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Abstract: This study was geared to analyze the preparation methods of pullulan acetate-based
nanoparticles loaded with 5-fluorouracil, as well as the potential of pullulan as a biopolymer matrix for
obtaining nanoparticles applied in the delivery of anticancer drugs (5-FU). Various methods were used
to produce pullulan acetate-based nanoparticles loaded with 5-FU, including nanoprecipitation,
modified nanoprecipitation, and double emulsion. Pullulan was previously chemically modified with
acetic anhydride, dimethylformamide and pyridine, and yielded pullulan acetate. Pullulan was made
using the Aureobasidium pullulans strain through a fermentation procedure. UV-Vis Spectro-
photometric and dynamic light scattering (DLS) methods were used to assess entrapment effectiveness,
size, and polydispersity index (PDI) of pullulan acetate-based nanoparticles loaded with 5-FU. Based
on the properties of the nanoparticles obtained, the optimum preparation method was chosen. The
maximum entrapment efficiency was found in pullulan acetate nanoparticles loaded with 5-FU
generated by a double emulsion method. The mean hydrodynamic size and PDI of all nanoparticles were
adequate. The best formulation showed faster 5-FU release profile in acid phosphate-buffered saline (pH
5) than in phosphate-buffered saline pH 7.4. According to the findings, pullulan derivatives have a great
potential for producing nanoparticles that might be used to deliver anticancer medicines.
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1. Introduction

Cancer represents one of the major and challenging pathology worldwide. The conventional treatment
of cancer involves surgery, radiation therapy and chemotherapy. The most-common anticancer
substances are 5-fluorouracil (5-FU), gemcitabine, doxorubicin, cisplatin, oxaliplatin, methotrexate, etc
[1-4]. 5-FU is an anticancer substance which is utilized for the medical care of various forms of cancer
(for eg. gastrointestinal cancer, breast carcinoma, ovarian cancer, skin cancer, etc.). 5-FU is an
antineoplastic cytostatic, pyrimidine analog. Its anticancer activity is due to the conversion of fluorouracil
to active metabolites (including 5-fluorodeoxyuridine and 5-fluorouridine) in human tissues. 5-Fluoro-
deoxyuridine inhibits thymidylate synthetase and blocks the reaction of the conversion of deoxyuridine
acid to thymidyl acid, which creates a lack of thymidine required for nucleic acid synthesis. 5-Fluoro-
uridine replaces uridine in the RNA chain, thus disrupting protein synthesis. Also, 5-FU has variable oral
bioavailability (in the range of 0% to 80%), easily penetrates histohematic barriers, including the blood-
brain barrier, and is distributed in tissues (tumors, bone marrow, liver, etc.), but has non-selective
distribution, short pharmacological half-life and various toxicity. These properties limit 5-FU therapeutic
applicability.

To overcome these limitations, innovative drug delivery systems offer a number of design
opportunities for engineering the delivery of a specific active substance with enhanced therapeutic effects
[5-7]. Nowadays, many studies in cancer therapy are focused on polymeric and/or biopolymeric nano-
particles, due to their features, like: capacity to protect their cargo from degradation, improve bioavaila-
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bility, absorption, and penetration, and deliver regulated and targeted distribution [8-11].

Pullulan is a nontoxic, nonmutagenic, noncarcinogenic, nonimmunogenic, biocompatible, and
biodegradable biopolymer generated by Aureobasidium pullulans strains. Because of its great solubility
in water, pullulan cannot self-associate to form nanoparticles in aqueous solutions. As a result, a number
of studies [12-15] have concentrated on pullulan derivatization in order to expand its biomedical potential.
The biomedical community has studied pullulan derivatives such as pullulan acetate, cholesterol-bearing,
perfluoroalkylated pullulan, and others [15-17].

The primary objective of the present paper was to evaluate the potential of pullulan as a biopolymer
matrix for the synthesis of nanoparticles that could be applied to the delivery of anticancer agents, and
preparation methods of pullulan acetate-based nanoparticles loaded with 5-FU. 5-FU-loaded pullulan
acetate-based nanoparticles are produced by a variety of methods, including nanoprecipitation, modified
nanoprecipitation, and double emulsion [18]. The entrapment effectiveness, mean hydrodynamic size,
and polydispersity index (PDI) were assessed using spectrophotometric and dynamic light scattering
(DLS) methods. The best preparation method was selected based on the properties of the nanoparticles.
In addition, the effects of the two solvents on the formation of nanoparticles and the effects of the addition
of the stabilizer Pluronic F127 were evaluated. Also, it was investigated for the best formulation the
release behaviour in phosphate-buffered saline.

2. Materials and methods
2.1. Materials

5-FU, Pluronic F127(non-ionic surfactant), pyridine, acetic anhydride, N,N-dimethylformamide
(DMF) and acetone were acquired from Sigma-Aldrich (Merck Group, Darmstadt, Germany). The
Aureobasidium pullulans strain was used to manufacture pullulan through a fermentation procedure [19].
Pullulan was chemically modified with acetic anhydride, dimethylformamide and pyridine, and yielded
pullulan acetate.

2.2. Preparation of Pullulan Acetate Nanoparticles Loaded with 5-FU via nanoprecipitation method

5-FU was dissolved in pullulan/DMF solution (10:1 w/w polymer:drug). Organic phase was poured
into water or 3% Pluronic F127 aqueous solution and agitated at 700 rpm at 25°C until the organic solvent
was completely evaporated. To separate the free 5-FU from the nanoparticles, the suspension was
centrifuged (10,000 rpm) for 30 min at a temperature of 4°C. The precipitate-containing nanoparticles
(coded NP1@5FU_metl and NP2@5FU_metl in Table 1) were redispersed in distilled water after the
supernatant was removed.

2.3. Preparation of Pullulan Acetate Nanoparticles Loaded with 5-FU via modified nano-
precipitation method

5-FU was precisely weighed and dissolved in distilled water (10:1 w/w polymer:drug). Dropwise
additions of 5-FU aqueous solution to the polymeric solution were made; afterwards the obtained
suspension was stirred 15 min at 700 rpm at 25°C for homogenization. Organic phase was poured into
water or 3% Pluronic F127 aqueous solution and agitated at 700 rpm at 25°C until the organic solvent
was completely evaporated. To separate the free 5-FU from the nanoparticles, the suspension was
centrifuged (10,000 rpm, 30 min, 4°C). The precipitate-containing nanoparticles (coded NP1@5FU _
met2 and NP2@5FU_met2; Table 1) were separated from the supernatant and redispersed in distilled
water.

2.4. Preparation of Pullulan Acetate Nanoparticles Loaded with 5-FU via double-emulsion method

Pullulan acetate (50 mg) was dissolved in acetone or DMF (5 mL). An aqueous solution of 5-FU
(polymer:drug = 10:1 (w/w)) was poured dropwise into polymeric solution; the combination was stirred
for 15 min at 700 rpm at room temperature (25°C). The primary emulsion was created by dropping the
organic phase into water or 3% Pluronic F127 aqueous solution. After that, the primary emulsion was
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homogenized for 15 min at room temperature (25°C) while stirring at 700 rpm. The primary emulsion
was sonicated for 30 min in an ultrasonic device filled with ice to obtain the secondary emulsion at a
controlled power of 50% of amplitude. The secondary emulsion was agitated at 700 rpm until the organic
solvent was completely evaporated. To separate the free 5-FU from the nanoparticles, the suspension was
centrifuged (10,000 rpm, 30 min, 4°C). The precipitate-containing nanoparticles (coded NP1@5FU _
met3, NP2@5FU_met3, NP3@5FU_met3, and NPA@5FU_met3; Table 1) were redispersed in distilled
water after the supernatant was removed.

Table 1. Preparation parameters of pullulan acetate nanoparticles loaded with 5-FU

Preparation method Solvent Stabilizer Mpolimer:Ms-Fu (9/Q)
Sample Code
NP1@5FU_metl nanoprecipitation DMF - 10:1
NP2@5FU_metl nanoprecipitation DMF Pluronic F127 10:1
NP1@5FU_met2 modified nanoprecipitation DMF - 10:1
NP2@5FU_met2 modified nanoprecipitation DMF Pluronic F127 10:1
NP1@5FU_met3 double-emulsion method DMF - 10:1
NP2@5FU_met3 double-emulsion method DMF Pluronic F127 10:1
NP3@5FU_met3 double-emulsion method Acetone - 10:1
NP4@5FU_met3 double-emulsion method Acetone Pluronic F127 10:1

2.5. Characterization of pullulan acetate nanoparticles loaded with 5-FU

An indirect method was used to assess the entrapment efficiency. The quantity of 5-FU loaded in the
pullulan acetate nanoparticles was calculated as the difference between the initial quantity of 5-FU and
the quantity of 5-FU in the supernatant. An UV-Vis spectrophotometer was used to measure the amount
of 5-FU in the supernatant at 266 nm. The given values are the average of three replicate samples with
standard deviation. The DLS approach was used to measure mean hydrodynamic size and PDI (Particle
Size Analyser Beckman-CoulterN4PCS-Submicron, Paris, France).

2.6. In Vitro 5-FU release study from pullulan acetate nanoparticles

The in vitro release of 5-FU study from pullulan acetate-based nanoparticles was performed by using
the dialysis membrane method with maintained sink conditions. 0.5 mL pullulan acetate-based
nanoparticles was put in dialysis bags (molecular weight cut-off 14,000) and immersed in 100 mL 0.1
M phosphate-buffered saline with various pH (5 and 7.4). The experiments were performed at a
temperature of 37°C under continuous stirring (100 rpm/min) with medium replenishment. The released
drug was determined by spectrophotometry.

2.7. Statistical analysis
Experiments were made in triplicate; results were displayed as mean value + SD and were considered
significant at p lower than 0.05.

3. Results and discussions

The main objective of this paper was to evaluate the possibilities of pullulan as a biopolymer matrix
for obtaining nanoparticles with anticancer drug delivery applications, as well as to evaluate the
preparation procedures for 5-FU-loaded pullulan acetate-based nanoparticles. To achieve this, polymeric
nanoparticles containing 5-FU were produced using three methods: nanoprecipitation, modified
nanoprecipitation, and double-emulsion. To evaluate the preparation processes, entrapment effectiveness,
mean hydrodynamic size, and PDI were assessed. The values of entrapment efficiency, mean
hydrodynamic size, and PDI of pullulan acetate nanoparticles loaded with 5-FU are shown in Table 2.
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Table 2. Mean hydrodynamic size and PDI of pullulan acetate
nanoparticles loaded with 5-FU

Sample code EE (%) Size (nm) PDI
NP1@5FU_metl 26.01 +£0.15 222.50 £0.11 0.32 £0.04
NP2@5FU_metl 26.11+£1.01 225.11 £0.26 0.31 +£0.02
NP1@5FU_met2 30.42 £2.18 254.30 £0.21 0.28 +0.02
NP2@5FU_met2 31.25+0.15 258.41 £ 0.23 0.27 £0.05
NP1@5FU_met3 44.01+221 298.51 +0.06 0.27 £0.07
NP2@5FU_met3 45.05+1.15 301.92 £ 0.08 0.28 +0.04
NP3@5FU_met3 49.01 £0.25 302,51 £0.51 0.26 £ 0.05
NP4@5FU_met3 50.22 £ 0.05 303.92 £ 1.02 0.24 +0.03

3.1. Entrapment efficieny

The entrapment efficiency of pullulan acetate nanoparticles loaded with 5-FU obtained by the double-
emulsion technique had the highest value (EE = 50.22 + 0.05 %). The entrapment effctiveness is
determined by the polymer, surfactant, active substance properties. The different solvent affinities of the
5-FU and pullulan explain the moderate entrapment efficiency values of formulations prepared by
nanoprecipitation and modified nanoprecipitation. Samy et al. [20] obtained comparable results for the
entrapment efficiency of 5-FU-chitosan nanoparticles via the ionic gelation method (EE = 21.82%). The
effect of two different organic phase solvents (acetone and DMF) on the pullulan acetate nanoparticles
loaded with 5-FU prepared by the double-emulsion technique was investigated. Higher entrapment
efficiency values showed the formulations prepared with acetone as the organic phase solvent. The effect
of adding a stabilizer, Pluronic F127, during nanoparticle preparation on formulation characteristics was
also investigated. No considerable differences in entrapment efficiency values between the formulations
prepared with and without Pluronic F127 were observed.

3.2. Mean hydrodynamic size, and PDI

Since the size of nanoparticles impacts the half-life circulation and cellular uptake is essential in
assessing the performance of a nanosystem. The homogeneity of the system is also an important criterion
for assessing its performance. The PDI is a size-based indicator of sample heterogeneity; PDI < 0.1
suggests monodisperse samples, while PDI > 0.7 indicate polydisperse samples. One can observe in Table
2 that pullulan acetat nanoparticles had mean hydrodynamic sizes below 310 nm. All pullulan acetate
nanoparticles loaded with 5-FU had PDI<0.35, with minimal variation between samples, suggesting that
the systems were moderately homogeneous.

3.3. Stability

The pullulan acetate nanoparticles loaded with 5-FU were kept for a period of three months at a
temperature of 4°C to analyze their stability, and the entrapment efficiency values were determinated
after 3 months; data is shown in Figure 1. Pullulan acetate nanoparticles loaded with 5-FU produced using
Pluronic F127 showed better stablility in comparision with samples prepared without Pluronic F127
having almost the same quantity of medication loaded after that time. In nanoformulations the rate of
sedimentation induced by gravitation is lower than the diffusion rate and Brownian motion, hence no
agglomeration in the visual appereance of pullulan acetate nanoparticles was noticed during storage.
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3.4. Drug release from pullulan acetate nanoparticles

In vitro 5-FU release from pullulan acetate nanoparticles was determined in phosphate-buffered saline
(pH 5; pH 7.4) at 37°C, and the results were displayed in Figure 2. The pH 5 was selected to simulate the
environment of cancer cells, which present slightly acidic pH, while pH 7.4 simulate the normal cells
environment. The release study was performed on the best formulation according to entrapment efficiency
and stability (NP4@5FU_met3). As shown in Figure 2, pullulan acetate nanoparticles displayed an initial
rapid release of drug and reached in six hours at a cumulative drug release value of 24.7% for buffer pH
7.4 and respectively 40.5% for phosphate-buffered saline pH 5. The initial rapid release is probably
explained by release of the 5-FU crystals displayed on the surface of pullulan acetate nanoparticles.
Pullulan acetate nanoparticles showed fastest 5-FU release rate in acidic than in neutral medium. To
investigate the drug release mechanism from pullulan acetate nanoparticles the experimental data
obtained was analyzed using various kinetic models (Hixson-Crowell, first-order, zero-order, Higuchi,
Korsmeyer-Peppap). Table 3 presents the correlation coefficients of mathematical models. High
correlation coefficients were obtained for Korsmeyer-Peppas and Higuchi models (R?> 0.9). For these
models the coefficients were also listed; kw, is the parameter of the Higuchi model; kkp is the Korsmeyer-
Peppas constant and it depends on the nanoparticle features, and n is a parameter that presents the nature
of the release process. The parameters n of the Korsmeyer-Peppas model were lower than 0.45 in both
media, suggesting the release is described by the Fickian diffusion. The ku value of the Higuchi model is
lower for the 5-FU release in neutral than in acidic medium, indicating a less intense burst effect.

Mater. Plast., 59 (2), 2022, 138-144 142 https://doi.org/10.37358/MP.22.2.5593


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

K

45
40 $ ) ¢
35 3
30 B
g2 3 $ ¢ ¢
z ? R I
8 20
15
10 ® NP4@SFU_met3_pH5
® NP4@SFU_met3_pH_7.4
5
0
0 50 100 150 200 250 200 350 400
time (min)

Figure 2. Release of 5-FU from pullulan acetate nanoparticles

Table 3. Analysis of drug release mechanism

Model pH74 pH5
R? R?
Hixson-Crowell 0.7016 0.7828
zero-order 0.691 0.7279
first-order 0.7069 0.8079
Korsmeyer-Peppas 0.9174 (n = 0.12; kkp =0.12) 0.9120 (n = 0.21; kkp = 0.15)
Higuchi 0.9030 (kn = 4.93) 0.9705 (kn = 12.923)

4. Conclusions

Three approaches were used to successfully generate pullulan acetate nanoparticles loaded with 5-
FU: nanoprecipitation, modified nanoprecipitation, and double-emulsion. Entrapment efficiency, mean
hydrodynamic size, PDI and stability of nanoparticles were all assessed. Based on the properties of the
nanoparticles obtained, the optimum preparation method was chosen. The mean hydrodynamic size and
PDI of all nanoformulations were adequate. The maximum entrapment efficiency was found in pullulan
acetate nanoparticles loaded with 5-FU generated by a double emulsion. The best formulation showed
faster 5-FU release in acid medium than in phosphate-buffered saline pH 7.4, following a diffusion driven
mechanism for both media. According to the findings, pullulan derivatives have a great potential for
producing nanoparticles that might be used to deliver anticancer medicines.

Acknowledgments: This work was carried out through the NUCLEU Program with the support of MClI,
project PN 19-41 04 01.

References

1.STUB, T., QUANDT, S.A, ARCURY, T.A., SANDBERG, J.C., KRISTOFFERSEN, A.F,
Conventional and complementary cancer treatment: where do conventional and complementary
providers seek information about these modalities? BMC Health Services Research, 18, 2018, 854.
2.ARUNACHALAM, S.S., SHETTY, A.P., PANNIYADI, N., MEENA, C., KUMARI, J., RANI, B.,
DAS, P., KUMARLI, S., Study on knowledge of chemotherapy’s adverse effects and their self-care ability
to manage - The cancer survivors impact, Clinical Epidemiology and Global Health,11, 2021, 100765.
https://doi.org/10.1016/j.cegh.2021.100765

3.TORRE, L.A,, BRAY, F., SIEGEL, R.L., FERLAY, J., LORTET-TIEULENT, J, JEMAL, A. Global
cancer statistics. CA CancerJ Clin. 65 (2), 2015, 87-108.

Mater. Plast., 59 (2), 2022, 138-144 143 https://doi.org/10.37358/MP.22.2.5593


https://revmaterialeplastice.ro/
https://doi.org/10.1016/j.cegh.2021.100765

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro A
https://doi.org/10.37358/Mat.Plast.1964

4.CHABNER, B.A., ROBERTS, T.G. Timeline: chemotherapy and the war on cancer. Nat Rev Canc.
5(1), 2005, 65-72. https://doi.org/10.1038/nrc1529PMID:15630416.

5.ELVENY, M., KHAN, A., NAKHJIRI, A.T., ALBADARIN, A.B., A state-of-the-art review on the
application of various pharmaceutical nanoparticles as a promising technology in cancer treatment,
Arabian Journal of Chemistry, 14, 2021, 103352. https://doi.org/10.1016/j.arabjc.2021.103352
6.1QBAL, S.Z., JUBEEN, F., SHER, F., Future of 5-Fluorouracil in Cancer Therapeutics, Current
Pharmacokinetics Issues and a Way Forward, Journal of Cancer Research and Practice, 6(4), 2019,
155-161. https://doi.org/10.4103/JCRP.JCRP_10 19

7.SIVANESAN, D., RAMA, A., VERMA, S.A., PRASAD, E., 5FU encapsulated polyglycerol sebacate
nanoparticles as anti-cancer drug carriers, RSC Adv, 11, 2021, 18984-18993.
https://doi.org/10.1039/d1ra01722e

8. KHALLAF, R.A., SALEM, H.F., ABDELBARY, A., 5-Fluorouracil shell-enriched solid lipid
nanoparticles (SLN) for effective skin carcinoma treatment, Drug Delivery, 23(9), 2016, 3452-3460,
https://doi.org/10.1080/10717544.2016.1194498

9.MISHRA, B., PATEL, B.B., TIWARI, S., Colloidal nanocarriers: A review on formulation
technology, types and applications toward targeted drug delivery, Nanomedicine, 6, 2010, 9-24.
10.DIN, F.U., AMAN, W., ULLAH, I, QURESHI, O.S., MUSTAPHA, O., SHAFIQUE, S., ZEB, A.
Effective use of nanocarriers as drug delivery systems for the treatment of selected tumors. Int. J.
Nanomed. 12, 2017, 7291-73009.

11.SOPPIMATH, K., AMINABHAVI, T., KULKARNI, A., RUDZINSKI, W., Biodegradable
Polymeric Nanoparticles as Drug Delivery Devices. J. Control. Release, 70, 2001, 1-20.

12.GANIE, S.A., RATHER, L.J., LI, Q., A review on anticancer applications of pullulan and pullulan
derivative nanoparticles, Carbohydrate Polymer Technologies and Applications 2, 2021, 10011.
https://doi.org/10.1016/j.carpta.2021.100115

13.MOSCOVICI, M., Present and future medical applications of microbial exopolysaccharides. Front.
Microbiol. 6, 2015, 1012.

14.SINGH, R., SAINI, G., KENNEDY, J., Pullulan: Microbial sources, production and applications.
Carbohydr. Polym., 73, 2008, 515-531.

15.COSERI, S., SPATAREANU, A., SACARESCU, L., SOCOLIUC, V., STRATULAT, I,
HARABAGIU, V. Pullulan: A versatile coating agent for superparamagnetic iron oxide nanoparticles.
J. Appl. Polym. Sci., 133, 2015, 1-9. https://doi.org/10.1002/app.42926

16.PAVALOIU, R.-D., SHA’AT, F., HLEVCA, C., SHA’AT, M., SEVCENCO, C., PETRESCU, M.,
EREMIA, M., MOSCOVICI, M., Preliminary Evaluation of Pullulan Nanoparticles Loaded with
Valsartan. Chem. Proc. 2021, 3, 139. https://doi.org/10.3390/ecsoc-24-08428

17.CONSTANTIN, M., BUCATARIU, S., SACARESCU, L., DARABA, O.M., ANGHELACHE, M.,
FUNDUEANU, G., Pullulan derivative with cationic and hydrophobic moieties as an appropriate
macromolecule in the synthesis of nanoparticles for drug delivery, International Journal of Biological
Macromolecules, 164, 2020, 4487-4498. https://doi.org/10.1016/j.ijbiomac.2020.09.064
18.MOSCOVICI, M., ONISCU, C., IONESCU, C., FOTEA, O., PARVULESCU, P.M., HANGANU,
L.D., SCURELI, H., PREDA, S., DINU, A., Procedeu de obtinere a unui polizaharid, de tip Pullulan, prin
fermentatie, 2000, RO Patent No. 116212.

19.RAO0, J.P., GECKELER, K.E., Polymer nanoparticles: Preparation techniques and size-control
parameters. Prog. Polym. Sci., 36, 2011, 887-913.

20.SAMY, M., ABD EL-ALIM, S.H., RABIA, A.E.G., AMIN, A., AYOUB, M.M.H. Formulation,
characterization and in vitro release study of 5-fluorouracil loaded chitosan nanoparticles. Int J Biol
Macromol. 156, 2020, 783-791. doi: 10.1016/j.ijbiomac.2020.04.112.

Manuscript received: 10.12.2021

Mater. Plast., 59 (2), 2022, 138-144 144 https://doi.org/10.37358/MP.22.2.5593


https://revmaterialeplastice.ro/
https://doi.org/10.1038/nrc1529PMID:15630416
https://doi.org/10.1016/j.arabjc.2021.103352
https://doi.org/10.4103/JCRP.JCRP_10_19
https://doi.org/10.1039/d1ra01722e
https://doi.org/10.1080/10717544.2016.1194498
https://doi.org/10.1016/j.carpta.2021.100115
https://doi.org/10.1002/app.42926
https://doi.org/10.3390/ecsoc-24-08428
https://doi.org/10.1016/j.ijbiomac.2020.09.064

