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MORPHOLOGICAL AND MOLECULAR CHANGES IN EMBRYO-
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ELEVATED ENVIRONMENTAL TEMPERATURES 

 
 

By  

HUDA YAHIA HAMID 

March 2012 

 

Chairman: Professor Md Zuki Bin Abu Bakar, PhD 

Faculty: Veterinary Medicine 

 

Early embryonic development, successful implantation, optimal fetal and placental 

development, and maintenance of a pregnancy are critically dependent on intact 

embryo-maternal interactions. Today, assisted reproductive technology (ART) is 

widely used to overcome some causes of infertility; however, the success rate 

remains low as a result of failures in communication between the transferred embryo 

and the endometrium. Failure in embryo-maternal communication is responsible for 

reproductive wastage, resulting in enormous economic loss. The mechanism that 

regulates embryo-maternal interaction has remained elusive and is not well 

understood. A better understanding of early embryo-maternal communication and the 

identification of the external factors that could interfere with embryo-maternal 

crosstalk will improve reproductive success in both humans and animals. The present 

study focuses on the maternal signals, which are responsible for two-thirds of 

pregnancy losses. Thus, the main objectives of this study were to define the 
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morphological and molecular changes that occur in the maternal tissue in response to 

the presence of the embryo and to determine the effects of elevated ambient 

temperatures on the morphological and molecular responses of maternal tissue to 

embryonic signals. 

 

In the present study, implantation time was determined using blue dye injection (1% 

Chicago Sky Blue 6B). A radioimmunoassay (RIA) was used to estimate the plasma 

estradiol and progesterone levels during peri-implantation. Morphological changes in 

the rat oviduct and uterus during early pregnancy were examined under light and 

electron microscopes. Localization of transforming growth factor �1 (TGF�1), 

vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), 

and their receptors TGF�R1, VEGFR2 (Flk-1), FGFR1 (Flg) in the oviduct and 

uterus was determined by immunohistochemistry. TGF �1, VEGF, and bFGF gene 

expression levels in the rat uterus were examined by real-time quantitative RT-PCR.  

 

The effects of elevated ambient temperatures on implantation time, number of 

implantation sites, plasma estradiol and progesterone concentrations, morphological 

changes, and the expression levels of TGF�1, bFGF, and VEGF in the uterus during 

peri-implantation were also examined. Further, the effects of exposure to elevated 

temperatures at different stages of pregnancy on gestation length, litter size, neonatal 

deaths, sex ratio, birth weight, and offspring growth were also determined. 

 

In the present study, implantation was initiated on day 5 and established by day 7 of 

pregnancy in the rats kept under optimal temperatures (23±1°C), while the rats 

exposed to elevated temperatures (33±2°C) exhibited delayed implantation and a 
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reduced number of implantation sites. Moreover, the exposure to elevated 

temperatures resulted in changes in the patterns of plasma progesterone and estradiol 

levels during peri-implantation. 

 

Exposure to elevated ambient temperatures during early pregnancy resulted in 

prolonged gestation, reduced litter size, increased neonatal death, and a sex ratio 

biased toward males. Moreover, elevated temperatures adversely affected the birth 

weight and growth of offspring. Exposure to elevated ambient temperatures during 

the pre- and peri-implantation periods had stronger adverse effects on reproductive 

outcomes and offspring growth than post-implantation exposure. 

 

Rats maintained under optimal conditions exhibited many morphological changes in 

the oviduct and uterus during early pregnancy. In the oviduct, the secretory cells 

were predominant during the first 4 days of pregnancy. On days 5 through 8 of 

pregnancy, however, the ciliated cells were predominant. In the uterus, extensive 

infiltration of leukocytes was observed in the endometrium during pre-implantation, 

whereas during implantation, the number of leukocytes decreased. Additionally, 

considerable changes occurred in the apical plasma membrane of the uterine 

epithelial cells. Such changes included changes in the length and density of the 

microvilli, flattening of the uterine epithelial cells, loss of the small secretory 

droplets seen near the epithelial cells, and the appearance of cytoplasmic protrusions 

(pinopods). The uterine luminal epithelial cells gradually lost their microvilli and 

became very flat. Pinopods were observed at the apical surface as early as day 2 of 

pregnancy. The incidence of pinopods increased gradually up to day 5 of pregnancy, 

when the pinopods became abundant and appeared in doughnut shaped. 
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In rats exposed to elevated ambient temperatures, there was a reduced incidence of 

pinopods on day 5 compared to the rats maintained under optimal temperatures. On 

day 6 of pregnancy, the rats exposed to elevated temperatures did not show flattening 

of the apical membrane. 

 

Immunohistochemistry showed that TGF�1, TGF�R1, VEGF, VEGFR2 (Flk-1), 

bFGF, and FGFR1 (Flg) were expressed in both the oviduct and uterus throughout the 

first 8 days of pregnancy; however, the distribution and intensity of immunostaining 

for each protein varied depending on the day of pregnancy. In the oviduct, high 

immunoreactivities of these growth factors and their receptors were observed while the 

embryo was present in the oviduct. In the uterus, TGF�1, TGF�R1, VEGF, Flk-1, 

bFGF, and Flg were detected in the endometrium, i.e., in the epithelial and stromal 

cells. 

 

Both immunohistochemical analysis and real time RT-qPCR revealed that TGF�1, 

VEGF, and bFGF were found in the uterus at relatively lower levels during pre-

implantation but that their expression levels increased dramatically during peri-

implantation. Expression of TGF�1 increased significantly on day 5 (8.72 ± 1.20 - fold 

increase versus day 0, P < 0.001) and day 5.5 (13.22 ± 1.80 - fold increase versus day 

0, P < 0.001). A dramatic increase in TGF�1 expression was detected on day 6 of 

pregnancy (46.38 ± 8.57 - fold increase versus day 0, P < 0.0001). Elevated expression 

of bFGF was observed immediately before implantation on day 5 (13.04 ± 1.79 - fold 

increase versus day 0, P < 0.0001), whereas VEGF showed elevated expression on day 

5.5 (52.40 ± 6.50 - fold increase versus day 0, P < 0.0001).  
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The TGF�1 mRNA levels in the uteri of rats exposed to elevated temperatures on 

days 5, 5.5, and 6 of pregnancy were significantly (P < 0.01) lower than the 

expression levels in the uteri of rats kept under optimal temperatures at the same 

stages of pregnancy. VEGF and bFGF expression in the uteri of rats exposed to 

elevated temperatures on days 5 and 5.5 were significantly (P < 0.01) lower than the 

expression levels in uteri of rats maintained under optimal temperatures at the same 

stages of pregnancy, while high expression levels were observed on day 6 of 

pregnancy. 

 

In conclusion, implantation in rats was initiated on day 5 and established by day 7 of 

pregnancy. Elevated ambient temperatures can delay implantation and reduce the 

number of implantation sites. Elevated temperatures disturb the plasma estradiol and 

progesterone levels during peri-implantation. Elevated temperatures can also lead to 

prolonged gestation time, decreased litter size, neonatal death, and a sex ratio biased 

toward males. Additionally, exposure to elevated temperatures during early 

pregnancy has adverse effects on offspring growth. The exposure of pregnant rats to 

elevated temperatures during the pre- and peri-implantation stages has stronger 

adverse effects on reproductive performance than post-implantation exposure. 

Morphological alterations in the apical plasma membrane indicate endometrial 

receptivity. The expression patterns of TGF�1, VEGF and bFGF and their receptors 

in the oviduct indicate that these growth factors contribute to early embryonic 

development. High expression levels of TGF�1, VEGF, and bFGF during peri-

implantation suggest that these growth factors play roles in implantation in rats. 

Exposure of pregnant rats to elevated temperatures affects the responses of uterine 

tissue (i.e., both morphological and molecular responses) to embryonic signals, 
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leading to delay or failure of implantation. Overall, this study reveals that 

morphological alterations and growth factors (TGF�1, VEGF, and bFGF) are 

involved in embryo-maternal interactions and that elevated environmental 

temperatures interfere with the embryo-maternal crosstalk during peri-implantation, 

leading to implantation delay/failure. These findings can help in the diagnosis and 

treatment of non-receptive endometria and abnormal embryo-maternal interactions. 
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YANG OPTIMUM DAN YANG TINGGI 
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HUDA YAHIA HAMID 

Mac 2012 

 

Pengerusi: Profesor Md Zuki Bin Abu Bakar, PhD 

Fakulti: Perubatan Veterinar 

 

Pembangunan awal embrio, kejayaan implantasi, pembangunan optimum janin dan 

plasenta, dan penyelenggaraan bagi kehamilan amat bergantung kepada interaksi 

embrio-ibu yang utuh. Kegagalan dalam komunikasi embrio-ibu bertanggungjawab 

bagi pembaziran pembiakan, mengakibatkan kerugian ekonomi yang besar. Hari ini, 

teknologi pembiakan bantuan (ART) digunakan secara meluas untuk mengatasi 

beberapa penyebab kemandulan; bagaimanapun, kadar kejayaan masih rendah akibat 

kegagalan dalam komunikasi antara embrio yang dipindahkan dan endometrium. 

Mekanisme yang mengawal interaksi embrio-ibu masih sukar difahami dan tidak 

difahami dengan baik. Pemahaman yang lebih baik dalam komunikasi awal embrio-

ibu dan mengenal pasti faktor-faktor luaran yang boleh mengganggu interaksi 

embrio-ibu akan meningkatkan kejayaan pembiakan dalam kedua-dua manusia dan 

haiwan. Kajian ini memberi tumpuan kepada isyarat ibu, yang bertanggungjawab 

bagi dua pertiga daripada kerugian kehamilan. Oleh itu, objektif utama kajian ini 
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adalah untuk mentakrifkan perubahan morfologi dan molekul yang berlaku dalam 

tisu ibu sebagai tindak balas kepada kehadiran embrio dan juga untuk menentukan 

kesan suhu tinggi persekitaran ke atas tindakbalas morfologi dan molekul tisu ibu 

kepada isyarat embrio. 

 

Dalam kajian ini, masa implantasi telah ditentukan dengan menggunakan suntikan 

pewarna biru (1% Chicago Blue Sky 6B). Radioimunocerakinan (RIA) telah 

digunakan untuk menganggarkan paras plasma estradiol dan progesteron semasa 

peri-implantasi. Perubahan morfologi dalam oviduct dan rahim tikus semasa awal 

kehamilan telah diperiksa di bawah mikroskop cahaya dan elektron. Penyetempatan 

faktor pertumbuhan pengubah �1 (TGF�1), faktor pertumbuhan vaskular endotelium 

(VEGF) yang, faktor pertumbuhan fibroblast asas (bFGF), dan reseptor mereka 

TGF�R1, VEGFR2 (Flk-1), FGFR1 (Flg) dalam oviduct dan uterus telah ditentukan 

oleh Immunohistokimia. TGF �1, VEGF dan bFGF ungkapan tahap gen dalam rahim 

tikus telah diperiksa oleh masa sebenar kuantitatif RT-PCR. 

 

Kesan suhu tinggi persekitaran ke atas masa implantasi, bilangan tapak implantasi, 

kepekatan estradiol dan progesteron plasma, perubahan morfologi, dan tahap 

ungkapan TGF�1, bFGF, dan VEGF dalam rahim semasa peri-implantasi turut 

diperiksa. Di samping itu, kesan pendedahan kepada suhu tinggi di pelbagai 

peringkat kehamilan pada panjang kandungan, saiz kelahiran, kematian neonatal, 

nisbah jantina, berat lahir, dan pertumbuhan anak-anak juga ditentukan.  

 

Dalam kajian ini, implantasi bermula pada hari ke 5 dan lengkap pada hari ke 7 

kehamilan di dalam tikus yang disimpan di bawah suhu optimum (23 ± 1°C), 
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manakala tikus yang terdedah kepada suhu tinggi (33 ± 2°C) menunjukkan kelewatan 

implantasi dan bilangan yang berkurangan bagi tapak implantasi. Tambahan pula, 

pendedahan kepada suhu tinggi menyebabkan perubahan dalam corak progesteron 

plasma dan paras estradiol semasa peri-implantasi. 

 

Pendedahan kepada suhu tinggi ambien pada awal kehamilan menyebabkan 

kehamilan yang panjang, mengurangkan saiz kelahiran, meningkatkan kematian 

neonatal dan nisbah jantina yang condong kepada lelaki. Selain itu, suhu tinggi 

menjejaskan berat kelahiran dan pertumbuhan anak-anak. Pendedahan kepada suhu 

tinggi ambien pada masa pra- dan peri-implantasi mempunyai kesan yang lebih teruk 

ke atas hasil-hasil pembiakan dan pertumbuhan anak daripada pendedahan selepas 

implantasi. 

 

Tikus yang dikekalkan di bawah keadaan optimum menunjukkan banyak perubahan 

morfologi dalam oviduct dan uterus semasa awal kehamilan. Dalam oviduct, sel-sel 

pengeluaran adalah dominan dalam tempoh masa 4 hari pertama kehamilan. Pada 

hari ke 5 hingga 8 kehamilan, bagaimanapun, sel-sel bersilia adalah dominan. Dalam 

rahim, infiltrasi sel leukosit banyak diperhatikan dalam endometrium semasa pra-

implantasi, manakala semasa implantasi, bilangan leukosit menurun. Selain itu, 

perubahan yang agak besar berlaku dalam membran plasma apeks sel-sel epitelium 

rahim. Perubahan tersebut termasuklah perubahan dalam panjang dan ketumpatan 

mikrovilus, kesamarataan sel-sel epitelium rahim, kehilangan pengeluar titisan-titisan 

kecil yang dilihat berhampiran sel-sel epitelium, dan keadaan unjuran cytoplasmic 

(pinopods). Sel-sel epitelium lumen rahim kehilangan mikrovilus secara beransur-

ansur dan menjadi sangat rata. Pinopods diperhatikan di permukaan apikal seawal 
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hari ke 2 kehamilan. Kehadiran pinopods meningkat secara beransur-ansur sehingga 

hari ke 5 kehamilan, apabila pinopods menjadi banyak dan kelihatan  dalam bentuk 

donat. 

 

Dalam tikus yang terdedah kepada suhu ambien yang tinggi, pinopods berkurangan 

pada hari ke 5 berbanding dengan tikus yang disimpan di bawah suhu optimum. Pada 

hari ke 6 kehamilan, tikus-tikus yang terdedah kepada suhu tinggi tidak 

menunjukkan kesamarataan membran apikal. 

 

Immunohistokimia menunjukkan TGF�1, TGF�R1, VEGF, VEGFR2 (Flk-1), bFGF 

dan FGFR1 (Flg) terdapat dalam kedua-dua oviduct dan rahim sepanjang 8 hari 

pertama kehamilan, namun, pengedaran dan intensiti immunostaining bagi setiap 

protein berbeza bergantung kepada hari kehamilan. Dalam oviduct, 

immunoreactivities yang tinggi bagi faktor-faktor pertumbuhan dan reseptor 

diperhatikan semasa embrio hadir dalam oviduct itu. Dalam rahim, TGF�1, TGF�R1, 

VEGF, Flk-1, bFGF dan Flg dikesan dalam endometrium, iaitu, dalam sel-sel 

epitelium dan stroma. 

 

Kedua-dua analisis immunohistochemical dan masa nyata RT-qPCR mendedahkan 

bahawa TGF�1, VEGF dan bFGF ditemui dalam rahim pada paras yang agak rendah 

semasa pra-implantasi tetapi tahap ungkapan mereka meningkat secara mendadak 

semasa peri-implantasi. Ekspresi TGF�1 meningkat dengan ketara pada hari ke 5 

(8.72 ± 1.2 kali ganda berbanding hari 0, P < 0.001) dan hari ke 5.5 (13.22 ± 1.8 - 

kali ganda berbanding hari 0, P < 0.001). Peningkatan dramatik dalam TGF�1 

ungkapan dikesan pada hari ke 6 kehamilan (46.38 ± .8.57 - kali ganda berbanding 
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hari 0, P < 0.0001). Ungkapan tinggi bFGF diperhatikan sebaik sebelum penanaman 

pada hari ke 5 (13.04 ± 1.79 - kali ganda berbanding hari 0, P < 0.0001), manakala 

VEGF menunjukkan ungkapan tinggi pada hari ke 5.5 (52.4 ± 6.5 kali ganda 

berbanding hari 0, P < 0.0001). 

 

Tahap TGF�1 mRNA dalam rahim tikus yang terdedah kepada suhu tinggi pada hari 

ke 5, 5.5 dan 6 kehamilan adalah lebih rendah (P < 0.01) daripada tahap ungkapan 

dalam rahim tikus yang disimpan di bawah suhu optimum di peringkat kehamilan 

yang sama. Ungkapan VEGF dan bFGF dalam rahim tikus yang terdedah kepada 

suhu tinggi pada hari ke 5 dan 5.5 adalah lebih rendah (P < 0.01) daripada tahap 

ungkapan dalam rahim tikus yang diselenggarakan di bawah suhu optimum di 

peringkat kehamilan yang sama, manakala tahap ungkapan tinggi diperhatikan pada 

hari ke 6 kehamilan. 

 

Kesimpulannya, implantasi dalam tikus telah dimulakan pada hari ke 5 dan 

dilengkapkan pada hari ke 7 kehamilan. Suhu persekitaran yang tinggi boleh 

melambatkan implantasi dan mengurangkan bilangan tapak implantasi. Suhu tinggi 

mengganggu paras estradiol dan progesteron plasma semasa peri-implantasi. Suhu 

bertingkat juga boleh membawa kepada masa matang yang panjang, penurunan saiz 

kelahiran, kematian neonatal, dan nisbah jantina yang condong kepada lelaki. Selain 

itu, pendedahan kepada suhu tinggi semasa awal kehamilan mempunyai kesan buruk 

ke atas pertumbuhan anak-anak. Pendedahan tikus yang mengandung kepada suhu 

tinggi semasa peringkat pra-dan peri-implantasi mempunyai kesan buruk yang kuat 

terhadap prestasi pembiakan daripada pendedahan selepas implantasi. Perubahan 

morfologi dalam membran apikal plasma menunjukkan kesediaan menerima oleh 
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endometrium. Corak ungkapan TGF�1, VEGF, dan bFGF dan reseptor mereka 

dalam oviduct menunjukkan bahawa faktor-faktor pertumbuhan menyumbang 

kepada pembangunan embrio awal. Tahap ungkapan yang tinggi TGF�1, VEGF, dan 

bFGF semasa peri-implantasi mencadangkan bahawa faktor-faktor pertumbuhan 

memainkan peranan dalam implantasi dalam tikus. Pendedahan tikus yang 

mengandung kepada suhu tinggi memberi kesan kepada tindak balas tisu rahim 

(iaitu, jawapan kedua-dua morfologi dan molekul) isyarat embrio, yang membawa 

kepada kelewatan atau kegagalan penanaman. Oleh itu, perubahan morfologi dan 

faktor pertumbuhan (TGF�1, VEGF, dan bFGF) terbabit dalam komunikasi awal 

embrio-ibu. Penemuan ini boleh membantu dalam diagnosis dan rawatan kes-kes 

seperti non-receptive endometria dan ketidaknormalan interaksi embrio-ibu. 
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CHAPTER ONE 

 

INTRODUCTION 

 

Early embryonic development, successful implantation, optimal fetal and placental 

development, and maintenance of a pregnancy are critically dependent on intact 

embryo-maternal interactions. The embryo-maternal dialogue starts immediately 

after fertilization and is exerted through both local and systemic signaling (Barnea, 

2001). The presence of a biochemical network of embryo-maternal communication 

implies that various secreted molecules constitute a signal-response mechanism. This 

mechanism is crucial for the process of embryo implantation in mammals (Cocchiara 

et al., 1996).  

 

Communication between the embryo and mother and their reciprocal effects on each 

other are not fully understood, and thus constitute an exciting and unsolved problem 

in reproductive medicine (Simon et al., 2001). Problems in the signaling mechanisms 

play a crucial role in early embryonic mortality since a high rate of embryonic 

mortality occurs during early pregnancy (Goff, 2002). 

 

In farm animals, one of the most important problems in reproduction and breeding is 

early embryonic death, which has a substantial economic impact (Wolf et al., 2003). 

In cattle, for instance, 40% of total embryonic losses occur during early pregnancy; 

i.e. from day 8 to 17 of pregnancy (Humbolt, 2001; Thatcher et al., 2001). Early 

embryonic loss is considered a principal obstacle to the reproductive success in all 
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domestic animals (Johnson et al., 2003), as 25% of successful fertilizations do not 

result in viable fetuses (Roberts et al., 1984).  

 

In humans, early loss of pregnancy is a significant clinical problem. Although the 

human population is growing rapidly and is projected to reach nine billion by 2050, 

15% of married couples worldwide have no children and 25% of them experience 

unexplained infertility (Cahill and Wardle, 2002; Wang and Dey, 2006). Currently, 

assisted reproductive technology (ART), such as in vitro fertilization and embryo 

transfer (IVF-ET), is widely used to overcome some causes of infertility, such as 

tubal scaring and male factors. Nevertheless, the rate of successful pregnancies is 

only 30% (Wang and Dey, 2006), and subsequent delivery rates are only 10-30% 

(Adamson et al., 2006). The low success rate of ART is due to implantation failure, 

which occurs when the embryo is transferred to a non-receptive uterus; such failures 

occur despite excellent blastocyst quality, indicating the pivotal role of the 

endometrium in implantation.  

 

Non-receptive endometria are responsible for about two-thirds of implantation 

failures, while the embryos are responsible for only one-third of failures (Simon et 

al., 1998; Ledee-Bataille et al., 2002). Uterine receptivity may be affected by internal 

as well as external factors. 

 

The maternal environments during pre- and peri-implantation are thought to play a 

major role in the success of pregnancy, offspring viability and offspring health; most 

inherited diseases manifest at these early stages of pregnancy. 
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The definite mechanism that regulates the embryo-maternal dialogue until now is 

elusive and is not well understood. A better understanding of early embryo-maternal 

communication, and the external factors that could interfere with it, will help to 

increase the pregnancy rate by improving embryo transfer process, avoiding 

embryonic losses, and assisting in the diagnosis and treatment of non-receptive 

endometrium. Knowledge of the cells and molecules that are involved in embryo-

maternal crosstalk, particularly during peri-implantation period, could help to solve 

two contrasting global problems by alleviating female infertility as well as by 

helping to develop novel contraceptives. 

 

Identifying reliable markers of uterine receptivity will lessen the need to transfer 

multiple embryos to increase the success rate in in vitro fertilization and embryo 

transfer programs and therefore avoid the complications of multiple pregnancies. Not 

only is early maternal-embryonic interaction important for successful pregnancy, but 

it could also exert a significant influence on adult life in the future (e.g. body weight, 

diseases and likely behavior).  

 

The current study focused on the maternal signals, which is responsible for two-

thirds of the pregnancy failures. Particular attention was paid to the morphology of 

the oviduct and uterus during the presence of the embryo in these organs, and to the 

expression of transforming growth factor (TGF�1), vascular endothelial growth 

factor (VEGF), and basic fibroblast growth factor (bFGF) in the maternal tissue 

during pre and peri-implantation period. 
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Perrier d’Hauterive et al. (2005) reported that TGF�1 enhances the production of 

leukaemia inhibitory factor (a pro-implantation cytokine) from the endometrium. 

Moreover, over expression of Lefty (a TGF�1 antagonist) in the mouse uterus 

reduces the number of implantation sites (Tang et al., 2005). VEGF and basic FGF 

are implicated in angiogenesis, i.e., an essential process in the reproductive cycle 

(Friesel et al., 1989; Bates, 2010). Thus, these growth factors seem to have pivotal 

roles during pregnancy. It would be significant to determine the expression patterns 

of these growth factors during pre-, peri- and post- implantation. Knowledge of these 

expression patterns will help in the diagnosis and treatment of such cases of 

infertility and also in the prevention and treatment of early pregnancy disorders. 

 

Heat stress has a major influence on fertility and significantly reduces the 

reproductive and productive efficiency of farm animals (Jordan, 2003; Rensis and 

Scaramuzzi, 2003; Bloemhof et al., 2008; Kornmatitsuk et al., 2008; Udompraset 

and Williamson 1987). Several experimental studies in mice have shown that heat 

exposure for 12 h soon after mating compromises embryonic development, due to the 

effects of heat on the oviduct rather than on the embryo (Ozawa et al., 2002; Ozawa 

et al., 2003; Matsuzuka et al., 2005; Sakamoto et al., 2008). As implantation is the 

most sensitive process in pregnancy, the effects of exposure to elevated ambient 

temperatures on the maternal responses to implantation should be investigated. 

 

This study aimed to generate more meaningful information about the maternal 

signals during pre-, peri- and post-implantation periods. The secondary focus is the 

effect of elevated ambient temperatures (an external factor) on implantation, 
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maternal signals during peri-implantation, reproductive outcomes and offspring 

growth. 

 

Thus, the hypothesis of this study was that the morphology of the oviduct and 

endometrium and the expression of local growth factors change in response to 

embryonic signals and, additionally, the environmental conditions affect embryo-

maternal crosstalk. 

 

The main objective of this study was to define the morphological and molecular 

changes that occur in the maternal tissue in response to the presence of the embryo. 

 

The specific objectives were: 

i. to determine the time of implantation in rats and the concentrations of 

plasma progesterone and estradiol during peri-implantation,  

ii. to define the morphological changes in the oviduct and uterus during 

early pregnancy, 

iii. to determine the distribution and expression pattern of the growth factors 

and their receptors in the oviduct and uterus during early pregnancy, 

iv. to determine the effects of elevated ambient temperatures on 

implantation, concentrations of plasma progesterone and estradiol, 

morphological changes and growth factor expressions during peri-

implantation, as well as on reproductive outcomes and offspring growth. 

  



© C
OPYRIG

HT U
PM

198 
 

REFERENCES 

 

 

Adams, S.M., Gayer, N., Hosie, M.J. and Murphy, C.R. (2002). Human uterodomes 
(pinopods) do not display pinocytotic function. Human Reproduction. 17: 1980-
1986. 

Adamson, G.D., de Mouzon, J., Lancaster, P., Nygren, K.G., Sullivan, E. and 
Zegers-Hochschild, F. (2006). World collaborative report on in vitro fertilization, 
2000. Fertility and Sterility. 85: 1586- 1622. 

Agca, Y. and Critser, J.K. (2006). Assisted Reproductive Technologies and Genetic 
Modification in Rats: In M. A. Suckow, S. H. Weisbroth and C. L. Franklin. The 
Laboratory Rat. 2nd ed. (pp 165-189). Elsevier Academic Press. 

Aghajanova, L. (2004). Leukemia inhibitory factor and human embryo implantation. 
Annals of the New York Academy of Sciences. 1034: 176-183. 

Aghajanova, L. (2008). HB-EGF but not Amphiregulin or their receptors HER1 and 
HER4 is altered in endometrium of women with unexplained infertility. 
Reproductive Sciences. 15: 484-492. 

Allen, C.A. and Green, D.P. (1995). Monoclonal antibodies which recognize 
equatorial segment epitopes presented de novo following the A23187- induced 
acrosome reaction of guinea pig sperm. Journal of Cell Science. 108: 767–777. 

Arceci, R.J., Shanahan, F., Stanley, E.R. and Pollard, J.W. (1989). Temporal 
expression and location of colony-stimulating factor 1 (CSF-1) and its receptor in the 
female reproductive tract are consistent with CSF-1-regulated placental development. 
Proceedings of the National Academy of Sciences of the United State of America. 86: 
8818–8822. 

Archache, H. and Revel, A. (2006). Endometrial receptivity markers, the journey to 
successful embryo implantation. Human Reproduction Update. 12(6): 731-746. 

Arici, A., Engin, O., Attar, E. and Olive, D.L. (1995). Modulation of leukemia 
inhibitory factor gene expression and protein biosynthesis in human endometrium. 
Journal of Clinical Endocrinology and Metabolism. 80: 1908–1915. 

Arici, A. and Sozen, I. (2003). Expression, menstrual cycle-dependent activation, and 
bimodal mitogenic effect of transforming growth factor-b1 in human myometrium 
and leiomyoma. American Journal of Obstetrics and Gynecology. 188: 76–83. 

Armelin, H.A. (1973). Pituitary extracts and steroid hormones in the control of 3T3 
cell growth. Proceedings of the National Academy of Sciences of the United State of 
America. 70: 2702–2706. 

Baird, A. and Walicke, P.A. (1989). Fibroblast growth factors. British Medical 
Bulltein. 45: 438-452. 



© C
OPYRIG

HT U
PM

199 
 

Baker, D.E.J. (1979). Reproduction and breeding. In H. J. Baker, J. R. Lindsey, and 
S.H. Weisbroth. The Laboratory Rat, volume 1. (pp. 153-168). New York: Academic 
Press.  

Bancroft, J.D. and Gamble, M. (2002). Theory and Practice of Histological 
Techniques. 6th ed. London: Churchill Livingstone. Elsevier. 

Barfield, R.J. and Thomas, D.A. (1986). The role of ultrasonic vocalizations in 
regulation of reproduction in rats. Annals of the New York Academy of Sciences. 474: 
33-43. 

Barnard, J.A., Lyons, R.M. and Moses, H.L. (1990). The cell biology of transforming 
growth factor �. Biochimica et Biophysica Acta. 1032: 79–87. 

Barnea, E.R. (2001). Embryo maternal dialogue: From pregnancy recognition to 
proliferation control. Early Pregnancy. 5(1): 65-66.   

Bashkin, P., Doctrow, S., Klagsbrun, M., Svahn, C.M., Folkman, J. and Vlodavsky, 
I. (1989). Basic fibroblast growth factor binds to subendothelial extracellular matrix 
and is released by heparitinase and heparin-like molecules. Biochemistry. 28:1737- 
1743. 

Basir, G.S., Wai-sum, O., Ng, E.H.Y. and Ho, P.C. (2001). Morphometric analysis of 
peri-implantation endometrium in patients having excessively high estradiol 
concentration after ovarian stimulation. Human Reproduction. 16: 435-440. 

Bates, D.O. (2010).Vascular endothelial growth factors and vascular permeability. 
Cardiovascular Research. 87: 262–271. 

Bates, D.O. and Harper, S.J. (2003). Regulation of vascular permeability by vascular 
endothelial growth factor. Vascular Pharmacology. 39: 225-237. 

Battegay, E.J., Raines, E.W., Seifert, R.A., Bowen-Pope, D.F. and Ross, R. (1990). 
TGF-b induces bimodal proliferation of connective tissue cells via complex control 
of an autocrine PDGF loop. Cell. 63: 515–524. 

Bazer, F.W., Spencer, T.E. and Ott, T.L. (1996). Interferon tau: a novel pregnancy 
recognition signal. American Journal of Reproduction and Immunology. 37: 412–
420. 

Bazer, F.W., Wu, G., Spencer, T.E., Johnson, G., Burghardt, A.R.C. and Bayless, K. 
(2010). Novel pathways for implantation and establishment and maintenance of 
pregnancy in mammals. Molecular Human Reprodution. 16: 135 - 152. 

Benson, G.K. and Morris, L.R. (1971). Foetal growth and lactation in rats exposed to 
high temperatures during pregnancy. Journal of Reproduction and Fertility. 27(3): 
369-84. 

Bentin-Ley, U., Sjogren, A., Nillsson, L., Hamberger, L., Larsen, J.F. and Horn, T. 
(1999). Presence of uterine pinopodes at the embryo-endometrial interface during 
human implantation in vitro. Human Reproduction. 14: 515-520. 

 



© C
OPYRIG

HT U
PM

200 
 

Berman, A., Folman, Y., Kaim, M., Mamen, M., Herz, Z., Wolfenson, D., Arieli, A. 
and Graber, Y. (1985). Upper critical temperatures and forced ventilation effects for 
high-yielding dairy cows in a subtropical climate. Journal of Dairy Science. 68: 
1488–1495. 

Bischof, P. and Campana, A. (2000). Molecular mediators of implantation. Best 
Practice and Research Clinical Obstetrics and Gynaecology. 14: 801–814.  

Bloemohf, S., van der Waaij, E.H., Merks, J.W.M. and Knol, E.F. (2008). Sow line 
differences in heat stress tolerance expressed in reproductive performance traits. 
Journal of Animal Science. 86: 3330-3337. 

Blois, S.M., Joachim, R., Kandil, J., Margni, R., Tometten, M., Klapp, B.F. and 
Arck, P.C. (2004). Depletion of CD8+ cells abolishes the pregnancy protective effect 
of progesterone substitution with dydrogesterone in mice by altering the Th1/Th2 
cytokine profile. Journal of Immunology. 172: 5893-5899. 

Bottcher, R.T. and Niehrs, C. (2005). Fibroblast growth factor signaling during early 
vertebrate development. Endocrine Reviews. 26(1): 63–77. 

Bowen, J.A. and Burghardt, R.C. (2000). Cellular mechanisms of implantation in 
domestic farm animals. Seminars in Cell and Developmental Biology. 11: 93-104. 

Bridges, P.J., Brusie, M.A. and Fortune, J.E. (2005). Elevated temperature (heat 
stress) in vitro reduces androstenedione and estradiol and increases progesterone 
secretion by follicular cells from bovine dominant follicles. Domestic Animal 
Endocrinology. 29: 508-522. 

Brigstock, D.R., Heap, R.B. and Brown, K.D. (1989). Polypeptide growth factors in 
uterine tissues and secretions. Journal of Reproduction and Fertility. 85: 747–758. 

Bruckner, T.A., Cheng, Y.W. and Caughey, A.B. (2008). Increased neonatal 
mortality among normal-weight 257 births beyond 41 weeks of gestation in 
California. American Journal of Obstetrics and Gynecology. 199 (4): 421.e1-421.e7. 

Bucci, M. and Murphy, C.R. (1999). Differential alterations in the distribution of 
three phosphatase enzymes during the plasma membrane transformation of uterine 
epithelial cells in the rat. Cell Biology International. 31: 21-30. 

Byun, H-S., Lee, G-S., Lee, B-M., Hyun, S-H., Choi, K-C. and Jeung, E-B. (2008). 
Implantation-related expression of epidermal growth factor family molecules and 
their regulation by progesterone in the pregnant rat. Reproductive Sciences. 15: 678-
689. 

Cahill, D. and Wardle, P. (2002). Management of infertility. British Medical Journal. 
325: 28–32. 

Camargo, L.S.A., Viana, J.H.M., Sa, W.F. Ferreira, A.M., Ramos, A.A. and Filho, 
V.R. (2006). Factors Influencing in vitro embryo production. Animal Reproduction. 
3: 19-28. 

Campange, D.M. (2006). Should fertilization treatment start with reducing stress? 
Human Reproduction. 21: 1651-1658. 



© C
OPYRIG

HT U
PM

201 
 

Caniggia, I., Winter, J., Lye, S.J. and Post, M. (2000). Oxygen and placental 
development during the first trimester: implications for the pathophysiology of pre-
eclampsia. Placenta. 21:S25–30.  

Canivenc, R., Laffargue, M. and Mayer, G. (1956). Nidations retarde´es chez la ratte 
castre´es et injecte´e de progeste´rone: Influence du moment de la castration sur la 
chronologie de l’ovoimplantation. C. R. Se´ances Soc. Biol. 150: 2208–2212. 

Carlone, D.L. and Rider, V. (1993). Embryonic modulation of basic fibroblast 
growth factor in the rat uterus. Biology of Reproduction. 49: 653–665. 

Carmeliet, P., Ferreira, V., Breier, G., Pollefeyt, S., Kieckens, L., Gertsenstein, M., 
Fahrig, M., Vendenhoeck, A., Harpal K., Eberhardt, C., Declercq, C., Pawling, J., 
Moons, L., Collen, D., Risau, W. and Nagy, A. (1996). Abnormal blood vessel 
development and lethality in embryos lacking a single VEGF allele. Nature. 380: 
453-439. 

Caron, P.L., Frechette-Frigon, G., Shooner, C., Leblanc, V. and Asselin, E. (2009). 
Transforming growth factor beta isoforms regulation of Akt activity and XIAP levels 
in rat endometrium during estrous cycle, in a model of pseudopregnancy and in 
cultured decidual cells. Reproductive Biology and Endocrinology. 7. 80.  
doi:10.1186/1477-7827-7-80. 

Catalano, R., Bruckner, T. and Smith, K.R. (2008). Ambient temperature predicts sex 
ratios and male longevity. Proceedings of the National Academy of Sciences of the 
United State of America. 105: 2244–2247. 

Chakraborty, I., Das, S.K. and Dey, S.K. (1995). Differential expression of vascular 
endothelial growth factor and its receptor mRNA in the mouse uterus around the time 
of implantation. Journal of Endocrinology. 147: 339-352. 

Charnock-Jones, D.S., Sharkey, A.M., Rajput-Williams, J., Burch, D., Schofield, 
J.P., Fountain, S.A., Boocock, C.A. and Smith, S.K. (1993). Identification and 
localization of alternately spliced mRNAs for vascular endothelial growth factor in 
human uterus and estrogen regulation in endometrial carcinoma cell lines. Biology of 
Reproduction. 48: 1120–1128. 

Chatzaki, E., Kouimtzoglou, E., Margioris, A.N. and Gravanis, A. (2003). 
Transforming growth factor beta1 exerts an autocrine regulatory effect on human 
endometrial stromal cell apoptosis, involving the FasL and Bcl-2 apoptotic pathways. 
Moecular Human Reproduction. 9: 91-95. 

Chobotova, K., Spyropoulou, I., Carver, J., Manek, S., Heath, J.K., Gullick, W.J., 
Barlow, D.H., Sargent, I.L. and Mardon, H.J. (2002). Heparin-binding epidermal 
growth factor and its receptor ErbB4 mediate implantation of the human blastocyst. 
Mechanisms of Development. 119: 137–144. 

Chow, J.F.C., Lee, F-K.,Chan, S.T.H. and Yeung, W.S.B. (2001). Quantification of 
transforming growth factor�1 (TGF�1) mRNA expression in mouse preimplantaion 
embryos and determination of TGF� receptor (type I and type II) expression in 
mouse embryo and reproductive tract. Molecular Human Reproduction. 7 (11): 
1047-1056. 



© C
OPYRIG

HT U
PM

202 
 

Clough, G. (1982). Environmental effect on animals used in biomedical research. 
Biological Reviews. 57: 487–523. 

Cocchiara, R., Lampiasi, N., Albeggiani, G., Azzolina, A., Bongiovanni, A., 
Gianaroli, L., Di Blasi, F. and Geraci, D. (1996). A factor secreted by human embryo 
stimulates cytokine release by uterine mast cell. Molecular and Human 
Reproduction. 2(10): 781-791. 

Cohen, D.J., Ellerman, D.A. and Cuasnicu, P.S. (2000). Mammalian sperm–egg 
fusion: evidence that epididymal protein DE plays a role in mouse gamete fusion. 
Biology of Reproduction. 63: 462–468. 

Cowell, T. P. (1969). Implantation and development of mouse eggs transferred to the 
uteriof non-progestational mice. Journal of Reproduction and Fertility. 19: 239-245. 

Cowling,G.J. and Dexter, T.M. (1994). Apoptosis in the haemopoietic system. 
Philosophical Transactions: Biological Sciences. 345: 257-263. 

Cullinan-Bove, K. and Koos, R.D. (1993). Vascular endothelial growth 
factor/vascular permeability factor expression in the rat uterus: rapid stimulation by 
estrogen correlates with estrogen-induced increases in uterine capillary permeability 
and growth. Endocrinology. 133: 829–837. 

Das, S.K., Das, N., Wang, J., Lim, H., Schryver, B., Plowman, G.D. and Dey, S.K. 
(1997a). Expression of betacellulin and epiregulin genes in the mouse uterus 
temporally by the blastocyst solely at the site of its apposition is coincident with the 
"window" of implantation. Developmental Biology. 190: 178-190. 

Das, S.K., Chakraborty, I., Wang, J., Dey, S.K. and Hoffman, L.H. (1997b). 
Expression of vascular endothelial growth factor (VEGF) and VEGF-receptor 
messenger ribonucleic acids in the peri-implantation rabbit uterus. Biology of 
Reproduction. 56: 1390–1399. 

Das, S.K., Wang, X.N., Paria, B.C., Damm, D., Abraham, J.A., Klagsbrun, M., 
Andrews, G.K. and Dey, S.K. (1994). Heparin-binding EGF-like growth factor gene 
is induced in the mouse uterus temporally by the blastocyst solely at the site of its 
apposition: a possible ligand for interaction with blastocyst EGF-receptor in 
implantation. Development. 120: 1071-1083. 

De, M., Choudhuri, R. and Wood, G.W. (1991). Determination of the number and 
distribution of macrophages, lymphocytes, and granulocytes in the mouse uterus 
from mating through implantation. Journal of Leukocyte Biology. 50: 252-262. 

De, M., Sanford, T.R. and Wood, G.W. (1993). Expression of interleukin 1, 
interleukin 6 and tumour necrosis factor alpha in mouse uterus during the peri-
implantation period of pregnancy. Journal of Reproduction and Fertility. 97: 83-89. 

Dean, A.M. and Voss, D. (1999). Design and analysis of experiments. New York: 
Springer. 

Debieve, F., Hinck, L., Biard, J.M., Bernard, P. and Hubinont, C. (2006). Activin 
receptor expression and induction of apoptosis in rat blastocysts in vitro. Human 
Reproduction. 21: 618–623. 



© C
OPYRIG

HT U
PM

203 
 

Dey, S.K. (2003). Visualizing Early Embryo Implantation Sites by Dye Injection. In . 
A. Nagy. Manipulating the Mouse Embryo (pp. 10–11).Cold Spring Harbor, NY: 
Cold Spring Harbor Press. 

Dey, S.K. Lim, H., Das, S.K., Reese, J., Paria, B.C., Daikoku, T. and Wang, H. 
(2004). Molecular cues to implantation. Endocrine Reviews. 25: 341-373. 

Dhara, S., Lalitkumar, P.G.L., Sengupta, J. and Ghosh, D. (2001). 
Immunohistochemical localization of insulin-like growth factors-I and-II at the 
primary implantation site in the Rhesus monkey. Molecular Human Reproduction. 7: 
365-371. 

Dickson, M.C., Martin, J.S., Cousins, F.M., Kulkarni, A.B., Karlsson, S. and 
Akhurst, R.J. (1995). Defective haematopoiesis and vasculogenesis in transforming 
growth factor-beta 1 knock out mice. Development. 121: 1845–1854. 

Dimitriadis, E., Menkhorst, E., Salamonsen, L.A. and Paiva, P. (2010). LIF and IL11 
in trophoblast-endometrial interactions during the establishment of pregnancy. 
Placenta. 31: S99-S104. 

Djurovic, S., Schjetlein, R., Wisloff, F., Haugen, G., Husby, H. and Berg, K. (1997). 
Plasma concentrations of Lp (a) lipoprotein and TGF-bera1 are altered in 
preeclampsia. Clinical Genetics. 52: 371–376. 

Dobson, H., Tebble, J.E., Smith, R.F. and Ward, W.R. (2001). Is stress really all that 
important? Theriogenology. 55: 65-73. 

Duncan, W.C., Myers, M., Dickinson, R.E., van den Driesche, S. and Fraser, H.M. 
(2009). Paracrine regulation of luteal development and luteolysis in the primate. 
Animal Reproduction. 6: 34-46. 

Dvorak, H.F., Brown, L.F., Detmar, M. and Dvorak, A.M. (1995). Vascular 
permeability factor/vascular endothelial growth factor, microvascular 

hyperpermeability, and angiogenesis. American Journal of Pathology. 146: 1029–
1039. 

Ealy, A.D., Drost, M. and Hansen, P.J. (1993). Developmental changes in embryonic 
resistance to adverse effects of maternal heat stress in cows. Journal of Dairy 
Science. 76: 2899-2905. 

Edwards, A.K. van den Heuvel, M.J., Wessels, J. M., LaMarre, J., Croy, B.A. and 
Tayade, C. (2011). Expression of angiogenic basic fibroblast growth factor, platelet 
derived growth factor, thrombospondin-1 and their receptors at the porcine maternal-
fetal interface. Reproductive Biology and Endocrinology. 9:5. 
http://www.rbej.com/content/9/1/5. 

Edwards, L.M., Rahe, C.H., Griffen, J.L., Wolfe, D.F., Marple, D.N., Cummins, 
K.A. and Prichet, J.F. (1987). Effect of transportation stress on ovarian function in 
superovulated Hereford heifers. Theriogenology. 28: 291-299. 

Enders, A. (1965). A comparative study of the fine structure of the trophoblast in 
several hemochorial placentas. American Journal of Anatomy.116: 29-68. 



© C
OPYRIG

HT U
PM

204 
 

Enders, A. and Schlafke, S. (1967). A morphological analysis of the early 
implantation stages in the rat. American Journal of Anatomy. 120: 185-225. Abstract 

Enders, A.C. and Nelson, D.M. (1973). Pinocytotic activity of the uterus of the rat. 
American Journal of Anatomy. 138 (3): 227-300. 

Eugster, A., Vingerhoets, A.J., von Heck, G.L. and Merkus, J.M. (2004). The effect 
of episodic anxiety on an in vitro fertilization and intracytoplasmic sperm injection 
treatment outcome: a pilot study. Journal of Psychosomatic Obstetrics and 
Gynaecology. 25: 57-65. 

Euker, J.S. and Riegle, G.D. (1973). Effects of stress on pregnancy in the rat. Journal 
of Reproduction and Fertility. 34: 343-346. 

Evdokimova, V.N., Nikitina, T.V., Lebedev, I.N., Sukhanova, N.N. and Nazarenko, 
S.A. (2000). Sex ratio in early embryonal mortality in man. Ontogenez. 31: 251–257. 

Fawcett, D.W. (2002). Concise histology. D.W Fawcett and R. P. Jensh. 2nd ed. 
London: Oxford University Press. 

Ferrara, N. and Davis-Smyth, T. (1997). The biology of vascular endothelial growth 
factor. Endocrine Reviews. 18: 4–25. 

Ferriani, R.A., Charnock-Jones, D.S., Prentice, A., Thomas, E.J. and Smith, S.K. 
(1993). Immunohistochemical localization of acidic and basic fibroblast growth 
factors in normal human endometrium and endometriosis and the detection of their 
mRNA by polymerase chain reaction. Human Reproduction. 8: 11–16. 

Fong, G.H., Rossant J., Gertsenstein, M. and Breitman, M.L. (1995). Role of the Flt-
1 receptor tyrosine kinasein regulating the assembly of vascular endothelium. 
Nature. 376: 66-70. 

Freeman, M.E. (1988). The Ovarian Cycle of the Rat. In E. Knobil and J. D. Neill. 
The Physiology of Reproduction (pp.1893-1928). New York: Raven Press. 

Friesel, R., Burgess, W.H. and Maciag, T. (1989). Heparin-binding growth factor 1 
stimulates tyrosine phosphorylisation in NIH 3T3 cells. Molecular and Cellular 
Biology. 9: 1857-1865. 

Funkenstein, B., Olekh, E. and Jakowlew, S.B. (2010). Identification of a novel 
transforming growth factor-� (TGF-�6) gene in fish: regulation in skeletal muscle by 
nutritional state. BMC Molecular Biology. 11:37.  
http://www.biomedcentral.com/1471-2199/11/37. 

Gabler, C., Einspanier, A., Schams, D. and Einspanier, R. (1999). Expression of 
vascular endothelial growth factor (VEGF) and its corresponding receptors (flt-1 and 
flk-1) in the bovine oviduct. Molecular Reproduction and Development. 53: 376–
383. 

Garside, D.A., Charlton, A. and Heath, K.J. (1996). Establishing the timing of 
implantation in the Harlan Porcellus Dutch and New Zealand White rabbit and the 
Han Wistar rat. Regulatory Toxicology and Pharmacology. 23: 69-73. 



© C
OPYRIG

HT U
PM

205 
 

Gidley-Baird, A.A., O’Neill, C., Sinosich, M.J., Porter, R.N., Pike, I.L. and 
Saunders, D.M. (1986). Failure of implantation in human in vitro fertilization and 
embryo transfer patients: the effects of altered progesterone/estrogen ratios in 
humans and mice. Fertility and Sterility. 45: 69-74. 

Godsil, B.P., Tinsley, M.R. and Fanselow, M.S. (2003). Motivation. In I.B. Weiner, 
A.F. Healy, and R.W. Proctor. Handbook of Psychology, Volume 4: Experimental 
Psychology (pp. 33-60). New Jersey: John Wiley& Sons, Inc. 

Goff, A.K. (2002). Embryonic signals and survival. Reproduction in Domestic 
Animals. 37(3): 133-139. 

Gordon, J., Mesiano, S., Zaloudek, C. and Jaffe, R. (1996). Vascular endothelial 
growth factor localization in human ovary and fallopian tubes: Possible role in 
reproductive function and ovarian cyst formation. Journal of Clinical Endocrinology 
and Metabolism. 81: 353–359. 

Greb, R.R., Heikinheimo, O., Williams, R.F., Hodgen, G.D. and Goodman, A.L. 
(1997). Vascular endothelial growth factor in primate endometrium is regulated by 
oestrogen-receptor and progesterone-receptor ligands in vivo. Human Reproduction. 
12: 1280–1292. 

Gupta, A., Bazer, F.W. and Jaeger, L.A. (1997). Immunolocalization of acidic and 
basic fibroblast growth factors in porcine uterine and conceptus tissues. Biology of 
Reproduction. 56: 1527–1536. 

Gupta, A., Dekaney, C.M., Bazer, F.W., Madrigal, M.M. and Jaeger, L.A. (1998). 
Beta transforming growth factors (TGFb) at the porcine conceptus-maternal 
interface. Part II: Uterine TGFb bioactivity and expression of immunoreactive 
TGFbs (TGFb1, TGFb2, and TGFb3) and their receptors (Type I and Type II). 
Biology of Reproduction. 59: 911–917. 

Guzeloglu, A., Ambrose, J.D., Kassa, T., Diaz, T., Thatcher, M.J. and Thatcher, 
W.W. (2001). Long term follicular dynamicsand biochemical characteristics of 
dominant follicles in dairy cows subjected to acute heat stress. Animal Reproductive 
Science. 66: 15-34. 

Hansen, P. J. (2007). To be or not to be-Determinations of embryonic survival 
following heat shock. Theriogenology. 68 (Suppl. l): 40-48. 

Hansen, P. J. (2009). Effects of heat stress on mammalian reproduction. 
Philosophical Transactions of the Royal Society B Biological sciences. 364: 3341–
3350. 

Hansen, P.J., Drost, M., Riversa, R.M., Paula-Lopes, F.F., Al-Katanani, Y.M., 
KriningerIII, C.E. and Chase,Jr, C.C. (2001). Adverse impact of heat stress on 
embryo production: cause and strategies for mitigation. Theriogenology. 55: 91-103. 

Hardy, D.F. (1970). The effect of constant light on the estrous cycle and behavior of 
the female rat. Physiology and Behaviour. 5: 421-425. 

 



© C
OPYRIG

HT U
PM

206 
 

Hatthachote, P., Morgan, J., Dunlop, W., Europe-Finner, G.N. and Gillespie, J.I. 
(1998). Gestational changes in the levels of transforming growth factorbeta1 
(TGFbeta1) and TGF beta receptor types I and II in the human myometrium. Journal 
of Clinical Endocrinology and Metabolism. 83: 2987–2992. 

Hatthachote, P. and Gillespie, J.I. (1999). Complex interactions between sex steroids 
and cytokines in the human pregnant myometrium: evidence for an autocrine 
signaling system at term. Endocrinology. 140: 2533–2540. 

Helle, S., Helama, S. and Jokela, J. (2008). Temperature-related birth sex ratio bias 
in historical Sami: warm years bring more sons. Biology Letters. 4: 60–62. 

Hofig, A., Michel, F.J., Simmen, F.A. and Simmen, R.C. (1991). Constitutive 
expression of uterine receptors for insulin-like growth factor-I during the Peri-
implantation period in the pig. Biology of Reproduction. 45: 533-539. 

Houck, K.A., Ferrara, N., Winer, J., Cachianes, G., Li, B. and Leung, D.W. (1991). 
The vascular endothelial growth factor family: identification of a fourth molecular 
species and caracterization of alternative splicing of RNA. Molecular Endocrinology. 
5: 1806-1814. 

Hui-Hui, L., Wen-Ru T., Zhi-Hong, Z., Qi-Yao, Z. and Shan-Song, G. (2009). 
Oxidative damage of heat-stressed mouse oocytes and preimplantation embryos and 
their environments. Scientia Agricultura Sinica. 42 (6): 2244-2249. 

Humbolt, P. (2001). Use of pregnancy specific proteins and progesterone assays to 
monitor pregnancy and determine the timing, frequencies and sources of embryonic 
mortality in ruminants. Theriogenology. 56:1417-1433. 

Hyder, S.M. and Stancel, G.M. (1999). Regulation of angiogenic growth factors in 
the female reproductive tract by estrogens and progestins. Molecular Endocrinology. 
13: 806-811. 

Hyder, S.M., Stancel, G.M., Chiappetta, C., Murthy, L., Boettger-Tong, H.L. and 
Makela, S. (1996). Uterine expression of vascular endothelial growth factor is 
increased by estradiol and tamoxifen. Cancer Research. 56:3954–3960. 

Ingman, W.V., Robker, R.L., Woittiez, K. and Robertson, S.A. (2006). Null mutation 
in transforming growth factor�1 disrupts ovarian function and causes oocyte 
incompetence and early embryo arrest. Endocrinology. 147(2): 835–845. 

Jakowlew, S.B., Dillard, P.J., Sporn, M.B. and Roberts, A.B. (1988). Complementary 
deoxyribonucleic acid cloning of a messenger ribonucleic acid encoding 
transforming growth factor �4 from chicken embryo chondrocytes. Molecular 
Endocrinology. 2: 1186-1195. 

Jasper, M.J., Care, A.S., Sullivan, B., Ingman, W.V., Aplin, J.D. and Robertson, S.A. 
(2011). Macrophage-derived LIF and IL1B regulate alpha (1, 2) fucosyltransferase 2 
(Fut2) expression in mouse uterine epithelial cells during early pregnancy. Biology of 
Reproduction. 84: 179-188. 

Johnson, D.E. and Williams, L.T. (1993). Structural and functional diversity in the 
FGF receptor multigene family. Advanced Cancer Research. 60: 1–41. 



© C
OPYRIG

HT U
PM

207 
 

Johnson, G.A., Burghardt, R.C., Bazer, F.W. and Spencer, T. E. (2003). Osteopontin: 
Roles in implantation and placentation. Biology of Reproduction. 69: 1458-1471. 

Jordan, E. R. (2003). Effects of heat stress on reproduction. Journal of Dairy 
Science. 86 (Suppl.): E104–E114. 

Kaczmarek, M.M., Waclawik, A., Blitek, A., Kowalczyk, A.E., Schams, D. and 
Ziecik, A.J. (2008). Expression of the vascular endothelial growth factor-receptor 
system in the porcine endometrium throughout the estrous cycle and early 
pregnancy. Molecular Reproduction and Development. 75: 362–372. 

Kallapur, S., Ormsby, I. and Doetschman, T. (1999). Strain dependency of TGF�1 
function during embryogenesis. Molelcular Reprodution and Development. 52: 341–
349. 

Kamijo, T., Rajabi, M.R., Mizunuma, H. and Ibuki, Y. (1998). Biochemical evidence 
for autocrine/paracrine regulation of apoptosis in cultured uterine epithelial cells 
during mouse embryo implantation in vitro. Molecular Human Reproduction. 4: 
990–998. 

Karpovich, N., Klemmt, P., McVeigh, J.E., Barlow, D.H. and Mardon, H.J. (2005). 
The production of interleukin-11 and decidualization are compromised in 
endometrial stromal cells derived from patients with infertility. Journal of Clinical 
Endocrinology and Metabolism. 90: 1607-1612. 

Kaufmann, P. and Burton, G. (1994). In E. Knobil and J. D. Neill. The Physiology of 
Reproduction. 2nd ed. (pp. 441-484). New York: Raven Press. 

Kauma, S., Matt, D., Strom, S., Eierman, D. and Turner, T. (1990). Interleukin-1 
beta, human leukocyte antigen HLA-DR alpha, and transforming growth factor-beta 
expression in endometrium, placenta, and placental membranes. American Journal of 
Obstetrics and Gynecology. 163: 1430-1437. 

Kauma, S.W., Aukerman, S.L., Eierman, D. and Turner, T. (1991). 
Colonystimulating factor-1 and c-fms expression in human endometrial tissues and 
placenta during the menstrual cycle and early pregnancy. Journal of Clinical 
Endocrinology and Metabolism. 73: 746–751. 

Kazi, A.A., Jones, J.M. and Koos, R.D. (2005). Chromatin immunoprecipitation 
analysis of gene expression in the rat uterus in vivo: estrogen- induced recruitment of 
both estrogen receptor and hypoxia-inducible factor 1 to the vascular endothelial 
growth factor promoter. Molecular Endocrinology. 19 (8): 2006-2019. 

Keck, P. J, Hauser, S.D., Krivi, G., Sanzo, K., Warren, T., Feder, J. and Connolly, D. 
T. (1989). Vascular permeability factor, an endothelial cell mitogen related to PDGF. 
Science. 246: 1309-1312. 

Kent, G.C. and Carr, R.K. (2001). Comparative Anatomy of the Vertebrates. 9th ed. 
New York: McGraw-Hill Companies. 

Klagsbrun, M. and D’Amore, P.A. (1996). Vascular endothelial growth factor and its 
receptors. Cytokine and Growth Factor Reviews. 7: 259–270. 



© C
OPYRIG

HT U
PM

208 
 

Klein, C. and Troedsson, M. H. T. (2011). Transcriptional profiling of equine 
conceptuses reveals new aspects of embryo-maternal communication in the horse. 
Biology of Reproduction. doi:10.1095/biolreprod.110.088732. 

Kliem, A., Tetens, F., Klonisch, T., Grealy, M. and Fischer, B. (1998). Epidermal 
growth factor receptor and ligands in elongating bovine blastocysts. Molecular 
Reproduction and Development. 51: 402–412. 

Kondaiah, P., Sands, M.J., Smith, J.M., Fields, A., Roberts, A.B., Sporn, M.B. and 
Melton, D.A. (1990). Identification of a novel transforming growth factor-� (TGF-
�5) mRNA in Xenopus laevis. Journal of Biological Chemistry. 265: 1089-1093. 

Kondoh, E., Okamoto, T., Higuchi, T., Tatsumi, K., Baba, T., Murphy, S.K., 
Takakura, K., Konishi, I. and Fujii, S. (2009). Stress affects uterine receptivity 
through an ovarian- independent pathway. Human Reproduction. 24: 945-953. 

Kopf, M., Baumann, H., Freer, G., Freudenberg, M., Lamers, M., Kishimoto, T., 
Zinkernagel, R., Bluethmann, H. and Kohler, G. (1994). Impaired immune and acute-
phase responses in interleukin-6-deficient mice. Nature. 368: 339-342. 

Kornmatitsuk, B., Chantaraprateep, P., Kornmatitsuk, S. and Kindahl, H. (2008). 
Different types of postpartum luteal activity affected by the exposure of heat stress 
and subsequent reproductive performance in Holstein lactating cows. Reproduction 
in Domestic Animals. 43: 515–519. 

Koumantaki, Y., Matalliotakis, I., Sifakis, S., Kyriakou, D., Neonaki, M., 
Goymenou, A. and Koumantakis, E. (2001). Detection of interleukin-6, interleukin-
8, and interleukin-11 in plasma from women with spontaneous abortion. European 
Journal of Obstetrics, Gynecolology, and Reproductive Biology. 98: 66–71. 

Kramer, B., Stein, B.A. and Van der Walt, L.A. (1990). Exogenous gonadotropins - 
serum oestrogen and progesterone and the effect on endometrial morphology in the 
rat. Journal of Anatomy. 173: 177-186. 

Krussel, J.S., Bielfeld, P., Polan, M.L. and Simon, C. (2003). Regulation of 
embryonic implantation. European Journal of Obstetrics and Gynecology and 
Reproductive Biology. 110: S2-S9. 

Kulkarni, A.B., Huh, C.G., Becker, D., Geiser, A., Lyght, M., Flanders, K.C., 
Roberts, A.B., Sporn, M.B., Ward, J.M. and Karlsson, S. (1993). Transforming 
growth factor �1 null mutation in mice causes excessive inflammatory response and 
early death. Proceedings of the National Academy of Sciences of the United State of 
America. 90: 770–774. 

Kuscu, N.K., Lacin, S., Vatansever, S., Yildirim, Y., Var, A., Uyanik, B.S. and 
Koyuncu, F. (2001). Immunolocalization of transforming growth factor beta 3 in 
pregnant human myometrium. Acta Obstetricia et Gynecologica Scandinavica. 80: 
1079–1083. 

Lafontaine, L., Chaudhry, P., Lafleur, M-J., Themsche, C.V., Soares, M.J. and 
Asselin, E. (2011). Transforming growth factor beta regulates proliferation and 
invasion of rat placental cell lines. Biology of Reproduction. 84. (3): 553-559. 



© C
OPYRIG

HT U
PM

209 
 

Laird, S.M., Tuckerman, E.M., Dalton, C.F., Dunphy, B.C., Li, T.C. and Zhang, X. 
(1997). The production of leukaemia inhibitory factor by human endometrium: 
presence in uterine flushings and production by cells in culture. Human 
Reproduction.12: 569-574. 

Lam, P.M., Briton-Jones, C., Cheung, C.K., Lok, I.H., Yuen, P.M., Cheung, L.P. and 
Haines, C. (2003). Vascular endothelial growth factor in the human oviduct: 
Localization and regulation of messenger RNA expression in vivo. Biology of 
Reproduction. 68: 1870–1876. 

Lawrence, D.A. (1996). Transforming growth factor-beta: a general review. 
European Cytokine Network. 7: 363–374. 

Ledee-Bataille, N., Lapree-Delage, G., Taupin, J.L., Dubanchet, S., Frydman, R. and 
Chaouat, G. (2002). Concentration of leukaemia inhibitory factor (LIF) in uterine 
flushing fluid is highly predictive of embryo implantation. Human Reproduction. 17: 
213-218. 

Lee, K.Y. and DeMay, F.J. (2004). Animal models of implantation. Reproduction. 
128:679–695. 

Lee, R.S.F., Li, N., Ledgard, A.M. and Pollard, J.W. (2003). Dynamic regulation of 
expression of colony-stimulating factor 1 in the reproductive tract of cattle during the 
estrous cycle and in pregnancy. Biology of Reproduction. 69: 518–528. 

Lerchl, A. (1998). Seasonality of sex ratio in Germany. Human Reproduction. 13: 
1401–1402.  

Lerchl, A. (1999). Sex ratios at birth and environmental temperatures. 
Naturwissenschaften. 86: 340–342. 

Lesage, J., Del-Favero, F., Leonhardt, M., Louvart, H., Maccari, S., Vieau, D. and 
Darnaudery, M. (2004). Prenatal stress induces intrauterine growth restriction and 
programmes glucose intolerance and feeding behaviour disturbances in the aged rat. 
Journal of Endocrinology. 181: 291-296. 

Lessey, B.A., Gui, Y., Apparao, K.B.C., Young, S.L. and Mulholland, J. (2002). 
Regulated Expression of Heparin-Binding Epidermal Growth Factor (HB-EGF) in 
the Human Endometrium: A Potential Paracrine Role during Implantation. 
Molecular Reproduction and Development. 62: 446-455.  

Leung, D.W., Cachianes, G., Kuang, W.J., Goeddel, D.V. and Ferrara, N. (1989). 
Vascular endothelial growth factor is a secreted angiogenic mitogen. Science. 246: 
1306-1309. 

Linjawi, S., Li, T.C., Tuckerman, E.M., Blakemore, A.I. and Laird, S.M. (2004). 
Expression of interleukin-11 receptor alpha and interleukin-11 protein in the 
endometrium of normal fertile women and women with recurrent miscarriage. 
Journal of Reproductive Immunology. 64: 145–155. 

Ljungkvist, I. (1972). Attachment reaction of rat uterine luminal epithelium IV. The 
cellular changes in the attachment reaction and its hormonal regulation. Fertility and 
Sterility. 23: 847-865. 



© C
OPYRIG

HT U
PM

210 
 

Logan, A. and Hill, D.J. (1992). Bioavailability: is this a key event in regulating the 
actions of peptide growth factors. Journal of Endocrinology. 134: 157-161. 

Lohmiller, J. and Swing, S.P. (2006). Reproduction and Breeding. In M. A. Suckow, 
S. H. Weisbroth and C. L. Franklin. The Laboratory Rat. 2nd ed. (pp. 147-164). 
Elsevier Academic Press. 

Longjiang, S., Hongmei, W., Enkui, D. and Cheng, Z. (2001). Expression of vascular 
endothelial growth factor in rat uterus during periimplantation. Chinese Science 
Bulletin. 46 (14): 1179-1182. 

Lu, K.H., Hopper, B.R., Vargo, T.M. and Yen, S.S. (1979). Chronolgical changes in 
sex steroid, gonadotropin and prolactin secretions in aging female rats displaying 
different reproductive states. Biology of Reproduction. 21: 193-203. 

Lubahn, D.B., Moyer, J.S., Golding, T.S., Couse, J.F., Korach, K.S. and Smithies, O. 
(1993). Alteration of reproductive function but not prenatal sexual  development 
after insertional disruption of the mouse estrogen receptor gene. Proceedings of the 
National Academy of Sciences of the United States of America. 90: 11162-11166. 

Lundkvist, O. (1979). Morphometric estimation of stromal edema during delayed 
implantation in the rat. Cell and Tissue Research. 199: 339-348. 

Luxford, K.A. and Murphy, C.R. (1992). Reorganization of the apical cytoskeleton 
of uterine epithelial cells during early pregnancy in the rat: a study with myosin 
subfragment1. Biology of the Cell. 74: 195-202. 

Lydon, J.P., DeMayo, F.J., Funk, C.R., Mani, S.K., Hughes, A.R., Montgomery, 
C.A., Shyamala, G., Conneely, O.M. and Malley, B.W.O. (1995). Mice lacking 
progesterone receptor exhibit pleiotropic reproductive abnormalities. Genes and 
Development. 9: 2266-2278. 

Ma, W., Song, H., Das, S.K., Paria, B.C. and Dey, S.K. (2003). Estrogen is a critical 
determinant that specifies the duration of the window of uterine receptivity for 
implantation. Proceedings of the National Academy of Sciences of the United States 
of America. 100: 2963–2968.   

Ma, W., Tan, J., Matsumoto, H., Robert, B., Abrahamson, D.R., Das, S.K. and Dey, 
S.K. (2001). Adult tissue angiogenesis: evidence for negative regulation by estrogen 
in the uterus. Molecular Endocrinology. 15: 1983-1992. 

Maeda, K-I., Ohkura, S. and Tsukamura, H. (2000). Physiology of Reproduction. In 
G. J. Krinke. The Laboratory Rat (pp. 145-176). New York: Academic Press. 

Marcondes, F.K., Bianchi, F.J. and Tanno, A.P. (2002). Determination of the estrous 
cycle phases of rats: Some helpful considerations. Brazil Journal of Biology. 62: 
609-614. 

Markert, U.R., Arck, P.C., McBey, B.A., Manuel, J., Croy, B.A., Marshal, J.S., 
Chaouat, G. and Clark, D.A. (1997). Stress triggered abortions are associated with 
alterations of granulated cells into the decidua. American Journal of Reproductive 
Imunnology. 37: 94-100. 



© C
OPYRIG

HT U
PM

211 
 

Markoff, E., Henemyre, C., Fellows, J., Pennington, E., Zeitler, P.S. and Cedars, M. 
I. (1995). Localization of insulin-like growth factor binding protein-4 expression in 
the mouse uterus during the peri-implantation period. Biology of Reproduction. 53: 
1103-1109. 

Marwood, M., Visser, K., Salamonsen, L.A. and Dimitriadis, E. (2009). Interleukin-
11 and leukemia inhibitory factor regulate the adhesion of endometrial epithelial 
cells: implications in fertility regulation. Endocrinology. 150: 2915–2923. 

Massague, J., Attisano, L. and Wrana, J.L. (1994). The TGF-beta family and its 
composite receptors. Trends in Cell Biology. 4: 172–178. 

Matsumoto, H., Sakai, K. and Iwashita, M. (2008). Insulin-like growth factor binding 
protein-1 induces decidualization of human endometrial stromal cells via �5�1 
integrin. Molecular Human Reproduction. 14: 485-489. 

Matsuzuka, T., Ozawa, M., Nakmura, A., Ushitani, A., Hirabayashi, M. and Kanai, 
Y. (2005). Effects of heat stress on the redox status in the oviduct and early 
embryonic development in mice. Journal of Reproduction and Development. 51: 
281-287. 

McClure, T. J. (1958). Temporary nutritional stress and infertility in mice. Nature. 
181: 1132. 

McMaster, M.T., Newton, R.C., Dey, S.K. and Andrews, G.K. (1992). Activation 
and distribution of inflammatory cells in the mouse uterus during the preimplantation 
period. Journal of Immunology. 148: 1699-1705. 

Mehta, J.L. and Attramadal, H. (2007). The TGF� superfamily in cardiovascular 
biology. Cardiovascular Research. 74 (2): 181-183. 

Meisel, R.L. and Sachs, B.D. (1994). In E. Knobil and J. D. Neill. The Physiology of 
Reproduction (pp. 3–105). New York: Raven Press. 

Mercier, O., Perraud, J. and Stadler, J. (1987). A method for routine observation of 
sexual behaviour in rats. Laboratory Animals. 21: 125-130. 

Mikolajczyk, M., Wirstlein, P. and Skrzypczak, J. (2007). The impact of leukemia 
inhibitory factor in uterine flushing on the reproductive potential of infertile women-
a prospective study. American Journal of Reproductive Immunology. 58: 65-74. 

Moulton, B.C. (1994). Transforming growth factor-beta stimulates endometrial 
stromal apoptosis in vitro. Endocrinology. 134: 1055-1060. 

Mulac-Jericevic, B., Mullinax, R.A., DeMayo, F.J., Lydon, J.P. and Conneely, O.M. 
(2000). Subgroup of reproductive functions of progesterone mediated by 
progesterone receptor-B-isoform. Science. 289: 1751-1754. 

Murata, Y., Konishi, M. and Itoh, N. (2011). FGF21 as an Endocrine Regulator in 
Lipid Metabolism: From Molecular Evolution to Physiology and Pathophysiology. 
Journal of Nutrition and Metabolism. 2011. doi:10.1155/2011/981315. 



© C
OPYRIG

HT U
PM

212 
 

Murphy, C.R. (1995). The cytoskeleton of uterine epithelial cells: a new player in 
uterine receptivity and the plasma membrane transformation. Human Reproduction 
Update. 1: 567-580. 

Murphy, C.R. (2004). Uterine receptivity and the plasma membrane  transformation. 
Cell Research. 14 (4): 259-267. 

Murphy, C.R. and Shaw, T.J. (1994). Plasma membrane transformation: a common 
response of uterine epithelial cells during the peri-implantation period. Cell Biology 
International. 18: 1115-1128. 

Navara, K.J. (2009). Humans at tropical latitudes produce more females. Biology 
Letters. 5: 524-527. 

Nelson, R.J. (1995). An Introduction to Behavioral Endocrinology. Sunderland, MA: 
Sinauer Associates. 

Nilsson, O. (1966). Structural differentiation of luminal membrane in rat uterus 
during normal and experimental implantations. Zeitschrift fur Anatomie 
Entwicklungsgeschichte. 125: 152-159. 

Noor, M.M. and Moore, H.D. (1999). Monoclonal antibody that recognizes an 
epitope of the sperm equatorial region and specifically inhibits spermoolemma fusion 
but not binding. Journal of Reproduction and Fertility. 115: 215–224. 

Norris, M. and Adams, C.E. (1971). Delayed implantation in the Mongolian gerbil, 
Meriones unguiculatus. Journal of Reproduction and Fertility. 27: 486–487. 

Nowak, R.A., Haimovici, F., Biggers, J.D. and Erbach, G.T. (1999). Transforming 
growth factor-beta stimulates mouse blastocyst outgrowth through a mechanism 
involving parathyroid hormone-related protein. Biology of Reproduction. 60: 85–93. 

Orihuela, P.A., Ortiz, M.E. and Croxatto, H.B. (1999). Sperm migration into and 
through the oviduct following artificial insemination at different stages of estrous 
cycle in the rat. Biology of Reproduction. 60: 908–913. 

Orlando- Mathur, C.E. and Kennedy, T.G. (1993). An investigation into the role of 
neutrophils in decidualization and early pregnancy in the rat. Biology of 
Reproduction. 48: 1258-1265. 

Ortiz, M.E., Bedregal, P., Carvajal, M.I. and Croxatto, H.B. (1986). Fertilized and 
unfertilized ova are transported at different rates by the hamster oviduct. Biology of 
Reproduction. 34: 777-781. 

Oshima, K., Watanabe, H., Yoshihara, K., Kojima, T., Dochi, O., Takenouchi, N., 
Fukushima, M. and Komatsu, M. (2003). Gene expression of leukemia inhibitory 
factor (LIF) and macrophage colony stimulating factor (M-CSF) in bovine 
endometrium during early pregnancy. Theriogenology. 60:1217-1226. 

Osterlund, C. and Fried, G. (2000). TGFbeta receptor types I and II and the substrate 
proteins Smad 2 and 3 are present in human oocytes. Molecular Human 
Reproduction. 6: 498–503. 



© C
OPYRIG

HT U
PM

213 
 

Ozawa, M., Hirabayashi, M. and Kanai, Y. (2002). Development competence and 
oxidative state of mouse zygotes heat-stressed maternally or in vitro. Reproduction. 
124:683-689. 

Ozawa, M., Tabayashi, D., Latief, T.A., Shimizu, T., Oshima, I. and Kanai, Y. 
(2005). Alterations in follicular dynamics and steroidogenic abilities induced by heat 
stress during follicular recruitment in goats. Reproduction. 129: 621–630. 

Ozawa, M., Yamasaki, Y., Hirabayashi, M. and Kanai, Y. (2003). Viability of 
maternal heat-stressed mouse zygotes in vivo and in vitro. Animal Science Journal. 
74: 181–185. 

Parr, M.B. and Parr, E.l. (1989). The implantation reaction. In R. M. Wynn and W. P. 
Jollie. Biology of The uterus (pp.233-277). New York: Plenum press. 

Perrier d’Hauterive, S., Charlet-Renard, C., Dubois, M., Berndt, S., Goffin, F., 
Foidart, J.M. and Geenen, V. (2005). Human endometrial leukemia inhibitory factor 
and interleukin-6: control of secretion by transforming growth factor-beta-related 
members. Neuroimmunomodulation. 12: 157–163. 

Png, F. and Murphy, C.R. (2000). Closure of the uterine lumen and the plasma 
membrane transformation do not require blastocyst implantation. European Journal 
of Morphology. 38: 122-127. 

Pollard, J.W., Bartocci, A., Arceci, R., Orlofsky, A., Ladner, M.B. and Stanley, E.R. 
(1987). Apparent role of the macrophage growth factor, CSF-1, in placental 
development. Nature. 330: 484-486. 

Pollard, J.W, Hunt, J.S., Wiktor-Jedrzejczak, W. and Stanley, E.R. (1991). A 
pregnancy defect in the osteopetrotic (op/op) mouse demonstrates the requirement 
for CSF-1 in female fertility. Developmental Biology. 148: 273–283. 

Poole, S. and Stephenson, J.D. (1977). Body temperature regulation and 
thermoneutrality in rats. Quarterly Journal of Experimental Physiology. 62: 143-149. 

Prelle, K., Stojkovic, M., Boxhammer, K., Motlik, J., Ewald, D., Arnold, G.J. and 
Wolf, E. (2001). Insulin-like growth factor I (IGF-I) and long R3 IGF-I differently 
affect development and messenger ribonucleic acid abundance for IGF-binding 
proteins and type I IGF receptors in vitro produced bovine embryos. Endocrinology. 
142: 1309-1316. 

Psychoyos, A. (1971). Methods for studying changes in capillary permeability of the 
rat endometrium. In J.C Daniel. Methods in mammalian embryology (pp. 334-338). 
San Francisco: W.H. Freeman and Company. 

Psychoyos, A. (1973). Hormonal control of ovoimplantation. Vitamins and 
Hormones. 31: 205-225. 

Psychoyos, A. (1986). Uterine receptivity for nidation. Annals of the New York 
Academy of Sciences. 476: 36-42.  

Quinn, T.P., Peters, K.G., De Vries, C., Ferrara, N. and Williams, L.T. (1993). Fetal 
liver kinase 1 is a receptor for vascular endothelial growth factor and is selectively 



© C
OPYRIG

HT U
PM

214 
 

expressed in vascular endothelium. Proceedings of the National Academy of Sciences 
of the United State of America. 90: 7533–7537. 

Raab, G., Kover, K., Paria, B.C., Dey, S.K., Ezzell, R.M. and Klagsbrun, M. (1996). 
Mouse preimplantation blastocysts adhere to cells expressing the transmembrane 
form of heparin-binding EGF-like growth factor. Development. 122 (2): 637-645. 

Rabbani, M. and Rogers, P.A.W. (2001). Role of vascular endothelial growth factor 
in endometrial vascular events before implantation in rats. Reproduction. 122: 85–90. 

Rajaram, S., Baylink, D.J. and Mohan, S. (1997). Insulin-Like growth factor-binding 
proteins in serum and other biological fluids: regulation and functions. Endocrine 
Reviews. 18: 801-831. 

Ramathal, C.Y., Bagchi, I.C., Taylor, R.N. and Bagchi, M.K. (2010). Endometrial 
decidualization: of mice and men. Seminar in Reproductive Medicine. 28: 17-26. 

Renfree, M.B. and Shaw, G. (2000). Daipause. Annual Review of Physiology. 62: 
353-375. 

Rensis, F.D. and Scaramuzzi, R.J. (2003). Heat stress and seasonal effects on 
reproduction in the dairy cow- a review. Theriogenology. 60: 1139-1151. 

Reynolds, L.P., Kirsch, J.D., Kraft, K.C. and Redmer, D.A. (1998). Time-course of 
the uterine response to estradiol-17beta in ovariectomized ewes: expression of 
angiogenic factors. Biology of Reproduction. 59: 613–620. 

Rider, V., Carlone, D.L. and Foster, R.T. (1997). Oestrogen and progesterone control 
basic fibroblast growth factor mRNA in the rat uterus. Journal of Endocrinology. 
154: 75–84. 

Rider, V., Carlone, D.L., Witrock, D., Cai, C. and Oliver, N. (1992). Uterine 
fibronectin mRNA content and localization are modulated during implantation. 
Developmental Dynamics. 195: 1-14. 

Rivera, R.M. and Hansen, P.J. (2001). Developmental of cultured bovine embryos 
after exposure to high temperatures in the physiological range. Reproduction. 121: 
107–115. 

Robb, L., Li, R., Hartley, L., Nandurkar, H.H., Koentgen, F. and Begley, C.G. 
(1998). Infertility in female mice lacking the receptor for interleukin 11 is due to a 
defective uterine response to implantation. Nature Medicine. 4: 303–308. 

Roberts, R.M, Bazer, F.W. and Thatcher, W.W. (1984). Biochemical interactions 
between blastocysts and endometrium in the large domestic animals. Journal of 
Biosciences. 6 (2): 63-74. 

Robinson, C.J. and Stringer, S.E. (2001). The splice variant of vascular endothelial 
growth factor (VEGF) and their receptors. Journal of Cell Science. 114: 853-865. 

Rocha, A., Randel, R.D., Broussard, J.R., Lim, J.M., Blair, R.M., Roussel, J.D., 
Godke, R.A. and Hansel, W. (1998). High environmental temperature and humidity 
decrease oocyte quality in Bos taurus but not in Bos indicus cows. Theriogenology. 
49: 657-665. 



© C
OPYRIG

HT U
PM

215 
 

Rockwell, L.C., Pillai, S., Olson, C.E. and Koos, R.D. (2002). Inhibition of vascular 
endothelial growth factor/vascular permeability factor action blocks estrogen-
induced uterine edema and implantation in rodents. Biology of Reproduction. 67 (6): 
1804-1810. 

Roelen, B.A., Goumans, M.J., Zwijsen, A. and Mummery, C.L. (1998). 
Identification of two distinct functions for TGF-beta in early mouse development. 
Differentiation. 64: 19–31. 

Ronchi, B., Stradaioli, G., Verini Supplizi, A., Bernabuci, U., Lacetera, N. and 
Accorsi, P.A. (2001). Influence of heat stress or feed restriction on plasma 
progesterone, oestradiol-17beta, LH, FSH, prolactin and cortisol in Holstein heifers. 
Livestock Production Science. 68: 231-241. 

Rosenfeld, C.S. and Roberts, R.M. (2004). Maternal diet and other factors affecting 
offspring sex ratio: A review. Biology of Reproduction. 71: 1063–1070. 

Roth, Z., Arav, A., Bor, A., Zeron, Y., Braw-Tal, R. and Wolfenson, D. (2001). 
Improvement of quality of oocytes collected in the autumn by enhanced removal of 
impaired follicles from previously heat-stressed cows. Reproduction. 122: 737-744. 

Roth, Z., Meidan, R., Braw-Tal, R. and Wolfenson, D. (2000). Immediate and 
delayed effect of heat stress on follicular development and its association with 
plasma FSH and inhibin concentration in cows. Journal of Reproduction and 
Fertility. 120: 83-90. 

Ruckstuhl, K.E., Colijn, G.P., Amiot, V. and Vinish, E. (2010). Mother's occupation 
and sex ratio at birth. BMC Public Health. 10:269.  
http://www.biomedcentral.com/1471-2458/10/269. 

Sakamoto, N., Ozawa, M., Yokotani-Tomita, K., Morimoto, A., Matsuzuka, T., 
Ijiri, D., Hirabayashi, M., Ushitani, A. and Kanai, Y. (2008). DL-a-Tocopherol 
acetate mitigates maternal hyperthermiainduced pre-implantation embryonic death 
accompanied by a reduction of physiological oxidative stress in mice. Reproduction. 
135: 489–496. 

Salamonsen, L.A., Dimitriadis, E. and Robb, L. (2000). Cytokines in implantation. 
Seminars in Reproductive Medicine. 18: 299-310. 

Saling, P.M. and Waibel, R. (1985). Mouse sperm antigens that participate in 
fertilization. III. Passive immunization with a single monoclonal antisperm antibody 
inhibits pregnancy and fertilization in vivo. Biology of Reproduction. 33: 537–544. 

Samathanam, C.A., Adesanya, O.O., Zhou. J., Wang. J. and Bondy, C.A. (1998). 
Fibroblast growth factors 1 and 2 in the primate uterus. Biology of Reproduction. 59: 
491–496. 

Sangha, R.K., Li, X.F., Shams, M. and Ahmed, A. (1997). Fibroblast growth factor 
receptor-1 is a critical component for endometrial remodeling: localization and 
expression of basic fibroblast growth factor and FGF-R1 in human endometrium 
during the menstrual cycle and decreased FGF-R1 expression in menorrhagia. 
Laboratory Investigation.77: 389–402. 



© C
OPYRIG

HT U
PM

216 
 

Schlafke, S. and Enders, A.C. (1975). Cellular basis of interaction between 
trophoblast and uterus at implantation. Biology of Reproduction. 12: 41-65. 

Scholtz, K.E., Penny, C.B. and Margot, J.H. (2008). A high resolution SEM study of 
the effects of RU486, used as a postcoital contraceptive, on the rat uterus during 
early pregnancy. Cell Biology International. 32: 436-446.  

Sferruzzi-Perri, A.N., Owens, J.A., Pringle, K.G. and Roberts, C.T. (2011). The 
neglected role of insulin-like growth factors in the maternal circulation regulating 
fetal growth. Journal of Physiology. 589: 7–20. 

Shalaby, F., Rossant, J., Yamaguchi, T.P., Gertsenstein, M., Wu, X.F., Breitman, 
M.L. and Schuh, A. C. (1995). Failure of blood-island formation and vasculogenesis 
in Flk-1 deficient mice. Nature. 376: 62–66. 

Sharkey, A.M., Dellow, K., Blayney, M., Macnamee, M., Charnock-Jones, S. and 
Smith, S.K. (1995). Stage-specific expression of cytokine and receptor messenger 
ribonucleic acids in human preimplantation embryos. Biology of Reproduction. 53: 
974-981. 

Sharp, J.L., Zammit, T.G. and Lawson, D.M. (2002). Stress-like responses to 
common procedures in rats: Effect of the estrous cycle. Contemporary Topics in 
Laboratory Animal Science. 41: 15-22. 

Shirley, B. and Reeder, R.L. (1996). Cyclic changes in the ampulla of the rat 
oviducts. Journal of Experimental Zoology. 276: 164-173. 

Shooner, C., Caron, P.L., Frechette-Frigon, G., Leblanc, V., Dery, M.C. and Asselin, 
E. (2005). TGF-beta expression during rat pregnancy and activity on decidual cell 
survival. Reproductive Biology and Endocrinology. 3: 20. doi:10.1186/1477-7827-3-
20. 

Shull, M.M., Ormsby, I., Kier, A.B., Pawlowski, S., Diebold, R.J., Yin, M., Allen, 
R., Sidman, C., Proetzel, G., Calvin, D., Annunziata, N. and Doetschman, T. (1992). 
Targeted disruption of the mouse transforming growth factor-�1 gene results in 
multifocal inflammatory disease. Nature. 359: 693–699. 

Shweiki, D., Itin, A., Neufeld, G., Gitay-Goren, H. and Keshet, E. (1993). Patterns of 
expression of vascular endothelial growth factor (VEGF) and VEGF receptors in 
mice suggest a role in hormonally regulated angiogenesis. Journal of Clinical 
Investigation. 91: 2235-2243. 

Shynlova, O., Tsui, P., Dorogin, A., Langille, B.L. and Lye, S.J. (2007). The 
expression of transforming growth factor � in pregnant  rat myometrium is hormone 
and stretch dependent. Reproduction. 134: 503–511. 

Simmons, M., Erikson, D.W., Kim, J., Burghardt, R.C., Bazer, F.W., Johnson, G.A. 
and Spencer, T.E. (2009). Insulin-like growth factor binding protein-1 in the 
ruminant uterus: potential endometrial marker and regulator of conceptus elongation. 
Endocrinology. 150: 4295–4305. 

Simon, C., Dominguez, F., Remohi, J. and Pellicer, A. (2001). Embryo effects in 
human implantation: embryonic regulation of endometrial molecules in human 
implantation. Annals of the New York Academy of Sciences. 943: 1-16.  



© C
OPYRIG

HT U
PM

217 
 

Simon, C., Frances, A., Piquette, G.N., el Danasouri, I., Zurawski, G., Dang, W. and 
Polan, M.L. (1994). Embryonic implantation in mice is blocked by interleukin-
1receptor antagonist. Endocrinology. 134: 521-528. 

Simon, C., Moreno, C., Remohi, J. and Pellicer, A. (1998). Cytokines and embryo 
implantation. Journal of Reproductive Immunology. 39: 117-131. 

Singh, M., Chaudhry, P. and Asselin, E. (2011). Bridging endometrial receptivity and 
implantation: network of hormones, cytokines, and growth factors. Journal of 
Endocrinology. 210: 5–14. 

Sivaraman , L., Horimoto, M., Tassinari, M,. Hurtt, M. and Cappon, G. (2008). 
Timing of implantation and closure of the palatal shelf in New Zealand White and 
Japanese White rabbits. Drug and Chemical Toxicology. 31: 255-261. 

Slater, M. and Murphy, C.R. (2000). Transforming growth factors alpha and beta-1 
are co-expressed in the uterine epithelium during early pregnancy. Cell and Tissue 
Research. 300: 315-320. 

Smith, A.F. (1975). Ultrastructure of the uterine luminal epithelium at the time of 
implantation in ageing mice. Journal of Reproduction and Fertility. 42: 183-185. 

Soares, M.J. (2004). The prolactin and growth hormone families: pregnancy-specific 
hormones/cytokines at the maternal-fetal interface. Reproductive Biology and 
Endocrinology. 2:51. doi:10.1186/1477-7827-2-51. 

Sod-Moriah, U.A. (1971). Reproduction in the heat-acclimatized female rat as 
affected by high ambient temperature. Journal of Reproduction and Fertility. 26: 
209-218. 

Song, G., Satterfield, M.C., Kim, J., Bazer, F.W. and Spencer, T.E. (2009). 
Progesterone and interferon tau regulate leukemia inhibitory factor receptor and 
IL6ST in the ovine uterus during early pregnancy. Reproduction. 137: 553-565. 

Song, H., Lim, H., Das, S.K., Paria, B.C. and Dey, S.K. (2000). Dysregulation of 
EGF family of growth factors and COX-2 in the uterus during the preattachment and 
attachment reactions of the blastocyst with the luminal epithelium correlates with 
implantation failure in LIF-deficient mice. Molecular Endocrinology. 14: 1147-1161. 

Song, J.H., Houde, A. and Murphy, B.D. (1998). Cloning of leukemia inhibitory 
factor (LIF) and its expression in the uterus during embryonic diapause and 
implantation in the mink (Mustela vison). Molecular Reproduction and 
Development. 51: 13-21. 

Spanos, S., Becker, D.L., Winston, R.M. and Hardy, K. (2000). Anti-apoptotic action 
of insulin- like growth factor-I during human preimplantation embryo development. 
Biology of Reproduction. 63: 1413-1420.  

Spencer, T.E., Stagg, A.G., Ott, T.L., Johnson, G.A., Ramsey, W.S. and Bazer, F.W. 
(1999). Differential effects of intrauterine and subcutaneous administration of 
recombinant ovine interferon tau on the endometrium of cyclic ewes. Biology of 
Reproduction. 61: 464-470. 



© C
OPYRIG

HT U
PM

218 
 

Srivastava, R.K., Gu, Y., Ayloo, S., Zilberstein, M. and Gibori, G. (1998). 
Developmental expression and regulation of basic fibroblast growth factor and 
vascular endothelial growth factor in rat decidua and in a decidual cell line. Journal 
of Molecular Endocrinology. 21: 355–362. 

Stanley, E.R., Guilbert, L.J., Tushinski, R.J. and Bartelmez, S.H. (1983). CSF-1 – a 
mononuclear phagocyte lineage-specific hemopoietic growth factor. Journal of 
Cellular Biochemistry. 21: 151–159. 

Stavreus-Evers, A., Aghajanova, L., Brismar, H., Eriksson, H., Landgren, B.M. and 
Hovatta, O. (2002). Co-existence of heparin-binding epidermal growth factor-like 
growth factor and pinopodes in human endometrium at the time of implantation. 
Molecular Human Reproduction. 8: 765-769. 

Stewart, C.L., Kaspar, P., Brunet, L.J., Bhatt, H., Gadi, I., Kontgen, F. and 
Abbondanzo, S.J. (1992). Blastocyst implantation depends on maternal expression of 
leukaemia inhibitory factor. Nature. 359: 76-79. 

Stillerman, K.P., Mattison, D.R., Giudice, L.C. and Woodruff, T.J. (2008). 
Environmental exposures and adverse pregnancy outcomes: A review of the science. 
Reproductive Sciences. 15: 631-650. 

Stoleru, S., Cornet, D., Vaugeois, P., Fermanian, J., Magnin, F., Zerah, S. and Spira, 
A. (1997). The influence of psychological factors on the outcome of the fertilization 
step of in vitro fertilization. Journal of Psychosomatic Obstetric and Gynaecology. 
18: 189-202. 

Strowitzki, T., Singer, G.A., Rettig, I. and Capp, E. (1996). Characterization of 
receptors for insulin-like growth factor type I on cultured human endometrial stromal 
cells: downregulation by progesterone. Gynecological Endocrinology. 10: 229-240. 

Sugawara, K., Kizaki, K., Herath, C.B., Hasegawa, Y. and Hashizume, K. (2010). 
Transforming growth factor beta family expression at the bovine feto-maternal 
interface. Reproductive Biology and Endocrinology. 8:120  
http://www.rbej.com/content/8/1/120. 

Tabibzadeh, S., Kong, Q.F., Babaknia, A. and May, L.T. (1995). Progressive rise in 
the expression of interleukin-6 in human endometrium during menstrual cycle is 
initiated during the implantation window. Human Reproduction. 10: 2793-2799. 

Tachi, S., Tachi, C. and Lindner, H.R. (1970). Ultrastructural features of blastocyst 
attachment and trophoblastic invasion in the rat. Journal of Reproduction and 
Fertility. 21: 37-56. 

Takahashi, J., Sugawara, S. and Masaki, J. (1980). Scanning electron microscopic 
studies of uterine epithelial cytoplasmic protrusions during the estrous cycle, 
pregnancy, pseudopregnancy and early stages of decidualization in rat. Tohoku 
Journal of Agricultural Research. 31: 33-41. 

Tamura, K., Hara, T., Kutsukake, M., Iwatsuki, K., Yanagida, M., Yoshie, M. and 
Kogo, H. (2004). Expression and the Biological Activities of Insulin-Like Growth 
Factor-Binding Protein Related Protein 1 in Rat Uterus during the Periimplantation 
Period. Endocrinology. 145: 5243-5251.  



© C
OPYRIG

HT U
PM

219 
 

Tan, J., Paria, B.C., Dey, S.K. and Das, S.K. (1999). Differential uterine expression 
of estrogen and progesterone receptors correlates with uterine preparation for 
implantation and decidualization in the mouse. Endocrinology. 140: 5310-5321. 

Tang, M., Taylor, H.S. and Tabibzadeh, S. (2005). In vivo gene transfer of lefty leads 
to implantation failure in mice. Human Reproduction. 20: 1772–1778. 

Thatcher, W.W., Guzeloglu, A., Mattos, R., Binelli, M., Hansen, T.R. and Pru, J.K. 
(2001). Uterine-conceptus interactions and reproductive failure in cattle. 
Theriogenology. 56: 1435-1450. 

Threadgill, D.W., Dlugosz, A.A., Hansen, L.A., Tennenbaum, T., Lichti, U., Yee, D., 
LaMantia, C., Mourton, T., Herrup, K., Harris, R.C., Barnard, J.B., Yuspa, S.H., 
Coffey, R.J. and Magnuson, T. (1995). Targeted disruption of mouse EGF receptor: 
Effect of genetic background on mutant phenotype. Science. 269 (5221): 230-234. 

Tischer, E., Mitchell, R., Hartman, T., Silva, M., Gospodarowicz, D., Fiddes, J.C. 
and Abraham, J.A. (1991). The human gene for vascular endothelial growth factor. 
Multiple protein forms are encoded through alternative exon splicing. Journal of 
Biological Chemistry. 266: 11947-11954. 

Tuo, W., Harney, J.P. and Bazer, F.W. (1995). Colony-stimulating factor-1 in 
conceptus and uterine tissues in pigs. Biology of Reproduction. 53: 133–142. 

Udompraset, P. and Williamson, N.B. (1987). Seasonal influences on conception 
efficiency in Minnesota dairy herds. Theriogenology. 28: 323–336. 

Ullrich, A. and Schlessinger, J. (1990). Signal transduction by receptors with 
tyrosine kinase activity. Cell. 61: 203–212. 

Vartiainen, H., Saarikoski, S., Halonen, P. and Rimon, R. (1994). Psychological 
factors, female fertility and pregnancy: a prospective study- Part 1: fertility. Journal 
of Psychosomatic Obstetrics and Gynaecology. 15: 67-75. 

Vaught, L.W., Monty, D.W. and Foote, W.C. (1977). Effect of summer heat stress on 
serum LH and progesterone values in Holstein-Frisian cows in Arizona. American 
Journal of Veterinary Research. 38: 1027-1032. 

Vértes, Z., Sándor, A., Kovács, K.A., Oszter, A., Környei, J.L., Kovács, S. and 
Vértes, M. (2000). Epidermal growth factor influenced by opioid peptides in 
immature rat uterus. Journal of Endocrinological Investigation. 23: 502-508. 

Vogiagis, D., Fry, R.C., Sandeman, R.M. and Salamonsen, L.A. (1997a). Leukaemia 
inhibitory factor in endometrium during the estrous cycle, early pregnancy and in 
ovariectomized steroid-treated ewes. Journal of Reproduction and Fertility. 109: 
279-288. 

Vogiagis, D., Salamonsen, L.A., Sandeman, R.M., Squires, T.J., Butt, A.R. and Fry, 
R.C. (1997b). Effect of immunisation against leukaemia inhibitory factor on the 
establishment of pregnancy in sheep. Reproduction Nutrition and Development. 37: 
459-468. 



© C
OPYRIG

HT U
PM

220 
 

Wallace, J.M., Regnault, T.R., Limesand, S.W., Hay Jr, W.W. and Anthony, R.V. 
(2005). Investigating the causes of low birth weight in contrasting ovine paradigms. 
Journal of Physiology. 565: 19–26. 

Walter, L., Rogers, P. and Girling, J. (2010). Differential expression of vascular 
endothelial growth factor-A isoforms in the mouse uterus during early pregnancy. 
Reproductive Biomedicine Online. 21(6): 803-811. 

Wang, H. and Dey, S.K. (2006). Roadmap to embryo implantation: clue from mouse 
models. Nature Review Genetics. 7: 185- 199. 

Watson, A.J., Westhusin, M.E. and Winger, Q.A. (1999). IGF paracrine and 
autocrine interactions between conceptus and oviduct. Journal of Reproduction and 
Fertility. Suppl 54: 303-315. 

Wei, P., Chen, X.L., Song, X.X., Han, C.S. and Liu, Y.X. (2004). VEGF, bFGF, and 
their receptors in the endometrium of rhesus monkey during menstrual cycle and 
early pregnancy. Molecular Reproduction and Development. 68: 456-462. 

Wiebold, J.L., Stanfield, P.H., Becker, W.C. and Hillers, J.K. (1986). The effect of 
restraint stress in early pregnancy in mice. Journal of Reproduction and Fertility. 78: 
185-192. 

Wijayagunawardane, M.P.B., Kodithuwakku, S.P., Yamamoto, D. and Miyamoto, A. 
(2005). Vascular endothelial growth factor system in the cow oviduct: A possible 
involvement in the regulation of oviductal motility and embryo transport. Molecular 
Reproduction and Development. 72: 511–520. 

Wiktor-Jedrzejczak, W., Urbanowska, E., Aukerman, S.L., Pollard, J.W., Stanley, 
E.R., Ralph, P., Ansari, A.A., Sell, K.W. and Szperl, M. (1991). Correction by CSF-1 
of defects in the osteopetrotic (op/op) mouse suggests local, developmental, and 
humoral requirements for this growth factor. Experimental Hematology 19: 1049–
1054. 

Wilcox, A.J., Baird, D.D. and Weinberg, C.R. (1999). Time of implantation of the 
conceptus and loss of pregnancy. New England Journal of Medicine. 340: 1796–
1799. 

Williams, G.T., Smith, C.A., Spooncer, E., Dexter, T.M. and Taylor, D.R. (1990). 
Haemopoietic colony stimulating factors promote cell survival by suppressing 
apoptosis. Nature (Lond.). 343: 76-79. 

Wilson, S.J., Kirby, C.J., Koenigsfeld, D.H., Keisler, D.H. and Lucy, M.C. (1998a). 
Effects of controlled heat stress on ovarian function of dairy cattle. 2. Heifers. 
Journal of Dairy Science. 81: 2132–2138. 

Wilson, S.J., Marion, R.S., Spain, J.N., Spiers, D.E., Keisler, D.H. and Lucy, M.C. 
(1998b). Effects of controlled heat stress on ovarian function of dairy cattle. 1. 
Lactating cows. Journal of Dairy Science. 81: 2124–2131. 

Wimsatt, W.A. (1975). Some comparative aspects of implantation. Biology of 
Reproduction. 12: 1–40. 



© C
OPYRIG

HT U
PM

221 
 

Wolf, E., Arnold, G.J., Bauersachs, S., Beier, H.M., Blum, H., Einspanier, R., 
Frohlich, T., Herrler, A., Hiendleder, S., Kolle, S., Prelle, K., Reichenbach, H.D., 
Stojkovic, M., Wenigerkind, H. and Sinowatz, F. (2003). Embryo-maternal 
communication in bovine - strategies for deciphering a complex cross-talk. 
Reproduction in Domestic. Animals. 38: 276-289. 

Wolfenson, D., Lew, B.J., Thatcher, W.W., Graber, Y. and Meidan, R. (1997). 
Seasonal and acute heat stress effects on steroid production by dominant follicles in 
cow. Animal Reproduction Science. 47: 9-19. 

Wolfenson, D., Roth, Z. and Meidan, R. (2000). Impaired reproduction in heat-
stressed cattle: basic and applied aspects. Animal Reproductive Science. 60/61:535-
547. 

Wolfenson, D., Thatcher, W.W., Badinga, L., Sovio, J.D., Meidan, R., Lew, B.J., 
Braw-tal, R. and Berman, A. (1995). Effect of heat stress on follicular development 
during the estrous cycle in lactating dairy cattle. Biology of Reproduction. 52: 1106–
1113. 

Wordinger, R.J., Smith, K.J., Bell, C. and Chang, I.F. (1994). The 
immunolocalization of basic fibroblast growth factor in the mouse uterus during the 
initial stages of embryo implantation. Growth Factors. 11: 175–186. 

Wu, R.J. and Zhou, F.Z. (2004). Insulin-like growth factor II and its receptor gene 
expression in the endometrium of women with unexplained infertility. Zhonghua Fu 
Chan Ke Za Zhi. 39: 242-245. 

Yanagimachi, R. (1994). Mammalian fertilization. In E. Knobil and J.D. Neill. The 
Physiology of Reproduction (pp. 89–317). New York: Raven Press. 

Yang, Z.M., Le, S.P., Chen, D.B. and Harper, M.J. (1994). Temporal and spatial 
expression of leukemia inhibitory factor in rabbit uterus during early pregnancy. 
Molecular Reproduction and Development. 38: 148-152. 

Yarden, Y. (2001). The EGFR family and its ligands in human cancer.Signalling 
mechanisms and therapeutic opportunities. European Journal of Cancer. 37 (Suppl 
4): S3–S8. 

Yates, D.T. (2010). Measurement of Physiological Stress Response, Effects of Stress 
on Reproduction, and Management Practices for Avoiding Embryonic Wastage. 
Ph.D. Thesis. New Mexico State University. USA. 

Yoo, H.J., Barlow, D.H. and Mardon, H.J. (1997). Temporal and spatial regulation of 
expression of heparin-binding epidermal growth factor-like growth factor in the 
human endometrium: a possible role in blastocyst implantation. Developmental 
Genetics. 21: 102–108. 

Yoshinaga, K. (2010). Research on blastocyst implantation essential factors (BIEFs). 
American Journal of Reproductive Immunology. 63: 413-424. 

Yoshinaga, K. and Adams, C.E. (1966). Delayed implantation in the spayed 
progesterone treated adult mouse. Journal of Reproduction and Fertility 12: 593–
595. 



© C
OPYRIG

HT U
PM

222 
 

Yue, Z.P., Yang, Z.M., Li, S.J., Wang, H.B. and Harper, M.J. (2000). Epidermal 
growth factor family in rhesus monkey uterus during the menstrual cycle and early 
pregnancy. Molecular Reproduction and Development. 55: 164–174. 

Zhang, S-Y., Wang, J-Z., Li, J-J., Wei, D-L., Sui, H-S., Zhang, Z-H., Zhou, P. and 
Tan, J-H. (2011). Maternal restraint stress diminishes the developmental potential of 
oocytes. Biology of Reproduction. 84 (4): 672-681. 

Zhao, Y., Chegini, N. and Flanders, K.C. (1994). Human fallopian tube expresses 
transforming growth factor (TGFP) isoforms, TGFP type I-III receptor messenger 
ribonucleic acid and protein, and contains [1251] TGF/3-binding sites. Journal of 
Clinical Endocrinology and Metabolism. 79 (4): 1177-1184. 

Zheng, J., Redmer, D.A., Killilea, S.D. and Reynolds, L.P. (1998). Characterization 
of heparin-binding endothelial mitogen (s) produced by the ovine endometrium 
during early pregnancy. Biochemistry and Cell Biology. 76: 89–96. 

Zhou, J. and Bondy, C. (1992). Insulin-like growth factor-II and its binding proteins 
in placental development. Endocrinology. 131: 1230–1240. 


	1.pdf
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14



