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Herbal bioactive components can act as immunostimulants and influence several immune-related pathways. An
immunostimulant is a component or action that elevates immune responses, especially innate immunity. Herbal bioactive
components can have anti-bacterial, anti-viral, and anti-fungal functions and increase resistance against infectious
microorganisms.
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| 1. Introduction

The provision of food for human beings is one of the main challenges facing humanity, which has attracted the attention of
different countries to increase the number of aquaculture products in their food basket. Besides, high-quality proteins
derived from aquaculture products have made the aquaculture industry, with an annual growth of 8%, the highest activity
in the food industry W, and in the last decade, global aquaculture has increased by 163%, reaching 114.5 million tons in
2018 W. Fish, both salt and fresh water are healthy and high-quality foods because they contain valuable nutrients such
as vitamins, minerals, high protein content, essential amino acids, and fatty acids. During recent years, growth
performance and artificial reproduction have been considered as two primary concerns in aquaculture. Increasing stock
densities in limited areas to achieve more production in line with the increasing demand has resulted in the increase of
organic load, which impairs water quality in the environment, and the imbalance of water parameters such as dissolved
oxygen and pH important for fish health. This has triggered the fish to get stressed and contract diseases more easily.
Chemotherapeutics and antibiotics have been utilized for many years to prevent stress and combat diseases in aquatic
animals [&. However, their excessive and improper use suppressed the immune system of hosts and caused resistance
against pathogenic microorganisms.

In fish, growth hormone ( GH ) and insulin-like growth factor, | ( IGF-1) play a central role in regulating growth. Associated
with reproduction, the presence of various genes including luteinizing hormone B ( Ihp ), follicle-stimulating hormone 3 (
fshp ) B, estrogen receptors ( era , erfl , and erp2 ), androgen receptors ( ara and arP ) [, vitellogenins ( Vtgs ) [,
aromatase genes (¢ has been confirmed. Although the number of studies is limited, Phyto-additives have been reported to
affect expressions of growth genes such as GH and IGF and reproductive genes such as fsh@3 , Ih3 , cyp19a, and vtg in
fish.

The number of aquatic species for artificial reproduction and farming is on the rise owing to the development of
commercial aquaculture. A prerequisite for the artificial reproduction and sustainable production of fish is the control of the
reproductive process of fish in captivity and the production of high-quality sperms and eggs. Different studies showed the
effect of Phyto-additives on reproductive processes.

In this review, studies related to the effects of Phyto-additives on the expressions of the genes associated with immunity,
digestion, growth, and reproduction were reviewed.

2. The Effect of Phytochemicals and Their Derivatives on Growth-Related
Genes

Growth is a polygenic and environmentally controlled trait that is defined as a somatic function that reflects the balance
between feed composition and quality, consumption, utilization, and the physiological functions of an organism [Z. Many
factors, including genetics, nutrition, and the environment can affect the growth rate of an organism. Feed additives are
ﬁ@%ﬁe@@ that are used in the diet of animals in small amounts to improve the effectiveness and absorption of
nutrients in the intestine &, In this way, these materials can increase the growth efficiency as well as the health of farmed
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zebrafish embryos to genistein at 2.4 mg/L (EC10) for 48 h. They also exposed medaka embryos to genistein at 6 mg/L
(EC10) and 10 mg/L (EC20) for 7 days B2, Results showed that in both zebrafish and medaka cyp19alb and vtgl gene
expressions increased, while a decrease in the expression level of the cypl9ala gene was only found in medaka. In a
different study, genistein was injected intraperitoneally to Dicentrarchus labrax (immature; 59.4 g + 0.7) fish at a dose of 5
mg/kg, and after 24 h, scale and liver vtg2 and chgl gene expressions increased. At the end of the 5th day, similar results
were found only in the liver tissue 2. In a very recent study using the Cyprinus carpio fish model it was found that ovary



cypl9ala , and liver vtgh2 , and erf3 gene expressions decreased after feeding female Cyprinus carpio fish with 0.01,
0.03, 0.06, and 0.09 g/kg genistein supplements for 60 days 2. Moreover, other studies in zebrafish (embryos-larvae)
showed that exposure of fish to genistein and daidzein at a concentration of 1.25, 2.5, 5, 10, and 20 mg/L for 96 h,
increased expressions of esrrb and cypla 22, Adult male and female zebrafish were also exposed to 10 mg/L genistein
and daidzein concentrations for 10 days 24!, Results showed that in genistein exposure, HE1 gene expression increased
in both ovary and testis, while only the ovary showed a decrease in er3 . Moreover, only testicular BRDT gene expression
changed in the daidzein exposure 4. Apart from the above-mentioned studies, another research performed in
Oncorhynchus mykiss juveniles showed that injection of 5 pug/g body weights of genistein and daidzein along with 50 pg/g
body weight genistein to fish, for 24 h, liver vtg, and eral gene expressions increases 28l. Equol, on the other hand, is a
nonsteroidal estrogen, metabolized from daidzein. It has been shown that this compound when tested on Japanese
medaka larvae for 2 days in 2, 4, 8, 16, 40, 200, and 1000 ng/L, increased liver vtgl gene expression and decreased 17s-
hsd3 , cypllb, and 11p-hsd2 gene expression in gonads 29,

Eurycomanone, found in Eurycoma longifolia plant extract, is a quassinoid that increases the reproductive processes of
male animals. Studies report that eurycomanone increases testosterone production in rat testicular Leydig cell-rich
interstitial cells by blocking aromatase and phosphodiesterase enzymes ©8 and 25 mg/kg orally administered
eurycomanone rich E. longifolia extract increases female fertility index, fecundity index, and the pup litter size 7. Bahat
and coworkers injected 0.059 and 0.118 ug eurycomanone/kg body weight and chitosan-conjugated eurycomanone to
male Clarias maggot fish. Brain fshf3 and Ih expressions and testis cypllal, star, cypl7al, 33-hsd, 17(3-hsd, cypl9al,
ftz, ar, sox9a, and dmrtl increased depending on time, dosage, or mode of application BZ. In another study conducted by
the same researchers, eurycomanone and chitosan-conjugated eurycomanone was injected in female Clarias magur fish
3 times in 21 days, and brain fshp, Ih ve cypl9a2 and ovary ftz, star, cypl9al, 33-hsd , 17B-hsd, and cypl7al gene
expressions increased depending on dosage or mode of application 28!,

Findings from all of these different studies demonstrated interactions between herbal extracts and PSMs with the
regulation of different levels of the HPG axis. The changes observed in reproductive-related gene expression appear to be
variable, depending on the species, mode, and duration of administration of herbal extracts and PSMs. However, herbal
extracts and PSMs can influence reproduction either directly or indirectly by affecting the hormones of the HPG axis
and/or by influencing apoptotic or steroidogenic pathways. The availability of sufficient steroidogenic enzymes is
particularly important to support ovarian and testicular development and function, and the observed changes in gene
expression of these enzymes would likely have important effects on the reproduction.



