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Abstract. Vitamin A is one of the micronutrients which have been implicated in cattle reproduction.
In cattle, ingested vitamin A, mainly as β-carotene (BC) from forages and retinol ester from formula
feed, is metabolized and transported to the oocytes and cumulus-granulosa cells in ovarian follicles
through binding to various interacting molecules.  The active form of vitamin A, retinoic acid (RA),
functions as a regulator of gene expression in these targets.  Early research showed the positive effects
of vitamin A supplementation on bovine fertility in artificial insemination, and several studies on
effects of vitamin A metabolites used in other artificial reproductive techniques (ART), including
superovulation, ovum pick up, and in vitro maturation culture have provided evidence for the specific
roles of vitamin A in oocyte cytoplasmic maturation (acquisition of developmental competence of
oocytes during their meiotic maturation period for the embryonic development after fertilization).  BC
may enhance cytoplasmic maturation by its antioxidant properties which cannot be replaced by RA.
Furthermore, RA may promote cytoplasmic maturation of bovine oocytes via its modulatory effects
on the gene expression of gonadotrophin receptors, midkine, cyclooxygenase-2, and nitric oxide
synthase in cumulus-granulosa cells.
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itamin A is one of the fat-soluble vitamins and
is well known to regulate development, cellular

growth and differentiation, and tissue function [1,
2].  Since the earliest research into vitamin A
function in cattle reproduction [3, 4], vitamin A and
its metabolites (Fig. 1) have been tested in various
artificial reproduction techniques (ART) in cattle.  It
has been found so far that vitamin A and its
metabolites affect ovarian follicular growth [5] and
steroidogenesis  [6] ,  oviductal  and uterine
environments [7, 8], immune functions [9–11],
oocyte maturation, and embryo and conceptus
development [12].

Oocytes are formed during fetal life and are
arrested at the prophase stage of the first meiotic
division.  After puberty, the fully grown oocyte
arrested at the first meiotic prophase, the germinal
vesicle stage, in the last folliclular wave [13] within
the estrous cycle resumes meiosis in response to a
preovulatory luteinizing hormone (LH) surge and
reaches the metaphase stage of the second meiotic
division.  This process is called oocyte maturation
[14] and is considered to involve not only the
resumption of meiosis (nuclear maturation) but
also the acquisition of developmental competence
( c y t o p l a s m i c  m a t u r a t i o n )  f o r  e m b r y on i c
d e v e l o p m e n t  a f t e r  f e r t i l i z a t i o n  [ 1 5 ,  1 6 ] .
Surrounding follicular cells, particularly cumulus-
granulosa cells, have been demonstrated to be
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important for appropriate cytoplasmic maturation
[17–19].

Recently, using an in vitro maturation (IVM)
technique, the effects of vitamin A, especially on
cytoplasmic maturation of bovine oocytes, have
been demonstrated [20].  Here, we focus on the role
of vitamin A in cytoplasmic maturation of bovine
oocytes by reviewing vitamin A metabolism in
relation to oocytes in cattle (Fig. 2), chronological
experiments testing vitamin A metabolites in ART,
i n c l u d i n g  a r t i f i c i a l  i n s e m i n a t i o n  ( A I ) ,
superovulation, ovum pick up (OPU), and IVM,
and the possible mechanisms by which vitamin A
exerts its beneficial effects on the cytoplasmic
maturation of bovine oocytes (Fig. 3).

How Does Vitamin A Reach Oocytes 
and Cumulus-Granulosa Cells in 

Bovine Ovarian Follicles?

In this section, we summarize the presumed
pathways of vitamin A from ingestion by cattle to
utilization by oocytes and oocyte-surrounding
cumulus-granulosa cells in light of the integrated
findings on its metabolism [1, 2].  Cattle take in
vitamin A mainly as β-carotene (BC) from forages

and as supplementary retinol ester (ROLE) from
formula feed [21–24].  Appreciable amounts of BC
and ROLE are destroyed in the rumen [25].  ROLE is
hydrolyzed in the intestinal lumen to produce
retinol (ROL).  ROL and BC are absorbed by
intestinal mucosal cells.  Within the intestinal cells,
some BC undergo enzymatic central cleavage to
produce retinal (RAL), which is subsequently
reduced to ROL.  ROL is re-esterified in the cells and
the resulting ROLE is packaged into chylomicrons
and secreted into the blood via the lymphatic
system.  The chylomicron packaged ROLE is
transported to and stored in the liver after
degradation to the chylomicron remnant.  In the
liver, ROLE is hydrolyzed to ROL, which is then
bound to retinol binding protein (RBP) [26] and
released into the blood, where RBP combines with
transthyretin (TTR).  The ternary complex ROL-RBP-
TTR serves to transport ROL in the blood circulation
and deliver it to the target tissues.  It is noteworthy
that in cattle a large amount of BC does not undergo
enzymatic cleavage within intestinal cells and is
incorporated into chylomicrons as BC.  The BC is
transported to and temporally stored in the liver via
the lymph, but exclusively circulates in blood as the
lipoprotein fraction [27].  Various kinds of molecules
in the blood transit through the ovarian follicular

Fig. 1. Representative vitamin A metabolites.



25REVIEW: VITAMIN A AND CYTOPLASMIC MATURATION

Fig. 2. Overview of vitamin A metabolism from ingestion to utilization by oocytes and cumulus-granulosa
cells in cattle. Vitamin A is a traveler from food to gene.

Fig. 3. Possible mechanisms of vitamin A metabolites for enhancing
cytoplasmic maturation of bovine oocytes.
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basement membrane [28–30].  In fact, both BC and
ROL exist in bovine follicular fluid [5, 31, 32] in
proportion to their blood concentrations [31, 32].  In
addition to their passive free access to follicular
fluid, there are also the selective mechanisms of BC
and ROL incorporation into follicles with their
respective carrier molecules, and this might partly
explain their different concentrations in follicular
fluid and plasma [5, 33].  BC cleavage activity exists
in bovine granulosa cells [34], which implies the
local (intrafollicular) conversion of BC to ROL.  The
resulting ROL, as well as blood-derived ROL, may
also be a source of vitamin A for intrafollicular
utilization.  In addition, BC accumulated in the
corpus luteum [31, 32] can be considered as a ROL
source in the follicles [35].  ROL enters most of its
target cells in the form of free ROL uncombined with
the binding proteins.  Within the target cells ROL
binds cellular RBP (CRBP) [26], which plays a role in
intracellular ROL accumulation and presentation to
ROL- or RAL- dehydrogenases (ROLDH or RALDH,
respectively) for conversion to RAL or all-trans-
retinoic acid (atRA), respectively.  AtRA is reversibly
converted to its isomer 9-cis-RA (9cRA), and other
routes of biosynthesis have also been proposed [36,
37].  Eventually, these active forms of vitamin A,
namely atRA and 9cRA, bind the ligand-activated
transcription factors, RA receptor (RAR) and/or
retinoid X receptor (RXR), which have three
isoforms (α, β and γ), respectively.  AtRA combines
with RAR and 9cRA with RXR (probably also with
RAR), thereby regulating the specific target genes by
interaction with the RA response element (RARE) in
the promoter region of the genes.  RAR functions as
a  heterodimer  wi th  RXR.   In  addi t ion  to
heterodimer izat ion  wi th  RAR,  RXR a lso
homodimerizes or heterodimerizes with several
other nuclear receptors including those for thyroid
hormone (THR), vitamin D (VDR), and peroxisome
proliferator activated receptor (PPAR), which
thereafter recognizes the respective hormone
response element (HRE).  RXR seems not to require a
ligand to influence co-receptor action, as long as the
appropriate ligand occupies the co-receptor;
however, liganded RXR is thought to enhance the
action of the receptor complexes in which it takes
part [37].

Recently, transcripts for RALDH2, RARα/γ,
RXRα/β and PPARγ were detected in fully grown
bovine oocytes [38, 39].  More recently, transcripts
for RBP, RALDH2, RARα/γ, RXRα/β, and PPARγ,

RARα and RXRβ proteins [40], and RBP and CRBP
proteins [33] were detected in bovine cumulus-
granulosa cells.  Interestingly, Brown et al. [33]
demonstrated the local synthesis and secretion of
RBP by thecal, granulosa, and luteal cells.  Taken
together ,  bovine  oocytes  and the  oocytes
surrounding follicular cells are likely to have a set
of factors participating in vitamin A utilization.

Effects of Vitamin A in Artificial Insemination 
(AI) in Cattle

Reproductive disorders associated with vitamin
A deficiency have been described in dairy cattle in
early reports [41]; however, the major reproductive
problems in female cattle are noted during late
gestation, such as increased rates of abortion,
retained placenta and the birth of dead, weak, or
blind calves.

In the late 70’s, with a series of studies reviewed
in [42], Lotthammer proposed the specific effects of
BC in cattle reproduction that cannot be replaced
by vitamin A supplementation in the diet.  Among
these findings, the conception rate was significantly
increased for heifers fed with BC supplemented
diets with the number of inseminations per
conception being 1.42, compared with those fed an
extremely-low-BC diet at 2.00.  His report was
followed by numerous studies to confirm the
effects of BC [3, 4].  Although the positive effects of
the dietary intake of BC on the conception rate after
AI were reproduced by some investigators [43, 44],
many authors reported no effect due to BC
supplementation on AI conception rates [45–48].
Folman et al. [49] pointed out that in some of the
experiments in which the basal plasma BC levels
were lower than 50 µg/dl, BC supplementation did
significantly increase fertility; however, in no case
was fertility affected when plasma BC levels
exceeded 150 µg/dl.  Moreover, excess intake of BC
may have adverse effects on fertility [50].  Taken
together, BC supplementation appears to exert
beneficial effects on the bovine conception rate in
AI when the concerned cow or heifer is BC deficient
for some reason, such as a low BC diet, high milk
yielding, or climatic stress.  In addition, we cannot
preclude the possibility that the above mentioned
favorable effects of BC are due to its action on
factors other than the period of oocyte maturation,
such as those of fertilization and embryonic
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development.
In all of the reports described above, the effects of

long term supplementation of vitamin A and BC in
diets, but not the specific timed utilization, were
examined from the viewpoint of investigating their
possible specific roles in oocyte maturation.
Arechiga et al. [51] tested three intramuscular
injections of 800 mg BC at Days-6 and -3 before and
at the time of insemination with synchronized
estrus.  The concentrations of plasma BC (before the
first injection, 270 ± 38 µg/dl; 24 h after the first
injection, 555 ± 38 µg/dl) and those of ROLE (retinyl
palmitate: before the first injection, 40 ± 7 µg/dl; 24 h
after the first injection, 108 ± 7 µg/dl) were increased
after the first injection and remained at elevated
levels until the end of the blood sampling period (13
days after the last injection).  On the contrary, there
was no difference in the ROL concentration before or
after the injection.  As a result, it was found that the
BC injections did not have any favorable effects on
the pregnancy rate.  This result may have been due
to the high basal BC levels in the control, and to our
knowledge, there are no other reports that have
tested the effect of injection of other forms of vitamin
A on AI.

Effects of Vitamin A on Superovulation in Cattle

BC and/or vitamin A supplementation have
been found to enhance the embryonic survival in
multiovulatory species, including mice [52], rats
[53], rabbits [54] and swine [55, 56].  Prompted by
these findings, Shaw et al. [57] investigated the
effects of vitamin A administration on ovulation
rates, numbers of embryos recovered and embryo
quality in superovulated cows.  In their study, cows
whose estrus synchronization and superovulation
were induced by injections of decreasing doses of
follicle stimulating hormone (FSH) and PGF2α,
received intramuscularly either 1 × 106 IU of ROLE
or a vehicle on the first day of FSH injections
followed by AI and embryo recovery.  Ovulation
rates that were estimated by counts of corpora lutea
and the numbers of recovered embryos, were not
affected by ROLE treatment, suggesting that
vitamin A does not affect either ovulation or the
fertilization of oocytes.  However, ROLE treatment
increased the mean numbers of high quality
(Grades 1 and 2) and total transferable embryos
(Grades 1, 2 and 3) recovered.  The possibility

cannot be excluded that these effects reflected
embryo-maternal interactions that occurred
beyond the period of oocyte maturation such as
alterations in the oviductal or uterine environment.
H o w ev e r ,  i n  s i m i l a r  e x p er i m e n t s ,  u s i n g
s u p e r o v u l a t e d  e w e s ,  i n  w h i c h  R O L  w a s
administrated on the first and last day of FSH
injections [58], 1- to 4-cell stage embryos collected
from the oviducts and morula from the uterus
exhibited increased capacity for further in vitro
development.  Taking this result and the unaffected
ovulation rates and numbers of recovered embryos
in the cattle experiments into account, it is more
likely that vitamin A positively impacts oocyte
cytoplasmic maturation.

The relationship between endogenous plasma
BC levels and embryo quality in superovulated
Japanese Black cattle was investigated by Goto et al.
[59].  In that study, the animals were divided into 2
groups depending on the plasma concentration of
BC (<200 or ≥200 µg/dl) on the first day of
superovulation treatment and on the day of
embryo collection.  The results showed that the
numbers of transferable embryos in the ≥200 µg/dl
group were significantly larger than those in the
corresponding <200 µg/dl group.  It was concluded
that ≥200 µg/dl of plasma BC is required for a good
superovulation response in cattle.

Effects of Vitamin A in Ovum Pick Up (OPU) 
in Cattle

The enhancing effects of vitamin A metabolites
on the developmental competence of oocytes after
fertilization in superovulated cows described above
led to investigations of their effects on other
multiple utilizations of oocytes from single cattle,
i.e. OPU.  Hidalgo et al. [60] injected 1 × 106 IU of
ROL to heifers 4 days before starting OPU sessions.
As a result, administration of ROL to donor animals
significantly increased the number of recovered
oocytes.  In addition, RA displayed a trend of
blastocyst yield stimulation from obtained oocytes
after in vitro fertilization (IVF).

Effects of Vitamin A on In Vitro Maturation 
(IVM) of Bovine Oocytes

In the in vitro production of bovine embryos, the
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effects of vitamin A metabolites, particularly ROL
and RA during the IVM period on cytoplasmic
maturation, were examined.  Hidalgo et al. [20]
showed that the addition of 9cRA at 5 nM into the
IVM medium of bovine cumulus-enclosed oocytes
(C E Os )  in cr e a se d  t h e  r a t e  o f  b l a s t oc y s t
development and hatching after IVF.  They also
showed that the transfer of blastocysts derived
from oocytes matured with 9cRA to a surrogate
mother increased the pregnancy rate.  This in vitro
study demonstrated for the first time the direct
effects of RA on the cytoplasmic maturation of
oocytes that had been suggested in the early in vivo
studies mentioned above.  We also observed similar
beneficial effects of atRA during IVM of bovine
CEOs on their developmental competence to the
blastocyst stage (unpublished results).

Duque et  a l .  [61]  used 9cRA during pre-
maturation (culture period during which oocytes at
the  GV stage are  meiot ica l ly   arrested by
roscovitine treatment) of bovine CEOs and found
that the treatment improved the embryonic
development and cryotolerance of the resulting
IVM and IVF embryos, after being freed from the
meiosis inhibition.

Possible Explanations of the Enhancing Effects 
of Vitamin A on Cytoplasmic Maturation in  

Cattle

Few investigators who found favorable effects of
vitamin A metabolites on oocyte cytoplasmic
maturation in cattle have been able to give a
physiological explanation of the effects.  In this
section, we enumerate some possible mechanisms
by which vitamin A metabolites enhance the
cytoplasmic maturation of bovine oocytes.

a) BC as an antioxidant
Recently there has been increasing evidence of

the impairment of oocyte cytoplasmic maturation
by reactive oxygen species (ROS) during or at the
peripheral period of maturation [62–68].  BC has
been known to function as an antioxidant in lipid
phases  by  quenching  s ingle t  oxygen  and
scavenging the peroxyl radical [69].  Therefore, it is
possible that extracellular BC in the follicular fluid
and intracellular BC incorporated into follicular
cells and/or oocytes protects them from ROS
mediated cytotoxity, thereby enhancing the

developmental competence of oocytes.  ROL does
not have the ability to quench singlet oxygen.
Therefore, the uniqueness of BC in bovine fertility
mentioned thus far may be related to this ability.

b) RA-regulated expression of gonadotrophin receptor 
in cumulus-granulosa cells

S c h w e i g e r t  a n d  Z u c k e r  [ 5 ]  f o u n d  t h a t
concentrations of ROL, but not BC, in the follicular
fluid were significantly influenced by follicular
quality, with mean concentrations of 107, 90, 60 and
50 IU/dl in healthy, slightly atretic, atretic, and
greatly atretic follicles, respectively.  These
concentrations were highly correlated with
intrafollicular estradiol concentrations.  These
findings suggest that vitamin A has the potential
for the local  modulation of f inal  fol l icular
development, including oocyte maturation.
Follicular development at this stage is greatly
dependent on pituitary gonadotrophins that
regulate differentiation of granulosa cells [13, 70,
71].  RA has been shown to suppress the FSH-
induced expression of the FSH receptor (FSH-R)
[72, 73] and LH receptor (LH-R) [74–76] in cultured
granulosa cells.  It is difficult to draw specific
conclusions on the possible roles of vitamin A in
the oocyte maturation period by referring to these
in vitro results, since the acquisition of LH-R, and
preceding that of FSH-R are considered pivotal for
follicle final development, oocyte maturation,
ovulation and luteinization, and the events do
occur in normal cyclic cattle in the presence of
vitamin A in follicles [13, 70, 71].  However, under
s u p e r o v u l a t e d  a n d / o r  I V M  c o n d i t i o n s ,
unphysio logica l ly  h igh  concentrat ions  of
gonadotrophins  may induce  the  aberrant
acquisition of FSH-R and LH-R, although the FSH
and LH dependency of preovulatory follicular cells
seems to be profoundly regulated in vivo [13, 77,
78].  Therefore, it is possible that RA attenuates
aberrant differentiation of cumulus-granulosa cells,
thereby preventing oocytes from premature and
abnormal maturation [79–81].

c) Induction of midkine by RA in cumulus-granulosa 
cells

Midkine (MK) is one of the heparin-binding
growth differentiation factors that are known to be
quite rich in bovine follicular fluid [82].  We
previously reported that MK added to the IVM
medium of bovine CEOs enhanced the resulting
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blastocyst yield after IVF [83, 84].  MK was initially
found in a mouse embryonal carcinoma cell line as
an RA-inducible gene [85].  Recently, atRA has been
shown to increase MK mRNA at concentrations of
0.1–0.3 µM in rat cultured granulosa cells [86].
More recently, treatment of bovine CEOs during
IVM with 5 nM 9cRA increased MK mRNA levels
in cumulus cells with beneficial effects on the
oocyte cytoplasmic maturation [87].  We have also
found that the degree of apoptosis in cumulus cells
of CEOs during the IVM period correlated with the
cytoplasmic maturation of the oocytes [88], and that
MK suppressed apoptosis in the cumulus cells
during the IVM period of bovine CEOs (our
unpublished data).  It is possible that RA enhances
oocyte cytoplasmic maturation through the
production of MK in cumulus cells in the in vivo
and/or in vitro maturation of CEOs.

d) Suppression of cyclooxygenase synthesis by RA in 
cumulus-granulosa cells

Prostaglandins (PG) are  generated from
arachidonic acid by the cyclooxygenase (cox)
pathway.  Cox has two isoforms, cox-1 and cox-2.
The cox-1 gene is constitutively expressed in most
t issues  and ce l ls  and is  impl icated in  the
housekeeping functions of PG synthesis.  On the
other hand, cox-2 is an immediate-early response
gene whose expression is induced by various
cytokines and mitogenic factors [89].  In bovine
preovulatory follicles, cox-1 mRNA and protein are
present at low and constant levels in theca cells,
whereas expression of cox-2 mRNA and protein
has been shown to be present in mural-granulosa
and cumulus-granulosa cells, and dynamically
increases in the preovulatory period, indicating
that cox-2 is the exclusive and critical source of PG
in preovulatory foll icles [90–92].   There is
increasing evidence that the cox-2/PG systems are
involved in the various aspects of the final
differentiation of ovarian follicles.  It is generally
accepted that PG synthesized by cox-2 plays an
essential role in ovulation in the cow, based on the
fact that inhibition of cox-2 during the preovulatory
period blocks ovulation in cattle [93, 94], as well as
in several other mammalian species [95–97].
Consistent with this concept, cox-2 expression is
induced in mural granulosa cells by a preovulatory
LH surge in rodents, cattle and horses, and the LH-
mediated increase in cox-2 mRNA and protein
occurs in each of these mammals approximately 10

h before ovulation, suggesting the role of PG as a
part of the assembly for an ‘ovulatory clock’ [90].
Recently,  it  has been shown that cumulus-
granulosa cells produce cox-2 during IVM [92].  In
CEOs matured in vitro, cumulus cells have been
demonstrated to express cox-2 in a time-dependent
manner toward the end of IVM culture for 24 h,
with increasing concentrations of PGE2 and PGF2α

in the culture medium.
Although PG function seems to be required in

the ovulation process, and the physiological
concentration of PG benefits oocyte maturation, an
excessive concentration of and/or prolonged
exposure to PG during the maturation period could
be detrimental to the cytoplasmic maturation of
oocytes.  In fact, 50 and 100 ng/mL PGF2α added to
the oocyte IVM medium reduced the proportion of
oocytes that had developed to blastocysts 8 days
after IVF [98].  AtRA and 9cRA have been shown to
directly suppress cox-2 transcription by receptor-
dependent mechanisms [99, 100].  These molecules
may contribute to appropriate PG synthesis by
suppress ion of  cox-2  express ion and as  a
consequence enhance cytoplasmic maturation of
bovine oocytes in natural mating and in ART.

e) Suppression of nitric oxide synthesis by RA in 
cumulus-granulosa cells and/or oocytes

Nitric oxide (NO) is one of the free radicals that
mediates a variety of cellular functions [101, 102].
NO is synthesized from L-arginine by NO synthase
(NOS),  three isoforms of which have been
identified: endothelial NOS (eNOS), neuronal NOS
(nNOS), and inducible NOS (iNOS) [103].  The
expressions of eNOS and iNOS mRNA were
detected in granulosa cells in preovulatory follicles
during equine CG (eCG) and human CG (hCG)
induced ovulation in immature rats [104].  In
addition, eNOS mRNA and protein have been
detected in porcine granulosa cells [105] and
oocytes [106].  Oocytes [107], embryos [108] and
cumulus-granulosa cells [109] have been shown to
produce  NO,  which  i s  sugges ted  to  have
physiologically important roles in ovulation, oocyte
matura t ion  and embryonic  development .
However, the reported effects of NO on oocyte
maturation and embryonic development are very
complex and difficult to interpret.  eNOS knock-out
mice show impaired meiotic maturation and
ovulation [110], and inhibition of NOS in culture
adversely affected meiotic maturation [111] and
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embryonic development in the mouse [108, 112].
On the other hand, addition of an NO donor
inhibited embryo development in the mouse [113]
and cattle [114], and in cattle, addition of an NO
scavenger improved development.  Taken together
with the reported results, the NO/NOS system
seems to have dual effects on oocyte maturation
and embryonic development and appears to be
tightly regulated in a dose dependent manner [115].
At least, there is no doubt that oocyte competence is
greatly affected by NO.  Interestingly, some
researchers found that the regulation of NO
generation in culture affected the maturation of
CEOs or embryo development after IVF in a
cumulus-granulosa cell coculture system [114, 116].
Lim and Hansel [114] pointed out that bovine
embryos may not produce toxic amounts of NO as
indicated by the lack of the beneficial effect of the
NO scavenger on the embryo development when
added to a chemically defined medium of a non-
coculture system, although the addition of a NO
scavenger to a medium in coculture with cumulus-
granulosa cells improved their development, and it
thus seems likely that embryo-toxic NO is derived
from these cells.

It has been suggested that RA may regulate the
NO/NOS system in cumulus-granulosa cells and
somehow affects the cytoplasmic maturation of
bovine oocytes under certain conditions, because
RA inhibits iNOS expression through the RARα
[117].  In addition, it is well established that RA
strongly inhibits the expression of eNOS mRNA
and NO synthesis in porcine immature oocytes
[118].  Hattori et al. [106] proposed a model in
which  oocytes  re lease  NO as  a  s igna l  for
suppression of differentiation of cumulus-
granulosa cells, since these cells acquire LH-R by
reduction of oocyte derived NO as well as by direct
stimulation with FSH.  This possible mechanism is
reasonable for the appropriate timing of cumulus-
granulosa cell differentiation and is perhaps
involved in the pre- and peri-maturation periods.
The oocyte derived NO may affect cytoplasmic
maturation.  However, if so, the period of action is
limited to that during the meiotic arrested period in
the GV stage.

Perspective

Vitamin A is a nutritional factor, nevertheless,

many reports on its effects on ART, except for AI,
have been performed without consideration for the
individual endogenous status of vitamin A levels,
which is  dependent on catt le  management
conditions.  This situation should be corrected.  For
example,  in  Japan,  on account of  the poor
availability of high quality forages, vitamin A
controlled feeding for the purpose of marbling
[119] and the general consideration that BC
accumulation causes yellow fat, which is one of the
undesirable traits in the Japanese meat grading
standard; fattened beef cattle generally follow a
trend of BC deficiency, and these cattle are the
major source of oocytes used for the in vitro
production of embryos for embryo transfer.  The
individual vitamin A status could affect the derived
oocyte competence and its sensitivity to exogenous
vitamin A metabolites.

As far as conventional AI is concerned, if
appropriate feed is served, exogenous vitamin A
supplementation seems not to be necessary as
described.  Possibly, it is in ‘greedy’ (efficient) ART
that the vitamin A effects are prominent.  In other
words, it is possible that the requirement of vitamin
A is different in conventional reproduction and in
modern ART.   This  point  requires  further
clarification.

As described in this review, vitamin A changes
its forms and interacts with its binding molecules
depending on its residual sites and functions.
Thus, it is worthwhile to investigate the effects of
each form of vitamin A, and in combination with its
interactive molecules on the outcome of ART.

The possible mechanisms of the positive effects
of vitamin A described here are still hypotheses
g e n er a t e d  b y  c o n ne c t i n g  s m a l l  p i e c e s  o f
information on presumably relevant molecules.
The respective molecules featured in this review
seem to be worth investigating further to achieve a
comprehensive understanding of the roles of
vitamin A in the cytoplasmic maturation of oocytes.
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