Abnormal platelet aggregation in patients with
Raynaud's phenomenon
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SUMMARY Platelet aggregation in vitro to several aggregating agents (serotonin (5-HT), adenosine
diphosphate, adrenaline and collagen) was studied in 16 patients with primary and secondary
Raynaud's phenomenon and compared with that in 13 normal volunteers. Platelets from patients
with Raynaud's phenomenon had significantly greater responses to all the 5-HT concentrations
tested (p < 0.001 for 10 MM; p < 0.01 for 1 MM; p < 005 for 0Ol M; p < 0-02 for 0025 MM) and to
low doses ofadenosine diphosphate (p < 0.01 for 1 MM; p < 0-02 for 0-5 MM) but normal responses to
collagen, adrenaline, and high doses of adenosine diphosphate. Patients with secondary Raynaud's
phenomenon were significantly more hypersensitive to 05 pM adenosine diphospate than patients
with primary Raynaud's phenomenon. In patients with secondary Raynaud's phenomenon there was
a significant correlation between the extent of 5-HT aggregation and the duration of the disease.
The finding that platelets from patients with Raynaud's phenomenon have enhanced responses to
5-HT and adenosine diphosphate, but normal responses to adrenaline and collagen, is consistent with
a role for 5-HT in this disease.

two to 40 years. None had evidence of cardiovascular
disease or diabetes mellitus. Thirteen healthy volunteers, matched for age and sex, served as controls.
None of the subjects, including controls, had taken
any drug for at least two weeks before sampling.
Blood was collected without stasis, between 9 am
and 11 am after an overnight fast and mixed with
1/10 volume of 3 8% sodium citrate and centrifuged at
130 x g for 15 minutes at room temperature (plateletrich plasma). Platelet-rich plasma was diluted with
platelet-poor plasma, prepared by higher speed centrifugation (950 x g for 20 minutes), to 3-0 (0-5) x 105
platelets/pl. Platelet counts were made with a
Thrombocounter C.
A Born-type aggregometer (Elvi 640) was used to
test platelet aggregation. Aggregation was expressed
as the maximum increase in optical density four
Material and methods
minutes after the addition of the aggregating agents.
Sixteen patients (14 women and two men, mean (SE) The following concentrations were used: 5-HT- 0;1;
age 46 (3) years, range 21 to 65 years) with Raynaud's 0-1;0-025 uM; collagen-4;l 6;08;04 pg/ml; adrenaphenomenon were studied. Nine had primary line-10;2;1;0-5 pM, adenosine diphosphate (ADP)Raynaud's disease and seven had Raynaud's syn- 4;2;1;0-5 pM.
Statistical analysis was performed using a Manndrome secondary to progressive systemic sclerosis.
The diagnosis was based on accepted criteria.'" The Whitney U test to compare unpaired data and by
mean (SE) duration of disease was 16 (3) years, range determining linear correlation coefficients. Data were
expressed as median values plus the range of observations, unless otherwise specified.
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The role of serotonin (5-HT) in the pathogenesis of
Raynaud's phenomenon is still unclear. Even though
abnormal intraplatelet and circulating 5-HT concentrations have been found in patients with the syndrome,' inconsistent results of clinical trials with
ketanserin, a selective 5-HT2 receptor antagonist,26
make it difficult to establish whether 5-HT is of
primary aetiological importance or merely represents
an epiphenomenon, at least partially related to abnormally activated platelets in vivo.7-9.
We looked at the association between 5-HT and
platelets in the pathogenesis of Raynaud's phenomenon, comparing the in vitro responses of platelets
from patients with Raynaud's phenomenon with
several aggregating substances, including 5-HT.
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Table I Platelet responses to 5-HT, ADP, adrenaline and
collagen in 16 patients with Raynaud's phenomenon and 13
healthy controls
Controls

Agonist

Dose

Patients

5-HT

100pM
1 0p'M
0-1 pM

12-3 (5 -20)§

6-3

7-7 (0 -16)*
0-0 (0 4-8)t

0-0
0-0

0-025 pM
ADP

Adrenaline

4-0 pM
2-0 pM
1 0pM
0-5 pM

13-6
12-6
12-2
0-0

(9-2-20)
(8-4-16-8)
(0 -16-6)$
(0 -17-6)t

100pM
2-0 pM
1-0pM

12-4
5-0
0-0
0-0

(0
(0
(0
(0

4-0pg/ml
1-6 pg/ml
0-8 pg/ml

12-6
5-7
7-5
0-0

(9
(0
(0
(0

0-5.pM

Collagen

13-4 (3-8-20)t

0-4 pg/ml

-19-5)
-12)
-17-5)
-17)
-16-8)
-11-5)
-18)
-14-8)

5-5

(1-7-8)
(0 -12)
(0 -10-2)

14-4 (10-2-16-5)
11-0 (5-2-13-8)
0-0 (0 -11-5)
0-0
14-1
7-0
0-0
0-0

(0 -18-7)
(0 -16-5)
(0 -17-2)

13-4 (118-16-5)
4-5 (0 -10-7)
7-5 (0 -17-5)
0-0 (0 -10)

*p < 0-05;tp < 0-02;$p < 0-01;§p < 0-001.
Aggregation is expressed as the maximum increase in optical density
four minutes after the addition of the aggregating agents. Data are
expressed as median values (ranges of observations in parentheses).
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Results
Table 2 Platelet responses to S-HT, ADP, adrenaline and
collagen in nine patients with primary Raynaud's phenomenon
A wide range of concentrations for each aggregating and seven with Raynaud's phenomenon associated with
substance was used to ensure that platelet hypersensi- systemic sclerosis
tivity, which is likely to be found with low concentra- Agonist
Dose
Secondary
Primary
tions of agents, did not go unnoticed.
Platelets from patients with Raynaud's pheno- 5-HT
11-2 (7 -20)
12-5 (5 -20)
100pM
14-0 (5 -20)
(3-8-20)
1-0pI.M 10-3
menon had significantly greater aggregation to all the
7-5 (3-8-16)
8-0 (0 -14-5)
0-1 pM
concentrations of 5-HT (10;1;0-1;0-025 uM), but had
1-5 (0 -3-8)
0-0 (0 - 4-8)
0-025 pM
significantly greater responses to ADP only when low
12-8
(9-2-20)
4-0 pM
15-0 (11 -17.9)
doses (1 and 0-5 yM) were used. Normal responses ADP
15-3 (8-4-16-8)
11-7 (9-8-15-2)
2-0 pM
14-0 (0 -16-6)
were observed to collagen (4;1-6;0-8;0-4 ug/ml),
9-3 (0 -16.5)
1 -0 M
7-3 (0 -17.6)
0-5 pM
0°0 (0 - 42)*
adrenaline (10;2;1;0-5 yM), and to higher ADP concentrations (4 and 2 pM) (table 1). The mean threshold Adrenaline 10-0 pM
12-4 (9-5-19-5)
12-4 (0 -17-5)
5-9 (0 -11-8)
5-0 (0 -12)
2-0 PM
concentrations of 5-HT and ADP needed to induce
1 0pM
10-2 (0 -17-5)
0-0 (0 -15-6)
aggregation were significantly lower in patients than in
0-0 (0 -17)
0-0
0-5 pM
controls (5-HT--006 (0-01) v 0-97 (0-75)yM, p <
12-7 (9 -15)
4-0 ug/ml 12-5 (10-6-16 8)
0-001; ADP-1-0 (0-2) v 1-7 (0-1) uM, p < 0-01, Collagen
1-6 pg/ml (0
7-0 (0 -18)
8-2
patients v controls). No differences were observed for
-16)
0-8 pg/ml
0-0 (0 -11)
0-0 (0 -14-8)
0-4 pg/ml
threshold concentrations of collagen and adrenaline
(collagen- 1-0 (0-3) v 1-2 (0-3)yg/ml; adrenaline-2-7 * p < 0-02.
(1 0) v 4-4 (1-2) yM, patients v controls).
Aggregation is expressed as the maximum increase in optical density
four minutes after the addition of the aggregating agents. Data are
Platelet response to agonists did not distinguish expressed
as median values (ranges of observations in parentheses).
between primary and secondary Raynaud's phenomenon, with the exception of low dose ADP (table 2).
Three patients (19%), two with primary and one
Platelets from patients with Raynaud's phenomenon
associated with progressive systemic sclerosis showed with secondary Raynaud's phenomenon, but no conenhanced responses to 0-5 MM ADP (7.3(0-17-6) v trols, showed irreversible platelet aggregation to 5-HT
0(0-4-2) cm, p < 0-02, secondary v primary Raynaud's (10;1;0-1 pM). Six patients (38%), one of nine (11%)
phenomenon). Aggregation of platelets from patients with primary, and five of seven (71 %) with secondary
with secondary Raynaud's phenomenon to low doses Raynaud's phenomenon, but no controls, had detectof 5-HT (1 and 0-1 M) were significantly correlated able secondary wave of aggregation to low concentration of ADP (0-5 MM). These patients had significantly
with the duration of disease (fig).
lower threshold concentrations of both 5-HT and
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Figure Association between platelet response to 5-HT and
duration of disease in six patients with Raynaud's
phenomenon associated with progressive systemic sclerosis
(1-0pM-r=0-919,p < 001;01IM-r=0844,p < 0-05).
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Our data show that platelets from patients with
Raynaud's phenomenon had an enhanced in vitro
response to a wide range of concentrations of 5-HT
and to low concentrations of ADP, but normal
responses to collagen and adrenaline. Moreover, low
5-HT and ADP concentrations yielded the greatest
platelet responses in more severe cases (long-standing
progressive systemic sclerosis for 5-HT; progressive
systemic sclerosis for ADP).
Data on aggregation in vitro of platelets from
patients with Raynaud's phenomenon are scanty and
controversial." 2 In contrast to Friedhoff et al, who
reported hyperaggregation to 5-HT in early but not in
late onset progressive systemic sclerosis,'3 the platelet
response to 5-HT in our patients with progressive
systemic sclerosis was greater in diseases of long
duration. Moreover, no association was found between platelet aggregation and disease duration for our
patients with primary Raynaud's phenomenon.
The reason why platelets from patients with
Raynaud's phenomenon hyperaggregated in vitro to
5-HT and ADP, but not to collagen and adrenaline, is
intriguing. The increased platelet sensitivity to 5-HT
we found may be consistent with the enhanced response to 5-HT but not to other vasoconstricting
substances observed for cutaneous vessels from
patients with progressive systemic sclerosis.'4 It might
also be associated with altered 5-HT2 receptor density
or activation. Should this be the case, the enhanced
platelet response to ADP might be related to the
abnormal platelet sensitivity to 5-HT released during
aggregation. On the other hand, it is not possible to
rule out that platelet aggregation patterns we observed Requests for reprints to: Dr M L Biondi, Clinica Medica V,
are related to enhanced generic platelet reactivity.
Ospedale San Paolo, Via di Rudini 8, 20142 Milan, Italy.
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It is concluded that platelets from patients with
ADP required to induce aggregation than patients
who did not show secondary aggregation (5-HT--03 Raynaud's phenomenon show an enhanced in vitro
(0-004) v 0-8 (0.016) pM, p < 0-02; ADP-04 (0 004) response to 5-HT and ADP, a phenomenon consistent
with such patients having platelets which are hyperv 1-4(0 16) uM, p < 0-001).
Aggregation variables were independent of age and sensitive to 5-HT.
sex of subjects as well as the presence of antinuclear References
factors and anti-centromere antibodies.

