


To the Graduate Council : 

I am submitt ing herewith a thesis written by Jamie E. Mells entitled "The Regu lation 
ofOxytocin Receptors in Porcine Endometrial Tissue." I have examined the final 
copy of this thesis for fonn and content and recommend that it be accepted in partial 
fulfillment of the requirements for the degree of Master of Science, with a major in 
Biology. 

~ ~~ 
Dr. Sarah Lundin-Schiller, Major Professor 

We have read this thesis 
and recommend its ac_ceptance: 

Accepted for the Council£ 

CLL 1t ~~ 
Dean of The Graduate School 



STATEMENT OF PERMISSION TO USE 

In presenting this thesis in partial fulfillment of requirements for a Master's 

degree at Austin Peay State University, I agree that the Library shall make it available 

to borrowers under rules of the Library. Brief quotations from this thesis are 

allowable without special pennission, provided that accurate acknowledgement of the 

source is made. 

Pennission for extensive quotation from or reproduction of this thesis may be 

granted by my major professor, or in her absence, by the Head of Interlibrary Services 

when, in the opinion of either, the proposed use of the material is for scholarly 

purposes. Any copying or use of the material in this thesis for financial gain shall not 

be allowed without my written pennission. 



The Regulation of Oxytocin Receptors 
in Porcine Endometrial Tissue 

A Thesis 
Presented for the 
Master of Science 

Degree 
Austin Peay State University 

Jamie Eugene Mells 

August 2004 



Copyright (0 Jamie Eugene Mells, 2004 
All rights reserved 



DEDICATION 

This thesis is dedicated to Roger Dickson whose continued support 

inspi res me to reach for the stars 

and 

in loving memory to Troy Collins "my baby brother" 

who left thi s world too soon. You will 

be missed. 



ACKNOWLEDGMENTS 

I would like to thank Dr. Sarah Lundin-Schiller for all of her patience and 

support. I would also like to thank the other committee members, Dr. Don Dailey and 

Dr. Willodean Burton whose continued guidance and assistance have helped me 

finish my thesis. Finally, I would like to thank my family and friends whose 

continual nagging and harassment/encouragement truly motivated me during this 

final year to complete my degree. 

iv 



ABSTRACT 

Oxytocin (OT) is the most potent natural substance stimulating uteri ne contract ions; 

the mechanism for regulating oxytocin receptors (OTRs) is not fully understood in 

swine. Research suggests that there is a posit ive relationship between OTR densi ty 

and OT sensit ivity. OTRs are strongly up regulated immediately before parturition . 

It has been proposed that the ratio of estrogen lo progesterone is the determ ining 

facto r in the regulation of uteri ne OTR expression. Thus the obj ecti ves of this study 

were: ( I ) to adapt a standard technique for culturing endometria l tissue so that 

specific honnona l treatments could be evaluated i11 vitro. (2) To detenni ne the effect 

ofE2 and P4 on OTR expression in porcine endometriuin i11 vitro. Endometria l ce ll 

cu lt ures were treated with varying concentrations of E2 and P4 and harvested to 

delennine the total protein and OTR concentration. The effect of estrogen and 

progesterone on OTR expression could not be sufficiently detenn ined by our in vitro 

model. 
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Literature Review 

The uterus is the site of implantation and maintenance of mammalian embryos. 

The uterine wall is composed of three layers: the endometriwn, myometriwn and the 

perimetrium. The endometriwn is the inner lining of the uterus. The endometrium 

consists of a superficial epithelial layer, a woven layer of connective tissue richly 

supplied with maternal blood vessels, and branched uterine glands (1,2,3). These 

tissues fonn two layers of endometrium: the stratum functional is, which in primates is 

shed during menstruation and the stratum basalis, which is the pennanent layer that 

gives rise to a new stratum functionalis after each menstruation (3,4,5). The 

endometrium responds to endocrine changes that accompany the female reproductive 

cycle, pregnancy, and parturition. During pregnancy the endometrial tissue merges with 

the feta l membranes to fonn the placenta. The myometrium consists ofan inner layer of 

smooth muscle, a highly vascularized middle layer, adjacent to a thin outer longitudinal 

layer (1,3). During parturition myometrial contraction is responsible for expulsion of 

the fetus. The perimetrium or serosa is fanned from the peritoneum and envelops the 

uterus, providing a protective covering. 

Oestrous cycle 

The pwpose of the oestrous cycle is to provide a uterine environment that will 

support embryonic development. In swine, the cycle length ranges from 19 to 23 days 

(1). The oestrous cycle can be divided into two phases: follicular and luteal. 

The fo llicular phase is divided into two subphases, proestrus and estrus. The 



proestrus phase is a period of ovarian stimulation resulting in growth and maturation of 

the uterine environment in preparation for release of mature ova from the ovary (1,3). 

During proestrus, vascularity of the uterine endometrium is increased, surface 

epithelium is composed primarily of simple columnar cells, and there is a marked 

increase in uterine gland growth (1,3). Estrus is the phase of the cycle, comm~nly 

referred to as "heat," in which the female will accept copulation (1,2,3,6). Estrus 

persists for 2-3 days, although a variation in length of 1-4 days is not uncommon (1). 

During estrus, preovulatory follicles ovulate and liberate mature ova into the oviduct 

(3). The process of ovulation involves physical rupture of the distal wall of the 

preovulatory follicle, which is brought about by a series of biochemical and vascular 

changes (3). In swine, the majority of ova are released twenty-four to thirty-six hours 

after onset of estrus, thereby increasing the probability of fertilization (I). Following 

ovulation, the follicular wall collapses and hemorrhaging occurs within the central 

cavity of the ruptured follicle. The cavity, filled with clotted blood, is referred to as a 

co1pus haemorrhagicum. (1,2). Follicular cells of the stratum granulosa increase in 

number and size forming the corpus luteum (1,3,6). Ovulation and subsequent 

development of the corpus luteum characterize the beginning of the luteal phase of the 

oestrous cycle. 

The luteal phase is divided into two subphases, metestrus (or «interestrus") and 

diestrus. The length of the luteal phase is directly dependent upon occurrence of 

mating, fertilization, and subsequent implantation of the ovum. The corpus luteum is 

considered to be a transient endocrine gland that secretes honnones responsible for a 



variety of functions in the luteal phase of the oestrous cycle. The primary function of 

the corpus luteum is to prepare the uterus for subsequent implantation and nourishment 

of the developing embryo (3,6). During interestrus, the corpus luteum begins secreting 

progesterone in preparation for implantation (1,3). In the event of fertilization and 

implantation, the corpus luteum persists and grows significantly larger. The enlarged 

corpus luteum, referred to as the corpus luteum verum during pregnancy, releases 

progesterone that acts at the pituitary level to modulate lutropin (LH) secretion, by 

enhancing the negative feedback loop caused by relatively low amounts of estrogen 

(3,7). In addition, the corpus luteum prevents repeated ovulation by inhibiting estrogen 

positive feedback mechanism (l,2,6,7). Diestrus occurs when fertilization does not take 

place. The corpus luteum spurium (of the estrous cycle) regresses into a white pale 

body known as the corpus albicans. 

The Re/atiouship of Progestero11e a11d Estroge11 ill tl,e Maternal Recog11itio11 of 

Pregnancy 

The transformation from cyclic to pregnant endocrine state is referred to as the 

"maternal recognition of pregnancy." The "maternal recognition of pregnancy" occurs 

through a series of biological signals emitted from the corpus luteum and embryo. A 

key element in this recognition process is the maintenance of the corpus luteum vernum. 

Two hormones involved in this process are estrogen and progesterone. 

Estrogens are steroids secreted from ovarian preovulatory follicles and 

conceptuses of domesticated mammals (3,8). Estrogens are known to promote growth 



of endometrial glands, induce behavioral estrus (heat), stimulate mammary gland 

growth, enhance water and electrolyte movement, promote placental expansion, cell 

permeability, uterine blood flow, myometrial sensitivity/excitability, and cause secretory 

activity in the oviduct (1,3,8,9). Estradiol-l 7P (E2) is the most potent of the estrogens. 

In swine the "maternal recognition of pregnancy" occurs between days 10 and 12 after 

the start of oestrus (10,11). Estrogen production increases significantly and peaks during day 

JO and 11 in swine (11). It is hypothesized that estrogens secreted by the blastocysts act as 

luteotrophic agents by redirecting the luteolytic prostaglandins from the endometrium (3,10,11). 

ln cyclic sows the endometrium secretes prostag\andins in an endocrine direction, toward the 

myometrium and into the uterine vasculature, thereby transporting prostaglandins to the corpus 

luteum causing luteo\ysis and regression of the corpus luteum (3,10,12). Conversely, in 

pregnant sows the conceptus produces estrogens, which reorients prostaglandin release in an 

exocrine direction, causing prostaglandins to be released into the uterine lumen, where they 

have no effect on the corpus luteum (3,10,12). Indeed, experiments by Geisert et al, 

demonstrated that, in pigs, systemic injections of estrogens during Days 11-13 of the estrous 

cycle delays lutea\ regression (10). 

The corpus luteum in swine and goats is the primary source of progesterone 

throughout gestation, unlike primates, sheep and horses in which the placenta is the 

primary source of progesterone for most of the pregnancy (3). In swine and goats the 

combination of estrogen and progesterone is necessary for the maintenance of gestation 

(1,3,6,10,l l}. Progesterone has several roles in the uterus, but its primary function is 

to promote secretory changes in the uterine endometrium. These "progestational 

changes" include marked growth of the uterine glands, proliferation of the uterine 



stroma, and increased secretory activity in the oviduct and from the endometrial 

glands (3,6). In addition, progesterone functions to: prevent uterine contractibility, 

regulate secretions of pituitary gonadotropins, promote secretory changes in the 

mucosa! lining of the fallopian tubes, enhance sodium, chloride and water 

reabsorption in the kidney, and promote development of alveoli cells in the mammary 

glands (1,2). In swine, rabbits, and guinea pigs, progesterone concentrations remain 

high until the initiation of labor. Experiments by Lundin-Schiller et al. revealed that 

progesterone levels dropped significantly during the interval between 90-day gestation 

levels and the occurrence of milk letdown (8). Progesterone withdrawal has been 

shown to be a principal factor in initiation of parturition. Indeed, in rabbits it has 

been shown that parturition could be delayed or prevented by the administration of 

progesterone just before the end of pregnancy (6). 

The /11terrelatio11ship of Oxytocin and Prostagla11ditts ill the Uterine 

E11viro11me11t 

Oxytocin (OT) is a nine amino acid peptide secreted by the posterior pituitary 

gland (3). The neurohypophysis is the primary source of OT (7, 13). OT is generally 

produced within the axonal endings of the pars nervosa and plasma OT concentrations 

increase around the time ofluteolysis (7,13). Although the role of OT in the initiation 

of labor in ruminan ts has been largely established, it is st ill not fully understood in 

swine. It is considered the most potent natural substance stimulating uterine 

contractions. As demonstrated in guinea pigs and humans, the frequency and 



amplitude of OT induced uterine contraction are identical with those occurring during 

spontaneous labor ( 14, 15 ). OT induces uterine contractions both directly, by binding 

to receptors on myometrial cells and thus stimulating contractions, and indirectly, by 

binding to endometrial/decidual cells and inducing prostaglandin production. 

In addition it has been shown in experiments by Alexandrova el al., that 

electrical stimulation of the posterior pituitary gland, which in theory causes OT 

release to the blood stream, induces labor contractions in guinea pigs (14,16). 

However, a consistent increase in OT concentration in peripheral maternal circulation 

prior to labor has not been observed, and for this reason OT may not have a direct 

physiological role in the early events of labor (8, 14). 

Prostaglandins are eicosanoid hormones consisting of a group of 20-carbon 

polyunsaturated fatty acids (3 ,7). Prostaglandins are derived primarily from 

arachidonic acid and are produced within the plasma membrane. Prostaglandins are 

not secreted from any one gland; many cell types in the body have the capacity to 

convert fatty acids into prostaglandins. The conversion of precursor fatty acid 

molecules can come from endocrine, nervous, or chemical stimulation. 

Prostaglandins can be divided into four groups: A, B, E, and F, which differ in the 

cyclopentane ring substituent and double bonds in the molecule (3,7). Prostaglandins 

are powerful stimulants of smooth muscle. In general, prostaglandin E (PGE) relaxes 

smooth muscle and prostaglandin fi.:,_(PGF20 ) contracts smooth muscle (I). 

Prostaglandins also play an integral role in the oestrous cycle. In the porcine 

endometrium, pulsatile secretion of endometrial PGF20 is stimulated by OT during 



days 14-16 postestrus {17,18 ,1 9) . It has been widely established that PGF2o. is 

responsible for corpus luteum regression in cyclic sows, and ewes {13,17,18). Recent 

experiments by Gregoraszczuk et al. have shown that PGE2 has a luteotrophic effect 

on corpus luteum by increasing its production of progesterone (20). 

OT binds to specific oxytocin receptors (OTRs) on the endometrium to 

stimulate phosphoinositide hydrolysis, thereby activating the inositol triphosphate 

(IP3)-diacylgylcerol (DAG) second-messenger system mobilizing intracellular 

calcium and activating protein kinase C (7,17,18,2 1,22). Experiments by Mi rando et 

al., Whiteaker et al., and Tysseling et al., established this cascade of reactions 

promotes pulsatile PGF20 secretion within the porcine endometrium (17,2 1,22). This 

OT induced PGF20 production occurs during corpus luteum regression in swine and 

ruminants in normal parturition (3 ,8, 17,18,23). PGF2o. plays an important role in the 

initiati on of parturition by stimulat ing luteolysis and thereby initiating progesterone 

withdrawal ( I). Nevertheless, as previously mentioned, the mechan ism that both 

inhibits progesterone secretion and/or increases OT secretion, which in tum causes 

PGF io. release, is sti ll not fully understood. 

The Role ofOxytocin Receptors ill Parturition 

The oxytocin receptor, a seven transmembrane domain, G protein linked 

receptor molecule is essential to parturition (24). It has been we ll estab lished that 

OTRs are strongly up regulated immediately before parturition. It has been proposed 

that the rat io of estrogen to progesterone is the determining factor in the regu lation of 



uterine OTR expression; however, conflicting data suggest there are variations 

between species (25). In the rat, experiments by Alexandrova et al. correlated a 

proport ional increase in estrogen receptor concentration in the myometrium, with the 

increase in OTR concentration (26). Further experiments, by Larcher et al. revealed 

that treatment of ovariectomized rats with E2 lead to a significant increase in both 

OTR mRNA levels and OT binding. In ewes, Zhang et al. reported that progesterone 

and E2 caused downregulation ofendometrial oxytocin receptors, and only when 

progesterone was withdrawn, similar to that which occurs during luteolysis, did 

receptor density increase (27). In swine, Lundin-Schiller et al. reported that 

concentrations of E2 were positively correlated with OT binding si te concentrations, 

and progesterone concentrations were negatively correlated (8). The shift in estrogen: 

progesterone ra1io occurred after day 90 and by 2 days prior to delivery (8). Simi lar 

conclusions were drawn from Lau et al., who found that ovariectomized ewes treated 

with progesterone (P;a) alone or in combination with PGF2o., reduced OTR density. 

This relationship between OTR density and the ratio of estrogen/progesterone has also 

been established in the ventromedial nuclei of the hypothalamus of rats (28). 

Therefore the body of research suggests that OTR's are strongly up-regulated in 

response to E2 administration (8,2 1,25). Progesterone induces down-regulation of 

OTRs, however OT down.regulation is not accompanied by a decrease in OTR gene 

expression (8,21,25,29). 

An increased uterine sensitivity to OT may play a key role in the initiation of 

parturition. The concentrations ofOTRs in the rat, gu inea pig, and human 



myometrium have been shown to rise abruptly several hours before labor (14,16). 

Enhanced OT sensitivity is a consequence of an increase in the density of OTRs on 

myometrial plasma membranes. It has been reported that OTR concentration of 

human deciduas and expression ofmyometrial gap junctions increase during 

pregnancy and peak in early labor (8,15,29). Husslein et al., have shown that the 

uterine response to OT is directly correlated with the number of binding sites in 

individual uteri (30). In rats the concentration ofOTRs in the myometrium was found 

to rise abruptly several hours before labor, reach maximal levels during labor, and 

then decline significantly 24 hours after parturition (14). In addition experiments by 

Soloff er al. on women showed that 100 milliunits (mU) of OT infused per minute 

was needed to elicit uterine contractions in nonpregnant women. ln pregnant women, 

16 mU/min was sufficient to elicit contraction at 20 weeks of pregnancy, and 

2mU/min at 32 weeks, and 1 mU/min at term. In addition, the number ofmyometrial 

OTRs was more than 150 times greater during labor than in uterine tissue non­

pregnant myometrium (14). In swine, endometrial tissue expressed high numbers of 

OTRs during late gestation, labor, and shortly following parturition (7,8). 

Specifically, experiments by Lundin-Schiller et al. reported that endometrial and 

mammary tissue expressed acute _increases in OT binding site concentrations, whereas 

myometrial tissues displayed a more gradual increase in comparison (8). Experiments 

by Whiteaker et al. have shown that swine endometrial tissue possess functional 

OTR's, making porcine endometrium ideal for studying the regulation ofOTR (18). 

These experiments provide empirical data on the fundamental importance of OTR 



density, speci fically that there is a positive relationship between OTR density and OT 

sensiti vity (8, 16). 

Objective a11d Hypothesis 

Thus the objectives of this study were: (l) to adapt a standard technique for culturing 

endometrial tissue so that the effect of specific hormonal treatments on OTR 

expressioh could be evaluated in vitro. (2) To determine the effect of E2 and P4 on 

OTR expression in porcine endometrium in vitro. The working hypothesis is: 

treatment with P4 followed by E2 will increase OTR expression in endometrial tissue. 

10 



Materials and Methods 

Tissue collectio11 aud culturing 

Uteri were obtained at the time of slaughter from Hampton's Meats, 

Hopkinsville, KY, and transported to the laboratory in Incomplete Hanks Balanced 

Salt Solution (IHBSS, Ca2+ and Mg2+ free, pH 7.4) containing 20 µ I/ml of antibiotics 

and antimycotics with the stock concentration being 10,000 uni ts/ml penicillin G 

sodium, 10,000 µg/ml streptomycin sulfate and 25 ~lg/ml amphotericin B in .85% 

saline [ABAM]. Endometrium was cultured by the method of Davis and Blair (32). 

Briefly, endometrium was sharply dissected from myometrium and rinsed three times 

in IHBSS containing ABAM. The endometrium was then incubated in the enzyme 

d ispase (4.6 mg/ml) and pancreatin (.0125 g/ml with a stock solution of25 g 

pancreatin and 8.5 g NaCl per liter) for two hours at room temperature. Luminal 

endometrial cells were iso lated by centrifugation (800 xg) and plated in 35 mm 

culture dishes at a density of3 x I06 cell s/plate. Cultures were maintained in RPMI 

1640 without phenol red containing charcoal stripped Fetal Calf Serum ( 10%), 

ABAM, and insulin (2.5 µg/ml) in a humidified atmosphere of 5% CO2 in 95% air at 

3 7' C. Media were changed every 48 hours and experiments conducted on confluent 

cultures. Materials were purchased from Gibco, (Grand Island NY), and Sigma (St. 

Louis MO). 
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Experime11tal Desig11 

At confluence endometrial cell cultures were treated with ex perimental media 

as outlined below, and then harvested to determine total protein and OTR 

concentration. 1n all experiments steroids (Sigma) were solubilized in 95% ethanol. 

Control medium contained an equal volume of ethanol as the stero id-containing 

treatmen t. 

Experiment A 

Question I: Does E2 treatment increase OTR expression in vitro? Question 2: Does 

P4 priming in conjunc1ion with E2 increase OTR expression? Plates of cell s were 

exposed to control or P4(15 ng/ml) for 48 hours. Media were removed and replaced 

with either control or E2 I 0-8M. Each treatment combination was done on six plates 

of cells so that at the end of the incubation period OTR assays could be conducted in 

triplicate (three nonspecific binding plates and three total bind ing plates). Additional 

concentrations of E2 ( 10-9 and I 0· 10 M) were employed if cell harvests were large 

enough. Protocol 1 as described below was used fo r detem1ination ofOTR 

expression. This experiment was conducted on three different cu ltures. 

Experiment B 

Question: Does the concurrent administration of P4 and E2 change OTR ex pression? 

Cuhures were exposed to O (control), P4 (15 ng/ml), or P4 ( 15 ng/ml) plus E2 at 

varying concentrations for 48 hours. Media were removed and replaced with control 

12 



and varying concentrat ions E2. Each treatment combination was done on six plates of 

cells so that at the end of incubation period OTR assays could be conducted in 

triplicate (three nonspecific binding plates and three total binding plates). Additional 

concentrations ofE2 (10-9 and 10- 10 M) were employed if cell harvests were large 

enough. Protocol I as described below was used for detennination of OTR 

ex press ion. This experiment was conducted on three different cultures. 

Experiment C 

Question: Does the concurrent administration of P4 and E2 change OTR expression? 

Cultures were exposed to 0 (control) or P4 (15 ng/ml) plus E2 I0-9M. Media were 

removed and replaced with control, P4• E2 10·10M, or E2 I0- 10M, respectively. After 

treatment when cells were harvested, cell samples from like trea1ments were pooled. 

The goal was to achieve I00µ g/ I00ml from the plates. This allowed OTR assays to 

be conducted in duplicate on as large a cell population sample as possible. Protocol 2 

described below was used for the determination ofOTR expression. This experiment 

was conducted on four different cultures. 

OT Bin ding Assay 

Protocol J 

The OT binding assay is a modified version of the procedure presented by 

Adachi & Oku (33). OT binding has been analyzed using the fo llowing procedure. 

Plated cells are rinsed three times with Tris Buffer (50 mM, pH 7 .6). Then each 

treatment is incubated for six teen hours at 4° C with Total Binding so lution using a 

13 



concentration of I nM 3H-OT in 50 mM Tris buffer (pH 7 .6) plus 0. 1 % bovine serum 

albumin and 5 mM MnCl2, or Nonspecific Binding solution containing I nM 3H-OT 

in 50 mM Tris Buffer (pH 7.6) plus 0. 1% bovine serum albumin and 5 mM MnCI2, 

and 

1 µM of cold OT. Fo llowing incubation, the binding solutions are removed and the 

cells are rinsed six times with cold 50 mM Tris buffer (pH 7.6). Cells are scraped 

from the plates into I ml of0. IN NaOH and placed in scinti llation vials with 10 mis 

of scintillation fluid. Disintegration per minute will be determined for five minutes 

on a Packard Instruments Tri-Carb l 600CA scint illation counter. Total binding 

solution contains only 3H-OT. Therefore all binding that occurs can be attributed to 

OT binding to its receptor and random or nonspecific bind ing. Nonspecific binding 

solution contains 3H-OT and an excess amount of non-labeled OT. Thereby any 

binding found can be attributed to binding that occurs on substances other than 

OTR 's. Specific Binding is determined by subtracting Nonspecific Binding from 

Total Binding va lues. 

Prorocol 2 

OT binding was analyzed by a second procedure adapted from Adachi & Oku 

(32). Cells are grown to confluence, and then placed on a bed of ice. Cells are rinsed 

three times with 0.25 M glycine-HCI (pH 2.8) at 4°C. Cells are then frozen in 1 ml of 

IO mM Tris-HCI plus 2.5M EDTA (pH 7 .6) and stored at -20°C. Cells are thawed, 

scraped with buffer and incubated for 15 minutes. The cells are then son icated. The 

cellular homogenate is centrifuged at 80,000Xg for I hour. The supernatant is 



discarded, and the pellet is rinsed three times with 50 mM Tris•HCI (pH 7.4) making 

sure not to disrupt the pellet. The pellet is resuspended in Tris buffer and stored at 

·80°C until assayed. At the time of assay, the crude membrane is thawed and diluted 

with 50 mM Tris•HCI with 5mM MnCL2, 0.1 mg/ml BSA, pH 7.4 to achieve 

approximately 1 00µg of protein per 100µ1 of solution. The crude membrane solution 

is then incubated in 12 x 27 mm polysterene test tubes for 36 hours at 4°C, with 

gentle agitation, with 3H.QT (lnM)± cold OT (lµM) in duplicate or triplicate as 

follows: 100 µI crude membrane preparation, 100µ13 nM 3H.QT and 100 µ I 3µM 

cold OT or plain Tris•HCI, pH 7.4. After incubation is complete, samples are filtered 

over Whatrnan GF/F glass filters using the Millipore vacuum manifold. The filters 

are rinsed four times with I ml ofTris•HCI, pH 7.4, then placed in scintillation vials 

with scintillation fluid and left overnight. Disintegrations per minute (DPM) are 

determined for 5 minutes. Spec ific binding will be determined by subtracting 

nonspecific binding from total binding values. 

Protein Assay 

Total cell protein is sampled in 50 µls a liquots from .the so lubili zed cells. The 

concentration of protein was determined by the method of Lowry et al. (33). 

Specific binding is normalized for total cell protein, by dividing specific binding by 

total protein, resulting in speci fic binding in femtomoles OT bound per milligram of 

protein. 

15 



Statistical A 11 a/ysis 

Statistical analysis of all results was as follows. A mean number of OT 

binding sites for each group was determined. Nonspecific and Total Binding values 

were measured in triplicate. All statistical tests were generated by the JMP v. S The 

Statistical Discovery Software (34). The following non-parametric tests were 

performed: the Tukey-Kramer test determined if any group differed significantly from 

another, Dunnett's Method specifically tested if the treatment groups differed from 

control, and the Wilcoxon/Kruskal-Wallis was an additional test that also determined 

s ignificant differences between means, 

16 



Results 

Experiment A 

Figures 11, 2, and 3 show the data from the three cultures in which experimental 

design A was used. The graphs show specific binding of 3H-OT in 

femtomoles/microgram total protein (fmoVµg protein) for each treatment group. 

Specific binding was detennined in triplicate as previously described as protocol I. 

The figures show there was no consistent trend observed in the three cultures. The 

Tukey-Kramer2 test in Tables 1, 2, and 3 showed that the means of the groups were 

not significantly different from each other at the 0.05 alpha level. The Dunnett's 

method confinned these results and showed that the treatment groups were not 

significantly different from control at the 0.05 alpha level. The Wilcoxon/Kruskal­

Wallis Test failed to reject the null hypothesis that there was no significant difference 

between groups at the 0.05 alpha level. 

Experiment B 

Figures 4, 5, and 6 and Tables 4, 5, and 6 show data from three cultures in which 

experimental design B was used. The graphs show specific binding of 3H-OT in 

fmol/µg protein for each treatment group. Specific binding was determined in 

triplicate as previously described as protocol 1. The Figures 4, 5, and 6 show there 

was no consistent trend observed overall in the three cultures. In Table 4 the Tukey­

Kramer test revealed that there was a significant difference between the treatment 

A!lfigures and1:1.blcsarerepone<lin1hc:1.ppc:ndixm:1ion. 

Neg:t1i"cbinding":tlueswcre reponed.howcvcr:1.ncgativcspccificbinding11:1lucindica1e<lnodc1cct:1.bksp,,:cif\cbindin11. 
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groups. Levels not connected by same the letter are significantly different from each 

other at the 0.05 alpha level. The control group had significantly more specific 

binding of OT than the Ei !0-8M and control/P4 (15 ng/ml) treatment groups. The 

Dunnett's Method revealed that the control group specific binding was significantly 

different than all treatment groups. Figure 4 shows that the treatment groups 

appeared to have significantly lower binding of 3H-OT binding than the control group. 

The Wilcoxon/Kruskal-Wallis non-parametric test rejected the null hypothesis. The 

groups were significant ly different at the 0.05 alpha level. The Tukey-K.ramer test in 

Tables 5 and 6 showed that the means of the groups were not significantly different 

from each other at the 0.05 alpha level. The Dunnett's method confirmed these 

results and showed that the treatment groups were not significantly different from 

control at the 0.05 alpha level. The Wilcoxon/Kruskal-Wallis Test failed to reject the 

null hypothesis that there was no significant difference between groups at the 0.05 

alpha level. 

Experiment C 

Figures 7, 8, 9, and 10, and Tables 7, 8, 9, 10 show data from four cultures in which 

experimental design 8 was used. The graphs show specific binding of 3H-OT in 

fmol/µg protein for each treatment group. Specific binding was determined in 

duplicate as previously described as protocol 2. Cultures were treated for a total of96 

hours with media changes occuning every 48 hours. There were four treatment 

groups used for each experiment: during the initial 48 hours, cultures were treated 
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with control media, or P• IS nglml and E2 1 ff9M administered concurrently. During 

the last 48 hours the groups were treated as follows: control media, E2 I o·9M, and E2 

10"9M respectively. Statistical analysis was as follows. Figure 7 shows that P. 15 

ng/ml treatment group appears to have more specific binding of 3H-OT than the group 

that received P, IS nglml and E2 10"9M initially. Table 7 confinns that P4 15 ng/ml 

treatment group had signi ficantly more specific binding than the P4 15 ng/ml + E2 10" 

9M group. The Dunnett's Method analysis showed that the P4 IS nglml group and the 

P4 15 ng/ml + E2 10"9M treatment group were significantly different than the control 

gro up . However it should be noted that (see Table 7) the control group had a 

negative mean, which again suggests no detectable binding occurred in the cultures . 

The Wilcoxon/Kruskal-Wallis test rejected the null hypothesis at 0.05 alpha level. 

Figure 8 results were similar to those reponed by Figure 4, in wh ich the treatment 

groups appear to have less binding as compared with the control group. Tab le 8 shows 

the contro l group had sign ificantly more binding of OT than the treatment groups. 

The Dunnett's Method analysis confirmed these results. All treatment groups were 

significant ly different from control at the 0.05 alpha. The Wilcoxon/Kruskal-Wallis 

test rejected the null hypothesis at the 0.05 alpha level. Figure 9 resu lts were similar 

to those repon ed by Figure 7, except that both P.i 15 nglml and the E2 appeared to 

have more binding than the treatment group in which P.i 15 ng/ml + E2 10·9 M were 

administered concurrently. Table 9 reveals that there was no significant difference 

amongst groups with posit ive binding values. The Dunnett's Method revealed that all 

treatment groups were significantly different from the control group. However it 
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must be noted that the control group had negative mean average. The 

Wi lcoxon/Kruskal-Wallis test rejected the null hypothesis at the 0.05 alpha level. 

Figure 10 had relatively low amounts of specific binding. The P4+E2 t0·9M was the 

only treatment group that had detectable binding occur. Table 10 shows that the 

contro l group had significantly more specific binding of OT than all the steroid 

treated groups. The Dunnett's Method also confirmed that control group is 

significantly different than all steroid treated groups. The Wilcoxon/Kruskal-Wallis 

test rejected the null hypothesis. 
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Discussion 

The data for this study are presented chronologically in order to explain the 

mode of thought and relative comparative studies, followed by an overall analysis of 

this study. 

The purpose of experiment A was to evaluate the experimental design and to 

determine if any trends were present. Although the statistical tests revealed no 

significant differences between the groups, Figure I showed that 1he E2 treatments 

seemed to increase the amount of binding occurring, but not stati stically significant. 

Hypothesizing that E2 I o-s was not optimal for OT binding; in experiment B the 

concentrations of E2 were varied. In addition, a progesterone pretreatment protoco l 

was added to mimic the environment that occurs in vivo prior to labor in the uterine 

env ironment. Experiments by Edgerton et al. revealed that the uterine secretion of 

prostaglandin F20 in response to OT in sows increased in response to the concurrent 

administra1ion of P4 and E2 (35). Similar experiments in the ewe by Lau et al. also 

suggested that OTR ex pression increased due 10 the withdrawal of P 4 (36). Figures 4, 

5, and 6 and Tables 4, 5, and 6 reveal that there was no consistent trend presented 

throughout the experiments. All three cultures failed to dup li cate the results found in 

the previously ment ioned studies. 

In designing experiment C, the goal was to increase the amount ofOTRs 

available for binding and standardi ze the experiments so they could be analyzed 

together. Experiments by Adachi et al. revealed that OTRs once expressed might 

disappear from the cell surface in the presence of exogenous OT, due to OTR 
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internalization (33). Consequently, cell cultures were son icated in order to expose the 

internalized OTRs. The results for experiment C were again mixed, with no trend 

seen in each experiment. Figures 7, 8, 9, and IO actually had less specific binding 

than all of our previous experiments, so the attempt to increase the amount ofOTR's 

available for binding was unsuccessful. 

In Figure 8 and 10 the control group had significantly more binding than the treatment 

groups. However in Figure 7 and 9, both P4 and E2 treatment groups had more OTR 

expression. 

In analyzing this study in its entirety, there are four hypotheses that might explain 

the varied resulls gamered in this study. 

1. OTR expression i11 vitro is dependent upon the estrous stage of the gilt at the 

time of slaughter. 

2. Exposure to OT for extended period causes the disintegration of both the 

internal and external OTRs. 

3. The i11 vitro model may be too restrictive to adequately reflect the complex 

nature of the uterus. 

4. The high level of non-specific bind ing that occurred may mask the small 

differences in specific binding. 
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OTR expression in vitro is dependenl upon the estrous stage of1he gilt at the time of 

slaughter. 

"The 'maternal recognition of pregnancy' can be defined as the method by which the 

conceptus prolongs the functional lifespan of the corpora lutea established after 

ovulation" (IO). The uterine endometrium is the source of the luteolysin and in cyc lic 

pigs the endometrium secretes prostaglandins in an endocrine direction , and that only 

through the act ions of E2 and P4 is the corpus luteum maintained (3,10,12). However 

it is possible that the sensitivity of the endometria\ tissue to estradio l and progesterone 

my have been significantly influenced by the stage of the oestrous cycle the gi lt was in 

at the time of slaughter. Experiments by Geisert et al. showed that endometrial 

nuclear estrogen receptor sites increased from Day Oto 12 and declined from Day 15 

to 18, and were comparatively similar in sows and gilts (37). In obtaining the uteri 

from Hampton's Meats, it was difficult to ascertain the physiological status of pig in 

the slaughterhouse. Therefore the sensitivity of the 1issue 10 E2 may have been 

influenced significantly by the day of slaughter. Another item that needs to be 

addressed is the amount ofOTRs present at the time of slaughter. OTR gene 

expression appears to be controlled at the transcriptional level, and some studies 

suggest sex steroids appear to have an indirect effect on that expression (29). 

These studies show that OTR gene expression is suppressed in vivo by interferon­

[gammaJ and in creating an in vitro model the suppression is removed. Thus causing 

any effects observed by sex steroid treatment to be obfuscated. 

''Despite the presence of steroid receptors in bovine endometrial cel ls, 
the level of OT receptor mRNA could neither be affec1ed by 
progesterone or estradiol nor by a progesterone withdrawal protocol. 
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The only factor that affected the OT receptor mRNA level was 
interferon- [gamma] (29)." 

Consequently, the actual amount ofOTR present may have been determined by the 

day of slaughter and less by the actual steroid treatment. Again this would explain the 

varied results garnered in our experiments. 

Exposure to OT for extended period causes the disintegration of both the internal and 

external OTRs. 

Experiments by Adachi et al. in humans revealed that when I nM OT was added to 

myometrial mono layer cultures a decrease of 70% in surface OTRs was observed 24 

hours after exposure (33). Prolonged exposure to OT leads to the disappearance of 

intracellular OTRs (33). Experiments by Hu et al. reported that OT was secreted by 

luminal epithelial cells, and that the OT secreted acted in an autocrine and/ or 

paracrine manner in pig endometrium (38). Consequently, OTR disintegration could 

have occurred throughout the entire culturing process. At this time there are no 

published studies that examine effect of prolonged exposure OT on OTR 

disintegration or intemalization in pigs. 

The in vitro model may be too restrictive to adequately reflect the comple.Y. nature of 

the uterus. 

In reviewing the literature currently available, it is read ily apparent that the majority 

of the studies being conducted are i11 vivo models. One simple explanation to the 

varied results could be that the series of biological events necessary to trigger 
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adequate OTR expression may be more complex than an in vitro model (at thjs time) 

can sufficient ly simulate. Cofactors, alternate pathways of control, or some other 

unknown protein could all be present in vivo models and may be necessary fo r proper 

analys is. 

The high level of non-specific binding that occurred may mask the small differences 

in specific binding. 

The majority of the cultures in this study reported negative specific binding val ues for 

at least on group. One obstacle inherent in the experimental design was the use 3H­

OT, which has a low specific activity. As a resu lt of its relative low specific activi ty, 

millimole quantities (i.e. phannalogical amounts) were used in the assay. This issue 

combined with the fac t that there exists some cross reactivity with other receptors 

caused our non-speci fi c binding numbers to be exceedingly high. Figures 7, 8, 9, and 

10 ill ustrate 1his idea. Ln exposing internal receptors during the sonication process, 

actually reduced the amount ofOTR expression observed. Future experiments should 

try using 1251-0T or 1251-0T analog. 

In conclusion, the effect of estrogen and progesterone on OTR expression 

cou ld not be sufficiently determined by our in vivo model. Further study is warranted, 

the development ofan effective in vivo model is critical to the full understanding of 

parturition in swine. 
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Figures 

[ 30 +----- ---- -~I'--------­

~ :zs +----- ---- --1----- ------­
~ 
1/ 20 -/--------~='=~ --- ----
! 15 -1---- - -1-----__J 
~ 

~ 10 -1-- - -'-- - --_J 

1 
~ o -1------'--~'--- -'--_j_ _ _ _ c__ _ _J__~ 

Control Estradiol Proi;es1erOl\dEstrad1ol 

Figu re 1. Specific binding of 3H-OT to surface ofluminal endometrial cells grown to 
confluence in vitro. (Mean+SEM, n=3 ). Cultures were treated for48 hours with 
control, E2 (l0"8M), and P4 (15ng/ml). After 48 hours media were removed and 
replaced with control, E2 ( I o·8M), and E2 (I o·8M) respect ively. 
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F ig ure 2. Specific binding of 3H-OT to surface ofluminal endometri al cells grown to 
confluence in vitro. (Mean+SEM, n=3). Cultures were treated for 48 hours with 
control, E2 ( I 0-8M), E2 ( I 0-9M) and P4 (l Sng/ml). After 48 hours media were 
removed and rep laced with control, E2 (!0-8M), E2 (10.9) and E2 ( i ff8M) respectively. 
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Figure 3. Specific bmdmg of 3H-OT to surface ofluminal endometnal cells grown to 
confluence in vitro. (Mean+SEM, n=4). Cultures were treated for 48 hours with 
control, E, (10.8M), E2 (10.9M), E2 (10·") or P, (15ng/ml). After 48 hours media 
were removed and replaced with control, E2 (10"8M), E2 (10"9) or E2 (I0-1°) 
respectively. 
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Figure 4. Specific binding of 3H-OT to surface ofluminal endometrial cells grown to 
confluence in vitro. (Mean+SEM, n=3). Cultures were treated for 48 hours with 
control , control, P4 (15ng/ml)+ E2 (10.8M), P4 (15ng/ml)+ E2 (1 o·" M ), or E2 (10.8M) 
and E2 (I0-10M). After 48 hours media were removed and replaced with control, P4 

(15ng/ml), E2 (10.8M), or E2 (10.'°M) respectively. 
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Figure S. Specific binding of 3H-OT to surface of luminal endometrial cells grown to 
confluence in vitro. (Mean+SEM, n=3). Cultures were treated for 48 hours with 
control, or E2 (10"9M) or P4 (15ng/ml)+ E2 (I0-9M). After 48 hours media were 
removed and replaced with control , E2 (1 ff9M), or E2 (l0"9M) respectively. 
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Figure 6. Specific binding of3H-OT to surface ofluminal endornetri al cells grown to 
confluence in vi tro. (Mean+SEM, n=3). Cultures were treated for 48 hours with 
control, E2 (I0.8M), E2 (I0.9M), E2 (10·'0) or P4 (15ng/ml) + E2 (10"8M), E, (10.9M), 
or E2 (I 0·10). After 48 hours media were removed and replaced with control, E2 (!ff 
8M), E, (10"9) or E2 ( Io·") respecti vely. 
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Figure 7. Specific binding of 3H-OT to both surface and internal OTR' s ofluminal 
endometrial cells grown to confluence in vitro. (Mean+SEM, n=2). Cultures were 
treated for 48 hours with control, or P4 (15ng/mIJ+ E2 (10-9M). After 48 hours media 
were removed and replaced with control, E2 (to· M), P4 (15ng/ml) or E2 (10-9M) 
respectively. 
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Figure 8. Specific binding of 3H-OT to both surface and internal OTR's of luminal 
endometrial cell s grown to connuence in vitro. (Mean+SEM, n=2). Cultures were 
treated for 48 hours with control, or P 4 {l SnglmlJ+ E2 ( I 0-9M). After 48 hours media 
were removed and replaced wi th control, E2 (10- M), P4 {lSng/ml) or E2( 10"9M) 
respectively. 
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Figure 9. Specific binding of3H-OT to both surface and internal OTR's of luminal 
endometrial cells grown to confluence in vitro. (Mean+SEM, n=2). Cultures were 
treated for 48 hours with control, or P4 (l5ng/m1J+ E2 (10.9M). After 48 hours media 
were removed and replaced with control, E2 (IO' M), P4 (15ng/ml) or E2 (10.9M) 
respectively. 
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Figure 10. Specific binding of 3H-OT to both surface and internal OTR's ofluminal 
endornetrial cells grown to confluence in vitro. (Mean+SEM, n=2). Cultures were 
treated for 48 hours with control, or P4 (ISng/mlJ+ E2 (10-9M). After 48 hours media 
were removed and replaced with control, E2 (10" M), P4 (15ng/ml) or E2(lff9M) 
respectively. 
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Appendix 2 
Tables 

Table I. Porcine Endometrial Culture (Pee) 15 Tukev-Knmer Mean Analvsis 
LEVEL I MEAN 
E2 (!0e-9) IA 19.46667 
Control A 7.436667 
PJE, 'A 6.343333 
*Levels not connected by the same letter are significantly different from each other at 
alpha .05 leve l. 

Source: Data generated by JMP. 
SAS Inst itute. JMP. The Statistical Discove,y Software, Version 5. Cary, North 
Carolina, 2002. 

Table 2 Pee 16 Tukev Kramer Mean Analvsis 
LEVEL MEAN 
Control A 18.696667 
E2 (!0e-9) A 14.880000 
E2 (!0e-81 A 9.6 16667 
P,/E2 !0e-8 A 5.773333 
*Levels not co1mected by the same letter are significantly different from each other at 
alpha .05 level. 

Source: Data generated by JMP. 
SAS Insti tute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carolina, 2002. 

Table 3. Pee 24 Tukev-Kramer Mean Ana\v.::is 

LEVEL MEAN 
P,+E, (!0e- 10) A 27.82250 

P,/E2 (!0e-8) A 26.64500 

Control A B 10.34667 

E2 /!0e-8) A B 8.05250 

E, (!0e-10) A B 5.86750 

E2 (!0e-9) A B .87750 

P,/E2 !0e-9 B -23.29750 
I 

*Levels not connected by the same letter are significantly different from each other at 
alpha .05 leve l. 

Source: Data generated by JMP. 
SAS lnslitute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carolina, 2002. 
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Table 4. Pee 29 Tukev-Kramer Mean Analvsis 
LEVEL MEAN 
Contro l A 9.38 
E2 (10e- 10) A B 4.86 
Control/P4 B C 2.38 
E2 (l 0e-8) B C D .266 
P,+E, ( I0e-10) C D -1.31 
P,+E2 O 0e-8) D -3.8 1 

*Levels not connected by the same letter are significantly different from each other at the 
alpha .05 level. 
Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carolina, 2002. 

Table 5. Pee 30 Tukev-Kramer Mean Analvsis 
LEVEL MEAN 
E2 (IOe-9) A 8. 1950000 
Contro l A 1.2666667 
P,+E, ( I 0e-9) A .4520000 
*Levels not connected by the same letter are significantly different from each other at 
aloha .05 level. 
Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carolina, 2002. 

Table 6 Pee 31 Tukev Kramer Mean Analvsis 
LEVEL MEAN 
P,+E, (10e- 10)/E2 A 3.763 
E2 ( l 0e-9) A 3.483 
E2 ( l 0e-10) A B 1.673 
P,+E2 (10e-8)/E2 A B 1.110 
Control A B -.7 100 
E2 (l0e-8) A B -1.413 
P,+E2 (1 0e-9)E, B -3.893 

I 
*Levels not connected by the same letter are significantly different from each other at 
aloha .05 level. 
Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carolina, 2002. 
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Table 7. Pee 43 Tukev-K.ramer Mean Anal~ is 

LEVEL MEAN 
P, A I .1483 
E, A 1B .0444 
P4+E2 1B .0032 
Control 1B -.0975 
*Levels not connected by the same letter are significantly different from each other at 
aloha .05 level. 

Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carol ina, 2002. 

Table 8. Pee 44 Tukev-K.ramer Mean Analvs is 
LEVEL MEAN 
Control A .4480 
P, B .2068 
E2 B .0582 
P4+E2 B .0539 

*Levels not connected by the same letter are significantly different from each other at 
alpha .05 level. 

Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discove,y Software. Version 5. Cary, North 
Carolina, 2002. 

Table 9. Pee 45 Tukev-K.ramer Mean Analvsis 
LEVEL MEAN 
E2 A I .1205 
P, A I .1141 
P-1+E2 A 1B .0062 
Control 1B -.0827 
*Levels not connected by the same letter are significantly different from each other at 
alpha .OS level. 

Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discove,y Software, Version 5. Cary, North 
Carolina, 2002. 
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Table 10. Pec4 6T k Kr u ev- amer ean aIvs1s M An I 
LEVEL MEAN 
Control A I I .0792 
P4+E2 1B I .0280 
E2 I IC -.0248 
P, I IC -.0540 
*Levels not connected by the same letter are significantly different from each other at the 
aloha .05 level. 
Source: Data generated by JMP. 
SAS Institute. JMP. The Statistical Discovery Software, Version 5. Cary, North 
Carolina, 2002. 
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