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Abstract: For a long time, carbon monoxide (CO) was known for its toxic effect on organisms. But there are still
many things left to discover on that molecule. CO is formed directly in the body by the enzymatic activity of heme
oxygenase (HO). CO plays an important role in many physiological processes, such as cell protections (against vari-
ous stress factors), and the regulation of metabolic processes. Recent research proves that CO also operates in the
female reproductive system. At the centre of interest is the importance of CO for gestation. During the gestation
period, CO is an important element affecting the proper function of the feto-placental unit and generally affects fetal
survivability rates. Gestation is one of the most important processes of successful reproduction, although there are
more relevant processes that need to be researched. While already proven that CO influences steroidogenesis and
the corpus luteum survivability rate, our knowledge concerning the function and importance of CO in the reproduc-
tive system is still relatively limited. As an example, our knowledge of CO function in an oocyte, the most important
cell for reproduction, is almost non-existent. The aim of this review is to summarize our current knowledge concern-
ing the function of CO in the female reproductive system.
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Introduction

For decades, only peptides, proteins, lipid deri-
vatives and nucleic acid were considered fac-
tors regulating physiological functions. Gaseous
molecules, except for oxygen, were considered
unimportant. In the eighties it was demonstrat-
ed that the factor responsible for vascular
smooth muscle cell relaxation (endothelial cell
derived relaxing factor, EDRF) is nitric oxide
(NO) [1, 2]. The significance of the discovery of
the nitric oxide signalling-function had a huge
impact on biomedical research. Soon after
proving the signalling function of NO, it was dis-
covered that carbon monoxide (CO) also has an
important role in the proper function of the
organism.

The fact that the organism produces CO as a
by-product of heme degradation catalysed by
the microsomal enzyme heme oxygenase (HO)
was known long before the discovery of the NO
signalling function [3, 4]. Endogenously pro-
duced CO was considered only a waste prod-

uct, with negative effects in high concentra-
tions [5]. Shortly after the demonstration of the
NO signalling function, the understanding of
CO’s importance to the organism changed,
because the physiological role of CO in neuro-
transmission [6] and the relaxation of the anal
sphincter [7] was identified.

Recently it was discovered that low levels of CO
are an important factor for the proper function-
ing of the body. It is now known that the HO/CO
system regulates many cellular functions and
contributes to cellular protection from the nega-
tive effects of stress [8]. Problems in the func-
tion of the HO/CO system lead to health compli-
cations and even reproductive failure. However,
the significance of HO/CO in reproduction is not
yet fully understood.

Endogenous production of CO

The reaction catalysed by HO is the main endog-
enous source of CO. HO catalyses first and is
the rate-limiting step in the oxidative degrada-
tion of heme [3, 4] (Figure 1).
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or bone marrow. In other tis-
sues, the level of HO-1 is usu-
ally low, but its expression can
be stimulated by a wide range
of stressors (e.g. oxidative and
thermal stress and hypoxia),
the increased expression of
which has a cytoprotective
effect [17].

Induction of HO-1 expression
is controlled by several sig-
nalling pathways, e.g. mito-
gen-activated protein kinases
(MAPK) or nuclear factor kB
[18]. Also the enzymatically
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Figure 1. HO catabolic reactions. Both HO isoforms catalyse the oxidative
degradation of heme, giving rise to CO, Fe?* and biliverdin. Biliverdin is sub-
sequently reduced to bilirubin by the enzyme biliverdin reductase (BVR).
Excess of heme and Fe®* induces oxidative stress. Each product of heme
catabolism has a different function in the cell. CO influences a variety of
signalling pathways, generally has cytoprotective, antiapoptotic and anti-
inflammatory properties. Biliverdin and bilirubin are important antioxidants.
Free Fe?* induces the expression of ferritin and ferroportin, which remove

redox-active Fe?*.

There are two known isoforms of HO, HO-1 and
HO-2. Both catalyse identical biochemical reac-
tions of heme transformation to biliverdin-Ixc.
Both proteins contain a highly conserved
sequence of 24 amino acids, which are consid-
ered to be a binding site for heme [9, 10] and
both isoforms share a similar hydrophobic
region, which serves for the membrane attach-
ment [11, 12]. However, both isoforms differ in
their enzyme kinetics, thermostability and
immunoreactivity [13].

Inducible isoform HO-1 (~32 kDa) is a protein
attached to the endoplasmic reticulum mem-
brane [14]. In response to stressors, changes
in HO-1 location may occur, because HO-1 is
translocated to lipid rafts (caveolae), mitochon-
dria and nucleus [15]. Redistribution of HO-1
has a signal function, e.g. in the nucleus it is
involved in the regulation of transcription fac-
tors (e.g. nuclear factor erythroid 2-related fac-
tor 2), and in cell protection against oxidative
stress [16].

Under physiological conditions, HO-1 is mainly
expressed in tissues which participate in the
degradation of erytrocytes, such as the spleen

stress [19]. The mechanism of
action of enzymatically inac-
tive HO-1 is not yet fully under-
stood, but it is known that
HO-1 can directly bind to other
proteins and thereby alter
their activity [20].

HO-2 (~32 kDa) is a constitu-
tively expressed isoform with
its highest expression in the
brain and testes [10]. Similarly to HO-1, HO-2 is
also bound to the endoplasmic reticulum mem-
brane. HO-2 can also be localised in outer
nuclear membranes [21] and endosomes [22].
HO-2 does not respond to transcriptional acti-
vation by stress factors, and the only known
activators of HO-2 gene expression are gluco-
corticoids [10, 23]. HO-2 is responsible for the
stable production of CO and creates a barrier
against cell damage e.g. by oxidative stress
[24]. It is assumed that HO-2 also operates as
an oxygen level sensor that is involved in the
protective response of cells to hypoxia [25].

HO-3 was an additionally described isoform
besides HO-1 and HO-2. However, HO-3 is prob-
ably not expressed in an in vivo condition and,
due to the high homology of HO-3 and HO-2
and lack of introns in the HO-3 gene, HO-3 is
accepted as a pseudogene from the HO-2 tran-
script [26].

HO/CO signalling pathway

Carbon monoxide affects cell function by bind-
ing structures containing transition metals (e.g.
Fe, Cu) [27], of which the best known is heme.
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Figure 2. HO/CO signaling pathway. In the cell, HO/CO acts through several mechanisms. Besides catalytic func-
tion, HO has also a non-enzymatic function. Binding of HO to other protein (e.q. transcription factors) modulate their
activity. CO operates through activation/inhibition of several pathways. By modulation of these pathways CO could
affect various function of the female reproductive system, for example functions in relation to the oogenesis. See

text for details.

Alarge number of proteins (e.g. soluble guanylyl
cyclase (sGC), cyclooxygenase, cytochrome
P450, cytochrome c oxidase, inducible nitric
oxide synthase (iNOS)) contain the heme mole-
cule and hence there is also a wide range of
potential targets for CO [28]. Conformational
changes occur after the binding of CO to fer-
rous ion in hemoprotein [29]. Figure 2 summa-
rize HO/CO signalling pathway.

Soluble guanylyl cyclase is a common target for
CO and NO. Binding of CO or NO to the heme
group of sGC leads to increased formation of
3',5-cyclic guanosine monophosphate (CGMP).
A change in cGMP levels consequently affects
signalling pathways [30, 31]. CO is involved in
regulation of vascular tone and neurotransmis-
sion through the sGC/cGMP signalling pathway
[a71.

In the case of NO in the reproductive system,
e.g. NO by sGC/cGMP signalling pathway inhib-
its ovarian steroidogenesis [32, 33] and con-
tributes to the maintenance of oocytes at the
first meiotic block [34]. To date, there are no
known sGC/cGMP mediated effects of CO on
the female reproductive system, but e.g.
because it is known that HO/CO affect steroido-

genesis [35], this CO effect may be mediated
through sGC/cGMP. However, CO is a consider-
ably weaker sGC activator compared with NO
and therefore CO is considered rather an
endogenous modulator of the NO/sGMP signal-
ling pathway [30, 36].

The interaction between CO and NO not only
takes place in the competitive binding to effec-
tor proteins, but also in the direct regulation of
NOS or HO activity. Binding of CO to the heme
group of INOS leads to reduced iNOS activity
and hence to the reduced production of NO
[37]. On the other hand, NO increases the
expression of HO [38]. Due to the interaction
between HO/CO and NO/NOS, CO is considered
as a feedback inhibitor of NOS that reduces the
overproduction of NO and the associated oxida-
tive stress. Changes in NO levels regulate
oocyte meiotic maturation.

The correct course of meiotic maturation is cru-
cial for the formation of fertilisable and devel-
opmentally competent oocytes. Low levels of
NO stimulate meiotic maturation and, con-
versely, high levels of NO maintain meiotic
block and further lead to developmental disor-
ders [39, 40]. The HO/CO system may be a con-
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troller of oocyte NO levels and therefore also a
regulator of meiotic maturation. However, this
possibility still awaits clarification.

CO increases ROS production by binding to
mitochondrial cytochrome ¢ oxidase and/or to
the plasma membrane NAD(P)H oxidase. Low
levels of ROS produced in this way act as an
important second messenger [41]. Electron
leaks from the electron transport chain with
the subsequent ROS formation are caused by
binding of CO to cytochrome c oxidase. ROS
can then affect different signalling pathways
[42, 43].

CO-induced ROS inhibits smooth muscle cells’
proliferation through inhibition of ERK 1/2
kinases and by reducing the expression of
cyclin D [43]. In addition, for example, CO-
induced ROS increases mitochondria biogene-
sis via activation of transcription factors’ nucle-
ar respiratory factor-1 (Nrf-1), Nrf-2 and gamma-
coactivator-1a. Mitochondrial biogenesis allows
cells to replace damaged mitochondria and
cope with periods of increased metabolic
demands [44, 45]. In the case of oocyte, the
reduced number of mitochondria is associated
with decreased fertilisation ability [46].

The question arises whether the exogenous
application of CO could improve fertilisation
percentages through ROS/mitochondrial bio-
genesis. The answer still awaits clarification.
The overall effect of a temporary slight increase
of ROS production is positive, because it initi-
ates a series of processes, such as induction of
antioxidant enzymes and activation of cytopro-
tective genes. This leads to the overall increase
in cell resistance against the effects of stress-
ors [47]. ROS are also involved in the regulation
of the meiotic cycle. The slight increase in ROS
levels promotes meiotic maturation and, con-
versely, the cell-permeable antioxidants inhibit
meiotic maturation [48]. It is necessary to clar-
ify whether CO affects meiotic maturation.

Itis proven that CO acts on cell function through
MAPK (p38, ERK 1/2 and JNK). Modulation of
the MAPK signalling pathway via CO is respon-
sible for cytoprotective, anti-inflammatory, anti-
apoptotic and anti-proliferative properties of
CO [17, 49, 50]. Because the CO is unable to
directly bind to MAPK protein, it must influence
MAPK activity via other proteins or signalling
pathways. For example, in the case of p38, it is

assumed that CO up-regulates p38 by transient
increase of ROS level [51] and/or via the sGC/
cGMP signalling pathway [52].

In mammalian oocyte, the p38 is involved in
spindle apparatus assembly and function,
whereby defects in spindle apparatus lead to
cell cycle arrest [53]. p38 is also involved in
maintenance of the second meiotic block [54].
In the case of in vitro conditions, it is demon-
strated that transient delay of meiotic matura-
tion resumption leads to improved develop-
mental competence [55, 56]. In accordance
with those facts, CO could be a promising regu-
lator of meiotic maturation.

The functions of a wide variety of ion channels
for K, Na® and Ca?" are regulated by CO.
Activation or inhibition of ion channels via CO
regulates various physiological functions. For
example, CO causes vasodilation by increasing
activity of large conductance calcium-activated
potassium channels (BK_,) and has neuropro-
tective effects due to inhibition of potassium
voltage-gated channel subfamily B member 1
(KCNB1) [57, 58].

In the uterine muscle, BK, contributes to the
maintenance of uterine quiescence during
pregnancy, and CO is also important in the tran-
sition to a more contractile state at the onset of
labour [59]. CO, through activation of BK_, may
contribute to the maintenance of pregnancy as
well as regulate the onset of labour.

HO/CO and the female reproductive system

The presence of HO is demonstrated in the ova-
ries [35], uterus and placenta [60-62], in which
the distribution of isoforms differs according to
the cell type. In the ovary, both isoforms are
localised in the corpus luteum (CL) and follicu-
lar cells. In the ovarian stroma, only HO-2 is
present [35, 63, 64]. The presence of HO-1
MRNA is shown in mice oocytes [65]. In porcine
oocytes, HO-1 mRNA as well as HO-2 mRNA
and also HO-1 and HO-2 proteins are localised
(our unpublished results).

In the ovaries and uterus, as well as in other
tissues, exposure to stressors (e.g. oxidative
stress, excessive accumulation of free heme)
leads to the increased expression of HO-1 [63,
66-68]. Expression of HO is also affected by
changes in hormone levels and, therefore,
expression of HO fluctuates during the oestrous
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Table 1. The female reproductive system func-
tions which may have relationship with HO/CO

based on so far published results. The table does

not include functions related to pregnancy

Processes References

Steroidogenesis

CL maintenance 74
Oestrous cycle 35,68, 70, 74, 80
Ovulation 74
Fertilization ability 74
Protection against stress factors 74,79, 80
Function granulosa cells 64,79

35, 67-69, 70, 74, 95

cycle and pregnancy. In the uterus, HO-1
expression positively correlates with increas-
ed levels of oestrogens and progesterone.
Expression of HO-2 positively correlates only
with a level of progesterone [67-69].

During the mouse oestrous cycle, significant
increase in expression of HO-1 occurs in the
oestrus phase, when a surge of progesterone
occurs [68]. If HO activity is inhibited by HO
inhibitor chromium mesoporphyrin  (CrMP),
there is a significantly reduced occurrence of
the oestrus phase of the oestrous cycle [70].
The reason for the increased expression of
HO-1 in the uterus is probably to protect the
embryo from an excess of free heme and an
improper inflammatory response, as both pro-
cesses have proven deleterious effects [68,
71, 72]. This assumption is confirmed by the
fact that the increased expression of HO-1 in
the uterus correlates with a decrease in the
level of free heme. For these reasons, HO-1
activity is considered as crucial for the mainte-
nance of an optimal environment for nidation
and implantation [68].

Changes in HO activity during the oestrous
cycle can affect the development and surviv-
ability of follicles. In the ovaries, activation of
inflammatory processes and the release of
heme are associated with ovulation [71, 73]
and, as well as in the uterus, an increase of
HO-1 activity may lead to protection against
excessive development of these harmful pro-
cesses in the ovaries and in the oestrus phase
of the oestrous cycle [72, 74]. Indeed, in the
case of HO-1-deficient mice, the decreased pro-
duction of oocytes is demonstrated, which indi-
cates a disturbance in the process of
ovulation.

Oocytes obtained from HO-1-deficient mice
have decreased fertilisation ability after in vitro
fertilisation. Increased level of CL cell apopto-
sis also occurs in HO-1-deficient mice [74] when
such an increase leads to a decreased ability to
produce progesterone [75]. Decreased pro-
duction of progesterone is also observed in
case HO activity is inhibited by CrMP [35].
Up-regulation of HO-1 leads to an increased
production of CO [76] that may subsequently
activate the signalling pathway with cytoprotec-
tive effects [8]. Conversely, the state of HO-1
deficiency leads to the decreased production of
CO [77], causing increased apoptosis [78]. The
HO/CO pathway is therefore important in pre-
venting functional disturbances of the ovary.

Fully functional granulosa cells surrounding
oocyte are important for the development of
the ability of oocyte to be fertilised. The rate of
HO expression fluctuates along with the state
of granulosa cells. In healthy follicles, there is a
low level of HO-1 expression, but the level of
HO-1 expression significantly increases in atret-
ic follicles [64]. In the case of HO-2, there is an
opposite trend in the level of expression. In
healthy follicles, a significant level of HO-2
expression is detected, but in atretic follicles, it
is low. High levels of HO-1 expression in granu-
losa cells from atretic follicles are considered
to be a consequence of the action of stress fac-
tors [64]. The fact that the action of stressors
leads to an increased level of HO-1 expression
is often used as a marker for the exposure of
cells to e.g. oxidative stress.

Bergandi et al. [79] used the level of HO-1
expression in combination with the level of
iNOS expression as a marker of oocytes’ com-
petence to be fertilised. In cumulus cells from
unfertilised oocytes, a higher level of expres-
sion of both HO-1 and iNOS was observed. The
authors explain the results as that of oxidative
stress affecting granulosa cells, causing an
increased level of HO-1 and iNOS expression,
as well as the decreased fertilisation ability of
oocyte. Pfeiffer et al. [65] also used HO-1 as
one of the markers whose differential content
size in the oocyte may affect the quality of
embryos.

The importance of HO for the proper function of
female reproductive organs is obvious (Table 1)
summarize the female reproductive functions
which may have relationship with HO/CO) and
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Figure 3. Significance of HO/CO during pregnancy. Full-fledged intrauterine development and subsequent parturi-
tion is result from interplay of many processes. It is proved that HO/CO is important for the right function of many
processes influencing the intrauterine development. See text for details.

therefore the question arises whether exoge-
nous HO up-regulation or CO delivery could
have a positive effect. Clinical application in
treatment of e.g. the various inflammatory con-
ditions in the body is now being intensively
studied [17]. The relationship between HO
activity and steroidogenesis is supported by
several works.

Application of hemin (HO activator) to rats leads
to increased synthesis of androstenedione and
oestradiol. Treatment by an HO inhibitor leads
to reduced synthesis of progesterone and
androstenedione. The synthesis of oestrogens
remains unchanged. The reason for various
changes in steroidogenesis may be a different
mode of action of HO/CO on different steroido-
genesis pathways. Together with changes in
hormone levels after the application of an HO
inhibitor, changes in the oestrous cycle also
occur simultaneously, leading to shortened
length of the oestrus phase of the oestrous
cycle [35, 70].

In contrast, HO-1 deficiency in mice does not
lead to changes in the level of progesterone or
oestrogens during pregnancy. Although incre-
ased activity of HO (HO-1 isoform) occurs dur-
ing the oestrous cycle in response to oestro-
gens, HO-1 deficiency in mice simply does not
affect levels of sex hormones [80]. The possi-
ble reason for the various effects of HO-1 defi-
ciency and HO inhibitor may be that CrMP is a
nonspecific inhibitor of both HO isoforms. Also,
the significance of HO-1 during the oestrous
cycle or pregnancy may vary. In fact, HO-1 defi-
ciency enhances apoptosis of the CL cell, also

suggesting a reduced ability to produce proges-
terone [74].

However, it is unlikely that modulation of HO
activity would be used as an effective method
of affecting the oestrous cycle. In accordance
with the fact that the formation of oocyte which
is fertilisable and developmentally competent
is essential for reproduction, the question aris-
es whether it would be possible to influence
oocyte quality by modulating HO activity.

Role of HO/CO during pregnancy

For the successful development of the fetus, it
is necessary for hemodynamic and immune
changes to occur during pregnancy. If these
changes do not occur correctly, the risk of fail-
ures in feto-maternal communication and con-
nection is increased. Finally, these complica-
tions result in impaired fertility. Compared with
other processes of the female reproductive
system, the HO/CO system is best studied in
pregnancy and several reviews summarize the
link between HO/CO and pregnancy [81-85].
Figure 3 summarizes significance of HO/CO
during pregnancy.

Localisation of the HO isoform is different in
distinct placental cell types [67, 82]. In human
placenta, HO-1 is mainly localised in syncytio-
trophoblast. Conversely, in cytotrophoblast a
smaller amount is found. Syncytiotrophoblast is
directly exposed to maternal blood and hence a
potential immunological reaction or inflamma-
tory stress. Inducible HO-1 located in the syncy-
tiotrophoblast can therefore directly respond to
these processes [86].
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Changes in HO expression occur in response to
various pathologies of pregnancy. Both sponta-
neous and artificially induced mice abortions
are associated with reduced expression of HO
[87, 88]. Reduced HO expression also occurs in
the pathologies of pregnancy such as pre-
eclampsia, fetal growth retardation or H-mole
[89, 90]. Although it is unclear whether de-
creased HO expression triggers pathology or is
merely an accompanying signal, it is clearly
demonstrated that HO/CO is crucial for the nor-
mal course of pregnancy.

HO-1 deficiency is associated with infertility
[91], but in HO-17" mice, it is shown that in fact
conception occurs, but all fetuses die in utero
[80]. Also, the inhibition of both HO isoforms by
CrMP leads to fetal intrauterine deaths [70].
Already partial HO-1 deficiency (HO-1"") leads to
an increased fetal loss and hence smaller litter
size [80, 92].

Implantation is a process in which HO-1 has an
important role. HO-1 deficiency in mice leads to
delayed establishment of a connection between
blastocyst and uterine epithelial cells [80].
Delayed implantation has a negative impact on
placentation, development of the fetal-placen-
tal unit and subsequent fetal growth [93]. HO-1
deficiency leads to an overall reduction in
weight of the fetal-placental unit. Disturbances
in placental function lead to intrauterine fetal
growth restriction (IUGR) and the low birth
weight of successfully derived offspring [80,
92, 94, 95].

HO-1 is important during placentation for the
survivability of trophoblast and also for tropho-
blast differentiation into mature phenotype.
Differentiation of trophoblastic stem cells to
the so-called giant cells (GCs) takes place dur-
ing placentation. HO inhibition by nonspecific
inhibitor zinc protoporphyrin (ZnPP) affects this
process, because it reduces the trophoblastic
stem cells’ viability and also suppresses their
differentiation into GCs. Also placenta from
HO-1-deficient mice shows a reduced number
of GCs and an increased rate of apoptosis.

The ability to reverse this negative effect by CO
exogenous application indicates the signifi-
cance of CO [80, 92]. If CO is applied to HO-1-
deficient mice, positive changes) take place in
placenta, such as placental enlargement,
increased amount of GC, reduced pathological

changes and decreased fetal mortality [80,
82].

During pregnancy, there is a significant increase
of blood flow in the uteroplacental junction,
which is facilitated by the growth and remodel-
ling of the maternal spiral uterine artery (SA)
system [84]. Uterine natural killer cells (UNKs)
are important cells that regulate remodelling of
maternal uterine vasculature [96]. In placenta
of HO-1-deficient mice, a smaller number of
UNKs and lower expression of cytokine IL-15
are detected, which is important for UNKs’ dif-
ferentiation and their retention in the fetopla-
cental junction. The reduced quantity of UNKs
is associated with a decrease in production of
angiogenic factors [94, 97] and an increase in
synthesis of anti-angiogenic factors [98].

Overall, HO-1 deficiency leads to a significant
deterioration in SA remodelling, reduced size of
fetoplacental unit and IUGR [94, 97]. The nega-
tive effect of HO-1 deficiency may be reversed
by exogenous CO application, which leads to an
increase of UNK number, production of angio-
genic factors and normalisation of fetoplacen-
tal unit size [94]. For these reasons, the overall
significance of the HO/CO system for the proper
course of gestation is obvious.

Modulation of regulatory T cells (Treg) and den-
dritic cells is an important mechanism by which
HO-1 protects the fetus against abortion. HO-1
is involved in the maintenance of dendritic cells
in an immature state (tolerogenic), which is
important for the protection of the fetus against
harmful immune responses. HO-1 inhibition by
ZnPP leads to a decreased amount of Treg in
the fetoplacental junction, which leads to fetal
allograft rejection. On the other hand, up-regu-
lation of HO-1 by CoPP maintains tolerogenic
dendritic cells and leads to an increased Treg
quantity, thereby preventing fetal allograft
rejection [99-101].

On the basis of the aforementioned works, we
may consider the possibility of using the HO/CO
system in the treatment/prevention of preg-
nancy disorders. Activation of HO-1 or exoge-
nous CO application, leads to a decrease in
fetal deaths [80, 102] and has a positive effect
on fetal growth [80, 103]. The HO/CO system
may also participate in fetal protection against
the harmful effects of pathogens. Listeria
monocytogenes infection leads to reduced
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HO-1 expression and, conversely, exogenous
induction of HO-1 by cobalt protoporphyrin
(CoPP) results in the inhibition of the onset of
abortion [104]. A similar effect is also found in
the case of Brucella abortus infection, when
the application of CoPP also suppresses abor-
tion [105].

Conclusion and future perspectives

Deleterious processes, such as oxidative stress
or inflammatory reaction, result in disorders of
the reproductive system. HO/CO belongs to the
signalling pathways that are involved in protect-
ing cells from these processes. Methods of
assisted reproduction and reproduction bio-
technology are connected to in vitro conditions,
which, in comparison to in vivo conditions, are
more stressful for cells.

Consequently, this leads to deterioration in the
quality of gametes and embryos. HO/CO could
prevent this deterioration by activation of cyto-
protective mechanisms and thus improve the
methods used thus far. Likewise, reduced func-
tion of HO/CO may impair reproduction and
exogenous HO activation or CO supplementa-
tion could reverse the negative effect of HO
deficiency.

Because of the significance of HO/CO in oogen-
esis being an unexplored area, there is a need
to focus on this key reproductive process. In
the case of H,S and NO, it is known that these
gasotransmitters are important for the course
of meiotic maturation and the prevention of
post-ovulatory aging. Gasotransmitters interact
among themselves and therefore it is impor-
tant to know the effect of CO. Only then is it
possible to obtain a comprehensive view of the
effect of gasotransmitters on oogenesis. To-
gether with the evaluation of the effect of HO
deficiency/activation or exogenous CO dona-
tion on the course of oogenesis, as well as over-
all reproduction, it is necessary to examine the
cross-talk between CO/NO/H,S.

A large portion of experiments is aimed only at
HO-1. Despite the importance of HO-1, this is
insufficient. HO-1 and HO-2 have a distinct sig-
nificance, but they can also partially replace
each other. Therefore, for the understanding of
HO/CO significance, it is important to study
both isoforms.
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