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Picotamide, an antithromboxane agent, inhibits the migration and
proliferation of arterial myocytes *
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Abstract

Picotamide is an antiplatelet drug with a peculiar dual mechanism of action: it inhibits thromboxane A , synthase and antagonizes the
pharmacological responses mediated by thromboxane A , receptor. We investigated the in vitro effect of picotamide on smooth muscle
cell migration and proliferation. Picotamide (1-500 wM) decreased human and rat smooth muscle cell proliferation, evaluated as cell
number, in a concentration-dependent and reversible manner. Picotamide inhibited DNA synthesis induced by fetal calf serum (10%),
platelet-derived growth factor (PDGF-BB (20 ng/ml)), epidermal growth factor (EGF (1 nM)) and (15S)-hydroxy-11,9-
(epoxymethano)prosta-5Z,13 E-dienoic acid (U46619 (10 M, thromboxane A, receptor agonist)). Co-incubation of U46619 together
with EGF or PDGF-BB resulted in a marked amplification of [3H]thymidi ne incorporation that was completely reversed by picotamide.
The drug also inhibited smooth muscle cell migration induced by fibrinogen (600 w.g/ml) or PDGF-BB (20 ng/ml) in a concentration-
dependent manner. The ability of picotamide to interfere with myocyte migration and proliferation confers, at least in vitro, a

pharmacological interest on the compound in atherogenesis. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Migration and proliferation of smooth muscle cells in
the arterial wall are early prominent features of atherogen-
esis and represent magjor mechanisms involved in vascular
occlusion in both atherosclerosis and restenosis after an-
gioplasty (Ip et a., 1990; Ross, 1993; Isner et al., 1994).
An arteria injury leads to extensive platelet activation,
adhesion, followed by platelet aggregation and secretion
(Ip et al., 1990; Ross, 1993; Le Breton et a., 1996).
Platelet secretion results in the local release of intracellular
granuli constituents, including platelet-derived growth fac-
tor (PDGF), as well as epidermal growth factor (EGF)
(Oka and Orth, 1983; Assoian et d., 1984; Ross, 1993);
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these factors have been identified as potent endogenous
smooth muscle cell mitogens (Ross, 1993). PDGF-BB is
also one of the most potent chemoattractive agents (Ross,
1993). Platelets themselves also synthesize and release the
pro-aggregatory agent thromboxane A, at the sites of
vascular injury (Moncada and Vane, 1979). Although well
known as a potent vasoconstrictor (Moncada and Vane,
1979), thromboxane A, may also induce smooth muscle
cell proliferation (Hanasaki et al., 1990; Nagata et 4.,
1992; Morinelli et al., 1994) and contribute to lesion
formation. Recently, it has been shown that PDGF-stimu-
lated cell proliferation was potentiated two-fold by throm-
boxane A, agonist (15S)-hydroxy-11,9-
(epoxymethano)prosta-52Z,13E-dienoic acid (U46619)
(Zucker et al., 1995; Grosser et a., 1997) supporting the
role of vasoconstrictory eicosanoids released from acti-
vated platelets in sustaining the proliferation of smooth
muscle cells during atherogenesis. Drugs affecting the
biological effects of thromboxane A, may be, therefore,
potential antiatherosclerotic agents (Grosser et al., 1997;
Pakala et ., 1997).



78 S Ratti et al. / European Journal of Pharmacology 355 (1998) 77-83

Picotamide (N, N’-bis-(3-picolyl)-4-methoxy-iso-
phthalamide) is an antiplatelet drug with an original dual
mechanism of action: it inhibits thromboxane A, synthase
and antagonizes the pharmacological responses mediated
by thromboxane A , receptor at equivalent concentrations,
while enhancing endothelial formation of prostacyclin
(Gresde et al., 1989; Modedti et al., 1989). Both activities
result in a synergic inhibition of thromboxane A ,-mediated
actions (Giugtina et al., 1993). A recent double-blind,
placebo-controlled study showed that long term treatment
(24 months) with picotamide can slow the evolution of
early carotid atheroscleratic lesions in diabetic patients
(Cocozza et a., 1995). These premises have provided a
rationale for a study addressing the effect of picotamide on
arterial myocyte migration and proliferation. Toward that
end, we examined the action of picotamide on DNA
synthesis and migration of smooth muscle cells elicited by
growth factors secreted by activated platelets (Ip et 4.,
1990; Ross, 1993).

2. Materials and methods
2.1. Materials

Eagle's Minimum Essential Medium (MEM), trypsin—
EDTA, penicillin (10000 U/ml), streptomycin (10
mg,/ml), tricine buffer (1 M, pH 7.4) and non-essential
amino acid solution (100 X ) were purchased from Gibco
(Grand Idland, NY, USA); fetad calf serum was from
Mascia Brunelli (Milan, Italy). Disposable culture flasks
and petri dishes were from Corning, Glassworks (Corning,
NY, USA), and filters from Gelman Sciences (Ann Arhbor,
MI, USA). [6-*H]Thymidine (s.a., 27 Ci /mmol) was from
Amersham (Amersham Place, Buckinghamshire, UK). Iso-
ton Il was purchased from Coulter (Coulter Instruments,
Milan, Italy). Picotamide, kindly provided by Novartis
Farma (Milan, Italy), was dissolved in 1 M HCI /distilled
water (1:4); U46619, provided by Cayman Chemica
(USA), was dissolved in ethanol. PDGF-BB and EGF
provided by Calbiochem (La Jolla, CA, USA), were dis-
solved in 10 mM acetic acid/2.5% w:v bovine serum
albumin and phosphate buffered saline /0.1% bovine serum
albumin, respectively. The solutions were sterilized by
filtration.

2.2. Cell culture

Smooth muscle cells were cultured, according to Ross
(1971), from intimal—-media layers of aorta of male
Sprague—Dawley rats (200-250 g). Cells were grown in
monolayers at 37°C in a humidified atmosphere of 5%
CO, in MEM supplemented with 10% (v:v) fetal calf
serum, 100 U /ml penicillin, 0.1 mg/ml streptomycin, 20
mM buffer tricine and 1% (v:v) non-essentia amino acid
solution (Corsini et al., 1993). The medium was changed
every third day. Cells were used between the fourth and

tenth passage. Smooth muscle cells were identified for
growth behaviour, morphology and using monoclonal anti-
body specific for «-actin, the actin isoform typical of
smooth muscle cells (Skalli et al., 1986). The cells grew
out of explants after 12—16 days, piled up after confluency
and contained numerous myofilaments and dense bodies,
as observed by transmission electron microscopy (Skalli et
al., 1986; Ross, 1993). Human femoral artery myocytes (A
617) were grown in the same culture conditions (Corsini et
al., 1993).

2.3. Proliferation of smooth muscle cells

Myocytes were seeded at a density of 5x 10* per 35
mm dish (human) or 2 X 10° per 35 mm dish (rat), and
incubated with MEM supplemented with 10% fetal calf
serum (Corsini et al., 1993, 1995). 24 h later, the medium
was changed to one containing 0.4% fetal calf serum to
stop cell growth and the cultures incubated for 72 h. At
this time (time 0), the medium was replaced with one
containing 10% fetal calf serum in the presence or absence
of known concentrations of the tested compound and the
incubations were continued for further 72 h at 37°C. At
time O, just before the addition of the substances to be
tested, three petri dishes were used for cell counting. The
reversibility of the inhibitory effect of picotamide on cell
growth was aso investigated. Human arterial myocytes
were treated with the tested compound for 72 h, after
which the incubation medium was removed and replaced
with fresh culture medium for further 48 h (Corsini et al.,
1995, 1996). Cell proliferation was evaluated by cell count
after trypsinization of the monolayers using a Coulter
Counter model ZM (Corsini et ., 1993). Smooth muscle
cell doubling time was computed according to ElImore and
Swift (Elmore and Swift, 1976).

In another set of experiments, synchronization of smooth
muscle cells to the G, /G, interphase of the cell cycle was
accomplished by incubating logarithmically growing cul-
tures (3 X 10° myocytes/petri dish) for 5 daysin amedium
containing 0.4% fetal calf serum. Quiescent cells were
then incubated for 20 h in a fresh medium containing 10%
fetal calf serum in the presence or absence of picotamide.
When PDGF-BB and U46619 were investigated, quies-
cence medium was replaced at the fourth day with one
containing 1% plasma-derived bovine serum. After 24 h,
mitogenic stimuli were added directly to the medium in the
presence or absence of picotamide. A medium containing
0.1% bovine serum albumin was utilized when EGF was
employed as mitogenic stimulus. After 20 h, DNA synthe-
sis was estimated by nuclear incorporation of [*H]thymi-
dine, incubated with the cells (2 .Ci /ml medium) for 2 h
according to Corsini et a. (1995, 1996) and radioactivity
was measured with Aquasol scintillation cocktail.

Cell viability was assessed by trypan blue exclusion,
and found to be higher than 95% at the drug concentra-
tions used.
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2.4. Migration of smooth muscle cells

Migration of rat smooth muscle cells was examined by
using a 48-well microchemotaxis chamber (Neuro Probe,
Cabin John, MD, USA). Freshly trypsinized smooth mus-
cle cells were suspended in a medium supplemented with
5% fetal calf serum (assay medium). The lower wells,
containing 27 .| of the assay medium including fibrinogen
(600 wg/ml) or PDGF-BB (20 ng/ml) as chemotactic
agents (Nakao et al., 1982; Naito et al., 1990), were
covered with a polyvinylpyrrolidone-free polycarbonate
filter (8-um pore size). 50 wl of the cell suspension
(1 x 10° cells/ml) were placed in the upper compartment
with the tested compound and the incubation was carried
out for 5 h at 37°C in an atmosphere of 95% air and 5%
CO,. On remova from the chamber, non-migrated cells
were scraped from the upper surface of the filter, which
was washed three times with phosphate buffered saline, pH
7.4. Filters were stained with Diff-Quik (Baxter Diagnos-
tics AG, Dudingen, Switzerland). The number of smooth
muscle cells per 100 X high power field that had migrated
to the lower surface of the filters was determined micro-
scopicaly, and the mean was obtained (Corsini et al.,
1993, 1996).

2.5. Satistics

Data are expressed as mean + S.D. The effect of the
drug vs. control on cell proliferation and migration was
analyzed by two-tailed Student’s t-test for unpaired data
and by Duncan’s test.

3. Resaults

The potential antiproliferative action of picotamide was
studied in rat aortic myocytes at concentrations ranging

Table 1
Effect of picotamide on proliferation and on doubling time of rat and
human myocytes

Addition (wM)  Cell number (% of control) Doubling time (h)

Mean+ S.D. Mean+ S.D.

Rat Human Rat Human
None 100.0+23.6 100.0+12.2 410408 21.6+12
1 91.8+14.3 1249+4.0% 39.6+16 19.9+0.32
5 86.3+6.7 107.14+17.0 458+04° 21.3+17
10 86.1+8.6 12744120 434+14 197410
50 7524108 1225+10.0 505+3.7° 19.940.7
100 71.3+9.8° 786+65% 488+22° 253+12°%
500 44.6+9.2° 1.0+0.1° 64.2+34°

Each point represents the mean+ S.D. of four and two experiments for rat
and human myocytes, respectively. The doubling time was measured after
72 h of incubation. The average cell number in controls was 1399009 +
330166 (rat) and 633067 + 77234 (humans).

Drug vs. control: ®P < 0.05; °P < 0.01; °P < 0.001 (Student’s t-test).
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Fig. 1. Reversibility of the antiproliferative effect of picotamide on
human myocytes growth. Picotamide-containing media were removed
after 72 h and new media (without picotamide) supplemented with 10%
FCS were added for additional 48 h. Each bar represents the mean+ S.D.
of triplicate dishes. Drug vs. control: = P < 0.01 (Student’s t-test).

from 1 to 500 wM. In afirst set of experiments, the effect
of the tested compound was evaluated by cell counting
after 3 days of growth and exposure to the drug. Pico-
tamide decreased rat and human myocytes proliferation in
a concentration-dependent manner and treated cells had
longer doubling times than controls (Table 1). This action
was not the result of cytotoxicity. In fact, when human
myocytes were treated with the tested compound for 72 h,
and the incubation medium was removed and replaced
with fresh medium, cells recovered from the inhibitory
effect (Fig. 1).

Picotamide also inhibited DNA synthesis induced by
several mitogenic stimuli in a concentration-dependent
manner (Table 2, Fig. 2). Since fetal calf serum contains
several potential growth factors, it could be expected that
higher concentrations of picotamide are necessary to dlicit

Table 2
Effect of picotamide on [*Hlthymidine incorporation in rat aortic my-
ocytes

Addition [®H]thymidine incorporation
(dpmx 1072 /mg prot.)
(mean+S.D.)

MEM (0.4% FCS) 77+ 17

MEM (10% FCS) 770+ 74

+ picotamide 50 uM 708+ 154

+ picotamide 100 .M 538+ 186

+ picotamide 500 p.M 445+ 52

Each point represents the mean+S.D. of seven experiments run in
triplicate.
#* P < 0.01 (Student’s t-test).
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Fig. 2. Effect of picotamide on EGF- and PDGF-BB-induced [3H]thymi dine incorporation by rat aortic myocytes. Each bar represents the mean + S.D. of
triplicate dishes. Drug vs. control: * P < 0.05; * % P < 0.01; = * = P < 0.001 (Student’s t-test).

an inhibitory effect on both parameters (Freshney, 1986).
We then determined whether picotamide interfered with
DNA synthesis induced by the simultaneous presence in
the culture medium of the peptide growth factor EGF and
the non-peptide growth factor thromboxane A ,-mimetic
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Fig. 3. Effect of picotamide on EGF- and U46619-induced [*H]thymidine
incorporation by rat aortic myocytes. The mean value of basal (0.1%
bovine serum abumin) was 10,632+ 7218 DPM /mg prot. and is de-
signed as 100%. Duncan’'s test (P <0.05): 6 vs. 8; 5 vs. 2; 3 vs. 1;
(P<001):4vs 1,2, 3,56,7,86vs.1,2,7vs. 1,2, 5vs. 1. 0.1%
bovine serum abumin=1; U46619 = 2; EGF = 3; U46619+ EGF = 4;
picotamide 5 wM = 5; picotamide 10 uM = 6; picotamide 50 .M =7,
picotamide 500 M = 8.

U46619. U46619 aone did not significantly stimulate
DNA synthesis in rat arterial myocytes, while a pro-
nounced stimulation by EGF (two-fold) was detected; the
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Fig. 4. Effect of picotamide on PDGF-BB- and U46619-induced
[®H]thymidine incorporation by rat aortic myocytes. Each bar represents
the mean+S.D. of triplicate dishes. The mean value of basa (1%
plasma-derived bovine serum) was 38,830+ 14,026 DPM /mg prot. and
is designed as 100%. Duncan's test (P <0.05): 6 vs. 1, 8;3vs. 1, 8; 5
vs. 8, (P<0.01): 4vs. 1,2 3,5,6,7,8, 9. 1% PDS=1; U46619=2;
PDGF = 3; U46619+ PDGF = 4; picotamide 5 wM = 5; picotamide 10
wM = 6; picotamide 50 wM = 7; picotamide 500 wM = 8.
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Table 3
Effect of picotamide on the fibrinogen- and PDGF-BB-induced migration
of rat aortic myocytes

Addition (uM) SMC migration (% of control) (mean+S.D.)
Fibrinogen PDGF-BB

None 100.0+31.0 100.0+5.6

1 74.4+21.4

5 65.4+4.0 138+8.7°

10 A43+7.72

50 31.6+18.0% 12.8+5.8°

Data are the mean+ S.D. of triplicate dishes. The average cell number in
controls was 4.2+ 1.3 (fibrinogen) and 10.7 + 0.6 (PDGF-BB).
Drug vs. control: °P < 0.05; °P < 0.001 (Student’s t-test).

co-incubation with both mitogens resulted in a synergic
response reversible by picotamide (Fig. 3), which dis-
played an inhibitory effect when DNA synthesis was in-
duced by co-incubation of PDGF-BB together with U46619
(Fig. 4).

The effect of picotamide on cell migration was explored
in rat aortic myocytes incubated for 5 h in the presence of
fibrinogen or PDGF-BB as chemotactic factors. Pico-
tamide inhibited myocyte migration in a concentration-de-
pendent manner, with a more pronounced effect on PDGF-
BB induced chemotaxis (Table 3).

4. Discussion

Migration and proliferation of smooth muscle cells are
predominant features of atherogenesis (Ip et al., 1990;
Ross, 1993). Severa studies have provided evidence that
platel et-derived products are mitogenic for vascular my-
ocytes (Friedman et al., 1977; Ross, 1986; Willerson et 4.,
1991; Le Breton et al., 1996). Platelet-induced smooth
muscle cell proliferation may not simply depend on pep-
tide growth factors (i.e., PDGF and EGF) (Oka and Orth,
1983; Assoian et al., 1984; Ross, 1993) but may involve
multiple growth signals mediated in part by other platelet-
derived products including thromboxane A, (Hanasaki et
al., 1990; Nagata et al., 1992; Morinelli et al., 1994).

In the present study, we show the effect of picotamide,
an antiplatelet agent with dual antithromboxane activity
(Gresde et al., 1989; Modesti et al., 1989) to inhibit
arterial myocyte migration and proliferation. The antipro-
liferative effect of the drug, assayed as cell number and
nuclear incorporation of [*H]thymidine, was
concentration-dependent. Similar results (Pakala et 4.,
1997) have been recently reported with ridogrel, a com-
bined thromboxane A, synthase inhibitor and receptor
antagonist (DeClerck et a., 1989). Recently, through the
use of stable mimetics, thromboxane A, has been shown
to be mitogenic or even to act as progression factor for
vascular smooth muscle cells (Uehara et d., 1988; Hanasaki
et al., 1990; Nagata et a., 1992; Grosser et al., 1997,

Pakala et al., 1997). Nagata et al. (1992), in fact, have
shown that 9,11-epithio-11,22-methano-thromboxane
(STA,), a stable analogue of thromboxane A ,, signifi-
cantly enhanced DNA synthesis and shortened the dou-
bling time in randomly cycling smooth muscle cells. How-
ever, data describing another thromboxane A, mimetic,
U46619, as a mitogenic or hypertrophic agonist for smooth
muscle cells, are contradictory and inconsistent (Akopov et
al., 1988; Morisaki et al., 1988; Uehara et a., 1988;
Hanasaki et al., 1990; Ali et a., 1993; Morindli et a.,
1994; Grosser et al., 1997; Pakala et a., 1997). Neverthe-
less, thromboxane A, could behave as an amplification
factor for cellular growth response to locally released
mitogenic peptides (Zucker et a., 1995; Grosser et al.,
1997; Pakala et al., 1997). As expected, the addition of
U46619 to EGF or PDGF dlicited a clear-cut increase of
[*HIthymidine incorporation into DNA of aortic myocytes,
which is completely prevented by picotamide. This result
is consonant with the observation of Grosser et al. (1997),
who recently showed that a specific thromboxane A,
receptor antagonist inhibited the potentiating effect of
U46619 on mitogenesis induced by PDGF-BB. The obser-
vation that picotamide inhibits human smooth muscle cell
proliferation with a ICg, (174 nM) similar to those re-
quired to inhibit thromboxane A, synthesis in human
platelets, as well as their aggregation induced by throm-
boxane A, (ICg, =100 wM) (Gresele et a., 1989), sug-
gests a potentia relationship between its antithromboxane
activity and inhibition of cell growth. On the other hand,
since picotamide shows both competitive and non-competi-
tive activities against thromboxane A , binding sites (Mod-
esti et al., 1994), it is difficult to relate the binding kinetics
with cell proliferation.

The mechanism whereby picotamide affects smooth
muscle cell proliferation is unknown. A cytotoxic effect of
the drug was ruled out since the cells excluded trypan blue
and started growing again after picotamide removal. The
fact that picotamide inhibited DNA synthesis induced by
different mitogens, including peptide growth factors as
well as a thromboxane A, mimetic, suggests that its
mechanism of action is potentialy related to a signaing
pathway common to different mitogenic stimuli (Morinelli
et al., 1994; Jones et a., 1995; Ko, 1997).

The effect of picotamide on migration and proliferation
of arterial myocytes at the reported therapeutic concentra-
tions (5-50 wM) (Fossati et al., 1992) may be of interest,
given that interference with these processes has been sug-
gested as a possible basis for antiatherosclerotic therapy
(Ip et al., 1990; Ross, 1993). Although conflicting results
have been reported in humans, smooth muscle cell prolif-
eration occurs infrequently and may be episodic (Katsuda
et al., 1993; O'Brien et al., 1993; Pickering et al., 1993).
Since it is difficult to predict when such an event may
occur, chronic therapy should probably be necessary to
ensure suppression of replication at the critical times (Jack-
son and Schwartz, 1992). On the other hand, accelerated
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smooth muscle cell proliferation appears to be a cause of
early coronary occlusion in patients undergoing heart
transplantation, coronary artery bypass grafting, and percu-
taneous transluminal coronary angioplasty, accounting for
significant morbidity and mortality (Ip et al., 1990). Fi-
nally, recent findings support the notion that in-stent
restenosis results from smooth muscle cell hyperplasia in
patients with periphera artery disease (Kearney et al.,
1997). Thus, picotamide may decrease atherosclerosis pro-
gression by reducing platelet activation and preventing
smooth muscle cell proliferation. Studies aimed at address-
ing the mechanisms of action of picotamide as well as its
effects in an in vivo model are planned to gain insights
into the clinical relevance of the antiatherosclerotic proper-
ties of the drug.

In summary, our data indicate that picotamide inhibits
myocyte proliferation and migration in vitro in a concen-
tration-dependent manner. These effects confer a phar-
macological interest to the compound in the process of
atherogenesis.
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