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The aim of this paper is to find if testosterone undecanoat (TU) could be used in sex-
reversal protocols to obtain inverted males (XX) and which are the consequences 
using this hormone for koi carp. To induce sex-reversal, we chose to feed a normal 
mixed-sex progeny of koi carp with food mixed with 30 (V1), 60 (V2) and 90 (V3) mg 
TU / kg food, starting at the age of 30 days for a period of 60 days. When fishes had 
3 months old, they were moved into a bigger aquarium and they were fed without 
hormones until the age of 6 months when some of fishes were sacrifices to take 
samples for histological studies. At this age the main morphometric traits were 
registered. Our results indicated that the mortality percent raise dependent by the 
quantity of TU from food, with a maximum value in variant V3 (90 mg TU / kg food) 
where it reached 64% in koi carps until the age of 3 months. Total length was the 
single trait that registered significant differences (p0.01 and p0.05) when 
comparisons among control and all the other experimental variants were made. This 
suggests that TU treatment significantly reduced length growing of the carps even it 
was administered in dose of 30, 60 or 90 mg / kg food. Supplementation of food with 
TU modified sex ratio in studied fishes. 
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Introduction 

 
Monosex populations of fish are desirable in many species. Having a 

population containing only fish which rich the marketable size faster is an objective 
for any fish-farmer. There are a lot of species that have high differences in grow 
rate between male and female. The male grows faster in some species and the 
female faster in other species. In this case, monosex culture of the faster-growing 
sex can increase production, and sexual dimorphism for growth occurs in most 
cultured fish.  

All-female progenies can be obtained using gynogenesis, sex-reversal or a 
combination between these two techniques. Anyway, gynogenesis combined with 
sex-reversal is a good way to produce commercial quantities of monosex fish.  
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Although the male or female genotype is established at fertilization, 
phenotypic sex determination occurs later in development and the timing of sex 
determination varies among species (Dunham, 2004). The process of sex 
differentiation in fish is very diverse and labile (Francis, 1992), but once a 
particular development profile has been selected by intrinsic controls, or directed 
by exogenous factors such as hormones, the state of gonadal differentiation may 
than be stably perpetuated throughout subsequent development (Devlin and 
Nagahama, 2002). The exogenous factors used in aquaculture to induce sex-
reversal are diverse hormones or analogues, administered through diet or 
immersion. From these, the search for less expensive and safer chemicals, that can 
assure the desired sex reversal in treated fish has become a necessity (Pandian and 
Kirankumar, 2003). Production of all-females populations by hormonal treatment 
requires elucidation of the labile period of sexual differentiation during which the 
fish are susceptible to hormonal sex-reversal (Dunham, 2004). 

Using monosex all-female progenies of common carp (Cyprinus carpio L.), 
instead of regular mixed-sex ones, may be profitable for aquaculture (Cherfas et 
al., 1996; Gomelsky, 2003). As compared with other methods, genetic production 
of all-female progenies in carp by crossing of sex-reversed and normal fish show 
the most promise for practical aquaculture (Gomelsky, 2003). 

Nagy et al. (1981) were the first which reported successful in sex-reversal of 
genotypic females of carp by methyltestosterone treatment (100 mg/kg food), for 
36 days until the carp reached 62 days. Mature sex-reversed males were crossed 
with normal females and they produced all-female progenies. After this, another 
researchers have reported successful in obtaining all-female population in carp 
using sex-reversal: Gomelsky (1985), Komen et al. (1989), Shelton (1990) etc. 

Cherfas et al. (1996) reported results of comparative rearing of all-female 
and normal mixed-sex progenies, showing that rearing all-female progenies 
increased production yield by 7-8%, the females being 15 % heavier than males.  

The aim of this paper is to find if testosterone undecanoat (TU) could be 
used in sex-reversal protocols to obtain inverted males (XX) and which are the 
consequences using this hormone for koi carp. 

 
Materials and Methods 

 
The studies were carried out in 2006, using the koi carp bloodstock and their 

progeny from a private fish-farmer in Timisoara. Standard method for artificial 
reproduction of carp was used to produce the progenies. 

The ova and sperm were stripped at about 20 hours after an intra-muscular 
injection with carp pituitary suspension (a pituitary gland and 0.5 cm3 for each kg 
body weight in female, and a half of pituitary gland and 0.5 cm3 for each kg body 
weight in male). After an easy mixture between eggs and sperm, small quantities of 
water were used to activate the sperm, after that adhesive layer that develops 
around the eggs was eliminated, with solution of NaCl and urea as it is described in 
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literature (Grozea, 2003). The eggs were than incubated and the fry were 
maintained in standard condition until the age of 30 days. 

To induce sex-reversal, we chose to feed a normal mixed-sex progeny of koi 
carp with food mixed with an androgen hormone, starting at the age of 30 days for 
a period of 60 days. So, we finished the hormonal treatment when the fingerlings 
had 90 days, and they continued to consume normal food and daphnia until at the 
age of 6 month, when histological analyses were made to reveal the treatment 
results.  

Androgen hormone used in our experiments was testosterone undecanoat 
(TU), (commercial product Undestor). The hormone was dissolved in alcohol 96 
vol. and pulverized on a thin layer of fine granulated food, and than was mixed. 
Three doses of hormones were tested, so 3 experimental variants were realized, 
each variant containing 3 repetitions with 30 fish. The experimental variants were: 
V1 (30 mg TU / kg food), V2 (60 mg TU / kg food), V3 (90 mg TU / kg food), and 
control one where the fish were fed with normal food, without hormones.  

The feeding rate was 3 times per day, each time the feed quantity being 
adjusted according with consuming capacity. Daily, uneaten food and wastes were 
removed from each aquarium, and fish mortality was registered. Two times per 
week, one third of aquariums volume was replaced with fresh water. Water 
temperature during experimental period was about 22ºC.  

When fish had 3 months old, they were moved into a bigger aquarium and 
they were fed without hormones until the age of 6 months when some of fish were 
sacrifices to take samples for histological studies. For histological studies we used 
10 fish from variants V1, V2, and control one and 7 fish from variant V3. Tri-
chromic Mallory and bi-chromic hematoxiline-eozine methods were used as 
histological techniques for evaluation of the results regarding the effect of the TU 
hormone on gonads and sex-ratio. Other impacts of TU on internal organs were 
studied. At the age of 6 months, some morphometric traits were registered: body 
weight – b.w.; total length – L; standard length – l; and maximum height – H. The 
mean and dispersion indexes were calculated, and t-test was used to see the 
significance threshold of the differences among fish from experimental variants. 

 
Results and Discussions 

 
The fish fed with granulated food plus TU, were daily monitored and 

mortality for each repetition from the three variants were registered. The data 
obtained at the age of 3 months were centralised as it can be seen in table 1. The 
data indicate that the mortality percent rise dependent by the quantity of TU from 
food, especially at the value of 90 mg TU / kg food. So, the maximum mortality 
until the age of 3 months was registered in the variant V3 (64%) in which fishes 
were fed with granulated food containing 90 mg TU / kg. 

At the age of 6 months, after a period of 3 months when they were fed 
without hormone supplement, the fish were measured and weighted to establish if 
there are differences among experimental variants. 
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Table 1 

Number of dead fish and death rate registered at 3 months old fish in experimental 
variants 

Variant 
No. of dead fish / repetition Total dead  

fish / variant (no.) 
Death rate  

(%) R1 R2 R3

V1 (n = 90) 11 10 24 35 39 
V2 (n = 90) 17 9 8 34 38 
V3 (n = 90) 16 14 28 58 64 

 
Table 2 

Mean and middle mean error in fish from control and experimental variants for the 
main biometrical traits 

Biometrical 
trait 

Variant ( X  Sx ) 
Control V1 V2 V3 

b.w. (g) 1.90  0.44 0.74  0.18 1.18  0.54 1.09  0.44 

L (mm) 47.14  3.17 31.95  2.82 33.73  4.72 34.51  4.30 
l (mm) 35.89  2.74 24.28  2.12 27.34  4.46 26.64  3.38 
H (mm) 12.71  0.97 9.47  1.04 10.26  1.51 10.34  1.23 

b.w. - body weight; L - total length; l - standard length; H - maximum height;  

 
Table 3 

Significance thresholds of the difference among main biometrical traits in control 
and experimental variants 

Biometrical trait 
Significance thresholds between variants 

 V1 V2 V3 

Body weight 
Control 0.0324 0.3142 0.2203 

V1 - 0.4515 0.4759 
V2 0.4515 - 0.9063 

Total length 
Control 0.0022 0.0315 0.0359 

V1 - 0.7508 0.6282 
V2 0.7508 - 0.9039 

Standard length 
Control 0.0038 0.1233 0.0537 

V1 - 0.5464 0.5665 
V2 0.5464 - 0.9026 

Maximum height 
Control 0.0358 0.1934 0.1551 

V1 - 0.6730 0.5968 
V2 0.6730 - 0.9670 

p<0.001- very significant; p<0.01 distinct significant; p<0.05 significant; p>0.05 insignificant 
 
Data from tables 2 and 3 indicate some significant differences between fishes 

from control and V1 - variant, for the studied traits at different threshold. Anyway, 
just insignificant differences (p>0.05) were registered in biometrical traits between 
all experimental variants (V1, V2 and V3). Total length was the single trait that 
registered significant differences (p0.01 and p0.05) when this was compared 
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among control and all experimental variants. This suggests that TU treatment 
significantly reduced length growing of the carps even it was administered in dose 
of 30, 60 or 90 mg / kg food.  

Sex ratio in experimental variants was established based on histological 
studies. These studies reveal that even the fishes had 6 months old, only few of 
them shown gonads’ differentiation, probably because of very slow growing 
dynamic, especially in experimental variants V1, V2 and V3. Anyway is clear that 
TU leads to delay differentiation of gonads and intersex gonads (table 4). 

Table 4 
Percent of males, females, and fishes with undifferentiated gonads in control and 

experimental variants 

Variant 
No. of 

fish 
studied 

Males 
(%) 

Females 
(%) 

Fishes with undifferentiated 
gonads or intersex (%) 

Control 10 60 40 0 
V1 10 40 0 60 
V2 10 10 20 70 
V3 8 25 0 75 

 
Due to TU effects at gonads level, especially regarding changes in sex ratio, 

we could speculate that this hormone can be used in small quantities (30 mg / kg 
food) for sex reversal, but more investigations such as cariotype analyses will be 
done to emphasize exactly, how many males are sex reversed, and how many are 
normal males. 

Conclusions 
 

 The mortality percent raise dependent by the quantity of TU from food, with a 
maximum value in variant V3 (90 mg TU / kg food) where it reached 64% in 
koi carps until the age of 3 months. 

 TU treatment significantly reduced length growing of carps, even it was 
administered in dose of 30, 60 or 90 mg / kg food. 

 Testosterone undecanoat in food leads to delay differentiation of the koi carp 
gonads and appearance of intersex gonads, but also changes in sex ratio. 
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Scopul acestei lucrări este acela de a afla dacă undecanoatul de testosteron (UT) poate fi 
utilizat în protocoalele de inversiune sexuală pentru obţinerea de neomasculi (XX) şi care 
sunt consecinţele utilizării acestui hormon la crapul koi. Pentru a induce inversiunea 
sexuală, am ales să hrănim o populaţie de crap koi, normală din punct de vedere al 
raportului între sexe, cu 30 (V1), 60 (V2) şi 90 (V3) mg UT / kg furaj, începând de la vârsta 
de 30 de zile, pentru o perioadă de 60 de zile.Când peştii au ajuns la vârsta de 3 luni, au 
fost mutaţi în acvarii mai mari şi au fost furajaţi fără supliment hormonalpână la vârsta de 
6 luni, când unii peşti au fost sacrificaţi în vederea prelevării de probe pentru studiile 
histologice. La această vârstă s-au determinat şi principalele însuşiri morfometrice. 
Rezultatele noastre indică faptul că procentul de mortalitate mai ridicat pe măsură ce 
creşte cantitatea de undecanoat de testosteron din furaj, cu o valoare maximă în varianta 
V3 (90 mg UT / kg furaj), unde a atins valoarea de 64% la crapii koi de până la 3 luni. 
Lungimea totală a fost singurul caracter la care s-a înregistrat diferenţe semnificative 
(p0.01 şi p0.05) când s-au realizat comparaţii între varianta martor şi celelalte variante 
experimentale. Acest lucru sugerează faptul că administrarea de UT a redus semnificativ 
creşterea în lungime a peştilor chiar dacă a fost administrat în doză de 30, 60 sau 90 mg / 
kg furaj. Administrarea de TU odată cu furajul a dus la modificarea raportului între sexe la 
peştii studiaţi. 
Cuvinte cheie: crap, inversiune sexuală, undecanoat de testosteron. 


