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Effects of diets containing genistein
and diadzein in a long-term study
on sex steroid dynamics of goldfish
(Carassius auratus)

Tahere Bagheri, Mohammad Reza Imanpoor and
Valiollah Jafari

Abstract
The effect of long-term exposure of goldfish to dietary genistein and diadzein on the concentrations of plasma
sex steroids (testosterone (T), 17b-estradiol (E2)) and the gonadosomatic index (GSI) was assessed. The study
was conducted on four groups for a period of 2 years, from the age of 20 weeks to first spawning. Four doses of
genistein and diadzein were applied in the feed: genistein: 0 mg/g, diadzein: 0 mg/g (control group); genistein:
24.26 mg/g, diadzein: 21.7mg/g (diet 1); genistein: 51.55 mg/g, diadzein: 46.13 mg/g (diet 2); and genistein:
75.83 mg/g, diadzein: 67.82mg/g (diet 3). Throughout the experiment, there were no significant dose- or
time-related effects of genistein and diadzein contents on the T level in both sexes. Furthermore, at the highest
genistein and diadzein contents, there was an elevating plasma concentration of E2 at all sampling points
(p < 0.05) and a time-related effect occurred (p < 0.05). Although the E2 concentrations in the plasma of
female, throughout the experiment, were higher than in males, at the last sampling, the plasma concentrations
of E2 reduced among females and became lower than that in males. The effects of isoflavone content were
found on GSI of females at the fourth and fifth sampling among the treatments. Isoflavone contents also affect
GSI of males at the second, fourth and the last sampling. Our findings suggest that overall genistein and diadzein
exposure in early life stages can cause alterations in the reproductive organs and influence sex steroidogenesis.
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Introduction

Nowadays, it has been proved that there are numerous

synthetic and natural chemicals with capacity of

disruption for the synthesis and action of natural

hormones. It has been shown that most of these

‘‘endocrine disrupters’’ have effects on the reproduc-

tive system (Tyler et al., 1998; Vos et al., 2000). The

extensive use of soybean in aquaculture industry in

order to cut down the cost of fish feeds as well as

diminish environmental pollution has made this

compound a focus for environmental impact studies.

Soybeans are being evaluated as a cheaper and more

sustainable protein source replacement to fishmeal

(Ng et al., 2006, Suárez et al., 2009, Watanabe,

2002). But soybean meal is high in crude protein and

has a relatively well-balanced amino acid profile

(Imorou Toko et al., 2008; Mateos-Aparicio et al.,

2008; Yue and Zhou, 2008). The use of soybean meal,

however, has not yet been completely admitted

throughout the aquaculture industry because there is

concern about the influence of soybean-based diets

on fish health, growth, and reproductive development

(Ng et al., 2006). Phytoestrogens, such as daidzein

and genistein, are known as estrogenic compounds,

which are found in plants including soybean (Adachi

et al., 2005). In fact, the reason for the uncertainty of
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soybean meal use in fish feeds is its high levels of

phenolic compounds containing soybeans, which are

called isoflavones. The structure of Isoflavones is

similar to estrogen and is thought to be derived from

its estrogenic effects by acting as an estrogen receptor

(ER) agonist and binding to ERs (Kuiper et al., 1998,

Ng et al., 2006). The possibility of interactions

between isoflavones and the endocrine system of

organisms has been the focus of several studies in

both mammals (Barrett, 1996; Friendman and Baron,

2001; Kuiper et al., 1997, 1998; Woclawek-Potocka

et al., 2005) and fish (Latonnelle et al., 2002;

Tollefson et al., 2001; Van den Ingh and Krogdahl,

1990). The three most abundant isoflavones found

in soybeans are genistein (40,5,7- trihydroxyisofla-

vone), daidzein (40,7-dihydroxyisoflavone), and

glycitein (40,7-dihydroxy-6-methoxyisoflavone; Ng

et al., 2006).

Studies on the effects of soybean isoflavones in fish

have indicated a great response, depending upon the

dose and the species. In yellow perch, Perca flaves-

cens, induced vitellogenin (egg yolk protein) synth-

esis in liver and a growth-promoting effect similar

to that of 17b-estradiol ([E2]; Malison et al., 1985,

1988) with genistein, one of the most abundant isofla-

vones found in soybeans, has been reported (Ko et al.,

1999). Soybean-based diets also increased plasma

vitellogenin concentrations in male and female

rainbow trout (Pelissero et al., 2001) and Siberian

sturgeon, Acipenser baeri (Pelissero et al., 1991a,

1991b), as well as juvenile striped bass, Morone

saxatilis (Pollack and Ottinger, 2003).

Monitoring of sex steroid hormone concentrations

is proving to be useful in the study of the effects of

endocrine disrupting chemicals in wild fish popula-

tions (Spanò et al., 2004). In fish, testosterone (T) is

the precursor of the two hormones: 17b-E2, and

11-ketotestosterone (11-KT), which are, respectively,

synthesized and produced by the ovaries in females

and testis of males (Spanò et al., 2004). In maturing

female, endogenous E2 induces the liver to produce

vitellogenin, a yolk precursor protein, that is absorbed

by the developing oocytes (Tyler et al., 1991). E2

receptors exist in the liver of both males and juvenile

females (Spanò et al., 2004).

Because goldfish endocrine system has been widely

studied and characterized and because it is a laboratory

model, we chose it for these studies (Blazquez et al.,

1998; Mimeault et al., 2005; Trudeau, 1997).

The aim of this study was to investigate the effect

of long-term feeding with genistein and diadzein on

the steroidogenesis of goldfish. Fish were fed with

diets containing isoflavones for a period of 13 months

and the concentrations of sex steroids T and E2 were

measured as biomarkers for possible effects of genis-

tein and diadzein contents of diet on their reproduc-

tive biochemistry.

Material and methods

Experimental fish and rearing condition

Eggs obtained from females of goldfish Carassius

auratus were fertilized with sperm taken from five

males. After hatching, the larvae were fed with freshly

hatched brine shrimp (Artemia nauplii) for a period of

4 weeks. After 4 weeks, the diet was gradually supple-

mented with dry fish food. After 6 weeks, the granu-

lated food (goldfish food) was added into the diet in

order to reach the weight of 2 g. After gaining ade-

quate weight, the experiment started 20 weeks after

hatching (June 2011). The fish (with a mean body

weight 2 g) were divided evenly among four groups

(60 fish per group). Each group was placed in 400 l

fiberglass aquarium, fed, and maintained for 1 year

until maturation. The fish were fed with two-phase

experimental diets (data presented in tables). In

order to accustom the fish to experimental food, fish

was gradually fed with experimental diet by

20%,40%,60%, 80% and 100% replacement to granu-

lated food, within a week. The time we completely

commenced feeding fish with experimental diet was

designed as zero point. Feeding with first phase of

feed with a higher protein lasted from June to August

and the second phase was carried out with lower pro-

tein from August to December. The amount of genis-

tein and diadzein within the food is presented in

Tables 1 and 2, showing each treatment diet

composition.

The daily feeding rate was 3% of fish body weight

and fed three times a day during the experimental

period (Yanar et al., 2008). Water in fiberglass tanks

was changed twice a week. The temperature of water

was maintained in the range of 18–24�C. In order to

maintain adequate oxygen throughout the experiment,

compressed air with air stone had been used. For the

induction of natural conditions in each ‘‘winter

period’’ (November–January), the water temperature

was decreased to 10�C and the illumination was

turned off. The experiment lasted for 2 years (Novem-

ber 2010–January2012). During that time, the fish

were weighed every month to adapt feeding rations

to the actual body weight of fish.
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Sampling and analysis

Fish were sampled on days 0, 45, 90, 135 and 180 in

the morning before noon. Blood samples were

collected from six fish of each treatment at every

sampling for analyzing the sex steroids (T, E2, and

OH-progesterone). For blood sampling, the fish were

killed with MS-222 (3-aminobenzoic acid ethyl ester;

Sigma). Using heparinized syringes, the blood sam-

ples were taken from the caudal vessel, centrifuged

for 3 min at 13,000 g in Eppendorf tubes, and the

plasma were collected and stored at �20�C until

assayed for steroids with enzyme-linked immunosor-

bent assay (ELISA; Mimeault et al., 2005).

Body and gonad weights were recorded at each

sampling point and the gonadosomatic index (GSI

¼ [gonad weight/body weight] � 100) was deter-

mined for evaluating the gonad development during

experimental duration (Spanò et al., 2004).

Proximate analyses of experimental diets

Moisture content was determined by drying the feeds

in an oven at 110�C for 24 h. Crude protein of the

diets were determined by Kjeldahl method (total Kjel-

dahl nitrogen � 6.25; AOAC, 1990). Crude fat were

estimated by the Soxhlet extraction method using

petroleum ether (boiling point 60�C) in the electro-

thermal Soxhlet apparatus. To determine the ash

contents, dried samples were incinerated in a muffle

furnace at 550�C for 24 h (AOAC, 1990). For energy

contents, dried samples were placed in calorimeter.

For determining genistein and diadzein contents, we

requested help from professor Catherine-Pleissero to

measure with ELISA methods, previously modified

by her.

Statistical analysis

All data are presented as means + standard devia-

tions. After testing data homogeneity, data for GSI

and steroid concentrations were subjected to a one-

way analysis of variance (ANOVA) followed by

Scheffé’s test (p < 0.05). All tests were performed

using Statistics SPSS version 10.0.

Results

Analysis of water condition and diets

Approximate contents of protein, fat, carbohydrates,

and energy are presented in Tables 1 and 2. Total

genistein and diadzein measurement is also shown

in Tables 1 and 2. Mean water temperatures during

the experimental period were 20 + 1�C (control),

19.3 + 1.1�C (genistein: 24.26 mg/g, diadzein:

21.7 mg/g), 19 + 1.1�C (genistein: 51.55 mg/g, dia-

dzein: 46.13 mg/g) and 19 + 1.1�C (genistein:75.83

mg/g, diadzein: 67.82 mg/g), respectively.

Table 1. Chemical composition of the diets for the first phase of experiment

Control 1 2 3

Food ingredients
Genistein (mg/g) 0 24.263 51.566 75.833
Diadzein (mg/g) 0 21.702 46.126 67.821
Protein (%) 40.3 40.37 40.23 40.46
Fat (%) 8.03 9.56 9.06 9.12
Carbohydrate (%) 30.15 30.04 30.4 29.84
Energy (kcal/kg) 4,526.76 4,457.99 4,268.8 4,124.42

Table 2. Chemical composition of the diets for the second phase of experiment

Control 1 2 3

Food ingredients
Genistein (mg/g) 0 24.263 51.566 75.833
Diadzein (mg/g) 0 21.702 46.126 67.821
Protein (%) 31.7 31.261 31.304 33.338
Fat (%) 8.65 9.682 9.768 9.8
Carbohydrate (%) 21.24 28.15 27.7 29.75
Energy (kcal/kg) 4,564.467 4,515.357 4,135.128 4,017.336
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In the control tanks and in the other treatments,

the pH was in the range of 7.3 + 0.2 and 7.6 +
1.2. Nitrite measures were 0.041 + 0.01 mg/l, respec-

tively, in the control tank, 0.037 + 0.01 mg/l in the

genistein: 24.26 mg/g, diadzein: 21.7 mg/g; 0.032 +
0.001 in the genistein: 51.55 mg/g, diadzein: 46.13

mg/g; and 0.0.038 + 0.01 mg/l in the genistein:

75.83 mg/g, diadzein: 67.82 mg/g treatments. Ammonia

concentrations were 0.12 + 0.08 mg/l in the control

tanks; and 0.097 + 0.07, 0.096 + 0.07, and 0.093

+ 0.04 mg/l, respectively, in the lower, middle, and

higher contents of genistein and diadzein in experimen-

tal diets.

Growth exhibition and GSI

The mean body weight of fish was 2 g at the beginning

of the experiment. The differences between groups were

not statistically significant. Successive measurements

showed visible promotion of growth in the group fed

with the highest genistein and diadzein contents. From

March 2011 until the last weighing, the average body

weight of both male and female fish in the group fed

with the highest genistein and diadzein contents was

significantly higher in comparison to the remaining

groups (Figures 1 and 2). At the end of the experi-

ment, average body weight of fish fed with diets con-

taining 0, 24.26, 51.55, and 75.83 mg genistein and 0,

21.7, 46.13, and 67.82 mg diadzein/g was 14.47,

13.58, 13.56, and 17.33 g in males and 14.12, 13.59,

14, and 17.21 g in females, respectively. No changes

in appetite and behavior were observed in all the

groups. No significant mortality was found among the

groups, either receiving no genistein and diadzein or

lower and higher amounts.

During the experimental period, the GSIs ranged

between 2.76 + 0.2% and 10.48 + 0.4% in males

and between 5.19 + 4.7% and 14.24 + 4.5% in

females. There was a large variation in GSI between

females in the control group, which ranged between

4.75% and 14.71%.

The growth of males
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Figure 1. The effects of different concentrations of diadzein and genistein in diets on goldfish growth (a) in males and (b)
in females.
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The effects of isoflavone contents were found on

GSI of females at the fourth and fifth sampling among

the treatments (Figure 2b). Isoflavone contents also

affect the GSI of males at the second, fourth and the

last sampling (Figure 2a).

Plasma concentrations of E2, T, and E2/T ratio in
males

T concentrations in control fish ranged between 2.53

and 11.68 ng/ml. Throughout the experiment, there

were no significant dose- or time-related effects of

genistein and diadzein contents on T level. At the

highest contents of genistein and diadzein, the plasma

level of T decreased at all sampling phases (p < 0.05;

Figure 3a), showing a time-related effect (p < 0.05).

Plasma E2 concentrations ranged between 1.6 +
0.2 and 7.7 + 1.7 ng/ml; a significant dose-related

increase (P < 0.05) was found for the highest genis-

tein and diadzein contents (Figure 3b).

Plasma concentrations of E2 in control males ran-

ged between 1.4 and 6.3 ng/ml over the study period.
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Figure 3. Concentration of plasma sex steroids in male goldfish (mean + SD); (a) testosterone, (b) 17b-estradiol, and (c)
OH-progesterone.
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Figure 2. GSI% in goldfish (mean + SD); (a) in males and (b) in females. GSI: gonadosomatic index.
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With the exception at the second sampling point, at

the highest genistein and diadzein contents, there was

an elevating plasma concentration of E2 at all sam-

pling points (p < 0.05; Figure 3b). Furthermore, a

time-related effect occurred (p < 0.05).

E2 and T contents were further evaluated through

the E2/T ratio. Nonparametric statistics showed that

the plasma E2/T ratio differed in males sampled in

January 2012 compared to the control, as well as

among the treatments at that sampling point

(Figure 4a). Except a dose-related effect for sampling

in January 2012, there were no significant effects (p <

0.05) of genistein and diadzein contents on E2/T

ratios in the plasma of males.

Plasma concentrations of E2, T, and E2/T ratio in
females

In females, the E2 levels were affected by genistein

and diadzein contents at second and fourth sampling

dates (p < 0.05). Although the E2 concentrations,

throughout the experiment, were higher in females

than in males, ranging between 1.63 + 1.36 and

8.07 + 2.48 ng/ml, at the last sampling, the plasma

concentrations of E2 reduced among females and

became lower than that in males (Figure 5b).Thus, it

could be acclaimed that time- and dose-related effects

of genistein and diadzein occurred in the case of E2.

In control females, the plasma T concentrations

were similar to those assayed in males (2.96–9.32

ng/ml). Despite an apparent significantly (p < 0.05)

gradual decrease in plasma T from 6.14 + 3.2 in May

2011 to 1.46 + 0.43 ng/ml in January 2012, there

were no significant differences between sampling

dates, related to either time or genistein and diadzein

contents (Figure 5a).

There were significant time- or dose-related effects

of genistein and diadzein contents on E2/T ratios in

the plasma of females in January 2012 sampling date.

There were significant differences in relation to the

genistein and diadzein contents among treatments at

third sampling point in September 2011 (Figure 4b).

Discussion

The aim of this study was to show the effects of long-

term feeding with phytoestrogen (genistein and dia-

dzein) on the reproductive system of goldfish, with

a special emphasis on the sex steroid concentrations

and E2/T ratios, in the plasma of both sexes.

In the present study, the mean growth rate of fish,

either male or female, in the group fed with highest

amounts of phytoestrogen (genistein: 75.83 mg/g, dia-

dzein: 67.82 mg/g) was higher than in the other groups

(Figure 1). The positive influence on growth is prob-

ably related to a growth-promoting effect of phytoes-

trogen similar to that of E2 (Malison et al., 1988).

Growth induced by genistein had been reported in yel-

low perch by Ko et al. (1999).

In goldfish, the amounts of genistein and diadzein

taken in by diet, had dose- and time-related effects

on gonad growth (GSI) both in males and females

over the study period.

In males, genistein and diadzein affected the

plasma T concentrations at the highest dose tested

in most of the sampling dates, causing a reduction.
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Figure 4. Concentration of plasma E2/T in goldfish (mean + SD); (a) in males and (b) in females.
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Genistein and diadzein also affected the E2 levels in

the plasma of males, with an increase at the highest

contents. The increase in plasma E2 parallels to the

decrease in plasma T in males fed with diets contain-

ing genistein and diadzein, suggesting that the sex

steroid biosynthesis pathway in male fish could have

been impacted by these isoflavones. On the other

hand, isoflavones have low affinity for the ER in tis-

sues (Latonnelle et al., 2002; Tollefson et al., 2001).

Therefore, some other mechanism could be the cause

of the estrogenic effects of isoflavones. Isoflavones

might have increased the circulating endogenous

E2 concentrations by disrupting the normal

E2-inactivating pathways. The possible mechanism

could be contributed to the result of Ng et al. (2006)

survey which have revealed that E2 metabolism by

the kidney and liver of rainbow trout, Atlantic salmon,

and lake trout was inhibited in a dose-dependent man-

ner by genistein. They showed that daidzein, the other

quantitatively important isoflavones found in soy-

beans, also inhibited E2 metabolism by the rainbow

trout liver. Thus, it can be acclaimed that isoflavones

in soybeans exert their estrogenic effects on fish by

increasing the bioavailability of E2 via preventing

peripheral target tissue enzymes from metabolizing

E2 (Ng et al., 2006). In other words, isoflavones might

act at the level of the target tissue with certain cells

expressing the ER, which may have high E2 metabo-

lizing activity that normally inactivates E2 before it

can bind to its receptor. Furthermore, isoflavones

inhibit metabolizing enzymes that normally protect

the ER from binding to circulating E2 at the target

tissue. The hypothesis of cellular steroid receptor

protection via steroid metabolizing enzymes was first

supported by Funder et al. (1988). In addition to the

above mechanism, in the presence of inhibitory isofla-

vones, this enzymatic protection is lost and the cell

becomes responsive to E2 and the isoflavones can act

as estrogen receptor agonists which is well established

(Latonnelle et al., 2002; Tollefson et al., 2001).

In the case of T concentration, Friedmann (2001)

demonstrated that decrease in T concentration had

been due to the inhibitory effects on the Leydig cell

function. Histomorphological investigations of the

goldfish gonads could be beneficial to ascertain the

induced alterations in testis organization, which leads

to T reduction. This effect was further examined and

confirmed by an increase in the E2/T ratio, concomi-

tant increase in genistein and diadzein contents of

diets. These effects on the sex steroids could be due

to the increased circulation of E2 and depression of

T plasma concentration.

Finally, these results suggest that the overall

genistein and diadzein exposure in early life stages

can cause alterations in the reproductive organs and

consequently affect on sex steroidogenesis and

these changes probably impact the E2 biosynthetic

pathways in goldfish.
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Figure 5. Concentration of plasma sex steroids in female goldfish (mean + SD); (a) testosterone, (b) 17b-estradiol, and
(c) OH-progesterone.
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