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ABSTRACT

Platelets and leucocytes are important participants in the response of the body to
small diameter vascular grafts implanted into the arterial circulation. A sensitive and
quick method for measuring platelet and leucocyte deposition contributes to material
evaluation. With a newly developed fluorescence labeling method we examined the
deposition of platelets and leucocytes onto vascular grafts in vitro.

Human platelets and leucocytes were isolated and labeled with the fluorescence label
Europium trichloride(EuCl3). After reconstitution of the labeled cells in plasma their
functionality appeared intact and competitive with unlabeled cells. Eu-labeled plate-
lets or leucocytes were then incubated with expanded polytetrafluoroethylene (ePTFE),
Dacron and polyurethane (PU) vascular grafts in autologous plasma. ß-thromboglobin
and thromboxane release from platelets and ß-glucuronidase release from leucocytes
during the incubation experiments were measured. Platelets and leucocytes depos-
ited significantly less onto ePTFE compared to Dacron and polyurethane (p<0.01).

Our results are in accordance with results of in vivo studies using radio-active label-
ing to study platelet and leucocyte deposition. However, a new finding was that this
reduced cell deposition may in part be due to possible toxic effects of ePTFE, shown
by increased haemolysis and ß-thromboglobin release.
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INTRODUCTION

Implantation of small diameter synthetic
vascular grafts into the arterial circulation
initiates a wound response which often
leads to graft failure1,2. The consequence
of the high incidence of synthetic vascu-
lar graft failure is that this type of graft is
the last choice for arterial
revascularisation procedures1. However
autologous graft material which is usu-
ally preferred because of its lesser wound
response is not always available. There-
fore, research for graft material with lesser
wound response is necessary to improve
the patency of synthetic grafts, offering a
good alternative for revascularisation.

Chronologically the wound response
starts with an immediate postgrafting re-
sponse later followed by intimal hyper-
plasia 1,2,3.  The postgrafting response can
arbitrary be divided in a thrombogenic and
inflammatory reaction resulting in depo-
sition and activation of platelets and
leucocytes onto the luminal graft surface.
The deposition of platelets and leucocytes
with release of the procoagulants are in
part responsible for early graft stenosis
and thrombosis. Release of mitogens from
the activated platelets and leucocytes may
serve as an initial source for the smooth
muscle proliferation leading to intimal
hyperplasia 1,2,4.
In vitro assaying of these early parameters
of vascular graft response may assist in
the evaluation of wound response of novel
vascular graft materials before embark-

ing in costly in vivo animal studies re-
quiring special surgical skills.
In this study an in vitro method to label
platelets and leucocytes is introduced.
This type of labeling is a modification of
a method decribed by Blomberg and col-
leagues using the Europium probe and a
membrane linking chemical 5.  The use
of membrane linking chemicals may de-
crease the cell functions as well. There-
fore, our method is based on trapping
Europium ions into the platelets and
leucocytes, without the usage of mem-
brane linking substances. The purpose of
this study was to evaluate the deposition
of platelets and leucocytes labeled with a
fluorescence label Europium onto vascu-
lar grafts in vitro, concomitant with re-
lease of products from these cells.

MATERIALS  AND METHODS

The synthetic grafts tested included rein-
forced expanded polytetrafluoroethylene
graft  (Gore-Tex®, W.L. Gore & Associ-
ates, Inc Flagstaff, Arizona, lot number
110467CA-016) and Dacron graft
(Cardial®, lot number 81LE011E, Bard,
Inc, Billerica, MA). Polyurethane was
obtained from Erikson (Alkmaar, the
Netherlands). The vascular  grafts were cut
to obtain discs with a diameter of 5 mm.
Blood was drawn from five healthy vol-
unteers by vena puncture and mixed with
sodium citrate (0.32%, final concentra-
tion).
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Platelet isolation and labeling with
Europium

Citrated blood obtained from five human
donors was used to prepare platelet rich
plasma (PRP) by centrifugation at 95 RCF
for 15 minutes. Platelets were isolated
from PRP by gelfiltration on Sepharose
CL2B (Pharmacia, Uppsala, Sweden) in
saline. The isolated platelets were sub-
jected to hypotonic shock ; platelets were
mixed with 1/30 volume 20 µM Europium
trichloride (Fluka Chemie AG, Buchs,
Switzerland) and 1/2 volume
demineralised water.  During hypotonic
shock platelets are swollen in a controlled
way by reducing the osmotic pressure in
the medium6. With water molecules, Eu-
ropium ions are transported and entrapped
in the cytoplasma or membrane of the
platelets. The platelet solution was diluted
10 times in order to dilute the free Eu-
ropium label as much as possible. After
centrifugation at 250 RCF for 10 minutes,
the supernatant containing free EuCl3 was
carefully discarded and the labeled plate-
lets were resuspended in 10% autologous
plasma.  To assess the amount of label per
platelet, simultaneous measurements of
the platelet number in a defined volume
of gel filtrated platelets and the amount of
fluorescence in a similar volume were
made.

Platelet deposition onto graft
material

Twelve well titer plates (Greiner,

Frickenhausen, Germany) were used for
platelet deposition experiments. Each well
was filled with 1 ml  10% autologous
plasma and contained three discs of each
graft material. As a standard procedure
500 µl of Europium labeled platelets were
added to the wells and incubated for 2
hours at room temperature on a shaker.
During the incubation the discs were kept
below air-liquid interface. After the incu-
bation the plasma was aspirated from each
well with simultaneous replacement by
saline without any air-material contact to
avoid platelet deposition or release caused
by the washing procedure. Finally the
graft material was transported to a new
clean well. The discs were thereafter in-
cubated for 10 minutes with 1 ml enhance-
ment solution (enhancement of fluores-
cence, LKB-Delfia, Wallac Türkü, Fin-
land). Enhancement solution causes the
lysis of the deposited platelets and release
of the entrapped EuCl3. Three samples of
190 µl of lysate were transferred to count-
ing strips. The amount of Europium was
measured in the lysate using the Delfia
method (Arcus,Wallac Türkü, Finland)16.
Platelet deposition experiments were per-
formed 5 times, each time with blood of
a different donor.

Aggregation of Europium labeled
platelets

From 5 donors additional blood was taken
to investigate the functionality of Eu-
ropium labeled platelets by means of ag-
gregation. Platelets were isolated and a
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part of the isolated platelets were labeled
with the fluorescence probe Europium as
described above.  To investigate the Eu-
ropium labeled platelet aggregation prop-
erties we compared the von Willebrand
Factor and glycoprotein(Gp) Ib receptor
dependent aggregation and the
GpIIbGpIIIa fibrinogen dependent aggre-
gation of PRP, gelfiltrated and Europium
labeled platelets by using respectively
ristocetin and polybrene as aggregation
agonists.

The final concentration ristocetin(Sigma,
St. Louis, Mo) was 1.5 mg/ ml. The final
concentration of polybrene (Sigma, St.
Louis, Mo) was 0.83 mg/ ml. The record-
ing of the aggrega-bility was derived from
light transmission measurements
(Chronolog, Havertown , MI). For each
sample the maximal aggregation of 90%
was determined as the amount of light
transmitted through the sample of back
round plasma without platelets and base
aggre-gation of 10% was determined as
the amount of light transmitted through
the platelet suspension. The aggregation
rate was determined by the aggregation
capacity recorded during the first minutes
after addition of ristocetin or polybrene.
In the aggregation experiments the plate-
let count was kept between 100 and
180x109 platelets per liter.

Competition of Europium labeled
platelets versus gelfiltrated
platelets

The functionality of Europium labeled
platelets was further studied by examing
the competition of Europium labeled
gelfiltrated platelets and unlabeled
gelfiltrated platelets on depositio n onto
the three materials. In a separate series of
experiments the three graft materials were
incubated with Europium labeled plate-
lets and a same concentration and volume
of unlabeled gelfiltrated platelets. The
competition experiments were performed
5 times, each time with blood of a differ-
ent donor.

Platelet release products

Whole citrated blood was incubated with
or without the vascular graft material for
2 hours at room temperature. After addi-
tion of indomethacin, the blood  was cen-
trifuged at 1100 RCF for 12 minutes to
obtain platelet poor plasma. In this plasma
the concentrations of thromboxane B2
(EIA, Cayman Chemical Company,  Ann
Arbor, Michigan, USA) and ß-
Thromboglobulin  (RIA, Kodak Clinical
Diagnostics LTD, Amersham, UK) were
determined. The data obtained from the
incubations without biomaterials was sub-
tracted from the data with materials. The
platelet release products experiments
were performed 5 times, each time with
blood of a different donor.

Leucocyte isolation and labeling
with Europium

Blood was obtained from five donors.
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Whole citrated blood was gently mixed
with a same volume of Dextran 200 solu-
tion. Dextran 200 solution was made of
Dextran 200 (Serva, Heidelberg, Ger-
many) dissolved in saline in a concentra-
tion of 60 mg/ ml. After gently mixing
the blood with Dextran 200 solution was
left for 60 minutes at room temperature,
whereafter the mixture was separated into
two phases containing a pellet of red blood
cells and a supernatant with leucocytes.
The supernatant including the buffy coat
was pipetted off and centrifuged for 30
seconds at 6,500 rpm in a micro centri-
fuge. Thereafter 10 µl EuCl3 was added
and mixed with the leucocyte pellet. One
ml hypotonic solution was added and in-
cubated for 10 minutes. The hypotonic
solution consisted of 8.32 g/L NH4Cl and
0.84 g/L NaHCO3.  The suspension was
centrifuged for 30 seconds at 6,500 rpm.
The supernatant containing the free EuCl3
label was carefully discarded. The ob-
tained Eu-labeled leucocyte pelllet was
resuspended in 1 ml 10% autologous
plasma. Leucocyte count and fluorescence
count in same volumes were made to ob-
tain the fluorescence count per leucocyte.

Leucocyte deposition onto
vascular graft materials

The Europium labeled leucocytes were
incubated with the different graft materi-
als as described in detail by the platelet
deposition experiments. Also the rinsing
and fluorescence counting procedures
were similar. The leucocyte depostion ex-

periments were performed 5 times, each
time using blood of a different donor.
Leucocyte release products

Plasma ß-glucuronidase was determined
as a parameter of leucocyte
degranulation.Whole citrated blood was
incubated with or without the vascular
graft materials for 2 hours at room tem-
perature. After addition of indomethacin,
the blood was centrifuged at 1100 RCF
for 12 minutes to obtain platelet poor
plasma. For the measuring of plasma ß-
glucuronidase the following suspensions
were prepared. Suspension A was made
of 0.1 M NaAc-HAc buffer, pH=4.5.
Suspension B consisted of 40 mM
nitrophenyl-ß-glucuronid, suspension C
contained 0.2 M glycine with 0.2% SDS
pH=11.7. Twenty-five microliter suspen-
sion A was pipetted in the wells of a mi-
cro titerplate, one for the sample and one
for the control. Twelve microliter of sus-
pension B was pipetted in the wells for
the sample. Twelve microliter saline was
added to the wells for the control. Twenty-
five microliter of the plasma sample was
then pipetted into the wells for the sample
and for the control. After 2 hours incuba-
tion at 37°C in a waterbath, 200 µl of sus-
pension C was added to the wells, fol-
lowed by 15 minutes incubation at room
temperature. With a spectrophotometer
(Microplate Reader, Biorad) the extinc-
tion of the samples was read at 420 nm.
The extinction values are expressed as ar-
bitrary units (AU). The data obtained from
the incubations without biomaterials was
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subtracted from the data with materials.
Free plasma haemoglobin
The free plasma haemoglobin after incu-
bation in whole citrated blood was deter-
mined using the method decribed by
Harboe7. Briefly,  20 µl of plasma sample
was added to 180 µl Na2CO3 (0.01%).
After incubation for 30 minutes at room
temperature the optical density (OD) was
measured at 380 nm, 405 nm, 450 nm,
540 nm. The haemoglobin concentration
was calculated using the formula of
Harboe. Formula: ((2xOD405-(OD380 +
OD450))/1.655) x (110/50) x (10/4.8).

Scanning Electron Microscopy

We performed scanning electron micros-
copy of additional platelet and leucocyte
deposition experiments (n=3) onto bioma-
terial to compare the visual viability of
deposited unlabeled platelets or
leucocytes versus their Europium labeled
counterparts from the same isolate. For
scanning electron microscopy, the bioma-
terial samples after incubation  in 10% au-
tologous plasma were washed for 30 sec-
onds with 6.8% sucrose v/v in 0.1M ca-
codylate buffered saline solution at pH
7.4.

Hereafter the samples were fixated in 2%
glutaraldehyde in 0.1M cacodylate buff-
ered saline solution at pH 7.4 for 48 hours.
Postfixation was performed with 1%
OsO4 in PBS at 4°C for 3 hours, followed
by dehydration in ethanol series. After
critical point drying with CO2, the

samples were sputtercoated with gold and
examined with FEG-SEM Scanning elec-
tron microscopy at 1,5 kV (Jeol 6301 F,
Japan).

Statistical Analysis

All data are expressed as mean ± stan-
dard error of the mean. A two tailed,
paired Student’s t-test was used to deter-
mine statistical significance between the
platelet deposition with or without com-
petition of gel filtrated platelets.
Comparisons of platelet and leucocyte
deposition and release products between
the different graft materials were made
with a one way analysis of variance
(ANOVA). The PRP, gelfiltrated platelets,
and Europium labeled platelets aggrega-
tion responses were compared by using
ANOVA. P value of 0 .05 or less was re-
garded as statistically significant between
the graft materials.

RESULTS

Platelets

Platelet binding experiments (n=5) to the
vascular graft materials was assessed by
counting the fluorescence label associated
with platelets.  Free Europium label bind-
ing did not exceed 0.3% of the total ad-
ministered free label. The calculated num-
ber of labeled platelets deposited onto
ePTFE was significantly less compared
to Dacron. Platelet deposition onto ePTFE
was 17157 ± 4734 platelets/ cm2 (mean ±
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SEM), whereas platelet deposition onto
Dacron vascular material was intermedi-
ate at 140483 ± 35441platelets/ cm2

(p<0.01). Platelets deposition onto poly-
urethane was 69735 ± 22728 platelets/
cm2 and did not show significant differ-
ence with the vascular graft materials.

In 5 separate experiments batch of labeled
platelets was compared with a batch con-
sisting of labeled platelets plus unlabeled
platelets with a similar platelet count. In
this way the functionality of the Europium
labeled platelets could further be investi-
gated by competition for binding to the
surface.

Platelet deposition onto Dacron was sig-
nificantly decreased with 53% (p<0.05).
Platelet deposition onto ePTFE and poly-

Figure 1
During platelet competition experiments (n=5) Europium labeled platelets competiting with a same
concentration and volume of unlabeled platelets (black bars) was compared with Europium platelets
only (white bars). Values represent mean ± SEM.
Europium labeled platelets were as functional as unlabeled platelets since unlabeled platelets reduced
the label deposition with approximately a half in the competition experiments.

urethane was reduced respectively with
57% and 50% (Figure 1).
After platelet deposition, the aggregation
capacity of the Europium labeled plate-
lets was investigated. In five experiments
polybrene aggregation experiments were
performed. The maximum aggregation
percentage of PRP, gelfiltrated and Eu-
ropium labeled platelets in these experi-
ments were respectively 51.5± 2.6%,
49.5±5.4% and 39.0±3.1% (p=NS). The
slope or initial aggregation percentage per
minute for respectively PRP, gelfiltrated
and Europium labeled platelets were
18.5±4.6%/ min, 14.0±4.5%/ min and
11.8±2.8%/ min (p=NS). The lag time in
these experiments were for PRP,
gelfiltrated platelets and Europium la-
beled platelets respectively 22.5±4.8 sec,
25.0±5.9 sec, 26±3.8 (p=NS).
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Ristocetin aggregation experiments were
performed with blood of 5 different do-
nors. The maximum aggregation percent-
age of PRP, gelfiltrated and Europium la-
beled platelets in these experiments were
respectively 61.0± 4.8%, 54.0±2.5% and
52.8±7.2% (p=NS). The slope or initial
aggregation percentage per minute were
for PRP, gelfiltrated and Europium la-
beled platelets were respectively
19.4±4.4%/ min, 11.2±0.8%/ min and
10.2±1.2%/ min (p=NS). The initial ag-
gregation/ minute of PRP was signifi-
cantly higher than the initial aggregation/
minute of Europium labeled platelets
(p<0.005). The other initial aggregation/
minute responses were not statistical dif-
ferent. The lag time in these experiments
were for PRP, gelfiltrated platelets and

Figure 2
Assessment of Europium labeled platelets viability by in vitro aggregation in response to polybrene.
Changes in aggregation response of platelet rich plasma (left curve), gelfiltrated platelets (middle curve)
and Europium labeled platelets (right curve) were measured using an aggregometer. This representative
example indicates that gelfiltration and Europium labeling had slight effect on platelet function as as-
sessed by aggregometry.
The lower number of platelets in the Europium group partly explains the 20% lower maximum aggrega-
tion response.

Europium labeled platelets respectively
20.0±6.1 sec, 27.0±5.6  sec, 29.0±4.8 sec
(p=NS).Representative polybrene-in-
duced aggregation curves are shown in
Figure 2.
After whole blood incubation the platelet
release products, ß-thromboglobulin and
thromboxane B2 were determined. ß-
thromboglobulin concentrations, indicat-
ing release from platelets, were high in
ePTFE 1455 ± 272 ng/ml and in polyure-
thane experiments 1245 ± 217 ng/ml com-
pared to Dacron 895 ± 420 ng/ml. How-
ever, there were no significant differences
in the release of ß-thromboglobulin be-
tween the materials.
Thromboxane B2 production during two
hours incubation of whole citrated blood
to any vascular graft biomaterial was in-
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creased compared to baseline. This in-
crease of thromboxane B2 release was for
ePTFE 632 ± 51 pg /ml, Dacron 649 ±69
pg /ml and polyurethane 654 ± 67 pg /ml.

Leucocytes
Expanded PTFE (n=5) bound 324 ± 92
leucocytes / cm2, this was significantly
lower than leucocyte deposition onto
Dacron (n=6) which was 1289 ± 223
leucocytes/ cm2 (p<0.01). Polyurethane
(n=6) bound 726 ± 145 leucocytes / cm2

(Figure 3). After whole blood incubation
the ß-glucuronidase in the plasma frac-
tion was used as an index for leucocyte
degranulation. There were no marked dif-
ferences in ß-glucuronidase release be-
tween the biomaterials.

Figure 3
Leucocyte deposition experiments (n=5) demonstrated that leucocyte deposition on Goretex was sig-
nificantly lower compared to Dacron graft material (*p<0.01). Values represent mean ± SEM.

Erythrocytes
Free plasma haemoglobin was measured
to assess haemolysis during incubation.
Haemolysis is a parameter of the bioma-
terial toxicity. It was noticed that in all
ePTFE incubation experiments extensive
haemolysis occurred. The free plasma
haemoglobin concentration in ePTFE ex-
periments (1.43 ± 0.14 g/L) was signifi-
cantly higher than in Dacron (0.08 ±0.04
g/L) and polyurethane incubation experi-
ments (0.01 ± .02 g/L) (p<0.01) (Figure
4).

Scanning electron microscopy

The SEM pictures showed that Europium
labeled platelets or leucocytes are as vi-
able as their unlabeled counterparts. Fig-
ure 5a showes a Europium labeled granu-
locyte adhering with pseudopodia onto
polyurethane. Figure 5b and 5c show vi-
tal Europium labeled platelets deposited
onto Dacron.
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DISCUSSION

Despite all efforts to improve the
biocompatibility of small diameter syn-
thetic vascular grafts the clinical outcome
thusfar has been disappointing1,4. The re-
sponse of the body to small diameter syn-
thetic vascular grafts consists of an im-
mediate postgrafting response later fol-
lowed by intimal hyperplasia 1,2,3. Both
platelets and leucocytes play an important
role in the short outcome and possibily
participate in the mid-term outcome of the
synthetic vascular graft after implantation
1.
In this study a new method is presented to
improve our knowledge about platelet and
leucocyte deposition onto synthetic vas-
cular graft materials. In our method plate-
lets and leucocytes were labeled with a
fluorescence label. During hypotonic
shock the isolated platelets and leucocytes

Figure 4
Free plasma haemoglobin concentrations generated in experiments (n=5) with Goretex material were
markedly higher than with Dacron or polyurethane (*p<0.01). Values represent mean ± SEM.

are swollen in a controled way. Hypotonic
shock is an established way to control
platelet function 6.  Since the Europium
labeled platelets and leucocytes were still
capable of binding to vascular graft ma-
terials it is likely that the platelets and
leucocytes have kept their functionality
after the labeling procedure. To test the
functionality of Europium labeled plate-
lets further aggregation and competition
tests were included to proof that the la-
beled platelets could be considered as
metabolic active platelets. Labeled plate-
lets appeared competitive with unlabeled
platelets. Also the aggregation capacity of
Europium labeled platelets remained.
Scanning electron microscopy underlined
the morphologic viability of Europium la-
beled platelets and leucocytes.
In the search for improvement of vascu-
lar graft biocompatibility different mod-
els have been developed to study plate-
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let-vascular graft interactions.  The
quantative models used radio-active
markers to study platelet deposition. In
vitro models used the isotope Chromium-
51 as a platelet label 8. Also that model
studied platelet deposition onto
biomaterials under static conditions,
which predicted the thrombogenicity of
different coated materials.
That method, however, required large vol-
umes of blood for platelet labeling. The

Figure 5a
Scanning electron microscopy picture showes viable Europium labeled leucocytes.
The granulocytes adhere onto Dacron with pseudopdes and interact with each other. Granula are still
present inside the cell. Original magnification x 5,000. Bar denotes 1µm.
Figure 5b
Large Europium labeled platelet aggregates and fibrin deposits were seen after incubation with Dacron.
Original magnification x 750. Bar denotes 10µm.
Figure 5c
Detail SEM picture showing a Europium labeled platelet adhering onto a flattend platelet and interact-
ing with pseudopodia with fibrin strands. Original magnification x 15,000. Bar denotes 1µm.

introduction of Indium-111 as platelet la-
bel has greatly facilitated the in vivo study
of the dynamic interactions between plate-
lets and synthetic vascular grafts 9.
However, also the handling of Indium-111
is limited because of its radioactivity and
the need for special precautions. By
means of Indium labeling platelet depo-
sition onto ePTFE was shown signifi-
cantly less compared to Dacron.
Our results for platelet deposition paral-

A B

C
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lel those observed previously for platelet
deposition in vivo 10. In synthetic vascu-
lar graft research much attention has been
given to activation of coagulation and
platelets 1. However, also leucocytes may
play a crucial role in both the immediate
postgrafting response as in the anasto-
motic intimal hyperplasia.  Leucocytes
may contribute to the thrombogenic re-
sponse with the release of tissue factor
expression and platelet stimuli as throm-
boxane and platelet activating factor 11.
Furthermore it is postulated that
leucocytes may serve as an primary
source for smooth muscle cell prolifera-
tion after vascular graft implantation 1. In
our opinion extra biochemical analyses
from isolated platelets or leucocyte re-
lease products will not add more crucial
information to this manuscript. This opin-
ion is strenghted by our latest biomate-
rial-blood interaction results demonstrat-
ing that surface analysis particularly adds
to in vitro biomaterial-blood evaluation
17. Both granulocytes and monocytes par-
ticipate in the wound response of vascu-
lar grafts after transplantation into the
human body. Granulocytes participate in
the wound response of vascular grafts
immediately after graft implantation.
Leucocytes are capable of producing oxy-
gen free radicals causing endothelial in-
jury at the anastomotic sides. Oxygen free
radicals shortens the half life of nitric
oxide which plays a central role in the
blood vessel dilatation. This further ex-
posure of perianastomotic subendothelial
matrix will allow increased platelet and

leucocyte activation as well as stimula-
tion of the intimal hyperplasia 12. Studies
of leucocyte deposition onto vascular
grafts thusfar have used qualitative as well
as quantitative techniques to examine
early granulocyte adherence 13,14.
Our results are in accordance with these
findings, namely a lesser leucocyte depo-
sition onto ePTFE than onto Dacron vas-
cular  graft material. This observation was
further supported by the reduced expres-
sion of leucocyte adhesion molecules in
the presence of ePTFE as compared to
Dacron15. In contrast with the deposition
results the release of ß-thromboglobin in
the ePTFE experiments was not lower
compared to Dacron.  ß-thromboglobin is
an index for platelet degranulation of for
example smooth muscle cell mitogens as
platelet derived growth factor. It was also
noticed that the free plasma haemoglobin
concentration was remarkable higher for
ePTFE material than for Dacron. Free
plasma haemoglobin is a parameter for
biomaterial toxicity. Possible toxicity of
the used ePTFE vascular graft material
may in part account for the low leucocyte
and platelet deposition observed on
ePTFE biomaterial in these experiments.
In summary, in this article we introduced
a new in vitro approach to study platelet
and leucocyte deposition onto synthetic
vascular grafts. Since adhered platelets
and leucocytes are involved in the orga-
nization and healing of synthetic vascu-
lar grafts, initial platelet and leucocyte in-
teraction with the graft may have short
and long term patency implications.
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This model of platelet and leucocyte depo-
sition under static conditions is the first
step in our studies to investigate the use-
fulness of this non hazardous label. Stud-

ies to investigate the deposition of Eu-
ropium labeled platelets and leucocytes
in circulating blood in vitro and in vivo
conditions are underway.

References

1. Esquivel  OC, Blaisdell FW. Why small caliber vascular grafts fail: A review of clinical and
experimental experience and the significance of the interaction of blood at the interface. J
Surg Res 1986; 41: 1-15.

2. Zacharias, R.K., Kirkman, T.R. and Clowes, A.W. Mechanisms of healing in synthetic
grafts. J Vasc Surg 1987; 6: 429-36.

3. Echave, V., Koornick, A.R., Haimov, M., and Jacobson, J.H. Intimal hyperplasia as a
complication of the use of the polytetrafluoroethylene graft for femoral-popliteal bypass.
Surgery 1986; 79: 791-8.

4. Reidy, MA. Factors controlling smooth muscle cell proliferation. Arch Pathol Lab Med
1992; 116: 1276-80.

5. Blomberg, K., Granberg, C., Hemmiliä,I.,  Lövgren, T. Europium-labeled target cells in an
assay of natural killer cell activity. A novel non radio-active method based on time-resolved
fluorescence. J Immunol Meth  1986; 86: 225-29.

6. Kim, B.K., Baldini, M.G. The platelet response to hypothonic shock: Its value as an indicator
of platelet viability after storage. Transfusion  1974; 14: 130-8.

7. Harboe, M. A method for determination of haemoglobin in plasma by near UV
spectrophotometry. Scand Clin Lab Invest 1959 ;11: 66-70.

8. Ito,Y., Sisido,M., Imanishi,Y. Platelet adhesion onto protein-coated and uncoated
polyetherurethaneurea having tetriary amino groups in the substituents and its derivatives.
J Biomed Mater Res  1989; 23: 191-206.

9. Dewanjee, M.K, Rao, S.A., and Didisheim, P. Indium-111 tropolone, a new high affinity
platelet label: Preparation and evaluation parameters. J Nucl Med 1981; 22:  981-7.

10. Allen, B.T., Sicard, G.A., Welch, M.J., et al. Platelet deposition on vascular grafts. Ann
Surg  1986; 203: 318-28.

11. Edwards, R.L., Rickles, F.R. The role of leucocytes in the activation of blood coagulation.
Seminars in Hematology  1992; 29: 202-12.

12. Greisler, H.P. The role of the macrophage in intimal hyperplasia. J Vasc Surg 1989; 10:
566-68.

13. Stewart, G.J., Lynch, P.R., Reichle, R.A., et al. The adhesion of leucocytes, erythrocytes
and noncellular material to the luminal surface of natural and artificial blood vessels in
vivo. In L. Vroman and E.F. Leonard (Eds). The behavior of blood and its components at
interfaces. Ann NY Acad Sci  1977;283:179-207.



55

Fluorescence labeling to study platelet and leucocyte deposition

14. Pärsson, H., Jundzill,W. Jonung, W., et al. The adhesion of labelled neutrophils on synthetic
vascular grafts. Eur J Vasc Surg 1993;7: 257-62.

15. Swartbol P, Truedsson L, Pärsson H, Norgren L. Surface adhesion molecule expression on
human blood cells induced by vascular graft materials in vitro. J Biomed Mater Res 1996;
32: 669-676.

16. Dahlén P. Detection of biotinylated DNA probes by using Eu-labeled streptavidin and
time-resolved fluorometry. Anal Biochem  1987; 164: 78-83.

17. van Oeveren W ,  Schoen P,  Maijers CA et al. Hemocompatibility of Stents. Progr Biomed
Res  1999; 4: 17-23.



56




