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Fig. 1. Material-sampling portions in the intestinal tract of the horse
: Duodenal ampulla

Behind the hepatopancreatic ampulla

Jejunum (Central portion)

Ileum (About 10cm beyond of the ilial orifice)

Caecum (Basal portion)

Colon major (Central portion of the right ventral colon)

No@ s W

Colon minor (Central portion)
8. Rectum

B X 0 Lo % S Bfa kOG0 1o i B PR ERE & b BRB W # Lo

B R AR T At K TRESR L, 10% ko~ ) v (0.1M BiEREEN, pH7.3), 77 v
BLO~NY — W CHEE Lice BEHKAT 74+ VEEL, 4~6p DY & Lic, ¥ -BPIREE,
+ IR, EBO 3 WAIIC OV TIE 3 1 D ERTIA RIER L, WO MMBRORARRER
F) D S i B~ 7

FEOSEHEOBER CEE LW R FhFRKo 7TEOREEYHL, XENCHEL
7oo 1) MASSON-HAMPERL 4R3RA0M: 5t (SINGH, 1964 ; LAF MASSON 7 & E 3 %), 2) ¥
7 v =% A&+ Diazonium # » LT fast red B (CORIDER & LISON, 1930 ; F. R.B. L5
%) & fast black K (SOLCIA et al., 1969 a; F.B.K. & B+ %), 3) DAVENPORT GHRik
(HELLERSTROM & HELLMAN, 1960 ; DAVENPORT 3£ & B§+5), 4) 8- ~<hr* ¥V vk
(Lead-Hematoxylin method, SOLCIA et al., 1969 b; Pb-Hem. L W% %), 5) SEVIER-
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MUNGER 5451 (SEVIER-MUNGER, 1965 ; SEVIER-MUNGER £ » B84 %), 6) GRIMELIUS £§
iy (GRIMELIUS, 1968 ; GRIMELIUS ik & Wi 5), 7) B - + v 4 ¥ v FREY (HCl-tolui-
dine blue method, SOLCIA et al., 1968 ; HCI-TB #: & B3 %), '

& #

1. MASSON (c &k BEEHEAE (Table 1)

AP CIREEA Lk 3SEEOEEME & b SEfoBE sy LBERAOER Y & il
2 LclBo 8 SO kMR HBL LTkt &IRAA< ) VEED SO TLEE
BExico h DESEFEMEG IR BRI BRMAEMC B <% < (Fig. 2), 2

Table {. Distribution of Endocrine Cells in the Intestinal tract
by Various Staining Methods for Light Microscopy

Duodenum
Ampulla Ampulla Jejunum Ileum Caecum - Colon Colon Rectum
duodeni hepato- . major minor u
pancreatica ]

MassoN Wi 1 i H + + + ++
F.R.B. it g b HH + + + +H
F.B.K. i it H i+ + + + +
DAVENFORT H -+ -+ +
IS)lE)\;Iﬁf:alrz?k H H ﬁ + + -+ H H

MUNGER + H + + + + + +
GRIMELIUS itk i H# H# + + + +-
HCI-TB H + + + + + + H

Abbreviation : MASSON-MASSON's argentaffin reaction; F.R.B.-First red B used diazonium reaction;
F.B.K. - First black K used diazonium reaction ; DAVENPORT-DAVENPORT silver im-
pregnation ; Pb-Hem.-Lead-hematoxylin method ; SEVIER-MUNGER-SEVIER-MUNGER’s
silver impregnation ; GRIMERIUS-GRIMELIUS’s silver impregnation: HCI-TB-HCI-
toluidine blue method.

+ : Rare, 4+ : Few, i : Rather few, it : Frequent, #if : Very frequent.

EAE, BB THeREEHE LT, KBTIRER A&EEB MR THRhciabh, B
Beireelx AR Y L, ¥ NG CIRERMEMRNAEWE LEARE (Fig. 3) ®
IOt sE MR (Fig. 4) BB Lo, Sh bEEMmkMiao BNz
DEEMCERT I, BEABECLEE LTV, fMRACABEBRAROEEMN =/
¥ (Fig. 5), ##E# (Fig. 6) b5 W ERKC B> BEME (Fig. 7) & LTHEEL, B
BV 2, 3EO/NERTHE LT (Fig. 1),

2. LTV =T LRBICEZERFR

CORBEYT7 Y=y aie LT FERB 2AVAEEE, A=) v B I07 7 vEERR
CRIGHEEMANRES b, F.B K #BWItHEE s < ) v BEMEO L CRBREMRN
b b, SEOBRESHMICEITHY 7 Vay ARGEEMBEOSH LT b0 MBEE
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%

(X & D MASSONELIZ k13 5 # N LIRERBETH -7 (Figs. 8, 9), WO T7 V=wathl
IR D 4L MASSON MR- 351) % & AR C, BRI F.R.B. tiz k&, F.B K ©
RHRELC LEBEYE L, MBEEOZL S, BAR, ZERCSHFEL T,

F B WP, T BRAES LOER COERTIRICOWT, MASSON(EL o7 Vv =
VARG ERIG L THD ER—DOAGWMETH S = LrURI ATz (Figs. 10, 11),

3. DAVENPORT %

B B D 5 b DA R Y s 5 DAVENPORT [ 3 HHELLERSTROM & HELLMAN
B BERBEC ST 2 DRROBRERD LdIT A Lice KBTI T 7 v BEERTOLER
&0 FEMERY b ORFEMENRS bR, Lo b+ IRIBRARO BRI O, +=
RBEEERATOBES (Fig. 12), 2Bk ICAREBECBBHARMCIBERCED Shicc
TELD oo T D ATMICKT 2 RIFEMBEIBREBERCRE L, AEH 3 ILEER
- Thich 5 REMRTDH - oo

4. h-~vbx )%

FHRC L 5EEMTRECETAO BN YHEETAMEL LTAD A, SEHELE
TZ8E (Fig. 13) o 2 M CHBRMIRMC SHHE L, 2K, SBs L OKRER P
WHEE L, MEE (Fig. 1), EBICE - C ¥ o0+ BEAET Lico i3/ MBTIR o h
DML BT LRI, & oEB CIMERE AR BN S bl
BEmaOmIIL=/ANY, BEMD 5 CEERATYC, BRCARE T, ZoBbaEnBREC
ETH308H 0N, BEAOFWEROL QB TRMCHEET 52, BEARE, BEH b
BDHBNIZ, ~) ~BEERCHELAEACE N TLEBHA, KECKWTHHENE
BERT L ZHD 7 v ARAEMARSERE S h (Fig 13), Zh oMM ERyTERTop
BEAR D MASSON i i X BRBIMEMA L — B LTV i, 7ok 77 VEIEERIC KW TH -~
< b E YU VBRI AR A MASSON BIC 351t % R ARG & —3k % % % (Fig. 15, 16)
1%y, SEIOKRR 8T XTI TLT L —Br i\l b i s  BlE S hi,

5. SEVIER-MUNGER 3

A< ) VEROREA COLBRBEOFR L b ORFRMRABE S NI, ZhbOML
MBI R THE, KB B\ TR LB Linds - 7228, WPhOSALIE B0 T b Bl
EfMcE: LT@Rdbhte Fig 17, MBBSWTRRBILCIBMED LM L 57E L
Tz (Fig. 18), AREIC & % BIF MM BRAIREIC X v CQLEAY, S/ H 5 W ILihE
BeEL, MAEEEACEFEERES BE LTV, ERGA % BV ToRKL X % 8IF
PEMIAE 2 BB Y A > MASSON {1z X % $REIFIMIAG & — Tk 2% = &2t BEFIIRE T i bhis
»t (Fig. 19, 20), +3RBEAE S 5 VL ERC L ER Y CRARIC & 5Bk zh %
N=BeHbZ ENRErotco LMLAT L —E WAL DA BIE LTV,
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6. GRIMELIUS 3%

KT 7 7 VEZOBERC KW TORT 8B BEE % T 2BRRMALICHRIT A
HE LTV, o BERIFEMET /NG, ABe b BEMRMCEL: LTRD bhlErL,
IBHE AR s X O BRI A BhICR o b, £h bERRERC HE
BhDEDONTHS ETFEBEATCE TR S, BELTITTHIH - THRIMD ¥
BEFEETR Lie (Fig. 21)o Lo L/INERS, BB Wi b BUO#M LTV, Lrd KK LD
SIFREMRTEMTY, A, $ERETTENS, R, BRER AT ERL, TEL
LCEEMCERT 55 WER L HE, B, BBeH 5 VIIRALMRC I VEXTH -1,
Ak T EIB S b R A C I MR £ O B o MiaE N RER LR L THERCE
ELTWA L HY 2BRBEONS MR L EL bR boncE EBo bl (Fig 22)

7. R - P FE

AECIEASED SETED Y b~) ~EENS » L bBL TR, O~Y —EETDFER
A% €0°C I e L7z 0.2 N 5/ © 3 FeRIIE LT hledks # £ 7 m =¥ — (metachromasia) %
Tt AR RS E A B T B RSO 2 Th » foo —TF & DEMRME CHIRE D 55 W
O IR 2 s LA S R, 44V 7 m < — (orthochromasia) R4 HIFEABERRARAG
BT bhice =R bOEMEMEL T ZIRBE AR L BB s THERNE <, ZEE T
¥ (Fig. 23), BEBTHRNRTH -1, WEROWAIC R ThEL L THBRRER TR
BRI B L C oo 7o B IBERCE b R M BART R X OF iR IR AR AR AR b i BB M e Rl
btk BMEMEEHELS 5 WEARERT L0 bR bRk, SCREAPERLT
e EEEIR A W TOREIC & D IBMEME L B ) H o> MASSONEEIC X % SRBIA AT &
M—FTBEDbE L AbREN, B LE—Fk A\ MRS FE LT\wic (Figs. 24, 25)0

£ 5

v < O BRI O\ TR 7 BOSHREE Y BV THE Lo, MASSON ik X O
ST 2y ARG TIEVhD B2 v A EFIMEMA (Enterochromaffin' cell, B v~ T D
EC#ifa) %, #%7- DAVENPORT i k% D filax RN HRETHORRE, MOFETIR
TIEH B CIEREO NS MY FRCRE LTh B0 T BRikBZLtnwrhEd, BUT
Mo WM B SRAEE L, N T T2 - THKREBD L, BB, KER TED
Thte L Te 0, ANENS, BIECECHEMT AERLR Lo ¥ 2h SRS WM BRI
R B B 5 W AREAEL, Lrd S RBROBERCEE LT, S HI/PBI
BWTIHSHE L EMRORI, BBk Ui+ IE RO M BT FE LT i,

LA A« Ofufa ke oW CREE VA TO MBI ARASBBREER L, thofRok
BEWAIC BT 5 HBEOWRELRE L Thlly,
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MASSON Jit kv = Y v, A FrE ) vic X OBTH% #H L7 WM TH b,
AR N T SRR (Argentaffin cell) &, Zhats = A BAMYEL b >
WhHE s r BRI~ 5 Z LAt BT\ B (SINGN, 1964), ¥/ 7V = v A
RSBy mTias B = 2 EMEMac—8 L, £oRGk - 0BMa. e 545
WHRABDE )7 VT Hb+r b =v (5-Hydroxytryptamine, 5-HT) wx 3+ &2 Hh
T\5 (CORIOER & LISON, 1930 ; SOLCIA et al., 1969 a), 4E D EFTRC 535 B ©
MASSON 51z & 5 SRR BT D 2 7 v = v ABMMR E £ < —B L, BED 8
ML CHRBAEMI L © 7 Y = v A RISBEMERO BBEREA S S Eh—FK LTwic L2 ok
LOMRNSHO B 7 ABFRMIRTS - T, BEHBZEC S To EC o EE -
FIeE L b,

DAVENPORT ¥ JEE © D il % BRI Hesb B = L 55 (HELLERSTROM & HELLMAN,
1960), K&%%%#ﬁﬂ%m:}sﬁ % Dififi@ (Pancreatic D-like cell) DFEZE % M3  2 7o sd i FV 7o
SEDERAER DEEBI R 5 DL £ FA— L2 bha s Mg Tk +—k8 &
ZBIC, RBCRREBICORT CORANDEET B ENEL bhi, B BE (1975)
HDMRCEESN DALY L LTI VYR P2V —RY 2 LA, 3 v 2BFCW5
B, ZOALEYOERNLHRTSEO v~ OBEMHEC T +2818, 228 Dmias
FETHZLRBEMTEDLL LT, REBCSTAHBOBHRC OV CIREMEL 2 7 W &
ZAHTHB, L LPOLAK & (1974) D &NHAEL - 5 92 Cit D #iRa iz VIP (vasoactive
intestinal peptide) DIEENEL R TVWBZ Enb, LB - T D MEAINEE LT
LAIEEMDEL BN D, .

B~ T RV Y VETIRBEMRS T ERBTAEES bh, EEE» DEE, KB
T 7e <, DMER, BB TEUR RN A A% R Lz, SOLCIA & (1969 b) kA& ETE
BEOE 7 » BN REIND I LR RBL, 2504 77 VETOEBIL oA
DR RIBREY) H D MASSON 35 1< & 5 REIFHEMIIR L &< —~BT 28D b BB = & AT,
= OFEN EC il Jeoo 4 = & % HTE Lico SOLCIA B (1969 b) 1% X Bic Ak T S5 1o
wir» ECimia (ECL f1f), G Mifask X o8 XMk (B0 DR U) bBHEERT
ExR AL, B CAPELLA 5 (1972) 1% 7 % OB BEHEO NS WMEORET & Kkd
T, EC M & 554 ECL,, D-, G M5 0k 5= 2% 85 LT\ Bo 200 21t A
DARGR BIBREET, T OBMEMIE & MASSON SREFIM: KBt RIRT & 1o —3k A Zus s &
dHofT D, v OBEICsTh EC ik XD o @ s, ECL-, #10G
ML PRI CHET B 2 L VBB SN D, ’

SEVIER-MUNGER i TI3 RIF MM S IS o 7o o THIE LTV, M0 Bk ic K &
NBEENDDOHBULD D 5700 FRRMMBO 45 7 4 v §F € 351+ 5 §84RY: (SEVIER &
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MUNGER, 1965) C# %78, SEVIER Hic X uiBic it 2 BB nBRehs L L, ¥
= CAPELLA & (1972) 1T 7 # O B BEHEC s W TRER ALY, EC NG T 5@nK,
AECFEET 5 ECMilabistoMiad RH LT, zhboffnt ECLfilathseEx T
%o E HOEFYIH T 1) 5 SEVIER-MUNGER # & MASSON # & O b SRIFHEMIR &
MBI & N —F T 584 ECHR) t—HLAVWEEEL TV, IO Lhbd v
“DPHCENTRIEDOH « ~~ b+ ) Vv ETOFR L SHELT, ECLEROTEN
BTSN Do 735 SEVIER-MUNGER ¥ < EC fif & ECL s AR IC SRIFHMAL L LC BisR
XhBTE BT, FhSSEITFEMEL MASSON gk 5Ly 7 V' = v & UGB /IR & R
HHECERERU ECBESTMMICHE LTl v EE2 bR, EBRCIRARC X 5 RITFEM
D HMBEND LN oo TOBHE LTAETREOMELN OV CRERL LB, Licht
o THYR LSRR ZONERTND Z ENEL DR S,

GRIMELIUS % FiVCOS B O EHEE T MASSON #;, 7V =v A EBHBWEEH - ~< b
) VEECEE L LRARBED 5 VIRBEMAC L » TER L EORFEO S IR B
X, 7 &DEFBEEHED RS WM D To CAPELLA 5 (1972) OBZER I, &
¥ & » T BEC-, ECL-, G- % LU D filantiiFka R iE e, §unientbd -k X' SHE
B d EIFHETRT LME LTV B, SEOHERT 3 CRIFEMRI IO REIC SRS
WERL, Ei BB tefnEo bhioz &b, CAPELLA LOEE O L
SPREDO NG WM Y < DEBECHFET I ENEL DI,

SOLCIA & (1968) \XHEE ML, BIBKEEEO Mo WM, TEANZE, BIBMEMRO ERD
P s LCHER - P CVEEYERL, Y7 VBEELLErEy FOKE TR AR
Dififas:, BE<EC#M L GEBNER COMLE TLOEEEIERIN D L2 AN
L7, CAPELLA & (1972) d A% 7 2 D FBEOASTWMEORFRCAH, BBECRNT
EC ifa bt G M T EEE Y RTEN, dA< )y « ZAr g~ 77 e FREREEBCKSY
<13 DB L AR L, ¥BE STk A MR, D FE AR T 5 & &
BPE LT\ B, ZELOBEES~) —BEELC W UFHERELSE LR, BRUF 2RV TOXE
T X BIFEE R BB P A o MASSON £ iz & % $REMEME L —FT 5 b Do Tk
ECHilanEx bh, —HE AW DOV T GHEb 2k Diifla 0 FE X FELbh
%, 713 SOLCIA & (1968) % CAPELLA (1972) HAVEEE @ A Mg Aws CIFERAMEER L
EBEMICKER S (1974) BAOTZIEE, ZEHBC AREREYRHL T 2 Enb, 7
< DGR B Th ARRMRO HBOTREBENE X Ditd,

# "

SHDY <R E, BYE8HEOEC EETsRSWHRC T BoBKREEYEL, X
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B BE L, KoREEEC,

1. REFT 7w s B0 (~) - BE COBRGER), EHME (MASSONZE) & X0°
27V =y ARIEBHE R~ EC lan&BE o B, M TiiMELRR, ¥t ZREB T
TR ERKE B bhtc, ot EC IR 4RI (SEVIER-MUNGER #:%s I 0 GRIMELIUS
B) 23R, i~ b Y VVERSICHERBR A O VERCOBEER L,

2. ECHIRZBIRCHETA LD D2V TR+ ZETh - L b HEAL, ZEBCS
WTRREAD L, BREB TR T R, EBCE > CRREmT 2E8AER Lico NMNERE
B IOt EBER i EC filafEhch - oo

3. DAVENPORT ¥ CeiFtE %R+ D flars+HRBEARO BRc o8, TZRBEFEE
BAHOER, EBEICREROBRC I PERD DRI

4. SEVIER-MUNGER 3 CHRIF#: % 73§28, MASSON i CHBIMME 2R S fn IR D b
h, ECL#ifaL B2 bhic, chbOMIIENE, &t 2$8E ZBCHBET %R
2z bhic,

5. $h~<br&Fv Vv, GRIMELIUSER T UMERR b L1 OV FBC LI HBEND, 3 HILA
BORSWME, Thbb G-, Lo, S-SR LA BRROEETAAHENEL bhvic, L
LI b0 Th - CHNELEBCFEET D LEL bR,
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Summary

Eight intestinal portions obtained from three horses were investigated for intestinal
endocrine cells by sever selective staining methods under light microscopy. The results
obtained in the present étudy were as follows :

1) EC cells, which contained chromaffin and argentaffin cytoplasmic granules
reacting to diazonium, were tound scattered along the epithelium lining of the intestinal
gland (crypts of Lieberkiihn) in the whole intestinal tract, These cells were also found in
the intestinal villi and the duodenal gland (Brunner’s glands). The EC cells, moreover,
reacted strongly to SEVIER-MUNGER’s and GRIMELIUS' impregnations, and were well stained
HCl-toluidine blue,

2) EC cells were most numerous in the duodenum, numerous in jejunoileum, rare
in the caecum and colon, and somewhat more numerous in the rectum.

3) Comparatively few DAVENPORT-blacked D cells were found in the intestinal
crypts of the ampulla duodeni. In the duodenum just behind the ampulla hepatopancreatica,
jejunum and colon major, D cells were very few, while lacking in other intestinal portions.

4) Non-EC cells, which were unreactive to MASSON’s argentaffin reaction, but
reactive to SEVIER-MUNGER's silver method, were considered to be ECL cells. ECL cells

seem to appear in the small intestinal mucosa, especially in the duodenum and the upper
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jejunum,

5). Other endocrine cells, that is, G-, L-, S -and A-like cells, seem likely to exist
in the small intestinal and rectal mucosa, according to our observation of the intestinal
tract using lead-hematoxylin, GRIMELIUS’ silver and HCl-toluidine blue methods.

Explanation of Plate

Plate |

Fig. 2. Several argentaffin cells found in the intestinal crypts of ampuna duodeni. Formalin
fixation (Formalin), MASSON’s argentaffin reaction (MASSON), x 530,

Fig. 8. An argetaffin cell found in the intestinal villi of the ampulla duodeni. Formalin, MASSON,
x 1,060.

Fig. 4. An argentaffin cell found in the Brunner’s gland of thé ampulla duodeni. Forliman, MASSON,
x 1,060. ‘

Fig. 5. A triangle-shaped argentaffin cell observed in the crypt of the jejunum. Formalin, MASSON,
x 1,600,

Fig. 6. A spindle-shaped argetaffin cell observed in the crypt of the ileum. Formalin, MASSON,
x 1,320.

Fig. 7. A flat argentaffin cell observed in the crypt of the ampulla duodeni. Formalin, MASSON,
x 1,600.

Plate Il

Fig. 8. Some positive cells (arrows) in the intestinal glandular bottom of the ampulla duodeni.
Formalin, Diazonium reaction (F.R.B.), x 1,060.

Fig. 9. Six positive cells in the glandular bottom of the émpulla duodeni. Formalin, Diazonium
reaction (F.B.K.), x 1,060.

Fig. 10. Three positive cells (arrows) found in the bottom of the pyloric gland. Formalin, Diazonium
reaction (F.BK.), x 740, ’

Fig. 11. Three argentaffin cells (arrows) found in the neighboring section of Fig. 10. These cells
correspond to the cells of Fig. 10, Formalin, MASSON, x 760. ’

Fig. 12. An argyrophil cell (arrow) observed in the glandular bottom of ampulla duodeni. BOUIN’s
fixation (BOUIN), DAVENPORT’s silver impregnation, x 1,060,

Fig. 13. Two positive cells with dark blue cytoplasm (short arrows) and two chromaffin cells with
yellow cytoplasm (long arrows) found in the crypts of the ampulla duodeni. HELLY’s fixation
(HELLY), Lead-hematoxylin method- (Pb-Hem.), x 1,060.

Fig. 14. Three positive cells with dark blue cytoplasmic granules (arrows) observed in the crypts
of colon minor. HELLY, Pb-Hem., x 1, 060.

Plate IlI

Fig. 15. A positive cell with dark blue cytoplasm (arrow) found in the crypt of the ampulla duodeni.
BouiN, Pb-Hem., x 1,060.
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An argentaffin cell (arrow) found in the neighboring section of Fig. 15, This cell corres-
ponds to the positive cell of Fig. 15. BOUIN, MASSON, x 1,060.

Two argyrophil cells (arrows) found in the crypt of the duodenum just behind the ampulla
hepatopancreatica. Formalin, SEVIER-MUNGER’s silver impregnation (SVEIER-MUNGER),
x 1,060.

An argyrophil cell (arrow) lies between the epithelial cells of the intestinal villi of the
jejunum. Formalin, SEVIER-MUNGER: x 1, 060.

Two argyrophil cells (arrows) found in the pyloric gland. Formalin, SEVIER-MUNGER,
%X 1,060.

Two argentaffin cells (arrows) found in the neighboring section of Fig. 19. These cells

correspond to the cells of Fig. 19. Formalin, MASSON, x 1,060.
Plate IV

Many argyrophil cells were found throughout the whole crypts of the jejunum. BOUIN,
CRIMELIUS’s silver impregnation (GRIMELIUS). x 530.

An argyrophil cell (arrow) is located between the epithelial cells of the villi of ileum.
The narrow, apical ending of this cell reaches to the cavity of the ileum. BOUIN, GRIMELIUS,
x 1,060,

Five positive cells (arrows) observed in the crypts of the ileumn. HErrry, HCl-toluidine
blue method (HCI-TB), x 1,060,

Two positive cells (arrows) found in the crypt of the ampulla duodeni. HeLLY, HCI-TB,
x 1,060.

Three argentaffin cells (arrows) found in the neighboring section of Fig. 24, An argentaffin
cell (long arrow) corresponds to the positive cell of Fig. 24. The other two argentaffin

cells (short arrows) were not stained with HCI-TB. HEgLLY, MASSON, x 1,060.
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Plate III SATO, H. et al.
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SATO, H. et al. Plate IV




