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RESUMO 

 

MENDES, G. P. Efeito dos tratamentos de estimulação e superovulação usando 
gonadotrofina coriônica equina (eCG) na expressão de genes relacionados à modelagem 
celular e angiogênese no corpo lúteo bovino. [Effect of superovulatory and stimulatory 
treatments using equine chorionic gonadotropin (eCG) on the expression of genes related to 
cellular modeling and angiogenesis in the bovine corpus luteum]. 2014. 40 f. Dissertação 
(Mestrado em Ciências) – Faculdade de Medicina Veterinária e Zootecnia, Universidade de 
São Paulo, São Paulo, 2014.  

 

O uso da gonadotrofina coriônica equina (eCG) tem sido considerado uma potencial 

ferramenta nos protocolos de estimulação e superovulação para melhorarem o desempenho 

reprodutivo dos rebanhos. Este fato levou a hipótese de que o tratamento com eCG altera as 

vias de sinalização intracelular no corpo lúteo (CL) formado. Para testá-la, 18 vacas mestiças 

de Nelore (Bos indicus) foram divididas em três grupos: controle, estimulado e superovulado. 

O protocolo de sincronização da ovulação com o uso do dispositivo de P4 foi descrito 

anteriormente (FÁTIMA et al., 2013). O grupo estimulado recebeu 400 UI de eCG no dia da 

remoção do dispositivo de P4 e o superovulado recebeu 2000 UI de eCG 4 dias antes. Os 

animais dos grupos controle e estimulado receberam GnRH no dia 10, enquanto os animais 

superovulados receberam no dia 8. No sétimo dia após  após a administração do GnRH, todos 

os animais foram abatidos e os CL foram coletados. Foi realizada análise de microarranjo, a 

partir da qual foram eleitos genes envolvidos na sinalização da esteroidogênese (ADM, 

MMP9, NOS2), da ativação das metaloproteinases da matriz e do receptor ativado de protease 

que regula a homeostase e inflamação (PRSS2, PLAU) e da angiogênese (ANG e ANGPT1) e 

validados por qPCR, western blotting e imuno-histoquímica. A expressão gênica e proteica do 

PRSS2 e MMP9 foi menor e as células luteínicas grandes e pequenas positivas apresentaram 

marcação menos intensa nos grupos estimulado e superovulado (P <0,05). A expressão 

proteica da ANG foi maior no estimulado (P=0,01) e superovulado (P=0,03) e da proteína 

ANGPT1 foi maior no estimulado (P=0,008). O número de células luteínicas grandes e 

pequenas positivas para ANG e ANGPT1 foram maiores nos grupos tratados (P <0,05). No 

estimulado, houve correlação negativa entre os níveis de progesterona e o MMP9 (r = -0,66 e 

P = 0,03) e com a proteína do PRSS2 (r = -0,63 e P = 0,04). No entanto, houve correlação 

positiva com a proteína ANG (r = 0,69 e P = 0,03). No superovulado, houve correlação 

positiva entre a ANG e ANGPT1 (r = 0,96 e P = 0,001). Não houve diferença na expressão de 

ADM, NOS2 e PLAU nos grupos tratados em relação ao controle. Em resumo, os resultados 



obtidos são indicativos de que a eCG altera a expressão relativa de genes e proteínas 

envolvidas nas vias de sinalização de inflamação e a modelação da membrana celular com 

uma diminuição na expressão do MMP9 e da PRSS2 e na via da angiogênese com maior 

expressão de ANG em ambos os tratamentos e ANGPT1 em vacas estimuladas.  

 

Palavras-chave: Corpo lúteo. eCG. Estimulação folicular. Superovulação.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

MENDES, G. P. Effect of superovulatory and stimulatory treatments using equine 
chorionic gonadotropin (eCG) on the expression of genes related to cellular modeling 
and angiogenesis in the bovine corpus luteum. [Efeito dos tratamentos de estimulação e 
superovulação usando gonadotrofina coriônica equina (eCG) na expressão de genes 
relacionados à modelagem celular e angiogênese no corpo lúteo bovino]. 2014. 40 f. 
Dissertação (Mestrado em Ciências) – Faculdade de Medicina Veterinária e Zootecnia, 
Universidade de São Paulo, São Paulo, 2014.  

 

The use of equine chorionic gonadotropin (eCG) have been considered a potential tool in 

stimulation and superovulation protocols to improve the reproductive performance of the 

herd. This fact led to the hypothesis that eCG treatment alters the intracellular signaling 

pathways in the formed CL. To test that, 18 crossbred Nellore (Bos indicus) cows were 

divided into three groups: control, stimulated and superovulated. The synchronization 

protocol with the use of P4 device was previously described (FÁTIMA et al., 2013). The 

stimulated group received 400 IU eCG at the P4 device removal and superovulated received 

2000 IU eCG 4 days before it. Both control and stimulated animals received GnRH on day 10, 

while superovulated ones received it on day 8. On the seventh day after   GnRH 

administration, CL were collected by slaughter. Microarray analysis was preformed, from 

which were selected genes involved in the signaling of steroidogenesis (ADM, MMP9, 

NOS2), activation of matrix metalloproteinases and protease activated receptor that regulates 

homeostasis and inflammation (PRSS2, PLAU), and angiogenesis (ANG and ANGPT1). 

They were evaluated by qPCR, western blot and immunohistochemistry. The gene and protein 

expression of MMP9 and PRSS2  decreased and large and small luteal cells showed weaker 

staining in stimulated and superovulated groups related to the control group (P <0.05). ANG 

protein expression was higher on superovulated (P=0.01) and stimulated (P=0.03) and 

ANGPT1 protein was higher only in stimulated (P=0.008). The number of positive large and 

small luteal cells for ANG and ANGPT1 were higher in treated groups (P<0.05). In 

stimulated, there were a negative correlation between progesterone levels and MMP9 (r = 

0.03 and P = -0.66) and the PRSS2 protein expression (r = 0.04 and P = -0.63). However, 

there were a positive correlation with ANG protein expression (r = 0.69 and P = 0.03). In 

superovulated, there were a positive correlation between ANG and ANGPT1 (r = 0.96 and P = 

0.001) and PRSS2 protein expression was negatively correlated with the ANG protein (r = 

0.04 and P = -0.96). There was no difference in ADM, NOS2 and PLAU expression in treated 



groups compared to control. In summary, these findings indicate that eCG alters the relative 

expression of genes and proteins involved in inflammation and cell modeling signaling 

pathways by decreasing MMP9 and PRSS2 expression, and on angiogenesis pathway, 

increasing ANG expression in both stimulated and superovulated animals and ANGPT1 in 

stimulated cows.  

 

Keywords: Corpus luteum. eCG. Follicle stimulation. superovulation. 
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1 EFFECT OF SUPEROVULATORY AND STIMULATORY TREATMEN TS USING 

EQUINE CHORIONIC GONADOTROPIN (ECG) ON THE EXPRESSI ON OF 

GENES RELATED TO CELLULAR MODELING AND ANGIOGENESIS  IN THE 

BOVINE CORPUS LUTEUM. 

 

 

1.1 ABSTRACT 

 

 

The use of equine chorionic gonadotropin (eCG) have been considered a potential tool in 

stimulation and superovulation protocols to improve the reproductive performance of the 

herd. This fact led to the hypothesis that eCG treatment alters the intracellular signaling 

pathways in the formed CL. To test that, 18 crossbred Nellore (Bos indicus) cows were 

divided into three groups: control, stimulated and superovulated. The synchronization 

protocol with the use of P4 device was previously described (FÁTIMA et al., 2013). The 

stimulated group received 400 IU eCG at the P4 device removal and superovulated received 

2000 IU eCG 4 days before it. Both control and stimulated animals received GnRH on day 10, 

while superovulated ones received it on day 8. On the seventh day after GnRH administration, 

CL were collected by slaughter. Microarray analysis was preformed, from which were 

selected genes involved in the signaling of steroidogenesis (ADM, MMP9, NOS2), activation 

of matrix metalloproteinases and protease activated receptor that regulates homeostasis and 

inflammation (PRSS2, PLAU), and angiogenesis (ANG and ANGPT1). They were evaluated 

by qPCR, western blot and immunohistochemistry. The gene and protein expression of 

MMP9 and PRSS2  decreased and large and small luteal cells showed weaker staining in 

stimulated and superovulated groups related to the control group (P <0.05). ANG protein 

expression was higher on superovulated (P=0.01) and stimulated (P=0.03) and ANGPT1 

protein was higher only in stimulated (P=0.008). The number of positive large and small 

luteal cells for ANG and ANGPT1 were higher in treated groups (P<0.05). In stimulated, 

there were a negative correlation between progesterone levels and MMP9 (r = 0.03 and P = -

0.66) and the PRSS2 protein expression (r = 0.04 and P = -0.63). However, there were a 

positive correlation with ANG protein expression (r = 0.69 and P = 0.03). In superovulated, 

there were a positive correlation between ANG and ANGPT1 (r = 0.96 and P = 0.001) and 

PRSS2 protein expression was negatively correlated with the ANG protein (r = 0.04 and P = -
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0.96). There was no difference in ADM, NOS2 and PLAU expression in treated groups 

compared to control. In summary, these findings indicate that eCG alters the relative 

expression of genes and proteins involved in inflammation and cell modeling signaling 

pathways by decreasing MMP9 and PRSS2 expression, and on angiogenesis pathway, 

increasing ANG expression in both stimulated and superovulated animals and ANGPT1 in 

stimulated cows.  

 

Keywords: Corpus luteum. eCG. Follicle stimulation. Superovulation. 
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1.2 INTRODUCTION 
 

 

The use of equine chorionic gonadotropin (eCG) has been considered a potential tool 

for improving plasma progesterone (P4) concentration in the subsequent estrus cycle (BO et 

al., 1994; SÁ FILHO et al., 2010) and a positive correlation between P4 concentration and 

pregnancy rates in cattle  has been described (SÁ FILHO et al., 2010). In Bos indicus, the 

hormonal treatment with the administration of 300-400 IU eCG before ovulation improved 

follicular development and increased P4 concentrations on early pregnancy (BARUSELLI et 

al., 2004). The eCG is a glycoprotein that has the ability to bind to both follicle stimulating 

hormone (FSH) and luteinizing hormone (LH) receptors in ruminant granulosa or theca cells, 

which is required for maturation of periovulatory follicles. The eCG half-life is estimated to 

be 45 h in cows bloodstream allows gonadotropin support before ovulation (MURPHY; 

MARTINUK, 1991; MURPHY, 2012). Additionally, the use of eCG is important in 

postpartum anestrus cows with deficiency in LH pulses (ROCHE; MACKEY; DISKIN, 

2000). 

The establishment of pregnancy in cows requires a cross talk involving the corpus 

luteum (CL), the uterus and the embryo. Composed by steroidogenic (large and small luteal 

cells) and nonsteroidogenic cells (endothelial cells, fibroblasts, stroma cells, macrophages and 

monocytes), the CL undergo an orchestrated growth (MANN; LAMMING, 2001; 

SKARZYNSKI; OKUDA, 2010; PRING et al., 2012; PROKOPIOU et al., 2013; PUGLIESI 

et al., 2014).  After day 7 of the estrus cycle, the volume of the CL does not increase, its 

development is due to a hypertrophy of large luteal  cells, increase in the number of small 

luteal cells (SKARZYNSKI et al., 2013; YOSHIOKA et al., 2013) and an increase of P4 

production (SKARZYNSKI et al., 2013). Luteal cells produce progesterone (P4), important to 

promote embryo growth, elongation and the secretion of interferon-tau by trophoectoderm 

embryonic cells, thus preventing luteolysis (STOCCO; TELLERIA; GIBORI, 2007; FAIR; 

LONERGAN, 2012; O'HARA et al., 2014).  

Data from our research group showed global changes on the expression of genes 

belonging to pathways related to tissue development and angiogenesis (fibroblast growth 

factor receptor 2 - FGFR2, transforming growth factor, beta 2 - TGFB2), lipids metabolism 

(fatty acid binding protein 5 - FABP5, 3-hydroxy-3-methylglutaryl-CoA reductase - HMGCR, 

peroxisome proliferator-activated receptor gamma - PPARG), and  steroidogenesis such as 
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steroidogenic acute regulatory protein (STAR), binding protein 5 fatty acids (FABP5), 

cytochrome P450, family 27, subfamily a, polypeptide 1 (CYP271A), acyl-CoA synthetase 

family member 2 (ACSF2), 3-hydroxy-3 methylglutaryl-CoA reductase (HMGCR) gamma 

receptor peroxisome proliferator-activated (PPARG), short prolactin receptor (PRLRS) long 

prolactin (PRLRL) and follistatin (FÁTIMA et al., 2013). In addition,  important 

morphological changes as an increase in the density of mitochondria on stimulated and 

superovulated animals as well as an increase in the number of large and small luteal cells 

were observed (RIGOGLIO et al., 2013).  

Nevertheless, the molecular effects of these treatments with eCG in  luteal cells are 

strong candidates to explain changes in the production of P4 and morphology. Thereby,  

starting from a global analysis of differentially expressed genes led to selection of seven 

genes, which are: matrix metalloproteinase 9 (MMP9) and trypsin 2 (PRSS2) by architecting 

signaling to tissue destruction and construction of the CL (SORSA et al., 1997; ROSEWELL 

et al., 2011; PROKOPIOU et al., 2013),  Angiogenin (ANG) and Angiopoetin 1 (ANGPT1) 

involved in the initiation and establishment of angiogenesis (HURLIMAN et al., 2010; 

SHENG et al., 2014).  ANG interacts with endothelial cells and smooth muscle cells to induce 

responses such as cell migration, invasion, proliferation and formation of tubular structures. 

For the induction of angiogenesis by ANG is required activity of ribonuclease, degradation of 

the basement membrane signal transduction and nuclear translocation (GAO; XU, 2008) and 

has been reported to facilitate luteal vascular growth on CL (BERISHA; MEYER; SCHAMS, 

2010). ANGPT-1 have been demonstrated to be involved with perifollicular capillary network 

changes at the time of the LH surge and may contribute to maintaining and stabilizing the 

vessel during the final follicular development, ovulation and early CL formation 

(MIYABAYASHI et al., 2005). The ANGPT1 recruits and interact with periendothelial cells, 

promoting the stabilization and maintenance of the vessels developed by the vascular 

endothelial growth factor (VEGF) (TANAKA et al., 2004) serving for vascularization during 

the follicular development and CL (HAZZARD; CHRISTENSON; STOUFFER, 2000; 

HAYASHI et al., 2004), and  nitric oxide synthase 2, inducible (NOS2) and adrenomodullin 

(ADM) related to CL steroidogenic function (JABLONKA-SHARIFF; OLSON, 1997; LI; O; 

TANG, 2011). Sustained nitric oxide (NO) synthesis results in the expression of NOS2 

(JAROSZEWSKI et al., 2003) many studies suggest that most effects of NO are performed by 

binding iron-containing enzymes leading its regulatory role on steroidogenesis can be carried 

through a direct inhibition of the cytochrome P450 steroidogenic enzyme aromatase (VAN 

VOORHIS et al., 1995). FSH was unable to stimulate NOS2 mRNA abundance in bovine 
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granulose cells (ZAMBERLAM et al., 2011). ADM found in human granulosa cells acts as a 

local factor which increases the production of progesterone as well as ADM is a potent 

vasodilator and angiogenic factor, it also participates in the formation of CL mainly on the 

dynamics of vascular structure changes of this organ  (MORIYAMA; OTANI; MARUO, 

2000). ADM decreased when FSH-stimulated estradiol release in rat follicles as well as eCG-

stimulated progesterone release in rat corpora lutea. At estrus, the diminished in ADM would 

enhance the FSH effect on steroidogenesis, whereas at diestrus, the increase in ADM would 

attenuate the effect of eCG on progesterone secretion (LI, et al., 2008). In addition, 

plasminogen activator urokinase (PLAU), which appers to be involved in luteal maintenance 

(LIU et al., 1997). The remodeling of the connective tissue and tissue degradation is 

associated with maintenance of the function and luteal regression. The PLAU, as its receptor 

(PLAUR) allows monocytes, neutrophils and activated T cells migrate to the basement 

membrane by degrading laminin (PLESNER; BEHRENDT; PLOUG, 1997; KLIEM et al., 

2007). In bovine granulosa cells, PLAU increased its expression after FSH and Insulin-like 

growth factor-1 (IGF-I) stimulation (CAO et al., 2006). However, in  rodent granulosa cells 

PLAU was downregulated by FSH (MACCHIONE et al., 2000). 

 

Therefore, we can infer that the CL requires coordinated action between genes 

belonging to different pathways for their optimum performance, and hormone treatment-

induced changes can modify the balance of the organ. Therefore, the present study 

hypothesized that treatments, which aimed to stimulate the dominant follicle and increase of 

the number of ovulated follicles, using eCG alters the expression of genes that participate in 

signaling pathways related to angiogenesis, the development of CL and, consequently, P4 

production.  

  

 

1.3 MATERIALS AND METHODS  

 

 

1.3.1 Experimental design 

 

 

All procedures were carried out in accordance with Committee in Ethics for the Use of 

Experimental Animals of the Faculty of Veterinary Medicine and Animal Sciences, 
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University of São Paulo, São Paulo, Brazil (protocol number 2715/2012). Animals were 

treated as previously described (FÁTIMA et al., 2013). Briefly, 18 Nellore crossbred (Bos 

indicus) cows, aged between 2 and 5 years, were divided into three groups: Control (n=5), 

stimulated (n=6) and superovulated (n=7). All cows received 2 mg of estradiol benzoate (BE; 

Estrogin, Farmavet, São Paulo, Brazil) plus 1g of progesterone implant (bovine intravaginal 

device; progesterone: 1g; Primer, Technopec Brazil) on day 0. On day 8, for the stimulated 

group, the progesterone device were removed and 0.150 mg of d-cloprostenol (PGF2α, 

Prolise, Arsa, Buenos Aires, Argentina) was administered plus 400 IU of eCG (Novormon, 

Syntex, Buenos Aires, Argentina) were administrated (SÁ FILHO et al., 2010; SALES et al., 

2011). Ovulation was induced with 0.025 mg of GnRH (Gestran Plus, Arsa, Buenos Aires, 

Argentina) given 48 hours after the P4 device removal. The superovulatory group received 

2000IU eCG on day 4 and 0.150 mg of PGF2α on day 6 (BARUSELLI et al., 2011). The 

devices were removed and a second dose of PGF2α was administered on day 7. Ovulation 

was induced with 0.025 mg of GnRH twelve hours after device removal. In the control group, 

the same treatment as stimulated group was performed, but without the administration of 

eCG. On day 5 after ovulation, cows underwent ultrasound evaluation and on day 6 after 

ovulation, all animals were slaughtered. CL were collected, weighed, measured, and frozen in 

liquid nitrogen or fixed in 4% phosphate-buffered formalin solution for 24 hours for further 

analysis.  

 

 

1.3.2 Microarray analysis 

 

 

Microarray analysis was performed as previously described (FÁTIMA et al., 2013). 

Firstly, total RNA was isolated using Trizol (Life Technologies, Carlsbad, CA, USA) 

according to the manufacturer’s instructions, and purified using RNAeasy mini kit (Qiagen, 

Valencia, CA, USA). RNA concentration and purity were assessed by NanoDrop 2000 device 

(Thermo Scientific, Hudson, USA). Only RNA with integrity number (RIN) greater than or 

equal to 9 were used. The microarray analyzes were performed at the McGill University and 

Génome Québec Innovation Centre, Montreal, Canada using the Affymetrix GeneChip 

Bovine Genome Array (Affymetrix, Santa Clara, USA), containing 23,000 sets of probes and 

scanned in the GeneChip ® Scanner 3000 (Affimetrix, Santa Clara, CA). The experiments 

were performed using three samples of each group. The complete microarray data are 



18 

 

deposited in NCBI database bank (GEO http://www.ncbi.nlm.nih.gov/geo), accession number 

GSE37844. These data generated a list of genes increased (242) or decreased (111) genes in 

in the stimulated group and increased (111) or decreased (113) in the superovulated group 

compared to the control group (fold change 1.5 and P ≤ 0.05). The differently expressed gene 

list was analyzed in Ingenuity Pathway Analysis 7 software (IPA, Ingenuity Systems, San 

Francisco, CA; http://www.ingenuity.com/). Therefore, from this analysis, genes related to 

intracellular signaling pathways were selected to be investigated.  

 

 

1.3.3 Immunohistochemistry for MMP9, PRSS2, ANG, ANGPT1, ADM, NOS2 and PLAU 

 

 

Immunoperoxidase method was used to detect MMP-9, Trypsin-2, iNOS, Angiogenin, 

Angiopoietin-1, AM and uPA proteins in 2 µm tissue sections prepared from on CL per cow 

using 3 section per CL for each animal per group to assure accuracy of description as already 

published (MONA E PINTO et al., 2014). The primary antibody (Frame 1) for each protein 

was diluted in PBS at the following dilutions: MMP-9 1:100; Trypsin-2 1:1000; iNOS 1:200; 

Angiogenin 1:100; Angiopoietin-1 1:200; AM 1:1000; uPA 1:300 and incubated for overnight 

at 4 °C. Negative controls were prepared using IgG isotype control antibodies (Normal rabbit 

IgG for all antibodies; Santa Cruz Biotechnologies, USA). The slides were observed with an 

Olympus BX 50 microscope equipped with a CCD color video camera (Olympus DP71; 

Olympus America Inc, Center Valley, PA, USA), and the images were captured using Axio 

Vision software (Carl Zeiss, Oberkochen, Germany). For quantification of stained positive 

cells for each protein studied, eight photos in three slides from different regions for each 

animal were performed and approximately 200 stained positive cells were manually counted.  

 

Frame 1 - Antibodies used for immunohistochemistry and western blotting 

 
Source : (MENDES, G. P., 2014). 

  

Antibodies Isotype Immunogen Dilution Supplier (order no.)

MMP-9 Rabbit Polyclonal IgG 382-393 Human  MMP9 protein 1:1000 Biorbyt (orb13583)

Trypsin-2 Rabbit Polyclonal IgG native trypsinogen from pancreas 1:1000 MyBioSource company (MBS622131)

iNOS Rabbit Polyclonal IgG cytokine-induced murine macrophages 1:500 Lifespan Biosciences (LS-11686/37570)

Angiogenin Rabbit Polyclonal IgG 101-200 Human ANG protein 1:1000 Biorbyt (orb101736)

Angiopoietin-1 Rabbit Polyclonal IgG N-term of Human ANGPTL1 1:1000 Abbiotec (251299)

AM Rabbit Polyclonal IgG Purified human ADM 1:500 Elsasseret al., 2007

uPA Goat Polyclonal IgG Purified human PLAU 1:500 Acris (AP022255SU-N)
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 1.3.4 Western Blotting 

 

 

CL samples were homogenized in buffer containing 50 mM potassium phosphate 

(pH 7.0), 0.3 M sucrose, 0.5 mM dithiothreitol (DTT), 1 mM ethylenediaminetetraacetic acid 

(EDTA, pH 8.0), 0.3 mM phenylmethylsulfonyl fluoride (PMSF), 10 mM NaF, and 

phosphatase inhibitor cocktail (1:100; Sigma-Aldrich). Total protein content was determined 

using the Bradford method (BRADFORD, 1976) and values were extrapolated against a 

standard curve of albumin read at 595 nm. Samples containing equal amount (50µg) of 

proteins were boiled for 5 min in Laemmli solution (0.05 M Tris, pH 6.8, 2% SDS, 15% 

glycerol, 0.05% bromophenol blue, 9% SDS and 6% 2-mercaptoethanol), and run on a 10% - 

15 SDS-PAGE mini gel (Sodium Dodecyl Sulphate - Polyacrylamide Gel Electrophoresis) 

depending on the protein molecular weight, 100 V. After electrophoresis, the proteins were 

transferred to polyvinylidene difluoride (PVDF) membrane (Bio-Rad Laboratories, Hercules, 

CA) under constant current of 120 mA for 2 hours at 4 ° C in Tris HCl 12.5mM, 95 mM 

glycine, 20% methanol, pH 8.3. Membranes were blocked for 1 h at room temperature with 

TTBS (0.9% NaCl, 100 mM Tris, 0.1% Tween 20, pH 7.4) containing 5% non-fat dried milk, 

and incubated overnight, at 4oC, with primary antibodies (Frame 1). After incubation, the 

membranes were washed three times with TBS-T and incubated for 1 h with anti-rabbit IgG-

peroxidase conjugated (ECL,GE Healthcare, Buckinghamshire, UK) or anti-goat IgG-

peroxidase conjugated (Merk Millipore, Darmstadt, Germany) diluted 1:5000 in TTBS. After 

washing, the proteins were visualized by Enhanced chemiluminescense kit (Amersham 

Biosciences, Piscataway, NJ, USA). The same blots were stripped and incubated with anti-β-

actin monoclonal antibody (MAB 1637; Chemicon International, Inc.) as endogenous control. 

Images were captured by ChemiDoc MP Image system (Bio-Rad Laboratories) and 

normalized to actin-beta (ACTB; 42 kDa) using ImageJ Software (Bio-Rad Laboratories). 

 

 

1.3.5 Real time PCR for MMP9, PRSS2, ANG, ANGPT1, ADM, NOS2 and PLAU 

 

 

A fixed amount of 1 ug RNA was used for cDNA synthesis using Superscript III (Life 

Technologies, Carlsbad, CA, USA) following manufacturer’s instructions. Quantitative real-
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time PCR assays were performed as previously described (Fátima et al., 2013) using bovine-

specific TaqMan Gene Expression Assays (Frame 2; LifeTechnologies). PCRs for target 

genes were conducted in duplicates for each sample and the expression was determined by 

normalizing their signals with GAPDH, tubulin and β-actin signals as housekeeping genes, 

determined by NormFinder software (ANDERSEN; JENSEN; ØRNTOFT, 2004). The 

amplification efficiency was analyzed by LinRegPCR program (RAMAKERS et al., 2003), 

followed by Pfaffl’s method (PFAFFL, 2001). 

 

Frame 2 -  Primers used for Real Time PCR bovine-specific TaqMan gene expression custom 
designed assays produced by LifeTechnologies 

 
Source : (MENDES, G. P., 2014). 

 

  

1.3.6 Statistical Analysis 

 

 

 The statistical analysis of the microarray data was conducted according to the random 

variance model of Wright and Simon (2003; significance analysis of microarrays (SAM)). 

Data from real-time PCR, western blotting and immunohistochemistry were tested for a 

normal distribution (Anderson–Darling test) and data that did not follow a normal distribution 

were transformed into logarithms. Differences between control and stimulated group were 

analyzed by Student’s t-test and for the three groups were performed one-way ANOVA 

followed by the Tukey test. The level of significance was set at P < 0.05 for all analyses. The 

data are presented as the mean ± S.E.M. The statistical analyses were performed using the 

Gene Sequences GenBank nº

MMP9 ID Bt03216000_g1 AF_135234.1

PRSS2 ID Bt 03224030_m1 BC_134794.1

NOS2 ID Bt03249599_m1 AF_340236.1

ANG ID Bt03279285_m1 BC_111623.1

ANGPT1 ID Bt03249558_m1 AF_032923.1

ADM ID Bt03251626_g1 AB_055107.1

PLAU ID Bt03212963_m1 AF_144761.1

GAPDH ID Bt03210915_g1 AB_098979.1

Α-Tubulin ID AIY9YWA BT_0323101

β-actin ID Bt03279174_g1 AB_098930.1
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GraphPad Prism software (Version 4.00 for Windows; GraphPad Software, San Diego, CA, 

USA). Correlations were considered significant at P ≤ 0.05 using the Pearson correlation test. 

 

 

1.4 RESULTS 

 

 

1.4.1 Microarray 

 

  

After submitting the differently expressed gene list to Ingenuity Pathway network 

functions (Figure 1), seven differently expressed genes that were somehow interconnected 

were chosen as demonstrated in Table 1.   
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Figure 1 - Interaction between genes made from the results of the microarray and organized by the IPA 
program; (red: more intense more increased; blank: not changed; Green: less intense more 
decreased) 

 

Legend 

 
Enzyme 

 
Peptide 

 
Citoquinase /  
Growth Factor 

 
Transcriptional regulator 

 
Complex / Group / Other 

 
Kinase 

 Direct interaction  Acts and inhibits  Inhibits 
 Indirect interaction  Acts  

Source: (MENDES, G. P., 2014). 
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Table 1 - Genes differentially expressed in stimulated and superovulated groups with eCG compared to 
the control group 

 

 *Indicates that genes were downregulated (1.5 fold, P < 0.05). 

Source: (MENDES, G. P., 2014). 

 

1.4.2 Immunolocalization of MMP-9, Trypsin-2, AM, iNOS, Angiopoietin-1, Angiogenin and 

uPA on bovine CL from control, stimulated and superovulated cows 

 

 

The localization of MMP-9, Trypsin-2, AM, iNOS, Angiopoietin-1, Angiogenin and 

uPA proteins was verified in the bovine corpus luteum via IHC. Staining was located evenly 

in the cytoplasm of large and small luteal cells, stroma and endothelial cells on the 3 studied 

groups without nuclear staining. For MMP-9 protein expression was lower on large 

(P=0.0002; P=0.002 respectively) and small (P=0.001; P=0.003 respectively) luteal cells on 

stimulated and on superovulated groups compared with control. Trypsin-2 immunostaining 

was weaker on large (P=0.0086; P=0.003 respectively) and small (P=0.0001; P=0.01 

respectively) luteal cells on stimulated and superovulated groups compared with control 

(Figure 2). Angiogenin protein expression was higher in small (P= 0.0001; P= 0.005 

respectively) and large (P= 0.0001; P= 0.005 respectively) luteal cells in stimulated and 

superovulated groups. Angiopoietin-2 expression was higher in stimulated and superovulated 

group on both small (P=0.001; P=0.002 respectively) and large (P=0.063; P=0.03 

respectively) luteal cells compared with control (Figure 2). The AM, iNOS and uPA (Figure 

3) expressed uniform labelling between both control and stimulated groups showing no 

differences on total number of positive cells. There was no significant differences on stroma 

and endothelial total number of positive cells. 

 

Gene Symmetrical raw fold change P value Symmetrical raw fold change P value

Stimulated x Control Superovulated x Control

MMP-9 -2,260616* 3,42E-05* -2,06436* 0,004*

PRSS2 -11,60022* 5,43E-08* 1,908976 0,050
NOS2 -1,957681* 0,007* -1,525* 0,003*

ANG 1,630326 0,012

ANGPT1 1,830203 0,009

ADM 1,692821 0,024

PLAU -1,613261* 0,017*
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Figure 2 – MMP-9, Trypsin-2, Angiogenin and Angiopoietin-1 expression in bovine CL detected by 
immunohistochemistry. Positive signals can be observed as the orange-brown color in the 
cytoplasm of large (empty arrow), small (black arrow) luteal cells and stroma (grey arrow) and 
endothelial (green arrow) cells in the control, stimulated and superovulated animals.  NC, negative 
control.  100x magnification. Bars = 10µm 

 

 

Source: (MENDES, G. P., 2014). 
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Figure 3 - AM, iNOS and uPA expression in bovine CL detected by immunohistochemistry. Positive signals can 
be observed as the orange-brown color in the cytoplasm of large, small luteal cells and stroma and 
endothelial cells in the control and stimulated animals.  NC, negative control.  100x magnification. 
Bars = 10µm 

 

Source: (MENDES, G. P., 2014). 

 

 

1.4.3 Quantitative protein expression of MMP-9, Trypsin-2, AM, iNOS, Angiopoietin-1, 

Angiogenin and uPA on bovine CL from control, stimulated and superovulated cows 

 

 

Western blotting analysis for MMP-9, Trypsin-2, AM, iNOS, Angiopoietin-1, 

Angiogenin and uPA revealed a single band of the expected sizes (78 kDa, 26 kDa, 20 kDa, 

130kDa, 57kDa, 50kDa and 46kDa respectively). When normalized to beta-actin (ACTB, 42 

kDa), MMP-9 (P=0.008 and P=0.003 respectively) and Trypsin-2 (P=0.01 and P=0.01 

respectively) expression was lower on stimulated and superovulated cows compared with 

AM

iNOS

uPA

Control Stimulated

NC

NC
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control. Angiogenin expression was higher on stimulated and superovulated (P=0.01 and 

P=0.03) and Angiopoietin-1 was higher on the stimulated group (P=0.008) compared with 

control group (Figure 4). iNOS, AM and uPA showed no significant difference on their 

expression among the groups (P>0.05) (Figure 5).  

 

Figure 4 - Protein expression of proteins MMP-9 (A), Trypsin-2 (B), Angiogenin (C) and Angiopoietin-1 (D) in 
bovine corpus luteum. Dark gray bars represent the control group, light gray the stimulated group and 
white the superovulated group. Illustrative blots and graphic representing the content expressed by the 
relative density to β-actin. The bars represent the mean ± standard error (n = 5/control; 6/stimulated; 
7/superovulated). Bars with different letters indicate significant differences (P<0.05) 

Source: (MENDES, G. P., 2014). 

 

 

 

 

Figure 5 - Protein expression of proteins uPA (A), iNOS (B) and AM (C) in bovine corpus luteum. Dark gray 
bars represent the control group and light gray the stimulated group. Illustrative blots and graphic 
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representing the content expressed by the relative density to β-actin. The bars represent the mean ± 
standard error (n = 5/control; 6/stimulated). Bars with * indicate significant diferences (P<0.05) 

 
Source: (MENDES, G. P. 2014). 

 

 

1.4.4 Gene expression of MMP9, PRSS2, ADM, NOS2, ANGPT1, ANG and PLAU on bovine 

CL from control, stimulated and superovulated cows 

 

 

The mRNA expression of MMP9, PRSS2, ADM, NOS2, ANGPT1, ANG and PLAU 

could be detected by real-time PCR (Figure 6). MMP9 and PRSS2 expression was lower 

(P=0.03 and P=0.01 respectively) in stimulated group and (P=0.04 and P=0.05 respectively) 

in superovulated groups compared with the control group. 

ANG mRNA expression was lower (P=0.01) in superovulated group in relation to 

control group. ANGPT1 mRNA expression did not differ (P=0.11) in both stimulated and 

superovulated groups (P=0.55).  

Stimulatory treatment with eCG had no effect on ADM, NOS2 and PLAU mRNA 

expression. 
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Figure 6 - Gene expression of MMP9 (A), PRSS2 (B), ANG (C), ANGPT1 (D), ADM (E), NOS2 (F) 
and PLAU (G) in bovine corpus luteum. Data represented as mean ± standard error of 
relative gene expression (n = 5/control; 6/stimulated; 7/superovulated). Bars with different 
letters indicate significant differences (P<0.05) 

 

Source: (MENDES, G. P. 2014). 
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1.4.5 Correlation between the gene and protein expression of MMP9, PRSS2, ADM, NOS2, 

ANGPT1, ANG and PLAU and plasma P4 

 

 

In stimulated group, progesterone levels were negative correlated with MMP9 (r = -

0.66 and P = 0.03) and with PRSS2 protein and Trypsin-2 expression (r = -0,63 and P = 0.04). 

However, Angiogenin was positively associated with progesterone levels (r = 0,69 and P = 

0.03) . In superovulated group ANG and ANGPT1 were positive correlated (r = 0.96 and P = 

0.001). 

 

 

1.5 DISCUSSION  

 

 

In this study, we reported that MMP9 and PRSS2 were downregulated in the CL of 

cows submitted to stimulation of the dominant follicle and for superovulation using eCG. The 

ANG protein expression increased after the treatments and mRNA expression decreased in 

superovulatory treatment. ANGPT1 increased its protein expression after stimulation 

treatment.   

The purpose of this study was to analyze gene and protein expression of genes 

belonging to formation and degradation of extracellular matrix, angiogenesis, steroidogenesis 

and luteolysis pathways. In line to our hypothesis that eCG treatment in cows applied on a 

synchronization protocol with the goal of superovulate or stimulate suppresses mRNA and 

protein synthesis of MMP9 and PRSS2. It is well known that eight trypsins (1-8) activate 

proteases as pro-PLAU (KOIVUNEN; HUHTALA; STENMAN, 1989), as well as pro-

MMP9 and 2 (SORSA et al., 1997). In addition, we demonstrate in this study that MMP9 

followed the decrease of PRSS2 showing a possible association during CL formation. Some 

studies have shown that for activation of MMPs including MMP2 and MMP9, the human 

PRSS2 is more potent than other serine proteases (SORSA et al., 1997). However, the signal 

transduction mechanism by which PRSS2 may suppresses MMP9 in the CL is poorly 

understood, although in our study their expression followed one another indicating that after 

ovulation the downregulation is required for CL good formation and perfomance. MMP9 

expression is related with hormone action and cell death (PORTELA; VEIGA; PRICE, 2009; 
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CARBAJAL et al., 2011). Rae et al.,(2009) reported that MMP9 is required for ovulation 

when remodeling the basement membrane integrity. Metalloproteinase activity is not crucial 

for steroidogenesis (PELUFFO et al., 2011), however, it is required for tissue reorganization 

for ovulation and corpus luteum development and was observed predominantly in granulosa 

cells of the developing follicle as in hamster (SALVERSON et al., 2008), horse (RILEY et 

al., 2001), pig (RIBEIRO et al., 2006), cow and chicken (ZHU et al., 2014).  In human (LIND 

et al., 2006) and rat (CURRY; SONG; WHEELER, 2001), MMP9 was observed 

predominantly in primarily theca-interstitial and perifollicular stroma cells, but not in the 

follicle. LH induces the matrix components disruption, including MMPs, which allows the 

release of the oocyte and the CL formation by controlling the type of matrix to be remodeled, 

the specific site location and extent of degradation, being capable of binding LH receptors, the 

ECG can induce the same mechanism (LAHAV-BARATZ et al., 2003). However, hCG 

induces MMP2 and MMP9 to support luteinizing of the post ovulated follicle (CURRY; 

SONG; WHEELER, 2001; LAHAV-BARATZ et al., 2003; ROSEWELL et al., 2011) and is 

required for the growth and expansion of the follicle, destroying the wall for follicular 

ovulation, CL formation and dissolution during structural CL regression(SEALS; 

COURTNEIDGE, 2003). 

Especially because eCG most initiates the response in the follicle for the vascular 

construction on the CL we analyzed the responses in formed CL. Both treatments alter ANG 

and ANGPT1 expression. ANG mRNA expression decreased in superovulated CLs but 

protein level increased in superovulated and stimulated cows. The contrast in protein and 

mRNA expression in superovulated cows may have occurred by ANG mRNA translated,  

which can increase protein expression under eCG stimulation (CHEN et al., 2002). In vitro 

treatment with hCG and AMPc increased ANG secretion by human granulosa cells (KOGA et 

al., 2000) and some hormones that are also associated with the production of ANG, as 

progesterone and factor-α tumor necrosis factor (TNF) (BERISHA; PFAFFL; SCHAMS, 

2002) corroborating with our results. However, in our results, ANGPT1 upregulation protein 

expression in stimulated cows, contrast with Miyabayashi and collaborators (2005) which 

found that after inducing follicular growth by treatment with eCG in rats. ANGPT-1 showed 

no changes and ANGPT-2 mRNA increased significantly after 6 and 12 hours of treatment. 

They suggested that ANGPT-1 may contribute to maintain and stabilize vessels over late 

follicular development, ovulation and CL formation and early ANGPT-2 can contribute to 

form vessels in the theca layer in the preovulatory follicle preparing subsequent formation of 

CL (MIYABAYASHI et al., 2005).  
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For genes involved in steroidogeneses, our results in microarray analysis in stimulated 

and superovulated cows compared with control showed downregulation of NOS2, suggesting 

that the protocol could alter its expression, but on mRNA and protein analysis after validation 

it did not show any difference among the groups. Gonadotropins regulate NOS2 expression 

which reaches its maximum expression after 10 days of human chorionic gonadotropin (hCG) 

injection (JABLONKA-SHARIFF; OLSON, 1997)  and play an important role in follicular 

atresia (ZHANG et al., 2011). Corroborating with our results, Shirasuna et al., (2008) showed 

no change in NOS2 mRNA expression in bovine CL during the estrus cycle. NO and 

prostaglandins are angiogenic mediators; at the beginning of CL formation an intensive 

neovascularization occurs. It is possible that NO modulates COX signaling pathway (PTGS) 

which is involved in vascular changes in the CL (HURWITZ et al., 2002). Low NO 

concentrations can negatively regulate P4 synthesis by a cGMP independent pathway in antral 

granulosa cells of cows (FAES et al., 2009).  

On microarray analysis, ADM was upregulated in CL of stimulated cows, which 

raised the hypothesis that the protocol influenced it and ADM increase expression could be 

another factor to justified the observed increase in P4. Nevertheless, protein and mRNA 

results showed no statistical difference after validation. ADM knockout mice decrease fertility 

and showed a smaller litter size (LI, et al., 2006). A decrease in follicular ADM enhanced 

estradiol release in rats treated with FSH, and an increase ADM in rats CL treated with eCG 

can stimulate progesterone release (LI, et al., 2008). However, in human granulosa cells, 

ADM decreases progesterone (MORIYAMA; OTANI; MARUO, 2000), and rats stimulated 

with eCG showed  an inhibitory effect of ADM over luteal progesterone secretion (LI; 

TANG; O, 2010).  It seems that ADM acts as a local factor that could increase progesterone 

production in human granulosa luteal cells (MORIYAMA; OTANI; MARUO, 2000). At late 

pregnancy, ADM expression is higher than in the beginning or in the middle, and may be due 

to the role of ADM  in the inhibition of luteolysis and progesterone production (LI, et al., 

2008; LI; O; TANG, 2011). Regarding PLAU expression, no significant difference were 

observed, even though on microarray analysis PLAU was downregulated in stimulated cows 

compared to control.  It has been reported that this protease is not demanded for luteal 

function, once PLAU deficient mice  did not showed any significant difference in luteal 

formation and function, ovarian weights, serum progesterone levels and blood vessel densities 

(LIU et al., 2003). On the other hand, an increase in PLAU and tissue plasminogen activator 

(tPA) mRNA expression in bovine periovulatory follicles was observed in response to 

gonadotropin surge, indicating that gonadotropin induces plasminogen activators in the 
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ovulation (DOW et al., 2002). It has been reported that PLAU is involved in cumulus 

expansion and subsequent oocyte maturation because PLAU levels in the cumulus were 

significantly higher at 3 and 6 h in mouse cumulus cells when treated with hCG in 

vivo than in vitro (LU et al., 2013). 

 

 

1.6 CONCLUSION  
 

 

The study of gonadotropin effects on bovine developing CL showed that genes and 

proteins can be modulated as MMP9 and PRSS2, which decreased their expressions, and 

genes that participate in the development of new vessels as ANG and ANGPT1, which 

showed an increase in expression. The use of these protocols suggest that eCG could directly 

influence expression pathways in the CL leading to improve formation, angiogenesis and 

function.  

 
 

 
 

 

 

 

 

 

 

 

 

 



33 

 

REFERENCES 
 

ANDERSEN, C. L.; JENSEN, J. L.; ØRNTOFT, T. F. Normalization of real-time quantitative 
reverse transcription-PCR data: a model-based variance estimation approach to identify genes 
suited for normalization, applied to bladder and colon cancer data sets. Cancer Res., v. 64, n. 
15, p. 5245-5250, 2004. 
 
 
BARUSELLI, P. S.; FERREIRA, R. M.; SALES, J. N.; GIMENES, L. U.; SÁ FILHO, M. F.; 
MARTINS, C. M.; RODRIGUES, C. A.; BÓ, G. A. Timed embryo transfer programs for 
management of donor and recipient cattle. Theriogenology, v. 76, n. 9, p. 1583-1593, 2011. 
 
 
BARUSELLI, P. S.; REIS, E. L.; MARQUES, M. O.; NASSER, L. F.; BÓ, G. A. The use of 
hormonal treatments to improve reproductive performance of anestrous beef cattle in tropical 
climates. Anim Reprod Sci., v. 82-83, p. 479-486, 2004. 
 
 
BERISHA, B.; MEYER, H. H.; SCHAMS, D. Effect of prostaglandin F2 alpha on local 
luteotropic and angiogenic factors during induced functional luteolysis in the bovine corpus 
luteum. Biol Reprod., v. 82, n. 5, p. 940-947, 2010. 
 
 
BERISHA, B.; PFAFFL, M. W.; SCHAMS, D. Expression of estrogen and progesterone 
receptors in the bovine ovary during estrous cycle and pregnancy. Endocrine, v. 17, n. 3, p. 
207-214, 2002. 
 
 
BO, G. A.; HOCKLEY, D. K.; NASSER, L. F.; MAPLETOFT, R. J. Superovulatory response 
to a single subcutaneous injection of Folltropin-V in beef cattle. Theriogenology, v. 42, n. 6, 
p. 963-975, 1994. 
 
 
BRADFORD, M. M. A rapid and sensitive method for the quantitation of microgram 
quantities of protein utilizing the principle of protein-dye binding. Anal Biochem., v. 72, p. 
248-254, 1976. 
 
 
CAO, M.; NICOLA, E.; PORTELA, V. M.; PRICE, C. A. Regulation of serine protease 
inhibitor-E2 and plasminogen activator expression and secretion by follicle stimulating 
hormone and growth factors in non-luteinizing bovine granulosa cells in vitro. Matrix Biol ., 
v. 25, n. 6, p. 342-354, 2006. 
 
 
CARBAJAL, L.; BISWAS, A.; NISWANDER, L. M.; PRIZANT, H.; HAMMES, S. R. 
GPCR/EGFR cross talk is conserved in gonadal and adrenal steroidogenesis but is uniquely 
regulated by matrix metalloproteinases 2 and 9 in the ovary. Mol Endocrinol ., v. 25, n. 6, p. 
1055-1065, 2011. 
 



34 

 

CHEN, G.; GHARIB, T. G.; HUANG, C. C.; TAYLOR, J. M.; MISEK, D. E.; KARDIA, S. 
L.; GIORDANO, T. J.; IANNETTONI, M. D.; ORRINGER, M. B.; HANASH, S. M.; BEER, 
D. G. Discordant protein and mRNA expression in lung adenocarcinomas. Mol Cell 
Proteomics., v. 1, n. 4, p. 304-313, 2002. 
 
 
CURRY, T. E.; SONG, L.; WHEELER, S. E. Cellular localization of gelatinases and tissue 
inhibitors of metalloproteinases during follicular growth, ovulation, and early luteal formation 
in the rat. Biol Reprod., v. 65, n. 3, p. 855-865, 2001. 
 
 
DOW, M. P.; BAKKE, L. J.; CASSAR, C. A.; PETERS, M. W.; PURSLEY, J. R.; SMITH, 
G. W. Gonadotropin surge-induced up-regulation of the plasminogen activators (tissue 
plasminogen activator and urokinase plasminogen activator) and the urokinase plasminogen 
activator receptor within bovine periovulatory follicular and luteal tissue. Biol Reprod., v. 66, 
n. 5, p. 1413-1421, 2002. 
 
 
ELSASSER, T. H.; CAPUCO, A. V.; CAPERNA, T. J.; MARTÍNEZ, A.; CUTTITTA, F.; 
KAHL, S. Adrenomedullin (AM) and adrenomedullin binding protein (AM-BP) in the bovine 
mammary gland and milk: Effects of stage of lactation and experimental intramammary E. 
coli infection. Domest Anim Endocrinol., v. 32, n. 2, p. 138-154, 2007. 
 
 
FAES, M. R.; CALDAS-BUSSIERE, M. C.; VIANA, K. S.; DIAS, B. L.; COSTA, F. R.; 
ESCOCARD, R. M. Nitric oxide regulates steroid synthesis by bovine antral granulosa cells 
in a chemically defined medium. Anim Reprod Sci., v. 110, n. 3-4, p. 222-236, 2009. 
 
 
FAIR, T.; LONERGAN, P. The role of progesterone in oocyte acquisition of developmental 
competence. Reprod Domest Anim., v. 47, p. 142-147, 2012. Supplement. 4. 
 
 
FÁTIMA, L. A.; BARUSELLI, P. S.; GIMENES, L. U.; BINELLI, M.; RENNÓ, F. P.; 
MURPHY, B. D.; PAPA, P. C. Global gene expression in the bovine corpus luteum is altered 
after stimulatory and superovulatory treatments. Reprod Fertil Dev., v. 25, n. 7, p. 998-1011, 
2013. 
 
 
GAO, X.; XU, Z. Mechanisms of action of angiogenin. Acta Biochim Biophys Sin 
(Shanghai), v. 40, n. 7, p. 619-624, 2008. 
 
 
HAYASHI, K. G.; BERISHA, B.; MATSUI, M.; SCHAMS, D.; MIYAMOTO, A. 
Expression of mRNA for the angiopoietin-tie system in granulosa cells during follicular 
development in cows. J Reprod Dev., v. 50, n. 4, p. 477-480, 2004. 
 
 



35 

 

HAZZARD, T. M.; CHRISTENSON, L. K.; STOUFFER, R. L. Changes in expression of 
vascular endothelial growth factor and angiopoietin-1 and -2 in the macaque corpus luteum 
during the menstrual cycle. Mol Hum Reprod., v. 6, n. 11, p. 993-998, 2000. 
 
 
HURLIMAN, A. K.; SPEROFF, L.; STOUFFER, R. L.; PATTON, P. E.; LEE, A.; 
MOLSKNESS, T. A. Changes in circulating levels and ratios of angiopoietins during 
pregnancy but not during the menstrual cycle and controlled ovarian stimulation. Fertil 
Steril., v. 93, n. 5, p. 1493-1499, 2010. 
 
 
HURWITZ, A.; FINCI-YEHESKEL, Z.; MILWIDSKY, A.; MAYER, M. Regulation of 
cyclooxygenase activity and progesterone production in the rat corpus luteum by inducible 
nitric oxide synthase. Reproduction, v. 123, n. 5, p. 663-669, 2002. 
 
 
JABLONKA-SHARIFF, A.; OLSON, L. M. Hormonal regulation of nitric oxide synthases 
and their cell-specific expression during follicular development in the rat ovary. 
Endocrinology, v. 138, n. 1, p. 460-468, 1997. 
 
 
JAROSZEWSKI, J. J.; SKARZYNSKI, D. J.; BLAIR, R. M.; HANSEL, W. Influence of 
nitric oxide on the secretory function of the bovine corpus luteum: dependence on cell 
composition and cell-to-cell communication. Exp Biol Med., v. 228, n. 6, p. 741-748, 2003. 
 
 
KLIEM, H.; WELTER, H.; KRAETZL, W. D.; STEFFL, M.; MEYER, H. H.; SCHAMS, D.; 
BERISHA, B. Expression and localisation of extracellular matrix degrading proteases and 
their inhibitors during the oestrous cycle and after induced luteolysis in the bovine corpus 
luteum. Reproduction, v. 134, n. 3, p. 535-547, 2007. 
 
 
KOGA, K.; OSUGA, Y.; TSUTSUMI, O.; MOMOEDA, M.; SUENAGA, A.; KUGU, K.; 
FUJIWARA, T.; TAKAI, Y.; YANO, T.; TAKETANI, Y. Evidence for the presence of 
angiogenin in human follicular fluid and the up-regulation of its production by human 
chorionic gonadotropin and hypoxia. J Clin Endocrinol Metab ., v. 85, n. 9, p. 3352-3355, 
2000. 
 
 
KOIVUNEN, E.; HUHTALA, M. L.; STENMAN, U. H. Human ovarian tumor-associated 
trypsin. Its purification and characterization from mucinous cyst fluid and identification as an 
activator of pro-urokinase. J Biol Chem., v. 264, n. 24, p. 14095-14099, 1989. 
 
 
LAHAV-BARATZ, S.; KRAIEM, Z.; SHILOH, H.; KOIFMAN, M.; ISHAI, D.; 
DIRNFELD, M. Decreased expression of tissue inhibitor of matrix metalloproteinases in 
follicular fluid from women with polycystic ovaries compared with normally ovulating 
patients undergoing in vitro fertilization. Fertil Steril ., v. 79, n. 3, p. 567-571, 2003. 
 



36 

 

LI, L.; O, W. S.; TANG, F. Adrenomedullin in rat follicles and corpora lutea: expression, 
functions and interaction with endothelin-1. Reprod Biol Endocrinol., v. 9, n., p. 111, 2011. 
 
 
LI, L.; TANG, F.; O, W. S. Coexpression of adrenomedullin and its receptor component 
proteins in the reproductive system of the rat during gestation. Reprod Biol Endocrinol., v. 
8, n., p. 130, 2010. 
 
 
LI, M.; YEE, D.; MAGNUSON, T. R.; SMITHIES, O.; CARON, K. M. Reduced maternal 
expression of adrenomedullin disrupts fertility, placentation, and fetal growth in mice. J Clin 
Invest., v. 116, n. 10, p. 2653-2662, 2006. 
 
 
LI, Y. Y.; LI, L.; HWANG, I. S.; TANG, F.; O, W. S. Coexpression of adrenomedullin and its 
receptors in the reproductive system of the rat: effects on steroid secretion in rat ovary. Biol 
Reprod., v. 79, n. 2, p. 200-208, 2008. 
 
 
LIND, A. K.; DAHM-KÄHLER, P.; WEIJDEGÅRD, B.; SUNDFELDT AND, K.; 
BRÄNNSTRÖM, M. Gelatinases and their tissue inhibitors during human ovulation: 
increased expression of tissue inhibitor of matrix metalloproteinase-1. Mol Hum Reprod., v. 
12, n. 12, p. 725-736, 2006. 
 
 
LIU, K.; LIU, Y. X.; HU, Z. Y.; ZOU, R. Y.; CHEN, Y. J.; MU, X. M.; NY, T. Temporal 
expression of urokinase type plasminogen activator, tissue type plasminogen activator, 
plasminogen activator inhibitor type 1 in rhesus monkey corpus luteum during the luteal 
maintenance and regression. Mol Cell Endocrinol ., v. 133, n. 2, p. 109-116, 1997. 
 
 
LIU, K.; WAHLBERG, P.; HÄGGLUND, A. C.; NY, T. Expression pattern and functional 
studies of matrix degrading proteases and their inhibitors in the mouse corpus luteum. Mol 
Cell Endocrinol., v. 205, n. 1-2, p. 131-140, 2003. 
 
 
LU, C. H.; LEE, R. K.; HWU, Y. M.; LIN, M. H.; YEH, L. Y.; CHEN, Y. J.; LIN, S. P.; LI, 
S. H. Involvement of the serine protease inhibitor, SERPINE2, and the urokinase plasminogen 
activator in cumulus expansion and oocyte maturation. PLoS One, v. 8, n. 8, p. e74602, 2013. 
 
 
MACCHIONE, E.; EPIFANO, O.; STEFANINI, M.; BELIN, D.; CANIPARI, R. Urokinase 
redistribution from the secreted to the cell-bound fraction in granulosa cells of rat 
preovulatory follicles. Biol Reprod., v. 62, n. 4, p. 895-903, 2000. 
 
 
MANN, G. E.; LAMMING, G. E. Relationship between maternal endocrine environment, 
early embryo development and inhibition of the luteolytic mechanism in cows. 
Reproduction, v. 121, n. 1, p. 175-180, 2001. 
 



37 

 

MIYABAYASHI, K.; SHIMIZU, T.; KAWAUCHI, C.; SASADA,  H.; SATO, E. Changes of 
mRNA expression of vascular endothelial growth factor, angiopoietins and their receptors 
during the periovulatory period in eCG/hCG-treated immature female rats. J Exp Zool A 
Comp Exp Biol., v. 303, n. 7, p. 590-597, 2005. 
 
 
MONA E PINTO, J.; PAVANELO, V.; ALVES DE FÁTIMA, L.; MEDEIROS DE 
CARVALHO SOUSA, L. M.; PACHECO MENDES, G.; MACHADO FERREIRA, R.; 
AYRES, H.; SAMPAIO BARUSELLI, P.; PALMA RENNÓ, F.; DE CARVALLO PAPA, P. 
Treatment with eCG decreases the vascular density and increases the glandular density of the 
bovine uterus. Reprod Domest Anim., v. 49, n. 3, p. 453-462, 2014. 
 
 
MORIYAMA, T.; OTANI, T.; MARUO, T. Expression of adrenomedullin by human 
granulosa lutein cells and its effect on progesterone production. Eur J Endocrinol ., v. 142, n. 
6, p. 671-676, 2000. 
 
 
MURPHY, B. D.; MARTINUK, S. D. Equine chorionic gonadotropin. Endocr Rev., v. 12, n. 
1, p. 27-44, 1991. 
 
 
MURPHY, B. D. Equine chorionic gonadotropin: an enigmatic but essential tool Animal 
reproduction, v. 9, p. 223-230, 2012. 
 
 
O'HARA, L.; FORDE, N.; CARTER, F.; RIZOS, D.; MAILLO, V.; EALY, A. D.; KELLY, 
A. K.; RODRIGUEZ, P.; ISAKA, N.; EVANS, A. C.; LONERGAN, P. Paradoxical effect of 
supplementary progesterone between Day 3 and Day 7 on corpus luteum function and 
conceptus development in cattle. Reprod Fertil Dev., v. 26, n. 2, p. 328-336, 2014. 
 
 
PELUFFO, M. C.; MURPHY, M. J.; BAUGHMAN, S. T.; STOUFFER, R. L.; 
HENNEBOLD, J. D. Systematic analysis of protease gene expression in the rhesus macaque 
ovulatory follicle: metalloproteinase involvement in follicle rupture. Endocrinology, v. 152, 
n. 10, p. 3963-3974, 2011. 
 
 
PFAFFL, M. W. A new mathematical model for relative quantification in real-time RT-PCR. 
Nucleic Acids Res., v. 29, n. 9, p. e45, 2001. 
 
 
PLESNER, T.; BEHRENDT, N.; PLOUG, M. Structure, function and expression on blood 
and bone marrow cells of the urokinase-type plasminogen activator receptor, uPAR. Stem 
Cells, v. 15, n. 6, p. 398-408, 1997. 
 
 
PORTELA, V. M.; VEIGA, A.; PRICE, C. A. Regulation of MMP2 and MMP9 
metalloproteinases by FSH and growth factors in bovine granulosa cells. Genet Mol Biol., v. 
32, n. 3, p. 516-520, 2009. 



38 

 

 
PRING, S. R.; OWEN, M.; KING, J. R.; SINCLAIR, K. D.; WEBB, R.; FLINT, A. P.; 
GARNSWORTHY, P. C. A mathematical model of the bovine oestrous cycle: simulating 
outcomes of dietary and pharmacological interventions. J Theor Biol., v. 313, p. 115-126, 
2012. 
 
 
PROKOPIOU, S. A.; BYRNE, H. M.; JEFFREY, M. R.; ROBINSON, R. S.; MANN, G. E.; 
OWEN, M. R. Mathematical analysis of a model for the growth of the bovine corpus luteum. 
J Math Biol ., v. 69, p.1515-1546, 2013. 
 
 
PUGLIESI, G.; OLIVERIA, M.; SCOLARI, S.; LOPES, E.; PINAFFI, F.; MIAGAWA, B.; 
PAIVA, Y.; MAIO, J.; NOGUEIRA, G.; BINELLI, M. Corpus luteum development and 
function after supplementation of long-acting progesterone during the early luteal phase in 
beef cattle. Reprod Domest Anim., v. 49, n. 1, p. 85-91, 2014. 
 
 
RAE, M. T.; PRICE, D.; HARLOW, C. R.; CRITCHLEY, H. O.; HILLIER, S. G. 
Glucocorticoid receptor-mediated regulation of MMP9 gene expression in human ovarian 
surface epithelial cells. Fertil Steril ., v. 92, n. 2, p. 703-708, 2009. 
 
 
RAMAKERS, C.; RUIJTER, J. M.; DEPREZ, R. H.; MOORMAN, A. F. Assumption-free 
analysis of quantitative real-time polymerase chain reaction (PCR) data. Neurosci Lett, v. 
339, n. 1, p. 62-66, 2003. 
 
 
RIBEIRO, L. A.; TURBA, M. E.; ZANNONI, A.; BACCI, M. L.; FORNI, M. Gelatinases, 
endonuclease and Vascular Endothelial Growth Factor during development and regression of 
swine luteal tissue. BMC Dev Biol, v. 6, p. 58, 2006. 
 
 
RIGOGLIO, N. N.; FÁTIMA, L. A.; HANASSAKA, J. Y.; PINTO, G. L.; MACHADO, A. 
S.; GIMENES, L. U.; BARUSELLI, P. S.; RENNÓ, F. P.; MOURA, C. E.; WATANABE, I. 
S.; PAPA, P. C. Equine chorionic gonadotropin alters luteal cell morphologic features related 
to progesterone synthesis. Theriogenology, v. 79, n. 4, p. 673-679, 2013. 
 
 
RILEY, S. C.; GIBSON, A. H.; LEASK, R.; MAUCHLINE, D. J.; PEDERSEN, H. G.; 
WATSON, E. D. Secretion of matrix metalloproteinases 2 and 9 and tissue inhibitor of 
metalloproteinases into follicular fluid during follicle development in equine ovaries. 
Reproduction, v. 121, n. 4, p. 553-560, 2001. 
 
 
ROCHE, J. F.; MACKEY, D.; DISKIN, M. D. Reproductive management of postpartum 
cows. Anim Reprod Sci., v. 60-61, p. 703-712, 2000. 
 



39 

 

ROSEWELL, K.; AL-ALEM, L.; LI, F.; KELTY, B.; CURRY, T. E. Identification of hepsin 
and protein disulfide isomerase A3 as targets of gelatinolytic action in rat ovarian granulosa 
cells during the periovulatory period. Biol Reprod., v. 85, n. 4, p. 858-866, 2011. 
 
 
SÁ FILHO, M. F.; AYRES, H.; FERREIRA, R. M.; MARQUES, M. O.; REIS, E. L.; SILVA, 
R. C.; RODRIGUES, C. A.; MADUREIRA, E. H.; BÓ, G. A.; BARUSELLI, P. S. Equine 
chorionic gonadotropin and gonadotropin-releasing hormone enhance fertility in a 
norgestomet-based, timed artificial insemination protocol in suckled Nelore (Bos indicus) 
cows. Theriogenology., v. 73, n. 5, p. 651-658, 2010. 
 
 
SALES, J. N.; CREPALDI, G. A.; GIROTTO, R. W.; SOUZA, A. H.; BARUSELLI, P. S. 
Fixed-time AI protocols replacing eCG with a single dose of FSH were less effective in 
stimulating follicular growth, ovulation, and fertility in suckled-anestrus Nelore beef cows. 
Anim Reprod Sci., v. 124, n. 1-2, p. 12-18, 2011. 
 
 
SALVERSON, T. J.; MCMICHAEL, G. E.; SURY, J. J.; SHAHED, A.; YOUNG, K. A. 
Differential expression of matrix metalloproteinases during stimulated ovarian recrudescence 
in Siberian hamsters (Phodopus sungorus). Gen Comp Endocrinol., v. 155, n. 3, p. 749-761, 
2008. 
 
 
SEALS, D. F.; COURTNEIDGE, S. A. The ADAMs family of metalloproteases: 
multidomain proteins with multiple functions. Genes Dev., v. 17, n. 1, p. 7-30, 2003. 
 
 
SHENG, J.; YU, W.; GAO, X.; XU, Z.; HU, G. F. Angiogenin stimulates ribosomal RNA 
transcription by epigenetic activation of the ribosomal DNA promoter. J Cell Physiol., v. 
229, n. 4, p. 521-529, 2014. 
 
 
SHIRASUNA, K.; WATANABE, S.; ASAHI, T.; WIJAYAGUNAWARDANE, M. P.; 
SASAHARA, K.; JIANG, C.; MATSUI, M.; SASAKI, M.; SHIMIZU, T.; DAVIS, J. S.; 
MIYAMOTO, A. Prostaglandin F2alpha increases endothelial nitric oxide synthase in the 
periphery of the bovine corpus luteum: the possible regulation of blood flow at an early stage 
of luteolysis. Reproduction, v. 135, n. 4, p. 527-539, 2008. 
 
 
SKARZYNSKI, D. J.; OKUDA, K. Inter- and intra-cellular mechanisms of prostaglandin 
F2alpha action during corpus luteum regression in cattle. Soc Reprod Fertil Suppl., v. 67, p. 
305-324, 2010. 
 
 
SKARZYNSKI, D. J.; PIOTROWSKA-TOMALA, K. K.; LUKASIK, K.; GALVÃO, A.; 
FARBEROV, S.; ZALMAN, Y.; MEIDAN, R. Growth and regression in bovine corpora 
lutea: regulation by local survival and death pathways. Reprod Domest Anim., v. 48, p. 25-
37, 2013. 
 



40 

 

SORSA, T.; SALO, T.; KOIVUNEN, E.; TYYNELÄ, J.; KONTTINEN, Y. T.; 
BERGMANN, U.; TUUTTILA, A.; NIEMI, E.; TERONEN, O.; HEIKKILÄ, P.; 
TSCHESCHE, H.; LEINONEN, J.; OSMAN, S.; STENMAN, U. H. Activation of type IV 
procollagenases by human tumor-associated trypsin-2. J Biol Chem., v. 272, n. 34, p. 21067-
21074, 1997. 
 
 
STOCCO, C.; TELLERIA, C.; GIBORI, G. The molecular control of corpus luteum 
formation, function, and regression. Endocr Rev., v. 28, n. 1, p. 117-149, 2007. 
 
 
TANAKA, J.; ACOSTA, T. J.; BERISHA, B.; TETSUKA, M.; MATSUI, M.; KOBAYASHI, 
S.; SCHAMS, D.; MIYAMOTO, A. Relative changes in mRNA expression of angiopoietins 
and receptors tie in bovine corpus luteum during estrous cycle and prostaglandin F2alpha-
induced luteolysis: a possible mechanism for the initiation of luteal regression. J Reprod 
Dev., v. 50, n. 6, p. 619-626, 2004. 
 
 
VAN VOORHIS, B. J.; MOORE, K.; STRIJBOS, P. J.; NELSON, S.; BAYLIS, S. A.; 
GRZYBICKI, D.; WEINER, C. P. Expression and localization of inducible and endothelial 
nitric oxide synthase in the rat ovary. Effects of gonadotropin stimulation in vivo. J Clin 
Invest., v. 96, n. 6, p. 2719-2726, 1995. 
 
 
YOSHIOKA, S.; ABE, H.; SAKUMOTO, R.; OKUDA, K. Proliferation of luteal 
steroidogenic cells in cattle. PLoS One, v. 8, n. 12, p. e84186, 2013. 
 
 
ZAMBERLAM, G.; PORTELA, V.; DE OLIVEIRA, J. F.; GONÇALVES, P. B.; PRICE, C. 
A. Regulation of inducible nitric oxide synthase expression in bovine ovarian granulosa cells. 
Mol Cell Endocrinol ., v. 335, n. 2, p. 189-194, 2011. 
 
 
ZHANG, W.; WEI, Q. W.; WANG, Z. C.; DING, W.; WANG, W.; SHI, F. X. Cell-specific 
expression and immunolocalization of nitric oxide synthase isoforms and the related nitric 
oxide/cyclic GMP signaling pathway in the ovaries of neonatal and immature rats. J Zhejiang 
Univ Sci B., v. 12, n. 1, p. 55-64, 2011. 
 
 
ZHU, G.; KANG, L.; WEI, Q.; CUI, X.; WANG, S.; CHEN, Y.; JIANG, Y. Expression and 
regulation of MMP1, MMP3, and MMP9 in the chicken ovary in response to gonadotropins, 
sex hormones, and TGFB1. Biol Reprod., v. 90, n. 3, p. 57, 2014. 
 
 
 




