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Abstract
Systemic sclerosis (SSc) and vibration induced
white finger syndrome (VWF) are common
causes of secondary Raynaud's phenomenon.
Previous studies have suggested an increase
in inflammation in patients with SSc. Vibration
induced white finger syndrome occurs in
workers exposed to vibration and is now a
prescribed disease. In VWF, although it is
recognised that vibration can cause direct
damage to blood vessels, it does not explain
why only some workers are affected. It is
possible that an inflammatory process
develops in these patients in the same way as
is seen in SSc. Leukotriene B4, produced
mainly by polymorphonuclear cells, is a
potent mediator of inflammation. The plasma
thiol concentration shows the degree of
oxidation of plasma and a decreased concen-
tration indicates the increased production of
free radicals which are capable of oxidative
damage.

In this work, the white blood cell (WBC)
production of leukotriene B4 and plasma thiol
concentrations were measured in patients
with SSc and VWF. Fifty nine patients were
studied: 34 had SSc and 25 had VWF. The
results were compared with 25 matched
normal controls and are expressed as the
median and range. After stimulation of the
polymorphonuclear cells with calcium iono-
phore A23187 (1 ,ug/ml), patients with SSc and
VWF were found to have significantly in-
creased leukotriene B4 production (23-5
(14-1 -14-0) and 26 (14-4-39-4) ng/106 cells,
respectively) compared with normal controls
(17-2 (6-0-38-0) ng/106 cells). The plasma thiol
concentration was shown to be significantly
lower in patients with SSc and VWF (445
(375-475) and 450 (417-510) ,tmol/l, respec-
tively) compared with normal controls (480
(418-555) ,tmol/l).
Our results show increased leukotriene B4

production and increased free radical activity
in patients with SSc and VWF. Although
previous indirect evidence has suggested
increased WBC activity in patients with SSc,
this is reported directly here for the first time.
In addition, the possibility of an inflammatory
process occurring in patients with VWF, as
shown here, has not previously been studied.
This may be a further mechanism to explain
the poor circulation in the fingers of these
patients.

Systemic sclerosis (SSc) is a chronic condition
with variable disease expression. Despite its

heterogeneity, however, secondary Raynaud's
phenomenon and vascular endothelial cell
damage are common features.' 2 Previous
studies have shown an increase in basal chemi-
luminescence, reflecting the release of free
radicals from white blood cells (WBCs), in
patients with SSc and have suggested this may
be one of the mechanisms of vascular damage in
these patients.3 In patients with vibration
induced white finger syndrome (VWF), a
known cause of secondary Raynaud's pheno-
menon which occurs in workers exposed to
vibration, the pathophysiology is not yet fully
known.4 It is recognised that vibration can
cause direct damage to blood vessels. However,
direct trauma does not explain why only some
workers are affected and we wondered if white
blood cell (WBC) activation also occurs in these
patients.

Research into vascular diseases has shown an
important role for WBCs.5 Activated WBCs
may cause the obstruction of blood flow in
patients with secondary Raynaud's phenomenon
who already have a tendency to vasospasm.
WBCs can physically obstruct the circulation by
aggregating to each other and adhering to the
vascular wall. They can also reduce the blood
flow via the release of active chemicals. Two
such mechanisms are the generation of leuko-
triene B4 and free radicals.
The aim of this study was to investigate

changes in the level of leukotriene B4 and free
radical activities in patients with SSc and VWF
and to compare the results with those obtained
from matched controls.

Patients and methods
Thirty four patients with secondary Raynaud's
phenomenon associated with SSc and 25 patients
with VWF were studied. All the patients with
VWF were, or had been, employed as boiler-
makers exposed to vibrating machines such as
chippers, grinders, and buffs. All had grade III
VWF as described by Taylor and Brammer.4
The results were compared with 25 age, sex,
and smoking matched workers not exposed to
vibration. As SSc is predominantly a disease of
women and VWF a disease of men, these two
groups could not be matched for sex. The table
shows the clinical details of these patients.
None of the subjects had taken any drugs

known to interfere with the tests and all gave
informed consent for the study. Smokers were
asked to refrain from smoking from midnight
prior to the day of testing. Blood was sampled
using a standard technique at the same time of
day.
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Clinical data and comparison of patients with systemic
sclerosis (SSc) and vibration white finger syndrome (VWF)
with control subjects

Patient Patients with Patients with Controls
characteristics SSc (n=34) VWF (n 25) (n=25)

Median (range) 43 49 44
age (years) (28-68) (27-65) (25-63)

Male:female 5:29 25:0 25:0
No of smokers 25 23 19
Median (range) 9 5

duration of (2-15) (3-20)
symptoms (years)

Median (range) - 29
duration of (5-49)
vibration exposure
(years)

LEUKOTRIENE B4
A 10 ml volume of venous blood was anti-
coagulated with sodium heparin, which was
then mixed by inversion with S ml of 6%
dextran 70. Leucocyte rich plasma was removed
after gravity sedimentation. This was then
centrifuged and mononuclear cells and any
remaining media were removed. Red cells were
lysed by double strength saline and the poly-
morphonuclear cells were separated after
further centrifugation. The polymorphonuclear
cells were then stimulated with calcium iono-
phore A23187 (1 ,tg/ml). After five minutes, the
incubation was terminated by centrifugation at
12 000 g for 30 seconds in an Eppendorf
centrifuge. The resultant supernatant was
aspirated and stored for subsequent deter-
mination of leukotriene B4 by radioimmuno-
assay.6

PLASMA THIOLS
Concentrations of thiol in plasma were estimated
as a measure of free radical activity and are a
measure of albumin thiol, the sulphydryl
groups of which are oxidised to disulphides by
the action of free radicals.7 Thus a decrease in
plasma thiol is a measure of increased free
radical activity. The plasma thiol concentration
was measured by photometric analysis using the
technique first described by Ellmai

50 -

U)

co

40

,--a)

- 30

5)

20-
a

r.,

a) 10 -

SSc VWF

p < 0-05 p < 0-01

Figure 1 Leukotriene B4 concentrations in pc
systemic sclerosis (SSc) and vibration induced i
syndrome (VWF) compared with controls. Res
are median and range; interquartile range is bo

600 -

1-

o 500-
E

,a-W

to

3400-

300 -
SSc VWF

p C 0-01 p < 0 01
Controls

Figure 2 Plasma thiol levels in patients with systemic
sclerosis (SSc) and vibration induced whitefinger syndrome
(VWF) compared with controls. Results given are median
and range; interquartile range is boxed.

assay was a later development, only 15 patients
with SSc, 12 patients with VWF, and 16
controls were studied in this way.

Results
Figures 1 and 2 show the results obtained as the
median and range. Statistical calculations were
performed with the Mann-Whitney U test.
The production of leukotriene B4 from

stimulated polymorphonuclear cells was
increased in patients with SSc (23 5 (144-44-0)
ng/106 cells; p<0 05) and VWF (26 (14-439-4)
ng/106 cells; p<001) compared with the
controls (17-2 (60-38-0) ng/106 cells).
The plasma thiol concentration was lower in

patients with SSc (445 (375-475) [tmol/l) and
VWF (450 (417-510) lmol/l) compared with
controls (480 (418-555) [tmol/l) (p<0 01 in the
two groups).

n.8 As this Discussion
In this study it has been shown for the first
time that there is an increase in leukotriene B4
production from the polymorphonuclear cells of
patients with SSc. Previous work suggesting
increased free radical activity in this disorder
has been confirmed. We have also shown a
similar increase in leukotriene B4 production
and free radical activity in patients with VWF,
suggesting that increased WBC activity also
occurs in this disease. As SSc predominantly
affects women and VWF predominantly affects
men, it was not possible to match the two
patient groups and the control group for sex.
However, previous work has shown no sex
variation in leukotriene B4 production, as
measured by radioimmunoassay in normal
subjects.9 Previous studies have also shown
plasma thiol concentrations to be independent

Controls of sex in normal subjects and in patients with
rheumatoid arthritis.'0 We recently studied 74
normal healthy subjects (38 men and 36 women;

wthents wtth age and smoking habit matched) and found no

ults given sex variation in their plasma thiol concentrations
oxed. (men: 472 (336-561) [tmol/l; women: 461
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(358-534) imol/l, median (range)) (unpublished
data). Thus, it is valid to make a direct com-

parison of the leukotriene B4 and plasma thiol
concentrations within the three subject groups

(SSc, VWF, and control) studied here.
Vibration induced white finger syndrome is a

condition which affects a large proportion of the
workforce exposed to vibrating tools and is of
such severity that since 1985 it has been a

prescribed disease eligible for compensation."
As yet there is no known cure and the full
pathophysiology is not known. It has been
shown that vibration can damage the blood
vessel wall.'2 Repeated ischaemic attacks
following vibration exposure produce anatomical
changes in the blood vessel walls'3 with media
hypertrophy at a later stage. Despite this
extensive pathology seen in the late stages of
VWF, the initial cause of the hyperactivity of
these arteries remains unknown.
Up to 99% of patients with SSc have vaso-

spastic symptoms and in some patients these
may precede the development of other features
of the disease.' Previous studies have suggested
a link between vascular endothelial cell damage
and Raynaud's phenomenon in SSc,'4 15

although the cause or consequence of this
relation is not clear. The mechanism of vascular
damage in SSc is not yet fully understood.'6
Previous studies have suggested a contributory
role of the polymorphonuclear cells-for
example, there is increased chemotactic and
phagocytotic activity in patients with SSc.'7

Leukotrienes are biologically active deri-
vatives of arachidonic acid. They are formed by
the 5-lipoxygenase enzyme'8 and have been
shown to be potent mediators of inflammation.
Polymorphonuclear cells are the major source of
leukotrienes. Leukotriene B4 has been shown to
be a potent chemotactic and aggregating agent
and polymorphonuclear cells move towards and
accumulate at sites of injury or infection in
response to leukotriene B4. The adhesion of
polymorphonuclear cells to the endothelial
lining of blood vessels has also been shown to be
mediated by leukotriene B4. Not only is leuko-
triene B4 important in inflammation, but it may
also contribute to thrombosis. As the production
of leukotriene B4 is increased, WBCs become
activated. WBCs are less deformable than red
cells and may promote microcirculatory mal-
perfusion in the low flow state. '9 Activated
WBCs are considerably harder and may also
aggregate to form clumps which may impede
the circulation.20 An increase in the adhesion of
polymorphonuclear cells to the endothelial
lining of blood vessels may also be a contributory
factor. Activated WBCs have also been impli-
cated in vessel wall damage, which may interact
with other polymorphonuclear cells to activate
the coagulation system and cause platelet
aggregation. Thus, an increase in leukotriene B4
production in patients with SSc and VWF could
be relevant in the development of Raynaud's
phenomenon and vascular occlusion in these
patients.

In addition to the release of lysosomal
enzymes, activated WBCs also release other
noxious products such as free radicals. Previous
studies have shown an increase in basal chemi-

luminescence3 and enhanced oxidative meta-
bolism of polymorphonuclear cells.2' These
substances are toxic because they initiate the
chain reaction of lipid peroxidation. Free
radicals are also pre-thrombotic22 via their
ability to damage the endothelium and by
selectively increasing the production of the
platelet aggregant thromboxane A2. As short
lived species they are difficult to measure
directly. However, plasma thiol concentrations
(mainly albumin thiols) show the degree of
oxidation of the plasma. Albumin conformation
is altered by free radical generation and there-
fore the plasma thiol concentration is a good
measure of free radical activity.7 23 Although
plasma thiols exist mainly as part of the plasma
albumin in molecules, their concentrations are
not dependent on the plasma albumin con-
centration and changes in plasma thiol concen-
trations seem to reflect the number of available
thiol groups per albumin molecule rather than
changes in albumin concentration.24 These two
patient groups have normal albumin concen-
trations. In addition, none of the subjects
studied had taken any drugs known to alter the
plasma thiol concentrations. Thus, the decreased
concentrations of plasma thiol seen in patients
with SSc and VWF reflect increased oxidative
metabolism and free radical production. The
increase in free radical and leukotriene B4
production may have a synergistic effect as
studies have shown the former to enhance the
chemotactant properties of the latter.25
Our results suggest that the poor circulation

in the fingers in Raynaud's phenomenon may be
partly mediated through the activation of
WBCs. It is likely, however, that these changes
are not a primary event but develop later. In
patients with VWF, the initial effect of vibration
in the digital vasculature is to stimulate pro-
liferation of the medial coat and, later, the
intima of the arterial wall. Although this is
rarely severe enough to cause arterial occlusion
in the fingers, the abnormal vessel wall will
activate WBCs as they flow past. Damage to the
blood vessel wall is also a feature of SSc. White
blood cells enhance oxidative stress with a
subsequent increase in free radical activity and
further tissue damage. This enables a vicious
cycle to be set up of ischaemia and reperfusion,
vessel damage, WBC activation then further
ischaemia.

Conclusions
We have confirmed the increased free radical
generation occurring in patients with SSc, and
have shown an increase in leukotriene B4
production from polymorphonuclear cells of
patients with SSc. We have also shown that
leukotriene B4 production and free radical
activity are increased in patients with VWF.
Previous work has concentrated on delineating
abnormalities of the vessel wall and has failed to
explain the intermittent nature of the symptoms.
In association with severe vessel spasm, altera-
tions in the rheology and release of WBCs could
explain the episodic nature of these symptoms
and contribute to our understanding of the
pathophysiology of this condition, which is
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becoming a common and important occupational
problem.
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Association and the Oliver Bird Fund Foundation. We thank Dr
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thiol.
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