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ACTIVITY OF MONOAMINE OXIDASES IN RAT FEMALE GENITAL 
ORGANS DURING PREIMPLANTATION PERIOD OF PREGNANCY
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ABSTRACT
Our objectives in the present study were to determine the activity of monoamine oxidases A and B (MAO AB) 
in rat ovary, oviduct and uterus during preimplantation period of pregnancy. It should help us to clarify and 
better understand possible involvement of both MAO enzymes in the reproductive process. Pregnant females 
were killed employing a lethal dose of thiopental on the first (D1), on the third (D3), and on the fifth (D5) 
days of pregnancy. Rats were perfused transcardially with the PBS to rinse out of the body as much blood as 
possible. Ovaries, oviducts and uteri were immediately removed and stored until the measurement was done. 
MAO activity was determined by fluorescent monoamine oxidase detection kit. In the ovaries we have found 
the highest MAO activity at D3, followed by D1, and the lowest levels were recorded at D5 of pregnancy. In 
the oviducts, the highest MAO activity was detected again at D3, followed by D5, and by D1 of pregnancy. But 
statistical analysis did not reveal any difference between individual days of pregnancy nor in the ovaries, neither 
in uterine tubes. Uteri were the only organs, in which statistically significant differences were detected (p<0.001). 
The highest activity of MAO was observed at D5, followed by D1, and by D3 of pregnancy. Potential mechanisms 
responsible for the changed MAO activity in gonads during preimplantation period of pregnancy are proposed.
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INTRODUCTION

Monoamine oxidases (MAO) are flavoprotein enzymes located in the mitochondrial 
outer membrane. The enzymes exist as two forms, MAO-A and MAO-B, which are dif-
ferent gene products and have different substrate specificities. MAO-A preferentially 
oxidizes noradrenaline (NA) and serotonin (5HT), while MAO-B has a greater affinity 
for phenylethylamine and benzylamine. Dopamine (DA) is a common substrate of both 
MAO-A and MAO-B. The two MAO isoforms can also be differentiated according to their 
inhibition by synthetic compounds. MAO-A is selectively inhibited by clorgyline whereas 
MAO-B is selectively inhibited by L-deprenyl (selegiline). MAO are involved in many be-
havioral processes and their inhibition has a marked effect on brain function, blood 
pressure regulation and the detoxification of potentially harmful exogenous amines [1].

In attempt to understand the role of MAO enzymes in brain, many studies have inves-
tigated their distribution and cellular localization [2]. Recently, an increasing number 
of claims have been made about involvement of these enzymes in many psychiatric and 
neurological diseases, such as depression, bulimia, schizophrenia, Parkinson’s disease, 
Alzheimer’s disease, neurodegenerative diseases in general, etc. Although the molecular 
base of these diseases are often complex, the fact that most of them have been linked 
with abnormal MAO activity provides a biochemical rationale for further pursuit of their 
investigation [3]. In contrast, little is known about distribution of MAO in peripheral tis-
sues. The enzymes have been identified outside the central nervous system in organs 
such as liver, kidney and intestine [4]. Studies of the biochemical properties of MAO are 
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numerous, but information about the quantification of MAO in female gonads during 
pregnancy is limited.

 Recently we have observed an antagonistic effect of chronic treatment with deprenyl, 
a potent MAO-B inhibitor, at the dose 0.25 mg/kg on embryo development in rats. Sig-
nificantly less degenerated embryos were isolated from experimental females, but on the 
other hand, a decreased mean cell number in blastocysts was recorded [5]. Our objectives 
in the present study were to determine the activity of MAO in rat ovary, oviduct and uterus 
during preimplantation period of pregnancy, which should help us to clarify and better 
understand possible involvement of both MAO enzymes in the reproductive process. 

MATERIAL AND METHODS

Animals
All procedures performed with animals adhered to the permission granted by the Com-

mittee for Ethical Control of Animal Experiments at Safárik University and the permis-
sion of the State Veterinary and Food Administration of the Slovak Republic (permission 
No. 715/08-221b). All efforts were made to minimize both the number of animals and 
their suffering.

Experiments were carried out on 15 young, virgin female Wistar rats (200-240 g, 85-90 
days old) obtained from the animal facility of the University. The animals were given free 
access to standard diet and water and were maintained in a 12 h light/12 h dark cycle. Fe-
males were mated for two hours from 07:00-09:00 a.m. with males of the same strain. The 
first day on which a vaginal plug was present was designated as day 1 of pregnancy. Preg-
nant rats were killed by a lethal dose of thiopental (40 mg/kg; ICN Czech Pharma, Prague, 
Czech Republic) on the first (D1), on the third (D3), and on the fifth (D5) day of pregnancy.

After a lethal injection of thiopental rats were perfused transcardially with 100 ml of 
room-temperature PBS (ph 7.4) to rinse out as much blood as possible. Ovaries, ovi-
ducts, and uteri were immediately removed and stored in Eppendorf tubes at -80 °C 
until the measurement was done.

MAO AB activity
Activity of MAO was measured by fluorescent monoamine oxidase detection kit (Ba-

chem; Cat. No. S-90092) based on detection of H2O2 released from the conversion of a 
substrate to its aldehyde via both forms MAO A and MAO B. H2O2 oxidizes the detection 
reagent in a 1:1 stoichiometry to produce the fluorescent product. A standard curve was 
prepared from resorufin to determine moles of product produced.

Briefly, organs were homogenized in five volumes (w/v) of the 25mmol/l TRIS-HCL (pH 
7.4) mixed with 1mmol/l EDTA and subsequently were centrifuged at 10,000xg for 15 
min at 4 °C. To a black 96 well plate 100 ml of samples and 100 ml of reaction cocktail 
were added into individual wells to incubate at room temperature for 30-60 minutes. 
Reaction cocktail was prepared obeying the manufacturer’s instructions and consisted 
of the detection reagent, horse radish peroxidase and dimethyl sulfoxide (DMSO). Sam-
ples were read using excitation at 570 nm and fluorescence was measured at 590-600 
nm employing the fluorescence plate reader. Activity of MAO expressed as the μmol/l 
resorufin was normalized on the basis of total protein content (μmol/l of resorufin/
mg of protein). Chemicals used for assessing of enzymes activity were purchased from 
Sigma-Aldrich (St. Louis, MO, USA).

Statistical analysis
Data are expressed as the mean ± SD. Differences in the MAO AB activity were analyzed by 

the Kruskal-Wallis test for multiple comparisons. P<0.05 was considered as significant. The 
data presented here are pooled from two independent replications of the same experiment. 
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RESULTS

Fig. 1 Activity of MAO in the rat ovary on the first (D1), third (D3), and on the fifth (D5) day of pregnancy. 
Results are depicted as a μmol/l of resorufin/mg of proteins ± S. D. (p>0.05)

Concerning ovary (Fig. 1), we have found the highest MAO AB activity at D3 (72.44 ± 
22.66), followed by D1 (67.10 ± 32.12) and the lowest activity was recorded at D5 (57.90 
± 17.60) of pregnancy. Kruskal-Wallis test did not reveal any significant difference com-
pared individual days of pregnancy (p>0.05).

Fig. 2 Activity of MAO in the rat oviduct on the first (D1), third (D3), and on the fifth (D5) day of pregnancy. 
Results are depicted as the μmol/l of resorufin/mg of proteins ± S. D. (p>0.05)

In regard to oviduct (Fig. 2), the highest MAO AB activity was detected at D3 (45.44 ± 12.97), 
followed by D5 (42.09 ± 27.40) and D1 (36.49 ± 16.91) of pregnancy. Statistical analysis did 
not confirm any significant difference between individual days of pregnancy (p>0.05). 
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Fig. 3 Activity of MAO in the rat uterus on the first (D1), third (D3), and on the fifth (D5) day of pregnancy. 
Results are depicted as the μmol/l of resorufin/mg of proteins ± S. D. (* it means p<0.001)

Uterus (Fig. 3) was the only organ, in which statistically significant differences were 
detected (p<0.001). The highest activity of MAO AB was observed at D5 (75.48 ± 53.24), 
followed by D1 (13.94 ± 6.09) and D3 (6.30 ± 3.19) of pregnancy.

DISCUSSION

We have found that monoamine oxidases activity undergo changes during early stages 
of pregnancy in all female reproductive organs examined, but their levels statistically 
differ only in the uterus. 

Sympathetic nerve fibers are the largest source of NA in the ovary, but not the only 
one. Ovarian granulose cells, after taking up catecholamines, can serve as an intrao-
varian catecholamine-storing compartment, releasing them in a regulated way [6]. High 
concentrations of both catecholamines NA and DA were found in the stroma of bovine 
ovaries and corpora lutea (CL), too [7]. NA given into the abdominal aorta affected the 
secretory function of the corpus luteum by stimulation of the luteal adrenoreceptors 
[8] in cattle and also in other species [9]. Tonic beta-adrenoreceptor stimulation of the 
CL ensures the basal secretion of progesterone, whereas acute noradrenergic activa-
tion supports the CL during stressful situations that could impair its function [10]. NA 
was also determined in the preovulatory follicular fluid of women undergoing   in vitro 
fertilization. All of the follicular samples contained NA at concentrations substantially 
higher than those in the corresponding plasma samples. The data indicate that NA ac-
cumulates in follicular fluid, supporting the physiological significance of NA in the local 
regulation of human ovarian functions [11].

High levels of DA were described in the human ovary, raising question about its role in 
the female gonad [12]. It has been reported that monkey (Macaca mulatta) oocytes are 
able to take up DA and use it as a precursor for the synthesis of NA with the help of the 
dopamine--hydroxylase [13]. Bovine luteal cells are reported to perform synthesis of 
NA in a similar way [14], and presumably this occurs also in intraovarian nerve fibers, 
which likewise express dopamine--hydroxylase [15]. Recent study revealed dopamine 
1,2,4,5 receptors expressed by endocrine cells of the follicle and the corpus luteum, 
which suggests a complex role of DA in the regulation of ovarian processes [16]. 

In the light of findings described above there is no surprise that the activity of MAO 
enzymes, which are responsible for the degradation of the catecholamines, was observed 
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in the CL of rat ovary employing enzymatic histochemical method [17]. In our work we 
found the highest MAO activity on the D3 of pregnancy, when corpora lutea are already 
formed. Similar results were recorded in women employing monoclonal antibodies. MAO-
A was intensely expressed in CL of pregnancy, especially in large luteal cells [18]. MAO 
enzymes were also detected in the intersticial gland cells and in the blood vessels of rat 
ovary [17]. It has been recorded [19], that MAO activities in the vessels of ovarian pedicle 
of pigs were the highest on the 13-14 day of the estrous cycle. Authors suggest that high 
MAO activity in the vessels may be a significant factor in the regulation of the ovarian 
vasotone and might be responsible for increasing in the ovarian blood flow during the 
luteal phase of ovarian cycle. Interstitial glands are situated near to the blood vessels in 
the ovarian stroma, and arise from the follicles, which undergo atrophic process. Prob-
ably this is the reason why the further catecholamine accumulation is not needed and 
these substances are rather metabolized through MAO enzymes. Taken together, results 
suggest that MAO activity in the ovary might be involved in follicular development and 
progesterone metabolism.

High concentrations of NA have been detected in the human and cow oviductal com-
partments [20, 21]. The highest concentrations were found in the isthmus, where the 
adrenergic nerves are primarily related to smooth muscles [20]. Recently we have found 
that high doses of deprenyl (2.5 mg/kg), a potent MAO-B inhibitor, significantly slow 
down the movement of rat embryos through the female reproductive tract [22]. These 
findings need another investigation, because MAO-B and MAO-A are responsible for the 
DA degradation and DA was also detected in the human [20] and cow [21] oviduct com-
partments. Moreover, the addition of DA into the incubation bath significantly reduced 
the strength and frequency of spontaneous rhythmic contractions of the rat uterus [23]. 
NA was also identified in bovine oviductal fluid [24], and it could influence the oviduct 
epithelium via adrenergic receptors, which have been shown in the oviduct epithelian 
cells of several species [25, 26]. Recently, it was clearly demonstrated that mouse oo-
cytes and embryos express α2C- and β2-adrenergic receptors, too [27]. As one could ex-
pect, MAO activity in the human oviduct has been detected on the same places, as their 
catecholamine substrates are located. It means in the epithelium and in the muscular 
layer [28]. Despite the fact that we have recorded the highest activity of monoamine oxi-
dases on D3 and on D5, when embryo goes through the oviduct into the uterus, activity 
of MAO did not differ significantly compared the individual days of pregnancy. Probably, 
it could be the sign of similar metabolic MAO activity, as the oviduct almost permanently 
moves during the transport of spermatozoa in the time of fertilization and subsequently 
during the embryo passage down into the uterine cavity. Based on the works mentioned 
above, catecholamines play the pivotal role in this process.

Uterus is the only one reproductive organ, in which significantly different MAO activity 
during preimplantation period of pregnancy was recorded. In the time, when the oocytes 
and subsequently embryos are located in the oviduct, extremely low MAO activity in rat 
uterus was detected. However, on the D5, when embryos are present in the uterine cavity 
and their implantation into the uterine wall occurs, MAO activity significantly increased 
several times. Successful implantation depends both on the quality of the embryo and on 
the endometrial receptivity. The later depends on the progesterone-induced changes in 
gene expression. One of the genes whose transcription appears to be enhanced during the 
receptive period is probably gene for MAO. Similar results were obtained in women [29]. 
MAO-A transcript levels increased in human uterus between the pre-receptive and recep-
tive phase with a median increase of 25-fold. Conversely, prior failure of embryo implan-
tation was associated with a 29-fold decrease in MAO-A mRNA levels and a substantial 
reduction in MAO-A protein immunofluorescent label score. These results show a strong 
association between endometrial receptivity and MAO-A expression in the endometrial 
epithelium, suggesting an important role for this enzyme in normal implantation.
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In the present study, we determined activity of monoamine oxidases in rat ovary, 
oviduct and uterus on the first, on the third and on the fifth day of pregnancy. We can 
conclude that significant elevation of MAO activity was recorded in the rat uterus in the 
time of embryonic implantation. The data obtained extend our knowledge about MAO 
enzymes in rat reproductive organs during early period of embryo development. To our 
knowledge this is the first paper describing the MAO activity in female reproductive or-
gans during the whole preimplanation period of pregnancy in mammals.
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