In vivo evaluation of collagen-based scaffold reinforced by chitin fibres for bone tissue engineering.
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Introduction
Tissue engineering is an increasingly popular method for repairing bone defects!"!. However, repair of

bone defects over 30 mm using tissue engineering methods is a difficult clinical problem!' ). In this
study, we used a goat shank model to evaluate the bone-regenerating efficacy of a novel
nano-hydroxyapatite/collagen/PLLA (nHACP) composite reinforced by chitin fibres.

Materials and Methods
Materials: Synthesis of nHACP composite !"*) and nHACP reinforced by chitin fibres ?Thad been

reported previously. The compressive strength of the reinforced implants is about three times as that of

nHACP. The porosities of pure PLLA, nHACP and the reinforced nHACP are approximately the same.

The diameter of the dry samples was 8.5mm and the height was 7mm.

Animal experiment; Forty healthy adult male goats, weighing approximately 50 kg, were used. A 40
mm segmental osteoperiosteal defect was created in the shank with a mini-oscillating saw. Forty adult
male goats with the 40 mm shank defects at the same position were divided into four groups. Nothing
was implanted in the defect of the four goats in the first group (defect group). The twelve goats in the
second group were implanted with pure porous PLLA. The twelve goats in the third group were
implanted with porous nHACP. The twelve goats in the fourth group were implanted with porous
nHACP reinforced by chitin fibres.

Radiographic examination and bone mineral density (BMD): All harvested tissues were fixed with
10% neutral formalin and then radiographed with a soft X-ray apparatus (MX-20 Faxitron, Torrex and
Micro Focus Systems, Wheeling, IL). BMD was determined by dualenergy X-ray absorptiometry
(DXA) using an animal densitometer (PIXImus, Lunar Corp., Madison, WI). In scans of the excised
bones, the region-of interest (ROI) was positioned over the whole implant area (IP-CHA) on the
anterior-posterior view, not including host bone or bone that developed outside the implant. BMD was
determined using the image analysis software provided with the instrument.

Mechanical evaluation: Compression tests were performed using AUTOGRAPH AG-10KNI
(Shimadzu Corp., Kyoto, Japan), with a compression speed of 1 mm/min. Testing was performed
vertically towards the specimen.

Histological evaluation: One of the four tissue samples from each group was demineralized with 50 %
formic acid and 10 % sodium citrate, dehydrated through an ethanol series and embedded in paraffin
wax. Sections (thickness, 5 mm) were cut, stained with hematoxylin and eosin, and examined under a

light microscope.

Results
Radiographic evaluation: In the defect group, new bone was hardly observed by fifteen weeks. In the

PLLA group, although a minimal amount of new bone was observed by fifteen weeks, the defect was
not repaired. In the nHACP group, some parts were radiopaque at both ends of the implant by fifteen
weeks, but the new bone did not connect, indicating that the defect size was too big for this implant. In
contrast, in the reinforced group, continuous callus can be observed by five weeks. It is interesting that

continuous new cortical bone and a marrow cavity came forth by ten weeks in this group. After another



five weeks, the radiodensity of the implants had further increased, and excess newly formed bone
outside the implants had been remodeled to form a smooth repair (Fig.1).

Histology: In the defect group, the defect was mainly filled with fibrous
connective tissue, suggesting that no callus emerged. In the PLLA group,
after fifteen weeks, a small amount of fibrous callus, but no osseous callus,
appeared. Meanwhile, a big amount of neutrophilic granulocyte and
mononuclear cells existed in the plants, suggesting that immunologic
rejection had taken place. In the nHACP group, by fifteen weeks, a big
amount of osseous callus and a small amount of implants existed in the
defects. But neither bone lacunas nor bone cells in the bone lacunas could
be found, suggesting that no mature new bone generated. In contrast, in the
reinforced group, large amounts of osseous callus appeared by ten weeks. It

is most interesting that bone lacunas, as well as the bone cells in them, can

Figl. Radiographs in the be observed by fifteen weeks, which suggests that mature new bone

reinforced nHACP group at
fifleen weeks after surgery

appeared.

BMD: In the defect group, BMD hardly increased at fifteen weeks after
implantation. In PLLA, nHACP and the reinforced group, BMD all increased gradually with time, But
at each point of time, the reinforced implants group had a higher mean BMD than the other two groups.
Meanwhile, nHACP group had a higher mean BMD than pure PLLA group at each point of time. At
fifteen weeks after implantation, the mean BMD of the reinforced implants group was about twice as
that of nHACP group.

Mechanical compression test. At five weeks after implantation, the mean breaking load in the
reinforced group is higher than that in both nHACP and pure PLLA groups. Furthermore, the mean
breaking load of the reinforced group increased much faster from five to ten weeks and from ten to
fifteen weeks than that of nHACP group. Similarly, mean increased breaking loads of nHACP group by
ten weeks and fifteen weeks were greater than that of pure PLLA group. By fifteen weeks, the mean
breaking load in the reinforced implants group was about twice as that in nHACP group and about

three times as that in pure PLLA group.

Discussion and Conclusions

We demonstrated that a new porous scaffold, nHACP reinforced by chitin fibres, could completely
repair a 40 mm defect in goat shank with appropriate strength. Meanwhile, we used pure PLLA and
nHACP as comparisons to repair the same defect. These two implants cannot repair this defect
completely, although nHACP showed better results than pure PLLA. Therefore, the reinforced scaffold

might be a candidate for bone tissue repair.
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Table 1 MWCNTSs and concentrations of the selected metal elements found in the samples extracted from

the CNTs with 17% HCI aqueous solution.

MWCNTs P-MWCNTs U-MWCNTs D-MWCNTs

;verage diameter 9.5 nanom-eters :

Average Length 1.5 micrometers

Carbon Purity 90% =

Specific Surface area 250-300 m’/g _

Al 3.64% 3.3% 0.801%

Ni 0.011% 0.001 %“ 0.009% . |

P-MWCNTs denote the primary MWCNTs, U-MWCNTs, the dispersed MWCNTs by ultrasonication,

D-MWCNTs, the dispersed MWCNTs with surfactant as the dispersant.

{
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Figure 2 Dried weights (average values of three measurements) of the suspension cultured T87 for the

control samples (Ctrl) and those with addition of P-MWCNTs, U-MWCNTs, D-MWCNTs, carbon blacks
(CB), the zwitterionic dispersant (DA), and asbestos( ASB). respectively (left-figure).

Figure 3  Viability measurements (n 3) obtained using triphenyl-tetrazolum reduction assay. The
suspension cells were incubated with TTC for 24 h at 25 °C in the dark. The samples were then centrifuged
for 5 min at_500rpm, TTC solution was aspirated and cells were subsequently icubated in 1 ml of 98%
ethanol for 20 h at 55 °C. After centrifugation for 5 min at 8800 rpm. the absorbance of supernatant was read

at 485 nm (right-figure).
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