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Serotonin-containing enterochromaffin cells
with long processes in rat distal colon

Hiroshi Sakamoto”, Hirofumi Kuramoto ? and Makoto Kadowaki ¥

¥

IR LA e BT MBI L > T v BB OBMN 2 EEL Hov o
MY EREAET A7 u ABAME (ECHIIE) CoWwTHRZ, tu b= iZxd b
FRPURIC X o TRIBMELY SO0 2773 EC Hlfgds, B oRm 2R3 2o —
Wi sh/z, ECHilRDZ CI3#isE 2 2 L. 2 AOMEEO RV EREY, BE
HIEEZR > Ty BT RbLEEOEEME . FhH B ORIR. # BB F-18 f fa )
WHIZLTWize £ oA, EhHossRoind. BEMEEZ o2 & B X B
WCHM L Cwiz, L &80 ECHllaozeRi:, Moo X9 %, A
DEERIRICHE 2 248l & B2 L7z, BTHMEETld. ECHMBoMBBARLZEE Iz, il
BV 2 RS BIZE Sz $72 EC HllafkE X OV Fo2eiid, Bl ofaws o REf
(WX MR, M) & LIS LB )., 2ok ECHMRPIC, ks
L HFOREHRZIZ A > T, PR OEEP A SN, Lzds> T ECMfgE. Mak=
FWwEiErs, o b= v 2E5woA T, ORISR S, BER D S B
BHEEA~D, BFREC. Wi, KOGWERLTWSEEEZONL, T v bEfiiEET
X, T b= VIEREIND, WEEEED D OBME R R E05wd. ECHIE o
DREWEEOMGNPEETH L I LATRB I NI,

*—7— 1 ECHiN

o k=
FIEHIRRA L
by

AN

Short running title : 7 v MEMFEREICBIT A0 b= U &H ECHilg

1) fERERN AR B L2 B 2) HURR L ZERAHE RS 00 F A M o e

3) B IR R S A A BT FE A I A L A s R A B2 R 1

1) Department of Physical Therapy, Health Science University, Yamanashi, Japan ; 2) Department of
Applied Biology, Kyoto Institute of Technology, Kyoto; and 3) Division of Gastrointestinal Pathophysi-
ology, Institute of Natural Medicine, University of Toyama, Toyama

133



MEHERHERAALEE 5 475 (2008)

1. EUBHIC

HALEHNO T = id, WABEOHLEEERICROONLERT IV THY, 2L
AL 7 v 2 BAMR (EC M) (ICHRT 27, @8, BECBWT, ke b=
E. EREY - KOS wRe. MALEERIC, A7 -y — L CEERREE R
LTWa0® v MIBIF A, HIVF I A NREGR, EErERE %, B biE
BERE 7 ORI, BHIRE T VICBWT, #m ECHlBNTore b= VS H &
WCEAEAVEL., ZOME, THAGIERI SN EEZ LN TWEY, $4bb, EC
Mo ORE 2o b= VRIS X - Ty BN BRI & KR B E A% =
WCHWENDL LN, FTHOBEERFENICRL LEZ BN, ML BE LRSS
Wb =2 EATHECHMMY, ZHBEINLIZEOHMESINTY
5%,

COMETIE. SEEIC, ko b= E B R S D5 WIE & O BIFRATE
KMROENTELT v PO T, BEENIZ, o = rEAMoR e, Bk
Ml & DR R, TORE, £l oXku b=y E2EAT 5 ECHINEAS, Lk
DEWIESRZ FMAERE O EENICHIELTWE Z L0 oz ZOHE T, o b
= VEA ECHIRROS M L RIS 2 Fr R RN BB 2. Rk & BT B
BAHWTBIZE L., Mk zE81L 7k,

2. MEtERE

FADT 4 AY—F v b (KE210-230g) %, R TISOMA 5 A BN K IZ
BT, 2%8F KNV AT VT FEfafl (15%) ¥ 27 UE%E &L CHmEE L
Too ALK 20 WL, 12— 18K A U @E ik B mEE L 7.
dimethylsulphoxide (DMSO) THLEL L 7214, U VEE#RMEWR (pH7.4) T L 72, 30%
sucrose £0.1% NaN;% & ir V) ¥ ERARMIC 4 T, —BZEEH. 60-80 um DJE X DY)
Fiz L7z,

(1) SRRk b

wALAE I DY) % 0. 3% Triton X-100 (V) > Ee#% & £ LY f3E K. PBS) THLEEL 72
. FEERRASRIEBUSEIH D 729 10%1E % N M5 T30 L, Y ¥t o b= V3
MmiE (1 :5,0007 8, Incstar, Stillwater, MN, USA) T12— 18K 272, PBS
TUHL. A F AAba By FHE (1 1007478, Jackson ImmunoResearch)
T2REHBIGE L. A MLV FTEY VREETET Y EBERILEEFE (Histofine SAB-PO
kit. Nichirei, Tokyo, Japan) % & T & BUL S 720 IR I3REHIC, 0.005% H.O.
%&10.02% 3,3 -diaminobenzidine (DAB. 0.05 M TRIS #&f#i. pH7.6) % s &
RS 2 B L 72,

ATA4 F7TALICHALZ#AEHE, CCD A7 A5 (VB7010, ¥—T > &) fH &k

134



7y FENAERICBT S, k0 =2 EET 7 0 2B OEE

FPMPE (BX 50, +Y ¥23R) THI% - ¥ L

SRR oa Y b — )L LT, 1 b= ¥ (10 ug/ml of diluted antiserum)
TN L 72% Fhit o b= VP %, Lokt o, Y ¥hta b= Ui
i Db D I 72,

(2) BT
SRR, WHATRERRIL 2T o 720 ThDE, 3IEDT v M %
LYINTRVAET VT FE0.05% 7V — VT VFe § () VEEEEiR pH7.4)
THEFEE L. w200 L., 12— 248 [ U R E i CHREE L7z, V) v HBi%
R T PR %£30% sucrose £0.1% NaNox &80 v ERREARIC —BIZE S 7%, 7
YA ALy FT60-80 um EDOYIHFIZ L7z, Y FIikw b= UhuiEEZ HWT, Lo
X ICRIEMMRILSE 4T > 720 7272 L. Triton X-10013 & L 720 DAB KIS IZ & ) K
ISR 2 WAL L 72, 1% 0sO. (V) Y EERREE pH7.4) TRIEL, BERMWICT
7 =)V ChiAKL T, Bl (EPON 812) I[C@H L7, BT HMSEABHEY A % LKB
2088-V ultramicrotome ZH\WVCTIEH L, Bk 7 v & 7 T VRS CRE T Refutk. BT
SHf$% (H-7500, Hitachi, Tokyo, Japan) TBIE L7,

Mo 3o, v FOFEHE, EMRBILY21TH T, ECHMlOFLWEEEZET
SAMEECBIZEE L2 T MI2U/STHRNVAT VT FE25% T VY — LT ILVFE K
() YRR pH7.4) CHEWEZE L. mUMEBEEZIOML, #I V) E2MisoT
0.5—1.0mmEDYFIZL. 1% OsO, THEEH. Lk X 95 I LE T HsE T
Blg2 L 72,

3. BWRELUEE

SEOBRIZE T, I v MaEfifhota b= 24 EC ML, Mgz
#e & RO RIAE ST 2 L 2%5h o 7z 5524w b=V EEH T S EC Mo
I h. 807 A EFED ., R 2021132 SN b o Foe ZEEE R F7z 2\ EC Ml
fao> 2.7 31, BEOEE (FE) KRAELTWZ (K1 a0 b)o 28E%ZHF2 ECHI
Baix, BEICBITAE. HEOEXICOVWTERTH -7, MIAEAEEL Y Evgei
RFEOMBL Y 4 TRV EOMML Y 4 FICHET AL, RuEkRE oy 4 7
. BEEOEIBICD EE (AT RSSO VoEETHELE (M1 a). 2
noo ECHlleoBiE, Mo (FEosEu) ISfEEL. BEo LT IR
WO RWEREZMIETIHMS A O N, ZAROEED I B, THIZELSH0I1E, B
BOMBEIZH > TREKICH 2V, LIELIEREB KT ZE>Tn/z (M1 d). o
RO B2k, BEMEEOIMI S| FubiZi v, BENEICE L vz, (K
1e Do B0 LEHANEN, LEWEZ KT H7-00ZRKEE2MILTVE L)
IR 2727, Bugiid, 45 T130um 2B 246 H o720 W{2hDhTIik, #
OB RIMAFERIRICHE 2 > T, MERMEL BB L2 Ble oL A B S

135



MEHERH R AR B 4% (2008)

/

K1 #fito bz HMiEE AV TRERBERE T2y MREBOTA

o =Y OV A DAB- B TR e s Twd, a: £ <Dt = VFk EC Ml
AR LR OWICBIEE S Nz, EC MR oM 02213 % CEBsETH 72 (RWR
FD) @ A IZEEOMEEZH - T KIS 2o THT, b9 —HIREFBO EHICmrwy, S50
—EBIZBEE OB NI X 22, BENEICE TEL TW 2, 2SiEE 2 ECHMio—ikid
EHogEEE R eTwi: WD, Bar=100 umo b : BEEEER® EC A LIZLIXER 2
727w (£H), Bar=50um. o c @ EJFICMOT5 25k I3 mRmME I, LIZ LIS B ko
WS ADAE SN (KD, Bar=50um.. d. e: 2O ECHINIZ L DEREZBEEONEEIZED
). THANMA ) ZRIZEKKRBRBEEE L TWD (K, f: BEMEICm > TRk
k) #MNE3 RO ECHNEDB, b~f [ Uik,

(K.1c)o SOX) BEEMDS. Ty bEMREEO ECHMIE/ ST = 2 —a »¥ gl
WZRE M E RO EAURIRE N, T8k, B FOFH R, #E L EBY TRV
F#o EC Mg ShTwa s, ShEgshzzs v b ECMilao%RIz, #iksh
TWb7T—=4% X0, HoRIEro7z, Kia b2 ECHMldofIiE, i~ %

136



7y FENAERICBT S, k0 =2 EET 7 0 2B OEE

ERSbDbHo7 (M1 a),

PR (ko =) TUINL 7258 Bitw b= U Humil) 2Hwieay bo—
WEBRTIX, @A gt 2 R BRI Blg S e h o 72,

O H DD b 5T, TNETT v FOEMRE TRVWIEL H 2 EC
MlaHE SN TV RVWHEBIO—2 L LT, SO E D, FiEo@EN I X % EelE
BEZOND EROINT 7 4 YR RHFHTH>E, SEH W8I X0 (60
—80 um in thickness). 2% ) HELUW SN TWwiz7-0, EWERICH BT 20K
MmolzlEZ LN,

Fv MEMFEREICBITAta b= EF ECHMBOKEBIICEZAHTH 5, 40
To 7B UMEEBIE T, ECHllLD, BEMEEIH - T A IS ) 281E, 44,
BEMNG & BRI OMICIZ S TN TET LR RICET S L) TH Y, HEKEZENTEH
HHBORBEE A RIET 2 & 2 AR SN aho7 (K2 by oo FEOHITIZ,
EROWMEY 0@y . FRR KM, FRIRR EL TR (BE 4168 nm. n=82,
B2 b ) 2BigEI NIz, ECHlOMMGA L ISEEIL, BEEREZ AR S 2 W F Bz i
LM (PR i) &R L o T, RO MBI 5 X O il %
EoTwiz, ECHMIBNOMERIE, &L &B0., BEBEOMBMIZmAs - THEKETLED
H0BEINT (M2 o) TOBISERHEND., BEBELZHENR T 2 MBO—EBIE. ECHM
Bhrbpwsndta b= 2Lk o T, BHWKAONE 22T TwEZ EBEZLLN
b0 TOWFLUZ, O b= U RBORESWI DD EY Ty MERIRE
B A, EAFE W RICE DL S YRBERDBSAT AT Ty MR
O FEMEIE e b= 2Bk GHT2A) OREROELZMIBRT LI Y
OWEPLDIRENL, DEx T b e, BENOWI - LA E 2 T - 72
EC Mgz, Mk EvsEiEr»Ssta b=y 2L, 222008 - 220 E Al
fa B & UMM AEMRE R 2 i NI 5 2 LI X o THENEW O 28
BFruEIcLTwbEEZ LN,

ECHilam Vg, v bEfiETcta b=V IZk o THI &R I Sh b KGR
BRI, BHRLTWwEEEZ LN, LrL, EVEY FTIE, kO b=00
B S A D AR R RS E XN T A b b3, a b= VEHM
Malzgsl A EEE S N4 H > 72 (unpublished data), ZFJE 5137, T b+ = ¥ H% nitric
oxide (NO) — &A MMM EEL 5 2. TOMBMEINO 2 ET5Z L1285
TENVEY FOENMERG 2 SEEA 4 OB WEINDWTREEE R L. 7 v bO@Eik
BTd, 0 b= X o TR SN MM Z A L723iHRA 4 v dsfis Sh <
WhHM o ZOBRIZIE, VIP (vasoacitve intestinal polypeptide) 721 NO &, tuo
b= ZEM (5-HT 3receptor) 2SBHG§TA5Z EARBENT WS, LT, IV
MEMAER T b= VIZHERE S L RE EEMIEA S 04w, ECHila 555
WIhsto b= oBEBENIER &R Z A L TIrb i 2 BEEH O 5 3B 4R
T5LEZON5, 7y FERMFERBICBNTECHME»S W INEH b= OB

137



TEHERH AR AAE 45 (2008)

M2 Sy MEMKBLEEICRShZ+0O =258 ECMIENOSFEMESTE

a! BWHEEoERZ, BEAKEE CIEIEL, PEIC—-H2R2EHM L Tw5b ECHilsosl,
fafkd L ogsie (REATHENS) OMBEIIEE K DL IR ATED Sz, LR ER
WREICHMT 22 2% (AT - 72#4%) 2K LIFARTRLA, Bar= 2 yum (§AX Bar
=0.5um)o b:ECHildOMIgARE X O0vgelix, BE LM L RIEBEOBIZA Y AA TV,
Bar= 2 um, c: MO %% { &1, ECHINROMBIE TSSO —8, 25 IZMIN LR Al
EIERBEORICH T T 720 EC MBI 0 YR 2% LR B MNC £/ 5 & 2 AR RAITR L7,
Bar= 2 um, EC:EC #ifa. E : WX LR AR, P:ECHMIfLoZSEE, LP : HilEE A&

MPEH OEZEZIZ, ATH 525 ECHIMOFFORWIGEA LT b= ¥ I i< 2
PhHLWREIREIVEEZ OIS,

138



7 v bPEUEBICBT S, k0 b= 2SS 52 0 AR OEE

5| F3CHk

1)

2)

3)

4)

5)

6)

7)

9

N

10

=

~

11
12

=

13

=

14

=

15

N2

16)

17

~

Arcuni JC, Stoner MC, Kellum JM. (2000): Vasoactive intestinal peptide is a neuropeptide mediator of

the secretory response to serotonin in rat. ] Surg Res 91, 118-122.

Bordi C, D'adda T, Azzoni C, Ferraro G. (2000): Classification of gastric endocrine cells at the light and

electron microscopical levels. Microsc Res Tech 48, 258-271.

Bradbury JE, Black JW, Wyllie JH. (1980): Stimulation of mucus output from rat colon in vivo. Eur J

Pharmacol 68, 417-425.

Coates MD, Mahoney CR, Linden DR, Sampson JE, Chen ], Blaszyk H, Crowell MD, Sharkey KA,

Gershon MD, Mawe GM, Moses PL. (2004): Molecular defects in mucosal serotonin content and

decreased serotonin reuptake transporter in ulcerative colitis and irritable bowel syndrome.

Gastroenterology 126, 1657-1664.

Cooke HJ, Reddix RA. (1994): Neural regulation of intestinal electrolyte transport. In : Physiology of the

gastrointestinal tract, Johnson LR. (eds.), Raven Press, New York, 2083-2132.

Donowitz M, Binder HJ. (1975): Jejunal fluid and electrolyte secretion in carcinoid syndrome. Am J

Dig Dis 20, 1115-1122.

Fiorica-Howells E, Hen R, Gingrich J, Li Z, Gershon MD. (2002): 5-HT 2 A receptors: location and

functional analysis in intestines of wild-type and 5-HT 2 A knockout mice. Am J Physiol Gastrointest

Liver Physiol 282, G 877-G 893.

Fujita T. (1976): The gastro-enteric endocrine cell and its paraneuronic nature. In: Chromaffin,

enterochromaffin and related cells, Coupland RE, Fujita T. (eds.), Elsevier, Amsterdam, 191-208.

Fujita T, Kobayashi S. (1973): The cells and hormones of the GEP endocrine system. The current of

studies. In: Gastro—entero—pancreatic endocrine system. A cell-biological approach, Fujita T. (eds.),

Igaku Shoin, Tokyo, 1-16.

Gershon MD. (1999): Review article : roles played by 5-hydroxytryptamine in the physiology of the

bowel. Aliment Pharmacol Ther 13, 15-30.

Gershon MD, Wade PR. (1993): Enteric nervous system. Curr Opin Gatroenterol 9, 246-253.

Glisic R, Koko V, Todorovic V, Drndarevic N, Cvijic G. (2006) : Serotonin-producing enterochromaffin
(EC) cells of gastrointestinal mucosa in dexamethasone-treated rats. Regul Pept 136, 30-39.

Gorgas K, Bock P. (1976): Improved methods for the light microscopic study of enterochromaffin cells.

In: Endocrine gut and pancreas, Fujita T. (eds.), Elsevier, Amsterdam, 1-11.

Imada-Shirakata Y, Kotera T, Ueda S, Okuma M. (1997): Serotonin activates electrolyte transport via

5-HT 2 A receptor in rat colonic crypt cells. Biochem Biophs Res Commun 230, 437-441.

Inokuchi H, Kawai K, Takeuchi Y, Sano Y. (1984): Immunohistochemical study on the morphology of

enterochromaffin cells in the human fundic mucosa. Cell Tissue Res 235, 703-705.

Kim D-Y, Camilleri M. (2000): Srotonin: a mediator of the brain-gut connection. Am J Gatroenterol 95,

2698-2709.

Kuwahara A, Kuramoto H, kadowaki M. (1998): 5-HT activates nitric oxide-generating neurons to

stimulate chloride secretion in guinea pig distal colon. Am J Physiol Gastrointest Liver Physiol 275, G

829-G 834.

139



MEHERHERAALEE 5 475 (2008)

18)

19)

20)

21)

22)

23

=

24

a2

25)

Miwa J, Echizen H, Matsueda K, Umeda N. (2001): Patients with constipation-predominant irritable
bowel syndrome (IBS) may have elevated serotonin concentrations in colonic mucosa as compared
with diarrhea-predominant patients and subjects with normal bowel habits. Digestion 63, 188-194.
Oshima S, Fujimura M, Fujimiya M. (1999): Changes in number of serotonin-containing cells and
serotonin levels in the intestinal mucosa of rats with colitis induced by dextran sodium sulfate.
Histochem Cell Biol 112, 257-263.

Plaisancie P, Barcelo A, Moro F, Claustre J, Chayvialle J-A, Cuber J-C. (1998): Effects of
neurotransmitters, gut hormones, and inflammatory mediators on mucus discharge in rat colon. Am J
Physiol Gastrointest Liver Physiol 275, G 1073-G 1084.

Sidhu M, Cooke HJ. (1995): Role for 5-HT and Ach in submucosal reflexes mediating colonic secretion.
Am ] Physiol Gastrointest Liver Physiol 269, G 346-G 351.

Siriwardena A, Kellum JM. (1993): A 5-HT receptor mediates serotonin-induced electrolyte transport
in rat left colon. J Surg Res 55, 323-329.

Sjolund K, Sanden G, Hakanson R, Sundler F. (1983): Endocrine cells in human intestine: an
immunocytochemistry study. Gastroenterology 85, 1120-1130.

Stoner MC, Scherr AM, Lee JA, Wolfe LG, Kellum JM. (2000): Nitric oxide is a neurotransmitter in the
chloride secretory response to serotonin in rat colon. Surgery 128, 240-245.

Zimmerman T, Binder H. (1984): Induced alteration of colonic electrolyte transport in the rat.

Gastroenterology 86, 310-317.

140



7y MENAERICBT S, k0 =2 AT 87 0 ABHMBOERE

Abstract

The present study was performed to examine the distribution and particular
morphology of the serotonin-containing enterochromaffin (EC) cells in the rat distal
colon using immunohistochemical and electron microscopic methods. Serotonin-
immunohistochemistry revealed that most of the serotonin-immunoreactive EC cells
had extended cytoplasmic processes; particularly, the positive EC cells with longer
processes were located along the body of the crypt and were characterized by bipolar
processes that consisted of one process extending straight down vertically to the basal
crypt, with terminal swellings, and the other running up the luminal side, in many cases,
with the apical ends reaching the glandular lumen. A few of the EC cells had long
processes that resembled neuronal ones with varicosities. Observation by electron
microscope showed small pleomorphic granules with rod-like, tortuous, oval or round
shapes in the long process-EC cells; the cell bodies and processes of the EC cells
directly faced the crypt epithelial cells, including enterocytes and goblet cells at one
side, and the basement membrane at the opposite side, and the accumulation of their
granules sometimes appeared within the cytoplasm at the side of the epithelial cells.
These findings suggest that serotonin is released from the long processes of EC cells
and directly acts, in a paracrine fashion, on the crypt epithelial cells to secrete
electrolytes, mucus and/or water into the colonic lumen. The presence of such long
cytoplasmic processes of the EC cells may contribute to the major part of the serotonin-

induced secretory events in the distal colon.
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