3. M3AnEINSUINGUBA leptin peptide 1UaIUA1) VOIMIAUDINI TV IHDENTD
31 7% immunoperoxidase
. g A 1 1 a G d‘ Y
Paraffin section UBIUBDLYDIINTIUAN)UDINNUAUDING ﬁnﬂfﬂimiﬂﬂﬁ"li]ﬂi%ﬂ?]uﬂ"liﬂhlﬂ
' Yy 9 9 o Y 1 o A A 9 g
ﬂan"lﬂummwm ANUVIFNISUIUNITNIIA paraffin wax 89NI1NIUDLYDAIY xylene 3 ATI) AL 5
~ ¥ o A A g =2 3 9 & A a ¥ o9 s Y Y
HIN MNUUUUUBDYDVIGNTECVIUNTAIUUVIFLIUDIEIDONATI AVYLDANDIDANAINIVNUUAIN

v
v R

4 ) 1 o %,’ o
U5ZNOVAY 100%, 95%, 90% 1AL 70% DANDFDE MVUEIAY FIAALANVAUTUADIIFIDIUIY 2

J

3’; = &I A 1 = Y . | =}
ATI9 0% 5 U 1UDIERILYNUY U 70% UBANDIDANHEANAIY 1% LiCO, 11111981 30 WIN
a gy A o o .. LAaa T A A 13 y . . A
(Qﬂlﬂ@juﬂ@ﬂ) INBNIVA picric acid 1/]3JE)gsl,uLuﬂlﬂﬂﬂ?ﬂﬂ'l‘iiﬂ‘hl1ﬁﬂ'l1/‘lﬂ7]ﬂ Bouin’s fixative 1193910

3 Y . . o & . A A = 9
naaeuilunisgou immunoperoxidase technique A4UY endogenous peroxidase meluiiiowe WADIYN

[

o Y 1 j’ A h A a 9 < =
M9AA8N1TUFIL0150 11U 1% hydrogen peroxide 114 PBS, pH 7.4 Ngarvigiviouiluinal 30 win
o w o w A A A o 9 A A . d‘
A1FUNIMTA free aldehyde group Nog lutiiaiwe nsziaremsusiiowaly 0.1 M glycine 11 PBS 71
a g I = A . & A o Y v XA
MUY UIa1 30 UIN LaZMISINY permeability vouiawonm lasldnszuiunmsuyiiows u

. =~ a I = 9 o o o 1o

0.1% Triton X-100 wqqunﬁ}mmunm 30 4N ﬁ“’iﬁ‘]Jfﬂiﬂ@\iﬂ'LlﬂTii]‘1JLL‘1J‘]JUliJ€I]1LW'I$H]1$€N (non-

4 r '

specific binding) ¥®4 primary antibody #1A28n 15Uy 018011 4% bovine serum albumin (BSA) N

a 9 I = ' < & g 9 v A A o .

g ouTluIal 60 WM TuNaoUNUAWFU (moist chamber) AIUAIINITUFIUDIGDNAY primary
A ) = ' <

antibody 19 rabbit anti-human (dilution 1:500) (Abcam, UK) N WU 4 9IAUBALFYT lunasuny

& . I o 9 o . . U a U A o ]

AMUFU (moist chamber) 1T uIa1 12 ¥ 1us 115U primary antibody darununseaIunsuuu lu

' 2

FUNIZI1ZI92YNAITAINAITAI9A8 PBS NHANAIY 0.1% Tween 20 $1UIU 3 1599 a2 10 U1
B . ‘g A Y o tg A [ . A

NI1TATIVN primary antibody 1uauaaﬂaﬂ$gﬂ@iaﬂﬂaﬂﬂ1iuuuawa“lﬂmmu secondary antibody f1®
A a a ' < X

goat anti rabbit-HRP (dilution 1:1,000) (Abcam, UK) NQUWYN 4 DIAUBAIFY lunasunuANVFU

. I ~ o [ . 1 a 1 A o 1o
(moist chamber) W 1a1 60 IR A5V secondary antibody ’mumuw%mummmﬂmnww
[ v
19129901 primary antibody 929nNA19A91NN1TA 1A PBS NWANRIY 0.1% Tween 20 T1UIU 3 A599)
= 9 1 d' Y o aan [ . A ] g d' [
az 10 UIN AIWA8NI5 1d substrate LW?)Gl‘VWH‘IJ;]ﬂiEﬂﬂ‘]J peroxidase 19 N1TUTLUDIEIDAU 0.05%

.. .- . X a o { 3 g
diaminobenzidine (DAB) 1122 0.03% hydrogen peroxide FInand Ui Tonan1snaaes laiwdua
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?,’ 9 o @ . 1 | J 9 v J d’ Lg 4' [} 9 " @ .
Waaly d1m5Y negative control oo milu 2 ngu laun 1) nguiiiee lu1@uany primary

D

antibody UALFAL PBS LN 1NOATIIADUMITUNTUNIZIIZ29909 secondary antibody 1A 2) NG
primary antibody § pre-absorbed Ay leptin peptide (Abcam, UK) Ta8n15 incubate primary antibody i
working dilution 11 100 pg leptin peptide T1wAUNYUNYN 4 A IFATod 1HOATIIAOUNITIVN
TUWIZI91Z99UD primary antibody HANMINAADIN IAYNA18AMAIINEDI5U Nikon ECLIPESE E600
light microscope 161¥ Nikon ECLIPESE 2000 CCD camera
U '3 4
3.2 MSHUANNHUWUU VO AT AaN N 151510 U4 leptin peptide
Y ' I . . o I
MINVANUHU WU UVOU¥AANUN51310 VD1 leptin peptide (T1UIMIFAANTNIUTINYUDI
4 1 1
leptin peptide/WUTN (A15190AAWAT)) NMTNAADIIIAIIATITAIBATNIIN section NHIUNTEVIUNT oY
immnoperoxidase i5oU5 08147 AMBI@AEINUTUTIUIVEAAIZYNHIBIIN section VDIAAZAIN
YDIMAUAUDIHIT (n = 5, each) UIAAZ section §NDINNNIKUA 10 NI (1 microscopic field area INAY
0.75 M3 WHaamaT Afasveeminy 40x nagluuaaynw ivadnin131/51n 04 leptin peptide 18
v o ~ 4 1 = [} I A .
gniutauIaeld Cell "D software 1o ldaumasuosnuvunniuyousad N5 10 U0 leptin
peptide MINUABLFIUVDINIUAUD T ARAil IAgmimfFeuiiioun1eada lnens 14 analysis
of variance (ANOVA) ¢14 Ay Tukey post hoc multiple comparison Tagan probability value Adeonm
0.05 (p<0.05) DoNNANULANANBE T AYNINEADA
4. MSANYINIUAAIDDNUD leptin peptide THAIUAII] VOIMIAUD WISV IHOELNFDS A
3% Western immunoblotting
A o q ¥ y ¥ A ] Yy 9 A o a
weuwosgni Indaualeiings nlaesnvesgnnuliuanalsaouiodausnszuuNIAY
I 1 1 R % . . ' !
mmsaamﬂumuq Taun 1) esophagus, 2) stomach, 3) small intestine (L0 4) large intestine §IUHANC)
9 4 1 v
YPINAUDIHITYPNAAADNIDNIZUTNUNANVDIAAS TIUN T 1101BDNYNAABINNIPNT NN
a K Aoy o2 A A UV o g ¥y 1 3 A
anmvedllsauluiiamodisn1susuaauiiome 1 liquid nitrogen Hazdany Tuguaudan -80 031
1 v
aFed 1osemInaaesiuaouae 1y
4.1 M3anallsAUINTIUMI VBISTVUMAAUDINS
1 1 a A T 3 o o ?7/ o o '
duaveImuALe T RFuMsuudadgainndaimin udnildluvasauiiua
&' A F) = . d’ [} %,’ < zi YA a =
119189A810 (hand homogenizer) ML U uNen U 1Tlgurigilse I 4 oerusaiToe
ua29414 lysis buffer (10mM Tris-HCI, 150 mM NaCl 48 1mM EDTA) NHaUAIY 0.5% Triton X-100
1182 1 mM phenylmethysulnyfluoride (PMSF) a4 11/ lunasausiuaiietodsuns s miveaiiots
¥ o & A X A = ] o ¥ A
(hwiniiewe/5u1as buffer) tazuaiooIuazdon FInszUIUMIVATH ILTMaDAna e
Y Y 1 i
doamsaarsves]UsAu (protein degradation) 311U Wveuralnnmsuaiaen lalaluvaea

A o ! A < A < a Y =X
NAADIVUIA 15 ml L‘W’f)lﬂllﬂﬂullﬂﬂ‘ﬂﬂ’ﬂiﬂiﬁl 20,000g NANNLEYU 4 DIAUYUFYET UIU 20 HaIIAA
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3 A 1y v 2 ~ A A o Y] o
NURNIZAITASANINDYATIUDU (supernatant) MUY ﬂiiﬂﬂ!m@QIﬂiﬁu‘ﬂﬁﬂﬂllﬂﬂﬂﬂﬂqug‘lﬂggﬂqg‘]

B}

@18 Bradford’s assay

4.2 35311 Western immunoblotting

Tis@uana (crude protein) 91NAIUANNVBINANO1MITYNUTUUT w1 TEmInudae
phosphate buffer saline (PBS) M3NAnndnsail#atuduued Ts@umiigy 40 pg 1015014 loading
dye Lﬁaﬁﬂﬁiﬂﬁauﬁﬂmmﬂuﬂﬁzﬂqau (negative charge) M3a4115Au 1 aoAr UTBIAZUNTIVB
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 3¢ doar i laseadiaveq
TusAuBaeenifiuaioen (lincar protein) s TusAuariasagnii luduRigangd 100 esruraidoa
na13 ui wazgniilduenvuiadae 12.5% SDSPAGE i T sAuaiagndeniedae
ﬂima'h\lﬂuﬁ@"lﬂfﬁ nitrocellulose membrane (Amersham Bioscience, UK) HU1U 60 WIN Lﬁ@ﬂ@ﬂ N3
WnuY T $1W1Z191299 (non-specific binding) Y09 primary antibody 11114 membrane 399011 1wl

] 2 ]
5% skimmed milk (aza1011 PBS) Nigauvi©od UM 60 Wi 1AZN15ATIIN leptin peptide Tutiioigo

Q

Y
Wi 111148 Taen153 11k Y membrane 11 uasn primary antibody f1® rabbit anti-human leptin (dilution

a

1:500) (Abcam, UK) fgaivinil 4 osriaaidoa funat 12 92709 §11150 primary antibody d2uiiu

LY

o v 9

Wiodaunduuuy s unizinizesgniitadaen1sd19dae PBS ANaNAI8 0.1% Tween 20 0

9
Y ]

QUNUNDI 31U 3 A599 82 10 UIT 91NUULKY membrane 0111111511 secondary antibody Al

Y

goat anti-rabbit-HRP (dilution 1:5,000) (Abcam, UK) ttazie 1ihamvaiiveuilunai 60 urd d sy

U

oA o o 9

secondary antibody #2nuH3od N VMUV lT UM IZI1Z999zgni9AAI8N158 19828 PBS fnay
78 0.1% Tween 20 g giifes $1U9U 3 A599 az 10117 AR5 1d substrate i 173
ﬂf]ﬁ% 91N 1 peroxidase #11A8N15L% A Y membrane N1 0.05% diaminobenzidine (DAB) ttag 0.03%
hydrogen peroxide Lﬁaﬁﬂmmm‘u band UDY leptin peptide c’f&wﬁmﬁ’mcv‘fw%wamimam%ﬁ‘lﬁwﬁu
Sluditarady #1m 5 positive control ¥99n151A 019 human leptin peptide (Abcam, UK) &2
negative control uieeeniiiy 2 ﬂﬁjll laun 1) membrane ﬁuliﬂ@g{uﬂ}f‘ﬁj primary antibody UALFNY PBS
U I ATIVEEUMT TURTUNIZIN LIV secondary antibody (8 2) mju‘ﬁ primary antibody
pre-absorbed # leptin peptide (Abcam, UK) 1A8n13 incubate primary antibody ﬂ working dilution Ay

a =~

100 pg leptin peptide WAUNUNYN 4 DIAUTAToA 1NOATINAOVNTIUNTUNIZID1ZIVDY primary
antibody
=t . o . R .
4.3 manBauneuifSnamuy semi-quantitative Y94 leptin peptide wﬂ51ng1uaauﬂ1ﬂq LGN
MIAUDINIS
M35 ouRe YT U1 U8 immunoreactive band 1IN AIUAII VOINIAUAUDINITAIINT 14
a 4 o .
TdsunsunounIADS (Image T software) AINITDNIAIIN 15219 box (50 x 50 pixels) a3 U U
. . ' A 9 o v 1, . . . !
immunoreactive band 18 band 1814 software ¥111153AA intensity 910 immunoreactive band UBJILA
4

v 2 1 o { [} I . . 2
a2 band Wiau Adavi ldeenuiaziiniieily arbitrary unit (AU) m13naaedlagnyiisianua

Ll
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4 Y o ' A 4 2o oA Y1 A . 3 X .
5739 Taoloa1981911018991N 108 5 YA lignu ie lanunasves mtensity Y93 immunoreactive
' E4
band 9INAIUANVOINIUAUDMI5UED ANdomaril lagmiwtFeudieunisana laons 19
analysis of variance (ANOVA) AR Tukey post hoc multiple comparison Tagan probability value i

o w aa

"o8n110.05 (p<0.05) HoNTANULANANBETITBF AN

5. m3nfSeuneuySunaved leptin peptide 1% hemolymph vosvowoInnue s nAtay

‘Viﬂﬂﬁﬂﬂm“rﬂﬁ Tﬂﬂ % enzyme-linked immunosorbent assay (ELISA)

5.1 MsulangudaInaaes

ﬂam%ﬁgﬂuﬁmamﬂu 2 ngu (nguag 10 62) laun 1) nquiueIm1slnd uaz 2) nquen
91113 24 %2119

5.2 ML hemolymph

Lﬁwaaﬂ’cjueﬂmmﬂﬁ’%umsaﬂmmiﬂsu 24 $1T1091187 hemolymph ﬂzgmﬁmmﬁwaa
nquAnemIsniuazngueanins Taon13ld tip aziafiusie foot muscle voaros wazsol
hemolymph HHAAIN wﬁ’@mm‘i’uwaaﬂzjua@mmiﬂz'lﬁﬁummiﬂﬂ&‘ﬂunm saalue was
hemolymph %Qmﬁumﬂﬁy’waamjuﬁummﬁﬂﬂauazmjuaﬂmmi%ﬂﬂ%y’q

5.3 1139 enzyme-linked immunosorbent assay (ELISA)

Hemolymphgﬂﬁﬂﬂﬂum%uﬁ'aiﬁ'ﬂﬂmﬂau fn211157 10,0008 ﬁqm‘wgﬁ
4 parUTAF U W 10 11T HagAIRUMWIZE Tz R0 gR 1MUY (supernatant) MY 31108
Yo protein ﬁagﬂu hemolymph Qﬂf@ﬁ}wmﬂﬁﬂ Bradford’s assay mm%uﬂ?mmmm leptin peptide Tu
hemolymph N 1111 Tad203% enzyme-linked immunosorbent assay N1TNAQD Q‘ﬁsl%} human leptin
peptide (Abcam, UK) 1H14A11ATF1U (standard) Y84M15NAaBI U3u1al protein ﬁ@f_j“lu hemolymph 917
WOUUAAZNGNNAADIYN diluted A8 coating buffer (15 mM Na,CO,, 35 mM NaHCO,, pH 9.6) 1% 18
Suafimag fu femas 40 e mﬂﬁ“ugﬂ coat 41U ELISA plate 7131195 100 ul nazii 1y

a

. A = 3 < ¥ = ' a 9 v
incubate NYUNYN 4 DIAUFALHYE Lﬂunm 12 GH'JIIN %1ﬂuuI‘lJimuﬁaumuﬂzgﬂmwaﬂma 0.01 M

v
=1

s
PBS (pH 7.4) NUAIUNTUUDY 0.05% Tween-20 UIU 2 I AT 5 UIN ﬂ?ﬁﬂ@QﬂUﬂW‘i‘ﬂ‘UuU‘UqN
UMW (non-specific binding) YD primary antibody 1 lagnmsla 100 ul blocking solution (0.25%

Aa

BSA, 0.05% Tween 20 111 0.01M PBS, pH 7.4) 1511721 60 11l figuingf 37 essuwaifoa nonds
NMIA blocking solution drunueenlidle PBS Seudesuda primary antibody (rabbit anti-human
leptin (dilution 1:500)) (Abcam, UK) gnleraa'llu plate 1311as 100 ul wazdooiia13unan 3
F2Tus figuvigh 37 esrusaidon 1MIUEN primary antibody #2uAUWIed AT UL lisume
191299938 0.05% Tween 20 11 0.01 M PBS $1421 2 ﬂ%ﬂ“’] aY 5 UM 115V secondary antibody U84
A1sNAABI AD goat anti rabbit-HRP (dilution 1:5000) (Abcam, UK) 151105 100 ul Ta# incubate N1

. < { a .
secondary antibody 11111781 60 U7 Ngauvgll 37 oeAwaIFoa 1a279819 secondary antibody
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AU oa R ULDD TS UNIZ191299828 0.05% Tween 20 114 0.01 M PBS 511494 2 ﬂ%ﬂ“} Az s
WA udrensIaeu primary-secondary complex #18mM 3 1d substrate 1D TMB solution ﬁﬂ?mm 100
uliiedunalinansiiadvesnaasaal Ufnsengnugaaienisld 100 ul ¥4 stopping solution (2
M H,50,) trazrimamsnaaesi 1ale A nmduvesuasii 450 nm Tagldia3e4q spectrophotometer
ANYNADIVDIHANITNAADIAINITOATIVAOUAIY 1) N5 1d PBS 1N primary antibody 11ag 2) N3
T4 pre-absorbed primary antibody (3 Tazpeamuina1n 1ualluls immunoperoxidase)

5.4 M15AATITHVOYA

Foyaii 1dgniiwdinnzideyaneadadelsuim Taon1s19 one-way Analysis of Variance
(ANOVA) HATAINAIY Tukey post hoc multiple comparison Tagm p-value 198n310.05 (p<0.05) 9o

@ @

NUANNUANANEENNUBdIAYNNADA
=S :’ U U d'ca \J d‘ Yo n yo =S .
6. mafSaufsinniindnazilSinaemsiinu ssravesiilasunazlillasun1sia leptin
peptide

6.1 MINA leptin peptide

=4

] I J @ Y ' ' Yo = Y
voggnuusooniu 4 ngua az 10 42 laun 1) weengui 1 145UN139AA8 0.9% normal
. A g ' oA Yo = . . A a ' Y
saline toI unquAdUAN 2) voongui 2-4 1d5UM15AA leptin peptide NUTWIUAI AU (1, 10 1Az
100 ng/g body weight MUE1A1) N13RANTLIUAUN 1 uazIuf 3 na1szuna 08.00 w. Tag leptin
. . 4 3| Yy 9 A 1
peptide 90 dilute 1% 0.9% normal saline 111 3 ANUETNIUAILANATD
6.2 MITIMHINTIon
1 1 o 4y 3 o v A L A [ A
woonnad luuaaznguazgmi hlvaimminluduin o Guneuisunsnaass nouNsaa leptin
v H J v
peptide), UM 3 waz iU 5 veamMinaasd WM sFIUMIINV MBI TTesNIIDUAIUIY
By 4 oo 2 e v 4 . 4 Yo o y
192 Twa iweiwaieglunldenvesli luasenuuietlesnumsmamaeuvesimindavesainii
4 .
nazauludmios
6.3 m3lrorisuazmstuinlSinamemsnnu

[l
Y A

Yo < o =~ A a 4 Vo
voo lasuormaiuludnision]u oven Nguugil 37 osruwaiFod uiu 4 52113 Tag'lasy

a

Uaz 1 A59 1A99I IATUNIAA leptin peptide 1130 normal saline UM 2 %1 Tu3 luAntjsfitiasnns

<

a ] v o ° ~ a = < Y =X
augninuluaewdvesiudaly nazgmirtlleunguugil 37 esruwaBod uiu 4 42 Tug 1da39gn
= 3 o ] o A [T 2 ' 2 . . o A '
uitmimin Taeriudinluiui o (Funeuisunsnaaes NoUNSAA leptin peptide) 1Az Tu 1-4 Tuua
' ' ) a2 { v o 4 3 @ { g
azdunoouaazngu AT uUSume1M NN fu MruaMIFIiMIinYesIMIsn1d 1 nu

PIMINAINUYNFIIMINIFUALINY tazmuIUNIIMITNYEI01ITNgNAY
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6.4 MINATIZHVONA

U

A a d

doyanldgniwdnszideyanieadaalSuialaon1s14 one-way Analysis of Variance

a

(ANOVA) HazAINAIY Tukey post hoc multiple comparison Tagan p-value 198N 0.05 (p<0.05) 7o

@ [

NUANUUANANNBE1 NN IAIN 19T DA

bg



UNN 4

a v
Han133a8

1. anvarlnsaad v ImMuAUe IS VR IToLIT 3
1.1 NOVBINIIANYIAE light microscope

miﬁmgn?]m.qlﬁwm‘wmﬁummmawam%@%wu3'1 NUAUDINITAIU esophagus,
stomach 118¢ large intestine Qﬂug{ Qﬂlﬁﬂuﬁjﬂfﬁﬂ simple columnar epithelium with microvilli (ﬂTW‘ﬁ 6)
Taotad 11901 basement membrane HALAWHUIUDY nucleus DYUTNUFTIUUDUTAA FIUNIUAY
9115874 small intestine gﬂyﬁam%u WY@ pseudostratified columnar epithelium with cilia Tagsad
fanpazihuwadnsega 2199gu basement membrane HALA IV nucleus YDIIAALIFAT OGAI
52AUNY UABYADUNINI basement membrane HINNIN

9 9
v A

M3AnE1IT8A5 91 141111157910 gIU0uEe YHITEINIUALDINITAIUAI A2Y

T151n3U Cell D software 11031171511T 81RO UANNFIVOIAIUAI] VOINIUAUDINIT FIWD
=2 v . . = A a A =~ IS}

MIANHINYIN small intestine UAIUGIVOUBOYAININNGA (2.00+0.19 pm) (MW 7) Tagliny

uaNANEINTsdIAYNINADA NoMeuADAINGIVOUTDYAIVD esophagus (0.8+0.05 um) stomach

(1.10£0.06 um) tka1g large intestine (1.000.07 pm)

MIANBINTUIINY V09 mucin-secreting cell TUIBOYHIVDITIUAINVDIMUAUD T 19
Yy Y A Y 1 Yy 9 . Y . 4 A4 =
M3doualed 2 wila ldun 1) N1590UAY Periodic acid-Schiff (PAS) Lwaﬁﬂmmiﬂimmm neutral
. . Y 9 . A = . . .
mucin-secreting cell (1a¢ 2) NTYDUAY alcian blue LWE]ﬁﬂ‘]eﬂﬂﬁﬂﬂﬂ;]ﬂmN acid mucin-secreting cell
dy = . 1 ] I 3 %~ o
HINITINU ﬂﬁEgJ}’E]M@%}'JEJﬁ alcian blue Llﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂu 2 Uy ﬁ@ alcian blue pH 1.0 G'Timmmmmw
Ao sulfomucin-secreting cell L& alcian blue pH 2.5 Fadumzae sialomucin-secreting cell HAMIANEN

[ 4
M31U5INQUBI mucin-secreting cell TumuAuoIMITAIUAIN VO IDYITTINT10aZDennn0 11T

T oo 1 /A
D miﬂﬁﬂg"um neutral mucin-secreting cell mmmumaﬂyngﬂinmmwaaﬁaﬁyw

. a dy I 4 a 9 1 d’ é o

mucin ¥HaH eonduwad 2 siia laun pear-shaped cell t48¢ columnar-shaped cell (NIWN 8) FIVTLIN
Y

apical surface VYOI ARNIANDIFHARANY lumen VOINIUAUDINIT AINITANY neutral mucin-secreting
cells ﬂizmﬂﬁﬂﬂ"lm%uﬁwm esophagus, small intestine (L1 large intestine @dﬁﬂymxgﬂiwmm

o 1 1 1 @
@ag IuuAa @ IUNANVLANANY AD neutral mucin-secreting cell Y94 esophagus L0 small intestine
S o < ' §
Hanvaztlu pear-shaped cell 1181 columnar-shaped cell (1# neutral mucin-secreting cell anulu large
. . IS < = 1 ~ N . . '
intestine Hanyaziu pear-shaped cell 1NgNDYIIAYN Ulllﬂfﬂﬂg neutral mucin-secreting cell Tuyadibo

a ] <3 { a o A a
1JHIUDY stomach E)EJNUliﬂmll N1 neutral mucin N3 microvilli mmmamﬁ@ummm stomach
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[ 1 J I
2) M35 V04 sialomucin-secreting cell MWTALIANBMEIUI1VDAUYadONITIY 2
wia laun pear-shaped cell 181& columnar-shaped cell IFUIAYINY neutral mucin-secreting cell (mwﬁ 9)

lsitsn f] sialomucin-secreting cell Tuibe 1 WU stomach t1a 11 esophagus, small intestine L& large

a 2 o

intestine A1U15DNY sialomucin-secreting cell n3¥91892 1/ Tugoy Ay Fednvazglitvousadluua
ATAIUNANVUANAAY AD sialomucin-secreting cell YD esophagus lanvae pear-shaped cell RIEN
PU1UAYI LAY large intestine Y sialomucin-secreting cell Nlanyme columnar-shaped cell 190819
1 2
1987 1Al small intestine WU sialomucin- -secreting cell NUANY AL NI pear-shaped cell 1A columnar-
shaped cell
. . s vow ! s <
3)  M3U5INQUDY sulfomucin-secreting cell NeMTDULNANHUEIU VD UYadOONITIY
2 %iia 1AuN pear-shaped cell 1A% columnar-shaped cell TRIFURBINY (MU 10) FIHANTANHIND I
Taids1n f] sulfomucin-secreting cell Tuite 1 W09 stomach AN sulfomucin-secreting cell NT£ 318
w211/ 1118012904 esophagus, small intestine 118 large intestine Feanvaz31lswvousad luudag
AIUTANNUUANAAY AD sulfomucin-secreting cell anulu esophagus Hanvae pear-shaped cell e
08191887 diulu large intestine W1 sulfomucin-secreting cell Nanyme columnar-shaped cell SN
98191A87 1A 1U small intestine W1 sulfomucin- secreting cell 1 ih ﬂymmﬂum pear-shaped cell LI e
columnar-shaped cell
= L4 . . A a a '
ﬂTiﬁﬂ]eHL‘]J’OiL“ﬁu@l"U'ﬂﬂ mucin-secreting cell Gluw’emmmawm@mmﬁﬁ WUI large
. LA 73 ! . A = sl o
intestine 111/0 31 UAVD neutral mucin-secreting cell WINNTA (42.33%0.08%) (MWN 11) azloiidud
U84 neutral mucin-secreting cell ana411 small intestine (37.00+0.04%) tae esophagus (26.89+0.02%)
o v <3 5 . . 5 . . A '
mMua1ay 1lesFudued neutral mucin-secreting cell Y99 small intestine 10 large intestine ¥ UINNI
woSiFudnyu esophagus odlifod e yNnNana
. . / ¥ 1A s 3 o = . .
@9 sulfomucin-secreting cell W1 WY1 0515 U AUINA qea 14 small intestine
= = c3 29 ! ! . .ooa
(33.18+4.28%) (A NN 11) wazinlessuatioaniilu esophagus (27.53+4.80%) ©3U large intestine N
< . , < : . .
Wositudvea sulfomucin-secreting cell Houh qa (16.47+2.63%) G sulfomucin-secreting cell Tu
< 14 1 ] @ o w aa
esophagus L& small intestine Hnlesisudnnnly large intestine aﬂnﬁuammgmmm
o o i . . 1A s 2 o {
1151 sialomucin-secreting cell W1J NiesisuanIny qa Tu esophagus (28.18+4.78%)
= = < . . . .
(MNn 11) waziinlosiGudanaaly small intestine (27.02+4.13%) 1kag large intestine (12.68+1.97%)
o % 3 . . . . . = VoA
Muday Fatlesiiudves sialomucin-secreting cell Tu esophagus [01¢ small intestine Hunnnawulu

v o w

largemtestme?)ﬂ'N uyYaIn ‘V]NZTQ



— YA - , <
2NN 6 aﬂymmﬁaummmmamummimu esophagus (A) stomach (B) 6t large intestine (D) 1w

%1 @ simple columnar epithelium with microvilli & 334 small intestine (C) § 1 1J A10180 YAIY A

]
a A ra

s A e
pseudostratified columnar epithelium with cilia l¥a @ 1891 A% nucleus 9 Juvelran (NAT) LAy

4 ] o a 9 U A a Y d” A
FaaIMNeYUU basement membrane (W’Jgﬂﬁi) Ui!')mﬂ']uﬁ%i‘l]ﬂﬂlﬂﬂllN'J!‘]Juiﬂi@ﬁi']ﬂ‘l]ﬂﬂluﬂlﬂﬂ

£l

N (connective tissue; CNT) Scale bar =200 pm
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2.5, b

Height of epithelial cell (um)

Esophagus Stomach  Small Large
intestine intestine

MWH 7 ANUGIVOATOYAIVBINIANDIMITAIUANE AIONHIVULNINTIMTLANAIAULTAIAIY

9w a

uanannuegsiisddynadavesnugIveubonyi
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MW 8 11515104 neutral mucin-secreting cell 1UN1AUDIMITAIUA1IY 1AUA esophagus (A)
stomach (B) small intestine (C) (8¢ large intestine (D) 51? 4 neutral mucin-secreting cell ¥4 esophagus
1182 small intestine Hanyazilu pear-shaped cell (ADNIU) LAY columnar-shaped cell 1A neutral mucin-
secreting cell YD large intestine Nanuazily pear-shaped cell INE908191AY7 L?}auﬁw 94 stomach 13
ﬂ‘ﬂﬂ;] neutral mucin-secreting cell QNATLUH AIA MUY nucleus LAY ﬁ?g NATUT AN basement membrane

CNT = connective tissue; Scale bar = 200 pm
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2N 9 n151U51nv 09 sialomucin-secreting cell TUN19AUD1H15AIUA199 1@1A esophagus (A)
stomach (B) small intestine (C) (L@ % large intestine (D) "? { sialomucin-secreting cell ¥®3 esophagus i
anvaziilu pear-shaped cell (A9 N ) TIU sialomucin-secreting cell Y94 small intestine Nanvaziu
pear-shaped cell (ADNIU) LAY columnar-shaped cell e sialomucin-secreting cells U® large intestine Y
anvazilu pear-shaped cell MeI08191AE) !ﬁﬂ 1) AIU94 stomach 131510 f] sialomucin-secreting cell
ANFATLUTA AR MU nucleus 1A 8’,??(’3@ AT AN basement membrane CNT = connective tissue; Scale bar

=200 pm
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> o
N
N N
3 N
~ ot
A B
L 8 h\L e“
A | .~ \
N _ N
L
N v w
o8 b
, A
| C N D

A 10 n131) 51N V04 sulfomucin-secreting cells TUNIVAUDIMITAIUAIA TALA esophagus (A)
stomach (B) small intestine (C) t401 & large intestine (D) G'IéN sulfomucin-secreting cell ¥4 esophagus i
anyazily pear-shaped cell (A®N W) ua sulfomucin-secreting cell YD large intestine vzl
columnar-shaped cell (We90819@87 1611 small intestine 15aa danyuziy pear-shaped cell (AN )
1A e columnar-shaped cell L'Ei}@ 1 W24 stomach 111510 f) sulfomucin-secreting cells @NATUTAI

AU nucleus LAY ﬁ?gﬂﬁi ILEAY basement membrane CNT = connective tissue; Scale bar =200 um
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45 - b

) b a m Esophagus

m Small intestine

-
>
(5]
8 35
g Large intestine
g 30
P
=
5 25
=
£
= 20
wn
%]
= 495
~—
=
[-%]
2 10
%]
-

5

0

Neutral Sulfomucin Sialomucin
mucin

/A 11 M3fSouieuT1uIUY0 mucin-secreting cells 111801AIVDINVAUDIMITTIUAIE) G2

@

PNHIVUUTNTMNUANA NN ULTAIANINUANA NN U T B A AN 19a DA

1.2 #AaY8INI5ANYIAIENADI9AN3IAIDIANATOUNY VT DI 1Y (transmission electron

microscope)

miﬁﬂyﬂﬂim%’wmmféauﬁamammﬁummwaweﬂmﬁ' wuiu%uﬁwmmmﬁu
911 1TAIU esophagus (ﬂTW‘ITi 12) stomach (ﬂW‘Iﬁ 13) 1ba1g large intestine (ﬂTIN‘ﬁ 15) Uanwagiilu
simple columnar epithelium %eﬁﬁﬂymmﬂuwa fﬁliﬂ’gjﬂ ’JN@T’J@Q]UH basement membrane 4813 1IY
MUVUVBUASYNUNAQUAIY microvilli T1UIULIN FIWITOND nucleus vouradnuInad M e
1588 3111 small intestine (ﬂW‘l‘ﬁ 14) Lgﬁ)lql Ananyaziiu pseudostratified columnar epithelium Tag
nucleus YBIUFAANDDYANTTAUTY azWUNUVI AR MUUYBUFAAYNUNAQUAIY cilia T1UIUWIN
TuradidoyirvesmufnemsnndIu WU chromatin 21811 nucleus Tanymziiu euchromatin
GRVER organelle UL Q a ldun mitochondria, Golgi apparatus, lysosome iL81& rough endoplasmic
reticulum Wy lan1elurad uanmnﬁwm'uc]faﬁl,%uﬁﬁﬂaﬂﬁumaﬁ%’mﬁmﬁ'w tight junction,

desmosome 1182 adherents junction (MW 13 1AL 15)
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MNA 12 Ultrastructure Y03 esophagus (A (1o g B) (e ﬂdlﬁ’ﬂ‘]_j TRERI simple columnar epithelium with

microvilli (MV) 192 8219#70¢ 11 basement membrane (BM) #111413 nucleus (N) 9§11 § 11U U013
s = ' sA A 7 &

1A (C) LA secretory cell mmsnﬂg“luwaaweum (D) AAAUFAANVITY secretory granule (G) ¥4

3 ¥ ¥
WUUS DU IBDAIUANABITD1AT Scale bar A-C=2 um 1482 D = 500 nm
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WA 13 Ultrastructure Y09 stomach (A) e ﬂﬂ!ﬁf)u WY simple columnar epithelium with microvilli

(MV) 1488 n35095UA28 basement membrane (inset; 39 nA3) (B 1ag C) HAAINITHAIA1500NIIN
o R a o J Y = Y . . .

secretory cell (ADNIU) LASNITIAAANVIFAAUIIUAYIAIY tight junction (TJ) 182 desmosome (D) N =

nucleus; Nu = nucleolus; Mi = mitochondria; Scale bar A-C=2 pm La¢ D = 500 nm
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A
SRR

G\\‘\SQ\
) B W

AN 14 Ultrastructure Y94 small intestine (A) 1AAUBDYAIB1A pseudostratified columnar epithelium
with cilia (B 118 C) HAAIAINUY nucleus (N) Vvousadvoudoyia nolumada1u1sany rough
endoplasmic reticulum (rER), Golgi apparatus (Go), mitochondria (Mi) ti8% lysosome (Ly) Scale bar = 1

pm
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a a

NN 15 Ultrastructure U0 9 large intestine (A) LLET A3 150 1 WIBUA simple columnar epithelium with
. eqqe &2 A a Y = <Y a =
microvilli (MV) $Ug01NIYNLLNTAAIY secretory cell type ¥IUTTY granule (G) LALIFAQVINUAYIYNYA
#e tight junction (TJ) adherents junction (AJ) 8% desmosome (D) (B) LLEYALHA ﬁ’ﬂlﬂﬂlgﬂu ﬁ’)’JNf)Ej‘UH
basement membrane (BM) (C) wandlasaadaveaadaallszneudie lysosome (Ly) BM = basement

membrane; N = nucleus; Nu = nucleolus; Scale bar A = 500 nm, B=2 pm iag C =1 um
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J

IFARIIDYAIVOINIUAUDINITYNUNTNAIY secretory cell FIUTNUATUDUVO secretory
] 1 J a '
cell 12w microvilli 15 cilia 1AZWUIIAIUVUVDA secretory cell VI1UFAA1ADONE lumen VYO
a 4 ' Y < ' Y ' S a
MuAue T laosaIsAANAY AT secretory cell AanBmz i veon ATl 4 aiia a1

[

o Y A T {
aﬂymziﬂﬂﬁﬁwm granule VIW‘]Jﬂ']EJGlUL"]faa JU

1) Secretory cell type a (SCa) Y 3 IERE pear-shaped 18 Tu cytoplasm 1 339 granule 11l
electron lucent granule Fioariiameaming (MW 16, 17 uag 18)

2)  Secretory cell type b (SCb) ﬁgﬂi‘ N pear-shaped el cytoplasm U359 granule 2 A AO
electron lucent granule ti61& moderate electron-dense granuleiﬂﬂ electron lucent granule OFRY
3unnN (mwﬁ 16)

3) Secretory cell type ¢ (SCc) i P 1519 columnar-shaped L8 e 3 granule 2 % 7@ A9 moderate
electron-dense granule L1@ & high electron-dense granule Gd‘ﬁﬁ granule ‘V%‘JQ doerialysuin
Wo9NU (mwﬁ 17 4ag 18)

4)  Secretory cell type d (SCd) 131/519 columnar-shaped 1@ di granule 189 1 ¥iia Ao
high electron-dense granule 1A% LAAIFATILNE 1 granule windu (i 15)

M3UsINgUeN seeretory cell TUARLAINYBITL UIMIUALBIHIT VDIV BBITESF HAIIUANA

U (miNﬁ 2) Tagny secretory cell 2 ¥1in Ao SCa LA SCb‘ﬁ' esophagus fchu“ﬁ small intestine W1
secretory cell 2 ¥UA Ao SCa LAz SCe uaz‘ﬁ large intestine W1 secretory cell 3 ¥ia Ao SCa, SCc llae

SCd

M319% 2 M3151N7 V04 secretory cell TUITYHIVOINIUAUB S

Types of secretory cell Parts of the gastrointestinal tract

Esophagus Stomach Small intestine Large intestine
Secretory cell type a + - + +
Secretory cell type b + - - -
Secretory cell type ¢ - - + +
Secretory cell type d - - - +

Note: + = present; - = absent
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A 16 anbae Inseaiiaues secretory cell anulu esophagus (A 11ag B) LAY secretory cell type a
(SCa) Fa 5 79 granule ¥ @ electron lucent granule (C) L&A secretory cell type b (SCb) F1 9 79
granule 2 % @A A9 moderate electron-dense granule 118 ¢ high electron-dense granule (D) NNV Y1 ¥

granule Y834 SCb; Scale bar = 200 pm



Mni 17 dnvas Iaseaiaves secretory cell ANy Ty small intestine (A) e secretory cell type a
(SCa) ¥4U55 9 granule ¥1i@ electron lucent granule 1A% secretory cell type ¢ (SCc) G?N‘]Jii‘ﬂq granule FHA
moderate electron-dense granule (68 ¢ high electron-dense granule (B-D) A 1W ¥ 818 granule YD SCc

Scale bar =200 um
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i 18 anvazIaseadiaues secretory cell AW large intestine (A) LLEAT secretory cell type d (SCd)
1l granule Aunuy high electron-dense granule (Wean o uiRe? (B) 112193 secretory cell type a (SCa) Nl
granule AUy electron lucent granule 1121 secretory cell type ¢ (SCc) n granule AUV Y moderate

electron-dense granule Ll81% high electron-dense granule Scale bar =200 pm
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2. M313109U04 leptin peptide 1HaIUAI) YDIMUAUDINIIVBIHBAITDS

M3 14 immunoperoxidase technique Lﬁ@@miﬂ 31N§ VDA leptin peptide lumaduomsaiu

199 NUMIUTINGV8A leptin peptide TuMuiuemsvesnosseznndIu 18un esophagus, stomach,

small intestine 18 large intestine (MW 19) V3TN leptin peptide A au?mml,?}@uﬁwmmuau

911113 1A8W immunoreactivity A1UAIIME1IUDY epithelial cell TUNIUAUDIMIT AU esophagus, small

intestine {0 & large intestine a4 1 stomach WU immunorecativity Tu epithelial cell vinulndny

basement membrane 110 ch U negative control 1si1lsn | 1N leptin peptide “dﬁ agududa specificity Y04
1/‘;5& primary antibody 40i& secondary antibody
s A

MINVANWH U BV UFAANNN13UIINYUDI leptin peptide WUANIUHUIMUUNINAGA

s

VINUMUAUDINITEIY small intestine (37.80+5.47 cel/mm’; 71NN 20) Tagiraanini1slsingued

[

leptin peptide TU VT 128 small intestine i HanuKruuuNInned Nl dedidynisana iile
WU oufUANUH ULV U A AT 1I8 esophagus (25.20+5.69 cell/mm?), stomach (2.90+1.37
cell/mm’) 1% large intestine (5.2042.15 cell/mm’) V3nafianunumivve uadninslsngves
leptin peptide WUIEIUE WU i 97013170 esophagus c’fﬁwuiwﬁmmwmmimnﬂﬂdmthaﬁﬁaﬁhﬁauj
neada WenSeufensuaimmutiuius e stomach 18 large intestine IFUHEITU FIUVD

a { 1 [} s 1
MuAuMIINUNTIANUHIUURAYAa NINT1U5IN) U8 leptin peptide poNgARD stomach
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& %0 a Muscle b
& ; %

%

Lumen

a Y Y oA, . > . .
HNN 19 HaN1TIDUAIYIDT immunoperoxidase LL’cTﬂQﬂ’l’iﬂ’ﬁﬂ;]LLﬂ%ﬂ’liﬂi%%’lﬂﬁ’ﬂlm leptin peptide Tu
Tua ’Ju@]'N‘]all’E]WINl,au’E]‘Iﬁﬁ Taun esophagus (a) stomach (b) small intestine (¢) 401 large intestine (d)

v sa 1 { o
(MgnATLTALAA ISIERE) f leptin peptide) (e) laiwy immunoreactivity }4 negative control 17111

'
A o

esophagus 112 (f) LAAIUSUVBITZUUMIAUD s N eINANE U a-e
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=
£ 50
[72]
= c
o
@ 40
3
a

2 30
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(1]
o
e 20
=
E
S
> 10 o b
= i -
[
Qa

Esophagus  Stomach Small Large

intestine intestine

1 1 P U 1 a
ﬂ'l‘Wﬁ 20 mmwumuummmaaﬁﬁmiﬂimaﬂum leptin peptide GI,UZT’JUC‘H\?‘]GU@\‘]VHQMHEHNTE

v v Y

10nHINANNULEAIDIANUIANA NN UeE I Tsd Iy neana

v
=

3. MINaAI09NUB leptin peptide “lm"nwhaq VBINNVUAUDIHITVD IO DI
INMITANYINITUTAID0AVD A leptin peptide TUAIUAIIGVBINIUAUBIHM1T TAe 13T
Western immunoblotting WUI1UMTHAAIDONUDA leptin peptide TUNNTIUUYDINIUAUDIHITVOIN DY
L%ﬂéﬁulﬁﬁm 1AAYI HANTITN ﬂaﬂﬂﬂﬁﬂa immunoreactive band YD leptin peptide IW®&9 band 1987 ﬁ
molecular weight 11167016 kDa (1M1 21 A) TUNNEIUYBINIBALD1¥15 H4 molecular weight VD4
leptin peptide ﬁ & ‘fllwi 101 molecular weight U9 human leptin ‘ﬁcl"]?nﬂ U positive control HBNV N ﬁl 89
WA Y VDY immunoreactive band mﬂﬁmﬁﬁmm small intestine Lﬁmﬁ gUNUNIVAUDING
G Ed;u 9 AU 11U 09 immunoreactive band W1 30979 1‘171 esophagus d%u‘ﬁl stomach (L& large
intestine ‘L?‘Ll NUIIANYITUVUBY immunoreactive band ¥ 08N Lﬁﬁ) Meuny ﬁ esophagus (18& small
intestine 1@ IUVDY negative control ﬂi”lﬂg’j 1 N9 preadsorb primary antibody #18 human leptin M
LﬁﬂﬂWiﬁQQ§Qﬂ1iLﬁﬂ immunoreactivity (11071 21 B)
M3511f3ouReY intensity Y99 immunoreactive band 1a8n15 1% 1151053 image J WU intensity

LY v aa

Y94 immunoreactive band MNNGADY WU 1AYN1NADATN small intestine (109.46:6.45 AU; NN 21

o

C) WenSeuneuny intensity U® 4 immunoreactive band 911 esophagus, stomach [01& large intestine

a 4 . . . . <3| o_w 4 a
V519 N1 intensity Y94 immunoreactive band ¥1n509aIN MY Ud 1A UN a0 AOVT LI esophagus

o a

& v, . 1 ' 1T Ao oo a 1A 1Y A = v
(81.58+4.23 AU) %4W1I intensity UUINNNMDINUUIT YN NADAUTUIAYINUY WeonSeuneuny
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intensity U®Y immunoreactive band 310 stomach (55.94+3.79 AU) It g large intestine (60.19+2.90 AU)

AIUVBINIUAUDIMITAND I intensity Y99 immunoreactive band 118N gAAD stomach

A Human Small Large B Sma.ll
Marker leptin  Esophagus Stomach intestine intestine Intestine

B-actin ) N

C

120 c
el
c
8 100
o a
=
§Q 80
o 3 b P
EE 60 i
ES
52 40
2
‘@
§ 20
=

0

Esophagus Stomach Small Large
intestine intestine

o W‘ﬁ 21 (A) Western immunoblotting Y94 leptin peptide 910 crude protein ﬁ ANAINTIUAI UDN
mudaue1Inis laun espophagus (lane 3), stomach (lane 4), small intestine (lane 5) 8¢ large intestine
(lane 6) TA8 molecular weight Y93 leptin peptide Al @AI08N IUAIUAII VBINIUAUBINITUD N 0Y
A9ARADTY molecular weight ¥4 human leptin (lane 2) HEIA R 16 kDa M3NAABIE 1% [-actin
13)u internal control (B) Negative control ‘ﬁulﬁ’ 910N19 preadsorb primary antibody #18 human leptin i
'ﬂ’i‘lﬂg] immunoreactivity (C) Intensity Y94 immunoreactive band ﬁ'3”@‘lﬁ'mﬂdawhmmammﬁummﬁ

v @ @

AoNBINANNULAAIDIANNIANA NN UBE N TTod YN 19d DA
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4. ANNUANAIVDINNMAINYU (concentration) VD4 leptin peptide 138 uNauszriiengn
vesregRue MIsUnAnaz nauvieERA IS

A

denouiounainsusuvea leptin peptide TuvesnguaueIIslnanaznguonoInis
WUIAMUTUT UV leptin peptide TUMDONAUAUDIMITUNATAUNIAY 2.08+0.65 ng/0.1 ml 4
wmnaeduisdiramaadiidefofnesnguoasns 0.62£0.30 ng/0.1 ml) (MWA 22) ugiile
Waﬂﬂtjuaﬂmmiﬂ’c‘fum”lﬁ’ﬁuamﬁﬁﬂﬂf?q AN YUV 4 leptin peptide °luw@aﬂzjuﬁﬂﬁumﬁfh
IndifoanuaNuuTUYD leptin peptide TunoenguiueIMITUNA (2.20£0.53 1AL 2.21+0.35 ng/0.1
ml WAIRY) MsNARBINIA sensitivity ¥04 ELISA assay IN1A1 0.125 ng/0.1 ml A1 intra-assay

coefficient of variation 1NN 6.23% LAZA inter-assay coefficient of variation N 8.38%

[}
O

% 3

Q.

§ 25

L= 2

|8 E

Q@ ; 1.5

5% *

| e

o -

‘@ 0.5

) 0

g Control Fasted Control Refed
@)

d' Yy 9 . . =1 1 A a
MNA 22 ANWGNTUUD leptin peptide 1/F8UMBVILHINMOENGUAND1113UnA (Control) 1Az HiDY
NQUBADINIT (Fasted) azi)38UMeVI£111IMINGUAUDIMITUNA (control) 1AL HOINGUDADIHITN
v
l&nduINAue11138nATI (Refed)

LY

= 1 % 1 = o @ aa I=) % 1 d'Q Qd’ = %
* UFAAINANVUANA NN UDYWNUUIT YN WA Llr‘%fJ‘lJL‘I/IEJ‘]Jﬂ‘]JﬂZjllWﬂu@1ﬂ1‘iﬂﬂ@lﬂ’dﬂ1’)zlﬂﬂ’)ﬂu
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v Y a = ' v voAy v 2
5. ANNUANANNUDIHITIUNA nlismammzmnwaﬂnqumuquunznqu‘n"lmvmmﬂ
leptin peptide
A = ¥ v o ! ' Ay Yo = . . y
LZJ’E]L’LF}EJ‘]JWIEJ‘U“LHWHﬂ@’)i%‘l’i?%ﬂﬂ@ﬂﬂ@ﬂﬂ’)ﬂﬂuuﬁzﬂ@ﬂﬂllﬂiﬂﬂﬁﬂﬂ leptin peptide N3

1 ] 1 ' @ o w aa H v @ 1
1,10 tag 100 ng/g BW ‘W’U'J'IhlﬂJﬁﬂ'J’IiJLWIﬂ@lNf]ﬁl'l\iﬁuﬁlﬁ'lﬂiyﬂﬁﬁﬂ@ﬂlﬂﬂu'lﬁuﬂﬁ?‘llﬂﬂﬁ@ﬂﬂﬂﬂfqﬂ

v W 1

o H H 1 90’ v %
naaod NIluIuN 0, 3 uay 5 (MNN 23) TaerosnauAILANTUIMITNAIMNIND 41.29+2.11 g Tudu

v v
a2

1 Q' % y 90’ o U 1 % U QU 1
ABUFUNIINAADL (TUN 0) HAZTHINAWNIND 41.85+2.31 g TuIuaUGANIINAADL (TUN 5) AU

4
= o £ (4 1

WounguN 1a5uN13Ra leptin peptide (1, 10 1AL 100 ng/g BW) TUIMUNAIUNINY 41.67+2.82,

Al IQ' 4 Qy { o
41.89+£2.08 11ny 41.28+1.29 g awaay TuiuneusunInaas Lazileaugan1snaaes ‘Hﬂﬁlﬂvl&g]/ill

q

399 leptin peptide NIAM dose AINAN HUNHUNAWNINY 41.78+1.65, 41.56+2.05 1A 41.21+1.37 g

ANA N
50
P
S 40
<
o 30
(b}
< 20
t)
010
mO
5 = 2 3|7 2 2|3 2
Emmmggmmgggm
§ o2 ey o @ o o @2
DPPE 2 B P W 2 p 2

Day 0 Day 3 Day 5

d‘ sol 9 % 2 1 S 1l 1l ] d‘ 9 =}
MNN 23 umuﬂmmmmﬂmumm L’LGEJTJL‘V]fJ]Jig’,‘H'J"NW'E]EIﬂQiJﬂ'JUﬂiJ ngﬁﬂﬁlﬂﬂquﬂulﬂﬂ'liﬂﬂ

leptin peptide NANMTUTY 1, 10 1182 100 ng/g BW
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i Aa = v v 1Ay Yo
6. ANUUANA VIO AU uﬁuumﬂmzmnmanquﬂmfgmmznqu‘n"lmums
51 leptin peptide

A = Aa J 1 A Yo a . .
mmﬂ%umﬂuﬂ?mmmmmﬂuiwmwiamqummmmwaw% UNITNA leptin peptide

' =~ a A ;| ' A v o W an ' Ay Yo = . .
‘W‘]J31611415‘1/]14E]EJﬂLliJ’IJﬁJTmaﬂﬂ\iﬁlﬁlNlluﬁlfﬂﬂEUUVINﬁﬂﬂGluﬂquﬁﬂﬁl‘V]ulﬂiﬂﬂﬁﬂﬂ leptin peptide

A o A =2 g v A Yo = . .
MWIEN 10 a2 100 ng/g BW 1uiui 1 uaz 3 msnaass Fuduiunves1asun1sRa leptin peptide

A v A 1 a oA Yo a .
(NN 24) Tagluiun 1 HoUNQUAIUANNUDINIG 2.31+044 g ua:waﬂﬂquﬂ'lm‘ummﬂ leptin

peptide ! 10 1182 100 ng/g BW AUBIMT 0.75+0.34 1182 0.41+0.23 g mua1ay uazluiun 3 d5um

91115 NMPINQUAILANNUNIND 2.2120.21 g nazlSuaenisnvesngui la5un159a leptin peptide

=b.

10 1182 100 ng/g BW 11111 0.70+£0.26 1182 0.39+0.15 g awa1ay o814 130a1w 1uiui 2 uaz 4 a9

&

v o

Huiuna191nn15Ra leptin peptide WU LifianuuanavessiivediayneanavesdSunaemsin

]

9
v

NUTENINMOINGNAILANLA HEET IATUNITAA leptin peptide 19 3 dose

3
—_—
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. . 3| 2 . . . . . JOR 4 a
esophagus, stomach Ll@1¥ large intestine wWusta simple columnar epithelium with microvilli & TUERYRH?

{ A I a a
AU small intestine 1T Uyila pseudostratified columnar epithelium with cilia 7o Ha9InnIs ANy

9 4 1
lunfalifinnwlndifesnunisAnyugoyii lunudueMIsUeINOENZIA Mitra crenata U8% Aplysia

v
a

P ' . - s
depilans AanyInuIngeyr1luaIuue s stomach LAy large intestine Wuwila simple columnar

El

A a

epithelium with microvilli I UIAYINVIIDYNIVDIN DI O (Lobo-da-Cunha and Batista-Pinto, 2005;

a

) a

1 v 3 L
Martin et al., 2010) ﬁmmumm@ﬂuﬂﬁmﬂaummnm small intestine YD M. crenata M0 A. depilans
IS a 1 o 1 1
A uasiia simple columnar epithelium with microvilli 1¥11RA8INU 1161 small intestine maqwaﬂwa‘%gﬂu
! Y !
A181801)AIW1iA pseudostratified columnar epithelium with cilia UONINIUNITANYIITOIHDYHIVO
. . < 1 4 a g e
esophagus, stomach L& small intestine UDIN DY Bulla striata ﬂWU’J1L§E]‘14N3Lﬂu ciliated columnar L
a J a o Y . . .
mwmﬁ'muumau%ummm stomach ﬂﬂgﬂﬂﬂﬂquﬂ’w cuticle i1 (Lobo-da-Cunha and Batista-Pinto,
2010; Lobo-da-Cunha et al., 2011) AUHANANUDUTOYFIUF1ID small intestine T¥HINHOUTOILAL
a A ] = o Y A . . ~ ' @ ' 3 Y '
TOYFUADUS B19UIVDNDIUNUVINNITMHUINUDN small intestine VllmﬂﬂNﬂulllllﬂﬂﬂu@ﬂsluﬂ@EJLWI

a

AsPUA

Mucin-secreting cell lTHmMaA 101115

MITATMUNAITAANEY mucin 3L RNTANNNAMANTANMI AOANT I gel Feausosasuun
mucin 9011 2 il Ao gel-forming mucin (secreted) 1121 non-gel-forming mucin (membrane-bound)
(Devine and McKenzie, 1992) uaﬂﬂmﬁmiﬁ'ﬂwﬁﬂ mucin §101509AULIMNAUANTAYTLU0 9
Tmaqa (net charge of molecule) GT'Nmmm{fmi’mumﬂu 2 ¥1Q A0 neutral mucin LAY acid mucin
#1415V acid mucin ﬁWJJﬁmTﬂﬁmuﬂﬂﬂﬂmﬂﬂﬂlﬂ’ﬂﬂﬁ%ﬂ 2 YHAYDE ﬁ’f) sulfomucins (sulfate-containing
mucin) 8¢ sialomucin (sialic acid containing mucin) (Filipe, 1979) msany1Ive luvieawse iéﬂ%ﬁﬁ‘
WU mucin-secreting cell n3z1ea T TuBoyAvosszuumadne s oy stomach i it ng
i) mucin-secreting cell Tavran1snAaesfinwdeAndestuNIANEINTYTINGUE mucin H1l310g
TuszuumuAUe 11V gastropod ¥ 10550 1aUN Marisa cornuarietis (Demian and Michelson,
1971), Bulinus africanus (Brackenbury, 1999), 4. depilans (Lobo-da-Cunha and Batista-Pinto, 2005) 4a&

M. crenulata (Martin et al., 2010)
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M3ANHIN131/51N V09 neutral mucin 118 acid mucin TUNIVAUDIMITYDINOIIFDTHU I
neutral mucin wuﬁ’mmumﬂqm@nm large intestine ¥951u7uaAa31U small intestine 11AZ WUV 00
H 4 " 1
NgaTu esophagus A1NaIA Y HAnan13IveHz IdmaNas st WA UN15U51n V04 acid mucin W
IIUNNNGA 1Y esophagus HAZAATIUIUALIU small intestine 1A% large intestine AINAIAY N1TH)
{ a U I a
NNV neutral mucin IUTLUUNMUANDIMITNUIN neutral mucin A1HITAAA pH tazann MUy
- 4 o a 1 o { g . .
YOITITNAADUNMIUTZVVNIVAUBINIT UAZWUIN acid mucin A 1N1T9VMHTN )Y antibacterial uag
4
antiviral Y9TEUUNNAUDIMIS (Nikumbh ef al., 2012) UDNIINU mucin-secreting cell gaiunumlu
M31109n s UATIBABITOYHIVEITLUUNIVAUDIMITNAIUNEATIN 21NNI5IAvuLazdnileq
a A 4 & o v o L a d Ao 9 Ad
1/1Nmummimﬂmwﬂmﬂauumumms ﬂ"l'iﬂ’f]\iﬂuﬂuﬁﬁﬂulﬂ@iﬂﬂﬂ"liﬁﬂ\iTCT"IiTI‘V]"Iﬁu"IV]LﬂuﬁWi
A . A o Y a [ R Y . . Ao o A 1 A a
1iaoau (lubricant) Y159 mimﬂmﬂ@miﬁmmﬂuuJunaumm microorganism NNI1AIUAADUNTUIEDTNI
. . . AA o o )
(Leknes, 2011) Iﬂiﬂﬁ%)NelJEN mucin oligosaccharide NN Y A 213l u gel szneu 9%)’38 peptide,
. A o 9y a [ Y v o . . A 9
carbohydrate L% nutrient amlinanmstuanilunou lunisanau microorganism RETTCREVRRLY
a o & ]
FTUUNNAUDINT (Deplancke and Gaskins, 2001) fﬂi‘]JiWﬂ;]LLanﬂiﬂigﬁﬂﬂﬂﬂ"’llﬂﬂl“ﬁaﬁﬁﬁ1w1§ﬂ
9
E‘T%}N mucin 11!53UUW1QL@H@TW13%H@QWﬁ1ﬂHa"lfl‘]j‘fl"l]fl ll@%}llﬂ ANHUZNINNYINIAVOIUAAL T IUVD
a a A a X A a . .
FEUUNNIAUDTINT LLﬁ%/’VT’%’ﬂWﬂ1ﬁﬁﬂ1WVILﬂﬂﬂ1ﬂL‘]§@LLUﬂﬂlﬁﬂﬁ@ﬁ&ﬂﬂ?’lnmu@ﬂ’ﬂi (Scillitani et al.,
2007) 9013ANHY mucin TUTTVUMBAUIMITHANVUE R Y m51zvi 1 inannuanudilalu
ANHALNITNIU (physiology) YDINIUAUBDINIT WEITANIN (pathology) HALDUNTUITIUVDY
A Aaa Y = ¥ & J [l . .
Fa1iF AU (taxonomy) (Cao and Wang, 2009) 14 wamisany1luniaiinuanliilsing mucin-secreting
' v < A a . e
cell 11 stomach 4@ 981315091 HANITNAADIND neutral mucin NVT I microvilli YOI stomach
< R v < =~ ] s '
Lﬁﬂﬁ}@ﬂ G'Tﬁumm,ﬂuwammﬂmiw neutral mucin ANVANDDNUIVINIFADUD esophagus llﬂggﬂﬁﬂ

#0163 stomach 1U5ZHIINITAADUNUYDIDINT

v 9
[ 1 a I a
NnnansaAnEIluATIH A 159U IS THAUD S mucin-secreting cell 90 latilu 4 ¥iia a1
o A s 1 < = 9 9 Y .
anyULY0d granule N30 lwwaa og1alsnain 1nnsAnIdIEnI1Td0UIIAaAI0 PAS, alcian blue
J . ) T I a 1
pH2.5ag 1.0 luviow Patella vulgata W11 mucin-secreting cell gmmwamﬂu 9 YUA LUATNUIN

mucin-secreting cell 4 ¥ia o %’ N neutral mucin 8 acidic sulfated mucin (Grenon and Walker, 1978)
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M35 U4 leptin- peptide luradioyiimuiuers

Q

I A

v Y !
NﬁﬂTiﬁﬂ‘]eﬂﬂi\iﬁW‘]Jﬂﬁﬂ‘ﬂﬂQ“U@Q leptin peptide °lumaawaummmmamummimmwaa

]
S A

= o o ¥ @ o o o2& v . : s o 9 A
5131 Nﬂ?iﬁﬂﬂﬂuﬁﬁﬂﬂﬂﬁgﬂﬂﬁUWa\ﬁﬂW?ﬂﬁﬂﬁlmfNQﬂﬂ’JfJ'L!lI (mammalian) WU LEAANNIHUIN
& ] N o § A w " <
Funrasaine leptin peptide Ao 1A d Uiy (adipocyte) voiiee luiu (adipose tissue) uaoealsn

a o . ' . . < J .
AMNNUITENAINMA10HIT18911I leptin peptide A1MITONVNIAS Y T2 AMVDIAV D (brain) LA
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v
d &

1A aUD5N (placenta) AIVFUAU WANITITOATIUNUNIT1510 VB leptin peptide N0 uIEaFIN
STUUNINUAUDIN 15dau¢iwq 18un esophagus, stomach, small intestine @& large intestine c"’ﬁqwa
ﬂﬁﬁﬂ‘kj1ﬂ§dﬁ’ﬁ®ﬂﬂgaﬂﬁﬂﬂ15ﬁﬂﬂ1538 immunohistochemistry technique Lﬁ@ﬂﬂﬁﬂﬁﬂgﬂjﬂﬂ leptin
peptide 1uﬁﬁfﬁﬂizﬂﬂﬁuwﬁqﬁ"laﬂsﬁﬁﬁiﬁymgﬂﬁ'wun (non-mammalian) HAEFUA IALA ANIAN AL
Aam Hazy G?qgluﬁ’m’fmd1ﬁmmiawumiﬂswﬂmm leptin peptide N8 1ULFadUBY oxyntic gland V84
AU g NUNTza1692' 1114 endocrine cell Y94 UBNINTL leptin peptide 899011 myenteric
plexus YBIANAN NV 1A AI01FUN (Muruzabal et al., 2002) ﬁfnammmiﬁﬂyﬁi‘fﬂémmiﬂimg
V04 leptin peptide 114'szuwNLﬁumwﬁmmﬁﬁiﬁymgﬂﬁ'ﬂﬂuudw WUM313109 V04 leptin peptide 11
pepsinogen-secreting chief cell U993 stomach "U’rNZJ‘l;!HfT (Bado et al., 1998) uaﬂmwﬂﬁiuﬁ”@ Sfuung
(rodent) e1M130WUNTUIINGUDA leptin peptide “114&%14 HIAY fundus Y stomach YBINY (Buyse et
al., 2004; Cammisotto ef al., 2005) InVoyadina1IT19dunanslfifiuil 11315109 v04 leptin
peptide 11t stomach 819921 WIAEITITLAITIUVDA chief cell Lﬁamuﬁumdamimmumi
AUPIMIT (Cammisotto ef al., 2005) 11518411311M15U3INUDA leptin peptide D199 TANUFUWUT AU
M3U51NQU0e mucin-secreting cell FIM3IAZ1UAZAITHAIVOL mucin 01992 I]TUMINTZAUIMN leptin
peptide Lﬁ@ﬁ1ﬂﬁ1ﬁﬂﬂﬂ@ﬂl§@uﬁ’JMﬂmiﬂmﬁuﬂl’ﬂ\u%mmﬂﬁf‘i&l (Plaisancie et al., 2006) WO
fj’ﬂ'flmiﬁﬂﬂuﬂﬁ%ﬁlmﬁﬂ"]ﬁvﬂﬂﬁ Anya leptin receptor 14 Chinese mitten crab (Eriocheir sinensis) ‘;IéN
WU leptin receptor Glm%‘uqﬁwmiwmmaummi Farpun TRt otadn leptin peptide
s iUy paracrine control ifien sz UNTI1MVEE 1d (iang ef al., 2010) MnToya

o w

@ l <3 1 - A o $ ° 1
aanateduuaaliiiug leptin peptide Musauaasunumanylumsiimtnvesdr1d 1aun
o J @

o = VoA a ° Y = o Y . =2
ﬂ']iﬂ@\‘]ﬂuﬂﬂ]'llllﬁﬂﬁWEJGIE]LEJOT_E‘IW’J‘U@Qaflﬁ FIDNVISAUNUTNUNITI NI mucin HagnI gAYy

A1501MsHIUBoYAIveIE1 1T (Buyse ef al., 2001)

MSUAADONVDI leptin peptide IUNIAAHOINT

Yy 9
v A

WAN13ITOATINNY I molecular weight U4 leptin peptide NWUTUNIUAUDIMITVDIHIDOIFDS

~ " A g 2 o . . v ¥ 9 R a9 1 A
BULIANINY 16 kDa FUTUYNARSINUYUIAYD human leptin peptide AT YaNIUTUTDUIFN
leptin peptide 14N1UAUDINITVBIMBIYOT U1 InTaa319nad 19U TATaa5 19904 leptin peptide

4 v

Yoy B BN NI molecular weight ¥4 leptin peptide VoK BUIFBINANUADAAGDINUMIANET U
Uanszgneou (Seyliorhinus canacula) ¥4 leptin peptide NNUVTIIA gastric pit YOINTLINIZOINT 1
molecular weight 1171 16 kDa 1¥1A83INY (Gambardella ez al., 2010) §331518914A1TITINNMTANY
I 1 [l

luilainsg £ANUUY T&un sea bass (Dicentrarchus labrax) W8 rainbow trout (Oncorhychus mykiss) f

ANYINITUAAIDDNVDA leptin peptide 7287 immunoblotting H431891UN15398 1 wan1TNARDIN
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MUBUAY AB molecular weight UDY leptin peptide 110U 16 kDa (Gambardella et al., 2010; Kling et al.,

2009 and 2010)

Leptin peptide NUMSNHBINS

M3 3TV leptin peptide 11/38UMVIENINHOINGUOADINITHAZHOINNUOMHITUNA
WU NoaNguoAB IS NLSUNUUBA leptin peptide AINNHOINNUOIMITUNA FINANTNARDIAING T

lANuaeAndeInUMIANEIYSNIUYDY leptin peptide Tu1an green sunfish FIWVILFU14UD4 leptin

Yy 9
v A o

peptide AAAINENEI1nM3 1¥1a18A011M13 (Johnson et al., 2000) n1snAaeslunease lunTaiids
WU N5 leptin peptide 1 FUMDY ¥ lRMooTin AL MITARAY Fedoandoanumsasofiily
fai Tasmsaa leptin peptide L‘lTKj’ﬁﬂfh NUNAWITDAAMIAUOIMIT UALINUBATINITHIN YYD
Aam'1& (Niewarowski et al., 2000) M3anB1 11 1AWD leptin peptide anmsAueMsvaelnugnyme
dose-dependent (Denbow et al., 2000) AIUNT Anwluln'lne (Galius domesticus) wun leptin peptide ¥
Banageiigavasii lnddatn1s Sedmalid I afuemisanasluvazin’ly (Ngemsoungnern er .,
2012) Msans1lulan ray-finned fish WU MSUAAIDONVDN leptin gene AAAIHAININALA10ADINZ
ez un a0 i a1 180 dUI AU IMITTARTA (Yuan er al., 2014) UBNING NTUTAIDONYDA
leptin cDNA Tuduvelagnaiuau TagUTuramed insulin Taduii g1 1904 leptin 9N
auanTasan 1z 1N Msvesdad (Taouis er al, 2001) MIANTUIAIVN leptin peptide 11AMI
219910 adipoeyte 1uiiioido Uiy 0199 iNaRaNITUEIMIINOUN N 319904 ghrelin peptide
éﬂﬁ?ﬂﬁ1‘ﬁlﬁﬂ%sﬁlﬂﬂﬁﬂﬂﬁﬂigé}uﬂﬁﬁu@1ﬁﬁ (Gil-Campos et al., 2010) 1i/a3n15e319904 leptin
peptide HAZANITIVNUTLN I leptin peptide AL receptor VDI U ﬁngﬁﬂﬂ’gjmst‘]’u5“@m%sﬁnmmm
neuropeptide Y 118¢ agouti-related protein 11 hypothalamus #4115 1Aan111 11iee1n01M13 109910
neuropeptide Y L1i& agouti-related protein ﬁmﬁﬁﬁmz@j’ummamﬂmmi (Linjawi and Hussain, 2012)
HBNIINHTII9UNITITONY I M3 TA leptin peptide A1113 081630151914 YB 3 melanocyte-

stimulating hormone FITINAADNITHAIUD agouti-related protein ﬁﬂiz%uﬂﬂll@mﬂ@WWﬁ (Breen et

al., 2005) UONIINUOYANUIVONHIINUDA leptin peptide NNBIVDINVAINOIINDIMITHAZNITAU

[l ]
Y Aav A

9111151872 §33iY0yan13I0eNUAAIN leptin peptide imifNeIToIMTIIUYEIE 1d 141N n15ua

=2 o

o o ¥ )
G]’J"UEN’@WII’C’( ngfﬂiﬂﬂGlmﬁﬁﬁ)ﬂ’iﬁ“ll’t)\iﬁﬂulﬁﬂﬂﬂ’w (Buyse et al., 2001)
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e

) BeyAIvesmuRue IS e HoTeI A uNADAB NS Nzze1ms uazd 1dng
Wuwia simple columnar epithelium UseNoUAIBIad 2 ¥HiA Ao columnar cell with microvilli (1A Y
mucin-secreting cell b Ju!ﬁﬂlql Avesd 1dian Huria psueudostratified columnar epithelium with cilia
UszneufIBwad 2 ¥Ha Ao columnar cell with cilia 118 mucin-secreting cell FUAYINY

2) Mucin-secreting cell adamsAanas 2 gﬂ uuy 141N neutral mucin 1182 acid mucin
u@ﬂ%mﬁmiﬁﬂ‘ﬂﬂuizﬁﬂ ultra-structure ﬁ)ﬁlﬂéjﬂﬁi}aﬂiiﬁﬁagﬂ@i@uETQWUJ‘W mucin-secreting cell
asadasiuuneenily 4 ¥iiades AN secretory type a, b, ¢ 4AL d IINAITTUNATAY UL VDA
secretory granule ‘ﬁwu“lu cytoplasm vouxaa

3) mﬁﬁ”mﬁa?hmnnﬂimmm leptin peptide Glm?i’auﬁammwmmimmﬁaﬂz%ﬁﬂﬂ
7% immunohistochemistry W12 leptin peptide ﬂsmgmnﬁqﬂiuﬁﬂﬁsﬁﬂ 50404911A0HADADINIT
a1 1dma) vaznszmize1ing muday

4)  MSANYINTLAAIDDNVDY leptin peptide 1u1§auﬁamﬂdau@hm VOINUAUDIHITUD
HOUI¥DY 10835 Western immunoblotting W31 8111801101511 8A190AVD1 leptin peptide mﬂ‘ﬁqm
HAZNTZINIZOIMITUNITUT ANV leptin peptide ﬂ”aaﬁqw Fananisnaansiianandeasurans
NAA0IINNITANYI1ABIT immunohistochemistry uaﬂmﬂﬁﬁmﬁﬂimaqamm leptin peptide 71

¢ o &

HEA9een TUNIIANDIMTAIUAN VDHDY HUUIAIND leptin peptide YDIUYHE AIUUNANITANY

Y

H dyd < = & g A A ' . . I . A 9
1uﬂiqummmzzﬂuaﬂwuwagamuﬂum leptin peptide 19w peptide NADUUVIIIE conserve Tu
Fannmsveadad

=2 Y 9 . . '
5)  MISARYIAMANAUUDA leptin peptide 11 hemolymph 15815211319 BEOABINT AL
WooNUeM1IUNA WU leptin peptide HanuainIuioonodediisdaynsanalurooNons1ms
Y

uoN9INUUTUIUV04 leptin peptide NAVINIFIZAVUNAMAIINMBIBADIMITNAUN IANUBINITDN
v
A5

6) n15ANIMIINYDA leptin peptide INBINVAITAIUANNITNUDINITUDINO YLD WU
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Abstract

In the present study. histology of epithelial cells lining the gastrointestinal tract of the
Pomacea canaliculaia was studied. It was observed that the snail’s gastrointestinal tract consisted of
the esophapus, stomach intestine, and rectum. The esophageal crop was not apparently seen. Using
conventional hematoxylin and eosin staining. the result showed that morphology of the epithelial
cells was similar in all parts of the gastrointestinal tract Each part of the gastrointestinal tract was
covered by simple columnar epithelium with microvilli presented at the apical region of the cells.
Moreover, both neutral and acidic mucin-zecreting cells were obzerved in parts of the snail’s
gastrointestinal tract.

Keywords Gastrointestinal tract, golden apple snail, Pomacea canaliculata

Background P. canaliculata has been brought to

The golden apple snail, Pomacea Thailand for over many decades. The snail
canaficulata, 13 a freshwater snal that is can propagate and grow quickly becaose its
commonly found in South America. Sinece diets are all types of plants. Moreover, the
1980, the snail has been brought to many snail consumes more food than other snail
countries in  Asia for human food species. The reason why the snail is a good
consumption instead of abalone which iz survivor 13 still  undefined.  Moreover,
more costly. However, this species escapsed knowledge on the smail’s biology is still
or was released into natural environment. The limited. The main objective of the present
snail has then become a cause of major study was thus to investigate the snail’'s
problems in agriculture as a wetland pest biology emphasizing on the histology of its
(Hayes et al_, 2008). GI tract.

Morphology of the pastrointestinal
(GI) tract compared between gastropods was Materials and Methods
similar., The GI tract consistzs of the After euthanization of the snails, the
esophagus leading from the mouth to the GI tracts were removed and parts of the GI
stomach followed by the long intestine. The tract were classified. Each part of the GI tract
stomach is embedded within the digestive was then processed conventionally for
gland. The caudal part of the GI tract is the embedding in paraffin wax Subsequently,
rectum which ended at the anus. However, the tissue blocks were cut and the sections
some pastropods have the crop located were stained with hematoxylin and eosin
between the esophaguz and stomach The zectiocn: were then dehydrated, cleared,
(Voltzow, 1994). monnted, and finally observed under a light

Microscope.



Mucus-secreting cells in parts of the
GI tract were alzo identified. According to
the methods supgested by the manufacturer,
the paraffin sections of the GI tract were
counterstained with Periodic acid-Schiff
(PAS) and alcian blue, pH 2.5 for neutral and
acidic mucins, respectively. The sections
were then dehydrated, cleared, mounted, and
finally vizvalized under a light microscope.

Resunlis, Discussion and Conclusion

The GI tract of P caonaliculata
composed of the esophapus which connected
the mouth te the stomach (Fig.1l). The
esophagus sitvated ventrally to the buccal
tazs and entered the rostral part of the
stomach. Follow the length of the esophagus
was the intestine The distal part of the
intestine conmected to the rectum, and the
ended part of the GI tract was the anus. The
stomach iz embedded within a digestive
gland. This is similar to the structure of the
GI tract of other gastropods. A study in
Mepgathura crenulata indicated that itz GI
tract was divided into the esophagus,
stomach and intestinal loop which terminated
at the anps (Martin et al. 2010). In P
canaliculata, no apparent crop was seen.
However, the crop was found im some
gastropods, such as, Helix aspersa (Charrier
and Rouland, 2001). Apiysia depifans (Lobo-
da-Cunha and Batista-Pinto, 2003), and
Achating fulica (Cardozo et al., 2012). This
indicates some differences among the
structure of the GI tract of gastropods.

In P. canaliculata, all parts of the GI tract
were lined with simple columaar epithelivm
with microvilli presents on the apical region
of the cells (Fig.2). All cells were rested on
the same basement membrane and their
nuclei were located at the basal region.
Similarly, the stomach intestine. and rectum
of M crenulata were also lined with simple
colomnar epithelium with microvilli (Martin
et al, 2010). Moreover, the epithelium of the
esophagus and crop of 4. depilans consisted
of a single layer of columnar cells with apical
microvilli, and some of them also possessed
cilia (Lobo-da-Cunha and Batista-Pinto,
2003).
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Mucus-secreting cells were
obzerved in partz of the GI tract of P
canaliculata, but not in the stomach (Fig 3).
Cells that secrete mucins were found in the
GI tract of various pastropods, for example,
Marisa cornuarietis (Demian and Michelson,
1971), DBulinus afficamus  (Brackenbury,
1999), 4. dgpilans (Lobo-da-Cunha and
Batista-Pinto, 2003), and M crenulata
{(Martin et al | 2010). This suggests that the
secretory  processes  concermning  with
digestion occurs in most regions of the GI
tract of gastropods.

Both neutral and acidic mucins were
observed i parts of the GI tract of P
canaliculata. It was reported that newtral
mucing were found in the stomach and
duodenum, whereas acid mucins Wwere
distributed throughout the GI tract (Awad and
Abdul Raheem, 2014). Neutral mucing are
known to help for redocing the pH and
toxicity of substances that pass through the
GI tract, whereas acidic mucin: contain
chelating agents and have antibacterial and
antiviral properties (Nikumbh et al., 2012).

In summary, the structure of the GI
tract of B canaliculata 13 similar to those of
the other gastropods with some minor
differences. The mucosa of the GI tract was
lined by simple columnar epithelivm with
apical microvilli. In addition, mocus-
secreting cells were scattered within the
epithelial cells. Results of the present study
could be useful for further studies conducting
to understand how this snail species 13 a good
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Fig.2 Histology of parts the GI tract of F. eonaliculats a, esoph ; b, stomach; ¢, mtestine; d, recthum.
Amows, cell moclei; arrow heads, basamant membranes; CNT, connective fazue; MV, microvill. Beals bars =
100 pm

FgﬂMmm—ﬁeaﬁn@mlhmﬂmehacth canaliculata: a, esophagus; b, quﬂ,
rectm. fsterioks indicate cells mmedqnﬂlPASandmdanglamdlmgdhmmninuﬂla]ﬂmHne,
pH 2.5, Amows, cell miclei; nmwhm:k,hmmmtmmhmrm comective tizsue; MV, microvilli.
Smle'bﬂrs—lmp.m.
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GLYCOCONJUGATE-SECRETING CELLS IN THE GASTROINTESTINAL
TRACT OF THE GOLDEN APPLE SNAIL

Apichart Ngernsoungnern, Piyada Ngernsoungnern
School of Preclinic, Institute of Science, Suranaree University of Technology
111, Muang District, Nakhon Ratchasima. 30000, Thailand

E-mail : apichart@sut.ac.th

KEY WORDS: glycoconjugate, secretory cell, gastrointestinal tract, golden apple snail

The functional morphology and anatomy of the golden apple snail gastrointestinal (GI) system
was under studied. We identified glycoconjugate (Gly)-secreting cells with light microscopy
and transmission electron microscopy (TEM). Staining of alcian blue pH 2.5 in combination
with periodic acid Schiff revealed in the esophagus, intestine and rectum but not the stomach.
The Gly-secreting cells were primarily pear shaped with some elongated cells. The apical
regions of the cells were in contact with the GI tract lumen. Four different types of Gly-secreting
cells (types A, B. C, and D) were identified using the TEM [1]. The Gly-secreting cells were
scattered among epithelial cells. Type A cells were similar in shape and appearance to goblet
cells. They contained completely electron lucent granules occupying the entire cytoplasm. Type
B cells contained mostly moderate electron-dense granules. Type C cells consisted of granules
with an unequal distribution of both moderate electron dense materials and high electron-dense
materials, whereas type D cells contained only high electron-dense granules. Extrusion of the
secretory materials from all cell types was offen observed.

Figure 1 : Glycoconjugate-secreting cells in the gastrointestinal nact of the golden apple snail

Reference:

[1] L Bravo Portela; V.S. Martinez-Zorzano; 1. Molist- Perez; and P. Molist Garcia,
*Ulrastructure and glycoconjugate pattern of the foot epithelium of the abalone Haliofis
tuberculata (Linnaeus, 1758) (Gastropoda, Haliotidae)," The Scientific World Journal, 2012,
1-12 (2012).
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