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Abstract. Individuals with hypertension, dyslipidemia or diabetes are at a
higher risk to suffer cardiovascular disease than other people; while impaired
fibrin structure/function may contribute to further raise the cardiovascular
risk in the former. The purpose of this work was to study the fibrin network
and fibrin degradation properties in hypertensive (HT) patients, pharmacolog-
ically treated, 124 = 11 mmHg, systolic blood pressure, and 70 = 10 mmlIg,
diastolic blood pressure, n = 12; metabolic dyslipidemic patients (DL), cho-
lesterol: 5.7 = 1.5 mmol/L, n = 10; patients with type 2 diabetes mellitus
(T2D), fasting plasma glucose: 8.8 = 2.2 mmol/L, n = 10; and a control
group of healthy individuals, n = 9. The fibrinogen concentration was deter-
mined by the gravimetric method. Fibrin network formation and porosity were
assessed by turbidity and permeation techniques, respectively; fibrin elastic
properties were evaluated by compaction and fibrin lysis, by turbidity after ad-
dition of external tPA prior to plasma clotting. Fibrinogen concentration was
significantly higher only in T2D patients (p = 0.004), compared to the con-
trol group. The fibrin polymerization and lysis processes were similar for all
patient and control groups. Permeation was significantly slower in DL and
T2D patients, p = 0.022 and 0.0002, respectively, whereas the compaction co-
efficient was significantly smaller in T2D patients, p = 0.0015. Our results
suggest that the fibrin structure was altered in DL and T2D patients, probably
due to the increased cholesterol and glycation, respectively.
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Resumen. Individuos hipertensos, con dislipidemia o diabetes tipo 2 tie-
nen un mayor riesgo de sufrir enfermedades cardiovasculares, y la alteracion
en la estructura/funciéon de la malla de fibrina aumenta su riesgo. El propési-
to del presente trabajo fue estudiar la estructura de la malla de fibrina y su
degradacion en pacientes hipertensos (HT), tratados farmacoldégicamente,
con una presion arterial sistélica de 124 = 11 mmHg y una presion arterial
diastélica de 70 £ 10 mmHg, n = 12; pacientes con dislipidemia metabélica
(DL), colesterol 5,7 = 1,5 mmoles/L, n = 10; pacientes con diabetes mellitus
tipo 2 (DT2), glicemia en ayunas: 8,8 * 2,2 mmoles/L, n = 10; y un grupo
control de individuos sanos, n = 9. Se determiné la concentraciéon de fibriné-
geno por el método de la pesada. La formacion de la malla de fibrina y su po-
rosidad fue estudiada mediante las técnicas de turbidimetria y permeabilidad,
respectivamente; las propiedades eldsticas por compactacion y la degradacion
de la fibrina por turbidimetria, afiadiendo externamente el activador tisular
del plasminégeno (tPA) antes de la coagulacion del plasma. Se encontré que
la concentracion de fibrin6geno fue significativamente mayor solamente en
los pacientes DT2 (p = 0,004), en comparacion con el grupo control. El pro-
ceso de polimerizacion y degradacion de la fibrina de los pacientes fue similar
a la del grupo control. La permeabilidad estuvo disminuida significativamente
en los pacientes DL y DT2, p = 0,022 and 0,0002, respectivamente, mientras
que la compactacion fue significativamente mayor solamente en los pacientes
DT2, p=0,0015. Nuestros resultados sugieren que la estructura de la malla de
fibrina estuvo alterada en los pacientes DL y DT2, probablemente debido al
aumento en los valores de colesterol y glicemia, respectivamente.
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INTRODUCTION

Several important factors have been
determined that may contribute to overall
cardiovascular risk. Among them, impaired
endothelial function leads to atherogenesis,
which is a local and systemic inflammatory
response that triggers plaque formation,
and eventually may end up in plaque fis-
sures or rupture and thrombus formation
(1, 2). In spite of the improved knowledge

of the atherosclerotic process, the predic-
tion of cardiovascular risk still relies mainly
on classical risk factors like hypertension,
hypercholesterolemia, diabetes, smoking,
advanced age and gender (3). Abnormali-
ties of the vessel walls, of hemostatic and
fibrinolytic factors, of platelets and of blood
flow, can precipitate and may explain most
of the thrombotic complications. The vas-
cular endothelium keeps blood fluidity,
modulates blood coagulation, promotes or
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prevents vascular growth, modulates inflam-
mation and regulates vasomotor tone (4).
The renin-angiotensin and the Kkallikrein-
kinin systems are powerful regulators of
these processes.

Hypertension,  hypercholesterolemia
and diabetes may initiate endothelial dam-
age. Essential hypertension is a heteroge-
neous disorder that develops most likely
due to several overlapping subsets of patho-
physiological mechanisms (5). Although hy-
pertension imposes increased pulsatile
stresss on blood vessels, the major compli-
cations in hypertensive patients are throm-
botic rather than hemorrhagic events (6).
Likewise, metabolic dyslipidemia is charac-
terized by high circulating triglycerides
(TG) and low HDL-cholesterol levels (4),
and it is tightly correlated with both hyper-
insulinemia, even in the absence of diabetes
(7), and with non-alcoholic fatty liver (8).
Type 2 diabetes and its preceding signals,
such as impaired glucose tolerance and syn-
drome of insulin resistance, are associated
with a highly increased risk of thrombosis.
Although the effects of traditional risk fac-
tors for atherosclerosis, like hypertension
and hypercholesterolemia are increased in
type 2 diabetes, these factors account for
only half of the observed increased risk for
cardiovascular disease (CVD) (9). Addi-
tional risk factors have been implicated,
such as alterations of fibrinolysis and coag-
ulation, secondary to insulin resistance
(10-12). Moreover, recently it has been
demonstrated that hyperinsulinemia inhib-
its fibrinolysis irrespective of glucose con-
centrations, whereas hyperglicemia stimu-
lates coagulation irrespective of insulin
concentrations (13). Fibrinogen is regarded
as an independent risk factor of cardiovas-
cular disease, and it happens to be a
marker of coagulation and inflammation,
and also influence fibrinolysis (14). It is
well known that clots formed at high
fibrinogen concentration show a peculiar

clot structure characterized by thin fibers,
reduced pore size and increased tensile
strength (15, 16); also, this clot structure
is degraded at a lower rate by plasmin, its
physiological enzyme (15).

The aim of the present study was to in-
vestigate the structure of in vitro fibrin
clots from patients diagnosed as hyperten-
sive, dyslipidemic or type 2 diabetes. The fi-
brin network formation and lysis was stud-
ied by turbidity, clot porosity by permeation
and their tensile strength by the compac-
tion technique.

MATERIALS AND METHODS

All  chemicals used were Analar®
Grade. Bovine thrombin was purchased
from Sigma Chemical Co. (St. Louis, Mis-
souri, USA). Trasylol was acquired from
Bayer (Germany), tissue-type plasminogen
activator (tPA) from American Diagnostica
(Greenwich, Connecticut, USA) and soya
lecithin ~ from  Now  Natural Foods
(Bloomingdale, Illinois, USA).

Subjects

Forty-one subjects were randomly se-
lected from the Internal Medicine, Diabe-
tes, Cardiology and Emergency Care units
of the Francisco Antonio Risquez Hospital,
Caracas, Venezuela, from January to July
2005. They were of the “mestizo” ethnic
type and only one caucassian (dyslipidem-
ic); black people were not included in this
study. Blood and urine analyses, electrocar-
diograms (ECG), chest RX, echocar-
diograms and ultrasonographies were per-
formed. Subjects were classified as hyper-
tensive-stage I (HT), blood pressure
<140/90 mmHg, treated with diuretic
drugs, angiotensin-converting enzyme in-
hibitors, f-blockers, angiotensin-receptor
blockers, calcium channel blockers, vasodi-
lators and others, n = 12. Patients with
metabolic dyslipidemia (DL) had LDL <2.6
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mmol/L, HDL <1.1 mmol/L and triglycer-
ides >1.7 mmol/L, without lipid lowering
therapy, normoglycemic and normotensives
(systolic BP 120 to 139 mmHg and/or dia-
stolic BP 80 to 89 mmHg), n = 10. Type 2
diabetes (T2D) patients with fasting plasma
glycemia less than 11.1 mmol/L, treated
with hypoglycemic agents or insulin, nor-
motensive and normal lipids profile, n =
10; and a control group of n = 9.

Subjects with microvascular complica-
tions (history of retinopathy, proteinuria/
microalbuminuria on analyses of urine sam-
ples provided at the time of recruitment)
and/or macrovascular complications (his-
tory of coronary artery disease, cerebro-
vascular disease or peripheral vascular dis-
ease, at recruitment), comorbidity with
other pathologies (thyroid, infections,
hematologic, hepatic), pregnant women, al-
coholic and smoking habits, were excluded.
None of the subjects were taking anticoagu-
lant (warfarin or heparin) or antiaggregant
medication (aspirin or clopidrogel).

All subjects signed an informed con-
sent and ethical approval was obtained from
the Ethics Committee of the Francisco An-
tonio Risquez Hospital.

Blood sampling

Fasting (12 hours) venous blood sam-
ples were drawn with minimal stasis, dis-
carding the first 3 mL of blood and col-
lected into 3.8% sodium citrate. The blood
was centrifuged at 1400 X g at 4°C for 20
min. Trasylol® was added to the separated
plasma at 200 units/mL, except to the
plasma to be used for fibrinolysis experi-
ments. Aliquots of plasma were kept at
—-80°C until further use. The various studies
were performed during the following 7 days
after blood samplings. Plasma fibrinogen
was quantified by means of the gravimetric
method of Ingram (17).

Polymerization

Plasma samples were diluted (1:10)
with Tris-buffered saline (TBS) (50 mM Tris,
0.15 M NaCl, pH 7.4) and clotted with a so-
lution of 0.6 units/mL of bovine thrombin
and 20 mM CaCl, (final concentrations). Fi-
brin polymerization was followed by turbid-
ity. The increase in optical density (OD) was
recorded at 350 nm every 15 sec for 15 min
in a Genesys 6 spectrophotometer, Spectro-
nic Instruments (Rochester, NY, USA). Fi-
brin polymerization curves were character-
ized by measuring three parameters: the lag
phase, the slope or the maximum rate of in-
crease in OD with time, and the final or
maximum turbidity. These parameters were
calculated from the averaged values of three
replicates.

Internal fibrinolysis

The procedure was essentially the
same as for fibrin polymerization with the
difference that 0.5 ug/mL of tPA was mixed
before adding the thrombin-CaCl, solution.
The change in OD was recorded at 350 nm
every 15 sec during 60 min or after the OD
reached a value close to zero. In order to
evaluate the internal fibrin lysis process,
two parameters were measured: the time
required to dissolve 50% of the clot (based
on the maximum turbidity reached) and the
rate of fibrin lysis, that is, the slope of the
lincar part of the descending limb of the
curve after the maximum turbidity. Three
replicates of each sample were performed.

Permeation

Permeation experiments were per-
formed essentially as described elsewhere
(18). Briefly, 100 pL of undiluted plasma
were mixed with a solution of 1 unit/mL of
bovine thrombin and 20 mM CaCl, (final
concentrations). The mixture was immedi-
ately transferred to a plastic column (inter-
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nal diameter: 0.2 cm). The columns were
left in a moist environment at room tem-
perature for two hours and then the top
part of the column was filled with TBS. The
clot was perfused with buffer, to wash out
plasma proteins that had not been incorpo-
rated into the formed clots, before starting
the flux measurements. The flux was calcu-
lated from the weight of the drops that per-
colated in a given time, which is equivalent
to the volume of a drop with a density of 1
¢g/mL (approximately the same as that of
water at room temperature). Six recordings
for each clot (three replicates of each sam-
ple) were taken.

Compaction

The compaction of fibrin has been in-
versely correlated to the Young’s modulus
of elasticity of the network and with the fi-
nal strength at the breaking point (19). Fi-
brin networks were prepared essentially as
described elsewhere (20), with some minor
modifications. Samples of 450 uL of
plasma were clotted with 50 wulL  of
thrombin-CaCl2 (1 unit/mL and 20 mM re-
spectively, final concentrations) in 1.5 mL
Eppendorf microcentrifuge tubes, previ-
ously coated with a solution of 20% leci-
thin in carbon tetrachloride to render the
surface non-adherent. The tubes were left
overnight at room temperature. Then,
clots were centrifuged at 12500 rpm in a
Beckman Microfuge 11 (USA) from 5 to 60
sec. The volume of the fluid expelled from
the network was measured with a 100 uL
Hamilton syringe and expressed as a per-
centage of the initial volume of the net-
work. Three replicates of each sample were
measured.

Statistical analyses

Regression analysis was performed be-
tween the results of polymerization (final
turbidity), fibrin degradation (50% of lysis),
permeation, compaction coefficient (at 60

sec) and age, BMI and gender. Since the
multiple correlation  coefficients  were
< 0.5, the means were not adjusted for age,
BMI and gender. Differences between the
mean values of the results of the various
measurements carried out on each group of
subjects were evaluated using the Mann-
Whitney U test. Spearman’s Correlation
Coefficient was used to evaluate the associ-
ation between fibrinogen concentration and
kinetic parameters of fibrin formation, and
between fibrinogen concentration, fibrin
lysis rate and the slope of the fibrin lysis
process. Statistical significant differences
were accepted at p<0.05.

RESULTS

Subjects characteristics

Of the subjects’s parameters evaluated
throughout the present study, the ages of
the DL and T2D patients were similar to
controls; however, HT patients were older
than controls. Fibrinogen concentration
was higher only in T2D patients (p<0.05).
Table 1T summarizes these features of the
studied subjects. Of the HT and DL patients
83% and 80%, respectively, were women.

Fibrin polymerization

The fibrin polymerization process,
evaluated measuring the lag phase, rate
and maximum turbidity, were similar in
the controls and the three groups of pa-
tients studied: HT, DL and T2D, p>0.05.
There was a great variability within the
subjects in each group, reflected by the
high standard deviation values. The high-
est final turbidity values were found in T2D
patients. These results are shown in
Table II. The correlation coefficient analy-
ses performed between the three parame-
ters of fibrin polymerization and fibrinogen
concentration, in patients and controls, re-
vealed that there was no association be-
tween these variables.
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TABLE I
GENERAL FEATURES OF CONTROL SUBJECTS AND HYPERTENSIVE (HT), DYSLIPIDEMIC (DL),
OR TYPE 2 DIABETIC PATIENTS (T2D)

Parameter Control HT DL T2D
Sex (M/F) 4/5 2/10 2/8 6/4
Age in years 50«8 62 £ 11 559 54 £ 12
(p = 0.0104)
Fg (¢/L) 3.02 = 0.49 3.84 £ 1.26 3.36 = 0.77 473 +1.83
(p = 0.004)
BMI (Kg/m?) 26 * 4 25+ 2 25 + 4 23 +2
Cholesterol (mmol/L) 45=*0.2 4.7 + 0.6 57x1.5 4.6 £ 0.6
Triglyceride (mmol/L) 0.9 = 0.02 1.2+04 1.9 +1.0 1.7+0.3
FPG (mmol/L) 44 +0.6 5.0 0.5 4.9 = 0.4 8.8 24
Systolic BP (mmHg) 119 = 13 124 = 11 115 = 11 116 = 11
Diastolic BP(mmHg) 70 + 10 74+ 8 68 + 11 71+9

BMI: Body mass index. FPG: Fasting plasma glucose.  BP: Blood pressure.  Data are given as means * SD.
The one-sided p-value is showed in brackets in those cases that the results were found statistically significant.

TABLE II
PLASMA FIBRIN POLYMERIZATION, FIBRINOLYSIS AND PERMEATION IN HYPERTENSIVE (HT),
DYSLIPIDEMIC (DL) OR TYPE 2 DIABETIC SUBJECTS (T2D), IN COMPARISON WITH CONTROLS

Control HT DL T2D
(n=9) (n=12) (n=10) (n=10)
Polymerization
Lag phase (scc) 60 = 80 100 = 74 83 = 56 113 = 54
Slope (AOD/sec) x 107 20=x1.5 1.6 14 1.3x1.5 2.6 =28
Maximum ¢ (OD units) 0.170 £ 0.091  0.122 £ 0.050 0.155 = 0.117  0.207 = 0.218
Fibrinolysis
50% Lysis(sec) 660 *= 312 1187 + 929 743 = 267 671 =340
Slope (AOD/sec) x 107 0.44 = 0.31 0.46 = 0.25 0.35 £ 0.26 0.11 = 0.12
Permeation
Flux (g/sec) x107* 2.6 £1.5 1.5+x1.1 1.6 £ 0.6 0.8+ 0.6
(p = 0.022) (p = 0.0002)

OD: optical density. Values are presented as means = SD. The one-sided p-value is showed in brackets in those
cases that the results were found statistically signficant.

Internal fibrinolysis

The fibrin lysis process was evaluated
by the calculation of the slope (in the linear
part of the OD decrease as a function of
time) and by the time required for 50% of

clot lysis. There were no differences be-
tween these two parameters when compar-
ing the patients with the control group.
The great variability between the subjects
in each group is reflected by the large stan-
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dard deviation values, as was the case for
the polymerization process. Although the
slope of fibrin lysis was diminished in T2D
patients compared to the other groups of
patients and controls, the difference was
not statistically significant. The results of
these tests are shown in Table II. The re-
sults of clot lysis of two of the DL patients
were not included in this Table, as their
times for 50% lysis surpassed 3600 sec.

When correlation analysis between the
50% of clot lysis, the rate of fibrin lysis and
fibrinogen concentration was performed, it
was found that only in HTA and T2D pa-
tients there was a positive correlation be-
tween those parameters.

Permeation

The porosity of the fibrin network was
quantified by measuring the rate of buffer
percolation through the clot. All the three
groups of patients showed diminished rates
in relation to the control group, but only in
DL and T2D patients, the differences were
statistically significant (p= 0.022 and
0.0002, respectively) in comparison with the
controls. These results are shown in Table 1I.

Compaction

The percentage of compaction, an indi-
rect measure of the grade of compressibility
of the fibrin network, related to the fibrin
network structure, was decreased, only in
T2D patients (p = 0.0015), from 10 sec up
to 60 sec follow-up time. In HT and DL pa-
tients, the compaction values were similar to
controls (Fig. 1). This means that the fibrin
networks of T2D patients were the most
rigid compared to the other groups.

DISCUSSION

The present study included patients
who had been diagnosed for hypertension
(HT), dyslipidemia (DL), or type 2 diabetes
mellitus (T2D) and a control group of
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Fig. 1. Compaction of fibrin networks at va-
rious centrifugation times. The bars re-
present means = SD and correspond to
controls (M), HT patients (//), DL pa-
tients (||) or T2D patients (=). *The
compaction values of T2D patients were
significantly lower (p<0.05) than those
of the other groups, over the range from
10 to 60 seconds.

healthy subjects, that were normotensive,
normoglycemic and showed normal lipidic
profiles (cholesterol and triglycerides less
than 5.13 mmol/L and 1.69 mmol/L, re-
spectively). The control group was tested as
a reference, in order to compare fibrin for-
mation, lysis and elastic properties. This is
the first time that the characteristics and
features of fibrin networks are examined in
hypertensive and/or dyslipidemic patients.
Even though this work was carried out us-
ing a small number of patients, it revealed
clearly that patients diagnosed for type 2
diabetes show unique features of the prop-
erties of their fibrin networks.

The group of patients with the highest
values of fibrinogen was the T2D. It ought
to be pointed out that despite diabetes pa-
tients were under pharmacological treat-
ment, fibrinogen levels did not normalize.
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Interestingly, it has been stated that
fibrinogen levels often are increased in dia-
betic patients, especially in those with vas-
cular complications or altered metabolic
control (21). Fibrinogen represents a reac-
tant of acute phases, showing a large in-
crease throughout inflammatory processes.
Hypertension, dyslipidemia and diabetes
may be regarded as conditions that induce
a chronic inflammatory state on the walls of
blood vessels (21, 22).

The process of formation of fibrin net-
work showed large individual differences
within all groups (both patients and con-
trols), as evidenced by the high values of
standard deviations. Although differences
were not statistically significant, polymer-
ization was faster in diabetic patients than
in the other groups or the controls, possibly
due to the increased fibrinogen levels in the
former.

Nair and collaborators (23) had al-
ready reported that in poorly controlled di-
abetic patients, with a mean glucose value
of 15 mmol/L, the mass/length ratio of fi-
brin (which is directly proportional to the
thickness of the fibrin fibers) and its per-
meability (a measure of the pore size of the
mesh) were diminished, while the tensile
strength of the fibers, as measured by com-
paction remained unchanged. On the other
hand, recent studies such as that of Pitiers
and collaborators (24), on type 2 diabetic
patients with average glucose levels of 14.6
mmol/L, did not detect differences in poly-
merization, permeability or fibrin network
compaction between those patients and
healthy controls. In our study, both the ten-
sile strength (measured by compaction)
and the permeability of fibrin from diabetic
patients were significantly decreased. Such
observed differences may be due to the se-
lection of the various groups or the con-
trols, or the chosen coagulation conditions
for each study.

Our findings revealed that the degra-
dation of the fibrin network was much
slower, though not significantly so, in the
DL and T2D patients than in the other
groups; also, in two of the DL patients the
dissolution process was so slow, that their
data were not included in the Results. A re-
cent work by Dunn et al. (25) in which they
evaluated the lysis process starting with pu-
rified fibrinogen, in 150 subjects with type
2 diabetes has shown that the disaggre-
gation of the fibrin mesh was significantly
slower in those patients. It must be pointed
out that fibrin fibers formed from plasma
samples are two to three times thicker than
the purified ones (26) and hence, their lysis
may be much faster than that of fibrin net-
works formed from purified fibrinogen. Var-
ious studies, both in vivo and in vitro, have
shown that high blood glucose levels induce
the  non-enzymatic  glycosilation  of
fibrinogen in the lysine residues (27-29)
and that this population of glycosilated
fibrinogen molecules is responsible for the
structural alterations and resistance to lysis
of the fibrin network of diabetic patients
(30). These parameters tend to show larger
alterations in these patients when the blood
glucose levels are not thoroughly controlled
(31). Therefore, it seems likely that if our
diabetic patients had not been on hypo-
glycemic treatment, such differences would
have emerged more clearly. The available
literature does not mention comparable
studies using dyslipidemic patients such as
those examined by us. It is known that lipo-
protein (a), due to its structural resem-
blance of plasminogen, competes with it for
the linkage to the lysine residues exposed
on fibrin (32, 33); thus, a slower lysis of the
fibrin network of such patients is to be ex-
pected. Furthermore, the high lipid content
reduced the pore size of the fibrin network,
reflected in the diminished permeation val-
ues.
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The way that fibrin is build up deter-
mines its structure, and fibrinolysis speed is
related to fibrin structure (34). Further-
more, the fibrin elastic properties are both
related to fibrin structure and fibrin
cross-linking by activated factor XIII (35). If
fibrin structure is altered in such an extent
that affects the fibrinolytic process, in addi-
tion to an altered endothelium phenotype,
the occlusion of the blood vessel is more
probable and the reestablishment of the
vessel patency slower.

To conclude, the present work con-
firms others studies that indicated that the
fibrin network structure is less porous in
type 2 diabetic patients than in other peo-
ple. Moreover, our findings also revealed
that the tensile strength of the network in-
creases in these patients, whereas in the hy-
pertensive or the dyslipidemic ones is not
significantly altered in relation to healthy
controls. It may well be that by choosing
patients with higher cholesterol or triglyc-
erides levels, further differences can be de-
tected in comparison with otherwise health-
y and normolipemic individuals.
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