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REVIEW

CLASSIFICATION OF ANTERIOR PITUITARY CELLS
Kazumasa KUROSUMI

Institute of Endocrinology, Gunma University, 3-39-15, Showa - Machi, Macbashi City,
Gunma Prefecture, 371 Japan

[ Received for publication : November 6, 1988 )

Flesch (1884) first classified the anterior pituitary cells into granulated
cells and clear cells, as a result of Weigert chrome - hematoxylin staining.
Benda (1900 ) and some other authors classified the chromophil ( granulated )
cells into acidophil cells and basophil cells. These are the prehistoric era of the
research of the pituitary gland, because the function of this organ was not
clearly known. In 1925 Bailey and Davidoff named the acidophil cells alpha cells
and the basophil cells beta cells. Since this nomenclature of pituitary cells using
Greek alphabet, sixty years have passed. The history of research of the
pituitary morphology for these sixty years may be divided into three stages each
comprising 20 years. The first stage for 20 years was of light microscopic cell
identification until 1950. Starting by Fernandez-Moran and Luft in 1949, the
second stage of research, that is, the electron microscopic era, began. It
consisted of research using experimental morphology and lasted 20 years until
Kurosumi (1968 ). The most recent era is that of immunocytochemistry of both
light and electron microscopic levels lasting 20 years until now. The author
reviewed prominent works in each of these three stages and gave a new
subclassification of each functional type of the anterior pituitary, describing the
ultrastructural characteristics of each type and subtype of pituitary cells
according to the new classification.
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TFEAATEE QXIS AR OV 5 0 A 25
Hohtd, HBECET2H0D0EDTHS,
oA SR ONERMBIEA XS { AT b
Fy )y ZAYCTRBTHD, BEEESEL
LTI & SR EMIR O KB 3 BB TR
WZ EBSH B, Heidenhain @7 RETHDT
bhiE, W ohELTHLH, IhbEEEN
ok, 23-& )Mo OICHREZDTHIET
B3, kI AHDFEEDFIZERSEPE S OME
T, HLWETEKRIVEOVEDITDVT,
ZEHI L HASNTWT, BEHEOHE LD
AL LEEEE b o TWwa, RS IR
AL P RTINSO & 2 TERERTZE DM
SHEABIIN T W2, F0 LD A
CIREEB A (ES 2 ZTE R, Lihs
> THPIOBEE I £ - Tk, PSBEOHRY
L THRAREFPIOEFEVI Z EICh S,
IhREEESBEVEFRBERE CTEEN S
WiF Tkt ThB L, ERLEELTTRSL,
HLDEUDAE (FEETEHTILOHED L
FETIREV) BEZEEE» S EM S A TIHREI
ELATKILZETHS,

FRSIRIOLIDICELITHD, FEKERAME
ATk (EIFE ) &3 (R3FE) LA
(EaHbE ) ORFIHHERUEL ALY, ~7 b F
Vo verA Y THTFrHEWIECHP (7D
LA b EY ) v - FaFyy) BEOER
ThEwms, Z03FEOMIEO R HAS B
AEEFHICHITELLERS, 2L CHFE
HfaohicgERvEY (GH) E70Z 72 F >~
(PRL ) DEELMLAS, HEIFHEHIRI O P < AR
M iR v £ > (TSH) & SEIREIH & v E >~
(FSH & LH) FEdiffesnszh, BIE R R
FEr (ACTH) EAMREIZGHIRMEREO S
D—ER AN X, LEEXENE S L —T D
O E ORI, fERREEE RV TR,
HYRTOHLVEWIDOPIEEDEZIATHS,

TERARTIENN £ MR Akt TV T, o
sy B ¥y 0 e-REEF) vy XFTH
L, 2hi&filaomEEd shrer extins &
k3 b s s, —EHUICREBAICAV SR
fedhi e, bEb L NEFERROM L BERED 1

Il I EREE S e 5

1IEHETE3HOTIEELL, EHCL-THE
HolthgEntoghal b, TiORIc -
TRz - RAERNEONL0T, Hi—Hks
HIIEETH S, LichSo TRl o - HilEs g -
HMiE v I EHEbE VAo {Lo.
PEERH R ER TG L TB WLy, Hv
W ARSI RO THEEI LB I DS,
COBEERIDIERDVWTOERLTEIS L
B,

AR OTEHE & B REIC B L T, —TRFI,
—H— R E ESEEE L kb D, HiSE
Egb 70k RiihhoEseiinicl Liibh
5. kI AMBRERMMEESERL T SE, [
— R IVE v EFEET I TEE I R o
2~ 3o s sk, i 2 HEM EOK
NE HE— O ( & 72 ZR— O BERL ) 1T
BHEEALFBO oG ENZ LIRS T,
FIEEAHEE O RIS LA IR R R <
Ehb LT LE- T, THIITRENDLE
HilO& 7 V—7F, f& i GH g & s PRL Al
fak o fefifar v— 7% S SIS ET 5 L &
i, kot ]l —1IME wo 2504
YT, FMM, hEH, KAWL LS R
FARS BRI 5 L E L, T OMICTE
SO P, s8> Tnw5 2
fELLEORVEORFICONT, EhThsD
#ILE > D processing, sorting FORFEIZ DWW T
BT T, At LD ER-TWS,

B % ¥ Y ¥ » LF TR L i
Bailey & Davidoff T1925ETH oz, Ziup S,
7E £ THRIGENFBL 1243, TO0HFEHIST
FEARTIGE D fES 2 I ZIE20EFD IMIcpF s &
s, 1 IREEEHEHC L sl ED
wegETHH, HIM, Fernandez-Moran & Luft
(1949 ) #5 Kurosumi ( 1968 ) 12ZE A 205H3E T
SRS & A ERIBEF S EOR, 6 < Rl
D204/ A3 1 o @il afbs (L#» 61
i) ORI TH5.

LIF, BfEE->TIheOSMHORIENA 2
4 rEEBELTAL D,

1. KRB & DR

WD Z ka5, TEAFIEEHIEOFESR
Wiz & thoES OIS E L R, XHFHEES L
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LWIEIKYD, ThLERBEROREL ThK
T HEMETL, RoTE&MBRORIECE
ZBREESKRST, SHETHMEORENH
L OIEAE (FURFRE) OFEL L bicirL
WRmAEMENS £ 52k -> TH.

FEEFABIC & 5 TEREOWRCHEL T34 7
NMEFbhE L DL, Romeis (1940) O TH
%, Ziuid Msllendorff @ Handbuch @3 6 &5
3ER L L THAR S 726002 — 2 B  K 22 {F
T, bBAAFAYETEHMLNLTWLEH, ZhiC
R LSA X ofFs L LT, L EFIRE=#
2 (1959) o [THEREOHIBME] Ao >E
b 124 (£120—2) B3 D, WFETH R
fzb @k LTl Herlant (1964 ) 12 & % Inferna-
tional Review of Cytology B1TE 1B S L izi5
#i The cells of the adenohypophysis and their
functional significance ( £83-<—%) #3% 35, #
ERFETOETFHEMBEFTR LS EN T A,
ELfa SRR TH S, UTC
e OREHEEEF T Liks s, TEGPIROHIT
IFOEERAT A EIZLIz,

a, REMIZLEPE

SEAF SRS ORI F A T B 5 v it
BT =Y AARTHREL, RedlRTERLZ -
st s, HruEHETCEEATY
LZRREEROSTE I EIZ LT, BEXRM
¥ S ERKCHlaAEOEREE LTHAWLART
Ktz AFRIENT HREMEIC & - TTFEEFZER
fia % 4348 U 720528 X Flesch (1884) Th %, f#id
7%, 4R, £ FOBEMBEET A4S LD
(Weigert) @270 b~ bF Y izl {Hs
RN A ELRBOMEE, T0L ) BRaR
5% 7 & 2 LN O AR 2 fffilleic — 4 L 7z,
L iZ e A ¥R U, Dostoiewsky (1886 ) IHi
F % BRI ( kérnige Zellen ), 3% %A
(helle Zellen ) EFEATE, KT Flesch O5FT
&% Lothringer ( 1886 ) \X#i& % 7 v ALFpEHI
( chromophile Zellen) & FEUF, % 3F % Edliz
( Hauptzellen ) &WFEA 72,

Schonemann ( 1892 ) 32— A ( Bohmer ) @
AT MFY Y LA VTR TRERRET,
IR A HIE LW B a Mg e KB L, BiFE%E
eosinophile Zellen, %% #% cyanophile Zellen &

L, ZOMF#IZE bIZ chromophile Zellen ZJ&+
5 ELJz, T ITchromophil 27 0AFMEEWS
BT, AFFEL WIERTEDR T
3, INEHLTERCIELALRS T, HE»
Mgz 12 v FME ( Hauptzellen ) & MElEh 7=,

e, BEME D 2 W kMR & b o e
DI % A 3% M ( chromophobe Zellen )
EFEY, PN ( chromophile Zellen ) &
MEEEROR, S rI RV TOGHRELLT
BAEHESE Benda (1900 ) TH5, Benda s
EHRIFHEMIE ( chromophile Zellen) & U 74l
i Flesch ORR#Ila T b b o4 ¥ A EHIRT
HoT, FDOIEMIC Benda IF b THINE SR
4 OfilE % ADPT, B%5 < Schonemann @
cyanophile Zellen iC—3§5DTH 3 543, i
FSBREERRETR- 0, BEMAETRS LD
20T, mFHHIE (amphophile Zellen ) &
IFEALTE,

Thom (1901 ) iZ cyanophile Zellen % HidkéF
Y HIKE ( basophile Zellen) & &L, Gemelli
(1907 ) 34 & A4l = Bar R (acido-
phile Zellen ) £MEAT, IEIESH—RICHVv SR
T B EF SNSRI I Dz, Ll
Gemelli (FEESFHEMIN & SEALAT MR O M IC B 1T
% ( Ubergangszellen ) DFERRIBL T 53,

D&z L TR 5T < AT 0448
D 1B, 1900FATHERICTERR L, R»T1925
£ Bailey & Davidoff it 7=¥ V) ¥+ XE%H
W 3k —it & EBEL T, Romeis (1940) iz
EFoT—iED5ei%R% (Fig. 1a, b),

Bailey & Davidoff ( 1925) 12T ( =42
i) BRL% o - Sk, HIEFHRAE 5 - Bk
L&, ChICHE> T Romeis (1940 ) 37 Y
BNV E R DEIFEIE o - HIME, 2V
Ty ERBVYNF YT 7B BT
g% g - fila L A0, GRS
fbLi-fifaz ¢ -MlaEFrdas izl &5
27y -T2 ) T —BREOER, %
Hociasfilax o-MlaL L, 7YV rREaTiHy
OB M E o - filE kAT

Romeis iZid U IEAFRAELE LT Susa b5
Vi3 Stieve DEIEW ( FEK —HVE—L — KEE
f#) TREIEL, Heidenhain O 7 ¥> % T
Wizhs, IITE g - ML ¢ - HIBEORD T A
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BEE TV T, Berblinger & Burgdorf (1935)
OFERZRALT, 72vV 72y e 7Y g
EHAL T2 V¥4 ) Kresazan ) Jefa LEEFRL
fe. Tk Bk, o FhHERE, §- RA
A, - BRRRES, o - BBV
AR LV, y - Ml ERIEE TS 25
5, BEAERNEZHLEWT, KIKEXITHK
REICHIREGHR S DA TH S5, MlansiEL
TR LR s EMEHc el B EsA 5k
a0, BRIZEbH TS S ERITHRS,

taFiathic o { TEAFEEMROSE, FF
IZ @, BEHEOF) ¥ +IFEHGIMRSEERICID
Wik, HMEEOMICEROFA—EH% { il
L, 2honRileEw,

T B T I B EE I 2 SR s h,
TYAHNIY (o) =TFHrTREE72v)
HELHBEA LI GrEsMBTH 5.
Romeis (1940 ) ZAIE % o - #lll, HEE « - #
il &£ @4 L 2. L & L Goldberg & Chaikoff
(1952) F¥lzA vy G2l s o - Hik,
W77y aiifas « - Mlds Lz, Daw-
son (1946) BFAITT7HF kA2 G
W2 G B ASE OREEFEMIE ( orangeophile cell ) @
iz, 7V A BB #IE ( carminophile
cell) by, HBEFTRERCEML, ELLED
ICRBHAY B Z 2FOER» S, TussFr
E4AMIETH S L L7z, Hartmann & (1946) 1
4 2 T erythrosin 2 & { feafilaeFRL, h
BWZ7VANVI R sMlatRACTHS LS,
& Z 2% Lacour (1950) 3707 7 F > OEAM
ffi i3 Romeis O & - #ila (AL > G IcHs ) &
Vo TWAEDT, ELINORHTHS, Zw b
T AETIRZOMEET VRO TET S Z
FEHEETH B ( Yamada ef al., 1857 ).

SIS B - HilE o - Mgz ehT

VWA, ZOMBFOREICD2VTHERILLTYL A,

Herlant (1964 ) iz X4, Halmi (1950) @ ¢ -
#1213 Romeis (1940) @ g-#Mifl@w —3 L,

Halmi @ 5 - #lliZix Romeis @ ¢ - fiffdichrzs &
1335, Herlant (1964 ) (& Halmi Q4B # L
Tw%, (WA (1959) i Xiud, g- M7 L7
EF7 27y iz, PAS RSB ETT 25
- Mix PAS R 3t TH 543, 7ATEF
Ty v izidBs v kv S, Jubb & McEntee

(1955) &7 > O TEET g - MK PR IRERE
i, &-HilE RS EE T A o L AR L
Iz,

b. AZIPHEEEIZ L 2548

THREFEOEBRIEOSEREICIDWT, ¥

DB L DERENE EFFWMLTWEDL EWVS
LI DV TEHIAERICERE L o ’, LBl
CESTHOTHEN, MESEDLS HRLE
VEEESIBLTVELELIRE VL TOR
RERIE30ELA L E D Sl Ic k> T, T4
bEFIFERVE Y IZGHS Y7 B B iR
FFERLVESEFSY T HRLEICZRBIEN,
FNEhD e b 3MTO2OFRNVECYDELT
WEDT, SGFF6HOTLTUHHLNTWS,
1, By o2k ey (RFFERLEVR

i)

(1) BEFh € (growth hormone, GH ) LA
ATl somatotropin, STH & & Wbz,

@ 7oz 27F (AR K LE V)
( prolactin, PRL ) 5§48 T i 3 HERF i AE
i B DT, luteotropic hormone, LTH &
EiZhackbbs,

(3) &% B B4l i & v % >~ (adrenocor-
ticotropic hormone, corticotropin, ACTH )
ACTH ZnBESFE3EDT S /BhdHE BN
TFFTHBH, TORBREIEY >0
THd LW, FAUHIEES»S ACTH DOffiic
#RD MSH ( A7 =>filafli#tresr ) &
endorphin ( HEMEUEME ) BEF 20T,
Ihe kBl sy >392 % pro-
opiomelanocortin, B L T POMC &3,

2. By ST RIVEY

(1) FEpRissli# A€ > ( thyroid-stimulating
hormone, thyrotropin, TSH )

(2) EHER (D2 W IEHER)#MEALE >
( gonadotropic hormone,
GTH) 2 XD 2N H 5,
(2-1) 98 fa il @ & € > ( follicle-

stimulating hormone, follitropin, FSH )
(2-2) #AIER H % >~ (luteinizing hor-
mone, lutropin, LH )

ME3ESOREY 82 & nvE >, TSH,

FSH, LH izvww¥hd, a L gD 2O 7 2=

gonadotropin,



v b e ShTEY, a-subunit i3 HOR
WEZHIETHSH, B - subunit EFERLES
HaThs.
INGDEFERNLECVHHEEO DS A 7 OH]
hemgibashahnd ZEFRVLAEIICHIZ-
T, TEEZMET ZBEFHICLE->TEDLDT
EALHIERETH -7z, 49, KFERMEER
BWTERIENT s HaEL S, TIRAHHE
o e EehT i, HEALATME, GEREMEIR =RBIL

1ol TTIZ& T E > OEESHESHEE S iz,

EEIT M I By > o8 2 e, BRHCGH &
PRL %533 2 &% 2 5, HEHF ez it
TRy 87 TR YMET 5 PAS RIGCEHETS
e, iy asREvETiROB TSH,
FSH, LH #4453 L%z 5ifz, ACTH D
U T RERF RN & 355 ( Herlant, 1964) &3
IEAFHERIRE £ 3 230 ( Bowie ef al., 1974), &5
WM & 353 ( Siperstein, 1963 ) #3%
ST, ERPLELTEESRh 2T,

LUF, Sl ~ o T FERARTEEDE & A
7 OO PSS IEEHE % &R U AR IC 2 W
TERT 5.

e v o HTEEF A S s e TH
25352k, FEUTHEREAE (acromegaly )
%S FERARIG S S W T OFEHRELF 0 R
54 51T Wbz (Bailey & Davidoff, 1925).
Romeis (1940 ) 2t P TFEEIZDOWT, HEVFIEE
IFHHIITH 5 o - M8IZT V' AV 3 TiFRL,
A v >y Gl s Ml e - HilE & PEATE.
Lo LA { oifges k&R o mFLm)y T iml
BB A v Y GICH), ThE -
i E L, ZhiesLT7 VAN o gs i
HHINED S % & - MIRBEFRL, HEIRRHOEINL 7o
Z 2F M BBET B L LT3 ( Dawson, 1946 ;
Goldberg & Chaikoff, 1952 ),

ST et 5 g - Ml e ¢ - #lE
CHEENTWS, iy /37 kVEXTH
% TSH, FSH, LH #E3tfriflaicdsks sl
LbX{HohicERTHE, LinL g-Hilde ¢

HOVFh, LwThORLVEY 2B 50
oW TS s E 25 THS, Halmi
(1950) i g - MHlEOBEARLBLE LT, TATE
Fez72vv®fn, 72 7h—%874 17
Y-z fe 7 RETERROEL, O

HI R ER S 45k

EARTIIEF AR v va, g - HlsRani
s 5 48, & - SR IR E L LEE
8, EFEMEIROMIBE BTS2 v FKFE
W5,

Purves & Griesbach (1951 ) & McManus @
PAS RISTHEY v BERBLIEZy FOTE
PRRITEET, PAS FGHS RO SErF e A 1 Bl
MR L E S REAHIN ( gonadotroph ) & BRG]
Bk v > PEAHIEY ( thyrotroph ) (2 ZABIL 7z,
AT A A 2 UM TR O Tiks & U Lk
O AFNCAOE T 5, 2 OISR
BEREE T 12 Lo TRSBHIND ( castration cell) &z
%, #HFRLATOMR THEOFLERIZH Y,
2208y | T N S == ol 0l
( thyroidectomy cell ) & % A, 1% 5 1% 8 - #ila,
& - MO EFRE AW T AL, & 5IROFRY
T 5 IR v SRR A 2 RIS HS
L, miEEduGEic s 4 A4 ( centrally  situ-
ated gonadotroph) & FER ALt 3 % Ml
( peripherally situated gonadotroph) & L, Hf
i\t LH, %BFIEFSH #FEE 75 L Lz (Purves
L Griesbach, 1954 ), T ix4k—MmzECs
hTwie—fl—FR LT A RBRICIESLFEZAATD
5T, #OBRBERBETEE S ICRAT, K&
SO R EEAEMITE LH & FSH O
EaFERICEATWAZ EXHIGNA LIRS,

Wilson & Ezrin (1953 ) 125 v FZHBWT PAS
fEtEfia % PAS red & PAS purple (2431, Al
Rp-file, EEo-MiBELTWS, ILHE
(1959) i g - flE1d PASBETT AT EF 72
vz bR BHIRT, TSH #ELET 543, o-#l
iz PAS B TH 545, 7T EF 77 v
& 7o Wil TRl v v BEEE T 2T
HaELTWS, Jubb & McEntee (1955) &7
DT EEIZBWTE, [ - Ml ERRBEEes £~
FEAHIITSHD, o - MlRmE G rEL, %
ik e v EESHIRTH S & Lz,

- E o - #l% 2@k SiC TSH Al & 1%
Mg s e v EEEMRIC R 2 ¢ 2581, £
DR &L OFE W L - TS TR,
fih5 Herlant 1 5 - #0f2ix FSH, y - #ifgix LH,
& - {ikl: TSH oAl E L, S-FESin s
M T 0 THED THE: ( Baranes, 1962 ; Her-
lant, 1964 ).
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Herlant IZ X % &, g - #ilgix FSH EEEMaT
PAS 1258 < &I L, Romeis (1940) @ ¢ - #ilig
ST 5, Gomori D7 VT E K727y ifaid
TSH il R Bk Th 2 L I Tl
(Halmi, 1950 ), i< >4 »EEA U - Bl CE(b
Licthizid, ZoOHBOBRR LS RET S,

y -l LH LMl Th L EShTEY, %
OHIREEHYR &V, FERWFEIC L > TR
55, y- MlEIGEEEELERIF 2R 08,
YRZUOERBHICE o TRR S, LiehioaT
y - HilREaEFtilEcBahs bbby, Bk
FHMlaEshzd it bhd, Ly 37
GhrDP i wEFE PRL I ERRI &5 2 Laddh
5 & Herlant 25> T3, BfEIXFSH & LH i
&b Al—HIME ( Romeis @ ¢ - 8112, E1% Her-
lant @ g - M) oMW E D EEZ N T
50T, LH O&%53i3 2HlasFETo20E S
MIRETH2H, Herlant @ y - HZIFERFES
oo, 876 <{ PRLAREERLT
WHOTHLI LEbRhE,

Herlant @ ¢ - #iff2ix TSH LM TH - T,
Romeis @ g - #ilic—%r3 5%, Halmi ( 1950 ) &
TNTE R 72y i 530 la o & h3
R IG5 L. PAS RIEOATIE &
-HfE L g - M= R 5 T Lk, PAS
RiceAv 2 G EfHATLLE, KRlTESLZ L
BhHs, ZOREIZEBE o- Il PAS RIGD
IR, g - MR A AL, HE
LUBEEALEE LEWEERTALTERZ7 2y
YICF§{ H5 (Herlant, 1964 ) w3,

RIS Efl s € > (ACTH ) BEAEMIIEAHE
ik, HRETE, GsRAMEHIlE OO EofEC
Biahtwnizkid, EulEf@ROzLTH-
fobs, HOERBLEC R - TEBICET 21R8lE b
S TFERTIMUBRESND LS ichoiz, BT
Y Siperstein ( 1963 ) XFIE = FilTacf@mia L 72
Sy bRBEHT S /BEEOIZYE, A7
AV 7O LORERETFOREFEL T, &
b AT OE-S T SHIESEIE 2HEE L 76
B, BRETEE R LESSHSERA I L - il
ThD, I ACTH 25537 2HilaThHs L
#7, BIEHHME (adrenalectomy cell ) L
ATE. ZOMIITIE PAS RIS b ERIFHER B b I
50T, BHFEEERRCHRETDOEEZ

fo. EZclR SR AN 2 EIZSEL T,

ACTHHI M B AR A FRHEMEME (large
chromophobe ) BT 3 L7z, &2 5 Bowie
5 (1974) BAZ 27V r—Mao v b TEE
MEERMEGEYIF £ L, FE—Migs 1 8udiBEon
FEMSTR L, 2RULEERESIT, 201
#W#E ACTH itk cRiEfa L, fihd 1 it PAS
RIE#4T- 1 £ 2 A, ACTH Mg D43 ih HAr 13
PASBHMETH B EHEL . T id T ORER]
Baker & (1970) #3 ACTH ffilass7 7k F-7
7y vBETHD, Fhs PASEMTHEE
LT, ZofiilazEiErtiiidcaEL iz bk
HE—CT2HDTH5,

2, BFIEWEEIC L SHE,
5 RERTERESERIAAISE

L THAE S F KL Herlant (1964 ) OfFak
B BRMEIC & 2 TEEEOBRVETHS
3, [FERFICEFEEEFTRICOWTY, »2 Do
R=—yEHHTVwE, B ETFEEEIEE
i Barnes Db D LAV I FNDEENRE T
%, WOLEAIER 2B OFFE (1959 ) 2 b5 TE
FHEMEEFT R B HahTvw 54, BEX Farqu-
har & Rinehart (1954 a, b ) & OIEHEHZE L,
BRSO & i T - TEERZEOHIIE
ST A5ERE, Arch. Histol Jap. 29% 4 &5
V238 L 7- 553 O #RE Functional classification
of cell types of the anterior pituitary gland
accomplished by electron microscopy ( Kur-
osumi, 1968 ) ¥FHTDO LI THB, 1973FICIE
Contoff #% Ultrastructure of rat adenohypo-
physis & L TH1200_— ¥ QHEATRE IR L 72,
AL TIR1984E R R BUZHIIBE— T e &
A e BT [TEAEFREOMIES ] #HiRL,
REEOWE S V— 7 DEFIC b PIEDOKE
AR LT, ZhI3EEE, B, SRSty
DT RTOWHICbzoTWwA0DT, BHEHICLS
WiErBEETERWITAE S, EEHTRICELS
D= ERANTWE, EZTONES L UE
FEEHDIT E A E2PERRTH S Z L i3
EAE v,

$3E 5 FHARBEFRMFEFESTGE (ETEM
Bi) 174 2 S OIRSH L LT [FEAFIEEH
M) LRELTRELL (BE-HE, 1982), Zh



bbb OWEE Iz B 2 REEENTIEOH]
HOLDEESATYLSY, MRSEOERELE LT
13, ERREROEBREREZNT — 5 D CFH
s, 1968FEDT L OHE L HI L TEEIC L 5
BiEEMR O8Iz D W T OO 2 HERlT 5
BREu2dTHA,

EFEAMSOHIS T TERAFIEOHIRICFHIA &
#72DI319494E, Fernandez - Moran & Luft iZ X
DMBROBETHY, TOWEIEE EMESIE
L EMBEBORE VI ZIRIEERELoT, L
»L, TOHEY % {FERS i Farquhar &
Rinehart (1954 a, b ) O—HMOWFFE T & S 1A
HEETFHEMSITEORD L3 J EPHES.
F b & K920 M BRIP4 B T IS
B LFEERah, TOEMIICERL - TERS
Wrges i3, Marilyn Farquhar#®48 & LT, Bar-
bara Barnes, Eleanor Siperstein, Andree Tixier -
Vidal &£ #O&[FEWIEE S, &SICROBETTF
FAMEIFR I v o T Gwen Moriarty ( Childs ),
Phyllis Bowie 7 ¥, &b TH { OILHEWIREEH
W3, TEERAMORBOP TLEIZBWTE
BHP-o T AME—DETH S, Zhk ZBR
b b ERE WS, BEh FTERFEEODT
BasEETh s,

T EARTIEM L OB F SIS I B
RS Lo THET I L0 TIER S
T, D& R ELOREEE T 2lass
EDX Ik eErE2HHLTL S0 E WD HEE
I EEEE LD TH S, FOLHICHWL
& hi-flie OEER (EEHE) TR T S L5
Yy OTH- 7 (Kurosumi, 1968 ).

(1) JERfG L EWRER L O

TR REHTE L > THiEoMsnTw»3
TEAAIZEAINE O EEA G & WG e EEL
T, IAOHHEEAE R E T 5 Mila L EEY I
LEETHETH S, « - ML (GH #ila) & g-#
fo (TSHHIK) B0k Ak TRES L,
E—flE % B DA & & hicBiEd 28R
EUED, AIE BNEEMSAOLARGEL, BY
PEFHEFER CRAELT, MADEREHLET S
ZtixEbOTHNRREERE Bo .

(2) ERIERE O ,

8, BUREREEH, BIBMLE T ENEEMR
OBEERED =Ry Ui LR S - K58

LU RS S e 5

TR AR TH D, T OREICE RS
EEAD oTbh iz, BEFEESELACsN
L5k TS OWREIC L > TEMHEE
has,

TEAEIZE R VT > OPOLSEOMEEIIFHEN
SR ERIB LT, TOBEREEL TV, L
B LSRR PSR D 15 V€ o 135812 MR 4y
UL L L T v 5 T EARTEERI R O BERE %= 34
LTWw3, ZHIEETEEFRVE S X - THRMAS
WIRASIR D 2 L fl E T, FWFRIVE > O
RBZELLEL B I eIz, BIHC
T 2SN T W20 TH-T, O
ERHTTAT 74 —FNw 2 LBT 5, KA
SR 2SN B B o IZERRIT, b L < Ik
BEIZ X - THEH (H 2w IIBEEREIL) 35L&, *
HTA4 7+ 74—FnivrdEashsiniz,
S N WIR BRI T 2 R vE v 2RUWL
Tz TEEREEESEL (RS hT, B
DITLHET B L EIRFIE, TEHEERIC HFEL (IEKT 3
ZEBHIENTWS, ZOAN=XACIEEEKT
Mo TEEHIEE RNV E BT R E oS A%
Zohd,

D& D HFRMASIBRORHIZ X - TEAL
T BISEMIfE & BT EME TIRE L T, 2oiilzo
SRR R IR LD, WL DM OHI/NSE DR
EHELT, AR T 2l E ERE TERE
THELHLT, %0OHIlEH Z OEBICE YW T
Uk iR 2l 2 hv e v 2 EHL T
Wik HEET 2DTH S,

(3) HrErORS

AT O T VT > H B i HEOEKRT
oo ORI e ERicE 5L, T
FARRTIEIE OBGEN L L Z i - TEME
B LS EN B OT, FhrBEFEMEITE
Z1LT, TORBRE»SHIEEHMEOBEREREL T,
HHREA S EICFE T 5 Z LSk S,

(4) BRDEHEEMNF

Barnes ( 1962 ) #3= 7 A O FIEAATIEMIN % 4
L o EERER OB OMRA, IR, £
M, FHETHD, Thiz k> THBRRE LT
YRIuZ7FOELMRERET S I EITHK
Lz, Zofh, &R, R, ZEFELGH 52
Wid TSH L OBRSESTIE X iz,

(5) HRMOFHEMEMLE
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BRREND 2R ATERN TEABREOE
FEREIEFHRORECRIDC L3b s, #
BRI ERY A0 LS 1Z, H2FEOME (/-
b2 GH Ml ) OXRiB% £ OREREDEZE,
5, IEFxFEMEYOREOMEORESTHhI
fo. ETOBENERE~ Y AOMEOBREL2 L
T,

(6) To7E &%

TEEMEMROR TS 29>~ (PRL) LU
ShoivE v REET ML, K TEHRERE
FIZ k> THIE T3, PRL 2T IME
HAFOHBEHTH S, TREANZEEIEE LAE
NOEBE LT, oEsi L 2 I FEROMEE Tz
BT 5 &£, MHETFORBEE % - 7-kE5 O
fa\xZEKE - SEB L, PRL #II2D & 33MHIE T
S N TREAICIERET 20T, PRL #MilAOEE
KHwsh:, £RBEOREMROELS 4 >~
ERIET S L, AF Y AR EOHIKES S LT
RIVECVBEENTVLENS, AFYARHTT
BIEWREST, TOMBOBERHEET S &
HHND,

(1) BRI D75 27y a3 rO%WiEit - BH

Bt

TEGREERIRE O R EHEI £ - TAX
SH—ELTWEHDBHLOT, AEEHRYE
DORLTHEMOEEAREIC & 350 &
2T, REOEEDRAZHOHT, FOWES
BHTHETZ—A, TO7Z37vavicnhl &
NBRNVEVE, NA4FTvEe4itt>TREL
T, BEDKNVE VY 2EDAWEROAE I DR
BELOFEEH>T, COMENEDLS E L
EVEESITVLE), HETS I Lottks,
BLE, b & 2 MlaEES{Thh 5
LU D EEBRZEEHRIERIZ DL TTIZE L 7228,
IS DL DORIEE %V TEHIIEE 0B
ROESE FORE e h, s OMBEROE
5 5RvEyBRESHE, UTS&MEROE
FHSBEIC DWW TFER T 5,

1 o MEBRRSRARILE > B4 4RBE ( Gonadotroph )

(GTH #mAR)

Farquhar & Rinehart (1954 a ) OXEFHER
TEEFEOEEFNEODH T IZTO 2o 728 1 3%
THolz. TOBFEICBW TH S 13 Sprague -
Dawley DifZ v Mz DWT, HEIC L >THWE

HEZ (%77 gonadotroph I 2 &N AL, B
1 DFEEEEBR AL SIEAL, S E =
FIYF ) THEEL, TAVEBLEALT,

MEESIRIET 2, 4302054 Flxks
#®35H2VLRTSHDBIc A SRS, Bax OBREIC
ZhME L 7-MfE T, S RERBIE 2, ik
HEstEMTIoL > k@B HRT 3, o ik
Purves & Griesbach (1952 ) O3G8AFT R ExttbL
T, HIEH FSH, #EH LH 2E4T 2 50TH
23ELTw3, Hizbhbh#EHI Y FOTF
TR EERBIZ LS, BTE OIS ¢
s, EFEOHSHMIEOMINCIHIZELAY

b %&b o fz, Farquhar & Rinehart ( 1955 )
B7 AV ABREIFE0WET, 20 GTH 410
FERHETL, Type | BEBES v b2 ¢ HIE
L, Bid885 < TH<, /Md (ER) ¥HERRICE
RLTWD, SRR EY, Type HIZEFE
EXE e opred&EEL, #llgichs
/M@ (ER ?) @TFHAE COWBR ZHEATH
%, 5 1 Type 1 43 FSH, Type 145 LH B4
HlaTH25LLTn5,

Barnes (1962) &= 7 2 @O FEMERIZEIC o »
T, IERZROAMEE, ERTARPSHE, BRAEOR
HRAMOEN, HRUMOESELZ VIzo0nT,
S EEEIRLE 21T, ACTH B¢ 5 MoRlEE
RIVEESIMT MRV LDV LDOREEL 7.
19625F DFEFR T, fiZciz Herlant OB3HI G-
THFY vy r»UEFAVI-MRLTRELTED,
bz vbs, ROEDFRE (Barnes, 1963) T
BHRNVEH %S> TEMREEFFATWS, FSH
Ml (20 g - #HifT) 12150~250my D5 R
fEEH, ER EBRIKTIRZL, RBIciRELT
W5, ZOHIREOS RS LH Mg (4 - #k)
DRFIELD bKREL, HOBETEEMNE, L
LEcbhbnsSiERLLEZZ v » OFSHAIMK
( Kurosumi, 1968 ) @ & 3 % 2 FEO 4 EE 13
AoHhigvs, Barnes (1962, 1963 ) @ LH #ig ( 4
-#IBE i, % b A b h (Kurosumi & Oota,
1968) 7 v PTLHMMEE LTEREL 28 Dz
LT WE, bbb, ETEEOREN100~200
my OSBRSS, Ml 1 iz 2 Emssh
5, BROKS 2 1@3oi ) OROERNE 2 &
HMENTNnS,

Barnes (1962, 1963 ) @~ 7 Az} 3 LH #f



10

Jat FSH fila BRI EFMRERE 7 v F TR
fzosbhbi (Kurosumi & Oota, 1968 ) OIf
RTHot:, bhbhiEvaAF—=-7v I‘CD_IE‘E
OFERIZIA bayr v EREL, ToRSEE
HERBIC L > CEERBIC ko Ty b E, &
GG oTzT v M RIED, IHEESD L,

HEEFET v b TlE—RIPRE b fRIREE ( 777 —
ZOik) b B, BEEHRTHZL, Thic
L TESIERE S v b TR, —RIlEDA TS
Ss—7ifb AL, EREEZ v PTIRFSH
HELEIZER TH S, LH HiEEHOMBERE

RO E->TWT, M MflahiLd>THs.

EEEIEFEZ v T FSH #IfI356 BEL T8
D, PEOMMERESHOATHHDIZ, LHH
KBIIFIZEE T LA PREHE L Twa (5
BEROMOSMRERD S ).

Z DOFEEH S Barnes O Y ACBT AFTR LR
Kz, FSH difaidR & afileTiE L A S ICInE
WHELTED, KN 2EEOSMEREET 3,
SEE DR EHE /AN E W ERLTHEZE200nm #f
%, DHo I AT TEZES00~T700nm TEF

RN A it
Fig. 2 5w b TEFHNED GTH EROEREE.

LR B 2 e

DihE<, 200~250nm OB TFHEORVERIZRAL
DO EIcE->Tw5 (Fig. 2 a,b). FSH
AR BRI L D BT % ( Kurosumi,
1968). UL, #Zy rEE#T2L, KERK
FASCES L, 1BEE TCRLHEAT
% (Kurosumi ef al., 1976). % OENEDFRKL
b—ERRA T 28, 28 C B0 5NEIRKLIZE
ML, 3BEI K E 2P PR RO
WERSHED L, ZORMETIA VY —-ATH
LZEBEbhTVns,

EKPI Lo TROAERLLZEZ O IAEE
NatkT, REEs QE» SILALBO T, HE
RS L TR I RER S ZE a1 ERE
33, WhdsEERMM (signet - ring cell ) &2
% (Fig. 3). ChiFEELELLTLR{ TS,
FEOERHEE/ESEEL, MRl
AR 12 £ 4R ( castration cell ) EFFIEH T
=

Costoff (1973) (Zaivk U7 BATAT, PHRRHRIN
v EEEHI ( gonadotroph ) (D W T,
Barnes ( 1962, 1963 ) &b #bit ( Kurosumi and
Oota, 1968) @43 EEF|HALT, Zhzk->TH

e

a: [MGTHMM (&3 FSH @RISR ), K EoMpRi2at. G TVo%E, N #, x8,000,
b o 18 GTH 40R (&5 < 12 LH il Lt se ), SRR IR CHilio—&ic g5, NI# S TR, X7,000,
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BRRIES Vv E CEEMEEREL TWw S, Zof
T3 FSH #ifiai 2 EEO R 2 FEDH T LB,
SFUWFRL L 5 D3NE) (200nm ) ORI EIEL,
KB (1 pm) ORBIITMFERLEIZEHT, light
staining body £ EATW S, bhbilidgiciis
bR R AW T/ANERR I LH 2, KB
BRilE FSH #&tr Z L #RETE (Inoue and
Kurosumi, 1985 ). L7=d3-> TABISEK & F 124301
BHTHL ERETE. Costoff DEFOEH%

11

LH Hifa b R8BS/ NafmEs iRk LT, HERE
Bickz e LTwa, bibhOBETE, &
Bk LH Mifs b BREUEREE R TP YL, |
Bl E CRET A Y I »EEMTH 2,
By % & 5 wREABEFOHRICE - T,
D FvE > 2ELET kIR~ TH 225, LH
& FSH izR—MlacfEah T A aJHEMEISR S h
7z ( Nakane, 1970 ) ®T, bhbhiifEden FSH
#ils#® 1 & (Type I gonadotroph) &IEATE
(Kurosumi, 1974 ; Kurosumi ef al,,1976 )( Fig. 2

s

Fig. 3 #8753 5 BN v F FEAGTHIEE ( Z24EM ).

ik (ER ) @4, EL TEALGEREEEL, # (N) LIAVVER (G) B—AREBShT
HIER & iREhic e 50T, HIEAM (signet - ring cell) EFEEN 3, BC: EHIME. 4,000,

a,b).

Type I GTH #fif2iZ typical gonadotroph,
Type II GTH #ill2 i atypical gonadotroph £ %
FEiE 7z ( Kurosumi and Ioue, 1980). Type II
GTH M2z idb 0434 ( exocytosis ) 12k 2530
BROBEALIELIEASILEDS, Type | GTH
MR TEEAOBRIERRETRRELACRD S
izw, L LERBEEE W 3MiERmc 8o
AME & FRMAS & B AL, RIRFCANES IR ORI O
B®EHD, FLMTRD 2L, RERROKHIER
bRHLNEN, BHEShRRRIEFR NS L,

EFEEREVD S, Bl -RRRRECR
EERLTLES bOLBEbh 3,
2 BRRARHRS AR E 2 EEAEHBRE ( Thyrotroph )

(TSH #mAa )

Farquhar & Rinehart (1954 b ) ik @ &
BRBOMEITHT, AFFCHE2RELTH
PR EBO 7 v b TEMEOEERR2REL
fo. Hs i, GTH filgsiks { Marier
M T, STIMECET 320N LT, TSHM
B> EELTED, TEEOFLEES
¢, MEWHEMT 2R ZEWETLTWS, /I



12

& TEA DT S BRI A E140my T
B3, FREEEHLTS HL 5»wT TSH g
3 {2 (b L T AR A ( thyroidectomy
cell) &4 D, HIFEEIZS B/ L2 TH
raAhB LI kS, IhidgicHE/NIEOH
RICHET 5 LEZ 515 L 31Tk %S, Farquhar
BIRFOLIEHBOLTLEY, ZO/MMIOKE
SEMREIC LD, EREFCEoTVRENRETH
38, ERRISEHERE E E e KREL BB LD
ThD, SR ERREELC L - TESL,
HBWIFHET S,

EpkiafEH&I10H I 2 5 b, HlRE /M ($H
/N ) OPEICERIRBRSHERL, ITRER
DAL bITHb RS ST, Thidi
Farquhar & §&8 L 7z Palade (1956 ) i X > TE
NME Y b QRS ER T, Mk OMAICER
H B, intracisternal granules ( fARKL) L4
fHFshizb QYT 5, 2 OFR IR
HiilEo A B oh T, R ER s,
bitbh ( Kurosumi, 1968 : Kurosumi and Baba,
1969 ) i Farquhar 5 DEEAERL, BiirhlR
— DR % B8, Hodmikl 2oo ik
LTk, BRSNS R 2 BMIck % k&,
o P EEE OFITIC I L K R e T IERGE SR
n, FOREEREWESIFET5ZETHS,
= ORSWHE B L -0V OB BT &
5T, BUERAZ 7 —EBBETHEDT, —
KIA4 VYV —LTHBLHFL oML, ZOMKM
EREUHTNVEBCHET S LF L SR,
o gEE ( Kurosumi, 1972) 1& Z 1% Novikoff
@ GERL IZ#A4 3+ 2 D L% 2 /- (Fig. 4).

IOk E L OTEEKPIFRER, wWbhbDaH
PR RS AR A 1 BRI T & o THERETTHEIR R
Wl 7 TSHHIRTHS L EZ TWaEY, ThiZ
F+aEz 2H>¥HEHET v 3 (Dingemans,
1969 ; Yoshimura ef al, 1973 a, b ; Kiguchi,
1978 ). thTH Dingemans ( 1969 ) iz it =a &
Fic & & RIS, DUERIRAS & ME3 U F#
BEESIHE Lz 7 A2 T, R
i 2fEOmErSET B EBAL. £O1E
LTH (PRL), LH, #%\|IGH flfzowiiub
E0EL, F02 Bk ATEREREATY
e L bR b o—H#IfE (halo cell)
WHET A, ZOHIRIES MR A (halo) &

HI CTEREE <2 HE5E

BV 2EENHD, < OHFIIIER & TEARZE
OEMlEHO2~3%E 5D WS, EHEND
—HifEEEATWAMEE, T TIEbhubh
( Kurosumi and Kobayashi, 1966 ; Kurosumi
and Oota, 1966 ) 37 v + T ACTH #ifig = RZE L
f-HIf Bl L THE Y, Dingemans BEMEDI
FRIERELTWAY, ik ofidiz ACTH Hifg
TR T TSHfRTHS L LTWS, Ll
TSV L ORERIREESEASNS
L5 ch - T, MR L rHEmE/ NMa I AR &
A3 3 A4 R A TSH SRt
EeHaReh, Ho4 A v ARMEETIE D
—RRTIbEN E Uit ACTH ORERIE
MRS5S (Kurosumi and Inoue, 1986 ) IZE -
T, Dingemans ( 1969 ) OFfa IAIRELESS L 2
Hark o7,

Yoshimura ef al. (1973 a ) % % 7z BURERE G
diiass TSH fMilessE L s0TIRE S, HRAL
TR I R T B L ER L 7o, TS 3R
YERIRE LSO L €, GH #il3 L PRL HifE & 35
WTHWH, Pl d GHHlEZEATYS L
Bbhd, 7L FREEED I £ - T GH fllg
O IZFAT 5, L L GH fiflgs 5§
B MRS U B kv S BERAY R AR L IZ A b,
RN TRt Rk = ROl e 2 5 G == & ¢
TWBSMIBERIZIER S TSH Ml R L 1T
FAFRLAEITH-T, HEIRYE GH Hifae
PRLMMORRD L S KEL Exwn,

L# L Yoshimura ef al. (1973 b ) I35 2 #Ri
KO &S FERL Tz, BRIREEELS H I PR
FIEY (4 uoFvy) #1~3AEEFHT L,
kBRI  BEIC E M L, R L Ttz
Ktk b/ o THINRRLIZHET 5. FRFIC
K H MR RAHE LIZ U D, KOS UWRERL
ORTET BN A S, FREREHHR S 5 1E
HARBE OBRTF MM EHE 3 2 BT OHIRTH 5
LR L7z, Lo LEkkbiibi ( Kurosumi ef
al, 1986) MBigW L L5, GH #Hifgi i TSH
HIR r KR X 5 RS WMBRRRZ b
StbDbHY, KOOSR E S DHRE
# o GH HIRIIME BLTEICSEb 5, Ly
5T, - OEBEORRIIEEFELRGFLRTh
Ehokhhol:DTHE.

Wilbur ef al. (1978) BRFMicL-TZ7 v +D
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13

b :J

Fig. 4 ERERIEHE 2,80 F v b TEEF TSH #ie

sl

( FPRERIE AR )

N #, &H I YEEHEO GERL OEREN (TOXH) £ 2ORHLR-HESFEL 40 (LORM),
AR : GERL il L L MEOMM R A 7 7 ¥ — € OB FMBIERIT (Bvithdn ). x18,000, AR © 31,000,

TEREIRR LATEEEBEL, FRKA=2—1
#ZIFA LT TRH #ZiEF L, FEAICHTRE 2R
L7z, TRH @EAR L - THiEED TSH 41126
C4 I & 2 Bhis LTS L Ty
B O AR%ETR L. Okino et al. (1979 ) 290k
FTAwn, TRH 22 51@E (HIRMA ) IKEA
LT, BRI TEAERIEE & PR EE B

%1, TSHMiE L PSR OFEZMNELE

FHElL 72, Fic TSH Mo SR Bod ik

WA THRRICET 2. FRORRS—FECHH S

h5, Vwhi s multiple granule extrusion 233

HTHB.

3 BIBREREKILE > ELEME (Cortico-
troph ) ( ACTH ##E=)



14 H FTEREE 23R

Fig. 5 IE%5v M TEFAIZED ACTH #ifg, RENIHEIRERE.
a: [ ACTH Mk, @kELE CRIICHR S TEY, BRIEE TRV, X12,000,
b ; 118 ACTH i, Mfiads{, REMMIRY, FHHIREE TR 1ICEE, X7,000,

Farquhar (1957) #3 ACTH OEALMMTHS> K&ELED, 204 FESRIIF> T2, &l
5 LREL MR, BES vl T BoMARKRO LS, ACTH Bt E{RET 5
Hotr. HEOWPFETIE, cortisone HEHL T, b, MR LTooS FaldEEr 23, L
FEAED ACTH IR EA LRI, Wi » L, RIS iR ERME (folliculos-
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tellate cell ) EFEEN /MR TH - T, SIBERN
#5%9, ACTH b, ZTOMOKRLVEY HFUL
ThlknEFEZISNTWVES,

Rennels ( 1964 ) iZMBErE 0T 27 v MZA PV
ALLT#ER5%2, ACTH OAWERL 2%,
TEEHNEZETHEMSCRELL. LyL, §l
D L oMiagic bEFWHEHREIZED S hkh-o
Jo. BME12~24R5c GH Mg & TSH fifaic
TR E Bbh AR H 548, ACTH 4+
WEOBEEEREL LY, ZOBSRLELWVWEL
L7z DiX, Farquhar (1957) #% ACTH DEE
EF L F 2 R TS - T, ZoHiE
OHifEE I, REHEBbhS bOMERT S
GHRH 5Tz,

Siperstein ( 1963 ) XSEIC TRV~ DA
— VLTI T4 —RHWT, BIFEEHEED
EH Iz 7 3 /E R L D Zhefifiss ACTH RELEY
e THB ERAEL, ZhSREOEERME
BB d 5 b Uiz, a2 o4l % &I T
fid ( adrenalectomy cell ) &FEA7EA3, BT
FETIoMiEEAS L, EEN200nm O HFHL
2y OoFRAEOHIT, LiIZLIERERHLT
flhoo Ml 2 & nh 2 5, #5 (Siperstein &
Allison, 1965) 22 @ & 3 BB LM EET
SEMSERICRIE T 5 Z L ICRIh L 7oAs, T ORFR
TREIBHEARECEY T Al EY TEET
FERTHIEREKRE»o T,

it ( Kurosumi & Kobayashi, 1966 ) 11
Sy MzBWwT, fEREishTwiaho 28]
IEMIf A B L, 2 OMBETFHEES 2 wiE
g aE LV bV FIEOMIE T, EEE150~200
nm OEHOSWER ST, ZOFBREOEF
FERERICEA, LELEENMIROMNERE
24z bEELE. 7y b OEEEIE E T
¥ 5 &, ZOHREEHEsBRERNELERL,
1 HRECETEEOR WRSEE N2 S, L
 LE S 258 /NERORR L EEL TWw 3,
Bt 3 Bic TV P ERIC B 2 M IBRR O E
HERHERY, $RIOMEERAEbARLR
7z, 5 BB IEROZERL, BN 3R
Bt & &I EE QIR A SR, 7 R
ihfEED & & CiRLMEBRER & sz, B
FoprRaes Z OHIfEs ACTH EELEMBTH D,
Siperstein & (1965) ORIBFREHMEOIEREEIZ

#15~

Y2 bDThHA5 LF %, Kurosumi & Oota
(1966 ) 13 % 7eK#hd 2\ IZFRIEEH B Z O
B LgnwZ LERL, 20 ACTH #iaiiEE
S DI MERRRIE R VE EE IS B > 12 TSH Al
lERREsZ 2L T

Yamada & Yamashita (1967) =7 AIZDw
T, Rennels & Shiino (1968 ), Costoff (1973 )
5Ty bZDWT, EFRbhbhBER LI
fita% ACTHMild LB T3,

L Z % #5 Nakayama, Nickerson & Skelton
(1969) A RIEIFFEESOERBER»S, bivb
N ACTH Mg & BEx - 7o#lld% ACTH E4E
MlEThs HFZI, ZOHEFTRAGE: 2
LTRWERRHL, MIEIZHES <, EEH200
nm O BRRIIMEKEE TR oA TN,
Siperstein & Miller (1970 ) 1ZIE¥ & 3 V> [XEIHH
Z v MZ cortisol 5L, HEEMBEE2T-o7
fE8, & =1Z Nakayama 5 (1969 ) O%R& LizHl
fa L RIEEOMIEE 1 BT ACTH Mg L LT
KLIDOTH3H, bhbhOfREZATED:
HE-o7 TSHMRTH 2 LEL TWwaA Y, Na-
kayama 5 (1969) OFERIISIAL Tk, Z
RIZRAT Pelletier & Racadot (1971) HEIE
H#EDF v b TEEEHRSE L T Nakayama
(1969 ) %° Siperstein & Miller (1970 ) @Iz
BEmLI

ZZT7y @ ACTH fifl20ETHMBIBIz>
W, MITAEZODOHBHENIDTHEHN, £
DFFPIC 1LE TS L~ OREIR LS OF
BEFLRGhER R0, ZOFEIIZDWL
TEih 3543, biubit ( Kurosumi & Kobaya-
shi, 1966 ) OffE S Nakayama 5 (1969 ) d#Hiky
bEbIZ, REBFETHIECRIET 2 I L
BENEOT, WEE 1LY, BHEENREFAL
( Kurosumi et al., 1983,1984) (Fig. 5 a, b ),
4 : RRARIVE > ELEMR ( Somatotroph )

( GH #mk= )

TERERIEOBFWMAEO LWL S GH #
MBizELE S ICEE S iz (Rinehart & Farqu-
har, 1953, Hedinger £ Farquhar, 1957, Barnes,
1961). Zhid GH #ifids FEAHFETRLEDS
{, HET50~60%, MTHRO%ELEDEZL, &
WHRIAK = L (#9350nm ), »Oflz D%
BoORREEt:Z EHE WD THS, Hedinger
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L OB ER 22 45

Fig. 6 E®Tv M FTEFEEN GH k.
a: [ B GH#MAE, FBFAHAE(, £22oTwd, X10,000,
b @ 118 GH i, AMOMBREARIEL Tiad, X8,000,

¥ Farquhar (1957 ) I3 U T FEAMERE ClHELTF
Ml % GH iz &= PRL iz L7z, d4b
 GH HIfRIZE E#9350nm B OBRIZERL 2 2 2
EATBY, ZORMIDLFERMSI CRESND
FEAFPEMIA I BRI L T B,

Rennels & McNutt (1958 ) ¥ X U Peterson
(1959) iG#EEN [ZUE ] =9 AQTEAHZEE
FREBETHREL, NB~ v ACHFET SHIF

Ay [Z 0k ] WR&SEWLI E, EHEN
I R I A e K O SRR R b D
A (2] =7 AR KEASRELT L2
S,

Barnes (1963 ) & Costoff (1973 ) & GH #fifz
B 2REBEICHTTWS, FODEDEHEHLE
UIiSEha T 2 T, Mlgo—8Ri FEITEHRRICE
Y+ s EENMEEEE L, SROSMEREER
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T35, Dy A S A & <, HE gk

ETNVVEBRREDICIIEL, SharFUTY
KEW, FWRAIZTLLAPHTH 2. Costoff
(1973 ) |LAl# 14 storage - type ThH D, HBEIZ
active type THH E LT3,

345 (Kurosumi, 1968 ) 1%, SRR OA S =
WE>TGCGHMEE 28Iz 2 2 LS &
EZe, v EORMERY L GHET, EE350
nm HIERORK EF T2, 302K NDE
R RE T AMIET, REORER MBI GH 41
BEFEALRIUAREETH S, IEORKIT
200nm EATTH% (Fig. 6 a, b ),

Ishikawa & (1972) 125 v b ATEEORRIF AN
EOHEL, Zhh s KU 2 FEOS MR % 4T
M Ude, REUERIZEE00~450nm T, 23447
ve4 TGH OEVEERRL 2, AEER T
100~200nm T, ACTH DiFMEHED & iz hs,
PRL OiEEIZES 5 OREKIZ TS Sheho Tz,
Yoshimura & (1974 ) i 3 fEOEITFEHINLZ XA
L, 2 1IE3EEL30~200nm OS2 53 iGN O
EETHINE, 2 13130~350nm OXRNORELE S
DHET, %3 i3H350nm OARISER % & teilia
Thd, Eo5RINSGDIBE2HEVEEID
F4 7 GHME TS 245, 5 1 ORI
ACTH #80 BB L. Zhs oW iIaER
BN RS E R T A LIAIOWETHL20T, %
O HAl 1 EHF TG L s T hid b &
I,

k3 5 X5 1wEHE S (Kurosumi ef al., 1986)
ISR GH Bt ofila 3fb s b %
AFBAL 7z, Z4LiE Yoshimura & (1974 ) OE L
Ffkiz, IAEROAE ST, K02 o
EEUHIIE L KRB ORB O A% Sirlao 3 fEiE
Td#H2H, Yoshimura 65DFFRERELD, Zhs
DL TN OHIFLDMBREL b 7 R CHRFETENIC
GH BiETH Y, ACTH ORERIGIRFED shi
nai,

5 : SLERRIBRILE > EEAELRER ( Mammotroph )

(PRL #fa )

SR EMSIRIHE S E I B W BRI R L
vEAMESEFERCET 5 2 L3, B
SHISh Twie, EBFEMEIC LT, BIFHEL
fa s FEFEIC EE R TR S e SRR 2 St
T ik, kHEEEE oMt ko THs IR ST
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Wizws, GH#ar PRL #ltORAIIA S Tldi
no iz,

Hedinger & Farquhar (1957 ) 384 OFEHFD
7 v b OMEZ OEBKEO TEFELE LT, GH
#ifE - PRL MEO KA #EAREC L, Bl EREN
350nm DR EH T 545, HBFIFET00nm i
bYET 5 LDHIRBOBHERN 284, B
LA N R S I L DB O R V25,
BAPERMRR 2 S E S, HENaEOSE
G & < £507T, PRL#AEICMZ 520w E
tatE,

Hymer 5 (1961 ) @A D7y b xA bo
FrTMELIMET y POTEERZBRELT, @
HICHRETES S D D, HE/MItkOFRES S D
HTE <, H600nm OFWRNEBETE2ILER
T, ZO#ilEh’ PRL 253 ¥ 2#lldTH 5 LHEE
Lz, RO Rennels (1962 ) 7 v F TEEDR
FHERRE{To 2, Thbblff07 v b OTEEE
LT, ChEeBHBETCBML T18E&ICL
DHIL THERBZE LIz, ERTEFIEECR S
HHfEE—IGT R TR b Ron20hE b,
b S HIRIE RO & 5 BEEER L T3,
1) WOt tiBY 5, 2) KB CTTHAIE
DMBFRL, 3) £ < FEELUIHEE/NLE, 4
M ZOBAER 1X PRL 23 L Tw 5 Z 530
HNTWEOT, Lok S 2FE*E T 24
X PRLMIlETH A3 ERES NI,

D4 5 12, Hedinger & Farquhar, Hymer
5, Rennels &, T3 7 N—71z Xk AHIHADTEH
HTFEMENFIE L, T _XT—L Ty @ PRL
TR OF MR E D DI LB RELT
V3 (Fig. 7).

¥ 7 AW DWW T, Barnes (1962) ¥ Sano
(1962) (LB EHE, RELHTRRKFLEHHT)
FhEhRFECFERL TS, PRL #il8#% Barnes
td e - Ml EFRL, EEFEFEIE 6 (theta) - Hila
EREAT, MlAOEIRERLZ > THTH, KER
KiRLTINORETS, <7 A0 PRLAIKIES v
k@ PRL flifid & 1Z £ A ER CBEENSEEE T
B edgREEn FoeBEER I PRL Mo
SRR TLVEBICBWTER AL Z L,
F7:-BO53 ( exocytosis ) ICk>THHENSEZ
EERE L

Ty b, TUARERT VY XOTEREDER
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OB 245t

Fig. 7 FiEMMES v ko PRLAERO—EE. KASMAR S 2 W IITHRUF O RALAHHE,
G:dWyER, M. rav Y7, &0 SBEROROME, X30,000

HFFge A7, IEE R DY F I onwTiE Salazar
(1963 ) OFMIAEELHY, HiFiEMic 2 e
413, Ui GH flilfE & B 85 1E380~400nm
OISR % bOMIE, fiix PRL il Ebhd
600~800nm DER &SR ShD, HELF
MRS 2 Bk D, TSH Hfd L% 2 515150
nm OEE b ool e, ERRIEELE
S REEA IR L b % 280~300nm OEHLE b DM

Wil H B, & Ofbc B E b fo A v R RHITE
MRk E N TV 3,

Young & (1965, 66,67 ) &7 4FOTFEMEKICD
WTHEE LT3 REFEERL T 5, F1IRTIEA
3 ( parsdistalis ) OFHMIEE 4 BUZFT TS
D, BREEMISIEE FHETHWEY, 23]
(1966) TlXHEHBEEROMERE, I/ g
WZ4hER S A HIAEIE190~300nm DR EFEL, EH



#1558 1988

T4FO Type 3 1C—3L, Lizdi-TIoHilalk
PR L Y EEMIRTH S S L LT, E3
# (1967) I2BWT Young 54, EIRRUEILF
O HFEDOVTHIEL, EEYHFT Type 1 &
L 7-E2E550nm IC T 5 Fhi%E b ofifasd, TR
o b 9L b BEETLER R T 0T, PRL#ET
brrAELE. 7y FOBE LA CZofii
DOFMRFIEE LTHIR S, THAE:227 5
B, FLFEREFRELT, ERO
Type 1 ( PRL) #ilfid iz KIEERIE O 1% AL & 56
RLTw3,

Smith & Farquhar ( 1966 ) {HZF.H D7 v M»
&Pk RE L7, TEEO PRL HIlEZHET5
E, /ME (multivesicular body ) # 5 v i3I
F/ME (dense body ) PICHIBRRISED 2 i
TBD, BiERR 7 77 —¥OMEMEFENEIS I
chesoMNMECBETHE RS, ZRAEIA VY
— A (AKfIME) THo T, BREICEES NS
WRREED ZATHIETBZ EIZE->T, PRL
O ERETT AR AT AL aL, ZOfF
Mz, SWER (crinophagy ) LTINS
X 3 iz# 5 72 (Farquhar, 1977 ).

6 : iR - EREMB ( Folliculo - stellate cell)

THAEFZEC IR 2SR, o TH
NVEVEERREWEFEZ SN MilENSS,
O RO S B> TERERL, %
OhRICAEEET 5.5 2ROET bbb
fae2< a5E0H 0, MR ( follicular cell )
IR, E e RAEOMEENA IR O/E
R LT, SWBERE S SR (RSwEE)
OMIZHREVEREZHIEFL THRE I LBFLOT,
BRI (stellate cell ) EFFENS, EHOREIC
koTZoEbehNELL LY, MHEFAEKR
Mofiim: Bbhs0T, BE—RCER- B
A EEEN TS (Fig. 8 ). SEFERMESEAC
BoTRRICRE ZMEAME L LTI, 2R
RBROERTHDI S, DWERE bRVl
faldm¥iciE 5nw, Thbb BT
HorF2 o5, WHEWIZDEOSIBERH
HoTh, HENCORCRE->TRIZEER
BN L BiGE b ARYER L L THE
EhBZENHB. o THENSBEIEBITE
FUEEIE I3 7 OFEF AL <, EEA SRR O
i - AR &, AR E b DS IS A
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fAerORETHRE2K-T, EbHTHIHDR
MLOS TRV L c KBRS, AR
ta MM ( small chromophobe ) & BRI,
BH AR OEHMEME (large chromophobe )

EiEnS Z eBbH 5. 7y TR UD Tl
& s0ik L7-0iE Farquhar (1957) TH-7T, #
eyt ACTH 2433 5 LIREL, %
feF D Z 1% Rennels ( 1964 ) iz k- THBL A 17
2, RERBEESHL LI E s THESKT
LEo7. Nakayama & (1969) ko THREE
iz ACTH MBS I B 3350 2eid # H LTER
#ETahndizod sk, A4 ACTH M
SRR EEATWE NS, I TWI
- B gD, Ty ol - Bz
seRie s s iila kL, e L TRy
PEREE R T 52 2 L2 b 3 (Inoue ef al,
1987). flE - BURHIEIEE0L ST, RIEEER
T % LRIRFIC R ZEE 2 H L Tl 2 &
MWABT MDD, HMITHRRIE &  FE L s
#£ (junctional complex ) THWICEE L TH
D, kT 5 REH» SHIRE (microvilli)
BERELTWwS, BFELTHE (cilia) 2473
Zrbdbb (Kurosumi, 1968 ),

Kagayama (1965) (hn& L%, IREILKENE
HEEET ) 1A X O T ERAEFTIE R (fol-
licular cell } #3aa4 FE2StepfalzH b i L
Az, BHx2 L TEVWIERELEEMROMIC
#IFLT, FAEY—ATHLIZEEL THET:
Bz kREmELE, ZmELKEomES L
f£iz0, SEeH5HE - ERMIEEA150~200nm
ORR &S, W T 2 ARk E R L
7z, Vila - Porcile (1972) X2 v FiZBWT, In
LK L BRI AT - EPmiass B v il LT
WT2ESZ L®FRL T, Dingemans & Felt-
kamp (1972) v v ABWT, MWk - 2UHE
HSHIEE & FRIER DM b 2 T EMAMEIC T 3 %208
kg (marginalcell ) 1@ & AT W3 Z ERRE
L, ZhsOfifussfiniias skt s n ik
WrERMLT B e # 2, Wl - 2R LT
T O AEME & OBEPEEZ v MicBWwT,
Yoshimura & (1977, b, ¢ ) (FHATZXK, BE
HEALEHFZ ), Inoue & (1987) (FH L&,
HEEKNSIEIEEE ) Itk -T, <Dz LI
WanTvws, HREEES (1977 b)) 2HERE - £
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oG 3

L COEREE 4 56

LB, S N

Fig. 8 IEETv b TEEREDER - BAIEEE.
F g, CL:8ER, &FH: 74 Y Y —A4, X7,000,

DR LR A iR L THEREL, RRiE LD
LI wHbT 20 THh-T, ZOREBHWT—HE
OIS (stem cell) THB EREL TS,
74 F O TFFEMEI D T Ik Salazar (1963 ),

Schechter (1969 ), Shiotani (1980 ) &M¥&EH
HoH, W FhbFv b, TVAZFLELRD, @
fazak Lzt o 2Rk (stellate cell) T
HY, HEROBHERESE (filaments) 2ELZ L
#3245 vy, Shiotani (1980 ) (354 95 £ 7 IR A #

#2) I3HL OEBREGETO VS F TEELBEL,
fRAIfE SRR T E R T & D R AT TR, BR
S % HRETTEE B, I{FEELLTL
vEROHE MR EEE T L3 ck s, L
Tedd- TRRMINE W TRERTEEC Ho T, HicK
BERZEDLOATIIR L, WEORSWMERIZ
FHAC B U AR, T2k 2 XA~ 0
BT H 5 w3 EEMOIESE LTI IDTH S
3 kL7,
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FIESHRBEEIICZ v ORI - 2RI S
-100EAESt I LM 5T WSS ( Shirasawa
ef al, 1983), B3R 7 4 7ui 7 F %2 bF TS
Zr#bnot: (Liu el al, 1989).

3. REMEBLRIL 2HR

TR DEBERENFRIZOAE-> TWTR,
TEREROHRIVE > ORFIEFEZENIC S
T, Lichlos TRNE VEERIC L - T TFEEKR]
FEfa @ 5, ARSI D {  THEN
FEERIEAE R VEWS Zkick B, T THDBE
FEDRNVEDS [ SFEOMAETIC, &5V it
TP OBHHIREE TS 5 2 &L #EERIHT S
2HEE, KOEANDROBEEEIZBEL T
Wiz, ZORDIE, TEEAESRLVEYOLFE
FOEMIAS N, FREFNORNVE DD BEE
RKECHOHPICFIIANSE ZEBNEER S,
N EIAEEFEZCE > ThIhB ST
HY, WoDFHICL->TIDZ EHBIIT S L,
EMEFERZOMLLEN: (bniEGRsR)
RVEVEHRL LT, %O0HteEs KR
e Ddpnodz, COXSIC L TTEMRRILES
OHEDSHES £, ZOfilEE > T TEEDHE
SRR LI 2 R Ao . Thb BB
FETEOFFMICRL T, SN TRERER
IGEEISES, TORGENEETRAS LS
s (AT 2 ) ewic, RSk,
H5LENENERICERD CEEs s iz
BhLi,

BV S AR E HE 2R T 2
DT, EIREHEERACTRELZTRIER S
e\ ( Coons, 1956 ), & 4 ehiifs: (3R A5
., EWCERLAETH 120, BEOR A%
KARCHRTFET 2 2 LSy, BEsizo LR
BT REMBH D, EREFHEEME TR Ny 7
779 PP, MEORET s MEOBE:
BEfEICIR S 2 2 C ENEMTH D, £ ETHEM
FV AN ZDEERITT LI LETARETHS
DT, ZOmEHURT~L, Nakane & Pierce
(1967 ) (HiR—FERIGAREHEIT ) XBEEIAE
ERELL. oV EOLFFVS—FT
L, RERGEVAF T -
DAB ¥&THRET, ZORIGEDIIETFEMST
bREMTE 20T, BEENAEHEBLECbIGH
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ahakiizkoi,

EEROABC ITEEE L EEESHD, FE
it & L T PAP # ( peroxidase - antiperoxidase
complex method ) ( Sternberger et al., 1970) %
% WX ABC # ( avidin-biotin peroxidase com-
plex method) ( Heitzmann ¥ Richards, 1974 )
BEBHD, TheDABBRENRLIVOT, BE
TRPIRBEOFEEL D BELFIAENTHS,

BROAEHEBEED 5 Iz REEEE (im-
munoelectron microscopy ) I, FIERIG%HE
WU D 72 ORIE @R ORTIC T % 5, #HiZ
T35, HrniEMEEEELnhickoT,
‘BIEHTRIER G ( pre - embedding method ),
‘BHERIER S (post - embedding method ),
B & UE D %% G ¥ (none - embedding
method ) 12431 %, EEMAERIGE L LIOR
REEBEYI A ik O REREILEA~DICATH 5,
R RIERIGEEIC BV A F v 5 — kb
Hwv s, GEEERIGEIC ZEEETUREROM,
SEEME L w7 FobitkE b £a04 F
EHNHA S, BEEESTRICY IhenEXH
WweshTwa, FiE—gtERFTc—FH%
E {90 s RS e E RS, b5 18I
i < 1o TEE OWHFIRA L L THFRERE
EERE S 2 Ak, —RHLTbhh, BHEED
K #ti5#% ( superimposition method ) & FEiE 41
Jo. COAERBRETRIEFELEAEERIRTWA
Lo,

a, XERMREHEEERIZL 208

TEAFIZE RV E > ORTE % fEHB bR
L7 @i%, Marshall (1951) 5§ #ITH D,
7% O T EEOEIF A ACTH #iEE L
7z. DT Leznoff & (1960, 1962 ) itk b T
AT GH (1960) & ACTH (1962) %#H L 7=,
ZheDRFTRTEAAFEZRB VDT
& 55, Nakane & Pierce (1967 ) i & D BT
Hik (~vA o8 —PEGR ) HREIhS I
BLU, ZOBROAHENIFRASEFEOERIZE
DFEEEoTz, HEAHIEAO T EEFRIZECR T
% RAE AL RIPT9E O R iE Nakane (1968,
1970) & Baker (1970) it &> T EHEH TV
5. BUFE & LT Nakane (1970 ) OFEHE %l
W, ETEEEFOFREMZ T v F OTERK
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FEEONF RSB N R 2HAT 5.,

(1) GH #ufa

chffER I $3 2 BIEERRIR L ATFE O RTERIER I &
GH ffizde g icdizv, #hlStoEsiciiFE
KHHLTwS, BAEERCELTSHALTED,
PR LH#RE L TWw3, BE~13m T,
ZidEoTLch D, MiREEGH ITE>THR
WEhTws (Fig. 9).

(2) ACTH #ifia

ACTH #ifan434mix GH #ifgi i s, S
RV & RTEERTIE RIS I3 80 ACTH
BaoasRsnsg, S ACTH fifficREs
3. Nakane (1970) i& ACTH i3 21 %72
L, ERsiEL TERECELTWwS il L

Twad, ZhiT@|EBAIC L D Nakayama 5
(1969 ), Siperstein & (1970) #FR L7254 7
® ACTH #il2ThH - T, HIZIB LIFINIF A
7ThbH, ZOMPRLETHLL, bhbh
( Kurosumi & Kobayashi, 1966 ) OFR L7z 1 8
5,
<

" kil
AR @
S L
s

e s el _' ‘ i G .
Fig. 9 HSREAARELIA,

VLY TR EE 2 e 5
(g 'P'”_;
Y
» T

. - &

NI
"‘-d\l‘sﬂw Y ‘@gﬂ 3
PN N
Fig. 10 HEERGFHE/CREE.
ACTH iifs, A& HOMESERTRLRELHL, Fl8p

#275 (118 ACTHH). PHOMRIHIRASEETSH
M#2¥5 ( 1R ACTH fift).

s ACTH #fa & #4 0, PRL MifIXPREER
EET AER SRS NG, PRLEIKIE2=
— o upERL, LELE Ay 7HREELT, K
272 T ORERRR R Ve EE AR (GTH 41

L ) BEDEATLS. ZORObALLOBE

T, A v 7ROl PRL #igo— oA s
VLI kbt EHEAREEBE OBRT
IX PRL #Ifa 0GBt E (5 REL) (3l
O—EBT b bEO—ROAHTHELTS,
M OFZEMR T ISR E 2 0 L BIRICE
oTw3 (Fig. 11),

GH s, L&t shB AT 2 BT OMIET, MEEYS 3 .

GH fifkic RIS L TRk 5,

IbEobEDRVWEREHETEAREET S
LOH% L, ACTH Mifdid GH fllf & B MR
#% L, ACTH #ifgozeiid Ui LIEBE S 2
CHiMa*Esr» L3 X3 XHUTWVLAHDT,
ACTH a0/ 3l » 2 - = R ER T
by OHi%\» (Fig. 10).

(3) PRL #ufia

PRL 403 & BISERTBIBIER Iz 134 2 h3, GH Al

Fig. 11 ASEREHRGLFER,
PRL K, &HRO—ESERE-TA,
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(4) TSH #ifa Nz

foBOFIEEILE B2, TSHMERAED =5
duliflic o T, LIELITES (cluster) 2{FE5.
TSH flait% AFH2 0 EEM A% L, ACTH #
fac i 245 ACTH Hifa & D fifaFInEETh5 &
Nakane (1970) @GR L T3, ZZTWI
ACTH #ifgiz 1B TH-Th, L IEDACTH
O kT 261, TSH ka0 A HIE
BHEWIZERTERL, BLAYRZE»H 3
wi [ B ACTH fifad sk & HilnisE2H 53
(Fig. 12). Nakane (1970) & X+l TSH #iffd
(IR E T B,

Fig. 13 RIAGRGEHEG{LFEER,
GTH#il, IR I TSHAIRL D b3 51{Ev, Rk
1d LHS #Blv1:45, FSH bRICESh2 LRbNS, K,
fif®, $fKEvsvshBodiishss, —RicHARHY

. XU .‘.@ 3
S A3
Fig. 12 HXEEREHELFIRE.

TSH i, IS IRPPEY, THUEHS LIRS AR EE
L, filfotbwHIRUA%EL, ACTH Mifad ) billfafksik s

b,

(5) GTH #ila ( FSH #ifi2 & LH #ifa)

FSH E LHRLE L ER— oMM (GTH #
M) ic&EhTna, GTH Migid—Mic ks {98
AE22LTE D, PHEBIGEET 2855280
THIEDEEIZSM L TWwa (Fig. 13). Nakane
(1970) iz Xhid, GTH M ZATEERTIEEIAR Iz £
LT3, FSH & LH #Acfads e, —
MRENCE > THIEO A B FIE T 5 GTH fiaix
FSH & LH #FERICH > TWw 545, BIZEEGLEO
GTHHIIZE b e h—HDHRVEXDAEETS
bOBEREWVS, bhbhOBETIE, KZTH
@ GTH 4223 FSH & LH O£ &, 0
BRICEIENDHD, LH 2% { ETHlL FSH %
gy s 5, ArE s KE L, &

Tna,

FHiz/h&vy, Inoue & Kurosumi (1984 ) 12R73%
LH -rich cell, #% % FSH - rich cell EFEA7Z,

Moriarty & Garner (1977) £ FSH &£ ACTH
EHET LRSS S EHEL 2D, Inoue &
Hagino (1984 ) B Zhic R L Twa, #5118
W3y hOREER, LHE RT3 MBIz L >To
HEE L, FSHE HFIC R ok, Al
oMz R L. Cofiizizszi: ACTH #
Bzl Tvwds3, ACTH icd 25T ES
W, ERVBIVAERESFDIT Y FRBWLT,
ACTH &% Ol i FSHE fiufic & LHS
P b RIGLswnwZ LRfEDD Iz,

b. BERMREHEMLS (REBERE)
IZ& 3048

AR & 5 CESERAE e L BROWME I
fIFTcE20T, 2¥I0hAEERAWICERGE
AL TRERIZNZIGA 2 1, WL DO
ERRREINT, FOI 3BTV ED~ULE v+
v ¥ =k ROl ETNTIEOR R Nakane
(1970 ) & Moriarty (1973 ) @ 2 DOfF#HIZ< b
LL{BErRTVS, =R CEELEENE O
b THREREE21T > Ak idKawarai & Nakane
(1970) Ik > THRFESH, ZDWLWbY3ERHER
&R Moriarty & Halmi (1972) 12k -,
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PAPH#ZIGHLTLCHwsha LdicikoTz,
L#L, Kawarai (1980,1981) (EHHRZRER
FEAZIZ) 13, Moriarty SOERLTWAI0OA
Hi, EOBRMCBLTELLVAYSHD,

D RBMHIRGE O RFESFS Tl v & LTHEY,

B xR YR 2 tENaEag o, B
ET2HWTE 2 EEOEESSE LTHET S
B AR R EFATRHIA L, SN b
IOFEEELELTHY, Ml (HH,
1984) s L1z, =7 ADTEREIICDWTH,

Z 1T Sasaki & Iwama (1988 ) 3L GH
L PRL Mz HMICREL T 5. bhubh Ot
FETHE, FLLTEREING (7= F
ZuidEau4 Fig) #AWT, XKELOWNET
7, EEFEETICREREERS Z L 2ED,
T3 &3%, W2hDOFREEL £0
th {5 $8 4 & Kurosumi & Inoue (1986) 5 & U
Kurosumi (1987) @ 2 oD & L THFHER L,

o B REEEHMEORR, R UCHIEICR
57 2 AR AR I Rl o 12 2 ~ 3 FllH
OBBETEZECE, Tho2*RROBCE
BRI TIREAT, MR 1 B BRI
DERG L oA 7T THD, BEKE
haBER e b0, NBELHILIFERSE
filT, AEEFENFREOBRIILOTED®
ey 4 FTHY, £ OBEHRL /NS BSIFN
oo, NEEFEE2BOREET, KADhDRK
RBIET 20, HEWirFHEOAESORE D
S Ths. ZOXIEFERRCESE DTS
53¥a¥: 1 PRL K (/hil, 1985, Kurosumi ef al.,
1987), GH #ifE ( Kurosumi et al, 1986 ; Kur-
osumi and Tosaka, 1988 ), ACTH #iff ( Kur-
osumi ef al., 1983 : Kurosumi, 1986 ) 7z & THiW
shi., &I AHELCHIREEROESOMTLT
WERFENHY, 7z ACTH HilaTiRFER OIS
BRI OAEEQIEE—BEY, PRL* GH Offilg
LI E—IT L,

% I ThREbh b FEARTEEMROFEESF
IR DR 5, REONS VI (%< 0%
GEARONR ) BSFLEL»LOBENS Ik, 4k
B#pizoiohT, PHIOKESSOREZH D
HRaASHIEL, RT3 RATKBOREE b
DAY ( [8) MRS LR D EFHL,
LoD T, FEFWHIIH» L KME (im-

O ERER ¥4 5

mature type), FEH (intermediate type)

T UEAE ( mature type ) W4T A Z LTl
( Kurosumi, 1988 ; Kurosumi et al., 1988, 1989 ),
s OBfkEE EH TR—EEORNOEHRE
HAU~B L Fig. 14 0L R 2, KRBEIIZH
WRRAHR b /& L, PEEIEREOK & 3 p3ch
M TH 2, HDVERKNORNBEL > T
2 THY, FRAEORIIRLREN, B
X 2D £TR L OHIGIXEL DEHICENTH
5.

(1) PRL #RBa

Hedinger & Farquhar (1957 ) OFRLEA L
{ PRL ifaiT R TTRAKEOSF WA EZHD
M r LTHsn TR, Nogamik Yoshimura
(1980 ) i CFARIEABILY: L EROBET RN
ISEEAWT, #7y O TERIC130~200nm O
EEOE SRR E b DHIlELS PRL BT
HHEZLEPMOTHREL, ROTESIZHE 2#H
( Nogami & Yoshimura, 1982 ) 25T PRL ##
fax 4 MLz, (DISATERO/NKERM % b
Dffifie, (2)iX250~300nm DHEROHK & izid%
BRI % & DM, (31F300~700nm QAFZOAH
HISh % b o, @RPhERORRELDA Y
TROMETH S, ZOFEF1H»5 3 ETRE
FORE2ETHIEEELTWEH, 2HHERE
B - THANE ($12) R 2REE TV S8,
bhbhoSEOFEZALELRD, 4813
MOZHEHERELTWEOT, 1~3BOFE
rREETHS. RHOBEICL 25BN,
4R 2BohEEhs EBbhs,

—hw Y AIDVWT R, RAEF—EHEDS
W— 7 AR R RGN & 5 BB IRE
FHVT, BHThEaRNERETIMIEEED
T 3f0 PRL fil@ &3 L 7z ( Harigaya et al,
1983 ). ¥izbb [ BF100nm OFEEFT 2/
ki w bofifle, TREHRREE (150~200nm) @
HIpER 2 ateiiiy, MR E£9300nm OAREIR
frkbOHIlETH .

e OPFERZE Tl (1985) #F v @D PRL
Ward&Ea oA FEHL I REEEETHRL,
BEES v kO PRL #ifR 13K ER445 Hedinger &
Farquhar (1957 ) OFR L7z H#A PRL fila T
HBILEBRD, hPBEPNCFER SNz PRL M
MThHsmo 1E EFEY, BT v+ TlPE
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Fig. 14 04 F&45AVWE-RETBIEETRO -84,
PRL, GH, POMC (ACTH) @ 3#Eoffssz heh 3Bad sh s, EOVIRAE, b0 thps,
ROFIHHE, F—FEEOEESNTAShTHA0T, BROAZIOESSDRTVERDRS, X50,000,

.25



26

KOBEER % b OHENASHELEDLIEE
2w, Zhds Nogami, Yoshimura IZ&oTH 2
EHCRBEANLOTIMERRZ Tl £
% ERRTROYET v MBLTHEL bIK
SR % 5 B DT/ RR (100~150nm ) %
b oML » 20 7. ZhEFERIRCES
203 bDTHBY, BRASHEEOI/ V-7
B LUBHEED S L— T DG L2 L HOIEE
TaTLEod. '

E LA LR, Nogami (1984) 2704
R PRL Ml O& B BB o0t 2 MR
L, TA b whchiffl &l (8849 PRL
Mie) OHBEErED s I L EREL, — A
AL (1985 ) iHEME L b EERRERRE (£8) 75
r, 1% (HEMHPRLAR) #EL LT, IH
(thREEY ) 3EhNT 5, ThabbEERckS, Ih
A burvERETEE, broElnTh
ThoTh | WHSEEMCEMNL T, TR
Kwird, FAMATOCTHRERELH T
MOMERE £RT. Zhid Nogami (1984 ) OFEER
RT3, BELLTFAMATOYRERTT O
<& —¥lok bz a oy iR L TH i PRL
Hifa e D TREVWP EF LT,

/N0 (1985), Nogami (1984), Koyama &
Kurosumi ( 1986), Harigaya & Hoshino
(1985 ), Kurosumi & (1987 ) iz hbHEE
#%® PRL MfaH31E & A X2/ NERMIE DD 2
5% (M & b4 PRL 4} $182~83% ) 4%,
REE EbicHTrPEROREREE b DMl
PR 5 ® B (4 PRL#IEP48% ) &3 ich
D, HECIOTEBIER % b O ig PRL MEHSE
IR %% (£ PRL Mifb91% ) 2 &9 B LI
ZZrETLE. T0LESRREFNBEPS
Kurosumi ( 1988 ) 1 PRL #4378k £ 8,
N % b DM R R, hRAEOBKTZRE %
b e E HER, ABTRAT O % b Df
o AR LR T Lz L,

#5 v b @ PRL #HREI2IE LA ELERARTSH
298, ZOHEEREcEs TELT AN
B 54 k225 72 (Poole et al, 1980). bhibi
DBEZIZBVWTH, ZOMIRIEFNEE (dies-
trus ) IZBWTITHEEENME L, AR/ I
Bk iz i s h, AROSMERLIL VL, Th
R LIS (estrus ) i HE/MEEIZFERICL

1L MRS 4R

CEELT, HIEHERS 5 ERLAKERL,

SBBERILNTHAE L2, FOSWES <
B2 k3chks, ZOFR»S PRL fifa0REERE
—RB I REROMEICTEL TwE ERI TN
vz % (Kurosumi et al, 1987).

Sasaki & Iwama (1988 ) (dBEE0 ARk I
I A0 TEEAELPSEL, PRLAMEE 2 B
S CAMREI SR B b d Y PRL iR % 13U,
L4k PRL it s MR L Lz, TTE
PRL #fa /& { Bk DR K ( ~100~200nm )
Bate, BBy AT 18 PRL MlR£AIEE
“nfarp43. 0% % 5o, IIE PRL MMk 1x2.1% T,
EEIR | RIS S s, Rt~ AT T
O NRAFIERETHS. COBREITY P
BUI2bhbhOBELFILAYREATHS.
> ixE 7 PRL &k GH omi&E 2 &t (MK
B 5 ) HMlEE L (0.6%) #RE L, mammo
somatotrope EFEA T, T OMARTILHE /IR D
BRiE&StrEwnd,

o X3 PRL & GH OHfFIC2WTHE, 2,
3 OB TV { D OGN DH S, Fumagalli &
Zanini (1985) (37 O TEMAETGH & PRL#*
T M H D, ()R 2 EoRVE
vHRIEENBFhED, BEoLRETHSD
o, (2) A—OHBRRIC 2 EORNVE VDRI
naoh, BEAORLZ o LBSICRET 2 b0,
(3) BE—oRpRIC 2O R VEXERTRED I
KEXDE04 FRFHH—LCHMLTVE D
OO3IEYSHL, Z0F, FB10bOIREEH
WThsIEHNEHT, HROBECL>TEL
FeATREMEL B 5. '

Nikitovitch - Winer & (1987 ) QIEE%Z v b
(ft, e, WA ONE) OTFREFZEIC/NTAHE
@ mammosomatotroph B L, E—RHELIC
GH t PRL OffiZ %5204 FEhFHRET
%= k%84 LTz, Ishibashi & Shiino (1988 a)
7 v b O TFEEEHIRE B L 2B IZK
W OTRENRE L HRRER OWE & & LHlfass
D, BiES PRL, #%HGH CREBNETHZ%
&5 B LIRE L7z, & 5IZShiino & Ishibashi
(1988) (HEEFEREMIUERER) IA Y7 A
( Suncus murinus, L.) T®IZD, PRLEK &
GH BR e #7ET 2l H 2 L 2#EL, i
FRROT v TR, F—#k0c GH & PRL #3%
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HF1 3 L#E LTS (Ishibashi & Shiino, 1988
b).

bihbiii GH & PRL ORI EBE=EAT:
Fh b (Kurosumief al, 1986), Zh oDk
Er2E—HIEH B RRE—RAICHRHETES C
LixEbHTHTHD, £/ PRL & GH 2X/D
aoA FENFTHROIE I, MEVEET 3
HOLICRZZEES, FLALERAMFRLE
DALEYERDLE ZHEDHTH > /2 (Kur-
osumi, 1988 ).

(2) GH #apa

B L7z & 3 12 GH #1243 E#9350nm OEZR
RESHEESUCIAEOMIRTH S Z LIk, TERF
BT O EEITE S E- IIH D Z 2 h o6 N
Twicds, £OHTIOAHBRKERMEND 28
DffEOMIC, ZOKRZESLE150~200nm D/NR
B2 RET 2HlROFEPFONS L IR,
IDL D RKRKNORRE b OHEY, T OMORF
AR GH MR Z &, FRizZ2 Dok
TRR AT GH MO RN L4 R Lk o724
FELTHaZ Ems, PIEH GHHED 1FEES
35 £ 3 h T¥k7 (Kurosumi, 1968) (Fig. 6 a,
b ). Linpl/ARROARED GH Mg FET
%I kid, REEEMTTRSEST 5 £ TS
DI Sholod, bhbhidED L 3 LAME
| o A% S O GH I B RIG T 5
TEREFKRAL, £3054 7O GHME LTI
) GH #iflg L &fti, LAl S s T2k
BROAa»5HA GH Mifla% 18, RNDORK%E
b GH fllg® I & ka4 L7z ( Kurosumi ef al.,
1986 ). ZOWfZEIcBW ThhbhiiZo 3 o GH
M7 v b OEBRRET L EECERCBGRLT
W3 IR, Thbb I RIS v
Pleirb %< (68% ), AT v MicBWLTH
MBS %< (47%), SsITEIZRMETH
S THEERICR LS (M L H46~48% ).

% 5 Wbivbi ( Kurosumi & Tosaka, 1988)
117 v FRRIED GH Mt BgE Rk, f5418.5
ACiRIBMEEAERLS (6%), IIH, IMMAH
ZIZRES (45~48% ) TH DA, MELPPE N
Zeps, PO RMEEED, BEMCEY
TH GH #IIZEA S IES 2{ToTwa I L
FEES I LTe, B L7z & 5 i PRL MifEIT &
TERBO/NE WHIE () 2RBE, KNhOR

27

RARAT A (IR) 24HE, XPORK
PELTOMKE (IR) 2EMBEAMTLIL
Wi 5 o T, A GHMRIZOWT SRS
¥ %8B L 72 (Kurosumi et al, 1988) (Fig.
14),

Ishibashi & Shiino (1988 ¢ ) X 2 ¥ 7 A
( Suncus murinus, L.) © GHfiBIC EbHTE
LWEOSWRAEFER Lz, #si3EY Y0 GH
AT iR ERWTA Y 7 AOQ FEE® protein
A-gold ETHREL, ZORHEEBYO GH Hilg
I 3R H % v IZEMEOSWREOMI, &b
DTRVESNZHO & 5 RFMRASREL T
BD, WFhd GHIFCRIET 22 £2RHL
7z, §PRD B W IR O SR ERIRE R &[RRI
T vERTEE AN, O (exocytosis)
IZkoTHHEN A,

(3) POMC (ACTH) #@ifa

BV ANV OREABILES TEREOTRICH
ABhBickEirb, ACTH OELMELEEShS
Vv ¢ DR o HIELs, EBEAREBIZEE O
getEmERERI NI LR T CIREBRE, T
4 bbb ( Kurosumi & Kobayashi, 1966 ) 235
B L7-4iM & Nakayama 5 (1969) »3FER L,
Siperstein £ Miller (1970 ) % OMhOWIFEE 1T &
> THES R Ths O ACTH EEM
faThspERmON LR, 202 DOEER
ACTH #ila0htEE 0 H A REHMEFR
2 ACTH#IlETH 3 LAEBAS hizZ ki3, bhb
heLTRESRILTHoTz, T4bb Moriarty
& Halmi (1972) REBEMBERTAKEC LY,
Bowie 5 (1973) &A% 2V v — M EEOEHEY]
B eSRfERsi b L EETNEEL T, with
4 Nakayama & (1969) OFR L4 4 7 %
ACTH #ifiTch 2 LEREL:, 2512 Yoshimura
& Nogami (1981) & Bowie 5 & [REROBEHEGT R
S5 T Siperstein & & Moriarty R & &t 4 &
@ ACTH #ifa%REL, ZOFHMXOFThhbh
DA FER LTz ACTH #ifalk ACTH EE4#IRT
TREWVWEMELLZDT, bhbhOsZENS
Stk LICRAT,

Lil, bitbilid1983, S4FIZ3FiwT 25
OHREBREIMEEHEL, TOHPT7=YFY
ik, EEEbUEE (Kurosumi ef al, 1983 ),
protein A - gold ¥ ( Kurosumi ef al., 1984 ) %



28

FEHOREABREFZOBATERELT, ACTHR
ERE I B L oSSR, bhubh OFER Lz
P ( Kurosumi & Kobayashi, 1966) %, Na-
kayama © (1969 ) IZ%8 D Siperstein, Bowie,
Moriarty, Yoshimura &2 Lo TH=IzbzD E
RENTMOME & bz, b TR ACTH
i U TRMERIG 273 2 L HIIRES Rz,
BoizbhbhizZ OME L b IcRIBHTIT X -
CTEI BN E T CEREBIEAL, S
RRDED T B 2 & BB & o TRERAL 72
( Kurosumi ef al., 1983), ZOBERELEZLT,
bbb HRMEEICE &, Z=ESKEN
MR THmREREEREbOE TR EMRL, M
faE»nPizL, RHMWBEEHL, PPAREC
VI D a0y YRR 11 i o 11 ) R D L U
Lz (Kurosumi ef al, 1983). ZHIXAfEL
Kurosumi & Kobayashi (1966) OFERL 725 A
ZITARY L, #BEH Nakayama 5 (1966 ) OFER
Licd4 7L T 206 ThHE, $REEDOH
MHa=——r7EBEL2ELTHIB®TL, TOH
HEELE I E (K60% ), SSfEHm b
MR {»5 ACTH EEMREREShTWZ
EizkoT, #MBE (typical ) ACTH Hifg LFFiX
n, HEOHHBECRRSLTORTAE S, H
HAREDSE < (§920% ), fthoMailssic TSH
MiarEEeblL ERFHIcZ L iz, JEH
BE (atypical ) ACTHHilB LIz bbb
% (Kurosumi ef al, 1984, Tanaka & Kur-
osumi, 1986 ).

ZOX I L TREEREIIRVWERSDbIT:
ACTH HileomBHIiEF AR E ORBEI [5]245
1 OHEET LB E RS, E6ikbhub
Hix PRL #fE, GH fifldizsvT, shsiiics
HERT A/NREHN (Wb B ) OFES
REBLTLIk, ACTH #ifldi b [EIka/NRRIHIRE
BHELDTRETVWhEETFI LR, ELT
HICMB ACTHHIEE bE &R B /NREIHE
ACTH #ifazRs2, FERZOMPELZ v b
BT Bicwizof (Kurosumi, 1986 ). ZOfilE
Z=&H 3 Mo ACTH HiiE © B £% i PRL M i3,
GH HIRZWHELLT 523, fEkpSh ORI O%E
SRR OR &S OMRIE, GH® PRL #ilR
D& L—H LRy, T%b% [ 8 ACTH f#ilgD
B E 111,426, Tnm, 1T RUHIAL © B HL i

I ERE 3R

139.3+23.1nm T, IIEYHILORHKL1298.6+8.5
nm ThHb., FEFOFEORE ACTH Hikans
&b, ERBRMNE L, EBREFICHETK
E{ R30I {HEAMSH S DT, GHHIfE, PRL
ke & F—EERE IR - T, TERONIE % KRB,

[ R EPRE, NUERBRBERRIELLR
( Kurosumi ef al., 1988, 1989) (Fig. 14).

ACTH #% pro-opiomelanocortin ( POMC) &
FEE N5 BiEEfE D & processing #8FTETH L
W, AFEMFEATROER» SHLIC SN,
ACTH 12 POMC ORIz d £ 5275 F T,
Zh &b N EKiE#lE N-terminal peptide & IFEIE
f, ACTH &9 b CHIgEENE 8- LPH £ iTh
5. ACTHiR2 2esiahd & o«-MSH &
CLIP %%, 1L 07 vt > ikl
AT 2HhED, FiED ACTH #ifaT
BIZEAERILRY, g-LPH # 2 2iZairs
nadk, y-LPH L g -endorphin &% D, #%H
O C FKigmhsd L3285 &, y -endorphin, «
- endorphin W47 5,

INBORTF Fizuihd EofiERE POMC
HHELLOT, FA—Hlkd 2 vidR—ERICHE
FLTnE I ebE, REERMIZ POMC Bk
DRTF FORERRE L@ EE W, b
D% EFaL, Pelletier & (1977) i ACTH & g
- LPH & EOMIIE CR—HMa0R—REI2E
#HEFAZE%®FRLI, Vaudry 5 (1980) 47 v b
lZz8WwT ACTH, g-LPH, y-endorphin @3
FAHE L, Dacheux (1981) 37 ¥ O TFEET
ACTH, g-LPH, a-3#% & U g -endorphin %%
F—RhicBFET 5 L 2RELL. N - RKigw7
FROIBK # > - 75 7 A ¥ bOHFIEOWL
T 1%, Weber 5 (1979), Guy 5 (1980), Pel-
letier % (1981), Cantin & (1983) O#wEHH
5.

ZheDRTF FixARIFLAERSNE {[E—
HOpg, E—HAR0C ACTH & &b IKFEET DS, o
-MSH @4 Lz0afmzERIZLTWS, Girod &
Dubois (1974 ), Martin % (1979) it « - MSH
HpEEIC B LTI, TRTOMRICRE SRS
BEECBL TR EbH TOEOMEI LrtHE
LA L %3R4 L, Schafer (1983 ) 34k 1
~21HDF v b FERAETIIHIFHOEE ACTH Ml
MIC @ - MSH #EET 545, BUMVEIIEIZECE «
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-NSH i L AFZdohinr#igL i,
Hibh ( Tanaka & Kurosumi, 1986 ) O#I%2
2kBE, MEEICHIZED ACTH MifED¥a 52
VIZ1/3IC o - MSH PRI ah 3, EREECHE
T2k, LAKOMEGFEEET 5IFMEN ACTH
HBEK, $1- ACTH &4 - o - MSH O 58
{HeE a8, MRVZERA L DMAE ACTH M
I o - MSH FifEiC 33 E 6w, BRI IR
(A% ) POMC ( ACTH ) HHiE D 5- iR 121E
EAESE o - MSH CEMORIGEET 5 DI,
I8 (Fegdl) TR IR S0 1~ 2 @0RE
DH a-MSHBEMEERZ Z EDSHLNERS T,
% 51z Kurosumi & (1989 ) (3P MRE D530
SLRTIZ70~80%43 ACTH HUAIC I 545, 2
D1/5 HLDFRNH o - MSH BHETHZ L%
BEL ., —RICRRPEEROFIER O &V
ErOFFEMERE S, SHEERERIGE CEEY
WA 3 2k 3R TH B, BIEEHYIRES
(EREARIEOES, kL 3R% o tRFEER
BT ALT, < V2 LBRETILENDS
LEbhs,

Fig. 15 FRRBRIRLIEE 2 ~ 3 JHRI0> TSH 4R,

29

(4) TSH fika

BRI 12 & > T negative feedback # -
felfiz, TSH MR E IEA L THRRARE AT
§3 ( thyroidectomy cell ) &7 D, $EE/NEfELS
IR L T, £ DI PR (intracisternal
granule ) T 5 Z L3, T CIEEFEON
#1z Farquhar & Rinehart (1954 b ) iz k- THA
SIS THS (Fig. 152 ).

L L FRBR T A D2 1Rss TSH M Tidse
$T, GHHIfEH 2 widEhUAOMRTHs v
35 8iAH N T (Dingemans, 1969 ; Yoshimura et
al, 1973 a, b ), EffidhrapiAsnicshil
otz mifbibiid ( Kurosumi 1986 ; Kur-
osumi & Inoue, 1986 ) $T TSH # R\ /- RIETESR
FiBRZEORFE, PRI HAROHGR L - EE/ N
fakoREEC - T WEE, ZOFITEELT
WA EARR O iz TSH OfFEERT 304 FE
BT EFROLOT, BRI o Rk
HoHEETHOTIHEL, BEETEICM-7: TSH
Hkcfhr s nwZ EHEsME R o7z (Fig. 15
b).

HE/ Mtk (ER) SIIRL, AMCHKBREN (KUY ) MRS5S, JhefiRRiL»),
a EROEHEER, x200,000, b REEHEE, £704 FEFIERRNCERL TN, X40,000,
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Moriarty (1976 ), Moriarty & Tobin ( 1976 )
X PAP 2 BHCICALT, v MBIUE D
TSH e 0 #EEFHOME T2/, Zv 0D
TSH g izIpmEE, EExizAd-71EriL,
SRR I260~175nm TH S5, £ +D TSHM
Mz mEeil, 150~300nm OERITHfEZ
21~ 23z i a b, MB35 E
H5,

EREIZ O 7 v — 7131k U BT R AR
HAFHEAIRE %2 5 B E 2 OEBOBTE L i HEL
7z ( Yoshimura ef al, 1977 @ ), ZOHETI
T 1350~100nm DFFL %3t R e EEIF AT
THD, I1HIZ100~150nm DEH & b DOy LAY
TSH ffmicAg2 L, I1/1E i o BN
®4% < & A, NRIZHI200nm DK% 5L At
§97 LH MfICHES 5, 11/1ViZ200~250nm @

BrieEL, REoXsDEE/NIEEZHE T,

IV 2y gAYy FSH M4 L, RN 360
250nm ¢, AHANCEGR LioMakEeE T 5, V
B e L RS ElE e F 2 ohE, ZODX
ScERERsoRE (EEBEREE) Ko2hT
TEHERE (LT 2 EF 2 i, bhbh
LHERLE S TH B, TSHME»S5GTH
(LH/FSH) ffila~Zfbd 5 LwiHF 2 HFITixE
BETEAQWn,

RWTRZ V—7D Yashiro & (1981) I D
SEREAFE LT, MHEREERE L ERE O
BEBETI AR IS I & o THREFHTFTEEITY, B
4H50 TSH #Hifaia5e < B c e 25 525, £
BRI RIGHEEE 25 2 L2 B0, 72 TSH i
fidds 3 ~5 Hic#EMH (cluster) 2L, %
DO EARESRFERIOACREERS, TOHRE
HEFDENTHEEL ZME L %25, Yoshimura @
[ HfEEEvEE2EL, 209 THI00nm O
BRAT| £ LTWwS, 1/I11813100~150nm O
BhieAL, TEIENEY TSH Mg TE®I0H
TRHERRSICEFBEL T,

Yoshimura & (1982) ok 3 &, £HOAST
IAEHO TSHHIRERAE2EREET 2/
T, 100~150nm ORF EHEELZCE L, Bk
Pofm/NEdkE RGP LIS L. £ oM
150~250nm DB 5 <t TSH #llgsiH D,
Mk ik & < IRHFTH - T GTH Mgz ils.
IOk TSH Ml iEIESHRitc B tikE

I O ERER 2 B

L7z,

Yoshimura & (1981) B#k 0 s> DA 1
~ViZhiZ T, A, BO2HSF, MNERO
REUHIRE A - series &L, A/NORRESTHE
fa% B - series & Liz. ZHUC &= THEFEHT
DRSS IO R INA Tz,

BESHH GH M, PRL #ifs, POMC #ilig
ZEFNFN 3 WICSELIR ( Kurosumi, 1986 )
243, TSH a0z il L Twizdh -
fo. ZORBRIEAFHEOR GG AFTELOT,
EEik, FERGOFREFRRLT, TSHMao
BRI E (EREEES O X 5 BXE L OXf
SETIRRW) IR LT, Z OHIfE % FE4EH
IZFEFE L (Ozawa & Kurosumi, 1989 ), Z0f
§ TSH #ila b thOaTEEME L Bk 3 Bz 24
TAHZEMNAREE ko, Thbb, (1)RRER
HEZIZ100% % 59 B Hila TOBO/INEEIE R
( E#50~100nm ) 2HT 5, ZOMBEIZERLD
HE»SEFEL TRARZ v P TR 2~4 %I0@AE
B ko TLESD., (2) REEIEERI~208 IR
EICEL, DWREROKESZPPAELLEST
80~120nm L7 D, ZTOWLE &0 MISE
bk D X {FELTHS, (3) A 1T b
KE{nh, SAROMEBT, RELKE(E
120~180nm &% D, MFLE I RRASFEM L TR
B, BT v M Tk TSH HlEDT70% A EHSpina
TH5.

TSH i1z 2T, bhihbhO4adE L BhEg
SOAEEENETZERODL IS, bhb
NOFRBE BRSO 18, bhbhohERiE
501 /1E, bhbhOBEIRESOITE, 11/
MAR, M/IVARWZHHE T %, Yoshimura
(1982) DML TEF200nm B2 2 RH %2 b O
TSH fifa 25l L Tva34%, Tougard & (1980)
b TSH 4IFg 0 EHIZHW200nm LT TH % L 5]
ELTn3E, ZO/RIKBWT, bihubhid Tougard
SO EXFETLHOTHS (Ozawa & Kur-
osumi, 1989 ).

(5] GTH #mka

Barnes (1962) =7 A B 2 2HE 2
T, #¥#E2 (Kurosumi ¥ Oota, 1968) 125 v b
CBWTGTHMilR® 2 Bz 41, FSH #ila &
LH Mg & Uiz, g0 3ok Eiciiia TR 2
f& (500~700nm & #9200nm ) OISR EE T
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5%, HEFFH200nm O/NREOBLEREL, LT
UEIME iz [E 2 5 a0 —Ric B RS HES L
T3 Z EHEN,

BEEDIEERIC & > T Nakane (1970) &7 » b
T, Phifer & (1973) Xk } THE—#EH LH &
FSH #REFFICRET 2 L5h 2 LEL. *
ZThhibiid FSH #ifE, LH #IE &3 £k
WY TRWEFZ, (K FSH #ila L /A TV 74l
fo% 1% GTH Mika, LHHifa AT HIE%:
NEGTHHMI LML & L L (Kurosumi,
1974 ; Kurosumi ef al., 1976 ).

Tougard & (1973) 7 v F @ FE4& T LH,
LHa, LHB 3 28ifETHReEL, 27O GTH
(LH) Mifa®XKRl L. $4bb A B3k 2 7
ORWEFT 2MET, bhbho1H (|HFSH
M) iz, BERNSWRNOA%2FT M T,
bhbhOII& (|HLH#k) IcfiY+5, ik
S5DTN—FDROEE T ( Tixier - Vidal et
al,, 1975), A, B Ofiz C & L &1 2 8igic /s
SR (50~150nm ) b5, LH TR
oMl EREL T3,

Moriarty (1976) & %7z GTH #ifia% 3 ®izs
L, a0 I BRIPAE TN 2 BORH
PET 2R Tbhbhibho IR ELREE bIZ—3L,
Tixier - Vidal ® A BizfH249 5, Moriarty IZ &
i, ZoOHlETIE FSHE £ LHE O A OfE
RGBS ARBORE (400nm 2 wizghllE) i
DHEL pORRMICELZ LW, LodLIh
iEbhbhoER (Inoue & Kurosumi, 1984 ) &
RS -TWS, Moriarty DIIE AT,
5WIIEROHIRTEHD200~220nm D/NEWE
ROAZSD, ZORKEBEVWTH, bhibholl
BB B ix Tixier - Vidal —Ik D B iz —8 ¢
%, Moriarty @I 2 ACTH fill8Ic L { UTE
Errxl, Brad#laBLciEd 3, < oz
iZ FSHE it 2 5idiz P00 RIsT 5, £/ Mor- -
iarty & Garner (1977 ) i#R—#ifass ACTH &
FSHp OmFICEIGT 6% L7z, Tougard
5 (1980) DHOMI TIIGTH MRRZIZ A, B
Bofliz ACTH #ilg»i® D, PAP OaEHRRIE
RIGEI L >TD&H LHE & % \id FSHE KRG
L, BEFRERIGETIIHBELEZWEWL I,
Moriarty 5iZ ACTH & FSH O#FE®# 2 T3
73, Tougard 513 GTH & ACTH DOETER{E DR
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AhitEOYH - T, BEBRERIGETIREA
BHBFIGETER Z2hb Lz E VST
5.

Inoue & Kurosumi (1981) X LHZ =3 54
HERWT, EEBLUERST v bOTERERK
A B X UEBH L~V PAP ORISR0
BELTREL:, TORREHENC3FE (478
ChHions ) O LH BEMEE RHL 72,
E1RKNORNEF T 2MET, KEERIE
LHS it 2 RIGEEE <, DS WERRIDHH%E ¢
K53 % ( Moriarty, 1976 & X530 ). TRz K
Al L NS MRS BH, LT b KD
BEafEL, Kurosumi 1 BITHEET2, 20
BIIPRIE L AL DT, LHIiERCE {HE 3
INELRROAEET AT, Kurosumi OITE
YT 5, 83 0B EMiakbhE L, BRI
b T/ha{ 24T, HROAEEIZEE
75, COHRIEFSHYMTRERTEY, £B
#BABODTZ v FicoaFEREINT, HlaE R
{, BRI K & WilllETHRIE Ol L v
3 ZEMTES, Zhld Tixier - Vidal & (1975)
DOCHIZHY T LD EBbIS,

Z v b TEEFEETIE GTH Mlls O E o ik
EHNEHTHD, HTRIINORNETT 2H5
HEL, 1HENORBREOKLE L, Tk
AER AR L, DARR DL OMIEHNHT I
T,

Yoshimura & (1981 ) ixfiboDflifaZlowrgeiz /A
Vi ERR DN - EEEEY A RIGEII LT
LHg & FSH O¥ifa% B Tige L., HhREdE
Dt Th S ORI ERROSEOFT, wb
W2 18388 8H) TSH MilaTh o3, IRILIE
GTH#iliTH-T, Zh% AB 2B T AR
1£150~220nm O/NRR DA E D H, B ENER
& KEEL (350~500nm ) BRIET 2HIlETH 5.
o RNREROAE LD GTH Ml 2bbEsD
II/IIA 30 -A Bbhbho UM Thbs
Kurosumi - Oota @ LH fif@icEET 2 12 i
boy, TheldR4 2 LFRL, Kurosumi-
Oota @ LH #1 @ ix /N 3 K ¥ @ PRL 1 B2
( Nogami & Yoshimura, 1980 ) izftb/z &2 255
S FRLTWS, Lal, bhbhofEs
FRRYERZE T, NENE PRL MR IXEN IR S
2%, /INRROA&OHILIE GTH #ikT ( LH B
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) wbEEMICFEL, EFEEHES»II,» DT
@ Kurosumi - Qota @ LH #if2 & #HEE LA
SREE SR, Lo T Yoshimura & (1981)
DFERIBEIICHEBLECDTH S,

Inoue & Kurosumi (1984 ) & [ B GTH /i@
OARNORVFZDOEFT 2HFNEVLENDH D
OTRZWhEFEZ, LH & FSH OEEAGREHEMR
{EFwThH LT k259 LHE ORIGIEHET OE

P

KEIFHL (500

L O ERES FAERE

SEVIR CTRh T 543, FSHE ORIGIES & vy
BBOT, TEF OV L B EHEEEREE
HEETY, BREACTVTE FEHLVEA R I
Y AZEOEEREANT, W7 TERT S
ZriclT, RUBTEIL:, ZDER, >
v MZBWTI LHE OFEfEETRT 7 =V FVRLF
tE/NEUERL (250~300nm ) WFEH 0% < FE D5,
nmBlE) TRIELEAEES B,

A e er

Fig. 16 E%MS v b FTEAEATRED GTH M8, F@7 0/ AV 28EAEERETECEEL, %

ERIGIE7 =) F o TaR{E L 1.

a ! LHB¥ifkic £ 2RI, LH D& LRHIcE <, KELREITRI%RY,
b : FSHp Hifkic & 2 RG, FSH A& LRRICHEES <, DELREIC RS2V, R b X100,000,

75 FSHB DRERTT 7 = V) F VRF i8Ik
HERIC 135  FHHS, MURFICIZIELEA LR
heohnwI LEFERLE (Fig.l6a, b). L
THERH/NE v GTH MR T L AABRN I E
&, FSH* % grtFE26n5DT, FSH-
rich cell £FiL, K &7 GTH HlfigidABUSKIAS
kg b &, NRERDIER IS DT LH -
rich cell EFEATZ, = OFT R IZGEENREHEBE
FORRE X ET S,

$eiz Tougard & (1977) 17 v FRAROTEMSE
FEZL, BBE168 1B T GTH MR L,
ZOMIIEEbD TN WERL (80~120nm ) 28

ATWw3, Ziid Tixier - Vidal 5 (1975) #3C
WEe L THEELLHMEIE—EL, %7 Inoue &
Kurosumi (1981 ) #3%k8#0DF v FTHRLE
b TASVLEL% D LH BEOMIcHY T
HeBbhs,

Childs & (1981) ( Childs I Moriarty ® R 7E
DT ) &, Ty O GTH MlgnEEFEEE
T3z, EHEAOHEGBYRE % zh2h LH,
FSH, ACTH Zo#iikicRics¥THZELL.
4 IBTIE66%H FSH & LH 2#&4, 20%5»LH @
#, 14%58 FSH 04 % &L, ZHEERAT v b
BT HBE (75%45 LH L FSH Of#, 14%58
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LH &, 11%HFSH O#4 ) L KEiZRw, Ha
IR TI2 GTH 4IlaD35~80%45 ACTH DHERIE
ERTH, ERBRETE2~10%0 GTH Mgy
ACTH #&%. K2z GTH Hifi/h&<L, TH
A 23R 2 &ir. Thid ACTH #ifzx
DOEBUHE L, £ 1Bk 5 RN ORK %
D GTH MilasiHR T2 w3,
bHbhOPFIEZIZEWTHIEE GTH 04
HFEE F REERETHRE L T35, FSHE O
TWLHFEBAFTERWOT, LHE OHifEDAT
BMELTWS, $BEL R EbH TS
WRBI O A% b DIl ( Tixier - Vidal 5@ C #,
Inoue & Kurosumi @FAKBE ) 231F & A F100% %
HH 588, HETIRERIOE Z 2 KBIRAHEHIC
W3, Lel, 25IEET 3 ERERRIE
WA LT, BiEOREBICE T, HTikER
208 EC KRBRKHSHIRL, TO®REL TS
Eiddev, Z ORI ESREETH Th - THN L
F—RBELELE > TWRLY, GTH ML
FSH & LH O #&0filig s 1 2OFLEXD
HESDHBENH S L wHEHES L L bz, FSH
D & WHiELE S e kv S T EORE T,
WotidEfT L T3,

33

F & B

TEEMFEMEOSEOER %, KERERH»S
IR, 35 cREABLERRICAERERD
B LiBo TRz, BIREATORES L L bicHE
EUTIRSRLTETLS, L LEBSEOR
BRES T, MO T 2 E5kVE »OfEE
Lo TKRE{HES N, BFLEOESME
OMSEOERE L oo I RO = 213,
MOFLRRS L R KE {KMEN2 Z L
bhrots, BZ6L{EicE-TvET2 LA
bihd, [HEE OMORRZEITLRK 2 RTEEE
ZtE525TH33,

BEOKE 2B EE—MRT2 2L EosL
EVESWTAMEOZLT, LH &£ FSH, GH &
PRL O{FRHENCFET 5L 5 THS. Lol
A EMOFLE DML H 20T, &R
TYDELEXMT 3 BETORBHES BT
WAHDD, EHOTRILE DTV EEDHINE
PMEBETYOLICRI ST (V—T1 7)) &
NTW3 O, ELEZDFVE YOI WNOHE
BREBOFVEC 2FWTAHRTRED LS I
ThhTwaoh», hsOMBERSEHOTERE
MR D EBHERRES  ~V TOHREYF TR 5
Nl -HEELZPRRETHS S,
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INTRODUCTION

In a series of regional anatomical studies of the Japanese monkey®®"## the brain was
recorded by computed tomography ( CT ) as an aid to reconstruct the three dimensional
architecture of the brain from its serial sections.? Since the human brain and orbits have
been previous targets of CT scanning studies'" the conditions of the CT and the
preparation of monkey were similar to that of the human.

MATERIALS AND METHODS

Japanese monkeys captured in the mountainous area of Takahashi city in the Okayama
prefecture of Japan were inspected under Ketalar anasthesia. A CT ( Toshiba TCT80A )
was operated at 120kv with 200 mA at peak electric current. Each CT image was recorded
for 9 seconds. The spacial intervals between the levels of scanning were 5 mm.

RESULTS

Fig. 1 shows the CT scan levels of the head of an adult male Japanese monkey. A total
of 22 levels were recorded. At the level of Fig. 5, the horizontal plane of the brain became
visible. The orbits appeared at the levels of Fig. 7 through 11. The radical pattern in Figs.
9 and 10 was due to high differential bone-brain artifacts.*'? Beyond level 13 ( Figs. 13~20),
only the cross section of the medulla oblongata was discernible. The sagital division, visible
in Figs. 5 through 8, is the interhemispheric fissure ( IHF ).
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Another series of CT images of cross or crown planes of the same monkey were also
recorded but those images were not added to this report because not much information was
obtained from them.

DISCUSSION

As mentioned in the CT study of the brains of pig and wild boar,” the present operating
condition of CT and the method of preparation of specimens were not adequate to produce
a three dimensional reconstruction of the brain inner structure. Suitable bital staining of the
brain specimen, for example, would serve as an aid to improve the quality of the CT image
for anatomical study. Despite a quantity of CT data were collected about the human
brain'*#'9 that directly applies to the anatomy of monkey brain, the information obtained
in this experiment is not always additional anatomical findings. The size of the monkey
brain might be too small to be surveyed in detail with a large scale CT designed for human
clinic. However, CT units designed for veterinary usage are commercially available. Trials
with such CT units and also with NMR imaging units will be the next phase of this project.

REFERENCES

1) Beringer, B. H. , Axel, L., Norman, D., Napel, S. and Redington, R. W. (1981 ):
Functional imaging of the brain using computed tomography. Radiol. 138 : 7T11~T716.

2) Brooks, R. A. and Dichiro, G. ( 1975 ) : Theory of image reconstruction in computed
tomography. Radiol, 117 : 561~572.

3) Gonzalez, C. F., Grossman, C. B. and Palacios, E. (1976 ) : Computed brain and orbit
tomography. Techniques and interpretation. John Willey and Sons, New York, London,
Sydney, Toronto. pp. 276.

4) Hanaway, J., Scott, W. R. and Strother, C. M. ( 1980 ) : Atlas of the human brain and
orbit for computed tomography. 2nd ed. Warren, H. Green Inc. St. Louis, pp76.

5) Makita, T., Shirogane, M., and Kiwaki, S. ( 1982 ) : An anatomical record of the
Japanese monkey (Macaca fuscata ) 1. Muscle of the trunk, Yamaguchi J. Vet. Med.
9:27~36.

6) Makita, T., Yamoto, T., Ogawa, K., Araki, N., Agawa, H. Sugiura, K. Ueda, H,,
Kobayashi, K., Hanaki, K., Itagaki, S., and Kiwaki, S. (1984 ) : Body and organ weights
of Macaca fuscata and Macaca cyclopis. Jap. J. Vet Sci. 46 : 385~-390.

7) Makita, T., Anjiki, T., Goto, H., Hakoi, K., Hirabara, K., Ishida, T., Kakazu, H.,
Mochizuki, S., Ozuki, K., Sagara, E., Saito, Y., Shimouchi, T,, Sone, K., Tominaga, M.,
Tsuzuki,'Y., and Watanabe, M. ( 1985 ) : Body and organ weights and the length of
intestine of Japanese monkey ( Macaca fuscata ) Il. Yamaguchi J. Vet. Med,12 : 97~100.

8) Makita, T. and Terao, S. ( 1986 ) : Biochemica and hematological analysis of two troops
of wild Japanese monkeys and a troop of capture-born Formosan monkeys. Yamaguchi
J. Vet. Med. 13 : 1~10.

9) Makita, T., Ishida, T., Tominaga, M., Kagabu, S., Mamba, K., and Shibata, G. ( 1988 ) :
Computed tomography of the brain of swine and wild boar. Yamaguchi J. Vet. Med. 15
: 49~60.



Med., No. 15 1988 45

10) Matsui, T., and Hirano, A. ( 1977 ) An atlas of the human brain for computerized
tomography. Igaku Shoin, Tokyo. pp483.

11) New, P. F., and Scott, W. R. ( 1975 ) : Computed Tomographr of the Brain and Orbit.
Williams and Wilkins, Baltimore.

12) Norman, D., Axel., L., Berninger, W. H., Edward, M. S., Cann, C. E., Redington, R. W,
and Cox, L. ( 1981 ) : Dynamic computed tomography of the brain. Techniques, data
analysis and applications. A/NR 2 : 1~12.

13) Ohta, T., Takakura, K and Matsui, T. eds. ( 1987 ) : Imaging diagnosis of the brain, Shyu
Jyn-Sha, Tokyo. pp264.

ACKNOWLEDGEMENT

Ms. Kathleen DULEN, our English editor, read the manuscript and gave us valuable
suggestions. The operation of CT scanner by Mr. Monpei MIYAKE of the Shibata Hospital
is highly appreciated by the authors.

HEEOKD CT A%+ >

WEEZ - KURE - FIE - BEX— (UNXFRFTHEFHRERIFHE)
BA—% (BHEMACERFREFHE)
SREARA (SRERk)

(3 :19884E 6 A15H )

AEBORHO—EE LT, BMOCT Ax+ =y 54T, MO (10FLEEHESNS ) AX
B (FLURERN) 24077 —b s ¥ 73— NVOFET T, AMERACT A F + > TKTEHTE & 2280
Wbhizo Tidgk L, X OHEOBRIE S mTH-o7z, £ FORBEIICHAWSNTWS CT &EELD
By enizd, TnEERETEE CUEL T, MEREEBET TS THo .. BIMERHD
CTERRAVAI LD, MELHFERRTIIELEEEYD, ERHEONEHMEE TICIRIREZ NS
b,



46 Yamaguchi J. Vet.

PL.1



47

Med., No. 15 1988

PL;:2



48 The Yamaguchi Journal of Veterinary Medicine No. 15 1988

= B e T
248MAS




The Yamaguchi J. of Vet. Med., No. 15 : 49~60. 1988
W OMRESHEES $E155 49~608 BEFN63E

COMPUTED TOMOGRAPHY OF THE BRAIN
OF SWINE AND WILD BOAR

Takashi MAKITA, Tetsuya ISHIDA, Masaya TOMINAGA
Satoshi KAGABU and Koichi MAMBA

Department of Veterinary Anatomy, Faculty of Agriculture, Yamaguchi University, 1677-1,
Yoshida, Yamaguchi City, 753 Japan

Genji SHIBATA

Shibata Hospital, 385 Yada, Yamaguchi City, 753 Japan
[ Received for publication : June 15, 1988 )

INTRODUCTION

As an extension study of the regional anatomy of swine,®*1%!" g cross section of the
brain of swine was recorded to obtain a set of fundamental data for the three dimensional
structure of the brain'?. This report is another set of basic data for use in the future to
reconstruct, three dimensionally, the brain of swine and wild boar based on their serial
sections. Using routine computed tomography ( CT scanning ), the brains of live swine and
that of the formaldehyde fixed heads of wild boar were surveyed.

MATERIALS AND METHODS

Two swine ( 40 kg and 65 kg ) were used for this study, under anesthesia with ketalar and
nembutar. Two other heads of adult wild boar, which were previously immersed into
formaldehyde for several weeks were also surveyed for comparative anatomy. A
TOSHIBA TCT80A was used at 120kv with 200mA at peak electric current. Each CT
image was recorded for 9 secs. Measured intervals between the levels of scanning were 5
mm,

RESULTS

1) Cross sections of the swine brain ( PL.1~3)

As shown in PL. 1-Fig. 1, one of the swine brains was surveyed at a total of 22 levels.
Following figures ( Figs. 2 ~22) correspond to the levels indicated in Fig. 1. Fig. 14’ on
PL.2 is an enlargement of Fig. 14. Similarly Fig. 15" and Fig. 16’ on PL. 3 are part of Fig.
15 and Fig. 16, respectively. Even these high powered views of cross sections of hog brain
were not sufficient to reveal the inner structure in order to reconstruct its three dimensional
image.

2) Horizontal planes of the swine brain (PL.4)

Another set of 23 CT scan images were recorded from each live swine. PL. 4 is
composed of 11 serial images to represent the portion of brain. Each level of scanning is
shown in Fig. 1 of PL. 4. Only the outline of the brain was confirmed. Some patterns or
streaks within Fig. 16 and Fig. 17, for examples, are probably high-differential bone-brain
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artifacts.
3) Cross or coronal sections of the paraformaldehyde fixed wild boar head. (PL. 5,
6,7, 8)

The formalin immersed head of an adult wild boar, as shown in PL. 5, Fig. 1, was
surveyed at 22 levels with 5 mm intervals. The rest of the figures (PL. 5, Figs. 47, 48, 49 and
PL. 6, Figs. 50, 51, 52, 53 ) were corresponding parts of levels 47-53. The rostal portion of
the brain, levels 23 to 42, is included on PL. 7 and levels 43 to 54 were compiled on PL. 8.
Figures on PL. 8 included the index figure of the head to indicate the level of scanning.

4) Horizonal sections of the paraformaldehyde fixed wild boar head. (PL. 9)

Similar to the other sets of CT scanning images, PL. 9, Fig. 1, illustrates the levels of
horizonal scanning of one of the adult wild boar heads. The rest of the 18 figures correspond
to those levels. As is the case with the horizontal planes of the swine brain (PL. 4), PL.
9 includes only some serial sections to indicate how others look.

DISCUSSION

Although there are several anatomical atlases of the human brain as references for CT
scanning observations and diagonsis of brain diseases, 23457131517 anatomy of the brain and
CT scan have not been always matched. Our previous report on the gross anatomy of cross
sections of swine brain'® recorded much more information of the inner structure of the brain
than the present study. To establish a basic method of computer aided three dimensional
reconstruction of the brain structure from CT scanning images, as mentioned by some
anatomists, we have to improve the resolution power of the CT scanning. From a clinical
point of view, improvement of the image quality has bees proposed by several authors.” For
instance, information on blood flow in the brain became apparent when a diffusible tracer
( Xenon enhanced CT )'* or nondiffusible tracer ( iodine, Dynamic CT )'® was utilized.
Positron imaging, instead of CT, would be a better choice for recording serial levels of the
brain. All of those perspective developments of CT scanning as tools of gross anatomy,
remain to be further improved.
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INTRODUCTION

There are two types of water buffalo ; (1) Indian or Asiatic ( Bubalina, Bubalus buffelus )
and ( 2 ) African ( Syncerina, Syncerina caffer ). Asiatic warter buffalo is largely domesticat-
ed and there are three subdivisions : Anri, Tamarao and Anoa. Anri buffalo is further
divided into two categories, the River buffalo which has 50 ( 2n ) chromosomes and the
Swamp buffalo that has 48 ( 2n ) chromosomes. River and Swamp buffaloes can mate and
their F, has 49 chromosomes. The African water buffalo also has two types : red type (
Syncerina brachyceros, Gray ) and black type ( Syncerina caffer, Spencer ). Those water
buffaloes have characteristic horns, the cross section of which is triangular in shape. In
many aspects they resemble the domestic cow but they cannot mate. The type of tooth of
the cow is ( % ) and that of the water buffalo is ( % ). Of those five types of water
buffalo, we could obtain Swamp Asiatic water buffaloes and black African buffaloes. This

is the anatomical record of their major organs.
MATERIALS AND METHODS

A total of five water buffaloes were used in this survey. One of each of Asiatic adult
male, Asiatic adult female, African adult male, African adult female and African young
female was sacrificed under anesthesia. Similar to our previous survey on Japanese
monkeys ( Makita et al. 1985 ), the weight of 23 major organs was measured and the length
of intestine was also recorded. Due to the sampling for osteology, brains were not measured
in this project. The weight of stomach was divided into the mass of rumen, reticulum,
omasum, and abomasum. The weight of the stomach did not include its contents. The
weight of the gall bladder was first included in that of the liver, and then the weight of liver
was recorded separately.
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Table. 1 Body and Organ Weights of 5 water buffaloes.
AFRICAN ASIATIC
Adult Adult Young Adult Adult
Male Female Female Male Female
Body weight ( kg ) Approx. 1000 600 300 500 500
Heart (g) (g/kg) 5200( 5.2 ) 3600( 6.0 ) 1700( 5.6 ) 2500( 5.0 ) 2200( 4.4 )
Lung 10500(10.5 ) 10200(17.0 )  4300(14.3 ) 3800( 7.6 ) 2700( 5.4 )
Liver 9900( 9.9 )  7800(13.1 )  2400( 8.0 ) 5800(11.6 )  3600( 7.2 )
Gall bladder 210( 0.21)%  300( 0.5)  200( 0.67) 41.3( 0.08) 65( 0.13)
Spleen 1600( 1.6 )  880( 1.5)  B840( 2.8) 2700( 5.4 ) 1200( 2.4 )
Thymus * # 335¢ 1.1 ) * *
Kidney Right 1100( 1.1 )  540( 0.9 ) 2700 0.9) 400( 0.8)  265(0.5)
Left 1020( 1.0 ) 520(0.9) 245(0.8) 460( 0.9 )  293( 0.6 )
Urinary bladder 385( 0.4) 300(05) 124(0.4) 353( 0.7) 3720 0.7)
Adrenal gland Right 21( 0.02) 20( 0.03) 6( 0.02) 22.9( 0.05)  17.3( 0.04)
Left 21( 0.02) 20( 0.03)  4.7( 0.02) 23.8( 0.05)  20.9( 0.04)
Thyroid gland Right 18( 0.02) 12¢ 0.02)  3.3( 0.01) 25.9( 0.05)  8.3( 0.02)
Left 17( 0.02) 13( 0.02)  7.9( 0.03) 25.9( 0.05) 10.4( 0.02)
Eye ball Right 30.4¢ 0.03) 25.0( 0.04) 22.5( 0.08) 34.7( 0.07)  32.5( 0.07)
Left 30.0( 0.03) 24.6( 0.04) 22.7( 0.08) 34.7( 0.0 32.9( 0.07)
Parotid gland Right 330( 0.33)  200( 0.33) 73.5( 0.25) 131¢ 0.26)  59.5( 0.12)
Left 290( 0.29)  180( 0.30) 55.4( 0.18) 148( 0.30)  40.8( 0.08)
Submand gland Right 125( 0.13) 55( 0.09) 42¢ 0.14) 91( 0.18) 73( 0.15)
Left 125( 0.13) 60( 0.10) 36( 0.12) 88( 0.18) 770 0.15
Pancreas 500( 0.50) 370( 0.62) 160( 0.53) 440( 0.88) 365( 0.73)
Stomach (1 +11+111) 19000(19.0 ) 17000(28. 3 ) 4000(13. 3)  14700(29.4 ) 14500(29.0)
(Iv) 1200( 1.20) 1400( 2.3 )  600( 2.0 ) 1600¢ 3.2 )  1200( 2.4 )
Testis Right 440( 0.44) * * 168( 0.34) 5
Left 450( 0.45) # * 159( 0.32) e
Epididymis Right 60( 0.06) ® * 15.7( 0.03) *
Left 60( 0.06) * * 14.6( 0.03) *
Seminal vesicle 60( 0.06) * * 38.6( 0.08) *
Prostate gland 153( 0.15) * * 113.7( 0.23) *
Ovary Right * 7.7(0.01)  2.1( 0.07) * 1.15( 0.002)
Left * 3.7( 0,006) - * 1.78( 0.004)
Oviduct Right * 3.6( 0.006) - * 0.92( 0.002)
Left * 2.7( 0.005) - * 0.97( 0.002)
Uterus * 700(1.2 ) 70( 0.23) # 146( 0.29)
Vagina * 720(1.2) 2000 0.67) * 253( 0.51)

( - ) =not measured, { * ) =not available, ( g/kg ) =relative organ weight per body weight.

Table 2 Length of Intestine
AFRICAN ASIAN
Adult Male  Adult Female  Young Female Adult Male  Adult Female
Small Intesine 16.16m 17.86m 21.46m 24.50m 21.20m
Cecum 0.55m 0.83m 0.36m 0.50m 0.56m
Colon & Rectum 10.30m 8.93m 1.67m 6.05m 10.57m
Total 27.01m 27.62m 23.49m 30.60m 32.33m




Med., No. 15 1988 63

RESULTS

The body weight and the weight of the major organs of the five water buffaloes are
listed in Table 1. The length of the intestine with its subdivision, small intestine, cecum and
the rest of the large intestine, is recorded in Table 2. The body weights of the male swamp
buffalo and that of the female have been described as 670 kg and 450 kg respectively, while
those of the male river buffalo and of the female have been reported as 600 kg and 550 ke.
The body weight of an African water buffalo so far reported ranged from 800 to 1200 ke.
The Carabao buffalo, one of the swamp buffalo living in the Philippines,is reported to be
smaller then the others. Its male weights 520 kg and the female weights 450 kg ( Naito 1978 ).
The body weight in Table 1 shows that both the African black type and the Asiatic swamp
type in this survey were in the normal range. The body color of the African was dark black
and their horns were typically triangular in shape. Fig. 1 ( adult male ), Fig. 2 ( adult female
) and Fig. 3 ( young female ) show the lateral side of their faces. The body color of Asiatic
water buffaloes was brownish grey and they were smaller than the African type in size.
Figs. 4 and 5 show the general view of the heart of African and Asiatic water buffaloes.
Apart from their size, both of them resemble each other in shape. The inner view of the left
( Fig. 6 ) and the right ( Fig. 7 ) ventricles of the Asiatic adult male was quite similar to
those of other animals. The surface view of respiratory organs ( Fig. 8 and 9 ) and spleen
( Figs. 10, 11 and 12 ) was similar to that of cattle. The thymus was available only in the
young female of the African type. Of salivary glands only submandibular glands ( Fig. 13,
14 ) and the parotid gland ( Fig. 15 ) were measured. The diaphragmatic surface of the liver
( Fig. 16 ) was divided into two lobes by falciform ligament and notch for round ligament.
The left lobe of the water buffalo was more square-shaped than that of the domestic cattle.
Fig. 17 and 18 illustrate the visceral surface of the liver and the gall bladder. The general
view of the intestine of African water buffaloes ( Fig. 19 ) was quite similar to that of
Asiatic water buffaloes. Fig. 20 and Fig. 21 show isolated pancreas. Figs. 22 is the right
side of the stomach of Asiatic water buffaloes. Esophagus, rumen, reticulum, omasum
abomasum, dorsal coronary groove, ventral coronary groove, right longitudinal groove, and
caudodorsl! blind sac of rumen can be identified. The inner view of the rumen in Fig. 22 is
demonstrated in Fig. 23.

Papillae of the rumen ( Fig. 24 and 25 ) and honeycomb-like cell of the reticulum ( Fig.
26 ) resemble those of domestic cows. The surface of longitudinal folds of omasum ( Fig.
27 and 28 ) and the mucosal surface of the abomasum ( Fig. 29 ) of both African and Asiatic
water buffaloes were identical. Of endocrine glands of water buffaloes, only thyroid glands
( Fig. 30, 31 ) and adrenal glands ( Fig. 32, 33 ) were recorded. Testis and ovary will be
described in male and female genital orgens. The isthmus of the thyroid gland of the water
buffalo was much thinner than that of the domestic cow. The general shape of the right and
left adrenal gland of the water buffalo was also somewhat different from that of the
domestic cow. The adrenal gland of the Asiatic water buffaloes ( Fig. 33 ) rather resembled
that of the domestic cow, though right adrenal was not so V-shaped as that of the domestic
cow. The shape of the adrenal glands of African water buffaloes was more round and
thicker than that of their Asiatic counterparts. The most interesting difference between
African water buffaloes was found in the surface view of kidneys. As in domestic cows,
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both types of water buffaloes had lobular-like kidneys. However, those in the Asiatic water
buffaloes were much less lobulated ( Fig. 34 ) than those in the African water buffaloes
( Fig. 35 ) in surface view. The lobular shape of the kidney of the African type ( Fig. 35 )
was much more prominent than that of domestic cows. The urinary bladders of Asiatic
( Fig. 36 ) and African water buffaloes ( Fig. 37 ) were quite similar to each other. Fig. 38
shows the general abdominal view of the ovary, oviduct, uterus and vagina of an Asiatic
water buffalo. Her ovaries were isolated and measured ( Fig. 39 ). The inner view of the
uterus, cervix and vagina is revealed in Fig. 40. Except for the proportion of each section
of the uterus, cervix and vagina, the inner view of the mucous membrane ( Fig. 41 ) was
similar to that of the domestic cow. The general view of male genital organs is included in
Fig. 42. The ampulla of vas defferens, seminal vesicles, prostate gland, bulbourethral gland
and penis could be identified. The location ( Fig. 43 ) and the isolated shape of right and
left seminal vesicles (Fig. 45 ) of the Asiatic water buffaloes were quite similar to those of
the African ones. The shape of the seminal vesicles of a domestic cow is more round and
fat in general. The glands of the penis of water buffaloes ( Fig. 44 ) did not have prominent
urethral process which is conspicuous in the ram and other types of ruminant. The testis
and epididymis of an African water buffalo are recorded in Fig. 46, 47 and 48. The testis
and epididymis of Asiatic water buffaloes were quite similar to those of African buffaloes,
although they were not included in Figures.

DISCUSSION

The lobular kidney ( Ren lobatus ) is an embryonic feature of the kidney of domestic
animals. However, the bovine kidney has a lobular appearance in the adult, though it is not
a lobular kidney in its inner structure. The kidneys of the African water buffalo and the
Asiatic water buffalo differed in their appearance. The surface of the kidney of the African
water buffalo was less lobulated than that of the Asiatic water buffalo ( Fig. 34 and 35 ).
The ordinary bovine kidney is intermediate of these two types of water buffalo. It is
interesting to note that mammals living on the waterfront such as polar bears and others
have a lobular kidney.

Sex dimorphism has been noticed in salivary glands of water buffaloes. Although the
difference of body weight should be taken into consideration, the parotid and submandibular
glands of the male were larger than those of the female.

The whole skeletal system was preserved in this laboratory.

Textbooks of bovine anatomy ( Nickel, Schummer and Seiferle 1973, Getty 1975,
Barone 1976, Ellenberger / Baum 1977, Pesquini 1982, Ashdown and Done 1984, Pavaux 1982),
an atlas of cows ( Naito 1978 ), and a veterinary texbook ( Kato 1979 ) were consulted for
comparative anatomy ( splanchnology ) of the water buffalo. Since the number of samples
was limited, our observation was accordingly limited as a brief note. But we appreciate the
opportunity to dissect those samples for an anatomical record.
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Table 1  Body and organ weights of 5 water buffaloes. Relative organ weights per body weight ( g/Kg ) are also

included.

Table 2  Length of intestine of 5 water buffaloes.

PL.

PL.

1 Lateral view of face of African water buffaloes. Body color was black. The intrerval between two horns was
narrower than that of Asiatic water buffaloes.

Fig. 1  Adult male African water buffalo.

Fig. 2  Adult female African water buffalo.

Fig. 3 Young female African water buffalo.

2 Circulatory system.

Fig. 4 Heart of an African water buffalo. Adult female.

Fig. 5 Heart of an Asiatic water buffalo. Adult male.

Fig. 6 Inner view of left ventricle of the heart in Fis. 5.

Fig. 7 Inner view of right ventricle of the heart in Fig. 5.

PL.3 Respiratory system.

Fig. 8 Lung and bronchi of an Asiatic water buffalo. Left apical lobe is more irregular in shape than a domestic
cow. Adult male.

Fig. 9 Lung and bronchi of an African water buffalo. Right apical lobe is larger than that of Asiatic water
buffaloes. The diaphragmatic lobes of both sides are thinner than those of Asiatic water buffaloes. The
accessory lobe is not shown in this picture. Adult female.

PL.4  Spleen.

Fig. 10 Parietal surface of spleen of an Asiatic water buffalo. Adult male.
Fig. 11 Visceral surface of the spleen in Fig. 10.
Fig. 12 Parietal surface of spleen of an African water buffalo. Adult male.

PL5 Salivary glands.

Fig. 13 Submandibular glands of an African water buffalo. Young female.
Fig. 14 Submandibular glands of an African water buffalo.
Fig. 15 Parotid glands of an Asiatic water buffalo. Adult male.
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Liver and gall bladder.
16 Diaphragmatic surface of the liver of an Asiatic water buffalo. Adult male.
F : falciform ligament, N : notch for round ligament,
L : left lobe. Large and sguare in shape. R : right lobe.
17 Visceral surface of the liver in Fig. 16.
G : gall bladder, C : cystic duct, P : portal vein,
18 Visceral surface of the liver of an African water buffalo. Adult male.
Intestine and Pancreas.
19 Intestines of an African water buffalo. Adult female.
Asiatic water buffaloes have similar intestines.
20 Pancreas of an Asiatic water buffalo. Adult male.
21 Pancreas of an African water buffalo. Adult male.
Stomach.
22 Right lateral aspect of stomach of an Asiatic water buffalo.
Adult male. E :esophagus, R :rumen, Re:reticulum, O:omasum, A: abomasum, D : duodenum,
B : caudal blind sac of rumen, L : right longitudinal groove, V : ventral coronary groove,
23 Inner view of the rumen in Fig. 22. P : papillae, Pi: pillar, Re : reticulum.

24 Papillae of rumen in Fig. 22 and 23.

25 Papillae of rumen of an African water buffalo. Adult female.

26 Honeycomb-like cells of reticulum. A part of Fig. 22.

Stomach.

27 Omasum of an African water buffalo. Adult female.

28 Surface of laminae of omasum of an Asiatic water buffalo. Adult male.

29 Mucosae of abomasum of an Asiatic water buffalo. Adult male.

Endocrine glands.

30 Thyroid gland of an African water buffalo. Adult male. Upper one s left ( L) lobe and left side of the picture
is cranial. Isthmus of the thyroid gland is much thinner then that of ordinary cattle. The isthmus of this
picture includes connective tissues to maintain the connection.

31 Thyroid gland of an Asiatic water buffalo. Adult male. Upper one is left lobe. The weight and volume of
the thyroid gland were larger than those of African water buffaloes.

32 Abrenal glands of an African water buffalo. The general view of left ( upper-) and right lobes are round
and thick. Right lobe is not V-shaped as that of a cow. Adult male.

33 Adrenal glands of an Asiatic water buffalo. Adult male. Left lobe ( upper ) is roughly C-shaped as that
of a domestic cow but right lobe is not V-sheped. The lenght of the gland is roughly the same as that of
an ox, but its weight ( 20-23g ) is heavier than that of adult cattle ( 12-15g ).

Urinary system.

34 Right ( upper ) and left ( bottom ) kidneys of an Asiatic water buffalo. Adult male. Lobulated structure
of the surface is not so prominent as that of a domestic cow.

35 Kidneys of an African water buffalo. Adult male. Lobules are apart and lobules are more than twenty in
number.

36 Urinary bladder of an Asiatic water buffalo. Adult male. A part of Fig. 42 and Fig. 43. Asiatic.

37 Urinary bladder of an African wbter buffalo. Adult male. African.

Female genital organs.

38 The general view of female genital organs of an Asiatic water buffalo. O : ovary, U : uterus, V : vagina,
H : uterine horn.

39 Isolated ovaries of an Asiatic water buffalo.

40 The inner view of the uterus, cervix and vagina in Fig. 38.

41 A high power of a part of Fig. 40. Cervical canal and external uterine orifice are exposed.

Male genital organs.

42 A general view of urogenital system of an Asiatic water btffalo. Testis and epididymis are not included.
G : glands of penis, S : seminal vesicles, B : bulbourethral gland, P : body of prostate gland, D : ductus
deferens.

43 A part of Fig. 42. U : urinay bladder, D : ductus deferens, S : seminal vesicle, P : prostate gland.

44 Cranial extrmity of penis. A part of Fig. 42. G : glands, Notice that urethral process is invisible.
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Fig. 45 Seminal vesicle or vesicular gland of water buffalo. Asiatic. Its general shape is not so round as that of
domestic cattle.
PL.15 Testis ( T ) and epididymis ( E ) of African water buffalo. ( An Asiatic water buffalo has similar testis and
epididymis )
Fig. 46 Left and right epididymis and testis resemble each other.
Fig. 47 Left testis in Fig. 47.
Fig. 48 Left epidiymis in Fig. 47. H : head, B : body, T : tail, V : vas deferens.
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ESTIMATION OF OVARIAN FUNCTION OF JAPANESE BLACK CATTLE
BY PROGESTERON MEASUREMENT IN MILK AFTER DELIVERY
Kanji SHIRAMIZU and Masao ABU

The Veterinary Hospital, Facully of Agriculiure, Yamaguchi University, 1677-1,
Yoshida, Yamaguchi City, 753 Japan

{ Received for publication : September 20, 1988 ]

Progesteron in skim milk of a total of 28 Japanese black cattle was
measured after their delivery to estimate the recovery of their ovarian function.
Of 28 cattle, 8 were normal, 19 were cycle delayed type with low progesteron,
and one was cycle ceased type with high progesteron. Out of 8 normal types, 2
became cycle ceased type 55 days after delivery.
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THE PREVENTIVE INVESTIGATION OF BOVIN FASCIOLIASIS

4, THE LENGTH OF PERIOD OF INFECTIOUS ABILITY OF
FASCIOLA HEPATICA METACERCARIA WITHIN STRAW
BUNDLE CAPSULES PRESERVED WITHIN A VINYL
HOUSE OR ON THE SECOND FLOOR OF A BARN

Kanji SHIRAMIZU and Masao ABU

The Veterinary Hospital, Faculty of Agriculture, Yamaguchi University, 1677-1,
Yoshida, Yamaguchi City, 753 Japan

{ Received for publication : September 20, 1988 )

From the 15th of October in 1985 to the 28th of April in 1986, the length of period
of infectious ability of Fasciola hepatica metacercaria was examined within straw
preserved in a vinyl house of on the second floor of a barn.

The infectious ability was abolished in the upper part of the vinyl house after 8

weeks, or on the 13th of December.

On the other hand, the infectious ability was maintained until the 28th of April,
1986 in the lower level of the vinyl house and until the 22nd of March in 1986 on the

second floor of the barn.

During this experiment, diurnal range of temperature and humidity in the upper
level of the vinyl house was great while that in the lower part of the vinyl house and
on the second floor of the barn was small, though temperature was low and humidity

was high.
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