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Abstract 
Electrospun fibers with tunable structural and drug delivery ability have attracted increasing 
attention in various biomedical applications, especially in tissue engineering. Naringin, 
flavanone glycoside having excellent osteogenic and pro-angiogenic properties which is highly 
desired for bone regeneration. In this study, naringin loaded polycaprolactone fibers were 
fabricated with different concentrations of polycaprolactone and naringin. The scanning 
electron microscopy results showed that increasing polycaprolactone concentrations increased 
fiber diameters. Also, varying concentrations of naringin showed an additional increase in fiber 
diameter compared to control. Further, drug release study showed an increased cumulative 
naringin release with increasing fiber diameters for 12 days. X-ray diffraction analysis indicated 
amorphization of naringin in fibrous mats. Also, Fourier transform infrared spectroscopy 
analysis confirmed naringin was not chemically altered during fabrication process. Furthermore, 
osteogenic potential of naringin loaded polycaprolactone fibers was evaluated with C3H10T1/2 
cell line for 12 days. von Kossa and picrosirius red staining suggested an increased calcium and 
collagen formation respectively in naringin loaded polycaprolactone fibers. These results 
suggest that increasing naringin concentrations, increases fiber diameter and consequently 
cumulative release of naringin. Hence, varying polycaprolactone and naringin concentrations 
could act as a tool to alter cumulative naringin release within advantageous ranges for bone 
tissue engineering applications. 
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INTRODUCTION 
Controlled drug delivery systems has aroused 
increasing attention of biomedical researchers due 
to its advantages such as reduced drug 
administration frequency and effective therapeutic 
potential [1–3]. Numerous studies have been 
reported that controlled delivery of various bioactive 
molecules using different forms of 
micro/nanostructures from many different natural 
and synthetic polymers [4–6]. Among these, 
electrospun fibers have enormous applications in 
biomedical research, which includes controlled drug 
delivery systems for various tissue engineering 
applications [7,8]. Moreover, electrospun fibrous 
mats are preferred in tissue engineering applications 
due to its advantages such as high surface-area-to-
volume ratio, cost-effectiveness, high loading 
capacity, multi-drug delivery etc [9–11].  
Polycaprolactone is Food and Drug Administration 
approved polymer having properties such as 
biocompatibility, biodegradability etc [12,13]. These 
properties facilitate its use as drug carriers for 
sustained release in various tissue engineering 
applications such as bone tissue engineering, sutures 
and wound dressing, nerve regeneration, 
cardiovascular tissue engineering etc [13]. Due to 
slower degradation rate, polycaprolactone has been 
widely studied for long term implants to deliver the 
encapsulated bioactive molecules in sustained 
manner [14,15]. 
Naringin is a flavanone glycoside found in grapefruit 
and related citrus species [16,17]. Several studies 
have reported the therapeutic potential of naringin 
ranging from anti-inflammatory, antioxidant, 
antiulcer, anticancer properties etc [18,19]. In 
addition, naringin promotes proliferation and 
osteogenic differentiation of human bone marrow 
derived mesenchymal stem cells [20]. Previous study 
reported that, naringin loaded polycaprolactone and 
polycaprolactone-poly(ethylene glycol)-block-
polycaprolactone fibers enhanced mineralization in 
MC3T3-E1 osteoblasts cell line [21]. Moreover, 
naringin has reported to promote angiogenesis in 
diabetic foot ulcer of rats [22]. Hence, naringin being 
pro-angiogenic and osteogenic molecule could 
potentially accelerate bone healing which is highly 
desired in bone regeneration. 
Electrospinning is a straight forward technique to 
fabricate the fibers with diameters ranging from 
nano to micro which is hard to synthesize by 
standard mechanical fiber methods [23]. In addition, 
it allows us to construct continuous fibers from 
various natural and synthetic polymers [24,25]. 
Several pharmaceutical agents such as drugs, small 

molecules, peptides and proteins have been 
successfully incorporated into electrospun fibers for 
site-specific controlled drug delivery applications 
[26,27]. Several parameters such as solution, 
processing and ambient parameters can influence 
fiber morphology in electrospinning process [28].  
Among parameters governing electrospinning 
process, polymer and drug concentrations has 
greater influence on the fiber morphology and also 
cumulative release of the drug [29]. Previous studies 
have reported that increasing polymer concentration 
resulted in increased fiber diameter [30,31]. 
However, the effect of various polycaprolactone and 
naringin concentrations on cumulative naringin 
release profiles has not been reported earlier. Hence, 
we proposed that increased polycaprolactone 
concentrations along with varying concentrations of 
naringin will immensely aid in obtaining desired 
naringin cumulative release appropriate for 
therapeutic applications. In this study, 
polycaprolactone fibers with naringin at various 
concentrations were electrospun and their 
osteogenic differentiation potential were evaluated 
in vitro using C3H10T1/2 mesenchymal cell line. The 
morphology and chemical characteristics of the 
fabricated fibers was studied using scanning electron 
microscopy, X-ray diffraction and Fourier transform 
infrared spectroscopy analysis respectively.  
 
MATERIALS AND METHODS 
Materials 
Polycaprolactone, Naringin (≥95% (HPLC grade)), 
Ascorbic acid, Dexamethasone, β-glycerophosphate, 
5-bromo-4-chloro-3-indolyl phosphate/nitro blue 
tetrazolium (BCIP/NBT) Liquid Substrate System, 
Hematoxylin, Direct Red 80 were purchased from 
Sigma-Aldrich (St. Louis, MO). Dulbecco’s Phosphate 
Buffered Saline (DPBS), Dulbecco's Modified Eagle 
Medium-Low glucose (DMEM-LG), Antibiotic 
Antimycotic solution, 3-(4,5-Dimethyl-2-thiazolyl)-
2,5-diphenyltetrazolium bromide (MTT), Trypsin-
Ethylenediaminetetraacetic acid (Trypsin-EDTA) 
solution, Silver nitrate, Picric acid were purchased 
from Himedia, India. Fetal Bovine Serum (FBS) were 
purchased from PAN Biotech, Germany. All other 
chemicals and solvents used were of analytical grade. 
Preparation of naringin loaded polycaprolactone 
fibers 
The fibers were obtained by an electrospinning 
process using ESPIN – NANO (PECO – Chennai, India). 
Polycaprolactone (10% (w/v) and 12% (w/v)) 
solutions were prepared by dissolving the polymer in 
equal volumes of dichloromethane and 
dimethylformamide [32]. Varying concentrations of 
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naringin were added to the prepared 
polycaprolactone solutions as described in Table 1 
and transferred to syringe fitted with a needle 
(0.45x13mm). Fibers were obtained by applying a 

high voltage of 15 kV, flow rate of 2 ml/hr, collector 
drum speed of 1500 rpm and 15 cm distance from the 
needle tip to collector.  

 
Table 1: Polycaprolactone and naringin concentration parameters for electrospinning 

Groups 
Concentrations 

Percentage of Polycaprolactone Solution (w/v) Naringin (mg/ml) 

10%PCL 10 0 
10%PCL-Nar3mg/ml  10 3 
10%PCL-Nar6mg/ml 10 6 
12%PCL 12 0 
12%PCL-Nar3mg/ml 12 3 
12%PCL-Nar6mg/ml 12 6 

 
Characterization of the fabricated fibers 
Scanning electron microscopy (SEM) 
To observe the fiber diameter, fabricated fibers were 
cut into small pieces along with aluminium sheet and 
sputtered with gold. Then they were analyzed by 
SEM (TESCAN VEGA3 SBU) with an applied voltage of 
10 kV and 5000x magnifications. The average fiber 
diameter for all groups (Table 1) were calculated 
manually by measuring 30 fibers, selected randomly 
from each SEM image using ImageJ software (ImageJ 
1.51j8, National Institutes of Health, USA) and the 
results were expressed as mean±standard deviation. 
Naringin release from naringin loaded 
polycaprolactone fibers 
To determine the naringin release, fibers (1cm×1cm) 
were incubated in 2 ml of DPBS under static 
condition [32]. Further, 700 µl was aliquoted at 
regular time intervals and simultaneously replaced 
with equal volume of DPBS. The absorbance of 
naringin was read at 284 nm using an UV-Vis 
spectrophotometer (Systronics, India) and the 
concentration of drug released was calculated using 
the standard curve. 
Fourier transform infrared spectroscopy (FTIR) 
The fabricated fibers and naringin were examined by 
FTIR spectrophotometer (Perkin Elmer). Samples (3 
mg) were mixed with 300 mg of potassium bromide 
(KBr) and the pellets were made with mechanical 
pellet maker. Further, the pellets were analyzed in 
FTIR spectrophotometer operating at 4,000–400cm-1 
with 1cm-1 resolution. 
X-ray diffraction (XRD) 
The fibers and naringin were subjected to X-ray 
diffraction using PANalytical X'Pert PRO Powder with 
a current of 40mA and a load of 45 kV tension. The 
2θ scan ranging from 5°–50° with a step size of 0.05.  

Cell culture 
Mouse mesenchymal cell line, C3H10T1/2 was 
purchased from National Centre for Cell Sciences 
(NCCS), Pune, India. The cells were grown in 
undifferentiated state using complete culture 
medium (DMEM-LG supplemented with 10% FBS and 
1% antibiotic-antimycotic) under standard culture 
conditions (5% CO2 humidified incubator at 37⁰C). At 
80% confluence the cells were trypsinized and 
subcultured using trypsin-EDTA solution [33,34].  
In vitro osteogenic differentiation 
Cells (5 x 104) were seeded in groups in 12 well plates 
named as control (12%PCL) and Nar-PCL (12%PCL-
Nar3mg/ml) containing complete culture medium 
and incubated overnight under standard culture 
conditions to facilitate the cell attachment. The 
12%PCL-Nar3mg/ml group was preferentially 
choosen for osteogenic analysis due to its desired 
cumulative release of naringin. Further, fibers 
(1cm×1cm) were sterilized using graded series of 
ethanol and exposed to ultraviolet light for 30 
minutes followed by rinsed with DPBS. To the 
attached cells, fibers were added to the respective 
groups and cultured in osteogenic differentiation 
medium (DMEM-LG containing 10% FBS, 1% 
antibiotic-antimycotic solution, 50 µg/ml ascorbic 
acid, 10 nM dexamethasone and 10 mM β-
glycerophosphate) under standard culture 
conditions for 12 days with a change of medium 
every three days. To evaluate the cytotoxicity and 
osteogenic potential of fibers the following assays 
were performed. 
Cytotoxic evaluation of Nar-PCL 
MTT assay was carried out to evaluate the 
cytotoxicity of Nar-PCL [35]. On day 3, the wells were 
washed with sterile DPBS and then MTT solution (0.5 
mg/ml in DPBS) was added and incubated for four 
hours to form formazan crystals. After incubation, 
the MTT solution was removed and 700 µl of DMSO 
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was added to solubilize the formazon crystals and 
read at 590 nm using UV-Vis spectrophotometer.  
Alkaline phosphatase (ALP) assay 
The ALP was quantified using BCIP-NBT liquid 
substrate solution [36]. On day 7, medium was 
removed and washed with sterile DPBS. Further, 400 
μl of BCIP-NBT solution was added to each well and 
incubated for 2 hours. After incubation, the violet 
crystals were solubilized with 600 μl of sodium 
dodecyl sulfate with 10% HCl solution for 18 hours 
and read at 595 nm using UV-Vis spectrophotometer. 
von Kossa staining 
On day 12, von Kossa staining was done to study the 
calcium deposition [37]. The medium was removed, 
washed with DPBS and fixed with 10% neutral 
buffered formalin. Furthermore, wells were stained 
with 1% of silver nitrate solution, illuminated under 
ultraviolet lamp for 45 minutes followed by addition 
of 5% sodium thiosulfate solution to stop the 
reaction. Then, wells were washed with distilled 
water and observed under microscope. 
Picrosirius red staining 
Picrosirius red staining was done to observe the 
collagen formation [38]. On day 12, the cells were 
washed with DPBS, fixed with 10% neutral buffered 
formalin and stained with Weigert’s hematoxylin for 
8 minutes. Further, staining was done with 
picrosirius red for one hour and washed with 
acidified water to remove the excess stain. Collagen 
formation was observed under the microscope. 
Statistical analysis 
The results of MTT and ALP assays were statistically 
evaluated by unpaired student's t-test using 
GraphPad PRISM 5.01 (San Diego, CA) and the p value 
(< 0.05) were considered as statistically significant. 
 
RESULTS 
Characterization of the fibers 
The morphology of fabricated fibers were examined 
using SEM (Fig. 1A) and interpreted as fiber diameter 
frequency distribution histograms (Fig. 1B). The 
results showed that the average diameter of fibers 
were 311.54±81.50nm and 594.62±226.52nm for 
10%PCL and 12%PCL respectively. Similarly, in 
10%PCL-Nar3mg/ml and 12%PCL-Nar3mg/ml the 
average diameters were observed as 
332.25±90.46nm and 654.82±337.30nm 
respectively. Furthermore, the average diameters of 

the fibers were 376.57±162.24nm and 
715.84±314.91nm for 10%PCL-Nar6mg/ml and 
12%PCL-Nar6mg/ml respectively. Overall, the SEM 
micrographs of fibers showed a dense and smooth 
morphology. 
The naringin cumulative release profiles were 
examined from the fibers for 12 days. On day 12, the 
cumulative release of naringin (Fig. 2) was found as 
20.01 micromolar (µM) in 10%PCL-Nar3mg/ml, 61.73 
µM in 12%PCL-Nar 3mg/ml, 79.92 µM in 10% PCL-
Nar6mg/ml and 223.27µM in 12% PCLNar6mg/ml. 
This study suggests that varying polycaprolactone 
and naringin concentrations showed an effect on 
naringin release rates from the fibrous mats.  
FTIR spectra revealed characteristic peaks as shown 
in Fig. 3A. For polycaprolactone fibers, the peaks 
were observed at 2925.8 cm-1, 2858.2 cm-1 which 
attributed to symmetric CH2- stretching  and 
asymmetric CH2- stretching respectively and 1236.2 
cm-1 [21,39]. The spectra of naringin showed multiple 
characteristic peaks at 1647.7 cm-1, 1519.1 cm-1, 
1456.8 cm-1, 1363.4 cm-1, 1264.1 cm-1, 1178.6 cm-1, 
1137.2 cm-1 and 1088.8 cm-1 [40]. Also, naringin 
loaded polycaprolactone fibers showed intense 
peaks at 1458.6 cm-1, 1364.1 cm-1 and 1169.2 cm-1 
indicating the presence of naringin [40] and the 
peaks at 2927.1 cm-1, 2861.8 cm-1 and 1239.3 cm-1 
corresponding to polycaprolactone [21,39]. FTIR 
results indicate that naringin remained chemically 
unaltered during the fabrication of naringin loaded 
polycaprolactone fibers. 
The XRD study was carried out to determine the 
crystallinity of fabricated fibrous mats (Fig. 3B). In 
polycaprolactone fibers, two semi-crystalline 
diffraction peaks were observed at (2θ) 21.504° and 
23.919°. Further, XRD spectra of naringin showed 
multiple intense peaks at (2θ) 8.095°, 9.053°, 
10.144°, 11.918°, 13.416°, 14.928°, 16.884°, 17.789°, 
18.780°,  19.879°, 22.194°, 24.362°, 25.237°, 26.466°, 
29.047°,  31.139°, 33.093°, 39.471°, 41.216°, 43.024° 
and 45.003°[41]. Similarly, naringin loaded 
polycaprolactone fibers also showed two semi-
crystaline peaks at (2θ) 21.559° and 23.908° which 
correspond to polycaprolactone. However, no 
additional peaks were detected in naringin loaded 
polycaprolactone fibers which implies that the 
naringin is amorphized during encapsulation. 
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Fig. 1: A) SEM Images showing morphology of the fabricated fibers; B) Fiber diameter frequency distribution 
histograms. Where, “10%PCL - 10% polycaprolactone fibers”; 10%PCL-Nar3mg/ml - Naringin (3mg/ml) 
loaded 10% polycaprolactone fibers; 10%PCL-Nar6mg/ml - Naringin (6mg/ml) loaded 10% polycaprolactone 
fibers; “12%PCL - 12% polycaprolactone fibers”; “12%PCL-Nar3mg/ml - Naringin (3mg/ml)” loaded 12% 
polycaprolactone fibers; 12%PCL-Nar6mg/ml - Naringin (6mg/ml) loaded 12% polycaprolactone fibers 
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Fig. 2: Cumulative release of naringin from naringin loaded polycaprolactone fibers. Where, 10%PCL-
Nar3mg/ml - Naringin (3mg/ml) loaded 10% polycaprolactone fibers; 10%PCL-Nar6mg/ml - Naringin 
(6mg/ml) loaded 10% polycaprolactone fibers; 12%PCL-Nar3mg/ml - Naringin (3mg/ml) loaded 12% 
polycaprolactone fibers; 12%PCL-Nar6mg/ml - Naringin (6mg/ml) loaded 12% polycaprolactone fibers 

 
Fig. 3: A) Fourier transform infrared spectra; B) X-ray diffraction spectra 

 

 
Fig. 4: A) MTT assay; B) Alkaline phosphatase assay. 

Where, Control – 12% polycaprolactone fibers; Nar-PCL - Naringin (3mg/ml) loaded 12% polycaprolactone 
fibers 
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Fig. 5: A) von Kossa staining for calcium; B) Picrosirius red staining for collagen. 

Where, Control – 12% polycaprolactone fibers; Nar-PCL - Naringin (3mg/ml) loaded 12% polycaprolactone 
fibers 
 
Cytotoxic evaluation of Nar-PCL 
MTT assay was done to evaluate the cytotoxicity of 
naringin loaded polycaprolactone fibrous mats. The 
result implies that the cells were viable and 
metabolically active on day 3 (Fig. 4A). The 
absorbance values of Nar-PCL showed significant 
increase (P< 0.05) suggesting increased metabolic 
activity and viability in this group. 
Osteogenic potential of Nar-PCL in vitro 
Osteogenic differentiation of Nar-PCL was evaluated 
using C3H10T1/2 cell line by alkaline phosphatase 
assay, von Kossa and picrosirius red staining. Alkaline 
phosphatase is an early marker of osteoblastic cell 
differentiation [42,43]. The activity of alkaline 
phosphatase showed a significant increase (P<0.05) 
in Nar-PCL group compared to control (Fig. 4B). 
Further, von Kossa and picrosirius red results showed 
increased calcium deposition (Fig. 5A) and collagen 
formation (Fig. 5B) in vitro respectively. These results 
suggest that Nar-PCL enhances osteogenesis in 
C3H10T1/2 cell line. 
 
DISCUSSION 
Naringin, a flavanone glycoside has been used to 
enhance the bone regeneration [20]. To obtain the 
best suited naringin release range for bone tissue 
engineering, naringin loaded fibers were fabricated 

with varying concentrations of polycaprolactone and 
naringin. In electrospinning process, polymer 
concentration is one of the important parameter 
which can potentially affect diameter of the fibers 
[44]. Also, several studies suggest that increasing 
polymer concentration results in an increased 
diameter of fibers [29,44,45]. In this study, the effect 
of polycaprolactone and naringin concentrations on 
fiber diameter and consequently its cumulative 
naringin release were evaluated. The SEM results 
suggest that the fiber diameter increased 
considerably with 12%PCL compared to 10%PCL. 
Also, the average fiber diameters of 10%PCL-
Nar6mg/ml and 12%PCL-Nar6mg/ml were larger 
than 10%PCL-Nar3mg/ml and 12%PCL-Nar3mg/ml 
respectively, which implies that addition of naringin 
lead to an increased average fiber diameter 
compared to control. Similarly, 12%PCL-Nar3mg/ml 
and 12%PCL-Nar6mg/ml showed increase average 
fiber diameters compared to both 10%PCL-
Nar3mg/ml and 10%PCL-Nar6mg/ml. These results 
suggest that, in addition to increased fiber diameters 
with increasing polycaprolactone concentration, 
varying naringin concentration substantially 
increased fiber diameter. In addition, the naringin 
release study indicates that there was a substantial 
increase in cumulative release of naringin with an 
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increase average fiber diameters. The results are in 
accord with previous reports that the diameter of 
fibers and its cumulative release increased with 
varying concentrations of drug [9]. The combinatorial 
effect of varying polycaprolactone and naringin 
concentration has not been reported earlier. In 
future, cumulative naringin release can be controlled 
within desired concentration ranges by titrating 
crucial factors such as polycaprolactone and naringin 
concentrations. Further, the FTIR and XRD results 
indicate that naringin was not modified chemically 
during the fabrication process, underwent 
amorphization due to encapsulation. Amorphous 
form of naringin has increased dissolution hence 
amorphization is desired in drug delivery 
applications. Previous studies have reported similar 
amorphization during encapsulation and its 
advantages in drug delivery [39,46].  
The cytotoxicity assay implies that sustained release 
of naringin from Nar-PCL increased metabolic activity 
in C3H10T1/2 cell line and was not cytotoxic. Several 
studies have reported that, naringin showed an 
proliferative effect on various cell types, such as 
human bone mesenchymal stem cells [20], rat 
osteoblast-like UMR-106 cells [47,48], MC3T3-E1, 
MG63 [49] and human adipose derived mesenchymal 
stem cells [50] in a dose-dependent manner. Also, 
alkaline phosphatase assay results suggest that Nar-
PCL enhances the differentiation of C3H10T1/2 cell 
line to osteogenic lineage. Previous studies have 
reported an increased alkaline phosphatase activity 
with dose-dependent naringin concentration in 
human bone mesenchymal stem cells [20], rat bone 
marrow stromal cells [51] and human periodontal 
ligament stem cells [52]. Alkaline phosphatase being 
an early marker for osteoblast differentiation, the 
significant increase in alkaline phosphatase activity 
suggests naringin directs the differentiation of 
C3H10T1/2 cell line into osteoblast lineage. In 
addition, increased calcium deposition and collagen 
formation was observed in Nar-PCL compared to 
control indicating that naringin enhanced osteogenic 
differentiation of C3H10T1/2 cell line. Previous study 
has reported an increased calcium deposition in 
human bone mesenchymal stem cells [20]. 
Furthermore, the fibrous morphology has ability to 
mimic the extra cellular matrix environment to the 
cells for adhesion thereby increasing potential for 
bone tissue engineering applications [30,53,54]. In 
brief, this study emphasizes on the importance of 
polycaprolactone and naringin concentrations on 
fiber diameter and its cumulative release, osteogenic 
potential of naringin loaded polycaprolactone 

fibrous mats for bone tissue engineering 
applications. 
 
CONCLUSIONS 
In this study, different concentrations of 
polycaprolactone and varying concentrations of 
naringin fibers were fabricated. Overall, the results 
obtained showed that increasing polycaprolactone 
concentrations has increased fiber diameter 
considerably. Also, increasing concentrations of 
naringin increased fiber diameter further, compared 
to control. Moreover, cumulative concentration of 
naringin increased with increasing fiber diameters. In 
addition, naringin loaded polycaprolactone fibers 
were found to increase osteogenic differentiation in 
C3H10T1/2 cell line. In summary, this study 
concludes that the desired cumulative concentration 
ranges of naringin could be obtained by varying 
polycaprolactone and naringin concentrations 
thereby enhancing the therapeutic potential of Nar-
PCL in bone tissue engineering applications. 
 
ACKNOWLEDGEMENT 
We thank Dr. C. Gopalakrishnan, Nanotechnology 
Research Centre, SRM Institute of Science and 
Technology, Kattankulathur for providing the 
electrospinning facility. 
 
REFERENCES 
[1] Ma, K., Qiu, Y., Fu, Y., Ni, Q.-Q., Electrospun sandwich 

configuration nanofibers as transparent membranes 
for skin care drug delivery systems. J Mater Sci, 
53:10617–10626, (2018) 

[2] Safari, J., Zarnegar, Z., Advanced drug delivery 
systems: Nanotechnology of health design A review. 
J Saudi Chem Soc, 18:85–99, (2014) 

[3] Kamble, R.N., Gaikwad, S., Maske, A., Patil, S.S., 
Fabrication of electrospun nanofibres of BCS II drug 
for enhanced dissolution and permeation across skin. 
J Adv Res, 7:483–489, (2016) 

[4] Jiang, T., Carbone, E.J., Lo, K.W.-H., Laurencin, C.T., 
Electrospinning of polymer nanofibers for tissue 
regeneration. Prog Polym Sci, 46:1–24, (2015) 

[5] Goyal, R., Macri, L.K., Kaplan, H.M., Kohn, J., 
Nanoparticles and nanofibers for topical drug 
delivery. J Control Release, 240:77–92, (2016) 

[6] Galbis, E., Iglesias, N., Lucas, R., Tinajero-Díaz, E., De-
Paz, M.-V., Muñoz-Guerra, S., Galbis, J.A., Validation 
of Smart Nanoparticles as Controlled Drug Delivery 
Systems: Loading and pH-Dependent Release of 
Pilocarpine. ACS Omega, 3:375–382, (2018) 

[7] Vasita, R., Katti, D.S., Nanofibers and their 
applications in tissue engineering. Int J 
Nanomedicine, 1:15–30, (2006) 

[8] Xie, J., Li, X., Xia, Y., Putting Electrospun Nanofibers 
to Work for Biomedical Research. Macromol Rapid 
Commun, 29:1775–1792, (2008) 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                              M. C. John Milton* et al 

  

                                                                                                                            www.ijpbs.com  or www.ijpbsonline.com 
 

1330 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

[9] Karuppuswamy, P., Reddy Venugopal, J., 
Navaneethan, B., Luwang Laiva, A., Ramakrishna, S., 
Polycaprolactone nanofibers for the controlled 
release of tetracycline hydrochloride. Mater Lett, 
141:180–186, (2015) 

[10] Azizi, M., Seyed Dorraji, M.S., Rasoulifard, M.H., 
Influence of structure on release profile of acyclovir 
loaded polyurethane nanofibers: Monolithic and 
core/shell structures. J Appl Polym Sci, 133, (2016). 
doi:10.1002/app.44073 

[11] Thenmozhi, S., Dharmaraj, N., Kadirvelu, K., Kim, 
H.Y., Electrospun nanofibers: New generation 
materials for advanced applications. Mater Sci Eng B, 
217:36–48, (2017) 

[12] Ulery, B.D., Nair, L.S., Laurencin, C.T., Biomedical 
Applications of Biodegradable Polymers. J Polym Sci 
B Polym Phys, 49:832–864, (2011) 

[13] Mondal, D., Griffith, M., Venkatraman, S.S., 
Polycaprolactone-based biomaterials for tissue 
engineering and drug delivery: Current scenario and 
challenges. Int J Polym Mater Polym Biomater, 
65:255–265, (2016) 

[14] Woodruff, M.A., Hutmacher, D.W., The return of a 
forgotten polymer—Polycaprolactone in the 21st 
century. Prog Polym Sci, 35:1217–1256, (2010) 

[15] Azimi, B., Nourpanah, P., Rabiee, M., Arbab, S., Poly 
(ε-caprolactone) Fiber: An Overview. J Eng Fiber Fabr, 
9:74–90, (2014) 

[16] Jagetia, G.C., Reddy, T.K., The grapefruit flavanone 
naringin protects against the radiation-induced 
genomic instability in the mice bone marrow: a 
micronucleus study. Mutat Res Toxicol Environ 
Mutagen, 519:37–48, (2002) 

[17] Ali, M.M., El Kader, M.A.A., The Influence of Naringin 
on the Oxidative State of Rats with Streptozotocin- 
Induced Acute Hyperglycaemia. Zeitschrift Für 
Naturforsch C, 59:726–733, (2004) 

[18] Adil, M., Visnagri, A., Kumar, V.S., Kandhare, A.D., 
Ghosh, P., Bodhankar, S.L., Protective effect of 
naringin on sodium arsenite induced testicular 
toxicity via modulation of biochemical perturbations 
in experimental rats. Pharmacologia, 5: e234, (2014) 

[19] Benavente-García, O., Castillo, J., Update on Uses 
and Properties of Citrus Flavonoids: New Findings in 
Anticancer, Cardiovascular, and Anti-inflammatory 
Activity. J Agric Food Chem, 56:6185–6205, (2008) 

[20] Peng-Zhang, Dai, K., Yan, S., Yan, W., Chao-Zhang, 
Chen, D., Bo-Xu, Xu, Z., Effects of naringin on the 
proliferation and osteogenic differentiation of 
human bone mesenchymal stem cell. Eur J 
Pharmacol, 607:1–5, (2009) 

[21] Ji, Y., Wang, L., Watts, D.C., Qiu, H., You, T., Deng, F., 
Wu, X., Controlled release naringin nanoscaffold for 
osteoporotic bone healing. Dent Mater, 30:1263–
1273, (2014) 

[22] Kandhare, A.D., Ghosh, P., Bodhankar, S.L., Naringin, 
a flavanone glycoside, promotes angiogenesis and 
inhibits endothelial apoptosis through modulation of 
inflammatory and growth factor expression in 

diabetic foot ulcer in rats. Chem Biol Interact, 
219:101–112, (2014) 

[23] Rogina, A., Electrospinning process: Versatile 
preparation method for biodegradable and natural 
polymers and biocomposite systems applied in tissue 
engineering and drug delivery. Appl Surf Sci, 
296:221–230, (2014) 

[24] Manea, L.R., Hristian, L., Leon, A.L., Popa, A., Recent 
advances of basic materials to obtain electrospun 
polymeric nanofibers for medical applications. IOP 
Conf Ser Mater Sci Eng, 145:32006, (2016) 

[25] Ma, G., Liu, Y., Peng, C., Fang, D., He, B., Nie, J., 
Paclitaxel loaded electrospun porous nanofibers as 
mat potential application for chemotherapy against 
prostate cancer. Carbohydr Polym, 86:505–512, 
(2011) 

[26] Repanas, A., Andriopoulou, S., Glasmacher, B., The 
significance of electrospinning as a method to create 
fibrous scaffolds for biomedical engineering and drug 
delivery applications. J Drug Deliv Sci Technol, 
31:137–146, (2016) 

[27] Yu, D.-G., Zhu, L.-M., White, K., Branford-White, C., 
Electrospun nanofiber-based drug delivery systems. 
Health (Irvine. Calif), 01:67–75, (2009) 

[28] Veleirinho, B., Rei, M.F., Lopes-DA-Silva, J.A., Solvent 
and concentration effects on the properties of 
electrospun poly (ethylene terephthalate) nanofiber 
mats. J Polym Sci Part B Polym Phys, 46:460–471, 
(2008) 

[29] Pillay, V., Dott, C., Choonara, Y.E., Tyagi, C., Tomar, 
L., Kumar, P., du Toit, L.C., Ndesendo, V.M.K., A 
Review of the Effect of Processing Variables on the 
Fabrication of Electrospun Nanofibers for Drug 
Delivery Applications. J Nanomater, 2013:22 pages, 
(2013) 

[30] Rezvani, Z., Venugopal, J.R., Urbanska, A.M., Mills, 
D.K., Ramakrishna, S., Mozafari, M., A bird’s eye view 
on the use of electrospun nanofibrous scaffolds for 
bone tissue engineering: Current state of the art, 
emerging directions and future trends. 
Nanomedicine Nanotechnology Biol Med, 12:2181–
2200, (2016) 

[31] Zdraveva, E., Fang, J., Mijovic, B., Lin, T. Electrospun 
nanofibers, In: G. Bhat (Ed.), Struct Prop High-
Performance Fibers, Woodhead Publishing, Oxford, 
pp. 267–300, (2017) 

[32] Ranjith, R., Balraj, S., Ganesh, J., Milton, M.C.J., 
Electrospun Polycaprolactone Nanofibers for 
Sustained Release of Naringin. Int J Sci Res Sci 
Technol, 3:235–238, (2017) 

[33] Tharmalingam, N., Park, M., Lee, M.H., Woo, H.J., 
Kim, H.W., Yang, J.Y., Rhee, K.-J., Kim, J.-B., Piperine 
treatment suppresses Helicobacter pylori toxin entry 
in to gastric epithelium and minimizes β-catenin 
mediated oncogenesis and IL-8 secretion in vitro. Am 
J Transl Res, 8:885–898, (2016) 

[34] Shea, C.M., Edgar, C.M., Einhorn, T.A., Gerstenfeld, 
L.C., BMP treatment of C3H10T1/2 mesenchymal 
stem cells induce both chondrogenesis and 
osteogenesis. J Cell Biochem, 90:1112–1127, (2003) 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                              M. C. John Milton* et al 

  

                                                                                                                            www.ijpbs.com  or www.ijpbsonline.com 
 

1331 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

[35] Srivastava, S., Kumar, N., Roy, P., Role of ERK/NFκB in 
vanadium (IV) oxide mediated osteoblast 
differentiation in C3H10t1/2 cells. Biochimie, 
101:132–144, (2014) 

[36] Ocarino, N.M., Boeloni, J.N., Goes, A.M., Silva, J.F., 
Marubayashi, U., Serakides, R., Osteogenic 
differentiation of mesenchymal stem cells from 
osteopenic rats subjected to physical activity with 
and without nitric oxide synthase inhibition. Nitric 
Oxide, 19:320–325, (2008) 

[37] Santos, J.L., Oramas, E., Pêgo, A.P., Granja, P.L., 
Tomás, H., Osteogenic differentiation of 
mesenchymal stem cells using PAMAM dendrimers 
as gene delivery vectors. J Control Release, 134:141–
148, (2009) 

[38] Lilliu, M.A., Seo, Y.J., Isola, M., Charbonneau, A.M., 
Zeitouni, A., El-Hakim, M., Tran, S.D., Natural 
extracellular matrix scaffolds recycled from human 
salivary digests: a morphometric study. Oral Dis, 
22:313–323, (2016) 

[39] Mendes, J.B.E., Riekes, M.K., de Oliveira, V.M., 
Michel, M.D., Stulzer, H.K., Khalil, N.M., Zawadzki, 
S.F., Mainardes, R.M., Farago, P.V., PHBV/PCL 
Microparticles for Controlled Release of Resveratrol: 
Physicochemical Characterization, Antioxidant 
Potential, and Effect on Hemolysis of Human 
Erythrocytes. Sci World J, 2012:542937, (2012) 

[40] Sahu, N., Soni, D., Chandrashekhar, B., Satpute, D.B., 
Saravanadevi, S., Sarangi, B.K., Pandey, R.A., 
Synthesis of silver nanoparticles using flavonoids: 
hesperidin, naringin and diosmin, and their 
antibacterial effects and cytotoxicity. Int Nano Lett, 
6:173–181, (2016) 

[41] Sameena Yousuf, Israel V. Muthu Vijayan, Binding of 
the Bi (III) Complex of Naringin with β-
Cyclodextrin/Calf Thymus DNA: Absorption and 
Fluorescence Characteristics. Int J Spectrosc, 2014:8 
pages, (2014) 

[42] Kotliarova, M.S., Zhuikov, V.A., V Chudinova, Y., 
Khaidapova, D.D., Moisenovich, A.M., Kon’kov, A.S., 
Safonova, L.A., Bobrova, M.M., Arkhipova, A.Y., V 
Goncharenko, A., V Shaitan, K., Induction of 
osteogenic differentiation of osteoblast-like cells 
MG-63 during cultivation on fibroin microcarriers. 
Moscow Univ Biol Sci Bull, 71:212–217, (2016) 

[43] Tintut, Y., Parhami, F., Boström, K., Jackson, S.M., 
Demer, L.L., cAMP stimulates osteoblast-like 
differentiation of calcifying vascular cells. Potential 
signaling pathway for vascular calcification. J Biol 
Chem, 273:7547–7553, (1998) 

[44] Li, Z., Wang, C., Effects of Working Parameters on 
Electrospinning, In: One-Dimensional 
Nanostructures Electrospinning Tech. Unique 
Nanofibers, Springer Berlin Heidelberg, Berlin, 
Heidelberg, pp. 15–28, (2013) 

[45] Shao, H., Fang, J., Wang, H., Lin, T., Effect of 
electrospinning parameters and polymer 
concentrations on mechanical-to-electrical energy 
conversion of randomly-oriented electrospun 
poly(vinylidene fluoride) nanofiber mats. RSC Adv, 
5:14345–14350, (2015) 

[46] Siafaka, P.I., Üstündağ Okur, N., Mone, M., 
Giannakopoulou, S., Er, S., Pavlidou, E., Karavas, E., 
Bikiaris, D.N., Two Different Approaches for Oral 
Administration of Voriconazole Loaded 
Formulations: Electrospun Fibers versus β-
Cyclodextrin Complexes. Int J Mol Sci, 17:282, (2016) 

[47] Wong, R.W.K., Rabie, A.B.M., Effect of naringin on 
bone cells. J Orthop Res, 24:2045–2050, (2006) 

[48] Pang, W.-Y., Wang, X.-L., Mok, S.-K., Lai, W.-P., Chow, 
H.-K., Leung, P.-C., Yao, X.-S., Wong, M.-S., Naringin 
improves bone properties in ovariectomized mice 
and exerts oestrogen-like activities in rat osteoblast-
like (UMR-106) cells. Br J Pharmacol, 159:1693–1703, 
(2010) 

[49] Wu, J.-B., Fong, Y.-C., Tsai, H.-Y., Chen, Y.-F., Tsuzuki, 
M., Tang, C.-H., Naringin-induced bone 
morphogenetic protein-2 expression via PI3K, Akt, c-
Fos/c-Jun and AP-1 pathway in osteoblasts. Eur J 
Pharmacol, 588:333–341, (2008) 

[50] Wang, L., Zhang, Y.-G., Wang, X.-M., Ma, L.-F., Zhang, 
Y.-M., Naringin protects human adipose-derived 
mesenchymal stem cells against hydrogen peroxide-
induced inhibition of osteogenic differentiation. 
Chem Biol Interact, 242:255–261, (2015) 

[51] Yu, G., Zheng, G., Chang, B., Hu, Q., Lin, F., Liu, D., 
Wu, C., Du, S., Li, X., Naringin Stimulates Osteogenic 
Differentiation of Rat Bone Marrow Stromal Cells via 
Activation of the Notch Signaling Pathway. Stem Cells 
Int, 2016:7130653, (2016) 

[52] Yin, L., Cheng, W., Qin, Z., Yu, H., Yu, Z., Zhong, M., 
Sun, K., Zhang, W., Effects of Naringin on 
Proliferation and Osteogenic Differentiation of 
Human Periodontal Ligament Stem Cells In Vitro and 
In Vivo. Stem Cells Int, 2015:9 pages, (2015) 

[53] Bhardwaj, N., Kundu, S.C., Electrospinning: A 
fascinating fiber fabrication technique. Biotechnol 
Adv, 28:325–347, (2010) 

[54] Prabhakaran, M.P., Venugopal, J., Ramakrishna, S., 
Electrospun nanostructured scaffolds for bone tissue 
engineering. Acta Biomater, 5:2884–2893, (2009) 

 
 

 

http://www.ijpbs.com/
http://www.ijpbsonline.com/

