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I'The correlations found between changes of weather (par-

ticularly sudden changes of pressure) and the occurrence

of toxaemia were neither constant nor absolute. In all

probability, these weather-factors act merely as stress

agents, and influence only those pregnant women who have

an unstable hormonal and neurovegetative equilibrium.'(Az-

zarone, 1959)

with the etiology of preeclampsia still in question

it is comforting to know that one of the most

unpredictable phenomenons in the world has been eliminated

as causative agent in preeclampsia.

ii



ACKNOWLEDGMENTS

I wish to thank my advisor, Dr. 8.“. Walsh, for his

constructive criticisms and guidance. Also, I would like

to extend my appreciation to Michael J. Behr, M.S. for his

collaboration and support throughout my graduate work. In

addition, I wish to thank the Department of Physiology for

their cooperation and financial support in the final

months of my graduate training.



TABLE OF CONTENTS

LIST OF FIGURES...OOIIOOIIOOOOOOOO

LIST OF TABLES...IOIOIOOOOIOIIOOOO

I.

II.

III.

INTRODUCTION...............

LITERATURE REVIEW..........

A. Preeclampsia...........

Eicosanoids in Preeclampsia.

l. Hypersensitivity of the vascu-

lature to Angiotensin II.

2. Prostaglandins...........

3. Prostacyclin.........

4. Thromboxane..........

Steroids in Preeclampsia.

0bjectives.............

MATERIALS AND METHODS....

P‘t1.nt.OOIIIIIIIOIOIII

Experimental Protocols.

Radioimmunoassays......

i. Prostacyclin, Thromboxane and

Progesterone Assays...........

2. estr‘diOIIfllIl.III-OIIIIOIIIOI

Statistical Analysis...............

iv

vii

A
P
‘
J
G
-
b

16

18

18

19

20

21

21

23



IV.

VI.

RESULTSI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

AI P.ti.nt'I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

BI E‘co..no1d.. I I I I I I I I I I I I I I I I I I I I I I I I I I

l. Placental Production of Thrombox-

ane and Prostacyclin.............

2. Validation of Placental Production

Rates............................

a. Thromboxane..................

b. Prostacyclin.................

3. Thromboxane Production in a Low

Oxygen Environment...............

4. Thromboxane Synthase Inhibition..

c. st.r°id'..IIIIIIIIIIIIIIIIIIIIII.II...

1. Placental Production of

Progesterone.....................

2. Placental Production of

E.tr.diollIIIIIIIIOIIIIIIIIIII-II

D. Effect of Estradiol and Progesterone

on Placental Production of Prostacyclin

.nd Thrombox‘neIICIlIIIIIIIIIIIIIIIIII

DISCUSSIONIIOOIOIesIsIIIIseIIIIIIIIOIIIIII

A. Eicosanoids...........................

BI St.rOidSIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

C. Effect of Estradiol and Progesterone

on Placental Production of Prostacyclin

.nd Thromboxan.sIIIIIOIIIIIIIIIIIIIIII

SUMMARY AND CONCLUSIOblsII.OIIOIIIIIIIIIIII

AI Eicosano‘d.IIlIIIIIIIIIIIIIIIIIIIIIIII

B. 8t.ro‘d'IIIIIOIIIIOIOIIIIIIIIIIIIIIIII

C. Effect of Estradiol and Progesterone

on Placental Production of Prostacyclin

and Thromboxane.......................

24

24

26

26

31

31

36

36

41

41

41

52

62

74

74

83

9O

9O

91

92



LIST OF REFERENCES.IIIIIIIIIIIIIIIIIIII

APPENDICESIIIIIIIIIIIIIIIIIIIIIIIIIIIII

A.

C.

D.

Prostacyclin Radioimmunoassay.

Thromboxane Radioimmunoassay..

Progesterone Radioimmunoassay.

Estradiol Radioimmunoassay....

93

106

106

119

131

‘14::



FIGURE

1.

10.

11.

LIST OF FIGURES

Production of thromboxane by normal

vs.preeclamptic placentas, as estimated by

TXBZIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Production of prostacyclin by normal vs.

preeclamptic placentas, as estimated by 6-

k.t° PGFIWIIIIIIIIIIIIIIIIIIIII-IOIIIIIIIII

Production of thromboxane by normal placentas

with either arachidonic acid or indometha-

c‘nIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Production of thromboxane by preeclamptic

placentas with either arachidonic acid or

indom.th.c1niIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

The production of thromboxane by normal pla-

centas in a low and high oxygen environment..

The production of thromboxane by preeclamptic

placentas in a low and high oxygen environ-

'.ntIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

The production of thromboxane by placentas

in media enriched with thromboxane synthase

inhibitor vs control levels in DMEM..........

The production of thromboxane by normal pla-

centas in media enriched with thromboxane

synthase inhibitor vs control levels in DMEM.

The production of prostacyclin by pre-

eclamptic placentas in media enriched with

thromboxane synthase inhibitorvs control

levels in DMEM...............................

The production of prostacyclin by normal

placentas in media enriched with thromboxane

synthase inhibitor vs control levels in DMEM.

The production of progesterone by normal

versus preeclamptic placentas................

Page

28

3O

33

35

38

4O

43

45

47

49

51



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The production of progesterone by normal

versus preeclamptic placentas in media en-

riched with pregnenolone....................

The production of progesterone by normal

versus preeclamptic placentas in media en-

riched with pregnenolone sulfate............

The production of estradiol by normal placen-

tas with either dehydroepiandrosterone sul-

fate or dehydroepiandrosterone sulfate and

aromatase inhibitor added to the incubation

medi‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

The production of estradiol by preeclamptic

placentas with either dehydroepiandrosterone

sulfate or dehydroepiandrosterone sulfate and

aromatase inhibitor added to the incubation

m.di‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

The production of prostacyclin by normal.

placentas in media enriched with one of the

following! estrdiol, progesterone, estradiol

and progesterone vs control levels in DMEM...

The production of prostacyclin by pre-

eclamptic placentas in media enriched with

one of the following) estradiol, progester-

one, estradiol and progesterone vs control

levels in DMEM...............................

The production of thromboxane by normal

placentas in media enriched with one of the

following! estradiol, progesterone, estradiol

and progesterone vs control levels in DMEM...

The production of thrombmxane by pre-

eclamptic placentas in meaia enriched with

one of the following; estr.diol, progester-

one, estradiol and progesterone vs control

levels in DMEM...............................

Ratios of the placental production rates of

thromboxane to prostacyclin in normal and

preeclamptic pregnancies.....................

Ratios of the placental production rates of

thromboxane to prostacyclin for normal and

preeclamptic pregnancies in bar graph form...

viii

54

56

58

60

64

66

68

72

76

76



22.

23.

24.

25.

26.

27.

28.

29.

30.

Comparison of the balance in the biological

actions of prostacyclin and thromboxane in

normal pregnancy to the imbalance of in-

creased thromboxane/decreased prostacyclin in

preeclamptic pregnancies.....................

Representative binding of 6-keto PGFL3*,stan-

d‘rd'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Test of accuracy of the 6-keto PGFloL as-

.‘yIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Representative binding of the thromboxane 32

..'.yIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIII

Test of accuracy of the thromboxane 82 as-

'.YIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Representaive binding of the progesterone

.'..YIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Test of accuracy of the progesterone as-

.‘yIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Representative binding of the estradiol as-

..YIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Test of accuracy of the estradiol assay.....

ix

80

113

118

125

130

137

142

148

152



TABLE

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LIST OF TABLES

Clinical Criteria for Preclampsia........

Specific components of radioimmunoassays.

T.bl. D‘ p.ti.nt.IIIIIIIIIIIIIIIIIIIIIIII

Normal placenta thromboxane production...

Preeclamptic placenta thromboxane production.

T.bl. Of salutiunSIIIIIIIIIIIIIIIIIIIIIIIII

Rabbit-anti-é-keto PGFlgccross reactivity

.t 50% B’BDIIIIIIIIIIIIIIICIIIIIIIIIIIII.

Prostacyclin radioimmunoassy protocol....

Precision of the 6-keto PGFlo‘assay......

Accuracy of the 6-keto PGFlocassay......

Rabbit-anti-TXBZ cross reactivity at

50% B’BOIIIIIIIIII-IIIIIIIII-IIIIIIIIOIO.

Thromboxane radioimmunoassay protocol....

Precision of the TXB2 assay..............

Accuracy of the TXB2 assay...............

Rabbit-anti-progesterone cross reactivity

.t 50% B’BDIIIOOIIIIIIIIIIIIIIIIIIIIIIIII

Progesterone radioimmunoassay protocol...

Precision of the progesterone assay......

Accuracy of the progesterone assay.......

Rabbit-anti-estradiol cross reactivity

.t 50% B’Bo.COCO-IIIIIIIIIIIIIIIIIIIIIIOO

Estradiol radioimmunoassay protocol......

Precision and accuracy of the estradiol

.aYIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Page

22

25

70

73

107

108

110

115

116

120

122

127

128

132

134

139

140

144

145

150



ABSTRACT

PREECLAMPSIA: AN IMBALANCE IN PLACENTAL PROSTACYCLIN,

THROMBOXANE AND PROGESTERONE PRODUCTION

37

Patrick Clinton Fenner

The production of the vasoactive substances, prostacyclin

(PSI) and thromboxane (TXA), and the steroids, progester-

one and estradiol, were investigated in normal and pre-

eclamptic placentas. Tissues (350 mg) were incubated for

4 h (steroid studies) and 48 h (eicosanoid studies) at 37°

C with 95% 02, 5% 002 in a metabolic shaker. PGI produc-

tion was decreased (P<0.001) in preeclamptic vs. normal

tissue, whereas the production of TXA and progesterone

were increased (P<0.0001 and P<0.0l, respectively). The

production of estradiol was not significantly different

(P>O.50) in normal vs. preeclamptic tissues. Addition of

progesterone or progesterone and estradiol (100 uM) de-

creased PGI production (P<0.0l) but not TXA production

(P>O.50). Estradiol alone (100 u") had no effect. Addi-

tion of a thromboxane synthase inhibitor selectively inhi-

bited TXA production. These data indicate preeclampsia is

characterized by an imbalance in placental PSI and TXA

production. A local increase in progesterone could con-

tribute to the ATXAIWPGI imbalance of preeclamptic placen~

tas. Thromboxane synthase inhibitors may be useful in

treating preeclampsia.



I. INTRODUCTION

The hypertensive disorders of pregnancy account for

about a fifth of the maternal deaths that occur each year

tChesley, 1978). In addition, these disorders pose a

serious threat to the fetus and to the newborn infant who

is often delivered prematurely, either following

spontaneous labor or by therapeutic termination of

pregnancy (Chesley, 1978). This thesis is concerned with

the etiology of one of the hypertensive disorders of

pregnancy, preeclampsia. According to a survey of eleven

major hospitals in the late 1970’s preeclampsia accounted

for 48-92 percent of the cases diagnosed as a hypertensive

disease of pregnancy (Chesley, 1978). The clinical

symptoms of preeclampsia include; high blood pressure,

edema, proteinurea, central nervous system hyperactivity

and disseminated intravascular coagulation (Dennis et al,

1982). To date, the etiology of preeclampsia has been

extensively investigated but not elucidated.

For many years the prostaglandins and the

thromboxanes have been implicated in the etiology of

‘preeclampsia. Because of their antagonistic va-

soactive properties it is increasingly likely that

prostacyclin (P612) and thromboxane A2 (TXA2) may be

involved in preeclampsia. Prostacyclin is a potent

vasodilator and an inhibitor of platelet aggregation



(Moncada and Vane, 1979). Whereas, TXA2 is a potent

vasoconstrictor and a stimulator of platelet aggregation

(Moncada and Vane, 1979). Thus an imbalance in P612 and

TXA2 could contribute to the clinical manifestations of

preeclampsia. The following study was undertaken' to

simultaneously determine the TXA2 and P612 production

rates by normal and preeclamptic placentas. In addition,

experiments were performed to determine if the placental

production of steroids had any effect on the placental

production of P612 and TXAZ.



II. LITERATURE REVEIU

AIME

Preeclampsia ranks as one of the leading causes of

maternal death occurring in approximately five percent of

all pregnancies (Chesley,19783 Dennis et al., 1982). Two

major complications that may occur during preeclampsia

are fetal growth retardation and premature delivery.

In both cases the infant is usually of low birth weight

and therefore is in greater jeopardy during the first

few months after delivery. Exact statistics on the inci-

dence of these two complications in association with pre-

eclampsia are not available. However, several studies

have documented fetal growth retardation secondary to

preeclampsia (Uillocks, 1962i willocks et al., 1964;

Hellman et al., 1967). Premature delivery may be due to

either premature labor or therapeutic termination of

pregnancy (physician induced labor or caesarean section)

[Chesley, 1978]. Therapeutic termination of pregnancy is a

common occurance because the symptoms of preeclampsia

rapidly dissipate after parturition (Dennis et al., 1982).

Therefore it is likely that an organ unique to pregnancy,

such as the placenta, may be involved in preeclampsia.

The principle pathophysiological changes in pre-

eclampsia are increased vasoconstriction, increased plate-

let aggregation and reduced uteroplacental blood flow

(Dennis et al., 1982; Pritchard et al., 1976). These



abnormalities manifest themselves clinically as high

blood pressure, proteinurea, edema, central nervous sys-

tem hyperactivity and disseminated intravascular coagula-

tion (Dennis et al., 1982). The clinical criteria for

the diagnosis of preeclampsia are presented in Table 1

(Chesley, 1978; Dennis et al., 1982). It is important to

note that changes at the vascular level could account for,

or contribute to, all of these symptoms.

21 Eicgsansids in Enssslamasie

1- flzaecssnsiiixitx oi the xascslatscs is angiotensin 11

The plasma concentrations of renin, aldosterone

(Pedersen et al., 1983) and angiotensin II (A-II)[Chesley,

1978] are significantly lower in the preeclamptic patient

than in the normotensive patient. In spite of this, Gant

et al. (1973) demonstrated that preeclamptic patients

have an enhanced sensitivity to the pressor effects of A-

II. In a study of 192 primigravid women, Gant et al.

(1973) found that the amount of A-II required to increase

the diastolic blood pressure by 20 mm Hg was significantly

less in preeclamptic women than in normotensive women. In

fact the different responsiveness became apparent as early

as 18 weeks before hypertension developed in the pre-

eclamptic patient (Gant et al., 1973). A subsequent study

(Everett et al., 1978) revealed that the dose of A-II

required to increase the diastolic pressure 20 mm Hg was



TABLE 1

Clinical Criteria for Preeclampsia

 

 

SYMPTOM Necessary Criterion for a

Preeclamptic Diagnosis

hypertension maternal blood pressure during

proteinurea

edema

central nervous

system

hyperactivity

coagulation

disorders

the third trimester greater than

140/90 mm Hg '

urinary concentration of protein

in a 24 h collection is more than

300 mg/liter

the important factor is the rate

at which edema occurs, a weight

gain of more than 2 kg/week is

abnormal

the maternal reflexes become more

sensitive to stimulation with

progression of the disease

some level of disseminated

intravascular coagulation is

likely to accompany the disease

 



significantly less in normotensive patients treated with

prostaglandin synthetase inhibitors than in the untreated

normal pregnant women. Everett et al. (1978) concluded

that the vascular sensitivity to A-II seen in preeclampsia

might be the result of defective prostaglandin synthesis.

In addition, Glance et al. (1984) found a dose-related

attenuation of the vasoconstrictive actions of A-II by

prostacyclin when both were infused into human placental

cotyledons in vitro. Therefore, these studies support the

hypothesis that there is a vasodepressor prostaglandin

deficiency in preeclampsia (Gant et al., 1983).

Z-Ennmslsmilns

The initial interest on prostaglandins during

preeclampsia centered on prostaglandin E (PGE) and

prostaglandin F (P6P). However, after a decade of studies

(1973-1983) no roles for P6E and P6P in the etiology of

preeclampsia were convincingly demonstrated. During this

time two other vasoactive eicosanoids, prostacyclin (P612)

and thromboxane A2 (TXA2) were identified. Their an-

tagonistic vasoactive properties have brought them to the

forefront of consideration in the etiology of pre-

eclampsia.



ELM

Prostacyclin is a potent vasodilator, an inhibitor of

platelet aggregation (Moncada and Vane, 1979) and it de-

creases uterine activity (Lye and Challis, 1982; 0mini et

al., 1979; Uilhelmsson et al., 1981; Zahradnik et al.,

1983). The major site of production of prostacyclin in the

normal adult is the vascular endothelium (Demers, 1980).

Another site of production and release of prostacyclin are

the tissues in the lung (6ryglewski et al., 19783 Moncada

et al., 19783 Hensby et al., 1979). In addition, Dusting

et al. (1978) determined that prostacyclin produced by

tissues anterior to the pulmonary circulation is not inac-

tivated as it passes through the lungs (unlike other

prostaglandins). Therefore prostacyclin may act locally

and as a circulating hormone. Because preeclampsia is

characterized by increased vasoconstriction frequently

associated with increased platelet aggregation and reduced

uteroplacental blood flow (Pritchard et al., 1978! Dennis

et al., 1982) a decrease in prostacyclin production may

play a causative role in preeclampsia.

Prostacyclin increases during normal pregnancy. This

has been demonstrated by an increase in urinary levels

(Goodman et al., 1982) Brash et al., 1983) and an increase

in plasma levels (Lewis et al., 1980) of the stable

metabolite of prostacyclin, 6-keto-prostaglandin Fl-alpha

(6-keto P6F1 ). The increase in prostacyclin has not been

attributed to any specific source. However, many



pregnancy-associated tissues produce prostacyclin in vi-

tro, including uterine tissues (Liggins et al., 19803

Ylikorkala et al., 1983), the placenta (Mitchell et al.,

1978! Behr, 1984), the fetal membranes (Mitchell et al.,

1978) and the umbilical vessels (Remuzzi et al., 1979).

The large mass of the placenta with its highly vascular

decidua make it a likely source for the significant pro-

duction of eicosanoids.

The importance of prostacyclin in pregnancy is exhi-

bited by the regulatory functions in which prostacyclin

has been implicated. Tuvemo (1980), utilizing strips of

umbilical arteries, determined an integral role for pros-

tacyclin in the regulation of umbilical blood flow. Co-

ceani and 0lley (1980) elucidated a contributory role for

prostacyclin in maintaining the patency of the ductus

arteriosus in the fetus. This has been corroborated by

several other investigators (Cassin, 19803 Terragno, 1980i

Makila et al., 1983) Ylikorkala et al., 1984). Remuzzi et

al. (1979) found that prostacyclin activity from placental

and umbilical vessels was greater than that by vessels

from normal adults. These investigators concluded that

high prostacyclin generation could contribute to main-

taining low peripheral resistance in the fetus despite the

high cardiac output. Another study by Resnik and Drink

(1980) proved that prostacyclin was a vasodilatory agent

in the uterine circulation (as well as the peripheral



vessels) of the sheep. Thus, alterations in the

production of prostacyclin by the placenta (or other

pregnancy-associated tissues) during pregnancy could have

grave consequences for the mother and fetus.

Several authors have described depressed levels of

prostacyclin in preeclamptic patients. Early investigators

determined protacyclin activity utilizing a bioassay to

determine platelet aggregation inhibitory activity.

Remuzzi et al. (1980) found that prostacyclin activity was

significantly lower in umbilical and placental vessels

from preeclamptic patients than from normal pregnant wo-

men. Bussolino et al. (1980) confirmed these findings in

placental veins, subcutaneous vessels and uterine vessels.

Prostacyclin-like activity was decreased in amniotic fluid

(Bodzenta et al., 1980) as was the concentration of 6-keto

PGFlcgl(Ylikorkala et al., 1981). The levels of urinary

metabolites of prostacyclin are decreased in preeclampsia

(Goodman et al., 19821 Brash et al., 1983; Fitzgerald et

al., 1984). In fact, this change has been shown to occur

as early as 20 weeks gestation in the patient destined to

become preeclamptic (Fitzgerald et al., 1984). Also,

plasma concentrations of prostacyclin have been reported

to be decreased (Lewis et al., 1981a Yamaguchi and Mori,

1985) or unchanged during preeclampsia (Ylikorkala et al.,

1981).

Studies investigating the production rates of prosta-

cyclin have resulted in similar conclusions. The
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production of prostacyclin from preeclamptic umbilical

vessels, either rings of vessel or cells in culture, is

significantly less than the production from normotensive

umbilical vessels (Carreras et al., 1981: Stuart et al.,

19813 Makila et al., 19843 Ylikorkala et al., 1984).

Also, the production rate of prostacyclin from preeclamp-

tic placental tissues is significantly lower than that for

normal placental tissues (Walsh et al., 1985). Not only is

less prostacyclin produced in preeclampsia but the respon-

siveness of platelets to the prostacyclin present is

diminished (Lewis et al., 1981; Vallenburg and Rotmans,

19823 Briel et al., 1983). Thus, changes in the levels of

prostacyclin during preeclampsia are well documented.

However, it is unlikely that deficient production of one

substance would mediate all the symptoms/complications of

preeclampsia. Several authors have hypothesized that

normal vascular function is maintained by a balance in the

production of prostacyclin and thromboxane. Furthermore,

the vascular changes which occur during preeclampsia are

due to a disruption of this homeostasis.

4 . 111291111292:an

Thromboxane is a potent vasoconstrictcr, a platelet

proaggregatory agent (Moncada and Vane, 1979; Granstrom et

al., 1982), it has a strong contractile effect on airway

smooth muscle (Svensson et al., 1977) and it increases
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uterine activity (Nilhelmsson et al., 1981). Essentially

the actions of thromboxane are in opposition to those of

prostacyclin. The circulating platelets are the major

source of thromboxane production in the normal adult

(Demers, 1980). A balance between prostacyclin formed in

the vessel wall and thromboxane formed in platelets may be

the regulatory control mechanism of thrombus formation in

blood vessels (Gorman, 1979i Moncada et al., 19773 Moncada

and Amezcua, 1979i Moncada and Vane, 1979i Needleman et

al., 1979). Therefore, the decrease in prostacyclin

production during preeclampsia coupled with consistent (or

increased) thromboxane levels could contribute to the

clinical manifestations of preeclampsia (Pritchard et al.,

19763 Chesley, 1978; Dennis et al., 1982).

Similarly to prostacyclin the production of throm-

boxane is increased during normal pregnancy because mater-

nal plasma concentrations of its stable metabolite,

thromboxane 82 (TXB2), are higher during late pregnancy

than during mid pregnancy or the nonpregnant state

(Ylikorkala and Viinikka, 1980). Again, as with prostacy-

clin no specific source has been identified for the

increased thromboxane during pregnancy. But there are many

tissues in addition to platelets that produce thromboxane.

Ingerman-Uojenski et al. (1981) determined that bovine

endothelial cells produce thromboxane as well as

prostacyclin. Another study by Neri Serneri et al.

(1983) obtained human arterial and venous segments from
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patients undergoing vascular surgery and found that these

tissues produce prostacyclin and thromboxane. Liggins et

al. (1980) perfused human endometrium over a seven hour

period and determined it was capable of producing

thromboxane. In addition, placental tissues produce

thromboxane (Mitchell et al., 1978). Two groups (Mitchell

et al., 19783 Martensson and Uallenburg, 1984) determined

that concentrations of thromboxane in the umbilical vein

were higher than the concentrations in the peripheral

plasma. This suggests that the elevated umbilical vein

levels are due to synthetic or metabolic activity in the

fetoplacental unit. Therefore the placenta becomes a

likely candidate as a source for the production of

thromboxane during pregnancy.

During preeclampsia, levels of thromboxane in the

amniotic fluid are unchanged (Ylikorkala et al., 1981).

Peripheral plasma levels of thromboxane have been reported

to be either increased (Koullapis et al., 19828 Martensson

and Uallenburg, 1984) or unchanged (Mitchell et al., 19783

Ylikorkala et al., 19848 Yamaguchi and Mori, 1985).

Perhaps of greatest interest was the study by Martensson

and Wallenburg (1984), in which the concentrations of

prostacyclin and thromboxane were concomitantly measured

in plasma from the umbilical vein, the uterine vein and a

peripheral vein. Their results revealed a significant

shift in the production of these eicosanoids in favor of
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thromboxane during preeclampsia. The possible contribution

of eicosanoids of placental origin to this imbalance has

not been documented. Thus there is a need to simultane-

ously determine the thromboxane and prostacyclin produc-

tion rates by normal and preeclamptic placentas. In

addition, several authors have reported alterations in the

production of prostacyclin and thromboxane from cells

incubated in media containing steroids. Because the

placenta produces steroids during pregnancy it is possible

that local steroid production may effect local eicosanoid

production.

9.... 53.129111111822511!!!”

During pregnancy the placenta functions in concert

with maternal and fetal tissues to produce the estrogens.

Plasma levels of the estrogens increase throughout preg-

nancy. During preeclampsia urine levels of estriol are

decreased, but those of estrone and estradiol are

unchanged (Uurterle, 1962). Several investigators (Allen

and Lachelin, 19783 Chew and Ratnam, 1976! Mustchler et

al., 1963; Townsley et al., 1973) have reported no dif-

ference in the plasma levels of the estrogens between

normal and preeclamptic patients when no fetal

complications were present in either group. However, two

groups (Rahman et al., 1975; Ranta et al., 1980) deter-

mined that preeclamptic patients with associated fetal
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distress did have plasma estradiol levels significantly

lower than normotensive patients. A similar pattern was

true for estriol (Allen and Lachelin, 1978! Easterling and

Talbert, 1970) Mather et al., 19738 0stergard et al.,

1971; Reid et al., 1968). Because of this, plasma

estrogen levels (mainly estriol) have been used in

conjunction with other clinical tests as an indicator of

fetal well-being.

The placenta has long been known to be the site of

increased secretion of progesterone during pregnancy

(Diczfalusy, 19523 Pearlman and Cerceo, 1952; Salhanick et

al., 1952). This is evidenced by the fact that plasma

progesterone levels in the umbilical vessels are higher

than those in the maternal plasma (Llauro et al., 1968;

Tulchinsky and Okada, 1975; Farquharson and Klopper,

1984).

During preeclampsia plasma levels of progesterone

have been reported to be either the same as (Simmer and

Simmer, 1959) Allen and Lachelin, 1978) or slightly higher

than normal (Lindberg et al., 1974). However the urinary

excretion of pregnanediol, a metabolite formed by the

reduction of progesterone,' is significantly less in pre-

eclampsia than in normal pregnancy (Louros et al., 1960;

Kankaanrinta and Forssell, 1961). Also, the activity of

20-alpha-hydroxysteroid dehydrogenase (ZQDL HSDH), which

degrades progesterone to 20-alpha-dihydroprogesterone

(ZOOLDHP), is decreased in preeclampsia (Diaz-Zagoya and
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Arias, 1981). For this reason, the plasma levels of

progesterone in the preeclamptic patient remain higher

after delivery than in the normal patient (Diaz-Zagoya and

Arias, 1981). In addition, Everett et al. (1978)

determined that the increased responsiveness to

angiotensin II (A-II) seen in preeclamptic patients can be

attenuated by IV infusion of another enzymatic metaboite

of progesterone, S-alpha-dihydroprogesterone (5 DHP).

However, 1V infusion of progesterone does not alter the

increased responsiveness to A-II (Everett et al., 1978).

Interestingly, 1M injection of progesterone does reinstate

the A-II refractoriness (Everett et al., 1978). These

investigators concluded that a progesterone metabolite may

be important in the maintainance of normal blood pressure

during pregnancy. In another study, rabbits treated with

progesterone developed hypertension (Mati et al., 1977).

This hypertension .was alleviated by IM injection of

prolactin (Mati et al., 1977). Resnik et al. (1977) in-

creased uterine blood flow by infusing estradiol. Subse-

quent infusion of progesterone significantly decreased

this estradiol-induced flow increase (Resnik et al.,

1977).

The steroids have also been shown to effect the

production of the eicosanoids from pregnancy-associated

tissues. Liggins et al. (1980) determined that

progesterone decreases while estradiol increases the
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production of prostacyclin and thromboxane from cultured

endometrium cells. Progesterone also had a slight inhibi-

tory effect on prostacyclin production from term placental

cells in vitro (Myatt et al., 1983). Estradiol slightly

increased the production of prostacyclin in this prepara-

tion (Myatt et al., 1983). In contrast, progesterone had

no effect on the production of prostacyclin or throm-

boxane from umbilical cord endothelial cells in vitro

(Hitter and DlBlasi, 1984).

The preceeding studies implicate estradiol and pro-

gesterone (or one of its metabolites) in the direct modu-

lation of blood flow or in the mediation of vasoactive

substances (i.e. prostacyclin and thromboxane). Because

the steroids and the eicosanoids are produced in the

placenta, it is possible that any alterations in the

production of the steroids could have profound effects on

eicosanoid production. In turn, this situation could

contribute to the clinical manifestations of preeclampsia!

the vasoconstriction, increased platelet aggregation and

decreased uteroplacental blood flow.

Law

The specific research goals of this thesis included:

1. To simultaneously determine the production rates of

prostacyclin and thromboxane by normal and preeclamptic

placentas.
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2. Inhibit thromboxane synthesis to validate the in vitro

production of thromboxane from placental tissues.

3. Incubate placental tissues with excess substrate to

determine if the function of the thromboxane synthase

enzyme in either preeclamptic or normal placentas is

limited due to precursor availability.

4. Test the effect of a low oxygen environment on the

production of thromboxane by normal and preeclamptic

placentas.

5. To determine if selective inhibition of thromboxane

will affect prostacyclin production, thereby evaluating

this as a treatment for preeclampsia.

6. Measure the production of progesterone and estradiol

by normal and preeclamptic placentas.

7. Incubate placental tissues with excess substrate for

the steroids to determine their impact on the production

of progesterone and estradiol, respectively.

8. Determine if supplementing the incubation media with

progesterone and estradiol will alter the production of

prostacyclin and thromboxane by normal and preeclamptic

placentas, respectively.



III. MATERIALS AND METHODS

62 Eatisnia

Full term placentas from twenty-three normotensive

and fifteen preeclamptic women were utilized. All tissues

were obtained within fifteen minutes of delivery from E.U.

Sparrow Hospital (Lansing, Michigan). The following

criteria were used for normal pregnancies: a)maternal

blood pressure less than 110/70 mm Hg (systolic/dias-

tolic): b) no proteinurial c) gestational length between

36-43 weeks; d) labor duration less than 18 hours for

primigravida and less than 12 hours for multigravida: e)

no overt medical complications, such as: chronic infec-

tion, metabolic, endocrine, nutritional or hematologic

complications! f) no neonatal abnormalities, such as

developmental defects, abnormal apgar scores (1 and 5 min

tests), or birth weights less than 2.5 kg or greater than

4.5 kgi 9) no third trimester bleeding: h) no gross pla-

cental abnormalities: 1) no positive findings in high risk

antenatal assessment) j) no oligo- or polyhydramniosi k)

minimal or no smoking or alcohol consumption during preg-

nancy. Preeclamptic pregnancies were evaluated with the

same criteria except: a) maternal blood pressure greater

than 140/90 mm Hg (systolic/diastolic) : b) proteinuria:

urinary protein greater than 0.3 9 I24 hour urine collec-

tioni c) one preeclamptic patient had gestational dia-

betes.

18



19

Lfimnimsniufiminfim

Immediately after delivery, placental tissues were

placed in a sterile bag, put on ice and transported to the

laboratory. Processing of the tissues began within thirty

minutes of delivery with all experiments conducted under

sterile conditions. To insure maximum viability,

fragments of placenta (approximately 1cm x 1cm) were sepa-

rated and placed in 50 mls of Dulbecco’s Modified Eagles

Media (DMEM)(6ibco,Grand Island,NY). The DMEM was steri-

lized by microfiltration through a prefilter, a 1.2 uM

filter and a 0.22 uM bell filter (Millipore Corp., Bed-

ford, MA). This suspension was perfused with 95% oxygen

and 5% carbon dioxide. The fragments of placenta were

removed from the oxygenated buffer and prepared for

incubation as needed. Excess buffer was removed with

sterile gauze.

Tissues‘ utilized in experiments were processed in

duplicate. Approximately 350 mg of each tissue was

incubated in 7 ml of DMEM for 43 hours at 37" c in a

Dubnoff metabolic shaker (Lab-line, Melrose Park, IL). In

most experiments tissues were oxygenated with 95% oxygen

and 5% carbon dioxide, with some experiments carried out

in 20% oxygen with 5% carbon dioxide and 75% nitrogen.

Partial pressures and hydrogen ion concentration in the

incubation media were consistent at approximately P02 =

250 mm Hg, P002 - 20 mm Hg, and pH - 7.50 (Behr, 1984).

Tissue viability after 48 hours was assessed by trypan
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blue exclusion staining of trypsinized dispersed cells

(Behr, 1984). Samples of media (200 ul) for the eicosanoid

studies were collected at 0, 8, 20, 32 and 48 hours of

incubation. For the steroid studies samples of media (200

ul) were collected at O, 30, 60, 120, 180 and 240 minutes

of incubation. In some cases the incubation media was en-

riched with one of the following: indomethacin, arachi—

donic acid, progesterone, estradiol, pregnenolone, preg-

nenolone sulfate, dehydroepiandrosterone sulfate, aroma-

tase inhibitor (all from Sigma, St. Louis, MO) or throm-

boxane synthase inhibitor (U63557A, Upjohn, Kalamazoo,MI).

The production of prostacyclin and thromboxane A2

in the incubation media were estimated by concentration of

their stable metabolites, 6-keto P6Fiatand thromboxane 82,

respectively. The concentrations of progesterone and

estradiol in the incubation media were assessed directly.

In all cases highly specific radioimmunoassays (RIA) were

utilized.

LW

A brief description of each RIA will be given here

while a more detailed description and the validation of

each assay is provided in the Appendices.
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1- Ecgsiacxslini Ihcnmcnaane and Ecnsesiscnng 635:1:

These three radioimmunoassays were very similar,

therefore a general explanation will be provided with

specific points listed in Table 2. Standards, with known

amounts of eicosanoid or steroid (Table 2), were used in

each assay to generate a standard curve from which unknown

quantities in samples could be calculated. Each assay

consisted of competitive binding of radioactive and

natural eicosanoid or steroid to a highly specific

antibody (Table 1). Dextran-coated charcoal, pre-cooled

to 0-4DC, was utilized to separate the bound from the free

fraction. All tubes were vortexed and allowed to incubate

12-15 minutes at 0-4’C and then centrifuged at 2000xg for

12 minutes in a refrigerated (4'C) centrifuge (Beckman

model J6-B, Palo Alto, CA). The supernatant was decanted

into scintillation vials containing 15 ml scintillation

cocktail (Safety Solve, Mount Prospect, IL). The radio-

activity was counted on a Packard Tri Carb 300C liquid

scintillation counter (Packard Instrument Co., Downers

Grove, IL) for ten minutes or until 2.0 percent statisti-

cal accuracy was achieved.

2. Eggpagjgi

The amount of estradiol in the incubation media was

determined by a highly specific radioimmunoassay.

Standards with known amounts of steroid (0.25-

100.0pg/0.025ml, RSL Inc., Carson, CA) were used to
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1631.52

SPECIFIC COMPONENTS OF RADIOIMMUNOASSAYS

 

Emfinxslin Ihcnmbnsmfinnsasisnm

 

Standards 9.80-1250pg

per 0.05ml,

Seragen,

Boston, MA

Rad ioact ive 3H-6-keto PGF 1...

Eicosanoid New England

or Nuclear,

Steroid Boston,MA

Antibody Rabbit anti-

6-keto PGFDX,

Seragen,

Boston,MA

3.12-200pg

per 0.10ml,

Seragen,

Boston, MA

3H-Tx32,

New England

Nuclear,

Boston,MA

Rabbit anti-

TXBZ,

Seragen,

Boston,MA

0.05-3.20ng

per 0.10ml,

RSL Inc.,

Carson,CA

3H-Progesterone,

Amersham,

Arlington

Heights, IL

Rabbit anti-

Progesterone,

RSL Inc.,

Carson,CA
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generate a standard curve from which unknown quantities in

samples could be calculated. The assay consisted of com-

125

petitive binding of radioactive ( I) and natural es-

tradiol to a specific antibody. A second antibody (goat

anti-rabbit gamma globulin, RSL Inc., Carson, CA) was

added to precipitate the antibody bound antigen. After a

60 minute incubation, all tubes were centrifuged at

1000xg for 20 minutes. The supernatant was discarded and

the radioactivity in the precipitate was counted on a

Packard Auto-Gamma 800C scintillation counter (Packard

Instrument Co., Downers Grove, IL) for five minutes or

until 2.0 percent statistical accuracy was achieved.

D- WM

Statistical differences between production curves

were assessed by analysis of variance with Student-Newman-

Keuls test. Production rates were determined by linear

regression analysis of the production curves, with dif-

ferences between production rates assessed by t-test

(Linton and Gallo, 1975) .



IV. RESULTS

6.1. E51131!”

There were twelve vaginal deliveries and ten cesarean

sections in the normal group (patient information was not

available for one member) and twelve vaginal deliveries

and three cesarean sections in the preeclamptic group.

Table 3 indicates the studies in which specific patients

were used. All of the preeclamptic patients and six of

the normal patients were primigravid. There were no sig-

nificant differences (P) 0.50) between normal and pre-

eclamptic pregnancies for placental weights (595 1 25 vs.

597 1 33 gm, respectively, mean 1 SE), fetal weights (3.32

1 0.1 vs. 3.45 1 0.2 kg), weeks of gestation (39 1 1 vs.

38 1 1), and time in labor (9.9 1 1.8 vs. 9.5 1 1.0

hours). Time in labor was not correlated with the produc-

tion of thromboxane, prostacyclin, progesterone or estra-

diol (r- -0.10! 0.05; -0.173 -0.11, respectively). One

minute apgar scores of the fetuses born to the group of

normal patients were slightly higher than those born to

the group of preeclamptic patients (9.0 1 0.2 vs. 8.4 1

0.4, P<0.10). However, all fetuses were born healthy.

The preeclamptic mothers were slightly younger than the

normal mothers (23.0 1 1.9 vs. 28.6 1 1.1 years, P<0.01)

and gained more weight (39.0 1 4.0 vs. 29.5 1 1.9 lb,

P<0.05). One of the preeclamptic patients had severe

preeclampsia (systolic/diastolic 1 170/110 mmHg).

24
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TABLE OF PATIENTS

 

PATIENT DATA USED IN RESULTS SECTION:

B.Eicosanoid C.Steroid D.Effect of

 

Studies Studies Steroids

PATIENT/DATE on Eicosanoids

1. 5-8-83 *P X

2. - 6-14-83 **N X

3. 6-21-83 N X

4. 6-28-83 P X

5. 8-2-83 P X

6. 9-5-83 N X

7. 9-26-83 N X

8. 9-29-83 N X

9. 10-3-83 N X

10. 10-6-83 N X

11. 10-11-83 P X X X

12. 10-13-83 N X

13. 10-18-83 N X X

14. 10-24-83 N X

15. 10-22-83 N X

16. 10-28-83 P X

17. 10-28-83 P X X X

18. 11-3-83 N X X X

19. 11-3-83 N X X X

20. 11-30-83 N X X

21. 12-13-83 N X X

22. 1-17-84 P X X X

23. 2-1-84 N X X X

24. 2-22-84 N X X X

25. 2-24-84 P X

26. 2-28-84 P X X

27. 3-1-84 P X X

28. 5-23-84 N X X X

29. 5-24-84 N X

30. 6-1-84 P X X X

32. 6-28-84 N X X

33. 7-16-84 P X X X

34. 7-17-84 P X

35. 8-21-84 N X

36. 8-23-84 P X

37. 9-6-84 N X

38. 9-7-84 N X

39. 10-2-84 P X

*P- preeclamptic patient

**N- normal patient
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In addition, one of the preeclamptic patients underwent

cesarean section at thirty weeks gestation and another had

gestational diabetes. Tissue viability as assessed by

trypan blue exclusion staining was greater than 95% after

48 h of incubation in both normal and preeclamptic

placentas (Behr, 1984).

1- Elemental E__s.t.12nrodu 2:: 1mm and. 82.5.0tamiin

The production of thromboxane (as estimated by TXB2)

from normal versus preeclamptic placentas is shown in

Figure 1. The concentration of TXBZ in the incubation

media increased progressively during the 48 h of incuba-

tion. The production of TXBZ from normal placentas peaked

at 363 pg/mg after 48 h exhibiting a production rate of

6.3 1 1.5 pg/mg/h (mean 1 SE, nail). In contrast, the

production of TXBZ by preeclamptic placentas was signifi-

cantly greater (P10.0001) than that by the normal pla-

centas. Peak levels after 48 h averaged 1164 pg/mg. The

production rate for the preeclamptic placentas of 22.9 1

4.7 pg/mg/h (mean 1 SE, n-10) was significantly greater

than that for the normal placentas (P<0.001).

The production of prostacyclin for normal and

preeclamptic placental tissues, as estimated by 6-keto

PGFlat, are shown in Figure 2. The concentrations of 6-

keto PGFiogin the incubation media increased progressively

and in a linear fashion during the 48 h of incubation.



27

£13225: 1

Production of thromboxane by normal

(nail) versus preeclamptic (nalo) placentas,

as estimated by TXB2. Data represent mean 1 SE.
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£19223 2

Production of prostacyclin by normal (ntil) versus

preeclamptic (n-10) placentas, as estimated by

6-keto PGFia‘. Data represent mean 1 SE.
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Peak levels after 48 h averaged 322 pg/mg for normal

tissue and 151 pg/mg for preeclamptic tissue. The

production rate for normal versus preeclamptic placentas

was 6.7 1 0.5 pg/mg/h (mean 1 SE, n-11) versus 3.0 1 0.3

pg/mg/h (n-10), respectively. The production rate of

prostacyclin from preeclamptic placentas was significantly

lower (P<0.001) than that from normal placentas.

2- Matteo oi Blacsntal. meditation Rates

8; IDLQEQQEEDE

To assure that thromboxane was being produced and not

just released from placental tissues indomethacin was

added to the incubation medium. Addition of indomethacin

significantly decreased (P<0.05) the production of throm-

boxane from both normal (Fig. 3) and preeclamptic (Fig. 4)

placental tissues. Fifty uM indomethacin completely in-

hibited thromboxane production; whereas 5 uM indomethacin

allowed a slight amount to be produced from normal tissue

(0.61 1 0.57 pg/mg/h, n=3) and preeclamptic tissue (1.58 1

0.69 pg/mg/h, n33).

Some tissues were incubated in media enriched with

arachidonic acid to assure that the production of throm-

boxane was not limited due to precursor availability.

Addition of arachidonic acid (100 uM) did not signifi-

cantly affect (P>0.10) thromboxane production by either

normal (Fig.3) or preeclamptic (Fig. 4) placentas. The

production rates in normal placentas with and without
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Eisscs 3

Production of thromboxane by normal placentas with

either 100 uM arachidonic acid (AA, n=7) or 5 uM

indomethacin (INDO, n=3). Data represent mean1

SE.
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Elam 3

Production of thromboxane by preeclamptic placen-

tas with either 100 uM arachidonic acid (AA, n-6)

or 5 uM indomethacin (INDO, n83). Data represent

mean1 SE.
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arachidonic acid were 8.0 1 1.8 vs. 10.7 1 3.8 pg/mg/h

(n87) and in preeclamptic placentas were 25.7 1 6.7 vs.

27.7 1 6.9 pg/mg/h (n=6), respectively.

 

Validation of the placental production of

prostacyclin in this experimental protocol has been pre-

viously documented (Behr, 1984). Prostacyclin production

is inhibited by indomethacin and not affected by the

addition of arachidonic acid in normal and preclamptic

placentas, respectively.

3- Incomeeaane .cedsstien in a Les szssn Enxicenment

The production of thromboxane from normal placental

tissues was not significantly affected (P>0.5) by incuba-

tion in a low oxygen environment (n=3, Fig. 5). The

production rate in a 95% oxygen environment was 6.12 1

1.29 pg/mg/h (mean 1 SE, n-3) versus 5.76 1 0.81 pg/mg/h

in a 20% oxygen environment. In contrast, the production

rate of thromboxane from preeclamptic placentas was signi-

ficantly decreased (P<0.10) in a low oxygen environment

(n83, Fig. 6). Preeclamptic placental tissues produced

13.1 1 2.2 pg/mg/h in 95% oxygen versus 5.48 1 2.7 pg/mg/h

in 20% oxygen.
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E13222 §

The production of thromboxane by normal placentas

in low and high oxygen environments (20% vs. 95%

02). Data represent mean1 SE (n83).
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Eissce e

The production of thromboxane by preeclamptic

placentas in low and high oxygen environments (20%

vs. 95%). Data represent mean 1 SE (n=3).
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4- Ihcgmbesane §zninass Inhibition

Addition of thromboxane synthase inhibitor (0.1 uM)

significantly decreased (P<0.05) thromboxane production in

preeclamptic tissue (n=6, Fig.7) and normal tissue (n-S,

Fig. 8). The production rates in preeclamptic

placentas with and without thromboxane synthase inhibitor

were 3.25 1 0.58 vs. 13.7 1 2.66 pg/mg/h and in normal

placentas were 3.95 1 0.52 vs. 8.31 1 2.24 pg/mg/h.

Thromboxane synthase inhibitor did not significantly af-

fect (P>0.50) prostacyclin production in either pre-

eclamptic or normal tissues (Figs. 9 and 10). The produc-

tion rates of prostacyclin in preeclamptic placentas with

and without thromboxane synthase inhibitor were 3.011 0.62

vs. 3.04 1 0.32 pg/mg/h (n=6) and in normal placentas were

7.29 1 1.13 vs. 6.80 1 0.76 pg/mg/h (n=7).

91 Steroids

1- Elassntal Ecgsssiisn 91 Ecgsestecens

The production of progesterone from normal versus

preclamptic placentas is shown in Figure 11. The

production rates for normal versus preeclamptic placentas

were 0.67 1 0.11 ng/mg/h (mean 1 SE, n88) versus 1.12 1

0.13 ng/mg/h (n=8), respectively. The production rate of

progesterone from preeclamptic placentas was significantly

greater (P<0.01) than that from normal placentas.
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The production of thromboxane by preeclamptic

placentas in media enriched with thromboxane

synthase inhibitor (U63557A, 0.1uM) vs. control

levels in DMEM. Data represent mean 1 SE (n86).
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The production of thromboxane by normal placentas

in media enriched with thromboxane synthase inhibi-

tor (U63557A, 0.1uM) vs. control levels in DMEM.

Data represent mean 1 SE (n=5).
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Eisucs 2

The production of prostacyclin by preeclamptic

placentas in media enriched with thromboxane

synthase inhibitor (U63557A, 0.1uM) vs. control

levels in DMEM. Data represent mean 1 SE (n=6).
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Eisucs 19

The production of prostacyclin by normal placentas

in media enriched with thromboxane synthase inhibi-

tor (U63557A, 0.1uM) vs. control levels in DMEM.

Data represent mean 1 SE (n=7).
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E1322: 11

The production of progesterone by normal versus

preeclamptic placentas. Data represent mean 1 SE

(n=8).
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To ascertain if the difference in normal versus

preeclamptic progesterone production rates were due to

precursor availability, the incubation media was enriched

with pregnenolone or pregnenolone sulfate. Addition of

pregnenolone (100 uM) to the incubation medium signifi-

cantly increased (P<0.01) the production of progesterone

in both normal and preeclamptic tissues (n=5, Fig.12).

However, there were no significant differences (P>O.50)

between the production rates for normal and preeclamptic

placentas (9.20 i 1.60 vs. 10.0 1 1.34 ng/mg/h, respec-

tively). The effects of adding pregnenolone sulfate (100

uM) to the incubation media are shown in Figure 13. The

production curve of progesterone from preeclamptic

placentas was significantly greater (P<0.05) than that

from normal placentas when this precursor was added to the

incubation media (n=5).

2- Elasental Production 9i Eetnadiel

The production of estradiol by normal placentas (n=5,

Fig.14) is not significantly different (P>O.50) from that

produced by preeclamptic placentas (n=3, Fig.15). The

production rate for normal tissues was 6.09 i 0.53 pg/mg/h

and the production rate for preeclamptic tissues was 5.31

1 0.69 pg/mg/h.

Addition of the major precursor for estradiol, dehy-

droepiandrosterone sulfate (DHEAS, lOO uM), to the incuba-

tion media significantly increased (P<0.05) the production
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E13229. L2

The production of progesterone by normal versus

preeclamptic placentas in media. enriched with

pregnenolone (100 uM). Data represent mean 1 SE

(n=5).
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E1922: .1;

The production of progesterone by normal versus

preeclamptic placentas in media enriched with

pregnenolone sulfate (100 uM). Data represent mean

1 SE (n=5).
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£13222 is

production of estradiol by normal placentas

either dehydroepiandrosterone sulfate (DHEAS,

uM, n85) or dehydroepiandrosterone sulfate

uM) and aromatase inhibitor (AI, 100 uM, n=6)

to the incubation media. Data represent

1 SE .
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Eis_£s i:

The production of estradiol by preeclamptic placen-

tas with either dehydroepiandrosterone sulfate

(DHEAS, 100 uM) or dehydroepiandrosterone sulfate

(100 uM) and aromatase inhibitor (A1, 100 uM)

added to the incubation media. Data represent

mean 1 SE (n=3).
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of estradiol from both normal (Fig. 14) and preeclamptic

(Fig. 15) placentas. The production rates in normal pla-

centas with and without DHEAS were 64.9 1 17.6 vs. 6.09 1

0.53 pg/mg/h (n-5) and in preeclamptic placentas were 79.6

1 25.6 vs. 5.311 0.69 pg/mg/h (n=3), respectively. There

were no significant differences (P>O.50) between normal

and preeclamptic placental production rates of estradiol

with DHEAS added to the incubation media.

The conversion of DHEAS to estradiol can be blocked

by aromatase inhibitor. The production of estradiol from

normal (Fig. 14) and preeclamptic (Fig. 15) placentas was

significantly decreased (P<0.05) when tissues were incu-

bated in media containing both DHEAS (100 uM) and aroma-

tase inhibitor (100 uM). The production rate of estradiol

by normal tissues in media containing both DHEAS and

aromatase inhibitor was significantly less than that in

media with DHEAS only (8.85 1 2.53 (n86) vs. 64.9 1 17.6

pg/mg/h (n=5), respectively). The production rate of

estradiol by preeclamptic tissues in media containing

DHEAS and aromatase inhibitor was 11.9 1 2.02 (n83) vs.

79.6 1 25.6 pg/mg/h (n=3) in media with DHEAS only.
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Adding estradiol (100 uM) to the incubation media did

not significantly alter (P>0.25) the production of

prostacyclin by normal placentas (n85, Fig.16) or by

preeclamptic placentas (n86, Fig.17). The production

rates with and without estradiol were 5.41 1 1.23 vs. 6.49

1 1.00 pg/mg/h for normal placentas and 3.23 1 0.31 vs.

3.56 1 0.33 pg/mg/h for preeclamptic placentas. In

contrast, the production of prostacyclin was significantly

decreased in normal (P<0.01) and preeclamptic (P<0.10)

placentas when progesterone (100 uM) was added to the

incubation media. The production rates with progesterone

added were 2.96 1 0.66 pg/mg/h (n=5, Fig.16) and 2.54 1

0.32 pg/mg/h (n=6, Fig.1?) for normal and preeclamptic

placentas, respectively. Simultaneous addition of estra-

diol and progesterone (each 100 uM) also significantly

decreased prostacyclin production in normal (P<0.01) and

preeclamptic (P<0.05) placental tissues. In fact, these

production rates for normal tissues (1.12 1 0.19 pg/mg/h,

n85, Fig.16) and preeclamptic tissues (1.56 1 0.59

pg/mg/h, n=6,Fig.17) were significantly lower (P<0.10)

than with only progesterone added to the incubation media.

The effects of adding estradiol and progesterone on

the production of thromboxane in normal placentas are shown

in Figure 18 (n=5). In all cases the production rates of
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E19229 is

The production of prostacyclin by normal placentas

in media enriched with one of the following:

estradiol (E2, 100 uM), progesterone (P4, 100 uM),

estradiol and progesterone (each 100 uM) vs.

control levels in DMEM. Data represent mean 1 SE

(n=5).
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E19512: 12

The production of prostacyclin by preeclamptic

placentas in media enriched with one of the follow-

ing: estradiol (E2, 100 uM), progesterone (P4, 100

uM), estradiol and progesterone (each 100 uM) vs.

control levels in DMEM. Data represent mean 1 SE

(n=6).
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The production of thromboxane by normal placentas

in media enriched with one of the following: es-

tradiol (E2, 100 uM), progesterone (P4, 100 uM),

estradiol and progesterone (each 100 uM) vs.

control levels in DMEM. Data represent mean 1 SE

(n=5).



68

750.. NORMAL PLACENTA

 

’3;

8

$500- /

m /}

8. "I

@250‘ " 7/ IP4
3 0E3 & P4

A

E: / IDMEM
X

l— O I 1 
I I.I I I II I I F'

0 12 24 36 48 60

HOURS OF INCUBATION

Figure 18



69

thromboxane were slightly higher in solutions containing

one of the steroids than that for DMEM alone (Table 4).

However, there were no significant differences (P>0.30)

between production curves. Addition of estradiol (100

uM) and/or progesterone (100 uM) to the incubation media

did not significantly affect (P>0.50) the production of

thromboxane by preeclamptic placentas (n=6, Fig.19). The

production rates are listed in Table 5.
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NORMAL PLACENTA THROMBOXANE PRODUCTION

 

 

INCUBATION THROMBOXANE PRODUCTION

MEDIA RATES (mean 1 SE)

DMEM only 5.93 1 1.19 pg/mg/h

Estradiol (100 uM) 7.58 1 1.12 pg/mg/h

Progesterone (100 uM) 9.15 1 2.50 pg/mg/h

Etradiol (100 uM) 8.53 1 1.13 pg/mg/h

and

Progesterone (100 uM)
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E1922: 12

The production of thromboxane by preeclamptic

placentas in media enriched with one of the follow-

ing: estradiol (E2, 100 uM), progesterone (P4, 100

uM), estradiol and progesterone (each 100 uM) vs.

control levels in DMEM. Data represent mean 1 SE

(n=6).
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IABLE:

PREECLAMPTIC PLACENTA THROMBOXANE PRODUCTION

 

 

INCUBATION THROMBOXANE PRODUCTION

MEDIA RATES (mean 1 SE)

DMEM only 16.1 1 4.57 pg/mg/h

Estradiol (100 uM) 15.8 1 4.50 pg/mg/h

Progesterone (100 uM) 15.1 1 4.04 pg/mg/h

Estradiol (100 uM) 13.4 1 3.08 pg/mg/h

and

Progesterone (100 uM)

 



V. DISCUSSION

mm

The production rate of thromboxane by preeclamptic

placentas was significantly greater than that by normal

placentas (Fig. 20). The preeclamptic placenta produced

over three times as much thromboxane as the normal

placenta. In contrast, the prostacyclin production rate

by preeclamptic placentas was less than one-half the

production rate of prostacyclin by the normal placenta

(Fig. 20). These production rates are graphically

depicted in Figure 21. The placenta from the normotensive

patient produced approximately equal amounts of

thromboxane and prostacyclin, whereas the placenta from

the preeclamptic patient produced over seven times as much

thromboxane as prostacyclin (Fig. 21).

Because of the vasoactive properties of these

eicosanoids.. this imbalance could contribute to the

increased vasoconstriction, platelet aggregation, and

reduced uteroplacental blood flow characteristic of

preeclampsia (Chesley, 1978; Dennis et al., 19823

Pritchard et al., 1976). The imbalance could also affect

the incidence of preterm labor during preeclampsia because

prostacyclin inhibits (Lye and Challis, 19828 0mini et

al., 19798 Wilhelmsson et al., 1981) Zahadnik et al.,

1983) and thromboxane increases uterine activity

(Nilhelmsson et al., 1981).

Most likely the concentrations of prostacyclin and

74
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Ratios of the placental production rates- of

thromboxane to prostacyclin in normal and

preeclamptic pregnancies.

5.1st1

Ratios of the placental production rates of

thromboxane to prostacyclin for normal and

preeclamptic pregnancies in bar graph form.
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thromboxane would be greatest in the placenta because that

is the source of production. Glance et al. (1984),

utilizing an in vitro placental perfusion system,

determined that prostacyclin and thromboxane can alter

blood flow in the placental vasculature. Thus the most

profound effects of the increased thromboxane/decreased

prostacyclin would most probably be within the fetoplacen-

tal unit. This could explain the increased vascular con-

gestion and platelet aggregation of preeclamptic placentas

(Chesley, 19783 Derlf et al., 1975! Dennis et al., 1982!

Ylikorkala et al., 1981). The imbalance of throm-

boxane/prostacyclin could reduce the blood flow from the

placenta to the fetus because thromboxane constricts and

prostacyclin dilates the umbilical artery (Tuvemo et

al.,1980). The distribution of blood flow within the

fetus might also be affected because the increased ratio

of thromboxane to prostacyclin could cause vasoconstric-

tion of the pulmonary vasculature and/or premature closure

of the ductus arteriosus (Cassin, 1980! Coceani and Olley,

19803 Makila et al., 19833 Terragno et.al., 1980).

Thromboxane and prostacyclin of placental origin is

most probably of primary importance in the local

regulation of uteroplacental blood flow. However,

Martensson and Hallenburg (1984) determined that the

concentrations of thromboxane and prostacyclin were

greater in the uterine vein than in the maternal

periphery. Furthermore, these investigators determined
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that during preeclampsia there is a significant shift in

the ratio of thromboxane to prostacyclin in favor of

thromboxane. Thus it is very likely that placental eico-

sanoid production contributes to maternal systemic levels

as well. Therefore, normal pregnancy 'would be

characterized by the placental production of equivalent

amounts of prostacyclin and thromboxane with a subsequent

balance of their biologic actions (Fig. 22). In contrast,

preeclampsia would be characterized by an imbalance in the

placental production of these eicosanoids. This imbalance

would exacerbate the actions of thromboxane and promote

increased vasoconstriction, platelet aggregation and

uterine activity concomitant with decreased uteroplacental

blood flow (Fig. 22).

The cause of this shift in the arachidonic acid

cascade during preeclampsia is unknown. Ogburn et al.

(1984) analyzed serum samples from normotensive and

preeclamptic patients for total nonesterified fatty acids

and total nonesterified arachidonic acid. These authors

found that samples from placentas of preeclamptic

pregnancies had significantly lower proportions of

arachidonic acid in the nonesterified fatty acids and

triglycerides than normal placentas. They suggested that

a decreased availability of arachidonic acid in the

fetoplacental circulation resulted in a decreased

production of prostacyclin in preeclampsia. However, if

less arachidonic acid is available for conversion to
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Comparison of the balance in the biological

actions of prostacyclin and thromboxane in normal

pregnancy to the imbalance of increased

thromboxane/decreased prostacyclin in preeclamptic

pregnancies.
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prostacyclin then less is available for conversion to

thromboxane. Therefore, this does not appear to be a

sufficient explanation for a shift in the arachidonic acid

cascade. One could infer that perhaps circulating levels

of arachidonic acid are not the single determining factor

in the production of placental eicosanoids. In fact, M.

Behr (1984) speculated that the supply of arachidonic acid

was not a limiting factor in placental prostacyclin

production because of the abundance of phospholipids in

the vascular walls throughout the placenta. In the

experimental preparation utilized for this study neither

the production rate of thromboxane nor that of prostacy-

clin (Behr, 1984) were affected by addition of arachidonic

acid in either normal or preeclamptic placentas, respec-

tively. Therefore, alterations of eicosanoid production

(in vitro) during preeclampsia are not due to precursor

availability-

The increased thromboxane/decreased prostacyclin may

be due to the amount of enzyme present, or alterations in

levels of regulatory proteins/substances effecting

prostacyclin synthetase or thromboxane synthase. Both

prostacyclin synthetase (Dewitt and Smith, 1983) and

thromboxane synthase (Hamberg and Samuelsson, 1974) re-

quire oxygen to convert the endoperoxides to prostacyclin

or thromboxane, respectively. Because of this, alterations

in the oxygen tension perfusing the placental tissues

could affect the amount of product formed. Normal
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placental tissues incubated in a 20% oxygen environment

produced less prostacyclin (Behr, 1984) and the same

amount of thromboxane as identical tissues in a 95% oxygen

environment. In comparison, preeclamptic placental

tissues perfused with 20% oxygen produced the same levels

of prostacyclin (Behr, 1984) and less thromboxane than

their counterpart perfused with 95% oxygen. The fact that

less available oxygen decreases the production of

of thromboxane in the preeclamptic placenta suggests that

there may be more thromboxane synthase in the preeclamptic

placental tissues. Hence, the preeclamptic placenta would

have a greater capacity to produce thromboxane. The

same could be true for prostacyclin synthetase in the

normal placenta. Thus it is possible that alterations in

the amount of these enzymes could contribute to the

etiology of preeclampsia.

Because preeclampsia is characterized by an increased

production of thromboxane and decreased prostacyclin

selective inhibition of the thromboxane synthase enzyme

could reinstate the balance in the production of these

eicosanoids. Previous in vitro studies using a thromboxane

synthase inhibitor have significantly decreased throm-

boxane levels with a simultaneous increase in prostacyclin

production (Blackwell et al., 1978! Flower and Cardinal,

1979). In vivo (using a cat), Dusting et al. (1982)

induced a five-fold increase in prostacyclin by selective

inhibition of thromboxane production. This does not
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appear to be the case in the placenta. Addition of

a thromboxane synthase inhibitor (U 63557A, Upjohn)

significantly decreased the production of thromboxane by

both normal and preeclamptic placentas. However, it did

not significantly alter the placental production of

prostacyclin by either normal or preeclamptic tissues.

Therefore, the utilization of a thromboxane synthase

inhibitor alone does not appear to be a comprehensive

treatment for preeclampsia.

The production of progesterone by preeclamptic

placentas was significantly greater than that by normal

placentas. This enhanced progesterone production is not

reflected in maternal plasma levels (Allen and Lachelin,

19783 Simmer and Simmer, 1959). However, Ualsh et al.

(1974) found that-levels of progesterone in the uterine

vessels were higher than those of the peripheral blood in

the primate. So it is likely that progesterone may not be

elevated in the peripheral blood during preeclampsia even

if the fetoplacental unit produces more.

In vivo the major precursor for progesterone is

cholesterol which is converted to pregnenolone (by the

20,22 desmolase complex) then to progesterone (by 3-beta-

hydroxysteroid dehydrogenase: A 5-4 isomerase enzyme

complex [3flHSDl-ll) (Hagen, 1981). In vitro either preg-
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nenolone or pregnenolone sulfate can serve as substrates

for progesterone synthesis (Gentz et al., 1984). In this

instance pregnenolone sulfate is converted into pregneno-

lone (by a placental sulfatase) then to progesterone

(Hagen, 1981).

Addition of pregnenolone increased the production of

progesterone by preeclamptic and normal placentas. This

was in agreement with previous investigators (Grimshaw et

al., 19838 Little et al., 1971) who determined that exo-

genous pregnenolone was readily converted to progesterone

by placental cells in vitro. However, with pregnenolone

added there was no significant difference in the produc-

tion levels of progesterone by normal and preeclamptic

placentas, respectively. This was expected because Diaz-

Zagoya and Arias (1981) determined that there was no

difference in the mitotic activity of the 3¢?HSDH between

normal and preeclamptic placental tissues. In fact there

is an excess of 3/HSDH in the placenta (Little et al.,

1971). In contrast, the addition of pregnenolone sulfate

resulted in a significant difference in the production

curves of progesterone from normal and preeclamptic

placentas, respectively. Specifically, the production

curve of progesterone by preeclamptic placental tissues

was significantly greater than that by normal placental

tissues. The enhanced production of progesterone during

preeclampsia may be due to the proliferation of the pla-

cental sulfatase enzyme, or to the positive activation of
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this enzyme by a regulatory substance/protein. Either an

increased activity or amount of the sulfatase enzyme

during preeclampsia would lead to higher levels of endo-

genous pregnenolone. Because there is an excess of the

IsflHSDH enzyme in the placenta increased available preg-

nenolone could result in increased levels of proges-

terone.

The inability to show any differences in the

production of estradiol by preeclamptic placentas versus

that by normal placentas is consistent with previous

plasma and tissue homogenate studies during preeclampsia.

The majority of papers on estradiol levels during

preeclampsia conclude that estradiol levels are unchanged

unless fetal complications are apparent. None of the

preeclamptic patients in this study exhibited fetal

complications and no differences were found between normal

and preeclamptic placental production rates of estradiol.

Therefore, the present study corroborates the previous

findings and points to no specific role for estradiol in

the etiology of preeclampsia.

9... WMWMWmW

WRIWMW

Progesterone’s ability to inhibit prostacyclin has

been previously documented in placental cells in monolayer

(Myatt et al., 1983) and cultured endometrial cells

(Liggins et el., 1980). In the present study enriching the
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incubation media with progesterone also significantly

decreased the production of prostacyclin by normal and

preeclamptic placentas. Similarly, estradiol slightly

decreased (but not significantly) placental prostacyclin

production from normotensive and preeclamptic patients.

This was contrary to the findings of Hyatt et al. (1983),

who determined that estradiol had a stimulatory effect on

prostacyclin production. The discrepencies of results

could be due to differences in methodologies! Hyatt et al.

(1983) utilized trypsinized dispersed cells, whereas my

study used mechanically separated fragments of tissue.

Simultaneous addition of progesterone and estradiol

resulted in the greatest inhibition of prostacyclin

production by normal and preeclamptic placentas. The

synergistic effect of these two steroids was consistent

with other steroid studies. Genti-Raimondi et al. (1983)

determined that estradiol increases levels of progesterone

by enhancing the conversion of pregnenolone to proges-

terone. Younes et al. (1981) isolated receptors for pro-

gesterone and estradiol in the cytosol of placental cells.

In addition, a previous study (Vu Hai et al., 1977) found

that cytosolic progesterone receptors increase in number

in response to estradiol. Therefore one would expect an

intensification of the effects of progesterone with

increased estradiol.

The regulation of thromboxane production from

placental cells in vitro by steroids has not been
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previously documented. Hitter and DiBlasi (1984),

studying umbilical endothelial cells, determined that

progesterone did not affect thromboxane, but estradiol

increased its release from these cells. In comparison,

Liggins et al. (1980) found that progesterone decreased

and estradiol increased the production of thromboxane from

cultured endometrium cells. In our experimental model

neither progesterone nor estradiol had any effect on the

production of thromboxane by normal or preeclamptic

placental tissues. Therefore, increases in thromboxane

production during preeclampsia do not appear to be

mediated by the actions of these two steroids.

Preeclampsia is characterized by deficient placental

production of prostacyclin and enhanced placental produc-

tion of thromboxane. The fact that progesterone pro-

duction is increased during preeclampsia and that it

effectively decreases the production of prostacyclin

implicate its involvement in the etiology of preeclampsia.

Progesterone could affect prostacyclin production in at

least three ways: 1) it could bind to prostacyclin

synthetase directly and act as an allosteric inhibitor;

2) it could bind to a cytosolic or nuclear receptor and

alter protein synthesis: 3) it could activate a secondary

messenger which could alter the activity of prostacyclin

synthetase.

It is likely, from the above data, that progesterone
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may directly affect prostacyclin synthesis within the

placenta. However, because the placental concentrations

of progesterone are not reflected in the peripheral

circulation (Walsh et al., 1974) it is possible that other

substances are involved in the maternal vascular changes

during preeclampsia. The hydroxyeicosatetraenoic acids

(HETE’s) are attractive substances to fulfill this role.

The HETE’s are known to be produced by platelets and

peripheral blood leukocytes (Borgeat et al., 1982). In

addition, they have been implicated in platelet function

(Sams et al.,1982), histamine release (Peters et al.,

1982),neutrophil and eosinophil chemotaxis (Konig et al.,

1982).

Interestingly, preliminary data compiled in our

laboratory (Fenner and Walsh, 1985) reveal that placental

tissues produce and metabolize the lipoxygenase products,

5-hydroxyeicosatetraenoic acid (5-HETE), 12-HETE and 15-

HETE. We have made several interesting observations con-

cerning the HETE’s:

1) The preeclamptic placenta produces less 5-

and 12-HETE than the normal placenta.

2) The addition of 5- or 12-HETE to the incuba-

tion media increased the production of

prostacyclin from one preeclamptic patient.

3) The production rates of the HETE’s,

prostacyclin and thromboxane are different.

4) Inhibition of prostaglandin and thromboxane

production increased the production of 12-HETE

and prevented the metabolism of 5-and 15-HETE.
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5) Addition of exogenous precursor (arachidonic

acid) greatly increases the production of the

HETE’s, with no appreciable effect on the pro-

duction rates of prostacyclin and thromboxane.

Therefore, our initial data indicate that there may be

some interaction between the HETE’s and prostacyclin and

thromboxane. Although it is too early to make any defi-

nite conclusions it is probable that the prostaglandins,

thromboxanes and HETE’s regulate each other as well as

exhibiting other biologic actions. If this is the case,

then in all likelihood the HETE’s may also be involved in

preeclampsia.



VI. SUMMARY AND CONCLUSIONS

2; Eififllinfllfli

1. During normal pregnancy the placenta produces

equivalent amounts of prostacyclin and thromboxane so

their biological actions on vascular tone, platelet

aggregation and uterine activity would be balanced.

2. In preeclamptic pregnancy the production of throm-

boxane is heavily favored over that of prostacyclin.

Therefore, thromboxane’s actions to increase vasoconstric-

tion, platelet aggregation and uterine activity would be

exacerbated.

3. Thromboxane synthase inhibitor significantly reduced

thromboxane production with no effect on the production

rate of prostacyclin in normal and preeclamptic placentas,

respectively. Thus thromboxane synthase inhibitor may

serve as an adjunct in the treatment of preeclamptic

patients in the future.

4. Prostacyclin and thromboxane production, in normal and

preeclamptic placentas, can be inhibited with

indomethacin. This indicates that both substances are

being produced and not just released from placental

tissues.

90
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5. Neither the production rate of prostacyclin nor that

of thromboxane were significantly affected by addition of

the substrate arachidonic acid in either normal or

preeclamptic placentas, respectively. Therefore, the

production of these eicosanoids is not substrate limited

in the placenta.

6. The production of thromboxane in normal placentas is

not affected by incubation in a 20% oxygen environment.

Thromboxane production in the preeclamptic placenta was

significantly reduced in a low oxygen environment.

l
o

1 Steroids

1. The production of progesterone from the preeclamptic

placenta is significantly greater than that from the

normal placenta.

2. The substrate pregnenolone significantly increased the

production of progesterone by normal and preeclamptic

placentas with no significant differences between these

two production rates. This suggests that there is no

difference in the activity of 3 HSDH between normal and

preeclamptic placentas.

3. The production of progesterone by preeclamptic placen-

tas was significantly greater than from normal placentas

with the precursor pregnenolone sulfate added. This
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implies an increase in the amount or activity of the

placental sulfatase enzyme (which converts pregnenolone

sulfate to pregnenolone) in the preeclamptic placenta.

4. There were no significant differences among production

curves for estradiol between normal and preeclamptic pla-

centas.

Q... muwmmm

WWMWMW

1. Addition of estradiol to the incubation media did not

affect the production of prostacyclin or thromboxane by

normal placentas or preeclamptic placentas.

2. The production of thromboxane in normal or pre-

eclamptic placentas was not affected by the addition of

progesterone or progesterone plus estradiol to the incu-

bation media.

3. The addition of progesterone or progesterone plus

estradiol significantly decreased the production rates of

prostacyclin by normal and preeclamptic placentas.

Because the preeclamptic placenta produces more proges-

terone endogenously, it is likely that the local produc-

tion of progesterone contributes to the decreased

production of prostacyclin in the preeclamptic placenta.
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APPENDIX A



Prostacyclin Radioimmunoassay

Placental production of prostacyclin was estimated by

radioimmunoassay (RIA) for the concentration of a stable

breakdown product, 6-keto PGFQDC in the incubation media.

6-keto PGFIOL is generated by nonenzymatic degradation of

prostacyclin.

REAGENTS:

All reagents used in the assay were diluted with

phosphate buffered saline (PBSG - 0.01 M phosphate, 0.09%

saline, 0.1% gelatin, 0.01% sodium azide at pH 7.4) (Table

6). Standards (9.88pg/0.05 ml - 1250pg/0.05 ml) were made

by adding known amounts of 6-keto PGFyx.to P886 in 50 ml

conical centrifuge tubes. Fresh standards were made every

six months. Disposable glass tubes (12mm X 75mm) were

used for the RIA. Rabbit antibody (Seragen, Boston, MA)

highly specific for 6-keto PGFDx,(Table 7) was diluted

1:20 in PBSG. The original volume of radioactive 6-keto

PGFlg‘ (New England Nuclear, Boston, MA: 0.25 ml of

acetonitrile:water, 9:1, with 0.025 mCi of labeled 6-keto

PGFlg‘ ) was diluted with an additional 1.0 ml of

acetonitrile:water (9:1) to minimize loss of the

radioactive prostaglandin due to evaporation and

adsorbtion on the vial during storage. For each assay

trace was diluted in P888 to a concentration of

approximately 6000 cpm/0.05 ml solution. Dextran-coated

charcoal (Table 6) was utilized in each RIA to separate
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1881.55

Table of Solutions

 

0.1 M Phosphate buffer

 

2.76 g NaHqu+0Hzp

11.35 g NazHPq$

9.0 9 NaCl

0.1 g gelatin

1000.0 ml grade 1 water

 

Charcoal Solution

 

2.5 g Norit A charcoal

(Fisher Scientific Co., Fair Lawn, NJ)

0.25 g Dextran T

(Pharmacia Fine Chemicals, Uppsala, Sweden)

500.0 ml of 0.01 M PBSG
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MEI-£2

Rabbit-anti-6-keto PGF§x_Cross Reactivity at 50% BlBo*

 

6-keto PGF§x_ (100%)

PGFlO‘ 7.8%

6-keto PGE1& 6.8%

PGF2 2.2%

PGEi 0.7%

PGE2 0.6%

PGD2 <0.01%

PGA2 <0.01%

PGAi <0.01%

PGBi <0.01%

P682 <0.01%

Thromboxane B2 <0.01%

15-keto PGFZOQ <0.01%

15-keto PGE2 <0.01%

DHKEZ <0.01%

DHKFZog <0.01%

 

*Data from Seragen
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the bound from the free fraction.

PROCEDURE:

A Micromedic automatic pipet was used to add all

reagents to the glass tubes. Fifty microliters of sample

or standard were pipeted into tubes and diluted with 150

ul of P886 (Table 8). The final incubation volume (300

ul) was reached by simultaneously adding 50 ul of antibody

and 50 ul of trace to each tube (Table 8). The total

amount of radioactivity in each tube was determined by the

counts per minute produced by 50 ul of trace in 250 ul of

P886 (Table 8). A zero dose tube (Bo tube) was made by

adding 50 ul of trace and 50 ul of antibody into 200 ul of

P836 (Table 8). Nonspecific binding in the assay was

determined from the counts per minute generated by a

charcoal stripped total count tube (Table 8). All tubes

were vortexed and incubated for 18-24 h at 4°C.

Following incubation 1.0 ml of dextran-coated

charcoal, pre-cooled to 0-4°C, was added to all tubes

except the total count tubes. The total count tubes

received 1.0 ml PBSG so that quenching was equal for all

tubes. Charcoal was used to separate labeled 6-keto PGFL* .

that was not bound by the antibody during the incubation

period. The charcoal solution was kept on ice and mixed

continuously. Immediately after charcoaling all the tubes

were vortexed and incubated for 15 minutes at 4°C. At the

end of this time period all the assay tubes were

centrifuged at 2000 x g (Beckman Model J-6B refrigerated



Prostacyclin Radioimmunoassay Protocol
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MEI-EB

 

 

Tube Buffer Trace Antibody recieve

' (ul) (ul) (ul) charcoal

on day 2

of assay

Total count 250 50 -- N0

tube

zero dose tube 200 50 50 YES

non-specific 250 50 -- YES

binding tube

standards 150 50 50 YES

(50 ul)

samples 150 50 50 YES

(50 ul)
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centrifuge, Palo Alto, CA) for 12 minutes. The supernatant

was decanted into scintillation vials containing 15 ml of

scintillation cocktail (Safety Solve, Mount Prospect, IL)

The entire volume of each total count tube was decanted

into a scintillation vial. The radioactivity in each

assay tube was counted on a Packard Tri Carb 300C liquid

scintillation counter (Packard Instrument Co., Downers

Grove, IL) for ten minutes or until 2.0 percent accuracy

was achieved.

Standards were plotted as a percentage of the zero

dose tubes (% 8180). The sample concentration could then

be calculated from the standard curve using the percent

binding of each sample obtained experimentally.

82113111131111.1111“

Specificity: A highly specific antibody for 6-keto PGF1

was used in this assay (Table 7). Therefore sample

extraction was not necessary and the incubation media was

assayed directly.

Test of Parallelism: A patient sample, with an unknown

quantity of 6-keto PGFkx, was serially diluted three times

with DMEM and processed in each assay. These were plotted

as a percent of the zero dose and assessed for parallelism

to the standard curve (Figure 23).

Sensitivity: The concentration two standard deviations

away from the zero dose level, the least detectable

concentration, was 2.72 pg f 0.62 (mean + SE, n=10).
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E13232;

Representative binding of the 6-keto PGF1O‘

standards. Plotted are the percentage of the

total binding for each of the eight standards

(mean 3 SE, n-10). Also graphed are the serial

dilutions (mean 3 SE, n-5): P12.5 I 12.5 ul of

sample, P25 - 25 ul of sample, P50 - 50 ul of

sample.
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Test of Parallelism

P12.5 P25 P50

.1 l l
 

1  
1

l I I l I 1 r If—I

1819.6 39 75 155 312 625 1250

Amount of 6—keto PGF1a (pg/0.05 ml)

Figure 23
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Precision of the assay: Within- and between-assay

variations were calculated according to the methods of

Rodbard for each of the three serial dilutions (Table 9).

Within-assay variations ranged from 4.79 to 6.70% and

between-assay variations ranged from 10.8 to 14.8%.

Accuracy: To determine the accuracy of the assay, varying

concentrations of 6-keto PGFlag were added to DMEM.

Within- and between-assay variations were calculated ac-

cording to the methods of Rodbard for each spiked sample

(Table 10). Within-assay variations ranged from 5.7 to

13.5% and between-assay variations ranged from 8.2 to 22%.

The recovery values for the spiked samples are plotted in

Figure 24. Unspiked DMEM samples were also run in each

assay and were equivalent to a zero dose response (mean 1

SE, 110 1 1.32%, n-S).
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1621.52

Precision of the 6-keto PGF1,gRadioimmunoassay

 

 

Volume of Mean df Within- Within- Between- Between-

standard assay assay assay assay

assayed variation variation

(ul) (pg) SD -CV SD ICV

12.5 75.0 5 3.59 4.79 11.1 14.8

25 157 5 8.68 5.53 16.9 10.8

50 290 5 19.4 6.70 42.8 14.8
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IABLE 19

Accuracy of the 6-keto PGFlo‘Radioimmunoassay

 

 

Amount of Amount of Uithin- Uithin- Between- Between-

6-keto 6-keto assay assay assay assay

PGF lot PGFlo‘ var iat ion var iat ion

added recovered

(pg) (pg) df SD ICU SD ICV

625 609 12 50.0 8.20 55.5 9.10

312 316 7 20.3 6.41 29.5 9.30

156 140 12 10.4 7.42 17.3 12.3

78 69 7 3.93 5.70 5.65 8.20

39 26.8 12 3.60 13.5 5.94 22.0
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E1322: 2:!

Test of accuracy of the 6-keto PGFlagassay. Known

amounts of 6-keto PGFL‘added were plotted against

the amount recovered in the assay (mean 1 SE).
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APPENDI X B



Thromboxane Radioimmunoassay

Placental production of thromboxane was estimated by

radioimmunoassay (RIA) for the concentration of a stable

breakdown product, TXB2. in the incubation media. TXB2 is

generated by nonenzymatic degradation of thromboxane.

REAGENTS:

All reagents used in the assay (except the antibody)

were diluted with phosphate buffered saline (PBSG - 0.01 M

phosphate, 0.09% saline, 0.1% gelatin, 0.01% sodium azide

at pH 7.4) (Table 6). The antibody was diluted with a

bovine gamma globulin-phosphate buffer (BGG-phosphate-

0.01 M phosphate at pH 7.4, 0.9% sodium chloride, 0.1%

bovine gamma globulin and 0.1% sodium azide). Fresh stan-

dards (3.12pg/0.01 ml - 200pg/0.01 ml) were made for

each assay by adding known amounts of TXBZ to P888 in 5 ml

glass test tubes. Disposable glass tubes (12mm X 75mm)

were used for the RIA. Rabbit antibody (Seragen, Boston,

MA) highly specific for TXBZ (Table 11) was diluted 1:35

in Bee-phosphate buffer. The original volume of radioac-

tive TXB2 (New England Nuclear, Boston, MA: 0.25 ml of

ethanol with 0.025 mCi of labeled TXB2) was diluted with

an additional 1.0 ml of ethanol to minimize loss of the

radioactive prostaglandin due to evaporation and adsorb-

tion on the vial during storage. For each assay trace was

diluted in PBSG to a concentration of approximately 6000

cpm/0.10 ml solution. Dextran-coated charcoal (Table 6)
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IBELE 1.1

Rabbit-anti-TXBZ Cross Reactivity at 50% BlBo*

 

Thromboxane B2 (100%)

P602 (0.1%

P6E1 (0.1%

PGE2“ <0. 1%

P6F10¢ (0.1%

6-keto P6E1o¢ (0.1%

P6F2 (0.1%

P6A2 (0.1%

P6A1 (0.1%

P681 (0.1%

PGB2 (0.1%

DHKEZ (0.1%

DHKFZoc <0. 1%

5-HETE (0.1%

12-HETE (0.1%

15-HETE (0.1%

 

*Data from Seragen
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was utilized in each RIA.

PROCEDURE:

A Micromedic automatic pipet was used to add all

reagents to the glass tubes. One hundred microliters of

standard and no buffer or 10 ul of sample with 90 ul of

PBSG were pipeted into assay tubes (Table 12). The final

incubation volume (300 ul) was reached by simultaneously

adding 100 ul of antibody and 100 ul of trace to each tube

(Table 12). The total amount of radioactivity in each

tube was determined by the counts per minute produced by

100 ul of trace in 200 ul of PBSG (Table 12). A zero dose

tube (Bo tube) was made by adding 100 ul of trace and 100

ul of antibody into 100 ul of PBSG (Table 12).Nonspecific

binding in the assay was determined from the counts per

minute generated by a charcoal stripped total count tube

(Table 12). All tubes were vortexed and incubated for 18-

24 h at 4'c.

Following incubation 1.0 ml of dextran-coated char-

coal, pre-cooled to 0-4'0, was added to all tubes except

the total count tubes. The total count tubes received 1.0

ml PBSG so that quenching was equal for all tubes. Char-

coal was used to separate labeled TXB2 was not bound by

the antibody during the incubation period. The charcoal

solution was kept on ice and mixed continuously. Immedi-

ately after charcoaling all the tubes were vortexed and

incubated for 15 minutes at 4°C. At the end of this time
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1821.512

Thromboxane Radioimmunoassay Protocol

 

 

Tube Buffer Trace Antibody recieve

(ul) (ul) (ul) charcoal

on day 2

of assay

Total count 200 100 -- N0

tube

zero dose tube 100 100 100 YES

non-specific 200 100 -- YES

binding tube

standards -- 100 100 YES

(100 ul)

samples 90 100 100 YES

(10 ul)
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period all the assay tubes were centrifuged at 2000 x g

(Beckman Model J-6B refrigerated centrifuge, Palo Alto,

PCA) for 12 minutes. The supernatant was decanted into

scintillation vials containing 15 ml of scintillation

cocktail (Safety Solve, Mount Prospect, IL). The entire

volume of each total count tube was decanted into a scin-

tillation vial. The radioactivity in each assay tube was

counted on a Packard Tri Carb 3000 liquid scintillation

counter (Packard Instrument Co., Downers Grove, IL) for

ten minutes or until 2.0 percent accuracy was achieved.

Standards were plotted as a percentage of the zero

dose tubes (% BlBo). The sample concentration could then

be calculated from the standard curve using the percent

binding of each sample obtained experimentally.

81115111115191me

Specificity: A highly specific antibody for TXBZ was used

in this assay (Table 11). Therefore sample extraction was

not necessary and the incubation media was assayed

directly.

Test of Parallelism: A patient sample, with an unknown

quantity of TXBZ, was serially diluted three times with

DMEM and processed in each assay. These were plotted as a

percent of the zero dose and assessed for parallelism to

the standard curve (Figure 25).
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5135132:

Representative binding of the TXB2 standards.

Plotted are the percentage of the total binding

for each of the six standards (mean 1 SE, nI7).

Also graphed are the serial dilutions (mean 1 SE,

nI5): P2.5 I 2.5 ul of sample, P5.0 I 5.0 ul of

sample, P10.0 I 10.0 ul of sample.
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Test of Parallelism

P2.5 P5.0 P10.0

l l l I I l l I l ‘l

1 6.25115 25 50 100 200

Amount of Thromboxane (pg/0.10 ml)

Figure 25
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Sensitivity: The concentration two standard deviations

away from the zero dose level, the least detectable con-

centration, was 2.33pg 1 1.06 (mean + SE, nI7).

Precision of the assay: Within- and between-assay

variations were calculated according to the methods of

Rodbard for each of the three serial dilutions (Table 13).

Within-assay variations ranged from 7.21 to 10.1% and

between-assay variations ranged from 10.7 to 14.2%.

Accuracy: To determine the accuracy of the assay, varying

concentrations of TXB2 were added to DMEM. Within- and

between-assay variations were calculated according to the

methods of Rodbard for each spiked sample (Table 14).

Within-assay variations ranged from 6.03 to 8.04% and be-

tween-assay variations ranged from 9.67 to 13.8%. The

recovery values for the spiked samples are plotted in

Figure 26. Unspiked DMEM samples were also run in each

assay and were equivalent to a zero dose response (mean 1

SE, 110 1 3.95%, n34).
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1821-511

Precision of the TXBZ Radioimmunoassay

 

 

Volume of Mean df Within- Uithin- Between- Between-

standard assay assay assay assay

assayed variation variation

(ul) (pg) SD ICU SD ICV

2.5 178 5 12.8 7.21 25.2 14.2

5.0 329 5 33.4 10.1 44.2 13.4

10.0 585 5 43.7 7.47 62.8 10.7
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1821-513

Accuracy of the TXBZ Radioimmunoassay

 

 

Amount of Amount of Hithin- Uithin- Between- Between-

TXB2 TXB2 assay assay assay assay

added recovered variation variation

(pg) (pg) df SD ICV SD ICV

50 59.0 7 3.55 6.03 8.14 13.8

100 114 7 9.17 8.04 11.0 9.67
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Emunezo

Test of accuracy of the TXBZ assay. Known

amounts of TXB2 added were plotted against the

amount recovered in the assay (mean 1 SE).



130

  
 

5120— Test of Accuracy

0

o'
\

8’.

"U

0

i
8

2

N

(D

X
I’—

”5

E
E O 1 I 1 1

< O 50 100

Amount of TX82 added (pg/0.05mi)

Figure 26



APPENDI X C



Progesterone Radioimmunoassay

Placental production of progesterone was estimated by

direct radioimmunoassay (RIA) for the concentration of

progesterone in the incubation media.

REAGENTS:

All reagents lused in the assay were diluted with

phosphate buffered saline (PBSG - 0.01 M phosphate, 0.09%

saline, 0.1% gelatin, 0.01% sodium azide at pH 7.4) (Table

6). Fresh standards (0.05ng/0.01 ml - 3.20ng/0.01 ml)

were made for each assay by adding known amounts of

progesterone to PBSG in 5 ml glass test tubes. Disposable

glass tubes (12mm X 75mm) were used for the RIA. Rabbit

antibody (RSL Inc., Carson, CA) highly specific for pro-

gesterone (Table 15) was diluted 1:10,500 in PBSG. The

original volume of radioactive progesterone (Amersham,

Arlington Heights, IL: 0.25 ml of ethanol with 0.025 mCi

of labeled progesterone) was diluted with an additional

1.0 ml of ethanol to minimize loss of the radioactive

prostaglandin due to evaporation and adsorbtion on the

vial during storage. For each assay trace was diluted in

PBSG to a concentration of approximately 10,000 cpm/0.10

ml solution. Dextran-coated charcoal (Table 6) was uti-

lized in each RIA.
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Rabbit-anti-progesterone Cross Reactivity at 50% B/Bo*

 

Progesterone

Deoxycortisone

Pregnenolone

ZOOL-Dihydroprogesterone

Cholesterol

Pregnenolone Sulfate

17ok-Hydroxypregnenolone

17ot-Hydroxyprogesterone

11-Deoxycortisol

Cortisol

Corticosterone

Aldosterone

Androstenedione

Testosterone

50‘-Dihydrotestosterone

Dehydroepiandrosterone

Androsterone

Ethiocholanolone

Estradiol -17,6’

Estradiol-175‘

Estrone

Estradiol

(100%)

1.5%

0.8%

0.3%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

<0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

(0.01%

<0.01%

 

*Data from RSL, Inc.



PROCEDURE:

A Micromedic automatic pipet was used to add all

reagents to the glass tubes. One hundred microliters of

standard or 2.5 ul of sample were diluted to a total

volume of 500 ul with PBSG (Table 16). The final incuba-

tion volume (700 ul) was reached by simultaneously adding

100 ul of antibody and 100 ul of trace to each tube (Table

16). The total amount of radioactivity in each tube was

determined by the counts per minute produced by 100 ul of

trace in 600 ul of PBSG (Table 16). A zero dose tube (Bo

tube) was made by adding 100 ul of trace and 100 ul of

antibody into 500 ul of PBSG (Table 16). Nonspecific

binding in the assay was determined from the counts per

minute generated by.a charcoal stripped total count tube

(Table 16). All tubes were vortexed and incubated for 1

at 20 ‘c or for 24 h at 4°C.

Following incubation 200 ul of dextran-coated char-

coal, pre-cooled to 0-4'C, was added to all tubes except

the total count tubes. The total count tubes received 200

ul PBSG so that quenching was equal for all tubes. Char-

coal was used to separate labeled progesterone that was

not bound by the antibody during the incubation period.

The charcoal solution was kept on ice and mixed continu-

ously. Immediately after charcoaling all the tubes were

vortexed and incubated for 20 minutes at 4°C. At the end

of this time period all the assay tubes were centrifuged

at 2000 x g (Beckman Model J-6B refrigerated centrifuge,
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129.255 is

Progesterone Radioimmunoassay Protocol

 

Tube Buffer Trace Antibody recieve

(ul) (ul) (ul) charcoal

on day 2

of assay

 

Total count 600 100 -- NO

tube

zero dose tube 500 100 100 YES

non-specific 600 100 -- YES

binding tube

standards 400 100 100 YES

(100 ul)

samples 497.5 100 100 YES

(2.5 ul)

 



Palo Alto, CA) for 15 minutes. The supernatant was

decanted into scintillation vials containing 15 ml of

scintillation cocktail (Safety Solve, Mount Prospect, IL).

The entire volume of each total count tube was decanted

into a scintillation vial. The radioactivity in each

assay tube was counted on a Packard Tri Carb 3000 liquid

scintillation counter (Packard Instrument ,Co., Downers

Grove, IL) for ten minutes or until 2.0 percent accuracy

was achieved.

Standards were plotted as a percentage of the zero

dose tubes (% B/Bo). The sample concentration could then

be calculated from the standard curve using the percent

binding of each sample obtained experimentally.

Be1_a911111 21 1.: Essex

Specificity:‘ A highly specific antibody for progesterone

was used in this assay (Table 15). Therefore sample

extraction was not necessary and the incubation media was

assayed directly.

Test of Parallelism: A patient sample, with an unknown

quantity of progesterone was serially diluted three times

with DMEM and processed in each assay. These were plotted

as a percent of the zero dose and assessed for parallelism

to the standard curve (Figure 27).



5192:: 22

Representative binding of the progesterone stan-

dards. Plotted are the percentage of the total

binding for each of the nine standards (mean 1 SE,

n=5). Also graphed are the serial dilutions (mean

1 SE, n= 4): P2.5 = 2.5 ul of sample, P5.0 = 5.0

ul of sample, P10.0 = 10.0 ul of sample.
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,,_ Test of Parallelism
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Amount of Progesterone (pg/0.10 ml)

Figure 27



Sensitivity: The concentration two standard deviations

away from the zero dose level, the least detectable con-

centration, was 0.016ng 1 0.007 (mean 1 SE, n=5).

Precision of the assay: within- and between-assay

variations were calculated according to the methods of

Rodbard for each of the three serial dilutions (Table 17).

Within-assay variations ranged from 1.62 to 5.57% and

between-assay variations ranged from 3.54 to 13.8%.

Accuracy: To determine the accuracy of the assay, varying

concentrations of progesterone were added to DMEM.

Within- and between-assay variations were calculated ac-

cording to the methods of Rodbard for each spiked sample

(Table 18). Within-assay variations ranged from 4.60 to

12.9% and between-assay variations ranged from 11.1 to

14.9%. The recovery values for the spiked samples are

plotted in Figure 28. Unspiked DMEM samples were also run

in each assay and were equivalent to a zero dose response

(mean 1 SE, 106 1 3.69%, n=5).



1821.5 .12

Precision of the Progesterone Radioimmunoassay

 

 

Volume of Mean df Within- Nithin- Between- Between-

standard assay assay assay assay

assayed variation variation

(ul) (ng) SD ICV SD =CV

2.5 0.58 4 0.01 2.43 0.02 3.54

5.0 1.21 4 0.06 5.57 0.05 3.93
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[ABLE 1g

Accuracy of the Progesterone Radioimmunoassay

 

 

Amount of Amount of Within- Within- Between- Between-

Proges. Proges. assay assay assay assay

added recovered variation variation

(ng) (ng) df SD =CV SD =CV

0.4 0.34 3 0.04 12.9 0.04 11.1

1.4 1.37 5 0.08 5.80 0.20 14.9
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515222 28

Test of accuracy of the progesterone assay. Known

amounts of progesterone added were plotted against

the amount recovered in the assay (mean 1 SE).
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Test of Accuracy
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APPENDIX D



Estradiol Radioimmunoassay

Placental production of estradiol was estimated by

direct radioimmunoassay (RIA) for the concentration of

estradiol in the incubation media.

REAGENTS:

This assay was obtained from RSL Inc. (Carson, CA) as

a complete kit (catalog #1018). All reagents in the assay

were used as provided by RSL Inci Disposable glass tubes

(12mm x 75mm) were used in each assay. Rabbit antibody

highly specific for 17A?-estradiol (Table 19) was utilized

in the assay.

PROCEDURE:

Twenty-five microliters of standard or sample .were

diluted with 0.1 ml of sex binding globulin inhibitor

(SBGI) solution (Table 20). The initial incubation volume

(1.125 ml) was reached by adding 0.5 ml of anti-estradiol

and 0.5 ml of trace to each tube (Table 20). All tubes

were vortexed and incubated at 37°C for 1 h. The total

amount of radioactivity in each tube was determined by the

counts per minute produced by 0.5 ml of trace in 0.5 ml

of assay buffer and 0.1 ml of SBGI solution (Table 20). ,A

zero dose tube (Bo tube) was made by adding 0.5 ml of

trace, 0.5 ml of anti-estradiol and 0.1 ml of 8861 solu-

tion (Table 20). Nonspecific binding in the assay was

determined from the counts per minute generated by a total

143



Rabbit-anti-estradiol Cross Reactivity at 50% B/Bo*

 

Estradiol, 17,4 (100%)

Estrone 15.0%

Estriol 1.15%

Estradiol-12x. 0.68%

Progesterone <0.01%

Deoxycortisone <0.01%

Pregnenolone <0.01%

20°<-Dihydroprogesterone <0.01%

Cholesterol <0.01%

Pregnenolone Sulfate <0.01%

17of-Hydroxypregnenolone <0.01%

17b9-Hydroxyprogesterone <0.01%

11-Deoxycortisol <0.01%

Cortisol <0.01%

Corticosterone <0.01%

Aldosterone <0.01%

Androstenedione <0.01%

Testosterone <0.01%

50‘-Dihydrotestosterone <0.01%

Dehydroepiandrosterone <0.01%

Androsterone <0.01%

Ethiocholanolone <0.01%

 

*Data from RSL, Inc.
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IABLE 29

Estradiol Radioimmunoassay Protocol

 

 

Tube Buffer Trace Anti- receive receive

estradiol SBGI* second

solution antibody

(ml) (ml) (ml) (0.1 ml) (0.1 ml)

Total count 0.5 0.5 -- -- NO

tube

zero dose tube -- 0.5 0.5 YES YES

non-specific 0.5 0.5 -- YES YES

binding tube

standards -- 0.5 0.5 YES YES

(25 ul)

samples -- 0.5 0.5 YES YES

(25 ul)

 

*SBGIIsex binding globulin inhibitor
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count tube which received the second antibody (Table 20).

All tubes were vortexed and incubated for 1-24 h at 4°C.

Following the initial incubation 0.1 ml of second

antibody, goat anti-rabbit gamma globulin, was added to

all tubes except the total count tubes (Table 20). The

second antibody was added to precipitate the antibody

bound antigen. All test tubes were vortexed and incubated

at 370C for another 60 minutes. After this incubation all

tubes were centrifuged at 1000 x g (Beckman Model J6-B

centrifuge, Palo Alto, CA) for 20 minutes. The superna-

tant was discarded (except in the case of the total count

tubes) and the radioactivity in the precipitate was count-

ed on a Packard Auto-Gamma 800C scintillation counter

(Packard Instrument Co., Downers Grove, IL) for five min-

utes or until 2.0 percent standard deviation was achieved.

Standards were plotted as a percentage of the zero

dose tubes (% B/Bo, Figure 29). The sample concentration

could then be calculated from the standard curve using the

percent binding of each sample obtained experimentally.

Specificity: A highly specific antibody for progesterone

was used in this assay (Table 19). Therefore sample

extraction was not necessary and the incubation media was

assayed directly.
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Elasns 22

Representaive binding of the estradiol standards.

Plotted are the percentage of the total binding

for each of the seven standards (mean 1 SE, n=5).
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,,_ Plot of Standards
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Test of Parallelism: Serial dilutions were not performed

for the estradiol RIA.

Sensitivity: The concentration two standard deviations

away from the zero dose level, the least detectable con-

centration, was 0.16pg 1 0.05 (mean 1 SE, n=5).

Precision of the assay: These calculations were not possi-

ble for the serial dilutions but were calculated on the

spiked samples (Table 21).

Accuracy: To determine the accuracy of the assay, varying

concentrations of estradiol were added to DMEM. Within-

and between-assay variations were calculated according to

the methods of Rodbard for each spiked sample (Table 21).

Within-assay variations ranged from 7.26 to 13.5% and be-

tween-assay variations ranged from 4.64 to 9.40%. The

recovery values for the spiked samples are plotted in

Figure 30. Unspiked DMEM samples were also run in each

assay and were equivalent to a zero dose response (mean 1

SE, 99 1 3.0%, n=3).
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IQBLEZA.

Precision and Accuracy of the Estradiol Radioimmunoassay

 

 

Amount of Amount of Nithin- Uithin- Between- Between-

Estradiol Estradiol assay assay assay

added recovered variation variation

(pg) (pg) df SD =CV =CV

5.0 3.43 3 0.46 13.5 9.40

30 24.5 3 1.78 7.26 4.64

 

 



5.1.32.2 :29

Test of accuracy of the estradiol assay. Known

amounts of estradiol added were plotted against

the amount recovered in the assay (mean 1 SE).
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Test of Accuracy
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