Biochemical Pharmacology, Vol. 29, pp. 943-947.
© Pergamon Press Ltd. 1980. Printed in Great Britain.

0006-2952/80/0315-0943 $02.00/0

EFFECT OF AN ALPHA-BLOCKING AGENT,
NICERGOLINE, ON THE INTERACTION BETWEEN
BLOOD PLATELETS, ELASTIN AND ENDOTHELIAL

CELLS

M. E. RAFELSON,*f J. MiGNE,t R. Santonia,t J. C. DEROUETTE* and L. ROBERT*

*Laboratoire de Biochimie du Tissu Conjonctif (GR CNRS No. 40), Institut de Recherches
Universitaire sur les Maladies Vasculaires, Université Paris Val de Marne, 6, Rue du Général
Sarrail, 94000 - Créteil, France, and + Département d’Analyses Biologiques de I'Institut de
Biopharmacie Rhone-Poulenc, Centre de Recherche et Contrdles Biologiques des Laboratoires
SPECIA, 26, Av. de I’Observatoire, 75014 Paris, France

(Received 25 April 1979; accepted 31 October 1979)

Abstract—The action on an a-blocking agent, Nicergoline, and of a B-blocking agent, Acebutolol, on
platelet-elastin and platelet-endothelial cell interaction was investigated. Nicergoline (10™*M), but not
Acebutolol, added to PRP, decreased the adhesion of platelets to Sepharose—elastin columns by about
60 per cent. Nicergoline at 10”'M completely inhibited the adhesion of platelets to endothelial cells
‘activated’ by epinephrine. The same inhibition was obtained when the endothelial cells or the platelets
were preincubated with the a-blocking agent before mixing. Acebutolol was inefficient. These results
confirm the efficiency of this a-blocking agent in preventing platelet adhesion to elastic fibers and to
endothelial cells. They confirm the inefficiency of the g-blocking agent in both models used. They also
suggest that platelet a-receptors may be involved in platelet-elastin interaction as well as in platelet-

endothelial cell interaction.

The interaction between blood platelets and celiular
and molecular elements of the vessel wall were shown
to play an important role in the pathogenesis of
arteriosclerosis as well as in the formation of thrombi
[1-6]. Among the macromolecules which can interact
with blood platelets, collagen plays a particularly
important role [7, 8]. It was, however, recently dem-
onstrated that platelets can also adhere to fibrous
elastin [9]. It is also known that blood platelets can
interact with endothelial cells when they are first
treated with aggregation inducing agents such as
epinephrine [10, 11]. Among the anti-aggregating
agents which are actively used in therapeutics, alpha-
blocking substances play an especially important role
because they have several favorable effects on the
circulation due to their vasodilating and alpha-block-
ing activity [12-15].

It was therefore decided to investigate the effect
of such an alpha-blocking agent, Nicergoline, y-3-
(5 bromonicotinoyl hydroxymethyl)-1.6-dimethyl-
10a-methoxy-ergoline, on the interaction between
blood platelets and fibrous elastin on the one side
and blood platelets and endothelial cells on the other
side. This drug was shown to inhibit efficiently
platelet aggregation induced by ADP or collagen
[16]. Tts metabolism in man and animals was also
studied [17].

As a control drug a 3-blocking agent, Acebutolol
(Sectral), (hydroxy-2 isopropylamino-3 proposy)-2
butyramido-5 acetophenon, was used [18, 19].
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MATERIALS AND METHODS

Blood platelets. These were obtained freshly from
normal human donors (for interaction with elastin)
or from bovine blood (for interaction with endo-
thelial cells). Acid citrate-dextrose (ACD, 0.8%
citric acid, 2.2% Na-citrate, 2.45% dextrose) was
used as an anticoaguiant (1 mi of ACD per §-9 mi
blood) and were used immediately after centrifu-
gation at 500 g for 5 min at 18° and after counting
in a Coulter Counter.

Elastin. Elastin was purified from bovine liga-
mentum nuchae by NaOH treatment as described
[20} and characterized by its amino acid composition
and its desmosine content. Fibrous elastin was finely
powdered in a hammer-mili to a granule size of about
100 pm.§

Table 1 shows the amino acid composition of the
elastin used for these experiments. The relatively
low Asp + Glu value (22 residues per 1000), the
absence of methionine and the negligible histidine
content can be taken as an indication for the absence
of microfibrillar components {20]. The low hydroxy-
proline content (10 residues per 1000) is an indication
of the absence of collagenous contaminants. It was
shown previously that elastin purified by this pro-
cedure has a much lower polar amino acid content
and lower microfibrillar contamination as judged by
electron microscopy than elastin purified by other
procedures [21]. This is true also for the hydroxy-
proline content and collagen contamination.

Sepharose-2B—elastin mixed affinity columns were
prepared as described previously at a concentration
of 1.0 mg fibrous elastin per ml of Sepharose [9].
The fibrous elastin suspension was thoroughly mixed
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Table 1. Amino acid composition of the elastin preparation
used for the experiments, after 24 hr hydrolysis in 6N HCI
at 110°. Results in res. per 1000 residues

Hypro 10
Asp 7
Thr 7
Ser 6
Giu 15
Pro 110
Gly 330
Ala 224
Val 136
Cys 0
Met Q
I-Leu 38
Leu 91
Tyr 3
Phe-Ala 12
i-Des* 4
Des* 6
Arg 4
His 1
Lys 4

* Isodesmosine and desmosine given in lysine equivalents

with the Sepharose suspension in order to achieve
a uniform distribution of the elastin fibers in the
Sepharose gel. This was controlled by preparing
cryostat sections through the Sepharose-elastin gels
prepared in plastic tubings. The Sepharose—elastin
suspension was then poured in siliconated columns
of 30 X 1.2 cm and were percolated with sterile
saline as previously described [9]. Control columns
of Sepharose-2B were of identical size but did not
contain elastin. The elution profile of the platelet
rich plasma (PRP) was monitored on a recording
Acta ITI Beckman Spectrophotometer. The platelets
recovered were counted in a Coulter Counter, and
these data were used for the calculation of retention.
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The inhibiting effect of the alpha-blocking agent,
Nicergoline, and of a beta-blocking agent, Acebu-
tolol, was studied by adding them to the PRP before
the percolations through the elastin columns at a
concentration varying between 1077 and 107*M, 15
min before their percolation on the column.

Endothelial cells. Endothelial cells were obtained
from bovine aortae and cultured in Dulbecco’s Modi-
fied Eagle’s medium (DME) supplemented with 10%
foetal calf serum in an atmosphere of 10% CO- in
air as previously described [22]. Secondary cultures
were cloned and subcultured three times prior to
being grown on plastic coverslips (9 X 35 mm) for
these experiments. Fifth passage cells were seeded
at 5% 10° cells per Leighton tube, reached con-
fluency in 3 days and were kept at a post-confluency
for 4 days on the coverslips (ca. 3.7 x 10° cells per
coverslip) [23].

Activation of endothelial cells. Four days post-con-
fluent cultures on coverslips were rinsed twice with
Dulbecco’s medium and the cells ‘activated” (or
treated) with epinephrine (2 x 10° M for 2 min).
Nicergoline (1 x 107%, 1 x 107%, 1 x 1077 M for
4 min) and Acebutolol (1 X 1074 1 x 107°
1 x 1077 M for 4 min). After each activation (or
treatment) step the coverslips were rinsed twice with
Dulbecco’s medium and subsequently floated on '*'I-
platelets resuspended in Dulbecco’s medium. Incu-
bation times of 2-20 min with Nicergoline or Ace-
butolol gave identical results.

Platelet-endothelial interactions were terminated
after 4 min by immersing the coverslips in 4 ml of
2% glutaraldehyde (37°) containing 0.1M cacodylate
buffer, pH 6.9 for 30 min. Fixed cells were washed
three times with the cacodylate buffer (pH 6.9) and
counted directly in a counter.

Preparation and iodination of platelets. Platelets
were isolated from freshly drawn bovine blood con-
taining ACD as anticoagulant (1 ml of ACD per 8 ml
blood). Platelet rich plasma (PRP) was prepared by
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Fig. 1. Elution profile of human blood platelets (PRP) on a Sepharose-2B column (a), on a Sepharose-

2B elastin (1 mg/ml) mixed affinity column (c) and on the same Sepharose-2B elastin column in the

presence of Nicergoline (1 x 10™* M) (b). Nicergoline was added to the PRP 15min before the

percolation through the column. Elution with 0.15 M saline and monitoring at 600 nm on a recording

spectrophotometer (curves and left hand ordinates) and Coulter-counting of the platelets (vertical lines
and right hand ordinates). Abscissa: fraction number.
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Table 2. Retention of platelets on a Sepharose-2B elastin
column (1mg/ml fibrous elastin) in the absence and in the
presence of Nicergoline*

Inhibition by

Nicergoline Platelets Nicergoline

concentration retained (%) (%)
0 71 £ 0.13%

107°M 62+ 1 12
107*M 20+6 72

* For details see Materials and Methods. Results rep-
resent mean + S.E.M. of three determinations.

+ In some experiments lower recoveries were obtained,
48 + 8% for instance. Compared to this value, the inhi-
bition obtained with 107* M Nicergoline would be 58%
(P <0.05).

t P<0.02.

centrifugation of whole blood for 3 min at 450 g. The
PRP was centrifuged for 10 min at 1500 g and the
platelet pellet resuspended and washed three times
in 0.10 M NaCl containing 1 ml of ACD per 25 ml
of 0.15 M NaCl. The washed platelet pellet was
resuspended in Dulbecco’s medium (phosphate-
buffered saline containing Ca®* and Mg?**) to provide
6 x 10° platelets per ul. The platelets were labeled
with carrier-free iodine-125 (specific activity: 6
Ci/nmole) using the lactoperoxidase method. Todi-
nated platelets were washed two times with Dul-
becco’s medium and resuspended in Dulbecco’s
medium to contain 6 X 10° platelets per ul. Labeled
platelets were used within 30 min after preparation
and also met the criteria of being aggregated by
thrombin (0.25 U/ml) and ADP (1 x 107°M). In
addition, no obvious changes in morphology were
observed. In these experiments 1 x 10° '*I-labeled
platelets = 3.0 X 10° counts per minute.

Platelet-endothelial cell interaction. Activated (or
treated) washed endothelial cells on coverslips were
floated (cells down) on 1 ml of *I-labeled platelets
suspended in Dulbecco’s medium (6 x 10° plate-
lets/ul). After 4 min rotation on a rotary shaker (120
r.p.m. at 35°), the coverslips were carefully removed
with tweezers and processed as described above. All
experiments were performed on triplicate coverslips
and appropriate non activated controls (Dulbecco’s
medium only) were simultaneously run in triplicate
in each experiment.

RESULTS

Interaction between blood platelets and elastin.
Figure 1a shows the elution profile of a platelet rich
plasma on a Sepharose-2B column in the absence of
elastin. It can be seen that the platelets appear in
the breakthrough volume and the recovery of the
platelets is of the order of S0-80 per cent. When the
Sepharose-2B column contains 1 mg/ml fibrous elas-
tin the profile is considerably changed (Fig. 1c¢) and
only about 20-30 per cent of the platelets are
recovered, partially in the breakthrough peak and
partially in a second smaller peak appearing in a
retarded position.

In the presence of 1 X 10~* M of Nicergoline, the
recovery of platelets in the first breakthrough peak
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is significantly higher than in the absence of Nicer-
goline, about 40-75 per cent of the platelets are
recovered in the breakthrough peak and no second
retarded peak appeared (see Table 2 and Fig. 1b)
The average retention of platelets on Sepharose-2B
elastin column was decreased by 10~ M Nicergoline
by about 58-72 per cent. At a concentration- of
1 X 107° M of Nicergoline, about 12 per cent inhi-
bition could still be observed.

The same experiments were repeated with the
beta-blocking agent, Acebutolol, which showed no
inhibition of the interaction of elastin and blood
platelets up to a concentration of 107*M using this
same technique. Even in the presence of 107*M of
this drug, the retention of platelets on the Sepharose-
elastin column was unchanged.

Interaction between blood platelets and endothelial
cells. Table 3 shows the results of the experiment
concerning the interaction between activated bovine
endothelial cells and bovine blood platelets. If the
endothelial cells are not pretreated, only a very low
radioactivity sticks to them, corresponding to about
2 % 10° platelets per coverslip. If the endothelial cells
are incubated in the presence of 2 X 107° M epi-
nephrine for 2 min, there is more than a 100 fold
increase in the radioactivity showing a very strong
interaction between platelets and activated endo-
thelial cells.

When Nicergoline was added at concentrations of
107*, 10™® and 1077 M, a total inhibition of
platelet-endothelial cell interaction could be seen as
shown on Table 3 (experiment V). Nicergoline alone
had no detectable effect on the interaction between
blood platelets and endothelial cells (experiment
11I).

An inhibition of about 90 per cent of platelet—
endothelial cell interaction was obtained when the
blood platelets were preincubated with Nicergoline
before adding the endothelial cells (experiment VII).
This shows that the same inhibition can be obtained
by incubation of either endothelial cells or of blood
platelets with Nicergoline.

The same experiments were carried out with
Acebutolol, the beta-blocking agent, instead of
Nicergoline. It can be seen that no inhibition of
platelet endothelial cell interaction was observed
with this drug, whether it was added to the endo-
thelial cells or to the blood platelets prior to their
mixing (experiments V and VIII).

This experiment confirms that the inhibition of the
interaction between blood platelets and elastin and
blood platelets and endothelial cells is obtained with
the alpha-blocking Nicergoline and not with the beta-
blocking Acebutolol.

DISCUSSION

Although the precise mechanism of the interaction
between blood platelets and vessel wall macro-
molecules such as collagen, elastin or microfibrils on
the one hand and endothelial cells on the other is
not known, it can be assumed that some of the
glycoproteins of the blood platelet surface play an
important role in this phenomenon. It was proposed
recently that fibronectine present in the blood plate-
lets may be responsible for its interaction with col-
lagen [23]. Some other membrane glycoproteins are
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Table 3. Interaction between bovine blood platelets and bovine aorta endothelial cells in culture, as
described in Materials and Methods*

Platelets per

Per cent
inhibition of

coverslip, platelet-endothelial
Expt No. Treatment mean * S.E.M. cell interaction
I Control (washed, untreated endothelial
cells) 1.96 x10° + 0.13
II Epinephrine treated (2 X 107°M, 2 min)
endothelial cells 2.95% 10" +0.16
11 Endothelial cells (non activated) pre-
incubated with Nlcergohne 4 min
1x107*M 1.81 x 10° = 0.05
1 x 107M 1.91 x 10° = 0.28
1x107M 1.87 x 10° £ 0.10
v Endothelial cells (non activated) pre-
incubated with Acebutolol, 4 min
1 x107*M 1.83 x 10° = 0.15
1 x10°°M 1.89 x 10° £ 0.13
1x107'M 1.82 x 10° £ 0.19
v Epinephrine ‘activated’ endothelial cells
(as in expt. II) preincubated with Nicer-
goline for 4 mint
1% 10™*M 2.03 % 10° £ 0.23 ~ 100
1% 107°M 2.03 x 10° £ 0.19 ~ 100
1x107'M 2.24 x 10° + 0.22 ~ 100
VI Epinephrine ‘activated” endothelial
cells (as in expt. II) preincubated
with Acebutolol for 4 mint
1% 107*M 2.45 x 107 £ 0.065 ~0
1 x 107°M 2.59 x 107 £ 0.16 ~0
1x107M 2.67 % 107 £ 0.30 ~0
vl Epinephrine ‘activated’ endothelial
cells (as in expt. II) added to plate-
lets preincubated 4 min with
Nicergolinet
1x107*M 3.26 x 10° + 0.93 ~ 90
1x107°M 2.71 x 10° £ 0.13 ~ 90
1x107'M 2.40 x 10° = 0.28 ~90
VIII Endothelial cells ‘activated’ (as in
expt. II) and added to platelets pre-
incubated 4 min with Acebutolol}
1 x107*M 1.91 x 107 £ 0.34 0
1 x 10°M 3.21 % 107 £ 0.41 0
1x107'M 3.54 x 107 +0.39 0

* 1BL1abeled platelets were in contact with normal or epinephrine-activated endothelial cells for

4 min. Radioactivity attached to the endothelial cells was determined after washing away non-adherent
platelets Platelet adhesion is expressed as platelets per coverslip, every coverslip contained about
3.7 x 10° endothelial cells. The alpha-blocking agent, Nlcergolme or the beta-blocking agent, Ace-
butolol, were preincubated at the indicated concentrations (1 x 107, 1 x 107°, 1 x 10"7M) either with
endothelial cells (normal or ‘activated’) or with blood platelets for 4 min prior to mixing platelets and
endothelial cells. The results given are the mean average of three independent experiments = S.E.M.

+ Order of incubation: endothelial cells + Nicergoline or Acebutolol, followed after 4 min (without
washing) by epinephrine.

1 Platelet suspension preincubated with Nicergoline or Acebutolol and mixed without washing, after
4 min with the endothelial cells.



Platelet vessel wall interaction

considered also as important for the interaction
between platelet and vessel wall components, one
of them being the Von Willebrand factor present in
endothelial cell membranes [24, 25].

It is not yet clear whether the alpha-adrenergic
receptors of blood platelets which play an important
role in platelet aggregation [26] appear on the same
or distinct membrane glycoproteins. As epinephrine
does produce platelet aggregation and potentiation
of collagen and ADP-induced aggregation, and
isoproterenol does not [26]. platelets are considered
to possess only alpha-type receptors.

It is interesting to notice in this respect that an
alpha-blocking agent which is a derivative of
dihydroergotamine is able to prevent selectively the
interaction of blood platelets with fibrous elastin on
the one side and with activated endothelial cells on
the other side. A beta-blocking agent, Acebutolol,
used at the same concentration, proved to be inef-
ficient in both reactions.

Our results suggest the involvement of the alpha-
receptors of blood platelets in their interaction with
fibrous elastin. This same receptors appear to be
involved in the reaction between blood platelets and
endothelial cells. Although the interaction between
elastin and blood platelets is a weaker one than the
one between collagen and blood platelets, it may
play a role in the adhesion of platelets to the sub-
endothelium. It is possible that in the denuded,
atherosclerotic intima, blood platelets do come in
contact with elastic fibrils or with the internal elastic
lamina. Therefore the above described inhibition of
the interaction between elastin and blood platelets
may be of therapeutic significance. This is certainly
the case as far as the inhibition of the interaction of
endothelial cells activated with epinephrine and
blood platelets is concerned. It is interesting to
notice that this interaction can be inhibited down to
107"M concentration of the alpha-blocking agent, a
much lower concentration than the one which was
needed to obtain about 50 per cent inhibition of
elastin blood platelet interaction. As the interaction
of blood platelets with ‘abnormal’ endothelial cells
may play an important role in thrombogenesis and
atherogenesis, it is interesting to notice that concen-
trations of this alpha-blocking agent which are thera-
peutically useful can efficiently and completely
inhibit this interaction.

Acknowledgements—This research was supported by the
C.N.R.S(G.R. No. 40 and a fellowship to Prof. Rafelson)
and by D.G.R.S.T., No. de Contrat: 76.7.0980 and
79.7.988; ILN.S.E.R.M., ATP No. 64.78.96.

REFERENCES

1. J. E. French, in Atherosclerosis, Proceedings of the 2nd
International Symposium (Ed. R. J. Jones), pp. 81-88.
Springer, New York (1970).

947

2. A. B. Chandler, in Atherosclerosis, Proceedings of the
2nd International Symposium (Ed. R. J. Jones), pp.
88-93. Springer, New York (1970).

3. G. V. R. Born, in Atheroslcerosis, Proceedings of the
2nd International Symposium (Ed. R. J. Jones), pp.
521-528. Springer, New York (1970).

4.J. F. Mustard, M. A. Packham, S. Moore and R.
L. Kinlough-Rathbone, in Atherosclerosis, Proceedings
of the 3rd International Symposium (Eds. G. Schettler
and A. Weizel), pp. 253-267. Springer, Berlin (1974).

S. M. D. Haust, in Atherosclerosis, Metabolic, Morpho-
logic and Clinical Aspects (Eds. G. W. Manning and
M. D. Haust), Vol. 82, pp. 34-51. Plenum Press, New
York (1977).

6. R. W. Wissler, in Atherosclerosis, Metabolic, Morpho-
logic and Clinical Aspects (Eds. G. W. Manning and
M. D. Haust), Vol. 82, pp. 86-93. Plenum Press, New
York (1977).

7. Y. Bounameaux, C. R. Séanc. Soc. Biol. 153, 865
(1959).

8. F. A. Meyer and Z. Weisman, Thromb. Res. 12, 431
(1978).

9. A. Ordinas, W. Hornebeck, L. Robert and J. P. Caen,
Pathol. Biol. 23, 44 (1975).

10. M. E. Rafelson, T. P. Hoveke and F. M. Booyse, Ser.
Haematol. 66, 367 (1973).

11. F. M. Booyse, S. Bell, B. Sedlak and M. E. Rafelson,
Artery 1, 518 (1975).

12. G. Arcari, L. Dorigotti, G.B. Fregnan and A. Glasser,
Br. J. Pharmac. 34, 700 (1968).

13. G. Benzi, L. Manza, M. De Bernardi, A. Ferrara, L.
Sanguinetti, E. Arrigoni and F. Berte, J. Pharm. Sci.
60, 1320 (1971).

14, L. Perrelli and G. Ardito, Gaz. int. Med. Chir. 76,
1275 (1971).

15. P. der Agopian, A. Rosa, J. C. Gautier and F.
Lhermitte, Nouv. Presse Méd. 2, 38, 2521 (1973).

16. J. Migne, J. P. Saint-Maurive, R. Santonja and S.
Kunz, Sem. Hép. Paris (Thér). 50, 10, 649 (1974).

17. F. Arcamone, A. G. Glasser, J. Grafnetterova, A.
Minghetti and V. Nicolella, Biochem. Pharmac. 21,
2205 (1972).

18. B. S. Lewis, A. S. Mitha, A. Baksi, K. Purdon and
M. S. Gotsman, Cardiovasc. Res. 8, 249 (1974).

19. A. J. Coleman, W. P. Leary and A. C. Asmal, Curr.
Ther. Res. 16, 64 (1974).

20. L. Robert and W. Hornebeck, in The Methodology of
Connective Tissue Research (Ed. D. A. Hall), pp. 81-
104. Joynson-Bruvvers, Oxford (1976).

21. B. Robert, M. Szigeti, J. C. Derouette, L. Robert, H.
Bouissou and M. T. Fabre, Eur. J. Biochem. 21, 507
(1971).

22. F. M. Booyse, B. J. Sedlak and M. E. Rafelson,
Thromb. Diath. Haemorrh. 34, 825 (1975).

23. H. B. Bensusan, T. L. Koh, K. G. Henry, B. A.
Murray and L. A. Culp, Proc. natn. Acad. Sci. U.S.A.
75, 5864 (1978).

24. J. P. Caen, A. T. Nurden, C. Jeanneau, H. Michel,
G. Tobelem, S. Levy-Toledano, Y. Sultan. F. Valensi
and J. Bernard, J. Lab. Clin. Med. 87, 586 (1976).

25. D. Meyer, in Recent Advances in Blood Coagulation
(Ed. L. Poller), pp. 183-218. Churchill Livingstone,
London (1977).

26. E. C. Rossi, in Platelets: A Multidisciplinary Approach
(Ed. G. de Gaetano and S. Garattini), pp. 355-360.
Raven Press, New York (1978).



