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ABSTRACT 

Vitamin A is an essential micronutrient required for growth, 
differentiation, and reproduction in mammals. Its biologically active 
metabolite, retinoic acid (RA), regulates gene expression through 
nuclear receptors and plays a pivotal role in reproductive physiology. 
Albino mice, widely used as experimental models, have provided key 
insights into how vitamin A influences fertility. In males, RA is 
indispensable for the initiation of spermatogonial differentiation and 
meiotic entry through the induction of the Stra8 gene. Vitamin A 
deficiency (VAD) leads to testicular degeneration, arrest of 
spermatogenesis, reduced sperm count and motility, and ultimately 
infertility-effects that can be reversed with retinol or RA 
supplementation. In females, vitamin A is critical for ovarian 
function, uterine epithelial-stromal identity, implantation, and 
embryonic development. VAD in albino mice disrupts estrous 
cyclicity, causes implantation failure and early embryonic 
resorptions, while excessive intake is teratogenic and compromises 
fertility despite ovulation. Thus, both deficiency and excess of 
vitamin A exert profound effects, indicating a narrow optimal range 
necessary for reproductive success. This review synthesizes available 
evidence on vitamin A metabolism, its mechanisms of action, and 
experimental findings in albino mice, highlighting its dual role as an 
essential factor and potential risk in reproductive health. 
 

 

KEYWORDS: Albino Mice, Vitamin A, Fertility, reproduction etc. 

 

How to cite this paper: Anjali Rani | 
Ashok Kumar Thakur "Role of Vitamin 
a in Regulating Fertility and 
Reproductive Functions in Albino Mice: 
A Comprehensive 
Review" Published 
in International 
Journal of Trend in 
Scientific Research 
and Development 
(ijtsrd), ISSN: 2456-
6470, Volume-9 | 
Issue-5, October 2025, pp.35-42, URL: 
www.ijtsrd.com/papers/ijtsrd97418.pdf 
 
Copyright © 2025 by author (s) and 
International Journal of Trend in 
Scientific Research and Development 
Journal. This is an 
Open Access article 
distributed under the 
terms of the Creative Commons 
Attribution License (CC BY 4.0) 
(http://creativecommons.org/licenses/by/4.0) 

 

1. INTRODUCTION 

Vitamins are indispensable organic compounds that 
regulate a wide array of physiological functions in 
living organisms. Among them, vitamin A occupies a 
unique position because of its multifaceted role in 
vision, immunity, cellular differentiation, embryonic 
development, and reproduction[1]. Chemically, 
vitamin A refers to a group of fat-soluble compounds 
including retinol, retinal, retinyl esters, and its most 
potent metabolite, retinoic acid (RA)[1-2]. In 
biological systems, vitamin A acts primarily through 
RA, which binds to nuclear retinoic acid receptors 
(RARs) and retinoid X receptors (RXRs) to regulate 
transcription of numerous genes involved in cell 
growth and differentiation. Since reproduction 
depends on tightly regulated processes of 
gametogenesis, hormonal balance, implantation, and 
embryonic development, it is unsurprising that 
vitamin A plays an essential role in reproductive  

 
physiology. Studies over the last century have shown 
that both vitamin A deficiency (VAD) and excess can 
profoundly disturb fertility, with effects ranging from 
impaired gamete production to embryonic 
malformations[2,3,4]. 

The role of vitamin A in reproduction is highly 
conserved across mammalian species. In males, 
retinoic acid is indispensable for spermatogenesis. It 
controls the differentiation of undifferentiated 
spermatogonia, the initiation of meiosis through 
induction of the Stra8 (Stimulated by Retinoic Acid 
8) gene, and the periodic synchronization of the 
seminiferous epithelial cycle[10]. Male animals 
deprived of vitamin A show degeneration of 
seminiferous tubules, reduced testicular weight, and a 
complete arrest of spermatogenesis, ultimately 
leading to sterility. Supplementation with retinol or 
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RA can rescue these effects, underscoring its pivotal 
regulatory function. In females, vitamin A influences 
both ovarian and uterine physiology. Retinoic acid–
dependent signaling pathways contribute to follicular 
development, steroidogenesis, and oocyte maturation. 
Moreover, RA plays a crucial role in the development 
and functional maintenance of the Müllerian-derived 
reproductive tract, including the uterus and 
oviducts[14-15]. Vitamin A deficiency in female 
mammals results in disrupted estrous cycles, 
implantation failure, early embryonic resorptions, and 
in severe cases, complete infertility. Conversely, 
hypervitaminosis A or pharmacological doses of 
retinoids can be teratogenic, causing congenital 
malformations, embryonic lethality, or pregnancy 
loss. Together, these findings highlight that vitamin A 
acts as a double-edged sword in reproduction, with 
both deficiency and excess being detrimental. 

Albino mice have become one of the most widely 
used experimental models for reproductive research, 
including investigations on vitamin A. Their 
popularity stems from several reasons. First, albino 

mice are relatively easy to breed, have short 
gestational cycles, and produce multiple litters, 
making them ideal for fertility studies where 
reproductive outcomes must be measured over 
multiple generations. Second, their reproductive 
physiology, although simpler, is broadly comparable 
to that of other mammals, allowing extrapolation of 
findings to higher species including humans. Third, 
albino strains such as Swiss albino and BALB/c are 
genetically stable, which ensures reproducibility and 
consistency of experimental results. Their relatively 
large litter size also allows for statistically significant 
observations within smaller cohorts. Importantly, 
albino mice display sensitivity to dietary 
manipulations, including vitamin A deficiency or 
supplementation, which makes them suitable for 
nutritional and biochemical studies. Their lighter 
pigmentation also facilitates histological and imaging 
analyses of reproductive tissues. Collectively, these 
attributes explain why albino mice remain a preferred 
model for exploring the mechanistic basis of vitamin 
A’s role in fertility[18]. 

 
Figure 1: Schematic Representation of Vitamin A Influence on Male and Female Fertility in Albino 

Mice 

The importance of conducting a systematic review of vitamin A’s effects on fertility in albino mice lies in the 
fact that fragmented studies exist across decades but are rarely synthesized into a coherent narrative. While the 
fundamental requirement of vitamin A for reproduction is well established, the precise molecular mechanisms, 
dose-response relationships, and sex-specific effects are still evolving fields of investigation. In males, questions 
remain regarding the regulation of retinoid metabolism within the testes, the interaction of RA with other 
signaling molecules, and the temporal dynamics of spermatogenic cycles under vitamin A modulation. In 
females, greater clarity is needed on how RA signaling intersects with estrogen and progesterone pathways, and 
how vitamin A status influences uterine receptivity and embryonic survival[13]. Additionally, while deficiency 
models have been studied extensively, less attention has been given to the reproductive consequences of 
subclinical deficiency or chronic excess intake, both of which are relevant in human nutrition. Albino mice, with 
their experimental tractability, provide an invaluable system for addressing these knowledge gaps. 
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The aim of this review is therefore to provide a comprehensive synthesis of current evidence on the role of 
vitamin A in regulating fertility in albino mice. Specifically, it seeks to examine how vitamin A deficiency and 
supplementation influence male and female reproductive outcomes, to highlight the molecular pathways 
mediated by retinoic acid, and to discuss the broader implications for mammalian reproduction. By drawing 
together findings from nutritional, molecular, and reproductive biology studies, this review intends to underscore 
the critical balance of vitamin A required for reproductive success, while also identifying areas where further 
experimental work is needed. Ultimately, such an integrated understanding will not only advance basic science 
but may also inform clinical and nutritional strategies aimed at managing fertility and reproductive health in 
humans[21]. 

2. Vitamin A Metabolism and Mechanism of Action 

Vitamin A is a fat-soluble micronutrient obtained from the diet in the form of retinyl esters from animal sources 
and carotenoids from plant sources. After intestinal absorption, retinyl esters are hydrolyzed to retinol, re-
esterified, and transported to the liver for storage, primarily in hepatic stellate cells. When required, retinol is 
released into the circulation bound to retinol-binding protein (RBP) and delivered to target tissues, including the 
gonads and reproductive tract. Within cells, retinol is oxidized in a two-step enzymatic process: first to 
retinaldehyde by retinol dehydrogenases, and then irreversibly to retinoic acid (RA) by aldehyde dehydrogenases 
(ALDH1A1, ALDH1A2, ALDH1A3). Retinoic acid is the principal active metabolite responsible for regulating 
reproduction[16]. It acts by binding to nuclear receptors—retinoic acid receptors (RARs) and retinoid X 
receptors (RXRs)—which heterodimerize and interact with retinoic acid response elements (RAREs) in DNA to 
regulate transcription of target genes. This signaling cascade controls cell differentiation, proliferation, and 
apoptosis. In reproductive physiology, RA specifically regulates the expression of Stra8 for spermatogonial 
differentiation, and influences uterine epithelial and stromal identity in females[11]. Thus, vitamin A metabolism 
integrates dietary intake, storage, enzymatic conversion, and nuclear signaling to maintain reproductive 
competence. 

3. Effects of Vitamin A on male fertility in Albino Mice 

Vitamin A plays an indispensable role in regulating male fertility, and albino mice have been widely used to 
demonstrate its critical involvement in spermatogenesis. In the male reproductive system, the biologically active 
metabolite, retinoic acid (RA), orchestrates the transition of undifferentiated spermatogonia into differentiated 
spermatocytes and initiates meiosis through induction of the Stra8 (Stimulated by Retinoic Acid 8) gene[14]. In 
vitamin A–deficient (VAD) albino mice, spermatogenesis becomes arrested at the stage of undifferentiated 
spermatogonia, leading to degeneration of seminiferous tubules and testicular atrophy. 

 
Figure 2: Role of Vitamin A in Regulating Spermatogenesis and Male Fertility in Albino Mice 

Such mice exhibit significantly reduced testis weight, decreased sperm count and motility, and eventual sterility, 
even though mating behavior may remain intact. Histological studies reveal disorganized seminiferous 
epithelium and absence of mature spermatozoa in the lumen. Importantly, supplementation with retinol or RA 
can restore spermatogenic activity, confirming that the infertility is specifically linked to vitamin A deficiency. 
Beyond germ cell differentiation, RA also regulates Sertoli cell function, ensuring proper organization of the 
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seminiferous epithelium and support for developing germ cells. Inadequate vitamin A disrupts this supportive 
microenvironment, compounding the effects on fertility. Furthermore, periodic pulses of RA within the testes 
help synchronize the seminiferous epithelial cycle, ensuring continuous sperm production[23]. Without this 
regulation, spermatogenesis becomes asynchronous and incomplete. Thus, findings in albino mice highlight that 
vitamin A is not merely supportive but is absolutely required for male fertility. Both deficiency and excessive 
supplementation can disturb testicular homeostasis, but deficiency is particularly detrimental, causing complete 
and reversible infertility[24]. These experimental observations underscore the essential role of vitamin A in 
maintaining spermatogenesis, testicular integrity, and male reproductive capacity in albino mice. 

4. Effects of Vitamin A on Female Fertility in Albino Mice 

Vitamin A is equally essential for female fertility, and studies in albino mice have revealed its critical role in 
ovarian function, uterine receptivity, and embryonic survival. Retinoic acid (RA), the active metabolite of 
vitamin A, is required for the proper regulation of the estrous cycle, as it influences ovarian steroidogenesis, 
follicular development, and oocyte maturation. In vitamin A–deficient (VAD) albino mice, disruption of estrous 
cyclicity is a common observation, with prolonged or irregular cycles that reduce the chances of successful 
mating and conception. Furthermore, deficiency impairs the maturation of ovarian follicles, leading to ovulatory 
failure and reduced availability of fertilizable oocytes. Beyond the ovaries, vitamin A plays an indispensable role 
in the differentiation and maintenance of Müllerian-derived tissues such as the uterus and oviduct. RA signaling 
regulates epithelial and stromal cell identity in the uterus, thereby ensuring proper gland formation, endometrial 
receptivity, and embryo implantation. In VAD albino mice, uterine morphology is often altered, implantation 
sites are absent or reduced, and early pregnancy loss is frequent due to defective uterine-embryo interactions. 
Experimental models have shown that deficiency results in resorption of embryos or early death, even if 
fertilization occurs successfully[25]. 

 
Figure 3: Vitamin A Regulation of Ovarian Function, Uterine Receptivity, and Embryo Implantation 

in Albino Mice 

On the other hand, excessive intake of vitamin A or pharmacological doses of retinoids can be teratogenic, 
leading to developmental anomalies, abnormal implantation, or spontaneous abortions, demonstrating that both 
deficiency and excess are harmful[19]. Thus, vitamin A exerts a dual and dose-dependent influence on female 
fertility. The albino mouse model highlights that an optimal balance of vitamin A is crucial for regulating the 
ovarian cycle, maintaining uterine receptivity, supporting implantation, and sustaining pregnancy, thereby 
emphasizing its indispensable role in female reproductive success. 

5. Comparative Insights from Other Mammalian Models 

While albino mice serve as a powerful model for studying the reproductive role of vitamin A, insights from other 
mammalian systems provide a broader understanding of its conserved and species-specific functions. In rats, 
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vitamin A deficiency has been shown to impair spermatogenesis irreversibly, leading to testicular atrophy and 
infertility unless retinoids are reintroduced, highlighting the vitamin’s indispensable role in germ cell 
development. Similarly, studies in rabbits and pigs demonstrate that vitamin A supports normal ovarian 
folliculogenesis and corpus luteum formation, influencing ovulation rates and pregnancy outcomes[7-8]. In 
cattle, retinoids regulate luteal function and early embryonic survival, with deficiencies linked to reduced 
conception rates and embryonic mortality. Human studies echo these findings, where vitamin A and its 
derivatives contribute to ovarian steroidogenesis, uterine receptivity, and embryogenesis, while both deficiency 
and excess can result in infertility or teratogenic outcomes. Comparative research emphasizes that the 
fundamental role of vitamin A in regulating germ cell differentiation, gonadal steroid hormone synthesis, and 
uterine maintenance is conserved across mammals, though the severity and manifestation of deficiencies vary by 
species. These parallels strengthen the relevance of albino mice as a model organism, while also underscoring 
the translational potential of findings for improving human and livestock reproductive health[15-16]. 

6. Dose-Dependent Effects: Deficiency vs Excess 

Vitamin A exhibits a distinct dose-dependent effect on fertility, where both deficiency and excess are 
detrimental, highlighting the importance of maintaining an optimal physiological balance. In albino mice, 
vitamin A deficiency (VAD) produces profound reproductive defects. In males, it causes arrest of 
spermatogenesis at the spermatogonial stage, degeneration of seminiferous tubules, reduced sperm count, and 
eventual sterility. In females, deficiency leads to irregular estrous cycles, impaired follicular development, 
implantation failure, and frequent embryonic resorptions. 

 
Figure 4: Dose-Dependent Effects of Vitamin A on Fertility: Deficiency vs. Excess in Albino Mice 

These effects stem from the loss of retinoic acid (RA) signaling, which regulates genes essential for germ cell 
differentiation and uterine receptivity[4]. On the other hand, excessive vitamin A intake or pharmacological 
retinoid administration is equally harmful. Hypervitaminosis A in mice induces testicular degeneration, altered 
sperm morphology, and decreased motility in males, while in females it causes teratogenic effects, abnormal 
implantation, spontaneous abortions, and developmental malformations in embryos. The teratogenic threshold is 
particularly critical during early gestation, when RA-sensitive pathways govern organogenesis. Thus, vitamin A 
displays a U-shaped relationship with reproductive health: deficiency leads to infertility, while excess results in 
toxicity and pregnancy loss. These findings emphasize the necessity of balanced vitamin A intake to ensure 
reproductive competence in albino mice and other mammals[9]. 

7. Experimental Considerations for Albino Mouse Studies 

Albino mice are well suited for vitamin A–fertility research, but rigorous design and husbandry are crucial. 
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Figure 5: Experimental Considerations for Albino Mouse Studies on Vitamin A and Fertility 
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Use a purified vitamin A–deficient (VAD) diet and an isocaloric control with defined retinyl acetate; store feed 
cold, dark, and airtight to prevent retinoid degradation. Because albino strains are light-sensitive, maintain a 
strict 12:12 h light–dark cycle (avoid high-lux lighting) and minimize photodegradation of chow and samples[6]. 
Define age and strain (e.g., Swiss albino, BALB/c) and begin depletion pre- or peri-pubertally depending on the 
question; allow 6–10 weeks for VAD to develop and confirm status via hepatic retinyl ester or serum retinol. For 
interventions, specify compound (retinol vs all-trans-retinoic acid), vehicle, route (oral gavage/IP), dose (µg/kg–
mg/kg), and timing relative to the seminiferous cycle or peri-implantation window. Control for energy intake 
(pair-feeding), micronutrient confounders (zinc, fat), and microbiome/housing (specific pathogen–free, stable 
bedding)[20]. Predefine endpoints: males—testis weight, histology (stage VII–VIII), sperm count/motility, Stra8 
and RA-pathway transcripts; females—estrous cytology, implantation sites, litter size/resorptions, uterine 
histology. Use mating plugs and plug-to-collection timelines; randomize cages, blind histology counts, and 
power the study from pilot variance. Follow ethical guidelines (IACUC/CPCSEA), implement refinement 
(analgesia, minimal handling), and record exclusions a priori. Finally, preregister analyses and report according 
to ARRIVE to ensure reproducibility. 

8. Future Directions 

Future research on the effects of vitamin A in fertility 
of albino mice should focus on unraveling the 
molecular pathways that link retinoid metabolism to 
reproductive physiology. While current evidence 
highlights the importance of retinoic acid in 
spermatogenesis, follicular development, and 
embryonic implantation, the precise gene regulatory 
networks and epigenetic modifications influenced by 
vitamin A remain underexplored. Integrating omics 
approaches—such as transcriptomics, proteomics, and 
metabolomics—can provide a systems-level 
understanding of how vitamin A deficiency or excess 
reshapes reproductive health. Additionally, dose– 
response studies with carefully titrated 
supplementation are needed to establish optimal 
physiological ranges, avoiding both deficiency and 
hypervitaminosis, which can impair fertility. Another 
important direction involves investigating sex-
specific differences, as male and female reproductive 
systems may respond differently to altered vitamin A 
status. Since albino mice are highly sensitive to 
environmental and dietary variables, comparative 
studies with other mammalian models could help 
confirm translational relevance. Moreover, exploring 
the interplay of vitamin A with other micronutrients 
(e.g., zinc, vitamin E) may clarify synergistic or 
antagonistic effects on fertility outcomes. Ultimately, 
such studies will not only strengthen our 
understanding of vitamin A’s role in reproduction but 
also guide nutritional and therapeutic interventions 
for addressing infertility in both animals and humans. 

9. Conclusion 

This review highlights the critical role of vitamin A in 
regulating fertility in albino mice, offering valuable 
insights into its broader importance across 
mammalian reproduction. Vitamin A and its active 
metabolite, retinoic acid, are indispensable for 
fundamental reproductive processes, including 
spermatogenesis, follicular growth, ovulation, uterine 

receptivity, and embryonic development. Studies in 
albino mice clearly demonstrate that vitamin A 
deficiency leads to impaired gametogenesis, disrupted 
hormonal balance, and pregnancy loss, while 
excessive intake results in teratogenic effects and 
reproductive toxicity. The dose-dependent, U-shaped 
relationship underscores the necessity of maintaining 
vitamin A within optimal physiological ranges to 
support reproductive health. Albino mice serve as an 
ideal experimental model due to their genetic 
uniformity, high reproductive rate, and well-
characterized physiology, making them suitable for 
mechanistic studies of micronutrient impacts on 
fertility. Comparative insights from other mammalian 
models further validate the conserved role of vitamin 
A in reproduction, although species-specific 
variations must be considered. Overall, this review 
emphasizes that vitamin A functions not merely as a 
nutrient but as a regulatory factor in reproductive 
success, with implications for both animal and human 
fertility research. Continued investigation will refine 
our understanding and aid in designing nutritional or 
therapeutic strategies to address infertility. 
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