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Inducement of Sex Reversal of Loach, Misgurnus
anguillicaudatus, with Estrone

By
Zenziro KuBoTa and Hideki Oonama

It is advisable to breed females alone in culture because the growth rate is greater in females
than in males. The experiment was carried out from this viewpoint, and the results obtained are
as follows:

Inducement of sex reversal is considered impossible in each group of loach reared with the
feed containing 5, 10, and 60 ug/fish/day of estrone for 45 days from the 38th day after
hatching. ’

Sex reversal was successful in the group of loach immersed in estrone solution of 250 ug/!
for 56 days from the 12th day after hatching. There were bony plates (lamina circularis) on
pectoral fins in 17% of female and 75% of intersex, and processes on the dorsal parts of body
sides in 12% of female, and 75% of intersex of the group of loach immersed in estrone solution
of 250 ug/l Mean value of the proportion of ovary weight to body weight was smaller in the
group of loach immersed in estrone solution of 250 ug/! than in the control group. The body
weight at the end of experiment in the groups treated with estrone solution of 250 and 500 pg/!
was greatest in female, smallest in male and middle in intersex. There was no difference in the
body weight of female at the end of experiment between the group of loach treated with estrone
solution of 250 wg/!/ and the control group. Weight-multiplicating rate in the group of loach
treated with estrone solution of 250 ug/! was 1.6 times as large as that in the control group.

Decreasing rate and weight-multiplicating rate in the group of loach reared with the feed
containing estrone were larger and smaller respectively than those in the group of fish without
hormone. Prior to this experiment, these groups of loach were immersed in estrone concentra-
tion of 250, 500, 1000, and 1500 ug/! respectively for 35 days from the 12th day after
hatching.
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The most suitable concentration of estrone solution is 250 ug/! for sex reversal of the loach

with estrone in culture,
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Table 1.

Sex ratio of each group reared with the feed containing 0, 5, 10, and

60 ug/ fish/day of estrone. Drug was fed for 45 days from the 38th

day after hatching.

Dose of estrone Number of fish i . K
{( ug/fish/day) 2 2 Total (T) T (%) T (%)
0 11 9 20 55.0 45.0
(Control)
5 7 15 22 31.8 68.2
10 9 10 19 47. 4 52,4
60 10 11 21 47.6 52.4
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Table 2. Mean values of the {ive distinct secondary sexual characters observed in both control group and ex-
periment groups.

Dose of estrone 0. T . . . .
(pg/fish/day) Sex 100-TL/L 100-DL/L 100-PL/L 100-VL/L 100-AL/L

e 113.70% 8.08% 9,014 7.16+ 7,644

0 1.68 0. 66 1,29 0. 44 0.78
(Control) 5 1l6.44% 11,56+ 15,61 £ 1174 11. 04+

1,94 1,36 2.07 1,02 0. 81
11314 7,634 9.23% 7.734 7,544

- 0. 94 102 0. 68 0.72 0.91
5 116,404 10, 68+ 14, 634 10. 154 10, 10+

1,45 1.09 1,29 1,47 1,51
11544+ 8. 46+ 9,934 7,68+ 7,96+

o 1.28% 1,41 0.69 1,29 1,02
§  115.30% 10, 40+ 16,274 10,91+ 10, 43+

3.46 122 1,17 0.71 0.84
£ 113.50% 8. 13+ 9,80+ 7,56+ 7,894

" 2. 66 0.51 1,29 0.82 1,20
117, 64 11,51+ 15. 804 10,85+ 10,414

2,50 1,03 156 0.75 0.98

* Value with asterisk is statistically different {from that of the control, P < 0.05.
L, body length; TL, total length; DL, dorsal fin length; PL, pectoral {in length; VL, pelvic {in length; AL, anal fin length.

Table 3.  Mean values of the percent of gonad weight to body weight of each
group reared with the feed containing 0, 5, 10, and 60 ug/fish/day of
estrone at the end of the first experiment. Drug was fed for 45 days from
the 38th day after hatching.

Dose of estrone . Maturity factor (%)

(pg/fish/day) Sex (mean % S.D.)
0 ¥ 19.61 £ 4.92
(Control) 3 0.62 £ 0.30
5 S 16.64 4 2.48
3 0.51 £0.19

10 2 10,98 & 6.69*
3 0.40 £+ 0.12

60 ¥ 14.38 + 5.35™
Iy 0.53 4 0.09

% Values with asterisks are statistically different {rom that of the control, P<{0. 05.
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Table 4. Weight-multiplicating rate of each group reared with the feed containing 0, 5, 10, and 60 ug/
fish/day of estrone. Drug was fed for 45 days from the 38th day (July 14, 1981) after hatching.

Dose of estrone Body weight (g)
(ug/fish/day)  July 14, 1981 Oct.27 Apr. 15, 1982 May 19 July 5
0 4.41 104.3 126.4 161.1 304. 9
(Control)
5 4. 44 109.0 114.1 140. 2 260.7
10 4,23 94,8 85.5 106.2 238.1
60 4.59 80.3 89.0 125.3 319.9
Dose of estrone Weight-multiplicating rate
(pg/fish/day)  July 14, 1981 Oct., 27— Apr. 15— May 19~ July 14, 1981
~Qct. 27 Apr. 15, 1982 May 19 July 5 —July 5, 1982
0 22.65 0.21 0.27 0.89 68.13
(Control)
5 23.55 0.05 0.23 0. 86 57.71
10 21.42 -0.10 0,24 1.24 55,28
60 16. 49 0.11 0.41 1.55 68. 69

Table 5. Mean values of body length and weight in each group at the end of the
first experiment.

Dose of estrone Sex Body length {(mm) Body weight (g)
( pg/fish/day) (mean £ 5.D.) (mean £ S.D.)
0 ¥ 120.00:£6. 69 19.8643.54
{Control) 3 98.89::4. 83 9.6040.79
5 # 120.57:£2.07 19,1041, 54
) 93.404+10.74 8.4712.49
10 & 109.11£22. 63 16,3047, 24
3 99.70+4. 60 10.10+1.22
60 2 122.00£18.47 19.56:+7,63
) 104,91:+9. 46 11,302, 36*

% Value with asterisk is statistically different from that of the control, P < 0.05.
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Table 6. Surviving number of each group at respective periods in the second experiment.

Number of fish

Concentration of

1981 1982
drug (pg/1) .
June 8  July 18  Aug. 17 Nov.12 Apr.15 May19 July 5
0 100 77 70 64 58 56 53
(Control)
125 100 71 71 67 67 67 63
250 100 86 86 84 82 80 70
500 100 13 13 13 11 11 11

Table 7. Sex ratio of each group immersed in estrone solution for 56 days from
the 12th day (June 18, 1981) after hatching.

Concentration of Number of fish ¥ 2
2wy 2wy 2w
drug (pg/1) 3 3 3 Total(m) T T T
0 25 28 0 53 47.2 52.8 0
(Control)
125 28 35 0 63 44,4 55.6 0
250 58 4 8 70 82.9 5.7 11.4
500 9 1 1 11 81.8 9.1 9.1

Table 8. Mean values of the five distinct secondary sexual characters observed in both control group and ex-
perimental groups.

Concentration of ¢ 100+ TL/L 100-DL/L  100-PL/L  100-VL/L  100-AL/L
drug (pg/l)

0 $ 113.00+1.78 8.26+0.73  9.58+0.70  7.76+£0.77  7.52:0.66
{(Control) 3 117.14+2.37  10.454+1.12  16.53::1.39 11.48:1.48 10.1841.03
125 ¥ 114.29£1.67%  8.41£0.83 10.26+0.97* 7.4540.82  7.4341.06
3 116.60£2.21  11.380.87* 17.5541.01% 11.12+0.86 10.32:0.91
250 ¥ 114.5242.35%  9,07:1.17% 10.99:42.18% 8.34:+1.36% 8.26::1.32
S 116.00%1.77  11.03+1.40 15.1324.99  9.48:42.75  9,73:1.44
¥ 115.63:1.75  10.10£1.20 14.9042.58  10.39+2.00 10.24+1.65
500 £ 113.00%1.55 8.47:40.67  9.81%0.84  7.51:0.65  7.67£1.02
3 112.00%0 11.40£0 12.40%0 11. 6040 10.00£0
£ 115.00%0 11.2040 14.30%0 10.20£0 10.2040

% Values with asterisks are statistically different from that of the control, P < 0.05.
L, body length; TL., total length; DL, dorsal fin length; PL., pectoral fin length; VL, pelvic fin length; AL, anal fin length.
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Fig. 1.

Shape and structure of pectoral fin of loach, Misgurnus anguillicaudatus, im-

mersed in estrone solution for 56 days from the 12th day after hatching.

A : Pectoral fin with the bony plate, lamina circularis (L), in a male of the
control group. The 2nd ray is longer and thicker than the other rays.

B : Pectoral {fin in a female of the control group. There 1s no bony plate on the

2ud ray.

C : Pectoral fin in a female immersed in estrone solution.
There is a bony plate on the 2nd ray of pectoral {in.
D : Pectoral fin in an intersex immersed in estrone solution.
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Table 9. Percentage of loach with processes on body sides to the total of each group.

Concentration of Number of AL, B, C .,

drug ( pg/1) Sex fish (N) A B C N(A) N(é) N(/o)
0 ¥ 25 0 0 25 0 0 100.0

(Control) E 28 27 1 0 96.4 3.6 0
125 ¥ 28 0 0 28 0 0 100.0

) 35 35 0 0 100.0 0 0
250 ¥ 58 3 4 51 5.2 6.9 87.9
) 1 2 1 25.0 50.0 25.0
2 4 2 2 50.0 25.0 25.0
500 ¥ 9 0 0 9 0 0 100.0

3 1 1 0 0 160.0 0 0

2 1 1 0 0 100, 0 0 0

A, loach with processes in anterior and posterior; B, loach with processes in posterior; C, loach with no pro-

Ccesses.
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PERCENTAGE OF LAMINA CIRCULARIS TO BODY LENGTH

Fig. 2. Frequency distribution in the ratio of
length of bony plate with pectoral fin,
lamina circularis, to body length at re-
spective groups. White portions indicate
the number of loach without the bony
plate on pectoral {in.

Table 10. Mean value of percentage of gonad
weight to body weight of each group of
loach immersed in estrone solution for 56
days from the 12th day after hatching and
then cultured in absence of the hormone
for 326 days.

Concentration of Sex Maturity factor (%)
drug (pg/l) (mean = S.D.)
0 % 16.58:£5.03
(Control) s 0.57+0.13
125 2 16.424+3. 99
3 0.66+0.13*
250 ¥ 11.604+6.15™
3 1.0041. 38
3 1.03+1, 33
500 % 15.31+4.89
) 0.50£0
3 0,300

% Values with asterisks are statistically different
{rom that of the control, P < 0.05.
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Fig. 3. Micrographs of gonad of loach immersed in estrone solution for 56 days
from the 12th day after hatching.
A : Qocyte of the tertiary yolk globule stage in the control group.
B : Testis filled with spermatozoon in the control.
C and D : Gonad of an intersex immersed in estrone solution.
There are singular or plural oocytes (O) of perinucleolus stage in the
gonad filled with spermatozoon (8).
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Table 11.  Weight-multiplicating rate of each group at respective periods during the second experiment,
Experimental groups were treated with estrone for 56 days from the 12th day (June 18, 1981) after
hatching.

Concentration of Body weight (g)

drug (pg/1) June 8,1981  Aug. 17 Nov. 12  Apr. 15,1982 May 19 July 5

0 0.026 22.2 141.4 139.7 240.5 474.1
(Control)

125 0.026 35.0 200, 0 212.0 288.9 516. 1

250 0.026 41.9 209. 2 214.5 368.8 749.3

500 0.026 14.3 72.4 73.6 123.7 249, 0

. Weight-multiplicating rate
Concentration of

drug (zg/1) June 8, 1981 - Aug. 17— Nov. 12— Apr. 15~ May 19~  June 8, 1981
~Aug. 17 Nov. 12  Apr. 15,1982 May 19 July 8 ~July 5, 1982
0 852, 46 5,37 -0, 01 0.72 0.97 18234
(Control)
125 1344.00 4.72 0.05 0.36 0.79 19850
250 1611. 30 3.99 0.03 0.72 1.03 28818
500 548. 23 4.07 0.02 0.68 1.01 9577

Table 12. Mean value of body length and body weight of each group at the end of
the second experiment on the sex reverse caused by estrone.

Concentration of 3 Body length (mm) Body weight (g)
drug (pg/l) ex (mean = S.D.) (mean + S.D))
0 ¥ 104. 88 + 7. 30 11,75 £ 2.77
(Control) 3 89,00 % 5.35 6.44 + 1.03
125 % 97.21 £ 13.35% 10.50 £ 4.01
3 88.60 £ 4.04 6.35 4+ 0.97
2 96.95 £ 15.27* 11.59 4+ 13.19
250 3 76.50 4 18.09 4.58 & 3.43
k) 91.38 + 18.61 7.51 + 3.78
¥ 135.22 + 11.74* 24,95 & 6.08*
500 3 93.00 £ 0 8.30 40
2 119.00 £ 0 15.03 £ 0

% Values with asterisks are statistically different from that of the control, P < 0.05.
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Table 13. Comparison of survival rate between the groups reared with the feed containing 100 mg estrone/ kg
diet for 40 days(B) and the groups reared without hormone(A). Before this experiment, these groups
were immersed in estrone concentration of 250, 500, 1000, and 1500 ug/! respectively for 35 days from

the 12th day (June 14, 1982) after hatching.

Number of fish

Survival rate (%)

Concentration of

Group drug (pg/bh ]ullgr8222, Nov. 4 Alfé'gél’ June 27 Nfgg‘;’ Alpé‘gél’ June 27
250 25 13 13 13 52.0 52.0 52.0

Control 500 25 20 20 19 80.0 80.0 76.0
1000 25 21 20 19 84.0 80.0 76.0

1500 25 19 18 15 76.0 72.0 60.0

250 36 15 15 15 41.7 41.7 41.7

, 500 29 18 18 18 62.1 62.1 62.1
Experimental 1000 30 22 15 9 73.3 50.0 30.0
1500 36 19 19 19 52.8 52.8 52.8

Table 14. Comparison of the proportion of ovary to the body weight at the end of

the experiment between the groups reared with the feed containing 100 mg

estrone/ kg diet for 40 days and the groups reared without hormone. Before

this experiment, these groups were immersed in estrone concentration of
250, 500, 1000, and 1500 pg/! respectively for 35 days from the 12th day

after hatching.

Concentration of

Proportion of ovary to body weight (%)

drug (ug/) Control Experimental

250 18,12 4 3.28 18. 39 4 3.57

500 17.37 4 4.46 14.64 £ 4.30
1000 19.56 + 2.97 23.72 + 3.85*

1500 15.06 = 8.00 14.61 1 4,18

% Value with asterisk is statistically different from that of the control, P < 0.05.
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Table 15. Comparison of the weight-multiplicating rate between the groups reared with the feed containing 100
mg estrone/kg diet for 40 days and the groups reared without hormone. Before this experiment, these
groups were immersed in the estrone concentration of 250, 500, 1000, and 1500 ug// respectively for
35 days from the 12th day after hatching.
) Body weight (g) Weight-multipicating rate
Group  COneemtraton o Nov.4 Apr. 11 June27 July 22, Nov.4  Apr. 11, uly 22,1982
drug (p#g/) 1982~ -Apr.1l, ~June —June 27
1982 1983 Nov.4 1983 = 27 1983
250 13.3 105. 8 116.1 316.9 6.97 0.10 1.73 22.88
Control 500 5.4 127.1 131.2 320.8 22.36 0.03 1.44 57.97
1000 5.7 145.1 144.4 418.9 24. 60 -0.01 1.90 72.88
1500 6.7 105.7 120.9 270.2 14. 80 0.14 1.23 39.39
250 20.3 111.2 111.0 334.2 4.53 —0.01 2.01 15.45
Expermental 500 6.2 97.7 76.1 241.1 14,73 —0.22 2.17 37.81
1000 8.0 162.4 117.1 207.1 19.73 —0.28 0.77 24.98
1500 9.1 135.9 141.6 329.7 13.92 0.04 1.33 35.19

Table 16. Comparsion of mean body weight at the end of the experiment between

the groups reared with the feed containing 100 mg estrone/ kg diet for 40

days and groups reared without hormone. Before this experiment, these

groups were immersed in estrone concentration of 250, 500, 1000, and 1500

#g/l respectively for 35 days from the 12th day after hatching.

Concentration of Body weight (g)

Group drug (pg/) (mean £ S.D)
250 24,38 4 7.84
Control 500 16.88 + 5,72
ontro 1000 22.05 % 5.04
1500 18,01 4 9.15
250 22,28 + 6. 41

. 500 13.39 £ 3.85*
Experimental 1000 23.01 + 3. 05
1500 17,35 + 5.65

% Value with asterisk is statistically different from that of the control, P < 0.05.
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