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Study of high deprenyl dose on the preimplantation embryo
development and lymphocyte DNA in rat
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Abstract. To investigate the role of potent MAO-B inhibitor deprenyl in fertilized females, we have
evaluated the effect of chronic treatment with deprenyl at a high dosage on preimplantation embryo
development and DNA damage in blood lymphocytes in Wistar rats. We have found that the number
of embryos isolated from both uterus and oviduct per rat was significantly lower in the experimental
group. Almost 14% of embryos in experimental animals were flushed from oviducts compared to
1.95% of those in the control rats. Morphological analysis of embryos isolated from deprenyl-treated
animals had revealed impaired rates in the distribution pattern compared with controls. But deprenyl
administration had no significant effect on the mean number of cells in morulae or even blastocysts.
On the other hand, analysis of cell number distribution in blastocysts using the chi-square test in-
dicated a significantly decreased cell proliferation in the experimental group.

Despite the harmful impact of deprenyl on rat preimplantation embryo development, depre-
nyl administration significantly decreased the DNA damage in blood lymphocytes as was scored
employing Comet Assay. Our description of the adverse effects of deprenyl administration on
rat preimplantation embryo development compared to the protective effects on the lymphocyte
DNA is very important because deprenyl is still widely used in human medicine as a treatment.
Potential mechanisms mediating deprenyl-induced impaired preimplantation embryo develop-

ment are proposed.
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Introduction

Monoamine oxidases (MAO) are enzymes that degrade
biogenic monoamines. They occur as two subtypes, MAO-A
and MAO-B, which have different inhibitor and substrate
specificities. Both forms are strongly bound to the outer
mitochondrial membrane. MAO-A has a higher affinity for
the substrates serotonin and noradrenaline, and MAO-B
has a higher affinity for -phenylethylamine. Dopamine is
a common substrate of both MAO. MAO are involved in
many behavioral processes and their inhibition has marked
effect on brain function, blood pressure regulation and the
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detoxification of potentially harmful exogenous amines
(Singer and Ramsay 1995).

In recent years, increasing numbers of claims have been
made about the therapeutic effects of MAO inhibitors in
psychiatric and neurological disorders, including depression,
bulimia, schizophrenia, Parkinson’s disease, neurodegenera-
tive diseases in general, Alzheimer’s disease etc. Although
the molecular bases 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 the therapeutic potential of MAO inhibitors. Synthesis of
new MAO inhibitors could dramatically increase the effectiv-
ness of the treatment and decrease the risk of undesirable
side effects (Keung 2002).

If a woman becomes pregnant while being treated with an
MAO inhibitor, she should be advised that there is little in-
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formation about the safety of this drug during pregnancy and
she should weight the benefit versus unknown risks carefully
(Einarson 2005). The total lack of information as to whether
long-term MAO inhibitor administration can influence the
course of pregnancy during the preimplantation period of
embryo development prompted us to start an investigation into
this area. We have decided to begin our work employing the
potent MAO-B inhibitor deprenyl which is known for its neu-
roprotective effects (Semkova et al. 1996), antiapoptotic effect
in both cultured neurons (Le et al. 1997) and animal models
(Simon et al. 2001) and exerting a cardiac neuroprotective ef-
fect in congestive heart failure (Hare 2001). On the other hand,
Magyar and Szende (2004) found that deprenyl in high con-
centration (10~ mol/l) induced apoptosis in tissue cultures of
neuroectodermal origin (PC12, M1, M2058). Similarly, Szende
et al. (2001) found that deprenyl has a biphasic effect. Serum
deprivation caused apoptosis of the cultured A-2058 human
melanoma cells, which could be decreased by administration
of 107710713 mol/l (-)-deprenyl. But high dose of deprenyl
(1073 mol/l) induced apoptosis and very high caspase 3 activity
in the non-serum-deprived A-2058 culture cells. To extend the
investigated area and to confirm our prediction that long-term
administration of high deprenyl doses could increase DNA
damage, an alkaline version of Comet Assay (revealing single-
double-strand breaks of the DNA molecule as well as alkali-
labile sites) was used to study DNA in blood lymphocytes.

Materials and Methods

Animals

All procedures performed with animals adhered to the
permission of the Committee for Ethical Control of Animal
Experiments at Safdrik University and the permission of
the State Veterinary and Food Administration of the Slovak
Republic (permission No. 7881/04-220/3). All efforts were
made to minimize both the number of animals and their
suffering.

Young, virgin female Wistar rats (200-240 g, 85-90 days
old) were obtained from the animal facility of the Safarik
University. The animals were given free access to standard
diet and water and were maintained ina 12 h light/12 h dark
cycle. Rats were injected intraperitoneally daily for 30 days,
either with saline (control animals) or with the dose (2.5
mg/kg/day) of deprenyl (M003, Sigma) dissolved in saline
(experimental animals). After the last drug administration,
females were mated during the following week.

Mating

Rodents, especially mice, are usually mated overnight and
examined next morning to control the presence of a vaginal

plug. But in rats, vaginal plug is very often already dissolved
by the morning (own observations) and the time consum-
ing procedure of finding sperm positivity in vaginal smears
is needed. To avoid this, females were mated for 2 h only
(vaginal plug is still easily visible) 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 day 1 of pregnancy.

Embryo collection

Pregnant rats were killed by lethal dose of thiopental (40 mg/
kg; ICN Czech Pharma, Prague) 102-104 h after fertilization
at 13:00 on day 5 of pregnancy and their blood was collected
by cardiac puncture (see below). Oviducts and uterine horns
were immediately removed and embryos were gently flushed
from them with prewarmed PBS + PVP (3 mg/ml). Embryos
were counted and classified according to developmental stage
(Pampfer et al. 1990) as follows: a) degenerated — abnormal
or damaged embryos with cytoplasmic fragmentation,
b) morula, c) early blastocyst — with small blastocoele, d) ex-
panded blastocyst — with a clearly demarcated trophoblast
and inner cell mass, e) hatched blastocyst.

Cell staining

The total cell number of individual morulae and blastocysts
was counted as was described before (Mihalik et al. 2000).
Briefly, the zona pellucida was removed using short incuba-
tion in acid Tyrode solution (pH 2.3-2.4) and embryos were
transferred onto a glass slide into small drops of working
solution. The fluorescent DNA-specific dye 4’6-diamidino-
2-phenylindole (DAPI, Sigma) was employed for nucleus
staining by combining 0.75 ml of 80 mmol-1~! sodium citrate
dihydrate (Fisher Slovakia), 0.25 ml ethanol and 1 ul DAPI
water stock solution (1.5 mg-ml™!). The excess of working
solution was removed and embryos were embedded between
a slide and coverslip with Mowiol 4-88 (Calbiochem). Cell
number counting was performed using UV light epifluores-
cence (Jenalumar a/d contrast, Carl Zeiss Jena, Germany).

Blood collection and lymphocytes isolation

1-2 ml of heparinised whole blood were collected by cardiac
puncture from anaesthetised animals and delivered immedi-
ately to the laboratory. Most samples of blood were free from
haemolysis and only such blood was used for lymphocytes
isolation. Comet Assay was carried out within 1 h of blood
collection. Lymphocytes were isolated from 150 ul of whole
blood dissolved in phosphate buffered saline (PBS, pH 7.4,
4°C, dilution 1 : 4, Sigma) by density centrifugation (2500
rpm, 5 min, 4°C) on Ficoll-Paque ™ Plus gradient (Amersham
Pharmacia Biotech AB, Sweden). Collected lymphocyte layers
were rewashed in PBS (1 : 4) in the same conditions.
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Single cell gel electrophoresis (Comet Assay)

All chemicals were purchased from Sigma. The Comet Assay
was performed according to Singh et al. (1988) with minor
modifications. Normal melting point (NMP) agarose and low
melting point (LMP) agarose were dissolved in PBS (pH 7.4)
using a microwave. Briefly, 50 pl of lymphocyte suspension
(4 x 10° cells/ml) mixed with 1% LMP was added onto mi-
croscope slides precoated with 1% NMP agarose and allowed
to solidify with cover slips in a refrigerator for 5 min. After
solidification of the gel, the cover slips were removed and
the slides were submersed in the lysing solution (2.5 mol/l
NaCl, 100 mmol/l Na,EDTA, 10 mmol/I Tris, 1% Triton X-
100, pH 10) for 1 h. For assessing of single strand breaks of
lymphocytes DNA (alkaline version of single cell gel electro-
phoresis), the slides were then placed in an unwinding buffer
(300 mmol/l NaOH, 1 mmol/l Na,EDTA, pH > 13) for 40
min and electrophoresis was carried out using the same solu-
tion for 20 min at 25 V and 300 mA. After electrophoresis,
the slides were neutralised with a neutralization buffer (400
mmol/l Tris, pH 7.5, 15 min). All previously described steps
were carried out in a refrigerator (4°C) (Singh et al. 1988).

Determination of lymphocyte DNA damage

The slides were stained with approximately 50 ul of SYBR Green
solution and observed and scanned with an Olympus BX51
fluorescence microscope equipped with digital camera DP50.
Lymphocytes DNA damage was examined by two parameters:
% DNA in tail (= 100 — % DNA in head) and olive tail moment
(= (tail mean — head mean) x % DNA in tail/100), using Com-
etScore™ 1.5 image analysis system (TriTek Corp., USA). For
each individual sample, two slides were prepared and each 50
randomly chosen cells (total 100 cells) were selected.

Statistical analysis

Mean numbers of embryos, the cell number in morulae and
blastocysts and % DNA in tail and olive tail moment in Comet
Assay were analyzed by two-tailed unpaired Student’s -test.
Results are given as means + S.D. Differences in the distribution
of preimplantation embryos and the cell number distribution in
blastocysts were compared by the chi-square test. p < 0.05 was
considered as significant. Data presented here are pooled from
three independent replications of the same experiment.

Results

Embryo collection

The number of embryos isolated from animals is given in
Table 1 and their developmental stage in Table 2. The mean

number of embryos recovered per female differed significant-
ly (p < 0.05) between the experimental and control groups
(7.76 £ 3.01 vs. 9.63 + 1.96, respectively). Moreover, almost
14% of embryos in the experimental group were flushed from
oviducts compared with 1.95% of those from the control
group (p <0.001). Most of them were degenerated embryos,
the lesser part consisted of morulae and early blastocysts. The
morphological analysis of embryos isolated from deprenyl-
treated females revealed significantly disturbed development
(p < 0.01) because of the higher incidence of degenerated
embryos and the lower incidence of morulae and blastocysts.
But no significant changes (p > 0.05) were detected compar-
ing developmental stages of blastocysts.

Cell number

No significant effect of deprenyl administration on the mean
cell number in morulae or even blastocysts was found (p >
0.05; Table 3). On the other hand, statistical analysis employ-
ing chi-square test revealed decreased cell proliferation in

Table 1. Number of embryos collected from oviducts and uteri at
day 5 of pregnancy from deprenyl-treated (2.5 mg/kg) and control
rats

Deprenyl Control
No. of rats 17 16
total No. of embryos 132 (100%) 154 (100%)
embryos/rat + S.D. 7.76 £3.01 9.63 +1.96
unpaired t-test p<0.05
No. of embryos :
flushed from oviducts 18 (13.64%) 3 (1.95%)
flushed from uteri 114 (86.36%) 151 (98.05%)
chi-square test p <0.001

Table 2. Developmental stages of embryos and distribution pattern
of blastocysts collected at day 5 of pregnancy from deprenyl-treated
(2.5 mg/kg) and control rats

No. of degenerated embryos

chi-square test

No. of hatched blastocysts
No. of expanded blastocysts
No. of early blastocysts

chi-square test

32 (24.24%)

Deprenyl Control
No. of blastocysts 61 (46.21%) 76 (49.35%)
No. of morulae 39 (29.55%) 54 (35.07%)

24 (15.58%)

p<0.01

3 (4.92%)
34 (55.74%)
24 (39.34%)

6 (7.89%)
39 (51.32%)
31 (40.79%)

p>0.05
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blastocysts derived from experimental females in compari-
son with the control group (p < 0.001; Table 3).

DNA damage

We have found that deprenyl administration significantly
decreased the DNA damage in blood lymphocytes as was
scored using Comet Assay (Table 4). Moreover, the decre-
ment of DNA damage in experimental group was more than
44.1% comparing control group in the parameter % DNA in
tail (p < 0.001) and more than 57.8% in the parameter olive
tail moment (p < 0.05), respectively.

Discussion

Our results demonstrated that the long-term intraperito-
neal administration of deprenyl to rat females significantly
decreased the number of isolated embryos. Moreover, we
have recorded significantly delayed embryo transport from
oviduct to uterus and impaired embryonic development as

Table 3. Cell number in morulae and blastocysts and distribution of
cell number in blastocysts (DAPI staining) isolated from deprenyl-
treated (2.5 mg/kg) and control rats

Deprenyl Control
No. of stained morulae 21 30
cell No. + S.D. 14.00 + 2.51 15.10 £ 3.03
unpaired ¢-test p>0.05
No. of stained blastocysts 41 66
cell No. + S.D. 23.68 +8.17 23.59 +5.17
unpaired ¢-test p>0.05
No. of stained blastocysts 41 66
16-24 cells 63.41% 53.03%
25-32 cells 29.27% 39.39%
>32 cells 7.32% 7.58%
chi-square test p<0.001

Table 4. DNA damage in blood lymphocytes using Comet Assay
from deprenyl-treated (2.5 mg/kg) and control rats

Deprenyl Control
No. of rats 12 9
% DNA in tail 14.75 + 391 26.40 +6.93
unpaired f-test p <0.001
olive tail moment 2.12+0.87 5.03 £3.75
unpaired ¢-test p<0.05

was indicated by the increase in degenerated embryos and by
the decrease in morulae and blastocysts. In contrast to this,
deprenyl had no detrimental effect on the mean cell number
in healthy morulae and blastocysts. However, analysis of cell
proliferation revealed a higher percentage of blastocysts with
a lower cell number in the experimental group. On the other
hand, deprenyl administration had a significantly protective
effect on lymphocyte DNA compared to its detrimental
impact on preimplantation embryos.

The lower number of isolated embryos from experimental
rats after MAO-B inhibitor (deprenyl) treatment could be
explained in two ways. The first is mediated through im-
paired hypothalamic control of ovarian action and the sec-
ond one by direct impact on ovarian ovulation. Substantial
activity of MAO-B, using a coupled peroxidatic technique,
was identified in several hypothalamic regions such as the
periventricular and paraventricular nuclei (Willoughby et
al. 1988). The hypothalamus regulates the sexual behavior of
rats and works in the neural control of ovulation. The MAO
value in the hypothalamus is the highest of all areas of the
brain. This suggests the presence of high levels of biogenic
amines in this area (Kono et al. 1994).

MAO activity, which is involved in the inactivation of
catecholamines and serotonin in vivo, is detected in various
reproductive organs. As was previously known, MAO-A type
in the rat ovary is located predominantly in the corpora lutea
and interstitial gland cells. But only MAO-B type was found
in the ovarian blood vessels, where it has shown character-
istic changes of activity during the oestrous cycle and was
higher in the proestrus. These histochemical results suggest
that MAO-B activity might possibly be involved in ovula-
tion, presumably in association with humoral information
(Yoshimoto et al. 1986).

More than 98% of control embryos were collected from
the uterus compared to 86% embryos from experimental
animals. The oviduct can distinguish between unfertilised
oocytes and preimplantation embryos which are transported
at different rates, with embryos reaching the uterus one day
earlier than unfertilised oocytes (Talbot and Riveles 2005).
More degenerated embryos were collected from experimen-
tal animals than from controls. But the ratio between them
(1.33: 1) does not correlate with the ratio between experi-
mental and control embryos flushed from oviducts (6 : 1).
It is clear that some other(s) factor(s) must be involved in
the delayed embryo transport in our rat females. Recently,
the discovery of both MAO enzymes in the oviduct’s lamina
propria mucosae layer and predominantly in the muscle cells
of rat oviduct and uterus have been documented (Mihalik
et al. 2004). Thus, one can speculate that administration of
MAO-B inhibitor can disturb the passage of the embryo
through the female reproductive system.

L-deprenyl, a potent MAO-B inhibitor, has been used
clinically as an antidepressant for many years (Singer and
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Ramsay 1995). Cigarette smoking has a similar effect, due
to the presence of an MAO inhibitory compound in to-
bacco smoke. The observation that smokers have reduced
brain MAO-A and MAO-B levels impels the need to look
beyond nicotine as the only pharmacologically relevant
substance in tobacco smoke (Fowler et al. 2003). Concern-
ing reproduction we have to keep in mind that the transport
of preimplantation embryos through the oviduct can be
inhibited by cigarette smoking, apparently by an inhibition
of oviductal smooth muscle contraction (Talbot and Riveles
2005). Certain tobacco constituents, but not nicotine, have
modest MAO-inhibitory activity. The B-carboline compound
norharman is a prominent candidate as an inhibitor of
MAO-B in tobacco smoking. In contrast to norharman, the
B-carboline harman is not a potent inhibitor of MAO-B, but
effectively inhibits MAO-A. Finally, nitric mono-oxide (NO),
a major component of cigarette smoke, has an MAO-inhibit-
ing activity but is not involved in the inhibition of MAO in
tobacco smokers since this radical is rapidly bound in the
circulation by haemoglobin and degraded to nitrite (van Am-
sterdam et al. 2006). From this point of view there is a need
to look at cigarette smoking and deprenyl administration
as having a possible detrimental effect on preimplantation
embryo development through impaired MAO enzyme lev-
els. Nevertheless, futher experiments are necessary to prove
negative impact of MAO inhibitory compounds in tobacco
smoke on the process of reproduction.

Interestingly, we were not able to prove the detrimental
effect of deprenyl administration on the mean cell number
in morulae or even blastocysts. The mean cell number in
blastocysts was in very close agreement with the values
described by Spielmann et al. (1980) but was slightly lower
than the values found by Pampfer et al. (1990). This could be
explained by use of a very similar mating scheme (Spielmann
et al. 1980) as was employed in our experiment, when the
precise time of copulation, fertilization and subsequently
the time of embryo development was determined for each
female. In contrast to results achieved by Student’s ¢-test,
analysis employing the more sensitive chi-square test con-
firmed significantly decreased cell proliferation in blastocysts
derived from experimental animals. It may be a good point
of interest to observe latterly whether those delayed cell divi-
sions have some consequent effect on the number of implant-
ing embryos or/and even on birth weight. But other types of
experiments are needed to confirm this hypothesis.

Since Ilkova et al. (2004) have proven the expression of
serotonin 5-HT1D receptor mRNA from mouse oocytes and
preimplantation embryos to the blastocyst stage it appears
that endogenous and/or exogenous serotonin in preimplan-
tation embryos could be involved in the regulation of embryo
development and embryo-maternal interactions. Deprenyl is
well known for its capability to inhibit not only MAO-B but
also MAO-A in specific regions of the rat brain, an enzyme

which preferentially oxidises serotonin (Lakshmana et al.
1996). To date there has been no relevant published work
describing the influence of deprenyl administration on sero-
tonin and MAO-A levels in the reproductive system. Due to
this, we should not eliminate the possibility that the impaired
embryo development described in our paper was achieved
through the disturbed MAO-A level in the oviduct/uterus,
because mice embryo exposure to serotonin in vitro had
a detrimental effect (Ilkova et al. 2004).

Opver the past decade, the Comet Assay has become one
of the standard methods for assessing DNA damage, with
applications in genotoxicity testing, human biomonitor-
ing and molecular epidemiology, ecogenotoxicology, as
well as fundamental research in DNA damage and repair
(Collins 2004). From this point of view it is interesting that
even the high dose of deprenyl employed in our experi-
ment can stimulate the decrease in DNA damage in blood
lymphocytes. Similarly, Maruyama and Naoi (1999) state
strong anti-apoptotic effect of deprenyl on dopaminergic
SH-SY5Y cells determined by a Comet Assay. Its protective
action lasted even after it was washed out, suggesting that it
may initiate the intracellular process to repress the apoptotic
death program.

Lymphoid organs are innervated extensively by noradren-
ergic sympathetic nerve fibers. Lymphocytes, macrophages,
and other cells of the immune system bear functional adreno-
receptors. Pharmacological manipulation of noradrenergic
innervation in lymphoid organs has confirmed that norepine-
phrine can modulate cell-mediated and humoral immunity.
These findings illustrate the importance of the sympathetic
nervous system in modulating immune function under nor-
mal and disease states (Madden et al. 1995). ThyagaRajan et
al. (1999) determined that deprenyl administration elevated
concavalin A-induced T lymphocyte proliferation following
30 days of treatment in rats. Moreover, neurorestorative
property on sympathetic noradrenergic innervation of the
spleen was recorded, which may leads to an improvement of
immune responses. Considering this we can not exclude, that
protective effect of deprenyl administration on lymphocyte
DNA detected in our work could be mediate at least partially
indirectly by modulation of sympathetic innervation and
norpinephrine levels in lymphoid organs.

Despite the fact that deprenyl administration decreased
DNA damage in blood lymphocytes at dose 2.5 mg/kg
over 30 days in rats, its negative impact on the process of
reproduction has been recorded. The number of collected
embryos was lower but the incidence of degenerated embryos
was higher in the experimental group. Moreover, we have
found delayed cell proliferation in blastocysts. Due to this,
it could be dangerous in humans, and especially in young
women who want to achieve pregnancy, to use deprenyl as
a treatment at high doses over a long period. The data pre-
sented here will be used as the basis for further experiments
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in the research into the influence of MAO inhibitors on the
reproductive system in rats and humans. To our knowledge,
this is the first paper describing the detrimental effect of
MAQO inhibitor administration on the preimplantation em-
bryo development in mammals.
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