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Foundation Studies in Culturing of the Japanese Loach,
Misgurnus anguillicaudatus (CANTOR)—V .
Sex Reversal induced by Follicular Hormone®

By

Zenziro KusoTa, Isao MaTsui, Sychei NisHigawa and Tadashi SExiva

Since BerxkowrTz (1941) induced successfully the sex reversal in the guppy by
estrogen given through mouth, many workers such as OKADA (1943 and 1944) and
Yamavioto (1954, 1956 and 1958) applied themselves to inducing this phenomenon in
the fish, chiefly from pure scientific interest. But the author intended to induce the
sex reversal from practical point of view paying special attention to the fact that the
female can grow up far more rapidly than the male. And the results of the experi-
mental culturing planned to induce the sex reversal by giving the foods added to
follicular hormone are shown in the below.

1) Each of three groups of the loach shorter than 45 mm in body length was
fed on two kinds of foods for 40 days; i.e., a half is fed on the pupae of silk-worm
mixed the rice-bran (these groups are called the control groups) and the other half
is fed on this foods mixed the follicular hormone (experimental groups).

2) The rates of occurrence of the female individuals to total in respective control
groups are 54, 56 and 57 % respectively. While those in respective experimental
groups are raised into 82, 91 and 100 % respectively, and the higher rate of female
individuals is observable in the group in which the smaller frys are fed on.

3) The pectoral fin of the female individuals in the experimental group is
longer than that of the control group, and vice versa in the male ; and the anal f{fin
of the male individuals in the experimental group is shorter than that of the control

group.
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4) The lamina circularis, which develops at the base of second pectoral ray, is
very frequently abnormal in shape in loaches of the experimental group, and it is
smaller in those of the experimental group than in that of the control group.
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RIFDEED ABREIIT T3, BERKOWITZ (1941) &4 v &£~ Lebistes reticulatus OFERICH
BOx 2 boox o BROMCEAS &, BEEUEL VLD &%, ME (1943) &2 #hiTis
W, HMEOMEICEE s v E o Tdh B diethyl-stilboestrol 33 L 7f oestriol 2 FiEgtL T, FOBEREIC
DT 2TEMR &2, IOWEE (1944) 3 4 AR EO 1LEE v 7« 8 v 7 — TS TECHMEE T HEE S v =
v THh % diethyl-stilboestrol DG %#3 » AICh o > THER TES L T2 C A, BEPTHEMEME
BALU TITF DR SNz & &AL TV D, (LA (1954, 56, '58) 1% # & OFRZWICERZ» S —
EOMRDOBEMET, #F V72 AT e o GEERTHET S &, BEMEX XZHa 0ok eis C
UT, BREEMZSIET/ s 503, 2O EEMXX @ @ L2ZMUICHR, ZOTREHIEIZT Th-T, #Hir
HHEDHEDRBEFEEXXTH B & BRI L 17,

BHEAERTIOOT, HOMBEVHRCE S C & (ARH, 1961¢), DT hEMEENILEL S, K
B NRINTHIRL THED B2 ISR A C LT X 508 9 0215 BT, Ity o RIEERC X -
TS 2 R AT,
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1.66m? (0.587), M 6B THh A, HEAIL19594E9 H 1 B3 3 High )¢, TEHEHZRITAHINT
LD TRELIAD ) B L AE 45 mm YT, 2% hlERERSLORE (ARH, 19612)h 2 b
DEFDINL b DI0E 2RATHAL 12, EBFHEL, ITHRAORI R ERE & WREE LT 2550,
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Table 1. Qutline of each group of loach at the beginning of the expariment on the sex reversal

caused by follicular hormone.

Group Number of individuals Total weight(g) Average body weight(g)

A 18 15.4 0.86

Control B ” 14.8 0.82
C Vi 14.0 0.78
D 4 15.2 0.84

Esperiment E " 13.4 0.74
F 7 12.1 0.67

BFH IS 0.07gHENC L, DEVEABMCROTHEOKR Y SOERZRIITCETH D, WEHBO

RS FERD AT, HIE &R - 2 iﬁﬁf B2 0 1 OFEACETTEBLIZEO, FERF T FEH
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B NFovE B (EEBSRBERNSEE) BR2EMUIZEDT, C b0 ) HEEEIIER
REZD 1 /I108%, Fo4 s VE  BERIT X 1T L H1RISA T, BEAEZERRBED [
D T AR, -@K%@Mi,ﬁﬁ@ﬁmgéﬁﬂ@ﬁﬁ%%vﬁ@zh@m&gm@@%ﬁ%mt

ERE 23.5cm, ZEX 8.5 cm DOEEMAEOEHCLBEL 7o, BRBEEENT, MKOERR T 5 12Dk
OBk FEL I, ﬁ;ﬂﬁﬁﬂr:drPODrU/J\@rﬁ EEPNZ 17.2~3C.2°C, KR 23.9°CTH %,
HEMED HHIRB B OIS, FER THREAORIEE TS £ L3I, I51I010% k= ) VIETRICEER,

RIBEIE R TINEEON, 08 2 BADE S0 kPR s, BHEMKE lamina circularis OB LD &b
D CIEBCITE 72,

AR - GHEEE & OMBIRE O TR, 9k, BERE BEE BESIOEEOZEI 2HFEL
InITInG D& Mmuwﬂﬁiﬂééﬁﬁi(UFMﬁM&AA)@TﬁWWNUC*@ﬁoWﬁ@\m
MR NTHERRED 20 DT X 5 BERIZHIC L - THREL I,

4y (Epe)? +(Cps)? =|Mp~Mq |
TZIZU, EREERREE, CIWEEE, pe dEEERE, MIZVHETD 5,

Hufﬁj‘f@mjfﬂzi BIBEMZERY, FoaoOMEOS HELZEL L, ULk REICHRTIEETH S (

KR, 1961a), % C CTRERS, ERBTIESR, #3R, SRR CAEE bic 2 Rolie
HOLLISTER (1934) DJFRICL iohi- CBIEA L U, & LICBEBR DT DU THREEO il 177
S 7o ICHTBIEDHERIZ 10% O v < ) DHEBICEE LIS O %59 7 4 LI E D 104 DU
U, ¥5 74— F Haematoxlin-eosin TYef % Hal CRAMEE T T2 7%,

EFROEBHIMAICIS 2R (N) B3IOHWEEE (W) @It d > TRD I,
N=100(ng—n1)/ ny, W=100(w; —wo) / wg
CO no & nFZ NSRS LGRS ZRE, wo kwid AL REERTS bo
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ﬁ%ﬁ%,B%ﬁmM@CﬁMJ%K%bT,%%ﬁTMDﬁmﬁ%Jﬁmuw%Fﬁmao%?ﬁﬂﬁ

Table 2. Sex ratios of each group of loach at the end of the experiment.

Number of individuals
Group {e/(2+38)}x100
Q 3 Total
A 4 9 55.5
B 13 53.8
C 14 57.1
D 9 2 11 81.8
E 10 1 11 90.9
F 12 0 12 100.0

* ol gEri 2 a2 0.05 mg (S00BELT), ©F =svx A TP —10.005mg (500847 Allen-Doisy
) Brifr 2 i B 3mg 2AET b,
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TR EVERDED 5, COBREDOED I L TIIHEROROR & IHV/NIWEHE JIFO IR R 50,

B. M EDLE
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Table 3. Mean value of each of the five distinct secondary sexual characters observed in both the

control groups and the experiment ones.

Croup Character Sex Range M o C
pL/Lxioo]| 7.6~10.5 9.08-4+0.11 0.76-+0.08 8.374-0.87
’ 3 8.2~11.7 12.46-0.22 1.38+0.16 11.0741.29
vL/Lxiool| 2 5.7~ 8.3 6.75-20.10 0.6940.07 10.224-1.07
’ s 6.1~ 9.5 7.72-40.13 0.83-+0.09 10.7541.25
. . ? 6.3~10.7 8.54-40.15 1.0340.11 12.06+1.27
Control | AL/L *100 | 4 7.4~12.0 8.81-0.20 1.1940.13 13.50-1.59
cL/Lxic0| % 13.9~17.4 15.97-40.13 0.90-+0.09 5.63-0.58
’ 3 13.7~18.2 16.07+0.20 1.1840.13 7.344-0.84
DL/Lxico,| © 7.5~10.8 9.204-0.13 0.85-4-0.09 9.2340.%6
’ 8 7.9~12.3 9.84--0.19 1.1740.13 11.8941.38
PL/Lx100| % 8.2~11.7 10.204-0.19 1.6140.13 15.7841.38
’ & 10.7~11.9 11.2540. 16 0.4140.11 3.64--1.01
vi/Lx10]| ¢ 5.2~ 8.8 7.01-0.09 0.724-0.06 10.27-£0.88
. ’ B 6.4~ 7.9 7.254+0.28 0.7140.20 9.79-£2.70
Experi- AL/Lx100 % 6.4~10.0 8.32:40.11 0.9240.08 11.054-0.95
ment - 3 7.4~ 8.3 7.7520.16 0.4140.11 5.2941.46
cL/Lxi0| 7 13.5~17.5 15.7240.10 1.29+40.11 8.204-0.70
’ 3 15.3~17 .4 16.2540.32 0.8240.22 5.044-1.39
DL/Lx100 | © 7.7~10.6 9.0940.11 0.9740.08 10.674+0.92
’ k3 8.1~10.8 9.92--0.36 0.94-+0.26 9.474-2.61

Abbreviations : M, mean ; o, standard deviation ; C, coefficient of variation.

Table 4. Differences observed between the mean values of the sexual charecters of the control groups

and of the groups under experiment and their reliabilities.

,,,,,,,,, Mp~ M

Character Sex | Mp~Mg | 1/ (Epe)? +(Cpg)? 1/(][5%];2 F(QCF")Q 7
PL/L %100 i L 5 7 3133
vV L/Lx100 i o 4 0 % 1%
ALIL 100 i I 026 410
CL/L %100 : o o 015
DL/L %100 Z o o 041 850

a. HEOEE  WEBCEBRENCGSY 2EAEE (WO /HRE, %) OFE#IL, MTikenedh
9.08&10.20, FToHMETIZ12.46& 11.25, TEIONFSERICIS 22EDBEEL, HIFHEHS.098:5054.32°T,
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HikEE S CEFBRENPRD NG, TaOLERBOMEDOE JITHHEBO 2T T TIRE L, #TiX
WCE L, UIohs o T2 OHEMEEEIZ /N30 MEOERREII KR TIZ15.8, WHATI38.4T, HIFDT
BHBE LD E AR,

b. BERORSE : &HE (BEREOES RE, %) OXEEIE, B TIIEB s EBB - T TENE
16.75+7.01, HETIX7.72+7.25 WEROEEBERICKIT AEOEFEEIZTIE.86, #B1.57THEMEE 3
ICEERS O ED TR 5 s,

c. BEORX : [fE BEOES /ARE, %) OFIGMEIE T e 8.54, FEEE8.32, HETIEHA
BT8.8127.75, TRFOSEHERNCIS) A EOEMEIZAHE .29, #%#4.10T, BEERZHEIZTICED LN
Bbo BEHHICHEEONGME 2 BT 5 &, B TIRMED ThS, ERETIRYICHO AP ARSI,

d. BEEORE : RHE (BEOES /KR, %) OVSHEE, M TSR 15.97, FEREE15.72, T
FAL £ 16.07% 16.25, WELOESEMICIST 2E0OEBEIXNE .47, $5%0.49T, WIhd HEENGHR
5L,

e. HREORS : %l (BROEX /EE, %) ONiHfHe, W CiaiiEito.20, HBREE9.09, HTIX
ZNEN9.844£9.92TC, WMEDOSNEERITISI) 2EDEFEEIZ0.6520.20% R, HEEIZEAD ST,

RITHYEEDTER e BIEAIC L D U7z (BB 1), F¥ = v OHIIEB A ED 53 mm FfICET 5 &,

Fig. 1. Comparison of the pectoral fin of the group fed on the follicular hormone added to
foods with that of control group.  Pay attention that the lamina circularis of the
hormone added to group can not develop so conspicucusly as that of control group.
Notes : A and B, male of control group ; C, female of the same group ; D, E and
F, male of the experimert group ; G and H, female of the same group.

WaEEDEE 2 BER O H AR ICEER B TEONRD B ICHRICTEEL,  REY 58 mm Tz 5 &, I
TIREOERE TRISISH (ARH, 1961a), COEFEBRIIEER (1948) MHEL L ST, FEIIRIC
DR ZMEICEE T 270DV, cOBBIUE 2 F VIROD/DN I BAABD H, I THREICIST 5
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2B (B1NABIIB, & 69.5mm & 66.2mm) OEEE 2 FEFINTN UOfERL D EL,

F: 2, FRBEERIIE 6~ 7HEEE TSN, FORTHIBONSOERRIZ - SICIARTH D, —
T E BB ORFEES 2 BESSMBOEEL L D § B ALY, WRBOZCHE~S L, BIRUItL HiIiE L, <€
U THHI . T2 BEERIE No. | Offf& (35 1 D, & 68.0mm) T 7H#EHLE TRISIK, &
LI 2[R REL, IITEHEBE S —FT 55, No.2 (81 NE, hE 64.8mm) T 6 EFRE T, No.
3(BE1NF, FE72.0mm) TITE 4 LT TR, BAMEIIIINEN 4R 7KT, WHEH X
H b E, COL I ICHEBBHEOMEED TR SIREE & B (HEL, OHBIEOIEREL L {30, —
JFEDMIEED B X 13 FIROBED b MBICERSTD S nizhd, 2OBREBEELL TN, LU,

EREO) L0 LR (8 1KG, AEet.omm) i3, H2@E05HEIEELVIEL ULbbiowndnog
BEG L D KL, ZFOHEBTHT OIZEEBROBIZR I N AHAILBEDL &, DITPICHTICHEEL, —RiE
ONERBL Turilz,

Fig. 2. Microscopic view of the gonads in the experiment group.
Notes : D,E and F, testes of the individual in the experiment groups ; G, ovary of the
individual in the experiment group with some male-like external characters : G/, Further
magnified photograph of the left lobe in G ; H, ovary of the individual in the experiment
group, without any male-like external character.
L, left lobe of the ovary ; R, right lobe of the ovary ; o, occyte ; sc, spermatocyte
(primaly or secondary) ; s, spermatozoa.
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C. & i &

%%ﬁﬁﬁé@EﬁEHﬁ@iﬂtMﬁz&é NI IERE T, BEEERT L, ENENEFEALR J B HoR
Wizho1 E2l). Cedy b, &L REEZETLIOR,  BRUTAEZSHICGTRIL IEEDs, 8
ZHG LS GIEALND L HICRESIMBEEL QNICC & T, COIROK R SIBROSE (K
[RE], 1961b) & ERET, A TEUWREREREL T,

D. BEEBLUBREOLE
T T 3017 2 SO ROBHEE R 5 RTRUIT, UERTH 5 A, Bio k" COFRO Tk
B, 212169.0mm, 65.9mm 3610865, 1 mm it LT, EBBTHED, ELINFOSRTIE

Table 5. Mean body length of each group of loach at the end of the experiment on the sex reversal

caused by follicular hormone.

Greup Range Mean(mm ) Standard deviation
A 60~76 69.004-1.29 5.744+0.91
B 57~77 65.86-+1.05 5.84140.74
C 53~80 65.13-41.18 6.784-0.84
D 54~73 63.36-L1.15 5.644-0.81
E 51~65 61.1841.02 5.00-£0.72
F 57~74 64.50-4:0.83 4.261+0.59

63.4mm, 61.2mm 365X 64.5mm THIZEDO ABHEZE LD EDTNICKE,
R TIIT I AR ORMAERE, WHBTIR25.0~31.1g, HKERTIX18.2~25.18 T, BIHD
DHEL OB ENEIN D D, F IR RRI R TI32.22~2.77 2 )0 L THEBB T3 1.66~2.09 8 T,
BEREIE L D S (B oK),

Table 6. Total weight and mean body weight of each group of loach at the end of the experiment.

Group Total weight(g) Mean body weight (g)
A 26.0 2.77
B 30.7 2.36
C 31.1 2.22
D 21.1 1.92
E 18.2 1.65
F 25.1 2.09

AR DRSS LB R R L8 7EDOBY TH 5, WERITEE TIZ 22.2~50.0 % 7%
LT, EBBITI 33.3~38.9 % T, AE»SIZWAMICIST 5 Z8IZ3D 6N, HEARIURE
T 62.3~122.1% T, FEHOKRX IPNONBHT SRR, COL i, BEHOKS SPEERT

IR ONTOERBERE (RIRHES, 1957) E—FT 2, —F, EBETIE, 35.8~107.4% T,
WERICIST AFBEO R XBE S/ NIV TROMEBERTH 5, < C THHEE & ERBEOBR L HEERITKS
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Table 7. Comparison of the mortality and the weight-multiplicating rate of the groups of individuals
fed on the follicular hormone added to foods with those of the control groups.

Number of individuals Total weight (g)
Group Atn;hge :Feg:}:]é At the end @Qi_“_ll % 100 é;g?::ing At the end | wi—wy ‘Vil\;TWOX 100
culturing (ng) (n1) (wy) (wi)
A 18 9 50.0 15.4 25.0 9.6 62.3
B 4 13 27.8 14.8 30.7 15.9 107 .4
c 4 14 22.2 14.0 31.1 17.1 122.1
D # 11 38.9 15.2 21.6 6.4 42.1
E 4 11 38.9 13.4 18.2 4.8 35.8
F 4 12 33.3 12.1 25.1 13.0 107 .4

Note : For the groups, see Table 1.

UABHEOARS ISBTIERAUEE TS > THMT 2 &, AR BEOAREIDE LS, TTCCHIZE
#EL DB FETUR B0,

% =

SN F DA MAITH 7T o THEEAL L 7300 T, R B UCEBE OB TR M DR & IHRL 72, C oS
BHEEOKRX IREE s mm UTEHETELIIC 0D, FORIREKECAEE T, ?TC%W“Wﬁ
ﬁ@@m EERHEO FEBH OWIRP BRI L » TR b ORBERRUIIL &, FHOEEDER
S5O EEDR, —TAEDEE T A &, IRV E S LEIEORTF E UTENANT S, c@@@ﬁ
ﬁﬁfp WAL EWHBTH DL & RRRU TS, LI - TR v € o L » CTeBE 2T 51T

, FEEROERSICFERORBE L DEAT, BEOREDAE XREREN0.7g, FED 40 mm LITF O
WL%@@Méwééoo

EEREEOMRERS, WEBHCHATH TIRE L, HTREBOVREREI0, CORRICOWTIZHEIZINE
VAT L B EEEACEIEI O X i L D EEORE I I, —)F, e 0 5 HIcEZEL LS

75, WhHWO BRI 2 &4, N BT LN NEEE UTOREZEL T D T EiItEFRL, ZRA
BDSSHEBED 8.4 1R L TEBBHE 15.8 THELU LR &L, STHOARIGERL TR 2 IR L 722 &
i, D EOEERPERMILTOS LS ICEDNS,

EEB OB RIIWBBOZNTHAA TN IWVERRUTZY, Chud (ARE, 1953) bSovE RN
RN X ADNBEORBEEIC W TOERTIEBLUIC L 51, mxv¥F —BRoEBECERaNG», $I
VAETERR ORI IS L N HEER G I R SN A OMRICE S S D EEDN S,

XTI T A IR oL & o Of /DR L RS ORE, —I12 ARG IS &k
LT BRSNS 570 E 9 e, it%“mmpm4b@§m@m§ TR E D L E DR
RICDNTIHESAREETH - T, EI LT 28D TITL PETH L.

i =2

1. RE45mm UTOLORMEE L, WRECOITER (EEE L) o4%, ERBEICOIESEIC
Fo3dove s Bt REREAREIESHE )M%@%Mb LORBATENFND 3B Z4OHBEE LI,
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2. MEOBBEOTITT A MIIRLE, SR T4 %, 56 %38 LINE7 %Ity LT, EHRETIZE2 %, 91 %id
K100 % T, TOBEDED S HTIE, BHO/NICWEHT SO HERET A S0,

3. FERHSWRBHCIE R T D B 3BT TE L, TN TE L, FI0BIEOE I DRI
THEL,

4. HEDREEEE 2 [BAHEERICEON A BB lamina circularis 13 BB CIZRER/TMEDLS <, 3
THBED Z NS THEEE DS B
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