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(ABSTRACT)

The purpose of this investigation was to characterize the activities of three

enzymes, aromatase, estrone (E1) sulfotransferase and E] sulfatase, in the porcine

placenta and endometrium on d 30, 60 and 90 of gestation. These enzymes play key

roles in determining in utero concentrations of estrogens. Days 30, 60 and 90 were

chosen because previous investigations had determined that these were times of

substantial changes in in vitro estrogen production by the porcine placenta and

endometrium.

Each enzyme assay was performed in separate tissue culture systems, and the

level of enzyme was determined by measuring product formation from

tritium—Iabelled (3H) substrates provided in the incubation medium. Aromatase

activity was determined by the formation of 3H20 and estradiol from

3H—testosterone (T). E] sulfotransferase activity was determined by the formation

of 3H-estrone sulfate (EISOA) from 3H-E]. Estrone sulfatase activity was
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determined by the formation of 3H—E] from 3H-E]504 Concentrations of T, E]504

and E] in plasma collected from the anterior vena cava (AVC), uterine artery (UA)

and uterine vein (UV) were determined py radioimmunoassay.

There were no significant differences in mean enzyme activity of the placenta or

the endometrium among the three days of gestation examined. Endometrial aromatase

activity was twice that of placental aromatase on all three days that were examined.

The ratio of placental to endometrial sulfotransferase activity underwent a reversal

from 1:1.3 on d 30 to 2.3:1 on d 60 and 90. The ratio of placental to endometrial

sulfatase activity changed from 1:1.6 on d 30 to 1:2.2 on d 60 and 1:3.0 on d 90.

There were significant differences in response of enzyme activity to extended periods

(3 h) in incubation which varied with tissue type, gestational age and enzyme of

interest. Overall, placental enzymes did not respond consistently to increased time

in incubation with increased product formation. Endometrial aromatase activity on

all three days and endometrial sulfatase activity on d 90 responded to increased time

in incubation with increased product formation. In vivo, the uterus appears to oe

involved in T, E] and E]504 production since UV steroid concentrations were greater

than those of the UA. The E1504 to E] ratio of the UV decreased from 15:1 on d 30 to

4:1 on d 60 and 1:2 on d 90.
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INTRODUCTION

A major interest of agricultural sciences is to increase production without

sacrificing economic efficiency. In order to apply the rapid advances in scientific

technology to the animal sciences, it becomes increasingly important to define the

basic physiological parameters of the animal system in question. As researchers

undertake the quest to discover methods for increasing litter size at term in swine, it

becomes imperative that the fundamentals of gestational physiology be elucidated.

The system under scrutiny includes the endometrium, the placenta and the fetus.

Each of these components plays a critical role in the development and maintenance of

the other two. llt remains a puzzle as to why, within any given swine pregnancy,

some conceptus units will develop and function synergistically to yield healthy,

viable fetuses at the end of the l l4 d gestation period while other conceptus units fail

and fetal death results. However, pieces of this complex puzzle are falling into

place as more information is uncovered on the conceptus and how it functions with

the endometrium as a system.

Estrogens, particularly estrone and estradiol, are influential throughout

gestation. Their role in maternal recognition of pregnancy and placental expansion

has been firmly established. Their roles in other aspects of placental and

endometrial function and fetal development are being intensively investigated.

Because ovariectomy of the pig at any stage of gestation results in loss of the whole

litter, it was believed that progesterone of corpora lutea origin was necessary, not

only for maintenance of pregnancy but also as a precursor for estrogen synthesis.

lnvestigations of porcine placental and endometrial tissue, in vitro, revealed that

1
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these tissues were capable of de novo synthesis of progesterone and estrogen (Kukoly, i

l984; Jeantet, 1985). The capacity of the blastocyst to produce estrogens has been

firmly established (Rerry et al., l973; Flint et al., l979; Gadsby et al., lQ80; Heap

et al., l98lab).

Thus, it is documented that estrogens play many important roles throughout

gestation and that local, in utero, estrogen production is possible. The mechanisms of

in utero estrogen pruduction now require elucidation. Robertson and King (l<37—<1>

reported that estrone sulfate was the primary estrogen in plasma during early

gestation. Estrone becomes the primary estrogen during the latter third of gestation

in swine. Estrone sulfate is formed by sulfotransferase, an enzyme which conjugates

estrone with a sulfate group. Estrone sulfate is well known as an excretable,

water—soluble form of estrogen; however, it also forms a biological reservoir of

estrogen in the blood stream. Estrone sulfate has a longer half—life than estrone and

will not bind to estrogen receptors. Estrone sulfate must lose the sulfate group via

hydrolysis by the enzyme sulfatase before it can exert an effect on

estrogen—sensitive target tissues. Two enzymes, sulfotransferase and sulfatase,

control the supply of biologically active estrogens by regulating the concentrations of

sulfoconjugated estrogens relative to free estrogens. Aromatase is the enzyme system

involved in generating estrogens from androgens. It is these three enzymes:

aromatase, sulfotransferase and sulfatase, which play a major role in determining

estrogen concentrations available to the endometrium, placenta and fetus.

The purpose of this project was to characterize the in vutro activities of

aromatase, sulfotransferase and sulfatse of the porcine placenta and endometrium on
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d 30, 60 and 90 of gestation. These three days of gestation were chosen because

previous investigations have shown them to be times of substantiai changes in in

vitro estrogen production by the porcine piacenta (Kukoiy, 1984; Jeantet, 1985) and

endometrium (Jeantet, 1985). Plasma concentrations of testosterone, estrone and
estrone suifate of the anterior vena cava, uterine artery and uterine vein were

determined to provide some basis for comparison of vitro enzyme activity to the in

vivo condition.

11



REVIEW DF LITERATURE

Rlacental Development

The porcine placenta is classified as a diffuse epitheliochorial type (Grosser,

l909). The epitheliochorial placenta constitutes the most complete morphological

barrier, consisting of si>< tissue layers separating maternal and fetal circulatory

systems. From the maternal to the fetal system, these si>< layers are: I)

endometrial capillary epithelium; 2) endometrial connective tissue; 3) endometrial

epithelium; 4) chorioallantoic epithelium; 5) fetal connective tissue and 6)

chorioallantoic capillary epithelium. In comparison to placentae of other domestic

species, the porcine placenta contains a larger amount of Wharton's Jelly, which is

an edematous, gelatinous mesenchyme found between trophoblastic ectoderm and

endoderm of the placenta through which allantoic vessels course (Marrable, l968)

and found surrounding the umbilical cord. Wharton's Jelly is most prominent in

early gestation (Mossman, l987). Hyaluronic acid is a major component of

Wharton's Jelly which decreases the barrier offered by cellular and other

membranes to the diffusion of material across the placenta. In sheep, it has been

demonstrated that dye—IinI<ed albumin passes freely along the umbilical cord in

Wharton's Jelly toward the abdomen of the fetus, constituting an alternate pathway of

substrate transport from placenta to fetus (Barcroft et al., I944). Atrophic ends, or

necrotic tips on each conceptus unit, are another unique feature of the porcine

placenta (Mossman, l987) which will be discussed in greater detail in a subsequent

4
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section on placental morphology.

Prior to development of a functional placenta, the zygote and early blastocyst are

dependent upon the yolk sac to provide energy and substrates for continued cell

growth and division (Patten and Carlson, IQ74). In the pig, as in all higher

mammals, virtually no yolk is accumulated in the ovum; however, the yolk sac is

lined with an abundance of functional blood vessels which are in close proximity to

the maternal endometrium. These blood vessels absorb components of histotrophe

and make them available to the embryo (Patten and Carlson, IQ74). Histotrophe,

which is secreted by endometrial glands, thereby plays a significant role in

conceptus nourishment, not only during blastocyst formation, but throughout

gestation (Bazer et al., l979). Components of histotrophe include: uteroferrin, a

carrier protein for iron having acid phosphate activity (Poberts and Bazer, l976;

Knight, IQ74; Bazer, IQ75; Chen, l975>; a retinal—carrier protein (Adams et al.,

1981); proteolytic enzymes such as leucine aminopeptidase and cathepsin B, D and E
l

(Poberts et al., l976); bacterial enzymes, such as lysozyme; and enzymes involved

in carbohydrate metabolism, such as phosphohexose isomerase (Bazer, et al, IQ77).

Placentation in the pig involves the development of an interface between

maternal and fetal circulatory systems allowing for efficient exchange of blood borne

nutrients, gases and hormones while maintaining a physical barrier between the two

systems. Placentation begins with the initial attachment of the trophoblast layer of

the blastocyst to the maternal endometrium on approximately d I3 of a I I4 d

gestation period. Substantial regions of the trophoblast can be seen lying very close

to and following the contours of the maternal epithelium (Crombie, l970). These
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contours or folds of the endometrium are known as rugae. By d 18, the

epitheliochorial placenta has formed by interlocking microvilli of the trophoblast

and the endometrium (Crombie, 1970; Perry, 1981). As pregnancy advances, the

opposing surfaces of the placenta and the endometrium are thrown in primary and

secondary interlocking folds which, together with the m1cr0vil11,are sufficient to

keep the two surfaces attached (Crombie, 1970). Fetal blood pressure in conjunction

with tissue lymph may be important in maintaining placental apposition in the pig by

distention of the extremely vascu1arfolds(Amoroso, 1952). Placentation in the pig

is noninvasive under normal, in utero conditions (Amoroso, 1952; Crombie, 1972).

Evidence exists suggesting some factor within the porcine uterus may determine the

degree of invasiveness of the trophoblast through an inhibitory influence. lf the pig

embryo is transferred to an ectopic site, it forms syncytial masses which actively

invade surrounding tissues by cytosis and phagocytosis (Samuel and Perry, 1972).
J

Placental development is closely associated with blastocyst development;

therefore, in order to describe placental development, it is necessary to begin with

blastocyst development. Embryos enter the uterine horn from the oviduct

approximately 48 h after ovulation at about the four-cell stage (Dzuik, 1985). The

blastocysts hatch from a non—cel1ular coat, the zona pellucida, on approximately d 6

to 8 of gestation and begin their migration throughout both uterine h0rh5(DZu11<,

1985). The blastocyst clells at this time can be characterized as being within one of

two regions (Heuser and Streeter, 1929). The inner cell mass of the blastocyst

develops into the embryo proper, the amnion, the allantois and the mesodermal lining

of the chorion. The trophoblast, comprising two—thirds of the total cell number of
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the b1astocyst, deye1ops into the chorion (Steyen and Morris, 1975). The b1astocysts 1

undergo dramatic and we11 documented morpho1ogica1 changes between d 10 and 16 of

gestation (Heuser and Streeter, 1929; Perry and Row1ands, 1962; Crombie, 1972;

Anderson, 1978; Oeisert et a1., 1982b). The most acce1erated period of b1astocyst

e1ongation is between d 10 and 12 when the b1astocyst changes from a spherica1 form

of 3 to 10 mm in diameter to a tubu1ar form of 10 to 50 mm in 1ength to a

fi1amentous form of greater than 100 mm in 1ength. Fo11owing the initiation of

b1astocyst e1ongation and piacentation at approximate1y d 13, the b1astocyst can nok
1onger migrate (Dzuik, 1985). By d 16 of gestation, the b1astocyst may be 700 to

1000 mm in 1ength (Perry and Rowiands, 1962; Anderson, 1978). The rapid

increase in size of the spherica1 b1astocysts is the resu1t of ce11u1ar hyperp1asia

(Geisert et a1., 1982b). The morpho1ogica1 changes of the b1astocyst from a

spherica1 to a fi1amentous form are due to ce11u1ar remode11ing and not hyperp1asia

(Geisert et a1., 1982b). B1astocyst e1ongation inyoiyes surface and u1trastructura1

changes of both the trophectoderm and endoderm, occuring by migration or

condensation of trophobiastic ce11s into the region of the embryonic po1e. This

migration forms what is known as the e1ongation zone. Once the e1ongation zone is

estabiished, when the b1astocyst is approximate1y 10 mm in diameter, a1terations in

microfiiaments and junctiona1 complexes of trophob1ast ce11s and extension of

fi1apodia from endodermai ce11s a11ow for the reduction in diameter and rapid

increase in 1ength of the b1astocyst as e1ongation proceeds (Oeisert et a1., 1982b).

The e1ongation of the trophob1ast enab1es the embryo to acguire a iarger area of

uterine space and endometriai surface contact resu1ting in more surface area through
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which the blastocyst can absorb histotrophe before and after placentation is

complete.

The porcine placenta is composed of three tissue layersz the amnion, the

allantois, and the chorion (figure 1). The allantois appears on approximately d 14,

within the filamentous blastocyst, as a diverticulum of the fetal hind gut. By d 17,

the allantois is as long as the embryo (Friess et al., 1980). The allantois remains

attached to the fetal bladder by way of the urachus, which runs through the umbilical

cord, for most of fetal life (Penegar et al., 1982). The allantois is composed of

embryonic mesoderm, also know as splanchnopleure. The allantois acguires an early

abundant blood supply via large branches of the caudal aorta. These branches

further branch into a ple><us of fenestrated capillaries within the allantoic wall. The

allantoic circulatory system becomes more developed and replaces the yolk sac

circulatory system as the primary source of nutrients for the developing embryo

(Patten, 1948). .

The amnion is the inner most layer of the placenta, surrounding the embryo

, proper. The amnion arises as a layer of somatopleure which enfolds the developing

embryo. Briefly, it develops following settling of the embryonic disk into the

blastocyst, as folds of the e><tra—embryonic somatopleure become more voluminous

and fuse above the mid—dorsal region of the embryo (Patten, 1948). Formation of

the amnion is complete by d 18 of gestation (Friess et al., 1980).

0n d 19 of gestation, the allantois makes physical contact with the trophoblast,

which is now known as the chorion. By d 30, the chorion has become extensively

vascularized by the blood vessels of the allantois (Steven and Morris, 1975). The

1
1
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Figure 1. Fetal Membranes of the Pig.

a. Chorioallantois
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c. Feta.1 arteries and veinsd. Amnion
e. Fetus
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h. Maternal arteries a.nd veins
1. Necrotic tip
j. Broad ligament

I. Placental zone
II. Paraplacental zone

III. Avascular extremeties



10

1

a11antois does not extend to the extremities of the chorion, and these areas degenerate,

becoming necrotic tips (Steven and Morris, 1975). The chorionic and a11antoic

iayers of the piacenta, considered to be fused at this time, are referred to as the

chorioa11antois. The chorioa11antois becomes the area of piacenta forming the

interface for metabo1ic exchange between the materna1 and feta1 systems for the

remainder of gestation (Patten, 1948). Between d 30 and 40 of gestation, the

termina1 branches of the a11antoic vesseis regress, decreasing b1ood f1ow to the

extremities of the chorion (Steven and Morris, 1975). By d 40, the chorioa11antois

can be divided, morpho1ogica11y, into three distinct areas: the avascu1ar extremities,

two parap1acenta1 zones and the centra11y—1ocated, 1arge p1acenta1 zone (Steven and

Morris, 1975; figure 1).

The two necrotic tips, ischaemic zones or "diverticu1ar a11antoidis" which form

the extremities of the conceptus are we11 formed by mid—gestation (d S0 to 60)

(Ashdown and i"1arrab1e, 1967). At this time, the chorion requires a greater

vascuiar supp1y than was necessary eariier in gestation, to support the metabo1ic

activity associated with feta1 growth (Amoroso, 1952). The surfaces of the p1acenta1

and parap1acenta1 zones and the necrotic tips meet abrupt1y at a transverse annular

constriction beyond which the a11antoic vesseis are no 1onger functiona1 (1“1arrab1e,

1968). The wa11s of the necrotic tips are composed of superimposed co11agenous

1ame11ae (1“1arrab1e, 1968). It is possib1e, for a time at 1east, that the necrotic tips

prevent the ma1formative dangers which are known to arise from interfetai vascuiar

anastomoses (Hughes, 1929). Since ischaemia deve1ops at the ends of the sacs

nearest the ovaries, it probab1y does not arise by mutua1 induction between the
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heighborihg membrahes, but is either ah ihtrihsic property of each cohceptus or the

resu1t of ihteractioh with the uterihe 1ihihg.

0h d 30 of gestatioh, mihute white disks become morpho1ogica11y appareht oh the

chorioa11ahtois (Brambe11, 1933). 1h cross—sectioh, they appear as dome—shapec1

formatiohs coverihg the mouths of ehdometriai g1ahds(Friess et a1., 1981). These

speciaiized structures of the chorioa11ahtois are 1<howh as areoiae; their fuhctioh is

absorptioh of secretiohs (histotrophe) of the ehdometriai g1ahds (Cheh, 1975; Khight

et a1., 1977; Friess et a1., 1980; Roberts ahd Bazer 1980; Friess et a1., 1981).V
Areoiae are ihitia11y f0UI'1d1f1 greatest cohcehtratioh ih the iarge p1acehta1 ZONE of the

chorioaiiahtois. As gestatioh progresses, more areoiae deve1op ih the parap1acehta1

zohes. By d 50, there is ho sighificaht differehce ih areoiae cohcehtratioh ih these

areas (Brambe11, 1933; Khight et a1., 1977). The humber of areoiae ihcreases uhti1

appro><imate1y d 50 of gestatioh GOG remaihs cohstaht uhti1 term; tota1 areo1ar

surface area ihcreases rapid11y uhti1 ci 50, theh ihcreases s1ow1y uhti1 o

100(Khightet a1., 1977).

By d 30 of gestatioh, the chorioa11ahtois aho the amhioh, p1acehta1 compohehts

which wi11 support the fetus for the remaihcier of gestatioh, have beeh estab1ished.

However, the p1acehta is a oyhamic orgah ahci, with the ehciometrium wi11 adjust

fuhctioha11y aho morpho1ogica11y to the chahgihg OGGGS of the deveiopihg fetus as

gestatioh progresses. By d 58 of gestatioh the fo1c1s of the chorioa11ahtois, importaht

for great1y ihcreasihg p1acehta1 surface area, are we11 deveiopeo ahci wi11 remaih so

throughout gestatioh (Friess et a1., 1981). The porcihe chorioa11ahtois cah be

defihed for histo1ogica1 purposes as beihg composeci of two regiohs, the areo1ar aho
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interareolar regions. The interareolar regions can further be defined as being

composedlof two areas with different histo1ogica1 characteristics; the troughs or

bases of the chorioallantoic folds, and the lateral walls and summits of the

chorioallantoic fo1ds(Friess et al., 1980). The troughs of the chorioa11antoic folds

are in apposition to the summits of the endometrial rugae or folds; likewise, the

summits of the chorioallantoic folds are in apposition to the troughs of the rugae

(Friess et al., 1980). The thickness of the porcine placenta decreases from d 30 to

1 10 of gestation due to alterations in the degree of indentation of both chorioallantoic

and endometrial epithelia by their respective capillary networks (Crombie, 1970;

Friess et al., 1980). This indentation is limited to the lateral walls and summits of

the chorioallantoic folds. The bases of the chorioallantoic folds as well as the

endometrial epithelium remain high columnar throughout gestation (Friess et al.,

1980). In the region of the summits and 1atera1 walls of the chorioallantois, the

effective placental barrier between maternal and feta1 circulatory systems is

approximately 40 um on d 30 of gestation. At term, the effective placental barrier

has been reduced to 2 um or less (Friess et al., 1980). Decreased placental thickness

along with increased intrauterine blood flow are adaptations promoting efficient

substrate transport to a rapidly growing fetus with increased substrate

requirements.

A brief description of the histological changes occurring within the

chorioallantois and the endometrium as gestation progresses has been given by

Friess et al. (1980,1981) and is summarized here in order to give a measure of

histological basis for changes in placental and endometrial functional capacities
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occurrihg as gestatiohlprogresses. OD d 30 of gestatioh, the chorioaiiahtoic

epitheiium is high simpie coiumhar rahgihg from 20 um OD the iaterai waiis ahd

summits to 40 um ih the troughs of the foids. Ehdometriai ceii height is reiativeiy

static throughout gestatioh at approximateiy 20 um. The apicai surface of the

chorioaiiahtoic epitheiiai ceiis has humerous iohg microviiii which ihterdigitate

with those of the ehdometriai epitheiiai ceiis. The chorioaiiahtoic epitheiiai ceiis

possess basai huciei rich ih euchromatih associated with mahy short strahds of rough

ehdopiasmic reticuium ahd dehse bodies of varyihg size. These ceiis cohtaih eiohgated

mitochohdria with iameiiar cristae, a humber of smaii vesicies betweeh the

mitochohdria, ahd ED irreguiariy shaped vacuoie beheath the hucieus. Neighborihg

ceiis share weii—deveioped tight juhctiohs OD their apicai iaterai borders ahd show a

high degree of ihterdigitatioh betweeh their iaterai membrahes. Capiiiaries of the

chorioaiiahtois are separated from the chorioaiiahtoic epitheiiai ceiis by

surrouhdihg mesoderm ahd by the weii—deveioped basai iamiha of the epitheiiai ceiis.

Day-30 ehdometriai epitheiiai ceiis frequehtiy have pihocytic ihvagihatiohs ahd

humerous smaii vesicies beheath their microviiii. Like those of the chorioaiiahtois,

these ceiis cohtaih mahy mitochohdria with iameiiar cristae distributed throughout

the ceii. They aiso cohtaih a weii—deveioped rough ehdopiasmic reticuium, a smaii

goigi apparatus ahd a few iysosomes of varyihg sizes; their hucieus by cohtaihs

evehiy—dispersed chromatih. Fihger—iike processes project from heighborihg ceiis

ihto ihterceiiuiar chahheis which form betweeh the iaterai ahd basai membrahes of

heighborihg ceiis. iviaterhai capiiiaries are ih ciose pro><imity to the epitheiiai

iayer, separated by a thih iayer of cohhective tissue.



ÜN d 58 of gestatioh, the fetal capillaries deeply ihdeht the chorioallahtoic

epithelium oh the summits ahd lateral walls of the folds; the basal lamiha of the

capillaries ahd epithelia usually fuse formihg a sihgle lamiha. 0verall, epithelial

cell height has decreased. Ih areas where capillaries protrude ihto the epithelium,

cell height is reduced to 2 um or less. Ih cohtrast to d 30, the d—58 chorioallahtoic

epithelial cells cohtaih mahy mitochohdria with trahsverse cristae, ahd the rough

ehdoplasmic reticulum is cohcehtrated lateral to the huclei ih parallel arrays. These

cells cohtaih vacuoles of varyihg sizes, mahy electroh 09058 grahules ahd mahy

pihocytic vesicles beheath the microvilli. Ehdometrial epithelium oh d 58 e><hibits

more variatioh ih cell height, which remaihs approximately 20 um. A characteristic

feature of these cells is a well- developed ehdoplasmic reticulum cohsistihg of

short—rough as well as smooth profiles ahd humerous small vesicles, ahd a distihct

golgi apparatus. Ivlitochohdria are smaller thah those of the chorioallahtoic epithelial

cells.

Durihg the last third of gestatioh, the ihdehtatioh of chorioallahtoic blood vessels

cohtihues,ahd the height of the chorioallahtoic epithelium overlyihg these vessels is

further reduced. 0h the materhal side, capillaries of the ehdometrium project

betweeh the ehdometrial epithelial cells. The orgahelles of the chorioallahtoic

epithelial cells, ihcludihg: the huclei, large mitochohdria, cisterhae of rough

ehdoplasmic reticulum, a small golgi apparatus ahd mahy small vesicles are

geherally cohfihed to the cytoplasm protrudihg betweeh heighborihg fetal capillaries.

The ehdometrial epithelial cells are similar betweeh d 58 ahd d l00 to ll0. A

well—developed golgi apparatus persists as does rough ehdoplasmic reticulum. 0h d
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100 to 110, an abundance of free ribosomes is present. Intercellular channels from

the basal lamina to the tight junctions of the endometrial epithelium remain

prominent.

The cytological appearance of areolae does not change significantly as gestation

progresses (Friess et al., 1981). Like the epithelium of the interareolar region of

the placenta, these cells have apical tight junctions and a high degree of lateral

ce11—to-cell interdigitation. The apical cell surface posesses long microvilli

over—1ying pinocytotic vesicles and tubules. The cells of the areolae contain many

7 small mitochondria, short strands of rough endoplasmic reticulum and a

well—deve1oped golgi apparatus (Friess et al., 1981 ). The cells contain several

droplets on d 30 of gestation which become larger, but less numerous, as gestation

progresses (Friess et al, 1981). The fetal capillary network with its

high1y—fenestrated epithelium is in intimate contact with the areolar epithelium, but

never protrudes into the epithelial layer (Friess et al,. 1981).

Along with the reduction in the thickness of the placental barrier as gestation

progresses, placental size (both length and surface area) increases, resulting in a

greater area for substrate acquisition by the fetus. lt is generally accepted that

placental size is the main factor which is ultimately responsible for fetal growth

(Wratha1l, 1971 ). Potential placental size is limited by uterine accomodation as

well as number of embryos present (wrathall, 1971 ). Intrauterine overcrowding

due to an increased number of blastocysts, which is often associated with uneven

blastocyst spacing within the uterus, results in decreased endometrial surface area

available for placentation (Wrathall, 1971). Blastocysts with inadeguate attachment
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(Wrathal1, 1971). Uterine length increases rapidly through d 16 of gestation;

elongation is particularly rapid from d 2 to 6 with length increasing as much as 60%

over that of the nonpregnant uterus ( Perry and Rowlands, 1962). There is no

increase in uterine length following the third to fourth week of gestation (Pomeroy,

1960). Placental length increases rapidly between d 20 and 30 of gestation, then

increases at a slower rate until d 60. There is little change in placental length from

d 60 to term (Pomeroy, 1960; Knight et al., 1977). Placental weight increases

steadily until d 70 of gestation, then changes very little until term (Knight et al.,

1977).

lt has been proposed that the allantoic membrane accumulates fluid for the

purpose of expanding the chorioallantois (Knight et al., 1977). Allantoic fluid

volume rapidly increases between d 20 and 30 of gestation temporally

corresponding to the rapid increase in placental length; there is a decrease in volume
2

to d 40f011owed by a second increase to d 60 and subseduent decrease to d 100

(Knight et al., 1977; Goldstein, 1977). Estrogens, which have been shown to

increase cell permeability to water and alter electrolyte movement, may affect water

accumulation in the allantoic sac (Goldstein et al., 1976). The early expansion of the

chorioallantoisis due to the increase in allantoic fluid volume. Allantoic fluid volume

plays a crucial role in fetal development by increasing placental surface area

available for contact with the endometrium and for absorption of the secretions of the ·

endometrial glands (Knight et al., 1977).
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Placental Function

ln addition to chorioallantoic expansion, allantoic fluid maintains an osmotic

gradient that prevents fluid loss to the maternal circulation and aids in dilation of the

cervix by fluid pressure at term (Hafez, l987). Secretory activity of the allantois

is the major source of allantoic fluid in early gestation; whereas fetal urine becomes

the major constituent of allantoic fluid later in gestation (Hafez, l987). The

amniotic layer of the placenta keeps the fetus suspended in a medium of amniotic fluid

that is suitable for symmetrical development of the fetus, free from adhesions to

surrounding tissues (Patten, l948; Bazer et al., l97Q). Both amniotic and allantoic

fluid protect the fetus from mechanical injury and act as a reservoir for water and

water—soluble nutrients for fetal nutrition (Amoros, l952). Despite the early

development of the amnion, measurable amounts of amniotic fluid are not present

before d 30 of gestation (Knight et al.,l977). Amniotic fluid volume increases to d

70, then decreases to term (Wislocki, l935; Knight et al., l977).

Just as allantoic and amniotic fluids are important in fetal support and

development, the chorioallantoic layer of the placenta is important in fetal nutrition.

The areolae, the troughs and lateral walls and summits of chorioallantoic folds

separate the maternal and fetal circulatory systems while allowing nutrient and

substrate exchange between the two systems. Each of these three areas of the porcine

placenta is believed to be somewhat specialized for a particular role in

maternal—fetal exchange. The main transfer mechanisms involved in moving

substances between maternal and fetal circulation across the placental barrier are:

simple diffusion, facilitated diffusion, active transport and transport via
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micropinocytic processes (5perhake, 1971).The transport mechanism invo1ved

depends upon the mo1ecu1ar weight and chemicai composition of the substance to be

transported. E1ectro1ytes, water and respiratory gases cross the p1acenta1 barrier

via rapid simp1e diffusion; steroids cross via s1ow simp1e diffusion; amino acids,

sugars and most water—so1ub1e vitamins cross primari1y by active transport

systems; and piasma proteins, antibodies and who1e ce11s cross via pinocytosis or

1eakage through pores in the chorioa11antois (Hafez, 1987). Transfer of diffusib1e

soiutes depends upon the rate of uterine and umbi1ica1 b1ood f1ow and the

permeabiiity characteristics of the barrier between the materna1 and feta1

circuiatory systems (1“1ichae1 et a1., 1985).

Indenting capi11aries characteristic of the 1atera1 wa11s and summits of the

chorioa11antoicfo1ds make this area of the porcine p1acenta particu1ar1y suitabie for

exchange of free1y diffusibie substances, especia11y gases <Friess et a1., 1980). The

high coiumnar ce11s of the troughs of the chorioa11antoicfo1ds which contain many

different sized vacuoies, are invo1ved in the transport and metabo1ism of

1ess-free1y—diffusib1e substances inciuding b1ood—borne nutrients (Friess et a1.,

1980). The existence of a high number of interce11u1ar channe1s between ce11s of the

summits of the endometriai rugae and between ce11s of the chorioa11antoic troughs,

which are apparent on d 30 of gestation, morpho1ogica11y supports the theory that

this area is invo1ved in some manner of active transport. Despite the 1ack of

continuity between maternai and feta1 channe1s, the 1arge number of pinocytotic

vesicies in this area wou1d faci1itate transport from mother to fetus <Friess et a1.,

1980). Intense sodium—and—potassium dependent adenosine triphosphatase
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(sodium—potassium AT1>ase) activity associated with the areoiae suggests the areoiae 1
are the main sites for feta11y-directed active sodium transport across the p1acenta1 1

barrier (Firth, 1984). No other porcine p1acenta1 structures e><hibit any sodium

potassium ATPase activity; the endometriai giands e><hibit moderate activity of this

ehzyme (Firth, 1984). The membrane potentiais created by the activity of this

enzyme are invoived in eiectrochemicai e><citabi1ity, absorption, secretioh and any

other process of speciaiized ce11s reguiring the e1ectrochemica1 energy of an ion

gradient (Sweadner and 0o1din, 1980). In the areo1ae, the electrochemicai energy of

the ion gradient is used in the active transport of substances from the endometrium

to the p1acenta and the fetus. Tracer studies with horse—radish peroxidase indicate

that the direction of transport in the chorioa11antois of the porcine p1acenta is from

the materna1 to the feta1 system (Friess et a1., 1980). In vitro, the d 95 to 105

porcine p1acenta generates a membrane potentiai difference and a short circuit
F

current with the feta1 side positive indicating net materna1 to feta1 system ion f1u><

which appears to be stimuiated by the invo1vement of feta11y—facing B—adrenergic

receptors (Boyd, et a1., 1984). Adrenaiine appiied to the feta1 side of the

chorioa11antois causes a significant increase in the short circuit current towards the

fetus indicating that adrenaiine has a stimuiatory effect on the transport of sodium

and possibiy other ions across the p1acenta (Boyd et a1., 1985).

iismmeps

The basic steroid structure is a perhydrocyiopentanephenathrene ring. Most

natura11y occurring and active steroids are re1ative1y f1at with substituent groups

1ying above and be1ow the p1ane of the ring (5peroff et a1., 1978). 5teroids
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consisting of 21 carbons are classified as corticoids or progestins; those of 19 y
carbons are classified as androgens and those of 18 carbons are classified

asestrogens(E). The pathway of steroid biosynthesis is illustrated in figure 2. ln the

human placenta, progesterone (P4) is synthesized mainly from cholesterol tal<en—up

via lipoproteins from maternal blood (Diczfalusy, 1969; Rabe et al., 1979). The

rate—1imiting step in steroid biosynthesis is the conversion of cholesterol to

pregnenolone by cholesterol side chain cleavage enzymes associated with cytochrome

P—450 which is strictly located in the mitochondria (Speroff et al., 1978; Rabe et

al, 1983). During steroidogenesis, the number of carbons in a steroid can be

decreased, but never increased; therefore in the course of steroidogenesis, progestins

are converted to androgens which are subseduently converted to E (Speroff et al.,

1978). immediately following synthesis, steroids are secreted into the bloodstream

where the majority are bound by a protein carrier, a beta—g1obu1in. 8inding aids

efficiency of transport in the bloodstream; it may also limit biological activity

and/or prevent rapid metabolism, thus ensuring time for the steroid to e><ert its

biological effect (Speroff et al., 1978). There is some discrepancy concerning the

amount of steroid bound by a given protein. Speroff et al. (1978) reported that

steroid hormone binding globulin (81486), a beta—g1obu1in, carries approximately

80% of the circulatory estradiol (E2) and testosterone (T); another 19% is loosely

bound to albumin and the final 1% of the circulating steroids are unbound in the

general circulation. Gorrill and Marshall (1986) reported that 38% of E2 is bound

to 81~I86, 60% is bound to albumin and 2% is unbound. ln either case, the unbound
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portion is very small relative to the total concentration of circulating steroids.

Estrone (E1) is not strongly bound to plasma proteins and has a much greater

metabolic clearance rate than E2 (Gorrill and Marshall, 1986). Sulfoconjugated E

circulate bound to proteins, particularly albumin and alpha—globulin.

Approximately 90% of the circulating estrone sulfate <E]504) is bound to albumin

ensuring the low metabolic and renal clearance rate of this compound (Gorrill and

Marshall, l986).

The biologic and metabolic effects of a hormone are determined by the ability of

the target cell to receive and retaih that hormone (Speroff et al, l978). These

effects are determined by the unbound (free) portion of a steroid in the general

circulation. Deviations from normal levels of binding globulins do not affect the

efficacy of cortisol, T, or E2 indicating that free circulating steroid levels are

maintained (Speroff et al., l978). The mechanism of steroid hormone action within

the cell is as follows. The steroid enters the cell by simple diffusion. The

dissociation constant of the steriod—receptor complex is lower than that of the

transport complex; therefore, steroids will accumulate intracellularly in the

absence of an active transport mechanism. The concentration of steroids in

non-target tissue is in free eduilibrium with that of the blood (Karlson et al., l97'5).

The receptor is involved in retention of the steroid, not uptake or transport into the

cell (Karlson et al., l975). In an older model of steroid action, the steroid was

thought to be bound to a cytoplasmic receptor; this complex was then translocated to

lll
l_____o
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the nucleus where it caused increased transcription of DNA to mRNA either by I

removal of a repressor protein or by positive cooperation of the hormone receptor

complex with RNA polymerase to start transcription at a specific operon (Jensen et

al., 1968 and Gorski et al., 1968). in a newer model, proposed and supported by

investigations with E, the receptor appears to be nuclear at all times, whether or not

E is bound, and is considered to be immobilized by its association with some

structural element of the nucleus. Upon E binding, the receptor undergoes

conformational changes, but remains immobilized at its nuclear site. Activation or

transformation of the receptor may alter the nature of this nuclear interaction or

may lead to interactions with additional nuclear components (6orsl<i et al., 1984).

The biological actions of E are multi-fold. The following list was compiled by

Heftman (1970). Estrogens stimulate growth and development of the female

reproductive organs and secondary sex characteristics. They induce proliferation of

the epithelium in the oviducts, uterus, cervix and vagina. ln rats, rabbits and guinea
4

pigs, E stimulates increased water content and subseguent weight gain of the uterus.

During proestrus, E stimulation results in increased quantity and decreased viscosity

of the cervical mucus. In rodents, they cause the proliferation and cornification of

the superficial layers of the vagina. ln primates, E increases glycogen and

mucopolysaccharide deposition in the uterus. During pregnancy, E acts with

progestins to aid in placentation, maintain pregnancy and facilitate parturition.

Estrogens affect basal metabolic rate which may explain the increase in body

temperature at ovulation; they affect salt and water retention (Szego and 8loan,

1961), thereby raising blood pressure, and they decrease clotting time. Estrogens
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favor a positive calcium balance, affect lipid metabolism and increase protein
· anabolism and feed efficiency. Estrogens alter protein production by the liver and

affect bone maturation and epiphyseal closure and mineral metabolism (Gorril1 and

Marshall, 1986). Estradiol in the uterus stimulates vasodilation and water upta1<e

from the general circulation mediated by the liberation of histamine and serotonin;

this action could be due to intracullular action of E2 or its action on the cell

membrane (Karlson et al., 1975). Estriol (E3) also causes vasodilation but has no

effect on RNA metabolism (Karlson et al., 1975). Estrogens of fetal origin may

promote the release of uterine secretions (histotrophe) from secretory granules of

the endometrial glands during early gestation in swine (Raub et al., 1985) and

increase blood flow to the gravid uterus (Resni1< et al., 1974).

Estrogens may act locally at the site of placentation in concert with p4 and
I

possibly other hormones such as placental lactogen, resulting in luteostasis;

increased uterine blood flow; enhanced water, electrolyte and substrate (such as

carbohydrate and amino acid) transport across the placenta; and modulation of

histotrophe synthesis and secretion (8azer et al., 1979). Estrogen production by pig

blastocysts is assumed to be the signal for maternal recognition of pregnancy (8azer

and Thatcher, 1977; Flint et al., 1979). Quantitative and qualitative changes in the

protein content and secretion of histotrophe are induced and maintained by R4

1
(Knight et al., 1973) and R4 and E in a positive dose—response relationship (Knight

et al., 1974; Bazer et al., 1979). A R4 to E1 ratio of 2000:1 is optimal for
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promoting uterine protein secretion (Knight et al., 1973). The same ratio has also 1
been demonstrated to increase litter size when treatment is initiated at least 14 d

into gestation (Wildt et al., 1976), a period associated with maximum uterine

protein production in the cyclic gilt (Murray et al., 1972), or when administered

for 10 d during the third and fourth weeks of gestation (Reddy et al., 1958).

Estrogens are believed to play a major role in fluid accumulation within the allantoic

sac which is in turn responsible for placental expansion between d 20 and 30 of

gestation in swine (Goldstein et al., 1976; Knight et al., 1979). Administration of

exogenous P4 and E] in a ratio of 2000:1 from either d 20 to 30 or from d 25 to d

30 of gestation augments placental development seen on d 50 of gestation (Dalton and

Knight, 1983).

Estrone conjugates, particularly sulfates, are rapidly hydrolyzed following oral

and intravenous administration making it difficult to associate effects exclusively

with sulfoconjugated E (Bernstein et al., 1970). Keeping this fact in mind, the

following effects have been attributed to sulfoconjugated E. In vitro, sulfoconjugated

E influence red blood cell uptake of uric acid and inhibit a variety of enzymes which

require pyridoxal phosphate (Bernstein and 5olomon, 1970). In vivo, intravenous

administration of sulfoconjugated E results in increased transcortin,

B—g1ucuronidase, ceroplasmin, circulating triglyceride and nonspecific

hyaluronidase inhibitor concentrations in the plasma. They decrease pulmonary

diffusing capacity and decrease capillary strength (Bernstein and 5olomon, 1970).

Certain areas of the brain, such as the circumventricular organs, presumably
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lack the normal blood—brain barrier and may serve as a portal of entry for EISOA

into the central nervous system. Two of these regions, the median eminence and the

organum vasculosum lamina terminals of the hypothalamus, are highly vascularized

and contain specialized cells which are postulated to transport large molecular

weight substances that normally would not cross the blood—brain barrier (Platia et

al., l9B4). Estrone sulfate may enter the brain and exert a biological effect after its

in situ hydrolysis and subseduent binding to E receptors (Platia et al.,l9B4). The

hydrolysis of EISOA is a prereduisite for e><erting effects via E receptors;

sulfoconjugated E do not bind to E receptors (Brooks et al., l97B). In vivo studies

with rats indicate that circulating EISOA can enter the brain and be hydrolyzed as

well as transformed to other compounds (Kishimoto, l973>. There is further

evidence for the hydrolysis and subseduent direct conversion of E conjugates to other

conjugate forms without entry of the free steroid into the general pool. Metabolism

of the steroid conjugate within the nucleus may occur without hydrolysis (Hobkirk,

l979b).

Bioassays of the effects of E on vaginal smears and uterine weight of rats and

mice indicate E2 is more potent than E] which is more potent that E3 when

administered subcutaneously. When administered orally, E3 is more potent than E2

which has greater potency than E] (Heftman, l970>. Estradiol is probably

re—released to the general circulation after initiating a cell response; therefore, it

may "act" several times before clearance from the bloodstream by metabolism. Many
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E2 molecules are metabolized without having exerted an effect (Speroff et al., l978).

Estrone formation has been indicated as the first step in E2 inactivation (Gorrill and

Marshall, TQB6). In most animal species, E] and E2 are interconvertible; however,

the eduilibrium is displaced in favor of E] (Heftman, l970). Cells clearing E2 from

the general circulation, convert it to E], which is moderately effective as an E and E3

which is a weai< E, or conjugate it with sulfate and glucuronate groups rendering it

water soluble (Speroff et al., l978). Testosterone is metabolized within the cell in

which it has elicited an effect and is re—released into the general circulation as an

inactive compound (Speroff et al., l978>.

Estrogen metabolites, such as catechol— E, epiestriols, and E3 as well as E] and

E2 are conjugated with sulfuric and glucosiduronic acid in the liver and i<idney

rendering them water soluble; they are then excreted in the urine. Estrogen

metabolites can also be e><creted in the feces via the enterohepatic system (Gorrill

and Marshall, l986). The liver is the most active organ in steroid conjugation in

most species (l—Iobl<irI<, l979b; Singer, l982>. Estrone sulfate, initially discovered

by Schachter and Marrian (l938) in urine of pregnant mares, was originally

believed to be a water soluble detoxification mechanism protecting the body from

accumulating harmful levels of steroid hormones and was therefore an end product of

metabolism (France, l979). Numerous investigations in recent years have made it

evident that steroid sulfates are not merely inactive end products of metabolism; they



, 2B

may play an important role in steroid interconversions, transport and activity

(Purdy et al., l96l; Pack and Brooks, l970; Brooks and Horn, l97l; Pack and

Brooks, IQ74). Conjugation witn glucosuronide, sulfate or pnospnate render

steroids water soluble; metnyl and acetyl derivatives are more lipid soluble

(Hobkirk, l979b). Additional pnysiological roles for sulfoconjugated steroids are

suggested by tne existence of tne sulfatase enzyme system, wnicn removes tne sulfate

group, and by tne adrenal secretion of sulfated steroids, especially

denydroepiandrosterone sulfate (DHEA5> (France, l979>. 5ulfoconjugated E are of

interest as important metabolites of steroid normone nomeostasis and activity

(Brooks et al., l97B).

I-lign circulating levels of EISO4 can be a reservoir for active E providing

EISO4 can reacn tne intracellular compartment and be selectively nydrolyzed by

nydrolases present (Noel et al., l9B3; Platia et al., l9B4>. Tne metabolic clearance

rate for EISOA is significantly lower tnan for E'], supporting tne nypotnesis tnat

sulfoconjugation serves as a metnod for storage of steroids in tne blood (Hobkirk,

l979b>. ln numans, tne nalf—life of sulfoconjugated E is appro><imately 7.5 n; tne

nalf-life of free E2 is 0.5 n (Puder et al., l972). In sneep near term, tne nalf·life

of tritiated EISO4 administered intravenously is B min; tnis is appro><imately tnree

times greater tnan tne plasma E] nalf—life in sneep (Tsang and Hackett, l979). Tne

snorter nalf—life values in sneep may be due to tne rapid reduction of E] 504 to



E2—3-S04 in sheep, a product which has not been observed in humans (Tsang and

Hackett, 1979). Postulated capillary and cellular membrane barriers to steroid

sulfates may prevent direct uptake of these b1ood—borne compounds by most tissues.

These barriers may be one of the factors responsible for the drastic reduction in

metabolic clearance rate of steroids upon sulfat10h(1—1olin1<a and Gurpide, 1980).

Although extensive metabolism of EISO4 and DHEAS has been demonstrated in

humans, these particular sulfoconjugated steroids appear to be hydrolyzed mainly in

organs where capillary barriers are easily crossed, such as the placenta and the

liver(Holin1<a and Gurpide, 1980).

Physiological regulation of circulatory and intercellular E concentrations is of

vast importance, especially during pregnancy. Three of the enzymes involved in

modulating E concentrations are aromatase, sulfotransferase and sulfatase.

Aromatase is involved in the conversion of androgens, particularly androstenedione

and T, to E; E] and E2 respectively. Sulfotransferase conjugates E with a sulfate

group and sulfatase hydrolyzes the sulfate-estrogen bond yielding free E.

Studies based on human placental insufficiency reveal that some cases of

intrauterine fetal growth retardation are associated with slowed aromatization of

DHEAS (Thoumisin et al., 1982), suggesting normal levels of E production are

necessary for normal fetal growth patterns. The importance of sulfoconjuglated

steroids and the role of sulfatase in liberating these steroids is demonstrated in cases

of human placental sulfatase deficiency. Placental sulfatase deficiency, apparently an

X—lin1<ed recessive disorder, is associated with greatly reduced E production. Eetal

11
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growth and development may be normal; however, excessively low E concentrations

can result in fetal death. Failure of parturition mechanisms is characteristic of

placental sulfatase deficiency (France, 1979).

Ammatase
The aromatase enzyme system is the key enzyme system for E synthesis,

converting 19—carbon A 4—3 ketosteroids to aromatic A—ring E (Rabe et al., 1982).

Aromatase activity is found in the ovary, subcutaneous adipose tissue and placenta

(Rabe et al., 1982), endometrium (Tseng, 1984) and preimplantation porcine

b1astocyst(6adsoy et al., 1980). Aromatase is a microsomal enzyme (Ryan, 1959).

Three successive hydroxylations catalyzed by mixed function oxidase(s) are

required during androgen aromatization (Thompson and Siiteri, 1974).

Aromatization involves hydroxylation of the i9—methyl group followed py oxidation

with a loss of the l9—methyl group followed by oxidation with a loss of the

19—methy1 group as formaldehyde; the final step is A ring aromatization or

dehydrogenation (Speroff et al., 1978; figure 3). The work of Thompson and Siiteri

(1974) suggests the final hydroxylation is the rate—limiting step in the

aromatization of androstenedione. Nicotinamide adenine dinucleotide phosphate in the

reduced form (NADRH) and oxygen are required for the aromatase reaction (Ryan,

1959; Thompson and 5iiteri, 1974). Therefore, aromatase is a mu1t1—step,poss1bly

multienzyme, pathway in which 19-hydroxy—androstenedione and

19-oxoandrostendeione are ooligatory intermediates in the formation of E] and

11
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a. Androstenedione

TPN H20

TPNH O
19—HydroxyandrostenedioneTPNH 0

TPN H20 .19,19-DihydroxyandrostenedioneTPNHX O
TPN H20Estrone + Formic Acid

3 TPNH TPNb. Androstenedione Estrone + Formic Acid
3 02 3 H20 ·

Figure 3. Aromatase Reaction by Thompson and Siiteri (1976) (a.)
and Kelly et a1. (1977) (b,).

}
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formate from androstenedione (Thompson and Siiteri, 1974; Siiteri and Thompson,

1975). Results of Kelly et al (1974) suggest that aromatization is a concerted

process occurring at a single catalytic site. The three oxidative attacks occur in the

same region of the steroid molecule, so that little if any reorientation of the

enzyme—bound steroid with respect to the direction of attack is necessary. The

multi—step pathway requires three enzymes together with an electron transport

system, all of which are associated with microsomal membranes; however, no

separation of the individual enzymatic activities of the proposed multienzyme

pathway has been reported. The proposal of Kelly et al. (1977) is supported by the

research of Hollander (1962) who found that 19—hydroxyandrostenedione was not an

obligatory intermediate in the aromatase pathway.

ln the human placenta and endometrium at term, NADl?>H—cytochome C reductase

is a required component of the microsomal aromatase (Tseng and Bellino, 1985).

Aromatase is able to metabolize both androstenedione and T in one high—affinity site

(Reed and Ohno, 1976). The aromatization of androstenedione yields E] as the major

E product and formate (Thompson and Siiteri, 1974; Gibb and Lavoie, 1980).

Estradiol accounts for up to 30% of the E formed from androstenedione and is the

major E product produced by the aromatization of T (Gibb and Lavoie, 1980). The

l”1ichae1is—l“1enton constant (KM), which is defined as the concentration of the

specific substrate at which a given enzyme yields one—half its maximum velocity,

reported for aromatase covers a wide range of values due to the variation in assays

used to measure the reaction. The lower the KM, the higher the affinity of the

11
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enzyme for that substrate. The KM for aromatase of human placental microsomes

has been reported as 0.5 UM androstenedione and 0.1 UM T (Bellino and 0sawa,

1974); 0.1 UM androstenedione (Canic1< and Ryan, 1976; Reed and 0hno, 1976); 5.0

UM androstenedione (Thompson and Siiteri, 1976); 0.04 UM androstenedione (Kelly

et a1.,1977) and 14 nM for androstenedione and 41 nM for T (Gibb and Lavoie,

1980). The KM for aromatase of the porcine ovary has been reported as 4.4 UM

androstenedione (Kautsky and Hagerman, 1976) and 1.0 UM androstenedione

(KaUtsI<'y and Hagerman, 1980).

There is no evidence of product inhibition or non—hyperbo1ic kinetics on the

aromatase enzyme using substrate concentrations which are five- to ten—fo1d greater

and less than the apparent KM values (Gibb and Lavoie, 1980). Androstenedione and

T are competitive inhibitors (Reed and 0hno, 1976). Nicotinamide adenine

dinucleotide phosphate (NADR) is a potent inhibitor of aromatization of

androstenedione (Thompson and 5iiteri, 1974).

ln porcine granulosa cells, aromatase activity is stimulated by follicle

stimulating hormone (FSH) (Speroff et al., 1978; Chan and Tan, 1986).

Aromatizable androgens act as substrates and induce aromatase activity in rat

granulosa cells in vitro (Hillier and DeZwart, 1981). lnduced aromatase activity by

FSH in prepuberal porcine granulosa cells in culture is reported to be inhibited by 5

Udihydrotestosterone (DHT) which was found not to be a substrate for granulosa cell

aromatase (Chan and Tan, 1986). However, other researchers have found aromatase

in the rat ovary will Use DHT as a substrate, although it is a less effective substrate



34 «

I

than androstenedione or T (Daniel and Armstrong, 1980, 1983; Hillier and DeZwart,

1981 ). Rregnenolone and R4 significantly reduced FSH—induced aromatization in

vitro (Chan and Tan, 1986).

By analogy with human studies, the overall mechanism by which a 19—carbon

substrate is aromatized appears to be essentially the same in those placentae in

which aromatization has been demonstrated, irrespective of the type of placentation

(Ainsworth and Ryan, 1966); therefore, information on aromatase acitivity in the

placentae of other species can be applied to the porcine placenta. Aromatase activity

of the placenta and ovary are similar in many respects, but there are important

quantitative differences between them. Ovarian aromatase has a larger

I“1ichae1is—I"1enton constant, lower maximal velocities, greater facility of

intermediate exchange and greater carbon monoxide sensitivity; differences in

catalytic properties suggest that the aromatase enzymes of these two organs possess 1
significant structural differences in or near their binding sites (Kautsky and

Hagerman, 1980).

In vitro aromatase activity, which is minimal on d 10 of gestation (Rerry et al.,

1973), is prominent in the preimplantation or d 14 to 18 trophoblast of the pig

(Gadsby et al., 1_980). The blastocysts are capable of aromatizing tritiated

androstenedione, dehydroepiandrosterone (DHEA) and T to E] and E2 (Rerry et al.,

1973; Flint et al., 1979; Gadsby et al., 1980). The amount of precursor convertedtoE

was greater with DHEA than with androstenedione although the only significant

difference was in the amount of E] formed (Perry et al., 1973; Gadsby et al., 1980).

II



35
I

Rorcine endometrial tissue exhibits negligible aromatase activity at this stage of

gestation (Perry et al,. 1973). Aside from activity of the early trophoblast,

research on porcine placental aromatase activity is limited to late gestation.

Ainsworth and Ryan (1966) using the placenta of one sow between 109 and 1 12 d of

gestational age, reported microsomal aromatization of tritiated DHEA to be

approximately 17% and of androstenedione to be approximately 5%. Craig (1982)

reported porcine placental microsomal aromatization of androstenedione to be 44%

on d 100 (n=4), 49% on d 106 (n=3) and 74% on d 114 (n=4). Craig (1982)

concluded that the apparent activity of placental aromatase along with 17

—hydroxy1ase and C-17—20—lyase increases between d 100 and term concurrent

with increasing maternal plasma E concentration. At term in the human, aromatase

activity of the placenta is greater than that of the endometrium (Tseng and Bellino,

1985). Based on in vitro studies with human endometrium, a large degree of

variation exists between aromatase activity of stromal cells and that of endometrial

gland cells at various stages of the menstrual cycle (Tseng, 1984). In general,

stromal cell aromatase activity is 2.5 fold greater than that of the endometrial glands

(Tseng, 1984). Estradiol has no effect on in vitro endometrial aromatase activity;

R4 increased stromal cell aromatase 8-to 40-fold over controls, but had no effect on

glandular activity, and a combination of E2 and R4 increased stromal activity 20—to

100-fold and glandular activity 3—fold over controls (Tseng, 1984). Aromatase

activity of human decidual tissue from the first trimester is greater than that of

nonpregnant endometrial tissue, which lends further support for the role of R4 in

11
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stimulating aromatase activity. The response to P4 is probably potentiated by E2

under physiological as well as in vitro conditions (Tseng, l9B4).

There are two sulfotransferase enzymes recognized by the Commission of

Biochemical Nomenclature. One is estrone 3'—sulfotransferase (E.C.2.B.2.4> which

is specific for the transfer of activated sulfate to the 3—hydroxyl group of E (Adams

and Poulos, l967; Hobl<irl<, l979a). The other is 3B—hydroxysteroid

sulfotranferase (E.C.2.B.2.2> which is specific for the transfer of activated sulfate

to the 3B-hydroxyl group of l9—carbon or l8—carbon steroids (Hobl<irl<, l979a).

Sulfotransferase activity is found in significant amounts in the mammalian liver,

l<idney, lung, mammary tissue, adrenal glands, jejunal mucosa, testes, ovaries and

feto—placental unit; however, there is a good deal of species variation (Bernstein and

Solomon, l970; Hobl<irl< et al., l970a>. Muscle, adrenal gland, ovary, testes and

endometrium incubated in vitro are capable of steroid conjugation (Hobl<irl<, l979a>.

In adults of some species, ovarian sulfotransferase plays a major role in steroid

metabolism; in others, such as cattle and humans, ovarian sulfation of IB- and

19-carbon steroids is minimal (Hobl<irl< et al., l97Qa). Human and rat fetal levels

of steroid sulfotransferase are less than those of adult tissues with adrenal glands and

kidney tissue being exceptions (Wengle, l966; Bernstein and Solomon, l970).

Estrone sulfotransferase is widespread in the fetus, present in all tissues except the

cerebrum; this distribution suggests the importance of the enzyme to fetal life
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(Wengle, l966).

Sulfotransferase occurs in the soluble cell fraction (Hobl<irl<, l979a). The
biosynthesis of a sulfoconjugated steroid by sulfotransferase involves two distinct

reactions. First is the formation of an activated sulfate, 3'—phosphoadenosine—5'
phosphosulfate (PAPS) by the sulfate activating system. The sulfate activating

system is found in microorganisms, plants and animals. In mammals, it is found in

most tissues including endocrine glands. This system is inhibited by disodium

ethylenediamine tetraacetate (EDTA) which causes the removal of Hg? ions which

are necessary as cofactors (Bernstein and Solomon, l97()). The formation of PAPS is
a two step process occuring in the cell cytoplasm. In the first step, sulfate adenylyl

transferase (ATP—sulfurylase; E.C.2.7.7.4) activity results in the formation of

andenosine 5' phosphosulfate (APS) from adenosine 5'-triphosphate (ATP) and

sulfate (S04). This is a highly specific, SH- activated enzyme with a pH of optima

7 to 9.5. The reaction is reversible; however, equilibrium favors the reactants. The

reaction is as follows:
ATP Sulfurylase

ATP + so42‘ APS + PPi
r'lg2+

PP, = inorganic pyrophosphate

In the second step of the sulfate activating system adenylyl sulfate kinase

(E.C.2.7. l .25.) catalyzes the following react[i1oné+

APS + ATP —;"=—‘—‘PAPS + ADP

This reaction requires Mg? as a cofactor and has a pH optima of B.5 to 9. This

l ~
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reaction which is essentially irreversible, is very efficient at trapping low AP5

concentrations formed in step one and allows the accumulation of significant amounts

of PAPS (Bernstein and Solomon, l970). The second reaction of sulfoconjugated

steroid formation involves the transfer of activated sulfate to the steroid molecule by

sulfotransferase in the following, essentially irreversible, reaction, where R is the

steroid:

PAPS PAP + R-0S0"3

In general, hydroxyl groups at the 3, i7 and 2l positions of the steroid molecule are

readily sulfated (Bernstein et al., l970).

Human placental E sulfotransferase is extremely unstable. The Fepofted

molecular weight of 76,500 g/mol is similar to that of human adrenal DHEA

sulfotransferase (Tseng et al., l985). Estrogen sulfotransferase purified from

bovine adrenal, ovary and placental tissue is a monomer with a molecular weight of

74,000 g/mol (Adams and Low, l974>. The michaelis—menton constant for E]

sulfotransferase of bovine tissue is approximately l5 um and for human

endometrium is l0 nm (Tseng and Gurpide, l975>. In the bovine adrenal, the pH

optima for E] sulfotransferase activity is between 8 and l0 (Singer, l982>. The

isoelectric point of E sulfotransferase is 5.8 in human placenta and endometrium,

bovine adrenal glands, guinea pig uterus and placenta but is 6.l in porcine

endometrium (Tseng et al., l985). Kinetic studies indicate that E2 is the preferred

substfats for E sulfotransferase of human placenta and endometrium (Tseng et al.,
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1985). Estrogen sulfotransferase of the bovine adrenal and placenta e><hibited no

substrate preference among E], E2 and E3 (Adams and Low, 1974). These findings

reveal that substrate binding sites as well as enzyme structure may be modified in

different species (Tseng et al., 1985). Estrone sulfotransferase is difficult to study

due to complex kinetics (Adams and Low, 1974). Specific characterization of E1

sulfotransferase activity in tissue homogehates is virtually impossible due to the

high level of E sulfatase in many tissues (Tseng et al., 1985). Studies of bovine

adrenal E] sulfotransferase suggest honsubstrate steroids such as

1 1-deoxycorticosterone and T are noncompetitive inhibitors of E su1fation(Phozin

et al., 1977).

Despite lower tissue levels of sulfotransferase activity in the fetus, the

cohcentration of sulfoconjugated steroids in humans is greater in fetal circulation

than in maternal circu1ation(Hobkir1<, 1979a). Studies of human fetal adrenals

indicate that their major function is the formation of sulfoconjugated steroids which

are transferred via cord blood to the placenta where they are hydrolyzed to free

steroids and further metabolized to E (Hobkirk, 1979a).

The uterine epithelium contains 17 B—hydro><ysteroid dehydrogenase (HSD) and

sulfotransferase activity (Pack and Brooks, 1974) which could convert free E

produced by the ovary to EISO4 as it moves through the endometrium (Geisert et al.,

1982a). Conjugated E content in uterine flushings of pregnant gilts between d 1 1 and

16 increased concurrently with the increase in free E content, which could reflect
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endometriai sulfation of free E of b1astocyst origin (Geisert et a1., 1982a).

Porcine uterine E su1fotransferase activity appears on1y after puberty (Brooks

et a1., 1978). Prepubera1 porcine uteri e><hibit no 17 B-H50 activity,

su1fotransferase activity or microsoma1 peptide synthesis; pubera1 uteri which have

had E but no p4 stimu1ation sti11 do not e><hibit activity of the above enzymes. They

do e><hibit microsoma1 peptide synthesis at a 1eve1 comparab1e to that of mature

porcine uteri (Brooks et a1., 1972). Therefore, the appearance of su1fotransferase

activity as we11 as 17 B-1-150 activity is not re1ated to the initia1 stimu1ation of

uterine protein synthesis by E (Brooks et a1., 1972). After puberty, E

su1fotransferase activity in the porcine uterus f1uctuates in response to the

hormona1 mi1ieu of the anima1 and relates inverse1y to the nuc1ear concentration of E

receptors in the cyc1ing uterus (Pack and Brooks, 1974). Cyciing of E

su1fotransferase activity can be direct1y re1ated to p1asma P41eve1s in porcine as

we11 as in human uteri (Brooks et a1., 1978).

In vitro, the porcine uterus exhibits the greatest amount of E metabo1ism both

su1fotransferase and 17 B—H50 activity during the secretory phase, d 5 to 13, of the

estrous cyc1e (Pack and Brooks, 1974). In vitro su1fotransferase activity rapid1y

increases unti1 d 9 when E] 504 represents 80% of E present. Estrogen

su1fotransferase activity steadiiy decreases with a sma11 surge on d 16 corresponding

tempora11y to the initiation of a new fo11icu1ar phase in the ovary (Pack and Brooks,

1974). Thereafter, E su1fotransferase activity decreases sharp1y. There is no

apparent E su1fotransferase during estrus, d 1 and 2 of the estrous cyc1e (Pack and

11
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Brooks, 1974). Un1ike E suifotransferase, 17B—H5D is present at a11 stages of the

estrous cyc1e (Brooks et a1., 1978). The e><tent of E su1fation noted by Dack and

Brooks (1974) is a resu1t of both E su1fotransferase and E suifatase activities

occurring simu1taneous1y within the uterine tissue during the 2 h incubation period.

Drogestins, such as D4 and medroxyprogesterone acetate (MDA) stimu1ate human

endometriai E su1fotransferase and 17B—H5D activities (Tseng and Gurpide, 1975;

Tseng, 1978; Tseng and Gurpide, 1979; Tseng and Liu, 1981). The increased

production of su1fo-conjugated E in human proiiferative endometriai g1and tissue

caused by MDA is derived from an increase in E su1fotransferase activity rather than

a decrease in suifatase activity (Tseng and Liu, 1981). Their assays measured

cytosoi activity; hydroiysis does not occur as suifatase is membrane bound to various

particuiate fractions (Tseng and Liu, 1981). The inf1uentia1 ro1e of D4 on E

su1fotransferase activity is seen in the pregnant pig where the drop in p1asma D4
° from d 14 to 28 (Dobertson and King, 1974) is fo11owed by a deciine in endometriai

E su1fotransferase activity after d 30 of gestation (Dwyer and Dobertson, 1980).

The observations of Dwyer and Dobertson (1980) concerning su1fotransferase

activity are inf1uenced by coincident suifatase activity.

As a resu1t of the comp1e>< kinetics associated with E] suifotransferase, it has

been proposed that this enzyme p1ays a regu1atory ro1e in E metaboiism (Adams and

Low, 1974). Brooks et a1. (1978) suggest that E su1fotransferase present in E target
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tissues such as the placenta and endometrium may be involved in E metabolism by

limiting it‘s nuclear activity; since sulfoconjugated E does not bind to E receptors.

iuliatase
Steroid sulfatases liberate steroids from their sulfoconjugated form (Bernstein

and Solomon, 1970). The actual number of enzymes responsible for the cleavage of

sulfoconjugated steroids is uncertain (Noel et al., 1983). There are two steroid

sulfatases recognized by the Commission on Biochemical Nomenclature; one is and the

other may be membrane bound, like aromatase but unlike sulfotransferase. Estrone

sulfate sulfhydrolase (E.C.3.1.6.1) also known as arylsulfatase or E] sulfatase is

generally thought to be membrane bound in mammalian cells and is relatively

nonspecific with respect to the phenolic part of the substrate (Bernstein and

I 5o1omon, 1970; Hobkirk, 1979a;F’10uta0uak1<l1 et al., 1984). Three types of E] or

arylsulfatase have been reported to hydrolyze aromatic sulfate esters in human

, tissue. Types A and B have been reported to be soluble enzymes occurring within

lysosomes; these types are at normal levels in sulfatase deficient

pregnancies(France, 1979). These two types are also known collectively as Type 11

arylsulfatase (E.C.3'.1.6.1). However, Type 11 arylsulfatase has been reported to be

membrane bound within the lysosomal fraction of the cell (Webb and Morrow,

1959). Type I1 arylsulfatase is powerfully inhibited by sulfate and phosphate ions

and is specific for the phenol group of the steroid molecule (Bernstein and Solomon,

1970). Sulfatase C or Type 1 arylsulfatase is an insoluble, microsomal membrane

1
1
1
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bound enzyme (France, 1979) and is the most important in the hydrolysis of E]504

(Pu1l<1<1nen and Paunio, 1963). Type C 16 the enzyme that is missing in sulfatase

deficient pregnancies of humans (France, 979). 5ulfatase C is highly active in the

human placenta using E]504 as a substrate (French and Warren, 1967). Estrone

sulfatase has been reported to be insensitive to inhibition by sulfate and phosphate

ions and to have a bimodal optimal pH for the hydrolysis of E]504 of 6.5 and 8.0
F

(French and Warren, 1967). The r'1ichael1s—l"lenton constant for E1 sulfatase has

been reported as 0.1 mm E]504 (French and Warren, 1967) and 2u1“1 E,504

(Tseng and Liu, 1981).

The other recognized sulfatase is steroid sulfate sulfhydrolase or steroid

sulfatase (E.C.3.1.6.2) which is specific for 3 13-yl steroid sulfates; DHEA5,

pregnenolone sulfate, cholesterol and E]504 are substrates for this enzyme

(Notation, 1969; Noel et al., 1983; l”1outaoual<I<i1 et al., 1984). This sulfatase, when

· found in human placental tissue, has a bimodal optimal pH of 5.0 and 7.5 (Noel et

al.,l983). The Km for E]504 is .02 m1‘“1 (Notation, 1975). The molecular weight of

this sulfatase, in human placental tissue, is 72,000; much higher values have been

reported which are probably due to polymerization producing various active forms

(Noel et al., 1983). An essential problem concerning E]504 hydrolysis is

knowledge of whether or not E1 sulfatase (E.C.3.1.6.1) is identical to steroid

6u1fatase(E.C.3.1.6.2) (P’1outaoua1<1<i1 et al., 1984). 5tudies of the effects of pH,
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buffers, temperature and noncompetitive inhibittors on enzyme activity ih guihea

pig uterihe and 1iver tissue suggest the existence of two distinct su1fatases; however,
the two enzymes have not been physica11y separated (1“1outaoua1<1<i1, et a1., 1984).

The su1fatase reaction is irreversibie as fo11ows, where R is the steroid:

R—0S0—3 + H20 ———-> R—0H + 5042- + H+

(Bernstein and Soiomon, 1970).

Estrone su1fatase activity has been 1ocated in the many tissues inc1uding the
human adu1t hypotha1amus, fronta1 cortex, pituitary, 1ung, 1iver, p1acehta,

endometrium, myometrium, s1<in,adiposetissue;feta1 hypotha1amus, fronta1 cortex

and pituitary (R1atia et a1., 1984), feta1 1iver (French and Warren, 1966), porcine

and ovine endometrium (Dwyer and Robertson, 1980) and porcine b1astocyst (Rerry
et a1., 1973). In vitro, the human nonpregnant endometrium and 1ung hydro1yze

E]804 to E] and then convert E] to E2 (Tseng et a1., 1972;1‘111ewich et a1., 1983).

There is no measurab1e metabo1ism of E] fo11owing E]804 hydro1ysis in any

nonpregnant human tissue except the endometrium (R1atia et a1., 1984). The
p1acenta is the richest source of human steroid suifatase activity (French and

Warren, 1966). Quantitative in vitro studies of human feta1 and adu1t brain and

pituitary by R1atia et a1. (1984) revea1 that not a11 regions have eduiva1ent E]

suifatase activity 1eve1s. Their findings may not be representative of the QGDGVE1

population, since the adu1ts were e1der1y and diseased; however, adu1t hypotha1amus

and fronta1 cortex were shown to have greater activity than feta1 hypotha1amus,

1- - -



45frontalcortex and pituitary which exhibited greater activity than adult pituitary.

In the rat uterus, E] sulfatase activity is inhibited by E (Utaaker and 5toa,

1980). Alternative substrates are the most important group of potential endogenous

sulfatase inhibitors (Townsley, 1973). ln the human placenta in vitro

concentrations of endogenous free steroids of placental and umbilical cord blood

regulate placental E production from conjugated precursors due to the inhibitory

effect of free steroids on steroid sulfatase (Townsley et al., 1970). This may explain

why sulfatase instead of aromatase appears to be rate—limiting during placental

perfusions (Townsley et al., 1970). The concentration of steroids required to

demonstrate appreciable inhibition are within physiological ranges with DHEA being

most potent. 0ther inhibitors, in decreasing order of effectiveness, are: 16

hydroxydehydroepiandrosterone, androstenediol, T, androstenedione, E2, E1 and E3

(Townsley et al., 1970). The endoplasmic reticulum, where the

steroid—metabolizing enzymes are located, has the ability to concentrate certain

steroids selectively, which could result in higher local concentrations and more

extensive inhibition than would be expected on the basis of mean placental or

umbilical cord plasma steroid concentrations (Townsley et al., 1970). ln guinea

pigs, where E] sulfatase activity is lower in the liver than the uterus, a soluble,

intracellular effector of hepatic cytosol origin has been discovered by Adessi and

r'loutaoul<l<i1 (1986). This effector has a molecular weight of 7,600 and acts as a

non—competitive inhibitor of E] sulfatase (E.C.3.l.6.l) of uterine and hepatic
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in controlling the expression of E] sulfatase activity (Adessi and l“loutaoual<l<il,

l986).

Despite the fact that free endogenous steroids can inhibit sulfatase activity, E]

sulfatase and steroid sulfatase activities in the human endometrium do not vary

during the menstrual cycle and are not correlated to P4 and E2 concentrations (Prost

and Adessi, l983>. ln the rat and hamster reproductive tracts, sulfatase activity is

under hormonal control, increasing at the time of estrus and reaching a maximum
during early metestrous (Legault et al., 1981).

Due to the sulfatase enzymes within the trophoolast of porcine plastocysts, E

sulfates are more efficiently converted to free E than is androstenedione (Perry et

al., l973, l976). The pig endometrium is l<nown to have So- reductase activity

which reduces progestins and androgens (Henricks and Tindall, l97l), which

subseguently cannot be aromatized to E (Wilson, l972>. This is another reason why

free androgens may have little significance, in vitro, when compared to

sulfoconjugated E as precursors for free E production by the trophoblast (Bazer et

al., l<377).

The conceptus plays an important role in endometrial activity in the pig. For

example, 3B—andl7B—H5D enzymes appear in the porcine endometrium after there

is endometrial- conceptus contact (Christie, l968, Dufour and Paeside, l9o9; Flood,
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1974). Furthermore, although the qualitative nature of uterine secretions are the

conseduence of maternal regulation alone, the endometrium underlying the cenceptus

tissue is guantitavely more active than that from unoccupied regions of the uterine

horn. This suggests that the local modulating effects may pe due to

conceptus—produced factors such as steroids or polypeptide hormones (Basha et al.,

1980).

ln humans, the ovaries are not necessary throughout gestation, and the placenta

is dependent upon externally supplied precursors for E synthesis (Tovvnsley, 1973).

Maternal adrenal DHEA is the primary precursor for E synthesis in early gestation;

by mid gestation, precursors are primarily of fetal origin (Siiteri and MacDonald,

1966; France, 1979). Fetal adrenal DHEA and 16O„—hydro><ydehydroepiandrosterone

sulfate produced from acetate and some maternal cholesterol, are transferred to the

placenta and converted to E] and E2 or E3, respectively (France, 1979). Fetal

involvement in placental endocrine activity in the pig is demonstrated py the

increased conversion of fetally-administered 19—cart>on steroids to E1 appearing in

the maternal urine (Fevre, 1970).

The porcine plastocyst exhibits steroidogenic capability early in gestation.

8iochemical evidence of aromatase, 17-20 desmolase and 3-sulfatase, vvithin

blastocyst tissue, suggests that the presence of unconjugated E and P4 in plastocyst

tissue is the result of local production, not diffusion from material circulation

(Perry, et al., 1973). Blastocysts initiate E synthesis on approximately d 11 of

gestation (Perry et al., 1973; Flint et al., 1979; Gadsby et al., 1980; Heap et al.,
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1 l981ab). The onset of blastocyst E production coincides with the initiation of the

sequence of events leading to maternal recognition of pregnancy (Dhindsa and Dzuik,

1968), blastocyst elongation (Perry and Rowlands, 1962; Heap et al., 1979;

Anderson, 1978; Geisert et al., 1982ab) and the sequestering of histotrophe within

the uterine lumen (8azer and Thatcher, 1977; Zavy et al., 1980; Geisert et al.,
1 1982b). The maternal recoginition of pregnancy involves a mechanism whereby the
, developing conceptus signals its presence to the mother resulting in the arrest of the
1 normal ovarian cycle and the prolonged activity of the corpora lutea (Perry et al.,
1

1973). Estrogens of fetal origin act as the luteotrophic signal by altering the

direction of luteolytic prostaglandin F20, secretion by the endometrial glands from an

endocrine to an e><ocrine direction (Frank et al., 1977; Moeljono et al., 1977;

Thatcher and Bazer, 1977; Zavy et al., 1980). Significant increases in E]804

concentration in the utero—ovarian vein plasma occur between d 1 1 and 12, which

coincides with the initiation of blastocyst E production, then E]804 concentration

declines until d 16 (Stoner et al., 1981). Conversion of E by sulfoconjugation to a

biologica1ly—inactive form before entering the circulation suggests that blastocyst E

may e><ert a local effect on the uterine endometrium (Geisert et al., 1982). Neither

the maternal ovaries nor the pituitary is required for the production of E1804 in the

pig (Fevre et al., 1970). Estrogen may be secreted by the blatocyst as E]804 with

the subsequent conversion of part to biologica11y— active, unbound, E by the

endometrium as suggested by the e><istence of high concentrations of E1804 in the
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I
allantoic fluid, but not ovarian venous blood, between d 20 and 35 of gestation

(Lunaas et al., 1973; Robertson and King, 1974). Furthermore, this suggests that

maternal plasma EISO4 is derived from the conceptus (Robertson and King, 1974).

Local uterine effects of E could be ellicited by the diffusion of unconjugated E from
the blastocyst to the uterus, with subsequent sulfation of the E within the

I
endometrium, as suggested by the findings of Perry et al. (1973) that in vitro d 16

I
blastocysts do not produce conjugated E. However, detectable increases in

I unconjugated and conjugated E in peripheral circulation of pregnant pigs occur by d
16 of gestation (Robertson and King, 1974, 1978).

The fact that early maternal plasma EISO4 is of embryonic origin raises the

possibility of a relationship between plasma EISO4 concentrations and litter size

(Robertson et al., 1978; Hattersley et al., 1980). There is a positive association

between maternal plasma E 1 504 concentrations at d 30 of gestation and litter size at

parturition in swine; therefore, early characterization of maternal plasma EISO4

concentrations can be useful in reproductive management to identify non—pregnant

animals and those with small 1itters(Horne et al., 1983; Stoner et al., 1986).

Potential steroid precursor(s) available to the trophoblast for E synthesis

appear to be produced through endometrial conversion of P4 to unconjugated

androgens (androstenedione and T) and conjugated E (E]504 and EQSO4) (8azer et

al., 1979). Enzymes involved in this conversion are aromatase 3—H5D—1somerase

1
1
1 -
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and su1fatase(Hobkirk, 1979a). The sow is dependent upon R4 of the corpora lutea

for maintenance of pregnancy (du Mesnil du Boisson and Dauzier, 1957). Rlasma R4

concentrations in the pregnant gilt drop from d 14 to 28 of gestation; decrease

steadily until term; then drop sharply on the day of parturition (Robertson and King,

1974). The absence of a rise in maternal plasma R4 in the pregnant sow suggests

that the conceptus does not contribute materially to the maternal pool of R4

(Robertson and King, 1974). The 30 to 70% decrease in plasma R4 between d 14

and 30 of gestation (Guthrie, 1972; Robertson and King, 1974) could be due to either

partial regression of the corpora lutea or rapid R4 matabolism by the pregnant

uterus (Bazer et al., 1977).

There is significantly more plasma R4 entering the uterus via the uterine

artery, going into the uterus, than leaving the uterus via the uterine vein at all

stages of gestation, indicating that R4 is being taken up and possibly metabolized by

some element(s) of the pregnant uterus (Knight et al., 19771, Kukoly, 1984;

Jeantet, 1985). The presence of high levels of R4 in fetal circulation supports the

role of the porcine placenta in R4 synthesis (Barnes et al., 1974; MacDonald et al.,
I

1980). In vitro, there is substantial placental R4 production throughout gestation in

the pig (Kukoly, 1984; Jeantet, 1985). Rrogesterone accumulation in vitro

increased steadily from d 25 to 100. These increases could be due either to
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increased availability of endogenous precursors or to maturation of the enzyme

complexes of the placenta (l<ul<oly, l984). l<ul<oly (l984> reported no placental P4

production after l h of incubation, suggesting that the de novo synthesis of P4 was

from endogenous pregnenolone, the supply of which was exhausted as time in

incubation increased. However, Jeantet (l985) reported continued placental P4

, production at 30, 60 and 90 d throughout the 2 h incubation period, suggesting that

either endogenous pregnenolone or cholesterol in the incubation media could be

utilized by placental tissue in P4 production. Progesterone synthesis by porcine

tissue at 30, 60 and 90 d of gestation was two—times greater when pregnenolone

was added to the incubation medium as a precursor for P4 synthesis (Jeantet, l985).

The steroidogenic capacity of the placenta to produce P4 from pregnenolone is

supported by histochemical evidence of A53B—HSD, the enzyme responsible for this

conversion along with 3—l<etosteroid isomerase in placental tissue from

approximately d 28 to l0l of gestation (Christie, l968; Dufour and Paeside, l969).

At d 60 and 90 of gestation, the addition of cAl“lP and pregnenolone increased in vitro

placental P4 production over the addition of pregnenolone alone (Jeantet, l985). In

vitro endometrial tissue has a limited capacity for P4 production on d 30, 60 and 90

of gestation, although the necessary enzymes are present. The addition of

pregnenolone or pregnenolone plus cAMP to the incubation medium significantly

increased endometrial p4 production (Jeantet, l985>. Lower in vitro endometrial



D4 production, in comparison to in vitro placental D4 production may be due to: 1)

limited precursor availability, 2) metabolism of D4 to less active derivatives such a

pregnanolone and pregnanedio1s(Henricl<s and Tindall, 1971), or 3) steroidogenic

dependence of the endometrium on the conceptus (deantet, 1985). Allantoic fluid D4

increases as gestation progresses; vvhereas, amniotic fluid D4 concentration is
,

relatively static throughout gestation (Knight et al.,1977; Goldstein, 1977; Kul<o1y,

1984; Jeantet, 1985).

The concentration of E1 is significantly greater than that of E2 in porcine plasma

throughout gestation; therefore, E] is the major unconjugated E in the pregnant pig.

In vivo E synthesis is unaffected when the ovarian source of D4 is surgically removed

and pregnancy is maintained with MDA, a non—aromatizab1e progesterone (Heap et

al., 198lb) indicating that ovarianD4 is not essential for trophoblast E synthesis.

The placenta has been implicated as the primary E source (\/elle, 1960; Daeside,

1963; Molokwu and Wagner, 1973; Choong and Daeside, 1974; Dobertson and King,

1974; Derry et al., 1976; Knight et al., 1977). Dlasma concentrations of E] and E2

are significantly greater in the uterine vein than in the uterine artery, indicating

that some e1ement(s) of the pregnant porcine uterus are the source of these E

(Knight et al., 1977; Ku1<oly, 1984; Jeantet, 1985). The extremely high

concentrations of E] and E2 in allantoic fluid compared to relatively lovv plasma

concentrations support the role of the porcine placenta as the primary source of E

11
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demonstrated tne conversion of DHEA and androstenedione, witn EI being tne major E

formed by porcine p1acenta1 tissue in 1ate gestation.

Riasma EI and E2 are first present in measurabie guantities on d 80 of gestation

and increase to a peak just before parturition. Fo11owing parturition,p1asma E

1eve1s rapid1y decrease (Robertson and King, 1974). Riasma E I 804 concentrations,

measurabie on d 16 of gestation, increase dramaticaiiy to a peak between d 23 and

30; 1eve1s dec1ine rapid1y unti1 approximateiy d 46 tnen increase again to a peak

just before parturition; piasma EI804 concentrations decreases rapid1y fo11owing

parturition (Robertson and King, 1974). Between d 23 and 30, tne ratio of piasma

EI804 to EI is e><treme1y nign at approximateiy 200:1, approacnes unity around d

70 and.fina11y, at peak concentration, just before parturition, is appro><imate1y 1:2

(Robertson and King, 1974).

Rerry et ai., 1976 attributed tne eariy increase in maternai piasma E

concentration to an increase in p1acenta1 mass ratner tnan a cnange in tne 1eve1 of

steroidogenic activity. However, Kukoiy (1984) and Jeantet (1985) demonstrated a

dynamic cnange in EI production by simiiar guantities of p1acenta1 tissue in vitro as

gestation progressed. R1acenta1 EI production exnibits a distinct bipnasic pattern

on d 30 and d 90 to term witn e><ponentia1 increases in EI concentration occurring

during tne 1atter naif of gestation(Kuko1y, 1984; Jeantet, 1985). Addition of
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placehtal E] productioh at d 60 ahd 90 of gestatioh (Jeahtet, l9B5). Cyclic AMP has

an additive effect above that produced by pregheholohe alohe suggestihg that cAl“lF>

either ihcreases available P4 for cohversioh to ahdrogehs ahd SUDSBQUGDÜ

aromatizatioh to E, or that cAl"lI¥> ihcreases aromatase activity (Jeahtet, l9B5>.

Because there was DO chahge ih E] productioh over time ih ihcubatioh despite

available P4, Kukoly (l9B4) cohcluded that cohversioh of P4 to E did hot occur ih

placehtal tissue ih vitro. This result agrees with earlier fihdihgs that while

blastocysts have the ability to syhthesize E from P4 (Perry et al., l973; Heap et al.,

l979), porcihe placehtae of late gestatioh do hot (Aihsworth ahd Ryah, l966),

Porcihe placehtal microsomes of late gestatioh demohstrate aromatase ahd l7ß—HSD

activity, but ho 17,20-desmolase activity; therefore, it cahhot produce E from the

P4 but must start from ahdrogehs (Aihsworth ahd Ryah, l966). Aromatase cohverts

ahdrogehs to E; l7B—HSD ihtercohverts to E1 ahd E2 ahd l7, 20—desomolase

cohverts l7O,—hydro><ypregheholohe to ahdrostehediohe. SUDSGQUGDÜ ih vitro

ihvestigatiohs of porcihe tissue have demohstrated that both ehdometrial ahd

placehtal tissue cah actively metabolize steroids of the A4 pathway; however, ohly

the placehta possesses all the ehzymes hecessary for the syhthesis of E from

pregheholohe by the A4 pathway (Craig, l9B2>. Estrohe cohcehtratioh of amhiotic

ahd allahtoic fluid reflect chahges ih ih vitro placehtal E] productioh suggestihg that

l
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the in vitro results resemble in vivo placental production (1<u1<o1y, 1984).

Endometrial R4 metabolism in pregnant females has been proposed as a source of

precursors for E production. Rorcine endometrium from pregnant sows is capable of

synthesizing androgens and conjugated E from 21 —carbon steroids on d 18 and 25 of

gestation (Deuben et al., 1977; Bazer et al., 1979). These could then serve as

precursors for E production. In vitro endometrial estrone production is similar to

that of the placenta on d 30 and 60 of gestation; however, on d 90, endometrial

production is greater than on d 30 and 60, but is one—fourth that of the placenta

<Jeantet, 1985). ln vitro endometrial E] production is enhanced in the presence of

pregnenolone (Jeantet, 1985) indicating that the endometrium is capable of

synthesizing E] from pregnenolone as well as from endogenous precursors on d 30,

60 and 90 of gestation. The lac1< of T in the media following incubation of placental

tissue suggests rapid aromatization to E] and E2 (1<ul<o1y, 1984, Jeantet, 1985). The

conversion of l9—carbon steroids to E has been well documented in the porcine

placenta under in vitro and in vivo conditions (Ainsworth and Ryan, 1966; Fevre,

1970; Rerry et al., 1973, 1976). Between d 18 and 25 of gestation there is no

consistent change in serum androstenedione concentrations while serum E]504

concentrations, of fetal origin, exhibit a progressive increase. Maximum

androstenedione concentrations are observed 1 to 2 d following the E]804 ma><ima

between d 28 and 30, when E]504 concentrations are already dec1ining(Hatters1ey
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et al., l980). The reasons behind these relative changes are not known, however
they suggest that if the androstenedione is also of embryonic origin, the drop in

serum EISO4 concentrations after d 30 is not primarily due to a lack of EI

precursor (Hattersley et al., l980).

The available reports on sulfatase and sulfotransferase activity in the sow have

examined in vitro systems where sulfotransferase and sulfatase activities are

co—e><istent. In in vitro pregnant porcine endometrium, sulfatase activity is low,

hydrolyzing approximately 20% of the available tritium labelled EI504 until d 30

of gestation (Dwyer and Robertson, l980). Sulfotransferase activity is elevated

between d l2 and 28 of gestation, sulfating approximately 78% of the available

tritium—labelled EI (Rack et al., l979; Dwyer and Robertson, l980). After d 30,

sulfotransferase levels decline to 20% sulfation on d 60 (Dwyer and Robertson,

l980). In contrast, sulfatase activity increases sharply after d 30 to 80%

hydrolysis between d 60 and 70 (Dwyer and Robertson, l980). Examining ratios of

percent sulfation to percent hydrolysis, Dwyer and Robertson (l980) reported that

sulfotransferase activity predominates in the porcine endometrium during early

pregnancy; however, after d 30, there is a gradual change in net activity to favor

sulfatase. Circulating plasma steroid concentrations are in agreement with these

reported enzyme activity levels. During early gestation, E I 504 is the predominent

plasma E. At mid—gestation, plasma E I 504 and EI levels are equal, and near term,

the predominent plasma E is EI (Robertson and King, l974). lt appears then that the
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activities of sulfotransferase and sulfatase in the endometrium may play a role in

determining the concentrations of unconjugated and sulfoconjugated E present in

maternal and fetal fluids during pregnancy in the pig <Dvvyer and Robertson, l980).
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MATEPIAI.5 AND r'IETHOD5

Twelve sexually mature crossbred gilts of similar age (I I to I4 mo), weight

(I00 to I40 kg) and genetic background were bred at estrus and randomly assigned
to be bilaterally hysterectomized (Hyst—><) at either d 30, 60 or 90 of gestation.

These days of gestation were choseh because earlier work ih our laboratory (I<ukoly,

l984)g which examihed placental progesterone (P4) and estrone (E1) production at

I2 stages of gestation between d 20 and I IO demonstrated that d 30, 60 and 90 were

times of substantial and dynamic changes ih steroid production. Four gilts were

assigned to each day. The gilts, kept ih outdoor lots of 6 to I2 animals, were checked

daily for estrus at approximately 7:30 a.m. and were bred after exhibitihg two

consecutive estrous cycles of normal duration (I8 to 22 d). Mature boars were used

to aid ih estrus detection. The gilts were bred immediately upon detection of standing

heat using natural service and were serviced three additional times at I2, 24 and 36

h following first detection of standing heat. No gilt was bred by the same boar for

two consecutive services. The first day of estrus was designated as d 0 of gestation.

After being bred, the gilts were kept ih groups of up to six pregnant animals housed

ih sheltered concrete pens. These gilts continued to be monitored for estrus

exhibition; those animals failing to maintain pregnancy were culled and replaced. ‘

All gilts were withheld from feed and water for approximately 25 h prior to

Hyst—)<. At surgery the gilt was restraihed by sharing her by the snout ahd initial

ss
II
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anesthesia was induced by Injection of one to one—half grains of sodium thiopental

solution (Abbott Laboratory, Inc., Chicago, Illionis) in a 5% solution, into an ear

vein using a 20-gauge butterfly needle attached by polyethylene tubing to a 30-ml
syringe. As the gilt succumbed to the initial anesthesia, she was guided into a dorsal

recumbant position in a specially designed cradle. The gilt in the cradle was lifted

onto the surgery table where anesthesia was maintained at a surgical plane with

halothane (Halocarbon Laboratories, Inc., Hackensack, NJ) vapor in a nitrous

o><ide:o><ygen (1:2, v/v) mixture administered to the animal via tubes fitted into her

nostrils. As the gilt was settling under the anesthesia, a blood sample was taken from

the anterior vena cava (AVC) with a I5- gauge needle on a 20-ml syringe containing

13.8% disodium ethylenediamine tetraacetate (EDTA)as an anticoagulent.

Using sterile techinque, the reproductive tract was exposed following

midventral laparotomy. Blood samples were collected from the uterine artery (UA)

and uterine vein (UV) using a 20-gauge needle and 20-ml syringe. The blood was

decanted into polypropylene tubes containing 13.8% EDTA. The blood was centrifuged

at 2000 >< g for 10 min; 6 ml of the plasma was decanted into I6><67 mm

polypropylene culture tubes and stored at -20 C. Following collection of the blood

samples, the ovaries, oviducts, uterine horns, uterine body and anterior cervi>< were

surgically removed from the peritoneal cavity as previously described by Knight et

al. (1977) and Dalton (1980). Briefly, the blood supply to the portion of the tract

to be removed was diverted by ligating the three main branches of the blood supply to

this area: the ovarian, cranial uterine and middle uterine arteries and veins. Each of

these branches was ligated with several strands of 1 cm umbilical tape (Ethicon,
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Inc., 5omerville, NJ) to ensure minimal internal bleeding following removal of the
reproductive tract. The incision in the body wall was closed in 3 layers. The linea

alba was sutured with continuous interlocking pattern of size 1 chromic gut

(Ethicon, Inc., Somerville, NJ). The subcutaneous fat was sutured with a continuous

lockstitch pattern, also with size 1 chromic gut. The dermis was sutured in a

interrupted horizontal mattress pattern of size 3 chromic gut. The suture line was

then treated with Furox (5mithkline Animal Health Laboratories, Philadelphia, PA),

followed by Wound-Kote (Morton, Inc., Memphis, TN). The animal was removed

from anesthesia and following a 24 h recovery period was placed into a lot of cull

animals. These gilts were kept for at least 4 wk following surgery before leaving the‘
Virginia Tech Swine Center.

The excised uterus was bathed in tepid tap water and dissected free of the

ovaries, oviducts and supporting broad ligament. The uterine horns were opened at

the cranial ends by an incision along the border of the previous site of broad ligament

attachment. The fetal membranes, the chorioallantois and amnion, and viable fetuses

were manually separated from the endometrium, one fetal unit at a time. The amnion

containing the fetus was then separated from the chorioallantois. Pandom samples of

the chorioallantois and random samples of the endometrium which had been in direct

apposition to viable placentas and had been separated from the myometrium, were

immediately placed, by tissue, into sterile 500 ml beakers containing approximately

200 ml Medium 199 (M199, Gibco Laboratories, Grand Island, NY; Appendix A) at

37 C. Tissue was collected from more than one fetus and on d 60 and 90 when visual

determination of sex was possible, tissue was collected from at least one male and one
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female. Following tissue collection, the placental and endometrial tissue samples

were transported to the laboratory for incubation. (See Appendi>< J for suggestions

on imporving procedures).

ln the laboratory, the placenta and endometrium samples were manually

minced into approximately 2 mm3 pieces using sterile razor blades. This tissue

preparation occurred within 1 h of tissue collection. The minced tissues of each pig

were pooled by tissue type into two pairs of sterile 100 ml beakers containing
approximately 50 ml of M199. 0ne pair of beakers containing placenta and

endometrium respectively was microwaved at full power for 1.5 min to kill the

tissue. The use of dead tissue in the incubation to generate control or blank values
was suggested by the procedure of Hoversland et al. (1982) which used enzyme
activity of boiled embryos as control values. Tissue samples were weighed on a
Torsion balance; 300 mg samples were incubated in duplicate in 18><100 mm

polypropylene culture tubes at 37 C in a Dubnoff shaking water bath under an

atmosphere of 95% 02: 5% C02 for either 0.5, 1, 2 or 3 h. A control group of
culture tubes was placed immediately into an ice bath to stop enzymatic activity.

The tissue samples were incubated with tritium (3H)- labelled steroids (New

England Nuclear Division of DuPont, Boston, MA) as markers of enzymatic activity

(Appendix B). Three variations of incubation media were used. In order to evaluate

aromatase activity, tissue was incubated using a modification of the procedure of
Hoversland, et al. (1982), in culture tubes containing 0.5 uCi [1 13, 2B—3H(N)]—T

1
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(specific activity = 4l.6 Ci/mmol) and 3 ml MIQQ plus T (.5 ug/ml). A total of

eight tubes were run at each time period, duplicates of each tissue type: live

placenta, live endometrium,microwaved placehta and microwaved endometrium. Ih

order to evaluate E] sulfotransferase activity, l uCi [2,4,6,7—3H(N)]—E] (specific

activity = 88.5 and 87.5 Ci/mmol) was added to each of four tubes at each time

period. In order to evaluate E] sulfatase activity, l uCi [6,7-3H(N)]—E]504

(specific activity = 52.5 and 40.0 Ci/mmol) was added to four different culture

tubes at each time period containing duplicate placenta and endometrium samples.

This is a modification of the procedure of Dwyer and Robertson (l980). Three ml

MIQQ was added to each tube containing either 3H—E] or 3H—E]804. Duplicate

tubes containing either 3l-I-E] or 3H—E]504 and 3 ml MIQQ but no tissue were

incubated with the rest of the samples for either 0 or 3 h. These tubes served as

control tubes indicating degree of spontaneous sulfatioh or hydrolysis of the tritiated

steroid marl<ers. Following incubation, the culture tubes were capped, placed into an

icebath and subsequently stored at -20 C.

Aromatase activity of the placenta and endometrium was determihed using an assay

developed by T. Rabe, et al. (l982). This assay depends upon the release of tritiated

water (3H20) with the aromatization of 3l-I—T. Tritiated water content is determihed

by a two—phase scihtillatioh technique ÖQDGOÖQDK upon the limited emulsifying

capacity of a dioxane-based scintillation solution (Appendix C). Following
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centrifugation at 3500 rpm (Damon International Equipment Co. IEC DPR—6000

refrigerated centrifuge) or 2800 rpm (International Equipment Co. IEC Centra—7R

refrigerated centrifuge) for 30 min, the incubation media was decanted off the

protein sample into I2 >< 75 mm polypropylene culture tubes. Fifty ul of media was

suspended in 5 ml of the dio><ane based scintillation cocktail. Samples were counted

for l0 min each on a liquid scintillation counter (LK8 Wallac Rackbeta; 3H counting

efficienty = 69%) programmed by an internally loaded quench curve of

3H—androstenedione (New England Nuclear Division of DuPont, 8oston, IVIA) and

methylene chloride (HPLC grade, Fischer Scientific Co., Fair Lawn, NJ) to give

sample values in dpm; (Appendix D). Following scintillation counting, l ml distilled

water was added to each vial. After addition of the water, Rabe reported 95% of the

tritiated water is partitioned into the aqueous phase with the 3H-T remaining

suspended in the scintillation cocktail. The difference in dpm before and after the

addition of the distilled water is equivalent to the amount of 3H20 in the media

sample. Results for aromatase activity per sample are reported as pg T aromatized

per sample.

The following sequence of formulas was used to determine this value:

2 >< dpm 3H20 = dpm 3H—T*
*Rationale: Each 3H20 unit produced = one unit of 3H-T which is aromatized. The
numerator is doubled to account for the double label on the 3H—T; only one of which
is released as 3H20.

opm 3H-i/tdpm 3H-T/pmole 3H—T) = omoie 3H-T
(pmole 3H—T)(pg 3H-T/pmole 3H—T) = pg 3H-T
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dpm 3H-T/pmole = 9.235 >< l04

pg 3H-T/pmole = 292.44
9

Estimation of relative levels of E1 sulfotransferase and E] sulfatase activity

was performed by determining conversion of and within the

incubation media to 3H—E]5O4 and 3H—E], respectively. The procedure used in this

assay was a modification of that given by Dwyer and Robertson (1980).

Following centrifugation at 2800 or 3500 rpm for 30 min, the incubation

medium was decanted off the protein samples into l2 >< 75 mm polypropylene culture

tubes. The tritium— labelled steroids were extracted from 0.5 ml incubation medium

with 3 ml tetrahydrofurancethyl acetate (l:l, v/v; HRLC grade, Fischer Scientific

Co., Fair Lawn, New Jersey) in l6 >< l0O mm borosilicate culture tubes. These were

vortexed for l min. One ml of 0.5 M sodium bicarbonate saturated with sodium

chloride was added to each tube following vortexing. The agueous phase was frozen in

solid CO2 and ethanol; the organic phase containing the 3H—E] and 3l—I—E] 504 was

decanted into clean l6 >< l00 mm borosilicate culture tubes. Following evaporation

of the organic solvent, the sides of the tubes were rinsed with l ml methylene

chloridezmethanol (9:l v/v) which was then evaporated to dryness under air. The

steroid residue in the tubes was redissolved in 50 ul methanol, vortexed for 30 s and

applied to l channel of a l9 channeled thin layer chromatography (TLC) plate (J.T.

8al<er Chemical Co., Rhillipsburg, NJ). Tritium labelled E] and E]5O4 standards (3
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ul) were run with each plate to monitor steroid migration patterns. After thorough

sample drying, the plates were developed three times in a solvent of methylene

chloridezdiethyl etherzmethanol (5:2:0.5, v/v) in a developing tank lined with filter

paper. The filter paper ensured adequate vapor eguilibration. The plates were

permitted to dry thoroughly between the three developing times. A solvent volume

sufficient to wet only the lower 3 mm of the preadsorbent area was used. Following

plate development, the TLC plates were given time to dry thoroughly and were then

covered with a thin layer of EN3HANCE spray (New England Nuclear Division of

DuPont, Boston, MA), a surface autoradiography enhancer for visualization of the

low level beta—emitting tritium labelled E] and E]504. The TLC plates were placed

into Kodak )<—Flay Exposure Holders with B x 1 in Kodak ><—l?2ay film (Eastman Kodak

Co., Flochester, NY). The film was exposed to the TLC plate for 12 h at -70 (Z. The

X—ray film was developed ( Appendix E) and used as a template for detecting the

_ location of 3H—E] and 3H—E]504 on the TLC plates.

For each sample on the TLC plate, the zones of 3l—l—E1 and 3l—l—E1504, which

appeared as darkened bands on the ><—ray film, were removed from the TLC plates

using a metal spatula. The steroid containing silica gel from the plates was aspirated

as it was chiseled away into a pasteur pipette containing a glasswool filter which

trapped the gel but permitted air to pass through into vacuum lines (Thompson and

Siiteri, 1974). Each steroid was eluted from the pasteur pipette with 2 ml methanol

into mini Poly0 scintillatlion vials (Beckman, Somerset, NJ). The methanol in the

vials was allowed to evaporate to dryness under air leaving the hormone residue
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behind, which was then suspended in 5 ml Recovery 5cintilIation CocI<taiI ( Appendix

C). The vials were counted for 5 min each on a liquid scintillation counter (3H

counting efficiency = 67.3%; Beckman L5 I800, Beckman Instruments Inc., Irvine,

CA). Counts per minute were converted to dpm via a quench curve of 3H

androstenedione using methylene choride as a quenching agent (Appendix D). Total

recovery of 3H-E was 99.5% and of E] 504 was 95.7%. Data was corrected for

recovery rate as well as for spontaneous hydryolysis of 3H-E]504 or sulfation of

3H—El. The values of spontaneous activity for 0.5, I and 2 h were interpolated from

the values determined at 0 and 3 h from the media samples incubated with the

tritium labelled steroids but no tissue samples ( Tables I and 2 ). In this

experiment, gilts I through 9 were run on a different batch of hormones than gilts

I0 throughI2. The tissue from gilts I and 2 was not incubated with the 0 and 3 h

control tubes; therefore, the average correction values from gilts 3 through 9 were

used for the data from these two gilts. For gilt I I, the average correction values of

gilts I0 and I2 was used.

Rercent enzyme activity per sample was calculated as follows:

ppm
Estrone sulfotransferase activity I00(DRM ppm
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TABLE 1.

Soontaneous Sulfation of E] (%)

Incubation Mean' V“1ean’
I Time(h)* 3 4 5 6 7 8 9 3to9 10 12 10&12

0 0.4 0.8 1.5 0.4 0.6 1.7 2.9 1.2 0.8 4.9 2.8
0.5 0.5 0.8 1.7 0.5 0.8 1.6 2.6 1.2 0.8 6.1 3.4
1 0.5 0.8 1.9 0.6 0.9 1.6 2.4 1.2 0.8 7.3 4.0
2 0.6 0.8 2.4 0.8 1.2 1.5 1.9 1.3 0.8 9.7 5.2
3 0.6 0.8 2.8 1.0 1.6 1.4 1.4 1.4 0.8 12.1 6.4
*\/alues for 0.5, 1 and 2 h were interpolated from those determined for 0 and 3h.
'The used to assess sulfotransferase activity of tissue from gilts 1 through 9
was from a different batch than that used for gilts 10 through 12. Control tubes were
not included in the tissue incubations for gilts 1, 2 and 1 1; therefore, the mean
sbontaneous sul1°at10n(%) for the batch was used to correct the data generated by these
three gilts.
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TABLE 2.

5pontaneous Hydroiysis of 51504 (%)

Incubation Mean’ Mean'
TIiT1€·(I’1)* 3 4 5 6 7 8 9 3toQ IO I2 IO&I2

O I3.2 IO.5 9.0 IO.6 I2.I IO.7 I2.6 II.2 2.I O.3 I.2

O.5 I2.6 IO.2 9.I I2.8 I2.0 IO.7 II.6 II.3 I.9 O.6 I.2

I II.9 °9.9 9.3 I4.9 I2.0 IO.7 IO.6 II.3 I.7 I.O I.4

2 IO.6 9.3 9.5 I9.2 II.9 IO.6 8.6 II.4 I.3 I.7 I.5

3 9.4 8.8 9.8 23,5 I I.7 IO.6 6.7 I I.5 O.9 2.5 I.7

*\/aiues for 0.5, 1 and 2 h were interboiated from those determined at 0 and 3 h.

'The 3H—E]SO4 used to assess sbontaneous suifatase activity of tissue from giits 1 _
through 9 was from a different batch than that used for giits 10 through 12. Control
tubes were not inc1uded in the tissue incubations for giits 1, 2 and 1 1; therefore the
mean spontaneous hydroiysis (%) for the batch was used to correct the data generated
by these three giits.
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ppm 3H—E,
% Estrone sulfatase activity =(DPM 3H-E] + ppm 3H—E]5O4)

Soluble protein present in the placental or endometrial sample was determined

following separation from the incubation medium. Tissue was stored prior to this in

the original 16 >< 100 mm culture tubes at -20 C. Tissue was homogenized for 1.5

min using a tissue homogenizer(Ban1<man Instruments). Placenta was suspended in

2 ml and endometrium in 4 ml of 0.9% saline prior to homogenization. Soluble

protein was determined using the procedure of M.M. Bradford (1976) which is based

on the observation that Coomassie Brilliant Blue 6-250 dye( Appendix F) converts

from the red form to the blue form upon protein—dye binding. The standard curve for

this assay was made with Bovine Serum Albumin (BSA) in distilled water at 0, 10,

30, 50, B0 and 100 ug/ml. One hundred ul of standard or sample was placed into 16

>< 100 mm borosilicate glass culture tubes followed by 5 ml of the Coomassie

Brilliant Blue. The tubes were then vortexed for 30 s. The absorbance at 595 nm on

a PerI<in-Elmer Lambda 3 spectrophotometer was measured after 2 min but within 1

h of adding the dye—binding protein reagent to the protein sample. Protein

concentration per sample was calculated on a IBM personal computer using a

program based on linear regression devised in our laboratory (6.L. Johnson,

unpublished). Each sample was run in duplicate and the average reported as soluble

protein concentration per sample.
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Plasma T, E], and EISO4 concentrations from the A\/C, UA and Uv were

determined by radioimmunoassay (PIA) procedures modified from those of

Chung—Hsui Wu et al. (1971; see Appendix O for crossreactivity of the T and E]

antibodies (Ab) used in these assays. Testosterohe Ab was provided by HD. Hafs,

Michigan State University (MSU #74). Estrone Ab was I<indly provided by P.E.

Staigmil1er,USOA Agricultural Experimental Station, Miles City, MT). Both Abs

were validated in our laboratory for use with bovine and porcine serum and M199.

Testosterohe:

Testosterohe was extracted from 200 ul samples of plasma with 5 ml

hexanezethyl acetate (1:1, v/v; Fischer Scientific Co., Fair Lawn, NJ) in 16 >< 100

mm borosilicate culture tubes. The tubes were vorte><ed for 1 min then frozen in

solid CO2 and ethanol. The organic layer, containing T, was decanted into 12 >< 75

mm borosilicate culture tubes. The organic layer was permitted to evaporate leaving

the T residue behind in the tube. A standard curve containing T dissolved in ethanol

in concentrations (ng/ml) of O0, 0, .005, .01, .025, .05, .1, .25, 1.0 and an e><cess

dose (to saturate Ab binding sites) was run in duplicate with each assay. One hundred

ul of each standard was pipetted into 12 >< 75 mm borosilicate culture tubes in

duplicate. One set of standards was run at the front andthe other at the bacI< of the

assay. One hundred ul of a 1:40,000 dilution of T Ab:Phosphate Buffered Saline

(P85—6a; Appendi>< H) was added to each tube followed by 100 ul 3H-T (10,000

cpm in PBS-Ga). The tubes were shaI<en and incubated at 4 C for 12 to 18 h.

I
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Following the incubation period, the following steps were completed within a 10 min

period: 1 ml cold deionized H20 was added to the 00 tubes, which are indicative of

the total binding potential of the T Ab for 3H—T; 1 ml cold dextran coated charcoal

solution (DCC; Appendix I) was added to the remaining tubes and all the tubes were

placed into a refrigerated centrifuge The tubes were centrifuged for 10 min at

2800 rpm at 4 C. This step resulted in the precipitation of the DCC and the unbound

3H—T. 0ne —half ml of the supernatant containing T Ab bound to the 3H-T and

plasma—e><tracted—T was decanted into scintillation vials with 5 ml of Assay

Scintillation Cocktail (Appendi>< C). Each vial was counted for 5 min on a 8eckman

L5 1800 scintillation counter. Counts per minute were converted to steroid

concentration (ng/ml) using the standard curve generated with each individual assay

by a personal computer program based on Logit—Log methods developed by D. Rodbard

and modified in our laboratory (8.1.. Johnson, unpublished).

Estrone and Estrone Sulfatez

Estrone and E] 504 were extracted from the plasma using the procedure

described by Hattersley et al. (1980). The same plasma sample was used to assay

for the concentration of both of the above steroids. Duplicate 500 ul plasma samples

were extracted with 5 ml diethyl ether and were then frozen in solid C02 and ethanol.

The Epcontaining organic phase was decanted into 12 >< 75 mm borosilicate culture

tubes and the ether was permitted to evaporate to dryness under air. Following

thawing and ether evaporation, the aqueous phase was saturated with sodium chloride
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(200 mg/vial), then extracted with 5 ml tetrahydrofurah. These samples were

vortexed for I min and frozen ih solid C02 and ethanol. The organic phase, containing

E1 S04 was decanted into I2 x 75 mm borosilicate culture tubes. The

tetrahydrofurah was permitted to evaporate to dryness under air. Recovery of

EISO4 was 83.8%; recovery of E1 in the tetrahydrofurah was l.4%. The sides of

the tubes were rihsed with l ml methylene chloridezmethanol (lzl, v/v) which was

then permitted to evaporate. Triethanolamine buffer (200 ul; 0.5 lvl, pH 7.3)
containing 400 units of sulfatase (Helix pomatia Type H—l *5-9626, Sigma

Chemical Co., St. Louis, I“l0) was added to each E1S04 residue—containing tube. The

tubes were shaI<en, covered and ihcubated for l8 h at 37 C. This resulted in the

hydrolysis of the E1S04. Following incubation, l00 ul of the hydrolyzed mixture

was pipetted into l2 x 75 mm borosilicate culture tubes. Five huhdred ul of

standard plasma samples I<nown to have either high or low E1 concentrations were

extracted for E1 and run with the standard curve of the RIA; duplicates of each

plasma high and low standards were run at the front and at the back of the assay.

These standards were run with each assay and the variation between the 4 samples of
each standard was used to duantify intra—assay and inter—assay variation which was

ll% and 20%, respectively. 0ne NUDÖFQÖ ul of a l:8500 dilutioh E1: R8S—0a

followed by l00 ul 3H—E1(l0,000 cpm in R8S—0a) was added to each of the assay

tubes which contained either: the E1 residue, l00 ul of the hydrolyzed E1 S04
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mixture, or the E1 —e><tracted high/low standards. These tubes were incubated at 4 (Z

for I2 to l8 h. The assay was completed and steroid concentrations determined using

the procedure given for the T RIA. The standard curve for E1 and the hydrolyzed

E1S0„1 assays contained E1 dissolved in ethanol in the following concentrations

(ng/ml): 00, 0, .0025, .005, .0l, .025, .05,. l, .025, .5, l.0 and an e><cess dose

to saturate Ab binding sites. For the assay of the hydrolyzed E1 S04, I00 ul RBS—Ga

was added to each tube of the standard curve and the high/low plasma samples to

adjust the volume of these standards to that of the rest of the assay.

The data for enzyme activity were analyzed using the General Linear Models

(GLM) procedure of the Statistical Analysis System(SAS). Rreliminary analyses

were done by day of gestation, enzyme and tissue type and included tissue content as a

continuous variable. These analyses indicated that enzyme activity was significantly

influenced by protein content of the tissue. Activity per sample was adjusted to the

mean protein content of each day of gestation and tissue type by enzyme assay using

the following formulas:
Aromatase Activity per Sample:
Adjusted pg T aromatized = pg T — regression coefficient (protein (ug) — mean
protein (ug).

Sulfotransferase or Sulfatase Activity per Sample:
Adjusted % activity = % activity — regression coefficient (protein (ug) — mean
protein (ug).
(See Table 3 for regression coefficients and mean protein values.)
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TABLE 3.

Regression Coefficients and Mean Protein content (ug)
Regression Mean Protein

Assay ' Tissue Coef1'icient* Content (ug)/ n
300 mg tissue

030 Piacenta - .0632 772.08 37
Endometrium — .1527 3489.21 E7
Micro? Placenta · .0035 1 1 14.13 37
Micro. Endometrium .0139 1715.74 38

060 Piacenta .1923** 1080.32 34
Endometrium — .0405 3979.97 39
Micro. Piacenta .1400 714.74 E4
Micro. Endometrium .0073 1964 .92 40

090 Piacenta 7 .2030** 1518.47 38
Endometrium - .0621 3482.95 40
Micro. Placenta — .0188 514.03 36
Micro. Endometrium — .0130 1350.98 40

030 Piacenta — .0003 1083.70 30
Endometrium .0004 3337.84 37

060 Piacenta .0080 1077.71 35
Endometrium .0022 3895.59 E7

090 Piacenta .0009 1578.50 39
Endometrium .0078 360198 39

§_u]_Lata5_e 030 Piacenta — .0120 986.16 32
Endometrium .0056 3488.84 38

060 Placenta - .0031 986.70 33
Endometrium .0142 3959.00 38

090 Piacenta .0384** 1523.72 39
Endometrium — .0005 3706.21 38

*For aromatase activity, the regression coefficient is in pg T/ug protein.
For sulfotransferase and suifatase activities, the regression coefficient is in % activity/ug
protein.
aM1cro. = Microw aved Tissue

*—*1ndicates significance (P; .01).
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The following statistical model was used to analyze enzyme activity per sample by

day. of gestation, tissue type and enzyme and after adjustment for differences in

protein content:

YUK = p +(GILT)1+(T|ME)j + (0ILT * TIME)Ü + EUK

here u is the mean enzyme activity; (GILT)1 is the random effect of the im gilt;

(TIME), is the fixed effect of the im time in incubation (j = 0,0.5, l,2 and 3 h);

(GILT * TIME)U is the interaction of gilt and time in incubation, and E(mk is the

random error associated with the im gilt and the im time in incubation. F—tests for

TIME effects used the (3ILT*TIME interaction mean square. When time of incubation

effects were significant (i.e., for endometrial aromatase activity on d 30, 60 and

90, placental aromatase activity on d 90, and placental and endometrial sulfatase

activity on d 90), Student Newman—Kuells (SNK) tests were performed to test

significant differences (P5 .05) between the means of each incubation time. DAY

effects were added to in the model to examine day of gestation effects, and the F—test

was done using GILT(DAY) as the error term. TISSUE was included in the model to

examine differences in tissue enzyme activity by day of gestation and by enzyme. The

F—test for tissue used the 6ILT*TISSUE interaction as the error term.

Plasma steroid concentrations were analyzed for each steroid using DLM

procedures of SAS. The following statistical model was used to analyze the data:

YUK] = p + (DAY), + G|LT(DAY)1j+(\/E55EL)K + (DAY * \/ES5EL)1K + E (UM]
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Where Li 16 the mean 6tero1d concentrat1on;(DAY)i 16 the day of ge6tat1on effect (1 =

30, 60 and 90 d); 6lLT (DAY)1j 16 the effect of the 1m g1lt (1 = l to 4) ne6ted 1n the

effect of the 1m day of ge6tat1on; (\/ESSEL)K 16 the effect of the km blood ye66el on

6tero1d concentrat1on (l< = A\/C, UA or U\/); (DAY*\/ESSEL)jK 16 the effect of the blood

ye66el and day of ge6tat1on 1nteract1on and Emkn 16 the random error a66oc1ated
with the km blood ye66el of the 1m g1lt w1th1n the lm day of ge6tat1on. 0rthogonal

bolynom1al contra6t6 were berformed 1n order to determ1ne 61gn1f1cant d1fference6
among day6 of ge6tat1on. W1th1n day of ge6tat1on, SNK te6t6 were berformed to ÜQSÜ
61gn1f1cant d1fference6 among blood ye66el6. 0rthogonal bolynomlal contra6t6 were
berformed w1th1n day of ge6tat1on and ye66el to determ1ne 61gn1f1cant d1fference6 1n
concentrat1on6 among 6tero1d6.
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PESULT5

Graphic illustration of the mean protein content of placental and endometrial

tissue samples is presented by enzyme assay in figures 4,5, and 6. These figures

illustrate changes in protein concentration by day of gestation. Mean protein content

by tissue and by enzyme assay is presentedin table 3. Protein content of placental

tissue increased from d 30 and 60 to d 90. These results are consistent with those of

Jeantet (1985) who examined placental activity on the same three days of gestation

and with those of 1<u1<oly (1984) who observed an increase in placental tissue

protein content between d 25 and 100 of gestation. Protein content of placental tissue

incubated in the aromatase assay increased in a linear manner (P 5 .01). Mean

placental protein content was 772.08 ug on d 30, 1080.32 ug on d 60 and 1518.47

ug on d 90. There was no significant day of gestation effectlon placental protein

content in the assays of sulfotransferase and sulfatase activity. In the assay of

sulfotransferase activity, mean placental protein content was appro><imately 1080

ug on d 30 and 60 and increased to appro><imately 1580 ug on d 90. In the assay of

sulfatase activity, mean placental protein content remained constant between d 30
U

and 60 at appro><imately 986 ug and increased to appro><imately 1525 ug on d 90.

Within a gilt, the pool of minced placental tissue used in each of the three enzyme

assays was identical and separate tissue samples wereused for each time in

incubation. Furthermore, in the assay of protein content per sample, samples were

run in a random order. Therefore, the differences in mean placental content between

77
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1
the three enzyme assays are due to random Variation. Likewise, differences in the

pattern of change in mean piacentai protein content across day of gestation among the

aromatase assay, where protein content exhibited a 1inear increase and the

suifotransferase and suifatase assays, where protein content was the same on d 30

and 60 and then increased supstantiaiiy on d 90, are due to random Variation.

There was no significant effect of day of gestation effect on endometriai protein

content. Protein content of endometrium was greater on d 60 than on d 30 or d 90,
which is consistent with the observations of Jeantet (1985). Mean endometria1

protein content in the assay of aromatase activity was approximateiy 3490 ug on d

30, 3980 ug on d 60 and 3480 ug on d 90. In the assay of suifotransferase activity,
mean endometria1 protein content was approximateiy 3340 ug on d 30, 3895 ug on d

60 and 3600 ug on d 90. Fina11y, in the assay of suifatase activity, mean
endometriai protein content was appro><imate1y 3490 ug on d 30, 3960 ug on d 60
and 3700 ug on d 90. The differences in mean protein content of endometriai tissue

among the three enzyme assays are due to random Variation for the same reasons

which were given for p1acenta1 tissue. Protein content of endometriai tissue was

greater than that of p1acenta1 tissue on a11 three days of gestation e><amined.

Protein content of microwaved p1acenta1 tissue, which was used oniy in the

aromatase assay decreased from d 30 to d 90 (P 5 .03). Protein content of una1tered

p1acenta1 tissue was 1ess than that of microwaved p1acenta1 tissue on d 30 (P

5.0001) and was greater on d 90 (P 5 .0003). The protein content of microwaved

endometria1 tissue fo11owed the same pattern as unaitered endometriai tissue out was

considerab1y1ess(P 5 .05).
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The total dpm recovered from media samples incubated with microwaved tissue

were on the order of one—third to one—half that recovered from media samples

incubated with unaltered tissue. This suggests a higher degree of affinity between

3H-T and the microwaved tissue than between 3H-T and unaltered tissue. In general,

the calculated dpm of 3H20 was also lower in media samples incubated with

microwaved tissue. This phenomenon could be e><plained by one or both of the

following conditions: l) lower aromatase activity in the microwaved tissue due

either to loss of enzyme integrity or unavailability of 3H-T substrate due to tissue

affinity; and/or 2) a higher degree of affinity between 3H20 and microwaved tissue

than with unaltered tissue. Aromatase activity in unaltered tissue was not corrected

using values obtained from microwaved tissue since these values cannot be

confidently classified as control values indicative of spontaneous 3H loss to H20 by 2

3H—T. Mean values of T aromatized by microwaved tissue adjusted for sample

protein content are given in tables 4,5 and 6. There were no significant effects of

day of gestation tissue type, or time in incubation effects on aromatase activity in

microwaved tissue (figure 7). Gilt effects on the activity in microwaved placenta

were significant on d 60 (P 5 .0001) and gilt effects on the activity in microwaved

endometrium were significant on d 30 (P 5 .0063) and 60 (P 5 .0001). Aromatase

activity in microwaved tissue was substantially less than that of unaltered tissue on ·

all days of gestation examined (P 5 .002; figure 7).

Mean values of T aromatized by unaltered tissue, adjusted for sample protein
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i TABLE 4.
Aromatization of Testosterone by Microwaved Piacentai Tissue 0ver a Tnree Hour
Incubation Period at 30, 60, and 90 Days of Gestation

Incubation
Time (h) 30 60 90

0 269.06 1 28.58 (8)* 230.72 1 43.62 (4) 210.63 1 20.43 (7)

0.5 299.89 1 28.58 (8) 349.08 1 32.98 (7) 282.15 1 20.43 (7)

1 252.72 1 30.58 (7) 365.46 1 32.98 (7) 218.11 1 20.43 (7)

2 263.95 1 33.02 (6) 388.89 1 30.85 (8) 244.18 1 20.43 (7)

3 305.26 1 28.58 (8) 448.26 1 30.85 (8) 278.31 1 19.11 (8)

*1“1ean activity (pg T aromatized ; adjusted for protein content per sampie)
1 s.e.m. (n).
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TABLE 5.

Aromatization of Testosterone by riicrovvaved Endometriai Tissue 0ver a Tnree Hour
incubation Period at 30,60 and 90 Days of Gestation

incubation
Time (n) 30 60 90

0 255.07:21.47(8)* 316.59:62.00(8) 226.53:13.·<l6(8)

0.5 2B4.19:21.·47(B) 354.4B:62.00(B) 234.2B:13.·<16(B)
1 219.95:21.47(8) 403.30:Ö2.00(8) 219.13:13.46(B)

2 249.22:2479(6) 402.72:62.00(8) 255.09: 13.¢16(B)

5 252.Ö8:21.47(8) ¢163.05:62.00(8) 259.94:13.46(8)

*r'1ean activity (pg T aromatized; adjusted for protein content per sampie)
: s.e.m. tn).
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Mean Aromatase Activity by Piacentai, Endometria1,Microvvaved Piacentai and
Microvvaved Enciometriai Tissue at 30, 60 and 90 Days of Gestation

l Day of gäestation
Tissue 30 60 90
Piacenta 462.13:18.43(37)* 507.71:19.22(34) 51 7.09: 1B.18(38)
Endometrium 1016.75:26.64(37) 1057.97: 125.29(39) 1015.12: 1 23.72(40)
Micro.P1acenta 279.63:44.32(37) 371.23:46.24(34) 247.56:44.93(36)
Micro.
Endometrium 243.96:76.94(36) 366.03:75.00(40) 236.99:75.00(40)

*Mean activity (pg T aromatized; adjusted for protein content per sampie) : sem. (n).
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87content,are given in tables 7 and 8. There were no significant day of gestation
effects on aromatase activity in either placental or endometrial tissue ( figure 7).

There were no significant gilt effects on placental aromatase activity. The gilt and
time in incubation interaction had a significant effect on placental aromatase activity
on d 30 (P 5.01). 0n d 30 and 60 of gestation, in vitro placental aromatase activity

was relatively stable over the 3 h incubation period. 0n both days, activity was

slightly increased at 3 h compared to 0 h; however, this increase was not significant.
In contrast to d 30 and 60, d 90 placental aromatase activity increased (P 5 .0006)

from 390.58 pg T aromatized at 0 h to 733.84 pg T aromatized after 3 h in
incubation (figure 8). Placental aromatase activity on d 90 was slightly lower at 0
h than that observed in placental tissue on d 30 and 60; however, d 90 placental

tissue more than doubled its E production from T over the 3 h incubation period;
while d 30 and 60 placental tissue e><hibited little E production over the 3 h period.

. This suggests that by d 90 of gestation, porcine placental tissue has the enzymatic

capability for prolonged conversion of T to E in vitro.

There were significant gilt effects (P 5 .0002) on endometrial aromatase

activity on all three days of gestation e><amined. The gilt and time interaction had a

significant effect on endometrial aromatase activity on d 30 (P5 .01 ). Time in

incubation significantly affected endometrial aromatase activity on d 30, 60 and 90
(P 5 .0003). Activity increased over the incubation period (figure 8). 0n d 30, in

vitro endometrial aromatase activity increased in a linear fashion, aromatizing

440.81 pg T at 0 h and 1777.58 pg T after 3 h in incubation. 0n d 60, in vitro

aromatase activity increased in an almost linear fashion; activity appeared to be
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TABLE 7.

Aromatization of Testosterone by Placental Tissue 0ver a Three Hour Incupation
Period at 30, 60 and 90 Days of Gestation[
Time in1 lncupation(h) 30 60 90

0 466.66 0 40.77 171* 444.10 0 31.30 161 300.66 0 40.34 1618
0.6 421.40 0 44.04 161 644.76 0 43.70 161 421.12 0 26.37 1618
1 416.12 0 36.14 161 461.01 0 20.66 161 664.00 0 20.13 161*)
2 466.61 0 36.14161 640.16 0 26.01 171 511.410 34.01 1718*)
3 647.30 0 36.14 161 626.64 0 32.27 171 733.64 0 60.33 171P

* Mean activity (pg T aromatized; adjusted for protein content per sample)
0 s.e.m. (n).

abc Superscripts within a column indicate significant differences (P; .05).
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TABLE 8.
Aromatization of Testosterone by Endometrial Tissue 0ver a Three Hour Incubation
Period at 30,60, and 90 Days of Gestation

lncubation
Time (h) 30 60 90

0 440.81 1 103.04 (8) ea 619.34 1 78.22 (7)a 562.09 1 99.10(8)a
0.5 740.74 1 139.02 (7)b 844.32 1 73.17 (8)b 871.00 1 99.10 (8)b

1 876.90 1 130.04 (8)b 1032.41 1 73.17 (8)b 822.74 1 99.10 (8)b

2 1360.54 1 139.02 (7)C 1301.12 1 73.17 (8)C 1366.66 1 99.10 (8)C

_ 3 1777.58 1 139.02 (7)d 1437.84 1 73.17 (8)C 1341.36 1 99.10 (8)C
•

*l“lean activity (pg T aromatized; adjusted for protein content per sample)
1 s.e.m. (n).

amd Superscripts within a column indicate significant differences (P _; .05).
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¥ approaching a plateau between 2 and 3 h. Day 60 tissue aromatized 619.34 pg T at
0 h and 1437.84 pg T after 3 hin incubation. 0n d 90, the increase in endometrial
aromatase activity did not appear to be linear; 562.09 pg T were aromatized at 0 h
and 1341.36 pg T were aromatized after 3 h in incubation. These results suggest in
vitro endometrial tissue has eguivalent aromatase capability on d 30, 60 and 90 of
gestation. Endometrial aromatase activity was appro><imately two—fold greater than

l
placental activity on all three days of gestation examined (P 5 .002; figure7).

I P 11 1
Sulfotransferase activity is reported as mean percent sulfation of 3H—E] per

sample adjusted for protein content of the sample (tables 9, 10, and 11). 8ecause
sulfotransferase activity was evaluated in a system utilizing tissue homogenates,

apparent sulfotransferase activity, determined by formation of 31—1—E]504, is
influenced by simultaneous sulfatase activity within the tissue. Placental

sulfotransferase activity was relatively stable over the three days of gestation

examined (figure 9). Percent sulfation of 3H—E] by placental tissue was 10.75%

on d 30, 8.22% on d 60, and 9.43% on d 90 (table 11). Endometrial activity
decreased from 14.0% on d 30 to 3.65% on d 60 and 4.04% on d 90 (figure 9).
Neither placental nor endometrial sulfotransferase activity was significantly affected
by day of gestation. Gilt effects on sulfotransferase activity of both placental and

endometrial tissue were significiant on d 30 and 60 of gestation (P 5 .007). There
were no significant tissue responses in sulfotransferase activity to time in
incubation (figure 10). There were no significant differences in the sulfotransferase
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TABLE 9. E
Placental Sulfotransferase Activity 0ver a Tnree Hour lncuoation Period at 30, 60
and 90 Days of Gestation

lncupation
Time (n) 30 60 90
0 l.l4;·6.l5(6)* 7.04:4.4'5(7) l.B4:4.l5(B)

0.5 6.73t5.69(7) l0.03t4.45(7) 9.Ö9:4.l5(B)

l 6.34:6.74(5) 3.64:4.l6(B) 7.25:4.l5(B)

2 l9.3l:6.l5(6) 6.02:4.45(7) l5.B7:4.l5(B)
3 20.l4:6.l5(6) l6.l9:4.BO(6) l4.0l:4.43(7)

*l“lean percent activity adjusted for protein content per sample : s.e.m. (n).
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TABLE 10.
Endometriai Suifotransferase Activity 0ver a Tnree Hour Incuoation Period at 30,60

,
and 90 Days of Gestation

1 Incubation
Time(n) 30 60 90
0 4.92:5.12(7)* 0:4.14(8) 9.43:3.95(8)

0.5 11.71:4.78(8) 0.03:4.78(6) 0.32:4.22(7)
1 23.52:4.78(8) 0:4.14(8) 2.41 :3.95(8)
2 19.26:5.12(7) 10.15:4.14(8) 1.06:3.95(8)

3 9.63:5.12(7) 8.20:4.42(7) 6.87:3.95(8)

*P'1ean percent activity adjusted for protein content per samp1e : s.e.m. in).
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l TABLE 1 1.

Mean Sulfotransferase Activity of Placental and Endometrial Tissue at 30, 60 anci 90
, Days of Gestation

Day of Destation
Tissue 30 60 90

Placenta 10.75 1 6.78 (30)* 8.22 1 6.28 (35) 9.43 1 5.95 (39)

Endometrium 14.01 1 4.63 (37) 3.65 1 4.63 (37) 4.04 1 4.51 (39)

*Mean percent activity aojusteo for protein content per sample 1 s.e.m. (n).
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activity of placental tissue compared to endometrial tissue at any of the three days of

gestation e><amined (figure 9). However, the ratio of means over the 3 h incubation

period of placental to endometrial sulfotransferase activity underwent a reversal as

gestation progressed changing from 1:1.3 on d 30 to 2.3:1 on d 60 and 90.

Sulfatase activity is reported as mean percent hydrolysis of 3H—E]50_4 per sample

adjusted for protein content of the sample (tables 12, 13 and 14). Because sulfatase
activity was evaluated in a system utilizing tissue homogenates, the apparent

sulfatase activity, determined by formation of 3H—E} from 3H—E]504, is influenced

by simultaneous sulfotransferase activity within the tissue. Mean placental sulfatase

activity over the 3 h incubation period decreased from 32.84 % on d 30 to 28.13%
on d 60 and to 20.79% d 90. In contrast to placental sulfatase activity, endometrial
sulfatase activity increased from 51.00% on d 30 to 62.74% on d 60 and remained

stable at 61.54% on d 90. Day of gestation effects were not significant on either

tissue (figure 1 1). Gilt effects were significant on placental sulfatase activity on all

three days of gestation examined (P 5 .004) and on endometrial sulfatase activity on

d 30 and 90 (P 5 .0003). The gilt and time in incubation interaction was significant

on both tissues on d 30 (P5 .005), on d 60 placental tissue (P 5 .002), and on d 90
endometrial tissue (P 5 .0002). Time in incubation effects on sulfatase activity

were significant on d 90 placental and endometrial tissue (P 5 .05, figures 11 and
12 ). Day 90 placental sulfatase activity e><hibited a peculiar response to time in
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TABLE I2.

Placental Sulfatase Activity 0ver a Three Hour Incubation Period at 30, 60 and 90
Days of Gestation

lncubation
Time (h) 30 60 90

0 33.64:9.63(7)* 30.29:4.46(7) l5.34:3.80(8)b

0.5 2].0]:] l.39(5) 29.58:4.46(7) 33.6l:4.07(7)a

l 25.8]:9.63(7) 24.28:4.82%) l4.34:3.80(8)b

2 35.ll19.63(7) 26.37:4.82%) l6.77:3.80(8)b

3 47.3l:l0.40(6) 29.36:4.46(7) 25.52:3.80(8)ab

*P“lean percent activity adjusted for protein content per sample 1 s.e.m. (n).
ab Different superscripts within a column indicate significant differences (P; .05).
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TABLE 13.

Endometriai 5u1fatase Activity 0ver a Tnree Hour Incubation Period at 30, 60 and 90
Days of Gestation

Incubation
Time tn) 30 60 90

0 40.53:6.7¢1(B)* 56.·42:10.05(B) 46.75:-<1.17(7)a

0.5 53.39:7.21(7) 56.05:10.05(B) 62.1·4:3.90(B)D

1 49.60:6.74(B) 6B.61:10.74(7) 60.11:3.90(B)b

2 ·45.97:6.74(B) 64.77:10.74(7) 65.211390(B)b

3 67.95:7.21(7) 6B.B5:10.05(B) 73.10:-4.17(7)C

*i"Iean percent activity adjusted for protein content per samp1e : s.e.m. (n).

abc Different superscripts witnin a co1umn indicate significant differences (P g .05).
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TABLE 14.

Mean Suifatase Activity of Piacentai and Endometriai Tissue at 30, 60 and 90 Days of

I Gestation
i Tissue 30 60 90

P1acenta 32.84 1 7.41 (32*) 28.13 1 7.30 (33) 20.79 1 6.71 (39)

Endometrium 51.00 1 6.41 (38) 62.74 1 6.41 (38) 61.54 1 6.41 (38)

*Mean percent activity adjusted for protein content per sarnpie 1 sem (n).
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n
ihcubatioh, peakihg at 0.5 h. Day 90 ehdometrial sulfatase activity ihcreased from

46.75% at 0 h to 73.10% after 3 h ih ihcubatioh. Ehdometrial tissue hydrolyzed

approximately 25% more 3H—E]504 after 3 h ih ihcubatioh. This suggests that by d

90 of gestatioh, ehdometrial tissue has the capacity for prolohged sulfatase activity

ih vitro. Ehdometrial sulfatase activity was greater thah placehtal sulfatase activity

OH all days of gestatioh. This differehce was sighificaht OD d 60 (P; .02), ahd oh d 90

(P ; .002). The ratio of placehtal to ehdometrial sulfatase activity chahged over

gestatioh as follows: 1:1.6, oh d 30, 1:2.2 OD d 60, ahd 1:3.0 oh d 90. The chahge ih

the ratio, favorihg ehdometrial sulfatase activity is primarily due to decreasihg ih

vitro placehtal sulfatase activity over the three days of gestatioh examlhed.

·
•• •• ·• « •••l« · na °« ua••• • •• «•••••

· „ ••

Testosterohe

Withih day of gestatioh, there were DO sighificaht differehces ih plasma T

cohcehtratiohs betweeh the AVC, UA ahd UV (figure 13). Plasma T cohcehtratiohs

were highest OD d 30 (P ; .001): AVC = .126 hg/ml, UA = .146 hg/ml ahd UV =

.162 hg/ml. Ih the AVC, plasma cohcehtratiohs declihed to .051 hg/ml oh d 60 theh

ihcreased to .084 hg/ml oh d 90 (P ; .02). Ih the UA ahd UV, plasma T

cohcehtratiohs dropped sighificahtly betweeh d 30 ahd 60 (P; .0001 ); there was ho

sighificaht differehce betweeh d 60 ahd 90. A comparisoh of UA ahd UV plasma T

cohcehtratiohs revealed a hegative UA—UV differehce oh d 30 ahd 90 which was hot

sighificaht. No UA—UV differehce was seeh oh d 60 (table 15).
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FIGURE 13. PLASMA TESTOSTERONE (T) CONCENTRATTONS WITHIN THE ANTERIOR VENA CAVA (AVC),
UTERINE ARTERY (UA) AND UTERINE VEIN ON 0 30,60 AND 90 OF GESTADON.

cbc INOICATE SIGNIFICANT DIFFERENCES WITHIN A VESSEL (P$.02).
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TABLE 15.

Piasma Testosterone Concentrations in tne Anterior Vena Cava (AVC), Uterine Artery
(UA) and Uterine Vein (UV) at 30, 60 and 90 Days of Gestation

Vessei 30 60 90
AVC .126:.0148*3 .051 :.0051 D .084:.0067C

n=4 n=4 n=4

UA .146:01483 .066:.0051b .061:00873
n=4 n=4 n=3

UV .162:01483 .066:00513 .082:00873
n=4 n=4 n=3

UA-UV -.016:0112 0:.0112 -.021:.0129

*Least squared mean (ng/mi) : s.e.m.3bC Different superscripts indicate significant differences vvitnin a rovv (P 5_ .02).
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Estrone

0n d 30 and 60 of gestation, there were no significant differences in plasma E]

concentration between the AVC, UA and UV (figure 14). The UA—UV difference on d

30 and 60 was negative, though not significant (table 16). 0n d 90, the UV E]

concentration (.540 ng/ml) was significantly higher (P5 .05) than either the AVC

(.261 ng/ml) or the UA (.267 ng/ml). This significant negative UA—UV difference

of .273 ng/ml is similar to that reported by Jeantet (l985)(P5. 0001). ln all 3

vessels examined, plasma E] concentrations rose dramatically from d 30 and 60 to d

90 (P 5 .001; table 16). Plasma E1 concentrations ranged from 2-to 4.5—fold less

than those reported by Jeantet (1985) which could be due to differences in e><traction

procedures since the same batch of Ab was used for both experiments. Trends in

changes of E] concentrations of the three vessels over the three days of gestation

e><amined in both experiments were similar.

Estrone 5ulfate

Within day of gestation there was no significant difference in plasma EISOA

concentration among the 3 vessels e><amined (figure 15). The negative UA—UV.

difference apparent on all 3 days of gestation examined was significant on d 30

(P5.005; table 17). Among d 30, 60 and 90, plasma E] 504 concentrations peal<ed

in a biphasic pattern; EISO4 concentrations were lowest (P5 .009) on d 60 in all 3

vessels e><amined: AVC = .061, UA = .071, and UV = .074 ng/ml (table 17).
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TABLE 16.
Plasma Estrone Concentrations in tne Anterior Vena Cava (AVC), Uterine Artery
(UA) and Uterine Vein (UV) at 30, 60, and 90 Days of Gestation

3
Vessel 30 60 90
AVC .020:.0031*3 021:.00293 .261:.02963

n=4 n=4 n=4
UA .015:.00313 .018:.00293 .267:.03833

n=4 n=4 n=3
UV .026:.00313 .023:.00293 540:03833+

n=4 n=4 n=3
UA—UV -.01 1:.0123 -.005:.0123 -.273:.014Z**
*Least sduares means (ng/ml) :s.e.m.ab Different superscripts indicate significant differences vvitnin a rovv (P 5.001).

+ lndicates tnis value is significantly different from tne otner values vvitnin tne same
column (P 5 .05).

**Indicates tnis value is significantly different from 0(P5.0001).
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TABLE 17.

P1asma Estrone Suifate Concentrations in tne Anterior Vena Cava (AVC), Uterine
Artery (UA) and Uterine Vein (UV) at 30, 60 and 90 Days of Gestation

Vesse1 30 60 90
AVC .400:.0551*8 .061 :.01 728 234:.02048

n=4 n=4 n=4

UA 311:.05518 .071:01728 .242:.02648
n=4 n=4 n=3

UV 384:.05518 074:.01728 .270:.0264*8
n=4 n=4 n=3

UA-UV -.073:.0160** -.003:0160 -.028:0184

*Least sduares means (ng/m1) : s.e.m.8bC Different superscripts indicate significant differences vvitnin a rovv (P 5 .009).
**1ndicates tnis vaiue is significantiy different from 0 (195.005).
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Peripheral plasma E1504 concentrations were much less than those reported by

Robertson and l<ing (1974) by 7.5 fold on d 30.

I Comparison of lvlaternal Plasma Testoserone, Estrone and Estrone 5ulfate

I
The ratio of plasma concentrations of E] to E] 504 changed dramatically as

I
gestation progressed (table 18). Estrone sulfate was the predominant plasma E when

compared to E] on d 30 by a margin of approximately 20:1 in the AVC and UA and

15:1 in the UV. Estrone sulfate was three to four times greater than E] in all three

Vessels on d 60. 8y d 90, E] was equal to E]504 in the AVC and UA and was twice as

great in the UV. The sum of E] and E]504 concentrations is indicatiye of total plasma

E concentration. The ratio of T to (E] + 151504) changed as gestation progressed.

Plasma E concentrations were significantly greater than plasma T concentrations in

the AVC, UA, and UV on all three days of gestation examined (P g .02) with the

exception being in the UA on d 60. The ratio of T to E exhibited a biphasic pattern

which is a reflection of the biphasic peaks seen in plasma E]504 concentration.

Plasma E was 2 to 31 times greater than plasma T on d 30 and 1.5 times greater on d
60. On d 90, the ratio of plasma E to T was approximately 6:1 in the AVC, 8:1 in the

UA and 10:1 in the UV (table 19).
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TABLE 18.

Ratio of Riasma Estrohe to Estrohe Suifate 1|'11Ih€‘ Ahterior Veha Cava (AVC), Uterihe
Artery (UA) 300 Uterihe Veih (UV) at 30, 60 aho 90 Days of Gestatioh

Vesse1 30 60 90
AVC 1:20.0* 1:2.9* 1.1:1
UA 1:20.7* 1:3.9* 1.1:1

UV 1:14.8* 1:3.2* 2.0:1*

*Ihdicates sighificaht differehces ih steroici cohcehtratiohs vvithih the ratio
(p;.01).
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TABLE 19.

Ratio of Plasma (Estrohe + Estrohe Sulfate) to Testosterohe ih the Ahterior Veha
, Cava (AVC), Uterihe Artery (UA) ahd Uterihe Veih (UV) at 30, 60 ahd 90 days

'

of Gestatioh

Vessel 30 60 90
AVC 3.3:1* 1.6:1* 5.9:1*
UA 2.2:1* 1.4:1 8.3:1*
UV 2.5:1* 1.5:1* 9.9:1*

*Ihdicates sighificaht differehces ih steroid cohcehtratiohs vvithih the ratio(o 5 .03). · (
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DISCUSSION

In tneir investigation of in vitro aromatase activity in rabbit blastocysts,

Hoversland et al. (l982) used 3HQO production from 3H-T by boiled embryos as

blank values. Tne blank values were used to correct aromatase activity e><pressed as

pg T aromatized per embryo per n for 3H2O formation wnicn was not due to

aromatase activity. In tne current investigation, placental and endometrial tissue

minces were microwaved before weigning into tne incubation media in order to

generate blank values. Tnere are two reasons wny tnis system of incubating

microwaved tissue minces was not used in tne final analysis for correcting values of

aromatase activity attained from live tissue. One reason is tne degree of 3HZO

production by tne microwaved tissue over tne incubation period wnicn suggests tnat

tne aromatase enzyme system mignt nave been active in tne microwaved tissue. Tne

second reason is tne difference in affinity for 3HZO and 3H-T between tne unaltered

tissue and tne microwaved tissue. Tne microwaved tissue appears to nave a nigner

affinity for botn 3H-T and 3HQO as suggested by tne lower dpm recovered from tne

media incubated witn tne microwaved tissue. Tne problem of steroids being

associated non—specifically witn protein or lipid in tne tissue preparation nas been
A

cited as a major difficulty in working witn radioactive steroids in incubation due to

tne low solubility of unconjugated steroids in adueous media (Bush, l968). If one

can assume tne steroid-tissue affinity remains constant for a given tissue tne

114
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implications of this phenomenon are somewhat lessened. However, differential

steroid affinity for a tissue or tissue type, in this case closer affinity of 3H-T with

microwaved tissue than with unaltered tissue, argues against using the microwaved

tissue—containing tubes as controls.

1 The coexistence of sulfotransferase and sulfatase activity in the minces of

*

placental and endometrial tissues is a handicap in determining levels of specific

enzyme activity within a tissue. Neither the sulfotransferase nor the sulfatase
ß reaction is reversible under near standard conditions; however, as sulfotransferase

generates 3H—E]5O_4 from 3H—E], provided as a substrate, sulfatase re—generates

from the newly formed Alternately, as sulfatase generates

3H—E] from 3H—E]3O4, provided as a substrate, sulfotransferase regenerates

3H—E1SO4 from the newly formed 3H—E]_ Therefore, it is most appropriate to

discuss the in vitro activity of these enzymes within a tissue as sulfotransferase

activity coincident with sulfatase activity and, vice versa, as sulfatase activity

coincident with sulfotransferase activity. When the activity of one of the two

enzymes is apparently low, there may actually pe relatively high activity of the

other enzyme masking the activity of the enzyme in question. Relatively high

activity levels determined for one of the two enzymes would pe so despite the activity

of the other enzyme. Activity of these two enzymes relative to each other can be

reported in terms of net gain of either 3H—E]SO4 or 3H—E]. It must be emphasized

that the activity of sulfotransferase and sulfatase on each day of gestation as well as

1
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for each time increment in incubation was determined with different tissue samples
in different culture tubes. It is assumed that sulfotransferase and sulfatase activity

are similar between samples cultured with 3H—E1 and those cultured with

incubation with nonlabelled precursors and subseduent PIA would be an alternate

procedure for determining sulfotransferase and sulfatase activity which would also

measure endogenous E1 and E1304 Physical separation of the microsomal fraction,

containing sulfatase, from the soluble cell fraction, containing sulfotransferase, or

inhibition of one of the enzymes would be other alternatives for quantifying sulfatase

or sulfotransferase activity without cross-contamination of enzyme systems. By

incubating tissue in media containing Na2 35304, sulfotransferase activity relative

to sulfatase activity could be determined by following the 353 label (Pack and

Brooks, 1974). 3imultaneous incubation with 3H—E1304 could be used to determine

sulfatase activity by follwoing the 3H label.

0n d 30 of gestation, in vitro placental tissue that had been incubated for 3 h

exhibited approximately 20.14% sulfation (n=6), indicative of sulfotransferase

activity, coincident with approximately 47.31% hydrolysis (n=8), indicative of

sulfatase activity. 3ince time in incubation had no effect on the activity of these

enzymes in d 30 placental tissue, mean activity of the two enzymes over the 3 h

incubation period can be compared. Mean placental enzyme activity was 10.73%

sulfation (n=30> coincident with 32.84% hydrolysis (n=32). In both cases, there



1 17

ll
was a net gain of approximately 25% free E] by placental tissue on d 30. 8ecause

time in incubation had no significant effect on d 30 endometrial enzyme activity,
mean enzyme activity over the 3 h incubation period can be compared. 5ulfation was

1-4.01% (n=37); hydrolysis was 51.00% (n=38). Net product formation favored
I 3H—E] by 37%. After 3 h in incubation, endometrial tissue exhibited 9.63%

I
sulfation (n=7) concurrent with 67.95% hydrolysis (n=7). Net product formation

I favored 3H—E] by approximately 58% following 3 h in incubation. In a similar

study, Dwyer and Robertson (1980) reported elevated sulfotransferase activity

between d 12 and 28 of gestation sulfating approximately 78% concurrent with
hydrolysis of approximately 20% resulting in product formation favoring

3I—l—E]504 by 58%. The large discrepancy in results between the two studies is

unclear since the procedure of the current investigation was based on that of Dwyer

and Robertson (1980). In the current investigation, endometrial sulfotransferase

activity was greatest after 1 h in incubation, sulfating approximately 25% (n=8)

which is still substantially lower than that reported by Dwyer and Robertson.

0n d 60 of gestation, time in incubation had no effect on enzyme activity of either

placental or endometrial tissue. Enzyme activity of placental tissue resulted in

8.22% sulfation (n=35) concurrent with 28.13% hydrolysis (n=33) or a net gain

of approximately 20% of 3H—E] when examining mean placental enzyme activity

over the 3 h incubation period. Mean endometrial enzyme activity over the 3 h

incubation period on d 60 resulted in 3.65% sulfation (n=37) concurrent with



1 18

62.74% hydrolysis (n=38) resulting in net product formation of approximately

60% 3H—E]. Following 3 h in incubation, endometrial sulfotransferase activity was

8.20% (n=7) concurrent with sulfatase activity of 68.85% (n=8). For

comparison, Dwyer and Robertson (1980) reported approximate endometrial

sulfotransferase activity of 20% and sulfatase activity of 60% on d 60 of gestation

following 3 h in incubation resulting in net product formation of 40% 3H—E].

0n d 90 of gestation, there was no significant time in incubation effect on

sulfotransferase activity of either the placenta or the endometrium. There was a

significant time in incubation effect on sulfatase activity of both the placenta and the

endometrium. Following 3 h in incubation, placental sulfotransferase sulfated

14.01% (n=7) while placental sulfatase hydrolyzed 25.52% (n=8). Net steroid

production of these two enzymes in the placenta favored 3H—E1 by approximately

11%. Following 3 h1n1ncubat10n,end0metVlal tissue exhibited 6.87% sulfation
(n=8) concurrent with 73.10% hydrolysis (n=7). Net steroid production of

sulfotransferase and sulfatase of the d 90 endometrium favored 3H—E] by

approximately 66%. For comparison, Dwyer and Robertson (1980) reported d 90

endometrial sulfation of approximately 20% concurrent with hydrolysis of

approximately 70% resulting in net product formation favoring 3H—E] by 50%.

Dwyer and Robertson (1980) reported in vitro endometrial sulfotransferase

activity relative to sulfatase activity was extremely high before d 30 of gestation.

They found net product formation favoring 3H—E]S0_4 by approximately 60%.
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I Declining sulfotransferase activity coincident with sharply increasing sulfatase

activity following d 30 of gestation resulted in product formation favoring 3H—E] by

approximately 60% on d 60 and by 50% on d 90. ln contrast to the above

investigation, the current investigation determined 3H-E] was the major product
I

formed by coincident sulfotransferase and sulfatase activity of both the endometrium
and the placenta on d 30, 60 and 90 of gestation. Endometrial enzyme activity

I favored 3H—E] production over 3H—E]504 by 37% on d 30, 60% on d 60 and 66%

and d 90. Rlacental enzyme activity favored 3H—E] production by 25% on d 30,

20% on d 60 and 11% on d 90. Endometrial in vitro 3H—E] production relative to

3H-E]504 increased from d 30 to d 60 and 90 of gestation, placental 3H—E‘

production relative to 3H—E]50_4 production decreased from d 30 to d 90.

In a general comparison of the results obtained in the current investigation to
those obtained by Dwyer and Robertson (1980), Dwyer and Robertson obtained more
generous values of in vitro endometrial sulfotransferase activity, especially on d 30
of gestation. The low in vitro sulfotransferase activity of both placental and

endometrial tissue on d 30, 60 and 90, which were obtained in the current

investigation could be due, in part, to the low solubility of 3H—E] in the agueous

incubation media. The low agueous solubility limits the availability of 3H—E] as a

substrate to sulfotransferase within the tissue. However, Dwyer and Robertson did

hot report encountering such a problem using a similar procedure.
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ln tne current investigation, tne ratios of sulfatase to sulfotransferase activity of

tne endometrium illustrate, along witn predominant 3H-E] formation, tnat in vitro

sulfatase activity is greater on all tnree days of gestation examined by a margin of

3.5:1 on d 30, 17:1 on d 60 (P g .0010) and 15:1 on d 90 (P ; .0202). Tne ratio

of in vitro placental sulfatase to sulfotransferase activity was 3:1 on d 30, 3.5:1 on d

l
60 and 2:1 on d 90. Tnese ratios suggest tnat endometrial sulfatase activity is only

, sligntly greater tnan sulfotransferase activity on d 30. On d 30, mean endometrial

sulfotransferase activity is at its nignest level and mean endometrial sulfatase

activity is at its lowest level. Tne dramatic increase in tne ratio of sulfatase to

sulfotransferase activity on d 60 and 90 is reflective of tne increase in endometrial

sulfatase activity coincident witn a decline in endometrial sulfotransferase activity.

Tne cnange in tne enzyme activity ratio of placental tissue reflects a slignt decline in

mean sulfatase activity between d 30, 60 and 90 coincident witn a slignt decline in

placental sulfotransferase activity on d 60 wnen compared to d 30 and 90.

Time in incubation nad no effect on placental aromatase activity on d 30 and 60,

but did nave a significant effect on d 90. Placental tissue aromatized an additional

16% of tne 31-l-T provided over tne 3 n incubation period on d 30 and 60 and

aromatized an additional 47% over tne 3 n incubation period on d 90. Time in

incubation nad a significant effect on endometrial aromatase activity on all tnree days

of gestation examined. Tnree n in incubation resulted in tne additional aromatization

of 75% and d 30, 57% on d 60 and 58% on d 90.

Tnere were no significant time in incubation effects on sulfotransferase activity
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[ in either placental or endometrial tissue on any of the three days of gestation
·

examined. However, placental tissue exhibited an increase in sulfation of 20% on d

30 over the 3 h incubation period as compared to approximately 8% on d 60 and

[ 12% on d 90. Coincident placental sulfatase hydrolyzed approximately 14% over the

1 3 h incubation period on d 30, 0% on d 60 and showed a significant increase over the

[
3 h period of approximately 10% on d 90. Initial 3H—E1 production by placental

[ tissue was higher than 3H—E1804 production on all three days of gestation examined.

Day 30 placental sulfatase and sulfotransferase responded to prolonged incubation

with increased product formation, whereas enzyme activity on d 60 and 90 was

relatively stable over the 3 h incubation period, excepting the substantial and

unexpected increase in d 90 placental sulfatase activity after 0.5 h in incubation.

As in placental tissue, time in incubation effects on endometrial tissue were only

significant on d 90 sulfatase activity. Endometrial tissue exhibited an increase in

sulfation of approximately 5% on d 30 following 3 h in incubation; d 30 sulfation

peaked after 1 h in incubation, sulfating approximately 19% over 0 h tubes.

Endometrial tissue on d 60 sulfated approximately 8% over the 0 h tubes. 0n d 90,

endometrial sulfotransferase activity was highest at 0 h, sulfating 9.43% (n=8); at

0.5 h, sulfation was approximatley 0%; after 3 hin incubation, sulfation was

6.87% (n=8). Coincident sulfatase activity of the endometrium resulted in the

hydrolysis of approximately 20% of the 3H—E]504 over the 3 h incubation period

on d 30, 12% hydrolysis on d 60 and 26% hydrolysis on d 90. The ability of
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endometrial sulfotransferase to sulfate E1 in vitro is greatest on d 30. 0n d 60,

sulfotransferase activity increases slightly after l h in incuoation. Day 90

endometrial sulfotransferase activity in vitro is near 0. Initial 3H—E1 production

was supstantially greater than 3H-E1504 production on all three days of gestation

examined. Endometrial sulfatase activity increased on all three days. The response

to prolonged time in incupation with increased sulfatase activity was greatest on d

90, the day when in vitro endometrial sulfotransferase activity was fairly random

over the 3 h incubation period.

Although there were no day of gestation effects on enzyme activity of placental or

endometrial tissue, overall results of time in incubation effects indicate that there

are differences in the response of tissue enzymes to prolonged in vitro incupation

conditions within day of gestation. By d 90 of gestation, placental aromatase and

sulfatase responded to prolonged periods of incuoation with increased product

formation. Endometrial aromatase exhibted a significant response to increased time

in incubation with increased aromatization on all three days of gestation examined;

however, the response was greatest on d 30. Endometrial sulfatase response to time

in incubation e><hibited a significant increase on d 90. Placental and endometrial

sulfotransferase responded most to increased time in incupation with increased

Incubating larger tissue samples in a greater volume of incubation media and

taking aliquots at the desired time intervals would reduce the influence of tissue
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differences between samples on enzyme activity over time in incubation. Time 0

activity would not be affected by continued enzyme activity of the tissue as it freezes.

Pemoving media aliduots at consistent time intervals, every half hour for example,

would make analysis of time in incubation effects by orthogonal contrasts possible.

Also, taking aliduots from media plus substrate which is subjected to identical

incubation conditions, with no tissue sample, would generate control values for each

time interval to be examined.

Maternal plasma concentrations of T, E] and EISO4 in the AVC, UA and UV were

significantly affected by day of gestation. Plasma T concentrations were greater than

plasma E] concentrations on d 30 and 60 of gestation. Plasma T and E]604

concentrations were greatest on d 30; corresponding E] concentrations were

remarkably low. Plasma T and E]504 concentrations in all three vessels dropped

significantly between d 30 and 60. Plasma T concentrations remained low on d 90

while plasma E1504 increased to concentrations eguivalent to those of d 30. Plasma

E] remained low on d 60, and was increased on d 90 in all three vessels examined;

however, the increase of E] in the UV of greater than 20—fold was the most dramatic.

Although there were no significant differences in plasma concentrations of T or

E]504 on d 30, 60 and 90, or of E] on d 30 and 60, the UA—UV difference was

negative, except for T on d 60, when the difference was 0. The negative UA—UV

difference of EISO4 concentration on d 30 and of E] concentration on d 90 was
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significant. These results suggest that on d 90, some element within the uterus,(
either the fetus, placenta or endometrium), is releasing significant concentrations of

E]504 into the circulation on d 30 and is releasing significant concentrations of E]
ond 90.

I

I
Furthermore, they suggest that some element of the uterus is releasing E] on d

I 30 and 60 and T and 151504 on d 60 and 90 into the circulation to a lesser e><tent.
I Robertson and King (1974) reported high concentrations of E]504 in the UV as well

as allantoic fluid but not ovarian venous blood between d 20 and 30 of gestation and

suggested that E]80,4 present at this time was from the conceptus. The E]504 could

subseduently be hydrolyzed to biologically active E by the placenta or endometrium.
The negative UA—U\/ difference apparent on d 30, 60 and 90 is in agreement with the
results of Knight et al (1977), Kul<oly (1984) and Jeantet (1985). The magnitude

of the UA-UV difference of E] concentrations of -.011 ng/ml on d 30 and -.005

ng/ml on d 60 are similar to those reported by Knight (1977) and Jeantet (1985).

However, the UA—U\/ E] concentration difference on d 90 of -.273 ng/ml is much

less than previously reported. For all three steroids, the UA-UV difference was
lowest on d 60, corresponding to low steroid concentrations on d 60. These results

suggest that the lower circulating levels of T, E1 and E]504 on d 60 could be due to

slower release rates from the uterus due either to decreased production or increased

in utero metabolism. After d 60 of gestation, the porcine placenta will grow very
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little in terms of length and weight (Knight et al., 1977). However, the most rapid

increases in fetal growth occur after d 50 (Knight et al., 1977). The increase of

circulating E] and E]504 on d 90 could be due to increased release from the uterus

due either to increased production, decreased in utero metabolism, decreased
[

metabolic clearance rate, a combination of these three possibilities. increased in
, utero production would be due to increased enzyme capability, not increased placentalsize.

The total of El and E]504 concentrations within a vessel is indicative of total

plasma E concentration. Concentrations of E2 were not determined in this study.

Robertson and King (1974) reported that E2 concentrations followed the same trends

as E] concentrations in maternal plasma, but were approximately si><-fold lower.

Others have also reported E1 to be the predominant E of pregnancy in swine(Vel1e,

1960; Raeside, 1963; Wetteman, et al., 1974; Knight et al., 1977). On d 30, the
ratio of maternal plasma E to T was approximately 3:1 in the AVC, 2:1 in the UA, and

2.5:1 in the UV. The ratio of maternal plasma E]504 to E1 on d 30 was 20:1 in the

AVC, 21:1 in the UA and 15:1 in the UV. Robertson and King (1974) report a much

more dramatic ratio of E]504 to E] in porcine maternal peripheral plasma of

200:1 between d 23 and 30 of gestation. While the ratios of E]504 to E1 are not as

high in the current investigation, they do indicate that E]504 is the predominant

circulating E on d 30 of gestation. Despite the fact that plasma T concentrations are
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greater than E1 concentrations on d 30, they are less than half that of total

circulating E concentrations. There is no clear indication in this study that

circulating T is being utilized by the uterus on d 30 for E synthesis as the E to T ratio

is relatively stable across the three vessels e><amined. The data do suggest that the

decrease in the E]304 to E] ratio apparent in the UV on d 30 is the result of

increased E] concentrations leaving the uterus by the UV.

0n d 60 of gestation, the E to T ratio was approximately 1.5:1 in all three blood

vessels examined. The significant decrease in this ratio from d 30 is the result of the

dramatically reduced plasma E]504 concentrations apparent on d 60. Although

circulating T concentrations are significantly lower on d 60 than on d 30, there is no

significant difference between vessel T concentration. Therefore, as on d 30, the

uterus does not appear to be utilizing circulating T for E metabolism. The decrease in

plasma E] S04 concentrations is again reflected in the decreased 151304 to E1 ratio of ,

3:1 in the AVC, 4:1 in the UA and 3:1 in the UV. Estrone sulfate is the predominant

plasma E on d 60 as on d 30; however, the magnitude of the difference in E 1504 and

E] concentrations is not as great.

0n d 90 of gestation, the maternal plasma steroid profile changes dramatically.

Increasing concentrations of both E] and E 1 S04 coupled with static T concentrations

result in the maternal plasma E to T ratio of 6:1 in the AVC, 8:1 in the UA and 10:1

in the UV. The increase in the ratio of the UV is due to a significant increase in E]



127

concentration of the UV, not decreased T release from the uterus. Therefore, this
study indicates a lack of uterine metabolism of T from the general circulation on d

30, 60 and 90 of gestation. The ratio of maternal plasma E]504 to E] was 1:1 in the

AVC and UA but in the UV, E] was the predominant E by a margin of 2:1. The reversal

, is the result of the increase in the E] concentration with no compensatory decrease

I
in EISOA concentration in the UV. This suggests the increase in E] release from the

uterus is not the result of uterine hydrolysis of EI504 from in the general

circulation. Robertson and King (1974) report the ratio of EI504 to E] in the

peripheral plasma approaches unity by d 70 of gestation, seen here on d 90. At

term, Robertson and King (1974) reported E1 was the predominant E of peripheral

circulation by a margin of 2:1. The results of the current study suggest the increase

of E1 in the peripheral circulation near term is being introduced by the UV, once

again suggesting uterine involvement in E] production.

Analysis of T, E] and EISOA concentrations in allantoic and amniotic fluid

samples froma representative number of fetuses per gilt, in adition to the data on

maternal plasma steroid concentrations, would have been useful in yielding a more

representative profile of steroid production and metabolism by the conceptus. This

additional information might have made recognition of the primary steroid producing

tissues within the uterus, possible. Knowledge of corpora lutea number, per ovary,

at time of Hyst—X would have been a useful addition to this study. Number of corpora
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1
1 lutea per gilt may have had a significant affect on circulating steroid concentrations.
1

lt is impossible to directly correlate in vitro enzyme activity, resulting in E1

1 and E]504 production, with plasma concentrations of T, E] and E]804 However,

comparing in vitro results to endogenous steroid concentrations can give some

indication of the applicability of the results from in vitro conditions to the in vivo

} situation. The negative UA—U\/ difference of endogenous steroids suggests the uterus

V produces some T on d 30 and 90, and 151804 and E] on d 30, 60, and 90. The

significant, negative UA-UV difference of E]804 on d 30 suggests that the uterus is

producing E]504. Apparent uterine production of E1, evidenced by great increases

in Uv E] concentrations, was significant on d 90.

Net production of E , in vitro, was determined by evaluating aromatase activity,

and sulfatase activity relative to sulfotransferase activity of endometrial and

placental tissue in culture. No significant day of gestation effects on the activity of

aromatase, sulfotransferase or sulfatase in placental or endometrial tissue were

found in this investigation. Placental aromatase was most active over a 3 h

incubation period in converting T to E on d 90; while endometrial aromatase was

most active on d 30. Assuming that the enzyme activity of the placenta and

endometrium would be additive under conditions of coincubation, the percentage of

3H-T aromatized by both tissues over a 3 h incubation period by both tissues

together would be 91% on d 30, 73% on d 60, and 105% on d 90. 0f course 105%

enzyme activity is not possible, but the concept illustrates that d 30 and 90 in vitro
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V aromatase activity of placenta and endometrium combined is greater than that of d

i 60. lf this were to be the case in vivo, it would be the basis for the increased E
y concentrations apparent in maternal plasma on d 30, as E]804, and on d 90, as

and E]504
’

In this investigation, sulfotransferase coincident with sulfatase activity resulted

V in the net production of free E] by both placental and endometrial tissue on d 30, 60

V
and 90. Net E] production following 3 h in incubation was greatest in placental

tissue on d 30 and was greatest in endometrial on both d 60 and 90. 0nce again

making the assumption that enzyme activity between the two tissues is additive, the

net E] versus E]804 production would be 62% on d 30, 80% on d 60 and 77% on d

90. If this were to be the case in vivo, it would suggest net E] production by the

uterus would be greater than E1804 production on d 30, 60 and 90 of gestation. Net

E1 production by the uterus in vivo is evidenced by the negative UA—U\/ difference

which is significant on d 90 of gestation. The magnitude of change in E] release from

the uterus is not reflected by a surge in in vitro sulfatase activity relative to

sulfotransferase activity. While the ratio of sulfotransferase to sulfatase activity

does favor sulfatase, there is measurable 3I—I—E]804 production by the placenta and

the endometrium on all three days of gestation. in vitro sulfotransferase activity of

both the placenta and endometrium is slightly greater on d 30 than on d 60 and 90.
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Since the in vivo peak of plasma 51504 occurs between d 23 and 30, perhaps in

vitro sulfotransferase activity in d 30 placental and endometrial tissue may be low

due to negative feedback. However, Dwyer and Robertson <l980) report high

endometrial sulfotransferase activity on d 30. Days 30, 60 and 90 of gestation were

chosen for monitoring enzyme activity since they had been shown by earlier

investigations to be times of substantial changes in in vitro 51 production by

placental and endometrial tissue. The enzyme activity responsible for these changes

may be appearing before the manifestation of these changes in plasma 5

concentration. 5><amination of in vtro enzyme activity in tissue from days before the

production maxima might yield more dramatic changes in enzymatic activity.

5><amination of enzyme activity on additional days of gestation might also reveal

whether fluctuations in plasma steroid concentrations are due to changes in

production or changes in metabolic clearance rate.

Utilizing RIA procedures, Kukoly (l98·<I) and deantet (l985) observed in vitro

placental 51 production to be biphasic, peaking on d 30 and d 90 to term. deantet

(l985> further reported that in vitro endometrial 51 production followed the same

pattern, although the peak at d 90 was less dramatic than that produced by placental

tissue. Results from the current investigation suggest that in vitro aromatase,

sulfotransferase and sulfatase activities within both the placenta and endometrium on

d 30, 60 and 90 are not responsible for the peaks of 51 production observed in vitro

on d 30, and 90. A major difference between these three studies is that while I<ukoly

I
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(l984) and Jeantet (1985) measured actual steroid concentration in the incubation

media as evidence of tissue steroid production, the current investigation examined

the interconversions of tritium—labelled substrates to tritium—labelled products as

evidence of tissue enzyme activity. There is no way in the current investigation to

account and correct for the levels of endogenous substrates or inhibitors which may

be affecting the formation of the tritium—labelled products.

Definitive reasons for the dissimilarity in response of placental versus
V

endometrial in vitro enzyme activity on d 30, 60 and 90 are beyond the scope of the

present investigation. However, the possible explanations for the differential

behavior are multifold. Placental tissue exhibited no response in aromatase activity

to prolonged time in incubation on d 30 and 60. Placental tissue on d 90 and

endometrial tissue on all three days exhibited a significant response to prolonged

time in incubation by aromatizing greater amounts of 3H—T. incubation conditions

were similar for both tissues, suggesting there is something inherently different

between the aromatase system in d 30 and 60 placental tissue and that in d 90

placental tissue and endometrial tissue. Placental aromatase activity was

significantly lower than endometrial aromatase activity suggesting an inherent

difference in enzyme activity between the two tissues.The first most obvious

explanation would be differences in enzyme duantity between the two tissues. Tissue

differences in endogenous precursors, androstenedione and T, could lead to misleading

conclusions concerning tissue activity. 1f placental tissue did contain greater

amounts of these precursors competing with 3H-T for substrate binding sites, it

would result in less apparent in vitro aromatase activity than is actually occurring
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due to less 31120 formation. Physiologically, this explanation is unlikely since the

concentra-tion of T added to the incubation medium was much greater than circulating

T concentrations. Assuming plasma T concentrations are similar to intracellular T

concentrations, the concentration of exogenously supplied 3H-T was great enough to
I

make effects of endogenous substrates negligible. Tissue differences in endogenous

I concentrations of the cofactor NADPH could be involved and/or tissue differences in
I the metabolism of NADP, a potent inhibitor formed during the aromatase reactionI

could be involved in the differences in aromatase activity between tissues and

between placental activity on d 30 and 60 versus d 90. 0><ygen is another cofactor

necessary to the aromatase reaction. Because it was supplied continuously to the

culture tubes, it should not have been a factor limiting aromatase activity in either

tissue.

Like aromatase activity, sulfatase activity was greater in endometrial tissue than

in placental tissue on all three days of gestation examined. This difference may be

due to different amounts of sulfatase in the two tissues. Greater concentrations of

endogenous sulfoconjugated E and/or DHEAS competing with 31+51504 for binding

sites on the enzyme would result in less apparent sulfatase activity. Differential

amounts of free steroids including androgens and E which have an inhibitory effect on

sulfatase activity could be responsible for the differences in tissue activity. Day 90

sulfatase activity of both tissues was significantly affected by time in incubation,

suggesting that d 90 sulfatase capability is different than that on d 30 or 60.

Although there were no significant differences in in vitro sulfotransferase
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activity between placental and endometrial tissue, placental sulfotransferase was

more active than endometrial sulfotransferase on d 60 and 90 due to a decrease

inapparentendometrial sulfation. Rlacental sulfotransferase activity remained

constant over the three days of gestation while endometrial sulfotransferase activity
1 declined after d 30. Tissue differences in activity could be due to tissue differences

in the amount of 1) E] and E2 competing with 3l—l—E] for substrate binding sites, 2)

magnesium ion which is necessary as a cofactor, 3) activated sulfate with which the

steroid is conjugated or 4) the inhibitors, deoxycorticosterone and T.

Record of the litter size per gilt would have been a useful addition to this

investigation. There was a large degree of gilt—to—gilt variation which permeated

every aspect of this study. Awareness of significant differences in litter size might

have accounted for some of this variation.

When the enzyme activity patterns were examined by gilt, it became apparent

that tissues from some gilts were more responsive to in vitro conditions than tissues

from other gilts. Examination of the in vitro enzyme activity of placental and

endometrial tissue from a larger number of gilts at each day of gestation might have

allowed for categorization of gilts in terms of high or low in vitro enzyme activity.

When coupled with data on litter size per gilt, this information might have provided a

basis for a connection between in vitro enzyme activity and prenatal survivability in

swine.



ll
CONCLUSION

In this study, the activities of three enzymes: aromatase, sulfotransferase and

sulfatase in the porcine placenta and endometrium of d 30, 60 and 90 of gestation

were e><amined in vitro. Mean activity of each of these enzymes was not significantly

different among the three days of gestation examined. The lack of change in mean in
, vitro enzyme activity over the three days of gestation suggests that the activity of

l
aromatase, sulfotransferase and sulfatase in the porcine placenta and endometrium

may not be responsible for regulating in utero E production or in determining

circulating steroid concentrations. However, the capability of tissue to maintain

enzymatic activity over the 3 h incubation period varied depending upon the type of

tissue, the gestational age of the tissue and the enzyme in question. 0verall, placental

enzymes did not respond consistently to increased time in incubation with increased

product formation. Endometrial aromatase activity of d 30, 60 and 90, and

endometrial sulfatase of d 90 responded to increased time in incubation with
l

increased product formation. These results suggest that there are differences in

enzyme integrity, maturation, enzyme substrate and/or enzyme inhibitor

concentrations both between tissue types and among gestational age groups, which

affect enzyme productivity. Possibly, these qualitative differences in enzyme

activity seen in vitro are reflective of in vivo differences in enzyme activity which

could be responsible for the change in circulating steroid concentrations as gestation

progresses.

Differences in plasma steroid concentrations among the A\/C, UA, and Uv suggest
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y
that some factorts) within the uterus is involved in T, E], and EISO4 production

since concentrations leaving the uterus via the UV were greater than those entering

the uterus via the UA. This UA—U\/ difference was dramatic for plasma EISOA on d

30 and for plasma E] on d 90. Plasma T and EISO4 concentrations were greatest on

d 30; plasma E1 concentrations were greatest on d 90. The results of plasma steroid

l concentrations indicate a biphasic trend in peaking steroid concentrations when

comparing d 30, 60 and 90 of gestation. These changes illustrate a physiological

response on the part of the mother to the demands of pregnancy.

This investigation confirms the e><istence of aromatase, sulfotransferase and

sulfatase activity in the porcine endometrium, and provides evidence of the e><istence

of these three enzymes in the porcine placenta. While the precise role of these

enzymes in determining in vivo E production and activity has not been determined,

the potential for these enzymes to play a role in the regulation of E production and

activity has been demonstrated. Further investigation into the roles of aromatase,

sulfotransferase and/or sulfatase play in regulating E production and activity may

shed some light on the elusive cause of prenatal mortality in swine and point towards

some method for alleviating the problem of placental insufficiency.
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Medium 199 bowder mi>< 9.9 g/bkg(Gibco Laboratories, Grand island, NY)
Sodium Bicarbonate (NaHC03) 2.2 g

Penicillin 100,000 LU.
Streptomycin 100,000 ug

Ampnotericin B (Fungizone) 250,000 ug

Deionized Water Total volume 1000 ml
pH was adjusted sucn tnat following filtration tnrougn a pressurized milliborefilter (.45 um), pH was 7.0. Medium was stored at 4 C until use.
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APPENDIX B

Tritium labelled steroids: [2,4,6,7 — 3H(N)]—Estrone, [6,7—3l—l(N>]—Estrone

sulfate and [1B,2B—3H(N)]-Testosterone (New England Nuclear Division of DuPont,

Boston, MA) were used as sent by the manufacturer. This author recommends

chromatographing these steroids for purity before use in subsequent investigations,

One uCi 3HE1 or 1uCi (1O ul) 3H El50·<1 suspended in ethanol was added to the

appropriate 16 >< 100mm polypropylene culture tubes. The ethanol was permitted to

evaporate before addition of 3 ml M199 to each tube. ln order to evaluate aromatase

activity, O .5 uCi T in ethanol was added to each of the appropriate tubes. The etnanol

was permitted to evaporate before addition of 3ml M199 containing non—radioactive

T (O.5 ug/ml; 5igma Chemical Co., 5t. Louis, MO) to each of these tubes.
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1. Recovery Scinitillation Cocktail

Toluen 4 L
2a70 Preblendz 98% PPO,, 2% MS8 15.75 g

2. Dio><ane—t>ased Scintillation Cocktail (Rabe et al., 1982).

2a70 Preolend 98% PPO, 2% MS8 25 g
Napthalene 400 g
Xylene 1650 g
Dioxane 3,300 ml
Yield = 4.98 L

· 3. Assay Scintillation Cocktail

Toluene 1500 ml
Triton X—100 (reagent grade) 500 ml
2a70 Preplend 98% PPO, 2% 1*158 15.75 g

Chemicals:

2a70 Preolend 98% [2,5—diphenylo><azo1e](PPO)
2% [p—t>is(o-methylstry1)—benzene](IVISB)

(Research Products International Copr.,E1k Grove \/illage, IL)

Dioxane (I“1a1linckrodt, Inc., Paris, I<Y)
Napthalene (Scintanalyzed, Fischer Scientific Co., Fairlavvn, NJ)
Toulene (Scintanalyzed, Fischer Scientific Co., Fairlawn, NJ)
Triton ><—100 (Research Products International Corp., Elk Grove village, IL)
Xylene (P’Ial1inckrodt, Inc., Paris KY)



l S3
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V
Quench Curve = relationship between counting efficiency of an isotope and a duench

. parameter. The quench parameter in this case is the Samples
Channels Ratio (SCR).

Counting Efficiency
=known disintegrations per minute (dpm)

Rationale: Counting efficiency of a sample is affected by factors such as choice of
scintillation cocktail or trace impurities. As the counting efficiency is
affected, the cpm is affected but not the dpm. Therefore, dpm can be
compared between experiments.

The duench curve consisted of glass scintillation vials each containing 43,663
dpm [l, 2, 6, 7, — 3H(N)]—Androst-4—ene—3, l7—dione (3H—Androstenedione, New
England Nuclear Division of DuPont, Boston, MA). The vials also contained either
90, B0, 70, 60, S0, 40, 30, 20, l0 or 0 ul methylene chloride (HPLC grade,
Fischer Scientific Co., Fairlawn NJ). as a guenching agent. Each duenched sample
was replicated 4 times.

In order to determine dpm of 3H-T and 3(H20, the duench curve was loaded and
stored internally by a LKB Wallac Rackbeta Scintillation Counter which then output
sample data as dpm.

In order to determine dpm of 3H—E1 and 3H—E]S0] from the incubation medium,
the duench curve was entered into BSTAT, a statistical package for IBM personal
computers, and fitted by a quadratic regression. Another program for the personal
computer developed in this laboratory (6.L. Johnson, l9BS, unpublished) used this
regression to convert cpm and SCR to dpm.
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pgvgiopmg X-gay Film ab

Kodak GBX Developer 4 min(# 1 900943)

1% Acetic Acid 5top Batn 30 sec

Kodak GBX Fi><er 2.5 min
(*190 1875)

Cold, moving tap water final rinse

Film was nung to dry.

1 „ 3 Kodak X—0mat AP—5 film.

Kodak Products (Eastman Kodak Co., Pocnester, NY)
D Developed under filtered safety lignt



Coomassie Brilliant Blue Dye (8-250) l00 mg.95% Ethanol 50 ml85% (w/v) Phosohoric acid l00 mlDeionized water total volume lL
I

The dye mi><ture was filtered using .45 um filter.5oecial Instructions: Dissolve dye in Ethanol before mi><ing ohosohoric acid ordeionized water.

l
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A. Crossreactiyity of Testosterone Antibody witn Various 5teroids

iiemjd Percent Cross

Androstenedione 6.6
, Denydroisoandrosterone 2.7

5 Dinydrotesterone (5 Androstan 17-o1-3-one) 71.0

B. Crossreactivity of Estrone Antibody witn Various 5teroids 3

ComooubdE]
100

E]504 1 1.2
16-Ketoestradioi <.1
16—Epiestrio1 <_1
Pregnanetrioi <.1
Reicnsteins Substance <_1
17 —Hydro><yorogestrone <_1
513-oregnan-3,20—dione <.1
Cortisone <.1
16-17, Epiestrioi <.1A4 Androsten—3,17-dione <.1
5 cx-pregnane-3,20-dione <.1
Denydroeoiandrosterone <.1
17 -Etnyn1estradio1 <.1
Dinydrotestosterone <.1
19-Nortestosterone <.1
Estrioi <.1
17 —Estradio1 <.1
D-Equiienin <.1
3 from Jeantet, 1985.
Ab diiution = 1:8500. Mass E, required to innibit 50% binding divided by mass
of steroid required to innibit 50% binding >< 100.
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1 1. Solution A (0.2 M)

'

NGHZPO4 H20 27.6 g
Distilled H20 1,000 ml
Sodium Azide 2.0 g

2. Solution B (0.2 M)

Distilleo H20 1,000 ml
Soclium Azioe 2.0 g

3. Phosphate Buffer (PBS—a), pH 7.0

Sodium Cholride 9 g
Solvent A 195 ml
Solyent B 305 ml
Distillecl H20 500 ml

This buffer may be kept at room temperature for approximately 1 mo.

4. 0.1% Gelatin in Phosphate buffer (PBS-Ga)

Gelatin (Knox, unflayoreo) 100 mg
PBS-a 100 ml

Warm if necessary to get into solution.
Adjust to pH 7.0.
Store at 4 C.

Chemicals;
Soclium Azicle (Sigma Chemical Co., St. Louis, M0)
Sodium Chloricie (Centrifieo: Fischer Scientific, Fairlawn, NJ)
Sodium Phosphate (Monobasic Crystal and Anhydrous-Dibasic: Fischer Scientific,

Fairlawn, NJ)

l
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Dextran Coated Cnarcoal Solution

Cnarcoal 250 mg
De><tran T-70 25 mg
Distilled Water 50 rnl
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If this project were to be redone and e><panded upon, there are a number of

procedural changes to be made.

l. Add gilts on d 25, 55 and 85 to the study. Days 30, 60 and 90 were chosen

originally as representative times of dynamic changes in plasma estrogen

concentrations and in vitro placental and endometrial estrogen production. The

enzyme activity for these changes may be developing before the appearance of changes

in plasma estrogen concentrations.

2. Record corpora lutea number per ovary at the time of Hyst—><. The large gilt to

gilt variation permeates every aspect of this study. Awareness of significant

differences in litter size might have accounted for some of this variation.

3. Collect allantoic and amniotic fluid samples from a representative number of

fetuses per gilt to analyze for T, E] and E1504. ln conjunctionwith plasma

concentrations of these steroids, awareness of fetal fluid steroid concentrations would

give a more representative profile of steroid production and metabolism by the

conceptus than plasma steroid concentrations alone.

4. Incubate a larger tissue sample in a greater volume of incubation media and

take aliguots at the desired time intervals. Enzyme activity over time in incubation

would not be influenced by tissue differences between samples as they are in the

current procedure where separate tissue samples are incubated for each time
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interval. Time O activity would not be affected by continued enzyme activity of the

tissue as it freezes. Removing media aliguots at consistent time intervals, every half

hour for example, would make analysis of time in incubation effects by orthogonal

contrasts possible. Also take aliduots from media plus substrate which is subjected

to identical incubation conditions, with no tissue sample to generate control values

I for each time interval to be examined.
I

5. Change proecedure for determining sulfatase and sulfotransferase activity.
I

Without a TLC plate scanner, quantification of 3H-E1 and 3H-E]5O4 on the

TI.C plates is a long and tedious procedure subject to a substantial degree of human

error when removing the radioactive bands from the plates. Incubation with

nonlabelled precursors and subsequent RIA would be an alternative which would also

measure endogenous E1 and EISO4 Rhysical separation of the microsomal fraction,

containing sulfatase, from the soluble cell fraction, containing sulfotransferase, or

inhibition of one of the enzymes would be alternate methods of quantifying sulfatase

or sulfotransferase activity without cross—contamination of enzyme systems.

I






