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Abstract— Fecundity is an important reproductive feature in sericulture since it controls how many eggs a female silkworm
produces and affects the availability of silkworm seed for commercial rearing. Hormones have an important role in controlling
ovarian growth, oocyte maturation, vitellogenesis, transformation, and reproductive behaviour in the silkworm. Juvenile
hormone (JH), ecdysteroids, particularly 20-hydroxyecdysone (20E), and insulin-related peptides are important endocrine
regulators that influence ovarian growth, nutrition allocation, and reproductive physiology. Ecdysteroids are especially
critical during pupal development, when the ovaries rapidly expand and convert to vitellogenesis. Insulin-like growth factor-
like peptides also stimulate ovarian development, emphasising the link between hormonal signalling and food availability.
However, reproductive performance depends on the coordinated action of several physiological and environmental factors
rather than on a single hormone. This review investigates the primary hormonal pathways regulating silkworm fecundity, their
prospective uses in sericulture, and the research gaps that must be filled to optimise female reproductive performance and
seed production.
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l. INTRODUCTION

Mulberry silk (Bombyx mori) comprises 90% of commercial supply, with non-mulberry types (eri and tasar) adding niche
value. Sericulture employs 10-15 million people worldwide, primarily rural women in Asia, providing supplemental income
and poverty alleviation through low-investment rearing. Fecundity in silkworms (Bombyx mori) refers to the total number of
eggs laid per female moth, typically ranging from 300-500 eggs under standard conditions, directly impacting seed production
for commercial rearing cycles [1]. Innovations such as hybrid strains and hormone applications for 20—-50% higher fecundity
address supply gaps and enhance farmer returns.

Fertility measures the percentage of eggs fertilized by sperm, producing viable embryos, with rates up to 88.77% under ideal
conditions [2]. Hatchability is the proportion of eggs (often 95%+) that successfully hatch into larvae, typically after 10-12
days of incubation triggered by light exposure. Embryonic viability assesses development and survival post-treatments like
permeabilization, with over 62% reaching second instar in optimized protocols [3]. The most significant variables affecting
cocoon production on a commercial scale are moth fecundity, egg hatchability, and egg incubation time. Ecological parameters,
relative humidity, egg and cocoon magnetization, and larval performance have all been studied in relation to silkworm
performance. It has been observed that ecdysone affects Bombyx mori's ability to procreate [4-18].

The regulation of insect reproduction is orchestrated through a complex endocrine system involving multiple hormones and
signalling pathways. This review synthesizes current knowledge on the roles of key hormonal regulators in enhancing silkworm
fecundity and examines strategies for their application in sericulture. The prothoracic glands produce ecdysteroids in response
to stimulation by the prothoracicotropic hormone (PTTH) and subsequently release them into the hemolymph [19]. In contrast,
juvenile hormones (JHSs) are secreted by the corpora allata (CA), a pair of endocrine glands located posterior to the brain [20].
One of the main steroid hormones, ecdysteroids, is critical for controlling metamorphosis and larval molting [21], but it is also
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essential for controlling insect reproductive physiology [22]. Through a series of hydroxylation and oxidation processes, insects
transform cholesterol into ecdysone and 20E (active metabolite). Halloween genes encode cytochrome P450 enzymes, which
are responsible for these reactions [23].

I1. KEY HORMONES INVOLVED IN FECUNDITY
2.1 JH Hormones

The JHs are a family of acyclic sesquiterpenoid chemicals synthesized by the minute corpora allata (CA) gland, which is
located in the head of the insect. It is one of the most versatile hormones in nature and has crucial roles in development and
reproduction in insects.

2.1.1  Structures of Juvenile Hormone

There are four JH variations that are unique to Lepidoptera: JHO, iso JHO (also known as 4-methyl JH 1), JH I, and JH 11 [24],
[25]. Corpora allata produce JH at different fractions in Lepidoptera, namely JH 0, JH I, JH 11, JH 111, and 4-methyl JH | [26]-
[28]. The main difference between these JHs lies in the number and type of alkyl groups (ethyl and methyl) attached to their
carbon atoms. JH 0 contains three ethyl groups and one ketone group; JH I contains two ethyl groups, one methyl group, and
one ketone group; JH 1 contains one ethyl group, one methyl group, and one ketone group; and JH 111 contains three methyl
groups and one ketone group (Fig. 1). These structural variations can influence their biological activity and role in insect

physiology.
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FIGURE 1: Structures of juvenile hormones (Kotaki et al., 2009) [29].
2.1.2  JH Biosynthesis

Juvenile hormone (JH) plays a major role in the growth and development of the silkworm, a commercially significant
holometabolous insect. JH is a crucial chemical in the reproductive process of adult insects, which has been well investigated
at the physiological and molecular levels [30], [31]. This process includes vitellogenesis, egg maturation, and reproductive
behaviour. In insects, eight different forms of natural JHs have been identified. In insects, only JH 11l is present everywhere.
The mevalonate (MVA) pathway and the isoprenoid branch comprise the synthesis of JH [32], [33]. The genes linked to the
upstream seven steps of the MV A pathway of JH biosynthesis, which produces isopentenyl pyrophosphate (IPP) as a farnesyl
diphosphate (FPP) precursor, were found by Cheng et al. [34] to exist as a single copy and to exhibit a strict orthologous
relationship in a range of insects. There are two ways that farnesoic acid (FA) can be converted into JH [35]:

(1) Cytochrome oxidase catalyzes FA to produce juvenile hormone acid (JHa), which is then catalyzed by JH acid
methyltransferase (JHAMT) to produce biologically active JH.

(2) Farnesoic acid O-methyltransferase (FAMeT) catalyzes FA to methyl farnesoate (MF), and cytochrome P450
(CYP15) catalyzes MF to produce JH.

2.1.3  Roles of JH in Reproduction

In insects, JH is responsible for the regulation of development and reproductive maturation [33]. In female reproduction, JH
plays a significant role, although its effects vary across different species; it encourages endoreplication in fat body cells, which
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is a critical requirement in oocyte development. It reduces the expression of some genes that block ovarian development,
whereas in cockroaches, insulin-IGF signalling enhances JH biosynthesis to activate reproductive processes.

2.1.4  JH as a Gonadotropic Hormone

Juvenile hormone stands as one of the most significant regulators of reproduction in hemimetabolous insects such as
cockroaches, bugs, and locusts [36]. In insects, JH functions as a principal gonadotropic hormone with a central role in
vitellogenesis and oogenesis [31]. It stimulates the yolk protein precursor vitellogenin (Vg), mainly produced in the fat body,
a critical egg-yolk protein essential for oocyte development and embryonic nutrition [28], [37], [38]. These Vg proteins are
then transported through the intercellular spaces (patency) and taken up by developing oocytes via receptor-mediated
endocytosis [38]. The synthesis of vitellogenin is a prerequisite for successful vitellogenesis, making JH central to reproductive
success. Studies demonstrate that JH acts through its receptor, Methoprene-tolerant (Met), to activate transcriptional cascades
controlling reproduction-related gene expression.

2.1.5  Vitellogenesis Regulation

The silkworm is a holometabolous insect belonging to Lepidoptera and has been a classical model organism for the biology of
juvenile hormone. In this economically important insect, JH plays complex but distinct roles in reproduction. Unlike
hemimetabolous insects, where JH acts as the principal gonadotropin, in silkworms and other lepidopterans, JH shares
reproductive functions with 20-hydroxyecdysone (20E), which regulates the expression of Krippel homolog 1 (Kr-hl),
vitellogenesis, and ovarian development in different insect species [39]. Kr-hl is a critical transcription factor for juvenile
hormone (JH) signalling, known to play a key role in regulating metamorphosis and adult reproduction in insects. The induced
expression of Kr-h1 by 20E exists in a variety of insects. BmKr-h1 was highly expressed in ovaries during the late pupal and
adult stages, and the expression was induced by 20E. RNAi-mediated depletion of BmKr-h1 in female pupae during the late
pupal stage repressed the transcription of vitellogenin receptor (VgR) and reduced Vg deposition in oocytes [40].
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FIGURE 2: Hormone Binding: The juvenile hormone (JH) acts as a ligand and binds to its primary intracellular
receptor, the Methoprene-tolerant (Met) protein. Dimerization: Upon JH binding, Met forms a heterodimer with
another protein, Taiman (Tai) (also known as SRC in some insects). This Met-Tai complex is the active form of the
JH receptor. Gene Transcription: The active Met-Tai complex then moves to the nucleus and binds directly to specific
DNA sequences, known as JH response elements (JHRES) or E-box-like motifs, in the promoter region of target
genes. Target Gene Activation: Binding of the complex to these motifs triggers the transcriptional activation of the
Kr-h1 gene, making Kr-h1 an early and key downstream target gene of the JH signalling pathway.
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2.2 Ecdysteroids (20-Hydroxyecdysone)

In insects, development is marked by phases of growth separated by molts, culminating in the transition from juvenile to adult
stages [41], [42]. In holometabolous insects, development occurs from embryo to adult, involving larval, pre-pupal, and pupal
stages. These stages are attained by a series of molts, which are mainly controlled by the juvenile hormone (JH) and 20-
hydroxyecdysone (20E) [42], [44]. Likewise, JH and 20E are the most important hormones and primary regulators of silkworm
development, controlling molting, metamorphosis, and silk production. 20E is the driving force for molting, and high levels of
JH ensure larval-to-larval molts, while a decrease in JH levels allows 20E to induce metamorphosis.

TABLE 1
COMPARATIVE OVERVIEW OF ECDYSONE (E) AND 20-HYDROXYECDYSONE (20E) INCLUDING
BIOSYNTHESIS, ACTIVITY, TRANSPORT, AND REGULATION

Aspect Ecdysone (E) 20-Hydroxyecdysone (20E)
Site of Synthesis Prothoracic glands (PGs) Peripheral tissues (fat body, epidermis via Shade)
Activity Level Low; precursor High; active molting hormone
Transport Hemolymph circulation Systemic equilibration post-conversion
Regulation PTTHY/insulin pulses in PGs Tissue-specific Shade timing

1. INSULIN-LIKE PEPTIDES AND NUTRITIONAL REGULATION

Insulin-like peptides and insulin-like growth factor-like peptides connect nutritional status with growth, metabolism, and organ
development. Their role is especially relevant to fecundity because developing ovaries require energy, amino acids, lipids, and
other nutrients for oocyte growth and yolk deposition.

Fujinaga et al. (2019) investigated the function of a B. mori insulin-like growth factor-like peptide (BIGFLP) using gene
knockout and transplantation approaches [45]. The researchers found that knockout females had substantially lower ovarian
weights and produced fewer eggs than wild-type females. The recovery of ovarian growth when mutant ovaries were
transplanted into wild-type pupae further indicated that circulating hormonal signals promote ovarian development.

This study provides direct evidence that insulin-related signalling contributes to the reproductive capacity of the silkworm. It
also demonstrates that fecundity is linked to the physiological processes supporting whole-body growth and organ
development.

Nutritional signalling should therefore be considered alongside juvenile hormone and ecdysteroids. Inadequate larval nutrition
can limit the resources available for adult ovarian development, whereas appropriate nutrition may support reproductive
maturation. Nevertheless, the effects of nutrition depend on the silkworm strain, larval feeding conditions, and developmental
stage. Further experiments are needed to determine how nutritional status interacts with specific hormones to influence eggs
laid per female.

V. INTERACTIONS AMONG HORMONES

The hormonal regulation of fecundity is not controlled by a single endocrine factor. Instead, reproductive development is
determined by the interplay of juvenile hormone, ecdysteroids, insulin-related peptides, and nutritional signalling pathways.

Juvenile hormone may influence developmental timing and reproductive physiology, whereas ecdysteroids regulate important
transitions during ovarian development. Insulin-related peptides contribute to organ growth and metabolic regulation. These
signals work together to regulate ovarian maturation in coordination with nutrient availability and the silkworm's
developmental stage [45], [28], [46].

The balance among these hormonal pathways is particularly important during the transition from the final larval instar to pupal
and adult development. Alterations in the timing or magnitude of hormonal signals may disrupt normal development, even
when individual hormones have beneficial effects under other conditions.
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Consequently, increasing the concentration of a particular hormone does not necessarily increase fecundity. The outcome may
depend on the dose, timing, method of administration, genetic background, and interaction with other hormones. This
complexity should be considered when evaluating hormonal treatments for commercial sericulture.
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FIGURE 3: Schematic representation of hormonal regulation of fecundity in the silkworm. Juvenile
hormone (JH), ecdysteroids (20E), insulin-related peptides, and dietary signalling pathways work together
to control developmental timing, ovarian growth, vitellogenesis, oocyte maturation, and egg production.

V. APPLICATIONS OF HORMONAL RESEARCH IN SERICULTURE

Knowledge of hormonal regulation offers several opportunities for improving silkworm seed production and reproductive
management.

1) Improvement of reproductive performance: Understanding the roles of juvenile hormone, ecdysteroids, and
insulin-related peptides may help identify physiological factors associated with higher egg production.

2) Developmental synchronisation: Research on juvenile hormone analogues may help explain how endocrine
manipulation affects developmental timing. However, the reproductive consequences must be evaluated
independently of growth and cocoon traits [47].

3) Improvement of seed quality: Research on ecdysteroid accumulation and maternal gene expression may help
identify biological indicators associated with egg viability and successful hatching [48].

4) Molecular approaches to reproductive regulation: Studies of insulin-like growth factor-like peptides and the
molecular machinery involved in yolk uptake provide potential avenues for investigating the mechanisms underlying
female fecundity [45], [49], [50].
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5) Integration with rearing management: Hormonal regulation should be studied alongside larval nutrition,
environmental conditions, genetic background, and female health. Integrated management is more appropriate than
assuming that manipulation of a single hormone will consistently improve reproductive performance.

These applications remain research opportunities rather than universally validated commercial recommendations. Hormone-
based interventions require controlled evaluation of efficacy, dosage, developmental timing, safety, and possible adverse
effects before adoption in sericulture.

VI. RESEARCH GAPS AND FUTURE PROSPECTS

Despite progress in understanding the endocrine regulation of silkworms, several areas require further investigation, including
Bombyx mori, muga (Antheraea assamensis), and eri (Samia ricini) silkworms.

First, additional experiments are required to establish the direct effects of juvenile hormone on female fecundity under
controlled conditions. Second, the interactions between juvenile hormone, 20E, and insulin-related peptides should be
examined across different developmental stages. Third, research should determine how hormonal variation relates to the
number of mature oocytes, eggs laid, fertilization rate, hatchability, and larval survival.

Comparative studies involving different silkworm breeds and commercial hybrids would also help determine whether hormonal
responses are genotype-dependent. Furthermore, molecular studies of hormone receptors, vitellogenin synthesis, nutrient
mobilisation, and oocyte maturation may shed light on the mechanisms linking endocrine activity to reproductive performance.

Future research should include suitable control groups, replicated experiments, dose-response analyses, and well-defined
reproductive endpoints. Such approaches would provide stronger evidence for the practical application of endocrine research
in silkworm seed production.

VII. CONCLUSION

Hormones are important regulators of fecundity in the silkworm. Juvenile hormone helps regulate development and
reproduction; ecdysteroids, mainly 20-hydroxyecdysone, have an important role in ovarian development and maternal gene
expression; and insulin-related peptides promote ovarian growth and reproductive potential. These endocrine pathways interact
with vitellogenesis, nutrient availability, and the molecular mechanisms involved in oocyte maturation.

Experimental investigations show that disrupting these systems might lower egg yield or impair egg developmental
competence. Hormonal impacts, however, are determined by developmental stage, physiological condition, and endocrine
pathway connections. Therefore, fecundity should be studied separately from fertility and hatchability.

Further research integrating endocrinology, molecular biology, nutrition, and silkworm breeding may help identify effective
approaches to improve reproductive performance and seed quality. A better understanding of hormonal regulation could
ultimately contribute to more reliable and productive sericulture systems.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

[1] Prasad, S., & Upadhyay, V. B. (2012). Influence of 20-hydroxyecdysone on the larval performance of multivoltine mulberry silkworm
(Bombyx mori Linn.). African Journal of Basic & Applied Sciences, *4*(5), 146-154. https://doi.org/10.5829/idosi.ajbas.2012.4.5.6412

[2] Hussain, M., Khan, S. A., Naeem, M., & Nasir, M. F. (2011). Effect of rearing temperature and humidity on fecundity and fertility of
silkworm, Bombyx mori L. (Lepidoptera: Bombycidae). Pakistan Journal of Zoology, *43*(5), 979-985.

[3] Urban-Duarte, D., Tomita, S., Sakai, H., Sezutsu, H., De La Torre-Sanchez, J. F., Kainoh, Y., Furukawa, S., & Uchino, K. (2023). An
effective chemical permeabilization of silkworm embryos. Bioengineering, *10*(5), 563.

https://doi.org/10.3390/bioengineering10050563

[4] Upadhyay, V. B., Gaur, K. P., & Gupta, S. K. (2004). Effect of ecological factors on the silk producing potential of the mulberry
silkworm (Bombyx mori Linn.). Malaysian Applied Biology, *33*(1), 13-18.

[5] Upadhyay, V. B., & Mishra, A. B. (2002). Influence of relative humidity on the nutritive potential of mulberry silkworm Bombyx mori
Linn. larvae. Journal of Advanced Zoology, *23*(1), 54-58.

[6] Pandey, A. K., & Upadhyay, V. B. (2000). Impact of refrigeration of eggs and pre-refrigeration period on the weight of shell of Bombyx
mori Linn. Journal of Advanced Zoology, *21*(2), 98-101.

Page | 131


http://www.ijoear.com/
https://dx.doi.org/
https://doi.org/10.5829/idosi.ajbas.2012.4.5.6412
https://doi.org/10.3390/bioengineering10050563

International Journal of Environmental & Agriculture Research (IJOEAR) ISSN: [2454-1850] [Vol-12, Issue-1, January- 2026]
Website: www.ijoear.com Journal DOI: 10.25125/agriculture-journal

[7] Upadhyay, V.B., Singh, R., & Prasad, S. (2006). Refrigeration of pupae influenced the hatchability and fecundity of Bombyx mori Linn.
Malaysian Journal of Applied Biology, *35*(2), 13-19.

[8] Upadhyay, V. B, Singh, R., & Prasad, S. (2009). Refrigeration of cocoons influences the pupal characteristics of multivoltine mulberry
silkworm (Bombyx mori Linn.). Journal of Applied Bioscience, *35*(2), 166-168.

[9] Tripathi, S. K., & Upadhyay, V. B. (2005). Magnetization of eggs influences the incubation period of multivoltine mulberry silkworm
(Bombyx mori Linn.) eggs. Journal of Advanced Zoology, *26*(1), 24-28.

[10] Magnetization of eggs on the reproductive potential of multivoltine mulberry silkworm (Bombyx mori Linn.). (n.d.). Indian Journal of
Sericulture, *44*(2), 212-214.

[11] Upadhyay, V. B., & Tripathi, S. K. (2006). Effect of magnetization of eggs on the silk producing potential of multivoltine mulberry
silkworm (Bombyx mori Linn.). Sericologia, *46*(3), 269-278.

[12] Upadhyay, V. B., & Prasad, S. (2010a). Magnetization for the improvement of silk producing potential in multivoltine mulberry
silkworm (Bombyx mori Linn). The Bioscan, *5*(2), 285-289.

[13] Upadhyay, V. B., & Prasad, S. (2010b). Biotechnological importance of cocoon magnetization with particular reference to the
reproductive potential of multivoltine mulberry silkworm (Bombyx mori Linn). Sericologia, *50*(4), 461-672.

[14] Prasad, S., & Upadhyay, V. B. (2011). Biotechnological importance of cocoon magnetization with particular reference to the larval
performance of multivoltine mulberry silkworm (Bombyx mori Linn.). Middle-East Journal of Scientific Research, *10*(5), 565-572.

[15] Pandeville, E., Maria, A., Jacques, J. C., Bourgouin, C., & Villemant, C. D. (2008). Anopheles gambiae males produce and transfer the
vitellogenic steroid hormone 20-hydroxyecdysone to females during mating. Proceedings of the National Academy of Sciences USA,
*105*(50), 619-631.

[16] Parlak, O., Sakurai, S., Kaya, M., & Ohotaki, T. (1992). Content and possible role of ecdysteroids in the larval ovary of the silkworm
Bombyx mori. Invertebrate Reproduction & Development, *21*, 1-6.

[17] Kawaguchi, Y., Banno, Y., Koga, K., Doira, H., & Fuji, H. (1993). Polygonal patterns on egg shells of giant egg mutant and large egg
induced by 20-hydroxyecdysone in Bombyx mori. Journal of Insect Physiology, *36*, 437-443.

[18] Okuda, K. K., Amornsak, W., & Yamashita, O. (1993). Controlled ecdysteroid accumulation in eggs of silkworm Bombyx mori L. by
an imidazole compound (KK42) and embryogenesis in these eggs. Archives of Biochemistry and Physiology, *25*(2), 121-135.

[19] Hentze, J. L., Moeller, M. E., Jgrgensen, A. F., Bengtsson, M. S., Bordoy, A. M., Warren, J. T., Gilbert, L. I., Andersen, O., & Rewitz,
K. F. (2013). Accessory gland as a site for prothoracicotropic hormone controlled ecdysone synthesis in adult male insects. PLoS ONE,
*8*(2), €55131. https://doi.org/10.1371/journal.pone.0055131

[20] Mirth, C. K., Tang, H. Y., Makohon-Moore, S. C., Salhadar, S., Gokhale, R. H., Warner, R. D., Koyama, T., Riddiford, L. M., &
Shingleton, A. W. (2014). Juvenile hormone regulates body size and perturbs insulin signaling in Drosophila. Proceedings of the
National Academy of Sciences, *111*(19), 7018-7023. https://doi.org/10.1073/pnas.1313058111

[21] Ishimoto, H., & Kitamoto, T. (2010). The steroid molting hormone ecdysone regulates sleep in adult Drosophila melanogaster. Genetics,
*185*(1), 269-281. https://doi.org/10.1534/genetics.110.114587

[22] Song, J., Wu, Z., Wang, Z., Deng, S., & Zhou, S. (2014). Kriippel-homolog 1 mediates juvenile hormone action to promote vitellogenesis
and oocyte maturation in the migratory locust. Insect Biochemistry and Molecular Biology, *52*, 94-101.
https://doi.org/10.1016/j.ibmb.2014.07.001

[23] Uryu, O., Ou, Q., Komura-Kawa, T., Kamiyama, T., Iga, M., Syrzycka, M., Hirota, K., et al. (2018). Cooperative control of ecdysone
biosynthesis in Drosophila by transcription factors Séance, Ouija Board, and Molting Defective. Genetics, *208*(2), 605-622.
https://doi.org/10.1534/genetics.117.300268

[24] Daimon, T., & Shinoda, T. (2013). Function, diversity, and application of insect juvenile hormone epoxidases (CYP15). Biotechnology
and Applied Biochemistry, *60*(1), 82-91. https://doi.org/10.1002/bab.1058

[25] Minakuchi, C., & Riddiford, L. M. (2006). Insect juvenile hormone action as a potential target of pest management. Journal of Pesticide
Science, *31*(2), 77-84. https://doi.org/10.1584/jpestics.31.77

[26] Hua-jun, Y., Fang, Z., Awquib, S., Malik, F. A., Roy, B., Xing-hua, L., Jia-biao, H., et al. (2011). Expression pattern of enzymes related
to juvenile hormone metabolism in the silkworm, Bombyx mori L. Molecular Biology Reports, *38*(7), 4337-4342.
https://doi.org/10.1007/s11033-010-0559-3

[27] Judy, K. J., Schooley, D. A., Dunham, L. L., Hall, M. S., Bergot, B. J., & Siddall, J. B. (1973). Isolation, structure, and absolute
configuration of a new natural insect juvenile hormone from Manduca sexta. Proceedings of the National Academy of Sciences, *70*(5),
1509-1513. https://doi.org/10.1073/pnas.70.5.1509

[28] Roy, S., Saha, T. T., Zou, Z., & Raikhel, A. S. (2018). Regulatory pathways controlling female insect reproduction. Annual Review of
Entomology, *63*(1), 489-511. https://doi.org/10.1146/annurev-ento-020117-043258

[29] Kotaki, T., Shinada, T., Kaihara, K., Ohfune, Y., & Numata, H. (2009). Structure determination of a new juvenile hormone from a
heteropteran insect. Organic Letters, *11*(22), 5234-5237. https://doi.org/10.1021/01902161x

[30] Daimon, T., Uchibori, M., Nakao, H., Sezutsu, H., & Shinoda, T. (2015). Knockout silkworms reveal a dispensable role for juvenile
hormones in holometabolous life cycle. Proceedings of the National Academy of Sciences, *112*(31).
https://doi.org/10.1073/pnas.1506645112

[31] Wyatt, G. R., & Davey, K. G. (1996). Cellular and molecular actions of juvenile hormone. I1. Roles of juvenile hormone in adult insects.
In Advances in insect physiology (pp. 1-155). Elsevier. https://doi.org/10.1016/S0065-2806(08)60030-2

[32] Bellés, X., Martin, D., & Piulachs, M.-D. (2005). The mevalonate pathway and the synthesis of juvenile hormone in insects. Annual
Review of Entomology, *50*(1), 181-199. https://doi.org/10.1146/annurev.ent0.50.071803.130356

Page | 132


http://www.ijoear.com/
https://dx.doi.org/
https://doi.org/10.1371/journal.pone.0055131
https://doi.org/10.1073/pnas.1313058111
https://doi.org/10.1534/genetics.110.114587
https://doi.org/10.1016/j.ibmb.2014.07.001
https://doi.org/10.1534/genetics.117.300268
https://doi.org/10.1002/bab.1058
https://doi.org/10.1584/jpestics.31.77
https://doi.org/10.1007/s11033-010-0559-3
https://doi.org/10.1073/pnas.70.5.1509
https://doi.org/10.1146/annurev-ento-020117-043258
https://doi.org/10.1021/ol902161x
https://doi.org/10.1073/pnas.1506645112
https://doi.org/10.1016/S0065-2806(08)60030-2
https://doi.org/10.1146/annurev.ento.50.071803.130356

International Journal of Environmental & Agriculture Research (IJOEAR) ISSN: [2454-1850] [Vol-12, Issue-1, January- 2026]
Website: www.ijoear.com Journal DOI: 10.25125/agriculture-journal

[33] Goodman, W. G., & Granger, N. A. (2005). The juvenile hormones. In Comprehensive molecular insect science (pp. 319-408). Elsevier.
https://doi.org/10.1016/B0-44-451924-6/00039-9

[34] Cheng, D., Meng, M., Peng, J., Qian, W., Kang, L., & Xia, Q. (2014). Genome-wide comparison of genes involved in the biosynthesis,
metabolism, and signaling of juvenile hormone between silkworm and other insects. Genetics and Molecular Biology, *37*(2), 444-
459. https://doi.org/10.1590/S1415-47572014005000006

[35] Dominguez, C. V., & Maestro, J. L. (2018). Expression of juvenile hormone acid O-methyltransferase and juvenile hormone synthesis
in Blattella germanica. Insect Science, *25*(5), 787-796. https://doi.org/10.1111/1744-7917.12467

[36] Wu, Z., Yu, J., Zhu, A., & Nakanishi, H. (2016). Nutrients, microglia aging, and brain aging. Oxidative Medicine and Cellular Longevity,
*2016*(1), 7498528. https://doi.org/10.1155/2016/7498528

[37] Gijbels, M., Lenaerts, C., Vanden Broeck, J., & Marchal, E. (2019). Juvenile hormone receptor Met is essential for ovarian maturation
in the desert locust, Schistocerca gregaria. Scientific Reports, *9*(1), 10797. https://doi.org/10.1038/s41598-019-47253-x

[38] Zheng, H., Wang, N., Yun, J., Xu, H., Yang, J., & Zhou, S. (2022). Juvenile hormone promotes paracellular transport of yolk proteins
via remodeling zonula adherens at tricellular junctions in the follicular epithelium. PLOS Genetics, *18*(6), €1010292.
https://doi.org/10.1371/journal.pgen.1010292

[39] Khalid, M. Z., Ahmad, S., Ngegba, P. M., & Zhong, G. (2021). Role of endocrine system in the regulation of female insect reproduction.
Biology, *10*(7), 614. https://doi.org/10.3390/biology10070614

[40] Zhu, Z., Tong, C., Qiu, B., Yang, H., Xu, J., Zheng, S., Song, Q., Feng, Q., & Deng, H. (2021). 20E-mediated regulation of BmKr-H1
by BmKRP promotes oocyte maturation. BMC Biology, *19*(1), 39. https://doi.org/10.1186/s12915-021-00952-2

[41] Bellés, X. (2019). The metamorphosis of insects and their regulation. Comptes Rendus Biologies, *342*(7-8), 254-256.
https://doi.org/10.1016/j.crvi.2019.09.009

[42] Dubrovsky, E. (2005). Hormonal cross talk in insect development. Trends in Endocrinology and Metabolism, *16*(1), 6-11.
https://doi.org/10.1016/j.tem.2004.11.003

[43] Truman, J. W. (2019). The evolution of insect metamorphosis. Current Biology, *29*(23), R1252-R1268.
https://doi.org/10.1016/j.cub.2019.10.009

[44] Truman, J. W., & Riddiford, L. M. (2019). The evolution of insect metamorphosis: A developmental and endocrine view. Philosophical
Transactions of the Royal Society B: Biological Sciences, *374*(1783), 20190070. https://doi.org/10.1098/rstb.2019.0070

[45] Fujinaga, D., Shiomi, K., Yagi, Y., Kataoka, H., & Mizoguchi, A. (2019). An insulin-like growth factor-like peptide promotes ovarian
development in the silkmoth Bombyx mori. Scientific Reports, *9*, Article 18446. https://doi.org/10.1038/s41598-019-54962-w

[46] Suchida, K., Nagata, M., & Suzuki, A. (1987). Hormonal control of ovarian development in the silkworm, Bombyx mori. Archives of
Insect Biochemistry and Physiology, *5*(3), 167-177. https://doi.org/10.1002/arch.940050303

[47] Shwetha, G. V., Gagana Sindhu, S., Kankanawadi, N., Shravanilakshmi, V., Veenita, M. K., & Aramani, K. (2025). A review on effect
of juvenile hormone analogues on growth and development of silkworm (Bombyx mori L.). Journal of Experimental Agriculture
International, *47*(8), 17-24. https://doi.org/10.9734/jeai/2025/v47i83644

[48] Zhang, M., Xu, P., & Chen, T. (2021). Hemolymph ecdysteroid titer affects maternal mMRNAs during Bombyx mori oogenesis. Insects,
*12*(11), Article 969. https://doi.org/10.3390/insects12110969

[49] Wang, Y., Fu, Y., Cheng, H., Zhao, C., Huang, Q., Chang, M., Qiu, W., Shen, Y., & Li, D. (2023). IncR26319/miR-2834/EndophilinA
axis regulates oogenesis of the silkworm, Bombyx mori. Insect Science, *30*(1), 65-80. https://doi.org/10.1111/1744-7917.13082.

Page | 133


http://www.ijoear.com/
https://dx.doi.org/
https://doi.org/10.1016/B0-44-451924-6/00039-9
https://doi.org/10.1590/S1415-47572014005000006
https://doi.org/10.1111/1744-7917.12467
https://doi.org/10.1155/2016/7498528
https://doi.org/10.1038/s41598-019-47253-x
https://doi.org/10.1371/journal.pgen.1010292
https://doi.org/10.3390/biology10070614
https://doi.org/10.1186/s12915-021-00952-2
https://doi.org/10.1016/j.crvi.2019.09.009
https://doi.org/10.1016/j.tem.2004.11.003
https://doi.org/10.1016/j.cub.2019.10.009
https://doi.org/10.1098/rstb.2019.0070
https://doi.org/10.1038/s41598-019-54962-w
https://doi.org/10.1002/arch.940050303
https://doi.org/10.9734/jeai/2025/v47i83644
https://doi.org/10.3390/insects12110969
https://doi.org/10.1111/1744-7917.13082

