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SUMMARY

Myometria and aortae from non-pregnant and ovariectomized rats 

when chopped and incubated in Krebs solution (50% and 25% w/v) res

pectively) at 20°C released an anti-aggregatory material. This sub

stance resembled in its properties (being stable at pH 12 and

losing anti-aggregatory activity on acidification). It was conclusively 

identified as PGI^ by detection of the hydrolytic product 5-oxo PGF^a 

using GC/MS. Aortae from the same rats released greater amounts 

of PGI^ than the myometrium and the generation of the substance in

creased steadily with incubation times. Myométrial production of PGI^ 

peaked after 30 min of incubation.

The generation of PGI^ by both myometrium and aorta varied 

during the oestrous cycle with minimum output seen at oestrous and 

maximal production at dioestrous. Administration of ovarian hormones 

{in-vivo or in-vitro) produced different effects on myométrial and 

aortic PGI2 release. The hormones increased aortic and decreased 

myométrial PGI^ formation. Aortic PGI2 synthesis also dramatically in

creased on day 21 of gestation compared to day 20. However, aortae 

taken from 20-day pregnant rats released a similar amount of PGI^ to 

those taken from non-pregnant rats (in oestrous) or male rats .

The in-vitro stimulant effect of diethylstilboestrol (ST) on 

aortic PGI2 formation was blocked by mepacrine, protein synthesis inhi

bitors (cycloheximide and puromycin) and the anti-oestrogen ethamoxy

triphetol. This was also true for the effect of progesterone on aortic 

PGI^ production. On the other hand, the inhibitory influence of ST on 

myométrial PGI2 formation was partially reversed by phospholipase 

and arachidonic acid, but it was resistant to protein synthesis in

hibitors and ethamoxytriphetol.
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CHAPTER 1

INTRODUCTION



1. INTRODUCTION

1.1 Chemistry

Prostaglandin (PG) was the name given to a group of lipid sub

stances present in human semen that showed a vasodepressor and smooth 

muscle contractile activity (von Euler, 1937). Similar substances 

were extracted from sheep prostrate glands (Bergstrom and Sjovall, 

1960 a,b) and later biosynthesised from the 20 C-polyunsaturated 

fatty acid, arachidonic acid (AA) (Bergstrom, Danielsson and 

Samuelsson, 1964; Van Dorp, Beerthuis, Nugteren and Vonkeman,

1964). PGs can be considered as analogues of the theoretical 20-C 

compound, prostanoic acid (see Fig. 1.). They are classified 

according to the substitutional groijp on the cyclopentane ring 

into PGs D, E, F , G, H and I. The latter has a furan ring attached 

to the cyclopentane ring, and the thromboxanes (TX) have an oxane 

nucleus instead of the cyclopentane ring. They are further divided 

into mono, bis or tri-enoic compounds according to the number of 

double bonds in the side chains and denoted by a suffix 1 , 2 , or 

3 respectively (Bergstrom et al., 1964; Van Dorp et al., 1964; 

Daniels, Hinman, Johnson, Kupiecki, Nelson and Pike, 1965). The 

mono, bis and trienoic PGs are derived from the 20-C polyunsaturated 

fatty acids, 5,8 ,11-eicosatrienoic acid (dihomo-y-linolenic acid),

5,8,11,14-eicosatetraenoic acid (arachidonic acid, AA) and 5,8,11,14- 

17-eicosapentaenoic acid respectively. The monoenoic PGs have the 

double bond at C-13 in trans, the bisenoic PGs have a second double 

bond in cis at C-5 and the tri-enoic PGs have a third double bond 

in cis at C-17. The PG F family is further divided into a and 

6-forms according to the location of the hydroxyl group at C - 9
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(above or below the plane of the cyclopentane ring; a form, hydroxyl 

above).

Among the classes of PGs, the bisenoic group are the most 

widely occurring as their precursor fatty acid (AA) can be obtained 

directly from the diet (meat) or by desaturation and elongation 

of linoleic acid from vegetables (Marcel, Christiansen and Holman, 

1958). The level of free AA in the plasma (Hagenfeldt, 1975) and 

cell cytoplasm (Bills, Smith and Silver, 1977) is very low. Like 

other polyunsaturated fatty acids, (e.g. stearic acid), AA is 

esterified in membrane phospholipid complexes (Coots, 1965) and 

liberation of the free acid is a primary step in PG synthesis 

(Vonkeman and Van Dorp, 1968).

1.2 Release of arachidonic acid

AA is normally esterified in position 2 of glycerophospholipids 

(Coots, 1965; see Fig. 2) and is released by an enzyme known as 

phospholipase A^ (PLA^) (Flower and Blackwell, 1976). This enzyme 

is widely distributed and is reported to be present in mito

chondria (Weglickl, Waite, Sisson and Shohet, 1971), plasma 

membranes and microsomes (Newkirk and Waite, 197 3) and lysosomal 

membranes (Rahaman and Wiel, 1970; Traynor and Authi, 1981).

Other phospholipases have been reported to be present such 

as phospholipase A^ (PLA^)which releases the fatty acid at C-1 

and phospholipase C (PLC) that liberates the phosphorylated 

base leaving behind the diglyceride. The diglyceride is further



hydrolysed by the 1,2 diacylglycerol lipase to the free fatty acids 

(e.g.stearic acid and AAXFlower, 1981a). The enzyme phospho

lipase C has been detected in human platelets (Bell, Kennerly, 

Stanford and Majerus,1979) and the rat kidney (Speziale,

Speziale, Terragno and Terragno, 1982). In plants a third 

phospholipase enzyme called phospholipase D (PLD) has been 

detected, and this enzyme releases the base leaving behind 

a phosphatidic acid (Flower, 1981a).

1.2.1 Factors regulating phospholipase activity

Factors leading to PLA^ activation and AA release 

are poorly understood; however the topic has been reviewed by 

Van den Bosch (1980). PLA^ in general is calcium-dependent,

however, the lysosomal enzymes are inhibited by calcium (Van 

den Bosch, 1980). Tissue damage (chemical, mechanical or 

immunological) increases the intracellular calcium concentration 

in the enzyme locus (Rahaman and Wiel, 1970). This activates 

PLA^ and increases the permeability of the released AA into 

the PG synthetase compartment (Flower and Blackwell, 1976).

Drugs that elevate the intracellular calcium concentration, 

such as thrombin, calcium ionophore A23187, bradykinin and 

angiotensin II have been reported to activate PLA^ (Feinstein, 

Becker and Fraser,1977 ; Van den Bosch, 1980; Brotherton and 

Hoak, 1982). Omission of calcium from the incubation medium 

or addition of mepacrine has been shown to block the stimulant 

effect of the calcium ionophore A23187 on guinea-pig 

myométrial PLA^ (Vesin, Leiber and Harbon, 1982). The
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influence of calcium on PLA^ activity is believed to be mediated 

via the ubiquitous calcium binding protein, calmodulin. 

Calmodulin antagonists (trifluoperazine, chlorpromazine 

or fluphenazine) have been shown to inhibit PLAg but not PLC 

activity in human platelets (Walenga, Opas and Feinstein, 1981).

An increase in the intracellular 3,5-cyclic adenosine 

monophosphate (c AMP) inhibits the PLA^ activity of horse 

(Lapetina, Schimtges, Chandrabose and Cuatrecasas, 1977) and 

human platelets (Minkes, Stanford, Chi, Roth, Raz, Needleman 

and Majerus, 1977). c AMP may exert its effect by de

creasing the calcium uptake and enhancing the binding of 

calcium to intracellular stores (Imai, Hattori, Takahashi and 

Nozawa, 1983).

Glucocorticoids have been shown to reduce the availability 

of AA in tissues and to decrease PG formation (Gryglewski, 

Panczenko, Korbut, Grodzinska and Ocetkiewicz , 197 5). They 

induce their action by stimulating the synthesis arid release 

of a heat-labile, dialysable proteinaceous substance called 

macrocortin which inhibts PLA^. This effect of glucocorticoids 

is blocked by the receptor antagonist (Cortexolone); a ribo

nucleic acid (RNA) synthesis inhibitor (actinomycin D ) ; a 

protein synthesis inhibitor (puromycin) and a dual RNA and 

protein synthesis inhibitor (cycloheximide) (Flower and 

Blackwell, 1979; Blackwell, Carnuccio, Di Rosa, Flower, Parente 

and Persico, 1980).



The proteolytic enzyme, trypsin, has been shown to activate 

the porcine pancreatic PLA^ by splitting a part of the molecule 

which is believed to inactivate the enzyme <De Hass, Poste m a , 

Nieuwenhuizen and Van Deehen, 1968).

Lastly PLA^ can be inhibited by exogenous compounds such 

as the anti-malarial drug mepacrine (quinacrine) (Vargaftig 

and Dao Hai,1972; Flower and Blackwell, 1976), bromophenacyl- 

bromide, chlorpromazine and local anaesthetics (Blackwell and 

Flower, 1983). Figure 3 summarizes some endogenous factors 

regulating the activity of the PLA^.

1.3 Arachidonic acid metabolism

The released AA is rapidly metabolised via the cyclo

oxygenase (Fig. 1) and/or lipoxygenase (Fig. 4)pathways.

1.3.1 Cyclooxygenase pathways

Cyclooxygenase is a microsomal enzyme that converts 

AA in the presence of molecular oxygen, into an intermediate 

endoperoxide PGG^ whose 15-hydroperoxide group is then reduced 

to a hydroxyl group by a peroxidase forming a second unstable 

intermediate, PGHg (Hamberg and Samuelsson, 1973; Miyamoto,

Ogino, Yamamoto and Hayaishi, 1976). The unstable PGH^ is con

verted enzymatically (via isomerases and reductase) or non- 

enzymatically to PGE^, PGD^ and PGF^a (Nugteren and Hazelhof, 1973;
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Hamberg, Svensson, Wakabayashi and Samulesson, 1974). Cofactors

can enhance the formation of certain PGs, e.g. reduced glutathione
2+stimulates PGEg formation>Cu and stannous chloride (SnCl^) 

stimulates PGFgü production (Lands, Lee and Smith, 1971;

Hamberg and Samuelsson, 1973).

The cyclooxygenase is inhibited by non-steroidal anti

inflammatory drugs such as aspirin, indomethacin (Vane, 1971), 

meclofenamic acid, naproxen and phenylbutazone (Flower, 1974). 

Aspirin inhibits the cyclooxygenase through irreversible 

acétylation of the active site of the enzyme while indomethacin 

is a competitive inhibitor for the substrate site of the enzyme 

(Stanford, Roth, Shen and Majerus, 1977). Willems, De Groot, Pool, 

Gonsalvez, Van Aken and Van Mourik (1982) have recently 

reported the presence of two pools of cyclooxygenase in human 

vascular endothelial cells, distinguished by their ability to 

recover quickly from the aspirin-inhibition.

The cyclooxygenase enzyme is also inhibited by the 

precursor analogues such as 5,8,11,14-eicosatetraynoic acid 

(ETYA) (Ahern and Downing, 1970) and by BW755C (3-amino-l- 

m-(trifluoromethyl)-phenyl -2-pyrazoli ne) (Higgs,Flower 

and Vane, 1979).

The endoperoxides PGG2 and PGHg are converted by two 

other enzymes, thromboxane synthetase and prostacyclin synthetase 

into thromboxane A^ (TXA^) and prostacyclin (PGI2 ) respectively.
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1.3.1.1 Thromboxane

The release of an unstable short-lived rabbit 

aorta-contracting substance (RCS) from isolated sensitized 

guinea-pig lungs on AA perfusion, was reported by Piper and 

Vane (1969; 1971). RCS was found to be a mixture of PGG^ ̂

PGH^ and a new substance that aggregated platelets and was 

designated thromboxane A^ (TXA^) (Hamberg, Svensson and Samuel

sson, 1975). The enzyme responsible for the TXA^ formation was 

isolated from the microsomal fraction of human and horse 

platelets and called thromboxane synthetase (Needleman, 

Moncada, Bunting, Vane, Hamberg and Samuelsson, 1976). The 

half life of TXA^ in aqueous solution of pH 7.4 at 37°C was 

found to be 30 seconds, breaking down non-enzymatically to 

a more stable product named thromboxane B^ (TXB^) (Hamberg 

et ai., 1975). The formation of TXA^ in platelets was 

accompanied by 12-hydroxyheptadecatrienoic acid (12-HHT) and 

malondialdehyde (MDA) generation (Diczfalusy and Hammarstrom, 

1977) .

Several compounds have been shown to inhibit TXA2 

formation such as benzydamine and indomethacin (Moncada, 

Needleman, Bunting and Vane, 1976a), imidazole (Moncada, 

Bunting, Mullane, Thorogood, Vane, Raz and Needleman,

1977a) and N-butylimidazole (Blackwell, Flower, Russell-Smith, 

Salmon, Thorogood and Vane, 1978).
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1.3.1.2 Prostacyclin (PGI )̂

Pig and rabbit aortic microsomes when incubated 

with PG endoperoxides generate a substance whose properties 

as a vascular relaxant and platelet anti-aggregatory agent 

do notmatch those properties of PG endoperoxides, PGF^ot

or PGDg. This substance was called PGX (Moncada, Gryglewski, 

Bunting and Vane, 1976b). PGX was found to be 30 times more 

potent than PGE^ and 5 - 2 0  times than PGD^ as an anti

aggregatory agent and its activity disappeared on standing at 

room temperature for 20 minutes (Moncada, et al., 1976b). The 

structure of PGX was elucidated as 9-deoxy-6,9ot-epoxy-A^-PGF^a 

and renamed prostacyclin (PGI^), and its stable hydrolytic 

product, 6-0X 0 PGF^a (Johnson, Morton, Kinner, Gorman,

McGuire, Sun, Whittaker, Bunting, Salmon, Moncada and Vane, 

1976). The structure of PGI was further confirmed by chemicalz
synthesis (Corey, Keck and Szekely, 1977).

A recent disputed pathway for the conversion of PGI2 

and/or 6-0x0 PGF^a to 6-0x0 PGE^ (via the enzyme 9-hydroxy PG 

dehydrogenase) has been suggested by Quilley, McGiff, Lee, Sun 

and Wong (1980).

PG%2 has a short half life in aqueous solutions at phys

iological pH and temperature (Cho and Allen, 1978). However 

its anti-aggregatory activity is stabilised when it is 

incubated in human platelet-rich plasma at 37°C for 30 minutes 

(Gimeno, Sterin-Borda, Borda, Lazzari and Gimeno, 1980 a;



12

Hoult, Lofts and Moore, 1981). PGI2 is also stable in human 

platelet-poor plasma to the same extent as in human PRP 

which ruled out any significant influence of platelets 

(Doe, Moncada, Vane and Whittle, 1982; Mikhailidis, Mikhailidis, 

Woollard and Dandona, 1982). Some investigators have suggested 

an enzymatic conversion of PGI^ in the human plasma to a more 

stable anti-aggregatory and bovine coronary constrictor 

substance, 6-0x0 PGE^ (Gimeno et al. 1980 a; Hoult at ai.,

1981) similar to that which occurs in isolated perfused 

rabbit liver (Wong, Lee, Quilley and McGiff, 1981). This 

suggestion has become less convincing since incubation of 

the labelled PGI^ in human plasma does not lead to 6-0x0 

PGE^ formation (Pifer, Cagen and Chesney,1981). An alternative 

explanation is that PGI2 binds to the free fatty acid site of the 

plasma albumin (Orchard and Robinson, 1981). This suggestion 

is further strengthened by the finding that the addition of 

plasma albumin to PGI2 in aqueous buffers increases its 

stability (Wynalda and Fitzpatrick, 1980). In a recent study,

El Tahir, Williams and Betteridge (1983) have reported diff

erent stabilities of PG%2 in rat, rabbit and human plasma.

Human plasma was the only one in which the half life of PGI2 

was prolonged.

Prostacyclin formation is selectively inhibited by 

different compounds such as 15-hydroperoxyarachidonic acid 

(Moncada, Gryglewski, Bunting and Vane, 1976c); tranyl

cypromine (Gryglewski Bunting, Moncada, Flower and Vane, 

1976) and hydroperoxy acids of various unsaturated fatty
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acids (Salmon, Smith, Flower, Moncada and Vane, 1978)

1.3.2 Lipoxygenase pathway

Among the various hydroxy acids and their unstable 

intermediate hydroxy acids formed via lipoxygenase pathway, 

only those proved to be of physiological or pathological 

importance are shown in Fig. 4. These are formed from AA via 

the 5 and 12 lipoxygenase pathways.

Incubation of AA with plate]ets of different species or 

with soluble enzymes prepared from them, generates an unstable 

substance known as 12-hydroperoxy 5,8,10,14-eicosatetraenoic 

acid (12-HPETE) which is reduced to a more stable product, 

12-hydroxy 5,8,10,14-eicosatetraenoic acid (12-HETE) (Hamberg 

and Samuelsson, 1974; Nugteren, 1975). Other tissues such 

as leucocytes, lung, spleen, blood vessels and pericardium 

have been shown to form the 12-HETE (Borgeat, Hamberg and 

Samuelsson, 1976; Hamberg, 1976; Greenwald, Bianchine 

and Wong, 1979; Herman, Claeys, Moncada and Vane, 1979).

The 5-lipoxygenase enzyme in leucocytes forms a 

number of products having three conjugated double bonds known 

as leukotrienes (LTs). Leucocytes have been shown to meta

bolize enzymatically AA to 5-hydroperoxyeicosetetraenoic 

acid (5-HPETE) which in turn is converted into a 5,6-epoxide 

intermediate designated LTA^. When conjugated with reduced

glutathione, LTA forms LTC . Removal of the glutamic acid 
4



14

residue from the glutathione side chain gives LTD^ and further 

removal of the glycine molecule forms LTE^ (Samuelsson, 1981). 

Alternatively LTA^ can be reduced to 5,12-dihydroxyeicosatetra- 

enoic acid (LTB^). The slow reacting substance of anaphylaxis 

(SRS-A) is believed to be a mixture of LTC^ and LTD^ (Borgeat, 

1981; Samuelsson, 1981; Piper, 1983).

The 12-HPETE and its reduced form (12-HETE) have been 

reported to be chemotactic agents for human neutrophils and 

the hydroperoxy acid is more potent than the hydroxy acid 

(Turner, Tainer and Lynn,1975; Goetzl, Hill and Gorman,

1980). LTB^ is the most potent chemotactic agent for human, 

rabbit and rat neutrophils (Palmer, Stepney, Higgs and Eakins, 

1980). The leukotrienes have been reported to be potent 

stimulants of human and guinea-pig airway smooth muscle 

(Vane, Bunting and Moncada, 1982). A regulatory rate of 

the 12-HPETE in platelet AA metabolism is suggested by 

Siegel, McConnell, Abrahams, Porter and Cuatrecasas (1979) 

in that it activates the lipoxygenase enzyme but inhibits 

the cyclooxygenase pathway.

Several compounds have been shown to inhibit lipoxygenase 

products formation, e.g. ETYA (Ahren and Downing,1970);

BW 755 C (Higgs et ai., 1979); nordihydroguaiaretic acid 

(NDG) (Hamberg, 1976) and nafazatrom (1-j^-(naphthyloxy)

ethylj-methyl-2-pyrayolin-5-one) (Honn and Dunn, 1982)
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1.4 Catabolism of Prostaglandins

The disappearance of PCs from the circulation of the cat 

and dog has been reported by Ferreira and Vane (1967). PCs 

are catabolized rapidly by the nicotinamide adenine dinucleotide 

(NAd "*"-oxidized form) -dependent prostaglandin dehydrogenase 

(PGDH) and prostaglandin reductase. Both enzymes are

cytosolic and are present in most tissues (Hansen, 1976;

Wong and McGiff, 1977; Flower, 1981h) , however the activity 

of PGDH in the uterus is very low (Anggard, 1971). PGDH 

is a short-lived enzyme, thus its continuous synthesis is 

required (Blackwell, Flower ?and Vane, 1975) . PGDH oxidizes 

the 15-hydroxyl group of the PG molecule into a keto group 

and this step is followed by the saturation of the double bond 

at C-13 via prostaglandin reductase leading to the formation

of the corresponding 13,14-dihydro-15 keto-PG. This metabolite 

is further metabolized in the liver via 8 - and u>-oxidation 

to more polar dicarboxylic acid compounds which are excreted 

in urine as conjugates of glucuronic and/or sulphuric acid 

(Flower, 19 81b). Nearly all PGs are catabolized by PGDH except 

PGD^ and to a lesser extent 6-oxo-PGF^a (Flower, 19 31b). However 

PGI^ has been shown to escape catabolism in dog pulmonary circul

ation, but not the liver or the hindquarter circulations

(Dusting, Moncada and Vane, 1978). PGIg may not be taken 

into the pulmonary cell, but it is rapidly catabolized by 

lung homgenates (Hawkins, Smith, Nicolaou and ELing, 1978).

PGDH is inhibited by substrate analogues (Hansen, 1976) and 

aspirin and indomethacin (Flower, 1974). Ovarian and adreno-
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corticoid hormones have stimulant or inhibitory influences on 

PGDH depending on the tissue and species. In rat lung, PGDH 

activity has been shown to be higher in ovariectomized rats 

and adrenalectomized animals than in intact rats, and admini

stration of oestradiol and dexamethasone reduced this activity 

(Blackwell and Flower, 1976). In pregnant rats the activity 

of the enzyme in lungs, spleen, kidney or liver is similar 

to the activity in the tissues obtained from non-pregnant 

rats (Egerton-Vernon and Bedwani, 1975). However in pregnant 

rabbits lung PGDH activity has been found to increase sharply 

(Bedwani and Marley, 1975).

Since the discovery of PGs in human semen by von Euler 

(1937) and in human menstrual fluid by Eglinton, Raphael, Smith, 

Hall and Pickles (1963), world wide research has been carried 

out to determine the involvement of PGs (PGE^ and F^a mainly) 

in the reproductive process with particular regard to termination 

of pregnancy and induction of labour. The discovery of PGI^ 

in 1976 by Vane and his colleagues with characteristics differing 

from the primary PGs (PGEg and F^a) being a vasodilator, a 

weak uterine stimulant effect in rats (Omini, Moncada and 

Vane, 1977) and in non-pregnant human uterus (Omini, Pasargiklian, 

Fd-co, Fano and Berti, 1978) gives further depth to the role 

of PGs in reproductive processes. P^I^ may be responsible 

for the quiescent state of the uterus during gestation and 

for adequate supply of blood to the foetus in women (Omini,

Folco, Pasargiklian, Fano and Berti, 1979). For that reason 

the possible roles of PGI^ in uterine and vascular tissues will
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be discussed.

1.5 Uterine PG formation

PGI^ is synthesized by uterine tissues of different species 

The presence of 6 -oxo PGF^a, the spontaneous decay product of 

PGI^ was first recognized by Fenwick, Jones, Naylor, Poyser 

and Wilson (1977) in uterine homogenates of pseudopregnant 

rats. PGI^ is the major PG formed by the rat (Fenwick,et ai., 

1977), sheep (Jones, Poyser, and Wilson, 1977) and human 

uterus (Abel and Kelly, 1979) , while PGF^a is the main PG 

produced by guinea-pig uterine homogenates (Jones et ai.,

197 7). Different layers of rat and human uterus synthesize 

different PGs. Decidual microsomes of 22-day pregnant rats 

convert labelled AA to a mixture of PGEg, PGF^a and PGD^/ 

while the myométrial microsomes form predominantly 6 -oxo PGF^a. 

This is attributed to higher isomerase and reductase activities 

in the decidua and to the great quantity of PGI^ synthetase 

in the myometrium (Downing and Williams, 1977). The contri

bution of vascular tissues to myométrial PGI^ formation is 

thought to be unimportant (Williams, Dembinska-Kiec, Zmuda 

and Gryglewski, 1978). Myometria taken from non-pregnant 

intact rats, or castrated animals injected with oestrogens, 

release 6-oxo-PGF^a as the major PG, while the endometrial 

layer forms predominantly PGF^a (Campos, Liggins and Seamark,

1980). Similarly, the non-pregnant human endometrium converts 

labelled AA to a mixture of PGE^ and PGF^ot. The myometrium 

possesses less activity than the endometrium and mainly forms



19

6 - 0 X 0  PGF^a. However, the combination of the two layers mainly 

results in generation of 6 -oxo PGF^a with parallel inhibition 

of the amounts of PGE^ and PGF20t produced (Abel and Kelly,

1979). The endometrial PG endoperoxide is assumed to be 

donated to the myometrium for conversion to PGIg (Abel and 

Kelly, 1979).

1.5.1 Formation of prostacyclin during gestation

Rat myométrial PGIg production increases sharply

during gestation, reaching a maximum on the day of delivery

and declining postpartum (Williams and El Tahir, 1980a).

The rise in myométrial PGI^ formation parallels the rise in

plasma oestrogen levels which increase sharply from day 14

onwards up to the day of delivery (day 22) (Shaikh, 1971).

It also parallels the decline of progesterone plasma

concentration which decreases from day 19 of gestation

(Csapo and Wiest, 1969) . Human myométrial PGI2 output

is also increased during gestation. Microsomes prepared

from myometria of pregnant women synthesize 10 times more 6-ox-

PGF^a than those from non-pregnant women when incubated with 
14C AA (Falkay,1980) . Similarly, the endogenous release of 

PGI2 by human myometria increases over the last weeks of 

gestation (Seed, Williams and Bamford, 1983).

1.5.2 Prostacyclin release during the oestrous cycle of rats 

The concentrations of oestradiol and progesterone in
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rat plasma vary with the stage of the 4-day oestrous cycle.

The oestradiol level is maximal during the afternoon of 

proestrous and reaches its lowest level in the evening at 

oestrous, then increasing gradually at night during dioestrous. 

Progesterone shows two peaks; one during the afternoon and 

the evening of proestrous, and the second during metoestrous to 

dioestrous (Shaikh, 1971; Nequin, Alvarez and Schwartz,

1979).

The variation of the ovarian hormone output is linked to 

the variation of the uterine PGI^ formation seen during the 

oestrous cycle of rats. The generation of rat uterine 

6 - 0 X 0  PGF^a from exogenous AA varies significantly during the 

oestrous cycle with a maximal output seen at dioestrous and 

minimal formation at oestrous (Kelly and Abel, 1980; Thaler- 

DSo, Saintot, Ramonatxo, Chavis and Crashes de P aulet, 1982a) . 

Similar results have been found by Franchi, Chaud, Borda, 

Gimeno, Lazzari and Gimeno (1981). They have assessed anti

aggregatory activity in the incubation media from chopped 

rat uteri during the oestrous cycle. However conflicting 

results have been obtained by Poyser and Scott (1980).

They have shown that the peak of 6-oxo PGF^a synthesis occurred 

on the day of oestrous utilizing radioimmunoassay techniques.

1.6 Influence of exogenous ovarian hormones on uterine prostacyclin 

release

The effect of exogenous oestrogens in ovariectomized rat
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uterine PG production is conflicting. While there is a general 

agreement on the stimulant effect of oestrogens on PGF release 

(Castracane and Jordan, 1975; Ham, Cirillo, Zanetti and 

Kuehl, 1975; Sharma and Garg, 1977), controversial results 

with the PGE series were obtained. The administration of 

oestradiol to ovariectomized rats increased PGE^ formation 

(Castracane and Jordan, 1975; Kogo, Yamada and Aizawa, 1977;

Sharma and Garg, 1977). However some workers found that 

PGE^ production was higher in castrated rats than intact rats 

and concomitant administration of oestradiol reduces the out

put of PGE^ (Ham et ai., 1975; Sterin-Speziale, Gimeno,

Bonacossa'&■ ' Gimeno, 1980; Thaler-Dao, Ramontaxo, Saintot, 

Chaintreuil and Crastes de Paulet, 1982b). The PGI^-like 

activity (assayed by inhibition of platelet aggregation) 

of uterine incubates of ovariectomized rats were higher 

than of rats in natural oestrous and the injection of 

oestradiol, progesterone or both significantly decreased the 

PGI^-like activity generated (Gimeno, Borda, Lazzari and 

Gimeno, 1980b). The addition of AA to the uterine homogenates 

of ovariectomized rats doubled the formation of 6-oxo PGF^a 

compared to the homogenates prepared from cycling rats in oestrous, 

and administration of oestradiol to the ovariectomized rats 

inhibited the 6-oxo PGF^a output by 85% (Thaler-Dao et al.,

1982b).

1.6.1 Mechanism of action of ovarian steroids

Early studies by Gorski and Axman (1964) showed that
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the protein synthesis inhibitor, cycloheximide, interfered 

with oestradiol-induced uterine growth in immature rats. Later 

the cytoplasm of oestrogen-target organs was found to contain 

receptors soluble in the cytoplasm that bind specifically 

to oestrogens named oestrophiles (Clark, Anderson and Peck,

1973) . Oestrogens were believed to bind selectively to 

oestrophiles forming, initially an inactive complex which 

transformed to an active form and then translocated to the 

nucleus where it induced the synthesis of a new messenger RNA.

This was followed by increased protein synthesis in the 

ribosomes (Katzenellenbogen, Tsai, Tatee and Katzenellenbogen,

1979). Anti-oestrogenic drugs were found to compete with 

oestrogen for oestrophiles (Katzenellenbogen et al., 1979). 

Oestrogen-induced PG formation unlike the uterotrophic effect, 

was not mediated via the classical "receptor-protein synthesis" 

mechanism as protein synthesis inhibitors and anti-oestrogen 

drugs failed to block their actions (Castracane and Jordan,

1976).

1.7 Roles of prostacyclin in the uterus

The precise function of PGIg in non-pregnant animals is 

still ill-defined. However it could be responsible for the 

excessive menstrual blood loss (MBL) in women. Incuation of 

myométrial tissues taken from women with normal MBL with endo- 

metria of women showing excessive MBL generated significantly more 

6 - 0 X 0  PGF^a than incubation of the myometria with decidua 

taken from women of normal MBL (Smith, Kelly, Abel and Baird,

1981). PGIg may amplify the oestrogen-induced uterine 

hyperaemia in rats but it is not obligatory as tranylcypromine
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failed to block it although it significantly reduced the 

uterine 6-oxo PGF^a content (Farley and Van Orden, 1982).

In pregnant animals PGI^ is believed to have a more precise 

role in implantation and parturition processes. Its production 

by implantation sites of pregnant rats increases on day 5, 

the day of nidation (Williams and El Tahir, 1980a). Thus 

it may play a positive role in the establishment of the 

blastocyst. PGI^ is a weak uterine muscle stimulant but it 

potentiates responses to oxytocin in isolated pregant rat 

uteri (Williams, El Tahir and Marcinkiewicz, 1979).

It appears that uterine PG formation with particular 

reference to PGI^/ is to some extent under ovarian hormone 

control. The same may be true of vascular production and 

thus relationship between PGI^, steroids and haemostasis 

will now be discussed.

1 .8 Prostacyclin and haemostasis

The fact that the intact endothelial layer of a blood vessel 

is unable to precipitate platelets has long been established.

This phenomenon has been incorrectly deduced to be due to an 

electrostatic repulsion mechanism or the activity of the adenosine 

diphosphatase or simply to the inert nature of endothelial 

cells. (Sawyer, Pate and Weldon, 1953; Heyns, Van Den Berg ,Potgieter, 

and Retie f , 1974; Saba and Mason, 1974; Salzman, 1976).

The discovery of PGI2 in vascular tissues as a potent anti
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aggregatory and vasodilator agent provided the most appropriate 

explanation for the anti-aggregatory nature of intact endo

thelial cells (Moncada et al., 1975b). A biochemical interaction 

between the platelet-induced aggregation substances (PGG^/

PGH^ and TXA^) (Hamberg et al., 1975) and PGI2 released from 

the endothelium was suggested by Moncada et al.,(1975b).

The fresh vascular tissues of all arteries, veins and 

coronary blood vessels of rabbits and pigs (or microsomes 

prepared from them) generate PGI2 (Bunting, Gryglewski,

Moncada and Vane, 1976; Gryglewski, Bunting, Moncada, Flower, 

and Vane, 1976). However the production of PGI2 varies within 

the layers of the rabbit aorta. Maximum synthesis is obtained 

in the intimai layer, then the production declines towards 

the adventitia, while the pro-aggregatory activity is highest 

at the adventitia and decreases towards the intima (Moncada, 

Herman, Higgs and Vane, 1977b). Fresh arterial tissues taken 

from indomethacin-treated rabbit or pig aortas on incubation 

with platelet rich plasma (PRP) release PG%2 (Bunting et al., 

1976; Best, Martin, Russell and Preston, 1977). This could 

mean that platelets supply blood vessels with the precursor 

(PGG2 and PGH2 ) required for PGI2 formation. This assumption 

is further strenghthened by the production of PGI2 by human 

endothelial cells in culture treated with the platelet- 

derived endoperoxides (Marcus, Weksler, Jaffe and Broekman,

1980). This assumption has been challenged by other workers 

(Needleman, Branson, Wyche, Sivakoff and Nicolaou, 1978; 

Hornstra, Haddeman and Don, 1979), however Needleman, Wyche
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and Raz (1979) have showed that platelets are capable of 

forming from endoperoxides only in presence of TXA^

synthesis inhibitors. The concept of entire vascular PGI^ 

production and platelet TXA^ formation (Moncada et al . 

1976b; Raz, Isakson, Minkes and Needleman, 1977; Moncada 

and Vane, 1978) has recently been challenged by some workers 

who detected TXB^ in bovine endothelial cells in culture 

(Ingerman-Wojenski, Silver, Smith and Macarak, 1981) and in 

human arterial and venous segments (Neri Serneri, Abbate, 

Gensini, Panetta, Casolo and Carini, 1983). Neri Serneri 

et al. (1983) ruled out the possibility that the vascular 

tissue was contaminated with platelets and found the ratio 

of 6 - 0X 0 PGF^a to TXB^ was4 : 1.

1.9 Prostacyclin and atherosclerosis

Atherosclerosis is defined as a variable combination of 

changes of the intima of the arteries consisting of an 

accumulation of lipids, complex carbohydrates, blood and 

blood., products, fibrous tissues and calcium deposits, and 

associated with medical changes (Fuster, 1982). Man and pig 

are the most susceptible species to the disease while rats 

are the least susceptible (their vascular tissues release 

more PGI2 than men and pigs (Sinzinger, Clopath, Silberbauer 

and Winter, 1980). In men, arterial rather than venous 

thrombosis is more common, which parallels the lower basal 

formation of PGI2 by arteries compared to veins of colic 

and gastric vessels (Moncada, Higgs and Vane, 1977c).
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In experimental atherosclerosis using rabbits, arterial

tissues and perfused hearts released less PGIg than in the

control animals (Dembinska-Kiec , Gryglewska, Zmuda and

Gryglewski, 1977). Similarly, arterial smooth muscle cells

in culture taken from atherosclerotic rabbits or men generated

less PGI than the controls (Sinzinger, Feigl and Silberbauer, z
1979; Larrue, Leroux, Daret and Bricaud, 1982).

Atherosclerosis has been reported to be associated with 

lipid peroxidation (Glavind, Hartmann,Clemmenson,Jessen and 

Dam, 1952). Lipid peroxides such as 15-hydroperoxy AA were 

shown to inhibit PGI^ synthetase without affecting cyclo

oxygenase (Salmon et al., 1978). For this reason an increase 

in lipid peroxidation would deprive the endothelial layer of 

its successful weapon against platelet precipitation and 

aggregation, i.e. PGI2 . This would be followed by 

aggregation of platelets and subsequent release of the 

lysosomal enzymes and other toxic substances, which induced 

injury of the endothelial layer (Gryglewski and Szczeklik,

1982). PGI2 has been used successively in the clinical 

treatment of the advanced atherosclerosis (Szczeklik, Nizankowski, 

Skawinski,Szczeklik and Gryglewski, 1979).

1.10 Gender difference in atherosclerotic cardiovascular diseases 

(ACVD)

Analysis of the mortality rates from the United Kingdom 

and the United States of America showed that more men have died
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from atherosclerotic cardiovascular disease (ACVD) than 

women (Kuller, 1976). In a study carried out in the USA 

(Framingham Study) the rate of ACVD incidence in men was higher 

than women and in postmenopausal women was higher than premeno

pausal women (Kannel, Hjortland  ̂ McNamara and Gordon, 1976). 

Many workers have investigated the role of vascular PGs in an 

attempt to explain these differences. Uzunova, Ramey and 

Ramwell (1977) found that the AA-induced respiratory depression 

in male mice was more severe than in the females and injection 

of oestradiol protected the males. In experimentally-induced 

occulsive arterial thombosis in rats, the thrombogenesis 

criteria (obstruction time, thrombous weight, and mortality 

rate) were significantly higher in male than female rats. 

Testosterone injection to those rats exaggerated the thrombo

genesis criteria while oestradiol administration decreased 

the response (Uzunova,Ramey and Ramwell, 1978). Baker,

Ramey and Ramwell (1980) attributed the gender differences 

in pulmonary PGI^ formation to the influence of testosterone 

rather I. than oestradiol. Testosterone in physiological concen

trations significantly decreased PGI^ production in rat aortic 

smooth rauslce cells in culture (Nakao, Chang, Murotaand Orimo, 

1981a). Similarly, testosterone injected to male rats decreased 

aortic PGI^ release compared to the vehicle-dosed animals 

without affecting thromboxane formation (Chang, Nakao, Tai 

and Murota, 1982). Furthermore, oestrogen injection into 

female rats increased aortic PGI^ formation without an effect 

on thromboxane production (Chang, Nakao, Neichi, Orimo and 

Murota, 1981). The prolonged treatment of female rats with 

a combination of oestrogens and progestogens stimulated vascular
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PGI formation (Roncaglioni, Di Minno, Reyer, Gaetano and Donati, 
2

1979; Karpati, Chow, Woollard , Hutton and Dandona, 1980).

The stimulant effect of oestrogen on the vascular PGI2 

formation might be due to the stimulation of cyclooxygenase 

and/or prostacyclin synthetase (Chang, Nakao,Orimo and Murota, 

1980a).

However there are studies suggesting that female sex 

hormones increase the risk of ACVD. The widespread use of 

oral contraceptives in the early 1960s was accompanied in 

the United Kingdom by some deaths from thromboembolic 

disorders (Inman, and Vessey, 1968). A positive

correlation between the use of oral contraceptives and the 

development of deep venous and pulmonary thrombosis was found 

(Vessey and Doll, 1968). The prolonged use of oestrogen- 

containing pills led to a significant decrease in the 6 -0x0 

PGF^a plasma levels without an effect on TXB2 content; 

however progestogen — containing pills as well as the short 

use of oestrogen pills lacked any significant influence on 

both the 6 -0x0 PGF^a and TXB2 plasma levels (Ylikorkala.

Puolakka and Viinikka/ 1982).

Using rats, Pomerantz, Maddox, Maggi, Ramey and Ramwell 

(1980) have shown that male aortae released more 6 -0x0 PGF^a 

than female aortae. The production of 6-0x0 PGF^a by aortae 

from female rats was increased by ovariectomy and progesterone 

injection ,and decreased by oestradiol administration.
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It appears that the endogenous ovarian hormones have a 

protective effect on ACVD develpment. However, the effect of 

exogenously administered hormones is the subject of controversy.

1.11 Estimation of prostacyclin in biological tissues 

The methods of PGIg assay currently in use are:-

1.11.1 Biological methods

In biological methods , the activities of incubation 

media are compared to those of an authentic sample of PGI^*

These activities include: inhibition of platelet aggregation

which is induced by any aggregating agent such as adenosine 

diphosphate (ADP) or AA (Moncada et al., 1976b). The sensi

tivity of the method can be further increased to detect 

lower amounts of PGIg if the phosphodiesterase inhibitor 

papaverine is added to platelets before the addition of the 

aggregating agent (Bamford, Seed and Williams, 1982).

The other biological method for quantification of PGI2 

in biological fluids and tissues involves the superfusion of 

bovine coronary artery, rabbit mes enteric artery and rat 

colon with a physiological solution containing a variety 

of antagonists. Addition of PGI2 to the superfusate relaxes 

the bovine coronary artery and it is the only PG that exerts 

such an effect (Gryglewski, 1981). The following methods
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estimate 6-oxo PGF^a as an index for

1.11.2 Radiometric method

Here, the tissue fractions are incubated with a
14labelled PG precursor such as C AA. The reaction is stopped 

by acidification. The products are then extracted, concentrated 

and separated by thin-layer chromatography using a solvent 

system which separates PGEg from 6-oxo PGF^a. The zones of 

radioactivity are located by a scanner and the amount of the 

radioactivity in each zone is measured by liquid scintillation 

counting (Cottee, Flower. Moncada, Salmon and Vane, 1977).

1.11.3 Gas chromatography/mass spectrometry -(GCMS)

This method includes extraction process, preparative 

thin-layer chromatograpy, derivatization of 6-oxo PGF^a into 

methyl ester, methoxime and trimethylsilyl ether derivatives 

followed by the use of suitable GCMS equipment.

1.11.4 Radioimmunoassay

This is based on the competition between labelled 

and unlabelled 6-oxo PGF^a for binding sites on an antibody 

raised in a suitable animal such as the rabbit. The radio

activity in the bound or free fraction is measured after 

separation of the antigen-antibody complex (Granstrom 

and Kindahl, 1978; Salmon, 1978).
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All methods, apart from the biological assays, estimate

the metabolite 6-oxo PGF a as an index for PGI content.
2

However, several other metabolites can be formed from PGI2 , 

such as 6,15-dioxo-PGF^a, 13,14-dihydro 6,15-dioxo PGF^a and 

6 -0x0 PGE^ (Wong, Sun and McGiff, 1978; Flower, 1981b) .

In addition to that, all the non-biological methods are time 

consuming as they involve extraction>' separation, purification 

and sometimes derivatisation steps (as in GCMS). The radio

immunoassay method suffers the drawback of antibody cross

reaction with 6-0x0 PGE^ (Lee, McGiff, Householder, Sun 

and Wong,1979). Also the Ton-biological methods are 

relatively expensive compared to the biological assays. The 

biological assay of the superfusion technique has the dis

advantage of being time consuming compared to the PRP aggre

gation method33 along time is required for the coronary artery 

to equilibrate and for the tissues to recover from a response. 

The PRP aggregation method is convenient; less time-consuming; 

highly sensitive and is cheap. The drawback of the method 

is that there are other PGs which are anti-aggregatory e.g.

PGD^, PGE^, 6 -0x0 PGE^ and 6 -0x0 PGF^a (Moncada et ai., 1976b; 

Whittle, Moncada and Vane, 1978; Lee et ai., 1979). However 

PGI2 can be distinguished from the other anti-aggregatory PGs 

as it is the most potent and is stable in alkaline pH (Moncada 

et ai., 1976b; McGiff, Spokas and Wong, 1982). For all these 

reasons the PRP aggregation technique was used throughout this 

study.
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1.12 Aims of the study

1. To scrutinize the production of PGI^ in rat aortic and 

myométrial tissues during the oestrous cycle and the influence 

of AA addition on this formation.

2. To investigate the influence of exogenous oestrogens 

and progesterone on PGIg release by rat aortic and myométrial 

tissues both in vivo and in vitro and their possible mechanism 

of actions.



CHAPTER 2

METHODS
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2. METHODS

2.1 Determination of the rat oestrous cycle

The oestrous cycle of a rat was determined as described by 

Yoshinaga, H av;]cins and Stocker (1969). Twelve weeks old female 

virgin Wistar rats (175 - 225 g) were stored in the animal house 

at room temperature (20 - 22°C) and with a lighting schedule of 

14 hours light (5 a.m. - 7 pm. Central European Time) and 10 hours 

darkness with free access to water and food. A vaginal smear 

was made every morning (9 a.m. - 10 a.m.) on a microscope slide 

with the aid of a cold heat-sterilized nickel-chromium loop. The 

film was allowed to dry, stained in 1% methylene blue, washed and 

examined under a light microscope. The predominance of nucleated 

intact epithelial cells was taken as proestrous, and cornified 

shapeless epithelial cells the following day as oestrous. The 

appearance of leucocytes with some cornified cells on the third 

day was taken as metoestrous and the predominance of leucocytes 

on the fourth day was marked as dioestrous. Only rats that 

exhibited at least two consecutive 4-day oestrous cycles were used

2.2 Induction of gestation in rats

Twelve week old female Wistar rats were mated with fertile 

males overnight and the presence of sperm in the vaginal smears 

next morning was taken as evidence of fertilization. This day was 

designated as day 1 of pregnancy. The length of gestation in rats 

is 22 days. Rats were killed on day 20 and day 21 of pregnancy.
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2.3 Ovariectomy

Female virgin Wistar rats (12 weeks old) were bilaterally 

ovariectomized as described by Zarrow, Yochim, McCarthy and Sanborn 

(1964). Anaesthesia was induced with 3 mg Fluanisone (Hypnorm, 

Janseen Pharmaceutica) injected intraperitoneally. The hair was 

clipped from the back and an incision 1 cm long was made in the 

skin midway between the last rib and the knee, 1 cm lateral to 

the spinal column. A second incision was made through the muscle 

layer and into the peritoneal cavity. The ovary was embedded in 

a mass of fat from which it was picked up and tied at the uterine 

canal by a catgut surgical thread and finally removed. The incisions 

were sutured and the contralateral ovary was removed similarly.

The whole procedure was carried out under aseptic conditions. Rats 

were used four weeks later.

2.4 Dosage schedule of ovariectomized rats with ovarian hormones

The ovariectomized rats were vaginally smeared for 4 consecutive 

days and the absence of the oestrous cycle confirmed the success 

of the operation. The rats were then divided into 5 groups :-

1. Rats were injected with diethylstilboestrol (ST lOO yg

s.c.) and a smear was taken after 24 hours to confirm 

conduction of oestrous, the animals were then killed.

Some rats were injected with 17 - 8 - oestradiol

(10 yg/Kg body weight or 400 yg/Kg s.c.) for 3 consecutive
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days and smeared on the fourth day and killed if in 

oestrous.

2. Rats were injected with two doses of progesterone

(4 mg i.p.) 48 hour and 24 hours before experimentation

3. Rats were injected with two doses of progesterone (4 mg

i.p.) 48 hours and 24 hours before experimentation and

the last dose was accompanied with ST (lOO yg s.c.)

4. Rats were injected with two volumes of the vehicle

(0.3 ml of 95% ethanol i.p.) 48 hours and 24 hours before 

experimentation.

5. Rats were untreated

2.5 Preparation of rat aortae and myometria

Rats at selected days of the oestrous cycle; of pregnancy 

(day 20 and day 2 1 ); ovariectomized rats treated or untreated with 

the female hormones or male rats (200 - 250 g and 12 weeks old) 

were killed with a blow to the head and exsanguinated. The abdomen 

and chest were opened and the uterine horns and the whole aorta 

from the aortic arch to the femoral bifurcation taken and 

transferred to petri-dishes containing ice-cold Krebs solution.

The tissues were freed from fat and adventitia and opened longi

tudinally. Traces of blood were washed out from the aorta with 

cold Krebs. The myométrial layer was obtained by scraping off 

the endometrium with a microscope slide (Williams, 1973). The 

tissues were blotted dry between two filter papers and weighed.
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The myometrium and the aorta were finely chopped using dissecting 

scissors and incubated in ungassed Krebs solution (50% and 25% 

w/v respectively) for 15 minutes at room temperature. The incubation 

medium was aspirated, kept in ice and the PGIg content was assayed 

within 15 minutes.

2.6 Estimation of PGI^ content of the incubation medium

Blood was withdrawn from New Zealand white rabbits (2.5 -

3.5 Kg) by cardiac puncture under ether anaesthesia using a 

16-gauge needle connected to a 10 cm long silicone tube. Blood 

was collected in 12 ml plastic test tubes containing 3.8% (w/v) 

sodium citrate in a ratio of 9 volumes blood to 1 volume citrate.

The erythrocytes were spun down at 200 g for 10 minutes at room 

temperature. The upper layer of platelet rich plasma (PRP) was 

aspirated by a plastic syringe and PRP from separate tubes 

pooled together. The PRP was distributed in 0.5 ml volumes in 

3 ml plastic cuvettes (Luckham PT/0944). The cuvettes were placed 

in an aggregometer (Bryston Ltd.) at 37°C and stirred at 1100 rpm.

The aggregometer was connected to a pen recorder (Teckman or 

J.J. Instruments). Aggregation was induced one minute later by 

a dose of adenosine diphosphate (ADP 5-10 yM final concentration 

in the cuvette) that produced an irreversible response for at least 

3 minutes. The incubation medium or authentic PGIg (2.5 y 1 - 30 yl) 

was added one minute before the ADP. In some experiments the 

phosphodiesterase inhibitor, papaverine (P;100 yM final concentration)
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was added 3 minutes before the ADP. The PGI^ content of the incubation 

medium was assayed using a 2 + 2 doses assay. PGI2 output from 

tissues was then expressed as the mean ± S.E.M. ng/mg of wet or 

dry weight/specified time of incubation.

2.7 Time Course for PGI^ release

The time course of PG%2 release by aortic or myométrial tissues 

taken from cycling rats in oestrous, ovariectomized rats injected 

with the vehicle or ST, and rats in oestrous preincubated with ST 

(372 yM) was studied. Myométrial (500 mg) and aortic (250 mg) 

tissues were incubated in Krebs solution (50% and 25% w/v 

respectively) at 20°C and a sample of the incubation medium (5 - 30 y1) 

was taken at 2, 5, 10, 15, 30 and 50 minutes of incubation.

The PGI2 content of the medium was assayed by the inhibition of 

ADP-induced PRP aggregation as mentioned before.

2.8 Effect of arachidonic acid and phospholipase A 2 on PGI2 production 

Myometria taken from rats at oestrous were treated with AA 

(5, 10 and 20 yg/ml) or phospholipase (4 U/ml) immediately prior 

to chopping. Myometria and aortae obtained from rats at different 

days of the cycle were similarly treated with AA (5 yg/ml).
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2.9 Determination of coefficients of variation of the aggregation

assay method

The coefficients of variation of the assay for PGI2 were 

determined as follows. The anti-aggregatory activity of aortic 

and myométrial incubates was destroyed by heating at 37°C for 1 

hour. 0.25 yg of authentic PGI2 was added to 0.5 ml of each de

activated incubate and the solution was divided into four portions. 

The PGI2 content of each portion was assayed against authentic PG%2 

using PRP from 4 different rabbits. In each experiment four 2 + 2  

doses assays were used. The coefficient of variation of different 

concentrations (X) was calculated by:

Standard deviation of X
--------------------------------------------------------------------------- X  100 %
Mean of X

2.10 Effect of alkalinization and acidification on the anti-aggregatory 

activity of the myométrial and aortic incubation media 

The anti-aggregatory potencies of the myométrial and aortic 

incubates in Krebs (pH 7.6) were first determined. Then, each 

incubate was divided into two portions, one portion was alkalinized 

with IN NaOH to pH 10 and the other portion was acidified to 

pH 3 with 1 N HCl and both po rtions were kept on ice for 1 hour.

The pH of the incubates were then readjusted to pH 7.6 and the 

anti-aggregatory activity was assessed. Doses (equal in volumes 

to the incubates) of authentic PGI2 and PGD2 were treated similarly.
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2.11 Effects of drugs that inhibit arachidonic acid metabolism

Aortic or the myométrial tissue taken from rats in oestrous 

was preincubated at 37°C for 15 minutes in the absence or presence 

of mepacrine (350 yg/ml), indomethacin (5 yg/ml) or tranylcypromine 

(500 yg/ml). The tissues were allowed to cool to room temperature, 

chopped and incubated for 15 minutes. The anti-aggregatory 

activity of the incubation medium was.assayed by inhibition of 

ADP-induced platelet aggregation.

2.12 Identification of 6-oxo PGF^a in the incubation media from 

aorta and myometrium by GC/MS

The nature of the anti-aggregatory substance present in the 

rat aortic and myométrial incubates was further identified by 

the presence of its hydrolysis product 6 -oxo PGF^a by Dr. C. Hensby 

(Centre International de Recherches Dermatologiques, France) 

using GC/MS. The aortae and myometria were incubated in un

gassed Krebs solution (pH 7.6) for 15 minutes at room temperature. The 

reaction was stopped by acidification to pH 3 with 2M citric acid 

and the incubation medium was extracted twice with two equal 

volumes of diethylether and transferred to a flow tube. The ether 

was evaporated to dryness under nitrogen and the residue was 

stored at -20°C and sent to Dr. Hensby for analysis. The details

of the procedure have been described by Hensby, Jogge, Elder
1 %

and Myatt (1981). Briefly,25 ng of 3,3,4,4-tetradeuterium 

6 - 0 X 0  PGF^a was added to the sample as an internal standard.

Several extraction steps and column chromatography as well as
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thin-layer chromatography were carried out. The zone on the TLC 

plate corresponding to 6 -oxo PGF^a was scraped off, eluted with 

methanol and dried under nitrogen. The residue was purified 

and converted to 0 -methyloxirae, methylester,trimethylsilyl ether 

derivative by treatment with pyridine-- containing methyloxyamine 

hydrochloride, followed by ethereal diazomethane and lastly 

treated with 0-bis(trimethylsilyl)trifluoroacetamide. The 

0 -methyloxime methylester trimethylsilyl derivative of 6 -oxo- 

PGF^a as well as of other PGs were injected in Finnigan 4000 

mass spectrometer/GC system. Ion fragments of the 6-oxo PGF^a 

derivative were monitored at m/e 418 and 508 and those fragments 

of the corresponding deuterated 6 -oxo PGF^a derivative were 

monitored at m/e 422 and 512. Known mixtures of the unlabelled 

and deuterated 6-oxo PGF^a were derivatized in a similar manner 

and injected into the GC/MS system. The peak height ratios of 

ions at 508/512 were plotted against the concentration of the un

labelled 6-oxoPGF^a to obtain standard curve from which the 

concentration of 6 -oxo PGF^a in the sample was found.

2.13 The in-vitro influence of ovarian hormones on aortic and 

myométrial PGI  ̂'^production

Aortic and myométrial tissues taken from rats in oestrous or 

ovariectomized animals were preincubated with different concentrations 

of the synthetic oestrogen, ST (5-372 yM) as well as the natural 

oestrogen, 17-g-oestradiol (5-372 yM) in Krebs solution at 37°C 

for 1 hour (steroids taken up in 95% ethanol,final concentration
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was 0.5%). The tissues were cooled to room temperature, finely 

chopped with dissecting scissors and incubated for 15 minutes.

The PGI2 content of the incubation medium was assayed by 

inhibition of ADP-induced PRP aggregation. Control tissues were 

preincubated in the vehicle (0.5% v/v 95% ethanol in Krebs solution) 

and treated similarly. Progesterone (318 and 636 yM was pre

incubated with aortae and myometria taken from rats in oestrous 

and with myometria taken from ovariectomized animals in a similar 

way. In another set of experiments, the aorta and mymetrium 

taken from rats in oestrous were preincubated with a mixture 

of ST and progesterone (372 yM for each).

2.14 Influence of other drugs on the diethylstilboestrol-decreased

myométrial release

Myometria taken from rats in oestrous were preincubated in 

the absence or presence of cycloheximide (0.35 mM), puromycin 

(0.18 mM), ethamoxytriphetol (0.24 mM) or N-butyliraidazole (0.32 

mM) in Krebs solution at 37°C for 15 minutes. Then ST (372 yM) 

was added and the preincubation was continued for 45 minutes.

The mixture was allowed to cool to room temperature and 

tissues were finely chopped and incubated for 15 minutes.

The PGI2 content of the incubation medium was then estimated.

In another set of experiments myometria were first preincubated 

with ST (372 yM) in Krebs solution at 37°C for 1 hour, cooled 

to room temperature and phospholipase (4 U/ml) was added
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immediately prior to chopping. Incubation was carried out for 

15 minutes and PGI^ content was assayed similarly.

The influence of cycloheximide (10 yM) on progesterone- 

decreased myométrial PGI^ production of ovariectomized rats was 

also studied.

2.15 Influence of drugs that inhibit PGs synthesis and protein 

synthesis on diethylstilboestrol and progesterone-induced 

aortic PGI^ formation

Aortae taken from rats in oestrous were preincubated in absence or 

presence of mepacrine (350 yg/ml), indomethacin (5 yg/ml) , cycloheximide 

(10 yM), puromycin (10 yM) or ethamoxytriphetol (10 yM) at 37°c for 15 

minutes. ST (372 yM) or progesterone (372 yM) was added and the prein

cubation was continued for 45 minutes. The mixture was allowed to cool 

to room temperature, finely chopped and incubated for 15 minutes. The 

PGI2 content of the incubation medium was then estimated.

2.16 Effect of diethylstilboestrol on degradation

20 mg of myométrial tissue taken from ovariectomized rats was pre

incubated with Krebs solution (20% w/v) containing indomethaoin (10 yg/ml) 

or indomethacin + ST (100 yg/ml) at 37°C for 1 hour. The mixture was 

cooled to room temperature and 25 ng of authentic PGI2 (10 y1 in volume) 

was added. The tissue was chopped finely and incubated for 15 minutes.

The anti-aggregatory activity was compared to authentic PGI2 (2.5 ng) 

added directly to the PRP.
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2.17 Elimination of the "carry over" effects of drugs on platelet 

aggregation

There was a possibility that drugs preincubated with aortic or 

myométrial tissues might affect platelet aggregation. To eliminate such 

effects all drugs used were added (in a volume equal to the largest 

volume of the incubate tested and in a concentration equal to that used 

for preincubation) to each cuvette of PRP with ADP. The only exception 

was when the drug was preincubated with aortic or myométrial tissue.

2.18 Preparation of authentic PGI^ solutions

PGI^/ as the sodium salt, was dissolved in 1 N NaOH to make a 

10 mg/ml stock solution from which dilutions of 1 mg/ml and 100 yg/ml 

were made in 0.1 M Tris (hydroxymethyl)aminomethane pH 12. All 

dilutions were stored at -20°C. On the day of experimentation working 

dilutions were made in Krebs solution (pH 7.6) and kept on ice.

2.19 Preparation of arachidonic acid

AA was obtained in ampoules of lOO mg/ml in toluene. On the 

day of experimentation working 300 yg of AA was taken and the solvent 

was evaporated under nitrogen at room temperature and lOO yg/ml of 

AA in Krebs solution was made with the aid of an equivalent amount 

of sodium carbonate.

2.20 Preparation of indomethacin in solution

Indomethacin was dissolved in Krebs solution with the aid 

of sodium carbonate.
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2.21 Preparation of the female hormones and ethamoxytriphetol

Diethylstilboestrol, 17-3-oestradiol, progesterone or ethamoxy

triphetol were dissolved in 95% ethanol to give a 0.5% solution in 

Krebs.

2.22 Composition of Krebs solution

The composition of Krebs solution was as follows: NaCl, 6.9;

KCl, 0.35; CaClg 0.55; KH^PO^, 0.16; MgS0^.7H20, 0.29; glucose,

2.0 and NallCO , 2.1 (g/L) .

2.23 Source of chemicals 

Chemical

adenosine diphosphate

arachidonic acid

N-butylimidazole

cycloheximide

diethylstilboestrol

ethamoxytriphetol

fluanisone (Hypnorm)

indomethacin

oestradiol 17-3

mepacrine

papaverine

PGD^

Source

Sigma

Sigma

Koch-light Lab.

Sigma

Sigma

Merrell Dow

Janseen Pharmaceutica

Merck Sharp and Dohme

Sigma

Sigma

Sigma

Sigma
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Chemical

PGI.

phospholipase (porcine pancreas )

progesterone

puromycin

sodium carbonate

sodium citrate

tranylcypromine

tris(hydroxymethyl)aminomethane

Source

Wellcome

Sigma

Sigma

Sigma

BDH

BDH

Smith Kline and 

French Labs. 

Sigma

2.24 Statistical tests used

The following statistical tests were used where appropriate 

(Tallariaa and Murray,1981)

1. Student "t" test (paired) for comparison of one test and 

its control in the same animal

2. Student "t" test (non-paired) for comparison of one test 

and its control from a different animal.

3. Dunnett's test for comparison of two or more tests with 

the control.

4. Analysis of variance for comparison tests and control with 

each other.



CHAPTER 3

RESULTS
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3. RESULTS

3.1 Influence of time of incubation on release of an anti-aggregatory

substance by rat myometria

Figure 5 is a recording showing release of an anti-aggregatory 

substance by rat myometria. Myométrial tissue taken from rats in 

oestrous was incubated in Krebs' solution (50% w/v) at 20°C and a 

sample of the incubation fluid was taken at 2,5, 10, 15, 30 and 

60 minutes and the anti-aggregatory activities tested against ADP- 

induced aggregation of rabbit PRP against authentic PGIg. The 

anti-aggregatory activity of aliquots increased with incubation 

time. At 2 minutes a 30 yl aliquot contained an activity equivalent 

to 1.75 ng PGI^ (corresponding to a synthesis of 0.22 ng/mg dry 

weight). At 5 minutes, 30 y1 incubate showed an anti-aggregatory 

activity equivalent to 3.58 ng PGI^ (corresponding to a production 

of 0.44 ng/mg). The activity of 20 yl incubate at lO minutes was 

equivalent to 3.17 ng PGIg matching a synthesis of 0.59 ng/mg; 

and at 15 minutes 10 y 1 incubate contained an anti-aggregatory 

activity equivalent to 2.5 ng PGIg corresponding to a synthesis 

of 0.92 ng/mg. 5 yl of incubate taken at 30 minutes had an 

anti-aggregatory activity equal to that of 5 yl incubate taken 

at 60 minutes, matching a synthesis of 1.36 ng/mg. The cumulative 

findings of 5 experiments are shown in Figure 6. The generation of 

the anti-aggregatory substance by myométrial tissues of rats in 

oestrous is expressed as PGI^ equivalents ng/mg dry wt. The 

production of the substance rose steadily frcm 0.23 ± 0.04 ng/mg 

dry wt. (mean ± SEM) at 2 min. to 0.41 ± 0.07 ng/mg at 5 min.

It then reached 0.65 ± 0.02 ng/mg at 10 min. and 0.76 ± 0.13 ng/mg 

at 15 min. After 15 min. the generation of the anti-aggregatory
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Fig. 5 . Release of an anti-aggregatory substance by myometria 
taken from cycling rats in oestrous. Tissues were 
incubated (50% w/v) in Krebs pH 7.6 at 20°C and aliquots 
of incubate (M) taken at 2, 5, 10, 15, 30 and 60 
minutes and added to 0.5 ml of rabbit platelet rich 
plasma (PRP). One minute later aggregation was 
induced by ADP (10 yM final concentration in the 
cuvette). The anti-aggregatory activity of M 
increased steadily with incubation time.
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substance increased slowly to 1.05 ± 0.13 ng/mg at 30 min and 

remained constant to 60 min (1.07 ± 0.17 ng/mg).

3.2 Effect of incubation time on release of the anti-aggregatory 

substance by myométrial tissue of ovariectomized rats 

injected with vehicle or diethylstilboestrol 

Here, the time course of release of the anti-aggregatory 

material by myometria taken from ovariectomized rats injected 

with vehicle (0.1 ml ethanol s.c.) is also shown in Figure 6.

The generation of the anti-aggregatory substance was low at 2 

min (0.33 ± 0.07 ng/mg dry wt., mean ± SEM; n = 5) and increased 

sharply with incubation time. It was 0.60 ± 0.09 ng/mg (n = 5) 

at 5 min, 0.99 ± 0.12 ng/mg (n = 5) at 10 min, 1.38 ± 0.21 ng/mg 

(n = 5) at 15 min and 2.29 ± 0.33 ng/mg (n = 5) at 30 min.

After that the velocity of the output slowed and 2.95 ± 0.3 ng/mg 

(n = 5) was obtained at 60 min.

Figure 6 also shows the time course of release of the anti

aggregatory substance formed by myometria taken from rats in

jected with diethylstilboestrol. Similar to the myometria 

taken from rats in oestrous, the production of the anti-aggre

gatory substance was low at 2 min (0.17 ± 0.02 ng/mg dry wt. n = 5) 

and increased steadily to 0.28 ± 0.04 ng/mg (n = 5 )  at 5 min,

0.47 ± 0.07 ng/mg (n = 5) at 10 min and 0.73 ± 0.09 ng/mg (n = 5) 

at 15 min. This value was a maximum after which the production 

remained constant (0.69 ± 0.13 at 30 min and 0.70 ± 0.13 ng/mg 

at 60 min). Thus myometria taken from ovariectomized rats on
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steroid supplement showed a similar time course of release of 

the anti-aggregatory substance as did tissues from intact animals. 

However vehicle-dosed ovariectomized rats generated a significantly 

higher amount of the anti-aggregatory material over ST-injected 

animals at all incubation periods tested (p < 0.05).

3.3 Time course of release of anti-aggregatory material by

aortae taken from rats in oestrous

A recording trace showing generation of anti-aggregatory 

activity by aortae taken from rats in oestrous is shown in 

Figure 7. Aortae were incubated in Krebs' solution (25% w/v) 

at 20°C and a sample of the incubation medium was taken at 2, 

5, 10, 15, 30 and 60 minutes. Anti-aggregatory activity was 

assessed by inhibition of ADP-induced platelet aggregation, 

against authentic PGI^. The activity is expressed as PGIg 

equivalents ng/mg dry wt. At 2 min a 20 yl incubate contained 

activity equivalent to 5 ng PGIg (corresponding to a synthesis 

of 1.7 ng/mg). The activity of 20 yl at 5 min was equivalent 

to 5.95 ng PGIg (a synthesis of 2.02 ng/mg) and 10 y1 taken 

at 10 min contained activity equivalent to 5 ng PGI^ (corres

ponding to a synthesis of 3.4 ng/mg). At 15 min the activity 

of 10 yl incubate was equivalent to 5.83 ng (synthesis

3.96 ng/mg) and at 30 min 10 yl aliquot contained an anti

aggregatory activity equivalent to 7.49 ng PGI^ (synthesis 

of 5.10 ng/mg). At 60 min 5 yl of incubate showed activity 

equivalent to 7.49 ng reflecting a production of

10.19 ng/mg. The cumulative findings from 5 experiments are
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Fig. 6 . Time course of release of PGI^ from myometria taken
from rats in oestrous ( ■ ) , ovariectomized rats injected 
with vehicle ( # ; 0.1 ml ethanol, V) or diethyl
stilboestrol ( a  ; ST lOO Mg s.c.) 24 hours before 
sacrifice. The vehicle dose-animals show a steady 
rise of PGIg release which is significantly 
higher at all points than the ST-injected animals 
(*p " 0.05). Rats in oestrous release an amount of 
PGI^ which is not significantly different from 
the ST-treated rats. The vertical lines represent 
SEM; n = 5.
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Fig. 7 . Release of an anti-aggregatory substance by aortae
taken from rats in oestrous. Tissues were incubated 
(25% w/v) in Krebs solution at 20 C and the incubate 
(A) taken at 2, 5, 10, 15, 30 and 60 minutes was 
added to 0.5 ml of rabbit PRP at 37°C. One 
minute later aggregation was induced by A D P (10 yM). 
The anti-aggregatory activity of A increased 
steadily with time and was estimated between two 
doses of authentic PGI_.
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shown in Figure 8. The production of the anti-aggregatory 

material rose steadily from 1.82 ± 0.1 ng/mg dry wt (mean 

SEM) at 2 min to 2.74 ± 0.31 ng/mg at 5 min, 4.46 ± 0.48 ng/mg 

at 10 min and 6.76 ± 1.02 ng/mg at 15 min. After that the 

velocity of the generation slowed to 9.21 ± 1.53 ng/mg at 30 

min. Production then increased sharply to 20.73 ± 2.28 ng/mg 

at 60 min.

3.4 Time course of release of the anti-aggregatory substance 

from aortic tissue of ovariectomized rats injected with 

vehicle or diethylstilboestrol

Figure 8 shows also the time course of generation of the 

anti-aggregatory material by aortae taken from ovariectomized 

rats injected with vehicle (0.1 ml ethanol s.c.) or diethylstilboestrol 

(lOO pg s.c.).The time course of release of the anti-aggregatory 

substance by the three aortic tissues was similar and points 

coincided; however surprisingly, the production at 15 min by 

ST-injected rats was significantly higher than by vehicle- 

dosed animals (p < 0.05).

Although the PGI^-like substance output by aortic tissues 

was continuously increased by time, that of myométrial tissues 

from rats in natural oestrous or steroid-induced oestrous 

peaked 15 minutes after incubation. Thus 15 min periods of 

incubation were chosen for the comparison of the two tissues.



53

2 4  4

2 2 .

20 _

O)
E
U)
c

12 - oe s t r o u  s
C7

CN

10 20 30
minutes

40 50 60

Fig. 8 . Time course of release of PGI2 by aortae taken from 
cycling rats in oestrous ( • )/ ovariectomized rats 
injected with vehicle ( ▲ ; V 0.1 ml ethanol s.c.) 
or diethylstilboestrol ( ■ ; ST 100 yg s.c.)
24 hours before sacrifice. The generation of PGI^
by the tissues was similar at all the incubation 
times tested except at 15 minutes when the ST 
injected rats released significantly higher
amounts of PGI2 than the V-dosed animals (p<O.05). Vertical
lines represent SEM; n = 5.
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3.5 Stability of the anti-aggregatory substance released by

myometria! tissue on alkalinization

The myometria! incubate of rats in oestrous was subjected 

to the challenge of alkalinization and acidification. Figure 9 

shows a recording trace of one experiment. Both authentic PGI^ 

(1.25 ng) and myometria! incubate (10 yl) in Krebs solution 

(pH 7.5) were highly potent against aggregation induced by 

10 yM ADP in the presence of papaverine (100 yM). Some of the 

myometria! incubate was alkalinized to pH 10 and left in ice 

for 1 hour, after which the pH was readjusted to 7.6 and the 

anti-aggregatory activity was re-tested. The incubate had an 

identical activity to that before alkalinization. Authentic 

PGI^ was also unaffected by alkalinization. As shown in 

Figure 9, PGD^ exerted a weak anti-aggregatory activity and 

when subjected to the challenge of alkalinization (pH 10) 

it lost that activity. Some of the myometria! incubate as well 

as authentic PGI^ were acidified to pH 3, left for 1 hour in 

ice, after which the pH was readjusted to 7.6 and the anti

aggregatory activity was re-tested. Both the myometria! 

incubate (10 yl) and authentic PGI^ (1.25 ng) lost their activity 

on acidification.

3.6 Stability of the anti-aggregatory substance released by 

aortic tissue on alkalinization

Figure 10 shows a recording of one experiment in which the 

anti-aggregatory substance released by aortic tissue of rats in 

oestrous was subjected to alkalinization and acidification.
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Fig. 9 . Stability of the anti-aggregatory material generated 
by myométrial tissues from rats in oestrous (M). 
Authentic PGI2 and the PGI^-like substance released 
by the myometrium retained their anti-aggregatory 
activities on alkalinization (pH 10) but the activity 
was lost on acidification (pH 3). Unlike PGI^, the 
anti-aggregatory activity of PGD was lost on 
alkalinization.Aggregation was induced by ADP (10 iDI) 
in the presence of papaverine (100 ;lI).
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Both the aortic incubate and authentic PGI^ in Krebs* at pH 7.6 

showed a potent inhibition of ADP-induced platelet aggregation. 

After alkalinization the incubation medium and PGIg retained 

activity whereas PGD^ did not. However activity was lost on 

acidification to pH 3.

3.7 Effect of arachidonic acid

Figure 11 shows the influence of addition of the precursor 

AA in various concentrations on the generation of the PGI^-like 

substance by myometria of rats in oestrous. The basal output 

was significantly increased from 0.25 ± 0.02 ng/mg wet wt/15 

min (mean ± SEM; n = 7) to 0.37 ± 0.04 ng/mg (n = 7 )  by AA 

(5 yg/ml) ( p < 0.02). Higher concentrations of the precursor 

(10 and 20 yg/ml) produced similar values 0.35 ± 0.03 ng/mg 

(n = 7) and 0.36 ± 0.04 ng/mg (n = 7) respectively. Both values 

were significantly higher than the basal release (p < 0.05).

3.8 Influence of drugs which inhibit PG synthesis on generation

of myométrial anti-aggregatory activity

Figure 12 shows a recording of the effect of drugs which 

inhibit PG synthesis (mepacrine, indomethacin and tranylcypromine) 

on the generation of the anti-aggregatory substance released by 

myometria taken from rats in oestrous. To eliminate the carry 

over effects of these drugs on platelet, each drug was added to 

the cuvette with ADP except when the incubation medium contained 

that drug. The generation of the anti-aggregatory material was
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Fig. 10. Stability of the anti-aggregatory material
produced by aortic tissues from rats in oestrous 
(A). Authentic PGI^ and the PGI^-like 
substance released by the aorta retained their 
anti-aggregatory activities on alkalinization 
(pH 10) but activity was lost on acidification
(pH 3) . 
aggrega
Aggregation war. induced by ADP (10 pM) .

Unlike PG , PGI^ lost its anti
aggregatory activity on acidification.
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Fig. 11. Effect of arachidonic acid AA) on PGI,
release from myometria taken from rats in 
oestrous. Basal PGI^ output ( ■ ; C) was
significantly enhanced by the addition of 
5, 10 and 20 yg/ml of AA (*p < 0.05). The 
columns and vertical lines represent mean 
± SEM; n = 7.
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successively abolished by these drugs

3.9 Influence of drugs which inhibit PG synthesis on generation

of anti-aggregatory activity by aortic tissue

Figure 13 shows a recording of the effect of PG synthesis 

inhibitors on the generation of the anti-aggregatory material 

by aortae taken from rats in oestrous. Tissues were treated 

similarly to the myometria in section 3.8. The production of 

the anti-aggregatory material was abolished by pre-treatment 

of aortae with mepacrine (350 yg/ml) , indomethacin (5 yg/ml) 

or tranylcypromine (500 yg/ml).

The generation of a potent anti-aggregatory substance 

by rat myometrium and aorta which is stable in alkaline pH 

and labile on acidification; whose formation is abolished by PG 

synthesis inhibitors and by tranylcypromine (a prostacyclin 

synthetase inhibitor) and increased by AA addition, resembles 

PGI^ in its properties. However the nature of this substance 

was further confirmed by the presence of 6-oxo PGF^a, the stable 

hydrolytic metabolite of PGI^ using the GC/MS technique (data 

obtained by Dr. C.N. Hensby) . Thus this substance will now be 

referred to as PGI^ rather than a PGI^-like substance or as 

PGI^ equivalents.
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Fig. 12. Influence of drugs which inhibit PG synthesis on 
generation of anti-aggregatory material from 
myometria of rats in oestrous (M). The effects 
of mepacrine 350 yg/ml (Q), indomethacin 
(5 yg/ml (IND) and tranylcypromine 500 yg/ml 
(TCP) were studied. The PG synthesis inhibitors 
on incubation with the tissues, abolished the anti
aggregatory activity of the myométrial incubate 
without affecting the anti-aggregatory activity of 
authentic PGI^. The influence of each drug on 
platelet aggregation was also studied. Aggregation 
was induced by ADP (10 yM) in the presence of 
papaverine (100 yM).
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Fig. 13. Influence of mepacrine (Q), indomethacin (IND) 
and tranylcypromine (TCP) on generation of the 
anti-aggregatory substance released by aortic 
tissue from rats in oestrous (A). Q (350 yg/ml), 
IND (5 yg/ml) or TCP (500 yg/ml) when incubated 
with the tissue, decreased the anti-aggregatory 
activity. The influence of each of the drugs on 
platelet aggregation was also studied. Aggregation 
was induced by ADP (10 yM).



62

3.lo Determination of the coefficients of variation of the platelet 

aggregation bioassay

3.10.1 Myométrial incubation media

Table 1 shows the result of estimating the PGIg content 

of heated myométrial incubates (oestrous) , containing added 

authentic PGIg (0.5 yg/ml), by inhibition of ADP-induced rabbit 

platelet aggregation. The assay was carried out using PRP from 

4 different rabbits and the sample was assayed four times 

(a, b, c, d) against authentic PGI^ using a 2 + 2 doses assay.

Table 1. PGI^ content of heated-myometrial incubate containing 

0.5 yg of authentic PGI^/nil

Rabbit
No.

a

Concentration of PGIg (yg/ml)

Assay No. 
b c d

1 0.52 0.55 0.54 0.55

2 0.52 0.53 0.55 0. 55

3 0.48 0.55 0.45 0.50

4 0.53 0. 56 0.53 0.51

Inter- and intra-assay coefficients of variation are 5.12% and 

4.4% respectively.

3.10.2 Aortic incubation media

Table 2 shows the results of estimating the PGI2 

content of heated aortic incubates (oestrous) containing 0.5 yg/ml



63

of authentic PGI^. The test was carried out similarly to that 

for the myometrium (3.10.1).

Table 2 . Estimated PGI^ content of heated aortic incubate 

containing 0.5 yg/ml of authentic PG%2/ml

Rabbit
No.

a

Concentration of PGI2 (yg/ml) 

b c d

1 0.52 0.53 0.56 0.54

2 0.50 0.50 0.54 0.52

3 0.53 0.50 0.54 0.51

4 0.55 0.50 0.52 0.49

The inter and intra -assay coefficients of variation were

calculated as 3.49% and 3.88% respectively.

3.11 Variation in myométrial PGI^ output during the rat oestrous

cycle

The influence of the rat oestrous cycle on myométrial PGI2 

release is shown in Figure 14. Myometria taken from rats in 

different stages of the cycle were incubated in Krebs solution 

and the PGI2 content was estimated by the inhibition of ADP- 

induced platelet aggregation. The basal output at proestrous 

was 0.64 ± 0.14 ng/mg dry wt/15 min( mean ± SEM; n = 8) and 

it was 0.42 ± 0.05 ng/mg (n = 6) at oestrous. The basal release
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at metoestrous and dioestrous was 0.49 ± 0.06 ng/mg (n = 8) and 

0.63 ± 0.08 ng/mg (n = 12) respectively. None of these values 

were significantly different.

Addition of AA to the myometria at different stages of the 

cycle is also shown in Figure 14. At proestrous the PGI^ production 

in the presence of AA was 0.58 ± 0.15 ng/mg (n = 8) which did 

not differ from the production in the pbsence of the precursor.

At oestrous AA stimulated production to 0.68 ± 0.07 ng/mg (n = 6), 

this was significantly higher than the basal release (p < 0.05).

At metoestrous PGI^ production in the presence of AA was equalled 

by the output in the absence of precursor (0.48 ± 0.1 ng/mg, 

n = 8). At dioestrous AA inhibited production to 0.55 ± 0 . 1  ng/mg 

(n = 12), this was significantly lower than the basal release 

(p < 0.05). There was no significant difference in the production 

of myométrial PGI^ in the presence of AA among all the stages 

of the oestrous cycle.

3.12 Variation in aortic PGI^ formation during the rat oestrous 

cycle

The influence of the oestrous cycle on aortic PGI^ output 

is shown in Figure 15. The basal output at proestrous was 

5.40 ± 0.40 ng/mg dry wt/15 min (mean ± SEM; n = 10); at 

oestrous 3.61 ± 0.44 ng/mg (n = 12) which was not significantly 

different from the output seen at proestrous. At metoestrous 

the basal PGI^ release was 7.57 ± 0.98 ng/mg (n = 10) and this
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Fig. 14. Variation in PGI^ output from myometria in the
absence (□) and presence of arachidonic acid ( ■ ;
AA '5 pg/ml) during the oestrous cycle. Addition 
of AA increased significantly the PGIg release 
at oestrous and decreased at dioestrous (*p < 0.05). 
P = proestrous; O = oestrous; M = metoestrous;
D = dioestrous. The columns and vertical lines 
represent mean ± SEM. The number of experiments 
is shown in parentheses.
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was significantly higher than production seen at oestrous (p <

0.05). At dioestrous the basal output of PGI^ was 7.56 ± 0.75 

ng/mg (n = 12) which equalled the production seen at metoestrous, 

this was also significantly higher than the production at 

oestrous (p < 0.05).

The effect of AA added to the aortic tissue during the 

oestrous cycle is also shown in Figure 15. The production of 

PGI^ in the presence of AA at proestrous was 5.44 ± 0.66 ng/mg(n=10) 

which was equal to the output in the absence of the precursor.

At oestrous AA-induced aortic PGI2 formation was 4.22 ± 0.34 

ng/mg (n = 12) and was not significantly different from the 

production in the absence of AA. At metoestrous also addition 

of AA did not stimulate PGI2 formation (6.20 ± 1.0 ng/mg; n = lO). 

In dioestrous AA significantly depressed the output to

5.2 ± 0.95 ng/mg (n = 12, p < 0.02). The aortic PGI^ output 

was approximately 10 times higher than the myométrial output 

at any stage of the cycle.

3.13 The in-vivo influence of ovarian hormones on myométrial and 

aortic PGI2 formation

3.13.1 Oestradiol

(a) myometrium : The effect of oestradiol or vehicle

(ethanol) injection of ovariectomized rats on myométrial PGI^ 

synthesis is shown in Figure 16(A). The basal output of PGI2 

in vehicle-dosed rats was 0.58 ± 0.18 ng/mg dry wt/15 min
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Fig. 15. Variation in PGI^ output by aortae in the absence 
( □ ) and presence of arachidonic acid ( ■ ; AA 
5 yg/ml) during the rat oestrous cycle. Minimal 
basal PGI2 output was seen at oestrous ( O) which 
increased significantly at metoestrous (M) and 
dioestrous (D) ( p < 0.05 ) but not at proestrous
(P). Addition of AA was without effect except 
at D when production was significantly decreased 
(*p < 0.02). The columns and vertical lines represent 
mean ± SEM. Number of experiments is shown in 
parentheses.
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(mean ± SEM; n = 4) and this was not affected by injection of 

10 yg/Kg oestradiol (0.59 ± 0.13 ng/mg; n = 4) but slightly 

increased by injecting the rats with 400 yg/Kg oestradiol(O.72±0.05) 

ng/mg; n = 4), the increase was not significant.

(b) Aorta ; Figure 16(B) shows the effect of vehicle 

and oestradiol injection on aortic PGI^ formation by ovariectomized 

rats. Here, rats were put on the same schedule of dosage as in 

the myométrial experiments. The basal aortic PGIg release (6.18 

± 0.97 ng/mg dry wt/15 min; mean ± SEM, n = 4) was at least 

10 times higher than the corresponding myométrial basal output.

Also the basal aortic PGI2 output, similar to the myometrium, 

was not affected significantly by administration of oestradiol 

10 yg/Kg (7.97 ± 0.78 ng/mg; n = 4) or 400 yg/Kg (6.83 ±0.48 

ng/mg; n = 4).

3.13.2 Diethylstilboestrol and progesterone alone or in 

combination

(a) Myometrium : Figure 17 shows the influence of

ovariectomy . (OV), injection of diethylstilboestrol (ST 

100 yg s.c.), progesterone (PRG 4 mg x 2 days, i.p.), ST +

PRG or vehicle (V) on myométrial PG%2 formation in the absence 

or presence of AA (5 yg/ml). Basal output by myometria taken 

from OV rats was found to be 0.8 ± 0.06 ng/mg dry wt/15 min 

(mean ± SEM; n = 5) and this was reduced significantly in 

vehicle-dosed rats (0.51 ± 0.12 ng/mg; n = 4). Injection of ST 

(loo yg) 24 hours before sacrifice further reduced the PGI^
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output to 0.34 ± 0.03 ng/mg (n = 4), as did PRG administration 

(0.31 ± 0.03 ng/mg, n = 7). Both values were significantly 

lower than production seen in tissues from OV rats (p < 0.001 

for both). However, the administration of the two hormones 

in combination caused a marked increase over production seen 

with either hormone alone (0.85 ± 0.11 ng/mg; n = 6) , but this 

value was not significantly different fron the output seen 

with myometria from OV rats.

Addition of AA (5 yg/ml) to myométrial tissues taken 

from OV rats significantly increased the synthesis of PGI^ to

1.24 ± 0.06 ng/mg dry wt/15 min (n = 5; p < 0.05). However the 

addition of AA produced no significant change in formation

over basal release in myometria taken from vehicle-dosed rats 

(0.54 ± 0.12 ng/mg; n = 4), ST-injected OV rats (0.27 ± 0.03 

ng/mg; n = 4), PRG-treated OV rats (0.33 ± 0.06 ng/mg; n = 7) 

or PRG + ST-injected OV animals (0.95± 0.15 ng/mg, n = 6).

The production of PGI^ in the presence of AA of OV rats was 

significantly higher than the output in the presence of the 

precursor of OV rats injected with vehicle, ST or PRG (p < 0.05) 

but not significant over the production obtained in OV animals 

injected with the two hormones together. Also AA-induced PGI^ 

formation by tissues taken from ST + PRG injected rats was 

significantly higher than AA-induced synthesis in tissues taken 

from OV rats dosed with V, ST or PRG (p <0.05).
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Fig. 17. Changes in myométrial PGI^ production after ovariectomy, 
vehicle injection and ovarian hormone supplement in the 
absence ( □ ) and presence of arachidonic acid ( ■ ; AA 
5 yg/ml). Basal PGI^ output was higher after ovariectomy 
(OV) than in vehicle-dosed rats (OV+V). Both diethyl
stilboestrol (ST 100 yg; s.c.) and progesterone (PRG 
4 mg X 2 days; i.p. ) significantly decreased PGI^ 
formation (p < 0.001). The concomitant injection of the 
two hormones restored the production to the ovariectomy 
value. AA addition was without effect on PGI2 release except 
to increase production by tissues taken from ovariectomized 
rats (*p < 0.05). Bars and vertical lines show meaniSEM; 
number of experiments shown in parentheses.
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(b) Aorta: The influence of ovariectomy, vehicle

injection as well as steroid supplement on aortic PGI^ formation 

in the a Isence and presence of AA is shown in Figure 18. Here, 

again the aortic PGI^ synthesis was higher than myométrial PGI2 

formation. The changes in aortic PGI2 formation were completely 

different from those in the myometrium. The basal PGI^ release 

by aortae taken from OV rats was 4.07 ± 0.77 ng/mg dry wt /15 

min (mean ± SEM; n = 5) and was unchanged by vehicle administration 

(3.86 ± 0.43 ng/mg; n = 5). ST-injection (100 yg s.c.) signifi

cantly increased the production to 7.82 ± 1.16 ng/mg (n = 5; 

p <  0.025) as did PRG treatment (6.74 ± 0.95 ng/mg; n = 6; 

p < 0.05). The administration of the two hormones in combination 

produced a large increase in aortic PGI2 formation (12.57 ± 1.48 

ng/mg; n = 7) which was significantly higher than production seen 

in OV rats (p < 0.001), vehicle-dosed animals (p < 0.001), ST- 

treated rats (p < 0.05) or PRG-injected rats (p< 0.01).

Addition of AA (5 yg/ml) significantly increased the aortic 

PGI2 formation of OV rats to 5.86 ± 0.93 ng/mg (n = 5; p <0.05) 

but was without effect in vehicle-dosed rats (3.57 ± 0.57 ng/mg; 

n = 5). AA significantly decreased the basal output to

5.14 ± 0.68 ng/mg (n = 5; p < 0.05) in ST-injected rats. The

addition of the precursor to aortae taken from OV rats injected

with PRG or with PRG + ST was without effect, the values were

8.86 ± 1.85 ng/mg (n = 6) and 11.4: ± 2.5 ng/mg (n = 7) respectively.

AA-induced aortic PGI2 formation by tissues taken frcxn PRG +

ST injected rats was significantly higher than the production 

induced by the precursor on tissues taken from OV rats or OV rats
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injected with vehicle or ST (p < 0.05), but not rats injected 

with PRG.

3.14 Comparison of aortic PGI^ formation by male, female and

pregnant rats

Figure 19 shows PGI^ formation by aortic tissues taken 

from male rats, female rats in oestrous and pregnant rats on 

days 20, 21 of gestation, in the absence and presence of AA. 

Aortae from male rats released a similar amount of PGI^

(2.03 ± 0.38 ng/mg wet wt/15 min mean ± SEM; n = 5) to aortae 

from female rats in oestrous (2.12 ± 0.26 ng/mg; n = 12) or 

pregnant rats on day 20 of gestation (2.25 ± 0.5 ng/mg; n = 5). 

However the aortic PGI2 production by 21 pregant rats (5.83 ± 

1.15; n = 3) was significantly higher than the production 

seen in the other groups (p < 0.05).

Addition of AA (5 yg/ml) to aortic tissue of male rats sig

nificantly increased the basal output to 2.79 ± 0.42 ng/mg 

(n = 5; p < 0.05) but was without effect in aortae from female 

rats in oestrous (2.48 ± 0.2 ng/mg; n = 12), day 20 pregnant rats 

(2.7510.5; n=5) or rats on day 21 of gestation (5.8211.12 ng/mg; 

n=3) .

3.15 Time course of diethylstilboestrol-induced myométrial PG%2 

release {in-vitro)

The time course of release of PGI^ by myometria taken from 

rats in oestrous in the presence or absence of ST is shown in
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Fig. 18. Changes in aortic PGI2 synthesis after ovariectomy,
vehicle injection and ovarian hormones supplemented in 
the absence ( □ ) and presence of arachidonic acid ( ■ ;
AA, 5 yg/ml). Basal PGI2 output after ovariectomy (OV) 
was not changed by vehicle administration (OV+V) 
but both diethylstilboestrol (ST 100 yg s.c.) and 
progesterone (PRG 4 mg x 2 days, i.p.) either alone 
or in combination significantly increased basal PGI^ 
release (p < 0.025, 0.05 and 0.001 respectively).
AA addition increased PGL, output in ovariectomized 
rats, and reduced it in ST-treated rats (p* < 0.05). 
Columns and vertical lines represent mean ± SEM.
Number of experiments is shown in parentheses.
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Fig. 19. Effect of arachidonic acid on aortic PGIg release by 
tissues taken from male, fenale (in oestrous) and 
pregnant rats (day 20 and 21). The basal PGI2 
release (■) was similar in male, female and 20-day 
pregnant rats, but increased significantly on day 21 of 
gestation over day 20 (*p < 0.05). Addition of 
arachidonic acid ( □; 5 yg/ml) significantly increased
PG%2 release in male rats only (*p < 0.05). Columns 
and vertical lines represent mean + SEM. Number of 
experiments shown in parentheses.
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Figure 20(A). As shown before (Fig. 6) the production of 

PGI^ by myometria of rats in oestrous increased steadily from 

0.13 ± 0.02 ng/mg wet wt (mean ± SEM: n = 5) at 2 min, to 

0.22 ± 0.04 ng/mg (n = 5 )  at 5 min, 0.35 ± 0.01 ng/mg (n = 5) 

at 10 min and 0.41 ± 0.07 ng/mg (n = 5) at 15 min. The 

production peaked at 30 min (0.57 ± 0.07 ng/mg; n = 5) and 

unchanged at 60 min (0.58 ± 0.09 ng/mg; n = 5).

Addition of ST (372 yM) to myometria of rats in oestrous 

produced a similar pattern of PGI^ release to that seen with 

the injection of the steroid into ovariectomized rats. Here, 

again PGI^ production increased from 0.062 ± 0.01 ng/mg (n = 5) 

to 0.10 1 0.02 ng/mg (n = 5 )  at 5 min, 0.15 ± 0.03 ng/mg at 

10 min and the production peaked at 15 min (0.17 ± 0.02 ng/mg; 

n = 5). After 15 min, the production dropped to 0.12 ± O.Ol ng/mg 

(n = 5) at 30 min and 0.13 ± 0.03 ng/mg (n = 5) at 60 min. All 

these values were significantly lower than the PGI^ output 

seen with myometria in the absence of the synthetic oestrogen at the 

corresponding incubation times (p < 0.05).

3.16 Effect of diethylstilboestrol on degradation of PGI^

The influence of ST (100 yg/ml) in degradation of authentic 

PGI^ (0.25 yg/ml) is shown in Table 3. Myometria taken from 

ovariectomized rats were preincubated in Krebs' containing 

indomethacin (IND, 10 yg/ml) in the absence or presence of 

ST (100 yg/ml) for 1 hour at 37°C. The PGI^ content of the 

incubation media was estimated by inhibition of ADP-induced
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platelet aggregation,

Table 3. PGI^ content of indomethacin and indomethacin plus 

diethylstilboestrol treated myometria incubate 

containing 0.25 yg/ml authentic PGI^.

PGI2 (ng/ml) in PGI2 (ng/ml) in IND + ST

IND-treated tissue treated tissue

187 ± 9.8 183 ± 4.5

n = 4 n = 4

From Table 3 the PGI^ content decreased from 250 ng/ml 

to 187 ± 9.8 ng/ml in indomethacin-treated myométrial tissue, 

however addition of ST (lOO yg/ml) to the myometria previously 

treated with IND did not induce any further reduction of PGI2 

concentration (183 ± 4.5 ng/ml; n = 4).

3.17 Time-course of release of PGI2 by aortae incubated with 

diethylstilboestrol

The influence of added ST (372 yM) on aortic PGI2 formation 

by tissues taken from rats in oestrous is shown in Figure 20(B). 

As shown before (Fig. 8) the production of PGI2 by aortae taken 

from rats in oestrous increased steadily with incubation time. 

Unlike myometria, addition of ST (372 yM) to aortae of rats in 

oestrous significantly increased the basal output of PGI2 at 

2 min (in the absence of the synthetic oestrogen) from
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1.07 ± 0.05 ng/mg wet wt (mean ± SEM; n = 5 )  to 4.27 ± 0 . 2  ng/mg 

(n = 5; p < 0.05). Then the production in the presence of ST 

increased steadily with incubation time to 8.83 ± 1.15 ng/mg 

(n = 5) at 30 min. All these values were significantly higher 

than the production obtained in the absence of ST at the corres

ponding incubation periods (p < 0.05). At 60 min ST-induced 

PGI^ formation (12.89 ± 1.74 ng/mg; n = 5) was not significantly 

different than the production seen in the absence of the ST 

for the same period of incubation (12.18 ± 1.34 ng/mg; n = 5). 

The stimulant effect of ST {in-vitro) on aortic PGI^ formation 

was much clearer than the in-vivo effect.

3.18 Dose-response effect of ovarian hormones on myométrial and 

aortic PGI^ formation

3.18.1 Oestradiol

(a) Myometrium ; The effect of different concentrations 

of added oestradiol on PGI2 release by myometria taken from rats 

in oestrous is shown in Figure 21(A). The release was reduced 

from 0.24 ± 0.01 ng/mg wet wt/15 min (mean ± SEM, n = 5)

(basal) to 0.17 ± 0.02 ng/mg (n = 5) by 50 yM oestradiol, a 

significant decrease (p < 0.05). 100 yM oestradiol also

significantly inhibited the basal release from 0.32 ± 0.03 ng/mg 

(n = 6) to 0.20 ± 0.01 ng/mg (n = 6; p < 0.05). Similarly, 

significant inhibition was obtained on the addition of 318 yM 

oestradiol from 0.43 ± 0.03 ng/mg (n = 7) to 0.24 ± 0.04 ng/mg 

(n = 7 ; p < 0.001).
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Figure 2 1 (B) depicts the effect of oestradiol addition on 

PGI^ formation by myometria taken from ovariectomized rats.

Unlike tissues taken from intact rats, oestradiol at low concen

tration was without significant effect on myométrial PGI^ formation 

of castrated rats. Incubation of the myometria with 100 yM oestradiol 

reducëd the basal release from 1.31 ± 0.17 ng/mg (n = 5) to 

1.00 ± 0 . 1  ng/mg (n = 5); however a significant reduction to 

0.89 ± 0.08 ng/mg (n = 5) was obtained by addition of 

372 yM oestradiol (p < 0.025). The basal PGI^ release of myo

metria taken forom ovariectomized rats was 3 times higher than 

the output of tissues from intact animals.

(b) Aorta ; Figure 22 (A) shows the influence of 

oestradiol addition in various concentrations on aortic PGI^ 

formation of rats in oestrous. The basal output was increased 

insignificantly by addition of 5 yM, 50 yM or 100 yM oestradiol. 

Oestradiol (318 yM) significantly increased the release of PGI^ 

(from 2.92 ± 0.35 ng/mg to 6.77 ± 0.77 ng/mg; n = 6, p < 0.001)

Figure 2 2 (B) shows the effect of added oestradiol on PG%2 

formation by aortae taken from ovariectomized rats. The basal 

PGI^ output (8.85 ± 0.79 ng/mg, n = 4) was not significantly 

changed by addition of 5 yM or 50 yM oestradiol. However the 

basal release (8.78 ± 0.34 ng/mg; n = 4) was significantly 

increased by addition of 100 UM (13.89 ± 1.53 ng/mg; n = 4; 

p <  0.05) and 372 yM oestradiol (14.25 ± 1.63 ng/mg; n = 4; 

p < 0.05).
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3.18.2 Diethylstilboestrol

(a) Myometrium: Figure 23(A) depicts the effect of

added ST in various concentrations on myométrial PGI^ formation 

(rats in oestrous). Unlike oestradiol, ST in concentrations up 

to 200 yM failed to produce a significant change in the basal 

PGI^ output. However addition of 372 yM ST significantly reduced 

the PGI2 release from 0.23 ± 0.03 ng/mg wet wt/15 min (mean ± 

SEIM; n = 5) to 0.09 ± 0.01 ng/mg (n = 5, p < 0.001) , a drop in 

synthesis of 58%.

The influence of added ST in various concentrations on 

PGI2 formation by myometria taken from ovariectomized rats is 

shown in Figure 2 3 (B). The basal myométrial PGI2 output was 

much higher in tissues taken from castrated animals than from 

intact rats. Also the synthetic oestrogen was highly effective 

in inducing PGI^ inhibition at relatively low concentrations.

The basal PGI2 release of myometria of castrated rats (2.07 ± 

0.33 ng/mg; n = 5) was significantly reduced to 1.07 ± 0 . 2  ng/mg 

(n = 5; p < 0.05), and 0.89 ± 0.21 ng/mg (n = 5; p < 0.01) on 

addition of 5 yM and 50 yM ST respectively. Similarly the 

basal release (0.98 ± 0.14 ng/mg; n = 6) was significantly 

inhibited by addition of 100 yM (0.54 ± 0.09 ng/mg; n = 6; 

p <  0.05) and 372 yM ST (0.44 ± 0.12 ng/mg; n = 4; p <0.01).

(b) Aorta: Figure 24(A) shows the influence of added

ST on aortic PGI^ formation of rats in oestrous. The basal output 

(4.95 ± 0.88 ng/mg wet wt/15 min; n = 5) was increased in a
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dose-dependent manner by ST; to 6.31 ± 0.86 ng/mg (n = 6) by 

50 yM ST (p < 0.05). 100 yM ST significantly increased the output 

from 6.07 ± 0.86 ng/mg (n = 6) to 8.27 + 0.98 ng/mg (n = 6; 

p < 0.05) and 372 uM ST increased the production from 7.55 ±

0.37 ng/mg (n = 5) (basal output) to 10.48 ± 1.13 ng/mg (n = 5; 

p < 0.05).

The influence of added ST on aortic PGIg formation by tissues 

taken from ovariectomized rats is shown in Figure 24(B). The 

basal PGI^ output (7.52 ± 0.86 ng/mg wet wt/15 min; n = 5) was 

increased to 14.86 ± 2.23 ng/mg (n = 5 ;  p < 0.05) and 20.31 ±

4.69 ng/mg (n = 5; p < 0.05) by the addition of 100 yM and 

372 yM ST respectively. This effect was similar to that of 

oestradiol however the % of increase by ST (166%) was higher 

than the % of increase by oestradiol (60%) on aortae taken 

from ovariectomized rats.

3.18.3 Progesterone

(a) Myometrium: The influence of progesterone (PRG)

addition on myométrial PGI^ release from rats in oestrous is 

shown in Figure 25. The basal PGI2 output (0.22 ± 0.04 ng/mg 

wet wt/15 min, mean ± SEM; n = 6) was not significantly changed 

by the addition of 318 yM or 636 yM PRG.

(b) Aorta : Figure 26 shows the effect of added PRG

on aortic PG%2 formation of rats in oestrous. The basal output



8 6

tn (U 0 Z p P ay Cb < nr c Q CL 00 CL fi) CD 3 0 3 en
t . H- h cr en (Drt H- p. ro CL 13 H- ro Ü h 3 P- Pm 0 n 1 CL 3 (D5 rt < 0 en5 0 p. hh w 0 %0 3 rt vj (D 01+ i-h H- h m ro en 3N 0 X 3 en
in CL m tl xr P fDw H- CL P- m S 03: (D 3 p 3 (Drt h Hi p- CL en 3y fu P 3 P- 35 *<: rt C (D (D (DM w m 3 rt 0II W 3 (t 3 3 3rt 0 W PC (Den P- H (D p 0P" y w en 3 3cr m 0 3" 3 CL0 Hi 0 p- en p.m tr g p CL 3Cfi CL CL p 3 p 1
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Fig. 25. Influence of in-vitro addition of progesterone 
( □ ) on myométrial PGI^ release of cycling rats 
in oestrous. The basal PGI2 output (■ ; C) was 
unaffected by the presence of progesterone (PRG 
318 and 636 yM). Columns and vertical lines 
represent mean ± SEM; n = 6.
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(6.32 ± 0.85 ng/mg wet wt/15 min; n = 5) was significantly in

creased on addition of 318 yM PRG (9.50 ± 0.68 ng/mg; n = 5; 

p < 0.05). Similarly 636 yM PRG significantly increased the 

PGI^ production from 2.51 ± 0.42 ng/mg (n = 5) to 6.98 ± 0.46 

ng/mg (n = 5; p < 0.001).

3.18.4 Diethylstilboestrol -f Progesterone

(a) Myometrium : Figure 27 shows the effect of added

ST and ST -I- PRG on myométrial PGT^ release of rats in oestrous. 

Here, again ST (372 yM) significantly reduced the basal output 

from 0.29 ± 0.04 ng/mg wet wt/15 min (n = 5) to 0.15 ± 0.03 

ng/mg (n = 6; p < 0.02). Although PRG (372 yM) lacked any signi

ficant effect on the basal output of myométrial PGI^ as seen 

before (Fig. 25) it partially reversed the ST-induced inhibition 

of PGI^ (0.19 ± 0.03 ng/mg; n = 6).

(b) A (b) Aorta : Figure 28 depicts the effect of ST, PRG 

and ST + PRG on aortic PGI^ synthesis by tissues taken from rats 

in oestrous. ST (372 yM) significantly increased output (p < 0.05) 

as did PRG (372 yM) (P < 0.05). The combination of the two 

hormones significantly increased the output fron 6.32 ± 0.85 

ng/mg (n = 5) to 9.35 ± 1.18 ng/mg (n = 5 ;  p < 0.05) which was 

equal to the production achieved by each hormone alone.
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Fig. 26. Influence of in-vitro addition of progesterone
( □ ) on PGI release from aortae of rats in 
oestrous. The basal PGI^ release (■ ; C) was 
stimulated significantly by the addition of 
progesterone (318 and 636 pM PRG; *p < 0.05
**p < 0.001). Columns and vertical lines 
represent mean ± SEM; n = 5.
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Fig. 27. The effect of in-vitro addition of diethylstil^ 
boestrol (■) and progesterone plus diethylstil
boestrol (0) on PGI^ release from myometria 
taken from rats in oestrous. Diethylstilboestrol 
(ST 372 yM) significantly reduced the basal (□) 
PGI^ release (*p < 0.02) and this was partially 
reversed by the addition of progesterone (372 yM) 
Columns and vertical lines show mean + SEM; 
n = 5.
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Fig. 28. The effect of in-vitro addition of diethyl
stilboestrol (■ ; ST 372 yM) and progesterone 
(B ; PRG 372 yM) alone or in combination with
( m  ) release from aortic tissue takenon PGI^
from rats in oestrous. The basal PGI release 
( □) was significantly increased by the two 
hormones alone or in combination (*p < 0.05). 
Bars and vertical lines represent mean + SEM; 
n = 5.
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3.19 Effect of phospholipase on diethylstilboestrol-induced

myométrial PGI^ formation

Effects of phospholipase A^ (4 U/ml) on basal and ST-induced 

myométrial PGIg release of rats in oestrous is shown in Figure 

29. Phospholipase A^ significantly increased the basal output 

from 0.22 ± 0.03 ng/mg wet wt/15 min (mean ± SEM; n = 6) to

1.02 ± 0.1 ng/mg (n = 6; p <  0.001) and AA increased the control 

PGI^ output to 0.35 ± 0.05 (n = 6). However ST (100 yg/ml) 

significantly decreased the PGI^ output to 0.09 ± 0.01 ng/mg 

(n = 5; p < 0.01). The PGI^ production in ST + phospholipase 

A- treated myometria (0.43 ± 0.05 ng/mg; n = 6) was significantly 

higher than the control (p < 0.05) and ST-induced PGI2 formation

(p < 0.05) but lower than the production seen in phospholipase 

treated tissues (p < 0.05). The production in ST + AA

treated myometria was not significantly different from the control 

value but it was significantly lower than the output seen in AA 

treated tissues (p < 0.05).

3.20 Effect of a thromboxane synthetase inhibitor on myométrial

PGI- formation—  2 ----------
The effects of N-butylimidazole (BI;40 yg/ml) on basal and 

ST-induced myométrial PGI2 synthesis of rats in oestrous are 

shown in Figure 30. The basal PGI2 output was significantly 

reduced from 0.22 ± 0.03 ng/mg wet wt/15 min (mean ± SEM; n = 6) 

to 0.09 ± 0.01 ng/mg (n = 6; p < 0.01) by 100 yg/ml ST, but 

not affected by addition of BI (0.27 ± 0.05 ng/mg; n = 6).

The synthetic oestrogen retained its inhibitory effect in the
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Fig. 29. Effect of phospholipase and arachidonic acid on
diethylstilboestrol-induced inhibition of myométrial 
PGIg formation of rats in oestrous. Basai PGI^ 
release (C) was significantly decreased by the 
addition of diethylstilboestrol (ST; 100 yg/ml;
*p < 0.01) but increased on phospholipase 
addition (PL 4 U/ml; **p < 0.001) and arachidonic 
acid addition (AA; 5 pg/ml). Columns and vertical 
lines show mean ± SEM; n = 5 .
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presence of the thromboxane synthesis inhibitor (0.09 ± 0.01 

ng/mg; n = 6).

3.21 Influence of protein synthesis inhibitors and an anti-oestrogen

on myométrial PGI^ production

Effects of cycloheximide (CH), puromycin (PU) and ethamoxy- 

triphetol (MER) on basal and ST-induced myométrial PGIg release 

(rats in oestrous) are shown in Figure 31. As shown before 

(Fig. 30) the basal PGI^ output was significantly inhibited 

by addition of 372 ST (p <0.01). Addition of CH (0.35 mM) 

did not change the basal output (0.23 ± 0.07 ng/mg wet wt/15 min; 

n = 6) and failed to change the ST-induced inhibition (0.10 ±

0.03 ng/mg; n = 6; p <0.05). PU (0.18 mM) was without signifi

cant effect on the basal PGIg release (0.28 ± 0.06 ng/mg; n = 8) 

and did not change the ST-induced inhibition (0.08 ± 0.01 ng/mg; 

n = 8; p < 0.05). Similarly the anti-oestrogen (MER 0.24 mM) 

was without a significant effect on the basal PGIg release (0.16 

±0.03; n = 6) or ST-induced myométrial PG%2 inhibition (0.05 ± 

0.01 ng/mg; n = 6; p < 0.05).

3.22 Effect of cycloheximide on progesterone-induced myométrial 

PGI^ formation

The effects of CH on basal and PRG-induced PGI2 synthesis 

are shown in Figure 32. Although PRG in concentrations up to 

636 yM failed to affect the basal myométrial PG%2 output of 

rats in oestrous (see Fig. 25), 372 yM of the hormone significantly



95

CG
L O

-4—

% 0.2-
enG
enc

L D
CL

BI+ ST

Fig. 30. The in-vitro influence of N-butylimidazole on
diethylstilboestrol-inhibitory release of PGIg 
from rats uteri in oestrous. The basal PGI 
output (C) was significantly decreased by the 
addition of diethylstilboestrol (ST 100 yg/ml;
*p < 0.01), but not affected by the presence of 
N-butylimidazole (BI, 40 yg/ml). BI did not 
affect the inhibitory effect of ST on PGI2 
release (BI + ST; *p < 0.01). The columns and 
vertical lines represent the mean ± SEM; n = 6.
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Fig. 31. The in-vitro influence of the protein synthesis
inhibitors and the anti-oestrogen on diethyl
stilboestrol-induced inhibition of myométrial PGI^ 
formation. Tissues taken from rats in oestrous 
were incubated with diethylstilboestrol (ST 372 yM, 
| )  , cycloheximide (CH 0.35 mM; flj ) / CH + ST 
(S) / puromycin (PU 0.18 mM; 0  ) , PU 4- ST (S) , 
ethamoxytriphetol (MER 0.24 mM; Q )  or MER 4- ST 
(^) . The basal PGI- release (C;Q) was signi
ficantly decreased by ST (*p < 0.02) but not 
affected by CH, PU or MER. However the inhibitory 
effect of ST on PGI^ formation was not affected 
by the pre-incubation with the protein synthesis 
inhibitors or the anti-oestrogen. Columns and 
vertical lines show mean + SEI4. Parentheses 
show the number of experiments.
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decreased the output of myometria! tissue from ovariectomized 

rats from 0.85 ± 0.09 ng/mg wet wt/15 min (mean ± SEM; n = 6) 

to 0.51 ± 0.11 ng/mg (n = 6; p< 0.01). The basal output (1.16 

± 0.21 ng/mg; n = 5) was reduced by 10 yM CH (0.68 ± 0.1 ng/mg;

n = 5) and the protein synthesis inhibitor did not affect PRG- 

induced inhibition (0.50 ± 0.1 ng/mg; n =5; p < 0.005).

3.23 Effect of mepacrine on diethylstilboestrol-induced aortic

PGI- formation  2 ----------
Figure 3 3 depicts the effects of mepacrine (Q) on basal 

and ST-induced aortic PGIg release (taken from rats in oestrous) 

ST (loo yg/ml) significantly increased the basal PGI^ output 

(control) from 2.12 ± 0.32 ng/mg wet wt/15 min (mean ± SEM; 

n = 6) to 4.29 ± 0.37 ng/mg (n = 6 ;  p < 0.05) and Q (350 yg/ml) 

decreased the basal output to 0.81 ± 0.06 ng/mg (n = 6; 

p < 0.05). Addition of Q to ST-treated tissues reduced the 

production to 1.00 ± 0.14 ng/mg (n = 6) a value which was 

significantly lower than the production seen in ST-treated 

aortae and in the control (p < 0.05), but did not differ from 

the value obtained by Q-treated tissues. Addition of AA 

(5 yg/ml) to Q-treated aortae increased the PGI^ output to

4.69 ± 0.89 ng/mg (n = 6) which was significantly higher than 

production seen in the control as well as in Q-treated tissues 

(p < 0.05 for both). However addition of ST to Q + AA-treated 

tissue failed to produce any further increase and the output 

(3.93 ± 0.5 ng/mg; n = 6) was not significantly different from 

the production seen in Q + AA-treated aortae.
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Fig. 32. The in-vitro effect of progesterone ( Q ) , cycloheximide 
(0) alone or in combination (jQ] ) on basal PGI release 
of myometria taken from ovariectomized rats. The basal 

(|; C) was significantly reduced byPGI^ release 
progesterone (PRG 372 yM; *p < 0.01) but was not
affected by cycloheximide (CH 10 yM). The combination 
of CH + PRG produced further inhibition of the 
basal PGI output (**p < 0.005). The columns and 
vertical lines show mean ± SEM. Number of experiments 
shown in parentheses.
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Fig. 33. Effect of mepacrine 350 yg/ml (Q) on 
diethylstilboestrol-induced aortic 
synthesis of rats in oestrous. Addition of 
diethylstilboestrol (ST 100 yg/ml) increased 
significantly (*p < 0.05) the basal PGI^ release 
(C). Q reduced the basal PGI2 release and reversed 
the ST stimulation into an inhibition (*p < 0.05). 
Addition of ST to Q-treated tissues plus ara
chidonic acid (AA 5 yg/ml) did not change the 
PGI output induced by Q + AA. Columns and 
vertical lines show mean ± SEM; n = 5.



100

3.24 Influence of mepacrine and indomethacin on progesterone-

induced aortic PGI^ formation

Effects of mepacrine and indomethacin (IND) on both basal 

and progesterone-induced PGI^ synthesis of aortae taken from 

rats in oestrous are shown in Figure 34. Addition of PRG 

(200 yg/ml) greatly increased the basal PGI^ output (control) 

from 2.51 ± 0.42 ng/mg wet wt/15 min (mean ± SEM; n = 5) to 

6.99 ± 0.46 ng/mg (n = 5; p < 0.001), while Q (350 yg/ml) 

addition reduced the basal release to 0.78 ± 0 . 0 7  ng/mg

(n = 5; p < 0.05). Addition of Q to PRG-treated aortae 

significantly reduced the output to 1.16 ± 0.14 ng/mg (n = 6; 

p < 0.05) a value which was not significantly different from 

the production seen in Q-treated tissues. IND (5 yg/ml) signi

ficantly decreased the basal PGI^ output to 0.55 ± 0.08 ng/mg 

(n = 8, p < 0.05). Addition of the cycloxygenase inhibitor 

to PRG-treated aortae decreases the PGI^ production to 1.84 ±

0.2 ng/mg (n = 8) a value which was not significantly different 

from the control, but was higher than the production seen in IND- 

treated tissues (p < 0.05).

3.25 Effect of protein synthesis inhibitors on diethylstilboestrol- 

induced aortic PGI^ formation

3.25.1 Cycloheximide

Effects of added CH on basal and ST-induced PGI^ 

release from aortae of rats in oestrous are shown in Figure 35. 

PGI^ output as shown before (Fig. 28) was significantly in

creased by the addition of ST (372 yM). The output (6.69 ± 0.61
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Fig. 34. Effect of mepacrine (Q 350 pg/ml) and indomethacin 
(IND 5 yg/ml) on progesterone-induced aortic 
formation of rats in oestrous. The basai PGI_ 
release (C) was significantly increased by the 
addition of progesterone (PRG 200 yg/ml; ** p 
< 0.001) and decreased by Q (*p < 0.05) and 
IND (*p < 0.05). Both Q and IND abolished the 
stimulant effect of PRG on PGI2 output. Bars 
and vertical lines show mean ± SEM. Parentheses 
show the number of experiments.
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ng/mg wet wt/15 min; n = 4) was not affected by the addition 

of 10 yM CH (6.82 ± 0.79 ng/mg; n=4). However the protein 

synthesis inhibitor blocked the stimulant effect of ST 

(5.67 ± 0.73 ng/mg; n = 4).

3.25.2 Puromycin

Figure 36 shows the effect of PU (10 yM) on basal 

and ST-induced aortic PGI^ formation of rats in oestrous. Basal 

PGI^ output (7.63 ± 0.5 ng/mg wet wt/15 min; n = 4), was not 

significantly changed by the addition of PU (8.61 ± 0.74 ng/mg; 

n = 4), but the protein synthesis inhibitor blocked the 

stimulant effect of 372 yM ST (5.56 ± 0.65 ng/mg; n = 4).

3.26 Effect of protein synthesis inhibitors on progesterone- 

induced aortic pGj  ̂ formation

3.26.1 Cycloheximide

The effects of CH (10 yM) on basal and PRG-induced 

PGI2 formation of aortae (taken from rats in oestrous) are 

shown in Figure 37. The basal PGI^ output (6.32 ± 0.85 ng/mg 

wet wt/15 min; n = 6) was significantly increased on addition 

of 372 yM PRG (9.50 ± 0.68 ng/mg; n - 6; p < 0.05). However 

the basal output (7.65 ± 0.34 ng/mg; n = 4) was not significantly 

changed by addition of CH (7.89 ± 0.47 ng/mg; n = 4), but the 

protein synthesis inhibitor blocked the stimulant effect of 

PRG (7.70 ± 0.74 ng/mg; n = 4).
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Fig. 3 5 . Effect of cycloheximide on basai and diethylstil
boestrol-induced PGI^ release. Aortae taken from rats 
in oestrous were incubated with diethylstilboestrol 
(ST 372 yM;Q) , cycloheximide (CH 10 yM; 0 )  or 
CH + ST (ÈJE,). Basal PGI^ release (g  ; C) was 
increased significantly on ST addition (*p < 0.05) 
and unaffected by the addition of CH; however CH 
blocked ST-stimulated PGI2 formation.Bars and 
vertical lines represent mean ± SEM. Number of 
experiments shown in parentheses.



104

C
E
m

Q

Oî
E
O)c

Oû.

12 -

10 -

8 -

6 -

4 _

2 -

(M (4)

c  ST C PU PU + ST

Fig. 36 . Effect of puromycin on basal and diethylstilboestrol- 
induced aortic PGI^ release. Tissues taken from rats 
in oestrous were incubated in the presence of diethyl
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0 )  or PU + ST (0). ST significantly increased 
basal ( Q ; C) PGI_ output (*p < 0.05) whereas 
PU was without effect. However the protein 
synthesis inhibitor blocked ST effect. Bars and 
vertical lines represent mean ± SEM. Number of 
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Fig. 37. Influence of cycloheximide {in-vitro) on basai and
progesterone-induced release of aortic PGI^- Tissues 
taken from rats in oestrous were incubated with 
progesterone (PRG 372 yM;®) , cycloheximide (CH 10 yM ; 
0 )  or CH + PRG ( 0 ) .  Basal PGI^ release ([]; C) 
was significantly enhanced by the addition of PRG 
(*p < 0.05) and unaffected by CH. However CH blocked 
the PRG stimulant effect. Columns and vertical lines 
represent mean ± SEM. Number of experiments shown 
in parentheses.
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3.26.2 Puromycin

Figure 38 depicts the effects of PU (10 yM) on

basal and PRG-induced aortic formation of rats in oestrous.

The basal output (7.56 ± 0.8 ng/mg wet wt/15 min; n = 5)

was not significantly changed on the addition of PU (6.19 ±

0.95 ng/mg; n = 5), however the protein synthesis inhibitor 

blocked the stimulant effect of PRG (372 yM) ( 5.93 ± 0.6 ng/mg; 

n = 5).

3.27 Effect of ethamoxytriphetol on diethylstilboestrol-induced

aortic PGI^ formation

The effects of ethamoxytriphetol (MER) on basal and ST 

induced aortic PGI^ generation of rats in oestrous are shown 

in Figure 39. The basal PGIg output (7.89 ± 0.81 ng/mg wet 

wt/15 min; n = 4) was not significantly changed by the addition 

of MER (10 yM) (8.31 ± 0.72 ng/mg; n = 4), however the anti

oestrogen blocked the stimulant effect of ST (372 yM) on aortic 

PGIg production (6.92 ± 0.8 ng/mg; n = 4).
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Fig. 38. The in-vitro influence of puromycin on basai and
progesterone-induced aortic PGI release of rats in 
oestrous. Basal PGI release , C) was significantly 
increased by the addition of progesterone (PRG 372 yM; 
® ) and unaffected by the addition of puromycin (PU 
10 yM;0) . The protein synthesis inhibitor blocked 
PRG-stimulant effect (0; PU + PRG) . Columns and 
vertical lines represent mean ± SEM. Number of 
experiments shown in parentheses. (*p < 0.05).
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Fig. 39. Effect of ethamoxytriphetol on basai and diethyl
stilboestrol-induced aortic PGI^ release. Tissues 
taken from rats in oestrous were incubated in 
the presence of diethylstilboestrol (ST 372 y M : ®  ),
ethamoxytriphetol (MER 10 yM:0) or MER + ST (g> . 
Basal PGI release ( Q ; C) was increased significantly 
by the addition of ST (*p <0.05) and unaffected by 
MER, but the anti-oestrogen blocked the steroid 
stimulant effect. Columns and vertical lines show 
mean ± SEM. Number of experiments shown in 
parentheses.
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4. DISCUSSION

Rats in this study were kept on a constant 14 hour light:

10 hour darkness cycle to standardize the diurnal variation

in the ovarian hormone levels. Also rats of similar age

were used as some workers have shown age-related changes

in aortic PGI formation: an increase was reported by 
2

Panganamala, Hanumaiah and Merola (1981); Adolfs and Elliot

(1982) whilst a decrease in output was shown by Chang, Murota, 

Nakao and Orimo (1980b).

Tissues taken from rats were incubated in Krebs 
osolution (pH 7.6) at 20 C , because these conditions are 

optimal for prostacyclin production in the uterus (El 

Tahir and Williams, 1980a).

The time course of release of the anti-aggregatory 

substance from myometria taken from intact rats in oestrous, 

ovariectomized rats injected with vehicle or ST was studied. 

Myometria taken from rats in oestrous or ovariectomized 

rats on hormone supplement, showed a similar course of 

release except that the peak of the anti-aggregatory material 

release occurred after 30 min and 15 min of incubation 

respectively. This difference in the peak of PGI^ production 

by myometria taken from rats in natural oestrous and ST- 

induced oestrous could be due to the high concentration of 

ST achieved in a relatively short time compared'to'the level
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of oestrogens in natural oestrous. The similarity in the 

time course of PGI^ production by the myometria of rats in 

natural oestrous and ST-induced oestrous suggests that 

the synthetic oestrogen attained plasma concentrations 

sufficient to induce oestrous (confirmed by smearing). 

Myometria taken from ovariectomized rats dosed with vehicle 

showed a constant rise in the release of the anti-aggre- 

gatory substance and the output was higher than that seen 

with intact animals or ovariectomized rats on hormone 

replacement at any incubation period. Thus an ovarian 

substance (s) inhibited the formation of the anti-aggregatory 

material by rat myometria.

Aortae taken from these rats released a similar anti

aggregatory material/ however the production was far greater 

than the myométrial output. Also unlike myometria the time 

course of release from different treated groups (intact rats 

in oestrous,ovariectomized rats injected with ST or vehicle) 

was identical except after 15 min of incubation when the 

aortic production by rats dosed with the synthetic oestrogen 

exceeded that of rats injected with vehicle. The 

similarities in time course of release of the aortic 

anti-aggregatory material by different groups of rats 

suggested that ovarian hormones may not influence the 

production by aortae as they did in myometria.

Furthermore/ the generation of the anti-aggregatory
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material by aortae increased steadily with incubation time 

and no peak was obtained up to 60 min, but the myométrial 

production peaked after 15 - 30 min of incubation. Thus 

15 min periods of incubation were chosen for the comparison 

of the two tissues. In an analogous study, Ritter,

Orchard and Lewis (1982) found that the generation of 

6 - 0 X 0  PGF^a by aortae taken from male rats increased 

steadily with incubation time and the productions at 

30, and 60 min were similar to the values of the anti

aggregatory material reported here at the same incubation 

periods.

The anti-aggregatory substance released by myométrial 

and aortic tissue was stable at pH 10 as was an authentic 

sample of whereas PGDg lost its activity at that

pH. However the anti-aggregatory activities of the in

cubates (both myométrial as well as aortic) disappeared 

on acidification as did PGI^- The properties of these 

substances thus resembled that of PGI^ (Moncada, et al., 

1976b; Johnson at ai., 1976) . Other anti-aggregatory 

PGs (PGDg, PGEg, PGE^, PGF^a) were only active at very 

high concentrations (at least 800 times greater than 

PGI^) and they were unlikely to be present in such 

amounts in small incubation volumes. In addition they 

lose their anti-aggregatory activities on alkalinization 

(Moncada at ai., 1976b; Whittle, Moncada and Vane, 1978;

El Tahir and Williams, 1980a). 6-oxo PGE^, which was 

claimed to have a similar anti-aggregatory potency to
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PGI^ (Lee, et ai., 1979) was unlikely to contribute to the 

effects noticed as it also loses anti-aggregatory 

activity on alkalinization (Quilley et ai., 1980; Miller, 

Aiken, Shebuski and Gorman, 1980). Removal of the endo

metrial layer from the myometrium reduced the possible 

involvement of PGE^/ PGF^ct and PGD^ since these PGs are 

formed predominantly by the endometrial layer in pregnant 

rat uteri (Williams and Downing, 1977; Williams et ai., 

1978) and in human uteri (Abel and Kelly, 1979). However 

PG%2 is shown to be the major PG formed by the myométrial 

layer of pregnant as well as non-pregnant rat uteri 

(Williams et ai., 1978; Vesin, Khac and Harbon, 1979). 

Also PGI^ is the major prostanoid formed by fresh vascular 

tissues of rabbit (Bunting et ai., 1976), rat (Nolan, 

Dusting and Martin, 1981) and endothelial cells of human 

umbilical artery in culture (Alhenc-Gelas, Tsai;

Callahan,Campbell and Johnson, 1982).

The generation of the PGI^-like substance by myométrial 

and aortic tissues was enhanced by the addition of AA 

and abolished by preincubation with a phospholipase A^ 

inhibitor (mepacrine); a cyclooxygenase inhibitor (indo- 

methacin) and a prostacyclin synthetase inhibitor 

(.tranylcypromine) . The nature of this substance as 

PGI2 was further confirmed by the detection of 6 -0x0 PGF^a 

in extracted incubation media using GC/MS.
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For these reasons the anti-aggregatory material re

leased by the myometrium and aorta will now be referred 

to as PGIg.

Inhibition of platelet aggregation proved to be a 

sensitive, direct method for the estimation of PGI^*

This was furnished by low inter- and intra-assay co

efficients of variation. However the sensitivity was 

further increased by the addition of papaverine at a 

concentration which did not exert an anti-aggregatory 

effect but greatly increased the effect of small amounts 

of PGI^ (Bamford et al., 1982). This sensitization 

is due to the fact that papaverine increases the 

intracellular cAMP levels in platelets (Mills and Smith, 

1971) and PGI^ exerts its anti-aggregatory influence 

by elevation of platelet cAMP (Gorman, Bunting and Miller, 

1977).

The production of myométrial PGIg was monitored 

during the oestrous cycle. The basal PGI2 release varied 

insignificantly during the cycle with the lowest output 

occurring at oestrous and highest production at dioestrous 

and proestrous. Addition of AA to the tissues was 

without effect at proestrous and metoestrous, however 

it significantly increased PGI^ synthesis at oestrous 

and decreased PGI2 formation at dioestrous. The production 

of PGI2 in the presence of AA by tissues taken at
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oestrous was not different from that seen at other stages 

of the cycle, which indicated that the low PGI^ output 

seen at oestrous was probably due to shortage in the 

availability of the precursor AA. These results are 

in accord with those of Kelly and Abel (1980) and 

Thaler-Dao, et ai., (1982a) who found that when they 

incubated rat uterine homogenates with labelled AA at 

each day of the cycle, PGI^ formation was maximal at 

dioestrous and minimal at oestrous. The low generation 

of myométrial PGI^ at oestrous could also be due to 

diversion of synthesis towards other PGs (PGE^ and/or 

PGF^cx) , as Franchi et al. (1981) found maximal amounts 

of PGF^ot were released in the organ bath by isolated 

uteri taken from rats in oestrous accompanied by low 

amounts of PGI^ which peaked on dioestrous. Others 

reported the occurrence of the peaks of PGF^ot and 

PGE^ at proestrous or oestrous (Saksena and Harper,

1972; Ham et ai., 1975; Van Orden, Goodale, Baker, 

Farley and Bhatnagar, 1980). Conflicting results 

were obtained by Poyser and Scott (1980) who found 

that all rat uterine PGs (PGE^/ PGF^a and 6-oxo PGF^a) 

peaked at oestrous, however this difference could be 

due to their different incubation conditions (90 min 

at 37°C) and / or method of assay (RIA). RIA without 

prior separation of AA metabolites by reverse-phase 

high performance liquid chromatography (rev . HPLC) 

overestimated the 6-oxo PGF^a content. HPLC revealed
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an unidentified compound which had a retention time similar 

to PGF^o^ and crossed-reacted with 6-oxo PGF^a antibodies 

(Ody, Seillan and Russo-Marie, 1982).

Basal and AA-induced aortic PGI^ release was also 

monitored during the rat oestrous cycle. Aortae taken at 

each stage of the cycle released an amount of PGI2 approx

imately 10 times greater than the corresponding myométrial 

output.This might be due to higher PGI^ synthetase in 

vascular tissues than in myometria, and not to the cyclo

oxygenase activity, which was shown to be low in arterial 

tissues (Bunting et ai., 1976; Gryglewski et ai., 1976). 

Similar to the myometrium the basal aortic PGI^ release 

varied with the cycle. The production at metoestrous 

and dioestrous were significantly greater than at 

oestrous. The decrease in aortic PGI2 output seen at 

oestrous might either reflect a diversion in synthesis 

towards other PGs, yet so far nothing has been reported 

in this field; or due to limited precursor availability. 

However here, AA did not increase vascular PGI^ formation 

as it did in the myometrium , perhaps due to low activity 

of cyclooxygenase (Bunting et ai., 1976; Gryglewski, 

et ai., 1976 ; Cottee et ai., 1977). Addition of AA to 

aortic tissue was without effect except at dioestrous 

when PGI2 production was significantly reduced. This 

reduction could also be due to the diversion of AA 

towards the lipoxygenase pathway, as vascular tissues
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were shown to form 12 HETE when incubated with radio

labelled AA (Greenwald et al., 1979; Herman et al., 1979). 

Greenwald et al. (1979) suggested a regulatory role for 

12 HPETE on vascular PGI^ formation since it selectively 

inhibited PGI^ synthetase (Moncada et al., 1976c;

Bunting et al., 1976). A similar reduction in aortic PGI^- 

like activity of rats on addition of AA was reported 

by Har aoa,Tanaka and Katori (1980) who attributed that 

to the inhibitory effect of AA on PG hydroperoxidase. 

Furthermore, Kent, Diedrich, and Whorton (1983) reported 

a similar inhibition of rabbit aortic 6-oxo PGF^a 

release on perfusion of AA, and that was also claimed to be 

due to inactivation of the cyclooxygenase by the precursor.

The influences of exogenous ovarian hormones on the 

basal or AA-induced myométrial and aortic PGI^ formation of 

tissues taken from ovariectomized rats were also studied.

The success of the ovariectomy operation was confirmed 

by the absence of the oestrous cycle assessed by smearing. 

After the removal of the ovaries, sex steroids may be 

released from adrenal cortex, however such release has 

been found to be very low (Kullander, 1966). Ovariectomy has 

been reported to decrease the plasma level of 

corticosterone which is restored back to normal value 

by administration of oestradiol (Kitay,1963). However the 

reduction of plasma corticosterone level in ovariectomized 

rats is unlikely to interfere in these experiments, since 

rat aortic PGI^ release was shown to be unaffected by



-117-

adrenalectoray or glucocorticoid administration in physio

logical or supraphysiological concentrations (Rogers,

Khalid, Funder and Larkins, 1983). Ovariectomy is 

also shown to increase the plasma levels of luteinizing 

hormone (LH) and follicle stimulating hormone (FSH) and 

the administration of oestrogens abolishes these increments 

and restores back the uterine weight and vaginal smears 

pattern to intact animal conditions (Tapper, Greig, 

Brown-Grant, 1974; Wise and Ratner, 1980; Higuchi and 

Kawakami, 1982). The influence of these gonadotrophic 

hormones on PG formation has been reviewed by Poyser 

(1981) where LH was reported to stimulate ovarian PGE^ 

formation, however its effects on other tissues PG 

formation is not known.

Administration of oestradiol in doses known to achieve 

a physiological concentration of ovariectomized rats 

(Henderson, Baker and Fink, 197 7) did not significantly 

change the basal output of myométrial or aortic

tissues. However the removal of ovarian hormones doubled 

the basal myométrial PGIg output compared with the production 

seen in intact rats at oestrous but not in dioestrous. 

Injection of vehicle to ovariectomized rats insignificantly 

reduced the basal myométrial PGIg production and further 

reduction was obtained on separate administration of ST or 

PRG. However, the concominant administration of the two 

hormones increased the myométrial PGI^ output to a level
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which was not significantly different from the production

seen in ovariectomized rats. The stimulant effect of the

two hormones injected together might be due to the primed

effect of PRG (injected for two days prior to ST) on

the uterus. Indeed PRG primed ovariectomized rats injected

with oestradiol were shown to release higher amounts of

PGF^ot in uterine venous plasma than in separate-hormone-

treated rats (Castracane and Jordan, 1975). Similar results

in myometria were obtained by Gimeno et a i . (1980 b) where

oestradiol or progesterone administration inhibited

PGI^ formation. Also Thaler-Dao et ai. (1982b) found oestradiol

administration to ovariectomized rats caused 85% inhibition

of uterine 6-oxo PGF^a production. Oestradiol injected

to ovariectomized guinea-pigs where PGI^ is not the major

PG (the major PG is PGF^ot) was without effect on uterine

6 - 0 X 0  PGF^a, but it largely increased PGF^oi formation

(Poyser, 1933). Although PGI^ is the major PG in rat

uterus, the influence of ovarian hormones on other PGs

is clearer than on PGI^- The hormones may re-direct

the synthesis towards PGE^ and/or PGF^a (Castracane and

Jordan, 1975; Kogo^et ai., 1977; Sharma and Garg, 1977;

Sterin-Speziale et ai., 1980; Franchi, Gonzalez, Gimeno

and Gimeno, 1982) which would effectively decrease

PGIg synthesis.

Addition of AA to myometria taken from castrated rats 

significantly stimulated PGI^ formation, however it was
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without significant effect on tissues taken from animals 

treated with vehicle or ovarian hormones. The stimulant 

effect of AA on myométrial PGI^ formation of castrated 

rats may reflect the state of stress exerted on these 

animals.

Unlike myometria the response of aortae taken from 

ovariectomized rats injected with ST, PRG or both, was 

completely different. Here, the hormones separately, or 

in combination, significantly increased the basal aortic 

PGI^ formation over vehicle-dosed rats. The aortic PGI2 

output of tissues taken from ovariectomized rats were similar 

to tissues taken from vehicle-injected rats. Similar 

results to these obtained here, were published by Karpati 

et ai. (1980) and Chang et ai. (1981). Both groups 

found an increase in rat aortic PGI2 formation on 

oestrogen administration. Similarly, saphenous veins 

taken from women under chronic treatment with oral contra

ceptives produced greater amounts of PGI2 than from the control 

subjects (Sinzinger, Klein, Kaliman, Silberbauer and 

Feigl, 1980b). However conflicting results have been 

shown in the rat (Pomerantz et ai., 1980) and rabbit 

(Elam, Lipscomb, Chesney, Terragno and Terragno, 1980) 

which might be due to the different methods of assay, and 

different species used.

AA addition to aortae taken from ovariectomized rats
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produced a significant increase in PGI^ formation similar to the myo

metrium which could also be due to the effect of the state of stress 

condition, to which animals were subjected. The addition 

of the precursor to aortae of ST-injected rats produced a 

significant reduction in PGI^ formation and it was without sign

ificant effect on other treated groups. This reduction might 

be due to the diversion of AA towards other arachidonate 

metabolites after saturation of PGI^ synthetase which 

already exhibited high basal PGI^ output; or perhaps due 

to an inhibitory effect of AA on PG synthetase complex 

as discussed before.

The lack of any significant change in myométrial or aortic 

PGIg formation of ovariectomized rats treated with oestradiol 

may reflect a rapid endogenous breakdown of the natural 

oestrogen. The responses of rat tissues to the synthetic 

oestrogen and progesterone were due to the hormones and 

not to the vehicle because of the different response in 

the myometrium and the aorta of the same animal dosed with ST 

and because of the lack of any response in oestradiol 

treated rats. The discrepancy in the myométrial and aortic 

formation of PGI^ in response to administration of 

ovarian hormones will be discussed later.

After demonstrating the stimulant influence of exo

genous oestrogens on aortic PGI^ production of non-pregnant 

rats, the release of PGI^ by aortic tissues of pregnant rats
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at term was compared to the output from aortae of non-pregnant 

and male rats. While similar basal PGI^ output was seen 

in aortae taken from non-pregnant rats (in oestrous) , 

pregnant rats on day 20 of gestation and male rats, a 

dramatic increase was. seen in tissues taken from 21 day 

pregnant rats. Addition of AA to these tissues was without 

effect except for a significant increase seen with aortae 

taken from male rats. The equality in aortic PGI^ release 

by non-pregnant female rats and males was in agreement 

with the findings of Morikawa, Inoue, Kojima, Uchiyama 

and Tsaboi (1981). However, Maggi, Tyrrell, Maddox, Watkins, 

Ramey and Ramwell (1980) showed that aortae from male rats 

released significantly more 6-oxo PGF^a as assessed by 

RIA than from female rats, but the significance disappeared 

when they estimated the PGI^'like activity. The increase 

in aortic PGI^ formation on day 21 of gestation was coupled 

with a similar but gradual increase in myométrial PGI^ started 

from day 14 up to day 20, then a sudden rise at day 22 

(day of delivery) (Williams and El Tahir, 1980a). The 

dramatic increase in PGI^ formation with propagating ges

tation can be explained in the light of different factors 

associated with pregnancy:

Firstly the increase in plasma oestradiol and oestrone 

levels peak on the day of delivery (Yoshinaga et ai., 1969; 

Shaikh, 1971). However,this alone could not account for 

the huge increases seen especially in rat myométrial PGI„
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formation, as the peak level of oestradiol at term is 

significantly less than in the day of oestrous of cycling rats. 

Similarly, the increase in uterine 6-oxo PGF^a formation 

in pregnant rabbits could not only be explained by the increase 

in oestrogen levels at term, since uteri taken from non

pregnant rabbit dosed with ovarian hormones formed signifi

cantly less amounts of 6-oxo PGF^a than pregnant animals 

(Bloch, McLaughlin, Martin and Needleman, 1983). The effect 

of oestradiol on rat uterine PGF^ot, PGE^ and TXB^ during 

gestation was clearer than its effect on PGIg. The in

jection of oestradiol anti-sera to pregnant rats on day 19 

significantly decreased uterine vein and tissue PGF^a compared 

to control rats (Csapo, Currie, Erdos and Resch, 1978). Also 

the administration of oestradiol to pregnant rats which were 

ovariectomized on day 19 of gestation largely increased 

uterine PGF^oi, PGE^ and TXB^ concentrations but without 

a significant effect on 6-oxo PGF^a (Wilson, 1983).

The second factor which may account for the increase 

in rat myométrial and aortic PGI^ synthesis during 

pregnancy is the drop in plasma progesterone level.

Progesterone starts to increase in early gestation and 

reaches maximum on day 14, then starts to drop and a sharp 

drop occurs on day 19 of gestation (Csapo and Wiest, 1969). 

Oestradiol administered to progesterone-primed uterus is 

shown to produce a huge increase in uterine PGF^ot and 

PGE^ (Castracane and Jordan, 1975).
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Thirdiy, the capacity of the kinin-forming system has 

been shown to increase with gestation and a sharp rise was 

reported between day 20 and parturition (McCormick and 

Senior, 1974; Whalley and Riley, 1978). This was linked 

to the increase in oestradiol levels (McCormick and 

Senior, 1971). Bradykinin has been shown to stimulate 

PGI^ formation by pregnant rat myometrium (Williams 

and El Tahir, 1980b), human arterial tissue (Silberbauer, 

Sinzinger and Winter, 1978), rabbit heart (Needleman 

et al^, 1978) and dog kidney (Moncada, Mullane and 

Vane, 1979). Bradykinin is believed to induce its 

effect by releasing AA from phospholipids as was shown 

in isolated perfused rabbit heart (Hscuh, Iskson and 

Needleman, 1977), and its stimulant effect on rat 

myométrial PGI^ formation has been blocked by mepacrine 

(Williams and El Tahir, 1980b). Thus the kinin-forming 

system may contribute to the increase in aortic PGIg 

formation of day 21 pregnant rats obtained here, 

and also may account for the increase in rat uterine 

PGI^ production at term obtained by Williams and 

El Tahir (1980a) and Wilson, Stanisc, Khan-Dawood 

and Dawood (1982) .

Finally, the possible contribution of the foetal- 

placental unit (FPU) to mother tissue PG synthesis must 

be considered. Evidence obtained by Parnham, Sneddon 

and Williams (1975) indicated that some sort of foetal
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control existed on PG release by the rat uterus. This 

evidence was further strengthened by Wilson and Huang

(1983) who found that the generation of 6-oxo PGF^a, 

TXB^ and to a lesser extent, PGE^ and PGF^a at the 

pregnant side of unilateral pregnant rats were signi

ficantly greater than that on the non-pregnant side 

although the concentrations of ovarian hormones at 

both sites were similar. This was further furnished 

by the observation of Strikland, Saeed, Casey and 

Mitchell (1983) that a substance present in foetal 

urine stimulated PGE^ formation of bovine seminal 

vesicles.

It appears from the discussion of the above four 

factors associated with gestation in rats that the 

increase in uterine or aortic PGI^ at term is not only 

due to the increase in oestradiol or a decrease in 

progesterone levels in plasma, but other factors may 

contribute to the tissues PGI2 production.

The in-vitro influences of ovarian hormones on 

the myométrial and aortic-PGI^ formation from rats 

in oestrous and ovariectomized animals were also 

studied. To show an in-vitro effect of ovarian 

hormones high concentrations and long incubation 

periods were needed as they induce their action via 

induction of protein synthesis (Naylor and Poyser,

1975; Kerry, 1979; Chang, Nakao, Orimo and Murota,
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1980c). Thus tissues were pre-incubated in 100 yg/ml ST 

for 1 hour, then incubated for different periods of 

time after chopping. The generation of PGI^ from 

myometria of rats in oestrous peaked after 30 min 

of incubation and remained steady up to 60 min.

Addition of ST inhibited the formation of PGIg 

after 2 min incubation and the inhibition lasted 

up to 60 min. In addition the peak synthesis of ST- 

treated myometria occurred after 15 min. The possi

bility of the involvement of catabolizing enzymes in 

ST-induced inhibition had to be considered. To study 

this possibility the de-activation of authentic PGI2 

added to myométrial samples in the absence or presence 

of ST was investigated. Endogenous PGIg production was 

inhibited by indomethacin addition, care being taken 

to use a dose which did not inhibit PGDH (Flower,

1974). After incubation the PGIg concentrations in 

ST-treated and control samples had decreased to a 

similar degree, indicating that ST had not increased 

myométrial PGI2 catabolism (the PGI2 breakdown noted 

was probably due to spontaneous hydrolysis). Thus 

ST appears to inhibit PGI2 production by affecting 

the pathway of myométrial PGI2 production.

The lack of catabolism is not surprising as the 

activity of PGDH in swine uterus was found to be low 

(Anggard, 1971) . Furthermore the cofactor (NAD ) is
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required for expression of PGDH activity (for review 

see Hansen, 1976; Flower, 1981b). There are also 

conflicting reports about the in-vivo influence of 

ovarian hormones on PGDH activity. Administration 

of oestradiol to ovariectomized rats reduced the 

activity of kidney and lung PGDH (Blackwell and 

Flower, 1976), but no change was seen in the activity 

of the enzyme with gestation (Egerton-Vernon and Bedwani, 

197 5). However in rabbit tissues (lung, kidney, spleen 

and liver) PGDH activity increased in gestation 

(Bedwani and Marley, 1975; Egerton-Vernon and 

Bedwani, 1975).

The effect of ST on the release of aortic PGIg 

from rats in oestrous was studied similarly. Unlike 

the myometrium, addition of ST increased formation 

at all incubation times except at 60 min when the 

productions in the control and test sample were 

similar. This might be due to the exhaustion 

of available precursor. Also unlike myometria, 

aortae formed far greater amounts of PGI^ which 

did not reach a maximum after 60 min of incubation: 

This difference in the two tissues capacity to 

form PGI^ may reflect a difference in the availability 

of AA for both aorta and myometrium. Phospholipase 

A 2 may be more active in aortae than in myometria and
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could be due to the influence of circulating substances 

(e.g. bradykinin and Angiotensin II) which were found 

to activate phospholipase A^ (Feinstein et al., 1977; 

Van den Bosch, 1980; Williams and El Tahir, 1980b; 

Williams, El Tahir and Seed, 1983).

The effect of the synthetic oestrogen (ST), 

natural oestrogen (oestradiol) and progesterone at 

various concentrations on PGI^ formation by tissues 

(myometria and aortae) taken from rats under hormonal 

influence (in oestrous) and in the absence of ovarian 

hormones (ovariectomized) were assessed. Rats were 

kept at constant conditions in the animal house, but 

two-thirds of the way through this study animals 

were moved to temporary accommodation while changes 

were made to the animal house. During this period 

and for a few months after, the basal PGI^ release, 

particularly in the aorta, was increased. This was 

associated also with increased mortality in new born 

rats which may have been due to stress (such as 

over-crowding in accommodation and noise). Stress 

is associated with increase in adrenaline secretion 

which was shown to stimulate rat uterine 6-oxo PGF^a 

and PGE^ (Kelly and Abel, 1980). It is also associated 

with increase in corticosteroids levels. In spite 

of the fact that corticosteroids are phospholipase A^
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inhibitor s, hydrocortisone has been shown to stimulate myométrial 

PGI^ production in pregnant rats (El Tahir and Williams, 1980b). 

For this reason a separate control for each test was carried out 

during this period.

Addition of oestradiol, at a relatively high concentration, 

to myometria of rats in oestrous inhibited PGI^ formation, however 

the variation in the basal release was due to the fact that 

tissues were taken from different batches of rats. A very high 

concentration of oestradiol was required to induce any significant 

inhibition in myométrial PGI^ formation of ovariectomized rats.

The natural oestrogen at high concentration enhanced PGIg 

formation of aortae taken from rats in oestrous as well as from 

ovariectomized rats. The basal release seen in the 318 yM 

oestradiol experiment in castrated rats was low, because this 

experiment was performed before the dilemma of temporary 

accommodation for animals. ST was capable of reducing myo

métrial PGI^ formation of tissues taken from ovariectomized 

rats as with myometria taken from intact rats, but it was more 

potent in the former case. This might be due to the high 

basal release in tissues taken from ovariectomized rats.

Like oestradiol, ST induced a different response in aortae.

It stimulated aortic PGI2 formation of tissues taken from 

intact rats (in oestrous) or ovariectomized rats and in the 

former being more potent than oestradiol. On the other
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hand, PRG in a concentration as high as 636 yM (200 yg/ml)

did not induce any significant change in myométrial

PGI^ production of tissues taken from rats in oestrous,

but it significantly inhibited the synthesis in myometria

taken from castrated animals.',which might be due to the

increase in the basal release. PRG, in concentrations

which were ineffective in myometria, increased the aortic

PGI^ formation of rats in oestrous. However the

difference in the basal release (of the two concentrations used)

was due to the fact that the experiments were performed

at different times (before and after movement of animals

to the temporary accommodation). PRG added to ST-treated

myometria (rats in oestrous) partially reversed the

inhibitory influence of the synthetic oestrogen and the

addition of PRG to ST-treated aortae (in oestrous) was

without effect. In the myométrial experiments (of

rats in oestrous) both control and tests were taken

frcm the same animal as the tissue was easily divided

into three. In addition to that the myometrium was

less affected than aorta by the stress conditions

during the temporary accommodation of animals, and

the basal PGI^ release returned back to the normal

values. For that reason a single control was performed

in Liyouetriui.i and separate controls in aortic

experiments were carried out, and although the basal release 

...was constant, it was still high. Similar in-vitro

studies of ovar i a n  hormones were reported. Oestradiol
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was found to increase vascular 6-oxo PGF^a formation 

of rat aortic smooth muscle cells in culture (Chang et 

al., 1980c) and chopped superfused human umbilical 

vessels (MakilM, Wahlberg, Viinikka and Ylikorkala, 1982). 

PRG was without effect on guinea-pig uterine PGF^a 

formation (Naylor and Pyser, 1975) but it inhibited 

oestradiol-induced increase of PGE^ and PGF^a of isolated 

guinea-pig uterus (Poyser and Brydon, 1983).

The in-vitro inhibition of myométrial PGIg production 

by ST was not due to diversion of synthesis to TXA^ as 

N-butylimidazole, a thromboxane synthetase inhibitor 

(Blackwell et al., 1978) did not increase PGIg production. 

The ST inhibitory effect was reversed by the addition 

of phospholipase , however the production was less 

than the output of PGI2 in the presence of phospholipase 

alone. Thus ST may exert a residual inhibitory 

effect at a step beyond the generation of the precursor. 

This was confirmed by the lower production of PG%2 

in ST + AA treated myometria versus AA-incubated 

tissues. ST may inhibit PG synthetase or it may 

simply divert the synthesis towards other PGs as has 

been discussed before. The ST inhibitory effect 

on myométrial PGI2 formation was also resistant to 

preincubation with protein synthesis inhibitors as 

well as the anti-oestrogen ethamoxytriphetol, which 

lacks any oestrogenic effect (Lerner, Holthaus and
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Thompson, 1958). Like ST, PRG-induced inhibition of myo

métrial PGI^ formation of tissues taken from castrated 

rats, was unaffected by preincubation with cycloheximide. 

Protein synthesis inhibitors and anti-oestrogens 

have been reported not to abolish in-vivo stimulant 

effect of oestrogens on uterine PGF^ot and PGE2 synthesis 

of rats (Castracane and Jordan, 1976). Thus it appears 

that the oestrogenic effect on uterine PG formation 

was not mediated by the classical "receptor-protein 

synthesis" mechanism. The ST inhibitor! of myométrial 

PGI2 production would not appear to be mediated by the 

synthesis of macrocortin as its effect was resistant 

to protein synthesis inhibitors. Furthermore, the 

secretion of macrocortin (from rat peritoneal 

macrophages) was found to be only specific to gluco

corticoids and did not occur in response to other 

steroids like oestradiol (Blackwell, 1983). The 

residual inhibitory effect of ST on myométrial PGI2 

formation seen after the addition of AA may be 

due to the inhibition of PG synthetase. ST was 

shown to inhibit the PG synthetase of bovine (Lerner, 

Carminati and Schiatti, 197 5) and ram seminal vesicle 

microsomes in the presence of AA (Degen, Eling 

and McLachlan, 1982). Also both ST and oestradiol 

were found to inhibit rat uterine PGI2 synthetase 

and to be broken down into carcinogenic substances 

(Bennett, Marshall and O'Brien, 1982). Thus ST 

and oestradiol may inhibit myométrial PGI2 formation



— 132 —

by being competitive substrates to AA for PG synthetase 

or by directly inhibiting the enzyme.

The stimulant effect of ST on aortic PGI2 formation 

was also studied. Aorta is thought to be a target 

organ for female hormones as oestradiol receptors have 

been found in rabbit aorta endothelial cells (Colburn 

and Buonassisi, 1978) and rat aortic smooth musctle 

cells (Nakao, Chang, Murota and Orimo, 1981b). In

these studies mepacrine in a dose selective for phospho

lipase inhibition,abolished the stimulant effect 

of ST on aortic PGI2 formation. However the addition 

of AA to mepacrine and ST treated aortae did not increase 

the production over that seen in mepacrine + AA-treated 

tissues. This strongly indicated that oestrogens 

promoted aortic PGI2 formation by increasing the 

availability of the precursor possibly via activation 

of phospholipase. However Chang et al. (1980a)

showed that oestradiol did not affect the distribution 
14of C AA in aortic smooth muscle cells in culture, 

but Seillan,Ody, Russo-Marie and Duval (1983) suggested 

that oestradiol may stimulate the precursor release 

in piglet endothelial cells in culture. As mepacrine 

has been reported to inactivate both phospholipase A^ 

and phospholipase C (Blackwell and Flower, 1983) 

and both enzymes have been shown to be present in
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aortic endothelial cells of guinea-pigs (Hong and 

Deykin, 1982) it is difficult to say which enzyme was 

stimulated. One control was taken in these experi

ments as they were carried out before the movement 

of animals to the temporary accommodation.

The stimulant effect of progesterone on aortic 

PGI^ formation was also blocked by mepacrine and indo- 

methacin which suggested that the effect was probably 

mediated by the stimulation of liberation of AA from 

phospholipids. Here also, a single control was 

taken, as the experiments were performed before the 

temporary accommodation of the animals.

Unlike the myometrium, ST and PRG effects on 

aortic formation were blocked by protein synthesis

inhibitors (cycloheximide and puromycin) and the 

anti-oestrogen ethamoxytriphetol at doses smaller 

than those used in the myometrium. In the aorta

the classical "receptor-protein synthesis" mechanism 

appears to operate.

The disparity in the effects of oestrogens or 

progesterone on PGI^ formation by rat myometrium and
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aorta were unlikely to be due to different phospholipd 

profiles in the two tissues or to different classes 

of phospholipase. The three major classes of phospho

lipid (phosphatidylcholine, phosphatidylethanolamine 

and phosphatidylinositol) were shown to be present 

in both uterus and aorta (Aizawa and Mueller, 1961; 

Leaver and Poyser, 1981; Hong and Deykin, 1982).

In addition to that, phospholipases generally do 

not differentiate between classes of phospholipid 

and no selective inhibitor has been reported 

(Blackwell and Flower, 1983). The difference in 

the response of the two tissues might be mediated by 

different effects of oestrogens on cyclic nucleotide 

concentrations. Oestrogens applied in-vivo or 

in-vitro were found to increase rat uterine cyclic 

guanosine monophosphate (cGMP) without affecting 

cAMP (Flandroy and Galand, 1978, 1980). Also a 

possible explanation for the different effect of 

oestrogens on myométrial and aortic PGI^ formation 

could be due to different metabolism of the hormone 

into different metabolites which exert differing

effects. Oestradiol is metabolized to an active
1

2-hydroxyoestradiol and 4-hydroxyoestraiol by a number 

of rat tissues (MacLusky, Clark, Paden and Naftolin, 

1981) as well as by human uterus (Reddy, Hanjani 

and Rajan, 1981). Similarly, ST was reported to 

be metabolized into catechol oestrogens (Bolt, 1981).
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2-Hydroxyoestradiol was shown to stimulate rat uterine 

PGF^a and PGE^ production and to inhibit 6-oxo PGF^a 

formation, while oestradiol and 4-hydroxyoestradiol 

stimulated all rat uterine PGs formation (Kelly and 

Abel, 1980; 1981). The discrepancy in the response 

to oestradiol and 2-hydroxyoestradiol was also seen 

in human umbilical vein endothelial cells in culture. 

Oestradiol was found to stimulate thrombin-induced 

6 - 0 X 0  PGF^a formation and 2-hydroxyoestradiol to in

hibit that formation (Needleman and Parks, 1982). 

Thus the capacity of a tissue to metabolize oestrogen 

into 2-catechol oestrogen or not may determine the 

type of response produced.

To summarize, rat myometrium and aorta were capable 

of synthesizing PGIg, the production varied during the 

oestrous cycle. Minimal output was seen at oestrous 

and maximal production was achieved in dioestrous (in 

both tissues). Administration of ST or PRG {in-vivo 

or in-vitro) produced a different response in the two 

tissues; whereas inhibition of PGI2 production was seen 

in the myometrium, a stimulant effect was obtained in 

the aorta. This was also true for the in-vitro effect 

of oestradiol. The in-vitro effects of ST on aortic 

PGI^ formation were blocked by pretreatment with mepa- 

crine, protein synthesis inhibitors and ethamoxytriphetol 

Similarly, the in-vitro effect of PRG on aortic PGI
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release was abolished by mepacrine and protein synthesis 

inhibitors. However the in-vitro effect of the 

synthetic oestrogen on myometria was resistant to 

these agents (protein synthesis inhibitors and etha

moxytriphetol) . ST may induce its inhibitor in

fluence on myométrial PGI^ formation partially by 

limiting the availability of the precursor and 

partially by inhibiting PG synthetase complex but 

the possibility of diversion of synthesis to other 

PGs cannot be ruled out. ST may stimulate aortic 

PGI^ formation by increasing the availability of 

the precursor in a process involving oestrogen 

receptor occupation and subsequent protein synthesis.
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Influence o f Pregnancy and Ovarian Steroids 
on M yométrial and Vascular 

Prostacyclin Production
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Studies Iront our laboratory have revealed that the rat pregnant niyonietriuin is 
a rich source of prostacyclin ( P d k ) (5 ,9 .10). The niyomctrial PCih output varies 
with time of gestation (10) and occurs in parallel with changes in blood levels of 
estrogens ( I I )  and progesterone (4). In the present study, wc have investigated the 
inlluence of ovarian steroids upon both myométrial and aortic P(111 formation

M K T H O D S

Female Wistar rats in proestrus were mated overnight. The presence of sperm 
in vaginal smears was taken as evidence of fertilization and defined as day I of 
pregnancy. Groups of female rats under ether anesthesia were also ovariectomi/ed 
and 4 weeks later given stilbestrol ( l(X) grg s.c.) 24 hr, or progesterone (4 mg i p )  
4K hr prior to experiment, or a combination of both hormones. Pregnant rat m\a>- 
nietrial tissue was prepared as described (5), aortic tissue was also taken. From 
nonpregnant rats, uteri and aortae were dissected out. Fndometrial tissue was scraped 
off. Myométrial and aortic tissues were chopped finely and incubated in Krebs 
solution (50% w/v and 25% w/v, respectively) for 15 min at 2()°C. The F^GF content 
of all incubation media was estimated by inhibition of A I4 I’-induced platelet ag
gregation (5) Results are expressed as mean ♦ SFM  ng/mg wet wt / 15 mm 
.Statistical significance was calculated by use of Students /-test.

KK.SDFI.S
fhe variation in myométrial PGF synthesis during pregnancy and post|)artum arc 

shown in f  ig I .Myométrial P G I. synthesis was lower on day 12 of pregnancy 
0.2  ̂ 0.05 ng nig, but lose gradually as gestation progressed to 5 5 I 1 0.2K ng/ 
mg on day 20 {p • 0 (H)l. A’ 5) A further sharp increase occurred on day 22 
(day ol delivery), 5.21 ‘ 0 42 ngiiig , which is a significant rise over production 
tin day 20 ip  0 005, A' (>) W ithin 4X hi, postpartum [production had decreased 
tiy X()%i to O X ' 0 21 ng nig (/) O tK ll.A ' (>) Aortic PGI> synthesis showed

IM
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FIG. 1. Variation in PGI? synthesis during gestation and the postpartum period (PP) by myo
metrium (open bar) and aorta (solid bar). Each column shows the mean z  SEM from 5 ex
periments.

Myometrium Aorta

c

ë  0.8
1 0.6 
cn
E 0.6 
cn
 ̂A2Jcm'-

X

JIX
V ST PRG ST.PRO ST PRG ST.PRO

FIG. 2. Influence of stilbestrol (ST), progesterone (PRG). and both hormones (ST -t PRG) on 
myométrial (open bar) and aortic (solid bar) PGI; synthesis compared to that in tissues from 
untreated (C) or vehicle-treated (V) ovariectomized rats. Myométrial PGC production was sig
nificantly inhibited by ST (p  <  0.001; N = 4) and PGR (p < 0.001; N  = 7). In contrast, aortic 
PGI; formation was increased by ST (p <  0.025; N  = 4), PRG (p  -  0.05, N  = 7) and both 
hormones (p  <  0.001; N  = 6). Columns represent mean ±  SEM.

parallel changes. Lower production, Ü.8 ±  0.1 ng/mg, occurred on day 12 and 
gradually increased to 2.55 ± 0..T5 ng/mg on day 20 (p <  0.005, N =  5). A 
further increase occurred on day 22, 5.5 ± 0.65 ng/mg ( p  <  0.005; N  = 5). 1 he 
postpartum production declined to 1.35 ±  0.2 ng/mg (p  <  0.(K)1; N = 5). The 
influences of ovarian honnones on tissues taken from ovariectomi/ed rats are shown 
in Fig. 2. Myométrial K IL  synthesis in control samples was 0.43 1 0.04 ng/mg 
and was not significantly altered by vehicle treatment, 0.2V 1 0.07 (N -  5) 
However, stilbestrol injection reduced the syntjiesis to 0.18 ± 0.02 ng/mg ( p  <  0 (K)1, 
N =  4 ) ,  as did progesterone treatment, 0.18 ± 0.03 ng/mg (p  <  0.001; N =  7) 
The combination of the two hormones increased production compared with the 
administration of either hormone alone, 0.46 ±  0.06 ng/mg (N =  6), but this
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syiilhcMs was not signilicantly diHereni lioiii that in L'ontiol samples. Aortic P(J1. 
synthesis by eontrol samples was higher than myometrium, 2.43 ±  0.46 ng/mg, 
and again this synthesis was not inllucnced by vehicle, 2.51 0.01 ng/mg (N -  4).
However, stilbestrol injection increased aortic production to 4.23 ± 0 .6  ng/mg 
(p <  0.025; A' =  4) as did progesterone treatment, 3 .V6 0.56 ng/mg (p <  0.05; 
N  -  7). W ith a combination ol the two hormones, an even greater stimulation of 
production was seen. 6.8 * 0.8 ng/mg (p ■' 0.001; N -  6)

D IS C U S S IO N

These results indicate that PGL synthesis in both the myometrium and aorta ol 
pregnant rats increases steadily from day 12 of pregnancy to reach a maximum on 
day 22, the day of parturition. Similarly, production in both tissues decreases within 
48 hr postpartum. Such data would suggest that PGL synthesis is being controlled 
by some circulating factor(s) m these pregnant animals. The ovarian hormones are 
prime candidates for such roles as estrogen increases markedly during the days prior 
to parturition (11) and, over the same period, progesterone secretion decreases (4). 
However, the effect of the ovarian steroids on P(1L formation by the two tissues 
dilfered markedly. Myométrial PGL synthesis was significantly reduced by stil
bestrol and progesterone, and increased by the two hormones, but this production 
was similar to that in control samples. Aortic PGP production was significantly 
increased by the two hormones, either separately or in combination.

It thus appears that, in the aorta, exposure of the tissue to progesterone with 
subsequent imposition of stilbestrol can account for the large aortic PGP synthesis 
seen at parturition. V'his is the first report in which aortic and myométrial PGP 
synthesis has been studied simultaneously and production in pregnancy compared 
with the effects of steroid treatment. However, the hormone effects in aorta and 
myometrium are in agreement with other wc>rk (3 ,6 ,7 ). We suggest two possible 
explanations for the differences seen in aortic and myométrial PGP synthesis of 
ovariectomi/ed rats. First, under the influence of sex hormones, cyclic endoperox
ides in the myometrium could be preferentially converted towards synthesis of PGF 
and/or PGF (2). Second, other factors apart from the ovarian steroids may be 
involved in regulating myométrial PGP production This includes factors such as 
elevated adrenocortical steroid levels, which occur at the time of parturition ( 1 ), 
hydrocortisone increases in rat myométrial PG 1 j synthesis (K . F. H. FTTahir and 
K. 1. W illiams, unpuhUshcd observations), the kinin forming system, which is also 
activated in late pregnancy (8), and bradykinin stimulating myométrial PGP for
mation ( 10). Further experimentation is needed to provide conclusive identification 
of the factors involved

\ ( 'K N ( ) \V L F I ) ( ; .M F M S
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Inf luence o fSex Steroids on Prostacyclin Synthesis 
by Rat A o r ta  and M y o m e t r iu m
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I^rcvious studies in our laboratory have sliown that both myométrial and 
aortic prostacyclin (P G I2) output from the aorta and m yom etrium of pregnant 
rats increases to a maximum over the final week o f gestation (1). I'hese changes 
m P G L  output occur simultaneously with fluctuations in the circulating levels 
of sex steroids. Over this period, the blood levels of estrogens increase (7), 
whereas progesterone concentrations decline (3). The possibility of a link between 
P G n  formation and circulating level o f sex steroids led us to investigate the 
influence of the estrus cycle and administered ovarian hormones on myométrial 
and aortic P G L  production.

.M KT N O D S

Female W istar rats that exhibited at least two consecutive 4-day estrus cycles 
were used after determining the stage of the cycle by vaginal smearing. O ther 
animals were ovariectom i/ed under ether anesthesia and 4 weeks later injected 
with stilbestrol (100 /Jg s.c.) 24 hr, or progesterone (4 mg i.p.) 48 hr prior to 
experimentation or a combination of both hormones. Rats were killed, and 
the uteri and whole aortas were dissected out. Fndometrial tissue was scraped 
olT, and the myometrium and aorta were chopped finely and incubated in Krebs 
solution (50%  w t/v o l and 25%  w t/vo l, respectively) for 15 min at 20°C . In 
each experiment, samples o f each tissue were also incubated in presence o f 5 
gig/nil arachidonic acid (A A ). 1 he P G L  contents of incubation media were 
estimated by inhibition o f A DP-induced platelet aggregation (4). Results are 
expressed as ng/m g dry wt [)er 15 min, and the statistical significance calculated 
by use of the paired /-test or Student’s /-test.

R K S U F IS

I he inlluence o f the estrus cycle on myométrial and aortic P G D  synthesis 
is shown in Fig. 1 M yom étrial P G l2 production was much smaller than that

4.17
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FIG. 1. Variation in PGl. output from myometrium 
(top) and aorta (bottom ) in the absence (( ) and 
presence (■) of AA (5 pg/m l) during the estrus 
cycle, P, proestrus; 0. estrus, M, metestrus, D. dies 
trus

III the aortic tissue. A t proestrus, tJie basal l*C îIj ftirtnation was 0.64 ±  0.14 
ng/iiig  (mean ±  SEM; N  -- 8) and fell in estrus (0.42 ±  0.05 ng/mg; N  —
6), and metestrus (0.49 ±  0.06 ng/m g; N  8) but increased significantly in
diestrus (0.6.5 ±  0.08 ng/m g, /V — 12) compared to the synthesis seen at estrus 
(p <  0.05). Incubation with A A  at di fhe rent stages of the estrus cycle had 
little cfTcct in proestrus (0.58 J_ 0.15 ng/m g, N  — 8) and metestrus (0.48 ±  
0 .1 ng/mg; N ~  8). However, a significant increase over the basal release was
obtained at estrus (0.69 ±  0.08 ng/m g; N -  (r, p <  0.05), and a decrease at
diestrus (0.55 ±  0.1 ng/m g; /V ^ \2\ p 0.05). Aortic EGI-j formation showed 
a similar fluctuation to the m yom etrium. At proestrus, basal I ’G l j  synthesis 
was 5.4 :t 0.4 ng/m g (.V =  10) and dropped significantly to 3.61 _L 0.44 n g / 
mg (/V - 12; /7 <  0.01) in estrus. Synthesis increased at metestrus (7.46 _L
0.98 ng/m g; N  10) and diestrus (7.56 ±  0.75 ng/m g. .V 12). which were
signilicanily higher (p <  0.005 and p  ' 0.(K)1, respectively) than production 
seen at estrus. Incubation of' aortic samples with . \ A  produced no significant 
changes in EGlv output e,\cc[it at diestrus when production was dccreasccf to 
5.2 .i- 0.95 ng/m g (/V 1 2 ; / ; -  0.02).

1 he effect of ovarian hormones on aortic and m yom clrial O G 1 production 
from ovaricctorni/.ed rats is shown in l-'ig 2 Here, again, myom elri.il synthesis 
was much smaller than aortic I’Cil.. formation Ifasal P( 1 h  release from ovariec- 
lom i/ed  myometria was found to be 0.8 ' 0 0 6  ng/m g ( .\ 5). w hich was
reduced in \ehicle-dosed animals (0 51 * 0 12, .\ 4). Sullies! rol ;ulmmistralion
lo ovai icctomi/cd rats furl her reduced the l ’( i l j  output to 0 14 ' 0 01 ng/m g  
( \  4). as did progesterone treatment. O i l  ' 0.01 ng/'mg ( .\ 7) lloth
salues were .significantly lower than prodiiclioii seen in tissues from o\ at lecto- 
iiii/ed  rats {p ■ 0.(X)1 for lioth) I low ever, the administration of the t \s o hor
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IJ® FIG. 2. Changes in myométrial (top) and aor
tic (bottom ) PGI2 synthesis after ovariec
tomy and steroid supplement in absence (n) 
or presence (■) of AA. OV. ovariectomy, OV  
4 V, vehicle injection; OV + ST, stilbestrol, 
OV 4 PRG, progesterone; OV 4 ST I PRG, 
combination of both steroids.
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moncs caused a marked increase over production seen with either hormone 
alone, 0.85 ±  0.11 ng/mg (N =  6), but the production was not significantly 
différent from the output from ovariectomized myometria. The addition of A  A  
to myométrial tissue taken from ovariectomized animals increased the synthesis 
to 1.24 ±  0.06 ng/mg {N =  5). In all the other situations tested, A  A  addition 
produced no significant change in PG I 2 formation over basal output.

The changes in aortic P G I2 formation were completely different from myomé
trial fluctuations. The basal aortic P G I2 release by ovariectomized animals was 
4.07 ±  0.77 ng/m g ( N  =  5) and was unchanged by vehicle administration. 
Stilbestrol treatment increased production to 7.82 ±  1.16 ng/m g (A' =  5; p <  
0.025), as did progesterone injection, 6.74 ±  0.95 ng/m g (N —  6; /; <  0.05). 
A  large increase in aortic P G I2 output was seen in ovariectomized animals 
injected w ith the two hormones, 12.57 ± 1.48 ng/m g ( N  =  7; p <  0.(901). 
Incubation w ith A A  increased P G I2 release in untreated ovariectomized animals 
to 5.86 ±  0.93 ( N  = 5\ p <  0.05) and decreased the production in stilbestrol- 
injecled rats to 5.14 ±  0.98 ( N  —  5\ p <  0.05).

D IS C U S S IO N

I'luctuations in the levels of ovarian steroids during the latter stages of preg
nancy would appear to be prime candidates for regulating myométrial and aortic
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P G I'2 synthesis, as large changes in the PGI% formation in both of these tissues 
are seen at this time (1). However, PGI% formation by these tissues during 
the estrus cycle and after the administration o f steroids indicates that the re
sponses o f the two tissues differ markedly. In  myométrial tissue, for example, 
basal P G I2 synthesis varied little over the estrus cycle except during estrus 
when lowest values were noted; despite this fact, synthesis was markedly stimu
lated on addition of A A  (indicating that there is little endogenous precursor 
available for conversion but that the synthetic capacity is high). These findings 
are in agreement with those of Kelly and Abel (6). Addition of excess substrate 
also decreased P G I2 production in the myom etrium at diestrus, but the reason 
for this is not clear.

Surprisingly, a high basal myométrial P G I2 output was seen in samples from  
ovariectomized rats, and on addition of A A , a large stimulation in production 
was noted. High production o f P G E 2 has also been reported in ovariectomized 
animals (5). Vehicle injection reduced synthesis slightly, although this decrease 
was not significant, perhaps indicating a stress influence on production. T rea t
ment o f ovariectomized animals with stilbestrol or progesterone markedly inhib
ited myom étrial P G I2 output in presence or absence o f precursor, indicating 
that the synthetic capacity in these samples was very low. However, with a 
combination of both steroids, ovariectomized myometria synthesized large 
amounts o f P G Ij,  and there was no effect on further addition o f A A , suggesting 
that adequate precursor was available but that both hormones are needed for 
expression o f enzymatic activity.

Fluctuations in aortic P G I2 synthesis during the estrus cycle were similar 
to those seen in myométrial tissue. Again, the most marked effect was very 
low synthesis during estrus, but synthesis was only slightly increased by A A  
Largest basal P G I2 output was seen at metestrus and diestrus, and, as in the 
m yom etrium , addition o f A A  to samples taken in diestrus again inhibited P G I2 
output. Changes noted in ovariectomized animals, however, were m arkedly d if
ferent from those seen in the myometrium. Basal I ’G L  output was not stimulated, 
although A A  addition markedly increased release. Adm inistration o f stilbestrol, 
progesterone, or a combination of the two hormones caused large increases in 
basal P G L  output, and this was not markedly stimulated by the presence of 
A A , suggesting adequate precursor reserve in the tissue and that the hormones 
were altering synthetic capacity. The exception was the addition o f A  A  to ovari- 
ectoniized uteri treated with stilbestrol in which situation aortic PGL> output 
was significantly inhibited.

From these results, it appears that exposure o f the aortic tissue to a combina
tion o f [irogesteroiie and stilbestrol can elevate PG L  production to a level similar 
to that seen at the end of pregnancy. 1 his would not appear to be the ease in 
the m yom etrium It is possible, o f course, tiiat under the inlluence of these 
hormones cyclic endoperoxides in the myom etrium are preferentially converted 
into prostaglandins other than P G lj [certainly, large quantities of P ( i l  and 
P( iE 2 are syntliesi/ed by the nonpregnant m yom etrium (2)], and this possibility
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is presently under investigation. Secondly, other factors apart from the ovarian 
steroids may be involved in regulating myométrial P G I2 production.
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is presently under investigation. Secondly, other factors apart from the ovarian 
steroids may be involved in regulating myometria! P G I2 production.
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