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Abstract:

Prostacyclin (PGI�) and thromboxane (TxA�), labile cyclooxygenase (COX) products via PGH�, were identified in biological fluids

by the ingenious application of the principle of parallel pharmacological assays developed by John Vane. Either organ perfusates or

circulating blood superfuse bioassay tissues arranged in a cascade. Tissues were selected based on specificity of responses to

targeted eicosanoids. Additionally, PGI� inhibited platelet aggregation, a finding that led to discovery of its critical anti-thrombotic

activity at the blood-endothelial interface. The biological activities of PGI� and TxA�were the fingerprints for tracking their isolation

and ultimate chemical identification. These studies were responsible for opening the modern era of vascular biology that has

facilitated the development of a rational approach to the treatment of diabetic and hypertensive complications involving the arterial

circulation.

Key words:

cascade superfusion bioassay, endothelium, platelet aggregation, prostacyclin
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Introduction

While tracing the original studies on vascular prosta-

glandins, we uncovered those of Aiken [1] and Tu-

vemo and Wide [16] that are based respectively on: 1)

the effects of inhibition of COX [1] on vascular reac-

tivity and 2) prostaglandin release from human blood

vessels [16]. Aiken showed that treatment of mesen-

teric and celiac arterial strips with indomethacin in-

hibited the intramural generation of Prostaglandins,

thereby, preventing the development of tachyphylaxis

to angiotensin II (Ang II) [1].

The state of sodium balance was identified as a key

factor in determining the prostaglandin contribution

to renal vascular reactivity in response to pressor hor-

mones [8]. The threshold dose of Ang II releasing re-

nal prostaglandins encompassed a forty-fold range

and was correlated positively with plasma renin activ-

ity (PRA) that served as an index of the state of so-

dium balance. The threshold dose of Ang II releasing

PGE2 was reduced when sodium balance was positive

(low PRA) whereas when sodium balance was nega-

tive (high PRA) the threshold dose of Ang II required

to release prostaglandins was greatly increased.

Vascular prostaglandin synthesis

In a definitive study in 1975 by Terragno et al [15]

that addressed arachidonic acid (AA) conversion to
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prostaglandins by blood vessels, the prostaglandin

biosynthetic capacity of bovine mesenteric arteries

and veins was shown to be high. Cross sections of

mesenteric arteries and veins converted greater than

20% of added [1-14C]-AA to prostaglandins during

a one hour period of incubation. Prostaglandins are

not stored; they were not recovered from blood ves-

sels. Once synthesized, prostaglandins are released

from blood vessels. Bradykinin selectively increased

the synthesis of bioassayable PGE in mesenteric arter-

ies; in mesenteric veins, PGF2�
was increased selec-

tively by the peptide.

Discovery of prostacyclin

The modern era of vascular biology was initiated by

the publication of three studies in 1976 conducted at

The Wellcome Research Laboratories by a research

team recruited by John Vane, Director of the Labora-

tories. The titles of the papers and the order of names

contributing to these studies are shown in Fig. 1.

The centerpiece of the first study was the identifi-

cation of an unstable product of enzymic transforma-

tion of prostaglandin endoperoxides by aortic micro-

somes that inhibited platelet aggregation (Fig. 2) and

disaggregated platelet thrombi [5, 9]. Pending struc-

tural identification, this prostanoid was designated

PGX. Within several months, the chemical structure

of PGX was identified and given the trivial name

prostacyclin (PGI2) [7]. The stable inactive product of

spontaneous PGX degradation is 6-keto-PGF1�
that is

excreted in the urine in relative abundance [11]. In

vivo prostacyclin can be metabolized in the vascular

wall by 15-hydroxy prostaglandin dehydrogenase,

forming 6,15 diketo-PGF1�
[20].

PGX: detected by bioassay

The ready availability at the Wellcome Laboratories

of “bioassay methods incorporated in the principle of

parallel pharmacological assays” and designated,

THE CASCADE SUPERFUSION BIOASSAY [17],

was key to the detection in tissue fluids and plasma of

PGI2 and characterization of its biological properties.

With this bioassay system, tissues are arranged in

a series (Fig. 3) and superfused with either circulating

blood, the effluent from an organ (e.g. kidney) or vas-

cular tissues (e.g. mesenteric blood vessels). The as-

say tissues are selected to “detect biological activity”,

which are the unique fingerprints of “chemically un-

stable compounds whose activity would otherwise be

lost in an extraction procedure” [17]. In this manner,

TxA2 (rabbit aorta contracting substance (RCS) and

prostacyclin (PGX) were first detected and character-

ized [5]. To enhance tissue specificity, serotonin, cate-

cholamine, and cholinergic antagonists can be added

to the fluid superfusing the assay organs to eliminate

the effects of these biological mediators, thereby fa-

cilitating a clearer exposition of the effects of an un-
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known or partially characterized mediator such as

PGX on assay tissues.

The many cardiovascular applications

of superfusion bioassay

This bioassay system had been used to great effect by

John Vane and colleagues in defining: 1) the cardio-

vascular dynamics of the renin-angiotensin system

[10]; 2) the endocrine and metabolic functions of the

lung whereby circulating hormones are degraded (ki-

nins), generated (prostacyclin), and transformed (Ang

I � II)[18]. The most important discoveries, based on

the use of superfusion bioassay in terms of their thera-

peutic implications, related to the identification of

blood vessels as generators of biological modulators

and mediators affecting vasomotion and the integrity

of the blood- endothelial interface as well as the re-

sponse of the vascular wall to pro-thrombotic agents.

Chief antagonist of the pro-thrombotic forces is pros-

tacyclin that together with thrombo-modulin, an im-

portant inhibitor of blood coagulation and stimulated

by PGI2, accounts for critical vascular thrombolytic

mechanisms [4, 12].

PGX was first shown by superfusion bioassay to be

generated from the prostaglandin endoperoxide

(PGH2). “The most suitable combination of assay tis-

sues was rabbit aorta strip, rat colon and rat stomach”

[5] that allowed differentiation of the musculotropic

effects of PGX (that is, tissue responses to PGX) from

those of thromboxane (TxA2) and the stable prosta-

glandins. The most important property of PGX was

disclosed by addition of PGH2 to aortic or mesenteric

artery microsomes resulting in immediate generation

of an inhibitor of AA-induced platelet aggregation in

fresh human platelet rich plasma as monitored by

a Born aggregometer [2].

PGX was thirty-fold more potent as an inhibitor of

platelet aggregation than PGE1, and ten-fold more po-

tent than PGD2.
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Novel therapies for diseases of the

circulation

Platelet microsomes transformed prostaglandin endo-

peroxides to an unstable product, TxA2, that aggre-

gated platelets. Thus, prostaglandin endoperoxides

give rise to two unstable products, a pro-aggregatory

platelet product, TxA2, and PGI2, an anti-aggregatory

product of the vascular wall. This observation estab-

lished the lineaments of the therapeutic paradigm that

resulted in the development of anti-thrombotic agents

that acted as “guardians of the integrity of the blood-

endothelial interface” [6]; “A balance between the

amounts of TxA2 formed by platelets and PGX

formed by vessels might be critical for thrombi for-

mation” [5]. The prototype of the therapeutic inven-

tory, resulting from the discovery of the critical role

of PGI2 >–< TxA2 antagonism, is the clinical use of

low-dose aspirin. Namely, inhibiting platelet TxA2

generation while sparing vascular PGI2 formation

with low-dose aspirin, became the most frequent

anti-thrombotic therapeutic intervention [6].

A remarkable aspect of the study of Gryglewski et

al. [5] was the ability of the investigators to foresee

the future therapeutic advantages and strategies that

became available by these findings: “An interaction

between damaged vascular walls and blood platelets

initiates the formation of intra-arterial thrombi in

atherosclerosis. Increased susceptibility of platelets to

aggregation accompanies vascular complications in

diabetes, in cerebral strokes associated with essential

hypertension and in post heart infarct patients” [5].

Further, the recognition that prostaglandin endoperox-

ides are precursors to both a platelet pro-aggregatory

TxA2 and vascular anti-aggregatory PGX led to con-

sidering transcellular metabolism of eicosanoid pre-

cursors; e.g.,

The concept of a cytoprotective-anti ulcer role for

prostaglandins introduced by Robert [13] was sug-

gested for gastric prostacyclin that was found in abun-

dance in the fundus of the stomach. Appreciation by

the authors of the range of the potential critical thera-

peutic applications of these studies [5, 9] is astounding

and touches on most aspects of the beneficial func-

tional ramifications of the AA cascade in terms of

their anti-thrombotic, anti-atherogenic and anti-

ulcerative properties. In addition, they recognized that

pathophysiological factors set in motion by vascular

diseases which disrupt “the balance between TxA2

and prostacyclin generating systems”, will favor

TxA2 production and platelet aggregation. The

authors also addressed a critical factor in the develop-

ment of vascular lesions; viz., increased generation of

reactive oxygen species associated with ageing and

atherosclerosis results in lipid peroxidation with for-

mation of antagonists to prostacyclin production (Fig. 4).

One such product, 15-hydroperoxy AA, strongly in-

hibited PGI2 synthetase but not TxA2 synthetase [5,

9]. Nasjletti has provided evidence that in an Ang II

infusion model of hypertension, increased lipoxyge-

nase activity with production of hydroperoxy arachi-

donate metabolites act to elevate blood pressure by in-

hibiting production of PGI2 [14].

The localization of prostacyclin biosynthetic ca-

pacity to endothelial cells by Weksler, Marcus and

Jaffe [19] antedated by several years the next quantum

leap of vascular biology, viz., the recognition that the en-

dothelium modulates vascular smooth muscle tone [3].
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