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Edema-like Protuberances Found on the Inner Surface
of Coelomic Wall of Matured Masu Salmon
(Oncorhynchus masou), with Special Reference
to the Coelomic Fluid Production*

Takahiro MaTsuBARA**, Fuminari Ito***, Akihiko Hapa****
and Kazunori TARANO*****

Abstract

Two days after hand-stripping of ovulated eggs from masu salmon (Oncorhynchus
masou), edema-like protuberances were observed to occur extensively on the inner surface of
the coelomic wall. Histological observations revealed that the inner portion of the coelomic
wall consisted of a muscle layer, a subepithelial loose connective tissue layer containing
fenestrated capillaries, and a surface layer with ciliated epithelial cells. Edema-like protu-
berances arose from the accumulation of extracellular fluid (edematous fluid, EF) within the
subepithelial layer of the coelomic wall.

EF collected from the protuberances was analyzed for major cationic and protein
constituents, and the components of this fluid were compared with those of the serum and the
coelomic fluid. Cationic concentrations of EF were similar to those of the coelomic fluid,
while the immunoelectrophoretic profiles of EF multiple proteins resembled those of the
serum. Moreover, a mammalian protein (BSA) used as a tracer was detected immunological-
ly in EF collected from the post-ovulated fish 3 days after an intravenous injection of BSA.
These observations suggest that there is a route by which serous constituents leave the
maternal circulation via fenestrated capillaries, and pass through the inner epithelium to the
coelom where they become a major component of the coelomic fluid.
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BEOESRECE VT, BRHEROBRKEES SHIIO BB CHTRIEL,» SEHA~DEE
KOBMO L EFOIPERAOEBEILE 52 LATRBENTVS (Clemens & Grant, 1964;
Ishida et al., 1972 ; Hirose et al., 1974 ; Hirose & Hirano, 1975 ; Hirose et al.,, 1976 ; £H b,
1978; k- BHA, 1981), fARNIELD A E oKk, RERBH - TR % IR0 BK
Lz, BESPL-BRR BT 2008 (ovarian fluid) oELCHAV-Hh 5 (Hirose et al., 1974 ;
B - B, 1981), + 7 B EE CUAREYE (coelomic fluid) 73 DIPEWRICHY L, ML H
T5RIEEBVRET, FENCENShNOYEHRE T 2T, ROZEIRFECETER
DIEMA LI EfE« A EBEEY AT 5 2 LAATRB IR T\ 5 (Ginzburg, 1968 ; 5%, 1974), ¥
sRIBEOGERIZBEL T, ZORCEENIELBAAVEE »FLIBELUL TV &
(Hirano et al., 1978) ®, HEOMBEHANE TR TV-5 Z & (Matsubara et al,, 1985) 225, &
BOTELBSIMBEORBRSOBEICL - ThicbIhd b0 L#BEIhE, —FH, EEDL
Bk, Wy ofEBERPCEF S S IR S i W EERERED (coelomic fluid-
specific protein: CF8P) B F#HL, ThoOAGEATO EFHRTERIh TS L 2BEL
7o (Matsubara et al., 1985), D &5, $EEROEAIE, HBOBBHLFLTIEK LK
e v R e 0 B AT BRI T 2 BB S LT W5 b0 L E 2 bh A D, TOFEM
WA T e, BRETZEORRIZOWTIIE, BB BHRc 2B EoBEI A
ZHEh bbb, ML SEERNCELRICERT 8K »5V-BBBOBFLY,
BNz E 9=V 2R

AR, RIEBEL TRV 7 7~ A0GEENESELVWXBEROBEEY =T
ERRVIZL, CoMBFENEE L EETOFEROMRCOWTHENS L, REREER
B9 5 R O BENMERR IOV TRET L e,

mELHE
L .

ARV 2 T < A Oncorhynchus masou i3, JL¥ETKENMCBHZH CHE IR
" OMERRTHH, 198249 A 21 Hic BB 2R L 7= 30 B (BL 24.3-32.0 cm) % MS-222 -THR
Bl CHIEEC X Y EERAOTHMINS L CEERYBREL, I0BIZ0EHIK, o 10 Bix2 A
R AAEP SR L8, BEritLi,

¥FBIDI0RIE, BROVCHMETAT I vE L —%—t LEEBERIH T,

R DEREN

M, EHBY RV CRFRME » HIRR L ik RSN CRE X 7%, 3,000 rpm T
15 SMBELAET B LI » T, i, REEARCEEIACKIE, EREYHAVCR
Fr& v EEHFERL, 3,000rpm T 15 PRELHHEL T Lo LEY B, FRIPEBCAV-% ¥
T—200C CTEHEHRFEFE L,

HS R

HREBE D IRRE L S EE, BRI L o hlEEE R 77 VIRCEEL, BE D¢
ST 4 VERLD Sum DY E LI, FI74 —AFD~= b F2 ) v—xto v RERHE
LcBEARY v, tEBETEMSCISBERL LT, YEABY 1% T hraT AT
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F—=25% FA g —A7AFe FRERECTLHEMEEL, 01MA 22 v — M EHE TSRS, =4
=M X BBKE R TCERRA v 7 i VEBELLE, BRAAERYT -, BRBEOEBIIY
&AL, EEEFEME JSM-25 12X D EHEL,

Y7, BABETEMSICL 28807, LIRS 4% <5 k1 a7 1T e F—259%,
SR =T AFe FRETIRFREIFEEL, 1M 5 2 2 v — | BEECHE LEIZ 19 +
A 3w AT BRREE L, s T= R VIS aEE L, BEYE, By 7 =
BIV 7 =vBghicl 2 -BgErl, By HU-12 BB TEEE2HOCTEE LR,

1F VBEOAES SUMBEANDIKRH

Nat 5L K BERAEGH T, 7 Cat 5L Mg BERETFRESTCL Y, wTh
b HIZ 518 BIFE FIROCIERT A (E A L THlE L7z,

GEESNENC Y AMEFEEOBEICE, 006M ~r > — A #EEK (pH86) w7 #r— 2%k
1.2% OB L5 X S MABBLCTER Ly Al v, RBERCE DkE LA, v
(0. keta) DIEEREMICHT HRBIMBE LT (1978) w#E U CTER L 7,

TOMETNT I OEBEER
2.5% DEE S X 512 0.9% NaCl @@ Ly ~MiE 7+ 7 ¢~ (BSA, Fraction V,
Sigma #-8) %, FIVEE O 10 [EkD BEIRICHE 100 g 47- 0 0.1 ml EH L, 3 HHEZEFD

Fig. 1. Ventral views of the dissected female masu salmon just after hand-stripping of
ovulated eggs (Figs. la and 1b), and 2 days after removal of ovulated eggs (Figs. 1c and 1d).
Figs. 1c and 1d show edema-like protuberances observed on the inner surface of the
coelomic wall. Figs. 1a and le, x 0.65; Figs. 1b and 1d, x2.1.
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L B I TR S M7 A B L 7o, BSA o I3 R CIESL Lo BSA MEx A7
REBIKENC X DT 1,

] S
FIEENEOBRE

FONBEHRBE L7 7 <~ A MO FBEBENE B 2 X l-a 1o Ui, FEEEOAEE, AR
IR FER A EFCEbh TR Y, —RICHETH -T2, T, OPEELCKEBICR X2
R EEOTHICE, KNEHOMELRD bhle (K 1-b), Zhick L CHIE2 B FAL
BT, REEER E A EIC T - THESKBEROBEEZRL T (K 1-c), 24Dl
B, R TEER AR AERELCE Lo ThHRY, BB XS5 LTEROES
Wi KOTSRS h T (K 1-d),

B 2-a W IR BB IC X A BEINE H O BE O (REERER SRR 2R Ui, RRERE D MR E, R

Fig. 2. Photomicrographs of female masu salmon coelomic wall.

Fig. 2a, innermost region of coelomic wall examined just after removal of ovulated eggs,
showing coelomic epithelium (E), narrow layer of loose connective tissue (LC), and
underlying muscle layer. C, coelom. 9. Fig. 2b, a part of coelomic wall corresponding
to Fig. 2a, examined 2 days after removal of ovulated eggs, revealing large expansion of the
loose connective tissue layer (LC). x9. Fig. 2c, enlarged view of the same portion as Fig.
2b, showing a capillary (CA) located closely beneath the ciliated epithelium (E). x150.
Fig. 2d, scanning electron micrograph of the fractured surface of an edema-like protuber-
ance, showing expanded connective tissue layer (LC) containing numerous fibrous elements.
X 200.
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Fig. 3. Electron micrograph of a capillary located closely beneath the epithelium (E), revea-

ling fenestrations of endothelium (arrows). CL, capillary lumen ; LC, loose connective
tissue. x13,800.

H35MnbIECMEAXET S EBOMASE LK, BUHEEKE FRE»Ll-Tw5, BINE
BoMETIHEESRBARRIREL, LEMRELHABOMICHELEELYRL TV i, —
¥, I 2 B BOEGETRERESBBOE LWILESR bh (H2-b), £FcilZ oEBA
CHAEREE R T Wi R m L, M2cicRbhs X 5, EHMME MR EEME
BisRELToML TR, FETOBMEEEBECCE, ~~ &) /I25 RS h 5
PHEEPEEY T LT, EEETFEMEICL 5 Zof ok (K 2-d) T, BEXET
5 L EMBEE O TR, MBS MBS - TRWERT AR L T i,
HeIMER O AR D FOA: F IR T 5 EMMEOEER (K3) 15, CoMiicBEch
B AGHME TECHEMEL Db, RECH LML R - FREMEMOETHD = LA
maI i,

17 BRES JUNBEBNRS

BRI 2 HBOMEY 7 7 < A DEEECE S h BB EHE (BF) 28RL, 0F
BEA A4 v EEAR GRS L O & B L (3% 1), EF @ Nat (3 149 mM C, IfiF o 153 mM

Table 1. Cationic constituents of serum, coelomic fluid and edematous
fluid of the matured female masu salmon.

(n) Na (mM) K (mM) Ca (mM) Mg (mM)

Serum (9) 153+0.5 2.5+0.4 3.3+02 1.33+0.07
Coelomic fluid (9) 153+15 3.540.1 2.34+0.1 0.734+0.03
Edematous fluid (7) 149+1.7 45+0.3 1.5+0.1 0.65+0.02

(Mean+S.E.M.)
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Fig. 4. Immunoelectrophoretic patterns of serum (8) and edematous fluid (EF) col-
lected from a female masu salmon 2 days after removal of ovulated eggs, using
antiserum against male chum salmon serum proteins.

Fig. 5. Immunoelectrophoretic detection of bovine serum albumin (BSA) in serum (S)
and edematous fluid (EF) collected from a female masu salmon 3 days after an
intravenous injection of BSA. Troughs were filled with antiserum against BSA.

EEP LR R LTc, —F7, KV EF ¢45mM &, MiEoD 25 mM ic bR THZ IS ET
B oo, i Ca?t 1hiiF o 3.3 mM ixf L EF (% 1.5 mM, Mg?* (ki 1.3mM iz L EF i
0.65mM &, VTR MEITENTHRIEETSH -7, FERERE Nar k&, &4
L L MiE & EF ofloRE R L1,

K434 (0. keta) HEOIMEERH IS T AHMBY AW hEBSKEETH S, B EF
FEQEENMEG D, FFHEFOBMELY HVCTH2 HICBH L, My 2 5 <=2 Mgy
o MFC T 5 PLME & RKIG L TH L OWBERE I Lic, £ EF o RAbLmE s L
TEBORERDPED DR, ULrbUHERO & v RlEOrh EFEL CHEB LTV,

TUMETIVT I OEBMH

BIPE®R I BSA »##iRMIcES L, 3 HREERER L 40 SR L MR X OCEF o, - Hi
BSA Mgkt 5 REREIR AR b IR L, HAZRA BSARMER L WEF AN GHEH
Shiz, LU EF o kL, T2 HICBBIRTVAICh b bT, B S hicibbgitm

BEOLTHERRTRRE o Eah, FERICEEF G0 BRABEIMEL Y EWLD EE S
Lt

% =

oy BHRETE, BER S e ms g, BANCER 2 h D F ToM, ZHREEARF L E4
BERCIFE ST %, 18- T, MHAMEROEENRTIBINLRE, #EETs L cEEREEY
HoTw5d I ERBECEEL ov, S (1973) BEIHIO v £ <2 (0. nerka) o kFEEE % &%
FENCEE L, EEEENES, RECET A S EE o KR L, fSEEEE, BHE
DR ENTVWB I EERLTW5, AFETEHRE LENHOMY 7 5 < 2 DR S ERED
BErbgo i, 209 HEINE 2 0 BoBEEOEEATNIC R S e B i KR ok
i, EEERBORK MBS 2HEREGBBICLEORBEOENE s iR THH &
RS RTc, KFEBEME R L OEEE THEMBICL 28505, hELLBSEESBEOHTIC
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BEROBEHEHELTHL W58 50, ORI EROGFEEEL TV LDEE
zbhi, —%, L0k hENEARBoONROBE Y, MEMROBKRR, SHiXEL
LT, RIS TED b, TihbbERCEI S8 ACHEIM L icEETl, 4R
B, #&H8E FARBDOIBRIAEVKEEL TR, HEEAGHRBORERL< B s Tk
oleDEX L, BB LEERC L OERARD bhvic, BRICEINE, BHEEBL EE&
TREBEOHENELL, KEHROBECEILL T, 20k 5Byl i
I BEFO BB BB ERN KA L, EELEROBS b ZERBCAhRTER D v, L
L, Lk & HEIMEGROGEEOBREABCLEORE B ING Z L1, B HE
CHEEL TR AKOBEERBMLCBERO—D L LTRTLEDBH I ENTEL I,

BEOBRMRBBEBINCH - T, BEKOMY AL L HEELEEHINNF X IR
% v ¥ a2 (Clemens & Grant, 1964), 7 = (Ishida et al., 1972 ; Hirose et al., 1974), == # v
A (Hirose et al.,, 1976; «H &, 1978; B - HI&, 1981), =+ (Hirose & Hirano, 1975;
£HDL, 1978) L X TCHREZI TV 5, EHRMAHKED AT hIoKERERBUCHE 5 iR
OBRKEHV-Hh, FREROBEERS L UVKSSEOEMNE b bT LA, IRKROELI
PHETHIDZ LM IN T3 (Hirose et al., 1974 ; B - BHHA, 1981), JPBWK % foikfk
PERE, —BICKHNEET5RITEAOE T, JIRED DV EEACHR I EEII2BE
LT\ % (Ginzburg, 1968), JPEK /o LABKIEIL Tk, thiTcHBEONERTLOEL
3% (Yamamoto, 1963 ; Takano, 1968; =%, 1973; Fishelson, 1977; B - HEL4&, 1981;
Matsubara et al., 1985) 2%, FFAAERICE\CIIBF~OXRBLELE &\ 5 BB clpeiy sl
(Gardiner, 1978 ; Lombardi & Wourms, 1985) iz >\ THER IR TED, WThOoBERLL £
DEAIITIRERE F 7o XS EFMARAE S0 b ) RS TWB I ERTBIhTW 3,
Linl, bRMlasiEwEET 5EE 62Xy~ O CFSP (Matsubara et al., 1985) —icin %
T, ZEROERSO BRI EEMRY ST IRREEEE oM EREEA D L S5 L Twa ik
B BT,

Hirano et al. (1978) X+ # T, %7 Matsubara et al. (GRH#XK) 397 52 FLI”OY »
HEaT, SEROTREAAVEERXRZEL, i cmifs, HE5C3MmE e L ER,
Nat 3R CREZELVOIR L, GERKR TR K B3E <L, Ca?t, Mg MEWHREZRL TV 5,
ST, $O0 2 B B OEEO KBRS SEB L EF conwT, chb4BORI1 4+ v %
AEL, MER L OEER OB Y Tok, TOBE, 1+ vBEOHW2 5L EF LR
BLLEEED LD TH D Z LRI hi,

—7, EF L IED B\ 2EER E ORI T5XB(OFES, OBEEAYEREL LK
BREKENCE - THHENDHZ ENTED, BHLRERY y OFBEE X, 0FLEXTE
Miciddicnwd oo, HBOMBEQXYEA TV Z &% L (Matsubara et al., 1985), A3
FeCly, MY rMEEOCNT5H0LEY AV RRESEKE D, 27 5 <AD EF 480
NEEEEEL, LAYEAOERC Y VCTHHRKRL Y LAMBEDO X hicEULTWB 2 E
PHEIh, 2DX5K, EF XM+ v IUEAERCE - TLh L hERK L ki
HER R THEORENAERE b o2 23, CORAMBOMKEHERTHY, ILMEAERCY
DORBHFERELREL T 5, ML T, BPEROmFEAIhFE7 L7 3 V23, 3 B
HER LU EF il Shic BRI RXROBBRARYBM T TR Y, L7l &b aHTE 67,000
BEEOEAY FUHREOFUIEI - T3 Z R Eh, IFOSFEOXERERRXET
BN, BESBRACBETA8KE LT, SEBENEELETCEE RS 5EMMmEH
Ezbhb, ERETEESCI 2BEERE»D, ZOoOBNOEMOLEIEF -ABRHNELLRS
FREEMOETH S 2 L3EID LR, BREEMOE IYEOBEOBEE LN FWIR, It
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