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BACKGROUND: Retinol in its various forms, being a powerful antioxidant, has a multifaceted effect on the functioning of
body systems. Replenishment of the daily requirement for the vitamin is possible only when it is supplied from outside sources.
Both excess intake and deficiency of retinol are associated with adverse effects.

AIM: The aim of this study was to assess the role of vitamin A in the functioning of the female reproductive system, its effect
on pregnancy, and the prospects of using it as a pathogenically justified therapy for endometriosis.

MATERIALS AND METHODS: We performed this review, analyzing articles from such electronic databases as PubMed,
ScienceDirect, and Cyberleninka, published in the period from 2000 to 2020.

RESULTS AND CONCLUSIONS: Vitamin A plays an important role in pregnancy; its deficiency is associated with a number
of malformations, the risk of respiratory distress syndrome and disorders of the immune system development in the fetus.
Despite the alleged risk of using vitamin A in pregnant women, it can be prescribed both at the planning stage and during preg-
nancy in safe therapeutic doses, up to 10,000 IU / day, in order to reduce the number of congenital malformations, to give birth
to children with higher Apgar scores, and to prevent anemia. Retinol has antiproliferative and antitumor effects and affects the
biosynthesis of estrogens, which justifies the possibility of its involvement in the pathogenesis of genital endometriosis. Given
the ability of vitamin A to inhibit the proliferation of endometrioid ovarian cysts, to reduce the size of endometrioid heterotopias,
and to modulate the synthesis of proinflammatory cytokines, it can be considered as a perspective therapy in the combined
treatment of genital endometriosis.
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06ocHosaHue. PeTnHon B BUAE PasfiMyHbIX ero GOpM, ABNSAACL MOLLUHBIM aHTMOKCWMAAHTOM, OKa3blBaeT MHOrOrpaHHoe
B/IUSIHME Ha QYHKLMOHWUPOBaHME PasfIMYHbIX CUCTEM OpraHu3Ma. BocnonHeHue cyTo4HOM NOTPEBHOCTU B BUTaMUHE BO3MOXHO
TONBKO MpU ero nocTynieHuu ussHe. Kak 13bbitouHoe notpebnenue, Tak U AedWUMT peTHoNa accouMMpoBaHbl ¢ Hebnaro-
NPUATHBIMX NOCNEACTBUAMM.

Llene — oueHMTb posib BUTaMUHA A B DYHKLMOHWUPOBAHUW PenpoAYyKTUBHOI CUCTEMBI, €70 BIMUSIHWE Ha TeyeHue bepeMeH-
HOCTU, NEPCNEKTUBLI NMPUMEHEHNS B KAYeCTBE NaTOreHeTUYeCKM 000CHOBaHHOM Tepanuu 3HAOMETPUO3a.

Mamepuanel u Memodel. [ins npoBeneHns 063opa NMTepaTYpHBIX AaHHbIX BblM NPoaHaNM3MpoBaHbI CTaTby, HAX0AALLM-
€CA B TaKMX 3NEKTPOHHbIX ba3ax, Kak PubMed, ScienceDirect, Cyberleninka, 8 nepuog ¢ 2000 no 2020 r.

Pe3ynemamel u 3aknoyeHue. Butamun A umeet 6onbluoe 3HayeHWe npu BepeMeHHOCTH, ero AeduunT CBA3aH ¢ dop-
MUPOBaHWEM Psifia NOPOKOB Pa3BUTUS, BOHUKHOBEHUEM PECTIMPATOPHOTO AMCTPECC-CUHAPOMA W HapyLIEHUA UMMYHHON CU-
cTeMbl y njoaa. HecMoTpa Ha To YTO CyLLecTBYeT MHeHMe 06 0macHOCTM MpUMeHeHUs BUTaMMHA A y 6epeMeHHbIX, OH Mo-
eT BbiTb Ha3HaYeH KaK Ha 3Tane NNaHMPOBaHWSA, Tak U BO BpeMsi bepeMeHHOCTM B 6e30macHbIX TepaneBTUYECKUX [03aX
(0o 10000 ME/cyT) C Lienblo CHUKEHNS PUCKa BPOX/AEHHbIX MOPOKOB Pa3BUTUSA, POXKAEHUS AeTe ¢ bonee BbICOKOI OLEHKOM
no wkane Anrap, NpogunakTUKkU aHemmuu. PeTHON obnapfaeT aHTMMpONMGepaTMBHLIM, NPOTUBOOMYXONEBbIM 3P heKTamu,
B/USIET Ha BMOCKHTE3 3CTPOreHOB, YTO 060CHOBLIBAET BO3MOXHOCTb €10 Y4acTUsl B NaTOreHe3e reHUTanbHOro 3HAOMETpUo3a.
C y4eToM cnocobHoCTM BUTaMUHA A MHTMBMPOBaTL NPONMGEPALMI0 SHAOMETPUOMAHBIX KUCT ANYHUKOB, YMeHbLUATb pa3Mepbl
3HA0METPUOULHBIX TETEPOTONMIA, MOLYNMPOBATL CUHTE3 NPOBOCMANUTENBHBIX LIMTOKMHOB EM0 MOXXHO paccMaTpuBaTh B Kaue-
CTBE NEepCNEeKTUBHOMO HaNPaBNEeHUs B COCTaBe Tepaniu A1 KOMM/IEKCHOTO NIEYEHWUS FeHUTANbHOTO 3HAOMETPUO3a.
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REVIEW

BACKGROUND

Vitamins are low molecular weight organic com-
pounds that are necessary for minimal amounts to imple-
ment various metabolic body processes. Water-soluble
vitamin derivatives are part of enzyme systems that cata-
lyze the metabolism of carbohydrates, proteins, and fats
and are involved in energy conversion and synthesis of
precursors of complex macromolecules from simple mol-
ecules [1].

Liposoluble vitamins A and D are known to have a hor-
mone-like effect by binding to intracellular receptors in target
tissues [1].

The first experimental studies, which later discovered
vitamin A, were conducted by W. Stepp (1909). He revealed
that food, which is quite sufficient to ensure the normal
growth and development of mice (bread and milk), loses its
nutritional values after being treated with alcohol and ether
by studying the ability of the animal organism to synthe-
size the necessary components. The obtained extract was
added to the extracted food making it suitable for nutrition.
W. Stepp believed that, with such processing, those lipids
are removed from the food, of which synthesis is impossible
in mammals.

This problem was further developed by E. Maccollum and
M. Davis (1913), who conducted a study on young, growing
rats. Feeding the animals with a food mixture of specially
processed foods (protein [casein], carbohydrates, and a mix-
ture of salts) led to growth arrest, which resumed after add-
ing butter or egg yolk essential extract.

E. Maccollum (1967), when reporting more than half
a century later on the individual stages of vitamins A and D
discovery, pointed out the significance of the work by
N.I. Lunin back in 1880. In 1931, Swiss scientist Paul Kar-
rer described the chemical properties and structural for-
mula of vitamin A. Additionally, unsaturated alcohol with
the empirical formula CyH4,0, with five double bonds, one
in the beta-ionone ring and four in the side aliphatic chain
was established. In 1937, crystalline preparations of vita-
min A were obtained.

At present, the possibilities of using vitamin A in various
fields of medicine, namely gynecology, ophthalmology, and
oncology, are being considered.

The study aimed to evaluate the role of vitamin A in
the reproductive system functioning, its effect on the preg-
nancy course, and its prospects as a pathogenetically sub-
stantiated therapy for endometriosis.

MATERIALS AND METHODS

Articles were analyzed and included in electronic
databases, such as PubMed, ScienceDirect, and Cyberleninka,
from 2000 to 2020 for the literature review.
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RESULTS AND DISCUSSION

Vitamin A metabolism

Vitamin A is a cyclic unsaturated monohydric alcohol
that is soluble in most organic solvents [2]. Liposoluble
vitamin A belongs to the retinoid group. Vitamin A in
the human body can exist in various forms, such as alcohol
(retinol), aldehyde (retinal), and acid (retinoic acid).
Additionally, esters of these compounds and their spatial
isomers are known [3].

Vitamin A is most often called retinol; however, its
variability leads to the emergence of various names, such
as retinol (vitamin A alcohol and vitamin A,), dehydroretinol
(vitamin A,), retinal (retinene and vitamin A aldehyde),
and retinoic acid (vitamin A acid). These vitamers are
quite unstable, thus vitamin A composes vitamin-mineral
complexes, and food supplements are used in more
chemically stable forms, namely retinol esters (usually
retinol acetate or palmitate) [3]. Retinol acetate and other
retinol esters represent the so-called “sealed,” “conserved”
forms of the vitamin [4]. Vitamin A precursors in the human
body include carotenoids. The biological value of carotenoids
is determined by their ability to convert into vitamin A in
the body. Examples of such provitamins are the structural
isomers of carotene, alpha-, beta-, and gamma-carotenes.
The most common structural isomer is beta-carotene.
Its molecule consists of two beta-ionone rings that are
connected by an aliphatic chain with 9 unsaturated double
bonds. One such bond is found in each ionic ring. Alpha-
carotene with the same structure of the aliphatic chain
contains only one beta-ionone cycle, while the second cycle is
replaced by an alpha-ionone one. Gamma-carotene contains
12 unsaturated double bonds, one beta-ionone cycle, and
an open ring at the other end of the molecule [2]. Along with
other carotenoids, beta-carotene functions as antioxidants
that influence carcinogenesis by reducing the free radical level
that causes deoxyribonucleic acid damage [5]. The biological
activity of vitamin A is usually expressed in international
units (IU), wherein 1 1U corresponds to the activity of 0.3 pg
of retinol or retinal, 0.344 pg of retinyl acetate, 0.55 pg of
retinyl palmitate, and 1.8 pg of beta-carotene [6].

Group A vitamins are found in products of animal origin.
Their largest amount is revealed in the liver of cod and sharks,
where retinol A, is in the esterified form, whereas retinol A,
is found in the liver of freshwater fish. Group A provitamins,
carotenoids (alpha, beta, and gamma), are exclusively found in
plants and undergo several changes when they enter the body
of animals and humans [7]. Two retinol molecules are formed
from symmetrical beta-carotene, and only one molecule is
formed from alpha- and gamma-carotene. Retinol molecules
are less effective than beta-carotene when taken with food.
Vitamin A cannot be synthesized by vertebrates in the animal
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kingdom, including humans, who obtain it from food.
The liver creates an adequate vitamin A supply (>20 pg/g),
which is expressed in retinol activity equivalents (RAE),
wherein 1 pg of RAE is defined as the biological activity
associated with 1 pg of trans-retinol and is equivalent to
12 ug of beta-carotene and 24 pg of alpha-carotene (or
beta-cryptoxanthin) based on the efficiency of absorption
and conversion to vitamin A. Other dietary carotenoids,
such as lycopene, lutein, and zeaxanthin, are not metabolic
precursors of vitamin A [7]. Vitamin A is found in food mainly
in ester forms. Therefore, along with food, mainly vitamin
A esters enter the body, and in most cases, in palmitate form.
Hydrolysis of vitamin A esters in the intestine occurs with
the involvement of pancreatic enzymes and epithelial cells
of the small intestine mucosa. Bile acids are very significant
in vitamin A absorption. They are involved in emulsification,
hydrolytic cleavage of retinol esters, solubilization of
hydrolysis products, and their transport to the intestinal
epithelial cells [8]. As suggested, they are involved in retinol
reesterification within the epithelial cells of the mucosa due
to the role of bile acids in preventing the oxidation of vitamin
A and its esters, as well as carotene in the intestine [8].
These esters are completely hydrolyzed when absorbed in
the intestine, and free retinol enters the epithelial cells of
the mucous membrane.

The next stage in vitamin A metabolism is the retinol
reesterification in the epitheliocytes with the formation of
its higher esters, mainly retinol palmitate. After absorption,
the vitamin enters other organs through the thoracic lymphatic
duct. Based on vitamin A detection in the thoracic lymphatic
duct in the form of its higher esters after A-vitaminization,
the intestinal epithelial cells can be the site of retinol
reesterification [8]. Thus, retinol reesterification occurs in
the mucous membrane epithelial cells of the small intestine,
which is formed due to the hydrolysis of alimentary ester
forms of vitamin A with the participation of retinyl ether
hydrolases of the pancreas, as well as the intestine. These
resynthesized retinol esters (not all) are attached to specific
monoproteins and enter the liver through the lymphatic
vessels as part of chylomicrons. Notably, a certain amount of
retinol and its esters received from outside is also absorbed
through the portal vein. Retinyl esters are released and
hydrolyzed in the liver to form free retinol. Subsequently, free
retinol in the liver is secondarily reesterified and converted
to retinyl palmitate, binding with liver proteins and forming
a reserve form of vitamin A [9].

Vitamin A functions as a hormone through retinoic acid
receptors. Vitamin A level in the pancreas is critical for
retinoid signaling and maintaining physiological glucose
levels in the pancreas [10]. Vitamin A is transported in
the blood as a complex with retinol-binding protein (RBP), but
the molecular mechanism by which vitamin A is absorbed by
cells from the vitamin A-RBP complex is not fully understood.
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In studies, the multitransmembrane domain protein STRA6
was identified in bovine retinal pigment epithelial cells as
a specific membrane RBP receptor. STRA6 hinds to RBP with
high affinity and absorbs vitamin A from the vitamin A-RBP
complex with high activity. The binding of vitamin A to these
receptors is of great physiological importance in solubilizing
water-insoluble retinol, thereby preventing it from rapid
chemical degradation and elimination in the urine, as
well as delivering retinol from the depot to the target
organs and transferring it to specific receptor molecules
of cells, which is required for the manifestation of specific
metabolic functions of vitamin A in these organs and
tissues. Vitamin A-transporting protein concentration in
the blood plasma under normal conditions correlates with
the provision of the body with the vitamin. The possibility of
such a correlation is to a certain extent since vitamin A is
one of the regulators of its transport protein metabolism [11].
Information regarding the content of endogenous vitamin A is
transmitted by two retinoid receptors, namely the retinoic acid
receptor (RAR) and the retinoid X receptor (RXR). Both RAR
and RXR are members of the nuclear receptor superfamily
of ligand-activated transcription factors and primarily act as
heterodimers, which activate target gene transcription with
their all-trans retinoic acid ligand [12]. RAR-a, RAR-B, RAR-y,
and peroxisome proliferator-activated receptor (PPAR)-B/6,
which regulates the target gene transcription, are also known
among retinoic acid receptors [2].

The biological role of vitamin A
in the body

Vitamin A plays an important role in the cell differentiation
of the visual system organs and xerophthalmia prevention.
Vitamin A deficiency is the major cause of preventable
blindness worldwide [13]. Vitamin A, being an antioxidant,
affects the barrier function of the skin and mucous membranes
and cell membrane permeability and plays a vital role in
preventing reproductive system diseases (endometriosis,
mastopathy, and carcinogenesis of various localizations)
by neutralizing the excess amount of free radicals induced
by oxidative stress [13]. The relationship between serum
vitamin A levels or dietary intake and cancer risk is unclear.
Several prospective and retrospective observational studies
in current and former smokers, as well as in people who have
never smoked, have revealed a reduced risk of lung cancer
when eating foods containing vitamin A and carotenoids [14].
Some authors point to the efficient use of vitamin A for
the topical treatment of acne, which, by promoting the opening
of comedones, provides regeneration and prevents new lesion
formation. The effect usually develops within 2-3 months
and is dose-independent [15, 16].

Hypercarotenemia is characterized by keratoderma
resulting in skin yellowing, especially the palms and soles.
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Hypercarotenemia occurs in people who consume foods rich
in carotenoids (>30 mg/day) for several months. The use of
carotenoids in physiological or lesser amounts leads very
rarely to carotene jaundice due to genetic defects in enzyme
15-15"-carotenoid dioxygenase. Additionally, in people with
hypothyroidism and diabetes mellitus, hypercarotenemia
develops with the normal consumption of foods rich in
carotenoids [17].

The use of vitamin A during pregnancy
and the postpartum period

Vitamin A is essential for the normal development of
the embryo [18]. The molecular and clinical effects of physi-
ological doses of vitamin A in a pregnant woman and fetus
depend on the availability of other vitamins and microele-
ments, thus vitamin A supplementation in combination with
other micronutrients contributes to 1) reduced risk of cleft
palate, diaphragmatic hernia, neural tube defects, hyper-
trophic pyloric stenosis, and other vitamin-A-dependent
malformations; 2) gene expression of lung surfactant pro-
teins, prevention of bronchopulmonary dysplasia and chronic
lung diseases (bronchiolitis, bronchitis, bronchial asthma,
and pneumonia) at an early age; 3) reduced mortality from
measles; &) better fetal growth rates and a higher Apgar
score; 5) prevention of the development of allergies in chil-
dren; 6) prevention of anemia; and 7) cognitive and behavioral
development improvement of children at an early age [18].

Vitamin A in high doses (>7.5 mg or 24750 IU per day)
can have a teratogenic effect (impaired facial skeleton
and aorta formation, microphthalmia, gastric atresia, and
other malformations), as well as intrauterine fetal growth
retardation and early epiphyseal growth zone closure. With
hypervitaminosis A, blood coagulation factor synthesis can
slow down due to impaired liver function, as well as increased
cerebrospinal fluid secretion with increased intracranial
pressure. According to the international recommendations,
the maximum daily dose of vitamin A for pregnant women
should not exceed 10,000 IU (3 mg) [1]. The resolution of
the Council of Experts in 2020 noted that the routine intake
of vitamin A as a single drug is not recommended but can be
included in specially designed vitamin and mineral complexes
for pregnant women [19, 20]. Retinol toxicity depends on
the dose and duration of use, as well as the person’s age.
In rare cases, mild symptoms of chronic intoxication in
adults can develop even when taking 10 mg/day of retinol
for 6 months. A single dose of retinol at >500 mg leads to
acute poisoning. The teratogenic effect of high retinol doses
persists even after its discontinuation; therefore, pregnancy
should be planned after using the drug at a therapeutic dose
only after 6—12 months [1]. Vitamin A doses of 700-1000 pg
of retinol equivalents correspond to the norms of its daily
demand during pregnancy [19, 20].
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Unlike vitamin A, beta-carotene is not teratogenic
or toxic. Additionally, even large supplemental doses
(20-30 mg/day) of beta-carotene or a long-term diet high
in food rich in carotenoids are not associated with toxicity.
The most significant effect of long-term or excessive beta-
carotene intake is carotenoderma, in which the skin becomes
yellow. This condition is leveled by plant pigment intake
cessation [14].

K. Ribeiro et al. compared mothers who received
200,000 IU of vitamin A and a control group (who did not
receive vitamin A) to analyze its effect on breast milk and
concluded that megadoses of vitamin A in the first days of
the postpartum period increased retinol levels in the first 24 h
after supplementation, but this increase was more effective
in women with low vitamin A levels in the colostrum [21].

D. Bezerra et al. also investigated the effect of retinyl
palmitate supplementation and compared it with the control
group (not treated with vitamin A) but considered two
periods, the first week of postpartum and thirty days after
dose administration. The retinol concentration assessment
in the colostrum in two periods revealed its higher levels
in patients receiving vitamin A. Further follow-up revealed
a decreased retinol concentration in the colostrum 30 days
after delivery [22].

The importance of vitamin A in the pathogenesis
of genital endometriosis

Decreased vitamin A and retinoic acid metabolite levels
may contribute to the pathogenesis of endometriosis. All-
trans-retinoic acid (or tretinoin) simultaneously prevents
endometrioid cyst proliferation with a locally decreased
estradiol production [23]. Following the steroid level fluctu-
ations during the menstrual cycle, retinoid receptor expres-
sion and tretinoin synthesis change. Local trans-retinoic acid
modulates the endometrial synthesis of many immunologi-
cal factors altered in endometriosis, including interleukin-6,
tumor necrosis factor-alpha, vascular endothelial growth
factor, monocytic chemoattractant protein-1, connexin-43,
and integrins [23]. Tretinoin biosynthesis is impaired in tis-
sues that are affected by endometriosis, which is associated
with a decreased RBP type 1 level [23]. Vitamin A metabolite
regulation, including trans-retinoic acid, is mediated by en-
dogenous enzymes induced by histone deacetylase inhibitors,
suggesting the modulation of intestinal butyrate and other
endogenous deacetylase inhibitors [24].

Retinoic acid acts in a paracrine manner, stimulating
differentiation and counteracting estradiol (E2)-dependent
endometrial epithelial cell proliferation. Additionally, retinoic
acid induces the production of the enzyme 17B-hydroxysteroid
dehydrogenase 2 (HSD17B2), which converts biologically
active E2 into weak estrone (E1). A lower progesterone
receptor level that leads to a reduced retinoic acid formation
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was revealed in the endometrioid stromal cells [25]. Thus,
paracrine signaling to neighboring epithelial cells is lost, and
these cells do not differentiate and do not express HSD17B2,
which in turn leads to excess E2 synthesis [25].

Vitamin A metabolite level may decrease due to
an increased level of the CYP26 enzyme. Elevated levels of
transforming growth factor-beta in serum and peritoneal
fluid in endometriosis decrease CYP26 and thereby increase
the availability of vitamin A metabolites. An increased
regulatory T cell count has been associated with high
vitamin A metabolite availability [26]. However, the retinoic
acid catabolic enzyme CYP26A1 is a progesterone-dependent
gene that is overexpressed in women with endometriosis.
Through retinoic acid inactivation, CYP26A1 promotes
endometrial lesion formation [27, 28]. Decreased intrauterine
vitamin A levels significantly alter the gut development
after birth and act as a prenatal pathoetiological factor in
various digestive disorders due to the effects of reduced
vitamin A levels on mitochondria and cellular regulatory
functions [26].

Retinoic acid performs various cellular functions and is
a biological modulator by participating in the metabolism
of cells affected by endometriosis. The transcriptome was
analyzed and the estradiol level was measured in cultured
endometrioid cells and tissues to assess the therapeutic
effect of tretinoin (all-trans-retinoic acid). HSD17B2 mRNA
expression was studied in endometrioid stromal cells
derived from ovarian endometriomas. In an isolated culture
of endometrioid stromal cells treated with all-trans-retinoic
acid for four days, the total RNA was isolated followed by
transcriptome analysis using the GeneChip. The expression
of 49 genes was upregulated and that of four genes
was downregulated by all-trans-retinoic acid. Increased
gene expression was associated with cell proliferation
suppression [24].

H. Lu et al. revealed that retinoic acid treatment induces
autophagy in endometrioid stromal cells derived from
women with endometriosis with previous hysterectomy.
The authors reported that vitamin A induces Beclint,
a major protein involved in autophagosome formation, and
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noted an inverse correlation between Beclin1 expression
and more severe endometriosis. Additionally, retinoic acid
reduces the volume of endometrioid heterotopias. Moreover,
the authors hypothesized that retinoic acid may have different
efficacy in the treatment of peritoneal endometriosis, ovarian
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usage include minor side effects, such as skin and mucous
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activity. The efficiency of continuous retinoic acid usage has not
been proven; thus, course therapy is recommended in women
with endometriosis to improve the quality of life [29, 30].

CONCLUSION

Vitamin A is of great importance during pregnancy;
its deficiency is associated with several malformations,
the risk of respiratory distress syndrome, and impaired fetal
immune system development. Various forms of retinol have
a comprehensive effect on various body system functions.
Vitamin A has antiproliferative and antitumor effects, affects
the biosynthesis of estrogen, and is a powerful antioxidant,
which justifies its involvement in the pathogenesis of genital
endometriosis. Given its ability to inhibit endometrioid ovarian
cyst proliferation, reduce the endometrioid heterotopia size,
and modulate the pro-inflammatory cytokine synthesis,
vitamin A can be considered a promising factor in complex
genital endometriosis treatment.
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