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Abstract: 

Multiblock copolymers type PDC are polyetheresterurethanes composed of  poly(ε-

caprolactone) and poly(p-dioxanone) segments. They were designed as degradadable shape-

memory polymers for medical devices, which can be implanted minimally-invasively. While 

providing structural support in the initial phase after implantation, they are capable to modulate 

soft tissue regeneration while degradation. In this perspective, we elucidate cell-material 

interactions, compatibility both in-vitro and in-vivo and biofunctionality of PDC, which 

represents a promising candidate biomaterial family especially for cardiovascular applications.  
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Introduction:  

Cardiovascular disease is a worldwide burden and the leading global cause of death, affecting 

approximately more than 18 million deaths per year [1]. Myocardial infarction or ischemic 

heart disease is a major contributor towards the high morbidity and mortality of cardiovascular 

disease. During a myocardial infarction, a region in the heart experiences a severe reduction in 

its blood supply (ischemia), leading to cardiomyocyte deaths. The current treatment or 

prevention measures comprise pharmacological therapies, bypass surgery or minimally-

invasive implantation of stents [2]. The advancement of polymeric biomaterials for cardiac and 

cardiovascular applications emerged as a promising strategy enabling minimally-invasive 

insertion of implants and modulation of tissue regeneration [3-6]. There are many functional 

requirements for cardiac and cardiovascular implants, including structural function, 

degradation profile, cyto- and hemocompatibility, as well as a shape-memory capability in case 

they are inserted minimally-invasively in the body [3,4]. The structural function of an implant 

needs to match to the recipient tissue to prevent the mechanical failure of the construct [4,5]. 

The shape-memory effect enables a device to change its shape in a controlled fashion when 

heating from room to body temperature or in response to external stimuli such as alternating 

magnetic fields in case of magnetic shape-memory nanocomposites [7,8].  

PDC is the first degradable implant material designed to exhibit a shape-memory effect [7]. 

PDC is a multiblock copolymer composed of poly(p-dioxanone) (PPDO) and poly(ε-

caprolactone) (PCL) segments interlinked by diurethane junction units (Figure 1a). As a 

thermoplastic polymer PDC can be (re)processed to different forms such as particles, 

(nano)fibers, films, tubes and scaffolds from the melt of solution (Figure 1b). In this way, it 

differs from covalently crosslinked triblockpolymers exhibiting a shape-memory effect [9]. 

The elasticity of PDC depends on its PPDO hard segment weight content. PPDO crystallites 

act as physical crosslinks, which promote the form stability of PDC. Switching domains from 

PCL segments are semi-crystalline at an ambient temperature and contributes to its E modulus. 

At body temperature the switching domains are (partially) melted, the E modulus of PDC is 

decreased [7]. Given its shape memory property, the placement of PDC implants in vivo can 

be realized through the approach of minimally-invasive surgery. PDC scaffolds can be 

implanted in a compressed, temporary shape and unfold after implantation through heating to 

body temperature. Devices prepared from this material can provide structural support to the 

tissues e.g. in cardiovascular stent applications. Selected variants of the PDC family are 
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presented in Table 1 and other polymers, which we relate to in our review for comparison are 

shown in Figure 2. These include polymer used in devices, which are established in clinical 

application. The in vitro cytotoxicity, adsorption of proteins, cytocompatibilty and 

hemocompatibility, as well as the in vivo degradation, tissue integration and proangiogenic 

effect of PDC are discussed in this review taking in view PDC a suitable multifunctional 

material for cardiac or cardiovascular implants.      

 

Figure 1: (a) Chemical structure and synthetic scheme for PDC. The asymmetric TMDI and 

LDI can be incorporated also in the reversed orientation. (b) Representative SEM images of 

PDC electrospun scaffolds. PDC fiber mesh with random-arranged (b-I) and parallel-arranged 

fibers (b-Ⅱ). Figure 1b adapted with permission from Ref. [10]. 
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Table 1.  Different polymers from the PDC family with the weight ratio of the two macrodiols 

in the starting material micxture. ES: electrospun. n.r: not reported. 

PDC 
Sample 
ID 

Starting Materials for PDC preparation Form Mn 
[kgꞏmol-1]  

Mw 
[kgꞏmol-1] 
 

 
Ref. PCL:PPDO 

ratio [wt] 
PCL Mn 

[kgꞏmol-1] 
PPDO Mn 

[kgꞏmol-1] 
Diisocyanate  

1 50:50 2 5.3 LDI ES 75 n.r [10] 
2 50:50 2 5.3 LDI Film 75 n.r [10] 
3 67:33 n.r n.r TMDI Film 49.8 162 [11] 
4 50:50 n.r n.r TMDI Film 56 152.5 [11] 
5 33:67 n.r n.r TMDI Film 37.1 110.9 [11] 
6 50:50 2 5.3 HDI film 75 n.r [12] 
7 50:50 2 5.3 HDI ES 75 n.r [12] 
8 50:50 2 5.3 HDI Film n.r n.r [13] 
9 50:50 2 5.3 HDI ES n.r n.r [14] 
10 60:40 2 5.3 LDI ES 18.9 65.8 [15] 
11 50:50 2 5.3 LDI ES 15 44.5 [15] 
12 40:60 2 5.3 LDI ES 21.8 51.1 [15] 
13 
14 
15 
16 
17 

30:70 
50:50 
67:33 
60:40 
60:40 

2 
2 
2 
n.r 
4.3 

5.3 
5.3 
1.5 
n.r 
n.r 

LDI 
TMDI 
TMDI 
TMDI 
TMDI 

ES 
ES 
Film 
Film 
Film 
 

27.1 
n.r 
67 
n.r 
75 

86.9 
n.r 
n.r 
n.r 
n.r 

[15] 
[16] 
[17] 
[18] 
[19] 
 
 

 

 

Figure 2: Molecular structures of multiblock copolymer PDD with poly[(adipinate-alt-1,4-

butanediol)-co-(adipinate-alt-ethylene glycol)-co-(adipinate-alt-diethyleneglycol)] and PPDO 

segments,  PCL,  PPDO,  poly[(vinylidene fluoride)-co-hexafluoropropene] (PVDF), 

polypropylene (PP) and polyetherimide (PEI). 

Cell attachment and adhesion 

Cell attachment to the biomaterial is the initial step in a cascade of cell–biomaterial interactions. 

The capability of PDC to support the cell attachment and adhesion was explored by different 

primary cells in cardiovascular system [11-15,20]. Human umbilical vein endothelial cells 

(HUVEC) attachment and adhesion on PDC and PDD coated with fibronectin (FN) and 

fibrinogen (FNG) was compared (Figure 3). The attachment of HUVEC on both PDC (sample 

ID 4) and PDD were almost the same from day 0 until day 3. The number of HUVEC grown 
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on PDD becomes twofold higher than those observed on PDC after prolonged incubation 

(Figure 3a). After 3 days on PDC, the morphology of HUVEC was well-spread and occupied 

relatively larger area on FN and FNG coated surface. On FN-coated PDC, HUVECs were 

adhered and spread visibly better, exhibiting prominent linear arrays of actin bundles. On 

contrary, those HUVEC seeded on FNG-coated PDD had a tendency to detach. The cell 

morphology shown by the F-actin staining was not detectable on PDD material (Figure 3b). 

The level of the endothelial cells (EC)-specific functional protein von Willebrand factor (vWF) 

indicates HUVEC cell status; the high levels of vWF are associated with EC dysfunction. A 

similar level of vWF expression from HUVEC on both multiblock copolymers after 2 h of 

incubation was proven. The expression of vWF was much lower on PDC than on PDD, 

indicating the better compatibility of PDC in comparison to PDD.   

 

Figure 3. (a) Cell attachment after 1 day and cell number after 3 and 7 days of incubation on 

the plain materials quantified by MTT test. Results are the means ± SD of 2 independent 

experiments each performed in triplicate. The statistics was performed by one-way analysis 

using the Tukey–Kramer post test. ∗∗ P <0.01, ∗∗∗ P <0.001. (b) Morphology of HUVEC 

adherent on PDD (A, D, G), PDC (B, E, H) and PP (C, F, I) after 72 h incubation. The polymers 

were pre-coated with 20 μg/ml FN (A–C) and 20 μg/ml FNG (D–F), respectively. The lower 

panel (G–I) represents cells adhered on plain materials. The cells were stained for F-actin using 

BODIPY-phalloidin. Scale bar = 50 μm.  Adapted with permission from Ref [11]. 

Cytotoxicity 
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An important prerequisite for biomaterials is that they do not exhibit any toxicity. Cytotoxicity 

can be evaluated in vitro by various primary cells or cell lines. The tests can be divided into 

direct tests, in which cells are seeded directly on the biomaterials, or in tests exposing cells to 

the extract of biomaterials [11,12]. In this context, the cytotoxicity of PDC was evaluated by 

different cell lines and primary cells, including endothelial cells, smooth muscle cells, 

chondrocytes and human adipose-derived stem cells (hADSCs) [11-15,20]. For example, 

cytotoxicity of PDC (sample ID 4), consisting of PPDO and PCL segments interlinked by 

trimethylhexane (TMDI) was evaluated by contact of 3T3 fibroblasts cells to the extract of 

PDC, PDD and PP at day 1, 3 and 7. In comparison to PDD and PP, the cell viability of PDC 

group was higher than 90% as shown in (Figure 4a) [11]. Since PDC can be applied as either 

scaffold or film, cytotoxicity was also measured on PDC scaffolds and films (sample ID 6, 7) 

by directly seeding the primary chondrocytes cells on the polymer samples. The materials had 

a low endotoxin load <0.06 EU/ml. Primary chondrocytes adhesion and survival was achieved 

on both PDC scaffold and film, which is highly correlated to the cell density. When the seeding 

cell densities were low (below 2 × 105 cells per scaffold), there was only a few adhering and 

surviving cells on PDC. When the seeding density reach 2 × 105 cells per scaffold or film, 

predominantly vital cells were found on both scaffolds of both polymers, PDC and PPDO, as 

well as on the corresponding films shown in Figure 4b. The formation of cell clusters could 

often be observed on both polymer substrates [12]. Taken together, PDC has no cytotoxic effect 

to the both primary cells and cell lines either by exposing the cells to the extract of the material 

or by seeding the cells directly on materials. 

 

Figure 4. (a) Cytotoxicity of extracts from the polymers estimated with XTT test up to 7 days 

of extraction in DMEM.  PC, positive control (CuCl2 solution). (b) Vitality test of chondrocytes 
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seeded on PDC and PPDO polymer scaffolds and films. Figure 4a adapted with permission 

from Ref. [11] and figure 4b adapted with permission from Ref. [12]. 

Protein Adsorption 

Within seconds after biomaterials interact with a biological system such as blood, proteins start 

to adhere to the solid surface through a process known as protein adsorption [21]. Protein 

adsorption is the initial step of the foreign body response [22].  In light of protein adsorption, 

it is important to understand, which type of protein from complex biological milieu can be 

adsorbed on the surface of PDC implants, intended as advanced medical devices. For blood-

contacting surfaces of cardiovascular devices, the priority task after implantation is to enable 

the adsorption of extra-cellular matrix (ECM) proteins, including FN and FNG, which are 

essential for EC adhesion, survival and proliferation [11]. Further, it has been demonstrated 

that FN and FNG are crucial for EC plasticity and proliferation and in situ endothelization of 

the implants [23]. One early work studied the adsorption of selected serum protein on PDC 

(sample ID 4), PDD and PP. It was shown that there was no significant difference on protein 

adsorption of FN and FNG on all tested materials. vWF, a multimeric plasma glycoprotein, 

works to support both normal hemostasis and thrombus formation [24]. The recent study 

identified vWF as a protein with multiple vascular roles on angiogenesis and endothelialization 

[25]. On the other hand, vWF binds the platelet glycoprotein Ibα promoting platelet adhesion 

and thrombus formation [26,27]. A strong difference on the adsorption of vWF on PDC and 

PDD was determined. There was a 5-fold higher amount of vWF on PDD in comparison to 

PDC (Figure 5a) [11]. PDC (sample ID 14) interaction with blood plasma led to the highest 

reduction of non-activated partial thromboplastin time (nAPTT), whereas the coagulation time 

was reduced to about 66% of the control value. There were no significant differences in the 

activation of the plasma kallikrein formation between PDD and PDC. The complement 

activation by PDC was at a similar level as PDD (Figure 5 b-f) [11].  In summary, PDC scaffold 

could exhibit selected adsorption of plasma protein, which may balance prothrombotic and 

anti-thrombotic properties of seeded EC and limit the thrombus formation. 



8 
 

 

 

Figure 5. (a) Polyclonal antibody binding to FN, FNG and vWF on polymers. (b) Albumin was 

quantified by densitometry. Activation of coagulation (c) nAPTT time; (d) Formation of 

thrombin in plasma in contact to the surface of the polymer samples. Glass serves as a highly 

activating reference surface for thrombin formation. ***p < 0.0001. e) Contact activation as 

measured by plasma kallikrein formation (increase in optical density O.D. at 405 nm within 15 

min) after 30 and 60 min contact of diluted Pooled Normal Plasma with the polymers. (f) 

Activation of the complement system indicated by formation of Bb fragment. ***p < 0.0001. 

Figure 5a adapted with permission from Ref. [11] and figure 5b-f adapted with permission from 

Ref [26]. 
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Nano- and micro-fiber meshes as scaffolds 

Nano- and micro-fiber based PDC scaffolds with an inherent porous structure could be 

efficiently produced via electrospinning using hexafluoroisopropanol (HFIP) as solvent.  PDC 

(sample ID 6, 7) with homogeneous random and aligned micron and submicron fibers have 

been collected with low and high speed rotatory collector respectively, with an average deposit 

thickness of around 100 µm, where the single fiber diameter was 2±0.5 µm for the micron and 

0.5±0.1µm for the submicron scaffolds. Scaffolds with aligned fibers have a degree of 

alignment of 12±10°, while 0° means fully aligned. Chondrocytes, endothelial and smooth 

muscle cells were brought to the PDC (sample ID 6-13) random and aligned micron fibers [12-

14,20]. Chondrocytes is typically embedded in a highly fibrillary architecture of extracellular 

matrix. The scaffold architecture created by electrospinning efficiently support chondrocytes 

growth compared to flat scaffolds/films, which showed cartilage-specific type II collagen 

production [12,20]. Another study used HUVEC and smooth muscle cells (SMC) to explore 

how the cell adhesion, proliferation, and apoptosis were influenced by the fiber orientation and 

diameter [14]. 

Reduction of fiber diameter to submicron scale drastically lead to reduction of cell adhesion 

(Figure 6a) and viability of HUVEC (Figure 6d), while the orientation of the aligned 

microfibers resulted in increased proliferation on day 0 but lower HUVEC viability on day 3 

(Figure 6c & d). Compared to HUVEC, the SMC had a lower cell adhesion, less than 30%, on 

PDC (sample ID 9) fibers (Figure 6b). However, the SMC had a higher proliferation on day 0 

and higher viability on submicron fibers (Figure 6e & f).  

In addition, scanning electron microscopy (SEM) revealed an almost flattened chondrocytes 

shape on scaffolds with random fiber orientation: whereby chondrocytes growth remained 

mainly restricted to the scaffold surface. On aligned fibers, the chondrocytes exhibited a more 

spindle-shaped morphology with rougher cell surfaces but only a minority of the cells aligned 

according to the fibers (Figure 6 g). From this data, it is shown that PDC scaffolds with micron-

sized single fibers could be promising candidate materials for cell-selective stent coatings. We 

also show the effect of fibrous stiffness on lineage commitment, the electrospun technique was 

used to produce scaffolds of different stiffness of PDC. The scaffolds synthesized with 

electrospinning was seeded with human adipose derived stem cells (hADSCs) for elucidating 

the lineage commitment of seeded cells. The study described that cells attached on (sample ID 

13) stiffer fibers from PDC show an elongated morphology compared to those seeded on softer 
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fibers. The nuclear aspect ratio (width vs. length of a nucleus) of hADSCs cultured on softer 

fibers was lower than on stiffer fibers. The robust osteogenic differentiation of hADSCs was 

observed on stiffer fibers. Interestingly, cells seeded on the stiffer scaffold, express almost 

more than 70% increase of osteocalcin expression and nearly 40% enhancement of alkaline 

phosphatase (ALP) compare to those on softer scaffolds. The finding suggests that tailoring the 

mechanical properties of electrospun fibers has the potency to trigger stem cell differentiation 

towards specific lineage [15].   

Taken together the in vitro data, it is suggested that PDC may be an excellent candidate for the 

preparation of cardiovascular devices, due to the combination of suitable mechanical properties 

and biofunctionality. 
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Figure 6. Adhesion of HUVEC (a) and SMC (b) on electrospun PDC scaffolds (Sample ID 8) 

with different fiber orientations (random, aligned) and fiber diameters. (c,d) Impact of 

electrospun scaffold architecture on HUVEC proliferation and vitality. HUVEC were seeded 

onto polymer scaffolds or glass coverslips as positive control (Ctrl) (c) day 0 (d) day 3. Impact 

of electrospun scaffold architecture on SMC proliferation and vitality. SMC were seeded onto 

polymer scaffolds or glass coverslips as positive control (Ctrl). (e) day 0 (f) day 3. (g) SEM 

analysis of articular chondrocytes seeded on random and aligned PDC (A, D, G, J and M), 

PPDO (B, E, H, K and N) and PEI (C, F, I, L and O) polymer scaffolds. Scaffolds were pre-

incubated in culture medium before articular chondrocytes were added and cultivated for 36 

(A–L) or 72 hours (M–O). Scale bars for A) to F) indicate 50 μm, for G) to L) 10 μm and for 

M) to O) 5 μm. Figure 6a-f adapted with permission from Ref. [13] and figure 6g adapted with 

permission from Ref. [20]. 

In vivo study of PDC 

The potential of PDC as a device material for biomedical applications has been evaluated 

through in vivo studies. In this scenario, PDC exhibited a high compatibility with respect to its 

in vivo degradation behavior, tissue integration, foreign body reaction and pro-angiogenic 

effect.  

In vivo degradation of PDC 

The degradation of implanted biomaterial-based device over time could provide the space for 

cell in-growth, which enables the replacement by regenerated host tissue. The degradation 

behavior of PDC in vivo has been demonstrated by animal models. It was found that three 

weeks after subcutaneous implantation in the rat neck, most of the degradation products of the 

PDC (sample ID 15) (67 wt% PCL) disk showed a diameter lower than 10 µm, although a 

small amount of larger degradation products (>30 µm) could be observed [16]. The 

microstructure of the polymer implants, such as the fibrous structure with a higher surface-

volume ratio and porosity than the film counterparts, could dramatically influence their 

degradation behavior [28]. Such a phenomenon was also observed for PDC implants. In our 

recent study, both PDC (sample ID 1, 2) (50 wt-% PCL-diol, Mn = 75,000 gꞏmol-1) and PPDO 

(Resomer X®, Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim, Germany) fibrous 

scaffolds prepared via electrospinning showed faster degradation than the films, after 

subcutaneous implantation into mice [10]. Four weeks after implantation, the films did not 
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show obvious macroscopic signs of degradation. In contrast, the PPDO and PDC fibrous 

scaffolds were considerably fragmented after one week, and were barely detectable after 4 

weeks at the implantation site. This result highlights the importance for turning the 

microstructure of PDC implants to control their in vivo degradation dynamics.  

Tissue Integration and fibrous capsule formation 

A strong connection between the implant surface and the surrounding tissue would enable a 

durable integration of host tissue onto the implants, with a stability to resist mechanical forces 

such as tensile loads and shear stress. In this way, the PDC as a potential implant material was 

expected to show a superior capacity for tissue integration. Using a rat animal model, a strong 

PDC-tissue connection and integration was demonstrated [17]. Three weeks after the 

subcutaneous implantation of PDC (sample ID 16) (60 wt-% PCL-diol) film, a connection 

formed between the PDC surface and the periimplantary tissue was shown to be strong enough 

to lifting the animals by only holding the PDC specimen (Figure 7a).  

After biomaterial implantation, the deposition of collagen-rich scar tissue known as the fibrous 

capsule by fibroblasts might undermine implant-tissue integration [29]. A thick fibrous capsule 

might disturb the blood and nutrients supply, affect the microenvironment around the implants 

and influence the removal of the degradation product. After the subcutaneous implantation, the 

thickness of the capsule covering the PDC (60 wt-% PCL-diol) film was stable for at least up 

to 5 weeks (Figure 7b), within the range of 21-35 µm. The formed fibrous capsule did not show 

effect on the pH value at the PDC-tissue interface (sample ID 16), as evidenced by the alkalic 

pH measured from 1 to 5 weeks [17].   

The formation of fibrous capsule on PDC (sample ID 1, 2)  (50 wt-% PCL-diol, Mn = 75,000 

gꞏmol-1) implants was further compared with the clinically used poly[(vinylidene fluoride)-co-

hexafluoropropene] (PVDF, Solef® 21216, with Mw 570,000–600,000gꞏmol-1, Solvay Solexis, 

Tavaux, France) and PPDO homopolymer (Resomer X®, Boehringer Ingelheim Pharma 

GmbH & Co. KG, Ingelheim, Germany) [10]. A thinner fibrous capsule could be observed 

around PDC film than around PVDF and PPDO films for both 1 and 4 weeks post implantation 

(Figure 8a). Notably, the fiber orientation of PDC scaffold was shown to influence the fibrous 

capsule formation. The aligned fiber orientation led to a reduced thickness of fibrous capsule 

around the scaffold, as compared to the scaffold with random fibers (Figure 8b). Taken together, 

PDC copolymer exhibited a mechanically stable tissue integration as well as formation of 
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fibrous capsule with limited thickness, presenting high potential for the usage as a 

histocompatible implant material.   

 

Figure 7. (a) A PDC implant (Sample ID 16) in the region in front of the regio interscapularis 

of a rat 3 weeks after subcutaneous implantation. (b) Representative image of collagen fibers 

(bright red) in the fibrous capsule around the PDC implant 3 weeks after implantation; HE 

staining; primary magnification 1:200, polarized light modus. Adapted with permission from 

Ref. [17]. 

 

Figure 8. Fibrous capsule thicknesses around polymeric films (a) and fiber scaffolds (“r” and 

“a” refers to random and aligned fiber orientation respectively) prepared via electrospinning 

(b) 1 and 4 weeks after subcutaneous implantation into mice. Data represent means ± SEM (n 

= 3–7 per group). *p < 0.05; **p < 0.01. Adapted with permission from Ref. [10]. 
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Foreign body reaction to PDC 

Strong inflammation and fibrosis as the host responses upon device implantation may 

consequently result in the failure of the biomedical device [18]. Therefore, adjusting the 

polymer implant composition and designing the appropriate surface structure are necessary for 

reducing inflammatory response and supporting tissue regeneration. Although the capsule 

infiltration with inflammatory cells was at the similar levels for films of PDC, PPDO and PVDF 

(Figure 9a), the PDC (sample ID 2) film showed the lowest thickness of macrophage layer 1 

and 4 weeks after implantation (Figure 9b). For the fibrous scaffolds, a lowest 

leukocyte/fibrocyte density could be detected in the fibrous capsule of PDC (sample ID 2) 

scaffold with aligned fibers 4 weeks post implantation (Figure 9c). In contrast to films, the 

fibrous scaffolds allowed for leukocyte infiltration, but the inflammatory cell density was 

decreased significantly only on PDC scaffold with aligned fibers (Figure 9d) [10]. The reduced 

inflammatory response by PDC scaffold with aligned fibers after 4 weeks of implantation 

highlights the crucial roles of material composition and surface structure on foreign body 

reaction to the implants.   
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Figure 9. Inflammatory response to different polymeric films (a, b) and fibrous polymer 

scaffolds (“r” and “a” refers to random and aligned fiber orientation respectively) prepared via 

electrospinning (c, d) after subcutaneous implantation. (a, c) General leukocyte/fibrocyte 

density in the peri-implant fibrous tissue. (b) Macrophage layer on film surface. (d) Density of 

infiltrated leukocytes in the scaffold material. Data represent means ± SEM (n = 3–7 per group 

are shown). ¶p < 0.1; ∗∗p < 0.05; **p < 0.01. Adapted with permission from Ref. [10]. 

Angiogenic effect of PDC 

Angiogenesis, the formation of new blood vessels from pre-existing ones, is a crucial 

mechanism that aids in tissue regeneration [30]. Therefore, biomaterials used in regenerative 

therapies are expected to exhibit a pro-angiogenic effect. The pro-angiogenic effect of PDC 
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copolymer has been demonstrated using a hen’s egg-chorioallantoic membrane (HET-CAM) 

test [19]. In this study, PDC (sample ID 17) (60 wt-% PCL-diol, Mn = 75,000 gꞏmol-1) was 

compared with the homopolymers PPDO (Resomer X®, Boehringer Ingelheim Pharma GmbH 

& Co. KG, Ingelheim, Germany) and PCL (Aldrich, Taufkirchen, Germany, Mn = 43,000 

gꞏmol-1). After 48 hours of incubation, a significant induction of macro-/microvessels could be 

observed around the PDC films on the chorioallantoic membrane of fertilized chicken eggs, 

while no significant formation of macro-/microvessels was found in the close contact area of 

PPDO and PCL homopolymer films (Figure 10). The higher pro-angiogenic effect of the 

copolymer than the homopolymers might be attributed to the amphiphilic characteristics of the 

PDC surface charge, since the urethane units provide the positive surface charge while the 

degradation of PPDO or PCL would lead to negative charge.  

The effect of fibrous PDC scaffold on angiogenesis was compared with the scaffold of other 

polymers, and the influence of fiber orientation on angiogenesis was investigated [10]. One 

week post implantation, moderate vessel formation was only observed on PVDF and PDC with 

random fibers (Figure 11). However, after 4 weeks, significantly stronger vascularization could 

be found on PDC with aligned fibers. This result suggested the role of fiber orientation, as an 

effective structure cue, for guiding the formation and growth of blood vessels to accelerate the 

regeneration process.  
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Figure 10. Angiogenic effect of different polymers studied using the HET-CAM test: (a) PCL 

homopolymer, (b) PPDO homopolymer, (c) PDC copolymer (Sample ID 17), (D) without 

specimen. The polymers films were incubated for 48 hours at 37.0 ± 0.5 °C with 65.0 ± 7.5% 

relative humidity. Taken with permission from Ref. [19]. 
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Figure 11. Neovascularization on aligned and random orientated fibrous scaffolds 4 weeks 

after subcutaneous implantation into mice. (a) Representative photographs of implanted 

scaffolds showed that the formation of new blood vessels invading and surrounding the PDC 

scaffold (Sample ID 1) with aligned fibers (right panel) compared to the PDC scaffold with 

random fiber (left panel). (b) Capillaries/vessels in polymeric material evaluated by counting 

CD31-positive structures in the entire polymeric scaffold. “r” and “a” refers to random and 

aligned fiber orientation respectively. Data represent means ± SEM (n = 3–7 per group). *p < 

0.05; **p < 0.01. Bar = 50 µm. Adapted with permission from Ref. [10]. 

Summary  

PDC as a multifunctional polymeric biomaterial not only provides excellent mechanical 

properties, degradation behavior and histocompatibility, but also functions well in terms of 
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inhibiting foreign body response, eliciting appropriate host tissue response and promoting 

angiogenesis. Their selective protein adsorption profile might limit thrombus formation and 

promote endothelia cell attachment and proliferation. The desired cell–PDC interactions, the 

reduced inflammatory response and the remarkable pro-angiogenic property leads to 

considerable promotion of vascular density in vivo. Summarizing these features PDC can be 

considered a promising candidate biomaterial especially for cardiac or cardiovascular 

applications. 
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