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Summary 

Background: Biodegradable polymers are fuelling the development of drug delivery systems due to their 

biocompatibility, biodegradability, and ease fabrication. Poly (lactic-co-glycolic acid) (PLGA) is one of such 
biodegradable polymer and is Food and Drug Administration (FDA) approved. Poly glycerol adipate-co-ω-
pentadecalactone (PGA-co-PDL) is such a new polymer that has been developed and characterized in house laboratory 
to improve upon the physicochemical properties of PLGA. It was successfully formulated into nanocarriers. The study 
aims to evaluate the in-vitro cytotoxicity profile of PGA-co-PDL Nanoparticles (NPs) carriers in comparison to PLGA 
NPs for pulmonary drug delivery. Methods: NPs were formulated from PGA-co-PDL and PLGA by single emulsion 

using different (anionic and cationic) emulsifiers. The NPs were characterized for size and charge. In-vitro cytotoxicity 
was evaluated by Alamar Blue (AB), and Reactive Oxygen Species (ROS) assays using Calu-3 cells. Results: PGA-

co-PDL NPs showed good toxicity profile in comparison to PLGA NPs. The anionic NPs were more compatible to the 
cationic NPs. Less ROS production was detected with the anionic NPs.  Conclusion: PGA-co-PDL polymer was 

successfully formulated into NPs with a suitable size range for pulmonary drug delivery. The results showed a good 
toxicity profile of PGA-co-PDL NPs in comparison with the PLGA NPs. The anionic particles showed better compatibility 
confirming future suitability for pulmonary drug delivery. 

Introduction 

Pharmaceutical nanocarriers are designed to achieve better drug compatibility and reduce its toxicity through much 
enhanced cellular uptake, targeted drug delivery to the diseased cells, and more controlled-release delivery. This is 
especially important for poor soluble, less bioavailable, and hydrophobic drugs. Biodegradable polyesters are commonly 
used for pharmaceutical and therapeutic drug delivery purposes due to many advantages they offered and the most 
commonly used and FDA-approved for a variety of drug delivery applications is PLGA. Their main drawbacks are the 
acidic and long bulk hydrolytic degradation. That affects the pH-sensitive drugs and the local acidity at the site of drug 
action that promotes the inflammatory response. PGA-co-PDL has been investigated as an alternative to PLGA for drug 
and macromolecule delivery [1, 2]. It has successfully been formulated into NPs for delivery of macromolecules, i.e. 
bovine serum albumin, pneumococcal protein showing promising results for treating lung disease and vaccine delivery 
[3, 4]. The use of NPs to improve macromolecules and drug delivery is accomplished by controlling the size and surface 
properties, the surface charge. The surface charge plays an important role in enhancing the cellular uptake and the 
efficiency of delivery. Positive-charged NPs are usually used to achieve the highest NPs-cellular interaction and uptake. 
This presents a challenge due to the cytotoxicity of the positive charge [5]. The study aims to evaluate the in-vitro 
cytotoxicity profile of PGA-co-PDL NP carriers with two distinct surface charge in comparison to PLGA NPs for 
pulmonary drug delivery. 

Experimental methods 

Acid terminated PLGA (50:50) with a molecular weight (MW) of 7000 - 17000 KDa was purchased (Sigma Aldrich). 
PGA-co-PDL was synthesized via enzyme catalysed co-polymerization of three monomers; glycerine, vinyl adipate and 
ω-pentadecalactone in 1:1:1 molar ratio as previously reported by Thompson et al [4]. This co-polyester was 
characterized using 1H-NMR spectroscopy (Bruker AVANCE 300 MHz, Inverse probe with B-ACS 60, Auto sampler 
with gradient shimming). The initial MW of both polymers was determined using Gel Permeation Chromatography (GPC) 
(Viscoteck TDA Model 300 operating OmniSEC4 software) calibrated with polystyrene standards [1, 4].  

NPs were prepared from both polymers by the single-emulsion solvent-evaporation method using polyvinyl alcohol; 
PVA as an anionic emulsifier (-VE charge) and 1,2-dioleoyl-3-trimethylammonium-propane (chloride salt); DOTAP as a 
cationic emulsifier (+VE charge). 200 mg of each polymer were dissolved in 2 ml of dichloromethane (DCM) then added 
drop wise to 5 ml 10% PVA under probe sonication (26 µm for 2 minutes). The positive charged NPs were prepared 
using 10% DOTAP to polymer mass. The organic phase was added drop wise to 20 mL of 0.75% PVA under magnetic 
stirring 600 rpm for 10 minutes then adjusted to 500 rpm for 3 hours to allow the evaporation of the DCM.  NPs were 
centrifuged twice at 76,000 xg, and 4 ºC for 40 min using Beckman Coulter Optima XPN-80 ultracentrifuge. Triplicates 
of PLGA and PGA-co-PDL NPs were characterized for size and surface charge (ζ Potential) using Zetasizer™ Nano 
ZS. NPs optimization experiments were performed to achieve a NPs target size of approximately 200 nm using design 
of experiments (Taguchi).   

In-vitro cytotoxicity was evaluated by Alamar Blue (AB) and Reactive Oxygen Species (ROS) assays [6]. The NPs were 
re-suspended with serum-free cell culture media (Eagle’s Minimum Essential Medium (EMEM) (ATCC® 30-2003™)) 
prior to cell culture assays. Calu-3 cells were seeded in a density of 40 x103 cells per well in 96 well plates for 48 hours 
using the complete media (containing10% Fetal Bovine Serum).  
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For AB assay, media was removed prior to the treatment with a 200 µL of a serial concentration of NPs (0.125- 2 mg/ml) 
in triplicate and incubated for 24 hours. Following incubation, the media was removed and cells were washed with PBS 
prior to addition of a 100 µL of 10% AB solution and further incubated for 3 hours.  

ROS was detected by 2,7-dichlorofluoresin diacetate reagent (DCFH-DA). Media was removed from the 96 well plate 
and the cells were washed with PBS prior to addition of DCFH-DA reagent (100 µL of 100 µM solution) and incubated 
at 37 °C in the dark for 40 minutes. The DCFH-DA reagent was then removed and the cells washed with PBS then 
followed by NPs treatment for 24 hours.  

Fluorometric evaluation of AB (560EX nm/590EM nm) and ROS (485EX nm/530 EM nm) was performed using the 96 
well plate reader. The results were expressed as a percentage of the untreated control and compared to the positive 
control (10% DMSO for AB, 200 µM H2O2 for ROS assay). 

Results and Discussion 

Polymer characterization: The synthesized co-polyester PGA-co-PDL was a white powder with MW of 14.73 KDa as 

determined by the GPC. The co-polymer integration pattern was confirmed by 1HNMR spectra, (δH CDCl3, 300 MHz): 

1.34 (s, 22 H, H-g), 1.65 (m, 8 H, H-e, e′, h), 2.32 (m, 6 H, H-d, d′, i), 4.05 (q)-4.18 (m) (6 H, H-a, b, c, f), 5.2 (s, H, H-j). 
The MW of PLGA was 17.57 KDa.  

NP characterization: Size and charge of the formulated NPs are shown in table1. 

 

NP type Average diameter 

(nm) 

PDI Zeta potential in mV 

PLGA –VE NP 148.8 ± 0.8 0.21 -10.7 ± 2.1 

PLGA +VE NP 189.6 ± 6.0 0.32 +12.5 ± 1.0 

PGA-co-PDL –VE NP 195.6 ± 4.0 0.12 -13.6 ± 1.5 

PGA-co-PDL +VE NP 242.2 ± 2.0 0.20 +13.0 ± 2.0 

 

In-vitro cytotoxicity of PGA-co-PDL NPs:  

AB viability assay: Control cells had a percent viability of 100±12.33. PGA-co-PDL –VE NPs showed nearly equal 

compatibility to the PLGA –VE NPs within the same dose range. The PGA-co-PDL +VE NPs showed lower viability 
compared to the –VE NPs and more cytotoxicity to the +VE PLGA NPs at higher concentrations (Fig 1).  At low 
concentration, there was no statistically significant difference between the –VE types of NPs and the +VE types NPs. 
There is statistically significant difference between the –Ve and the +VE NPs of PGA-co-PDL. At a high concentration, 
there was no statistically significant different between the –VE types/or between the +VE types of each polymer, but 
was significantly difference between the +VE types of NPs (reduced viability at high concentration with the +VE PGA-
co-PDL NP compared to PLGA NPs). 

Table 1.The physicochemical properties of NPs prepared from PGA-co-PDL and PLGA polymers using two 
different emulsifiers (Mean ±SD, n=3). 
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ROS assay: Control cells had a percent ROS production of 100±15.2. PGA-co-PDL NPs showed similar percentage of 

ROS production to the untreated control cells at low concentrations but gradually started to be decreased with high 
concentration. Both –VE NPs of the two polymers showed similar effect that had less ROS production compared to the 
+VE NPs. The scavenging effect observed with the anionic NPs with the increase of the concentration is either real anti-
oxidant effect that needs further verification with another oxidative stress quantification assays or a false decrease in 
the ROS production at higher concentrations attributed to reduced cellular uptake of the aggregated NPs. The + VE 
PGA-co-PDL NPs showed increase ROS production with the increase in concentration that was more pronounced than 
the +VE PLGA NPs , suggesting that their underlying cytotoxic mechanism can be attributed to ROS production (Fig 2). 
There was statistically significant difference between the –VE and the +VE types PGA-co-PDL NPs and to PLGA NPs.  

 

 

 

Conclusion: PGA-co-PDL polymer was successfully formulated into NPs with a suitable size range for pulmonary 

delivery. The results showed a good toxicity profile of PGA-co-PDL NPs in comparison with the PLGA NPs. The –VE 
NPs were more compatible than the +VE NPs and had less oxidative stress potential.  Further studies will be addressed 
to uncover their molecular mechanisms of toxicity, cellular uptake and transport, internalization, and metabolism in 
pulmonary cell lines and co-culture models under both air and liquid interfaced conditions. In addition, the NPs limitations 
for aerosol delivery will be determined in terms of mucous transport, inflammatory induction, and genotoxicity. 
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Fig 1. The percent of the viability after 24hrs exposure to both -VE and +VE NPs of both polymers by AB assay 
(Mean ± SD, n=3). 

Fig 2. The percentage of ROS production after 24hrs exposure to both -VE and +VE NPs of both polymers by 
ROS assay (Mean ± SD, n=3). 
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