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Abstract 
Polyvinyl alcohol gelatin hydrogels were fabricated using genipin as a crosslinking agent for bone 
regeneration application. Optimized formulation of PVA-GE hydrogel was fabricated using genipin 
as crosslinking agent. Characterizations such as FTIR, morphology, porosity, pore size, degradation 
and swelling rate were investigated. Bone regeneration potential of optimized genipin cross-linked 
polyvinyl alcohol-gelatin (PVA20) hydrogels was assessed by implanting in rabbit’s femur defect 
for 1, 5 and 15 weeks period. Results showed interconnected porosity as observed in scanning 
electron microscopy and successful crosslinking as confirmed by FTIR analysis. Increased porosity 
(92% ± 2.46%) and pore size distribution (100 - 200 μm) were also observed as well as decrease 
in swelling rate (426% ± 10.50%). Bone formation was evident in micro-CT after 5 and 15 days of 
in vivo implantation period. Micro-CT analysis showed 32.67% increased bone formation of 
PVA-GE hydrogel defect compared with negative control after 15 weeks of in-vivo implantation. 
Histological analyses showed no inflammatory reaction post implantation and increase in cell ma-
trix formation after 5 and 15 weeks. The combined physical and chemical method of crosslinking 
promises improved mechanical properties of PVA-GE hydrogel making it a potential scaffold for 
bone tissue engineering applications. 
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1. Introduction 
Hydrogels based on both natural and synthetic polymers have continued to be of interest for the new field of 
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tissue engineering for repairing and regenerating a wide variety of tissues and organs [1]. It has excellent bio-
compatibility, easily controlled degradability and vascularization inductivity [2]. Moreover, hydrogel systems 
can be easily formed into different shapes and can be filled into bone defects during implantation [3]. It provides 
a highly swollen three-dimensional (3D) environment similar to soft tissues and allows diffusion of nutrients and 
cellular waste through its elastic networks, which is essential in bone and tissue regeneration. However, hydro-
gels derived from natural polymers that use in hard tissue regeneration have fast degradation rate despite having 
desirable properties [4]. On the other hand, synthetic hydrogels can be prepared with tailored and highly repro-
ducible chemical characteristics, thereby enabling the required degradation properties [5]. Recent strategies have 
focused on composite hydrogels by combining different degradable or non-degradable polymers with tailored 
chemistries in order to create bioactive systems with customized functional properties [6] [7]. Studies with sev-
eral hydrogel systems consisting of either natural polymers such as gelatin, hyaluronic acid and chitosan, or 
synthetic polymers such as polyvinyl alcohol or polyethylene glycol have been developed for bone regeneration 
[8]-[12].  

Biomimetic hydrogel scaffolds consisting of natural and synthetic constituents offer both biocompatibility and 
structural versatility [13]-[15]. PVA hydrogel is known for high degree of swelling in water, inherent low toxic-
ity, good biocompatibility and desirable physical properties. It has been used clinically in animals for articular 
cartilage healing [16]. However, PVA hydrogel has limitations in cell-biomaterials interaction and should be 
combined with other tissues inducing materials to accelerate the healing process [17]. Gelatin on the other hand, 
is non-toxic, biodegradable and water soluble protein derived from collagen [18]. Gelatin is a natural polymer 
derived from the hydrolysis of collagen. It is biodegradable, biocompatible and low in cost [19]. It has lower 
immunogenicity, good solubility in aqueous systems and a sol-gel transition at 30˚C [20]. Moreover, it has ex-
cellent biocompatibility, promotes good cell adhesion, proliferation and non-carcinogenic [21] [22]. In addition, 
gelatin can be cross-linked or modified with the inclusion of other materials to significantly alter its mechanical 
and biochemical properties. Composite of PVA and gelatin for bone regeneration has been investigated using 
different methods such as electrospinning, hydrogel and salt leaching to assess its suitability for bone regenera-
tion PVA is used as a biomaterial due to its biocompatibility, nontoxicity, non-carcinogenicity and excellent 
swelling properties. PVA needs to be cross-linked prior to the fabrication of hydrogel due to its water solubility 
[23]. Crosslinking methods of PVA-GE hydrogel fabrication have been reported by different studies such as re-
peated freeze-thaw cycles, changing the degree of hydrolysis of the PVA, adding a foaming agent [24]-[29]. 

Genipin was utilized as a crosslinking agent in PVA-GE hydrogel fabrication. It is a naturally occurring 
cross-linking agent, which is isolated from the fruits of the gardenia jasmin-oides plant [13]. It reacts with pri-
mary amine groups to fix biological tissues and is significantly less cytotoxic than other chemical cross-linkers, 
such as glutaraldehyde, diisocyanates and epoxides [14]. It was used as a crosslinking agent due to its ability to 
improve mechanical properties and has non-toxic properties. PVA-GE hydrogel has been used in different stu-
dies for vascular tissue engineering, wound healing, food engineering, drug delivery applications, cell encapsu-
lations and 3-D scaffolds for tissue engineering and biomedical application [30]-[38]. The objective of this study 
is to provide a simple, easy and effective hydrogel fabrication method for bone tissue regeneration and to assess 
the effect of genipin on the physical and chemical composition of the fabricated hydrogels and its bone regene-
ration potential. Physical properties were investigated using SEM, porosity, pore size distribution, water uptake 
and FTIR before and after crosslinking. Bone regeneration potential of the hydrogels was observed by implant-
ing cross-linked PVA-GE hydrogels in a rabbit femur defect for 5 and 15 weeks.  

2. Experimental Procedure 
2.1. Hydrogel Preparation 
PVA and GE solution were prepared separately. Solution containing varying amount of PVA (wt/v) PVA (Sig-
ma, USA) and varying amount of gelatin (wt/v) (approx. 300 Bloom, Sigma, USA) was dissolved in deionized 
water at 80˚C and mixed for 2 hours. Genipin (Wako, Korea) solution was prepared by dissolving 0.05% w/v of 
genipin powder in PBS solution and mixed for 30 minutes. PVA and GE solution were mixed together with vary-
ing volume of 0.05% genipin solution of 0 ml, 40 ml, 60 ml and 80 ml (Table 1) at room temperature until a ho-
mogenous mixture was obtained. The mixture was poured into a polyvinyl chloride (PVC) molds and allowed to 
undergo crosslinking reaction for 2 days at room temperature. Table 1 shows different concentration of PVA and 
gelatin together with different volume of 0.05% genipin solution used in fabrication of PVA-gelatin hydrogel. 
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Table 1. Different combination of polyvinyl alcohol and gelatin with varying 
volume of 0.05% genipin solution used for PVA-GE hydrogel fabrication. 

Samples PVA:Gelatin ratio Genipin volume (0.05%) 

PVA10 10:10 80 

PVA20 20:20 60 

PVA30 30:30 40 
PVA50 50:50 0 

2.2. Characterization of PVA-GE Hydrogel 
Fabricated PVA-GE hydrogels with different composition were first determined its morphology, compressive 
strength, swelling rate and degradation.  

Scanning Electron Microscopy. Hydrogel morphology before and after crosslinking were evaluated under 
scanning electron microscopy (JEOL, Japan) at an acceleration voltage of 25 kV. Samples were prepared prior 
to SEM observation. PVA-GE hydrogels were fabricated as stated above, dehydrated in ethanol series and hex-
amethyldisilazane (HMDS, Sigma, USA) was added drop wise for critical point drying. Dried PVA-GE hydro-
gels were mounted in sample holder and sputter coated (JFC-1200, JEOL, Japan) with thin platinum layer and 
viewed under scanning electron microscope.  

Compressive strength. Compressive strength of hydrogels was measured to determine the mechanical 
strength of the hydrogels. PVA-GE hydrogels were wetted with the use of phosphate buffer saline (PBS) to si-
mulate real conditions. The hydrogel solution was cast into a 5 mm petri dish and wet hydrogel samples were 
cut into square shapes (5 mm in length, 5 mm width and 5 mm thickness). A uniaxial displacement was applied 
to the specimen at a crosshead speed of 0.5 mm/min and the load was measured with a 20-g load cell. The re-
ported results were the averages of five trials of the samples, along with the corresponding standard deviations. 

Swelling rate. The weights of the completely dried hydrogels were determined using an analytical balance. 
Hydrogels (square shape with 1 mm thickness and 1 mm width) were immersed in PBS at 37˚C in an incubator 
for 24 hours. The swollen hydrogels were gently blotted with filter paper to remove excess surface water and fi-
nal weight of the hydrogels were recorded. The swelling rate (%) of the hydrogels was calculated as: 

100s o

o

W W
W
−

∗  

where Ws is the weight of swelling hydrogel and Wo is the initial weight of dry hydrogel. 
Degradation rate. Degradation rate of hydrogels were measured with the use of lysozyme solution for 60 

days. Initial weight of the hydrogels were recorded (Wi) and incubated in PBS solution with 10 mg/ml lysozyme 
at 37˚C. After 60 days final weight of PVA-GE hydrogels with different combinations of PVA and gelatin were 
obtained and recorded, hydrogels were blotted dry using a filter paper and final weight were obtained (Wf). Ly-
sozyme solution was changed every two days. Degradation rate (%) was calculated as: Degradation rate (%): 
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Optimized samples will be chosen based on compressive strength, degradation rate and swelling rate.  
FTIR analysis. Cross-linked PVA20 hydrogel and Uncross-linked PVA50 hydrogel which served as a con-

trol were characterized by attenuated reflectance Fourier transform spectroscopy (PerkinElmer, USA). The 
infrared spectra of the samples were measured over a wavelength range of 2000 - 800 cm−1. All spectra in the 
spectral range were collected by 64 scans with a resolution of 4 cm. 

Porosimetry. To analyze the porosity and pore size, PVA20 and PVA50 hydrogels (5 mm in height, 5 mm in 
width and 10 mm in thickness) were evaluated using Mercury porosimeter (Quantachrome Instruments, USA) 
and analyzed using Poremaster software.  

2.3. In-Vivo Evaluation of Cross-Linked PVA-GE Hydrogel 
Implantation of PVA-GE (PVA20) hydrogel in rabbit’s femur defect. All in-vivo procedures were carried 
out according to the protocol approved by the Animal Ethical Committee of Soonchunhyang University for the 
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care and use of laboratory animals. Bone regeneration potential of PVA-GE (PVA20) hydrogels were assessed 
by implanting PVA-GE in rabbits’ femur. Two different groups were used in the in-vivo study; the negative 
control which consisted of defect only and the PVA-GE group wherein the defect were implanted with PVA20 
hydrogel for 1, 5 and 15 weeks. New Zealand white rabbit (n = 18), were kept in light and temperature con-
trolled environment and were given food and water. Rabbits were sanitized using 75% alcohol and cleaned with 
iodine, intramuscular injection of 0.8 ml of Zoletil 50 was injected prior to operation. A longitudinal incision 
was done on the parietal part of the femur, a 3 mm defect was made using a trephine drill. Prior to operation, 
PVA-GE hydrogels were sterilized by washing with PBS and exposed to UV light for 15 minutes. Sterilized 
PVA-GE (3 mm by 5 mm) hydrogel was inserted into the defect or left empty as a control. Laboratory animals 
were kept and fed ad libitum. The rabbits were sacrificed 1, 5 and 15 weeks after implantation, and the entire 
portion of the femur defect was removed. The samples were immersed in a 10% buffered formaldehyde solution 
at room temperature to preserve the tissues until further use. 

Micro-CT analysis. Micro CT was utilized to determine the new bone formation in the femoral defect site 
after 1, 5 and 15 weeks. Extracted femurs were fixed with formalin overnight and covered with paraffin. Pre-
pared samples were scanned using micro-CT to obtain micro CT scans over the region of interest (ROI) of the 
samples. Micro Ct scans were then converted to 3D using a CT Analyzer software (CTAn) and viewed using a 
3-D Visualization software (CTVol). 3D data were then reconstructed to obtain quantitatively the bone volume 
(BV) and tissue volume (TV) [39] [40]. Percent bone volume was calculated to measure the new bone volume 
using the formula below: 

( )Bone Volume = 0% 1 0BV
TV

∗
 

Histological staining analysis. Harvested rabbit femurs were fixed in 10% formalin solution for 2 days and 
decalcified using 5% nitric acid for 3 days at room temperature. Decalcified samples were fixed in paraffin and 
cut using HM 325 microtome (Thermo Scientific, USA). Tissue section with 5 μm thin were fixed in glass slides, 
deparaffinized in xylene series and dried in alcohol series. Tissue slides were stained with Hematoxylin and eo-
sin (H&E) and Masson’s Trichrome stain and viewed under bright field microscope (Olympus BX53 system 
microscope (Olympus, Japan) equipped with CellSens software to assessed detailed new bone formation and 
collagen formation. 

Stastistical analysis. The values are expressed as mean ± standard deviation in each experiment. The results 
were analyzed statistically using n = 3 one-way ANOVA with post-hoc correction (Bonferroni method). All 
analyses were carried out using GraphPad Prism 5 with a confidence level of p < 0.05 to determine the statistical 
significance of data obtained in the experiments. 

3. Results 
SEM, compressive strength, degradation and swelling rate. Hydrogels with different PVA and gelatin ratio 
were first evaluated for its morphology with the use of SEM (Figure 1). SEM micrographs showed that PVA10 
hydrogels containing 10:10 PVA-GE ratio has porous morphology with interconnected porosity and presence of 
open and closed pores (Figure 1(A)). In PVA20, enhanced interconnected porosity was observed (Figure 1(B)) 
while in PVA30 decreased in pore interconnection was noted due to increase of close pores (Figure 1(C)). 
However PVA50 has dense morphology with no porosity interconnection was noted (Figure 1(D)). In Figure 2 
showed results of compressive strength, degradation rate and swelling rate of different formulation of PVA-GE 
hydrogels. PVA10 has a compressive strength of 0.3 MPa, a degradation rate of 56.77% and a swelling rate of 
100%. PVA20 hydrogels containing 20:20 PVA-GE ratio has a compressive strength of 7.5 MPa, highest and 
significantly different among the samples, a degradation rate of 57.81% and has a lowest swelling rate of 70%. 
PVA30 hydrogels that contained 30:30 PVA-GE ratio also has a compressive strength of 1.2 MPa, the lowest 
value among the samples, degradation of 48.89% and an increased swelling rate of 150% compared with PVA10 
and PVA20 hydrogels. PVA50 hydrogels which was uncross-linked and used as a control, has very poor mechani-
cal strength and degradation rate, degraded immediately upon contact with water and has a 200% swelling rate.  

Based on the compressive strength, degradation and swelling rate, PVA20 hydrogels containing 20:20 
PVA-GE ratio and with 60 ml of 0.05% genipin solution were chosen as the optimized sample. It has the highest 
compressive strength value (7.5 MPa) and the lowest value of swelling rate (70%) among the PVA-GE hydro-
gels. Optimized hydrogels (PVA20) were further characterized using FTIR analysis and porosimetry. 
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FTIR analysis. FTIR analysis was carried out determine the structural modification of PVA-GE hydrogel 
before and after crosslinking. The FTIR spectra of uncross-linked hydrogel, PVA50 (A) and cross-linked hy-
drogel, PVA20 (B) are shown in Figure 3. The peak at 1640 cm–1 corresponds to C=O stretching that indicated 
amide I and the peak between 1550 cm and 1500 cm–1 corresponds to -NH bending that corresponded to amide 
II. The peaks at 1088 cm–1 and 1277 cm–1 indicated the C-O stretching of secondary alcoholic and ester group 
which indicated amide III. Presence of peaks from 900 - 100 cm−1 were observed in cross-linked PVA-GE hy-
drogel indicated formation of intra and intermolecular crosslinking bonds by the formation of heterocyclic 
structure of genipin with primary amine groups. Increased in peaks were observed in the cross-linked PVA-GE 
hydrogel compared with uncross-linked PVA-GE hydrogels indicated successful crosslinking between PVA and 
gelatin using genipin. 

Porosimetry. Pore size distribution histogram (Figure 4) revealed smaller pore size distribution in PVA50 (5 
- 20 um) as seen in Figure 4(C) compared with PVA20 which has bigger (100 - 200 um) pore size distribution 
as seen in Figure 4(D). Porosity of PVA50 were also evaluated (Figure 4(E)) and increased porosity with 92% 
± 2.46% was observed in PVA20 hydrogel compared with PVA50 which has only 71% ± 3.12% porosity. 

 

 
Figure 1. Scanning electron micrographs of PVA-GE with different PVA and gelatin composition, PVA10 (A), PVA20 (B), 
PVA30 (C) and PVA50 (D). Scale bar indicates 100 μm. 

 

 
Figure 2. Characterization of PVA-GE hydrogels with different PVA and gelatin composition. Compressive strength (A), 
degradation rate (B) and swelling rate (C) of hydrogels with different PVA-Gelatin ratio. 
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Figure 3. FT-IR spectrum of uncrosslinked (A) and cross-linked (B) PVA-GE hydrogels. 

 

 
Figure 4. Morphology and corresponding pore size distribution of PVA50 ((A) and (C)) PVA20 hydrogels ((B) and (D)) 
and % Porosity (E). Scale bar indicates 100 μm. 

In Vivo Evaluation of PVA-GE Hydrogel 
PVA20 was implanted in rabbit’s femur to determine its bone regeneration potential. Animals were euthanized 
and samples were extracted after 1, 5 and 15 weeks for Micro-CT and histological staining analyses.  

Micro-CT analysis. Micro-CT images of negative control and PVA20 hydrogel after 1, 5 and 15 weeks of 
implantation were showed in Figure 5. After 1 week of in-vivo implantation, bone formation on the interface of 
the defect site were observed both in the negative control (Figure 5(A1)) and PVA-GE defect (Figure 5(A2) & 
Figure 5(A3)). Increased bone formation was observed after 5 weeks in PVA20 hydrogel (Figure 5(B2) & 
Figure 5(B3)) defect compared with negative control (Figure 5(B2)). Bone deposition was visible from the pe-
riphery towards the center of the PVA20 hydrogel defect compared with negative control which is visible only 
on the edges of the defect site (Figure 5(B2) & Figure 5(B3)). At 15 weeks, bone formation in PVA20 hydrogel 
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(Figure 5(C2) & Figure 5(C3)) defect was observed from the edges to the center compared with the negative 
control where bone formation is only seen at the periphery of the defect and minimal bone formation at the cen-
ter (Figure 5(C1)). 

Bone volume, % (Figure 5(D)) was used to quantify the new bone formation in the femoral defect sites using 
the obtained bone volume (BV) and tissue volume (TV) from micro-CT analysis. Bone volume, % (bone vo-
lume (BV)/tissue volume (TV)) (Figure 5(D)) matched the micro-CT images shown in Figures 5(A)-(C). Bone 
volume over tissue volume (BV/TV) of the extracted samples were quantified and results showed that no in-
creased in BV/TV was observed in PVA-GE defect (7.51% ± 1.21%) compared with the negative control (10.47% 
± 2.46%) after 1 week of in-vivo implantation. However after 5 weeks, 15% increased BV/TV was observed in 
PVA20 defect (25.14% ± 2.43%) compared with the negative control (21.71% ± 3.12%). At 15 weeks, 32.68% 
increase in BV/TV was observed in PVA-GE defect (82.46% ± 4.5%) compared with the negative control 
(62.15% ± 4.21%).  

Histological analyses. Furthermore, histological slides were stained with H&E and Masson’s Trichrome to 
determine a more detailed analysis of bone formation of the in vivo samples. Hematoxylin and Eosin stained 
tissue sections (Figure 6) showed no inflammation was observed in the post implantation area including the in-  

 

 
Figure 5. Micro-CT 2D image of negative control ((A1), (B1) and (C1)), PVA-Gehydrogel ((A2), (B2) and (C2)) and 3D 
images ((A3), (B3) and (C3)) implanted in femur defect for 1, 5 and 15 weeks. Scale bar indicates 1 mm.  

 

 
Figure 6. H&E stained tissue section of positive control (A), negative control ((B)-(D)) and PVA-GE hydrogel ((E)-(G)) af-
ter 1, 5 and 15 weeks in vivo implantation and positive controls. Scale bar indicates 1 mm. 
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terface for both negative and PVA20 defect. At 1 week, dense fibrous connective tissue consisted of fibroblast 
and blood vessel with an empty space was observed in the defect site of the negative control (Figure 6(A)). 
However, in PVA20 defect increased in cell matrix formation covering the defect site was observed at the peri-
phery and at the center (Figure 6(D)). At 5 weeks, H&E stained tissue section of negative control revealed that 
fibrous tissue composed the majority of the central region with minimal bone formation (Figure 6(B)). In 
PVA20 defect, new bone formation was observed from the interface of the defect site towards the center with 
dense matrix formation (Figure 6(E)). At 15 weeks, majority of bone formation in the negative control was ob-
served in the periphery of the defect with fibrous matrix at the center (Figure 6(C)). In PVA20 defect, bone 
formation was evenly distributed from the interface towards the central region of the defect. (Figure 6(F)). En-
hanced bone fixation was also observed in PVA20 defect compared with the negative control. 

High magnification of H&E and Masson’s Trichrome stained tissue section micrographs were evaluated for 
detailed new bone formation (Figure 7). At 5 weeks, H&E stained tissue sections showed presence of osteoblast 
and osteocyte surrounding the new bone in the PVA-GE defect site indicating active bone remodeling (Figure 
7(A)). At 15 weeks, H&E stained tissue section showed greater new bone formation in PVA-GE defect with re-
maining traces of PVA-GE hydrogel (Figure 7(C)). At 5 weeks, high magnification of Masson’s Trichrome 
stained tissue section showed new bone formation was evident on the PVA20 defect site with presence of os-
teoblasts and osteocytes alongside with collage and cartilage (Figure 7(B)). At 15 weeks, matured cortical bone 
surrounding with dense collagen and cartilage and traces of PVA20 were still evident in the defect site (Figure 
7(D)). 

4. Discussion 
Hydrogels or scaffolds for tissue engineering application need to have a mechanical strength that can withstand 
handling during operations and in-vivo conditions. Biodegradability is also an important factor to consider dur-
ing scaffold fabrication. It should be biodegradable over time to allow the cells to produce its own extracellular 
matrix. Crosslinking of PVA-GE hydrogels using genipin was utilized in this study to be able to produce a scaf-
fold for bone tissue engineering applications. Different PVA and gelatin ratio with different volume of genipin 
solution with a concentration of 0.05% was investigated. Based on characterizations, PVA10 which has a mini-
mum amount of PVA to gelation ratio (10:10) with the highest volume of 0.05% genipin showed the lowest 
compressive strength among the cross-linked samples. However, PVA30 hydrogels with maximum amount of 
30:30 (wt/v) PVA and gelatin and the lowest volume of genipin exhibited low mechanical strength, fastest rate 
of degradation and highest swelling rate among the cross-linked samples. PVA20 hydrogels were chosen as the 
optimized samples because of the highest compressive strength, low degradation rate and low swelling rate 
making it suitable for bone regeneration applications 

Overall architecture of scaffolds is another important factor to consider, hydrogels should have a porous 
structure and interconnected porosity to allow cell penetration and diffusion of nutrients needed by the cells in- 

 

 
Figure 7. High magnification micrographs of H&E and Masson’s Trichrome stained tissue of PVA-GE hydrogel implant af-
ter 5 and 15 weeks in vivo implantation. NB indicates new bone, C for collagen, Ob for osteoblast and Oc for osteocytes. 
Scale bar indicates 100 μm. 
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side the scaffold and allow waste product diffusion out of the scaffolds. In this study, cross-linked PVA-GE hy-
drogels has an enhance porosity and pore size compared with uncross-linked PVA-GE hydrogel. Crosslinking of 
PVA and gelatin using genipin enhanced the mechanical strength, degradability swelling rate as well as porosity 
and pore size of PVA- GE hydrogels. This is due to the formation of intra and intermolecular crosslinking bonds 
of heterocyclic structure of genipin with primary amine groups of gelatin and hydrogen bonds between PVA. 
Increased pore size distribution (100 - 200 μm) was observed (Figure 1) after crosslinking using genipin making 
it suitable for bone regeneration applications. Porosity, pore interconnectivity and pore size within hydrogels are 
crucial factors in hydrogel fabrication because it serves as template that facilitates cell attachment, matrix depo-
sition, cell migration, proliferation and signaling and nutrient exchange from the environment to the cell. 

PVA20 hydrogels were implanted in rabbit femur to determine the biocompatibility and in vivo bone regene-
ration capability. Micro-CT and histological analyses revealed increased bone formation in PVA20 defect com-
pared with the control. Increased bone volume (BV/TV) as increased in vivo implantation period was observed 
in Figure 5. Histological analyses showed no inflammatory reaction in the hydrogel and surrounding areas after 
1, 5 and 15 weeks which indicates good biocompatibility. Formation of fibrous tissue was also observed from 
the periphery of the hydrogel which indicates great affinity of PVA20 with the host tissue. H&E stained tissue 
section after 5 weeks implantation showed presence of hydrogel in the defect site and traces of hydrogel were 
found in 15 week sample which indicated that PVA20 hydrogel degrades slowly over time and can support bone 
regeneration. These results suggested that PVA20 hydrogel enhanced the osteogenic activity and bone formation 
in-vivo.  

5. Conclusion 
PVA-GE hydrogel has been successfully fabricated in this study with genipin as a crosslinking agent. Cross- 
linked PVA-GE hydrogels using genipin improved physical and mechanical properties suitable for tissue engi-
neering applications. In-vivo results showed no inflammatory reaction in the defect site after 1 week of in-vivo 
implantation, enhanced bone formation and regeneration on rabbit femur defect after 5 and 15 weeks of implan-
tation and could be a potential scaffold for bone regeneration application. 
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