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Whole blood filterability and leucocyte behaviour (number, activation, and subfraction
filterability rates) were monitored at the earliest stage of peripheral ischaemia in 18 patients with stage
II peripheral occlusive arterial disease (PAOD) and 20 matched controls. A model of controlled
ischaemia, using exercise to stress leg circulation, was set up and blood samples were taken before
exercise, at the onset of calf pain, and at recovery from peak exercise. Leucocytes were counted,
separated into their subfractions on a Ficoll-Hypaque density gradient and by adhesion to Petri
dishes, and filtered in buffer (like the whole blood suspensions) through 5 gm pore diameter
Nuclepore filters. Unfractionated white cells, separated under gravity, with pseudopodia or
cytoplasmic irregularities were regarded as activated. The whole blood filterability rate was
significantly increased at the onset of calf pain and was associated with significant increases in the
number of leucocytes and in the filterability rate of the monocyte sutifraction, the latter persisting
throughout the recovery period. No significant changes were observed in the other variables
monitored, showing that impairments in white cell rheology may be associated with ischaemia.
SUMMARY

second department of internal medicine between
February 1988 and January 1989. Criteria for
selection comprised the following: (i) a minimum of
two years since the clinical onset of POAD;
(ii) stabilisation of POAD for at least six; (iii) the
onset of calf pain at less than 200 metres (treadmill
walking test); and (iv) atherosclerotic disease in the
large blood vessels of both legs (Doppler velocimetry
with the Windsor Index between 0 55 and 0-65). Three
of the patients had systemic hypertension and two
hypercholesterolemia. Informed consent was obtained
from each patient, and the study was approved by the
hospital ethics committee.
Over the same period of time a control group of 20
their rheological properties,6 modifications in their outpatients with no clinical evidence of vascular
number,5 and their activation67 seem to be the major disease was selected. They were closely matched to
factors involved in the onset and progression of patients for age (range 51-68 years; average age 62
years), sex (18 men and two women), and incidence
ischaemic events.67
and distribution of cardiovascular risk factors and
accompanying diseases (five had systemic hypertenPatients and methods
sion and three hypercholesterolemia). No significant
and controls existed in
between
differences
Eighteen non-diabetic smokers with POAD (16 men terms of body masspatients
index and smoking habitsand two women, age range 52-69 years, average age 63 patients averaged 18 cigarettes a day and controls 20.
years) were recruited from the outpatient clinic of the
Subjects with any severe medical or surgical
Accepted for publication 2 May 1989
problems, a recent history of infection, chronic
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The plasma fibrinogen concentration,' red blood
cell,2 3 white4 cell rheology, the number of leucocytes5
and leucocyte activation67 determine the flow resistance of blood in the microcirculation and hence
whole blood filterability.8 Because this is impaired
when ischaemia occurs,8 several recent studies have
attempted to define the individual contributions of
these factors under ischaemia conditions. Plasma
viscosity does not, for example, significantly increase
when calf pain occurs in patients with peripheral
occlusive arterial disease (POAD)9; the erythrocytes
make a limited contribution to the onset and development of tissue ischaemia.' The focus of attention has
consequently shifted to leucocytes. Impairments in
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alcoholism, osteoporosis, or who were unable to subpopulation was resuspended in RPMI 1640
perform a treadmill test were excluded from the study. medium (Flow Laboratories, Italy), and supplemenNone of the subjects recruited was being treated ted with 10% fetal calf serum to bring the total
with antioxidants or drugs which could potentially concentration to 1 x 106 cells/ml. This cell suspension
interfere with leucocyte functioning. Drugs known or was layered in a 55 mm diameter Petri dish and
suspected to have an effect on the haemorheological incubated for two hours at 37°C with 5% carbon
pattern were suspected for at least 20 days before dioxide. The supernate (the lymphocyte subpopulation) was removed using a Pasteur pipette.
beginning the study.
Trypsin (5 ml) and EDTA 0 05% were added to the
Blood samples, anticoagulated with dry dipotassium edetate (EDTA 1[5 mg/ml), were taken from the adhering cells (monocytes) to help detach them from
arm vein of each subject after an overnight fast, the Petri dish. After gentle shaking the monocyte cells
immediately before treadmill tests (rest), at peak were collected using a Pasteur pipette, washed twice in
exercise, maximum five minutes walking, 2 km/hour at RPMI 1640 medium, resuspended in 10 ml PBS +
a constant gradient of 12% (exercise), and finally 0 5% bovine serum albumin (Sigma, UK), centrifuged
when the ankle:arm pressure ratio by Doppler (Beckman Model TJ-6, Milan, Italy) at 1400 rpm for
velocimetry (Stereodop 448-S, Ultrasomed, Milan, 10 minutes and resuspended at a concentration of 106
Italy), had recovered its initial value (recovery). The cells/ml. Morphological examination determined the
study protocol required the patients to stop exercise at type of subfraction which was fixed and stained on a
the first sign of calf pain.
cytospin smear using Wright-Giemsa and a-naphtylThe following haemorheological variables were acetate-esterase (ANAE).
As the mononuclear cell subpopulations cannot be
determined:
I The total leucocyte count by automated separated without trysin, the enzyme was used on all
haematolcgy analyser (Toa Medical Electronics Co the other cellular subfractions-the granulocyte cells,
the unseparated sample of mononuclear cells, and,
Ltd, Japan);
2 The differential count of the leucocyte subpopula- after adherence, the lymphocyte cells-because
tions-that is, granulocytes, lymphocytes, and leaving these subfractions untreated could have
monocytes-from 200 cells in whole blood smears created non-homogenous conditions for evaluating
stained with May-Grunwald-Giemsa and counted the rheological properties of the leucocyte subpopulations.
using a light microscope;
The variability estimated by trypan blue exclusion
3 At each stage of the study unfractionated white cells
were separated from 10 ml of whole blood by sedimen- and was more than 98% at the end of preparation for
tation under gravity. A small proportion of the all suspension samples.
Quality assurance was satisfactory for the
unfractionated cells was fixed in 1% glutaraldehyde
for morphological examination by light microscopy separation procedure ofthe leucocyte subpopulations.
and the percentage of cells with pseudopodia or Morphological examination on slides of cytocentricytoplasmic irregularities calculated. These non- fuge cell suspensions showed that purity was more
than 98% for all the leucocyte subpopulations under
spherical cells were classified as "active"';
4 The filterability, after separation and suspension, of study. The monocyte cells obtained, as described
whole blood and the individual leucocyte sub- above, were tested for cytoplasmic non-specific
esterase activity and more than 97% of the harvested
fractions.
adherent cell population was a-naphtyl-acetate
esterase positive. The filtration measurements were
SEPARATION AND PREPARATION OF SUSPENSIONS
Whole blood: Whole blood was prepared for filtration carried out immediately.
by suspending it at 10% haematocrit in 2% phosphate
buffered saline (PBS) (pH 7 4, osmolality 290 mOsm/ FILTRATION PROCEDURE
Each suspension sample was filtered by a constant
Kg) (Dulbecco A; Oxoid Ltd, United Kingdom);
Leucocytes: The granulocyte, monocyte, and lym- flow syringe pump (Vickers UK) (I 5 ml/minute for six
phocyte cellular subpopulations were separated in two minutes, and the pressure rise monitored by a pressure
steps. The first, by density, separated the mononuclear transducer (Bell and Howell UK) linked to an
leucocyte subpopulation from granulocytes on a amplifier (Gaeltech UK) and chart recorder (Logos,
Ficoll-(Pharmacia, Sweden) Hypaque (Sterling Italy). The filterability rate was expressed as the final
Research Ltd, United Kingdom) gradient (I 114 g/ml filtration pressure generated by the cell suspension
and 1 022 g/ml)."2 Mononuclear cells, obtained from relative to the buffer, previously filtered through the
another blood sample by the same technique, were same filter.'2 A single batch of Nuclepore membranes
separated into monocyte and lymphocyte cells by (Nuclepore Corporation, Pleasanton, California,
adherence to Petri dishes.""'5 The mononuclear cell USA, No 5414C32) with 5 pm pore diameter was used

(n= 20)

Whole blood:
Rest
Exercise
Recovery
Granulocyte cells:
Rest
Exercise
Recovery
Lymphocyte cells:
Rest
Exercise
Recovery
Monocyte cells:
Rest
Exercise
Recovery

(n= 18)

Discussion
4-92 (0-77)
4 90 (0-81)

5-14(0-74)
7-04 (0-81)t
5-78 (0-95)t

This study shows how a brief period of strenuous
exercise increases the whole blood filterability rate in

4-02 (0-51)
4-14 (0 58)
4-01 (0-64)

4-27 (0 50)
4-64 (0 76)
4-66 (0.62)

Table 3 Leucocyte activation assay (mean (SD))

4-83 (0-58)
4-75 (0-61)

4-81 (0-49)
4-75 (0.70)
4-80 (0.47)

11-36(1-74)
11 41(1-57)
11-27 (1-03)

1105 (146)

4-99 (0 80)

4-68 (0-49)

13-37(1-71)1§
13-20 (1-41)t$

*Pressure ratio of cell suspension to buffer after six minutes
filtration.
with data taken at rest.
tp << 0 0001 sp << 0 001 vcompared
tp 00001 §p 0001 control group.

Controls
(n = 20)
Activation*
Sedimented unfractionated cells
Rest
11-18(3-11)
12-30 (3-16)
Exercise
12 70 (2.68)
Recovery

Patients
(n = 18)

11-89(281)
12-56 (3-27)
12-89 (3.45)

* = Cells with pseudopodia and or cytoplasmatic irregularities
observed in suspension sample under light microscope (expressed as
percentage).
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(SD))
(mean
cell
counts
for the filtrations throughout this study. Filtrations Table 2 White
were performed at 25 + / - 1°C and measurements
Patients
Controls
were completed within five hours of vein puncture.
(n = 18)
(n = 20)
Effect of trypsin on filterability: After treatment with
trypsin the average granulocyte and mononuclear Total cells ( x lO9/l):
6-97 (133)
7-27 (101)
Rest
subpopulation filterability rate values (mononuclear
9-44 (1-70)*
9-42 (1-34)*
Exercise
data not included in this study) did not vary signi6-98 (1-31)
7-29 (1-05)
Recovery
ficantly (unpaired Wilcoxon sum test) from our Granulocyte cells ( x I(f/l):
3 59 (0-92)
3-86 (0-87)
Rest
standard filtration values for the same sub4-08 (0-87)
4-25 (0-85)
populations.'""5 Other reports have confirmed that Exercise
3-62 (0-89)
3-91 (0 82)
Recovery
trypsin does not affect cell membrane structure.'3
Lymphocyte cells ( x 109/l):
3
18 (0 60)
3-21 (0-64)
Rest
Reliability: This was confirmed by five successive
4-93 (1-03)*
4-74 (0 70)*
Exercise
filtrations of cell suspensions giving mean coefficients
3-16 (0-54)
3-17 (0 67)
Recovery
of variation. At the fifth filtration the mean was 2-6% Monocyte cells ( x 109/l):
0 20 (0-14)
0-20 (015)
Rest
for whole blood, 2-9% for granulocytes, 3-1% for
0-44 (0-14)*
0-42 (0-13)*
Exercise
lymphocytes and finally 3-6% for monocytes.
0-20
(0-17)
0 21 (0-14)
Recovery
Effect of filtration on activation: No significant
differences in the percentage of "active" cells in any of *p < 0-0001 compared with data taken at rest.
these leucocyte subpopulation suspensions were
observed after filtration.
(+37%,p < 0-0001; +21%,p < 0-00l,respectively)
Student's "t" test for paired samples or, when and with the control group at peak exercise (+ 43%,
appropriate, the Kruskal-Wallis one way analysis by p < 0 0001; + 17%, p < 0-001, respectively) (table
ranks were used for the statistical analysis of the 1). In both groups significant increases were recorded
results: p values of < 0-05 were taken as being in the total number of leucocytes (controls + 30%,
significant.
p < 0-0001; patients + 35%, p < 0-0001), of
lymphocytes (controls +48%, p < 0-0001; patients
+55%, p < 0-0001), and finally of monocytes
Results
(controls + 114%, p < 0-0001; patients + 115%,
< 0001) (table 2).
At rest no significant differences existed in the mean p A 0significant
increase in recovery (p < 0-0001) in
values of all the variables monitored.
the monocyte cell subpopulation filterability rate was
At peak exercise significant increases in the average observed
in the patients compared with basal values at
values of both the whole blood and the monocyte rest (+ 19%)
with the controls at recovery time
subpopulation filterability rates were observed in the (+ 17%) (tableand
1).
patients when compared with basal values at rest
No significant differences emerged at any stage of
the study in the mean values of either the granulocyte
or lymphocyte filterability rates (table 1), the
Table 1 Filterability* rates (mean (SD))
granulocyte count (table 2), or in sedimented unfractionated cell activation (table 3).
Patients
Controls
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