13,

MEQULIMHCKAR HAYKA APMEHAN

TEOPMH, KOHLIEITLIUM, TUTIOTE3HL...
VIK 577.1:612:76:616.1

PROSTACYCLIN AS MEDIATOR
OF HEMATO-VASAL INTERACTIONS

E.S.Gabrielian, S.E.Akopov, E.A.Amroyan, A.H.Ayvazyan

/The Yerevan State Medical University, Department of Pharmacology,
Republic of Armenia/

Key words: prostacyclin, hematovasal interaction, vessel wall, blood
elements, aggregation, sympathetic stimulation,
atherosclerosis ;

Analysis of the phenomena of regional hemocirculation requires
consideration ‘of those multifold hemodynamic effects that develop in
multifold result of a complex interaction between the vascular network
and the blood it carries. To designate all the elements of this interaction
we suggest the term of angiohaemic homeostasis that envisages permanent
exchange of information between blood and the vessels, their response to
various effects as a single system acting as a whole in the maintenance of
blood supply to organs and tissues. A central place in these elements
belongs, without doubt, to prostacyclin (PGI,) whose high activity toward
both the vessels and platelets is of a significant interest for scientists [1,
2]. It is likely that PGI, embodies in a greater extent the dualism of the
nature of regulation of regional circulation, the essence of which lies in

-the parallel effect on vascular tension and blood suspensor stability.
However, up to this day the analysis of the role of PGI, in the regulation
of hematovasal interaction and regional hemocirculation is on the whole
of a unilateral character. Practically only some aspects of its effects —
vasodilative and antiaggregatoery — are being investigated. Unilateral is
also the investigation of PGI; participation in the pathogenesis of regional
discirculation. Although, it is already clear that the disturbances in PGI,
control of the vessel wall and platelet functional state is an important
element in various by their character pathologic phenomena, including
thrombosis, microembolic syndrome, atherogenesis, etc.[3, 4, 5]. The
nature of these disturbances is merely explained by the decrease of PGI,
synthesis in vessels. Speculations of this kind restrict the range of PGI,
physiological role, do not permit to make a thorough analysis of its role
as a universal mediator of hematovasal interaction. From this point of
view the aim of our investigation was a more wide examination of PGI,
role in the fold mechanisms that are responsible for the disturbance of its
transmittery function in pathology.
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Material and methods
Fresh citrate stabilized blood of healthy donors (53) was used in this

1i investigation. Platelet aggregation was measured by the method of Born

!] [6], using a two channel Payton aggregometer. The maximal extent of

© aggregation was estimated as a percentage of light transmission. Red cells

(&

aggregation was investigated by Kobatake et al. [7] and aggregation of

1 polymorphonuclear leukocytes (PMNL) was estimated by the method of

Fehr et al. [8].
The antiaggregatory activity of the rabbit central auricular artery was

. investigated by the method of Galli et al. in our modification [9, 10] (10

rabbits). The cranial end of the cervical sympathetic nerve was electrically

» stimulated (5 Hz, 7 V, 0.1 msec) in 20-30 sec interval by the electronic
2] stimulator EST-7.

The influence of blood elements on the contractile activity of the
vessel wall was investigated by the method of Gabrielian and Akopov [11].

Removal of endothelium was performed by the method of Samata et
al. [12].

Influence of PGI, and Indometacin infusion on the constrictor
reaction of cat cerebral vessels (12 cats) was performed by the stabilized
autoperfusion method [13].

The change of the characteristics of PGI, stabilization-transformation
was investigated in the blood of patients with cerebral atherosclerosis (25
patients) and healthy subjects (30) by the whole-blood aggregometer
(Chrono-Log).

The values were expressed as mean *SE. Differences between means
were analyzed by the Kruscal-Wallis test (non parametric analysis of
variance (ANOVA). Identification of homogeneous groups (cluster) of
cases was performed using cluster analysis followed by discriminant
analysis. The power of the factor influence was calculated using ANOVA.
All calculations were made using SPSS PC-+statistical software [14].

Results and discussion

As it has been mentioned above, analysis of PGI, effect on blood is
limited by the analysis of its effect on platelets. Indeed, Table 1 shows
that PGI, abruptly inhibits platelet aggregation under various inductors,
causing at the same time decay of already generated aggregates, though
on a somewhat higher concentration. But besides the effect on platelets,
this agent influences also the aggregation of other blood elements. As it is
seen from Table I, it also hinders erythrocyte aggregation, that can be
ascribed to the modifying effect of PGI, on the conformation of
erythrocyte membranes [15]. Finally, the PGI, blocks the aggregation of
polymorphonuclear leukocytes induced by a chemotactic agent (FMLP).
This is in conformity with the recently observed capacity of eicosanoids to
interfere in the metabolism of PMNL with the inhibition of the metabolic
outburst characteristic of their activation [16].

Thus, the role of PGI, in the regulation of blood suspensor stability is
not limited by the platelets only but extends to other cells as well, stress-
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ing the universal role of PGI, as a factor inhibiting the development of
rheologic disturbances.

Table 1
Effect of PGI, on human blood cell aggregation
Type of cell Inductor of aggregation EDg for PGI, effect, mg/m.
Aggregation in platelet rich ADP Collagen Epinephrine 1.65+0.21
plasma (PRP) (n=10) Arachidonic Acid Thrombin 2.80+0.23
0.831+0.04
3.40+0.31
15.2013.00
Desaggregatory effect in PRP ADP Collagen 7.8010.90
(n=10) 19.4012.10
Erythrocyte aggregation (n=12) Gamma globulin + Fibrinogen 1267.20+97 60
PMNL aggregation (n=9) ; FMLP 147.60+29.40

—

Hence it follows that PGI, can mediate modifying effect on the he-
matovasal relations of various physiological factors. For some of these
factors the capacity to influence PGI, generation in the vessels is found,
but the analysis of their effect is carried out only "from blood". It is sup-
posed, that on PGI, synthesis influence compounds present in plasma
and directly contacting with the endothelium. In addition to this we
studied the possibility of an analogous effect of a part of the nervous
contour of circulation regulation, namely its adrenergic component. On
the model of rabbit isolated circulatory perfused auricular artery the effect
of sympathetic stimulation on the antiaggregatory activity of its wall was
investigated. The phenomenon of an absolute disappearance of vessel an-
tiaggregatory activity under sympathetic stimulation was revealed
(Table 2). Consequently, PGI, becomes involved in feedback relations of
adrenergic transmission mediating the effect of sympathetic nervous
system on blood rheologic capacity and aggregatory state.

Table 2

Antiaggregatory effect of rabbit central auricular artery before and under stimulation
of sympathetic cervical nerve

Condition Inductor of Aggregation in PRP Aggregation in PRP
aggregation before infusion (%) after infusion (%)
Control Sympathetic ADP 10*M 50.9 34.7*
stimulation ¢ 522 57.1
Control Sympathetic .  Collagen 2 38.1 7:0%
stimulation mkg/ml 64.9 62,6
* p<0.05
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This enlarges the perception of the ways of influence of sympathetic
srmervous system on the regional hemocirculation, and shows that the
sbidevelopment of dishaemia induced by it may be associated with not only
rwvasomotor but also "hematogenic” disturbances of terminal perfusion.

Generally PGI, is considered as a factor mediating the effect of vessel

#wall on the circulated blood. However not less interest represents the
izanalysis of its rgle in the development of polar effects, first of all
:nassociated with the change of vascular tension. On a homeostatized
q perfused vascular segment (cat carotid artery and human middle cerebral
i artery) it was shown that collagen-activated platelets activated with FMLP
7 PMNL, while introduced to the perfusion canal, bring forth contraction
o of vascular segment, the degree and duration of the contraction increasing
I 1.5-2 times after the removal of the endothelium.

; When the deendothelized vessel is perfused by a solution with
1 minimal PGI, concentration, the contracting effect of both the platelets
t and PMNL sufficiently decreases (Table 3). In a higher degree this
| phenomenon is observed in case of combining PGI, with the calcium
: antagonists, e.g. Nifedipin.

This is, probably, connected with mutually complementary

i mechanisms of the vasodilatative effect of these agents: while Nifedipin
| hinders calcium supply to the smooth muscle, PGI; acts as a factor that
' can limit, if not prevent, the development of an angiospasm caused by the

disturbance of the equilibrium between blood and vessel wall [16].

Analogous function of calcium antagonists as agents of regional

discirculation therapy may lie in the positive interaction with PGI,

Table 3

Influence of PGI, and Nifedipine on the spasmogenic effect of activated human
platelets and PMNL

Suppression of vasoconstrictory effect (%)

Platelets PMNL
PGI, 10° M 76.2+6.0* 54.6+6.0*
101 M 23.61+3.9* 15.74+4.3
Nifedipin 5x10°° M 85.115.7* 62.115.6*
5x10°M » 26.813.9*  23.614.1°
PG 1o+ Niledipin 10" M + 5x10°M 83.643.4* 79.618.0*

*P<L0.05

Direct investigations of the effect of activated platelets and PMNL on
PGI, synthesis in the vessel wall by the change of level of its stable
metabolite — 6-keto-PGF1 alpha-estimated by means of radioimmu-
noassay revealed that after a 3 minute contact with collagen-activated
platelet suspension, its level increases to 42.5+7.9% with the suspension
of activated PMNL — to 67.4+9.3%. Consequently, PGI, is able to form
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feedback relations that will delimit the development of an angiospasm. It
was observed that vascular segments with removed endothelium lose their

capacity to develop such a reaction in response to the effect of blood
cells, although basal PGI, level in them might not change. This means

that pools of PGI, synthesized in various layers of vessel wall differ
functionally, and its reactive fraction is PGI, generated in the very
endothelium.

However, the role of PGI, as an antispasmatic agent is not limited by
the reaction of the "hematogenic”" component of the pathogenesis of
vasospasm but involves its other elements also. In the investigation of the
cerebral vessel resistance by the method of brain autoperfusion, the role
of PGI, in the regulation of adrenergic influence on vascular tension was
analyzed.

It appeared that infusion of PGI, in a concentration in which PGI,
itself has very slight effect on the vascular tension, abruptly inhibits
constrictory reaction of cerebral vessels after the introduction of
noradrenalin and sympathetic stimulation.

An exactly opposite pattern is observed in case of PGI, synthesis

' inhibition in cerebral vessels by the infusion of Indometacin (Table 4).

Constrictory effect in the control is taken as 100%; the measure of
the constrictory effect was the change of perfusion pressure.

Consequently, PGI, is an agent, which effectively modifies different
by nature effects on vascular tension, acting as a mediator in the system
of feedback relations, limiting the danger of its abrupt changes.

Table 4

Influence of PGI, (50 mg/kg/min) and Indometacin (1 mg/kg/min) infusion on the
constrictory reaction of cat cerebral vessels induced by Noradrenalin and
sympathetic stimulation (n=10)-

Type of stimulation Con.lrol On the background of On the background of
PGI, infusion Indometacin infusion
Noradrenalin § mg/kg ife " 100 55.1+12.3* 125.219.4
Sympathetic stimulation 100 6.9+4.7 281.4126.1%

S HZ, 7 V, 0.5 min

*P<0,05

The above said and the data of other researchers bring to the convic-
tion that PGI, may be considered as a multiprofile regulator of the func-
tional state of blood elements and vessels and their interaction, as well as
a modulator of neurohumoral influence on the system blood-vessel wall.
Correspondingly, considerable interest represent the questions: in what
cases a decrease of the level and efficiency of its hematovasal influence
can be expected, and what is the role of these changes in the pathogenesis
of regional dyshaemia?
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Table 5

) Change of the characteristics of PGI, stabilization-transformation in the blood of
patients with cerebral atherosclerosis

Investigaled Parameter Parameters Healthy subjects Patients with
variation (n=30) (n=25) atherosclerosis
Degree of PGl physiological >3.0 10(33) 3(12)
acfivity lengthening in the 1.5-3.0 17(57) 6(24)
presence of plasma <1.5 3(10) 16(64)
Degree of PGI» physiological >5.5 4(13) - (0)
aclivily shortening in the presence 3.5-5.5 15(50) 4(16)
ol platclct suspension 1.5-3.5 8(27) 9(36)
<l.5 3(10) 12(48)
Degree of PGI» physiological <1.25 19(63) 2(8)
activity shortening in the presence 1.75-1.25 8(27) 6(24)
of erythrocytes 1.75-2.5 3(10) 17(68)
Level of PGI, antiaggregatory <10 9(30) 2(8)
activily decrease in whole blood 10-35 15(50) 4(16)
afler 16 min of incubation in % 35-60 6(20) 10(40)
[rom the initial value >60 -(0) 9(36)

Number of patients as a% is given in parenthesis

Certainly alteration of PGI, synthesis level in the vessel wall and
zsome other tissues is of considerable importance, but is the modification
»of its function in pathology limited by this? In our studies we performed
ithe analysis of another ring ensuring the thoroughness of PGI,
| hematovasal effects, that may also be responsible for their changes in
i pathology. It is known that the time of the active presence of PGI, in the
I'blood flow, and hence the markedness of its physiological effects, is to a
; greater. extent connected with the capacity of plasma proteins, first of all
: albumin, to stabilize this agent, and that of the erythrocytes, on the con-
| trary. to decay it [9, 10]. On the other hand, during the interaction with
I'the platelets PGl turns into a stable active metabolite - 6-keto-PGFI
. alpha [3]. In the complex interaction of these processes is determined the

problem of those concrete characteristics which will define the destiny of
PGl, after the release from the vessel in the course of its passage to the
executive receptors of target cells. Earlier we have devised a complex of
methods of biological testing of the process of PGI, stabilization-
transformation in blood, suitable for their investigation in human beings
[9. 3]. Table 5 gives the data on the change of the characteristics of these
processes in patients with atherosclerosis with prevailingly impaired
cerebral vessels. It is obvious that in patients with atherosclerosis, as com-
pared with healthy subjects, the processes of PGI, stabilization-
transformation are significantly disturbed expressed, by the shortening of
the time of its active presence in blood flow. Here of certain importance
is the fact that in various patients maximal disturbance of these processes
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occurs in various links: in some of the patients it is the abrupt increase of!
PGI, decay by erythrocytes, in others — an almost total disappearance of
plasma stabilizing activity, etc. To assess the resultant of all the elements
responsible for the prolongation of PGI, physiological activity, estimation
of the dynamics of the alteration of its antiaggregatory effect in whole
blood is suggested (Table 5). The level of its decrease will be the resultant
from the prolonging effects of PGI, influence of albumin and platelets
and the contrary influence of erythrocytes. However, it is not excluded
that there exist in blood other factors, also influencing this process. As
seen from Table 5, high percentage constitute patients with a quicker
decay of PGI,. However it should be considered that factors bringing to
this phenomenon differ in various patients, consequently different are also
objects to which should be directed corresponding corrective influence. It
is also important to note that in a number of patients disturbance in one
of the links of transformation-stabilization process might be practically
compensated in another link. For instance, an abruptly increased PGI,
decay by erythrocytes was parallel with a very high stabilizing capacity of
plasma or vice versa. In any case it is clear that during atherosclerosis
there takes place a complex and strictly individual process of PGI,
transformation-stabilization disturbance, which through different means
brings to the decrease of the efficiency of its hematovasal influence. Along
with the decrease of PGI, generation level, it will condition the
insufficiency of PGI, control of hemato-vasal relations in pathology. On
the other hand, disturbance of stabilization-transformation processes may
be closely related to the possibility of using PGI, as a drug. Naturally, if
the injected PGI, is decayed very quickly, then it requires consideration
of its dosage, manner of injection, etc.

However, even in the phase of the realization of PGI, effect on the
elements of the system blood-vessel wall, first of all the vessels and
platelets, there may be observed in pathology significant shifts from the
normal level. This is a rather complex and insufficiently investigated
‘problem; however it is already clear that PGI, final effect depends upon 2
whole series of matters. One of them is the character of the influence
leading to an alteration in platelet or vessel functional status as
development of aggregate generation or a spasm. In ordinary investiga-
tions analysis of PG, vascular-platelet effects is carried out through
influencing the vessels by one of the vasoconstrictive agents, or in the
presence of a definite inductor of platelet aggregation. But in real
conditions and especially in pathology, more probable is the Ssituatior
when vessel or platelet dysfunction is caused by a complex combinatior
of such agents.

Analysis of the pecuhantles of PGI, effect on vessels was carried out
on the section material of persons deceased -from cerebral infarction
PGI, effect was compared on standardized segments of middle cerebra
arteries obtained from the focus of infarction and from the contralatera
hemisphere in the first 2-3 A after death. It appeared that EDSO0 for the
first category of vessels equaled 9.7+3.7x10°M, for the second -
3.5+0.9x10”° M; for some pairs of vessels the difference being over several
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o' orders. Thus, in patients with cerebral vessel pathology signs of alteration
o of platelet and vessel basal sensitivity toward PGI, can be revealed. It is

1
5
b

/

!

not excluded that the decrease of the efficiency of its vascular-platelet
effects will appear as an impcrtant cause of the development of
discirculation, and those vascular which lose their sensitivity toward its
vasodilator influence to a greater extent will be the highest risk zones for
its localization.

The results of the last years investigations suggested that endothelial-
dependent relaxation of vascular smooth muscle reflects the release of
more than one factor. In vascular endothelium NO, a mechanism
sensitive to the extravascular K* concentration, contribute approximately
equally a prostanoide-mediated mechanism to the relaxation [17, 18, 19,
20]. The direct evidence of this suggestion is the demonstration of release
of PGI, in the vascular endothelium through NO as a primary signal for

' relaxation [19].
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MeAUSUSPYLDLE APAEU UL3ARL-ULAR U3 DY
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Uwunupwd htmwgnnnipymGGtpp Jyuymd GG, np wpnumwghyihGp (PGI-2)
ply6nid & qubuqui dwlwohsGph wqnignipjul htmbtinuGpny fupulywo dwpnm
wpywé phptinhyGliph, tphppnghwGtph tr pwquwadti-ynphquujnn (G)ynghwbiph wg-
pliqughwG: Gwquph wijuieh dtmuwgywo quplipulh Yypuw junwpjud numd-
(wuhpmpymGGtpp gniyg GG wmwihu, np ubdupuphly Gupnh jupulwt lupwGnip
wnw9wglni L wlnph ujuwh hwjuwwgptiqughnG hwnmlmpjuG pGyémd (ADP-h
hwiwp 31.8%, hulj Collagen-h hwndwp' 81.6%): MpnuwmwghyihGp pGYyénd L Gwta m-
ntinh qupytpwyGtph YoyLhmpymGp:

LGwjhG i mntinuyhG YhohG qupytipulGtph EGnnptuqtpoywo hwuwdGtph
pw Juumupduwd numdGwuhpmpymGGipp gnyyg GG mwihu, np wppul wijmhywg-
nuo phptinhyGtpp i pruqiwétt Ynphquudnn (GjinghmGtpp wrwgwgGmu LG winp-
(itph dwGwptitiph enuyolmiGtp, npnGp mdtnuimy GG LGnnptjpuqtipddwl ujwuy-
dwlGpmy: u nbwyghwGbpp paYyaymd LG wpouuwughlhGh i GhdtinhuthGh wq-
nhignipjwl wuwyiwGGpmy:; Awugwhwymywd b Guty, np wppul winhjugnud ph-
plinhlyGtipp i puqiwati-Ynphqunnp (GnghmGpp jupwlmy LG wpnuumughlihGh
upGptiqn winph ujuwnnnt: Umwgywo wdjwiGlpp Jyuymd GG wpymG-winpujhG
thnjuhwmupbpnipymGGtpnd wpnuuwghYhGh Yuptimp niph KiwwhG:

I[TPOCTALIMKJIMH KAK MEJIIMATOP TEMATOBA3AJIBHBIX
B3AMMOJIEVCTBUMA

9.C.labpuensn, C.D.Axonos, 3.A.Amposn, A.I Aieassn

UccnenoaHa poimb mnpoctaimkmHa (IITA2) B perymsamd remMaroBa-
3a/IbHBIX B3aMMoJeiicTeyif. YcTaHoBIeHO, yto IIT'U2 yrHeraer arperalmio
TPOMOOLIMTOB, SpPUTPOLIMIOB M  TNONMMMOPGHO-SIICPHBIX  JIEHKOLIMTOB
(TIMSJT) B KpoBM 4eJIOBEKa, BbI3BAHHYIO psAIOM MHAyKTopoB. Ha monemm
LIMPKYJIITOPHO-U30JIMPOBAHHOM Iepdy3UpyeMOoil YIIIHOM apTepyM KpoJMKa
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]
YCTaHORJIEHO, YTO B YCJIOBMAX CUMITATUNECKON CTHMYJIILIMM MCYE3aeT aHTH- |
arperallMOHHasi aKTMBHOCTb cocynoB. HaGmonaercs Taxoke rogaBiieHHe COK- |
PaTUTENIbHOM peakLMM MOSIOBBIX COCYJIOB KOIIEK IOA BIMAHWEM MHQY3MH
IIT'N2. Ha nepdy3npyeMbix COCYIMCTBIX CETMEHTaX COHHOI apTepyM KOIIEK |
M CpeIHEMO3IOBO/ apTrepuM YeJIOBEKA IIOKAa3aHO, YTO AKTMBHPOBAHHBIC
TpoMboLmTel U TIMSAJ] BHISHIBAIOT COKpAlllEHHE COCYHa, YCHIIMBAIOLIEECH B
ycnoBusix AeaHporeymsaimy, a IITM2 v HudemmuH yrHetalor ero. Ycra-
HORJIEHO, YTO IIOCJIe KOHTAaKTa C aKIMBMPOBAHHBIMM TpPOMOOLMTaMM M
ITMSJT Bospacraer cuHTe3 III'M2 B creHke cocynoB. IlomydeHHBIE pe3yib-
Tarbl cBUAETENLCTBYIOT O po IITM2 xak yHMBepcaJlbHOIO MeauaTopa re-
MAaTOBa3aIbHBIX B3aUMOICHCTBHIA.
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