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Tributyltin chloride (TBTCl) was administered through discrete immersion (2 hr each) from the 18th–25th day

after hatching (dph). At the doses of 1, 2, 4 and 8 µg/L, the immersion at 2 µg/L ensured 93% masculinization

and the highest survival of 75% after the treatment. TBTCl acted as a growth suppressant and the magnitude of

its suppression was stronger in females. During the 300 day experiment, it postponed sexual maturity of females

from 120th dph in the control to 240th dph in the females treated at 8 µg/L. It reduced spawning frequency (22-

3 times) and cumulative fecundity (1,632-19 eggs) by reducing the number of vitellogenic eggs. In the treated

males too, it reduced sperm motility (100-68 sec); consequently, fertilizability of the sperm cells drawn from these

males was also reduced from 88 to 43%. Progeny testing showed that the cross between males treated at>2 µg/

L and normal females generated the presumed ‘homogametic’ males. Both the treated ‘homogametic’ and ‘het-

erogametic’ males could induce the females to spawn fewer eggs than that of the normal males. A normal female

somehow deducted the differences between the control, treated and sex reversed males; it preferred a normal male

over a treated one, and a treated one over the sex reversed male.
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Introduction

More than 9,000 tonnes of tributyltin, in its chloride or

oxide form, are now used as a component in antifouling

paints to ward off foulers on vessels and aquaculture nets

(Piver, 1973; Horiguchi et al., 2000). Since 1990, reports on

the imposex-inducing effect of tributyltin in snails and mus-

sels began to be appear. Reviewing these reports, Alzieu

(2000) concluded that TBT inhibited the conversion of test-

osterone into 17α-ethynylestradiol and thereby masculinized

the vulnerable snails and mussels. Besides inducing imposex,

TBT also induced permanent brain damage and other neuro-

toxic effects (Zheng et. al, 2005) especially in the retinal neu-

rons of fishes (Dong et al., 2006). Hence the TBT and its

toxicological studies on fishes have become a hot research

field. On chronic exposure of eggs and alevins of Phoxinus

phoxinus to TBT, Fent (1991) recorded higher larval mortal-

ity, deformation of the body axis and paralysis. In a remark-

able publication, Nirmala et al. (1999) showed that the

medaka Oryzias latipus fed on 279 ng TBT/g per day for 3

weeks showed reduced survival of embryos and larvae, and

trans-generational toxicity. Nakayama et al. (2004) showed

that the eggs of medaka, which ware exposed to 1 µg TBT/g

diet, contained <20 ng TBT/g eggs. In the coastal waters of

Japan, Suzuki et al. (1992) detected upto 431 ng TBT/g eggs

of several marine fishes. Feeding the Japanese flounder

Paralichthys olivaceus fry from the 35th to 100th day after

hatching (dph) at 1.0 µg TBT/g diet, a level of TBT, known

to occur in its natural habitat (Harino et al., 1998), Shimasaki

et al. (2003) found that 81% of sex reversed male progenies. 

While many authors have demonstrated the induction of

complete sex reversal by TBT (e.g. Santos et al., 2006), no

one has thus far undertaken long term study on progeny test-

ing to show the reproductive performance of ‘homogametic’

Y1Y2 and ‘heterogametic’ X1Y2 males; there are numerous

reports showing that these Y1Y2 males do not survive (e.g.

George et al., 1994) and even if they survived, very few of

them lasted to breed (Kavumpurath and Pandian, 1992;

George and Pandian, 1995). Thus the limited information

available on the effects of TBT on the reproductive toxicol-

ogy of the zebrafish Danio rerio does not include the much

desired genetic studies on progeny testing. It is chosen to

undertake a long term study on the effect of discrete immer-

sion of the hatchlings to tributyltin chloride on survival,

growth and reproduction of an experimental model zebrafish

Danio rerio.*Corresponding author: absmani@yahoo.com
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Materials and Methods

Experimental fish: To study the effect of TBT, the zebrafish

Danio rerio Hamilton-Buchanan, a cyprinid experimental

model (Petersen et al. 2001) was chosen. From S. Ram Fish

Farm, Madurai, healthy adults were purchased in spring 2003

and reared in 4 large circular aquaria (each with 150 cm

diameter×180 cm height) containing well aerated water and

aquatic plants. From these healthy brooders, hatchlings were

obtained for experiments. The hatchlings depend on yolk;

following the 2nd or 3rd dph, they were fed Paramecium and

boiled yolk granules of hen’s egg, subsequently, Artemia nau-

plii for a week and synthetic pellet food from the 20-25th dph.

The feed ensured a supply of 30% protein (David and Pan-

dian, 2006). The adult fish (brood stock) were fed Chirono-

mus larvae and/or Tubifex tubifex ad libitum twice a day.

From prolonged observations, potential breeders were

identified 12 h before spawning. The identified male and

female were released into a breeding aquarium (101) filled

with water. Spawning occurred the next day early morning

between 5 and 7 hr; however, for experimental purpose, the

identified individuals were allowed to almost complete court-

ship until 5 am and the gametes were stripped for experiments. 

Tributyltin chloride (TBTCl): A stock solution of 5.1 µM

was prepared, i.e., 85 µL TBTCl (Merck, Germany) was dis-

solved in 100 ml solution containing 10% acetone and 90%

water (see Qun-Fang et al., 2002; Dimitriou et al., 2003); it

was kept in an amber bottle covered with aluminium foil and

preserved in a refrigerator at 4C. From this stock solution of

tributyltin chloride (TBTCl), the desired nominal concentra-

tion of TBTCl was prepared to treat the fish. 

The treatment was carried out by transferring the fry into a

glass bowl containing water with dissolved TBTCl. Five

groups of 40 fry each were subjected to discrete immersion at

TBT concentrations of 0, 1, 2, 4 and 8 µg/L water. There

were five replicates (batches) for each treatment group. 

Discrete immersion: As against chronic exposure (Nash et

al., 2004), the discrete immersion technique aims at the

immersion of the sensitive embryonic or hatchling stage in

minimum water containing TBTCl (see Hunter et al., 1986;

see also Pandian and Kirankumar, 2003). As it is a cost-effec-

tive, allows limited handling and reduces pollution, the dis-

crete immersion(s) technique was adopted (Pandian and

Sheela, 1995).

The duration of an individual immersion and the number of

days, in which the fry were immersed, were chosen on the

basis of preliminary observations and the labile period from

previous report (Uchida et al., 2002). Briefly, the fry were

immersed for 2 hr each on the 18th, 19th, 20th, 22nd, 23rd, 24th

and 25th dph. When the treatment on the selected days was

completed, the experimental series was transferred to rearing

aquaria and the procedure was repeated. On completion of

the entire sequence of the immersions, the surviving fry in

each batch were counted and released into a rearing aquar-

ium (45 L×30 B×15 H cm) containing water (26±1C; 5.5 mg

O2/L); 14 L:10 D and were fed ad libitum. Subsequently,

growth measurement (total length) was made; for this ran-

domly selected 10 individuals in each batch were anesthe-

tized and kept in a glass tray, on the bottom of which a

transparent graph (mm) sheet was pasted. The measurements

were made keeping the tray under a stereomicroscope.

Sex ratio: From the 90th dph onwards, a male was easily

recognized by its slender body shape and a female from its

relatively larger size and bigger belly. From the 120th dph

onwards, stripping with the resultant milt or eggs readily con-

firmed the sex of the individual. 

Records were maintained for the age at which sexual matu-

rity was attained, and the frequency of spawning and milting

as a function of age for a period of 240 days in each experi-

mental batch.

 Motility: On a microscopic slide with a well, 300 µL of tap

water was added to 100 µL Ringer’s saline containing milt,

and sperm motility duration was estimated by a stopwatch.

The duration of motility was taken in seconds, until 50% of

the sperm cells became non-motile (Billard and Cosson,

1992).

Fecundity: On attaining sexual maturity, the persisting

female was paired with a normal male and the eggs released

during successive spawnings were separately collected and

counted. 

Fertilizability: An individual male was introduced to mate

the selected female, and the fertilizability (%) was calculated

by counting the number of dividing eggs as percentage of the

total number of eggs. 

Hatchability: The collected eggs were thoroughly rinsed in

clean water before being transferred into a glass bowl (100

mL). Hatchability was calculated by counting the number of

hatchlings as percentage of the number of eggs.

Histology: After sexual maturity, 3 treated individuals from

each series were anesthetized with clove oil in tap water (2

mL/L). One of their gonads was dissected out and the dis-

sected gonad was fixed in 10% formalin and subsequently
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mounted in the tissue freezing medium (Junk, Leica Instru-

ments GmbH, Germany) at -17oC to obtain 6 µm thin sec-

tions in the freezing microtome (Minotome-Microtome

Cryostat; I.E.C., Needham Heights, MA, USA). 

These sections on the slide were fixed in methanol (100%)

and kept overnight. Subsequently, the slide was rinsed in tap

water followed by distilled water for 1 min and stained with

haematoxylin and eosin, following the standard procedure

described by the manual catalogue card number 74-33828 of

International Equipment Company, MA, USA. Then the sec-

tions were permanently mounted on the slide with DPX. They

were scanned and photographed in a phase contrast micro-

scope (Nikon Optiphot, Nikon Corporation, Tokyo, Japan).

Progeny testing was carried out by randomly selecting 2-5

males in each of the 3 groups. The selected males from the

first, second and third groups belonged to those treated at the

concentrations <2 µg/L (GI 1; designated as ‘sub-optimal’,

see Table 6), those at 2 µg/L (GII, ‘optimal’) and those >2

µg/L (GIII, ‘super-optimal’), respectively. 

Mating behaviour: The female zebrafish is sexually stimu-

lated at a specific concentration of pheromones produced by

its mating partner (Bloom and Perlmutter, 1977). It begins to

chase (stage 1a) and later to nose (stage 1b) a responding

female; this is followed by the male encircling the female

(stage 2); if found not compatible, the partners may separate

from each other but on entering into stage 3, the female

closely leads the male and subsequently, they move parallel

to each other; at this stage, the partners reach a point of no

return. Subsequently, they enter into the final 4th stage, when

they tilt against each other to juxtapose the openings of their

gonadal ducts. Finally the gametes are released. The 4th stage

of courtship is repeated 15-20 times, releasing 6-20 eggs/

pulse (see also Darrow and Harris, 2004) and the stage lasts

for a cumulative period of 1 to 2 hr with the same partners,

who have entered into the stage 3. It was also observed that

many times the mating partners skipped one or other stage

and yet passed into the final 4th stage.

Choice of mating partner: In an all glass ‘Y’-maze (Yambe

et al., 1999), three series of experiments were carried out to

study the mate choice of a normal female to choose its part-

ner between i) normal male and treated male, ii) treated male

and sex reversed male and iii) normal male and sex reversed

male. The ‘Y’-maze (3.3 l) consisted of 3 equal arms namely

‘a’, ‘b’ and ‘c’; each arm measured a length of 25 cm,

breadth of 6 cm and height of 7.5 cm. From the arm ‘c’, a

normal female was allowed to choose one of its stimulating/

responding male partners kept in the arm of ‘a’ or ‘b’; within

a period of about 10 min, the female chose and opened the

readily movable transparent one-way shutter and arrived into

the arm of the selected mating partner. The observation was

repeated for a minimum of 10 times for each of the selected 3

females but every time the mating male partners in the arms

‘a’ and ‘b’ were changed. 

Statistical analysis: Data analyses were based on their

mean±SD. The chi-square test (χ2) was used to test the null

hypothesis of no difference in male : female sex ratio

between the control and treated groups. Multiple comparison

test was performed for survival of fry, milting period, fertil-

izability, spawning period, fecundity and hatchability

between control and treated series with Tukey test or Dun-

net’s method after One-way ANOVA. Behavioural parame-

ters were analysed by Multiple comparison or student’s t-test.

Linear regression test was performed for comparing sperm count

and motility as function of fertilizability of the selected fish. All

the statistical analyses were performed using Sigmastat ver. 2.0. 

Results

Survival

At the end of the treatment, the immersions at the TBTCl

concentrations of 1 and 8 µg/L resulted in 19 and 34 % mor-

tality, respectively (Table 1). Notably, the immersion at 2 µg/

L, which ensured the maximum of 93% masculinization,

resulted in 25% mortality at the end of treatment and 29%

mortality, when sexual dimorphism became apparent. At 8

µg/L, it induced 1.2% deformed fry (Table 4); all of these fry

died between 3rd and 5th dph, when yolk sac was absorbed;

apparently, these fry were not able to swim and feed on the

yolk granules of hen’s egg. Hence, the zebrafish was not

treated at higher than 8 µg/L dose. 

Growth

On the day of hatching, the zebrafish measured a body

length of 3.3 mm in the control and all the groups in the

treated series. The early log phase of accelerated growth was

sustained until the 90th-120th dph in both the series. But the

observed differences in growth between the control and

treated series were significant even on the 30th dph (Table 2).

However, from the 120th dph, when the difference in growth

between females and males became readily recognizable, the

control female grew to 41 mm on the 300th dph, while the

control male grew to 33 mm only. 
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In all the treated groups, both females and males began to

suffer growth suppression even prior to morphological sex-

ual identity on the 120th dph and the suppression became

increasingly more and more significant, as the days advanced

to the 300th dph (Table 2), except at the concentration of

8 µg/L, the males suffered greater suppression than the

female at any tested dose. The treatment at any tested con-

centration, tributyltin acted as a significant, irrevocable

growth suppressant.

Sex ratio

With increasing TBTCl dose of discrete immersion, the sex

ratio was progressively biased towards males, although at the

doses of 4 and 8 µg/L, 5% male-like intersex individuals

were present (Table 1). The treated series, which showed sig-

nificant deviation from the expected 0.5:0.5 sex ratio, was

classified into 3 groups: the group II included only one batch

treated at 2 µg/L, in which the highest number of individuals

(93%) were masculinized; hence it was considered as opti-

mal dose (Group II). The others, underwent treatment either

at the lower sub-optimal (Group I) or higher super-optimal

doses (Group III). 

Female

Table 3 shows the effects of TBTCl on the treated but per-

sisting females: i) age of the first spawning was postpone-

ment from the 120th dph in the control female to 240th dph in

the G III females; ii) the inter-spawning period was also pro-

longed from 7 to 33 days; iii) the fecundity was reduced from

89 eggs/spawning to 53 eggs/spawning; and iv) the hatch-

ability of the F1 fry was reduced from 87% in the control to

15% and 12% in G II and G III females, respectively. At the

lowest dose of 1 µg/L, the spawning frequency was reduced

from 22 times in the control to 3 times in the G III females

(Table 3); correspondingly, the fecundity was also signifi-

cantly reduced to 1813 to 156 eggs. Consequently, the cumu-

lative hatchability of F1 fry was reduced from 1632 to just 19

hatchlings, i.e. 1.2 % of the control value. 

Histology

The causes for the postponement of the first spawning and

prolonged inter-spawning intervals were traceable to the

degenerative changes that took place in the ovary. The fol-

lowing changes were recognized: i) progressive decrease in

the matured vitellogenic oocytes; for instance, when sections

Table 1. Effect of different doses of  tributyltin chloride on survival and sex reversal of the zebrafish Danio rerio, which were previously
immersed for 14 hours, i.e. 2 hours each on the 18th,19th,20th,22nd, 23th,24th and 25th  day after hatching.  Each value represents  the  mean
performance of 5 batches, each consisting of  40 fry.   I means intersex

Group
Dose

(µg/L)

Survival  at the Sex distribution (no.) Sex ratio2

End of treatment1 Sexual dimorphism1

(♂ ) (♀) (I)  ♂ : ♀  : I
(no) (%) (no) (%)

Control 39 ± 0.5 99 ± 1.4a 38 ± 0.5 96 ± 1.4c 19 ± 0.4 19 ± 0.5 - 0.50 : 0.50 : 0.00

G I 1 32 ± 0.8 81 ± 2.1b 29 ± 0.5 72 ± 1.4d 23 ± 0.8 6 ± 0.5 -  0.79 : 0.20 : 0.002

G II 2 30 ± 1.6 75 ± 4.1b 28 ± 0.8 71 ± 2.1d 26 ± 1.1 2 ± 0.5 -  0.93 : 0.07 : 0.002

G III 4 28 ± 0.7 70 ± 1.7b 21 ± 1.1 54 ± 2.8d 17 ± 0.8 3 ± 0.5 1 ± 0.5  0.81 : 0.14 : 0.052

G III 8 26 ± 1.1 66 ± 2.8b 19 ± 0.5 49 ± 1.4d 16 ± 1.0 2 ± 0.5 1 ± 0.5  0.84 : 0.11 : 0.052

1
All  values  are  mean ± SD;  ‘b’ and ‘d’  are  significantly (P<0.001) different  from  the  respective control values namely ‘a’ and
‘c’, (Dunnett’s Multiple comparison test after One Way ANOVA). 

2Chi square test with Yates correction  indicates significant (P<0.001) deviation from the expected 0.5:0.5 ratio of males to females.

Table 2.   Effect of different doses of tributyltin chloride on the body length (mm) of the zebrafish, which were previously immersed  for
the cumulative period of 14 hours, i.e. 2 hours each on the 18th, 19th, 20th, 22nd, 23rd, 24th and 25th  day after hatching.  Each value represents
the mean of growth of randomly selected 10 fry each from 5 batches

Dose (µg/L) 1st day 30th day 60th day 90th day*
120th day 300th day

♂* ♀ ♂ ♀

Control 3.3 ± 0.3 4.3 ± 0.3a 11.3 ± 0.8c 17.7 ± 0.7e 20.5 ± 1.4g 24.4 ± 0.9i 33 ± 2.0k 41 ± 2.1m

1 3.3 ± 0.3 3.8 ± 0.2b 10.1 ± 0.8d 14.8 ± 0.8f 18.2 ± 0.8h 21.7 ± 0.8 j 28 ± 1.3l 36 ± 1.5n

2 3.3 ± 0.3 3.9 ± 0.3b 10.0 ± 0.7d 15.3 ±1.2f 18.6 ± 0.5h 20.5 ± 1.1j 29 ± 1.8l 35 ± 1.8n

4 3.3 ± 0.3 3.8 ± 0.2b 10.0 ± 0.4d 13.3 ± 1.1f 17.8 ± 0.9h 19.7 ± 1.3 j 27 ± 1.9l 31 ± 2.1n

8 3.3 ± 0.3 3.7 ± 0.13b 8.8 ± 0.6d 12.8 ± 1.4f 17.0 ± 1.3h 19.2 ± 1.45 j 27 ± 1.9l 27 ± 1.9n

All values are mean ± SD; ‘b’, ‘d’, ‘f’, ‘h’, ‘j’, ‘l’ and ‘n’ are significantly (P<0.001) different from their respective control values
namely ‘a’, ‘c’, ‘e’, ‘g’, ‘i’,,’k’ and ‘m’ (Multiple comparison Tukey test or * Dunnett’s method after One Way ANOVA).
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of the ovary of the control and treated series were viewed

under the phase contrast microscope with 10x objective, as

many as 7 fully matured vitellogenic oocytes were visible

(Fig. 1a) in the control but a single oocytes alone was present

in the ovary of the female treated at 8 µg/L (Fig.1d); ii) pro-

gressive increase in the number of previtellogenic oocytes;

iii) progressive increase in the irregular shape of the oocytes

and iv) appearance and increase in vacuolar area. Conse-

quently, the generation of critical number of, say, 50 eggs,

matured vitellogenic oocytes ‘ready to spawn’ required longer

and longer intervals between the successive spawnings, when

the zebrafish were immersed at higher concentration of TBTCl. 

Male

On the 120th dph, the control males attained sexual matu-

rity and readily yielded milt, when stripped. The age, at

which sexual maturity was attained by the males, was pro-

gressively postponed to 180th dph, when the dose was

increased to 8 µg/L (Table 4). Further, the inter-milting

period of 4 days in the control was also extended to 16 days

in the G III males. Motility duration was also decreased from

100 sec to about 68 sec; consequent to the decreases in the

sperm count and sperm motility, the fertilizability of the

sperm, when allowed to fertilize eggs spawned by a control

female, decreased to 43 % in the G III males. 

Most interestingly, of the sperm cells drawn from males

treated at 4 and 8 µg TBTCl/L, many were found non motile;

they suffered from partial or complete loss of flagella

(Fig. 2). On counting, it was noted that a significant 4-7 %

lost a part or the entire flagellum.

Histology

A cause for the decreased fertilizability was traced to the

degenerative changes observed from the sections of testis of

the treated males. The changes observed were the following:

i) the most obvious was the reduction (Fig. 1g) and/or almost

the virtual disappearance of the spermatogonia (Fig. 1h), ii)

the enlargement of the seminiferous tubules (Fig. 1g), and iii)

the increase in vacuolar spaces (Fig. 1h).

Progeny testing

In zebrafish, Traut and Winking (2001) could not identify

Table  3.  Effect of different doses of tributyltin chloride on spawning and fecundity of the treated but persisting F0 female zebrafish.  The
treated females were  crossed with normal males.  Each value represents the mean of 5 estimates

Dose (µg/L)
Age at first 

spawning (dph)
Inter-spawning 

period (day)
Fecundity

(no/spawning)
Hatching (%)

Spawning fre-
quency (no)

Cumulative 
fecundity (no)

Cumulative 

hatchlings (no)

Control 120 ± 2.3a 7 ± 0.5c 89 ± 5.6e 87 ± 2.3g 22 ± 0.8i 1813 ±100k
1632 ± 90m

1 183 ± 2.7b 17 ± 3.8d 68 ± 3.8f 32 ± 5.9h 5 ± 1.3j 337 ± 17l
108 ± 5n

2 186 ± 2.3b 19 ± 3.6d 60 ± 1.8f 15 ± 1.6h 5 ± 1.0j 298 ± 25l
45 ± 4n

4 211 ± 1.8b 25 ± 3.6d 57 ± 3.0f 15 ± 1.3h 3 ± 0.5j 171 ± 4l
26 ± 1n

8 240 ± 2.8b 33 ± 7.8d 53 ± 2.3f 12 ± 1.7h 3 ± 0.5j 156 ± 17l
19 ± 2n

All values are mean ± SD; ‘b’, ‘d’, ‘f’, ‘h’, ‘j’, ‘l’ and ‘n’ are significantly (P<0.05) different from their respective control values namely
‘a’, ‘c’, ‘e’, ‘g’, ‘i', ‘k’, and ‘m’  (Multiple comparison Tukey test  after One Way ANOVA).

Fig. 1. Effect of different doses of tributyltin chloride on the gonad

of zebrafish Danio rerio. Upper panels: ovary (a) control; (b) 1 µg/

L; (c) 2 µg/L; (d) 8 µg/L. dp−degraded products; m−matured

oocyte; po−primary oocyte; pv−pre-vitellogenic oocyte; vc−vacuole.

Scale  300 µm. Lower panels: testis (e) control; (f) 1 µg/L; (g)

2 µg/L; (h) 8 µg/L. sg−spermatogonium; st−spermatids; T−seminif-

erous tubule; vc−vacuole.  Scale  25 µm.
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Table 4. Effect of different doses of tributyltin chloride on the age of  maturity, inter-milting period and fertilizability of sperm drawn from
the sex reversed male zebrafish whose fry were subjected to discrete immersion for 14 hours, i.e. 2 hours each on the 18th, 19th, 20th, 22nd,
23rd, 24th and 25th  day after hatching.  These sex reversed males were crossed with normal females. Each value represents the mean of 5
estimates

Dose (µL/L) Age of maturity (day)
Inter-milting period 

(day)
Motility duration (sec) Fertilizability (%)

Occurance of 
deformity (%)

Control 120 ± 3.4a 4 ± 0.5c 100 ± 4.2e 88.0 ± 2.3g 0

1 149 ± 2.2b 7 ± 0.5d 83 ± 11.9f 70.0 ± 2.9h 0

2 153 ± 2.3b 8 ± 0.8d 78 ± 2.3f 68.6 ± 2.3h 0

4 157 ± 3.7b 12 ± 2.0d 71 ± 5.2f 55.4 ± 2.3h 0

8 180 ± 3.5b 16 ± 2.5d 68 ± 7.9f 42.6 ± 1.8h 1.2 ± 0.5

All values are mean ± SD; ‘b’, ‘d’, ‘f, and ‘h’ are significantly (P<0.05) different from their respective control values namely ‘a’, ‘c’,
‘e’ and ‘g’  (Multiple comparison Tukey test after One Way ANOVA).

Table 5. Progeny  testing  of  randomly  selected  male  zebrafish  treated  at  sub-optimal   (G I),   optimal  (G II)  and   super-optimal   (G
III)  doses  of  tributyltin chloride.  Each selected sire was allowed pair with 2 or 3 randomly selected normal females

Sire (no) Dam (no) Progeny (no)
Progeny sexed

(no)

Sex distribution (no) Sex ratio 
♀  : ♂

Presumed genotype of  
♂ parent♀ ♂

Control
3

8

90

76

50

45

26

23

24

22

0.5 : 0.5

0.5 : 0.5
X1Y2

G I
7

11
62
64

45
45

22
23

23
22

0.5 : 0.5
0.5 : 0.5

X1Y2

G I
5
7

74
68

50
50

24
26

26
24

0.5 : 0.5
0.5 : 0.5

X1Y2

G I
5
6

64
72

45
45

23
23

22
22

0.5 : 0.5
0.5 : 0.5

X1Y2

G I
6

12

70

65

45

45

23

23

22

22

0.5 : 0.5

0.5 : 0.5
X1Y2

G II
4

3

56

66

35

35

17

17

18

18

0.5 : 0.5

0.5 : 0.5
X1Y2

G II

7

2
8

64

62
58

40

40
40

32

31
32

8

9
8

0.8 : 0.2

0.8 : 0.2
0.8 : 0.2

X1X2

G II
7
4

64
62

40
40

21
22

19
18

0.5 : 0.5
0.5 : 0.5

X1Y2

G II

5

6
9

68

72
64

45

45
45

34

32
36

11

12
9

0.8 : 0.2

0.7 : 0.3
0.8 : 0.2

X1X2

G II
5
3

58
62

40
40

21
22

19
18

0.5 : 0.5
0.5 : 0.5

X1Y2

G III
6
4
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the sex chromosomes, and the genetic mechanism of sex

determination of the zebrafish is yet to be known. For an eas-

ier understanding, it is chosen for the present to designate the

phenotypic female and male as the presumed ‘homogametic’

(X1X2) and presumed ‘heterogametic’ (X1Y2), respectively.

Of 16 randomly selected males for progeny testing, 4 were

from GI, 5 from GII and 7 from G III (Table 5). Except for 2

batches in each of the groups GII and GIII, all the males sired

F1 progenies, whose sex ratio was about 0.5 male:0.5 female.

The sex ratio of the progenies sired by 2 males in each of the

G II and G III was 0.80 male:0.20 female. Hence, the geno-

type of these male parents is presumed to be ‘homogametic’.

Clearly, the group exposed to concentrations of 1 µg TBTCl/L

did not generate the presumed ‘homogametic’ male and/or

ensure its survival. At the concentration higher than 2 µg

TBTCl/L, more than 40 % males were ‘homogametic’. 

With identification of the presumed genotype of the treated

males and the number of progenies that they were able to

generate from the eggs released in a single spawn by a nor-

mal female, it was possible to estimate the number of proge-

nies produced by the females paired with the treated

‘homogametic’ or ‘heterogametic’ males. As only normal

females were used to pair with the treated males, each female

is expected to spawn 89 eggs, from which 83 progenies are to

be hatched out. However, the ability of all the treated males

to induce the females to release eggs was not equal to that of

a control male, and this resulted in the production of 62-67

progenies alone (Table 6). Notably, the difference between

the number of progenies generated by the presumed ‘hetero-

gametic’ and that by the presumed ‘homogametic’ male is

not significant. In other words, both the presumed ‘heteroga-

metic’ and the sex reversed ‘homogametic’ males induced

the females to spawn equal number of eggs. 

Behaviour

With identification of presumed ‘homogametic’ males

through progeny testing, it was possible to design a mate

choice experiment for a normal female to select between, i)

control and treated males, ii) control and treated sex reversed

males and iii) between treated males and sex reversed males

(Table 7). When the choice was between the control and sex

reversed males, the normal females preferred the normal

males, but when it was between the treated and sex reversed

males, it preferred the treated males. Hence the normal

female detected the differences between the control, treated

and sex reversed males. 

Table 8 summarizes the frequency of courting stages by the

normal, treated and sex reversed males. Briefly, when a

female accepted a normal, treated or sex reversed male, i) the

selected male was allowed to continue to proceed with the

rest of courting sequences and ii) however, the initial choice

of responding to the sex reversed male was significantly low. 

Discussion

Discrete immersion of the hatchlings of zebrafish for 14

hrs even at the concentration 2 µg/l resulted in 25% mortal-

Fig. 2. Representative photomicrographs of (A) control sperm, (B)

sperm with broken flagellum and (C) sperm with collar alone in

zebrafish, that were previously exposed to>4 µg TBTCl/L.

Table 6. Effect of different doses of tributyltin chloride on progeny
producing ability of the male zebrafish bearing different genotypes.
Each genotype identified male was allowed to cross 2-3 normal
female. Each value represents the mean of 2-3 males for each of
the Groups I, II and III

Group Genotype and sex Progeny produced (no)

Control X1Y2 ♂ 83 ± 7.0a

Group I X1Y2 ♂ 67 ± 7.5b

Group II*
X1Y2 ♂ 61 ± 4.2b

X1X2 ♂ 65 ± 4.6b

Group III*
X1Y2 ♂ 58 ± 4.0b

X1X2 ♂ 62 ± 2.5b

All values are mean±SD; ‘b’ is significantly (P<0.05) different
from their respective control value ‘a’ (Multiple comparison
Tukey test after One Way ANOVA).

*Student’s t-test was performed to compare the difference in the
progeny production between G II X1Y2 ♂ and X1X2 ♂ (t=-1.114,
p=0.328); G III X1Y2 ♂ and X1X2 ♂ and found that the difference
is  not  significant (t=-1.698, p=0.165).
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ity. Reports on such high mortality of fry exposed to TBT are

frequent (e.g. Manning et al., 1999). A reason for the

reported high mortality of the TBTCl treated fishes is its

accumulation in different organs of the fish (Shim et al.,

2002). TBT was concentrated by 2.6 and 23.0 times by the

Japanese flounder Paralichthys olivaceus, when it was

administered through diet at 0.1 and 1.0 µg/g diet, respec-

tively (Shimasaki et al., 2003). The earliest publication by

Shim et al. (2002) reported that the TBT accumulated in the

following decreasing order: serum < gills < muscles; its accu-

mulation in the brain, nervous system and gonads, though

very much desired, was not taken for estimation. Fent (1991),

who subjected the eggs and alevins of the minnow Phoxinus

phoxinus to a static level of 0.8-19.5 µg TBT for 3-10 days at

16oC and 21oC reported very high mortality, deformation of

the body axis and paralysis. On discrete immersion for 14 hrs

at 8 µg TBTCl/l, the zebrafish also suffered 1.2% deformity

leading to their death following hatching. Shimazaki et al.

(2006), who administered 200 µg TBT/g diet for 30 days to

the breeding Japanese whiting Sillago japonica, reported

2.6% deformed hatchlings. A route, through which TBT-

treated fishes suffer stunted growth, may be through its effect

on the central nervous system of the treated fish during crit-

ical stages of life. Citing that organotin preferentially accu-

mulated in the central nervous system, especially in the

retinal neurons in the marine fishes, Dong et al. (2006)

showed that water bound TBT specifically increased the

number of apoptotic cells in the retina and some cells adja-

cent to trigeminal neurons of the zebrafish. However, we are

yet to know the exact cascade of events through which the

affected retinal cells and trigeminal neurons causes such high

mortality of the hatchlings exposed to TBT. 

Another route through which TBT may cause high mortal-

ity and stunted growth appears to be through its accumula-

tion in the muscles. As the muscles contribute the largest

proportion of the body of a fish, and as muscles are known to

contain upto 0.9 mg TBT/kg fish (Short and Thrower, 1986),

a major fraction of the accumulated TBT alters one or more

of the physiological processes. For instance, TBT is known

to accelerate GST activity by inhibiting acetylcholine

esterase and lactate dehydrogenase activity and thus affect

the biochemical process of muscular activity in Salmo salar

(Greco et al., 2007). Schmidt et al. (2005) reported that the

TBT significantly affected the swimming behaviour and

motility of the young carp Cyprinus carpio (cf Gormley and

Teather, 2003). Hence, the route through which TBT sup-

presses the growth appears to be: accumulation of the TBT in

muscles (Greco et al., 2007) leading to decreased swimming

speed (Schmidt et al., 2005) leading to impaired foraging

efficiency leading to lowered food intake leading to slowed

digestion and absorption (cf Sastry and Siddiqui, 1982) lead-

ing to stunted growth (Manning et al. 1999; Shimasaki et al.,

2003). Hence it is likely that the accumulated TBT in the

zebrafish muscle may be a root cause for the observed

stunted growth. However, it is not yet known how the TBT, a

strong androgen-mimic (Haubruge et al., 2000), disrupts the

cascade of endocrine events of somatic growth (see also Bay-

ley et al., 1999). 

Discrete immersions of the hatchlings of zebrafish at the

‘optimal’ dose of 2 µg TBT/L led to the production of 93%

Table 7. Mate choice by the  normal female (X1X2) zebra between
the control (X1Y2), treated (X1Y2) and sex reversed (X1X2) males in
the Y-maze. The treated and sex reversed males were previously
subjected to different doses of tributyltin chloride. Each value
represents the mean of 10 choices of a normal female (indicated by
tag no) choosing control, treated or sex reversed male, for each of
which 3 were selected. The treated and  sex reversed males, were
drawn from each group  

Female used
(Tag no)

Entry of ♀ into the chamber of 

Control ♂
(X1Y2)

Treated ♂
(X1Y2)

Sex reversed ♂
(X1X2)

3
5
7

7.3 ± 0.5a 2.7 ± 0.5b -

4
6
1

8.3 ± 0.5c - 1.7 ± 0.5d

2
8
9

- 6.3 ± 0.5 e 3.7 ± 0.5f

All values are mean ± SD;  controla vs treatedb(t=5.657, p=0.005);
controlc vs  sex reversedd (t=14.142, p=0.001); and treatede vs sex
reversedf (t=9.899, p=0.001)  are significantly different from their
respective control values. 

Table  8. Frequency of events in the courtship of male zebra Danio
rerio. Mating behaviour observed for 30 min and each value
represents the mean of 10 experimental observations each lasting
for 10 min; randomly selected 3 males were used from each group
of G I, G II and G III 

Group
Dose

(µg/L)
Chasing Nosing Encircling  Leading 

Control 11 ± 1.3a 14 ± 2.4c 12 ± 2.1e 10 ± 1.9g

G I 1 6 ± 1.0b 6 ± 1.8d 3 ± 1.0f 3 ± 1.0h

G II 2 6 ± 1.1b 4 ± 1.5d 4 ± 1.6f 4 ± 1.2h

G III 8 3 ± 1.2b 3 ± 0.9d 2 ± 0.7f 2 ± 0.8h

All values are mean ± SD; ‘b’, ‘d’, ‘f’ and ‘h’ are significantly
(P<0.001) different from their respective control values namely
‘a’, ‘c’, ‘e’ and ‘g’ (Multiple comparison Tukey test after One Way
ANOVA).
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male progenies. Numerous publications have reported on

such imposex and masculinization in marine (e.g. the Japa-

nese flounder, P. olivaceus: Shimazaki et al., 2003) and fresh

water (e.g. the Japanese medaka, Oryzias latipes Nakayama

et al., 2004) fishes. McAllister and Kime (2003) have shown

that as an aromatase inhibitor, TBT irreversibly masculinize

the treated fishes. A large number of publications are avail-

able on the masculinizing effect of TBT in fishes, for

instance, Poecilia reticulata (Haubruge et al., 2000). How-

ever, the mode and concentration of TBT at which one or

other stage of fish is exposed, differs from publication to

publication. Yet they all consistently report on reductions in

one and more of the following: size of testis, milt volume,

sperm cell count and motility duration and consequent reduc-

tion in the fertilizing ability of the sperm. Remarkably,

McAllister and Kime provided photographic images of

sperm cell without flagellum. In the present study too, such

sperm cells with partial or total loss of the flagellum were

recorded. In addition they were quantified. 

Irrespective of the mode and dose of TBT to which one or

other life stage of fish is exposed, almost all previous authors

have reported the persistence of a certain percentage of

females, as in the present study. These females also suffer

reduction in the number of matured oocytes, and hence the

fecundity and hatchability. The present study, which lasted

for a period of 300 days, is perhaps the first to report on the

reduction of spawning frequency from 22 times in the con-

trol to 3 times in those discretely immersed for 14 hrs at

4 µg/L. A reason for the reduction in hatchability, say, from

87 % in the control to 12% in those exposed to 8 µg/L as in

the present study may be traced to the transfer of residual

TBT from the mother to the eggs; Nirmala et al. (1999) and

Nakayama et al.(2005) demonstrated that when fed 279 and

330 ng TBT/g diet/day respectively for 3 weeks, the medaka

transferred the residual TBT into its eggs, which suffered sig-

nificant reduction in fertilization success. In their earlier

paper Nakayama et al. (2004) showed the eggs of medaka,

which was exposed to 1 µg/g diet, contained <20 ng TBT/g

eggs. In the coastal waters of Japan, Suzuki et al. (1992)

detected upto 431 ng TBT/g eggs of several marine fishes.

Apparently, the presence of TBT in the fish eggs is a caus-

ative toxicant for the observed impaired embryonic develop-

ment, and the consequent reduced and delayed hatching.

This study is perhaps the first to report on the progeny test-

ing in zebrafish subjected to TBT exposure and the produc-

tion and survival of ‘homogametic’ X1X2 males. The progeny

producing capacity of the treated ‘homogametic’ and ‘heter-

ogametic’ males are significantly affected, although there

was no significant difference in the progeny producing

capacity between ‘homogametic’ and ‘heterogametic’ males. 

The mate choice experiments undertaken on the Y-maze

showed that the normal female is somehow able to deduct the

pheromonal (Bloom and Perlmutter, 1977) differences

between the control and treated males and control and sex

reversed males as well as treated and sex reversed males.

Hence, it is likely the treated males are eliminated from mat-

ing the female in the natural habitat. However, once a treated

or sex reversed males are accepted by a normal female, the

mating partners successfully complete all the recognized

stages of courtship. 
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