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Abstract: Combining polimers with polyphenols such as gallic acid opens up new directions in
healthcare system. By encapsulating secondary metabollites within PLGA nanoparticles, we tried to
enhance their stability, solubility, and obtain a targeted delivery system. In this study, we synthesized a
PLGA-gallic acid sustained release system, using the solvent evaporation method. This approach
improved the therapeutic efficacy of gallic acid. The numerical distribution showed that most PLGA-GA
nanoparticles have a size of 10 nm. Through the method of solvent evaporation, an incorporation
efficiency of 49% was obtained.
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1. Introduction

Researchers from all over the world use nanocarriers to deliver bioactive compounds for disease
prevention and treatment. By incorporating secondary metabolites into nanomaterials new functional
materials with applications in drug delivery or diagnostics were developed [1-3].

Gallic acid (GA) or 3,4,5-trihydroxybenzoic acid (Figure 1) is one of the most common natural
polyphenols [4], extremely widespread in plants, especially in fruits such as berries, grapes, and tea
leaves [5, 6]. The first time it was obtained by extraction and isolation from the Punica species and in
the laboratory it was obtained from tannic acid, through a reaction of its hydrolysis under the action of
the enzyme tannase (glycoprotein esterase) [7].
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Figure 1. Structure of gallic acid

GA has many applications different industrial branches such as food or pharmaceutical. For example,
it is used as an oil additive because it prevents its rancidity through its antioxidant activity [8].

In addition to its use as a flavoring and preservative agent in the food industry, there is scientific
evidence of its biological and pharmacological actions as an anti-inflammatory, antimicrobial,
antioxidant and anticancer agent, having gastroprotective, neuroprotective and cardioprotective effects
as well as being an anti-diabetic and anti-obesity agent [9].
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GA has shown selective cytotoxicity to cancer cells and very low toxicity to normal cells [10]. This
property makes GA a useful nutritional supplement, along with vitamins, to prevent the risk of cancer
[11].

GA has a broad antibacterial activity against numerous gram-positive (Staphylococcus aureus) and
gram-negative (Pseudomonas aeruginosa) acting both by reducing their motility and by adhesion [12].
It was found that GA also has an action against biofilm formation, the antibacterial mechanism involving
the alteration of membrane permeability [13].

GA formulations with chitosan have a synergistic action (antibacterial, antioxidant), noting that they
can even increase the activity of antibiotics such as penicillin, ampicillin, oxacillin etc. [14].

The use of these properties in the medical and pharmaceutical world can however be very limited
because polyphenols show great instability at the gastric level (pH, gastric enzymes, other nutrients) if
they are introduced through food intake (extract, plant powder) but this instability is also present in
pharmaceutical processes, storage (temperature, light, air) [15]. The encapsulation of these compounds
through the nanotechnological approach can solve the problems mentioned above and even improve
certain of their properties [16].

Co-glycolic-lactic acid polymers are part of the so-called delivery systems (DDS - Drug Delivery
Systems) of a multitude of active principles, such as drugs, proteins, etc. Among the advantages of using
polymeric nanoparticles we mention: protection of the active principle from degradation, controlled
release, pass the gastric barrier unaffected, improvement of certain physical properties of the drug such
as solubility, etc. The use of synthetic polymers is preferred over natural ones (collagen) because they
have a much higher purity and the results obtained when using them are reproducible [17].

Polylactic-co-glycolic acid (PLGA) is FDA approved, many drugs encapsulated in it have been on
the pharmaceutical market for almost two decades, and also a large number of drugs are in the stage of

clinical trials (Figure 2).
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Figure 2. Drugs with PLGA as polymeric matrix approved or in the process of approval

2. Materials and methods
Chemicals and reagents

GA (p>95%) was purchased from Sigma; solvents (LiChroSolv water, acetone, ethanol, methanol,
dichloromethane, chromatographic grade) were purchased from Merck, Germany; PLGA (65:35),
molecular weight 40,000-75,000 from Sigma; PVA, molecular weight 30000-700000-Merck, Germany;
Folin-Ciocalteu reagent 2 M was made by Sigma.
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Synthesis

The GA: PLGA ratio was 1:10 for nanoparticle synthesis initially, and then other ratios were tested
to observe differences in incorporation efficiencies. Thus, 20 mg of GA and 200 mg of PLGA were
dissolved in 7 mL of acetone and mechanically stirred at 45000 rpm for 3-5 min (Vortex SilenCrush).
The obtained solution was added over an aqueous solution with PVA (0.5-5% wt) and stirred (1000 rpm)
to evaporate the organic solvent for 5 h at 40°C. The formed nanoparticles were centrifuged at 11000
rpm for 10 min, the supernatant containing unencapsulated GA was removed and washed with ultrapure
water three times to remove residual GA and PVA. The final suspension obtained was subjected to a
lyophilization process (Alpha 1-2 LSCbasic Martin Christ freeze dryer): PLGA-GA particles were
frozen at -55°C overnight and kept at 0.02 mbar 48 h;

In Figure 3 the steps of the PLGA - gallic acid (PLGA-GA) material synthesis by the solvent
evaporation method are shown.

PLGA + polyphenol
in acetone

aqueous phase with emulsifier -
lyophilisation

evaporation of the
organic solvent

Figure 3. Stages of the synthesis process

Characterization

The morphological characterization of the nanoparticles was carried out by scanning electron
microscopy (FEI Inspect F50, at the voltage of 30 KeV and various magnifications), and their sizes were
measured by DLS (Brookhaven 90 Plus, Brookhaven Instruments Corporation, USA, equipped with a
35 mW and 6 = 660 nm).

Determination of encapsulation percentage

The experiments were carried out using a spectrophotometer DLAB SP-UV1000. From the sample
to be analyzed, solubilized in dichloromethane (DCM) and extracted in 70% ethanol, 200 puL were taken,
over which 2.5 mL 0.2 M of Folin Ciocalteu reagent was added. After four minutes, 2 mL of Na>COz3
75 g/L were added. The mixture was kept at rest for two hours, at room temperature (26-27°C), in the
dark, until the spectrophotometric analysis was performed [18].

The calibration curve was made using gallic acid as a standard, with concentrations of 0-100 mg/L.
The absorbance was measured at A = 765 nm. The results were expressed as a percentage, with the
formula below. All measurements were performed in triplicate, calculating the standard deviation.

GA(%) _ mass of recovered GA (mg) 100

initial mass of GA(mg)

3. Results and discussions
Encapsulation efficiency

Encapsulation efficiency is a crucial parameter in PLGA-GA drug delivery system. The percentage
of the active GA that was successfully encapsulated within the intended carrier material during the
encapsulation process was 49+0.3%. We achieved a good encapsulation efficiency in the synthesis
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conditions mentioned above. The percent depends on various factors such as the compatibility between
PLGA and GA, the emulsification process, the solvent evaporation conditions and subsequent
purification of the obtained material. Higher encapsulation efficiency is often associated with better
control over the release of the active substance, improved therapeutic efficacy, and reduced wastage of
the active substance.

Morphological aspects

PLGA-GA nanoparticles obtained by the solvent evaporation method have certain morphological
characteristics and properties, depending on the experimental conditions and the parameters used in the
manufacturing process.

After the lyophilization process, the PLGA-GA material presented a spongy, porous appearance with
micrometric pores (Figure 4 A). Similar to most nanoparticles obtained by the solvent evaporation
method, in the case of PLGA, they tend to be spherical (Figure 4 B). This is a common form due to the
process of emulsification and evaporation [19, 20]. The spherical shape was only visible in centrifuged
and washed particles, in this case, lyophilization having a profound effect on the morphology of particles.
The freeze-drying probable increased the surface area of PLGA-GA. This occurs when the ice crystals
create cracks or fissures in the material during freezing and sublimation. Increased surface area explains
the rapid rehydration and dissolution we have observed later. In our previous studies we found that the
material often maintains its original particle shape and size [22] better than other drying methods, such
as spray drying or air drying, but not in this particular case.
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Figure 4. Images of PLGA-GA material: A) lyophilized and
B) centrifuged taken by SEM at different magnitudes

Numerical distribution

DLS was used to measure the hydrodynamic size of particles suspended in water after lyophilisation
preocess. This technique measures the fluctuations in intensity of scattered light caused by Brownian
motion of particles in the suspension. It provides information about the hydrodynamic diameter of
particles. This diameter represents the effective size of particles in a liquid, taking into account the
particles' diffusion properties as they move in the liquid medium.

The numerical distribution shows the following structure: 81.97% of the total number of particles is
of size 10 nm, 15.57% of the total number of particles is of size 13.3 nm, 2.46% of the total number of
particles is of size 17.8 nm (Figure 5).

The distribution by volume shows the following structure: 51.55% of the total volume of particles is
of size 10 nm, 23.71% of the total volume of particles is of size 13.3 nm, 7.22% of the total volume of
particles is of size 17.8 nm, 0.52% of the total volume of particles is of size 421.7 nm, 0.52% of the total
volume of particles is of size 562.3 nm, 1.55% of the total volume of particles is of size 1.77 um, 1.03%
of the total volume of particles is of size 2.37 pum, 10.82% of the total volume of particles is of size 3.16
um, 2.58% of the total volume of particles is of size 4.21 um, 0.52% of the total volume of particles is
of size 5.62 um (Figure 6).

The higher values that occur in the case of the volume distribution are not present in the case of the
numerical distribution. Given the fact that most particles have a size between 10-18 nm, it is possible
that the appearance of these volume percentages is due to particle agglomeration.
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Figure 5. Number distribution of PLGA-GA
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Figure 6. Volume distribution of PLGA-GA
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Electrokinetic potential

The electrokinetic potential of materials influences dispersion properties, colloidal stability,
interactions with biomolecules and cells, as well as general material behavior in their application systems
[21].

The electrokinetic potential therefore represents the electric potential difference between the nano-
particle surface and the surrounding solution. It is critically influenced by surface properties of the
material, functionalization or electrical charge, as well as the characteristics of the environment in which
the material is located. In our situation, the material was immersed in phosphate buffer solution (PBS),
pH=7.4, to simulate the in vivo conditions as closely as possible. We obtained a negative Zeta potential,
with the average value of -1.74 mV (Figure 7).
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Figure 7. Electrokinetic potential of PLGA-GA

4. Conclusions

The encapsulation of GA in PLGA protects it from degradation and contributes to the growth of
system stability. PLGA-GA can be used further as sustained release system, with synergistic effects in
regenerative medicine (wound healing). However, a better understanding of the interactions between
GA and the PLGA matrix is necessary, in order to establish the kinetic release profile.
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