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Abstract —rapid cure reactions, low energy demands, solvent free requirements and room temperature use are the advantages of photo polymeri-
zation methods compared to thermal techniques. In order to form macromer, tannin polycaprolactone (TPCL) was cross-linked via ultra violet power
with 2-isocyanatoethyl methacrylate. Different methods of characterization was carried out estimation of swelling capacity, adhesive capacity (using
aminated substrates), surface energy (by contact angle), and attenuated total reflectance Fourier transform infrared. In addi tion to these experiments,
we carried out dynamical mechanical thermal analysis, thermogravimetry and thermo- rphology of TPCL. Thus, one has concluded that the prepared
macromer could be transformed into membranes, which were effective as medical adhesive.The degree of cross-linking has been estimated using
two different techniques: Swelling of the samples and photo cross-linking of the samples with different periods of irradiation at relatively high UV-
power (600mW/cm2). Then, we have prepared films of polymer nano-composite (PNC) of poly [vinylidene-fluoride] (PVDF) and bismuth vanadate
(BiVO4) nanoparticles. The electro-active phases were detected, and the addition of BiVO4 drastically increases the formation of the a-phase. Addi-
tion of BiVO4 produces up to 98% of electro-active phases. Robust electrostatic interactions arise between charges at the BiVO4-surfaces, and dif-
ferences in electron affinity between CH2 and CF2 groups created dielectric dipoles. The AC-electrical permittivity showed that the dielectric constant
of 10%wt- BiVO4 nanoparticles in PVDF has a value 44 €0, which is four times more than the dielectric constant of the as-prepared PVDF films.
These data show the importance of these polymers as easy, flexible, and durable energy storage materials.

Index Terms—Biopolymers, adhesive, tannin poly carprolacton, isocyanate functional groups.

1 INTRODUCTION

s a technique to fill out different injuries, topical skin
adhesives guarantee speed, less trauma and less pain.
That is why they can do without anesthesia and the problem
of stitch removal is eliminated. Bio-adhesives also have the
advantage of bringing excellent cosmetic results. In addition,
these adhesives are used as delivery frame works that would
be further engineered for delayed, localized release of medica-
tions, such as pain treatment drugs, antibiotics or chemothe-
rapy. We can use them as mediums for growth factors [1-5]
and actual cell lines for healing in tissues such as cartilage that
heal poorly [6, 7]. Surgical adhesives control requirements of
majority of clinical requirements. Two sides of the tissue must
be held to- gether, for as long as necessary before being re-
duced to suitable bio-products [8]. In addition, an adhesive
would make it possible to administer effective treat- ment in
any environment. Fibrin-based adhesives are now the

o S Abdalla’and Reem Al-wafi Department of Physics, Faculty of Science,
King Abdulaziz University Jeddah, P.O. Box 80203, Jeddah 21589, Saudi
Arabia

o A. Pizzi®?Department Industrial Chemistry ENSTIB-LERMAB, Uni-
versity of Lorraine, Epinal, France, Tel: (+33) (0) 329296117, (+33)(0)
329296138

e Maryam A. Al-Ghamdi*3Department of Biochemistry, Faculty of
Science, King Abdulaziz University Jeddah, P.O. Box 80203, Jeddah
21589, Saudi Arabia

most commonly used in the medical commu- nity [9, 10] along
with cyanoacrylates [11, 12]. Several problems are presented
by the fibrin based adhe- sives, e.g. immunogenicity and risk
of blood transmission diseases, including the human immu-
nodefi- ciency virus and the bovine spongiform encephalopa-
thy. On the other hand, to produce formaldehyde, there have
been reports of cyanoacrylates degrading in hydrous envi-
ronment those results in potential cancer or at least sores. No-
wadays, there are other options becoming available, with ure-
thane-based adhesives becoming quite promising for this ap-
plication, among the synthetic materials.

2 Experimental
2.1 Methods

We have diethyl ether, tannin poly-caprolactone (TPCL) with
hydroxyl-end functionalized diol, and 2- isocyanatoethyl me-
thacrylate (IEMA) from Sigma-Aldrich and Merck (Germany).
We got human plasma in the fresh frozen state from the KAU-
University Hospital. Their frozen state was maintained until
we were ready to put them to use. Then, in polypropylene
tubes, we collected venous blood (from rabbit) with a 9:1
blood acid citrate dextrose (ACD) solution ratio and made use
of them as soon as we collected them; we dented these sam-
ples of blood ACD-RB.
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2.2 Preparation of samples

Using IEMA and diethyl ether as solvent, we modifyed hy-
droxyl end functionalized TPCL diol to synthesize TPCL ma-
cromers containing urethane groups. The percentage of iso-
cyanate group (NCO) to hydroxyl groups used was 2:1. The
choice of (C2Hs5)-O-(C2Hs) as solvent was for its relatively
high volatility. Taken account the refluxing of solvent-material
and using N as general environmental ambience (without
atmospheric air); we performed the reaction by stirring the
two materials in a typical special glass- flask. Then at 40°, we
put the flask in a H,O-bath.
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Fig. 1. Before ultraviolet irradiation, the spectrum of attenuated total ref-
lectance Fourier transform infrared spectroscopy due to poly carprolacton
(TPCL) adjusted with 2-isocyanatoethyl methacrylate in liquid phase.

C. The formation of urethane groups has been attained using
attenuated total reflection infrared spectroscopy (ATR-FTIR)
technique. After 24 h of biochemical reaction the totality of
isocyanate functional groups with the formula R-N=C=0O
had completely reacted with the TPCL hydroxyl groups. Us-
ing a Buck scientific Spectrometer Magma-IR, we recorded
spectra on an average of 128 samples with an ex- cellent reso-
lution of about 4 cm.

2.3 Ultra violet irradiation for cross-linked systems

999

formation

Using photo cross-linking with ultraviolet technique, we
prepared the cross-linked networks; then with a 0.04 molar-
solution of the IEMA we added the photo-initiator to the ma-
cromer; this was happening while the glass flask was kept in
the H20O-bathat 60°C. Keeping the mixture with continuous
stirring, we waited until all Irgacure 2959 material was dis-
solved. We removed the resultant solution from the H20- ba-
thand had it irradiated by using a UV lamp (Model UVGL-48,
Multiband UV, from Mineral light Lamp) for 60 s. After this
period, we obtained a membrane.

2.4 Capacity of H,O-sorption

Under suitable environmental conditions (e.g. good vacuum
conditions), we primarily dried 3 samples compound till they
attain unchanged mass (W) at 60°C. We then set these three
samples in a suitable vessel with a saturated solution of Cu-
SO4: 5H20 then recorded their mass at several times to
achieve a maximum weight (Wg4); one can estimate the swel-
ling ratio as [13]:

. . W, -wW
SwellingRatio(%) = | ———2 [x100%
Wd
1)
2.5 Estimation of adhesive capacity: Effect of sub-

strate

To assess the adhering capacity of the macromer, we sand-
wiched it (as a solution) between two gelatin sheets of di-
mensions 1.5 x3 with overlap in 1 cm in which we placed the
adhesive. The final dimension of the glued gelatin films was
1.5 x 5 cm in total.
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Fig. 2: Sequences of the different reactions, which, lead to the formation
of the membrane.

We used ultra violet radiation to treat them using the same
conditions as early described by different authors. By this
technique, we succeeded to attach the substrates with films.
We then subjected the gelatin sheets to the pullout testing
where the pulling velocity was 20 mm/ minutes and we es-
tablished the distance between the probes at 1 cm. We carried
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out the assays at room temperature. The apparatus and the
software program reported the force as a function of corres-
ponding length. Finally, when gelatin sheets fractured or
their separation increased the test got its end. In addition, we
performed a negative control test by carrying out the same
experimental test with gelatin sheet without any treatment
(1.5 x5 cm). The distance between the probes was 1 cmf and
the pulling velocity was established at 20 mm/minutes. We
carried out the assays at room temperature. The apparatus
and the software program registered the length and force
variation. The separation of gelatin sheets or any fracture on
them will put off the adhesion tests. We also subjected a gela-
tin sheet with no treatment (1.5 x5 cm) to play the role of
standard negative reference.

2.6 Morphology of samples: SEM-examination

We performed the analyses in a scanning microscope JSM-
5310 from Jeol (MA-USA). Different magnifications were tak-
en to get a better view of the surfaces morphology and differ-
ent cross sections of the membranes. These membranes were
placed on carbon stripe, which carefully wrapped with Cu-
thin film to permit good vision of cross-linked systems. Just
the cross section claimed, we used liquid CO2 to cool the
membranes, which were ready to be fractured.

2.7 Plasma degeneration

For a period 6 weeks, we carried out bioself- elimination stu-
dies in human plasma. After well vacuum-drying of mem-
branes, their weights were reported and they were carefully
put in glass tube. Then we added 1 mL of plasma to each
membrane and incubated the glass tubes at 37° C. After re-
moving three samples from plasma, we used vacuum drying
with carful cleaning once more. The weight variations were
reported at definite terms: 2 days, 1, 2, 4 and 6 weeks. In or-
der to get clear situation, one of the three samples was re-
tained attached for more scanning electron microscopy test.

2.8 Surface properties
The fact that surface energy (SE) is an important parameter
affecting polymers adhesion, material wetta- bility and even
biocompatibility is widely acknowledged [25]. The measure-
ment of contact angles is deemed the most convenient tech-
nique for the determination of the surface free energy of solid
samples. This method relies on the determination of the inte-
ractions between liquids with well-determined surface ten-
sions and the solid sample of interest. Owens, Wendt, Rabel
and Kaelble, maintain that one can divide the interfacial ten-
sion in two components: dispersive interactions and polar
interactions [27]. Polar interactions bring about Coulomb in-
teractions between permanent dipoles and the ones between
permanent and induced dipoles. The interactions caused by
time fluctuations of the charge distribution within the mole-
cules are known as dispersive interactions. In the course of
this work, we evaluated surface energies of the crosslinked
polymer and a gelatin sheet by static contact angle (0) mea-
surements in an OCA 20 from data physics to make a com-
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parison between them and the published data concerning
skin and blood. We carried out the necessary tests on the air-
facing surfaces of the samples with different sol- vents such
as H>O, H-C=0O-NH,, HO-CH,CH,2-OH and, HO-CH (CH3)
CH;-OH with the sessile technique. We performed nine mea-
surements on different points to calculate the mean static con-
tact angle 0 and its standard deviation. We determined the
dispersive (yS) P and polar (yS) ¥ components of the urethane
in addition to the one of the gelatin layers in line with the
Owens-Wendt-Rabel and Kaelble relationship [28]. However,
before application of photo irradiation the adhesive should be
in the liquid form. Therefore, using the Young-Laplace me-
thod, we estimated the surface tension of the liquid adhesive
with the same apparatus used during surface energy estima-
tion. By applying this technique, we carried out the experi-
mental data by analyzing the situation of an adhesive tinny
portion or (hanged-drop) in direct touch with air through
time. Using Imai and Nose’s gravimetric method [29], we
estimated the rate of thrombus formation on 3 specimens of
the membrane area. Thus, we, first, used anticoagulated
ACD-RB. Then, one prepared this sample wheny putting 1
mL of acid citrate dextrose solution to 9 mL of pure blood.
The membranes were immersed in PBS solution at the stan-
dard environmental conditions (humidity and temperature-
37°C) before performing the tests.
After 48 h of incubation, the PBS was removed and the ACD-
RB was placed in contact with the surface of the polymers
and with an empty Petri dish acting as a positive control. We
initiated blood-clotting tests by adding 0.02 mL of a 0.10 M
calcium chloride solution and stopped them after 45 minutes
by the addition of 5 mL of water. We fixed the resultant clots
with 5 mL of a 36% formaldehyde solution and thendried
them with tissue paper before finally weighting them.
We followed the prescriptions of the American Society for
Testing and Materials (ASTM, 2000) in performing the hae-
molysis tests. 7 mL of PBS have been added to 3 specimens of
area 21 cm?2 in polypropylene test tubes.
After 3-incubation-days, we replaced the PBS by one mL of
ACD-RB of concentration 9mg/ml, here we totally took off
PBS and put the ACD-RB instead. Then, we set positive and
negative reference samples when putting the equal quantity
of ACD-RB to 7 mL of PBS and H2O. For half hours, we twice
inverted each of the three tubes so it can keep approach with
ACD-RB and the material. After completing the in- cubation
process, we centrifuged the samples for half hour at 2000
rpm. Using a spectrophotometer, UV/ visible (Jasco V-550),
we estimated the rate of hemoglo- bin released by haemoly-
sis. This was completed us- ing optical densities (OD) tech-
niques. Then, we calculated the percentage of haemolysis:

W, —W,

d

SwellingRatio(%) = ( jxlOO%

@)
2.9 Estimation of adhesive capacity: Effect of substrate

To assess the adhering capacity of the macromer, we sand-
wiched it (as a solution) between two gelatin sheets of di-
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mensions 1.5 x3 with overlap in 1 cm in which we placed the
adhesive. The final dimension of the glued gelatin films was
1.5 x 5 cm in total. We used ultra violet radiation to treat
them using the same conditions as early described by differ-
ent authors [14- 17]. By this technique, we succeeded to attach
the substrates with films. We, then, subjected the gelatin
sheets to the pullout testing [18, 19] where the pulling veloci-
ty was 20 mm/minutes, and we established the distance be-
tween the probes at 1 cm. We carried out the assays at room
temperature. The apparatus and the software program re-
ported the force as a function of corresponding length. Final-
ly, when gelatin sheets fractured or their separation increased
the test got its end. In addition, we performed a negative con-
trol test by carrying out the same experimental test with gela-
tin sheet without any treatment (1.5 x5 cm).

The distance between the probes was 1 cmf and the pulling
velocity was established at 20 mm/minutes. We carried out
the assays at room temperature. The apparatus and the soft-
ware program registered the length and force variation. The
separation of gelatin sheets or any fracture on them will put
off the adhesion tests. We also subjected a gelatin sheet with
no treatment (1.5 x5 cm) to play the role of standard negative
reference.

3 Results and Discussions

Reaction between polycaprolactone and its hydroxyl deriv-
atives yields a macromere with 2- isocyanatoethyl methacry-
late. The creation of urethane groups is the essential feature of
this reaction.

In order to be sure that the carbon double bonds ter- minate
the urethanes-compound, a mixture of NCO (2)/ OH (1)
groups was used. Illustration on figure 1 shows the presence
of bands at 3378 cm—1 (N-H hy- drogen-bonded stretching)
and at1525 cm—-1 (C-N stretching and N-H bending come di-
rectly from ure- thane group).

The functional groups NCO that asses the isocyanate chemi-
cally-interact immediately with all the OH- groups in TPCL.
This is because we did not observe the presence of the OH
groups (3492cm-—1) in the macromere spectra. Observations
of bands at 1637 and 814cm-1 show that carbon double
bonds in the TPCL under test are confirmed. Ultra violet pho-
toinitiator (Irgacure 2959) was used in order to cross- link the
macromere as shown in the scheme of the reactions (figure 2).
Figure 3 illustrates ATR-FTIR spectrum of the TPCL-IEMA
samples. The non- attendance of the carbon double bond is
the principal difference shown between the ATR-FTIR carried
out before and after the ultra violet irradiation. In addition,
we observed that this absence occurs when irradiating with a
period at least one minute UV- irradiation.

3.1 Capacity of H20O-sorption

Using polymers in different medical applications is a real fact
where the swelling capacity of the polymer example, if a po-
lymer placed in vivo, high swelling values will be obtained
leading to different side effects as compression of vascular
structures. This will lead in turn to some effects as inefficient
cicatrisation or different types of infections. We obtained rela-
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tively low swelling ratios that rise to about 3.21%.

3.2 Estimation of adhesive capacity: Effect of sub-
strate

When sandwiching an adhesive between two gelatin sheets,
the binding capacity could be determined with irradiation for
1 minute and subjecting to binding strength examination.
Here, one can use a sol sample of gelatin as control. The frac-
ture happened at 79 Newton for control gelatin and 70.7
Newton for adhesive gelatin. This means that the urethane
was effectively binding the two sheets regardless the glued
part. We observed no elongation and the maximum force
fractured the control gelatin layer. Control gela- tin showed
minor mechanical resistance to compressive loads from 0% to
70% strain. At larger strains (70-95%), loads up to 5 g/mm?2
were recorded, with a mean fracture load of 4.771.1 g/mm?2.
However, the samples were stiffer at lower strains than con-
trol gelatin and significantly stronger with a mean fracture
load of 28.873.9 g/mm?2 at strains ranging from 60% to 85%.
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Figure 3: After ultraviolet irradiation, attenuated total reflectance Fourier
transform infrared spectroscopy due to the cross-linked poly carprolacton
(TPCL) with 2- isocyanatoethyl methacrylate in liquid phase.
One can examine the morphology of the samples with nearly
no loss of image tolerance through the analy- sis. We got dif-
ferent magnification SEM images as shown in figures 4 a-
and b. As seen from figure 4, uniform porous structure was
detected. This was confirmed when reducing the magnifica-
tion power which is clearly shown in figure 4-a.

3.3 Morphology of SEM-
examination

One can examine the morphology of the samples with nearly

no loss of image tolerance through the analysis. We got dif-

ferent magnification SEM images as shown in figures 4 a- and

b. As seen from figure 4, uniform porous structure was de-

tected. This was confirmed when reducing the magnification

power, which is clearly shown in figure 4-a.

samples:

Useful information on the thermal and mechanical properties
was obtained using DMTA technique [20].
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Figure 4: Two different magnifications of the formed-membrane illu-
strated by scanning electron microscope: (A) magnification750 x; and (B)
magnification3500x

The gelatin will be deformed if a sinusoidal mechanical load
affect on it, on the same time temperature is under controlled
and programmable software. Different authors have used the
analysis in the constrain layer damping mode with sufficient
accuracy [20-23]; we follow this technique with different fre-
quencies as shown in figures 5 and 6. These figures illustrate
the unmodified TPCL and the cross-linked mac romere re-
spectively. At 210.7 K (-62.3°C) one can notice the presence
of peak which is sensitive to the applied frequency (figure 5).

This peak was attributed to Tg. Another peak, on the same
figure 5 is shown at 262.4K (-10.6°C) but this second is insen-
sitive for frequency and is attributed to the crystallization.

The present results are in harmony with previously pub-
lished data [24- 25]. In addition, a tinny inflexion was de-
tected at 323 K (50 °C) (figure 5) which could be attributed to
the phase change of several crystal- line zones of the TPCL.
Figurate 6 shows a net peak at 233 K (-40 °C) that is sensitive
to frequency variations. Thus, this peak is attributed to the
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glass transition point T. To estimate the activation energy for
alpha relaxation, we used the well known Arrhenius equa-

AH
ion: Inf=|—|(@3
tion: (3) In (RT )( )

Here f is the frequency of analysis, R is the gas constant, AH
is the activation energy and T temperature in Kelvin. Noting
that the activation energy AH for TPCL is 42 kJmol-1 which is
by far lower than AH for the synthesized compound which is
124.4 k] mol-'. Figure 7 illustrates the TGA behavior of the
membrane produced by photo-cross-linking and the TPCL-
IEMA in liquid conditions.

The reduction of mass-weight loss (WL) of the samples with-
out any UV-irradiation happens in two distinct levels where
the former initiates at once without any delay after 303 K (30
°C) which is nearly the melting temperature of the solvent,
while the second one happens nearly at 513 K (240 °C) and
could correspond to volatilization. The melting temperature
of the IEMA is about 484 K (211 °C) but there are no any peak
at or around this point which indicates the absence of any
unreacted isocyanate.
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Figure 5: Measurement of the glass transition tem- perature using dy-
namic mechanical thermal analysis (DMTA) for poly carprolacton (TPCL).
Tangent delta is illustrated as a function of temperature in °C. Measure-
ments were taken at 1, 5, 10 Hz.

The first WL at 303 K (30 °C) is confirmed by the presence of
some transitions for the liquid polymer detected by TGA
measurements of the membrane (TPCL-IEMA). Also, the
WL is better seen in liquid polymer compared to the mem-
brane which shows a second WL at about 599 K (226 °C).
These evidences permit us to get a conclusion that com-
pounds with similar thermal stability could be prepared by
using the phot-irradiation technique. Nevertheless, at 787 K
(514 °C), the polymer is totally degraded and the membrane
keep without melting until 873 K (600°C). This gives a net
conclusion of increased thermal stability. This is important
because when considering our material for biological or/and
medical use, it is evidently safe to be used at normal human
body temperature 310 K (37 °C) and the compound is ther-
mally stable.
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3.4 Plasma self-elimination

Figure 8 shows the WL as a function of time and one can see
that bioself-elimination in human plasma follows a logarith-
mic behavior in this variation which means that WL happens
more importantly through the first periods (days) of incuba-
tion. We found that 0.6 of the total WL was found after two
days of plasma incubation. Moreover, the sample itself lost
0.104 of its initial weight after 6 weeks. This WL occurs in-
itially due to self-elimination due to several bioreactions
without any enzymes. In fact, this is a direct result of the sen-
sibility of the C-O-(CH3) bond towards addition of H>O mo-
lecules to substance [26, 27].

3.5 Surface properties

The surface energy yS of an adhesive is an essential parame-
ter to determine the quality of its function. yS should be less
than or at least equal to the surface energy of an adherent,
which is a necessary condition to fulfill good adhesion [8, 28-
30]. The present work aims essentially to estimate how good
the adhesive would spread all over bleeding surface (if poss-
ible) and in particular over the human leather or over the
base of gelatin. For skin, the threshold values of y8 lies in the
range 38 mNm-1 < AES < 56 mNm-1 depending on skin-
humidity and temperature[31]; while the surface tension of
blood is about 55.89 mNm-1 [32].

In addition, the surface tension of the PLC-IEAM was found
to be 33.51mNm-1. 5 of gelatin was found about 44.24
mNm-1 with a dispersive component (yS)D 5.0 mNm-1
and polar component (yS)P 39.24 mNm-. For cross-linked
polymer: yS 40.77 mNm-1 (yS)P 6.76 mNm-" and (yS)* 34.01
mNm-1.

One can notice that yS for gelatin, skin and blood are stronger
than the surface tension of adhesive. Conse- quently, the ad-
hesive forces will be stronger than the intermolecular forces,
which will facilitate the spreading of the liquid adhesive. Us-
ing gravimetric techniques, we have estimated the rate of
production of thrombus on the surface of the obtained layer.
The experimental data show that for the membrane, surface
test the rate was 0.03 and it rises up to 0.038 for the blood
clots. This means that the cured adhesive has thermbogenic
behavior. We did not found an important difference between
the two types of thrombus: One formed over control glass
and the other formed over the film itself. In fact, this is due to
the surface energy of urethanes because proteins are ad-
sorbed immediately and irreversibly at the surface of mate-
rials with high surface energy [33, 34].

If one considers that coagulation is formed from consecutive
steps; the first one will be the protein adhesion followed by
the thrombus formation [35] where the films have thrombo-
genic behavior. This is of some medical importance because
adhesives can be applied in bleeding situations and this ma-
terial would be developed in order to not only to initiate coa-
gulation but also to stop bleeding.

Figure 10 shows values of haemolysis index of the samples,
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which are in direct contact and they did not undergo any
chemical-extractions and samples in direct contact incubated
in PBS and of the PBS. Under different conditions, the haemo-
lytic index was estimated from contact of the films with Acid-
citrate- dextrose blood. The rates of haemolysis for several
samples distributing according to American Society for Test-
ing and Materials Standards C756-00 ASTM 2000 as follows:
Non- haemolytic with haemolysis rate between 0 up to 2;
slightly haemolytic with haemolysis rate between 2 up to 5
and haemolytic with haemolysis rate more than 5. Standard
Practices for Assessment of Haemolytic Properties of Mate-
rials (USA). Light haemolytic occurs when direct contact
takes place. However, the values of haemolysis de- crease
when extraction with PBS was carried out. These low values
are caused by products which were rinsed by PBS and not by
the urethane. Although there is no standard universal level of
acceptable (or non-acceptable) values of haemolysis, precise
estimation of tiny amounts of plasma haemoglobin could be
estimated by haemolysis test, which can provide significant
screening test. One should take care when using several med-
ical devices that would lead to haemolysis. In addition, we
have to be aware about what we will take, as medical interest
is greater than the potential risks including that the rates of
haemolysis lies in the safe range.

4 CONCLUSION

When adjusting hydroxyl-end functionalized TPCL diol with
isocyanatoethyl methacrylate, we have prepared macromer
with urethane as the effective group in PLC. The prepared
macromer is transformed into membranes which was effec-
tive as adhesive and it has homogeneous morphology Ex-
perimental data with DMTA and ATR-FTIR have confirmed
the creation of material through the given reaction. The ob-
tained macromers have suffered ultra violet irradiations,
which leads to membranes formation. The obtained adhe-
sive was effective with homogeneous morphology. The
weight loss in the samples correlated with bioself-elimination
reached about 10% after 6weeks. Indirect contact and extrac-
tion with PBS solution eliminated the haemolysis within ac-
ceptable and safe ranges.
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