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INTRODUCTION

Nanotechnology has been regarded as one of the most 
promising approaches to deal with cancer, which remains 
a leading cause of death all over the world.[1,2] Liposomes 
and polymeric nanoparticles are utmost investigated 
nanocarriers for anticancer drug delivery. Liposomes 
have been widely used as a drug delivery vehicle due 
to high biocompatibility, favorable pharmacokinetic 
profile, and ease of surface modification. However, 
liposomes have limitations for drug delivery including 
insufficient drug loading, fast release of hydrophobic 
drugs, and instability.[3] Polymeric nanoparticles were 
featured by their small size, ability to encapsulate 
drug of poor solubility and permeability, controlled 
drug release manner, and long circulation half-life.[4,5] 
It has been reported that polymeric nanoparticles are 
preferentially accumulated in tumor after intravenous 
(i.v.) administration due to the enhanced permeability 
and retention effect, known as “passive” targeting. [6,7] 
Although this passive manner of drug delivery omits 
the targeting group at the surface of polymeric 
nanoparticles, it is quite effective to deliver drugs to the 
tumor sites. To achieve effective tumor accumulation of 
polymeric nanoparticles through enhanced permeability 
and retention effect, the nanoparticles should stay long 

time in blood circulation. A number of approaches for 
prolonging the blood circulation and accumulating in 
tumor tissues of nanoparticles have been reported, 
including control of size, surface potential as well as 
surface hydrophilicity.[8,9]

Paclitaxel (PTX) is highly lipophilic and insoluble 
in water (<0.03 mg/mL). The compound does not 
contain any functional groups that can be ionized by 
altering pH or that allow salt formation to increase its 
solubility. [10] PTX is a mitotic inhibitor used in cancer 
chemotherapy especially breast and ovarian cancer. 
PTX has been associated with severe side effects, 
including hypersensitivity reactions, nephrotoxicity, 
and neurotoxicity. The submicron size of NPs offers 
numerous advantages, such as being more stable during 
storage.[11] Biodegradable polyanhydrides are useful 
materials for controlled drug delivery. Poly(sebacic 
acid-co-ricinoleic-ester anhydride) is a biodegradable 
polyanhydride polymer for controlled drug delivery. 
The hydrolytically labile anhydride and/or ester placed 
in aqueous medium, it may hydrolyze to dicarboxylic 
acids and hydroxy acid monomers. The hydrolytic 
degradation of aliphatic polyesters and polyanhydrides 
depends on various physical, chemical, and biological 
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parameters, including hydrophobicity of monomers and 
polymer, crystallinity of polymer, water permeability of the 
polymer matrix, additives, and the degradation medium and 
conditions.[12] Hence, the attempt has been made to prepare 
PTX containing nanoparticles by using polyanhydride class 
of polymer. The objectives of the present study were to 
prepare drug loaded and drug free, polyanhydride-based 
nanoparticles and their in vitro characterization.

MATERIALS AND METHODS

Materials
PTX was obtained as a gift sample from Naprod Life Sciences. 
Pvt. Ltd. (Mumbai, India) Poly (SA-RA) 70:30 w/w (weight-
average molecular weight = 21,000; number-average 
molecular weight = 10,000) was synthesized as previously 
reported.[13] Briefly, poly (SA-RA) was prepared in a one-pot 
reaction in which poly(sebacic anhydride) was reacted with 
ricinoleic acid (70:30 w/w ratio) at 120°C for 2 haves followed 
by anhydride polycondensation at 130°C under vacuum 
(0.1 mm Hg) using acetic anhydride for activation of the 
carboxylic acid end groups. The formed polymers were used 
without further purification. Tween-80 (poly-oxyethylene 
sorbital monooleate), ethanol, glucose, sodium dihydrogen 
orthophosphate, and potassium dihydrogen orthophosphate 
were supplied by SD Fine Chem. Ltd. (Mumbai, India). Acetone 
and sodium chloride were purchased from Thermo Fisher 
Scientific India Pvt. Ltd. (Mumbai, India).

Methods
Preparation of PTX-loaded nanoparticles
PTX- Poly (SA-RA) NPs were prepared by solvent displacement 
method.[14] PTX (10 mg) was dispersed in 5 mL of acetone 
containing 100 mg poly(sebacic acid-co-ricinoleic ester 
anhydride) 70:30 previously dissolved. The mixture was 
magnetically stirred for 15 min at room temperature. Ethanol/
water mixture (1:1, 20 mL) introduced into the organic phase 
and solution was stirred for 20 min at 1000±5 rpm. Obtained 
solution was stabilized for 30 min. Organic phase from the 
obtained tri-phasic system was removed by rapid evaporation 
with the aid of vacuum (Superfit Pvt. Ltd., Bangalore, India). 
For NPs, aqueous phase was freeze-dried (Christ alpha 1-4 LD 
Plus lyophilizer) with glucose as cryoprotector added prior 
to lyophilization. Drug free NPs were prepared in the same 
manner without adding PTX. The quantity of polymer and 
drug used for the preparation of NPs are illustrated in Table 1.

Characterization of PTX-Poly (SA-RA) NPs
Percentage yield
The lyophilized NPs from each formulation were weighed 
and the respective percentage yield was calculated using the 
following Equation 1:

Percentage yield =
Wt of NPs obtained

Wt of drug, polymer andd

 glucose used

×100
 (1)

Determination of drug loading and entrapment efficiency
The average drug content was determined by extracting 
the drug with mixture of methanol and phosphate buffer 
saline pH 7.4 (9:1 v/v) as solvent. Accurately weighed NPs 
(~10 mg) were dissolved in 25.0 ml of solvent. After filtration 
(0.22 μm, Nylon membrane, Millipore, India) and suitable 
dilutions, amount of PTX was analyzed using double beam 
UV-spectrophotometer at 230 nm. All the readings were 
carried out in triplicate. Determination of drug loading using 
Equation 2.

Drug        

loading (%)
Weight of drug in nanoparticles
Wei

=
gght of nanoparticles taken

×100   (2)

Entrapment efficiency of poly (SA-RA)-based nanoparticles 
were determined by analyzing the un-entrapped drug. 
Suspension of 10.0 mg of NPs in 10.0 ml PBS pH 7.4 was 
subjected to cold centrifugation at ~4°C with 14,000 rpm 
for 15 min. Aliquot from the supernatant solution in which 
free drug was suspended was withdrawn and suitably diluted 
with methanol. The resulting solution was analyzed by UV-
spectrophotometrically at 230 nm. The entrapment efficiency 
is defined as the ratio of amount of entrapped drug to that of 
the drug used for the NPs preparation. Entrapment efficiency 
was determined using Equation 3.

Entrapment 

efficiency (%)
Free drug

Theoretical drug load
= −1

eed
×100 (3)

Scanning electron microscopy (SEM analysis)
The shape and surface characteristics of NPs were visualized 
using scanning electron microscopy (JSM-848, Joel, Japan). 
The NPs were first dried under vacuum and were glued to 
aluminum stab and gold coated under argon atmosphere. The 
coated NPs were finally characterized for surface morphology 
(scale bar was 25000x magnification).

Particle size analysis
Average particle size and distribution of the blank and PTX-
Poly (SA-RA) NPs were measured by laser scattering light 
analyzer (Malvern Laser Analyzer Instruments). Drug loaded 
lyophilized NPs were dispersed in ultrapure water according to 
concentration and completely sonicated before measurement. 
The average particle size was expressed as the value of 
average size of three replicate samples. The width of the size 
distribution was indicated by the polydispersity index.

Fourier transform infrared analysis (FT-IR)
FT-IR spectral measurement for pure PTX, poly (SA-RA) 70:30, 

Table 1: Composition of PTX-Poly (SA-RA) NPs
Formulations Drug

paclitaxel 
(mg)

Polymer
poly (SA-RA) 

70:30 w/w (mg)

Cryoprotector
glucose (7% 

w/w) (mg)
F1 10 190 14
F2 20 180 14
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physical mixtures of PTX and poly (SA-RA) (1:1ratio) and PTX- 
Poly (SA-RA) NPs were taken at ambient temperature using 
FT-IR spectrophotometer (Thermo Nicolet, Japan). Samples 
were mixed with KBr and vaccuum packed to obtain pellets of 
the material. All the spectra acquired were scanned between 
500 and 4000 cm-1 at a resolution of 4 cm-1.

Differential scanning calorimetric analysis
The physical status of the pure PTX, poly (SA-RA) 70:30 and 
mixture of PTX and poly (SA-RA) (1:1, ratio) as well as the 
drug encapsulated in the PTX- Poly (SA-RA) NPs formulations 
were investigated by employing the Differential Scanning 
Calorimetric (DSC) method (DSC 822e, Mettler Toledo, 
Switzerland). The samples were purged with liquid nitrogen 
at a constant flow rate. The temperature was ramped at a 
rate of 10°C/min, from 10 to 230°C.

X-ray diffraction analysis
X-ray diffraction patterns of pure PTX, poly (SA-RA) 70:30, 
physical mixtures of PTX and poly (SA-RA) 70:30 and PTX- Poly 
(SA-RA) NPs were determined using a X-ray diffractometer 
(AXS D8 Advance, Bruker) equipped with a rotating target 
X-ray tube and a wide-angle goniometer. The X-ray source 
was Kα radiation from a copper target with graphite 
monochromater. The X-ray tube was operated at a potential 
of 40 kV and a current of 30 mA. The range (2θ) of scans 
was from 0 to 70° and the scan speed was 0.04° per min at 
increments of 0.02°.

In vitro drug release studies
The in vitro release studies of PTX- Poly (SA-RA) NPs were 
carried out at 37±2°C in phosphate buffer saline (PBS) pH 
7.4 media for a period of 90 haves. A horizontal water bath 
shaker was used to conduct in vitro release studies. NPs were 
suspended in 20 ml of release medium (PBS pH 7.4 containing 
0.1% w/v Tween-80) in amber colored screw-capped bottles. 
Temperature was constantly maintained at 37±2°C and the 
platform was mechanically vibrated in horizontal axis at an 
average speed of 75 rpm. At predetermined time intervals, 
samples were withdrawn and replenished with fresh medium 
to provide the necessary sink condition. The samples were 
further suitably diluted with methanol, filtered by 0.22 μm 
Nylon membrane (Millipore, India) and analyzed using UV-
spectrophotometer for the estimation of amount of PTX 
released. The cumulative percentage drug release was 
calculated to establish the drug release profile of the PTX-
loaded NPs. Data of release studies were fitted into various 
kinetic models to understand the release mechanism of the 

from drug. Kinetic equations used were zero order equation, 
first order equation, Higuchi model, and Korsmeyer-Peppas 
model.[15]

Stability studies
PTX-Poly (SA-RA) NPs were stored at elevated temperatures 
with relative humidity (25±2°C/60%±5% RH, 40±2°C/75%±5% 
RH) in a stability analysis chamber (GMG, India) for a period 
of 3 months.[16] Freshly prepared PTX-Poly (SA-RA) NPs, 
stored at 5±3°C were used as control. Samples were kept 
for 3 months for stability analysis and at interval of 15, 30, 
60, and 90 days, PTX content of NPs was estimated by using 
UV- spectrophotometrically and compared with those of the 
control formulations.

RESULTS AND DISCUSSION

The PTX-Poly (SA-RA) NPs were prepared by solvent 
displacement method using biodegradable poly (SA-RA) 70:30 
w/w polyanhydride polymer. Poly (SA-RA) is a hydrophobic 
polymer built of natural fatty acids.[17] Temperature during 
organic phase evaporation was maintained ~40°C to 
avoid degradation in polymer property. Glucose, natural 
saccharides was used as a cryoprotector. Glucose prevents 
the shrinkage of particles during lyophilization and facilitates 
the particle formation.

The entrapment efficiency and drug loading of PTX in the 
poly (SA:RA) 7:3 based nanoparticles was found in the range 
of 86-90%. The percentage yield of developed nanoparticulate 
formulations were obtained in range of 61-64% w/w [Table 2]. 
The loss of yield might be due to recovery problem and 
adherence of formulation due to the sticky nature of 
polymer. The amount of PTX loaded in NPs and entrapment 
efficiency are shown in Table 2. The entrapment efficiency 
was decreased with increase of drug-polymer ratios. Large 
PTX entrapment in polymer matrix was probably due to 
hydrophobicity of drug and insolubility in water, which leads 
to minimum partition of drug into the external water phase.

The particles of size range in between 436-443 nm [Table 2] 
were obtained after lyophilization. Polydispersity of NPs was 
found within the range of 0.300-0.499 [Table 2]. Particle size 
was decreased slightly with increasing PTX content. Increase 
in particles size with increased polydispersity index was 
observed. The variation in particle size distribution (mean 
diameter) observed was might due to the variations in drug and 
polymer concentration and also the method of preparation.

Table 2: Results of nanoparticles yield, drug loading, entrapment efficiency, mean particle size and polydispersity index
Formulations Yield (% w/w)a Drug Loading 

(% w/w±SD)a
Entrapment 

efficiency (%±SD)a
Mean Particle 
size (nm±SD)a

PdIb

Blank 489±0.085 0.0501± 0.046
F1 60.7 4.77±0.10 89.94±1.65 443±0.015 0.300±0.019
F2 63.9 9.18±0.47 89.16±1.30 436±0.033 0.499±0.026
aAverage of three determinations, bPolydispersity index
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Figure 1 shows typical scanning micrographs of blank (A) and 
PTX-Poly (SA-RA) NPs (B). Spherical particles with varying sizes 
and smooth surface were obtained. The particles are observed 
aggregated, probably due to the fatty acid nature of polymer.[17]

FT-IR spectra of pure PTX, poly (SA-RA) 70:30, physical 
mixture of PTX, and poly (SA-RA) 70:30 and PTX-Poly (SA-RA) 
NPs, F1 and F2 are shown in [Figure 2]. The spectrum of PTX 
shows characteristics absorption bands at 3066 cm-1 (–CH 
sp3 stretching), 1733 cm-1 (C=O stretching) of amide group, 
1640 cm-1 (N-H bending), 1444 cm-1 (C=C ring stretching). 
Poly (SA-RA) absorption bands were obtained at 2933 cm-1 
(C-H stretching) and 1698 cm-1 (C=O stretching) and 1248 cm-1 
(C-O bending) of anhydride group. Physical mixture shows 
absorption bands for both drug and polymer, indicated that 
there was no chemical or physical interaction between drug 
and polymer. While in case of formulations F1 and F2, only 
the characteristics bands of polymer was obtained at 2934, 
1699, 1299 cm-1, which indicated that the drug was effectively 
entrapped within the polymer matrix.

DSC analysis was performed to determine the physical 
state of drug in NPs, which is reported to be involved in 
the endothermic or exothermic process. DSC thermograms 
of pure PTX, poly (SA-RA) 70:30, physical mixture, and PTX 
loaded F1 and F2 are shown in [Figure 3]. The melting 
endothermic peak of pure PTX appeared at 220.0°C. A sharp 
and broadened endothermic peak of poly (SA-RA) 70:30 and 
physical mixture were observed at 120.0 and 122.5.0/227.8°C, 
respectively. In case of PTX-Poly (SA-RA) NPs formulations 
F1 and F2, broadened endothermic peaks of only polymer 
were observed at 123.0°C and 122.0°C, respectively, which 
indicated that PTX in the formulation was in amorphous form.

The amorphous state of drug within the NPs was further 
confirmed by X-ray diffraction patterns. The diffraction 
peaks of PTX were observed at 10.82, 12.90, 14.96, 17.97, 
25.08, 43.744° (2θ) [Figure 4a]. In case of pure polymer, 
diffraction peaks were observed at 5.27, 20.22, 21.73, 25.3° 
(2θ) [Figure 4b]. Physical mixture of drug and polymer when 
subjected for X-ray diffraction analysis (XRD), same prominent 
diffraction peaks of drug and polymer were observed in 
mixture at 7.61, 17.76, 19.58, 21.91° (2θ) [Figure 4c]. The 
drug peaks did not appear in the formulations F1 and F2, 
while only polymer characteristic peaks were appeared 
at 5.12, 21.80, 23.63, 25.86° [Figure 4d], and 5.83, 20.43, 
21.64, 23.82, 25.86° [Figure 4e], respectively. Absence of drug 
diffraction peak in the formulations, reveals the amorphous 
state of the PTX.

The in vitro release profile of PTX- Poly (SA-RA) NPs was 
investigated in PBS pH 7.4 with 0.1% v/v of tween-80. 
Figure 5 shows the cumulative percentage release of PTX 
from polymeric NPs. Tween-80 was added to increase the 
PTX solubility in water. At the initial stage, burst effect 
related to the drug entrapped near the surface of the 

NPs was remarkably small, and it was followed by a slow 
controlled release of drug. Such a small initial burst is an 
especially interesting phenomenon, which was due to the 
un-entrapped drug on the surface of the NPs. Controlled 
prolong release was a result of low permeability of water in 
poly (SA-RA) 70:30, a hydrophobic polyanhydride polymer. [17] 
After 90 haves, the amount of cumulative PTX release for 
F1 and F2 formulations was 89.73±0.95% and 97.17±1.8%, 
respectively. Release of PTX was observed to be decreasing 
with increase in PTX content. Zero order and Korsmeyer-
Peppas model gave a good fit for the drug release profiles 
of all NPs formulations with greater regression coefficients 
in comparison to other models. For F1 and F2, regression 

Figure 1: Typical scanning electron micrographs of poly(SA-RA) 
70:30nanoparticles: (A) blank NPs and (B) PTX loaded NPs (F2)

Figure 2: Transmission FT-IR spectra of pure PTX (a), pure poly(SA-
RA) 70:30 (b), physical mixture of PTX and pure poly(SA-RA) 70:30 
(c), F1 (d) and F2 (e)
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the value of n was in between 1.300-1.314, it indicates super 
case II transport mechanism.[15]

Drug stability in the PTX- Poly (SA-RA) NPs formulations was 
assessed by comparing the stored formulations with the 
control of its drug loading [Table 3]. There was no change in 
the PTX content in the formulations stored at 25°±2°C/60%±5% 
RH at the end of 90 days. However, in the samples kept at 
40°±2°C/75%±5% RH, significant reduction in amount of PTX 
was determined at the end of 90 days in each formulation. 
This might be due to the degradation of both drug and lipid 

Figure 5: In vitro release profile of PTX- Poly(SA-RA) NPs. Dissolution 
studies were performed in PBS pH 7.4: F1 (●) and F2 (■)

Figure 3: DSC thermograms of pure PTX (a), pure poly(SA-RA) 70:30 (b), physical mixture of drug and polymer (c), F1 (d) and F2 (e)

Figure 4: XRD patterns of pure PTX (a), poly(SA-RA) 70:30 (b), 
physical mixture (c), F1 (d) and F2 (e).The experiment was carried with 
crimped aluminum pans and a heating rate of 10°C/min; the samples 
were scanned at 10°C/min from 10 to 230°C
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c

b

a
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values in case of zero order 0.967 and 0.959, respectively, 
and in Korsmeyer-Peppas models were 0.970 and 0.965. Since 
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polymer having a low glass transition temperature and low 
melting point. It also suggested that method of preparation 
and polymer used did not affect the drug chemical stability.

CONCLUSION

PTX- Poly (SA-RA) NPs were prepared and characterized. 
However, the continuous release of a PTX from a controlled 
delivery device for prolong period is usually required for 
effective treatment of cancer. The obtained results indicated 
that the potential use of NPs using poly (SA-RA) 70:30 for 
sustained release of hydrophobic drug such as PTX. In vitro 
toxicity and in vivo studies may be future subjects.
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