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We have developed a novel biodegradable matrix that has unusual cell adhesion and antithrombogenic properties.
The prepared biodegradable matrix was alkali-treated collagen (AlCol) cross-linked with citric acid derivative
(CAD), named as AICetCAD. The swelling ratio of AICot-CAD decreased with increasing CAD concentration,

but with a further increase of the CAD concentration, the swelling ratio of AKGAD also began to increase;

this behavior showed a point where the swelling ratio reached a minimum value before increasing. The highest
shrinkage states of 7.5%, 15%, and 30% (w/v) in AKCGIAD were observed at CAD concentrations of 10, 20,

and 40 mM, respectively, and moreover, the residual amino groups in AICAD were found to decrease with
increasing CAD concentration. On the other hand, increases in carboxyl groups of 7.5% and 15% (w/v) #n AlCol
CAD were found at CAD concentrations higher than 10 and 20 mM, respectively, whereas, at CAD concentrations
from 10 to 40 mM, no significant change of the carboxyl groups was observed in 30% (w/v)-AG2dD.

Human umbilical vein endothelial cell (HUVEC) adhesion on 15% (w/v) AKOBRAD increased with increasing

CAD concentration up to 20 mM and then slightly decreased. In the case of 30% (w/v)-AB2d, the number

of adhered HUVECSs on AICelCAD increased with increasing CAD concentration. Furthermore, it was observed
that HUVECs had excellent cell proliferation on 15% (w/v) AIE&@AD at CAD concentrations of 20 and 40

mM, after incubation for 7 days. No thrombus formation was observed on 15% (w/v) AICAD at CAD
concentrations above 20 mM. These results suggested that the 15% (w/v}-&IBDI at CAD concentrations

above 20 mM has both HUVEC adhesion and antithrombogenic properties.

1. Introduction albumin exhibited high bonding strength and excellent biocom-
patibility in vivo.10.11.14.15

Recently, drug—eluting stents with biOdegradable or nonbio- In the present Study’ we focused on the deve|0pment of a
degradable matrixes such as poly(lactamee-caprolactone);? novel biodegradable matrix that has antithrombogenic and cell
phosphorylicholing, poly(n-butyl methacrylate}, and poly- adhesion properties; the study was part of our ongoing research
(dimethylsiloxanef,which act as drug reservoirs and elute drugs on matrixes for drug-eluting stents. Using alkali-treated collagen
over a period of several weeks or months, have been developeda|Col) and CAD (AlCol-CAD), several matrices were pre-
and applied in the biomedical field. These stents support vesselspared with various cross-linking densities. We then evaluated
against elastic recoil, which helps in the release of drugs to the physicochemical properties such as the swelling ratio,
preVent thrombus formation, inﬂammation, or endothelial cell residual amino groups, and Carboxy| groups of the resu|ting
adhesiorf:” However, after the drug elutes from the matrixes, A|Col—CAD to clarify the influence of thrombus formation and
the residual matrices lead to complications such as exaggerate@ell adhesion. Furthermore, cell adhesion and proliferation and
inflammatory response, thrombus formation, and prevention of antithrombogenic properties of AIGeICAD were investigated

endothelialization at the implant sit@ Therefore, it is necessary and Compared with those of ate|oco||agen (AtC0|) ge] and
to develop a novel biodegradable matrix with an antithrombo- gjutaraldehyde (GA)-treated AlCol (AICEIGA).
genic property that can promote endothelial cell adhesion after

drug elution.
In our previous study, we developed a novel cross-linker, 2. Experimental Section
citric acid derivative (CAD), with three active ester groups to
prepare biopolymer gel matricé%:13 It was shown that CAD 2.1. Materials. AlCol and AtCol derived from pig’s tissues were

can cross-link biopolymers such as collagen and gelatin andprovided by Nitta Gelatin Inc. (Osaka, Japan). AlCol, whose isoelectoric
exhibits excellent cytocompatibility as compared to com- Pointis 5, has carboxyl groups generated by the hydrolysis of residual
mercially available cross-linkers such as glutaraldeHydé. amide groups that exist in asparagine and glutamine of AtCol. Citric

Furthermore, a tissue adhesive consisting of CAD and collagen/acid, N-hydroxysuccinimide (HOSu), tetrahydrofuran (THF), 2,4,6-
trinitrobenzenesulfonic acid (TNBS), disodium hydrogen phosphate,

sodium hydrogen phosphate, toluidine blue-O, dimethyl sulfoxide
(DMSO0), ethanoltert-butyl alcohol, HCI, acetic acid, 2-[4-(2-hydroxy-
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from Kokusan Chemical Co., Ltd. (Tokyo, Japan). All other chemicals
were used without further purification.

2.2. Preparation of CAD. CAD was prepared by methods previously
reported-t~13 Briefly, citric acid was first dissolved in THF, and then
HOSu and DCC were added. The resulting mixture was stirred for 30
min; it was then concentrated with rotary evaporation under a reduced
pressure to remove THF. The final mixture was recrystallized to yield
pure CAD.

2.3. Preparation of AlCol—CAD, AtCol Gel, and AlCol—GA.
AlCol was first dissolved in DMSO to obtain 7.5%, 15%, and 30%
(w/v) solutions. CAD solutions were added to these AlCol solutions
so that the final CAD concentration varied from 5 to 40 mM. These
AlCol mixture solutions were then stirred and put into a mold with a
1 mm thick silicone rubber spacer between two glass plates for 24 h at
37 °C. The AICoCAD was subsequently immersed in excess pure
water for 48 h at 37°C to remove DMSO from the AICetCAD
matrices. On the other hand, AtCol gel was prepared by mixing 0.3%
(w/v) AtCol, 10 M phosphate-buffered saline (PBS) (pH 7.4), and
NaOH-HEPES buffer solution. Furthermore, GA was added to 15%
(w/v) AlCol solution so that the final GA concentration was 20 mM.
The resulting AICotCAD, AtCol gels, and AICot-GA were punched
out 10 mm in diameter for the evaluation of antithrombogenic and cell
adhesion and proliferation properties.

2.4. Characterization of AlCol-CAD. The equilibrium-swollen
state of AICo-CAD was weighed and freeze-dried-a#0 °C for 24
h and then at-10 °C for 24 h. The swelling ratio of AICetCAD was
determined using the following equation:

swelling ratio= (W, — Wy)/W,

whereW, andW; are the weights of the immersed and dried matrices.

Determination of residual amino groups in AIC&CAD was carried
out by a spectrophotometric method using TNB3. 1 mL sample of
4% NaHCQ and 1 mL of 0.1% TNBS were then added to Al€ol
CAD followed by incubation fo2 h at 37°C. A 3 mL sample of 6 N
HCI was subsequently added followed by autoclavingid at 120
°C to hydrolyze the matrices. The mixed solutions were spectropho-
tometrically measured at 340 nm using a microplate reader (GENios
A-5082, Tecan Japan, Japan).

On the other hand, carboxyl groups in AIE&LAD at different CAD
concentrations were estimated by staining them with toluidine blue-
0. The AICo—CAD was then stained with % 104 M toluidine
blue-O in NaHC@NaCO; buffer solution (pH 10) for 3 h. The stained
AlCol—CAD was subsequently rinsed three times with NaHO@,-

CQ; buffer solution (pH 10). The toluidine blue-O in the matrixes was
extracted with 50% (v/v) acetic acid solution. The spectrophotometric
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Figure 1. Swelling ratio of 7.5% (w/v) (®), 15% (w/v) (2), and 30%
(w/v) (@) AICol—CAD at different CAD concentrations. Error bars
represent standard deviations (n = 3).
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The observation of the HUVECs on each matrix was performed with
SEM (JSM-5600LV, Jeol, Japan).

2.6. Antithrombogenic Activity Test in Vitro . The antithrombo-
genic activity test was carried out by methods reported elsevhéte:
AlCol—CAD, AtCol gel, and AICo+-GA (all 15% (w/v)) were
preincubated in 0.1 M PBS for 24 h. The AICECAD, AtCol gel,
and AlCoHGA were placed in 5 mL sample tubes and contacted with
1.0 mL of rat arterial blood. After incubation for 30 min, these matrices
were rinsed three times with 0.1 M PBS (pH 7.4) and fixed with 10%
formalin solution for 7 days. These matrices were fixed with 10%
formalin solution and subjected to a critical point drying procedure for
SEM observation.

2.7. Statistical Analysis The results are expressed as the mgan
standard deviation (SD). The data were analyzed using Microsoft
Excel's statistical function for one-way ANOVA. Al values were
compared to am value of 0.05 to determine significance.

3. Results

3.1. Effect of the Cross-Linker Concentration on the
Swelling Ratio of AICol—-CAD. Figure 1 shows the swelling
ratio of 7.5%, 15%, and 30% (w/v) AICeICADs at different
CAD concentrations. The swelling ratio of AICeCAD was
found to decrease with CAD concentration increasing up to 10,
20, and 40 mM, respectively. In the case of 7.5% and 15% (w/
v) AlCol—CAD, the swelling ratio began to increase signifi-
cantly when the CAD concentration continued to increase

measurement of the extracts was carried out at 633 nm using thebeyond the points 10 and 20 mM, respectively. No A€ol

microplate reader.

2.5. Culture of HUVECSs on AlCol—CAD, AtCol Gel, and AlCol —
GA. Using AICo—CAD, AtCol gel, and AlCot-GA, HUVEC adhesion
and proliferation behaviors were evaluated. HUVECs were cultured in
endothelial cell basal medium containing 2% fetal bovine serum,
hydrocortisone, fibroblast growth factor-B, heparin, vascular endothelial
growth factor, insulin-like growth factor-1, ascorbic acid, human
epidermal growth factor, and gentamicin following the vendor’s protocol
(Cambrex). AlICot-CAD, AtCol gel, and AlCot-GA were preincubated
in the medium for 24 h and placed on 24-well plates. HUVEC (5
10* cells) were subsequently seeded on each matrix followed by
incubation at 37°C with 5% CQ. After 1 and 7 days, the HUVEC-
seeded matrices were washed twice with 1 mL of PBS. The number of

HUVECSs adhered to the matrices was assessed by the use of a wsT-1

(Dojindo Co., Ltd., Kumamoto, Japan). WST-1 is a colorimetric assay

of cellular dehydrogenase activity where absorbance at 450 nm is
proportional to the amount of dehydrogenase activity in theleéll.

For scanning electron microscopy (SEM) observation, the HUVEC-

seeded matrices were fixed with 10% formalin solution for 7 days.

CAD formation occurred at CAD concentrations above 20 mM
when the AlCol concentration was 7.5% (w/v).

3.2. Determination of Residual Amino Groups and Car-
boxyl Groups in AlCol—CAD. Figure 2 shows the amounts
of residual amino groups in AICeICAD as functions of the
CAD and AlCol concentrations. Spectrophotometric methods
were employed for the determination of the residual amino
groups in AlICotCAD. Residual amino groups in 7.5%, 15%,
and 30% (w/v) AICot-CAD decreased with increasing CAD
concentration up to 10, 20, and 40 mM, respectively. At higher
CAD concentrations, no amino groups were detected.

Figure 3 shows the amounts of carboxyl groups remaining
n AICol—CAD at different CAD concentrations. In the case
of 7.5% and 15% (w/v) AlCotCAD, the carboxyl groups in
the AICol-CAD increased with an increase in the CAD
concentration above 10 and 20 mM, respectively, whereas no
significant change of carboxyl groups was observed in 30% (w/
v) AICol—CAD.

These matrices were subsequently dehydrated in a graded series of 3.3. Effect of the CAD Concentration on HUVEC Prolif-

ethanol solutions and then critical point dried widrt-butyl alcohol.

eration. Figure 4 shows the adhesion and proliferation num%%il
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Figure 2. Residual amino group content in 7.5% (w/v) (®), 15% (w/ (B)
V) (2), and 30% (w/v) (l) AICol—CAD at different CAD concentrations.
Error bars represent standard deviations (n = 3).
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Figure 3. Carboxyl group content in 7.5% (w/v) (@), 15% (w/v) (&),
and 30% (w/v) (l) AlCol—CAD at different CAD concentrations. Error

bars represent standard deviations (n = 3). incubation for 1 and 7 days. As shown in Figure—%a
cobblestone-like HUVECs were well adhered to AIEGIAD,

of HUVECS on 7.5%, 15%, and 30% (w/v) AICeCAD with AtCol gel, and AlCot-GA after incubation for 1 day. After 7
different CAD concentrations. AtCol gel and AIGeGA were days of culture, a complete monolayer was observed on AlCol
used as control materials. WST-1 assay was employed for theCAD at a CAD concentration of 20 mM as shown in Figure
determination of the adhesion and proliferation numbers of 59. On AlCo-CAD at a concentration of 40 mM and on AtCol
HUVECS on each matrix. As shown in Figure 4A, the adhesion gel (Figure 5h,i), most areas of the gels were covered with
number of HUVECs on 7.5% (w/v) AICelCAD increased with HUVECs. A small number of HUVECs were found on AlCol

an increase in the CAD concentration up to 10 mM and then CAD at a concentration of 5 mM (Figure 5f) and AICEBA
began to decrease with a further increase in the CAD concentra-(Figure 5j) compared to the other AICeCADSs.

tion (p < 0.01). Similar to the case of 7.5% (w/v) AICECAD, 3.4. Effect of the CAD Concentration on Thrombus

the number of HUVECs proliferating on the 15% (w/v) AI€0l Formation. Figure 6 shows the influence of the CAD concen-

CAD increased_with increasing CAD concentration up to _20 tration on thrombus formation of 15% (w/v) AIGeCAD. As
mM and then slightly decreased when the CAD concentration ¢p,own in Figure 6A, significant thrombus formation was

increased further up to 40 mMb (< 0.01). On the other hand, observed on AtCol
. . ! gel, AlICetGA, and AICo-CAD (5 mM)
30% (w/v) AICol-CAD showed an increase in the adhesion after immersion in rat arterial blood (a, b, f). On the other hand,

number of HUVECSs at elevated CAD concentration. In addition .
" a small amount of fibrin clot was formed on the surface of 15%
0, 0, _d;
the number of HUVECs on 15% and 30% (wiv) AIGGLAD (w/v) AlCol—CAD at a CAD concentration of 10 mM (c). At

at CAD concentrations above 20 mM was higher than that on . .
AtCol gel and AICO-GA (p < 0.001). Figure 4B shows the CAD concentrations above 20 mM (d, e), no thrombus formation

proliferation number of HUVECs grown on AICelCAD, on was observed. Figure 6B shows the SEM images of the surface
AtCol gel, and on AICo+GA after incubation for 7 days. An  ©f AtCol gel, 15% (w/v) AICot-CAD, and AICo-GA after
increase in the number of HUVECs was observed on all AlCol ~ immersion in blood. The surfaces of AtCol gel (a), of AlCol
CADs and AtCol gels. The 15% (w/v) AICeICAD ata CAD g€l at a CAD concentration of 5 mM (b), and of AICEGA
concentration of 20 mM showed almost the same HUVEC (f) were covered by an accumulation of red blood cells and an
number as 30% (w/v) AICetCAD at CAD concentrations of ~ aggregation of platelets and fibrin. In AICeCAD at a
20 and 40 mM. On the other hand, no significant increase of concentration of 10 mM, small amounts of platelets and fibrin
HUVECSs on AICoGA was observed. were adhered (c). On the other hand, no fibrin clot formation
Figure 5 shows SEM images of the morphology of HUVECs and platelet adhesion were observed on AKOAD at

on 15% (w/v) AICoCAD, AtCol gel, and AlCot-GA after concentrations above 20 mM (d, e). CDV
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4. Discussion

Drug-eluting stents have attracted much attention in the
treatment of severe coronary diseases such as myocardial
infarction. These stents consist of metal and low-biodegradable
or nonbiodegradable matrices containing the drugs that inhibit
thrombus formation, inflammation, and cell adhesion. However,
the residual matrices after drug elution show inflammatory
response, thrombus formation, and prevention of endothelial cell
adhesior#2 Therefore, it is necessary to develop a biodegradable
matrix with antithrombogenic activity that can promote endot-
helial cell adhesion. In the present study, AIEQIAD was
prepared and characterized by the determination of the swelling
ratio, residual amino groups, and carboxyl groups. Then, cell
adhesion and antithrombogenic properties of AKKOAD were
investigated.

The swelling ratios of 7.5%, 15%, and 30% (w/v) AlCol
CADs with different CAD concentrations were evaluated. In
general, the higher the cross-linking density of a polymer matrix
is, the lower the swelling ratio of the polymer matrix becortfes.
That is, the swelling ratio decreases with increasing cross-linker
concentration. However, unusual behavior was observed in the
case of 7.5% and 15% (w/v) AICeICAD as shown in Figure
1. The swelling ratio of 7.5% and 15% (w/v) AICeCAD
decreased with increasing CAD concentration up to 10 and 20
mM; beyond this point, with a further increase in concentration,
the swelling ratio began to increase significantly. At CAD
concentrations higher than 20 mM, 7.5% (w/v) AIE&AD
was not formed. These results suggested that the cross-linking
densities of 7.5% and 15% (w/v) AICelCAD decreased when
the CAD concentration was above 10 and 20 mM, respectively.
In the case of 30% (w/v) AlICetCAD, the swelling ratio also
exhibited a significant increase when the CAD concentration
was above 40 mM:; this behavior was attributed to the decrease
of the cross-linking density (data not shown).

To confirm the unusual phenomena, residual amino groups :
f"’md _Carboxyl groups In AICGI_CAD were determined as shown Figure 5. SEM images of HUVECSs after 1 day of culture on AlCol—
in Figures 2 and 3. The residual amino groups of 7.5%, 15%, cAD at different CAD concentrations, (a) 5 mM, (b) 20 mM, and (c)
and 30% (w/v) AICot+-CAD were not detected at CAD 40 mM, (d) AtCol gel, and (e) AICol—GA and after 7 days of culture
concentrations higher than 10, 20, and 40 mM, respectively. on AlCol—CAD at different CAD concentrations, (f) 5 mM, (g) 20 mM,

This means that the amino groups in AlCol completely reacted and (h) 40 mM, (i) AtCol gel, and (j) AlCol—GA.

with the active ester groups of CAD. Theoretically, a 15% (w/

v) AlCol solution contains 55.5 mM amino groups derived from fore, the swelling ratio of AICetCAD had a minimum value
lysine and alginine residues. Therefore, 18.5 mM CAD is even though the CAD concentration increased because of the
required to completely react with all amino groups in the AlCol electric repulsion of the carboxylic groups of CA-bearing AlCol
solution because CAD has three active ester groups in agenerated from the hydrolysis of CAD-bearing AlCol at elevated
molecule. This result is in accordance with theory. However, CAD concentrations.

there are two kinds of active ester groups in CAD; those two  HUVEC adhesion/proliferation and thrombus formation were
kinds show different reactivities of active ester groups and tend also evaluated using AICeICAD with different CAD concen-

to cause the slight formation of CAD-bearing AlCol. Therefore, trations. The AlCol concentration was fixed at 15% (w/v). In
only a slight excess of CAD is required to react with all amino general, the hydrophilic surface inhibits cell adhesion due to
groups of 15% (w/v) AlCol. In the case of 7.5% and 30% (w/ the minimal adsorption of cell adhesion proteins on the gel
v) AlCol—CAD, the experimental value of the amino groups matrix surface*25 From Figure 4A, the adhesion number of
also showed coincidence with theoretical values. HUVECs on 7.5% and 15% (w/v) AICelCAD increased with

On the other hand, the carboxyl groups in 7.5% and 15% CAD concentration increasing up to 10 and 20 mM, respec-
(w/v) AlCol—CAD began to increase after the CAD concentra- tively; beyond 10 and 20 mM, the adhesion number of HUVECs
tion increased to higher than 10 and 20 mM, respectively, decreasedp(< 0.01). This can be explained by the increased
whereas no significant change of the carboxyl groups was hydrophilicity of AICol—CAD as shown in Figure 1. In the case
observed in 30% (w/v) AICetCAD with the CAD concentra- of 30% (w/v) AlCol—-CAD, adhered HUVECSs increased with
tion increasing up to 40 mM (Figure 3). However, at CAD increasing CAD concentration, because the swelling ratio of
concentrations higher than 40 mM, we also observed an increase30% (w/v) AlCol-CAD decreased at elevated CAD concentra-
in the carboxyl groups in 30% (w/v) AICeICAD (data not tion. Moreover, the HUVEC number on 15% (w/v) AlCel
shown). In our previous study,we clarified that CA-bearing CAD at a CAD concentration of 20 mM and on 30% (w/v)
AlCol generated from the hydrolysis of CAD-bearing AlCol AlCol—CAD at CAD concentrations of 20 and 40 mM showed
was formed at elevated CAD concentration (Figure 7). There- higher values than that on AtCol ggd < 0.001) as shown irbDV
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Figure 6. (A, top) Photographs of (a) AtCol gel, AICol—CAD at different CAD concentrations after immersion of gels in rat arterial blood, (b) 5
mM, (c) 10 mM, (d) 20 mM, and (e) 40 mM, and (f) AICol—GA. (B, bottom) SEM images of gels after immersion in rat arterial blood: (a) AtCol
gel, AICol—CAD at different CAD concentrations, (b) 5 mM, (c) 10 mM, (d) 20 mM, and (e) 40 mM, (f) AlCol—GA. CDV
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Figure 7. Schematic illustration of the expression of antithrombogenic and cell adhesion properties of 15% (w/v) AlCol—CAD (concentration

>20 mM).

Figure 4B. We observed that the swelling ratio of 15% (w/v) AlCol—GA, significant thrombus formation was observed as

AlCol—CAD at a CAD concentration of 20 mM and 30% (w/

v) AlCol—CAD at concentrations of 20 and 40 mM was lower

shown in part A-f and B-f of Figure 6. It was clarified that
AlCol—GA had a lower swelling ratio (6.6 0.9) than other

than that of AtCol gel. These results suggested that a cell AlCol gels prepared in this study. This low swelling ratio of

adhesion peptide such as RGD (argirtiglycine—aspartic acid)
was concentrated on the surface of AIEGAD. That is, the
amount of RGD in AlCot-CAD was much higher than that in
AtCol. Therefore, the proliferation number of HUVECs on
AlCol—-CAD was larger than that on AtCol gel. On AlCel
GA, only a small number of HUVECs were found after

AlCol—GA is supposed to induce thrombus formation.

In our previous study, we confirmed that the swelling ratio
of AlICol—CAD was saturated for 24 h. In addition, we evaluated
the dependency of the cell number and antithrombogenic
property on the incubation time; however, relationships between
the swelling ratio and these biological properties were not

incubation for 1 and 7 days. It was thought that the unreacted changed over time. Therefore, it was thought that the cell
aldehyde group-bearing AICol and release of GA-related adhesion and antithrombogenic property of AIEGIAD re-

molecules or hydrolyzed cytotoxic monomers from AIEGA

mained unchanged over time, because the hydrophilicity of

caused the inhibition of cell adhesion and proliferation. Fur- AlICol—CAD will not Change over time even in the in vivo

thermore, the elasticity of 15% (w/v) AICeICAD increased

with increasing CAD concentration up to 20 mM and then

situation.
Results from Figures 46 indicated that the 15% (w/v)

slightly decreased. Therefore, it was suggested that the increaseg\|co|—cAD at CAD concentrations above 20 mM showed both

elasticity of AICo-CAD promoted cell proliferation.
As shown in Figure 5g,h, AICeiCAD at concentrations of

antithrombogenic and HUVEC adhesion properties. Therefore,
this AICol—CAD has potential for biodegradable matrices for

20 and 40 mM appeared in an almost complete HUVEC the application of a drug-eluting stent. Further evaluation and
monolayer formation. The complete HUVEC monolayer is j, yvivo experiments are now in progress.

essential for expression of the antithrombogenic prop&ry.
Therefore, the 15% (w/v) AICetCAD at CAD concentrations

above 20 mM was expected to show the antithrombogenic

property.

We subsequently evaluated the antithrombogenic activity of

the resulting 15% (w/v) AlCetCAD, where AtCol and AlCot

5. Conclusion

We have developed a novel biodegradable matrix, AtCol
CAD, which has both antithrombogenic and HUVEC adhesion

GA were used as control matrices. In general, high thrombus properties. The swelling ratio of 7.5% and 15% (w/v) Al€ol
formation is known to occurr on collagen-based materials CAD decreased with CAD concentration increasing up to 10

because of its cationic propertig&stHowever, the antithrombo-
genic property was observed in 15% (w/v) AICEAD at

and 20 mM, respectively, and with a further increase in the
CAD concentration the swelling ratio began to increase. In the

elevated CAD concentration (Figure 6). It is well-known that case of 30% (w/v) AlColCAD, it decreases with increasing
antithrombogenic properties of biomaterials have been intro- CAD concentration. The residual amino groups in 7.5%, 15%,
duced to the hydrophilic and negatively charged groups on the and 30% (w/v) AlCol-CAD gels were not detected at CAD
surfacé® 32 and the hydrophilic surface inhibits protein adsorp- concentrations above 10, 20, and 40 mM, respectively. In 7.5%

tion.33 In addition, the isoelectric point of AlCol was 5 (the

isoelectric point of AtCol was 9.6); therefore, AlCol shows a

and 15% (w/v) AICot-CAD, the carboxyl groups increased with
increasing CAD concentration, whereas no significant change

negative charge due to dissociation of carboxyl groups in blood of the carboxyl groups was observed in 30% (w/v) Al€ol

(pH 7.4). Therefore, the antithrombogenic property of A€ol

CAD with increasing CAD concentration. The adhesion number

CAD was due to the hydrophilicity and negative charge of AlICol of HUVECs on 7.5% and 15% (w/v) AICeICAD increased
because thrombus formation was suppressed under the elevatedith the CAD concentration up to 10 and 20 mM, respectively,

CAD concentration. That is, it was suggested that the AtCol
CAD at a CAD concentration of 20 mM inhibited thrombus

and then decreased. On the other hand, 30% (w/v) AIC&D
showed an increase in the HUVEC number with increasing CAD

formation due to the concentrated negatively charged carboxyl concentration. Thrombus formation on 15% (w/v) AIE@AD
groups on the surface with a low swelling ratio and the decreased with increasing CAD concentration.

hydrophilic tertiary hydroxyl group of CAD covalently reacting

with AlCol. Furthermore, it was thought that the antithrombo-

genic property of AICot-CAD at CAD concentrations above
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