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Effect of letrozole on masculinization of Siamese fighting fish (Betta splendens)
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Abstract: The aim of this study was to evaluate the effect of letrozole (a non-steroidal aromatase inhibitor) on
masculinization of Siamese fighting fish (Betta splendens). Different doses of letrozole 50, 100, 150 and 200 ppm
(mg/kg feed) were incorporated into diet and fed for periods of 30, 40 or 50 days. Immersion treatment of letrozole at
selected doses (250, 500, 750 and 1,000ug/l) for 3 h each on third, fifth and eighth day-post-hatching (dph) (Trial 1)
and fourth, sixth and eighth dph (Trial 2) was given.The oral administration of letrozole for 30, 40 or 50 days did not
have any significant effect on the sex ratio of B. splendens. The immersion treatment of letrozole induced 100%
masculinization at 500 and 1000pug/l in trial 1, while it yielded only 66.66 and 90% male population at 500 and 1000
pg/l in Trial 2. The dietary administration of letrozole for 30 and 50 days caused tail deformities and/or rudimentary
and absence of dorsal fin. The progeny testing of males from letrozole treated (both oral and immersion) groups
indicate that the sex ratio of progenies of each of the males tested did not differ significantly from that of control,
indicating that all those males carried XY genotype. Letrozole treatments suppressed ovarian development (atretic
oocytes were common). However, the testicular development was unaffected. The study revealed that immersion
treatment of letrozole was more effective in inducing masculinization of B. splendens than the oral administration of
letrozole.
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2011). Feeding. splendenwiith a diet containing 1o/
INTRODUCTION -methyltestosterone (&/MT) at doses of 80-140 ppm
The quantity of ornamental fish traded worldwides ha resulted in the production of 80, 86.9, 87.5 an®B%l
increased steadily over the years. The Siamestrfggh males, respectively (Jessy and Varghese, 1988).
fish (Betta splendens also known as the Betta and A 100% masculinization was achieved whBetta
simply as the fighter, is a popular species oftfres was fed at doses 8, 15, 60 and 90 mg/kg 19-nor
water aquarium fish. It has been affectionatelyknic -ethyltestosterone, #MT, 11-ketotestosterone and
named “The Jewel of the orient” due to large flogvin androstenedione, respectively (Kavumpurath and i@and
fins and a wide range of colors. The m&letta will 1994).
flare his gills, twist his body and spread his fihging  In recent years, aromatase inhibitors find incregsi
mating. Female is duller in color and smaller iresi  application for sex control in fish. Aromatase is a
Males build bubble nests of various sizes and tlegsk  cytochrome P450 enzyme complex that is required for
at the surface of water. Males are in greater démanpiosynthesis of estrogens that converts testosteton
and fetch a much better price than females. Fumatio estradiol and androstenedione to estrone. Blocking
sex of an animal is reversed by direct treatmen wi P450arom activity using chemicals is common and
estrogens or androgens during the period of séardif they are known as aromatase inhibitors (Al), legdin
entiation in the early stage of gonad genesis. Fisha decrease in the production of estrogen (Stetei,
breeders are able to produce either males or female1987). Als have been used in the treatment of breas
separately depending upon the demand for monosexnd ovarian cancer in postmenopausal women (Howell
fish. et al, 2005) and in studies of sex change in a wide
Earlier studies were extendedBosplendenso produce  range of teleost fish, e.g., tilapia (Kwen al., 2000;
a monosex male population (Jessy and VargheseAfonsoet al.,2001; Daset al.,2012), salmon (Piferrer
1988; Pandian and Sheela, 1995; Kavumpurath anét al., 1994), Japanese flounder (Kitagsb al., 2000),
Pandian, 1994; Kirankumar and Pandian, 2002;zebrafish (Fenske and segner, 2004 and guppy
Balsubramani and Pandian, 2008; Kipourets al.,  (Basavarajet al.,2012). It was possible to masculinize

genetic females (XX) to phenotypic males (XX)
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through dietary administration of a common aronmtas batches and fertilized. The resultant fry were ufed
inhibitor, femura (chemical name: letrozole) to jga  experimentation. The aquaria were aerated usingiran
tilapia (Oreochromism ossambigusvherein 100% male blower. Before stocking the fry, the aquaria (2x5xft)
population could be produced by treating the fry atwere disinfected with a solution of potassium p&gaaate
100-200 ppm diet for 30 days (Deisal.,2012), letrozole  (KMnO,) at 5 ppm, cleaned, dried and filled with fresh
in combination with 1@&-MT also induced the production filtered water.

of 100% male tilapia population; letrozole admirisbn Letrozole treatment to fry: Three or four-day-oldBetta
did not indicate any adverse effect on growth, isatv  fry were divided into five groups of 30 to 50 eaamtd
and proximate composition of the tilapia. Letrozald00  designated asol Ty, T2, Ts and T, for 0, 50, 100, 150
ppm produced 92, 93 and 97% male guppy when treatednd 200 ppm letrozole, respectively and dedlibitum
for 30, 40 and 50 days (Basavargjal.,2012). Since the twice daily for periods 30, 40 or 50 days. The inmsiza
use of steroids evokes public concern, one aligemat treatment of letrozole was carried out at concéatrs. of
strategy would be the application of non-steroittaigs 250, 500, 750 and 1000 pg/l water. Randomly selecte
like letrozole. Hence, the study was conductedddyce  fry were subjected to discrete immersion treatmet
an all-male progeny using letrozole and also tbites letrozole for 3 h each on third, fifth and eightiys of
effect on morphology and gonadal development inpost hatching (dph) or for 3 hours each on fowstkth
Siamese fighting fisB. splendens. and eighth dph. Stock solution of letrozole wapared

in absolute alcohol. A control group was maintained
MATERIALSAND METHODS without letrozole. About 50% water was exchangetkon

The present study was conducted at fish farm of theevery four days during treatment period to remove
College of Fisheries, Mangalore. excreta, uneaten food and the accumulated metzbolit
Incorporation of letrozole: The commercially available letrozole. All the tanks were aerated using ablairer.

fry feed (Nutri feed) of Godrej AgrovetVijaywada, Fry rearing: Cement tanks (2.5x2.5x3 ft) were used for
Andhra Pradesh was used as a basal diet for theisition ~ Post-treatment rearing of fry from respective gmapd

of letrozole. Required quantity of feed (100 g) was reared for a period of 90 days. Before stockinfyofthe
weighed, powdered using a grinder and packed iigair ~ cement tanks were drained, dried, filled with fresiter
polythene bags and stored at 4°C. The letrozoletsab and manured with chicken manure at 206g/uring
(common name: Femura, trade name: Letroz,Post- treatment rearing, the fry were fed with stev
Sun-Pharmaceutical, Gujarat, India), molecular fdem zooplankton till maturity.

(CrH1sN3HCL) and chemical name 4-(5, 6, 7, 8-tetra Evaluation of letrozole treatment: On termination of
hydroimidazole (1, 5-a) pyrdin-yl benzonitrilemoyeh the experiments, all the surviving fish were hate@sind
drochloride) procured from a local dealer was used ~ counted. The phenotypic sex of the treated andralont
incorporation into feed. The required quantity bet fish was determined by the secondary sexual clemsact
powdered basal feed (100 g) was taken in plasticand ~ such as the shape of the belly, body coloration and
used as the letrozole carrier feed prepared usiogpal  finnage.

evaporation method (Guerrero, 1975). The requiredProgeny testing : In order to confirm the efficiency of
quantity of letrozole i.e. 50, 100, 150 and 200 mgSE€X conversion, progeny testing was carried out, fo
(weighed accurately using an electrical balancey wa Which sex reversed males from treated group wetedna
dissolved in 50ml of 95% ethanol and the Al-disedlv ~ With normal females in glass tanks (2x1x1.5 ft)aat
ethanol was sprayed on feed uniformly using aratio of 1:1 (M:F); the resultant progeny wasreea
chromatogram column sprayer. The feed was mixedn cement tank (2.5 x2.5 x 3 ft) for three monthsl a
thoroughly with a glass rod to ensure proper mixafig ~ during this period the fry were fed with controeéeat
letrozole into the feed. The letrozole incorpadathet ~ 50% of their body weight. Upon maturity, the fishes
was dried at room temperature to allow the ethamol Wwere sexed by means of secondary sexual characters
evaporate. The control diet was prepared in theesamlike colour, size, shape of the belly and finnage.
manner using ethanol only. After drying the respect Histology of gonads: The gonads of control and
feeds were packed in air tight polythene bags &meds  treatment groups were collected, preserved, fixed,
in a refrigerator at 4°C. embedded, section taken, stained (Gray, 1964) and
Development of brood-stock and fry production: Betta ~ Sections were observed under a microscope (Olympus)
stocks obtained from local aquarists and maintagi¢de ~ and photographed.

College farm were used to develop brood fish. Bmees  Statistical analysis: The Chi-square test was
was raised by feeding daily twice with mosquitovder ~ €mployed to test the equality of sex ratio among
and zooplankton. The gravid female and mBktta  different groups.

(identified based on their external characteristivsre

selected for fry production. The female and mateders RESULTS

(1:1) were held in an aquarium (2x1x1.5 ft) forduieg. ~ Sex ratio: The results of the oral administration of
In about one or two days of their release in theaagm, letrozole for 30, 40 or 50 days are presentedblesal
breeding took place wherein the eggs were releesed -3. The survival ranged between 14 and 32.5% during



Milind B. Katareet al. / J. Appl. & Nat. Sci7 (1) : 425 — 433 (2015) 427

letrozole treatment period. Among the letrozolatieed  between 37.5 and 70%, while it varied between 27.8
groups, the percentage of males remained unaffectedind 62.5% during post-treatment period (Tablesd an
indicating that the letrozole administration (ordes  6). Among treated groups, the highest percentage of
not cause masculinization at the tested doses€$dbl males (100%) was obtained in the group treated with
-3). On the other hand, a higher percentage of lesna letrozole at 500 and 1000 pg/l (Trial 1), whereaes t
were found in majority of the groups treated with highest percentage of males (90%) was observed at
letrozole. The survival during post-treatment negri 1000 pg/l (Trial 2).

varied between 41.66 and 100% (Tables 1-3). Progeny testing of letrozole treated fish: Table 7

Tail defor mity and fin abnormality: Tail deformities  shows the results of progeny testing of males that
and fin deformities were often observed in the geou received letrozole incorporated feed and immersion
treated with letrozole for 40 and 50 days and thetreatment of letrozole. The survival of progeniéshe
details are presented in fig. 1 and table 4. Variou oral trial ranged between 37.68 and 40%. All theeh
patterns of skeletal deformities like bent vertébra males (from 150 ppm group) when mated with normal
column and tail were observed. The absence of Horsdemale at 1:1, produced almost normal sex ratios
fin or rudimentary dorsal fin was frequently obsstv  (42.30, 47.82, 50% males and 57.70, 52.18, 50%
in the letrozole-fed fish. It was observed thattlas  females, respectively), indicating all the maled X&'
dose increased, the percentage of deformity andgenotype. The Control group yielded 58.34% males
abnormality also increased. The highest deformityand 41.66% females. The sex ratio was not
(100%) was observed in the group treated withsignificantly different (P > 0.05) in each of theog-
letrozole at 200 ppm for 40 days. The control did n eny tested groups, when compared with Control @abl
exhibit any deformities (Fig. 1 and Table 4). 7). The survival of different progenies of the imme
Immersion treatment: The results of the immersion sion trial ranged between 21.73 and 41.53%. Proge-
treatment of letrozole are presented in tablescb@n nies from 500 pg/l group had 62.07, 46.66 and 40%
The survival of fry during treatment period ranged males and 37.93, 53.34 and 60% females, respec-

Table 1. Number of fry stocked and recovered, sex compasiéind survival oB. splendended with varying doses of
letrozole for 30 days.

Treatment period Post- treatment period

Treat- No. of No.of  Survival No. of fish Male Female  Survival Sex Chi-square
ment fry fry (%) recover ed (%) ratio  value (against

(Initial)  (Final) (M:F)  1:1sexratio)
Control 40 10 25 7 1(14.29) 6 (85.71) 70 1:6 3.56
50 ppm 40 13 325 7 2(28.58) 5(71.42) 53.84 1:2.5 1.28
100 ppm 40 11 275 6 3 (50) 3 (50) 54.54 11 0
150 ppm 40 11 275 7 3(42.85) 4(57.15) 63.63 1:1.3 0.14
200 ppm 40 9 225 5 2 (40) 3 (60) 55.55 115 0.2

Sex composition figures given in parentheses goeesged as a percentage of total number of fististBtally not significant at
5% level from the expected 1:1 sex ratio; M: M&eFemale

Table 2. Number of fry stocked and recovered, sex compasiéind survival ofB. splendended with varying doses of
letrozole for 40 days.

Treatment period Post- treatment period
Treat- No. of No.of  Survival No. of fish Male Female  Survival Sex Chi-square
ment fry fry (%) recover ed (%) ratio  value (against
(Initial)  (Final) (M:F)  1:1sexratio)
Control 50 10 20 7 2(28.58) 5(71.42) 70 1:25 1.28
50 ppm 50 13 26 8 4 (50) 4 (50) 61.53 11 0
100 ppm 50 14 28 9 3(33.34) 6(66.66) 64.28 1:2 1
150 ppm 50 12 24 5 2 (40) 3 (60) 41.66 1:1.5 0.2
200 ppm 50 7 14 7 2(28.58) 5(71.42) 100 1:2.5 1.28

Sex composition figures given in parentheses goeesged as a percentage of total number of fististBtally not significant at
5% level from the expected 1:1 sex ratio; M: M&eFemale
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Fig. 1. Effect of untreated and letrozole-treated diet loe morphological characteristics of Betta. (a) Natmale, (b) Normal
female, (c) Females without dorsal fin, (d) Male withrudimentary dorsal fin and bent caudal regiom) Male with
rudimentary dorsal fin, anal fin and deformed bo¢fy Male with a curved body, rudimentary dorsal, fshowing vertical
movement, (g) Male without dorsal fin and abnornal, tshowing slanting movement, (h) A 40-day tredtgdwith an
abnormal head region and a bent tail, (i) A 50-dietyozole treated fry showing an elongated and edrtail.

Table 3. Number of fry stocked and recovered, sex compasiiod survival oB. splendenged varying doses of letrozole
for 50 days.

Treatment period Post- treatment period

Treat- No. of No. of  Survival No. of Male Female  Survival Sex Chi-square
ment fry fry (%) fishre- (%) ratio  value(against

(Initial)  (Final) covered (M:F) 1:1 sexratio)
Control 50 10 20 8 3(37.50) 5 (62.50) 80 1:1.6 0.5
50 ppm 50 10 20 7 3(42.85) 4 (57.15) 70 1:1.3 0.14
100 ppm 50 12 24 10 3 (30) 7 (70) 83.33 1:2.3 1.6
150 ppm 50 11 22 9 4 (44.44) 5(55.55) 81.81  1:1.2 0.11
200 ppm 50 8 16 8 3(37.50) 5 (62.50) 100 1:1.6 0.5

Sex composition figures given in parentheses goeeeged as a percentage of total number of figltis@Btally not significant at
5% level from the expected 1:1 sex ratio; M: M&édeFemale

tively, while the progenies from 1000 pg/l groumeo vacuolar area (Fig. 2). The results of the histadab
sisted of 64.29, 30.44 and 33.34% males and 35.7lexamination of the testis of fish fed with letrogol
69.56 and 66.66% females, respectively. The two-Conare presented in fig. 3. No significant differenveas

trol groups had 48.64 and 45.45% males and 51.86 anfound in the spermatogenesis of both Control and

54.55% letrozole treated fish. The histology of testisaaied
females, respectively. The sex ratio was not sigmifly the presence of normal spermatogonia, spermatqcytes
(P>0.05) different (Table 7). spermatids and spermatozoa (Fig. 3).

Histology of gonads. The results of the histological
examination of the ovary of fish fed with letrozole DISCUSSION

—incorporated diet are presented in fig. 2. Theriega  This study reports the masculinizationfsplendens

of Control fish showed different stages of oogesesi through a discrete immersion of letrozole. Letrezol
like perinucleolar stage, primary oocyte growth, treatment for 3 h each on third, fifth and eighghd
early vitellogenesis etc. The histology of letrazol produced 100% males at both 500 and 1000 pgl/l,
-treated fish showed a slight suppression of ovarywhereas it yielded a maximum of 90% male
with atretic or degenerating oocytes and increasethopulation at 1000 pg/l when treatment was iven on
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Fig. 2. Photomicrograph of ovary of control fish (A) ar®) fish that received letrozole diet; control figB) and (D) fish
that received letrozole immersion treatment showitifferent stages of oogenesis; perinucleolar stfgs), yolk vesicle
(yv), yolk granules (yg), late vitellogenic oocy), zona radiata (zr), nucleus (n), early vitglenic oocyte (evo), atretic
oocytes (ao), and vacuolar area (va) (H and E; 10).

)'—“.-»-._ = Ph e o i P ' R T Tﬁ
Fig. 3. Photomicrograph of testis of Control (A) and letriezéed fish (B)(H & E; 40); control (C) and fish theeceived
immersion treatment of letrozole (D) showing dé#farstages of spermatogonia (sg), spermatocyt@sgsermatids (smt)
and spermatozoa (sz) (H & E; 40).
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Table 6. Number of fry stocked and recovered, sex compasiiod survival oB. splendengiven immersion treatment of

letrozole (Trial 2).

Treatment period

Post- treatment period

Treat- No. of No. of fry  Survival No. of Male Female Survival  Sex Chi-
ment fry (after 8 (%) fish (%) ratio square
(Initial) days) recover ed M:F value
(against
1:1sex
ratio)
Control 40 20 50 11 3(27.28) 8(72.72) 55 1:26 2.27
250 pg/l 40 16 40 10 5 (50) 5 (50) 62.5 11 0
500 pg/l 40 18 45 6 (66.66) 3(33.34) 50 1:05 1
750 pgl/l 40 15 375 4 (44.44) 5 (55.56) 60 1:1.25 0.1
1000 pg/l 40 17 425 10 9 (90) 1 (10) 58.82 1:0.11 6.4*

Sex composition figures given in parentheses apeessed as a percentage of total number of fistatis8cally significant

at 5% level from the expected 1:1 sex ratio; M: &&: Female

Table 7. Results of progeny testing.

No. of No. of Sur- Female Male Female Sex
fry fish vival (%) ratio
(Initial) recovered (%) (F:M)
and sex
Control 62 24 38.70 10 14 41.66 1:1.4
(41.66) (58.34)
Letrozole Replicate 1 69 26 37.68 15 11 57.70 1:0.73
(oral) 150 ppm (57.70) (42.30)
Replicate 2 60 23 38.33 12 11 52.18 1:0.91
(52.18) (47.82)
Replicate 3 70 28 40 14(50) 14(50) 50 11
Replicate 1 90 37 41.11 19 18 51.36 1:0.94
Control (51.36) (48.64)
Replicate 2 75 22 29.33 12 10 54.55 1:0.83
(54.55) (45.45)
Replicate 1 70 29 41.42 11 18 37.93 1:1.63
500ug/l (37.93) (62.07)
Letrozole Replicate 2 69 15 21.73 8(53.34)  7(46.66) 53.34  8T.0.
(immersion) Replicate 3 80 25 31.25 15 10 60 1:0.66
(60.00) (40.00)
Replicate 1 80 28 35 10 18 35.71 1:1.8
1000pg/l (35.71) (64.29)
Replicate 2 90 23 25 16 7(30.44) 69.56 1:0.43
(69.56)
Replicate 3 65 27 41.53 18  9(33.34) 66.66 1:0.5
(66.66)

the production of an all-male population .
splendenswith letrozole. Kirankumar and Pandian masculinization in the.epomis macrochirushrough

(2002) reported the production of an all-male prog

either oral

administration or

secondary sexual characteristics. Letrozole induced

immersion treatment

of Betta through discrete immersion treatment of during the sexual differentiation period (Gao al,
170- MT at doses of 100, 200, 500, 700, 900 and 1,002010). In the present study, moderately high mibytal

pg/l for a constant duration (3 h/day) on secoifth f

and eighth dph; 5#MT at 900 pg/l produced 98%

males. Balasubramani

demonstrated the masculinization of e splendens
through immersion treatment of norethindrone (NE)50, 100, 150 and 200 ppm to 3-4 days old fry for 30
for 3 hours each on the second, fifth and eighth dp 40 or 50 days did not have any significant effactime
and obtained a maximum of 92% males at 1000 pg/kex ratio. In general, a higher percentage of femal
and observed normal growth and appearance ofvere observed in all the treated groups acrosthall

observed during
post-treatment rearing probably because of handling
and Pandian (2008) alsastress and transfer to a new rearing environment. O
study reveals the dietary administration of lettezat

the

first

2-3 days of
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treatment duration, including the Control. Jessyl an differ significantly from that of the Control. This
Varghese (1988) obtained 80-91% males by the orakhows that all the males carried XY genotype.
administration of 1a-MT at 80-140 ppm for 30 days Chandrashekhara (2011) reported that progeny ¢estin
to 8 day-old-hatchlings iB. splendensSimilarly, the  of sex reversed males from 25 ppm letrozole treated
oral administration of 1o+ MT at doses of 1, 2, 3 or 4 group resulted in 30 fish, of which 27 were females
mg/kg diet for eight weeks induced sex reversa; th and 3 were males and the percentage of females was
higher doses of 3 and 4 mg/kg resulted in 100%90%. The maximum percentage of females (96.90%)
masculinization inB. splendens(Kipouros et al., was found in 100 ppm group (out of 33 fish, 32 were
2011). A 100% male progeny d@. splendensvas  females). The control group had 54.5% females and
obtained using NE at 8 mg/kg diet for 40 days from 45.5% males if.. reticulates

first day of feeding three times a day (KavumpurathThe sex reversed male from androgen treatment when
and Pandian, 1993,1994). mated with normal female produced 100% monosex
Daset al (2012) produced 100% masculinized tilapia female progeny inB. splendengKavumpurath and
(Oreochromis mossambicugyogeny by treating the Pandian,1994). Kirankumar and Pandian (2002)
fry with letrozole at 100-200 mg/kg diet for 30 day obtained 87.25% female population and only 12.75%
Similarly, letrozole has been found to induce males inB. splendensvhen sex-reversed males were
masculinization in other fishes lik@oecilia reticulates mated with normal female indicating the possible ro
Lepomis macrochiru Epinephelus akaaraOryzias  of autosomal genes in the sex determination
latipes (Basavaraj&t al.,2012; Gacet al.,2010; Liet mechanism of this species. Vasanthakunear al

al., 2005; Sunet al.,2007). In the present study, the (2011) observed 88.9% female progeny in Be
oral administration of letrozole did not induce the Carpio by crossing normal females and males from 30
production of all male progenies probably because oppm NE-treated group. Moreover, males of 40 ppm
the less acceptance of the artificial feeds. SéveraNE treated group when mated with normal female,
authors point out that the use of artificial dietsy  yielded 79.3, 72.2 and 76.2% female progeny.

give poor survival and low acceptance of feed B fi In the present study, the histological examinatifn
larvae (Sales and Janssens, 2003; Pezs@h,1993;  ovaries of control fish showed normal stages of
Finn and Kapoor, 2007). This may be the main reasoroogenesis like perinucleolar stage, oocyte growth,
for inability of letrozole to alter the sex ratiohen  vitellogenesis, etc., whereas the ovary of letrezol
administered orally. High mortality of fry was -treated fish showed suppressed ovary with degimgra
observed among the treated groups including theoocytes. Similar results were reported for the
control during initial treatment period might have letrozole treated and the control guplpyreticulates
affected the efficacy of letrozole, feeding letrlezo Histological examination of testis showed that ¢her
only twice a day as against three times dailywere no significant differences in the testicular
(Kavumpurath and Pandian, 1994, 1993). development between the control and letrozole drkat
Tail deformities like bent vertebral column and fish (Chandrashekhara, 2011). Similary, Kirankumar
absence of dorsal fins/rudimentary fin were oftenand Pandian (2002) reported that histological ematiain
observed in groups treated with letrozole for 40 8@  of the testis of the HZMT treated male showed histology
days. Among the groups treated with letrozole for 4 similar to that of the control male. In the ovarf o
and 50 days, the higher deformities (100 and 87.5%)NE-treatedBettg the no. of vitellogenic oocytes was
were observed at 200 ppm compared to other treateteduced, while the vacuolar area was increasethen
groups, which indicate that as the dose increalsed t testis of treated fish, the number of spermatoguosia
deformity and abnormality also increased. Althoughincreased whereas the vacuolar area was reduced
the reasons for the observed deformities couldbeot (Balasubramani and Pandian, 2008). Vinod and
definitely determined, the same may be attributed t Basavaraja (2010) noticed slightly suppressedcteati
longer treatment period and higher doses of leteozo development and completely inhibited ovarian
which might have caused deformity. Saleeh al. development in NE treated groups of common céaxp (
(2001) observed 7-11% deformity in ovaries of large carpio).

mouth bass when treated with diethylstilbestrol atThe present study failed to produce a 100% male
400mg/kg feed. Similarly, Vinod and Basavaraja population when letrozole was orally administered f
(2010) observed 7.69, 13.69 and 20% abnormalities i varying periods in B. splendens but letrozole
testis/ovaries by the treatment of diethylstilbalstit administration through diet has been found to pcedu
varying doses of 400, 500 and 600 ppm, respectivelydeformities. Studies may be carried out to asdess t
Our study also reports the suppression of ovariartoxicity of letrozole treatments. More research is
growth by letrozole. required to induce 100% masculinization through
Results of the progeny testing of males from leifez letrozole treatment either by increasing the dosagt
treated (both oral and immersion) indicate thats¢be  or duration of administration.

ratio of progenies of each of the males testedndid
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Conclusion Kavumpurath, S. and Pandian, T(1993). Determination of
It was concluded that the immersion treatment todZele labile period and critical dose for sex reversal dogl
was more effective than oral administration in iridg administration of estrogens iBetta splendenskegan.

Indian. J. Exp. Bio] 31:16-20.
Kavumpurath, S. and Pandian, T.J. (1994). Masealiin of
fighting fish, Betta splenden®egan, using synthetic or

masculinization irB. splendensThe oral treatment of
letrozole at the tested doses caused abnormaditids

suppressed ovarian developmentBofSplendensThe natural androgenéquacutit Fish Manage25: 373-381.
reasons for the observed deformities could not becipouros, K., Paschos, I., Gouva, E., Ergolavouand.
definitely determined. Hence, this study indicaties Perdikaris, C(2011). Masculinization of the ornamental
scientific direction for future research to assdss Siamese fighting fish with oral hormonal adminititra
toxicity of letrozole treatments B. Splendens. Sci. Asia, 37:277-280.
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