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Abstract

Background: The presence of rennin-angiotensin components in mammalian ovaries
and their involvement in ovarian physiology have been established. In the present
study, effects of angiotensin Il (Ang II) on sodium-potassium adenosine triphosphatase
(Na'/K'/ATPase) expression and development of sheep embryos was evaluated.

Methods: The abattoir-derived Cumulus Oocyte Complexes (COC) were randomly al-
located into three experimental groups; group 1) /n vitro Maturation (IVM) of oocytes
in the presence of Ang Il followed by in vitro fertilization (IVF)/in vitro Culture (IVC)
(IVM group), group II) IVM/IVF of oocytes followed by IVC wherein the embryos were
exposed to Ang Il on day 4 of IVC (D4 group), and group lII) IVM/IVF and IVC of oo-
cytes without any angiotensin (Control). The blastocyst and hatching rates were rec-
orded on days 6 to 8. Day 8 embryos were immunostained with primary and second-
ary antibodies against Na*/K'/ATPase o, and {3, subunits,

Results: Addition of Ang Il during IVM and IVC significantly increased the hatching
rate of blastocysts on day 8 compared to the control. The trophectoderm and total
blastocyst cells’ numbers were significantly increased by addition of Ang Il to the IVM
and IVC media, though the expression of Na'/K'/ATPase o, and B, subunits were posi-
tively influenced by the addition of Ang Il on day 4 (D4 group).

Conclusion: In conclusion, it seems Ang Il through positive effects on embryos, ex-
pressed as the greater hatching rate and blastocyst cell number, could increase the
sheep embryo developmental rate. These improvements might be partly related to
the greater expression of Na'/K'/ATPase o, and B, subunits when Ang Il was added
during IVC.
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Introduction

Many studies have reported the presence of mem-
bers of the Rennin-Angiotensin System (RAS) in the
ovary, such as prorenin, angiotensinogen, angiotensin-
converting enzyme (ACE), Angiotensin II (Ang II) and
Ang II receptors (AT1 and AT2), suggesting the in-
volvement of the RAS in ovarian physiology '. Angio-
tensin I, an active octapeptide of the RAS, was present
in high concentrations in mammalian ovaries, suggest-
ing that it has a role in ovarian function. Concentra-
tions of Ang II increased in human and bovine follicu-
lar fluid at the time of ovulation and after exposure to
Luteinizing Hormone (LH) or human Chorionic Gon-
adotropin (hCG) 2. There is also evidence that Ang 11
has a direct role in ovarian steroidogenesis, follicular
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atresia, oocyte maturation and ovulation. Furthermore,
hCG-induced oocyte maturation was inhibited by a
concomitant addition of saralasin (an Ang II antago-
nist) >.

Several genes were identified as being directly or
indirectly regulated by Ang II including Na'/K'/AT-
Pase *, nicotinamide adenine dinucleotide phosphate
(NADPH), mitogen-activated protein kinases (MAP-
Ks), nuclear factor (NF)-kB, activator protein (AP)-1,
cycloxygenase-2 (COX-2) and cell cycle regulators (re-
tinoblastoma susceptibility protein and p53) °.

The research on mechanisms directing blastocyst
formation has demonstrated that (a) Na'/K'/ATPase
has a polarized distribution confined to the trophecto-
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derm basolateral membrane regions just before the
onset of cavitation, (b) expression of Na'/K'/ATPase
subunit genes are up-regulated during the morula to
blastocyst transition, (c) treatment with ouabain (a po-
tent and specific inhibitor of the Na'/K'/ATPase) af-
fects cavitation and blastocyst formation in a number
of mammalian species, and (d) Na'/K'/ATPase regu-
lates the formation and function of trophectoderm tight
junctions °.

Na'/K'/ATPase subunits are characterized by multi-
ple isoforms so that in mammalian cells there are four
and three different isoforms of a (o, 0y, a3, and a4) and
B (B1, B2, and P3) subunits, respectively. The a-subunit
is responsible for the catalytic and transport properties
of the enzyme and contains the binding sites for the
cations and ATP 7. The p-subunit is essential for the
normal activity of the enzyme, and it appears to be
involved in the occlusion of K™ and the modulation of
the K" and Na" affinity of the enzyme. In addition, in
vertebrate cells, the B-subunit may act as a chaperone,
stabilizing the correct folding of the a-polypeptide to
facilitate its delivery to the plasma membrane. A third
protein, termed the Y-subunit, has also been identified
in purified preparations of the enzyme .

According to the presence of high concentration of
Ang II in the follicular fluid at the time of ovulation
and the significant role of Na'/K'/ATPase during blas-
tocyst formation and regarding to embryonic genome
activation at the 8 to 16-cell stage °, especially up-
regulation of Na'/K'/ATPase gene at this time °, it was
hypothesized that the addition of Ang II to the IVM
and IVC media may play a significant role in sheep
oocyte and embryo developmental competence.

Materials and Methods

All experimental procedures were reviewed and ap-
proved by Avicenna Research Institute, the Bioethics
Committee. All chemicals were purchased from Sigma
Chemical Company (St. Louis, MO, USA), unless oth-
erwise indicated in the text.

Qocyte collection

Adult sheep ovaries were collected during the breed-
ing season (September to November) from a local
slaughterhouse and transported to the laboratory in
saline (30-35°C), within 2 to 3 Ar following the collec-
tion. Ovaries were washed three times with pre-warm-
ed fresh saline (37°C), and all visible follicles with a
diameter of 2 to 6 mm were aspirated using gentle vac-
uum (30 mmHg) via a 20 gauge short beveled needle
connected to a vacuum pump. Prior to aspiration, 2 ml
pre-incubated hepes-modified tissue culture medium
(H-TCM199), supplemented with 50 /U/ml heparin was
added to the collecting tube.

In vitro maturation

After aspiration, only oocytes with evenly granulat-
ed cytoplasm surrounded by more than three layers of
unexpanded cumulus cells (COCs) were selected for /n

Vitro Maturation (IVM). Before culturing, oocytes
were washed in H-TCM supplemented with 10% FBS
(Fetal bovine serum, Gibco BRL, Grand Island, NY,
USA; v/v), and 2 mM L-glutamine. The oocyte culture
medium was consisted of bicarbonate-buffered TCM
199 with 2 mM L-glutamine supplemented with 0.05
U/ml Follicle Stimulating Hormone (FSH), 100 [U/inl
penicillin, 100 uginl streptomycin, 0.2 mM Na- py-
ruvate and 10% FBS (vA), and 10" M Ang II in IVM
group. The medium was adjusted to 275 mOsm. The
selected COCs were pooled and randomly distributed
in three experimental groups. In each experimental
group, the selected COCs were placed in maturation
droplets (10 oocytes’S0 u/) and covered by sterile par-
affin oil in a 60 mm Petri dish (Falcon 3004; Becton &
Dickinson, Franklin Lakes, NJ, USA) and were then
incubated under an atmosphere of 5% CO, and 95% air
with 100% humidity at 39°C for 24 hr.

Experimental groups

The selected immature COCs were randomly allo-
cated into three groups: I) IVM of oocytes in the pres-
ence of 10"° M Ang II followed by IVE/IVC (IVM
group); II) IVM/IVF of oocytes followed by IVC
wherein the embryos were exposed to 10"° M Ang II
on day 4 of IVC (D4 group) and IIT) IVM/IVF and IVC
of oocytes without angiotensin (Control).

The zygotes were then cultured in SOF medium at
39°C under condition of 7% O,, 5% CO, and 88% N,
in humidified air for 8 days. The cleavage and blasto-
cyst/hatching rates were recorded on days 3 and 6 to 8§,
respectively (day 0 was defined as day of fertilization).
Each treatment was consisted of at least four replicates.
To evaluate the effects of Ang II on Na'/K'/ATPase
subunits expression, the morula and blastocysts on day
8 were immunostained with specific primary and a
common fluorescein isothiocyanate (FITC)-conjugated
secondary antibody. The mean fluorescence intensity
of the subunits was measured with ImageJ 1.37v soft-
ware (National Institutes of Health, Bethesda, MD,
USA). In each group, the rest of resulting blastocysts
were then subjected to differential cell staining.

Preparation of sperm and in vitro fertilization

After IVM, the oocytes were washed four times in
HSOF [4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES)-synthetic oviductal fluid] and once in
fertilization medium and were then transferred into the
fertilization droplets. A frozen semen pool from a sin-
gle batch of Shaal breed ram, with approved fertility,
was used in all experiments. Semen was fractionated
on discontinuous percoll (Amersham Biosciences AB,
Uppsala, Sweden) gradients as previously described .
Briefly, 700 ul of each percoll 90% (v/v) and percoll
40% (v/v) were poured at a bottom of a 15 m/ Falcon
tube and 350 u/ of thawed semen was slowly added on
the top and tube was then centrifuged at 700xg for
10 min. The fertilization medium was Synthetic Ovi-
ductal Fluid (SOF), as originally described by Tervit
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et al ®, enriched with 20% (v/v) heat inactivated estrous
sheep serum and 10 mg/ml heparin. A 5 u/ aliquot of
sperm suspension, 1.0x10° sperm/ml, was added into
the fertilization droplets (45 ul/) containing 10 oocytes.
Fertilization was carried out by co-incubation of sperm
and oocytes in an atmosphere of 5% CO, in humidified
air at 39°C for 18 hr.

In vitro culture

After IVF, presumptive zygotes were vortexed for 2
to 3 min to remove the cumulus cells and then washed
in H-SOF to remove spermatozoa and cellular debris.
They were then allocated to the 20 u/ culture drops
containing SOF supplemented with 2% (vv) BME- es-
sential amino acids, 1% (vv) MEM-non essential ami-
no acids, 1 mM glutamine and 8 mg/ml fatty acid free
Bovine Serum Albumin (BSA) and 10™"° M Ang II on
day 4 of D4 group. They were then cultured at 39°C
under conditions of 7% O,, 5% CO, and 88% N, in hu-
midified air. On the third and fifth day of culture, 10%
(wv) charcoal stripped FBS was added to the medium.
The osmolarity was maintained at 270 to 285 mOsmol.
The percentage of cleaved embryos on day 3 and the
percentage of total blastocysts on days 6, 7 and 8 were
expressed on the basis of the number of oocytes at the
onset of culture, and the percentage of expanded and
hatched blastocysts on days 6, 7 and 8 was proportional
to the total number of blastocysts on the same day.

Differential staining

The blastocysts were incubated in Triton X-100 pre-
pared in the base medium for 15 s. The blastocysts
were then stained in the base medium containing
30 pg/ml Propidium Iodide (PI) for 1 min and after two
washes in base medium were then transferred into ice-
cold ethanol containing 10 ug/ml Hoechst for 15 min.
The blastocysts were then directly mounted into a
small droplet of glycerol on a glass slide and examined
under a Nikon TE 300 epifluorescent microscope (Ni-
kon Corporation, Melville, USA). Inner Cell Mass
(ICM) nuclei appeared blue because of DNA labeling
with Hoechst, while Trophectoderm (TE) cells appear-
ed red due to staining of nuclear DNA with the mem-
brane impermeable PIL.

Immunostaining and quantification of fluorescence intensity

As previously described '° the embryos at morula
and blastocyst stage were washed 3 times with base
medium (PBS supplemented with 0.1% (w/v) Polyvinyl
alcohol (PVA) and then fixed with 4% (w/") paraform-
aldehyde for 10 min at 37°C. After rinsing with base
medium, the embryos were blocked in PBS supple-
mented with 1% (w/v) BSA and 10% (v/v) sheep serum
for 30 min at room temperature. Blocking solution was
removed and the embryos were transferred to primary
antibody solution at 37°C for 4 Ar and then kept over-
night at 4°C. The embryos were washed several times
and transferred to the secondary antibody solution at
37°C and maintained for 4 Ar. The primary antibodies
against Na'/K'/ATPase subunits (Na'/K'/ATPase anti-

o, Monoclonal Antibody, Thermo scientific, Rockford,
USA and Na'/K'/ATPase anti-B; Monoclonal Anti-
body, Abcam, Cambridge) were prepared in antibody
diluent (PBS supplemented with 1% (w/v) BSA and
3% (v/v) sheep serum). The Na'/K'/ATPase antibodies
against a; and B; subunits were diluted at 1:50 (v/v) and
1:100 (v/v), respectively and the common secondary
antibody was diluted at 1:50 (v/v) with antibody dilu-
ents. In negative controls, the primary antibodies were
omitted. The secondary antibody was sheep anti-mouse
antibody conjugated with fluorescein isothiocyanate
(Avicenna Research Institute, Tehran, Iran). After im-
munostaining, the embryos were directly mounted into
a small droplet of glycerol on a glass slide and exam-
ined under an epifluorescence microscope. Observa-
tions were performed by a Nikon TE 300 (Nikon Cor-
poration, Melville, USA) epifluorescence microscope
with excitation wavelengths of 488 nm (for FITC). All
images were recorded digitally with a high-resolution
Charge-Coupled Device (CCD) (Nikon Corporation)
and duration of exposure for acquiring each type of
fluorescence was kept constant. After subtracting the
background, mean fluorescence intensity was measured
by manually outlining all embryos with ImageJ 1.37v
software (National Institutes of Health, Bethesda, MD,
USA).

Statistical analysis

Data were collected over at least four replicates.
Differences among groups were analyzed by one-way
ANOVA followed by post hoc Fisher LSD test using
SigmaPlot (version 11.0). When equal variance test
failed, the treatments were compared by Student-
Newman-Keuls Method. When normality test failed,
the Kruskal-Wallis ANOVA was applied. The compar-
ison in expression of Na'/K'/ATPase a, and B, subunits
between corresponding embryos was performed using
t-test. Differences were considered significant when
p<0.01. Data were expressed as mean+SEM.

Results

Effect of Ang II supplementation on embryo development
in vitro

Addition of 10™"° M Ang II to the IVM media could
significantly increase the rate of total blastocysts on
day 6 compared with control (p=0.03). Additionally,
supplementation of IVM or IVC media with Ang II
significantly increased the blastocyst hatching rate on
day 8 of culture compared with control (Table 1;
p=0.03). There was no significant difference in cleav-
age, expanded and hatched blastocyst rates on days 6
and 7 as well as blastocyst rate on day 8 of culture be-
tween groups in the presence or absence of Ang II (Ta-
ble 1).

Effect of Ang Il supplementation on blastocyst cells num-
ber

The number of ICM in blastocysts was not influ-
enced by IVM or IVC media supplemented with Ang II
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Table 1. The effects of angiotensin on culture media during IVM or Day 4 of IVC on embryo development

Blastocyst % (Mean+SEM)

Oocyte Cleavage
Group N N (%) Day 6 Day 7 Day 8
Expanded Total Expanded Hatched Total Hatched Total
Control 152 130(85.2+7) 38.9+14.2 9.9+1° 57.3+6.6 21.6£5.8 23+5 36.242.3% 354443
IVM 188 178(94.6+2.7) 49.449.1 21.4+3.9° 47.6£8.5 35.442.7 35.243.6 66.9£5° 38.8+2.7
D4 204 174(83.8 +4.9) 33.3£23.6 12942.6*  53.6+13.8 27.6+£9.8 314£5.2 54.8+4° 37.8+£5.8
P-value - p=>0.05 p=>0.05 p=0.03 p=0.05 p=>0.05 p=>0.05 p=0.001 p=>0.05

a, b) Numbers with different lowercase superscript letters in the same column differ significantly. Total blastocyst includes early, expanded, and hatched blastocysts.
The percentage of blastocysts at Days 6 to 8 were expressed based on the number of oocytes at the onset of culture, and the percentages of expanded and hatched
blastocysts at Days 7 and 8 were expressed based on the total number of blastocysts at the same day.

Table 2. The effects of angiotensin on culture media during IVM or Day 4 of IVC on blastocyst cells number

Blastocyst cell numbers

Blastocyst Ratio
Group N Ic™M TE Total 04 tSEM
Mean+SEM Mean+SEM Mean+SEM
Control 32 23.7+1.7 112.842.7 ° 136.6x1.7° 17.4+1.3 %
IVM 26 21.442.2 150.4£1.9° 171.9£2.2° 12.3+1.2°
D4 28 20.142.7 144.5+1.7° 164.6£2.2° 12+1.4°
P-value - p>0.05 p<0.001 p<0.001 p=0.015

a, b) Numbers with different lowercase superscript letters in the same column differ significantly (p < 0.05).

Figure 1. Differential staining of resulting blastocysts supplemented
with (images B and C, respectively) and without aldosterone (image
A) during IVM and day 4 of IVC. The inner cell mass nuclei and
trophectoderm cells were stained blue and pink, due to staining with
Hoechst and PI (Propidium iodide), respectively.

(p>0.05). The TE and total cells numbers, however,
significantly increased by the addition of Ang II in
IVM and D4 groups (Figure 1; Table 2; p=0.001). Fur-
thermore, the ICM/Total ratio was significantly greater
in control group (p=0.01)

Effect of Ang II supplementation on Na'/K'/ATPase subu-
nits expression in embryos

There was a significant difference in Na'/K'/AT-
Pase subunits expression among treatment groups (Fig-
ure 2). The expression of Na'/K'/ATPase a; and P,
subunits when IVC medium was supplemented with
Ang II (Figure 3; p=0.02 and p<0.001, respectively)
significantly increased compared to the control. Media
supplementation with Ang II during IVM, however,
had no influence on expression of Na'/K'/ATPase o;
and f3; subunits.

Discussion

It has been demonstrated that expression of Na'/K'/
ATPase genes increased during the morula to blasto-
cyst transition and hatching process °. Therefore, con-

Figure 2. Angiotensin II supplementation during IVM and IVC and
its effect on Na'/K'/ATPase a; and B1 subunits expression in derived
embryos. Bright green color in each micrograph indicates the pres-
ence of o, and B; Na'/K'/ATPase subunits probed by respective pri-
mary antibodies (anti-o; and anti- B; Na'/K'/ATPase) which have
been subsequently identified by secondary antibody conjugated with
fluorescein isothiocyanate. Bars, 40 um. The intensity of Na"/K'/
ATPase a; and B; subunits in embryos of control group (A and B,
respectively). Expression of Na'/K'/ATPase a; subunit in embryos
that were exposed to Ang II during IVM (C). Expression of Na'/
K'/ATPase B, subunit in embryos that were exposed to Ang II during
IVM (D). Expression of Na"/K'/ATPase a; subunit in embryos that
were exposed to Ang II during day 4 of IVC (E). Expression of
Na'/K'/ATPase B, subunit in embryos that were exposed to Angll
during day 4 of IVC (F).
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Figure 3. Effect of Ang II supplementation in culture medium during
IVM and IVC (Day 4) on expression of a; and B, Na"/K'/ATPase
subunits in embryos. The values are expressed as mean+SEM. For
each Na/K'/ATPase subunit, bars with different letters indicate
significant differences between experimental groups (IVM, D4, and
control; p<0.05).

sidering the increased concentration of Ang II at the
time of ovulation in follicular fluid and with regard to
bovine embryonic genome activation at the 8 to 16-cell
stage °, especially up-regulation of Na'/K'/ATPase
gene at this time °, it could be inferred that addition of
Ang II to the IVM and IVC media may play a signifi-
cant role in sheep oocyte and embryo developmental
competence.

In the present study, the addition of Ang II to the
IVM medium (IVM group) significantly increased the
rate of blastocyst on day 6 of culture which was indica-
tive of higher speed of embryo development compared
to the control. Though, this persuasion effect was grad-
ually eliminated as such no difference was observed on
day 8 of culture. Furthermore, media supplementation
with Ang II (in both IVM and D4 groups) significantly
increased the hatching rate of blastocysts on day 8.

Previous studies have indicated that Ang II has sig-
nificantly increased the expression of Na'/K'/ATPase
o, and B; subunits in the number of cultured cells such
as rat vascular smooth muscle ', astrocyte *, proximal
tubules of pig kidney '* and canine kidney distal tu-
bules . It has been shown that Na'/K'/ATPase has a
fundamental role in regulating trophectoderm tight
junction formation and function Inhibition of
Na'/K'/ATPase by ouabain is associated with the fail-
ure to constitute an efficient trophectoderm tight junc-
tional seal that is required for expansion of the blasto-
cyst cavity and hatching °. On the other hand, blasto-
cyst expansion only occurs when the tight junction
permeability seal is fully formed to restrict the leakage
of fluid via paracellular routes, thus ensuring the ex-
pansion of the cavity as fluid accumulates '*. There-
fore, considering the inductive role of Ang II in Na'/
K'/ATPase expression *, it might be hypothesized that
at least in fresh oocytes, Ang II could exert its induc-
tive effect during morula to blastocyst and blastocyst to
hatched blastocyst transition which in turn led to the

greater day 6 blastocyst rate in [IVM group as well as
greater hatching rate in IVM and D4 groups compared
to the control.

Apart from the inductive role of Ang II in expres-
sion of Na'/K'/ATPase and the subsequent embryo de-
velopment, this question that whether this compound
can exert its effect via other pathway (s) remains to be
elucidated. The crucial role of cyclooxygenase-2 (COX-
2) as one of the important regulators of mammalian
hatching process has been indicated in many species '~
'8 The COX-2 can modulate hatching process via regu-
lation of zonalytic proteases which rather exclusively
occur in Trophectodermal Projections (TEPs) at the
abembryonic pole of the blastocyst '°. In hamster, the
expression of COX-2 mRNA and its protein has been
observed in 8-cell through hatched blastocyst stages '°.
It has also been indicated that Ang II can induce ex-
pression of several pro-inflammatory genes, including
COX-2 **. From above, it is hypothesized that greater
hatching rate in Ang II supplemented groups might be
induced by COX-2 pathway.

In between, the positive effect of Angll on expres-
sion of Na"/K'/ATPase a; and B, subunits was only
evident when media supplementation was done during
IVC (Figure 2). One possibility for low influence of
Ang 11 supplementation during IVM on Na'/K'/AT-
Pase subunits expression might be related to the time
interval between Ang II supplementation (during IVM)
and time of Na'/K'/ATPase a; and B, expression as-
sessment (blastocyst stage on day 8). An increase in
Na'/K'/ATPase genes expression during morula to
blastocyst transition and hatching process ® may bring
up the point that the addition of Ang II on day 4 of IVC
has a greater effect on Na'/K'/ATPase subunits expres-
sion compared to [IVM supplementation (Figure 2).

It has been indicated that the Na'/K'/ATPase B,
subunit is required to support early development to the
morula (16-32 cells) stage of mouse embryos °. Other
studies have demonstrated that Na'/K'/ATPase B; sub-
unit gene products display a very dramatic up-regula-
tion just before blastocyst formation, suggesting that
up-regulation of this gene is required for cavitation and
hatching process to occur. Based on what stated about,
it could be inferred that the up-regulation of Na'/K'/
ATPase [, subunit should have a positive effect on
blastocyst and hatched blastocyst formation in Ang II
treated groups (Table 1).

Concerning the Na'/K'/ATPase a; subunit, its
mRNAs were present throughout preimplantation de-
velopment and displayed a much more gradual increase
as the embryo progressed to the blastocyst stage °. In
our study, despite the lower expression of a; subunit
compared to B; subunit, it seems it may have a role in
blastocyst and hatched blastocyst formation in embryos
exposed to Ang II during IVC. Therefore, one explana-
tion for the greater hatching rate in IVM and D4 groups
might be related to the greater expression of Na'/K'/
ATPase a, and B, subunits compared to the controls.

Avicenna Journal of Medical Biotechnology, Vol. 8, No. 1, January-March 2016



Angiotensin, Quality of /n Vitro Produced (IVP) Sheep Embryos and Expression of Na'/K'/ATPase

In the present study, TE and total cell numbers were
significantly increased by the addition of Ang II to
IVM and IVC media. In mouse, embryo cell numbers
significantly decreased when embryos were treated
with ouabain as a Na'/K'/ATPase inhibitor '**'. It has
been shown that Ang II by induction of Na"/K'/AT-
Pase expression may probably reduce cell apoptosis
which in turn can increase the total cell number %
Greater ICM/Total ratio in the control compared to
Ang II supplemented groups was related to the lower
number of TE cells in the former group that superfi-
cially raises the ICM/Total ratio in the control com-
pared to the treated groups. On the other hand, greater
TE numbers in treated groups provide the better condi-
tions for appropriate placentation and embryo implan-
tation compared to the control.

Conclusion

As shown, addition of Ang II to the IVM and/or day
4 of IVC media significantly increased the hatching
rates in derived blastocysts. The expression of Na'/K'/
ATPase o, and f; subunits in embryos significantly
increased when the embryos were exposed to Ang II
during IVC. Moreover, the positive effect of Angll on
blastocyst cell number in embryos was observed in TE
cells.
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