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PRURITUS IN POLYCYTHEMIA VERA: TREATMENT WITH ASPIRIN
AND POSSIBILITY OF PLATELET INVOLVEMENT

Bo Fjellner and Osten Higermark

Department of Dermatology, Karolinska sjukhuset. Stockholm, Sweden

Abstract. The characteristic temperature-dependent pru-
ritus in polycythemia vera (PV) is described. The trig-
gering factor seems to be a sudden decrease in skin tem-
perature, e.g. after a hot bath or shower. The sudden on-
set and limited duration of the pruritus might suggest an
activation or release of some humoral factor(s). In a con-
trolled study we showed that aspirin alleviates this partic-
ular pruritus. Therefore. the possibility of prostaglandin
and platelet involvement was considered. It was found
that substances such as PGE, and serotonin, produced and
released by platelets, could elicit pruritus in healthy vol-
unteers when injected intradermally and that PGE. en-
hanced the cutaneous responses to serotonin. Studies of
platelet aggregation did not reveal any abnormalities in the
PV patients but ADP was shown to sensitize platelets to
adrenaline-induced aggregation in vitro. Although not
proven the following hypothesis is suggested: a combina-
tion of ADP. emerging from erythrocytes, and cate-
cholamines released from adrenergic vasoconstrictor
nerves when the skin is cooled down, might stimulate

platelets to aggregation in skin vessels and to production
and release of pruritogenic factors.
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Pruritus is common in patients with polycythemia
vera (PV). It has a rather unique clinical picture.
The Polycythemia Vera Study Group (2) observed
itching in 43 % of their 325 patients. Typically, the
pruritus has a pricking character, is induced or ag-
gravated by hot baths or showers and can be so
extremely severe and distressing that some patients
are unable to expose their bodies to water (see e.g.
4).

As the blood picture normalizes following treat-
ment with phlebotomy and/or chemotherapy the
pruritus frequently subsides, but returns on hema-
tologic relapse (26). A correlation between ele-
vated blood and/or urine histamine levels and
pruritus in myeloproliferative diseases was ob-
served by Gilbert et al. (4) who also showed that the
pruritus was partially or completely suppressed

by cyproheptadine, a histamine and serotinin an-
tagonist.

A clue to further understanding was a clinical
impression that aspirin seemed to improve this
particular pruritus (Franzén, personal communica-
tion). Aspirin is known to inhibit platelet release of
dense granules (10) as well as prostaglandin (PG)
synthesis in both platelets (22) and various tissues
(24). Dense granules contain constituents such as
serotonin (27) which might be pruritogenic. Prosta-
glandins E and PG endoperoxides produced during
platelet aggregation (6, 21) can induce and/or
potentiate itching (5, 12, 13, 16). Thus, it was con-
ceived that platelets andfor prostaglandins might
be involved in the common and often intolerable
pruritus occurring in PV.

The present paper first gives a description of the
clinical picture of pruritus in PV. Secondly, the
therapeutic effect of aspirin was studied according
to a double-blind cross-over scheme. Thirdly, in an
attempt to explain the pathogenesis of pruritus in
PV we studied cutancous responses (i) to platelet
factors such as PGE, and serotonin in order to
estimate their pruritogenic effect and (ii) to his-
tamine in order to estimate skin sensitivity. We
also studied platelet function and various laboratory
data.

MATERIAL AND METHODS

Patients

A questionnaire was mailed to 86 patients with PV,
registered in 1963-75, and treated and regularly followed
up at the Oncologic Department (Radiumhemmet), Karo-
linska Hospital. The diagnostic criteria were based
upon laboratory data and bone marrow aspirations. Pa-
tients older than 85 years were excluded. Seventy-two
patients, 29 men and 43 women, mean age 68 (43-85)
years. responded to the questionnaire.

Eight of the patients as well as 10 more patients referred
to us from other clinics with severe, temperature-pro-
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Table I. Characteristics of subjects studied
M=males; F=females

Cutaneous responses to

Platelet function

Aspirin PGE, and Circulating and
and S-HT spontaneous
pruritus Histamine Aggregation aggregates
Healthy
Pa- volun- Pa- Con- Pa- Con- Pa- Con-
tients teers tients®  trols® tients®  trols® tients®  trols®
No. of subjects 17 12 14 13 14 10 14 13
M 8 2 6 4 6 4 6 4
F 9 10 8 9 8 6 8 9
Mean age (years) 67 28 68 65 68 69 68 65
(58-78) (19-42) (58--78)  (50-75) (58-78)  (49-81) (58-78)  (50-75)

7 PV patients with pruritus.

b Patients with benign circumscribed non-pruritic dermatoses.

¢ PV patients without pruritus.

voked pruritus in progress. i.e. a total of 18 patients, were
followed up more closely, including personal interviews.
Eight of these patients were men, 10 women. with a mean
age of 67 (58-78) years. These patients had not obtained
trcatment for their PV during the past 2 months. Seven-
teen of the 18 patients took part in a double-blind cross-
over study to investigate the possible therapeutic effect of
aspirin. Platelet function and cutaneous responses to
histamine were examined in 14 of the patients. Routine
laboratory studies of blood were performed in all 18 pa-
tients, serotonin was analysed in 14 patients and in 9
patients a more extended screening of various laboratory
data was carried out. Cutaneous responses to PGE, and
scrotonin were studied in 12 healthy volunteers.

Controls

The control population consisted of 1) a group of 13 pa-
tients with benign circumscribed non-pruritic dermatoses
(such as leg ulcers) hospitalized at our department, 2) 10
patients with PV without present or past history of
pruritus. followed up at the Oncologic Department. For
further information, see Table I.

Questionnaire

In the questionnaire the patients were asked whether they
had experienced itching after discovery of their blood
disease. They were further questioned about the frequen-
cy of the pruritus (daily, weekly, or seldom?), its intensity
(moderate, disturbing. intolerable?) temperature depend-
ency (in connection with hot or cold baths/showers?)
and relationship to baths or showers(during or after the
baths/showers?). The questionnaire also included queries
about episodes of thrombosis and hemorrhages.

Aspirin and Pruritus

In the 17 patients selected for the controlled study, aspi-
rin, 500 mg tablets (Magnecyl, ACO, Solna, Sweden) was
compared with identically appearing placebo tablets. The
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patients received three tablets a day for one week accord-
ing to a random-order. double-blind, cross-over scheme.
The two treatment periods were separated by a drug-free
week. The patients were instructed not to take any anal-
getics or other drugs known to interfere with platelet func-
tion for at least one week before the study. These periods
were chosen since aspirin inhibits platelet aggregation/re-
lease irreversibly and the clinical effect lasts for several
days up to one week after discontinuing the therapy (18).
The patients were asked to take a hot bath at least three
times a week, to keep a daily record of their pruritus and
to report which of the two drugs they preferred. The
patients were interviewed after each treatment period.

Studies on Experimental Pruritus

Experimental pruritus was provoked by using the same
technique as previously described (11, 12, 13). Small vol-
umes. 0.02 ml of the solutions studied. were injected in-
tradermally on the lateral aspect of the upper arms. The
duration of the pruritus was recorded and the area of the
flare response measured planimetrically after S min. PGE,
(Upjohn Co.. Kalamazoo. Michigan. USA) was stored in
ethanol (1 mg/ml) at —20°C until use. A sample of the
stock solution was taken on the day of each expcriment
and further diluted in sterile, pyrogen-free physiological
saline containing 10% (v/v) Sorensen phosphate buffer
(Na,HPO,+KH.PO,. 67 mM), pH 7.4. Serotonin creati-
nine sulphate (Sigma. St. Louis, Mo. USA) and histamine
(ACO, Solna, Sweden) were dissolved and diluted in buf-
fered saline and passed through a Millipore filter (Millex
TM. 0.22 um) before use. Cutaneous responses were ob-
served for each of the solutions and for a combination of
PGE, and serotonin.

Studies on Platelet Function
Platelet aggregation studies

Preparation of plateler rich plasma (PRP). Blood was
collected from the antecubital vein with a needle directly



Table II. Thrombotic and hemorrhagic episodes
correlated to pruritus in 72 PV patients

Thrombosis  Bleeding
Patients with temperature
dependent pruritus
(n=38) 10 (26 %) S (13%)
Patients without tempera-
ture dependent pruritus
(n=34) 10 (29 %) 309%)

into 0.1 vol of 3.8% trisodium citrate. Plastic contain-
ers and equipment were used. PRP was prepared by
centrifugation at 140 g for 15 min at room temperature.
Platelet counts were adjusted to approximately 250x 10%/1
by dilution with platelet-poor plasma (PPP) obtained by
centrifugating the blood., after the PRP had been removed.
at 1900 g for 15 min. Platelets were counted in a counting
chamber.

Technique . Platelet aggregation in PRP was performed
by recording light transmission in a Payton Dual Channel
Aggregometer (Payton Associated Ltd, Scarborough,
Ontario. Canada) at 37°C and stirring speed 900 rpm.
Agents used to induce aggregation were ADP (Sigma) and
adrenalin (ACO) at final concentrations of 0.03, 0.1, 0.33,
1.0, 3.3 and 8.3 uM. In addition, platelets were preincu-
bated with ADP at final concentrations of 0.03, 0.1 and
0.33 M for 1.5 min prior to addition of adrenalin at the
concentrations mentioned above. The preincubation time
of 1.5 min was chosen since any ADP-induced primary
aggregation had by then been terminated.

Circulating aggregated and spontaneously

aggregared platelets

Preparation of platetet rich plasma. Platelets in circulat-
ing aggregates formed in vivo and platelet tendency to
aggregate (spontaneous aggregation) were measured by
modifications of methods described by Holdrinet 1969 (9)
and Wu and Hoak 1974 (28). Blood was collected from the
antecubital vein and drawn into three plastic tubes con-
taining: 1) 0.1 vol of 3.8 % trisodium citrate in 0.4 vol
Veronal acetate buffer, pH 7.35:2) 0.1 vol of 0.1 M EDTA
in 0.4 vol of the same buffer: and 3) 0.1 vol of 3.8 % tri-
sodium citrate and 0.1 vol of 20 % formalin in 0.3 vol of the
buffered solution mentioned. The contents were mixed
thoroughly. After incubation at room temperature for 15
min the samples were centrifugated at 140 g for 10 min at
room temperature in order to prepare PRP. The platelets
were counted in a counting chamber.

Principle. Aggregates which are present in vivo at the
time of venipuncture, disperse in the presence of EDTA
and further aggregation is inhibited. In the presence of
citrate+formalin such aggregates are preserved and will
sediment during centrifugation. Consequently, the differ-
ence in PRP platelet counts in EDTA and in citrate+
formalin solutions represents circulating aggregated plate-
lets. The percentage of circulating aggregated platelets
can be expressed as follows:
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% circulating aggregated platelets =

platclet-count (EDTA)—platelet-count (citrate + formalin)
platclet-count (EDTA)

X100

In the presence of citrate some platelets will aggregate
during a mild centrifugation and sediment. Therefore, the
differencc in PRP platelet count in EDTA and in citrate
solutions represents platelet tendency to aggregate in vitro
(“"spontaneous aggregation”). This can be expressed in
per cent as follows:

% spontaneously aggregated platelets=

platelet count (EDTA)—platelet-count (citrate)
platelet-count (EDTA)

X100

Laboratory Screening

Laboratory data included hemoglobin. hematocrit, white
cell count with differential analysis and platelet count.
The thorough laboratory screening included in addition:
serum bilirubin, asparate aminotransferase. alanine
aminotransferase. alkaline phosphatase, lactate dehydro-
genase, clectrolytes, cholesterol and triglycerides, protein
electrophoresis. serum complement levels (C; and
C,). blood urea nitrogen. serum creatinine, uric acid,
cryoglobulins, cryofibrinogen, red cell fragility test,
Coomb's test, tests for circulating immune complexes
(platelet aggregation (25) and Cl-binding capacity) and
prothrombin complex determinations and investigations.
In urine. routine analyses and 5-HIAA determinations
were performed. In addition, serotonin concentration in
whole blood was analysed in 14 PV patients and 9 of their
controls, i.e. PV patients without pruritus.

RESULTS
Data from the questionnaire

Fifty-one of the 72 PV patients (71 %) reported
periods with pruritus. In 13 of these patients the
pruritus was not associated with hot baths or show-
ers. Pruritus appearing in connection with hot baths
or showers was described by 38 patients (53 %), 14
men and 24 women. In 5 of these patients even
contact with cold water could elicit pruritus. The
pruritus began immediately upon immersion in hot
water in 2 patients and started promptly after a hot
bath or shower in 28. while 8 patients did not an-
swer this question. Sixteen of the patients (22 %)
complained of pruritus at the time of the pres-
ent study and in 12 (17%) the pruritus was se-
vere. Twenty of the 72 patients had a history
of thrombosis and 8 of hemorrhages. There was no
significant correlation to pruritus (Table [I).
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Fig. 1. ltch and flare responses in 12
healthy volunteers after intradermal injec-
tions of serotonin (5-HT), PGE, and a mix-
ture of serotonin and PGE, (meantS.E.).
Histamine was included as a control. The
flare area was measured S min after the
injections. Figures at the itch-duration col-
umns denote numbers of subjects perceiv-

0.2p; 1002w 024 2pg

Histamine

20pg;
5-HT i

BData from patient interviews

Eighteen patients with severe pruritus elicited by
hot baths or showers were examined. Some of the
patients could avoid or alleviate pruritus by using
colder water. Many patients perceived only in-
significant pruritus after a hot bath or shower if they
could avoid cooling down abruptly afterwards. One
patient was even able to take a sauna without prob-
lems—unless he took a cold shower afterwards.
The temperature dependency was also emphasized
by the fact that some patients noted pruritus when
undressing, when getting under the chilly bed
clothes at night, or when they felt warm and per-
spired. Some patients also complained of pruritus
on body areas exposed during cold weather. The
pruritus seemed to become worse the more abruptly
the skin was cooled down.

The pruritus started promptly after hot baths or
showers, had a pricking character and lasted for a
period of 15-60 min. Two patients reported a longer
duration (about 2 hours). The severity of the pru-
ritus varied and in 7 patients it was almost intol-
erable.

Eight of the patients had experienced the typical
temperature-provoked pruritus for 1-10 years be-
fore the diagnosis of PV was made. In 6 patients
the pruritus started about the same time as the
diagnosis of PV was made and in 2 patients it
started later. No definite information could be
obtained from 2 patients. Seven of the 18 patients
had noticed good relief of pruritus when they were
treated with phlebotomy and/or chemotherapy.
One patient reported no effect of this treatment and
in 10 patients it was impossible to draw any ret-
rospective conclusions.
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Aspirin and pruritus

Seventeen patients took part in a double-blind
study. Fifteen of the 17 experienced a greater al-
leviation of pruritus when treated with aspirin than
with placebo. Two patients preferred the placebo
tablets. The difference was statistically significant
(p<0.01) according to the sign test (23). Aspirin
relieved pruritus partially in 14 patients and com-
pletely in one.

Cutaneous responses to prostaglandin E, and
serotonin

PGE,. 0.1 pg. when injected intradermally in
healthy volunteers produced a bright red flare
which gradually subsided and was replaced by a
dusky red erythema. Six of the 12 volunteers in-
vestigated noticed pruritus at the injection site.
Serotonin (0.02-20 ug) produced an erythematous
response of the flare type, which disappeared with-
in one hour. Pruritus was experienced by 8 subjects
but in 4 subjects pruritus could not be provoked.
However, when PGE,, 0.1 pg, was injected in a
mixture with serotonin, 0.2 pg. all subjects felt a
marked itching sensation at the injection site. The
flare and itch responses were more pronounced
when induced by the mixture than by any of the
agents given alone (Fig. 1). By intrapolation in the
dose-response curve for serotonin the flare reaction
induced by the mixture of serotonin and PGE. was
calculated to be equivalent to that induced by 8 ug
serotonin and the itch duration corresponded to that
induced by more than 20 ug of serotonin. Thus,
PGE, seemed to enhance the cutaneous responses
to serotonin.
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Fig. 2. Dose-response relations for histamine-induced
itch and flare in 14 PV patients with pruritus and in 13
control subjects (meantS.E.). Figures above the itch-
duration columns denote numbers of subjects perceiving
itch.

Cutaneous responses to histamine

In order to establish the proneness to itching in the
pruritic PV patients, experimental itch was induced
by i.d. injections of increasing concentrations of
histamine (Fig. 2). The number of individuals
perceiving pruritus increased with increasing con-
centrations of histamine, but 3 of the 14 patients and
3 of the 13 controls did not feel pruritus after any
of the concentrations used. The itch response
showed wide interindividual variations without sta-
tistically significant differences between patients
and controls. An erythematous response of the tlare
type appeared in all subjects without significant dif-
ference between the two groups.

Plateler aggregation
Platelet aggregation in PRP from PV patients with
and without pruritus did not differ significantly
when ADP and adrenalin were used as aggregating
agents (Fig. 3a, b). Moreover, no differences were
observed between the two groups when platelets
were preincubated with ABP, 0.03. 0.1 and 0.33 uM
for 1.5 min prior to addition of adrenalin (exem-
plified with ADP 0.33 M in Fig. 3¢). The areas
below the curves were compared and statistically
analysed according to the Mann-Whitney U-test
(23).

On the other hand, platelets from PV patients
with pruritus were found to be significantly sen-
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Fig. 3a—c. Platelet aggregation in 14 PV patients with
pruritus and in 10 PV patients without pruritus (mean
+S.E.). Aggregating agents were (¢) ADP, (b) adrena-
lin, (¢) adrenalin after preincubation of platelets with
ADP, 0.33 uM for 1.5 min.
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Table . Numbers of patients with an ADP-in-
duced increasedldecreased sensitivity to adrena-
lin-induced aggregation

Statistical analysis was based on changes in the EDs,
values

ADP ADP ADP
0.03uM  0.1uM  0.33uM
PV patients with
pruritus (n=14)
Increase 9 9° 128
Decrease 2 Y t
No change 3 3 |
PV patients without
pruritus (n=10)
Increase 4 6 74
Decrease 2l 1 |
No change 4 3 2
‘¢ p<0.05.
b p<0.0l.
sitized to adrenalin-induced aggregation after

preincubation with ADP. 0.03 uM (»<0.05. 0.1
uM (2<0.01) and 0.33 uM (»<0.01) and platelets
from non-pruritic PV patients (controls) were
sensitized after preincubation with ADP 0.33 uM
(p<0.05). This sensitization can be visualized for
ADP 0.33 uM by comparing Fig. 3b with 3c. The
statistical evaluations are based on the ED;, values
for adrenalin. i.e. the doses of adrenalin inducing
50¢¢ platelet aggregation were calculated by in-
trapolation in the dose-response curves. An ADP-
induced sensitization will cause a shift of the dose-
response curve to the left and thus a decrease in the
ED;, value. The ADP-induced changes of EDs, val-
ues were analysed with Wilcoxon's matched-pairs
signed-ranks test (23) (Table 111).

Circulating and spontaneously aggregated platelets
No significant differences were observed between
the PV and the control patients (Fig. 4).

Table IV. Laboratory data in 18 PV patients
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Fig. 4. Circulating and spontaneously aggregated plate-
lets in 14 pruritic PV patients and 13 control subjects.
The number of platelets in aggregates is expressed as a
percentage of the total number or circulating platelets. For
details, see test. The crossbars indicate the geometrical
mean of each group.

Laboratory screening

Hemoglobin and hematocrit concentrations around
the upper limits of normal were observed as well as
aslight leukocytosis and an increased basophil count
(Table 1V). The thorough laboratory screening gave
normal results. No significant difference in seroto-
nin concentration was observed between PV pa-
tients with and without pruritus.

DISCUSSION

The pruritus in PV is characteristically temperature
dependent. In our study. 71% of the patients an-
swering the questionnaire had experienced periods

The blood samples were taken at the first visit to the Department of Dermatology before evaluation of the aspirin effect.

M=male: F=female

Hemoglobin Hematocrit WBC Platelets Basophils

(g/h) (%) (X 10%1 (x10%/1) (X 10%/1)
Mcan (£S.E.) MI162+10 FI152+6 M 50=3 F48+2 10.2+0.8 314136 0.16£0.04
Reference range M 140-170 F120--150 M 42-50 F 3743 4.0-9.0 150-400 0.04-0.09
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of intermittent pruritus. which was temperature de-
pendent in S3%. What has not been stressed in
earlier reports is that the pruritus in PV starts
promptly after a hot bath or shower and that it is of
fairly short duration, lasting for 15-60 min. The
triggering factor seems to be a sudden decrease in
skin temperature. We noticed that the pruritus
seemed to become worse the more abruptiy the skin
was cooled down. The clinical features described
here are suggestive of a role of some humoral
factor(s) released or activated in the skin when it is
cooled down.

The humoral factor(s) postulated is probably not
histamine as suggested by Gilbert et al. (1966) (4). It
has recently been noted that intradermally injected
histamine in low concentrations produces erythema
without itching (Hzgermark, unpublished) and no
skin lesions of the urticarial type were observed in
our PV patients. Furthermore, antihistamines, with
the exceptions of cyproheptadine (4). have not been
reported to relieve this type of pruritus. However,
histamine cannot be totally excluded due to the
known correlation between pruritus and the ele-
vated basophil count (4). An elevated basophil
count was also observed in our PV patients.

In a controlled study. aspirin, 500 mg three times
a day. was shown to alleviate the pruritus in this
particular disease. In our experience, most other
pruritic conditions fail to respond favourably to
aspirin. This effect of aspirin in PV might mean that
it inhibits release or activation of the humoral
factor(s) postulated. Since PV is a blood disease
and aspirin is known to inhibit platelet aggregation,
the involvement of platelets was considered. Aspi-
rin also inhibits prostaglandin synthesis in various
tissues (24) and in platelets (22). Prostaglandins E
and prostaglandin endoperoxides induce and/or
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potentiate itching (5, 12. 13, 16). Of the platelet
dense granule constituents. which are released in
connection with aggregation, serotonin might be
conceived to be pruritogenic. According to Shelley
& Arthur (1957) (19) serotonin does not elicit
pruritus. but 8 of our 12 healthy volunteers experi-
enced pruritus when serotonin was injected intra-
dermally. Moreover. when serotonin was combined
with PGE,. pruritus was elicited in all subjects
studied and the response was more pronounced
than that induced by PGE, or serotonin alone. The
pruritogenic factors in PV might thus be prosta-
glandins and serotonin produced/released from
platelets. It is interesting to recall that cypro-
heptadine, the only histamine antagonist report-
ed to relieve pruritus in PV (4) also acts as a sero-
tonin antagonist and inhibits platelet function in
vitro (14).

In vitro, no functional platelet abnormalities were
detected with respect to aggregation. This may re-
flect a discrepancy between platelet function in vit-
ro and in vivo (7). The platelet count in peripheral
blood was normal, which does not exclude the pos-
sibility of an increased total number of platelets
(15). The platelets responded normally to the ag-
gregating agents ADP and adrenalin. The number of
circulating and spontaneously aggregated platelets
seemed to be normal. Moreover. the concentration
of serotonin (mainly located in platelets) in blood
did not differ between PV patients with and without
pruritus and S-HIAA determinations in urine were
normal. A suspicion of a decreased itch threshold
in the skin could also be eliminated. since skin
sensitivity studied by histamine injected intrader-
mally in small volumes was normal.

However, we found that ADP sensitized the ag-
gregation provoked by adrenalinin PV patients with
pruritus. In controls, i.e. PV patients without
pruritus, this was observed only for the highest
ADP concentration. It has previously been demon-
strated that preincubation with catecholamines
potentiates ADP-induced aggregation (1. 17). ADP
in blood is located mostly in red cells and there is a
possibility that ADP can be released from red cells
without hemolysis (3). A significant role of ADP
released from erythrocytes is indicated by the fact
that platelet adhesiveness is proportional to the
hematocrit value of the blood (8, 20). Furthermore,
since pruritus in PV typically appears when the skin
is suddenly cooled down. vasoconstriction might be
involved in some way.
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Although still not proven. we suggest that the
following sequence of events might lead to pruritus
in PV (Fig. 5). When the skin is cooled down the
adrenergic vasoconstrictor nerves release cate-
cholamines from the nerve endings. Some of
the transmitter substances might diffuse into the
vascular lumen and. in combination with ADP from
red cells, stimulate platelets to produce and release
pruritogenic factors such as PGE, and serotonin.

ACKNOWLEDGEMENTS

The skilful technical assistance by Mrs Halla Bornstein is
gratefully acknowledged. We are indebted to Dick Killan-
der and Dag Nyman for valuable suggestions and criticism
and to UIf Brodin for statistical analysis. This investiga-
tion was supported by grants from the Karolinska In-
stitutet, the Edvard Welander Foundation. the Finscn
Foundation and the Swedish Medical Association.

REFERENCES

1. Ardlie, N. G., Glew. G. & Schwartz, C. J.: Intfluence
of catecholamines on nucleotide-induced platelet ag-
gregation. Nature 2/2: 415, 1966.

2. Berlin, N. 1.: Diagnosis and classification of the poly-
cythemias. Semin Hematol /2: 339, 1975.

3. Born. G. V. R.. Berggvist, D. & Arfors. K.-E.: Evi-
dence for inhibition of platelet activation in blood by a
drug effect on erythrocytes. Nature 259: 233, 1976.

4. Gilbert, H. S.. Warner, R. R. P. & Wasserman. L. R.:
A study of histamine in myeloproliferative disease.
Blood 28: 795, 1966.

. Greaves. M. W. & McDonald-Gihson. W.: ltch: role
of prostaglandins. Br Med J iii: 608, 1973.

6. Hamberg, M., Svensson, J.. Wakabagashi, T. & Sa-
muelsson, B.: Isolation and structure of two prosta-
glandin endoperoxides that cause platelet aggrega-
tion. Proc Natl Acad Sci USA 7/:345. 1974.

7. Hampton, J. R. & Mitchell, J. R. A.. /n Human Blood
Coagulation Haemostasis and Thrombosis. 2nd ed.
(ed. R. Biggs). p. 536, Oxford, Blackwell, 1976.

8. Hecllem. A. J., Borchgrevink., C. F. & Ames. S. B.:
The role of red cells in hemostasis: the relation be-
tween hematocrit, bleeding time and platelet adhe-
siveness. BrJ Haematol 7:42, 1961.

9. Holdrinet. A.. Ewals, M. & Haanen. C.: A simple test
for measuring platelet aggregation. Results in von
Willebrand's disease and uraemia. Thromb Diath
Haemorrh 22: 174, 1969.

10. Holmsen, H., Setkowsky. C. A.. Lages. B. et al.:
Content and thrombin-induced release of acid hydro-
lases in gel-filtered platelets from patients with
storage pool discasc. Blood 46: 131, 1975.

11. Hagermark. O.. Rajka, G. & Berggvist. U.: Experi-
mental itch in human skin elicited by rat mast cell

"

Acta Dermatovener (Siockhoin) 59

chymase. Acta Dermatovener {Stockholm) 52:125.
1972.

12. Hagermark, O. & Strandberg. K.: Pruritogenic activi-
ty of prostaglandin E,. Acta Dermatovener (Stock-
holm) 57: 37, 1977.

13. Hagermark. O.. Strandberg, K. & Hamberg. M.:
Potentiation of itch and flare responses in human skin
by prostaglandins E, and H. and a prostaglandin en-
doperoxide analog. J Invest Dermatol 69: 527, 1977.

14. Kinlough-Rathbone. R. L.: The effects of some other
drugs on platelet function. /n Platelets, Drugs and
Thrombosis (ed. J. Hirsh, J. F. Cade. A. S. Gallus et
al.), pp. 124-131. S. Karger. Basel. 1975.

15, Kutti. J.: Studies on platelet kinetics in polycythemia
vera. Diss. Gothenburg. 1972.

16. Lovell. C. R.. Burton, P. A., Duncan, E. H. L.. &
Burton. J. L.: Prostaglandins and pruritus. Br J
Dermatol 94: 273, 1976.

17. Mills, D. C. B. & Roberts. G. C. K.: Effects of
adrenaline on human blood platelets. J Physiol (Lond)
193: 443, 1967.

18. O'Brien. J. R.: Aspirin, haemostasis and thrombosis.
BrJ Dermatol 29: 523, 1975.

19. Shelley. W. B. & Arthur, R. P.: The neurohistology
and neurophysiology of the itch sensation in man.
Arch Dermatol 76: 296. 1957.

20. Shield. L. K. & Pearn. J. H.: Platelet adhesiveness in
polycythemia rubra vera. Med J Austr /: 711, 1969.

21. Smith. J. B. & Willis. A. L.: Formation and release of
prostaglandins by platelets in response to thrombin.
Br J Pharmacol 40: 545 p. 1970.

22. Smith, J. B. & Willis, A. L.: Aspirin selectively in-
hibits prostaglandin production in human platelets.
Nature (New Biol) 23/: 235, 1971.

23. Snedecor. G. W. & Cochran, W. G.: Statistical
Mecthods. lowa State Univ Press. Ames. 1967,

24. Vane. J. R.: Inhibition of prostaglandin synthesis as a
mechanism of action for aspirin-like drugs. Nature
(New Biol)23/:232, 1971.

25. Wager. O., Penttinen, K., Risinen.J. A. & Myllyla.
G.: Inhibition of lgG complex-induced platelet ag-
gregation by antiglobulin active cryoglobulin igM
components. Clin Exp Immunol /5: 393, 1973.

26. Wasserman, L. R.: The treatment of polycythemia
vera. Semin Hematol /3: 57, 1976.

27. Weiss. H. J.: Platelet physiology and abnormalities of
platelet function. N EnglJ Med 293: 531. 1975.

28. Wu, K. K. & Hoak. J. C.: A new method for the
quantitative detection of platelet aggregates in pa-
tients with arterial insufficiency. Lancet /i 924, 1974.

Received March 6. 1979

0. Hiagermark. M.D.
Department of Dermatology
Karolinska sjukhuset
S-104 01 Stockholm
Sweden



