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ABSTRACT 

A dexamethasone (DX) loaded electrospun polycaprolactone 
(PCL) nanofibers/microbeads hybrid drug release system is 
fabricated and characterized. Drug release profiles change for the 
different ratio of nanofibers and microbeads, which is controlled 
by the electrospinning parameters such as the solution viscosity 
and the tip-to-collector distance. Also, it is observed that the 
electrospun nanofibers/microbeads show enhanced polymer 
orientation and crystallinity, resulting in significantly lower 
diffusivity than that of the spin-cast structures. The hybrid system 
shows an extended release time longer than a month. 

 
INTRODUCTION 

Ocular drug delivery using traditional eye drops suffers from 
limited absorption due to the barrier of corneal epithelium and  
rapid precorneal loss with tears [1]. Alternatively, direct 
intravitreal injection is used, which could cause retinal detachment, 
hemorrhage, endophthalmitis, and cataract [2]. Controlled release 
over an extended period of time with reduced injection frequency 
is desired.  

Electrospinning is an economic fabrication method for 
producing nanofibers [3]. Microbeads are formed when the 
electrospinning conditions are altered. As the sizes of nanofibers 
and microbeads are different, the release profiles of embedded 
drug differ, which can be exploited for controlled release. Figure 1 
shows a hybrid release system consisting of nanofibers serving as a 
fast releasing medium and binders between microbeads, while 
microbeads release drug much slowly, showing two release 
profiles. Figure 2 shows the schematic of the electrospinning 
process and the resultant polymer architecture of nanofibers and 
mibrobeads.  Solution viscosity and tip-to-collector distance (TCD) 
affect the morphology [4-5]. Microbeads are formed in a low 
viscous condition due to low surface tension. Small TCD produces 
excessive residual solvent in fibers, transitioning to microbeads. 

 
Figure 1:Schematic of a hybrid controlled drug release system 
with two release profile from nanofibers and microbeads. 

Polycaprolacton (PCL) is a biodegradable polymer with a 
long biodegradation profile [6]. Dexamethasone (DX) is known to 
relieve ocular symptoms caused by infection, allergies and 
persistent macular edema. In this work, a DX loaded electrospun 
PCL hybrid nanofiber/microbead system is demonstrated for 
controlled release. Four samples are fabricated in different polymer 
viscosity and TCD conditions. Two solvents are used. Composition 

and operational parameters are summarized in Table 1. An electric 
field strength of 1 kV/cm is used for electrospinning.   

 
Figure 2: Schematic of the electrospinning setup and polymer 
parameters for the analytical modeling of diameters.  

 
RESULTS AND DISCUSSIONS 

Figure 3 shows SEM images of the fabricated samples. 
Samples 1 and 2 with different solvents show pure nanofiber 
morphology with an average diameter of 307.4nm  8.2nm and 
669.4nm  342.5nm, respectively. It shows the nanofiber diameter 
relies on solvent properties. Hybrid nanofibers and microbeads are 
observed in Samples 3 and 4, where the PCL concentration is 
diluted. The microbead diameters are 1.56 µm  0.6 µm and 3.68 
µm  1.5 µm, respectively. The volume percentage of microbeads 
increases by decreasing TCD from 40.15% to over 90%.  

 
Figure 3: SEM images of electrospun 16 wt/vol% of PCL in (A) 
DCM/DMF and (B) acetone/ethanol, and 4 wt/vol% of PCL in 
DCM/DMF with (C) 12.5 cm and (D) 7.5 cm.   

 
Figure 4: Analytical model prediction and measurement of the 
microbead radius with varying tip-to-collector distance.  
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An analytical model for the dimensions of 
nanofibers/microbeads is obtained using the volume conservation 
theory and flow rate equation shown in (1) and (2). 

4/3πrMB
3 + πrNF

2 LNF = C   (1) 
Q = (dp/dL) An   (2) 

where rMB, rNF, LNF, dp/dL, and An are the microbead radius, 
nanofiber radius, nanofiber length, pressure gradient, and cross-
section area of the needle tip. Figure 4 shows the microbead radius 
based on the model prediction and experimental results.  

 
Figure 5: Drug release of nanofiber stacks with different thickness.  

The release profiles of nanofiber stacks with different 
thicknesses are shown in Figure 5. Figure 6 shows the drug release 
profile of all samples. Samples 1 and 2 have similar profiles within 
10 hours. The releasing time of Sample 3 is around 18 days, more 
than 40 times extended. Sample 4 shows less than 90% of drug 
released within 1 month. 

 
Figure 6: Release profile of pure nanofibers and hybrid samples.  

 
Figure 7: X-ray diffraction measurement of electrospun PCL 
nanofibers/microbeads and spin-cast PCL thin film.   

Figure 7 shows the X-ray diffraction (XRD) measurements to 
study the effect of polymer orientation. Electrospun samples are 

compared with spin-cast thin film. Full-width-half-maximum 
(FWHM) extractions show that electrospinning can enhance 
polymer crystallinity and orientation due to external electrostatic 
force and stress. The properties of all the samples are summarized 
in Table 1. 

 
*DCM/DMF: Dichloromethane/Dimethylformamide 
 
CONCLUSIONS 

An electrospun PCL hybrid drug release system consisting of 
nanofibers and microbeads was developed. It continuously releases 
DX over a month at room temperature. The hybrid system provides 
continuous long term delivery and localization of the microbead in 
the eye. XRD data show the electrospinning process results in 
lower diffusivity polymer structures. This process could be 
favorably used as an infrequent treatment alternative. 
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Table 1: Summary of pure nanofiber and hybrid structure. 
 Sample 1 Sample 2 Sample 3 Sample 4 

Solvent  16 wt/vol% 
DCM/DMF* 

16 wt/vol% 
Acetone/ 
ethanol 

4 wt/vol% 
DCM/DMF* 

4 wt/vol% 
DCM/DMF* 

TCD (cm) 12.5  12.5 12.5 7.5 
Nanofiber 
diameter (nm)  

300 670 108 92 

Nanofiber 
Volume %  

100 100 59.85 8.70 

Microbead 
Diameter (nm)  

N/A N/A 1500 3680 

Microbead 
volume %  

N/A N/A 40.15 91.30 

Nanofiber 
diffusivity  
(10-11 mm2/hr)  

725.5 ± 
111.0 

1286.5 ± 
77.1 

18.07 ± 
7.20 

2.59 ± 0.48 

Microbead 
diffusivity 
(10-11 mm2/hr) 

N/A N/A 14.27 ± 
1.65 

97.34 ± 
11.53 
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