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Introduction: Tissue infection is a homeostatic 
imbalance between tissue and micro-organisms. If micro-
organisms can be killed or their growth can be inhibited 
by either the immune system or with the help of 
antibiotics, the infection is unlikely to happen; otherwise, 
the formed infection may generate a significant health 
problem.1 It is of great importance to deliver antibiotics 
effectively to prevent the formation of infection. Unlike 
the traditional approach of systemic delivery, local release 
of antibiotics can maintain high enough antibiotic 
concentration over a long duration without causing 
systemic toxicity2. In addition, use of more than one 
antibiotic could increase the spectrum of antimicrobial 
coverage and decrease the risk of generating resistant 
strains of micro-organisms.3 Therefore, release of multi-
antibiotics can be a viable clinical approach.  

In this study, the simultaneous release of two typical 
antibiotics (doxycycline hyclate, doxy, and 
metronidazole, metro) from six-layer polymer devices 
was evaluated using a specially designed method. This 
method eliminated the interference of degraded polymer 
in the supernatant and took account of the difference of 
each antibiotic’s UV absorbance at two wavelengths. The 
method’s validity was verified successfully before it was 
applied to controlled release experiments.  

Methods: A series of standard solutions for each 
antibiotic were prepared and mixed with 10% v/v 0.1M 
HCl solution. Their UV absorbance was measured at 320 
nm and 345 nm. Another set of solutions containing both 
antibiotics was prepared for verification purposes. 

The polymer system used was a blend of cellulose 
acetate phthalate (CAP) and Pluronic F-127 (PF-127) 
with a ratio of 7:3 according previous study4. Polymeric 
microspheres containing antibiotics were prepared by a 
water-acetone-oil-water (W/A/O/W) triple emulsion 
process. Six-layer release devices were made using a 
pressure-sintering process. The bottom and sides of 
devices were coated with 10% poly(lactic-co-glycolic 
acid) for three times to get directional antibiotic release. 
Devices were immersed in 5 ml of phosphate-buffered 
saline, pH 7.4 (PBS) and incubate under 37⁰C condition 
with a rotation rate of 80 rpm. Supernatants were 
collected and replaced with fresh PBS every 24 hours.  

A series of polymer system solutions in PBS were 
prepared, and their UV absorbance was collected under 
different conditions: one was without adding acid and 
another one was with adding acid and centrifuging. 

The degraded CAP was removed from supernatant 
after the acid precipitation and centrifugation process. The 
UV absorbance at two wavelengths of processed 
supernatants were measured and processed with the 
established calibration equations to determine the 
concentrations of both antibiotics.  

Results and Discussion: Analysis of the acidified 
supernatants indicated that the background absorbance 
from degraded polymer can be effectively eliminated by 
precipitation. Four calibrations curves (doxy and metro 
each measured at 320 nm and 345 nm) were developed 
with prepared standard solutions. The R2 of linear fit of 
each curve was greater than 0.998. At each wavelength, 
the UV absorbance (z) of processed supernatant was 
assumed to be a linear combination of both antibiotics (x 
and y) and can be simply expressed as z = ax + by, where 
a and b are the slopes of the corresponding calibration 
curves. With two established equations, the two unknown 
antibiotic concentrations (x and y) were solvable. The 
validity of assumptions was verified with the extra set of 
mixed standard solutions. The linear fit of calculated 
concentration to known concentration was close to Y=X 
with an R2 greater than 0.99 for both doxy and metro 
within the range of interest.  

The profile of simultaneous release of multi-
antibiotic from the polymer system was established with 
this method, and the result is shown in Figure 1. This 
device continued releasing two antibiotics for 7 days, 
except the first day because the first (top) layer contained 
only doxy.  

 
Figure 1. Simultaneous release profile of doxy and metro 
from a six-layer polymer system.  
Conclusions: This study established a valid method that 
can accurately determine concentrations of two antibiotics 
simultaneously from supernatant without significant 
processing. The simultaneous release of doxy and metro 
from was achieved, and the duration could be as long as 
seven days for six-layer device. Future studies will focus 
on the antibacterial effects of this local delivery system, 
which can contribute to a better understanding of 
controlled release of multiple antibiotics. 
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