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Abstract: The main purpose of this study was to consider the impact of Vitex agnus-castus
hydroalcoholic extract, containing phytoestrogenic compounds on growth indices, sex ratio and
histology of gonads of female Zebrafish. Fish larvae (4-day-old after hatching) were nourished with
investigational diets (0 (control group TO0), 5 g (T1), 10 g (T2) and 15 g (T3) kg_1 food) from first
active feeding for 90 days. The results showed that Condition Factor (CF), Food Conversion Rate
(FCR), Body Weight Gain (BWG), and Specific Growth Rate (SGR) were affected meaningfully by
hydroalcoholic extract of Vitex agnus-castus (p < 0.05). These factors were significantly higher in
compare to T3 treatment (p < 0.05). With increasing concentration of the extract in the diet, the ratio
of female to male increased Treatment of T3 resulted in 87.23% feminization. Overall, this study
suggests the use of T3 treatment achieves the best reproduction performance and a higher percentage
of females in zebrafish as a model for aquaculture species. According to the results, the lowest levels
of glucose and cholesterol were observed in T3 treatment and showed a significant changes with
the control and treatments (p < 0.05).

Keywords: phytoestrogen; Vitex agnus-castus; Danio rerio; blood biochemical parameters; gonad
histology; sexual ratio; carcass quality

1. Introduction

The use of zebrafish (Danio rerio) is growing rapidly as a particular species in aquaculture research.
It has mainly became popular as a model of vertebrate progress because zebrafish embryos grow
quickly and are visible. It can be motivated to breed during the year, and growth from a fertilized egg
to breeding stage takes only about 34 months in the laboratory [1-5]. Their short reproduction period
(three months) makes them a model candidate for histology and genetic researches [6,7]. There is not
much literature in cases of Vitex agnus-castus extract on the gonad morphology for zebrafish. Huet
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(2000) reported that zebrafish has ovary-like gonads during initial life-time and the bisexual difference
happening through the development.

In recent years, the scientific consideration in phytoestrogens has grown significantly, especially
in the medical field [8,9]. These plant combinations are comparable to animal estrogens [10], which are
commonly used in aquaculture, and they also have excessive costs compared to plant extracts and their
use requires expert labor. Additionally, synthetic hormones have the potential to gather in the aquatic
environment [11]. The usage of herbal medicine is a new and effective approach in the aquaculture
industry [12-15].

Vitex agnus-castus (Verbenaceae) is a phytoestrogen herb; therefore, it has medical usage in different
countries. It is a small shrub native to European, Mediterranean, and Central Asian countries. Also,
it has been long used traditionally for its medicinal properties for female reproduction conditions.
Phytoestrogens are similar to 17 3-estradiol, in terms of the structure or properties and function [16,17].
Vitex, systematically known as Vitex agnus-castus, belongs to the Verbenaceae family [18]. All parts of
this plant have a different kind of essence among which sabinene, cineol, sesquiterpene, and pinene.
Essential oils are other components of this plant [19,20]. Vitex agnus-castus is of the main plants used
in herbal medicine for regulating hormones and women’s hormonal sicknesses [21]. It is mainly
used to treat breast maladies, menstrual irregularities and uterine bleeding [22]. Other properties
discovered in Iranian traditional medicine for Vitex agnus-castus, include anti-inflammatory, nutritious,
aphrodisiac, diuretic, appetizing, carminative, relaxing and anti-flatulence properties. This herb is one
of phytoestrogen. Most of the phytoestrogens-based provisions are easily available on the market, and
are suggested as legal and non-toxic anti-oestrogenic compounds (to counterbalance the side effects of
anabolic steroids, mainly based on methoxyflurane [23], as sexual enhancing compounds based mainly
on plant extracts such as Vitex agnus-castus (isoflavones). Vitex agnus-castus phytoestrogen contains
isoflavones with estrogenic activity.

Britt et al., (2002) [24] indicated that phytoestrogens could play a main role in the reproductive
process, like estrogens. There are numerous studies associated with subjects, involving the properties of
varied hormones on reproduction physiology, morphological reproductive toxicology and development
of the ovaries in Zebrafish [25-27]. In contrast, there are not numerous studies using the phytoestrogen
in the gonad development and sex ratio of this species in the literature. This is the first report regarding
the potential of Vitex agnus-castus as a feminization agent in cultured food fish. Therefore, this study
was conducted to consider the effects of diverse levels of Vitex agnus-castus hydroalcoholic extract on
the sex ratio, histology and growth indices of the gonad in zebrafish (Danio rerio).

2. Materials and Methods

Fish were nourished daily with Biomar Feed (Made in French) and Shironomid sp. Nauplii. Fish
were conserved at a temperature of 25 + 1 °C, 12 D:12 L photoperiod and pH 7.2 + 0.2. The water
was changed every day. For embryo production and egg, healthy fish without disease and overt
abnormalities were used as parental fish. Spawning of zebrafish happened in the early morning when
aquaria lights were switched on. On day 4 post-fertilization (pf) feeding of the hatched larvae was
started with the paramecium, and then with freshwater rotifers (Brachionus calyciflorus). The number
of fish per aquarium was adjusted to 35 individuals in each glass aquariums (15 cm X 20 cm X 40 cm
with 20 L dechlorinated tap water). The research was done in 12 glass tank at 30 fish-1 tanks in
triplicate. These aquariums were accidentally divided into four experimental groups. The aquariums
were equipped with aerated system to preserve dissolved oxygen near saturation levels and were
maintained at 25 + 1 °C under a 12 L:12 D photoperiod during the experiment. The commercial
pellet diet, mixed with the suitable extract concentration and gelatin, was mixed together in this diet.
The pelleted diets were air-dried, ground and sieved to produce a proper crumble (0.5 mm). Then
the feed was kept at 4 °C until feeding trial. The control diet was provided to add only water and
gelatin [28]. From day 14 pf fish were fed with Biomar Feed (Made in France) containing varying levels
of hydroalcoholic extract of Vitex agnus-castus fruit and leaves (at 0 (T0), 5 (T1), 10 (T2), 15 (T3) g_l kg
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extract of diet) were prepared and fed to the fish twice daily at 7% of their body weight for 90 days.
The physical and chemical properties of water were measured daily using a Water checker. Chemical
and physical characteristics of water during the investigational period are shown in Table 1

Table 1. Physical and chemical characteristics of water during the experimental period in this study.

o Total Hardness o 1 Dissolved Oxygen
Temperature (°C) (mg L) Nitrite (mg L~1) (mg L) pH
243 +0.8 190.3 + 8.1 153 +0.2 56+0.2 73+02

2.1. Growth Performance

The body weight (WG, g) was considered as the increase in weight of zebrafish at the end of
the experimental period, WG = Wf — Wi, where Wf and Wi are the final and preliminary body weights,
respectively [29]. The specific growth rate (SGR, %—1 day) was measured according to the formula
(InWf-InWi) x 100—-1At; where At is the time interval (in days) between Wi and Wf measurements.
The food conversion ratio (FCR) was assessed as food consumption-1 weight gain [29]. Fish mortality
was considered every day.

2.2. Histology

The samples were taken on day 60 after hatching for the histological study of the gonad (three
fish from all groups). The fishes were fixed as a whole Bouin’s fluid for 24 h. The fixed fishes mounted
and dehydrated in paraffin blocks. Five-um thick parts of fish blocks were cut, mounted on glass
slides and stained with Eosin and Hematoxylin for histopathological analysis, using a bright field light
microscope. For the analysis of the ovary cycle, the oocytes were divided into four phases according to
the development stages and sizes of oocytes: Cortical alveolus, primary growth (cytoplasmic and yolk
growth), mature oocyte and vitellogenin growth.

2.3. Preparation of Herbal Extracts and Experimental Diets

Four treatments including TO (control), T1 (5 g), T2 (10 g) and T3 (15 g) prepared from the same
basal diet to ensure unchanging composition. The basal diet comprised around 52.45% protein, 18.44%
lipid, 2.1% fiber, 11.35% ash, 8.12% moisture and had 4598.56 (cal-1 g) energy on a dry matter base.
Hydroalcoholic extract dissolved in demineralized water was mixed (at 5, 10 and 15 g kg™! basal diet
in the T5, T10, and T15 treatments. The diets were dried at room temperature (25 °C) and stored frozen
(4 °C). The components of Vitex agnus-castus are shown in Table 2.

Table 2. The nutrient composition of Vitex agnus-castus.

Carbohydrate = Moisture
(%) (%)

Value 21.65 9.49 2.80 15.20 42.74 8.12

Components  Protein (%) Fiber (%) Lipid (%) Ash (%)

2.4. Herbal Extract

Vitex agnus-castus medicinal plant was collected from herbal medicine at Gorgan University in Iran
and its distinctiveness was confirmed using monographs [30]. According to research done by other
researchers, both the leaf and fruit of this plant contain phytoestrogenic compounds [31,32]. Extraction
was done by the “maceration” method. First of all 50 g of the leave and fruit of Vitex agnus-castus in
the dried form were weighted with a digital balance. Then, they were mashed and then added to
1500 cc of a solvent (half ethanol and half water) and were shaken by 90 cycle™ min for 48 h until they
got homogenous. The solutions were filtered with a strainer and put on a rotary evaporator (Heidolph
WD 2000, Schwabach, Germany) to evaporate the solvent. Finally, the pure extracts were preserved in
sterile vials in the refrigerator to be used in microbial tests.
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2.5. Sex Ratio

At the end of the experimental period, the number of males and females was accounted. There
were irregular sex ratios in the treatment groups compared to controls. The number of females was
higher in the groups that received the Vitex agnus-castus extract diets. The control group had close to
the typical gender ratio.

At the end of the experiment period, fish feeding was stopped for 24 h. The fish were washed
twice with sterile phosphate buffer (PBS, pH = 7.2) and then centrifuged for 10 min at —4 °C and at
about 3000 g to measure biochemical indices. The supernatant was collected and then centrifuged
at about 3 ¢ for 5 min and kept at —20 °C until the experiments were done. The digestive tracts of
the fish were separated and washed with phosphate buffer (PBS) to measure digestive enzymes and
then homogenized with physiological serum and supernatant was extracted through centrifugation for
10 min at about 3000 g at 4 °C [33,34].

The levels of total protein, cholesterol and glucose were measured using laboratory kits (Pars Test
Co., Tehran, Iran) and spectrophotometer with a wavelength of 546 nm. The digestive enzymes (lipase,
amylase, and protease) were measured according to the method, presented by Bernfeld (1951) [34] and
Worthington (1991) [35]. Amylase unit activity was considered according to the weight (mg) of maltose
released for 10 min at 30 °C. The activity of the protease unit was expressed based on the amount of
tyrosine released during the 15-min period under test conditions. The activity of the unit of lipase was
based on 0.20 NaOH required to neutralize the released fatty acids during 18 h of incubation at pH 6.6
and 30 °C. The activity of these enzymes was designed based on enzyme unit per mg protein (U mg~!
protein).

2.6. Measuring the Chemical Composition of the Fish Body

Two fishes were randomly sampled from each experimental vessel to determine the chemical
composition of the carcass at the end of the experiment period. Chemical analysis of carcass composition
was done according to AOAC standard method. The amount of carcass proteins using the soxhlet
method, Kjeldahl and fat by soluble fat in ether, moisture through sample assignment at 105 °C and
sample weighing after cooling and measuring the ash by burning the sample at a temperature 550 °C
for 6 h, and the sample weighing was calculated after cooling.

2.7. Statistical Analysis

The randomized design with 3 replicates was used in the present study. Data were tested for
the homogeneity of variance and analyzed using one-way ANOVA, followed by the comparison of
means by Duncan’s multiple range test (x = 0.05). The statistical analysis was carried out using SPSS
Version 22. The data are shown as the mean + standard deviation.

3. Results

3.1. Growth Indices

The obtained results shown that body specific growth rate (SGR), weight gain (BWG), food
conversion rate (FCR) and condition factor (CF) were affected significantly by Vitex agnus-castus
hydroalcoholic extract (p < 0.05) (Table 3). Regarding the results of a mean comparison of these
factors, it was observed that these factors were significantly (p < 0.05) higher at T3 treatment. Also,
the maximum survival rate observed in the treatment of T3, but there was no significant difference
(p > 0.05) among treatments (Table 3).
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Table 3. Growth indices of Danio rerio feed with different levels of Vitex agnus-castus for 90 days.

Treatments SR (%) SGR FCR CF BWG

TO (Control) 89.5+1.12  0.023+00012 098+0.05% 3.816+00142 252962+17.712
T1 (5 g-1kg) 100 +1.72 0.030 £0.001°  097+0.02P  3.892+0.013> 425172 +21.55P
T2(10g-1kg)  100+1.72%  0.033+0.002>  083+002°¢  4.223+0.016°  541.502 + 33.25°¢
T3(15g-1kg)  100+15%  0.085+0005> 071+0059  4.447+0.011¢ 541.583 +33.22°¢

SR: Survival Rate; SGR: Specific Growth Rate; FCR: Food Conversion rate; CF: Condition Factor; BWG: Body Weight
Gain. Results are given as mean + standard deviation. The different letters in each column represent significantly
different (p < 0.05).

3.2. Gonad Histology

An almost identical number of females and males were detected in the control treatment (Table 4).
Nevertheless, the number of females was significantly higher than the number of males in all
extract-treated groups with the best sex reversal in the T3 treatment, indicating that feminization is
a dose-dependent process. The oocyte development was divided into four stages (primary growth,
cortical alveolus, vitellogenin, and mature oocyte). Oocyte diameters were observed to vary between
0.54-0.75 mm, that highest was in T3 (Table 4). Histological and morphological investigations of
the gonads revealed no intersex fish in all groups.

Table 4. Reproductive effects of Vitex agnus-castus extract on broodstock of zebrafish.

Reproductive Indices TO (Control) T1(5 g 1kg) T2 (10 g1 kg) T3 (15 g1 kg)
egg diameter (mm) 0.03 +0.54°¢ 0.02+061° 0.01 £0.65° 0.03+0.752
survival of larvae 2.3 +85.0 32+90.2° 96.1+2.7° 97.2+2332
absolute fecundity 32.62 +479.75 ¢ 66.30 + 535.22 P 52.7+566.35 P 599 + 56.32
Gonadosomatic index 1.15+0.05°¢ 1.76 +0.04 P 248 +0.02° 2.85+0.032
Length of larvae (mm) 51+0.05¢ 5.5 +0.03b 59 +0.02b 6.6 +0.022
Weight of larvae (mg) 1.2+0.020 ¢ 1.78 + 0.025° 0.056 + 1.90 ® 2.1+0.065%
Sex ratio (%M:%F) 48.88:51.12 21.43:78.57 15.44:82.56 12.77:87.23
Fesults a)re given as mean =+ standard deviation. The different letters in each row represent significantly different

< 0.05).

The control treatment was often immature oocytes and in primary growth (Figure 1a). Oocytes
developed from the primary growth stage to the cortical alveolus stage with increasing doses from
5 to 10 g~! kg (Figure 1b,c). Oocytes exhibited maximum growth, vitellogenic and mature oocyte
in the group receiving 15 g~! kg of plant extract (Figure 1d). The oocyte’s growth was similar in
the teleosts. In most of the teleosts, the growth of oogenesis might be in four, five, six and eight phases.
The oocyte’s development in the zebrafish was manifested in a series of variations, and their division
was during four stages. Throughout the oocyte growth, the oocyte was enlarged due to proteolysis
and hydration of the yolk protein. The vitelline envelope started to form in the cortical alveolus stages
and develop in the vitellogenic stages, and was obviously detected in the mature oocytes.
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Figure 1. Section of ovarian tissue in different groups: (a) control group. Egg is in primary growth stage
(PG); (b) treated by Vitex agnus-castus at dose 5 g/1 kg, the oocytes are in primary growth stage (PG)
and perinucleoar stage (PN); (c) treated by Vitex agnus-castus at dose 10 g/1 kg, dominant phase oocytes
contain cortical alveolar stage (CA); (d) treated by Vitex agnus-castus at dose 15 g/1 kg, the vitellogenin
stage is apparent (GV), (100 pm, HandE).

4. Discussion

Indirect processes, which include feminizing by synthetic sex steroids have generally been
used to produce all-female stocks, but they have some problems, such as high costs and toxicity.
Hence, the main purpose of this study was the advance of indirect techniques for the production of
all-female populations of Danio rerio through the use of natural steroids. Therefore, Vitex agnus-castus
hydroalcoholic extract was used as a natural steroid. The present research showed that Vitex agnus-castus
extract was effective in successful growth performance in Zebrafish. Therefore, it appears that Vitex
agnus-castus could proficiently be used as a natural alternative to synthetic hormones for sex reversal
in aquaculture industry.

The results achieved confirmed that the effect of Vitex agnus-castus was not significant on
the survival rate (p > 0.05), but growth indices were affected meaningfully with the increasing of Vitex
agnus-castus doses (p < 0.05). The findings in this research were in agreement with the results of Turan
and Akyurt, (2005) [36] on African catfish, Ahilan and Nithiyapriyatharshini (2015) [37] on goldfish and
Mooraki et al. (2014) [38] on Cyprinus carpio. They reported that growth performance was positively
affected by herbal extract in the food. According to the significant differences among the treatments of
the control group and experimental groups in terms of growth performance, it can be concluded that
the Vitex agnus-castus has beneficial and nutrient materials that can positively affect growth indices.

Phytoestrogens play a serious role in developing adult reproductive cycles and sex differentiation
in the vertebrates. Analysis of the results obtained from a comparison of different treatments in terms
of the histological changes of the ovaries, mean GSI, mean oocyte diameter and absolute fecundity
displayed that the extract of Vitex agnus-castus enhanced the final maturity of the Zebrafish, and this
effect was more obvious at a higher dose. Comparison of the treatments and control group, in terms
of the histological changes of the ovaries, mean GSI, mean oocyte diameter and absolute fecundity
a indicated significant difference (p < 0.05), whereby T3 was better than other treatments. Also,
the weight and length of larvae increased at T3 (p < 0.05).
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Constructed on the present study, Vitex agnus-castus extract (15 g kg™! food) was most effective
infertility and weight gain (Table 3). With esteem to determining the optimum concentration for
growing the growth performance and feminization of Zebrafish life stage in this revision, it was found
that the level of 15 g~! kg food is suggested as the best concentration. It has been stated that gonad
development in mice was significantly affected by injection or oral additive Vitex agnus-castus extract
among herbal extract effects [39,40], but insufficient studies have been carried out to estimate the herbal
extract on fish gonad development.

Microscopic studies showed that Vitex agnus-castus extract influenced the maturity in a shorter
time. Therefore, the treatment groups (especially in group T3) were incomparable with the control
group, where the maturation of fish was earlier and with more quantity of egg (Figure 1). Subsequently,
the treatment group T3 was matured 15 days earlier than the control group. The increase in fertility
rate in the test groups may be due to the increase in the level of the estrogenic compound, which could
be caused by the action of the extract in the nourishment. Thus, it is essential to use the phytoestrogens
such as the Vitex agnus-castus extract before the beginning of the reproduction season. Findings
in the present study are consistent with the findings of Nazari and Roozbehani (2015) [41]. Their
research on Poecilia reticulata indicates that Fennel Foeniculum vulgar extract influenced by the maturity of
the ovum in a shorter time. Thus, the level of the estrogenic hormone was increased in treatment groups
during the experiment by feeding. An increase in Fennel extract in the diet enhanced reproductive
activity and the offspring was born in a shorter time.

Oocyte diameters were observed between 0.54-0.75 mm, that highest was in T3. According
to the results, treatment T3 for precocious puberty in zebrafish is suggested as model species in
aquaculture. Also, reproductive performance was significantly better in T3 than the other treatments
(p <0.05).

Nazari and Roozbehani (2015) [41] described that Guppy larvae (Poecilia reticulata) were positively
affected by phytoestrogens. The larvae attained the best enactment and displayed the fastest
development of gonad using the herbal extract. Abbasi et al. (2006) [42] reached maximum growth
and oocyte maturation of Epinephelus Coiodes larvae fed with phytoestrogen.

Considering not sufficient and certain data for the effect of Vitex agnus-castus extract on fishes,
there is low contrasting recommendations. In the present study, the mean egg diameter, absolute
fecundity, GSI, survival, length, and weight of larvae were increased with an increased dose of Vitex
agnus-castus extract in the diet (p < 0.05). The highest measured egg diameter was 0.03+£0.75 mm that it
was in agreement with Aytekin and Ytice (2008) [43]. As confirmed by other research, herbal extract
gets improved the growth and reproductive indices. Naji et al. (2014) [44] compared the reproductive
effect of extract Vitex agnus-castus and 17 estradiol (E2) on ovarian tissue of immature female three
spot gourami (Trichogaster trichopterus). Their results showed that oocytes diameter, fecundity, and
fertility enhancement were the most identical for a treated group with extract of Vitex agnus-castus.
Their results are in agreement with our results.

In this experiment the ratio of female to male improved (p < 0.05). Treatment T3 was leaded to 87.23
percent of female production with increasing concentration of extract in the diet. Naji et al. (2014) [44]
investigated the Effects of Origanum vulgare extract on ovary morphology and histology in immature
Trichogaster trichopterus. They found that Origanum vulgare can hasten oocyte maturation. Also,
histological studies indicated that Origanum vulgare increased the maturation and growth of oocytes.

The former studies on the phytoestrogens compound indicated that phytoestrogens have diverse
effects on the different fish species especially on ornamental species. Brown et al. (2014) [45] indicated
that Genistein as a phytoestrogen has a limited effect on reproductive endpoints in a female fighting fish
Betta splenden, while other researches showed contrast results. Phytoestrogens increased vitellogenin
synthesis in Tilapia’s primary hepatocytes [46].

Dada and Ajilore (2009) [47] used the ethanol extract of Garcinia kola seeds to enhance fertility in
C. gariepinus. Fish were fed with complemented diets in different concentrations (0.25, 0.5, 1.0 and
2.0 g_1 kg diet) of ethanol extract of G. kola seeds for 56 days and a significant difference (p < 0.05) was
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observed in fecundity. The egg’s diameter was improved with the dose of ethanol extract in the fish diet,
which is in agreement with our results. The increased fecundity of fed fish with herbal supplemented
diet was due to the presence of bioflavonoids and xanthone in this plant [48]. The combinations are
powerful antioxidants and can increase estrogen production, thereby leading to egg production and
maturation. Yilmaz et al. (2009) [11] assessed that Genesis (G, a commercial mixture of phytoestrogens)
including phytostrogens, which increased growth rate and sex separation in the Sharptooth catfish
Clarias gariepinus. They concluded that the usage of higher doses and treatment durations of Genesis
could be more effective for all-female production of the Sharptooth catfish. Moreover, phytoestrogens
were able to motivate vitellogenin synthesis in Siberian sturgeon Acipenser baeri [49] and common carp,
Cyprinus carpio [50]. Thus, it seems that phytoestrogens could effectively be used as natural alternatives
to synthetic hormones for sex reversal in fish culture.

5. Conclusions

Vitex agnus-castus contains vital fatty acids, flavonoids diterpenes, iridoid glycosides, and essential
oils. Its contraceptive effects are recommended in relation to crucial fatty acids and flavonoids.
The results showed that the oocyte diameter regularly increased and the final development of
the Zebrafish hastened with increasing Vitex agnus-castus.. Also, this phytoestrogen enhanced
the growth parameters in Zebrafish as a model in aquaculture. The observations showed that Vitex
agnus-castus as a phytoestrogen can be considered as potential as a natural additive to fish feed in
commercial aquaculture to increase the fertility rate.
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