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Introduction: Introduction 

We fabricated a rapid prototyped PCL scaffold embedded with chitosan/nanoclay/β-tricalcium 

phosphate composite (DESCLAYMR scaffold), which has been previously proven to be able to fulfil the 

requirements for bone tissue engineering in vitro, and effectively inhibit tumor growth and prolong local 

drug release in nude mice when loaded with doxorubicin. The aims of this study were 1) to further 

investigate the release behavior of doxorubicin from the DESCLAYMR scaffold in vivo and 2) to exam the 

intra-bone marrow biocompatibility of the scaffold loaded with or without a chemotherapeutic drug in a 

porcine model. 

Methods: 1. Mouse model for release behavior evaluation 

Six to eight weeks old female BALB/c mice received either subcutaneous implantation of 

DESCLAYMR_DOX (60 µg DOX/scaffold) on each side of the hind flanks or subcutaneous injection of 

same dose of DOX under anesthesia with continuous 2.5% isoflurane exposure. The experimental 

endpoint was reached when weight losses were >10% of mouse bodyweight measured before any 

procedures or skin ulcerations occurred due to the subcutaneous use of DOX. 

2. In vivo DOX release behavior 

Local DOX release estimated by quantification of fluorescence data 

The mice were imaged with Xenogen IVIS Spectrum imaging platform in order to detect DOX 

fluorescence, either loaded into DESCLAYMR scaffolds or injected subcutaneously. Imaging variables 

were maintained for comparative analysis. DOX fluorescence was captured on a CCD camera (excitation 

430-465 nm/ emission 540-640 nm) and analyzed after spectral unmixing. A region of interest (ROI) was 

manually selected and kept constant in the course of the experiments. Intensity was recorded as radiant 

efficiency ([photons/s]/[µW/cm2]) within a ROI. 

Pharmacokinetics of DOX estimated by UHPLC-MS/MS 

Quantification of DOX in mouse serum samples was performed by an ultra-high performance liquid 

chromatography tandem mass spectrometry (UHPLC-MS/MS) method. DOX was extracted from serum 

following protein precipitation using a mixture of methanol and acetonitrile. Separate samples prepared 

in blank mouse serum where spiked with known amounts of DOX reference material and used to 

construct a calibration/standard curve. MassLynx software V4.1 (Waters) was used for raw file 



processing, peak detection, integration, as well as for construction of calibration curves and calculation 

of sample concentrations. 

3. Pig model for intra-bone marrow biocompatibility evaluation Histomorphometry 

The scaffolds were tested bilaterally in the humerus of 18 female adolescent pigs. In 9 pigs, the 

DESCLAYMR scaffold loaded with 400 μg DOX (DOX_high) was tested against empty DESCLAYMR scaffold 

(Control) and in 9 pigs DESCLAYMR scaffold loaded with 100 μg DOX (DOX_low) was tested against the 

Control. The observation time of 5 weeks was chosen based on studies from our lab. The pigs were 

euthanized using overdose of pentobarbital. The scaffolds and the surrounding bone were resected en 

bloc for further processing and analyses. 

4. Histomorphometry 

The slices with a thickness of seven um were cut on a microtome. The sections were stained with 

Alkaline phosphatase (ALP), Goldner’s Trichrome (GT), Picrosirius red and alpha Smooth Muscle Actin (α-

SMA). Histomorphometry was performed by two independent observers using an Olympus microscope 

with Visiopharm Integrator System software. Intra- and inter-observer variance was determined and 

point count technique was utilized to quantify bone volume fractions (BV/TV), ALP positive area 

fractions (ALP/TV), collagen fiber fractions (Collagen fibers/TV), and α-SMA positive area fractions (α-

SMA/TV). 

Results: Quantification of radiant efficiency in the local area showed that there was no initial burst 

release in mice receiving DESCLAYMR_DOX implantation, while a burst DOX release was observed in 

mice receiving INJECTION_DOX three hours post-injection followed by a fast decrease within the first 24 

hours. The quantification of DOX fluorescence was similar in the end of the first day in both groups, but 

more condensed in the DESCLAYMR_DOX group than in the INJECTION_DOX group (Figure 1B). The DOX 

fluorescence in DESCLAYMR_DOX group was significantly stronger at day 4, one week, and two weeks 

compared with the INJECTION_DOX group (p=0.0025; p=0.000; p=0.0473, respectively). 

Mice receiving INJECTION_DOX showed a significantly higher plasma DOX concentration of 68.53 ± 

11.29 μg/L four hours post-injection compared with 21.91 ± 4.85 μg/L DOX for mice receiving 

DESCLAYMR_DOX (P=0.0029, Figure 2), the DESCLAYMR_DOX produced threefold lower peak plasma 

concentration (Cmax) compared with INJECTION_DOX. No significant difference was found between the 

two groups 24 hours post-implantation/injection of DOX. On day 4, there was only 1.78 ± 0.40 μg/L and 

1.99 ± 0.15 μg/L DOX left in the circulation system in the DESCLAYMR_DOX and INJECTION_DOX groups, 

respectively, which DOX level was at the lower limit of quantification (LLOQ) in both groups. 

Histomorphometry showed mineralized bone volume fractions (BV/TV), unmineralized collagen fiber 

fractions (Collagen fibers/TV) and α-SMA positive cell fractions (SMA/TV) were significantly higher in 

defects treated with DESCLAYMR alone than DESCLAYMR loaded with DOX (p<0.05). Different 

concentrations of loading drug did not change the toxic effect of DOX for bone healing/regeneration 

significantly. ALP activity (ALP/TV) were higher in the DESCLAYMR loaded with 100 μg/scaffold than with 

400 μg/scaffold. With the amount of DOX decreased, the giant multinucleated cells (MGCs) were 

observed initially from the bone/implant interface area in the Golner’s Trichrome (GT) staining. 

Discussion: Main findings in this study are 1)DESCLAYMR_DOX can release DOX locally in a sustained 

manner in vivo without significantly increasing the plasma DOX concentrations; 2) The amount of loaded 

DOX was negatively related with the osteoconductivity of the DESCLAYMR scaffold. Since the DOX 

amount is decreasing, the osteoconductive capacity initially from the margin of the defect is possibly 



increasing with time. However, this study imposes limitations inasmuch as the IVIS scanner only enables 

us to measure the surface of the treated area, which provides relative amount of local DOX release 

instead of absolute drug amount. Due to the limitations, the quantification of local drug release is only 

considered as an in vivo semi-quantitative measurement. However, the comparison between the 

DESCLAYMR_DOX and the INJECTION_DOX group is possible because the same restriction applies to 

both groups. 

Significance: DESCLAYMR_DOX can be a candidate of a multifunctional medical application following 

stepwise process with firstly remaining tumor cells eliminated by chemotherapeutic agents and 

afterwards stimuli for different stages of bone development/healing.These data represent an important 

milestone in the preclinical assessment for using DESCLAYMR_DOX for bone tumor patient after tumor 

resection. 
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