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Abstract. The aim of the present study was to examine the messenger RNA expressions of the
endothelin and angiotensin systems during the periovulatory phase in gonadotrophin releasing
hormone (GnRH)-treated cows. Ovaries were collected by transvaginal ovariectomy (n=5 cows/
group), and the follicles (n=5, one follicle/cow) were classified into the following groups: before
GnRH administration (control, before LH surge), 3-5 h after GnRH (during LH surge), 10 h after
GnRH; 20 h after GnRH, 25 h after GnRH (peri-ovulation), and early corpus luteurn (CL) (Days 2-3).
Expression of mRNA was investigated using quantitative real-time PCR. The expression of
angiotensin converting enzyme (ACE) mRNA significantly decreased immediately after onset of the
LH surge and remained at low levels. The levels of angiotensin II receptor type 1 (AT1R) and type 2
(AT2R) expression during the periovulatory period significantly decreased compared with other
periods. The concentration of angiotensin II in follicular fluid began to increase 10 h after GnRH
treatment and further increased as ovulation approached. The level of ET-I mRNA significantly
decreased 10 h after GnRH treatment compared with the levels before GnRH treatment and those of
the early CL period. The expression of ETR-A and ETR-B mRNA during the periovulatory period
were lower than in other periods. The expression of ECE-1 mRINA began to decrease in the LH surge
period and significantly decrease in the periovulatory period compared with other periods. These
results suggest that the vasoactive peptides angiotensin and endothelin may be associated with final
maturation of follicles.
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n ngiotensin II (Ang II) is generated in two
sequential steps in which rennin catalyzes the
conversion of angiotensinogen to the decapeptide
Ang I, which is subsequently hydreolyzed by
angiotensin converting enzyme (ACE) to form Ang
II [1]. In the bovine ovary, theca cells have been
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identified as a major source of ovarian prorenin [2,
3]. Ang II stimulates estradiol production by rat
follicles [4] and rabbit ovaries perfused in vitro [5],
indicating a role in follicular development [6]. Ang
II administration at 2-h intervals induces oocyte
maturation and ovulation in perfused rabbit
ovaries in the absence of gonadotropin, while
gonadotropin exposure enhanced the ovarian Ang
II secretion rate and intrafollicular Ang Il content
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during the ovulatory process [7, 8]. These findings
demonstrate that ovarian Ang Il may play an
important role in the preovulatory cascade.

Ang II receptor is located in the granulosa cells
and theca cell interna of rat and bovine follicles [9-
11]. So far, two types of Ang II {AT) receptors,
ATIR and AT2R, have been identified [12, 13]. The
granulosa layer and theca interna of ovarian
follicies contain ANG II receptors that are
predominantly comprised of AT2R [9, 14].

Endothelin (ET}) is a potent vasoconstrictive
peptide initially isolated from the conditioned
medium of cultured endothelial cells [15]. The ET
family members (ET-1, ET-2 and ET-3) are initially
synthesized as 203-amine acid precursor proteins,
called preproET, that are first proteolytically

cleaved to generate big ET and then processed to-

the active peptides via an endothelin-converting
enzyme (ECE) [16, 17]. In humans, ET-I mRNA
and the mature peptide are expressed in granulosa
cells [18]. ET-1 has been reported to have several
direct actions on bovine follicular [19, 20] and luteal
cells [21, 22]. ECE-1 null mice exhibit a phenotype
similar to that of ET-1-deficient mice,
demonstrating the significance of ECE-1 in
generating bioavailable ET-1 [23]. The ovarian
ECE-1 levels vary throughout the estrous cycle [24,
25].

The effect of ET-1 appears through the ET
receptor. ETs act on two distinct ET receptor
subtypes of the seven transmembrane G-protein-
coupled receptors, the ET type A (ETR-A) and type
B (ETR-B) receptors. Both ET-1 and ET-2 bind to
ETR-A with higher affinity than ET-3 [26]. ETR-B
binds all three isopeptides with equal affinity [27].
In the ovary, ETR-A has been observed in CL
during the midluteal phase in the cow [21].
Expression of ETR-A mRNA has been observed in
small and large luteal cells and in endothelial cells
of the bovine corpus luteum (CL) [28].

The manner of expression of endothelin,
angiotensin II and their receptors during the
periovulatory phase, however, is still unknown.
Thus, the present study used superovulated cows
to determine the manner expression of these factors
that would be associated with the ovulatory
process.

Materials and Methods

Animals and superovulation

The experimental protocol was approved by the
institutional care (AZ 211-2531.3-33/96) and use
committee. This study was conducted on 30 non-
lactating German Fleckvieh cows. The cows were
induced to have multiple follicles (for different
experimental purposes) by administration of a
reduced dose (8.4 mg in total) of follicle stimulating
hormone (FSH, Ovagen; ImmunoChemical
Products, Auckland, New Zealand). FSH injections
(a total of seven) were given i.m. at 12 h intervals in
gradually decreasing doses for 3.5 days starting
between days 8 and 11 of the estrous cycle, and the
day heat was detected considered to be day 0. After
the sixth FSH injection, a luteolytic dose of 500 ug
of prostaglandin (PG) Fau (PGFyq) analogue,
Estrumate (Cloprostenol; Berna Veterindrprodukie,
Bern, Switzerland), was injected i.m., and then 40 h
after injection, 100 pg of GnRH (Receptal; Berna
Veterindrprodukte AG), was injected to induce a
luteinizing hormone (LH) surge [29]. The ovaries
were collected by transvaginal ovariectomy (n=>5
cows/group).

Collection, classification, and preparation of follicles
and CL

Follicles (n=5, one follicle/cow) collected by
transvaginal ovariectomy (5 cows/group) were
classified into the following groups: (I) control (40 h
after PGFzq, before LH surge), (II} 3-5 h after GnRH
administration (during LH surge), (III) 10 h after
GnRH, (IV) 20 h after GnRH, (V) 25 h after GnRH
(peri-ovulation), and (VI} early CL (Days 2-3). An
LH surge was induced 3-5 h after GnRH
administration.

Only follicles that appeared to be healthy (i.e.,
well vascularised and having a transparent
follicular wall and fluid) and that had a diameter of
>10 mm were collected. The number of follicles per
ovary varied between 8-20. Follicular fluid (FF)
was aspirated from the follicles and stored at —20 C
until assayed. Follicles were dissected from the
ovaries for RNA extraction. The surrounding
tissue (theca externa) was removed with forceps
under a stereomicroscope. All follicles were
aliquoted, quickly frozen in liquid nitrogen, and
stored at —80 C until RNA extraction.
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Genes Sequences Product size {bp) Reference/GenBank!

ACE FWD: 5-ATC CCG GAA TTATCA GGA CC-¥ 365 (411
REV: 5-AGG GTG CCA CCA AGT CAT AG-3"

ATIR FWD: 5-GAA GCT GGA AGA CAA CCA-3 324 [40]
REV: 5-TCC CAA AGT AGA CCT GCC-3'

AT2R FWD: 5-CAC CACCACCAT CTGCTT-3' 335 {40]
REV: 5-TCT GAA CTG GGG TGC AGA-3'

ET-1 FWD: 5-AAG CCC TTC TAG GTC CAA GC-3' . 227 NM181010
REV: 5-CGA GCT GCT GAT GAA GAC AC-3

ETR-A FWD: 5-TGC AGA AGT CCT CAG TGG G-3’ 329 [33]
REV: 5’-GAT CGC AGT GCA CAC CAG-3’

ETR-B FWD: 5-AAA CTG AGA ATC TGC TTG CTC C-3” 296 [33]
REV:5-AGA GTG AGC TTC AAA ATCCTG C-3°

ECE-1 FWD: 5- GAG AAT GAG AAG GTG CTG ACG-3 395 [32]
REV:5-GAG CTC GTC TTC CGT ACC AG-3'

Ubiqutin FWD: 5-ATG CAG ATC TTT GTG AAG AC-3’ 189 [33]
REV: 5-CTT CTG GAT GTT GTA GTC-3

'Reference of the published sequence or GenBank accession number.

FWD: Forward, REV: Reverse.

Ang II concentration in follicular fluid concentration and purity determined

The concentration of Ang I in follicular fluid was
determined in duplicate by enzyme immunocassay
(EIA) after extraction using 96-well ELISA plates
{(Nunc-Immuno Plate, Nunc, Roskilde, Denmark)
as described previously [30]. The follicular fluid
was transferred to a small Sep-Pak C18 Cartridge
(Waters, Milford, MA, USA). Ang IT was eluted
with 3 ml acetonitrile and 0.1% triflucroacetic acid
(60/40 v/v). The eluate was evaporated and
diluted for Ang II with EIA assay buffer. The
standard curve for Ang Il ranged from 2.4 to 10,000
pg/ml, and the EDs of the assay was 110 pg/ml
The average intra- and interassay coefficients of
variation were 6.4 and 8.7%, respectively. The
cross-reactivities of Ang II antibody with Ang I,

Ang II, Ang I and renin substrate were 10, 100, 50

and 5%, respectively.

Isolation of RNA

Total RNA was prepared from follicular and CL
tissues according to the method of Chomczynski
and Sacchi [31] using TriPure® isolation reagent
(Roche Diagnostics, Mannheim, Germany) as
described previously [32]. Possible DNA
contamination was eliminated by an additional
DNase digestion (Promega, Madison, WI, USA),
according to the manufacturer’s protocol. Total
RNA was purified using NucleoSpin® RNA II
(Macherey-Nagel, Diiren, Germany), with the

spectroscopically at an absorbance of 260 nm using
a BioPhotornieter (Eppendorf, Hamburg, Germany).
Aliquots (1 ug) were subjected to 1% denaturing

- agarose gel electrophoresis and ethidium bromide

staining to verify the quantity and quality of the
total RNA.

Reverse transcription

Total RNA was reverse transcribed to cDONA ina
volume of 60 4 containing 1 pg RNA, 2.5 yumol/1
random hexamers {Gibco BRL, Grand Island, NY,
USA), and M-MLV Reverse Transcriptase (200 U/
H, Promega, Madison, WI, USA} according to
Berisha et al. [32]. A thinus-RT reaction (the RT-
enzyme was replaced with water) was performed
to detect residual DNA contamination.

Real-time RT-PCR

Quantitative fluorescence real-time RT-PCR
analysis was performed using a Rotor-Gene 3000™
system (Corbett Research, Sydney, Australia).
Online PCR reactions were carried out using a
LightCycler® DNA Master SYBR Green I Kit (Roche
Diagnostics} with 1 21 of each cDNA (16.66 ng) in a
10 4 reaction mixture (3 mM MgClz, 0.4 1M of each
forward and reverse primer, 1 x LightCycler® DNA
Master SYBR GreenI). The primers are indicated in
Table 1. After initial incubation at 95 C for 10 min

_to activate the Taq DNA polymerase, templates of
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Fig. 1. Expressions of mRNA for (a) ACE, (b) ATIR and (c)

AT2R in bovine follicular tissue and early CLs before
GnRH administration (control, before LH surge), 3-5
h after GnRH administration (during LH surge), 10 h
after GnRH, 20 h after GnRH and 25 h after GnRH
(peri-ovulation). Results are presented as 40-CP (CP
+SEM from 5 follicles or CLs per group) in the target
gene expression. Different superscripts denote
statistically different values (P<0.05).

all the specific transcripts were amplified for 40
cycles at 95 C for 10 sec and this was followed by
annealing at 60 C for 10 sec for all primers used and
elongation at 72 C for 15 sec. Fluorescence data
used for quantitation was acquired for 5 sec at the
end of each 72 C elongation step by SYBR Green
binding to the amplified dsDNA. Single product
formation was verified using melting curve (Rotor-
Gene 3000™) and agarose gel analyses after
completion of PCR; melting curve analysis was
conducted by heating at 95 C for 5 sec, cooling to 65
C 5 sec, and then continuous heating to 99 C at 5 C/
sec under permanent fluorescence detection.

Data were analyzed using the Rotor-Gene 3000™
software (version 5.03). The relative expressions of

SHIMIZU et al.

150 1 N 2
120 - ab
f o
L
- b
= 60 b
?
30 ‘
04 . . .
Control 35 10 20 25

After GnRH treatment (h)

Fig. 2. Concentration of Ang II in follicular fluid before
GnRH administration (control, before LH surge), 3-5
h after GnRH administration (during LH surge), 10 h
after GnRH, 20 h after GnRH and 25 h after GnRH
(peri-ovulation). Different superscripts denote
significantly different values (P<0.05).

each target gene were calculated using the
“cornparative quantification” method (“Takeoff”
points). Amplification of all targel genes in our
experiment was completed after 40 cycles. This
cycle number is the basis of the presented results.
Generally, a high cycle number (CP; crossing point)
indicates a low level of gene expression. The
results for the mRNA expressions of the target
genes in this paper are presented as 40-CP (CP
mean + SEM). The value of CP corresponds to the
expression level of mRNA.

Statistical analyses

The statistical significance of differences in the
examined factors was analyzed by ANOVA
followed by Fisher’s protected least significant
difference test. All experimental data are shown as
the mean + SEM. Follicles and CLs (n=5) were
obtained from 5 cows per group.

Results

Expression of ATIR, AT2R and ACE and
concentration of Angiotensin Il in follicular fluid
The expression of ACE mRNA significantly
decreased during the LH surge compared with
other periods (Fig. 1A). Expression of the ATIR
gene decreased once during the LH surge and
subsequently decreased further during the
periovulatory period (Fig. 1B). The level of AT2R
mRNA began to decrease 20 h (phase IV) after
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Fig. 3. [Expressions of mRNA for (A) ET-1, (B) ETR-A and

(C) ETR-B in bovine follicular tissue and early CLs
before GnRH administration (control, before LH
surge), 3-5 h after GnRH administration (during LH
surge), 10 h after GnRH, 20 h after GnRH and 25 h
after GnRH (peri-ovulation). Results are presented as
40-CP (CP = SEM from 5 follicles or CL per group) in
the target gene expression. Different superscripts
denote statistically different values (P<0.05).

GnRH treatment and significantly decreased
during the periovulatory period compared with the
other phases. The concentration of Angiotensin II
in follicular fluid significantly increased 25 h after
GnRH compared with the control groups (Fig. 2).

Expression of ET-1, ETR-A, ETR-B, and ECE-1
mRNA

The level of ET-1 mRINA significantly decreased
10 h after GnRH treatment compared with before
GnRH treatment and during the early CL period
(Fig. 3A). The expressions of ETR-A and ETR-B
mRNA during the periovulatory period were
significantly lower than in other periods (Fig. 3B
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Fig. 4. Expression of mRNA for ECE-1 in bovine follicular

tissue and early CLs before GnRH administration
(control, before LH surge), 3-5 h after GnRH
administration (during LH surge), 10 h after GnRH,
20 h after GnRH, 25 h after GnRH (peri-ovulation)
and during the early CL period (Days 2-3). Results
are presented as 40-CP (CP £ SEM from 5 follicles or
CLs per group) in the target gene expression.
Different superscripts denote statistically different
values (P<0.05).

and C). The expression of ECE-1 mRNA began to
decrease during the LH surge period and
significantly decreased during periovulatory
period compared with the other periods (Fig. 4).

Discussion

Although considerable information exists on the
involvement of angiogenesis from the final stages
of follicular development to early corpus luteum
formation, the factors involved in angiogenesis
have not been fully elucidated. Herein, we report
characterization of gene expression for endothelin,
angiotensins, and related receptors and the protein
levels of angiotensin II in follicular fluid during the
periovulatory phase in GnRH-treated cows.

We found that expression of the ACE gene starts
to decrease immediately after onset of the LH surge
and that the expression remains at low levels. The
Ang II, a component converted by ACE, in
follicular fluid showed a tendency to increase
towards ovulation, and the maximum levels were
observed during the ovulation phase. On the other
hand, ATIR gene expression decreased once
during the LH surge and subsequently decreased
further during the periovulatory period. In
addition, expression of the AT2R gene drastically
decreased during the periovulatory period
compared with the other periods. A previous
study using hypertensive transgenic (mRen-2)27
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homozygous and heterozygous rats, which
overexpress renin and angiotensin in extrarenal
tissues, reported that AT1R expression is reduced
in (mRen-2)27 homozygous rats, and this decrease
may be a result of elevated leveis of Ang II in this
strain compared with (mRen-2)27 heterozygous
rats [34]. In addition, high levels of Ang II
downregulate Ang II receptors in rat cultured
granulosa cells [35] and acortic vascular smooth
muscle cells [36]. The present study indicated high
concentrations of Ang II in follicular fluid during
periovulatory period. Thus, our findings suggest
that high levels of Ang Il may suppress expression
of the ATIR and AT2R genes.

The present study also indicated that the
expression of ET-1 mRNA decreased after the LH
surge. In our previous study, we reported that
release of ET-1 from bovine preovulatory follicles
into a microdialysis system implanted in mature
follicles during the periovulatory period decreased
after the LH surge compared with the levels before
the LH surge [37]. Therefore, our present and
previous data suggest that the LH surge transiently
inhibits expression and release of ET-1 during the
periovulatory period in bovine ovaries. Heparin
suppressed ET-1 gene expression at the
transcription level via inhibition of the GATA- and
AP-1-binding activities, which are ET-1 promaoters
[38]. Generally, cumulus-oocyte complexes
synthesize and secrete large amounts of
glycosaminoglycans, which is a general term for
polysaccharides including heparin {39]. Therefore,
LH may act as an inhibitory factor in the expression
mechanism of ET-1 within the bovine ovary, in
part, through heparin and may suppress ET-1
expression during the periovulatory period, =

Sequence analysis of the cDNA encoding ET
revealed that ET is produced from a precursor
named preproendothelin. After removal of a signal
peptide, the precursor is selectively processed by
an enzyme to yield a biolegically inactive

intermediate called big endothelin (big-ET). Big-ET
is further converted into active ET by ECE. We
observed that expression of ECE-1 mRNA
drastically decreased during the periovulatory
period and in the early CL. This result indicates
that the ovary may have a small amount of active
ET during this period. ET-induced
vasoconstriction is mediated mostly through ET
receptors (ETR). Two ¢DNAs encoding these
receptors have been cloned: ETR-A and ETR-B [26,
27]. The present study indicated that expression of
the ETR-A and ETR-B genes drastically decreased
during the periovulatory period compared with the
other periods. In addition, our data demonstrates
that ECE-1 expression also decreased; thus, the
concentration of active ET-1 should also be lower -
during this period. Thus, the decrease in the ETR-A
and ETR-B expressions may be associated with the
decline in ET-1 by suppression of ECE-1
expression, suggesting a limited or passive role for
the ET-system during the periovulatory period.

In conclusion, the present data is the first
indication of changes in Ang II, endothelin and
their receptors in the process of follicular
maturation and ovulation in the cow. The
vasoactive peptides angiotensin and endothelin
may become important for downregulation of
vasoconstrictor activity by differentiated follicles
during the periovulatory period.

Acknowledgements

We greatly acknowledge support of this work by
the German Research Foundation (DFG, Scha 257/
14-2 and BE 3189/1-3), the 215t Century COE
program (A-1) of the Ministry of Education,
Culture, Sports, Science and Technology of Japan,
and a Grant-in-Aid for Scientific Research
(16380183) from the Japan Society for the
Promotion of Science.

References

1. Unger T. The role of the renin-angiotensin system in
the development of cardiovascular disease. Am |
Cardiol 2002; 89: 3A—9A.

2. Schultze D, Brunswig B, Mukhopadhyay AK.
Renin and prorenin-like activities in bovine ovarian
follicles. Endocrinology 1989; 124: 1389-1398.

3. Mukhopadhyay AK, Holstein K, Szkudlinski M,
Brunswig-Spickenheier B, Leidenberger FA. The
relationships between prorenin levels in follicular
fluid and follicular atresia in bovine ovaries.
Endocrinology 1991; 129: 2367-2375.

4, Pucell AG, Bumpus FM, Husain A. Rat ovarian



10.

11.

12.

13.

14.

15.

16.

ENDOTHELIN AND ANGIOTENSIN DURING THE PERIOVULATCRY PERIOD IN COW 661

angiotensin II receptors. Characterization and
coupling to estrogen secretion. [ Biol Chem 1987; 262:
7076-7080.

Yoshimura Y, Karube M, Oda T, Koyama N,
Shiokawa S, Akiba M, Yoshinaga A, Nakamura Y.
Locally produced angiotensin II induces ovulation
by stimulating prostaglandin production in i vitro
perfused rabbit ovaries. Endocrinology 1993; 133:
1609-1616.

Hillier SG, Zeleznik AJ, Knazak C, Ross GT.
Hormonal regulation of preovulatory follicle
maturation in the rat. | Reprod Fertil 1980; 60: 219-
229.

Yoshimura Y, Karube M, Koyama M, Shiokawa S,
Nanno T, Nakamura Y. Angiotensin 1 directly
induces follicle rupture and oocyte maturation in
the rabbit. FEBS Lett 1992; 307: 305-308.

Yoshimura Y, Koyama N, Karube M, Oda T, Akiba
M, Yoshinaga A, Shiokawa 5, Jinno M, Nakamura
Y. Gonadofropin stimulates ovarian renin-
angiotensin system in the rabbit. | Clin Invest 1994;
93: 180-187.

Husain A, Bumpus FM, De Silva P, Speth RC.
Localization of angiotensin receptors in ovarian
follicles and the identification of angiotensin Il in rat
ovaries. Proc Natfl Acad Sci LUISA 1987; 84: 2489-2493,
Daud Al, Bumpus FM, Husain A. Evidence for
selective expression of angiotensin II receptors on
atretic follicles in the rat ovary: an autoradiographic
study. Endocrinology 1988; 122: 2727-2734.
Brunswig-Spickenheier B, Mukhopadhyay AK.
Characterization of angiotensin-II receptor subtype
on bovine thecal cells and its regulation by
luteinizing hormone. Endocrinology 1992; 131: 1445-
1452,

Dudley DT, Panek RL, Major TC, Lu GH, Bruns
RF, Klinkefus BA, Hodges JC, Weishaar RE.
Subclasses of angiotensin I receptor binding sites
and their functional significance. Mol Pharmacol
1990; 38: 370-377.

Inagami T. Molecular biology and signaling of
angiotensin receptors: an overview. | Am Soc Nephrol
1999; 10, Suppl 11: 52-57.

Miyazaki H, Kondoh M, Ohnishi J, Masuda Y,
Hirose S, Murakami K. High-affinity angiotensin II
receptors in the bovine ovary are different from
those previously identified in other tissues. Biomed
Res (Tokyo, Japan) 1988; 9: 281285,

Yanagisawa H, Yanagisawa M, Kapur RP,
Richardson JA, Williams SC, Clouthier DE, de Wit
D, Emoto N, Hammer RE. Dual genetic pathways of
endothelin-mediated intercellular  signaling
revealed by targeted disruption of endothelin
converting enzyme-1 gene. Development 1998; 125:
825-836.

Lutscher TF, Boulanger CM, Dohi Y, Yang H.
Endothelium-derived contracting factor.

17.

18.

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

Hypertension 1992; 19: 117-130.

Opgenorth T, Wu-Wong J, Shiosaki K. Endothelin-
converting enzymes. FASEB [ 1992; 6: 2653-2659.
Magini A, Granchi S, Orlande C, Vanelli GB,
Pellegrini S, Milani 5, Grappone C, De Franco R,
Susini T, Forti -G, Maggi M. Expression of
endothelin-1 gene and protein in human granulosa
cells. J Clin Endocrinol Metab 1996; 81: 1428-1433.
Acosta TJ, Miyamoto A, Ozawa T,
Wijayagunawardane MPB, Sato K. Local release of
steroid hormones, prostaglandin E2, and endothelin
from bovine mature follicle fn wvitro: effects of
luteinizing hormone, endothelin-1 and cytokines.
Biol Reprod 1998; 59: 437443,

Flore JA, Winters TA, Knight JW, Veldhuis JD.
Nature of endothelin binding in the porcine ovary.
Endocrinology 1997; 136: 5014-5019.

Girsh E, Milvae RA, Wang W, Meidan R. Effect of
endothelin-1 on bovine luteal cell function: role in
prostaglandin  Fla-induced  antisteroidogenic
action. Endocrinology 1996; 137: 1306-1312.
Miyamoto A, Kobayashi 5, Ohtani M, Fukui Y,
Schams D. Prostaglandin F2o promotes the
inhibitory actions of endothelin-1 on the bovine
luteal function in witro. ] Endocrinel 1997; 152: R7-
Ri1.

Yanagisawa M, Kurihara H, Kimura S, Tomobe Y,
Kobayashi M, Mitsui Y, Yazaki Y, Goto K, Masaki
T. A novel potent vasoconstrictor peptide produced
by vascular endothelial cells. Nature 1988; 332: 411-
415.

Levy N, Gordin M, Mamiuk R, Yanagisawa M,
Smith MF, Hampton JH, Meidan R. Distinct
cellular localization and regulation of endothelin-1
and endothelin converting enzyme-1 expression in
the bovine corpus luteum: implications for
luteolysis. Endocrinology 2001; 142: 5254-5260.
Wright MF, Sayre B, Keith Inskeep EK, Flores JA.
Prostaglandin F (2alpha) regulation of the bovine
corpus luteum endothelin system during the early
and midluteal plhase. Biol Reprod 2001; 65: 1710-
1717.

Arai H, Hori S, Aramori I, Ohkubo H, Nakanishi 5.
Cloning and expression of a ¢DNA encoding an
endothelin receptor. Nafure 1990; 348: 730-732.
Sakurai T, Yanagisawa M, Takuwa Y, Miyazaki H,
Kimura 8, Goto K, Masaki T. Cloning of a ¢<DNA
encoding a nonisopeptide-selective subtype of the
endothelin receptor. Nafure 1990; 348: 730-732.
Meidan R, Milvae RA, Weiss S, Levy N, Friedman
A. Intra-ovarian regulation of luteolysis. Reprod
Domest Rumin 1999; 54 (Suppl): 217-228.

Acosta T], Hayashi KG, Ohtani M, Miyamoto A.
Local changes in blood flow within the preovulatory
follicle wall and early corpus luteum in cows.
Reproduction 2003; 125: 759-767.

Hayashi K, Miyamoto A. 1999. Angiotensin II



662

31.

32,

33.

34.

35.

36.

SHIMIZU et al.

interacts with prostaglandin F2, and endothelin-1 as
a local luteolytic factor in the bovine corpus luteum
in vifro. Biol Reprod 1999; 60: 1104-1109.
Chomezynski P, Sacchi N. Single-step method of
RNA isolation by acid guanidinium thiocyanate-
phenol-chloroform extraction. Anal Biochem 1987,
162: 156-159.

Berisha B, Schams D, Miyamoto A. The expression
of angiotensin and endothelin system members in
bovine corpus luteum during estrous cycle and
pregnancy. Endocrine 2002; 19: 305-312,

Acosta T], Berisha B, Ozawa T, Sato K, Schams D,
Miyamoto A. Evidence for a local endothelin-
angiotensin-atrial natriuretic peptide systemin
bovine mature follicles in witro: Effects on steroid
hormones and prostaglandin secretion. Bio! Reprod
1999; 61: 1419-1425.

de Gooyer TE, Skinner 5L, Wlodek ME, Kelly DJ,
Wilkinson-Berka JL. Angiotensin II influences
ovarian follicle development in the f{ransgenic
(mRen-2)27 and Sprague-Dawley rat. | Endocrinol
2004; 180: 311-324.

Pucell AG, Bumpus FM, Husain A. Regulation of
angiotensin II receptors in cultured rat ovarian

granulosa cells by follicle-stimulating hormone and

angiotensin II. | Biol Chent 1988; 263: 11954-11961.

Lassegue B, Alexander RW, Nickenig G, Clark M,
Murphy TJ, Griendling KK. Angiotensin II down-
regulates the vascular smooth muscle AT1 receptor
by  transcriptional and  post-transcriptional

37.

38.

39.

- 40.

41.

mechanisms:  evidence for homologous and
heterologous regulation. Mol Pharmacol 1995; 48:
6(1-609.

Acosta TJ, Ozawa T, Kobayashi 5, Hayashi X,
Ohtani M, Kraetzl WD, Sato K, Schams D,
Miyamoto A. Periovulatory changes in the local
release of vasoactive peptides, prostaglandin F
{2alpha), and steroid hormones from bovire mature
follicles ir vivo. Biol Reprod 2000; 63: 1253-1261.
Kuwahara-Watanabe K, Hidai C, Ikeda H, Aoka,
Ichikawa K, Iguchi N, Okada-Ohno M, Yokota J,
Kasanuki H, Kawana M. Heparin regulates:
transcription of endothelin-1 gene in endothelial
cells. ] Vasc Res 2005; 42: 183-185.

Noti C, Seeberger PH. Chemical approaches to
define the structure-activity relationship of heparin-
like glycosaminoglycans. Chemr Biol 2005; 12: 731~
756.

Hayashi K, Miyamoto A Berisha B, Kosmann MR,
Okuda K, Schams D, Regulation of angiotensin II
production and angiotensin  receptors  in
microvascular endothelial cells from bovine corpus
luteumn. Biol Reprod 2000; 62: 162-167.

Kobayashi S, Berisha B, Amselgruber WM,
Schams D, Miyamofo A. Production and
localisation of angiotensin II in the bovine early
corpus luteum: a possible interaction with luteal
angiogenic factors and prostaglandin F2 alpha. |
Endocrinol 2001; 170: 369-380.



