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The goal of this research was to determine leukocyte rheology at baseline and after chemotactic activation in type | and type Il
diabetics. In 19 normal subjects, 21 type | diabetics, and 16 type li diabetics at baseline and after in vitro chemotactic activation
{prolonged for 5 and 15 minutes) with two stimulating agents (4-phorbol 12-myristate 13-acetate [PMA] and N-formyl-methionyl-
leucyl-phenylalanine [fMLP]), we evaluated polymorphonuclear (PMN) filtration parameters (using a St. George filtrometer
[Carri-Med, Dorking, UK] and considering the initial relative flow rate [IRFR] and the concentration of clogging particles [CP])
and PMN membrane fluidity (obtained by marking PMNs with the fluorescent probe 1-(4-[trimethylaminolphenyl)-6-phenyl-
1,3,5-hexatriene (TMA-DPH). At baseline, there was a difference between normals and type | and Il diabetics for PMN
membrane fluidity only. After activation in normals and diabetics of both types, a significant variation was present in PMN
filtration parameters (IRFR and CP) at both 5 and 15 minutes. In normals, no variation was present in PMN membrane fluidity
after activation with PMA or fMLP. After PMN activation, only in type | diabetics was a significant decrease in PMN membrane
fluidity present at both 5 and 15 minutes. After PMN activation with either PMA or fMLP in comparison to basal values, only the
mean variation {(A%) of the IRFR was significantly different between normals, type | diabetics, and type Il diabetics at both 5
and 15 minutes. From the data obtained, it is evident that after activation, the PMN filtration pattern shows a specific behavior
in diabetics of both types, while PMN membrane fluidity changes only in type | diabetics. The latter finding may be the basis of

a metabolic pattern present in PMNs of this type, revealed after in vitro activation.
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HERE HAVE BEEN contrasting reports regarding leuko-
cyte rheology expressed as filtration parameters in diabe-
tes mellitus. By filtering unfractionated leukocytes, some inves-
tigators demonstrated a reduction of the filtration parameters in
type II diabetics’ and diabetics of both types,> while others
using the same technique did not show any difference between
normals and type I diabetics.? Several groups have shown that
polymorphonuclear (PMN) and mononuclear (MN) cell filtra-
tion parameters also discriminate normals from type II diabet-
ics,*¢ but MacRury et al” did not find any difference in PMN
filtration between type 11 diabetics and controls.

In a previous study® evaluating leukocyte filtration param-
eters in type I and II diabetics without macrovascular complica-
tions, we found that only the unfractionated leukocyte had a
reduced filterability in comparison to normals. From this study,
it also emerged that PMN membrane fluidity was not a
distinguishing parameter. However, others noted a decrease of
PMN membrane fluidity in type I diabetics® and an increase of
MN leukocyte membrane fluidity in type II diabetics.!?

We have recently studied the rheological and metabolic PMN
parameters after chemotactic activation, and evaluated the
behavior of these parameters in subjects with vascular athero-
sclerotic disease!! and in type 1I diabetics with macrovascular
complications (Caimi et al, 1998, unpublished data). Activation
can reveal leukocyte abnormalities not found at rest,’>'4 and
can simulate the variations present during in vivo activation.

The aim of this study was the evaluation of PMN filtration
parameters and PMN membrane fluidity at baseline and after
chemotactic activation in type 1 and II diabetics without
macrovascular complications.
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SUBJECTS AND METHODS

The study enrolled 21 type I diabetics (mean age, 29.0 = 9.0 years;
range, 17 to 47) and 16 type Il diabetics (mean age, 57.1 * 10.5 years;
range, 44 to 77).

In type I diabetics, fasting blood glucose was 10.1 = 4.1 mmol/L,
glycated hemoglobin (HbAy.) 7.7% * 1.9%, serum total cholesterol 5.3
= 0.7 mmol/L, and serum triglycerides 1.5 = 0.6 mmol/L. All type I
diabetics followed a controlled-carbohydrate diet and received three
daily administrations of insulin.

In type II diabetics, fasting blood glucose was 9.3 = 3.5 mmol/L,
HbA,. 7.3% = 2.8%, serum total cholesterol 5.1 = 1.1 mmol/L, and
serum triglycerides 2.1 = 1.0 mmoVL. All type II diabetics followed a
controlled-carbohydrate diet and received oral hypoglycemic agents.
The medication used was glibenclamide in nine patients (dose range,
7.5 to 15 mg/d) and gliclazide in seven patients (dose range, 120 to 240
mg/d). No patient used biguanides in the 6 months preceding the study.

In both groups, the absence of macrovascular complications was
demonstrated both instrumentally (Doppler, echo-Doppler, electrocar-
diogram, and electroencephalogram) and by clinical criteria. Diagnosis
and classification of diabetes mellitus was made according to the
National Diabetes Data Group criteria.l® Obese and hypertensive
subjects were excluded from these two groups. In type I diabetics, the
body mass index (BMI) was 22.4 * 1.2 kg/m?, systolic blood pressure
(SBP) 115.2 = 11.3 mm Hg, and diastolic blood pressure (DBP) 75.7
7.8 mm Hg. In type II diabetics, the BMI was 24.2 * 0.7 kg/m?, SBP
130.3 * 8.4 mm Hg, and DBP 83.7 + 5.3 mm Hg.

Venous blood samples were drawn from patients in the fasting state
and anticoagulated with EDTA-K3 (1.5 mg/mL). An unfractionated
leukocyte suspension was prepared according to the method described
by Mikita et al.'¢ In the final preparation, leukocytes were suspended in
Dulbecco’s phosphate-buffered saline containing EDTA-K3 (1 mg/mL).
Leukocytes were separated into MN and PMN cells!? using a Ficoll-
Hypaque medium with a density of 1.114 g/mL (Mono-Poly Resolving
Medium; Flow Laboratories, Irvin, UK).

PMN Activation

After separation, part of the PMN cells were divided into several
fractions, each of which had a concentration of 5 X 108 cells/fmL. Each
fraction was treated with two activating agents: 4-phorbol 12-myristate
13-acetate ([PMA] Sigma Chemical, St Louis, MO) and N-formyl-
methionyl-leucyl-phenylalanine ([fMLP] Sigma Chemical). The activa-
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tion was performed in vitro in accordance with the methods described
by Yasui et al'® and Masuda et al,*® modified for the evaluation of PMN
parameters as follows. The fractions of PMN suspension were treated
with either 4.5 ymol/L. PMA or 107> mol/L. fMLP and incubated for
either 5 minutes at 37°C or 15 minutes at 37°C. At the end of incubation,
the activation was stopped by plunging the tubes into melting ice for a
few minutes, and soon afterward, the PMN suspensions were centri-
fuged at 200 X g for 10 minutes at 20°C and resuspended in 1 mL
Dulbecco’s buffer containing EDTA-K3 (1 mg/mL).

At baseline and after 5 and 15 minutes of activation with PMA and
fMLP, we evaluated PMN filtration parameters and PMN membrane
fluidity.

PMN Filtration

PMN’s were adjusted to a cell count of 3 X 106 mL. The filiration was
performed using a St. George Filtrometer (Carri-Med, Dorking, UK).?
Each cell suspension was tested against its cell-free suspension
medium. Filters with a nominal pore size of 8 um (Nucleopore,
Cambridge, MA) were used. During filtration, the sample flowed in a
horizontal tube under a constant pressure head of 4 cm H,O. The data
obtained are the means of three repeated measures. The parameters
considered were the initial relative flow rate (IRFR) relative to the
buffer solution, and the concentration of clogging particles (CP), which
reflects the clogging of pores by a minority of rigid cells. These
filtration parameters were evaluated by a microcomputer, displayed
visually, and successively printed.

PMN Membrane Fluidity

PMNs were suspended in Dulbecco’s buffer at a concentration of 4 X
106 cells/mL and labeled with 1-(4-[trimethylamino]phenyl)-6-phenyl-
1,3,5-hexatriene ([TMA-DPH] Molecular Probes, Junction City, OR)
previously dissolved in acetone. The labeling was performed as follows:
4 minutes of preincubation at 4°C followed by incubation for 20
minutes at 37°C, with a final probe concentration of 2 umol/L.
Fluorescence was measured at 37°C using a spectrophotofluorimeter
(model LS5; Perkin-Elmer, Beaconsfield, UK) equipped with polariza-
tion accessories. The excitation wavelength was 360 nm and emission
wavelength 430 nm. Examining the intensity of fluorescence with the
polarizers oriented parallel and perpendicular to the plane of polariza-
tion, we calculated the fluorescence polarization degree (p), reflecting
PMN membrane lipid fluidity.2-?3

The same parameters were examined in a group of 19 normal subjects
(12 men and seven women; mean age, 40.3 £ 7.3 years; range, 31 to
53). The mean fasting blood glucose was 4.91 = 0.40 mmol/L, total
serum cholesterol 4.77 = 0.68 mmol/L, and serum triglycerides 1.11 =
0.55 mmoV/L. The BMI was 23.0 == 1.2, SBP 119.2 = 11.1 mm Hg, and
DBP79.2 *= 5.8 mm Hg.

Statistical Analysis

The results are expressed as the mean = SD. At baseline, the
difference between mean values for normals, type I diabetics, and type
II diabetics was evaluated according to the one-way ANOVA model.
The difference between mean values at baseline and after PMN
activation was calculated according to Student’s ¢ test for paired data.
The difference between the mean varjation (A%) in normals, type I
diabetics, and type II diabetics during PMN activation was evaluated
according to the one-way ANOVA model.

RESULTS

No significant difference was evident in the baseline data for
PMN filtration parameters between normals and type I or II
diabetics. However, a significant difference was observed in
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PMN membrane fluidity, which was reduced in diabetics,
particularly type II diabetics (Tables 1 and 2).

After PMN activation with PMA, a decrease in the IRFR and
an increase in CP was observed in normals, type I diabetics, and
type II diabetics. These variations, as compared with basal
values, were found at both 5 and 15 minutes. In normals, no
significant variation was present in PMN membrane fluidity. In
type 1 diabetics, a constant and significant decrease in PMN
membrane fluidity was found. In type II diabetics, no variation
was noted in PMN membrane fluidity (Table 1).

After PMN activation with fMLP, a decrease in the IRFR and
an increase in CP were evident in normals, type I diabetics, and
type II diabetics. These variations, in comparison to basal
values, were present at both 5 and 15 minutes. In normals, no
significant variation was evident in PMN membrane fluidity. In
type I diabetics, a decrease in PMN membrane fluidity was
found. In type II diabetics, no variation was observed in PMN
membrane fluidity (Table 2).

After PMN activation with PMA, in comparison to basal
values, the A% for the IRFR was significantly different between
normals, type I diabetics, and type II diabetics at 5 minutes
(normals, —39.3 & 24.7; type I diabetics, —63.3 = 20.9; type I
diabetics, —62.0 * 21.0; F = 5.453, P = .0075) and 15 min-
utes (normals, —38.4 *+ 25.8; type I diabetics, —72.2 * 16.1;
type II diabetics, —60.2 = 29.0; F = 9.318, P = .004). At
neither point in time were the values for the A% of PMN
membrane fluidity significantly different between normals and
type [ or II diabetics.

After PMN activation with fMLP, in comparison to basal
values, the A% of the IRFR was significantly different between
normals and type I and II diabetics at 5 minutes (normals,
—13.6 = 12.5; type I diabetics, —31.7 = 21.4; type Il diabetics,
—26.8 = 13.2; F = 4.563, P = .0156) and 15 minutes (nor-
mals, —6.9 £9.1; type I diabetics, —27.8 = 27.2; type I
diabetics, —24.2 *23.1; F = 3,902, P = .0279). At neither
point in time were the values for the A% of PMN membrane
fluidity significantly different between normals and type I or I
diabetics.

Table 1. PMN Filtration Parameters and Membrane Fluidity
(expressed as TMA-DPH polarization degree) in Normal Subjects,
Type | Diabetics, and Type Il Diabetics at Baseline and After
Activation With PMA {mean = SD)

Parameter Baseline 5 Minutes 15 Minutes
Normals
IRFR 0.954 = 0.098 0.601 = 0.2841 0.589 = 0.2551
CP(x10%mL) 1.641 £ 0.768 8.134 = 1.728%1 9.075 £ 0.953t
TMA-DPH 0.324 = 0.026* 0.339 = 0.023 0.334 + 0.028

Type | diabetics
IRFR
CP (x10%/mL)
TMA-DPH
Type il diabetics
IRFR
CP (X 105/mL)
TMA-DPH

0.901 = 0.112
1.666 + 0.970
0.344 + 0.012*

0.918 + 0.099
1.662 + 0.570
0.355 + 0.032*

0.327 + 0.1791
7.003 = 1.56801
0.351 = 0.0071

0.351 = 0.205%
7.506 + 2.219t
0.349 + 0.024

0.250 = 0.1441
7.952 = 1.2571
0.356 * 0.0071

0.371 + 0.278%
8.132 + 2.188%1
0.352 + 0.027

*F = 6.830, P << .01 (T-way ANOVA).
TP < .001 vbaseline (Student’s ttest).
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Table 2. PMN Filtration Parameters and Membrane Fluidity
{expressed as TMA-DPH polarization degree) in Normal Subjects,
Type | Diabetics, and Type Ii Diabetics at Baseline and After

Activation With fMLP (mean + SD)

Parameter Baseline 5 Minutes 15 Minutes
Normals
IRFR 0.954 + 0.098 0.831 = 0.158* 0.877 = 0.101*
CP({x10%mL) 1.641 = 0.768 4.027 * 2.250* 3.538 + 1.873*
TMA-DPH 0.324 £ 0.026%8 0.334 = 0.026 0.326 + 0.035

Type | diabetics

IRFR 0.901 = 0.112 0.605 = 0.1661 0.629 + 0.215t

CP({X105mL) 1.666 = 0.970 3.981 * 1.695t 3.585 + 2.046t

TMA-DPH 0.344 = 0.0128 0.348 £ 0.010f 0.349 = 0.017%
Type ll diabetics

IRFR 0918 + 0.099 0.678 = 0.1661 0.690 + 0.224*

CP (x105mL) 1.552 + 0.570 3.975 + 1.8991 3.508 = 2.000%

TMA-DPH 0.355 + 0.032§ 0.354 +0.028 0.354 = 0.029

*P < .01 vbaseline (Student's ttest).
1P < .001 vbaseline (Student’s t test).
$P < .05 vbaseline (Student’s ttest).
§See Table 1.

DISCUSSION

In this study, in agreement with our previous results® and
those of MacRury et al,” PMN filtration parameters do not
distinguish normals from type I or II diabetics. We noted a slight
but significant difference in PMN membrane fluidity between
normals and type I and II diabetics. This agrees with the
observation by Kantar et al’ in evaluating PMN membrane
fluidity in type I diabetics, and contrasts with the observation by
Tong et al'® in examining MN leukocyte membrane fluidity in
type II diabetics.

In normals and type I and II diabetics, after chemotactic
activation with PMA and fMLP, a significant variation in PMN
filtration parameters was observed. This variation was present at
both 5 and 15 minutes in comparison to basal values. With
either stimulating agent, the change in the IRFR in type I and II
diabetics at both observation points was greater than in normals,
while the changes in CP in type I and II diabetics were not
statistically different from those present in normals. In this
study, the trend of PMN filtration after activation was different
from that previously noted by us (unpublished data) in type II
diabetics with macrovascular complications, in whom we found
a lower variation in CP after PMN activation with PMA versus
normals. Initially, this may have seemed attributable to the
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PMN metabolic abnormality present in diabetes mellitus,24-26
which is characterized principally by an inhibition of glycolysis,
secondary to reduced phosphofructokinase activity, an increase
of the hexosomonophosphate shunt, and intracellular sorbitol
accumulation. This observation does not confirm such a hypoth-
esis. It shows that the altered PMN metabolic pattern found in
diabetes mellitus, although leading to lower activation, ex-
pressed as a reduced chemiluminescence and superoxide anion
response,?’30 does not directly influence PMN flow properties.
These properties, after activation, seem especially dependent on
the f-actin/g-actin dynamic balance.’!32 In diabetics, after
activation, the depolymerization of f-actin to g-actin may be
slower than in normals, as hypothesized by Pecsvarady et al.6

In agreement with others®181%3334 who found a postactiva-
tion decrease of PMN membrane fluidity, we expected to find a
reduction of this parameter in normals and type I and II
diabetics. In type I diabetics, we indeed found a decrease in
PMN membrane fluidity, while no significant variation of this
microrheological parameter was observed in type IT diabetics
and normals. In this latter group, the data may be explained if
we consider that the standard deviation for the degree of
TMA-DPH polarization is greater than that observed in type I
diabetics, and thus, the increase found in normals during PMN
activation was not statistically significant.

After PMN activation with either of the chemoattractant
agents, the A% of PMN membrane fluidity was not statistically
different between normals and diabetics of either type, whereas
our results clearly show that in type I diabetics this microrheo-
logical determinant during activation with PMA and fMLP, in
comparison to baseline, significantly changes at 5 and 15
minutes. This trend may be the basis of a specific metabolic
pattern in PMNs of type I diabetics, which is revealed after in
vitro activation with both agents. This hypothesis may be
plausible, considering that in type I and II diabetics fasting
blood glucose and HbA | levels were similar.

Keeping in mind the relationship between leukocyte count
and insulin resistance in healthy men,*33% the relationship
between mononuclear leukocyte membrane fluidity and insulin
resistance in type II diabetics,'®¥7 and the influence of cell
membrane physical properties on insulin activity,® we believe
that further investigation of PMN rheology in diabetes mellitus,
both at baseline and after activation, is needed.
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