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INTRODUCTION

Approximatdy 14-40% of infertile couples have infertility caused by immunologic
disorders which reault from the production of antisperm antibody in humoral immune
reponse’ and the soluble products of activated lymphocytes and macrophages in
cdlular immune response™’.

Egpeciadly, endometrioss which is inflammatory date characterized by the presence
and growth of ectopic endometria tissue outdde the uterine cavity, occurs a 20-40%
of high incidence in infertile women®. As peritoned fluid is ale to go into the
oviductal cavity, changes of cdlular and hormona components within peritoned fluid
may influence the early reproductive processes auch as fertilization and early embryo
development by modulaing the microenvironment that surrounds the embryo’.
Peritoned fluid in women with endometrioss has been reported to increase the
number of activated macrophages and the production of cytokines such as
interleukin-1 (IL-1)°, interleukin-6 (IL-6)' and tumor necross factor-a (TNF-a)*°.
These cytokines are known to have adverse effects on sperm cdl function,
fertilization and embryo development’®. However, the correct mechanism for this
inhibition is unclear.

It is an edablished fact that these cytokines simulate macrophages to produce nitric
oxide (NO) during converson of L-arginine to L-citrulline by NO synthase™. It has
been reported thaa NO plays important roles in various physologicd sysgems. The
physologic actions of NO ae regulaing smooth muscle relaxation, pladet
aggregation and adheson, cell growth, neurotransmisson, apoptoss and immune
reponse”. Snce the cdls of these sysems are integra parts of the reproductive
organs, NO is thought to play an important role in reproduction. Indeed, many sudies
have demongrated that NO regulates pulsatile hypothdamic GnRH secretion™, human
granulosa-luteal cell geroidogenesis, ovulation® and penile erection’®. Therefore, it is
suggeded that the increased production of NO from the activated macrophage by
endometrioss or certain other causes may affect directly or indirectly fertilization and
embryo development causing infertilty.

NO induces cdl death via gpoptoss or necross. This effects of NO were thought
to be soldy mediged via activaion of 3,5-cyclic guanosne monophosphae



(c-GMP)". However, recent gudies have demondgrated tha NO can aso induce
biologica effects via non-cGMP dependent pathways™*.

Therefore, this sudy was performed to underdand the effect of NO on embryo
development usng sodium nitroprussde (S\NP), dable NO donor and peritoned fluids
collected from women undergoing laparoscopic operation. NO concentraion in PF was
measured to determine whether NO level within PF corrdates with the embryo
development. We aso invedigated the occurrence of apoptoss following by treatment
of NP and the effect of cGMP anadogue on embryo development to undersand the

mechanism and the pathway for the action of NO.

MATERIALS AND METHODS

1. Materials

The origind gock of C57BL/6 x CBA/Ca hybrid F1 female mice was purchased
from Korean Laboraory Anima Center (Kored). PMSG (pregnant mare's serum
gonadatropin), hCG (human chorionic gonadotropin), hyauronidase, minerd ail,
sodium nitroprussde, N-(1-naphthyl)-ethylendiamine (NED), sulphanilamide, HsPOs,
NaNO: 8-bromo-cGMP, trypan blue, Hoechs 33342 and sodium citrae were
purchased from Sgma Chemica Company (S. Louis, MO). Synthetic serum subditute
(SSS) was purchased from Irvine Scientific (Santa Ana, CA). Culture dish (60mm)
was purchased from Falcon Inc. (Becton Dickinson, USA). SNP and 8-bromo-cGMP
was prepared as a concentrated dock in serum free modified human tubd fluid

(m-HTF) and dored a -20 until use.

2. Zygote embryo collection and culture

Zygote embryos were obtained from superovulated hybrid F1 female mice (4-6
weeks old). Superovulaion was induced by intraperitoned injections of 5 IU of
PMSG followed by 5 IU of hCG &fter 48 hours. Maing was confirmed by the
gopearance of a vagind plug in the next morning. Zygotes were collected from
excised oviducts 18 to 20 hours after hCG inection and cultured in m-HTF medium
supplemented with 10% SSS a a 37 incubaor in 5% CO. for 4 days. Adherent



cumulus cdls were removed by micropippeting in serum free modified human tubal

medium (M-HTF) containing 0.1% hyauronidase.

3. Treatment of SNP and ¢GMP-analogue

Zygotes were trested with the various concentration of SNP (0, 100 nM, 10uM, 50
uM, 100uM, 200uM, ImM) or 8-bromo-cGMP, an andogue of cGMP (0, 50uM, 100
uM, 500uM, ImM). And 200 uM NP was treaed a 2-cdl, 4-cdl and 8-cell
embryonic gage to examine the effect of SNP is dependent on SNP treatment dages.
Experiments were repeated three or more times and 10-20 embryos were usudly used

in each experiment.

4. Peritoneal fluid processing

Peritoned fluid (PF) was obtaned from 42 women undergoing laparoscopy for
vaious causes (eg. endomerioss, myoma) and was centrifuged a 800g for 10
minutes within 30 minutes after collection. The supernaant was divided into two
parts. One part was inactivated complement proteins in a water bah a 56 for 30
minutes and dored a -20 to use for embryo culture. The other was immediately
dored to assay NO concentration. Before use in culture, an diquot of PF was filtered
(022 filter, Millex GS Millipore Corporéion, Bedford, MA) and Iml of 10% PF
in m-HTF medium was provided for in vitro zygote embryo culture. The groups of
control were cultured in m-HTF medium containing 10% SSS. Experiments was
repeated three times for each PF sample and 10-20 zygote embryos were used in

each experiment.

5. Measurement of NO
NO concentration in PF was measured using Griess method™. Griess asssy reagents
Nitropruside 0.2% N-(1-naphthyl)-ethylendiamine (NED) and 2% sulphanilamide in
5% concentrated HsPO:.  were premixed and then incubaied with a peritonea fluid
sample (ratio 1:1) to form a purple azo dye, and absorption was determined a& a
wavelength of 540 nm by ELISA Reader. NaNO. was used to generate dandard

curve, and NO concentration was caculated from gandard curve.



6. Detection of Apoptosis in embryos

To observe the occurrence of apoptods, norma developing 2-cell embryos, which
was not treated with SNP, and 2-cdl embryos aresded by treament of 200uM SNP
were dained with trypan blue and incubated with Hoechg 33342 working solution for
3 min. Hoechd 33342 (Sgma) dye was prepared as dock solution (Img/ml) and
added to 2.3% sodium citrate in ethanol (10ul/ml) for working solution. The daned

samples were mounted and apoptoss was examined under a fluorescence microscope.

7. Statistical analysis
Satidicd andyds was peformed by the Sudent's +ted and ap vaue of <0.05

was consdered sgnificant.

RESULTS

1. Inhibition of mouse embryo development by SNP treatment

To invedigae the effect of nitric oxide on mouse embryo development, SNP was
trested to mouse zygote culture media with various concentraion (0 to 1ImM). The
rae of embryo development to blagocys in the different concentration of NP is
shown in Fig. 1. The addition of SNP inhibited mouse embryo development in a
dose-dependent manner. The raies of embryo development were 71% in control, 53%
in 0..uM, 48% in 10uM, 27% in 50uM, 8% in 100uM, 0% in 200uM and ImM.
Egpecialy aove 200 pM of SNP mouse embryo development was completely arreded
and degenerated snce 2-cdl embryonic sage. To determine whether this effect of
NP was treaament dage-specific, 200uM NP was treated a 2-cell, 4-cdl and 8-cdl
embryonic dage. As showed in Table 1, mouse embryo did not develop to blagocys
whenever NP was treated.

2. The relationships between the level of NO in PF and embryo

development
The addition of PF in mouse embryo culture media rewulted in the different

development rate. We measured the concentraion of NO in PF to determine whether



this different rate was caused by changes of cellular component within PF. NO
concentration was different from each PF sample ranged from 0.79uM to 4.4uM. PF
was divided into 6 groups according to its NO level and the rates of embryo
devdopment were represented in Table 2. The rae of embryo development was
ggnificantly lower in group V (26.5 16.6%) and group VI (29.2+ 11.0%) compared
with control (62.8+ 6.1%), which was cultured in medium with 10% SSS (p<0.05).
However, the rae of embryo deveopment in 2.51M or less (group | to IV) was

amilar compared with that of control.

3. Inhibitory effect of NO on the mouse embryo development via
cGMP-dependent or independent pathway

To determine whether this effect of NO on mouse embryo development was
mediated by the eevaing level of cGMP, 8-bromo-cGMP was added to embryo
culture media. As noted in Fig.2, embryo devedopment was not influenced by
8-bromo-cGMP regardless of the treated concentrations (50uM to 1ImM). This result
suggeds tha NO may inhibit mouse embryo development through cGM P-independent
pahway .

4. Detection of apoptosis in embryo arrested by SNP treatment

To invedigae whether the arred of embryo development following SNP treatment
reulted from cel deah via NO-mediaed apoptoss, we examined the nucleus
fragmentation in 200uM SNP treded 2-cdl embryos. Compared with normal
developing embryos, the morphologica changes of nucleus were not detected in
embryos treated with NP and the sze of nucleus is equal to tha of control (Fig.
3).

DISCUSSION

NO can pass eadly into the intracelular area and have many different effects on
cell metabolisn in the biology, physology, and pathophysiology of reproduction™.
Because NO is a free radicd, it is degraded easly and has very short life span. Thus



mog dudies used a more gable nitric oxide donor to ducidae the role of NO in
vitro. SN-1, sodium nitroprussde (SNP), SNAP ae representative nitric oxide donor.
Among them, SNP redeased only NO in vitro cell culture sysem, while other two
donors released superoxide anion or/and hydrogen peroxide as wdl as NO™, and S\NP
concentration in cdl is known to be in proportion to production of NO*. Weinberg
et al”’ reported tha NP reduced sperm motility and this inhibition was blocked by
the NO quencher hemoglobin. This suggess tha SNP is more siitable to dudy the
effect of only NO compared with other NO donors.

Our present dudy showed that mouse embryo development to blagocys was
inhibited dose-dependently by SNP, egecidly reduced a high concentration of 100u
M or more. However, this SNP-induced inhibitory effect on embryo development was
not dage-gecific because embryo development was inhibited regardiess of SNP
tretment dages. We aso found tha embryo development was severdy aresed in
media containing PF with the higher concentration of NO than in media containing
qudified controlled serum. It has been recognized that PF is ale to go into the
oviductal cavity and may influence the early reproductive processes by modulaing the
microenvironment that fertilization and early embryo development occur. These reaults
imply tha high concentration of NO may adversdy affect embryo development, and
that changes of component within PF especiadly such as increased concentration of
NO can be closely associated with embryo development.

Previoudy, many gudies have observed tha the level of macrophage, cytokines and
other cellular components were increased and activaed with the extent of pelvic
disease and inflammation®®°. PF in women with endometrioss adversdy affected the
cdeavage of mouse two-cdl embryos” and contained high concentration of cytokines
such as TNF-a and IL-1°. However, the correct mechanism for interaction between
these cytokines in PF and embryo toxicity has not been eucidaed yet. A common
pahway of the action of TNF-a on various cel sysems is the induction of an
inducible nitric oxide synthase (iNOS), which reaults in the generaion of NO. Thus it
is possble that a certain disease such as endometriods or other factors gimulae the
production of cytokines, which subsequently induce the production of NO thereby
directly affecting embryo devel opment.

Generdly the effects of NO were known to be mediated via activation of soluble



guanylate cyclase and guanosine 3,5-cGMP, which inhibits Ca” influx and activates
its efflux, resulting in a lower intracellular [C&"]. Decreased intracelular [C&] can
inactivate PKC, and thus inhibit PK C-dependent cdll proliferation®. But, the inhibitory
effet of NO on mouse embryo devedopment may be not mediated by a
CGMP-dependent pathway, snce the addition of 8-bromo-cGMP, agent which raises
celular cGMP, did not affect embryo development regardiess of treated concentration.
This rexult is supported by recent dudies, which sugged that NO can induce its
biologica effects via non-cGMP-dependent pathways by forming high-affinity-nitroso
complexes with a variety of meta compound or binding the heme-containing proteins
and iron-sulphur-containing proteins'***.

The effects of NO via these pathway may be dependent on dose and the cdl type.
One hundred micromole of SNP was shown to inhibit sperm motility*®, while lower
concentration of SNP (100nM or less) was beneficid to the maintenance of pos-thawv
sperm motion, viability and matility’’. And NO has the double-edged role in inducing
gooptosis. High level of NO induced by pahophysoloca conditions gimulates
apoptosis while the continuous release of endothelial NO inhibits apoptosis®. We
invegdigaed whether the inhibition of embryo development by higher concentration of
NP caused by inducing apoptods of embryo, but agpoptotic characterigics did not
found in embryos arreded by treatment of SNP.

Another possbility we can condgder for this inhibitory effect is the inhibition of
embryonic-dage soecific protein synthess by SNP. A lot of dage-gecific proteins are
necessaay for norma embryo development. NO is capable to podtrandationaly
interfere with heme proteins and enzymes containing iron-sulfur cluger or to modulate
enzyme activity by Snitrogylaion®®. Thus, the further study is needed to prove the
correct mechanism for the inhibition of embryo development.

In concluson, high concentration of NP and PF containing high amounts of NO
inhibited early embryo development. This rewult suggeds tha in vivo, if there is
increase of NO leve in reproductive sygems such as peritoneum and tuba fluid by

certain causes, this may corrdate with infertility by causng damage to embryo.
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Figure Legends

Figure 1. Effect of SNP on mouse embryo development.

NP was treated with various concentrations (control, 100 nM, 10 pM, 50 pM, 100 p
M, 200 pM, 1 mM) to embryo culture medium. Embryos were cultured from zygote
to blagzocys and embryonic development was examined. Development rae was
expressed with % of developing to blasocyds from zygotes. Data was mean of three
experiments. Vaues in veticd bar ae the number of embroys reached to

blagocyd/the total number of embryos provided for experiment. *p<0.05

Figure 2. Effect of c¢GMP-analogue (8-bromo-cGMP) on mouse embryo
development. 8-bromo-cGMP was treated with concentrations of O to 1 mM to
embryo culture medium. Embryos were cultured from zygote to blasgocys and
embryonic development was examined and development rate was expressed with % of
developing to blagocyds from zygotes. Daa was mean of three experiments. Vaues
in verticd bar are the number of embryos reached to blagocyd/the totd number of

embryos provided for experiment. *p>0.05

Figure 3. Fluorescence micrographs of 2-cell embryos stained with Hoechst 33342
for detection of apoptotic bodies. Zygote embryos were culture in m-HTF medium
without (Fig.38) or with (Fig.3b) 200uM SNP. After 24 hours, 2-cdl embryos were
dained with Hoechg 33342 and observed a& x 400 by fluorescence microscope.



Table 1. Effect of SNP on mouse embryo development depending on the SNP
treatment dages.

NP* No. of developed embryos to
treament

dage zygote 2-cdl 4-cdl morula blasocy s
control 60 51 51 48 48
zygote 60 48 0 0 0
2-cdl - 60 30 16 0
4-cdl - - 54 27 0
8-cdl - - 54 30 0

* 200 uM SNP treated to 2-cell, 4-cel and 8-cell embryonic gage during zygote
embryos were cultured to blatocys dage.






Table 2. Effect of peritoned fluid on mouse embryo development according to the
level of NO in peritonea fluid

0,
Group NO levd (UM)  No. of Y% of developed embryos to

(n) (Meant SEM)  embryos 2-cdl 4-cell Morula Blagocys

control 120 874+ 29 852+ 33 76945 628+ 6.1
I 9) = 10(0.84+ 0.05 90 96.6+ 2.1 927+ 30 849+ 29 683t 86
I (7) 10 15(120+ 007) 70 100+ 0.0 982+ 17 919+ 40 70.0+ 80
I (¢5) 15 2.0(1.81% 0.07) 955+ 44 958+ 4.1 930+ 4.1 919 52°
IV (8) 2.0 25(2.15+ 0.03) 902+ 3.6 899+ 46 827+49 712+ 52
vV 56) 25 3.0(2.68 0.04) 855+ 119 705+ 23.6 403t 24.9" 26.5+ 16.6"

VI (8) 3.0(4.36= 0.05) 89.0+ 3.3 69.8 12.3 42.8+ 23.6" 29.2+ 11.0°

Note : Peritoneal fluid was obtained from 42 women with endometrioss of other
causes by laparoscopy

" ; n= number of peritoned fluid sample

" Mean + SEM



*; p<0.05 (versus control)
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