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ABSTRACT

Incorporation of chloramphenicol and captopril into coated and uncoated monofilament sutures was evaluated, as well as the derived bactericide and wound healing effects. To this end, a commercially available suture and an amorphous random copolymer constituted by trimethylene carbonate and lactide units were considered. The suture had a segmented architecture based on polyglycolide hard blocks and a soft block constituted by glycolide, trimethylene carbonate and -caprolactone units. Chloramphenicol was better loaded when the coating copolymer was employed due to its protective effect whereas captopril showed an opposite behavior due to partial solubilization during immersion in the coating bath. Interestingly, the release behavior was very different for the two studied drugs since a significant retention of chloramphenicol was always detected, suggesting the establishment of interactions between drug and copolymers. On the other hand, delivery of captopril showed a typical dose dependent behavior. A low in vitro toxicity of the two drugs was determined considering both epithelial-like and fibroblast-like cells. Bactericide effect of chloramphenicol against Gram-negative and Gram-positive bacteria was demonstrated at a dose that was non-toxic for all assayed cells. An accelerating wound healing effect of captopril was also demonstrated for early events. In this case, the use of a coating copolymer was fundamental to avoid cytotoxic effects on highly loaded sutures.
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INTRODUCTION
Hospital-acquired infections (i.e. nosocomial infections) constitute nowadays one of the major threats to patients. Microorganisms can survive for long periods of time into materials surfaces of medical devices (e.g. catheters, drainage tubes and even surgical sutures) and develop biofilms through different growth steps.1,2  Biofilms are characterized by a channel structure that facilitates the circulation of nutrients and allows bacteria to easily multiply and disperse. Therefore, the use of bacteriostatic, antiseptic and bactericide agents is highly necessary to prevent infections.3,4 Natural agents (e.g. amebas and phages) and industrial and clinical agents (e.g. silver, antibiotics, biocides, quaternary ammonium groups,  hydantoin compounds) have been considered,5-8 being extensive the studies concerning the use of common biocides  such as triclosan (TCS), chlorhexidine (CHX) and poly(hexamethylene biguanide) (PHMB).9-14 Probably,  electrospinning technique constitute an ideal process to render materials for the study of antibacterial properties due to its versatility and the ability to load agents with different characteristics and stability.9 Different examples can be mentioned concerning the load, release, biocompatibility and bactericide effect of these common biocides in both new15,16 and commercial17,18 biodegradable polymers.
Regeneration of incised tissue after surgery is favoured and accelerated by employing appropriate suturing materials. These have great advantages such as low cost, flexibility, resistance to traction and torsion, ease of sterilization, biocompatibility and degradability if required. Nevertheless, it is highly interesting to provide sutures with antibacterial properties since they can come in contact with microorganisms that grow in subcutaneous tissues. In fact, there is an effective risk that microorganism become attached to the suture surface, allowing biofilm formation and acting as a niche for subsequent infections.19-21 
Triclosan-coated sutures have been developed as a strategy for reduction of surgical-site infections (SSIs) due to its capability to inhibite the colonization of a broad spectrum of bacteria.22 Among commercialized monofilament sutures incorporating triclosan, PDS®, Monocryl Plus® and Coated Vicryl Plus Antibacterial Suture®, i.e. polydioxanone, the segmented block copolymer constituted by glycolide and -caprolactone and the copolymer having 90 wt-% of glycolide and 10 wt-% of lactide, are worth mentioning.
 A systematic review involving 13 randomized controlled trials totaling 3,568 surgical patients supported the clinical effectiveness of triclosan-loaded sutures in the prevention of SSIs.23 The widespread use of triclosan (e.g. detergents, soaps, cosmetics) has given rise to triclosan-resistant bacteria, which may limit its application in the near future.24,25 As a result of this, other bactericide agents like chlorhexidine,26  silver27 and silver nanoparticles28 have already been proposed for their incorporation into suture coatings. Note that the use of coatings is nowadays essential for multifilament sutures since they have a lubricant effect and may also avoid typical problems like tissue drag and infection caused by capillarity.29,30 Coating formulations based on an amphiphilic polymer, poly[(aminoethyl methacrylate)-co-(butyl methacrylate)] with high  antimicrobial activity have been proposed.31 CHX has also been effectively incorporated in Vicryl Plus as alternative to TCS and using in this case coatings based on fatty acids (i.e. chlorhexidine laurate and chlorhexidine palmitate).32 Results demonstrated high antimicrobial efficacy and acceptable cytotoxic levels for an effective drug content. 
Monofilament sutures should logically be doted of antibacterial properties in a similar way as performed for multifilar sutures, although fewer efforts have been undertaken up to now. Drug load can be performed directly onto the suture surface or by means of a protective coating despite in this case it is not as essential as previously indicated for multifilament sutures. Loading by molecular diffusion using a swelling agent has also been proposed.33 In addition, it should be pointed out that no studies have been focused on the application of antibiotics like chloramphenicol (CHO) and even of compounds able to enhance wound healing properties (e.g. natural products such as monoterpenes34 and synthetic compounds like captopril (CAP)35 and enapril36) in monofilament surgical sutures. 
The present work is focused on the polyglycolide-b-poly(glycolide-co-trimethylene carbonate-co--caprolactone)-b-polyglycolide segmented copolymer (Figure 1) that is employed as a commercial bioabsorbable monofilament suture (MonosynTM).37 This copolymer, abbreviated as poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL), has been extensively studied and characterized considering crystallization and degradation processes.38,39 The main goal of the work correspond to the evaluation of the load, release, pharmacological response (e.g. bactericide activity and enhancement of cell growth) and in vitro biocompatibility derived from the incorporation of CHO and CAP as model compounds with antibiotic and wound healing properties, respectively. 
Chloramphenicol (CHO) is an antimicrobial inhibitor of ribosome function. Specifically, it inhibits peptide bond formation by binding to a peptidyl transferase enzyme on the 50S subunit of the bacterial ribosome. This prevents transfer of amino acids to growing peptide chains, ultimately inhibiting protein formation completely. The antibiotic shows broad-spectrum effectiveness against rickettsiae, Gram-positive and Gram-negative bacteria and certain spirochetes. Topical formulations of chloramphenicol are FDA-approved ointments for treatment of bacterial conjunctivitis and have also been considered for use in sutured wounds as prophylaxis for infection. Several studies on the clinical significance of CHO in reducing the rate of infection have been carried out but results are still not clear.40,41 Some problems of this antibiotic are related to limitation on the amount that can be topically applied to avoid systemic toxicity. On the other hand, chloramphenicol does not have any adverse effect on wound healing since the fibroblast system is less sensitive to it than other types of tissues.42
Captopril (CAP) is an inhibitor of the angiotensin converting enzyme (ACE), which increases the level of bradykinin by preventing its breakdown and also enhances prostaglandin synthesis which, in turn, promotes wound healing (i.e. the restoration of the continuity of living tissue).43 Following cutaneous injury, fibroblasts migrate to the site of trauma and produce collagen fibers that increase the tensile strength of the scar and could even, unfortunately, promote the formation of hypertrophic scar and keloid. Captopril also avoids these problems associated with wound healing and combines this property with antioxidant activity, an anti-inflammatory effect and a free radical scavenging potential, which benefit the wound healing process. 
A second goal of the work corresponds to the evaluation of the potential advantage of employing a coating polymer to load the indicated drugs with respect to the use of the uncoated monofilament suture. In this sense, a random copolymer constituted by 35 wt-% of lactide units and 65 wt-% of trimethylene carbonate units is evaluated because of its appropriate properties (e.g. sticky nature, low glass transition temperature, low toxicity to cells and adequate degradation rate, see supporting information (SI)). 
EXPERIMENTAL SECTION
Materials
Commercially available sutures of poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) (MonosynTM, USP 0 and diameter 0.35-0.399 mm) were kindly supplied by B. Braun Surgical, S.A. This triblock copolymer was constituted by 72, 14 and 14 wt-% of glycolide, trimethylene carbonate and ɛ-caprolactone units, respectively. The material had a middle soft segment representing 43 wt-% of the sample. Weight average molecular weight was 90,700 g/mol.
All solvents, chloramphenicol (CHO), captopril (CAP), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and cell culture labware were purchased from Sigma-Aldrich (Spain). 
The microbial culture was prepared with reagents and labware from Scharlab (Spain). Escherichia coli CECT 101 and Staphylococcus epidermidis CECT 245 bacterial strains were obtained from Spanish Collection of Type Culture (València, Spain).  African green monkey kidney fibroblast (COS-7) and epithelial (VERO) cells were purchased from ATCC (USA).
Incorporation of CHO and CAP into uncoated and coated poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) sutures
Poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilaments (5 cm in length) were immersed in ethyl acetate or ethanol solutions containing different percentages of CHO (0.1-5 w/v-%) or CAP (0.1-15 w/v-%), respectively, for 5 s. In the case of coated sutures, different methodologies were employed due to the different solubilities of CHO and CAP. In the first case, the suture was immersed in a single ethyl acetate bath containing the required amount of CHO and 3 w/v-% of poly(LA-co-TMC). In the second case, CAP was loaded as previously indicated from the ethanol solution, and the suture was subsequently dried in a hot air stream and finally immersed in an ethyl acetate bath containing 3 w/v-% of poly(LA-co-TMC). In both cases, monofilaments were finally dried and stored under vacuum. 
The total amount of loaded drug was determined by dissolution of the suture and the drug in 1,1,1,3,3,3-hexafluoroisopropanol and precipitation of polymers by addition of ethanol. Finally, absorbance was measured by UV spectroscopy of the resulting solution using a Shimadzu 3600 spectrometer. Calibration curves were obtained by plotting the absorbance measured at 276 and 202 nm versus CHO and CAP concentrations, respectively.
Release experiments
Controlled release measurements were performed with 5 cm long pieces of uncoated and coated sutures. These pieces were incubated at 37 °C in an orbital shaker at 80 rpm in tubes of 10 mL for 1 week. A 3:7 v/v mixture of PBS buffer and ethanol was employed as release medium, although some experiments were carried out in an ethanol medium. Drug concentration was evaluated by UV spectroscopy, as above indicated. Samples were withdrawn from the release medium at predetermined time intervals. Volume was kept constant by addition of fresh medium. All drug release tests were conducte using three replicates and the results were averaged.
Antimicrobial test
E. coli and S. epidermidis bacteria were selected to evaluate the antimicrobial effect of CHO loaded sutures. The bacteria were previously grown aerobically to exponential phase in broth culture (5 g/L yeast extract, 5 g/L NaCl, 10 g/L tryptone, pH 7.2).
Growth experiments were performed on a 24-well culture plate. 5 pieces of 1 cm in length of uncoated or coated sutures were placed into each well. Then, 2 mL of broth culture containing 103 CFU was seeded in the wells containing the suture samples. The cultures were incubated at 37 °C and agitated at 80-100 rpm. Aliquots of 100 μL were taken at predetermined time intervals for absorbance measurement at 650 nm in a microplate reader. Thus, turbidity was directly related to bacterial growth.
Bacterial adhesion to sutures was also determined. Culture media were aspirated after incubation and the material was washed once with distilled water. Then, 0.5 mL of sterile 0.01 M sodium thiosulfate was added to each well, and then the sutures were removed. After addition of 1 mL of broth culture, the plate was incubated at 37 °C and agitated at 80-100 rpm for 24 h. Bacterial number was determined as above indicated. All assays were conducted in quadruplicate and the values were averaged.
Regarding the qualitatively method, around 5 cm long pieces of loaded and unloaded sutures were placed onto an agar diffusion plate and seeded separately with 104 CFU/mL of each bacteria. The culture medium was prepared with 37 g of Brain Heart Infusion Broth and 15 g BactoTM Agar (Scharlau) dissolved in 1 L of Milli-Q water and sterilized in an autoclave at 121 ºC for 30 min. Plates were filled with 15 mL of medium and kept at rest at room temperature to allow solidification of the medium. Inhibition halo images were taken after incubation of samples with bacteria at 37 ºC for 24 h.
Cell adhesion and proliferation assays
Studies were performed with fibroblast COS-7 cells and epithelial (Vero) cells. In all cases, cells were cultured in Dulbecco's Modified Eagle Medium (DMEM), as previously reported.44
5 pieces of 1 cm in length of uncoated and coated sutures were placed and fixed in each well of a 24-well culture plate with a small drop of silicone (Silbione® MED ADH 4300 RTV, Bluestar Silicones France SAS, Lyon, France). This plate was then sterilized by UV-radiation in a laminar flux cabinet for 15 min. For cell adhesion assays, aliquots of 50–100 μL containing 5 × 104 and 2 × 105 cells for CAP and CHO, respectively, were seeded onto the thread samples in each well and incubated for 24 h (adhesion assay). For cell proliferation assays, the same aliquot volume but containing a lower cell concentration than for adhesion experiments (i.e. 2 × 104 and 1 × 105 cells for CAP and CHO, respectively) was seeded and incubated for 96 h.
Samples were evaluated by the standard adhesion and proliferation method.44 The procedure is based on a simple modification of the ISO10993-5:2009 standard test, which describes the appropriate methodology to assess in vitro cytotoxicity of medical devices. This test is designed to determine the in vitro biological response of mammalian cells using appropriate biological parameters. According to this ISO standard, devices fall into one of three categories based on expected contact with the patient: a) Limited (≤24 h), b) Prolonged (>24 h and ≤30 days) and c) Permanent (>30 days). In our case, the assay was performed according to the limited and prolonged categories and using four replicates. The results were averaged. Samples with adhered and grown cells were fixed with 2.5 w/v-% formaldehyde at 4 °C overnight. They were subsequently dehydrated and processed for observation of cell morphology.
Scanning electron microscopy (SEM) was used to examine the morphology of coated and uncoated sutures, as well as that of adhered cells. Carbon coating was accomplished with a Mitec k950 Sputter Coater (fitted with a film thickness monitor k150x (Quorum Technologies Ltd., West Sussex, UK)). SEM micrographs were obtained with a Zeiss Neon 40 EsB instrument (Carl Zeiss, Oberkochen, Germany).
Wound healing activity of captopril loaded sutures 
An in vitro wound closure model was employed to evaluate the effect of CAP on cell migration. A confluent monolayer of epithelial (Vero) cells was obtained after 48 h of culture in 1 mL of DMEM medium containing 105 cells seeded in each well. Subsequently, a linear defect was made in the monolayers with a sterilized propylene tip (diameter of 0.2 mm) and the layer was rinsed with PBS to remove cells damaged during wound formation. Then, 1 mL of medium was added to each well, together with 1 cm long coated and uncoated sutures (5 samples for each assay) previously loaded with CAP (from 5 w/v-% and 15 w/v-% baths). Non-loaded sutures (both coated and uncoated samples) were used as controls. The rate of closure was monitored using an inverted light microscope and taking microphotographs every 24 h at the same magnification. The free area between cells was determined by fitting it to a rectangular geometry. The evolution of closure over time was determined as
WC (%) = (A0-At) /A0 × 100      ,                                       (1)
where At and A0 correspond to the areas evaluated at times t and 0, respectively. 
Statistical analysis
Values were averaged and graphically represented together with their respective standard deviations. Statistical analysis was performed by one-way ANOVA test to compare the means of all groups, and then Tukey's test was applied to determine a statistically significant difference between two groups. The test confidence level was set at 95% (p < 0.05).
RESULTS AND DISCUSSION
Load and release of chloramphenicol
CHO loading was performed by direct immersion of sutures in ethyl acetate baths containing different percentages of CHO for uncoated sutures. Poly(LA-co-TMC) was also incorporated into the bath when a coated sample was prepared. 
Immersion time (5 s), drying method (hot air stream) and copolymer concentration (3 w/v-%) were optimized to obtain the most economical and fastest process, as well as completely coated and uniform sutures. Figure 2 shows that uniform surface textures were obtained for both uncoated and coated sutures incorporating CHO. 
Figure 3a shows the relatively good correlation between CHO concentration in the ethyl acetate bath and the amount of loaded drug referred to the suture unit length. The slope of this linear plot is 0.65, but the determination coefficient (r2) is relatively low (i.e. 0.86) due to the higher load observed when CHO concentration in the bath is low. It seems that CHO had some difficulty in perfectly adhering to the copolymer surface, and consequently the drug appeared well retained only when the load was low. 
The use of a preventive coating led to an increase in the amount of loaded drug, as shown by the higher value of the slope of the linear plot (i.e. 0.94 as opposed to 0.65). In this case, the determination coefficient was improved and increased up to 0.98. It is clear that the drug could not be detached as a consequence of manipulation and poor adhesion of the suture. The amount of loaded drug was similar for coated and uncoated sutures only when drug concentration in the bath was low (1 w/v-%), suggesting that desorption problems were not significant in this case. It should also be pointed out that final loading efficiency seems to be higher for coated sutures due to an effective protective effect against subsequent manipulation. 
CHO delivery was evaluated using a release medium consisting of a 3:7 v/v mixture of PBS buffer and ethanol since the latter was a better solvent for CHO than a typical nutrient serum medium. Therefore, results served to determine the effect of load concentration and use of a protective coating employing a medium that should accelerate the release, and that consequently make differences observed in CHO delivery more significant.
Figure 3b compares CHO release percentages for uncoated and coated sutures at two different drug loads (i.e. ~1 g/cm and 3.2-4.7 g/cm). Results showed release profiles characterized by a burst effect, a sustained release between 5 and 60 min and a final plateau associated with retention of a significant drug percentage on the suture. The values of the retained percentage are the main difference between the studied samples, and therefore merit attention. 
The coated suture loaded from a bath containing 5 w/v-% of CHO  retained 15% of the loaded drug, which is equivalent to 0.7 g/cm considering the relationship defined by a slope of 0.94 (Figure 3a).  The retained percentage increased up to 80% when the suture was loaded from a 1 w/v-% bath. However, it is interesting to note that this percentage also corresponds again to a retention close to 0.7 g/cm. This retention seems an intrinsic characteristic caused by physicochemical interactions that could be established between CHO and the polymer matrix. It is significant that the observed plateau is not a consequence of limited drug solubility (i.e. saturation of the medium) since lower release percentages should, in this case, be found for higher amounts of loaded drug. 
Coating had a minimum effect on release since the behavior of uncoated samples was practically similar. Although the plateau was always found at a lower release percentage than the related coated samples, it should be taken into account that the effective drug load was different (see the different slopes of the plots in Figure 3a). Thus, the uncoated suture coming from a 5 w/v-% bath was loaded with 3.25 g/cm and a release of 80% was detected. This value indicates only a slightly lower drug retention (i.e. 0.65 g/cm becomes rather similar to the value found for coated sutures and suggests only a minor protective effect of the coating copolymer). Similar conclusions can be obtained when the release of the sample coming from the 1 w/v-% bath is evaluated, since in this case CHO retentions close to 0.7 g/cm were again deduced taking into account either the slope of the linear plot of the loading process (Figure 3a) or the experimental drug load. Note that, at this small load percentage, the experimental data deviated from linearity, as above explained.
For the sake of completeness, Figure 3b shows the release from coated sutures in an ethanol medium, which causes greater swelling of both the coating and the suture and where CHO is more soluble. In this case, it is evident that the coating is still able to retain a certain drug percentage that corresponds to 0.23 g/cm and 0.09 g/cm for samples coming from 5 w/v-% and 1 w/v-% drug loaded baths, respectively. However, the amount of retained drug is clearly different and increases according to the amount of loaded drug (i.e. 4.7 g/cm and 0.94 g/cm) instead of representing a constant value that could be related to a physicochemical adsorption.
Antimicrobial effect of chloramphenicol loaded sutures 
The antimicrobial effect of CHO loaded sutures was quantitatively evaluated following the growth kinetics of Gram-negative (E. coli) and Gram-positive (S. epidermidis) bacteria, as displayed in Figure 4. It is clear that the unloaded suture is highly susceptible to bacterial infection since bacterial growth becomes similar to that of the control. Specifically, a latency phase that extends over a period of 4 h followed by an exponential growth (log) phase was characteristic. 
A very low decrease in bacterial proliferation was detected for both uncoated and coated sutures loaded from baths containing only 0.1 w/v-% (i.e. close to 0.094 g/cm). Nevertheless, the growing curve was characterized by an identical latency phase and an exponential growth phase. Uncoated sutures loaded with 0.7 g/cm displayed a bacteriostatic effect against Gram-positive bacteria, with  the latency phase increasing up to 8 h and a subsequent linear growth instead of the typical exponential growth phase. In contrast, complete inhibition was determined for coated sutures coming from baths having the same drug concentration. This feature may be related to the higher effective load deduced from the slopes in Figure 3. It should also be pointed out that the 1 w/v-% concentration (i.e. a load of 0.94 g/cm) was sufficient to render a completely inhibitory effect against Gram-negative bacteria, independently of using a coated or an uncoated (not shown) suture. On the contrary, this concentration rendered a practically inhibitory effect against Gram-positive bacteria only when the coated suture was employed. Higher concentrations were logically completely effective against both Gram-positive and Gram-negative bacteria. 
Figure 5 shows the evaluation of bacterial adhesion to the new materials as a different way to control the antimicrobial effect. Results demonstrated a dose-dependent response for Gram-positive bacteria since relative adhesion decreased to 20% (uncoated) and 30% (coated) for samples having the highest CHO content. In contrast, the decrease of relative adhesion was practically constant (i.e. between 40% and 55%) for Gram-negative bacteria, independently of the amount of loaded CHO provided  it exceeded 2.35 g/cm. Differences between coated and uncoated sutures were not highly significant for either kind of bacteria, especially considering the different effects caused by the higher CHO load for coated sutures when drug concentration of the loading baths was the same and the more difficult diffusion of the drug when the suture was coated.
Bactericide effect can also be qualitatively observed in the Agar tests by measurement of the inhibition halos around sutures, as shown in Figure 6. Results point out the following issues: a) Halos logically increased with the amount of loaded drug (see halos in each vertical raw); b) The effect caused for a given load and preparation method (i.e. coated and uncoated sutures) is similar for Gram-positive and Gram-negative bacteria; c) Inhibition halos appear larger for the coated suture when compared with the equivalent uncoated one. The selected coating does not seem to hinder CHO diffusion from the suture to the medium but caution must be taken because of the higher amount of drug that is loaded from a fixed bath concentration. 
Cytotoxicity of CHO loaded poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilament sutures
Figure 7 shows the results of cell adhesion and cell proliferation events determined for epithelial-like and fibroblast-like cell lines after 24 and 96 h of culture, respectively. 
Adhesion of epithelial-like cells was significantly reduced at the highest load (i.e. samples coming from the 5 w/v-% bath), with the maximum decrease being close to 32% for the coated suture and 40% for the uncoated one (Figure 7a). Probably, release of chloramphenicol was hindered by the coating copolymer. Thus, it was possible to justify higher cell adhesion despite the slightly higher drug load. However, it is important to point out that proliferation assays demonstrated that cell colonization took place, and specifically percentages similar to the control were attained for the most problematic uncoated suture (Figure 7c). Fibroblast-like cells were less sensitive to toxic effects because epithelial-like cells require a great surface to adhere to through their basal domains, and consequently can be more affected by adverse surfaces. Therefore, adhesion of fibroblast-like cells decreased only to 20% in the most adverse case (i.e. the maximum CHO load) while a similar behavior to that of the control was determined for all the other loads (Figure 7b). Proliferation assays indicate that cell growth was completely recovered for the coated suture even when an initial decrease in cell adhesion was detected (Figure 7d). 
Micrographs in Figure 8 show the morphology of fibroblast-like and epithelial-like cells adhered to both uncoated and coated sutures loaded from 3.5 w/v-% baths. In general, epithelial-like cells appear widely extended, forming clusters (Figures 8c and 8d) while fibroblast-like cells appear as single, extended and well-distributed cells (Figures 8a and 8b) after adhesion and proliferation assays and independently of the use of a coating polymer (Figures 8a and 8b). 
Load and release of captopril into/from poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilament sutures
Figure 9 correlates the amount of CAP loaded into uncoated and coated sutures following the above two-step protocol. Good determination coefficients were again found between the amount of loaded drug and its concentration in the ethanol bath (i.e. 0.96-0.98). Slopes were clearly lower than those determined for CHO (i.e. 0.41-0.15 as opposed to 0.94-0.65), suggesting poorer affinity between CAP and the suture. In contrast with CHO results, the load was clearly lower for the coated samples, a feature that can be explained by partial solubilization of CAP when the suture was immersed in the ethyl acetate coating bath. In fact, ethyl acetate has been proposed for crystallization of CAP because it is sparingly soluble at 25 ºC but has moderate solubility at 60 ºC.45
Figure 10a compares the release percentages of CAP in the 3:7 v/v mixture of PBS/EtOH medium from uncoated sutures loaded from baths having different drug percentages. It is clear that the burst effect decreased for lower amounts of loaded drug, and even a sustained release was found from samples coming from 1 w/v-% and 0.1 w/v-% baths. The high burst effect clearly indicated that the amount of retained drug was small, and even measurements performed at plateau levels indicated irregular adsorption (i.e. 0.61 g/cm, 0.73 g/cm and 0.92 g/cm when samples were loaded from baths having 15 w/v-%, 10 w/v-% and 5 w/v-% CAP concentrations). This feature contrasts with the constant value observed for CHO loaded samples, where better interactions between drug and the copolymer suture seems to be established. The completely different behavior of scarcely loaded samples, where the percentage of released drug was lower than 30% and did not achieve a constant value even after 4500 min of exposure, is also highly significant. The slower release suggests that important interactions can be established between CAP and the suture surface for low doses. The amount of retained drug after this period (0.26 g/cm) was nevertheless clearly lower than that observed for highly loaded samples despite the fact that the drug was clearly detached from these samples (burst effect). When ethanol was employed as the delivery medium, the release percentage of samples coming from 1 w/v-% and 0.1 w/v-% baths increased compared to the PBS/ethanol medium, but a sustained release was still observed (i.e. the plateau was still not achieved after 4500 min of exposure) despite higher solubility of the drug in this medium. 
Figure 10b compares the release behavior of coated sutures. In this case, it is clear that the coating reduces the burst effect and that the released percentage decreased with the amount of loaded drug. Results are logical when amounts of released drug from a determined suture are compared. Values of 0.22 g and 0.04 g were determined after 4500 min of exposure for the most and least loaded suture, respectively, which agree with a diffusion driven process. The plot in Figure 10b also shows that a sustained release was detected when ethanol was employed despite its higher solubilizing power and even its ability to swell the coating and favor drug diffusion. Logically, comparison between sutures coming from the same bath concentration (i.e. 10 w/v-%, Figure 10b) demonstrated the higher release attained in the ethanol medium (i.e. see the empty and full triangles for ethanol and PBS-ethanol media, respectively). Specifically, the release in ethanol after 4500 min of exposure was close to 72%, a value significantly higher than the percentage of 32% determined for the PBS/ethanol medium. 
. 
Cytotoxicity of CAP loaded poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilament sutures
Figure 11 compares proliferation and adhesion of epithelial-like and fibroblast-like cells to uncoated and coated sutures loaded with different amounts of CAP. Both assays showed a decrease of cell viability when the amount of incorporated CAP increased. Toxicity was highly dependent on the presence of the coating copolymer, probably as a consequence of the lower drug load when samples came from baths having the same drug concentration and mainly of the delayed release caused by the indicated equilibrium conditions attained for the distribution of the drug in the coating and the external medium. In any case, certain recovery of cell growth was detected for uncoated samples in long events (i.e. proliferation assays) performed with highly loaded samples. Certain cytotoxicity was detected for both kinds of cells when uncoated samples initially loaded with a high amount of CAP were tested. Thus, relative growth of epithelial-like and fibroblasts-like cells decreased to 40% and 22%, respectively. Results in Figure 11 point out that cytotoxicity was not significant when uncoated samples were loaded with 2.05 g/cm and 0.41 g/cm of CAP for epithelial-like and fibroblast-like cells, respectively. In contrast, coated samples could be loaded with 2.25 g/cm and 1.5 g/cm of CAP for epithelial-like and fibroblast-like cells, respectively.
SEM micrographs of cells adhered to the coated sutures loaded from 5 w/v-% CAP bath are shown in Figure 12. Both epithelial-like and fibroblasts-like cells exhibited good cell adhesion characteristics. Cytoplasmic extensions can be observed as lamellipodia for Vero cell lines, i.e. epithelial-like cells (Figure 12a), while for COS-7 cell lines, i.e. fibroblast-like cells, cytoplasmic extensions of filopodia type were found for cells adhered to the suture surface (Figure 12b). In both kinds of cells, attachment and spreading on uncoated and poly(LA-co-TMC) coated sutures loaded with CAP showed clear evidence of low in vitro toxicity.

Wound healing effect of CAP loaded in poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilament sutures
The in vitro wound healing effect was only evaluated for samples coming from 5 w/v-% and 15 w/v-% baths since, as indicated in the previous section, the resulting samples showed high and low toxicity to cells, respectively. Note also that differences in toxicity were enhanced for uncoated sutures due to their higher effective load.
Wound healing (WC) was clearly favored in the most highly loaded samples (i.e. coming from the 15 w/v-% bath), as shown in Figure 13. Specifically, WC percentages of 40% and 24% were determined for coated and uncoated sutures, respectively, after 21 h of exposure. These percentages decreased to 28% (coated) and 15% (uncoated) for samples coming from the 5 w/v-% bath.  These percentages are close to those obtained for unloaded controls (28% and 13% for coated and uncoated samples, respectively). After 45 h of exposure, WC percentages were in the 60%-54% range for all conditions. Results demonstrate the accelerating effect of CAP on wound healing for early events (i.e. 21 h). Moreover, high CAP concentrations may have a different effect on the surface of sutures (i.e. a clear cytotoxicity was determined) and on the surrounding cell monolayer (i.e. negative effects were minimized due to the decrease in CAP concentration since it depends on the diffusion process). 
The beneficial wound healing effect increased with the amount of loaded drug (i.e. 15 w/v-% versus 5 w/v-% baths) and depended on the presence of the coating polymer. Specifically, wound healing improved when coated sutures were employed, which may be related to a slower drug release that favors cell colonization on the suture material and decreases the cytotoxic effect around the suture.  

CONCLUSIONS
The results obtained in this work indicate that CHO can be easily loaded onto the surface of poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilament sutures, being the use of a coating copolymer beneficious due to the protective effect against drug desorption. A constant amount of CHO is retained in both coated and uncoated sutures after release experiments, probably as a consequence of intermolecular interactions between the drug and involved copolymers. Bactericide effect was higher against Gram-negative bacteria but the load from baths having 5 w/v-% of CHO was even effective against the Gram-positive bacteria for both coated and uncoated sutures.  Interestingly, in vitro toxicity assays demonstrated an effective cell adhesion and proliferation (for both epithelial-like and fibroblast-like cells) at loading CHO amounts capable of rendering a clear bactericide effect.
CAP loading was more problematic for coated sutures due to a partial solubilization of the drug in the coating bath. In this case, the use of a coating was highly effective to suppress the burst effect and to render a sustained release. In addition, the coating was also fundamental to diminish the in vitro toxicity and enhance the wound healing activity. 
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FIGURE CAPTIONS
Figure 1. Chemical structures of poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) (MonosynTM), the coating poly(LA-co-TMC) copolymer and the selected CHO antibiotic and CAP wound healing agent.
Figure 2. Scanning electron micrographs of a monofilament of poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) monofilament suture after immersion in an ethyl acetate bath containing 3.5 w/v-% of CHO (a)  and also 3 w/v-% of poly(LA-co-TMC) (b).
Figure 3. a) Plot of the amount of chloramphenicol (●, ◯) incorporated into the poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) suture (drug weight/suture length) versus drug concentration of ethyl acetate baths. Results are given for solutions with (solid lines) and without (dashed lines) poly(LA-co-TMC). b) CHO release percentages in 3:7 v/v mixture of PBS buffer and ethanol (dashed lines) for uncoated (□,○) and coated (■, ●) sutures. For the sake of completeness, data for an EtOH medium are also plotted (solid lines). Samples were obtained from baths containing 5 w/v-% (circles) and 1 w/v-% (squares) of CHO. Curves are shown with different colors for a better interpretation.
Figure 4. Growth curves of E. coli (a) and S. epidermidis (b) on culture plate as positive control (□), coated suture as blank (◯) and poly(LA-co-TMC) coated sutures loaded in baths with the indicated  w/v-%  of CHO. For the sake of completeness, data for uncoated sutures loaded from selected baths are also plotted.  Curves are shown with different colors for a better interpretation.
Figure 5. Adhesion of E. coli (a), and S. epidermidis (b) bacteria to uncoated (filled bars) and poly(LA-co-TMC) coated (grid bars) sutures loaded in baths with the indicated CHO concentrations. Data concerning the culture plate as positive control and the unloaded coated and uncoated sutures as blanks are also provided. * Denote mean values that are statistically different to the control at a level of p < 0.05.
Figure 6. Agar tests showing the inhibition zone of E. coli and S. epidermidis bacteria caused by uncoated and poly(LA-co-TMC) coated sutures loaded in baths with the indicated CHO concentrations.
Figure 7. Adhesion to (a, b) and proliferation (c, d) of Vero (a,c) and COS-7 (b, d) cells in uncoated (filled bars) and poly(LA-co-TMC) (grid bars) coated sutures loaded in baths with the indicated CHO concentrations. * Indicate mean values thats are statistically different to the control concentration (0 w/v-%) at a level p < 0.05.
Figure 8. SEM micrographs of COS-7 (a,b) and Vero (c,d) cell growth on uncoated (b) and poly(LA-co-TMC) coated (a,c,d) sutures loaded in baths with CHO concentration of 3.5 w/v-%. Figures correspond to adhesion (a-c) and proliferation (d) assays. Arrows indicate the spreading cells.
Figure 9. Plot of the amount of captopril (●, ◯) incorporated into the poly(GL)-b-poly(GL-co-TMC-co-CL)-b-poly(GL) suture (drug weight/suture length) versus drug concentration of ethanol baths. Results are given for solutions with (solid lines) and without (dashed lines) poly(LA-co-TMC). 
Figure 10. a) CAP release percentages in 3:7 v/v mixture of PBS buffer and ethanol  for uncoated sutures loaded from the indicated CAP concentrations in the loading bath. For the sake of completeness, data for an EtOH medium and two selected concentrations are also plotted (□,○). b) CAP release percentages in 3:7 v/v mixture of PBS buffer and ethanol for coated sutures loaded from the indicated CAP concentrations in the loading bath. For the sake of completeness, data for an EtOH medium and a selected concentration are also plotted (∆). Curves are shown with different colors for a better interpretation.
Figure 11. Adhesion to (a, b) and proliferation (c, d) of Vero (a,c) and COS-7 (b, d) cells in uncoated (filled bars) and poly(LA-co-TMC) (grid bars) coated sutures loaded in baths with the indicated CAP concentrations. Data concerning the culture plate as positive control are also provided. * Indicate mean values thats are statistically different to the control concentration (0 w/v-%) at a level p < 0.05.
Figure 12. SEM micrographs of Vero (a) and COS-7 (b) cell growth on poly(LA-co-TMC) coated sutures loaded from a 5 w/v-% CAP bath. Arrows indicate the spreading cells.
Figure 13. Optical micrographs of epithelial-like cell growth in linear defects made in a cell monolayer when sutures were incorporated in the culture medium. Results are given after 0 days (initial) and 21 h of exposure for unloaded and uncoated sutures (control), and sutures loaded from 5 w/v-% and 15 w/v-% baths. Dashed lines limit the wound closure.
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